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OBJECTIVES:
 To understand Software development as a process.
 Various software process models and system models.
 Various software designs: Architectural, object oriented, user interface etc.
 Software testing methodologies overview: various testing techniques including white box testing black
box testing regression testing etc.
 Software quality: metrics, risk management quality assurance etc.
OUTCOMES:
 Understand software development life cycle
 Analyze and Apply various process models for a project
 Prepare SRS document for a project
 Understand requirement and Design engineering process for a project
 Identify different principles to create an user interface
 Identify different testing methods and metrics in a software engineering project
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UNIT I
Introduction to Software Engineering: The evolving role of software, Changing Nature of Software, Software
myths. A Generic view of process: Software engineering- A layered technology, a process framework, The
Capability Maturity Model Integration (CMMI), Process patterns, process assessment, personal and team
process models.
UNIT II
Process models: The waterfall model, Incremental process models, Evolutionary process models, The Unified
process. Software Requirements: Functional and non-functional requirements, User requirements, System
requirements, Interface specification, the software requirements document.
UNIT III
Requirements engineering process: Feasibility studies, Requirements elicitation and analysis, Requirements
validation, Requirements management. System models: Context Models, Behavioral models, Data models,
Object models.
UNIT IV
Design Engineering: Design process and Design quality, Design concepts, the design model.
Creating an architectural design: Software architecture, Data design, Architectural styles and patterns.
UNIT V
Performing User interface design: Golden rules, User interface analysis and design, interface analysis,
interface design steps, Design evaluation. Testing Strategies: A strategic approach to software testing, test
strategies for conventional software, Black-Box and White-Box testing, Validation testing, System testing, the
art of Debugging.
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UNIT VI
Metrics for Process and Products: Product metrics: Software Quality, Metrics for Analysis Model, Metrics
for Design Model, Metrics for source code, Metrics for testing, Metrics for maintenance. Software Quality,
Software Measurement, Metrics for software quality. Quality Management : Quality concepts, Software
quality assurance, Software Reviews, Formal technical reviews, Statistical Software quality Assurance, The ISO
9000 quality standards.
TEXT BOOKS:
1. Software Engineering, A practitioner’s Approach- Roger S. Pressman, 6th edition.McGrawHill
International Edition.
2. Software Engineering- Sommerville, 7th edition, Pearson education.
REFERENCES:
1. Software Engineering- K.K. Agarwal & Yogesh Singh, New Age International Publishers
2. Software Engineering principles and practices, Deepak Jain, Oxford.
3. Software Engineering, an Engineering approach- James F. Peters, Witold Pedrycz, John Wiely.
4. Systems Analysis and Design- Shely Cashman Rosenblatt,Thomson Publications.
5. Software Engineering principles and practice- Waman S Jawadekar, The McGraw-Hill Companies.
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Topic: History of Software Engineering
History of Software Engineering
While documenting the history of software engineering, we have to start with IBM 360
computer system in 1964 that combined, for the first time, the features of Scientific and Business
applications. This computer system encouraged people to try to develop software for large and
complex physical and management systems, which invariably resulted in large software systems.
The need for a disciplined approach to software development was felt strongly when time
and cost overruns, persisting quality problems, and high maintenance costs, etc., rose
tremendously, giving rise to what was then widely termed as the ‘Software Crisis’.
NATO set up a Science Committee that held a Conference at Garnish, West Germany, in
1968 to discuss various issues and problems surrounding the development of large software
systems. An offshoot of the Conference was the establishment of a study Group on Computer
Science. The Proceedings of this Conference (Naur and Randell,1969) was published the next
year. From the Proceedings it appears that the term ‘Software Engineering’ was first used by
Fritz Bauer who is today acknowledged as the first person to coin the term ‘Software
Engineering’.
NATO science committee held its second conference at Rome, Italy in 1969 and named it
the Software Engineering Conference. The first International Conference on Software
Engineering was held in 1973. Institute of Electronics and Electrical Engineers (IEEE) started its
journal ‘IEEE Transactions on Software Engineering’ in 1975.
 In 1976, Brooks , who directed the development of IBM 360 Operating system software
over a period of years ------involving more that------man – months wrote his epochmaking book, ‘The Mythical Man Month’ where he brought out many problems
associated with the development of large software programs in a multi-person
environment.
 In 1981, Boehm brought out his outstanding book entitled ‘Software Engineering
Economics’ where many managerial issues including the time and cost estimate of
software development were highlighted.
 Slowly and steadily software engineering grew into a discipline that not only
recommended technical but also managerial solutions to various issues of software
development.
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In Seventies, the development of a wide variety of engineering concepts, tools, and
techniques that provided the foundation for the growth of the Software field.
 Royce (1970) introduced the phases of the software development life cycle. Hoare et al.
(1972) gave the concepts of structured programming and stressed the need for doing
away with GOTO statements.
 Endres (1975) made an analysis of errors and their causes in computer programs. Fagon
(1976) forwarded a formal method of code inspection to reduce programming errors.
 Jones (1976) highlighted misconceptions surrounding software quality and productivity
and suggested various quality and productivity measures.
 McCabe (1976) developed flow graph representation of computer programs and their
complexity measures that helped in testing.
 Halstead (1977) introduced a new term ‘Software Science’ where he gave novel ideas
for using information on number of unique operators and operands in a program to
estimate its size and complexity.
 Glib (1977) wrote the first book on software metrics.
 DeMarco (1978) introduced the concept of data flow diagrams for structured analysis.
 Boehm (1981) presented the COCOMO model for software estimation.
 Albrecht and Gaffney (1983) formalized the concepts of function point as a measure of
software size.
Ideas proliferated during this decade in areas such as process models, tools for analysis,
design, and testing. New concepts surfaced in the areas of measurement, reliability, estimation,
reusability, and project management. This decade witnessed also the publication of an important
book entitled, ‘Managing the Software Process’ by Humprey (1989), where the foundation of
the capability maternity models was laid.
Nineties saw a plethora of a activities in the area of software quality, in particular in the
area of quality systems. Paulk et al. (1991, 1993, 1995) developed the Capability Maturity
Model (CMM). This decade also saw publications of many good text books on software
engineering (Pressman 1992, Sommerville 1996).Another development in this decade is the
object-oriented analysis and design (G.Booch) and Unified Modeling Language (Rumbaugh
et al. 1998).
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Lecture 1: Introduction to Software Engineering

Today, software is an integral part of most of the systems. To execute software projects successfully and build hi
software professionals need to understand the unique characteristics of software and the approach used for develo
software.
Objectives:
This course will enable you to:
•
•
•

Identify the components of software.
Describe the unique characteristics of software and differentiate them from those of
hardware.
Describe software engineering and its three layers—processes, methods, and tools.

1. Introduction:
Over the years, we have evolved many ways of producing better-quality goods in the
manufacturing sector. This knowledge can be extended to build better-quality software products
if the software professionals understand the characteristics of software and how these compare
with those of hardware.
Given below are some characteristics that were observed while making hardware 'widgets'. Which of
the following characteristic also applies to software products? ( Mark ‘.’ on appropriate places)

Situations

Applies

Does
not
apply

The production line, once set up satisfactorily, can keep churning out
widgets with identical specifications. The majority of errors encountered in
the widget are production errors.
If more resources are added to the production line, the production capacity
to create new widgets faster can increase.
If a small part of the widget breaks, it can be replaced with a spare part.
Each widget is assembled using standardized components (screws, springs,
etc).
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2. 2. Software versus hardware

Software is essentially a set of instructions
(programs) that provide the required functionality,
the related data, and documents. Therefore,
software is a logical system element and differs
from hardware, a physical system element, in its
characteristics.
An important aspect of software is that it is
engineered using team effort, unlike hardware,
which is manufactured. The process used for
building software, therefore, cannot be expedited the
way hardware manufacture can be.
Another aspect of software is that, because the
software industry is new, software differs from
hardware in the aspect of component usage.
Being a logical system element rather than physical,
software also differs in the way it deteriorates over
time. It does not wear out the way hardware does.

Software has certain characteristics that
make it different from hardware.

Let us now discuss each aspect.
•
2.1 Engineering a software product

Software is developed or engineered, not manufactured the way hardware is. Each
software product is different because it is built to meet the unique requirements of a customer.
Each software therefore needs to be built using an engineering approach.
Building a software product involves understanding what is needed, designing the product
to meet the requirements, implementing the design using a programming language, and checking
the product against the requirements. All these activities are performed by executing a software
project and require a team working in a coordinated way.
The process used for building software is different from manufacturing hardware, where
machines are used to produce parts and each worker just needs to perform the assigned task or
operate a machine.
Let us see how this software characteristic impacts the ability to speed up the process for building
software.
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2.1.1 Software project- A Team effort
While manufacturing hardware, it is possible to speed
up the production by making additional resources
available.
In software, the major resource used is people. It is
not always possible to speed up building software by
adding people because building software requires a
team effort. The team has to work in a coordinated
way and share a common project goal. Effective
communication is required within the team.
A new team member is not immediately productive
and needs proper induction into the team and training
for work to be done. This requires an investment of
time and effort from the existing team members and
distracts them from performing their own work.
In case a project is already running late adding
people to it further slows it down, unless, the people
have the required experience, the project is highly
compartmentalized, or the project has a welldocumented design so that training is minimized.
Therefore, careful planning and compartmentalization
are required for the addition of people to the project.

"Adding people to a late software project, makes it
later."
- Fred Brooks
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2.2 Use of standard components in Hardware
Hardware uses standard components with welldefined functions and interfaces. The use of these
off-the-shelf components helps avoid re-inventing
the wheel. The design phase in the life-cycle of a
hardware product involves selecting the most
suitable components available and deciding on the
approach to assemble them. The standard hardware
components are useful because they lead to:
•
•
•
•
•

Reduced cost and time-to-market
Good quality
Rapid engineering
Easy maintenance
Easy enhancement

Over years, component development and
interchangeability, component standards, and
related engineering practices have evolved for
hardware and are now commonplace.

Hardware uses standard components.

Let us now see the use of standardized components
in the context of the software industry, which is a
relatively new industry.
2.2.1 Software reuse
Software is typically created from scratch. It is often built according to the specific
requirements of a customer and is not created by assembling existing components.
Like the hardware industry, the software industry is also trying to adopt the mechanism
of reuse to make it easier and quicker to build. The advantages of software reuse are now being
understood and appreciated. Some reuse exists through function libraries and reusable objects
that combine function and data.
While reuse and component-based assembly are increasing, most software continues to
be custom built, and the current reuse levels are a far cry from what they could be. This is
because the software industry is relatively very nascent. Besides, the task of identifying
potentially reusable components is difficult because each software product is unique and distinct.
Over time, the software industry hopes to create reusable components that are specific to
particular application domains, such as, banking applications, networking, computer graphics,
operating systems, medical instrumentation, and human interfaces.
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2.2.2 Emphasis on component-based development
There is an increasing emphasis on 'component-based'
development for computer software—an approach that
encourages the creation of reusable software units.
The software industry has well-defined processes for the
reuse of components. This includes processes for building
components, storing them in libraries from where they can
be extracted for reuse, and then, incorporating them as
such or with some modifications. However, the use of
components does not eliminate the need to engineer the
product.
As we move into the first decade of the 21st century, more
and more software will be built using reusable off-theshelf components to meet customer requirements.

In component-based development, we
try to identify suitable components,
modify them, and then reuse them.

2.3 Failure rate of Hardware and Software
All products (hardware and software) exhibit failure as
time passes. The shape of the failure rate curve is
reasonably predictable for both hardware and software.
However, there is a difference in the failure behavior of
hardware and software. This is because hardware is a
physical system element while software is a logical system
element.
Understanding the failure behavior of software over time
tells you what can be expected from software products. It
also helps to understand what needs to be addressed to
improve the reliability of products and the process that is
used to build them. You can see what you need to do to
produce software products that behave, as far as possible,
in an ideal way.
Let us first understand the failure rate of hardware
products.
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2.3.1 Hardware failure rate over a time
Consider the following stages for a hardware widget that has been manufactured.
1. When first made, hardware is in infant mortality because it may have some initial
design or production problems that lead to failure and require rectification. The design
and production problems are corrected, and the initially high failure rate decreases
rapidly.
2. After this, an occasional failure may occur, but the overall failure rate remains very low
for some time, resulting in the steady state.
3. Over time, the hardware wears out because of factors such as dust, physical wearing
down, misalignments, breakdowns, and malfunctioning of parts. Due to this physical
wear and tear, the failure rate starts increasing again. The failure rate ultimately reaches a
point where the product becomes unusable.
The failure rate for hardware is so predictable that the failure curve has been given a name—the
bath tub curve.

Hardware failure curve

2.3.2 Software failure rate over a time:
Answer the following questions:
1. What is the initial software failure rate when the software is released to customers—high,
moderate, or low?
2. During normal operation after initial errors have been corrected, what sort of failure rate
is expected—high, moderate, or low?
3. How does the failure curve move when the software ages—stay same, goes down, or
moves upward?
Answers:
1) When the software is released to the customers, the initial software failure rate is high.
This is because a new product may have latent defects that are introduced during
engineering and must be removed.
2) During normal operation, the failure curve remains low after the initial errors are corrected.
3) As time passes, changes may be required in the software. These propagate side effects that
lead to additional errors and more failures per unit time. As a result, the failure curve rises.
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2.3.2.1 Software deterioration over a time:
Consider the following scenarios as software moves from creation into implementation.
1. The system has been released and is being used by the customers.
2. The initial problems have been resolved; the system is now working fine.
3. The software maintenance team is asked to enhance the system functionality. The
enhancements (new reports) are made and released.
4. These new reports have problems at first, which are resolved. These problems are fixed
over time.
5. After some time, further enhancements are needed to meet new requirements. These
changes are made, and it takes some time to rectify the associated problems.
6. Over time, the product has been patched so often to meet changing requirements that
there are greater chances of introducing error in case any further changes are made. As a
result, it becomes difficult to remove all problems. The failure rates go up and the
software deteriorates.

2.3.2.2 Software deterioration curve:
The goal of every person who builds computer software is
to accomplish the following:
•
•

•

Create software of high quality.
Recognize that the changes made to software will
introduce errors but try to keep the following low.
• Slope of the deterioration curve
• Amplitude of the error spikes due to change
Reduce the impact of side effects and improve the
long-term quality of software.

In order to achieve the above goals, it is necessary to build
software using well-defined design principles, implement
the software using well-understood best practices, and test
the software using thorough processes. This is
accomplished by following a 'Software Engineering'
approach.
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Summary
 In this Lecture, you learned about the characteristics of software and compared them to
those of hardware. The hardware characteristics have been derived by drawing on the
abundant experience in manufacturing good-quality hardware.
 Software is a logical element, while hardware is a physical element. While hardware is
manufactured, software is developed or engineered.
 Component reuse can help in building better software in a more efficient manner. While
at present the extent of software reuse is low; this is increasingly becoming an emphasis
area.
 Unlike hardware, which deteriorates over time, software does not have wear and tear.
However, over a period of time, software needs to be changed so that it remains usable.
These changes lead to errors that need to be corrected. As a result, the rate of software
failure increases. To reduce such deterioration, we should reduce the errors introduced
with every change.

XXXXXXXXXXXXXXXXXX Completed XXXXXXXXXXXXXXXXXXXX
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The Changing Nature of Software
Software may be applied in any situation for which a prespecified set of procedural steps
(i.e., an algorithm) has been defined. Information content and determinacy are important factors
in determining the nature of a software application. Content refers to the meaning and form of
incoming and outgoing information.
Information determinacy refers to the predictability of the order and timing of
information. An engineering analysis program accepts data that have a predefined order,
executes the analysis algorithm(s) without interruption, and produces resultant data in report or
graphical format. Such applications are determinate. A multiuser operating system, on the other
hand, accepts inputs that have varied content and arbitrary timing, executes algorithms that can
be interrupted by external conditions, and produces output that varies as a function of
environment and time. Applications with these characteristics are indeterminate.
It is somewhat difficult to develop meaningful generic categories for software applications.
As software complexity grows, neat compartmentalization disappears. Today, seven broad
categories of computer software present continuing challenges for software engineers.
(1) System software. System software is a collection of programs written to service other
programs. Some system software (e.g., compilers, editors, and file management utilities) process
complex, but determinate, information structures. Other systems applications (e.g., operating
system components, drivers, telecommunications processors) process largely indeterminate data.
In either case, the system software area is characterized by heavy interaction with computer
hardware; heavy usage by multiple users; concurrent operation that requires scheduling, resource
sharing, and sophisticated process management; complex data structures; and multiple external
interfaces.
(2) Application Software: It consists of standalone programs that solve a specific business need.
In addition it is used to control business functions in real time.
Example:
•

Point – of – sale transaction processing

•

Real – time manufacturing process control
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(3) Engineering / Scientific Software:
This software used in various domains such as:
•

Astronomy

•

Volcanology

•

Molecular biology

•

Automated Manufacturing etc.

Modern application within the scientific / engineering area is moving away from
conventional numerical algorithms. Computer aided design, system simulation and other
interactive applications have begun to take on real – time characteristics.
(4) Embedded Software:
This Software resides within a product (or) System. It is used to implement and control
features and functions for the end user and for the system itself.
Examples:
=> Keypad control for a microwave oven
=> Digital Functions in an automobile such as fuel control, dash board displays
and braking system etc.
(5) Product-line Software:
It is designed to provide a specific capability, for use by many different customers. This
software focuses on esoteric [i.e., Intended for or understood by only a small number of people
with a specialized knowledge] market place and address mass consumer market.
For Example:
•

Word processing

•

Spread sheets

•

Computer Graphics

•

Multimedia and entertainment etc.,

(6) Web Applications:
This Software spans a wide array of applications. Web applications are evolving into
sophisticated computing environment that not only provide stand alone features, computing
functions and content to end users, but also integrate corporate database and business
applications.
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(7) Artificial Intelligence Software:
This software makes use of non numerical algorithms, to solve complex problems.
Applications with in this area include;
•

Robotics

•

Expert Systems

•

Pattern recognition

•

Theorem proving and game playing

Millions of software engineers around worldwide are hard at work on projects in one or
more of these categories. In some cases, new systems are being built, but in others, existing
applications are being corrected, adapted, and enhanced.
The challenge for software engineers is to build applications that will facilitate mass
communication and mass product distribution using concepts that are now forming. Each of
these “new challenges” will undoubtedly obey the law of unintended consequences [i.e., change
in one field shows much impact on other fields] and have effects that cannot be predicted today.
However, software engineers can prepare by instantiating a process that is adaptable enough to
accommodate changes in technology and business rules that are sure to come in next decade.
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LECTURE 2: LEGACY SOFTWARE
2.1 Introduction:
Most of the computer programs fall into one of the following seven broad application
domains:
1. System software
2. Application Software
3. Engineering/Scientific Software
4. Embedded software
5. Product software
6. Web Applications
7. Artificial Intelligence applications
Some of the above mentioned programs are just released to individuals, industry, and
government. But other programs are older, in some cases much older. These older programs are
often referred to as legacy software – it focuses on continuous attention and concern since the
1960s.
Definition:
Legacy software systems were developed decades ago and have been continually
modified to meet changes in business requirements and computing platforms. The proliferation
[i.e., Increase rapidly in number] of such systems is causing headaches for large organizations
who find them costly to maintain and risky to evolve.
2.2 The Quality of Legacy Software
Unfortunately, there is an additional characteristic that can be present in legacy software
systems – poor quality.
Legacy systems sometimes have inextensible designs, convoluted (i.e., complex) code,
poor or non-existent documentation etc. And yet these systems support “Core business functions
and are indispensible [i.e., absolutely necessary] to the business. What can we do?
The only reasonable answer may be to do nothing, at least until the legacy software
system must undergo some significant change. If the legacy software meets the needs of it’s
users and runs reliably, it isn3t broken and does not need to be fixed.
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However as the time passes, legacy systems often evolve for one or more of the following
reasons:
 The software must be adopted to meet the needs of new computing environments 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
databases.
 The software must be re-architectured to make it viable within a network environment.
When these modes of evolution occur, a legacy system must be Re-engineered. So that, it
remains viable into the future. The main goal of modern software engineering is to “devise
methodologies that are founded on the notion of evolution”. That is, the notion that: “Software
systems continually change, new software systems are built from the older ones, and … all must
interoperate and cooperate with each other”.
2.3 Software Evolution
Regardless of it’s application domain, size, or complexity, computer software will evolve
over time. Change (often referred as software maintenance) drives this process and occurs when
errors are corrected, when the software is adapted to a new environment, when the customer
requests new features or functions, and when the application is re-engineered to provide benefit
in a modern-context.
Note: Every software engineer must recognize that change is natural. Don’t try to fight it.
2.4 Why legacy systems evolve as time passes?
The following laws provide the reasons for evolution of legacy software systems as time
progresses:
•

The law of Continuing Change: E-type systems must be continually adapted, or else
they become progressively less satisfactory.

•

The law of Increasing Complexity: As an E-type system evolves it’s complexity
increase unless work is done to maintain or reduce it.

•

The law of Self-Regulation: The E-type system evolution process is self-regulating with
distribution of product & process measures close to normal.
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•

The law of conservation of Familiarity: As an E-type system evolves, it must maintain
mastery of it’s content and behavior to achieve satisfactory evolution. Excessive growth
diminishes that mastery. Hence the average incremental growth remains invariant as the
system evolves.

•

The law of Continuing Growth: The functional content of E-type systems must be
continually increased to maintain user satisfaction over the system’s lifetime.

•

The law of Declining Quality: The quality of E-type systems will appear to be declining
unless they are rigorously maintained and adapted to operational environment changes.

•

The Feedback System law: E-type evolution processes constitute multilevel, multi-loop,
multi-agent feedback systems and must be treated as such to achieve significant
improvement over any reasonable base.

Note:
E-type systems are software that has been implemented in a real-world computing context and
therefore evolve over time.

Note: The above mentioned laws are an inherent part of a software engineer’s reality.
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Software Myths:
Software myths are beliefs about the software and the process used to build it. These
myths are misleading attitudes that causes serious problems to managers and technical people by
software professionals. However, old attitudes and habits are difficult to modify, and remnants
[i.e., a small remaining quantity] of software myths are still believed.

`

Pressman (1992) has discussed the following myths that prevail in the software industry:
i) Management Myths: Managers with software responsibility are often under pressure to
maintain budgets, keep schedules from slipping and improve quality.
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: Even though standard books are existent, Software engineers do not use them as
they does not contain the modern techniques required and may not contain the
complete information required.

Myth: If we get behind schedule, we can add more programmers and catch up behind
schedule.
Reality: If more people are added for the project to complete it soon, it takes more time
for completion, because new people, who are added does not know properly
what to do and working people has to spend time for educating them what to do.
Therefore, this increases the time still and takes more time for the completion of
the project. So people should be added in a planned and well-defined manner.
Myth: if I 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
projects internally, it will invariably struggle when it outsources software
projects.
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ii) Customers Myths: A customer who requests computer software may be a person or a
technical group or an outside company that has requested software under contract. In many
cases, the customers believe myths about software because software managers and
practitioners do little to correct misinformation. Myths leads to false expectations (by the
customer) and dissatisfaction with the developer.
Myth: A general statement of objectives is sufficient to begin writing programs -- we
can fill in the details later.
Reality: Although a comprehensive and stable statement of requirements is not always
possible, an ambiguous statement of objectives is a recipe [i.e., something likely
to lead a particular outcome] for disaster. Unambiguous requirements are
developed only through effective and continuous communication between
customer and developer.

Myth: Project requirements continually change, but change can be easily accommodate,
because software is flexible.
Reality: Software undergoes changes and modifications but there is an impact of
change depending on the time at which change is introduced in the software. If
changes are requested before to the starting of writing of code (or) before to the
designing a software, impact is low otherwise impact is high.

iii) Practitioner’s Myths: Myths that are still believed by software practitioners by over 50
years of programming culture. During the early days of software, programming was viewed as an
art form.
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 indicates that between 60% - 80% of all effort
expended on software will be expended after it is delivered to the customer for
the first time.
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Myth: Until I get the program ‘running’, I really 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 is – The formal technical Review.

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 guidance for software support.
Conclusion:
Many software professionals recognize the fallacy [i.e., a mistaken belief] of software
myths. Regrettable [i.e., undesirable] attitudes & methods foster [i.e., brings] 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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The Evolving Role of Software
Today, software takes on a dual role:
i) As a Product
&
ii) As a vehicle for delivering a product
(1) Software as a Product:
Software as a product produces the information, when it is executed or processed. For
this reason, software can be defined as an information transformer, and can perform different
functions, such as, producing, managing, displaying and transmitting information. In simple
words, in whatever system, software is operated, it definitely produces information.
(2) A vehicle for delivering a product:
As the vehicle for delivering the product, software acts as the basis for the control of the
computer (Operating System), the communication of information(Networks), and the creation
and control of other programs (software tools & environments).
The most important product, which is delivered by the Software, is information.
•

It transforms personnel data [eg., an individual financial transaction]

•

It manages business information to enhance competitiveness

•

It provides a gateway to worldwide information networks [eg., the internet] etc.

1.3 Adaptation of Software:
The role of computer software has undergone significant change over a span of little
more than 50 years. The Dramatic improvements in Hardware performance, Profound changes in
computing architecture, vast increase in memory and storage capacity, and a wide variety of
unusual input and output options have all more sophisticated and complex computer based
systems.
Sophisticated and complexity produce dazzling (i.e., amaze with an impressive quality]
results, when system succeeds else a huge problem may arise for those who build complex
system
Today huge software industries replaced the lone programmer by a team of software
specialists, each focusing on one part of technology required to deliver a complex application.
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The questions that were asked of the lone programmer are the same questions that are
asked when modem computer systems are built. They are,
(1) Why does it take so long to get software finished?
(2) Why are development costs so high?
(3) Why can’t we find all errors before we give the software to our customers?
(4) Why do we spend so much time and effort maintaining existing programs?
(5) Why do we continue to have difficulty in measuring progress as software is being
developed and maintained?
These questions demonstrate the industry’s concern about software and the manner in
which it is developed. This concern has lead to the adaptation of software engineering practice.
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CHAPTER 2: A GENERIC VIEW OF PROCESS
INTRODUCTION:
Building computer software is an iterative learning process, and the outcome is an
embodiment of knowledge collected, distilled, and organized as the process is conducted. When
you build a product or system, it’s important to go through a series of predictable steps—a road
map that helps you to create a timely, high-quality result. The road map that you follow is called
a ‘software process.’
Software process can be defined as a “framework for the tasks that are required to build
high-quality software”. A software process defines the approach that is taken as software is
engineered. Software engineering is performed by creative, knowledgeable people who should
work within a defined and mature software process that is appropriate for the products they build
and the demands of their marketplace. The intent of this chapter is to provide a survey of the
current state of the software process.
2.1 SOFTWARE ENGINEERING: A LAYERED TECHNOLOGY
Software engineering is nothing the establishment and use of sound engineering
principles in order to obtain economically software that is reliable and works efficiently on real
machines [Fritz Bauer].
Following are the questions that continue to challenge software engineers.
•

What “sound engineering principles” can be applied to computer software development?

•

How do we “economically” build software so that it is “reliable”?

•

What is required to create computer programs that work “efficiently” on not one but
many different “real machines”?

The IEEE [IEE93] has developed a more comprehensive definition when it states:
Software Engineering is nothing but the application of a systematic, disciplined,
quantifiable approach to the development, operation, and maintenance of software.
2.1.1 Process, Methods, and Tools
Software engineering is a layered technology. Referring to Figure 2.1, any engineering
approach must rest on an organizational commitment to quality. Total quality management and
similar philosophies foster (i.e., adopt) a continuous process improvement culture, and this
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culture ultimately leads to the development of increasingly more mature approaches to software
engineering. The bedrock that supports software engineering is a quality focus.
Fig 2.1 Software Engineering layers

The foundation for software engineering is the process layer. Software engineering
process is the glue [i.e., an adhesive substance used for sticking things together] that holds the
technology layers together and enables rational and timely development of computer software.
Process defines a framework for a set of key process areas that must be established for
effective delivery of software engineering technology.
The key process areas form the basis for management control of software projects and
establish the context in which technical methods are applied, work products (models, documents,
data, reports, forms, etc.) are produced, milestones are established, quality is ensured, and change
is properly managed.
Software engineering methods provide the technical guidance for building software.
Methods encompass a broad array of tasks that include requirements analysis, design, program
construction, testing, and support. Software engineering methods rely on a set of basic principles
that govern each area of the technology and include modeling activities and other descriptive
techniques.
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 (CASE), is established. CASE combines software, hardware, and a software
engineering database (a repository containing important information about analysis, design,
program construction, and testing) to create a software engineering environment analogous to
CAD/CAE (Computer-aided design / engineering) for hardware.
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A PROCESS FRAMEWORK
A process framework establishes the foundation for a complete software process by

identifying a small number of framework activities that are applicable to all software projects,
regardless of their size or complexity. In addition, the process framework encompasses a set of
activities, usually called as umbrella activities, which are applicable across the entire software
process.
Fig 2.2 A software process framework

Prepared by: Dept. of CSE, RGMCET (Autonomous), Nandyal

Page 3

A Generic view of Process

Unit 1

Referring to fig 2.2, each framework activity is populated by a set of software
engineering actions -- a collection of related tasks that produces a major software engineering
work products (e.g., design is a software engineering action). Each action is populated with
individual work tasks that accomplish some part of the work implied by the action.
2.2.1 Process framework activities
The following generic process framework activities are applicable to the vast majority of
software projects:
i) Communication.

This frame work activity involves with heavy communication and collaboration with the
customer and encompasses with requirements gathering and other related activities.
ii) Planning.

This activity establishes a plan for the software engineering work that follows. It
describes 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.
iii) Modelling.

This activity encompasses the creation of models that allow the developer and the
customer to better understand software requirements and the design that will achieve those
requirements.
iv) Construction.

This activity combines code generation and the testing that is required to uncover errors
in the code.
v) Deployment.

In this activity, the software as a complete entity or as a partially completed increment is
delivered to the customer who evaluates the delivered product and provides feedback based on
the evaluation.
Conclusion:
These five generic framework activities can be used during the development of small
programs, the creation of large web applications, and for the large & complex computer based
systems.
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Consider the framework activity ‘modeling’. This activity is composed of two software
engineering actions:
i) Analysis
ii) Design
i) Analysis: It encompasses a set of work tasks (for e.g., requirements gathering, elaboration,

negotiation, specification, and validation etc), which leads to the creation of the analysis
model (and/or requirements specification).
ii) Design: It encompasses work tasks (for e.g., data design, architectural design, and

component-level design), which creates a design model (and/or design specification).

Referring to the figure 2.2, each software engineering action is represented by a number
of different task sets. A task set defines the actual work to be done to accomplish the objectives
of software engineering action. For example, “requirements gathering” is an important software
engineering action that occurs during the communication activity.
2. 2.2 Umbrella Activities
The frame work described in the generic view of software engineering is complemented
by a number of umbrella activities. These activities occur throughout the software process and
focus primarily on project management; tracking and control. Typical activities in this category
include the following:
i) Software project tracking and control.

It allows the software team to assess program against the project plan and take necessary
action to maintain schedule.
ii) Risk management.

It assesses risks that may effect the outcome of the project or the quality of the product.
iii) Software quality assurance.

It defines and conducts the activities required to ensure software quality.
iv) Formal technical reviews.

It assesses software engineering work products in an effort to uncover and remove errors
before they are propagated to the next action or activity.
v) Software configuration management.

It manages the effects of change through the software process.
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vi) Measurement.

It defines and collects process, project, and product measures that assist the team in
delivering software that meets customer’s needs.
vii) Reusable management.

It defines criteria for work product reuse and establishes mechanisms to achieve reusable
components.
viii) Work product preparation and production.

it encompasses the activities required to create work products such as models, documents,
logs, forms etc.
All process models can be characterized within the process framework shown in figure
2.2. But, process models do differ fundamentally in the following aspects:
•

The overall flow of activities and tasks and the interdependencies among activities &
tasks.

•

The degree to which work tasks are defined within each framework activity.

•

The manner in which quality assurance activities are applied.

•

The degree to which customer and other stakeholder are involved with the project.

Conclusion:

It is very important to note that all of the process models have a common goal—i.e., to
create high-quality software that meets the customer’s needs, but they follow different
approaches.
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2.3 THE CAPABILITY MATURITY MODEL INTEGRATION (CMMI)
In recent years, there has been a significant emphasis on “process maturity.” The
Software Engineering Institute (SEI) has developed a comprehensive model predicated on a
set of software engineering capabilities that should be present as organizations reach different
levels of process maturity.
SEI Capability Maturity Model (SEI CMM) helped organizations to improve the quality
of the software they develop and therefore adoption of SEI CMM model has significant business
benefits.
SEI CMM can be used two ways: capability evaluation and software process assessment.
Capability evaluation and software process assessment differ in motivation, objective, and the
final use of the result. Capability evaluation provides a way to assess the software process
capability of an organization. The results of capability evaluation indicates the likely contractor
performance if the contractor is awarded a work. Therefore, the results of software process
capability assessment can be used to select a contractor. On the other hand, software process
assessment is used by an organization with the objective to improve its process capability. Thus,
this type of assessment is for purely internal use.
To determine an organization’s current state of process maturity, the SEI uses an
assessment that results in a five point grading scheme. The grading scheme determines
compliance with a capability maturity model (CMM) that defines key activities required at
different levels of process maturity.
The CMMI meta-model describes a process in two dimensions as illustrated in figure 2.3.
Each process area (for e.g., project planning) is formally assessed against specific goals and
practices and is rated according to the following capability levels:
Level 0: Incomplete.

The process area (e.g., requirements management) is either not performed or does not
achieve all goals and objectives defined by the CMMI for level 1 capability.
Level 1: Performed.

At this level, all the specific goals of the process area (as defined by CMMI) have been
satisfied. Work tasks required to produce defined work products are being conducted.
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Fig: 2.3 CMMI process area capability profile

Level 2: Managed.

At this level, all level 1 criteria have been satisfied. In addition, the following aspects also
should be satisfied.
i) All work associated with the process area conforms to an organizationally defined policy.
ii) All people doing the work have access to adequate resources to get the job done.
iii) Stakeholders are actively involved in the process areas as required.
iv) All work tasks and work products are “monitored”, “controlled”, and reviewed.
Level 3: Defined.

All level 2 criteria have been achieved. In addition, the following aspects also should be
satisfied.
i) The process is tailored from the organization’s set of standard processes according to the
organization’s guidelines, and contributes work products, measures, and other processimprovement information to the organizational process assets.
Level 4: Quantitatively Managed.

All level 3 criteria have been achieved. In addition, the process area is controlled and
improved using measurement and quantitative assessment. “Quantitative objectives for quality
and process performance are established and used as criteria in managing the process.
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Level 5: Optimized.

All level 4 criteria have been achieved. In addition, the process area is adapted and
optimized using quantitative means to meet changing customer needs and continually improve
the entire efficacy [i.e., the ability to produce an intended result] of the process area under
consideration.
The CMMI defines each process area in terms of “specific goals” and the “specific
practices”, which are required to achieve these goals. Specific goals establish the characteristics
that must exist if the activities implied by a process area are to be effective. Specific practices
refine a goal into a set of process related activities.
The five levels defined by the SEI were derived as a consequence of evaluating responses
to the SEI assessment questionnaire that is based on the CMM. The results of the questionnaire
are distilled to a single numerical grade that provides an indication of an organization's process
maturity.
The SEI has associated Key Process Areas (KPAs) with each of the maturity levels. The
KPAs describe those software engineering functions (e.g., software project planning,
requirements management) that must be present to satisfy good practice at a particular level.
Each KPA is described by identifying the following characteristics:
• Goals—the overall objectives that the KPA must achieve.
• Commitments—requirements (imposed on the organization) that must be met to achieve the
goals or provide proof of intent to comply with the goals.
• Abilities—those things that must be in place (organizationally and technically) to enable the

organization to meet the commitments.
• Activities—the specific tasks required to achieve the KPA function.
• Methods for monitoring implementation—the manner in which the activities are monitored as
they are put into place.
• Methods for verifying implementation—the manner in which proper practice for the KPA can be
verified.
Eighteen KPAs (each described using these characteristics) are defined across the
maturity model and mapped into different levels of process maturity. The following KPAs
should be achieved at each process maturity level:
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Process maturity level 2

• Software configuration management
• Software quality assurance
• Software subcontract management
• Software project tracking and oversight
• Software project planning
• Requirements management
Process maturity level 3

• Peer reviews
• Intergroup coordination
• Software product engineering
• Integrated software management
• Training program
• Organization process definition
• Organization process focus
Process maturity level 4

• Software quality management
• Quantitative process management
Process maturity level 5

• Process change management
• Technology change management
• Defect prevention
Note: The KPAs are additive. For example, process maturity level 4 contains all level 3
KPAs plus those noted for level 2.

Each of the KPAs is defined by a set of key practices that contribute to satisfying its
goals. The key practices are policies, procedures, and activities that must occur before a key
process area has been fully instituted. The SEI defines key indicators as "those key practices or
components of key practices that offer the greatest insight into whether the goals of a key process
area have been achieved.
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According to Pressman, the relationship between maturity levels and process area is shown in
figure 2.4.
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2.4 PROCESS PATTERNS
The software process can be defined as a collection of patterns that define a set of
activities, actions, work tasks, work products and/or related behaviors, which are required to
develop computer software.
(OR)
In more general terms, a process pattern provides us with a template—a consistent
method for describing an important characteristic of the software process. By combining
patterns, a software team can construct a process that best meets the needs of a project.
Patterns can be defined at any level of abstraction. In some cases, a pattern might be used
to describe a complete process (e.g., prototyping), in other situations, patterns can be used to
describe an important framework activity (e.g., planning) or a task within a framework activity
(e.g., project-estimating).
Ambler has proposed the following template for describing a process pattern:
i)

Pattern Name. The pattern is given a meaningful name that describes its function
within the software process (e.g., customer-communication).

ii)

Intent. The objective of the pattern is described briefly. For example, the intent of
customer-communication is "to establish a collaborative relationship with the
customer in an effort to define project scope, business requirements, and other project
constraints." The intent might be further expanded with additional explanatory text and
appropriate diagrams if required.

iii)

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

Task patterns define a software engineering action or work task that is part of the
process and relevant to successful software engineering practice (e.g.,
requirement’s gathering is a task pattern).

•

Stage patterns define a framework activity for the process. Since a framework
activity encompasses multiple work tasks, a stage pattern incorporates multiple
task patterns that are relevant to the stage (framework activity). An example of a
stage pattern might be communication. This pattern would incorporate the task
pattern requirements gathering and others.
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Phase patterns define the sequence of framework activities that occur with the
process, even when the overall flow of activities is iterative in nature. An example
of a phase pattern might be a spiral model or prototyping.

iv)

Initial Context. The conditions under which the pattern applies are described. Prior to
the initiation of the pattern, we ask (1) what organizational or team- related activities
have already occurred, (2) what is the entry state for the process, and (3) what software
engineering information or project information already exists.
For example, the planning pattern (a stage pattern) requires that (1) customers
and software engineers have established a collaborative communication; (2) successful
completion of a number of task patterns (specified) for the customer- communication
pattern has occurred (3) project scope, basic business requirements, and project
constraints are known.

v)

Problem. The problem to be solved by the pattern is described. For example, the
problem to be solved by customer-communication might be described in the following
manner; Communication between the developer and the customer is often inadequate
because an effective format for eliciting information is not established, a useful
mechanism for recording it is not created, and meaningful review is not conducted etc.

vi)

Solution. The implementation of the pattern is described. This section discusses how the
initial state of the process (that exists before the pattern is implemented) is modified as a
consequence the initiation of the pattern. 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.

vii)

Resulting Context. The conditions that will result once the pattern has been successfully
implemented are described. Upon completion of the pattern we ask (1) what
organizational or team-related activities must have occurred, (2) what is the exit state for
the process, and (3) what software engineering information or project information has
been developed.
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Related Patterns. A list of all process patterns that are directly related to this one are
provided—as a hierarchy or in some other diagrammatic form. For example, the stage
pattern communication encompasses the task patterns project-team assembly,
collaborative-guideline definition, requirements gathering, constraint-description etc.
The specific instances in which the pattern is applicable are indicated. For example,
communication is mandatory at the beginning of every software project; it is
recommended throughout the software project;

An Example Process Pattern
The following abbreviated process pattern describes an approach that may be applicable when
stakeholders have a general idea of what must be done, but are unsure of specific software
requirements.
Pattern name. Prototyping.
Intent. The objective of the pattern is to build a model (a prototype] that can be assessed
iteratively by stakeholders in an effort to identify of solidify software requirements.
Type. Phase pattern.
Initial context. The following conditions must be met prior to the initiation of this pattern: (1)
stakeholders have been identified; (2) a mode of communication between stakeholders and the
software team has been established; (3) the overriding problem to be solved has been identified
by stakeholders; (4) on initial understanding of project scope, basic business requirements, and
protect constraints has been developed.
Problem, Requirements are hazy or nonexistent, yet there is clear recognition that there is a
problem, and the problem must be addressed with c software solution. Stakeholders are unsure
of what they want; that is, they cannot describe software requirements in any detail.
Solution. A description of the prototyping process is presented here. See Chapter 3 for details.
Resulting context. A software prototype that identifies basic requirements (e.g., modes of
interaction, computational features, processing functions) is approved by stakeholders.
Following this, (1) the prototype may evolve through a series of increments to became the
production software or (2) the prototype may be discarded and the production software built
using some other process pattern.
Related patterns. The following patterns are related to this pattern: customer-communication;
iterative design; iterative development, customer assessment; requirement extraction.
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Conclusion:
Process patterns provide an effective mechanism for describing any software process.
The patterns enable a software engineering organization to develop a hierarchical process
description that begins at a high-level of abstraction (a phase pattern), the description is refined
into a set of stage patterns that describe framework activities and then further refined in
hierarchical fashion into more detailed task patterns for each stage pattern. Once process patterns
have been developed, they can be reused for the definition of process variants—that is, a
customized process model can be defined by a software team using the patterns as building
blocks for the process model.
2.5 PROCESS ASSESSMENT
The existence of a software process is no guarantee that software will be delivered on
time that it will meet the customer's needs, or that if will exhibit the technical characteristics that
will lead to long-term quality characteristics. Process patterns must be coupled with solid
software engineering practice. In addition, the process itself should be assessed to ensure that it
meets a set of basic process criteria that have been shown to be essential for a successful
software engineering. The relationship between the software process and the methods applied for
assessment and improvement is shown in figure 2.5.
Figure 2.5
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2.5.1 Formal techniques for assessing the Software Process
A number of different approaches to software process assessment have been proposed
over the past few decades:
i) Standard CMMI Assessment Method for Process Improvement (SCAMPI).
It provides a five-step process assessment model that incorporates initiating, diagnosing,
establishing, acting, and learning. The SCAMPI method uses the SEI CMMI (Section 2.3) as the
basis for assessment.
ii) CMM-Based Appraisal for Internal Process improvement (CBAIPI).
It provides a diagnostic technique for assessing the relative maturity of a software
organization, using the SEICMM (a precursor to the CMM! discussed in Section 2.3) as the basis
for the assessment.
iii) SPICE (ISO/IEC15504)
[Note: ISO/IEC 15504, also known as SPICE (Software Process Improvement and Capability
Determination), is a set of technical standards documents for the computer software
development process and related business management functions. It is another joint
International Organization for Standardization and International Electrotechnical Commission
standard.]
This standard defines a set of requirements for software process assessment. The intent of
the standard is to assist organizations in developing an objective evaluation of the efficacy of any
defined software process.
iv) ISO 9001:2000 for Software is 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.
The International Organization for Standardization (ISO) has developed the ISO
9001:2000 standard to define the requirements for a quality management system that will serve
to produce higher quality products and thereby improve customer satisfaction.

Note:
"Software organizations have exhibited significant shortcomings in their ability to capitalize on
the experiences gained from completed projects”
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2.6. PERSONAL AND TEAM PROCESS MODELS
The best software process is one that is close to the people who will be doing the work. If
a software process model has been developed at a corporate or organizational level, it can be
effective only if it is amenable [i.e., acceptable, accommodating] to significant adaptation to
meet the needs of the project team that is actually doing software engineering work.
In an ideal setting, each software engineer would create a process that best fits for his or
her needs, and at the same time meets the broader needs of the team and the organization.
Alternatively, the team itself would create its own process, and at the same time meet the
narrower needs of individuals and the broader needs of the organization.
Watts Humphrey argues that it is possible to create a "Personal Software Process"
and/or a "Team Software Process." Both require hard work, training and coordination, but both
are achievable.
Note:
"A person who is successful has simply formed the habit of doing things that unsuccessful
people will not do".

2.6.1 Personal Software Process (PSP)
Every developer uses some process to build computer software. The process may be adhoc, may change on a daily basis, may not be efficient, effective or even successful, but a
process does exist.
Watts Humphrey suggests that in order to change an ineffective personal process, an
individual must move through four phases, each requiring training and careful instrumentation.
The personal software process (PSP) emphasizes personal measurement of both the work
product that is produced and the resultant quality of the work product. In addition, PSP makes
the practitioner responsible for project planning (e.g., estimating and scheduling) and empowers
the practitioner to control the quality of all software work products that are developed.
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2.6.1.1 Framework activities used during PSP
The PSP process model defines five framework activities: Planning, High-level .design.
High-level design review, Development, and Postmortem.
i) Planning. This activity isolates requirements and, based on these, develops both size and
resource estimates. In addition, defects estimate (the number of defects projected for the
work) is made. All metrics are recorded on worksheets or templates. Finally, development
tasks are identified and a project schedule is created.
ii) High-level design. External specifications for each component to be constructed are
developed and a component design is created. Prototypes are built when uncertainty exists.
All issues are recorded and tracked.
iii) High-level design review. Formal verification methods are applied to uncover errors in the
design. Metrics are maintained for all important tasks and work results.
iv) Development. The component level design is refined and reviewed. Code is generated,
reviewed, compiled, and tested. Metrics are maintained for all important tasks and work
results.
v) Postmortem. Using the measures and metrics collected (a substantial amount of data that
should be analyzed statistically) the effectiveness of the process is determined. Measures and
metrics should provide guidance for modifying the process to improve its effectiveness.
PSP stresses the need for each software engineer to identify errors early and, as important, to understand the types of errors that he is likely to make. This is accomplished through
a rigorous assessment activity performed on all work products produced by the software
engineer.
PSP represents a disciplined, metrics-based approach to software engineering that may
lead to custom for many practitioners. However, when PSP is properly introduced to software
engineers, the resulting improvement in software engineering productivity and software quality
are significant.
However, PSP has not been widely adopted throughout the industry. The reasons have
more to do with human nature and organizational inertia than they do with the strengths and
weaknesses of the PSP approach.
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Problems with PSP:
i) PSP is intellectually challenging and demands a level of commitment (by practitioners and
their managers) that is not always possible to obtain.
ii) Training is relatively lengthy, and training costs are high.
iii) The required level of measurement is culturally difficult for many software people.

2.6.2 Team Software Process (TSP)
What is Team Software Process?
Team Software Process (TSP) guides engineering teams that are developing softwareintensive products. Using TSP helps organizations establish a mature and disciplined engineering
practice that produces secure, reliable software in less time and at lower costs.
TSP has been applied in small and large organizations in a variety of domains with
similar results on first use, including
•

Productivity improvements of 25% or more

•

Reductions in cost and schedule variance to less than +/- 10%

•

Testing costs and schedule reductions of up to 80%

Why is TSP needed?
Software underlies advances in many areas, including medicine, science, weapons
systems, and commerce. Software technology has advanced at an incredible pace, but the ability
to manage software development and the quality of the software produced has not kept pace.
The software industry is the only high-tech industry that relies on testing to address
quality and reliability issues. This is a strategy that cannot work, as evidenced by increases in
serious system failures and software security and safety issues.
TSP reduces the number of post-release defects by 80% or more, so systems produced
with TSP are more reliable and less likely to have latent defects that lead to these serious
concerns.
TSP is an operational, “how-to” implementation of the principles and best practices that
the SEI has advocated since its inception. TSP also includes many concepts that have not been
implemented in other engineering methods, including the following:
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•

Self-directed team management

•

An integrated measurement framework

•

A comprehensive, pre-test quality management system

•

A coaching model

•

A team-focused strategy for rapid deployment

•

A complete, operational process supported by training and tools

Why focus on teams?
The performance of large software projects often hinges on the performance of a team or
even an individual. If they deliver late or provide a defective part, it can delay the entire project
and impact the quality of the larger system. In software engineering, where so many system
components are delivered late or are of poor quality, this is a pervasive problem.
The best strategy for improvement is to focus on individual and team performance. This
strategy produces direct and measurable results, a faster return on investment, and provides a
more flexible, tactical approach to improvement.

This is the essence of TSP, to improve

performance from the bottom up, by working with individual developers and project teams.
The main goal of TSP is “to build a Self-directed project team that organizes itself to
produce high-quality software”.
Humphrey defines the following objectives for TSP:
•

Build self-directed teams that plan and track their work, establish goals, and own their
processes and plans. These can be pure software teams or integrated product teams (IPT) of
3 to about 20 engineers.

•Show

managers how to coach and motivate their teams and how to help them sustain peak

performance.
. Accelerate software process improvement by making CMM level 5 behavior normal and
expected.
. Provide improvement guidance to high-maturity organizations.
•

Facilitate university teaching of industrial-grade team skills.
A self-directed team has a consistent understanding of its overall goals and objectives. It

defines roles and responsibilities for each team member; tracks quantitative project data (about
productivity and quality); identities a team process that is appropriate for the project and a
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strategy for implementing the process; defines local standards that are applicable to the team's
software engineering work; continually assesses risk and reacts to it: and tracks, manages, and
reports project status.
Note:
"Finding good players is easy. Getting them to play as a team is another story."

TSP defines the following framework activities: launch, high-level design, implementation, integration and test, and postmortem. Like their counterparts in PSP, these activities
enable the team to plan, design, and construct software in a disciplined manner while at the same
time quantitatively measuring the process and the product. The postmortem sets the stage for
process improvements.TSP makes use of a wide variety or scripts, forms, and standards that
serve to guide team members in their work. Scripts define specific process activities (i.e., project
launch, design, implementation, integration and testing, and postmortem) and other more
detailed work functions (e.g., development planning, requirements development, software
configuration management, and unit test) that are part of the team process.
To illustrate, consider the initial process activity- project launch.
Each project is "launched" using a sequence of tasks (defined as a script) that enables the
team to establish a solid basis for starting the project: The following launch script (outline only)
is recommended:
•

Review project objectives with management and agree on and document team goals.

•

Establish team roles.

•

Define the team's development process.

•

Make a quality plan and set quality targets.

•

Plan for the needed support facilities.

•

Produce an overall development strategy.

•

Make a development plan for the entire project.

•

Make detailed plans for each engineer for the next phase.

•

Merge the individual plans into a team plan.

•

Rebalance team workload to achieve a minimum overall schedule.

•

Assess project risks and assign tracking responsibility for each key risk.

Prepared by: Dept. of CSE, RGMCET (Autonomous), Nandyal

Page 21

A Generic view of Process

Unit 1

It should be noted that the launch activity can be applied prior to each TSP framework
activity noted earlier. This accommodates the iterative nature of many projects and allows the
team to adapt to changing customer needs and lessons learned from previous activities.
TSP recognizes that the best software teams are self-directed. Team members set project
objectives, adapt the process to meet their needs, have control over schedule, and through
measurement and analysis of the metrics collected, work continually to improve the team's
approach to software engineering.
How do you get started with TSP?
The SEI provides the training and tools organizations need to implement TSP, and an
implementation strategy designed to make TSP deployment faster and easier. Implementation on
a project-by-project basis is recommended, and training is the first step. A top-down approach
is usually most effective, starting with training for management followed by training for
engineers and those in support functions.
Organizations usually begin with the TSP Executive Strategy Seminar, a one-day class
for top management. Next, a three-day session for project managers or team leaders: Leading
Development Teams. Finally, a five-day class for software developers, PSP Fundamentals, and
a three-day class for other team members, TSP Team Member Training are taken.
Once these courses have been completed, the project teams are ready to use TSP. This
can usually be accomplished in about a month. Once the projects are underway, the training and
launching of additional projects and teams can begin. SEI also provides advanced training
courses, TSP Coach Training and PSP Instructor Training, for organizations that want to
develop the internal capability required to train and implement TSP on their own.
Who is using TSP?
A growing number of industry organizations are using TSP, including Microsoft, Oracle,
Intuit, Adobe, EDS, FujiFilm, Toshiba, Hitachi Soft, Softtek, and IBM, and some Government
software organizations etc.
Conclusion:
Like PSP, TSP is a rigorous approach to software engineering that provides distinct and
quantifiable benefits in productivity and quality. The team must make a full commitment to the
process and must undergo thorough training to ensure that the approach is properly applied.
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2.7 S UM MA R Y
Software engineering is a discipline that integrates process, methods, and tools for the
development of computer software. A number of different process models for software
engineering have been proposed, but all define a set of framework activities, a collection of tasks
that are conducted to accomplish each activity, work products produced as a consequence of the
tasks, and a set of umbrella activities that span the entire process. Process patterns can be used to
define the characteristics of a process.
The Capability Maturity Model Integration {CMMI) is a comprehensive process metamodel that describes the specific goals, practices, and capabilities that should be present in a
mature software process, SPICE and other standards define the requirements for conducting an
assessment of software process, and the ISO 9001: 2000 standard examines quality management
within a process.
Personal and team models for the software process have been proposed. Both emphasize
measurement, planning, and self-direction as key ingredients for a successful software process.
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INTRODUCTION
We may define a cycle as “a succession of events repeated regularly within a given
period of time” or “a round of years or recurring period of time, in which certain events repeat
themselves”.
‘Life cycle’ is a sequence of events or patterns that reveal themselves in the lifetime of an
organism. Software products are seen to display such a sequence of pattern in their lifetimes. In
this chapter we are going to discuss a generalized pattern that is generally observed in the
lifetime of a software product. Recognition of such system development life cycles holds the
key to successful software development.
 Software Development Process
The process of software development has taken different routes at different times in the
past. During the early years of software development (in the 50’s and 60’s), software
development was a single-person task, characterized by the following:
i) It was a science or an engineering application.
ii) The developer was also the user of the software.
iii) The requirements were fully known.
iv) The development of a software product primarily involved in coding and fixing bugs, if
any.
Ghezzi et al. (1994) call this type of software development process as the code-and-fix model.
As years rolled by, however, this type of process model was found to be highly
inadequate because of many changes that took place in the software development environment.
The changes that had highly significant effect on the development process were the
following:
1. Computers started becoming popular and its application domain extended considerably, from
science and engineering to business, industry, service, military and government
2. Developers became different from users. A piece of software was developed either in
response to a request from a specific customer or targeted towards the general need of a class
of users in the marketplace.
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3. Developers spent considerable time and effort to understand user requirements. Developers
changed their codes several times, sometimes even after they thought they had completed the
development of the software, in

order to incorporate the user requirements.

4. Applications often became so complex and large that the software had to be developed by a
group of persons, rather than a single person, requiring considerable amount of planning for
the division of the work, coordination for their smooth execution, and control so that the
software was developed within the stipulated time.
5. Large software products and their development by a group of persons invariably led to
frequent malfunctioning of the software products during testing (by the developers) and use
(at the user sites). Identifying the defects and correcting them became increasingly difficult.
Large turnover of software developers accentuated this problem.

Quality assurance and

maintenance thus needed disciplined design and coding. It also needed careful documentation.
Testing at various levels assumed great significance. Maintenance of a piece of software
became an inevitable adjunct of the development process.
6. The changing requirements of a customer often called for modification and enhancement of
an existing piece of software. Coupled with the opportunities provided by new hardware and
software, such modification and enhancement sometimes led to discarding the old software
and show the way for a new piece of software.
The above mentioned changes led to a more systematic way to develop high-quality
software products. That we can achieve through various conventional process models. In this
chapter, we examine the various conventional software process models and their approach to
develop high-quality software.
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QUICK LOOK ON PROCESS MODELS
 What is a Process model?
Process models define a distinct set of activities, actions, tasks, milestones, and work
products that are required to engineer high-quality software. Process models were originally
proposed to bring order to the chaos [i.e., a state of confusion] of software development. These
conventional models have brought a certain amount of useful structure to software engineering
work and provide a reasonable effective roadmap fro software teams.
 What are the steps?
The process model guides a software team through a set of framework activities that are
organized into a process flow that may be linear, incremental, or evolutionary. The terminology
and details of each process model differ, but the generic framework activities remain reasonably
consistent.
 What is the work product of any process model?
From the software engineer point of view, the work products of any process model may
includes the following:
i) Programs
ii) Documents
iii) Data that are produced as a consequence of the activities and tasks defined by the process.
 How can we ensure that the efficiency of the process model?
There are a number of software process assessment mechanisms that enables
organizations to determine the “maturity” of their software process. However, the quality,
timeliness, and long term viability of the product you build are the best indicators of the efficacy
of the process that you use.
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3.1 PRESCRIPTIVE MODELS
Every software engineering organization should describe a unique set of framework
activities for the software process it adopts. It should populate each framework activity with a
set of software engineering actions, and each action in terms of a task set that identifies the work
products to be accomplished to meet the development goals.
Regardless of the process model that is selected, software engineers have traditionally
chosen generic process framework that encompasses the following framework activities:
Communication, Planning, Modeling, Construction, and Deployment.
In the next sections, we examine a number of prescriptive software process models. We
call them as “prescriptive”, because they prescribe a set of process elements (i.e., framework
activities, Software engineering actions, tasks, work products, quality assurance, and change
control mechanisms) for each project. Each process model also prescribes a workflow (i.e., the
manner in which the process elements are interrelated to one another).
NOTE:
All the Software process models can accommodate the generic framework activities (i.e.,
CPMCD), but each applies a different emphasis to these activities and defines a workflow that
invokes each framework activity in a different manner.

Prepared by: Dept. of CSE, RGMCET (Autonomous), Nandyal

Page 5

PROCESS MODELS

UNIT II
3.2 THE WATERFALL MODEL

For a long time the software industry was in a quandary [i.e., a state of uncertainty] as
to what guidelines to follow during the software development process.

Influenced by the

development process followed in the famous air defense software project called SAGE (SemiAutomated Ground Environment) and by concepts forwarded by Bennington (1956) and
Rosove (1967), Royce (1970) proposed the celebrated ‘Waterfall Model’ of the software
development process (Fig. 3.1).
This model became popular and provided the much-needed practical guidelines for
developing a piece of software. Boehm had been a strong proponent [i.e., A person who speaks
publicly in support of a particular idea (or) plan of action] of the waterfall model. He provided
an economic rationale behind this model (Boehm 1976) and proposed various refinements
(Boehm 1981).
Closely associated with the waterfall model was the concept of the ‘software
development life cycle’. The software was conceived as a living being with clearly defined
sequence of development phases, starting from the conceptualization of the problem, (the birth of
an idea - the first phase) to the discarding of the software (the death of the software - the last
phase).
The waterfall model derives its name from the structural (geometric) similarity of a
software development process with a waterfall.

This model makes the following major

assumptions:
1) The software development process consists of a number of phases in sequence, so that
only after a phase is complete, work on the next phase can start. It, thus, presupposes a
unidirectional flow of control among phases.
2) From the first phase (the problem conceptualization) to the last phase (the retirement),
there is a downward flow of primary information and developmental effort.
3) Work can be divided, according to phases, among different classes of specialists.
4) It is possible to associate a goal for each phase and accordingly to plan the deliverables
(the exit condition or the output) of each phase.
5) The output of one phase becomes the input (i.e. the starting point) to the next phase.
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6) Before the output of one phase is used as input to the next phase, it is subjected to various
types of review and verification and validation testing.

The test results provide a

feedback information upward that is used for reworking and providing the correct output.
Thus, although the overall strategy of development is unidirectional sequential and
downward flow, limited iterative flows from the immediately succeeding phases are
allowed in a waterfall model.
7) Normally, the output is frozen, and the output documents are signed off by the staff of the
producing phase, and these become the essential documents with the help of which the
work in the receiver phase starts. Such an output forma a baseline, a ‘frozen’ product
from a life-cycle phase, that provides a check point or a stable point of reference and is
not changed without the agreement of all interested parties. A definitive version of this
output is normally made available to the controller of the configuration management
process (the Project Librarian).
8) It is possible to develop different development tools suitable to the requirements of each
phase.
9) The phases provide a basis for management and control because they define segments of
the flow of work, which can be identified for managerial purposes, and specify the
documents or other deliverables to be produced in each phase.
10) This model provides a practical, disciplined approach to software development.
Different researchers describe the phases for system development life cycle differently.
The difference is primarily due to the amount of detail and the manner of categorization. A less
detailed and broad categorization is that the development life cycle is divided into three stages.
i) Definition,
ii) Development
iii) Deployment (installation and operation)
The definition stage is concerned with the formulation of the application problem, user
requirements analysis, feasibility analysis, and preliminary software requirements analysis.
The development stage is concerned with software specifications, product design (i.e.,
design of hardware-software architecture, design of control structure and data structure for the
product), detailed design, coding, and integrating and testing.
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The deployment stage is concerned with implementation, operation and maintenance,
and evaluation of the system (post-audit).
Others do not divide the life cycle into stages, but look upon the cycle as consisting of
various phases. The number of phases varies from five to fourteen. Table 3.1 gives the various
phases as detailed by various workers in the field.
A much more detailed division of life cycle into phases and sub-phases is given by Jones
et.al is given in Table 3.2.
According to New Webster’s Dictionary, A stage is ‘a single step or degree in process’ (or)
a particular period in a course of progress, action or development (or) a level in a series of
levels’. A phase, on the other hand, is ‘any of the appearances or aspects in which a thing of
varying models or conditions manifests itself to the eye or mind; a stage of change or
development’. We take a stage to consist of a number of phases.
Figures 3.1 and 3.2 show, respectively, the waterfall model by Royce and the modified
waterfall model by Boehm. Note that the original model by Royce was a feed-forward model
without any feedback, whereas the Boehm’s model provided a feedback to the immediately
preceding phase. Further, the Boehm’s model required verification and validation before a
phase’s output was frozen.

Requirements
Analysis &
Specifications
Design &
Specification

Coding & Unit
Testing

Integration &
System testing

Testing
Delivery &
Maintenance

Fig. 3.1 The Waterfall Model of Royce (1970)
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System Feasibility
Validation
Software Plans &
Requirements
Validation
Product Design
Verification
Detailed Design
Verification
Code
Unit test
Integration

Product verification
Implementation
System Test
Operation &
Maintenance
Revalidation

Fig. 3.2:The Waterfall Model of Boehm (1981)
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Table 3.1
Thibodeau and

Life Cycle Phases by Various Authors

Boehm (1981)

Sage (1995)

Analysis

System feasibility

Project planning

Design

Software plans &

Establishing software

requirements

development environment

Coding

Detailed design

System requirements analysis

Test and

Code

System design

Operations and

Integration

Software requirements analysis

Maintenance

Implementation

Software architectural design

Operation & Maintenance

Software detailed design

Dodson (1985)

Integration

Coding & unit testing
Unit integration & testing
Computer software configuration
item (CSCI) testing
CSCI integration & testing
Preparation for software use &
support
Preparation for software delivery
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Table 3.2 Phases and Sub-Phases of Software Life Cycle

Phase I

Problem definition

Problem analysis
Technology selection
Skills inventory

Phase II

Requirements

Requirements exploration
Requirements documentation
Requirements analysis

Phase III

Implementation Planning

Make or buy decisions
Tool selection
Project planning

Phase IV

High level design

Basic data analysis
Basic function analysis
Basic structure analysis
Inspection, repair, rework

Phase V

Detailed design

Functional specifications
Logic specifications
System prototype

Phase VI

Implementation

Reusable code acquisition
New code development
Customization
Inspection, repair, rework

Phase VII

Integration and test

Local & component integration
Test environment construction
Full integration & test repair, rework
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Phase VIII

Customer acceptance

Defect removal efficiency
Defect removal calibration
Packaging and delivery
On-site assistance

Phase IX

Maintenance (Defect repairs)

Defect reporting
Defect analysis
Defect repairs

Phase X

Functional enhancements

Customer-originated enhancements
Technically-originated enhancements

NOTE:
Another representation of Waterfall model (Pressman. RS):
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3.2.1 The waterfall model was practical but had the following problems (Royce, 2000):
1. Protracted Integration and Late Design Breakage. Heavy emphasis on perfect analysis and
design often resulted in too many meetings and too much documentation, and ultimately delayed
substantially the process of integration and testing, with non-optimal fixes, very little time for
redesign, and late delivery of non-maintainable product.

2. Late Risk Resolution. During the requirements elicitation phase, the risk (the probability of
missing a cost, schedule, feature, or quality goal) is very high and unpredictable. Through
various phases, the risk gets stabilized (design and coding phase), resolved (integration phase)
and controlled (testing phase). The late resolution of risks result in late design changes and,
consequently, in code with low maintainability.

3. Requirements-Driven Functional Decomposition. The waterfall model requires specifying
requirements completely and unambiguously. But it also assumes that all the requirements are
equally important, and do not change over the SDLC. The first assumption is responsible for
wasting away many person-days of effort while the second assumption may make the software
engineering useless to the ultimate user.

In most waterfall model based developments,

requirements are decomposed and allocated to functions of the program. Such decomposition
and allocation are not possible in object-oriented developments that are the order of the day.

4. Adversarial Stakeholder Relationships. As already discussed, every document is signed off
by two parties at the end of phase and before the start of the succeeding phase. Such a document
thus provides a contractual relationship for both parties. Such a relationship can degenerate into
mistrust, particularly between a customer and a contractor.
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3.2.2 Performance of Conventional Software Process in Practice:

Boehm (1987) presents a list of ten rules of thumb that characterize the conventional software
process as it is practiced during the past three decades:
1. Finding and fixing software problem after delivery costs 100 times more than finding and
fixing the problem in early design phases.

***

2. You can compress software developments schedules 25% of nominal, but no more.
3. For every $1 you spend on development, you will spend $2 on maintenance. ***
4. Software development and maintenance costs are primarily a function of the number of source
lines of code.
5. Variations among people account for the biggest differences in software productivity.
6. The overall ratio of software to hardware costs is still growing. In 1955 it was 15:85; in 1985,
it is 85:15. ***
7. Only about 15% of software development effort is devoted to programming. ***
8. Software systems and products typically cost 3 times as much per SLOC (Source Lines of
Code) as individual software programs. Software system products (i.e., system of systems)
costs 3 times as much.
9. Walkthroughs catch 60% of the errors.

***

10. 80% of the contribution comes from 20% of the contributions.
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3.2.3 Boehm gives the following economic rationale behind the phases and their sequential
ordering:
1) All the phases and their associated goals are necessary. It may be possible, as in the
code-and-fix models, for highly simple, structured, and familiar applications, to
straightaway write code without going though the earlier phases. But this informal
practice has almost always led to serious deficiencies, particularly in large and complex
problems.
2) Any different ordering of the phases will produce a less successful software product.
Many studies (for example, Boehm 1973, 1976, 1981; Myers 1976 and Fagan 1976) have
shown that the cost incurred to fix an error increases geometrically if it is detected late.
As an example, fixing an error can be 100 times more expensive in the maintenance
phase than in the requirements phase (Boehm 1981). Thus, there is a very high premium
on the value of analysis and design phases preceding the coding phase.

3.2.4 Davis et al. (1988) cite the following uses of a waterfall model:
1. The model encourages one to specify what the system is supposed to do (i.e., define the
requirements) before building the system (i.e., designing).
2. It encourages one to plan how components are going to interact (i.e. designing before building
the components - coding).
3. It enables project managers to track progress more accurately and to uncover possible slippages
early.
4. It demands that the developments process generates a series of documents that can be utilized
later to test and maintain the system.
5. It reduces development and maintenance costs due to all of the above-mentioned reasons.
6. It enables the organization that will develop the system to be more structured and manageable.
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3.2.5 A Critique of the Waterfall Model
The waterfall model has provided the much-needed guidelines for a disciplined approach to
software development. But it is not without problems.

1. The waterfall model is rigid. The phase rigidity, that the results of each phase are to be
frozen before the next phase can begin, is very strong.
2. It is monolithic. The planning is oriented to a single delivery date. If any error occurs in the
analysis phase, then it will be known only when the software is delivered to the user. In case
the user requirements are not properly elicited or if user requirements change during design,
coding and testing phases, then the waterfall model results in inadequate software products.
3. The model is heavily document driven to the point of being bureaucratic.
4. Real projects rarely fallow the sequential flow that the water fall model proposes. Although
the linear model can accommodate iteration, it does so indirectly. As a result changes can
cause confusion as the project team proceeds.
5. It is often difficult for the customer to state all the requirements explicitly. The waterfall
model requires this and has difficulty accommodating the natural uncertainty that exists at the
beginning of many projects.
6. The customers must have patience. A working version of the program(s) will not be available
until late in the project time-span. A major blunder, if undetected until the working program is
reviewed, can be disastrous.
7. In an interesting analysis of actual projects, we found that the linear nature of the waterfall
model leads to “blocking states”, in which some project team members must wait for other
members of team to complete dependent tasks. In fact, the time spent waiting can exceed the
time spent on productive work.
Conclusion:
Today, software work is fast-paced and subject to a never ending stream of changes. The
waterfall model is often in appropriate for such work. However, it can serve as a useful process
model in situations where requirements are fixed and work is to proceed to complete in a linear
manner.
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3.3 INCREMENTAL PROCESS MODELS
There are many situations in which initial soft ware requirements are reasonably welldefined, but the overall scope of the development effort preempts a purely linear process. There
may be a compelling[i.e., attracting much attention] need to provide a limited set of soft ware
functionality to users quickly and then refine and expand on that functionality in later soft ware
releases. In such cases, a process model that is design to produce the software in increments is
chosen.
3.3.1 The Incremental Model
The incremental model delivers a series of releases, called increments, that provides
progressively more functionality for the customer as each increment is delivered. The
incremental model combines the elements of the waterfall model applied in an iterative fashion.
Referring to the figure 3.2, the incremental model applies linear sequences in a staggered [i.e.,
arranging (objects or parts) so that they are not in line] fashion. Each linear sequence produces
deliverable “increments” of the software.

Prepared by: Dept. of CSE, RGMCET (Autonomous), Nandyal

Page 17

PROCESS MODELS

UNIT II
Ex:

A 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 in forth
increment.
When an incremental model is used, the first increment is often a core product. That is,
basic requirements are addressed, but many supplementary features remain undelivered. The
core product is used by the customer. As a result of use and/or evaluation, a plan is developed
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 fallowing the delivery of each increment, until the complete product is produced.
Key points:
1) 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, additional staff (if required) can be added to implement the next
increment.
2) Increments can be planned to manage technical risks.
For example, a major system might require the availability of new hardware
that is under development and whose delivery date is uncertain. It might be
possible to plan early increments in a way that avoids the use of this hardware,
thereby enabling partial functionality to be delivered to end-users without
excessive delay.
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3.3.2 The RAD Model
Rapid Application Development (RAD) is an incremental software process model that
emphasizes a short development cycle. The RAD model is a “high-speed” adaptation of the
Waterfall model, in which rapid development is achieved by using a component-based
construction approach. If requirements are well understood, the RAD approach enables a
development team to create a “fully functional system” within a very short time period (e.g.,
60-90 days).
Like other process models, the RAD approach also maps into the generic framework activities:
i) Communication works to understand the business problem and the information characteristics
that the software must accommodate
ii) Planning is essential because multiple software teams works in parallel on different systems
functions.
iii) Modeling encompasses three major phases- business modeling, data modeling and process
modeling – and establishes design representations that serve as the basis for RAD’s
construction activity.
iv) Construction emphasizes the use of pre-existing software components and the application of
automatic code generation.
v) Deployment establishes a basis for subsequent iterations, if required.
The RAD process model is illustrated in Figure 3.3. If a business application can be
modularized in a way that enables each major activity to be completed in less than 3 months, it is
a candidate for RAD. Each major function can be addressed by a separate RAD team and then
integrated to form a whole, like as shown in below figure.
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Drawbacks of the RAD model:
1) For large, but scalable [able to be changed in size or scale] projects, RAD requires
sufficient human resources to create the right number of RAD teams.
2) If developers and customers are not committed to the rapid –fire activities necessary to
complete the system in a much abbreviated time frame, RAD projects will fail.
3) If a system cannot be properly modularized, building the components necessary for RAD
will be problematic.
4) RAD may not be appropriate when technical risks are high ( e.g., when a new application
makes heavy use of new technology).
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3.4 EVOLUTIONARY PROCESS MODELS
3.4.1 Overview
The situations at which, software engineers need a process model that has been explicitly
designed to accommodate a product that evolves over time.
•

Business and product requirements often change as development proceeds.

•

Tight market dead lines make completion of a comprehensive software product
impossible, but a limited version must be introduced to meet competitive or business
pressure.

•

A set of core product or system requirements is well understood, but the details of
product of system extensions have yet to be defined.
Evolutionary Process Models are iterative in nature. They are characterized in a manner

that enables software engineers to develop increasingly more complete versions of the software.
Evolutionary process models produce an increasingly more complete version of the software
with each iteration.
3.4.2 Prototyping:
Often, a customer defines a set of general objectives for software, but does not identify
detailed input, processing or output requirements. In other cases, the developer may be unsure of
the efficiency of an algorithm, the adaptability of an operating system, or the form that humanmachine interaction should take. In these, and many other situations, a prototyping paradigm
may offer the best approach. When your customer has a legitimate need, but is clueless about the
details, then develop a prototype as a first step.
3.4.2.1 Features of Prototype Model:
•

A prototype is a toy implementation of the system. A prototype usually exhibits
limited functional capabilities, low reliability, and inefficient performance compared to
the actual software.

•

An important purpose of prototype is to illustrate the input data formats, messages, and
the interactive dialogues to the customer.
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•

This is a valuable mechanism for gaining better understanding of the customer’s needs
specified as shown below:
i) How the screen might looks like.
ii) How the user interface would behave
iii) How the system would produce outputs etc.

•

Another reason for developing a prototype is that it is impossible to get the perfect
product in the first attempt. Many researchers and engineers advocate that if you want to
develop a good product, you must plan to throw away the first version.

•

The experienced gained in developing the prototype can be used to develop the final
product.

•

A prototyping model can be used when technical solutions are unclear to the
development team. A developed prototype can help engineers to critically examine the
technical issues associated with the product development.

Note: A prototype of the actual product is preferred in situations such as:
• User requirements are not complete
• Technical issues are not clear.

3.4.2.2 The different framework activities involved in this prototyping:
•

Communication

•

Quick plan

•

Modeling quick design

•

Construction of prototype

•

Deployment ------delivery, feedback.
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Fig 3.4: The prototyping Model

•

The prototyping paradigm begins with communication. The software engineer and
customer meet and 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 leads to modeling in the form of quick
design.

•

The quick design focuses on a representation of those aspects of the software that will be
visible to the customer/end –user.

•

The quick design leads to construction of prototype. The prototype is deployed and then
evaluated by the customer.

•

Feedback is used to refine the requirements for the software.

•

Iteration occurs as the prototype is tuned to satisfy the needs of the customer, while at the
same time enabling the developer to better understand what needs to be done.
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3.4.2.3 Prototyping can be problematic due to the fallowing reasons:
•

The developer often makes implementation compromises in order to get a prototype
working quickly. An inappropriate OS or programming language may be used, because it
is available and known. After a time, the developer may become comfortable with these
choices and forget all the reasons why they were inappropriate. The less-than ideal
choice has now become an integral part of the system.
Although problems can occur, prototyping can be an effective paradigm for

software engineering. The customer and the developer must both agree that the prototype is
built to serve as a mechanism for defining requirements. It (prototype) is then discarded
(at least in part), and the actual software is engineered with an eye toward quality.
3.4.3 Spiral Model
The Spiral Model, originally proposed by Boehm, 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 fallowing 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.
Features of spiral model:
1) A cyclic approach for incrementally growing a systems degree of definition and
implementation while decreasing it’s degree of risk.
2) 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 paper model or prototype. During later iterations,
increasingly more complete versions of the engineered system are produced.
A spiral model is divided into a set of framework activities defined by the software
engineering team.
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Each of the framework activities represent one segment of the spiral path illustrated in the
below figure. 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.

Anchor point milestones: A combination of work products and conditions that are attained
along the path of the spiral.

Fig 3.5: A typical spiral Model

•

The first circuit around the spiral might result in the development of 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.

•

Cost and schedule are adjusted based on feedback derived from the customer after
delivery.
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Unlike other process models that end when software is delivered, the spiral model can be
adapted to apply throughout the life time of the computer software.

•

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.

•

The spiral model uses prototyping as a risk reduction mechanism but, more importantly
enables the developer to apply the prototyping approach at any stage in the evolution of
the product.

•

The spiral model maintains the systematic stepwise approach suggested by the classic life
cycle but incorporates it into an iterative framework, which is more realistically reflects
the real-world.

3.4.4 The Concurrent Development Model
The concurrent development model can be represented schematically as a series of
framework activities, software engineering activities and tasks. For example, modeling activity
defined for the spiral model is accomplished by invoking the following actions: prototyping and/
or analysis modeling and specification and design.
Figure 3.6 provides a schematic representation of one software engineering task within
the modeling activity for the concurrent process model. The modeling activity may be in any one
of the six states shown in below figure.
Note:
State: A state is some externally observable mode of behavior.
At any time an activity may exists in any of the following states:
i) None
ii) Awaiting changes
iii) Under development
iv) Under revision
v) Under review
vi) Baselined
vii) Done
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Fig 3.6: One element of the concurrent process model

For example, early in a project, the communication activity has completed it’s first
iteration and exists in the awaiting changes state. The modeling activity which existed in the
none state while initial communication was completed, now makes a transition into the under
development state. If the customer indicates the changes in requirements, the modeling activity
moves from the underdevelopment state into the awaiting changes state.
The concurrent process model defines a series of events that will trigger transitions from
state to state fro each of the software engineering activities, actions or tasks.
The concurrent process model is applicable to all types of software development and
provides an accurate picture of the current state of a project. **Rather than confining software
engineering activities, actions and tasks to a sequence of events, it defines as a network of
activities**.
Each activity, action, or task on the network exists simultaneously with other activities,
actions, or tasks. Events generated at one point in the process network trigger transitions among
states.
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3.4.5 Summary on Evolutionary processes
In many cases, time-to-market is the most important management requirement. If a
market window is missed, the software project itself may be meaningless. Evolutionary process
models were conceived to address these issues, but these also have some limitations, which are
summarized as follows:
 Prototyping poses a problem to project planning because uncertain number of cycles
required to construct the product. Most project management and estimation techniques
are based on linear layout of activities, so they do not fit completely.
 Evolutionary software processes do not establish the maximum speed of the evolution. If
the evolution occurs too fats, without a period of relaxation, it is certain that the process
will fall into chaos [i.e., a state of confusion]. On the other hand, if the speed is too slow
then productivity could be affected.
 Software processes should be focused on flexibility and extensibility rather than on high
quality. This assertion sounds scary. Extending the development in order to reach high
quality could result in a late delivery of the product, when the opportunity has
disappeared.

Conclusion:
The intent of evolutionary models is to develop high-quality software in an iterative or
incremental manner. However, it is possible to use an evolutionary process to emphasize
flexibility, extensibility, and speed of development. The challenge for software teams and their
managers is “to establish a proper balance between these critical project and product parameters
and consumer satisfaction.
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3.5 SPECIALIZED PROCESS MODELS

Special process models take on many of the characteristics of one or more of the
conventional process models. However, specialized models tend to be applied when a narrowly
defined software engineering approach is chosen.
3.5.1 Component-Based Development
Commercial off-the shelf (COTS) software components, developed by vendors, who
offer them as products and those can be used when software is to be built. These components
provide targeted functionality with well-defined interfaces that enable the component to be
integrated into the software.
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
software. However, the model composes applications from prepackaged software components.
Modeling and construction activities begin with the identification of candidate
components. Regardless of the technology that is used to create the components, the componentbased development model incorporates the following steps:
•

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

•

Component integration issues are considered.

•

A software architecture is designed to accommodate the components.

•

Components are integrated into the architecture.

•

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. Based on various studies of
reliability, the component-based development leads to
•

70% reduction in development cycle time.

•

84% reduction in project cost

•

A productivity index of 26.2, compared to an industry norm of 16.9

Although these results are a function of the robustness of the component library, this
model provides a significant advantages for software engineers.
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3.5.2 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 a software engineer to
specify, develop, and verify a computer-based system by applying a mathematical notation.
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. In this model, with the application of mathematical analysis--ambiguity,
incompleteness and inconsistency can be discovered and corrected more easily.
Although it is not a mainstream approach, the formal methods model offers the promise
of defect-free software, but they are not widely used, because of the following reasons:
•

The development of formal methods model is currently quietly 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
unsophisticated customers.
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3.6 THE UNIFIED PROCESS
3.6.1 Introduction:

In their seminal (providing the basis for future development) book on the Unified
Process, Ivar Jacobson, Grady Booch, and James Rambaugh discuss the need for a “use-case
driven, architecture-centric, iterative and incremental” software process when they state:
Today, the trend in software is toward bigger, more complex systems. That is due in part
to the fact that computers become more powerful every year, leading users to expect more from
them. This trend has also been influenced by the expanding use of the internet for exchanging all
kinds of information. Our appetite [i.e., a natural desire] for ever more sophisticated software
grows as we learn from one product release to the next how the product could be improved. We
want software that is better adapted to our needs, but that, in turn, merely makes the software
more complex. In short, we want more.
The Unified Process (UP) is an attempt to draw on the best features and characteristics of
conventional software process models, but characterize them in a way that implements many of
the best principles of agile [quick moving (or) active] software development.
•

The Unified Process recognizes the importance of customer communication and
streamlined methods for describing the customer’s view of a system. (i.e., the Use-case).
Note: A use-case is a text narrative [a spoken or written account of concerned
events in order of happening] (or) a template that describes a system function
or feature from the user’s point of view. A use-case is written by the user
and serves as a basis for the creation of a more comprehensive analysis
model.

•

UP emphasizes the important role of software architecture and “helps the architect focus
on the right goals, such as understandability, reliance to future changes and reuse”.

•

It suggests a process flow that is iterative and incremental, providing the evolutionary
feel, which is essential in modern software development.
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3.6.2 A brief history about Unified Process
During the 1980’s and into the early 1990’s, object oriented (OO) methods and
programming languages gained a wide spread audience throughout the software engineering
community. A wide variety of object oriented analysis (OOA) and methods (OOD) were
proposed during the same time period, but no individual method or language dominated the
software engineering landscape [natural or imaginary scenery as seen in a broad view].
During the early 1990’s James Rumbaugh, Grady Booch, and Ivor Jacobson began
working on a “Unified method “ that would combine the best features of each of their individual
methods and adopt additional features proposed by other experts in the OO field. The result was
UML- a unified modeling language that contains a robust notation for the modeling and
development of OO systems. By 1997, UML became an industry standard for object-oriented
software development.
UML provides the necessary technology to support OO software engineering practice,
but it does not provides the process framework to guide project teams in their application of the
technology over the next few years, Jacobson, Rumbaugh, and Booch developed the unified
process, a framework for OO software engineering using UML.
Today, the unified process and UML are widely used on OO projects of all kinds. The
iterative, incremental model proposed by the UP can and should be adapted to meet specific
project needs. An array of work products (e.g. models and documents) can be produced as a
consequence of applying UML.
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3.6.3 Phases of the Unified Process:

Below figure depicts the phases of the Unified Process (UP) and relates them to the
generic activities that have been discussed previously.
Fig 3.7 The Unified Process

The inception phase of the UP encompasses both customer communication and planning
activities. By collaborating with the customers and end-users we can achieve the following
tasks:
i) Business requirements for the software are identified.
ii) A rough architecture for the system is proposed.
iii) A plan for the incremental, iterative nature of the ensuing project is developed.
Architecture at this point is nothing more than a tentative outline of major subsystems.
Later, the architecture will be refined and expanded into a set of models that will represent
different views of the system. Planning identifies resources, assesses major risks, defines a
schedule and establishes a basis for the phases that are to be applied as the software increment is
developed.
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The elaboration (explain in detail) phase encompasses the customer communication and
modeling activities of the generic process model. Elaboration refines and expands the
preliminary use-cases that were developed as part of the inception phase and expands the
architectural representation to include 5 different views of the software—the use-case model, the
analysis model, the design model, the implementation model and the development model. The
plan is carefully reviewed at the culmination [i.e., reach it’s highest (or) final part] of the
elaboration phase to ensure that scope, risks, and delivery dates remain reasonable.
Modifications to the plan may be made at this time.

The construction phase of the UP is identical to the construction activity defined for the
generic software process, using the architectural model as input, the construction phase develops
(or) acquires the software components that will make each use-case operational for end-users. To
accomplish this, analysis and design models that were started during the elaboration phase are
completed to reflect the final version of the software increment. As components are being
implemented, unit tests are designed and executed for each. In addition, integration activities
(i.e., component assembly and integration testing) are conducted.

The transition phase of the UP encompasses the later stages of the generic construction
activity and the first part of the generic deployment activity. In this phase, software is given to
the end-users for beta-testing, and user feedback reports both defects and necessary changes. In
addition, the software team creates the necessary support information (e.g. user manuals, trouble
shooting guides, and installation procedures) that is required for the release. At the conclusion of
the transition phase, the software increment becomes a usable software release.

Note:
Beta testing: It is a controlled testing action, in which the software is used by actual end users
with the intent of uncovering defects and deficiencies. A formal Defect/deficiency reporting
scheme is established, and the software team assesses feedback.
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The production phase of the UP coincides with the deployment activity of the generic
process. During this phase, the on-going use of the software is monitored. Support for the
operating environment (i.e., infrastructure) is provided, and defect reports and requests for
changes are submitted and evaluated.
A software engineering workflow is distributed across all UP phases. A workflow
identifies the tasks required to accomplish an important engineering action and the work
products that are produced as a consequence of successfully completing the tasks.
3.6.4 Unified Process work products:
Below figure illustrates the key work products produced as a consequence of the 4
technical UP phases.
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During the inception phase, the intent is to establish an overall “vision” for the project,
identify a set of business requirements, and define project and business risks that may
represent a threat to success. From the software engineer’s point of view, the most
important work product produced during the inception phase is the –“use case model” – a
collection of use-cases that describes how outside actors (human and nonhuman “users”
of software) interact with the system and gain value from it. During the inception phase
only 10% to 20 % of the use case model is completed. After elaboration phase, between
80% to 90% of the model has been created.

•

The elaboration phase produces a set of work products that elaborate requirements and
produces an architectural description and a preliminary design. As the software engineer
begins OO analysis, the primary objective is to define a set of analysis classes that
adequately describe the behavior of the system. The classes and analysis packages
(collection of classes) defined as part of the analysis model are refined further into a
design model which identifies design classes, sub systems, and the interfaces between sub
systems. Both analysis and design models expand and refine an evolving representation
of software architecture. In addition, the elaboration phase revisits risks and the project
plan to ensure that each remains valid.

•

The construction phase produces an implementation model that translates design classes
into software components that will be built to realize the system, and a deployment model
maps the components into the physical computing environment. Finally, a test model
describes tests that are used to ensure that use-cases are properly reflected in the software
that has been constructed.

•

The transition phase delivers the software increment and assesses work products that are
produced as end-users work with the software. Feedbacks from beta testing and
qualitative requests for changes are produced at this time.
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3.7 SUMMARY

Prescriptive software process models have been applied for many years in an effort to
bring order and structure to software development. Each of these conventional models suggests a
somewhat different process flow, but all perform the same set of generic frame work activities:
Communication, Planning, Modeling, Construction, and Deployment.
•

The Waterfall model suggests a linear progression of frame work activities that is often
inconsistent with modern realities (eg., continuous change, evolving systems, tight
timeliness etc.) in the software world. However, it has applicability in situations where
requirements are well-defined and stable.

•

Incremental software process models produce software as a series of increment
releases. The RAD model is designed for larger projects that must be delivered in tight
time frames.

•

Evolutionary process models recognize the iterative nature of most software
engineering projects and are designed to accommodate change. Evolutionary models such
as prototyping and the spiral model, produce incremental work products quickly. These
models can be adopted to apply across all software engineering activities—from concept
development to long-term system maintenance.

•

The Unified Process is a “use-case driven, architecture-centric, iterative and
incremental” software process designed as a framework for UML methods and tools.
The unified process is an incremental model in which five phases are defined:
1) An inception phase that encompasses both customer communication and planning
activities and emphasizes the development and refinement of use-cases as a primary
model.
2) An elaboration phase that encompasses the customer communication and modeling
activities focusing on the creation of analysis and design models with an emphasis on
class definitions and architectural representations.
3) A construction phase that refines and then translates the design model into
implemented software components.
4) A transition phase that transfers the software from the developer to the end-user for
beta-testing and acceptance.
5) A production phase in which ongoing monitoring and support are conducted.
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CHAPTER 4: SOFTWARE REQUIREMENTS

-------------------------------------------------------------------------------------------OBJECTIVES:
The objectives of this chapter are to introduce software system
requirements and to explain different ways of expressing software requirements.
When you have read the chapter, you will:
•

Understand the concepts of user requirements and system.

•

Requirements and why these requirements should be written in different
ways

•

Understand the differences between functional and non-functional
software requirements;

•

Understand how requirements may be organized in a software
requirements document

CONTENTS:
4.1 Functional and non-functional requirements
4.2 User requirements
4.3 System requirements
4.4 Interface specification
4.5 The software requirements document
4.6 Summary
4.7 Exercises
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Introduction
The requirements for a system are “the descriptions of the services provided by the
system and it’s operational constraints”. These requirements reflect the needs of customers for a
system that helps to solve some problems such as controlling a device, placing an order or
finding information. The process of “finding out, analysing, documenting and checking these
services and constraints” is called Requirements engineering.
The term requirement is not used in the software industry in a consistent way. In some
cases, a requirement is simply a high-level abstract statement of a service that the system should
provide or a constraint on them. At the other extreme, “it is a detailed, formal definition of a
system function”.
Davis (1983) explains why these differences exist:
If a company wishes to let a contract for a large software project, it must define it’s needs
in a sufficiently abstract way that a solution is not predefined. The requirements must be written
so that several contractors can bid for the contract, offering, perhaps, different ways of meeting
the client organization’s needs. Once a contract has been awarded, the contractor must write a
system definition for the client in more details so that the client understands and can validate
what the software will do. Both of these documents may be called the requirements document for
the system.
Some of the problems that arise during the requirements engineering process are a result
of failing to make a clear separation between these different levels of description. We can
distinguish between them by using the term user requirements to mean the high-level abstract
requirements and system requirements to mean the detailed description of what the system
should do.
i) User requirements: These are the statements in a natural language plus diagrams, of what
services the system is expected to provide and the constraints under which it must operate.
ii) System requirements: system requirements specify the system’s functions, services and
operational constraints in detail. The system requirements document (i.e. Functional
specification) should be precise. It should define exactly what is to be implemented.
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Different levels of system specification are useful because they communicate information
about the system to different types of readers. Figure 4.1 illustrates the distinction between user
and system requirements. This example from a library system shows how a user requirement
may be expanded into several system requirements. You can see from Figure 4.1 that the user
requirement is more abstract, and the system requirements add detail, explaining the services and
functions that should be provided by the system to be developed.
Fig 6.1 User and System Requirements

User requirement definition
1. LIBSYS shall keep track of all data required by copyright licensing agencies in the UK and
elsewhere.

System requirements specification
1.1 On making a request for a document from LIBSYS, the requestor shall be presented with a
form that records details of the user and the request made.
1.2 LIBSYS request forms shall be stored on the system for five years from the date of the
request.
1.3 All LIBSYS request forms must be indexed by user, by the name of the material requested
and by the supplier of the request.
1.4 LlBSYS shall maintain a log of all requests that have been made to the system.
1.5 For material where authors' lending rights apply, loan details shall be sent monthly to
copyright licensing agencies that have registered with LIBSYS.

You need to write requirements at different levels of details because different types of
readers use them in different ways. Figure 4.2 shows the different types of readers for the user
and system requirements. The readers of the user requirements are not usually concerned with
how the system will be implemented. The readers of system requirements need to know more
precisely what the system will do because they are concerned with how it will support the
business process or because they are involved in the system implementation.
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Fig 4.2 Readers of different types of specifications

4.1 Functional and non-functional requirements
Software requirements are often classified into three categories:
i)

Functional requirements

ii)

Non-functional requirements

iii)

Domain requirements.

i) Functional requirements: These are the statements of services the system should provide,
how the system should react to particular inputs and how the system should behave in
particular situations. In some cases, the functional requirements may also explicitly state what
the system should not do.
ii) Non-functional requirements: These are the constraints on the services or functions offered
by the systems. They include timing constraints, constraints on the development process and
standards. Non–functional requirements often apply to the system as a whole. They do not
apply to the individual system features or services.
iii) Domain requirements: These are requirements that come from the application domain of
the system and that reflect characteristics and constraints on that domain. They may be
functional or non-functional.
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In reality, the distinction between different types of requirements is not as clear-cut as
these simple definitions suggest. A user requirement concerned with security, say, may appear to
be a non-functional requirement. However, when developed in more detail, this requirement may
generate other requirements that are clearly functional, such as the need to include user
authentication facilities in the system.
4.1.1 Functional requirements
Functional requirements for a system describe what the system should do. These
requirements depend on the type of software being developed, the expected users of the software
and the general approach taken by the organization when writing requirements. When expressed
as user requirements, the requirements are usually described in a fairly abstract way. However,
the functional system requirements describe the system functions in detail, it’s inputs and
outputs, exceptions and so on. Functional requirements for a software system may be expressed
in number of ways.
Example:

Functional requirements for a university library system called LIBSYS, used

by students and faculty to order books and documents from other libraries.
1) The user shall be able to search either all of the initial set of databases or select a
subset from it.
2) The system shall provide appropriate viewers for the user to read documents in the
document store.
3)

Every order shall be allocated a unique identifier (ORDER_ID), which the user shall
be able to copy to the accounts permanent storage area.

These functional user requirements define specific facilities to be provided by the system.
These have been taken from the user requirements document, and they illustrate that functional
requirements may be written at different levels of detail.
Imprecision in the requirements specification is the cause of many software engineering
problems. It is natural for a system developer to interpret an ambiguous requirement to simplify
it’s implementation. New requirements have to be established and changes made to the system.
Of course, this delays system delivery and increases costs.
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Consider the second example requirement for the library system that refers to
'appropriate viewers' provided by the system. The library system can deliver documents in a
range of formats; the intention of this requirement is that viewers for all of these formats should
be available. However, the requirement is worded ambiguously; it does not make clear that
viewers for each document format should be provided. A developer under schedule pressure
might simply provide a text viewer and claim that the requirement had been met.
In principle, the functional requirements specification of a system should be both
complete and consistent.
•

Completeness means that all services required by the user should be defined.

•

Consistency means that requirements should not have contradictory definitions.

Note: In practice, for large, complex systems, it is practically impossible to achieve
requirements consistency and completeness.
4.1.2 Non-functional requirements
Non-functional requirements, as the name suggests, are the requirements that are not
directly concerned with the specific functions delivered by the system. They may relate to
emergent properties such as reliability, response time and store occupancy etc.
Non-functional requirements are rarely associated with individual system features.
Rather, they may specify system performance, security and other emerging properties. This
means that they are often more critical than individual functional requirements.
However, failing to meet a non-functional requirement can mean that the whole system
is unusable.
Examples:
i)

If an aircraft system does not meet it’s reliability requirements, it will not
be certified as safe for operation;

ii)

If a real-time control system fails to meet it’s performance requirements,
the control function will not operate correctly.

Non-functional requirements are not just concerned with the software system to be
developed. Some nonfunctional requirements may constrain the process that should be used to
develop the system. Examples of process requirements include a specification of the quality
standards that should be used in the process.
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Non-functional requirements arise through user needs, because of budget constraints,
because of organizational policies, because of the need for interoperability with other software or
hardware systems, or because of external factors such as safety regulations or privacy legislation.
Figure 4.3 illustrates about the classification of non-functional requirements. You can see
from this diagram that the non-functional requirements may come from required characteristics
of the software (product requirements), the organization developing the software (organizational
requirements) or from external sources.

Fig 4.3 Types of Non-functional requirements

Fig 4.4 Examples of Non-functional requirements
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4.1.2.1 Types of Non-functional requirements:
1) Product requirements:
These requirements specify product behavior. Examples include
i) Performance requirements on how fast the system must execute and how much
memory it requires;
ii) Reliability requirements that set out the acceptable failure rate;
iii) Portability requirements;
iv) Usability requirements.

2) Organizational requirements:
These requirements are derived from policies and procedures in the customer’s
and developer’s organization.
Examples includei) Process standards that must be used;
ii)Implementation requirements such as the programming language or design
method used;
iii) Delivery requirements that specify when the product and it’s documentation
are to be delivered.

3) External requirements:
This road category covers all requirements that are derived from factors external
to the system and it’ development process. These may include the following:
i) Interoperability requirements that define how the system interacts with the systems
in other organizations;
ii) Legislative requirements that must be fallowed to ensure that the system operates
with in the law.
iii) Ethical requirements are requirements placed on a system to ensure that it will be
acceptable to it’s users and the general public.
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Figure 4.4 shows examples of product, organizational and external requirements taken
from the library system LIBSYS whose user requirements were discussed in Section 4.1.1.
The product requirement restricts the freedom of the LIBSYS designers in the
implementation of the system user interface. The organizational requirement specifies that the
system must be developed according to a company standard process defined as XYZCo-SPSTAN-95. The external requirement is derived from the need for the system to conform to
privacy legislation. It specifies that library staff should not be allowed access to data, such as the
addresses of system users, which they do not need to do their job.
A common problem with non-functional requirements is that they can be difficult to
verify. Users or customers often state these requirements as general goals such as ease of use, the
ability of the system to recover from failure or rapid user response. These goals cause problems
for system developers as they leave scope for interpretation and subsequent dispute once the
system is delivered.
Non-functional requirements often conflict and interact with other functional or nonfunctional requirements. For example, it may be a requirement that the maximum memory used
by a system should be no more than 4 Mbytes. Memory constraints are common for embedded
systems where space or weight is limited and the number of ROM chips storing the system
software must be minimized. Another requirement might be that the system should be written
using Ada, a programming language for critical, real-time software development. However, it
may not be possible to compile an Ada program with the required functionality into less that 4
Mbytes. There has to be a trade-off between these requirements: an alternative development
language or increased memory added to the system.
Non-functional requirements such as safety and security requirements are particularly
important for critical systems.
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4.2 User requirements
The user requirements for a system should describe the functional and non functional
requirements so that they are understandable by system users without detailed technical
knowledge. They should only specify the external behavior of the system and should avoid, as
for as possible, system design characteristics.
If you are writing user requirements, you should not use software jargon, structured
notations or formal notations, or describe the requirement by describing the system
implementation. You should write user requirements in simple language, with simple tables and
forms and diagrams.
Below mentioned problems can arise, when requirements are written in natural language
sentences in a text document:
i) Lack of clarity: it is sometimes ‘difficult to use language in a precise and
unambiguous way without making the document wordy’ and ‘difficult to read’.
ii) Requirement confusion: functional and non-functional requirements and design
information may not be clearly distinguished.
iii) Requirements amalgamation: several different requirements may be expressed
together as a single requirement.
As an illustration of some of these problems, consider one of the requirements for the
library shown in Figure 4.5.
Figure 4.5 A user requirement for an accounting system in LIBSYS
LIBSYS shall provide a financial accounting system that maintains records of all accounting
system payments made by users of the system. System managers may configure this system.
So that regular users may receive discounted rates.

This requirement includes both conceptual and detailed information. It expresses the
concept that there should be an accounting system as an inherent part of LIBSYS. However, it
also includes the detail that the accounting system should support discounts for regular LIBSYS
users.
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4.2.1 Guidelines to minimize misunderstandings when writing user requirements:
1) Invent a standard format and ensure that all requirements definitions should be in
that format. Standardizing the format makes omissions less likely and requirements
easier to check.
2)

Use language consistently. You should always distinguish between mandatory and
desirable requirements.
i) Mandatory requirements are requirements that the system must support and
are usually written using “shall”.
ii) Desirable requirements are not essential and are written using “should”.

3) Use text highlighting (i.e., bold, italic, color etc.) to pick out key parts of the
requirement.
4) Avoid, as far as possible, the use of Computer jargon.
Note:
Jargon  Words or Expressions that are used by a particular profession (or)
group of people, and are difficult for others to understand.

4.3 System requirements
System requirements are the expanded versions of the user requirements that are used by
the software engineers as the starting point for the system design. System requirements add
detailed information about how the user requirements should be provided by the system.
Ideally, the system requirements should simply describe the external behavior of the
system and it’s operational constraints. They should not be concerned with how the system
should be designed or implemented. However, at the level of detail required to completely
specify a complex software system, it is impossible, in practice, to exclude all design
information. There are several reasons for this:
1. You may have to design an initial architecture of the system to help structure the requirements
specification. The system requirements are organized according to the different sub-systems
that make up the system. This architectural definition is essential if you want to reuse software
components when implementing the system.
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2. In most cases, systems must interoperate with other existing systems. These constrain the
design, and these constraints impose requirements on the new system.
3. The use of a specific architecture to satisfy non-functional requirements may be necessary. An
external regulator who needs to certify that the system is safe may specify that an
architectural design that has already been certified be used.
Natural language is often used to write system requirements specification as well as user
requirements. However, system requirements are more detailed than user requirements, natural
language specifications can be confusing and hard to understand:
1) Natural language understanding relies on the specification readers and writers using
the same words for the same concept. This leads to misunderstandings because of the
ambiguity of natural language.
2) A natural language requirements specifications is over flexible. You can say the same
thing in completely different ways.
3) There is no way to modularize natural language requirements. It may be difficult to find all
related requirements. To discover the consequence of the change, you may have to look at
every requirement rather than at just a group of related requirements.
Because of these problems, requirements specifications written in natural language are
prone to misunderstandings. It is essential to write the user requirements in a language that, even
a non-specialist can understand. However, you can write system requirements in more
sophisticated notations as shown below. These include stylished, structured natural language, and
graphical models of the requirements such as use-cases to formal mathematical specifications.
Notation
i) Structured natural
Language

Description
This approach depends on defining
standard forms or templates to express
the requirements specification.

ii) Design description
Language.

This approach uses a language like a
Programming language but with more
abstract features to specify the requirements
by defining an operational model of the system.
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A graphical language, supplemented by text
annotation is used to define the functional
requirements for the system.

iv) Mathematical notations

These are notations based on mathematical
concepts such as finite state machines or sets etc.

4.3.1 Structured language specifications
Structured natural language is a way of writing system requirements where the freedom
of the writer is limited and all the requirements are written in a standard format. The advantage
of this approach is that it maintains most of the expressiveness and understandability of natural
language, but it ensures that some degree of uniformity is imposed on the specification.
Structured language notations limit the terminology that can be used and use the templates to
specify the requirements.
4.3.1.1 Form-based approach to specifying the system requirements

An early project that used structured natural language for specifying system requirements
is described by Heninger (1980). Special-purpose forms were designed to describe the input,
output and functions of an aircraft software system. The system requirements were specified
using these forms.
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Fig 4.6: System requirements indication using a standard form

To use these, you must define one or more standard forms or templates to express the
requirements. The specifications may be structured around the objects manipulated by the
system, the functions performed by the system or events processed by the system. An example of
such a form-based specification is shown in Figure 4.6.
When a standard form is used for specifying functional requirements, the fallowing
information should be included:
•

Description of the function or entity being specified.

•

Description of inputs and from where these inputs are coming.

•

Description of it’s outputs and where these to go.

•

Indication of what other entities are used (the requires part).
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If a functional approach is used, a pre-condition setting out on what must be true before
the function is called and a post condition specifying what is true after the function
called.

•

Description of the side effects (if any) of the operation.
Using the formatted specifications removes some of the problems of natural language

specification. Variability in the specification is reduced and requirements are organized in more
effectively.
However, it is difficult to write requirements in an unambiguous way, particularly when
complex computations are required. You can see this in the description shown in Figure 4.6.
where it isn't made clear what happens if the pre-condition is not satisfied.
To address this problem, you can add extra information to natural language requirements
using tables or graphical models of the system. These can show how computations proceed, how
the system state changes, how users interact with the system and how sequences of actions are
performed.
Graphical models are most useful when you need to show how state changes or where
you need to describe a sequence of actions. Figure 4.7 illustrates the sequence of actions when a
user wishes to withdraw cash from an automated teller machine (ATM).
You should read a sequence diagram from top to bottom to see the order of the actions
that take place. In Figure 4.7, there are three basic sub-sequences:
1. Validate card: The user's card is validated by checking the card number and user's PIN.

2. Handle request: The user's request is handled by the system. For a withdrawal, the database
must be queried to check the user's balance and to debit the amount withdrawn. Notice the
exception here if the requestor does not have enough money in their account.

3. Complete transaction: The user's card is returned and, when it is removed, the cash and
receipt are delivered.
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Fig. 4.7 Sequence diagram of withdrawal operation
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4.4 Interface Specification:
Almost all software systems must operate with existing systems that have already been
implemented and installed in an environment. If the new and existing systems must work
together, the interfaces of existing systems have to be precisely specified. These specifications
should be defined early in the process and included in the requirements document.
There are 3 types of interfaces that may have to be defined.
1) Procedural interfaces, Here, existing programs or sub-systems offer a range of
services that are accessed by calling interface procedures. These interfaces are
sometimes called Application Programming Interfaces (APIs).
2) Data structures, which are passed from one sub-system to another. Graphical data
models are the best notations for this type of descriptions. If necessary, program
descriptions in java or C++ can be generated automatically from these descriptions.
3) Representations of data that have been established for an existing sub-system. These
interfaces are most common in embedded, real-time system. However, the best way to
describe these is probably to use a diagram of the structure with annotations explaining the
function of each group of bits.
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4.5 The software requirements document
The software requirements document (sometimes called as the software requirements
specification (or) SRS) is the official statement of what the system developers should implement.
It should include both the user requirements for a system and a detailed specification of the
system requirements.
In some cases, the user and system requirements may be integrated into a single
description. In other cases, the user requirements are defined in an introduction to the system
requirements specification. If there are a large number of requirements, the detailed system
requirements may be presented in a separate document.
The requirements document has a diverse set of users, ranging from the senior
management of the organization that is paying for the system to the engineers responsible for
developing the software. Figure 4.8, illustrates possible users of the document and how they use
it.

Fig 4.8 Users of a requirements document
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The diversity of possible users means that the requirements document has to be a
compromise between communicating the requirements to customers, defining the requirements
in precise detail for developers and testers, and including information about possible system
evolution.
The level of detail that you should include in a requirements document depends on the
type of system that is being developed and the development process used. When the system will
be developed by an external contractor, critical system specifications need to be precise and very
detailed. When there is more flexibility in the requirements and where an in-house, iterative
development process is used, the requirements document can be much less detailed and any
ambiguities resolved during development of the system.
A number of large organizations, such as the US Department of Defense and the IEEE,
have defined standards for requirements documents. Davis discusses some of these standards and
compares their contents. The most widely known standard is IEEE/ANSI 830- 1998. This IEEE
standard suggests the following structure for requirements documents:
1. Introduction
1.1 Purpose of the requirements document
1.2 Scope of the product
1.3 Definitions, acronyms and abbreviations 1.4 References
1.5 Overview of the remainder of the document
Note: Abbreviations =>form a word or phrase that is shorter than it’s full form.
Acronym => formation of word or phrase with first letter. BSE is an acronym for
Bombay Stock Exchange.

2. General description
2.1 Product perspective
2.2 Product functions
2.3 User characteristics
2.4 General constraints
2.5 Assumptions and dependencies
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3. Specific requirements cover functional, non-functional and interface requirements.
This is obviously the most substantial part of the document but because of the wide variability
in organizational practice, it is not appropriate to define a standard structure for this section.
The requirements may document external interfaces, describe system functionality and
performance, specify logical database requirements, design constraints, emergent system
properties and quality characteristics.
4. Appendices
5. Index
Although the IEEE standard is not ideal, it contains a great deal of good advice on how to
write requirements and how to avoid problems. It is a general framework that can be tailored and
adapted to define a standard geared to the needs of a particular organization.
The information that is included in a requirements document must depend on the type of
software being developed and the approach to development that is used. If an evolutionary
approach is adopted for a software product (say), the requirements document will leave out many
of detailed chapters suggested above. The focus will be on defining the user requirements and
high-level, non-functional system requirements. In this case, the designers and programmers use
their judgment to decide how to meet the outline user requirements for the system.
By contrast, when the software is part of a large system engineering project that includes
interacting hardware and software systems, it is often essential to define the requirements to a
fine level of detail. This means that the requirements documents are likely to be very long and
should include most if not all of the chapters shown in Figure 4.9. For long documents, it is
particularly important to include a comprehensive table of contents and document index so that
readers can find the information that they need.
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Figure 4.9 illustrates a possible organization for a requirements document that is based on
the IEEE standard.
Fig 4.9 The structure of a requirements document
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4.6 Summary
•

Requirements for a software system set out what the system should do and define
constraints on its operation and implementation.

•

Functional requirements are statements of the services that the system must provide or
are descriptions of how some computations must be carried out. Domain requirements are
functional requirements that are derived from characteristics of the application domain.

•

Non-functional requirements constrain the system being developed and the development
process that should be used. They may be product requirements, organizational
requirements or external requirements. They often relate to the emergent properties of the
system and therefore apply to the system as a whole.

•

User requirements are intended for use by people involved in using and procuring the
system. They should be written using in natural language, with tables and diagrams that
are easily understood.

•

System requirements are intended to communicate, in a precise way, the functions that
the system must provide. To reduce ambiguity, they may be written in a structured form
of natural language supplemented by tables and system models.

•

The software requirements document is the agreed statement of the system requirements.
It should be organized so that both system customers and software developers can use it.

•

The IEEE standard for requirements documents is a useful starting point for more
specific requirements specification standards.

Prepared by: Dept. of CSE, RGMCET (Autonomous), Nandyal

Page 22

UNIT II

SOFTWARE REQUIREMENTS

Exercises
1. Discover ambiguities or omissions in the following statement of requirements for part of
a ticket-issuing system.
An automated ticket-issuing system sells rail tickets. Users select their destination and
input a credit card and a personal identification number. The rail ticket is issued and their
credit card account charged. When the user presses the start button, a menu display of
potential destinations is activated, along with a message to the user to select a destination.
Once a destination has been selected, users are requested to input their credit card. Its
validity is checked and the user is then requested to input a personal identifier. When the
credit transaction has been validated, the ticket is issued.

2. Describe four types of non-functional requirements that may be placed on a system. Give
examples of each of these types of requirement.

3. Write a set of non-functional requirements for the ticket-issuing system, setting out its
expected reliability and its response time.

4. You have taken a job with a software user who has contracted your previous employer to
develop a system for them. You discover that your company's interpretation of the
requirements is different from the interpretation taken by your previous employer. Discuss
what you should do in such a situation. You know that the costs to your current employer
will increase if the ambiguities are not resolved. You have also a responsibility of
confidentiality to your previous employer.

XXXXXXXXXXXXXXXXXXXXXX COMPLETED XXXXXXXXXXXXXXXXXXXXXX
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CHAPTER 5: REQUIREMENTS ENGINEERING PROCESSES
--------------------------------------------------------------------------------------------------

OBJECTIVES:
The objective of this chapter is to discuss the activities involved in the requirements engineering
process. When you have read this chapter, you will:
•

understand the principal requirements of engineering activities and their relationships;

•

have been introduced to several techniques of requirements elicitation and analysis;

•

understand the importance of requirements validation and how requirements reviews are
used in this process;

•

Understand why requirements management is necessary and how it supports other
requirements engineering activities.

CONTENTS:
5.1 Feasibility Studies
5.2 Requirements Elicitation & Analysis
5.3 Requirements Validation
5.4 Requirements Management
5.5 Summary
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INTRODUCTION
The goal of the requirements engineering process is to create and maintain a system
requirements document. The overall process includes four high-level requirements engineering
sub-processes. These are concerned with assessing whether the system is useful to the business
(feasibility study); discovering requirements (elicitation and analysis); converting these
requirements into some standard form (specification); and checking that the requirements
actually define the system that the customer wants (validation). Figure 5.1 illustrates the
relationship between these activities. It also shows the documents produced at each stage of the
requirements engineering process.

Fig 5.1 The Requirements Engineering Process

The activities shown in Figure 5.1 are concerned with the discovery, documentation and
checking of requirements.
An alternative perspective on the requirements engineering process in Figure 5.2. This
presents the process as a three-stage activity where the activities are organized as an iterative
process around a spiral. The amount of time and effort devoted to each activity in an iteration
depends on the stage of the overall process and the type of system being developed. Early in the
process, most effort will be spent on understanding high-level business and non-functional
requirements and the user requirements. Later in the process, in the outer rings of the spiral,
more effort will be devoted to system requirements engineering and system modeling.
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Fig 5.2 Spiral model of requirements engineering processes

This spiral model accommodates approaches to development in which the requirements
are developed to different levels of detail. The number of iterations around the spiral can vary, so
the spiral can be exited after some or all of the user requirements have been elicited.
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5.1 FEASIBILITY STUDIES
For all new systems, the RE process should start with a feasibility study.
¾ Input to the feasibility study:
•

A set of business requirements

•

An outline description of the system

•

How the system is intended to support business process.

¾ The result of the feasibility study:
•

A report that recommends whether or not it is worth carrying on with the RE and
system development process.

A feasibility study is a short, focused study that aims to answer a no. of questions:
1) Does the system contribute to the overall objectives of the organization?
2) Can the system be implemented using current technology and within given cost and
schedule constraints?
3) Can the system be integrated with other systems which are already in place?
The issue of whether or not the system contributes to business activities is critical. If a
system does not support these objectives, it has no real value to business.
¾ Implementation of Feasibility Study:
Carrying out a Feasibility Study involves the following:
o Information assessment
o Information collection
o Report writing.
i) Information assessment:
This phase identifies the information that is required to answer the three questions set out
above. Once the information has been identified, you should talk with the information sources to
discover the answers to these questions.
ii) Information collection:
In a FS, you may consult information sources such as
•
•
•
•

The managers of the departments where the system will be used.
Software engineers who are familiar with the type of system that is proposed.
Technology experts.
End – users.
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iii) Report writing:
Once you have the information, you write the feasibility study report. You should make a
recommendation about whether the system development should continue or not. In the report,
you may propose changes to the scope, budget and schedule of the system and suggests further
high-level requirements for the system.
Note:
Normally, you should try to complete a feasibility study in two or three weeks.

5.2 REQUIREMENTS ELICITATION & ANALYSIS
In this activity, the software engineers work with customers and the system end-users to
find about the application domain, what services the system should provide, the required
performance of the system hardware, constraints and so on.
Requirements elicitation and analysis may involve a variety of people in an organization.
The term stakeholder is used to refer to any person or group, who will e effected by the system
either directly or indirectly.
Stakeholders includes---•

End-users (who interact with the system)

•

Engineers (who are developing the related systems)

•

Business managers

•

Domain experts

•

Trade union representatives etc.
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* Eliciting and understanding stakeholder requirements is difficult for several reasons:
i) Stakeholders often don’t know what they want from the computer system except in the
most general terms. They may find it difficult to articulate [i.e., able to speak fluently or
coherently] what they want the system to do (or) they make unrealistic demands
because they are unaware of the cost of their requests.

ii) Stakeholders naturally express requirements in their own terms and with implicit
knowledge of their own work. Requirements engineers, without experience in the
customer’s domain, must understand these requirements.

iii) Different stakeholders have different requirements, which they may express in
different ways. Requirements engineers have to consider all potential sources of
requirements and discover commonalities and conflicts.

iv) Political factors may influence the requirements of the system. For example, managers
may demand specific requirements that will increase their influence in the organization.

v) The economic and business environment in which the analysis takes place is
dynamic. It inevitably changes during the analysis process. Hence the importance of
particular requirements may change. New requirements may emerge from new stakeholders
who were not originally consulted.
* A general process model of the elicitation and analysis process:
Each organization will have its own version of this general model, depending on local
factors such as the expertise of the staff, the type of system being developed & the standards
used. You can think of these activities within a spiral so that the activities are interleaved as the
process proceeds from inner to the outer rings of the spiral as shown in the below figure 5.3.
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Fig 5.3: The requirements elicitation and analysis process

* The activities in requirements elicitation and analysis process are:
i) Requirements discovery:
This is the process of interacting with stakeholders in the system to collect their
requirements. Domain requirements from stakeholders and documentation are also discovered in
this activity.

ii) Requirements classification and organization:
This activity takes the unstructured collection of requirements and groups related
requirements and organizes them into coherent clusters.
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iii) Requirements prioritization and negotiation:
Inevitably, where multiple stakeholders are involved, requirements will conflict. This
activity is concerned with prioritizing requirements, and finding and resolving requirement
conflicts through negotiation.

iv) Requirements documentation:
The requirements are documented and input into the next round of the spiral. Formal or
informal requirements document may be produced.
* Diagram explanation:
The above figure shows that requirements elicitation and analysis is iterative processes
with continual feedback from each activity to other activities. The process cycle starts with
requirements discovery and ends with requirements documentation.
•

We will discuss later on requirements discovery and the various techniques that have
been developed to support the requirements discovery process.

•

Requirements classification and organization is primarily concerned with identifying
overlapping requirements from different stakeholders and grouping related requirements.
The most common way of grouping related requirements is to use a model of the system
architecture to identify sub-systems and to associate requirements with each sub-system.

•

Stakeholders have different views on the importance and priority of requirements, and
sometimes these views conflicts. During this process, you should organize regular
stakeholder negotiations so that compromises can be reached. It is impossible to
completely satisfy every stakeholder, but if some stakeholders feel that their views have
not been properly considered, they may deliberately attempt to undermine the RE
process.

•

In the requirement s documentation stage, the requirements that have been elicited are
documented in such a way that they can be used to help with further requirements
discovery. At this stage, an early version of the system requirements document may be
produced, but it will have missing sections and incomplete requirements.
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5.2.1 Requirements discovery
Requirements discovery is the process of gathering information about the proposed and
existing systems and distilling [i.e., differentiate] the user and the system requirements from this
information.
* Sources of information during the requirements discovery phase include the following:
•
•
•

Documentation
System stakeholders
Specifications of similar systems etc.

* Requirements discovery techniques:
•

Interviewing

•

Scenarios

•

Ethnography etc.

Stakeholders range from system end-users through managers and external stakeholders
such as regulators who certify the acceptability of the system.
For example, system stakeholders for a Bank ATM System:
1. Current bank customers, who receives services from the system.
2. Representatives from other banks who have reciprocal agreements that allow each
other’s ATM to be used.
3. Managers of bank branches who obtain management information from the system.
4. Counter staff at bank branches who are involved in the day-to-day running of the
system.
5. Database administrators who are responsible for integrating the system with the
bank’s customer databases.
6. Bank security managers who must ensure that the system will not pose a security
hazard.
7. The bank’s marketing department who are likely be interested in using the system as
a means of marketing the bank.
8. Hardware and software maintenance engineers who are responsible for maintaining
and upgrading the hardware and software
9. National banking regulators who are responsible for ensuring that the system
conforms to banking regulations.
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In addition to the system stakeholders, we have already seen that requirements may come
from the application domain and from other systems that interact with the system being
specified. All of these must be considered during the requirements elicitation process. These
requirement sources (stakeholders, domain, and systems) can all be represented as system view
points.
5.2.1.2 Viewpoint– oriented elicitation
•

Each view point presents a sub-set of the requirements for the system.

•

Each view point provides a fresh perspective on the system, but these perspectives are not
completely independent- they usually overlap so that they have common requirements.

•

Viewpoint-oriented approaches to requirements engineering organizes both the elicitation
process and the requirements themselves using viewpoints.

•

A key strength of viewpoint-oriented analysis is that it recognizes multiple perspectives
and provides a framework for discovering conflicts in the requirements proposed by
different stakeholders.

•

Viewpoints can be used as a way of classifying stakeholders and other sources of
requirements.

Types of viewpoints:
1) Interactor viewpoints:
These represent people or other systems that interact directly with the system. In bank
ATM system, examples of interactor viewpoints are the bank’s customers and the bank’s
account database administrators.
2) Indirect viewpoints:
These represent stakeholders, who do not use the system themselves but who influence
the requirements in some way. In the bank ATM system, examples of indirect viewpoints are the
management of the bank and the bank security staff.
3) Domain requirements:
These represent domain characteristics and constraints that influence the system
requirements. In bank ATM system, an example of a domain viewpoint would be the standards
that have been developed for interbank communications.
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Typically, these viewpoints provide different types of requirements:
•

Interactor viewpoints provide detailed system requirements covering the system features
and interfaces.

•

Indirect viewpoints are more likely to provide higher-level organizational requirements
and constraints.

•

Domain viewpoints normally provide domain constraints that apply to the system.
The initial identification of viewpoints that are relevant to a system can sometimes be

difficult. To help with this process, you should try to identify more specific viewpoint types:
1. Providers of services to the system and receivers of system services
2. Systems that should interface directly with the system being specified
3. Regulations and standards that apply to the system
4. The sources of system business and non-functional requirements
5. Engineering viewpoints reflecting the requirements of people, who have to develop,
manage and maintain the system
6. Marketing and other viewpoints that generate requirements on the product features
expected by customers and how the system should reflect the external image of the
organization.

Almost all organizational systems must interoperate with other systems in the
organization. When a new system is planned, the interactions with other systems must be
planned. The interfaces offered by these other systems have already been designed. These may
place requirements and constraints on the new system. Furthermore, new systems may have to
conform to existing regulations and standards, and these constrain the system requirements.

As an illustration, consider the viewpoint hierarchy shown in the below figure. This is a
relatively simple diagram of the viewpoints that may be consulted in deriving the requirements
for the LIBRARY system. You can see that the classification of interactor, indirect and domain
viewpoints helps to identify the sources of requirements apart from the immediate users of the
system.
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Fig 5.4 View points in LIBRARY system

Engineering viewpoints may be important for two reasons. Firstly, the engineers
developing the system may have experience with similar systems and may be able to suggest
requirements from that experience. Secondly, technical staff who has to manage and maintain the
system may have requirements that will help simplify system support.

Finally, viewpoints that provide requirements may come from the marketing and external
affairs departments in an organization. This is especially true for web-based systems, particularly
e-commerce systems. Web-based systems must present a favorable image of the organization as
well as deliver functionality to the user. For software products, the marketing department should
know what system features will make the system more marketable to potential buyers.

Note:
Once viewpoints has been identified and structured, you should try to identify the most
important viewpoints and start with them when discovering requirements.
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5.2.1.3 Interviewing
Formal or informal interviews with system stakeholders are part of most requirements
engineering process. In these interviews, the requirements engineering team puts questions to
stakeholders about the system that they use and the system to be developed. Requirements are
derived from the answers to these questions.
Interviews may be of two types:
•

Closed interviews, where the stakeholder answers a predefined set of questions.

•

Open interviews, where there is no predefined agenda. The RE team explores a
range of issues with the system stakeholders and hence develops a better
understanding of their needs.

In practice, interviews with stakeholders are normally a mix of the above mentioned two
types. Completely open-ended discussions rarely work well; most interviews require some
questions to get started and to keep the interview focused on the system to be developed.
Interviews are good for getting an overall understanding of what stakeholders do, how
they might interact with the system and the difficulties that they face with current systems.
People like talking about their work and are usually happy to get involved in interviews.
However, interviews are not so good for understanding the requirements from the application
domain.
It is hard to elicit domain knowledge during interviews for two reasons:
1) All application specialists use terminology and jargon that is specific to a domain. It is
impossible for them to discuss domain requirements without using this terminology. They
normally use terminology in a precise and subtle [i.e., hard to grasp] way that is easy for
requirements engineers to misunderstand.

2) Some domain knowledge is so familiar to the stakeholders that they either find it difficult
to explain or they think it isn’t worth mentioning. For example, for a librarian, it goes
without saying that all acquisitions are catalogued before they are added into the library
database. However, this may not be obvious [i.e., easily seen or recognized or
understood] to the interviewer so it isn’t taken into account in the requirements.
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Interviews are not an effective technique for eliciting knowledge about organizational
requirements and constraints because there are subtle power and influence the relationships
between the stakeholders in the organization.
In general, most people are reluctant [i.e. unwilling] to discuss political and organizational
issues that may effect the requirements.
Effective interviewer has two types of characteristics:
i)

They are open-minded, avoid preconceived [i.e., anticipate in thought] ideas about
requirements and are willing to listen to stakeholders. If the stakeholder comes up with
surprising requirements, they are willing to change their mind about the system.

ii) They prompt [i.e., ready] the interviewee to start discussions with a question, a requirement
proposal or by suggesting working together on a prototype system. Saying to people ‘tell me
what you want’ is unlikely to result in useful information. Most people find it much easier to
talk in a defined context [i.e., the circumstances relevant to something under some
consideration] rather than in general terms.

Information from interviews supplements other information about the system from
documents, user observations, and so on. Sometimes, apart from information from documents,
interviews may be the only source of information about the system requirements. However,
interviewing on its own is liable to miss essential information, so it should be used alongside
other requirements elicitation techniques.
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5.2.1.4 Scenarios [i.e., an outline of a task with the details of the scenes, situations etc.]
People usually find it easier to relate to real-life examples than to abstract descriptions.
Requirements engineers can use the information gained from this discussion to formulate the
actual system requirements.
Scenarios can be particularly useful for adding details to an outline requirements
description. They are descriptions of example interaction sessions. Each scenario covers one or
more possible interactions.
Several forms of scenarios have been developed, each of which provides different types
of information at different levels of details about the system.
The scenario starts with an outline of the interaction, and, during elicitation, details are
added to create a complete description of that interaction.
A scenario may include the fallowing:
•

A description of what the system and users expect when the scenario starts.

•

A description of the normal flow of events in the scenario.

•

A description of what can go wrong and how this is handled.

•

Information about the other activities that might be going on at the same time.

•

A description of the system state when the scenario finishes.

Scenarios may be written as text, supplemented by diagrams, screen shots and so on.

Example description:
As an example of a simple text scenario, consider how a user of the library system may
use the system. This scenario is shown below.The user wishes to print a personal copy of an
article in a medical journal. This journal makes copies of articles available free to subscribers.
The user knows the article, title, and date of publication.
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Fig 5.5: Scenario for article downloading in library system

Scenario-based elicitation can be carried out informally, where the requirements engineer
works with stakeholders to identify scenarios and to capture details of these scenarios. Scenarios
may be written as text, supplemented by diagrams, screen shots, and so on. Alternatively, a more
structured approach such as event scenarios or use-cases may be adopted.
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5.2.1.5 Use-cases
Use-cases are scenario based technique for requirements elicitation which were first
introduced in the objectory method (Jacobson, 1993). Use-cases now become a fundamental
feature of the UML notation for describing OO system models.
•

The purpose of use-case is to define a piece of coherent behavior without revealing the
internal structure of the system.

•

The use-cases do not mention any specific algorithm to be used or the internal data
representation, internal structure of the software etc.,

•

A use-case typically represents a sequence of interactions between the user and the
system.
For example, below figure shows the High-level use-case of the article printing facility in

the library system described in the previous example (i.e., for scenarios).
Fig 5.5: A simple use-case for article printing

Above figure illustrates the essentials of the use-case notation.
•

Actors in the process are represented as stick figures, and each class of interaction is
represented as a named ellipse.

•

The set of use-cases represents all the possible interactions to be represented in the
system requirements.
Below figure develops the library system example and shows other use-cases in that

environment.
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Fig 5.7: Use cases for the library system

Use-cases identify the individual interactions with the system. They can be documented
with text or linked to UML models that develop the scenario in more detail. Sequence diagrams
are often used to add information to a use-case. These sequence diagrams show the actors
involved in the interaction, the objects they interact with and the operations associated with these
objects.
As an illustration of this, Figure 5.8 shows the interactions involved in using LIBSYS for
downloading and printing an article. In Figure 5.8, there are four objects of classes-Article,
Form, Workspace and Printer-involved in this interaction. The sequence of actions is from top to
bottom, and the labels on the arrows between the actors and objects indicate the names of
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operations. Essentially, a user request for an article triggers a request for a copyright form. Once
the user has completed the form, the article is downloaded and sent to the printer. Once printing
is complete, the article is deleted from the LIBSYS workspace.
Fig 5.8: System interactions for an Article printing

Key points:
•

The UML is a standard object oriented modeling language, so use-cases and usecase based elicitation is increasingly used for requirements elicitation.

•

Scenarios and Use-cases are effective techniques for requirement elicitation
process.
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5.2.2 Ethnography
Software systems do not exist in isolation [i.e., alone, exceptional, remote]. They are used
in a social and organizational context, and software system requirements may be derived or
constrained by that context. Satisfying these social and organizational requirements is often
critical for the success of the system. One reason why many software systems are delivered but
never used is that they do not take proper account of the importance of these requirements.

Ethnography is an observational technique that can be used to understand social and
organizational requirements. An analyst immerses [i.e., make busy] him (or) herself in the
working environment where the system will be used. He or she observes the day-to-day work
and notes made of the actual tasks in which participants are involved. The value of ethnography
is that it helps analysts discover implicit system requirements that reflect the actual rather than
the formal processes in which people are involved.
People often find it very difficult to articulate details of their work because it is second
nature to them. They understand their own work but may not understand its relationship with
other work in the organization.\
A brief history of Ethnography:
Suchman (1987) used ethnography to study office work and found that the actual work
practices were far richer, more complex and more dynamic than the simple models assumed by
office automation systems. The difference between the assumed and the actual work was the
most important reason why these office systems have had no significant effect on productivity.
Other ethnographic studies for system requirements understanding have included work on
air traffic control (Bentley, et al., 1992;Hughes, et al., 1993), underground railway control rooms
(Heath and Luff, 1992), financial systems and various design activities (Heath, et al., 1993;
Hughes, et al., 1994).
Ethnography is particularly effective at discovering two types of requirements:

1. Requirements that are derived from the way in which people actually work rather than the
way in which process definitions say they ought to work. For example, air traffic controllers
may switch off an aircraft conflict alert system that detects aircraft with intersecting flight
paths even though normal control procedures specify that it should be used. Their control
strategy is designed to ensure that these aircraft are moved apart before problems occur and
they find that the conflict alert alarm distracts them from their work.
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2. Requirements that are derived from cooperation and awareness of other people's activities.
For example, air traffic controllers may use an awareness of other controllers' work to predict
the number of aircraft that will be entering their control sector. They then modify their control

strategies depending on that predicted workload. Therefore, an automated ATC system
should allow controllers in a sector to have some visibility of the work in adjacent sectors.
Ethnography may be combined with prototyping (Figure 5.9). The ethnography
informs the development of the prototype so that fewer prototype refinement cycles are
required. Furthermore, the prototyping focuses the ethnography by identifying problems and
questions that can then be discussed with the ethnographer. He or she should then look for
the answers to these questions during the next phase of the system study.
Ethnographic studies can reveal critical process details that are often missed by other
requirements elicitation techniques. However, because of its focus on the end-user, this
approach is not appropriate for discovering organizational or domain requirements.
Ethnographic studies cannot always identify new features that should be added to a system.
Ethnography is not a complete approach to elicitation on its own, and it should be used to
complement other approaches, such as use-case analysis.

Fig 5.9: Ethnography and Prototyping for requirements analysis
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5.3 REQUIREMENTS VALIDATION
Requirements validation is concerned with showing that the requirements actually
defined the system that the customer wants. Requirements validation overlaps analysis in that it
is concerned with finding problems with the requirements.
Requirements validation is important because errors in a requirement document can lead
to extensive rework costs when they are discovered during development or after the system is in
service.
The cost of fixing a requirements problem by making a system change is much greater
than repairing design (or) coding errors. The reason for this is that a change to the requirements
usually means that the system design and implementation must also be changed and then the
system must be tested again.
During the requirements validation process, checks should be carried out on the
requirements in the requirements document. These checks include:
i)

Validation checks: A user may think that a system is needed to perform certain
functions. However, further thought and analysis may identify additional or
different functions that are required. Systems have diverse stakeholders with
distinct needs, and any set of requirements is inevitably [unavoidable (or)
convincing] a compromise across the stakeholder community.

ii)

Consistency checks: Requirements in the document should not conflict. That is,
there should be no contradictory constraints or descriptions of the same system
function.

iii)

Completeness checks: The requirements document should include requirements,
which define all functions, and constraints intended by the system user.

iv)

Realism checks: Using knowledge of existing technology, the requirements
should be checked to ensure that they could be actually implemented. These
checks should also take account of the budget and schedule for the system
development.

v)

Verifiability checks: To reduce the potential for dispute between customer and
contractor, system requirements should always be written that they are verifiable.
This means that you should be able to write a set of tests that can demonstrate that
the derived system meets each specified requirements.
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A number of requirements validation techniques can be used in conjunction or individually:
i) Requirements reviews: The requirements are analyzed systematically by a team of
reviewers. (Note: This process is explained in next section.)
ii) Prototyping: In this approach to validation, an executable model of the system is
demonstrated to end-users and customers. They can be experiment with this model to
see if it meets their real needs.
iii) Test-case generation: Requirements should be testable. If the tests for the requirements are
devised as a part of the validation process, this often reveals requirements problem. If a test is
difficult or impossible to design, this actually means that the requirements will be difficult to
implement and should be reconsidered. Developing tests from the user requirements before
any code is written is an integral part of extreme programming.
You should not underestimate the problems of requirements validation. It is difficult to
show that a set of requirements meets a user’s needs. Users must picture the system in operation
and imagine how that system would fit into their work. It is hard for the skilled computer
professionals to perform this type of abstract analysis and even harder for the system users.
As a result, you rarely find all requirements problems during the requirements validation
process. It is inevitable that there will be further requirements changes to correct omissions and
misunderstandings after the requirements document has been agreed upon.
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5.3.1 Requirements reviews
A requirement review is a manual process that involves people from both customer and
contractor organizations. They check the requirements document for anomalies and omissions.
The review process may be managed in the same way as program inspections.
Alternatively, it may be organized as a broader activity with different people checking different
parts of the document. Requirement reviews can be informal or formal.
•

Informal reviews simply involve contractors discussing requirements with as many
system stakeholders as possible. Many problems can be detected simply by talking about
the system to stakeholders before making a commitment to a formal review.

•

In a formal requirements review, the development team should ‘walk’ the client
through the system requirements, explaining the implications [what is involved] of each
requirement. The review team should check each requirement for consistency as well as
check the requirements as a whole for completeness. Reviewers may also check for:
1) Verifiability Is the requirements as stated realistically testable?
2) Comprehensibility Do the producers or end-users of the system properly understand
the requirements?
3) Traceability Is the origin of the requirement clearly stated? You may have to go back
to the source of the requirement to asses the impact of change.
4) Adaptability [able to adjust one to new conditions] Is the requirement adaptable?
That is, can the requirement be changed without large-scale effects on other system
requirements?

Conclusion:
Conflicts, contradictions, errors and omissions in the requirements should be pointed out
by reviewers and formally recorded in the review report. It is then up to the users, the system
procurer [who use the system by paying money] and the system developer to negotiate a solution
to these identified problems.
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5.4 REQUIREMENTS MANAGEMENT
The requirements for large software systems are always changing. Because the problem
cannot be fully defined, the software requirements are bound to be incomplete. During the
software process, the stake holder’s understanding of the problem is constantly changing. These
requirements must then evolve to reflect this changed problem view. Once a system has been
installed, new requirements inevitably emerge. It is hard for users and system customers to
anticipate what effects the new system will have on the organization. Once end-users have
experience of a system, they discover new needs and priorities:
1. Large systems usually have a diverse user community where users have different requirements
and priorities. These may be conflicting or contradictory. The final system requirements are
inevitably a compromise between them and, with experience, it is often discovered that the
balance of support given to different users has to be changed.
2. The people who pay for a system and the users of a system are rarely the same people. System
customers impose requirements because of organizational and budgetary constraints. These
may conflict with end-user requirements and, after delivery, new features may have to be
added for user support if the system is to meet its goals.
3. The business and technical environment of the system changes after installation, and these
changes must be reflected in the system. New hardware may be introduced, it may be
necessary to interface the system with other systems, business priorities may change with
consequent changes in the system support, and new legislation and regulations may be
introduced which must be implemented by the system.
Key points on Requirement management:
•

Requirements management is the process of understanding and controlling changes to the
requirements.

•

You need to keep track of individual requirements and maintain links between dependent
requirements so that you can assess the impact of requirement changes.

•

You need to establish a formal process for making change proposals and linking these to
system requirements.
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The process of requirements management should start as soon as a draft version [a
preliminary written version of a document] of the requirements document is available,
but you should start planning how to manage changing requirements during the
requirements elicitation process.

5.4.1 Enduring and volatile requirements:
Requirements evolution during the RE process and after a system has gone into service is
inevitable. Developing software requirements focuses attention on s/w capabilities, business
objectives and other business systems. As the requirements definition is developed, you normally
develop a better understanding of user’s needs. This feeds information back to the user, who may
propose a change to the requirements (refer in below figure 5.10).
Fig 5.10 Requirements Evolution

Furthermore, it may take several years to specify and develop a large system. Over that
time, the system’s environment and the business objectives change, and the requirements evolve
to reflect this situation.
From an evolution perspective, requirements fall into two clauses:
i) Enduring requirements: These are relatively stable requirements that derive from the
core activity of the organization and which relate directly to the domain of the system.
For example, in a hospital, there will always be requirements concerned with patients,
doctors and nurses and treatments. These requirements may be derived from domain
models that show the entities and relations that characterize an application domain.
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ii) Volatile requirements: These are the requirements that are likely to change during the
system development process or after the system have been become operational. An example
would be requirements resulting from govt. health care policies.
5.4.2 Requirements management planning
Planning is an essential first stage in the requirements management process.
Requirements management is very expensive. For each project, the planning stage establishes the
level of requirements management detail that is required. During the requirements management
stage, you have to decide on:
1. Requirements identification. Each requirement must be uniquely identified so that it can be
cross-referenced by other requirements and so that it may be used in traceability assessments.
2. A change management process. This is the set of activities that assess the impact and cost of
changes.
3. Traceability policies. These policies define the relationships between requirements, and
between the requirements and the system design that should be recorded and how these
records should be maintained.
4. CASE tool support. Requirements management involves the processing of large amounts of
information about the requirements. Tools that may be used range from specialist
requirements management systems to spreadsheets and simple database systems.
There are many relationships among requirements and between the requirements and the
system design. There are also links between requirements and the underlying reasons why these
requirements were proposed. When changes are proposed, you have to trace the impact of these
changes on other requirements and the system design. Traceability is an overall property of a
requirements specification that reflects the ease of finding related requirements.
There are three types of traceability information that may be maintained:
1. Source traceability information links the requirements to the stakeholders who proposed the
requirements and to the rationale for these requirements. When a change is proposed, you use
this information to find and consult the stakeholders about the change.
2. Requirements traceability information links dependent requirements within the requirements
document. You use this information to assess how many requirements are likely to be affected
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by a proposed change and the extent of consequential requirements changes that may be
necessary.
3. Design traceability information links the requirements to the design modules where these
requirements are implemented. You use this information to assess the impact of proposed
requirements changes on the system design and implementation.
5.4.3 Requirements change management
Requirements change management should be applied to all proposed changes to the
requirements. The advantage of using a formal process for change management is that all change
proposals are treated consistently and that changes to the requirements document are made in a
controlled way. They are three principal stages to a change management process:
Fig 5.11: Requirements change management

i)

Problem analysis and change specification: The process starts with an identified
requirements problems or sometimes, with a specific change proposal. During this
stage, the problem or the change proposal is analyzed to check that it is valid. The
results of the analysis are fed back to the change requestor, and some times a more
specific requirements change proposal is then made.

ii)

Change analysis and costing: The effect of the proposed change is assessed using
traceability information and general knowledge of the system requirements. The cost
of making the change is estimated in terms of modifications to the requirements
document and, if appropriate, to the system design and implementation. Once this
analysis is completed, a decision is made whether to proceed with the requirements
change.

iii)

Change implementation: The requirements document and, where necessary, the system

design and implementation are modified. You should organize the requirements document so
that you can make changes to it without extensive rewriting or reorganization. As with programs,
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the changeability in document sections as modular as possible. Thus, individual sections can be
changed and replaced without affecting other parts of the document.
If a requirements change to a system is urgently required, there is always a temptation to
make that change to the system and then retrospectively modify the requirements document. This
almost inevitably leads to the requirements specification and the system implementation getting
out of step. Once system changes have been made, requirements document changes may be
forgotten or made in a way that is not consistent with the system changes.
Iterative development processes, such as extreme programming, have been designed to
cope with requirements that change during the development process. In these processes, when a
user proposes a requirements change, this does not go through a formal change management
process. Rather, the user has to prioritize that change and, if it is high priority, decide what
system features that were planned for the next iteration should be dropped.
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Miscellaneous Topics
(1) View point -oriented elicitation:
Viewpoint-oriented approaches to requirements engineering recognize these different
viewpoints and use them to structure and organize both the elicitation process and the
requirements. Different methods have different ideas of what is meant by a 'viewpoint'. A
viewpoint may be considered as:
1. A data source or sink. In this case, viewpoints are responsible for producing or consuming
data. The analysis involves identifying all such viewpoints, identifying what data is produced or
consumed and what processing is carried out.
2. A representation framework. In this case, a viewpoint is considered to be a particular type of
system model. For example, different engineers might develop an entity-relational model, a
state-machine model, etc. Each approach to analysis discovers different things about the system
being analyzed.
3. A receiver of services. In this case, viewpoints are external to the system and receive services
from the system. Viewpoints may provide data for these services or control signals. The analysis
involves examining the services received by different viewpoints, collecting these and resolving
conflicts.
Each of these models of a viewpoint has different strengths and weaknesses. Viewpoints
as data sources or sinks and viewpoints as representation are particularly valuable for
discovering detailed conflicts between requirements. However, they are less suited to structuring
the requirements analysis process as there is no simple relationship between viewpoints and
system stakeholders.
The VORD (Viewpoint-Oriented Requirements Definition) method has designed as a
service-oriented framework for requirements elicitation and analysis. The principal stages of the
VORD method, shown in fig (a), are:
1. Viewpoint identification, which involves discovering viewpoints that receive system services
and identifying the specific services provided to each viewpoint.
2. Viewpoint structuring, which involves grouping relate viewpoints into hierarchy. Common
services are provided at higher levels in the hierarchy and are inherited by lower-level
viewpoints.
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Figure (a): The VORD method

3. Viewpoint documentation, which involves refining the description of the identified
viewpoints and services.
4. Viewpoint-system mapping, which involves identifying objects in an object-oriented
design using service information which is encapsulated in viewpoints.
Viewpoint and service information in VORD is collected using standard forms. The
forms used for viewpoint information (the viewpoint template) and service information (the
service template) are shown in Figure (b).
Figure (b): Viewpoint and service template forms
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Application of VORD by applying the first three steps in the analysis of requirements for
a bank auto-teller (ATM) control system. Automated teller machines have an embedded software
system to drive the machine hardware and to communicate with the bank's central account
database.
The ATM accepts customer requests and delivers cash, account information, database
updates, etc. Customer may withdraw and pay in cash, check their balance, transfer funds from
one account to another, request an account statement, cheque book, etc. The machines provided
by one bank may allow customer of other banks to use a subset (typically cash withdrawal and
account balance querying) of their facilities.
The first step in viewpoint analysis is to identify possible viewpoints. As in all methods,
this initial identification is probably the most difficult stage. One approach is a brainstorming
approach where potential services and which interact with the system are identified. Stakeholders
meet and suggest possible viewpoints which are written down in a bubble diagram as shown in
Figure (c). In this diagram, potential viewpoints for an ATM system are shown in separate
bubbles.
Query
balance

Figure (c): Brainstorming for viewpoint identification

When brainstorming, you should try to identify potential viewpoints, system services,
data inputs, non-functional requirements, control events and exceptions. At this stage of the
analysis, you should not try to impose a structure on the diagram. Sources of information which
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may be used in creating this initial view of the system may be documents setting out the highlevel goals of the system, knowledge of software engineers from previous projects or experience
as bank customer. Interviews may be held with bank managers, counter staff, consultants,
engineers and customers.
The nest stage of the process is to identify viewpoints (shown as dark blue bubbles in
Figure (c)) and services (shown as shaded bubbles). The services should be allocated to
viewpoints. Unallocated services can suggest viewpoints that have not been identified in the
initial brainstorming session For example, the ‘Remote software upgrade' and 'Remote
diagnostics' services in Figure (c) imply that there may be a need for a software maintenance
viewpoint.
Figure (d) illustrates, for some of the viewpoints identified in Figure (c), the allocation of
services. The same service may be allocated to several viewpoints.
As well as receiving services, viewpoints also provide inputs to these services. For
example, auto-teller users must specify the amount of money they want when they withdraw
cash. Viewpoints also provide control information to determine if and when services are
delivered.
During this early stage of the process, this data and control information is simply
identified by name. Figure (e) shows this control information for the account holder viewpoint
whose services are identified in Figure 6.6. Control information is simply identified by name.
Figure (e) shows this control information for the account holder viewpoint whose services are
identified in Figure (d). Control information is provided through buttons on the machine; data
through the user's card or the machine keyboard.
The viewpoint information is used to fill in viewpoint template forms and to organize the
viewpoints into an inheritance hierarchy factors out viewpoints which provide common services.
Services, data and control information are inherited by sub-viewpoints.
Figure (f) shows part of the viewpoint hierarchy for the ATM system. To avoid clutter, I have
shown only the services associated with two viewpoints and I have viewpoint hierarchy, the
general services associated with the 'Customer' viewpoint (Query balance and Withdraw cash)
are inherited by 'Account holder and 'Foreign customer.
The next process stage is to discover more detailed information about the services provided,
the data which they require and how these are controlled. Requirements of each different
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viewpoint are discussed with either end-users or with viewpoint experts if the viewpoint is
another automated system. |Figure (g) shows an example of a completed viewpoint template for
the customer viewpoint and a template for the cash withdrawal service.
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Figure (f): Viewpoint hierarchy

Conclusion:
Viewpoint and service templates and event scenarios are developed for all identified
viewpoints and services. The information may then be cross-checked to discover errors in the
analysis and requirements conflicts. As this generates a great deal of information, VORD, like
other analysis methods, is only practically usable with CASE tool support.
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ii) Event scenarios:
Event scenarios are used in VORD to document the system behavior when presented with
specific events. Each distinct interaction event such as inserting a card into an ATM or selecting
an ATM service may be documented with a separate event scenario. Event scenarios include a
description of data flows and the actions of the system and document the exceptions which can
arise. To illustrate event scenarios, is initiated by a customer inserting his or her card into the
machine.
The diagrammatic conversions used in event scenarios are:
1. Data provided from a viewpoint or delivered a viewpoint or a viewpoint is shown in ellipses.
2. Control information enters and leaves at the top of each box.
3. Data leaves from the right of each box. If it is not enclosed, this means that it is internal to the
system.
4. Exceptions are shown at the bottom of the box. Where are several possible exceptions, these
are enclosed in a box as shown on the left of the below Figure (a).
5. The name of the next expected event after completion of the scenario is shown in shredded
box.
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Figure (a): Event scenario - Start transaction

Figure (a) shows that when a card is entered, the customer's personal identification
number (PIN) is requested. The customer inputs his or her card (the card must be present to
trigger the request) and PIN. If the card is a valid card which can be processed by the machine,
control can move to the next stage. In the first stage, there are three possible excemptions:
1. Timeout. The customer may fail to enter a PIN within the allowed time limit. The card is
returned.
2. Invalid card. The card is not recognised and is returned.
3. Stolen card. The card is recognised as a stolen card and is retained by the machine.
Each exception may be defined in more detail by constructing a separate data and
control analysis diagram showing how that exception occurs. Alternatively, the general diagram
may be annotated with extra information that explains when exceptions occur and the actions
that should be taken.
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The 'Validate user' stage checks that the PIN is associated with the customer's account
number in which case it can trigger the next stage (Select service) with the 'User OK' event. The
account number is also output from this stage. Possible exceptions are the input of an incorrect
PIN in which case the PIN is requested again. The diagram shows that this repeated request can
also have an exception. If an incorrect PIN is again input, the card is returned.

KEY POINTS

•

The requirements engineering process includes feasibility study, requirements elicitation
and analysis, requirements specification, requirements validation and requirements
management.

•

Requirements elicitation and analysis is an iterative process that can be represented as a
spiral of activities-requirements discovery, requirements classification and organization,
requirements negotiation and requirements documentation.

•

Different stakeholders in the system have different requirements. All complex systems
should therefore be analyzed from a number of viewpoints. Viewpoints can be people (or)
other systems that interact with the system being specified, stakeholders who are affected
by the system, or domain viewpoints that constrain the requirements.

•

Social and organizational factors have a strong influence on system requirements and
may determine whether the software is actually used.

•

Requirements validation is the process of checking the requirements for validity,
consistency, completeness, realism and verifiability. Requirements reviews and
prototyping are the principal techniques used for requirements validation.

•

Business, organizational and technical changes inevitably lead to changes to the
requirements for a software system. Requirements management is the process of
managing and controlling these changes.

•

The requirements management process includes management planning, where policies
and procedures for requirements management are designed, and change management,
where you analyze proposed requirements changes and assess their impact.
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Exercises:
1.

Suggest who might be stakeholders in a university student records system. Explain why
it is almost inevitable that the requirements of different stakeholders will conflict in some
way.

2. A software system is to be developed to manage the records of patients who enter a clinic
for treatment. The records include records of all regular patient monitoring (temperature,
blood pressure, etc.), treatments given, patient reactions and so on. After treatment, the
records of their stay are sent to the patient's doctor who maintains their complete medical
record. Identify the principal viewpoints which might be taken into account in the
specification of this system and organize these using a viewpoint hierarchy diagram.
3.

For three of the viewpoints identified in the library system, LIBSYS (Figure 5.4),
suggest three requirements that could be suggested by stakeholders associated with that
viewpoint.

4.

Using your knowledge of how an ATM is used, develop a set of use-cases that could
serve as a basis for understanding the requirements for an ATM system.

5. Discuss an example of a type of system where social and political factors might strongly
influence the system requirements. Explain why these factors are important in your
example.

XXXXXXXXXXXXXXXXXXXXXXCOMPLETEDXXXXXXXXXXXXXXXXXXXXXXX
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CHAPTER 6: SYSTEM MODELS

--------------------------------------------------------------------------------------------

Objectives:
The objective of this chapter is to introduce a number of system models that may be developed
during the requirements engineering process. When you have read the chapter, you will:


understand why it is important to establish the boundaries of a system and model its
context;



understand the concepts of behavioral modeling, data modeling and object modeling;



have been introduced to some of the notations defined in the Unified Modeling Language
(UML) and how these notations may be used to develop system models.

CONTENTS:
6.1 Context models
6.2 Behavioural models
6.3 Data models
6.4 Object models
6.5 Structured methods
6.6 Summary
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INTRODUCTION
User requirements should be written in natural language because they have to be
understood by people who are not technical experts. However, more detailed system
requirements may be expressed in a more technical way.
One widely used technique is to document the system specification as a set of system
models. These graphical representations that describes
•

Business processes

•

The problem to be solved

•

The system that is to be developed.

Because of the graphical representations used, models are often more understandable than
detailed natural language descriptions of the system requirements. System models are also an
important bridge between the analysis and design processes. You can use models in the analysis
process to develop an understanding of the existing system that is to be replaced (or) improved
(or) to specify the new system that is required.
You may develop different models to represent the system from different perspectives.
For example:
i) An external perspective: where the context or environment of the system is modeled.
ii) A behavioral model: where the behavior of the system is modeled.
iii) A structural perspective: where the architecture of the system or the structure of the data
processed by the system is modeled.
Definition of a system model:
A system model is an abstraction of the system being studied rather than an alternative
representation of the system.
•

Ideally, a representation of a system should maintain all the information about the entity
being represented.

•

An abstraction deliberately simplifies and picks out the most silent characteristics.

Note: Different types of system models are based on different approaches to abstraction.
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Examples of the types of system models that you might create during the analysis process are:
i)

A data-flow model: it shows how data is processed at different stages in the system.

ii)

A composition model: A composition or aggregation model shows how entities in the
system are composed of other entities.

iii)

An architectural model: Architectural model show the principal sub-systems that
make up a system.

iv)

A classified model: object, class/ inheritance diagrams show how entities have
common characteristics.

v)

A stimulus-response model: A stimulus-response model, or state transition diagram,
shows how the system reacts to internal and external events.
All these models are covered in this chapter. Wherever possible, some notations from the

Unified Modeling Language (UML), which has become a standard modeling language for
object-oriented modeling, are used.
6.1 CONTEXT MODELS
At an early stage in the requirements elicitation and analysis process you should decide
on the boundaries of the system. This involves working with system stakeholders to distinguish
what is the system and what is the system’s environment. You should make these decisions early
in the process to limit the system costs and the time needed for analysis.
In some cases, the boundary between a system and it’s environment is relatively clear.
For example, where an automated system is replacing an existing manual system, the
environment of the new system is usually the same as the existing system’s environment.
In other cases, there is more flexibility, and you decide what constitutes the boundary
between the system and it’s environment during the RE process.
For example,

Suppose you are developing the specification for the library system. Assume that this
system is intended to deliver electronic versions of copyrighted materials to user’s computers. In
developing the specification for this system, you have to decide whether library database systems
such as library catalogues are with in the system boundary. If they are, then you have to allow
access to the system through the catalogue user interface; if they are not, then users may be
inconvenienced by having to move from one system to another.
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The definition of the system boundary is not a value-free judgment. Social and
organizational concerns may mean that the position of a system boundary may be determined by
non-technical factors.
For example, a system boundary may be positioned so that the analysis process can all be

carried out on one site; it may be chosen so that a particularly difficult manager need not be
consulted; it may be positioned so that the system cost is increased, and the system development
division must therefore expand to design and implement the system.
Once some decisions on the boundaries of the system have been made, part of the
analysis activity is the definition of that context and the dependencies that a system has on it’s
environment. Normally, producing a simple architectural model is the first step in this activity.

Fig 6.1: The context of an ATM system

Above figure is an architectural model that illustrates the structure of the information
system that includes a bank auto-teller network. High level architectural models are usually
expressed as simple block diagrams where each sub system is represented by a named-rectangle,
and lines indicate associations between sub-systems.
From the above figure, we see that each ATM is connected to an account database, a
local branch accounting system, a security system and a system to support machine maintenance.
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The system is also connected to a usage database that monitors how the network of ATM’s is
used and to a local branch counter system. This counter system provides services such as backup
and printing. These, therefore, need not be included in the ATM system itself.
Architectural models describe the environment of a system. However, they do not show
the relationships between the other systems in the environment and the system that is being
specified. External systems might produce data for or consume data from the system. They might
share data with the system, or they might be connected directly, through network or not at all.
They might be physically located in separate buildings. All of these requirements of the system
being defined and must be taken into account.
Therefore, simple architectural models are supplemented by other models, such as
process models, that show the process activities supported by the system.

Fig. 6.2: Process Model of equipment procurement
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Figure 6.2 illustrates a process model for the process of procuring equipment in an
organization. This involves specifying the equipment required, finding and choosing suppliers,
ordering the equipments, taking delivery of the equipment and testing it after delivery. When
specifying computer support for this process, you have to decide which of these activities will
actually be supported. The other activities are outside the boundary of the system. In the figure
6.2, the dotted line encloses the activities that are with in the system boundary.
6.2 BEHAVIOURAL MODELS
Behavioural models are used to describe the overall behaviour of the system. Two types
of behavioural models are:
 Data flow models, which model the data processing in the system.
 State machine models, which model how the system reacts to events.
These models may be used separately or together, depending on the type of system that is
being developed.
Most business systems are primarily driven by data. They are controlled by the data
inputs to the system with relatively little external event processing. A dataflow model may be all
that is needed to represent the behaviour of these systems. By contrast, real-time systems are
often event-driven with minimal data processing. A state machine model is the most effective
way to represent their behaviour. Other classes of system may be both data and event driven. In
these cases, you may develop both types of model.
6.2.1 Data flow models
Data-flow models are an intuitive way of showing how data is processed by a system. At
the analysis level, they should be used to model the way in which data is processed in the
existing systems. The notations used in this model to represent various activities are:
SYMBOL

ACTIVITY

 Rounded rectangles

functional processing

 Rectangles

data stores

 Labeled arrows

data movements b/w functions

Data flow models are used to show how data flows through a sequence of processing
steps. The data is transformed at each step before moving on to the next stage. These processing
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steps (or) transformations represent software processes (or) functions when data-flow diagrams
are used to document a software design.
A data-flow model, which shows the steps involved in processing an order for goods
(such as computer equipment) in an organization, is illustrated in Figure 6.3. This particular
model describes the data processing in the Place equipment order activity in the overall process
model shown in Figure 6.2. The model shows how the order for the goods moves from process to
process. It also shows the data stores (Orders file and Budget file) that are involved in this
process.
Fig 6.3: Data Flow Diagram of Order Processing

In principle, the development of models such as data-flow models should be a 'top-down'
process. In this example, this would imply that you should start by analyzing the overall
procurement process. You then move on to the analysis of sub-processes such as ordering. In
practice, analysis is never like that. You learn about several levels at the same time. Lower-level
models may be developed first and then abstracted to create a more general model.
 Data-flow models are valuable because tracking and documenting how the data is
associated with a particular process moves through the system helps analysts to
understand what is going on.
 Data-flow diagrams have the advantage that, unlike some other modeling notations, they
are simple and intuitive.
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Data-flow models show a functional perspective where each transformation represents a
single function or process. They are particularly useful during the analysis of requirements as
they can be used to show end-to-end processing in a system. That is, they show the entire
sequence of actions that take place from an input being processed to the corresponding output
that is the system’s response. Below figure (Fig: 6.4) illustrates the use of data-flow model
diagrams. It is a diagram of the processing that takes place in the insulin pump system.

Fig: 6.4 Data flow diagram of an Insulin Pump

8.2.2 State machine models
A state machine model describes how a system responds to internal or external events.
The state machine model shows system states and events that cause transitions from one state to
another. It does not show the flow of data within the system.
State machine models are an integral part of real-time design methods such as that
proposed by Ward and Mellor and Harel(1985). Harel’s method uses a notation called state
charts and these were the basis for the state machine modeling notation in the UML.
A state machine model of a system assumes that, at any time, the system is in one of a
number of possible states. When a stimulus is received, this may trigger a transition to a different
state.
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For example, a system controlling a valve may move from a state ‘valve open’ to a
closed ‘valve closed’ when an operator command (the stimulus) is received. This approach to
system modeling is illustrated in the figure 6.5. This diagram shows a state machine model of a
simple microwave oven equipped with buttons to set the power and the timer and to start the
system. Real micro wave ovens are actually much more complex than the system described here.
However, this model includes the essential features of the system. The sequence of
actions in using the microwave is:
1. Select the power level ( either half-power or full-power)
2. Input the cooking time.
3. Press start button, and the food is cooked for the given time.
For safety reasons, the oven should not open and, on completion of cooking, a buzzer is
sounded. The oven has a very simple alphanumeric display that is used to display various alerts
and warning messages.
Notations used for any type of state machine models are:
1) Rounded rectangles

System states

2) Labeled arrows

Stimuli that force a transition from one state
to another

Fig 6.5: State machine model of simple microwave oven
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 From the given figure, we can see that the system responds initially to either the fullpower or the half power button. Users can change their mind set after selecting one of
these and press the other button.
 The time is set and, if the door is closed, the start button is enabled. Pushing this button
starts oven operation and cooking takes place for the specified time.
The UML notation lets you indicate the activity that takes place in a state. In a detailed
system specification, you have to provide more detail about both the stimuli and the system
states (Figure 6.6).
Fig 6.6: State and stimulus description for the microwave oven
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The problem with the state machine approach is that the number of possible states
increases rapidly. For large system models, therefore, some structuring of these state models is
necessary. One way to do this is by using the notion of a super state that encapsulates a number
of separate states. This super state looks like a single state on a high-level model but is then
expanded in more detail on a separate diagram. To illustrate this concept, consider the operation
state in the figure 6.5. This is a super state that can be expanded, as illustrated in figure 6.7.

Fig 6.7: Microwave oven operation

The operation state includes a number of sub-states. It shows that operation starts with a
status check and that if any problems are discovered, an alarm is indicated and operation is
disabled. Cooking involves running the microwave generator for specified time; on completion, a
buzzer is sounded, if the door is opened during the operation, the system moves to the disabled
state, as shown in the figure 6.5.
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8.3 DATA MODELS
Most large systems make use of a large database of information. In some cases, this database is
independent of the software system. In others, it is created for the system being developed.
An important part of the systems modelling is defining the logical form of the data
processed by the system. These are some times called semantic data models.
The most widely used data modelling technique is Entity-Relation Attribute (ERA)
modelling, which shows the data entities, their associated attributes (properties) and the relation
between these entities.
Entity-Relationship models have been widely used in database design. The relational
database schemas derived from these models are naturally in third normal form, which is a
desirable characteristic.
The UML does not include a specific notation for this database modelling, as it assumes
an object-oriented development process and models data using objects and their relationships.
However, you can use the UML to represent a semantic data model. You can think of entities in
an ERA model as simplified object classes (they have no operations), attributes as class attributes
and named associations between the classes as relations.
Figure 6.8 is an example of a data model that is part of the library system. Assume that
LIBSYS is designed to deliver copies of copyrighted articles that have been published in
magazines and journals and to collect payments for these articles. Therefore, the data model must
include information about the article, the copy right holder and the buyer of the article. We
assumed that payments for articles are not made directly but through national copyright agencies
Below figure shows that an Article has attributes representing the title, the authors, the
name of the PDF file of the article & the fee payable. This is linked to the Source, where the
article was published, and to the Copyright agency for the country of publication. Both Source
and Copy right agency are linked to the Country. The country of publication is important
because copy right laws vary by country. The diagram also shows that Buyers place Orders for
Articles.
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Fig 6.8: Semantic Data Model for the Library System

Like all graphical models, data models lack detail, and you should maintain more detailed
descriptions of the entities, relationships and attributes that are included in the model. You may
collect these more detailed descriptions in a repository or data dictionary. Data dictionaries are
generally useful when developing system models and may be used to manage all information
from all types of system models.
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8.3.1 Data dictionary

It is an alphabetic list of the names included in the system models. As well as the name,
the dictionary should include an associated description of the named entity. Other information
such as the date of creation, the creator and the representation of the entity may also be included
depending on the type of model being developed.
The advantages of using a data dictionary are as follows:
1) It is a mechanism for name management

Many people may have to invent names for entities and relationships when developing a
large system model. These names should be used consistently and should not clash. The data
dictionary software can check for name uniqueness where necessary and warn requirements
analysts of name duplications.
2) It serves as a store of organizational information

As the system is developed, information that can link analysis, design, implementation
and evolution is added to the data dictionary. So that all information about an entity is in one
place.
All system names, whether they are names of entities, relations, attributes or services,
should be entered in the dictionary. Software is normally used to create, maintain and interrogate
the dictionary. This software might be integrated with other tools so that dictionary creation is
partially automated. For example, CASE tools that support system modelling generally include
support for data dictionaries and enter the names in the dictionary when they are first used in the
model.
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The data dictionary entries shown in below table define the names in the semantic data
model for LIBSYS.
Fig 6.9: Examples of data dictionary entries

8.4 OBJECT MODELS
An object-oriented approach to the whole software development process is now
commonly used, particularly for interactive systems development. This means expressing the
systems requirements using an object model, designing using objects and developing the system
in an OOP languages such as Java (or) C++.
Object models that you develop during requirements analysis may be used to represent
both system data and it’s processing. They are also useful for showing how entities in the system
may be classified and composed of other entities.
Developing object models during requirements analysis usually simplifies the transition
to object-oriented design and programming. However, I have found that end-users of a system
often find object models unnatural and difficult to understand. They may prefer to adopt a more
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functional, data-processing view. Therefore, it is sometimes helpful to supplement object models
with data-flow models that show the end-to-end data processing in the system.
An object class is an abstraction over a set of objects that identifies common attributes
and the services or operations that are provided by each object. Objects are executable entities
with the attributes and services of the object class. Objects are instantiations of the object class,
and many objects may be created from a class. Generally, the models developed using analysis
focus on object classes and their relationships.
In object-oriented requirements analysis, you should model real-world entities using
object classes. You should not include details of the individual objects (instantiations of the
class) in the system. You may create different types of object models, showing how object
classes are related to each other, how objects, are aggregated to form other objects, how objects
interact with other objects and so on. Each of these present unique information about the system
that is being specified.
The analysis process for identifying objects and object classes is recognized as one of the
most difficult areas of object-oriented development. Object identification is basically the same
for analysis and design.
Various methods of object-oriented analysis were proposed in the 1990s (Coad and
Yourdon, 1990; Rumbaugh, et al., 1991; Jacobsen, et al., 1993; Booch, 1994). These methods
had a great deal in common, and three of the key developers (Booch, Rumbaugh, and Jacobsen)
decided to integrate their approaches to produce a unified method (Rumbaugh et al., 1999). The
Unified Modeling Language (UML) used in this unified method has become a standard for
object modelling.

Note:
The UML includes notations for different types of system models. We have already seen
use-case models and sequence diagrams in earlier chapters and state machine models earlier in
this chapter.
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An object class in UML, as illustrated in the examples in Figure 6.10, is represented as a
vertically oriented rectangle with three sections:
1. The name of the object class is in the top section
2. The class attributes are in the middle section.
3. The operations associated with the object class are in the lower section of the rectangle.
Here, we focus on object models that show how objects can be classified and can inherit
attributes and operations from other objects, aggregation models that show how objects are
composed, and simple behavioural models, which show object interactions.
8.4.1 Inheritance models
OO modeling involves identifying the classes of objects that are important in the domain
being studied. These are then organized into a taxonomy. A taxonomy is a classification scheme
that shows how an object class is related to other classes through common attributes and
services.
To display this taxonomy, the classes are organized into an inheritance hierarchy with the
most general object classes at the top of the hierarchy. More specialized objects inherit their
attributes and services. These specialized objects may have their own attributes and services.
Figure 6.10 illustrates a part of simplified class hierarchy for a model of a library. This
gives information about the items held in the library. The library holds various items, such as
books, music, recordings of films, magazines and news papers. In the below figure, the most
general item is at the top of the tree and has a set of attributes and services that are common to all
library items. These are inherited by the classes published item & recorded item, which add their
own attributes that are inherited by lower-level items.
Figure 6.11 is an example of another inheritance hierarchy that might be part of the
library model. In this case, the users of a library are shown. There are two classes of user: those
who are allowed to borrow books, and those who may only read books in the library without
taking them away.
In the UML notation, inheritance is shown 'upwards' rather than 'downwards' as it is in
some other object-oriented notations or in languages such as Java, where sub-classes inherit from
super-classes. That is, the arrowhead (shown as a triangle) points from the classes that inherit
attributes and operations to the super-class. Rather than use the term inheritance, UML refers to
the generalization relationship.
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Fig 6.10: Part of class hierarchy for a library system.

The design of class hierarchy is not easy, so the analyst needs to understand, in detail, the
domain in which the system is to be installed. Consider the library item hierarchy, it would be
seem that the attribute Title could be held in the most general item, then inherited by lower-level
items.
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Fig 6.11: User class hierarchy

Figure 6.10 and Figure 6.11 show class inheritance hierarchies where every object class
inherits its attributes and operations from a single parent class. Multiple inheritance models may
also be constructed where a class has several parents. Its inherited attributes and services are a
conjunction of those inherited from each super-class. Figure 6.12 shows an example of a multiple
inheritance model that may also be part of the library model.
The main problem with multiple inheritance is designing an inheritance graph where
objects do not inherit unnecessary attributes. Other problems include the difficulty of
reorganizing the inheritance graph when changes are required and resolving name clashes where
attributes of two or more super-classes have the same name but different meanings. At the
system modelling level, such clashes are relatively easy to resolve by manually altering the
object model. They cause more problems in object-oriented programming.
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Fig. 6.12 Multiple Inheritance

8.4.2 Object aggregation
As well as acquiring attributes and services through an inheritance relationship with other
objects, some objects are groupings of other objects. That is, an object is an aggregate of a set of
other objects. The classes representing these objects may be modelled using an object aggregation
model, as shown in Figure 6.13. In this example, we model a library item, which is a study pack
for a university course. This study pack includes lecture notes, exercises, sample solutions, copies
of transparencies used in lectures, and videotapes.

Fig: 6.13: Aggregate object representing a course
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The UML notation for aggregation is to represent the composition by including a
diamond shape on the source of the link. Therefore, Figure 8.13 can be read as 'A study pack is
composed of one of more assignments, OHP slide packages, lecture notes and videotapes.'
8.4.3 Object behaviour modeling
To model the behaviour of objects, you have to show how the operations provided by the
objects are used. In the UML, you model behaviours using scenarios that are represented as
UML use-cases. One way to model behaviour is to use UML sequence diagrams that show the
sequence of actions involved in a use-case. As well as sequence diagrams, the UML also
includes collaboration diagrams that show the sequence of messages exchanged by objects.
You can see how sequence diagrams can be used for behaviour modelling in Figure 6.14
that expands a use-case from the LIBSYS system where users with draw items from the library
in electronic form. For example, imagine a situation where the study packs shown in Figure 6.13
could be maintained electronically and downloaded to the student's computer.

Fig 6.14: The issue of electronic items
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In a sequence diagram, objects and actors are aligned along the top of the diagram.
Labelled arrows indicate operations; the sequence of operations is from top to bottom. In this
scenario, the library user accesses the catalogue to see whether the item required is available
electronically; if it is, the user requests the electronic issue of that item. For copyright reasons,
this must be licensed so there is a transaction between the item and the user where the license is
agreed. The item to be issued is then sent to a network server object for compression before
being sent to the library user.
8.5 Structured methods
A structured method is a systematic way of producing models of an existing system or of
a system that is to be built. They were first developed in the 1970s to support software analysis
and design and evolved in the 1980s and 1990s to support object oriented development.
Structured methods provide a framework for detailed system modelling as part of
requirements elicitation and analysis. Most structured methods have their own preferred set of
system models. They usually define a process that may be used to derive these models and a set
of rules and guidelines that apply to the models. Standard documentation is produced for the
system. CASE tools are usually available for method support. These tools support model editing
and code and report generation, and provide some model-checking capabilities.
Structured methods have been applied successfully in many large projects. They can
deliver significant cost reductions because they use standard notations and ensure that standard
design documentation is produced. However, structured methods suffer from a number of
weaknesses:
1. They do not provide effective support for understanding or modelling nonfunctional system
requirements.
2. They are indiscriminate in that they do not usually include guidelines to help users decide
whether a method is appropriate for a particular problem. Nor do they normally include advice
on how they may be adapted for use in a particular environment.
3. They often produce too much documentation. The essence of the system requirements may be
hidden by the mass of detail that is included.
4. The models that are produced are very detailed, and users often find them difficult to
understand. These users therefore cannot check the realism of these models.

Prepared by: Dept. of CSE, RGMCET(Autonomous), Nandyal

Page 22

SYSTEM MODELS

Unit III

In practice, however, requirements engineers and designers don't restrict themselves to
the models proposed in any particular method. For example, object-oriented methods do not
usually suggest that data-flow models should be developed. However, in my experience, such
models are often useful as part of a requirements analysis process because can present an overall
picture of the end-to-end processing in the system. They may also contribute directly to object
identification (the data which flows) and the identification of operations on these objects (the
transformations).
Analysis and design CASE tools support the creation, editing and analysis of the
graphical notations used in structured methods. Figure 6.15 shows the components that may be
included method support environment.

Fig 6.15: The components of a CASE tool for structured method support
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Comprehensive method support tools, as illustrated in Figure 6.15, normally include:
1. Diagram editors used to create object models, data models, behavioural models, and so on.
These editors are not just drawing tools but are aware of the types of entities in the diagram.
They capture information about these entities and save this information in the central
repository.
2. Design analysis and checking tools that process the design and report on errors and anomalies.
These may be integrated with the editing system so that user errors are trapped at an early stage
in the process.
3. Repository query languages that allow the designer to find designs and associated design
information in the repository.
4. A data dictionary that maintains information about the entities used in a system design.
5. Report definitiion and generation tools that take information from the central store and
automatically generate system documentation.
6. Forms definition tools that allow screen and document formats to be specified.
7. Import/export facilities that allow the interchange of information from the central repository
with other development tools.
8. Code generators that generate code or code skeletons automatically from the design captured
in the central store.
Most comprehensive CASE toolsets allow the user to generate a program or a program
fragment from the information provided in the system model. CASE tools often support different
languages so the user can generate a program in C, C++ or Java from the same design model.
Because models exclude low-level details, the code generator in a design workbench cannot
usually generate the complete system. Some hand coding is usually necessary, to add detail to
the generated code.
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KEY POINTS
•

A model is an abstract view of a system that ignores some system details. Complementary
system models can be developed to present other information about the system.

•

Context models show how the system being modelled is positioned in an environment with
other systems and processes. They define the boundaries of the system. Architectural
models, process models and data-flow models may be used as context models.

•

Data-flow diagrams may be used to model the data processing carried out by a system.
The system is modelled as a set of data transformations with functions acting on the data.

•

State machine models are used to model a system's behaviour in response to internal or
external events.

•

Semantic data models describe the logical structure of the data that is imported to and
exported by the system. These models show system entities, their attributes and the
relationships in which they participate.

•

Object models describe the logical system entities and their classification and
aggregation. They combine a data model with a processing model. Possible object models
that may be developed include inheritance models, aggregation models and behavioural
models.

•

Sequence models that show interactions between actors and objects in a system are used
to model dynamic behaviour.

•

Structured methods provide a framework for supporting the development of system
models.They normally have extensive case tool support, including model editing and
checking and code generation.
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EXERCISES
1. Draw a context model for a patient information system in a hospital. You may make any
reasonable assumptions about the other hospital systems that are available, but your
model must include a patient admissions system and an image storage system for X-rays,
as well as other diagnostic records.

2. Based on your experience with a bank ATM, draw a data-flow diagram modelling the
data processing involved when a customer withdraws cash from the machine.
3. Model the data processing that might take place in an e-mail system. You should model
the mail-sending and mail-receiving processing separately.
4. Develop an object model, including a class hierarchy diagram and an aggregation
diagram showing the principal components of a personal computer system and its system
software.
5. Develop a sequence diagram showing the interactions involved when a student registers
for a course in a university. Courses may have limited enrolment, so the registration
process must include checks that places are available. Assume that the student accesses
an electronic course catalogue to find out about available courses.

XXXXXXXXXXXXXXXXXXXXX COMPLETED XXXXXXXXXXXXXXXXXXXXXX
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7.1 Introduction
Design engineering encompasses the set of principles, concepts, and practices that lead
to the development of a high-quality system or product. Design principles establish an
overriding philosophy that guides the designer in the work that is performed. Design concepts
must be understood before the mechanics of design practice are applied, and design practice
itself leads to the creation of various representations of the software that Serve as a guide for the
construction activity that follows.
Design is a core engineering activity. The goal of design engineering is to produce a
model or representation that exhibits firmness, commodity &delight.
¾ Firmness: A program should not have any bugs that inhibit [prevents] it’s functions.
¾ Commodity: A program should be suitable for the purposes for which it is intended.
¾ Delight: The experience of using the program should be a pleasurable [agreeable] one.
QUICK REFERENCE:

i) What is it?
Design is what virtually every engineer wants to do. It is the place where creativity
rules—where customer requirements, business needs, and technical considerations all come
together in the formulation of a product (or) system.
ii) Who does it?
Software engineers conduct each of the design tasks.
iii) Why is it important?
Design allows a software engineer to model the system or product that is to be built.
This model can be assessed for quality and improved before code is generated, tests are
conducted, and end-users become involved in large numbers. Design is the place where software
quality is established.
iv) What are the steps?
Design depicts the software in a number of different ways. First, the architecture of the
system or product must be represented. Then, the interfaces that connect the software to endusers, to other systems and devices, and to its own constituent components are modeled. Finally,
the software components that are used to construct the system ore designed. Each of these views
represents a different design action, but all must conform to a set of basic design concepts that
guide all software design work.
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(v) What is the work product? A design model that encompasses architectural, interface,
component-level, and deployment representations is the primary work product that is produced
during software design.
The goal of design engineering is to produce; a model or representation that exhibits
firmness, commodity, and delight. Design engineering for computer software changes continually
as new methods, better analysis, and broader understanding evolve. Even today, most software
design methodologies lack the depth, flexibility, and quantitative nature that are normally
associated with more classical engineering design disciplines.
In this chapter, we explore the fundamental concepts and principles that are applicable to
all software design, the elements of the design model, and the impact of patterns on the design
process.
7.2 DESIGN PROCESS

AND

DESIGN QUALITY

Software design is an iterative process through which requirements are translated into a
"blueprint" for constructing the software. Initially, the blueprint depicts a holistic view of
software. That is, the design is represented at a high level of abstraction— a level that can be
directly traced to the specific system objective and more detailed data, functional, and behavioral
requirements. As design iterations occur, subsequent refinement leads to design representations
at much lower levels of abstraction. These can still be traced to requirements, but the connection
is more subtle [i.e., hard].
Throughout the design process, the quality of the evolving design is assessed with a
series of formal technical reviews or design walkthroughs. McGlaughlin suggests three
characteristics that serve as a guide for the evaluation of a good design:
•

The design must implement all of the explicit requirements contained in the analysis
model, and it must accommodate all of the implicit requirements desired by the
customer.

•

The design must be a readable, understandable guide for those who generate code and
for those who test and subsequently support the software.

•

The design should provide a complete picture of the software, addressing the data,
functional, and behavioral domains from an implementation perspective.

Each of these characteristics is actually a goal of the design process.
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7.2.1 Characteristics of a Good Design (or) Quality guidelines

In order to evaluate the quality of a design representation, we must establish technical
criteria for good design. Later in this chapter, we discuss design concepts that also serve as
software quality criteria. For the time being, we present the following guidelines:
i)

A design should exhibit an architecture, that (a) has been created using recognizable
architectural styles or patterns, (b) is composed of components that exhibit good
design characteristics, and (c) can be implemented in an evolutionary fashion, thereby
facilitating implementation and testing.

ii)

A design should be modular; that is, the software should be logically partitioned into
elements or sub-systems.

iii)

A design should contain distinct representations of data, architecture, interfaces, and
components.

iv)

A design should lead to data structures that are appropriate for the classes to be
implemented and are drawn from recognizable data patterns.

v)

A design should lead to components that exhibit independent functional
characteristics.

vi)

A design should lead to interfaces that reduce the complexity of connections between
components and with the external environment.

vii)

A design should be derived using a repeatable method that is driven by information
obtained during software requirements analysis.

viii)

A design should be represented using a notation that effectively communicates it’s
meaning.
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7.2.2 Quality attributes

Hewlett-Packard developed a set of software quality attributes that has been given the
acronym FURPS—functionality, usability, reliability, performance, and supportability. The
FURPS quality attributes represent a target for all software design:
•

Functionality is assessed by evaluating the feature set and capabilities of the program
the generality of the functions that are delivered, and the security of the overall system.

• Usability is assessed by considering human factors, overall aesthetics, consistency,
and documentation.
•

Reliability is evaluated by measuring the frequency and severity of failure, the
accuracy of output results, the mean-time-to-failure (MTTF), the ability to recover
from failure, and the predictability of the program.

• Performance is measured by processing speed, response time, resource consumption,
throughput, and efficiency.
•

Supportability combines the ability to extend the program (extensibility), adaptability,
serviceability—these three attributes represent a more common term, maintainability. In
addition, testability, compatibility, configurability (the ability to organize and control
elements of the software configuration), the ease with which a system can be installed,
and the ease with which problems can be localized.
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7.3 DESIGN CONCEPTS
A set of fundamental software design concepts has evolved over the history of software
engineering. Each concept provides the software designer with a foundation from which more
sophisticated design methods can be applied.
M.A. Jackson once said: “the beginning of wisdom for a software engineer is to
recognize the difference between getting a program to work, and getting it right.” Fundamental
software design concepts provide the necessary framework for “getting it right”.
7.3.1

Abstraction:
when we consider a modular solution to any problem, many levels of abstraction can be

posed. At the highest level of abstraction, a solution is stated in broad terms using the language
of the problem environment. At lower levels of abstraction, a more detailed description of the
solution is provided.
As we move through different levels of abstraction, we work to create procedural and
data abstractions.
A procedural abstraction refers to a sequence of instructions that have a specific and
limited function. The name of procedural abstraction implies these functions, but specific details
are suppressed.
Example:
Open for a door
Open implies a long sequence of procedural steps ( eg., walk to the door, reach out and grasp
knob, turn knob and pull door, step away from moving door, etc).
A data abstraction is a named collection of data that describes a data object. In the
context of the procedural abstraction open, the data abstraction for door would encompass a set
of attributes that describe the door (e,g. the door type, swing direction, weight, opening
mechanism, dimensions). It fallows that the procedural abstraction open would make use of
information contained in the attributes of the data abstraction door.
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7.3.2 Architecture:
Software architecture specifies that “the overall structure of the software and the ways in
which that structure provides conceptual integrity for a system”.
In simple words, architecture is the structure or organization of program components
(modules), the manner in which these components interact, and the structure of data that are used
by the components.
The architectural design can be represented using one or more of a number of different
models.
i)

Structural models represent architecture as an organized collection of program
components.

ii)

Framework models increase the level of design abstraction by attempting to
identify repeatable architectural design frameworks that are encountered in
similar types of applications.

iii)

Dynamic models address the behavioral aspects of the program architecture,
indicating how the structure or system configuration may change as a function of
external events.

iv)

Process models focus on the design of the business or technical process that the
system must accommodate.

v)
7.3.3

Functional models can be used to represent the functional hierarchy of a system.

Patterns:
A design pattern describes a design structure that solves a particular design problem

within a specified context.
The intent of each design pattern is to provide a description that enables a designer to
determine---i)

Whether the pattern is applicable to the current work.

ii)

Whether the pattern can be reused (hence, saving design time)

iii)

Whether the pattern can serve as a guide for developing a similar, but functionally or
structurally different pattern.
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Modularity
Software architecture and design patterns embody modularity; that is, software is divided

into separately named and addressable components, some times called as modules, which are
integrated to satisfy problem requirements.
Monolithic software (i.e. a large program composed of a single module) can not be easily
grasped by a software engineer. The no. of control paths, span of reference, number of variables,
and overall complexity would make understanding close to impossible.
Consider two problems, p1 and p2, if the perceived complexity of p1 is greater than the
perceived complexity of p2, it fallows that the effort required to solve p1 is greater than the effort
required to solve p2.
It also fallows that the perceived complexity of two problems when they are combined is
often greater than the sum of the perceived complexity when each is taken separately. This leads
to a “divide and conquer” strategy----- it’s easier to solve a complex problem when you break it
into manageable peaces.
It is possible to conclude that, if we subdivide software indefinitely, the effort required to
develop it will become negligibly small.
Referring to the figure 7.1, the effort (cost) to develop an individual software module
does decreases as the total number of modules increases. Given the same set of requirements,
more modules means smaller individual size. However, as the number of modules grows, the
effort (cost) associated with integrating the modules also grow. These characteristics lead to a
total cost or effort curve shown in the figure 7.1. There is a number, M, of modules that would
result in minimum development cost, but we do not have the necessary sophistication to predict
M with assurance.
The curve shown in figure provides useful guidance when modularity is considered. We
should modularize, but care should be taken to stay in the vicinity [nearness or closeness of
place] of M.
When modularize a design so that ------------i)

Development can be more easily planned.

ii)

Software increments can be defined and delivered.

iii)

Changes can be more easily accommodated.

iv)

Testing and Debugging can be conducted more efficiently.
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Long term maintenance can be conducted without serious side effects.

Fig 7.1 Modularity and Software cost

7.3.5

Information hiding:
The concept of modularity leads every software designer to a fundamental question: How

do we decompose [disintegrate] a software solution to obtain the best set of modules?
The principle of information hiding suggests that the modules should be specified and
designed so that information [algorithms and data] contained within a module is inaccessible to
other modules that have no need for such information.
Hiding implies that effective modularity can be achieved by defining a set of independent
modules that communicate with one another only that information necessary to achieve software
function.
The use of information hiding as a design criterion for modular system provides the
greatest benefits when modifications are required during testing and later, during software
maintenance. Because most data and procedures are hidden from other parts of the software,
inadvertent [unintentional or negligent] errors introduced during modification are less likely to
propagate to other locations with in the software.
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Functional Independence
The concept of functional independence is a direct outgrowth of modularity and the

concepts of abstraction and information hiding.
Functional independence is achieved by developing modules with “single minded” and
an excessive interaction with other modules. In other words, we want to design software so that
each module addresses a specific sub function of requirements and has a simple interface when
viewed from other parts of the program structure.
Software with effective modularity, that is, independent modules, is easier to develop
because function may be compartmentalized and interfaces are simplified.
Independent modules are easier to maintain (and test) because secondary effects caused
by design or code modification are limited, error propagation is reduced, and reusable modules
are possible. To summarize, functional independence is a key to good design, and design is the
key to software quality.
Independence is assessed using two qualitative criteria:
i)

Cohesion

ii)

Coupling.

¾ Cohesion is an indication of the relative functional strength of a module.
¾ Coupling is an indication of the relative interdependence among modules.
Cohesion is a natural extension of the information hiding. A cohesive module performs a
single task, requiring little interaction with other components in other parts of the program.
Stated simply a cohesive module should (ideally) do just one thing.
Coupling is an indication of interconnection among modules in a software structure.
Coupling depends upon the interface complexity between modules, the point at which entry or
reference is made to a module, and what data pass across the interface. In software design, we
strive for lowest possible coupling. Simple connectivity among modules result in software that is
easier to understand, causes when errors occurs at one location and propagate throughout a
system.
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Refinement
Step wise refinement is a top down design strategy originally proposed by

Niklaus wirth. A program is developed by successively refining levels of procedural detail.
Refinement is actually a process of elaboration. We begin with a statement of function
that is defined at a high level of abstraction. That is, the statement describes function or
information conceptually but provides no information about the internal working of the function
or internal structure of the data. Refinement causes the designer to elaborate on the original
statement, providing more and more details as each successive refinement occurs.
Abstraction and refinement are complimentary concepts. Abstraction enables a designer
to specify procedure and data yet suppress low-level details. Refinement helps the designer to
revel low-level details as design progress. Both concepts aid the designer in creating a complete
design model as the design evolves.
7.3.8

Refactoring
An important design activity suggested for many agile methods. Refracting is a

reorganization technique that simplifies the design of a component without changing its function
or behavior.
Fowler defines refactoring in the following manner. “Refactoring is the process of
changing a software System in such away that it does not alter the external behavior of the code
yet proves it internal structure”.
When software is refactored, the existing design is examined for redundancy [repeated],
unused design elements, inefficient or unnecessary algorithms, poorly constructed or
inappropriate data structures, or any other design failure that can be corrected to yield a better
design.
For example, a first design iteration might yield a component that’s exhibit low cohesion.
The designer may decide that the component should be refactored in to three separate
components, each exhibiting high cohesion. The results will be software that is easier to
integrate, easier to rest, and easier to maintain.
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Design Classes:
The analysis model defines a complete set of analysis classes. Each of these classes

describes some elements of the problem domain, focusing on aspects of the problem that are user
or customer visible. The level of abstraction of an analysis classes is relatively high. As the
design model evolves, the software team must define a set of design classes that
i)

Refine the analysis classes by providing design details that will enable the classes
to be implemented,

ii)

Create a new set of design classes that implement a software infrastructure to
support the business solution.

Five different types of the design architecture:

i)

User interface classes define all abstraction that are necessary for human computer
interaction.

ii)

Business Domain Classes are often refinements of the analysis classes defined earlier.
The classes identify the attributes and services that are required to implement some
element of the business domain.

iii)

Process classes implement lower-level business abstractions required to fully manage
the business domain classes.

iv)

Persistent Classes represent data stores that will persist beyond the execution of the
software.

v)

System classes implement software management and control functions that enable the
system to operate and communicate with in its computing environment and with the
outside world.
As the design model evolves the software team must develops a complete set of attributes

and operations for each design classes. The level of abstraction is reduced as each analysis class
is transformed into a design representation. That is, analysis classes represent objects using the
jargon of the business domain. Design classes present significantly more technical detail as a
guide for implementation. Arlow and Neustadt suggest that each design class be reviewed to
ensure that it is “well formed”. They define four characteristics of a well formed design class.
i) Complete and sufficient: A design class should be the complete encapsulation of all attributes
and methods that can reasonably be expected to exist for the class, For example , the class
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Scene defined for video editing software is complete only if it contains all attributes and
methods that can reasonably be associated with the creation of a video scene.
ii) Primitiveness: Methods associated with a design class should be focused on accomplishing
one service for the class. Once the service has been implemented with a method, the class
should not provide another way to accomplish the same thing. For example, the class Video
clip of the video editing software might have attributes start point and end point to indicate
the start and end points of the clip. The methods setstartpoint() and setendpoint() provide the
only means for establishing start and end points for the clip.
iii) High cohesion: A cohesive design class has a small, focused set of responsibilities and
single-mindedly applies attributes and methods to implement those responsibilities. (i.e.,
Less Interaction)
iv) Low Coupling: With in the design model, it is necessary for design classes to collaborate
with one another. However, collaboration should be kept to an acceptable minimum. If a
design model is highly coupled the system is difficult to implement, to test, and to maintain
over time. In general, design classes with in a sub system should have only limited knowledge
of classes in other subsystems. This restriction called the Law of Demeter, suggests that a
method should only send message to methods in neighboring classes.
Note:
Law of Demeter is “Each unit should only talk to it’s friends; don’t talk
to strangers”.

Fig 7.2 Design class for Floor plan and composite aggregation for the class
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DESIGN MODELS

The design model can be viewed in two different dimensions as illustrated in Figure 7.3.
i) The process dimension indicates the evolution of the design model as design tasks are
executed as part of the software process.
ii) The abstraction dimension represents the level of detail as each element of the analysis model
is transformed into a design equivalent and then refined iteratively.
Referring to the figure 7.3, the dashed line indicates the boundary between the analysis
and design models. In some cases, a clear distinction between the analysis and design models is
possible, In other cases, the analysis model slowly blends into the design and a clear distinction
is less obvious.

Fig 7.3 Dimensions of the design model

The elements of the design model use many of the same UML diagrams that were used in
the analysis model. The difference is that these diagrams are refined and elaborated as part of
design; more implementation-specific detail is provided, and architectural structure and style,
components that reside within the architecture, and interfaces between the components and with
the outside world are all emphasized.
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It is important to mention however, that model elements noted along the horizontal axis
are not always developed in a sequential fashion. In most cases preliminary architectural design
sets the stage and is followed by interface design and component-level design, which often occur
in parallel. The deployment model is usually delayed until the design has been fully developed.
7.4.1

Data Design Elements

Like other software engineering activities, data design (sometimes referred to as data
architecting) creates a model of data and/or information that is represented at a high level of
abstraction (the customer/user's view of data). This data model is then refined into progressively
more implementation-specific representations that can be processed by the computer-based
system. In many software applications, the architecture of the data will have a profound
influence on the architecture of the software that must process it.
The structure of data has always been an important part of software design. At the
program component level, the design of data structures and the associated algorithms required to
manipulate them is essential to the creation of high-quality applications.
At the application level, the translation of a data model (derived as part of requirements
engineering) into a database is pivotal to achieving the business objectives of a system. At the
business level, the collection of information stored in disparate databases and reorganized into a
"data warehouse" enables data mining or knowledge discovery that can have an impact on the
success of the business itself. In every case, data design plays an important role.
7.4.2

Architectural Design Elements

The architectural design for software is the equivalent to the floor plan of a house. The
floor plan depicts the overall layout of the rooms, their size, shape, and relationship to one
another, and the doors and windows that allow movement into and out of the rooms. The floor
plan gives us an overall view of the house. Architectural design elements give us an overall view
of the software.
The architectural model is derived from three sources: (1) information about the
application domain for the software to be built; (2) specific analysis model elements such as data
flow diagrams or analysis classes, their relationships and collaborations for the problem at hand,
and (3) the availability of architectural patterns and styles.
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7.4.3 Interface Design Elements

The interface design for software is the equivalent to a set of detailed drawings (and
specifications) for the doors, windows, and external utilities of a house. These drawings depict
the size and shape of doors and windows, the manner in which they operate, the way in which
utilities connections (e.g., water, electrical, gas, and telephone) come into the house and are
distributed among the rooms depicted in the floor plan. They tell us where the door bell is
located, whether an intercom is to be used to announce a visitor's presence and how a security
system is to be installed, in essence, the detailed drawings (and specifications) for the doors,
windows, and external utilities tell us how things and information flow into and out of the house
and within the rooms that are part of the floor plan.
The interface design elements for software tell us that, how information flows into and
out of the system and how it is communicated among the components defined as part of the
architecture.
Note:
The public is more familiar with bad design than good design.
-- Paul Rami

There are three important elements of interface design:

(1) The user interface
(2) External interfaces to other systems, devices, networks, or other producers or
consumers of information
(3) Internal interfaces between various design components, these interface design
elements allow the software to communicate externally and enable internal
communication and collaboration among the components that populate the software
architecture.
User interface design (UI) is a major software engineering action. The design of a UI
incorporates aesthetic elements (e.g., layout, color, graphics, interaction mechanisms),
ergonomic elements (e.g., information layout and placement, metaphors, UI navigation), and
technical elements (e.g., UI patterns, reusable components). In general, the UI is a unique
subsystem within the overall application architecture.
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The design of external interfaces requires definitive information about the entity to which
information is sent or received. In every case, this information should be collected during
requirements engineering and verified once the interface design commences. The design of
external interfaces should incorporate error checking and appropriate security features.
The design of internal interfaces is closely aligned with component-level design. Design
realizations of analysis classes represent all operations and the messaging schemes required to
enable communication and collaboration between operations in various classes. Each message
must be designed to accommodate the requisite information transfer and the specific functional
requirements of the operation that has been requested.
In some cases, an interface is modeled in much the same way as a class. UML defines an
interface in the following manner: "An interface is a specifier for the externally-visible [public]
operations of a class, component, or other classifier (including subsystems) without specification
of internal structure". Stated more simply, an interface is a set of operations that describes some
part of the behavior of a class and provides access to those operations.
For example, the Safe Home security function makes use of a control panel that allows a
homeowner to control certain aspects of the security function. In an advanced version of the
system, control panel functions may be implemented via a wireless PDA or a mobile phone.

Fig 7.4: UML interface representation for Control Panel
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The Control Panel class (Figure 7.5) provides the behavior associated with a keypad,
and, therefore, it must implement operations readKeyStroke( ) and decode Key(). If these
operations are to be provided to other classes (in this case, WirelessPDA and MobilePhone, it is
useful to define an interface as shown in the figure. The interface, named KeyPad, is shown as
an «interface» stereotype or as a small, labeled circle connected to the class with a line. The
interface is defined with no attributes and the set of operations that are necessary to achieve the
behavior of a keypad.
The dashed line with an open triangle at its end (Figure 9.5) indicates that the Control
Panel class provides Keypad operations as part of its behavior. In UML, this is characterized as
a realization. That is, part of the behavior of Control Panel will be implemented by realizing
Keypad operations. These operations will be provided to other classes that access the interface.
7.4.4 Component-Level Design Elements

The component-level design for software fully describes the internal detail of each
software component. To accomplish this, the component-level design defines data structures for
all local data objects and algorithmic detail for all processing that occurs within a component and
an interface that allows access to all component operations (behaviors).
Within the context of object-oriented software engineering, a component is represented
in UML diagrammatic form as shown in Figure 7.6, In this figure, a component named Sensor
Management (part of the Safe Home security function) is represented, A dashed arrow connects
the component to a class named Sensor that is assigned to it. The Sensor Management
component performs all functions associated with Safe Home sensors including monitoring and
configuring them.

Fig 7.5 UML component diagram for sensor diagram
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7.4.5 Deployment-Level Design Elements

Deployment-level design elements indicate how software functionality and subsystems
will be allocated within the physical computing environment that will support the software. For
example, the elements of the Safe Home product are configured to operate within three primary
computing environments—a home-based PC, the Safe- Home control panel, and a server housed
at CPI Corp. (providing Internet-based access to the system).
During design, a UML deployment diagram is developed and then refined as shown in
Figure 7.6. In the figure, three computing environments are shown (in actuality, there would be
more including sensors, cameras, and others). The subsystems (functionality) housed within each
computing element are in 'indicated. For example, the personal computer houses subsystems that
implement security, surveillance, home management and communications features. In addition,
an external access subsystem has been designed to manage all attempts to access the SafeHome
system from an external source. Each subsystem would be elaborated to indicate the components
that it implements.
The diagram shown in Figure 7.6 is in descriptor form. This means that the deployment
diagram shows the computing environment but does not explicitly indicate configuration details.
For example, the "personal computer" is not further identified. It could be a "Intel" PC or a
Macintosh, a Sun workstation or a Linux-box. These Details are provided when the deployment
diagram is revisited in instance form during latter stages of design or as construction begins.
Each instance of the deployment (a specific, named hardware configuration) is identified.

Fig 7.6: UML development diagram for safe home
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7.5 P A T T E R N -B A SE D S O F T W A R E D E S I G N
The best designers in any field have an ability to see patterns that characterize a problem
and corresponding patterns that can be combined to create a solution. Throughout the design
process, a software engineer should look for every opportunity to reuse existing design patterns
(when they meet the needs of the design) rather than creating new ones.
7.5.1 Describing a Design Pattern

Mature engineering disciplines make use of thousands of design patterns. For example,
an electrical engineer uses an integrated circuit (an extremely complex design pattern) to solve a
specific element of a new problem. Design patterns maybe described using the template shown
below:
Design Pattern Template:

i)

Pattern name—describes the essence of the pattern in a short but expressive name.

ii)

Intent-describes the pattern and what it does. Also-known-as—lists any synonyms for the
pattern.

iii)

Motivation—provides an example of the problem.

iv)

Applicability—notes specific design situations in which the pattern is applicable.
Structure—describes the classes that are required to implement the pattern.

v)

Participants—describe the responsibilities of the classes that is required to implement
the pattern.

vi)

Collaborations—describe how the participants collaborate to carry out their
responsibilities.

vii)

Consequences—describes the "design forces" that affect the pattern and the potential
trade-offs that must be considered when the pattern is implemented.

viii)

Related patterns—cross-references related design patterns.

A description of the design pattern may also consider a set of design forces. Design
forces describe nonfunctional requirements (e.g., ease of maintainability, portability) associated
the software for which the pattern is to be applied, in addition, forces define the constraints that
may restrict the manner in which the design is to be implemented.
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The pattern characteristics (classes, responsibilities, and collaborations) indicate the
attributes of the design that may be adjusted to enable the pattern to accommodate a variety of
problems. These attributes represent characteristics of the design that can be searched (e.g., via a
database) so that an appropriate pattern can be found.
The names of design patterns should be chosen with care. One of the key technical
problems in software reuse is the inability to find existing reusable patterns when hundreds or
thousands of candidate patterns exist. The search for the "right" pattern is aided immeasurably
by a meaningful pattern name.
7.5.2 Using Patterns in Design

Design patterns can be used throughout software design. Once the analysis model has
been developed, the designer can examine a detailed representation of the problem to be solved
and the constraints that are imposed by the problem. The problem description is examined at
various levels of abstraction to determine if it is amenable to one or more of the following types
of design patterns:
•

Architectural patterns. These patterns define the overall structure of the software,
indicate the relationships among subsystems and software components, and define the
rules for specifying relationships among the elements (classes, packages, components,
subsystems) of the architecture.

•

Design patterns. These patterns address a specific element of the design such as an
aggregation of components to solve some design problem, relationships among
components, or the mechanisms for effecting component-to-component communication.

•

Idioms. Sometimes called coding patterns, these language-specific patterns generally
implement an algorithmic element of a component, a specific interface protocol, or a
mechanism for communication among components
Each of these pattern types differs in the level of abstraction with which it is represented

and the degree to which it provides direct guidance for the construction activity (in this case,
coding) of the software process.
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7.5.3 Frameworks
In some cases it may be necessary to provide an implementation specific skeletal
infrastructure, called a framework, for design work. That is, the designer may select a "Reusable
mini architecture that provides the generic structure and behavior for a family of software
abstractions, along with a context, which specifies their collaboration and use within a given
domain".
A framework is not an architectural pattern, but rather a skeleton with a collection of
"plug points" (also called hooks and slots) that enable it to be adapted to a specific problem
domain. The plug points enable a designer to integrate problem specific classes or functionality
within the skeleton.
To be most effective, frameworks are applied with no changes. Additional design
elements may be added, but only via the plug points that allow the designer to flesh out the
framework skeleton.
7.6
•

SUMMARY
Design engineering commences as the first iteration of requirements engineering comes
to a conclusion. The intent of software design is to apply a set of principles, concepts,
and practices that lead to the development of a high-quality system or product. The goal
of design is to create a model of software that will implement all customer requirements
correctly and bring delight to those who use it. Design engineers must go through many
design alternatives and converge on a solution that best suits the needs of project
stakeholders.

•

The design process moves from a "big picture" view of software to a more narrow view
that defines the detail required to implement a system. The process begins by focusing
on architecture. Subsystems are defined; communication mechanisms among subsystems
are established; components are identified; and a detailed description of each component
is developed, in addition, external, internal, and user interfaces are designed.

•

Design concepts have evolved over the first half-century of software engineering work.
They describe attributes of computer software that should be present regardless of the
software engineering process that is chosen, the design methods that are applied, or the
programming languages that are used.
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The design model encompasses four different elements. As each of these elements is
developed, a more complete view of the design evolves. The architectural element uses
information derived from the application domain, the analysis model, and available
catalogs for patterns and styles to derive a complete structural representation of the
software, its subsystems and components. Interface design elements model external and
internal interfaces and the user interface. Component-level elements define each of the
modules (components) that populate the architecture. Finally, deployment-level design
elements allocate the architecture, its components, and the interfaces to the physical
configuration that will house the software.

•

Pattern-based design is a technique that reuses design elements that have proven
successful in the past. Each architectural pattern, design pattern, or idiom is cataloged,
thoroughly documented, and carefully considered as it is assessed for inclusion in a
specific application. Frameworks, an extension of patterns, provide an architectural
skeleton for the design of complete subsystems within a specific application domain.

7.7

EXERCISE

1. Suggest a design pattern that you encounter in a category of everyday things (e.g.,
consumer electronics, automobiles, appliances). Fully document the pattern using the
template provided in Section 7.5.
2. Discuss the relationship between the concept of information hiding as an attribute of effective modularity and the concept of module independence.
3. Is there a case when complex problems require less effort to solve? How might such a
case affect the argument for modularity?
4. How are the concepts of coupling and software portability related? Provide examples to
support your discussion.
5. How do we assess the quality of a software design?

XXXXXXXXXXXXXXXXXX COMPLETED XXXXXXXXXXXXXXXXXX
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CHAPTER 8: CREATING AN ARCHITECTURAL DESIGN
-------------------------------------------------------------------------------------------Contents:
8.1 Introduction
8.2 Software architecture
8.3 Data design
8.4 Architectural styles and patterns
8.5 Architectural Design
8.6 Assessing alternative architectural designs
8.7 Mapping data flow into software architecture
8.8 Summary
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8.1 INTRODUCTION
Design has been described as a multi step process, in which representations of data and
program structure, interface characteristics, and procedural details are synthesized from
information requirements.
Quick Look:
i) What is an Architectural design?
It represents the structure of data and program components that are required to build a
computer-based system. It considers the architectural style that the system will take, the
structure and properties of the component that constitute the system, and interrelationships that
occur among all architectural components of a system.

ii) Who does it?
Although a software engineer can design both data and architecture, the job is often
allocated to specialists when large, complex systems are to be built. A database or data
warehouse designer creates the data architecture for a system. The "system architect" selects an
appropriate architectural style for the re-acquirement derived during system engineering and
software requirements analysis.

iii) Why is it important?
You wouldn't attempt to build a house without a blueprint, would you? You also wouldn't
begin drawing blueprints by sketching the plumbing layout for the house. You'd need to look at
the big picture—the house itself—before you worry about details. That's, what architectural
design does—it provides you with the big picture and ensures that you've got it right.

iv) What are the steps?
Architectural design begins with data design and then proceeds to the derivation of one
or more representations of the architectural structure of the system. Alternative architectural
styles or patterns are analyzed to derive the structure that is best suited to customer requirements
and quality attributes. Once an alternative has been selected, the architecture is elaborated using
an architectural design method.
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v) What is the work product?
An architecture model encompassing data architecture and program structure is created
during architectural design. In addition, component properties and relationships (interactions) are
described.
8.2 SOFTWARE ARCHITECTURE
Today, effective software architecture and its explicit representation and design have
become dominant themes in software engineering. ''The architecture of a system is a
comprehensive framework that describes its form and structures its components and how they fit
together."
8.2.1 What Is Architecture?

When we discuss the architecture of a building, many different attributes come to mind.
At the most simplistic level, we consider the overall shape of the physical structure. But in
reality, architecture is much more.
•

It is the manner in which the various components of the building are integrated to form a
cohesive whole.

•

It is the way in which the building fits into its environment and meshes with other
buildings in its vicinity [i.e., surrounding].

•

It is the degree to which the building meets its stated purpose and satisfies the needs of its
owner.

•

It is the aesthetic feel of the structure the visual impact of the building—and the way
textures, colors, and materials are combined to create the external facade and the internal
"living environment."

•

It is small details— the design of lighting fixtures, the type of flooring, the placement of
wall hangings, and the list is almost endless.

•

Finally, it is an art.
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8.2.2 Software Architecture?
The software architecture of a program or computing system is the structure or structures
of the system, which comprise software components, the externally visible properties of those
components, and the relationships among them.
The architecture is not the operational software. Rather, it is a representation that enables
a software engineer to--i)

analyze the effectiveness of the design in meeting it’s stated requirements

ii)

Consider architectural alternatives at a stage when making design changes is still
relatively easy.

iii)

Reduce the risks associated with the construction of the software.

The design of software architecture considers two levels of the design pyramid.
i)

Data design.

ii)

Architectural design.
Data design enables us to represent the data component of the architecture in

conventional systems and class definitions (encapsulating attributes & operations) in objectoriented systems.
Architectural design focuses on the representation of the structure of software
components, their properties, and interactions.
8.2.3

Why is Architecture Important?

Because of the following three key reasons, the software architecture is so important:
¾ Representations of software architecture are an enabler for communication between all
parties (stake holders) interested in the development of a computer-based system.
¾ The architecture highlights early design decisions that will have a profound impact on all
software engineering work that fallows and, as important, on the ultimate success of the
system as an operational entity.
¾ Architecture “constitutes a relatively small, intellectually graspable model of how the
system is structured and how it’s components work together”.
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8.3 DATA DESIGN
The data design action translates data objects defines as part of the analysis model into
data structures at the software component level and, when necessary, a database architecture at
the application level.
8.3.1 Data Design at the architectural Level

Today, businesses large and small are awash [flooded] in data. It is not unusual for even a
moderately sized business to have dozens of databases serving many applications encompassing
hundreds of gigabytes of data.
The challenge is to extract useful information from this data environment, particularly
when the information desired is cross-functional. To solve this challenge, the business IT
community has developed data mining techniques, also called knowledge discovery in databases
(KDD), that navigate through existing databases in an attempt to extract appropriate businesslevel information.
However, the existence of multiple databases, their different structures, the degree of
detail contained with the data bases, and many other factors make data mining difficult within an
existing database environment. An alternative solution, called a data warehouse adds an
additional layer to the data architecture.
A data warehouse is a separate data environment that is not directly integrated with dayto-day applications but encompasses all data used by a business. In a sense, a data warehouse is a
large, independent database that has access to the data that are stored in databases that serve the
set of applications required by a business.
Note:
Cross-functional data: The data, which is deriving from more than one functional data units.
Ex: Marks and attendance details of a student. If you want to retrieve data, that is
highest marks obtained by students and also their attendance is >80%. This kind of data is
considered as cross-functional data.
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Data Design at the component Level

Data design at the component level focuses on the representation of data structures that
are directly accessed y one or more software components. Wasserman
[WAS80] has proposed a set of principles that may used to specify and design such data
structures.
Principles for data specification

1. The systematic analysis principles applied to function and behavior should also be
applied to data
2. All data structures and the operations to e performed on each component should be
identified.
3. A mechanism for defining the content of each data object should be established and
used to define both data and the operations applied to it. Class diagrams define the
data items(attributes)contained within a class and the processing(operations)that are
applied to these data items.
4. Low-level data design decisions should be deferred until late in the design process. A
process of stepwise refinement may be used for the design of data. That is, overall
data organization may be defined during requirement analysis, refined during data
design work, and specified in detail during component-level design.
5. The representation of a data structure should be known only to those modules that
must make direct use of the data contained within the structure.
6. A library of useful data structures and the operations that may be applied to them
should e developed.
7. A software design and programming language should support the specification and
realization of abstract data types.

These principles form a basis for a component-level data design approach that can be
integrated into both the analysis and design activities.
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PATTERNS

What is an Architectural Style?

In simple words, an architectural style can be considered as a template for construction.
The software that is built for computer-based systems also exhibits one of many architectural
styles. Each style describes a system category that encompasses
1. A set of components (e.g., a database, computational modules) that perform a function
required by a system;
2. A set of connectors that enable ”communication, coordination, and cooperation”
among components;
3. Constraints that define how components can be integrated to form the system; and
4. Semantic models that enables a designer to understand the overall properties of a
system by analyzing the known properties of its constituent parts.
An architectural style is a transformation that is imposed on the design of an entire
system. The intent is to establish a structure for all components of the system. In the case where
an existing architecture is to be reengineered, the imposition of an architectural style will result
in fundamental changes to the structure of the software including a reassignment of the
functionality of components.
What is an architectural pattern?

An architectural pattern, like an architectural style, imposes a transformation on the
design of architecture. However, a pattern differs from a style in a number of fundamental ways:
1.

The scope of a pattern is less broad, focusing on one aspect of the architecture rather
than the architecture in its entirely;

2.

A pattern imposes a rule on the architecture, describing how the software will handle
some aspect of its functionality at the infrastructure level.

3.

Architectural patterns tend to address specific behavioral issues within the context of the
architectural, e.g., how a real-time application handles synchronization or interrupts.
Patterns can be used in conjunction with an architectural style to establish the shape the
overall structure of a system.
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8.4.1 A Brief Taxonomy of Architectural Styles
i) Data-centered architecture:

A data store (e.g., a file or database) resides at the center of this architecture and is
accessed frequently by other components that up-date, add, delete, or otherwise modify data
within the store. Below Fig. illustrates a typical data-centered style. Client software accesses a
central repository. In some cases the data repository is passive. That is, client software accesses
the data independent of any changes to the data or the actions of other client software. A
variation on this approach transforms the repository into a “”blackboard” that sends notifications
to client software when data of interest to the client changes.
A data-centered architecture promotes integrability. That is, existing components can be
changed and new client components added to the architecture without concern about other clients
(because the client components operate independently). In addition, data can be passed among
clients using the black board mechanism (i.e., the clients). Client components independently
execute processes.
Figure 8.1: Data Centered Architecture
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ii) Data-flow architecture

This architecture is applied when input data are to be transformed through a series of
computational or manipulative components into output data. A pipe and filter structure (shown in
below Figure) has a set of components, called filters, connected by pipes that transmit data from
one component to the next. Each filter works independently of those components upstream and
downstream, is designed to expect data input of a certain form, and produces data output (to the
next filter) of a specified form. However, the filter does not require knowledge of the workings
of its neighboring filters.
If the data flow degenerates into a single line of transforms, it is termed batch sequential.
This structure accepts a batch of data and then applies a series of sequential components (filters)
to transforms it.
Figure 8.2: Data-flow Architecture

iii) Call and return architecture

This architectural style enables a software designer (system architect) to achieve a
program structure that is relatively easy to modify and scale. Two sub styles exist within this
category:
•

Main program/subprogram architecture. This classic program structure decomposes function

into a control hierarchy where a “main” program invokes a number of program components,
which in turn may invoke still other components. Figure 8.3 illustrates architecture of this type.
•

Remote procedures call architecture. The components of main program/subprogram

architecture are distributed across multiple computers on a network.
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Figure 8.3: Main program/ Sub program Architecture
iv) Object-oriented architecture

The components of a system encapsulate data and the operations that must be applied to
manipulate the data. Communication and coordination between components is accomplished via
message passing.
v) Layered architecture

The basic structure of a layered architecture is illustrated in below Figure. A number of
different layers are defined, each accomplishing operations that progressively become closer to
the machine instruction set. At the outer layer, components service user interface operations. At
the inner layer, components perform operating system interfacing. Intermediate layers provide
utility services and application software functions:

Figure 8.4 Layered Architecture

Prepared by: Dept. of CSE, RGMCET (Autonomous), Nandyal

Page 10

CREATING AN ARCHITECTURAL DESIGN

UNIT IV

These architectural styles are only a small subset of those available to the software
designer. Once requirements engineering uncovers the characteristics and constraints of the
system to be built, the architectural style or combination of styles that best fits those
characteristics and constraints can be chosen.
8.4.2 Architectural patterns

If a house builder decides to construct a center-hall colonial, there is a single architectural
style that can be applied. The details of the style (e.g., number of fireplaces, facade of the house,
placement of doors and windows) can vary considerably, but once the decision on the overall
architecture of the house is made, the style is imposed on the design.
Architectural patterns are a bit different. For example, every house (and every
architectural style for houses) employs a kitchen pattern. The kitchen pattern defines the need for
placement of basic kitchen appliances, the need for a sink, the need for cabinets, and possibly,
rules for placement of these things relative to workflow in the room. In addition, the pattern
might specify the need for counter tops, lighting, wall switches, a central island, flooring, and so
on. Obviously, there is more than a single design for a kitchen, but every design can be
conceived within the context of the “solution” suggested by the kitchen pattern.
Architectural patterns for software define a specific approach for handling some
behavioral characteristic of the system. Bosch defines a number of architectural pattern domains.
Representative examples are provided in the paragraphs that follow:
i)

Concurrency: Many applications must handle multiple tasks in a manner that simulates

parallelism. There are a number of different ways in which an application can handle
concurrency, and each can be presented by a different architectural pattern. For example,
one approach is to use an operating system process management pattern that provides builtin OS features that allow components to execute concurrently. The pattern also incorporates
OS functionality that manages communication between processes, scheduling, and other
capabilities required to achieve concurrency. Another approach might be to define a task
scheduler at the application level. A task scheduler pattern contains a set of active objects
that each contains a tick() operation. The scheduler periodically invokes tick() for each
object, which then performs the functions it must perform before returning control back to
the scheduler, which then invokes the tick() operation for the next concurrent object.
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ii) Persistence. Data persists if it survives past the execution of the process that created it.
Persistent data are stored in a database or file and may be read or modified by other
processes at a later time. In object-oriented environments, the idea of a persistent object
extends the persistence concept a bit further. The values of all of the object's attributes, the
general state of the object, and other supplementary information are stored for future
retrieval and use. In general, two architectural patterns are used to achieve persistence-a
database management system pattern that applies the storage and retrieval capability of a
DBMS to the application architecture or an application level persistence pattern that builds
persistence features into the application architecture (e.g., word processing software that
manages its own document structure).
iii) Distribution. The distribution problem addresses the manner in which systems or components
within systems communicate with one another in a distributed environment. There are two
elements to this problem :(1) the way in which entities connect to one another, and (2) the
nature of the communication that occurs. The most common architectural pattern established
to address the distribution problem is the broker pattern. A broker acts as a "middle-man"
between the client component and a server component. The client sends a message to the
broker (containing all appropriate information for the communication to be effected), and the
broker completes the connection.
Before any one of the architectural patterns noted in the preceding paragraphs can be
chosen, it must be assessed for its appropriateness for the application and the overall
architectural style, as well as its maintainability, reliability security, and performance,
8.5 ARCHITECTURAL DESIGN
As architectural design begins, the software to be developed must be put into context—
that is, the design should define the external entities (other systems, devices, people) that the
software interacts with and the nature of the interaction .This information can generally be
acquired from the analysis model and all other information gathered during requirements
engineering. Once context is model and all external software interfaces have been described, the
designer specifies the structure of the system by defining and refining software components that
implement the architecture. This process continues iteratively until a complete architectural
structure has been derived.
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8.5.1. Representing the system in context
A system engineer must model context. A system context diagram accomplishes this
requirement by representing the flow of information into and out of the system, the user
interface, and relevant support processing. at the architectural design level ,a software architect
uses an architectural context diagram(ACD) to model the manner in which software interacts
with entities external to its boundaries .the generic structure of architectural context diagram is
illustrated in the below figure(8.5) .
How the systems interoperate with one another?

Figure 8.5: Architectural context diagram (ACD)

Referring to the figure 8.5, system that interoperates with the target system (the system for which
an architectural design is to be developed) are represented as:
•

Superordinate systems-those systems that use the target system as part of some higher
level processing scheme.

•

Subordinate systems-those systems that are used by the target system and provide data or
processing that are necessary to complete the target system functionality.
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Peer-level systems –those systems that interact on a peer –to- peer basis (i.e,information
is either produced are consumed by the peers and the target system).

•

Actors-those entities (people, devices) that interact with the target system by producing or
consuming information that is necessary for requisite.
Each of these external entities communicates with the target system through an interface

(the small shaded rectangles).To illustrate the use of the ACD we again consider the home
security function of the Safe Home product. The overall Safe Home product controller and the
internet based system are both super ordinate to the security function and are shown above the
function in figure 8.6. The surveillance function is a peer system and uses (is used by) the home
security function in later versions of the product. The homeowner and control panels are actors
that are both producers and consumers of information used/produced by the security software.
Finally, sensors are used by the security software and are shown as subordinate to it.
As part of the architectural design, the details of each interface shown in figure 8.6 would
have to be specified. All data that flow into and out of the target system must be identified at this
stage.

Fig 8.6 ACD for the Safe Home security unction
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Defining Archetypes

An archetype is a class (or) pattern that represents core abstraction that is critical to
the design of an architecture for the target system. In general, a relatively small set of archetypes
is required to design even relatively complex systems. The target system architecture is
composed of these archetypes, which represent stable elements of the architecture but may be
instantiated in many different ways based on the behavior of the system.
In many cases, archetypes can be derived by examining the analysis classes defined as part of
the analysis model. Continuing our discussion of the SafeHome home security function, we
might define the following archetypes.
•

Node. Represents a cohesive collection of input and output elements of the one
security function. For example a node might be comprised of (1) sensors, and (2) a
variety of alarm (output) indicators.

•

Detector. An abstraction that encompasses all sensing equipment that feeds
information into the target system.

•

Indicator. An abstraction that represents all mechanisms (e.g., alarm siren, flashing
lights, and bell) for indicating that an alarm condition is occurring.

•

Controller. An abstraction that depicts the mechanism that allows the arming or
disarming of a node. If controllers reside on a network, they have the ability to
communicate with one another.

Each of these archetypes is depicted using UML notation as shown in figure 8.7.Recall
that the archetypes form the basis for the architecture but are abstractions that must be further
refined as architectural design proceeds. For example, Detector might be refined into a class
hierarchy of sensors.

Fig 8.7 UML relation for Safe Home security function archetypes
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Refining the Architecture into components

As the software architecture is refined into components, the structure of the system
begins to emerge. But how are these components chosen? In order to answer this question, the
architectural designer begins with the classes that were described as part of the analysis model.
These analysis classes represent entities within the application (business) domain that must be
addressed within the software architecture. Hence the application domain is one source for the
derivation and refinement of components. The architecture must accommodate many
infrastructure components that enable application components but have no business connection
to the application domain. For example, memory management components, communication
components are often integrated into the software architecture.
The interfaces depicted in the architecture context diagram (section 8.4.1) imply one or more
specialized components that process the data that flow across the interface. In some cases (e.g., a
graphical user interface). Complete subsystem architecture with many components must be
designed.
Continuing the safe home security function example we might define the set of top-level
components that address the following functionality.
•

External Communication management- coordinates communication of the security
function with external entities for example internet based systems, external alarm
notification.

•

Control panel processing- manages all control panel functionality.

•

Detector management – coordinates access to all detectors attached to the system.

•

Alarm processing – Verifies and acts o all alarm conditions.
Each of these top level components would have to be elaborated iteratively and then

positioned within the overall Safe Home architecture. The overall architectural structure
(represented as a UML component diagram) is illustrated in figure 8.8. Transactions are acquired
by External Communication management as they move in from components that process the Safe
Home GUI and the internet interface. This information is managed by a safe home executive
component that selects the appropriate product function (in this case, security.) The control panel
processing component interacts with the home owner to arm/ disarm the security function. The
detector management component polls sensors to detect an alarm condition and the alarm
processing component produces output when an alarm is detected.
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Figure 8.8: Overall architectural structure for Safe Home with top-level components

8.5.4

Describing Instantiations of the system

The architectural design that has been modeled to this point is still relatively high level.
The context of the system has been represented archetypes that indicate the important
abstractions within the problem domain have been defined the overall structure of the system is
apparent and the major software components have been identified .However, further refinement
(recall that all design is iterative is still necessary.
To accomplish this, an actual instantiation of the architecture is developed. By this we
mean that the architecture is applied to a specific problem with the intent of demonstrating that
the structure and components are appropriate. Figure 8.9 illustrates an instantiation of the safe
home architecture for the security system. Components shown in figure 8.8 are refined further to
show additional details
For example, the detector management component interacts with a scheduler
infrastructure component that implements “concurrent” polling of each sensor object used by the
security system. Similar elaboration is performed for each of the components represented in fig
8.8
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Figure 8.9: An Instantiation of the security function with component elaboration
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8.6 A S S E S S I N G A L T E R N A T I V E A R C H I T E C T U R A L D E S I G N S
Design results in a number of architectural alternatives that are each assessed to
determine which is the most appropriate for the problem to be solved, in the sections that
follow, we consider the assessment of alternative architectural designs.
8.6.1 An Architecture Trade-Of Analysis Method [ATAM]

The Software Engineering institute (SEI) has developed an architecture trade-off analysis
method (ATAM) that establishes an iterative evaluation process for software architectures. The
design analysis activities that follow are performed iteratively:
•

Collect scenarios. A set of use-cases is developed to represent the system from the user's
point of view.

•

Elicit requirements, constraints, and environment description. This information is
required as part of requirements engineering and is used to be certain that all stakeholder
concerns have been addressed.

•

Describe the architectural styles/patterns that have been chosen to address the scenarios
and requirements.

•

Evaluate qualify- attributes by considering each attribute in isolation. Quality attributes
for architectural design assessment include reliability, performance, security,
maintainability flexibility, testability, portability, reusability, and interoperability.

•

Identify the sensitivity of qualify attributes to various architectural attributes for a
specific architectural style. This can be accomplished by making small changes in the
architecture and determining how sensitive a quality attribute, say performance, is to the
change any attributes that are significantly affected by variation in the architecture are
termed sensitivity points.

•

Critique candidate architectures (developed in step 3) using the sensitivity analysis
conducted in step 5. The SEI describes this approach in the following manner:
Once the architectural sensitivity points have been determined, finding trade-off points is

simply the identification of architectural elements to which multiple attributes are sensitive. For
example, the performance of client-server architecture might he highly sensitive to the number of
servers (performance increases, within some range, by increasing the number of servers). ... The
number of servers, then, is a trade-off point with respect to this architecture.
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These six steps represent the first ATAM iteration. Based on the results of steps 5 and
6, some architecture alternatives may be eliminated, one or more of the remaining architectures
may be modified and represented in more detail., and then the ATAM steps are reapplied.
Note:
The Software Architecture Analysis Method (SAAM) is an alternative to ATAM and is well-worth
examining by those readers interested in architectural analysis. A paper on SAAM can be downloaded
from: http://www.sei.cmu.edu/publications/artictes/siiam-metho-propert-sas.html.

8.6.2 Architectural Complexity
A useful technique for assessing the overall complexity of a proposed architecture is to
consider dependencies between components within the architecture. These dependencies are
driven by information/control flow within the system. Zhao suggests three types of
dependencies:
•

Sharing dependencies represent dependence relationships among consumers who use
the same resource or producers who produce for the same consumers. For example, for
two components u and v, if u and v refer to the same global data, then there exists a
shared dependence relationship between u and v.

•

Flow dependencies represent dependence relationships between producers and
consumers of resources. For example, for two components u and v, if u must complete
before control flows into v (prerequisite), or if u communicates with v by parameters,
then there exists a flow dependence relationship between u and v,

•

Constrained dependencies represent constraints on the relative flow of control among
a set of activities. For example, for two components u and v, if u and v cannot execute
at the same time (mutual exclusion), then there exists a constrained dependence
relationship between u and v.
The sharing and flow dependencies noted by Zhao are similar to the concept of coupling.

Coupling is an important design concept that is applicable at the architectural level and at the
component level.

Prepared by: Dept. of CSE, RGMCET (Autonomous), Nandyal

Page 20

CREATING AN ARCHITECTURAL DESIGN

UNIT IV

8.6.3 Architectural Description Languages

The architect of a house has a set of standardized tools and notation that allow the design
to be represented in an unambiguous, understandable fashion. Although the software architect
can draw on UML notation, other diagrammatic forms, and a few related tools, there is a need
for a more formal approach to the specification of an architectural design.
Architectural description language (ADL) provides a semantics and syntax for
describing software architecture. Hofmann and his colleagues suggest that an ADL should
provide the designer with the ability to decompose architectural components, compose
individual components into larger architectural blocks, and represent interfaces (connection
mechanisms) between components. Once descriptive, language-based techniques for
architectural design have been established, it is more likely that effective assessment methods for
architectures will be established as the design evolves.
8.7 M A PP I N G D A T A F L O W

INTO A

S OF T W A R E A R C H I T E C T U R E

The styles discussed previously represent radically different architectures, so it should
come as no surprise that a comprehensive mapping that accomplishes the transition from the
analysis model to a variety of architectural styles does not exist. In fact, there is no practical
mapping for some architectural styles.
To illustrate one approach to architectural mapping, we consider a mapping technique for
the call and return architecture—an extremely common structure for many types of systems.
This mapping technique enables a designer to derive reasonably complex call and return
architectures from data flow diagrams within the analysis model. The technique, sometimes
called structured design. Structured design is often characterized as a data flow-oriented design
method because it provides a convenient transition from a data flow diagram to software
architecture. The type of information flow is the driver for the mapping approach.
8.7.1 Transform Flow

Information must enter and exit software in an "external world" form. For example, data
typed on a keyboard, tones on a telephone line, and video images in a multimedia application are
all forms of external world information. Such externalized data must be converted into an
internal form for processing, information enters the system along paths that transform external
data into an internal form. These paths are identified as incoming flow. At the kernel of the
software, a transition occurs. Incoming data are passed through a transform center and begin to
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move along paths that now lead "out" of the software. Data moving along these paths are called
outgoing flow. The overall flow of data occurs in a sequential manner and follows one, or only a
few, "straight line" paths.
8.7.2

Transaction Flow

Information flow is often characterized by a single data item, called a transaction that
triggers other data flow along one of many paths. When a DFD takes the form shown in Figure
8.10, transaction flow is present.
Transaction flow is characterized by data moving along an incoming path that converts
external world information into a transaction. The transaction is evaluated and, based on its
value, flow along one of many action paths is initiated. The hub of information flow from which
many action paths emanate is called a transaction center.
It should be noted that, within a DFD for a large system, both transform and transaction
flow may be present. For example, in a transaction-oriented flow, information flow along an
action path may have transform flow characteristics.

Figure 8.10: Transaction flow
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8.7.3 Transform Mapping

Transform mapping is a set of design steps that allows a DFD with transform flow
characteristics to be mapped into a specific architectural style. To illustrate this approach, we
again consider the Safe Home security function. One element of the analysis model is a set of
data flow diagrams that describe information flow within the security function. To map these
data flow diagrams into an architecture, the following design steps are initiated:
Step 1: Review the fundamental system model.

The fundamental system model or context diagram depicts the security function as a
single transformation, representing the external producers and consumers of data that flow into
and out of the function. Figure 8.11 depicts a level 0 model, and Figure 8.12 depicts refined data
flow for the security function.
Step 2: Review and refine data flow diagrams for the software.

Information obtained from the analysis models is refined to produce greater detail. For
example, the level 2 DFD for monitor sensors (Figure 8.13) is examined, and a level 3 data flow
diagram is derived as shown in Figure 8.14. At level 3, each transform in the data flow diagram
exhibits relatively high cohesion. That is, the process implied by a transform performs a single,
distinct function that can be implemented as a component in the Safe Home software. Therefore,
the DFD in Figure 8.14 contains sufficient detail for a "first cut" at the design of architecture for
the monitor sensors subsystem, and we proceed without further refinement.

Figure 8.11 Context level DFD for Safe Home security function
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Figure 8.12: Level 1 DFD for Safe Home security function

Figure 8.13: Level 2 DFD that refines the monitor sensor transform
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Figure 8.14: Level 3 DFD for monitor sensors with flow boundaries

Step 3. Determine whether the DFD has transform or transaction flow characteristics.

In general, information Slow within a system can always be represented as transform.
However, when an obvious transaction characteristic (Figure 8.10) is encountered, a different
design mapping is recommended. In this step, the designer selects global (software-wide) flow
characteristics based on the prevailing nature of the DFD. In addition, local regions of transform
or transaction flow are isolated. These sub- flows can be used to refine program architecture
derived from a global characteristic described previously. For now, we focus our attention only
on the monitor sensors subsystem data flow depicted in Figure 8.14.
Evaluating the DFD (Figure 8.14), we see data entering the software along one incoming
path and exiting along three outgoing paths. No distinct transaction center is implied (although
the transform establishes alarm conditions that could be perceived as such). Therefore, an overall
transform characteristic will be assumed for information flow.
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Step 4. Isolate the transform center by specifying incoming and outgoing flow boundaries.

In the preceding section incoming flow was described as a path that converts
information from external to internal form; outgoing flow converts from internal to external
form. Incoming and outgoing flow boundaries are open to interpretation. That is, different
designers may select slightly different points in the flow as boundary locations. In fact,
alternative design solutions can be derived by varying the placement of flow boundaries.
Although care should be taken when boundaries are selected, a variance of one bubble along a
flow path will generally have little impact on the final program structure.
Flow boundaries for the example are illustrated as shaded curves running vertically
through the flow in Figure 8.14. The transforms (bubbles) that constitute the transform center lie
within the two shaded boundaries that run from top to bottom in the figure. An argument can be
made to readjust a boundary (e.g., an incoming flow boundary separating read sensors and
acquire response info could be proposed). The emphasis in this design step should be on
selecting reasonable boundaries, rather than lengthy iteration on placement of boundaries.
Step 5. Perform "first-level factoring".

The program architecture derived using this mapping result in a top-down distribution of
control. Factoring results in a program structure in which top-level components perform
decision-making and low- level components perform most input, computation, and output work.
Middle-level components perform some control and do moderate amounts of work.
When transform flow is encountered, a DFD is mapped to a specific structure (a call and
return architecture) that provides control for incoming, transform, and outgoing information
processing. This first-level factoring for the monitor sensors subsystem is illustrated in Figure
8.15. A main controller (called monitor sensors executive) resides at the top of the program
structure and coordinates the following subordinate control functions:
1) An incoming information processing controller, called sensor input controller coordinates
receipt of all incoming data.
2) A transform flow controller, called alarm conditions controller, supervises all operations
on data in internalized form (e.g. a module that invokes various data transformation
procedures),
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3) An outgoing information processing controller, called alarm output controller,
coordinates production of output information.
Although a three-pronged structure is implied by Figure 8.15, complex flows in large
systems may dictate two or more control modules for each of the generic control functions
described previously. The number of modules at the first level should be limited to the
minimum that can accomplish control functions and still maintain good functional
independence characteristics.

Figure 8.15: First level factoring for monitor sensors

Step 6: Perform "second-level factoring".

Second-level factoring is accomplished by mapping individual transforms (bubbles) of
a DFD into appropriate modules within the architecture. Beginning at the transform center
boundary and moving outward along incoming and then outgoing paths, transforms are mapped
into subordinate levels of the software structure. The general approach to second-level factoring
is illustrated in Figure 8.16.
Although Figure 8.16 illustrates a one-to-one mapping between DFD transforms and
software modules, different mappings frequently occur. TWO or even three bubbles can be
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combined and represented as one component, or a single bubble may be expanded to two or
more components. Practical considerations and measures of design quality dictate the outcome
of second-level factoring. Review and refinement may lead to changes in this structure, but it
can serve as a "first-iteration" design.
Second-level factoring for incoming flow follows in the same manner. Factoring is again
accomplished by moving outward from the transform center boundary on the incoming flow
side. The transform center of monitor sensors subsystem software is mapped somewhat
differently. Each of the data conversion or calculation transforms of the transform portion of the
DFD is mapped into a module subordinate to the transform controller. Completed first-iteration
architecture is shown in Figure 8.17.
The components mapped in the preceding manner and shown in Figure 8.17 represent an
initial design of software architecture. Although components are named in a way that implies
function, a brief processing narrative should be written for each.

Figure 8.16: Second level factoring for monitor sensors
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Figure 8.17: First iteration structure for monitor sensors

Figure 8.18: Refined Program structure for monitor sensors
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Step 7: Refine the first-iteration architecture using design heuristics for improved software
quality.

A first-iteration architecture can always be refined by applying concepts of functional
independence. Components are exploded or imploded to produce sensible factoring, good
cohesion, minimal coupling, and most importantly, a structure that can be implemented without
difficulty, tested without confusion, and maintained without grief [i.e., Sufferring].
The objective of the preceding seven steps is to develop an architectural representation
of software. That is, once structure is defined, we can evaluate and refine software architecture
by viewing it as a whole. Modifications made at this time require little additional work, yet can
have a profound impact on software quality.
8.7.4 Transaction Mapping

In many software applications, a single data item triggers one of a number of information
flows that affect a function implied by the triggering data item. In this section we consider
design steps used to map transaction flow into software architecture.
Transaction mapping will be illustrated by considering the user interaction subsystem of
the Safe Home security function. Level 1 data flow for this subsystem is shown as part of Figure
8.12. Refining the flow, a level 2 data flow diagram is developed and shown in Figure 8.19. The
data object user commands flows into the system and results in additional information flow
along one of three action paths. A single data item, command type, causes the data flow to fan
outward from a hub. Therefore, the overall data flow characteristic is transaction- oriented.
It should be noted that information flow along two of the three action paths
accommodates additional incoming flow (e.g., system parameters and data are input on the
"configure" action path). Each action path flows into a single transform, display messages and
status. The design steps for transaction mapping are similar and in some cases identical to steps
for transform mapping (Section 8.6.3). A major difference lies in the mapping of DFD to
software structure.
Step 1. Review the fundamental system model.
Step 2. Review and refine data flow diagrams for the software.
Step 3. Determine whether the DFD has transform or transaction flow characteristics.

Steps 1, 2, and 3 are identical to corresponding steps in transform mapping. The DFD
shown in Figure 8.19 has a classic transaction flow characteristic. However, flow along two of
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the action paths emanating from the invoke command processing bubble appears to have
transform flow characteristics. Therefore, flow boundaries must be established for both flow
types.
Step 4. Identify the transaction center and the flow characteristics along each of the action paths.

The location of the transaction center can be immediately discerned from the DFD. The
transaction center lies at the origin of a number of actions paths that flow radially from it. For
the flow shown in Figure 8.19, the invoke command processing bubble is the transaction center.
The incoming path (i.e., the flow path along which a transaction is received) and all
action paths must also be isolated. Each action path must be evaluated for its individual flow
characteristic. For example, the "password" path (shown enclosed by a shaded area in Figure
8.19) has transform characteristics. Incoming, transform, and outgoing How are indicated with
boundaries.

Figure 8.19: Level 2 DFD for user interaction sub-system
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Step 5: Map the DFD in a program structure amenable to transaction processing.

Transaction flow is mapped into an architecture that contains an incoming branch and a
dispatch branch. The structure of the incoming branch is developed in much the same way as
transform mapping. Starting at the transaction center, bubbles along the incoming path are
mapped into modules. The structure of the dispatch branch contains a dispatcher module that
controls all subordinate action modules. Each action (low path of the DFD is mapped to a
structure that corresponds to its specific flow characteristics. This process is illustrated
schematically in Figure 8.20.
Considering the user interaction subsystem data flow, first-level factoring for step 5 is
shown in Figure 8.21. The bubbles read user command and activate/deactivate system map
directly into the architecture without the need for intermediate control modules. The transaction
center, invoke command processing, maps directly into a dispatcher module of the same name.
Controllers for system configuration and password processing are created as illustrated in figure
8.21.

Figure 8.20: Transaction mapping
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Figure 8.21: First-level factoring for user interaction sub-system

Step 6: Factor and refine the transaction structure and the structure of each action path.

Each action path of the data flow diagram has its own information flow characteristics.
We have already noted that transform or transaction flow may be encountered. The action pathrelated "substructure" is developed using the design steps discussed in this and the preceding
section.
As an example, consider the password processing information flow shown (inside
shaded area) in Figure 8.19. The flow exhibits classic transform characteristics. A password is
input (incoming flow) and transmitted to a transform center where it is compared against stored
passwords. An alarm and warning message (outgoing flow) are produced (if a match is not
obtained). The "configure" path is drawn similarly using the transform mapping. The resultant
software architecture is shown in Figure 8.22.
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Figure 8.22: First iteration architecture for user interaction sub system

Step 7: Refine the first-iteration architecture using design heuristics for improved software quality.

This step for transaction mapping is identical to the corresponding step for transform
mapping, in both design approaches, criteria such as module independence, practicality (efficacy
of implementation and test), and maintainability must be carefully considered as structural
modifications are proposed.
8.7.5 Refining the Architectural Design

Any discussion of design refinement should be prefaced with the following comment:
Remember that an "optimal design" that doesn't work has questionable merit. The software
designer should be concerned with developing a representation of software that will meet all
functional and performance requirements and merit acceptance based on design measures and
heuristics.
Refinement of software architecture during early stages of design is to be encouraged.
As we discussed earlier in this chapter, alternative architectural styles may be derived, refined,
and evaluated for the "best" approach. This approach to optimization is one of the true benefits
derived by developing a representation of software architecture.
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It is important to note that structural simplicity often reflects both elegance and
efficiency. Design refinement should strive for the smallest number of components that is
consistent with effective modularity and the least complex data structure that adequately serves
information requirements.
8.8 S U M M A R Y
Software architecture provides a holistic view of the system to be built. It depicts the
structure and organization of software components, their properties, and the connections
between them. Software components include program modules and the various data
representations that are manipulated by the program. Therefore, data design is an integral part of
the derivation of the software architecture. Architecture highlights early design decisions and
provides a mechanism for considering the benefits of alternative system structures.
Data design translates the data objects defined in the analysis model into data structures
that reside within the software. The attributes that describe the object, the relationships between
data objects and their use within the program all influence the choice of data structures. At a
higher level of abstraction, data design may lead to the definition of architecture for a database
or a data warehouse.
A number of different architectural styles and patterns are available to the software
engineer. Each style describes a system category that (I) encompasses a set of components that
perform a function required by a system, (2) a set of connectors that enable communication,
coordination and cooperation among components, (3) constraints that define how components
can be integrated to form the system, and (4) semantic models that enable a designer to
understand the overall properties of a system.
In a general sense, architectural design is accomplished using four distinct steps. First,
the system must be represented in context. That is, the designer should define the external
entities that the software interacts with and the nature of the interaction. Once context has been
specified, the designer should identify a set of top-level abstractions, called archetypes that
represent pivotal elements of the system's behavior or function. After abstractions have been
defined, the design begins to move closer to the implementation domain. Components are
identified and represented within the context of an architecture that supports them. Finally,
specific instantiations of the architecture are developed to "prove" the design in a real world
context.
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As a simple example of architectural design, the mapping method presented in this
chapter uses data flow characteristics to derive a commonly used architectural style. A data flow
diagram is mapped into program structure using one of two mapping approaches—transform
mapping or transaction mapping. Once architecture has been derived, it is elaborated and then
analyzed against quality criteria.

XXXXXXXXXXXXXXXXXXXXX COMPLETED XXXXXXXXXXXXXXXXXXXXXX
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INTROCUCTION
S O F T WA R E T E S TI N G F UN D A M E N T A L S
Testing presents an interesting anomaly for the software engineers, who by their nature
are constructive people. Testing requires that the developer discard preconceived notions of
the "correctness" of software just developed and then work hard to design test cases to "break"
the software. Beizer describes this situation effectively when he states:
There's a myth that if we were really good at programming, there would be no bugs to
catch. There are bugs, the myth says, because we are bad at what we do; and if we are bad at it
we should feel guilty about it. Therefore, testing and test case design is an admission of
failure, which instills a goodly dose of guilt.
The goal of testing is to find errors and that a good test is one that has a high probability of finding an error. Therefore, a software engineer should design and implement a
computer-based system or a product with "testability" in mind. At the same time, the tests
themselves must exhibit a set of characteristics that achieve the goal of finding the most errors
with a minimum of effort.
 What is Testability?
James Bach provides the following definition for testability: "Software testability is
simply how easily [a computer program] can be tested." The following characteristics lead to
testable software.
i) Operability: "The better it works, the more efficiently it can be tested." If a system is
designed and implemented with quality in mind, relatively few bugs will block the
execution of tests, allowing testing to progress without fits and starts.
ii) Observability: "What you see is what you test." Inputs provided as part of testing produce
distinct outputs. System states and variables are visible or queriable during execution.
Incorrect output is easily identified. Internal errors are automatically detected and reported.
Source code is accessible.
iii) Controllability: "The better we can control the software, the more the testing can be
automated and optimized." Software and hardware states and variables can be controlled
directly by the test engineer. Tests can be conveniently specified, automated, and reproduced.
iv) Decomposability: "By controlling the scope of testing, we can more quickly isolate
problems and perform smarter retesting." The software system is built from independent
modules that can be tested independently.
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v) Simplicity: "The less there is to test, the more quickly we can test it." The program should
exhibit functional simplicity (e.g., the feature set is the minimum necessary to meet
requirements), structural simplicity (e.g., architecture is modularized to limit the propagation of
faults), and code simplicity (e.g., a coding standard is adopted for ease of inspection and
maintenance).
vi) Stability: "The fewer the changes, the fewer the disruptions to testing." Changes to the
software are infrequent, controlled when they do occur, and do not invalidate existing tests.
The software recovers well from failures.
vii) Understandability: "The more information we have, the smarter we will test." The
architectural design and the dependencies between internal, external, and shared components
are well understood. Technical documentation is instantly accessible, well organized, specific
and detailed, and accurate. Changes to the design are communicated to testers.
The attributes suggested by Bach can be used by a software engineer to develop a
software configuration (i.e., programs, data, and documents) that is amenable to testing.
 Characteristics of a good test:
Kaner, Falk, and Nguyen suggest the following attributes of a "good" test:
1. A good test has a high probability of finding an error. To achieve this goal, the tester must
understand the software and attempt to develop a mental picture of how the software
might fail. Ideally, the classes of failure are probed. For example, one class of
potential failure in a GUI (graphical user interface) is a failure to recognize proper
mouse position. A set of tests would be designed to exercise the mouse in an attempt
to demonstrate an error in mouse position recognition.
2. A good test is not redundant. Testing time and resources are limited. There is no point
in conducting a test that has the same purpose as another test. Every test should have
a different purpose (even if it is subtly different).
3. A good test should be "best of breed". In a group of tests that have a similar intent, time
and resource limitations may mitigate toward the execution of only a subset of these
tests, in such cases, the test that has the highest likelihood of uncovering a whole
class of errors should be used.
4. A good lest should be neither too simple nor too complex. Although it is sometimes
possible to combine a series of tests into one test case, the possible side effects
associated with this approach may mask errors. In general, each test should be
executed separately.
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A strategy for software testing integrates software test case design methods into a
well-planned series of steps that result in the successful construction of software. The strategy
provides a road map that describes the steps to be conducted as part of testing, when these
steps are planned and then undertaken, and how much effort, time, and resources will be
required. Therefore, any testing strategy must incorporate test planning, test case design, test
execution, and resultant data collection and evaluation.
A software testing strategy should be flexible enough to promote a customized testing
approach. At the same time, it must be rigid enough to promote reasonable planning and
management tracking as the project progresses. In many ways, testing is an individualistic
process, and the number of different types of tests varies as much as the different
development approaches. For many years, our only defense against programming errors was
careful design and the native intelligence of the programmer.
We are now in an era in which modern design techniques are helping us to reduce
the number of initial errors that are inherent in the code. Similarly, different test methods
are beginning to cluster themselves into several distinct approaches and philosophies.
These "approaches and philosophies" are what we shall call strategy. In this chapter, we
focus our attention on the strategy for software testing.

1. A STRATEGIC APPROACH TO SOFTWARE TESTING
Testing is a set of activities that can be planned in advance and conducted systematically.
For this reason a template for software testing - a set of steps into which we can place specific
test case design techniques and testing methods - should be defined for the software process.
A number of software testing strategies have been proposed in the literature. All provide the
software developer with a template for testing and all have the following generic
characteristics:
•

To perform effective testing, a software team should conduct effective formal
technical reviews. By doing this, many errors will be eliminated before testing
commences.

•

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

•

Different testing techniques are appropriate at different points in time.

•

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

•

Testing and debugging are different activities, but debugging must be accommodated
in any testing strategy.
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A strategy for software testing must accommodate low-level tests that are necessary to
verify that a small source code segment has been correctly implemented as well as high-level
tests that validate major system functions against customer requirements.
A strategy must provide guidance for the practitioner and a set of milestones for the
manager. Because the steps of the test strategy occur at a time when deadline pressure begins
to rise, progress must be measurable and problems must surface as early as possible.
1.1 Verification and Validation
Software testing is one element of a broader topic that is often referred to as
Verification and Validation (V&V).
 Verification refers to the set of activities that ensure that software correctly implements
a specific function.
 Validation refers to a different set of activities that ensure that the software that has
been built is traceable to customer requirements.
Boehm states this in another way:
Verification: Are we building the product right?
Validation: Are we building the right product?

Verification and validation encompasses a wide array of SQA activities that include
formal technical reviews, quality and configuration audits, performance monitoring,
simulation, feasibility study, documentation review, database review, algorithm analysis,
development testing, usability testing, qualification testing, and installation testing. Although
testing plays an extremely important role in V&V, many other activities are also necessary.
Testing does provide the last bastion [i.e., One that is considered similar to a defensive
stronghold] from which quality can be assessed and, more pragmatically, errors can be

uncovered. But testing should not be viewed as a safety net. As they say, "You can't test in
quality. If quality is not there before you begin testing, it won't be there when you're finished
testing."
Quality is incorporated into software throughout the process of software engineering.
Proper application of methods and tools, effective formal technical reviews, and solid
management and measurement all lead to quality that is confirmed during testing.
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1.2 Organizing for Software Testing
For every software project, there is an inherent conflict of interest that occurs as
testing begins. The people who have built the software are now asked to test the Software.
This seems harmless in itself; after all, who knows the program better than its developers?
Unfortunately, these same developers have a vested interest in demonstrating that the
program is error free, that it works according to customer requirements, and that it will be
completed on schedule and within budget. Each of these interests militate [i.e., be a powerful
or conclusive factor in preventing] against thorough testing.
From a psychological point of view, software analysis and design (along with coding)
are constructive tasks. The software engineer analyzes, models, and then creates a computer
program and its documentation.
Like any builder, the software engineer is proud of the building that has been built and
looks askance [i.e., with an attitude or look of suspicion] at anyone who attempts to tear it
down. When testing commences, there is a subtle, yet definite, attempt to "break" the thing
that the software engineer has built. From the point of view of the builder, testing can be
considered to be (psychologically) destructive. So the builder treads lightly, designing and
executing tests that will demonstrate that the program works, rather than uncovering errors.
Unfortunately, errors will be present. And, if the software engineer doesn't find them, the
customer will!
There are often a number of misconceptions that can be erroneously inferred from the
preceding discussion:
(1) The developer of software should do no testing at all.
(2) The software should be "tossed over the wall" to strangers who will test it mercilessly.
(3) The testers get involved with the project only when the testing steps are about to begin.
Note: Each of these statements is incorrect.
The software developer is always responsible for testing the individual units
(components) of the program, ensuring that each performs the function or exhibits the
behavior for which it was designed. In many cases, the developer also conducts integration
testing—a testing step that leads to the construction (and test) of the complete software
architecture. Only after the software architecture is complete does an independent test group
become involved.
The role of an independent test group (ITG) is to remove the inherent problems associated
with letting the builder test the thing that has been built. Independent testing removes the
conflict of interest that may otherwise be present. After all, ITG personnel are paid to find
errors.
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However, the software engineer doesn't turn the program over to ITG and walk away.
The developer and the ITG work closely throughout a software project to ensure that thorough
tests will be conducted. While testing is conducted, the developer must be available to correct
errors that are uncovered.
The ITG is part of the software development project team in the sense that it becomes
involved during analysis and design and stays involved (planning and specifying test
procedures) throughout a large project.
However, in many cases the ITG reports to the software quality assurance
organization, thereby achieving a degree of independence that might not be possible if it were
a part of the software engineering organization.
1.3 A Software Testing Strategy for Conventional Software Architectures
The software process may be viewed as the spiral illustrated in Figure 1. Initially,
system engineering defines the role of software and leads to software requirements analysis,
where the information domain, function, behavior, performance, constraints, and validation
criteria for software are established. Moving inward along the spiral, we come to design and
finally to coding. To develop computer software, we spiral inward along streamlines that
decrease the level of abstraction on each turn.
A strategy for software testing may also be viewed in the context of the spiral (Figure 1).
Unit testing begins at the vortex of the spiral and concentrates on each unit (i.e., component) of
the software as implemented in source code. Testing progresses by moving outward along the
spiral to integration testing, where the focus is on design and the construction of the software
architecture. Taking another turn outward on the spiral, we encounter validation testing, where
requirements established as part of software requirements analysis are validated against the
software that has been constructed. Finally, we arrive at system testing, where the software and
other system elements are tested as a whole. To test computer software, we spiral out along
streamlines that broaden the scope of testing with each turn.

Fig 1: Testing Strategy
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Considering the process from a procedural point of view, testing within the context of
software engineering is actually a series of four steps that are implemented sequentially. The
steps are shown in Figure 2. Initially, tests focus on each component individually, ensuring
that it functions properly as a unit. Hence, the name Unit testing. Unit testing makes heavy use
of testing techniques that exercise specific paths in a component's control structure to ensure
complete coverage and maximum error detection.
Next, components must be assembled or integrated to form the complete software
package. Integration testing addresses the issues associated with the dual problems of
verification and program construction. Test case design techniques that focus on inputs and
outputs are more prevalent during integration, although techniques that exercise specific
program paths may be used to ensure coverage of major control paths.
After the software has been integrated (constructed), a set of high-order tests are
conducted. Validation criteria (established during requirements analysis) must be evaluated.
Validation testing provides final assurance that software meets all functional, behavioral, and
performance requirements.
The last high-order testing step falls outside the boundary of software engineering and
into the broader context of computer system engineering. Software, once validated, must be
combined with other system elements (e.g., hardware, people, and databases). System testing
verifies that all elements mesh properly and that overall system function/performance is
achieved.

Fig 2: Software testing steps
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1.4 A Software Testing Strategy for Object-Oriented Architectures
The overall strategy for object-oriented software is identical in philosophy to the one
applied for conventional architectures, but differs in approach. We begin with "testing in the
small" and work outward toward "testing in the large." However, our focus when "testing in
the small" changes from an individual module (the conventional view) to a class that
encompasses attributes and operations and implies communication and collaboration.
As classes are integrated into an object-oriented architecture, a series of regression
tests are run to uncover errors due to communication and collaboration between classes
(components) and side effects caused by the addition of new classes (components). Finally,
the system as a whole is tested to ensure that errors in requirements are uncovered.
1.5 Criteria for Completion of Testing
A classic question arises every time software testing is discussed: When are we done
testing—how do we know that we've tested enough? Sadly, there is no definitive answer to
this question, but there are a few pragmatic responses and early attempts at empirical
guidance.
One response to the question is: You're never done testing; the burden simply shifts
from you (the software engineer) to your customer. Every time the customer/user executes a
computer program, the program is being tested. This sobering fact underlines the importance
of other software quality assurance activities.
Another response (somewhat cynical but nonetheless accurate) is: You're done testing
when you run out of time or you run out of money.
Although few practitioners would argue with these responses, a software engineer
needs more rigorous criteria for determining when sufficient testing has been conducted.
`

Musa and Ackerman suggest a response that is based on statistical criteria: "No, we

cannot be absolutely certain that the software will never fail, but relative to a theoretically
sound and experimentally validated statistical model, we have done sufficient testing to say
with 95 percent confidence that the probability of 1000 CPU hours of failure-free operation in
a probabilistically defined environment is at least 0.995." Using statistical modeling and
software reliability theory, models of software failures (uncovered during testing) as a
function of execution time can be developed.
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By collecting metrics during software testing and making use of existing software
reliability models, it is possible to develop meaningful guidelines for answering the question:
when are we done testing? There is little debate that further work remains to be done before
quantitative rules for testing can be established, but the empirical approaches that currently
exist are considerably better than raw intuition.
NOTE:
Testing only to end users is like inspecting a building based on the work done by the
interior designer at the expense of the foundations and plumbing.

--Boris Beizer

2. T EST S TRA TEGIES

FOR

C ONVENTIONA L S OFTWARE

There are many strategies that can be used to test software. At one extreme, a software
team could wait until the system is fully constructed and then conduct tests on the overall
system in hopes of finding errors. This approach, although appealing, simply does not work. It
will result in buggy software that disappoints the customer and end-user. At the other
extreme, a software engineer could conduct tests on a daily basis, whenever any part of the
system is constructed. This approach, although less appealing too many can be very effective.
Unfortunately, most software developers hesitate to use it. What to do?
A testing strategy that is chosen by most software teams falls between the two
extremes. It takes an incremental view of testing, beginning with the testing of individual
program units, moving to tests designed to facilitate the integration of the units, and
culminating with tests that exercise the constructed system. Each of these classes of tests is
described in the sections that follow.
2.1 Unit Testing
Unit testing focuses verification effort on the smallest unit of software design i.e., the
software component or module. Using the component-level design description as a guide,
important control paths are tested to uncover errors within the boundary of the module. The
relative complexity of tests and the errors those tests uncover is limited by the constrained
scope established for unit testing. The unit test focuses on the internal processing logic and
data structures within the boundaries of a component. This type of testing can be conducted in
parallel for multiple components.
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2.1.1 Unit Test Considerations:
The tests that occur as part of unit tests are illustrated schematically in Figure 3. The module
interface is tested to ensure that information properly flows into and out of the program unit
under test. Local data structures are examined to ensure that data stored temporarily maintains
its integrity during all steps in an algorithm's execution. All independent paths through the
control structure are exercised to ensure that all statements in a module have been executed at
least once. Boundary conditions are tested to ensure that the module operates properly at
boundaries established to limit or restrict processing. And finally, all error handling paths are
tested.
Tests of data flow across a module interface are required before any other test is
initiated. If data do not enter and exit properly, all other tests are moot [i.e., debatable disputable - controversial - arguable]. In addition, local data structures should be exercised and

the local impact on global data should be ascertained (if possible) during unit testing.

Fig 3: Unit test
Selective testing of execution paths is an essential task during the unit test. Test cases
should be designed to uncover errors due to erroneous computations, incorrect comparisons,
or improper control flow. Among the more common errors in computation are
(1) Misunderstood or incorrect arithmetic precedence
(2) Mixed mode operations
(3) Incorrect initialization
(4) Precision inaccuracy
(5) Incorrect symbolic representation of an expression.
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Comparison and control flow are closely coupled to one another (i.e., change of flow
frequently occurs after a comparison). Test cases should uncover errors such as
(1) Comparison of different data types,
(2) Incorrect logical operators or precedence
(3) Expectation of equality when precision error makes equality unlikely,
(4) Incorrect comparison of variables
(5) Improper or nonexistent loop termination
(6) Failure to exit when divergent iteration is encountered
(7) Improperly modified loop variables.
Boundary testing is one of the most important unit testing tasks. Software often fails at
its boundaries. That is, errors often occur when the nth element of an array is processed, when
the ith repetition of a loop with i passes is invoked, when the maximum or minimum allowable
value is encountered. Test cases that exercise data structure, control flow, and data values just
below, at, and just above maxima and minima are very likely to uncover errors.
Good design dictates that error conditions be anticipated and error-handling paths set
up to reroute or cleanly terminate processing when an error does occur. Yourdon calls this
approach anti-bugging. Unfortunately, there is a tendency to incorporate error handling into
software and then never test it. A true story may serve to illustrate:
Among the potential errors that should be tested when error handling is evaluated are:
(1) error description is unintelligible; (2) error noted does not correspond to error
encountered; (3) error condition causes operating system intervention prior to error handling;
(4) exception-condition processing is incorrect, or (5) error description does not provide
enough information to assist in the location of the cause of the error.
2.1.2 Unit test procedures.
Unit testing is normally considered as an adjunct to the coding step. The design of unit
tests can be performed before coding begins or after source code has been generated. A
review of design information provides guidance for establishing test cases that are likely to
uncover errors in each of the categories discussed earlier. Each test case should be coupled
with a set of expected results.
Because a component is not a stand-alone program, driver and/or stub software must
be developed for each unit test. The unit test environment is illustrated in Figure 4. In most
applications a driver is nothing more than a "main program" that accepts test case data, passes
such data to the component (to be tested), and prints relevant results. Stubs serve to replace
modules that are subordinate to (called by) the component to be tested. A stub or "dummy
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subprogram" uses the subordinate module's interface, may do minimal data manipulation,
provides verification of entry, and returns control to the module undergoing testing.
Drivers and stubs represent overhead. That is, both are software that must be written
but that is not delivered with the final software product. If drivers and stubs are kept simple,
actual overhead is relatively low. Unfortunately, many components cannot be adequately unit
tested with "simple" overhead software. In such cases, complete testing can be postponed
until the integration test step (where drivers or stubs are also used).
Unit testing is simplified when a component with high cohesion is designed. When
only one function is addressed by a component, the number of test cases is reduced and errors
can be more easily predicted and uncovered.

Fig 4: Unit test environment
2.2 Integration Testing
A neophyte [i.e., A person who is new to a subject or skill] in the software world might
ask a seemingly legitimate question once all modules have been unit tested: "If they all work
individually, why do you doubt that they'll work when we put them together?" The problem,
of course, is "putting them together" i.e., interfacing. Data can be lost across an interface; one
module can have an inadvertent, adverse affect on another; sub functions, when combined,
may not produce the desired major function; individually acceptable imprecision may be
magnified to unacceptable levels; global data structures can present problems. Sadly, the list
goes on and on.
Integration testing is a systematic technique for constructing the software architecture
while at the same time conducting tests to uncover errors associated with interfacing. The
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objective is to take unit tested components and build a program structure that has been
dictated by design.
There is often a tendency to attempt non-incremental integration, that is, to construct
the program using a "big bang" approach. All components are combined in advance. The
entire program is tested as a whole. And chaos usually results! A set of errors is encountered.
Correction is difficult because isolation of causes is complicated by the vast expanse of the
entire program. Once these errors are corrected, new ones appear and the process continues in
a seemingly endless loop.
Incremental integration is the antithesis of the big bang approach. The program is
constructed and tested in small increments, where errors are easier to isolate and correct;
interfaces are more likely to be tested completely; and a systematic test approach may be
applied. In the paragraphs that follow, a number of different incremental integration strategies
are discussed.
i) Top-down integration.
Top-down integration testing is an incremental approach to construction of the software
architecture. Modules are integrated by moving downward through the control hierarchy,
beginning with the main control module (main program). Modules subordinate (and
ultimately subordinate) to the main control module are incorporated into the structure in
either a depth-first or breadth-first manner.

Figure 5: Top-Down integration
Referring to Figure 5, depth-first integration integrates all components on a major
control path of the program structure. Selection of a major path is somewhat arbitrary and
depends on application-specific characteristics. For example, selecting the left- hand path,
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components M1, M2, M5 would be integrated first. Next, M8 or (if necessary for proper
functioning of M2) M6 would be integrated. Then, the central and right-hand Control paths
are built.
Breadth-fist integration incorporates all components directly subordinate at each level,
moving across the structure horizontally. From the figure, components M2, M3, and M4,
would be integrated first. The next control level, M5, M6 and so on, follows.

 What are the steps for top-down integration?
The integration process is performed in a series of five steps:
•

The main control module is used as a test driver, and stubs are substituted for all
components directly subordinate to the main control module.

•

Depending on the integration approach selected (i.e., depth or breadth first),
subordinate stubs are replaced one at a time with actual components.

•

Tests are conducted as each component is integrated.

•

On completion of each set of tests, another stub is replaced with the real component.

•

Regression testing may be conducted to ensure that new errors have not been
introduced.

The process continues from step 2 until the entire program structure is built.
The top-down integration strategy verifies major control or decision points early in
the test process. In a well-factored program structure, decision making occurs at upper
levels in the hierarchy and is therefore encountered first. If major control problems do exist,
early recognition is essential. If depth-first integration is selected, a complete function of
the software may be implemented and demonstrated. Early demonstration of functional
capability is a confidence builder for both the developer and the customer.

 What problems may be encountered when top down integration chosen?
Top-down strategy sounds relatively uncomplicated, but, in practice, logistical
problems can arise. The most common of these problems occurs when processing at low
levels in the hierarchy is required to adequately test upper levels. Stubs replace low-level
modules at the beginning of top-down testing; therefore, no significant data can flow upward
in the program structure. The tester is left with three choices:
(1) Delay many tests until stubs are replaced with actual modules
(2) Develop stubs that perform limited functions that simulate the actual module
(3) Integrate the software from the bottom of the hierarchy upward.
The first approach (delay tests until stubs are replaced by actual modules) causes us to
lose some control over correspondence between specific tests and incorporation of specific
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modules. This can lead to difficulty in determining the cause of errors and tends to violate the
highly constrained nature of the top-down approach. The second approach is workable but
can lead to significant overhead, as stubs become more and more complex. The third
approach, called bottom-up testing, is discussed in the next section.
ii) Bottom-up integration.
Bottom-up integration testing, as its name implies, begins construction and testing
with atomic modules (i.e., components at the lowest levels in the program structure).
Because components are integrated from the bottom up, processing required for
components subordinate to a given level is always available and the need for stubs is
eliminated. A bottom-up integration strategy may be implemented with the following
steps:
•

Low-level components are combined into clusters (sometimes called builds) that
perform a specific software sub function.

•

A driver (a control program for testing) is written to coordinate test case input
and output.

•

The cluster is tested.

•

Drivers are removed and clusters are combined moving upward in the program
structure.
Integration follows the pattern illustrated in Figure 6. Components are combined

to form clusters 1 , 2 , and 3. Each of the clusters is tested using a driver (shown as a
dashed block). Components in clusters I and 2 are subordinate to Ma. Drivers D1 and D2
are removed and the clusters are interfaced directly to Ma. Similarly, driver D3 for cluster
3 is removed prior to integration with module Mb. Both Ma and Mb will ultimately be
integrated with component Mc, and so forth.

Fig 6: Bottom-up integration
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As integration moves upward, the need for separate test drivers lessens. In fact, if
the top two levels of program structure are integrated top down, the number of drivers can
be reduced substantially and integration of clusters is greatly simplified. The following
sections discusses about the different integration testing approaches.
i) Regression testing:
Each time a new module is added as part of integration testing, the software
changes. New data flow paths are established, new I/O may occur, and new control logic is
invoked. These changes may cause problems with functions that previously worked
flawlessly.
In the context of an integration test strategy, regression testing is the re-execution of
some subset of tests that have already been conducted to ensure that changes have not
propagated unintended side effects.
In a broader context, successful tests result in the discovery of errors, and errors
must be corrected. Whenever software is corrected, some aspect of the software
configuration (the program, its documentation, or the data that support it) is changed.
Regression testing is the activity that helps to ensure that changes (due to testing or for
other reasons) do not introduce unintended behavior or additional errors.
Regression testing may be conducted manually, by re-executing a subset of all test
cases or using automated capture/playback tools. Capture/playback tools enable the software
engineer to capture test cases and results for subsequent playback and comparison.
The regression test suite contains three different classes of test cases:
•

A representative sample of tests that will exercise all software functions.

•

Additional tests that focus on software functions that are likely to be affected by the
change.

•

Tests that focus on the software components that have been changed.
As integration testing proceeds, the number of regression tests can grow quite large.

Therefore, the regression test suite should be designed to include only those tests that address
one or more classes of errors in each of the major program functions. It is impractical and
inefficient to re-execute every test for every program function once a change has occurred.
ii) Smoke testing:
Smoke testing is an integration testing approach that is commonly used when software
products are being developed. It is designed as a pacing mechanism for time-critical projects,
allowing the software team to assess its project on a frequent basis. In essence, the smoke
testing approach encompasses the following activities:
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1. Software components that have been translated into code are integrated into a "build." A
build includes all data files, libraries, reusable modules, and engineered components that
are required to implement one or more product functions.
2. A series of tests are designed to expose errors that will keep the build from properly
performing its function. The intent should be to uncover "show Stopper" errors that have
the highest likelihood of throwing the software project behind schedule.
3. The build is integrated with other builds and the entire product (in its current form) is
smoke tested daily. The integration approach may be top down or bottom up.
The daily frequency of testing the entire product may surprise some readers. However, frequent tests give both managers and practitioners a realistic assessment of integration
testing progress. McConnell describes the smoke test in the following manner:
The smoke test should exercise the entire system from end to end. It does not have to be
exhaustive, but it should be capable of exposing major problems. The smoke test should
be thorough enough that if the build passes, you can assume that it is stable enough to be
tested more thoroughly.
Smoke testing provides a number of benefits when it is applied on complex, timecritical software engineering projects:
•

Integration risk is minimized. Because smoke tests are conducted daily, incompatibilities
and other show-stopper errors are uncovered early, thereby reducing the likelihood of
serious schedule impact when errors are uncovered.

•

The quality of the end-product is improved. Because the approach is construction
(integration) oriented, smoke testing is likely to uncover both functional errors and
architectural and component-level design errors. If these errors are corrected early,
better product quality will result.

•

Error diagnosis and correction are simplified. Like all integration testing approaches, errors
uncovered during smoke testing are likely to be associated with "new software
increments"—that is, the software that has just been added to the build(s) is a probable
cause of a newly discovered error.

•

Progress is easier to assess. With each passing day, more of the software has been
integrated and more has been demonstrated to work. This improves team morale and
gives managers a good indication that progress is being made.
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2.2.1 Strategic options:
There has been much discussion of the relative advantages and disadvantages of topdown versus bottom-up integration testing. In general, the advantages of one strategy tend to
result in disadvantages for the other strategy.
The major disadvantage of the top-down approach is the need for stubs and the
attendant testing difficulties that can be associated with them. Problems associated with stubs
may be offset by the advantage of testing major control functions early.
The major disadvantage of bottom-up integration is that "the program as an entity
does not exist until the last module is added". This drawback is tempered by easier test case
design and a lack of stubs.
Selection of an integration strategy depends upon software characteristics and,
sometimes, project schedule. In general, a combined approach (sometimes called sandwich
testing) that uses top-down tests for upper levels of the program structure, coupled with
bottom-up tests for subordinate levels may be the best compromise.

 What is a critical module and why should we identify it?
As integration testing is conducted, the tester should identify critical modules. A
critical module has one or more of the following characteristics:
(1) Address several software requirements
(2) It has a high level of control (resides relatively high in the program structure)
(3) It is complex or error prone
(4)It has definite performance requirements.
Critical modules should be tested as early as possible. In addition, regression tests
should focus on critical module functions.
2.2.2 Integration test documentation:
An overall plan for integration of the software and a description of specific tests are
documented in a Test Specification. This document contains a test plan, a test procedure, is a
work product of the software process, and becomes part of the software configuration.
The test plan describes the overall strategy for integration. Testing is divided into phases
and builds that address specific functional and behavioral characteristics of the software. For
example, integration testing for a CAD system might be divided into the following test
phases:
•

User interaction (command selection, drawing creation, display representation, error
processing and representation).
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Data manipulation and analysis (symbol creation, dimensioning, rotation, computation
of physical properties).

•

Display processing and generation (two-dimensional displays, three- dimensional
displays, graphs and charts).

•

Database management (access, update. integrity, performance).
Each of these phases and sub phases (denoted in parentheses) delineates a broad

functional category within the software and can generally be related to a specific domain
within the software architecture. Therefore, program builds (groups of modules) are created
to correspond to each phase.
The following criteria and corresponding tests are applied for all test phases:
i) Interface integrity. Internal and external interfaces are tested as each module (or cluster) is
incorporated into the structure.
ii) Functional validity. Tests designed to uncover functional errors are conducted.
iii) Information content. Tests designed to uncover errors associated with local or global data
structures are conducted.
iv) Performance. Tests designed to verify performance bounds established during software
design are conducted.
A schedule for integration, the development of overhead software, and related topics is
also discussed as part of the test plan. Start and end dates for each phase are established and
"availability windows" for unit tested modules are defined. A brief description of overhead
software (stubs and drivers) concentrates on characteristics that might require special effort.
Finally, test environment and resources are described. Unusual hardware configurations,
exotic simulators, and special test tools or techniques are a few of many topics that may also
be discussed.
The detailed testing procedure that is required to accomplish the test plan is described
next. The order of integration and corresponding tests at each integration step are described. A
listing of all test cases (annotated for subsequent reference) and expected results is also
included.
A history of actual test results, problems, or peculiarities is recorded in a Test Report
that can be appended to the Test Specification, if desired. Information contained in this section
can be vital during software maintenance. Appropriate references and appendixes are also
presented.
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Like all other elements of a software configuration, the test specification format may
be tailored to the local needs of a software engineering organization. It is important to note,
however, that an integration strategy (contained in a test plan) and testing details (described in
a test procedure) are essential] ingredients and must appear.
Note:
“The best tester isn’t the one who finds the most bugs… the tester is the one who gets the
most bugs fixed.
Cem Kaner et al.

3. B LACK -B OX

AND

W HITE -B OX T E STING

Any engineered product (and most other things) can be tested in one of two ways:
(1) By knowing the specified function that a product has been designed to perform tests can
be conducted that demonstrate each function is fully operational while at the same time
searching for errors in each function.
(2) By knowing the internal workings of a product, tests can be conducted to ensure that
"all gears mesh"; that is, internal operations are performed according to specifications,
and all internal components have been adequately exercised. The first test approach is
called black-box testing and the second, white-box testing.
Black-box testing alludes to tests that are conducted at the software interface. A blackbox test examines some fundamental aspect of a system with little regard for the internal
logical structure of the software.
White-box testing of software is predicated on close examination of procedural detail.
Logical paths through the software and collaborations between components are tested by
providing test cases that exercise specific sets of conditions and/or loops.
Note: “There is only one rule in designing test cases: cover all features, but do not make too
many test cases

Tsuneo Yamaura

At first glance it would seem that very thorough white-box testing would lead to 100
percent correct programs. All we need to do is identify all logical paths, develop test cases to
exercise them, and evaluate results, that is, generate test cases to exercise program logic
exhaustively. Unfortunately, exhaustive testing presents certain logistical problems. Whitebox testing should not, however, be dismissed as impractical. A limited number of important
logical paths can be selected and exercised, important data structures can be probed for
validity.
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4. V ALIDATION T E STING
Validation testing begins at the culmination of integration testing, when individual
components have been exercised, the software is completely assembled as a package, and
interfacing errors have been uncovered and corrected.
At the validation or system level, the distinction between conventional and objectoriented software disappears. Testing focuses on user-visible actions and user-recognizable
output from the system.
Validation can be defined in many ways, but a simple definition is that validation
succeeds when software functions in a manner that can be reasonably expected by the
customer.
Reasonable expectations are defined in the Software Requirements Specification— a
document that describes all user-visible attributes of the software. The specification contains a
section called Validation Criteria. Information contained in that section forms the basis for a
validation testing approach.
4.1 Validation Test Criteria
Software validation is achieved through a series of tests that demonstrate conformity
with requirements. A test plan outlines the classes of tests to be conducted, and a test
procedure defines specific test cases. Both the plan and procedure are designed to ensure that
all functional requirements are satisfied, all behavioral characteristics are achieved, all
performance requirements are attained, documentation is correct, and usability and other
requirements are met (e.g., transportability, compatibility, error recovery, maintainability).
After each validation test case has conducted, one of two possible conditions exists:
(1) The function or performance characteristic conforms to specification and is accepted.
(2) A deviation from specification is uncovered and a deficiency list is created. Deviation or
error discovered at this stage in a project can rarely be corrected prior to scheduled
delivery. It is often necessary to negotiate with the customer to establish a method for
resolving deficiencies.
4.2 Configuration Review
An important element of the validation process is a configuration review. The intent of
the review is to ensure that all elements of the software configuration have been properly
developed and have the necessary detail to bolster the support phase of the software life cycle.
The configuration review, sometimes called an audit.
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4.3 Alpha and Beta Testing
It is virtually impossible for a software developer to foresee how the customer will
really use a program. Instructions for use may be misinterpreted; strange combinations of data
may be regularly used; output that seemed clear to the tester may be unintelligible to a user in
the field.
When custom software is built for one customer, a series of acceptance tests are
conducted to enable the customer to validate all requirements. Conducted by the end-user
rather than software engineers, an acceptance test can range from an informal "test drive" to a
planned and systematically executed series of tests.
In fact, acceptance testing can be conducted over a period of weeks or months, thereby
uncovering cumulative errors that might degrade the system over time.
If software is developed as a product to be used by many customers, it is impractical
to perform formal acceptance tests with each one. Most software product builders use a
process called alpha and beta testing to uncover errors that only the end-user seems able to
find.
The alpha test is conducted at the developer's site by end-users. The software is used in
a natural setting with the developer "looking over the shoulder" of typical users and recording
errors and usage problems. Alpha tests are conducted in a controlled environment.
The beta test is conducted at end-user sites. Unlike alpha testing, the developer is
generally not present. Therefore, the beta test is a "live" application of the software in an
environment that cannot be controlled by the developer. The end-user records all problems
(real or imagined) that are encountered during beta testing and reports these to the developer
at regular intervals. As a result of problems reported during beta tests, software engineers
make modifications and then prepare for release of the software product to the entire
customer base.

5. S YSTE M T E STING
Ultimately, software is incorporated with other system elements (e.g., hardware,
people, information), and a series of system integration and validation tests are conducted.
These tests fall outside the scope of the software process and are not conducted solely by
software engineers. However, steps taken during software design and testing can greatly
improve the probability of successful software integration in the larger system.
A classic system testing problem is "finger-pointing." This occurs when an error is
uncovered, and each system element developer blames the other for the problem. Rather than
indulging in such nonsense, the software engineer should anticipate potential interfacing
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problems and (1) design error-handling paths that test all information coming from other
elements of the system, (2) conduct a series of tests that simulate bad data or other potential
errors at the software interface, (3) record the results of tests to use as "evidence" if fingerpointing does occur, and (4) participate in planning and design of system tests to ensure that
software is adequately tested.
System testing is actually a series of different tests whose primary purpose is to fully
exercise the computer-based system. Although each test has a different purpose, all work to
verify that system elements have been properly integrated and perform allocated functions. In
the sections that follow, we discuss the types of system tests that are worthwhile for softwarebased systems.
5.1 Recovery Testing
Many computer-based systems must recover from faults and resume processing within
a pre-specified time. In some cases, a system must be fault tolerant: that is, processing faults
must not cause overall system function to cease. In other cases, a system failure must be
corrected within a specified period of time or severe economic damage will occur.
Recovery testing is a system test that forces the software to fail in a variety of ways and
verifies that recovery is properly performed. If recovery is automatic (performed by the
system itself), re-initialization, check pointing mechanisms, data recovery, and restart are
evaluated for correctness. If recovery requires human intervention, the mean-time-to-repair
(MTTR) is evaluated to determine whether it is within acceptable limits.
5.2 Security Testing
Any computer-based system that manages sensitive information or causes actions that
can improperly harm (or benefit) individuals is a target for improper or illegal penetration.
Penetration spans a broad range of activities: hackers who attempt to penetrate systems for
sport; disgruntled employees who attempt to penetrate for revenge; dishonest individuals who
attempt to penetrate for illicit personal gain.
Security testing verifies that protection mechanisms built into a system will, in fact,
protect it from improper penetration. To quote Beizer: "The system's security must be tested
for invulnerability from frontal attack—but must also be tested for invulnerability from flank
or rear attack."
During security testing, the tester plays the role(s) of the individual who desires to
penetrate the system. Anything goes! The tester may attempt to acquire passwords through
external clerical means; may attack the system with custom software designed to break down
any defenses that have been constructed; may overwhelm the system, thereby denying service
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to others; may purposely cause system errors, hoping to penetrate during recovery; may
browse through insecure data, hoping to find the key to system entry.
Given enough time and resources, good security testing will ultimately penetrate a
system. The role of the system designer is to make penetration cost more than the value of the
information that will be obtained.
5.3 Stress Testing
Software testing steps discussed earlier in this chapter result in thorough evaluation of
normal program functions and performance. Stress tests are designed to confront programs
with abnormal situations. In essence, the tester who performs stress testing asks: "How high
can we crank this up before it fails?"
Stress testing executes a system in a manner that demands resources in abnormal
quantity, frequency, or volume. For example, (1) special tests may be designed that generate
ten interrupts per second, when one or two is the average rate (2) input data rates may be
increased by an order of magnitude to determine how input functions will respond (3) test
cases that require maximum memory or other resources are executed (4) test cases that may
cause memory management problems are designed (5) test cases that may cause excessive
hunting for disk-resident data are created. Essentially, the tester attempts to overwhelm the
program.
A variation of stress testing is a technique called sensitivity testing. In some situations
(the most common occur in mathematical algorithms), a very small range of data contained
within the bounds of valid data for a program may cause extreme and even erroneous
processing or profound performance degradation. Sensitivity testing attempts to uncover data
combinations within valid input classes that may cause instability or improper processing.
5.4 Performance Testing
For real-time and embedded systems, software that provides required function but
does not conform to performance requirements is unacceptable. Performance testing is
designed to test the run-time performance of software within the context of an integrated
system.
Performance testing occurs throughout all steps in the testing process. Even at the unit
level, the performance of an individual module may be assessed as tests are conducted.
However, it is not until all system elements are fully integrated that the true performance of a
system can be ascertained.
Performance tests are often coupled with stress testing and usually require both
hardware and software instrumentation. That is, it is often necessary to measure resource
Prepared by: Dept. of CSE, RGMCET (Autonomous)

Page 25

Unit V: Testing Strategies

Academic Year: 2012-13

utilization (e.g., processor cycles) in an exacting fashion. External instrumentation can
monitor execution intervals, log events (e.g., interrupts) as they occur, and sample machine
states on a regular basis. By instrumenting a system, the tester can uncover situations that lead
to degradation and possible system failure.

6. T HE A RT

OF

D E B UGGING

Software testing is an action that can be systematically planned and specified. Test
case design can be conducted, a strategy can be defined, and results can be evaluated against
prescribed expectations.
Debugging occurs as a consequence of successful testing. That is, when a test caseuncovers an error, debugging is an action that results in the removal of the error. Although
debugging can and should be an orderly process, it is still very much an art.
A software engineer is often confronted with a "symptomatic" indication of a software
problem. That is, the external manifestation of the error and the internal cause of the error
may have no obvious relationship to one another. The poorly understood mental process that
connects a symptom to a cause is debugging.
6.1 The Debugging Process
Debugging is not testing but always occurs as a consequence of testing Referring to
Figure 7, the debugging process begins with the execution of a test case. Results are assessed
and a lack of correspondence between expected and actual performance is encountered. In
many cases, the non-corresponding data are a symptom of an underlying cause as yet hidden.
Debugging attempts to match symptom with cause, thereby leading to error correction.

Fig 7: The debugging process
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Debugging will always have one of two outcomes:
(1) The cause will be found and corrected.
(2) The cause will not be found.
In the later case, the person performing debugging may suspect a cause, design one or
more test cases to help validate that suspicion, and work toward error correction in an iterative
fashion.

 Why is debugging so difficult?
In all likelihood, human psychology has more to do with an answer than software
technology. However, a few characteristics of bugs provide some clues:
l. The symptom and the cause may be geographically remote. That is, the symptom may
appear in one part of a program, while the cause may actually be located at a site that is
far removed. Highly coupled components e x a c e r b a t e this situation. .
2. The symptom may disappear (temporarily) when another error is corrected.
3. The symptom may actually be caused by non-errors.
4. The symptom may be caused by human error that is not easily traced.
5. The symptom may be a result of timing problems, rather than processing problems.
6. It may be difficult to accurately reproduce input conditions (e.g., a real-time application
in which input ordering is indeterminate).
7. The symptom may be intermittent. This is particularly common in embedded systems that
couple hardware and software inextricably.
8. The symptom may be due to causes that are distributed across a number of tasks running
on different processors.
During debugging, we encounter errors that range from mildly annoying (e.g., an
incorrect output format) to catastrophic (e.g., the system fails, causing serious economic or
physical damage). As the consequences of an error increase, the amount of pressure to find
the cause also increases. Often, pressure forces a software developer to fix one error while at
the same time introducing two more.
6.2 Psychological Considerations
Unfortunately, there appears to be some evidence that debugging prowess is an innate
human trait. Some people are good at it, and others aren't. Although experimental evidence
on debugging is open to many interpretations, large variances in debugging ability have been
reported for programmers with the same education and experience.
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Commenting on the human aspects of debugging, Shneiderman states:
Debugging is one of the more frustrating parts of programming, it has elements of problem
solving or brain teasers, coupled with the annoying recognition chat you have made a mistake.
Heightened anxiety and the unwillingness to accept the possibility of errors increases the task
difficulty. Fortunately, there is a great sigh of relief and a lessening of tension when the bug is
ultimately ... corrected.

Although it may be difficult to "learn" debugging, a number of approaches to the
problem can be proposed. We examine these in the next section.
6.3 Debugging Strategies
Regardless of the approach that is taken, debugging has one overriding objective, i.e.,
to find and correct the cause of a software error. The objective is realized by a combination of systematic evaluation, intuition, and luck. Bradley describes the debugging
approach in this way:
Debugging is a straightforward application of the scientific method that has been
developed over 2,500 years. The basis of debugging is to locate the problem's source [the
cause] by binary partitioning, through working hypotheses that predict new values to be
examined.
Take a simple non-software example: A lamp in my house does not work. If nothing in
the house works, the cause must be in the main circuit breaker or outside. I look around to see
whether the neighborhood is blacked out. I plug the suspect lamp into a working socket and a
working appliance into the suspect circuit. So goes the alternation of hypothesis and test.

In general, three debugging strategies have been proposed:
(1) Brute force
(2) Backtracking
(3) Cause elimination.
Each of these strategies can be conducted manually, but modern debugging tools can
make the process much more effective.

 Debugging tactics.
The brute force category of debugging is probably the most common and least
efficient method for isolating the cause of a software error. We apply brute force debugging
methods when all else fails. Using a "let the computer find the error" philosophy, memory
dumps are taken, run-time traces are invoked, and the program is loaded with output
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statements. We hope that somewhere in the morass of information that is produced we will
find a clue that can lead us to the cause of an error. Although the mass of information
produced may ultimately lead to success, it more frequently leads to wasted effort and time.
Thought must be expended first!
Backtracking is a fairly common debugging approach that can be used successfully in
small programs. Beginning at the site where a symptom has been uncovered, the source code
is traced backward (manually) until the site of the cause is found. Unfortunately, as the
number of source lines increases, the number of potential backward paths may become
unmanageably large.
The third approach to debugging is cause elimination; it is manifested by induction or
deduction and introduces the concept of binary partitioning. Data related to the error occurrence
are organized to isolate potential causes. A "cause hypothesis" is devised, and the
aforementioned data are used to prove or disprove the hypothesis. Alternatively, a list of all
possible causes is developed, and tests are conducted to eliminate each. If initial tests indicate
that a particular cause hypothesis shows promise, data are refined in an attempt to isolate the
bug.
6.4 Automated debugging.
Each of these debugging approaches can be supplemented with debugging tools that
provide semi-automated support for the software engineer as debugging strategies are
attempted.
Hailpern and Santhanam summarize the state of these tools when they note,". . .
many new approaches have been proposed and many commercial debugging environments are
available. Integrated development environments (IDEs) provide a way to capture some of the
language-specific predetermined errors (e.g., missing end-of-statement characters, undefined
variables, and so on) without requiring compilation." One area that has caught the imagination
of the industry is the visualization of the necessary underlying programming constructs as a
means to analyze a program.
A wide variety of debugging compilers, dynamic debugging aids ("tracers"),
automatic test case generators, and cross-reference mapping tools are available. However,
tools are not a substitute for careful evaluation based on a complete design model and clear
source code.
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6.5 Correcting the Error
Once a bug has been found, it must be corrected. But, as we have already noted, the
correction of a bug can introduce other errors and therefore do more harm than good.
Van Vleck suggests three simple questions that every software engineer should ask
before making the "correction" that removes the cause of a bug:
•

Is the cause of the bug reproduced in another part of the program? In many situations,
a program error is caused by an erroneous pattern of logic that may be reproduced
elsewhere. Explicit consideration of the logical pattern may result in the discovery
of other errors.

•

What "next bug' might be introduced by the fix that I'm about to make? Before the
correction is made, the source code (or, better, the design) should be evaluated to
assess coupling of logic and data structures. If the correction is to be made in a
highly coupled section of the program, special care must be taken when any
change is made.

•

What could we have done to prevent this bug in the first place? This question is the
first step toward establishing a statistical software quality assurance approach. If
we correct the process as well as the product, the bug will be removed from the
current program and may be eliminated from all future programs.

7. SUMMARY
Software testing accounts for the largest percentage of technical effort in the software
process. Yet we are only beginning to understand the subtleties of systematic test planning,
execution, and control.
The objective of software testing is to uncover errors. To fulfill this objective, a series
of test steps—unit, integration, validation, and system tests—are planned and executed. Unit
and integration tests concentrate on functional verification of a component and incorporation
of components into the software architecture. Validation testing demonstrates traceability to
software requirements, and system testing validates software once it has been incorporated
into a larger system.
Each test step is accomplished through a series of systematic test techniques that assist
in the design of test cases. With each testing step, the level of abstraction with which software
is considered is broadened.
Unlike testing (a systematic, planned activity), debugging must be viewed as an art.
Beginning with a symptomatic indication of a problem, the debugging activity must track
down the cause of an error.
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The requirement for higher-quality software demands a more systematic approach to
testing. To quote Dunn and Ullman, What is required is an overall strategy, spanning the
strategic test space, quite as deliberate in its methodology as was the systematic development
on which analysis, design and code were based.
In this chapter, we have examined the strategic test space, considering the steps that
have the highest likelihood of meeting the overriding test objective: to find and remove errors
in an orderly and effective manner.

XXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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10.1 INTRODUCTION
The blue print for a house is not complete without a representation of doors, windows and
utility connections for water, electricity and telephone. The “doors, windows, and utility
connections” for computer software makeup the interface design of a system. Interface design
focuses on three areas of concern:
1. The design of interfaces between software components.
2. Design of interfaces between the software and other non-human producers and
consumers of information.
3. The design interfaces between a human and the computer.
QUICK LOOK:
i) What is User interface design?

User interface design creates an effective communication medium between a human and
a computer. Following a set of interfaces design principles, design identifiers interface objects
and actions and then creates screen layout that forms the bases for a user interface prototype.
ii) Why is it’s important?

If software is difficult to use, if it forces you into mistakes, are if it frustrates your efforts
to accomplish your goals, you wont like it, regardless of the computational power it exhibits or
the functionality it offers. The interface has to be right because it molds a user’s perception of the
software.
iii) What are the steps?

User interface design begins with the identification of user, task and environmental
requirements. One’s user tasks have been identified user scenario are created and analyzed to
define a set of interface objects and actions. These forms the bases for the creation of screen
layouts that depict graphical design and placement of icons, definition of descriptive screen text,
specification and titling for windows and specification of major and minor menu items.
iv) What is the work product?

User scenarios are created, and screen layouts are generated. An interface prototype is
developed and modified in on iterate fashion.
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10.1 THE GOLDEN RULES
Theo Mandel coins three “golden rules” as shown below:
1. Place the user in control
2. Reduce the users memory load
3. Make the interface consistent
These golden rules actually form the basis for a set of user interface design principles that
guide important software design action.
10.1.1 Place the user in control

Most interface constraints and restrictions that are imposed by a designer are intended to
simplify the mode of interaction. But for whom? In many cases, the designer might introduce
constraints and limitations to simplify the implementation of the interface. The result may be an
interface that is easy to build, but frustrating to use.
Mandel defines a number of design principles that allow the user to maintain control.
Define interaction modes in a way that does not force a user in to unnecessary or undesired
actions.

An interaction mode is the current state of the interface. For example, if spell
check is selected in a word processor menu, the software moves to a spell checking
mode. There is no reason to force the user to remain in spell checking mode if the user
desires to make a small text edit along the way. The user should be able to enter and exit
the mode with little or no effort.
Provide of flexible interaction.

Because different users have different interaction preferences, choices should be
provided. For example, software might allow a user to interact via keyboard commands,
mouse movement, a digitizer pen, or voice recognition commands. Consider, for example
the difficulty of using keyboard commands to draw complex shape.
Allow user interaction to be interruptible and undoable.

Event when involved in a sequence of actions, the user should be able to interrupt
the sequence to do something else. The user should also be able to “undo” any action.
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Streamline interaction as skill levels advance and allow the interaction to be customized.

Users often find that they perform the same sequence of interactions repeatedly. It
is worth while to design a “macro” mechanism that enables an advanced user to
customize the interface to facilitate interactions.
Hide technical internals from the casual user.

The user interface should move the user in to the virtual world of the application.
The user should not be aware of the operating system, file management functions, or
other arcane computing technology. In essence, the interface should never require that the
user interact at a level that is “inside” the machine.
Design for direct interaction with objects that appear on the screen.

The user feels a sense of control when able to manipulate the objects that are
necessary to perform a task in a manner similar to what would occur if the object were a
physical thing. For example an application interface that allows a user to “stretch” an
object is an implementation of direct manipulation.
10.1.2 Reduce the Users Memory Load

The more a user has to remember, the more error prone interaction with the system will
be. It is for this reason that a well designed user interface does not tax the user’s memory.
Whenever possible, the system should “remember” pertinent information and assist the user with
an interaction scenario that assists recall.
Mandel defines design principles that enable an interface to reduce user’s memory load.
Reduce demand on short term memory.

When users are involved in complex tasks, the demand on short term memory can
be significant. The interface should be designed to reduce the requirement to remember
past actions and results. This can be accomplished by providing visual cues that enable a
user to recognize past actions, rather than having to recall them.
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Establish meaningful defaults.

The initial set of defaults should make sense for the average user should be able to
specify individual preferences. However, a “reset” option should be available, enabling
the redefinition of original default values.
Define shortcuts that are intuitive.

When mnemonics are used to accomplish a system function, the mnemonic
should be tied to the action in a way that is easy to remember.
The visual layout of the interface should be based on real world metaphor.

For example, a bill payment system should use a checkbox and check register
metaphor to guide the user through the bill pay process. This enables the user to rely on
well understood visual cues, rather than memorizing an arcane interaction sequence.
Disclose information in a progressive passion.

The interface should be organized hierarchically. That is, information about a
task, an object should be presented first at a high level of abstraction. More details should
be presented after the user indicates interest with a mouse pick. An example, common to
many word processing applications, is the underlining function. The function itself is one
of a number of functions under a text style menu. However, every underlining capability
is not listed. The user must pick underlining options are presented.
10.2.3 Make the interface consistent

The interface should present and acquire information in the consistent fashion. This
implies that
(1) All visual information is organized according to a design standard that is
maintained throughout all screen displays,
(2) Input mechanisms are constrained to a limited set that is used consistently
throughout the application and,
(3) Mechanisms for navigating from task to task are consistently defined and
implemented.
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Mandel defines a set of design principles that help make the interface consistent:
Allow the user to put the current task into a meaningful context.

Many interfaces implement complex layers of interactions with dozens of screen
images. It is important to provide indicators (e.g.., window titles, graphical icons,
consistent color coding) that enable the user to know the context of the work at hand. In
addition, the user should be able to determine where he has come from and what
alternatives exit for a transition to a new task.
Maintain consistency across a family of applications.

A set of applications (or products) should all implement the same design rules so
that consistency is maintained for all interaction.
If past interactive models have created user expectations, do not make changes unless there
is a compelling reason to do so.

Once a particular interactive sequence has became a de facto standard (e.g., the
use of the alt-s to save a file) , the user excepts this in every application she encounters. A
change (e.g., using alt-S to invoke scaling) will cause confusion.

Note:
i)

The interface design principles discussed in this section and the preceding sections
provide basic guidance for a software engineer.

ii) Usability

A formal definition of usability is somewhat illusive.
"Usability is a measure of how well a computer system facilitates learning; helps
learners remember what they've learned; reduces the likelihood of errors; enables them to
be efficient, and makes them satisfied with the system."
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10. 3 U S ER I NTERFACE A NALYSIS AND D ESIGN
The overall process for analyzing and designing a user interface begins with the creation of
different models of system function (as perceived from the outside). The human and computer-oriented
tasks that are required to achieve system function are then delineated; design issues that apply to all
interface designs are considered; tools are used to prototype and ultimately implements the design model;
and the result is evaluated by end-users for quality.
10.3.1 Interface Analysis and Design Models
For different models come into play when a user interface is to be analyzed and designed. A
human engineer establishes a user model, the software engineer creates a design model, the end-user
develops a mental image that is often called the user’s mental model or the system perception, and the
implementers of the system create a implementation model. Unfortunately, each of these models may
differ significantly. The role of interface designer is to reconcile these differences and derive a consistent
representation of the interface.
The user model establishes the profile of the end users of the system . to build an effective user
interface, ”all design should begin with an understanding of the intended users, including profiles of their
age, sex, physical abilities. Education, cultural or ethnic background, motivation, goals and personality”.
In addition, users can be categorized as
i) Novices.: No syntactic knowledge of the system and little semantic knowledge of the application or
computer usage in general.
ii) Knowledgeable, intermittent users. Reasonable semantic knowledge of the application but relatively
low recall of syntactic information necessary to use the interface.
iii) Knowledgeable, frequent users. Good semantic and syntactic knowledge that often leads to the power
user syndrome that is, individuals who look for shortcuts and abbreviated mode s of interaction.
A design model of the entire system incorporates data, architectural, interface, and procedural
representations of the software. The requirements specification may establish certain constraints that help
define the user of the system, but the interface design is often only incidental to the design model.

The user's mental model (system perception) is the image of the system that end- users
carry in their heads. For example, if the user of a particular page layout system were asked to
describe its operation, the system perception would guide the response. The accuracy of the
description will depend upon the user's profile (e.g., novices would provide a sketchy response
at best) and overall familiarity with software in the application domain. A user who
understands page layout fully but has worked with the specific system only once might actually
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be able to provide a more complete description of its function than the novice who has spent
weeks trying to learn the system.
The implementation model combines the outward manifestation of the computer- based
system (the look and feel of the Interface), coupled with all supporing information (books,
manuals, videotapes, help files) that describe system syntax and semantics. When the
implementation model and the user's mental model are coincident, users generally feel
comfortable with the software and use it effectively. To accomplish this "melding" of the
models, the design model must have been developed to accommodate the information
contained in the user model, and the implementation model must accurately reflect syntactic
and semantic information about the interface.
Conclusion:

The models described in this section are "abstractions of what the user is doing or thinks
he is doing or what somebody else thinks he ought to be doing when he uses an interactive
system". In essence, these models enable the interface designer to satisfy a key element of the
most important principle of user interface design: Know the user, know the tasks.
Note:
The user's mental model shapes how the user perceives the interface and whether the UI
meets the user's needs.
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10.3.2 The Process
The analysis and design process for user interfaces is iterative and can be represented
using a spiral model. Referring to Figure 10.1, the user interface analysis and design process
encompasses four distinct framework activities:
1.

User, task, and environment analysis and modeling.

2.

Interface design.

3.

Interface construction (implementation).

4.

Interface validation.
The spiral shown in Figure 10.1 implies that each of these tasks will occur more than

once, with each pass around the spiral representing additional elaboration of requirements and
the resultant design. In most cases, the construction activity involves prototyping--the only
practical way to validate what has been designed.
Interface analysis focuses on the profile of the users who will interact with the system.
Skill level, business understanding, and general receptiveness to the new system are recorded;
and different user categories are defined. For each user category, requirements are elicited. In
essence, the software engineer attempts to understand the system perception (Refer Section
10.3.1) for each class of users.

Figure 10.1: The user interface design process
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Once general requirements have been defined, a more detailed task analysis is conducted.
Those tasks that the user performs to accomplish the goal of the system are identified, described
and elaborated. The analysis of the user environment focuses on the physical work environment.
Among the questions to be asked are:
* Where will be the interface is located physically?
* Will the user be sitting, standing or performing other tasks unrelated to the
interface?
* Does the interface hardware accommodate space, light, or noise constraints?
* Are there special human factors consideration driven by environmental factors?
The information gathered as part of the analysis activity is used to create an analysis
model for the interface. Using this model as a basis, the design activity commences.
The goal of interface design is to define a set of interface objects and actions (and their
screen representation) that enable a user to perform all defined tasks in a manner that meets
every usability goal defined for the system.
The construction activity normally begins with the creation of a prototype that enables
usage scenarios to be evaluated. As the iterative design process continues, user interface
development tools may be used to complete the construction of the interface.
Validation focuses on
 The ability of the interface to implement every user task correctly, to accommodate all
task variations, and to achieve all general user requirements
 The degree to which the interface is easy to use and easy to learn; and
 The users’ acceptance of the interface as a useful tool in their work.
As we have already noted, the activities described in this section occur iteratively.
Therefore there is no need to attempt to specify every detail (for the analysis or design model)
on the first pass. Subsequent passes through the process elaborate task detail, design
information, and the operational features of the interface.
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10.4. INTERFACE ANALYSIS
A key tenet of all software engineering process models is this: you better understand the
problem before u attempt to design a solution. In the case of user interface design, understanding
the problems means understanding.
 The people (end-users) who will interact with the system through the interface.
 The tasks hat end users must perform to do their work.
 The content that is presented as part of the interface, and
 The environment in which these tasks will be conducted.
10.4.1 User Analysis

Earlier we noted that each user has a mental image or system perception of the software
that may be different from the mental mage developed by other users. In addition, the user’s
mental image may be vastly different from the software engineers design model. The only way
that a designer can get the mental image and the design model to converge is to work to
understand the user themselves as well as how these peoples will use system. Information from a
broad array of source can be used to accomplish this:
i) User interviews.

The most direct approach, interviews involve representatives the software

team who meet with end users to better understand their needs, motivations, work culture, and a
myriad of other issues. This can be accomplished in one-on-one meetings or through focus
groups.
ii) Sales input.

Sales people meet with customers and users on a regular basis and can gather

information that will help the software team to categorize users and better understand their
requirements.
iii) Marketing input. Market

analysis can be invaluable in the definition of market segments while

providing an understanding of how each segment might use the software subtly different ways.
iv) Support input.

Support staffs talk with users on a daily basis, making them the most likely,

source of information on what works and what doesn’t, what users like and what they dislike,
what features generate questions, and what features are easy to use.
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The following set of questions will help the interface designer to better understand the
users of a system:
•

Are users trained professionals, technicians, clerical or manufacturing workers?

•

What level of formal education does the average user have?

•

Are the users capable of learning from written materials or have they expressed a
desire for classroom training?

•

Are users expert typists or keyboard phobic?

•

What is the age range of the user community?

•

Will the users be represented predominately by one gender?

•

How are users compensated for the work they perform?

•

Do users work normal office hours, or do they work until the job is done?

•

Is the software to be an integral part of the work users do, or will it be used only
occasionally?

•

What is the primary spoken language among users?

•

What are the consequences if a user makes a mistake using the system?

•

Are users experts in the subject matter that is addressed by the system?

•

Do users want to know about the technology that sits behind the interface?

The answers to these and similar questions will allow the designer to understand who the
end-users are, what is likely to motivate and please them, how they can be grouped into
different user classes or profiles, what their mental models of the system are, and how the user
interface must be characterized to meet their needs.
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10.4.2 Task Analysis and Modeling

The goal of task analysis is to answer the following questions:
•

What work will the user perform in specific circumstances?

•

What tasks and subtasks will be performed as the user does the work?

•

What specific problem domain objects will the user manipulate as work is
performed?

•

What is the sequence of work tasks (i.e., the workflow)?

•

What is the hierarchy of tasks?

To answer these questions, the software engineer must draw upon several different
analysis techniques. These techniques are applied to the user interface.
i) Use-cases

In earlier chapters we noted that the use-case describes the manner in which an actor (in
the context of user interface design, an actor is always a person) interacts with a system. When
used as part of task analysis, the use-case is developed to show how an end-user performs some
specific work-related task. In most instances, the use-case is written in an informal style (a
simple paragraph) in the first-person.
For example, assume that a small software company wants to build a computer-aided
design system explicitly for interior designers. To get a better understanding of how they do
their work, actual interior designers are asked to describe specific design functions. When asked
"How do you decide where to put furniture in a room?" an interior designer writes the following
informal use-case:
I begin by sketching the floor plan of the room, the dimensions and the location of windows
and doors. I'm very concerned about light as it enters the room, about the view out of the
windows (if it's beautiful, I want to draw attention to it), about the running length of
unobstructed walls, about the flow of movement through the room. I then look at the list of
furniture my customer and I have chosen_tables, chairs, sofa, cabinets, the list of
accents_lamps, rugs, paintings, sculpture, plants, smaller pieces, and my notes on any
desires my customer has for placement. I then draw each item from my lists using a
template that is scaled to the floor plan. I label each item and use pencil because I always
move things. I consider a number of alternative placements and decide on the one I like
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best. Then, I draw a rendering (a 3-D picture) of the room to give my customer a feel for
what it'll look like.
This use-case provides a basic description of one important work task for the computeraided design system. From it, the software engineer can extract tasks, objects, and the overall
flow of the interaction. In addition, additional features of the system that would please the
interior designer can also be conceived. For example, a digital photo could be taken looking out
each window in a room. When the room is rendered, the actual outside view could be
represented through the each window.
ii) Task elaboration.

Task analysis for interface design uses an elaborative approach to assist in understanding
the human activities the user interface must accommodate.
Task analysis can be applied in two ways. As we have already noted, an interactive,
computer-based system is often used to replace a manual or semi-automated activity. To
understand the tasks that must be performed to accomplish the goal of the activity, a human
engineer must understand the tasks that humans currently perform (when using a manual
approach) and then map these into a similar (but not necessarily identical) set of tasks that are
implemented in the context of the user interface.
Alternatively, the human engineer can study an existing specification for a computerbased solution and derive a set of user tasks that will accommodate the user model, the design
model, and the system perception.
Regardless of the overall approach to task analysis, a human engineer must first define
and classify tasks. We have already noted that one approach is stepwise elaboration. For
example, assume that a small software company wants to build a computer-aided design system
explicitly for interior designers.
By observing an interior designer at work, the engineer notices that interior design
comprises a number of major activities: furniture layout (note the use-case discussed earlier),
fabric and material selection, wall and window coverings selection, presentation (to the
customer), costing, and shopping.
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Each of these major tasks can be elaborated into sub- tasks, as mentioned below:
(1) Draw a floor plan based on room dimensions.
(2) Place windows and doors at appropriate locations.
(3)(a) Use furniture templates to draw scaled furniture outlines on floor plan.
(3)(b) Use accent templates to draw scaled accents on floor plan.
(4) Move furniture outlines and accent outlines to get best placement.
(5) Label all furniture and accent outlines.
(6) Draw dimensions to show location.
(7) Draw perspective rendering view for customer.
A similar approach could be used for each of the other major tasks. The design model of
the interface should accommodate each of these tasks in a way that is consistent with the user
model (the profile of a "typical" interior designer) and system perception (what the interior
designer expects from an automated system).
iii) Object elaboration

Rather than focusing on the tasks that a user must perform, the software engineer
examines the use-case and other information obtained from -the user and extracts the physical
objects that are used by the interior designer. These objects can be categorized into classes.
Attributes of each class are defined, and an evaluation of the actions applied to each object
provide the designer with a list of operations.
For example, the furniture template might translate into a class called Furniture with
attributes that might include size, shape, location and others. The interior designer would select
the object from the Furniture class, move it to a position on the floor plan (another object in this
context), draw the furniture outline, and so forth. The tasks select, move, and draw are operations.
The user interface analysis model would not provide a literal implementation for each of these
operations. However, as the design is elaborated, the details of each operation are defined.
iv) Workflow analysis.

When a number of different users, each playing different roles, makes use of a user
interface, it is sometimes necessary to go beyond task analysis and object elaboration and apply
workflow analysis. This technique allows a software engineer to understand how a work process
is completed when several people (and roles) are involved.
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Consider a company that intends to fully automate the process of prescribing and
delivering prescription drugs. The entire process will revolve around a Web-based application
that is accessible by physicians (or their assistants), pharmacists, and patients. Workflow can be
represented effectively with a UML swimlane diagram (a variation on the activity diagram).

Fig 10.2: Swimlane diagram for prescription refill function
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We consider only a small part of the work process: the situation that occurs when a
patient asks for a refill. Figure 10.2 presents a swimlane diagram that indicates the tasks and
decisions for each of the three roles noted above. This information may have been elicited via
interview or from use-cases written by each actor. Regardless, the flow of events (shown in the
figure 10.2) enables the interface designer to recognize three key interface characteristics:
1. Each user implements different tasks via the interface; therefore, the look and feel of the
interface designed for the patient will be different from the one defined for pharmacists or
physicians.
2. The interface design for pharmacists and physicians must accommodate access to and
display of information from secondary information sources (e.g., access to inventory for the
pharmacist and access to information about alternative medications for the physician).
3. Many of the activities noted in the swimlane diagram can be further elaborated using task
analysis and/or object elaboration (e.g., fills prescription could imply a mail-order delivery
a visit to a pharmacy, or a visit to a special drug distribution center).
v) Hierarchical representation

As the interface is analyzed, a process of elaboration occurs. Once workflow has been
established, a task hierarchy can be defined for each user type. The hierarchy is derived by a
stepwise elaboration of each task identified for the user.
For example, consider the user task requests that a prescription be refilled. The
following task hierarchy is developed:
Request that a prescription be refilled

•

Provide identifying information
o Specify name
o Specify user-id
o Specify PIN and password

•

Specify prescription number

•

Specify date refill is required

To complete the request that a prescription be refilled tasks, three subtasks are defined.
One of these subtasks, provide identifying information, is further elaborated in three additional
sub-subtasks.
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10.4.3 Analysis of Display Content

The user tasks identified in the preceding section lead to the presentation of a variety of
different types of content. For modern applications, display content can range from characterbased reports (e.g., a spreadsheet), graphical displays (e.g.., a histogram, a 3-D model, a picture
of a person), or specialized information (e.g., audio or video files).
The analysis modeling techniques identify the output data objects that are produced by
an application. These data objects maybe (1) generated by components (unrelated to the
interface) in other parts of the application; (2) acquired from data stored in a database that is
accessible from the application; or (3) transmitted from systems external to the application in
question.
During this interface analysis step, the format and aesthetics of the content (as it is
displayed by the interface) are considered. Among the questions that are asked and answered
are:
• Are different types of data assigned to consistent geographic locations on the screen (e.g.,
photos always appear in the upper right hand corner)?
• Can the user customize the screen location for content?
• Is proper on-screen identification assigned to all content?
• How is a large report partitioned for ease of understanding?
• Will mechanisms be available for moving directly to summary information for large
collections of data?
• Will graphical output be scaled to fit within the bounds of the display device that is used?
• How will color be used to enhance understanding?
•

How will error messages and warnings be presented to the user?
As each of these (and other) questions are answered, the requirements for content

presentation are established.
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10.4.4 Analysis of the Work Environment

Hackos and Redish discuss the importance of work environment analysis when they
state:
People do not perform their work in isolation. They are influenced by the activity
around them, the physical characteristics of the workplace, the type of equipment
they are using, and the work relationships they have with other people. If the
products you design do not fit into the environment, they may be difficult or
frustrating to use.
In some applications the user interface for a computer-based system is placed in a "userfriendly location" (e.g., proper lighting, good display height, easy keyboard access), but in others
(e.g., a factory floor or an airplane cockpit) lighting may be sub- optimal, noise may be a factor,
a keyboard or mouse may not be an option, display placement maybe less than ideal. The
interface designer may be constrained by factors that mitigate against ease of use.
In addition to physical environmental factors, the work place culture also comes into
play. Will system interaction be measured in some manner (e.g., time per transaction or accuracy
of a transaction)? Will two or more people have to share information before an input can be
provided? How will support be provided to users of the system? These and many related
questions should be answered before the interface design commences.
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10.5. INTERFACE DESIGN STEPS
Once interface analysis has been completed, all tasks (or objects and actions) required by
the end-user have been identified in detail, and the interface design activity commences.
Interface design, like all software engineering design, is an iterative process. Each user interface
design step occurs a number of times, each elaborating and refining information developed in the
preceding step.
Although many different user interface design models have been proposed, all suggest
some combination of the following steps:
1. Using information developed during interface analysis, define interface objects and actions.
2. Define events (user actions) that will cause the state of the user interface to change. Model
this behavior.
3. Depict each interface state as it will actually look to the end-user.
4. Indicate how the user interprets the state of the system from information provided through the
interface.
In some cases, the interface designer may begin with sketches of each interface state (i.e.,
what the user interface looks like under various circumstances) and then work backward to
define objects, actions, and other important design information. Regardless of the sequence of
design tasks, the designer must do the following:
(1) Always follow the golden rules.
(2) Model how the Interface will be implemented.
(3) Consider the environment (e.g., display technology, operating system, development tools)
that will be used.
10.5.1 Applying Interface Design Steps

An important step in interface design is the definition of interface objects and the actions
that are applied to them. To accomplish this, use-cases are parsed, that is, a description of a usecase is written. Nouns (objects) and verbs (actions) are isolated to create a list of objects and
actions.
Once the objects and actions have been defined and elaborated iteratively, they are
categorized by type. Target, source, and application objects are identified. A source object (e.g.,
a report icon) is dragged and dropped onto a target object (e.g., a printer icon). The implication
of this action is to create a hard-copy report. An application object represents applicationPrepared by: Dept. of CSE, RGMCET (Autonomous), Nandyal
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specific data that are not directly manipulated as part of screen interaction. For example, a
mailing list is used to store names for a mailing. The list itself might be sorted, merged, or
purged (menu-based actions), but it is not dragged and dropped via user interaction.
When the designer is satisfied that all important objects and actions have been defined
(for one design iteration), screen layout is performed. Like other interface design activities,
screen layout is an interactive process in which graphical design and placement of icons,
definition of descriptive screen text, specification and titling for windows, and definition of
major and minor menu items is conducted, if a real world metaphor is appropriate for the
application, it is specified at this time, and the layout is organized in a manner that complements
the metaphor.
To provide a brief illustration of the design steps noted previously, we consider a user
scenario for the SafeHome system. A preliminary use-case (written by the homeowner) for the
interface follows:
Preliminary use-case:

I want to gain access to my SafeHome system from any remote location via the
Internet. Using browser software operating on my notebook computer (while I'm at work or
traveling). I can determine the status of the alarm system; reconfigure security zones; and
view different rooms within the house via pre-installed video cameras.
To access SafeHome from a remote location, I provide an identifier and a password.
These define levels of access (e.g., all users may not be able to reconfigure the system) and
provide security. Once validated, I can check the status of the system and change status by
arming or disarming SafeHome. I can reconfigure the system by displaying a floor plan of
the house, viewing each of the security sensors, displaying each currently configured zone
and modifying zones as required. I can view the interior of the house via strategically
placed video cameras. I can pan and zoom each camera to provide different views of the
interior.
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Based on this use-case, the following homeowner tasks, objects, and data items are identified:
1.

Accesses the SafeHome system

2.

Enters an ID and password to allow remote access

3.

Checks system status

4.

Arms or disarms SafeHome system

5.

Displays floor plan and sensor locations

6.

Displays zones on floor plan

7. Changes zones on floor plan
8.

Displays video camera locations on floor plan

9.

Selects video camera for viewing

10. Views video images
11. Pans or zooms the video camera
Objects (boldface) and actions (italics) are extracted from this list of homeowner tasks.
The majority of objects noted are application objects. However, video camera location (a
source object) is dragged and dropped onto video camera (a target object) to create a video
image (a window that contains the video display).
A preliminary sketch of the screen layout for video monitoring is created (Figure
10.3).To invoke the video image, a video camera location icon, C, located in the floor plan
displayed in the monitoring window, is selected, in this case, a camera location in the living
room, LR, is then dragged and dropped onto the video camera icon in the upper left-hand
portion of the screen. The video image window appears, displaying streaming video from the
camera located in the living room (LR). The zoom and pan control slides are used to control the
magnification and direction of the video image. To select a view from another camera, the user
simply drags and drops a different camera location icon into the camera icon in the upper lefthand corner of the screen.
The layout sketch shown would have to be supplemented with an expansion of each
menu item within the menu bar, indicating what actions are available for the video monitoring
mode (state). A complete set of sketches for each homeowner task noted in the user scenario
would be created during the interface design.
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Fig: 10.3 Preliminary screen layout

10.5.2 User Interlace Design Patterns

Sophisticated graphical user interfaces have become so common that a wide variety of
user interface design patterns has emerged. A design pattern is an abstraction that prescribes a
design solution to a specific, well- bounded design problem. Each of the example patterns
presented in the sidebar would also have a complete component-level design, including design
classes, attributes, operations, and interfaces.

Note:
A comprehensive discussion of user interface patterns is beyond the scope of this book.
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10.5.3 Design Issues

As the design of a user interface evolves, four common design issues almost always surface: System response time, User help facilities, error information handling, and Command
labeling. Unfortunately, many designers do not address these issues until relatively late in the

design process. Unnecessary iteration, project delays, and customer frustration often result. It is
far better to establish each as a design issue to be considered at the beginning of software
design, when changes are easy and costs are low.
i) Response time:

System response time is the primary complaint for many interactive applications. In
general, system response time is measured from the point at which the user performs some
control action (e.g., hits the return key or clicks a mouse) until the software responds with the
desired output or action. System response time has two important characteristics: length and
variability.

If system response is too long, user frustration and stress is the inevitable result.
Variability refers to the deviation from average response time, and, in many ways, it is the most
important response time characteristic. Low variability enables the user to establish an
interaction rhythm, even if response time is relatively long. For example, a 1- second response to
a command will often be preferable to a response that varies from 0.1 to 2.5 seconds. When
variability is significant, the user is always off balance, always wondering whether something
"different" has occurred behind the scenes.
ii) Help facilities

Almost every user of an interactive, computer-based system requires help. In some cases,
a simple question addressed to a knowledgeable colleague can do the trick. In others, detailed
research in a multivolume set of "user manuals" may be the only option. In most cases, however,
modern software provides on-line help facilities that enable a user to get a question answered or
resolve a problem without leaving the interface.
A number of design issues must be addressed when a help facility is considered:
•

Will help be available for all system functions and at all times during system
interaction? Options include help for only a subset of all functions and actions or help
for all functions.
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How will the user request help? Options include a help menu, a special function key, or
a HELP command.

•

How will help be represented? Options include a separate window, a reference to a
printed document (less than ideal), or a one- or two-line suggestion produced in a fixed
screen location.

•

How will the user return to normal interaction' Options include a return button
displayed on the screen, a function key, or control sequence.

•

How will help information be structured? Options include a "fiat" structure in which
all information is accessed through a keyword, a layered hierarchy of information that
provides increasing detail as the user proceeds into the structure, or the use of
hypertext.

iii) Error handling

Error messages and warnings are "bad news" delivered to users of interactive systems
when something has gone awry. At their worst, error messages and warnings impart useless or
misleading information and serve only to increase user frustration.
In general, every error message or warning produced by an interactive system should
have the following characteristics:
i) The message should describe the problem in language the user can understand.
ii) The message should provide constructive advice for recovering from the error.
iii) The message should indicate any negative consequences of the error (e.g., potentially
corrupted data files) so that the user can check to ensure that they have not occurred (or
correct them if they have).
iv) The message should be accompanied by an audible or visual cue. That is, a beep might be
generated to accompany the display of the message, or the message might flash
momentarily or be displayed in a color that is easily recognizable as the "error color”.
v) The message should be nonjudgmental. That is, the wording should never place blame on
the user.
Because no one really likes bad news, few users will like an error message no matter
how well designed. But an effective error message philosophy can do much to improve the
quality of an interactive system and will significantly reduce user frustration when problems
do occur.
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iv) Menu and command labeling

The typed command was once the most common mode of interaction between users and
system software and was commonly used for applications of every type. Today, the use of
window-oriented, point and pick interfaces has reduced reliance on typed commands, but
many power-users continue to prefer a command-oriented mode of interaction.
A number of design issues arise when typed commands or menu labels are provided as a
mode of interaction:
•

Will every menu option have a corresponding command?

•

What form will commands take? Options include a control sequence (e.g., alt-P),
function keys, or a typed word.

•

How difficult will it be to learn and remember the commands? What can be done if a
command is forgotten?

•

Can commands be customized or abbreviated by the user?

•

Are menu labels self-explanatory within the context of the interface?

•

Are submenus consistent with the function implied by a master menu item?

v) Internationalization

Software engineers and their managers invariably underestimate the effort and skills
required to create user interfaces that accommodate the needs of different locales and
languages. Too often, interfaces are designed for one locale and language and then jury-rigged
to work in other countries. The challenge for interface designers is to create "globalized"
software. That is, user interfaces should be designed to accommodate a generic core of
functionality that can be delivered to all who use the software. Localization features enable the
interface to be customized for a specific market.
A variety of internationalization guidelines are available to software engineers. These
guidelines address broad design issues (e.g., screen layouts may differ in various markets) and
discrete implementation issues (e.g., different alphabets may create specialized labeling and
spacing requirements). The Unicode standard has been developed to address the daunting
challenge of managing dozens of natural languages with hundred of characters and symbols.
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1 0 . 6 D ESIGN E VALUATION
Once an operational user interface prototype has been created, it must be evaluated to
determine whether it meets the needs of the user. Evaluation can span a formality spectrum that
ranges from an informal "test drive." in which a user provides impromptu feedback to a formally
designed study that uses statistical methods for the evaluation of questionnaires completed by a
population of end-users.
The user interface evaluation cycle takes the form shown in Figure 10.4. After the design
model has been completed, a first-level prototype is created. The prototype is evaluated by the
user, who provides the designer with direct comments about the efficacy of the interface. In
addition, if formal evaluation techniques are used (e.g., questionnaires, rating sheets), the
designer may extract information from these data (e.g., 80 percent of all users did not like the
mechanism for saving data files). Design modifications are made based on user input, and the
next level prototype is created. The evaluation cycle continues until no further modifications to
the interface design are necessary.

Fig 10.4 The interface design evaluation cycle
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The prototyping approach is effective, but is it possible to evaluate the quality of a user
interface before a prototype is built? If potential problems can be uncovered and corrected
early, the number of loops through the evaluation cycle will be reduced and development time
will shorten. If a design model of the interface has been created, a number of evaluation criteria
can be applied during early design reviews:
1. The length and complexity of the written specification of the system and its interface
provide an indication of the amount of learning required by users of the system.
2. The number of user tasks specified and the average number of actions per task provide an
indication of interaction time and the overall efficiency of the system.
3. The number of actions, tasks, and system states indicated by the design model imply
the memory load on users of the system.
4. Interface style, help facilities, and error handling protocol provide a general indication of
the complexity of the interface and the degree to which it will be accepted by the user.
Once the first prototype is built, the designer can collect a variety of qualitative and
quantitative data that will assist in evaluating the interface. To collect qualitative data,
questionnaires can be distributed to users of the prototype. Questions can be (1) simple yes/no
response, (2) numeric response, (3) scaled (subjective) response, (4) Likert scales (e.g., strongly
agree, somewhat agree), (5) percentage (subjective) response, or (6) open-ended.
If quantitative data are desired, a form of time study analysis can be conducted. Users are
observed during interaction, and data--such as number of tasks correctly completed over a
standard time period, frequency of actions, sequence of actions, time spent "looking" at the
display, number and types of errors, error recovery time, time spent using help, and number of
help references per standard time period---are collected and used as a guide for interface
modification.
It is important to note that experts in ergonomics and interface design may also conduct
reviews of the interface. These reviews are called heuristic evaluations or cognitive
walkthroughs.
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10.7 S U MM A R Y
The user interface is arguably the most important element of a computer-based system or
product. If the interface is poorly designed, the user's ability to tap the computational power of
an application may be severely hindered, in fact, a weak interface may cause an otherwise welldesigned and solidly implemented application to fail.
Three important principles guide the design of effective user interfaces: (1) place the
user in control, (2) reduce the user's memory load, and (3) make the interface consistent. To
achieve an interface that abides by these principles, an organized design process must be
conducted.
The development of a user interface begins with a series of analysis tasks. These include
user identification, task, and environmental analysis/modeling. User analysis defines the profiles
of various end-users and applies information gathered from a variety of business and technical
sources. Task analysis defines user tasks and actions using either an elaborative or objectoriented approach, applying use-cases, task and object elaboration, workflow analysis, and
hierarchical task representations to fully understand the human-computer interaction.
Environmental analysis identifies the physical and social structures in which the interface must
operate.
Once tasks have been identified, user scenarios are created and analyzed to define a set
of interface objects and actions. This provides a basis for the creation of screen layout that
depicts graphical design and placement of icons, definition of descriptive screen text,
specification and titling for windows, and specification of major and minor menu items. Design
issues such as response time, command and action structure, error handling, and help facilities
are considered as the design model is refined. A variety of implementation tools are used to
build a prototype for evaluation by the user.

XXXXXXXXXXXXXXXXXXXX
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1. Software Quality
Even the most jaded software developers will agree that high-quality software is an
important goal. But how do we define quality? In the most general sense, software quality is
conformance to explicitly stated functional and performance requirements, explicitly
documented development standards, and implicit characteristics that are expected of all
professionally developed software.
There is little question that the preceding definition could be modified or extended and
debated endlessly. For the purposes of this chapter, the definition serves to emphasize three
important points:
1.

Software requirements are the foundation from which quality is measured. Lack of
conformance to requirements is lack of quality.

2. Specified standards define a set of development criteria that guide the manner in which
software is engineered. If the criteria are not followed, lack of quality will almost
surely result.
3. There is a set of implicit requirements that often goes unmentioned (e.g., the desire for
ease of use). If software conforms to its explicit requirements but fails to meet implicit
requirements, software quality is suspect.
Software quality is a complex mix of factors that will vary across different applications and the customers who request them. In the sections that follow, software quality
factors are identified and the human activities required to achieve them are described.
1.1 McCall's Quality Factors
The factors that affect software quality can be categorized in two broad groups:
(1) Factors that can be directly measured (e.g., defects uncovered during testing)
(2) Factors that can be measured only indirectly (e.g., usability or maintainability).
In each case measurement should occur. We must compare the software (programs,
data, and documents) to some datum and arrive at an indication of quality.
McCall, Richards and Walters propose a useful categorization of factors that affect
software quality. These software quality factors, shown in Figure 1, focus on three important
aspects of a software product: its operational characteristics, its ability to undergo change,
and its adaptability to new environments.
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Fig 1: McCall’s software quality factors

Referring to the factors noted in Figure 1, McCall and his colleagues provide the
following descriptions:
a)

Correctness: The extent to which a program satisfies its specification and fulfills the
customer's mission objectives.

b)

Reliability: The extent to which a program can be expected to perform its intended
function with required precision.

c)

Efficiency: The amount of computing resources and code required by a program to
perform its function.

d)

Integrity: The extent to which access to software or data by unauthorized persons
can be controlled.

e)

Usability: The effort required to learn, operate, prepare Input for, and interpret output
of a program.

f)

Maintainability: The effort required to locate and fix an error in a program.

g)

Flexibility: The effort required to modify an operational program.

h)

Testability: The effort required to test a program to ensure that it performs its
intended function.

i)

Portability: The effort required to transfer the program from one hardware and/or
software system environment to another.

j)

Reusability: The extent to which a program [or parts of a program] can be reused in
other applications.

k)

Interoperability: The effort required to couple one system to another.
It is difficult, and in some cases impossible, to develop direct measures of these

quality factors. In fact, many of the metrics defined by McCall et al. can be measured only
subjectively. The metrics may be in the form of a checklist that is used to "grade" specific
attributes of the software.
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1.2 ISO 9126 Quality Factors
The ISO 9126 standard was developed in an attempt to identify quality attributes for
computer software. This standard identifies six key quality attributes:
i) Functionality: The degree to which the software satisfies stated needs as indicated by
the following sub-attributes: suitability, accuracy, interoperability, compliance, and
security.
ii) Reliability: The amount of time that the software is available for use as indicated by
the following sub-attributes: maturity, fault tolerance, recoverability.
iii) Usability: The degree to which the software is easy to use as indicated by the following
sub-attributes: understandability, learnability, operability.
iv) Efficiency: The degree to which the software makes optimal use of system resources
as indicated by the following sub-attributes: time behavior, resource behavior.
v) Maintainability: The ease with which repair may be made to the software as indicated
by the following sub-attributes: analyzability, changeability, stability, testability.
vi) Portability: The ease with which the software can be transposed from one environment
to another as indicated by the following sub-attributes: adaptability, installability,
conformance, replaceability.
Like other software quality factors the ISO 9126 factors do not necessarily lend
themselves to direct measurement. However, they do provide a worthwhile basis for indirect
measures and an excellent checklist for assessing the quality of a system.

2. SOFTWARE MEASUREMENT
Measurement enables us to gain insight into the process and the project by providing a
mechanism for objective evaluation. Lord Kelvin once said:

[When you can measure what you are speaking about and express it in numbers, you
know something about it; but when you cannot measure, when you cannot express it in
numbers, your knowledge is of a meager and unsatisfactory kind]
The software engineering community has taken Lord Kelvin's words to heart.
Measurement can be applied to the software process with the intent of improving it on a
continuous basis. Measurement can be used throughout a software project to assist in
estimation, quality control, productivity assessment, and project control. Finally,
measurement can be used by software engineers to help assess the quality of work products
and to assist in tactical decision-making as a project proceeds.
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In their guidebook on software measurement, Park, Goethert, and Florae note the
reasons that we measure:
(1) To characterize in an effort to gain an understanding "of processes, products, resources,
and environments, and to establish baselines for comparisons with future assessments".
(2) To evaluate "to determine status with respect to plans".
(3) To predict by "gaining understandings of relationships among processes and products
and building models of these relationships".
(4) To improve by "identifying roadblocks, root causes, inefficiencies, and other
opportunities for improving product quality and process performance."
Measurement is a management tool. If conducted properly, it provides a project
manager with insight. And as a result, it assists the project manager and the software team in
making decisions that will lead to a successful project.
2.1. Metrics in the Process and Project Domains

Process metrics are collected across all projects and over long periods of time. Their
intent is to provide a set of process indicators that lead to long-term software process
improvement. Project metrics enable a software project manager to (1) assess the status of an
ongoing project, (2) track potential risks, (3) uncover problem areas before they go "critical,"
(4) adjust work flow or tasks, and (5) evaluate the project team's ability to control quality of
software work products.
Measures that are collected by a project team and converted into metrics for use
during a project can also be transmitted to those with responsibility for software process
improvement. For this reason, many of the same metrics are used in both the process and
project domain.
2.1.1 Process Metrics and Software Process Improvement

The only way to improve any process is to measure specific attributes of the process,
develop a set of meaningful metrics based on these attributes, and then use the metrics to
provide indicators that will lead to a strategy for improvement. But before we discuss
software metrics and their impact on software process improvement, it is important to note
that process is only one of a number of "controllable factors in improving software quality
and organizational performance".
Referring to Figure 2, process sits at the center of a triangle connecting three factors
that have a profound influence on software quality and organizational performance. The skill
and motivation of people has been shown to be the single most influential factor in quality
and performance. The complexity of the product can have a substantial impact on quality and
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team performance. The technology (i.e., the software engineering methods and tools) that
populates the process also has an impact.

Fig 2: Determinants for software quality and organizational effectiveness

In addition, the process triangle exists within a circle of environmental conditions that
include the development environment (e.g., CASE tools), business conditions (e.g., deadlines,
business rules), and customer characteristics (e.g., ease of communication and collaboration).
We measure the efficacy of a software process indirectly. That is, we derive a set of
metrics based on the outcomes that can be derived from the process. Outcomes include
measures of errors uncovered before release of the software, defects delivered to and
reported by end-users, work products delivered (productivity), human effort expended,
calendar time expended, schedule conformance, and other measures, we also derive process
metrics by measuring the characteristics of specific software engineering tasks. For example,
we might measure the effort and time spent performing the generic software engineering
activities.
Note: Thee skills and motivation of the software people doing the work are the most
important factors that influence software quality.
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 What is the Difference between private and public uses for software products?
Grady argues that there are "private and public" uses for different types of process
data. Because it is natural that individual software engineers might be sensitive to the use of
metrics collected on an individual basis, these data should be private to the individual and
serve as an indicator for the individual only. Examples of private metrics include defect rates
by individual, defect rates by software component, and errors found during development.
The "private process data" philosophy conforms well to the personal software process
approach proposed by Humphrey. Humphrey recognizes that software process improvement
can and should begin at the individual level. Private process data can serve as an important
driver as the individual software engineer works to improve.
Some process metrics are private to the software project team but public to all team
members. Examples include defects reported for major software functions (that have been
developed by a number of practitioners), errors found during formal technical reviews, and
lines of code or function points per component. These data are reviewed by the team to
uncover indicators that can improve team performance.
Public metrics generally assimilate [i.e., Take in and understand fully] information
that originally was private to individuals and teams. Project level defect rates, effort, calendar
times, and related data are collected and evaluated in an attempt to uncover indicators that
can improve organizational process performance.
Software process metrics can provide significant benefit as an organization works to
improve its overall level of process maturity. However, like all metrics, these can be misused,
creating more problems than they solve.

 What are the guidelines should be applied when we collect software metrics?
•

Use common sense and organizational sensitivity when interpreting metrics data.

•

Provide regular feedback to the individuals and teams who collect measures and metrics.

•

Don't use metrics to appraise individuals.

•

Work with practitioners and teams to set clear goals and metrics that will be used to
achieve them.

•

Never use metrics to threaten individuals or teams.

•

Metrics data that indicate a problem area should not be considered "negative." These data
are merely an indicator for process improvement.

•

Don't obsess on a single metric to the exclusion of other important metrics.
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As an organization becomes more comfortable with the collection and use of process
metrics, the derivation of simple indicators gives way to a more rigorous approach called
statistical software process improvement (SSPI). SSPl uses software failure analysis to collect
information about all errors and defects' encountered as an application, system, or product is
developed and used.
2.1.2 Project Metrics
Unlike software process metrics that are used for strategic purposes, software project
metrics are tactical. That is, project metrics and the indicators derived from them are used
by a project manager and a software team to adapt project workflow and technical activities.

The first application of project metrics on most software projects occurs during
estimation. Metrics collected from past projects are used as a basis from which effort and
time estimates are made for current software work. As a project proceeds, measures of
effort and calendar time expended are compared to original estimates. The project manager
uses these data to monitor and control progress.
As technical work commences, other project metrics begin to have significance.
Production rates represented in terms of models created, review hours, function points, and
delivered source lines are measured.
In addition, errors uncovered during each software engineering task are tracked. As
the software evolves from requirements into design, technical metrics are collected to assess
design quality and to provide indicators that will influence the approach taken to code generation and testing.

 How should we use metrics during the project itself?
The intent of project metrics is twofold. First, these metrics arc used to minimize the
development schedule by making the adjustments necessary to avoid delays and mitigate
potential problems and risks. Second, project metrics are used to assess product quality on
an ongoing basis and, when necessary, modify the technical approach to improve quality.
As quality improves, defects are minimized, and as the defect count goes down, the
amount of rework required during the project is also reduced. This leads to a reduction in
overall project cost.
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2.2 Software Measurement
Software measurement can be categorized in two ways:
(1) Direct measures of the software process (e.g.. cost and effort applied) and product (e.g..
lines of code (LOC) produced, execution speed, and defects reported over some set
period of time).
(2) Indirect measures of the product that include functionality, quality, complexity,
efficiency, reliability, maintainability etc.
Project metrics can be consolidated to create process metrics that are public to the
software organization as a whole. But how does an organization combine metrics that come
from different individuals or projects?
To illustrate, we consider a simple example. Individuals on two different project teams
record and categorize all errors that they find during the software process. Individual
measures are then combined to develop team measures. Team A found 342 errors during the
software process prior to release. Team B found 184 errors. All other things being equal,
which team is more effective in uncovering errors throughout the process? Because we do not
know the size or complexity of the projects, we cannot answer this question. However, if the
measures are normalized, it is possible to create software metrics that enable comparison to
broader organizational averages. Both size- and function-oriented metrics are normalized in
this manner.
22.2.1 Size-Oriented Metrics
Size-oriented software metrics are derived by normalizing quality and/or productivity
measures by considering the size of the software that has been produced. If a software
organization maintains simple records, a table of size-oriented measures, such as the one
shown in Figure 3, can be created.

Fig 3: Size-oriented metrics
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The table lists each software development project that has been completed over the
past few years and corresponding measures for that project. Referring to the table entry
(Figure 3) for project alpha: 12,100 lines of code were developed with 24 person-months of
effort at a cost of $168,000.
It should be noted that the effort and cost recorded in the table represent all software
engineering activities (analysis, design, code, and test), not just coding. Further information
for project alpha indicates that 365 pages of documentation were developed, 134 errors were
recorded before the software was released, and 29 defects were encountered after release to
the customer within the first year of operation. Three people worked on the development of
software for project alpha.
To develop metrics that can be assimilated with similar metrics from other projects,
we choose lines of code as our normalization value. From the rudimentary [i.e., Involving or
limited to basic principles. Immature, undeveloped, or basic] data contained in the table, a set
of simple size-oriented metrics can be developed for each project: errors per KLOC (thousand
lines of code), defects per KLOC, $ per KLOC, pages of documentation per KLOC.
In addition, other interesting metrics can be computed: errors per person-month.
KLOC per person-month, $ per page of documentation.
Size-oriented metrics are not universally accepted as the best way to measure the
software process. Most of the controversy swirls [i.e., Move in a twisting or spiraling pattern]
around the use of lines of code as a key measure. Proponents of the LOC measure claim that
LOC is an "artifact" of all software development projects that can be easily counted, that
many existing software estimation models use LOC or KLOC as a key input, and that a large
body of literature and data predicated on LOC already exists.
On the other hand, opponents argue that LOC measures are programming language
dependent, that when productivity is considered, they penalize well-designed but shorter
programs, that they cannot easily accommodate nonprocedural languages, and that their use
in estimation requires a level of detail that may be difficult to achieve (i.e.. the planner must
estimate the LOC to be produced long before analysis and design have been completed).
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2.2.2 Function-Oriented Metrics
Function-oriented software metrics use a measure of the functionality delivered by the
application as a normalization value. The most widely used function-oriented metric is the

function point (FP). Computation of the function point is based on characteristics of the
software's information domain and complexity.
The function point, like the LOC measure, is controversial. Proponents claim that FP
is programming language independent, making it ideal for applications using conventional
and nonprocedural languages, and that it is based on data that are more likely to be known
early in the evolution of a project, making FP more attractive as an estimation approach.
Opponents claim that the method requires some "sleight of hand" [i.e., ways of
deceiving[i.e., (of a person) Cause (someone) to believe something that is not true, typically
in order to gain some personal advantage (or) (of a thing) Give a mistaken impression: "the
area may seem to offer nothing of interest, but don't be deceived"] people which you need
skill to do], in that computation is based on subjective rather than objective data, that counts
of the information domain can be difficult to collect after the fact, and that FP has no direct
physical meaning—it's just a number.
2.2.3 Reconciling LOC and FP Metrics
The relationship between lines of code (LOC) and function points (FP) depends upon
the programming language that is used to implement the software and the quality of the design.
A number of studies have attempted to relate FP and LOC measures. The following table
provides rough estimates of the average number of lines of code required to build one function
point in various programming languages:
Programming
Language

LOC per Function point

---------------------------------------------------------------------------------------------------------------Avg.

Median

Low

High

Access

35

38

15

47

Ada

154

—

104

205

APS

86

83

20

184

ASP 69

62

—

32

127

Assembler

337

315

91

694

C

162

109

33

704

C+ +

66

53

29

178
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Clipper

38

39

27

70

COBOL

77

77

14

400

Cool; Gen/IEF

38

31

10

180

Culprit

51

—

—

—

DBaselV

52

—

—

—

Easytrieve+

33

34

25

41

Excel47

46

—

31

63

Focus

43

42

32

56

FORTRAN

—

—

—

—

FoxPro

32

35

25

35

Ideal

66

52

34

203

IEF/Cool:Gen

38

31

10

180

Informix

42

31

24

57

Java

.63

53

77

—

Java script

58

63

42

75

JCL

91

123

26

150

JSP

•59

—

—

—

lotus Notes

21

22

15

25

mantis

71

27

22

250

Mapper

118

81

16

245

Natural

60

52

22

141

Oracle

30

35

4

217

PeopleSoft

33

32

30

40

Perl

60

—

—

—

PL/1

78

67

22

263

Power builder

32

31

11

105

REXX

67

—

—

_

RPG II/III

61

49

24

155

SAS

40

41

33

49

Small talk

26

19

10

55

SQL

40

37

7

110

VBScripl36

34

27

50

—

Visual Basic

47

42

16

158
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A review of these data indicates that one LOC of C+ + provides approximately 2.4
times the "functionality" (on average) as one LOC of C. Furthermore, one LOC of a
Smalltalk provides at least four times the functionality of a LOC for a conventional
programming language such as Ada, COBOL, or C.
Using the information contained in the table, it is possible to "backfire" existing
software to estimate the number of function points, once the total number of programming
language statements are known.
Function points and LOC-based metrics have been found to be relatively accurate
predictors of software development effort and cost. However, to use LOC and FP for
estimation, a historical baseline of information must be established.
Within the context of process and project metrics, we are concerned primarily with
productivity and quality measures of software development "output" as a function of effort
and time applied and measures of the "fitness for use" of the work products that are produced.
For process improvement and project planning purposes, our interest is historical.
What was software development productivity on past projects? What was the quality of the
software that was produced? How can past productivity and quality data are extrapolated to
the present? How can it help us improve the process and plan new projects more accurately?
2.2.4 Object-Oriented Metrics
Conventional software project metrics (LOC or FP) can be used to estimate objectoriented software projects. However, these metrics do not provide enough granularity for the
schedule and effort adjustments that are required as we iterate through an evolutionary or
incremental process.

Lorenz and Kidd suggest the following set of metrics for OO projects:
i) Number of scenario scripts. A scenario script is a detailed sequence of steps that describes
the interaction between the user and the application. The number of scenario scripts is directly
correlated to the size of the application and to the number of test cases that must be developed
to exercise the system once it is constructed

ii) Number of key classes. Key classes are the "highly independent components" that are
defined early in object-oriented analysis.* Because key classes are central to the problem
domain, the number of such classes is an indication of the amount of effort required to
develop the software and also an indication of the potential amount of reuse to be applied
during system development.
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iii) Number of support classes. Support classes are required to implement the system but are
not immediately related to the problem domain. Examples might be User Interafce classes,
database access and manipulation classes, and computation classes. In addition, support
classes can be developed for each of the key classes. The number of support classes is an
indication of the amount of effort required to develop the software and an indication of the
potential amount of reuse to be applied during system development.

iv) Average number of support classes per key class. In general, key classes are known early
in the project. Support classes are defined throughout. If the average number of support
classes per key class were known for a given problem domain, estimating (based on total
number of classes) would be much simplified.

v) Number of subsystems. A subsystem is an aggregation of classes that support a function
that is visible to the end-user of a system. Once subsystems are identified, it is easier to lay
out a reasonable schedule in which work on subsystems is partitioned among project staff.
To be used effectively in an object-oriented software engineering environment,
metrics similar to those noted above must be collected along with project measures such as
effort expended, errors and defects uncovered, and models or documentation pages produced.
As the database grows (after a number of projects have been completed), relationships
between object-oriented measures and project measures will provide metrics that can aid in
project estimation.
2.2.5 Use-Case Oriented Metrics
It would seem reasonable to apply the use-case as a normalization measure similar to
LOC or FP. Like FP, the use-case is defined early in the software process, allowing it to be
used for estimation before significant modeling and construction activities are initiated.
Use-cases describe user-visible functions and features that are basic requirements for a
system. The use-case is independent of programming language. In addition, the number of
use-cases is directly proportional to the size of the application in LOC and to the number of
test cases that will have to be designed to fully exercise the application.
Because use-cases can be created at vastly different levels of abstraction, there is no
standard size for a use-case. Without a standard measure of what a use-case is, its application
as a normalization measure (e.g., effort expended per use-case) is suspect. Although a number
of researchers have attempted to derive use-case metrics, much work remains to be done.
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2.2.6 Web Engineering Project Metrics
The objective of all Web engineering projects is to build a Web application (WebApp)
that delivers a combination of content and functionality to the end-user. Measures and metrics
used for traditional software engineering projects are difficult to translate directly to
WebApps. Yet, a Web engineering organization should develop a database that allows it to
assess its internal productivity and quality over a number of projects. Among the measures
that can be collected are:

i) Number of static Web pages. Web pages with static content (i.e.. the end-user has no
control over the content displayed on the page) are the most common of all WebApp features.
These pages represent low relative complexity and generally require less effort to construct
than dynamic pages. This measure provides an indication of the overall size of the application
and the effort required to develop it.

ii) Number of dynamic Web pages. Web pages with dynamic content (i.e., end- user actions
result in customized content displayed on the page) are essential in all e-commerce
applications, search engines, financial applications, and many other WebApp categories.
These pages represent higher relative complexity and require more effort to construct than
static pages. This measure provides an indication of the overall size of the application and the
effort required to develop it.

iii) Number of internal page links. Internal page links are pointers that provide a hyperlink to
some other Web page within the WebApp. This measure provides an indication of the degree
of architectural coupling within the WebApp. As the number of page links increases, the
effort expended on navigational design and construction also increases.

iv) Number of persistent data objects. One or more persistent data objects (e.g., a database or
data file) may be accessed by a WebApp. As the number of persistent data objects grows, the
complexity of the WebApp also grows, and effort to implement it increases proportionally.

v) Number of external systems interfaced. WebApps must often interface with business
applications. As the requirement for interfacing grows, system complexity and development
effort also increase.

vi) Number of static content objects. Static content objects encompass static text-based,
graphical, video, animation, and audio information that are incorporated within the WebApp.
Multiple content objects may appear on a single Web page.
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vii) Number of dynamic content objects. Dynamic content objects are generated based on
end-user actions and encompass internally generated text-based, graphical, video, animation,
and audio information that are incorporated within the WebApp. Multiple content objects
may appear on a single Web page.

viii) Number of executable functions. An executable function (e.g., a script or applet)
provides some computational service to the end-user. As the number of executable functions
increases, modeling and construction effort also increase.
Each of the measures noted above can be determined at a relatively early stage of the
Web engineering process. For example, we can define a metric that reflects the degree of enduser customization that is required for the WebApp and correlate it to the effort expended on
the WebE project and/or the errors uncovered as reviews and testing are conducted. To
accomplish this, we define
Nsp = number of static Web pages
Ndp = number of dynamic Web pages
Then,
Customization index, C = Ndp/( Ndp+ Nsp)
Here, the value of C ranges from 0 to 1. As C grows larger the level of WebApp customization becomes a significant technical issue.
Similar Web application metrics can be computed and correlated with project
measures such as effort expended, errors and defects uncovered, and models or documentation pages produced. As the database grows (after a number of projects have been
completed), relationships between the WebApp measures and project measures will provide
indicators that can aid in project estimation.
2.3 Metrics for Software Quality
The overriding goal of software engineering is to produce a high-quality system, application, or product within a timeframe that satisfies a market need. To achieve this goal,
software engineers must apply effective methods coupled with modern tools within the
context of a mature software process. In addition, a good software engineer must measure if
high quality is to be realized.
Private metrics collected by individual software engineers are assimilated to provide
project-level results. Although many quality measures can be collected, the primary thrust at
the project level is to measure errors and defects. Metrics derived from these measures
provide an indication of the effectiveness of individual and group software quality assurance
and control activities.
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Metrics such as work product (e.g., requirements or design) errors per function point,
errors uncovered per review hour, and errors uncovered per testing hour provide insight into
the efficacy of each of the activities implied by the metric. Error data can also be used to
compute the defect removal efficiency (DRE) for each process framework activity. DRE is
discussed in next Section.
2.3.1 Measuring Quality
Although there are many measures of software quality, correctness, maintainability,
integrity, and usability provide useful indicators for the project team. Gilb suggests
definitions and measures for each.
i) Correctness:
A program must operate correctly or it provides little value to its users. Correctness is
the degree to which the software performs its required function. The most common measure
for correctness is defects per KLOC, where a defect is defined as a verified lack of
conformance to requirements. When considering the overall quality of a software product,
defects are those problems reported by a user of the program after the program has been
released for general use. For quality assessment purposes, defects are counted over a standard
period of time, typically one year.
ii) Maintainability:
Software maintenance accounts for more effort than any other software engineering
activity. Maintainability is the ease with which a program can be corrected if an error is
encountered, adapted if its environment changes, or enhanced if the customer desires a
change in requirements.
There is no way to measure maintainability directly; therefore, we must use indirect
measures. A simple time-oriented metric is mean-time-to-change (MTTC), the time it takes
to analyze the change request, design an appropriate modification, implement the change, test
it, and distribute the change to all users. On average, programs that are maintainable will have
a lower MTTC than programs that are not maintainable.
iii) Integrity:
Software integrity has become increasingly important in the age of cyber-terrorists
and hackers. This attribute measures a system's ability to withstand attacks to its security.
Attacks can be made on all three components of software: programs, data, and documents.
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 To measure integrity, two additional attributes must be defined: threat and security.
Threat is the probability (which can be estimated or derived from empirical evidence)
that an attack of a specific type will occur within a given time.

Security is the probability (which can be estimated or derived from empirical
evidence) that the attack of a specific type will be repelled [i.e., Drive or force (an attack or
attacker) back or away.]

The integrity of a system can then be defined as:
Integrity = ∑ [1 - (threat X (1 - security))]
For example, if threat (the probability that an attack will occur) is 0.25 and security
(the likelihood of repelling an attack) is 0.95, then the integrity of the system is 0.99 (very
high). If, on the other hand, the threat probability is 0.50 and the likelihood of repelling an
attack is only 0.25, the integrity of the system is 0.63 (unacceptably low).
iv) Usability:
If a program is not easy to use, it is often doomed [i.e., Inevitable destruction] to
failure, even if the functions that it performs are valuable. Usability is an attempt to quantify
ease- of-use and can be measured.
These four factors just described are only a sampling of those that have been proposed
as measures for software quality.
2.3.2 Defect Removal Efficiency
A quality metric that provides benefits at both the project and process level is defect
removal efficiency (DRE). In essence, DRE is a measure of the filtering ability of quality
assurance and control activities as they are applied throughout all process framework
activities.
When considered for a project as a whole, DRE is defined in the following manner:
DRE = E / (E + D)
Where E is the number of errors found before delivery of the software to the end-user,
and D is the number of defects found after delivery. The ideal value for DRE is 1 that is, no
defects are found in the software. Realistically, D will be greater than 0, but the value of DRE
can still approach 1.
As E increases (for a given value of D), the overall value of DRE begins to approach
1. In fact, as E increases, it is likely that the final value of D will decrease (errors are filtered
out before they become defects).
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If used as a metric that provides an indicator of the filtering ability of quality control
and assurance activities. DRE encourages a software project team to institute techniques for
finding as many errors as possible before delivery.
DRE can also be used within the project to assess a team's ability to find errors before
they are passed to the next framework activity or software engineering task. For example, the
requirements analysis task produces an analysis model that can be reviewed to find and
correct errors. Those errors that are not found during the review of the analysis model are
passed on to design (where they may or may not be found). When used in this context, we
redefine DRE as
DREi= E/ (Ei + Ei+1)

Where Ei is the number of errors found during software engineering activity i and Ei+1
is the number of errors found during software engineering activity i+1 that are traceable to
errors that were not discovered in software engineering activity i.

A quality objective for a software team (or an individual software engineer) is to
achieve DRE that approaches 1. That is, errors should be filtered out before they are passed
on to the next activity.

XXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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15.1 INTRODUCTION
Some software developers continue to believe that software quality is something you
begin to worry about after code has been generated. Nothing could be further from the truth!
Quality management (often called software quality assurance) is an umbrella activity, that is
applied throughout the software process.
Quality management encompasses the following aspects:

(1) A software quality assurance (SQA) process
(2) Specific quality assurance and quality control tasks (including formal technical
reviews and a multi-tiered testing strategy)
(3) Effective software engineering practice (methods and tools).
(4) Control of all software work products and the changes made to them.
(5) A procedure to ensure compliance with software development standards.
(6) Measurement and reporting mechanisms.

In this chapter, we focus on the management issues and the process-specific activities that
enable a software organization to ensure that it does the right things at the right time in the right
way.
KEY POINTS:
What are the steps in Quality Management?
Before software quality assurance activities can be initiated, it is important to define
"software quality" at a number of different levels of abstraction. Once you understand what
quality is, a software team must identify a set of SQA activities that will filter errors out of work
products before they are passed on.

What is the work product of an effective Quality Management process?
A Software Quality Assurance Plan is created to define a software team's SQA strategy.

During analysis, design, and code generation, the primary SQA work product is the formal
technical review summary report. During testing, test plans and procedures are produced. Other
work products associated with process improvement may also be generated.
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15.2 QUALITY CONCEPTS
Variation control is the heart of quality control. A manufacturer wants to minimize the
variation among the products that are produced. From one project to another, we want to
minimize the difference between the predicted resources needed to complete a project and the
actual resources used, including staff, equipment, and calendar time.
In general, we would like to make sure our testing program covers a known percentage of
the software, from one release to another. Not only do we want to minimize the number of
defects that are released to the field, we would like to ensure that the variance in the number of
bugs is also minimized from one release to another. (Our customers will likely be upset if the
third release of a product has 10 times as many detects as the previous release). We would like to
minimize the differences in speed and accuracy of our hotline support responses to customer
problems.
15.2.1 Quality

The American Heritage Dictionary defines quality as "a characteristic or attribute of
something." As an attribute of an item, quality refers to measurable characteristics. That is,
things we can compare to known standards such as length, color, electrical properties etc.
However, for software, which is largely an intellectual entity, is more challenging to characterize
than physical objects.
When we examine an item based on its measurable characteristics, two kinds of quality
may be encountered: quality of design and quality of conformance.
i)

Quality of design refers to the characteristics that designers specify for an item.

ii)

Quality of conformance is the degree to which the design specifications are followed
during manufacturing.
In software development, quality of design encompasses requirements, specifications,

and the design of the system. Quality of conformance is an issue focused primarily on
implementation. If the implementation follows the design and the resulting system meets its
requirements and performance goals, conformance quality is high.
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Robert Glass argues that a more "intuitive" relationship is in order:
User satisfaction = compliant product + good quality + delivery within budget and schedule
Glass contends that quality is important, but if the user isn't satisfied, nothing else really
matters.
DeMarco reinforces this view when he states: "A product's quality is a function of how
much it changes the world for the better." This view of quality contends that if a software
product provides substantial benefit to its end-users, they may be willing to tolerate occasional
reliability (or) performance problems.
15.2.2 Quality Control

Variation control may be equated to quality control. But how do we achieve quality
control? Quality control involves the series of inspections, reviews, and tests used throughout the
software process to ensure each work product meets the requirements placed upon it. Quality
control includes a feedback loop to the process that created the work product. The combination
of measurement and feedback allows us to tune the process when the work products created fail
to meet their specifications.
A key concept of quality control is that all work products have defined, measurable
specifications to which we may compare the output of each process. The feedback loop is
essential to minimize the defects produced.
15.2.3 Quality Assurance

Quality assurance consists of a set of auditing and reporting functions that assess the
effectiveness and completeness of quality control activities. The goal of quality assurance is to
provide management with the data necessary to be informed about product quality, thereby
gaining insight and confidence that product quality is meeting its goals. If the data provided
through quality assurance identify problems, it is management's responsibility to address the
problems and apply the necessary resources to resolve quality issues.
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15.2.4 Cost of Quality

The cost of quality includes all costs incurred in the pursuit of quality or in performing
quality-related activities. Cost of quality studies are conducted to provide a baseline for the
current cost of quality, identify opportunities for reducing the cost of quality, and provide a
normalized basis of comparison. The basis of normalization is almost always dollars. Once we
have normalized quality costs on a dollar basis, we have the necessary data to evaluate where
the opportunities lie to improve our processes. Furthermore, we can evaluate the effect of
changes in dollar-based terms.
Quality costs may be divided into costs associated with prevention, appraisal, and failure:
 Prevention costs include quality planning, formal technical reviews, test equipment,
and training.
 Appraisal costs include activities to gain insight into product condition the "first time
through" each process. Examples of appraisal costs include in-process and inter-process
inspection, equipment calibration and maintenance, and testing.
 Failure costs are those that would disappear if no defects appeared before shipping a

product to customers. Failure costs may be subdivided into internal failure costs and
external failure costs.

•

Internal failure costs are incurred when we detect a defect in our product prior
to shipment. Internal failure costs include rework, repair, and failure mode
analysis.

•

External failure costs are associated with defects found after the product has
been shipped to the customer. Examples of external failure costs are complaint
resolution, product return and replacement, help line support, and warranty
work.

As expected, the relative costs to find and repair a defect increase dramatically as we go
from the stages as shown in the below order:
Prevention  detection  internal failure  external failure costs.
Note:
Figure 15.1 (based on data collected by Boehm and others) illustrates this phenomenon.
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Fig: 15.1 Relative cost of correcting an error

15.3 S OFTWARE Q UALITY A SSUR ANCE
Even the most jaded [i.e., experienced] software developers will agree that high-quality
software is an important goal. But how do we define quality? A wag once said, "Every program
does something right, it just may not be the thing that we want it to do”.
Many definitions of software quality have been proposed in the literature. For our
purposes, Software Quality is defined as:

Conformance to explicitly stated functional and performance requirements, explicitly
documented development standards, and implicit characteristics that are expected of all
professionally developed software.
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The above definition could be modified (or) extended. In fact, the definition of software
quality could be debated endlessly. This definition serves to emphasize three important points:
1) Software requirements are the foundation from which quality is measured. Lack of
conformance to requirements is lack of quality.
2) Specified standards define a set of development criteria that guide the manner in which
software is engineered. If the criteria are not followed, lack of quality will almost surely
result.
3) A set of implicit requirements often goes unmentioned (e.g., the desire for ease of use
and good maintainability). If software conforms to its explicit requirements but fails to
meet implicit requirements, software quality is suspect.
15.3.1 Background Issues

Quality control and assurance are essential activities for any business that produces
products to be used by others. Prior to the twentieth century, quality control was the sole
responsibility of the craftsperson who built a product. The first formal quality assurance and
control function was introduced at Bell Labs in 1916 and spread rapidly throughout the
manufacturing world. During the 1940s, more formal approaches to quality control were
suggested. These relied on measurement and continuous process improvement as key elements
of quality management.
Today, every company has mechanisms to ensure quality in its products. In fact, explicit
statements of a company's concern for quality have become a marketing ploy during the past few
decades.
The history of quality assurance in software development parallels the history of quality
in hardware manufacturing. During the early days of computing (1950s and 1960s), quality was
the sole responsibility of the programmer. Standards for quality assurance for software were
introduced in military contract software development during the 1970s and have spread rapidly
into software development in the commercial world.
Extending the definition presented earlier, software quality assurance is a "planned and
systematic pattern of actions" that are required to ensure high quality in software. Many different
constituencies have software quality assurance responsibility—software engineers, project
managers, customers, sales people, and the individuals who serve within an SQA group.
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The SQA group serves as the customer's in-house representative. That is, the people who
perform SQA must look at the software from the customer's point of view. The SQA group
attempts to answer the following questions to ensure that software quality is maintained.
i) Does the software adequately meet the quality factors?
ii) Has software development been conducted according to pre-established standards?
iii) Have technical disciplines properly performed their roles as part of the SQA activity?
15.3.2 SQA Activities

Software quality assurance is composed of a variety of tasks associated with two different
constituencies:
i)

The software engineers who do technical work.

ii)

An SQA group that has responsibility for quality assurance planning, oversight,
record keeping, analysis, and reporting.

Software engineers address quality (and perform quality assurance and quality control
activities) by applying solid technical methods and measures, conducting formal technical
reviews, and performing well-planned software testing.
Role of SQA group in software development process:

The role of the SQA group is to assist the software team in achieving a high- quality end
product. The Software Engineering institute (SEI) recommends a set of SQA activities that
address quality assurance planning, oversight, record keeping, analysis, and reporting. An
independent SQA group that conducts the following activities:
i) Prepares an SQA plan for a project.

The plan is developed during project planning and is reviewed by all stakeholders.
Quality assurance activities performed by the software engineering team and the SQA group are
governed by the plan.
The plan identifies evaluations to be performed, audits and reviews to be performed,
standards that are applicable to the project, procedures for error reporting and tracking,
documents to be produced by the SQA group, and amount of feedback provided to the software
project team.
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ii) Participates in the development of the project's software process description.

The software team selects a process for the work to be performed. The SQA group
reviews the process description for compliance with organizational policy, internal software
standards, externally imposed standards (e.g., ISO-9001), and other parts of the software project
plan.
iii) Reviews software engineering activities to verify compliance with the defined software
process.

The SQA group identifies, documents, and tracks deviations from the process and
verifies that corrections have been made.

iv) Audits designated software work products to verify compliance with those defined as
part of the software process.

The SQA group reviews selected work products; identifies, documents, and tracks
deviations; verifies that corrections have been made; and periodically reports the results of its
work to the project manager.

v) Ensures that deviations in software work and work products are documented and
handled according to a documented procedure.
Deviations may be encountered in the project plan, process description, applicable
standards, or technical work products.

vi) Records any noncompliance and reports to senior management.
Noncompliance items are tracked until they are resolved.

NOTE:
In addition to these activities, the SQA group coordinates the control and management of
change and helps to collect and analyze software metrics.
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15.4 S OFTWARE R EVIEWS
Software reviews are a "filter" for the software process. That is, reviews are applied at
various points during software engineering and serve to uncover errors and defects that can then
be removed. Software reviews "purify" the software engineering activities that we have called
analysis, design, and coding.
Freedman and Weinberg discuss the need for reviews in the following way:
Technical work needs reviewing for the same reason that pencils need
erasers. The second reason we need technical reviews is that although
people are good at catching some of their own errors, large classes of
errors escape the originator more easily than they escape anyone else.

Many different types of reviews can be conducted as part of software engineering. Each
has its place. An informal meeting around the coffee machine is a form of review, if technical
problems are discussed. A formal presentation of software design to an audience of customers,
management, and technical staff is also a form of review.
However, we focus on the formal technical review [FTR], sometimes called a
walkthrough (or) an inspection. A formal technical review (FTR) is the most effective filter from
a quality assurance standpoint. Conducted by software engineers (and others) for software
engineers, the FTR is an effective means for uncovering errors and improving software quality.
Note:
The goal of SQA is to remove quality problems in the software. These problems are referred to
by various names—"bugs," "faults," "errors," or "defects" to name a few. Are each of these
terms synonymous, or are there subtle differences between them?
Here, we have made a clear distinction between an error (a quality problem found
before the software is released to end-users] and a defect (a quality problem found only after the
software has been released to end-users). We make this distinction because errors and defects
have very different economic, business, psychological, and human impact.
As software engineers, we want to find and correct as many errors as possible before
the customer and/or end- user encounter them. We want to avoid defects—because defects
(justifiably) make software people look bad.
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15.4.1 Cost impact on software defects

The primary objective of FTR is to find errors during the process so that they do not
become defects after release of the software. The obvious benefit of formal technical reviews is
the early discovery of errors so that they do not propagate to the next step in the software
process.
A number of industry studies indicate that design activities introduce between 50 and 60
percent of all errors (ultimately, all defects) during the software process. However, formal review
techniques have been shown to be up to 75 percent effective in uncovering design flaws. By
detecting and removing a large percentage of these errors, the reviews process substantially
reduces the cost of subsequent activities in the software process.
To illustrate the cost impact of early error detection, we consider a series of relative costs
that are based on actual cost data collected for large software projects [Note: here, used data is
collected from the IBM 81 project]. Assume that an error uncovered during design will cost 1.0
monetary unit to correct relatively to this cost, the same error uncovered just before testing
commences will cost 6.5 units; during testing, 15 units; and after release, between 60 and 100
units.
15.4.2 Defect Amplification and Removal

A defect amplification model can be used to illustrate the generation and detection of
errors during the preliminary design, detail design, and coding steps of a software engineering
process. The model is illustrated schematically in Figure 15.2. A box represents a software
development step. During the step, errors may be inadvertently generated. Review may fail to
uncover newly generated errors and errors from previous steps, resulting in some number of
errors that are passed through. In some cases, errors passed through from previous steps are
amplified (amplification factor, x) by current work. The box subdivisions represent each of these
characteristics and the percent of efficiency for detecting errors, a function of the thoroughness
of the review.

Fig: 15.2 Defect amplification model
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Fig 15.3: Defect amplification – No reviews

Fig 15.4: Defect amplification –reviews conducted
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Figure 15.3 illustrates a hypothetical example of defect amplification for a software
process, which no reviews are conducted. Referring to the figure, each test step is assumed to
uncover and correct 50% of all incoming errors without introducing any new errors (an
optimistic assumption). 10 preliminary design defects are amplified to 94 errors before testing
commences. 12 latent defects are released to the field.
Figure 15.4 considers the same conditions except that design and code reviews are
conducted as part of each development step. In this case, 10 initial preliminary design errors are
amplified to 24 errors before testing commences. Only three latent defects exist.
Recalling the relative costs associated with the discovery and correction of errors,
overall cost (with and without review for our hypothetical example) can be established. The
number of errors uncovered during each of the steps noted in Figures 26.3 and 26.4 is multiplied
by the cost to remove an error (1.5 cost units for design, 6.5 cost units before test, 15 cost units
during test, and 67 cost units after release). Using these data, the total cost for development and
maintenance when reviews are conducted is 783 cost units. When no reviews are conducted,
total cost is 2177 units—nearly three times more costly.
Conclusion:
To conduct reviews, a software engineer must expend time and effort, and the
development organization must spend money. However, the results of the preceding example
leave little doubt that we can pay now or pay much more later. Formal technical reviews (for
design and other technical activities) provide a demonstrable cost benefit. They should he
conducted.
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15.5 FORMAL TECHNICAL REVIEWS [FTR]
A formal technical review is a software quality control activity performed by software
engineers (and others). The objectives of an FTR are as follows:
(1) To uncover errors in function, logic, or implementation for any representation of the
software.
(2) To verify that the software under review meets its requirements.
(3) To ensure that the software has been represented according to predefined standards.
(4) To achieve software that is developed in a uniform manner.
(5) To make projects more manageable.
In addition, the FTR serves as a training ground, enabling junior engineers to observe
different approaches to software analysis, design, and construction. The FTR also serves to
promote backup and continuity because a number of people become familiar with parts of the
software that they may not have otherwise seen.
The FTR is actually a class of reviews that includes walkthroughs, inspections, round
robin reviews, and other small group technical assessments of software. Each FTR is conducted
as a meeting and will be successful only if it is properly planned, controlled, and attended. In the
sections that follow, guidelines similar to those for a walkthrough are presented as a
representative formal technical review.
15.5.1 The Review Meeting

Regardless of the FTR format that is chosen, every review meeting should abide by
the following constraints:
•

Between three and five people (typically) should be involved in the review.

•

Advance preparation should occur but should require no more than two hours of work
for each person.

•

The duration of the review meeting should be less than two hours.

Given these constraints, it should be obvious that an FTR focuses on a specific (and
small) part of the overall software. For example, rather than attempting to review an entire
design, walkthroughs are conducted for each component or small group of components. By
narrowing focus, the FTR has a higher likelihood of uncovering errors.
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The focus of the FTR is on a work product (e.g., a portion of a requirements specification, a detailed component design, a source code listing for a component). The individual
who has developed the work product (i.e., the producer) informs the project leader that the work
product is complete and that a review is required.
The project leader contacts a review leader, who evaluates the product for readiness,
generates copies of product materials, and distributes them to two or three reviewers for advance
preparation. Each reviewer is expected to spend between one and two hours reviewing the
product, making notes, and otherwise becoming familiar with the work. Concurrently, the review
leader also reviews the product and establishes an agenda for the review meeting, which is
typically scheduled for the next day.
The review meeting is attended by the review leader, all reviewers, and the producer. One
of the reviewers takes on the role of the recorder; that is, the individual who records (in writing)
all important issues raised during the review.
The FTR begins with an introduction of the agenda and a brief introduction by the
producer. The producer then proceeds to "walk through" the work product, explaining the
material, while reviewers raise issues based on their advance preparation. When valid problems
or errors are discovered, the recorder notes each.
At the end of the review, all attendees of the FTR must decide whether to
(1) Accept the product without further modification.
(2) Reject the product due to severe errors (once corrected, another review must
be performed).
(3) Accept the product provisionally (minor errors have been encountered and
must be corrected, but no additional review will be required).
Once the decision made, all FTR attendees complete a sign-off, indicating their
participation in the review and their concurrence with the review team's findings.
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15.5.2 Review Reporting and Record Keeping

During the FTR, a reviewer (the recorder) actively records all issues that have been
raised. These are summarized at the end of the review meeting and a review issues list is
produced. In addition, a formal technical review summary report is completed. A review
summary report answers three questions:
1. What was reviewed?
2. Who reviewed it?
3. What were the findings and conclusions?
The review summary report is a single page form (with possible attachments). It becomes
part of the project historical record and may be distributed to the project leader and other
interested parties. The review issues list serves two purposes:
(1) To identify problem areas within the product.
(2) To serve as an action item checklist that guides the producer as corrections are made.
An issues list is normally attached to the summary report. It is important to establish a
follow-up procedure to ensure that items on the issues list have been properly corrected. Unless
this is done, it is possible that issues raised can "fall between the cracks". One approach is to
assign the responsibility for follow-up to the review leader.
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15.5.3 Review Guidelines

Guidelines for conducting formal technical reviews must be established in advance,
distributed to all reviewers, agreed upon, and then followed. A review that is uncontrolled can
often be worse that no review at all. The following represents a minimum set of guidelines for
formal technical reviews:
i) Review the product, not the producer.
An FTR involves people and egos. Conducted properly, the FTR should leave all
participants with a warm feeling of accomplishment. Conducted improperly, the FTR can take
on the aura [i.e., the distinctive atmosphere of a place] of an inquisition [i.e., long period of
intensive questioning or investigation]. Errors should be pointed out gently; the tone of the
meeting should be loose and constructive; the intent should not be to embarrass or belittle
[i.e., criticize].
ii) Set an agenda and maintain it.
One of the key maladies [i.e., problems] of meetings of all types is drift [i.e., deviation].
An FTR must be kept on track and on schedule. The review leader is chartered with the
responsibility for maintaining the meeting schedule and should not be afraid to nudge people
when drift sets in.
iii) Limit debate and rebuttal [i.e., a claim or proof that something is false].
When an issue is raised by a reviewer, there may not be universal agreement on its
impact. Rather than spending time debating the question, the issue should be recorded for further
discussion off-line.
iv) Enunciate [i.e., announce, set out precisely] problem areas, but don't attempt to solve every
problem noted.
A review is not a problem-solving session. Problem solving should be postponed until after
the review meeting.
v) Take written notes.
It is sometimes a good idea for the recorder to make notes on a wall board, so that wording
and priorities can be assessed by other reviewers as information is recorded.
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vi) Limit the number of participants and insist upon advance preparation.
Two heads are better than one, but 14 are not necessarily better than 4. Keep the number
of people involved to the necessary minimum. However, all review team members must prepare
in advance. Written comments should be solicited by the review leader (providing an indication
that the reviewer has reviewed the material).
vii) Develop a checklist for each product that is likely to be reviewed.
A checklist helps the review leader to structure the FTR meeting and helps each reviewer
to focus on important issues.
viii) Allocate resources and schedule time for FTRs.
For reviews to be effective, they should be scheduled as a task during the software
process. In addition, time should be scheduled for the inevitable modifications that will occur as
the result of an FTR.
ix) Conduct meaningful training for all reviewers.
To be effective all review participants should receive some formal training. The training
should stress both process-related issues and the human psychological side of reviews.
x) Review your early reviews.
Debriefing can be beneficial in uncovering problems with the review process itself. The
very first product to be reviewed should be the review guidelines themselves.
Because many variables (e.g., number of participants, type of work products, timing and
length, specific review approach) have an impact on a successful review, a software organization
should experiment to determine what approach works best in a local context.
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15.5.4 Sample-Driven Reviews

In an ideal setting, every software engineering work product would undergo a formal
technical review. In the real world of software projects, resources are limited and time is short:
As a consequence, reviews are often skipped, even though their value as a quality control
mechanism is recognized.
Thelin and his colleagues suggest a sample-driven review process in which samples of
all software engineering work products are inspected to determine which work products are
most error prone. Full FTR resources are then focused only on those work products that are
likely (based on data collected during sampling) to be error-prone.
To be effective, the sample driven review process must attempt to quantify those work
products that are primary targets for full FTRs. To accomplish this, the following steps are
suggested:
1. Inspect a fraction aj of each software work product, i. Record the number of faults, fi found
within aj.
2. Develop a gross estimate of the number of faults within work product i by multiplying fi by
1/aJ.
3. Sort the work products in descending order according to the gross estimate of the number
of faults in each.
4. Focus available review resources on those work products that have the highest estimated
number of faults.
The fraction of the work product that is sampled must (l) be representative of the work
product as a whole and (2] large enough to be meaningful to the reviewer(s) who does the
sampling. As aj increases, the likelihood that the sample is a valid representation of the work
product also increases. However, the resources required to do sampling also increase. A software
engineering team must establish the best value for ai for the types of work products produced.
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15.6 F O R M A L A P P R O A CH E S to SQA
Over the past two decades, a small segment of the software engineering community has
argued that a more formal approach to software quality assurance is required. It can be argued
that a computer program is a mathematical object. A rigorous syntax and semantics can be
defined for every programming language, and a rigorous approach to the specification of
software requirements is available. If the requirements model (specification) and the programming language can be represented in a rigorous manner, it should be possible to apply
mathematic proof of correctness to demonstrate that a program conforms exactly to its
specifications.
15.7 S TA TI S TI CA L S O F T WA R E Q UA L I T Y A S S UR A N CE
Statistical quality assurance reflects a growing trend throughout industry to become more
quantitative about quality.
For software, statistical quality assurance implies the following steps:
i) Information about software defects is collected and categorized.
ii) An attempt is made to trace each defect to its underlying cause (e.g., nonconformance to
specifications, design error, violation of standards, poor communication with the customer).
iii) Using the Pareto principle (80 percent of the defects can be traced to 20 percent of all
possible causes), isolate the 20 percent (the "vital few"). (vital few means few, but very
important)
iv) Once the vital few causes have been identified, move to correct the problems that have
caused the defects.

This relatively simple concept represents an important step towards the creation of an
adaptive software process in which changes are made to improve those elements of the process
that introduce error.
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15.7.1 A Generic Example

To illustrate the use of statistical methods for software engineering work, assume that a
software engineering organization collects information on defects for a period of one year.
Some of the defects are uncovered as software is being developed. Others are encountered after
the software has been released to its end-users. Although hundreds of different defects are
uncovered, all can be tracked to one (or more) of the following causes;
1. Incomplete or erroneous specifications (IES).
2. Misinterpretation of customer communication (MCC).
3. Intentional deviation from specifications (IDS).
4. Violation of programming standards (VPS).
5. Error in data representation (EDR).
6. Inconsistent component interface (ICI).
7. Error in design logic (EDL).
8. Incomplete or erroneous testing (IET).
9. Inaccurate or incomplete documentation (IID).
10. Error in programming language translation of design (PLT).
11. Ambiguous or inconsistent human/computer interface (HCI).
12. Miscellaneous (MIS).

To apply, statistical SQA, the table in Figure 15.5 is built. The table indicates that IES,
MCC, and EDR are the vital few causes that account for 53 percent of all errors. It should be
noted, however, that IES, EDR, PLT, and EDL would be selected as the vital few causes if only
serious errors are considered. Once the vital few causes are determined, the software engineering
organization can begin corrective action.
For example, to correct MCC, the software developer might implement facilitated
requirements gathering techniques to improve the quality of customer communication and
specifications. To improve EDR, the developer might acquire tools for data modeling and
perform more stringent data design reviews.
It is important to note that corrective action focuses primarily on the vital few. As the
vital few causes are corrected, new candidates pop to the top of the stack.
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Statistical quality assurance techniques for software have been shown to provide
substantial quality improvement. In some cases, software organizations have achieved a 50
percent reduction per year in defects after applying these techniques.
The application of the Statistical SQA and the Pareto principle can be summarized in a
single sentence: “Spend your lime focusing on things that realty matter, but first be sure that
you understand what really matters”.
Fig: 15.5 Data collection for statistical SQA
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15.7. 2 Six Sigma for Software Engineering
Six Sigma is the most widely used strategy for statistical quality assurance in industry
today. Originally popularized by Motorola in the 1980s, the Six Sigma strategy "is a rigorous
and disciplined methodology that uses data and statistical analysis to measure and improve a
company's operational performance by identifying and eliminating defects' in manufacturing and
service-related processes". The Six Sigma methodology defines three core steps:
 Define customer requirements, deliverables, and project goals via well- defined methods
of customer communication.
 Measure the existing process and its output to determine current quality performance
(collect defect metrics).
 Analyze defect metrics and determine the vital few causes.
If an existing software process is in place, but improvement is required, Six Sigma
suggests two additional steps:
 Improve the process by eliminating the root causes of defects.
 Control the process to ensure that future work does not reintroduce the causes of defects.
These core and additional steps are sometimes referred to as the DMAIC (define,
measure, analyze, improve, and control) method.
If an organization is developing a software process (rather than improving an existing
process), the core steps are augmented as follows:
 Design the process to (1) avoid the root causes of defects and (2) to meet customer
requirements.
 Verify that the process model will, in fact, avoid defects and meet customer requirements.
This variation is sometimes called the DMADV (define, measure, analyze, design, and
verify) method.
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15.8 SOFTWARE RELIABLITY
Software reliability, unlike many other quality factors, can be measured directed and
estimated using historical and developmental data. Software reliability is defined in statistical
terms as "the probability of failure-free operation of a computer program in a specified
environment for a specified time”.
To illustrate, program X is estimated to have a reliability of 0.96 over eight elapsed
processing hours. In other words, if program X were to be executed 100 times and require a
total of eight hours of elapsed processing time (execution time), it is likely to operate correctly
(without failure) 96 times.
Whenever software reliability is discussed, a pivotal question arises: What is meant by
the term failure? In the context of any discussion of software quality and reliability, failure is
non-conformance to software requirements.
Failures can be only annoying1 or catastrophic2. One failure can be corrected within
seconds while another requires weeks or even months to correct, complicating the issue even
further, the correction of one failure may in fact result in the introduction of other errors that
ultimately result in other failures.

Note:
1. Annoying -- The system's behavior, because of the bug, is dehumanizing. The following are
the example kind of bugs, which comes under this category:

Names are truncated or

arbitrarily modified, Bills for $0.00 are sent etc.
2. Catastrophic: the decision to shutdown is taken out of our hands, because the system fails.
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15.8.1 Measures of Reliability and Availability

Early work in software reliability attempted to extrapolate [i.e., gaining knowledge from]
the mathematics of hardware reliability theory to the prediction of software reliability. Most
hardware- related reliability models are predicated on failure due to wear rather than failure due
to design defects. In hardware, failures due to physical wear (e.g., the effects of temperature,
corrosion, shock) are more likely than a design-related failure. Unfortunately, the opposite is
true for software. In fact, all software failures can be traced to design or implementation
problems; wear does not enter into the picture.
There has been debate over the relationship between key concepts in hardware reliability
and their applicability to software. Although an irrefutable [i.e., Impossible to deny or disprove]
link has yet to be established, it is worthwhile to consider a few simple concepts that apply to
both system elements.
If we consider a computer-based system, a simple measure of reliability is mean- timebetween -failure (MTBF), where
MTBF = MTTF + MTTR
The acronyms MTTF and MTTR are mean-time-to-failure and mean-time-to-repair,
respectively.
Many researchers argue that MTBF is a far more useful measure than defects/LOC or
defects/FP. Stated simply, an end-user is concerned with failures, not with the total error count.
Because each defect contained within a program does not have the same failure rate, the total
defect count provides little indication of the reliability of a system.
In addition to a reliability measure, we must develop a measure of availability. Software
availability is the probability that a program is operating according to requirements at a given
point in time and is defined as

Availability = [MTTF/(MTTF + MTTR)] X 100%

Prepared by: Dept. of CSE, RGMCET (Autonomous), Nandyal

Page 25

QUALITY MANAGEMENT

UNIT VIII

15.8.2 Software Safety

Software safety is a software quality assurance activity that focuses on the identification
and assessment of potential hazards that may affect software negatively and cause an entire
system to fail. If hazards can be identified early in the software process, software design
features can be specified that will either eliminate or control potential hazards.
A modeling and analysis process is conducted as part of software safety. Initially,
hazards are identified and categorized by criticality and risk. For example, some of the hazards
associated with a computer-based cruise control for an automobile might be:
 Causes uncontrolled acceleration that cannot be stopped.
 Does not respond to depression of brake pedal (by turning off).
 Does not engage when switch is activated.
 Slowly loses or gains speed.
Once these system-level hazards are identified, analysis techniques are used to assign
severity and probability of occurrence. To be effective, software must be analyzed in the context
of the entire system.
Once hazards are identified and analyzed, safety-related requirements can be specified for
the software. That is, the specification can contain a list of undesirable events and the desired
system responses to these events. The role of software in managing undesirable events is then
indicated.

Conclusion:
Although software reliability and software safety are closely related to one another, it is
important to understand the subtle difference between them. Software reliability uses statistical
analysis to determine the likelihood that a software failure will occur. However, the occurrence
of a failure does not necessarily result in a hazard or mishap. Software safety examines the ways
in which failures result in conditions that can lead to a mishap That is, failures are not considered
in a vacuum, but are evaluated in the context of an entire computer-based system and its environment.
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15.9 THE ISO 9000 Q U A L I T Y S T A ND A R D S
A quality assurance system may be defined as the organizational structure, responsibilities, procedures, processes, and resources for implementing quality management. Quality
assurance systems are created to help organizations ensure their products and services satisfy
customer expectations by meeting their specifications. ISO 9000 describes a quality assurance
system in generic terms that can be applied to any business regardless of the products or services
offered.
To become registered to one of the quality assurance system models contained in ISO
9000, a company's quality system and operations are scrutinized by third-party auditors for
compliance to the standard and for effective operation. Upon successful registration, a company
is issued a certificate from a registration body represented by the auditors. Semiannual
surveillance audits ensure continued compliance to the standard.
ISO 9001:2000 is the quality assurance standard that applies to software engineering. The
standard contains 20 requirements that must be present for an effective quality assurance
system. Because the ISO 9001:2000 standard is applicable to all engineering disciplines, a
special set of ISO guidelines (ISO 9000-3) have been developed to help interpret the standard
for use in the software process.
The requirements delineated by ISO 9001:2000 address topics such as management
responsibility, quality system, contract review, design control, document and data control,
product identification and traceability, process control, inspection and testing, corrective and
preventive action, control of quality records, internal quality audits, training, servicing, and
statistical techniques.
For a software organization to become registered to ISO 9001:2000, it must establish
policies and procedures to address each of the requirements just noted (and others) and then be
able to demonstrate that these policies and procedures are being followed.

Prepared by: Dept. of CSE, RGMCET (Autonomous), Nandyal

Page 27

UNIT VIII

QUALITY MANAGEMENT
NOTE:
The ISO 9001:2000 Standard
The following outline defines the basic elements of the ISO 9001:2000 standard.

 Establish the elements of a quality management system. Develop, implement, and
improve the system.
 Define a policy that emphasizes the importance of the system.
 Document the quality system.
 Describe the process.
 Produce an operational manual.
 Develop methods for controlling (updating) documents.
 Establish methods for recordkeeping. Support quality control and assurance.
 Promote the importance of quality among all stakeholders.
 Focus on customer satisfaction.
 Define a quality plan that addresses objectives, responsibilities, and authority.
 Define communication mechanisms among stakeholders.
 Establish review mechanisms for the quality management system.
 Identify review methods and feedback mechanisms.
 Define follow-up procedures.
 Identify quality resources including personnel, training, infrastructure elements.
 Establish control mechanisms—
•

For planning.

•

For customer requirements.

•

For technical activities (e.g., analysis, design, testing).

•

For project monitoring and management.

 Define methods for remediation.
 Assess quality data and metrics.
 Define approach for continuous process and quality improvement.
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15.10 T HE SQA P LAN
The SQA Plan provides a road map for instituting software quality assurance. Developed
by the SQA group (or the software learn if a SQA group does not exist), the plan serves as a
template for SQA activities that are instituted for each software project.
A standard for SQA plans has been published by the IEEE. The standard recommends a
structure that identifies the following:
(1) The purpose and scope of the plan.
(2) A description of all software engineering work products (e.g., models, documents, source
code) that fall within the purview of SQA.
(3) All applicable standards and practices that are applied during the software process.
(4) SQA actions and tasks (including reviews and audits) and their placement throughout the
software process.
(5) The tools and methods that support SQA actions and tasks.
(6) Software configuration management procedures for managing change.
(7) Methods for assembling, safeguarding, and maintaining all SQA-related records.
(8) Organizational roles and responsibilities relative to product quality.
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UNIT VIII

QUALITY MANAGEMENT
NOTE:

Software Quality Management Tools
Objective:
The objective of SQA tools is to assist a project team in assessing and improving the
quality of software work product.
Representative Tools:
i)

ARM, developed by NASA (satc. gsfc.nasa.gov/tools/index. html), and provides
measures that can be used to assess the quality of a software requirements document.

ii)

QPR Process Guide and Scorecard, developed by QPR Software (www.qpronline.com),
provides support for Six Sigma and other quality management approaches.

iii)

Quality

Tools

Cookbook

Developed

by

Systma

and

Manley

(www.sytsma.com/tqmtools/tqmtoolmenu.html), provides useful descriptions of classic
quality management tools such as control charts, scatter diagrams, affinity diagrams, and
matrix diagrams.

iv)

Quality Tools and Templates, developed by iSixSigma (http://www.isixsigma.com/tt/),
describe a wide array of useful tools and methods for qualify management.

v)

TQM Tools, developed by Bain & Company (www.bain.com), provide useful descriptions
of a variety of management tools used for TQM and related quality management
methods.
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QUALITY MANAGEMENT

UNIT VIII

15.11 S U M MA R Y
Software quality management is an umbrella activity—incorporating both quality control
and quality assurance—that is applied at each step in the software process. SQA encompasses
procedures for the effective application of methods and tools, formal technical reviews, testing
strategies and techniques, procedures for change control, procedures for assuring compliance to
standards, and measurement and reporting mechanisms.
SQA is complicated by the complex nature of software quality—an attribute of computer
programs that is defined as "conformance to explicitly and implicitly specified requirements."
But when considered more generally, software quality encompasses many different product and
process factors and related metrics.
Software reviews are one of the most important quality control activities. Reviews serve
as filters throughout ail software engineering activities, removing errors while they are relatively
inexpensive to find and correct. The formal technical review is a stylized meeting that has been
shown to be extremely effective in uncovering errors.
To properly conduct software quality assurance, data about the software engineering
process should be collected, evaluated, and disseminated. Statistical SQA helps to improve the
quality of the product and the software process itself. Software reliability models extend
measurements, enabling collected defect data to be extrapolated into projected failure rates and
reliability predictions.
In summary, we recall the words of Dunn and Ullman: "Software quality assurance is
the mapping of the managerial precepts and design disciplines of quality assurance onto the
applicable managerial and technological space of software engineering." The ability to ensure
quality is the measure of a mature engineering discipline. When the mapping is successfully
accomplished, mature software engineering is the result.

XXXXXXXXXXXXXXXXXXXXX COMPLETED XXXXXXXXXXXXXXXXXXXXXXX

Prepared by: Dept. of CSE, RGMCET (Autonomous), Nandyal

Page 31

