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Software processes 

A software development process, also known as a software development lifecycle, 
is a structure imposed on the development of a software product. A software 
process is represented as a set of work phases that is applied to design and build a 
software product. There is no ideal software process, and many organisations have 
developed their own approach to software development. Software development 
processes should make a maximum use of the capabilities of the people in an 
organization and the specific characteristics of the systems that are being 
developed

There are some fundamental activities that are common to all software processes:

1. Software specification. In this activity the functionality of the software and 
constraints on its operation must be defined. 

2. Software design and implementation. The software that meets the 
specification is produced. 

3. Software validation. The software must be validated to ensure that it has all 
the functionalities what the customer needs. 

4. Software evolution. The software must evolve to meet changing customer 
needs.

Software process models 

A software process model is an abstract representation of a software process. In 
this section a number of general process models are introduced and they are 
presented from an architectural viewpoint. These models can be used to explain 
different approaches to software development. They can be considered as process 
frameworks that may be extended and adapted to create more specific software 



engineering processes. In this chapter the following process models will be 
introduced: 

1. The waterfall model. In this model of software process the fundamental 
process activities of specification, development, validation and evolution are 
represented as sequential process phases such as requirements specification, 
software design, implementation, testing and so on. 

2. Evolutionary development. This approach interleaves the activities of 
specification, development and validation. An initial system is rapidly 
developed from abstract specifications. Then the initial system is refined by 
customer inputs to produce a system that satisfies the customer’s needs. 

3. Component-based software engineering. The process models that use this 
approach are based on the existence of a significant number of reusable 
components. The system development process focuses on integrating these 
components into a system rather than developing them. 

These three generic process models are widely used in current software 
engineering practice. They are not mutually exclusive and are often used together, 
especially for large systems development. Sub-systems within a larger system may 
be developed using different approaches. Therefore, although it is convenient to 
discuss these models separately, in practice, they are often combined. 

The waterfall model 

The waterfall model was the first software process model to be introduced (Figure 
3.1.). It is also referred to as a linear-sequential life cycle model. The principal 
stages of the model represent the fundamental development activities: 

1. Requirements analysis and definition. Software requirements specification 
establishes the basis for agreement between customers and contractors or 
suppliers on what the software product is to do. Software requirements 
specification permits a rigorous assessment of requirements before design 
can begin. It should also provide basis for estimating product costs, risks, 
and schedules. 

2. System and software design. Design activity results in the overall software 
architecture. Software design involves identifying and describing the 
fundamental software system components and their relationships. The 
systems design process partitions the requirements to either hardware or 
software components. 



3. Implementation and unit testing. During this phase, the software design is 
realised as a set of software components. Components are tested ensuring 
each component meets its specification. 

4. Integration and system testing. The program units or components are 
integrated and tested as a complete system to ensure that the software 
requirements have been met. After successful testing, the software system is 
delivered to the customer. 

5. Operation and maintenance. The system is delivered and deployed and put 
into practical use. Maintenance involves correcting errors which were not 
discovered in earlier stages of the life cycle, improving the implementation 
of system units and providing new functionalities as new requirements 
emerge. 

The software life cycle.

In principle, the result of each phase is one or more documents. The following 
phase shall not start until the previous phase has finished. In practice, these stages 
overlap and feed information to each other. During design, problems with 
requirements are identified; during coding design problems are found and so on. 
The software process is not a simple linear model but involves a sequence of 
iterations of the development activities. Because of the costs of producing and 
approving documents, iterations are costly and involve significant rework. 
Therefore, the waterfall model should only be used when the requirements are well 
understood and unlikely to change significantly during system development. 



Process iteration 

Changes are usually unavoidable in all large software projects. The system 
requirements change as organization continuously responds to the changing 
environment and conditions. Management priorities may change. Due to the quick 
progress in technologies, designs and implementation will change. This means that 
the process activities are regularly repeated as the system is reworked in response 
to change requirements. The following two process models have been designed to 
support process iteration: 

1. Incremental delivery. The software specification, design and implementation 
are broken down into a series of increments that are each developed in turn. 

2. Spiral development. The development of the system spirals outwards from 
an initial outline through to the final developed system. 

Incremental delivery 

The waterfall model of development requires defining the requirements for a 
system before design begins. On contrary, an evolutionary development allows 
requirements to change but it leads to software that may be poorly structured and 
difficult to understand and maintain. 

Incremental delivery  is an approach that combines the advantages of these two 
models. In an incremental development process, customers identify the services to 
be provided by the software system. They decide which subset of the services is 
most important and which are least important to them. A number of delivery 
increments are then defined, with each increment providing a sub-set of the system 
functionality. The allocation of services to increments depends on the priority of 
service. The highest priority services are delivered first. 



Incremental development.

Once the system increments have been identified, the requirements for first 
increment are defined in detail, and that increment is developed using the best 
suited software process. the waterfall model is used to develop the increments in 
every iteration. As new increments are completed, they are integrated with existing 
increments and the system functionality improves with each delivered increment. 
The incremental development process has a number of advantages: 

1. Customers do not have to wait until the entire system is delivered before 
they can gain value from it. The first increment satisfies their most critical 
requirements so they can use the software immediately. 

2. Customers can use the early increments as prototypes and gain experience 
that informs their requirements for later system increments. 

3. There is a lower risk of overall project failure. Although problems may be 
encountered in some increments, it is likely that these will be solved in later 
versions. 

4. As the highest priority services are delivered first, and later increments are 
integrated with them, it is unavoidable that the most important system 
services receive the most testing. This means that software failures are less 
likely to occur in the most important parts of the system. 



Spiral development 

The spiral model of the software process represents the software process as a 
sequence of activities with some backtracking from one activity to another, the 
process is represented as a spiral. Each loop in the spiral represents a phase of the 
software process. Thus, the innermost loop might be concerned with system 
feasibility, the next loop with requirements definition, the next loop with system 
design and so on. 

Spiral model of software process.

Each loop in the spiral is split into four sectors:

1. Objective setting. Specific objectives for that phase of the project are 
defined. Constraints on the process and the product are identified and a 
detailed management plan is drawn up. Project risks are identified. 
Alternative strategies, depending on these risks, may be planned. 

2. Risk assessment and reduction. For each of the identified project risks, a 
detailed analysis is carried out. Steps are taken to reduce the risk. 



3. Development and validation. After risk evaluation, a development model for 
the system is chosen. 

4. Planning. The project is reviewed and a decision made whether to continue 
with a further loop of the spiral. If it is decided to continue, plans are drawn 
up for the next phase of the project. 

The main difference between the spiral model and other software process models is 
the explicit recognition and handling of risk in the spiral model. 

Process activities 

The four basic process activities of specification, development, validation and 
evolution are organised differently in different development processes. In the 
waterfall model, they are organised in sequence, whereas in evolutionary 
development they are interleaved. How these activities are carried out depends on 
the type of software, people and organisational structures involved. 

Software specification 

A software requirement is defined as a condition to which a system must comply. 
Software specification or requirements management is the process of 
understanding and defining what functional and non-functional requirements are 
required for the system and identifying the constraints on the system’s operation 
and development. The requirements engineering process results in the production 
of a software requirements document that is the specification for the system. 

There are four main phases in the requirements engineering process:

1. Feasibility study. In this study an estimate is made of whether the identified 
user needs may be satisfied using current software and hardware 
technologies. The study considers whether the proposed system will be cost-
effective from a business point of view and whether it can be developed 
within existing budgetary constraints. 

2. Requirements elicitation and analysis. This is the process of deriving the 
system requirements through observation of existing systems, discussions 
with potential users, requirements workshop, storyboarding, etc. 

3. Requirements specification. This is the activity of translating the information 
gathered during the analysis activity into a document that defines a set of 
requirements. Two types of requirements may be included in this document: 
user (functional) requirements and system (non-functional) requirements. 



4. Requirements validation. It is determined whether the requirements defined 
are complete. This activity also checks the requirements for consistency. 

Software design and implementation 

The implementation phase of software development is the process of converting a 
system specification into an executable system through the design of system. A 
software design is a description of the architecture of the software to be 
implemented, the data which is part of the system, the interfaces between system 
components and, sometimes, the algorithms used. The design process activities are 
the followings: 

1. Architectural design. The sub-systems of system and their relationships are 
identified based on the main functional requirements of software. 

2. Abstract specification. For each sub-system, an abstract specification of its 
services and the constraints under which it must operate is defined. 

3. Interface design. Interfaces allow the sub-system’ services to be used by 
other sub-systems. The representation of interface should be hidden. In this 
activity the interface is designed and documented for each sub-system. The 
specification of interface must be unambiguous. 

4. Component design. Services are allocated to components and the interfaces 
of these components are designed. 

5. Data structure design. The data structures used in the system implementation 
are designed in detail and specified. 

6. Algorithm design. In this activity the algorithms used to provide services are 
designed in detail and specified.

This general model of the design process may be adapted in different ways in the 
practical uses. 

A contrasting approach can be used by structured methods for design objectives. A 
structured method includes a design process model, notations to represent the 
design, report formats, rules and design guidelines. Most these methods represent 
the system by graphical models and many cases can automatically generate 
program code from these models. Various competing methods to support object-
oriented design were proposed in the 1990s and these were unified to create the 
Unified Modeling Language (UML) and the associated unified design process. .
Software validation 



Software validation or, more generally, verification and validation (V & V) is 
intended to show that a system conforms to its specification and that the system 
meets the expectations of the customer buying the system. It involves checking the 
processes at each stage of the software process. The majority of validation costs 
are incurred after implementation when the operation of system is tested. 

The software is tested in the usual three-stage testing process. The system 
components, the integrated system and finally the entire system are tested. 
Component defects are generally discovered early in the process and the interface 
problems during the system integration. The stages in the testing process are: 

1. Component (or unit) testing. Individual components are tested to ensure that 
they operate correctly. Each component is tested independently, without 
other system components. 

2. System testing. The components are integrated to make up the system. This 
testing process is concerned with finding errors that result from interactions 
between components and component interface problems. It is also concerned 
with validating that the system meets its functional and non-functional 
requirements. 

3. Acceptance testing. It is considered a functional testing of system. The 
system is tested with data supplied by the system customer. 

Usually, component development and testing are interleaved. Programmers make 
up their own test data and test the code as it is developed. However in many 
process model, such as in V-model, Test Driven Development, Extreme 
Programming, etc., the design of the test cases starts before the implementation 
phase of development. If an incremental approach to development is used, each 
increment should be tested as it is developed, with these tests based on the 
requirements for that increment. 

Software evolution 

Software evolution, specifically software maintenance, is the term used in software 
engineering to refer to the process of developing software initially, then repeatedly 
updating it for various reasons. 

The aim of software evolution would be to implement the possible major changes 
to the system. The existing larger system is never complete and continues to 
evolve. As it evolves, the complexity of the system will grow. The main objectives 
of software evolution are ensuring the reliability and flexibility of the system. The 



costs of maintenance are often several times the initial development costs of 
software

SOFTWARE PRODUCT:

Software product lines, or software product line development, refers to software 
engineering methods, tools and techniques for creating a collection of similar 
software systems from a shared set of software assets using a common means of 
production.[1][2]

Carnegie Mellon Software Engineering Institute defines a software product line
as "a set of software-intensive systems that share a common, managed set of 
features satisfying the specific needs of a particular market segment or mission and 
that are developed from a common set of core assets in a prescribed way."

Emergence of Software Engineering 

Software engineering discipline is the result of advancement in the field of 
technology. In this section, we will discuss various innovations and technologies 
that led to the emergence of software engineering discipline.

Data-Flow Oriented Design

With the introduction of very Large Scale Integrated circuits (VLSI), the 
computers became more powerful and faster. As a result, various significant 
developments like networking and GUIs came into being. Clearly, the complexity 
of software could not be dealt using control flow based design. Thus, a new
technique, namely, data-flow-oriented technique came into existence

Object Oriented Design

Object-oriented design technique has revolutionized the process of software 
development. It not only includes the best features of structured programming but 
also some new and powerful features such as encapsulation, abstraction, 
inheritance, and polymorphism. 

Software is more than just a program code. A program is an executable code, 
which serves some computational purpose. Software is considered to be collection 
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of executable programming code, associated libraries and documentations. 
Software, when made for a specific requirement is called software product.

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

Software engineering is an engineering branch associated with development of 
software product using well-defined scientific principles, methods and procedures. 
The outcome of software engineering is an efficient and reliable software product.

IEEE defines software engineering as:

(1) The application of a systematic, disciplined, quantifiable approach to the 
development, operation and maintenance of software; that is, the application of 
engineering to software.

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

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



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

Software Evolution

The process of developing a software product using software engineering 
principles and methods is referred to as software evolution. This includes the 
initial development of software and its maintenance and updates, till desired 
software product is developed, which satisfies the expected requirements.

Evolution starts from the requirement gathering process. After which developers 
create a prototype of the intended software and show it to the users to get their 
feedback at the early stage of software product development. The users suggest 
changes, on which several consecutive updates and maintenance keep on changing 
too. This process changes to the original software, till the desired software is 
accomplished.

Even after the user has desired software in hand, the advancing technology and the 
changing requirements force the software product to change accordingly. Re-
creating software from scratch and to go one-on-one with requirement is not 
feasible. The only feasible and economical solution is to update the existing 
software so that it matches the latest requirements.

Software Evolution Laws

Lehman has given laws for software evolution. He divided the software into three 
different categories:



∑ S-type (static-type) - This is a software, which works strictly according to 
defined specifications and solutions. The solution and the method to achieve 
it, both are immediately understood before coding. The s-type software is 
least subjected to changes hence this is the simplest of all. For example, 
calculator program for mathematical computation. 

∑ P-type (practical-type) - This is a software with a collection of procedures.
This is defined by exactly what procedures can do. In this software, the 
specifications can be described but the solution is not obvious instantly. For 
example, gaming software.

∑ E-type (embedded-type) - This software works closely as the requirement 
of real-world environment. This software has a high degree of evolution as 
there are various changes in laws, taxes etc. in the real world situations. For 
example, Online trading software.

Need of Software Engineering

The need of software engineering arises because of higher rate of change in user 
requirements and environment on which the software is working.

∑ Large software - It is easier to build a wall than to a house or building, 
likewise, as the size of software become large engineering has to step to give 
it a scientific process.

∑ Scalability- If the software process were not based on scientific and 
engineering concepts, it would be easier to re-create new software than to 
scale an existing one.

∑ Cost- As hardware industry has shown its skills and huge manufacturing has 
lower down he price of computer and electronic hardware. But the cost of 
software remains high if proper process is not adapted.

∑ Dynamic Nature- The always growing and adapting nature of software 
hugely depends upon the environment in which user works. If the nature of 
software is always changing, new enhancements need to be done in the 
existing one. This is where software engineering plays a good role.

∑ Quality Management- Better process of software development provides 
better and quality software product.



Characteristics of good software

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

∑ Operational
∑ Transitional
∑ Maintenance

Well-engineered and crafted software is expected to have the following 
characteristics:

Operational

This tells us how well software works in operations. It can be measured on:

∑ Budget
∑ Usability
∑ Efficiency
∑ Correctness
∑ Functionality
∑ Dependability
∑ Security
∑ Safety

Transitional

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

∑ Portability
∑ Interoperability
∑ Reusability
∑ Adaptability

Maintenance

This aspect briefs about how well a software has the capabilities to maintain itself 
in the ever-changing environment:



∑ Modularity
∑ Maintainability
∑ Flexibility
∑ Scalability

In short, Software engineering is a branch of computer science, which uses well-
defined engineering concepts required to produce efficient, durable, scalable, in-
budget and on-time software products.

APPLIATION OF SOFTWARES

Application software can be divided into two general classes: systems software and 
applications software. Applications software (also called end-user programs) 
include such things as database programs, word processors, Web browsers and 
spreadsheets. An application program (app or application for short) is a computer 
program designed to perform a group of coordinated functions, tasks, or activities 
for the benefit of the user. Examples of an application include a word processor, a 
spreadsheet, an accounting application, a web browser, a media player, an 
aeronautical flight simulator, a console game or a photo editor. The collective noun
application software refers to all applications collectively.[1] This contrasts with 
system software, which is mainly involved with running the computer.

Applications may be bundled with the computer and its system software or 
published separately, and may be coded as proprietary, open-source or university 
projects. Apps built for mobile platforms are called mobisle app

Software crisis

Software crisis is a term used in the early days of computing science for the 
difficulty of writing useful and efficient computer programs in the required time. 
The software crisis was due to the rapid increases in computer power and the 
complexity of the problems that could be tackled. Software crisis is a term used in 
the early days of computing science for the difficulty of writing useful and efficient 
computer programs in the required time. The software crisis was due to the rapid 
increases in computer power and the complexity of the problems that could be 
tackled. With the increase in the complexity of the software, many software 
problems arose because existing methods were neither sufficient nor up to the 
mark

https://en.wikipedia.org/wiki/Computer_program
https://en.wikipedia.org/wiki/Computer_program
https://en.wikipedia.org/wiki/Word_processor
https://en.wikipedia.org/wiki/Spreadsheet
https://en.wikipedia.org/wiki/Accounting_software
https://en.wikipedia.org/wiki/Web_browser
https://en.wikipedia.org/wiki/Media_player_%28application_software%29
https://en.wikipedia.org/wiki/Flight_simulator
https://en.wikipedia.org/wiki/Console_game
https://en.wikipedia.org/wiki/Photo_editor
https://en.wikipedia.org/wiki/Collective_noun
https://en.wikipedia.org/wiki/Application_software#cite_note-1
https://en.wikipedia.org/wiki/System_software
https://en.wikipedia.org/wiki/Product_bundling
https://en.wikipedia.org/wiki/Proprietary_software
https://en.wikipedia.org/wiki/Open-source
https://en.wikipedia.org/wiki/Mobile_device
https://en.wikipedia.org/wiki/Mobile_app
https://en.wikipedia.org/wiki/Computing_science


The causes of the software crisis were linked to the overall complexity of hardware 
and the software development process. The crisis manifested itself in several ways:

∑ Projects running over-budget
∑ Projects running over-time
∑ Software was very inefficient
∑ Software was of low quality
∑ Software often did not meet requirements
∑ Projects were unmanageable and code difficult to maintain
∑ Software was never delivered

The main cause is that improvements in computing power had outpaced the ability 
of programmers to effectively utilize those capabilities. Various processes and 
methodologies have been developed over the last few decades to improve software 
quality management such as procedural programming and object-oriented 
programming. However software projects that are large, complicated, poorly 
specified, and involve unfamiliar aspects, are still vulnerable to large, 
unanticipated problems.

Software Project Management

A Software Project is the complete procedure of software development from 
requirement gathering to testing and maintenance, carried out according to the 
execution methodologies, in a specified period of time to achieve intended 
software product.

Need of software project management

Software is said to be an intangible product. Software development is a kind of all 
new stream in world business and there’s very little experience in building 
software products. Most software products are tailor made to fit client’s 
requirements. The most important is that the underlying technology changes and 
advances so frequently and rapidly that experience of one product may not be 
applied to the other one. All such business and environmental constraints bring risk 
in software development hence it is essential to manage software projects 
efficiently.
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The image above shows triple constraints for software projects. It is an essential 
part of software organization to deliver quality product, keeping the cost within 
client’s budget constrain and deliver the project as per scheduled. There are several 
factors, both internal and external, which may impact this triple constrain triangle. 
Any of three factor can severely impact the other two. 

Therefore, software project management is essential to incorporate user 
requirements along with budget and time constraints.

Software Project Manager

A software project manager is a person who undertakes the responsibility of 
executing the software project. Software project manager is thoroughly aware of 
all the phases of SDLC that the software would go through. Project manager may 
never directly involve in producing the end product but he controls and manages 
the activities involved in production.

A project manager closely monitors the development process, prepares and 
executes various plans, arranges necessary and adequate resources, maintains 
communication among all team members in order to address issues of cost, budget, 
resources, time, quality and customer satisfaction.

Let us see few responsibilities that a project manager shoulders -

Managing People

∑ Act as project leader
∑ Liaison with stakeholders
∑ Managing human resources
∑ Setting up reporting hierarchy etc.

Managing Project

∑ Defining and setting up project scope
∑ Managing project management activities
∑ Monitoring progress and performance
∑ Risk analysis at every phase
∑ Take necessary step to avoid or come out of problems
∑ Act as project spokesperson



Software Management Activities

Software project management comprises of a number of activities, which contains 
planning of project, deciding scope of software product, estimation of cost in 
various terms, scheduling of tasks and events, and resource management. Project 
management activities may include:

∑ Project Planning
∑ Scope Management
∑ Project Estimation

Project Planning

Software project planning is task, which is performed before the production of 
software actually starts. It is there for the software production but involves no 
concrete activity that has any direction connection with software production; rather 
it is a set of multiple processes, which facilitates software production. Project 
planning may include the following: 

Scope Management

It defines the scope of project; this includes all the activities, process need to be 
done in order to make a deliverable software product. Scope management is 
essential because it creates boundaries of the project by clearly defining what 
would be done in the project and what would not be done. This makes project to 
contain limited and quantifiable tasks, which can easily be documented and in turn 
avoids cost and time overrun. 

During Project Scope management, it is necessary to -

∑ Define the scope 
∑ Decide its verification and control
∑ Divide the project into various smaller parts for ease of management.
∑ Verify the scope
∑ Control the scope by incorporating changes to the scope



Project Estimation

For an effective management accurate estimation of various measures is a must. 
With correct estimation managers can manage and control the project more 
efficiently and effectively. 

Project estimation may involve the following:

∑ Software size estimation

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

∑ Effort estimation

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

∑ Time estimation

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

The sum of time required to complete all tasks in hours or days is the total 
time invested to complete the project.

∑ Cost estimation

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



o Size of software
o Software quality
o Hardware
o Additional software or tools, licenses etc.
o Skilled personnel with task-specific skills
o Travel involved
o Communication
o Training and support

Project Estimation Techniques

We discussed various parameters involving project estimation such as size, effort, 
time and cost.

Project manager can estimate the listed factors using two broadly recognized 
techniques –

Decomposition Technique

This technique assumes the software as a product of various compositions.

There are two main models -

∑ Line of Code Estimation is done on behalf of number of line of codes in the 
software product.

∑ Function Points Estimation is done on behalf of number of function points 
in the software product.

Empirical Estimation Technique

This technique uses empirically derived formulae to make estimation.These 
formulae are based on LOC or FPs.

∑ Putnam Model

This model is made by Lawrence H. Putnam, which is based on Norden’s 
frequency distribution (Rayleigh curve). Putnam model maps time and 
efforts required with software size. 

∑ COCOMO



COCOMO stands for COnstructive COst MOdel, developed by Barry W. 
Boehm. It divides the software product into three categories of software: 
organic, semi-detached and embedded.

Project Scheduling

Project Scheduling in a project refers to roadmap of all activities to be done with 
specified order and within time slot allotted to each activity. Project managers tend 
to define various tasks, and project milestones and them arrange them keeping 
various factors in mind. They look for tasks lie in critical path in the schedule, 
which are necessary to complete in specific manner (because of task 
interdependency) and strictly within the time allocated. Arrangement of tasks 
which lies out of critical path are less likely to impact over all schedule of the 
project.

For scheduling a project, it is necessary to -

∑ Break down the project tasks into smaller, manageable form 
∑ Find out various tasks and correlate them
∑ Estimate time frame required for each task
∑ Divide time into work-units
∑ Assign adequate number of work-units for each task
∑ Calculate total time required for the project from start to finish

Resource management

All elements used to develop a software product may be assumed as resource for
that project. This may include human resource, productive tools and software 
libraries.

The resources are available in limited quantity and stay in the organization as a 
pool of assets. The shortage of resources hampers the development of project and it 
can lag behind the schedule. Allocating extra resources increases development cost 
in the end. It is therefore necessary to estimate and allocate adequate resources for 
the project.

Resource management includes -

∑ Defining proper organization project by creating a project team and 
allocating responsibilities to each team member

∑ Determining resources required at a particular stage and their availability



∑ Manage Resources by generating resource request when they are required 
and de-allocating them when they are no more needed.

Project Risk Management

Risk management involves all activities pertaining to identification, analyzing and 
making provision for predictable and non-predictable risks in the project. Risk may 
include the following:

∑ Experienced staff leaving the project and new staff coming in.
∑ Change in organizational management.
∑ Requirement change or misinterpreting requirement.
∑ Under-estimation of required time and resources.
∑ Technological changes, environmental changes, business competition.

Risk Management Process

There are following activities involved in risk management process:

∑ Identification - Make note of all possible risks, which may occur in the 
project.

∑ Categorize - Categorize known risks into high, medium and low risk 
intensity as per their possible impact on the project.

∑ Manage - Analyze the probability of occurrence of risks at various phases. 
Make plan to avoid or face risks. Attempt to minimize their side-effects.

∑ Monitor - Closely monitor the potential risks and their early symptoms. 
Also monitor the effects of steps taken to mitigate or avoid them.

Project Execution & Monitoring

In this phase, the tasks described in project plans are executed according to their 
schedules.

Execution needs monitoring in order to check whether everything is going 
according to the plan. Monitoring is observing to check the probability of risk and 
taking measures to address the risk or report the status of various tasks.

These measures include -



∑ Activity Monitoring - All activities scheduled within some task can be 
monitored on day-to-day basis. When all activities in a task are completed, it 
is considered as complete.

∑ Status Reports - The reports contain status of activities and tasks completed 
within a given time frame, generally a week. Status can be marked as 
finished, pending or work-in-progress etc.

∑ Milestones Checklist - Every project is divided into multiple phases where 
major tasks are performed (milestones) based on the phases of SDLC. This 
milestone checklist is prepared once every few weeks and reports the status 
of milestones.

Project Communication Management

Effective communication plays vital role in the success of a project. It bridges gaps 
between client and the organization, among the team members as well as other 
stake holders in the project such as hardware suppliers.

Communication can be oral or written. Communication management process may 
have the following steps: 

∑ Planning - This step includes the identifications of all the stakeholders in 
the project and the mode of communication among them. It also considers if 
any additional communication facilities are required.

∑ Sharing - After determining various aspects of planning, manager focuses 
on sharing correct information with the correct person on correct time. This 
keeps every one involved the project up to date with project progress and its 
status.

∑ Feedback - Project managers use various measures and feedback 
mechanism and create status and performance reports. This mechanism 
ensures that input from various stakeholders is coming to the project
manager as their feedback.

∑ Closure - At the end of each major event, end of a phase of SDLC or end of 
the project itself, administrative closure is formally announced to update 
every stakeholder by sending email, by distributing a hardcopy of document 
or by other mean of effective communication.

After closure, the team moves to next phase or project.



Configuration Management

Configuration management is a process of tracking and controlling the changes in 
software in terms of the requirements, design, functions and development of the 
product.

IEEE defines it as “the process of identifying and defining the items in the system, 
controlling the change of these items throughout their life cycle, recording and 
reporting the status of items and change requests, and verifying the completeness 
and correctness of items”.

Generally, once the SRS is finalized there is less chance of requirement of changes 
from user. If they occur, the changes are addressed only with prior approval of 
higher management, as there is a possibility of cost and time overrun.

Baseline

A phase of SDLC is assumed over if it baselined, i.e. baseline is a measurement 
that defines completeness of a phase. A phase is baselined when all activities 
pertaining to it are finished and well documented. If it was not the final phase, its 
output would be used in next immediate phase.

Configuration management is a discipline of organization administration, which 
takes care of occurrence of any change (process, requirement, technological, 
strategical etc.) after a phase is baselined. CM keeps check on any changes done in 
software.

Change Control

Change control is function of configuration management, which ensures that all 
changes made to software system are consistent and made as per organizational 
rules and regulations.

A change in the configuration of product goes through following steps -

∑ Identification - A change request arrives from either internal or external 
source. When change request is identified formally, it is properly 
documented.

∑ Validation - Validity of the change request is checked and its handling 
procedure is confirmed.



∑ Analysis - The impact of change request is analyzed in terms of schedule, 
cost and required efforts. Overall impact of the prospective change on 
system is analyzed.

∑ Control - If the prospective change either impacts too many entities in the 
system or it is unavoidable, it is mandatory to take approval of high 
authorities before change is incorporated into the system. It is decided if the 
change is worth incorporation or not. If it is not, change request is refused 
formally.

∑ Execution - If the previous phase determines to execute the change request, 
this phase take appropriate actions to execute the change, does a thorough 
revision if necessary.

∑ Close request - The change is verified for correct implementation and 
merging with the rest of the system. This newly incorporated change in the 
software is documented properly and the request is formally is closed.

Project Scheduling

It describes the process of building and monitoring schedules for software 
development projects. To build complex software systems, many engineering tasks 
need to occur in parallel with one another to complete the project on time. The 
output from one task often determines when another may begin. Software 
engineers need to build activity networks that take these task interdependencies 
into account. Managers find that it is difficult to ensure that a team is working on 
the most appropriate tasks without building a detailed schedule and sticking to it. 
This requires that tasks are assigned to people, milestones are created, resources 
are allocated for each task, and progress is tracked.

Root Causes for Late Software

∑ Unrealistic deadline established outside the team
∑ Changing customer requirements not reflected in schedule changes
∑ Underestimating the resources required to complete the project
∑ Risks that were not considered when project began
∑ Technical difficulties that complete not have been predicted in advance
∑ Human difficulties that complete not have been predicted in advance
∑ Miscommunication among project staff resulting in delays
∑ Failure by project management to recognize project failing behind schedule and 

failure to take corrective action to correct problems



How to Deal With Unrealistic Schedule Demands

1. Perform a detailed project estimate for project effort and duration using 
historical data.

2. Use an incremental process model that will deliver critical functionality 
imposed by deadline, but delay other requested functionality.

3. Meet with the customer and explain why the deadline is unrealistic using your 
estimates based on prior team performance.

4. Offer an incremental development and delivery strategy as an alternative to 
increasing resources or allowing the schedule to slip beyond the deadline. 

Project Scheduling Perspectives

∑ Project scheduling is an activity that distributes estimated effort across the 
planned project duration by allocating the effort to specific software 
engineering tasks.

∑ One view is that the end-date for the software release is set externally and that 
the software organization is constrained to distribute effort in the prescribed 
time frame.

∑ Another view is that the rough chronological bounds have been discussed by 
the developers and customers, but the end-date is best set by the developer after 
carefully considering how to best use the resources needed to meet the 
customer’s needs.

∑ Schedules evolve over time as the first macroscopic schedules is refined into 
the detailed schedule for each planned software increment.

Software Project Scheduling Principles

∑ Compartmentalization - the product and process must be decomposed into a 
manageable number of activities and tasks

∑ Interdependency - tasks that can be completed in parallel must be separated 
from those that must completed serially

∑ Time allocation - every task has start and completion dates that take the task 
interdependencies into account  

∑ Effort validation - project manager must ensure that on any given day there are 
enough staff members assigned to completed the tasks within the time estimated 
in the project plan



∑ Defined Responsibilities - every scheduled task needs to be assigned to a 
specific team member

∑ Defined outcomes - every task in the schedule needs to have a defined outcome 
(usually a work product or deliverable) 

∑ Defined milestones - a milestone is accomplished when one or more work 
products from an engineering task have passed quality review

Relationship Between People and Effort

∑ Adding people to a project after it is behind schedule often causes the schedule 
to slip further

∑ The relationship between the number of people on a project and overall 
productivity is not linear (e.g. 3 people do not produce 3 times the work of 1 
person, if the people have to work in cooperation with one another) 

∑ The main reasons for using more than 1 person on a project are to get the job 
done more rapidly and to improve software quality.

Project Effort Distribution

∑ The 40-20-40 rule:
o 40% front-end analysis and design
o 20% coding
o 40% back-end testing

∑ Generally accepted guidelines are:
o 02-03 % planning
o 10-25 % requirements analysis
o 20-25 % design
o 15-20 % coding
o 30-40 % testing and debugging

Software Project Types

1. Concept development - initiated to explore new business concept or new 
application of technology

2. New application development - new product requested by customer
3. Application enhancement - major modifications to function, performance, or 

interfaces (observable to user)



4. Application maintenance - correcting, adapting, or extending existing software 
(not immediately obvious to user)

5. Reengineering - rebuilding all (or part) of a legacy system

Factors Affecting Task Set

∑ Size of project
∑ Number of potential users
∑ Mission criticality
∑ Application longevity
∑ Requirement stability
∑ Ease of customer/developer communication
∑ Maturity of applicable technology
∑ Performance constraints
∑ Embedded/non-embedded characteristics
∑ Project staffing
∑ Reengineering factors

Concept Development Tasks

∑ Concept scoping - determine overall project scope
∑ Preliminary concept planning - establishes development team's ability to 

undertake the proposed work 
∑ Technology risk assessment - evaluates the risk associated with the technology 

implied by the software scope
∑ Proof of concept - demonstrates the feasibility of the technology in the 

software context 
∑ Concept implementation - concept represented in a form that can be used to 

sell it to the customer
∑ Customer reaction to concept - solicits feedback on new technology from 

customer 

Scheduling

∑ Task networks (activity networks) are graphic representations can be of the task 
interdependencies and can help define a rough schedule for particular project

∑ Scheduling tools should be used to schedule any non-trivial project.



∑ Program evaluation and review technique (PERT) and critical path method
(CPM) ) are quantitative techniques that allow software planners to identify the 
chain of dependent tasks in the project work breakdown structure (WBS) that 
determine the project duration time. 

∑ Timeline (Gantt) charts enable software planners to determine what tasks will 
be need to be conducted at a given point in time (based on estimates for effort, 
start time, and duration for each task).

∑ The best indicator of progress is the completion and successful review of a 
defined software work product.

∑ Time-boxing is the practice of deciding a priori the fixed amount of time that 
can be spent on each task.  When the task's time limit is exceeded, development 
moves on to the next task (with the hope that a majority of the critical work was 
completed before time ran out).

Tracking Project Schedules

∑ Periodic project status meetings with each team member reporting progress and 
problems

∑ Evaluation of results of all work product reviews
∑ Comparing actual milestone completion dates to scheduled dates
∑ Comparing actual project task start-dates to scheduled start-dates
∑ Informal meeting with practitioners to have them asses subjectively progress to 

date and future problems
∑ Use earned value analysis to assess progress quantitatively

Tracking Increment Progress for OO Projects

∑ Technical milestone: OO analysis complete
o All hierarchy classes defined and reviewed
o Class attributes and operations are defined and reviewed
o Class relationships defined and reviewed
o Behavioral model defined and reviewed
o Reusable classed identified

∑ Technical milestone: OO design complete
o Subsystems defined and reviewed
o Classes allocated to subsystems and reviewed
o Task allocation has been established and reviewed
o Responsibilities and collaborations have been identified



o Attributes and operations have been designed and reviewed
o Communication model has been created and reviewed

∑ Technical milestone: OO programming complete
o Each new design model class has been implemented
o Classes extracted from the reuse library have been implemented
o Prototype or increment has been built

∑ Technical milestone: OO testing complete
o The correctness and completeness of the OOA and OOD models has 

been reviewed
o Class-responsibility-collaboration network has been developed and 

reviewed
o Test cases are designed and class-level tests have been conducted for 

each class
o Test cases are designed, cluster testing is completed, and classes have 

been integrated
o System level tests are complete


