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To the process improvement and quality management professionals who toil in their
respective companies to positively influence the development and delivery of the highest

possible product and service quality that their projects can produce



.
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Foreword by Bob Rassa

One thing that users of the new Capability Maturity Model–Integrated

(CMMI ) have needed is a solid, easily understood practical guide to

CMMI adoption. CMMI is still relatively new; users are still feeling their
way along the path to success, and on that path they are realizing that solid
interpretative guidance is hard to come by. This new book certainly satisfies
that need for the process improvement community. As more and more

organizations, commercial and defense, firm up their CMMI adoption plans,

they can count on this book as the most comprehensive and practical CMMI
implementation guide to date.

Based on his (and his colleagues’) extensive background with the prede-
cessor models, and his in-depth knowledge of systems engineering and soft-
ware process methodologies, Tim Kasse has generated an extremely
insightful and absolutely essential treatise on CMMI . Long on background
to provide a solid foundation of understanding, this guide provides clear and
appropriate interpretations of CMMI requirements and deployment con-
cepts, with heavy emphasis on practical application and understanding.

Mr. Kasse also hits home on several essential elements of CMMI . If one
examines the CMMI Continuous Representation, one can recognize that
there is some increased focus on Project Management over the predecessor
models, but the true significance of this doesn’t always resonate. Mr. Kasse
provides extremely powerful discussions, with real-world examples, that
clarify the essential Project Management roles and responsibilities in
CMMI , roles that if not adequately fulfilled can lead to less than successful
CMMI implementation. This book also clearly articulates the increased
emphasis on systems engineering, and helps clarify that CMMI is not
merely a maturity model that integrates stovepipe discipline-based models,
but is rather a model for process improvement that causes exceptional sys-
tems engineering content to appear in the design environment of adopting
organizations. And this, in fact, may be the single greatest advantage that
CMMI has over any other model set for process improvement.

Another major strength is the in-depth discussion on what CMMI
really means to the organization, and how to go about building the business
case for adoption. Of particular significance is the discussion on achieving
CMMI Levels 4 and 5, wherein the real benefits and return-on-investment
of continuous process improvement are felt. Level 5 is where the two
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representations of CMMI , staged and continuous, tend to merge with only
slight differences, and this book provides an outstanding discussion of both
the similarities and the differences, thus giving the reader enough informa-
tion to make the right intelligent decision about which representation to
adopt.

Without question, this book is essential reading for the key members of
any organization either contemplating, or in the process of, CMMI adop-
tion. It provides sufficient insight to answer most of the questions that have
arisen relative to CMMI interpretation, and will certainly be viewed as the
definitive bible on CMMI for many years to come.

Bob Rassa, Raytheon
CMMI Steering Group Chair (Industry)
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Foreword by Mike Phillips

As I write this foreword to Tim Kasse’s book, we are nearing the third anni-

versary of the CMMI Product Suite Version 1.1. Process improvement
professionals like Mr. Kasse have trained over 10,000 people in this model,
and appraisal teams have benchmarked nearly 200 organizations against this
standard for developmental excellence. Our Web site at the SEI is now being
accessed over a million times a month, by product developing organizations
around the world. Though its origins are in the software and systems engi-
neering communities, organizations are discovering its value in projects
throughout today’s complex enterprises. They are improving processes and
practices, products and services, technical and business approaches.

Because progress along the model’s improvement paths has often
become a requirement for selection as a supplier, the CMMI framework is
often known for its maturity and capability levels. But the real value of the
effort to understand and improve the organization’s processes is NOT to
“reach a level.” Rather, it is in the direct result on the product—and the pro-
fessional competence and agility of the organization to address the changes
in a dynamic, high technology marketplace—that real “return on invest-
ment” is realized.

As we have expanded the coverage of these practices to more and more
elements of the organization, it was time for a book like this one. The
CMMI framework captures hundreds of practices for organizations to con-
sider to perform “better and better.” But what are the ways that leaders can
use the results of these efforts? How can they stimulate—champion—the
“maturing” of the organization?

Mr. Kasse brings his years of experience in development, and in aiding
others on their process improvement journey, to you in this “workbook.”
His “fire in the belly” is evident when he addresses audiences around the
world to encourage them to get on board—and enjoy the ride toward better
products and services delivered from workplaces that are also becoming
more enriching environments.

It is my hope that you will earmark pages that assist you in making a dif-
ference on the projects and products that you lead or guide—whether they
are developing software intensive systems, or in parts of the enterprise we
have just begun to consider!

Mike Phillips, CMMI Program Manager, Software Engineering Institute,
Carnegie Mellon University, Pittsburgh, Pennsylvania
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Preface

For years, while offering training, mentoring, coaching, and general
process improvement consultancy based upon CMM® for Software, I

have frequently heard comments like the following:

◗ “We understand and appreciate what you are saying, but our
management…”

◗ “Our management does not understand what CMM® is all about. All
they care about is the Maturity Level 3 rating.”

◗ “The problem is not the senior management team, but the middle
managers. They don’t understand how CMM® is going to help the
organization!”

◗ “How is this going to help our business?”

◗ “The senior management team is totally committed to process improve-
ment. We have supported CMM® training and assessment. Yes, we
want to see measurable business results…not just get a level.”

◗ “The middle managers are not the biggest problem. Believe it or not, the
practitioners are the ones complaining about this process improvement
effort…because they are under a lot of pressure and they feel this is only
going to add to it!”

◗ “Our project managers believe in quality, but they are under pressure
to get the product delivered better, faster, and cheaper, with emphasis
on faster. They would like to improve and make it easier for
their developers, but do not believe that using a model like CMM® is
practical.”

In other words, there was some complaint at each level of management
and from practitioners about their understanding about the model and/or
their willingness to support its full implementation and their ability to get
any kind of real business value out of it. The unknowns were always too
great from their point of view, and the return on investment was not well
understood or believed.

Some leading companies did use CMM® for Software as a guide for
excellence. They were the ones that realized not only the achievement of a
higher maturity level, but also the promised accompanying business results.
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With the release of the CMM® IntegrationSM (CMMI®) Reference
Model, the complaints and the resistance have started all over again. A few
of the comments are different this time because of the increased content and
the enlarged scope of the CMMI®. However, the basic reaction is yet
another déjà vu knee-jerk response similar to the same one given about
CMM® more than a decade earlier. What I soon realized was that very few
people in any organization had the background, ability, and the desire to
read through all of the details offered in CMMI®, much less digest them and
share them in a convincing way with their management team and col-
leagues throughout the organization or business.

Almost all of CMMI® V1.1 Reference Model trainings in which I have
personally participated have resulted in the participants expressing thanks
for the excellent insight that was given on CMMI®, along with the added
input that an additional course should be offered to the senior and middle
managers to “get them to understand.”

In 1998, I was asked to coach a senior and middle management team on
the “essence” of CMM®. CMM® concepts were presented as “The Look and
Feel of CMM®.” Senior and middle management teams wanted to know
what they should see and what they should expect to feel when their proj-
ects were developing products from processes based on the guidance of
CMM®. This was not an easy task. However, I set upon a course of action to
develop just such a course that would enable expectations to be realistically
set for both the senior and middle managers regarding what their role and
responsibilities should be to support their organization in this use of CMM®
guidance.

Since November 1999, I have been deeply involved with CMMI®. This
involvement ranges from comments for improvement to the SEI, to devel-
opment of the intermediate CMMI® Workshop for Lead Appraisers and
Process Group Managers, and to other trainings, appraisals, and process
improvement consultancy. Applying my personal experience, I began to
coach both senior and middle management teams in “The Look and Feel of
CMMI®.”

Practical Insight into CMMI provides an understanding of the engineer-
ing, project management, process management, and quality management
principles behind the specific and generic goals and practices of CMMI®. It
does so without listing the specific goals and practices in their technical
entirety. It offers clear interpretations that are based upon my long experi-
ence with the definition and the use of CMMI®. It borrows examples from
the Kasse Initiatives Systems/Software Engineering Workshops in order to
provide practical insight into those principles behind CMMI®. It integrates
my experience with the concepts presented in CMMI®. This book presents
complicated engineering concepts in a manner that will enable both
higher-level managers and practitioners to visualize what it would be like to
work in an organization that fully understood and embraced the best con-
cepts of the CMMI® Reference Model. In addition, this book explains how
to use process areas in more than one context or category, so that the power
that can be tapped through its guidance for systems and software
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engineering development can be effectively utilized. Thus, it provides a
bridge to the integrated systems/software world for developers, quality engi-
neers, process improvement specialists, and managers whose previous expe-
rience was previously focused upon the predecessor model, CMM® for
Software.

This book is designed for and will benefit:

◗ DoD organizations and contracting firms that are directed to accept
and comply with CMMI® Reference Model guidelines;

◗ Organizations that are engaged in SW-CMM®–based process improve-
ment and are trying to make a decision on whether to transition to
CMMI®;

◗ Organizations that are in the process of mapping between CMM® for
Software and CMMI®;

◗ Organizations that are just beginning to develop a process improve-
ment initiative and want to utilize the most complete and robust model
available in the world today;

◗ Organizations that desire more engineering discipline for their manag-
ers and developers;

◗ Systems engineering–oriented firms that are leaning toward staying
with the existing SE CMM® or EIA–731 or are deciding whether they
actually want all that CMMI® is offering or are willing to migrate their
workforce in that direction;

◗ Hardware- or manufacturing-oriented companies that do develop soft-
ware, but have stopped short of embracing CMM® for Software or the
Systems Engineering CMM®;

◗ Organizations that routinely use multidisciplined teams to develop
complex systems;

◗ Organizations that focus predominantly upon hardware engineering,
systems engineering, and manufacturing;

◗ Universities that offer a systems engineering curriculum.

You are invited to read and apply the concepts found in Practical Insight
into CMMI®. Some of the ideas will be useful immediately. Some will need
to be discussed and perhaps tailored to address the concerns and focus of
your particular organization and culture. Your improvement suggestions are
always highly welcomed.

Success!
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Book Overview

This book provides the reader with an insight into which an activities an
organization would be engaged and what the role of each level of man-

agement and the practitioners would be if their systems and software engi-
neering processes were based on CMM® IntegrationSM. It captures the essence
of each of the process areas by presenting them in a practical context without
the technical structure of CMMI® masking the valuable nuggets of
information.

Chapter 1—Engineering Systems Think
The merger of Systems Engineering and Software Engineering CMM® and
process improvement ideas has resulted in the development of CMMI®.
This chapter provides a brief overview of the systems engineering and soft-
ware engineering sources that were merged to develop Integrated CMM®
or CMMI®. In addition, it stresses or recaptures the focus on engineering
systems think that seems to have gotten lost over the years where the focus
has strictly been on artistic side of software engineering.

Chapter 2—Oriented-to-Business Results
The software industry has long criticized the CMM® model for its lack of
focus on business results. Other total quality management models such as
Malcolm Baldridge and the European Foundation for Quality Management
place heavy emphasis on business results and not just the documentation of
the process to gain industry certification. CMMI® clearly and repeatedly
states the need for all process improvement activities to measurably support
the organization’s business objectives.

Chapter 3—Process Improvement Based on CMMI
CMMI® was developed to provide a single model to be used by organiza-
tions pursuing enterprise-wide process improvement. It provides needed
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guidance for integrating systems and software development activities. It
supports the coordination of multidisciplined activities that are or may be
required to successfully build a project. It is also being discovered that these
CMMI®-based processes are able to be translated into business processes for
other organizational departments such as human resources, finance, mar-
keting, computer services, and contract management.

Chapter 4—CMMI Speak
This chapter intends to provide the reader with some of the more critical
vocabulary that is used throughout CMMI®. While an organization is cer-
tainly not required to strictly adopt CMMI® terms in order to show compli-
ance to its principles and guidance, some knowledge of the most important
terms starts the journey of getting the look and feel of what it would be like
to implement CMMI® concepts in an organization.

Chapter 5—Roles and Responsibilities
This chapter provides the reader with some ideas of the roles and responsi-
bilities of the various levels of management and practitioners. It includes:

◗ Senior management;

◗ Middle management;

◗ Project leaders;

◗ Practitioners;

◗ Engineering process group;

◗ Quality assurance;

◗ Configuration Management;

◗ Testing;

◗ Measurement;

◗ Stakeholders.

Chapter 6—The Evolutionary Differences Between
CMM for Software and CMMI

This chapter illustrates the evolutionary differences between CMM® for
Software and CMMI® and presents an incremental approach for organiza-
tions interested in moving or evolving from a strict CMM® for Software
process improvement focus to the integrated focus offered by CMMI®.
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Chapter 7—Enabling the Project Leader to Better
Manage and Control Through Project Planning and
Project Monitoring and Control

Chapter 7 is the first of five chapters (Chapters 7 through 11) that focus on
the inclusive topics of project management. It introduces my philosophy
regarding the contributing components of project management. The begin-
ning of this chapter includes a short introduction to risk management,
quality management including quality assurance and Configuration Man-
agement, supplier management, and integrated project management. The
topics of project planning and project monitoring and control are the focus
of the look and feel description of this chapter following the general project
management introduction.

Chapter 8—Enabling the Project Leader to Better
Manage and Control Through Risk Management

Risk management has been placed in CMMI® as a separate process area to
call attention to its importance in managing successful projects and success-
ful businesses. The basic risk management functions of risk identification,
risk analysis to determine probability, impact and time frame, risk prioritiza-
tion, determining a risk management strategy, developing a risk mitigation
plan, determining and evaluating contingency plans, and proactively track-
ing and managing the risks are all included in this chapter with direct links
to the overall umbrella of project management.

Chapter 9—Enabling the Project Leader to Better
Manage and Control Through Quality Management

While the continuous representation of CMMI® chose a categorization
scheme that placed CM and QA in the category of support, it is my experience
that effective use of the engineering principles of CM and QA are best realized
by thinking of them as project management functions. The quality manage-
ment process areas of process and product quality assurance and Configura-
tion Management are described in this chapter as project management
functions that provide input to a project manager to help him or her better
manage and control and not simply go through the motions to satisfy audit or
assessment criteria. The project’s quality plan is emphasized in the section on
process and product quality assurance. The section on Configuration Man-
agement describes in sufficient detail the Configuration Management func-
tions of identification, baselining, change control, status accounting, interface
control, supplier control, configuration auditing, and the Configuration Man-
agement system.
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Chapter 10—Enabling the Project Leader to Better
Manage and Control Through Supplier Management

Subcontracting or working with suppliers is becoming a common, but per-
haps uncomfortable, fact of life. Companies that insisted they would not use
subcontractors 1 year ago are suddenly finding themselves in a position of
trying to decide how to select a qualified subcontractor or supplier. While
there is much written on management of suppliers, it is believed by many
that effective supplier management means that a project and/or business
unit must have effective requirements engineering, project management,
and quality management processes established and maintained for their
own use to be able to properly and effectively apply them to their suppliers.
This chapter takes this approach as it examines the process areas of Supplier
Agreement Management and Integrated Supplier Management.

Chapter 11—Enabling the Project Leader to Better
Manage and Control Through Integrated Project
Management

Integrated Project Management takes project management to another
dimension as it describes the project management function discussed in
Chapters 7 through 10 based on the organization’s set of standard processes.
This chapter also serves as the conclusion to the overall discussion of project
management.

Chapter 12—The Recursive Nature of Requirements
Engineering

Collecting and understanding requirements is the necessary but not necessar-
ily sufficient start of a successful project. While certainly not true in all cases,
the requirements phase for many software-oriented projects has been largely
restricted to requirements gathering. In probably far too many cases, design
and even coding were started before requirements were known or stabilized
to a sufficient point. This chapter presents the recursive nature of the total
requirements gathering and analysis process from initial identification of
stakeholders to deriving requirements to validating requirements at all stages.
CMMI® process areas covered in this chapter will be Requirements Develop-
ment and Requirements Management. Topics covered will include:

◗ Identifying stakeholders;

◗ Eliciting requirements;

◗ Documenting customer requirements;

◗ Translating customer requirements into product and product
components;
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◗ Identifying interface requirements;

◗ Developing operational concepts;

◗ Developing operational scenarios;

◗ Deriving requirements;

◗ Performing functional analysis;

◗ Discovering additional requirements;

◗ Analyzing and validating requirements at all stages.

Chapter 13—Alternative Solutions
This chapter presents the concepts and guidelines that CMMI® has to offer
on establishing criteria and selecting product or product component solu-
tions from alternative solutions. It includes the concepts of decision analysis
and resolution for more formal decision making. Critical insight is provided
that shows that alternative solutions are not only different ways of address-
ing the same requirements but that they also reflect a different allocation of
requirements among the product components comprising the solution set.
This chapter will also focus on the design and implementation of the prod-
uct or product component.

Topics covered will include:

◗ Developing operational concepts;

◗ Developing operational scenarios;

◗ Deriving requirements;

◗ Developing alternative designs;

◗ Discovering additional requirements;

◗ Decision analysis and resolution.

Chapter 14—From Components to Products: Gluing the
Pieces Together

This chapter presents CMMI® process areas of Product Integration, Verifica-
tion, and Validation as a “mathematical triple” and shows how their use
guides projects from the building blocks developed during technical solution
to an integrated, verified, and validated set of product components that are
then ready for packaging and delivery.

Chapter 15—Improving Processes at the
Organizational Level

This chapter describes the organizational components necessary to establish
and keep the organization on a path of continuous process improvement. It
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includes CMMI® process areas of Organizational Process Focus and Organi-
zational Process Development. The description of the Organizational Process
Development process area will emphasize the various components that
must be in place before an organization can claim compliance to the
requirements and guidance provided by this process area. It will distinguish
between a product life cycle and a process description. It will clearly show
the importance of establishing and enforcing tailoring guidelines for project
use of organizational processes and it will show the importance of collecting,
advertising, and using good examples for project uniformity and success.

Chapter 16—The Knowledge and Skills Base
This chapter provides the reader with an underlying understanding of an
Organizational Training Program that takes into consideration:

◗ What business the organization is in;

◗ What core competencies must be developed or acquired to support that
business;

◗ The knowledge and skills currently available in the organization’s
workforce;

◗ The training, mentoring, and coaching needed to develop or enhance
the workforce knowledge and skills to accomplish individual, project,
and organizational goals.

Chapter 17—Integrated Teams
An Integrated Team, also known as an Integrated Product Team, is com-
posed of members who are collectively responsible for delivering the work
product. Team members include empowered representatives from both the
technical disciplines and business functional organizations involved with
the product and have a stake in the success of the work products produced.
Within defined boundaries, these representatives have decision-making
authority and the responsibility to act for their representative organizations.
These integrated teams may be viewed as a microversion of the company or
business unit itself.

This chapter describes the conditions under which integrated teams are
considered, built, and managed. It includes CMMI® process areas of Inte-
grated Project Management, Integrated Teams, and Organizational Environ-
ment for Integration.

Chapter 18—Reducing Variation
This chapter presents an evolutionary path within CMMI® model that illus-
trates how process improvement steps taken to move from an individual
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focus, to a project focus, to a measurement-oriented organizational focus to
a quantitative management focus can be thought of as successive steps in
reducing variation in an organization’s processes and business results. The
process areas of Project Planning, Project Monitoring and Control, Measure-
ment and Analysis, Organizational Process Definition, Integrated Project
Management, Organizational Process Performance, and Quantitative Project
Management will be used to support this chapter’s concepts.

Chapter 19—Techniques for Establishing a
Measurement Program

This chapter illustrates the strong measurement focus that can be found and
utilized from CMMI®. Starting with basic project management measures
and an understanding of getting a measurement program started through
the implementation of the concepts found in the Measurement and Analysis
process area, it guides the reader to the establishment of an Organizational
Measurement Repository, the collection of peer review and test data, and
the evolution of the organizational process measures that provide the build-
ing blocks for statistical process control and quantitative project manage-
ment. CMMI® process areas of Organizational Process Performance and
Quantitative Project Management will be examined in detail.

Chapter 20—Beyond Stability
This chapter describes the causal analysis and process innovations that can
be built upon the quantitative and predictable knowledge of an organiza-
tion’s processes to solve business needs that otherwise could not be solved
simply through hard work and management concern. CMMI® process areas
of Causal Analysis and Resolution and Organizational Innovation and
Deployment will be presented.

Chapter 21—Repeatable, Effective, and Long-Lasting
This chapter examines the specific and generic goals and their associated
specific and generic practices from both the staged and continuous represen-
tations’ points of view to help the reader more easily the concept of institu-
tionalization of the process areas. The theme of implementing a process area
or collection of process areas so that they are repeatable, effective, and
long-lasting is emphasized.
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Chapter 22—The Constagedeous Approach to Process
Improvement

This chapter makes the case for the understanding and application of the
principles of both the staged and continuous representations of CMMI® in
supporting an organization’s process improvement initiative.
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Engineering Systems Think

The merger of Systems Engineering and Software Engineer-
ing CMM® and process improvement ideas has resulted in

the development of CMMI®. This chapter provides a brief over-
view of the systems engineering and software engineering
sources that were merged to develop CMM® Integration or
CMMI®. In addition, this chapter stresses the importance of
engineering systems think, which seems to have gotten lost over
the years when the industry focus has predominantly been on
the artistic side of software engineering.

CMM for Software
Establishment of the SEI

In the mid-1980s it became apparent to the United States
Department of Defense (DoD) that the myriad of systems that
were being developed for defense applications were becoming
software intensive, were not meeting the established require-
ments, and were rapidly becoming cost-prohibitive.

The Software Engineering Institute (SEI), as a part of Car-
negie Mellon University, was established in 1984 as a federally
funded research and development center (FFRDC) with the
mission to provide leadership in advancing the state of the
practice of software engineering to improve the quality of sys-
tems that are dependent on software.

CMM v1.0 to CMMv1.1

Early questionnaires and model beginnings focused predomi-
nantly on software engineering processes. Capability Maturity
Model (CMM®) for Software v1.0, released in August 1991,
strongly referenced the link to the overall system and the
requirements from which the software developers were
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supposed to work. These requirements were referred to as “systems engi-
neering requirements allocated to software.” As CMM® for Software started
to grow in popularity in the early 1990s, the parts of the industry that were
more information technology–oriented protested the reference to systems
engineering, and CMM® v1.1, released in 1993, no longer maintained that
reference.

Software Product Engineering
The software life-cycle functions that coincided with the descriptions found
in ISO 9001:1994 were placed all together in a Key Process Area (KPA)
called Software Product Engineering.

Many debates took place in the hallowed halls of the SEI during the
development of CMM® v1.0 regarding the need for a more detailed descrip-
tion of those life-cycle functions versus the containment of the size of
CMM® and the number of key process areas that were being developed for
CMM® Maturity Level 3. In the end, it was decided to keep only one KPA
that described the “engineering” activities or functions and to reduce the
content of that KPA to keep it compatible with the rest of the KPAs in
CMM®. For many, including the CMM authors, the engineering part of
CMM® was reduced or de-emphasized for the sake of spreading its usage.

The need for a systems engineering CMM
While the use of CMM® for Software grew rapidly worldwide, it became
very clear, very quickly, that the strict focus on software engineering did not
satisfy the business or systems needs of the companies that were developing
the software intensive systems. Assessments conducted by Jeff Perdue of the
Institute of Software Process Improvement (ISPI) showed that the need for
systems engineering process improvement and a systems CMM®
was immediate. Following the final presentation of one of these software
process assessments led by Mr. Perdue, one senior manager stood up and
commented that if he had changed each reference from software engineer-
ing to systems engineering, the results would have been just as accurate.
Comments like the one above led to the development of a systems engineer-
ing CMM® by the Software Engineering Institute, even though its original
charter and government-provided guidance was restricted to software.
Eventually, various CMM® models were developed for a myriad of disci-
plines other than software and systems engineering. These included models
for software acquisition, workforce management and development, and
integrated product and process development.

Although these models proved useful to many organizations, the use of
multiple models also became problematic. Organizations desiring to focus
their improvement efforts across the disciplines within their organizations
ran into difficulties. The differences among the discipline-specific models,
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including their architectures, contents, and approaches, limited these
organizations’ abilities to focus their process improvements efforts success-
fully. In addition, the application of multiple models that were not consis-
tently integrated within and across an organization resulted in higher costs
in terms of training, appraisals, and improvement activities.

The need for an integrated model
CMM® Integration project was formed to sort out the problem of using
multiple CMM®s. CMMI® Product Team’s mission was to combine three
source models—(1) Capability Maturity Model for Software (SW-CMM®)
v2.0 draft C, (2) Electronic Industries Alliance Interim Standard (EIA/IS)
731, and (3) Integrated Product Development Capability Maturity Model
(IPD-CMM®) v0.98—into a single improvement framework for use by
organizations pursuing enterprise-wide process improvement.

Systems engineering

Systems engineering covers the development of total systems, which may or
may not include software. Systems engineers focus on transforming customer
needs, expectations, and constraints into product solutions and supporting
these product solutions throughout the entire lifecycle of the product.

Software engineering

Software engineering covers the development of software systems. Software
engineers focus on the application of systematic, disciplined, and quantifi-
able approaches to the development, operation, and maintenance of
software.

Integrated Product and Process Development

Integrated Product and Process Development (IPPD) is a systematic
approach that achieves a timely collaboration of relevant stakeholders
throughout the life of the product to better satisfy customer needs, expecta-
tions, and requirements. The processes to support an IPPD approach are
integrated with the other processes in the organization. The IPPD process
areas, specific goals, and specific practices alone cannot achieve IPPD. If a
project or organization chooses IPPD, it performs the IPPD-specific practices
concurrently with other specific practices used to produce products (e.g., the
engineering process areas), that is, if an organization or project wishes to
use IPPD, it chooses a model with one or more other disciplines in addition
to selecting IPPD.

The need for the integrated model became more apparent as CMMI®
evolved into the set of models it represents today. In her work on software
engineering at Carnegie Mellon University, Dr. Mary Shaw indicated that
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software engineering is still not considered to be an engineering discipline
throughout the world, especially when it is compared to electrical engineer-
ing, mechanical engineering, and civil engineering. Leading companies that
have software as a part of their products still face cost overruns, schedule
slippage, poor performance, and unsatisfied customers.

A number of companies have set a precedent with their belief and
approach to systems, software, and business goals. They have integrated all
three using a unified quality management approach in their process
improvement initiatives. Among those are Motorola, whose Microsystems
business unit started developing “product life cycles” in 1985 that included
systems, software, hardware, marketing, and manufacturing. In 1990, AT&T
realized an increase in productivity and product quality by creating inte-
grated teams that forced marketing, systems, software, and hardware repre-
sentatives to work together and to be accountable as a team for the delivery
of the product.

Integrating systems engineering and software engineering activities
enabled Ford Aerospace from 1989 to 1992 to regain its competitive position
in the command and control marketplace and reach CMM® Maturity Level
3 at the same time.

Systems engineering and systems management
We must first discuss the topics of what systems engineering and systems
management are and what some of the commonly accepted functions of a
systems engineer are in order to properly talk about engineering systems
think.

The precise definition of systems engineering is not commonly agreed
upon throughout the industry or with the major companies that employ
systems engineers. This has led to a great deal of confusion and long hours
of wasted debates. Some of the common and not-so-common names for sys-
tems engineering include:

◗ Systems engineers;

◗ Systems architects;

◗ Systems integrators;

◗ Systems management engineers;

◗ Systems quality assurance engineers;

◗ Systems theorists;

◗ Systems reengineers;

◗ Operations research (closely related profession);

◗ Management science (closely related profession).

We will try to clarify the confusion. First, let us take a look at the engi-
neering of systems. Systems engineering is concerned with the engineering
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of systems. Systems management is concerned with strategic-level manage-
ment of systems engineering. Systems engineering efforts therefore should
involve:

◗ Systems management;

◗ Systems process;

◗ Systems engineering method and tools or technologies.

These three levels of systems engineering are illustrated in Figure 1.1.
Systems engineering can be viewed as a management technology. If we

break management technology down into its components, we will be able to
derive a clearer understanding of systems engineering.

Technology

Technology is the organization, application, and delivery of scientific knowl-
edge, as well as other forms of knowledge for the betterment of a client
group. Technology can be viewed fundamentally as a human activity.

Management

Management involves the interaction of the organization with the environ-
ment. The purpose of management is to enable organizations to better cope
with their environments in order to achieve purposeful goals and objectives.

Management of technology

The management of technology (Figure 1.2) involves the interaction of:

◗ Technology;

◗ Organizations that are collections of people concerned with the evolu-
tion and use of technologies;

◗ Environment.
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Systems engineering definition

Thus, if we combine all of the definition pieces we have just presented, we
can define systems engineering to be the management technology that con-
trols a total system life-cycle process, which evolves and results in the defini-
tion, development, and deployment of a system that is high quality, cost-effective,
and on schedule in order to meet the user’s needs.

Engineering systems thinking
Over the past 7–10 years, I have worked with a large number of companies
that did not have a strong engineering discipline among its software systems
developers or its management. While this did not seem to pose a problem
when an organization was going through the initial phases of its process
improvement initiative, it quickly manifested itself into a deep-seated prob-
lem when an organization attempted to develop its action plan. Working
groups (WG) or process action teams (PAT) found it difficult to take the nec-
essary steps to move from assessment recommendations to implementation
tasks that were:

◗ Described in enough detail to be placed into a project-level plan (com-
plete with milestones and deliverables);

◗ Prioritized according to organizational business need and project
criticality;
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◗ Scheduled for implementation according to defined increments;

◗ Able to be implemented within the financial and resource constraints
of the organization.

Guidance for Action Planning

The author developed a method for successfully helping an organization
make the transition from process assessment to action planning and imple-
mentation—Guidance for Action PlanningSM (GAP).

The concepts behind GAP come from the application of the engineering
principle of decomposition of high-level system descriptions into more man-
ageable subsystems and modules. In other words, this is the application of
basic engineering principles to process improvement tasks. However, if an
organization does not have both a management team and a workforce that
embraces basic systems engineering thinking, it can prove to be painfully
hard, if not impossible, to develop actionable process improvement plans.

The GAP provides a starter kit for the development of the action plan or
plans for individual focus areas. It provides the vital intermediate details to
get the organization going in the right direction, thus enabling it to imple-
ment and to complete its action planning within a reasonable time frame. It
provides direction for the organization’s senior management team and the
process improvement champions to ensure that coordinated action will
result from the assessment effort, and that this effort will support the
organization’s business objectives.

The GAP provides senior management with a big picture of the require-
ments for process improvement by showing what needs to be done, who
needs to be involved, and what it might take to accomplish true and lasting
improvement. This analysis provides a process improvement road map to
support management decision making by clarifying how process improve-
ment priorities can map to the corporate vision and business environment.

The GAP also provides important information for the Software/Systems
Engineering Process Group (SEPG) and others involved in the development
of the action plan as it defines the initial steps in the development of the
focus area sections of the action plan. These steps are direct transitions from
the assessment results (see Figure 1.3). The GAP assists the SEPG’s facilita-
tion of the development and implementation of the action plans that will
support the process improvement needs of the organization the most.

The Guidance for Action PlanningSM provides the bridge between the
assessment results and the activities necessary to develop actionable plans
for improvement.

Systems thinking

Systems thinking is a discipline for seeing the whole. It is a framework for
understanding interrelationships and repeated events rather than seeing
things in isolation. Systems thinking is about seeing patterns of change
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rather than static snapshots. Systems thinking embodies the idea that the
interrelationship among the parts relative to a common purpose of a system
is what is important. Systems thinking is necessary for successful product
development and process improvement.

The Fifth Discipline

Peter Senge led a team of authors to write a book, The Fifth Discipline: The Art
and Practice of the Learning Organization, to describe a path for the “learning
organization.” According to Mr. Senge, systems thinking is the fifth disci-
pline“ and is the catalyst and cornerstone of the learning organization that
enables success through the other four disciplines” [2]:

1. Personal mastery through proficiency and commitment to lifelong
learning;

2. Shared mental models or the organization markets and competitors;

3. Shared vision for the future of the organization;

4. Team learning.

Mr. Senge describes certain truths or laws about the fifth discipline. A
few of them are included here to support the concepts of engineering sys-
tems thinking.

◗ Short-term improvements often lead to long-term difficulties. When
organizations only focus on the “low-hanging fruit,” they frequently
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do not establish the basics functions necessary to continue long-term
future growth.

◗ The easy solution may be no solution at all.

◗ Quick solutions, especially at the level of the symptoms, often lead to
more problems than existed initially.

◗ Cause and effect are not necessarily closely related, either in time or in
space. Sometimes solutions implemented here and now will have
impacts far away at a much later time.

◗ The entire system, comprised of the organization and its environment, must be
considered together.

Laws of engineering systems thinking

Engineering systems thinking is not merely a slogan; it is composed of basic
“laws” that can and should be applied to everyday business life. Here is a
summary of some of the more important engineering systems thinking laws
according to my educational background and professional experience. Proc-
ess areas that have been defined in CMM® Integration (CMMI®) appear in
brackets and parentheses as indicators of the effort undertaken in the devel-
opment of CMMI® in order to incorporate engineering systems thinking.

1. In all of the project’s phases/stages, and along the system’s life, the
systems engineer has to take into account [Requirements Develop-
ment (RD)]:

◗ The customer’s organization vision, goals, and tasks;

◗ The customer’s requirements and preferences;

◗ The problem to be solved by the system and the customer’s needs.

2. The whole has to be seen, as well as the interaction between the sys-
tem’s elements. Iterative or recursive thinking must replace the
traditional linear thinking [RD–Technical Solution (TS)].

3. Project members should always look for the synergy and the relative
advantages from the integration of subsystems [TS–Product Integra-
tion (PI)].

4. The solution is not always an engineering one. Remember to take
into account:

◗ Business and economic costs;

◗ Reuse or utilization of products and infrastructure already
developed;

◗ Organizational, managerial, political, and personal considerations.

5. The systems engineer should consider as many different perspectives
as possible.
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6. Systems engineers and project mangers should always take into
account (RD–TS):

◗ Electrical considerations;

◗ Mechanical considerations;

◗ Environmental considerations;

◗ Quality assurance considerations;

◗ Quality factors such as reliability, maintainability, expandability,
and testability.

7. Future logistic requirements should be evaluated in all development
phases including (RD–TS):

◗ Spare parts;

◗ Maintenance infrastructure;

◗ Support;

◗ Service;

◗ Maintenance levels;

◗ Technical documentation.

8. When a need arises to carry out a modification to the system, always
take into account (RD–TS–Requirements Management):

◗ The engineering and nonengineering implications;

◗ The effects on the form, fit, and function;

◗ The system’s response to the changes;

◗ The needs, difficulties, and attitudes of those who must live with
the modification.

9. Each problem may have more than one possible working solution
(TS):

◗ All possible alternatives should be examined and compared to
each other by quantitative and qualitative measurements.

◗ Engineering trade-offs and cost-effectiveness should be consid-
ered at every stage.

10. Systems engineers should be encouraged to look for the changes that
might introduce significant improvements with minimum effort.

11. Processes that result in slow or gradual results should be taken seri-
ously [Organizational Innovation and Deployment (OID)].

12. A known solution is not always suitable for the current problem.
Each available solution should be considered along with the risks,
dependencies, and constraints inherent in the evolving system
[Generic Practice (GP) 2.2].
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13. Development risks must be taken into account throughout the entire
product development cycle [Project Planning–Risk Management
(RSKM)].

14. It is impossible to run a project without [PP–Project Management
and Control (PMC)–Configuration Management (CM)–Generic
Practices]:

◗ Control;

◗ Configuration Management;

◗ Milestones;

◗ Management;

◗ Scheduling methods.

15. The end user must be considered as a major part of the system
(RD–PP).

16. Engineering systems thinking requires the integration of expertise
from different disciplines and requires the examination of different
perspectives, calling for teamwork to cover those perspectives [Inte-
grated Project Management, Integrated Product and Process
Development, Integrated Teaming (IPM–IPPD–IT)].

17. Selecting partners and subcontractors is critical. Do not enter into a
partnership unless the partner is willing to share your risks as well as
your successes and profits [Supplier Agreement Management
(SAM)].

18. Limit the responsibility assigned to an external factor, since this
increases the dependency on it [SAM–Commercial Off the Shelf
Software (COTS)].

19. Take the shelf life into consideration when selecting components for
production.

20. Engineering systems thinking includes probability and statistics both
when defining the systems specifications and when determining the
project targets such as cost and performance [Decision Analysis and
Resolution (DAR)].

Summary
One of the most prominent problems observed in software and soft-
ware/systems organizations today is the lack of engineering discipline, cited
by mangers at all management levels. CMM® for Software was developed
to encourage organizations to develop processes to guide its software devel-
opment. CMM® Integration recognizes that engineering systems thinking is
an important asset for building systems and has put the “engineering” back
into process improvement.
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Oriented-to-Business Results

The software industry has long criticized the CMM® model
for its lack of focus on business results. Other total quality

management models, such as Malcolm Baldridge and the Euro-
pean Foundation for Quality Management, place heavy empha-
sis on business results and not just documenting the process to
gain industry certification. CMMI® clearly and repeatedly states
the need for all process improvement activities to measurably
support the organization’s business objectives.

State of the practice for software
engineering
Today’s situation in software systems

In [1], two key ideas were presented concerning organizations
engaging in process improvement initiatives: (1) “The median
annual cost per engineer of software process improvement
using the CMM® for Software was $1,375…” and (2) “…The
savings to organizations were about 5 times this
amount—$6,875 per software engineer.” This statistic alone
should have companies that build software systems scrambling
around the world to become involved with their own process
improvement initiatives based on CMM® or now its enhanced
and integrated big brother, CMM® Integration.

Examples of software systems problems

If the statistics reported by the Software Engineering Institute
are not motivating enough, the following examples that have
occurred in the past 10 years should cause most of us to pause
and think:

◗ A bank in the United Kingdom transferred $3 billion to other
banks because of a design flaw.
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◗ A major airline lost $50 million in bookings due to a design error.

◗ A misplaced decimal point in software supporting rocket launching for
the U.S. Air Force resulted in a $3 billion loss and a nationwide
investigation.

◗ Late delivery and poor quality software resulted in a $240 million pen-
alty for a telecommunications company in Europe.

◗ A high-speed train collision killed hundreds—a high price to pay for
software errors.

Engineering competency

During the past 8 years, my process improvement consultancy activities
with engineering firms, financial institutions, insurance companies, IT com-
panies and business units, and government software/systems developers
have revealed a significant lack of engineering competency. Overall, there
appears to be an inability to manage the engineering processes. In many
cases, organizational process definitions are poor to nonexistent. In others,
the processes appear to be very well developed but are not trained, sup-
ported, or enforced and, as a result, are not uniformly used or kept “living.”
A common complaint among managers at all levels is that there is a lack of
engineering discipline. A systems approach to problem solving appears to be
for the other guy. The comment we hear often is: “…but my project has
such great pressures that we don’t have time to think of alternatives and do
things in a systems way.”

Quality management and the underlying quality functions are misunder-
stood and are poorly implemented throughout the life cycle. Quality assur-
ance is still reported to be the testing group. The difference between quality
control (evaluates the products and life-cycle work products —peer reviews
and testing) and quality assurance (evaluates the processes—evaluations and
assessments) is rarely understood. Measurement programs are implemented
late and are poorly oriented. Too often, I am told that a business unit’s focus
is on hours spent on reviews but not the result of those reviews. In addition,
even if processes exist and attempts are made to follow them, efficiency and
effectiveness measurements are rarely implemented.

An example will serve to illustrate this critical lack of understanding and
use of measurements. A quality assurance manager in a large IT department
routinely reported on the number of audits and reviews that he and his staff
participated in each month. When confronted with the question So What?,
he replied that often the quality engineers had spent more than 50 hours
per week on those activities. It was then suggested that for his quality
group’s activities to be considered effective, he might concentrate on how
many serious noncompliances were uncovered by these quality assurance
activities, and how many his staff had helped the projects to fix.

The reporting of numbers of audits and hours of work certainly repre-
sents “status.” The result of following the quality assurance processes and
producing results such as the elimination of noncompliances in a given
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reporting period and increasing the probability of producing a high quality
product indicates effectiveness.

Another engineering competency weakness that we have seen is that
people are most often hired to satisfy a particular project need. There is little
evidence that the people are hired because of an organizational understand-
ing of the core competencies needed to support business objectives. Indeed,
the facts seem to indicate that people are routinely hired without an accept-
able percentage of core competency skills and, even worse, they are hired
without a demonstrable ability to learn and master core competency skills.

Support for the organization’s business objectives
In order for a focus on process improvement to be successful, it must be tied
to the organization’s business objectives. CMM® for Software did not place
such a great emphasis on the process improvement effort supporting busi-
ness objectives, although one could argue that it was certainly implied. The
SEI did not allow this important notion to slip by when CMMI® was being
developed. Understanding and supporting the business objectives play an
important role in the definition of critical process areas such as Organiza-
tional Process Focus, Organizational Process Definition, Organizational
Training, Organizational Process Performance, Organizational Innovation
and Deployment, Risk Management, Integrated Teaming, Organizational
Environment for Integration, Quantitative Project Management, Require-
ments Development, Technical Solution, Measurement and Analysis, and
Decision Analysis and Resolution.

To get an understanding of the organization’s business objectives, there
are a few questions that can be presented to the senior management team:

◗ What are the organization’s highest priorities?

◗ What business consequences have resulted from weak or ineffective
processes?

◗ What action is being taken to correct the cause?

◗ How can a focus on process improvement support the organization’s
business objectives?

Business objectives should be able to be stated in everyday terms. An
example of a business objective would be to reduce system errors that are
discovered by customers. This business objective may have been derived
from the statistics of the last two or three releases in which large numbers of
errors were being reported by the customers. Having the organization’s
business objectives clearly stated and documented assists, if not ensures,
that the process improvement effort will be aligned with those business
objectives and will result in desired business results. The following are a few
generic business objectives that are commonly stated in brainstorming ses-
sions with senior management teams:
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◗ Improve predictability of development cycle length, delivery time,
and costs.

◗ Find and fix each problem once.

◗ Reduce system errors that are discovered by customers.

◗ Increase control of suppliers.

◗ Increase quality of products.

◗ Always work with the correct version of a module or life-cycle work
product.

Support for senior management’s vision
A vision is a guiding image of success formed in terms of a contribution to
society. A mission statement answers the questions: Why does our organiza-
tion exist? What business are we in? What values will guide us? A vision,
however, is more encompassing. It answers the question: What will success
look like? It is the pursuit of this image of success that really motivates peo-
ple to work together.

The concept of visioning is not yet a comfortable concept for many sen-
ior managers, especially as it relates to process improvement. However, in
recent years, visioning has become recognized as a major process improve-
ment factor. If the process improvement initiative does not support manage-
ment’s vision, then the probability is very low that management will
support process improvement over the long term.

In today’s highly competitive world, organizations are merging and/or
downsizing. Employees of these evolving organizations want to know how
their efforts can contribute to the health and well-being of their organiza-
tion. Some senior managers have a strong vision, but often it is not commu-
nicated to the practitioners. Some practitioners have a fuzzy idea of what
the vision must be but are not able to articulate it. Some senior management
teams express great disagreement as to what the common vision should be.

Visioning is such an important concept for today’s business that its value
cannot be overemphasized. The following questions may help an organiza-
tion to define its vision.

◗ Where does senior management think the organization will be in the
next year and in the next 2 to 5 years?

◗ What products will be in the mainstream?

◗ Who will the competitors be?

◗ Will there be collaborators or strategic alliance partners?

◗ What technology changes are expected and/or will be required to sup-
port the vision?

◗ What does the organizational structure have to be to support this
vision?
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◗ Who will the organization’s suppliers be?

◗ What must the organizational culture be to support this vision?

◗ How will a process improvement initiative support this vision?

Support for project leaders to better manage and
control

Clearly if the CMMI®-based process improvement initiative is to support
achieving business results, an organization must be able to show what
measurable value will be brought to the project leaders who bear the line
responsibility for product delivery. Today’s project leaders are under ever-
increasing pressure to deliver products that meet or improve the schedule,
for less than the budget allows, and with higher quality and certainly no less
functionality. It seems only reasonable that if they are willing to support a
process improvement initiative they should be able to expect some or all of
the suggested results:

◗ More accurate schedules;

◗ Higher productivity of developers;

◗ Better quality products;

◗ Traceable requirements;

◗ Controlled configuration items;

◗ Reviews focused on critical components;

◗ Better control of suppliers;

◗ Reduction of potential risks.

End-to-end quality
While the CMMI® model is oriented to supporting organization’s process
improvement efforts in technical disciplines such as systems and software
engineering, it is being proven that its concepts can be readily transferred to
the definition and control of an organization’s business processes. Develop-
ing integrated systems are only one part of the organization’s value chain
that strives to provide end-to-end quality to its customers.

It can be argued that it is not sufficient for an organization to have high
maturity technical and project management processes, but an organization
must strive to have a set of integrated business processes for all of its depart-
ments and functions.

As each organization sets up its process improvement initiative, it should
periodically assess its overall business process improvement efforts using
questions like these:

◗ What business are you in?
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◗ How does each department contribute to the business’s success?

◗ How do these departments interact with each other to maximize com-
pany profit and achieve business goals?

◗ What business processes exist in each department to optimize its prod-
uct quality and minimize interface conflicts?

◗ What standards and models are being used to accomplish daily tasks?

◗ What personal processes are being used for each person to optimize his
or her performance?

◗ Does each person understand his or her role in supporting the organi-
zation’s business quality goals?

Summary
We conclude this chapter with a look at the Deming quality chain illustrated
in Figure 2.1. Dr. W. Edwards Deming always advocated focusing on quality
first. His belief was that if an organization continually focused on improving
its product and service quality, it would in turn decrease costs, see improved
productivity, be able to decrease prices, increase market share, stay in busi-
ness, provide more jobs, and, as a final result, see the much sought-after
return on investment (ROI).

It is my opinion that CMMI® provides more guidance in its description
of the process areas, goals, practices, and examples to support Dr. Deming’s
ideas of quality than any other model of its kind in the world.
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Process Improvement Based on
CMMI

CMMI® was developed to provide a single model to be used
by organizations pursuing enterprise-wide process

improvement. It provides needed guidance for integrating sys-
tems and software development activities. It supports the coor-
dination of multidisciplined activities that are or may be
required to successfully build a project. It is also being discovered
that these CMMI®-based processes can be translated into busi-
ness processes for other organizational departments such as
human resources, finance, marketing, computer services, and
contract management.

The resulting quagmire of standards
and models developed to govern the
systems/software engineering
processes
Since the late 1960s and early 1970s, various standards gov-
erning the processes of developing products or product compo-
nents have existed. There were government standards,
industry standards, corporate standards, business unit stan-
dards, and project standards. Interface standards were estab-
lished to ensure that suppliers developing open systems
product lines would indeed develop compatible product com-
ponents. As software intensive systems grew in size and com-
plexity and as the demands on system performance rose in
general, meeting customer requirements became more diffi-
cult. Nowhere was this seen more clearly than in the United
States Department of Defense (DoD).

Large defense contractors built systems that did not meet
either some or all of the specifications or even the intended use
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of the product. The defense contractors offered to improve the systems they
had developed and delivered in exchange for a long-standing maintenance
contract. This put the DoD in a difficult position. Either it had to contract out
to maintain the large volume of different hardware and software systems
that it had purchased or try to maintain them itself. Both options were risky
at best. In an attempt for the government to gain some semblance of con-
trol, individual armed forces standards gave way to DoD standards such as
DoD-Std-2167 and DoD-Std-2168 on software development and software
quality assurance planning. DoD contractors reacted with dismay at the
bureaucracy being levied on them but offered no real enforceable solution
themselves. IEEE standards were also being produced on software develop-
ment and quality management focus areas to support the commercial
world’s need for process and quality.

The development and quality standards of the 1970s and 1980s evolved
into ISO standards such as ISO 9001 and ISO 9000-3 for product develop-
ment and a software interpretation of ISO 9001 respectively. ISO 9001 was
developed to ensure a minimum level of quality for products that were
being exchanged between European and Asian countries. Its application to
software products and services was quite controversial because a company
with an ISO 9001 certificate did not always translate into a guaranteed level
of quality, product or product performance.

Through the need of the DoD to determine the capability of its contrac-
tors before contract award, the Software Engineering Institute was con-
ceived. Through the leadership of Watts Humphrey, techniques for
capability evaluation and assessment were developed and the Capability
Maturity Model for Software was created and released in August 1991. The
model was intended to help buyers select the appropriate suppliers with the
required process capability and to guide an organization’s process improve-
ment efforts.

During that same time frame, the European Commission sponsored a
project called BOOTSTRAP. The mission of the BOOTSTRAP methodology
was to study investments in technology upgrades and generally lay the
groundwork for European technology transfer standards and common prac-
tices. The main goal was to speed up the application of software engineering
technology in the European software industry. The project took the SEI
CMM® reference model as the basic reference and included guidelines for a
company-wide quality system.

Based on the success of CMM® for Software in the United States and
the BOOTSTRAP methodology in Europe, as well as demands from other
disciplines and interests, a plethora of CMM®s were developed. These
included:

◗ People CMM® v1.0—September 1995;

◗ Systems Engineering CMM® v1.1—November 1995;

◗ Integrated Product Development v1.0—February 1996;

◗ Software Acquisition CMM® v1.02—December 1996.
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In addition, specialized CMM®s were developed for topics such as soft-
ware quality assurance [1] and measurement [2]. Many organizations
found these various CMM®s to be useful, but they also found them to be
overlapping, contradicting, lacking standardization, and being at great vary-
ing levels of detail. However, more were developed.

The FAA developed an integrated CMM® reference model—
FAA-iCMM® (Dr. Linda Ibrahim, project leader)—and released v1.0 in
November 1997. Bellcore led a group of telecommunications experts and
developed Trillium, a CMM®-based model focused, modified, and adapted
for the telecommunications community.

Turning our attention to ISO, IEC, IEEE, and EIA standards efforts, we
find the International Organization for Standardization (ISO) and the Inter-
national Electrotechnical Commission (IEC) established a Joint Technical
Committee (JTC1) on Information Technology in June 1989. The JTC1 initi-
ated the development of an international standard ISO/IEC on software
development processes to provide a uniform framework for managing and
engineering software. This effort resulted in an international standard being
published in August 1995.

CMM® for Software also influenced an international collaborative effort
to produce a standard for software process assessment that resulted in the
development of the Software Process Improvement and Capability dEtermi-
nation (SPICE–ISO 15504).

This initiative of the ISO/IEC/JTC1/SC7/WG10 set out to develop an
assessment method that provided a measurement scale, criteria for evalua-
tion against the scale, a set of standards, best practices, and industry norms,
and a clear mechanism for representing the results. This standard focused
on developing process areas with basic practices and a path to increase the
capability levels of those process areas in contrast to the CMM® for Soft-
ware approach, which focused on maturity levels of a predetermined set of
process areas that could only be achieved by an organization.

During the same time frame, DoD-Std-2167A-1988 evolved into Mil-
Std-498, which was influenced by ISO/IEC 12207. This, in turn, influenced
IEEE/EIA 12207-1997 for worldwide acceptance.

Which standard, model, or method was the right one to choose? Which
one would give an organization a clear path to care about process improve-
ment, quality management, and its business objectives without an over-
whelming amount of overhead? Simple questions like these were on many
people’s minds and were expressed verbally and sometimes heatedly in
offices, hallways, and bars and at process improvement conferences.

Eventually, it became clear that organizations did not ever have to do
any real work such as design and produce a product; they needed only to
conduct an assessment or evaluation based on the model or standard of the
month and then apply what was learned to their ongoing process improve-
ment efforts. Of course, they also had the option of going out of business.

In the midst of this frameworks quagmire, Sarah Sheard of the Software
Productivity Consortium reported [3] (Figure 3.1), the CMM® Integration
project was formed to develop a single process improvement framework for
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use by organizations pursuing enterprise-wide process improvement. The
CMMI® Product Team developed a new framework that not only accom-
modated multiple disciplines but also was made flexible enough to support
two different representations: the staged representation made popular by
CMM® for Software and the continuous representation used by Systems
Engineering CMM® and SPICE. Furthermore, the CMMI® Product Team
ensured that all of the products developed were consistent and compatible
with the ISO/IEC 15504 Technical Report for Software Process Assessment.

CMMI and ISO 9001:2000
Soon after CMM® for Software v1.1 was released by the SEI, individuals
who were involved with ISO 9001:1994 started to compare that ISO stan-
dard with the contents of CMM®. In 1999, Arnold Das developed an
ISO 9001 to CMM® correlation graphic to show the differences (see Figure
3.2) [4].
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The correlations ran from strong to weak to no correlation at all. It was
concluded by ISO 9001 advocates that CMM® offered more detail and guid-
ance but was not broad enough to satisfy the ISO 9001 breadth. Advocates
of CMM® for Software showed that while some of CMM® Level 2 key
process areas were covered by ISO 9001:1994, they were not covered in full
and Level 3 key process areas were not covered well at all, with the excep-
tion of the Software Product Engineering key process area. The battle lines
were drawn.

Over the past 8 years CMM® for Software has evolved and expanded
into CMM® Integration. The ISO 9001:1994 standard has also evolved into
ISO 9001:2000, being influenced by the BOOTSTRAP Assessment Method-
ology, the development of ISO 15504, and CMM® for Software v2.0 Rev C.

With the SEI CMMI® Product Team evolving CMMI® in conjunction with
ISO 15504, it can be seen today that the correlation between ISO 9001:2000
and CMMI® is significantly higher than ISO 9001:1994 and CMM® for Soft-
ware. A brief summary of this correlation was provided by Boris Mutafelija to
the author. The source of this comparison can be seen in [5].

ISO 9001:2000 to CMMI correlation

There are no explicit requirements for:

◗ Institutionalization;

◗ Creating and maintaining organizational process assets:

◗ Organizational Measurement Repository;

◗ Database of good and best practices;

◗ Missing details for the following process areas:

◗ Organizational Training;

◗ Risk Management;

◗ Decision Analysis and Resolution;

◗ Organization Process Performance;

◗ Quantitative Project Management;

◗ Organization Innovation and Deployment;

◗ Causal Analysis.

CMMI to ISO 9001:2000 correlation

There are no explicit requirements for:

◗ Customer focus and satisfaction;

◗ Management representative responsible for quality management;

◗ Infrastructure (buildings, workspace, equipment, and so forth);

◗ Customer property;

◗ Control of monitoring and measuring devices (weak correlation).
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Process improvement for software, systems, and
business based on CMMI

Why base your organization’s process improvement success on CMMI®?
This indeed may be the question in your mind if you are thinking about all
of the models, standards, and methods that have been produced so far and
are still in existence. First and foremost, the emphasis of CMMI® is to sup-
port the development processes and changing of cultures to show a measur-
able benefit for the organization’s business objectives and vision. CMMI®
provides a framework from which to organize and prioritize engineering,
people, and business activities. It supports the coordination of multidisci-
plined activities that are or may be required to successfully build a project.
As CMMI® is becoming used as the basis for improving an organization’s
software/systems processes, it is also being discovered that these processes
are able to be translated into other organizational departments such
as human factors, finance, marketing, computer services, and contract
management.

CMMI® provides the basis for an organization to develop and control its
own project management and engineering processes so that it can, in turn,
manage the results of its supplier’s processes. It ensures identification and
control of an organization’s “core competencies” and it enables an organiza-
tion to competitively “posture” itself in today’s fast-changing world.

A frequently overlooked advantage of CMMI® is the aspect that CMMI®
captures lessons learned from the use of CMM® for Software and other mod-
els, methods, and standards over the past 10 years. These lessons learned
can be found in many of CMMI®’s process areas, including:

◗ Engineering process areas of Requirements Development, Technical
Solution, Requirements Management, and Product Integration;

◗ Project Planning and Project Monitoring and Control;

◗ Supplier Agreement Management;

◗ Measurement and Analysis;

◗ Risk Management;

◗ Integrated Teaming;

◗ Organizational Process Performance;

◗ Quantitative Project Management;

◗ Organizational Innovation and Deployment.

CMMI and engineering systems thinking
Because CMMI® has integrated the concepts of Systems Engineering
CMM® and CMM® for Software, it returns the concept of engineering sys-
tems thinking to projects and organizations where it has been sorely lacking
for more than a decade.
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The laws of engineering systems thinking, presented in Chapter 1, can be
encapsulated in a few key ideas here:

◗ In all of the project’s phases and stages, and along the system’s life,
the systems engineer has to take into account:

◗ The customer’s organizational vision, goals, and tasks;

◗ The customer’s requirements and preferences;

◗ The problem to be solved by the system and the customer’s needs.

◗ The whole has to be seen as well as the interaction between the sys-
tem’s elements. Iterative or recursive thinking must replace the tra-
ditional linear thinking.

◗ The solution is not always an engineering one. We must remember to
always take into account:

◗ Business and economic costs;

◗ Reuse or utilization of products and infrastructure already
developed;

◗ Organizational, managerial, political, and personal considerations.

Consider these benefits of a CMMI®-based process improvement
initiative:

◗ Increased control of costs and ability to predict development cycle
length and costs of multidisciplined product and product components;

◗ The ability to remove defects early and efficiently from the life-cycle
work products;

◗ Reduced rework leading to reduced development cycle time;

◗ Increased predictability and control of product quality;

◗ Enhanced ability to make cost-benefit trade-offs of development meth-
odologies, technologies, and processes;

◗ Increased capability to select and manage qualified suppliers;

◗ Enhanced ability to make risk management decisions based on quanti-
tative data;

◗ More time available for top innovators to spend on problems and chal-
lenges requiring creative energy;

◗ Knowledge retention and expansion;

◗ Satisfied customers.

It is CMMI® and only CMMI® that has successfully combined the tried-
and-true ideas presented by CMM for Software and embraced engineering
systems thinking at the same time.
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Summary
Why base your organization’s process improvement initiative on CMMI®?
CMMI® represents integration of multiple military, ISO, IEEE, and commer-
cial standards and procedures that cover all aspects of building systems. It is
closely linked to ISO 9001:2000. The emphasis of CMMI® is to support the
development processes and changing of cultures to show a measurable bene-
fit for the organization’s business objectives and vision. CMMI® provides a
framework from which to organize and prioritize engineering, people, and
business activities. It supports the coordination of multidisciplined activities
that are or may be required to successfully build a project and it returns the
concept of engineering systems thinking to project development.
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CMMI Speak

This chapter intends to provide the reader with some of the
more critical vocabulary that is used throughout CMMI®.

While an organization is certainly not required to strictly adopt
CMMI® terms in order to show compliance to its principles and
guidance, some knowledge of the most important terms starts
the journey of getting the look and feel of what it is like to imple-
ment CMMI® concepts in an organization.

The SEI has chosen to use definitions from Webster’s Diction-
ary when those definitions suffice. Some of the terms used in
CMMI® have meanings attached to them that differ from their
everyday use. These are some of the phrases, word groupings,
and terms that will be emphasized in this chapter. Many of the
terms are taken from Chapter 3. Other terms are taken from
the CMMI® Glossary and Acronyms Section. Examples taken
from industry experience of the authors are also added to pro-
vide a context to help the reader interpret the terms for their
organization.

Model
A model is a structured collection of elements that describes
characteristics of effective processes. A model is used to help set
process improvement objectives and priorities and improve
processes. A model is used to help ensure that the processes we
put in place throughout our organizations will be stable, capa-
ble, and mature. A model is intended to be used as a guide for
the improvement of project and organizational processes. A
model provides:

◗ A place to start;

◗ The benefit of an industry’s prior experiences;

◗ A common language;
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◗ A shared vision;

◗ A framework for prioritizing actions;

◗ A way to define what improvement means for your organization.

Model options
With respect to CMMI®, there are a number of model options. These cur-
rently include:

◗ Systems Engineering + Software Engineering (CMMI®-SE/SW v1.1);

◗ Systems Engineering + Software Engineering + Integrated Product and
Process Development (IPPD) (CMMI®-SE/SW/IPPD v1.1);

◗ Systems Engineering + Software Engineering + Integrated Product and

Process Development (IPPD) + Supplier Sourcing (SS) (CMMI®-SE/
SW/ IPPD/SS v1.1);

◗ Systems Engineering + Software Engineering + Supplier Sourcing (SS)
(CMMI®-SE/SW/SS v1.1).

The ability for an organization to achieve a common process improve-
ment language is especially important for companies that have multiple sites
in multiple countries and maintain operations in a cross-cultural environ-
ment. The Dutch-based company ING Group has more than 100 companies
worldwide under its umbrella. In 1998, at the European SEPG conference
held in London, it was reported that the single most important success that
ING achieved as a result of its CMM®-based process improvement program
was increased beneficial communication from Argentina to the Netherlands
and from Poland to Des Moines, Iowa.

Disciplines
The term discipline usually refers to a structured and systematic approach to
a task, such as an approach to training for a sport or an engineering process
to solving problems. CMMI® provides strong support for developing and
institutionalizing engineering discipline among its workforce.

Within CMMI®, discipline refers to a body of knowledge, developed
skill sets, and sequence of processes that are related to product or process
development. Software engineering, systems engineering, integrated prod-
uct and process development, and supplier sourcing are all considered
disciplines.

When we talk about engineering disciplines to which requirements may
be allocated for development, or may be needed on a project, we typically
think of software engineering, systems engineering, hardware engineering,
electrical engineering, mechanical engineering, and manufacturing.
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Adequate, appropriate, as needed
Adequate, appropriate, and as needed appear in CMMI® to allow managers at
all levels and practitioners to interpret the specific and generic goals and
practices in light of the organization’s business objectives.

For example, Generic Practice 2.3 for the process area of Risk Manage-
ment states: “Provide adequate resources for performing the risk manage-
ment process, developing the work products, and providing the services of
the process.” Adequate could be satisfied by:

◗ Numbers of people;

◗ Skills of the people carrying out the risk management process;

◗ The extent to which the risk mitigation activities are defined;

◗ Any tools that might be used to support the risk mitigation activities;

◗ People who must monitor the risks;

◗ People who ensure that the Top 10 Risk List is current.

Establish and maintain
Establish and maintain includes making sure a process is used as well as docu-
mented. This should include proof such as minutes of meetings, audit
reports, peer review data, measurement data, proof of use, and so forth. For
example, establish and maintain the strategy to be used for risk manage-
ment. The risk management strategy must be developed and contain con-
tent such as:

◗ Scope of the risk management effort;

◗ Methods and tools to be used for risk identification, risk analysis, risk
mitigation, risk monitoring, and communication;

◗ How these risks are to be organized, categorized, compared, and
consolidated;

◗ Risk mitigation techniques to be used, such as prototyping, simula-
tion, alternative designs, or evolutionary development.

The procedures and templates to develop a risk management strategy
should be documented, trained, and able to be coached. Each project would
have its risk management strategy defined along with a risk management
plan. A risk management plan may be incorporated into a project manage-
ment plan as a section. It does not need to be a stand-alone document. The
project monitoring and control activities would show that the risk manage-
ment strategy is followed if risks cross established risk thresholds and/or
become problems.
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Customer
A customer is the individual, project, organization, group, and so forth that is
responsible for accepting the product or for authorizing payment. The cus-
tomer is external to the project but not necessarily external to the organiza-
tion. The term customer also serves as a variable when we discuss
requirements gathering or elicitation.

The customer requirements represent the stakeholders’ needs (Figure
4.1) (see the following definition of a stakeholder), expectations, con-
straints, and interfaces that have been collected and consolidated, had con-
flicts resolved, and have been translated into customer requirements. These
“customer requirements” will be evolved into technical or product/product
component requirements.

Policy
A policy or an organizational policy as it is used in CMMI® is defined as a
guiding principle, typically established by senior management that is
adopted by the organization to influence and determine decisions. The
organizational policy defines the organizational expectations for the process
and makes these expectations visible to those in the organization who are
affected.

Another related view of policy is that it is supposed to be a “behavior
expectation–setting document.” The policy should describe how organiza-
tional employees should go about doing their daily work. The policy should
describe how the employees are supposed to behave or act and what values
they are supposed to live each working day. For example, a policy on peer
reviews may state that all projects must plan and carry out peer reviews on

34 CMMI Speak

Stakeholders

Independent
test

Coworkers and
management

Regulatory
agencies

Customers

End user

Marketing

Quality
assurance

Customer
requirements

Product and
product
component
requirements

Operational
concept and
scenarios

Derived
requirements

Definition of
functionality

Figure 4.1 Customer, product, and product component requirements.



critical product components or subsystems or even modules. If an evalua-
tion were to be carried out by an independent evaluator, he or she could
read the policy on peer reviews and then interview project managers and
project members to find out if they have identified critical product components
and if they have conducted or plan to conduct peer reviews on the life-cycle
work products defining those product components. Finding out how the
peer reviews are conducted, what type of training reviewers receive, and
what analysis is conducted on defects that are found would be an issue for
determining the process of conducting the reviews. The policy, if imple-
mented, would ensure that the peer reviews were conducted.

Stakeholder
A stakeholder is a group or individual that is affected by the outcome of a
project or can affect the activities or output of the project.

Stakeholders can include:

◗ Customers;

◗ End users;

◗ Developers;

◗ Producers;

◗ Testers;

◗ Quality assurance;

◗ Database;

◗ Configuration Management;

◗ Suppliers;

◗ Marketers;

◗ Maintainers;

◗ Safety regulation agencies;

◗ Managers.

Relevant stakeholder
A relevant stakeholder is used to designate a stakeholder that is identified for
involvement in specified activities and is included in an appropriate plan
such as the project plan. The chief financial officer (CFO) could be a relevant
stakeholder for a project that is operating under a fixed-price budget and is
critical to the organization’s business success. The CFO might be involved at
the beginning of the project when the budget is first established and before
the contract is signed. He or she might be involved at milestone reviews to
ensure that the project is progressing within the budget constraints.
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Project manager
A project manager is the person responsible for planning, directing, control-
ling, structuring, and motivating the project. He or she may provide both
technical and administrative direction and control to those performing proj-
ect tasks or activities within his or her area of responsibility. The project
manager is ultimately responsible to the customer. The project manager
takes on different roles and responsibilities as the size, diversity, and com-
plexity of the project changes:

◗ Small project;

◗ Large integrated project consisting of systems, software, mechanical,
electrical, and plastics engineering components.

Senior manager
The term senior manager as it is used in CMMI® refers to a management role
at a high enough level in an organization that the primary focus of the person
is the long-term health and success of the organization rather than the short-
term project and contractual concerns and pressures. A senior manager may
be responsible for the oversight of a program that may contain many projects
that are managed by project managers. He or she must be aware of the critical
dependencies between projects. The senior manager normally establishes the
business objectives and ensures that his or her vision is presented to and
understood by all levels of management and practitioners. A senior manager
has the authority to direct the allocation or reallocation of resources in sup-
port of the organization’s process improvement initiative.

It is also typical for the senior manager to have profit and loss responsi-
bility. Synonyms for senior manage include executive and top-level man-
ager and may even be the head or CEO of the organization.

Organization
An organization is a structure in which people collectively manage one or
more projects as a whole and whose projects share a senior manager and
operate under the same policies. An organization is:

◗ A unit within an enterprise or company, agency, or service;

◗ Most often within a single geographical site;

◗ Increasingly defined over multiple sites, multiple countries, and multi-
ple cultures;

◗ Normally self-contained.

An organization operates within a defined set of business objectives and
according to the senior manager’s vision. An organization can also be a
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major product line within a business unit. Some attributes of organizations
include:

◗ Common management;

◗ Common business focus;

◗ Desire to have a common process improvement focus;

◗ Profit and loss requirements.

Enterprise
Enterprise is used to refer to very large companies that consist of many
organizations in many different locations with different customers.

Development
Development, as it is used throughout CMMI®, implies maintenance activi-
ties as well as development activities. Experience has shown that best prac-
tices should be applied to both development and maintenance projects if an
organization is in pursuit of engineering excellence.

Product
A product may be thought of as any tangible output or service that is the
result of following a process and is intended for delivery to a customer or
end user. A product can also be any work product that is delivered to the
customer according to contract.

Product component
Product components are generally lower-level components of the product and
are integrated to “build” the product. Product components may be a part of
the product delivered to the customer or serve in the manufacture or use of
the product. For example, for those companies that manufacture mobile
phone batteries, the mobile phone battery is a product. For those companies
that build and deliver mobile phones, the battery is a product component.

Work product: Life-cycle work product
A work product is any artifact produced by a life-cycle process (Figure 4.2)
and can also be referred to as a life-cycle work product. Life-cycle work prod-
ucts can include:

◗ Requirements specifications;

Enterprise 37



3
8

C
M

M
I

S
p

e
a

k

Requirements
analysis

Feasibility
study

Statement of
requirements

Project initiation

Plans

Walkthrough

Code

Coding

Code
reading

Integration test

Unit test

Test
caseTest data

Integration

P
ro

je
ct

co
m

p
le

ti
o

n

Operational test

Operation

Integration
plan

Test cases
Test data

Test cases

Test cases
Test data

Test cases
Test data

Test cases
Test data

Review

Review

Product phaseout

Operational
software

Accepted
software

Acceptance test

Tested
software

Integrated
software

Tested
module

Module
designs

Detailed
design

Design
specifications

Architectural
design

Requirements
specifications

Updated
requirements

Requirements
specifications

Build
files

Test data

Figure 4.2 V-Model software development life cycle.



◗ Interface specifications;

◗ Architecture specifications;

◗ Project plans;

◗ Design documents;

◗ Unit test plans;

◗ Integration and system test plans;

◗ A process such as a manufacturing product assembly process.

Project
A project is a managed set of interrelated resources that delivers one or more
products to a customer or end user. The set of resources has a definite begin-
ning and end and operates according to a plan. Such a plan typically
specifies:

◗ Product to be delivered or implemented;

◗ Resources and funds used;

◗ Work to be done;

◗ Schedule for doing the work.

Appraisal
An appraisal is an examination of one or more processes by a trained team of
professionals using an appraisal reference model as the basis for determining
strengths and weaknesses.

Assessment
An assessment is an appraisal that an organization conducts for itself for the
purposes of process improvement.

Tailoring guidelines
Tailoring a process makes, alters, or adapts process descriptions, normally
described at the organizational level, for use on a particular project. For
most organizations, one organizational process definition cannot or will not
be followed 100% for all of the projects. Some adaptation is normally
needed. Tailoring guidelines then describe what can and cannot be modified
and identify process components that are allowable candidates for modifica-
tion. Tailoring guidelines can cover:

◗ Selecting a standard process;
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◗ Selecting an approved product life cycle;

◗ Tailoring the selected standard process and life cycle to fit the project’s
needs.

Verification
Verification includes verification of the product and intermediate work prod-
ucts against all selected requirements, including customer, product, and
product component requirements. Verification is inherently an incremental
process. It begins with the verification of the requirements, progresses
through the verification of the evolving work products, and culminates in
the verification of the completed product.

Verification addresses whether the work product properly reflects the
specified requirements. Verification assures “You built it right.”

Validation
Validation demonstrates that the product, as provided, (or as it will be pro-
vided) will fulfill its intended use in the operational environment. Valida-
tion assures that “You built the right thing.”

Goal
A goal is a required CMMI® component that can be either a generic goal or a
specific goal. The word goal as used in CMMI® always refers to a model
component.

Objective
The term objective is used in CMMI® in the common everyday sense; this is
our objective or goal to be accomplished.

Document
A document is a collection of data, regardless of the medium on which it is
recorded. It generally has permanence and can be read by humans or
machines. Documents include both paper and electronic documents.

Quality and process performance objectives
The phrase quality and process-performance objectives covers objectives and
requirements for:
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◗ Product quality;

◗ Service quality;

◗ Process performance.

Process capability is defined to be the range of expected results that can
be achieved by following a process. The maturity of an organization as
defined by the staged representation of CMMI® and previously of CMM®
was supposed to be used only as an indicator of that process capability.

If an organization was assessed at CMMI® Maturity Level 2, a project of
similar size, complexity, and application domain should be able to be con-
tracted to an organization and the customer should be able to expect similar
results in terms of product and service quality and process performance.

Process performance is a measure of the actual results achieved by fol-
lowing a process. It is characterized by both process measures (e.g., effort,
cycle time, and defect removal efficiency) and product measure s (e.g., reli-
ability, defect density, and response time).

Operational concept and operational environment
Operational concept is a general description of how the system is envisioned to
operate, where in the operating environment the system will reside or be
distributed, how long the system must operate, and how effective the sys-
tem’s performance must be. Operational concepts evolve during the
requirements engineering and development activities to facilitate the selec-
tion of product-component solutions that, when implemented, will satisfy
the intended use of the product. Operational environment is the intended
use environment. This is the environment the product or product compo-
nent will reside in for operating, support, maintenance, and training func-
tions including its physical surroundings and people interactions.

Operational scenarios
An operational scenario is a sequence of events that might occur which
includes the interaction of the product with its environment and users, as
well as the interaction among its product components. Operational scenar-
ios are often created by defining a possible state and asking what-if ques-
tions. Operational scenarios are used in eliciting requirements from
stakeholders (end users, management, regulatory agencies, testing, and so
forth) as a way to help the customers to better understand their require-
ments and understand what it will really take to implement those require-
ments. Operational scenarios are used effectively to understand and refine
requirements elicited from the customers.
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Systems engineering
CMMI® defines systems engineering as the interdisciplinary approach gov-
erning the total technical and managerial effort required to transform a set
of customer needs, expectations, and constraints into a product solution and
support that solution throughout the product’s life. This definition includes
the definition of technical performance measures, the integration of engi-
neering specialties towards the establishment of a product architecture, and
the definition of supporting life-cycle processes that balance cost, perform-
ance, and schedule objectives.

From [1] (Figure 4.3), we have additional insights into systems
engineering:

◗ Systems engineering is concerned with the engineering of systems.

◗ Systems management is concerned with strategic level systems
engineering.

◗ Systems engineering efforts involve:

◗ Systems engineering methods and tools or technologies;

◗ Systems process;

◗ Systems management.

The term systems engineering is not as commonly accepted throughout the
world as one might expect. Some common and not-so-common names for
systems engineering include:

◗ Systems engineers;

◗ Systems architects;

◗ Systems integrators;

◗ Systems management engineers;
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◗ Systems quality assurance engineers;

◗ Systems theorists;

◗ Systems reengineers;

◗ Operations research (related);

◗ Management science (related).

Summary
One of the important benefits to an organization that chooses CMMI® is the
development of a consistent engineering, quality management, and project
management vocabulary across its business units. This chapter was written
to provide the reader with some of the more critical vocabulary that is used
throughout CMMI®. The reader is encouraged to thoroughly study
CMMI®, which is available on the SEI Web site and in [2].
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Roles and Responsibilities

This chapter provides the reader with a short description of
the roles and responsibilities of the various levels of manage-

ment and practitioners. Descriptions of the various roles and
responsibilities can be found embedded in various places
throughout CMMI®, including the front material, the process
areas, and the generic practices. These ideas will be combined
with my own ideas and interpretations to provide the widest and
most flexible but usable definitions.

◗ Senior management;

◗ Middle management;

◗ Project leaders;

◗ Practitioners;

◗ Process group;

◗ Quality assurance;

◗ Configuration Management;

◗ Integration and system testing;

◗ Measurement team;

◗ Systems engineering.

Senior management
Establish policies

The term senior manager was defined in Chapter 4 as a manage-
ment role at a high enough level in an organization that the
primary focus of the senior manager is the long-term health
and success of the organization rather than the short-term
project and contractual concerns and pressures.

The senior manager normally establishes the business
objectives and ensures that his vision is presented to and
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understood by all levels of management and practitioners. Together with
the authority to establish the business objectives and sharing his vision with
the organization, comes the responsibility of caring for the profit and loss of
the organization.

Senior management is responsible for defining policy in line with the
vision and business objectives. As previously defined, a policy is a “behavior
expectation setting document” that describes how the organization’s
employees should go about their daily work. It makes the senior manager’s
expectations visible and provides high-level guidance for the development of
more detailed processes, procedures, guidelines, templates, and checklists.

Allocate or reallocate resources

A senior manager has the authority to direct the allocation or reallocation of
resources in support of the organization’s process improvement initiative.
This can involve the allocation of people, computers, telecommunications
equipment, funding, training, and even physical space to groups or activities
such as:

◗ Systems/Software Engineering Process Group (SEPG);

◗ Quality assurance group;

◗ Integration and test group;

◗ Configuration Management group that utilizes a CM tool such as
PVCS or Clearcase.

Establish authority and responsibility

Project managers and other responsible persons and groups not only have
the responsibility for carrying out a process such as requirements engineer-
ing but also have the authority to do so. It is quite common to hear that
project managers or project leaders have the responsibility to lead their proj-
ect to successful completion within the given budget and time constraints
without being given the authority to make decisions that may even involve
replanning and renegotiation with the customer. Projects that are desig-
nated as critical are often not only watched closely by higher-level manage-
ment but are also virtually run by them. Senior managers must take greater
time to choose their project leaders carefully and to train, coach, and then
give them the responsibility they need to successfully manage and control
their projects.

Authorize training

Training budgets and training capabilities need the visible support of the
senior manager, regardless of whether it is training at the organizational
level in order to support the organization’s strategic business direction the
set of organizational processes, or it is providing training to address common
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project needs. Training may take the form of in-house training, e-learning
through local or on-line universities, training, mentoring, and coaching
from in-house experts or provided by vendors, and on-the-job training. Fre-
quently human resources are tasked with establishing an organization-wide
training program. Any endeavor at this level requires the support of senior
management.

Provide visible support

The activities that we have discussed so far and others are part of the set of
what is required of senior management to provide necessary visible man-
agement support. Some of these senior management activities include:

◗ Ensuring effective bidirectional communication from senior manage-
ment to the developer;

◗ Developing or overseeing the development of management and techni-
cal policies;

◗ Establishing a Software Engineering Process Group (SEPG) if one does
not exist along with the SEPG chairman role;

◗ Setting up a Software Quality Assurance Group (SQA) program at the
organizational and project levels;

◗ Ensuring that the software Configuration Management function is
established and operating on all projects;

◗ Ensuring that the necessary funding and time is allocated to support the
defined process improvement activities;

◗ Ensuring that necessary training, mentoring, and coaching are pro-
vided to support the process improvement initiative throughout the
organization;

◗ Ensuring that all other resources that are required to support the
process improvement initiative are available;

◗ Participating in the review of all commitments that are being made on
behalf of the organization to ensure that all commitments that have
been made before, and including this one, can be honored;

◗ Making sure that all levels of management and practitioners under-
stand the vision and business objectives of the organization;

◗ Ensuring that the process improvement initiative addresses the busi-
ness objectives of the organization;

◗ Letting the organization know on a continuous basis the importance
of the process improvement initiative from the senior management
point of view.

It is important to add that sending out memos and e-mails and conduct-
ing annual general assembly speeches espousing care for process improve-
ment and quality are not sufficient. Visible management support means
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“walking the talk” in the activities in which the senior manager participates
to show by example. It means ensuring that a discussion on processes and
quality is part of the monthly senior management progress meeting as well
as focusing on cost, schedule and risk.

Approve organizational commitments

Mr. Watts Humphrey established the Commitment Process and Senior Man-
agement Oversight Review meetings as the pillars of CMM® and CMMI®.
There is often a misunderstanding of indicating commitment for process
improvement on the part of senior management and the “commitment
process.” A high-level view of the commitment process includes these steps:

◗ Work breakdown structure is defined.

◗ An initial estimate is made of the magnitude of the commitment.

◗ The disciplines involved participate in developing the implementation
plan including estimating the size, effort, and schedule.

◗ An independent review of the plan is held.

◗ Agreement is reached on the commitment through negotiation.

◗ Senior management approves the commitment.

◗ A mechanism is provided to renegotiate the commitment in the event
of a requirements change.

◗ A postimplementation review is held to discover what went right and
what went wrong to learn how to improve future commitments and
to compare actual performance with original estimates.

Of course, project teams and supporting teams must have confidence
that the work can be performed within cost, schedule, and performance
constraints. Senior management’s involvement with the commitment
process comes in its support of the proper execution of the commitment
process and in its own visible participation. There was a misunderstanding
that this involvement meant that the senior manager was to engage in a
technical review of the commitment being proposed. Actually, the need for
senior managers to review internal and external commitments, or recom-
mitments, is to ensure necessary support for these commitments together
with all of the other existing and pending commitments that have been
made throughout the organization. In other words, it is a business commit-
ment review on the part of the senior manager, not a technical one.

Senior management oversight

Mr. Humphrey’s vision was that senior manager should conduct senior
management oversight reviews for each of the projects on a periodic basis.
These senior management oversight reviews should include an understand-
ing of the processes that are being used on the projects, their efficiency, their

48 Roles and Responsibilities



effectiveness, and the resulting product quality that is being reached when
they are followed.

Middle management
Corporate bridge

Middle management provides the corporate bridge between the programs
and projects and the senior management team. It is middle management
who must truly understand the organization’s strategic direction and the
senior manager’s vision. This understanding of strategic direction and vision
must be communicated to all other levels of management and practitioners,
so that the daily project management, development, or maintenance activi-
ties can support them. It is middle management that must emphasize these
policies and procedures to the project managers and practitioners in support
of the vision and business objectives. Middle management may not know all
of the small technical details of the processes and procedures that their peo-
ple should be following, but they should be keenly aware of what is
expected of their project members and what processes, methods, standards,
guidelines, templates, checklists, and tools with which those project mem-
bers are supposed to be in compliance.

Risk management decision making

Middle management should receive project and process management infor-
mation. This information, combined with the knowledge of the organiza-
tion’s strategic direction and vision, allows them to make sound risk
management decisions to guide the organization’s daily operations. Thus,
middle management is expected to be the advocate of a strong organiza-
tional measurement program that provides deeper insight into product and
service quality along with process performance.

Process improvement steering committee

Without senior management involvement, the process improvement initia-

tive may flounder and not be oriented toward supporting the organization’s

business objectives. Without middle management involvement, the critical

process improvement resources and other individuals that are needed to

work on specific focus area improvements will probably not be made avail-

able. Middle management must be “on board” to ensure the “right” people

are provided where they are needed for as long as they are needed [1].

If individuals are to devote 25% of their time to a process improvement
working group, that 25% must be made as important to them as the 75%
they are being asked to devote to project work. They must be evaluated for
their contributions to the process improvement effort in the same manner
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they are evaluated for their development efforts. In addition, if an individ-
ual is asked to devote 25% time to process improvement, this must not be
25% above the 120% they are already working. It is middle management who
owns these resources and who must balance their work to accomplish busi-
ness goals set by the senior management team. It is middle management who
must “protect” the time allocated and spent on the process improvement
working groups or the entire process improvement effort will be in danger
from day one to the next.

Middle managers normally serve on the process improvement steering
committee and should be involved in the following activities:

◗ Ensuring that the software process improvement activities are in line
with the vision and business objectives that have been established by
the senior management advisory board:

◗ Reviewing the proposed budget for the improvement effort;

◗ Making recommendations to the senior management advisory
board regarding program direction, budget, and program risks.

◗ Ensuring that the necessary resources for the working groups and SEPG
are available in a timely fashion:

◗ Establishing the working groups to concentrate on prioritized focus
areas (e.g., commitment process, estimation procedures, and testing
methods);

◗ Supporting, where needed, negotiations for people’s dedicated time
to the process improvement effort.

◗ Conducting process improvement program oversight reviews on a peri-
odic basis (recommended once per month):

◗ Ensuring that software process improvement activities progress in
line with documented budgets and plans;

◗ Performing reviews and approval of working group deliverables.

◗ Providing visible support for the SEPG and working groups.

Process owner

While the term process owner has different implications in different organiza-
tions and different process improvement initiatives, I think it is important
for middle managers to take on the role of the process owner. For the pur-
poses of this discussion, process owner means the person responsible for all of
the activities surrounding a process focus area. The process owner may sim-
ply be the sponsor of a working group that is facilitated by an engineering
process group member, or the process owner may be a middle manager that
has significant knowledge and a desire to actually participate in the develop-
ment of new processes or the revision of existing ones. As the process
owner, the middle manager must participate in the periodic senior manage-
ment oversight meeting and report the progress on his or her process focus
area.
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In this way middle management is forced to be involved with the process
improvement initiative and forced to know exactly what progress has been
made, what activity is being worked on, what measurable benefits have
been realized, what issues have been logged, and what risks have been iden-
tified. Armed with that knowledge, the middle manager can provide addi-
tional resources and support of his or her process focus area, can report true
progress to the senior management team, and can participate much more
proactively in discussions and actions that ensure the process improvement
initiative is achieving business results. In addition, the middle manager can
provide stronger direction to the project managers and practitioners who
work under his or her control.

When middle managers serve as a process owners, they also find them-
selves with the ability to more easily relate to process improvement and
quality management questions such as these:

◗ Would you please describe your role (as you currently see it and live
it) in process improvement and change?

◗ How do you encourage and show your support for process improve-
ment efforts in your organization?

◗ Do you feel you must change anything about your attitude, commit-
ment, or skill base to support process improvement and change in
the future?

◗ What change rate to you think can be realistically expected and sup-
ported for the organization worldwide?

◗ How will current stress on the organization affect the process improve-
ment plans and expectations?

◗ How will quality management and process improvement make the sen-
ior management vision come alive?

◗ What level of coaching skills do the senior management and middle
management need to support the process improvement needs of the
organization in the coming years?

◗ Where do training, mentoring, and coaching fit in with on-the-job
experience? How does it work today? What are the plans for
tomorrow?

◗ How will you help lead the organization to stay abreast of the ever-
changing state of the art in technology?

◗ What are the organization’s current ideas for integrating cultures in the
near-term future and mid-term future?

◗ What skill sets in quality management, process improvement, and
change management do you think the process group, quality group,
and change management group will need in order to support improve-
ment worldwide, now and in the mid-term future?

◗ What is the organization’s greatest process improvement achievement
so far?
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◗ How does the organization recognize and reward its process improve-
ment champions?

Project manager
Definition of project management

Project management is the combination of people, processes, techniques,
and technologies necessary to bring the project (or program) to successful
completion. Measures of success depend on the particular project. However,
most projects are measured on what may now be considered the quadruple
constraint of:

◗ Time (schedules);

◗ Cost (on or over budget);

◗ Performance (based on specifications);

◗ Quality (meeting or exceeding customer expectations in the intended
use environment).

The old project management role

Historically, the project manager’s role was to plan, control, organize, and
direct the work of several individuals or departments so the project could
succeed.

The new skills required of a project manager

Today the project manager is expected to be:

◗ Better educated;

◗ Open, friendly, and people-oriented;

◗ A better listener;

◗ Quality conscious;

◗ Receptive to new ideas;

◗ More participative;

◗ Facilitators;

◗ Skilled at group process and group dynamics;

◗ Encouraging to others to participate in plans and decisions;

◗ Understanding in how to coach, inspire, and motivate;

◗ Able to span boundaries;

◗ Able to provide and apply integrative management techniques to
unique, complex organizational ventures characterized by interde-
pendent efforts, a variety of specialists, over multiple sites, multiple
languages, and multiple cultures.
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The process areas of CMMI® certainly expound on the project planning
and project monitoring and control functions that make up the basics of
project management, but the concerns of the project manager are scattered
among many process areas in multiple categories in CMMI®. We will exam-
ine a reasonable subset of them here.

Estimation

Estimation is still a critical component of project management, and the proj-
ect manager is responsible for making sure the following estimates are made
and used in the project planning.

First, the project manager needs to work with his or her lead engineers
and estimate the scope of the project by establishing a top-level work break-
down structure (WBS). The WBS defines the work or tasks to be performed
and is the primary planning and analysis tool used in almost all projects. It
should answer two questions: (1) What is to be accomplished? and (2) What
are the necessary hierarchical relationships of the work effort? The WBS
process also serves the project manager as a tool by:

◗ Providing a complete list of the software, hardware, services, and
information technology work tasks that must be completed during the
development and production of a product;

◗ Defining the responsibility, personnel, cost, duration, risk, and prece-
dence of each work task;

◗ Providing an easy-to-follow numbering system to allow a hierarchical
tracking of the progress.

From the WBS, the project manger can direct his or her project members
to develop work packages that describe what must be performed, by whom,
and in what time duration and start to establish project control.

The project manager is responsible to ensure that standard estimations
are made by those who will be responsible for the development and testing
of the product or product components. These standard estimations include:

◗ Size and complexity;

◗ Effort and cost;

◗ Schedule;

◗ Risks;

◗ Knowledge and skills;

◗ Stakeholder involvement;

◗ Critical computer resources;

◗ Technical activities;

◗ Quality.
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Project planning

Of course, the project manager must oversee the development of the project
plan as the basis for managing the project to completion. The project plan is
accompanied by a number of “supporting” plans or “plans that affect” the
project. These plans may be incorporated into one physical or logical docu-
ment called the project plan, or they may be separate plans that are refer-
enced within the project plan itself. Some of these supporting plans may be
developed together with representatives of the supporting groups such as
quality assurance or Configuration Management, but the project manager is
responsible for these supporting plans’ content and for ensuring that all of
the supporting plans fit together to support the project’s successful comple-
tion. If asked about the contents and direction of the project’s quality plan,
the project manager should never answer, “Go ask the quality engineer,”
even though the quality engineer assigned to support the project may have
had a strong hand in developing the project quality plan along with other
project members, including the project manager. Plans that affect the proj-
ect plan, which are typically developed together with the project plan,
include:

◗ Project quality plan;

◗ Project Configuration Management plan;

◗ Risk management plan;

◗ Knowledge and skills plan;

◗ Stakeholder involvement plan;

◗ Data management plan;

◗ Integration strategy;

◗ Verification strategy;

◗ Validation strategy.

Before the project plan and all other plans that affect the project are
solidified, the project manager is responsible to ensure that all supporting
groups or disciplines are committed to the concepts, budget, and schedule
that are contained in the total project planning package. This may involve
several rounds of negotiation until total agreement is reached and the proj-
ect manager is confident that all relevant stakeholders are committed to the
project’s success.

Criticality

The project manager should assume responsibility for working with the cus-
tomer, the organization’s senior management team, and outside groups
such as regulatory agencies to determine which product components or sub-
systems should be treated as critical. Criticality definitions must be defined
up-front at the organizational level. These criticality definitions are then
translated into quality functions such as peer reviews, tests, and audits for
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each level of criticality. Using the concept of criticality, the project manager
can better direct the use of the project’s resources and focus the application
of the project’s activities including the quality functions on the project’s
critical components that will help optimize the factors of cost, schedule, per-
formance, and quality.

Monitoring and controlling

Once the project plan has been developed and committed to, a major por-
tion of project management is monitoring and controlling. The project man-
ager is responsible for seeing that these monitoring and control activities are
carried out and the results are used to manage and control the project’s
activities in the future. These activities include:

◗ Tracking actual results against the planned estimates;

◗ Conducting weekly or periodic project meetings with project members
and other representatives such as quality assurance and test;

◗ Participating in milestone meetings to report on progress against major
milestones and resetting the project direction as needed;

◗ Attending senior management oversight meetings on a periodic basis to
discuss project progress, processes, and resulting product quality;

◗ Taking corrective action as necessary to keep the project on track
according to plan or making adjustments to the plan and establishing
a new commitment from all relevant stakeholders.

Requirements validation, functional architecture, and
alternative solutions

While the initial requirements elicitation may be carried out with a multi-
ple disciplined team that may or may not include the project manager, the
project manager is responsible for the evolution of those requirements and
their validation with the customer and/or end users. This also means that
the project manager must have the authority to interface with the cus-
tomer with or without other organizational representation. Staying with
this theme, the project manager is responsible for his or her team to
develop the functional architecture to guide the construction and testing of
the product or product component and for ensuring that alternative techni-
cal solutions are considered according to predefined selection criteria before
the final set of requirements are established and the technical solution is
implemented.

Peer reviews and unit testing

It is also the responsibility of the project manager to ensure that peer
reviews and unit tests are planned on the life-cycle work products that are
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identified from the product life cycle chosen for the project. For peer
reviews this means that the project manager is responsible for ensuring that:

◗ Peer reviews are planned, especially for critical components.

◗ Peer reviews are led by trained moderators.

◗ Peer reviews are conduct by trained review team members that have
the right level of knowledge and skills, the right application domain
experience, and the right level of project knowledge to provide useful
and effective input to help detect and remove major defects.

◗ Peer reviews are not considered complete until defect analysis and cor-
rection has taken place according to the exit criteria established by the
peer review moderator.

◗ Peer review data is placed into a database and analyzed for different
categories of defects and trends per life-cycle phase.

◗ Peer reviews are used to improve product and life-cycle work product
quality and for process improvement and not for employee
evaluation.

For unit testing the project manager is responsible for ensuring that:

◗ Unit tests are planned.

◗ Unit tests follow project or organizational standards and templates for
unit tests.

◗ Each unit test contains a section describing expected results that are to
be compared against actual results and corrective action is taken as
necessary.

◗ A sampling of unit tests is observed and evaluated by quality assurance.

◗ Unit test results are taken into consideration as part of the transition
criteria from the project environment to the integration and systems
testing environment.

Configuration Management (CM)

The project manager is responsible for ensuring that developmental Con-
figuration Management is carried out on the project. Whether this is sup-
ported by a centralized CM group or is a collaboration of the project’s CM
specialists working together with the organization’s CM engineers, it is the
responsibility of the project manager to ensure that the basic CM functions
of identification, baselining, configuration control, status accounting, and
configuration auditing are carried out according to the standards and guide-
lines developed for the organization. This responsibility includes:

◗ Ensuring that modules or product components are baselined only
after they have been peer reviewed and unit tested with documented
results;
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◗ Ensuring that communication and cooperation exists between the pro-
ject’s CM specialists and the CM group engineers that are assigned to
support the project’s CM needs;

◗ Serving as the head of the project level change control board (CCB),
perhaps along with the quality engineer and testing representative, in
analyzing change requests that do not affect the agreed upon
requirements;

◗ Ensuring that all life-cycle work products and associated plans are
updated, if necessary, whenever a change request is approved at the
project or organizational level (especially critical when it is the require-
ments that are changed; this ensures systems integrity);

◗ Using the information provided by the function of CM status account-
ing to manage and control the project better.

Quality assurance

Besides working with quality engineers to develop the project’s quality plan,
the project manager is responsible for reviewing and responding to non-
compliance reports that are the result of objective evaluations carried out on
the processes, procedures, standards, guidelines, templates, and checklists
that have been identified to be followed in the project’s quality plan. The
project manager should also support the escalation procedure that a quality
engineer may follow if the project does not respond to the noncompliance
reports in a timely fashion.

Supplier management

Project managers who manage suppliers must be involved with:

◗ Supplier selection criteria;

◗ Developing the requirements to a sufficient level to determine which
requirements would or should be designed and implemented by a
supplier;

◗ Developing the project plan to a sufficient level to determine if the sup-
plier’s estimations are in line with project expectations;

◗ Helping to develop the Request for Proposal (RFP);

◗ Helping to select the supplier based on the supplier selection criteria;

◗ Leading the orientation meeting with the supplier’s team to ensure
complete understanding of what is expected and who is responsible for
what part of the development;

◗ Managing the supplier through specialized project management activi-
ties that keep track of the supplier’s progress and performance;

◗ Ensuring that the supplier’s capability level is maintained through
periodic review.
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Practitioners
Practitioners is a general term for those project members who participate in
the life-cycle activities including requirements gathering, architecture defi-
nition, detailed design, coding or construction, unit testing, integration and
systems testing, and acceptance testing and delivery. They also include
members of groups such as quality assurance, Configuration Management,
engineering process group, measurement, database, and so forth. Practitio-
ners do not normally serve as project managers, although they may serve as
a lead engineer for their project.

Practitioners are not only expected to do, but they are also expected to
participate in a variety of project activities including:

◗ Requirements analysis;

◗ Estimation;

◗ Making commitments;

◗ Development;

◗ Tracking daily work progress;

◗ Developing status reports;

◗ Participating in project meetings and milestone meetings as required;

◗ Identifying risks;

◗ Carrying out risk mitigation activities;

◗ Participating in objective evaluations for process compliance;

◗ Participating in training, mentoring, and coaching;

◗ Providing training, mentoring, and coaching for other project members
in their areas of expertise;

◗ Conducting peer reviews;

◗ Conducting unit tests;

◗ Following Configuration Management guidelines, especially at the
developmental control level;

◗ Providing inputs for process improvement;

◗ Understanding and implementing the senior manager’s vision;

◗ Understanding and supporting the organization’s business objectives;

◗ Embracing changes in technical processes and organizational develop-
ment and helping colleagues to deal with the changes as well;

◗ Aligning personal career development goals with those of the project
and organization;

◗ Studying and acquiring knowledge and skills that will increase indi-
vidual competence levels that support the organization’s business
objectives.
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Process group
Organizational focus

Organizational process improvement should be based on a complete under-
standing of an organization’s strengths and weaknesses of its set of standard
processes and the project’s defined processes that are tailored from them.
Process improvement occurs within the context of the organization’s busi-
ness objectives, but process improvement does not happen by itself or
because the senior management team issues a memo proclaiming to
happen.

Facilitating the organization’s process improvement
activities

The responsibility for facilitating and managing the organization’s process
improvement activities is normally assigned to a process group. Figure 5.1
shows a sample process improvement infrastructure needed by an organiza-
tion for successful process improvement along with the relative position of
the process group (i.e., SEPG). This process group is normally seen as the
focal group for action planning, process improvement, technology insertion,
training, and awareness and expectation setting. Process groups are fre-
quently viewed as a channel for institutionalizing the organization’s knowl-
edge of process methods, practices, and technology. Process groups are the
organization’s champion of change and its members are change agents.

Collectively the members of the process group need to be able to demon-
strate their ability to manage, develop, coach, and guide process improve-
ment and its accompanying cultural changes. First and foremost, they need
to understand senior management’s vision and the organization’s business
objectives to be able to efficiently and effectively guide the process

Process group 59

Process improvement infrastructure

Senior management
advisory board

Steering committee

SEPG

Work
group

1

Work
group

n
...

Development organization

Senior management

Middle management

Project management

Process liasions

Project members

N
o

n
p

ro
je

ct
st

af
f

Figure 5.1 Sample process improvement infrastructure.



improvement effort. Without this explicit knowledge, the organization’s
process improvement effort may demonstrate compliance to a model such
as CMMI® but not be supportive of the organization’s business objectives at
all.

Engineering background
Process group members should have a solid engineering background. They
should have a general knowledge of the organization’s application domains
and knowledge of modern engineering techniques and methods. They must
be up-to-date on accepted engineering standards (DoD, MoD, IEEE, ISO,
IEC ESA, NASA, and so forth). They must also have a good understanding of
the project management support functions such as quality assurance and
Configuration Management. The managers and engineers alike must respect
them. They must have a strong knowledge and good experience in project
management and a working knowledge of metrics to help the project man-
agers manage and control their projects better.

Process group members must be people oriented with superior commu-
nication skills and willing to perform most of their work in the project
developers’ offices not their own. They should always be ready to provide
hand-holding support for the managers and practitioners on the various
projects where the process ideas are being introduced.

Organizational development skill

While process group members must have the technical background to main-
tain credibility with the product or product component developers, they
must also be knowledgeable in the organizational development skills as well
(i.e., managing technological change, team building, collaborative consult-
ing) to effect successful technology transition.

Process group responsibilities

While the many tasks attributed to the process group are important ones for
its members, it must be stressed that the job of the process group is to be the
champion of the process improvement effort. It is expected to facilitate the
process of change, not be responsible for the process change. Process group
responsibilities include but are not limited to:

◗ Coordinating the process improvement initiative up, down, and
across the organization:

◗ Participating in the senior management advisory board reviews;

◗ Participating in the steering committee reviews;

◗ Facilitating the activities of the working groups: staying on top of
what is going on, what difficulties are being encountered, and what
successes are being realized;
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◗ Promoting technical awareness and education about process
improvement.

◗ Managing/facilitating the process improvement initiative:

◗ Facilitating the definition/improvement of the technical and mana-
gerial processes, methods, techniques, and tools for developing and
maintaining product and product components;

◗ Assisting in the evaluation of new tools and techniques based on
their understanding of the existing processes;

◗ Facilitating the definition and maintenance of organization policies
and standards for processes and products;

◗ Discovering good practices, getting them adapted for general use on
the projects throughout the organization, and baselining them as
best practices;

◗ Overseeing and facilitating pilot projects and implementation of
improvements into the projects and across the organization;

◗ Directing the definition of process metrics, initiating the collection of
data, and assisting the working groups and projects in the analysis
and use of the resulting information.

◗ Ensuring that the processes are “living”:

◗ Maintaining a dialogue with project personnel regarding the appli-
cation and performance of developing processes:

Sharing good ideas from other parts of the organization;

Listening to issues/ideas from the practitioners.

◗ Initiating periodic process improvement progress checks and
reassessments;

◗ Initiating practitioner-driven review of specific processes.

◗ Maintaining a library of process assets:

◗ Overseeing the process database (process asset library) for product
and process assets used across the organization;

◗ Facilitating the development and retention of tailoring guidelines
for specific use of the assets in the process asset library.

Process group manager

Each process improvement infrastructure should have an identified process
group manager. This individual is a senior person with most of the attributes
listed in the section on what process group members should know. The
process group manager is responsible for coordinating all of the process
improvement activities throughout the organization. He or she has direct
access to the senior manager. He or she serves as the link among the senior
management advisory board, the steering committee, and the working
groups. The process group manager serves as the link between the
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organization’s process improvement initiative and the organization’s line,
function, and project management.

In order to ensure that a process improvement program moves forward,
The process group manager must function as a project manager for the
process program. This means that he or she must utilize basic project plan-
ning and tracking tools. He or she must set milestones, hold meetings with
agendas, record minutes, track action items, and so forth. Without strong
project management skills and follow-through, the initiative will lack lead-
ership and will not progress in a timely fashion.

The process group manager is also the spokesperson for the process
improvement initiative. This involves continuous oral and written commu-
nication about the process improvement effort, its successes, and its failures.
The process group manager must be willing to give a presentation on any
aspect of the process improvement initiative many times before the rest of
the organization starts to accept that message that he or she is giving. The
process group manager is the lead organizational champion for the process
improvement effort.

Quality assurance
The classic responsibility of quality assurance is to provide visibility into the
processes being followed on the projects for the management team at all
levels and to determine if they are efficient and effective and producing the
necessary product quality to satisfy customer, competitor, organization, or
project quality goals. Figure 5.2 shows SQA participating in three distinct
but related directions. The first direction is to management, as just
described. The second direction is to the developers. This responsibility is
inadequately executed worldwide based on my experience of assessments
and process improvement consulting.
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Quality assurance engineering or responsibles should provide feedback
to the individual projects and project members on the efficiency and effec-
tiveness of the processes that the project members are required to follow so
that they can be improved at the project level as necessary. The third direc-
tion is when the quality assurance engineers find that project members are
indeed faithfully following the organizational processes but they are not
efficient or effective and/or they are not producing the required product
quality. In this case the quality assurance engineers are responsible for pro-
viding this feedback to the process group so that these processes can be
improved at the organizational level.

In addition to the process compliance and process improvement aspect of
quality assurance, some basic quality assurance roles and responsibilities
include:

◗ Assisting the project manager in developing quality goals;

◗ Assisting the project manager in creating the project’s quality plan;

◗ Supporting the project in selecting an adequate set of standards, prac-
tices, and procedures;

◗ Identifying all deviations for the agreed-upon processes as early as
possible;

◗ Ensuring that all identified deviations are recorded, corrected, or esca-
lated to the appropriate level of management, up to and including the
senior manager;

◗ Negotiating criticality levels for the product components and subsys-
tems, with the various engineering disciplines;

◗ Ensuring that all detailed technical activity plans are made available
and reviewed for conformance with process definitions;

◗ Performing ad hoc process compliance evaluations to ensure the qual-
ity functions are being implemented along with the normal technical
project activities;

◗ Interfacing with the appropriate customer representatives on process
and/or product quality problems;

◗ Evaluating the supplier’s quality plan and resulting implementation to
ensure that any required policies and procedures are being adhered to;

◗ Evaluating the supplier’s quality assurance activities to ensure that the
supplier product or product component will not downgrade the prod-
uct quality required for the integrated system or subsystem;

◗ Evaluating the projects and organization’s Configuration Management
activities to ensure the integrity and consistency of the work products
and the bidirectional traceability of those life-cycle work products back
to the requirements;

◗ Ensuring that the customer receives a complete and correct description
of the delivered product or product components and accompanying
documentation;
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◗ Ensuring that the development tools and utilities used to develop and
test the product or product components fit the development process;

◗ Serving as the internal customer representative to keep that point of
view in front of the development team.

Configuration Management
Those individuals who participate in the Configuration Management func-
tion either at the project, organizational, test, or release levels are responsi-
ble for helping the projects to preserve the results of the hard work that has
been done while at the same time providing for a controlled, systematic way
of making necessary changes.

As will be described in detail in Chapter 7, Configuration Management
engineers and managers and other individuals such as the project manager,
the quality assurance engineer, and the test manager work together to
enable the proper execution of the basic Configuration Management func-
tions including:

◗ Identification;

◗ Baselining;

◗ Change control;

◗ Configuration Management status accounting;

◗ Configuration auditing;

◗ Managing the Configuration Management system;

◗ Interface control (both technical and organizational);

◗ CM tool support;

◗ Supplier control;

◗ Migration from developmental change control to organizational
change control.

The organizational change control board (CCB) is responsible for con-
trolling any and all changes to the requirements that represent the agree-
ment or contract with the customer. In that capacity, the
organizational-level CCB takes on the responsibility of representing the
interests of all groups and disciplines that may be affected by the proposed
changes to existing baselines. Some organizations have also established a
requirements CCB (RCCB) that includes the chief architect. All require-
ments and requirements changes, including those that originate from trou-
ble reports, are first funneled to this RCCB to determine if the requested
change would have an impact on the established architecture and strategic
business direction. If it is determined that no significant impact would be
realized to the architecture or strategic business direction, the requirements
change request would be passed on to the standard CCB.
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The CCB at the organizational level authorizes the establishment of
organizational-level baselines such as the functional, allocated, or product
baselines, authorizes changes to those baselines, and authorizes the creation
and release of products and product components from the product baseline.

As described in the roles and responsibilities for the project manager sec-
tion, the project-level CCB is responsible for the change control activities for
all developmental baselines that are under the control of the project man-
ager. The basic Configuration Management functions must be performed,
but may be done so with slightly less formality than if those functions were
focused on customer requirements. Project-level change control, together
with organizational change control, is responsible for the smooth transition
from developmental or project control to formal or organizational control as
the product components move through the product life-cycle stages to an
integrated, verified, and validated product.

Integration and system testing
In order to have clear and obvious objectivity during the integration and
systems testing phase of the product life cycle, many organizations establish
an independent test team that focuses on those functions. Such a testing
group is expected to have application knowledge and understanding, a test
methodology, testing experience, knowledge of the test environment, and
test team members that exhibit creativity, insight, determination, and ana-
lytical ability.

While it is often not the fault of the integration and systems test group,
integration and systems testing engineers are not involved enough in the
early life-cycle phases of the product life cycle. Independent test representa-
tives from the integration and systems test group should be involved in peer
reviews of product or systems requirements specifications and the engineer-
ing discipline–allocated requirements specifications such as the software
requirements specification or the hardware requirements specification.

Independent test representatives should be involved in peer reviews of
interface specifications and architecture specifications. Experienced test
engineers can best answer questions such as: Is this requirement testable?
Even before the various specifications are developed, independent test rep-
resentatives can be very effective by participating on multidisciplined
requirements elicitation teams together with systems engineers, software
engineers, marketing, program management, design experts, and so forth to
help the stakeholders understand better what the testing implications are of
their wants, needs, constraints, and interface requirements.

To support integrated project management, test group representatives
should work with the project manager and lead designers to develop an
integration strategy and determine the integration sequence and testing
environment that will support the project’s needs.

During the actual integration and systems testing activities, the integra-
tion and systems test group is responsible for implementing:
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◗ Stress, load, and boundary testing;

◗ Functional testing;

◗ Quality factor testing such as reliability, maintainability, portability,
and so forth;

◗ Documentation testing to ensure that the user and maintenance
documentation matches the system to be delivered.

Prior to the implementation of the integration and systems testing, the
integration and systems test group may work closely together with Configu-
ration Management to ensure the verified and validated product compo-
nents are indeed ready to be integrated and tested.

When the project uses suppliers, the integration and systems test group
is responsible for developing the acceptance tests and implementing all nec-
essary acceptance testing activities to confirm that the supplier’s confidence
in the delivered system was justified.

In many IT shops, the customer expects the development organization to
provide a partial or full test team to work together with that organization’s
test team to carry out acceptance testing. While not normally considered the
development organization’s responsibility, it is often a good means to
understand more of the customer’s capabilities for future design, develop-
ment, and testing of deliverable systems.

Measurement team
Most organizations have at least one person who has an interest in and an
ability to understand metrics and measurements. Few organizations have a
designated measurement group. While it may not seem worthwhile for an
organization to form a separate measurement group, it has been my experi-
ence that having a measurement expert or two supporting the organiza-
tion’s metrics needs is quite valuable. I have typically seen one of two
scenarios:

1. The “metrics guru” collects a lot of data that is hidden in his or her
desk on floppies and CD-ROMs and is not used or shared by anyone
else.

2. The metrics guru collects data and sends out reports combined with
awe-inspiring supporting graphics that few, if any, project managers
or project members can understand, much less use.

CMMI® does not demand an organizational measurement group, but it is
recommended that middle- and large-sized organizations designate a meas-
urement team to facilitate and support the organization’s measurement
needs. Even small organizations are encouraged to have a team member with
an interest in measurements, or they may hire an outside consultant from
time to time to receive guidance on establishing a measurement program.
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The measurement team is expected to support organizational measure-
ment needs at every management and practitioner level. They are responsi-
ble for assisting the organization and its projects in defining measures based
on business objectives. In addition, they are responsible for:

◗ Helping to determine data collection schemes;

◗ Helping to determine data storage and retrieval schemes;

◗ Determining appropriate analysis techniques in advance of the data
collection and analysis;

◗ Analyzing the data based on the agreed-upon analysis techniques;

◗ Calculating derived measures;

◗ Providing information to the projects based on the analyzed measures;

◗ Coaching project managers to use measurement results to better man-
age and control the project;

◗ Ensuring that stored measures also includes the information needed to under-
stand and interpret the measures.

In addition, the measurement team, in cooperation with quality assur-
ance and the process group, helps to develop measures that will determine
the effectiveness of the processes the projects are following.

Measurement is critical for every project’s success. A measurement ream
may prove quite useful to support that critical need.

Systems engineering
Systems engineering provides a cradle-to-grave view of the evolving system.
Systems engineers help to define the total technical and managerial effort
required to transform the set of customer needs, expectations, and con-
straints into a life-cycle balanced solution. This includes the definition of
technical performance measures, the integration of engineering specialties
towards the establishment of a product architecture, and the definition of
supporting life-cycle processes that balance cost, schedule, performance,
and quality objectives.

Specific systems engineering activities include:

◗ Serving on a multidisciplined team to elicit requirements from the
identified stakeholders;

◗ Transforming those customer requirements into product and product
component requirements that can be used by project members to refine
and build the product;

◗ Allocating the technical requirements to the various disciplines such as
software, hardware, mechanical engineering, hydraulics, manufactur-
ing, people, and processes;
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◗ Supporting the definition of the overall systems architecture and defi-
nition of functionality;

◗ Defining interfaces between systems components;

◗ Analyzing requirements change requests to ensure the chosen optimal
alternative technical solution is not adversely affected;

◗ Supporting integration and systems testing;

◗ Supporting the project manager by providing a total systems view
throughout the entire product life cycle.

Summary
Process improvement that supports business objectives requires the coop-
eration and coordination of all levels of management and practitioners.
Short description of the roles and responsibilities of the various levels of
management and practitioners have been provided from various places
throughout CMMI® and were combined with my own ideas and interpreta-
tions to provide the widest and most flexible but usable definitions.

Reference

[1] Kasse, T., “Action Focused Assessment for Software Process Improvement,”
Norwood, MA: Artech House, 2002.
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The Evolutionary Differences
Between CMM for Software and
CMMI

This chapter illustrates the evolutionary differences between
CMM® for Software and CMMI® and presents an incre-

mental approach for organizations interested in moving or
evolving from a strict CMM® for Software process improvement
focus to the integrated focus offered by CMMI®. This incre-
mental approach is also a compliant means by which organiza-
tions on the threshold of adapting a model can methodically
embrace CMMI®.

Many individuals and companies have argued in the past
and continue to argue today about whether it is reasonable or
worth it to move from a process improvement initiative based
on CMM® for Software to one that is based on CMM® Integra-
tion. Certainly for those companies whose products are pre-
dominantly software, it does not seem to make sense to disrupt
what they already know. Besides, what if the company moves
to CMMI® and it loses its maturity level?

I have a different point of view based on my experience in
helping to develop CMMI® and in teaching, appraising, and
consulting with companies throughout the United States,
Europe, and Asia. CMMI® represents an upgrade to the con-
cepts that were recorded in CMM® for Software more than 10
years ago. CMMI® represents 10 years of lessons learned from
thousands of external and internal consultants, from CEOs,
CIOs, presidents, and vice-presidents, and from project manag-
ers and practitioners whose organizations used CMM® for
Software in many different applications, industries, sizes of
companies, military, commercial, and so forth. It represents the
continuous process improvement that was always the theme of
any quality management effort. From my point of view, the
question that must be answered is: Why would anyone want
their organization’s process improvement initiative to be based
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on 10-year-old thinking, when CMMI® is available and represents current
thinking based on applying continuous process improvement to CMM®
itself?

Before providing the overview of the upgrades, it must also be stated up
front that the standard bar has been raised. CMMI® does expect an organi-
zation to know more and be willing to strive for a higher level of excellence,
but that is what evolution is all about and what any focus on excellence
demands.

This chapter intends to present the evolutionary differences between
CMM® for Software and CMM® Integration to give the reader an insight
into those lessons learned. Details will be presented in subsequent chapters,
where categories of process areas are described.

An integrated approach
As described in Chapter 1, CMMI® was developed to support multidisci-
plined process improvement initiatives using an integrated model to elimi-
nate, or at least drastically reduce, the need for multiple models and
standards that were causing confusion and excessive costs for companies
that were trying to satisfy them all. The highest degree of integration can be
found in the CMMI® Model CMMI® for Systems Engineering, Software
Engineering, Integrated Product and Process Development, and Supplier
Sourcing (CMMI®-SE/SW/IPPD/SS, V1.1).

Two representations
CMMI® models support two representations, as shown in Figure 6.1. The
staged representation represents the legacy of CMM® for Software and is
used to guide the overall organizational process maturity level improvement
approach. It organizes the process areas into five maturity levels to provide
an incremental path for the organization’s process improvement initiative as
a whole. The continuous representation was adapted from the work on ISO
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15504 (SPICE) and Systems Engineering CMM® and is used to support the
individual process area capability level approach. It uses six capability levels,
capability profiles, target staging, and equivalent staging as organizing prin-
ciples for the model components. A description of how to combine the
staged representation and the continuous representation into a “constage-
deous” approach to process improvement is presented in Chapter 16.

CMMI process area contents
This book does not intend to provide a detailed description of the model
structure for either of the representations. However, to be complete, it is
important to note that information that is available for each process area
described in CMMI® compared to CMM® for Software.

Each CMMI® process area is described by:

◗ Purpose statement;

◗ Introductory notes;

◗ Related process areas;

◗ Practice-to-goal relationship;

◗ Specific goals;

◗ Generic goals;

◗ Specific practices;

◗ Generic practices;

◗ Notes;

◗ Work products;

◗ Subpractices;

◗ Discipline amplifications;

◗ Generic practice elaborations,

Purpose statement

The purpose statement is the first statement that the reader sees following
the name of the process area in CMMI®. This was true of CMM® for Soft-
ware as well, but in CMMI® the purpose statement is now highlighted by a
boldface title. In CMM® for Software, the purpose statement was simply the
first statement in the descriptive paragraph that followed the name of the
key process area.

Introductory notes

The introductory notes in CMMI® fulfill the same purpose as the descriptive
paragraph in CMM® for Software but with two distinctive differences: (1)
This section of the process area description is delineated by a boldface
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section head titled “Introductory Notes”; and (2) the descriptions found for
most of the process areas are more extensive and more explanatory.

Frequently, the introductory notes section provides a context and addi-
tional explanation of the details found in the specific goals and specific prac-
tices that follow. It is my opinion that this significantly contributes to a faster
understanding of the process area content.

Listing of specific and generic goals

This is simply a listing of the specific and generic goals to provide the reader
with an immediate understanding of the intent of the process area.

Practice-to-goal relationship

The specific goals and generic goals are also listed along with the tags of the
specific practices and generic practices to provide a high-level overview of
the process area and what it would take to institutionalize the practices at
various capability levels.

Specific goals

Specific goals apply to only one process area and address the unique charac-
teristics that describe what must be implemented to satisfy the purpose of
the process area. Specific goals are listed along with their associated specific
practices so that there is no room for misinterpretation of what must take
place for the specific goal to be satisfied. In CMM® for Software, a similar
mapping was only found in a separate appendix. In addition, key practices
could be mapped to more than one goal, and even if the practice was
mapped to a single goal, subpractices could contribute to achieving another
goal. In CMMI® there is a clear distinction made between the mapping of
specific practices to specific goals and generic practices to generic goals. Sub-
practices map to one specific practice.

Generic goals

Generic goals apply to more than one process area. Achievement of each of
these goals relative to a process area signifies improved control in performing
the process. Achievement of each of these goals in relationship to each
process area enables the institutionalization that will ensure the process is
repeatable and lasting. Institutionalization will be described in detail in
Chapter 15.

Specific practices

A specific practice is an activity that is considered important in achieving the
specific goal that is mapped to a process area. The description of specific
practices directly follows the specific goal to which they contribute.
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Generic practices

Generic practices are practices that apply to any process area because, in
principle, they can improve the performance and control of any process.
The description of generic practices directly follows the generic goal to
which they contribute.

Notes

Notes are normally short additional descriptions of a specific goal or a spe-
cific practice that provides additional insight into the meaning or intent of
that specific goal or specific practices. Notes augment the details found in
the introductory notes section.

Work products

Typical work products provide examples of methods, tools, techniques, and
so forth that may be used to support the implementation of a practice.

Subpractices

Subpractices are suggested courses of action that correspond to practices and
provide additional insight into the practices.

Discipline amplifications

Amplifications contain information that is relevant to a particular discipline,
such as hardware or software, and is associated with specific practices.

Generic practice elaborations

Generic practice elaborations explain how to apply a generic practice in the
context of the process area.

Process area upgrades and additions
Both the staged and continuous representations of CMMI® offer categories
of process areas that have been developed by authors and contributors of
CMMI®. For purposes of this book, I have decided to place the process areas
into slightly different categories. The categories are:

◗ Project management concepts;

◗ Engineering concepts;

◗ Process management concepts;

◗ Integrated teaming concepts;
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◗ Quantitative management concepts;

◗ Optimizing concepts.

We will continue with the description of the evolutionary differences
between CMM® for Software and CMMI® by first looking at the project
management concepts process areas.

Project management concepts process areas
Project Planning

The Project Planning process area basically follows the concepts found in the
corresponding CMM® for Software Project Planning key process area
(KPA); however, there have been some upgrades and some additions:

◗ There is a heavier emphasis on having a detailed work breakdown
structure (WBS).

◗ Estimation focuses on size and complexity.

◗ Effort and cost are determined based on the size and complexity
estimations.

◗ Schedule is established based on the size and complexity estimations.

◗ Project planning now includes a focus on the project team members
having the necessary knowledge and skills to carry out the project
according to the estimations and plans.

◗ Data management, or the planning and maintaining of project data
items and their contents, has been added to the list of project manage-
ment concerns.

◗ The identification and involvement of stakeholders are an important
evolution of the “all affected groups” statement that appeared fre-
quently in CMM® for Software.

◗ The “commitment process” is now explicitly defined in Specific Prac-
tice 3.3-1 continuous representation or simply SP 3.3 in the staged
representation. This represents an important recognition of the fact
that the message of the commitment process was buried in the Com-
mon Feature Commitment to Perform in CMM® for Software.

Project Monitoring and Control
Project Monitoring and Control takes on the same flavor as Project Tracking
and Oversight from CMM® for Software. Monitoring commitments has
been elevated to the specific practice level (SP 1.2). Monitoring is also more
strongly emphasized in CMMI®. Monitoring stakeholder involvement is
explicitly brought out and enables the Generic Practice GP 2.6—Identify and
Involve Relevant Stakeholders.
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Risk Management

The concepts inherent to Risk Management finally made it to process area
status. Risk Management is a critical function of project management and
should be handled within the boundaries of project planning and project
monitoring and control. Risk Management covers:

◗ Risk identification;

◗ Risk assessment;

◗ Risk analysis;

◗ Risk prioritization;

◗ Risk mitigation;

◗ Risk contingency planning.

Process and Product Quality Assurance

This process area stresses the objective evaluation of products as well as
processes. The evaluation criteria must be established based on business
objectives and answer the following questions: What will be evaluated?
When or how often will a process be evaluated? How will the evaluation be
conducted? Who must be involved in the evaluation?

Configuration Management

As the title for this process area suggests, the practices apply to other disci-
plines and artifacts as well as software. The more encompassing Configura-
tion Management system, which includes the storage media, the procedures,
and the tools for accessing the Configuration Management system, has
replaced the idea of a software library.

Supplier Agreement Management

Supplier Agreement Management is one of the most significantly updated
process areas in my opinion. It replaces the initial ideas found in software
subcontract management. Supplier Agreement Management focuses on con-
trolling sources of products or product components that are built or acquired
outside of the project’s boundaries.

Integrated Supplier Management

Integrated Supplier Management builds on the concepts established in the
Supplier Agreement Management PA by adding practices that emphasize a
cooperative and coordinated relationship with suppliers.
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Measurement and Analysis

This process area is a new addition and was motivated by the many organi-
zations that struggled with setting up a measurement program and properly
executing it while evolving the organizational maturity. Many organiza-
tions reported achieving a CMM® Maturity Level 3 only to find out that
their path to CMM® Maturity Level 4 was blocked because their process
database held the wrong type of data to support quantitative project
management.

Measurement and Analysis assists an organization in evolving its meas-
urement program from basic project management measures to those based
on the organization’s set of standard processes to statistical control of
selected subprocesses according to the organization’s business needs. An
organization that barely passed the Measurement and Analysis common
feature requirements of CMM® for Software would not pass the measure-
ment requirements of CMMI®.

Engineering concepts process areas
The information found in the engineering process areas of CMMI® are con-
tained in six to seven process areas if you count Decision Analysis and Reso-
lution along with the other engineering process areas, as I am inclined to do.
This is in contrast to the key process area of software product engineering
that provided an overview of all of the software life-cycle phases in just that
one KPA. I believe that the strongest difference between CMM® for Soft-
ware and CMMI® is the description found in the engineering process areas.
These process areas were brought from the Systems Engineering CMM®
and are the contributors of the engineering systems think described in
Chapter 1.

Requirements Development

The concepts presented in Requirements Development are consistent with
the latest publications on Requirements Engineering. There is a clear need
defined for identification and management of the stakeholders who have
wants, needs, constraints, and interface requirements. The Requirements
Development PA includes a strong focus on interface requirements reflecting
the importance of managing and controlling interfaces that is becoming evi-
dent to most organizations throughout the world. This is especially true for
large international companies that attempt to manage multisite, multicoun-
try, and multicultural projects. It is also true for many large companies that
have made the decision to predominantly use suppliers rather than build up
development capability in-house. It also suggests the use of models, simula-
tions, and prototyping to perform risk assessments to reduce the cost and
risk of product development.

The Requirements Development PA includes a description of developing
an operational concept and operational scenarios to refine and discover new
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requirements, needs, and constraints. This tightly couples Requirements
Development to the Technical Solution process area.

Requirements Development, together with Technical Solution, truly
shows the recursive nature of developing requirements as illustrated in
Figure 6.2.

Requirements Development emphasizes the idea of starting the process
of requirements validation very early in the product life cycle and continuing it
until the technical solution is chosen.

Technical Solution

The Technical Solution PA provides the matching bookend for Require-
ments Development focusing on the refinement of the operational concepts
and operational scenarios started during the Requirements Development
activities. Technical Solution represents a different way of thinking by
stressing the need for developing alternative solutions before the final selec-
tion of requirements that will be used to develop the product.

An upgrade and a raising of the standard bar also is evident in Technical
Solution as the quality factors (e.g., maintainability, expandability, reliabil-
ity) that were discussed in CMM® for Software Maturity Level 4 KPA of
Software Quality Management are now brought forth in a CMMI® Matur-
ity Level 3 PA.

Requirements Management

The Requirements Management PA was also brought over from the systems
engineering process area. It covers much of the same concepts as the
Requirements Management KPA found in CMM® for Software. There are
two concepts that are either new or upgrades:
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◗ Bidirectional traceability is now explicitly requested. From a maturity
level point of view, traceability was a CMM® Maturity Level 3 con-
cept and is a CMMI® Maturity Level 2 concept.

◗ Requirements Management is expected to operate in parallel with
Requirements Development and Technical Solution and offer support
as new requirements are discovered and requirements change requests
are made.

Product Integration

Product Integration presents the concepts to achieve complete product inte-
gration throgh progressive assembly of product components in incremental
stages according to a defined integration sequence. Product Integration:

◗ Points out the need to establish and maintain the environment
required to support the integration of product components;

◗ Presents the idea of applying Product Integration, Verification, and
Validation in successive triplets until the product is ready for packaging
and delivery;

◗ Stresses the effective management of all interfaces;

◗ Describes the activities of packaging and delivery, a concept that
CMM® for Software has long been criticized for not having.

Verification

Verification (“You built it right”), as it was defined in Chapter 3, is used to
assure that selected work products meet their specified requirements. Verifi-
cation expects a verification strategy that addresses the specific actions,
resources, and environments that will be required for work product verifica-
tion to be developed.

Validation

Validation (“You built the right thing”) is distinguished from Verification in
that validation methods and techniques are used to demonstrate that a
product or product component fulfills its intended use when placed in its
intended operational environment.

Decision Analysis and Resolution

Decision Analysis and Resolution is used to help determine which issues
should be examined by formal decision analysis. While Decision Analysis
and Resolution can certainly be used in a large number of situations such as
selecting a supplier or making a critical strategic business decision, its natu-
ral affinity with Technical Solution makes it easier to explain when associ-
ated with the engineering process areas.
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Decision Analysis and Resolution is a new concept for the software
world whose time has certainly come.

Process management concepts process areas
CMMI® process areas often taught in a category called process management
include Organizational Process Focus, Organizational Process Definition,
Organizational Training, and Integrated Project Management. The concepts
found in Organizational Process Focus and Organizational Training are vir-
tually the same in CMMI® as compared to CMM® for Software. We will
only mention the other two.

Organizational Process Definition

The wording for this process area has changed subtly but significantly from
that of CMM® for Software. “Establish and maintain a usable set of organ-
izational process assets including the organization’s set of standard
processes” acknowledges that an organization may utilize more than one
standard process to handle its product lines and business needs. The term
process database has evolved into organizational measurement repository.

Integrated Project Management

Integrated Project Management takes on the aspects of Integrated Software
Management and Intergroup Coordination that were found in CMM® for
Software. It also emphasizes the need to proactively integrate all of the plans
that affect the project with the project plan such as the Configuration Man-
agement plan and the risk management plan.

Integrated Teaming Concepts process areas
The Integrated Teaming Concepts process areas are new additions to the
evolving chain of project management techniques found in CMM® for Soft-
ware. The new process areas are:

◗ Integrated Project Management (IPPD);

◗ Organizational Environment for Integration;

◗ Integrated Teaming.

CMMI® defines integrated product and process development (IPPD) as a
systematic approach that achieves a timely collaboration of relevant stake-
holders throughout the life of the product to better satisfy customer needs.
The processes to support an IPPD approach are integrated with the other
processes in the organization. If an organization chooses IPPD, it performs
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the IPPD specific practices concurrently with other specific practices used to
produce products.

Organizational Environment for Integration

Organizational Environment for Integration presents important characteris-
tics of effective environments for integration which include:

◗ An organization’s shared vision;

◗ People trained to utilize the collaborative environment through col-
laboration, integration, and leadership;

◗ A workplace that provides resources to maximize the productivity of
the people assigned to the integrated teams.

Integrated Project Management (IPPD)

The Integrated Project Management PA has two specific goals added to it to
emphasize the IPPD concepts. These specific goals:

◗ Create the shared vision for the project;

◗ Align the project’s shared vision with the organization’s shared vision
and the integrated team’s shared vision.

Integrated Teaming

The Integrated Teaming PA focuses on the team members and the concepts
by which they are managed. An integrated team is defined to be composed of
relevant stakeholders from critical disciplines and support groups who gener-
ate and implement decisions for the work products that they are developing.

Quantitative management concepts process areas
The description of quantitative management concepts can be found in two
CMMI® process areas:

1. Quantitative Project Management;

2. Organizational Process Performance.

These two process areas represent one of the largest improvements over
the concepts found in CMM® for Software. Lessons learned and a greater
understanding of quantitative project management for software as well as
other engineering disciplines can be found in Quantitative Project Manage-
ment and Organizational Process Performance. Even companies that have
achieved CMM® Maturity Level 3 should consider adopting the process
areas from CMMI® Maturity Levels 4 and 5, if their business case demands,
to take advantage of this advanced thinking.
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Quantitative Project Management

The Quantitative Project Management process area combines the concepts
found in Quantitative Process Management and Software Quality Manage-
ment in CMM® for Software. Quantitative Project Management is not
about using fishbone diagrams or bar charts and declaring Maturity Level 4
success. Quantitative Project Management must be tied to the organization’s
strategic goals for product quality, service quality, and process performance.
When higher degrees of quality and performance are demanded, the organi-
zation and projects must determine if they have the ability to improve the
necessary processes to satisfy the increased demands. Assuming the techni-
cal requirements can be met, the next decision facing the organization is to
determine if it is cost-effective.

Organizational Process Performance

The Organizational Process Performance process area is a new process area
that significantly strengthens the concepts of quantitative management
found in CMM® for Software. Organizational Process Performance was
developed to help organizations set the stage for quantitative process man-
agement. It stresses establishing an organizational process performance
baseline for the organization.

Optimizing concepts process areas
Following the concepts found in CMM® for Software and building on the
upgraded ideas found in Quantitative Project Management and Organiza-
tional Process Performance, CMMI® contains two process areas that consti-
tute the Optimizing Maturity Level or CMMI® Maturity Level 5. CMMI®
process areas that make up the Optimizing Level include:

◗ Causal Analysis and Resolution;

◗ Organizational Innovation and Deployment.

Causal Analysis and Resolution

The Causal Analysis and Resolution process area contains essentially the
same concepts as its CMM® for Software counterpart Defect Prevention, but
it is definitely more tightly coupled to the quantitative understanding of the
organization’s standard processes.

Organizational Innovation and Deployment

The Organizational Innovation and Deployment process area combines the
concepts found in the two KPAs of CMM® for Software: Process Change
Management and Technology Change Management. It suggests the selection
and deployment of incremental and innovative technological improvements
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that can improve the organization’s ability to meet its quality and process per-
formance objectives.

The standard bar for process improvement and engineering excellence
has been raised, but it has been raised in the spirit of continuous process
improvement applied to the original concepts captured in CMM® for Soft-
ware. It captures lessons learned over an 8-year period. I encourage indi-
viduals, projects, and organizations to embrace these updated concepts and
apply them to achieve higher levels of engineering excellence that make
measurable differences to business objectives.

An incremental path to move from CMM for Software to
CMMI

The evolutionary differences between CMM® for Software and CMMI®
have been presented, but many individuals and organizations may still be
wondering how a transition from CMM® for Software to CMMI® could be
made in a systematic, nonthreatening way. The following description pro-
vides one incremental path that was used to support an IT shop that first
achieved a CMM® Maturity Level 3 rating but used CMMI® process areas
to help them achieve that goal and place the organization in a position to
continue with its process improvement initiative based on CMMI® and
simultaneously satisfy the requirements of ISO 9001:2000 certification:

◗ Clearly map organizational business objectives to the CMM®.

◗ Clearly map ISO 9001:1994 capabilities to those demanded by ISO
9001:2000.

◗ Solidify CMM® Maturity Level 2 capability if a CMM® process
improvement initiative is already in progress and that milestone has not
yet been achieved.

◗ Perform a gap analysis between organizational capability and that
demanded by ISO 9001:2000.

◗ Determine which CMMI® process areas will support the improvement
needs to achieve the ISO 9001:2000 certification. Use CMMI® process
areas to provide more guidance to the ISO 9001:2000 certification
effort with an eye to process improvement.

◗ Adapt CMMI® process areas that represent significant improvements
and additions to CMM® for Software key process areas, including:

◗ Measurement and Analysis;

◗ Supplier Agreement Management;

◗ Risk Management;

◗ Extensions to Project Planning and Project Monitoring and Control;

◗ Implement bidirectional traceability to Requirements Management
capabilities.
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◗ Obtain ISO 9001:2000 certification.

◗ Work toward and obtain CMM® Maturity Level 3.

◗ Use CMM® Maturity Level 3 and ISO 9001:2000 capabilities to work
towards CMMI® Maturity Level 3.

◗ Obtain a level of confidence that the organization has achieved CMMI®
Maturity Level 2.

◗ Incorporate CMMI® engineering process areas.

◗ Incorporate Integrated Product and Process Development practices.

◗ Incorporate Integrated Supplier Management.

◗ Achieve CMMI® Maturity Level 3 rating.

◗ Use the quantitative management concepts found in CMMI® Matur-
ity Level 4 process areas as business objectives demand more quanti-
tative control.

An organization does not have to throw away any quality management
progress that it has made to make use of CMMI®. Both ISO 9001:1994 and
CMM® for Software provide some of the foundation needed immediately
for ISO 9001:2000 and for the effective use of CMMI®. Many of the
upgrades fought for in CMM® for Software are present in CMMI®. CMMI®
provides the engineering systems think that CMM® for Software lacked.
The CMMI® also demands more engineering discipline to be applied to
product development but in a way that is always linked to the organiza-
tion’s business objectives.

Summary
The evolutionary differences between CMM® for Software and CMMI®
illustrate an incremental approach for organizations interested in moving or
evolving from a strict CMM® for Software process improvement focus to
the integrated focus offered by the CMMI®.
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Enabling the Project Leader to
Better Manage and Control
Through Project Planning and
Project Monitoring and Control

Chapters 7 through 11 focus on the inclusive topic of project
management. The topics of project planning and project

monitoring and control will be covered in this chapter. This
chapter also serves as the beginning of the description of project
management. This scope of project management encompasses
activities that help the project manager to better manage and
control his or her project. It covers the traditional project man-
agement activities such as project planning and project monitor-
ing and control. It will also cover risk management, quality
assurance, Configuration Management, supplier management,
and, finally, integrated project management.

Risk Management has been placed in CMMI® as a separate
process area. Placing Risk Management in CMM® or CMMI®
was debated for years. It was placed as a separate process area
to call attention to its importance in managing successful proj-
ects and a successful business. However, in my opinion, Risk
Management should not be implemented as a separate func-
tion but as a critical part of project management. Risk Manage-
ment will be covered in Chapter 8.

While the continuous representation of CMMI® chose a
categorization scheme that placed CM and QA in the category
of support, it is my experience that effective use of the engi-
neering principles of CM and QA are best realized by thinking
of them as project management functions. As will be described
in Chapter 9, quality assurance not only can ensure that
defined and agreed-upon processes are being followed on proj-
ects, but quality managers or quality engineers can also and
should act as advisors to the projects they support and provide
quality reports that provide information on which project
managers can take action.
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Configuration Management, also described in Chapter 9, covers a full set
of functions that provide a project manager with insight into the progress
and quality of the evolving product or product component. For these rea-
sons, they will be discussed as part of project management.

Supplier Agreement Management and Integrated Supplier Management
cover the ever-increasing important topic of supplier management. While
there is much written on the management of suppliers, it is believed by
many that effective supplier management means that a project and/or busi-
ness unit must have effective requirements engineering, project manage-
ment, and quality management processes established and maintained for
their own use to be able to properly and effectively apply them to their sup-
pliers. Supplier management will be presented in Chapter 10.

Integrated Product Management combined Integrated Software Man-
agement and Intergroup Coordination from CMM® for Software as a base.
It can be thought of as the implementation of the project management func-
tions discussed in this chapter and Chapters 8 through 10 but based on the
organization’s set of standard processes. Integrated Project Management will
be discussed in Chapter 11 and will also act as the conclusion to the overall
discussion of project management.

Project planning
Project management can be defined as establishing and maintaining an
environment that gets the work done. To effectively manage and control a
project, the project leader must be able to identify the customer(s), define
and manage the requirements, understand the system that must be built,
establish the necessary project roles, understand the project factors that
must be managed, establish the project management life cycle, and choose a
product life cycle. These and more roles are defined in Figure 7.1.
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The purpose of project planning is to establish and maintain plans that
define project activities and activities of other relevant stakeholders that
affect the project. This involves estimating, developing the project plan,
interacting with the relevant stakeholders, resolving conflicts, obtaining a
commitment to the plan, and maintaining it throughout the project man-
agement life cycle. The project plan will usually need to be revised as the
project progresses. This is necessary to address changes in requirements,
commitment changes, inaccurate estimates and assumptions, corrective
actions, and process improvements. Plans should not be regarded as one-
time events. It is my experience that this is too often the case. Even when
necessary changes are acknowledged, the actual plan does not get changed.
Figure 7.2 shows the iterative nature of planning.

In addition to the functional and nonfunctional requirements, the proj-
ect planning is driven by system objectives, system overview, and system
constraints. The system overview provides insight into why the system is
being built: research and development; for a specific customer; to meet an
existing or anticipated market need; or possibly to upgrade an existing sys-
tem to a newer technology. Effective project planning should also provide
the project with some insight into what problem is trying to be solved. Is the
problem a known one? Is it an anticipated problem such as the loss of pro-
duction support or support for existing technology? In addition, the system
overview should describe the interactions between the proposed system and
its environment. For example, it should describe the new system interfaces
with other existing systems. It should mention the protocols that must be
used to interface with them. It should list the anticipated users and in what
manner they will use the system, and certainly the project planning should
describe any change in the environment over its lifetime, including what is
expected or anticipated.

Constraints

System constraints would include both design constraints and functional
constraints. Functional constraints usually include:
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◗ Performance;

◗ Efficiency;

◗ Response times;

◗ Capacities;

◗ Safety;

◗ Security;

◗ Quality factors such as maintainability, expandability, reliability, and
portability.

Design constraints usually include:

◗ Development standards and processes;

◗ Compilers;

◗ Operating systems;

◗ Operating environment.

The final deliverable is not necessarily the best solution to the customer’s
problem, but it is usually the one that optimizes the quadruple constraints of
cost, schedule, performance, and quality, as illustrated in Figure 7.3.

Scope description

The scope description is a full description of what will be produced. It serves
as a communication tool to ensure that what is being produced is what the
customer and sponsor want the project to produce. It should describe the
critical features and functions that are related to the final deliverable.
The scope description includes:
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◗ The restated definition of the customer’s needs;

◗ A detailed description of the final deliverable including its features and
functions;

◗ The customer’s criteria for acceptance in measurable terms;

◗ A description of the scope boundaries;

◗ A description of the end point for the final deliverable.

The scope description should be reviewed before it is finalized. A check-
list such as this one will help:

◗ Have you identified the problem that the final deliverable is supposed
to solve?

◗ Will the final deliverable help to resolve the problem that the customer
is expecting in its intended environment?

◗ Does the scope description accurately describe what will be produced
by the project?

◗ Is there a consensus on what will be produced by the project?

◗ Has the list of customer requirements been properly elicited?

◗ Are the customer’s acceptance criteria written from the customer’s
point of view?

◗ Is the end point for the project clearly defined?

◗ Have all relevant stakeholders been identified that will be affected by
the project or that can affect the project?

◗ Have any project overlaps been identified?

◗ Did the project team actively participate in defining the scope of the
project?

Work breakdown structure

The work breakdown structure (WBS) serves to help estimate the total scope of
the project. The WBS is developed and used to divide the overall project into
an interconnected set of manageable components. It should then evolve
with the project. The WBS is typically a product-oriented structure that
helps to identify and organize the logical units of work to be managed
(“work packages”).

The WBS answers two questions: What is to be accomplished? What is
the necessary hierarchical relationship of the work effort? The WBS is
structured in accordance with the way the work will be performed and
reflects the way in which the project costs and data will be summarized and
eventually reported. The WBS is normally represented as a treelike struc-
ture. The most common WBS is the six-level indented structure shown in
Figure 7.4.

The WBS normally contains:
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◗ Scope of work;

◗ Identified risks;

◗ Deliverables;

◗ Supporting activities and associated plans such as quality assurance and
Configuration Management;

◗ Required skills and knowledge;

◗ Integration and life-cycle management of nondevelopmental items;

◗ Work products that will be externally acquired;

◗ Work products that will be reused.

Estimation
Some of the factors to consider when estimating project planning parameters
include product requirements, identified tasks and work products, the tech-
nical approach chosen, the selected project life-cycle model, the size and
complexity attributes of the work products, the models or historical data for
converting the estimates into labor hours and costs, and the methodology
used to determine needed materials, skills, labor hours, and costs.

The estimating rationale and supporting data should be documented for
the review and commitment of stakeholders to the plan and for mainte-
nance of the plan as the project progresses.

The life cycle

The life cycle consists of phases that are predefined or need to be defined
depending on the scope and nature of the project. Larger projects may con-
tain multiple life-cycle phases such as concept exploration, development,
production, operations, and disposal. Development phases (for example, for
software engineering) may include:

◗ Subphase descriptions for requirements analysis;
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◗ Design and construction;

◗ Integration and verification.

Intermediate phases may require prototypes, increments of capability, or
spiral model cycles.

Project life cycles with defined stages include:

◗ Evolutionary;

◗ Incremental;

◗ Spiral;

◗ V-Model;

◗ Waterfall;

◗ Overlapping waterfall.

Figure 7.5 provides an illustration of an incremental life-cycle model.

Size estimation

Size is the most commonly accepted attribute used to estimate effort, cost,
and schedule. However, other attributes are also very important and some
of them can and should be used with size to ensure greater success in
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estimation. These attributes include complexity, connectivity, and structure.
The attribute of complexity is obvious when thought about but not often
included in the equation. For example, a program could be very small in
terms of lines of code but actually contain very complex algorithms that
could result in lower-than-expected productivity if not taken into consid-
eration. A relative level of difficulty or complexity should be assigned for
each size attribute.

Examples of size measures include:

◗ Lines of code;

◗ Function points;

◗ Feature points;

◗ Number of classes and objects;

◗ Number of interfaces;

◗ Number of inputs and outputs.

One popular estimation technique is the Delphi estimation method illus-
trated in Figure 7.6.

The Delphi method includes recognizing that there is uncertainty in esti-
mating. The Delphi method is focused upon utilizing the most knowledge-
able people and asking those people to estimate the size of the project based
on the current state with three estimates:

1. Optimistic: best case, smallest estimate;

2. Expected: most probable, middle estimate;

3. Pessimistic: worst case, largest estimate.
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( )Optimistic Expected Pessimistic+ +4

6

This formula takes into account the best guess and shifts in the direction
corresponding to the more likely direction, considering the uncertainty of
the estimate.

Effort and cost

Estimates of effort and cost are determined from the size and complexity
estimates. Historical data and/or models are applied to the planning parame-
ters to result in the estimates of effort and cost. Cost planning parameters
include:

◗ Risks;

◗ Critical competencies;

◗ Allocated requirements;

◗ WBS;

◗ Cost of externally acquired work products;

◗ Knowledge and skills training, mentoring, and coaching needs;

◗ Capability of the tools in the engineering environment;

◗ Travel required;

◗ Level of security required.

Schedule

The project’s schedule is also established and maintained based upon the
size and complexity estimations. Some activities that are normally used to
establish a project’s schedule include:

◗ Determining the time phasing of the work activities;

◗ Determining the inch-pebbles and milestones to support progress
measurement;

◗ Defining activities of appropriate duration;

◗ Availability of resources;

◗ Skill level of work team;

◗ Critical dependencies on suppliers of hardware and software;

◗ Defining milestones of appropriate time separation;

◗ Using historical data for schedule verification.

Risk

While risk management is a separate process area in CMMI®, risk manage-
ment is an activity that in integral to successful project management. Risks
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can be identified starting with the WBS, developed during the estimation
process, and should take into consideration the cost, resources, schedule,
and technical aspects of the project. Risks should be analyzed to determine
the impact, probability of occurrence, and time frame in which the prob-
lem(s) are likely to occur.

Data management

Data are various forms of documentation required to support a project in all
of its areas. The data may exist in any medium, and distribution may take
many forms including electronic files and e-mail. Data may be reports,
manuals, engineering notebooks charts, drawings, files, e-mail, and project
correspondence. E-mails are especially important to estimate and control as
they are becoming increasingly used as legal documents. Data requirements
for the project should be established for both the data items and their
contents.

Knowledge and skills

The project team member’s knowledge and skills need to be compared
against the proposed or assumed knowledge and skills base used for estima-
tion of effort, cost, and schedule. Too often projects are estimated based on
an intermediate or high level of project team member skills and experience.
Actual allocation of human resources frequently results in a project man-
ager getting a large percentage of project members with less knowledge and
skills. This should result in reestimation before the project plan is built. This
is an area that must be examined from the risk management point of view.

Stakeholder involvement

For each major activity, the stakeholders that are affected by the activity and
those who have expertise needed to conduct the activity should be identified.

The stakeholder list normally changes as the project moves through the
product life cycle. Stakeholders in the later phases of the life cycle should
have early input to the requirements and design decisions that affect them.
Stakeholders may include:

◗ Senior managers;

◗ Project functional managers (e.g., systems engineering, software engi-
neering, mechanics);

◗ Support management (e.g., quality assurance, Configuration Manage-
ment, and so forth);

◗ Financial managers;

◗ Subcontractors/suppliers;

◗ Customers and end users;

◗ Project members.
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Project resources

Project resources, including labor, machinery/equipment, materials, and
methods and their required quantities, build on the initial estimates and
provide additional information that can be used to expand the WBS.

Establishing the project plan

The plan generated for the project defines all aspects of the effort. It ties
together project life-cycle considerations, technical and management tasks,
budgets and schedules, milestones, data management, risk identification,
resource and skill requirements, and stakeholder interaction.

Plans from other process areas may provide additional detailed guidance
and should be compatible with the overall project plan in order to indicate
who has the authority, responsibility, accountability, and control. These
plans may be incorporated into the project plan as separate chapters or they
may exist as stand-alone documents. Candidate plans that affect project suc-
cess include:

◗ Quality assurance;

◗ Configuration Management;

◗ Data management;

◗ Risk management;

◗ Measurement and analysis;

◗ Knowledge and skills building (training);

◗ Stakeholder involvement;

◗ Integration strategy;

◗ Verification strategy;

◗ Validation strategy.

The plan for stakeholder interaction includes some or all of the following:

◗ List of all relevant stakeholders;

◗ Rationale for stakeholder involvement;

◗ Expected roles and responsibilities;

◗ Relationships between stakeholders;

◗ Relative importance of stakeholder to project success by phase;

◗ Resources needed to ensure relevant stakeholder interaction;

◗ Schedule for phasing of stakeholder interaction.

To obtain commitment from relevant stakeholders, differences between
the estimates and resources must be negotiated and reconciled.
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Project teams and supporting teams must have confidence that the work
can be performed within cost, schedule, and performance constraints. Inter-
nal and external commitments or recommitments must be reviewed with
senior management to ensure necessary support for this commitment
together with all of the other existing and pending commitments that have
been made throughout the organization.

Commitment Process Overview

The commitment process is a process that is established and maintained to
ensure that commitments are made with the involvement and agreement of
those who will do the work. This is a vastly different concept from what is
normally stated by senior managers when they indicate they are “commit-
ted” to process improvement and product and service quality. The commit-
ment process includes these steps presented in a high-level form here:

◗ Work breakdown structure is defined.

◗ An estimate is made of the magnitude of the commitment.

◗ The disciplines involved participate in developing the implementation
plan, including estimating the size, effort, and schedule.

◗ An independent review of the plan is held.

◗ Agreement is reached on the commitment through negotiation.

◗ Senior management approves the commitment.

◗ A mechanism is provided to renegotiate the commitment in the event
of a requirements change.

◗ A postimplementation review is held to discover what went right and
what went wrong to learn how to improve future commitments and
to compare actual performance with original estimates. Sometimes
this is referred to as a postproject review where lessons learned are
captured.

The commitment process is on the critical path for three process areas, as
shown in Figure 7.7.

Project monitoring and control
The documented project plan is used as the basis for monitoring activities,
communicating status, and taking corrective action. Recording actual proj-
ect progress and performance must also include recording associated con-
textual information to help understand the measures. The purpose of
project monitoring and control is to provide an understanding into the pro-
ject’s progress so that appropriate corrective action can be taken when the
project’s expected performance deviates significantly from the plan.
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Criteria must be established for determining just what does constitute a
significant deviation from the project plan. The corrective actions may
require replanning, which may even include revising the original plan and
establishing a new agreement with the customer.

Actual values of the project planning parameters together with associ-
ated contextual information must be recorded including:

◗ Attributes of the work products:

◗ Size;

◗ Complexity;

◗ Weight;

◗ Form, fit, or function.

◗ Cost and expended effort;

◗ Schedule;

◗ Technical performance (completion of activities and milestones against
the schedule);

◗ Staffing profiles;

◗ Resources:

◗ Physical facilities;

◗ Computers and peripherals;

◗ Networks;

◗ Security environment.

◗ Knowledge and skills acquisition of project personnel (training needs);

◗ Capture estimates and actuals in an organization-wide historical data-
base for use by ongoing and future projects.

Project monitoring and control 97

Changes to planned commitments
are understood and agreed to by all
affected groups and individuals.

Requirements
management

processes

Project planning
processes

Project monitoring
processes

C
o

m

m

i

t

m

e

t

n

p
r
o
c
e
s
s

Figure 7.7 Commitment process.



In addition, project monitoring and control must track commitments,
risks, data management, and stakeholder involvement. When the actual
values recorded deviate significantly from the estimated values, some cor-
rective action must occur. Examples of potential actions include:

◗ Modifying the statement of work (SOW);

◗ Modifying the requirements;

◗ Revising estimates and plans;

◗ Renegotiating commitments;

◗ Adding resources;

◗ Revising understanding of project risks.

Summary
Project planning and project monitoring and control are the basic project
management functions that must be understood and carried out on every
project. In the next chapter, we will examine the details of risk management.
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Enabling the Project Leader to
Better Manage and Control
Through Risk Management

Risk management
Risk as a science was born in the sixteenth-century Renais-
sance, a time of discovery. The work risk is derived from the
early Italian risicare that means “to dare.” Today, risk is defined
as the possibility of loss. Unless there is a potential for loss,
there is no risk.

Risks are future events with a probability of occurrence
and a potential for loss. Many problems that arise in sys-
tems/software development efforts were first known as risks
by someone on the project staff. Many organizations and proj-
ects worry about risks only during risk management season.
At the beginning of a project or a new business year, manage-
ment encourages the projects to identify all of the risks that
they can. Risks are brainstormed regardless of type, probabil-
ity, or potential loss, placed in a file, and promptly forgotten
until the start of the next risk management season. Even
when risks are identified in a brainstorming session and
tracked on the project, many of the risks are not risks at all
but known problems.

When a project manager knows that the number of people
and their level of knowledge and skills are not sufficient to sat-
isfy the goals of the project, this is not a risk—it is a problem.
Problems must be dealt with. Problems are realized risks. Risks
have the possibility of being managed.
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Making decisions under conditions of uncertainty

Risk management is decision making under conditions of uncertainty. Rob-
ert Charette1 described risk management as a project management activity
that does not deal with future decisions, but with the future of present
decisions.

Risk management (Figure 8.1) involves:

◗ Identifying potential problems before they occur;

◗ Analyzing their probability, potential impact, and time frame;

◗ Determining a risk management strategy;

◗ Planning risk-handling activities to mitigate adverse impacts on achiev-
ing project and organizational objectives;

◗ Determining and evaluating contingency plans;

◗ Proactively tracking and managing the risks.

Project managers do manage risks, but:

◗ Tend to manage the risks they see, and do not often see all of the risk
or the critical risks;

◗ Tend to only manage risk for which they have domain expertise;

◗ Tend to really manage to cost and schedule—the symptoms;

◗ Are usually selected and rewarded for their crisis management skills.
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While risk management is a new process area found in CMMI®, risk
management is certainly not a new topic and its benefits have long been
documented. Those benefits include:

◗ Facilitating a closer look at strategy and decision-making criteria;

◗ Creating a shared product vision;

◗ Facilitating upward communication of risks;

◗ Facilitating downward communication of strategy and decision-
making criteria;

◗ Helping project members to:

◗ Take a closer look at their plans, procedures, and processes com-
pared to the business needs and possible problems;

◗ Think of alternative approaches to problem solving;

◗ Determine backup plans in the event of problems;

◗ Prevent problems before they occur.

To prepare for risk management, a project leader and his or her project
members need to determine risk sources and categories or “bins” for collect-
ing and organizing the risks, define risk parameters, and establish a risk
management strategy.

Sources of risk

There are many sources of risks, both internal and external, to the project.
Many of these sources of risk are just accepted without adequate planning
to reduce the probability or impact of the risk. Typical sources of risks
include:

◗ Poorly defined requirements;

◗ Unavailable technology;

◗ Unrealistic schedule estimates;

◗ Inadequate knowledge and skills of staff;

◗ Inadequate supplier capability.

Categorizing risks

It is important for the project team to have a clear understanding of the
parameters used to categorize risks in order to develop a mitigation strategy
and manage these risks throughout the project life cycle. Standard parame-
ters for categorizing risks include:

◗ Likelihood or probability of occurrence;

◗ Consequence, impact, or potential loss;

◗ Time frame in which the risk might occur.
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It is very important for any project to understand risk in terms of quanti-
tative data. For example, it would be the best if we could determine that the
probability of a risk occurring is 80% or the business impact is $2 million. It
would also be great if we could say with certainty that the risk will occur in
the sixth month of the project. Unfortunately, projects do not have such
quantitative data when a risk management culture is being established
throughout the organization. To get things started, it is recommended that
relative terms be defined and used for those parameters.

Examples for likelihood are:

◗ Remote;

◗ Unlikely;

◗ Likely;

◗ Highly likely;

◗ Near certainty.

Examples for consequences are:

◗ Low, medium, high;

◗ Negligible, marginal, significant, critical, catastrophic.

Examples of time frames are:

◗ Short term;

◗ Medium term;

◗ Long term.

In addition, it is important for the project to define control points to trig-
ger management actions. In other words, define the early warning signals
that the risk is becoming serious.

Risk management strategy

A risk management strategy needs to be established and maintained to
ensure that any risk mitigation activities that are put in place will be effec-
tive and support business objectives. The risk management strategy should
include objectives, constraints, and alternatives. Two alternatives to mitigat-
ing a risk are: (1) avoiding the risk by changing the requirements, the prod-
uct design, or the project’s defined process; or (2) accepting the risk and
dealing with the consequences if the risk occurs (becomes a problem). For
those risks that exceed established thresholds for risk exposure, the project
team needs to develop a set of activities to reduce the probability of the risk
occurring and/or reduce the impact of the occurrence of the risk. Some risk
mitigation activities include:

◗ Changing control mechanisms to monitor risk areas;
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◗ Considering alternative designs;

◗ Providing additional training;

◗ Providing cross-training to ensure each function is backed up;

◗ Involving users such as focus groups more;

◗ Increasing peer reviews such as inspections and structured
walkthroughs;

◗ Developing and using a traceability matrix;

◗ Increasing the level of testing and auditing testing results;

◗ Providing additional time and cost;

◗ Using prototyping;

◗ Using simulation;

◗ Searching for higher-performance hardware;

◗ Following an incremental development or evolutionary development
approach.

The risk management strategy is necessary in order to support the proj-
ect manager to determine risk mitigation activities that will:

◗ Provide the greatest reduction in risk;

◗ Require the fewest resources;

◗ Require available resources;

◗ Have the least impact on the schedule.

The question that requires an answer is: What set of strategies best man-
ages the project’s risk?

◗ Acceptance: Accept the consequences of the risk (do nothing). Make a
conscious decision to live with the risk, having determined that the
mitigation effort would be more expensive than the problem.

◗ Avoidance: Eliminate the risk altogether in order to avoid a lose-lose
situation (e.g., decision not to bid on a request for proposal). Change or
lower the requirements while still meeting the user’s needs.

◗ Reduction: Decrease the risk through mitigation, prevention, and antici-
pation. Reduction can be applied to either the probability or the
consequences.

◗ Causal analysis: Research further the root causes and determine the pos-
sible benefits.

◗ Elimination: Eliminate the risk completely whenever possible based on
the cost of the problem and the cost of the solution.

◗ Protection: Employ redundancy to mitigate the risk (e.g., two systems
backing up each other).
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◗ Reserves: Use contingency funds and build in schedule slack to cover
uncertainties.

◗ Transfer: Shift the risk to another person or group better able to act
upon it.

Risk mitigation plan

Based on the risk management strategy adopted by the project and/or busi-
ness unit, a risk mitigation plan should be developed for the most important
risks to the project. Suggested risk plan content includes:

◗ Risk description or risk statement—why item is a risk;

◗ Source or cause of risk;

◗ Point of contact for details of identified risk;

◗ Date identified as a risk;

◗ Risk probability: probable, possible, unlikely;

◗ Consequence or impact—high, moderate, low:

◗ Cost impact;

◗ Schedule impact.

◗ Time frame: long, medium, short, immediate;

◗ Classification of risk:

◗ Management, technical, process;

◗ Other.

◗ Person or team assigned to handle risk;

◗ Recommended risk management choices;

◗ Risk triggers or thresholds;

◗ Modules and function points affected;

◗ Possible mitigating actions;

◗ Contingency plan;

◗ Reduction in scope if avoided.

Contingency plans are normally developed for selected critical risks in
the event that if the risk cannot be mitigated with the techniques chosen, a
plan B, or alternative course of action, must be taken.

Risk monitoring

Risk monitoring should be included with the other standard project man-
agement monitoring and control activities discussed in Chapter 7. It is
imperative that the thresholds that define when a risk becomes unaccept-
able and triggers the execution of a risk mitigation plan or a contingency
plan are determined and used during risk monitoring. Figure 8.2 illustrates
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establishing the risk management strategy, risk identification, determination
of risk mitigation techniques that will be used, the determination of contin-
gency plans prior to the project’s start, and risk monitoring using those
established thresholds.

It should be noted that risk monitoring will probably result in the identi-
fication of new risks, setting of new thresholds, and challenges to the previ-
ously agreed to risk mitigation activities. It is my recommendation that a top
10 risk list be developed for each project that is constantly monitored and
updated as necessary. As the project moves through the project life-cycle
phases, this top 10 risk list should reflect the success or failure of the risk
mitigation and contingency planning made so far and result in an updated
set of risk items with adjusted priorities and possibly new risk mitigation and
contingency planning techniques.

The risk status report may be a part of the standard project management
status report or may be a separate reporting item. Suggested contents
include:

◗ Top 10 risk items;

◗ New risk items since the last report;

◗ Number of resolved items that were successfully mitigated, avoided, or
had their impact reduced to lower priority;

◗ Number of contingency plans that had to be invoked;

◗ Risks that became problems;

◗ Time histories of above;

◗ Status to existing risks:

◗ Risk statement;

Risk management 105

Risk exposure
threshold

Risk exposure
threshold

R
is

k
m

an
ag

e
m

e
n

ts
tr

at
e

g
y

•
M

it
ig

at
io

n
te

ch
n

iq
ue

s
•

Pe
o

p
le

as
si

g
n

e
d

•
C

o
n

ti
n

g
e

n
cy

p
la

n
n

in
g

Project
start

Risk
monitoring

Mitigation

Tracking

Contingency
plan

Problem

Current state

Figure 8.2 Establishing risk thresholds.



◗ Old and new priority;

◗ Old and new probability and impact;

◗ Old and new responsibility;

◗ Reason for change.

Summary
Risk management is about making informed decisions under conditions of
uncertainty. Risk management involves:

◗ Identifying potential problems before they occur;

◗ Analyzing their probability, potential impact and time frame;

◗ Determining a risk management strategy;

◗ Planning risk-handling activities to mitigate adverse impacts on achiev-
ing project and organizational objectives;

◗ Determining and evaluating contingency plans;

◗ Proactively tracking and managing the risks.

Effective risk management depends on open communication with all of
the project’s relevant stakeholders throughout the project life cycle. It is an
essential part of project management. The SEI has recognized this and pro-
vided it with the exposure in CMMI® Model that it deserves.
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Enabling the Project Leader to
Better Manage and Control
Through Quality Management

As presented in Chapter 7, the concepts of project manage-
ment are being presented in Chapters 7 through 11. The

quality management process areas of Process and Product Qual-
ity Assurance and Configuration Management are now
described in this chapter as project management functions that
provide input to project managers to help them better manage
and control and not simply go through the motions to satisfy
audit or assessment criteria.

Process and Product Quality
Assurance
While the continuous representation of CMMI® chose a cate-
gorization scheme that placed CM and QA in the category of
support, it is my experience that effective use of the engineer-
ing principles of CM and QA are best realized by thinking
of them as project management functions. This section of
Chapter 9 focuses on the support that a project manager can
and should expect from the functions of Process and Product
Quality Assurance.

Quality control

Process and Product Quality Assurance is often misunderstood
or purposefully equated to testing. Perhaps it is important to
firstly distinguish between quality control and quality assurance.
Quality control evaluates or checks the quality of the products
and life-cycle work products. Quality control functions or
activities help to determine if the product is within defined tol-
erances and of acceptable quality. Tools and techniques used for
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quality control include peer reviews such as inspections or structured walk-
throughs and the different levels of testing. Peer reviews and most testing
techniques are described in the process areas of Verification and Validation.

Quality assurance

Quality assurance in contrast evaluates or checks to see if the process is
working. Is the process being followed? Are the quality control checks being
applied with the proper rigor? Are the quality control checks efficient and
effective? Is the process causing quality problems? Is the process working for
the organization? Tools and techniques used by quality assurance responsi-
bles include process audits or objective evaluations as they are referred to in
CMMI® and assessments or appraisals such as a gap analysis or a SCAMPISM

appraisal.
The purpose of Process and Product Quality Assurance is to provide

management at all levels and practitioners with objective insight into the
processes that are in place and identified to be used on the projects. Objec-
tive evaluations are used to determine if the processes are indeed being fol-
lowed on the projects, and if they are, answer the questions of if they are
efficient and effective and if they are enabling the project members to pro-
duce the required product quality.

Quality functions

To be compliant with the requirements and guidelines of Process and Prod-
uct Quality Assurance, each project is expected to develop a project quality
plan to document the quality functions that will be needed to support the
project throughout the life cycle. These quality functions include, but are
not limited to:

◗ Setting quality goals for the project that support the organization’s
business objectives;

◗ Conducting peer reviews throughout the product life cycle;

◗ Performing multiple levels of testing such as unit testing, integration
testing, systems testing, and acceptance testing;

◗ Designing in quality factors such as maintainability, expandability, and
reliability;

◗ Conducting objective evaluations with respect to product quality;

◗ Conducting objective evaluations with respect to process quality;

◗ Conducting objective evaluations of customer and maintenance
documentation;

◗ Conducting objective evaluations of Configuration Management
activities;

◗ Providing visibility into the process and product quality for manage-
ment and practitioners through quality reporting;
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◗ Getting noncompliance issues resolved before the product is delivered
to the customer.

These quality functions may be performed by:

◗ Project leaders and product and product component developers;

◗ Quality managers or quality responsibles;

◗ Organizational-level quality assurance group;

◗ Systems engineering;

◗ Integration and systems test;

◗ Documentation;

◗ Database;

◗ Others.

Project quality plan

Thus, in summary, given that a project development plan exists, a project
quality plan must describe:

◗ What quality functions will be performed?

◗ Who will perform them?

◗ During what phase of the product life cycle will they be performed?

◗ Who has approval authority?

◗ How will conflicts over nonconformance be resolved?

Questions including the following should be asked and answered in the
project quality plan:

◗ What peer reviews will take place and when?

◗ How will the data from the peer reviews be utilized?

◗ Which tests will be conducted and by whom?

◗ Which tests will a quality responsible observe?

◗ What objective evaluations will a quality responsible conduct?

◗ What metrics will be used for the capture and analysis of identified
defects?

◗ How will the correction of the discrepancies be assured?

◗ What are the criteria for the acceptance of the product from a quality
point of view?

As the project leader or project manager is ultimately responsible for the
product quality produced by his or her project members, it is important that
the project leader work with the quality responsibles supporting his or her
project to develop and manage this project quality plan.
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It should be pointed out that the project quality plan is not the same as the
quality assurance plan that may be developed by the quality assurance
group documenting how the quality responsibles will support the project
with their advice and quality evaluations.

The consequences to a project and ultimately the business objectives of
an organization, if projects do not develop and follow a project quality plan,
are:

◗ Qualify functions may be left out.

◗ Quality criteria will be forgotten or ignored.

◗ Interfaces may not work together.

◗ Process steps may be ignored.

◗ The product or product component may not match the customer’s
requirements and expectations when it is delivered.

◗ Problems take a long time to discover and fix.

◗ The resulting rework is expensive.

◗ Development and production time lengthens.

◗ The delivery date is delayed.

◗ The business unit can incur financial penalties.

◗ There is risk of losing business and even the customer.

Quality assurance responsibles

The quality assurance responsibles should be providing consultation and an
objective evaluation of the project’s plans, processes, standards, procedures,
guidelines, templates, and checklists with regard to:

◗ Compliance with the organizational policies;

◗ Compliance with externally imposed requirements, standards, and
procedures required by the customers;

◗ Processes, standards, and procedures that are appropriate for use by the
project;

◗ Required knowledge and skills of the staff;

◗ Training needs;

◗ Historical data.

Project leaders should be able to expect the following support from quality
assurance to help them better manage and control their project:

◗ Knowledge about the software process;

◗ Input as to the efficiency of the software process being used by project
members;

◗ Assistance in creating an executable and successful project plan;
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◗ Assistance in creating the project’s quality plan;

◗ Assistance in choosing the right standards for the project’s needs;

◗ Assistance in tailoring the standards and processes for practical use by
the project;

◗ Assistance in setting up peer reviews for the software life-cycle work
products;

◗ Assistance in putting together the right quality plan to match the criti-
cality of the life-cycle work products;

◗ Performing objective evaluations and traceability audits to ensure that
the quality goals are being met and the system’s integrity is
maintained.

Objective evaluation

Objective evaluation in quality assurance evaluations is critical to the suc-
cess of the project. Objective evaluation:

◗ Provides the quality responsibilities with the organizational freedom
to be representatives of management on the project;

◗ Protects the quality responsibles from adverse actions by the project
managers such as loss of job, pay, or position;

◗ Provides management with the confidence that the objective informa-
tion about the activities and work products of the project is being accu-
rately reported;

◗ Ensures that everyone performing the quality assurance activities are
trained in quality assurance/quality management concepts;

◗ Ensures that those designated to perform the QA activities are sepa-
rated from those directly involved in developing or maintaining the
work products;

◗ Provides an independent reporting channel to the appropriate level of
organizational management to allow noncompliance issues to be esca-
lated to the appropriate levels of management as necessary.

Objective evaluation applied to performed processes as defined or refer-
enced in the project plan against applicable process descriptions, standards,
procedures, and so forth should be conducted based on clearly established
and maintained criteria and business needs and answer the following
questions:

◗ What will be evaluated?

◗ When or how often will a process be evaluated?

◗ How will the evaluation be conducted?

◗ Who must be involved in the evaluation?
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Objective evaluation applied to the project’s work products and services
looks for compliance against the applicable process descriptions, standards,
and procedures.

The purpose of these objective evaluations is to provide the project man-
ager and project members with information that will help the project man-
ager to look into process and product violations and implement corrective
action as soon as possible to reduce the quality management and project
management risks. Quality reports in the form of evaluation reports, correc-
tive action reports, and quality trends should be tracked, openly communi-
cated to all relevant stakeholders in a timely manner, and resolved.
Noncompliance issues must be resolved at a level as close as possible to the
source of the issue. Quality assurance loses perceived value almost immedi-
ately if the quality responsibles immediately report their noncompliance
findings to higher-level management without giving the project members or
project leader a chance to respond to the issues. Noncompliance issues
should be analyzed to determine if there are any quality trends that should
be discussed with the project leader that might motivate preventative
actions being put in place.

To be complete, trends discovered from analysis of quality reports and
documentation of the process and product quality assurance activities
should be recorded in sufficient detail so that the results can be available
and understood by all relevant stakeholders that are concerned with prod-
uct quality.

Quality assurance group

There are many possibilities to setting up a quality assurance or quality
management organization. One in particular that has proven popular for
many different types of organizations and in many different countries is
described here:

◗ A centralized quality management group is established at the organ-
izational level and is headed by a middle-senior manager.

◗ The quality engineers that serve in this organizational quality manage-
ment group are individuals that have between 10 and 20 years of expe-
rience, including development and project management experience.

◗ There are normally about 1.5–2% of these highly qualified quality engi-
neers compared to the total development staff. One financial organiza-
tion in the Netherlands had approximately eight senior quality
engineers compared to 600 software developers.

◗ Each project of medium to large size is required to nominate at least one
project quality assurance (PQA) coordinator. This person does in fact
report to the project manager but is only responsible for ensuring the
necessary quality functions for the project are carried out.

◗ The quality engineers mentor and coach the PQA coordinators on a
regular basis.
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◗ The quality engineers also support the quality directives of the organi-
zation by representing the independent and objective point of view on
process and product quality.

◗ When necessary, the quality engineers will confront the project man-
ager and escalate any serious noncompliances up to the highest man-
agement level in the organization.

◗ Once a month the quality engineers meet with all of the PQA coordina-
tors to discuss quality processes and procedures. Presentations are
made on a selected quality topic. Approaches to dealing with difficult
project situations regarding quality are discussed. Expert consulting is
brought in periodically to address this forum and provide CMMI®
interpretation and quality management guidance.

◗ Once a month, the quality engineers meet with the project managers to
discuss what quality support they need, the responsiveness of the PQA
coordinators, and their own responsiveness and process improvements
that could be made to assist the project in producing higher-quality
products and services.

Configuration Management
The purpose of Configuration Management is to establish and maintain the
integrity of the work products using configuration identification, configura-
tion control, configuration status accounting, and configuration audits
throughout the product life cycle.

Configuration Management is focused on the rigorous control of the
managerial and technical aspects of the work products, including the deliv-
ered system.

Webster’s Dictionary defines integrity to be “the quality of state of being
unimpaired; wholeness, completeness, constancy, not fragmented.”

Integrity

To more completely understand the concept of integrity with regards to
Configuration Management, let us explore further. If a system exhibits
integrity, we can expect to see the following things happen:

◗ Changes to any configuration item within the system are only made
according to an established and maintained process.

◗ The system is secure from misdirected developers who seek to circum-
vent the rules.

◗ The system is secure from hostile attacks that threaten to damage the
contents of the configuration items.

◗ Life-cycle work products are kept consistent when requirements
change requests are approved and the requirements specification is
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modified. All related life-cycle work products are reviewed to deter-
mine if accompanying changes to them are necessary as well.

◗ Periodic audits are made on the contents of the system to ensure that
changes made to product components are complete and correct.

◗ Regression testing is conducted to ensure that defects are corrected
and existing functionality remains.

The need for Configuration Management of software components can be
used to illustrate the importance of this project management support func-
tion. The most frustrating software problems are often caused by poor Con-
figuration Management such as:

◗ The latest version of source code cannot be found.

◗ A difficult bug that was fixed at great expense suddenly reappears.

◗ A developed and tested feature is mysteriously missing.

◗ A fully tested program suddenly does not work.

◗ The wrong version of the code was tested.

◗ There is no traceability between the software requirements, documen-
tation and code.

◗ Programmers are working on the wrong version of the code.

◗ The wrong version of the configuration items is being baselined.

◗ No one knows which modules comprised the software system deliv-
ered to the customer.

Configuration Management functions include:

◗ Configuration identification;

◗ Baselining;

◗ Change control;

◗ Configuration Management system (software library);

◗ Configuration Management status accounting;

◗ Configuration auditing;

◗ Interface control;

◗ Control of supplier CM functions.

Let us examine these functions as they are viewed in the CM process
area and in related process areas of CMMI®.

Configuration identification

Configuration identification includes the selection, creation, and specifica-
tion of:
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◗ The products that are delivered to the customer;

◗ Designated internal work products;

◗ Acquired products;

◗ Tools;

◗ Other items that are used in creating and describing these work
products.

Configuration items to be controlled come out of the product life cycle
that is chosen for the project and the product architecture, as illustrated in
the in Figures 9.1 and 9.2, respectively.

Configuration items that should always be considered for control
include:

◗ Requirements specification;

◗ Interface specification;

◗ Architectural specification;

◗ Design specification;

◗ Code modules;

◗ Test plans;

◗ Test procedures;

◗ Project plan;

◗ Quality plan;

◗ Configuration Management plan;

◗ Risk management plan;

◗ Data dictionaries.

Baselining

Change is a fact of life in product development: Customers want to modify
requirements; developers want to modify the technical approach; manage-
ment wants to modify the project approach; and new technological develop-
ments introduce new and better materials. Modification is necessary,
because, as time passes, all parties know more about what they need, which
approach would be best, and how to get it done and still make money. The
additional knowledge becomes the driving force behind most changes.

The fundamental success of any development effort is dependent on
well-defined reference points against which to specify requirements, formu-
late a design, and specify changes to these requirements and the resultant
designs. The term baseline is normally used to denote such a reference point.
A baseline is an approved snapshot of the system at appropriate points in the
development life cycle. A baseline establishes a formal base for defining sub-
sequent change. Without this line or reference point, the notion of change is
meaningless. A baseline could be:
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◗ A specification (e.g., requirements specification, design specification);

◗ A product that has been formally reviewed and agreed upon;

◗ A partial system.

A baseline is a “record of a contract” and serves as the basis for further
development. It should be changed only through an agreed-upon change
procedure. A baseline helps a project to control change without seriously
impeding justifiable change. It will help a project to control the identified
configuration items but not constrain early development excessively from
the aspects of time, money, or resources. Before a baseline is established,
change may be made quickly and informally. Once a baseline is established,
change can be made, but a specific, formal procedure must be applied to
evaluate and verify each change. The items in the baseline are the basis for
the work in the next phase of the software development cycle. The items of
the next baseline are measured and verified against previous baselines
before they become baselines themselves.

An example of a baseline is an approved description of a product that
includes:

◗ Internally consistent versions of requirements;

◗ Requirements traceability matrices;

◗ Discipline-specific items;

◗ End-user documentation.

Multiple baselines may be used to define an evolving product during its
development cycle. In Figure 9.3 we see a common set of baselines that
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includes the system-level requirements, system-element-level design
requirements, and the product definition at the end of the develop-
ment/beginning of production. These are commonly referred to as func-
tional baseline, allocated baseline, and product baseline.

A baseline that is delivered to a customer is typically called a release,
whereas a baseline for an internal use is typically called a build.

Baselines of configuration items should be created or released from the
Configuration Management system only with authorization from the con-
figuration control board (CCB) at the organizational level.

Change control

Change requests apply not only to new or changed requirements, but also to
system failures and defects in life-cycle work products. Changes at the
organizational or system level or even the developmental or project level
should follow a change request process. The change request process typi-
cally contains the following steps:

◗ The change request is recorded.

◗ The impact the change will have on the work product, related work
products, and schedule and cost is determined.

◗ The change request is reviewed and agreement is reached with those
affected by the change request.

◗ The change request is tracked to closure.

Change control involves tracking each configuration item, approving a
new configuration, and updating the baseline of configuration items.
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Check-in and check-out procedures should be used to maintain the correct-
ness and integrity of the configuration. It must be mentioned that many
organizations use a CM tool to control the check-in and checkout proce-
dures. Check-in procedures normally require the change description to be
input along with the changed configuration item such as a detailed design
document. However, these self-provided change descriptions should be peer
reviewed and checked to ensure correct and usable information is being
entered into the system for later reporting. Assessment experience has
shown that too frequently, the change history does not match the current
baselined configuration items. In some cases, change descriptions were “I
like peanut butter.” All changes and the reasons for the changes must be
recorded in sufficient detail to provide change history and support Configu-
ration Management status accounting.

Peer reviews, unit testing, and regression testing should be applied to
changed configuration items to ensure that the changes have not caused
unintended effects on the baseline. Regression testing has been often called
Configuration Management’s best friend, as it shows that the changes have
indeed fixed the identified problem and that the functions that worked
before still work. Authorization from the configuration control board must
be obtained before the changed configuration items are reentered into the
Configuration Management system.

Changes are not official until they are released and all relevant stake-
holders notified.

A sample change procedure is illustrated in Figure 9.4.

Change control boards

The configuration control board at the organizational level may contain rep-
resentatives from different departments and disciplines as suggested here:

◗ Program management;

◗ Systems engineering;

◗ Software engineering;

◗ Hardware engineering;

◗ Software quality assurance;

◗ Hardware quality assurance;

◗ Configuration Management;

◗ Integration and systems test;

◗ Documentation;

◗ Customer representative.

Change control boards may be established at different levels in addition
to the organizational level. Product line CCBs may be established for organi-
zations with distinct product lines. Project-level CCBs may be established
and may include the project leader, the quality assurance responsible, and
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an integration and test responsible. The project-level CCB is typically given
authority to approved change requests if they do not have any affect on the
baselined requirements specifications.

Configuration Management system

The Configuration Management system stores the configuration items cre-
ated during the product life cycle or references them and prevents unau-
thorized changes to the baselined items. The Configuration Management
system can be viewed as a repository where changes to the baselines and
releases of products and product components take place in a controlled fash-
ion. A well-functioning Configuration Management system includes the fol-
lowing functions:

◗ Managing multiple levels of Configuration Management;

◗ Storage and retrieval of configuration items;

◗ Sharing and transferring of configuration items between the different
control levels;

◗ Storage and recovery of archived versions of configuration items;

◗ Storage, update, and retrieval of Configuration Management records;

◗ Creation and dissemination of Configuration Management status
reports;

◗ Helping to ensure correct creation of products from the release baseline
with authorization from the configuration control board;

◗ Preserving the contents of the Configuration Management system;

◗ Backup and restoring of Configuration Management files;

◗ Recovery from Configuration Management errors;

◗ Archiving of Configuration Management files;

◗ Disaster recovery.

The three typical types of Configuration Management systems are:

1. Dynamic (for developers) systems—controlled by the developer;

2. Master (or controlled) systems—used for managing the current
baselines and for controlling changes made to them;

3. Static systems—used to archive various baselines released for gen-
eral use.

Configuration Management status accounting

Configuration Management status accounting is used to maintain a continu-
ous record of the status and history of all baselined items and proposed
changes to them. It should be able to answer the questions: What changes
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have been made to the system? What changes remain to be implemented?
The information required for a comprehensive status accounting includes:

◗ The time at which each baseline was established;

◗ When each configuration item and change was included in the
baseline;

◗ A description of each configuration item;

◗ All change requests;

◗ The description of each product or product component change.

Configuration Management status accounting for systems and software
engineering items follows the concepts of financial accounting. Imagine that
you went to an automated teller machine and used your bank card to find
out your balance. Suppose you felt your balance was around $2,000. When
you query the automated teller system, you find out your balance is $1,000.
Normally in this situation, you would want to find out what transactions
had taken place to result in that unexpected low balance. Most automated
teller systems would be able to print out your buying activity for the past 15
or 30 days.

You may find out that your spouse had purchased a new set of golf clubs
for $1,000 and that was the reason your balance was not what you
expected. Configuration Management status accounting operates in the
same way. Status reports on additions and changes to the evolving configu-
ration should be readily available. To support this critical function:

◗ Configuration Management actions must be recorded in sufficient
detail so that the content and status of each configuration item is
known.

◗ All relevant stakeholders, especially project leaders, should have access
to and knowledge of the configuration status of the baselined configu-
ration items.

◗ Previous versions should be able to be recovered.

◗ The difference between successive baselines must be able to be clearly
described.

◗ The current status and history of each configuration item must be
maintained and updated as necessary.

◗ All relevant stakeholders must have access to and knowledge of the
Configuration Management system through defined and understood
request procedures that may involve a human being and may be pro-
vided by a Configuration Management tool.

◗ The reports must be detailed enough to support each project’s project
management needs.

◗ Standard Configuration Management status reports should be sent
out to affected groups and individuals on a periodic basis.
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Configuration auditing

Configuration auditing verifies that the product is built according to the
requirements, standards, or contractual agreement. It verifies that all prod-
uct components have been produced, correctly identified, and described,
and that all change requests have been resolved.

Baseline audits should be conducted at phase end or other designated
point in the product life cycle to continuously ensure that the completeness
and correctness of the baselined Configuration Management system con-
tents are verified based on the requirements as stated in the project plan and
approved change requests.

The product’s functionality and performance should be compared to the
requirements. In addition, the documentation that is baselined for mainte-
nance activities (architectural specification and design specification) as well
as for operational use (user manuals, operations manuals, installation
manuals) should be compared to the requirements.

When the product is ready to be packaged and delivered, this final audit-
ing is often referred to as function configuration auditing (FCA) and physi-
cal configuration auditing (PCA). Functional configuration audits verify that
the delivered product or product component satisfies the requirements and
all approved requirements change requests and nothing more. Physical con-
figuration audits provide an independent evaluation of the system configu-
ration items to confirm that each configuration item that makes up the
as-built system maps to its specifications. The audit is held to verify that the
product and its documentation are internally consistent and ready for deliv-
ery to the customer or end user. Appropriate customer deliverable docu-
mentation includes installation manuals, operating manuals, maintenance
manuals, and release notes or version description documents.

If the FCA and PCA are based on ongoing baseline configuration audits,
shown in Figure 9.5, these audit activities are often not more than a confir-
mation and a spot check of those baseline configuration auditing reports.
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Interface control

Control of interfaces is becoming one of the most critical tasks in build sys-
tems today. This is especially true as many projects are being built at multi-
ple sites, in multiple countries, and within multiple cultures. In addition,
suppliers are being used more now than in any other point in history. This
simply means that the identification of interface requirements, the estab-
lishment of interface descriptions, and the Configuration Management con-
trol of those interface descriptions is critical to the success of many of today’s
projects. CMMI® describes the identification of interface requirements in
the Requirements Development process area, the establishment of interface
descriptions in the Technical Solution process area, and the control and use
of those interface descriptions in the Product Integration process area.

Interfaces are often classified into two major categories:

1. Organizational interfaces where the transfer of configuration items is
controlled between individuals, the project and support groups, and
the customer. Organizational interfaces include interfaces between
various organizations or groups involved with the product:

◗ Vendor to customer;

◗ Project to project;

◗ Codeveloper to codeveloper.

2 Technical interfaces, which include:

◗ System interfaces: The explicit interfaces between the system and
the software configuration items whose functionality must
accomplish the system requirements;

◗ Life-cycle phase: Transition interfaces between those life-cycle
phases of the product;

◗ User interfaces: Logical characteristics of each interface between the
product and its users;

◗ Software interfaces: The agreements shared between software mod-
ules and other software components;

◗ Hardware interfaces: Agreements shared between other product
component and any hardware component in the environment
with which it must interface;

◗ Communication interfaces: The interfaces between the software
modules and communication hardware and software such as local
area network protocols.

Control of supplier CM functions

If a portion of a development project is to be subcontracted to a supplier out-
side of the project’s boundaries, the responsibility for the Configuration
Management belongs to the buyer organization. The supplier is only respon-
sible for the portion of work that has been tasked according to the supplier
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agreement. Therefore, it is important that the buyer organization thoroughly
understand the Configuration Management capabilities of its suppliers.

Questions such as the following should be asked and answered:

◗ What supplier life-cycle work products must be placed under configu-
ration control to ensure consistency with the main development
effort?

◗ What CM concerns need to be added to or removed from the contract
with the supplier?

◗ What audits and procedures need to be established for the supplier?

◗ What are the supplier’s obligations?

◗ What are the contracting organization’s obligations?

◗ Are the supplier’s configuration identification schemes compatible
with the buyer?

◗ Does the supplier have an effective means for managing the interface
descriptions?

◗ Have the frequency and format of the supplier’s Configuration Man-
agement status reports been agreed upon?

◗ Does the supplier understand the importance of configuration audits
and understand what the buyer expects of it regarding them?

Summary
The quality management functions that are expected to be implemented on
any project interested in developing products that satisfy the requirements
of product and service quality include but are not limited to:

◗ Setting quality goals for the project that support the organization’s
business objectives;

◗ Conducting peer reviews throughout the product life cycle;

◗ Performing multiple levels of testing such as unit testing, integration
testing, systems testing, and acceptance testing;

◗ Designing in quality factors such as maintainability, expandability, and
reliability;

◗ Conducting objective evaluations with respect to process quality;

◗ Controlling the integrity of the evolving product or product compo-
nent through Configuration Management.

CM is one of the most important process improvement tools that project
leaders can use to evolve and deliver their product in a controlled manner.
Knowing the state of the product that a project is developing and knowing
that it satisfies the customer’s requirements are of utmost importance for
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any project leader. Since many of the most frustrating product or product
component problems are often caused by poor Configuration Management,
proper Configuration Management is critical.
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Enabling the Project Leader to
Better Manage and Control
Through Supplier Management

Continuing with the project management theme established
in Chapter 7, we now turn our attention to supplier man-

agement. CMMI® has two process areas that are dedicated to
this arena: (1) Supplier Agreement Management, and (2) Inte-
grated Supplier Management.

Supplier Agreement Management
Subcontracting or working with suppliers is becoming a com-
mon, but maybe uncomfortable, fact of life. Companies that
insisted they would not use subcontractors 1 year ago are sud-
denly finding themselves in a position of trying to decide how
to select a qualified subcontractor or supplier. Too often, these
same companies do not have their own requirements engi-
neering, requirements management, project management, or
quality management under control and are now faced with
managing suppliers in addition to their own project activities.
To set the stage, let us define buyers and suppliers:

◗ Buyer: The project or organization that is setting up an
agreement with an entity outside of the project or
organization’s boundaries to develop a product or prod-
uct component for delivery. Being outside of the pro-
ject’s boundaries indicates the buyer normally has no
control over the supplier’s resources.

◗ Supplier: A project inside or outside of the buyer’s busi-
ness unit or organization that agrees to do the necessary
product or product component development according
to the requirements of the buyer and deliver within
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specified constraints such as cost, schedule, quality, and
performance.

A typical scenario that keeps repeating itself throughout the IT world is
one where the buyer organization does not have a sufficiently competent
staff to develop or manage the projects that they are being asked to deliver.
The senior management team decides to outsource major portions of devel-
oping the system to a supplier, but due to their own lack of knowledge
about requirements gathering, project management, or quality manage-
ment, the buyer organization asks the supplier organization to develop not
only the requirements but also the acceptance criteria and the acceptance
tests. From my point of view, this is a very risky way use suppliers.

While teaching a public supplier management workshop, I explained
why the buyer organization should develop the WBS, the requirements,
and the project plan to a low enough level to be able to put out a Request for
Proposal (RFP) that included a Statement of Work (SOW). Participants
asked in an obviously agitated voice, “Are you saying we, the buyer organi-
zation, need to do some work before we choose a supplier? Why should we
decide to select a supplier if we have to do any of the work? That is why we
want a supplier, so we do not have to use any of our resources and do any of
the work.”

Sound unbelievable? This class was taught in 2001, but the scenario and
the questions have been repeatedly presented to me. There are many good
reasons to use suppliers and they will be covered in this section. One truth
must be kept in mind when a decision is made to use a supplier: Either you
control your suppliers or they control you.

When and why do we use suppliers?

Let us examine some of the reasons that organizations choose to use
suppliers:

◗ When we don’t know how to develop the product or product
components;

◗ When we know how to develop the product or product components
but don’t have the technology to do so:

◗ When someone else knows how to develop the product or product
components better;

◗ When someone else knows how to develop the product or product
components cheaper and with higher quality.

◗ When we have insufficient in-house resources;

◗ When it is desirable to create a strategic alliance because the supplier
adds to the buyer’s competitive position;

◗ When an organization wishes to pursue new business opportunities;

◗ When someone else already has a prototype, or a similar product;
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◗ When using a supplier will result in a more cost-effective solution;

◗ When the supplier is willing to share some of the contract risk or
entrepreneurial risk.

Different forms of suppliers

Suppliers may take many forms, as indicated next and illustrated in Figure
10.1, including:

◗ In-house vendors;

◗ Other projects;

◗ Fabrication capabilities and laboratories;

◗ Commercial vendors;

◗ Sister divisions;

◗ Commercial-off-the-shelf (COTS) products;

◗ Contractors (body shopping).

While there may be arguments against the ideas of reuse components or
outsourcing, if we keep in mind the concept that suppliers can be regarded
as being “outside of the project’s boundaries,” these may fit the description
as well.

Supplier Agreement Management addresses the need of the project to
effectively select and manage those portions of the work that are conducted
by suppliers. The term supplier is used to identify an internal or external
organization that develops, manufactures, tests, or supports products being
developed or maintained that will be integrated into the buyer’s product or
will stand alone and be delivered to the buyer’s customer.
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Supplier management activities

Supplier Agreement Management involves the following activities:

◗ Identifying the products and services to be acquired;

◗ Developing the WBS and requirements that the organization wants the
supplier to fulfill;

◗ Establishing supplier selection criteria;

◗ Sending out a request for proposal;

◗ Selecting suppliers;

◗ Establishing and maintaining requirements and agreements with
suppliers;

◗ Overseeing supplier performance;

◗ Accepting delivery of the supplied products;

◗ Arranging for maintenance and support of the supplier products.

What are some of the sources of problems when using suppliers?
Buyers tend to:

◗ Set unreasonable completion dates;

◗ Enforce a budget limit without understanding the full scope of the
problem;

◗ Expect an initial project cost and plan that will never be changed with-
out providing a clear definition of the requirements to the supplier;

◗ Exhibit an us-against-them attitude: conflicts.

Suppliers tend to:
◗ Fail to identify and specify assumptions and contract performance con-

straints in the plans/proposal;

◗ Agree to the buyer-imposed limits too readily—fail to effectively nego-
tiate a win-win solution for both parties;

◗ Back into a imposed schedule, and therefore skimp on quality over the
life of the project;

◗ Fail to fully identify and manage risks.

As a result, typical problems include: products are not delivered on time,
there is no insight to the progress, the quality of products is far below expec-
tations, and costs keep increasing.

When deciding to use a supplier, the buyer organization must decide
what acquisition type will provide the best solution that optimizes cost,
schedule, performance, and quality. Acquisition types include purchasing
off-the-shelf products or services, obtaining products or services through a
contractual agreement, obtaining the products or services from another part
of the business enterprise (sister division), or combining options such as
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contracting for a COTS product while have another part of the system devel-
oped by a sister division.

Supplier evaluation criteria

Regardless of the acquisition type, it is necessary to develop supplier evalua-
tion criteria in advance. Suppliers should be selected based on their ability to
perform the work according to predefined evaluation criteria such as:

◗ Prior documented performance on similar applications;

◗ Supplier’s performance records on similar work;

◗ Geographic location;

◗ Management capabilities;

◗ Systems engineering capabilities;

◗ Software engineering capabilities;

◗ Knowledge, skills, and numbers of staff available to perform the work;

◗ Available resources such as facilities, hardware, software, and training
possibilities;

◗ The results of an assessment or capability evaluation;

◗ The project’s ability to work with the proposed supplier.

Other requirements for suppliers

Along with the selection criteria, it is important for the buyer to establish
the requirements that it wishes the supplier to fulfill. Don’t forget to let the
supplier know about other requirements beyond the function ones such as:

◗ Standards and procedures;

◗ Processes;

◗ Configuration Management system requirements, including the CM
tool that is preferred;

◗ Quality assurance expectations such as noncompliance audits;

◗ Design criteria if appropriate;

◗ Requirements for risk management;

◗ Deliverables;

◗ Expected project status reports and frequency;

◗ Requirements for personal face-to-face visits.

Supplier agreement

Once the supplier is selected, it is necessary to establish the legal and func-
tional way the buyer expects to work with the supplier. This is normally
documented in the supplier agreement, which should provide the supplier
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with the project needs, expectations, and measures of effectiveness. Risk
should not be overlooked in the selection of the type of supplier agreement.
Fixed price agreements are practical for low-risk projects. Cost or cost plus
incentive agreements are generally used when there is a higher degree of
risk involved. The supplier agreement typically includes:

◗ Statement of work;

◗ Terms and conditions;

◗ List of deliverables, schedule, and budget;

◗ Defined acceptance process, including acceptance criteria;

◗ Identification of buyer and supplier representatives responsible and
authorized to agree to changes to the supplier agreement;

◗ Identification of the process for handling requirements change requests
from both sides;

◗ Identification processes, procedures, guidelines, methods, templates,
and so forth that will be followed;

◗ Identification of critical dependencies between the buyer and the
supplier;

◗ Identification of the form, frequency, and depth of project oversight
that the supplier can expect from the buyer (also be dependent
upon the amount of foreseeable risk; greater risk will require greater
oversight);

◗ Identification of the supplier’s responsibilities for ongoing maintenance
and support of the acquired products;

◗ Identification of the warranty, ownership, and usage rights for the
acquired products.

Commercial off the shelf (COTS)

During the middle years of companies using CMM® for Software, most
companies did not consider COTS a form of subcontractor and therefore
ignored using procedures as they would with subcontractors. At the very
least, an organization making the decision to purchase a COTS product
needs to define the requirements to a sufficient level of detail in order to
objectively evaluate candidate COTS products and determine which ones
come the closest to satisfying those requirements. Evaluating candidate
COTS products should take into consideration:

◗ Functionality;

◗ Performance;

◗ Quality;

◗ Reliability;

◗ Terms and conditions of warranties for the products;
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◗ COTS supplier’s past performance and ability to deliver;

◗ Risks associated with the selected off-the-shelf product;

◗ Benefits and impacts that may result from future upgrades;

◗ Ongoing maintenance plans;

◗ Ease of modification;

◗ Existence of documentation to support changes.

Supplier: One of the project team’s members

It is my opinion that a supplier should be thought of just as if it were one of
the project team members. True, the supplier may be another company of
1,000 developers about 4,000 miles away, but, like the project member, the
supplier is given an assignment with expected milestones and deliverables.
Also like the project member, the supplier needs to write status reports
describing accomplishments, issues, risks, considerations for the next
reporting period, direction from the project manager, and what did not get
accomplished as well as what is planned to be accomplished during the next
reporting period.

The supplier’s management and technical activities and work products
should be evaluated on a periodic and event-driven basis against the sup-
plier agreement. The buyer project manager should be prepared to make
recommendations for performance improvement as necessary and provide
awards and penalties to the supplier as appropriate in accordance with the
contractual agreement. Project management reviews should also be set up
to discuss any changes to the supplier’s statement of work, terms and condi-
tions, and any other commitments. When contracts are involved, changes to
the requirements will involve more money if they are out of scope.

It was mentioned that the requirements should include the buyer’s
demand regarding Configuration Management and quality assurance. These
project management support areas should not be excluded in the periodic
progress meetings and status reports. It is up to the buyer to ensure that the
supplier is caring for the integrity of the work products and product or prod-
uct components that it is building. It is also up to the buyer to ensure that
the supplier, through its processes, peer reviews, and tests, is able to product
the necessary product quality that is expected by the project.

While the supplier’s progress reports may be very encouraging, remem-
ber that it is the buyer that must integrate the product component(s) pro-
duced by the supplier, put their brand on the entire integrated product, and
advertise it as quality. Acceptance testing should be done by the buyer. It
can be done with support from the supplier, but it is the buyer who is
responsible for developing the acceptance criteria and who should be
responsible for independent acceptance testing.

The product that is delivered by the supplier must run in the buyer’s
operational environment and work as the buyer intended it to work. It is
perfectly acceptable for the buyer to ask for the systems test results from the
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supplier along with the results of the functional configuration audit and the
physical configuration audit before the buyer even agrees to enter the tran-
sition phase and move the product or product component from the supplier
to the buyer.

Supplier Agreement Management is about deciding:

◗ What is needed to manage your project’s activities?

◗ What part of your project’s requirements you would like to be satisfied
outside of your project boundaries?

◗ What the effort and cost of acquiring a COTS solution?

◗ What are the effort and cost to manage a supplier?

◗ Where outside of your project’s boundaries will you find the most bal-
anced solution for your need?

Integrated Supplier Management
Integrated Supplier Management (ISM) was added to CMMI® in the
SE/SW/IPPD/SS model in both the staged and continuous representations
to focus projects and organizations beyond the normal activities associated
with supplier management. ISM involves monitoring the new products
available on the market, evaluating sources of products that might help sat-
isfy project requirements, and using this additional viewpoint to select sup-
pliers. ISM is especially designed for situations in which projects use
suppliers to perform functions that are critical to the success of the project.

Achieving project success increasingly demands closely aligned, if not
integrated, processes across organizational boundaries. When tight align-
ment between some of the processes implemented by the supplier and those
of the buyer is critical, it is necessary to monitor and analyze those processes
closely to help prevent interface problems.

The processes selected for monitoring should include engineering, proj-
ect management, contracting, and support processes (quality assurance and
Configuration Management) critical to successful project performance. The
work products selected for evaluation should include critical products, prod-
uct components, and other work products that provide better insight into
the supplier’s capabilities. Work products should be evaluated to ensure
that:

◗ Derived requirements are traceable to higher-level requirements.

◗ The architecture is feasible and will satisfy future product growth and
reuse needs.

◗ Documentation is adequate to operate and support the product.

◗ Work products are consistent with one another.

◗ Products and product components can be integrated.
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Summary
The use of suppliers is becoming a common way of life for system develop-
ers. To be able to guarantee a fully integrated, working, and effective prod-
uct or product component on which the business unit is willing to put their
logo, project managers must be able to control the project’s suppliers as if
they were just another member of the project. Applying the basic principles
of project management, quality management, and engineering addresses
the need of the project to effectively select and manage those portions of the
work that are conducted by suppliers.
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Enabling the Project Leader to
Better Manage and Control
Through Integrated Project
Management

Integrated Project Management
Integrated Project Management can be thought of as project
management based on the organization’s set of standard
processes. Integrated Project Management involves:

◗ Tailoring the project’s defined process from the organi-
zation’s set of standard processes;

◗ Managing the project using the project’s defined process;

◗ Using and contributing to the organization’s process
assets;

◗ Enabling each stakeholder’s unique experience and con-
cerns to be identified, considered, and implemented dur-
ing the development of the product.

A project’s defined process
A project’s defined process should be based on a minimal set of
items, including: the organization’s set of standard processes,
the customer requirements, the product and product compo-
nent requirements, commitments made both internally and
externally, organizational process needs and objectives, the
organizational support environment, the operational environ-
ment, and the business environment.

Managing the project’s effort, cost, schedule, staffing, risks,
and other factors is tied to the tasks of the project’s defined
process. Integrated Project Management also means that all of
the activities associated and supporting the project are
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coordinated, including the technical activities of requirements development,
design, development, and verification and validation. Integrated Project
Management also includes the project management support activities of
quality assurance, Configuration Management, marketing, and training.

The suggested steps for establishing the project’s defined process include:

◗ Select a life-cycle model from the organization’s process assets.

◗ Select the standard process elements from the organization’s set of
standard processes that best fit the needs of the project and the life cycle
chosen.

◗ Apply established and maintained tailoring guidelines to the chosen
process elements.

◗ Document the project’s defined process.

◗ Conduct peer reviews of the project’s defined process.

◗ Revise the project’s defined process as necessary.

◗ Incorporate lessons learned from other current and completed proj-
ects in the organization.

When performing the estimation that was described in project planning
and project monitoring and control in Chapter 7, integrated project man-
agement guides the project manager and team members to use the organi-
zation’s measurement repository. Appropriate data from similar projects can
be used to support estimates that the project has conducted on its own. Each
project is strongly encouraged to independently validate the historical data
and record the assumptions and rationale used to select the historical data.

Plans that affect the project

Integrated project management also has a strong implication that is not
present in either the Project Planning process area or Project Monitoring
and Control process area. In Project Planning and Project Monitoring and
Control, representatives of different groups, departments or disciplines
developed or helped the project to develop supporting plans that affect the
project, but they were developed as if by independent suppliers.

In applying the principles of Integrated Project Management, these
“plans that affect the project” are developed by a more focused and inte-
grated set of individuals who focus not only on the content of a supporting
plan but also on how well it is integrated with the other supporting plans.

Integrated project plan

The integrated project plan should incorporate the definitions of measures
that will be used to manage the project, identify and analyze overall project
risks, and schedules all tasks in a sequence that takes into consideration the
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critical development factors. It should also identify how conflicts will be
resolved that arise between stakeholders involved in the project.

Managing the project using the integrated plans implies tracking risks,
commitments, and the adequacy of the support environment on a periodic
basis. It also implies that critical dependencies from all relevant stakehold-
ers, including external suppliers, are identified, tracked, and negotiated, and
corrective action is again taken as necessary.

To keep the cycle of continuous process improvement going, it is neces-
sary to capture lessons learned and contribute work products, measures, and
documented experiences to the organizational process assets. These experi-
ences are placed back into the organizational measurement repository.

Summary of Integrated Project Management

Integrated project management represents the evolution of the basic project
management functions. Based on the organization’s set of standard
processes, Integrated Project Management develops the project’s defined
process, incorporates other plans that support and contribute to the project’s
success, and guides the development of the integrated project plan that will
be used to manage and control the project to successful completion.

Summary
Project managers today, perhaps more than ever, are under great stress to
understand the requirements of the customer and sponsor, develop or lead
the development of a work breakdown structure, provide estimates by
which to guide the project development, and manage the project to success-
ful completion within the quadruple constraints of cost, schedule, perform-
ance, and quality. They must be able to identify risks, analyze them, develop
risk mitigation plans with a risk strategy, and monitor the risks in an
attempt to prevent them from becoming problems that could hurt the suc-
cess of the project.

Project managers must be able to coordinate the efforts of different sup-
port groups like quality assurance and Configuration Management, different
disciplines such as software engineering or hardware engineering, or other
departments such as marketing or finance. They must be able to manage
their own project members and remotely control the project member of
suppliers. They must be able to direct the technical efforts of their project
team members, but do so with proper interpersonal skills that must be
learned in addition to all the other tasks they are being asked to do.

Today, more than ever, project managers need the processes, proce-
dures, and guidance of the project management and project management
support functions that have been described in Chapters 7 through 11 and
are emphasized in CMM® Integration.
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The Recursive Nature of
Requirements Engineering

The requirements phase for many software-oriented projects
has been largely restricted to requirements gathering. In

probably far too many cases, design and even coding were
started before requirements were known or stabilized to a suffi-
cient point. This chapter presents the “recursive” nature of the
total requirements gathering and analysis process. It includes
concepts from the initial identification of stakeholders, to deriv-
ing requirements, to validating requirements at all stages. It will
also include the more formal decision making concepts of deci-
sion analysis and resolution.

Requirements development
Requirements are the basis for design. Requirements, gathered
according to CMMI®, will address the needs of all relevant
stakeholders including testing, quality assurance, and database,
as well as software, hardware, systems, and so forth. Require-
ments may be focused on specific life-cycle phases. They may
be focused on quality attributes such as maintainability,
expandability, or reliability. Requirements may also address
constraints caused by the selection of certain design solutions
such as using an off-the-shelf database.

What are requirements?

The following list may provide some insight into the question:
What are requirements?

◗ Customer’s needs, expectations, and measures of
effectiveness;

◗ Items that are necessary, needed, or demanded;

141

12
Contents

Requirements development

Requirements Management

Summary

C H A P T E R



◗ Implicit or explicit criteria that must, should, or might be met;

◗ Contain system and software information;

◗ Will not contain details regarding the internal implementation of a
solution;

◗ May be derived from other requirements during analysis, operational
concept and operational scenarios development;

◗ Describe the services the system is to provide;

◗ Describe how the system should behave;

◗ Describe the circumstances under which the system is to operate;

◗ Provide application domain information;

◗ Provide constraints on the systems operations;

◗ Specify the systems properties or attributes;

◗ Provide constraints on the development process of the system.

Requirements might describe:

◗ A user-level facility: The word processor must include a spell checker
and correction command.

◗ A very general system property: The system must ensure that personal
information is never made available without authorization.

◗ A specific constraint on the system: The sensor must be polled 10 times per
second.

◗ How to carry out some computation: The overall mark is computed by add-
ing the student’s examination, project and coursework marks based on
the following formula:

Student Marks

Total Mark = Exam Mark + 2 . Project Mark + 2/3 . Coursework Mark

◗ A constraint on the development of the system: The system must be devel-

oped using the C++ programming language.

Requirements invariably contain a mixture of problem information,
statements of system behavior, system’s properties, design constraints, and
manufacturing constraints. This can and normally does result in conflicts
that must be negotiated and resolved. This will be discussed later in more
detail.

Requirements come from many sources and stakeholders that must be
identified and evaluated as to the true impact that they may have on the
project or the impact the project could have on them. Stakeholders, as
defined in Chapters 4 and 7, provide the wants, needs, constraints, and
interface requirements. It is important for any project to know what the
sources of requirements are and to control those sources through require-
ments gathering and management of requirement’s change requests.
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These requirements sources include:

◗ End user;

◗ Marketing;

◗ Surveys;

◗ Systems engineering;

◗ Software engineering;

◗ Existing systems and specifications;

◗ Standards;

◗ Industry studies;

◗ Academic research;

◗ Prototyping;

◗ Simulation;

◗ Modeling;

◗ Quality assurance;

◗ Configuration Management;

◗ Testing;

◗ Regulatory agencies;

◗ Competitors’ products and services;

◗ Operational environment;

◗ Application domain.

Requirements are commonly placed into categories. Three examples are:
product requirements that define the technical criteria that must, should, or
might be met by the delivered product; project requirements that stipulate
resources that will be made available, and how different aspects of the proj-
ect will be carried out; and process requirements that indicate standards, pro-
cedures, methods, languages, and engineering and management processes
that must be followed.

The needs of stakeholders are the basis for determining customer
requirements. Frequently stakeholders’ needs, expectations, and constraints
are poorly identified or conflicting. In part, this is because developing
organizations expect the stakeholders to know exactly what they want the
product or product component to look like and act like, how it is supposed
to interact with its intended environment, and how long it is expected to
exist as a product. In today’s fast-paced, technology-driven world, it is very
unlikely that the stakeholders will have such insight.

The responsibility to help these stakeholders understand and discover
what their requirements really are is the first challenge that must be con-
fronted head-on if the product development is to be successful and the
delivered product declared useful in its intended environment. Environ-
mental, legal, and other constraints that may be external to the customer
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must also be applied when creating and resolving the stakeholders’ needs,
wants, constraints, and interface requirements into a set of customer
requirements.

Elicitation of requirements

In order to go beyond the basic activity of collecting stakeholders’ needs,
expectations, constraints and interfaces for all phases of the product lifecy-
cle, the Requirements Development process area suggests that they should
be elicited. Eliciting goes beyond collecting requirements. Eliciting implies
proactively identifying additional requirements not explicitly provided by
customers. Examples of techniques to identify and elicit stakeholders’ needs
include:

◗ Dialogue;

◗ Scenario reviews;

◗ Technology demonstrations;

◗ Models;

◗ Simulations;

◗ Prototypes;

◗ Brainstorming;

◗ Observations of existing systems;

◗ Extractions from sources such as documents, standards, and
specifications.

Figure 12.1 illustrates a more detailed process of eliciting requirements.

◗ Objective setting: The overall organizational objectives should be estab-
lished at this stage. These include general goals of the business, an
outline description of the problems to be solved and why the system
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may be necessary, and the constraints on the system such as budget,
schedule, and interoperability constraints.

◗ Background knowledge acquisition: This is a very important stage where
the requirements engineers gather and understand background infor-
mation about the system. This includes information about the organi-
zation where the system is to be installed, information about the
application domain of the system, and information about any existing
systems which are in use and which may be replaced by the systems
being specified.

◗ Knowledge organization: The large amount of knowledge that has been
collected in the previous stage must be organized and collated. This
involves identifying system stakeholders and their roles in the organi-
zation, prioritizing the goals of the organization, and discarding domain
knowledge that does not contribute directly to the system
requirements.

◗ Stakeholder requirements collection: This stage is what many people think
of as elicitation. It involves consulting system stakeholders to discover
their requirements and deriving requirements that come from the
application domain and the organization that is acquiring the system.

Customer requirements

The definition of customer requirements was first provided in Chapter 4. The
set of stakeholders on the left side within the oval is not meant to be
exhaustive but to indicate that stakeholders are found inside and outside of
the organization and must be seriously considered based on their potential
influence on the project. The customer requirements, as defined in Chapter
4 and reillustrated in Figure 12.2, represent the common understanding of
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what will satisfy the stakeholders. This input must be consolidated and have
conflicts removed before being captured as customer requirements. Notice
that it was stated that conflicts will be removed. There will be conflicts and it
is important to thoroughly understand stakeholder relationships before
attempting to get them resolved. Stakeholders, by their very nature, want
what they want in a product or product component and really do not care
what another stakeholder wants. Often these conflicts show up as nonfunc-
tional requirements.

Nonfunctional requirements

Nonfunctional requirements are requirements that are not specifically con-
cerned with the functionality of a system. They place restrictions on the
product being developed, the development process, and the external con-
straints that the product must meet. Nonfunctional requirements define the
overall qualities or attributes of the resulting system and place restrictions
on how the user requirements are to be met. These nonfunctional require-
ments are often of critical importance and functional requirements may
need to be sacrificed to meet these nonfunctional constraints. Nonfunctional
requirements are defined because of the need of the user to achieve certain
goals such as:

◗ Budget;

◗ Organizational policies;

◗ Need for interoperability with other software or hardware;

◗ Need for certain development processes to be followed;

◗ Need to care for external factors such as safety and security regulations.

A few examples may help to illustrate the possible conflicts.

◗ A requirement for a certain level of performance may be contradicted
by reliability and security requirements that rely on processor capacity
to carry out dynamic system checking.

◗ A requirement on space utilization of the system may be contradicted
by another requirement that specifies that a standard compiler which
does not generate optimized code be used.

Once the conflicts are removed, the stakeholders’ wants, needs, con-
straints, and interfaces are captured as customer requirements (see Figure
12.2), and the process of refining those requirements through analysis and
validation starts and continues in a recursive manner all the way through
the definition of alternative solutions that will eventually lead to the best
solution that will be implemented.

This chapter will focus mostly on the requirements side but will show
the overlap with the evolution of the alternative solution that will be dis-
cussed in more detail in Chapter 13.
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Product or product component requirements

The next step in the evolution of the requirements into a product or product
component is the translation of the customer requirements into the product
or product component requirements. Product and product component
requirements define what the system is required to do and the circum-
stances under which it is required to operate. They define the services that
the product or product component should provide and establish constraints
on how they will operate. Product and product component requirements
should include technical requirements and the criteria that will be used to
verify that the products satisfy the requirements. The process of determining
what the systems are intended to do is also referred to as the definition of
functionality, or more commonly referred to as functional analysis. The
definition of functionality should include actions, sequences, input, output,
and other information that clearly describes how the product will be used.
When we define functions, place them into logical groupings, and associate
them with the requirements, we refer to this as the functional architecture.

Operational concept and operational scenarios

The requirements evolution focuses on deriving a more detailed and precise
set of technical requirements that, if implemented, will satisfy the customer
requirements. To accomplish that, the requirements team should analyze
the customer requirements concurrently with the development or refine-
ment of the operational concept. Analysis of one level of requirements
makes sure that they are necessary and sufficient to meet the objectives of
higher levels of the product hierarchy. The analysis of requirements may
produce derived requirements that result from design decisions and should
also address the cost and performance of other life-cycle phases to the
extent possible with the organization’s business objectives.

The operational concept is a general description of how the system operates,
where in the operating environment the system will be distributed, how long
the system must operate, and how effective the system’s performance must
be. An initial understanding of the operational concept may appear during
the elicitation of the requirements but is expected to continue as the devel-
opment team strives to refine their understanding of the requirements to
eventually choose between alternative solutions to implement them.

Operational scenarios classify as a requirements elicitation technique but
are most often used together with the operational concept to refine and dis-
cover new requirements, needs, and constraints. An operational scenario is
a sequence of events that might occur; it includes the interaction of the
product with its environment and users, as well as the interaction among its
product components. The operational scenario should be consistent with
the level of detail in the stakeholders’ needs, expectations, and constraints
in which the proposed product is expected to operate.

Operational concepts and scenarios should focus not only on the sys-
tem’s functionality but also on its performance, maintenance requirements,
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support requirements, and methods of disposal when its productive use is
over. The operational concept should also describe the environment in
which the product is to operate, including boundaries and constraints.
Operational concept and scenario development is an interactive process that
continues into technical solution development.

Product and product requirements that come out of the refinement of
the customer requirements should address the satisfaction of customer,
business, and project objectives and any associated attributes such as effec-
tiveness and affordability. The relationships between requirements should
be established and maintained for consideration during change manage-
ment and requirements allocation.

Architectural and interface requirements

The gathering and analysis of customer requirements and their translation to
product and product component requirements not only include functional
requirements but also focus on architectural and interface requirements.

Architectural requirements that are commonly included are critical prod-
uct quality factors like maintainability and expandability. Maintainability
refers to the characteristic of the system that makes it easy to repair if a prob-
lem is discovered in one of its product components or subsystems. Expand-
ability refers to how easy it is to expand or add another function or product
component to the existing integrated system. We have much to learn about
architecture from building houses. Deciding to knock out a wall to expand
the house when it is nearly 95% complete may not be possible if it was not
built to allow that expansion to happen. Similarly, if a system is built that is
not highly cohesive and loosely coupled, trying to find and fix an error may
result in many other parts of the system being negatively affected. Companies
that have chosen not to consider these quality factors relating to architecture
often find themselves in a position that they can no longer fix a problem or
enhance the existing system without serious negative side effects. These same
companies frequently elect to outsource their system to another company
that has less ability than they do and soon they are totally out of business.

Interface requirements between product and product components
should be identified in the product architecture and should be defined. The
interfaces between functions must be defined and controlled as part of the
product and product component integration. As the interface designs are
defined, the design becomes a requirement for products and product com-
ponents that are affected by the interface. As the design progresses, the
product architecture may be altered by the technical solution processes cre-
ating new interfaces between product components and those components
external to the product.

Allocation of requirements

As indicated in Figure 12.3, the process of evolving the requirements from
stakeholders wants, needs, constraints, and interface requirements to
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product and product component requirements and to alternative solutions
is also affected by how we allocate those requirements to the various engi-
neering functions, services, processes, and people. When we say allocate
requirements to hardware, we are really saying that we intend to satisfy
those requirements through a hardware implementation solution. Likewise,
allocating requirements to software implies that we intend to implement
those requirements through software. We shall see in Chapter 13 that the
decision to allocate requirements to hardware, software, or other engineer-
ing or manufacturing functions may be altered as we strive to find the opti-
mal alternative solution.

Validation of requirements

There is one more important concept that is brought out in the Require-
ments Development process area and that is the concept of validation of
requirements. Perhaps when you hear the phrase “validation of require-
ments,” you think of conducting testing near the end of the project life
cycle. CMMI® clearly shows us that validation needs to start almost imme-
diately after we have gone through the first round of gathering customer
requirements and needs to continue until the best alternative solution has
been chosen and implementation has begun. This is illustrated in Figure
12.4 as a spiral model adapted from [1].

In the early rounds of requirements gathering and analysis, validation of
requirements may mean meeting with the customer and relaying the
understanding of how the operational needs may be met. As the require-
ments are refined and lower-level requirements derived, techniques such as
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those used during the elicitation of the requirements may be used to gain
the customers’ confidence that the project is capable of using the customers’
requirements to develop the product that indeed will meet their operational
needs.

Requirements Management
While the requirements elicitation, analysis, documentation, and validation
are evolving, it is important that the organization have strong management
control of those requirements. Requirements control must continue
throughout the remainder of the project life-cycle phases including when:

◗ The optimal alternative solution is chosen.

◗ The product is being implemented.

◗ Change requests to the requirements are received.

The relationship among RD, TS, and RM

Figure 12.5 illustrates Requirements Management’s (RM) ongoing and con-
tinuous relationship with Requirements Development (RD) and Technical
Solution (TS). As RD and TS are “running” around the track eliciting, ana-
lyzing, refining, and deriving more requirements, RM is running around in
parallel to ensure that their efforts are managed and controlled. As RD cap-
tures its initial customer requirements, RM reaches in periodically and cap-
tures those requirements, identifies them, and places them in a baseline for
control purposes. When RD validates the requirements with the customer,

150 The Recursive Nature of Requirements Engineering

Start

Requirements
documentation

Agreed
requirements

Draft requirements
document

Requirements
document
and validation
report

Informal statement of
requirementsDecision point:

accept document
or reenter spiral

Requirements analysis
and negotiation

Requirements
elicitation

Requirements
validation

Figure 12.4 Spiral model of the product requirements engineering process. (After: [1].)



RM is again there to capture the improved understanding of the require-
ments and control them until the next improvement version is offered. This
process continues even through the definition and selection of alternative
solutions.

For example, if a design decision is made to use an off-the-shelf product,
the interfaces to that COTS product become the requirements for the other
product components that will interface with it. For this example, RM would
be there again to support the capture and control of the new requirements
into the evolving baseline.

Configuration Management of requirements change requests

Requirements Management is essentially Configuration Management of
requirements change requests. This was how it was originally stated in
CMM® for Software. However, due to my assessment experience during the
years I was at the SEI, it became a process area on its own to indicate the
great importance of not only gathering and analyzing requirements but also
ensuring that all relevant stakeholders inside and outside of the project’s
organization were kept aware of the current state of those requirements.
One way that can be accomplished is to make sure that the requirements are
reviewed by a multidisciplined team to ensure that each discipline and sup-
port function that is necessary for the project success has a shared under-
standing of the requirements. The review would take into consideration the
viewpoint of software, hardware, systems, quality assurance, independent
test, and marketing, for example.

Requirements Management 151

RD

RM

TS

Requirements development

Requirements management

Figure 12.5 Requirements Management and Requirements Development
Partnership.



The objective of the review would be to make sure the requirements
were:

◗ Clearly and properly stated;

◗ Complete;

◗ Unambiguous;

◗ Consistent with each other;

◗ Uniquely identifiable;

◗ Feasible and appropriate to implement;

◗ Able to be verified and validated through reviews and testing;

◗ Traceable.

Commitment must be obtained from all relevant stakeholders on the
current requirements. Changes to commitments must be renegotiated with
all of the relevant stakeholders that were involved in the review and base-
lining of the initial set of requirements. Changes to commitments made
external to the organization should be reviewed by senior management, as
one of the relevant stakeholders, to ensure that commitment can be accom-
plished along with the other previously approved commitments. In the past
many people thought that this meant the senior management team was
supposed to be conducting a technical review of the requirements. This is
not the case. This is a business case review to ensure that the organization
can indeed make this commitment or change in commitment along with all
other commitments that have been made or are in the process of being
made. As the requirements evolve according to the practices described in
Requirements Development and Technical Solution, Requirements Man-
agement ensures that all project participants commit to the current,
approved requirements and commit to the resulting changes in project
plans, activities, and work products. Requirements Management also
emphasizes that all changes to existing commitments should be negotiated
before project participants commit to the requirement or requirement
change.

Changes to the requirements must be controlled as they evolve over the
product life cycle due to changing needs and derived requirements. All rele-
vant stakeholders must review and agree on the change requests to the
requirements before they are applied. Approved changes to the require-
ments are tracked and a change history is maintained for each requirement
along with the rationale for the change.

Impact analysis

To effectively analyze the impact of the changes, it is necessary that the
source of each requirement is known and the rationale for any change
documented. To make sense of this, it is helpful to remember the different
elicitation techniques that were used to obtain the requirements from the
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customer in the first place. An impact analysis procedure should take many
things into consideration before the requirements change request is
approved. The following is a list of items that should be examined at a mini-
mum for the impact on them:

◗ Development schedule;

◗ Release schedule;

◗ Changes required to this system;

◗ Staffing;

◗ Components;

◗ Development and target equipment;

◗ Risks;

◗ Scope;

◗ Costs;

◗ Changes required to other systems or interfaces within the project;

◗ Other existing products or product lines.

Bidirectional traceability

The practices found in Requirements Management also point out another
critical function that must be put in place and exercised for successful con-
trol of requirements. That function is bidirectional traceability. Bidirectional
traceability was only mentioned at Maturity Level 3 in CMM® for Software
but is more properly stated as a Maturity Level 2 activity in CMMI®. It
should be clear that without requirements traceability, it would be very dif-
ficult if not impossible to conduct an effective impact analysis when a
requirements change request was received, much less prove that the deliv-
ered system actually matched the requirements and approved requirements
change requests. A requirement is traceable if you know:

◗ The source of each requirement;

◗ Why the requirement exists;

◗ What requirements are related to it;

◗ How the requirement relates to other information such as systems
designs, implementations, and user documentation.

Traceability information is needed to find other requirements that might
be affected by proposed changes. Bidirectional traceability helps determine
that all source requirements have been completely addressed and that all
lower-level requirements can be traced to a valid source.

Frequently I am asked: “Is it OK to have the life-cycle work products on
a PC-based system and the source code (for software) on a mainframe com-
puter?” My answer is always, “Yes, as long as the traceability is in place to
trace from the requirements through the associated life-cycle work products
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of architecture specifications, detailed design specifications, code, unit test
plans, integration test plans, system test plans, and so forth and back.” This
is often referred to as vertical traceability. Horizontal traceability refers to the
traceability from the requirements to the associated plans such as the project
plan, quality assurance plan, Configuration Management plan, risk manage-
ment plan, and so forth.

Keeping life-cycle work products consistent

The important benefit of having bidirectional traceability is to ensure that all
of the life-cycle work products, plans, and related activities are updated as
necessary to keep them consistent with the approved changes made to the
requirements. This guarantees that the integrity of the system is kept.

Summary
During the iterative process of requirements analysis, the following guide-
lines should be continuously applied:

◗ Analyze stakeholder needs, expectations, constraints, and external
interfaces to remove conflicts and to organize into related subjects.

◗ Determine what impact the intended operational environment will
have on the ability to satisfy the stakeholders’ needs, expectations, con-
straints, and interfaces.

◗ Analyze requirements to ensure that they are complete, feasible, realiz-
able, and verifiable.

◗ Analyze derived requirements to determine whether they satisfy the
objectives of higher-level requirements.

◗ Identify key requirements that have a strong influence on cost, sched-
ule, functionality, risk, or performance.

◗ Identify technical performance measures that will be tracked during
the development effort.

◗ Analyze operational concepts and scenarios to refine the customer
needs, constraints, and interfaces and discover new requirements.

Requirements management processes manage all requirements received
or generated by the project, including both technical and nontechnical
requirements and those that are imposed on the project by the organization.
When the Requirements Management, Requirements Development, and
Technical Solutions processes are all implemented, their associated
processes are normally tied closely together and performed concurrently.
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Alternative Solutions

This chapter presents the concepts and guidelines that
CMMI® has to offer on establishing criteria and selecting

product or product component solutions from alternative solu-
tions. It includes the concepts of decision analysis and resolution
for more formal decision making. Critical insight is provided that
shows that alternative solutions not only are different ways of
addressing the same requirements but also reflect a different
allocation of requirements among the product components
comprising the solution set. This chapter will also focus on the
design and implementation of the product or product
component.

Selecting the best alternative solution
Alternative solutions need to be identified and analyzed to
enable the selection of a balanced solution across the life of the
product in terms of cost, schedule, performance, and quality.
This concept first appeared in Chapter 7 as the quadruple con-
straint that needed to be optimized.

To illustrate why identifying and selecting the best alterna-
tive solution is such an important consideration, let us build a
possible scenario.

The Problem: Provide a product or product component solu-
tion across the life of the product that optimizes the quadruple
constraints of:

◗ Cost;

◗ Schedule;

◗ Performance;

◗ Quality.
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The Solution: This may be accomplished through the allocation of the
requirements to:

◗ Software;

◗ Hardware;

◗ Electronics;

◗ Mechanics;

◗ Hydraulics;

◗ Manufacturing processes;

◗ Services;

◗ People.

It may be accomplished through:

◗ In-house development;

◗ Purchase of commercial-off-the-shelf products;

◗ Use of suppliers;

◗ Use of reuse components.

It will be influenced by the proposed product architecture that addresses
the critical quality factors of the product such as maintainability and
expandability.

Satisfying the quadruple constraints

Given this scenario, it is obvious that for reasonably large and/or complex
systems, the combinations and permutations possible will require us to
identify alternative solutions and, based on selected criteria, select the best
solution to solve our originally stated problem. Best must be understood
before the concept of alternative solutions is clearly understood. The alter-
native solutions must fit within the range of given values for cost, schedule,
performance, and quality. It is possible that a project will find that it cannot
fit within those given ranges for one of more of the quadruple constraints.
This may necessitate a change to the product architecture. It may cause a
reallocation of the requirements to the engineering functions or processes or
services. It may cause a renegotiation with the stakeholders to determine if
any of the constraints can be eased. In any event, “best” is not meant to be
“the guaranteed best solution,” but the alternative solution that best opti-
mizes the given constraints.

Allocation of requirements as a solution set

In the general case, solutions are defined as a set. Alternative solutions are
not only different ways of addressing the same requirements, but they
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also reflect a different allocation of requirements among the product com-
ponents as a solution set—not as single product components. The objective
is to optimize the set as a whole. Detailed alternative solutions and selection
criteria, consistent with business objectives, typically include:

◗ Cost (development, procurement, support);

◗ Technical performance;

◗ Complexity of the product component;

◗ Robustness to product operating and use conditions, operating modes,
environments;

◗ Product expansion and growth;

◗ Technology limitations;

◗ Sensitivity to construction methods and materials;

◗ Risk;

◗ Evolution of requirements and technology;

◗ Disposal;

◗ Capabilities and limitations of end users and operators.

Choosing an alternative solution under the conditions described above
may well require a formal evaluation process that focuses on identified
alternatives against established criteria. The CMMI® process area Decision
Analysis and Resolution may be called upon to assist in the selection of the
best alternative solution that will satisfy the technical solution needs of the
project. Decision and Analysis and Resolution involves making good busi-
ness decisions by:

◗ Selecting a decision-making technique and level of structure.

◗ Identifying criteria that will be the basis of the decision:

◗ This criteria should address design issues for the life of the product,
such as provisions for easy insertion of new technologies or the abil-
ity to better utilize available commercial products.

◗ The criteria needed for decision-making techniques range from
consensus-based decisions to the use of probabilistic models and
decision theory.

◗ Identifying alternatives.

◗ Evaluating the alternatives against the criteria.

The final selection of an alternative should be accompanied by:

◗ The selected technique, criteria, and alternatives;

◗ The rationale for the selection of the final solution;

◗ The rationale for not selecting one of the other alternative solutions.
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While the use of formal decision analysis techniques should always be
considered, some guidelines for requiring formal decision making include:

◗ When a decision is directly related to topics assessed as being of
medium or high risk;

◗ When a decision is related to changing work products under Configura-
tion Management;

◗ When a decision would cause schedule delays over a certain percent or
specific amount of time;

◗ When a decision has an impact on the ability to achieve project
objectives;

◗ When a decision’s costs are reasonable compared to the decision’s
impact.

Selection of the best solution set establishes the requirements provision-
ally allocated to that solution as the set of allocated requirements that will
be designed and implemented.

Commercial off-the-shelf products

If the decision is to purchase an off-the-shelf product, the requirements
should be used to establish the supplier agreement. Factors that can affect
the make-or-buy decision include:

◗ Functions that the products or services will provide;

◗ Available project resources and skills;

◗ Costs of acquiring versus developing internally;

◗ Critical delivery and integration dates;

◗ Strategic business alliances;

◗ Market research of available products;

◗ Functionality and quality of available products;

◗ Skills and capabilities of potential suppliers;

◗ Stability of potential suppliers (i.e., length of time in business, reliability
of existing products ongoing technical support services);

◗ Impact on core competencies;

◗ Licenses, warrantees, responsibilities, and limitations associated with
products being acquired;

◗ Product availability;

◗ Proprietary issues;

◗ Risk reduction.
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Designing and implementing the product or product
component

Product or product component designs must provide the appropriate life-
cycle content for implementation, modification, maintenance, sustenance,
and installation. Product design consists of two broad phases that may over-
lap during actual execution: preliminary design and detailed design. Pre-
liminary design establishes product capabilities and the product or systems
architecture. Detailed design fully defines the structure and capabilities of
the product components.

Preliminary design

Defining the architecture requires that:

◗ Processes exist that need to take place in order that the system accom-
plish its intended functions.

◗ The individual processes transform either data or materials that flow
between them.

◗ The processes or activities or operations follow rules that establish the
conditions under which they occur.

◗ The components that will implement the design (hardware, software,
personnel, and facilities) must be described.

Systems or product architecting has been defined as the process of creat-
ing complex, unprecedented systems. Building systems in today’s fast-
moving world is difficult at best. Requirements of the marketplace are ill-
defined. The rapidly evolving technology provides new services at a global
level instantly. Uncertainty is increasing about the way the system will be
used, the components that will be incorporated, and the interconnections
that will be made.

Traditional approach to systems architecting

Many methodologies have been developed to support a traditional systems
development model. The steps normally consist of defining the require-
ments, considering several options, and emerging with a well-
defined design through a process of elimination. This is illustrated in Figure
13.1.

The traditional approach to architecting is effective when the require-
ments are well defined and remain essentially constant during the system
development period. If the implementation of the system is long, on the
order of years, the requirements may change due to changing needs and
new technology that offers different alternatives and opportunities that the
traditional approach to systems architecture cannot handle.
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Evolutionary approach to systems architecting

There is a new systems architecture approach that is emerging with its roots
in software systems. It is called the evolutionary approach and is oriented to
deal with the uncertainty in requirements and technology, especially for
systems with a long development time and an expected long life cycle. This
is illustrated in Figure 13.2. Requirements are allowed to be more abstract
and, therefore, subject to interpretation. Alternative solutions are explored
and pursued further as new technology options become available. Interme-
diate designs are saved and some of them are implemented as prototypes
but not operationally implemented. Others are implemented in traditional
ways. At any time in the development process, when there is a need to build
a system, the available solution that best meets the current requirements is
selected and implemented using any systems engineering approach.

Architectures may include standards and design rules governing the
development of product components and their interfaces, as well as guid-
ance to assist product developers. In the context of the architectural require-
ments, multiple architectures supporting alternative solutions may be
developed and analyzed to determine the advantages and disadvantages.
Operational concepts and scenarios are used to generate the use cases and
quality scenarios that become the guidelines to refine the architecture as
well as evaluate the suitability of the architecture.

Detailed design

During detailed design, the product architecture details are finalized, prod-
uct components are completely defined, and interfaces are fully character-
ized. Design criteria are often established to ensure that the product or
product component exhibits one or more of the following quality attributes:

◗ Modularity;

◗ Clarity;

◗ Maintainability;

◗ Expandability;

◗ Portability;
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◗ Efficiency;

◗ Reliability;

◗ Security;

◗ Usability;

◗ Scalability.

These quality factors can be defined following the Goal–Question–
Metric–Paradigm approach as shown in Figure 13.3. The criteria that define
the quality factors and the metrics that help measure the extent the product
or product component exhibits that characteristic or quality factor must be
used for design purposes. It can be used to verify that the quality factors are
being built into the product or product component. It can be further used to
validate that the product operates in the operational environment and will
indeed exhibit the required quality characteristic.

There is much talk about effective design methods. Whether or not a
design method is effective depends on how much assistance it provides the
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designer and the cost-effectiveness of that assistance. Criteria must be estab-
lished and maintained against which the effectiveness of the design methods
can be determined. Highly sophisticated methods are not necessarily effec-
tive in the hands of designers who have not been trained in the use of the
methods. Examples of techniques and methods that facilitate effective
design include:

◗ Prototypes;

◗ Structural models;

◗ Object-oriented design;

◗ Entity relationship models;

◗ Design reuse;

◗ Design patterns.

Technical data package

The design should be recorded in a technical data package that is created dur-
ing the development of the preliminary design to document the architecture
definition and should be maintained throughout the life of the product to
record essential details of the product design. The technical data package is
similar to the unit record folder or the software development file descrip-
tions from the 1970s and 1980s. A technical data package provides the
developer with a comprehensive description of the product or product com-
ponent as it is developed.

The technical data package should include:

◗ Product architecture description;

◗ Allocated requirements;

◗ Product-component descriptions;

◗ Product-related life-cycle process descriptions;

◗ Key product characteristics;

◗ Required physical characteristics and constraints;

◗ Interface requirements;

◗ Materials requirements;

◗ Fabrication and manufacturing requirements;

◗ Verification criteria used to ensure that requirements are achieved;

◗ Conditions of use (environments) and operating/usage scenarios;

◗ Rationale for decisions (design choice).

Interface descriptions

As mentioned in Chapter 12, interfaces are one of the most important con-
figuration items to be identified and controlled throughout a project life
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cycle. Projects must develop detailed interface descriptions during the
refinement of the product and product requirements and during the selec-
tion of alternative solutions. Interfaces must be defined with other product
components and external items. When that external item is a COTS prod-
uct, the interface description to the COTS product becomes a requirement to
which all of the other product components that will interface with that
COTS product must adhere.

The criteria for interfaces frequently reflect a comprehensive list of criti-
cal parameters that must be defined or at least investigated to determine
their applicability. Interface designs include the following:

◗ Origination;

◗ Destination;

◗ Stimulus and data characteristics for software;

◗ Electrical, mechanical, and functional characteristics for hardware.

Implementation

The product design to be implemented is described in the Technical Solution
process area as:

◗ Software is coded.

◗ Data is documented.

◗ Services are documented.

◗ Electrical and mechanical parts are fabricated.

◗ Facilities are constructed.

◗ Materials are produced.

◗ Unique manufacturing processes are put into operation.

Peer reviews and unit testing

The requirement to conduct peer reviews and unit testing is also in the descrip-
tion of the Technical Solution process area. Peer reviews will be further dis-
cussed in Chapter 14, which covers Product Integration, Verification, and
Validation.

Examples of peer reviews include structured walkthroughs and inspec-
tions. Examples of unit testing methods include:

◗ Statement coverage testing;

◗ Branch coverage testing;

◗ Path coverage testing;

◗ Boundary value testing;

◗ Special value testing.
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Product support documentation

While the focus within the description of Technical Solution is on architec-
ture, design, and implementation, it is important to note that this is not
complete until the documentation that will be used to install, operate, and
maintain the product is also developed, reviewed, and revised as necessary.
It is recommended that the project develop preliminary versions of the
installation and that operator and user’s manuals should be developed in
the early phases of the project life cycle and reviewed by all relevant stake-
holders inside and outside of the organization. This documentation will be
part of the delivery package that will be described in Chapter 14.

Summary
Choosing a technical solution that will implement the product or product
requirements in the operational environment requires alternative solutions
to be identified and analyzed. The selection of the best technical solution
will enable the selection of a life cycle that is a balanced solution in terms of
cost, schedule, technical performance, and quality. Identifying and selecting
the criteria to guide the selection of the best alternative solution may
require a formal decision analysis and resolution procedure. The rationale
for the chosen alternative solution and the rationale for alternative solu-
tions that were not chosen must be documented for future reference.
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From Components to Products:
Gluing the Pieces Together

This chapter presents CMMI® process areas of Product Inte-
gration, Verification, and Validation as a “triple.” Here we

show how their use guides projects from the building blocks
developed during technical solution to an integrated, verified,
and validated set of product components that are ready for pack-
aging and delivery.

The Product Integration process area addresses the integra-
tion of product components either into more complex compo-
nents or subsystems or into complete products. While it is not
wrong to think of product integration as a one-time assembly
of the product components, today this is normally an iterative
process of assembling product components, evaluating them,
and then assembling more product components until the com-
plete product is assembled and the system is fully tested.

Product Integration can be a very deceptive process area to
those who read its goals and practices as if all of the events
were to be executed in sequential order. Its real value appears
when one regards Product Integration as a main program of
events that must take place to assemble the product compo-
nents, and Verification and Validation as subroutines that are
called upon for the performance of peer reviews, testing, simu-
lation, and other verification and validation activities.

The integration strategy
The performance of effective product integration involves the
establishment and the maintenance of an integration
sequence, the environment for performing the integration, and
the development and usage of integration procedures.

An integration strategy should be developed early in the
project, concurrently with product development plans and

167

14
Contents

The integration strategy

Integration environment

Product Integration procedures

Readiness for integration

Assembly of product
components

Evaluation of assembled
product components

Packaging and delivery

Verification and Validation

Summary

C H A P T E R



specifications. Some life cycles require that the integration and test strategy
be one of the very first documents developed for the project following the
successful baseline of the allocated requirements.

During the establishment of the product integration strategy, the follow-
ing 11 questions should be answered:

1. When will the product components be available?

2. Which ones are on the critical path?

3. What alternative integration sequences have been considered?

4. What work needs to be done to prepare and conduct the integration
activities?

5. Who is responsible for each integration activity?

6. What resources will be required?

7. What schedule is to be met and what are the expectations?

8. Are the necessary procedures to be followed documented and in
place?

9. Are there any special tools required during the integration?

10. What must be included in the product integration environment?

11. What personnel skills are required for the individuals conducting
and supporting the integration?

Other considerations include:

◗ What modules should be integrated first?

◗ How many modules should be integrated before integration testing
starts?

◗ What order should be used to integrate the modules?

◗ Should there be more than one skeleton?

◗ How is each skeleton defined?

◗ Are there distinct build levels?

◗ How much testing should be done on each skeleton?

Alternatives for the order of product component integration include
top-down product component integration, bottom-up product component
integration, critical product components first, related functional product
components first, as-available product components, and complete product
component integration.

Integration environment
The establishment of the integration environment needed to support the
integration of the product components is of great importance. The
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requirements of an integration environment can widely vary the product
components that are integrated into the deliverable product. For contrast,
imagine the integration environment needs for a software accounting sys-
tem. Now compare these to the integration environment required for the
development of a Boeing 747 aircraft. The space, safety concerns, assembly
equipment, required personnel, tools, recording equipment, and so forth
take a long time to plan and set up to support the integration for a Boeing
747. This integration environment is considerably different both internally
to the systems themselves and externally to the users.

The environment may include test equipment, simulators, pieces of real
equipment, and recording devices. It may be purchased or developed. The
product integration environment may also include the reuse of existing
organizational resources as long as that reuse is planned for early enough in
the project life cycle.

It is also quite possible that the integration, verification, and validation
activities share the same environment. One IT company in Asia and one in
Central Europe set up “mirror” environments for their development, inte-
gration and systems test, and production functions. This company believed
that it is cheaper in the long run to duplicate these environments with the
same software and hardware rather than to worry about what effects partial
or different environments may cause to the development, implementation,
and test results.

Product Integration procedures
In order to carry out the integration sequence, product integration proce-
dures must be developed, or reviewed for usefulness if they already exist.
These procedures may include guidance on the number of iterations that are
planned to be performed and expected test results for each iteration. Criteria
should also be established indicating the readiness of the product compo-
nent for integration. Criteria may include the degree of simulation permit-
ted for a product component to pass a test.

Readiness for integration
One of the most important readiness criteria needed for product integration is
the assurance that all of the product components are confirmed to be compli-
ant with their interface requirements. Interface requirements drive the devel-
opment of the interfaces necessary to integrate the product components.

The interface requirements may have been collected during require-
ments elicitation, expanded during product architecture development, and
managed throughout the product life cycle.

The interface descriptions defined during requirements evolution and
the definition of alternative solutions must be placed under Configuration
Management as one of the project’s most important configuration items.
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Change requests to these interface descriptions must strictly follow the
change control process. Many product integration problems arise from
unknown or uncontrolled aspects of both internal and external interfaces.
Effective management of product-component interfaces helps ensure that
implemented interfaces will be complete and compatible.

To ensure product component readiness for integration:

◗ Ensure that the product components are delivered to the product
integration environment in accordance with the planned product
integration strategy.

◗ Verify the receipt of each product component.

◗ Ensure that each product component meets its description.

◗ Check the configuration status of the product component against the
expected configuration.

◗ Confirm that each product component is compliant with its interface
requirements.

Assembly of product components
Once the readiness criteria of the product components have been estab-
lished, the actual process of integrating these product components can com-
mence. This is normally carried out in an iterative fashion from the initial
product components, through the interim assemblies of product compo-
nents, to the product as a whole. The readiness of the product integration
environment should be ensured and the product components assembled
according to the product integration sequence and integration procedures.

Evaluation of assembled product components
Throughout the evolution of the product from the iterations of assembly or
product components, each interim state or final product state must be
evaluated to show satisfaction of functional, performance, and quality
requirements. Actual product evaluation results should be compared against
the expected results and spot-checked by an independent party, such as
quality assurance. The assembled product components must therefore be
verified and validated according to the integration sequence and the verifi-
cation and validation strategies.

Verification techniques and methods

Verification techniques ensure that the integrated product meets the speci-
fied requirements. In other words, it assures that the project “built the prod-
uct right.” Methods of verification include, but are not limited to:

◗ Inspections;
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◗ Peer reviews;

◗ Audits;

◗ Walkthroughs;

◗ Path coverage testing;

◗ Simulations;

◗ Functional testing;

◗ Load, stress, and performance testing;

◗ Operational scenario testing;

◗ Observations and demonstrations.

Verification methods commonly applied prior to packaging and delivery
include:

◗ Load, stress, and performance testing;

◗ Functional decomposition–based testing;

◗ Operational scenario testing.

Validation procedures and criteria ensure that the product or product
component will fulfill its intended use when placed in its intended environ-
ment. To validate a product means to demonstrate that you have “built the
right product.” Validation methods should be selected based on their ability
to demonstrate that user needs are indeed satisfied.

Packaging and delivery
Prior to packaging and delivering the product, the requirements, design,
product, test results, and documentation are reviewed again to ensure that
all issues affecting the packaging and delivery of the product are identified
and resolved. Configuration audits are conducted prior to packaging and
delivery to ensure that:

◗ The product or product component that is included satisfies the cus-
tomer, product requirements, and all approved change requests and
nothing more.

◗ The documentation that is to be delivered to the customer/end user
matches the delivered product or product component.

Verification and validation results that have been conducted through-
out the development life cycle are used as input to this final configuration
audit.

Final delivery includes satisfying the applicable packaging requirements,
preparing the operational site for the installation of the product, delivering
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the product and related documentation, and ensuring that it can be installed
at the operational site.

Acceptance testing may satisfy the final verification and validation crite-
ria. The purpose of acceptance testing is to confirm that a product or product
component is ready for operational use. The acceptance test is performed for
or in conjunction with someone else to demonstrate that the confidence is
justified. The primary quality factors addressed are usability and reliability in
order to answer the question: Will the product or product component sup-
port operational use? Acceptance testing should also include the review of
user documentation to verify its technical correctness compared to the sys-
tem functionality, its completeness, and its ease of use.

Verification and Validation
Verification not only focuses on the final assembled product but also
includes verification of the intermediate work products against all selected
requirements, including customer, product, and product component
requirements. Verification methods address the technical approach to work
product verification and the specific actions, resources, and environments
that will be used to verify specific work products. Verification typically
begins with involvement in the definition of product and product compo-
nent requirements to ensure that these requirements are verifiable. The
verification environment must be appropriate to support the verification
method and may be shared with product integration and validation.

When verification activities are performed, the results must be docu-
mented. This includes the “as-run” verification method and the deviations
from the strategies and procedures that were necessary during its execution
that may be used later for process improvement purposes.

The development of Validation procedures should include the test and
evaluation of maintenance, training, and support services. As pointed out in
Chapter 12, validation activities are performed as early in the product life
cycle as possible, starting with the customer and product requirements. As
the validation activities are performed, the “as-run” validation procedures
should be documented and the deviations that occurred noted.

During validation it is important to remember to:

◗ Demonstrate that the maintenance tools are operating in the actual
product;

◗ Verify in the field that support of the product is effective as specified by
the customer (e.g., mean time to repair);

◗ Demonstrate adequate training of the products and services.

The final task during validation is to answer the question: Did the prod-
uct perform as expected in its intended environment?
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Summary
The steps leading up to product delivery include integrating the product
components according to the integration sequence and utilizing verification
and validation techniques throughout the project life cycle as appropriate.
Sequences of triples may be required to be carried out before the final prod-
uct is assembled, verified, and validated:

◗ (PI1, VER1, VAL1)

◗ (PI2, VER2, VAL2)

◗ (PI3, VER3, VAL3)

◗ ….

◗ ….

◗ (PIN, VERN, VALN)

A delivered product is not considered to possess quality unless it can be
shown that it satisfies all of the specified requirements and performs as
anticipated in the operational environment.
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Improving Processes at the
Organizational Level

Ever since Mr. Watts Humphrey1 started the Process Program
at the Software Engineering Institute (SEI) in 1986, he has

emphasized having an organizational focus on developing
processes. He also stressed the need to have process improve-
ment champions at all levels while making the statement, “Proc-
ess improvement is not going to happen by itself.” As early as
1988, when a handful of people at the SEI and I were learning
about assessments from Mr. Humphrey, he would recommend to
any organization that they establish a process group who would
facilitate the process improvement program for that organiza-
tion. Looking at CMM® for Software or CMMI® shows us that
the Organizational Process Focus process area is at Maturity Level
3. Yet Mr. Humphrey recommended that an organization estab-
lish their Software/Systems Engineering Process Group (SEPG)
as one of the first actions that they took even if the organization
was assessed at Maturity Level 1. His thinking was that the SEPG
would not only facilitate the development of the necessary
processes but also serve as an example by acting or behaving at a
maturity level at least one above where their organization was
assessed. Thus, an organization would not only have champions
who kept a constant vigil on the process improvement activities
but also have champions who would serve as an example for
other projects on how it should be done.

This chapter describes the organizational components nec-
essary to establish and keep the organization on a path of con-
tinuous process improvement. It includes CMMI® process
areas of Organizational Process Focus and Organizational
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Process Development. It will provide a sample process improvement infra-
structure and description of the roles and responsibilities that are necessary
to make a process improvement initiative successful.

The description of the Organizational Process Development process area
will emphasize the various components that must be in place before an
organization can claim compliance to the requirements and guidance pro-
vided by this process area. It will distinguish between a product life cycle
and a process description. It will clearly show the importance of establishing
and enforcing tailoring guidelines for project use of organizational processes
and it will show the importance of collecting, advertising, and using good
examples for project uniformity and success.

Focusing your organization’s process improvement
efforts

One of the most important activities that the process group has is to deter-
mine the strengths, weaknesses, and improvement opportunities for the
organization’s processes. This is normally carried out relative to a process
standard such as CMMI®. It is important to remember that the organization’s
vision and business objectives must be supported by the process improvement
effort. In all of my experience, it is rare that a process improvement initiative
will be kept going and be successful if it is not directly linked to the vision and
business objectives set by the senior management team. It is wise to consider
the issues related to finance, quality, human resources, and marketing for
process improvement and not just technology.

It is also important to identify the process performance objectives such as
time to market and product and service quality when putting together a
process improvement initiative for your organization. Other commonly
used process performance objectives include cycle time, defect escape rates,
and productivity.

What processes currently exist?

In order to focus the organization’s process improvement efforts, it is neces-
sary to look at what currently exists and within what constraints the organi-
zation must work and to examine other input that can provide valuable
process improvement hints and suggestions. To start the process, process
group members may choose to identify the policies and standards applicable
to the organization’s process. They may also examine relevant process stan-
dards and models for good and best practices.

To further understand and define or refine the characteristics of the
organization’s processes, the process group can evaluate processes that are
currently being used in the organization, process and product standards
imposed by the organization, and process standards and product standards
imposed by customers/end users.
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Assessment or appraisal

A classic approach to determining the organization’s process capabilities is to
conduct an assessment or appraisal. Process appraisals normally result in:

◗ Strengths and weaknesses of the organization’s processes;

◗ Improvement recommendations for the organization’s processes;

◗ Understanding of the business consequences from following or not
following organizational processes.

Other process improvement sources

While the assessment is a very effective mechanism to determine the
organization’s process capabilities and make process improvements as nec-
essary, there are other candidate process improvement sources that can
offer insight into the organization and project’s processes. Some of these
sources include:

◗ Measurement and analysis of the processes;

◗ Effectiveness and suitability of deployed processes;

◗ Lessons learned from tailoring the organization’s set of standard
processes;

◗ Lessons learned from process implementation;

◗ Process improvement proposals;

◗ Senior management inputs;

◗ Peer review results and defect trends;

◗ Testing results;

◗ Trouble reports;

◗ Results of other organizational initiatives.

Realizing a successful process improvement program requires the coop-
eration and coordination of all levels of management and practitioners.
Process improvement for any organization can never be the sole responsibil-
ity of the process group. Figure 15.1 illustrates a sample process improve-
ment infrastructure. A description of the components of that infrastructure
follows.

Sample improvement infrastructure

The sample improvement infrastructure shown in Figure 15.1 is based on
the original Software Engineering Process Organization developed in 1988
by Westinghouse Electronic Systems Group (ESG) in Baltimore, Maryland.
Westinghouse ESG established the steering committee, the working groups,
and the SEPG. This model was subsequently adopted by the Software Engi-
neering Institute and published in [1].
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The sample improvement infrastructure is shown in Figure 15.1 on the
left side of the diagram. The right side of the diagram is composed of mem-
bers from the organization represented.

This, in no way, indicates that an organization needs to reorganize itself
in order to engage in process improvement. It merely illustrates, as stated
earlier, that process improvement requires the support of all levels of man-
agement and the practitioners. Senior managers, middle managers, project
leaders, and practitioners must be committed and visibly participating to
make process improvement work.

Senior management advisory board

A senior management advisory board is necessary to initially and then con-
tinuously share the organization or business unit’s vision and business
objectives. This ensures that the process improvement effort supports that
vision and provides measurable improvements to support the business
objectives. It is vital for the success of the process improvement effort for
each person in the organization to be able to relate the changes they see in
their immediate environment and daily work to the broader goals of the
organization. People at all levels like to know that what they are doing is
supporting the overall health of the organization. They want to be a part of
success. They are not happy with starting projects then stopping them with
no apparent reason.

Understanding the vision and business objectives helps all individuals to
realize the value of their individual efforts and the value of the process
improvement effort. Only visible senior management support can provide
that guidance. Senior management must demonstrate regular and consis-
tent visible support for specific change actions and for continuous process
improvement in general. Senior management needs to proactively let the
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organization know why the process improvement initiative is indeed one of
the organization’s most important projects and communicate to the organi-
zation why the proposed changes are needed.

Last but not least, senior management needs to ensure that the neces-
sary resources for the process improvement initiative are available in a
timely manner. This does not mean that the senior management team must
approve and support everything required for improvement at one time.

Improvement efforts like any other project have to be prioritized and
have to support the organization to stay in business so that they can
improve and become more competitive in the future. Process improvement
efforts, however, do require:

◗ Dedicated people for the steering committee, working groups, and the
SEPG;

◗ Training courses at many levels;

◗ Computers;

◗ Databases;

◗ Internal and external consultants;

◗ Hand-holding support for the projects as they strive to accomplish
their project objectives while incorporating new processes and proce-
dures to accomplish those tasks.

Virtually all of the process improvement success stories have a strong
senior management involvement. Dr. Edwards Deming stated that the
process belonged to the senior management. It is the senior management
that must be willing to support the process improvement initiative or it will
flounder and possibly die altogether. That was true 50 years ago and it
remains true today.

The proposed membership of the senior management advisory board is:

◗ Organization senior manager and/or product line manager;

◗ Key line managers;

◗ Key product managers;

◗ Quality director;

◗ Chief financial officer;

◗ Marketing director;

◗ Software process manager (also on steering committee).

Steering committee

Without senior management involvement, the process improvement initia-
tive may flounder and not be oriented toward supporting the organization’s
business objectives. Without middle management involvement, the critical
process improvement resources and other individuals that are needed to
work on specific focus area improvements will probably not be made
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available. Middle management must be on board to ensure that the right
people are provided where they are needed for as long as they are needed.

Westinghouse Electronics Group recognized the critical role that middle
managers play in process improvement in 1988 and created the concept of a
steering committee. The steering committee became the management
implementation mechanism representing senior management on a daily
basis.

Middle managers constantly receive pressure from above to guide proj-
ects under their authority to completion on time, within budget, and with
the promised functionality or better. Middle managers also receive constant
pressure from below as the software developers are continually asking for
new state-of-the-art software tools including computers, databases, lan-
guages, file servers, workstations, and Web-enabled applications. Each
request comes with a high price tag but with the promise that the productiv-
ity may be increased by 10%, 15%, or even 25%.

Many middle managers have climbed the corporate ladder by being good
hardware engineers. Yet suddenly they find themselves managing projects
where 80% of the project is software. They are being asked to make deci-
sions for which most of them have little or no training or experience. The
process improvement initiative can be invaluable because it can give control
back to middle managers so that they are in a position to make informed
risk management decisions based on data and not emotion.

Too many organizations allocate expendable resources to SEPGs and
Working Groups. Individuals with software/systems experience and product
line knowledge are required for a truly successful process improvement
initiative.

If individuals are to devote 20% of their time to a process improvement
working group, that 20% must be made as important to them as the 80%
they are being asked to devote to project work. They must be evaluated for
their contributions to the process improvement effort in the same manner
they are evaluated for their development efforts. In addition, if an individ-
ual is asked to devote 20% of his or her time to process improvement, this
must not be 20% above the 120% that he or she are already working. It is
middle management who owns these resources and who must balance their
work to accomplish business goals set by the senior management team. It is
middle management who must protect the time allocated and spent on the
working groups, or the entire process improvement effort will be in danger
from day one.

The steering committee is normally involved in the following activities:

◗ Ensuring that the software process improvement activities are in line
with the vision and business objectives that have been established by
the senior management advisory board:

◗ Reviewing the proposed budget for the improvement effort;

◗ Making recommendations to the senior management advisory
board regarding program direction, budget, and program risks.
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◗ Ensuring that the necessary resources for the working groups and SEPG
are available in a timely fashion:

◗ Establishing the working groups to concentrate on prioritized focus
areas (e.g., commitment process, estimation procedures, testing
methods);

◗ Supporting, where needed, negotiations for people’s dedicated time
to the process improvement effort.

◗ Conducting process improvement program oversight reviews on a peri-
odic basis (recommended once per month):

◗ Ensuring that software process improvement activities progress are
in line with documented budgets and plans;

◗ Performing reviews and approval of working group deliverables.

◗ Providing visible support for the SEPG and working groups.

The proposed membership of the steering committee is:

◗ Functional managers;

◗ Project managers;

◗ Chief systems engineers;

◗ SQA manager;

◗ HQA manager;

◗ Software process manager;

It is appropriate to make the case at this time for the middle manager to
be considered the process owner. Process owners are often associated with
those individuals who have the most technical expertise and interest to lead
a working group or process action team. However, as argued earlier, it is the
middle managers who truly own the resources that must make the project
successful and the process improvement efforts to happen. By making the
middle managers the process owners, the senior manager is ensured that his
or her vision and business objectives are being considered for each piece of
the process improvement effort. Furthermore, it becomes the middle man-
agers’ responsibility to ensure that the working groups have the proper
resources, tools, and guidance to develop new processes or revise existing
ones and get them deployed on the projects. The middle managers do not
have to have responsibility to actually do the process development work,
but to work with the working group that is taking care of improving the
process areas they are responsible for as a sponsor. This means that the mid-
dle managers must communicate with the SEPG and the working group and
understand the issues being faced along with the progress and future activi-
ties. They can then offer guidance to the working groups from their interac-
tion with the senior manager and can report accurate process improvement
progress to the senior manager. In every instance from my experience,
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when the middle managers have been made the process owners, the organ-
izational process improvement initiative has had measurable success.

Software/systems engineering process group (SEPG)

Software/systems engineering process group, process action group, process
group, process improvement group, or whatever name it is referred to
throughout the world, is a focal group for action planning, process improve-
ment, technology insertion, training, and awareness and expectation set-
ting. SEPGs are frequently viewed as a channel for institutionalizing the
organization’s knowledge of process methods, practices, and technology.
SEPGs are the organization’s champion of change and its members are change
agents. An SEPG must facilitate the process improvement efforts at the
organization, project, and individual levels.

What does the SEPG have to know? Collectively the members of the
SEPG need to be able to demonstrate their ability to manage, develop,
coach, and guide process improvement initiatives and their accompanying
cultural changes. First and foremost, they need to understand senior man-
agement’s vision and the organization’s business objectives to be able to effi-
ciently and effectively guide the process improvement effort. Without this
explicit knowledge the organization’s process improvement effort may dem-
onstrate compliance to a model such as CMMI® but may not be supportive
of the organization’s business needs at all.

SEPG members must have a solid engineering background. They must
have a general knowledge of the organization’s application domains and
knowledge of modern software/systems engineering techniques and meth-
ods. They must be up-to-date on the accepted software/systems engineering
standards (DoD, MoD, IEEE, ISO, ESA, NASA, and so forth). They must also
have a good understanding of the quality management functions such as
quality assurance and Configuration Management. They must be respected
by the managers and product engineers alike. They must have a strong
knowledge and good experience in project management and a working
knowledge of metrics to help the project managers better manage and con-
trol their projects.

SEPG members must be people-oriented with superior communication
skills and willing to perform most of their work in the labs of the product
developers who need their support to understand just how the process
improvement ideas fit into their daily lives. They should always be ready to
provide hand-holding support for the managers and practitioners on the
various projects where the process ideas are being introduced.

While SEPG members must have the technical background to maintain
credibility with the product developers, they must also be knowledgeable in
the organizational development skills as well (i.e., managing technological
change, team building, collaborative consulting) to effect successful technol-
ogy transition.

The SEPG should strive to show by example how process improvement
should be accomplished: walk the talk.
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While the many tasks attributed to the SEPG are important ones for its
members, it must be stressed that the job of the SEPG is to be the champion
of the process improvement effort. The SEPG is expected to facilitate the
process of change, not be responsible for the process change. SEPG responsi-
bilities include but are not limited to:

◗ Coordinating the process improvement initiative up, down, and
across the organization:

◗ Participating in the senior management advisory board reviews;

◗ Participating in the steering committee reviews;

◗ Facilitating the activities of the working groups, which means stay-
ing on top of what is going on, what difficulties are being encoun-
tered, and what successes are being realized;

◗ Promoting technical awareness and education about process
improvement—this is a continuous job for the SEPG—the process
liaisons help the success of this function.

◗ Managing/facilitating the process improvement initiative:

◗ Facilitating the definition/improvement of the technical and mana-
gerial processes, methods, techniques, and tools for developing and
maintaining products and product components;

◗ Assisting in the evaluation of new tools and techniques based on
their understanding of the existing processes;

◗ Facilitating the definition and maintenance of organization policies
and standards for processes and products;

◗ Discovering good practices, getting them adapted for general use on
the projects throughout the organization, and baselining them as
best practices;

◗ Overseeing and facilitating pilot projects and implementation of
improvements into the projects and across the organization.

◗ Directing the definition of process metrics, initiating the collection of
data, and assisting the working groups and projects in the analysis
and use of the resulting information.

◗ Ensuring that the processes are living:

◗ Maintaining a dialogue with project personnel regarding the appli-
cation and performance of developing processes:

◗ Sharing good ideas from other parts of the organization;

◗ Listening to issues/ideas from the practitioners.

◗ Initiating periodic process improvement progress checks and
reassessments;

◗ Initiating a practitioner-driven review of specific processes.

◗ Maintaining a process asset library of product and product component
process assets:
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◗ Overseeing the process asset library for product and process assets
used across the organization;

◗ Facilitating the development and retention of tailoring guidelines
for specific use of the assets in the process asset library.

An SEPG must have some full-time members. Watts Humphrey sug-
gested that 1–3% of the product development and maintenance budget
should be devoted to the SEPG. It is certain that one SEPG member is not
enough. The SEPG may have part-time members as well, but it should be
recognized that less than 50% of a person’s time will not be very effective.

The proposed membership of the SEPG is:

◗ Process improvement manager (SEPG leader);

◗ Process champions:

◗ Motivated and respected;

◗ Knowledgeable;

◗ Team players.

◗ Associate members who may be drawn from pilot projects and/or prod-
uct segments;

◗ Associate members who may represent function, product line, or
other affected organizational entities.

Process improvement manager

Each process improvement infrastructure should have an identified
process improvement manager. This individual is a senior person with
most of the attributes listed in the section on what SEPG members should
know. The process improvement manager is responsible for coordinating
all of the process improvement activities throughout the organization. He
or she serves as the link among the senior management advisory board,
the steering committee, and the SEPG. The process improvement manager
serves as the link between the process improvement initiative and the
organization’s line, function, and project management.

Working groups

Working groups or process action teams or cluster teams are the most com-
mon mechanism used for the development and/or revision of processes that
will be piloted on selected projects and eventually implemented throughout
the organization. Working group members may be involved in the develop-
ment of the action plan for a particular focus area, may be involved in sup-
porting the implementation of a process or procedure on a project or
projects, or both. Some working group members are required to be commit-
ted long term to ensure continuity. Working group members may be
involved with the action planning up to 100% of the time but are normally
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involved with the subsequent process development, process revision, prob-
lem fixing, and so forth, and the associated implementation and support is
involved 20% of the time. SEPG members often facilitate multiple working
groups and coordinate the activities of the working groups to avoid duplica-
tion of effort.

Working group members are interested in contributing to the improve-
ment of a particular focus area and usually have some background/experi-
ence in that focus area. Working group members are involved with
supporting process improvement in a focus area for at least 9 months but
normally rotate out after 1.5 years. Examples of activities that working
groups take on are:

◗ Developing the action plan for a specific focus area;

◗ Developing new or improved processes, procedures, guidelines, tem-
plates, and so forth based on a formally documented and approved
plan;

◗ Identifying, screening, and evaluating technologies based on the
organization and project’s processes;

◗ Suggesting and/or developing training plans;

◗ Supporting the piloting of those processes;

◗ Evaluating the pilot performance and revising the processes as
necessary;

◗ Reporting process improvement progress to the steering committee;

◗ Sharing lessons learned on the working group with other working
groups and project members;

◗ Supporting the institutionalizing of the tested and approved
processes.

The proposed membership of the working groups is:

◗ Working group leader (high percentage effort: ≥ 50%);

◗ Core members (high effort: 40–50%);

◗ SEPG representative (moderate to high effort: ≥ 30%);

◗ QA representative (low to moderate effort: 20%);

◗ Members (low to moderate effort: 20%);

◗ Internal consultants (low effort: 10%);

◗ Reviewers (low effort: 5%).

Process liaisons

Process liaisons were also added along with the senior management advi-
sory board in 1993 to the sample improvement infrastructure that was pre-
sented to organizations as a guide. The concept of process liaisons is very
simple. Usually on a project, there is at least one person who is quality
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minded or process improvement minded. While this person may not be
ready to change his or her career and join the SEPG full-time, he or she is
probably interested in process improvement and willing to spend about 5%
of the time keeping up with the process improvement progress and sharing
process improvement news with the other project members. Process liaisons
can help transition the process improvement ideas into their projects.

General activities for process liaisons should include the following:

◗ Acting as the point of contact between the process improvement
organization and the project practitioners:

◗ Keeping project members informed of software process improve-
ment activities;

◗ Providing input to the SEPG/working groups regarding good prac-
tices being performed on the project and possible candidates for
working group involvement;

◗ Serving as the process improvement advocate for the project.

◗ Providing information and feedback to the SEPG and working groups
regarding:

◗ Issues impacting development performance;

◗ Use of new processes in the project.

Establishing, maintaining, and implementing action plans

Process action plans are detailed implementation plans. These plans differ
from the overall organizational process improvement plan. They are nor-
mally focused on improving processes that belong to one or more related
process areas. These process action plans normally address weaknesses
revealed by appraisals or one of the other sources of process improvement
considerations.

Figure 15.2, taken from the Kasse Initiatives Action Focused Assessment
method, is a generic working group model (GWGM) that can be used to
establish, maintain, and implement action plans. The following steps pro-
vide the details behind the flowchart in the figure.

Provide management direction Understand the vision, business objectives,
quality goals, and priorities from the senior management team. Ensure that
the process improvement effort is in line with the vision and business objec-
tives of the organization. Management direction and authority are necessary
to ensure that allocated resources are protected and unforeseen obstacles
are addressed appropriately. Identify the members of the steering committee
and from which organizational departments they should come. Create the
steering committee to:

◗ Review/approve process improvement priorities;

◗ Conduct monthly process improvement progress checks with the SEPG
and the working group chairpersons;

186 Improving Processes at the Organizational Level



F
o

c
u

sin
g

y
o

u
r

o
rg

a
n

iza
tio

n
’s

p
ro

c
e

ss
im

p
ro

v
e

m
e

n
t

e
ffo

rts
1

8
7

Provide

Direction

Establish the
Working
Group

Plan Working
Group

Activities
Gather Data

Provide
Task-Specific

Training

Evaluate
Processes

Develop
Draft

Process

Peer Review
the Process

Investigate /
Recommend
Tools for the

Process

Identify
Pilot

Project
Criteria

Select the
Pilot

Project

Plan the
Piloting
Phase

Train the
Piloting

Personnel

Implemen
t the Pilot

Brief
Affected
Parties

Evaluate
the

Results

Revise the Process

Develop
Implementatio

n Plan

Train the
Process

Implement the
Improved
Process

Evaluate the
Process

PREPARE

PILOT

I

M

P

L

E

M

E

N

T

D

E

V

E

L

O

P

Generic working
group model

Provide
management
direction

Establish the
working
group

Plan working
group
activities

Gather data
Provide
task-specific
training

Evaluate
processes

Develop
draft
process

Peer review
the process

Investigate/
recommend
tools for the
process

Identify
pilot
project
criteria

Select the
pilot
project

Plan the
piloting
phase

Train the
piloting
personnel

Implement
the pilot

Brief
affected
parties

Evaluate
the
results

Revise the process

Develop
implementation
plan

Train the
process

Implement
the
improved
process

Evaluate the
Process

PREPARE

PILOT

I

M

P

L

E

M

E

N

T

D

E

V

E

L

O

P

Prepare

Pilot

I
m
p
l
e
m
e
n
t

D
e
v
e
l
o
p

Figure 15.2 The GWGM.



◗ Report progress to the senior management advisory board;

◗ Ensure that resources assigned to process improvement tasks are
protected;

◗ Approve the resources for participation on the working groups, mak-
ing their activities part of their job description.

Establish the working group Identify the members of the working group
per the guidelines provided in the working group description mentioned
earlier. This implies that all participants are personally committed to the
tasks of the working group and that their management agrees to and sched-
ules time to support the working group. Another name commonly used for
the working group is the process action team (PAT).

Plan working group activities Develop a plan and schedule for each work-
ing group focus area.

Provide task-specific training Provide any task-specific training to the work-
ing group or PAT. Task-specific training is training that is required to put all
working group members on equal technical footing. It should help the
working group fill in any knowledge gaps that may exist. The training
should be an overview of the state of the practice for the particular focus
area and what exists in the organization today. Training working group
members in Configuration Management functions would be an example of
task-specific training.

Gather data Gather available data related to the focus area. Gathering data
means collecting the existing policies, procedures, processes, reports, and so
forth. It includes collecting samples of processes that exist in other business
units or organizations as well as state-of-the-practice examples and articles:

◗ Collect all task-related policy and process documentation.

◗ Document actual processes in use (internal to the business unit).

◗ Review any historical data available (internal and external).

◗ Search for industry data.

Evaluate processes Evaluate actual existing and documented processes.
Analyzing the data includes finding out why existing processes are or are
not used, analyzing any measurement data that may exist, and analyzing
what needs to be created or improved.

Develop draft processes To develop the draft processes:

◗ Determine interfaces among units, departments, phases, and activities.

◗ Document the process action plans, including:

◗ Process improvement infrastructure;

◗ Process improvement objectives;
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◗ Improvements that will be covered;

◗ Procedures for planning and tracking progress for each process
action;

◗ Strategies for implementing the process actions including the identi-
fication and selection of pilot projects;

◗ Training, mentoring, and coaching needed for the pilot project
members;

◗ Responsibility and authority for implementing the process actions;

◗ Resources, schedules, and assignments for implementing the
process actions;

◗ Evaluation criteria for successful implementation of the process
actions;

◗ Methods for determining the effectiveness of the process actions;

◗ Risks associated with the process action plans.

◗ Develop guidelines for tailoring to project-specific needs.

◗ Identify the means for measuring the effectiveness.

Peer review the processes To peer review the processes:

◗ Submit the process for peer review (all affected parties).

◗ Revise the process if necessary.

◗ Submit the revised process to the steering committee for approval.

Investigate/recommend tools for the process To investigate/recommend tools
for the process:

◗ Investigate tools in use or available within the unit/organiza-
tion/world.

◗ Match tool functionality to the process.

Implementing process actions This is project management for the process
action plans including:

◗ Negotiating commitments among the process action team members;

◗ Coordinating with other process action teams;

◗ Tracking progress on action plan implementation;

◗ Monitoring progress and results of the process actions;

◗ Communicating status, activities, plans, and results of the process
action plan implementation;

◗ Comparing the results against the organization’s process improvement
objectives;

◗ Using pilot projects to test selected improvements.
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Identify pilot project criteria Establish and maintain pilot project selection
criteria. The criteria should include:

◗ Criticality to the organization (it is OK for the project to be important
to the organization’s business success);

◗ Life-cycle phase;

◗ Willingness of the project manager to support the new and/or revised
processes;

◗ Attitude of the project team towards process improvement;

◗ Stress on the project;

◗ Ability of the SEPG and quality management group to support the
pilot project.

Select the pilot project The use of pilots should be institutionalized within
the organization. The use of pilots minimizes the widespread impact to peo-
ple and projects throughout the organization while the process is exercised
and real-world problems are identified and handled. Pilot projects were cho-
sen because they were not in the main stream of the organization and were
thought to be safe. I recommend that a project be identified as a pilot if it is
critical to the success of the organization and intervention along with new
or revised processes might make a measurable difference for that project.

Plan the piloting phase Create implementation plans for each pilot project
that the process actions are tested on. An implementation plan is necessary
to gain the commitment of the pilot project leader and practitioners to the
process, to establish the contract for SEPG/WG support to the pilot project,
and to provide a basis for measuring and verifying the performance of the
process.

◗ Determine how to introduce the new methods/procedures.

◗ Determine success criteria.

◗ Establish the contract within the pilot implementation plan.

Train the piloting personnel Train the pilot project members and others
who interface with that project in the new process. This step prepares pilot
practitioners to perform the activity. Training also involves teaching practi-
tioners how to use any tools built or purchased to support the process.

Brief affected parties While many other groups internal and external to the
organization may have requested or even demanded change, these same
groups may not react well to pilot projects actually exhibiting different behav-
ior. It is often necessary to brief other relevant stakeholders or affected parties
to set their expectations during the time they interact with the pilot project.

Implement the pilot Implement the process actions on the designated proj-
ects and record measurement data.
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Evaluate the results Evaluate the results and process performance data
based on implementing the new or revised processes on the pilot project(s):

◗ Collect process performance data.

◗ Compare the performance data to the established evaluation criteria.

◗ Get feedback from the pilot project participants.

◗ Brief all participants on pilot results.

Revise processes Revise processes based on pilot results:

◗ Modify the process action plan if necessary.

◗ Repilot, reevaluate, revise, and repilot until readiness for full imple-
mentation is determined.

Develop implementation plan Develop the implementation plan for expand-
ing the process improvement throughout the entire organization.
Even when the pilot project(s) have been successful, a plan still needs to
be developed for implementing the improved processes throughout the
entire organization. The broadening approach may have to be project by
project.

Train the processes Provide training, mentoring, and appropriate coaching
to all of the other projects in the organization in support of full-scale use of
the piloted processes.

Implement the improved process To implement into full-scale use:

◗ Draft and publish a policy for the application of the process actions.

◗ Provide general training in each approved process action.

◗ Ensure that all support mechanisms including tools are in place and
functioning.

◗ Conduct quality assurance audits on process compliance.

Evaluate the processes Monitor, evaluate, and improve processes. Process
improvement is not a monotonically increasing function. Even if a pilot
project achieved success and the organization appeared as if it were accept-
ing of the new processes, progress could be slowed down, start to regress, or
even stopped entirely.

It is important to remember that continuous process improvement
means looking at existing processes to see if they need further support to
keep them living as well as working on getting new ones implemented and
institutionalized:

◗ Processes deteriorate without continuing emphasis/support.

◗ Environments change and processes must evolve with them.
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Incorporating lessons learned

Of course, process improvement is continuous and the intent is not just to
get things implemented into full scale use but to conduct periodic reviews of
the effectiveness and suitability of the organization’s set of standard
processes and related process assets, obtain feedback, and derive lessons
learned from defining, piloting, implementing, and deploying the process
assets. An important step in the maturity of any organization is to set up a
visible and easy-to-use mechanism for handling process improvement pro-
posals similar to the setup for handling trouble reports. This signals that the
process improvement effort is really one of the most important projects in
the organization, and ineffective processes are going to be analyzed and
improved as if they were a problem report against a fielded product.

Communicate status and results of process improvement
activities

It is important to not only achieve process improvement success but also to
communicate that success on a regular basis through all multiple media
mechanisms available. Publish achievements of culture change and business
objectives. Let everyone know the successes that have been achieved, no
matter how small!

Continue to improve

Process improvement is not a monotonically increasing function. Even if a
pilot project achieved success and the organization appeared as if it were
accepting of the new processes, progress could be slowed down, start to
regress, or even stopped entirely. It is important to remember that continu-
ous process improvement means looking at existing processes to see if they
need further support to keep them living as well as working on getting new
ones implemented and institutionalized. Processes deteriorate without con-
tinuing emphasis and support. Environments change and processes must
evolve with them.

Process assets
According to CMMI®, the purpose of the Organizational Process Definition
process area is to establish and maintain a usable set of organizational
process assets. An asset is defined to be “an item of value,” according to
Merriam-Webster’s Collegiate Dictionary. A process asset, then, is anything of
value that helps to implement the practices of a given process area and
achieve its goals. Organizational process assets are artifacts that help
describe, implement, and improve processes such as:

◗ Policies;

◗ Process descriptions;
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◗ Templates;

◗ Measurements;

◗ Process implementation support tools.

The term process assets also indicates that these artifacts are developed or
acquired to meet the business objectives of the organization and are not just
developed to satisfy an audit and then become shelfware. They should rep-
resent an investment by the organization that is expected to provide current
and future business value.

CMM® for Software referred to the organization’s standard software
process (OSSP). For many organizations, this was interpreted to mean that
an organization had to have only one standard process that was applicable
to all of the projects that were ongoing or were to be implemented through-
out the organization. This was never the intent of the authors of CMM® for
Software and certainly would not work in organizations with multiple prod-
uct lines or multiple systems needs. CMMI® indicates that an organization
needs to establish and maintain the organization’s set of standard processes.
The operative word in CMMI® definition is set. The set of standard processes
should be able to be tailored for each of the organization’s business areas or
product lines. The organization’s set of standard processes refers to the stan-
dard processes established at the organizational level and typically includes
technical, management, administrative, support, and organizational
processes. Multiple standard processes may be needed to address the needs
of different application domains, life-cycle models, methodologies, and
tools.

It is my opinion that the name itself, Organizational Process Definition, is
one of the most misleading process area names and has been since the origi-
nal CMM® for Software was released. For many individuals, process defini-
tion seems to connote software or hardware methodology or a Systems
Development Lifecycle (SDLC) document. While there is that aspect that is
described in the Process Definition process area, there is much more to
understand, implement, and take advantage of when the Process Definition
process area is implemented completely and correctly. Figure 15.3 provides
a graphical view of the components that make up the description of the
Process Definition process area. We will examine the components in more
detail.

Process asset library

The organization’s process asset library is a collection of items maintained at
the organizational level for use by the people and projects within the
organization. This collection of items includes descriptions of processes and
process elements, descriptions of life-cycle models, process tailoring guide-
lines, and process-related documentation and data.

Examples of these process asset library items include:

◗ Organizational policies;

Process assets 193



◗ Projects’ defined standards and procedures;

◗ Projects’ development plans;

◗ Quality assurance and Configuration Management plans;

◗ Projects’ measurement plans;

◗ Projects’ process training materials;

◗ Checklists and templates;

◗ Lessons learned reports.

Process elements

A process element is the fundamental (primitive or atomic) unit of process
definition. Process elements may be templates, fragments to be completed,
and abstractions to be refined, or complete descriptions to be tailored or
used as is. The elements must be described in sufficient detail such that the
process can be consistently performed by appropriately trained and skilled
people.

Process elements can be described by critical attributes which include:

◗ Process roles;

◗ Applicable process and product standards;

◗ Applicable procedures, methods, tools, and resources;

◗ Process performance objectives;

◗ Entry criteria;

◗ Inputs;

◗ Tasks;

◗ Product and process measures to be collected and used;
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◗ Verification points (e.g., work product inspections);

◗ Outputs;

◗ Interfaces;

◗ Exit criteria.

Process architecture
The relationships among the process elements can be described in a process
architecture. Much like the product architecture or software architecture,
the process architecture refers to the rules for describing those relationships,
including:

◗ Ordering of the process elements;

◗ Interfaces among the process elements;

◗ Interfaces with external processes;

◗ Interdependencies among the process elements.

One of the original process architectures was built and described by Ron
Radice in [2]. Its elegance was in its simplicity that allowed multiple IBM
divisions make use of the common architecture and still utilize specialized
process elements. See Figure 15.4.

Product life-cycle models

Life-cycle models may be used for a variety of customers and applications, as
one life cycle many not be appropriate for all projects. Life cycles that are
included in the process asset library must be approved for use; approved for
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use means that the descriptions of these life-cycle models are documented,
trained, supported, and maintained. This does not mean that a project can-
not choose another life-cycle model if it would be more appropriate to sat-
isfy the project’s demands. What it does mean is that each project that
chooses to use a nonapproved life-cycle model must be assessed for the risk
involved due to the lack of organizational support and must be approved by
the process improvement steering committee.

Examples of life-cycle models include:

◗ Waterfall;

◗ Overlapping waterfall;

◗ Evolutionary;

◗ Incremental;

◗ V-Model;

◗ Spiral.

The spiral model is shown in Figure 15.5.

Support environment

Parallel to the earlier discussion on life-cycle models, the organization’s
process assets may include state-of-the-practice tools and methods that have
been chosen to be applied across the organization’s projects. Examples of
methods include:

◗ Object-oriented design;

◗ Web-enabled development;

◗ Joint application development (JAD).

Examples of tools that may be included in the support environment
include:

◗ QSM (project management estimation tool);

◗ PVCS (Configuration Management tool);

◗ DOORS (requirements management tool).

Methods should be documented, trained, supported during real project
use, and objectively evaluated. Support environment tools should be
trained, coached, and supported. Use of new methods and tools on a project
should be accompanied by an understanding that productivity will go down
before it goes up. It is the training, coaching, and support of the methods
and tools on pilot projects that reduces the risk of them being inadequately
applied and producing poor results.
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Tailoring guidelines

With the variety of projects, application domains, product lines, and con-
straints placed on projects, it is difficult, if not impossible, to develop a set
of standard processes that will satisfy each and every project with no adap-
tation. It is recommended that each organizational set of standard
processes be complemented with an established and maintained set of tailor-
ing guidelines.

Tailoring guidelines should describe the following:

◗ How the organization’s process assets are to be used to create the pro-
ject’s defined processes;

◗ Mandatory requirements that must be satisfied by the defined
processes;

◗ Options that can be exercised and criteria for selecting among the
options;

◗ Procedures that must be followed in performing process tailoring.

There will always be the ongoing debate on the amount of tailoring
allowed versus the amount of detailed description that is included in the
description of the process elements. These issues must be addressed by tai-
loring guidelines that are both flexible and consistent. Flexibility in tailoring
and defining processes must be balanced with ensuring consistency in the
processes across the organization. Flexibility is needed to address the cus-
tomer, costs, schedule, quality trade-offs, technical difficulty of the work,
and the experience of the people implementing the process. Consistency is
needed so that organizational standards, objectives, and strategies are
appropriately addressed and process data and lessons learned can be shared.

Organizational measurement repository

The organization’s measurement repository contains a common set of meas-
ures for both processes and products. The organization’s measurement
repository should contain:

◗ Product and process measures that are related to the organization’s set
of standard processes;

◗ The related information needed to understand and interpret the
measurement data and to assess it for reasonableness and
applicability.

Operational definitions for the measures must specify the point in the
process where the data will be collected and the procedures for collecting
valid data.

Examples of classes of commonly used measures include:

◗ Size of work products (lines of code, function or feature points,
complexity);
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◗ Effort and cost;

◗ Actual measures of size, effort, and cost;

◗ Quality measures;

◗ Work product inspection coverage;

◗ Test or verification (peer review) coverage;

◗ Reliability measures.

Summary
Process improvement requires the support of all levels of management and
the practitioners. Senior managers, middle managers, project leaders, and
practitioners must be committed and visibly participating to make process
improvement work. The SEPG is a focal group for action planning, process
improvement, technology insertion, training, and awareness and expecta-
tion setting. SEPGs are the organization’s champion of change and its mem-
bers are change agents. An SEPG must facilitate the process improvement
efforts at the organization, project, and individual levels. Each organization
must establish and maintain a usable set of organizational process assets to
help implement the practices of a given process area and achieve its goals.
These organizational process assets, or artifacts, are developed or acquired to
meet the business objectives of the organization.
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The Knowledge and Skills Base

As stated in CMMI®’s process area Organizational Training,
the real need that every organization must address is the

need to develop the knowledge and skills of all of its people so
that they can perform their roles effectively and efficiently.

Organizational training focus
Organizational training programs must support the organiza-
tion’s strategic business objectives and the tactical training needs
that are common across projects and support groups. The basic
focus of the Organizational Training process area is the identifi-
cation of process training needs that are primarily based on the
skills that are required to perform the organization’s set of stan-
dard processes that are, in turn, based on business objectives and
core competencies. The knowledge and skills may be categorized
as technical, organizational, or contextual. Technical knowledge
and skills refers to the ability of the workforce to use the equip-
ment, tools, materials, data, and any processes required by a
project or process. Organizational knowledge and skills refers to
behavior within and according to the employee’s organizational
structure, roles, and responsibilities and general operating prin-
ciples and methods. Contextual knowledge and skills refers to
self-management, communication, and interpersonal skills.

Core competencies
The focus on an organizational training program and its link to
building core competencies should not be taken lightly. With
increasingly complex software and hardware systems being
built today, finding and keeping good people are also becoming
increasingly difficult. Two managers have been quoted as say-
ing: “The most important ingredient on this successful project
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was having very smart people,” and “The only rule I have in management is
to ensure that I have good people—real good people—and that I grow good
people, and that I provide an environment where good people can produce.”

As previously stated, however, finding and/or growing these good peo-
ple can and will be a difficult task.

Therefore, organization’s need to take on a more aggressive and people-
oriented approach to providing training for its workforce. First and fore-
most, it is imperative that the senior management team not only be able to
state current business objectives, but be able to clearly state what business
the organization is in. This may not be as trivial as it sounds. One definition
of what business the organization is in may only result in the workforce
becoming frustrated with the management team and understanding what is
expected of them. Another definition of what business the organization is in
may make it clear for all employees such that some will leave the organiza-
tion immediately and others will increase their efforts to gain the necessary
core competencies and become more valuable assets to their organization.

Once it is clearly defined what business the organization is in, the
organization must identify and define the core competencies required to
perform the organization’s business and remain competitive. The manage-
ment team and the practitioners must understand just what these core com-
petencies are and why they are so critical. All efforts to increase the core
competency of the workforce must be totally supported by management
and practitioners alike. Departments that are responsible for training and
career development, such as human resources, must work closely with proj-
ect managers, lead engineers, quality managers, and process improvement
specialists to find ways to develop and/or acquire the core competencies that
support the business.

Following the definition of the core competencies, it is now appropriate
and necessary for the organizational training focus to determine just what
the organizational knowledge and skills base are. Personnel records and
training records are input for this activity. Strategic and near-term plans
must be developed to build up the necessary knowledge and skills and thus
the core competencies. Career development must be planned to support the
core competency development for each individual and thus for the organi-
zation. Workforce practices must be adapted to reward the knowledge and
skills growth that leads to higher core competency.

Recruiters must also change their focus, looking first for candidates that
either have the necessary knowledge and skills that fulfill the core compe-
tency need or a base of knowledge and skills combined with a proven ability
to learn that can be used to grow the critical core competencies for the
organization.

Organizational and project level training
The organization’s strategic business objectives and improvement plans
should be analyzed to plan for current, intermediate, and future training

202 The Knowledge and Skills Base



needs in order for the organization to remain competitive. Examples of
sources of strategic training needs include:

◗ Organization’s set of standard processes;

◗ Organization’s strategic business plan;

◗ Organization’s process improvement plan;

◗ Enterprise-level initiatives;

◗ Skill appraisals;

◗ Risk analyses.

Once the strategic training needs are captured, it must be determined
what the training needs of the organization are versus the project training
needs. Steps to accomplish this include:

◗ Identify the training needs required at the organizational level.

◗ Analyze the project and support groups’ needs that can be most effi-
ciently addressed organization-wide.

◗ Negotiate specific training needs with the various projects and support
groups.

◗ Consider “economy of scale” at every opportunity when planning for
organizational versus project-level training. Economy of scale refers
to training the most people for the least amount of money by taking
advantage of organizational training if it is needed by multiple
projects.

Training capability
To establish the required organizational training capability, three areas must
be defined:

1. Instructor or trainer’s proficiency;

2. Training approach;

3. Training descriptions.

All instructors must be required to demonstrate current proficiency in
the topics with which they have been identified and intend to teach. There
are many approaches used to learn. It is therefore appropriate that different
training approaches are developed and used, some in combination with oth-
ers, to teach or train as well. Some training approaches that can be effec-
tively used by an organization include:

◗ Classroom teaching;

◗ Computer-aided instruction;

◗ Guided self-study;
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◗ Formal apprenticeship and mentoring program;

◗ Facilitated videos;

◗ Structured on-the-job training.

It is equally important that detailed outlines are provided of the training
opportunities so that the organization’s workforce members will know what
is available. This will enable them to be able to pick and choose courses as
well as other training opportunities with assurance that it will help them
gain the desired knowledge and skills. Such a detailed outline may contain:

◗ Course abstract;

◗ Objectives;

◗ Intended audience;

◗ Length of the training;

◗ Prerequisites and preparation for participation in the training;

◗ Format of the training;

◗ Training topics;

◗ Criteria for determining the participant’s satisfactory completion.

Training delivery
Increasing the knowledge and skills of a target group of participants is much
more than assigning an instructor and telling him or her to deliver the train-
ing material. Indeed, my experience in providing quality management and
process improvement training over the past 15 years points to ensuring that
guidelines and expectations are clearly set and then reset again. Participants
should be more carefully selected through documented procedures and
checklists rather than just determining who needs training hours logged and
who is available.

A starter-kit list of participant selection guidelines is shown here:

◗ Do they have the prerequisite background?

◗ Do they have the skills and abilities to perform their roles?

◗ Is there a need for cross-discipline technical and management training?

◗ Do the managers need training for their level as well?

◗ Is there a need for training in basic engineering principles?

◗ Is there a need for training in the project support functions like quality
assurance or Configuration Management?

◗ Is there a core competency that needs to be built?

In addition to properly screening the participants, it is important to plan
for each training session, including the time each participant must have to
take advantage of the learning opportunity. Nonstop interruptions, daily
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crises to be resolved, and electronic leashes (mobile phones) are not condu-
cive to learning. It is also critical to choose experienced instructors who not
only can present the material but can also speak from their experiences in
order to enhance the value of the material.

Effectiveness of the training
Most organizations hand out a participant evaluation form. They ask that it
be filled it out at the end of the course in order to determine its effectiveness
and that of the instructor. Personal experience has shown that this offers lit-
tle insight into the “true” effectiveness of the training or, more importantly,
the knowledge and skills gain that is the objective of the training anyway.
Following the lead and examples of Tom Gilb [1], a quantitatively measur-
able effectiveness-of-training definition is offered here:

◗ Experience and knowledge of the participants prior to the training;

◗ Preparation by the participants prior to the training;

◗ Expectations of the participants (overview course or in-depth study of a
subject compared to the course objectives);

◗ Training materials;

◗ Experience and knowledge of the instructor;

◗ Ability of the instructor to train adults;

◗ Ability of the instructor to add value to the materials from his or her
experience;

◗ Time after the training that the participant has an opportunity to put
the training concepts to use;

◗ Mentoring and coaching that the participant has available following the
training;

◗ Management support that the participant has following the training to
attempt to use the new concepts he or she was taught;

◗ Whether or not training on a subject was part of the participant’s job.

Training, mentoring, and coaching
The gaining of knowledge and skills leading to increased core competencies
requires an approach that is focused on successful technology transfer. This
may be accomplished by:

◗ Providing training in order to convey technical and organizational
change concepts to individuals and groups who need to have an in-
depth knowledge of the topics. Training should not be regarded or
used to transfer years of experience to the participants.
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◗ Providing mentoring in order to share with a select group of individuals
the psychology and philosophy behind the concepts of training,
processes, procedures, guidelines, templates, and so forth. Mentoring
sessions are with an expert and up to four mentorees. Experiences and
war stories are shared in order to bring about a sense of reality and
understanding for those who are being mentored.

◗ For many companies, training is really reduced to on-the-job training.
This usually translates into trial by fire. The next step is providing coach-
ing of individuals and small groups while they are working on the proj-
ect so that they can see the practicality of the ideas. Organizational
experts may provide such coaching in one of three consulting modes:

◗ Expert: The consultant leads the development of a plan or leads the
peer review or other artifact with minimal input from the project
manager or members.

◗ Collaborative: The consultant and the client own 50% each of the
problem to be solved. This assumes a certain level of knowledge on
the part of the client’s personnel.

◗ Observer: The consultant basically reviews work that has been done
and provides direction and/or guidance on implementation.

If organizations are to succeed in the face of increasingly complex tasks
that demand large amounts of good people, they must view their people as
critical corporate assets. The following set of questions should be used in an
organizational survey to determine if the workforce believes they are
viewed as critical corporate assets or not.

Am I considered a critical corporate asset?
To help you determine if you are considered a corporate asset in your own
organization, try answering the following questions:

1. What is your educational background?

2. What job experience do you have that helps you do your current
job?

3. Do you know what the organization’s business is and what core
competencies are required to support that business?

4. Do you have the skills you need to do your job?

5. What training have you received in the past year related to your cur-
rent job?

6. What mentoring have you received in the past year related to your
current job?

7. What coaching have you received in the past year related to your
current job?
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8. Are you able to conduct self-study?

9. How do you respond to classroom training?

10. How well do you absorb training on the job?

11. What training related to the management of people has your man-
ager or supervisor had in the past year?

12. How would you rate your manager’s people skills? (Circle one.)

a. Does not care about people;

b. Shows some care, but not much and not often;

c. Tries to incorporate concern for people in everyday management;

d. Balances focus on people and technical tasks;

e. Is a real people person.

13. Do you feel you have an equal chance to get promotions in your
application areas?

14. Are there opportunities for you to test your skills in other areas?

15. Do you feel you are adequately compensated at present?

16. Do you think your organization’s overall compensation plan is
acceptable? Why or why not?

17. Do you think your actions are aligned with the direction in which
your organization is going?

18. Do you believe the others in the organization are aligned with the
direction in which your organization is going?

19. Do you feel like you have grown technically and emotionally since
you have joined the organization?

20. Is your career development path defined and in line with the organi-
zation’s competency needs?

21. How long have you been with this organization?

22. How long were you with the organization in your previous job?

23. What motivated you to stay or leave?

24. Are you planning on a long-term relationship with this
organization?

25. Do most people and most projects in the organization have the capa-
bility to deliver high quality software?

26. What motivates you to enjoy working for a organization and stay
with that organization?

27. Is the organization prepared to hire talented people as well as help
them grow internally?

28. Is your organization prepared or preparing for future competition?

29. Are people in your organization considered human capital and
treated as corporate assets?
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Summary
To really treat people like critical corporate assets, organizations must mini-
mally do the following:

◗ Clearly understand, define, and communicate what business the
organization is in.

◗ Identify and define what core competencies are needed to support the
organization’s business.

◗ Identify the knowledge and skills necessary to be considered competent
in the core competencies.

◗ Determine the knowledge and skill levels of the people for each depart-
ment throughout the organization.

◗ Set up training, mentoring, and coaching programs for the employees
in the organization’s core competencies.

◗ Assist employees in their career development planning in order to
enhance their capability to perform their assigned tasks and responsi-
bilities along the identified core competencies.

◗ Hire new employees based on how well their background matches the
core competencies and how well their knowledge and skills comple-
ment the knowledge and skills base that already exists in the organiza-
tion or project.

◗ Provide incentives in the form of promotions, money, time off, and so
forth based on an employee’s ability to grow in the organization’s core
competencies while producing high quality processes and products.

◗ Coordinate all of the workforce activities with the current and future
business needs.

◗ Align the motivation and growth of the people with that of the
organization.

The bottom line is that people count. Too often people are viewed as
commodities. They are, in fact, the most important assets of a corporation.
Their knowledge, ability to grow, and belief in the honesty and integrity of
the organization are invaluable. Getting the maximum output from employ-
ees means investing the maximum in their potential and affording them
opportunities for growth.

Reference

[1] Gilb, T., Principles of Software Engineering Management, Reading, MA:
Addison-Wesley, 1988.
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Integrated Teams

An integrated team, also known as an integrated product
team, is composed of members who are collectively respon-

sible for delivering the work product. Team members include
empowered representatives from both the technical disciplines
and business functional organizations involved with the product
and have a stake in the success of the work products produced.
Within defined boundaries, these representatives have
decision-making authority and the responsibility to act for their
representative organizations. These integrated teams may be
viewed as a microversion of the company or business unit itself.

This chapter describes the conditions under which inte-
grated teams are considered, built, and managed. It includes
CMMI® process areas of Integrated Project Management, Inte-
grated Teams, and Organizational Environment for Integration.

The concept of the integrated team
Establishing self-managed and empowered teams, whose
members are collectively responsible for delivering the work
product in order to support clear business objectives, could be
equivalent to achieving CMMI® “Maturity Level 3.5.” Inte-
grated product teams are only established to satisfy specific
business objectives that the project manager or higher-level
managers of the organization believe cannot be reached with-
out the skills and abilities of a special group of people. These
special people are to be provided with the necessary tools,
equipment, and training that may not normally be provided for
standard project members. They should be highly skilled in
their own disciplines or functions and have demonstrated the
ability to learn. They have demonstrated the ability to get along
with and work cooperatively with others. These integrated
team members do not have to be solicited to share their skills.
They will do whenever the integrated team needs them.
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The concept of integrated team is not the same as a project team as it is
normally defined at CMMI® Maturity Level 2 or even Integrated Project
Management at CMMI® Maturity Level 3. It is not a concentration on
team-building skills, although those skills may certainly be taught. It is not
related to the team software process, although again those skills may be
taught as part of the integrated team scope. An integrated team may consist
of the entire project but more often is a subset of the project. Integrated
teams are more like Special Forces units that are brought together at consid-
erable expense, are highly trained, and are asked to perform specific tasks
with significantly higher expected results. To decide to put such an inte-
grated team together requires understanding the business objectives and
determining if the effort will be cost-effective.

We will now examine some of the requirements brought out in CMMI®
with respect to integrated teams.

Shared vision
The most important characteristic of having successful integrated product
teams is to establish and maintain the organization’s shared vision. A
“shared vision” is a common understanding of guiding principles including
mission, objectives, expected behavior, values, and final outcomes that are
developed and used by the organization, project, or integrated team.

The purpose of creating a shared vision at any level in the organization is
to achieve a unity of purpose. The value of a shared vision is that people
understand and can adopt its principles to guide their actions and decisions.
Shared visions help team members to focus on the end state while still
allowing room for personal and team innovation, creativity, and
enthusiasm.

The shared vision of a project’s integrated team should be consistent
with the shared vision of the project, which in turn must be consistent with
the shared vision of the organization as illustrated in Figure 17.1. It is
important that the individual’s vision be aligned as well.
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Organizational environment for integration
Along with the shared vision, successful integrated teams will have organ-
izational environments established for them to promote the highest possible
productivity, quality products, and services. The organization’s set of stan-
dard processes and organizational process assets need to be augmented to
support the integrated teaming concepts.

Integrated work environment

In addition, an integrated work environment must be established and main-
tained according to the needs of the integrated team. The integrated work
environment includes the physical infrastructure such as facilities, tools, and
equipment to allow the integrated team to perform their jobs effectively.

Integrated work environments are and should be viewed as capital assets
that:

◗ Are often expensive;

◗ Have unique implementations;

◗ Are irreversible—their implementation can destroy or make unusable
the assets being replaced;

◗ When modified can disrupt ongoing activities.

Integrated work environments must be evaluated to determine if the performance
improvements are worth the costs and risks; hence, the reference to the business
objectives stressed earlier.

Examples of integrated work environment technologies, tools, and
resources include:

◗ Computing resources;

◗ Software productivity tools;

◗ Communication systems, tools, and resources;

◗ Engineering or simulation tools;

◗ Proprietary engineering tools;

◗ Prototyping or production equipment.

Examples of communication tools include meeting rooms, e-mail, Web
sites, and video teleconferencing capabilities.

Integrative leadership and interpersonal skills

Managing integrated teams demands a different view of product develop-
ment and requires integrative leadership and interpersonal skills beyond
those typically found in traditional environments where people tend to
work alone. Some of those skills were mentioned earlier. Others include:
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◗ The skills to integrate all appropriate business and technical functions;

◗ The interpersonal skills to coordinate and collaborate with others;

◗ The leadership skills to act, influence others, and achieve the shared
vision.

Higher leadership skills for those who will lead an integrated team are
also required. These include:

◗ Ensuring that all team members mutually understand their roles and
responsibilities;

◗ Actually using the people in their intended roles;

◗ Effectively accessing the expertise that exists in the organization and
integrating it to strengthen the team effort.

Implementing integrated teams requires cultural changes as people and
integrated teams are empowered and decisions are driven to the lowest level
as appropriate. However, empowerment does not necessarily mean that
every decision must occur at the lowest level; decision making is influenced
by the decision type that the team agrees will be used to resolve issues and
that the project manger and higher-level managers have agreed to support.
Examples of decision types include:

◗ Command: The leader examines the issue and makes the decision
alone.

◗ Consultative: The leader receives and examines input on the issue from
relevant stakeholders and then makes the decision.

◗ Collaborative: Issues are raised, discussed, and voted upon. Rules are
established to determine when this vote is binding for the leader.

◗ Consensus: Issues are discussed among all members of the integrated
team until the entire team agrees they can accept and support the
decision.

While integrated teaming normally corresponds to team-related incen-
tives, individual excellence must also be valued. To purposefully support the
use of integrated teams, the recognition and reward systems need to shift
from a focus on the success or failure of an individual (program manager) to
integrated team success or failure. Care should still be taken to continue to
recognize individual excellence as long as it was not achieved at the expense
of the established integrated team behaviors.

Integrated Project Management (IPPD)
As indicated in Figure 17.1, a project does not operate in isolation. If a proj-
ect understands organizational expectations and constraints, it can align its
direction, activities, and shared vision with the same in the organization,
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and it can help create a common purpose within which its activities can be
coordinated. A project’s shared vision context has both external and inter-
nal aspects:

◗ External aspects deal with the interfaces outside of the project.

◗ Internal aspects deal with aligning project members’ personal aspira-
tions and objectives with the project’s vision and purpose.

To support integrated teams, the project manager must determine
the integrated team structure within the guidelines of the organization’s set
of standard processes that will best meet the project objectives and con-
straints. The basis for defining integrated teams, their responsibilities,
authorities, and interrelationships should come from the evaluation of fac-
tors such as:

◗ Product requirements;

◗ Cost;

◗ Schedule;

◗ Risk;

◗ Resource projections;

◗ Business processes;

◗ Project’s defined process;

◗ Organizational guidelines.

The team structure should be tied into the work breakdown structure
used by the project, allowing each integrated team to be responsible for its
own specific tasks and work products. The integrated team structure should
facilitate the partitioning of responsibilities, requirements, and resources so
that the right expertise and abilities are available to produce the assigned
products. As the project evolves, the integrated team structure must be
reevaluated for applicability. This reevaluation may result in the integrated
team being reorganized, including the appointing of a new integrated team
leader.

Preliminary distribution of requirements

The requirements should be preliminarily distributed to integrated teams even
before the teams are officially formed as a sanity check to verify that
the selected team structure is workable and covers all the necessary require-
ments, responsibilities, authorities, tasks, and interfaces. Potential represen-
tatives from the required disciplines should be identified even though the
integrated team is not yet formed to ensure an objective evaluation of
the ability to satisfy the requirements that were preliminary assigned to the
integrated team.
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Responsibilities and authorities

The team leader should be chosen along with the assignment of planned
responsibilities and requirements for each team. Integrated teams require a
great deal of autonomy, which necessitates at the organizational and project
levels a high degree of confidence in the team leader. Organizational and
project influences on selecting the team leader should be used judiciously.
When a new team leader and/or new team members join the team, the
match between the new composition and the current responsibilities should
be reviewed and appropriate changes should made as necessary. When
defining the integrated team responsibilities and authorities, consider the
following factors:

◗ Authority of the integrated team to pick its own leader;

◗ Authority of the team to implement subteams;

◗ Reporting chains;

◗ Reporting requirements such as cost, schedule, and performance
status;

◗ Progress reporting measures and methods.

The integrated team
An integrated team focuses on the product life cycle to the extent required
by the project. The sponsor, usually the project manger/leader typically pro-
vides the integrated team with the product requirements they will be
responsible for implementing, initial technical and business interfaces, and
high-level tasks from the work breakdown structure (WBS) and work pack-
ages. The project manager also needs to clearly define the relationship
between the integrated team and the project and organization.

Selection criteria for integrated team members

Team members must be selected and positioned according to established cri-
teria, including:

◗ Knowledge, skills, and functional expertise related to tasks and
responsibilities associated with the team’s assigned work products;

◗ Interpersonal skills and ability to work in a team environment;

◗ Ability to complement the mix and knowledge and skills in the team;

◗ Potential to fulfill a significant responsibility in the team;

◗ Ability to acquire additional knowledge and skills or expertise related to
the team’s tasks;

◗ Educational and cultural background;

◗ Personal self-motivation.
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The functional knowledge and related job skills within the integrated
team are directly related to specific team tasks and responsibilities. Organiza-
tional business objectives must be identified, the core competencies required
to support those business objectives must be defined and the knowledge and
skills profiles required for each core competency must be established.

Integrated team charter

Once the team has been selected, it is important to establish the team char-
ter. The team charter is the contract among the team members and between
the team and its sponsor for the expected work effort and level of perform-
ance. It is meant to solidify the rights, guarantees, privileges and permissions
for organizing and performing the team’s objectives and tasks. It should
establish the team’s level of empowerment and independence. It should also
identify how the team and individual performance and accomplishments
will be measured.

Operating procedures and ground rules must also be developed to define
and control how the team will interact and work together. They define the
expectations and rules that will guide how the team works collectively, the
degree of collective decision making, the level of consensus that is needed
for team decisions, and how conflicts will be addressed and resolved.

It is important that while the integrated team members have been cho-
sen for their ability to get along with other team members, they are also
chosen due to their highly crafted technical skills and possibly their individ-
ual contributions on other projects. Establishing the team charter, operating
procedures, and ground rules simply serves to remind each individual that
he or she has been chosen for an integrated team and must abide by that
team’s decisions. To complete the rules of the game, it is necessary to clearly
establish the roles and responsibilities of each member of the integrated
team, including each team member’s anticipated contributions, level of
involvement and realm of influence each member is expected to have on
the success and functioning of the team. Setting of the roles and responsi-
bilities also includes determining:

◗ How assignments are accepted;

◗ How resources and input are accessed;

◗ How works gets done;

◗ Who checks and reviews work;

◗ How work is approved;

◗ How work is delivered and communicated.

Summary
Deciding to put such an integrated team together requires an understanding
of the business objectives and the ability to determine if the results will be
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cost-effective. It can be expensive and politically charged unless an organi-
zation’s culture has been evolved to support and nurture integrated teams.
Not everyone is a candidate to be a member of an integrated team. Those
who are chosen will become a part of the vision chain. They will align their
personal aspirations with the vision of the integrated team that is aligned
with the vision of the project and, in turn, is aligned with the vision of the
organization.
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Reducing Variation

Understanding variation
When the topic of variation is discussed, the context is nor-
mally control charts and statistical process control. One of the
specialists in understanding variation that has influenced
members of the SEI as well as many other diverse fields such as
transportation, manufacturing, utilities, and aerospace is Dr.
Donald Wheeler. Dr. Wheeler is an internationally recognized
speaker and trainer in the understanding and use of data in
business and industry. Dr. Wheeler holds a Ph.D. in statistics
from Southern Methodist University and was a student and
associate of Dr. W. Edwards Deming for 19 years. Dr. Wheeler
has written numerous technical books on statistical process
control and related topics, but the one book that continues to
have a visible impact on those who strive to fully understand
and use CMMI® at higher maturity levels is [1].

In Chapter 2 of [1], Dr. Wheeler discusses Dr. Walter She-
whart’s approach to interpreting data:

We analyze numbers in order to know when a change has

occurred in our process of system…. Some variation is rou-

tine, run-of-the-mill, and is to be expected even when the

process has not changed. Other variation is exceptional, out-

side the bounds of routine, and therefore to be interpreted as

a signal of process change…. The key to effectiveness of the

process behavior chart is contained in the way in which the

limits are computed from the data…. If over a reasonably

long period of time, all of the points fall within the limits of a

process behavior chart, and if the points are well-behaved,

then the process can be said to display nothing but routine

variation.… However, when points fall outside the limits of a

process behavior chart they are interpreted as signs of excep-

tional failure. Exceptional variation is attributed to assign-

able causes which, by definition, dominate the many
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common causes of routine variation.… Eliminating the effects of

assignable causes of variation from your process can ensure that the

process you are following will operate more consistently, predictably

and more reliably.

Statistical process control and a more detailed explanation of common
and assignable causes of variation will be presented in Chapter 19. These
ideas of variation are presented here to provide the backdrop for the main
theme of this chapter; using the CMMI® model as the basis for an organiza-
tion’s process improvement initiative can be viewed as a continuous jour-
ney in reducing variation.

This chapter presents an evolutionary path within the CMMI® model that
illustrates how process improvement steps taken to move from an individual
focus to a project focus, to a measurement-oriented organizational focus, and
to a quantitative management focus can be regarded as successive steps in
reducing variation in an organization’s processes and business results. The
process areas of Project Planning, Project Monitoring and Control, Measure-
ment and Analysis, Organizational Process Definition, Integrated Project
Management, Organizational Process Performance, and Quantitative Project
Management will be used to support this chapter’s concepts.

Variation among individuals
Figure 18.1 shows a “Staged” view or representation of the CMMI® model.
At the initial maturity level, the process is described as being unpredictable,
poorly controlled, and reactive. In CMM® for Software, we often described
this state as “chaotic.” One of the traits of CMMI® Maturity Level 1 is that
the process “belongs” to the people. If others follow a process, it is normally
due to the strong personality of someone on the project who has experi-
enced using processes in another environment. From a variation point of
view, a Level 1 organization has a great variation based on its individual
employees following their own process paths. This is why Maturity Level 1
companies depend so heavily on the heroics of their people.

Projects’ processes to reduce variation
At CMMI® Maturity Level 2, processes normally belong to the project and
are enforced by the project manager. The processes, standards, guidelines,
checklists, and templates are enforced for all of the project members to
achieve more uniformity in development and product quality. Assuming
that all projects follow some form of process, the amount of variation that
was seen in organizations of Maturity Level 1 is reduced even if all of the
projects followed a different process.

In addition, the new process area of Measurement and Analysis helps
the organization to develop and sustain a measurement capability that can
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be used to support management information needs. It will further provide a
measurement foundation that can be built upon as the organization evolves
towards CMMI® Maturity Level 3 and a set of standard processes. The
process area of Measurement and Analysis guides an organization to define
measures to be used along with the data collection process, the storage
mechanisms, the analysis processes, the reporting processes, and the feed-
back processes. This is a critical step for an organization to move to CMMI®
Maturity Level 3 and to have the proper foundation to move to CMMI®
Maturity Level 4.

Organizational processes to reduce variation
As described in Chapter 15, an organization that wishes to achieve CMMI®
Maturity Level 3 needs to have its processes owned by the organization for
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economy of scale to be realized and process measurement to make practical
sense. Referring to Chapter 3, the organization’s set of standard processes
contains the definitions of the processes that guide all of the activities in an
organization. A standard process enables consistent development and main-
tenance across the organization and is essential for long-term stability and
improvement.

These process definitions are tailored and incorporated into the project’s
defined processes throughout the organization and thus variation in project
development and product and service quality is again reduced. In addition
to the standard processes, an organization at CMMI® Maturity Level 3 also
establishes its organizational measurement repository. This measurement
repository contains both product and process measures that are related to
the organization’s set of standard processes. It also contains the information
needed to understand and interpret the measures and assess them for rea-
sonableness and applicability. With this measurement repository, trends can
be seen and predictability can be achieved. In addition, process performance
baselines can now be developed to support quantitative management later.

Quantitative Project Management
Finally, at CMMI® Maturity Level 4, the ownership of the processes reverts
back to the projects. This is because individual projects must determine if
the requirements and constraints placed upon them demand the use of
Quantitative Project Management techniques, even though the tailored
processes still come from the organization’s set of standard processes. The
data collected in the organization’s measurement repository is used to
develop a process performance database or set of databases.

Quantitative Management is tied to the organization’s strategic goals for
product quality, service quality, and process performance. When higher
degrees of quality and performance are demanded, the organization and
projects must determine if they have the ability to improve the necessary
processes to satisfy the increased demands. Achieving the necessary quality
and process performance objectives requires stabilizing the processes that
contribute most to the achievement of the objectives and reducing process
variation to support the quantitative management objectives.

Summary
Figure 18.2 provides a process capability prediction view of CMMI®. It illus-
trates the theme of reduction of variation that we have discussed so far. At
the Initial level target dates of cost, schedule, performance and quality are
often missed by wide variation. At the Managed level, the variability of the
actual results around the target decreases. At the Defined level, variability
again decreases. Target hits increase and the target begins to move in toward
the y-axis due to reduced rework. At the Quantitatively Managed level,
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variability continues to decrease. Target results improve, and development
time becomes shorter while productivity and quality increase. Continuing to
the Optimizing level, defect prevention helps to reduce rework further and
variation continues to be reduced.

There are many different views of CMMI®. There are also many differ-
ent ways that CMMI® can help an organization that are not always obvious
on the surface. Helping an organization to reduce variation as it improves in
its process capability is a benefit of using CMMI® that all organizations
should strive to utilize.

Reference

[1] Wheeler, D. J., Understanding Variation: The Key to Managing Chaos, Knoxville, TN:
SPC Press (Statistical Process Control), 1999.
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Techniques for Establishing a
Measurement Program

This chapter illustrates the strong measurement focus that is
found within CMMI®. Basic project management measures

are defined in the Project Planning and Monitoring and Control
process areas. An understanding of getting a measurement pro-
gram started is provided through the implementation of the con-
cepts found in the Measurement and Analysis process area (PA).
Continuing on the evolutionary path, CMMI® guides the reader
to the establishment of an organizational measurement reposi-
tory, the collection of peer review and test data, and the evolu-
tion of the organizational process measures that provide the
building blocks for statistical process control and quantitative
project management. The Measurement and Analysis, Organi-
zational Process Performance, and Quantitative Project Manage-
ment process areas will be examined in detail. The special cause
of variation will also be discussed. Chapter 20 addresses the com-
mon cause of variation.

Measurement: Is it really necessary?
The following are questions that a project manager must con-
sider and be able to answer to management while a project is
starting.

◗ Can it be done?

◗ How long will it take?

◗ How much will it cost?

◗ How many people will it take?

◗ What are the risks?

◗ What are the trade-offs?

◗ How many potential errors?
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◗ How much does your current development process cost?

◗ How much value does each piece of the process add?

◗ What would the impact be of deleting, modifying, or adding a proce-
dure to the process?

◗ What activities contribute the most to the final product cost?

◗ Have you tried to improve the current development process?

◗ What changes in cost/value resulted from that improvement effort?

◗ What processes represent the greatest potential for return on improve-
ment investment?

◗ How would you quantify the value of the process improvement
investment?

◗ Do you really want to know where the money is going in your software
development projects?

◗ What value do you think you are delivering to your customers? Do
they agree?

Measurement and Analysis
The Measurement and Analysis common feature found in CMM® for Soft-
ware was, in my opinion, one of the weakest parts of CMM® that was writ-
ten. Striving to not present specific metrics, but yet giving guidance on
measuring status and effectiveness of processes, my view of CMM® is that
the measurement requirements were not very clear and did not give much
guidance for organizations as they tried to improve their process capability.

In the past, many individuals, projects, and organizations have mistak-
enly believed, when embarking upon their journey to achieve CMM® Lev-
els 2 and 3, that measurement was not necessary until the organization had
actually accomplished CMM® Maturity Level 3. They believed that meas-
urement only played a significant role once they began a Maturity Level 4
initiative and embarked on an implementation of the Quantitative Process
Management and Software Quality Management key process areas (KPA).
Obviously, it was not possible to achieve a legitimate Maturity Level 2 or 3
rating without having also satisfied the Measurement and Analysis common
feature.

These same organizations focused upon the usage of status information
to achieve their CMM® Maturity Level 2 objectives. They added a few
measures once they developed their organization’s standard software
process but found out they did not have the right data to actually consider
putting their process or subprocesses under statistical process control.
CMMI® authors have created a new process area called Measurement and
Analysis that helps organizations to establish their measurement program
and create a measurement foundation that can be added to as the organiza-
tion moves from CMMI® Maturity Level 1 to Level 2 to Level 3 and beyond.

224 Techniques for Establishing a Measurement Program



Let us examine some of the key concepts found in the Measurement and
Analysis process area.

The Measurement and Analysis purpose statement states that an organi-
zation should develop and sustain a measurement capability that is used to
support management information needs. This means that the measurement
objectives that are specified at the project level are aligned with the estab-
lished information needs and business objectives of the organization. The
essential message of the Measurement and Analysis process area is con-
tained in the following two points:

1. Define the measures to be used, the data collection process, the stor-
age mechanisms, the analysis process, the reporting processes, and
the feedback processes.

2. Provide objective results that can be used in making business judg-
ments and take appropriate corrective actions.

Let us explore the details of these two guiding statements.

Establish measurement objectives

Consider the Goal–Question–Metric Paradigm developed by Dr. Vic Bacilli
and Dr. Dieter Rombach and document the purpose for which any measure-
ment and analysis is done. Ensure that the kinds of actions that may be
taken based on the results of the data analysis are specified up front. Much
like the concept of criticality and verification techniques discussed in
Chapter 14, actions should be based on expected results and project risks.
Debating what should be done once the data indicates something should be
done is often a waste of resources and is not effective. It is simply best to
specify what will happen given situation X, and then do it.

One of my strong recommendations is to continually ask the question:
What value will this measurement be to the people who will be asked to
supply the raw measurement data and to those who will receive the ana-
lyzed results? Some years ago, I was working for a business unit of a large
company in Europe. The CIO of the company had wanted to establish a peer
review culture in his organization. He turned over the implementation of
this program to his deputy CIO. The deputy CIO instructed the quality
assurance manager to go to each project and demand to know what
increased percent peer reviews did the project conducted this past month
have compared to previous months. Project managers and members alike
saw no value in this exercise but realized they had to find a way to “show”
compliance each month. Many of the projects would hold at least one more
peer review at the local tavern with a round or two of beers a day or two
before the quality assurance manager was to come around to be able to say
the percentage had increased. Over a period of 6 months each project was
reporting around a 70% increase in the use of peer reviews. During an
assessment, the practitioners told me (I was serving as the lead assessor) that
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they really did not conduct peer reviews. I reported this during the senior
management presentation. The CIO was very upset and the deputy CIO was
angry at being put in a compromising situation. When the CIO demanded
that I substantiate this claim, 65 practitioners stood up and said, “That is
what we told the assessment team.” Measures should always be useful to
those who collect the data and use it!

Specify measures

Candidate measures should be based on documented business objectives
and refined into precisely defined, quantifiable measures that have unambi-
guous operational definitions associated with them. There are numerous
potential sources for business objectives. This is because in today’s world a
corporation may include several different business units such as software
development, patents and licenses, and so forth. Therefore, the business
objectives may not necessarily be those defined at corporate level. They
may, more appropriately, be those defined for the business unit itself.

Derived measures are more quantitatively reliable and meaningful than
the base measures used to construct them. Derived measures are often
expressed as ratios or composite indices and are based on combinations of
data that are collected for the defined basic measures.

Examples of commonly used derived measures include:

◗ Earned value: Actual cost of work performed compared to the budg-
eted cost of work performed;

◗ Defect density: Number of defects found per thousand lines of code;

◗ Peer review coverage;

◗ Test coverage;

◗ Reliability measures: Mean time between failure.

Specify data collection and storage procedures

The procedures that will be used to collect and store the data for each meas-
ure must be established and maintained. Explicit specifications of how,
where, and when the data will be collected must be defined. Procedures for
ensuring the data collected is valid must be developed and the data must be
stored so that it is easily accessed, retrieved, and restored as needed. The fol-
lowing questions should be considered when an organization sets up its
measurement collection and storage procedures:

◗ Has the frequency of data collection been established?

◗ Have the points in the process where the measurements will be made
been determined?

◗ Has the time required to move measurement results from the points of
collection to databases or end users been estimated?

◗ Has it been decided who is responsible for collecting the data?
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◗ Has it been decided who is responsible for data storage, retrieval, and
security?

◗ Have the necessary supporting tools for data collection, storage, analy-
sis, and feedback been developed or acquired?

◗ If a database is used for storage of metrics data, would there be a value
for real-time generation of graphics?

It is important to remember that effective data collection is always
dependent upon the actions of people. Therefore, consideration must be
given to how easy it is for people to record metrics and to generate the
required graphics. Initially, usage of a spreadsheet may be sufficient. How-
ever, as an organization transitions to the usage of an intranet to facilitate
communication, the use of a spreadsheet may not be the most efficient way
to generate graphics. The use of a database and active server pages to enable
publishing of real-time graphics may be a better approach. If the interface
between the person recording the metrics data is easy enough to find and
use, then the likelihood that data will be recorded increases. Also, if the
graphics display requires little to no effort on the part of the person record-
ing the data, then the likelihood that the metrics displayed will be current
and actually used substantially increases. After all, metrics are of no use if all
of the data is not recorded and is not translated into an output, suitable for
analysis, within a reasonable time frame.

Specify analysis procedures

Analysis procedures must be defined and agreed upon in advance. Considera-
tion must be given to how the results will be reported to the project manager
and project members and what the most appropriate method of display of the
results should be to ensure maximum understandability and usefulness. It is
always important to factor in the audience who will receive these measure-
ment results. The feedback, content, and interpretation will differ if the audi-
ence is an intended user, a sponsor, a data analyst, or a data provider.

Collect and analyze the measurement data

The measurement data should be collected as defined at the points in the
process that were agreed upon. Derived measures should be generated from
the basic data and initial analyses should be conducted. The results from the
initial analysis should be interpreted and reported to the stakeholders to
determine if the results are understandable and decisions can be taken from
them. It is most important for those who collect and analyze the measure-
ment data to follow up and coach those who receive it to ensure their
understanding and interpreting of the measurement results. Creation of a
common metrics style guide is suggested. This ensures that expected output
will be reasonably consistent and professional in appearance.
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Store the measurement data and analysis results

A major point that the authors of CMMI® made regarding the storage of
the measurement data is repeated in the definition of the Organizational
Measurement Repository, and repeated again in the description of the
Quantitative Project Management process area. That point states:
“Measurement-related information should be stored together with suffi-
cient context so that the measures can be understood and interpreted for
reasonableness and applicability.” Throughout the years, I have assessed
many companies around the world who collected a lot of data but without
any context at all. In addition, this data was normally know by the “metrics
expert” and was almost never used by the project manager or members for
decision purposes. I strongly suggest that one or two sentences should
always be provided to explain what the graphics are displaying. For exam-
ple, the sentences could say “A rising line means this…and a falling line
means this...”

The use of sentences like this should also be a mandatory part of the
metrics style guide recommended earlier. It should also be part of the
organization’s metrics policy in order to ensure that no metrics will be pub-
lished in the organization without some form of explanation of what the
graphics mean. Thus, other people who may not be familiar with the graph-
ics can understand what is being communicated. After all, the purpose of
metrics is to facilitate communication of data in a visual manner so that it
can be more easily understood. Metrics are nice, but if no one can interpret
them, they are useless.

Basic measures

A measurement program should always include the basic project manage-
ment measures. These measures were discussed in Chapter 7 and include:

◗ Attributes of the work products:

◗ Size;

◗ Complexity;

◗ Weight;

◗ Form, fit, or function.

◗ Cost and expended effort;

◗ Schedule;

◗ Technical performance (completion of activities and milestones against
the schedule);

◗ Staffing profiles;

◗ Resources:

◗ Physical facilities;

◗ Computers, peripherals;

◗ Networks;
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◗ Security environment;

◗ Processes.

◗ Knowledge and skills acquisition of project personnel;

◗ Training needs;

◗ Commitments;

◗ Quality: defects or quality attributes.

In addition to the basic project management measures, it is important for
each project manager to know if the processes that his or her project mem-
bers are following are working in the way that they were expected to work.
In other words, are the processes effective?

Effectiveness of processes

When we discuss effectiveness of processes, we want to know how well the
process or processes are working for those who are following them. Many
measures related to Measurement and Analysis focused on status. Here are
a few examples that should illustrate the difference between the status of
following a process and its effectiveness.

We will look at the process area of Requirements Management. If a proj-
ect had 1,000 requirements, how effective would the Requirements Man-
agement process be? The status of 1,000 requirements is just that—a status
number. It does not give any more information than if we said we had
10,000 requirements. We might expect the project to be more complex if we
had 10,000 requirements compared to 1,000 but there is nothing to be said
of the effectiveness of the Requirements Management process itself. What if
we had the input that the project had 100 requirements change requests?
Would that be enough information to give us reason to believe we could
discuss the effectiveness of the Requirements Management process? The
answer is still no. We do not know what type of requirements change
requests are included in that 100, but if we had the data that told us we had
100 requirements change requests and 25 of them were showstoppers, we
would be able to state we had an indicator of effectiveness of the Require-
ments Management process.

We would not consider that process to be very effective and would start
the search to determine what was not working right. Perhaps the require-
ments elicitation process was faulty. Perhaps the requirements analysis
process was not adequate. Perhaps the impact analysis was inadequate. If
the data stated that of the 100 requirements change requests, 100 of them
were “nice to have,” then we would believe that our Requirements Man-
agement process to be sufficiently effective.

Like all measures, effectiveness of processes measures produce indicators
that must be evaluated if they are good or not. Here are a few other exam-
ples of effectiveness of Requirements Management measures that could be
useful for a given project:
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◗ Time spent on change requests up until a yes-or-no decision is given
from the senior contract group;

◗ Impact of the change requests on project progress: effort spent on the
change requests versus the amount of effort to execute the original
project;

◗ Actual cost of processing a change request compared with budgeted or
predicted costs:

◗ Actually make the change;

◗ Filling in the forms;

◗ Impact analysis;

◗ Authorization;

◗ Replanning;

◗ Rescheduling;

◗ Renegotiating commitments;

◗ SQA effort;

◗ SCM effort;

◗ Review effort;

◗ Test effort.

Organization’s set of standard processes
Besides being a CMMI® Maturity Level 3 requirement, developing a set of
organizational standard processes builds a common vocabulary and allows
others to anticipate the behavior of other groups and be more proactive in
their interactions. Having a set of organizational standard processes allows
the organization to measure a controlled set of processes to gain economy of
scale. Trends can be seen and predictability can start to be achieved. Process
performance baselines can be economically developed to support quantita-
tive management later. One of the major components of the Organizational
Process Definition process area is the organization’s measurement reposi-
tory that was defined and discussed in Chapter 15. CMMI® description is
based on the foundation laid by the Measurement and Analysis process
area.

Organization’s measurement repository

The organization’s measurement repository contains:

◗ Product and process measures that are related to the organization’s set
of standard processes;

◗ The related information needed to understand and interpret the meas-
urement data and assess it for reasonableness and applicability;
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◗ Operational definitions for the measure should specify the point in the
process where the data will be collected and the procedures for collect-
ing valid data;

◗ Examples of classes of commonly used measures include:

◗ Size of work products (lines of code, function points, complexity);

◗ Effort and cost;

◗ Actual measures of size, effort, and cost for software;

◗ Quality measures;

◗ Work product inspection (peer review) coverage;

◗ Test or verification coverage;

◗ Reliability measures.

Slightly more advanced measure

When discussing defects discovered during peer reviews, it is much more
interesting to think about defects in terms of major or minor defects where
the boundary line between the two classifications depends on the influence
of the defect on the cost, schedule, performance, and quality of the product
that is received by the end user.

Even the classification of defects into major and minor defects is not as
informative as one would need to focus limited resources and care for prod-
uct quality at the same time. Placing major and minor defects into catego-
ries allows the peer review team and the measurement team that will
analyze the defects to see trends and focus energy on improving processes
that will result in a greater benefit to the organization’s business on the
whole. Categories of peer review defects may include imprecisely stated
requirements, ambiguous requirements, performance variables not quanti-
fied, requirements that are not testable, missing items, interface errors, and
logic errors.

Peer review data can also reveal effectiveness of the peer review calcu-
lated by comparing the number of major defects found in a life-cycle stage
compared to the total number of defects found so far. After an organization
has collected peer review data for life-cycle work products throughout the
entire life cycle and can start to see trends, it is possible to mathematically
calculate the remaining defects in a given life-cycle work product. A caveat
about peer review metrics is to ensure that the metrics are not used in a
negative fashion against the person who authors the peer-reviewed docu-
ment or code. Remember, a hallmark of effective peer review is that the
results cannot be attributed to any person.

Defects identified through the performance Process and Product Quality
Assurance (PPQA) process area activities and audits after an item has com-
pleted peer review are a rich source for potential defect prevention activi-
ties. If the peer review process has been effective, then the amount of
defects in the product reviewed should be little to none. If there are signifi-
cant defects identified, then the result of the PPQA audit of the product
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must then point to a very inefficient peer review process. Remember, that is
the purpose of peer review: to catch the defects before the product is
approved for release. QA is not a substitute for an ineffective peer review
process. So if QA is finding defects after a product has completed peer
review, the peer review process must be broken. This requires a corrective
action on the part of PPQA personnel.

Testing defects can also be subdivided into categories and testing effec-
tiveness can also be calculated. The defects found in testing can be compared
to those found in peer reviews leading to a more focused causal analysis on
the origin of the defects and the effectiveness of the engineering processes
that are allowing the defects to be injected into the evolving system. Test
coverage measures are another measurement that helps project members to
more accurately report the extent of the testing that is being carried out and
understand the product quality that is being shipped more thoroughly.

Quantitative project management
When higher degrees of quality and performance are demanded, the organi-
zation and projects must determine if they have the ability to improve the
necessary processes to satisfy the increased demands. Quantitative manage-
ment is tied to the organization’s strategic goals for product quality, service
quality, and process performance. Achieving the necessary quality and
process performance objectives requires stabilizing the processes or sub-
processes that contribute most to the achievement of the objectives. Assum-
ing that the technical requirements can be met, the next decision is to
determine if it is cost-effective.

Process performance baselines

In order to determine if a requirement for a higher degree of quality or per-
formance can be achieved, it is necessary to know what the process capabil-
ity of the existing organizational processes and subprocesses is across the
organization’s projects. CMMI® has defined a process area called Organiza-
tional Process Performance that guides an organization to maintain a quan-
titative understanding of the performance of the organization’s set of
standard processes in support of quality and process-performance objec-
tives. Process performance data, baselines, and models are established and
maintained to quantitatively manage the organization’s projects.

Before going further, it is important to define process performance. The
introductory notes for the Organization Process Performance process area
provide excellent insight. “Process performance is a measure of the actual
results achieved by following a process” [1]. Process performance is charac-
terized by both process measures and product measures. Typical process
measures include effort, cycle time, and defect removal effectiveness. Typi-
cal product measures include reliability and defect density.
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The common measures for the organization are composed of process and

product measures that can be used to summarize the actual performance of

processes in individual projects in the organization. The organizational data

for these measures are analyzed to establish a distribution and range of

results which characterize the expected performance of the process when

used on any individual project in the organization…. The expected process

performance can be used in establishing the project’s quality and process-

performance objectives and can be used as a baseline against which actual

project performance can be compared. Each quantitatively managed proj-

ect, in turn, provides actual performance results that become a part of the

baseline data for the organizational process assets [1].

When the organization has measures, data, and analytic techniques that
it knows how to properly apply, it has the ability to:

◗ Determine whether processes are behaving consistently or are
predictable.

◗ Identify processes that perform within consistent natural bounds.

◗ Establish criteria for identifying whether a process or process element
should be statistically managed.

◗ Identify processes that show unusual behavior.

◗ Identify parts of the processes that can be improved.

◗ Identify implementations of processes that represent good and best
practices.

Earlier interpretations of quantitative project management approaches
based on CMM® for Software led companies to believe that they needed to
get all of their organizational standard processes under statistical process
control. Selection of the processes and/or process elements is based on the
needs and objectives of both the organization and the projects. It is
extremely important to understand that CMMI® provides the guidance that
it is typically not possible, useful, or economically justifiable to apply statisti-
cal process control (SPC) techniques to all process or process elements of an
organization’s set of standard processes (OSSP).

Measures that provide appropriate insight into the organization’s process
performance need to be chosen. The obvious question is: Based upon what
criteria? Examples of the criteria suggested by CMMI® include:

◗ Relationships of the measures to the organization’s business
objectives;

◗ Coverage that the measures provide over the entire life of the product;

◗ Visibility that the measures provide into the process performance;

◗ Frequency at which the observations of the measures can be collected;

◗ Extent to which the measures are controllable by changes to the
process;
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◗ Extent to which the measures represent the user’s view of effective
process performance.

Organizational process performance baselines must be established to
measure the performance for the organization’s set of standard processes for
each of the major phases of the approved project life cycles. An organization
may have to establish several process performance baselines to characterize
performance for subgroups of the organization. These subgroups include:

◗ Product line;

◗ Application domain;

◗ Complexity;

◗ Team size;

◗ Work product size.

CMMI® suggests that each organization establish and maintain its
organization’s process performance baselines from the collected measure-
ments and analyses by:

◗ Establishing a distribution and range of results that characterize the
expected performance for selected processes when used on any indi-
vidual project in the organization;

◗ Using measurements from stable processes (other data may not be
reliable).

At the SEI-sponsored SEPG Conference held in Phoenix, Arizona, in
2002, a representative from PRC-Litton presented his company’s successful
journey into statistical process control. While many attempts were made to
have only one process performance baseline, the degree of variation was
found to be so great that this gentleman’s organization ended up developing
five process performance baselines.

Quantitative project management

Statistical management involves statistical thinking and the correct usage of
a variety of statistical process control tools such as run charts, control charts,
confidence intervals, prediction intervals, and tests of hypotheses.

Quantitative management uses data from statistical management to help
the project predict whether it will be able to achieve its quality and process
performance objectives and identify when corrective action should be
taken.

Process performance is a measure of the actual process results achieved
and is characterized by both process measures and product measures as indi-
cated earlier. Organizations are encouraged to use statistical management to
have the ability to predict the extent to which its projects can fulfill its qual-
ity and process performance objectives.

234 Techniques for Establishing a Measurement Program



Any necessary corrective action is based on understanding the nature
and extent of the variation experienced in actual process performance and
recognizing when the project’s actual performance may not be adequate to
achieve the project’s quality and process performance. Reducing process
variation is an important aspect to quantitative management. Some varia-
tion is routine and run-of-the-mill and is to be expected even when the
process has not changed. Other variation is exceptional, outside the bounds
of routine, and therefore to be interpreted as a signal of a process change.

In order to distinguish or separate variation into these two components,
Dr. Walter Shewart created the control chart. The control chart illustrated in
Figure 19.1 is created by plotting data in a time series. A central line is added
as a visual reference for detecting shifts or trends, and limits are computed
from the data. These limits are placed on either side of the central line at the
distance that will allow them to filter out virtually all of the routine varia-
tion. The key to effectiveness of the control chart is contained in the way in
which the limits are computed from the data. Dr. Donald Wheeler describes
these calculations in a clear manner in [2]. By characterizing the extent of
routine variation, the limits on a control chart allow you to differentiate
between routine variation and exceptional variation. If over a reasonably
long period of time, all of the points fall within the limits of a control or
process behavior chart, then the process can be said to display nothing but
routine variation. When this happens, the process can be thought of as
being predictable within those limits, and it is reasonable to expect that,
unless something is changed, it will continue to operate that way in the
future.

Thus, the limits of a control chart allow you to characterize the behavior
your process as predictable or unpredictable and define how much routine
variation you should expect in the future. However, when the points fall
outside of the limits of the control chart, they are interpreted as signs of
exceptional or assignable causes of variation. Assignable causes of variation
dominate the many common causes of routine variation; thus, it is worth-
while to try to identify the assignable cause of variation so its effect upon
your process can be eliminated. It is worthwhile, assuming that if project
managers or members know about an assignable cause of variation, they
would not allow it to dominate the process(es) that the project members
were required to follow. Thus, control charts allow a project to learn about
dominant cause and effect relationships that may have not been realized in
the past and help the project to realize a more predictable and reliable
process.

Understanding variation

Understanding variation is a fundamental premise of statistical control.
Understanding variation is achieved through the collection and analysis of
process and product measures so that special causes of variation can be
identified and addressed to achieve predictable performance. Wheeler used
the term routine variation compared to exceptional variation. Routine or
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common causes of variation are variation in process performance due to the
normal interaction among the process components (people, machines,
material, environment, and methods). Variation due to common cause is
random but will vary within predictable bounds. Special or assignable causes
of variation arise from events that are not part of the normal process. These
special causes of variation represent sudden or persistent abnormal changes
due to one or more of the process components. The special cause may mani-
fest itself as a faulty input to the process environment or through the way
the processes themselves are executed. Examples of assignable causes of
variation include inadequately trained people, tool failures, and failures to
follow the process.

Assignable cause and exceptional cause

Assignable causes of variation dominate the many common causes of rou-
tine variation; thus, it is worthwhile to try to identify the assignable cause of
variation so its effect upon your process can be eliminated, assuming that if
project managers or members know about an assignable cause of variation,
they would not allow it to dominate the process. Thus, control charts allows
a project to learn about cause and effect relationships that may have not
been realized in the past and to help the project to realize a more predictable
and reliable process.

It is important to remember to focus on subprocesses that can be con-
trolled to achieve a predictable performance as well as the overarching
processes. Subprocesses should be selected from the process elements in the
organization’s set of standard processes. It is helpful to know if the sub-
processes showed stable performance in previous comparable instances or
that the performance data for that subprocess showed satisfaction of the
project’s quality and process performance objectives. It is also useful to ana-
lyze the interaction of the subprocesses to understand the relationships that
exist among the subprocesses. This can certainly have an effect on your abil-
ity to bring them under statistical control.

During the process of deciding which subprocesses to select, it is helpful
to identify the criteria to be used that will result in selected processes that
are the main contributors to achieving the identified quality and process
performance objectives and for which predictable performance is impor-
tant. Examples of sources for criteria used in selecting subprocesses
include:

◗ Customer requirements related to quality and process performance;

◗ Quality and process performance objectives established by the
customer;

◗ Quality and process performance objectives established by the
organization;

◗ Organization’s performance of the subprocess on other projects;

◗ Laws and regulations.
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Remember: It may not be possible to statistically manage some processes nor eco-
nomically justifiable to apply statistical techniques to certain subprocesses.

When the selected subprocesses are brought under statistical control,
their capability of achieving quality and process performance objectives can
be determined. It is, therefore, also possible to predict whether the project
will be able to achieve its objectives. Statistical process control is then based
on collecting and analyzing process and product measures so that the special
or assignable causes of variation can be identified and addressed in order to
achieve predictable performance.

Voice of the process: Voice of the customer

Before you can improve any system or system process, you must listen to
the voice of the process defined by the natural bounds and variation within
those bounds of process performance. You must be able to change the
inputs in order to achieve the desired results. However, comparing numbers
to specifications will not lead to the improvement of the process. You must
also listen to the voice of the customer. This means being able to achieve the
goals established for the product and process performance such as:

◗ Product specifications:

◗ Amount of downtime;

◗ Mean time to failure;

◗ Response time.

◗ Management specifications:

◗ Meeting the schedule;

◗ Meeting the budget.

Capable processes

From a statistical control point of view, a capable process is one that satisfies
both the voice of the process and the voice of the customer. See Figure 19.2.

The focus of this description of quantitative management has mainly
been on the control chart. There are many continuous improvement and
quantitative project management tools and techniques that include:

◗ Cause and effect (fishbone diagrams);

◗ Pareto analysis;

◗ Scatter diagrams;

◗ Run charts;

◗ Interrelationship diagraphs;

◗ Check sheets;

◗ Histograms;

◗ Control chart.
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Cause and effect or fishbone diagrams, Pareto analysis charts, scatter dia-
grams, run charts, and interrelationship diagraphs are examples of statistical
process control (SPC) tools that are used for the determination of cause and
effect relationships. Some of these cause and effect techniques are described
in more detail in Chapter 20.

Two quantitative management techniques are most useful for quantify-
ing process behavior (voice of the process) and in answering the question: Is
the process capable of meeting my customers’ requirements (voice of the
customer)? These two techniques are the control chart, discussed previously
in this chapter, and the histogram.

Control charts

A control chart:

◗ Allows a project team to monitor, control, and improve process per-
formance over time by studying variation and its source;

◗ Distinguishes special or assignable causes of variation from common
causes of variation as a guide for management decision making;

◗ Serves as a tool for ongoing control of a process;

◗ Helps improve a process to perform consistently and predictably for
higher quality, lower cost, and higher effective capacity;

◗ Is most effective when used within the broader context of established
goals and the activities performed to achieve those goals.

Histograms

A histogram:

◗ Allows a project team to take measurement data and display the dis-
tribution of the observed values;
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◗ Shows the frequencies of events that have occurred in ways that make
it easy to compare distributions and see central tendencies;

◗ Illustrates quickly the underlying distribution of the data;

◗ Helps indicate if there has been a change in the process;

◗ Provides useful information for predicting future performance of the
process;

◗ Helps answer the question: Is the process capable of meeting my cus-
tomers’ requirements?

◗ Is created by grouping the results into “cells” and then counting the
number in each cell (Figure 19.3).

Summary
The strong measurement focus that can be found and utilized from CMMI®
has been presented. Beginning with basic project management measures
and an understanding of getting a measurement program started through
the implementation of the concepts found in the Measurement and Analysis
PA, it guides the reader to the establishment of an organizational measure-
ment repository, the collection of peer review and test data, and the evolu-
tion of the organizational process measures that provide the building blocks
for statistical process control and quantitative project management.

The measurement implications view of the CMMI®, shown in Figure
19.4, sums up this powerful feature of CMMI®:

◗ Initial: Measurements are hard to make and data is difficult to collect
due to the chaotic processes.
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◗ Managed: The project can collect measures based on the actuals to esti-
mates they collect including size, effort, schedule, technical activities,
risks, and staffing.

◗ Defined: The organization’s standard software process allows the start of
quantitative measurement data to be collected and placed into the
process database.

◗ Quantitatively Managed: As stated, the data collected allows trend analy-
sis to be carried out. Statistical Process Control methods are used to
manage the project quantitatively.

◗ Optimizing: Organization can quantitatively decide how much
improvement to try for and its cost benefit. Organizations can look
into new businesses and determine the feasibility of doing it from a
technical and now financial point of view.
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Beyond Stability

CMM® for Software and CMMI® indicate a distinction
between achieving an organizational process capability at

Maturity Level 4 and performing the prescribed activities to
achieve an organizational process capability at Maturity Level 5.
For many process improvement professionals, the distinction
between Maturity Levels 4 and 5 is a very fine shade of gray
indeed. As indicated in Chapter 19, reducing the variation of a
process or subprocess by eliminating the special causes of varia-
tion and stabilizing the process is only the first step in attempting
to achieve the process performance and/or quality. The second
and most important step is to find an innovative or incremental
solution that will actually result in producing a product that
meets the expectations or requirements of the customer. This
was called the voice of the customer. The approach to stabilizing the
process within its natural bounds was referred to as voice of the
process. It was shown that both are needed to have a capable
process. The innovations or incremental improvements needed
to achieve customer requirements will be explored further in
this chapter.

While eliminating the special causes of variation is a neces-
sary step for stabilizing the process and reducing variation, a
more interesting next step is to improve the process further by
eliminating the common causes of variation. The process area
of Causal Analysis and Resolution was developed to support
the identification of causes of defects and take action to prevent
them from occurring in the future.

This chapter describes the causal analysis and process inno-
vations that can be built upon the quantitative and predictable
knowledge of an organization’s processes to solve business
needs that otherwise could not be solved simply through hard
work and management concern.
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Causal analysis
Causal Analysis and Resolution is the process of improving quality and pro-
ductivity by preventing the introduction of defects into a product. Relying on
activities such as peer reviews and testing to detect and eliminate the defects
after they have been introduced into the system is not cost-effective. Based
on an understanding of the defined process in use and how it is imple-
mented, the root causes of the defects and the future implications of the
defects can be determined. Causal Analysis and Resolution also provides a
mechanism for projects to evaluate their processes and look for improve-
ments that can be made. If the project improvements are shown to be effec-
tive, they become candidates for process improvements at the organizational
level.

Causal analysis may also be used to solve problems unrelated to defects.
For example, causal analysis can be used for analysis of improvement sug-
gestions and new business directions.

In order to have an effective process for finding the root cause of a defect
so that it can be removed, it is important to gather relevant defect data from
multiple sources, including:

◗ Project management problem reports requiring corrective action;

◗ Defects reported by the customer;

◗ Defects reported by the end user;

◗ Defects found in peer reviews;

◗ Defects found in testing;

◗ Defects found by project and process measures;

◗ Process capability problems that have been identified.

To select defects to analyze further, other issues might be taken into con-
sideration such as:

◗ The frequency of occurrence;

◗ The similarity between defects;

◗ Cost of analysis;

◗ Time and resources needed;

◗ Safety considerations.

Quantitative project management techniques for
causal analysis

There are many continuous improvement and quantitative project manage-
ment tools and techniques, as described in Chapter 19. Examples of meth-
ods for determining causes and other relationships that exist among critical
issues include:
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◗ Cause and effect (fishbone diagrams);

◗ Pareto analysis;

◗ Scatter diagrams;

◗ Run charts;

◗ Interrelationship diagraphs;

◗ Check sheets.

Cause and effect (fishbone) diagrams (Figure 20.1):

◗ Allow the project team to identify, explore, and graphically display all
of the possible causes related to a problem to discover its root cause;

◗ Help the team to probe, map, and prioritize a set of factors that are
thought to affect a particular process, problem, or outcome;

◗ Help to elicit and organize information from people who work within a
process and know what might be causing it to perform the way it does;

◗ Focus the project team on causes, not symptoms.

Pareto charts [a special form of histogram or bar chart (Figure 20.2)]:

◗ Help focus investigations and solution finding by ranking problems,
causes, or actions in terms of their amounts, frequencies of occur-
rence, or economic consequences;

◗ Based on the proven Pareto principle, 20% of the sources cause 80% of
any problem;

◗ Help prevent shifting the problem, where the solution removes some
causes but worsens others.

Scatter diagrams (Figure 20.3):

◗ Display empirically observed relationships between two process
characteristics;
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◗ A pattern in the plotted points on a scatter diagram may suggest that
the two factors are associated, perhaps with a cause-and-effect
relationship.

Run charts (Figure 20.4) are a specialized, time-sequenced form of scat-
ter diagram that can be used to examine data quickly and informally for
trends or other patterns that occur over time.

Interrelationship diagraphs (Figure 20.5):

◗ Allow a team to systematically identify, analyze, and classify the cause
and effect relationships that exist among all critical issues so that key
drivers or outcomes can become the heart of an effective solution;

◗ Encourage team members to think in multiple directions rather than
linearly;
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◗ Explore cause-and-effect relationships among all the issues;

◗ Allow a team to identify root causes even when credible data does not
exist.

Check sheets (Figure 20.6):

◗ Allow a project team to systematically record and compile data from
historical sources or observations as they happen;

◗ Clearly detect and show patterns and trends;

◗ Build with each observation a clearer picture of the facts as opposed to
opinions of the team members;
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◗ Ensure that recordings are made consistently;

◗ Make patterns in the data become obvious quickly;

◗ Must collect data over a sufficient period of time to be sure the data
represents typical results during a typical cycle for the business.

Addressing defect causes
Following the analysis of the selected defects and other problems to deter-
mine the root causes, it is often helpful to group the selected defects based
on their root causes. For example, the root causes of defects may include
inadequate training, not paying attention to all of the details of the task, or
even a process deficiency. The grouping of root causes needs to be accompa-
nied with proposed actions that will be taken to prevent the future occur-
rence of similar defects. Specific actions include:

◗ Providing training in common defects and techniques for preventing
them;

◗ Changing a process so that error-prone steps do not occur;

◗ Automating all or part of a process;

◗ Reordering process activities;

◗ Adding process steps to prevent defects.

Before these actions are implemented, it is useful business-wise to ana-
lyze the action proposals and determine priorities such as:

◗ Implications of not addressing the defects;

◗ Cost to implement process improvements;
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◗ Expected impact on quality;

◗ What other similar defects may exist in other processes and work
products.

Was the change successful?
Before declaring victory, it is necessary to evaluate the impact of the
changes by gathering evidence that the process change has corrected the
problem. Has the process performance improved? Has the capability of
the project’s defined process improved? Will the customer’s expectations
and requirements be satisfied?

Bottom line: Has the process change corrected the problem and
improved performance?

Enabling the selection and deployment of
improvements

The focus of the Organizational Innovation and Deployment process area is
process improvement that is based on a quantitative knowledge of the
organization’s set of standard processes and technologies and the expected
quality and performance of those processes and technologies in predictable
situations.

Organizational Innovation and Deployment supports projects and
process groups in selecting and deploying improvements that have the pos-
sibility to meet the quality and process performance objectives as derived
from the organization’s business objectives. These product and service qual-
ity and process performance objectives include increased productivity and
greater customer and end-user satisfaction. Process performance is a meas-
ure of the actual process results achieved and is characterized by both
process measures and product measures.

Process measures include:

◗ Effort;

◗ Cycle time;

◗ Defect removal efficiency.

Product measures include:

◗ Reliability;

◗ Defect density;

◗ Response time.

Process and quality performance objectives that will be deployed are
selected from proposals based on the following criteria:
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◗ A quantitative understanding of the organization’s current quality and
process performance;

◗ The resources and funding available for that deployment;

◗ Estimates of the improvement resulting from the deployment;

◗ The expected benefits weighed against the cost and impact to the
organization.

Collecting and analyzing improvement proposals
Organizational Innovation and Deployment can be seen as an extension of
the activities described in Organizational Process Focus (OPF). OPF provided
candidate process improvement sources, including measurement and analy-
sis of the processes, lessons learned from process implementation, and peer
review defect trends. In a similar manner Organizational Innovation and
Deployment directs project members and project group members to search
for process and quality performance objectives proposals that propose incre-
mental and innovative improvements to specific processes and technologies.
Examples of sources for process and technology improvement proposals
include:

◗ Analysis of customer problems;

◗ Analysis of project performance compared to quality and productivity
objectives;

◗ Analysis of data on defect causes;

◗ Measured effectiveness of process activities.

It is quite possible that a project or organization could show the technical
prowess to reach the product quality or process performance being
demanded by the customer, industry, or competitors, but, figuratively
speaking, go out of business achieving those results. The Organizational
Innovation and Deployment process area clearly stresses that a cost-benefit
analysis must be conducted before the decision is made to implement the
improvements or innovations suggested. Items that must be considered in
that cost-benefit analysis include:

◗ Estimating the contribution of each candidate process improvement
proposal toward the organization’s process and technology improve-
ment objectives;

◗ Estimating the effects of each improvement proposal to mitigate identi-
fied project and organizational risks;

◗ Estimating the effect on related processes and assets;

◗ Estimating the effects of each candidate process improvement proposal
on the ability to respond quickly to changes in project requirements,
market situations, and the business environment;
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◗ Estimating the expected life span of the proposed innovation.

Deploying improvements
As in any standard process improvement activity, pilot projects should be
identified to test the innovative or incremental improvements before they
are broadly implemented. Each pilot should be implemented in an environ-
ment that is characteristic of the environment in a broadscale deployment.
The results of the pilot project must be evaluated to determine if the pilot
should be terminated, whether the pilot needs to be replaned and reimple-
mented, or whether improvements should be deployed throughout more of
the organization.

All candidate processes and technology improvements that have been
piloted should be prioritized against the organization’s business objectives
before broadscale deployment begins. The final selection of process and
technology improvement proposals for deployment across the organization
should always be based on quantifiable criteria derived from the organiza-
tion’s quality and process performance objectives. It is important to always
keep in mind that all incremental and innovative improvements that are
selected for deployment must measurably improve the organization’s
processes and technologies.

A deployment plan for each selected process improvement should be
developed. The deployment plan must take into consideration:

◗ How each process improvement needs to be adjusted for
organization-wide deployment;

◗ What changes are needed to deploy each process and technology

improvement, including possible changes to:

◗ Process descriptions, standards, and procedures;

◗ Development environments;

◗ Organizational culture and characteristics;

◗ Existing commitments;

◗ Knowledge and skills of workforce.

Measures and objectives must be established to determine the value of
each improvement with respect to the organization’s business objectives.
These measures may examine:

◗ Return on investment;

◗ Time to recover the cost of the process or technology improvement;

◗ Measured improvement in the project or organization’s process
performance;

◗ Ability to respond quickly to changes in project requirements, market
situations, and the business environment.
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The actual deployment of the process and technology improvements
must be carried out in a controlled and disciplined manner. The use of an
incremental approach is encouraged. Suggested steps to support the actual
deployment process include:

◗ Providing updated training materials to reflect the improvements to the
organization’s process and technology assets;

◗ Providing consultation support;

◗ Tracking the deployment against the deployment plan;

◗ Determining if the process and technology improvement deployment
actions are complete;

◗ Documenting and reviewing the results of the deployment:

◗ Identifying and documenting lessons learned;

◗ Revising process and technology improvement measures, objec-
tives, priorities, and deployment plans as necessary.

◗ Measuring the effects of the deployed process improvements:

◗ Measuring the actual cost, effort, and schedule for deploying each
process improvement;

◗ Measuring the value of each process improvement;

◗ Measuring the progress toward achieving the organization’s quanti-
tative objectives for process improvement;

◗ Storing the measures in the organizational measurement repository.

◗ Providing feedback to the organization on the status and results of the
process improvement deployment activities.

Summary
The Causal Analysis and Resolution process area guides an organization to
manage the removal of the root causes of defects or problems from the pro-
ject’s defined processes. In the Organizational Innovation and Deployment
process area, planning is done to manage the deployment of improvements
to the organization’s processes and technologies that can be quantified
against the organization’s business objectives. Both process areas are
designed to assist an organization to move beyond stabilizing processes to
improving them based on the quantitative understanding of those processes
and meeting not only the voice of the process but also the voice of the
customer.
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Repeatable, Effective, and
Long-Lasting

Defining, implementing, and institutionalizing processes are
necessary if any organization expects them to be repeatable,
effective, and long-lasting. Questions we may ask ourselves
include: Just what does it take for a process to be repeatable,
effective, and long-lasting? Why should organizations care?
Another question may be: What is institutionalization any-
way? Yet another related question may well be: Why does
CMMI® place such a great emphasis on this concept?

Are your project members using
effective processes?
Before answers to these and other related questions will be
provided, the reader ought to take out a blank piece of paper
and list as many factors as possible on what an organization
might put in place, do, or direct to ensure that its developers
and managers are not using ineffective processes. It is probable
that you listed training, because training is certainly an activity
that helps us to be effective in utilizing the concepts that are
offered. Naturally, all processes that an organization asks its
people to follow should be documented, reviewed, and imple-
mented. There should also be tailoring guidelines that each
individual and project can use to obtain the maximum benefit
from them. As lessons are learned, the documented processes
ought to be updated to reflect the current understanding of
business. You have probably also listed resources because it
takes money, time, people, and tools and technology to make
processes repeatable and long-lasting. Perhaps your list
includes measures, and, just possibly, it includes policies that
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come from the senior management team to direct the everyday behavior
and activities of the organizational work force.

If your list included some of the items listed above and perhaps a few
that were not listed, it is an indicator that you understand the technical,
managerial, and cultural efforts that it takes to truly develop processes for
an organization’s projects that can be repeated with measurable results, are
effective so no one is thrashing about, and will be long-lasting.

One of the most important reasons that organizations should strive to
ensure its processes are repeatable, effective, and long-lasting is that process
improvement is not free. Developing processes that are not intended to truly
support measurable results is a waste of the organization’s money and the
time and energy of the people who engage themselves to develop these
critical processes.

Institutionalization
When we develop, review, and implement processes that are repeatable,
effective, and long-lasting, we say that we are institutionalizing those
process across people, projects, and the organization. What then is institu-
tionalization? Institutionalization involves implementing practices that pro-
vide needed infrastructure support, ensuring that processes are defined,
documented, and understood, and enabling organizational learning to
improve those processes to take place. Effective institutionalization is evi-
denced by the fact that the processes are used and are updated as a result of
that usage.

Without institutionalization:

◗ Processes will not be executed or managed consistently.

◗ The processes will not survive staff changes.

◗ Process improvement may not relate to business goals.

◗ The organization will find itself continuously “reinventing the wheel.”

◗ There will not be the commitment to provide resources or infrastruc-
ture to support or improve the processes.

◗ There will be no historical basis for cost estimation.

The Continuous Representation of CMMI® defines capability levels and
generic model components to help an organization to focus on its ability to
pursue process improvement in multiple process areas and institutionalize
their use along the way. Institutionalization, in this context, implies that the
process is ingrained in the way the work is performed.

While the continuous representation uses generic practices for capability
levels 1–5, the staged representation only uses the generic practices from
capability levels 2 and 3. This chapter will concentrate on those generic
practices pertaining to levels 2 and 3.
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Capability level 2 generic practices
Institutionalization for capability level 2 of a process area includes generic
practices GP 2.1–GP 2.10.

GP 2.1—Establish an Organizational Policy Establish and maintain an
organizational policy for planning and performing the process. The purpose
of this practice is to define the organizational expectations for the process
and make these expectations visible to those in the organization who are
affected. Policies are expectation-setting documents that are delivered from
the senior management team. Policies then are expectation-setting documents.
They should describe the behavior that the senior management team
expects out of the workforce. For example, if a policy existed that stated that
every project must carry out formal life-cycle work product inspections on
product components that were identified as critical, an outside auditor could
expect to interview a project leader and ask him or her, “What product com-
ponents have been identified as critical for your project?” Show the place in
the project plan or project quality plan where it is stated that formal life-
cycle work product inspections will be conducted and the requirements for
the reviewers that will participate in those inspections. How these inspec-
tions will be carried out, how much training is required, who will serve as
moderators, how checking rates and logging rates will be determined, and
how results will be analyzed are issues that should be covered in the organi-
zation’s set of standard processes. Proving that the life-cycle work product
inspections are planned and carried out on identified critical product com-
ponents would satisfy this institutionalization requirement.

GP 2.2—Plan the Process Establish and maintain the requirements, objec-
tives, and plan for performing the process. The purpose of this practice is to
determine what is needed to perform the process and achieve the estab-
lished objectives on the project, prepare a plan for effectively performing the
process on the project, and obtaining agreement on this plan from all rele-
vant stakeholders. Planning the process means planning to use the docu-
mented process on a project so that its use will be effective. Even the
planning process itself should be planned. We may ask ourselves, “What
would it take to ensure that a process will be used effectively on a project?”
Considerations for planning the process should include:

◗ The defined and documented process description accessible and in a
usable form;

◗ The product life-cycle models that are approved, documented, trained,
and supported;

◗ The schedule in which the process must be performed;

◗ The dependencies among the activities, work products, and services;

◗ The resources needed to perform the process including funding, people,
and tools;
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◗ Training needed;

◗ Work products to be placed under Configuration Management;

◗ Measurement requirements to provide insight into the performance of
the process, its work products, and its services;

◗ Objective verification activities for the process and work products.

GP 2.3—Provide Resources Provide adequate resources for performing the
planned process, developing the work products, and providing the services
of the process. The purpose of this practice is to ensure that the resources
needed are available when they are needed. The resources include:

◗ Adequate funding;

◗ Appropriate physical facilities;

◗ Skilled people or training, mentoring, and coaching to help the existing
workforce gain the necessary knowledge and skills;

◗ Appropriate tools.

Remember that in Chapter 4 we stated that adequate or appropriate
must be interpreted in light of the organization’s business objectives. Of
course, business constraints must always be considered. Organizations are
encouraged to take a hard look at their business objectives and company
capabilities in the resources category when attempting to institutionalize the
suggested practices found in CMMI®.

It is better to reduce the scope of the process improvement initiative for a
period of time rather than to attempt to accomplish all of the expected spe-
cific and generic practices without adequate resources. This can only result
in frustration on the part of the process improvement champions and also
on the part of those who would like to utilize those improved processes, but
can only get half-developed processes and occasional support.

GP 2.4—Assign Responsibility Assign responsibility and authority for per-
forming the process, developing the work products, and providing the serv-
ices of the process. The purpose of this practice is to ensure that there is
accountability over the life of the process for performing the planned
process and achieving the specified results. The real emphasis here must be
on “appropriate” authority. Most management teams to whom I have
talked, assessed, or offered consulting support have no trouble assigning
responsibility. When it comes down to actually giving individuals, for exam-
ple, project mangers, true authority to carry out the necessary processes
identified for their project, the difficulties arise. The assignment and author-
ity must be assured over the life of the process. However, one should not
overlook the point here that although authority and responsibility should be
assigned, there must still be a mechanism in place to effectively coordinate
the actions and activities that have been developed. In other words, there
must be a managing mechanism to ensure that progress is made in the right
direction consistent with the efforts of the others.
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GP 2.5—Train People Train the people performing or supporting the
planned process as needed. Training must support the successful performing
of the process by establishing a common understanding of the process and
imparting the knowledge and skills needed to perform the process or sup-
port the performing of the process. The training should be developed for the
appropriate levels of management and practitioners. The training should
also be for other departments or groups or relevant stakeholders who do not
require the details, but do need an intermediate depth training to ensure
they have an appropriate vocabulary to understand what to expect and
what is expected of them. Overview training should be provided to those
who interact with those performing the work to set proper behavioral
expectations.

This generic practice focuses on training in the defined processes of a
given process area needed at the project level and possibly at the organiza-
tional level. An example taken from the engineering process area of
Requirements Development gives examples of training that might be
offered, including:

◗ Requirements analysis techniques;

◗ Requirements elicitation tools and techniques;

◗ Requirements specification;

◗ Requirements modeling.

In my opinion, training should be thought of as establishing the neces-
sary knowledge and skills. Establishing the necessary knowledge and skills
includes training, mentoring, coaching, and on-the-job experience. Training
should also include updating previous experience.

GP 2.6—Manage Configurations Place designated work products of the
process under appropriate levels of Configuration Management. The pur-
pose of this practice is to establish and maintain the integrity of the work
products throughout their useful lives. Remember from Chapter 9 that if a
system exhibits integrity we can expect to have things happen like:

◗ Changes to any configuration item within the system are only made
according to an established and maintained process and procedure.

◗ Life-cycle work products are kept consistent when requirements
change requests (CR) are approved, and the requirements specification
is then updated. All related life-cycle work products are reviewed to
determine if accompanying changes to them are necessary as well.

◗ Periodic audits are made on the contents of the system to ensure that
changes made to product components are both complete and correct.

The word “appropriate” in this practice must not be interpreted as only
version control or developmental control is required. For example, change
requests to requirements should require an organization configuration
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control board to be involved because the “contract” or agreement with the
customer may be changed.

GP 2.7—Identify and Involve Relevant Stakeholders Identify and involve the
relevant stakeholders as planned. The purpose of this practice is to establish
and maintain the expected involvement of stakeholders during the execu-
tion of the process. Identifying the set of stakeholders that needed to be
involved during the project life cycle was discussed in Chapter 7. This prac-
tice reminds us for each process to think which subset of the stakeholders or
relevant stakeholders should be involved and to what level to ensure that
the processes are adequately accomplished.

GP 2.8—Monitor and Control the Process Monitor and control the process
against the plan and take appropriate corrective action. The purpose of this
practice is to perform the direct day-to-day monitoring and controlling of
the process implementation, including:

◗ Collect and analyze measures of actual performance against the plan.

◗ Review accomplishments and results of the implemented process
against the planned process.

◗ Identify and evaluate the effects of significant deviations from the
planned process.

◗ Identify problems in the planned and implemented process.

◗ Take corrective action when requirements and objectives are not being
satisfied, when issues are identified, or when progress differs signifi-
cantly from the plan.

◗ Track corrective action to closure.

GP 2.9—Objectively Evaluate Adherence Objectively evaluate adherence of
the process and the work products and services of the process to the applica-
ble requirements, objectives, and standards, and address noncompliance.
The purpose of this practice is to provide credible assurance that:

◗ The process is implemented as planned.

◗ The planned process satisfies the relevant policies, requirements, stan-
dards, and objectives.

◗ The implemented process satisfies the planned process.

◗ The results of following the process satisfy their requirements and
standards.

Objective evaluation should provide all levels of management with con-
fidence in the results that are being provided. It should address what
processes are being followed on the projects, whether they are efficient and
effective and whether they are helping the developers to produce the
required product quality.
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GP 2.10—Review Status with Higher-Level Management Review the activi-
ties, status, and results of the process with higher-level management and
resolve issues. The purpose of this practice is to provide higher-level man-
agement with the appropriate visibility into the process as described in GP
2.9. These reviews may be part of the monthly senior management review
meetings or may take place as a separate meeting. One Motorola business
unit senior manager conducted monthly meetings on process improvement
progress. He would ask the process owners to report on what progress had
been made on the process improvement areas they were sponsoring. The
process owners were middle managers in this Motorola business unit. This
monthly process improvement progress check forced them to talk with their
SEPG facilitator and even get involved to show their interest in the process
improvement effort.

Also in attendance at these meetings were representatives from quality
assurance and process, in addition to the project manager(s) to give the sen-
ior management team a panorama of what was really taking place on the
projects. These meetings with the senior management team to discuss
process and product quality improvement should be conducted such that
they ensure that data-oriented decisions on the planning and performing of
the process can be made.

Capability level 3 generic practices
Institutionalization for capability level 3 of a process area includes generic
practices GP 3.1 and GP 3.2.

GP 3.1—Establish Defined Process Establish and maintain the description of
the defined process. The purpose of this practice is to establish a description
of the project’s process that is tailored from the organization’s set of stan-
dard processes to address the needs of a specific instantiation on a project.

The descriptions of the project’s defined processes provide the basis for
planning, performing, and managing the activities, work products, and serv-
ices associated with the process.

GP 3.2—Collect Improvement Information Collect work products, measures,
measurement results, and improvement information derived from planning
and performing the process to support the future use and improvement of
the organization’s processes and process assets. This generic practice pro-
vides a reminder to all organizations and projects to constantly keep
improving the process.

Summary
Institutionalization involves implementing practices that provide needed
infrastructure support, ensuring processes are defined, documented, and
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understood, and enabling organizational learning to improve those
processes to take place. These practices are defined as generic practices. They
are expected model components and are applicable for all process areas.
Generic practices 2.1–2.10 define the practices to institutionalize the process
areas as capability level 2 and generic practices 3.1 and 3.2 define the prac-
tices to institutionalize the process areas as capability level 3. If an organiza-
tion has institutionalized the process areas defined in CMMI® Maturity
Level 2 and wishes to be appraised at CMMI® Maturity Level 3, it must not
only institutionalize the process areas defined at CMMI® Maturity Level 3,
but must also ensure that the process areas institutionalized at CMMI®
Maturity Level 2 are now institutionalized at CMMI® Maturity Level 3 as
well.

260 Repeatable, Effective, and Long-Lasting



The Constagedeous Approach to
Process Improvement

The principles behind CMMI® and its use in process improve-
ment are the same regardless of the model representation.

The motivation behind launching and sustaining process
improvement programs should always be backed by sound busi-
ness goals.

There are many standards and models that have been
developed and have evolved over the past decade that have
been used to help guide an organization’s process improve-
ment initiative. These standards and models include: ISO 9001,
TickIT, BOOTSTRAP, SPICE, CMM® for Software, EIA-731,
and CMMI®. Not only are there many standards and models
available, but they also come in “flavors” sometimes called rep-
resentations. The two most common representations are staged
and continuous, which not only offer a way of categorizing
process areas, but are also used as the mechanism to guide an
organization’s process improvement initiative. Today, strong
statements are made as to why one approach is more desirable
and effective than the other.

Choosing between the staged and
continuous CMMI representations
Given the two representations in CMMI®, an organization
may feel it has to choose to approach process improvement
from either the process area capability approach or the organ-
izational maturity approach. However, after helping to develop
CMMI® workshops for the SEI, teaching those CMMI® work-
shops to thousands of people, conducting CMMI® assessments,
and helping organizations to get their CMMI®-based process
improvement program going, it is my belief that both the
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staged representation and the continuous representation not only can but
must be used together to provide a realistic approach that results in effective
process improvement to support an organization’s business objectives.

In this chapter we will look at the similarities and differences between
the two representations and suggest ways that the combined continuous
and staged, or constagedeous, approach can provide guidance that will result
in an effective process improvement initiative.

CMMI structure: Staged versus continuous
The difference between the staged and continuous representations lays in
the way in which CMMI®’s process areas are presented. As you are aware, a
process area is a collection of related specific practices that are performed
collectively to achieve objectives pertaining to specific goals. In the staged
representation, process areas are grouped into maturity levels. Organiza-
tions choosing the staged framework implement those process areas at the
specified maturity level. These process areas are predetermined. As each
maturity level is achieved, the set of related processes is stabilized, and the
organization’s ability to predict the future performance of its processes
increases.

In the continuous representation, process areas are grouped into
four process categories (process management, project management, engi-
neering, and support). These process categories are implemented as deter-
mined by the organization. Process areas achieve capability levels, which
reflect the “manner” in which the content of the process areas is per-
formed. The manner simply indicates how the content of the process area is
performed.

For both staged and continuous representations, the content of a process
area is reflected in the process area’s specific practices and specific goals. In
other words, specific practices are indicators of what is needed to perform the
process area, whereas specific goals are indicators of what the expected behav-
ior is. Generic goals and generic practices, on the other hand, are indicators
of process institutionalization. They indicate whether the practices behind
the process areas have been mastered by the organization and have become
part of the normal way people perform these activities. Institutionalization
implies there is an infrastructure in place for ensuring the adoption and per-
manence of best practices.

In both representations, institutionalization occurs via the generic prac-
tices. These were defined in detail in Chapter 21. In the staged representa-
tion, institutionalization is embedded in the four common features that
organize the generic practices. These common features are: commitment to
perform, ability to perform, directing implementation, and verifying imple-
mentation. In the continuous representation, institutionalization is embed-
ded within the capability levels that categorize the generic practices. The
institutionalization practices that are common in both representations are
listed in Table 22.1.
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The first column in Table 22.1 lists the generic practices that make for
process institutionalization. These are the same generic practices for both
representations. The second column shows the mapping of the generic prac-
tices to the staged representation’s common features.

GP 2.1 explicitly states what the organization is committed to do or
change. In the staged representation, this generic practice is also known as
the commitment to perform common feature.

The generic practices GP 2.2 through GP 2.5 represent the preconditions
that need to be in place for the organization to be “able” to perform the
practices of the process area. That is, the organization has a plan to perform
the process, explicit assignment of roles and responsibilities pertaining to the
process practices, trained resources, and funding and appropriate technol-
ogy to perform the practices. In the staged representation, the generic prac-
tices GP 2.2 through GP 2.5 are also known as the ability to perform
common feature.

The generic practices GP 2.6 through GP 2.8 focus on what happens once
the processes are executed. This is the point where organizations get the
day-to-day visibility into the processes that they put in place. Thus, it is nec-
essary not only to put processes in place and appropriate resources to exe-
cute them, but also to understand how these processes are operating and
how effective they are. We obtain this visibility by controlling the processes’
work products, ensuring the involvement of the relevant stakeholders dur-
ing process execution, monitoring the progress of the processes, and taking
corrective actions as insight into the process performance is gained. This
insight is typically achieved through the measurement and analysis of meas-
urement data. In the staged representation, the generic practices GP 2.6
through GP 2.8 are also known as the directing implementation common
feature.

The generic practices GP 2.9 through GP 2.10 ensure that the organiza-
tion conforms to the applicable processes, procedures, and standards. In the
context of process improvement, the organization cares that its processes,
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Table 22.1 Institutionalization Mapping

Generic Practices—Staged and Continuous Common Features (Staged Only)

GP 2.1: Establish an Organizational Policy Commitment to perform

GP 2.2: Plan the Process Ability to perform

GP 2.3: Provide Resources Ability to perform

GP 2.4: Assign Responsibility Ability to perform

GP 2.5: Train People Ability to perform

GP 2.6: Manage Configurations Directing implementation

GP 2.7: Identify and Involve Relevant Stakeholders Directing implementation

GP 2.8: Monitor and Control the Process Directing implementation

GP 2.9: Objectively Evaluate Adherence Verifying implementation

GP 2.10: Review Status with Higher-Level
Management

Verifying implementation

GP 3.1: Establish a Defined Process Ability to perform

GP 3.2: Collect Improvement Information Directing implementation



associated training, and resources are indeed the right processes that repre-
sent the organizational collective knowledge and the current needs of the
organization.

In the staged representation the generic practices GP 2.9 and GP 2.10 are
also known as the verifying implementation common feature.

In the continuous representation, the manner in which the process area
is performed takes on the institutionalization generic practices indicated
within the various capability levels. For example: A process area whose con-
tent is satisfied has achieved capability level 2 if the manner in which it is
performed is supported by a policy, a plan for executing it, resources, fund-
ing, and training, explicit identification of all appropriate stakeholders in
that process, adherence evaluations, and reviews with high-level manage-
ment, as well as day-to-day monitoring and controlling of the process and
its performance. Additionally, the specific practices themselves are associ-
ated with a capability level. Those specific practices whose capability level is
1 are known as base practices, whereas the specific practices whose capabil-
ity level is higher than 1 are known as advanced practices. Advanced prac-
tices are found in the engineering process areas. Thus, when evolving a
process area through the capability levels, one has to consider not only the
application of the appropriate generic practices at the capability level of
interest, but also any advanced practices at that same capability level for the
process area.

In the staged representation there is no concept of an advanced practice.
The highest capability level specific practice in the continuous representa-
tion is the same as the one found in the staged representation. Moreover, if
an advanced practice evolves from a lower capability level specific practice,
the lower-level specific practice is inserted as informative material in the
staged representation, so the difference between the staged and continuous
representations are where there are advanced practices is in terms of granu-
larity of information, and not in terms of pure content.

In the staged representation we talk about improving an organization’s
maturity and we do that by satisfying that process area’s specific goals that
are prescribed at the maturity level of interest, as well as by satisfying the
common features of all appropriate process areas (i.e., the generic practices).

Now it appears that the similarities between the two representations are
stronger than the differences. Functionally speaking, both representations
focus on the best practices that meet the objectives of the various process
areas as well as on the practices responsible for institutionalization.

Process improvement is the driving force
Organizations that opt to choose CMMI® SE/SW/IPPD/SS V1.1 as a frame-
work for process improvement do so because they want mature, stable, and
predictable processes. Representation is not the driving force. Process
improvement is the driving force. Process improvement does not happen
just for its own sake. Every organization determines what its business goals
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are and what its problems are, and, based upon this, they must discern the
path to process improvement. When you look at your own business and
you know what the model content is, you start thinking about what you
need to do to address your business issues. You don’t think continuous or
staged. You implement process improvement to satisfy your issues.

The question is then: Why has there been such a controversy over the
use of the staged or continuous representation of the CMMI®? Certainly
the legacy of the use of CMM® for Software is a reason to lean towards the
staged representation of CMMI®. Certainly if you were an engineering-
oriented company, you might be tempted to choose the continuous repre-
sentation of the CMMI®, as it has a strong focus on the engineering process
areas, and the front-end material of the CMMI® Model—Continuous Rep-
resentation seems to suggest that a business unit could focus on any set of
process areas it wants.

However, is it true that if an organization chooses the Staged Represen-
tation, the processes can only be improved if they are associated with the
process areas defined at Maturity Level 2? In other words, is an organiza-
tion allowed to try to improve its Requirements Development processes if
the organization has not achieved CMMI® Maturity Level 2 yet? Require-
ments Development is a CMMI® Maturity Level 3 process area. But how
can an organization successfully institutionalize the practices found in
Requirements Management at CMMI® Maturity Level 2 if they do not have
the proper mechanism to gather and analyze the requirements in the first
place? The Staged Representation has no restrictions on doing what makes
good business sense and good practical sense.

If an organization chooses to focus on the Engineering process areas
brought over from the Systems Engineering CMM®, and it chooses the
Continuous Representation, does it have to worry about project manage-
ment at all, or can that come later after the engineering processes are in
place and being implemented? The Staged Representation guided organiza-
tions to implement project management practices to support the engineer-
ing practices. Does this mean the Continuous Representation is too
unstructured?

However, if you are focused on process improvement to support your
business objectives with measurable results, you will probably want to use
an incremental approach to collect or gather the requirements in an ad hoc
manner at first and then evolve to using more effective requirements elicita-
tion techniques described in the Requirements Development process area.
You would apply the principles of Requirements Management on the
requirements you have gathered regardless of the technique you used. Now
you undoubtedly realize that this sounds a lot like the Continuous Repre-
sentation of the CMMI®. You may therefore ask the obvious questions,
“Does that mean that my organization should use the Continuous Repre-
sentation?” “What representation are you recommending?” The answer to
these questions is really what this chapter is all about. In fact, you will want
to use both approaches concurrently. How this is accomplished will now be
further explained.
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Myths and misconceptions
The debates on whether to use the staged representation or the continuous
representation have reached fevered pitch at times with level ratings and
politics liberally added. We would like to offer a set of myths and miscon-
ceptions, negative influences on process improvement, and positive influ-
ence on process improvement from the point of view of the staged
representation and the continuous representation to make a stronger case
for an organization to use “both” as tools to support process improvement.

Staged representation

The staged representation of CMMI® focuses on organizational maturity:

◗ Represented by the degree of process improvement across a prede-
fined set of process areas;

◗ Chosen to meet the process improvement needs of an organization;

◗ Processes ordered and then grouped based upon predefined organiza-
tional maturity relationships that address the business needs of many
organizations;

◗ Provides an indicator of the maturity of an organization’s processes in
order to answer: What will the most likely outcomes be of the next
project we undertake?

Myths and misconceptions (staged)

The myths and misconceptions of staged representation are that:

◗ Requirements Management must be implemented fully before
Requirements Development can take place.

◗ Quality assurance and Configuration Management only apply to proj-
ects at CMMI® Maturity Level 2.

◗ An organization’s measurement program must be fully implemented
by the time it reaches CMMI® Maturity Level 2.

◗ Peer reviews should not be implemented until the organization is ready
for CMMI® Maturity Level 3 activities.

◗ Risk Management should not be implemented until the organization is
working on CMMI® Maturity Level 3.

◗ Organizations will not have troubles with suppliers after reaching
CMMI® Maturity Level 2.

◗ Engineering activities are not necessary to achieve CMMI® Maturity
Level 2.

◗ Organizational training is not necessary until an organization is ready
to start on CMMI® Maturity Level 3 processes.
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Negative influences on process improvement (staged)

Negative influences on process improvement for staged representation are
that it:

◗ Gives organizations the idea that they can only implement process
improvement initiatives that focus on process areas that are included
in a particular maturity level;

◗ Does not provide guidance for how to incrementally implement process
areas such as Technical Solution;

◗ Does not provide any guidance for what it would look and feel like to
implement an ML 3 process area from a lower maturity level
perspective;

◗ Focuses the organization more on the achievement of a maturity level
than on measurable improvement that supports the organization’s
business objectives;

◗ Can influence the organization to over focus on management prac-
tices and neglect technical practices.

Positive influences on process improvement (staged)

Positive influences on process improvement for staged representation are
that it:

◗ Helps organizations to prioritize their process improvement efforts,
especially when:

◗ The organization’s process improvement initiative is just getting
started.

◗ The organization is at a low maturity level.

◗ The organization has little experience in process deployment.

◗ Focuses the organization on putting in place project management
functions that are needed to support all of the organization’s engi-
neering and management activities throughout its process improve-
ment journey.

Continuous representation

The continuous representation of CMMI® focuses on organizational process
area capability:

◗ The extent to which a process is explicitly documented, managed,
measured, controlled, and continually improved;

◗ Represents improvements in the implementation and effectiveness of
an individual process area;

◗ Supports the continuous improvement of individual process areas that
are critical to the organization’s business needs;
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◗ Provides an indicator of improvement within a single process area in
order to answer: What is a good strategy for implementing improve-
ment of this process area?

Myths and misconceptions (continuous)

The myths and misconceptions of continuous representation are that:

◗ An organization can focus its process improvement initiative on any
group of process areas it wants without worrying about possible
dependencies.

◗ Capability level 1 for a given process area is easily obtained (e.g., Quan-
titative Project Management).

◗ An organization can practically evolve any process area to capability
level 5.

◗ Focusing on the continuous representation and the capability levels
will remove the focus on the number that is associated with the staged
representation.

◗ There is a clear evolution path for all process areas that can simply be
followed to help an organization evolve to capability level 5 for all or
most of its process areas.

◗ Using the continuous representation will not require prioritization of
the implementation of its process areas.

◗ The engineering process areas are not as useful for software engineer-
ing application since they are based primarily on systems engineering
needs.

Negative influences on process improvement (continuous)

Negative influences on continuous improvement for continuous representa-
tion are that it:

◗ Does seem to indicate that an organization is given extreme flexibility
of choosing the process areas for implementation in any order desired
without regard to dependencies;

◗ Allows an emphasis on implementing the engineering activities and
diminishing the importance of the management activities.

Positive influences on process improvement (continuous)

Positive influences on process improvement for continuous representation
are that:

◗ Through the use of the engineering process areas and the generic
practices, the continuous representation can provide an individual
capability improvement path for each process area.

268 The Constagedeous Approach to Process Improvement



◗ If the business need demands it, the path to evolve a particular process
area or category of process areas to higher levels of capability can be eas-
ily identified and measured.

◗ It assists an organization in constructing a target profile of process
areas that collectively will help the organization to solve known busi-
ness objectives.

The constagedeous approach to process improvement
If your company is truly focused on process improvement to support its
business objectives and deliver high-quality products and services, then it
should use the constagedeous approach to process improvement. In reality
many organizations do constagedeous improvements, choosing the con-
tinuous representation (whether they realize it or not) in a staged way.
They address a couple of process areas at a time before they move to another
set of improvements. They may look at their progress by assessing the
process area(s) of interest (continuous assessment), or they may put a
number of improvements in place and decide to examine the process areas
belonging to a certain maturity level (staged assessment).

Less experienced organizations may want to avoid being overwhelmed
at the demand of the staged representation to assess progress of all process
areas belonging to a maturity level and may thus choose an evolutionary
approach to realizing and validating improvements, a couple of process
areas at a time, using the constagedeous approach. It is all a matter of how
one looks at these possibilities. Process improvement is an evolutionary
activity, small steps at a time in an incremental way. No one can address all
issues all at once. You conduct interim progress checkups, regardless of the
representation, but you could employ the continuous approach to assess the
capability of your process areas, or you can still put improvements in place
and wait and assess the maturity level of a bunch of process areas at a level,
as prescribed by that level. If you want to focus on project management
process areas, your organization still needs to gather requirements; design,
build components, peer review, and unit test them; and perform integra-
tion, conduct systems testing, and eventually produce a product that is
delivered. In other words, you still need to perform basic engineering activi-
ties. Claiming CMMI® Maturity Level 2 without doing engineering makes
absolutely no sense.

If you want to focus your organization on the engineering process areas,
you still need enough project planning, project monitoring and control, and
risk management. You still need to perform sufficient Configuration Man-
agement to control the life-cycle work products that your project produces
and you must ensure the more critical processes are followed to guarantee
the minimal product quality defined in your requirements. You may even
have to manage suppliers who will build subsystems that you will integrate
to build the final product. In other words, you still need to perform the basic
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project management functions and eventually produce a product that is
delivered. Claiming CMMI® Maturity Level 2 without doing project man-
agement makes absolutely no sense.

Summary
The message is clear. When you choose the continuous approach, the capa-
bility of your various process areas has implications on organizational
maturity, and when you choose the staged approach, the organizational
maturity has implications on the maturity of your process areas. Process
improvement is the driving force, and process improvement does not hap-
pen for its own sake. Every organization must focus on its own business
objectives and vision. It must determine what its problems or process weak-
nesses are and, based on these, must determine the path to process
improvement. When you look at your own business objectives and you
know what the model content is, you can start thinking about what you
need to do to address your business issues. You do not think continuous or
staged. You simply do process improvement to satisfy your business issues,
and you do this using a constagedeous approach.
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