Software Project Management (CS615)

LECTURE #1

1. Introduction & Fundamentals

1.1 What is Management?

Basically, the management involves the following activities:
¢ Planning- deciding what is to be done

Organizing- making arrangements

Staffing- selecting the right people for the job

Directing- giving instructions

Monitoring- checking on progress

Controlling- taking action to remedy hold-ups

Innovating- coming up with new solutions

Representing- liaising with users, etc.
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1.2 What is Project Management?

Project Management is the art of maximizing the probability that a project
delivers its goals on Time, to Budget and at the required Quality.

The art of planning for the future has always been a human trait. In essence a
project can be captured on paper with a few simple elements: a start date, an end
date, the tasks that have to be carried out and when they should be finished, and
some idea of the resources (people, machines etc) that will be needed during the
course of the project.

Project management is the application of knowledge, skills, tools, and
techniques to project activities to meet project requirements. Project management
is accomplished through the use of the processes such as: initiating, planning,
executing, controlling, and closing. It is important to note that many of the
processas within nro ect m' nagement 2re iterative in nature This is in part due to
we caownce o ard 1ie ncces ity fir progressive elibcrat on in a project
througuout wie project ufe cycie, 1.e., the niore you nuow about your project, the
better you are able to manage it.

Project management is also defined as a strategic competency that has successfully been
applied in such high profile projects as the construction of silk root, organizing and managing the
Olympics Games, and the construction of Islamabad-Lahore motorway, just to name a few. If
project management can play a major role in these success stories, just imagine what it might be
able to do for your own organization.

The term project management is sometimes used to describe an organizational
approach to the management of ongoing operations. This approach, more properly
called management by projects, treats many aspects of ongoing operations as
projects to apply project management techniques to them.
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Almost any human activity that involves carrying out a non- repetitive task
can be a project. So we are all project managers! We all practice project
management (PM). But there is a big difference between carrying out a very
simple project involving one or two people and one involving a complex mix of
people, organizations and tasks.

1.3 What is Software Project Management?

When the plan starts to involve different things happening at different times, some
of which are dependent on each other, plus resources required at different times
and in different quantities and perhaps working at different rates, the paper plan
could start to cover a vast area and be unreadable.

Nevertheless, the idea that complex plans could be analyzed by a computer to
allow someone to control a project is the basis of much of the development in
technology that now allows projects of any size and complexity, not only to be
planned, but also modeled to answer 'what if?' questions.

The original programs and computers tended to produce answers long after an
event had taken place. Now, there are many project planning and scheduling
programs that can provide real time information, as well as linking to risk
analysis, time recording, and costing, estimating and other aspects of project
control.

But computer programs are not project management: they are tools for
project managers to use. Project management is all that mix of components of
control, leadership, teamwork, resource management etc that goes into a
successful project.

Project managers can be found in all industries. Their numbers have grown
rapidly as industry and commerce has realized that much of what it does is project
work. And as project-based organizations have started to emerge, project
management is becoming established as both a professional career path and a way
of controlling business.

So opportunities in project management now exist not only in being a project
manager, but also as part of the support team in a project or program office or as a
team leader for part of a project. There are also qualifications that can be attained
through the professional associations.
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What is a Project?
A project is an activity with specific goals which takes place over a finite
period of time.

“A temporary organization that is needed to produce a unique and pre-defined
outcome or result at a pre-specified time using pre-determined resources”

Projects are often implemented as a means of achieving an organization’s
strategic plan. Operations and projects differ primarily in that operations are
ongoing and repetitive while projects are temporary and unique. A project can
thus be defined in terms of its distinctive characteristics—a project is a temporary
endeavor undertaken to create a unique product or service. Temporary means
that every project has a definite beginning and a definite end. Unique means that
the product or service is different in some distinguishing way from all other
products or services. For many organizations, projects are a means to respond to
those requests that cannot be addressed within the organization’s normal
operational limits.

Projects are undertaken at all levels of the organization. They may involve a
single person or many thousands. Their duration ranges from a few weeks to more
than five years. Projects may involve a single unit of one organization or may
cross organizational boundaries, as in joint ventures and partnering.

Examples of projects include:

Developing a new product or service.

Effecting a change in structure, staffing, or style of an organization.
Designing a new transportation vehicle.

Developing or acquiring a new or modified information system.
Constructing a building or facility.

Building a water system for a community in a developing country.
Running a campaign for political office.

Implementing a new business procedure or process.

1. Temporary

Temporary means that every project has a definite beginning and a definite end.
The end is reached when the project’s objectives have been achieved, or it
becomes clear that the project objectives will not or cannot be met, or the need for
the project no longer exists and the project is terminated. Temporary does not
necessarily mean short in duration; many projects last for several years. In every
case, however, the duration of a project is finite; projects are not ongoing efforts.

2. Unique, Product Service or Result
Projects involve creating something that has not been done in exactly the same
way before and which is, therefore, unigue and distinct. Projects create:
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e A product or artifact that is produced, is quantifiable and can be either an
end item in itself or a component item

e A capability to perform a service, such as business functions supporting
production or distribution

e A result, such as new knowledge. For example, a research and
development project develops knowledge that can be used to determine
whether or not a trend is present or a new process will benefit society.

The presence of repetitive elements does not change the fundamental uniqueness
of the project work. For example:

e A project to develop a new commercial airliner may require multiple
proto-types.

e A project to bring a new drug to market may require thousands of doses of
the drug to support clinical trials.

e A real estate development project may include hundreds of individual
units.

¢ A development project (e.g., water and sanitation) may be implemented in
five geographic areas.

3. Aims/Tasks/Purpose
The projects are designed to achieve specific targets defined in terms of aims,
tasks or a purpose. The nature and size of the project depends upon
complexity of the task, realization of the aims and scope of the purpose any
organization wants to achieve. In short project has to be aimed for achieving
certain tasks in a given time frame.

4. Limited Time Scale
The projects are always designed considering time constraints. Extension to
the project completion dead lines are always discouraged as time overrun,
costs extra and in some cases opportunity cost for not completing a project is
too high.

~  Progressive, Elaboration
Progressive elaboration is a characteristic of projects that accompanies the
concepts of temporary and unique. “Progressively” means developing thoroughly
in steps, and continuing steadily by increments while elaborated means “worked
out with care and detail; developed thoroughly”

For example, the project scope will be broadly described early in the project, and
made more explicit and detailed as the project team develops a better and more
complete understanding of the objectives and deliverables.

Progressive elaboration of project specifications must be carefully coordinated
with proper project scope definition, particularly if the project is performed under
contract. When properly defined, the scope of the project—the work to be done—
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should be controlled as the project and product specifications are progressively
elaborated.

The following examples illustrate progressive elaboration in two different
application areas.

v’ Example 1. Development of a chemical processing plant begins with process
engineering to define the characteristics of the process. These characteristics are
used to design the major processing units. This information becomes the basis for
engineering design, which defines both the detail plant layout and the mechanical
characteristics of the process units and ancillary facilities. All of this results in
design drawings that are elaborated to produce fabrication and construction
drawings. During construction, interpretations and adaptations are made as
needed and subject to proper approval. This further elaboration of the deliverables
is captured in as-built drawings, and final operating adjustments are made during
testing and turnover.

v’ Example 2. The product of an economic development project may initially be
defined as: “Improve the quality of life of the lowest income residents of
community X.” As the project proceeds, the products may be described more
specifically as, for example: “Provide access to food and water to 500 low income
residents in community X.” The next round of progressive elaboration might
focus exclusively on increasing agriculture production and marketing, with
provision of water deemed to be a secondary priority to be initiated once the
agricultural component is well under way.

© Copyright Virtual University of Pakistan



(c) ketabton.com: The Digital Library

Software Project Management (CS615)

1.5

1.6

LECTURE #2

1. Introduction & Fundamentals

Goals of Project management

Project management is the discipline of defining and achieving a set of goals
while optimizing the use of allocated resources (time, money, people, space,
etc). This includes planning, scheduling and maintaining progress of the
activities that comprise the project. Project management is normally reserved for
focused, non-repetitive, time-limited activities with some degree of risk and that
are beyond the usual scope of program (operational) activities for which the
organization is responsible.

Project management software describes the tools to efficiently coordinate and
automate the various project management component processes. Project
management software generally offers extensive reporting features, such as day-
to-day status updates of project progress, scheduling and dependency trees, and
system-generated alerts when schedules slip beyond pre-set tolerances. Most
project management tools include web-accessible interfaces so that employees
can access features of the software relevant to their needs, and functionality to
allow managers to share resource pools without overbooking.

Project Characteristics

1. Temporary
Temporary means that every project has a definite beginning and a definite end.
The end is reached when the project’s objectives have been achieved, or it
becomes clear that the project objectives will not or cannot be met, or the need for
the project no longer exists and the project is terminated. Temporary does not
necessarily mean short in duration; many projects last for several years. In every
case, however, the duration of a project is finite; projects are not ongoing efforts.

2. Unique, Product Service or Result
Projects involve creating something that has not been done in exactly the same
way before and which is, therefore, unique and distinct. Projects create:

e A product or artifact that is produced, is quantifiable and can be either an
end item in itself or a component item
e A capability to perform a service, such as business functions supporting
production or distribution
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e A result, such as new knowledge. For example, a research and
development project develops knowledge that can be used to determine
whether or not a trend is present or a new process will benefit society.

The presence of repetitive elements does not change the fundamental uniqueness
of the project work. For example:

e A project to develop a new commercial airliner may require multiple
proto-types.

e A project to bring a new drug to market may require thousands of doses of
the drug to support clinical trials.

e A real estate development project may include hundreds of individual
units.

e A development project (e.g., water and sanitation) may be implemented in
five geographic areas.

5. Aims/Tasks/Purpose
The projects are designed to achieve specific targets defined in terms of aims,
tasks or a purpose. The nature and size of the project depends upon
complexity of the task, realization of the aims and scope of the purpose any
organization wants to achieve. In short project has to be aimed for achieving
certain tasks in a given time frame.

6. Limited Time Scale
The projects are always designed considering time constraints. Extension to
the project completion dead lines are always discouraged as time overrun,
costs extra and in some cases opportunity cost for not completing a project is
too high.

1.7  Four Project Dimensions

Software project management is an umbrella activity within software engineering.
It begins before any technical activity is initiated and continues throughout the
definition, development, and support of computer software.

Four P's have a substantial influence on software project management- people,
product, process, and project.

e People must be organized into effective teams, motivated to do high-quality
software work, and coordinated to achieve effective communication.

e The product requirements must be communicated from customer to
developer, partitioned (decomposed) into their constituent parts, and
positioned for work by the software team.

e The process must be adapted to the people and the problem. A common
process framework is selected, an appropriate software engineering paradigm
is applied, and a set of work tasks is chosen to get the job done.

7
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e The project must be organized in a manner that enables the software team to
succeed.

Effective software project management focuses on the four P’s: people, product,
process, and project. The order is not arbitrary. The manager who forgets that
software engineering work is an intensely human endeavor will never have
Success in project management. A manager who fails to encourage
comprehensive customer communication early in the evolution of a project risks
building an elegant solution for the wrong problem. The manager who pays little
attention to the process runs the risk of inserting competent technical methods and
tools into a vacuum. The manager who embarks without a solid project plan
jeopardizes the success of the product.

= People

In a study published by the IEEE, the engineering vice presidents of three
major technology companies were asked the most important contributor to a
successful software project. They answered in the following way:

VP 1: I guess if you had to pick one thing out that is most important in our
environment. I’d say it’s not the tools that we use, it’s the people.

VP 2: The most important ingredient that was successful on this project was
having smart people...very little else matters in my opinion....The most
important thing you do for a project is selecting the staff...The success of the
software development organization is very, very much associated with the
ability to recruit good people.

VP 3: The only rule I have in management is to ensure I have good people —
real good people-and that I grow good people — and that I provide an
environment in which good people can produce.

Indeed, this is a compelling testimonial on the importance of people in the
software engineering process. And yet, all of us, from senior engineering vice
presidents to the lowliest practitioner, often take people for granted. Managers
argue (as the preceding group had) that people are primary, but their actions
sometimes belie their words. In this section we examine the players who
participate in the software process and the manner in which they are organized
to perform effective software engineering.

1. The Players

The software process (and every software project) is populated by players
who can be categorized into one of five constituencies:

1. Senior managers who define the business issues that often have
significant influence on the project.
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2. Project (technical) managers who must plan, motivate, organize,
and control the practitioners who do software work.

3. Practitioners who deliver the technical skills that are necessary to
engineer a product or application.

4. Customers who specify the requirements for the software to be
engineered and other stakeholders who have a peripheral interest in
the outcome.

2. End-users

Who interact with the software once it is released for production use.
Every software project is populated by people who fall within this
taxonomy. To be effective, the project team must be organized in a way
that maximizes each person’s skills and abilities. And that’s the job of the
team leader.

3. Team Leaders

Project management is a people-intensive activity, and for this reason,
competent practitioners often make poor team leaders. They simply don’t
have the right mix of people skills. And yet, as Edgemon states:
“unfortunately and all too frequently it seems, individuals just fall into a
project manager role and become accidental project managers.” [EDG95].

The cultivation of motivated, highly skilled software people has been
discussed since the 1960s (e.g., [COUBO] [WIT94} [DEMO9B]). In fact,
the “people factor’ is so important that the Software Engineering Institute
has developed a people management capability maturity model (PM-
CMM), “to enhance the readiness of software organizations to undertake
increasingly complex applications by helping to attract, grow, motivate,
deploy, and retain the talent needed to improve their software
development capability” [CUR94].

The people management maturity model defines the following key
practice areas for software people: recruiting, selection, performance
management, training, compensation, career development, organization
and work design, and team/culture development. Organizations that
achieve high levels of maturity in the people management area have a
higher likelihood of implementing effective software engineering
practices.

The PM-CMM is a companion to the software capability maturity model
that guides organizations in the creation of a mature software process.

= The Process
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In a fascinating book that provides an economist’s view of software and
software engineering, Howard Baetjer. Jr, comments on the software process:

Software development is a social learning process. The process is a dialogue
in which the knowledge that must become the software is brought together and
embodied in the software. The process provides interaction between users and
designers: between users and evolving tools, and between designers and
evolving tools [technology] It is an iterative process in which the evolving tool
itself serves as the medium for communication, with each new round of the
dialogue eliciting more useful knowledge from the people involved.

When you build a product or system, it’s important to go through a series of
predictable steps — a road map that helps you create a timely, high-quality
result, The road map that you follow is called a ‘software process’ .

Software engineers and their managers adapt the process to their needs and
then follow it. In addition, the people who have ties defined by the process
requested the software play a role in the software process.

At a detailed level, the process that you adopt depends on the software you’re
building. One process might be appropriate for creating software for an
aircraft avionics system, while an entirely different process would be
indicated for the creation of a web site.

From the point of view of a software engineer, the work products are the
programs, documents and data produces as a consequence of the software
engineering activities defined by the process.

A software process provides the framework from which a comprehensive plan
for software development can be established.

A small number of framework activities are applicable to all software projects,
regardless of their size or complexity.

A number of different task sets-tasks, milestones, work products and; quality
assurance points-enable the framework activities to be adapted to the
characteristics of the software project and the requirements of the project
team.

Finally, umbrella activities — such as software quality assurance, software
configuration management, and measurement — overlay the process model.
Umbrella activities are independent of anyone framework activity and occur
throughout the process.
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LECTURE #3

1. Introduction & Fundamentals
1.8 Project Dimensions
= Product and Technology

— The 80:20, rule was originated by Vilfredo Pareto, an Italian economist who
studies the distribution of wealth in a variety of countries around 1900. He
discovered a common phenomenon: about 80% of the wealth in most countries
was controlled by a consistent minority -- about 20% of the people. Pareto called
this a "predictable imbalance." His observation eventually became known as
either the "80:20 rule" or "Pareto's Principle."

The credit for adapting Pareto's economic observations to business goes to the
"Father of Total Quality Management," service quality consultant Joseph M.
Juran. In 1950, he published "The Quality Control Handbook," which first
recognized the applicability of the Pareto principle in the context of inventory
management, e.g.:

e 20% of the repair parts normally account for 80 percent of the total
inventory
e 80% of production volume usually comes from 20% of the producers

He subsequently recognized that this rule of thumb was universally applicable

across fields of endeavor. As a credit to Pareto's work, Juran named his finding
the Pareto Principle. This universal management theory became generalized as
"the 80-20 Rule":

The "80:20 rule" has become one of the best known "leadership shorthand terms"
reflecting the notion that most of the results (of a life, of a program, of a financial
campaign) come from a minority of effort (or people, or input).

The Rule, states that a small number of causes (20%) is responsible for a large
percentage (80%) of the effect. It means that in anything a few (20 percent) are
vital and many (80 percent) are trivial.

There is an inherent imbalance between cause and effect, effort and reward, inputs
and outputs, etc; and that imbalance tends to the ratio of 80:20. So, if we know
which 20% of our work produces 80% of our income, we can do more of it and
our income will increase proportionately!

11
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You know 20 percent of you stock takes up 80 percent of your warehouse space
and that 80 percent of your stock comes from 20 percent of your suppliers. Also
80 percent of your sales will come from 20 percent of your sales staff. 20 percent
of your staff will cause 80 percent of your problems, but another 20 percent of
your staff will provide 80 percent of your production. It works both ways.

Some Sample 80/20 Rule Applications

80% of process defects arise from 20% of the process issues.

20% of your sales force produces 80% of your company revenues.

80% of delays in schedule arise from 20% of the possible causes of the delays.
80% of customer complaints arise from 20% of your products or services.

How It Can Help You

The value of the Pareto Principle for a manager is that it reminds you to focus on
the 20 percent that matters. Of the things you do during your day, only 20 percent
really matter. Those 20 percent produce 80 percent of your results. Identify and
Characteristic

focus on those things. When the fire drills of the day begin to sap your time,
remind yourself of the 20 percent you need to focus on. If something in the
schedule has to slip, if something isn't going to get done, make sure it's not part of
that 20 percent.

Pareto's Principle, the 80/20 Rule, should serve as a daily reminder to focus 80
percent of your time and energy on the 20 percent of you work that is really
important. Don't just "work smart", work smart on the right things.

Size

The larger product, there will be more requirements and features to deliver,
eventually it will take more time in its production. So if you cut the size of the
produce to half it will save you 60% of the effort.

Characteristic

Development Tools

12
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1.9

Customer delivered value

Value of products

) » Total value
Value of services

P — +
Personal value — ] l

Real value to
the customer

Financial cost

} » Total costs
Time cost

Image value

Energy cost

Psychical cost

Project Phases

Organizations performing projects will usually divide each project into several
Project phases to improve management control and provide for links to the
ongoing operations of the performing organization.

Collectively, the project phases are known as the project life cycle. Software
development, just like most other activities, has a beginning, middle and an end.

The end of one development activity is sometimes perceived as being linked to
the beginning of a new development activity thus producing a cycle of beginning-
middle-end, link, beginning-middle-end, link, and so forth.

This view of software development is referred to as the software development
life cycle.

A project has five phases. Here's a brief summary of each:

= Initiation
Articulate your vision for the project, establish goals, assemble your team,
and define expectations and the scope of your project.

= Planning
Refine the scope, identify specific tasks and activities to be completed,
and develop a schedule and budget.

= Executing
Accomplish your goals by leading your team, solving problems, and
building your project.

13
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= Controlling
Monitor changes to the project make corrections, adjust your schedule to
respond to problems, or adjust your expectations and goals.

= Closing
Deliver your project to your audience, acknowledge results, and assess its
success. Take the time to compose a written evaluation of the project and
the development effort.

The middle three phases are not sequential. You will find that you are constantly
planning, executing, and controlling your project as necessary.

Aren't these phases really just common sense? In many ways, yes, but keep in
mind that software development, whether a few Web pages or a complex CD-
ROM, is a complex, unpredictable process.

Most software projects (something like 80 percent) are delivered late,
substantially over budget, and incomplete. The more effort you put into managing
your project, the more you increase your chances of success.

— Characteristics of Project Phases

Each project phase is marked by completion of one or more deliverables. A
deliverable is a tangible, verifiable work product such as a feasibility study, a
detail design, or a working prototype. The deliverables, and hence the phases, are
part of a generally sequential logic designed to ensure proper definition of the
product of the project.

The conclusion of a project phase is generally marked by a review of both key
deliverables and project performance to date, to a) determine if the project should
continue into its next phase and b) detect and correct errors cost effectively. These
phase-end reviews are often called phase exits, stage gates, or kill points.

Each project phase normally includes a set of defined deliverables designed to
establish the desired level of management control. The majority of these items are
related to the primary phase deliverable, and the phases typically take their names
from these items: requirements, design, build, test, startup, turnover, and others,
as appropriate.

— Characteristics of the Project Life Cycle

The project life cycle serves to define the beginning and the end of a project. For
example, when an organization identifies an opportunity to which it would like to
respond, it will often authorize a needs assessment and/or a feasibility study to
decide if it should undertake a project. The project life-cycle definition will
determine whether the feasibility study is treated as the first project phase or as a
separate, standalone project.

14
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The project life-cycle definition will also determine which transitional actions at
the beginning and the end of the project are included and which are not. In this
manner, the project life-cycle definition can be used to link the project to the
ongoing operations of the performing organization.

The phase sequence defined by most project life cycles generally involves some
form of technology transfer or handoff such as requirements to design,
construction to operations, or design to manufacturing. Deliverables from the
preceding phase are usually approved before work starts on the next phase.
However, a subsequent phase is sometimes begun prior to approval of the
previous phase deliverables when the risks involved are deemed acceptable. This
practice of overlapping phases is often called fast tracking.

Project life cycles generally define:

=  What technical work should be done in each phase (e.g., is the work of the
architect part of the definition phase or part of the execution phase?).

=  Who should be involved in each phase (e.g., implementers who need to be
involved with requirements and design).

= Project life-cycle descriptions may be very general or very detailed. Highly
detailed descriptions may have numerous forms, charts, and checklists to
provide structure and consistency. Such detailed approaches are often called
project management methodologies.

= Most project life-cycle descriptions share a number of common
characteristics:

= Cost and staffing levels are low at the start, higher toward the end, and drop
rapidly as the project draws to a conclusion.

= The probability of successfully completing the project is lowest, and hence
risk and uncertainty are highest, at the start of the project. The probability of
successful completion generally gets progressively higher as the project
continues.

= The ability of the stakeholders to influence the final characteristics of the
project’s product and the final cost of the project is highest at the start and
gets progressively lower as the project continues. A major contributor to this
phenomenon is that the cost of changes and error correction generally
increases as the project continues.

Care should be taken to distinguish the project life cycle from the product life
cycle. For example, a project undertaken to bring a new desktop computer to
market is but one phase or stage of the product life cycle.

Although many project life cycles have similar phase names with similar
deliverables required, few are identical. Most have four or five phases, but some
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have nine or more. Even within a single application area, there can be significant
variations.

One organization’s software development life cycle may have a single design
phase while another’s has separate phases for functional and detail design.

Subprojects within projects may also have distinct project life cycles. For
example, an architectural firm hired to design a new office building is first
involved in the owner’s definition phase when doing the design, and in the
owner’s implementation phase when supporting the construction effort. The
architect’s design project, however, will have its own series of phases from
conceptual development through definition and implementation to closure. The
architect may even treat designing the facility and supporting the construction as
separate projects with their own distinct phases.

Project Life Cycle includes the following Phases and activities:

A. Concept Phase
1. User Need
Initial Investigation
User Review
System Performance Design
Candidate Review
Study Phase Report

SNk

B. Requirements Phase
1. The software requirements specification document
2. The project development plan
3. The software test plan

C. Design Phase
1. General System Review
Processing Requirements Identification
Data Base Design
Control Requirements
Output Design
Input Design
Software Selection
Equipment Selection/Acquisition
9. People
10. Reference Manual Identification
11. Plans
12. Design Specifications Preparation
13. Design Phase Report Preparation

e A o

D. Development Phase
16
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1.10

Reference Manual Preparation

. Personnel Training

10. Changeover Plan Preparation

11. Development Phase Report Preparation
12. User Acceptance Review

1. Implementation Planning

2. Computer Program Design

3. User Review

4. Equipment Acquisition and Installation
5. Coding and Debugging

6. Computer Program Testing

7. System Testing

8.

9

E. Operation Phase

1. System Changeover

2. Routine Operation

3. System Performance Evaluation
4. System Changes/Enhancements

Software Development Lifecycle
Water Fall Theme

Software development, just like most other activities, has a beginning, middle and
an end. The end of one development activity is sometimes perceived as being
linked to the beginning of a new development activity thus producing a cycle of
beginning-middle-end, link, beginning-middle-end, link, and so forth. This view
of software development is referred to as the software development life cycle.

There are many variations of the software development life cycle. Figure 1
presents a simple life cycle that was common during the first few decades of
software development. In those early days of software development, the
programmer would create programs by iterating from code to fix then back to
code, and then to fix again, until something acceptable was (hopefully) produced.
At the start of the cycle, there was usually no clear concept of what was required,
and the basic development procedure was a form of 'let's see what we can do'
approach.

The software development method represented by the development cycle in Fig.1
is often referred to as the code and fix method (for obvious reasons). Software
development methodologies have come a long way since the days of code and fix,
though it is surprising how much software is still being developed this way.

Successful management of any project, especially software projects, requires
planning, and planning is impossible with code and fix, which is totally
unpredictable. Management of software development within an engineering
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discipline is based on a much more orderly set of development phases. These
phases are not implemented solely by programmers; they require software
engineers. In fact, programming has become a relatively small part of the modern
software development cycle, as is evident from Table 1.

The numbers in Table 1 are derived from the general shift in emphasis to software
planning (requirements and design) and testing. Commercial data processing
systems, with some exceptions, still spend a significant amount of development
time in the programming and unit testing phase. Real-time systems are often more
complex, and may include extensive hardware software integration. This usually
requires more planning and more integration and testing.

Concept —»| Code —> Fix —

NA_°_a

Figure 1: the code and fix method

Table 1 Estimated percentage of time spent in each major software development phase

Planning Code and unit test Integration and test
Commercial data processing 25% 40% 35%
Real-time systems 35% 25% 40%
Military systems 40% 20% 40%

Military systems require high reliability and are usually closely supervised by the
customer, leading to a significant increase in the time spent in planning.

The data in Table 1, of course, represents a generalization; commercial data
processing systems can be just as complex as a real-time system.

Figure 2 presents the basic phased model of a software development cycle. This
model, called the Waterfall model, gets its name from the way in which each
phase cascades into the next (due to overlapping), as demonstrated in Fig. 3.
Some interpretations of the Waterfall model, like the one that follows, combine
the top level design and the detailed design phases into a single design phase, and
the integration and test phases into a single phase. In fact, there are many
variations of the classic Waterfall model, but they are all based upon a systematic
transition from one development phase to the next, until the project is complete.
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Figure 2: The phased model of the software development life cycle

Conception
Software requirements

Top level" design
P

Detailed desiFn

Implementation
Integration
Test
—
Maintenance

7
Figure 3: The Waterfall model of the software development life cycle
= Rapid prototyping There are other development methodologies that do not move
from one phase to the next like the Waterfall model. Rapid prototyping, for
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instance, iterates in a mini-development phase until a system prototype is
developed (see Fig. 4). After the prototype is complete, the Waterfall approach
can then be implemented to complete the full system. Rapid prototyping is
particularly helpful in projects where the requirements are difficult to specify. The
prototype can be used as a tool for analyzing and determining what the
requirements should be.

The Spiral model, described by Boehm (1988), is another development method
that iterates between the requirements, design and implementation phases.
However, the Spiral model continues iterating until the final system is complete.
Within each, iteration, the Spiral model follows a phased approach similar to the
Waterfall model.

Different models maybe suitable for different software projects or for different
software development organizations However, a good model must include certain
fundamental features. Some of these basic requirements are discussed in IEEE
Standard (IEEE 1993) Standard for Software Life Cycle Processes. This standard
describes the processes that are mandatory for the development of software and
specifies the activities that must be included in the life cycle model.

Most modern software development models, and certainly those following IEEE
Standard 1074, include some form of the basic phased model. It is therefore
important to understand the different phases and how they relate to one another.

Concept

Design | Implementation > Test

1
|
I
| »| Prototype |5 | Requirements
1
|
: The rapid prototyping cycle

A 4

Figure 4: Rapid prototyping followed by the phase method.
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LECTURE #4

1. Introduction & Fundamentals

1.11  Costs and Cost Management

Project Cost Management includes the processes required to ensure that the
project is completed within the approved budget.

= Resource Planning—determining what resources (people, equipment,
materials and what quantities of each should be used to perform project
activities.

= Cost Estimating—developing an approximation (estimate) of the costs of
the resources needed to complete project activities.

= Cost Budgeting—allocating the overall cost estimate to individual work
activities.

= Cost Control—controlling changes to the project budget.

These processes interact with each other and with the processes in the other
knowledge areas as well.

Each process may involve effort from one or more individuals or groups of
individuals, based on the needs of the project.

Each process generally occurs at least once in every project phase.

Although the processes are presented here as discrete elements with well-defined
interfaces, in practice they may overlap and interact in ways not detailed here.

Project cost management is primarily concerned with the cost of the resources
needed to complete project activities.

However, project cost management should also consider the effect of project
decisions on the cost of using the project’s product.

For example, limiting the number of design reviews may reduce the cost of the
project at the expense of an increase in the customer’s operating costs. This
broader view of project cost management is often called life-cycle costing. Life-
cycle costing together with Value Engineering techniques are used to reduce cost
and time, improve quality and performance, and optimize the decision-making.

In many application areas, predicting and analyzing the prospective financial
performance of the project’s product is done outside the project.
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1.12

In others (e.g., capital facilities projects), project cost management also includes
this work. When such predictions and analyses are included, project cost
management will include additional processes and numerous general management
techniques such as return on investment, discounted cash flow, payback analysis,
and others.

Project cost management should consider the information needs of the project
stakeholders—different stakeholders may measure project costs in different ways
and at different times. For example, the cost of a procurement item may be
measured when committed, ordered, delivered, incurred, or recorded for
accounting purposes.

Project vs. Program Management
= Whatis a Program?

“A coordinated portfolio of projects that change organizations to achieve benefits
of strategic importance”

Program management is the process of managing multiple on

going projects. An example would be that of designing, manufacturing and
providing support infrastructure for an automobile make.

It can be argued that Program Management has evolved from the complexities of
the more intricate aspects of Project Management.

As projects became larger; more interrelated; complex and multidimensional, the
need arose to have an approach that controlled Project Management whilst
remaining focused on the strategic objectives of the business. Whilst Project
Management focused on technical delivery, Program Management engaged on
relating design concepts to the business strategic vision of the future.

It is very important that you understand the concept of Program Management as a
method. Approaches may vary but definitions are relatively common. It is
appropriate to understand the ‘mission, goals and objectives’ of Program
Management and then relate these to the Program you propose to develop.
Definitions will fall within each of these headings and it is possible to develop
your own template which fits your organizational program. For example:

— Mission:
To co-ordinate a portfolio of projects to harmonize communications in

order to achieve a set of stated business objectives: Provision of strategy
alignment, with design objectives, in order to maintain control over a
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multiple project environment, ensuring quality end deliverables which
meet business operational needs.

The above is a fairly complex mission statement but provides a framework
to develop an intricate set of goals in order to utilize Program
Management. It is possible to develop an extensive list of goals,
depending upon the level of detail you wish to acquire. The following are
offered as suggestions:

— Goals:

Clearly defined roles and responsibilities
Established baselines and Terms of Reference statement
Type of program defined

Future business blueprint

Recognition of business transformation procedures
Defined structure of the Program

Route Map

Visible end deliverables — vision of the future

. Identification of future benefits

10. Risk

11. Contingency planning

LRI R W=

Co-ordinating Multiple Projects
orograrime ongrarime Orgarjsation |

Project B Projact |1

programme

Project C Project I I Project I

Project IV

Requlatony I

]
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Each of the goals would then be analyzed for providing objectives. For example:

e Managing a program embraces functions, risks and strategies outside of what a
project manager does.

e A program has goals beyond those of a project or group of projects. Program
outcomes are usually service delivery focused whereas a project is more likely
to be focused on the delivery of a 'product'.

e A program is more than a grouping of projects (that's just a program of works).

e The coordinated management of a portfolio of projects to achieve a set of
business objectives

e There are many more meanings of the term program management. Here are the
more common meanings:

— The Multi-Project Organization:

Program Management is the directing of a portfolio of projects that benefit
from a consolidated approach.

Jobbing engineering companies; software houses contracting for work; and
many other types of organization; run many simultaneous projects each of
which may or not contribute towards the corporate goals.

Typically the result of such a project is a deliverable which is eventually
delivered to a client for payment. After many delays the payment arrives and
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gets paid into the company’s bank account thereby increasing cash flow which
is achieving one of the company’s objectives.

Sometimes the projects are much more directly aimed at corporate goals -
opening a new factory or launching a new product - spring to mind.

The common elements of the projects are that they run simultaneously or at
least overlap with each other, they share resources and are supposed to
generate some income. One project being cancelled does not necessarily
change the organization’s general direction. These types of programs run for
ever and need have no end date. The projects are separate in that there need
not be logical links between projects. Whilst they share the same resources,
delays in one project need not cause delays in others.

— The Mega Project

The management of a portfolio of projects towards one specific objective;
Program management can also mean one very large project.

The USA’s Man on the Moon Project was such a program. In this sense the
term program indicates one very large project which is made up from a
number of components. Within the Apollo program there were many projects:
the Lunar Lander, the Orbiter, the Launcher and the Control Systems were all
projects which were large, complex and interesting. Polaris and the
Manhattan project (which resulted in the nuclear bomb) are other famous
projects large enough to be called programs. Therefore, particularly in USA,
the word program refers to a series of projects which make up one large
project.

The program is usually reflected in the management structure as there will be
a program manager to whom the project managers will report. Said program
manager or sometimes program director will concern himself with recruiting
and maintaining his project management teams and on integrating the
deliverables of each project into one overall program. In this meaning of
program management there is likely to be one physical deliverable.

These sorts of programs end. There will be a time when the overall objective
has been achieved and the program and all of its constituent projects are over.

The projects within this type of program are often linked. Delays with one
project often cause knock on effects with others due to logical links between
tasks in both projects.

For example if the moon rocket launch pad project was delayed, it would
delay the testing of the moon rocket itself. The Beirut Shopping Mall will be
of little use without the water treatment plant and the new sewer scheme. Such
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projects may not share the same resources but there are almost certain to be
linked through their logic.

Project Success

Project success is correlated with thorough analyses of the need for project
deliverables. Our research has shown that when a project results in deliverables
that are designed to meet a thoroughly documented need, then there is a greater
likelihood of project success. So managers should insist that there is a
documented business need for the project before they agree to consume
organizational resources in completing it.

We conduct planned and controlled software projects for one primary reason - it
is the only known way to manage complexity. And yet, we still struggle. In 1998,
industry data indicated that 26 percent of software projects failed outright and 46
percent experienced cost and schedule overruns [REE99].

Although the success rate for software projects has improved somewhat, our
project failure rate remains higher than it should be.

In order to avoid project failure, a software project manager and the software
engineers who build the product must avoid a set of common warning signs,
understand the critical success factors that lead to good project management, and
develop a common sense approach for planning, monitoring and controlling the
project.

In order to manage a successful software project, we must understand what can go
wrong (so that problems can be avoided) and how to do it right. In an excellent
paper on software projects, John Reel [REE99] defines ten signs that indicate that
an information systems project is in jeopardy:

1. Software people don't understand their customer's needs.

2. The product scope is poorly defined.

3. Changes are managed poorly.

4. The chosen technology changes.

5. Business needs change (or are ill-defined)

6. Deadlines are unrealistic.

7. Users are resistant.

8. Sponsorship is lost [or was never properly obtained).

9. The project team lacks people with appropriate skills.

10. Managers [and practitioners) avoid best practices and lessons learned.

Jaded industry professionals often refer to the 90-90 rule when discussing

particularly difficult software projects: The first 90 percent of a system absorbs 90
percent of the allotted effort and time. The last 10 percent takes the other 90
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percent of the allotted effort and time [ZAH94]. The seeds that lead to the 90-90
rule are contained in the signs noted in the preceding list.

But enough negativity! How does a manager act to avoid the problems just noted?
Reel [REE99] suggests a five-part commonsense approach to software projects:

1.

Start on the right foot. This is accomplished by working hard (very hard)
to understand the problem that is to be solved and then setting realistic
objects and expectations for everyone who will be involved in the project.
It is reinforced by building the right team (Section 3.2.3) and giving the
team the autonomy, authority, and technology needed to do the job.
Maintain momentum. Many projects get off to a good start and then
slowly disintegrate. To maintain momentum, the project manager must
provide incentives to keep turnover of personnel to an absolute minimum,
the team should emphasize quality in every task it performs, and senior
management should do everything possible to stay out of (the team's way.
Track progress. For a software project, progress is tracked as work
products (e.g., specifications, source code, sets of test cases) are produced
and approved (using formal technical reviews) as part of a quality
assurance activation, software process and project measures can be
collected and used to assess progress against averages developed for the
software development organization.

Make smart decisions. In essence, the decisions of the project manager
and the software team should be to "keep it simple.” Whenever possible,
decide to use commercial off-the-shelf software or existing software
components, decide to avoid custom interfaces when standard approaches
are available, decide to identify and then avoid obvious risks, and decide
to allocate more time than you think is needed to complex or risky tasks
(you'll need every minute).

Conduct a postmortem analysis. Establish a consistent mechanism for
extracting lessons learned for each project. Evaluate the planned and
actual schedules, collect and analyze software project metrics, get
feedback from team members and customers, and record findings in
written form.

— Projects and Strategy

Projects are a means of organizing activities that cannot be addressed
within the organization’s normal operational limits.

Projects are therefore often utilized as a means of achieving an
organization’s strategic plan, whether the project team is employed by the
organization or is a contracted service provider.

Projects are typically authorized as a result of one or more of the
following strategic considerations:
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A market demand (e.g., an oil company authorizes a project to build a
new refinery in response to chronic gasoline shortages)

A business need (e.g., a training company authorizes a project to create a
new course in order to increase its revenues)

A customer request (e.g., an electric utility authorizes a project to build a
new substation to serve a new industrial park)

A technological advance (e.g., an electronics firm authorizes a new
project to develop a new generation of video game player after the
introduction of the corresponding new game format)

A legal requirement (e.g., a paint manufacturer authorizes a project to
establish guidelines for the handling of a new toxic material).

No project ever goes 100% as planned, so project managers must learn to adapt to
change. There are many things that can go wrong with project management.
These are commonly called barriers. Here are some possible barriers:

1.14

1. Poor Communication

— Many times a project may fail because the project team does not
know exactly what to get done or what's already been done.

2. Disagreement

— Project must meet all elements in a contract.

— Customer and project manager must agree on numerous
elements.

— Failure to comply with standards and regulations.

— Inclement weather.

— Union strikes.

— Personality conflicts.

— Poor management

3. Poorly defined project goals
Trade-Off Triangle

Good project management deals with three factors: time, cost and
performance.

Projects are successful if they are completed on time, within budget, and to
performance requirements. In order to bring the many components of a large
project into control there is a large toolkit of techniques, methodologies, and
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These techniques provide the tools for managing different components
involved in a project: planning and scheduling, developing a product;
managing financial and capital resources, and monitoring progress. However
the success of a project will always rest on the abilities of a project manager
and the team members.

In managing competing project requirements Project managers often talk of a
triple constraint:

— Project scope
— Time and
— Cost

Project quality is affected by balancing these three factors.

High quality projects deliver the required product or service within scope, on
time and within budget.

The relationship among these factors is such that if any one of the three
factors changes, at least one other factor must change.

Simply put: project success means completing all project deliverables on time,
within budget, and to a level of quality that is acceptable to sponsors and
stakeholders.

The project manager must keep the team's attention focused on achieving
these broad goals. Most people still want their projects to be on time, meet
quality objectives, and not cost more than the budget. These form the classic
time, quality, cost triangle.

In fact if you have an unlimited budget and unlimited time, project
management becomes rather easy. For most people, however, time and money
are critical and that is what makes project management so important today.

Project management is often summarized in a triangle. The three most

important factors are time, cost and scope. These form the vertices with
quality as a central theme.
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More recently, this has given way to a project management diamond, with
time, cost, scope and quality the four vertices and customer expectations as a
central theme. No two customers' expectations are the same so you must ask
what their expectations are.
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A project goes through four phases during its life:

1. Project Definition: Defining the goals, objectives and critical success
factors for the project

2. Project Initiation: Everything that is needed to set-up the project before
work can start

3. Project Control: Ensuring that a project stays on track and taking
appropriate action to ensure it does

4. Project Closure: Disbanding of all the elements that were required to run
the project
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Project Management Skills

The role of the Leader in project management is one of great responsibility.
It's the project manager's job to direct and supervise the project from
beginning to end. Here are some other roles:

(a)
(b)
(c)
(d)
(e)
(H)
(2

(@)

Leadership

Communications

Problem Solving

Negotiating

Influencing the Organization
Mentoring

Process and technical expertise

Leadership

Leadership is a complex phenomenon involving the leader, the followers,
and the situation. Perhaps the best way for you to begin to understand the
complexities of leadership is to see some of the ways leadership has been
defined. Leadership researchers have defined leadership in the following

different ways:

= The creative and directive force of morale. (Munson, 1921)

= The process by which an agent induces a subordinate to behave in a
desired manner. (Bennis, 1959)

=  The presence of a particular influence relationship between two or
more persons. (Hollander & Julian, 1969)

» Directing and coordinating the work of group members. (Fiedler,
1967) An interpersonal relation in which others comply because they
want to, not because they have to. (Merton, 1969; Hogan, Curphy, &
Hogan, 1994)

= Transforming followers, creating visions of the goals that may be
attained, and articulating for the followers the ways to attain those

goals. (Bass, 1985; Fichy & Devanna, 1986)

= The process of influencing an organized group toward accomplishing
its goals. (Roach & Behling, 1984)

= Actions that focus resources to create desirable opportunities.
(Campbell, 1991)
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(b)

»  The leader's job is to create conditions for the team to be effective.
(Ginnett, 1996)

Leading and managing are both essential management skills: one
without the other is likely to produce poor results. Managing is primarily
concerned with “consistently producing key results expected by
stakeholders,” while leading involves:

= Establishing direction—developing both a vision of the future and
strategies for producing the changes needed to achieve that vision.

= Aligning people—communicating the vision by words and deeds to
all those, whose cooperation may be needed to achieve the vision.

* Motivating and inspiring—helping people energize themselves to
overcome political, bureaucratic, and resource barriers to change.

On a project, particularly a larger project, the project manager is generally
expected to be the project’s leader as well.

Leadership is not, however, limited to the project manager: it may be
demonstrated by many different individuals at many different times during
the project.

Leadership must be demonstrated at all levels of the project (project
leadership, technical leadership, and team leadership).

Communicating

Communicating involves the exchange of information and the ability to
transmit and receive information with a high probability that the intended
message is passed from sender to receiver.

The sender is responsible for making the information clear, unambiguous,
and complete so that the receiver can receive it correctly. The receiver is
responsible for making sure that the information is received in its entirety
and understood correctly.

Few skills are more vital to leadership. Studies show that good leaders
communicate feelings and ideas, actively solicit new ideas from others,
and effectively articulate arguments, advocate positions, and persuade
others.

The quality of a Leader’s communication is positively correlated with
subordinate satisfaction as well as with productivity and quality of
services rendered.
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(©)

Effective communication skills are also important because they provide
leaders and followers with greater access to information relevant to
important organizational decisions.

Communicating has many dimensions:

— Written and oral, listening and speaking

— Internal (within the project) and external (to the customer, the
media, the public, etc.).

— Formal (reports, briefings, etc.) and informal (memos, ad hoc
conversations, etc.)

— Vertical (up and down the organization) and horizontal (with peers
and partner organization)

The general management skill of communicating is related to, but not the
same as, Project Communications Management.

Communicating is the broader subject and involves a substantial body of
knowledge that is not unique to the project context, for example:

— Sender-receiver models—feedback loops, barriers to
communications, etc.

— Choice of media—when to communicate in writing, when to
communicate orally, when to write an informal memo, when to
write a formal report, etc.

— Writing style—active versus passive voice, sentence structure,
word choice, etc.

— Presentation techniques—body language, design of visual aids,
etc.

— Meeting management techniques—preparing an agenda, dealing
with conflict, etc.

Project Communications Management is the application of these broad
concepts to the specific needs of a project—for example, deciding how;
when; in what form; and to whom to report project performance.

Negotiating

Negotiating involves conferring with others to come to terms with them or
reach an agreement.

Agreements may be negotiated directly or with assistance; mediation and
arbitration are two types of assisted negotiation.

Negotiation is an approach that may help resolve some conflicts. Some
important tips on negotiation include; preparing for a negotiation session;
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(d)

(e)

keeping people and problems separate; focusing on issues, not positions
and seeking win-win outcomes.

Negotiations occur around many issues, at many times, and at many levels
of the project.

During the course of a typical project, project staff is likely to negotiate
for any or all of the following:

Scope, cost, and schedule objectives.
Changes to scope, cost, or schedule.
Contract terms and conditions.
Assignments.

Resources.

Problem Solving

There are three steps involved in this important leadership role; identifying
problem; analyzing its cause; and solving the problem.

Problem solving involves a combination of problem definition and
decision-making.

Problem definition requires distinguishing between causes and symptoms.
Problems may be:

— Internal (a key employee is reassigned to another project)

— External (a permit required to begin work is delayed).

— Technical (differences of opinion about the best way to design a
product)

— Managerial (a functional group is not producing according to
plan) or

— Interpersonal (personality or style clashes).

Decision-making

Decision-making includes analyzing the problem to identify viable
solutions, and then making a choice from among them.

Decisions can be made or obtained (from the customer, from the team, or
from a functional manager).

Once made, decisions must be implemented.

Decisions also have a time element to them—the “right” decision may not
be the “best” decision if it is made too early or too late.
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Influencing the Organization
Influencing the organization involves the ability to “get things done.”

It requires an understanding of both the formal and informal structures of
all the organizations involved—the performing organization, customer,
partners, contractors, and numerous others, as appropriate.

Influencing the organization also requires an understanding of the
mechanics of power and politics.

Both power and politics are used here in their positive senses.

Power is “the potential ability to influence behavior, to change the course
of events, to overcome resistance, and to get people to do things that they
would not otherwise do.”

In similar fashion, “politics is about getting collective action from a group
of people who may have quite different interests. It is about being willing
to use conflict and disorder creatively.

The negative sense, of course, derives from the fact that attempts to
reconcile these interests result in power struggles and organizational
games that can sometimes take on a thoroughly unproductive life of their
own.”

Influence can be exercised in a: variety of ways. It may be the 'bridge to
engine room' approach, where the leader commands and controls. Or the
influence can be exercised by guiding and facilitating the group's behavior
so that the goal is accomplished.

Finally, leadership implies that a leader motivates the group to spend
energy in attaining the goals of the group.

Influence without change or movement isn’t influence. Leaders make
change happen, a difficult but vitally important task.

Mentoring

Mentoring or being a Transformational leadership is more concerned with
engagement between leaders and followers.

Leaders attempt to engage the full person of the subordinate and enthuse
them. They arouse in their subordinates a heightened awareness of the key
issues for the group or the organization. They seek to concern subordinates
with achievement, growth and development.
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(h)

Creating a new vision is something that almost all writers on
transformational leadership emphasize.

The vision points the way to a new state of affairs. It is an appealing
picture of a more desirable future. It inspires people to believe that the

future is worth the upheaval of undoing the present.

A vision needs to be a source of self-esteem and a common purpose for
members of the organization.

Technical Skills:
A project manager must have technical skills. This relates to financial

planning, contract management, and managing creative thinking and
problem solving techniques are promoted.
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1.16

LECTURE #5

1. Introduction & Fundamentals

PM’s nine Knowledge Areas
Project Integration Management

Project Integration Management includes the processes required to ensure that the
various elements of the project are properly coordinated. It involves making
tradeoffs among competing objectives and alternatives to meet or exceed stake-
holder needs.

These processes interact with each other and with the processes in the other
knowledge areas as well. Each process may involve effort from one or more
individuals or groups of individuals, based on the needs of the project. Each
process generally occurs at least once in every project phase.

Project integration management comes into play when a cost estimate is needed
for a contingency plan, or when risks associated with various staffing alternatives
must be identified. However, for a project to be completed successfully,
integration must also occur in a number of other areas as well. For example:

= The work of the project must be integrated with the ongoing operations of the
performing organization.
= Product scope and project scope must be integrated.

One of the techniques used to both integrate the various processes and to measure
the performance of the project as it moves from initiation through to completion is
Earned Value Management (EVM).

e FEarned value is the amount of work completed, measured according to the
budgeted effort that the work was supposed to consume.

o Itis also called the budgeted cost of work performed.

e As each task is completed, the number of person-months originally planned
for that task is added to the earned value of the project.

— Earned value charts: An earned value chart has three curves:
e The budgeted cost of the work scheduled.

e The earned value.
e The actual cost of the work performed so far.

2. Project Scope Management
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Project Scope Management includes the processes required to ensure that the
project includes all the work required, and only the work required, to complete the
project successfully. It is primarily concerned with defining and controlling what
is or is not included in the project.

The processes, tools, and techniques used to manage product scope vary by
application area and are usually defined as part of the project life cycle

A project generally results in a single product, but that product may include
subsidiary components, each with its own separate but interdependent product
scopes. For example, a new telephone system would generally include four
subsidiary components—hardware, software, training, and implementation.

Completion of the project scope is measured against the project plan, but
completion of the product scope is measured against the product requirements.
Both types of scope management must be well integrated to ensure that the work
of the project will result in delivery of the specified product.

3. Project Time Management
Project Time Management includes the processes required to ensure timely
completion of the project. The followings are major processes in developing the

project time schedule:

(a) Activity Definition—identifying the specific activities that must be
performed to produce the various project deliverables.

(b) Activity Sequencing—identifying and documenting interactivity
dependencies.

(c) Activity Duration Estimating—estimating the number of work periods that
will be needed to complete individual activities.

(d) Schedule Development—analyzing activity sequences, activity durations,
and resource requirements to create the project schedule.

(e) Schedule Control—controlling changes to the project schedule.
These processes interact with each other and with the processes in the other
knowledge areas as well. Each process may involve effort from one or more
individuals or groups of individuals, based on the needs of the project. Each

process generally occurs at least once in every project phase.

4. Project Cost Management
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Project Cost Management includes the processes required to ensure that the
project is completed within the approved budget.

Resource Planning—determining what resources (people, equipment, materials)
and what quantities of each should be used to perform project activities.

Cost Estimating—developing an approximation (estimate) of the costs of the
resources needed to complete project activities.

Cost Budgeting—allocating the overall cost estimate to individual work
activities.

Cost Control—controlling changes to the project budget.

These processes interact with each other and with the processes in the other
knowledge areas as well. Each process may involve effort from one or more
individuals or groups of individuals, based on the needs of the project. Each
process generally occurs at least once in every project phase.

5. Project Quality Management

Project Quality Management includes the processes required to ensure that the
project will satisfy the needs for which it was undertaken. It includes “all
activities of the overall management function that determine the quality policy,
objectives, and responsibilities and implements them by means such as quality
planning, quality assurance, quality control, and quality improvement, within the
quality system.

These processes interact with each other and with the processes in the other
knowledge areas as well. Each process may involve effort from one or more
individuals or groups of individuals, based on the needs of the project. Each
process generally occurs at least once in every project phase.

Project quality management must address both the management of the project and
the product of the project. The generic term product is occasionally used, in
literature regarding quality, to refer to both goods and services.

6. Project Human Resource Management
Project Human Resource Management includes the processes required to make
the most effective use of the people involved with the project. It includes all the

project stakeholders—sponsors, customers, partners, and individual contributors

Following are some major processes:
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* Organizational Planning—identifying, documenting, and assigning project
roles, responsibilities, and reporting relationships.

=  Staff Acquisition—getting the human resources needed assigned to and
working on the project.

* Team Development—developing individual and group competencies to
enhance project performance.

These processes interact with each other and with the processes in the other
knowledge areas as well. Each process may involve effort from one or more
individuals or groups of individuals, based on the needs of the project.

There is a substantial body of literature about dealing with people in an
operational, ongoing context. Some of the many topics include:

* Leading, communicating, negotiating, etc.
Key General Management Skills:

* Delegating, motivating, coaching, mentoring, and other subjects related to
dealing with individuals.

* Team building, dealing with conflict, and other subjects related to dealing
with groups.

» Performance appraisal, recruitment, retention, labor relations, health and
safety regulations, and other subjects related to administering the human
resource function.

Most of this material is directly applicable to leading and managing people on
projects, and the project manager and project management team should be
familiar with it. However, they must also be sensitive as to how this knowledge is
applied on the project. For example:

Project Human Resource Management includes the processes required to make
the most effective use of the people involved with the project. It includes all the
project stakeholders—sponsors, customers, partners, and individual contributors.

Major processes include:

= Organizational Planning—identifying, documenting, and assigning project
roles, responsibilities, and reporting relationships.

= Staff Acquisition—getting the human resources needed assigned to and
working on the project.

* Team Development—developing individual and group competencies to
enhance project performance.
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These processes interact with each other and with the processes in the other
knowledge areas as well. Each process may involve effort from one or more
individuals or groups of individuals, based on the needs of the project.

7. Project Communications Management

Project Communications Management includes the processes required to ensure
timely and appropriate generation, collection, dissemination, storage, and ultimate
disposition of project information. It provides the critical links among people,
ideas, and information that are necessary for success. Everyone involved in the
project must be prepared to send and receive communications, and must
understand how the communications in which they are involved as individuals
affect the project as a whole.

Major processes include:

= Communications Planning—determining  the information  and
communications needs of the stakeholders: who needs what information,
when they will need it, and how it will be given to them.

= Information Distribution—making needed information available to project
stakeholders in a timely manner.

= Performance Reporting—collecting and disseminating performance
information. This includes status reporting, progress measurement, and
forecasting.

* Administrative Closure—generating, gathering, and disseminating
information to formalize a phase or project completion.

These processes interact with each other and with the processes in the other
knowledge areas as well. Each process may involve effort from one or more
individuals or groups of individuals, based on the needs of the project. Each
process generally occurs at least once in every project phase.

Communicating is a broader subject and involves a substantial body of knowledge
that is not unique to the project context. For example:

= Sender-receiver models—feedback loops, barriers to communications, etc.

* Choice of media—when to communicate in writing versus when to
communicate orally, when to write an informal memo versus when to write a
formal report, etc.

=  Writing style—active versus passive voice, sentence structure, word choice,
etc.

= Presentation techniques—body language, design of visual aids, etc.

= Meeting management techniques—preparing an agenda, dealing with
conflict, etc.
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8. Project Risk management

Project Risk management is the systematic process of identifying, analyzing, and
responding to project risk. It includes maximizing the probability and
consequences of positive events and minimizing the probability and consequences
of adverse events to project objectives.

Risk Management Planning—deciding how to approach and plan the risk
management activities for a project.

Risk Identification—determining which risks might affect the project and
documenting their characteristics.

Qualitative Risk Analysis—performing a qualitative analysis of risks and
conditions to prioritize their effects on project objectives.

Quantitative Risk Analysis—measuring the probability and consequences of
risks and estimating their implications for project objectives.

Risk Response Planning—developing procedures and techniques to enhance
opportunities and reduce threats to the project’s objectives.

Risk Monitoring and Control—monitoring residual risks, identifying new
risks, executing risk reduction plans, and evaluating their effectiveness
throughout the project life cycle.

These processes interact with each other and with the processes in the other
knowledge areas. Each process generally occurs at least once in every project.

9. Project Procurement Management

Project Procurement Management includes the processes required to acquire
goods and services, to attain project scope, from outside the performing
organization. For simplicity, goods and services, whether one or many, will
generally be referred to as a product.

An overview of the major processes includes:

Procurement Planning—determining what to procure and when.
Solicitation Planning—documenting product requirements and identifying
potential sources.

Solicitation—obtaining quotations, bids, offers, or proposals, as appropriate.
Source Selection—choosing from among potential sellers.

Contract Administration—managing the relationship with the seller.
Contract Closeout—completion and settlement of the contract, including
resolution of any open items.

These processes interact with each other and with the processes in the other
knowledge areas as well. Each process may involve effort from one or more
individuals or groups of individuals, based on the needs of the project
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Project Procurement Management is discussed from the perspective of the buyer
in the buyer-seller relationship. The buyer-seller relationship can exist at many
levels on one project. Depending on the application area, the seller may be called
a subcontractor, a vendor, or a supplier.

The seller will typically manage its work as a project. In such cases:

= The buyer becomes the customer, and is thus a key stakeholder for the seller.

= The seller’s project management team must be concerned with all the
processes of project management, not just with those of this knowledge area.

= The terms and conditions of the contract become a key input to many of the
seller’s processes. The contract may actually contain the input (e.g., major
deliverables, key milestones, cost objectives), or it may limit the project
team’s options (e.g., buyer approval of staffing decisions is often required on
design projects).
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1.17

1.18

LECTURE # 6

1. Introduction & Fundamentals
Team leader

Most definitions of leadership involve three components: influence group and
goal. First, leaders are individuals who influence the behavior of others. These
others are usually referred to as sub ordinates or followers. Second, leadership is
usually examined in the context of a group, especially work groups such as
managers and their teams or foremen and their subordinates. Third, research on
leadership stresses a group goal that has to be accomplished. So a definition is:

Leadership is the process in which an individual influences the group
members towards the attainment of group or organization goals.

Note that the influence can be exercised in a: variety of ways. It may be the
'bridge to engine room' approach, where the leader commands and controls. Or
the influence can be exercised by guiding and facilitating the group's behavior so
that the goal is accomplished. The notion of reciprocity is also part of man
definitions. Influencing is often two ways. Leaders may influence followers, but
followers influence leaders to lead in one way rather than another. An influencing
style appropriate for checkout assistant in a supermarket may be different from
that appropriate for rock scientists. The choice is open to the leader of how to
influence is one of the key aspects investigated by leadership researchers.

Another aspect of leadership is that the right to lead is often voluntarily conferred
on the leader by some or all members of the group. A group of friends may
recognize one, of their group as the leader, in the sense that she influences the
group more than any of the other members. There also may be informal leader.
While the nominal head of a department may have the formal leadership position,
the real leadership may be exercised by someone lower down the hierarchy who
influences the group towards goals that may not be those that the organization
whishes to be pursue.

Finally, leadership implies that a leader motivates the group to spend energy
in attaining the goals of the group. Influence without change or movement isn’t
influence. Leaders make change happen, a difficult but vitally important task.

Leaders and Managers

Although it is common to use the terms 'leader' and 'manager’ interchangeably,
nowadays many writers point to a difference between the two.
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The difference is that to function as a leader, a person must exercise influence
over another person in the attainment of organizational goals, as described in the
definition above. Managerial ' functions of organizing, planning, scheduling,
processing information, communicating, and so on, do not necessarily involve
leadership. Some managers perform both types of function and can be described
as leaders, but others do not. There is no automatic link between the two concepts.
Note, too, that leaders are not necessarily just at the top of organizations.
Influence can be exerted in most job functions and at levels of seniority or
hierarchy. The distinction between managers and leaders was, developed by
Bennis and Nanus (1985) in their influential book Leaders. In it they put forward
the view that:

Leadership is path finding

Management is path following
Management is about doing things right
Leadership is about doing the right things

What they meant by this is that leadership is about having a vision. It involves
having a strategy or thinking strategically; it means having a view of where the
organization should go or be or do; it means deciding what is important for the
success of the organization; it involves envisaging the future, A leader's
responsibility is to think what are the key criteria for success of his or her part of
the business and not just now but for the future.

Managers, on the other hand, are more concerned with implementing others
strategies and plans, They are concerned with running their part of the
organization, making sure that the accounts get prepared, that invoices are sent
out, that the service is sold, that the traffic is directed, that the research paper is
written, or whatever the task that needs to be done.

A very similar view is put forward by Kotter (1990). He argues that management
is concerned with activities which are designed to produce 'consistency and order’,
whereas leadership is concerned with, 'constructive or adaptive change'. Kotter
says there are four major ways that management and leadership differ:

1. Planning and budgeting versus establishing direction. Management
involves making detailed steps and timetables for achieving results, then
marshalling resources to make it happen. Leadership means developing a
vision of the future and strategies for achieving that vision.

2. Organizing and staffing versus aligning people. Management comprises the
allocation of tasks in line with plans, staffing them appropriately, delegating
responsibility and monitoring implementation. Leadership involves
communicating the vision so that others understand and agree with it.

3. Controlling and problem-solving versus motivating and inspiring.
Management involves monitoring results of a plan, identifying problems with
the plan and then solving them. Leadership involves 'energizing people’'
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towards the vision. It means appealing to their needs and values so that they
overcome barriers to change.

4. Outcomes: predictability and order, or change. Management produces
predictability and order so that others, such as customers or shareholders can
rely on consistent results. Leadership produces change that is often a quantum
leap, such as new products or new approaches to managing people, that makes
the organization more competitive.

Kirkpatrick and Locke (1991) suggest that the following traits distinguish
leaders from non-leaders:

e Drive (achievement. ambition, energy, tenacity, initiative);

e Leadership motivation (personalized or socialized); .honesty and
integrity;

e Self-confidence (including emotional stability);

e Cognitive ability (the ability to marshal and interpret a wide variety
of information);

e Knowledge of the business

They point out, though, that there is much more to being an effective leader than
merely possessing a list of traits. While the traits may provide people with the
potential for leadership, it is the capacity to create a vision and implement it that
turns the potential into reality.

Strong leadership motivation may sound an obvious trait for a leader. After all,
only those who want the weighty responsibilities and grueling pressures of
leadership are likely to strive for it. McClelland (1985) distinguishes between two
types of power motivation. On the one hand, leaders may be interested in
personalized power, which describes the motivation of leaders who "seek power
for its own sake, who wish to dominate others and are often concerned with the
status and trappings of power. The late Robert Maxwell, former owner of the
Mirror Group allegedly displayed such traits. On the other hand, leaders who
show socialized power motivation are more interested in cooperating with others
to achieve desired goals. They work with others rather than attempting to
dominate or control them. From the point of view of subordinates and the
organization as a whole, the leader motivated by socialized power is obviously
preferable. On the question of cognitive ability; leaders must be able to gather,
integrate and interpret large amounts of information. Many

Many researchers have pointed out that it is not necessary to be brilliant, though;
leadership effectiveness is helped by above average intelligence, not genius. Of
Kirkpatrick and Locke’s six characteristics, some would argue that drive and
persistence are much more important than intelligence.

In conclusion, the trait approach has undergone a revival. Recent research
suggests that traits do matter. Yet the research shows that there are only a handful
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of traits which distinguish leaders from others, and a clear distinction between
effective and ineffective leaders has not yet emerged.

In an excellent book of technical leadership, Jerry Weinberg suggests a MOI
model of leadership:

Motivation: The ability to encourage (by "push or pull") technical people to
produce to their best ability.

Organization: The ability to mold existing processes (or invent new ones) that
will enable the initial concept to be translated into a final product.

Ideas or innovation: The ability to encourage people to create and feel creative
even when they must work within bounds established for a particular soft- ware
product or application.

Weinberg suggests that successful project leaders apply a problem solving
management style. That is, a software project manager should concentrate on
understanding the problem to be solved, managing the flow of ideas, and at the
same time, letting everyone on the team know (by words and, far more important,
by actions) that quality counts and that it will not be compromised.

Another view [EDG95] of the characteristics that define an effective project
manager emphasizes four key traits:

Problem solving An effective software project manager can diagnose the
technical and organizational issues that are most relevant, systematically structure
a solution or properly motivate other practitioners to develop the solution, apply
lessons learned from past projects to new situations, and remain flexible enough
to change direction if initial attempts at problem solution are fruitless.

Managerial identity

A good project manager must take charge of the project. She must have the
confidence to assume control when necessary and the assurance to allow good
technical people to follow their instincts.

Achievement

To optimize the productivity of a project team, a manager must reward initiative
and accomplishment and demonstrate through his own actions that controlled risk
taking will not be punished.

Influence and team building

An effective project manager must be able to "read" people; she must be able to
understand verbal and nonverbal signals and react to the needs of the people
sending these signals. The manager must remain under control in high-stress
situations.
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1.19

Project Organization

People are managed through an organizational structure. This hierarchical
structure is based on the four cornerstones of management: delegation,
authority, responsibility and supervision (see Fig.1). Delegation bestows
authority, and authority produces (and requires) responsibility. Both
authority and responsibility require supervision, and effective supervision
requires a suitable organizational structure:

Most projects are organized as teams, with each team assigned specific
functions within the project, Different types of project require different
types of team structure, as for example a team of junior programmers
requires a technical team leader while a team of experts may require only
an administrative team leader. It is the project manager's responsibility to
select the structure best suited for the project.

Basically an organization is a group of people intentionally organized to
accomplish an overall, common goal or set of goals. Business
organizations can range in size from two people to tens of thousands.

Delegation
1
Supervision
2
Authority Responsibility
3 4

Figure 1: The four cornerstones of management

There are many ways to organize a software project. The larger the project
the more critical the organizational structure becomes. Badly organized
projects breed confusion, and confusion leads to project failure. Figure 2
describes the basic structure of a project in which below the project
manager are just two general functions: development and support. This
very basic software project structure was not uncommon in the 1950s and
1960s. It is still a valid project structure for very small projects (up to five
developers), though occasionally it can still be found today in larger
projects.
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Project

Figure 2: Basic structure of a development project

Project
manager

Figure 3: Software project organizational chart
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Figure 4: Large hardware/software project organizational chart

Project managers are just two general functions: development and support. This very
basic software project structure was not uncommon in the 1950s and 1960s. It is a project
structure for very small projects (up to five developers). Though occasionally, it can still
be found today in larger projects.

Figure 3 describes a detailed organizational chart including all major support functions.
This organizational structure is suitable for large projects (with a staff exceeding 20).
Smaller projects may not require a deputy project manager or separate configuration
control and quality assurance groups.

Very large projects (exceeding a staff of 40) can often be managed more easily by
dividing the project into sub-projects. Figure 4 presents the organizational chart for a
large project. This chart includes both software and hardware development teams, and an
integration group that is responsible for hardware/software integration as well as
integration within each group.

As an example, consider the organization of a large satellite project. The project manager
is in fact responsible for a number of projects: the ground control station, the rocket and
the satellite itself. The software for all of these sub-projects is managed within a single
project office. Each sub-project is then managed by a sub-project manager. An
organizational chart similar to the one described in Fig. 4 can be applied to the satellite
project; the resulting chart is described in Fig. 5.
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Figure 5: Satellite project organizational chart

Clearly the project's organizational structure is dependent on the type of project being
developed. Some of the issues that must be considered are:

— Project size: the larger the project, the more important the organization. Large
projects have significant human communications and coordination overhead, and

therefore require more support functions.
— Hardware/software development projects. The simultaneous development of

hardware and software is not easy. Planning, integration and testing are much
more complicated, and require dedicated support groups.
— High reliability systems. Any system that is sensitive to issues of reliability (such
as military or life-saving systems) requires a major effort in quality assurance.
Quality is also an important consideration in many marketable software products
(e.g. communications packages). These types of project require a separate quality
assurance organization.
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—7 The Organizational structure

The organization's structure, or design, is the overall arrangement of the
organization's various roles, processes and their relationships in the organization.
The design of an organization is a means to accomplishing the organization's
overall goal -- the structure is not an end in itself. In systems theory terms, the
design ensures that the appropriate inputs go through the necessary processes to
produce the required outputs to produce the intended outcomes.

The structure of the performing organization often constrains the availability of or
terms under which resources become available to the project. Organizational
structures can be characterized as spanning a spectrum from functional to
projectized, with a variety of matrix structures in between.

= Corporate structure: The project's organization is largely dependent on the overall
structure of the company within which the project is being developed. Many of the
project support functions can be provided by centralized groups within the company.
In fact, basic services, such as financial, secretarial and legal services, are commonly
provided by the parent or corporate organization.

Corporate structure usually dictates one of two basic types of project organization:
matrix or pyramid. Figure 5 describes the structure of a matrix organization (compare
this to the pyramid structure in Fig. 4). Within a corporate matrix organization, the
project manager manages the technical activities of the project staff, while his or her
involvement in non-technical personnel issues (e.g. salary reviews, promotion, and
training) is minimal.

= Matrix Structure

Think of the functional structure. Imagine if you took someone from each of the
major functions in the functional structure (the boxes along the bottom of the
organization chart), e.g., people from sales, engineering, etc., and organized them into
a separate group intended to produce and sell one certain kind of product or service.
Members of this group stay together until that product is produced or they continue to
sell and service it. This overall structure (made up of a functional structure that also
has groups assigned to products) is a matrix structure. This structure is useful because
it focuses highly skilled people from across the organization to work on a complex
product or service. It can be difficult though, because each person essentially reports
to two supervisors: the supervisor of the functional area (e.g., engineering) and the
product manager, as well. When the organization needs constant coordination of its
functional activities, then lateral relations do not provide sufficient integration.
Consider the matrix structure. To adopt the matrix structure effectively, the
organization should modify many traditional management practices.

Matrix organizations are a blend of functional and projectized characteristics. Weak
matrices maintain many of the characteristics of a functional organization, and the
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project manager role is more that of a coordinator or expediter than that of a manager.
In similar fashion, strong matrices have many of the characteristics of the projectized
organization—full-time project managers with considerable authority and full-time
project administrative staff.

Most modern organizations involve all these structures at various levels. For example,
even a fundamentally functional organization may create a special project team to
handle a critical project. Such a team may have many of the characteristics of a
project in a projectized organization. The team may include full-time staff from
different functional departments, it may develop its own set of operating procedures,
and it may operate outside the standard, formalized reporting structure.

Matrix Organizations are a blend of functional and projectized characteristics. Weak
matrices maintain many of the characteristics of a functional organization, and the
project manager role is more that of a coordinator or expediter than that of a manager.
In similar fashion, strong matrices have many of the characteristics of the projectized
organization—full-time project managers with considerable authority and full-time
project administrative staff.

Most modern organizations involve all these structures at various levels. For example,
even a fundamentally functional organization may create a special project team to
handle a critical project. Such a team may have many of the characteristics of a
project in a projectized organization. The team may include full-time staff from
different functional departments, it may develop its own set of operating procedures,
and it may operate outside the standard, formalized reporting structure.

e The advantages of a matrix organization are:

— More expertise: a matrix organization can maintain experts in specific fields
(communications, data bases, graphics etc.) who are then assigned to different
projects. A single project cannot always afford the luxury of maintaining
experts in all fields.

— Flexibility: it is easier to move people around from one project to another.
This results in better utilization of the available expertise.

— Emphasis on managing the project: the project manager is freed of many of
the staff management tasks, leaving more time to concentrate on the technical
aspects of the project.

However, matrix organizations also have significant disadvantages:

— Fewer management measures. One of the primary tools for generating
motivation, promotion, is taken out of the hands of the project manager. The
manager has little influence on the developer's salary and professional role in
the organization.
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— Lower staff loyalty. All employees like to know exactly who their superior is.
In a matrix organization, an employee has more than one superior. This causes
a division of loyalty, and a weaker bond between employee and manager.

These disadvantages often outweigh the advantages of the corporate matrix
organization.

Motivation is a major factor in the success of a project, and anything that
undermines motivation is usually contrary to the best interests of the project.
Unfortunately, the best interests of the project do not always completely coincide
with the best interests of the company.

Pyramid organizations provide a clear, well-defined hierarchy in which all
individuals know their own position and the positions of those above and below
them. When promotion and status play a major role in generating motivation (and
they often do), then the pyramid organization is most effective. Many other
factors generate motivation; Sense of achievement, praise and peer esteem, are
just a few.

Though promotion and status are not always the most effective motivators, a
project manager should rarely relinquish any effective management tool.
Therefore, from the perspective of a single project, the pyramid organization is
often the best.

= Functional Structure

Most business organizations start out with a functional structure, or a small
variation of this structure. This is the basic "building block" for other structures.
In this structure, there is a central office which oversees various departments or
major functions, e.g., human resources, finances, sales, marketing, engineering,
etc. Think of a picture that has a box at the top labeled "Central Office". Think of
a row of boxes underneath the top box. Each box is labeled, e.g., sales,
engineering, human resources, etc. Connect the boxes with lines coming down
from the top box to each of the boxes below. Use functional structures when the
organization is small, geographically centralized, and provides few goods and
services. When the organization experiences bottlenecks in decision making and
difficulties in coordination, it has outgrown its functional structure.

The classic functional organization is a hierarchy where each employee has one
clear superior. Staff members are grouped by specialty, such as production,
marketing, engineering, and accounting at the top level, with engineering further
subdivided into functional organizations that support the business of the larger
organization (e.g., mechanical and electrical). Functional organizations still have
projects, but the perceived scope of the project is limited to the boundaries of the
function: the engineering department in a functional organization will do its work
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independent of the manufacturing or marketing departments. For example, when a
new product development is undertaken in a purely functional organization, the
design phase is often called a design project and includes only engineering
department staff. If questions about manufacturing arise, they are passed up the
hierarchy to the department head, who consults with the head of the
manufacturing department. The engineering department head then passes the
answer back down the hierarchy to the engineering project manager.

= Project Structure

In this structure, there is a centralized corporate office and under it, are various
divisions each of which is dedicated to producing and / or selling a certain type of
business or product, e.g., product 1, product 2, etc. Each division that is dedicated
to a certain business or product is, in turn, is organized as its own functional
structure. So, for example, the division dedicated to making product 1 has its own
sales department, human resources, etc. Basically, project structure is a bunch of
functional structures each of which reports to one central office. Use a divisional
structure when the organization is relatively large, geographically dispersed,
and/or produces wide range of goods/services.

In a projectized organization, team members are often collocated. Most of the
organization’s resources are involved in project work, and project managers have
a great deal of independence and authority. Projectized organizations often have
organizational units called departments, but these groups either report directly to
the project manager or provide support services to the various projects.

7 Structural dimensions:

= Centralization -the extent to which functions are dispersed in the
organization, either in terms of integration with other functions or
geographically

=  Formalization - regarding the extent of policies and procedures in the
organization

* Hierarchy - regarding the extent and configuration of levels in the
structure

* Routinization - regarding the extent that organizational processes are
standardized

= Specialization - regarding the extent to which activities are refined

= Training - regarding the extent of activities to equip organization
members with knowledge and skills to carry out their roles

=7 Contextual Dimensions:

* Culture - the values and beliefs shared by all (note that culture is often
discerned by examining norms or observable behaviors in the workplace)
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= Environment - the nature of external influences and activities in the
political, technical, social and economic arenas

=  Goals - unique overall priorities and desired end-states of the organization

= Size - number of people and resources and their span in the organization

= Technology - the often unique activities needed to reach organizational
goals, including nature of activities, specialization, type of
equipment/facilities needed, etc.

7—7 Role and responsibility assignments

Project roles (who do what) and responsibilities (who decide what) must be
assigned to the appropriate project stakeholders. Roles and responsibilities may
vary over time. Most roles and responsibilities will be assigned to stakeholders who
are actively involved in the work of the project, such as the project manager, other
members of the project management team, and the individual contributors. The
roles and responsibilities of the project manager are generally critical on most
projects, but vary significantly by application area. Project roles and responsibilities
should be closely linked to the project scope definition. A Responsibility
Assignment Matrix (RAM) is often used for this purpose. On larger projects, RAMs
may be developed at various levels. For example, a high-level RAM may define
which group or unit is responsible for each component of the work breakdown
structure, while lower-level RAMs are used within the group to assign roles and
responsibilities for specific activities to particular individuals.

—7 Organization chart

An organization chart is any graphic display of project reporting relationships. It
may be formal or informal, highly detailed or broadly framed, based on the needs of
the project. For example, the organization chart for a three- to four-person internal
service project is unlikely to have the rigor and detail of the organization chart for a
3,000-person disaster response team. An Organizational Breakdown Structure
(OBS) is a specific type of organization chart that shows; which organizational
units are responsible for which work packages.

—7 Project Personnel

The staffing management plan describes when and how human resources will be
brought onto and taken off of the project team. The staffing plan may be formal or
informal, highly detailed or broadly framed, based on the needs of the project. It is a
subsidiary element of the overall project plan.

The staffing management plan often includes resource histograms. Particular
attention should be paid to how project team members (individuals or groups) will
be released when they are no longer needed on the project.

Appropriate reassignment procedures may:
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— Reduce costs by reducing or eliminating the tendency to “make work” to fill
the time between this assignment and the next.

— Improve morale by reducing or eliminating uncertainty about future
employment opportunities.

= Supporting detail

Supporting detail for organizational planning varies by application area and
project size. Information frequently supplied as supporting detail includes, but is
not limited to:

— Job descriptions (position descriptions) —written outlines by job title of the
competencies; responsibilities, authority; physical environment, and other
characteristics involved in performing a given job.

— Training needs—if the staff to be assigned is not expected to have the
competencies

Needed by the project, those competencies will need to be developed as part of
the project.

7 Key Concepts in Design of Good Organization

Effective Organizational System provides assessment and training in
communication effectiveness through focus groups, retreats, workshops, and
experiential activities. Coaching addresses such skills as active listening,
constructive differing, conflict resolution, negotiation, mediation, persuasiveness,
and clarity in delivering a message. At the core of the training is the fundamental
premise that the role of communication is to create understanding. When
communication is effective, it promotes understanding and plays a fundamental role
in building interpersonal skills, leadership and strong teams.

An efficient organization is characterized by timely and productive systems and
procedures. At its extreme it has no spare capacity to plan ahead or to respond
easily to market changes.

An effective organization is characterized by the ability to pre-empt competitors,
respond swiftly and efficiently to changing situations, and display agility in its
structure and conduct of operations. It has efficient systems and procedures but has
the capacity to anticipate and plan ahead.

Organizational System provides assessment and training in communication
effectiveness through focus groups, retreats, workshops, and experiential activities.
Coaching addresses such skills as active listening, constructive differing, conflict
resolution, negotiation, mediation, persuasiveness, and clarity in delivering a
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message. At the core of the training is the fundamental premise that the role of
communication is to create understanding. When communication is effective, it
promotes understanding and plays a fundamental role in building interpersonal
skills, leadership and strong teams. Organizations that achieve high levels of
maturity in the people management area have a higher likelihood of implementing
effective software engineering practices.

Span of control - the range of employees who to report to a managerial
position

Authority - the formally-granted influence of a position to make decisions,
pursue goals and get resources to pursue the goals; authority in a managerial
role may exist only to the extent that subordinates agree to grant this authority
or follow the orders from that position

Responsibility - the duty to carry out an assignment or conduct a certain
activity

Delegation - process of assigning a task to a subordinate along with the
commensurate responsibility and authority to carry out the task

Chain of command - the lines of authority in an organization, who reports to
whom

Accountability - responsibility for the outcome of the process

Line authority - the type of authority where managers have formal authority
over their subordinates' activities (the subordinates are depicted under the
manager on a solid line in the organization chart); departments directly
involved in producing services or products are sometimes called line
departments

Staff departments - the type of authority where managers influence line
managers through staff's specialized advice; departments that support or
advise line departments are called staff departments and include, e.g., human
resources, legal, finance, etc.
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2.1

LECTURE #7

2. Software Development Fundamentals
Management Fundamentals

Evolution of Software

The understanding about software and software development has come a long
way from the days of punch cards and Ada. In the first stage of computing,
hardware mattered the most. Computers themselves were the domains of the
government, and most software was developed in defense-funded labs, dedicated
to the advancement of science and technology in the national interest.

By the 1950s, large corporations realized the benefits of using computers. They
increasingly started using computers to process and analyze financial and
production data. These computers were huge in size. There was inadequate
software available for them. Even the software that existed was designed
essentially to function on a specific hardware product. The software was
developed and maintained by the company that manufactured the hardware.
Software design and documentation existed only in the developer's head. If the
developer left the company, you would find maintenance to be a nightmare.

In the second phase of software evolution, the corporate and academic sectors
increasingly started using computers, and the perspective about both software and
software development began to change. By the late 1960s and early 1970s,
concepts such as multi-sessions, multi-user systems, multiprogramming gained a
foothold. Soon computers were developed to collect, process, transform, and
analyze data in seconds. The focus of software development shifted from custom
software to product software. Now, multiple users on multiple computers could
use the same software. This phase of software evolution also saw the emergence
of software maintenance activities. These activities comprised fixing bugs, and
modifying the software based on changes in user requirements.

The third phase in software evolution was driven by the widespread use of
silicon-based microprocessors, which further led to the development of high-
speed computers, networked computers, and digital communication. Although, all
the advancement in software and hardware was still largely restricted to enterprise
applications manufacturers had begun to see the application of the microprocessor
in something as mundane as ovens to the robots used in car plants.

The fourth, and current, phase of software evolution began in the early 1990s.
This phase saw the growth of client-server environment, parallel computing,
distributed computing, network computing, and object-oriented programming.
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This phase also witnessed the growing popularity of personal computer (PC).
During this phase, the Internet facilitated easy accessibility of information. In
addition to complex software to support the advanced hardware, the scope of
software development widened to include software products for the common man.

Figure 1.1 sketches the path of software from the 1950s onwards.

Penetration
of the PC

Networked | | T
Computing Client-server
Multisessions e ETGRMEnt
......... Microprocessors
Multitasking v
Multiuser

Custom Software Database Connecitivity s

In-house Software Product Software

Development T

 80s-Mid90s e 1990s-Present

Figure 1.1: Software Evolution

o The Software Crisis

The rapid evolution of software design concepts and software development
methodology resulted in an ad hoc approach to software development. In the early
days of computing, stress was laid more on computer hardware than on software.
This happened mainly because hardware consumed the largest portion of the
project budget. Project managers closely followed the process of hardware
funding, budgeting, analysis and design, production, and implementation.
Software development, on the other hand, was left to the developers. There was
no training conducted, documentation maintained, or methodology followed for
software development. You will find that this attitude persisted until the 1970s,
when finally processes and methodologies for software design and development
began to be created. However, the ad hoc approach to software development that
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was prevalent in the early stages of software evolution hampered the application
of systematic processes. This conflict referred to as the software crisis. Some of
the reasons to which you can attribute the software crisis include:

— Software developers used-multiple programming languages.

— Software developers used multiple variations of standard programming
languages.

— Most of the requirements were complex with regard to the existing
capabilities,

— Users, who had little or no experience of developing or even using
software, formulated requirements.

— Software developers poorly mapped requirements to the actual product.

— Software developed had low interoperability.

— Software maintenance was costly.

— Hardware developed at a faster rate than software (better hardware
requires better software to operate it).

During the period of software crisis, you will find that software that was produced
was generally over budgeted, under scheduled, and of poor quality. The
immediate knee-jerk response to these problems was software maintenance,
which began to consume huge resources. During this period, maintaining software
was adopted as a short-term solution due to the costs involved in fixing software
regularly. This often resulted in the original software design approach getting lost
due to the lack of documentation.

In contrast, the situation in the present times has changed to a large extent.
Software costs have risen, although hardware is purchased easily off the shelf.
Now, the primary concerns regarding software projects are project delays, high
costs, and a large number of errors in the finished product.

Project Execution Fundamentals
Tracking

For the project manager, it is essential to be constantly informed of the true status
of the project. This is achieved by assuring the regular flow of accurate
information from the development teams. Many of the methods of acquiring
information are not objective and rely on the accuracy of the reports provided by
the project developers themselves. They include:

— Periodic written status reports

— Verbal reports

— Status meetings

— Product demonstrations (demos)

Product demonstrations are particularly subjective, because they demonstrate only
what the developer wishes to be seen. The project manager needs objective
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information. Such information can often be acquired from reports produced by
support groups, such as:

— Quality assurance reports
— Independent test reports

Although reports and meetings are indeed useful sources of information, nothing
can replace direct contact between the project manager and the development staff.
Frequent informal talks with the developers are excellent sources of information,
especially when held in an informal atmosphere (and not in the project manager's
office).

The project manager must keep on constant guard against an error commonly
referred to as the '90/50 syndrome’, which states that, 'it takes 50 percent of the
time to complete 90 percent of the work, and an additional 50 percent of the time
to complete the remaining 10 percent of the work'. This means that project
developers will begin to boast quite early that they have 'almost finished' their
tasks. Unfortunately, there is a great difference between 'almost finished' and
“finished'.

Finishing a task -writing documentation, and polishing off the last few problems,
often takes longer than developers anticipate. This is because these activities
produce very few visible results, and developers tend (wrongly) to associate work
with results. Therefore, managers can obtain more information from developers
by asking them how long they estimate it will take to finish, and not how much of
their work has been completed.

Status reports

Status reports should be required from every member of the development team,
without exception. The reports should be submitted periodically, usually weekly
or bi-weekly, and should contain at least the following three sections (see Fig.
5.8):

Activities during the report period

Each subsection within this section describes a major activity during the report
period. The description of each activity should span two to three lines. Activities
should be linked to the project task list or work breakdown structure (WBS) (see
Chapter 10 for a description of the WBS).

Planned activities for the next report period
Each subsection within this section describes a major activity planned for the next

report period. The description of each activity should span one to two lines.

Problems
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Each subsection within this section describes a major problem that either occurred
during the report period, or that was reported previously and has not yet been
resolved. This means that problems will be repeatedly reported until they are
resolved. In particular, this section must explain why this report's Section 1 does
not correspond to the previous report's Section 2.

All reports should also contain:

1. Date of report

2. Report period (e.g. 3 July to 10 July 1992)

3. Name of report (e.g. Communications team status report)
4. Name of person submitting the report

The preparation of a periodic status report should take about 20 minutes, but not
longer than 30 minutes. Developers should submit their status reports to their
team leader. The team leader then combines the reports of the team into a single
status report, while maintaining the same report structure. This activity should
take the team leader about 30 minutes, but not longer than 45 minutes (this is
easily done when the reports are prepared and submitted by electronic mail).

Each team leader submits the team status report to the project manager. The

individual status reports need not be submitted; these should be filed and
submitted to the project manager only on request.
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From: John Doe, Team leader
To: Frank Smith, Project Manager
Date: 15 June 1993
User interface team: Weekly status report
for the period 5-12 June 1993

1. Activities during the report period:
1.1 The design of the user help screens (activity 3.12.6) was completed on schedule.
The design specs were submitted to configuration control.

1.2 Coding of the command pass through modules (activity group 5.12) continues, and is
currently behind schedule by about 1 week.

2. Activities planned for next week:
2.1 Coding of the command pass through modules (activity group 5.12) will be
completed, and unit tests will be started.

2.2 Two members of the team (Ed and Joan) will attend a two day course on the
Programmer’s interface to the new user interface package. This is an unscheduled
activity that was approved at the last project meeting. This will not delay the
schedule, due to the early completion of the command pass through modules (see
Section 1.2 above).

3. Problems:

3.1 The user interface package we originally planned to use was found to be inadequate
for the project. Two team members will study the new proposed package (sec Section 2.2
above). If the new package is also found to be unsuitable, then this will severely impact
our development schedule.

3.2 One of our team members (Jack Brown) has been using an old VTIO0 terminal
instead of a workstation for the past two weeks, due to the acute shortage of

workstations. This is the reason why Jack's task 5.12 was not completed this week, as
scheduled.

Figure 5.8: Example of a weekly status report

The project manager also receives status reports from other project support
personnel such as the project systems engineer or the deputy project manager. The
project manager then prepares the project status report by combining the
individual reports received into a single three-part report. The project status report
is then submitted to top management.
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Project status reports are not necessarily submitted at the same frequency as
internal project status reports. Project reports may be submitted bi-weekly or
monthly.

e Project status meetings

Project status meetings should be held periodically, usually once a week. A good
time for status meetings is either at the end of the last day of the week, or at the
beginning of the first day of the week. Status meetings also contribute to the
atmosphere of order and control within the project, and should be held regularly,
at a fixed time. Participants who cannot participate in the project status meeting
may, with the project manager's approval, delegate participation to another
member of their team.

The project manager prepares for the status meeting by reviewing the status
reports submitted by the key project members (particularly scrutinizing the
problem section). Therefore the status reports should be submitted at least two to
three hours before the status meeting. Project status meetings are attended by the
key project members. The meeting begins with a report of project activities and
general issues by the project manager. Then each participant should be given
about five to ten minutes to report on the activity of his or her team or area of
responsibility. The discussion of problems should not be restricted to the person
reporting the problem and the project manager. All problems may be addressed by
all participants, with possible assistance offered between team leaders, thus
making their experience available throughout the project. It is not the project
manager's role to provide solutions to the problems, but rather to guide the team
members toward solutions.

Solutions should be worked out whenever possible during the status meeting. Any
problem not resolved within five minutes should be postponed for discussion by
the relevant parties after the status meeting. The proceedings of all project status
meetings must be recorded. Verbatim minutes are not required, though the
following items should appear in the record:

1. Date of meeting

2. Name of meeting

3. Present (list of participants)

4. Absent (list of absent invited participants)

5. Action items (name, action, and date for completion)
6. Major decisions and items discussed

The record of the project status meeting should be typed and distributed as soon
as possible, but no later than by the end of the day. This is particularly important
when there are action items to be completed on the same day. When the project is
sufficiently large to justify a secretary, then the record will be taken and typed by
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24

2.5

the secretary. In smaller projects, the project manager can rotate this task each
week between the participants.

Software Project Management Framework

You all know that a project is much more than a collection of methodologies,
tasks, resources, and reviews. A project is a synchronized event where there is
perfect harmony and understanding between the participants. The participants are
equipped with the essential skills of planning, cooperating, helping, and
communicating. However, the most important activity here is to orchestrate the
movement of the participants. The onus lies with the project manager to
synchronize the activities of the project to result in a perfect presentation.
Although each project manager has a unique style of functioning, there are some
fundamental approaches that guide a project manager. These approaches are
traditional project management concepts and software engineering concepts. To
understand software projects and their dynamics, you must be aware of the
environment in which a software project is executed. This further requires an
understanding of the larger framework of software project management.

In this chapter, you will learn to, build a connection between traditional project
management concepts and software engineering concepts. Both traditional and
software projects share the same methodologies, techniques, and processes.
However, managing software projects requires a distinct approach. In this,
chapter, you will learn to apply traditional project management principles to
software projects. Further, you will learn about the responsibilities of a software
project manager. You will also learn about the phases in a software project and
the activities within each phase. Finally, the chapter will provide you an overview
of the problems that affect a software project and the myths prevalent about
software project management.

Software Development Life Cycle (SDLC)

The development of a software project consists of many activities spread across
multiple phases. Dividing a software project into phases helps you in managing
the complexities and uncertainties involved in the software project.

Phases of a Software project

Each phase represents the development of either a part of the software product or
something associated with the software project, such as user manual or testing.

Each phase is composed of various activities. You can consider a phase complete
when all activities are complete.
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A phase is named according to the primary deliverable set that is achieved at the
end of that phase. For example, if the requirements document is required as the
output, the phase is called the requirements phase. Similarly, most software
projects have phases for analysis, design, construction, implementation, and
testing.

A typical software project includes the following phases:

— Software requirement analysis phase

— Software Design Phase

— Software Planning Phase

— Software construction phase

— Software testing phase

— Software acceptance and maintenance phase

SDLC Models

Different organizations have different ways of assessing and arranging the phases
in a project. These are called process models. Process models define how a
software life cycle actually works. They provide you with a framework to plan
and execute the various phases in the project. Typically, project life cycles display
the following characteristics:

e The level of cost and effort required in a software project life cycle is small to
begin with but grows larger towards the end of the project. This happens
because the phases such as software construction and implementation, which
come at later stages in a software project, require more resources than the
initial phases of the project.

e At the start of the SDLC, external entities, such as the customer and the
organization, play an important role with regard to their effect on the
requirements. However, towards the end of the software project as the cost
and effort required to implement changes rise, the requests for change in
requirements decreases.

e The uncertainty faced by the software project is highest at the beginning of the
SDLC. Their level decreases as the project progresses.

There are a few standard software process models that you can use, with some
customization. Some standard process models are given below:

e The Waterfall model: This is the traditional life cycle model. It assumes that
all phases in a software project are carried out sequentially and that each
phase is completed before the next is taken up.

e The Prototyping Model: A model that works on an iterative cycle of gathering
customer requirements, producing a prototype based on the requirement
specifications, and getting the prototype validated by the customer. Each
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iteration of the life cycle builds on the prototype produced in the previous
iteration.

The Incremental Model: The Incremental model is an example of an
evolutionary life cycle model. It combines the linear nature of the Waterfall
model and the iterative nature of the Prototyping model. The Incremental
model divided the development life cycle into multiple linear sequences, each
of which produces an increment of the final software product. In this model,
the software product is developed in builds. A build is defined as a self-
contained unit of the development activity. The entire development cycle is
planned for a specific number of logical builds, each having a specific set of
features.

The Spiral model: Another evolutionary life cycle model that combines the
linear nature of the Waterfall model and the iterative nature of the Prototyping
model. The project life cycle is divided into phases, and each phase is
executed in all of the iteration of the Spiral Model.
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LECTURE # 8

2. Software Development Fundamentals
Management Fundamentals

Organizational Issues and Project Management

Organizational issues have a deep influence on a software project, its progress,
and the role of the project manager. The policies of an organization can affect the
way the organization handles the customer, different types of technologies, and
different software projects. The organizational issues that can influence a software
project include:

Reaction to external influences

Interest in adherence to standards

Definition of core competency area
Existence of knowledge management system
Interest in human resources

One organizational issue that can influence a software project is the reaction of
the organization to external influences.- As a project manager, it is important for
you to assess how the organization reacts to changes in the external environment,
For example, in the current technology environment that changes rapidly, an
organization should be proactive in strengthening its capability baseline by
adopting new technology and retraining its employees as per market
requirements.

Interest in adherence to standards is another organizational issue that can
influence a software project. The current technology environment is highly
dynamic. Various nonprofit and independent organizations have developed
protocols and standards for the standardization of software development and
measurement: For example; the Software Engineering Institute at the Carnegie
Mellon University has developed the Capability Maturity Model (SEI-CMM).
The CMM rates the processes of a software development organization and
classifies it into five maturity levels. Software development organizations can also
get the quality-related certifications issued by the International Standards
Organization smoothen your project management tasks by standardizing the
internal processes and optimizing performance.

Definition of core competency area also influences a software project. An
organization that creates software must understand how they are created and
establish processes accordingly For example, if the core competency of the
organization lies in manufacturing chemicals, it should preferably not attempt
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software development for such an organization, it is better to purchase an off-the-
shelf software product.

An organizational issue that positively influences the tasks of software project
managers is the presence of a good knowledge management system within the
organization. Knowledge management is the collection of processes that control
the creation and utilization of knowledge within the organization. A good
knowledge management system allows you to access relevant information and
make informed decisions.

Another organizational issue that can influence a software project is the interest of
management in human resources. The human resources of an organization are its
primary resource. You need to ensure that the people in the development team
enjoy a comfortable work environment, which is conducive for smooth and
trouble-free work. This includes providing suitable compensations, a friendly
work environment, and smooth processes. The absence of these factors negatively
affects employee morale, and therefore, productivity.

Managing Processes

As a software project manager, you become the key player in a software project.
You not only manager the day-to-day activities of the project but also ensure that
the software product is delivered on time. What makes your role challenging is
the performance of project-related activities within a specified budget and time
constraint. At the same time, you need to keep the requirements and specifications
of the customer in mind.

To deliver expected results, you carry out three successive processes: studying the
feasibility of the project, planning to meet the requirement, and executing the
plan. These processes can be further broken down into activities, such as
planning, staffing, and monitoring.

You plan and organize the software development team to complete development
within the stipulated time and budget. To do this, you form a team of people who
have the required technical skills. Then, you ensure that all activities are carried
out as planned by the relevant people.

Your responsibilities include analyzing customer requirements, determining the
scope of the software project, allocating resources top the project, scheduling the
project, and executing the project. These responsibilities can be considered in
terms of the areas where management skills are required. The primary software
project management areas that you need to concentrate on include:

e Managing Resources
e Managing Cost
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Managing Risk

Managing Schedule
Managing the project plan
Managing quality

= Managing Resources

The primary input required to create software are resources. Resources for a
software project may be of three kinds: human, hardware, "and software. Human
resource management is about effectively identifying the people with the
appropriate skills, assigning roles and responsibilities to these people, and
establishing reporting relationships. On the other hand, hardware and software
resource management relates to identifying and ensuring resources such as
workstations, disk space on servers, software tools, and software licenses. You
need to ensure that human resource identification and allocation is carried out;
simultaneously with hardware and software resource management.

To manage resources effectively, there are two areas that you require your
attention. These include:

e Management of human resource
e Identification of the critical hardware and software resources

Management of human resources calls for a number of actions. First, you define
reporting relationship for the software project. Reporting relationship can exist
within and across organizational units, technical areas, and hierarchical levels.
Next, determine the skills required for the software project, and identify the
appropriate people who possess the required skills. You can review the resource
pool and identify resources on the basis of their experience and availability. In
case the resources are unavailable, you request for their release from another
project or outsource the required resources. Depending upon the organizational
practices arid experiences from past projects, you can assign roles and
responsibilities to the development team. Finally, create a staff management plan
and an organizational chart to show the hierarchical structure of the development
team.

Management of human resources also requires efficient team development. This
is a complex activity because it combines managing people and organizing the
reporting structure within the team. You can build cohesion and commitment
within the team through team building activities. These activities include
conducting team meetings to involve people from areas other than management
into decision-making.

To manage human resources, you also need to implement a reward and
recognition system. This helps in promoting and reinforcing positive
performance. It is important that you make the link between the performance and
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reward explicit and achievable. You should also ensure that the training needs of
the development team are met.

A second resource management area that requires attention is identification of the
hardware and software resources that are critical for the project. As a software
project manager, you must identify all the critical hardware and software
resources and document them in the project plan. After the required resources are
identified, you define control limits for each resource. Control limits for a
resource are the upper and lower limit beyond which the resource is above or
below the required level. For example, if a software project requires disk space on
the central server, the control limits for the disk space are the required maximum
and minimum disk space. Note that not all hardware and software resources are
critical to the success of a software project. In some software projects, you may
not find any critical resource at the beginning. However, as the project progresses,
some resources might become critical. For efficient resource management, you
should periodically assess hardware and software resource requirements for the
software project. Just as a resource may become critical as a project progresses, a
resource might also become less critical over a period of time. Therefore; plan,
assess, and take corrective action for all the resources through the duration of the
software project.

= Managing Cost

The cost factor has a considerable influence on the execution of a software
project. The budget of a software project is affected by factors, such as the current
orientation of the organization toward software development, number of skilled
personnel available, infrastructure, and computer hardware and software. The
budget can also be influenced by timely availability of resources. If a particular
resource is allocated to the project later than required, the costs involved could go
up drastically.

Quite often, when a software project starts to become too expensive, many project
managers also tend to start cutting costs. This can have a direct impact on
employee morale. When employee morale drops, so does the quality of work, and
the productivity. Therefore, as a project manager you must prepare for all
circumstances through proper estimation and allocation. To manage costs for
software projects, you need an accurate estimation of costs. To do that, there is a
sequence of steps that you need to perform.

Identify the resources required for the project
Estimate the cost of each activity

Set cost baselines for each activity
Implement a control system for cost changes

To estimate costs, you first identify and describe all the resources required in the
software project. You also estimate the duration for which the resources are used.
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Next, estimate the cost of each resource. To estimate the cost, you can use
mathematical tools. However, in the case where limited information is available
about resources, you can also use expert judgment to estimate costs.

After the costs of the required resources are estimated, you set cost baselines for
each activity. Cost baselines measure the performance of an activity with regard
to the cost and duration defined for the completion of the activity.

Finally, as the project manager you implement a control system for cost changes.
The cost control system defines cost baselines, identifies cost changes, and
modifies cost baselines to adjust cost changes.

= Management Risk

Risk management is an integral part of project management. In software projects,
where uncertainties are very high, risk management and mitigation is even more
critical. Taking risks for high payoffs might bring in high profits but not without
the danger of losses. Risk on a small scale is acceptable to most project managers
as the element of loss is minimal. However, large risks pose a danger to the
progress of a software project and you need to manage them. Risk management
activities involve identifying potential risks, assessing them, and planning for
contingent actions if a risk materializes.

As a project manager, you perform two primary activities to manage risks for
software project:

e Risk Analysis
o Risk identification
o Risk quantification
¢ Risk management

The first activity in risk analysis is risk identification. Risk identification helps
you point out the, potential risks for a software project across all phases of the
project. Risks might evolve through the duration of a software project, and
therefore, risk identification is an ongoing activity. To identify potential risks for
a software project, you can analyze the activities in the software project, the
software product description, and risks faced by the development team in similar
past projects. This exercise allows you to identify the potential sources of risks to
the current software project, Assessing the factor influencing the different inputs
also allows you to identify the phases in the SDLC when risk might materialize.

After potential risks have been identified, you can quantify them. This is done to
ascertain their priority. If multiple risks materialize at the same time, then you
must assign a priority to each risk based on the degree of impact on the project
and handle the highest-risk events first. For example, the risk of change in client
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requirements during the software construction phase is a higher risk than a
deadline for a deliverable being missed. Therefore, you first manage the risk that
has a higher priority. To quantify project risks, you can use various mathematical
and statistical tools. You can also use expert judgment to assess and quantify
risks.

After you have identified and quantified the potential risks for a software project,
you create a risk mitigation plan. The purpose of the risk mitigation plan is to help
you identify procedures to choose the path of least damage and highest returns in
a case a risk materializes. To mitigate risks for a software project, you first need
to be aware of the opportunities and threats that can be pursued or ignored. This
enables you to focus on the risks that might have a negative impact on the
software project and develop contingent plans to deal with these risks. You can
also mitigate risks by evolving alternative strategies to altogether prevent
potential risks from materializing.

In case an unplanned risk materializes, you must be aware of the dependencies of
the project activities so that ad hoc solutions can be evolved. However, as the
project manager you can avoid unplanned risks from materializing by engaging in
an intensive risk identification and mitigation exercise before the software project
commences.

= Managing Schedule

Time is a major constraint for a software project. With most software projects, the
delivery dates for the software product are already committed to the customer at
the time the project commences. As a software project manager you must perform
various tasks to balance time and deadlines. These are:

— Identify the different deliverables that constitutes the software product
— Define the activities that are required to produce the deliverables

— Identify the interdependencies between activities

— Define the duration of each activity

— Assess the project network diagram

— Create a schedule management and control plan

The first task is to identify the different deliverables that constitute the software
product. These deliverables also mark the completion of the different phases
within a software project.

Next, define the activities that are required to produce the deliverables. To do this,

you can break down the SDLC into phases, identify the deliverables at the end of
each phase, and the activities required for creating the deliverables.
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After the activities are defined, you identify the interdependencies between them.
The purpose of this exercise is to organize the activities and sequence them in the
form of a project schedule.

Next, you define the duration of each activity. The inputs that you need for
scheduling are the resources required to complete each activity. Then, assesses the
availability of these resources and the duration of each similar activity in similar
past projects.

After estimating the time required for each activity to complete, you assess the
project network diagram. This includes an assessment of the duration estimates,
resource requirements, resource pool description, and assumptions and constraints
for the software. You can use Mathematical tools to determine a schedule for the
project. The project schedule defines the activities within each phase, the team
members assigned to complete each activity, the duration of each activity, and the
start and end dates for all of the activities.

Finally, create a schedule management and control plan. The purpose of this plan
is to identify when changes occur, Implement the changes to the project schedule,
and ensure that the changes are beneficial to the software project. After the
changes are implemented, you might need to modify the sections of the project
plan to ensure that the project is completed on time.
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2.8

LECTURE #9

2. Software Development Fundamentals
Management Fundamentals

Managing Processes
Managing the Project Plan

Preparing it project plan for a software project helps you ensure that the specified
requirements and objectives are met successfully. It is a collation of all planning
activities that have happened for a software project. This includes activities such
as design and analysis, activity definition, risk planning, and cost estimation. To
create the plan, you assess all planning activities, organizational policies
regarding the creation of the project plan and assumption and constraints for the
project. To implement the software project plan, you require management skills,
such as leadership, communication, and problem solving, along with the basic
knowledge about the software. You also need to ensure that the senior
management bf the company has authorized work on the software project.
Knowledge management techniques help you to make informed decision
regarding the project plan.

After the project plan is executed, you manage the changes to it in such a way that
the performance measurement baselines are not impacted, To manage the project
plan effectively you monitor the project plan, periodic performance status reports,
and requests for change. The primary tool that you can use to control the changes
in the project plan is the change control mechanism: This is a set of formal
procedures for changing the project plan.

Managing Quality

The quality of software development depends largely on the understanding of
‘quality’ and quality management within the software development team. In
software projects where each member has a different understanding of quality and
his or her role in implementing it, the software product is usually not of the
required quality.

Implementing software quality is often associated with the software developer.
However, the role of the project manager is crucial in implementing quality
awareness and a quality-producing work environment. When a software project
starts missing deadlines and is in danger of exceeding the budget, project
managers often lose the focus on quality and lay stress on meeting deadlines.
However, the focus should be the other way round. A focus on delivering a
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quality product, even at the cost of missing a deadline or two ensures that your
customer comes back for repeat orders. On the other hand, the price of non-
conformance (PONC) on quality standards simply translates into the loss of
goodwill and loss of business.

Modern quality management techniques compliment project management and the
role of the project manager. Quality management techniques ensure that a
software product conforms to the customer requirements. Quality management
further ensures that errors are prevented in the first round itself. Checks for errors
and effort for removing the errors consume much more time, effort, and cost than
it takes to prevent the errors in the first place. Therefore, maintaining quality in a
software project is the domain of all team members.

However, as the project manager you have a critical role in maintaining quality.
You provide the resources required to complete the activities of the software
project and ensure that quality levels are constantly monitored.

You first identify the areas that must be monitored for ensuring quality and the
quality measures to implement. Then, consider the quality policy of the
organization, the scope of the project, the applicable standards, and the software
product description. Next, use tools, such as a cost-benefit analysis and a
flowchart, to identify the areas where you need to monitor quality and the
subsequent actions for control. The output of this exercise is the quality plan for
the software project. In addition, this exercise allows you to create checklists to
help monitor quality.

As a software project manager, you also need to use a quality control mechanism
so that the quality of the software product does not suffer. The aim of the quality
control mechanism is to ensure compliance with quality standards.

Project Execution

You already learned in the beginning of the chapter that a software project is
divided into different phases. This division is done on the basis of the activities
performed in each phase. Similarly, project management activities are also
arranged in phases. As a project manager, you perform the activities that map to
each of these phases. The project management phases can be broadly categorized
as follows;

— Project initiation
— Project closedown
— Project planning, control, and tracking

— Product implementation

Project Initiation
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The tasks performed for project initiation are mentioned below:

Requirement gathering: The first task is to gather the customer requirements.
Customer requirements may be spoken or unspoken. Therefore, the challenge for
the project manager is to elicit the requirements in such a way that both the
spoken and unspoken customer needs and wants are gathered. After collecting the
required information, you need to translate the customer requirements into
technical specifications for the software project.

Scope determination: The scope of a software project can be defined as the
combination of the software product arid services to be delivered to the customer.
You carry out the scope determination exercise to define the scope of the software
project. The scope determination exercise enables you to refine and understand
the customer requirements. You can refine the scope definition further by
breaking down each deliverable into smaller and more manageable activities. The
scope determination exercise also helps you identify the technology for creating
the software product.

Resource allocation: During project initiation, you identify the resources required
and allocate them to the software project. The resources identified may be people,
reusable software components, and hardware or software tools. You allocate the
resource to the software project on the basis of the activities defined in the scope
determination exercise. While allocating appropriate resources for a software
project, you also need to calculate the cost of each resource. The cost of a
resource is calculated according to the duration of the resource in the software
project. Estimating the cost of resources also helps you prepare a budget for the
software project.

Note:
Scope determination and resource allocation are discussed in more detail in later
chapters.

Initial project plan: Another exercise that you carry out during project initiation
is the creation of a rough project plan. This plan is a draft version and carries only
the primitive project plan features. This project plan carries the initial risk
analysis of the software project, the initial start and end dates, the duration of the
activities in the project, and the sequencing of these activities.

¢ Project Planning, Controlling, and Tracking

This activity of the project manager involves detailed tasks. These tasks are
mentioned below:

Detailed project plan: After the scope for the software project is determined and
the product design is ready, you prepare a detailed project plan. To create a
detailed project plan, you define a detailed list of all the elements that make up the

78

© Copyright Virtual University of Pakistan



(c) ketabton.com: The Digital Library

Software Project Management (CS615)

project deliverables. Next, the deliverables are further broken up to help In the
calculation of durations, start dates and end dates for each activity mentioned in
the plan. Roles and responsibilities are assigned to people with the appropriate
skills to complete each activity within specified time.

Control mechanism: These are set up to control the impact of changes on the
software project. The control mechanism includes a detailed risk management and
mitigation plan, a detailed quality plan, and quality assurance activities. You also
implement a review and audit system for periodic assessment and measurement of
the software project activities. The review and audit system enables you to
evaluate the progress of the software project. It ensures that all necessary data is
collected, deviation from the planned baselines is checked, and corrective action
is taken at all checkpoints. In this way, the review and audit system ensures
compliance with the organizational processes for software development.
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2.9

LECTURE # 10

2. Software Development Fundamentals
Management Fundamentals

Project Execution
Product Implementation

Product implementation activities involve defining processes related to the
implementation of the software product at the customer site. Some of the tasks
that you perform for product implementation are mentioned below:

Implementation plan creation: An implementation plan defines the duration of
implementation and the hard and software perquisites for implementing the
software product.

Support plan creation: the project manager also needs to create a support plan for
the customer. The support plan includes consideration such as the post-
implementation support activities provided to the customer. Post-implementation
considerations include the number of support staff available to the customer, their
names, contact numbers, and the duration of their availability.

Training plan creation: During product implementation, you create a training
plan to train the customer on the software product. The training plan includes
considerations such as the duration of training, the prerequisites for training
people, and the number of people that can be trained simultaneously.

User acceptance plan: You also need to prepare a user acceptance plan. The user
acceptance plan provides a detailed outline on how and when the user acceptance
tests are performed. The primary focus of user acceptance test is to ensure that the
final software product offers all the functionality and performance that the
customer wanted. Therefore, the customer tests the software product for issues
such as aesthetics, user friendless, and scalability.

Project Closedown
The final activity for a project manager is project closedown. For most software
projects, the project closedown activities take place in the post-implementation

phase. However, in some software projects, the customer requests support
activities for a longer duration. In such cases, the software project is considered
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closed immediately after implementation. The tasks that you perform in project
closedown are mentioned below:

Prepare closedown report. The project closedown report contains the results of
the causal analysis that you do for the project. This contains an analysis of what
went wrong, what went right, and what you could have done better in the software
project.

Identify learning: You also need to assess the entire software project and the
results of the causal analysis to identify the key learning points from the software
project. This helps you identify areas of improvement for future projects. The
learning points can also be used by the organization as considerations while
planning and executing the next software project.

Identify reusable software components: Reusing software components enables
you to lower the cost, time, and effort required to complete the software project
successfully. After project closedown, you identify the software components that
can be reused in future projects of similar nature. The software components
prepared for a software project may be complete, partially complete, or in the
design stage. These components or their designs can be assessed for usability in
future projects.

Create reference material: After the project is complete, you can create white
papers and reference documents. This can be a significant contribution to the
organization and the application area of the software by creating an authoritative
knowledge base.

Project Management Myths

In most cases, you learn the skills required to manage a software project while on
the job. As a result, most software project managers practice a lot of management
techniques that are of doubtful authenticity. Many software project managers
learn about the so-called management skills and concepts that are actually myths.

Clarifying the Project Management Myths

The following list aims to clarify some of the more prevalent myths in software
project management.

1. Combining the best resources with the worst resources available for a
software project helps to complete the project successfully.

2. A general statement of objectives is sufficient to begin work on the software
project.
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3. Allocating extra resources to a late project allows it to catch up with the
project schedule.

4. As software by itself is flexible, you can change the requirements at any point
in the software project life cycle.

5. The management and the customer always impose an unrealistic deadline for
the software project.

6. A software project that meets all the stated objectives is a success.

7. Software maintenance is an easy task and requires less effort than actual
software development.

8. Identifying and reporting errors during the reviews makes the software
developer unhappy and spoils the work environment.

9. Web-enabling an application or adopting client/server; architecture helps to
run software projects smoothly.

Mpyth: Combining the best resources with the worst resources available for a project
helps to complete the project successfully.

In software projects, combining the best resources with the worst resources drags
down the efficiency and productivity of good resources. This invariably decreases
the speed of the software project, and the project ends much after the specified
deadline.

Mpyth: A general statement of objective is sufficient to begin work on the software
project.

Many software project managers and customers believe that a general statement
of objectives gives a reasonable idea of the requirements. However, a formal and
detailed description of the customer requirements is needed before the project
commences. The software project manager must ensure that all information
regarding the software project, such as the functions, performance, interfaces,
constraints, assumptions and validation criteria is gathered.

Mpyth: Allocating extra resources to a late project allows it to catch up with the
project schedule.

A software project is not a mechanical process such as, say; digging an artificial
lake. In case of creating an artificial lake, adding more people to the job can help
dig a larger area in the same time. However, in a software project, adding, more
people actually increases the time required to finish the project. This happens
because a new person joining the project requires time to understand the
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requirements of the client, software design, and standards. Moreover, the existing
people in the project need to devote time and effort to train the new people on the
software project. Therefore, allocating additional resources to a risky situation
increases the risk to the software project.

Mpyth: As software by itself is flexible, changes in the requirements can be made at
any point in the software project life cycle.

Requests for changes are common with all projects. However, the timing of the
change for requests is critical. This is because an untimely change adversely,
impacts the cost of the software project. For example, a change request during the
requirements gathering stage has a relatively low impact on costs. On the other
hand, a change request during, the software construction stage can be extremely
expensive to incorporate. The software project manager must decide with the
customer upon a set of objectives that must be achieved at the end of the project.
In addition, the project manager and the customer must decide on a specific
phase, beyond which only critical change requests are accepted.

Mpyth: The management and customer always impose an unrealistic deadline for the
software project.

The management and customer usually believe that project managers prepare cost
effort, and time estimates inclusive of buffers. The management and customers
rationalize that if they can cut the buffers by imposing a tight deadline or a low
budget on a project, the project manager would still complete the project on time.

Mpyth: A software project that meets all the stated objectives is a success.

Customer requirements for a software project are always in two forms, spoken
and unspoken. Usually, the objectives formed from the customer requirements are
based on the spoken requirements. The software project manager must to be
aware of the unspoken requirements and ensure that these are met.

Mpyth: Software maintenance is an easy task and requires less effort than actual
software development.

If change requests are made toward the end of the project, then maintenance
activities can contribute to large costs and effort overruns. Moreover, contrary to
the popular view, implementing changes in the software product in the
maintenance stage is a painstaking task.

Mpyth: ldentifying and reporting errors during the reviews makes the software
developer unhappy and spoil the work environment.
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If a developer makes an error, it is important to point it out so that the error is
fixed in time. A project manager must communicate assertively so that the team
does not lose focus on quality. In addition, letting an error pass may have ripple
effects on the quality of the software product, frustrating the entire team.

Mpyth: Web-enabling an application or adopting client / server architecture helps to
run software projects smoothly.

No single technology platform, language, or architecture is a one-point solution
for all software projects. All approaches to software development have unique
merits and demerits. For example, if a marketing firm needs to make information
accessible to people at remote locations, then a, Web-based application is a good
option. However, mainframes are still preferred for applications created for the
banking industry.
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2.11

LECTURE # 11

2. Software Development Fundamentals
Management Fundamentals

Problems in Software Projects

Software projects are similar to traditional projects in the sense that the same
types of problems affect them both. However, the difference in managing these
problems lies in the approach that you take to the specific issue. For example, a
technology-related problem for a software project might be the low degree of
reuse of the software components created. However, for a car-manufacturing firm,
there is no chance of reusing a component such as a front axle.

You can classify the problems that affect software projects into the following four
categories:

People-related problems
Process-related problems
Product-related problems
Technology-related problems

People-related problems

People-related problems in a software project are:

Low motivation: As the project manager it is your responsibility to ensure an
optimal level of motivation within the team. Lengthy projects, complex
activities] and scarce resources often decrease the motivation level in a
software development team. However, you need to lead in such a way that the
team is constantly motivated to do a good job.

Problem employees: Some members of any team always create a problem. For
example, an employee may carry a 'holier-than thou' attitude. Problem
employees raise the chances of conflicts and differences of opinions within
the development team. They lower the efficiency and productivity of other
team members and make it difficult to meet the objectives of the software
project within the specified time. You need to ensure that employees are not
allowed to create a prblem for the rest of the team. Even if the employee is
very competent, you need to assess the indispensability of such employees for
the project. Moreover, you refrain from playing favorite with certain
employees and treat everyone with the same measure.
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Unproductive work environment. The work environment is a major factor
that affects the productivity of the development team. For example, a noisy or
cramped workspace decreases the motivation levels of the employees.
Similarly, unfriendly organizational policies also lower the motivation of the
team members. As the project manager, you need to ensure that the team is
protected from harmful external make the workspace friendly to work in.

Inefficient project management style: the project manager needs to lead by
example. The team members absorb the work culture, work ethic, and attitude
of the project manager and implement it in their work style. If you display a
lack of leadership qualities and weak ideals, the motivation levels decrease
across software team.

Lack of stakeholder interest: For a software project to be a success, each
stakeholder needs to take an active interest in the progress of the project. All
stakeholders, including the customer, the management, and the software
development team, need to commit to the success of the project. For example,
if the software development team is not committed to the project, then their
contribution may not be to the optimum level.

Ineffective project sponsorship by management: Lack of commitment of the
senior management to a software project lowers the motivation level of the
team members. If the management commits to the progress of a software
project, and takes a keen interest in the progress, the confidence of the
software development team will increase.

= Process- related Problems

The process-related problems in a software project are:

Unrealistic schedule: Assigning unrealistic deadlines for a software project is
a primary reason why software projects are delayed. Often, the marketing or
the management team commit a delivery date to the customer in the hope of
getting the project contract. However, these dates are not decided in
consultation with the development team. The rationale for assigning the
deadlines is unfounded. You need to ensure that the deadlines match the
ability of the software team to deliver the software product. As it is not always
possible to shift deadlines committed to the customer, you also need to plan
the resource allocation and project execution such that the deadlines are met.

Insufficient identification: Unidentified, partially identified, and unplanned
risks pose a threat to the success of a software project. You need to intensively
identify risks and evolve a risk management plan such that the project is
completed successfully, on time.
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Unsuitable life cycle model selection: Different software projects require
different SDLC models. For example, a project to create banking .software is
different from software for a satellite where the concept needs to be
researched. For the former example, the Waterfall model is more applicable.
For the latter example, the Spiral model is more suitable. Selecting the correct
life cycle model is critical to the success of a software project.

Abandoning quality under pressure of deadlines: Where a software project
faces a shortage of resources, time, and funds, project managers often push
away quality concerns and focus on meeting deadlines and staying within the
budget. Abandoning quality has a ripple effect that actually adds even more
time, effort, and costs to the software projects. The cost of doing things right
the first time is lower than the cost of inspection during product delivery.
Also, the cost of inspection is lower than the cost of debugging software after
the customer spots errors.

Unstructured and hurried software development: When software project
progresses with more focus on meeting deadlines and staying within a budget,
the approach to the software development is unstructured and hurried. You
should plan the software project such that all the activities are identified,
sequenced properly, and roles and responsibilities assigned to the various
people on the project. You should also maintain the focus of the development
team toward a structured approach to software development.

= Product-related Problems

There are many product-related problems that you can face in a software project.
These are:

Product scope changed toward the end of the project life cycle: The project
time, effort, and cost estimates for a software project can go up dramatically
when the customer changes the scope 9f the product toward the end of the
project. In such situations, you should verify the criticality of the scope
change. However, if the change request is not critical, you should retain the
original scope with a proper explanation to the customer. If the change request
is critical, you should explain the situation to the customer. Usually, a
customer gives more time and funds to a software project if proper
justification is provided. In some cases, the scope change may also be because
of a change in government policy. It may become mandatory for you to
include such change requests.

Research-oriented software development: Many software projects digress
from the original scope because of the nature of the software product or
technology used. When a totally new kind of software is developed or a new
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technology is used, the software development team can lose focus of the
objectives by getting into a research-oriented approach. It becomes your
responsibility as the project manager to maintain the focus on the objective.
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LECTURE # 12

2. Software Development Fundamentals
Management Fundamentals

2.10 Problems in Software Projects

= Product-related Problems

Il1-defined scope: You need to define the scope of the software product in the
initial stages of a software project. The scope of a software product is defined
in terms of the functionality requirements, the performance requirements, the
assumptions, and the constraints on the product. If the product scope is ill
defined, the software project does not have a proper focus on the features
required in the product.

Fuzzy users: You also need to clarify the background characteristics of the
users of the final software product at the beginning of the software project. If
the description of the users is fuzzy, then the software analysis, design, and
development stages may reflect the ambiguity with regard to the functions and
performance of the final software product.

= Technology-related problems

You may also encounter technology-related problems in a software project. These
include:

Overestimated savings from reusable components and new tools and
methods: You can reuse software components in a software project to save
time, effort, and cost of creating the component again. It is important that you
assess the savings that the use of such a software component provides to a
software project. This expectation of both the customer and the management
might not be met, if you overestimate the savings from reusing software
components.

Switching tools in mid way: The current technology environment offers new
tools and technologies for software development at a fast rate. All these tools
and technologies offer the benefits of a shorter development cycle, lower
costs, and under better functionality than earlier tools. You should identify
and commit to the tool and technology for the software project before the
project commences. Switching the tool or technology used during the software
development stage causes the developers to relearn a new tool. In addition,
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there is a chance that it might not be possible to integrate the software already
developed with the new tool.

e Integrating different software products in cross-platform implementation:
The modem software environment requires that all software should integrate
with each other. However, many software projects do not plan for integration
with existing software in the same or different domain. This limits the
applicationofsu9h software and reduces the shelf life drastically. They key to
the success of a software product is interoperability. The software project
manager needs to determine the scope for the software product such that is
can be integrated easily with existing software.

= Summary

The phases in a software project can be organized into a project life cycle. Some
standard life cycle models are the Waterfall model, the Prototyping model, the
Incremental model, and the Spiral model.

Organizational policies and attitudes influence the progress of a software project
and the tasks of a software project manager. For smooth progress of software,
project, the organization should be proactive in adopting changes in technology
and market environments, focused on developing software, and accept software
projects that match the organizational capability baseline. In addition, the
organization should implement employee-friendly human resource policies and
good knowledge management system.

The role of a software project manager includes managing resources, cost, risk,
schedules, project plan, and quality. Software project management activities can
be divided into phases. The main phases and the associated activities are initiating
the project, planning, controlling, and tracking, implementing the product, and
project closedown.

Initiating the project includes gathering requirements, determining the scope,
allocating resources, and creating an initial project plan. Planning, controlling,
and tracking involve creating a detailed project plan, constructing software, and
implementing a control mechanism. Implementing the product comprises
implementation plan, support plan, training plan, and user acceptance plan.
Project closedown includes preparing closedown report, identifying learning for
future projects, and identifying reusable software components for future software
projects.

Problems- affecting software projects can be classified into people-related,
project-related, product-related, and technology-related.

Various myths regarding software project management are adding more people to
a late project can help to finish the project on time, combining the best resources
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with the worst resources results in optimal resource allocation, and changes to the
scope of the software project and the software product can be made at any-time in
the SDLC.
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LECTURE # 13

2. Software Development Fundamentals
Technical Fundamentals

2.11 Requirements Management

= Preview

Software requirements engineering is a process of discovery, refinement,
modeling and specification. The system requirements and role allocated to
software-initially established by the system engineer-are refined in detail.
Models of the required data information and control flow and operational
behavior are created. Alternative solutions are analyzed and a complete
analysis model is created.

Requirements engineering is the systematic use of proven principles,
techniques, languages, and tools for the cost effective analysis,
documentation, and on-going evolution of user needs and the specification
of the external behavior of a system to satisfy those user needs. Notice that
like all engineering disciplines, requirements engineering is not conducted
in a sporadic random or otherwise haphazard fashion, but instead is the
systematic use of proven approaches.

Both the software engineer and customer take an active role in software
requirements engineering-a set of activities that is often referred to as
analysis. The customer attempts to reformulate a sometimes nebulous
system-level description of data, function and behavior into concrete
detail. The developer acts as interrogator, consultant, problem solver and
negotiator.

The overall role of Software in a larger system is identified during system
engineering. However, it's necessary to take a harder look at software's
role-to understand the specific requirements that must be achieved to build
high-quality software. That's the job of software requirements analysis. To
perform the job properly, you should follow a set of underlying concepts
and principles. Generally, a software engineer performs requirements
analysis However, for complex business applications a 'system analyst’
trained in the business aspects of the application domain may perform the
task. If you don't analyze, it's highly likely that you'll build a very elegant
software solution that solves the wrong problem. The result is wasted time
and money, personal frustration and unhappy customers.
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Data, functional, and behavioral requirements are identified by eliciting
information from the customer. Requirements are refined and analyzed to
assess their clarity, completeness, and consistency.

= Requirements analysis

Requirements analysis is a software engineering task that bridges the gap
between system level requirements engineering and software design
(Figure 1). Requirements engineering activities result in the specification
of software's operational characteristics (function, data; and behavior),
indicate software's interface with other system elements, and establish
constraints that software must meet. Requirements analysis allows the
software engineer (sometimes called analyst in this. role) to refine the
software allocation and build models of the data, functional, and
behavioral domains that will be treated by software. Requirements
analysis provides the software designer with a representation of
information, function, and behavior that can be translated to data,
architectural, interface, and component-level designs. Finally, the
requirements specification provides the developer and the customer with
the means to assess quality once software is built.

Figure 1: a bridge between system engineering and software design

System
Engineerin
g

Software
Requirement
s
Analysis

Software
Design

Software requirements analysis may be divided into five areas of effort:

(1) Problem recognition,

(2) Evaluation and synthesis,
(3) Modeling

(4) Specification, and

(5) Review
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Initially, the analyst studies the System Specification (if one exists) and
the Software Project Plan. It is important to understand software in a
system context and to review the software scope that was used to generate
planning estimates. Next, communication for analysis must be established
so that problem recognition is ensured. The goal is recognition of the basic
problem elements as perceived by the customer/users.

=  Problem evaluation

Problem evaluation and solution synthesis is the next major area of
effort for analysis. The analyst must define all externally observable
data objects, evaluate the flow and content of information, define and
elaborate all software functions, understand software behavior in the
context of events that affect the system, establish system interface
characteristics, and uncover additional design constraints. Each of
these tasks serves to describe the problem so that an overall approach
or solution may be synthesized. For example, an inventory control
system is required for a major supplier of auto parts. The analyst finds
that problems with the current manual system include:

(1) Inability to obtain the status of a component rapidly

(2) Two or three-day turnaround to update a card file

(3) Multiple reorders to the same vendor because there is no way to
associate vendors with components, and so forth.

Once problems have been identified, the analyst determines what
information is to be produced by the new system and what data will be
provided to the system. For instance, is the customer desires a daily
report that indicates what parts have been taken from inventory and
how many similar parts remain. The customer indicates that inventory
clerks will log the identification number of each part as it leaves the
inventory area.

= Solution synthesis

Upon evaluating current problems and desired information (input and
output), the analyst begins to synthesize one or more solutions. To
begin, the data objects processing functions and behavior of the system
are defined in detail. Once this information has been established, basic
architectures for implementation are considered.

A client/server approach would seem to be appropriate, but does the
software to support this architecture fall within the scope outlined in
the Software Plan? A database management system would seem to be
required, but is user/customer's need for associativity justified? The
process of evaluation and synthesis continues until both analyst and
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customer feel confident that software can be adequately specified for
subsequent development steps.

Throughout evaluation and solution synthesis, the analyst's primary
focus is on "what, not "how." What data does the system produce and
consume what functions the system must perform. What behaviors do
the system exhibit, what interfaces, are defined and what constraints

apply?

During the evaluation and solution synthesis activity, the analyst
creates models of the system in an effort to better understand data and
control flow, functional processing, operational behavior, and
information content. The model serves as a foundation for software
design and as the basis for the creation of specifications for the
Software. The customer may be unsure of precisely what is required.
The developer may be unsure that a specific approach will properly
accomplish function and performance. For these, and many other
reasons, an alternative approach to requirements analysis, called
Prototyping, may be conducted.
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LECTURE # 14

2. Software Development Fundamentals

Technical Fundamentals

2.11 Requirements Management

= Requirements Analysis

Evaluation and Synthesis

Upon evaluating current problems and desired information (input
and output), the analyst begins to synthesize one or more solutions.
To begin, the data objects processing functions and behavior of the
system are defined in detail. Once this information has been
established, basic architectures for implementation are considered.

A client/server approach would seem to be appropriate, but does
the software to support this architecture fall within the scope
outlined in the Software Plan? A database management system
would seem to be required, but is user/customer's need for
associativity justified? The process of evaluation and synthesis
continues until both analyst and customer feel confident that
software can be adequately specified for subsequent development
steps.

Throughout evaluation and solution synthesis, the analyst's
primary focus is on "what, not "how." What data does the system
produce and consume what functions the system must perform.
What behaviors do the system exhibit, what interfaces, are defined
and what constraints apply?

Models

During the evaluation and solution synthesis activity, the analyst
creates models of the system in an effort to better understand data
and control flow, functional processing, operational behavior, and
information content. The model serves as a foundation for software
design and as the basis for the creation of specifications for the
Software.

Specification
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During the evaluation and solution synthesis activity, the analyst
creates models of the system in an effort to better understand data
and control flow, functional processing, operational behavior, and
information content. The model serves as a foundation for software
design and as the basis for the creation of specifications for the
Software. The customer may be unsure of precisely what is
required. The developer may be unsure that a specific approach
will properly accomplish function and performance. For these, and
many other reasons, an alternative approach to requirements
analysis, called Prototyping, may be conducted.

Concerns for Review

The customer may be unsure of precisely what is required. The
developer may be unsure that a specific approach will properly
accomplish function and performance. For these, and many other
reasons, an alternative approach to requirements analysis, called
Prototyping, may be conducted.

For example, an inventory control system is required for a major
supplier of auto parts. The analyst finds that problems with the
current manual system include:

(1) Inability to obtain the status of a component rapidly,

(2) Two- or three-day turn- around to update a card file,

(3) Multiple reorders to the same vendor because there is no way to
associate vendors with components, and so forth.

Once problems have been identified, the analyst determines what
information is to be produced by the new system and what data
will be provided to the system. For instance, customer desires a
daily report that indicates what parts have been taken from
inventory and how many similar parts remain. The customer
indicates that inventory clerks will log the identification number of
each part as it leaves the inventory area.

Upon evaluating current problems and desired information (input
and output), the analyst begins to synthesize one or more solutions.
To begin, the data objects, processing functions, and behavior of
the system are defined in detail. Once this information has been
established, basic architectures for implementation are considered.

A client/server approach would seem to be appropriate, but does
the software to support this architecture fall within the scope
outlined in the Software Plan? A database management system
would seem to be required, but is the user/customer's need for
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associativity justified? The process of evaluation and synthesis
continues until both analyst and customer feel confident that
software can be adequately specified for subsequent development
steps.

= Requirements Elicitation for Software

Before requirements can be analyzed, modeled, or specified they must be
gathered through an elicitation process. A customer has a problem that
may be amenable to a computer-based solution. A developer responds to
the customer's request for help.

Communication has begun. But, as we have already noted, the road from
communication to understanding is often full of potholes.

1.

Initiating the Process

The most commonly used requirements elicitation technique is to
conduct a meeting or interview. The first meeting between a
software engineer (the analyst) and the customer can be likened to
the awkwardness of a first date between two adolescents. Neither
person knows what to say or ask; both are worried that what they
do say will be misinterpreted; both are thinking about where it
might lead (both likely have radically different expectations here);
both want to get the thing over with, but at the same time, both
want it to be a success. Yet, communication must be initiated.
Gause and Weinberg [GAU89] suggest that the analyst start by
asking context-free questions. That is, a set of questions that will
lead to a basic understanding of the problem, the people who want
a solution, the nature of the solution that is desired, and the
effectiveness of the first encounter itself. The first set of context-
free, questions focuses on the customer, the overall goals, and the
benefits. For example; the analyst might ask:

— Who is behind the request for this work?

— Who will use the solution?

— What will be the economic benefit of a successful solution?
— Is there another source for the solution that you need?

These questions help to identify all stakeholders who will have
interest in the software to be built. In addition, the questions
identify the measurable benefit of a successful implementation and
possible alternatives to custom software development.
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The next set of questions enables the analyst to gain a better
understanding of the problem and the customer to voice his or her
perceptions about a solution:

— How would you characterize "good" output that would be
generated by a successful solution?

— What problem(s) will this solution address?

— Can you show me (or describe) the environment in which the
solution will be used?

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

The final set of questions focuses on the effectiveness of the
meeting. Gause and Weinberg call these meta-questions and
propose the following (abbreviated) list:

— Are you the right person to answer these questions? Are your
answers "official"?

— Are my questions relevant to the problem that you have?

— Am I asking too many questions?

— Can anyone else provide additional information?

— Should I be asking you anything else?

These questions (and others) will help to "break the ice" and
initiate the communication that is essential to successful analysis.
But a question and answer meeting format is not an approach that
has been overwhelmingly successful. In fact, the Q&A session
should be used for the first encounter only and then replaced by a
meeting format that combines elements of problem solving,
negotiation, and specification.

Facilitated Application Specification Techniques

Too often, customers and software engineers have an unconscious
"us and them" mind-set. Rather than working as a team to identify
and refine requirements, each constituency defines its own
"territory" and communicates through a series of memos, formal
position papers, documents, and question and answer sessions.
History has shown that this approach doesn't work very well.
Misunderstandings abound, important information is omitted, and
a successful working relationship is never established.

It is with these problems in mind that a number of independent
investigators have developed a team-oriented approach to
requirements gathering that is applied during early stages of
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analysis and specification. Called facilitated application
specification techniques "(FAST).

This approach encourages the creation of a joint team of customers
and developers who work together to:

Identify the problem

Propose elements of the solution

Negotiate different approaches and specify a preliminary set of
solution requirements.

FAST has been used predominantly by the information systems
community, but the technique offers potential for improved
communication in applications of all kinds.

Many different approaches to FAST have been proposed. Each
makes use of a slightly different scenario, but all apply some
variation on the following basic guidelines:

— A meeting is conducted at a neutral site and attended by both
software engineers and customers.

— Rules for preparation and participation are established.

— An agenda is suggested that is formal enough to cover all
important points but informal enough to encourage the free
flow of ideas.

— A ‘facilitator’ (can be a; customer, a developer, or an outsider)
controls the meeting.

— A "definition mechanism" (can be work sheets, flip charts, or
wall stickers or an electronic bulletin board, chat room or
virtual forum) is used.

The goal is to identify the problem, propose elements of the
solution, negotiate different approaches, and specify a preliminary
set of solution requirements in an atmosphere that is conducive to
the accomplishment of the goal.

To better understand the flow of events as they occur in a typical
FAST meeting, we present a brief scenario that outlines the
sequence of events that lead up to the meeting, occur during the
meeting, and follow the meeting.

Initial meetings between the developer and customer occur and
basic questions and answers help to establish the scope of the
problem and the overall perception of a solution. Out of these
initial meetings, the developer and customer write a one- or two-
page "product request." A meeting place, time, and date for FAST
are selected and a facilitator is chosen. Attendees from both the
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development and customer/user organizations are invited to attend.
The product request is distributed to all attendees before the
meeting date.

Quality Function Deployment

A quality management technique that translates needs of customers
into technical requirements of software.

Normal Requirement: meeting objectives & goals stated for a
product or system during meeting

Expected Requirement: Implicit to products / system and may
be so fundamental that customer does not explicitly state them

Exciting Requirement: Features beyond customer’s expectation
and prove to be very satisfying when present

Use Cases
As requirements are gathered as part of:

* Informal meeting
* FAST or QFD

SW Engineer can create a set of scenario that identify a thread of
usage for system to be constructed; providing a description of how
system will be used.

Analysis Principles

A variety of modeling notations are developed by investigators.
Each analysis method has a unique point of view. However all
analysis methods are related by a set of operational principles like:

— The information domain of a problem must be represented and
understood.

— The functions that the software is to perform must be defined.

— The behavior of the software (as a sequence of external events)
must be represented.

— The models that depict information function and behavior must
be partitioned in a manner that uncovers details in a layered (or
hierarchical) fashion.
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— The analysis process should move from essential information
toward implementation detail.

6. Software Prototyping

Analysis should be conducted regardless of the SW engineering
paradigm. (Various approaches apply)

In some cases it is possible to apply operational analysis principles
and derive a model of SW from which a design can be developed.

In other situation Requirement Elicitation (FAST, QFD etc) is
conducted and a model is built, called Prototype.

102

© Copyright Virtual University of Pakistan



(c) ketabton.com: The Digital Library

Software Project Management (CS615)

2.11

11.

1il.

1v.

LECTURE # 15

2. Software Development Fundamentals
Technical Fundamentals

Requirements Management
The Software Requirements Specification

The Software Requirements Specification is produced at the culmination of the
analysis task, The function and performance allocated to software as part of
system engineering are refined by establishing a complete information
description, a detailed functional description, a representation of system behavior,
an indication of performance requirements and design constraints, appropriate
validation criteria, and other: information pertinent to requirements. The National
Bureau of Standards; IEEE (Standard No. 830-1984), and the U.S. Department of
Defense have all proposed candidate formats for software requirements
specifications (as well as other software engineering documentation).

Mode of specification has a great impact on quality of solution. Forcing SWE to
work with incomplete, inconsistence, or misleading specifications result in
frustration and confusion affecting:

—  Quality
— Timeliness and
— Completeness of SW product

Principles
Separate functionality from implementation.

Develop a model of desired behavior of a system that encompasses data and
the functional response of a system to various stimuli from the environment.

Establish the context in which SW operates by specifying the manner in which
other system components interact with software.

Define the environment in which system operates and indicate how a highly
inter-wined collection of agents react to stimuli in the environment (changes
to objects) produced by those agents.

Create a cognitive model rather than a design or implementation model.
Cognitive model describes a system as perceived by its user community.
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vi.  Recognize that; “the specifications must be tolerant of incompleteness and
augmentable.”
vii. A specification is always a model —an abstraction-of some real (or envisioned)
situation that is normally quite complex. Hence it will be incomplete and will exit
at many levels of detail.

1. Establish the content and structure of a specification in a way that will enable it to
be amenable to change.

* Representation

i.  Representation format and content should be relevant to the problem. (A
general outline of SRS can be developed).

ii.  Information contained within the specification should be nested.

iii. It should reveal layers of information so that reader can move to the level
of detail required. Paragraph & diagram number scheme to indicate level.

iv.  Diagrams and other notational forms should be restricted in number and
consistent in use. (Confusing or inconsistent notations, whether graphical
or symbolic degrades understating and foster errors.)

v.  Representation should be revisable.

vi.  The content of specification will change. Ideally, CASE tools should be
available to update all representations that are affected by each change.

The function and performance allocated to software as part of system engineering
are refined by establishing:

A complete information description,

A detailed functional description,

A representation of system behavior,

An indication of performance requirements and design constraints,
Appropriate validation criteria, and other: information pertinent to
requirements.

Nk W=

The Introduction of the software requirements specification states the goals and
objectives of the software, describing it in the context of the computer-based
system; actually, the Introduction may be nothing more than the software scope of
the planning document.
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The Software Requirements Specification is produced at the culmination of the
analysis task. The function and performance allocated to software as part of
system engineering are refined by establishing:

— A complete information description

— A detailed functional description

— A representation of system behavior

— An indication of performance requirements and design constraints

— Appropriate validation criteria and other information pertinent to

requirements.

The Information Description provides a detailed description of the problem that
the software must solve. Information content, flow, and structure are documented.
Hardware, software, and human interfaces are described (or external system
elements: and internal software functions.

A description of each function required to solve the problem is presented in the
Functional Description.

A processing narrative is provided for each function:

— Design constraints are stated and justified

— Performance characteristics are stated, and

— One or more diagrams are included to graphically represent the overall
structure of the software and interplay among software functions and other
system elements

The Behavioral Description section of the specification examines the operation of

the software as a consequence of external events and internally generated control

characteristics.

Validation Criteria is probably the most important and, ironically, the most often,
neglected section of the Software Requirements specification.

— How do we recognize a successful implementation?
— What classes of tests must be conducted to validate function, performance,
and constraints?

We neglect this section because completing it demands a thorough understanding
of software requirements-something that we often do not have at this stage.

Yet, specification of validation criteria acts as an implicit review of all other
requirements. It is essential that time and attention be given to this section.

Finally, the specification includes a Bibliography and Appendix.
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— The bibliography contains references to all documents that relate to the
software. These include other software engineering documentation,
technical references, vendor literature, and; standards.

— The appendix contains information that supplements the specifications.
Tabular data, detailed description of algorithms, charts, graphs and other
material, are presented as appendixes.

In many cases the Software Requirements Specification may be accompanied by
an executable prototype (which in some cases may replace the specification), a
paper prototype or a Preliminary User's Manual. The Preliminary Users Manual
presents the software as a black box: That is, heavy emphasis is placed on user
input and the resultant output. The manual can serve as a valuable tool for
uncovering problems at the human/machine interface.

= Review

A review of the Software Requirements Specification (and/or prototype) is
conducted by both the software developer and the customer.

Extreme care should be taken in conducting the review because the specification
forms the foundation of the development phase.

The review is first conducted at a macroscopic level; that is, reviewers attempt to
ensure that the specification is complete, consistent, and accurate when the overall
information, functional, and behavioral domains; are considered. However, to
fully explore each of these domains, the review becomes more detailed,
examining not only broad descriptions but the way in which requirements are
worded. For example, when specifications contain "vague terms" (e.g., some,
sometimes, often, usual ordinarily, most, or mostly), the reviewer should flag the
statements for further clarification.

Once the review is complete, the Software Requirements Specification is "signed-
off by both the customer and the developer. The specification becomes a
"contract" for software development. Requests for changes in requirements after
the specification is finalized will not be eliminated. But the customer should note
that each after- the-fact change is an extension of software scope and therefore
can increase cost, and/or protract the schedule.

Even with the best review procedures in place, a number of common specification
problems persist. The specification is difficult to "test" in any meaningful way,
and therefore inconsistency or omissions may pass unnoticed. During the review,
changes to the specification may be recommended. It can be extremely difficult to
assess the global impact of a change; that is, how a change in one function affects
requirements for other functions. Modem software engineering environments
incorporate CASE tools that have been developed to help solve these problems.
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LECTURE # 16

2. Software Development Fundamentals
Technical Fundamentals

2.12 Design
= Management Aspect

— Major design styles
* Object, structured, data-structured design

— Foundational design concepts
* Information hiding, abstraction, encapsulation, Inheritance, basic
algorithms & data structures, ...

= Attributes of SW Design

Software design is actually a multi step process that focuses on four
distinct attributes of a program:

— Data structure,
— Software architecture,
— Interface representations, and procedural (algorithmic) detail.

The design process translates requirements into a representation of the
software that can be assessed for quality before coding begins.

Like requirements, the design is documented and becomes part of the
software configuration.

Design is the technical kernel of software engineering. During design,
progressive refinements of data structure, architecture, interfaces, and
procedural detail of software components are developed, reviewed, and
documented.

Design results in representations of software that can be assessed for
quality. A number of fundamental software design principles and concepts

have been proposed over the past four decades.

Design principles guide the software engineer as the design process
proceeds. Design concepts provide basic criteria for design quality.
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a. Code generation

The design must be translated into a machine-readable form. The
code generation step performs this task. If design is performed in a
detailed manner, code generation can be accomplished
mechanistically.

b. Testing

Once code has been generated, program testing begins. The testing
process focuses on the logical internals of the software, ensuring
that all statements have been tested and on the functional externals;
that is, conducting tests to uncover errors and ensure that defined
input will produce actual results that agree with required results.

= Key Features of Design

A number of fundamental software design principles and concepts have
been proposed over the past four decades. Design principles guide the
software engineer as the design process proceeds. Design concepts provide
basic criteria for design quality.

Support

Support

Software will undoubtedly undergo change after it is delivered to the
customer (a possible exception is embedded software). Change will occur
because errors have been encountered, because the software must be
adapted to accommodate changes in its external environment (e.g. a
change required because of a new operating system or peripheral device),
or because the customer requires functional or performance enhancements.

Software support/maintenance reapplies each of the preceding phases to
an existing program rather than a new one.

Modularity

Modularity (in both program and data) and the concept of abstraction
enable the designer to simplify and reuse software components.
Refinement provides a mechanism for representing successive layers of
functional detail. Program and data structure contribute to an overall view
of software architecture, while procedure provides the detail necessary for
algorithm implementation.
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2.13

2.14

Information hiding and functional independence provide heuristics for
achieving effective modularity.

We try to solve the problem by rushing through the design process so that
enough time will be left at the end of the project to uncover errors that
were made because we rushed through the design process.

The moral is this: Don't rush through it! Design is worth the effort.
Standard design approaches

» Exception handling,

» Localization

» Portability

* Reuse

* Input/output

* Memory management,
* Performance

Construction

Coding practices
Naming, layout, documentation

Data-related concepts
Scope, persistence, binding time

Data usage guidelines
Bytes, arrays

Use of construction tools
Programming environment, group work support (documents, code),
code libraries & generators

Software Configuration management

Software configuration management (SCM) takes care of changes in a
software process. SCM identifies controls, audits, and reports
modifications that occur during software development. SCM helps
maintain the integrity of configurable items produced during software
development. SCM is an integral part of Software Quality Assurance
(SQA). SCM involves assessing the impact of the changes made during
SQA activities and making decisions based on cost and benefit analysis.

SCM is used to establish and maintain integrity of software items and
ensure that they can be traced easily. SCM helps define a library structure
for storage and retrieval of software items.
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To ensure that project stays consistent over time: You need to:

a)
b)
c)
d)
e)

Evaluate proposed changes

Track the changes

Control the Version

Check integrity of Source code, documents, plans, design
Ensure quality

Software Configuration Management Activities

SCM is used to establish and maintain integrity of software items and
ensure that they can be traced easily. Using SCM, you can define a library
structure for storage and retrieval of software items. SCM needs to be
performed at all phases in the SDLC of a software project. The various
SCM activities are:

MRS

Identifying Objects
Controlling Versions
Controlling Changes
Auditing
Communicating Changes

Identifying Objects

The first activity in SCM involves identifying software configurable
items (SCIs). SCI is an aggregation of software that is designated for
configuration management. It is treated as a single entity in the
configuration management process. For example, design documents,
program code, test case, and custom requirement document are
configurable items.

You can use the Item Traceability Matrix to identify SCIs at the end of
each phase. A sample of Item Traceability Matrix is displayed in Table
1. In the table, you can see the different SCls in different phases of the
development process.
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Table 1: Item Traceability Matrix

Deliverable Reaui ¢ Phase
Name equiremen Design Construction Testing
Analysis
Requm?ment Requirement
Analysis .
Analysis Document
Document
Functional
Specification
Design Document and
Document Program
Specification
Document
Code A
Code Code B
Code C
Unit Test
Cases
Test Document System Test
Cases
Datgbase Database Design
Design ) .
Specification
Document

To identify SCls, you need to first breakdown the project deliverable
to the SCI level. Each phase in the project has its own deliverables. To
trace the deliverables, you need to map the SCls to the phases in which
they are delivered.

2. Controlling Versions

Version control combines procedures and tools to manage different
versions of configuration objects that are created during software
product development. To control versions, you can use Version
Control Register. In Version Control Register, you enter the details of
components, such as component identification numbers, their versions,
and dates of validity. It is advisable to release a baseline after a version
is released. Baseline is a specification or a product that is formally
reviewed and agreed upon. This serves as the basis for further
development. Baseline can be changed only through formal change
control procedures. A baseline consists of a set of SCIs that are
logically related to each other. Baselines are established when
subsequent changes to the SCIs need to be controlled. Version control
is essential so that everybody uses only the latest version. Any kind of
version mismatch might result in rework.
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LECTURE # 17

2. Software Development Fundamentals
Technical Fundamentals

2.14 Software Configuration management

b. Controlling Versions

Version control combines procedures and tools to manage different versions
of configuration objects that are created during software product development.
To control versions, you can use Version Control Register. In Version Control
Register, you enter the details of components, such as component
identification numbers, their versions, and dates of validity. It is advisable to
release a baseline after a version is released. Baseline is a specification or a
product that is formally reviewed and agreed upon. This serves as the basis for
further development. Baseline can be changed only through formal change
control procedures. A baseline consists of a set of SCIs that are logically
related to each other. Baselines are established when subsequent changes to
the SCIs need to be controlled. Version control is essential so that everybody
uses only the latest version. Any kind of version mismatch might result in
rework.

c. Controlling Changes

Uncontrolled change can lead to chaos. Change control combines human
procedures and automated tools to provide a mechanism for controlling
change. The purpose of change control is to monitor and control changes in
order to baseline SCIs. There are various reasons that trigger changes. A
problem report might call for a change. Similarly, suggestions or ideas from
brainstorming sessions and feedback from clients can result in change.
Modifications or addition to functionality and changes in environment can
also cause changes. The Figure 1 explains the formal change control process
using a flow chart.
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\ 4

Change request is made

Change request is logged

»
»

Change request is evaluated

v

Outcome is notified

Is the Yes
Request
Rejected?
No
Yes Is the
Request

Deferred?

No

Change request is implemented

l

Figure 1: Formal Change Control Process

A request for change triggers that change control procedure. Then request is
logged in the change request register. Next, the change request number is
recorded in the change request evaluation plan. The request is evaluated and
analyzed to check if the change is valid. Change request is also evaluated in
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terms of the number of items affected and the effort involved in effecting the
change. Finally, the possible outcome of the change request is communicated.
The request for change is rejected, deferred, or approved. If the request for
change is rejected, the requestor needs to log a fresh request. A deferred
change request is evaluated at a later date while the change request that is
approved is implemented.

There are tools that provide facilities to check in and check out so that the
same version of the object is not updated more than once. The check-in and
checkout facilities provide synchronization control. Synchronization control
helps to ensure that parallel changes performed by two different people do not
overwrite one another.

d. Auditing

Configuration audit is conducted formally by the SQA group in projects
where SCM is a formal activity. The identification, version control, and
change control tasks help the developer maintain order and decorum in an
environment of change. However, the control mechanisms track a change only
until an item is generated. FTRs and software configuration audits (SCA) are
conducted to ensure that change is properly implemented. FTR verifies the
technical correctness of the SCI that is subjected to change. SCA assesses
those characteristics of an SCI that are not considered during FTRs. Audit
verifies whether the changes specified in the request for change are made and
additional modifications, if any, are also noted. Audits ensure that FTRs are
conducted to check for technical correctness. Audits verify that changes made
are highlighted in the SCI. The change date and change author are specified
and the attributes of SCI reflect the change. The SCM procedures for noting,
recording, and reporting change are also followed. Audits also ensure that
related SCIs are updated.

e. Communicating Changes

Another task of SCM is communicating changes. This task ensures
communication between different members in the project. It notes the
activities performed, the time when they are performed, those involved in the
activities, and those affected by the activities. In short, the task is all about
status reporting. In a large project, there is a possibility of miscommunication
among various people involved in the project. This is usually done using
configuration status report shown in Table 11.7. The table contains the name
of the SCI, the latest released version, the date of release, brief description of
changes performed, and associated change request. Further details of the
changes can be obtained from the associated change request. There can be
instances where two developers may be trying to modify the same software
configurable ifem with different and conflicting intentions. Absence of status
reporting could result in incorrect decisions being taken or important decisions
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not being communicated. At times, those who should be pointing out the
serious side effects caused by a change are not aware of the implementation of
the change. There are also instances of version mismatch when teams are
unaware of the latest version to be followed. To avoid such hazards due to
lack of communication among the project team, changes are communicated
among team members. Therefore, status reporting provides information about
each change to those who need to know. Software configuration management
takes care of changes in a software process. SCM identifies controls, audits,
and reports modifications that occur during software development. SCM helps
maintain the integrity of configurable items produced during software
development.

= Software Configuration Management Vs Software Maintenance

SCM is an integral part of SQA. SCM involves assessing the impact of the
changes made during SQA activities and making decisions based on cost and
benefit analysis. SCM can be defined as the art of identifying, organizing, and
controlling changes in a software project with the objective of minimizing
mistakes. SCM is different from software maintenance. Software maintenance is
required after the software is delivered to the client and is put into operation. As
opposed to this, SCM is a set of tracking and controlling activities that begins
when a software project begins and ends only when the software is taken out of
operation.

—> Baselines vs. Interim Versions

SCM differentiates between baselines and interim versions. A baseline is a tested
and certified version of a system. Baselines can be assigned version numbers such
as 1.0, 2.0, 3.0, and so on. A baseline usually undergoes intensive testing. Interim
versions, on the other hand, have version numbers, such as 1.1 or 1.2. The interim
version is a temporary version. Interim versions have a short life and survive only
during bug fixing, testing, or debugging. However, interim versions also have a
unique version number or name. Baselines are more visible with the marketing
team and the vendors than the interim versions. However, as part of SCM, all
versions of changes are saved, clearly labeled, and archived. Archiving is the
process of maintaining controlled copies of prior versions. Archiving helps in re-
creating earlier versions in the event of data loss or data corruption.

= Effective Configuration Control

Effective configuration control requires effective and well-defined organization.
Any configuration control method must be based on the following four concepts:

A clearly defined configuration management authority must be established.
Configuration control standards, procedures and guidelines must be produced and
distributed to the developers.
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Configuration control cannot be effective without the necessary tools and
facilities.

A configuration management plan must be developed at the beginning of the
project.

The configuration management environment consists of the resources necessary
for the implementation of the configuration control plan.

Configuration control tools, including:

= Automatic version control and

= Change control tools

= Monitoring, auditing and registration support utilities

= Storage facilities; a safe repository for all approved configuration items,
including:

— On-site storage for the day to day development process
— Off-site storage for catastrophe recovery

= Guidelines for effective configuration management

The following are some additional guidelines for effective configuration
management. Some of these guidelines are equally applicable to other
management support functions.

e Configuration management requires authority in order to be effective. This
authority must be clearly delegated by the project manager to the responsible
engineers. Any configuration management plan will become meaningless if
the plan cannot be enforced.

¢ Blunt enforcement of any plan policy or standard is best avoided, whenever
possible. One of the qualities of a good manager is the ability to apply policy
with minimal enforcement. Whenever policies and standards are readily
accepted by the developers, they are more willingly followed and there are
fewer rejections of submitted material. This leads to a more efficient
development process.

e Configuration management should be implemented from the start of a
software project. Many of the formal documents issued during the initial
concept phase are crucial for the requirements and design phases, and must be
placed under configuration control.

e The early application of configuration management is especially important in
rapid prototyping, spiral models, or other iterative development
methodologies. These development approaches initially produce several
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versions of each product. Many different versions can become an engineering
nightmare without orderly configuration control.

Occasionally some software configuration control activities may overlap with
software quality assurance activities. In small projects, these two functions
may be assigned to a single support engineer. Even in large projects, these two
functions are sometimes performed by a single support group.

= Misapplication of Guidelines

It should be noted that configuration management can be greatly exaggerated.
The various configuration control activities are not an objective in themselves,
they are a means.

A typical example of the misapplication of configuration management (and
misguided quality control), is a requirement to modify reused software to
comply with current standards and procedures.

Reused software is software developed previously in another project, and
found suitable to be incorporated into the current project. In such cases it
rarely makes sense to modify a complete and working product in order to
make it comply with administrative standards intended to make it a complete
and working product.
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2.15

LECTURE # 18

2. Software Development Fundamentals
Technical Fundamentals

Quality Assurance Management

= Definition

According to American Heritage Dictionary, quality is defined as "an inherent or
distinguishing characteristic or a property".

The distinguishing characteristics of a software product are the cyclomatic
complexity, cohesion, function points, and lines of code. These characteristics of
a software product define the quality of the product.

e The US DOD (1988) defines software quality rather simply as:

— The ability of a software product to satisfy its specified requirements.

e The British Standards Institution (1986) has stated that:

— “Quality is in the eye of the beholder, a matter, of the client's judgment.”

Quality Standards and Procedures

The quality of software is said to be high if it meets the standards and procedures,
defined for the product. Standards are criteria to which the products are compared.
For example, there may be standards that govern the quality review process.

Documentation standard design standard and code standard are the three types of
standards that software projects usually follow.

Documentation standard specifies the form and content for planning, control, and
product documentation. Design standards provide rules and methods for
translating the software requirements into software design. The design standards
are specified in the form and content of the product design.

Unlike documentation standard, code standard defines the language in which code

should be written. The standard clearly mentions the structures, style conventions,
and rules for data structures and interfaces that will be implemented in the project.
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Procedures are criteria to which the development and control processes are
compared. Procedures are explicit steps followed in a process. Procedures need to
be properly documented because they are needed for configuration management,
nonconformance reporting, corrective action, testing, and formal inspections.
Proper documentation of procedures is necessary because SQA activities rely on
them for project compliance. Organizations normally enforce quality standards
with the help of checklists, common error lists, and standards and guidelines.

= Concepts

Product quality depends on its conformance to software requirements,
development standards, and implicit requirements.

During software development, the quality of a product depends on the quality of
the design.

The quality of product design, in turn, depends on how effectively the product
designer captures the client requirements and specifications. At times, the client
has some implicit requirements that are not captured in the requirements
document. There are three things that guide requirements: want, desire, and wish.
Usually, wants are captured explicitly in the requirements documents. However, if
you manage to capture desires and wishes, the product becomes a great success.
The product designer needs to state these implicit requirements clearly during
analysis. The adherence to these implicit requirements is the key attribute that sets
one product apart from another.

The product quality also depends on how strictly, and to what degree the
developer adheres to design specifications. This is what the concept quality is
meeting or exceeding our client's needs and requirements' means.

The product quality is said to be high if the product is manufactured according to
design specifications.

= Quality Control
Quality control is a series of review activities, such as:

e Inspections
e Reviews and
e Tests, used throughout the SDLC of the software product

The objective of quality control is to find problems as early as possible and fix
them.

Quality control ensures that the software product meets the requirements defined
at every stage in its development.
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There is provision for feedback mechanism during quality control. Any slippage
in meeting the requirements during the development process is communicated to
the development team immediately.

Feedback ensures that errors or misses found during quality control are rectified
as soon as they are detected.

During software development, quality control plays a valuable role by evaluating
products against standards and specifications.

Quality control activities can be fully automated manual, or a combination of
these. Quality control involves monitoring specific project results to determine if:

— They comply with relevant quality standards
— Identifying ways to eliminate causes of unsatisfactory results.

Project results include both:

— Product results, such as deliverables, and
— Project management results, such as cost and schedule performance.

Quality Factors

There are a number of factors that determine the quality of a software product.
These factors can be measured either directly or indirectly. McCall (MCC77) and
his colleagues proposed some software quality factors based on three most
important aspects of a software product:

1. Product operation
2. Product revision and
3. Product transition

1. Product Operation Factors
The product operation factors determine the quality of software when a
program is executed. Good quality software is not only correct and reliable
but also delivers correct performance in all circumstances. Some of the factors
of product operation are correctness, reliability, efficiency, integrity, and
usability. You can look at the factor description in Table 1.

Table 1: Product Operation Factors

Correctness

Accuracy of the program and the extent to which it fulfills design specifications

Reliability

Extent to which the program is secure and its ability to recover quickly from failure.
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Efficiency Performance of the program and its ability to perform tasks within a time frame

Ability of the program to take care of security and the extent to which it can prevent

Integrity unauthorized.

Usability Ease with which a user can learn, operates, and uses the program.

2. Product Revision Factors
Product revision factors focus on the ease of maintenance of the software
product. Maintenance tasks could be either correcting faults in the original
design or making improvements to adapt the functionality to changing
environments. Product revision covers the following factors: maintainability,
flexibility, and testability. These factors are described in Table 2.

Table 2: Product Revision Factors

Maintainability | Ease with which a program is debugged.

Flexibility Ease with which a program is modified.

Testability Ease with which a program is tested.

3. Product Transition Factors
The product transition factors determine the quality of programs that are
designed for open systems. Here the focus is more on the portability and
reusability of a software product. To help a system run on different platforms,
certain parts of a system may be reused. The product transition factors are
portability, reusability, interoperability, configurability, and expandability.
These factors are described in Table 3.

Table 3: Product Transition Factors

Portability Efficiency with which a program runs on different platforms or operating systems

Reusability Extent to which the program can be used in more than one program or system

Interoperability | Effort needed to transfer a program to another system

Ability of the program to be installed at more than one location with different

Configurability features at each location

Expandability | Ability of the program to support an increase in data and users
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2.15  Quality Assurance Management

ii.

iii.

= Software Quality Assurance Activities

SQA is the process of evaluating the quality of a product and enforcing adherence
to software product standards and procedures. It is an umbrella activity that
ensures conformance to standards and procedures throughout the SDLC of a
software product. There are a large number of tasks involved in SQA activities.
These include:

1. Formulating a quality management plan
ii.  Applying software engineering techniques
iii.  Conducting formal technical reviews
iv.  Applying a multi-tiered testing strategy
v.  Enforcing process adherence
vi.  Controlling change
vil.  Measuring impact of change
viii.  Performing SQA audits
ix.  Keeping records and reporting

Formulating a Quality Management Plan

One of the tasks of SQA is the formulation of a quality management plan. The
quality management plan identifies the quality aspects of the software product to
be developed. It helps in planning checkpoints for work products and the
development process. It also tracks changes made to the development process
based on the results of the checks. The quality management plan is tracked as a
live plan throughout the SDLC.

Applying Software Engineering

Application of software engineering techniques helps the software designer to
achieve high quality specification. The designer gathers information using
techniques such as interviews and FAST. Using the information gathered, the
designer prepares project estimation with the help of techniques such as WBS,
SLOC estimation, or FP estimation.

Conducting Formal Technical Reviews
Formal technical review (FTR) in conducted to assess the quality and design of
the prototype. It is a meeting with the technical staff to discuss the quality
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iv.

vi.

vii.

viil.

requirements of a software product and its design quality. FTRs help in detecting
errors at an early phase of development. This prevents errors from percolating
down to the latter phases and resulting in rework.

Applying a Multi-tiered Testing Strategy

Software testing is a critical task of SQA activity, which aims at error detection.
Unit testing is the first level of testing. The subsequence levels of testing are
integration testing and system level testing. There are various testing strategies
followed by organization. At times, developers perform unit testing and
integration testing with independence testing support. There are also occasions
where testers perform functional testing and system level testing with developer
support. Sometimes beta testing with selected clients is also conducted to test the
product before it is finally released.

Enforcing Process Adherence

This task of SQA emphasizes the need for process adherence during product
development. In addition, the development process should also adhere to
procedures defined for product development. Therefore, this is a combination of
two tasks, product evaluation and process monitoring.

Product Evaluation

Product evaluation ensures that the standards laid down for a project are followed.
During product evaluation, the compliance of the software product to the existing
standards is verified. Initially, SQA activities are conducted to monitor the
standards and procedures of the project. Product evaluation ensures that the
software product reflects the requirements identified in the project management
plan.

Process Monitoring

Process monitoring ensures that appropriate steps to follow the product
development procedures are carried out. SQA monitors processes by comparing
the actual steps carried out with the steps in the documented procedures.

Product evaluation and process monitoring ensure that the development and
control processes described in the project management plan are correctly carried
out. These tasks ensure that the project-related procedures and standards are
followed. They also ensure that products and processes conform to standards and
procedures. Audits ensure that product evaluation and process monitoring are
performed.

Controlling Change

This task combines human procedures and automated tools to provide a
mechanism for change control. The change control mechanism ensures software
quality by formalizing requests for change, evaluating the nature of change, and
controlling the impact of change. Change control mechanism is implemented
during the development and maintenance stages.
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ix.

xi.

Measuring Impact of Change

Change is inevitable in the SDLC. However, the change needs to be measured and
monitored. Changes in the product or process are measured using software quality
metrics. Software quality metrics helps in estimating the cost and resource
requirements of a project. To control software quality; it is essential to measure
quality and then compare it with established standards. Software quality metrics
are used to evaluate the effectiveness of techniques and tools, the productivity of
development activities and the quality of products. Metrics enables mangers and
developers to monitor the activities and proposed changes throughout the SDLC
and initiate corrective actions.

Performing SQA Audits

SQA audits scrutinize the software development process by comparing it to
established processes. This ensures that proper control is maintained over the
documents required during SDLC. Audits also ensure that the status of an activity
performed by the developer is reflected in the status report of the developer.

Keeping Records and Reporting

Keeping records and reporting ensure the collection and circulation of information
relevant to SQA. The results of reviews, audits, change control, testing, and other
SQA activities are reported and compiled for future reference.

Software Review

Software review is an effective way of filtering errors in a software product.
Typically, an error found after the product release costs 50 times as much to
correct as one detected during the design phase.

This means the cost of fixing a defect rises dramatically if it is found late in the
development life cycle of the product. Therefore, you need to filter errors as early
as possible.

Software review is used as a filter at various points of software development.
Reviews conducted at each of these phases, analysis, design, coding, and testing
reveal areas of improvement in the product.

Reviews also indicate those areas that do not need any improvement. You can use
software reviews to achieve consistency and uniformity across products. Reviews
also make the task of product creation more manageable. Some of the most
common software review techniques, practiced across software organizations
include:

a) Inspection
b) Walkthrough
c) Formal technical reviews

a) Inspections
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b)

Inspections improve the reliability, availability, and maintainability of a
software product. Anything readable that is produced during software
development can be inspected. The readable material can be requirements
specifications, design documents and models, test plans, system
documentation, and user aids. Group inspections enable team members to
exchange knowledge and ideas during an inspection session.

Inspections can be combined with structured, systematic testing to provide a
powerful tool for creating defect-free programs. The inspection activity
follows a specified process and the participants play well-defined roles. An
inspection team consists of three to eight members who play the roles of
moderator, author, reader, recorder, and inspector.

Moderator leads the inspection, schedules meetings, controls meetings, reports
inspection results, and follows up on rework issues. Author creates or
maintains the work product being inspected. Reader describes the sections of
the work product to the team as they proceed through inspection. Recorder
classifies and records defects and issues raised during the inspection. The
moderator might perform this role in a small inspection team. Inspector finds
errors in the product. All participants play the role of inspectors. However,
good inspectors are those who have created the specification for the work
product being inspected. For example, the designer can act as an inspector
during code inspection while a quality assurance representative can act as
standard enforcer. It also helps to have a client representative participate in
requirements specification inspections.

Walkthroughs

The term walkthrough refers to a group activity in which the developer of the
product guides the progress of the review. Walkthroughs are less rigorous than
either formal inspections or peer reviews in which the developer plays a more
passive role. Normally walkthroughs turn into a presentation by the author.
The focus of finding errors is diluted. Such misadventures make walkthroughs
usually less successful at detecting bugs than the more formal review
methods.

Two useful walkthrough approaches adopted worldwide are group reviews
with individual preparation and individual peer desk-checks. Group reviews
are not very rigorous like inspections. The group reviews involve many of the
same activities and roles, such as individual preparation and the use of a
moderator and a recorder. Usually the overview meeting and the follow-up
steps are skipped and checklists are used sparingly. At the end, the readers
paraphrase their interpretation of what a program is doing.
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Individual peer desk-checks are quite cost-effective. Only one person besides
the author examines the material. This approach can be more effective if there
are individuals who are extremely good at finding defects on their own.

Tip:

If someone consistently finds most of the group-identified defects during the
individual preparation step, such a person is fit to perform individual peer
desk-checks.

Formal Technical Reviews

One of the most common, yet important, software quality assurance activity
performed is FTR. This activity is performed to check errors in logic,
function, or implementation for any representation of the software.

Using FTR, you can verify whether or not the software product adheres to the
defined standards. FTR is also conducted to check for consistency in the
software product and audit the manageability of the software product. It
includes activities such as walkthrough and inspection.

FTR focuses on specific parts of the software product, such as the
requirements components, detailed design module, and the source code listing
for a module.

FTR also concentrates on the entire product. The participants in FTR are the
developer, the project leader, and all the reviewers.

At the end of the review meeting, the issues recorded are formalized into
review issues list. The minutes of the meeting are summarized into a review
summary report as displayed in table 4.

Technical Review Report

Review Identification

Project Name Current Phase Review Number
Product Identification
Item Reviewed Version No. Developer

Brief Description

Documents Referred (along with versions, if any)

Start Name End Time
Review Material Attached: Yes/ No
Participants Role Preparation Time
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Total Review Time (No. of Participants * Actual duration of meeting)

Total Review Person Hours

Product Appraisal

Accepted asis ()

With Minor Modification ( )

Not Accepted Major Revision ()

Minor Revision ()

Review Not Completed (Explanation as follows)

Supplementary Material Attached

Issue Lists:

Others

Revise and Reschedule (if required)

Target Date for Next Review

Verification of Defect Closure

Responsibility of:

Planned Date of Verification

Recommended for Release

Signature: Date:

Table 4: Technical Review Report

Tip:

To prepare realistic schedule, you can collect data from past projects. Speak to related
project managers regarding time estimation for reviews, the review capacity of the
reviewer, and estimates the review effort accordingly.

Most Organizations Are somewhere around this
point

Development
Time

Fastest schedule
(BEST schedule)

n

95% 100%

Percentage of
Defects Removed
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3.1

Figure 1: Quality Assurance

LECTURE # 20

3. Processes

Software Process

When you build a product or system, it's important to go through a series of
predictable steps — a road map that helps you create a timely, high-quality result,
The road map that you follow is called a 'software process'.

Software engineers and their managers adapt the process to their needs and then
follow it. In addition, the people who have ties defined by the process requested
the software play a role in the software process.

It provides stability, control, and organization to an activity that can, if left
uncontrolled, become quite chaotic.

At a detailed level, the process that you adopt depends on the software you're
building. One process might be appropriate for creating software for an aircraft
avionics system, while an entirely different process would be indicated for the
creation of a web site.

From the point of view of a software engineer, the work products are the
programs, documents and data produces as a consequence of the software
engineering activities defined by the process.

A number of software process assessment mechanisms enable organizations to
determine the “maturity” of a 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.

A common process framework is established by defining a small number of
framework activities that are applicable to all software projects, regardless of their
size or complexity. A number of task sets-each a collection of software
engineering work tasks, project milestones, work products, and quality assurance
points enable the framework activities to be adapted to the characteristics of the
software project and the requirements of the project team. Finally, umbrella
activities-such as software quality assurance, software configuration management,
and measurement - overlay the process model. Umbrella activities are
independent of anyone framework activity and occur through- out the process.
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Common process
Framewaork activities
Tasks
Tasks

Milestones.

SOA noints

Figure 1: The software Process

= Software Process Vs Software Engineering

But what exactly is a software process from a technical point of view? A software
process 1s a framework for the tasks that are required to build high-quality
software. Is process synonymous with software engineering? The answer is "yes"
and "no." A software process defines the approach that is taken as software is
engineered. But software engineering also encompasses technologies that
populate the process-technical methods and automated tools.

More important, 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.

= Software Engineering

Software engineering is a layered technology. Referring to Figure 2, any
engineering approach (including software engineering) must rest on an
organizational commitment to quality. Total quality management and similar
philosophies foster a continuous process improvement culture, and this culture
ultimately leads to the development of increasingly more mature approaches to
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software engineering. The bedrock that supports software engineering is a quality
focus.

Figure 2: Software engineering layers

The foundation for software engineering is the process layer. Software
engineering process is the glue that holds the technology layers together and
enables rational and timely development of computer software. Process defines a
framework 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 how-to’s 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 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 stem for the support of software development
called computer-aided software engineering, 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 software engineering environment analogous to CAD/CAE (computer-
aided design engineering) for hardware.
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3.2

33

3.4

PM Process Groups

Project management processes can be organized into five groups of one or more
processes each:

1. Initiating processes—authorizing the project or phase

2. Planning processes—defining and refining objectives and selecting the best
of the alternative courses of action to attain the objectives that the project
was undertaken to address

3. Executing processes—coordinating people and other resources to carry out
the plan

4. Controlling processes—ensuring that project objectives are met by
monitoring and measuring progress regularly to identify variances from plan
so that corrective action can be taken when necessary

5. Closing processes—formalizing acceptance of the project or phase and
bringing it to an orderly end

Each process is described by:

— Inputs
— Tools & Techniques
—  Outputs

PM Process Links

The process groups are linked by the results they produce—the result or out-
come of one often becomes an input to another.

Among the central process groups, the links are iterated—planning provides
executing with a documented project plan early on, and then provides documented
updates to the plan as the project progresses. These connections are illustrated in
Figure 3.

The project management process groups are not discrete, one-time events; they
are overlapping activities that occur at varying levels of intensity throughout each
phase of the project. These process groups overlap and vary within a phase.
Figure 4 illustrates how the process groups overlap and vary within a phase.

PM Phase interactions
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Finally, the process group interactions also cross phases such that closing one
phase provides an input to initiating the next. For example, closing a design phase
requires customer acceptance of the design document. Simultaneously, the design
document defines the product description for the ensuing implementation phase.
This interaction is illustrated in Figure S. Repeating the initiation processes at the
start of each phase helps to keep the project focused on the business need that it
was undertaken to address. It should also help ensure that the project is halted if
the business need no longer exists, or if the project is unlikely to satisfy that need.

It is important to note that the actual inputs and outputs of the processes depend
upon the phase in which they are carried out. Although Figure 5 is drawn with
discrete phases and discrete processes, in an actual project there will be many
overlaps. The planning process, for example, must not only provide details of the
work to be done to bring the current phase of the project to successful completion,
but must also provide some preliminary description of work to be done in later
phases. This progressive detailing of the project plan is often called rolling wave
planning; indicating that planning is an iterative and ongoing process.

Involving stakeholders in the project phases generally improves the probability of
satisfying customer requirements and realizes the buy-in or shared ownership of
the project by the stakeholders, which is often critical to project

success.

Initiating
Processes

Planning
Processes

Controlling
Processes

Executing
Processes

i1

Closing
Processes

Figure 3: Links among Process Groups in a phase
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Executing
Processes

Planning
Processes

Initiating

Closing Processes
Processes

Controlling
Processes

Phase Phase
Start Finish

Figure 4: Overlap of Process Groups in a Phase

/ Design Phase \ / Implementation Phase \

/ Controlling
Controlling Executing Executing
= <&

. © 9@

Figure S: Interaction between phases
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3.5

LECTURE # 21

3. Processes

Initiating Process

Inputs
*  Product Description
+ Strategic Plan
* Selection Criteria
* Historical Information

Outputs
* Project Charter
*  Project Manager assignments
»  Constraints
*  Assumptions

Tools and Techniques
* Project selection methods
* Expert judgment

The tasks performed for project initiation are mentioned below:

Requirement gathering: The first task is to gather the customer requirements.
Customer requirements may be spoken or unspoken. Therefore, the challenge for
the project manager is to elicit the requirements in such a way that both the
spoken and unspoken customer needs and wants are gathered. After collecting the
required information, you need to translate the customer requirements into
technical specifications for the software project.

Scope determination: The scope of a software project can be defined as the
combination of the software product arid services to be delivered to the customer.
You carry out the scope determination exercise to define the scope of the software
project. The scope determination exercise enables you to refine and understand
the customer requirements. You can refine the scope definition further by
breaking down each deliverable into smaller and more manageable activities. The
scope determination exercise also helps you identify the technology for creating
the software product.

Resource allocation: During project initiation, you identify the resources required
and allocate them to the software project. The resources identified may be people,
reusable software components, and hardware or software tools. You allocate the
resource to the software project on the basis of the activities defined in the scope
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3.6

determination exercise. While allocating appropriate resources for a software
project, you also need to calculate the cost of each resource. The cost of a
resource is calculated according to the duration of the resource in the software
project. Estimating the cost of resources also helps you prepare a budget for the
software project.

Initial project plan: Another exercise that you carry out during project initiation
is the creation of a rough project plan. This plan is a draft version and carries only
the primitive project plan features. This project plan carries the initial risk
analysis of the software project, the initial start and end dates, the duration of the
activities in the project, and the sequencing of these activities.

Planning Process

Devising and maintaining a workable scheme to accomplish the business need
that the project was undertaken to address

Planning is setting the direction for something -- some system -- and then guiding
the system to follow the direction.

The basic planning process typically includes similar nature of activities carried
out in similar sequence.

The phases are carried out carefully or -- in some cases -- intuitively, for example,
when planning a very small, straightforward effort the complexity of the various
phases (and their duplication throughout the system) depend on the scope of the
system.

For example, in a large corporation, the following phases would be carried out in
the corporate offices:

* In each division
* In each department
* In each group, etc.

Planning typically includes use of the following basic terms

Goals: Goals are specific accomplishments that must be accomplished in total, or
in some combination, in order to achieve some larger, overall result preferred
from the system, for example, the mission of an organization. (goals are outputs
from the system.)

Strategies or Activities: These are the methods or processes required in total, or

in some combination, to achieve the goals. (strategies are processes in the
system.)

135

© Copyright Virtual University of Pakistan



(c) ketabton.com: The Digital Library

Software Project Management (CS615)

Objectives: Objectives are specific accomplishments that must be accomplished
in total, or in some combination, to achieve the goals in the plan. Objectives are
usually "milestones" along the way when implementing the strategies

Tasks: Particularly in small organizations, people are assigned various tasks
required to implement the plan. If the scope of the plan is very small, tasks and
activities are often essentially the same.

Resources (and Budgets): Resources include the people, materials, technologies,
money, etc., required to implement the strategies or processes. The costs of these
resources are often depicted in the form of a budget. (Going back to our reference
to systems, resources are input to the system.)

Goals and Objectives Should Be SMARTER

SMARTER is an acronym, that is, a word composed by joining letters from
different words in a phrase or set of words. In this case, a SMARTER goal or
objective is:

Specific:
For example, it's difficult to know what someone should be doing if they are to
pursue the goal to "work harder". It's easier to recognize "Write a paper".

Measurable:
It's difficult to know what the scope of "Writing a paper" really is. It's easier to
appreciate that effort if the goal is "Write a 30-page paper".

Acceptable:

If I'm to take responsibility for pursuit of a goal, the goal should be acceptable to
me. For example, I'm not likely to follow the directions of someone telling me to
write a 30-page paper when I also have to five other papers to write.

However, if you involve me in setting the goal so I can change my other
commitments or modify the goal, I'm much more likely to accept pursuit of the
goal as well.

Realistic: Even if I do accept responsibility to pursue a goal that is specific and
measurable, the goal won't be useful to me or others if, for example, the goal is to
"Write a 30-page paper in the next 10 seconds".

Time frame: It may mean more to others if I commit to a realistic goal to "Write
a 30-page paper in one week". However, it'll mean more to others (particularly if
they are planning to help me or guide me to reach the goal) if I specify that I will
write one page a day for 30 days, rather than including the possibility that I will
write all 30 pages in last day of the 30-day period.
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Extending: The goal should stretch the performer's capabilities. For example, 1
might be more interested in writing a 30-page paper if the topic of the paper or the
way that I write it will extend my capabilities.

Rewarding: I'm more inclined to write the paper if the paper will contribute to an
effort in such a way that I might be rewarded for my effort.

137

© Copyright Virtual University of Pakistan



(c) ketabton.com: The Digital Library

Software Project Management (CS615)

LECTURE # 22

3. Processes

= Planning Process Tasks

Scope Planning

Scope Definition

Activity Definition

Activity Sequencing

Activity Duration Estimating
Resource Planning

Cost Estimating

Cost Budgeting Risk Planning
Schedule Development

10. Quality Planning

11. Communications Planning
12. Organization Planning

13. Staff Acquisition

14. Procurement Planning

15. Project Plan Development

LR R RN

1) Scope Planning — developing a written scope statement as the basis for
future project decisions

2) Scope Definition—subdividing the major project deliverables into smaller,
more manageable components

3) Activity Definition—identifying the specific activities that must be
performed to produce the various project deliverables

4) Activity Sequencing—identifying and documenting interactivity
dependencies

5) Activity Duration Estimating—estimating the number of work periods that
will be needed to complete individual activities.

6) Resource Planning—determining what resources (people, equipment,
materials, etc.) and what quantities of each should be used to perform project
activities.

7) Cost Estimating—developing an approximation (estimate) of the costs of the
resources required to complete project activities.
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3.7

8) Cost Budgeting—allocating the overall cost estimates to individual work
packages.

9) Schedule Development —analyzing activity sequences, activity durations,
and resource requirements to create the project schedule.

10) Quality Planning—identifying which quality standards are relevant to the
project and determining how to satisfy them.

11) Communications Planning—determining the information and
communications needs of the stakeholders: who needs what information,

when will they need it, and how will it be given to them.

12) Organizational Planning—identifying, documenting, and assigning project
roles, responsibilities, and reporting relationships.

13) Staff Acquisition—getting the human resources needed assigned to and
working on the project.

14) Procurement Planning—determining what to procure, how much to procure,
and when.

15) Project Plan Development —taking the results of other planning processes
and putting them into a consistent, coherent document.

Executing Process
Executing Process Tasks

Project Plan Execution—carrying out the project plan by performing the
activities included therein.

Quality Assurance—evaluating overall project performance on a regular basis to
provide confidence that the project will satisfy the relevant quality standards

Team Development —developing individual and group skills/competencies to
enhance project performance

Information Distribution—making needed information available to project
stakeholders in a timely manner.

Solicitation —obtaining quotations, bids, offers, or proposals as appropriate.

Source Selection —choosing from among potential sellers.
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7. Contract Administration —managing the relationship with the seller.
3.8 Controlling Process

Ensuring that project objectives are met by monitoring and measuring progress
and taking corrective measures when necessary

Project performance must be monitored and measured regularly to identify
variances from the plan. Variances are fed into the control processes in the
various knowledge areas. To the extent that significant variances are observed
(i.e., those that jeopardize the project objectives), adjustments to the plan are
made by repeating the appropriate project planning processes. For example, a
missed activity finish date may require adjustments to the current staffing plan,
reliance on overtime, or tradeoffs between budget and schedule objectives.
Controlling also includes taking preventive action in anticipation of possible
problems.

= Controlling Process Tasks

Integrated Change Control
Scope Verification

Scope Change Control
Schedule Control

Cost Control

Quality Control
Performance Reporting
Risk Response Control

PRNANR RN

The controlling process group contains core processes and facilitating processes.

1. Integrated Change Control —coordinating changes across the entire project.

2. Scope Verification—formalizing acceptance of the project scope.

3. Scope Change Control—controlling changes to project scope.

4. Schedule Control—controlling changes to the project schedule.

5. Cost Control—controlling changes to the project budget.

6. Quality Control—monitoring specific project results to determine if they comply
with relevant quality standards and identifying ways to eliminate causes of

unsatisfactory performance.

7. Performance Reporting——collecting and disseminating performance
information. This includes status reporting, progress measurement, and
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forecasting.

8. Risk Response Control—keeping track of identified risks, monitoring residual
risks and identifying new risks, ensuring the execution of risk plans, and
evaluating their effectiveness in reducing risk.

3.9 Closing Process
Formalizing acceptance of the project or phase and bringing it to an orderly end.

= Closing Process Tasks

e Contract Closeout —completion and settlement of the contract, including
resolution of any open items.

¢ Administrative Closure—generating, gathering, and disseminating information

to formalize phase or project completion, including evaluating the project and
compiling lessons learned for use in planning future projects or phases.
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4.1

4.2

LECTURE # 23

4. PLANNING

Planning is one of the most important management activities and is an ongoing effort
throughout the life of the project. Software project management begins with a set of
activities that are collectively called Project Planning.

» Preliminary planning starts on day one even in the pre-project phase
It should not be conducted “in secret”
* It needs buy-in and approval

Project Planning Objectives

The objective of software project planning is to provide a framework that enables the
manager to make reasonable estimates of:

« Resources
*  Cost, and
* Schedule

These estimates are made within a limited time frame at the beginning of a software
project and should be updated regularly as the project progresses.

In addition, estimates should attempt to define best case and worst-case scenarios so
that project outcomes can be bounded.

Planning is one of the most important management activities and is an ongoing effort
throughout the life of the project.

Software project management begins with a set of activities that are collectively
called Project Planning.

The software project planner must estimate following things before a project begins:

How much will it cost?

How long will it take?

How many people will it take?
What might go wrong?

b=

Project Planning - Definition
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4.3

4.4

What is it? Software project planning involves estimation - your attempt to
determine how much money, how much effort, how many resources, and how
much time it will take to build a specific software-based system or product.
Who does it? Software Project Managers- Using information solicited from
customers and software engineers and software metrics data collected from past
projects. It is advisable to generate your estimates using at least two different
methods (as a cross check). Problem complexity and risk are considered before a
final estimate is made.

What is the work product? A Simple table delineating the tasks to be
performed, the functions to be implemented and the cost, effort and time involved
for each is generated. A list of required project resources is also produced.

How do I ensure that I've done it right? That’s hard, because you won't really
know until the project has been completed. However, if you have experience and
follow a systematic approach, generate estimates using solid historical data, create
estimation, data points using at least two different methods, and factors in
complexity and risk. You can feel confident that you've done a right job to
achieve the targets.

Project Planning: Key Tasks

Set goal and scope

Select lifecycle

Set organization team form
Start team selection
Determine risks

Create WBS

Identify tasks

Estimate size

. Estimate effort

10. Identify task dependencies
11. Assign resources

12. Schedule work

R TSR

Project Management Process

The software development management section, which describes the organization and
resources that will be used to develop the product, should always be included. The
management section discusses how the facilities will be organized to support the
development effort. This is one of the sections that provide much of the detail needed
to prepare the heart of the development plan, namely the development schedule. The
schedule provides answers to two basic planning questions: what and when, while
much of the remaining sections discuss /ow.
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The discussion in the #ow sections provides information on how the project will be
organized, how risks will be handled, how reviews will be conducted, how standards
will be applied, what development methodologies will be used, and how the product
will be tested.

It is usually best to leave the completion of the schedule section for last. The
schedule, being dependent on most of the other sections, is the most sensitive part of
the development plan. After a first draft of the development plan is ready, an initial
development schedule can then be prepared. As we shall see, the schedule will then
be further refined as the development plan goes through progressive iteration.

Why is the system being developed? The answer to this question enables all parties
to assess the validity of business reasons for the software work. Stated in another
way, does the business purpose justify the expenditure of people, time and money?

What will be done, by when? The answers to these questions help the team to
establish a project schedule by identifying key project tasks and the milestones that
are required by the customer.

Who is responsible for a function? Earlier in this chapter, we noted that the role and
responsibility of each member of the software team must be defined. The answer to
this question helps accomplish this.

Where they are organizationally located? Not all roles and responsibilities reside
within the software team itself. The customer, users, and other stake" holders also
have responsibilities.

How will the job be done technically and managerially? Once product scope is
established, a management and technical strategy for the project-must be defined.

How much of each resource is needed? The answer to this question is derived by
developing estimates based on answers to earlier questions.

The definition phase focuses on what. That is, during definition, the software
engineer attempts to identify what information is to be processed, what function and
performance are desired, what system behavior can be expected, what interfaces are
to be established, what design constraints exist, and what validation criteria are
required to define a successful system. The key requirements of the system and the
software are identified. Although the methods applied during the definition phase will
vary depending on the software engineering paradigm (or combination of paradigms)
that is applied, three major tasks will occur in some form: system or information
engineering, software project planning and requirements analysis.

The development phase focuses on sow. That is, during development a software
engineer attempts to define how data are to be structured, how function is to be
implemented within a software architecture, how procedural details are to be
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4.5

implemented, how interfaces are to be characterized, how the design will be
translated into a programming language (or nonprocedural language), and how testing
will be performed. The methods applied during the development phase will vary, but
three specific technical tasks should always occur: software design, code generation,
and software testing.

The support Phase focuses on Change associated with error correction, adaptations
required as the software's environment evolves, and changes due to enhancements
brought about by changing customer requirements. The support phase reapplies the
steps of the definition and development phases but does so in the context of existing
software. Four types of change are encountered during the support phase:

1. Correction
Even with the best quality assurance activities, it is likely that the customer will
uncover defects in the software. Corrective maintenance changes the software to
correct defects.

2. Adaptation
Over time, the original environment (e.g., CPU, operating system, business rules,
external product characteristics) for which the software was developed is likely to
change. Adaptive maintenance results in modification I the software to
accommodate changes to its external environment.

3. Enhancement
As software is used, the customer/user will recognize additional functions that
will provide benefit. Perfective maintenance extends the software beyond its
original functional requirements.

4. Prevention
Computer software deteriorates due to change, and because ( this, preventive
maintenance, often called software reengineering, must be conducted to enable
the software to serve the needs of its end users, in essence, preventive
maintenance makes changes to computer programs so that they ca be more easily
corrected, adapted, and enhanced.

In addition to these support activities, the users of software require continuing
support. In-house technical assistants, telephone-help desks, and application-
specific Web sites are often implemented as part of the support phase.

Planning Puzzle
Planning is one of the most important management activities and includes the
preparation of good estimates, the maintenance of the development schedules and the

efficient assignment of personnel.

i. Scope Planning
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ii.

iil.

iv.

Scope planning is the process of progressively elaborating and documenting the
project work (project scope) that produces the product of the project.

Risk Planning

Risk management planning is the process of deciding how to approach and plan
the risk management activities for a project. It is important to plan for the risk
management processes that follow to ensure that the level, type, and visibility of
risk management are commensurate with both the risk and importance of the
project to the Organization.

Schedule Development
Analyzing activity sequences, activity durations, and resource requirements to
create the project schedule.

Cost Estimating
Developing an approximation (estimate) of the costs of the resources required to
complete project activities

Project Control

Project Control may be considered to be one of the continuous objectives for the
project manager. As such he is responsible for taking remedial actions, within
the defined terms of reference, to correct potential problems or taking risk
avoidance measures. The prime objective is to protect the integrity of the project
at all times.

4.6 Primary Planning Steps

Once the scope of the project has been defined in the Terms of Reference, the project
enters the detailed planning phase. This involves the creation of a:

PRNANR DN

Project Plan (outlining the activities, tasks, dependencies and timeframes)
Resource Plan (listing the labor, equipment and materials required)

Financial Plan (identifying the labor, equipment and materials costs)

Quality Plan (providing quality targets, assurance and control measures)

Risk Plan (highlighting potential risks and actions taken to mitigate them)
Acceptance Plan (listing the criteria to be met to gain customer acceptance)
Communications Plan (listing the information needed to inform stakeholders)
Procurement Plan (identifying products to be sourced from external suppliers).

At this point the project has been planned in detail and is ready to be executed

By this stage, the benefits and costs of the project have been clearly documented, the
objectives and scope have been defined, the project team has been appointed and a
formal project office environment established. It is now time to undertake detailed
planning to ensure that the activities performed in the execution phase of the project
are properly sequenced, resourced, executed and controlled.
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1. Develop Project Plan

The first step is to document the Project Plan. A '"Work Breakdown Structure'
(WBS) is identified, which includes a hierarchical set of phases, activities and
tasks to be undertaken on the project. After the WBS has been agreed, an
assessment of the effort required to undertake the activities and tasks is made. The
activities and tasks are sequenced, resources are allocated and a detailed project
schedule is formed. This project schedule will become the primary tool for the
Project Manager to assess the progress of the project.

2. Develop Resource Plan

Immediately after the Project Plan is formed, it is necessary to allocate the
resources required to undertake each of the activities and tasks within the Project
Plan. Although general groups of resources may have already been allocated to
the Project Plan, a detailed resource assessment is required to identify the:

= Types of resources (labor, equipment and materials)

= Total quantities of each resource type

= Roles, responsibilities and skill-sets of all human resources
= [tems, purposes and specifications of all equipment resource
= Jtems and quantities of material resource

A schedule is assembled for each type of resource so that the Project Manager can
assess the resource allocation at each stage in the project.

3. Develop Financial Plan

Similar to the Resource Plan, a Financial Plan is prepared to identify the quantity
of money required for each stage in the project. The total cost of labor, equipment
and materials is quantified and an expense schedule is defined which provides the
Project Manager with an understanding of the forecast spending vs. the actual
spending throughout the project. Preparing a detailed Financial Plan is extremely
important as the project's success will depend on whether or not it is delivered
within the 'time, cost and quality' estimates for this project.

4. Develop Quality Plan
Meeting the quality expectations of the customer is critical to the success of the
project. To ensure that the quality expectations are clearly defined and can

reasonably be achieved, a Quality Plan is documented. The Quality Plan:

= Defines what quality means in terms of this project
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= Lists clear and unambiguous quality targets for each deliverable. Each quality
target provides a set of criteria and standards which must be achieved to meet
the expectations of the customer

= Qutlines a plan of activities which will assure the customer that the quality
targets will be met (i.e. a Quality Assurance Plan)

= Identifies the techniques used to control the actual level of quality of each
deliverable as it is built (i.e. a Quality Control Plan).

Finally, it is important to review the quality not only of the deliverables produced
by the project but also of the management processes which produce them. A
summary of each of the management processes undertaken during the execution
phase is identified, including Time, Cost, Quality, Change, Risk, Issue,
Procurement, Acceptance and Communications Management.

5. Develop Risk Plan

The foreseeable project risks are then documented within a Risk Plan and a set of
actions to be taken formulated to both prevent each risk from occurring and
reduce the impact of the risk should it eventuate. Developing a clear Risk Plan is
an important activity within the planning phase as it is necessary to mitigate all
critical project risks prior to entering the Execution phase of the project.

6. Develop Acceptance Plan

The key to a successful project is gaining acceptance from the customer that each
deliverable produced meets (or exceeds) his/her requirements. To clarify the
criteria used to judge each deliverable for customer acceptance, an Acceptance
Plan is produced. The Acceptance Plan provides the criteria for obtaining
customer acceptance, a schedule of acceptance reviews within which customer
acceptance will be sought and a summary of the process used to gain acceptance
of each deliverable from the customer.

7. Develop Communications Plan

Prior to the Execution phase, it is also necessary to identify how each of the
stakeholders will be kept informed of the progress of the project. The
Communications Plan identifies the types of information to be distributed, the
methods of distributing information to stakeholders, the frequency of distribution
and responsibilities of each person in the project team for distributing information
regularly to stakeholders.

8. Develop Procurement Plan

The last planning activity within the Planning phase is to identify the elements of
the Project which will be acquired from external suppliers to the project. The
Procurement Plan provides a detailed description of the Products (i.e. goods and
services) to be procured from suppliers, the justification for procuring each
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product externally, as opposed to from within the business, and the schedule for
procurement. It also references the process for the selection of a preferred supplier
("Tender Process") and the process for the actual order and delivery of the
procured products ("Procurement Process").

4.7 The Software Development Plan (SDP)

The project development plan is one of the first formal documents produced by the
project. Within this document, the project manager describes in detail:

= How the project will be developed?
= What resources will be required?
»  How these resources will be used?

The project development plan assures that the development of the project is well
charted before the main development activities begin. In -addition to the basic
development schedule, the plan addresses such issues as:

= The timely provision of equipment and tools so that they are available to
developers when needed.

»  The availability of staff to perform the development tasks in accordance with
the schedule.

= Provision of contingency plans in the event that project risks materialize

= The designation .of duties within the development team, and the assignment
of these duties to the team members.

Preparing the project plan for a software project helps you ensure that the specified
requirements and objectives are met successfully. It is a collation of all planning
activities that have happened for a software project. This includes activities such as
design and analysis, activity definition, risk planning, and cost estimation. To create
the plan, you assess all planning activities, organizational policies regarding the
creation of the project plan and assumption and constraints for the project. To
implement the software project plan, you require management skills, such as
leadership, communication, and problem solving, along with the basic knowledge
about the software. You also need to ensure that the senior management bf the
company has authorized work on the software project. Knowledge management
techniques help you to make informed decision regarding the project plan.

After the project plan is executed, you manage the changes to it in such a way that the
performance measurement baselines are not impacted, To manage the project plan
effectively you monitor the project plan, periodic performance status reports, and
requests for change. The primary tool that you can use to control the changes in the
project plan is the change control mechanism: This is a set of formal procedures for
changing the project plan.

4.7.1 Software Development Plan (SDP) Information needs
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4.7.2

The Project Plan is a vital part of the project initiation stage. The plan
should normally contain the following information:

Introduction and status of the plan

The authorisation procedures

Statement of project objectives

Statement of requirement

Deliverables in the project

A Work Breakdown Structure

The project milestones

The resource requirements

9. Interdependencies of work

10. The timetable of events

11. Staffing, organisation and responsibilities
12. Development methods and toolsets to be used
13. Source documentation

14. Resource and financial summary

PN R DD =

This information creates the generation of a Project Book (log). The log
should be in a loose-leaf binder with clearly identified sections and version
control exercised over the documentation sets. These logs are now often
retained as computer file, which enables a greater level of security to be
maintained over them and version control to be established as an automatic
feature.

Software Development Plan (SDP) Steps/items required

The contents of the project development plan may be adapted to the size of
the project; it may be a large document or just a few pages. Table 1 presents
an outline of some of the subjects covered in the project development plan.

Not all subjects in Table 1 are applicable to all projects. For example, many
projects do not administer their own budget. Some organizations have a
financial officer responsible for the administration of project budgets. The
interface with external sources is another area riot applicable to all projects.
The term, external sources covers such activities as interfacing with
subcontractors, vendors and representatives of the customer.

Many standards have been produced for the project development plan. The
formal structure or the project development plan document differs,
depending on the actual documentation standard used. For example, the US
DOD standard 2167 provides the option of describing the testing,
configuration management and quality assurance plans in three separate
documents. For large projects, this option can become a requirement.
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The IEEE standard 1058.1 describes what is referred to as the software
project management plan, which is essentially the same as the project
development plan. This standard is largely compatible with the 2167 project
development plan, although it is significantly less detailed.

This standard, too, provides the option of including configuration
management and quality assurance plans, or of describing them in separate
documents. The project development plan should be prepared as a
standalone document, in the sense that it should be read and understood
without the need to refer to other documents.

A general overview of the project is therefore usually included in the first
section of the document. References for additional detail, of course, should
always be provided, including pointers to such documents as the project
contract, the concept document or the market research analysis.
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Table 1: Software project development plan items

1. System overview
2. Software development management
Project organization and resources
Development facilities
Project organizational structure
Personnel
3. Schedule and milestones
Scheduled activities
Milestones and baselines
Activity network diagrams
System component source
Budget administration
Milestone payments
Major budgetary expenditures
Expenditure authorization procedure
4. Risk analysis
5. Security
6. Interface with external sources
7. Procedure for formal reviews
8. Corrective action process
9. Problem change report
10. Software engineering
Standards and procedures
Development methodology
Development resources
Personnel - qualifications and function
11. Testing procedure
12. Software configuration management
13 Software quality assurance

4.7.3 Inputs to SDP

Project plan development uses the outputs of the other planning processes,
including strategic planning, to create a consistent, coherent document that
can be used to guide both project execution and project control. This process
is almost always iterated several times. For example, the initial draft may
include generic resource requirements and an undated sequence of activities
while the subsequent versions of the plan will include specific resources and
explicit dates.

1. Other planning outputs. All of the outputs of the planning processes in
the other knowledge areas are inputs to developing the project plan. Other
planning outputs include both base documents, such as the WBS, and the
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supporting detail. Many projects will also require application area-specific
inputs (e.g., most major projects will require a cash-flow forecast).

Historical information. The available historical information (e.g.,
estimating data-bases, records of past project performance) should have
been consulted during the other project planning processes. This
information should also be available during project plan development to
assist with verifying assumptions and assessing alternatives that are
identified as part of this process.

Organizational policies. Any and all of the organizations involved in the
project may have formal and informal policies whose effects must be
considered. Organizational policies that typically must be considered
include, but are not limited to:

*  Quality management—process audits, continuous improvement
targets

= Personnel administration—hiring and firing guidelines, employee
performance reviews

=  Financial controls—time reporting, required expenditure and
disbursement reviews, accounting codes, and standard contract
provisions.

Constraints. A constraint is an applicable restriction that will affect the
performance of the project. For example, a predefined budget is a
constraint that is highly likely to limit the team’s options regarding scope,
staffing, and schedule. When a project is performed under contract,
contractual provisions will generally be constraints.

Assumptions. Assumptions are factors that, for planning purposes, are
considered to be true, real, or certain. Assumptions affect all aspects of
project planning, and are part of the progressive elaboration of the project.
Project teams frequently identify, document, and validate assumptions as
part of their planning process. For example, if the date that a key person
will become available is uncertain, the team may assume a specific start
date. Assumptions generally involve a degree of risk.
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LECTURE # 24

4. PLANNING

4.7.4 Tools and Techniques for SDP

6. Project planning methodology. A project planning methodology is any
structured approach used to guide the project team during development of the
project plan. It may be as simple as standard forms and templates (whether
paper or electronic, formal or informal) or as complex as a series of required
simulations (e.g., Monte Carlo analysis of schedule risk). Most project
planning methodologies make use of a combination of “hard” tools, such as
project management software, and “soft” tools, such as facilitated startup
meetings.

7. Stakeholder skills and knowledge. Every stakeholder has skills and
knowledge that may be useful in developing the project plan. The project
management team must create an environment in which the stakeholders can
contribute appropriately. Who contributes, what they con-tribute, and when
they contribute will vary. For example:

= On a construction project being done under a lump-sum contract, the
professional cost engineer will make a major contribution to the
profitability objective during proposal preparation when the contract
amount is being determined.

* On a project where staffing is defined in advance, the individual
contributors may contribute significantly to meeting cost and schedule
objectives by reviewing duration and effort estimates for
reasonableness.

8. Project management information system (PMIS). A PMIS consists of the
tools and techniques used to gather, integrate, and disseminate the outputs of
project management processes. It is used to support all aspects of the project
from initiating through closing, and can include both manual and automated
systems.

9. Earned value management (EVM). A technique used to integrate the
project’s scope, schedule, and resources and to measure and report project
performance from initiation to closeout.

4.7.5 Outputs from SDP

1. Project plan: The project plan is a formal, approved document used to
manage project execution. The project schedule lists planned dates for
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performing activities and meeting milestones identified in the project plan.
The project plan and schedule should be distributed as defined in the
communications management plan (e.g., management of the performing
organization may require broad coverage with little detail, while a contractor
may require complete details on a single subject). In some application areas,
the term integrated project plan is used to refer to this document. A clear
distinction should be made between the project plan and the project
performance measurement baselines. The project plan is a document or
collection of documents that should be expected to change over time as more
information becomes available about the project. The performance
measurement baselines will usually change only intermittently and then
generally only in response to an approved scope of work or deliverable
change.

4.7.6 SDP Execution

Project plan execution is the primary process for carrying out the project plan the
vast majority of the project’s budget will be expended in performing this process.
In this process, the project manager and the project management team must
coordinate and direct the various technical and organizational interfaces that exist
in the project. It is the project process that is most directly affected by the project
application area in that the product of the project is actually created here.
Performance against the project baseline must be continuously monitored so that
corrective actions can be taken based on actual performance against the project
plan. Periodic forecasts of the final cost and schedule results will be made to
support the analysis.

4.7.7 Inputs to SDP Execution

1. Project plan: The subsidiary management plans (scope management plan,
risk management plan, procurement management plan, configuration
management plan, etc.) and the performance measurement baselines are key
inputs to project plan execution.

2.  Supporting detail

3. Organizational policies: Any and all of the organizations involved in the
project may have formal and informal policies that may affect project plan
execution.

4. Preventive action: Preventive action is anything that reduces the probability
of potential consequences of project risk events.

5. Corrective action: Corrective action is anything done to bring expected
future project performance in line with the project plan. Corrective action is
an output of the various control processes—as an input here it completes the
feedback loop needed to ensure effective project management.

4.7.8 Tools and Techniques for SDP Execution
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9]

General management skills: General management skills such as leadership,
communicating, and negotiating are essential to effective project plan
execution.

Product skills and knowledge: The project team must have access to an
appropriate set of skills and knowledge about the project’s product.

Work authorization system. A work authorization system is a formal
procedure for sanctioning project work to ensure that work is done at the right
time and in the proper sequence. The primary mechanism is typically a written
authorization to begin work on a specific activity or work package. The design
of a work authorization system should balance the value of the control
provided with the cost of that control. For example, on many smaller projects,
verbal authorizations will be adequate.

Status review meetings. Status review meetings are regularly scheduled
meetings held to exchange information about the project. On most projects,
status review meetings will be held at various frequencies and on different
levels (e.g., the project management team may meet weekly by itself and
monthly with the customer).

Project management information system.

Organizational procedures. Any and all of the organizations involved in the
project may have formal and informal procedures that are useful during
project execution.

4.7.9 Outputs from SDP Execution

1.

Work results. Work results are the outcomes of the activities performed to
accomplish the project. Information on work results—which deliverables have
been completed and which have not, to what extent quality standards are
being met, what costs have been incurred or committed, etc.—is collected as
part of project plan execution and fed into the performance reporting process.
It should be noted that although outcomes are frequently tangible deliverables
such as buildings, roads, etc., they are also often intangibles such as people
trained who can effectively apply that training.

Change requests. Change requests (e.g., to expand or contract project scope,

to modify cost [budgets], or schedule estimates [dates, etc.]) are often
identified while the work of the project is being done.
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LECTURE # 25

4. PLANNING

4.7.4 Elements of SDP

Project Plan is iteratively defined through Concept & Requirements Phase. Initial
estimates are refined as scope and requirements become clearer. There are two
phases of project plan:

1. Preliminary
2. Final
Following are some elements of Software Project Plan:

a) Scope Planning

* Scope planning is the process of progressively elaborating and documenting
the project work (project scope) that produces the product of the project.

* Project Scope Planning starts with the initial inputs of product description, the
project charter, and the initial definition of constraints and assumptions.

* Note that the product description incorporates product requirements that
reflect agreed-upon customer needs and the product design that meets the

product requirements.

» The outputs of scope planning are the scope statement and scope management
plan, with the supporting detail.

» The scope statement forms the basis for an agreement between the project and
the project customer by identifying both the project objectives and the project

deliverables.

* Project teams develop multiple scope statements that are appropriate for the
level of project work decomposition.

b) Objectives — Business Requirements
— Could be “Mission Statement”
— Defines Business objectives for project

— Includes Business Case (NPV Model) & Detailed Description of assumptions.

¢) Technical Approach
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Description of how new system is to be developed

Technologies

In House vs. Consultants

Derivatives of existing (i.e. use existing object model)
— Architectural Layout — Layers

d) Contractual Aspects

» Specifies general needs from outside sources
— Consultants
— Software Suppliers
— Hardware Suppliers
— Network/Infrastructure Suppliers

* There are two types of contracts
1. Cost -Plus
2. Fixed Price
Most other relationships are some kind of combination of these two

1. Cost-plus (also called Time and material)

Cost-plus is a contractual relationship where the developer is paid for the cost of
the service provided and in addition is allowed an agreed profit margin.

This is rather like renting a car the customer pays for the time that the car is used
(by the hour, day, week etc.), and for any other expenses such as insurance and
gasoline.

2. Fixed price

A fixed price contract is a commitment by the developer to provide an agreed
product or service for an agreed fee, within an agreed schedule.

This is similar to purchasing a bus ticket, when the bus company agrees to take
the customer to a specific destination within a published timetable, and for an
agreed fee.

e) Schedules

* Defines specific dates for milestones components
*  Work Breakdown Structure
» Use Scheduling Engines like MS project etc.

f) Resource Allocation
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* Resources such as licenses, servers, or other software/hardware related items
* Personnel — how many people of what type and for how long
(Remember these are initial estimates in preliminary project plan)

g) Evaluation Methods

*  What methods to be used to validate performance

Testing for adherence to spec
Monitoring usage

*  Web trends
» Database Logs

Transaction logs
Setup schedule for reviews

h) Overview of Project Management

* Define where possible problems can occur
— New technologies
— Business risks
— Resources

* Define Contingency Plans

— Development methods
— If the worst happens, what to do
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LECTURE # 26

5. ORGANIZATION

4.8.1 Life cycle Models

To ensure the successful execution of a project, it is necessary to break down the
project into: multiple manageable tasks.

Each task is performed in a series using processes. To understand what a process
is, consider an example of a non software-related project. You are planning the
market launch of an office management product. To create an effective plan, you
need to perform certain tasks.

 First, you schedule a meeting of all managers and the Finance, Marketing,
Production, and Systems personnel. You can follow a process to complete
this 'task. You may send email messages or call them up personally.

» Next, you decide some feasible marketing and advertising strategies.
Again there are processes that help you select the strategies.

* Finally, you determine the territory where the product should be launched.
This is done in consultation with the Production and Marketing
departments.

Just like a non software-related project plan consists of multiple processes, a
software development activity also consists of multiple tasks. A process or a
combination of multiple processes is required to complete each task. A typical
SDLC follows a consistent sequence of processes or a process model.

A process is defined as a collection of related tasks with specific milestones. To
ensure smooth progress of a software project, relevant processes are arranged and
executed in a sequence. Every software project is discrete with respect to its
complexity, size, and goals. Therefore, different process models are designed for
different software projects. These process models provide approaches that decide
the path of software development from the conceptualization of a project to its
formal termination.

1. The Waterfall model: This is the traditional life cycle model. It assumes that
all phases in a software project are carried out sequentially and that each
phase is completed before the next is taken up.

2. The Prototyping Model: A model that works on an iterative cycle of
gathering customer requirements, producing a prototype based on the
requirement specifications, and getting the prototype validated by the

160

© Copyright Virtual University of Pakistan



(c) ketabton.com: The Digital Library

Software Project Management (CS615)

customer. Each iteration of the life cycle builds on the prototype produced in
the previous iteration.

3. The Incremental Model: The Incremental model is an example of an
evolutionary life cycle model. It combines the linear nature of the Waterfall
model and the iterative nature of the Prototyping model. The Incremental
model divided the development life cycle into multiple linear sequences, each
of which produces an increment of the final software product. In this model,
the software product is developed in builds. A build is defined as a self-
contained unit of the development activity. The entire development cycle is
planned for a specific number of logical builds, each having a specific set of
features.

4. The Spiral model: Another evolutionary life cycle model that combines the
linear nature of the Waterfall model and the iterative nature of the Prototyping
model. The project life cycle is divided into phases, and each phase is
executed in all of the iteration of the Spiral Model.

5. The RAD Model:

A Process defines the overall processes that an organization needs to follow to
manage a project efficiently. It defines a structured approach to sequence the
phases and identify the requirements of each phase in the SDLC. The definition of
the phases in a process model helps organize, monitor, and execute a project
efficiently.

A process model is flexible and does not follow any rigid rules of implementation.
An organization can deploy a totally new process model for its overall software
development effort. It can also customize an existing process model to merge with
its implemented process model. For example, figure 1, shows two process models,
A and B. Process model A was used by an organization that manufactures
confidential defense applications. The management used the model to plan
extensively for unexpected project risks. However, after discussing with the
project managers and system analysts, the organization wants to merge its current
process model with a model lat has simple and consistent SDLC phases. This
leads to the evolution of the process model B.
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Process Model A Process Model B

Figure: Customizing Process Models

4.8.2 Choosing the lifecycle model
In choosing a lifecycle model for your project, you should examine:

1. How well requirements are understood at the beginning? Is it going to
change when moving through the project?

2. Is system architecture understood? Any changes on the way?

3. Level of reliability?

4. Level of re-design for future versions?

5. Risk Level?

6. Stuck With Predefined Schedule?

7. Need For Midcourse Correction?

8. Customer Informed through the Project?

9. Visible Management through the Project?

10. If a Model is chosen, how much it needs Modification?

Selecting an appropriate process model is crucial because it can provide a basic
framework to initiate and carry out a project to its conclusion. It also defines the path for
various project- related activities.

For example, if you select a process model, you know for sure that you need to carry out

certain activities, such as planning, scheduling, resource allocation, risk management, and
cost and effort estimation. These activities ensure smooth progress of a project within the
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allocated time and ensure maintenance of quality and measurability throughout the
project.

With so many process models available, a project manager is likely to face the dilemma
of selecting the right process model for managing a software project efficiently.

To select a process model that is suitable to a project, the following criteria can be
considered:

Business goals of the organization
Expected size of the project

Client and project requirements
Availability of funds and development staff
Risks perceived in the project

Business Goals of the Organization

This criterion indicates the overall approach and mindset of an organization. If the
organization has a past history of developil;1g projects in accordance with well-defined
plans and other job aids in every phase, the suitable process model can be the Waterfall
model. However, if the organization is well equipped with the resources to deal with
financial, technological, and personnel risks, it can choose the Spiral model. The
organization can choose the Prototyping model if it is used to working in an experimental
and a constant feedback mode.

Expected Size of the Project

If the size of a project is extensive and the client prefers all the features of the proposed
project at the first delivery, you can select the Waterfall model. When you want the entire
product to be developed and delivered in piecemeal so that the cliel;1t can immediately
begin the unit testing of each module, you would select the Incremental model. In
contrast, if the size of the project is doubtful, you can go for the Prototyping or Spiral
model. These models help to develop projects that have a vague and uncertain estimate of
the project size.

Client and Project Requirements

The Waterfall model or the Incremental model is chosen if the client needs and the
project requirements are defined and approved. In addition, no changes or negligible
changes are 1 expected in the future regarding design requirements. In contrast, you
would choose the Spiral j and Prototyping models when the client needs and system
requirements are uncertain and is likely to change in the future.

Availability of Funds and Development Staff

The Waterfall and Prototyping models require predetermined and adequate resources at
the start of a project. However, if you expect additional funds and human resources as
you progress through the different phases, you should go in for the Incremental or Spiral
models. This is because the Incremental model operates on the assumption of developing
a project into several builds due to lack of human resources. Similarly, the funds and
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staffing requirements in the Spiral model may increase or decrease depending on the
changes in requirements arid feasibility of the proposed project in the future.

Risks Perceived in a Project

This is yet another important criterion for the selection of a process model. You choose
the Waterfall or Incremental model if the occurrence of risks and their impact perceived
is minimum. However, you should go in for the Spiral model if the risks and their
perceived impact are very high.

You should use the waterfall model if:

e The project is large yet it is clearly divided into discrete phases and each phase
has defined number of days, personnel, and resources allocated. The Waterfall
model requires the presence of defined phases and processes in each phase.

e The development also perceives that it can have defined set of input and certified
output. This is because each phase would lead to another and the next phase
would not begin until the previous phase is certified as closed. This way baselines
and milestones for each phase can be identified. The Waterfall model assumes the
closure of a previous phase before the successive phase begins. This ensures
linear progression of a project where developers do not need to revert to an earlier
phase or a process.

e The development team is not likely to face any bumps in the development process
because of clear cut project requirements as well documentation provided to them
by the client. Clarity of project vision and project requirements are the essential
features of the Waterfall model, which are fulfilled in the preceding scenario.

Therefore, if the requirements are defined and a project is large enough to be divided into
defined phases, you can go for the Waterfall model.

However Waterfall model has the following drawbacks:

» There cannot be a sudden crossover from one phase to the next. Real-time projects
require sudden crossover between phases because such projects are subjected to
change in every phase of the development cycle. For example, real-time projects such
as embedded software development where the phases and the requirements for every
phase cannot be determined at the analysis phase cannot deploy the Waterfall model.

* Another reason for the unpopularity of the Waterfall model is that it requires too
much effort for stringent documentation-in every phase. Every phase is closed with
formal documentation. Projects with predictable final product, such as banking
software or an airline reservation project, usually have formal documentation. This is
because the phases of these projects are defined. However, it is difficult for research
and development (R&D) related projects to complete all project documentation.

» The Waterfall model does not support the development of a working model of a
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project first and then further development based on client feedback. Absence of a
working model prevents you from detecting an issue in an early phase. As a result,
you incur higher expenditure in rectifying the issue in a later phase. This in turn has
an adverse effect on the effort, cost, and time spent on rework.

» Finally, the Waterfall model causes, as a "blocking state". When a blocking state
occurs, some team members wait for other team members to finish a dependent task.

For example, in the following figure, the team member assigned to do the design task
cannot begin work until the analysis is complete. This delays the turnaround of the
software project. Many times, the blocking state wastes a lot of developers' time that
could have been spent on productive project -related work.

Figure: Idle Team Members in the Phases of the Waterfall Model
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You should use Prototyping model when:

» The client is not clear about the requirements of the proposed system or
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*  When there is a conflict in client requirements.

To resolve the conflict, the development team develops a working model so that the
requirements of the client become defined. Defined client requirements enable the
physical development of the actual product.

The Prototyping model enables an analysis team to first construct a working model with
their prior software experience combined with the vague needs of the client.

The Prototyping model can be as simple as a drawing on a paper or as complex as the real
working software. The closer your prototype is to the actual product, the more precise is
your evaluation.

There are different types of prototyping methods that an organization can implement:

e Rapid prototyping
e Reusable prototyping
e Modular prototyping

Rapid prototyping
This model is suitable when:

* The cost and time required to create a prototype is minimal.
* The project has a substantially long cycle
* Development team wants the design to be strong.

Reusable prototyping
This model is used when:

* The old design needs major changes but the supplementary components of the old
design do not need major changes.

Modular prototyping
This model is used when:

* Considerable cost, time and effort are deployed to create a prototype.
* (lient feedback for enhancements is not major
e Minor improvisations are needed to obtain client approval.

Using the Prototyping model saves cost and time involved in the build-it-twice approach.
The experience of developing the prototype is useful for developers while developing the
final product. It reduces the risks of an unfeasible project design because the developers
gain a fair idea of the resources and the probable time taken to create the [mal product.
They also get a feel of the implementation tool to be used in the project.

Incremental Model
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You can use the Incremental model approach in software projects:
*  Where human resource is scarce.

In such cases, the management can decide to divide and develop a product in individual
builds. When the resources are available, the subsequent builds are planned and executed.
This process model is useful in real life because normally all the resources required to
complete the project are not available at the same time.

Example:

Consider a situation in which you might need to use the Incremental model of SDLC.
Supersoft2000 requires a software product that automates the employee and their salary
details. It has assigned this project to Blue Valley Consulting (BVC) that specializes in
developing Human Resources (HR)-related applications. The project requirements are
defined to start the project. However, the client wants to roll out the new system for the
benefit of its employees as early as possible. The analysis team in BVC has been able to
divide the entire project into seven independent modules. On the basis of their prior
experience, it feels each module can be executed and deployed independently by the
client. After all the modules are completed, the maintenance team in BVC can assemble
and implement the system at the client site. Currently, the development personnel in BVC
are hired on contract and BVC faces shortage of skilled personnel.

In such a case, you use the Incremental model because of the following reasons:
* Time and lack of skilled personnel are the main hindrances in this project.

Therefore, by using the Incremental model, you can design, develop, and deliver
independent modules. This way by using a few skilled personnel you are able to develop
a system with basic features and provide it to the client immediately. The most important
and the least dependent module are developed first. While the client is using the module,
BVC can arrange for additional skilled personnel to complete the rest of the modules and
deliver them to the client.

The Incremental model enables you to revert to an earlier phase and refine the product
based on client feedback. After all the modules have been developed, the development
personnel can be released. BVC can then hire or retain a few experienced personnel to
create a maintenance team. This team would assemble and implement the entire
employee salary details product at the client site. This flexibility of personnel can be
exercised because you use the Incremental model. Using the Incremental model enables:

e Division of skilled labor

¢ Division of a complex project into modules
e Development of those modules within a short time frame
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Therefore, if time and skilled personnel are constraints of a Project, you can effectively
use the Incremental model.

Spiral Model

The basic goal of using the Spiral model is to define ways of eliminating risks in the
design phase. Consequently, minimum and manageable risks percolate into the
development phase.

Example:

LMN Inc. has acquired a project to develop a telecommunications project using the
Voice-over Internet telephony (VOIP) technology. The company does not have any prior
experience or the required level of expertise to develop such a project. There is a team of
three analysts and the company does not propose to dedicate a team to complete this
project. This is because it anticipates many risks and a large amount of rework that may
add to the cost of project execution. The company has determined multiple models and
designs to execute the project. After presenting the models to the client, the client is itself
confused. However, it assures LMN Inc. of continued feedback and support. The client
fully understands the ambitiousness of the project and does not consider time and budget
as constraints for the project. Consequently, LMN Inc. decides to use the client feedback
and risk analysis effectively until the end of the project.

In this situation, you would use the Spiral model because of the following reasons:

e LMN Inc. has no prior experience or expertise in executing such a project.
Therefore, it expects a lot of rework in reverting to an earlier phase and
incorporating client feedback therein. Using the Spiral model, you can to revert to
an earlier phase to incorporate client feedback and compete that phase.

e It needs to perform risk analysis effectively to eliminate losses arising due to
uncertain development models, resource requirements, project constraints, and
time.

e Itis also preferable to create a prototype for every deliverable that LMN Inc.
might deem necessary to receive client feedback.

e Spiraling cumulative project costs can be covered up by the liberal budget
provided by the client.

4.9  Planning Documents

You (the PM) need to choose which documents are appropriate. Documents do not have
to be lengthy.

The requirements phase produces one main product document:
o The software requirements specification document

And two Project Planning Documents:
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1. The Project Development Plan
o The Software Test Plan

The requirements phase formally concludes with the project's first major review: the
software requirements review (SRR). It is this review that signs off the requirements
specification and formally declares the requirements document as the first approved
project baseline.

2. The Statement of Requirement (SOR)

The project manager (or the advising consultant adopting this role) must ensure
that the project sponsor has produced a written statement of requirements (SOR).
This must be a thorough document which is:

Unambiguous

Fully defined or complete
Verifiable deliverables
No conflicts

Consistent

Auditable

O O O O O O

The SOR will be the document against which change control will be exercised.
The SOR should be closely matched to the contract and there should be no
conflict of interests between the two. Where consultants are involved, the client or
sponsor SOR will normally form the basis of the proposal. All of these documents
must carefully align and there should be no scope for misinterpretation, confusion
or lack of understanding. This will be the cornerstone of the project.

3. System Specification

If a System Specification has been properly developed, nearly all information
required for a description of software scope is available and documented before
software project planning begins. In cases where a specification has not been
developed, the planner must take on the role of system analyst to determine
attributes and bounds that will influence estimation tasks.

4. Design Specification

The first stage of risk analysis requires a review of all, project technical and
administrative plans in order to identity potential problems. It includes:

o The project development plan

o The requirements specification
o The design specification
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All major dependencies in the project development plan are examined and
evaluated.

Examples may be the dependence on external sources such as subcontractors,
vendors and suppliers, and service providers. Problems will arise if external
components or services are not provided on time, or if they do not function as
expected.

The project design specification is a detailed plan of how the requirements are to
be implemented.

The implementation decisions involved may contain potential problems, For
example, problems will arise if the selected hardware turns out to be inadequate,
such as if the CPU is too slow, the LAN is not sufficiently reliable, or the
maximum available memory is insufficient.

A list of all anticipated problems is then compiled, identifying each problem and
describing the potential effect on the project. Following table presents an example
of an anticipated problem list.

Table 1: Example of an anticipated problem list

Problem Description
1. Late delivery of the If the computer is not delivered by June 1, as
Development computer planned the integration phase will be delayed.
2. Insufficient memory The size of the memory resident part of the

System may exceed 8 megabytes (the maximum
memory size supported by the computer).

No operating system The system requires changes to the standard expert
operating system. John Adams is the only OS
Expert in the company, and he may not be available
for this project.

System response time The required system response time to the

input

too slow. may exceed the 5 seconds specified in the
requirements.

High staff turnover The schedule is tight with only minimal slack

time. If there is more than average staff
Replacement during development, we will slip the
schedule.
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6. Communication The standard communications package is too
too slow slow. The design is based on the new binary
Communication package. This package has never
Been used with this system and may not be suitable.

7. Late delivery of the The data based subsystem is subcontracted to
Data base subsystem Software Developer Inc. (SDI), who have
Committed to delivery by April 15, SDI may not
Deliver on time, thus delaying the final integration
and test phase.

The anticipated problem list should be compiled with the participation of the
principle members of the project development team. Other people may also be
invited to contribute to the list, based on their experience and technical or
administrative knowledge. This might include people from other project teams,
support groups, the company's legal department or the purchasing department.

While the objective is not to list every conceivable problem that any project may
experience, it is necessary to identify those problems that should reasonably be
considered in relation to the project. In any event, the following analysis stage is
designed to isolate only those problems that could have significant impact on the
project, and that can reasonably be expected to appear.

5. The Data Item Descriptions (DID s)

Standard 2168 (DOD 1988b) contains the requirements for the development,

documentation and implementation of a software quality program. The software

quality program includes planning for and conducting:

= Evaluations of the quality of software

= Associated documentation and related activities

= Follow-up activities necessary to assure timely and effective resolution of
problems

The DID s are a comprehensive set of documentation standards that cover all
phases of software development, maintenance and the production of user
reference manuals. The DID s include a section called preparation instructions
that provide a large degree of freedom by permitting tailoring of the document
format and the use of alternate presentation styles. The full set of DID s is
described in Table 2.

Standard 2167 states that it is not intended to specify or discourage the use of any
particular software development method (DOD 1988a). However, as mentioned
previously, the standard is heavily inclined toward phased development
methodologies, such as the Waterfall paradigm. The phased approach is inherent

171

© Copyright Virtual University of Pakistan



(c) ketabton.com: The Digital Library

Software Project Management (CS615)

in the required development stages and reviews, requiring system design to be
followed by software requirements, software design, implementation and testing.

The Data Item Descriptions define the formal documentation standards for all
required documents generated during the development of software according to
standard 2167. DID s apply to the development of one or more computer system
configuration items (CSCI s), a term used throughout the 2167 standard to
identify high level decomposition components of a computer system.

Table 2: DOD Data Item Descriptions (DID s)

Development documentation
e Software development plan

System documentation
e System/segment specification
e System/segment design document

Software design and requirements
e Software requirements specification
e Software design document

Interface design and requirements
e Interface requirements, specification
e Interface design document

Version description
e Version description document

Test documentation
e Software test plan
e Software test description
e Test report

Release manuals
e Computer system operator's manual
e Software user's manual
e Software programmer's manual
e Firmware support manual

Maintenance documentation and source code
e Computer resources integrated support document
e Software product specification
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A CSCI, as applied to software; is a component of the system that can be
individually controlled, configured, tested and documented. CSCI s are often
reviewed and approved as separate development items, and though a single
review or audit can consider more than one CSCI, each is usually addressed
separately during the review process. There are no clear-cut guidelines for the
division of a software system into CSCI s as the division is essentially one of
convenience.

Table 3: DOD Data Item Description standards

Data requirements title Acronym

1. System segment design document SSDD
2.Software development plan SDP
3.Software requirements specification SRS

4. Interface requirements specification IRS

5. Interface design document IDD

6. Software design document SDD
7. Software product specification SPS

8. Version description document VDD
9. Software test plan STP
10. Software test description STD
II. Software test report STR
12. Computer system operator's manual CSOM
13. Software user's manual SUM
14. Software programmer's manual SPM
15. Software support manual FSM
16. Computer resources integrated support document CRISD
17. Engineering change proposal ECP
18. Specification change notice SCN

Table 3 contains a list of the DID s referenced by standard 2167A. The software
quality DID is referenced separately in the DOD software quality program

standard 2168. All DID document formats follow a similar pattern. Several of the

sections are common to most, if not all of the documents, such as:

Title page format

Table of contents

Scope (including identification, overview, references etc.)
Other applicable documents

Notes and appendices
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phasis is on the required content and not on the required format. This is
specifically addressed in the preparation instructions accompanying each DIn
addition, the page format, page numbering scheme, section numbering scheme
and various other preparation instructions are common. This clearly suggests the
use of an automatic tool to assist in the preparation of the documents, a practice
greatly encouraged by the 2167 standard. Many such tools have been developed
to support 2167, and Polack, in a paper analyzing the use of CASE tools for DOD
projects (Polack 1990), concludes that these tools do indeed save time, and result
in a higher quality software system.

Each DID describe the requirements for the preparation of a specific document,
but the main emID, which state that other presentation styles, including charts,
tables or matrices, are acceptable (e.g. Hatley and Pirbhai (1988) or Ward and
Mellor (1986). There is also substantial flexibility in the requirements regarding
the content of the documents. The standard provides for considerable tailoring to
adapt the standard to the type of project being developed.

Tailoring the standard

Tailoring of standard 2167 is not only encouraged, it is required. The foreword to
2167 states that the standard must be appropriately tailored by the Program
Manager to ensure that only cost-effective requirements are cited in defense
solicitations and contracts.

The DOD has issued a guide for tailoring that can be used as a reference source
for adapting the standards to the type of project being developed. Two basic
principles apply to tailoring:

e The tailoring process is the deletion of non-applicable requirements.
e Tailoring of the standard should be carried out by the contracting agency.

The first principle means that these modifications can only include the deletion of
requirements from the standard (and not changes to the requirements in the
standard). The second principle means that the contractor (i.e. the developer)
cannot tailor the standard without receiving permission from the contracting
agency (i.e. the DOD).

Tailoring of the 2167 standard must be completed as early as possible. This is best
performed either during contract negotiations or as one of the initial activities as
soon as the project begins. The following is a description of the basic procedure
for tailoring standard 2167:

1. Review all standard 2167 requirements, including;

e reviews and audits
e documentation

174

© Copyright Virtual University of Pakistan



(c) ketabton.com: The Digital Library

Software Project Management (CS615)

testing activities

quality assurance activities
configuration control activities

other required development activities

2. Identify the requirements that are not applicable, justifiable or reasonable for
the project being developed. For example, the Firmware Support Manual will
not be required if no firmware is being developed: or two design reviews
(POR and COR) may not be necessary for a small project.

3. Prepare a list of requests for deletions from the standard. This may include:

exclusion of documents

exclusion of sections in documents
exclusion of activities.

exclusion of parts of activities

4. Prepare a written description of the justifications for each item that is
requested to be tailored out.

5. Submit the tailoring request, together with the justification, as early as
possible (preferably before the project begins).

In order to be able to differentiate between forgotten items and tailored items, all
tailored items must be clearly referenced. When submitting a list of documents for
a formal review or milestone, all documents tailored out should be listed together
with a statement to that effect. Within a document, when a paragraph is tailored
out a statement to that effect will appear directly after the paragraph number. If a
paragraph and all of its subparagraphs are tailored out, only the highest level
paragraph number need be included.

The list of the DID s together with the list of tailoring approvals are an integral
part of the project deliverables. Until tailoring approval has been granted, the
developer is obligated to provide the full list of Dills, with all their inclusions.
This is the reason why tailoring should be concluded as early as possible.

6. The software configuration management plan (SCMP)
The software configuration management plan (SCMP) is part of the project's
software development plan. The SCMP may appear as a separate document or as

a section within the project development plan.

The SCMP documents the resources that are needed, how they are to be used, and
which standards and procedures will be applied during the project.
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7.

The SCMP then becomes the mandate for the configuration control group during
project development. The issuance of this plan is the responsibility of the project
manager, though in large projects it may be delegated to the configuration Control
manager.

Table 4 contains a list of the main subjects covered in the SCMP. When any of
these subjects is covered elsewhere (e.g. in the software quality assurance plan), it
can be omitted from the SCMP and replaced by a pointer to the document in
which it is covered. Though most of the subjects in Table 1 are self-descriptive,
the following are some guidelines:

Configuration status accounting describes the way in which status information
flows:

= From the developers to the configuration management organization (audits
and reviews)

* From the configuration management organization to project management
(status reporting procedures)

Configuration identification describes the method for designating development
items as SCCI s. This is part of the high level decomposition of the system into
major development components.

The section on identification methods describes the way in which each component
generated by the project is marked for unique identification. Security, restricted
access and classification refer to the secure development of sensitive products
(such as documents, software, patents, military classified information etc.). It is
often convenient to assign many of these tasks to configuration control because of
the need to be involved in the review and classification of documents and other
related activities that are associated with security.

Subcontractors, vendors and suppliers mayor may not implement their own
configuration management plan. It is the project manager's responsibility to assure
that either subcontractors or external developers submit a CMP for review, or that
the project's configuration manager assumes responsibility for their work.

The SCMP may also include diagrams and flow charts to describe procedures for
submitting change requests, or for reporting problems.

Statistical software process improvement (SSPI)
As an organization becomes more comfortable with the collection and use or

process metrics, the derivation of simple indicators gives way to a more rigorous
approach called statistical software process improvement (SSPI).
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In essence, SSPI uses software failure analysis to collect information about all
errors and defects encountered as an application, system, or product is developed
and used. Failure analysis works in the following manner:

1. All errors and defects are categorized by origin (e.g., flaw in specification, flaw in
logic, non conformance to standards).

2. The cost to correct each error and defect is recorded.

3. The number of errors and defects in each category is counted and ranked in
descending order.

4. The overall cost of errors and defects in each category is computed.

5. Resultant data are analyzed to uncover the categories that result in highest cost to
the organization.

6. Plans are developed to modify the process with the intent of eliminating or
reducing the frequency of the class of errors and defects that is most costly.

Table 4: Example of the contents of a software configuration management plan

1. Software configuration management organization and resources
= Organization structure
= Personnel skill level and qualifications
= Resources

2. Standards, procedures, policies and guidelines

3. Configuration identification
= Method for defining SCCI s Description of the SCCI s for this project

4. Identification methods (naming and marking of documents, software components,
revisions. releases, etc.)

5. Submission of configuration items
= Approval/rejection procedure

6. Change control
= Change control procedures (method of submission, review. approval and
rejection)
= Reporting documentation (change requests, problem reports)
» Change review procedures and review board

7. Version control
= Preparation of software and documentation versions
= Release approval procedure

8. Storage, handling and delivery of project media
= Storage requirements
=  Backups
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9. Configuration control of subcontractors, vendors and suppliers
10. Additional control

= Miscellaneous control procedures

= Project specific control (security etc)
11. Configuration status accounting

= Configuration audits and reviews

= Configuration structure reporting procedures

12. Configuration management major milestones

13. Tools, techniques and methodologies

8. Communications management plan
A communications management plan is a document that provides:

* A collection and filing structure that details what methods will be used to gather
and store various types of information. Procedures should also cover collecting
and disseminating updates and corrections to previously distributed material.

* A distribution structure that, details to whom information (status reports, data,
schedule, technical documentation, etc.) will flow, and what methods (written
reports, meetings, etc.) will be used to distribute various types of information.
This structure must be compatible with the responsibilities and reporting
relationships described by the project organization chart.

* A description of the information to be distributed, including format, content, level
of detail, and conventions/definitions to be used.

* Production schedules showing when each type of communication will be
produced.

*  Methods for accessing information between scheduled communications.

* A method for updating and refining the communications management plan as the
project progresses and develops. The communications management plan may be
formal or informal, highly detailed or broadly framed, based on the needs of the
project. It is a subsidiary component of the overall project plan.

9. The software quality assurance plan

Every project must have a quality plan. The quality plan will be presented as a
section in the project plan.
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It is drawn up by the project manager at the start of the project and should be
agreed with the project sponsor.

You would expect the quality plan to contain the following elements:

= Statement of the quality control organisation

= Identification of specific standards and methods that will be used

= Definition of the quality control procedures; this is aligned to the Work
Breakdown Structure

= Specification of quality milestones

= Detail of unusual features

= Change control and configuration management

= Detail of acceptance procedures

= Specification of quality assurance procedures

The software quality assurance plan (SQAP), like the software configuration plan,
is also part of the overall software project development plan.

The SQAP documents which resources are needed, how they should be used and
which standards and procedures will be applied during the project.

The SQAP then becomes the mandate for the quality assurance group during
project development. The issuance of this plan is the responsibility of the project
manager, though in large projects it will usually be delegated to the quality
assurance manager.

The SQAP may appear as a separate document or as a section within the project
development plan, and may include the configuration management plan (if this
has not been documented separately).

Table 5 contains a list of the main subjects covered in the SQAP. When any of
these subjects is covered elsewhere, such as in the software configuration
management plan (SCMP), it can be omitted from the SQAP and replaced by a
pointer to the document in which it is covered.

However, the SCMP and the SQAP are concerned with different aspects of the
controlled items. The SCMP is primarily concerned with the format of controlled
items while the SQAP is more involved with the contents of controlled items.

The SQAP must cover subcontractors, vendors and suppliers, irrespective of
whether or not these external entities have their own quality assurance
organization.

In any project, the quality of external components is ultimately the concern of the
project manager and the SQA organization. When a system fails, it usually makes
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little difference whether the failure is due to an externally developed component
or an in-house developed component.

The plans for supervising these external groups must be adapted to the type of

external components being provided (off the shelf or new development) and the
type of organization (do they have their own quality assurance organization?).
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Table 5: Example of the contents of a software quality assurance plan

1. Software quality assurance organization and resources
Organizational structure
Personnel skill level and qualifications
Resources

2. SQA standards. Procedures, policies and guidelines

3. SQA documentation requirements
List of all documentation subject to quality control
Description of method of evaluation and approval

4. SQA software requirements
Evaluation and approval of software
Description of method of evaluation
Evaluation of the software development process
Evaluation of reused software
Evaluation of non-deliverable software

5. Evaluation of storage handling and delivery
Project documents
Software
Data files

6. Reviews and audits
7. Software configuration management (when not addressed in a separate document)
8. Problem reporting and corrective action
9. Evaluation of test procedures
10. Tools techniques and methodologies
11. Quality control of subcontractors, vendors and suppliers
12. Additional control
Miscellaneous control procedures
Project specific control

13. SQA reporting, records and documentation.
Status reporting procedures
Maintenance
Storage and security
Retention period

The SQAP, as part of the project development plan, should be reviewed and
updated periodically and whenever any requirements, project development
procedures, methodologies or other relevant activities are changed.
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10.

The IEEE SQAP guide recommends periodic evaluation of two aspects of the
plan:

(1) The plan's content and
(2) The plan's implementation

The plan's content should be evaluated with regard to the specific SQAP standard
used, to assure the plan's continuing compliance with the standard even when the
characteristics of the software project change.

The plan's implementation should be evaluated in terms of the changing scope of
the project, including the tasks and responsibilities referenced in the plan, and
other new or changed characteristics of the project.

When updating the SQAP the following project activities and events should be
considered:

= New or changed contractual requirements

= Additional standards and policies

= Additional project documents

= Changes in the project's organizational structure
= New tools and utilities

= Additional subcontractors and vendors

The RMMM Plan

A collection of risk information sheets developed for all risks that lie above the
cut off. A risk management strategy can be included in the software project plan
or the risk management steps can be organized into a separate Risk Mitigation,
Monitoring and Management Plan. The RMMM plan documents all work
performed as part of risk analysis and are used by the project manager as part of
the overall project plan.

Some software teams do not develop a formal RMMM document. Rather, each
risk is documented individually using a risk information sheet (RIS) [WIL97]. In
most cases, the RIS is maintained using a database system, so that creation and
information entry, priority ordering, searches, and other analysis may be
accomplished easily.

Once RMMM has been documented and the project has begun, risk mitigation
and monitoring steps commence.
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11.

As we have already discussed, risk mitigation is a problem avoidance activity.
Risk monitoring is a project tracking activity with three primary objectives:

1. To assess whether predicted risks do, in fact, occur;
To ensure that risk aversion steps defined for the risk are being properly
applied; and

3. To collect information that can be used for future risk analysis. In many cases,
the problems that occur during a project can be traced to more than one risk.
Another job of risk monitoring is to attempt to allocate origin (what risk(s)
caused which problems throughout. the project).

Project Development Budget

Good estimates are important, as they form the foundations of a good project
development plan. This plan, prepared by the project manager, is produced during
the initial stages of the project and includes estimates related to:

* The project development budget

» The project development schedule

* The required development resources (development staff, development
equipment etc.)

In parallel with integration and testing, the following managerial and activities
take place:

» Final budgeting of the project; the cost of changes is determined, risk
contingency activities are evaluated, and the budget is updated.

» Training is conducted for users, operators, customers, installers, maintenance
engineers, and marketing engineers.

» Installation sites are prepared, and the infrastructure for hardware and special
equipment is planned and installed.

* The development team size is reduced.

12. Maintenance Documents

The phased approach to software development divides the development life cycle
into:

* The development of the software code
» Preparation for integration and test of the system (the next phase)

* The development of the maintenance plan

Apart from the actual code being written (and hopefully being well commented),
some of the other documents that are developed during this phase include:
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* The programmer's notebook, documenting coding decisions, unit tests, and
resolution of implementation problems.

* Maintenance plan and documentation, including all necessary documentation
needed for system maintenance.

 Initial versions of the user documentation, including reference manuals and
operator guides.

At the conclusion of the integration and test phase all documentation must be
complete and ready for delivery, including:

*  Maintenance documentation

» Final user documentation

* All updated development documentation
» Test documentation and test reports

Maintenance requires a much smaller team, and a different type of management. In
fact, a single maintenance group can be established to maintain several products, with
common management, configuration control, installation and field engineers, and
maintenance of documentation.

The documents that need to be updated during this phase include:

*  Version release documentation

*  Problem reports

» All development documentation

»  All user documentation

*  Maintenance logs and customer service reports

13. The statement of work (SOW)

The statement of work is the basis of the contract between the pro-poser and the
customer, and is often incorporated into the contract. The SOW contains a
detailed list of all work to be performed by the pro-poser for the benefit of the
customer.

It is a narrative description of products or services to be supplied by the project.
For internal projects, the project initiator or sponsor provides the statement of
work based on business needs, or product or service requirements. For external
projects, the statement of work can be received from the customer as part of a bid
document, for example, request for proposal, request for information, request for
bid, or as part of a contract. The SOW indicates a:

* Business need - an organization’s business need, can be based on needed

training, market demand, technological advance, legal requirement, or
governmental standard.
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*  Product scope description - documents the product requirements and
characteristics of the product or service that the project will be undertaken to
create. The product requirements will generally have less detail during the
initiation process and more detail during later processes, as the product
characteristics are progressively elaborated. These requirements should also
document the relationship among the products or services being created and
the business need or other stimulus that causes the need. While the form and
substance of the product requirements document will vary, it should always be
detailed enough to support later project planning.

» Strategic plan - all projects support the organization’s strategic goals—the
strategic plan of the performing organization should be considered as a factor
in project selection decisions.

The SOW starts as a general list of required deliverables in the RFP. A more
detailed version t of the SOW is submitted as part of the proposal, and is still
considered only an initial description of the work to be performed. The blinding
version of the SOW is finalized during contract negotiations, or after the detailed
project requirements have been completed.

Table 6 presents an example of an SOW outline for a software project. The list of
items varies considerably, depending on the type of project being developed; for
example not all projects include the delivery of hardware components, and not all
projects require training or installation.

The basic guideline for the preparation of the SOW is that any activity, service or
product required by the customer, and agreed to by the developer, must be
included. This means that there can be no binding work items that were
informally understood or agreed to verbally, which do not appear in the SOW.

The formal SOW must include all and only the work to be performed. This
condition prevents misunderstandings and disagreements later, after the project
begins.

The statement of work (SOW) describes the procurement item in sufficient detail
to allow prospective sellers to determine if they are capable of providing the item.
“Sufficient detail” may vary, based on the nature of the item, the needs of the
buyer, or the expected contract form.

Some application areas recognize different types of SOW. For example, in some
government jurisdictions, the term SOW is reserved for a procurement item that is
a clearly specified product or service, and the term Statement of Objectives (SOO)
is used for a procurement item that is presented as a problem to be solved.

The statement of work may be revised and refined as it moves through the
procurement process. For example, a prospective seller may suggest a more
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efficient approach or a less costly product than that originally specified. Each
individual procurement item requires a separate statement of work. However,
multiple products or services may be grouped as one procurement item with a
single SOW.

Table 6: A sample SOW outline for a software project

1.

Dl B

10.
11.
12.
13.

Referenced documents
o requirements specification
existing system description
customer's RFP
developer's proposal
vendor's and developer's technical literature

Software deliverables
o functionality (as documented in the requirements specification)
o list of major software components

Equipment and hardware deliverables

o functionality (as documented in the requirements specification)
o list of major hardware components
Training
. user courses
o operator training
o installation training

Market research

Procurement
Supervision of subcontractors
Documentation

o development documentation

° user documentation

° maintenance documentation

° other technical documentation

Testing

o alpha testing

o beta testing

o acceptance tests (ATP)
Installation

Maintenance services
Other services and deliverable items
Method of delivery
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° software
° documentation
° hardware

14.

The statement of work should be as clear, as complete, and as concise as possible.
It should include a description of any collateral services required, such as
performance reporting or post-project operational support for the procured item.

In some application areas, there are specific content and format requirements for a
SOW.

Responsibility Assignment Matrix (RAM)

Project roles (who do what) and responsibilities (who decide what) must be
assigned to the appropriate project stakeholders.

Roles and responsibilities may vary over time. Most roles and responsibilities will
be assigned to stakeholders who are actively involved in the work of the project,
such as the project manager, other members of the project management team, and
the individual contributors.

The roles and responsibilities of the project manager are generally critical on most
projects, but vary significantly by application area. Project roles and
responsibilities should be closely linked to the project scope definition.

A Responsibility Assignment Matrix (RAM) is often used for this purpose. On
larger projects, RAM s may be developed at various levels.

For example, a high-level RAM may define which group or unit is responsible for
each component of the work breakdown structure, while lower-level RAM s are
used within the group to assign roles and responsibilities for specific activities to
particular individuals.

A structure that relates the project organization structure to the work breakdown
structure, to help ensure, that each element of the project’s scope of work is
assigned to a responsible individual.

— Shows who does what (x=person, y=phase). The most important feature of the
RAM is the participatory development process involving all stakeholders.
Show who is participant, who is accountable, who handles reviews, who
provides input and who must sign off on specific work packages or project
phases.

15. Project Charter
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A document issued by senior management that formally authorizes the existence
of a project. And it provides the project manager with the authority to apply
organizational resources to project activities.

16. Risk management plan

The risk management plan describes how risk identification, qualitative and
quantitative analysis, response planning, monitoring, and control will be
structured and performed during the project life cycle. The risk management plan
may include the following.

— Methodology. Defines the approaches, tools, and data sources that may be
used to perform risk management on this project. Different types of
assessments may be appropriate, depending upon the project stage, amount of
information available, and flexibility remaining in risk management.

— Roles and responsibilities. Defines the lead, support, and risk management
team membership for each type of action in the risk management plan. Risk
management teams organized outside of the project office may be able to
perform more independent, unbiased risk analyses of project than those from
the sponsoring project team.

— Budgeting. Establishes a budget for risk management for the project.

— Timing. Defines how often the risk management process will be performed
throughout the project life cycle. Results should be developed early enough to
affect decisions. The decisions should be revisited periodically during project
execution.

— Scoring and interpretation. The scoring and interpretation methods
appropriate for the type and timing of the qualitative and quantitative risk
analysis being performed. Methods and scoring must be determined in
advance to ensure consistency.

— Thresholds. The threshold criteria for risks that will be acted upon, by whom,
and in what manner. The project owner, customer, or sponsor may have a
different risk threshold. The acceptable threshold forms the target against
which the project team will measure the effectiveness of the risk response plan
execution.

— Reporting formats. Describes the content and format of the risk response
plan. Defines how the results of the risk management processes will be
documented, analyzed, and communicated to the project team, internal and
external stakeholders, sponsors, and others.
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— Tracking. Documents how all facets of risk activities will be recorded for the
benefit of the current project, future needs, and lessons learned. Documents if
and how risk processes will be audited.

4.10 Scheduling

Any project can be completed, given an infinite amount of time and resources.
Realistically, the amount of time available for project development is always
finite.

In fact, in most cases it is less than the project manager considers sufficient.
Few projects are completed ahead of time; many projects overrun their schedule.

The project schedule is one of the most important parts of the project
development plan.

The plan includes:

— Scheduling of development activities and
— Scheduling of project resources, particularly people

The project development plan describes in detail:

— how the project manager plans to develop the project
— what resources will be required and
— how these resources will be applied

No matter how well the project schedule is prepared, that schedule is useless
unless it is adhered to. It is the project manager's responsibility to withstand
pressure and to assure that the project is developed in an orderly fashion,
according to the schedule. Whenever circumstances change, the project schedule
should then be updated to reflect the new situation.

A schedule is a list of:
— Activities and
— Anticipated time of implementation of these activities

There are many ways of representing a schedule:
— Lists of activities,
— Diagrams,
— Graphs etc.
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The most common methods of schedule representation are :
— precedence network diagrams (such as PERT),
— Gantt charts and
— lists of milestones

4.11 Guidelines for successful Planning

A common failure in many kinds of planning is that the plan is never really
implemented. Instead, all focus is on writing a plan document.

Most of the following guidelines help to ensure that the planning process is
carried out completely and is implemented completely or, deviations from the
intended plan are recognized and managed accordingly.

i.  Involve the Right People in the Planning Process

It's critical that all parts of the system continue to exchange feedback in order to
function effectively. This is true no matter what type of system.

When planning, get input from everyone who will be responsible to carry out
parts of the plan, along with representative from groups who will be affected by

the plan.

Of course, people involved should be responsible to review and authorize the
plan.

ii.  Write Down the Planning Information and Communicate it Widely

New managers, in particular, often forget that others don't know what these
managers know.

Even if managers do communicate their intentions and plans verbally, chances are
that others won't completely hear or understand what the manager wants done.

Also, as plans change, it's extremely difficult to remember who is supposed to be
doing what and according to which version of the plan.

Key stakeholders (employees, management, board members, sponsors, customers,
clients, etc.) may request copies of various types of plans.

Therefore, it's critical to write plans down and communicate them widely.
ili.  Goals and Objectives Should Be SMARTER

* Specific
e Measurable
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» Acceptable
* Realistic

* Time frame
* Extending

» Rewarding

iv.  Build in Accountability (Regularly Review Who's Doing What and By
When?)

Plans should specify who is responsible for achieving each result, including goals
and objectives.

Dates should be set for completion of each result, as well.
Responsible parties should regularly review status of the plan.

Be sure to have someone of authority "sign off" on the plan, including putting
their signature on the plan to indicate they agree with and support its contents.

Include responsibilities in policies, procedures, job descriptions, performance
review processes, etc.
v.  Note Deviations from the Plan and Re-plan Accordingly

It's OK to deviate from the plan. The plan is not a set of rules. It's an overall
guideline. It is equally important to notice deviations and adjust the plan
accordingly.

vi.  Evaluate Planning Process and the Plan

During the planning process, regularly collect feedback from participants. Do they
agree with the planning process? If not, what don't they like and how could it be
done better?

In large, ongoing planning processes (such as strategic planning, business
planning, project planning, etc.), it's critical to collect this kind of feedback
regularly.

During regular reviews of implementation of the plan, assess if goals are being
achieved or not. If not, were goals realistic? Do responsible parties have the
resources necessary to achieve the goals and objectives?

Should goals be changed? Should more priority be placed on achieving the goals?
What needs to be done?

Write down how the planning process could have been done better. File it away
and read it the next time you conduct the planning process.
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vii.  Recurring Planning Process is at Least as Important as Plan Document
Far too often, primary emphasis is placed on the plan document.

This is extremely unfortunate because the real treasure of planning is the planning
process itself.

During planning, planners learn a great deal from ongoing analysis, reflection,
discussion, debates and dialogue around issues and goals in the system.

The ongoing communications are what sensitize people to understanding and
following the values and behaviors described

viii.  Nature of the Process Should Be Compatible to Nature of Planners

A prominent example of this type of potential problem is when planners don't
prefer the "top down" or "bottom up", "linear" type of planning

For example, going from general to specific along the process of an

environmental scan, SWOT analysis, mission/vision/values, issues and goals,
strategies, objectives, timelines, etc.
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5.1

LECTURE # 27

5. ORGANIZATION

Basic Definition

Basically, an organization is a group of people intentionally organized to
accomplish an overall, common goal or set of goals. Business organizations can
range in size from two people to tens of thousands.

How you interpret each of the above major parts of an organization depends very
much on your values and your nature. People can view organizations as machines,
organisms, families, groups, etc.

People are managed through an organizational structure. This hierarchical
structure is based on the four cornerstones of management:

— Delegation

— Authority

— Responsibility
— Supervision.

Delegation bestows authority, and authority produces (and requires)
responsibility. Both authority and responsibility require supervision, and effective
supervision requires a suitable organizational structure:

Most projects are organized as teams, with each team assigned specific functions
within the project.

Different types of project require different types of team structure, as for example
a team of junior programmers requires a technical team leader while a team of
experts may require only an administrative team leader.

It is the project manager's responsibility to select the structure best suited for the
project.

Basically an organization is a group of people intentionally organized to
accomplish an overall, common goal or set of goals. Business organizations can
range in size from two people to tens of thousands.

How you interpret each of the above major parts of an organization depends very
much on your values and your nature. People can view organizations as machines,

organisms, families, groups, etc.
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5.2

Organization as a System
It helps to think of organizations are systems.

Simply put, a system is an organized collection of parts that are highly integrated
in order to accomplish an overall goal.

The system has various inputs which are processed to produce certain outputs,
which together, accomplish the overall goal desired by the organization.

There is ongoing feedback among these various parts to ensure they remain
aligned to accomplish the overall goal of the organization. There are several
classes of systems, ranging from very simple frameworks all the way to social
systems, which are the most complex. Organizations are, of course, social
systems.

Systems have inputs, processes, outputs and outcomes. To explain, inputs to the
system include resources such as raw materials, money, technologies and people.

These inputs go through a process where they're aligned, moved along and
carefully coordinated, ultimately to achieve the goals set for the system. Outputs
are tangible results produced by processes in the system, such as products or
services for consumers.

Another kind of result is outcomes, or benefits for consumers, e.g., jobs for
workers, enhanced quality of life for customers, etc. Systems can be the entire
organization, or its departments, groups, processes, etc.

Feedback comes from, e.g., employees who carry out processes in the
organization, customers/clients using the products and services, etc.

Feedback also comes from the larger environment of the organization, e.g.,
influences from government, society, economics, and technologies.

Each organization has numerous subsystems, as well. Each subsystem has its own
boundaries of sorts, and includes various inputs, processes, outputs and outcomes
geared to accomplish an overall goal for the subsystem.

Common examples of subsystems are departments, programs, projects, teams and
processes to produce products or services, etc.

Organizations are made up of people - who are also systems of systems of
systems - and on it goes. Subsystems are organized in a hierarchy needed to
accomplish the overall goal of the overall system.
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5.3

5.4

The organizational system is defined by, e.g., its legal documents (articles of
incorporation, by laws, roles of officers, etc.), mission, goals and strategies,
policies and procedures, operating manuals, etc.

The organization is depicted by its organizational charts, job descriptions,
marketing materials, etc.

The organizational system is also maintained or controlled by policies and
procedures, budgets, information management systems, quality management
systems, performance review systems, etc.

Structural Dimensions

The organization's structure, or design, is the overall arrangement of the
organization's various roles, processes and their relationships in the organization.
The design of an organization is a means to accomplishing the organization's
overall goal - the structure is not an end in itself.

In systems theory terms, the design ensures that the appropriate inputs go through
the necessary processes to produce the required outputs to produce the intended
outcomes.

= Centralization -the extent to which functions are dispersed in the
organization, either in terms of integration with other functions or
geographically

=  Formalization - regarding the extent of policies and procedures in the
organization

* Hierarchy - regarding the extent and configuration of levels in the
structure

* Routinization - regarding the extent that organizational processes are
standardized

= Specialization - regarding the extent to which activities are refined

» Training - regarding the extent of activities to equip organization
members with knowledge and skills to carry out their roles.

Organizational Systems

Project-based organizations are those whose operations consist primarily of
projects. These organizations fall into two categories:

— Organizations that derive their revenue primarily from performing projects for
others—architectural firms, engineering firms, consultants, construction con-
tractors, government contractors, nongovernmental organizations, etc

— Organizations that have adopted management by projects, these organizations
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5.5

tend to have management systems in place to facilitate project management.
For example, their financial systems are often specifically designed for
accounting, tracking, and reporting on multiple simultaneous projects.

Non project-based organizations often lack management systems designed to
support project needs efficiently and effectively.

The absence of project-oriented systems usually makes project management more
difficult.

In some cases, non project-based organizations will have departments or other
subunits that operate as project-based organizations with systems to match.

The project management team should be acutely aware of how the organization’s
systems affect the project.

For example, if the organization rewards its functional managers for charging
staff time to projects, then the project management team may need to implement
controls to ensure that assigned staff members are being used effectively on the
project.

Organizational Cultures and Styles

Most organizations have developed unique and describable cultures. These
cultures are reflected in their:

—  Shared values,

—  Norms,

— Beliefs

—  Expectations

— Policies and

— Procedures

—  View of authority relationships and numerous other factors

Organizational cultures often have a direct influence on the project.

— A team proposing an unusual or high-risk approach is more likely to secure
approval in an aggressive or entrepreneurial organization.

— A project manager with a highly participative style is apt to encounter
problems in a rigidly hierarchical organization, while a project manager with
an authoritarian style will be equally challenged in a participative
organization.

The structure of the performing organization often constrains the availability of or
terms under which resources become available to the project.
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Organizational structures can be characterized as spanning a spectrum from
functional to projectized, with a variety of matrix structures in between.

The following table shows key project related characteristics of the major types of

enterprise organizational structures:

Table: Organizational Structure Influences on Projects

Moderate to High

Project Organization | Functional Matrix Projectized
Characteristics Structure Weak Balanced | Strong
Project Manager’s Authority Little or non Limited Low to Moderate High to

almost Total

Administrative Staff

Percent of Performing Virtually

Organization’s Personnel assigned None 0-25% 15-60% 50-95% 85-100%

Full time to Project work

Project Manager’s Role Part-time Part time Full-time | Full-time Full-time

Common Titles for Project Project Project Project Project Project

Manager’s Role Coordinator/ | Coordinato | Manager/Pr | Manager/ Manager/
Project 1/ Project oject Program Program
Leader Leader Officer Manager Manager

Project Management Part-time Part time Part-time | Full-time Full-time

5.6 Traditional Structures of Business Organization
i.  Functional Structure

Most business organizations start out with a functional structure, or a small
variation of this structure. This is the basic "building block" for other structures.
In this structure, there is a central office which oversees various departments or
major functions, e.g., human resources, finances, sales, marketing, engineering,
etc.

Think of a picture that has a box at the top labeled "Central Office". Think of a

row of boxes underneath the top box. Each box is labeled, e.g., sales, engineering,
human resources, etc.
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Connect the boxes with lines coming down from the top box to each of the boxes
below. Use functional structures when the organization is small, geographically
centralized, and provides few goods and services.

When the organization experiences bottlenecks in decision making and
difficulties in coordination, it has outgrown its functional structure.

The classic functional organization is a hierarchy where each employee has one
clear superior. Staff members are grouped by specialty, such as production,
marketing, engineering, and accounting at the top level, with engineering further
subdivided into functional organizations that support the business of the larger
organization (e.g., mechanical and electrical).

Functional organizations still have projects, but the perceived scope of the project
is limited to the boundaries of the function: the engineering department in a
functional organization will do its work independent of the manufacturing or
marketing departments.

For example, when a new product development is undertaken in a purely
functional organization, the design phase is often called a design project and
includes only engineering department staff. If questions about manufacturing
arise, they are passed up the hierarchy to the department head, who consults with
the head of the manufacturing department. The engineering department head then
passes the answer back down the hierarchy to the engineering project manager.

Projectized Structure

In this structure, there is a centralized corporate office and under it, are various
divisions each of which is dedicated to producing and / or selling a certain type of
business or product, e.g., product 1, product 2, etc.

Each division that is dedicated to a certain business or product is, in turn, is
organized as its own functional structure.

So, for example, the division dedicated to making product 1 has its own sales
department, human resources, etc. Basically, project structure is a bunch of
functional structures each of which reports to one central office.

Use a divisional structure when the organization is relatively large, geographically
dispersed, and/or produces wide range of goods/services.

In a projectized organization, team members are often collocated. Most of the

organization’s resources are involved in project work, and project managers have
a great deal of independence and authority.
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iil.

Projectized organizations often have organizational units called departments, but
these groups either report directly to the project manager or provide support
services to the various projects.

Matrix Structure

Think of the functional structure. Imagine if you took someone from each of the
major functions in the functional structure (the boxes along the bottom of the
organization chart), e.g., people from sales, engineering, etc., and organized them
into a separate group intended to produce and sell one certain kind of product or
service.

Members of this group stay together until that product is produced or they
continue to sell and service it. This overall structure (made up of a functional
structure that also has groups assigned to products) is a matrix structure.

This structure is useful because it focuses highly skilled people from across the
organization to work on a complex product or service.

It can be difficult, though, because each person essentially reports to two
supervisors: the supervisor of the functional area (e.g., engineering) and the
product manager, as well.

When the organization needs constant coordination of its functional activities,
then lateral relations do not provide sufficient integration. Consider the matrix
structure.

To adopt the matrix structure effectively, the organization should modify many
traditional management practices.

Matrix organizations are a blend of functional and projectized characteristics.
Weak matrices maintain many of the characteristics of a functional organization,
and the project manager role is more that of a coordinator or expediter than that of
a manager.

In similar fashion, strong matrices have many of the characteristics of the

projectized organization—full-time project managers with considerable authority
and full-time project administrative staff.
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(Black boxes represent staff engaged in project activites)

iv.  Project Office

There is a range of uses for what constitutes a project office. A project office may
operate on a continuum from providing support functions to project managers in
the form of training, software, templates, etc. to actually being responsible for the
results of the project.

Most modern organizations involve all these structures at various levels. For
example, even a fundamentally functional organization may create a special
project team to handle a critical project.

Such a team may have many of the characteristics of a project in a projectized
organization.

The team may include full-time staff from different functional departments, it

may develop its own set of operating procedures, and it may operate outside the
standard, formalized reporting structure.
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5.7

LECTURE # 28

5. ORGANIZATION

ORGANIZATIONAL PLANNING

Organizational planning involves identifying, documenting, and assigning
project roles, responsibilities, and reporting relationships.

Roles, responsibilities, and reporting relationships may be assigned to
individuals or to groups. The individuals and groups may be part of the
organization performing the project, or they may be external to it. Internal
groups are often associated with a specific functional department such as
engineering, marketing, or accounting.

On most projects, the majority of organizational planning is done as part
of the earliest project phases.

However, the results of this process should be reviewed regularly
throughout the project to ensure continued applicability. If the initial
organization is no longer effective, then it should be revised promptly.

Organizational planning is often tightly linked with communications
planning since the project’s organizational structure will have a major
effect on the project’s communications requirements.

5.7.1 Inputs to Organizational Planning

i.  Project interfaces. Project interfaces generally fall into one of three categories:

Organizational interfaces—formal and informal reporting relationships
among different organizational units. Organizational interfaces may be
highly complex or very simple. For example, developing a complex
telecommunications system may require coordinating numerous
subcontractors over several years, while fixing a programming error in a
system installed at a single site may require little more than notifying the
user and the operations staff upon completion.

Technical interfaces—formal and informal reporting relationships among
different technical disciplines. Technical interfaces occur both within
project phases (e.g., the site design developed by the civil engineers must
be compatible with the superstructure developed by the structural
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ii.

iii.

5.7.2

ii.

engineers) and between project phases (e.g., when an automotive design
team passes the results of its work along to the retooling team that must
create the manufacturing capability for the vehicle).

— Interpersonal interfaces—formal and informal reporting relationships
among different individuals working on the project. These interfaces often
occur simultaneously, as when an architect employed by a design firm
explains key design considerations to an unrelated construction
contractor’s project management team.

Staffing requirements. Staffing requirements define what kinds of competencies
are required from what kinds of individuals or groups and in what time frames.
Staffing requirements are a subset of the overall resource requirements identified
during resource planning.

Constraints. Constraints are factors that limit the project team’s options. A
project’s organizational options may be constrained in many ways. Common
factors that may constrain how the team is organized include, but are not limited
to, the following:

— Organizational structure of the performing organization—an
organization whose basic structure is a strong matrix means a relatively
stronger role for the project manager than one whose basic structure is a
weak matrix.

— Collective bargaining agreements—contractual agreements with unions
or other employee groups may require certain roles or reporting
relationships (in essence, the employee group is a stakeholder).

— Preferences of the project management team—if members of the project
management team have had success with certain structures in the past,
then they are likely to advocate similar structures in the future.

— Expected staff assignment —how the project is organized is often
influenced by the competencies of specific individuals.

Tools and Techniques for Organizational Planning

Templates. Although each project is unique, most projects will resemble another
project to some extent. Using the role and responsibility definitions or reporting
relationships of a similar project can help expedite the process of organizational
planning.

Human resource practices. Many organizations have a variety of policies,
guidelines, and procedures that can help the project management team with
various aspects of organizational planning. For example, an organization that
views managers as “coaches” is likely to have documentation on how the role of
“coach” is to be performed.
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iv.

5.7.3

ii.

iii.

Organizational theory. There is a substantial body of literature describing how
organizations can and should be structured. Although only a small subset of this
body of literature is specifically targeted toward project organizations, the project
management team should be generally familiar with the subject of organizational
theory so as to be better able to respond to project requirements.

Stakeholder analysis. The identification of stakeholders and the needs of the
various stakeholders should be analyzed to ensure that their needs will be met.

Outputs from Organizational Planning

Role and responsibility assignments. Project roles (who does what) and
responsibilities (who decides what) must be assigned to the appropriate project
stakeholders. Roles and responsibilities may vary over time. Most roles and
responsibilities will be assigned to stakeholders who are actively involved in the
work of the project, such as the project manager, other members of the project
management team, and the individual contributors. The roles and responsibilities
of the project manager are generally critical on most projects, but vary
significantly by application area. Project roles and responsibilities should be
closely linked to the project scope definition. A Responsibility Assignment
Matrix is often used for this purpose. On larger projects, RAM s may be
developed at various levels. For example, a high-level RAM may define which
group or unit is responsible for each component of the work breakdown structure,
while lower-level RAM s are used within the group to assign roles and
responsibilities for specific activities to particular individuals.

Staffing management plan. The staffing management plan describes when and
how human resources will be brought onto and taken off of the project team. The
staffing plan may be formal or informal, highly detailed or broadly framed, based
on the needs of the project. It is a subsidiary element of the overall project plan.
The staffing management plan often includes resource histograms. Particular
attention should be paid to how project team members (individuals or groups) will
be released when they are no longer needed on the project. Appropriate
reassignment procedures may:

— Reduce costs by reducing or eliminating the tendency to “make work™ to
fill the time between this assignment and the next.

— Improve morale by reducing or eliminating uncertainty about future
employment opportunities.

Organization chart. An organization chart is any graphic display of project
reporting relationships. It may be formal or informal, highly detailed or broadly
framed, based on the needs of the project. For example, the organization chart for
a three- to four-person internal service project is unlikely to have the rigor and
detail of the organization chart for a 3,000-person disaster response team. An
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Organizational Breakdown Structure (OBS) is a specific type of organization
chart that shows which organizational units are responsible for which work
packages.

Supporting detail. Supporting detail for organizational planning varies by
application area and project size. Information frequently supplied as supporting
detail includes, but is not limited to: Organizational impact—what alternatives are
precluded by organizing in this manner.

— Job descriptions—written outlines by job title of the competencies,
responsibilities, authority, physical environment, and other characteristics
involved in performing a given job. Also called position descriptions.

— Training needs—if the staff to be assigned is not expected to have the
competencies needed by the project, those competencies will need to be
developed as part of the project.

STAFF ACQUISITION

Staff acquisition involves getting the needed human resources (individuals or
groups) assigned to and working on the project. In most environments, the “best”
resources may not be available, and the project management team must take care
to ensure that the resources that are available will meet project requirements.

Inputs to Staff Acquisition

Staffing management plan. It includes the project’s staffing requirement
Staffing pool description. When the project management team is able to influence
or direct staff assignments, it must consider the characteristics of the potentially
available staff. Considerations include, but are not limited to:

— Previous experience—have the individuals or groups done similar or related
work before? Have they done it well?

— Personal interests—are the individuals or groups interested in working on this
project?

— Personal characteristics—are the individuals or groups likely to work well
together as a team?

— Availability—will the most desirable individuals or groups be available in the
necessary time frames?

— Competencies and proficiency—what competencies are required and at what
level?

Recruitment practices. One or more of the organizations involved in the project

may have policies, guidelines, or procedures governing staff assignments. When
they exist, such practices act as a constraint on the staff-acquisition process.
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Tools and Techniques for Staff Acquisition

Negotiations. Staff assignments must be negotiated on most projects. For
example, the project management team may need to negotiate with:

— Responsible functional managers to ensure that the project receives
appropriately competent staff in the necessary time frame.

— Other project management teams within the performing organization to
assign scarce or specialized resources appropriately.

The team’s influencing competencies play an important role in negotiating staff
assignments, as do the politics of the organizations involved. For example, a
functional manager may be rewarded based on staff utilization. This creates an
incentive for the manager to assign available staff who may not meet all of the
project’s requirements.

Pre-assignment. In some cases, staff may be pre-assigned to the project. This is
often the case when a) the project is the result of a competitive proposal, and
specific staff was promised as part of the proposal, or b) the project is an internal
service project, and staff assignments were defined within the project charter.

Procurement. Project procurement management can be used to obtain the
services of specific individuals or groups of individuals to perform project
activities. Procurement is required when the performing organization lacks the in-
house staff needed to complete the project (e.g., as a result of a conscious decision
not to hire such individuals as full-time employees, as a result of having all
appropriately competent staff previously committed to other projects, or as a
result of other circumstances).

Outputs from Staff Acquisition

Project staff assigned. The project is staffed when appropriate people have been
reliably assigned to work on it. Staff may be assigned full time, part time, or
variably, based on the needs of the project.

Project team directory. A project team directory lists all the project team
members and other stakeholders. The directory may be formal or informal, highly
detailed or broadly framed, based on the needs of the project.

TEAM DEVELOPMENT

Team development includes both enhancing the ability of stakeholders to
contribute as individuals as well as enhancing the ability of the team to function
as a team. Individual development (managerial and technical) is the foundation
necessary to develop the team. Development as a team is critical to the project’s
ability to meet its objectives.
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Team development on a project is often complicated when individual team
members are accountable to both a functional manager and the project manager.
Effective management of this dual reporting relationship is often a critical success
factor for the project, and is generally the responsibility of the project manager.
Team development occurs throughout the project.

Inputs to Team Development

Project staff. The staff assignments implicitly define the individual competencies
and team competencies available upon which to build.

Project plan. The project plan describes the technical context within which the
team operates.

Staffing management plan.

Performance reports. Performance reports provide feedback to the project team
about performance against the project plan.

External feedback. The project team must periodically measure itself against the
expectations of those outside the project.

Tools and Techniques for Team Development

Team-building activities. Team-building activities include management and
individual actions taken specifically and primarily to improve team performance.
Many actions—such as involving non-management-level team members in the
planning process, or establishing ground rules for surfacing and dealing with
conflict— may enhance team performance as a secondary effect. Team-building
activities can vary from a five-minute agenda item in a regular status review
meeting to an extended, off-site, professionally facilitated experience designed to
improve interpersonal relationships among key stakeholders. There is a
substantial body of literature on team building. The project management team
should be generally familiar with a variety of team-building activities.

General management skills. General management skills are of particular
importance to team development.

Reward and recognition systems. Reward and recognition systems are formal
management actions that promote or reinforce desired behavior. To be effective,
such systems must make the link between project performance and reward clear,
explicit, and achievable. For example, a project manager who is to be rewarded
for meeting the project’s cost objective should have an appropriate level of
control over staffing and procurement decisions. Projects must often have their
own reward and recognition systems since the systems of the performing
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organization may not be appropriate. For example, the willingness to work
overtime to meet an aggressive schedule objective should be rewarded or
recognized; needing to work overtime as the result of poor planning should not
be. Reward and recognition systems must also consider cultural differences. For
example, developing an appropriate team reward mechanism in a culture that
prizes individualism may be very difficult.

Co-location. Collocation involves placing all, or almost all, of the most active
project team members in the same physical location to enhance their ability to
perform as a team. Collocation is widely used on larger projects and can also be
effective for smaller projects (e.g., with a war room, where the team congregates
and posts schedules, updates, etc.). On some projects, collocation may not be an
option; where it is not viable, an alternative may be scheduling frequent face to
face meetings to encourage interaction.

Training. Training includes all activities designed to enhance the competencies
of the project team. Some authors distinguish among training, education, and
development, but the distinctions are neither consistent nor widely accepted.
Training may be formal (e.g., classroom training, computer-based training) or
informal (e.g., feedback from other team members). There is a substantial body of
literature on how to provide training to adults. If the project team members lack
necessary management or technical skills, such skills must be developed as part of
the project, or steps must be taken to re-staff the project appropriately. Direct and
indirect costs for training are generally paid by the performing organization.

Outputs from Team Development

Performance improvements. Team performance improvements can come from
many sources and can affect many areas of project performance; for example:

— Improvements in individual skills may allow a specific person to perform
assigned activities more effectively.

— Improvements in team behaviors (e.g., surfacing and dealing with conflict)
may allow project team members to devote a greater percentage of their
efforts to technical activities.

— Improvements in either individual or team competencies may facilitate
identifying and developing better ways of doing project work.

Input to performance appraisals. Project staff should generally provide input to
the appraisals of any project staff members with whom they interact in a
significant way.

Organizational Management Tools

Management Development
— Responsibility
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— Authority

— Competence

— Resource Distribution
— Pre-requisites

— Constraints

— Calendar

iil.  Supervisory Training
— Field/on site operations
— Concept clearance
— Procedural details
— Resource management
— Activity Scheduling

ili. Team Building
— Managers
— Professionals
— Technical support group
— Logistical support group
— Skill set evaluation

iv.  Vital Statistics
— Historical facts
— Technical data
— Direct concerns
— Lesson learned
— Identification of missing links
— Reliability of data
— Relevance of data

v.  Progress reporting
— Mandatory periodic reports
— Exception reports
— Event reporting
— Current status reporting
— Reporting formats
— Reporting frequency
— Report recipient
— Reporting officer
— Reporting Media
— Response analysis (of previous reporting)
— Review of Reports
— Signing of Reports
— Tracking of Reports
— Mitigations offered
— Corresponding the d