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Preface

The Capability Maturity Model® Integration (CMMI®M) project has
involved a large number of people from different organizations
throughout the world. These organizations were using a CMM® or
multiple CMMs and were interested in the benefits of developing an
integration framework to aid in enterprise-wide process improvement.
[FM101.T101]

The CMMI project work is sponsored by the U.S. Department of
Defense (DoD), specifically the Office of the Under Secretary of
Defense, Acquisition, Technology, and Logistics (OUSD/AT&L).
Industry sponsorship is provided by the Systems Engineering
Committee of the National Defense Industrial Association (NDIA).
[FM101.T102]

Organizations from industry, government, and the Software Engineering
Institute (SEI) joined together to develop the CMMI Framework, a set of
integrated CMMI models, a CMMI appraisal method, and supporting
products. These organizations donated the time of one or more of their
people to participate in the CMMI project. Fm1o1.7103)

Development History

The CMMI project team has been working to provide guidance that
encourages process improvement in organizations of any structure.
[FM101.HDA101.T101]

Since 1991, CMMs have been developed for a myriad of disciplines.
Some of the most notable include models for systems engineering,
software engineering, software acquisition, workforce management and
development, and Integrated Product and Process Development.
[FM101.HDA101.T102]

® CMM, Capability Maturity Model, and Capability Maturity Modeling are registered in the U.S. Patent and
Trademark Office.
SM CMMI is a service mark of Carnegie Mellon University.
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Although these models have proven useful to many organizations, the
use of multiple models has been problematic. Many organizations
would like to focus their improvement efforts across the disciplines
within their organizations. However, the differences among these
discipline-specific models, including their architecture, content, and
approach, have limited these organizations’ ability to focus their
improvements successfully. Further, applying multiple models that are
not integrated within and across an organization becomes more costly
in terms of training, appraisals, and improvement activities. A set of
integrated models that successfully addresses multiple disciplines and
has integrated training and appraisal support solves these problems.
[FM101.HDA101.T103]

The CMM Integrations'\’I project was formed to sort out the problem of
using multiple CMMs. The 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. [FM101.HDA101.7106]

Developing a set of integrated models has involved more than simply
adding existing model materials together. Using processes that promote
consensus, the CMMI Product Team has built a framework that
accommodates multiple disciplines and is flexible enough to support
two different representations (staged and continuous). (Fm101.Hpat01.7107)

Using information from popular and well-regarded models as source
material, the CMMI Product Team created a cohesive set of integrated
models that can be adopted by those currently using other CMMs, as
well as by those new to the CMM concept. Fmi01.HpA101.T108)

During the development phase of the CMMI project, the team’s mission
included the development of a common framework for supporting the
future integration of other discipline-specific CMMI models.
Furthermore, the team’s mission included the objective of ensuring that
all of the products developed are consistent and compatible with the
International Organization for Standardization/International
Electrotechnical Commission (ISO/IEC) 15504 Technical Report for
Software Process Assessment. [Fm101.Hpa101.7109]

SM CMM Integration is a service mark of Carnegie Mellon University.

ii Preface



Acknowledgments

CMMI-SW, v1.1
Staged Representation

CMMI version 0.2 was publicly reviewed and used in initial pilot
activities. Following release of that version, improvement was guided by
change requests from the public review, piloting organizations, and
various focus group sessions. The CMMI Product Team evaluated more
than 3,000 change requests to create CMMI version 1.0. Shortly
thereafter, version 1.02 was released, which incorporated several minor
improvements. As with any release, however, the opportunity for further
improvement remained. Version 1.1 accommodates further
improvements from early use as well as more than 1,500 change
requests. [FM101.HDA101.T111]

Many talented people were involved as part of the product team for the
CMMI Product Suite’. Four primary groups involved in this development
have been the Steering Group, Product Team, Configuration Control
Board, and Stakeholders/Reviewers. {Fm101.Hpa102.T101]

The Steering Group guides and approves the plans of the Product
Team, provides consultation on significant CMMI project issues, and
ensures involvement from a variety of interested communities.
[FM101.HDA102.T102]

The Product Team writes, reviews, revises, discusses, and agrees on
the structure and technical content of the CMMI Product Suite, including
the framework, models, training, and appraisal materials. Development
activities were based on an A-Specification provided by the Steering
Group, the three source models, and comments from Stakeholders and
Steering Group members. [Fm101.HDA102.T104]

The Configuration Control Board has been the official mechanism for
controlling changes to the CMMI models. As such, this group ensures
integrity over the life of the product suite by reviewing all changes made
to the baseline and approving only those changes that meet the criteria
for the upcoming release. [Fm101.HDA102.T113)

The Stakeholder/Reviewer group of organizations provided valuable
insight into the early effort that was used to combine the models. Their
review of multiple versions of the product suite gave the Product Team
valuable perspectives. [Fm101.Hpa102.T105)

Both present and emeritus members of the four groups involved in
developing CMMI products are listed in Appendix E. Fm1o1.Hpa102.7111]

! See Chapter 3 for a discussion of both “CMMI Product Suite” and “CMMI Framework,” which clarifies the
difference between these two.
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Where to Look for Additional Information

You can find additional information, such as the intended audience,
background, history of the CMMI models, and the benefits of using the
CMMI models, in various other sources. Many of these sources are
documented on the CMMI Web site, which is located at
http://www.sei.cmu.edu/cmmi/. (Fm101.HpA103.T101]

Feedback Information

Suggestions for improving the CMMI Product Suite are welcome. See
the CMMI Web site for information on how to provide feedback:
http://www.sei.cmu.edu/cmmi/. (Fm101.HpA104T101]

If you have questions, send an email to cmmi-comments@sei.cmu.edu.
[FM101.HDA104.7103]
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1 Introduction

About CMMI Models

A model is a simplified representation of the world. Capability Maturity
Models (CMMs) contain the essential elements of effective processes
for one or more bodies of knowledge. These elements are based on the
concepts developed by Crosby, Deming, Juran, and Humphrey [Crosby
79, Juran 88, Deming 86, Humphrey 89]. Fm1os.1101

Like other CMMs, Capability Maturity Model Integration (CMMI) models
provide guidance to use when developing processes. CMMI models are
not processes or process descriptions. The actual processes used in an
organization depend on many factors, including application domain(s)
and organization structure and size. In particular, the process areas of a
CMMI model typically do not map one to one with the processes used in
your organization. [Fm1os.102]

Overview

A process is a leverage point for an organization’s sustained
improvement. The purpose of CMM Integration is to provide guidance
for improving your organization’s processes and your ability to manage
the development, acquisition, and maintenance of products or services.
CMM Integration places proven approaches into a structure that helps
your organization appraise its organizational maturity or process area
capability, establish priorities for improvement, and implement these
improvements. [FM108.HDA102.T101]

The CMMI Product Suite contains and is produced from a framework
that provides the ability to generate multiple models and associated
training and appraisal materials. These models may reflect content from
bodies of knowledge (e.g., systems engineering, software engineering,
Integrated Product and Process Development) in combinations most
useful to you (e.g., CMMI-SE/SW, CMMI-SE/SW/IPPD/SS).

[FM108.HDA102.T103]

Your organization can use a CMMI model to help set process-
improvement objectives and priorities, improve processes, and provide
guidance for ensuring stable, capable, and mature processes. A
selected CMMI model can serve as a guide for improvement of
organizational processes. [Fm108.HDA102.T102]
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Use professional judgment to interpret CMMI specific and generic
practices. Although process areas depict behavior that should be
exhibited in any organization, all practices must be interpreted using an
in-depth knowledge of the CMMI model being used, the organization,
the business environment, and the circumstances involved.
[FM108.HDA102.T104]

Selecting a CMMI Model

There are multiple CMMI models available, as generated from the
CMMI Framework. Consequently, you need to be prepared to decide
which CMMI model best fits your organization’s process-improvement
needs. [FM108.HDA101.T101]

You must select a representation, either continuous or staged, and you
must determine the bodies of knowledge you want to include in the
model your organization will use. [Fm1os.Hpa101.T102)

Representations: Continuous or Staged?

There are many valid reasons to select one representation or the other.
Perhaps your organization will choose to use the representation it is
most familiar with. The following lists describe some of the possible
advantages and disadvantages to selecting each of the two
representations. [Fv108 HDA101.HDB101.T101]

Continuous Representation

If you choose the continuous representation for your organization,
expect that the model will do the following: [Fv10s.HpA101.HDB102.T101]

o Allow you to select the order of improvement that best meets the
organization’s business objectives and mitigates the organization’s
areas of risk

e Enable comparisons across and among organizations on a process
area by process area basis or by comparing results through the
use of equivalent staging

e Provide an easy migration from Electronic Industries Alliance
Interim Standard (EIA/IS) 731 to CMMI

e Afford an easy comparison of process improvement to International
Organization for Standardization and International Electrotechnical
Commission (ISO/IEC) 15504, because the organization of process
areas is similar to ISO/IEC 15504

Overview
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Staged Representation

If you choose the staged representation for your organization, expect
that the model will do the following: Fv10s.Hpa101.HDB103.T101]

o Provide a proven sequence of improvements, beginning with basic
management practices and progressing through a predefined and
proven path of successive levels, each serving as a foundation for
the next

e  Permit comparisons across and among organizations by the use of
maturity levels

e Provide an easy migration from the SW-CMM to CMMI

e Provide a single rating that summarizes appraisal results and
allows comparisons among organizations

Whether used for process improvement or appraisals, both
representations are designed to offer essentially equivalent results.
[FM108.HDA101.HDB103.T102]

Which Integrated Model to Choose?

Currently there are four bodies of knowledge available to you when
selecting a CMMI model: (Fm108HpA101.HDB104.T106]

e systems engineering
e software engineering
e Integrated Product and Process Development

e supplier sourcing

This text will refer to these bodies of knowledge as “disciplines.” For
example, when we refer to selecting a “discipline,” it can be one of the
choices listed above. The CMMI Product Team envisions that other
bodies of knowledge will be integrated into the CMMI Framework.
[FM108.HDA101.HDB104.T107]

Disciplines: What is Different?

Depending on the discipline you select for your CMMI model, read the
relevant sections below. [Fm108.HDA101.HDB109.T101]

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
life of the product. (Fm10s.HDA101.HDB105.T101]
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When you select systems engineering for your model, the model will
contain the Process Management, Project Management, Support, and
Engineering process areas. Discipline amplifications specific to systems
engineering are provided to help you interpret specific practices for
systems engineering where necessary. (See Chapter 2 for more
information about discipline amplifications.) Fm10s.Hpa101.HDB105.T102)

Software Engineering

Software engineering covers the development of software systems.
Software engineers focus on applying systematic, disciplined, and
quantifiable approaches to the development, operation, and
maintenance of software. [Fm108.HpA101.HDB106.T101]

When you select software engineering for your model, the model will
contain the Process Management, Project Management, Support, and
Engineering process areas. Discipline amplifications specific to software
engineering are provided to help you interpret specific practices for
software engineering. [Fm108.HpA101.HDB106.T102]

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,
expectations, 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 disciplines in addition to selecting
IPPD. [Fm108.HDA101.HDB107.T101]

When you select IPPD for your model, the model will contain the
Process Management, Project Management, Support, and Engineering
process areas that apply to both IPPD and the other discipline(s) you
have selected for your model. Discipline amplifications specific to IPPD
are also provided to help you interpret specific practices for IPPD.
[FM108.HDA101.HDB107.7102]

Overview
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Supplier Sourcing

As work efforts become more complex, projects may use suppliers to
perform functions or add modifications to products that are specifically
needed by the project. When those activities are critical, the project
benefits from enhanced source analysis and from monitoring supplier
activities before product delivery. The supplier sourcing discipline
covers acquiring products from suppliers under these circumstances.
[FM108.HDA101.HDB111.T101]

When you select the supplier sourcing discipline for your model, the
model will contain the Process Management, Project Management,
Support, and Engineering process areas that apply to both supplier
sourcing and the other discipline(s) you have selected for your model.
The Integrated Supplier Management process area is included under
the Project Management process area category and discipline
amplifications specific to supplier sourcing are present in other process
areas to help you interpret specific practices for supplier sourcing.
[FM108.HDA101.HDB111.T102]

A Recommendation

The CMMI Product Team recommends that you select both systems
and software engineering if you are selecting either of these disciplines.
This recommendation is based on the fact that the only distinction
between the models for each of these disciplines is the type of
discipline amplifications included. Otherwise, these models are exactly
the same. [FM108.HDA101.HDB110.7101]

The Content of CMMI Models

Overview

CMMI models with a staged representation consist of seven chapters
and five appendices: (Fm10s.HDA103.T101]

e  Chapter 1: The Introduction chapter (this chapter) offers a broad
view of CMMI models, suggestions on where to look for other
information not included in CMMI models, and the typographical
conventions used throughout CMMI models.

e  Chapter 2: The Model Components chapter describes model
components, including maturity levels, goals, and practices.

e  Chapter 3: The Model Terminology chapter describes the approach
taken to using terms in CMMI models, as well as how terms were
selected for and defined in the glossary.

e  Chapter 4: The Common Features, Generic Goals, and Generic
Practices chapter describes the common features and generic
practices, which ensure that the implementation of processes
associated with process areas is effective, repeatable, and lasting.
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e  Chapter 5: The Framework Interactions chapter provides insight
into the meaning of basic and advanced processes for Project
Management, Process Management, Support, and Engineering
process areas.

e Chapter 6: The Using CMMI Models chapter explains the ways in
which your organization can use CMMI models.

e Chapter 7: The Process Areas chapter contains descriptions of the
required, expected, and informative components of the model you
have selected, including goals, practices, subpractices, and typical
work products.

The Appendices are as follows: [Fv108.HpA103.T104]

e Appendix A: The References appendix contains information you
can use to locate the documented sources, such as reports,
process-improvement models, industry standards, and books, that
were used to create the content of the CMMI models.

e Appendix B: The Acronyms appendix defines acronyms used in the
CMMI models.

e Appendix C: The Glossary appendix defines terms used in the
CMMI models that are not adequately defined in context or by the
Webster's American English dictionary.

e Appendix D: The Required and Expected Model Elements
appendix contains the required and expected components of each
of the process areas. No informative material is given other than
the process area purpose, titles, and component titles.

e Appendix E: The CMMI Project Participants appendix contains a
list of participants on the CMMI Steering Group, Product Team,
Configuration Control Board, and Stakeholder/Reviewer Team.

Typographical Conventions

The typographical conventions used in CMMI models optimize their
readability and usability. We present model components in formats that
allow you to quickly find them on the page. The following sections
provide some tips for locating various model components in CMMI
models. [Fm108.HDA105.T101]

See Chapter 2 for definitions of the model components mentioned.
[FM108.HDA105.T102]

6 Overview
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Specific and Generic Goals

All specific and generic goal titles and statements appear in bold. The
goal number (for example, SG 1 for specific goal 1 or GG 2 for generic
goal 2) appears to the left of the goal title. (Refer to the Numbering
Scheme section below.) The goal statement appears in bold italics
below the goal title in a gray box. A goal title is an abbreviated form of
the goal statement and is used for reference purposes. Goal titles are
not used for appraisals or rated in any way. Only goal statements are
designed to be used for process-improvement and appraisal purposes.
[FM108.HDA105.HDB101.T101]

Specific and Generic Practices

All specific and generic practice titles and statements appear in bold
and are indented from the left margin. The practice number appears to
the left of the practice title. (Refer to the Numbering Scheme section
below.) The practice statements appear in bold italics within a gray box
below the practice title. The practice title is not used for appraisals or
rated in any way. The practice statement is designed to be used for
process-improvement and appraisal purposes. [Fm108HDA105.HDB102.T101]

References

All references to model components are identifiable in CMMI models
because they always appear in italics and always begin with the phrase
“Refer to.” [Fm108.HDA105.HDB103.T101]

Introductory Notes, Typical Work Products, and Subpractices

These headings indicate the location of introductory notes, typical work
products, and subpractices within a process area. [Fm108.HpA105HDB104.T101]

Examples

Throughout the process areas, all examples appear in boxes and are
formatted in a narrower and smaller font than most other model
elements. [Fm108.HDA105.HDB109.T101]

Generic Practice Elaborations

After the specific practices, the generic practice titles and statements
appear that apply to the process area. After each generic practice
statement, an elaboration may appear in plain text with the heading
“Elaboration.” The elaboration provides information about how the
generic practice should be interpreted for the process area. If there is
no elaboration present, the application of the generic practice is obvious
without an elaboration. [Fm10s.HpA105.HDB105.T101]
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Discipline Amplifications

Model components that provide guidance for interpreting model
information for specific disciplines (e.g., IPPD, systems engineering, or
software engineering) are called “discipline amplifications.” Discipline
amplifications are added to other model components where necessary.
These are easy to locate because they appear on the right side of the
page and have a title indicating the discipline that they address (for
example, “For Software Engineering”). [rv108.HpA105.HDB106.T101]

Numbering Scheme

In the staged representation, the specific and generic goals are
numbered sequentially. Each specific goal has a number beginning with
SG (SG 1, for example). Each generic goal has a number beginning
with GG (GG 2, for example). [Fm108.HDA105.HDB107.T111]

Specific practices begin with SP, followed by a number in the form x.y.
The x is the number of the specific goal that the practice is mapped to,
and the y is the practice’s sequence number. For example, in the
Requirements Management process area, the first specific practice
associated with specific goal 1 is numbered SP 1.1, and the second is
SP 1.2. [FM108.HDA105.HDB107.T112]

Generic practices are numbered in a similar way beginning with GP,
followed by a number in the form x.y, where x is the number of the
generic goal that the practice is mapped to, and y is the practice’s
sequence number. A second number is used for the generic practices,
indicating the sequence number of the practice within one of the four
common feature categories to which it belongs. For example, the first
generic practice associated with GG 2 is numbered GP 2.1 and CO 1.
The CO 1 number indicates that the generic practice is the first generic
practice organized under the Commitment to Perform common feature.
[FM108.HDA105.HDB107.T113]

See Chapter 2 for more information about common features.
[FM108.HDA105.HDB107.T114]

Paragraph Identifier Codes

At the end of single paragraphs or sets of paragraphs throughout the
model, you will find unique strings of characters in brackets (e.g.,
[FM108.HDA105.HDB107.T110]). These strings of characters are
called “paragraph identifier codes.” These codes are unique, but do not
necessarily appear in any numeric sequence. These codes do not hold
any special meaning for model users, but rather, they enable the
generation of individual CMMI models from the CMMI Framework
database and allow you to accurately identify specific text in the model.
[FM108.HDA105.HDB108.T101]
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2 Model Components

Structural Overview

You have chosen the staged representation. The components of both
the staged and continuous representations are process areas, specific
goals, specific practices, generic goals, generic practices, typical work
products, subpractices, notes, discipline amplifications, generic practice
elaborations, and references. Fw103.1102]

The staged representation organizes process areas into five maturity
levels to support and guide process improvement. The staged
representation groups process areas by maturity level, indicating which
process areas to implement to achieve each maturity level. Maturity
levels (described later in this chapter) represent a process-improvement
path illustrating improvement evolution for the entire organization
pursuing process improvement. (Fm103.T104]

Within each process area, the specific goals and specific practices are
listed first, followed by the generic goals and generic practices. The
staged representation uses four common features to organize the
generic practices. Fm103.1108]

In this chapter, we describe each component of the staged
representation, the relationships between the components, and the
relationships between the two representations. Many of the components
described here are also components of CMMI models with a continuous
representation. [Fmios.1108]

Overview

A CMMI model with a staged representation is illustrated in Figure 1.
[FM103.HDA101.T102]
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[ Process Area 1 ] | Process Area 2 ] | Process Area n ]

Specific Goals

Common Features

| |
[ Ability ][ Directing

Commitment
to Perform Implementation

to Perform

[ Verifying
Implementation

Specific Practices

Generic Practices

Figure 1: CMMI Model Components [FM103.HDA101.T104]

CMMI models are designed to describe discrete levels of process
improvement. In the staged representation, maturity levels provide a
recommended order for approaching process improvement in stages.
As illustrated in Figure 1, maturity levels organize the process areas.
Within the process areas are generic and specific goals as well as
generic and specific practices. Common features organize generic
practices. [FM103.HDA101.T109]

This representation focuses on best practices your organization can use
to improve processes in the process areas that are within the maturity
level it chooses to achieve. Before you begin using a CMMI model for
improving processes, you must map your processes to CMMI process
areas. This mapping enables you to control process improvement in
your organization by helping you track your organization’s level of
conformance to the CMMI model you are using. It is not intended that
every CMMI process area maps one to one with your organization’s
processes. [FM103.HDA101.T110]

Maturity Levels

The maturity level of an organization provides a way to predict the
future performance of an organization within a given discipline or set of
disciplines. Experience has shown that organizations do their best when
they focus their process-improvement efforts on a manageable number
of process areas that require increasingly sophisticated effort as the
organization improves. [Fm103.HDA101.HDB101.T101]

A maturity level is a defined evolutionary plateau of process

improvement. Each maturity level stabilizes an important part of the
organization’s processes. [Fm103HDA101.HDB101.T102]

10 Overview



Overview

CMMI-SW, v1.1
Staged Representation

In CMMI models with a staged representation, there are five maturity
levels, each a layer in the foundation for ongoing process improvement,
designated by the numbers 1 through 5: [Fm103.HpA101.HDB101.T103]

1. Initial

2. Managed

3. Defined

4. Quantitatively Managed
5. Optimizing

Maturity Level Details

Maturity levels consist of a predefined set of process areas. The
maturity levels are measured by the achievement of the specific and
generic goals that apply to each predefined set of process areas. The
following sections describe the characteristics of each maturity level in
detail. Fm103.HDA101.HDB103.T101]

Maturity Level 1: Initial

At maturity level 1, processes are usually ad hoc and chaotic. The
organization usually does not provide a stable environment. Success in
these organizations depends on the competence and heroics of the
people in the organization and not on the use of proven processes. In
spite of this ad hoc, chaotic environment, maturity level 1 organizations
often produce products and services that work; however, they
frequently exceed the budget and schedule of their projects.
[FM103.HDA101.HDB104.T101]

Maturity level 1 organizations are characterized by a tendency to over
commit, abandon processes in the time of crisis, and not be able to
repeat their past successes. [Fm103.HDA101.HDB104.T102]

Maturity Level 2: Managed

At maturity level 2, an organization has achieved all the specific and
generic goals of the maturity level 2 process areas. In other words, the
projects of the organization have ensured that requirements are
managed and that processes are planned, performed, measured, and
controlled. [Fm103.HDA101.HDB105.T101]

The process discipline reflected by maturity level 2 helps to ensure that
existing practices are retained during times of stress. When these
practices are in place, projects are performed and managed according
to their documented plans. [Fv103.HpbA101.HDB105.T102]
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At maturity level 2, requirements, processes, work products, and
services are managed. The status of the work products and the delivery
of services are visible to management at defined points (for example, at
major milestones and at the completion of major tasks).
[FM103.HDA101.HDB105.T103]

Commitments are established among relevant stakeholders and are
revised as needed. Work products are reviewed with stakeholders and
are controlled. The work products and services satisfy their specified
requirements, standards, and objectives. [Fm103.HpA101.HDB105.T104]

Maturity Level 3: Defined

At maturity level 3, an organization has achieved all the specific and
generic goals of the process areas assigned to maturity levels 2 and 3.
At maturity level 3, processes are well characterized and understood,
and are described in standards, procedures, tools, and methods.
[FM103.HDA101.HDB106.T101]

The organization’s set of standard processes, which is the basis for
maturity level 3, is established and improved over time. These standard
processes are used to establish consistency across the organization.
Projects establish their defined processes by tailoring the organization’s
set of standard processes according to tailoring guidelines.
[FM103.HDA101.HDB106.T102]

The organization’s management establishes process objectives based
on the organization’s set of standard processes and ensures that these
objectives are appropriately addressed. [Fv103HpA101.HDB106.T103]

A critical distinction between maturity level 2 and maturity level 3 is the
scope of standards, process descriptions, and procedures. At maturity
level 2, the standards, process descriptions, and procedures may be
quite different in each specific instance of the process (for example, on
a particular project). At maturity level 3, the standards, process
descriptions, and procedures for a project are tailored from the
organization’s set of standard processes to suit a particular project or
organizational unit. The organization’s set of standard processes
includes the processes addressed at maturity level 2 and maturity level
3. As a result, the processes that are performed across the organization
are consistent except for the differences allowed by the tailoring
guidelines. [Fm103.HDA101.HDB106.T104]

Another critical distinction is that at maturity level 3, processes are
typically described in more detail and more rigorously than at maturity
level 2. At maturity level 3, processes are managed more proactively
using an understanding of the interrelationships of the process activities
and detailed measures of the process, its work products, and its
services. [FM103.HDA101.HDB106.7105]
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Maturity Level 4: Quantitatively Managed

At maturity level 4, an organization has achieved all the specific goals of
the process areas assigned to maturity levels 2, 3, and 4 and the
generic goals assigned to maturity levels 2 and 3. Subprocesses are
selected that significantly contribute to overall process performance.
These selected subprocesses are controlled using statistical and other
quantitative techniques. [Fm103.HpA101.HDB107.T101]

Quantitative objectives for quality and process performance are
established and used as criteria in managing processes. Quantitative
objectives are based on the needs of the customer, end users,
organization, and process implementers. Quality and process
performance are understood in statistical terms and are managed
throughout the life of the processes. [Fw103.Hpa101.HDB107.T102)

For these processes, detailed measures of process performance are
collected and statistically analyzed. Special causes of process
variation? are identified and, where appropriate, the sources of special
causes are corrected to prevent future occurrences. [Fm103.HpbA101.HDB107.T103]

Quality and process performance measures are incorporated into the
organization’s measurement repository to support fact-based decision
making in the future. [Fm103HpA101.HDB107.T105]

A critical distinction between maturity level 3 and maturity level 4 is the
predictability of process performance. At maturity level 4, the
performance of processes is controlled using statistical and other
quantitative techniques, and is quantitatively predictable. At maturity
level 3, processes are only qualitatively predictable. [Fm10s.Hpa101.HDB107.T106]

Maturity Level 5: Optimizing

At maturity level 5, an organization has achieved all the specific goals of
the process areas assigned to maturity levels 2, 3, 4, and 5 and the
generic goals assigned to maturity levels 2 and 3. Processes are
continually improved based on a quantitative understanding of the
common causes of variation® inherent in processes. [Fm103.Hpa101.HpB108.T101]

Maturity level 5 focuses on continually improving process performance
through both incremental and innovative technological improvements.
Quantitative process-improvement objectives for the organization are
established, continually revised to reflect changing business objectives,
and used as criteria in managing process improvement. The effects of
deployed process improvements are measured and evaluated against
the quantitative process-improvement objectives. Both the defined
processes and the organization’s set of standard processes are targets
of measurable improvement activities. [Fm103.Hpa101.1DB108.T103]

? See the definition of “special cause of process variation” in Appendix C, the glossary.
3 See the definition of “common cause of process variation” in Appendix C, the glossary.
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Process improvements to address common causes of process variation
and measurably improve the organization’s processes are identified,
evaluated, and deployed. Improvements are selected based on a
quantitative understanding of their expected contribution to achieving
the organization’s process-improvement objectives versus the cost and
impact to the organization. The performance of the organization’s
processes is continually improved. [Fw103.HbA101.HDB108.T104]

Optimizing processes that are agile and innovative depends on the
participation of an empowered workforce aligned with the business
values and objectives of the organization. The organization’s ability to
rapidly respond to changes and opportunities is enhanced by finding
ways to accelerate and share learning. Improvement of the processes is
inherently part of everybody’s role, resulting in a cycle of continual
improvement. [FM103.HDA101.HDB108.7105]

A critical distinction between maturity level 4 and maturity level 5 is the
type of process variation addressed. At maturity level 4, processes are
concerned with addressing special causes of process variation and
providing statistical predictability of the results. Though processes may
produce predictable results, the results may be insufficient to achieve
the established objectives. At maturity level 5, processes are concerned
with addressing common causes of process variation and changing the
process (that is, shifting the mean of the process performance) to
improve process performance (while maintaining statistical
predictability) to achieve the established quantitative process-
improvement objectives. [Fm103.HDA101.HDB108.T106]

Advancing Through Maturity Levels

Organizations can achieve progressive improvements in their
organizational maturity by first achieving stability at the project level and
continuing to the most advanced-level, organization-wide continuous
process improvement, using both quantitative and qualitative data to
make decisions. [Fm103.HDA101.HDB109.T101]

Since organizational maturity describes the range of expected results
that can be achieved by an organization, it is one means of predicting
the most likely outcomes from the next project the organization
undertakes. For instance, at maturity level 2, the organization has been
elevated from ad hoc to disciplined by establishing sound project
management. As your organization achieves the generic and specific
goals for the set of process areas in a maturity level, you are increasing
your organizational maturity and reaping the benefits of process
improvement. [FM103.HDA101.HDB109.T102]

Overview
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Skipping Maturity Levels

The staged representation identifies the maturity levels through which
an organization should evolve to establish a culture of excellence.
Because each maturity level forms a necessary foundation on which to
build the next level, trying to skip maturity levels is usually
counterproductive. (Fm103.HpA101.HDB110.T101]

At the same time, you must recognize that process-improvement efforts
should focus on the needs of the organization in the context of its
business environment and that process areas at higher maturity levels
may address the current needs of an organization or project. For
example, organizations seeking to move from maturity level 1 to
maturity level 2 are frequently told to establish a process group, which
is addressed by the Organizational Process Focus process area that
resides at maturity level 3. While a process group is not a necessary
characteristic of a maturity level 2 organization, it can be a useful part of
the organization’s approach to achieving maturity level 2.
[FM103.HDA101.HDB110.T102]

This situation is sometimes characterized as “establishing a maturity
level 1 engineering process group to bootstrap the maturity level 1
organization to maturity level 2.” Maturity level 1 process-improvement
activities may depend primarily on the insight and competence of the
engineering process group staff until an infrastructure to support more
disciplined and widespread improvement is in place. [Fm103.Hpba101.HDB110.T103]

Organizations can institute specific process improvements at any time
they choose, even before they are prepared to advance to the maturity
level at which the specific practice is recommended. However,
organizations should understand that the stability of these
improvements is at a greater risk, since the foundation for their
successful institutionalization has not been completed. Processes
without the proper foundation may fail at the very point they are needed
most: under stress. [Fm103.HDA101.HDB110.T104]

A defined process that is characteristic of a maturity level 3 organization
can be placed at great risk if maturity level 2 management practices are
deficient. For example, management may make a poorly planned
schedule commitment or fail to control changes to baselined
requirements. Similarly, many organizations collect the detailed data
characteristic of maturity level 4, only to find the data uninterpretable
because of inconsistency in processes and measurement definitions.
[FM103.HDA101.HDB110.T105]
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Another example of using processes associated with higher maturity
level process areas is in the process of building products. Certainly, we
would expect maturity level 1 organizations to perform requirements
analysis, design, integration, and verification. However, these activities
are not described until maturity level 3, where they are described as the
coherent, well-integrated engineering processes of a project
management capability, put in place so that the engineering
improvements are not lost by having an ad-hoc management process.
[FM103.HDA101.HDB110.T106]

Required, Expected, and Informative Components

The components of a CMMI model are grouped into three categories
that reflect how they are to be interpreted: [Fm103.Hpa101.HDB111.T101]

o Required: Specific goals and generic goals are required model
components. These components must be achieved by an
organization’s planned and implemented processes. Required
components are essential to rating the achievement of a process
area. Goal achievement (or satisfaction) is used in appraisals as
the basis upon which process area satisfaction and organizational
maturity are determined. Only the statement of the specific or
generic goal is a required model component. The title of a specific
or generic goal and any notes associated with the goal are
considered informative model components.

e  Expected: Specific practices and generic practices are expected
model components. Expected components describe what an
organization will typically implement to achieve a required
component. Expected components guide those implementing
improvements or performing appraisals. Either the practices as
described, or acceptable alternatives to them, are expected to be
present in the planned and implemented processes of the
organization before goals can be considered satisfied. Only the
statement of the practice is an expected model component. The
title of a practice and any notes associated with the practice are
considered informative model components.

e Informative: Subpractices, typical work products, discipline
amplifications, generic practice elaborations, goal and practice
titles, goal and practice notes, and references are informative
model components that help model users understand the goals
and practices and how they can be achieved. Informative
components provide details that help model users get started in
thinking about how to approach goals and practices.

The CMMI glossary of terms is not a required, expected, or informative
element of CMMI models. The terms in the glossary should be
interpreted within the context of the component where they appear.
[FM103.HDA101.HDB111.T102]
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When you use a CMMI model as a guide, you plan and implement
processes that conform to the required and expected components of
process areas. Conformance with a process area means that in the
planned and implemented processes there is an associated process (or
processes) that addresses either the specific and generic practices of
the process area or alternatives that clearly and unequivocally
accomplish a result that meets the goal associated with that specific or
generic practice. [Fm103.HDA101.HDB111.T103]

Overview

Process Areas

A process area is a cluster of related practices in an area that, when
performed collectively, satisfy a set of goals considered important for
making significant improvement in that area. All CMMI process areas
are common to both continuous and staged representations. In the
staged representation, process areas are organized by maturity levels.
[FM103.HDA102.HDB101.T101]

Specific Goals

Specific goals apply to a process area and address the unique
characteristics that describe what must be implemented to satisfy the
process area. Specific goals are required model components and are
used in appraisals to help determine whether a process area is
satisfied. [Fm103.HDA102.HDB103.T101]

Specific Practices

A specific practice is an activity that is considered important in
achieving the associated specific goal. The specific practices describe
the activities expected to result in achievement of the specific goals of a
process area. Specific practices are expected model components.
[FM103.HDA102.HDB104.T101]

Common Features

Four common features organize the generic practices of each process
area. Common features are model components that are not rated in any
way. They are only groupings that provide a way to present the generic
practices. Each common feature is designated by an abbreviation as
shown: [FM103.HDA102.HDB106.T101]

e  Commitment to Perform (CO)
e  Ability to Perform (AB)

e Directing Implementation (DI)
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o  Verifying Implementation (VE)

See Chapter 4 for a more detailed description of the common features.
[FM103.HDA102.HDB106.T102]

Typical Work Products

Typical work products are an informative model component that
provides example outputs from a specific or generic practice. These
examples are called “typical work products” because there are often
other work products that are just as effective, but are not listed.
[FM103.HDA102.HDB113.T101]

Subpractices

Subpractices are detailed descriptions that provide guidance for
interpreting specific or generic practices. Subpractices may be worded
as if prescriptive, but are actually an informative component in CMMI
models meant only to provide ideas that may be useful for process
improvement. [FM103.HDA102.HDB114.7101]

Discipline Amplifications

Discipline amplifications are informative model components that contain
information relevant to a particular discipline and are associated with
specific practices. For example, if in the CMMI-SE/SW model, you want
to find a discipline amplification for software engineering, you would
look in the model for items labeled “For Software Engineering.” The
same is true for other disciplines. Fm103Hpa102.HDB115.T101]

Generic Goals

Generic goals are called “generic” because the same goal statement
appears in multiple process areas. In the staged representation, each
process area has only one generic goal. Achievement of a generic goal
in a process area signifies improved control in planning and
implementing the processes associated with that process area, thus
indicating whether these processes are likely to be effective,
repeatable, and lasting. Generic goals are required model components
and are used in appraisals to determine whether a process area is
satisfied. (Only the generic goal title and statement appear in the
process areas.) [FM103.HDA102.HDB105.T101]

See Chapter 4 for a detailed description of the generic goals.
[FM103.HDA102.HDB105.T102]
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Generic Practices

Generic practices provide institutionalization to ensure that the
processes associated with the process area will be effective,
repeatable, and lasting. Generic practices are categorized by generic
goals and common features and are expected components in CMMI
models. (Only the generic practice title, statement, and elaborations
appear in the process areas.) [Fm103.HDA102.HDB107.T101]

Generic Practice Elaborations

Generic practice elaborations are informative model components that
appear in each process area to provide guidance on how the generic
practices should uniquely be applied to the process area. For example,
when the generic practice “Train the people performing or supporting
the planned process as needed” is incorporated into the Configuration
Management process area, the specific kinds of training for doing
configuration management are described. [Fm103HpA102.HDB116.T101]

References

References are informative model components that direct the user to
additional or more detailed information in related process areas. Typical
phrases expressing these pointers are “Refer to the Organizational
Training process area for more information about identifying training
needs and providing the necessary training” or “Refer to the Decision
Analysis and Resolution process area for more information about
evaluating and selecting among alternatives.” All references are clearly
marked in italics. Fm103.HpA102.HDB117.T102]

Model Representation Comparison

Overview

The continuous representation uses capability levels to measure
process improvement, while the staged representation uses maturity
levels. The main difference between maturity levels and capability
levels is the representation they belong to and how they are applied:
[FM103.HDA103.T101]

e  Capability levels, which belong to the continuous representation,
apply to an organization’s process-improvement achievement for
each process area. There are six capability levels, numbered 0
through 5. Each capability level corresponds to a generic goal and
a set of generic and specific practices.
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Capability | Continuous Representation
Level Capability Levels

Incomplete

Performed

Managed
Defined
Quantitatively Managed

albhlwNd|~|O

Optimizing

[FM103.HDA103.T102]

e  Maturity levels, which belong to the staged representation, apply to
an organization’s overall maturity. There are five maturity levels,
numbered 1 through 5. Each maturity level comprises a predefined
set of process areas.

Maturity Staged Representation
Level Maturity Levels
1 Initial
2 Managed
3 Defined
4 Quantitatively Managed
5 Optimizing

[FM103.HDA103.T104]

The continuous representation has more specific practices than the
staged representation because the continuous representation has two
types of specific practices, base and advanced, whereas the staged
representation has only one type of specific practice. [Fm103.1pa103.7105]

In the continuous representation, generic practices exist for capability
levels 1-5, whereas, in the staged representation, only the generic
practices from capability levels 2 and 3 appear; there are no generic
practices from capability levels 1, 4, and 5. [Fv103.Hpa103.7106]

There is an additional appendix, Appendix F, in the continuous
representation that discusses equivalent staging. Equivalent staging
enables the results of appraisals using the continuous representation to
be translated into maturity levels. [Fw103.Hpa103.1107]
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3 Model Terminology

In any CMMI model, the terminology used and how it is defined are
important to understanding the content. Although a model glossary is
included in Appendix C, some terms are used in a special way
throughout CMMI models. w114.1101

Terminology Evolution

When developing the CMMI models, the Product Team started with the
terminology used in the source models. However, since this terminology
was not consistent, and in some instances terms conflicted with one
another, the Product Team had to decide which terms should be used
and which were to be abandoned. This was accomplished throughout
the model development process by consensus. [Fm114.Hpa101.T101]

Inevitably, consensus was reached when the terms selected were
neutral, broad, and flexible. When conflicts were identified among
potential user groups (government and industry) or disciplines (e.g.,
software engineering, systems engineering), a compromise was
reached. The team chose not to use some terms that were too closely
identified with a specific interest group and instead favored terms that
were more broadly accepted. Fm114.1pat101.T102]

Furthermore, terms were chosen to express concepts consistently
throughout the models. Definitions for these terms were communicated
to the entire Product Team to encourage consistent usage. Despite
these efforts, some differences in interpretation are inevitable. You
should always apply the guidance herein in the way that provides the
greatest value to your process-improvement effort. [Fm114.Hpa101.7103]

Common Terminology with Special Meaning

Overview

Some of the terms used in CMMI models have meanings attached to
them that differ from their everyday use. These terms are not included
in the glossary, we have explained their use in CMMI models in this
chapter. [Fm114.Hpa102.T101]
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Adequate, Appropriate, As Needed

These words are used so that you can interpret goals and practices in
light of your organization’s business objectives. When using any CMMI
model, you must interpret the practices so that they work for your
organization. These terms are used in goals and practices where
certain activities may not be done all of the time. [Fw114.Hpat102.HpB101.7101]

Establish and Maintain

When using a CMMI model, you will encounter goals and practices that
include the phrase “establish and maintain.” This phrase connotes a
meaning beyond the component terms; it includes documentation and
usage. For example, “Establish and maintain an organizational policy
for planning and performing the organizational process focus process”
means that not only must a policy be formulated, but it also must be
documented and it must be used throughout the organization.
[FM114.HDA102.HDB102.T101]

Customer

A “customer” is the party (individual, project, or organization)
responsible for accepting the product or for authorizing payment. The
customer is external to the project, but not necessarily external to the
organization. The customer may be a higher level project. Customers
are a subset of stakeholders. [Fm114.HpA102.HDB103.T101]

Stakeholder

A “stakeholder” is a group or individual that is affected by or in some
way accountable for the outcome of an undertaking. Stakeholders may
include project members, suppliers, customers, end users, and others.
[FM114.HDA102.HDB104.T101]

Relevant Stakeholder

The term “relevant stakeholder” is used to designate a stakeholder that
is identified for involvement in specified activities and is included in an
appropriate plan. (See the Plan Stakeholder Involvement specific
practice in the Project Planning process area and the Identify and
Involve Relevant Stakeholders generic practice.) [Fv114.1pba102.HDB105.T101]

Manager

Within the scope of CMMI models, the word “manager” refers to a
person who provides technical and administrative direction and control
to those performing tasks or activities within the manager’s area of
responsibility. The traditional functions of a manager include planning,
organizing, directing, and controlling work within an area of
responsibility. Fm114.HpA102.HDB106.T101]
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Project Manager

In the CMMI Product Suite, a “project manager” is the person
responsible for planning, directing, controlling, structuring, and
motivating the project. The project manager is responsible for satisfying
the customer. [Fm114.HDA102.HDB107.T101]

Senior Manager

The term “senior manager,” when used in a CMMI model, refers to a
management role at a high enough level in an organization that the
primary focus of the person filling the role is the long-term vitality of the
organization, rather than short-term project and contractual concerns
and pressures. A senior manager has authority to direct the allocation
or reallocation of resources in support of organizational process-
improvement effectiveness. (Fm114.Hpa102.HpB108.T101]

A senior manager can be any manager who satisfies this description,
including the head of the organization. Synonyms for “senior manager”
include “executive” and “top-level manager.” However, these synonyms
are not used in CMMI models to ensure consistency and usability.
[FM114.HDA102.HDB108.T102]

Shared Vision

In the CMMI Product Suite, a “shared vision” is a common
understanding of guiding principles including mission, objectives,
expected behavior, values, and final outcomes, which are developed
and used by a group, such as an organization, project, or team.
Creating a shared vision requires that all people in the group have an
opportunity to speak and be heard about what really matters to them.
[FM114.HDA102.HDB109.T101]

Organization

An organization is typically an administrative 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.
However, the word “organization” as used throughout CMMI models
can apply to one person who performs a function in a small organization
that might be performed by a group of people in a large organization.
See the definition of “organizational unit” in Appendix C, the glossary.
[FM114.HDA102.HDB110.T101]
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Enterprise

When CMMI models refer to an “enterprise,” they illustrate the larger
entity not always reached by the word “organization.” Companies may
consist of many organizations in many different locations with different
customers. The word “enterprise” refers to the full composition of
companies. [FM114.HDA102.HDB111.T101]

Development

The word “development,” when used in the CMMI Product Suite, implies
not only development activities, but also maintenance activities.
Projects that benefit from the best practices of CMMI can focus on
maintenance, development, or both. [Fv114Hpat02.HDB112.T101]

Discipline

The word “discipline,” when used in the CMMI Product Suite, refers to
the bodies of knowledge available to you when selecting a CMMI model
(e.g., systems engineering). The CMMI Product Team envisions that
other bodies of knowledge will be integrated into the CMMI Framework.
[FM114.HDA102.HDB113.T101]

Project

In CMMI models, a “project” is a managed set of interrelated resources
that delivers one or more products to a customer or end user. This set
of resources has a definite beginning and end and typically operates
according to a plan. Such a plan is frequently documented and specifies
the product to be delivered or implemented, the resources and funds
used, the work to be done, and a schedule for doing the work. A project
can be composed of projects. [Fm114Hpa102.HDB114.T101]

Product

The word “product” is used throughout the CMMI Product Suite to mean
any tangible output or service that is a result of a process and that is
intended for delivery to a customer or end user. A product is a work
product that is delivered to the customer. [Fw114.Hpa102.HDB115.T101)

Work Product

The term “work product” is used throughout the CMMI Product Suite to
mean any artifact produced by a process. These artifacts can include
files, documents, parts of the product, services, processes,
specifications, and invoices. Examples of processes to be considered
as work products include a manufacturing process, a training process,
and a disposal process for the product. A key distinction between a
work product and a product component is that a work product need not
be engineered or part of the end product. [Fm114.Hpbat02.HDB116.T101)
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In various places in CMMI models, you will see the phrase “work
products and services.” Even though the definition of work product
includes services, this phrase is used to emphasize the inclusion of
services in the discussion. [Fm114.HDA102.HDB116.T102]

Product Component

The term “product component” is used as a relative term in CMMI
models. In CMMI, product components are lower level components of
the product; product components are integrated to “build” the product.
There may be multiple levels of product components. A product
component is any work product that must be engineered (requirements
defined and designs developed and implemented) to achieve the
intended use of the product throughout its life. Fm114.Hpa102.HDB117.T101]

Product components are parts of the product delivered to the customer
and may serve in the manufacture or use of the product. A car engine
and a piston are examples of product components of a car (the
product). The manufacturing process to machine the piston, if delivered
to the customer, is a product component. However, if the manufacturing
process is used to machine the piston delivered to the customer, the
manufacturing process is a work product, not a product component. The
repair process used to remove the engine from the car for repair and
the process used to train the mechanic to repair the engine are typically
examples of product components because they are delivered to the
customer. [FMm114.HDA102.HDB117.T102]

Appraisal

In the CMMI Product Suite, 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. [FM114.HDA102.HDB118.T101]

Assessment

In the CMMI Product Suite, an “assessment” is an appraisal that an
organization does to and for itself for the purposes of process
improvement. The word “assessment” is also used in the CMMI Product
Suite in an everyday English sense (e.g., risk assessment).
[FM114.HDA102.HDB119.T101]

Tailoring Guidelines

Tailoring a process makes, alters, or adapts the process description for
a particular end. For example, a project establishes its defined process
by tailoring from the organization’s set of standard processes to meet
the objectives, constraints, and environment of the project.

[FM114. HDA102.HDB120.T101]

25



CMMI-SW, v1.1
Staged Representation

26

“Tailoring guidelines” are used in CMMI models to enable organizations
to implement standard processes appropriately in their projects. The
organization’s set of standard processes is described at a general level
that may not be directly usable to perform a process. [Fw114.Hpa102.HDB120.7102]

Tailoring guidelines aid those who establish the defined processes for
projects. Tailoring guidelines cover (1) selecting a standard process, (2)
selecting an approved life-cycle model, and (3) tailoring the selected
standard process and life-cycle model to fit project needs. Tailoring
guidelines describe what can and cannot be modified and identify
process components that are candidates for modification.
[FM114.HDA102.HDB120.T103]

Verification

Although “verification” and “validation” at first seem quite similar in
CMMI models, on closer inspection you can see that each addresses
different issues. Verification confirms that work products properly reflect
the requirements specified for them. In other words, verification ensures
that “you built it right.” [Fm114 Hpa102.HDB121.T101]

Validation

Validation confirms that the product, as provided, will fulfill its intended
use. In other words, validation ensures that “you built the right thing.”
[FM114. HDA102.HDB122.T101]

Goal

A “goal’ is a required CMMI component that can be either a generic
goal or a specific goal. When you see the word “goal” in a CMMI model,
it always refers to model components (for example, generic goal,
specific goal). (In Chapter 2, see the definitions of “specific goal” and
“generic goal” and descriptions of how these terms are used in the
CMMI Product Suite.) (Fm114.Hpa102.HDB123.T101]

Objective

When used as a noun in the CMMI Product Suite, the term “objective”
replaces the word “goal” as used in its common everyday sense, since
the word “goal” is reserved for use when referring to the CMMI model
components called “specific goals” and “generic goals.”

[FM114. HDA102.HDB124.T101]
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Quality and Process-Performance Objectives

The phrase “quality and process-performance objectives” covers
objectives and requirements for product quality, service quality, and
process performance. Process performance objectives include product
quality; however, to emphasize the importance of product quality, the
phrase “quality and process-performance objectives” is used in the
CMMI Product Suite rather than just “process performance objectives.”

[FM114.HDA102.HDB125.T101]

Standard

When you see the word “standard” used as a noun in a CMMI model, it
refers to the formal mandatory requirements developed and used to
prescribe consistent approaches to development (for example, 1ISO
standards, IEEE standards, organizational standards). Instead of using
“standard” in its common everyday sense, we chose another term that
means the same thing (for example, typical, traditional, usual,
customary). [FM114.HDA102.HDB126.7101]

CMMI-Specific Terminology

Overview

The following terms were created for CMMI products or are critical to
the understanding of CMMI products. Fw114.Hpa103.7101]

CMMI Product Suite

The “CMMI Product Suite” is the complete set of products developed
around the CMMI concept. These products include the framework itself,
models, appraisal methods, appraisal materials, and various types of
training that are produced from the CMMI Framework.

[FM114.HDA103.HDB101.T101]

CMMI Framework

The “CMMI Framework” is the basic structure that organizes CMMI
components, including common elements of the current CMMI models
as well as rules and methods for generating models, their appraisal
methods (including associated artifacts), and their training materials.
The framework enables new disciplines to be added to CMMI so that
the new disciplines will integrate with the existing ones.
[FM114.HDA103.HDB102.T101]
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CMMI Model

Since the CMMI Framework can generate different models based on
the needs of the organization using it, there are multiple CMMI models.
Consequently, the phrase “CMMI model” could be any one of many
collections of information. The phrase “CMMI models” refers to one,
some, or the entire collection of possible models that can be generated
from the CMMI Framework. [Fm114.HDA103.HDB103.T101]

Peer Review

The term “peer review” is used in the CMMI Product Suite instead of the
term “work product inspection.” Essentially, these terms mean the same
thing. A peer review is the review of work products performed by peers
during development of the work products to identify defects for removal.
[FM114 HDA103.HDB104.T101]

Organization’s Set of Standard Processes

An “organization’s set of standard processes” contains the definitions of
the processes that guide all activities in an organization. These process
descriptions cover the fundamental process elements (and their
relationships to each other) that must be incorporated into the defined
processes that are implemented in projects across the organization. A
standard process enables consistent development and maintenance
activities across the organization and is essential for long-term stability
and improvement. [Fm114.HDA103.HDB105.T101]

The organization’s set of standard processes describes the
fundamental process elements that will be part of the projects’ defined
processes. It also describes the relationships (for example, ordering
and interfaces) between these process elements. [Fm114.1pba103 HDB105.T102)

Process

A “process,” as used in the CMMI Product Suite, consists of activities
that can be recognized as implementations of practices in a CMMI
model. These activities can be mapped to one or more practices in
CMMI process areas to allow a model to be useful for process
improvement and process appraisal. (In Chapter 2, see the definition of
“process area” and a description of how this term is used in the CMMI
Product Suite.) [rm114.Hpa103.HDB106.T101]

Managed Process

A “managed process” is a performed process that is planned and
executed in accordance with policy; employs skilled people having
adequate resources to produce controlled outputs; involves relevant
stakeholders; is monitored, controlled, and reviewed; and is evaluated
for adherence to its process description. [em114.Hpa103.HpB107.T101]
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Defined Process

A “defined process” is a managed process that is tailored from the
organization’s set of standard processes according to the organization’s
tailoring guidelines; has a maintained process description; and
contributes work products, measures, and other process-improvement
information to the organizational process assets. (In Chapters 2 and 4,
see the descriptions of how “defined process” is used in the CMMI
Product Suite.) [em114.Hpa103.HDB108.T101]

A project’s defined process provides a basis for planning, performing,
and improving the project’s tasks and activities. A project may have
more than one defined process (for example, one for developing the
product and another for testing the product). [Fv114.Hpa103.HDB108.T102]

Organizational Process Assets

“Organizational process assets” are artifacts that relate to describing,
implementing, and improving processes (e.g., policies, measurements,
process descriptions, and process implementation support tools). The
term “process assets” is used to indicate that these artifacts are
developed or acquired to meet the business objectives of the
organization, and they represent investments by the organization that
are expected to provide current and future business value.

[FM114. HDA103.HDB109.T101]

The organizational process assets that are described in CMMI models
include the following: [Fm114.HbA103.HDB109.T102]

¢ Organization’s set of standard processes, including the process
architectures and process elements

o Descriptions of life-cycle models approved for use

e Guidelines and criteria for tailoring the organization’s set of
standard processes

¢ Organization’s measurement repository

o Organization’s process asset library

In addition, some process areas mention two additional organizational
process assets: the organization’s process performance baselines and
the organization’s process performance models. [Fm114.HpA103.HDB109.T103]

Process Architectures

“Process architecture” describes the ordering, interfaces,
interdependencies, and other relationships among the process
elements in a standard process. Process architecture also describes
the interfaces, interdependencies, and other relationships between
process elements and external processes (for example, contract
management). [FM114.HDA103.HDB110.7101]
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Product Life Cycle

A “product life cycle” is the period of time, consisting of phases, that
begins when a product is conceived and ends when the product is no
longer available for use. Since an organization may be producing
multiple products for multiple customers, one description of a product
life cycle may not be adequate. Therefore, the organization may define
a set of approved product life-cycle models. These models are typically
found in published literature and are likely to be tailored for use in an
organization. [Fv114.HpA103.HDB111.T101]

A product life cycle could consist of the following phases: (1)
concept/vision, (2) feasibility, (3) design/development, (4) production,
and (5) phase out. (Fm114.HpA103.HDB111.T102]

Organization’s Measurement Repository

The “organization’s measurement repository” is a repository used to
collect and make available measurement data on processes and work
products, particularly as they relate to the organization’s set of standard
processes. This repository contains or references actual measurement
data and related information needed to understand and analyze the
measurement data. [Fm114.HpA103.HDB112.T101]

Examples of process and work product data include estimated size of
work products, effort estimates, and cost estimates; actual size of work
products, actual effort expended, and actual costs; peer review
efficiency and coverage statistics; and the number and severity of
defects. [Fm114.HDA103.HDB112.T102]

Organization’s Process Asset Library

The “organization’s process asset library” is a library of information
used to store and make available process assets that are potentially
useful to those who are defining, implementing, and managing
processes in the organization. This library contains process assets such
as documents, document fragments, process implementation aids, and
other artifacts. Fm114.Hpa103.HDB113.T101]

Examples of process-related documentation include policies, defined
processes, checklists, lessons-learned documents, templates,
standards, procedures, plans, and training materials. This library is an
important resource that can help reduce the effort in using processes.
[FM114.HDA103.HDB113.T102]

Overview



Overview

CMMI-SW, v1.1
Staged Representation

Document

A “document” is a collection of data, regardless of the medium on which
it is recorded, that generally has permanence and can be read by
humans or machines. So, documents include both paper and electronic
documents. [Fm114.HDA103.HDB114.T101]
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4 Common Features, Generic Goals, and
Generic Practices

Overview

This chapter discusses generic goals, generic practices, common
features, and institutionalization. Since you have chosen the staged
representation, this chapter provides the generic practices organized by
common feature. Common features are model components that are
unique to the staged representation. Fmi22+pato1.1101)

The generic goals and practices enable the organization to
institutionalize best practices. Therefore, the discussion of
institutionalization can also serve as a summary of the generic goals
and practices. [FM122.HDA101.T102]

The organization can achieve progressive improvements in its maturity
by first achieving stability at the project level and continuing to the most
advanced-level, organization-wide continuous process improvement
using both quantitative and qualitative data to make decisions.
[FM122.HDA101.T103]

Characteristics of Institutionalization

Overview

Institutionalization is a critical aspect of process improvement and is an
important concept within each maturity level. When mentioned below in
the maturity level descriptions, institutionalization implies that the
process is ingrained in the way the work is performed. (Fm122.Hpa102.7101]

A managed process is institutionalized by doing the following:
[FM122.HDA102.T102]

e Adhering to organizational policies
e Following established plans and process descriptions

e Providing adequate resources (including funding, people, and
tools)

e  Assigning responsibility and authority for performing the process
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e Training the people performing and supporting the process

e Placing designated work products under appropriate levels of
configuration management

e |dentifying and involving relevant stakeholders

e  Monitoring and controlling the performance of the process against
the plans for performing the process and taking corrective actions

e  Obijectively evaluating the process, its work products, and its
services for adherence to the process descriptions, objectives, and
standards, and addressing nhoncompliance

o Reviewing the activities, status, and results of the process with
higher level management, and taking corrective action

A defined process is institutionalized by doing the following:
[FM122.HDA102.T103]

e Addressing the items that institutionalize a managed process

o Establishing the description of the defined process for the project
or organizational unit

o  Collecting work products, measures, and improvement information
derived from planning and performing the defined process

A quantitatively managed process is institutionalized by doing the
following: (Fm122.HDA102.T104)

e Addressing the items that institutionalize a defined process

e  Controlling the process using statistical and other quantitative
techniques such that product quality, service quality, and process
performance attributes are measurable and controlled throughout
the project

An optimizing process is institutionalized by doing the following:
[FM122.HDA102.T105]

e Addressing the items that institutionalize a quantitatively managed
process

e Improving the process based on an understanding of the common
causes of variation inherent in the process such that the process
focuses on continually improving the range of process performance
through both incremental and innovative improvements
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In the staged representation, each process area has only one generic
goal. A generic goal describes what institutionalization must be
achieved to satisfy a process area. The generic goal that a process
area contains depends on what maturity level the process area belongs
to. Each process area at maturity level 2 contains the following generic
goal: [FM122.HDA105.T101]

GG 2 Institutionalize a Managed Process

The process is institutionalized as a managed process.

Each process area at maturity level 3 or higher contains the following
generic goal: [Fm122.HpA105.T102]

GG3 Institutionalize a Defined Process

The process is institutionalized as a defined process.

Overview

The numbering given to these generic goals (and also to the generic
practices) reflects the particular capability level they are associated with
in the continuous representation. The same numbering is used in the
staged representation to maintain traceability between the two
representations. [FM122.HDA105.7103]

When a process is institutionalized as a defined process, the items
essential to a managed process are also addressed. Thus, GG 3
implies GG 2. In process areas at maturity level 3 and higher, only GG
3 appears. However, the generic practices that appear under GG 2 also
appear under GG 3 as well as the generic practices unique to GG 3. All
of these generic practices appear under GG 3 grouped by the common
features. [FM122.HDA105.T104]

The organization’s set of standard processes should collectively cover
all processes needed by the organization and projects, including those
processes addressed at maturity level 2. Therefore, GG 3 is not
required for maturity level 2, but is required for maturity level 3 and
above. For example, when you achieve maturity level 3, you must apply
GG 3 to the maturity level 2 process areas. [Fm122.Hpa105.7105]
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Common Features

Common features are predefined attributes that group generic practices
into categories. Common features are model components that are not
rated in any way. They are only groupings that provide a way to present
the generic practices. [Fm122.Hpa103.T101]

There are four common features used in CMMI models with a staged
representation: Commitment to Perform, Ability to Perform, Directing
Implementation, and Verifying Implementation. Fm1221pat03 1102

Commitment to Perform (CO) groups the generic practices related to
creating policies and securing sponsorship. [Fm122Hpa103.T104]

Ability to Perform (AB) groups the generic practices related to ensuring
that the project and/or organization has the resources it needs.
[FM122.HDA103.T105]

Directing Implementation (DI) groups the generic practices related to
managing the performance of the process, managing the integrity of its
work products, and involving relevant stakeholders. [Fv122.Hpa103.7106]

Verifying Implementation (VE) groups the generic practices related to
review by higher level management and objective evaluation of
conformance to process descriptions, procedures, and standards.
[FM122.HDA103.T107]

In the following section, generic practices are listed by their common
feature categories. This section also contains subpractices and other
informative model components that clarify the generic practice
statements found in the process areas. These details of the generic
practices do not appear in the process areas. [Fm122.Hpa103.T103]

Generic Practices Listed by Common Feature

36

Generic practices appear at the end of each process area, follow the
generic goal, and are grouped by the common features. Generic
practice elaborations may appear after generic practices to show how
the generic practices should uniquely be applied to the process area.
[FM122.HDA104.T101]

Although this information is applied throughout the CMMI models in
multiple process areas, the entire text of each generic practice is not
repeated in every process area (e.g., subpractices and work products
are omitted). Instead, only the generic practice titles and statements
appear in each process area. As you apply generic practices within
each process area, refer to this section for the details of these generic
practices. [FM122.HDA104.T102]

Overview



CMMI-SW, v1.1
Staged Representation

Within the common feature categories below, you will find generic
practices with different numbering. Some begin with GP 2 and others
begin with GP 3. The generic practices that begin with GP 2 apply to
process areas at maturity levels 2 through 5. The generic practices that
begin with GP 3 also apply to process areas at maturity levels 2 through
5. However they are not expected to be performed until after the
organization has reached maturity level 2 and is addressing maturity
level 3 or higher. [Fm122HpA104.T104)

Only the generic practices that apply to the staged representation
appear in this chapter. There are other generic practices that are used
by the continuous representation. These generic practices are
associated with capability levels 1, 4, and 5, and are found in chapter 4
of the continuous representation. [Fm122.1pat04.1103]

Commitment to Perform

GP 2.1 Establish an Organizational Policy

Establish and maintain an organizational policy for planning and
performing the process.

The purpose of this generic practice is to define the organizational
expectations for the process and make these expectations visible to
those in the organization who are affected. In general, senior
management is responsible for establishing and communicating guiding
principles, direction, and expectations for the organization. (crio3

Not all direction from senior management will bear the label “policy.”
The existence of appropriate organizational direction is the expectation
of this generic practice, regardless of what it is called or how it is
imparted. (ep103.N101]

Ability to Perform

GP 2.2 Plan the Process

Establish and maintain the plan for performing the process.

The purpose of this generic practice is to determine what is needed to
perform the process and achieve the established objectives, to prepare
a plan for performing the process, to prepare a process description, and
to get agreement on the plan from relevant stakeholders. (cr104
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Requirements for the process's specified work products and for
performing the work may be derived from other requirements. In the
case of a project’s processes, they may come from that project’s
requirements management process; in the case of an organization’s
process, they may come from organizational sources. [cr10a.n101]

The objectives for the process may be derived from other plans (e.g.,
the project plans). Included are objectives for the specific situation,
including quality, cost, and schedule objectives. For example, an
objective might be to reduce the cost of performing a process for this
implementation over the previous implementation. (cr1oa.n102

Although a generic practice, by definition, applies to all process areas,
the practical implications of applying a generic practice vary for each
process area. Consider two examples that illustrate these differences
as they relate to planning the process. First, the planning described by
this generic practice as applied to the Project Monitoring and Control
process area may be carried out in full by the processes associated
with the Project Planning process area. In such a situation, the generic
practice imposes no additional expectations for planning. Second, the
planning described by this generic practice as applied to the Project
Planning process area typically would not be addressed by the
processes associated with other process areas in the model. Therefore,
the generic practice sets an expectation that the project planning
process itself be planned. It is important to be aware of the extent to
which this generic practice may either reinforce expectations set
elsewhere in the model, or set new expectations that should be
addressed. [cP104.N105]

Establishing a plan includes documenting the plan and providing a
process description. Maintaining the plan includes changing it as
necessary, in response to either corrective actions or to changes in
requirements and objectives for the process. [cp104N103]

The plan for performing the process typically includes the following:
[GP104.N106]

e  Process description
e  Standards for the work products and services of the process
¢ Requirements for the work products and services of the process

e  Specific objectives for the performance of the process (e.g., quality,
time scale, cycle time, and resource usage)

e Dependencies among the activities, work products, and services of
the process

e Resources (including funding, people, and tools) needed to
perform the process

e Assignment of responsibility and authority
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Training needed for performing and supporting the process

Work products to be placed under configuration management and
the level of configuration management for each item

Measurement requirements to provide insight into the performance
of the process, its work products, and its services

Involvement of identified stakeholders
Activities for monitoring and controlling the process

Objective evaluation activities for the process and the work
products

Management review activities for the process and the work
products

Subpractices

1.

Obtain management sponsorship for performing the process.
[GP104.SubP101]

Define and document the process description. cp104.subp102]

The process description, which includes relevant standards and procedures, may
be included as part of the plan for performing the process or may be included in
the plan by reference. (epios.supio2n101]

Define and document the plan for performing the process.
[GP104.SubP103]

This plan may be a stand-alone document, embedded in a more comprehensive
document, or distributed across multiple documents. In the case of the plan being
distributed across multiple documents, ensure that a coherent picture is preserved
of who does what. Documents may be hardcopy or softcopy. sp104.subp103.N102)

Review the plan with relevant stakeholders and get their
agreement. [eP104.5ubP104]

This includes reviewing that the planned process satisfies the applicable policies,
plans, requirements, and standards to provide assurance to relevant
stakeholders. [cr104.subP104.N101]

Revise the plan as necessary. cp104.subP105]

Provide Resources

Provide adequate resources for performing the process,
developing the work products, and providing the services of the
process.
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GP 2.4

GP 2.5

The purpose of this generic practice is to ensure that the resources
necessary to perform the process as defined by the plan are available
when they are needed. Resources include adequate funding,
appropriate physical facilities, skilled people, and appropriate tools.
[GP105]

The interpretation of the term “adequate” depends on many factors and
may change over time. Inadequate resources may be addressed by
increasing resources or by removing requirements, constraints, and
commitments. er105.n101]

Assign Responsibility

Assign responsibility and authority for performing the process,
developing the work products, and providing the services of the
process.

The purpose of this generic practice is to ensure that there is
accountability throughout the life of the process for performing the
process and achieving the specified results. The people assigned must
have the appropriate authority to perform the assigned responsibilities.
[GP106]

Responsibility can be assigned using detailed job descriptions or in
living documents, such as the plan for performing the process. Dynamic
assignment of responsibility is another legitimate way to perform this
generic practice, as long as the assignment and acceptance of
responsibility are ensured throughout the life of the process. crios.n101)

Subpractices

1. Assign overall responsibility and authority for performing the
Process. [GP106.subP101]

2. Assign responsibility for performing the specific tasks of the
Process. [GP106.subP102]

3. Confirm that the people assigned to the responsibilities and
authorities understand and accept them. (cr106.subp103]

Train People

Train the people performing or supporting the process as needed.

The purpose of this generic practice is to ensure that the people have
the necessary skills and expertise to perform or support the process.
[GP107]
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Appropriate training is provided to the people who will be performing the
work. Overview training is provided to orient people who interact with
those performing the work. cr107.n101]

Examples of methods for providing training include: self study; self-
directed training; self-paced, programmed instruction; formalized on-
the-job training; mentoring; and formal and classroom training. [ep107.n104

Training supports the successful performance of the process by
establishing a common understanding of the process and by imparting
the skills and knowledge needed to perform the process. (er107.n103]

Establish a Defined Process

Establish and maintain the description of a defined process.

The purpose of this generic practice is to establish and maintain a
description of the process that is tailored from the organization's set of
standard processes to address the needs of a specific instantiation. The
organization should have standard processes that cover the process
area, as well as have guidelines for tailoring these standard processes
to meet the needs of a project or organizational function. With a defined
process, variability in how the processes are performed across the
organization is reduced and process assets, data, and learning can be
effectively shared. (cr114

Refer to the Organizational Process Definition process area for more
information about the organization's set of standard processes and
tailoring guidelines. cr114.r101]

The descriptions of the defined processes provide the basis for
planning, performing, and managing the activities, work products, and
services associated with the process. [ep114N102)

Subpractices

1. Select from the organization’s set of standard processes those
processes that cover the process area and best meet the needs of
the project or organizational function. (cr114.subp101]

2. Establish the defined process by tailoring the selected processes
according to the organization’s tailoring guidelines. (cr114.subp10z]

3. Ensure that the organization’s process objectives are appropriately
addressed in the defined process. [cp114.5ubP103]

4. Document the defined process and the records of the tailoring.
[GP114.SubP104]

5. Revise the description of the defined process as necessary.
[GP114.SubP106]
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GP 2.6 Manage Configurations

Place designated work products of the process under appropriate
levels of configuration management.

The purpose of this generic practice is to establish and maintain the
integrity of the designated work products of the process (or their
descriptions) throughout their useful life. cr1o9

Refer to the Configuration Management process area for more
information on placing work products under configuration management.
[GP109.R101]

The designated work products are specifically identified in the plan for
performing the process, along with a specification of the level of
configuration management. (cr1os.N101]

Different levels of configuration management are appropriate for
different work products and for different points in time. For some work
products, it may be sufficient to maintain version control (i.e., the
version of the work product in use at a given time, past or present, is
known and changes are incorporated in a controlled manner). Version
control is usually under the sole control of the work product owner
(which may be an individual, a group, or a team). ep109n102]

Sometimes, it may be critical that work products be placed under formal
or “baseline” configuration management. This type of configuration
management includes defining and establishing baselines at
predetermined points. These baselines are formally reviewed and
agreed on, and serve as the basis for further development of the
designated work products. [cr109.n104]

Additional levels of configuration management between version control
and formal configuration management are possible. An identified work
product may be under various levels of configuration management at
different points in time. cr1oo.n103

GP 2.7 Identify and Involve Relevant Stakeholders

Identify and involve the relevant stakeholders as planned.

The purpose of this generic practice is to establish and maintain the
expected involvement of stakeholders during the execution of the
Process. [cr124]
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Involve relevant stakeholders as described in an appropriate plan for
stakeholder involvement. Involve them appropriately in activities such
as the following: ep124.n101]

e Planning

e Decisions

e  Communications

e Coordination

e Reviews

e Appraisals

e  Requirements definitions

¢ Resolution of problems/issues

Refer to the Project Planning process area for information on the project
planning for stakeholder involvement. (cp124.n101.R101)

The objective of planning the stakeholder involvement is to ensure that
interactions necessary to the process are accomplished, while not
allowing excessive numbers of affected groups and individuals to
impede process execution. [cpi2a.N102]

Subpractices

1. Identify stakeholders relevant to this process and decide what type
of involvement should be practiced. ep124.subp101)

Relevant stakeholders are identified among the suppliers of inputs to, the users of
outputs from, and the performers of the activities within the process. Once the
relevant stakeholders are identified, the appropriate level of their involvement in
process activities is planned. ep124.subp101.N101)

2. Share these identifications with project planners or other planners
as appropriate. [cp124.subp102]

3. Involve relevant stakeholders as planned. (cri24.sup103]

Monitor and Control the Process

Monitor and control the process against the plan for performing
the process and take appropriate corrective action.

The purpose of this generic practice is to perform the direct day-to-day
monitoring and controlling of the process. Appropriate visibility into the
process is maintained so that appropriate corrective action can be taken
when necessary. Monitoring and controlling the process involves
measuring appropriate attributes of the process or work products
produced by the process. [er110]
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Refer to the Project Monitoring and Control process area for more
information about monitoring and controlling the project and taking
corrective action. [cp110.r102]

Refer to the Measurement and Analysis process area for more
information about measurement. [cr110r101]

Subpractices

1. Measure actual performance against the plan for performing the
Process. [GpP110.subP101]

The measures are of the process, its work products, and its services.
[GP110.SubP101.N101]

2. Review accomplishments and results of the process against the
plan for performing the process. cr110.sup102]

3. Review activities, status, and results of the process with the
immediate level of management responsible for the process and
identify issues. The reviews are intended to provide the immediate
level of management with appropriate visibility into the process.
The reviews can be both periodic and event driven. [ep110.susp1os]

4. ldentify and evaluate the effects of significant deviations from the
plan for performing the process. cr110.sup104]

5. Identify problems in the plan for performing the process and in the
execution of the process. (cr110.sup105]

6. Take corrective action when requirements and objectives are not
being satisfied, when issues are identified, or when progress differs
significantly from the plan for performing the process. cr110.sup106]

There are inherent risks that should be considered before any of the corrective
actions are taken. [cp110.suP106.N102]

Corrective action may include the following: ap110.suptosnton

o Taking remedial action to repair defective work products or services

o Changing the plan for performing the process

o Adjusting resources, including people, tools, and other resources

o Negotiating changes to the established commitments

e Securing change to the requirements and objectives that have to be satisfied
o Terminating the effort

7. Track corrective action to closure. [ep110.sup107]
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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.

The purpose of this generic practice is to collect information and
artifacts derived from planning and performing the process. This generic
practice is performed so that the information and artifacts can be
included in the organizational process assets and made available to
those who are (or who will be) planning and performing the same or
similar processes. The information and artifacts are stored in the
organization’s measurement repository and the organization’s process
asset library. ep117

Examples of relevant information include the effort expended for the various activities,
defects injected or removed in a particular activity, and lessons learned. ep117n101

Refer to the Organizational Process Definition process area for more
information about the organization’s measurement repository and
process asset library and for more information about the work products,
measures, and improvement information that are incorporated into
these organizational process assets. [cp117.n101.R101]

Subpractices

1. Store process and product measures in the organization's
measurement repository. (ep117.subp102]

The process and product measures are primarily those that are defined in the
common set of measures for the organization’s set of standard processes.
[GP117.SubP102.N101]

2. Submit documentation for inclusion in the organization’s process
asset library. (ep117.subP103]

3. Document lessons learned from the process for inclusion in the
organization’s process asset library. ep117.subp104)

4. Propose improvements to the organizational process assets.
[GP117.SubP101]
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GP 2.9

GP 2.10

Objectively Evaluate Adherence

Objectively evaluate adherence of the process against its process
description, standards, and procedures, and address
noncompliance.

The purpose of this generic practice is to provide credible assurance
that the process is implemented as planned and adheres to its process
description, standards, and procedures. See the definition of
“objectively evaluate” in Appendix C, the glossary. cr113]

People not directly responsible for managing or performing the activities
of the process typically evaluate adherence. In many cases, adherence
is evaluated by people within the organization, but external to the
process or project, or by people external to the organization. As a
result, credible assurance of adherence can be provided even during
times when the process is under stress (e.g., when the effort is behind
schedule or over budget). (er113.N101)

Refer to the Process and Product Quality Assurance process area for
more information about objectively evaluating adherence. cr113.n101.R101]

Review Status with Higher Level Management

Review the activities, status, and results of the process with
higher level management and resolve issues.

The purpose of this generic practice is to provide higher level
management with the appropriate visibility into the process. cr112)

Higher level management includes those levels of management in the
organization above the immediate level of management responsible for
the process. In particular, higher level management includes senior
management. These reviews are for managers who provide the policy
and overall guidance for the process, not for those who perform the
direct day-to-day monitoring and controlling of the process. cr112.n102)

Different managers have different needs for information about the
process. These reviews help ensure that informed decisions on the
planning and performing of the process can be made. Therefore, these
reviews are expected to be both periodic and event driven. er112n101)
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5 Framework Interactions

The CMMI Product Suite was developed using a consensus-based
approach to identifying and describing best practices in a variety of
disciplines. Successful process-improvement initiatives must be driven
by the business objectives of the organization. 1027103

For example, a common business objective is to reduce the time it
takes to get a product to market. The process-improvement objective
derived from that might be to improve the Project Management
processes to ensure on-time delivery and would be those found in the
Project Planning and Project Monitoring and Control process areas.
[FM102.T106]

In this chapter, interactions among process areas are described that
help you to see the enterprise view of process improvement. The
process areas discussed and illustrated include the IPPD and supplier
sourcing material that is specific to models that include the IPPD and
supplier sourcing disciplines. If you are not using a model that includes
IPPD or supplier sourcing, you may ignore the material that is specific
to these disciplines. Whenever possible, a statement is provided to let
you know which information is specific to IPPD or supplier sourcing.
[FM102.T101]

Where the Integrated Project Management (IPM) process area is
mentioned in this chapter, it will refer to IPM for IPPD. Interactions of
the IPM for IPPD process area with the Integrated Teaming (IT) and
Organizational Environment for Integration (OEI) are described in this
chapter. These process areas (IT and OEI) are only included in Chapter
7 if you have chosen IPPD. The Integrated Supplier Management (ISM)
process area is only included in Chapter 7 if you have chosen supplier
sourcing. [Fm102.1102]

Four Categories of CMMI Process Areas

Process areas can be grouped into four categories: [Fm102Hpat101.T102]

e  Process Management
e  Project Management

e Engineering
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e  Support

Although we are grouping process areas this way to discuss their
interactions, process areas often interact and have an effect on one
another regardless of their defined group. For example, the Decision
Analysis and Resolution process area provides specific practices
addressing formal evaluation that are used in the Technical Solution
process area for selecting a technical solution from alternative
solutions. Technical Solution is an Engineering process area and
Decision Analysis and Resolution is a Support process area.
[FM102.HDA101.T103]

The Engineering process areas are written in a general engineering
terminology so any technical discipline involved in the product
development process (e.g., software engineering, mechanical
engineering) can use them for process improvement. The Process
Management, Project Management, and Support process areas also
apply to all such disciplines, as well as others. [Fm102.1pa101.1105]

You must be aware of the interactions that exist among CMMI model

components to apply the model in a useful and productive way. The
following sections describe those interactions. [Fm102Hpa101.T106)

Process Management

The Scope of Process Management

Process Management process areas contain the cross-project activities
related to defining, planning, resourcing, deploying, implementing,
monitoring, controlling, appraising, measuring, and improving
Processes. [Fm102.HDA102.HDB101.7102]

Remember to focus on the information relevant to your organization and
included in the model you are using. [Fm102.HpA102.HDB101.T103]

The Process Management process areas of CMMI are as follows:
[FM102.HDA102.HDB101.T104]

e  Organizational Process Focus

¢  Organizational Process Definition

e  Organizational Training

e Organizational Process Performance

e  Organizational Innovation and Deployment

To describe the interactions among the Process Management process
areas, it is most useful to address them in two process area groups:
[FM102.HDA102.HDB101.T105]
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e The basic Process Management process areas are Organizational
Process Focus, Organizational Process Definition, and
Organizational Training.

e The advanced Process Management process areas are
Organizational Process Performance and Organizational
Innovation and Deployment.

Basic Process Management Process Areas

The basic Process Management process areas provide the organization
with a basic capability to document and share best practices,
organizational process assets, and learning across the organization.
[FM102.HDA102.HDB102.T101]

Figure 2 provides a bird’s-eye view of the interactions among the basic
Process Management process areas and with other process area
categories.4 [FM102.HDA102.HDB102.7102]
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Figure 2: Basic Process Management Process Areas
[FM102.HDA102.HDB102.T103]

* See Appendix B for a complete list of process area abbreviations.
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As illustrated in Figure 2, the Organizational Process Focus process
area helps the organization to plan and implement organizational
process improvement based on an understanding of the current
strengths and weaknesses of the organization’s processes and process
assets. Candidate improvements to the organization’s processes are
obtained through various means. These include process-improvement
proposals, measurement of the processes, lessons learned in
implementing the processes, and results of process appraisal and
product evaluation activities. [Fv102Hpa102.HDB102.T104]

The Organizational Process Definition process area establishes and
maintains the organization’s set of standard processes and other assets
based on the process needs and objectives of the organization. These
other assets include descriptions of processes and process elements,
descriptions of life-cycle models, process tailoring guidelines, process-
related documentation, and data. Projects tailor the organization’s set of
standard processes to create their defined processes. The other assets
support tailoring as well as implementation of the defined processes.
Experiences and work products from performing these defined
processes, including measurement data, process descriptions, process
artifacts, and lessons learned, are incorporated as appropriate into the
organization’s set of standard processes and other assets.
[FM102.HDA102.HDB102.T105]

The Organizational Training process area identifies the strategic
training needs of the organization as well as the tactical training needs
that are common across projects and support groups. In particular,
training is developed or obtained that develops the skills required to
perform the organization’s set of standard processes. The main
components of training include a managed training-development
program, documented plans, personnel with appropriate knowledge,
and mechanisms for measuring the effectiveness of the training
program. [FM102.HDA102.HDB102.T108]

Advanced Process Management Process Areas

The advanced Process Management process areas provide the
organization with an advanced capability to achieve its quantitative
objectives for quality and process performance. [m102HpA102.HDB103.T101]
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Figure 3 provides a bird’s-eye view of the interactions among the
advanced Process Management process areas and with other process
area categories.’ Each of the advanced Process Management process
areas is strongly dependent on the ability to develop and deploy
process and supporting assets. The basic Process Management
process areas provide this ability. Thus, you should not try to reach a
capability level for an advanced Process Management process area (up
through capability level 3) prior to achieving that same capability level
for all of the basic Process Management process areas.
[FM102.HDA102.HDB103.T103]
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Figure 3: Advanced Process Management Process Areas

[FM102.HDA102.HDB103.T105]

As illustrated in Figure 3, the Organizational Process Performance
process area derives quantitative objectives for quality and process
performance from the organization’s business objectives. The
organization provides projects and support groups with common
measures, process performance baselines, and process performance
models. These additional organizational support assets support
quantitative project management and statistical management of critical
subprocesses for both projects and support groups. The organization
analyzes the process performance data collected from these defined
processes to develop a quantitative understanding of product quality,
service quality, and process performance of the organization’s set of
standard processes. [Fm102.HDA102.HDB103.T106]

3 See Appendix B for a complete list of process area abbreviations.
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Project Management

The Organizational Innovation and Deployment process area selects
and deploys proposed incremental and innovative improvements that
improve the organization’s ability to meet its quality and process-
performance objectives. The identification of promising incremental and
innovative improvements should involve the participation of an
empowered workforce aligned with the business values and objectives
of the organization. The selection of improvements to deploy is based
on a quantitative understanding of the potential benefits and costs from
deploying candidate improvements, and the available funding for such
deployment. [Fm102.HDA102.HDB103.T107]

52

The Scope of Project Management

Project Management process areas cover the project management
activities related to planning, monitoring, and controlling the project.
[FM102.HDA103.HDB101.T107]

Remember to focus on the information relevant to your organization and
included in the model you are using. [Fm102.HpA103.HDB101.T108]

The Project Management process areas of CMMI are as follows:
[FM102.HDA103.HDB101.T110]

e Project Planning
e  Project Monitoring and Control
e  Supplier Agreement Management

e Integrated Project Management for IPPD (or Integrated Project
Management)

e Risk Management
e Integrated Teaming
e Integrated Supplier Management

¢ Quantitative Project Management

To describe the interactions among the Project Management process
areas, it is most useful to address them in two process area groups:
[FM102.HDA103.HDB101.T104]

e The basic Project Management process areas are Project
Planning, Project Monitoring and Control, and Supplier Agreement
Management.

e The advanced Project Management process areas are Integrated
Project Management for IPPD, Risk Management, Integrated
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Teaming, Quantitative Project Management, and Integrated
Supplier Management.

Basic Project Management Process Areas

The basic Project Management process areas address the basic
activities related to establishing and maintaining the project plan,
establishing and maintaining commitments, monitoring progress against
the plan, taking corrective action, and managing supplier agreements.
[FM102.HDA103.HDB102.T101]

Figure 4 provides a bird’s-eye view of the interactions among the basic
Project Management process areas and with other process area
categories.6 [FM102.HDA103.HDB102.T102]
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Figure 4: Basic Project Management Process Areas

[FM102.HDA103.HDB102.T104]

As illustrated in Figure 4, the Project Planning process area includes
developing the project plan, involving stakeholders appropriately,
obtaining commitment to the plan, and maintaining the plan. When
using an IPPD approach, stakeholders represent not just the technical
expertise for product and process development, but also the business
implications of the product and process development.
[FM102.HDA103.HDB102.T106]

® See Appendix B for a complete list of process area abbreviations.
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Planning begins with requirements that define the product and project
(“What to Build” in the figure). The project plan covers the various
project management and engineering activities that will be performed by
the project. The project will review other plans that affect the project
from various relevant stakeholders and establish commitments with
those relevant stakeholders for their contributions to the project. For
example, these plans cover process appraisals, product evaluations,
configuration management, and measurement and analysis.
[FM102.HDA103.HDB102.T107]

The Project Monitoring and Control process area includes monitoring
activities and taking corrective action. The project plan specifies the
appropriate level of project monitoring, the frequency of progress
reviews, and the measures used to monitor progress. Progress is
primarily determined by comparing progress to the plan. When actual
status deviates significantly from the expected values, corrective
actions are taken as appropriate. These actions may include re-
planning. [Fv102.HbA103.HDB102.T108]

The Supplier Agreement Management process area addresses the
need of the project to effectively acquire those portions of work that are
produced by suppliers. Once a product component is identified and the
supplier who will produce it is selected, a supplier agreement is
established and maintained that will be used to manage the supplier.
The supplier’'s progress and performance are monitored. Acceptance
reviews and tests are conducted on the supplier-produced product
Component. [FM102.HDA103.HDB102.7109]

Advanced Project Management Process Areas

The advanced Project Management process areas address activities
such as establishing a defined process that is tailored from the
organization’s set of standard processes, coordinating and collaborating
with relevant stakeholders (including suppliers), risk management,
forming and sustaining integrated teams for the conduct of projects, and
quantitatively managing the project’s defined process.
[FM102.HDA103.HDB103.T102]

Figure 5 provides a bird’s-eye view of the interactions among the
advanced Project Management process areas and with other process
area categories. Each of the advanced Project Management process
areas is strongly dependent on the ability to plan, monitor, and control
the project. The basic Project Management process areas provide this
ability.7 [FM102.HDA103.HDB103.T103]

" See Appendix B for a complete list of process area abbreviations.
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Figure 5: Advanced Project Management Process Areas
[FM102.HDA103.HDB103.T105]

Both versions of the Integrated Project Management process area (IPM
and IPM for IPPD) establish and maintain the project’s defined process
that is tailored from the organization’s set of standard processes. The
project is managed using the project’s defined process. The project
uses and contributes to the organization’s process assets.
[FM102.HDA103.HDB103.T108]

The project ensures that the relevant stakeholders associated with the
project coordinate their efforts in a timely manner. It does this by
providing for the management of stakeholder involvement; the
identification, negotiation, and tracking of critical dependencies; and the
resolution of coordination issues within the project with relevant
stakeholders. Fm102.HDA103.HDB103.T110]

The following paragraph is only applicable to models containing IPPD.
[FM102.HDA103.HDB103.T120]
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The Integrated Project Management for IPPD process area also creates
the shared vision for the project. This shared vision should align both
horizontally and vertically with both the organization’s and integrated
team’s shared visions, created in the Organizational Environment for
Integration and Integrated Teaming process areas, respectively. These
shared visions collectively support the coordination and collaboration
among stakeholders. Finally, the Integrated Project Management for
IPPD process area implements an integrated team structure to perform
the work of the project in developing a product. This team structure is
typically based on the decomposition of the product itself, much like a
work breakdown structure. This activity is accomplished in conjunction
with the Integrated Teaming process area. (Fm102.HDA103.HDB103.T111]

Although risk identification and monitoring are covered in the Project
Planning and Project Monitoring and Control process areas, the Risk
Management process area takes a more continuing, forward-looking
approach to managing risks with activities that include identification of
risk parameters, risk assessments, and risk handling.
[FM102.HDA103.HDB103.T112]

The Quantitative Project Management process area applies quantitative
and statistical techniques to manage process performance and product
quality. Quality and process-performance objectives for the project are
based on those established by the organization. The project’s defined
process comprises, in part, process elements and subprocesses whose
process performance can be predicted. At a minimum, the process
variation experienced by subprocesses that is critical to achieving the
project’s quality and process-performance objectives is understood.
Corrective action is taken when special causes of process variation are
identified. See the definition of “special cause of process variation” in
Appendix C, the glossary. [Fv102.Hpa103.HDB103.T114]

The following paragraph is only applicable to models containing IPPD.
[FM102.HDA103.HDB103.T121]

The specific practices in the Integrated Teaming process area provide
for the formation and sustainment of each integrated team. Part of
sustaining the team is developing the integrated team’s shared vision,
which must align with the project’s and organization’s shared visions,
developed in the Integrated Project Management for IPPD and
Organizational Environment for Integration process areas, respectively.
The specific practices in the Organizational Environment for Integration
and Integrated Teaming process areas then set the environment for
enabling integrated teamwork. In addition, the Integrated Teaming
process area interacts with other Project Management processes by
supplying team commitments, work plans, and other information that
forms the basis for managing the project and supporting risk
management. [FM102.HDA103.HDB103.7116]
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The following paragraphs are only applicable to models containing
supplier sourcing. [Fm102.HDA103 HDB103.T122]

The Integrated Supplier Management process area proactively
identifies sources of products that may be used to satisfy project
requirements and monitors selected supplier work products and
processes while maintaining a cooperative project-supplier relationship.
The specific practices of the Integrated Supplier Management process
area cover selecting potential sources of products, evaluating those
sources to select suppliers, monitoring selected supplier processes and
work products, and revising the supplier agreement or relationship as
appropriate. The Integrated Supplier Management process area works
closely with the Supplier Agreement Management process area during
the supplier selection process. Integrated Supplier Management also
shares monitoring information with the Engineering and Support
process areas in the form of technical solution, product integration, and
validation data as well as process and product quality assurance and
configuration management data. [Fm102.HpA103.HDB103.T123]

Overview

The Scope of Engineering

Engineering process areas cover the development and maintenance
activities that are shared across engineering disciplines (e.g., systems
engineering and software engineering). The six process areas in the
Engineering process area category have inherent interrelationships.
These interrelationships stem from applying a product development
process rather than discipline-specific processes such as software
engineering or systems engineering. [Fm102.HpA104.HDB101.7101]

Remember to focus on the information relevant to your organization and
included in the model you are using. [Fm102.HpbA104.HDB101.T103]

The Engineering process areas of CMMI are as follows:
[FM102.HDA104.HDB101.T102]

e Requirements Development
e Requirements Management
e  Technical Solution

e  Product Integration

e Verification

e Validation
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Interactions Among Engineering Process Areas

The Engineering process areas integrate software-engineering and
systems-engineering processes into a product-oriented process-
improvement scenario. Improving product development processes
targets essential business objectives, rather than specific disciplines.
This approach to processes effectively avoids the tendency toward an
organizational “stovepipe” mentality. Fm102.HpA104.HDB102.T101]

The technical foundation for IPPD is grounded in a robust systems-
engineering approach that encompasses development in the context of
the phases of the product’s life, such as that provided in the
Engineering process areas of the CMMI-SE/SW model. Thus, the
implementation of IPPD provides amplifications to specific practices in
the Engineering process areas that emphasize concurrent development
and focus on all phases of the product’s life. [Fv102.Hpa104.HDB102.T102)

The Engineering process areas apply to the development of any
product or service in the engineering development domain (e.g.,
software products, hardware products, services, or processes).
[FM102.HDA104.HDB102.T103]

Figure 6 provides a bird’s-eye view of the interactions among
Engineering process areas.® 1oz Hpatoa Hoe102T104)

REQM Requirements

Product and product
component requirements

Alternative
solutions

Product
components Product

¥ See Appendix B for a complete list of process area abbreviations.
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The Requirements Development process area identifies customer
needs and translates these needs into product requirements. The set of
product requirements is analyzed to produce a high-level conceptual
solution. This set of requirements is then allocated to a set of product-
component requirements. Other requirements that help define the
product are derived and allocated to product components. This set of
product and product-component requirements clearly describes the
product's performance, design features, verification requirements, etc.
in terms the developer understands and uses. [Fm102HDA104 HDB102.T124]

The Requirements Development process area supplies requirements to
the Technical Solution process area, where the requirements are
converted into the product architecture, product-component design, and
the product component itself (e.g., coding, fabrication). Requirements
are also supplied to the Product Integration process area, where
product components are combined and interfaces are ensured to meet
the interface requirements supplied by Requirements Development.
[FM102.HDA104.HDB102.T111]

The Requirements Management process area maintains the
requirements. It describes activities for obtaining and controlling
requirement changes and ensuring that other relevant plans and data
are kept current. It provides traceability of requirements from customer
to product, to product component. [Fm102.Hpa104.HDB102.T112)

Requirements Management ensures that changes to requirements are
reflected in project plans, activities, and work products. This cycle of
changes may impact all the other Engineering process areas; thus
requirements management is a dynamic and often recursive sequence
of events. Establishment and maintenance of the Requirements
Management process area is fundamental to a controlled and
disciplined engineering design process. [Fm102.HDA104.HDB102.T113]

The Technical Solution process area develops technical data packages
for product components that will be used by the Product Integration
process area. The examination of alternative solutions, with the intent of
selecting the optimum design based upon established criteria, is
expected. These criteria may be significantly different across products,
depending on product type, operational environment, performance
requirements, support requirements, and cost or delivery schedules.
The task of selecting the final solution makes use of the specific
practices in the Decision Analysis and Resolution process area.
[FM102.HDA104.HDB102.T114]

The Technical Solution process area relies on the specific practices in
the Verification process area to perform design verification and peer
reviews during design and prior to final build. [Fm102.Hpa104.HDB102.T115]
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The Verification process area ensures that selected work products meet
the specified requirements. The Verification process area selects work
products and verification methods that will be used to verify work
products against specified requirements. Verification is generally an
incremental process, starting with product-component verification and
usually concluding with verification of fully assembled products.
[FM102.HDA104.HDB102.T116]

Verification also addresses peer reviews. Peer reviews are a proven
method for removing defects early and provide valuable insight into the
work products and product components being developed and
maintained. [Fm102.HDA104.HDB102.T117]

The Validation process area incrementally validates products against
the customer’s needs. Validation may be performed in the operational
environment or a simulated operational environment. Coordination with
the customer on the validation requirements is one of the most essential
elements of this process area. [Fm102.Hpa104HDB102.T118]

The scope of the Validation process area includes validation of
products, product components, selected intermediate work products,
and processes. The product, product component, selected intermediate
work product, or process may often require re-verification and re-
validation. Issues discovered during validation are usually resolved in
the Requirements Development or Technical Solution process areas.

[FM102.HDA104.HDB102.T119]

The Product Integration process area establishes the expected specific
practices associated with generating the best possible integration
sequence, integrating product components and delivering the product to
the customer. [Fm102.HDA104.HDB102.T120]

Product Integration uses the specific practices of both Verification and
Validation in implementing the product integration process. Verification
verifies the interfaces and interface requirements between product
components prior to product integration. This is an essential event in
the integration process. During product integration in the operational
environment, the specific practices of the Validation process area are
used. [FM102.HDA104.HDB102.T121]
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Engineering Process Areas and Recursion

All Engineering process areas have been written to support recursion
throughout the product architecture. An example is the Establish
Product Integration Procedures and Criteria specific practice in the
Product Integration process area. For a product with many complex
product components, this specific practice would be applied to the
product components of the complete product delivered to the customer
as well as to the product components assembled to form the product,
and so on. Thus, this specific practice is applied to as many levels as
necessary to integrate everything that the product comprises.
[FM102.HDA104.HDB103.T101]

There is no specific practice that forces recursive process application.
Rather, the specific practices are written in a fashion that “expects”
process application throughout the product architecture. When
implementing the specific practices of an Engineering process area, you
must interpret them according to how they meet the needs of your
product. You may be more comfortable viewing this approach as
providing a sufficiently generic set of expectations that can be applied at
any level of product detail rather than as enabling recursive behavior of
a process. Either description of this approach is appropriate.
[FM102.HDA104.HDB103.T103]

There are a number of advantages gained by this approach. For
example, the Engineering process areas can be applied to a product
that has several layers of product components and ensure that the
specific practices will address each layer. Thus, different segments of a
very large project can be appraised using the same model.
[FM102.HDA104.HDB103.T102]

Overview

The Scope of Support

Support process areas cover the activities that support product
development and maintenance. The Support process areas address
processes that are used in the context of performing other processes. In
general the Support process areas address processes that are targeted
towards the project, and may address processes that apply more
generally to the organization. For example, Process and Product
Quality Assurance can be used with all the process areas to provide an
objective evaluation of the processes and work products described in all
of the process areas. [Fm102.HDA105.HDB101.T101]

Remember to focus on the information relevant to your organization and
included in the model you are using. [Fm102.HpA105.HDB101.T104]
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The Support process areas of CMMI are as follows: [Fm102.1pa105.HDB101.T106]

Configuration Management

Process and Product Quality Assurance
Measurement and Analysis
Organizational Environment for Integration
Decision Analysis and Resolution

Causal Analysis and Resolution

To describe the interactions among the Support process areas, it is

most useful to address them in two process area groups:

[FM102.HDA105.HDB101.T109]

The basic Support process areas are Measurement and Analysis,
Process and Product Quality Assurance, and Configuration

Management.

The advanced Support process areas are Organizational

Environment for Integration, Causal Analysis and Resolution, and

Decision Analysis and Resolution.

Basic Support Process Areas

The basic Support process areas address basic support functions that
are used by all process areas. Although all Support process areas rely
on the other process areas for inputs, the basic Support process areas
provide support functions that are covered by generic practices.

[FM102.HDA105.HDB102.T101]

Figure 7 provides a bird’s-eye view of the interactions among the basic

Support process areas and with all other process areas.’

[FM102.HDA105.HDB102.T102]

? See Appendix B for a complete list of process area abbreviations.
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Figure 7: Basic Support Process Areas [em102.Hpa105Hps102.7104]

The Measurement and Analysis process area supports all process
areas by providing specific practices that guide projects and
organizations in aligning measurement needs and objectives with a
measurement approach that will provide objective results. These results
can be used in making informed decisions and taking appropriate
corrective actions. [Fm102.HpA105.HDB102.T105]

The Process and Product Quality Assurance process area supports all
process areas by providing specific practices for objectively evaluating
performed processes, work products, and services against the
applicable process descriptions, standards, and procedures and
ensuring that any issues arising from these reviews are addressed.
Process and Product Quality Assurance supports the delivery of high-
quality products and services by providing the project staff and all levels
of managers with appropriate visibility into, and feedback on, the
processes and associated work products throughout the life of the
project. [FM102.HDA105.HDB102.7106]
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The Configuration Management process area supports all process
areas by establishing and maintaining the integrity of work products
using configuration identification, configuration control, configuration
status accounting, and configuration audits. The work products placed
under configuration management include the products that are
delivered to the customer, designated internal work products, acquired
products, tools, and other items that are used in creating and describing
these work products. Examples of work products that may be placed
under configuration management include plans, process descriptions,
requirements, design data, drawings, product specifications, code,
compilers, product data files, and product technical publications.
[FM102.HDA105.HDB102.T107]

Advanced Support Process Areas

The advanced Support process areas provide the projects and
organization with an advanced support capability. Each of these
process areas relies on specific inputs or practices from other process
areas. [FM102.HDA105.HDB103.T101]

Figure 8 provides a bird’s-eye view of the interactions among the
advanced Support process areas and with all other process areas.°
[FM102.HDA105.HDB103.T102]
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Figure 8: Advanced Support Process Areas [rm102Hpa10s HpB103.7105]

12 See Appendix B for a complete list of process area abbreviations.
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Using the Causal Analysis and Resolution process area, the project
strives to understand the common causes of variation inherent in
processes and remove them from the project’s processes, as well as
using this knowledge to continually improve the organization’s
processes. Both the defined processes and the organization’s set of
standard processes are targets of these improvement activities.
[FM102.HDA105.HDB103.T107]

The Decision Analysis and Resolution process area supports all the
process areas by providing a formal evaluation process that ensures
that alternatives are compared and the best one is selected to
accomplish the goals of the process areas. (Fm102.HpA105.HDB103.T108]

The following paragraph is only applicable to models containing IPPD.
[FM102.HDA105.HDB103.T110]

The Organizational Environment for Integration process area
establishes the approach and environment for the implementation of
IPPD. The environment is established by obtaining, adapting, or
developing processes that facilitate effective integrated team behavior
as well as stakeholder communication and collaboration, creating the
organization’s shared vision, and managing people to promote
integrative behavior. Specific practices in the Organizational
Environment for Integration process area promote both team and
individual excellence while enabling and rewarding integration across all
business and technical functions in the execution of the projects.
[FM102.HDA105.HDB103.T111]
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6 Using CMMI Models

The CMMI project has worked to preserve the government and industry
investments in process improvement and to enhance and replace the
use of multiple models. In addition to improving the usability of CMM
technology in a wider set of disciplines, the CMMI concept calls for use
of common terminology, common components, common appraisal
methods, and common training materials across the CMMI Product
Suite. The objective of the CMMI project effort is to reduce the cost of
establishing and maintaining process-improvement efforts across an
enterprise using multiple disciplines to produce products or services.
This chapter describes how organizations can use CMMI models for
both process improvement and benchmarking. Fmizo.1101

Interpreting CMMI Models

Overview

Every CMMI model provides a set of publicly available criteria
describing the characteristics of organizations that have successfully
implemented process improvement. These criteria can be used by
organizations to improve their processes for developing, acquiring, and
maintaining products and services. While a new enterprise might wish
to establish its processes using these concepts, the models are more
commonly of interest to organizations that are seeking to improve their
Processes. [FmM120.HDA101.T101]

Such organizations must use professional judgment to interpret CMMI
practices. Although process areas depict behavior that should be
exhibited in any organization, practices must be interpreted using an in-
depth knowledge of the CMMI model being used, the organization, the
business environment, and the specific circumstances involved.
[FM120.HDA101.T102]

CMMI practices purposely use nonspecific phrases such as “relevant
stakeholders,” “as appropriate,” and “as necessary” to accommodate
the needs of different organizations or projects. Specific needs may
also differ at various points during a project’s life. Fw120.1pa101.1103]
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To interpret practices, it is important to consider the overall context in
which they are used and determine how well the practices satisfy the
goals of a process area within that context. CMMI models do not imply
which processes are right for the organization or project. Instead, CMMI
models establish minimal criteria necessary to plan and implement
processes selected by the organization for improvement based on
business objectives. [Fm120Hpa101.T104)

Appraisals and Benchmarking

68

Process appraisals focus on identifying improvement opportunities. The
organization should set its priorities based on its business and process-
improvement objectives, as well as its collection of business and
technical processes. Appraisal teams use CMMI models to guide them
in identifying and prioritizing findings. These findings, with guidance
provided by the practices in the CMMI models, are used (by a process
group, for example) to plan improvements for the organization. In
addition, many organizations find value in benchmarking their progress
in process improvement for both internal purposes and with external
customers and suppliers. (Fm120.HpA102.T101]

For organizations that wish to appraise multiple disciplines, the
integrated CMMI approach permits some economy of scale in model
and appraisal training. One appraisal method can provide separate or
combined results for multiple disciplines. [Fm120.1pa102.T102)

CMMI appraisal products provide consistent ratings for staged and
continuous representations. Equivalent staging enables organizations
using a continuous representation to convert their appraisal ratings into
a maturity level. [Fm120Hpa102.T105]

The appraisal principles for the CMMI Product Suite remain the same
as those used in past appraisals using many other process-
improvement models. Those principles are: [Fw120.Hpa102.7106]

e  Senior-management sponsorship

e Afocus on the organization’s business objectives
o Confidentiality for interviewees

e Use of a documented appraisal method

e Use of a process reference model (for example, a CMMI model) as
a base

e A collaborative team approach

e A focus on actions for process improvement
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Over time, a suite of appraisal techniques is expected to be developed
by CMMI user-community members. New techniques will be developed
and existing ones improved to meet various needs for building internal
improvement. The CMMI project has produced one method to meet the
need for a rigorous appraisal tool for benchmarking and a set of
guidelines for future process-improvement appraisals requiring less
rigor and repeatability. This most rigorous version has been named the
Standard CMMI Appraisal Method for Process Improvement
(SCAMPISM). Details on this method are available on the Software
Engineering Institute Web site at the following URL:
<http://www.sei.cmu.edu/cmmi/products/assess.html>. Fm120Hpat02.7107]

For benchmarking against other organizations, appraisals must ensure
consistent ratings. The achievement of a specific maturity level or the
satisfaction of a process area must mean the same thing for different
appraised organizations. Rules for ensuring this consistency are
provided in the document mentioned above. SCAMPI is the only
appraisal method initially considered to be suitable for rendering ratings
for benchmarking using CMMI models. The SEI, as steward of the
CMMI Product Suite, will ensure that any public comments or
statements about maturity levels or ratings resulting from a SCAMPI
appraisal meet quality and consistency criteria. Fm120.Hpa102.7108]

SCAMPI was written to support the conduct of appraisals that conform
to the emerging International Organization for Standardization and the
International/Electrotechnical Commission (ISO/IEC) 15504 technical
report. However, it is possible that a SCAMPI appraisal might not be
15504 conformant. ISO/IEC 15504 is an international collaboration to
develop a standard set of technical reports on software process
assessment that has been underway since June 1993 under the
auspices of the ISO/IEC. For those sponsors interested in performing
an ISO/IEC 15504-conformant appraisal, SCAMPI can support these

needs. [FM120.HDA102.7109]

Appraisal Requirements for CMMI

The Appraisal Requirements for CMMI (ARC) document contains a set
of criteria for developing, defining, and using appraisal methods based
on CMMI products. The ARC provides requirements for multiple types
of appraisal methods with guidelines for determining the suitability of a
particular appraisal method. Suitability addresses the accuracy and
repeatability of appraisal results. [Fm120.Hpa102.HDB101.T101]

SM SCAMPI is a service mark of Carnegie Mellon University.
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The ARC document uses the CMMI models as its associated reference
models. The CMM Appraisal Framework (CAF) v1.0 was originally
produced to address appraisal methods associated with the CMM for
Software only. With the incorporation of CMMs into the CMMI
Framework, the ARC has been created to address these new models
and the resulting impact of the staged and continuous representations.
[FM120.HDA102.HDB101.T102]

The ARC document was designed to help improve consistency across
multiple disciplines and appraisal methods, and to help appraisal
method developers, sponsors, and users understand the tradeoffs
associated with various methods. More information and a matrix
detailing ARC requirements are available on the Software Engineering
Institute’s Web site. [Fm120.HpA102.HDB101.T103]

Other CMMI-based appraisal methods may be appropriate for a given
set of sponsor needs, including self assessments, initial appraisals,
quick-look or mini appraisals, incremental appraisals, and external
appraisals. Method developers are expected and encouraged to
develop a variety of appraisal methods to meet these needs.
[FM120.HDA102.HDB101.T104]

ISO/IEC 15504 Compatibility and Conformance

One objective that the CMMI Product Suite was designed to achieve is
that of ISO/IEC 15504 compatibility and conformance. There are two
aspects of conformance to the 1998 Technical Report version of
ISO/IEC 15504: model compatibility and appraisal conformance. When
the full international standard version of ISO/IEC 15504 is published
(estimated to occur in 2003), there will be some changes to what
ISO/IEC 15504 conformance means. [Fm120.HDA102.HDB102.T101]

For an appraisal model (for example, Bootstrap, CMMI-SE/SW, and so
on) to claim to be ISO/IEC 15504 conformant (an ISO/IEC 15504-
compatible model), a “demonstration of compatibility” document would
need to show how the model compatibility requirements of ISO/IEC
15504-2 have been addressed. These requirements are constructed to
provide reasonable assurance that the model will work properly with the
associated documented appraisal process (appraisal method).
[FM120.HDA102.HDB102.T102]

There are also ISO/IEC 15504 requirements that pertain to the actual
conduct (planning as well as performance) of an appraisal. If the
conduct of an appraisal is such that the requirements in ISO/IEC 15504-
3 are satisfied, then the appraisal is said to be ISO/IEC 15504
conformant. One of these requirements is that a ISO/IEC 15504-
compatible appraisal model is used. [Fm120.HpA102.HDB102.T103]
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Making the Transition to CMMI

Overview

This section briefly describes three transition scenarios. The first two
assume the organization has already begun its improvement efforts
using either the Software CMM or the Electronic Industries Alliance
Interim Standard (EIA/IS) 731. The third scenario assumes that the
organization has not used a particular reference model for current
improvement efforts, or that there have been no improvement efforts to
date. [Fm120.HDA103.T101]

Organizations with Software CMM Experience

Many organizations initially making the transition to CMMI will likely be
seeking to update their process-improvement efforts to incorporate the
Version 2.0 draft C improvements and to gain the additional breadth of
coverage afforded in CMMI models. Many of these organizations will
need to decide the best timing for transition to preserve the value of
plans toward, for example, achievement of a particular maturity level.
[FM120.HDA103.HDB102.T101]

Organizations that have already achieved a high level of maturity may
wish to make the transition more quickly to take advantage of the
additional organizational coverage described in CMMI models. These
organizations will find strong commonality between CMMI models and
the Software CMM. Also, there is significant improvement in coverage
of the engineering, risk management, and measurement and analysis
processes, as compared to the Software CMM. (Fm120.HDA103 HDB102.T102]

The Software CMM practices at maturity levels 4 and 5 have been
improved based on experience gained since the publication of SW-
CMM Version 2 draft C. These practices have been further refined from
the source model based on studies conducted by the SEI that analyzed
the implementation of maturity level 4 and 5 practices by leading
organizations. [Fm120.HDA103.HDB102.T103]

Organizations that have begun significant effort toward a maturity level
2, 3, or 4 appraisal must weigh the costs of making the transition
against the benefits of the improved coverage an integrated model
offers. [Fm120.HDA103.HDB102.T104]

Organizations may wish to consider the versatility offered by the
continuous and staged representations in planning their long-term
appraisal and improvement approaches. If the costs of total transition
appear high, an interim approach might be to augment their current plan
with selected process areas that would be of greatest business value.
[FM120.HDA103.HDB102.T105]
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For example, a company with several months remaining before a
maturity level 4 appraisal might want to charter small teams to
investigate Risk Management and Measurement and Analysis, and add
them to the appraisal scope to begin the transition without affecting
current efforts. This long-term improvement approach allows members
of the organization to have a “first look” at new process areas and to
gain insight that helps them build business value in these two process
areas as well as preparing them for future CMMI appraisals.
[FM120.HDA103.HDB102.T106]

Organizations with EIA/IS 731 Experience

Organizations that have framed their process-improvement efforts
around systems-engineering models have similar choices to make,
depending upon their progress on current improvement efforts.
[FM120.HDA103.HDB107.T101]

The evolution from Electronic Industries Alliance Interim Standard
(EIA/1S) 731 involves (1) some reorganization of specific practices
under specific goals and process areas and (2) the addition of
informative material. Initial transition steps therefore might be to
compare current improvement efforts against those now expected in the
CMMI models. [Fm120.HDA103.HDB107.T102]

Organizations New to CMM-Type Models

Organizations without experience in either SW-CMM or EIA/IS 731 are
assumed to be in one of two categories. They may have undertaken
process-improvement efforts under other quality initiatives such as ISO
9000 or Malcolm Baldrige, or they may be considering such efforts
because of the mounting evidence of business value resulting from
such a commitment. [Fm120.HpA103.HDB104.T101]

Both categories of organizations will find familiar relationships to other
quality efforts in the CMMI Product Suite. They also gain reference
models of effective practices that can be applied—across the value
chain—to enhance the quality of products and their associated
Processes. [FmM120.HDA103.HDB104.7102]

These organizations may approach improvement by using either a
continuous or staged representation. Each approach is complementary
to the other. Neither is mutually exclusive, but the choice will affect the
schedule and needs of the organization for training and appraisal. See
the Model Representation Comparison section in Chapter 2 for more
information about selecting a CMMI model representation.
[FM120.HDA103.HDB104.T103]

Overview



CMMI-SW, v1.1
Staged Representation

Once your organization has decided which representation is the best fit,
planning can begin with an improvement approach such as the
Initiating, Diagnosing, Establishing, Acting, Learning (IDEALSM) model.
(For more information about the IDEAL model, see the Web site
<http://www.sei.cmu.edu/ideal/ideal.html>.) Research has shown that
the most powerful initial step to process improvement is to build strong
organizational sponsorship during the Initiating phase prior to investing
in significant diagnostic efforts. [Fm120.Hpa103.HDB104.T104]

Given sufficient senior-management sponsorship, establishing a
specific, technically competent process group to guide process-
improvement efforts has proven to be a best practice. For an
organization whose mission is to develop software-intensive systems,
the group might include systems engineers and software engineers
from projects across the organization, and other selected members
based on the business needs driving improvement. For example, a
systems administrator may focus on information-technology support,
whereas a marketing representative may focus on integrating customer
needs. Both members could make powerful additions to the process
group. [FM120.HDA103.HDB104.T105]

Training

Training is a key element in the ability of organizations to adopt CMMI
and is therefore a key part of the product suite. While an initial set of
courses is provided by the SEI and its transition partners, your
organization may wish to supplement these courses with internal
instruction. This approach allows the organization to focus on the areas
that provide the greatest business value. [Fw120Hpa103.HDB105.T101]

Initial training is available for both representations of CMMI models.
Training is also provided to assist those who plan to guide improvement
as part of a process group, or those seeking to become lead appraisers.
[FM120.HDA103.HDB105.T102]

Tailoring Perspectives

Tailoring a CMMI model is a process whereby only a subset of a model
is used to suit the needs of a specific domain of application.
[FM120.HDA105.T101]

SMIDEAL is a service mark of Carnegie Mellon University.
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Model Tailoring

Tailoring the CMMI appraisal method involves the selection of options
for use in an appraisal. In both cases, the intent of tailoring is to assist
an organization or project in aligning the CMMI products with its
business needs and objectives, and thus focusing on those aspects of
the products and services that are most beneficial to the organization.
[FM120.HDA105.T102]

The tailoring discussed in this section does not address adaptation of
an organization’s set of standard processes for use on a specific
project. Such tailoring is driven by tailoring guidelines defined by an
organization. [Fm120.HpA105.7103]
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Model tailoring should only be done knowing that it can result in
significant gaps in efforts to improve or appraise an organization’s or a
project’s capabilities. Fm120.Hpa104.T101]

Model Tailoring Perspectives

Tailoring of a CMMI model can be viewed from two perspectives:
[FM120.HDA104.HDB101.T101]

o  Model tailoring related to use of a model for process improvement

e  Model tailoring related to use of a model for benchmarking

Many organizations will use a CMMI model for benchmarking as well as
process improvement. Such tailoring is constrained by the intersection
of criteria outlined in the next two sections. [Fm120.HbA104.HDB101.T102]

Model Tailoring Criteria for Internal Process Improvement

For internal process improvement, it is appropriate to restrict or expand
the scope of an organization’s or project’s improvement effort (including
appraisals). The tailoring may address individual disciplines, process
areas, maturity levels, and/or capability levels. Tailoring of a model
should focus on identifying the process areas and practices that support
an organization’s business needs and objectives. [Fm120HpA104HDB102.T101]
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Care must be taken when considering whether to exclude portions of a
CMMI model. Given a CMMI model’s focus on the essential
characteristics of an effective process, the majority of the process areas
and practices in a model typically would be addressed. In fact, the
wholesale exclusion of fundamental processes or specific practices is
discouraged, given the prevalence of data indicating that following
CMM-based improvement efforts will significantly improve attainment of
business objectives. Cited improvements in the literature include the
increased likelihood that an organization or project will achieve its cost
and schedule objectives. [Fm120.1pa104.HDB102.T102]

Organizations and projects implementing less than a full set of process
areas, goals, or practices can still achieve significant value from a
CMMI model. However, because of the interrelationship of model
components, exclusion of a significant number of process areas, goals,
or practices may diminish the benefits achieved. In addition, the degree
of comparability of appraisal results is directly related to the extent to
which a model and appraisal method have been tailored.
[FM120.HDA104.HDB102.T103]

Model Tailoring Criteria for Benchmarking

Use of CMMI models for benchmarking purposes allows for comparison
of process appraisal results across an industry via state-of-the-practice
reports or across a group of organizations such as potential suppliers.
Any tailoring applied in this way must ensure consistency in the ratings
resulting from the use of models in multiple appraisals. As a result,
model tailoring for benchmarking is significantly constrained, especially
where maturity levels resulting from appraisals are disseminated
publicly for marketing purposes. [Fm120HpA104HDB103.T101]

Keep in mind that the scope chosen for an appraisal also affects the
context of benchmarking. If one organization chooses to appraise only
software engineering while another chooses to appraise software and
systems engineering, comparing the two would not be fair or accurate.
Model tailoring criteria for benchmarking are defined as follows:
[FM120.HDA104.HDB103.T102]

e  Process areas include required and expected model components
and thus may not be excluded other than to omit those that are
outside the scope of an appraisal. For example, when an
organization uses a staged representation, process areas at
maturity levels 4 and 5 may be omitted for an appraisal focused on
maturity level 3, whereas all process areas for maturity levels 2 and
3 would typically be selected. When using a continuous
representation, process areas outside the scope of the target
profile may be omitted, but doing so will compromise the
benchmarking opportunities provided by equivalent staging.
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Process areas, in some circumstances, may be determined to be
“not applicable” if the process area is, in fact, outside of the
organization’s scope of work. An example of a process area that
might be excluded from an appraisal using a staged representation
would be Supplier Agreement Management, a process area that
may not be applicable in the absence of suppliers of products and
services external to the organization that are critical to the
development effort. A maturity level rating could still be determined;
however, that maturity level rating must also include mention of the
“not applicable” process area. Conversely, when using a
continuous representation, process areas may be selected for
exclusion if they are not within the organization’s scope of work or
of the process-improvement effort. Care must be taken, however,
that process areas providing the foundation for other process areas
important to the organization are not excluded. Furthermore, even
though an organization uses a continuous representation, if it
wishes to use equivalent staging it must adhere to the tailoring
guidelines practiced by users of the staged representation.

A process area is designated as “not rated” if it is outside the
appraisal scope or if insufficient data is available to satisfy the
data-coverage criteria. A maturity level cannot be determined if
process areas at that maturity level (or below) are “not rated.”

Goals are required and thus cannot be excluded from those
process areas included in the scope of a process-improvement or
appraisal effort. Goals reflect the minimum requirements for
satisfying a process area. If a process area is applicable, each of
its goals is applicable. Goals work together to support a process
area and may not be individually designated as “not applicable.”

Specific practices and generic practices are expected to be
implemented as typical activities necessary to implement and
institutionalize the goals of the process area. However, appropriate
alternative practices may be substituted for specific practices
and/or generic practices if the alternatives are effective in
implementing and institutionalizing the goals.

All other model components (subpractices, examples,
amplifications, elaborations, and/or references) contained in CMMI
models are informative and are provided solely for guidance in
implementation.

Model Tailoring for Smaller Projects

The CMMI models were written for use by all types of organizations;
however, for small organizations a CMMI model must be interpreted. In
the case of small, three- to six-month projects, a high-level plan is
typically available that has been developed for a group of projects. This
high-level plan defines the organization, resources, training,
management participation, and quality assurance reporting descriptions
for all projects. (Fm120.HpA104HDB104.T101]
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Conversely, in the project plan, the detailed planning of the project,
such as the schedule, tasks, and resources, are defined. Often the
project plan also contains plans for other supporting functions, such as
quality assurance and configuration management. A four-person project
might expect to develop a project plan that is only a few pages long.
[FM120.HDA104.HDB104.T102]

In small projects, meetings take place more frequently, take less time,
and cover more details. The schedule may contain daily activities, and
may be monitored in weekly meetings. The schedule may change
weekly and be controlled. [Fm120.Hpa104.HDB104.T104]

In a small team, the customer usually knows the entire team and feels
comfortable calling any member of the team to propose or discuss a
change. The team must decide up front how to handle these informal
calls from the customer. Once team members have decided on an
approach, it should be documented and communicated to the customer.

[FM120.HDA104.HDB104.T105]

Appraisal Tailoring

The major appraisal-tailoring options for a CMMI appraisal include the
following: (Fm120.HDA104.HDB105.T101]

o Establishing the appraisal scope, including the organizational entity
to be appraised, the CMMI process areas to be investigated, and
the level to be appraised

e  Selecting the appraisal method
o  Selecting the appraisal team members

e Selecting appraisal participants from the appraisal entity to be
interviewed

o Establishing appraisal outputs (for example, ratings, instantiation-
specific findings)

o Establishing appraisal constraints (for example, time spent on site)

In addition to these appraisal-tailoring options, the CMMI appraisal
method description details a number of specific appraisal-tailoring
options driven by considering the objectives of a particular appraisal
and the business objectives of the organization and/or instantiation.
Documentation of CMMI appraisal plans and results must always
include a description of the appraisal-tailoring options selected, as well
as any model tailoring. Such documentation will enable a determination
to be made of the comparability of appraisal results across
organizations. [Fm120.HDA104HDB105.T102]
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7 Process Areas
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MATURITY LEVEL 2: MANAGED

Maturity Level: 2

The following section contains all of the process areas that belong to
maturity level 2. The maturity level 2 process areas of CMMI are as
follows: {Fm100.7101]

Requirements Management

Project Planning

Project Monitoring and Control

Supplier Agreement Management
Measurement and Analysis

Process and Product Quality Assurance

Configuration Management

See Chapter 2 for more information about CMMI maturity levels.
[FM109.T103]
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REQUIREMENTS MANAGEMENT

Maturity Level 2

Purpose

Introductory Notes

The purpose of Requirements Management is to manage the
requirements of the project's products and product components and to
identify inconsistencies between those requirements and the project's
plans and work products. [pa4s

82

Requirements management processes manage all requirements
received or generated by the project, including both technical and
nontechnical requirements as well as those requirements levied on the
project by the organization. In particular, if the Requirements
Development process area is implemented, its processes will generate
product and product-component requirements that will also be managed
by the requirements management processes. When the Requirements
Management, Requirements Development, and Technical Solution
process areas are all implemented, their associated processes may be
closely tied and be performed concurrently. pat4s.n101]

The project takes appropriate steps to ensure that the agreed-upon set
of requirements is managed to support the planning and execution
needs of the project. When a project receives requirements from an
approved requirements provider, the requirements are reviewed with
the requirements provider to resolve issues and prevent
misunderstanding before the requirements are incorporated into the
project’s plans. Once the requirements provider and the requirements
receiver reach an agreement, commitment to the requirements is
obtained from the project participants. The project manages changes to
the requirements as they evolve and identifies any inconsistencies that
occur among the plans, work products, and requirements. [pat4s.Nn102]

Part of the management of requirements is to document requirements
changes and rationale and maintain bidirectional traceability between
source requirements and all product and product-component
requirements. [pa146.N103]

Maturity Level: 2, Requirements Management
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Related Process Areas

Refer to the Requirements Development process area for more
information regarding transforming stakeholder needs into product
requirements and deciding how to allocate or distribute requirements
among the product components. [pa146r101]

Refer to the Technical Solution process area for more information about
transforming requirements into technical solutions. paisrioz

Refer to the Project Planning process area for more information about
how project plans reflect requirements and need to be revised as
requirements change. pa146.r103

Refer to the Configuration Management process area for more
information about baselines and controlling changes to configuration
documentation for requirements. [pat46.r104

Refer to the Project Monitoring and Control process area for more
information about tracking and controlling the activities and work
products that are based on the requirements and taking appropriate
corrective action. [pa146.r105]

Refer to the Risk Management process area for more information about
identifying and handling risks associated with requirements. pa146.r106]

Specific and Generic Goals

SG1 Manage Requirements paiss.i6101]
Requirements are managed and inconsistencies with project plans and work
products are identified.

GG 2 Institutionalize a Managed Process (cL103.6L101]

The process is institutionalized as a managed process.

(The following goal is not required for maturity level 2, but required for maturity level 3 and

above.)

GG3

Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.

Maturity Level: 2, Requirements Management 83
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Practice-to-Goal Relationship Table

SG 1 Manage Requirements [pat4s.ic101]

SP 1.1
SP 1.2
SP1.3
SP 1.4
SP 1.5

Obtain an Understanding of Requirements

Obtain Commitment to Requirements

Manage Requirements Changes

Maintain Bidirectional Traceability of Requirements

Identify Inconsistencies between Project Work and Requirements

GG 2 Institutionalize a Managed Process [cL103.6L101]

GP 2.1
GP22
GP 23
GP 24
GP 2.5
GP 2.6
GP 2.7
GP 2.8
GP 2.9
GP 2.10

(CO1) Establish an Organizational Policy

(AB 1) Plan the Process

(AB 2) Provide Resources

(AB 3) Assign Responsibility

(AB 4) Train People

(DI'1) Manage Configurations

(DI 2) Identify and Involve Relevant Stakeholders
(DI 3) Monitor and Control the Process

(VE 1) Objectively Evaluate Adherence

(VE 2) Review Status with Higher Level Management

(The following goal is not required and its practices are not expected for a maturity level 2 rating,
but are required and expected for a maturity level 3 rating and above.)

GG 3 Institutionalize a Defined Process [cL104.6L101]

GP 3.1
GP 3.2

Establish a Defined Process
Collect Improvement Information

Specific Practices by Goal

SG 1 Manage Requirements

Requirements are managed and inconsistencies with project plans and work
products are identified. jpa146.16101)

84

The project maintains a current and approved set of requirements over
the life of the project by doing the following: pat4s.ic101.N101)

¢ Managing all changes to the requirements

e Maintaining the relationships between the requirements, the project
plans, and the work products

e |dentifying inconsistencies between the requirements, the project
plans, and the work products

e Taking corrective action

Refer to the Technical Solution process area for more information about
determining the feasibility of the requirements. [patss.c101.n101.R101]

Maturity Level: 2, Requirements Management
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Refer to the Requirements Development process area for more
information about ensuring that the requirements reflect the needs and
expectations of the customer. [pa146.16101.n101.R102]

Refer to the Project Monitoring and Control process area for more
information about taking corrective action. paiss.ic1o1.n101.R103]

For Software Engineering

The requirements may be a subset of the overall product
requirements, or they may constitute the entire product
requirements. [PA146.1G101.AMP101]

SP1.1 Obtain an Understanding of Requirements

Develop an understanding with the requirements providers on the
meaning of the requirements. |pa146.16101.5P101]

As the project matures and requirements are derived, all activities or
disciplines will receive requirements. To avoid requirements creep,
criteria are established to designate appropriate channels, or official
sources, from which to receive requirements. The receiving activities
conduct analyses of the requirements with the requirements provider to
ensure that a compatible, shared understanding is reached on the
meaning of the requirements. The result of this analysis and dialog is an
agreed-to set of requirements. pat146.16101.5P101.N101]

Typical Work Products

1. Lists of criteria for distinguishing appropriate requirements
providers [pa146.6101.5P101.W101]

2. Criteria for evaluation and acceptance of requirements
[PA146.1G101.SP101.W102]

3. Results of analyses against criteria (pa146.16101.5p101.w103]

4. An agreed-to set of requirements pa146.6101.5P101.W104]

Subpractices

1. Establish criteria for distinguishing appropriate requirements
providers. [pA146.16101.5P101.5ubP101]

2. Establish objective criteria for the acceptance of requirements.
[PA146.1G101.SP101.SubP102]

Lack of acceptance criteria often results in inadequate verification, costly rework,
or customer rejection. [PA146.1G101.SP101.SubP102.N102]
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SP 1.2

Examples of acceptance criteria include the following: pas.ic101.sp101.5up102.N101]

o Clearly and properly stated
o Complete

o Consistent with each other
o Uniquely identified

o Appropriate to implement
o Verifiable (testable)

e Traceable

3. Analyze requirements to ensure that the established criteria are
met. [PA146.1G101.5P101.5ubP103]

4. Reach an understanding of the requirements with the requirements
provider so the project participants can commit to them.
[PA146.1G101.SP101.SubP104]

Obtain Commitment to Requirements

Obtain commitment to the requirements from the project
participants. [pa146.16101.5P102]

Refer to the Project Monitoring and Control process area for more
information about monitoring the commitments made. pa14s.16101.sP102.R101]

Whereas the previous specific practice dealt with reaching an
understanding with the requirements providers, this specific practice
deals with agreements and commitments among those who have to
carry out the activities necessary to implement the requirements.
Requirements evolve throughout the project, especially as described by
the specific practices of the Requirements Development process area
and the Technical Solution process area. As the requirements evolve,
this specific practice ensures that project participants commit to the
current, approved requirements and the resulting changes in project
plans, activities, and work products. pat4s.ic101.sp102N101]

Typical Work Products
1.  Requirements impact assessments [pa146.6101.5p102.W101]

2. Documented commitments to requirements and requirements
changes [PA146.1G101.SP102.W102]

Subpractices

1. Assess the impact of requirements on existing commitments.
[PA146.1G101.SP102.SubP101]

Maturity Level: 2, Requirements Management
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The impact on the project participants should be evaluated when the requirements
change or at the start of a new requirement. (patas.c101.5p102.5u6P101.N101)

2. Negotiate and record commitments. [pa146.16101.5pP102.5ubP102]

Changes to existing commitments should be negotiated before project participants
commit to the requirement or requirement change. pats.i6101.5p102.5ubP102.N101]

SP1.3 Manage Requirements Changes

Manage changes to the requirements as they evolve during the
project. [pai46.6101.5P103]

Refer to the Configuration Management process area for more
information about maintaining and controlling the requirements baseline
and on making the requirements and change data available to the
project. [pa146.6101.5P108.R101]

During the project, requirements change for a variety of reasons. As
needs change and as work proceeds, additional requirements are
derived and changes may have to be made to the existing
requirements. It is essential to manage these additions and changes
efficiently and effectively. 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 is documented. The project manager
may, however, want to track appropriate measures of requirements
volatility to judge whether new or revised controls are necessary.
[PA146.1G101.SP103.N101]

Typical Work Products

1.  Requirements status [pa4sic1o1.sp103.w101]

2. Requirements database pa14s.16101.5p103 w102

3. Requirements decision database pat46.ic101.5p103.Ww103]

Subpractices

1. Capture all requirements and requirements changes that are given
to or generated by the project. pat46.6101.5P103.5ubP101]

2. Maintain the requirements change history with the rationale for the
changes. [pa146.16101.5P103.5ubP102]

Maintaining the change history helps track requirements volatility.
[PA146.1G101.SP103.SubP102.N101]

3. Evaluate the impact of requirement changes from the standpoint of
relevant stakeholders. [pa146.16101.5P103.5ubP103]
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SP14

SP 1.5

4. Make the requirements and change data available to the project.
[PA146.1G101.SP103.SubP104]

Maintain Bidirectional Traceability of Requirements

Maintain bidirectional traceability among the requirements and the
project plans and work products. [pa46.16101.5p104]

The intent of this specific practice is to maintain the bidirectional
traceability of requirements for each level of product decomposition.
When the requirements are managed well, traceability can be
established from the source requirement to its lower level requirements
and from the lower level requirements back to their source. Such
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. Requirements traceability can also
cover the relationships to other entities such as intermediate and final
work products, changes in design documentation, test plans, and work
tasks. The traceability should cover both the horizontal and vertical
relationships, such as across interfaces. Traceability is particularly
needed in conducting the impact assessment of requirements changes
on the project plans, activities, and work products. [pa146.16101.5P104.N101]

Typical Work Products
1.  Requirements traceability matrix (pa1ss.c101.sP104.w101]

2. Requirements tracking system pat6.ic101.sp104w102]

Subpractices

1. Maintain requirements traceability to ensure that the source of
lower level (derived) requirements is documented.
[PA146.1G101.SP104.SubP101]

2. Maintain requirements traceability from a requirement to its derived
requirements as well as to its allocation of functions, objects,
people, processes, and work products. [pa146.16101.5p104.5ubP102]

3. Maintain horizontal traceability from function to function and across
interfaces. [PA146.1G101.SP104.SubP103]

4. Generate the requirements traceability matrix. pai4s.ic101.sP104.5ubP104]

Identify Inconsistencies between Project Work and Requirements

Identify inconsistencies between the project plans and work
products and the requirements. [pa146.6101.5p105]

Maturity Level: 2, Requirements Management
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Refer to the Project Monitoring and Control process area for more
information about monitoring and controlling the project plans and work
products for consistency with requirements and taking corrective
actions when necessary. [pa146.16101.5P105R101]

This specific practice finds the inconsistencies between the
requirements and the project plans and work products and initiates the
corrective action to fix them. [pa14s.c101.sP105.N101]

Typical Work Products

1. Documentation of inconsistencies including sources, conditions,
and rationale pa146.1c101.5P105.W101]

2. Corrective actions pat46.16101.5P105.w102]

Subpractices

1. Review the project's plans, activities, and work products for
consistency with the requirements and the changes made to them.
[PA146.1G101.SP105.SubP101]

2. ldentify the source of the inconsistency and the rationale.
[PA146.1G101.SP105.SubP102]

3. Identify changes that need to be made to the plans and work
products resulting from changes to the requirements baseline.
[PA146.1G101.SP105.SubP103]

4. |nitiate corrective actions. [pa146.16101.5P105.5ubP104]

GG 2 Institutionalize a Managed Process (cL103.6L101]

The process is institutionalized as a managed process.

Commitment to Perform

GP 2.1

(CO1) Establish an Organizational Policy

Establish and maintain an organizational policy for planning and
performing the requirements management process. cr1os

Elaboration:

This policy establishes organizational expectations for managing
requirements and identifying inconsistencies between the requirements
and the project plans and work products. pat4s.eL101)
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Ability to Perform

GP 2.2 (AB 1) Plan the Process

Establish and maintain the plan for performing the requirements
management process. [cr1o4

Elaboration:

Typically, this plan for performing the requirements management
process is a part of the project plan as described in the Project Planning
Process area. [pa146.EL102]

GP 23 (AB 2) Provide Resources

Provide adequate resources for performing the requirements
management process, developing the work products, and
providing the services of the process. crios

Elaboration:

Examples of resources provided include the following tools: pawuseLtis

o  Requirements tracking tools

e  Traceability tools

GP 2.4 (AB 3) Assign Responsibility

Assign responsibility and authority for performing the process,
developing the work products, and providing the services of the
requirements management process. [cr1o6

GP 25 (AB 4) Train People

Train the people performing or supporting the requirements
management process as needed. cro7]

90 Maturity Level: 2, Requirements Management
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Elaboration:

Examples of training topics include the following: patsseL1os)

e Application domain

e  Requirements definition, analysis, review, and management
e  Requirements management tools

e  Configuration management

e  Negotiation and conflict resolution

Directing Implementation

GP 2.6

GP 2.7

(DI 1) Manage Configurations

Place designated work products of the requirements management
process under appropriate levels of configuration management.
[GP109]

Elaboration:

Examples of work products placed under configuration management include the
following: paeEL108]

e  Requirements

e  Requirements traceability matrix

(DI 2) Identify and Involve Relevant Stakeholders

Identify and involve the relevant stakeholders of the requirements
management process as planned. cr124

Elaboration:

Select relevant stakeholders from customers, end users, developers,
producers, testers, suppliers, marketers, maintainers, disposal
personnel, and others who may be affected by, or may affect, the
product as well as the process. (pa1asEL115)
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Examples of activities for stakeholder involvement include: jpatss 116
e  Resolving issues on the understanding of the requirements
e Assessing the impact of requirements changes

e  Communicating the bidirectional traceability

e Identifying inconsistencies among project plans, work products, and requirements

GP 2.8 (DI 3) Monitor and Control the Process

Monitor and control the requirements management process
against the plan for performing the process and take appropriate
corrective action. 110

Elaboration:

Examples of measures used in monitoring and controlling include the following:
[PA146.EL111]

e  Requirements volatility (percentage of requirements changed)

Verifying Implementation

GP 2.9 (VE 1) Objectively Evaluate Adherence

Objectively evaluate adherence of the requirements management
process against its process description, standards, and
procedures, and address noncompliance. (113

Elaboration:

Examples of activities reviewed include the following: patsseLirz)

e  Managing requirements

o Identifying inconsistencies among project plans, work products, and requirements

Examples of work products reviewed include the following: jpatas 114

e  Requirements

e Requirements traceability matrix

92 Maturity Level: 2, Requirements Management
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GP 210 (VE2) Review Status with Higher Level Management
Review the activities, status, and results of the requirements
management process with higher level management and resolve
issues. [Gr112

Elaboration:

Proposed changes to commitments to be made external to the
organization are reviewed with higher level management to ensure that
all commitments can be accomplished. pat4seL117]

(The following goal is not required and its practices are not expected for a maturity level 2 rating,
but are required for a maturity level 3 rating and above.)

GG3

Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.

GP 3.1

GP 3.2

Establish a Defined Process

Establish and maintain the description of a defined requirements
management process. [cri114]

Collect Improvement Information

Collect work products, measures, measurement results, and
improvement information derived from planning and performing
the requirements management process to support the future use
and improvement of the organization’s processes and process
assets. cr117]
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PROJECT PLANNING

Maturity Level 2

Purpose

Introductory Notes

The purpose of Project Planning is to establish and maintain plans that
define project activities. pats3

94

The Project Planning process area involves the following: patesnio1)

e Developing the project plan
¢ Interacting with stakeholders appropriately
e  Getting commitment to the plan

e Maintaining the plan

Planning begins with requirements that define the product and project.
[PA163.N102]

Planning includes estimating the attributes of the work products and
tasks, determining the resources needed, negotiating commitments,
producing a schedule, and identifying and analyzing project risks.
Iterating through these activities may be necessary to establish the
project plan. The project plan provides the basis for performing and
controlling the project’s activities that address the commitments with the
project’s customer. patsa.N103)

The project plan will usually need to be revised as the project
progresses to address changes in requirements and commitments,
inaccurate estimates, corrective actions, and process changes. Specific
practices describing both planning and re-planning are contained in this
process area. [pa163.N104]

The term “project plan” is used throughout the generic and specific

practices in this process area to refer to the overall plan for controlling
the project. patsan1os]
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Related Process Areas

Refer to the Requirements Development process area for more
information about developing requirements that define the product and
product components. Product and product-component requirements
and changes to those requirements serve as a basis for planning and
re-planning. patesr101]

Refer to the Requirements Management process area for more
information about managing requirements needed for planning and re-
planning. [pa1ss.r102)

Refer to the Risk Management process area for more information about
identifying and managing risks. pa16s.r103)

Refer to the Technical Solution process area for more information about
transforming requirements into product and product-component
solutions. [pa163.r104]

Specific and Generic Goals

SG1 Establish Estimates paszicion
Estimates of project planning parameters are established and maintained.
SG 2 Develop a Project Plan paesicioz
A project plan is established and maintained as the basis for managing the
project.
SG3 Obtain Commitment to the Plan passsicios
Commitments to the project plan are established and maintained.
GG 2 Institutionalize a Managed Process (cL10s.6L101

The process is institutionalized as a managed process.

(The following goal is not required for maturity level 2, but required for maturity level 3 and

above.)

GG3

Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.
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Practice-to-Goal Relationship Table

SG 1 Establish Estimates patss.icio)
SP 1.1 Estimate the Scope of the Project
SP1.2 Establish Estimates of Work Product and Task Attributes
SP 1.3 Define Project Life Cycle
SP14 Determine Estimates of Effort and Cost

SG 2 Develop a Project Plan [patss.icioz
SP 2.1 Establish the Budget and Schedule
SP 2.2 Identify Project Risks
SP 2.3 Plan for Data Management

SP24 Plan for Project Resources
SP 25 Plan for Needed Knowledge and Skills
SP 2.6 Plan Stakeholder Involvement

SP 2.7 Establish the Project Plan

SG 3 Obtain Commitment to the Plan pates.icio3)
SP 3.1 Review Plans that Affect the Project
SP 3.2 Reconcile Work and Resource Levels
SP 3.3 Obtain Plan Commitment

GG 2 Institutionalize a Managed Process [cL103.6L101)

GP 2.1 (CO1) Establish an Organizational Policy

GP 2.2 (AB 1) Plan the Process

GP 2.3 (AB 2) Provide Resources

GP 24 (AB 3) Assign Responsibility

GP 25 (AB 4) Train People

GP 2.6 (DI'1) Manage Configurations

GP 2.7 (DI 2) Identify and Involve Relevant Stakeholders
GP 2.8 (DI 3) Monitor and Control the Process

GP 2.9 (VE 1) Objectively Evaluate Adherence

GP 2.10 (VE 2) Review Status with Higher Level Management

(The following goal is not required and its practices are not expected for a maturity level 2 rating,
but are required and expected for a maturity level 3 rating and above.)

GG 3 Institutionalize a Defined Process [cL104.6L101]
GP 31 Establish a Defined Process
GP 3.2 Collect Improvement Information

Specific Practices by Goal

SG 1 Establish Estimates

Estimates of project planning parameters are established and maintained.
[PA163.1G101]

Project planning parameters include all information needed by the
project to perform the necessary planning, organizing, staffing,
directing, coordinating, reporting, and budgeting. (patsaicto1.n101]
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Estimates of planning parameters should have a sound basis to provide
confidence that any plans based on these estimates are capable of
supporting project objectives. pates.ic101.N102]

Factors that are typically considered when estimating these parameters
include the following: (pate3.ic101.N103]

e  Project requirements, including the product requirements, the
requirements imposed by the organization, the requirements
imposed by the customer, and other requirements that impact the
project

e  Scope of the project
e Identified tasks and work products
e  Technical approach

e  Selected project life-cycle model (e.g., waterfall, incremental,
spiral, etc.)

e  Attributes of the work products and tasks (e.g., size or complexity)
e  Schedule

e Models or historical data for converting the attributes of the work
products and tasks into labor hours and cost

o Methodology (models, data, algorithms) used to determine needed
material, skills, labor hours, and cost

Documenting the estimating rationale and supporting data is needed for
stakeholders’ review and commitment to the plan and for maintenance
of the plan as the project progresses. [pa6s.c101.N104)

SP 1.1 Estimate the Scope of the Project

Establish a top-level work breakdown structure (WBS) to estimate
the scope of the project. jpa1s3.ic101.5p101]

The WBS evolves with the project. Initially a top-level WBS can serve to
structure the initial estimating. The development of a WBS divides the
overall project into an interconnected set of manageable components.
The WBS is typically a product-oriented structure that provides a
scheme for identifying and organizing the logical units of work to be
managed, which are called “work packages.” The WBS provides a
reference and organizational mechanism for assigning effort, schedule,
and responsibility and is used as the underlying framework to plan,
organize, and control the work done on the project. jpatss.ic1o1.sp101.N101]

Typical Work Products
1. Task descriptions pates.icio1.sP101.w101]

2.  Work package descriptions pates.ic101.5p101.w102]
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3.

WBS [pa163.1G101.5P101.W103]

Subpractices

1.

Develop a WBS based on the product architecture.
[PA163.1G101.SP101.SubP101]

The WBS provides a scheme for organizing the project’s work around the
products that the work supports. The WBS should permit the identification of the
following items: pat63.6101.5P101.5ubP101.N101]

o |dentified risks and their mitigation tasks

o Tasks for deliverables and supporting activities

o Tasks for skill and knowledge acquisition

o Tasks for development of needed support plans, such as configuration
management, quality assurance, and verification plans

o Tasks for integration and management of non-developmental items

Identify the work packages in sufficient detail to specify estimates
of project tasks, responsibilities, and schedule. pas3.ic101.5P101.5uP102]

The top-level WBS is intended to help in gauging the project work effort in terms
of tasks and organizational roles and responsibilities. The amount of detail in the
WBS at this more detailed level helps in developing realistic schedules, thereby

minimizing the need for management reserve. (pats316101.5p101.5ubP102.N101]

Identify work products (or components of work products) that will
be externally acquired. (patesic1o1.sP101.5ubP103]

Refer to the Supplier Agreement Management process area for
more information about acquiring work products from sources
external to the project. jpa163.16101.5P101.5ubP103.R101]

Identify work products that will be reused. pats3.c101.5p101.5ubP104]

Establish Estimates of Work Product and Task Attributes

Establish and maintain estimates of the attributes of the work
products and tasks. [pa163.6101.5p102]

Size is the primary input to many models used to estimate effort, cost,
and schedule. The models may also be based on inputs such as
connectivity, complexity, and structure. patesicior.sp102N102]
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Examples of types of work products for which size estimates are made include the
following: pates.ic1o1.sP102N103]

o  Deliverable and nondeliverable work products
e  Documents

e  Operational and support software

Examples of size measures include the following: pates.ic1o1.sp102n104)

e Number of functions

e  Function points

e Source lines of code

e Number of classes and objects
e Number of requirements

e Number of interfaces

e Number of pages

o Number of inputs and outputs
e Number of technical risk items

e  Volume of data

The estimates should be consistent with project requirements to
determine the project’s effort, cost, and schedule. A relative level of
difficulty or complexity should be assigned for each size attribute.
[PA163.1G101.SP102.N101]

Typical Work Products
1. Technical approach [paes.ic101.sp102w101]

2. Size and complexity of tasks and work products (patss.ic101.sP102.w102]
3. Estimating models (paes.ic101.sP102.w103]

4. Attribute estimates [paes.ic101.5P102.w104]

Subpractices

1. Determine the technical approach for the project.
[PA163.1G101.SP102.SubP101]

The technical approach defines a top-level strategy for development of the
products. It includes decisions on architectural features, such as distributed or
client server; state-of-the-art or established technologies to be applied, such as
robotics, composite materials, or artificial intelligence; and breadth of the
functionality expected in the final products, such as safety, security, and
ergonomics. [PA163.1G101.SP102.SubP101.N101]
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Use appropriate methods to determine the attributes of the work
products and tasks that will be used to estimate the resource
requirements. [pa163.1G101.5P102.5ubP102]

Methods for determining size and complexity should be based on validated
models or historical data. ates.ic101.5P102.5ubP102.N101]

The methods for determining attributes evolve as our understanding of the
relationship of product characteristics to attributes increases.
[PA163.1G101.SP102.SubP102.N102]

Examples of current methods include the following: atesic101.sp102.subP102.n103)

o Number of logic gates for integrated circuit design
e Lines of code or function points for software
o Number/complexity of requirements for systems engineering

o Number of square feet for standard-specified residential homes

Estimate the attributes of the work products and tasks.
[PA163.1G101.SP102.SubP103]

Estimate, as appropriate, the labor, machinery, materials, and
methods that will be required by the project. patss.ic101.5p102.5ubP104]

Define Project Life Cycle

Define the project life-cycle phases upon which to scope the
planning effort. jpaiss.ic101.5P103

The determination of a project’s life-cycle phases provides for planned
periods of evaluation and decision making. These are normally defined
to support logical decision points at which significant commitments are
made concerning resources and technical approach. Such points
provide planned events at which project course corrections and
determinations of future scope and cost can be made. patsa.ic101.5P103.N101]

For Software Engineering

The determination of project phases for software typically
includes selection and refinement of a software development
model to address interdependencies and appropriate
sequencing of software project activities.
[PA163.1G101.SP103.N101.AMP101]
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The project life cycle consists of phases that need to be defined
depending on the scope of requirements, the estimates for project
resources, and the nature of the project. Larger projects may contain
multiple phases, such as concept exploration, development, production,
operations, and disposal. Within these phases, subphases may be
needed. A development phase may include subphases such as
requirements analysis, design, fabrication, integration, and verification.
Depending on the strategy for development, there may be intermediate
phases for the creation of prototypes, increments of capability, or spiral
model cycles. [pa163.16101.5P103.N102]

Understanding the project life cycle is crucial in determining the scope
of the planning effort and the timing of the initial planning, as well as the
timing and criteria (critical milestones) for re-planning. (pates.c101.sp103N103]

Typical Work Products
1. Project life-cycle phases pats3.ic101.5p103.W101]

SP1.4 Determine Estimates of Effort and Cost

Estimate the project effort and cost for the work products and
tasks based on estimation rationale. pa16s.c101.sP104

Estimates of effort and cost are generally based on the results of
analysis using models or historical data applied to size, activities, and
other planning parameters. Confidence in these estimates is based on
the rationale for the selected model and the nature of the data. There
may be occasions where the available historical data does not apply,
such as where efforts are unprecedented or where the type of task does
not fit available models. An effort is unprecedented (to some degree) if
a similar product or component has never been built. An effort may also
be unprecedented if the development group has never built such a
product or component. (pa163.1G101.5P104.N101]

Unprecedented efforts are more risky, require more research to develop
reasonable bases of estimate, and require more management reserve.
The uniqueness of the project must be documented when using these
models to ensure a common understanding of any assumptions made
in the initial planning stages. (pa163.16101.5P104.N102]

Typical Work Products
1. Estimation rationale pates.ic101.sP104w101]

2. Project effort estimates patsaic101.sp104 w102

3. Project cost estimates patsaici101.sp104.w104]
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Subpractices

1. Collect the models or historical data that will be used to transform
the attributes of the work products and tasks into estimates of the
labor hours and cost. [pa163.6101.5P104.5ubP101]

For Software Engineering

Within the software-engineering area, many parametric
models have been developed to aid in estimating cost and
schedule. The use of these models as the sole source of
estimation is not recommended as these models are based on
historical project data that may or may not be pertinent to your
project. Multiple models and/or methods may be used to
ensure a high level of confidence in the estimate.
[PA163.1G101.SP104.SubP101.AMP101]

Historical data include the cost, effort, and schedule data from previously
executed projects, plus appropriate scaling data to account for differing sizes and
Complexity. [PA163.1G101.5P104.SubP101.N101]

2. Include supporting infrastructure needs when estimating effort and
COSt. [PA163.1G101.5P104.5ubP102]

The support infrastructure includes items needed from a development and
sustainment perspective for the product. jpatssi6101.5p104 subP102N101)

For Software Engineering

Consider critical computer resources in the host environment,
in the test environment, in the target environment, or in any
combination of these. Computer resource estimation typically
includes the following: [pa163.16101.5P104.5ubP102.N101.AMP101]

e identifying the critical computer resources for the software
project and

e basing estimates of critical computer resources on allocated
requirements

For Software Engineering

Examples of critical computer resources include the following:
[PA163.1G101.SP104.SubP102.N101.AMP102]

o Memory, disk, and network capacity
e Processor power
o Communications channel capacity

o Workstation power

o Peripheral capacity
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For Software Engineering

Examples of software-engineering facilities include the following:
[PA163.1G101.SP104.SubP102.N101.AMP103]

o Host computers, peripherals, and networks

o Software test computers and peripherals

o Target computer environment software

o Software-engineering environment (i.e., software tools)

3. Estimate effort and cost using models and/or historical data.
[PA163.1G101.SP104.SubP103]

Effort and cost inputs used for estimating typically include the following:
[PA163.1G101.SP104.SubP103.N101]

Maturity Level: 2, Project Planning

Judgmental estimates provided by an expert or group of experts (e.g., Delphi
Method)

Risks, including the extent to which the effort is unprecedented
Critical competencies and roles needed to perform the work
Product and product-component requirements

Technical approach

WBS

Size estimates of work products and anticipated changes

Cost of externally acquired work products

Selected project life-cycle model and processes

Life-cycle cost estimates

Capability of tools provided in engineering environment

Skill levels of managers and staff needed to perform the work
Knowledge, skill, and training needs

Facilities needed (e.g., office and meeting space and workstations)
Engineering facilities needed

Capability of manufacturing process(es)

Travel

Level of security required for tasks, work products, hardware, software, personnel,
and work environment

Service-level agreements for call centers and warranty work

Direct labor and overhead
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Develop a Project Plan

SG 2

A project plan is established and maintained as the basis for managing the
project. paies.ic1oz

104

SP 2.1

A project plan is a formal, approved document used to manage and
control the execution of the project. It is based on the project
requirements and the established estimates. [paiss.ic102.n101]

The project plan should consider all phases of the project life cycle.
Project planning should ensure that all plans affecting the project are
consistent with the overall project plan. patss.ic102n102)

Establish the Budget and Schedule

Establish and maintain the project’s budget and schedule.
[PA163.1G102.SP101]

The project’s budget and schedule are based on the developed
estimates and ensure that budget allocation, task complexity, and task
dependencies are appropriately addressed. pates.ic102.5P101.N101]

Event-driven, resource-limited schedules have proven to be effective in
dealing with project risk. Identifying accomplishments to be
demonstrated before initiation of the event provides some flexibility in
the timing of the event, a common understanding of what is expected, a
better vision of the state of the project, and a more accurate status of
the project’s tasks. [pates.ic102.5p101.N102]

Typical Work Products
1. Project schedules pats3ic102.sp101.w101]

2. Schedule dependencies [paiss.ic102.5p101.W102]

3. Project budget (pates.ic102.5P101.w103)

Subpractices
1. ldentify major milestones. pats3.ic102.5P101.5ubP101]

Milestones are often imposed to ensure completion of certain deliverables by the
milestone. Milestones can be event based or calendar based. If calendar based,
once milestone dates have been agreed upon, it is often very difficult to change
them. [PA163.1G102.5P101.SubP101.N101]

2. ldentify schedule assumptions. pat63.c102.5P101.5ubP102]
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When schedules are initially developed, it is common to make assumptions about
the duration of certain activities. These assumptions are frequently made on items
for which little if any estimation data is available. Identifying these assumptions
provides insight into the level of confidence (uncertainties) in the overall schedule.
[PA163.1G102.SP101.SubP102.N101]

3. Identify constraints. [patesic102.sP101.5ubP103]

Factors that limit the flexibility of management options need to be identified as
early as possible. The examination of the attributes of the work products and
tasks will often surface these issues. Such attributes can include task duration,
resources, inputs, and outputs. (patesic1o2.sp101.subP103N101)

4. ldentify task dependencies. (pa163.16102.5P101.5ubP104]

Typically, the tasks for a project can be accomplished in some ordered sequence
that will minimize the duration of the project. This involves the identification of
predecessor and successor tasks to determine the optimal ordering.
[PA163.1G102.SP101.SubP104.N101]

Examples of tools that can help determine an optimal ordering of task activities
include the following: (patesic102.sp101.subP104N102]

o (Critical Path Method (CPM)

o Program Evaluation and Review Technique (PERT)

o Resource-limited scheduling

5. Define the budget and schedule. [pat63.ic102.5P101.5ubP105]

Establishing and maintaining the project's budget and schedule typically includes
the following: patss.G102.5p101.5ubP105.N101)

o Defining the committed or expected availability of resources and facilities
o Determining time phasing of activities
o Determining a breakout of subordinate schedules

o Defining the dependencies between the activities (predecessor or successor
relationships)

o Defining the schedule activities and milestones to support accuracy in progress
measurement

o |dentifying milestones for delivery of products to the customer
o Defining activities of appropriate duration
o Defining milestones of appropriate time separation

o Defining a management reserve based on the confidence level in meeting the
schedule and budget

o Using appropriate historical data to verify the schedule

o Defining incremental funding requirements
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o Documenting project assumptions and rationale

6. Establish corrective action criteria. [pa1e3.1c102.5P101.5ubP106]

Criteria are established for determining what constitutes a significant deviation
from the project plan. A basis for gauging issues and problems is necessary to
determine when a corrective action should be taken. The corrective actions may
require re-planning, which may include revising the original plan, establishing new
agreements, or including mitigation activities within the current plan.
[PA163.1G102.SP101.SubP106.N101]

SP 2.2 Identify Project Risks

Identify and analyze project risks. pa163.6102.5p103]

Refer to the Risk Management process area for more information about
risk management activities. pa16s.ic102.sP103.R101]

Refer to the Monitor Project Risks specific practice in the Project
Monitoring and Control process area for more information about risk
monitoring activities. pa163.16102.5P103.R102]

Risks are identified or discovered and analyzed to support project
planning. This specific practice should be extended to all the plans that
affect the project to ensure that the appropriate interfacing is taking
place between all relevant stakeholders on identified risks. Project
planning risk identification and analysis typically include the following:
[PA163.1G102.SP103.N101]

e |dentifying risks

¢ Analyzing the risks to determine the impact, probability of
occurrence, and time frame in which problems are likely to occur

e  Prioritizing risks

Typical Work Products
1. ldentified risks pats3.ic102.5P103.W101]

2. Risk impacts and probability of occurrence (pates.icto2.sp103.w102]

3. Risk priorities [pa163.16102.5P103.w103)

Subpractices
1. Identify risks. pa163.16102.5P103.5ubP101]
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The identification of risks involves the identification of potential issues, hazards,
threats, vulnerabilities, etc. that could negatively affect work efforts and plans.
Risks must be identified and described in an understandable way before they can
be analyzed. When identifying risks, it is good to use a standard method for
defining risks. Risk identification and analysis tools may be used to help identify
possible problems. [patss.ic102.5p103.5u5P101.N101]

Examples of risk identification and analysis tools include the following:
[PA163.1G102.SP103.SubP101.N102]

o Risk taxonomies

e Risk assessments

o Checklists

o Structured interviews
o Brainstorming

o Performance models
e Cost models

o Network analysis

o Quality factor analysis

2. Document the risks. [pa163.16102.5P103.5ubP102]

3. Review and obtain agreement with relevant stakeholders on the
completeness and correctness of the documented risks.
[PA163.1G102.SP103.SubP103]

4. Revise the risks as appropriate. [pa163.6102.5P103.5ubP104]

Examples of when identified risks may need to be revised include the following:
[PA163.1G102.SP103.SubP104.N101]

o When new risk is identified
o When risks become problems

e When risks are retired

o When project circumstances change significantly

SP 2.3 Plan for Data Management

Plan for the management of project data. (pa163.i6102.sp102]
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Data are the various forms of documentation required to support a
program in all of its areas (e.g., administration, engineering,
configuration management, financial, logistics, quality, safety,
manufacturing, and procurement). The data may take any form (e.g.,
reports, manuals, notebooks, charts, drawings, specifications, files, or
correspondence). The data may exist in any medium (e.g., printed or
drawn on various materials, photographs, electronic, or multimedia).
Data may be deliverable (e.g., items identified by a program’s contract
data requirements) or data may be nondeliverable (e.g., informal data,
trade studies and analyses, internal meeting minutes, internal design
review documentation, lessons learned, and action items). Distribution
may take many forms, including electronic transmission.
[PA163.1G102.SP102.N101]

The data requirements for the project should be established for both the
data items to be created and their content and form, based on a
common or standard set of data requirements. Uniform content and
format requirements for data items facilitate understanding of data
content and help with consistent management of the data resources.
[PA163.1G102.SP102.N102]

The reason for collecting each document should be clear. This task
includes the analysis and verification of project deliverables and
nondeliverables, contract and noncontract data requirements, and
customer-supplied data. Often, data is collected with no clear
understanding of how it will be used. Data is costly and should be
collected only when needed. [pat6316102.5P102.N103]

Typical Work Products
1. Data management plan [patss.ic102.sp102w101]

2. Master list of managed data (pates.ic102.5P102.w102]
3. Data content and format description pates.ic102.sp102w103]

4. Data requirements lists for acquirers and for suppliers
[PA163.1G102.SP102.W104]

Privacy requirements [pa163.6102.5P102.w105]
Security requirements pat6316102.5P102.w106]

Security procedures pa163.16102.5P102.w107]

© N o o

Mechanism for data retrieval, reproduction, and distribution
[PA163.1G102.SP102.W108]

9. Schedule for collection of project data (pates.ic102.sp102.w109]

10. Listing of project data to be collected pats3ic1oz.sP102.w110]
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Subpractices

1. Establish requirements and procedures to ensure privacy and
security of the data. jpates.ic102.5P102.5ubP101]

Not everyone will have the need or clearance necessary to access the project
data. Procedures must be established to identify who has access to what data as
well as when they have access to the data. patss.c102.5p102.5u0P101.N101)

2. Establish a mechanism to archive data and to access archived
data. [PA163.1G102.SP102.SubP102]

Accessed information should be in an understandable form (e.g., electronic or
computer output from a database) or represented as originally generated.

[PA163.1G102.5P102.SubP102.N101]

3. Determine the project data to be identified, collected, and
distributed. pa163.16102.5P102.5ubP103]

SP 24 Plan for Project Resources

Plan for necessary resources to perform the project. jpai63i6102.sp104]

Defining project resources (labor, machinery/equipment, materials, and
methods) and quantities needed to perform project activities builds on
the initial estimates and provides additional information that can be
applied to expand the WBS used to manage the project.

[PA163.1G102.SP104.N101]

The top-level WBS developed earlier as an estimation mechanism is
typically expanded by decomposing these top levels into work packages
that represent singular work units that can be separately assigned,
performed, and tracked. This subdivision is done to distribute
management responsibility and provide better management control.
Each work package or work product in the WBS should be assigned a
unique identifier (e.g., number) to permit tracking. A WBS may be
based on requirements, activities, work products, or a combination of
these items. A dictionary that describes the work for each work package
in the WBS should accompany the work breakdown structure.
[PA163.1G102.SP104.N102]

Typical Work Products
1.  WBS work packages pa1es.ic102.5p104w101]

2. WABS task dictionary pates.ic102.5p104w102]

3. Staffing requirements based on project size and scope

[PA163.1G102.SP104.W103]

4. Critical facilities/equipment list (pates.ic102.spP104.w104)
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5. Process/workflow definitions and diagrams (pates.ic102.sp104.w105]

6. Program administration requirements list pate3.ic102.5P104.w106]

Subpractices
1. Determine process requirements. [pa163.16102.5P104.5ubP101]

The processes used to manage a project must be identified, defined, and
coordinated with all the relevant stakeholders to ensure efficient operations during
project execution. [PA163.1G102.5P104.SubP101.N101]

2. Determine staffing requirements. [pates.ic102.5P104.5ubP102]

The staffing of a project depends on the decomposition of the project
requirements into tasks, roles, and responsibilities for accomplishing the project
requirements as laid out within the work packages of the WBS.
[PA163.1G102.SP104.SubP102.N101]

Staffing requirements must consider the knowledge and skills required for each of
the identified positions, as defined in the Plan for Needed Knowledge and Skills
specific practice. pates.ic102.5p104 SubP102N102]

3. Determine facilities, equipment, and component requirements.
[PA163.1G102.SP104.SubP103]

Most projects are unique in some sense and require some set of unique assets to
accomplish the objectives of the project. The determination and acquisition of
these assets in a timely manner are crucial to project success.
[PA163.1G102.SP104.SubP103.N101]

Lead-time items need to be identified early to determine how they will be
addressed. Even when the required assets are not unique, compiling a list of all of
the facilities, equipment, and parts (e.g., number of computers for the personnel
working on the project, software applications, office space, etc.) provides insight
into aspects of the scope of an effort that are often overlooked.
[PA163.1G102.SP104.SubP103.N102]

SP 2.5 Plan for Needed Knowledge and Skills

Plan for knowledge and skills needed to perform the project.
[PA163.1G102.SP105]

Refer to the Organizational Training process area for more information
about knowledge and skills information to be incorporated into the
project plan. pa163.ic102.sP105.R101]

Knowledge delivery to projects involves both training of project

personnel and acquisition of knowledge from outside sources.
[PA163.1G102.SP105.N101]
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Staffing requirements are dependent on the knowledge and skills
available to support the execution of the project. pates.ic102.sp105.N102]

Typical Work Products
1. Inventory of skill needs pates.ic102.sP105.w101]

2. Staffing and new hire plans (pates.ic102.sP105.w103]

3. Databases (e.g., skills and training) pates.c102.sp105.w104)

Subpractices

1. ldentify the knowledge and skills needed to perform the project.
[PA163.1G102.SP105.SubP101]

2. Assess the knowledge and skills available. (pat63.i6102.5P105.5u0P102]

3. Select mechanisms for providing needed knowledge and skills.
[PA163.1G102.SP105.SubP103]

Example mechanisms include the following: (pates.c102.5p105.su6P103.N101]

¢ In-house training (both organizational and project)
o External training
o Staffing and new hires

o External skill acquisition

The choice of in-house training or external outsourcing for the needed knowledge
and skills is determined by the availability of training expertise, the project's
schedule, and business objectives. [patesic102.5p105 subp103N102]

4. Incorporate selected mechanisms in the project plan.
[PA163.1G102.SP105.SubP104]

SP 2.6 Plan Stakeholder Involvement

Plan the involvement of identified stakeholders. ipa163.16102.5P106]

Stakeholders are identified from all phases of the project life cycle by
identifying the type of people and functions needing representation in
the project and describing their relevance and the degree of interaction
for specific project activities. A two-dimensional matrix with
stakeholders along one axis and project activities along the other axis is
a convenient format for accomplishing this identification. Relevance of
the stakeholder to the activity in a particular project phase and the
amount of interaction expected would be shown at the intersection of
the project phase activity axis and the stakeholder axis.
[PA163.1G102.SP106.N101]
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SP 2.7

For the inputs of stakeholders to be useful, careful selection of relevant
stakeholders is necessary. For each major activity, identify the
stakeholders that are affected by the activity and those who have
expertise that is needed to conduct the activity. This list of relevant
stakeholders will probably change as the project moves through the
phases of the project life cycle. It is important, however, to ensure that
relevant stakeholders in the later phases of the life cycle have early
input to requirements and design decisions that affect them.
[PA163.1G102.SP106.N102]

Examples of the type of material that should be included in a plan for stakeholder
interaction include the following: ates.G102.sp106n103)

. List of all relevant stakeholders
. Rationale for stakeholder involvement

e  Roles and responsibilities of the relevant stakeholders with respect to the project,
by project life-cycle phase

e  Relationships between stakeholders

o  Relative importance of the stakeholder to success of the project, by project life-
cycle phase

e  Resources (e.g., training, materials, time, funding) needed to ensure stakeholder
interaction

e Schedule for phasing of stakeholder interaction

Conduct of this specific practice relies on shared or exchanged
information with the previous Plan for Needed Knowledge and Skills
specific practice. [pa163.16102.5pP106.N104]

Typical Work Products
1. Stakeholder involvement plan patss.ic102.sp106.w101]

Establish the Project Plan

Establish and maintain the overall project plan content.
[PA163.1G102.SP107]

For Software Engineering

For software, the planning document is often referred to as
one of the following: [pa163.iG102.sP107.AMP102]

o Software development plan
e Software project plan

o Software plan
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A documented plan that addresses all relevant planning items is
necessary to achieve the mutual understanding, commitment, and
performance of individuals, groups, and organizations that must
execute or support the plans. The plan generated for the project defines
all aspects of the effort, tying together in a logical manner: project life-
cycle considerations; technical and management tasks; budgets and
schedules; milestones; data management, risk identification, resource
and skill requirements; and stakeholder identification and interaction.
Infrastructure descriptions include responsibility and authority
relationships for project staff, management, and support organizations.
[PA163.1G102.SP107.N101]

Typical Work Products
1. Overall project plan [patesic102.sP107.w101]

SG3 Obtain Commitment to the Plan

Commitments to the project plan are established and maintained. ppaies.ic103

To be effective, plans require commitment by those responsible for
implementing and supporting the plan. patesiciosnion

SP 3.1 Review Plans that Affect the Project

Review all plans that affect the project to understand project
commitments. pa163.16103.5P103]

Plans developed within other process areas will typically contain
information similar to that called for in the overall project plan. These
plans may provide additional detailed guidance and should be
compatible with and support the overall project plan to indicate who has
the authority, responsibility, accountability, and control. All plans that
affect the project should be reviewed to ensure a common
understanding of the scope, objectives, roles, and relationships that are
required for the project to be successful. Many of these plans are
described by the Plan the Process generic practice in each of the
Process areas. [pA163.1G103.5P103.N101]

Typical Work Products

1.  Record of the reviews of plans that affect the project
[PA163.1G103.SP103.W101]

SP 3.2 Reconcile Work and Resource Levels

Reconcile the project plan to reflect available and estimated
resources. [PA163.1G103.SP101]
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SP 3.3

To obtain commitment from relevant stakeholders, it is important to
reconcile any differences between the estimates and the available
resources. Reconciliation is typically accomplished by lowering or
deferring technical performance requirements, negotiating more
resources, finding ways to increase productivity, outsourcing, adjusting
the staff skill mix, or revising all plans that affect the project or
schedules. [pa163.16103.5P101.N101]

Typical Work Products

1. Revised methods and corresponding estimating parameters (e.g.,
better tools, use of off-the-shelf components) (pates.ic103.sP101.W101]

Renegotiated budgets [paesicios.spi01.wioz)
Revised schedules pate3.ic103.sP101.w103]

Revised requirements list (pate3.i6103.5P101.w104]

o &> oD

Renegotiated stakeholder agreements [pat63.16103.5P101.w105]

Obtain Plan Commitment

Obtain commitment from relevant stakeholders responsible for
performing and supporting plan execution. [pa16s.iG103.sp102]

Obtaining commitment involves interaction among all relevant
stakeholders both internal and external to the project. The individual or
group making a commitment should have confidence that the work can
be performed within cost, schedule, and performance constraints.
Often, a provisional commitment is adequate to allow the effort to begin
and to permit research to be performed to increase confidence to the
appropriate level needed to obtain a full commitment. pats3.ic103.sp102N101]

Typical Work Products
1.  Documented requests for commitments [pate3.i6103.sP102W101)

2. Documented commitments [pa1e3.ic103.sP102.w102]

Subpractices

1. ldentify needed support and negotiate commitments with relevant
stakeholders. (pa163.6103.5P102.5ubP101]

The WBS can be used as a checklist for ensuring that commitments are obtained
for all tasks. pate3ic103.5P102.5ubP101.N101]

The plan for stakeholder interaction should identify all parties from whom
commitment should be obtained. [pats3.c103.sP102.5ubP101.N102]
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Document all organizational commitments, both full and
provisional, ensuring appropriate level of signatories.
[PA163.1G103.SP102.SubP102]

Commitments must be documented to ensure a consistent mutual understanding
as well as for tracking and maintenance. Provisional commitments should be
accompanied by a description of the risks associated with the relationship.
[PA163.1G103.SP102.SubP102.N101]

Review internal commitments with senior management as
appropriate. [PA163.1G103.SP102.SubP103]

Review external commitments with senior management as
appropriate. [PA163.1G103.SP102.SubP104]

Management may have the necessary insight and authority to reduce risks
associated with external commitments. pat63.16103.5p102.5ubP104.N101]

Identify commitments on interfaces between elements in the
project, and with other projects and organizational units, so they
can be monitored. [pA163.16103.5P102.5ubP105]

Well-defined interface specifications form the basis for commitments.
[PA163.1G103.SP102.SubP105.N101]

GG 2 Institutionalize a Managed Process [cL103.6L101]

The process is institutionalized as a managed process.

Commitment to Perform

GP 2.1 (CO

1) Establish an Organizational Policy

Establish and maintain an organizational policy for planning and
performing the project planning process. (cr103

Elaboration:

This

policy establishes organizational expectations for estimating the

planning parameters, making internal and external commitments, and
developing the plan for managing the project. patsaeLion
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GP 2.2

GP 2.3

(AB 1) Plan the Process

Establish and maintain the plan for performing the project
planning process. Grio4

Elaboration:

This plan for performing the project planning process differs from the
project plan described in specific practices in this process area. The
plan called for in this generic practice would address the
comprehensive planning for all of the specific practices in this process
area, from estimating the scope of the project all the way to obtaining
commitment for the project plan. In other words, this generic practice
calls for one to “plan the plan.” In contrast, the project plan called for in
the specific practices would address planning for the project effort itself
in a comprehensive manner. pats3.eL103]

(AB 2) Provide Resources

Provide adequate resources for performing the project planning
process, developing the work products, and providing the services
of the process. [cr105)

Elaboration:

Special expertise, equipment, and facilities in project planning may be
required. Special expertise in project planning may include the
following: (pate3.EL104]

e  Experienced estimators
e  Schedulers

e Technical experts in applicable areas (e.g., product domain and
technology)

Examples of other resources provided include the following tools: pateseL1oe)

e  Spreadsheet programs
e  Estimating models

e  Project planning and scheduling packages
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GP 2.4 (AB 3) Assign Responsibility

Assign responsibility and authority for performing the process,
developing the work products, and providing the services of the
project planning process. criog

GP 25 (AB 4) Train People

Train the people performing or supporting the project planning
process as needed. Gr1o7]

Elaboration:

Examples of training topics include the following: pates eL1og)

e  Estimating

e  Budgeting

o  Negotiating

o  Risk identification and analysis
o  Data management

e  Planning

e  Scheduling

Directing Implementation

GP 2.6 (DI 1) Manage Configurations

Place designated work products of the project planning process
under appropriate levels of configuration management. [criog

Elaboration:

Examples of work products placed under configuration management include the
following: paeseLtno

e Work breakdown structure
e  Projectplan

o  Data management plan

e  Stakeholder involvement plan
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GP 2.8
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(DI 2) Identify and Involve Relevant Stakeholders

Identify and involve the relevant stakeholders of the project
planning process as planned. [cri24

Elaboration:

This generic practice is different from developing the plan for
stakeholder involvement for the project itself, which is covered in a
specific practice of this process area. patsseL111]

Select relevant stakeholders from senior managers, project managers,
project functional managers (e.g., systems engineering, software
engineering, other disciplines), software engineers, systems engineers,
manufacturing engineers, logisticians, suppliers, customers, and others
who may be affected by, or may affect, the project. pateseLi1g

Examples of activities for stakeholder involvement include the following: patesLitg)

e  Establishing estimates

e  Reviewing and resolving issues on the completeness and correctness of the
project risks

e  Reviewing data management plans
e  Establishing project plans

e  Reviewing project plans and resolving issues on work and resource issues

(DI 3) Monitor and Control the Process

Monitor and control the project planning process against the plan
for performing the process and take appropriate corrective action.
[GP110]

Elaboration:

Examples of measures used in monitoring and controlling include the following:
[PA163.EL113]

o Number of revisions to the plan

e  Cost, schedule, and effort variance per plan revision
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ation

GP 2.9 (VE 1) Objectively Evaluate Adherence

Objectively evaluate adherence of the project planning process
against its process description, standards, and procedures, and
address noncompliance. (cri113

Elaboration:

Examples of activities reviewed include the following: jpatesL11s)
e  Establishing estimates
o  Developing a project plan

e  Obtaining commitments to the project plan

Examples of work products reviewed include the following: jpates 117
e WBS

e  Projectplan

o  Data management plan

e  Stakeholder involvement plan

GP 2.10 (VE 2) Review Status with Higher Level Management

Review the activities, status, and results of the project planning
process with higher level management and resolve issues. cri12

(The following goal is not required and its practices are not expected for a maturity level 2 rating,

but are required for a maturity level 3 rating and above.)

GG 3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.

GP 3.1 Establish a Defined Process

Establish and maintain the description of a defined project
planning process. [cr114

Maturity Level: 2, Project Planning
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GP 3.2 Collect Improvement Information

Collect work products, measures, measurement results, and
improvement information derived from planning and performing
the project planning process to support the future use and
improvement of the organization’s processes and process assets.
[GP117]
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PROJECT MONITORING AND CONTROL

Maturity Level 2

Purpose

Introductory Notes

The purpose of Project Monitoring and Control is to provide an
understanding of the project’s progress so that appropriate corrective
actions can be taken when the project’s performance deviates
significantly from the plan. (patez

A project's documented plan is the basis for monitoring activities,
communicating status, and taking corrective action. Progress is
primarily determined by comparing actual work product and task
attributes, effort, cost, and schedule to the plan at prescribed
milestones or control levels within the project schedule or work
breakdown structure. Appropriate visibility enables timely corrective
action to be taken when performance deviates significantly from the
plan. A deviation is significant if, when left unresolved, it precludes the
project from meeting its objectives. pats2ni01

The term “project plan” is used throughout these practices to refer to the
overall plan for controlling the project. pate2.n102]

When actual status deviates significantly from the expected values,
corrective actions are taken as appropriate. These actions may require
re-planning, which may include revising the original plan, establishing
new agreements, or including additional mitigation activities within the
current plan. pats2.N103)

Related Process Areas

Refer to the Project Planning process area for more information about
the project plan, including how it specifies the appropriate level of
project monitoring, the measures used to monitor progress, and known
risks. [pats2.r101]

Refer to the Measurement and Analysis process area for information
about the process of measuring, analyzing, and recording information.
[PA162.R102]
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Specific and Generic Goals

SG1 Monitor Project Against Plan pats2ic1o1

Actual performance and progress of the project are monitored against the
project plan.

SG 2 Manage Corrective Action to Closure pats2ic102

Corrective actions are managed to closure when the project's performance or
results deviate significantly from the plan.

GG 2 Institutionalize a Managed Process (cL10s.6L101

The process is institutionalized as a managed process.

(The following goal is not required for maturity level 2, but required for maturity level 3 and
above.)

GG3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.

Practice-to-Goal Relationship Table

SG 1 Monitor Project Against Plan paezic101]
SP 1.1 Monitor Project Planning Parameters
SP1.2 Monitor Commitments
SP 1.3 Monitor Project Risks
SP 14 Monitor Data Management

SP1.5 Monitor Stakeholder Involvement
SP 1.6 Conduct Progress Reviews
SP1.7 Conduct Milestone Reviews

SG 2 Manage Corrective Action to Closure [pats2.ic102]
SP 2.1 Analyze Issues
SP 22 Take Corrective Action
SP 2.3 Manage Corrective Action

GG 2 Institutionalize a Managed Process [cL103.6L101)

GP 2.1 (CO1) Establish an Organizational Policy

GP 2.2 (AB 1) Plan the Process

GP 2.3 (AB 2) Provide Resources

GP 24 (AB 3) Assign Responsibility

GP 2.5 (AB 4) Train People

GP 2.6 (DI 1) Manage Configurations

GP 2.7 (DI 2) Identify and Involve Relevant Stakeholders
GP 2.8 (DI 3) Monitor and Control the Process
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GP 2.9 (VE 1) Objectively Evaluate Adherence
GP 2.10 (VE 2) Review Status with Higher Level Management

(The following goal is not required and its practices are not expected for a maturity level 2 rating,
but are required and expected for a maturity level 3 rating and above.)

GG 3 Institutionalize a Defined Process [cL104.6L101]
GP 31 Establish a Defined Process
GP 3.2 Collect Improvement Information

Specific Practices by Goal

SG 1 Monitor Project Against Plan

Actual performance and progress of the project are monitored against the
project plan. paczic1o1

SP 1.1 Monitor Project Planning Parameters

Monitor the actual values of the project planning parameters
against the project plan. |pais2.ic101.sp101]

Project planning parameters constitute typical indicators of project
progress and performance and include attributes of work products and
tasks, cost, effort, and schedule. Attributes of the work products and
tasks include such items as size, complexity, weight, form, fit, or
function. [PA162.1G101.SP101.N101]

Monitoring typically involves measuring the actual values of project
planning parameters, comparing actual values to the estimates in the
plan, and identifying significant deviations. Recording actual values of
the project planning parameters includes recording associated
contextual information to help understand the measures. An analysis of
the impact that significant deviations have on determining what
corrective actions to take is handled in the second specific goal and its
specific practices in this process area. [pa162.16101.5P101.N102]

Typical Work Products
1. Records of project performance pate2ic101.5p101.w101)

2. Records of significant deviations pats2ic101.sp101.w102]

Subpractices
1. Monitor progress against the schedule. pats2.16101.5p101.5u6P101]

Progress monitoring typically includes the following: jpats2.6t01.5p101.5ubP101.N101)

o Periodically measuring the actual completion of activities and milestones
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o Comparing actual completion of activities and milestones against the schedule
documented in the project plan

o I|dentifying significant deviations from the schedule estimates in the project plan

Monitor the project's cost and expended effort. pats2.16101.5p101.5ubP102]

Effort and cost monitoring typically includes the following: pate2ic101.5p101.subP102N101)

o Periodically measuring the actual effort and cost expended and staff assigned

o Comparing actual effort, costs, staffing, and training to the estimates and budgets
documented in the project plan

o Identifying significant deviations from the budgets in the project plan
Monitor the attributes of the work products and tasks.

[PA162.1G101.SP101.SubP103]

Refer to the Project Planning process area for information about
the attributes of work products and tasks. [pa16216101.5p101.5ubP103.R101]

Monitoring the attributes of the work products and tasks typically includes the
following: patez.6101.5P101.5uP103.N101]

o Periodically measuring the actual attributes of the work products and tasks, such
as size or complexity (and the changes to the attributes)

o Comparing the actual attributes of the work products and tasks (and the changes
to the attributes) to the estimates documented in the project plan

o Identifying significant deviations from the estimates in the project plan

Monitor resources provided and used. [pa162.1G101.5P101.5ubP104]

Refer to the Project Planning process area for information about
planned resources. pa162.16101.5p101.5ubP104.R101]

For Software Engineering

Examples of software-engineering resources include the following:
[PA162.1G101.SP101.SubP104.AMP101]

o Host computers and peripherals
o Networks
o Software test computers and peripherals

o Target computer environment software

o Software-engineering environment (e.g., software tools)
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Examples of resources include; pate216101.5p101 subP104N101]

o Physical facilities

o Computers, peripherals, and software used in design, manufacturing, testing and
operation

o Networks
e Security environment

o Project staff

e Processes

5.  Monitor the knowledge and skills of project personnel.
[PA162.1G101.SP101.SubP105]

Refer to the Project Planning process area for information about
planning for knowledge and skills needed to perform the project.
[PA162.1G101.SP101.SubP105.R101]

Monitoring the knowledge and skills of the project personnel typically includes the
following: pate2.6101.5P101.5ubP105.N101]

o Periodically measuring the acquisition of knowledge and skills by project
personnel

o Comparing the actual training obtained to that documented in the project plan
o |dentifying significant deviations from the estimates in the project plan

6. Document the significant deviations in the project planning
parameters. [PA162.1G101.SP101.SubP106]

SP 1.2 Monitor Commitments

Monitor commitments against those identified in the project plan.
[PA162.1G101.SP102]

Typical Work Products
1.  Records of commitment reviews pais2.ic101.sP102w101]

Subpractices

1. Regularly review commitments (both external and internal).
[PA162.1G101.SP102.SubP101]

2. ldentify commitments that have not been satisfied or which are at
significant risk of not being satisfied. pats2.16101.5p102.5u0P102]

3. Document the results of the commitment reviews.
[PA162.1G101.SP102.SubP103]
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SP 1.3

SP 1.4

Monitor Project Risks

Monitor risks against those identified in the project plan.
[PA162.1G101.SP103]

Refer to the Project Planning process area for more information about
identifying project risks. pa162.6101.sP103.R101]

Refer to the Risk Management process area for more information about
risk management activities. |pa16216101.sP103.R102]

Typical Work Products
1. Records of project risk monitoring pate2.16101.sp103.w101]

Subpractices

1. Periodically review the documentation of the risks in the context of
the project’s current status and circumstances. (pat62.16101.5P103.5ubP101]

2. Revise the documentation of the risks, as additional information
becomes available, to incorporate changes. pats216101.5p103.5ubP102]

3. Communicate risk status to relevant stakeholders.
[PA162.1G101.SP103.SubP103]

Examples of risk status include the following: pate216101 sp103 supp103 N101)

¢ Achange in the probability that the risk occurs

o Achange in risk priority

Monitor Data Management

Monitor the management of project data against the project plan.
[PA162.1G101.SP106]

Refer to the Plan for Data Management specific practice in the Project

Planning process area for more information about identifying the types

of data that should be managed and how to plan for their management.
[PA162.1G101.SP106.R101]

Once the plans for the management of project data are made, the
management of that data must be monitored to ensure that those plans
are accomplished. pat6216101.5P106.N101]

Typical Work Products
1. Records of data management (pate2.16101.sP106.W101]

Subpractices

1. Periodically review data management activities against their
description in the project plan. pae2.1101.sP106.5ubP101]
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2. ldentify and document significant issues and their impacts.
[PA162.1G101.SP106.SubP102]

3. Document the results of data management activity reviews.
[PA162.1G101.SP106.SubP103]

SP1.5 Monitor Stakeholder Involvement

Monitor stakeholder involvement against the project plan.
[PA162.1G101.SP107]

Refer to the Plan Stakeholder Involvement specific practice in the
Project Planning process area for more information on identifying
relevant stakeholders and planning the appropriate involvement with
them. [pat62.16101.5P107.R101]

Once the stakeholders are identified and the extent of their involvement
within the project is specified in project planning, that involvement must
be monitored to ensure that the appropriate interactions are occurring.
[PA162.1G101.SP107.N101]

Typical Work Products
1.  Records of stakeholder involvement [pats2.6101.sP107.w101]

Subpractices

1. Periodically review the status of stakeholder involvement.
[PA162.1G101.SP107.SubP101]

2. ldentify and document significant issues and their impacts.
[PA162.1G101.SP107.SubP102]

3. Document the results of the stakeholder involvement status
reviews. [PA162.1G101.SP107.SubP103]

SP 1.6 Conduct Progress Reviews

Periodically review the project's progress, performance, and
issues. [PA162.1G101.SP104]

Progress reviews are reviews on the project to keep stakeholders
informed. These project reviews can be informal reviews and may not
be specified explicitly in the project plans. (pats2i6101.5pP104N101]
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SP 1.7

Examples of these reviews include the following: pate2ic1o1.sp104N102)
e  Reviews with staff
o  Reviews with project engineers and support

e  Reviews with management

Typical Work Products
1. Documented project review results patez.ic101.sp104.w101]

Subpractices

1. Regularly communicate status on assigned activities and work
products to relevant stakeholders. (pat62.16101.5p104.5ubP101]

Managers, staff members, customers, end users, suppliers, and other relevant
stakeholders within the organization are included in the reviews as appropriate.
[PA162.1G101.SP104.SubP101.N101]

2. Review the results of collecting and analyzing measures for
controlling the project. (pats2.16101.5P104.5ubP102)

Refer to the Measurement and Analysis process area for more
information about the process for measuring and analyzing project
pen‘ormance data. [pa162.16101.5P104.5ubP102.R101]

3. Identify and document significant issues and deviations from the
plan. [PA162.1G101.SP104.SubP103]

4. Document change requests and problems identified in any of the
work products and processes. [pa162.16101.5P104.5ubP104]

Refer to the Configuration Management process area for more
information about how changes are managed.
[PA162.1G101.SP104.SubP104.R101]

5. Document the results of the reviews. [pa162.16101.5P104.5ubP105]

6. Track change requests and problem reports to closure.
[PA162.1G101.SP104.SubP106]

Conduct Milestone Reviews

Review the accomplishments and results of the project at selected
project milestones. [pa62.16101.5P105]

Refer to the Project Planning process area for more information about
milestone planning. pa62ic101.5P105R101]

Milestone reviews are planned during project planning and are typically
formal reviews. pa162.1G101.5P105.N101]
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Typical Work Products
1. Documented milestone review results pais2.ic101.sP105.w101]

Subpractices

1. Conduct reviews at meaningful points in the project's schedule,
such as the completion of selected stages, with relevant
stakeholders. [pa162.1G101.5P105.5ubP101]

Managers, staff members, customers, end users, suppliers, and other relevant
stakeholders within the organization are included in the milestone reviews as
appropriate. pat62.161015P105.SubP101.N101]

2. Review the commitments, plan, status, and risks of the project.
[PA162.1G101.SP105.SubP102]

3. Identify and document significant issues and their impacts.
[PA162.1G101.SP105.SubP103]

4. Document the results of the review, action items, and decisions.
[PA162.1G101.SP105.SubP104]

5. Track action items to closure. [pate2.1G101.5P105.5ubP105]

SG 2 Manage Corrective Action to Closure

Corrective actions are managed to closure when the project's performance or
results deviate significantly from the plan. pais2ic102

SP 2.1 Analyze Issues

Collect and analyze the issues and determine the corrective
actions necessary to address the issues. [pais2ic102.spP101]

Typical Work Products
1. List of issues needing corrective actions [pate2.ic102.5p101.w101]

Subpractices
1. Gather issues for analysis. pat62.16102.5P101.5ubP101]

Issues are collected from reviews and the execution of other processes.
[PA162.1G102.SP101.SubP101.N101]
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SP 2.2

Examples of issues to be gathered include: patezic102.sp101.5up101.N102]

Issues discovered through performing verification and validation activities

Significant deviations in the project planning parameters from the estimates in the
project plan

Commitments (either internal or external) that have not been satisfied
Significant changes in risk status
Data access, collection, privacy, or security issues

Stakeholder representation or involvement issues

2. Analyze issues to determine need for corrective action.
[PA162.1G102.SP101.SubP102]

Refer to the Project Planning process area for information about
corrective action criteria. [pa162.16102.5P101.SubP102.R101]

Corrective action is required when the issue, if left unresolved, may prevent the
project from meeting its objectives. paezic102.5p101.5uP102.N101]

Take Corrective Action

Take corrective action on identified issues. [pais2i6102.5pP102)

Typical Work Products

1. Corrective action plan pats2.ic102.sp102w101]

Subpractices

1. Determine and document the appropriate actions needed to
address the identified issues. Pa162.16102.sP102.5ubP101]

Refer to the Project Planning process area for more information
about the project plan when re-planning is needed.
[PA162.1G102.SP102.SubP101.R101]

Examples of potential actions include the following: pate2ic102.5p102.5ubP101.N101)

Modifying the statement of work
Modifying requirements
Revising estimates and plans
Renegotiating commitments
Adding resources

Changing processes

Revising project risks
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2. Review and get agreement with relevant stakeholders on the
actions to be taken. pa1s2i16102.5P102.5ubP102]

3. Negotiate changes to internal and external commitments.
[PA162.1G102.SP102.SubP103]

SP 2.3 Manage Corrective Action

Manage corrective actions to closure. [pa162i6102.5p103]

Typical Work Products
1. Corrective action results pais2.1c102.sP103.W101]

Subpractices
1. Monitor corrective actions for completion. (pat62.16102.sp103.5ubP101]

2. Analyze results of corrective actions to determine the effectiveness
of the corrective actions. [pa162.16102.5P103.5ubP102]

3. Determine and document appropriate actions to correct deviations
from planned results for corrective actions. [pat6216102.5P103.5ubP103]

Lessons learned as a result of taking corrective action can be inputs to planning
and risk management processes. [pat62.16102.5p103.5ubP103.N101]

GG 2 Institutionalize a Managed Process [cL103.6L101]

The process is institutionalized as a managed process.

Commitment to Perform

GP 2.1 (CO1) Establish an Organizational Policy

Establish and maintain an organizational policy for planning and
performing the project monitoring and control process. [cr103

Elaboration:

This policy establishes organizational expectations for monitoring
performance against the project plan and managing corrective action to
closure when actual performance or results deviate significantly from
the plan. patez.eL101)
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Ability to Perform

GP 2.2 (AB 1) Plan the Process

Establish and maintain the plan for performing the project
monitoring and control process. crio4

Elaboration:

This plan for performing the project monitoring and control process is
typically a part of the project plan, as described in the Project Planning
process area. [pa162.EL102]

GP 23 (AB 2) Provide Resources

Provide adequate resources for performing the project monitoring
and control process, developing the work products, and providing
the services of the process. [crios)

Elaboration:

Examples of resources provided include the following tools: pate2eL0s

e  Cost tracking systems
e  Effort reporting systems

e  Action-item-tracking systems

e  Project management and scheduling programs

GP 2.4 (AB 3) Assign Responsibility

Assign responsibility and authority for performing the process,
developing the work products, and providing the services of the
project monitoring and control process. [cr1o6)

GP 2.5 (AB 4) Train People

Train the people performing or supporting the project monitoring
and control process as needed. crio7
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Elaboration:

Examples of training topics include the following: pate2eL104

e  Monitoring and control of projects
e  Risk management

o  Data management

Directing Implementation

GP 2.6 (DI 1) Manage Configurations

Place designated work products of the project monitoring and
control process under appropriate levels of configuration
management. cr1o9]

GP 2.7 (DI 2) Identify and Involve Relevant Stakeholders

Identify and involve the relevant stakeholders of the project
monitoring and control process as planned. [cr124

Elaboration:

This generic practice is different from monitoring stakeholder interaction
for the project, which is covered by a specific practice in this process
area. [PA162.EL107]

Examples of activities for stakeholder involvement include the following: paezeL108

o  Assessing the project against the plan

e  Reviewing commitments and resolving issues
e  Reviewing project risks

e  Reviewing data management activities

o  Reviewing project progress

e  Managing corrective actions to closure

GP 2.8 (DI 3) Monitor and Control the Process

Monitor and control the project monitoring and control process
against the plan for performing the process and take appropriate
corrective action. cr11o
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Elaboration:

Examples of measures used in monitoring and controlling include the following:
[PA162.EL105]

e Number of open and closed corrective actions

o  Project milestone dates (e.g., planned versus actual and slipped milestones)

o  Number and types of reviews performed

e  Review schedule (planned versus actual and slipped target dates)

Verifying Implementation

GP 2.9 (VE 1) Objectively Evaluate Adherence

Objectively evaluate adherence of the project monitoring and
control process against its process description, standards, and
procedures, and address noncompliance. (113

Elaboration:

Examples of activities reviewed include the following: jpate2eL10s)

e  Monitoring project performance against the project plan

e  Managing corrective actions to closure

Examples of work products reviewed include the following: jpate2£L109

e  Records of project performance

e Project review results

GP 2.10 (VE 2) Review Status with Higher Level Management

Review the activities, status, and results of the project monitoring
and control process with higher level management and resolve
issues. [Gr112]

(The following goal is not required and its practices are not expected for a maturity level 2 rating,
but are required for a maturity level 3 rating and above.)

GG 3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.
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GP 3.1 Establish a Defined Process

Establish and maintain the description of a defined project
monitoring and control process. cri14

GP 3.2 Collect Improvement Information

Collect work products, measures, measurement results, and
improvement information derived from planning and performing
the project monitoring and control process to support the future
use and improvement of the organization’s processes and process
assets. cr117]
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SUPPLIER AGREEMENT MANAGEMENT

Maturity Level 2

Purpose

Introductory Notes

The purpose of Supplier Agreement Management is to manage the
acquisition of products from suppliers for which there exists a formal
agreement. [pates]

136

The Supplier Agreement Management process area involves the
following: (pates.N104]

o Determining the type of acquisition that will be used for the
products to be acquired

e  Selecting suppliers

e Establishing and maintaining agreements with suppliers
e  Executing the supplier agreement

e  Accepting delivery of acquired products

e Transitioning acquired products to the project

This process area primarily applies to the acquisition of products and
product components that are delivered to the project’s customer. To
minimize risks to the project, this process area may also be applied to
the acquisition of significant products and product components not
delivered to the project’s customer (for example, development tools and
test environments). pates.n105)

This process area does not directly address arrangements in which the
supplier is integrated into the project team (for example, integrated
product teams). Typically, these situations are handled by other
processes or functions, possibly external to the project, though some of
the specific practices of this process area may be useful in managing
the formal agreement with such a supplier. patesn1os)

Suppliers may take many forms depending on business needs,
including in-house vendors (i.e., vendors that are in the same
organization but are external to the project), fabrication capabilities and
laboratories, and commercial vendors. pates.N103]

See the definition of “supplier” in Appendix C, the glossary. pates.n107
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A formal agreement is any legal agreement between the organization
(representing the project) and the supplier. This agreement may be a
contract, a license, or a memorandum of agreement. The acquired
product is delivered to the project from the supplier and becomes part of
the products delivered to the customer. (patss.n1o1

See Chapter 3 for an explanation of how “product” is used in the CMMI
Product Suite. patsen1og]

Related Process Areas

Refer to the Project Monitoring and Control process area for more
information about monitoring projects and taking corrective action.
[PA166.R101]

Refer to the Requirements Development process area for more
information about defining requirements. [pat66.r102

Refer to the Requirements Management process area for more
information about managing requirements, including the traceability of
requirements for products acquired from suppliers. patss.r103

Refer to the Technical Solution process area for more information about
determining the products and product components that may be
acquired from suppliers. [pate6.r104

Specific and Generic Goals

SG 1 Establish Supplier Agreements [paes.ic1o1)

Agreements with the suppliers are established and maintained.
SG 2 Satisfy Supplier Agreements paiss.c102)

Agreements with the suppliers are satisfied by both the project and the
GG 2 Institutionalize a Managed Process (cL10s.6L101

The process is institutionalized as a managed process.
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(The following goal is not required for maturity level 2, but required for maturity level 3 and
above.)

GG 3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.

Practice-to-Goal Relationship Table

SG 1 Establish Supplier Agreements [pates.ic101]
SP 1.1 Determine Acquisition Type
SP 1.2 Select Suppliers
SP 1.3 Establish Supplier Agreements

SG 2 Satisfy Supplier Agreements [pates.ic102
SP 2.1 Review COTS Products
SP 22 Execute the Supplier Agreement
SP 2.3 Accept the Acquired Product
SP24 Transition Products

GG 2 Institutionalize a Managed Process (cL103.6L101]

GP 2.1 (CO1) Establish an Organizational Policy

GP 2.2 (AB 1) Plan the Process

GP 2.3 (AB 2) Provide Resources

GP 24 (AB 3) Assign Responsibility

GP 25 (AB 4) Train People

GP 2.6 (DI 1) Manage Configurations

GP 2.7 (DI 2) Identify and Involve Relevant Stakeholders
GP 2.8 (DI 3) Monitor and Control the Process

GP 2.9 (VE 1) Objectively Evaluate Adherence

GP 2.10 (VE 2) Review Status with Higher Level Management

(The following goal is not required and its practices are not expected for a maturity level 2 rating,
but are required and expected for a maturity level 3 rating and above.)

GG 3 Institutionalize a Defined Process (cLi04.6L101]
GP 3.1 Establish a Defined Process
GP 3.2 Collect Improvement Information

Specific Practices by Goal

SG 1 Establish Supplier Agreements

Agreements with the suppliers are established and maintained. jpaiss.ic101]

SP 11 Determine Acquisition Type

Determine the type of acquisition for each product or product
component to be acquired. jpa166.16101.5P101]
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Refer to the Technical Solution process area for more information about

identifying the products and product components to be acquired.
[PA166.1G101.SP101.R101]

There are many different types of acquisition that can be used to
acquire products and product components that will be used by the
project. [PA166.1G101.SP101.N106]

Examples of types of acquisition include the following: pates.ic1o1.spi01.n107]

e  Purchasing commercial off-the-shelf (COTS) products
e Obtaining products through a contractual agreement
e  Obtaining products from an in-house vendor

e  Obtaining products from the customer

o  Combining some of the above (e.g., contracting for a modification to a COTS
product or having another part of the business enterprise co-develop products
with an external supplier)

Typical Work Products

1. List of the acquisition types that will be used for all products and
product components to be acquired [pates.16101.5P101.W101]

SP 1.2 Select Suppliers

Select suppliers based on an evaluation of their ability to meet the
specified requirements and established criteria. jpa1s616101.5P102]

Refer to the Decision Analysis and Resolution process area for more
information about formal evaluation approaches that can be used to
select suppliers. pat66.16101.5P102.R101]

Refer to the Requirements Management process area for more
information about specified requirements. [pa166.16101.5P102.R102]

Criteria should be established to address factors that are important to
the project. pates.ic101.5P102.N101]

Examples of factors include the following: patesicio1.sp1o2n103)

e Geographical location of the supplier
e  Supplier's performance records on similar work
e  Engineering capabilities

o  Staff and facilities available to perform the work

e Prior experience in similar applications
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Typical Work Products

1.
2.

List of candidate suppliers patss.ic101.sp102w101]
Preferred supplier list pates.ic101.5P102.w102]
Rationale for selection of suppliers (paes.ic101.sp102.w103]

Advantages and disadvantages of candidate suppliers
[PA166.1G101.SP102.W104]

Evaluation criteria ratss.ic101.sP102.w105]

Solicitation materials and requirements (pates.ic101.sP102W106]

Subpractices

1.

Establish and document criteria for evaluating potential suppliers.
[PA166.1G101.SP102.SubP101]

Identify potential suppliers and distribute solicitation material and
requirements to them. (pates.16101.5P102.5ubP102]

Evaluate proposals according to evaluation criteria.
[PA166.1G101.SP102.SubP103]

Evaluate risks associated with each proposed supplier.
[PA166.1G101.SP102.SubP104]

Refer to the Risk Management process area for more information
about evaluating project risks. [pa166.1G101.5P102.5ubP104.R101]

Evaluate proposed suppliers' ability to perform the work.
[PA166.1G101.SP102.SubP105]

Examples of methods to evaluate the proposed supplier’s ability to perform the
work include the following: (patss.c101.sp102.subP105.N101]

o Evaluation of prior experience in similar applications
o Evaluation of prior performance on similar work

o Evaluation of management capabilities

o Capability evaluations

o Evaluation of staff available to perform the work

o Evaluation of available facilities and resources

o Evaluation of the project’s ability to work with the proposed supplier

Select the supplier. (pates.16101.5P102.5ubP106]
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SP 1.3 Establish Supplier Agreements

Establish and maintain formal agreements with the supplier.
[PA166./G101.SP103]

A formal agreement is any legal agreement between the organization
(representing the project) and the supplier. This agreement may be a
contract, a license, or a memorandum of agreement. (pa166.16101.5P103.N101]

Typical Work Products

1.
2.
3.
4.

Statements of work rates.ic101.sP103.w101]
Contracts pat6s.16101.5P103.Ww102]
Memoranda of agreement patss.ic101.5P103.W103)

Licensing agreement [pa166.16101.5P103.W104]

Subpractices

1.

Revise the requirements to be fulfilled by the supplier to reflect
negotiations with the supplier when necessary. [patss.ic101.sP103.susP101]

Refer to the Requirements Development process area for more
information about revising requirements. pa166.16101.5p103.SubP101.R101]

Refer to the Requirements Management process area for more
information about managing changes to requirements.
[PA166./G101.SP103.SubP101.R102]

Document what the project will provide to the supplier.
[PA166.1G101.SP103.SubP102]

Include the following: (patesic101.5p103.subP102.N101)

o Project-furnished facilities

o Documentation

o Services

Document the supplier agreement. (pat66.16101.5P103.5ubP103]

The supplier agreement should include a statement of work, a specification, terms

and conditions, a list of deliverables, a schedule, a budget, and a defined
acceptance process. [pa166.16101.5P103.SubP103N101]

This subpractice typically includes the following: patss.ic101.5p103.5ubP103.N102]

o Establishing the statement of work, specification, terms and conditions, list of
deliverables, schedule, budget, and acceptance process

¢ Identifying who from the project and supplier are responsible and authorized to
make changes to the supplier agreement
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SG 2

o Identifying how requirements changes and changes to the supplier agreement are
determined, communicated, and addressed

¢ |dentifying standards and procedures that will be followed
o |dentifying critical dependencies between the project and the supplier

o |dentifying the type and depth of project oversight of the supplier, procedures, and
evaluation criteria to be used in monitoring supplier performance

o Identifying the types of reviews that will be conducted with the supplier

¢ Identifying the supplier’s responsibilities for ongoing maintenance and support of
the acquired products

o |dentifying warranty, ownership, and usage rights for the acquired products
¢ Identifying acceptance criteria

4. Ensure all parties to the agreement understand and agree to all
requirements before implementing the agreement.
[PA166.1G101.SP103.SubP104]

5. Revise the supplier agreement as necessary. [pa166.6101.5P103.5ubP105]

6. Revise the project’s plans and commitments as necessary to
reflect the supplier agreement. (pates.16101.5P103.5ubP106]

Refer to the Project Monitoring and Control process area for more
information about revising the project plan. [pa166.6101.sP103.subP106.R101]

Satisfy Supplier Agreements

Agreements with the suppliers are satisfied by both the project and the
supplier. [pates.1102]

142

SP 2.1 Review COTS Products

Review candidate COTS products to ensure they satisfy the
specified requirements that are covered under a supplier
agreement. [PA166.1G102.SP101]

In the event that COTS products are desired, care in evaluating and
selecting these products and the vendor may be critical to the project.
[PA166.1G102.SP101.N101]

Typical Work Products
1. Trade studies [pates.ic102.5P101.W101]

2. Price lists [pat6s.1c102.5P101.Ww102]
3. Evaluation criteria (pates.ic102.5P101.w103]

4. Supplier performance reports [pates.1102.5pP101.W104]
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5. Reviews of COTS products pates.ic102.5P101.w105]

Subpractices
1. Develop criteria for evaluating COTS products. [pa16s.1G102.5P101.5ubP101]

2. Evaluate candidate COTS products against the associated
requirements and criteria. [pa1e6.16102.5P101.5ubP102]

Refer to the Requirements Development process area for more
information about the requirements that will be used to evaluate
candidate products. pa166.16102.5p101.5ubP102.R101]

These requirements address the following: pates.ic1025p101 subp102.N101)

o Functionality, performance, quality, and reliability

e Terms and conditions of warranties for the products

e Risk

o Suppliers' responsibilities for ongoing maintenance and support of the products
3. Evaluate the impact of candidate COTS products on the project's

plans and commitments. [pa166.16102.5P101.5ubP103]

Evaluate according to the following: patesic102sp101.subP103N101)

o Cost of the COTS products

o Cost and effort to incorporate the COTS products into the project
e Security requirements

o Benefits and impacts that may result from future product releases

Future product releases may provide additional features that support planned or
anticipated enhancements for the project, but may also result in the supplier
withdrawing support of the version for the product that is acquired by the project.
[PA166.1G102.SP101.SubP103.N102]

4. Assess the suppliers' performance and ability to deliver.
[PA166.1G102.SP101.SubP104]

5. ldentify risks associated with the selected COTS product and the
supplier agreement. [pa166.16102.5P101.5ubP105]

Refer to the Project Planning process area for more information
about identifying project risks. [pa166.16102.5P101.5ubP105.R102]

Refer to the Risk Management process area for more information
about identifying project risks. [pa166.16102.5P101.5ubP105.R101]

6. Select the COTS product to be acquired. (pa166.16102.5p101.5ubP106]

In some cases, selection of COTS products may require a supplier agreement in
addition to the agreements in the product’s license. patss.ct02.5p101.5ubP106.N101]
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SP 2.2

Examples of agreements with COTS suppliers include the following:
[PA166.1G102.SP101.SubP106.N102]

o Discounts for large quantity purchases

o Coverage of relevant stakeholders under the licensing agreement, including
project suppliers, team members, and the project’s customer

o Plans for future enhancements
o On-site support, such as responses to queries and problem reports
o Additional capabilities that are not in the product

e Maintenance support, including support after the product is withdrawn from
general availability

Plan for the maintenance of the COTS product. (pa166.16102.5p101.5ubP107)

Execute the Supplier Agreement

Perform activities with the supplier as specified in the supplier
agreement. [PA166.1G102.SP102]

Refer to the Project Monitoring and Control process area for more
information about monitoring projects and taking corrective action.
[PA166./G102.SP102.R101]

Typical Work Products

1.

Supplier progress reports and performance measures
[PA166.1G102.SP102.W101]

Supplier review materials and reports [patss.6102.sp102.w103]
Action items tracked to closure pa1es.ic102.5P102.W104]

Documentation of product and document deliveries
[PA166.1G102.SP102.W105]

Subpractices

1.

Monitor supplier progress and performance (schedule, effort, cost,
and technical performance) as defined in the supplier agreement.
[PA166.1G102.SP102.SubP101]

Monitor selected supplier processes and take corrective action
when necessary. [pA166.1G102.8P102.8ubP102]

Examples of processes to be monitored are quality assurance and configuration
management. [PA166.1G102.5P102.SubP102.N101]

Conduct reviews with the supplier as specified in the supplier
agreement. [pA166.16102.5P102.5ubP103]
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Refer to the Project Monitoring and Control process area for more
information about conducting reviews. [pa166.16102.5P102.5ubP103.R101]

Reviews cover both formal and informal reviews and include the following steps:
[PA166.1G102.SP102.SubP103.N101]

o Preparing for the review

o Ensuring that relevant stakeholders participate

o Conducting the review

o Identifying, documenting, and tracking all action items to closure

o Preparing and distributing to the relevant stakeholders a summary report of the
review

4. Conduct technical reviews with the supplier as defined in the
supplier agreement. [pa166.16102.5P102.5ubP104]

Technical reviews typically include the following: jpates.ct02.5p102.5ubP104.N101]

Providing the supplier with visibility into the needs and desires of the project’s
customers and end users, as appropriate

o Reviewing the supplier's technical activities and verifying that the supplier's
interpretation and implementation of the requirements are consistent with the
project’s interpretation

o Ensuring that technical commitments are being met and that technical issues are
communicated and resolved in a timely manner

o Obtaining technical information about the supplier's products
o Providing appropriate technical information and support to the supplier

5. Conduct management reviews with the supplier as defined in the
supplier agreement. (pa166.16102.5P102.5ubP105]

Management reviews typically include the following: atesic102sp102.subP105.N101)
o Reviewing critical dependencies
o Reviewing project risks involving the supplier

o Reviewing schedule and budget

Technical and management reviews may be coordinated and held jointly.
[PA166.1G102.SP102.SubP105.N102]

6. Use the results of reviews to improve the supplier's performance
and to establish and nurture long-term relationships with preferred
suppliers. (pa166.16102.5P102.5ubP106]

7. Monitor risks involving the supplier and take corrective action as
necessary. [pA166.1G102.5P102.SubP107]

Refer to the Project Monitoring and Control process area for more
information about monitoring project risks. [pa166.6102.5P102.5ubP107.R101]
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SP 2.3

8. Revise the supplier agreement and project plans and schedules as
necessary. [pA166.1G102.5P102.SubP108]

Accept the Acquired Product

Ensure that the supplier agreement is satisfied before accepting
the acquired product. [pa166.6102.5p103]

Acceptance reviews and tests and configuration audits should be
completed before accepting the product as defined in the supplier
agreement. [pa166.1G102.5P103.N101]

Typical Work Products
1. Acceptance test procedures pates.ic102.5P103.w101]

2. Acceptance test results patesicioz.sp103w102]

3. Discrepancy reports or corrective action plans pates.ic102.sp103.w103]
Subpractices

1. Define the acceptance procedures. [pa166.6102.5P103.5ubP101]

2. Review and obtain agreement with relevant stakeholders on the
acceptance procedures before the acceptance review or test.
[PA166.1G102.SP103.SubP102]

3. Verify that the acquired products satisfy their requirements.
[PA166.1G102.SP103.SubP103]

Refer to the Verification process area for more information about
verifying products. [pa166.16102.5103.5ubP103.R101]

4. Confirm that the nontechnical commitments associated with the
acquired work product are satisfied. (pa166.16102.5p103.5ubP104]

This may include confirming that the appropriate license, warranty, ownership,
usage, and support or maintenance agreements are in place and that all
supporting materials are received. pat6616102.5P103 SubP104 N101]

5. Document the results of the acceptance review or test.
[PA166.1G102.SP103.SubP105]

6. Establish and obtain supplier agreement on an action plan for any
acquired work products that do not pass their acceptance review or
test. pa166.1G102.5P103.5ubP106]

7. ldentify, document, and track action items to closure.
[PA166.1G102.SP103.SubP107]

Refer to the Project Monitoring and Control process area for more
information about tracking action items. pa166.6102.5P103.5ubP107.R101]
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SP 24 Transition Products

Transition the acquired products from the supplier to the project.
[PA166.1G102.SP104]

Before the acquired product is transferred to the project for integration,
appropriate planning and evaluation should occur to ensure a smooth
transition. [paies.ic102.5P104.N101]

Refer to the Product Integration process area for more information
about integrating the acquired products. [pa166.16102.5P104.N101.R101]

Typical Work Products

1. Transition plans pates.c102.5P104W101]

2. Training reports [pat66.16102.5P104W102]

3. Support and maintenance reports (pa166.16102.5P104.w103]

Subpractices

1. Ensure that there are appropriate facilities to receive, store, use,
and maintain the acquired products. [pates.G102.5P104.5ubP101]

2. Ensure that appropriate training is provided for those involved in
receiving, storing, using, and maintaining the acquired products.
[PA166.1G102.SP104.SubP102]

3. Ensure that storing, distributing, and using the acquired products
are performed according to the terms and conditions specified in
the supplier agreement or license. [pa166.16102.5P104.5ubP103]

GG 2 Institutionalize a Managed Process [cL103.6L101]

The process is institutionalized as a managed process.

Commitment to Perform

GP 2.1 (CO1) Establish an Organizational Policy

Establish and maintain an organizational policy for planning and
performing the supplier agreement management process. [crios

Elaboration:

This policy establishes organizational expectations for establishing,
maintaining, and satisfying supplier agreements. [pateseL101]
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GP 2.2

GP 2.3

GP 2.4

GP 2.5

(AB 1) Plan the Process

Establish and maintain the plan for performing the supplier
agreement management process. [cr1o4]

Elaboration:

Typically, portions of this plan for performing the supplier agreement
management process are a part of the project plan as described in the
Project Planning process area. Often, however, some portions of the
plan reside outside of the project with an independent group, such as
contract management. (pates EL110]

(AB 2) Provide Resources

Provide adequate resources for performing the supplier agreement
management process, developing the work products, and
providing the services of the process. (crio5

Elaboration:

Examples of resources provided include the following tools: paeseLtoz

o  Preferred supplier lists
e  Requirements tracking programs

e  Project management and scheduling programs

(AB 3) Assign Responsibility

Assign responsibility and authority for performing the process,
developing the work products, and providing the services of the
supplier agreement management process. (r1o6

(AB 4) Train People

Train the people performing or supporting the supplier agreement
management process as needed. cro7
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Elaboration:

Examples of training topics include the following: pates L103)

e  Regulations and business practices related to negotiating and working with
suppliers

e Acquisition planning and preparation

e  COTS products acquisition

e Supplier evaluation and selection

e  Negotiation and conflict resolution

e  Supplier management

e  Testing and transitioning of acquired products

e  Receiving, storing, using, and maintaining acquired products

Directing Implementation

GP 2.6

GP 2.7

(DI 1) Manage Configurations

Place designated work products of the supplier agreement
management process under appropriate levels of configuration
management. cr1o9]

Elaboration:

Examples of work products placed under configuration management include the
following: pates.EL104

e  Statements of work

e  Supplier agreements

e  Memoranda of agreement
e  Subcontracts

o  Preferred supplier lists

(DI 2) Identify and Involve Relevant Stakeholders

Identify and involve the relevant stakeholders of the supplier
agreement management process as planned. [cri24
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GP 2.8

Elaboration:

Examples of activities for stakeholder involvement include the following: pates.eL1o9

e  Establishing criteria for evaluation of potential suppliers
e  Reviewing potential suppliers

e  Establishing supplier agreements

e  Resolving issues with suppliers

e  Reviewing supplier performance

(DI 3) Monitor and Control the Process

Monitor and control the supplier agreement management process
against the plan for performing the process and take appropriate
corrective action. cri1

Elaboration:

Examples of measures used in monitoring and controlling include the following:
[PA166.EL105]

o  Number of changes made to the requirements for the supplier

e  Cost and schedule variance per supplier agreement

Verifying Implementation

GP 2.9

150

(VE 1) Objectively Evaluate Adherence

Objectively evaluate adherence of the supplier agreement
management process against its process description, standards,
and procedures, and address noncompliance. [cr113

Elaboration:

Examples of activities reviewed include the following: jpates.eL10s)

e  Establishing and maintaining supplier agreements

e  Satisfying supplier agreements
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Examples of work products reviewed include the following: jpats L10s)

e Plan for Supplier Agreement Management

e  Supplier agreements

GP 2.10 (VE 2) Review Status with Higher Level Management

Review the activities, status, and results of the supplier agreement
management process with higher level management and resolve
issues. [Gr112]

(The following goal is not required and its practices are not expected for a maturity level 2 rating,
but are required for a maturity level 3 rating and above.)

GG3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.

GP 3.1 Establish a Defined Process

Establish and maintain the description of a defined supplier
agreement management process. [cr114]

GP 3.2 Collect Improvement Information

Collect work products, measures, measurement results, and
improvement information derived from planning and performing
the supplier agreement management process to support the future
use and improvement of the organization’s processes and process
assets. [cr117]
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MEASUREMENT AND ANALYSIS

Maturity Level 2

Purpose

Introductory Notes

The purpose of Measurement and Analysis is to develop and sustain a
measurement capability that is used to support management
information needs. (paiss

152

The Measurement and Analysis process area involves the following:
[PA154.N101]

e  Specifying the objectives of measurement and analysis such that
they are aligned with identified information needs and objectives

e  Specifying the measures, data collection and storage mechanisms,
analysis techniques, and reporting and feedback mechanisms

¢ Implementing the collection, storage, analysis, and reporting of the
data

e Providing objective results that can be used in making informed
decisions, and taking appropriate corrective actions

The integration of measurement and analysis activities into the
processes of the project supports the following: patsa.n102)

e  Objective planning and estimating

e Tracking actual performance against established plans and
objectives

o |dentifying and resolving process-related issues

e Providing a basis for incorporating measurement into additional
processes in the future

The staff required to implement a measurement capability may or may
not be employed in a separate organization-wide program.
Measurement capability may be integrated into individual projects or
other organizational functions (e.g., Quality Assurance). [pa1san1os

The initial focus for measurement activities is at the project level.

However, a measurement capability may prove useful for addressing
organization- and/or enterprise-wide information needs. patsan104)
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Projects may choose to store project-specific data and results in a
project-specific repository. When data are shared more widely across
projects, the data may reside in the organization’s measurement
repository. patsa.n1o5)

Related Process Areas

Refer to the Project Planning process area for more information about
estimating project attributes and other planning information needs.
[PA154.R101]

Refer to the Project Monitoring & Control process area for more
information about monitoring project performance information needs.
[PA154.R102]

Refer to the Configuration Management process area for more
information about managing measurement work products. paissriog

Refer to the Requirements Development process area for more
information about meeting customer requirements and related
information needs. pa154r104

Refer to the Requirements Management process area for more
information about maintaining requirements traceability and related
information needs. pa1s4.r105]

Refer to the Organizational Process Definition process area for more
information about establishing the organization’s measurement
repository. [pa1s4.r106]

Refer to the Quantitative Project Management process area for more
information about understanding variation and the appropriate use of
statistical analysis techniques. paisar107

Specific and Generic Goals

SG 1 Align Measurement and Analysis Activities paissicio1
Measurement objectives and activities are aligned with identified information
needs and objectives.

SG 2 Provide Measurement Results pais4ic1oz

Measurement results that address identified information needs and objectives
are provided.
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GG 2 Institutionalize a Managed Process [cL103.6L101]

The process is institutionalized as a managed process.

(The following goal is not required for maturity level 2, but required for maturity level 3 and
above.)

GG 3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.

Practice-to-Goal Relationship Table

SG 1 Align Measurement and Analysis Activities patsaicio1)
SP 1.1 Establish Measurement Objectives
SP 1.2 Specify Measures
SP 1.3 Specify Data Collection and Storage Procedures
SP14 Specify Analysis Procedures

SG 2 Provide Measurement Results paissicio2

SP 2.1 Collect Measurement Data
SP 2.2 Analyze Measurement Data
SP 2.3 Store Data and Results
SP24 Communicate Results
GG 2 Institutionalize a Managed Process [cL103.6L101)
GP 2.1 (CO1) Establish an Organizational Policy
GP 2.2 (AB 1) Plan the Process
GP 2.3 (AB 2) Provide Resources
GP 24 (AB 3) Assign Responsibility
GP 25 (AB 4) Train People
GP 2.6 (DI'1) Manage Configurations
GP 2.7 (DI 2) Identify and Involve Relevant Stakeholders
GP 2.8 (DI 3) Monitor and Control the Process
GP 2.9 (VE 1) Objectively Evaluate Adherence
GP 2.10 (VE 2) Review Status with Higher Level Management

(The following goal is not required and its practices are not expected for a maturity level 2 rating,
but are required and expected for a maturity level 3 rating and above.)

GG 3 Institutionalize a Defined Process [cL104.6L101]
GP 31 Establish a Defined Process
GP 3.2 Collect Improvement Information

Specific Practices by Goal

SG 1 Align Measurement and Analysis Activities

Measurement objectives and activities are aligned with identified information
needs and objectives. [pais4.ic101]
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The specific practices covered under this specific goal may be
addressed concurrently or in any order: [pa1s4.ic101.N101]

e When establishing measurement objectives, experts often think
ahead about necessary criteria for specifying measures and
analysis procedures. They also think concurrently about the
constraints imposed by data collection and storage procedures.

e |t often is important to specify the essential analyses that will be
conducted before attending to details of measurement
specification, data collection, or storage.

SP1.1 Establish Measurement Objectives

Establish and maintain measurement objectives that are derived
from identified information needs and objectives. [pa154i6101.5p101]

Measurement objectives document the purposes for which
measurement and analysis are done, and specify the kinds of actions
that may be taken based on the results of data analyses.
[PA154.1G101.SP101.N101]

The sources for measurement objectives may be management,
technical, project, product, or process implementation needs.
[PA154.1G101.SP101.N102]

The measurement objectives may be constrained by existing
processes, available resources, or other measurement considerations.
Judgments may need to be made about whether the value of the results
will be commensurate with the resources devoted to doing the work.
[PA154.1G101.SP101.N103]

Modifications to identified information needs and objectives may, in
turn, be indicated as a consequence of the process and results of
measurement and analysis. [pa154.16101.5P101.N104]

Sources of information needs and objectives may include the following:
[PA154.1G101.SP101.N105]

e Project plans

e  Monitoring of project performance

¢ Interviews with managers and others who have information needs
o Established management objectives

e  Strategic plans

e Business plans

e Formal requirements or contractual obligations

e Recurring or other troublesome management or technical problems
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Experiences of other projects or organizational entities

External industry benchmarks

e  Process-improvement plans

Refer to the Project Planning process area for more information about
estimating project attributes and other planning information needs.
[PA154.1G101.SP101.N105.R101]

Refer to the Project Monitoring and Control process area for more
information about project performance information needs.
[PA154.1G101.SP101.N105.R102]

Refer to the Requirements Development process area for more
information about meeting customer requirements and related
information needs. pa154.16101.5P101.N105.R103]

Refer to the Requirements Management process area for more
information about maintaining requirements traceability and related
information needs. [pa154.16101.5P101.N105.R104]

Typical Work Products
1.  Measurement objectives [pa1s4.ic1o1.sP101.w101

Subpractices
1.  Document information needs and objectives. pais4.ic101.5P101.5ubP101]

Information needs and objectives are documented to allow traceability to
subsequent measurement and analysis activities. (pats4.1c101.5p101.5u6P101.N101)

2. Prioritize information needs and objectives. pais4ic1o1.5p101.5ubP102]

It may be neither possible nor desirable to subject all initially identified information
needs to measurement and analysis. Priorities may also need to be set within the
limits of available resources. [pats4.6101.5p101.5usP102.N101]

3. Document, review, and update measurement objectives.
[PA154.1G101.SP101.SubP103]

It is important to carefully consider the purposes and intended uses of
measurement and analysis. [pa1s4.16101.5p101.5ubP103N101]

The measurement objectives are documented, reviewed by management and
other relevant stakeholders, and updated as necessary. Doing so enables
traceability to subsequent measurement and analysis activities, and helps ensure
that the analyses will properly address identified information needs and
objectives. pats416101.5p101.5ubP103N102)
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It is important that users of measurement and analysis results be involved in
setting measurement objectives and deciding on plans of action. It may also be
appropriate to involve those who provide the measurement data.
[PA154.1G101.SP101.SubP103.N103]

4. Provide feedback for refining and clarifying information needs and
objectives as necessary. [pa154.16101.5P101.5ubP104]

Identified information needs and objectives may need to be refined and clarified
as a result of setting measurement objectives. Initial descriptions of information
needs may be unclear or ambiguous. Conflicts may arise between existing needs
and objectives. Precise targets on an already existing measure may be
unrealistic. pat5416101.5P101.5ubP104N101]

5. Maintain traceability of the measurement objectives to the identified
information needs and objectives. [pas4ic101.5P101.5ubP105]

There must always be a good answer to the question, “Why are we measuring
this?” pat54.16101.5P101.5ubP105.N101]

Of course, the measurement objectives may also change to reflect evolving
information needs and objectives. patssic101.5p101.5ubP105.N102)

SP 1.2 Specify Measures

Specify measures to address the measurement objectives.
[PA154.1G101.SP102]

Measurement objectives are refined into precise, quantifiable
measures. [PA154.1G101.SP102.N101]

Measures may be either “base” or “derived.” Data for base measures
are obtained by direct measurement. Data for derived measures come
from other data, typically by combining two or more base measures.
[PA154.1G101.SP102.N102]

Examples of commonly used base measures include the following: jpatsaictor.sp102.n103)

e  Estimates and actual measures of work product size (e.g., number of pages)

e  Estimates and actual measures of effort and cost (e.g., number of person hours)

e Quality measures (e.g., number of defects, number of defects by severity)
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Examples of commonly used derived measures include the following: pas4.c1o1.sp102n104)

Earned Value

Schedule Performance Index

Defect density

Peer review coverage

Test or verification coverage

Reliability measures (e.g., mean time to failure)

Quality measures (e.g., number of defects by severity/total number of defects)

Derived measures typically are expressed as ratios, composite indices,
or other aggregate summary measures. They are often more
quantitatively reliable and meaningfully interpretable than the base
measures used to generate them. pats4.i6101.5p102.N105]

Typical Work Products

1.

Specifications of base and derived measures (pa1s4.16101.5P102.w101)

Subpractices

1.

Identify candidate measures based on documented measurement
objectives. [pa154.16101.5P102.5ubP101]

The measurement objectives are refined into specific measures. The identified
candidate measures are categorized and specified by name and unit of measure.
[PA154.1G101.SP102.SubP101.N101]

Identify existing measures that already address the measurement
objectives. [pa154.16101.5P102.5ubP102]

Specifications for measures may already exist, perhaps established for other
purposes earlier or elsewhere in the organization. patssic101.p102.subP102.N101]

Specify operational definitions for the measures. pais4.16101.5P102.5ubP103)

Operational definitions are stated in precise and unambiguous terms. They
address two important criteria as follows: [pats4ic101.sp102.5uP103 N101]

e Communication: What has been measured, how was it measured, what are the
units of measure, and what has been included or excluded?

o Repeatability: Can the measurement be repeated, given the same definition, to
get the same results?

Prioritize, review, and update measures. [pa154.16101.5p102.5ubP104]
Proposed specifications of the measures are reviewed for their appropriateness
with potential end users and other relevant stakeholders. Priorities are set or

changed, and specifications of the measures are updated as necessary.
[PA154.1G101.SP102.SubP104.N101]
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SP 1.3 Specify Data Collection and Storage Procedures

Specify how measurement data will be obtained and stored.
[PA154.1G101.SP103]

Explicit specification of collection methods helps ensure that the right
data are collected properly. It may also aid in further clarifying
information needs and measurement objectives. patsa.ic101.5p103.N101]

Proper attention to storage and retrieval procedures helps ensure that
data are available and accessible for future use. [pats4.16101.5P103.N102]

Typical Work Products
1. Data collection and storage procedures pats4.ic101.5p103.w101]

2. Data collection tools pats4.ic101.5P103.w102]

Subpractices

1. ldentify existing sources of data that are generated from current
work products, processes, or transactions. [pa154.16101.5P103.5ubP101]

Existing sources of data may already have been identified when specifying the
measures. Appropriate collection mechanisms may exist whether or not pertinent
data have already been collected. pats4.6101.5p103.5ubP101.N101)

2. ldentify measures for which data are needed, but are not currently
available. [pa154.16101.5P103.5ubP102]

3. Specify how to collect and store the data for each required
measure. [PA154.1G101.SP103.SubP103]

Explicit specifications are made of how, where, and when the data will be
collected. Procedures for collecting valid data are specified. The data are stored in
an accessible manner for analysis, and it is determined whether they will be saved
for possible reanalysis or documentation purposes. (pats416101.5P103.5ubP103.N101]

Questions to be considered typically include the following: patssicto1.sp103 suprosto2)

¢ Have the frequency of collection and the points in the process where
measurements will be made been determined?

e Has the time line that is required to move measurement results from the points of
collection to repositories, other databases, or end users been established?

o Who is responsible for obtaining the data?
o Who is responsible for data storage, retrieval, and security?
e Have necessary supporting tools been developed or acquired?

4. Create data collection mechanisms and process guidance.
[PA154.1G101.SP103.SubP104]
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Data collection and storage mechanisms are well integrated with other normal
work processes. Data collection mechanisms may include manual or automated
forms and templates. Clear, concise guidance on correct procedures is available
to those responsible for doing the work. Training is provided as necessary to
clarify the processes necessary for collection of complete and accurate data and
to minimize the burden on those who must provide and record the data.
[PA154.1G101.SP103.SubP104.N101]

Support automatic collection of the data where appropriate and
feasible. pa154.16101.5P103.5ubP105]

Automated support can aid in collecting more complete and accurate data.
[PA154.1G101.SP103.SubP105.N101]

Examples of such automated support include the following: (pats416101.5p103.subP105.N102)

o Timestamped activity logs

o Static or dynamic analyses of artifacts

However, some data cannot be collected without human intervention (e.g.,
customer satisfaction or other human judgments), and setting up the necessary
infrastructure for other automation may be costly. pats4ic101.5p103.5ubP105.N103]

Prioritize, review, and update data collection and storage
procedures. [PA154.1G101.SP103.SubP106]

Proposed procedures are reviewed for their appropriateness and feasibility with
those who are responsible for providing, collecting, and storing the data. They
also may have useful insights about how to improve existing processes, or be
able to suggest other useful measures or analyses. [pats416101.5p103.5ubP106.N101]

Update measures and measurement objectives as necessary.
[PA154.1G101.SP103.SubP107]

Priorities may need to be reset based on the following: pats4.ic101.5p103.supt07.N101]

e The importance of the measures

o The amount of effort required to obtain the data

Considerations include whether new forms, tools, or training would be required to
obtain the data. patss.ic101.5p103.subP107.N102]

Specify Analysis Procedures

Specify how measurement data will be analyzed and reported.
[PA154.1G101.SP104]
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Specifying the analysis procedures in advance ensures that appropriate
analyses will be conducted and reported to address the documented
measurement objectives (and thereby the information needs and
objectives on which they are based). This approach also provides a
check that the necessary data will in fact be collected. patsa.1c101.5p104N101]

Typical Work Products
1. Analysis specification and procedures [pa1s4.c101.sp104.w101]

2. Data analysis tools patsa.ic101.sP104w102]

Subpractices

1. Specify and prioritize the analyses that will be conducted and the
reports that will be prepared. pa1s4.16101.5P104.5ubP101]

Early attention should be paid to the analyses that will be conducted and to the
manner in which the results will be reported. These should meet the following
criteria: [PA154.1G101.SP104.SubP101.N101]

o The analyses explicitly address the documented measurement objectives

o Presentation of the results is clearly understandable by the audiences to whom
the results are addressed

Priorities may have to be set within available resources. pats4.ic101.sp104.sup101.N102]

2. Select appropriate data analysis methods and tools.
[PA154.1G101.SP104.SubP102]

Refer to the Select Measures and Analytic Techniques and Apply
Statistical Methods to Understand Variation specific practices of
the Quantitative Project Management process area for more
information about the appropriate use of statistical analysis
techniques and understanding variation, respectively.
[PA154.1G101.SP104.SubP102.R101]

Issues to be considered typically include the following: pats4.ic101.5p104 subpt02N101]

o Choice of visual display and other presentation techniques (e.g., pie charts, bar
charts, histograms, radar charts, line graphs, scatter plots, or tables)

o Choice of appropriate descriptive statistics (e.g., arithmetic mean, median, or
mode)

o Decisions about statistical sampling criteria when it is impossible or unnecessary
to examine every data element

o Decisions about how to handle analysis in the presence of missing data elements

o Selection of appropriate analysis tools

Descriptive statistics are typically used in data analysis to do the following:
[PA154.1G101.SP104.SubP102.N102]
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o Examine distributions on the specified measures (e.g., central tendency, extent of
variation, data points exhibiting unusual variation)

o Examine the interrelationships among the specified measures (e.g., comparisons
of defects by phase of the product’s life cycle or by product component)

o Display changes over time

Specify administrative procedures for analyzing the data and
communicating the results. (pa154.16101.5p104.5ubP103]

Issues to be considered typically include the following: pats4.ic101.sp104.suP103N101]

¢ Identifying the persons and groups responsible for analyzing the data and
presenting the results

o Determining the time line to analyze the data and present the results

o Determining the venues for communicating the results (e.g., progress reports,
transmittal memos, written reports, or staff meetings)

Review and update the proposed content and format of the
specified analyses and reports. (pa154.16101.5p104.5ubP104]

All of the proposed content and format are subject to review and revision,
including analytic methods and tools, administrative procedures, and priorities.
The relevant stakeholders consulted should include intended end users,
sponsors, data analysts, and data providers. patsi6101.sp104.5ubP104N101]

Update measures and measurement objectives as necessary.
[PA154.1G101.SP104.SubP105]

Just as measurement needs drive data analysis, clarification of analysis criteria
can affect measurement. Specifications for some measures may be refined further
based on the specifications established for data analysis procedures. Other
measures may prove to be unnecessary, or a need for additional measures may
be recognized. [PA154.1G101.SP104.SubP105.N101]

The exercise of specifying how measures will be analyzed and reported may also
suggest the need for refining the measurement objectives themselves.
[PA154.1G101.SP104.SubP105.N102]

Specify criteria for evaluating the utility of the analysis results, and
of the conduct of the measurement and analysis activities.
[PA154.1G101.SP104.SubP106]

Criteria for evaluating the utility of the analysis might address the extent to which
the following apply: pats4.6101.5P104 SubP106.N101]

o The results are (1) provided on a timely basis, (2) understandable, and (3) used
for decision making.

e The work does not cost more to perform than is justified by the benefits that it
provides.
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Criteria for evaluating the conduct of the measurement and analysis might include
the extent to which the following apply: pats4i6101.5p104.subP106.N102)

o The amount of missing data or the number of flagged inconsistencies is beyond
specified thresholds.

o There is selection bias in sampling (e.g., only satisfied end users are surveyed to
evaluate end-user satisfaction, or only unsuccessful projects are evaluated to
determine overall productivity).

o The measurement data are repeatable (e.g., statistically reliable).

o Statistical assumptions have been satisfied (e.g., about the distribution of data or
about appropriate measurement scales).

SG2 Provide Measurement Results

Measurement results that address identified information needs and objectives
are provided. [pa154.16102

SP 2.1

The primary reason for doing measurement and analysis is to address
identified information needs and objectives. Measurement results based
on objective evidence can help to monitor performance, fulfill
contractual obligations, make informed management and technical
decisions, and enable corrective actions to be taken. (patsa.icro2n101

Collect Measurement Data

Obtain specified measurement data. jpa154.16102.5p101]

The data necessary for analysis are obtained and checked for
completeness and integrity. pa1s4.16102.5P101.N101]

Typical Work Products
1. Base and derived measurement data sets [pats4.ic102.sP101.w101)

2. Results of data integrity tests patsa.ic102.5p101.W102)

Subpractices
1. Obtain the data for base measures. pa1s4.16102.5P101.5ubP101]

Data are collected as necessary for previously used as well as for newly specified
base measures. Existing data are gathered from project records or from
elsewhere in the organization. [pats4.6102.5P101.5u6P101.N101]

Note that data that were collected earlier may no longer be available for reuse in
existing databases, paper records, or formal repositories. (patssic1025p101.subP101.N102)

2. Generate the data for derived measures. [pa154.16102.5P101.5ubP102]

Values are newly calculated for all derived measures. [patss161025p101.5ubP102.N101]
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SP 2.2

Perform data integrity checks as close to the source of the data as
possible. (pa154.16102.5P101.5ubP103]

All measurements are subject to error in specifying or recording data. It is always
better to identify such errors and to identify sources of missing data early in the
measurement and analysis cycle. paissic1025p101.5ubP103N101]

Checks can include scans for missing data, out-of-bounds data values, and
unusual patterns and correlation across measures. [pats416102.5p101 SubP103.N102]

It is particularly important to do the following: pais4ic102.sp101.5uP103.N103]

e Testand correct for inconsistency of classifications made by human judgment
(i.e., to determine how frequently people make differing classification decisions
based on the same information, otherwise known as “inter-coder reliability”).

o Empirically examine the relationships among the measures that are used to
calculate additional derived measures. Doing so can ensure that important
distinctions are not overlooked and that the derived measures convey their
intended meanings (otherwise known as “criterion validity”).

Analyze Measurement Data

Analyze and interpret measurement data. pa154.16102.5P102]

The measurement data are analyzed as planned, additional analyses
are conducted as necessary, results are reviewed with relevant
stakeholders, and necessary revisions for future analyses are noted.
[PA154.1G102.SP102.N101]

Typical Work Products

1.

Analysis results and draft reports (pa1s4.1c102.sp102.w101]

Subpractices

1.

Conduct initial analyses, interpret the results, and draw preliminary
conclusions. [PA154.1G102.5P102.5ubP101]

The results of data analyses are rarely self evident. Criteria for interpreting the
results and drawing conclusions should be stated explicitly. jpats4.6102.sp102.su0P101.N101)

Conduct additional measurement and analysis as necessary, and
prepare results for presentation. pa1s4.1102.5p102.5ubP102]

The results of planned analyses may suggest (or require) additional, unanticipated
analyses. In addition, they may identify needs to refine existing measures, to
calculate additional derived measures, or even to collect data for additional
primitive measures to properly complete the planned analysis. Similarly, preparing
the initial results for presentation may identify the need for additional,
unanticipated analyses. [pats4.1G102.5p102.5uP102N101]
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3. Review the initial results with relevant stakeholders.
[PA154.1G102.SP102.SubP103]

It may be appropriate to review initial interpretations of the results and the way in
which they are presented before disseminating and communicating them more
widely. [pas4.16102.5P102.5ubP103.N101]

Reviewing the initial results before their release may prevent needless
misunderstandings and lead to improvements in the data analysis and
presentation. [pa1s416102.5p102.5ubP103.N102]

Relevant stakeholders with whom reviews may be conducted include intended
end users and sponsors, as well as data analysts and data providers.
[PA154.1G102.SP102.SubP103.N103]

4. Refine criteria for future analyses. [pa1s4.16102.5P102.5ubP104]

Valuable lessons that can improve future efforts are often learned from conducting
data analyses and preparing results. Similarly, ways to improve measurement
specifications and data collection procedures may become apparent, as may
ideas for refining identified information needs and objectives.
[PA154.1G102.SP102.SubP104.N101]

SP 2.3 Store Data and Results

Manage and store measurement data, measurement
specifications, and analysis results. pa154.i6102.sP103)

Storing measurement-related information enables the timely and cost-
effective future use of historical data and results. The information also is
needed to provide sufficient context for interpretation of the data,
measurement criteria, and analysis results. pais4.i102.5P103.N101]

Information stored typically includes the following: pats4.16102.5P103.N102]

e Measurement plans
e  Specifications of measures
e Sets of data that have been collected

e Analysis reports and presentations

The stored information contains or references the information needed to
understand and interpret the measures and assess them for
reasonableness and applicability (e.g., measurement specifications
used on different projects when comparing across projects).
[PA154.1G102.SP103.N103]
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Data sets for derived measures typically can be recalculated and need
not be stored. However, it may be appropriate to store summaries
based on derived measures (e.g., charts, tables of results, or report
prose). [PA154.1G102.SP103.N104]

Interim analysis results need not be stored separately if they can be
efficiently reconstructed. (pa1s4.16102.5P103.N105]

Projects may choose to store project-specific data and results in a
project-specific repository. When data are shared more widely across
projects, the data may reside in the organization’s measurement
repository. [PA154.1G102.SP103.N106]

Refer to the Establish the Organization’s Measurement Repository
specific practice of the Organizational Process Definition process area
for more information about establishing the organization’s measurement
repository. [pa15416102.5P103.N106.R101]

Refer to the Configuration Management process area for information on
managing measurement work products. [pa154.16102.5P103.N106.R102]

Typical Work Products
1. Stored data inventory pa1s4.16102.5P103.Ww101]

Subpractices

1.  Review the data to ensure their completeness, integrity, accuracy,
and CUIreéncCy. [PA154.1G102.SP103.SubP101]

2. Make the stored contents available for use only by appropriate
groups and personnel. [pa154.16102.5P103.5ubP102]

3. Prevent the stored information from being used inappropriately.
[PA154.1G102.SP103.SubP103]

Examples of ways to prevent inappropriate use of the data and related information
include controlling access to data and educating people on the appropriate use of
data. [PA154.1G102.5P103.5ubP103.N101]

Examples of inappropriate use include the following: pats.6102.5p103.5ubP103.N102)

o Disclosure of information that was provided in confidence

o Faulty interpretations based on incomplete, out-of-context, or otherwise
misleading information

o Measures used to improperly evaluate the performance of people or to rank
projects

o Impugning the integrity of specific individuals
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SP24 Communicate Results

Report results of measurement and analysis activities to all
relevant stakeholders. [pa154.16102.5P104]

The results of the measurement and analysis process are
communicated to relevant stakeholders in a timely and usable fashion
to support decision making and assist in taking corrective action.
[PA154.1G102.SP104.N101]

Relevant stakeholders include intended users, sponsors, data analysts,
and data providers. pa154.16102.5P104.N102]

Typical Work Products
1. Delivered reports and related analysis results pas4.ic102.sp104.w101]

2. Contextual information or guidance to aid in the interpretation of
analysis results (pa1s4.16102.5P104W102]

Subpractices

1.  Keep relevant stakeholders apprised of measurement results on a
timely basis. (pats4.16102.5P104.5ubP101]

Measurement results are communicated in time to be used for their intended
purposes. Reports are unlikely to be used if they are distributed with little effort to
follow up with those who need to know the results. patssic102sp104.subP101.N101]

To the extent possible and as part of the normal way they do business, users of
measurement results are kept personally involved in setting objectives and
deciding on plans of action for measurement and analysis. The users are regularly
kept apprised of progress and interim results. (pais4ic102.5p104.subP101.N102]

Refer to the Project Monitoring and Control process area for more
information on the use of measurement results.
[PA154.1G102.SP104.SubP101.N102.R101]

2. Assist relevant stakeholders in understanding the results.
[PA154.1G102.SP104.SubP102]

Results are reported in a clear and concise manner appropriate to the
methodological sophistication of the relevant stakeholders. They are
understandable, easily interpretable, and clearly tied to identified information
needs and objectives. [pats4.ic102.5p104 subPt02.N101]

The data are often not self evident to practitioners who are not measurement
experts. Measurement choices should be explicitly clear about the following:
[PA154.1G102.SP104.SubP102.N102]

o How and why the base and derived measures were specified

e How the data were obtained
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o How to interpret the results based on the data analysis methods that were used

e How the results address their information needs

Examples of actions to assist in understanding of results include the following:
[PA154.1G102.SP104.SubP102.N103]

o Discussing the results with the relevant stakeholders
o Providing a transmittal memo that provides background and explanation
o Briefing users on the results

¢ Providing training on the appropriate use and understanding of measurement
results

GG 2 Institutionalize a Managed Process (cLi0s.6L101

The process is institutionalized as a managed process.

Commitment to Perform

GP 2.1 (CO1) Establish an Organizational Policy

Establish and maintain an organizational policy for planning and
performing the measurement and analysis process. [cr1o3

Elaboration:
This policy establishes organizational expectations for aligning

measurement objectives and activities with identified information needs
and objectives and for providing measurement results. [pas4eL1o1

Ability to Perform

GP 2.2 (AB 1) Plan the Process

Establish and maintain the plan for performing the measurement
and analysis process. crio4

Elaboration:
Typically, this plan for performing the measurement and analysis

process is included in (or referenced by) the project plan, which is
described in the Project Planning process area. patsseLi1s)
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(AB 2) Provide Resources
Provide adequate resources for performing the measurement and

analysis process, developing the work products, and providing the
services of the process. [cri05

Elaboration:

GP 2.4

GP 2.5

Measurement personnel may be employed full time or part time. A
measurement group may or may not exist to support measurement
activities across multiple projects. [patsaeL104

Examples of other resources provided include the following tools: pats4£L1os)

e  Statistical packages

e  Packages that support data collection over networks

(AB 3) Assign Responsibility

Assign responsibility and authority for performing the process,
developing the work products, and providing the services of the
measurement and analysis process. [criog

(AB 4) Train People

Train the people performing or supporting the measurement and
analysis process as needed. [crio7

Elaboration:

Examples of training topics include the following: patssev1on

e  Statistical techniques
o  Data collection, analysis, and reporting processes

e Development of goal-related measurements (e.g., Goal Question Metric)

Directing Implementation

GP 2.6

(DI 1) Manage Configurations

Place designated work products of the measurement and analysis
process under appropriate levels of configuration management.
[GP109]
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Elaboration:

Examples of work products placed under configuration management include the
following: pats4 108

e  Specifications of base and derived measures
o  Data collection and storage procedures
e  Base and derived measurement data sets

e Analysis results and draft reports

o  Data analysis tools

GP 2.7 (DI 2) Identify and Involve Relevant Stakeholders

Identify and involve the relevant stakeholders of the measurement
and analysis process as planned. cri24

Elaboration:

Examples of activities for stakeholder involvement include the following: pass4eLita)

e  Establishing measurement objectives and procedures
e  Assessing measurement data

e  Providing meaningful feedback to those responsible for providing the raw data on
which the analysis and results depend

GP 2.8 (DI 3) Monitor and Control the Process

Monitor and control the measurement and analysis process
against the plan for performing the process and take appropriate
corrective action. cr11o

Elaboration:

Examples of measures used in monitoring and controlling include the following:
[PA154.EL111]

e  Percentage of projects using progress and performance measures

e  Percentage of measurement objectives addressed

170 Maturity Level: 2, Measurement and Analysis



CMMI-SW, v1.1
Staged Representation

Verifying Implementation

GP 2.9

(VE 1) Objectively Evaluate Adherence

Objectively evaluate adherence of the measurement and analysis
process against its process description, standards, and
procedures, and address noncompliance. (113

Elaboration:

GP 2.10

Examples of activities reviewed include the following: jpats4Li12)

o  Aligning measurement and analysis activities

e  Providing measurement results

Examples of work products reviewed include the following: jpatssL113)

e  Specifications of base and derived measures
o  Data collection and storage procedures

e  Analysis results and draft reports

(VE 2) Review Status with Higher Level Management

Review the activities, status, and results of the measurement and
analysis process with higher level management and resolve
issues. [Gr112]

(The following goal is not required and its practices are not expected for a maturity level 2 rating,
but are required for a maturity level 3 rating and above.)

GG3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.

GP 3.1

Establish a Defined Process

Establish and maintain the description of a defined measurement
and analysis process. cri114
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GP 3.2 Collect Improvement Information

Collect work products, measures, measurement results, and
improvement information derived from planning and performing
the measurement and analysis process to support the future use
and improvement of the organization’s processes and process
assets. [cr117]
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PROCESS AND PRODUCT QUALITY ASSURANCE

Maturity Level 2

Purpose

Introductory Notes

The purpose of Process and Product Quality Assurance is to provide
staff and management with objective insight into processes and
associated work products. pass)

The Process and Product Quality Assurance process area involves the
following: (pat1as.n101]

o  Objectively evaluating performed processes, work products, and
services against the applicable process descriptions, standards,
and procedures

e Identifying and documenting noncompliance issues

e Providing feedback to project staff and managers on the results of
quality assurance activities

e Ensuring that noncompliance issues are addressed

The Process and Product Quality Assurance process area supports the
delivery of high-quality products and services by providing the project
staff and managers at all levels with appropriate visibility into, and
feedback on, processes and associated work products throughout the
life of the project. patasnioz

The practices in the Process and Product Quality Assurance process
area ensure that planned processes are implemented, while the
practices in the Verification process area ensure that the specified
requirements are satisfied. These two process areas may on occasion
address the same work product but from different perspectives. Projects
should take care to minimize duplication of effort. pa1as.nio3)
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Obijectivity in process and product quality assurance evaluations is
critical to the success of the project. (See the definition of “objectively
evaluate” in Appendix C, the glossary.) Objectivity is achieved by both
independence and the use of criteria. Traditionally, a quality assurance
group that is independent of the project provides this objectivity. It may
be appropriate in some organizations, however, to implement the
process and product quality assurance role without that kind of
independence. For example, in an organization with an open, quality-
oriented culture, the process and product quality assurance role may be
performed, partially or completely, by peers; and the quality assurance
function may be embedded in the process. [patssnios

If quality assurance is embedded in the process, several issues must be
addressed to ensure objectivity. Everyone performing quality assurance
activities should be trained in quality assurance. Those performing
quality assurance activities for a work product should be separate from
those directly involved in developing or maintaining the work product.
An independent reporting channel to the appropriate level of
organizational management must be available so that noncompliance
issues may be escalated as necessary. [pa14sn105]

Quality assurance should begin in the early phases of a project to
establish plans, processes, standards, and procedures that will add
value to the project and satisfy the requirements of the project and the
organizational policies. Those performing quality assurance participate
in establishing the plans, processes, standards, and procedures to
ensure that they fit the project’'s needs and that they will be useable for
performing quality assurance evaluations. In addition, the specific
processes and associated work products that will be evaluated during
the project are designated. This designation may be based on sampling
or on objective criteria that are consistent with organizational policies
and project requirements and needs. [pa14s.N106]

When noncompliance issues are identified, they are first addressed
within the project and resolved there if possible. Any noncompliance
issues that cannot be resolved within the project are escalated to an
appropriate level of management for resolution. patssnion

This process area primarily applies to evaluations of products and
services, but it also applies to evaluations of nonproject activities and
work products such as training activities. For these activities and work
products, the term “project” should be appropriately interpreted.
[PA145.N108]

Related Process Areas

174

Refer to the Project Planning process area for more information about
identifying processes and associated work products that will be
objectively evaluated. pat4s.r101]
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Refer to the Verification process area for more information about
satisfying specified requirements. pa14s.r102)

Specific and Generic Goals

SG 1 Objectively Evaluate Processes and Work Products paiss.ic1o1)

Adherence of the performed process and associated work products and

services to applicable process descriptions, standards, and procedures is

objectively evaluated.

SG 2 Provide Objective Insight paissic102

Noncompliance issues are objectively tracked and communicated, and
resolution is ensured.

GG 2 Institutionalize a Managed Process [cL103.6L101]

The process is institutionalized as a managed process.

(The following goal is not required for maturity level 2, but required for maturity level 3 and
above.)

GG 3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.

Practice-to-Goal Relationship Table

SG 1 Objectively Evaluate Processes and Work Products [patss.icion
SP 1.1 Objectively Evaluate Processes
SP 1.2 Objectively Evaluate Work Products and Services

SG 2 Provide Objective Insight patss.ic102)
SP 2.1 Communicate and Ensure Resolution of Noncompliance Issues
SP 2.2 Establish Records

GG 2 Institutionalize a Managed Process (cL103.6L101]

GP 2.1 (CO1) Establish an Organizational Policy

GP 2.2 (AB 1) Plan the Process

GP 2.3 (AB 2) Provide Resources

GP 24 (AB 3) Assign Responsibility

GP 25 (AB 4) Train People

GP 2.6 (DI 1) Manage Configurations

GP 2.7 (DI 2) Identify and Involve Relevant Stakeholders
GP 2.8 (DI 3) Monitor and Control the Process

GP 2.9 (VE 1) Objectively Evaluate Adherence

GP 2.10 (VE 2) Review Status with Higher Level Management
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(The following goal is not required and its practices are not expected for a maturity level 2 rating,
but are required and expected for a maturity level 3 rating and above.)

GG 3 Institutionalize a Defined Process [cL104.6L101]
GP 31 Establish a Defined Process
GP 3.2 Collect Improvement Information

Specific Practices by Goal

SG 1 Objectively Evaluate Processes and Work Products

Adherence of the performed process and associated work products and
services to applicable process descriptions, standards, and procedures is
objectively evaluated. [pa145.16101]

SP1.1 Objectively Evaluate Processes

Objectively evaluate the designated performed processes against
the applicable process descriptions, standards, and procedures.
[PA145.1G101.SP101]

Obijectivity in quality assurance evaluations is critical to the success of
the project. A description of the quality assurance reporting chain and
how it ensures objectivity should be defined. [patss.ic101.sP101.N101)

Typical Work Products
1. Evaluation reports [pa14s.ic101.sp101.w101]

2.  Noncompliance reports [pa145.ic101.5P101.W102]

3. Corrective actions pa145.1c101.5P101.W103]

Subpractices

1. Promote an environment (created as part of project management)
that encourages employee participation in identifying and reporting
quality issues. [pa14516101.5P101.5ubP101]

2. Establish and maintain clearly stated criteria for the evaluations.
[PA145.1G101.SP101.SubP102]

The intent of this subpractice is to provide criteria, based on business needs, such
as the following: pas.ic101.sp101.5uP102N101]

o What will be evaluated
o When or how often a process will be evaluated
e How the evaluation will be conducted

o Who must be involved in the evaluation
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3. Use the stated criteria to evaluate performed processes for
adherence to process descriptions, standards, and procedures.
[PA145.1G101.SP101.SubP103]

4. Identify each noncompliance found during the evaluation.
[PA145.1G101.SP101.SubP104]

5. Identify lessons learned that could improve processes for future
products and services. [pa145.16101.5P101.5ubP105]

SP 1.2 Objectively Evaluate Work Products and Services

Objectively evaluate the designated work products and services
against the applicable process descriptions, standards, and
procedures. [pa145iG101.5P102]

Typical Work Products
1. Evaluation reports pats.ic101.sP102w101]

2. Noncompliance reports [pat4sic101.5P102.w102]

3. Corrective actions pat4s.1c101.5P102.w103]

Subpractices

1. Select work products to be evaluated, based on documented
sampling criteria if sampling is used. pa14s.i101.5P102.5ubP101]

2. Establish and maintain clearly stated criteria for the evaluation of
work products. [pat45.16101.5P102.5ubP102]

The intent of this subpractice is to provide criteria, based on business needs, such
as the following: pas.ic101.sp102.5uP102.N101]

o What will be evaluated during the evaluation of a work product
o When or how often a work product will be evaluated

¢ How the evaluation will be conducted

o Who must be involved in the evaluation

3. Use the stated criteria during the evaluations of work products.
[PA145.1G101.SP102.SubP103]

4. Evaluate work products before they are delivered to the customer.
[PA145.1G101.SP102.SubP104]

5. Evaluate work products at selected milestones in their
development. [pa145.1G6101.5P102.5ubP105]

6. Perform in-progress or incremental evaluations of work products
and services against process descriptions, standards, and
procedures. [PA145.1G101.SP102.SubP106]
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7. ldentify each case of noncompliance found during the evaluations.
[PA145.1G101.SP102.SubP107]

8. Identify lessons learned that could improve processes for future
products and services. [pa145.16101.5P102.5ubP108]

SG 2 Provide Objective Insight
Noncompliance issues are objectively tracked and communicated, and
resolution is ensured. pa145.6102
SP 21 Communicate and Ensure Resolution of Noncompliance Issues
Communicate quality issues and ensure resolution of
noncompliance issues with the staff and managers. [pai4s.ic102.sp101]
Noncompliance issues are problems identified in evaluations that reflect
a lack of adherence to applicable standards, process descriptions, or
procedures. The status of noncompliance issues provides an indication
of quality trends. Quality issues include noncompliance issues and
results of trend analysis. [patss.ic102.5P101.N101]
When local resolution of noncompliance issues cannot be obtained, use
established escalation mechanisms to ensure that the appropriate level
of management can resolve the issue. Track noncompliance issues to
resolution. [pa14s.16102.5P101.N102]
Typical Work Products
1. Corrective action reports pat4s.ic102.5p101.w101]
2. Evaluation reports pat45.i6102.5P101.w102]
3. Quality trends (pa145.16102.5P101.Ww103]
Subpractices
1.  Resolve each noncompliance with the appropriate members of the
staff where possible. pat5ic102.5p101.5ubP101]
2.  Document noncompliance issues when they cannot be resolved
within the project. pat4s.16102.5p101.5ubP102]
Examples of ways to resolve noncompliance within the project include the
following: pa4s.c102.5P101.SubP102N101]
¢ Fixing the noncompliance
o Changing the process descriptions, standards, or procedures that were violated
o Obtaining a waiver to cover the noncompliance issue
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Escalate noncompliance issues that cannot be resolved within the

project to the appropriate level of management designated to
receive and act on noncompliance isSues. [pa145.16102.5P101.5ubP103]

Analyze the noncompliance issues to see if there are any quality
trends that can be identified and addressed. pa145.16102.5p101.5ubP104)

Ensure that relevant stakeholders are aware of the results of
evaluations and the quality trends in a timely manner.
[PA145.1G102.SP101.SubP105]

Periodically review open noncompliance issues and trends with the
manager designated to receive and act on noncompliance issues.
[PA145.1G102.SP101.SubP106]

Track noncompliance issues to resolution. (pa14s.ic102.sp101.5ubP107]

SP 2.2 Establish Records

Establish and maintain records of the quality assurance activities.
[PA145.1G102.SP102]

Typical Work Products

1.
2.
3.
4.

Evaluation logs pats.ic102.sp102.w101]
Quality assurance reports [pat4si6102.5p102.W102]
Status reports of corrective actions pa14s.i6102.5P102.w103)

Reports of quality trends pat4s.ic102.sp102.w104)

Subpractices

1.

Record process and product quality assurance activities in
sufficient detail such that status and results are known.
[PA145.1G102.SP102.SubP101]

Revise the status and history of the quality assurance activities as
necessary. [PA145.1G102.SP102.SubP102]

GG 2 Institutionalize a Managed Process [cL103.6L101]

The process is institutionalized as a managed process.
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Commitment to Perform

Ability to Perform

GP 2.1

(CO1) Establish an Organizational Policy

Establish and maintain an organizational policy for planning and
performing the process and product quality assurance process.
[GP103]

Elaboration:

This policy establishes organizational expectations for objectively
evaluating whether processes and associated work products adhere to
the applicable process descriptions, standards, and procedures, and
ensuring that noncompliance is addressed. pat4s.eLio1]

This policy also establishes organizational expectations for process and
product quality assurance being in place for all projects. Process and
product quality assurance must possess sufficient independence from
project management to provide objectivity in identifying and reporting
noncompliance issues. [pat4sEeL102]

180

GP 2.2

GP 2.3

Elaboration:

(AB 1) Plan the Process

Establish and maintain the plan for performing the process and
product quality assurance process. [crio4

This plan for performing the process and product quality assurance
process may be included in (or referenced by) the project plan, which is
described in the Project Planning process area. pat4seLi14)

(AB 2) Provide Resources

Provide adequate resources for performing the process and
product quality assurance process, developing the work products,
and providing the services of the process. crios)
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Elaboration:

Examples of resources provided include the following tools: paseLos)

. Evaluation tools

e Noncompliance tracking tool

(AB 3) Assign Responsibility

Assign responsibility and authority for performing the process,
developing the work products, and providing the services of the
process and product quality assurance process. [criog

Elaboration:

To guard against subjectivity or bias, ensure that those people assigned
responsibility and authority for process and product quality assurance
can perform their evaluations with sufficient independence and
objectivity. pat14s5eL115]

(AB 4) Train People

Train the people performing or supporting the process and
product quality assurance process as needed. cro7]

Elaboration:

Examples of training topics include the following: pat4s eL1os)

e  Application domain
e  Customer relations
e  Process descriptions, standards, procedures, and methods for the project

e  Quality assurance objectives, process descriptions, standards, procedures,
methods, and tools

Directing Implementation

GP 2.6

(D1 1) Manage Configurations

Place designated work products of the process and product
quality assurance process under appropriate levels of
configuration management. cr1o9
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Elaboration:

GP 2.7

Examples of work products placed under configuration management include the
following: paseL11e

e  Noncompliance reports

o  Evaluation logs and reports

(DI 2) Identify and Involve Relevant Stakeholders

Identify and involve the relevant stakeholders of the process and
product quality assurance process as planned. [cri24

Elaboration:

GP 2.8

Examples of activities for stakeholder involvement include the following: pauseLig

e  Establishing criteria for the objective evaluations of processes and work products
e  Evaluating processes and work products
e Resolving noncompliance issues

e  Tracking noncompliance issues to closure

(DI 3) Monitor and Control the Process

Monitor and control the process and product quality assurance
process against the plan for performing the process and take
appropriate corrective action. [cr110

Elaboration:

Examples of measures used in monitoring and controlling include the following:
[PA145.EL108]

o  Variance of objective process evaluations planned and performed

e  Variance of objective work product evaluations planned and performed

Verifying Implementation

GP 2.9

182

(VE 1) Objectively Evaluate Adherence

Objectively evaluate adherence of the process and product quality
assurance process against its process description, standards, and
procedures, and address noncompliance. (113
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Elaboration:

Examples of activities reviewed include the following: patsseLtog)

e  Objectively evaluating processes and work products

e  Tracking and communicating noncompliance issues

Examples of work products reviewed include the following: jpatas 1112

¢ Noncompliance reports

e  Evaluation logs and reports

GP 2.10 (VE 2) Review Status with Higher Level Management

Review the activities, status, and results of the process and
product quality assurance process with higher level management
and resolve issues. cri112

(The following goal is not required and its practices are not expected for a maturity level 2 rating,
but are required for a maturity level 3 rating and above.)

GG3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.

GP 3.1 Establish a Defined Process

Establish and maintain the description of a defined process and
product quality assurance process. [cr114

GP 3.2 Collect Improvement Information

Collect work products, measures, measurement results, and
improvement information derived from planning and performing
the process and product quality assurance process to support the
future use and improvement of the organization’s processes and
process assets. cri17]
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CONFIGURATION MANAGEMENT

Maturity Level 2

Purpose

The purpose of Configuration Management is to establish and maintain
the integrity of work products using configuration identification,
configuration control, configuration status accounting, and configuration
audits. (pa1s9)

Introductory Notes

The Configuration Management process area involves the following:
[PA159.N101]

o |dentifying the configuration of selected work products that
compose the baselines at given points in time

e  Controlling changes to configuration items

e  Building or providing specifications to build work products from the
configuration management system

e Maintaining the integrity of baselines

e Providing accurate status and current configuration data to
developers, end users, and customers

The work products placed under configuration management include the
products that are delivered to the customer, designated internal work
products, acquired products, tools, and other items that are used in
creating and describing these work products. See the definition of
“configuration management” in Appendix C, the glossary. patsentoz)
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Examples of work products that may be placed under configuration management
include the following: rpatsantog)

e Plans

e  Process descriptions
e  Requirements

o  Design data

e  Drawings

e  Product specifications
e Code

o  Compilers

. Product data files

e  Product technical publications

Configuration management of work products may be performed at
several levels of granularity. See the definition of “configuration item” in
Appendix C, the glossary. Configuration items can be decomposed into
configuration components and configuration units. Only the term
“configuration item” is used in this process area. Therefore, in these
practices, “configuration item” may be interpreted as “configuration
component” or “configuration unit” as appropriate. pa1so.n1os]

Baselines provide a stable basis for continuing evolution of
configuration items. See the definition of “baseline” in Appendix C, the
glossary. (patsa.N1o4]

An example of a baseline is an approved description of a product that includes
internally consistent versions of requirements, requirement traceability matrices, design,
discipline-specific items, and end-user documentation. patsont1o

Baselines are added to the configuration management system as they
are developed. Changes to baselines and the release of work products
built from the configuration management system are systematically
controlled and monitored via the configuration control, change
management, and configuration auditing functions of configuration
management. [pa1s9.N105]

This process area applies not only to configuration management on
projects, but also to configuration management on organization work
products such as standards, procedures, and reuse libraries. pa1ssn1os]

Configuration management is focused on the rigorous control of the

managerial and technical aspects of work products, including the
delivered system. [patsonto7]
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This process area covers the practices for performing the configuration
management function and is applicable to all work products that are
placed under configuration management. (pa1se.n1og]

Related Process Areas

Refer to the Project Planning process area for information on
developing plans and work breakdown structures, which may be useful
for determining configuration items. [patserio1

Refer to the Causal Analysis and Resolution process area for more
information about both the method to use for analyzing the impact of
change requests and the method to use when evaluating changes.
[PA159.R102]

Refer to the Project Monitoring and Control process area for more
information about performance analyses and corrective actions.
[PA159.R103]

Specific and Generic Goals

SG 1 Establish Baselines paisa.ic101

Baselines of identified work products are established.

SG2 Track and Control Changes patss.ic102]

Changes to the work products under configuration management are tracked
and controlled.

SG3 Establish Integrity paiseicios

Integrity of baselines is established and maintained.

GG 2 Institutionalize a Managed Process (cL10s.6L101

The process is institutionalized as a managed process.

(The following goal is not required for maturity level 2, but required for maturity level 3 and
above.)

GG3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.
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Practice-to-Goal Relationship Table

SG 1 Establish Baselines [pa1sa.ic101]

SP 1.1 Identify Configuration Items
SP1.2 Establish a Configuration Management System
SP 1.3 Create or Release Baselines

SG 2 Track and Control Changes patss.icioz]
SP 2.1 Track Change Requests
SP22 Control Configuration Items

SG 3 Establish Integrity patse.ic103
SP 3.1 Establish Configuration Management Records
SP 3.2 Perform Configuration Audits

GG 2 Institutionalize a Managed Process [cL103.6L101]
GP 2.1 (CO1) Establish an Organizational Policy

GP 2.2 (AB 1) Plan the Process

GP 2.3 (AB 2) Provide Resources

GP 24 (AB 3) Assign Responsibility

GP 25 (AB 4) Train People

GP 2.6 (DI 1) Manage Configurations

GP 2.7 (DI 2) Identify and Involve Relevant Stakeholders
GP 2.8 (DI 3) Monitor and Control the Process

GP 2.9 (VE 1) Objectively Evaluate Adherence

GP 2.10 (VE 2) Review Status with Higher Level Management

(The following goal is not required and its practices are not expected for a maturity level 2 rating,
but are required and expected for a maturity level 3 rating and above.)

GG 3 Institutionalize a Defined Process [cL104.6L101]
GP 31 Establish a Defined Process
GP 3.2 Collect Improvement Information

Specific Practices by Goal

SG 1 Establish Baselines

Baselines of identified work products are established. [pa1s9.16101)

Specific practices to establish baselines are covered by this specific
goal. The specific practices under the Track and Control Changes
specific goal serve to maintain the baselines. The specific practices of
the Establish Integrity specific goal document and audit the integrity of
the baselines. pa1s9.16101.N101]

SP1.1 Identify Configuration Items

Identify the configuration items, components, and related work
products that will be placed under configuration management.
[PA159.1G101.SP101]
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Configuration identification is the selection, creation, and specification
of the following: pa1s9.1G101.5P101.N101]

e Products that are delivered to the customer
o Designated internal work products

e Acquired products

e Tools

o Otheritems that are used in creating and describing these work
products

Items under configuration management will include specifications and
interface documents that define the requirements for the product. Other
documents, such as test results, may also be included, depending on
their criticality to defining the product. pa1se.1c101.sP101.N104]

A “configuration item” is an entity designated for configuration
management, which may consist of multiple related work products that
form a baseline. This logical grouping provides ease of identification
and controlled access. The selection of work products for configuration
management should be based on criteria established during planning.
[PA159.1G101.SP101.N102]

Configuration items can be decomposed into configuration components
and configuration units. Only the term “configuration item” is used in this
process area. In these practices, “configuration item” may be
interpreted as “configuration component” or “configuration unit” as
appropriate. For example, configuration items in the area of
requirements management could vary from each individual requirement
to a set of requirements. pats9.16101.5P101.N103]

Typical Work Products
1. ldentified configuration items paise.c101.sP101.W101]

Subpractices

1. Select the configuration items and the work products that compose
them based on documented criteria. pa159.16101.5P101.5ubP101]

Example criteria for selecting configuration items at the appropriate work product
level include the following: patseic1o1.sp101.suP101.N102]

o Work products that may be used by two or more groups

o Work products that are expected to change over time either because of errors or
change of requirements

o Work products that are dependent on each other in that a change in one
mandates a change in the others

o Work products that are critical for the project
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Examples of work products that may be part of a configuration item include the
following: patse.1c101.5P101.5uP101.N101]

e Process descriptions

o Requirements

o Design

o Test plans and procedures

o Testresults

o |Interface descriptions

For Software Engineering

Examples of software work products that may be part of a configuration item
include the following: [pa159.16101.5P101.5ubP101.N101.AMP101]

e Code/module

e Tools (e.g., compilers)

2. Assign unique identifiers to configuration items. (pa1s9.16101.5P101.5ubP102]

3. Specify the important characteristics of each configuration item.
[PA159.1G101.SP101.SubP103]

Example characteristics of configuration items include author, document or file
type, and programming language for software code files. patss.ic101.5p101.su0P103.N101)

4. Specify when each configuration item is placed under configuration
management. [pa159.16101.5P101.5ubP104]

Example criteria for determining when to place work products under configuration
management include the following: patss.ic101.sp101.5usP104.N101]

o Stage of the project life cycle

o When the work product is ready for test

o Degree of control desired on the work product
o Cost and schedule limitations

o Customer requirements

5. Identify the owner responsible for each configuration item.
[PA159.1G101.SP101.SubP105]

SP 1.2 Establish a Configuration Management System

Establish and maintain a configuration management and change
management system for controlling work products. [pa1ss.ic101.sp102]
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A configuration management system includes the storage media, the
procedures, and the tools for accessing the configuration system.
[PA159.1G101.SP102.N101]

A change management system includes the storage media, the
procedures, and tools for recording and accessing change requests.
[PA159.1G101.SP102.N102]

Typical Work Products

1.

Configuration management system with controlled work products
[PA159.1G101.SP102.W101]

Configuration management system access control procedures
[PA159.1G101.SP102.W102]

Change request database [paisse.ic101.5P102w103]

Subpractices

1.

Establish a mechanism to manage multiple control levels of
configuration management. [pa159.6101.5P102.5ubP101]

Examples of situations leading to multiple levels of control include the following:
[PA159.1G101.SP102.SubP101.N101]

o Differences in the levels of control needed at different times in the project life cycle
(e.g., tighter control as product matures)

o Differences in the levels of control needed for different types of systems (e.g.,
software-only systems versus systems that include hardware and software)

o Differences in the levels of control needed to satisfy privacy and security
requirements for the configuration items

Store and retrieve configuration items in the configuration
management system. pa159.16101.sP102.5ubP102]

Examples of configuration management systems include the following:
[PA159.1G101.SP102.SubP102.N101]

o Dynamic (or developer’s) systems contain components currently being created or
revised. They are in the developer's workspace and are controlled by the
developer. Configuration items in a dynamic system are under version control.

o Master (or controlled) systems contain current baselines and changes to them.
Configuration items in a master system are under full configuration management
as described in this process area.

o Static systems contain archives of various baselines released for use. Static
systems are under full configuration management as described in this process
area.

Share and transfer configuration items between control levels
within the configuration management system. (patss.G101.5P102.5ubP103]
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4. Store and recover archived versions of configuration items.
[PA159.1G101.SP102.SubP104]

5. Store, update, and retrieve configuration management records.
[PA159.1G101.SP102.SubP105]

6. Create configuration management reports from the configuration
management system. [pa159.16101.5P102.5ubP106]

7. Preserve the contents of the configuration management system.
[PA159.1G101.SP102.SubP107]

Examples of preservation functions of the configuration management system
include the following: patss.c101.5p102.5u0P107.N101)

e Backups and restoration of configuration management files
¢ Archiving of configuration management files

o Recovery from configuration management errors

8. Revise the configuration management structure as necessary.
[PA159.1G101.SP102.SubP108]

SP 1.3 Create or Release Baselines

Create or release baselines for internal use and for delivery to the
customer. [pa159.16101.5P103]

A baseline is a set of specifications or work products that has been
formally reviewed and agreed upon, that thereafter serves as the basis
for further development, and that can be changed only through change
control procedures. A baseline represents the assignment of an
identifier to a configuration item and its associated entities.
[PA159.1G101.SP103.N101]

For Software Engineering

A set of requirements, design, source code files and the
associated executable code, build files, and user
documentation (associated entities) that have been assigned
a unique identifier can be considered to be a baseline.
Release of a baseline constitutes retrieval of source code files
(configuration items) from the configuration management
system and generating the executable files. 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.”
[PA159.1G101.SP103.N101.AMP102]

Typical Work Products
1. Baselines paise.ic101.sP103.W101]

2. Description of baselines patsa.ic101.sp103.w102)
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SG 2

Subpractices

1. Obtain authorization from the configuration control board (CCB)
before creating or releasing baselines of configuration items.
[PA159.1G101.SP103.SubP101]

2. Create or release baselines only from configuration items in the
configuration management system. [pa159.16101.5P103.5ubP102]

3. Document the set of configuration items that are contained in a
baseline. [pa159.16101.5P103.5ubP103]

4. Make the current set of baselines readily available.
[PA159.1G101.SP103.SubP104]

Track and Control Changes

Changes to the work products under configuration management are tracked
and controlled. pa1s9.16102

192

SP 2.1

The specific practices under this specific goal serve to maintain the
baselines after they are established by the specific practices under the
Establish Baselines specific goal. patse.1c102.n101]

Track Change Requests

Track change requests for the configuration items. pa159.16102.5P101]

Change requests address not only new or changed requirements, but
also failures and defects in the work products. (pa1se.ic102.5P101.N101]

Change requests are analyzed to determine the impact that the change
will have on the work product, related work products, and schedule and
cost. [PA159.1G102.5P101.N102]

Typical Work Products
1. Change requests pa1s9.i6102.5p101.W101]

Subpractices

1. Initiate and record change requests in the change request
database. [pa159.16102.5P101.5ubP101]

2. Analyze the impact of changes and fixes proposed in the change
requests. [PA159.1G102.5P101.5ubP102]

Changes are evaluated through activities that ensure that they are consistent with
all technical and project requirements. (patse.ic102.5p101.5uP102.N101]
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Changes are evaluated for their impact beyond immediate project or contract
requirements. Changes to an item used in multiple products can resolve an
immediate issue while causing a problem in other applications.
[PA159.1G102.SP101.SubP102.N102]

3. Review change requests that will be addressed in the next baseline
with those who will be affected by the changes and get their
agreement. [PA159.1G102.SP101.SubP103]

Conduct the change request review with appropriate participants. Record the
disposition of each change request and the rationale for the decision, including
success criteria, a brief action plan if appropriate, and needs met or unmet by the
change. Perform the actions required in the disposition, and report the results to
relevant stakeholders. (pats9.c102.5P101.5u6P103.N101]

4. Track the status of change requests to closure. pa1s9.16102.5p101.5ubP104]

Change requests brought into the system need to be handled in a proficient and
timely manner. Once a change request has been processed, it is critical to close
the request with the appropriate approved action as soon as it is practical. Actions
left open result in larger than necessary status lists, which in turn result in added
costs and confusion. [PA159.1G102.SP101.SubP104.N101]

SP 2.2 Control Configuration Items

Control changes to the configuration items. pa159.6102.5P102]

Control is maintained over the configuration of the work product
baseline. This control includes tracking the configuration of each of the
configuration items, approving a new configuration if necessary, and
updating the baseline. pa1se.ic102.sp102.N101]

Typical Work Products
1. Revision history of configuration items paise.c102.sp102w101]

2. Archives of the baselines pa1sa.ic102.sP102.w102]

Subpractices

1. Control changes to configuration items throughout the life of the
product. [PA159.1G102.SP102.SubP101]

2. Obtain appropriate authorization before changed configuration
items are entered into the configuration management system.
[PA159.1G102.SP102.SubP102]

For example, authorization may come from the CCB, the project manager, or the
customer. [pa159.16102.5P102.5ubP102.N101]
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3. Check in and check out configuration items from the configuration
management system for incorporation of changes in a manner that
maintains the correctness and integrity of the configuration items.
[PA159.1G102.SP102.SubP103]

Examples of check-in and check-out steps include the following:
[PA159.1G102.SP102.SubP103.N101]

o Confirming that the revisions are authorized

o Updating the configuration items

o Archiving the replaced baseline and retrieving the new baseline

4. Perform reviews to ensure that changes have not caused
unintended effects on the baselines (e.g., ensure that the changes
have not compromised the safety and/or security of the system).
[PA159.1G102.SP102.SubP104]

5. Record changes to configuration items and the reasons for the
changes as appropriate. [pa159.16102.5P102.5ubP105]

If a proposed change to the work product is accepted, a schedule is identified for
incorporating the change into the work product and other affected areas.
[PA159.1G102.SP102.SubP105.N101]

Configuration control mechanisms can be tailored to categories of changes. For
example, the approval considerations could be less stringent for component
changes that do not affect other components. patss.c102.5p102 supP105.N102)

Changed configuration items are released after review and approval of
configuration changes. Changes are not official until they are released.
[PA159.1G102.SP102.SubP105.N103]

SG3 Establish Integrity

Integrity of baselines is established and maintained. jpa159.16103

The integrity of the baselines, established by processes associated with
the Establish Baselines specific goal, and maintained by processes
associated with the Track and Control Changes specific goal, is
provided by the specific practices under this specific goal. patse.1c103N101]

SP 3.1 Establish Configuration Management Records

Establish and maintain records describing configuration items.
[PA159.1G103.SP101]

Typical Work Products
1. Revision history of configuration items [pase.ic103.sp101.w101]
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Change log (pa1s9.16103.5P101.w102]
Copy of the change requests pa159.16103.5P101.W103]

Status of configuration items (pa1s9.16103.5P101.Ww104]

o > oD

Differences between baselines paise.1c103.sP101.W105]

Subpractices

1. Record configuration management actions in sufficient detail so the
content and status of each configuration item is known and
previous versions can be recovered. [pa159.1G103.5P101.5ubP101]

2. Ensure that relevant stakeholders have access to and knowledge
of the configuration status of the configuration items.
[PA159.1G103.SP101.SubP102]

Examples of activities for communicating configuration status include the
following: patse.16103.5p101.5upP102.N101]

e Providing access permissions to authorized end users

o Making baseline copies readily available to authorized end users

3. Specify the latest version of the baselines. (pa159.16103.5p101.5uP103]

4. ldentify the version of configuration items that constitute a
particular baseline. pa1se.16103.5P101.5ubP104]

5. Describe the differences between successive baselines.
[PA159.1G103.SP101.SubP105]

6. Revise the status and history (i.e., changes and other actions) of
each configuration item as necessary. [pa159.16103.5p101.5ubP106]

SP 3.2 Perform Configuration Audits

Perform configuration audits to maintain integrity of the
configuration baselines. [pai59.16103.spP102]

Audit configuration management activities and processes to confirm
that the resulting baselines and documentation are accurate, and record
the audit results as appropriate. patse.ic103.sP102.N101]

Typical Work Products
1. Configuration audit results patse.ic103.sP102W101]

2. Action items [pa159.16103.5P102.Ww102]

Subpractices
1. Assess the integrity of the baselines. pa159.16103.5p102.5ubP101)
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2. Confirm that the configuration records correctly identify the
configuration of the configuration items. (pa159.16103.5P102.5ubP102]

3. Review the structure and integrity of the items in the configuration
management system. (pa159.16103.5P102.5ubP103]

4. Confirm the completeness and correctness of the items in the
configuration management system. [pa159.16103.5P102.5ubP104]

Completeness and correctness of the content is based on the requirements as
stated in the plan and the disposition of approved change requests.
[PA159.1G103.SP102.SubP104.N101]

5. Confirm compliance with applicable configuration management
standards and procedures. [pa159.16103.5P102.5ubP105]

6. Track action items from the audit to closure. pa1s9.16103.5P102.5ubP106]

GG 2 Institutionalize a Managed Process (cLi0s.6L101

The process is institutionalized as a managed process.

Commitment to Perform

GP 21 (CO1) Establish an Organizational Policy

Establish and maintain an organizational policy for planning and
performing the configuration management process. (crio3

Elaboration:

This policy establishes organizational expectations for establishing and
maintaining baselines, tracking and controlling changes to the work
products (under configuration management), and establishing and
maintaining integrity of the baselines. pa1s9.eL101)

Ability to Perform

GP 2.2 (AB 1) Plan the Process

Establish and maintain the plan for performing the configuration
management process. [cr104
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Elaboration:

This plan for performing the configuration management process can be
included in (or referenced by) the project plan, which is described in the
Project Planning process area. paissEL112)

GP 2.3 (AB 2) Provide Resources

Provide adequate resources for performing the configuration
management process, developing the work products, and
providing the services of the process. (crio5

Elaboration:

Examples of resources provided include the following tools: paso.eLtoq

e  Configuration management tools
e  Data management tools

e Archiving and reproduction tools

e  Database programs

GP 2.4 (AB 3) Assign Responsibility

Assign responsibility and authority for performing the process,
developing the work products, and providing the services of the
configuration management process. [cr1o6]

GP 25 (AB 4) Train People

Train the people performing or supporting the configuration
management process as needed. cro7

Elaboration:

Examples of training topics include the following: patseeL1os)

e Roles, responsibilities, and authority of the configuration management staff

e  Configuration management standards, procedures, and methods

e  Configuration library system
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Directing Implementation

GP 2.6

(DI 1) Manage Configurations

Place designated work products of the configuration management
process under appropriate levels of configuration management.
[GP109]

Elaboration:

GP 2.7

GP 2.8

198

Examples of work products placed under configuration management include the
following: patse.L106]

Access lists

e  Change status reports
e  Change request database
o  CCB meeting minutes

e Archived baselines

(DI 2) Identify and Involve Relevant Stakeholders

Identify and involve the relevant stakeholders of the configuration
management process as planned. cri24

Elaboration:

Examples of activities for stakeholder involvement include the following: paseei

e  Establishing baselines

e  Reviewing configuration management system reports and resolving issues
e  Assessing the impact of changes for the configuration items

e  Performing configuration audits

e  Reviewing the results of configuration management audits

(DI 3) Monitor and Control the Process

Monitor and control the configuration management process
against the plan for performing the process and take appropriate
corrective action. cr110
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Elaboration:

Examples of measures used in monitoring and controlling include the following:
[PA159.EL108]

o Number of changes to configuration items

e Number of configuration audits conducted

Verifying Implementation

GP 2.9

(VE 1) Objectively Evaluate Adherence

Objectively evaluate adherence of the configuration management
process against its process description, standards, and
procedures, and address noncompliance. (113

Elaboration:

GP 2.10

Examples of activities reviewed include the following: patseeL1og)

e  Establishing baselines
e  Tracking and controlling changes

e  Establishing and maintaining integrity of baselines

Examples of work products reviewed include the following: jpatseLt1

e Archives of the baselines

e  Change request database

(VE 2) Review Status with Higher Level Management

Review the activities, status, and results of the configuration
management process with higher level management and resolve
issues. [Gr112

(The following goal is not required and its practices are not expected for a maturity level 2 rating,

but are required for a maturity level 3 rating and above.)

GG3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.
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GP 3.1 Establish a Defined Process

Establish and maintain the description of a defined configuration
management process. [cr114]

GP 3.2 Collect Improvement Information

Collect work products, measures, measurement results, and
improvement information derived from planning and performing
the configuration management process to support the future use
and improvement of the organization’s processes and process
assets. cr117]
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MATURITY LEVEL 3: DEFINED

Maturity Level: 3

The following section contains all of the process areas that belong to
maturity level 3. The maturity level 3 process areas of CMMI are as
follows: Fm110.T103]

Requirements Development
Technical Solution

Product Integration

Verification

Validation

Organizational Process Focus
Organizational Process Definition
Organizational Training
Integrated Project Management
Risk Management

Decision Analysis and Resolution

See Chapter 2 for more information about CMMI maturity levels.
[FM110.T105]
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REQUIREMENTS DEVELOPMENT

Maturity Level 3

Purpose

Introductory Notes

The purpose of Requirements Development is to produce and analyze
customer, product, and product-component requirements. [pa1s7

202

This process area describes three types of requirements: customer
requirements, product requirements, and product-component
requirements. Taken together, these requirements address the needs of
relevant stakeholders, including those pertinent to various product life-
cycle phases (e.g., acceptance testing criteria) and product attributes
(e.g., safety, reliability, maintainability). Requirements also address
constraints caused by the selection of design solutions (e.g., integration
of commercial off-the-shelf products). pais7.n101)

Requirements are the basis for design. The development of
requirements includes the following activities: pais7.n102

o Elicitation, analysis, validation, and communication of customer
needs, expectations, and constraints to obtain customer
requirements that constitute an understanding of what will satisfy
stakeholders

e  Collection and coordination of stakeholder needs
o Development of the life-cycle requirements of the product
o Establishment of the customer requirements

e Establishment of initial product and product-component
requirements consistent with customer requirements

This process area addresses all customer requirements rather than only
product-level requirements because the customer may also provide
specific design requirements. pa1s7.n103]

Customer requirements are further refined into product and product-
component requirements. In addition to customer requirements, product
and product-component requirements are derived from the selected
design solutions. (pats7.n104)
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Requirements are identified and refined throughout the phases of the
product life cycle. Design decisions, subsequent corrective actions, and
feedback during each phase of the product’s life cycle are analyzed for
impact on derived and allocated requirements. [pa1s7.n10s]

The Requirements Development process area includes three specific
goals. The Develop Customer Requirements specific goal addresses
defining a set of customer requirements to use in the development of
product requirements. The Develop Product Requirements specific goal
addresses defining a set of product or product-component requirements
to use in the design of products and product components. The Analyze
and Validate Requirements specific goal addresses the necessary
analysis of customer, product, and product-component requirements to
define, derive, and understand the requirements. The specific practices
of the third specific goal are intended to assist the specific practices in
the first two specific goals. The processes associated with the
Requirements Development process area and those associated with
the Technical Solution process area may interact recursively with one
another. pa1sz.n111]

Analyses are used to understand, define, and select the requirements
at all levels from competing alternatives. These analyses include the
following: (pa157.N106]

e Analysis of needs and requirements for each product life-cycle
phase, including needs of relevant stakeholders, the operational
environment, and factors that reflect overall customer and end-user
expectations and satisfaction, such as safety, security, and
affordability

e Development of an operational concept

e  Definition of the required functionality

The definition of functionality, also referred to as “functional analysis,” is
not the same as structured analysis in software development and does
not presume a functionally oriented software design. In object-oriented
software design, it relates to defining the services. The definition of
functions, their logical groupings, and their association with
requirements is referred to as a “functional architecture.” pa1s7.n107]

Analyses occur recursively at successively more detailed layers of a
product’s architecture until sufficient detail is available to enable
detailed design, acquisition, and testing of the product to proceed. As a
result of the analysis of requirements and the operational concept
(including functionality, support, maintenance, and disposal), the
manufacturing or production concept produces more derived
requirements, including consideration of the following: pats7.n108)

e  Constraints of various types

e  Technological limitations
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e Cost and cost drivers
e Time constraints and schedule drivers
. Risks

e Consideration of issues implied but not explicitly stated by the
customer or end user

e Factors introduced by the developer’s unique business
considerations, regulations, and laws

A hierarchy of logical entities (functions and subfunctions, object
classes and subclasses) is established through iteration with the
evolving operational concept. Requirements are refined, derived, and
allocated to these logical entities. Requirements and logical entities are
allocated to products, product components, people, associated
processes, or services. [PA157.N109]

Involvement of relevant stakeholders in both requirements development
and analysis gives them visibility into the evolution of requirements.
This activity continually assures them that the requirements are being
properly defined. pats7.n110)

Related Process Areas

204

Refer to the Requirements Management process area for more
information about managing customer and product requirements,
obtaining agreement with the requirements provider, obtaining
commitments with those implementing the requirements, and
maintaining traceability. ais7.r101

Refer to the Technical Solution process area for more information about
how the outputs of the requirements development processes are used,
and the development of alternative solutions and designs used in
refining and deriving requirements. [pa1s7.r102]

Refer to the Product Integration process area for more information
about interface requirements and interface management. [pa1s7.r103

Refer to the Verification process area for more information about
verifying that the resulting product meets the requirements. [pa1s7.r104

Refer to the Validation process area for more information about how the
product built will be validated against the customer needs. [pa1s7.r105)

Refer to the Risk Management process area for more information about
identifying and managing risks that are related to requirements. (pa1s7.r106)
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Refer to the Configuration Management process area for information
about ensuring that key work products are controlled and managed.
[PA157.R107]

Specific and Generic Goals

SG 1 Develop Customer Requirements pais7.ic101)

Stakeholder needs, expectations, constraints, and interfaces are collected and
translated into customer requirements.

SG 2 Develop Product Requirements pais7.ic103)

Customer requirements are refined and elaborated to develop product and
product-component requirements.

SG3 Analyze and Validate Requirements [pais7.16102)

The requirements are analyzed and validated, and a definition of required
functionality is developed.

GG 3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process. |

Practice-to-Goal Relationship Table

SG 1 Develop Customer Requirements [pats7.c101]
SP 1.1 Elicit Needs
SP 1.2 Develop the Customer Requirements

SG 2 Develop Product Requirements [pats7.c103)
SP 2.1 Establish Product and Product-Component Requirements
SP22 Allocate Product-Component Requirements
SP 23 Identify Interface Requirements

SG 3 Analyze and Validate Requirements pas7.ic102)
SP 3.1 Establish Operational Concepts and Scenarios
SP 3.2 Establish a Definition of Required Functionality
SP 3.3 Analyze Requirements
SP 34 Analyze Requirements to Achieve Balance
SP 3.5 Validate Requirements with Comprehensive Methods

GG 3 Institutionalize a Defined Process [cL104.6L101

GP 2.1 (CO1) Establish an Organizational Policy
GP 3.1 (AB 1) Establish a Defined Process

GP 2.2 (AB 2) Plan the Process

GP 2.3 (AB 3) Provide Resources
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GP24
GP 25
GP 2.6
GP 2.7
GP 2.8
GP 3.2
GP 2.9
GP 2.10

(AB 4) Assign Responsibility

(AB 5) Train People

(DI'1) Manage Configurations

(DI 2) Identify and Involve Relevant Stakeholders
(DI 3) Monitor and Control the Process

(DI 4) Collect Improvement Information

(VE 1) Objectively Evaluate Adherence

(VE 2) Review Status with Higher Level Management

Specific Practices by Goal

SG 1

Develop Customer Requirements

Stakeholder needs, expectations, constraints, and interfaces are collected and
translated into customer requirements. [pa157.i6101]
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SP 1.1

The needs of stakeholders (e.g., customers, end users, suppliers,
builders, and testers) are the basis for determining customer
requirements. The stakeholder needs, expectations, constraints,
interfaces, operational concepts, and product concepts are analyzed,
harmonized, refined, and elaborated for translation into a set of
customer requirements. [PA157.1G101.N101]

Frequently, stakeholder needs, expectations, constraints, and interfaces
are poorly identified or conflicting. Since stakeholder needs,
expectations, constraints, and limitations should be clearly identified
and understood, an iterative process is used throughout the life of the
project to accomplish this objective. To facilitate the required
interaction, a surrogate for the end user or customer is frequently
involved to represent their needs and help resolve conflicts. The
customer relations or marketing part of the organization as well as
members of the development team from disciplines such as human
engineering or support can be used as surrogates. Environmental,
legal, and other constraints should be considered when creating and
resolving the set of customer requirements. pats7.16101.N102]

Elicit Needs

Elicit stakeholder needs, expectations, constraints, and interfaces
for all phases of the product life cycle. pa1s7.ic101.5pP102)

Eliciting goes beyond collecting requirements by proactively identifying
additional requirements not explicitly provided by customers. Additional
requirements should address the various product life-cycle activities
and their impact on the product. pa1s7.16101.5P102.N102]
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Examples of techniques to elicit needs include the following: pats7.ic101.spi02n103]

e  Technology demonstrations

e Interface control working groups

e  Technical control working groups

e Interim project reviews

e  Questionnaires, interviews, and operational scenarios obtained from end users
e  Operational walkthroughs and end-user task analysis

e  Prototypes and models

e  Brainstorming

e Quality Function Deployment

o  Market surveys

o Betatesting

e  Extraction from sources such as documents, standards, or specifications
e  Observation of existing products, environments, and workflow patterns

e  Usecases

e  Business case analysis

e  Reverse engineering (for legacy products)

Subpractices

1. Engage relevant stakeholders using methods for eliciting needs,
expectations, constraints, and external interfaces.
[PA157.1G101.SP102.SubP101]

The following specific practice appears in the continuous representation as
SP 1.1-1, but is subsumed in the staged representation by SP 1.1, Elicit Needs.
The specific practice is presented here in gray only as informative material.

SP1.11 Collect Stakeholder Needs

Identify and collect stakeholder needs, expectations, constraints,
and interfaces for all phases of the product life cycle. [pa1s7.ic101.sp101]

The basic activity addresses the receipt of requirements that a
customer provides to define what is needed or desired. These
requirements may or may not be stated in technical terms. They should
address the various product life-cycle activities and their impact on the
pI’OdUCt. [PA157.1G101.SP101.N101]
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SG 2

SP 1.2

Develop the Customer Requirements

Transform stakeholder needs, expectations, constraints, and
interfaces into customer requirements. [pa157.16101.5P103]

The various inputs from the customer must be consolidated, missing
information must be obtained, and conflicts must be resolved in
documenting the recognized set of customer requirements. The
customer requirements may include needs, expectations, and
constraints with regard to verification and validation. pa1s7.c101.sP103.N101]

Typical Work Products
1. Customer requirements [pa1s7.16101.5P103.w101]

2. Customer constraints on the conduct of verification
[PA157.1G101.SP103.W102]

3. Customer constraints on the conduct of validation pa1s7.c101.sP103.w103]

Subpractices

1. Translate the stakeholder needs, expectations, constraints, and
interfaces into documented customer requirements.
[PA157.1G101.SP103.SubP101]

2. Define constraints for verification and validation. pa1s7.16101.sP103.subP102]

Develop Product Requirements

Customer requirements are refined and elaborated to develop product and
product-component requirements. [pa1s7.6103
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Customer requirements are analyzed in conjunction with the
development of the operational concept to derive more detailed and
precise sets of requirements called “product and product-component
requirements.” Product and product-component requirements address
the needs associated with each product life-cycle phase. Derived
requirements arise from constraints, consideration of issues implied but
not explicitly stated in the customer requirements baseline, and factors
introduced by the selected architecture, the design, and the developer’s
unique business considerations. The requirements are reexamined with
each successive, lower level set of requirements and functional
architecture, and the preferred product concept is refined. pats7.i6103.N101)

The requirements are allocated to product functions and product
components including objects, people, and processes. The traceability
of requirements to functions, objects, tests, issues, or other entities is
documented. The allocated requirements and functions are the basis for
the synthesis of the technical solution. As internal components are
developed, additional interfaces are defined and interface requirements
established. pa1s7.16103.N102]
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Refer to the Maintain Bidirectional Traceability of Requirements specific

practice of the Requirements Management process area for more
information about maintaining bidirectional traceability. jpa1s7.16103.n102.R101]

SP 2.1 Establish Product and Product-Component Requirements

Establish and maintain product and product-component
requirements, which are based on the customer requirements.
[PA157.1G103.SP101]

The customer requirements may be expressed in the customer’s terms
and may be nontechnical descriptions. The product requirements are
the expression of these requirements in technical terms that can be
used for design decisions. An example of this translation is found in the
first House of Quality Functional Deployment, which maps customer
desires into technical parameters. For instance, “solid sounding door”
might be mapped to size, weight, fit, dampening, and resonant
frequencies. (pa157.16103.5P101.N101]

Product and product-component requirements address the satisfaction
of customer, business, and project objectives and associated attributes,
such as effectiveness and affordability. (pats7.i6103.5P101.N104]

Design constraints include specifications on product components that
are derived from design decisions, rather than higher level
requirements. [PA157.1G103.SP101.N102]

For Software Engineering

For example, application components that must interface with an off-the-
shelf database component must comply with interface requirements
imposed by the selected database. Such product-component requirements
are generally not traceable to higher level requirements.
[PA157.1G103.SP101.N102.AMP101]

Derived requirements also address the cost and performance of other
life-cycle phases (e.g., production, operations, and disposal) to the
extent compatible with business objectives. [pa157.16103.sP101.N103]

The modification of requirements due to approved requirement changes
is covered by the “maintain” function of this specific practice; whereas,
the administration of requirement changes is covered by the
Requirements Management process area. [pa157.16103.5p101.N105]

Refer to the Requirements Management process area for more

information about managing changes to requirements.
[PA157.1G103.SP101.N105.R101]
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Typical Work Products
1. Derived requirements pa157.16103.sp101.w101]

2. Product requirements [pa1s7.6103.sP101.w102]

3. Product-component requirements pa1s7.16103.5p101.w103]

Subpractices

1. Develop requirements in technical terms necessary for product and
product-component design. [pa157.16103.5P101.5ubP101]

Develop architecture requirements addressing critical product qualities and
performance necessary for product architecture design. pats7.ic103.sp101.5up101.N101]

2. Derive requirements that result from design decisions.
[PA157.1G103.SP101.SubP102]

Refer to the Technical Solution process area for more information
about developing the solutions that generate additional derived
requirements. [pA157.1G103.5P101.SubP102.R101]

Selection of a technology brings with it additional requirements. For instance, use
of electronics requires additional technology-specific requirements such as
electromagnetic interference limits. pats716103sp101.subP102.N101)

3. Establish and maintain relationships between requirements for
consideration during change management and requirements
allocation. pa157.16103.sP101.5ubP103]

Refer to the Requirements Management process area for more
information about maintaining requirements traceability.
[PA157.1G103.SP101.SubP103.R101]

Relationships between requirements can aid in evaluating the impact of changes.
[PA157.1G103.SP101.SubP103.N101]

SP 2.2 Allocate Product-Component Requirements

Allocate the requirements for each product component.
[PA157.1G103.SP102]

Refer to the Technical Solution process area for more information about
allocation of requirements to products and product components. This
specific practice provides information for defining the allocation of
requirements but must interact with the specific practices in the
Technical Solution process area to establish solutions to which the
requirements are allocated. pa157.16103.sP102R101]
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The requirements for product components of the defined solution
include allocation of product performance; design constraints; and fit,
form, and function to meet requirements and facilitate production. In
cases where a higher level requirement specifies performance that will
be the responsibility of two or more product components, the
performance must be partitioned for unique allocation to each product
component as a derived requirement. [pa157.16103.sP102.N101]

Typical Work Products
1.  Requirement allocation sheets [pa157.16103.sP102.w101]

Provisional requirement allocations [pas7.16103.sp102w102]
Design constraints pa1s7.16103.sp102.w103]

Derived requirements pa157.16103.5P102.w104]

o > oD

Relationships among derived requirements [pa1s7.16103.sP102.w105]

Subpractices
1. Allocate requirements to functions. pa157.16103.sP102.5ubP101]

2. Allocate requirements to product components. (pa157.16103.sP102.5ubP102]

3. Allocate design constraints to product components.
[PA157.1G103.SP102.SubP103]

4. Document relationships among allocated requirements.
[PA157.1G103.SP102.SubP104]

Relationships include dependencies in which a change in one requirement may
affect other requirements. pat5716103.sp102.5u0P104 N101)

SP 2.3 Identify Interface Requirements

Identify interface requirements. [pa1s7.16103.5P103]

Interfaces between functions (or between objects) are identified.
Functional interfaces may drive the development of alternative solutions
described in the Technical Solution process area. (pa157.16103.5P103.N101]

Refer to the Product Integration process area for more information
about the management of interfaces and the integration of products and
product components. [pa157.1G103.5P103.N101.R101]

Interface requirements between products or product components
identified in the product architecture are defined. They are controlled as
part of product and product-component integration and are an integral
part of the architecture definition. (pa1s7.16103.sP103.N102)
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Typical Work Products
1. Interface requirements [pa157.16103.sP103.w101]

Subpractices

1. Identify interfaces both external to the product and internal to the
product (i.e., between functional partitions or objects).
[PA157.1G103.SP103.SubP101]

As the design progresses, the product architecture will be altered by technical
solution processes, creating new interfaces between product components and
components external to the product. pats7.16103.sp103 subP101.N101]

Interfaces with product-related life-cycle processes should also be identified.
[PA157.1G103.SP103.SubP101.N102]

Examples of these interfaces include interfaces with test equipment,
transportation systems, support systems, and manufacturing facilities.
[PA157.1G103.SP103.SubP101.N103]

2. Develop the requirements for the identified interfaces.
[PA157.1G103.SP103.SubP102]

Refer to the Technical Solution process area for more information
about generating new interfaces during the design process.
[PA157.1G103.SP103.SubP102.R101]

Requirements for interfaces are defined in terms of origination, destination,
stimulus, data characteristics for software, and electrical and mechanical
characteristics for hardware. [pats7.6103.sP103.subP102N102]

SG3 Analyze and Validate Requirements

The requirements are analyzed and validated, and a definition of required
functionality is developed. [pa1s7.16102

The specific practices of the Analyze and Validate Requirements
specific goal support the development of the requirements in both the
Develop Customer Requirements specific goal and the Develop Product
Requirements specific goal. The specific practices associated with this
specific goal cover analyzing and validating the requirements with
respect to the user’s intended environment. pais7.6102.N104)
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Analyses are performed to determine what impact the intended
operational environment will have on the ability to satisfy the
stakeholders' needs, expectations, constraints, and interfaces.
Considerations such as feasibility, mission needs, cost constraints,
potential market size, and acquisition strategy must all be taken into
account, depending on the product context. A definition of required
functionality is also established. All specified usage modes for the
product are considered, and a timeline analysis is generated for time-
critical sequencing of functions. pats7.ic102.N101

The objectives of the analyses are to determine candidate requirements
for product concepts that will satisfy stakeholder needs, expectations,
and constraints; and then translate these concepts into requirements. In
parallel with this activity, the parameters that will be used to evaluate
the effectiveness of the product are determined based on customer
input and the preliminary product concept. [pats7.ic102N102]

Requirements are validated to increase the probability that the resulting
product will perform as intended in the use environment. pats7.c102N103]

SP 3.1 Establish Operational Concepts and Scenarios

Establish and maintain operational concepts and associated
scenarios. [pA157.16102.5P101]

Refer to the Technical Solution process area for more information about
detailed development of operational concepts that are dependent on the
selected designs. pa1s7.16102.5P101.R101]

A scenario is a sequence of events that might occur in the use of the
product, which is used to make explicit some of the needs of the
stakeholders. In contrast, an operational concept for a product usually
depends on both the design solution and the scenario. For example, the
operational concept for a satellite-based communications product is
quite different from one based on landlines. Since the alternative
solutions have not usually been defined when preparing the initial
operational concepts, conceptual solutions are developed for use when
analyzing the requirements. The operational concepts are refined as
solution decisions are made and lower level detailed requirements are
developed. [pa157.16102.5P101.N101]

Just as a design decision for a product may become a requirement for
product components, the operational concept may become the
scenarios (requirements) for product components. [pa1s7.16102.5P101.N102]

The scenarios may include operational sequences, provided those

sequences are an expression of customer requirements rather than
operational concepts. [pa157.16102.5P101.N103]
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Typical Work Products
1. Operational concept (pa1s7.16102.5P101W101]

2. Product installation, operational, maintenance, and support
concepts [PA157.1G102.SP101.W102]

Disposal concepts pats7.ic102.5p101.w103]
Use cases [pa157.16102.5P101.Ww104]

Timeline scenarios pa157.1G102.5P101.w105]

o o K~ o

New requirements (pa157.6102.5p101.w106]

Subpractices

1. Develop operational concepts and scenarios that include
functionality, performance, maintenance, support, and disposal as
appropriate. [PA157.1G102.SP101.SubP101]

Identify and develop scenarios, consistent with the level of detail in the
stakeholder needs, expectations, and constraints, in which the proposed product
is expected to operate. [PA157.1G102.5P101.SubP101.N101]

2. Define the environment the product will operate in, including
boundaries and constraints. pas7.ic102.sp101.5upP102]

3. Review operational concepts and scenarios to refine and discover
requirements. [PA157.1G102.SP101.SubP103]

Operational concept and scenario development is an iterative process. The
reviews should be held periodically to ensure that they agree with the
requirements. The review may be in the form of a walkthrough.
[PA157.1G102.SP101.SubP103.N101]

4. Develop a detailed operational concept, as products and product
components are selected, that defines the interaction of the
product, the end user, and the environment, and that satisfies the
operational, maintenance, support, and disposal needs.
[PA157.1G102.SP101.SubP104]

SP 3.2 Establish a Definition of Required Functionality

Establish and maintain a definition of required functionality.
[PA157.1G102.SP102]

The definition of functionality, also referred to as “functional analysis,” is
the description of what the product is intended to do. The definition of
functionality can include actions, sequence, inputs, outputs, or other
information that communicates the manner in which the product will be
used. [PA157.1G102.SP102.N101]
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Functional analysis is not the same as structured analysis in software
development and does not presume a functionally oriented software
design. In object-oriented software design, it relates to defining the
services. The definition of functions, their logical groupings, and their
association with requirements is referred to as a functional architecture.
See the definition of “functional architecture” in Appendix C, the
glossary. (pa157.16102.5P102.N102]

Typical Work Products
1.  Functional architecture pais7.ic102.sP102.w101]

2. Activity diagrams and use cases [pa157.16102.5P102.W102]

3. Object-oriented analysis with services identified (pa1s7.16102.5P102.w103]

Subpractices

1. Analyze and quantify functionality required by end users.
[PA157.1G102.SP102.SubP101]

2. Analyze requirements to identify logical or functional partitions
(e.g., subfunctions). pa157.6102.5p102.5ubP102]

3. Partition requirements into groups, based on established criteria
(e.g., similar functionality, performance, or coupling), to facilitate
and focus the requirements analysis. pa157.16102.5P102.5ubP103]

4. Consider the sequencing of time-critical functions both initially and
subsequently during product-component development.
[PA157.1G102.SP102.SubP104]

5. Allocate customer requirements to functional partitions, objects,
people, or support elements to support the synthesis of solutions.
[PA157.1G102.SP102.SubP105]

6. Allocate functional and performance requirements to functions and
subfunctions. [pa157.16102.5P102.5ubP106]

SP 3.3 Analyze Requirements

Analyze requirements to ensure that they are necessary and
sufficient. [pa157.16102.5P103)

In light of the operational concept and scenarios, the requirements for
one level of the product hierarchy are analyzed to determine whether
they are necessary and sufficient to meet the objectives of higher levels
of the product hierarchy. The analyzed requirements then provide the
basis for more detailed and precise requirements for lower levels of the
product hierarchy. pa157.16102.5P103.N102]
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As requirements are defined, their relationship to higher level
requirements and the higher level defined functionality must be
understood. One of the other actions is the determination of which key
requirements will be used to track technical progress. For instance, the
weight of a product or size of a software product may be monitored
through development based on its risk. pa157.16102.sP103.N101]

Typical Work Products

1.
2.

3.
4.

Requirements defects reports [pats7.16102.sP103.w101]

Proposed requirements changes to resolve defects
[PA157.1G102.SP103.W102]

Key requirements [PA157.1G102.SP103.W103]

Technical performance measures pa157.16102.5P103.w104]

Subpractices

1.

Analyze stakeholder needs, expectations, constraints, and external
interfaces to remove conflicts and to organize into related subjects.
[PA157.1G102.SP103.SubP101]

Analyze requirements to determine whether they satisfy the
objectives of higher level requirements. (pa157.6102.5P103 subP102]

Analyze requirements to ensure that they are complete, feasible,
realizable, and verifiable. pa157.16102.5P103.5ubP103]

While design determines the feasibility of a particular solution, this subpractice
addresses knowing which requirements affect feasibility. pas7ic102.sp103.suppto3.N101]

Identify key requirements that have a strong influence on cost,
schedule, functionality, risk, or performance. pa157.6102.5p103.subP104]

Identify technical performance measures that will be tracked during
the development effort. pa1s7.16102.5P103.subP105]

Refer to the Measurement and Analysis process area for more
information about the use of measurements. [pa157.16102.5P103.5ubP105.R101]

Analyze operational concepts and scenarios to refine the customer
needs, constraints, and interfaces and to discover new
requirements. [PA157.1G102.SP103.SubP106]

This analysis may result in more detailed operational concepts and scenarios as
well as supporting the derivation of new requirements. pats7.i6102.5p103.subP106.N101)

SP 3.4 Analyze Requirements to Achieve Balance

Analyze requirements to balance stakeholder needs and
constraints. [PA157.1G102.SP104]
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Stakeholder needs and constraints can address cost, schedule,
performance, functionality, reusable components, maintainability, or
risk. [pA157.1G102.5P104.N102]

Typical Work Products
1. Assessment of risks related to requirements pats7.ic102.sp104w101]

Subpractices

1. Use proven models, simulations, and prototyping to analyze the
balance of stakeholder needs and constraints. [pa1s7.16102.5P104.5ubP103]

Results of the analyses can be used to reduce the cost of the product and the risk
in developing the product. jpats7.6102.5p104.subP103.N101]

2. Perform a risk assessment on the requirements and functional
architecture. pa157.16102.5P104.5ubP101]

Refer to the Risk Management process area for information about
performing a risk assessment on customer and product
requirements and the functional architecture. [pa157.16102.sP104.5ubP101.R101]

3. Examine product life-cycle concepts for impacts of requirements on
risks. [PA157.1G102.5P104.5ubP102]

SP 3.5 Validate Requirements with Comprehensive Methods

Validate requirements to ensure the resulting product will perform
as intended in the user's environment using multiple techniques
as appropriate. (pa157.16102.5P106]

Requirements validation is performed early in the development effort to
gain confidence that the requirements are capable of guiding a
development that results in successful final validation. This activity
should be integrated with risk management activities. Mature
organizations will typically perform requirements validation in a more
sophisticated way and will broaden the basis of the validation to include
other stakeholder needs and expectations. These organizations will
typically perform analyses, simulations, or prototypes to ensure that
requirements will satisfy stakeholder needs and expectations.
[PA157.1G102.SP106.N102]

Typical Work Products
1.  Record of analysis methods and results pats7.1c102.sp106.w101]

Subpractices

1. Analyze the requirements to determine the risk that the resulting
product will not perform appropriately in its intended-use
environment. [PA157.1G102.SP106.SubP101]
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2. Explore the adequacy and completeness of requirements by
developing product representations (e.g., prototypes, simulations,
models, scenarios, and storyboards) and by obtaining feedback
about them from relevant stakeholders. pa157.16102.5P106.5ubP102]

3. Assess the design as it matures in the context of the requirements
validation environment to identify validation issues and expose
unstated needs and customer requirements. [pa157.16102.5P106.5ubP103]

The following specific practice appears in the continuous representation as

SP 3.5-1, but is subsumed in the staged representation by SP 3.5, Validate
Requirements with Comprehensive Methods. The specific practice is presented
here in gray only as informative material.

SP 3.5-1 Validate Requirements

Validate requirements to ensure the resulting product will perform
appropriately in its intended-use environment. [pa157.16102 sp105]

Typical Work Products
1. Results of requirements validation pats7.ic102.sp105w101]

Subpractices

1. Analyze the requirements to determine the risk that the resulting
product will not perform appropriately in its intended-use
environment. [PA157.1G102.SP105.SubP101]

GG3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.

Commitment to Perform

GP 21 (CO1) Establish an Organizational Policy

Establish and maintain an organizational policy for planning and
performing the requirements development process. [crio3

Elaboration:

This policy establishes organizational expectations for collecting
stakeholder needs, formulating product and product-component
requirements, and analyzing and validating those requirements.
[PA157.EL101]
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GP 3.1

GP 2.2

(AB 1) Establish a Defined Process

Establish and maintain the description of a defined requirements
development process. [cri14

(AB 2) Plan the Process

Establish and maintain the plan for performing the requirements
development process. [crio4

Elaboration:

GP 2.3

Typically, this plan for performing the requirements development
process is a part of the project plan as described in the Project Planning
process area. [pa157.EL102]

(AB 3) Provide Resources

Provide adequate resources for performing the requirements
development process, developing the work products, and
providing the services of the process. (crio5

Elaboration:

GP 2.4

Special expertise in the application domain, methods for eliciting
stakeholder needs, and methods and tools for specifying and analyzing
customer, product, and product-component requirements may be
required. (pa157.EL103)

Examples of other resources provided include the following tools: pats7eL104

e  Requirements specification tools

e  Simulators and modeling tools

e  Prototyping tools

e  Scenario definition and management tools

e Requirements tracking tools

(AB 4) Assign Responsibility

Assign responsibility and authority for performing the process,
developing the work products, and providing the services of the
requirements development process. [crios
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GP 2.5 (AB 5) Train People

Train the people performing or supporting the requirements
development process as needed. cr1o7

Elaboration:

Examples of training topics include the following: pats7 ev10s)

e  Application domain
e Requirements definition and analysis
e  Requirements elicitation

e Requirements specification and modeling

e  Requirements tracking

Directing Implementation

GP 2.6 (DI 1) Manage Configurations

Place designated work products of the requirements development
process under appropriate levels of configuration management.
[GP109]

Elaboration:

Examples of work products placed under configuration management include the
following: pats7.eL106]

e  Customer requirements
e  Functional architecture

e  Product and product-component requirements

e Interface requirements

GP 2.7 (DI 2) Identify and Involve Relevant Stakeholders

Identify and involve the relevant stakeholders of the requirements
development process as planned. cri24

Elaboration:

Select relevant stakeholders from customers, end users, developers,
producers, testers, suppliers, marketers, maintainers, disposal
personnel, and others who may be affected by, or may affect, the
product as well as the process. pais7eL113)
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Examples of activities for stakeholder involvement include the following: pas7eL1ig

e  Reviewing the adequacy of requirements in meeting needs, expectations,
constraints, and interfaces

e  Establishing operational concepts and scenarios
e Assessing the adequacy of requirements
e  Establishing product and product-component requirements

e  Assessing product cost, schedule, and risk

(DI 3) Monitor and Control the Process

Monitor and control the requirements development process
against the plan for performing the process and take appropriate
corrective action. cri19

Elaboration:

GP 3.2

Examples of measures used in monitoring and controlling include the following:
[PA157.EL110]

o  Cost, schedule, and effort expended for rework

e  Defect density of requirements specifications

(DI 4) Collect Improvement Information

Collect work products, measures, measurement results, and
improvement information derived from planning and performing
the requirements development process to support the future use
and improvement of the organization’s processes and process
assets. cr117]

Verifying Implementation

GP 2.9

(VE 1) Objectively Evaluate Adherence

Objectively evaluate adherence of the requirements development
process against its process description, standards, and
procedures, and address noncompliance. (113
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Elaboration:

Examples of activities reviewed include the following: pats7.ev111

e  Collecting stakeholder needs
e  Formulating product and product-component requirements

e  Analyzing and validating product and product-component requirements

Examples of work products reviewed include the following: jpats7.eL112

e Product requirements
e  Product-component requirements
e Interface requirements

° Functional architecture

GP 210 (VE2) Review Status with Higher Level Management

Review the activities, status, and results of the requirements
development process with higher level management and resolve
issues. P11z
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TECHNICAL SOLUTION

Maturity Level 3

Purpose

Introductory Notes

The purpose of Technical Solution is to design, develop, and implement
solutions to requirements. Solutions, designs, and implementations
encompass products, product components, and product-related life-
cycle processes either singly or in combinations as appropriate. pateo

The Technical Solution process area is applicable at any level of the
product architecture and to every product, product component, product-
related life-cycle process, and service. The process area focuses on the
following: (pateo.N101]

e Evaluating and selecting solutions (sometimes referred to as
“design approaches,” “design concepts,” or “preliminary designs”)
that potentially satisfy an appropriate set of allocated requirements

o Developing detailed designs for the selected solutions (detailed in
the context of containing all the information needed to
manufacture, code, or otherwise implement the design as a
product or product component)

e Implementing the designs as a product or product component

Typically, these activities interactively support each other. Some level of
design, at times fairly detailed, may be needed to select solutions.
Product-component prototypes may be used as a means of gaining
sufficient knowledge to develop a technical data package or a complete
set of requirements. (pateoN102]

Technical Solution specific practices apply not only to the product and
product components but also to services and product-related life-cycle
processes. The product-related life-cycle processes are developed in
concert with the product or product component. Such development may
include selecting and adapting existing processes (including standard
processes) for use as well as developing new processes. [pa160.N103]

Processes associated with the Technical Solution process area receive
the product and product-component requirements from the
requirements management processes. The requirements management
processes place the requirements, which originate in requirements
development processes, under appropriate configuration management
and maintain their traceability to previous requirements. pateoN1o4]
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For a maintenance or sustainment organization, the requirements in
need of maintenance actions or redesign may be driven by user needs
or latent defects in the product components. New requirements may
arise from changes in the operating environment. Such requirements
can be uncovered during verification of the product(s) where actual
performance can be compared against the specified performance and
unacceptable degradation can be identified. Processes associated with
the Technical Solution process area should be used to perform the
maintenance or sustainment design efforts. paieonios)

Related Process Areas

Refer to the Requirements Development process area for more
information about requirements allocations, establishing an operational
concept, and interface requirements definition. paeo.r101]

Refer to the Verification process area for more information about
conducting peer reviews and verifying that the product and product
components meet requirements. [pa160.r102]

Refer to the Decision Analysis and Resolution process area for more
information about formal evaluation. pateorio3

Refer to the Requirements Management process area for more
information about managing requirements. The specific practices in the
Requirements Management process area are performed interactively
with those in the Technical Solution process area. patsor104

Refer to the Organizational Innovation and Deployment process area

for more information about improving the organization's technology.
[PA160.R105]

Specific and Generic Goals

SG 1 Select Product-Component Solutions patsoicio1]

Product or product-component solutions are selected from alternative
solutions.

SG 2 Develop the Design pateo.icioz

Product or product-component designs are developed.
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SG3 Implement the Product Design pateo.ic103

Product components, and associated support documentation, are
implemented from their designs.

GG 3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.

Practice-to-Goal Relationship Table

SG 1 Select Product-Component Solutions patsoic1o1
SP 1.1 Develop Detailed Alternative Solutions and Selection Criteria
SP 1.2 Evolve Operational Concepts and Scenarios
SP 1.3 Select Product-Component Solutions

SG 2 Develop the Design patso.ic10z)
SP 2.1 Design the Product or Product Component
SP 2.2 Establish a Technical Data Package
SP 2.3 Design Interfaces Using Criteria
SP24 Perform Make, Buy, or Reuse Analyses

SG 3 Implement the Product Design (pateo.ic103)
SP 3.1 Implement the Design
SP 3.2 Develop Product Support Documentation

GG 3 Institutionalize a Defined Process [cL104.6L101]

GP 2.1 (CO1) Establish an Organizational Policy

GP 3.1 (AB 1) Establish a Defined Process

GP 2.2 (AB 2) Plan the Process

GP 2.3 (AB 3) Provide Resources

GP 24 (AB 4) Assign Responsibility

GP 25 (AB 5) Train People

GP 2.6 (DI'1) Manage Configurations

GP 2.7 (DI 2) Identify and Involve Relevant Stakeholders

GP 2.8 (DI 3) Monitor and Control the Process

GP 3.2 (DI 4) Collect Improvement Information

GP 2.9 (VE 1) Objectively Evaluate Adherence

GP 2.10 (VE 2) Review Status with Higher Level Management
Specific Practices by Goal
SG 1 Select Product-Component Solutions

Product or product-component solutions are selected from alternative
solutions. pats0.i6101]
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SP 1.1

Alternative solutions and their relative merits are considered in advance
of selecting a solution. Key requirements, design issues, and
constraints are established for use in alternative solution analysis.
Architectural features that provide a foundation for product improvement
and evolution are considered. Use of commercial off-the-shelf (COTS)
product components are considered relative to cost, schedule,
performance, and risk. COTS alternatives may be used with or without
modification. Sometimes such items may require modifications to
aspects such as interfaces or a customization of some of the features to
better achieve product requirements. [pateo.ic101.N101]

One indicator of a good design process is that the design was chosen
after comparing and evaluating it against alternative solutions.
Decisions on architecture, custom development versus off the shelf,
and product-component modularization are typical of the design choices
that are addressed. [pats0.1c101.N102]

Sometimes the search for solutions examines alternative instances of
the same requirements with no allocations needed to lower level
product components. Such is the case at the bottom of the product
architecture. There are also cases where one or more of the solutions
are fixed (e.g., a specific solution is directed or available product
components, such as COTS, are investigated for use). patso.c101.N103]

In the general case, solutions are defined as a set. That is, when
defining the next layer of product components, the solution for each of
the product components in the set is established. The alternative
solutions are not only different ways of addressing the same
requirements, but they also reflect a different allocation of requirements
among the product components comprising the solution set. The
objective is to optimize the set as a whole and not the individual pieces.
There will be significant interaction with processes associated with the
Requirements Development process area to support the provisional
allocations to product components until a solution set is selected and
final allocations established. patso.iG101.N104]

Product-related life-cycle processes are among the product-component
solutions that are selected from alternative solutions. Examples of these
product-related life-cycle processes are the manufacturing and the
support processes. [pPa160.16101.N105]

Develop Detailed Alternative Solutions and Selection Criteria

Develop detailed alternative solutions and selection criteria.
[PA160.1G101.SP102]

Refer to the Decision Analysis and Resolution process area for more
information about establishing criteria used in making decisions.
[PA160.IG101.SP102.R101]
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Detailed alternative solutions are an essential concept of the Technical
Solution process area. They provide more accurate and comprehensive
information about the solution than nondetailed alternatives. For
example, characterization of performance based on design content
rather than on simple estimating enables effective assessment and
understanding of environment and operating concept impacts.
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, and technical performance. These solutions are based
on proposed product architectures that address critical product
qualities. Specific practices associated with the Develop the Design
specific goal provide more information on developing potential product
architectures that can be incorporated into alternative solutions for the
pI’OdUCt. [PA160.1G101.SP102.N104]

Alternative solutions span the acceptable range of cost, schedule, and
performance. The product-component requirements are received and
used along with design issues, constraints, and criteria to develop the
alternative solutions. Selection criteria would typically address costs
(e.g., time, people, money), benefits (e.g., performance, capability,
effectiveness), and risks (e.g., technical, cost, schedule).
Considerations for detailed alternative solutions and selection criteria
include the following: [pateo.ic101.5P102.N102)

e Cost (development, procurement, support, product life cycle)
e  Technical performance

e  Complexity of the product component and product-related life-cycle
processes

o Robustness to product operating and use conditions, operating
modes, environments, and variations in product-related life-cycle
processes

e  Product expansion and growth

e  Technology limitations

e  Sensitivity to construction methods and materials
¢ Risk

e  Evolution of requirements and technology

e Disposal

e Capabilities and limitations of end users and operators
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The considerations listed above are a basic set; organizations should
develop screening criteria to narrow down the list of alternatives that are
consistent with their business objectives. Product life-cycle cost, while
being a desirable parameter to minimize, may be outside the control of
development organizations. A customer may not be willing to pay for
features that cost more in the short term but ultimately decrease cost
over the life of the product. In such cases, customers should at least be
advised of any potential for reducing life-cycle costs. The criteria used
in selections of final solutions should provide a balanced approach to
costs, benefits, and risks. [pa160.16101.5P102.N103]

Typical Work Products
1. Alternative solution screening criteria pateo.16101.sP102.w103]

2. Evaluations of new technologies [pateo.ic101.5P102.w104]
3. Alternative solutions paiso.ic101.sP102.W101]

4. Selection criteria for final selection [patso.1c101.5P102W102]

Subpractices

1. ldentify screening criteria to select a set of alternative solutions for
consideration. [pa160.16101.5P102.SubP101]

2. ldentify technologies currently in use and new product technologies
for competitive advantage. (pat60.16101.5p102.5uP102]

Refer to the Organizational Innovation and Deployment process
area for more information about improving the organization's
technology. [pa160.1G101.5P102.5ubP102.R101]

The project should identify technologies applied to current products and
processes and monitor the progress of currently used technologies throughout the
life of the project. The project should identify, select, evaluate, and invest in new
technologies to achieve competitive advantage. Alternative solutions could include
newly developed technologies, but could also include applying mature
technologies in different applications or to maintain current methods.
[PA160.1G101.SP102.SubP102.N101]

3. Generate alternative solutions. pa160.6101.5P102.5ubP103]

4. Obtain a complete requirements allocation for each alternative.
[PA160.1G101.SP102.SubP104]

5. Develop the criteria for selecting the best alternative solution.
[PA160.1G101.SP102.SubP105]
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Criteria should be included that address design issues for the life of the product,
such as provisions for more easily inserting new technologies or the ability to
better exploit commercial products. Examples include criteria related to open
design or open architecture concepts for the alternatives being evaluated.
[PA160.1G101.SP102.SubP105.N101]

6. Develop timeline scenarios for product operation and user
interaction for each alternative solution. [pate0.16101.5pP102.5ubP106]

The following specific practice appears in the continuous representation as

SP 1.1-1, but is subsumed in the staged representation by SP 1.1, Develop Detailed
Alternative Solutions and Selection Criteria. The specific practice is presented here
in gray only as informative material.

SP 1.1-1  Develop Alternative Solutions and Selection Criteria

Develop alternative solutions and selection criteria. (pa160.16101.5P101]

Refer to the Allocate Product-Component Requirements specific
practice in the Requirements Development process area for more
information about obtaining provisional allocations of requirements to
solution alternatives for the product components. [patso.ic101.5P101.R101]

Refer to the Decision Analysis and Resolution process area for more
information about establishing selection criteria and identifying
alternatives. [pat160.16101.sP101.R102]

Refer to the Requirements Management process area for more
information about managing the provisional and established allocated
requirements. [PA160.1G101.SP101.R103]

Alternatives are based on potential product architectures and span a
design space of feasible solutions. The Design Product or Product
Component specific practice of the Develop the Design specific goal
contains more information about developing potential product
architectures to incorporate into alternative solutions for the product.

[PA160.1G101.SP101.N101]

As selections are made, the design space may be constricted and other
alternatives examined until the most promising (i.e., optimal) solutions
that meet requirements and criteria are identified. The selection criteria
identify the key factors that provide a basis for the selection of the
solution. These criteria should provide clear discrimination and an
indication of success in arriving at a balanced solution across the life of
the product. They typically include measures of cost, schedule,
performance, and risk. [pat60.16101.5P101.N102]
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The alternative solutions evaluated frequently encompass alternative
requirement allocations to different product components. These
alternatives may also be structured to evaluate the use of COTS
solutions in the product architecture. Processes associated with the
Requirements Development process area would then be employed to
provide a more complete and robust provisional allocation of
requirements to the alternative solutions. patso.ic101.5P101.N103]

Selection of the best solution establishes the requirements provisionally
allocated to that solution as the set of allocated requirements. The
circumstances in which it would not be useful to examine alternative
solutions are infrequent in new developments. However, developments
of precedented product components are candidates for not examining,
or only minimally examining, alternative solutions. (pateo.ic101.sP101.N104]

Typical Work Products
1. Alternative solutions pateo.ic101.sP101.w101]

2. Selection criteria pa160.16101.5P101.W102]

Subpractices

1. Establish and maintain a process or processes for identifying
solution alternatives, selection criteria, and design issues.
[PA160.1G101.SP101.SubP101]

Selection criteria are influenced by a wide variety of factors driven by the
requirements imposed on the project as well as the product life cycle. For
example, criteria related to mitigating cost and schedule risks may influence a
greater preference for COTS solutions provided such selections do not result in
unacceptable risks for the remaining product components to be developed. When
using existing items, such as COTS, either with or without modification, criteria
dealing with diminishing sources of supply or technological obsolescence should
be examined, as well as criteria capturing the benefits of standardization,
maintaining relationships with suppliers, and so forth. The criteria used in
selections should provide a balanced approach to costs, benefits, and risks.
[PA160.1G101.SP101.SubP101.N101]

2. ldentify alternative groupings of requirements that characterize sets
of solution alternatives that span the feasible design space.
[PA160.1G101.SP101.SubP102]

Effective employment of COTS alternatives can provide special challenges.
Knowledgeable designers familiar with candidate COTS alternatives may explore
architectural opportunities to exploit potential COTS payoffs.
[PA160.1G101.SP101.SubP102.N101]

3. Identify design issues for each solution alternative in each set of
alternatives. [pa160.16101.5P101.5ubP103]
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4. Characterize design issues and take appropriate action.

[PA160.1G101.SP101.SubP104]

Appropriate action could be to characterize the issues as a risk for risk
management, adjust the solution alternative to preclude the issues, or reject the
solution alternative and replace it with a different alternative.
[PA160.1G101.SP101.SubP104.N101]

5. Obtain a complete requirements allocation for each alternative.
[PA160.1G101.SP101.SubP105]

6. Document the rationale for each alternative set of solutions.

[PA160.1G101.SP101.SubP106]

SP 1.2 Evolve Operational Concepts and Scenarios

Evolve the operational concept, scenarios, and environments to
describe the conditions, operating modes, and operating states
specific to each product component. jpaiso.iG101.5p103]

Refer to the Establish Operational Concepts and Scenarios specific
practice of the Requirements Development process area for information
on product-level influences and implications of product-component
operations. [pa160.1G101.5P103.R101]

Operational concepts and scenarios are evolved to facilitate the
selection of product-component solutions that, when implemented, will
satisfy the intended use of the product. Operational concepts and
scenarios document the interaction of the product components with the
environment, users, and other product components, regardless of
engineering discipline. They should be documented for operations,
product deployment, delivery, support (including maintenance and
sustainment), training, and disposal and for all modes and states.
[PA160.1G101.SP103.N101]

The environments (operating, support, training, etc.) also need to be
evolved. The environment of any given product component will be
influenced by other product components as well as the external
environment. [PA160.1G101.SP103.N102]

Typical Work Products

1. Product-component operational concepts, scenarios, and
environments for all product-related life-cycle processes (e.g.,
operations, support, training, manufacturing, deployment, fielding,
delivery, and disposal) pateo.ic101.sP103.w101]

2. Timeline analyses of product-component interactions
[PA160.1G101.SP103.W102]

3. Use cases [Pa160.1G101.5P103.W104]
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SP 1.3

Subpractices

1. Evolve the operational concepts and scenarios to a degree of detail
appropriate for the product component. [pateo.ic101.5P103.5ubP101]

2. Evolve the operational environments for the product components.
[PA160.1G101.SP103.SubP102]

The environments may include thermal, stress, and electromagnetic and other
elements that need to be documented. (paso.6101.5p103.5ubP102N101)

Select Product-Component Solutions

Select the product-component solutions that best satisfy the
criteria established. pa160.16101.5P104]

Refer to the Allocate Product-Component Requirements and Identify
Interface Requirements specific practices of the Requirements
Development process area for information on establishing the allocated
requirements for product components and interface requirements
among product components. [pa160.16101.5P104.R101]

Refer to the Decision Analysis and Resolution process area for more
information about formal evaluations. [pa1s0.ic101.sP104.R102]

Selecting product components that best satisfy the criteria establishes
the requirement allocations to product components. Lower level
requirements are generated from the selected alternative and used to
develop the product-component design. Interface requirements among
product components are described, primarily functionally. Physical
interface descriptions are included in the documentation for interfaces
to items and activities external to the product. [pateo.icio1.sp104.N101]

The description of the solutions and the rationale for selection are
documented. The documentation evolves throughout development as
solutions and detailed designs are developed and those designs are
implemented. Maintaining a record of rationale is critical to downstream
decision making. Such records keep downstream stakeholders from
redoing work and provide insights to apply technology as it becomes
available in applicable circumstances. (pa160.16101.5P104.N102]

Typical Work Products

1. Product-component selection decisions and rationale
[PA160.1G101.SP104.W101]

2. Documented relationships between requirements and product
components [PA160.1G101.SP104.W102]

3. Documented solutions, evaluations, and rationale [pa1eo0.1c101.sP104.W103]
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Subpractices

1. Evaluate each alternative solution/set of solutions against the
selection criteria established in the context of the operating
concepts, operating modes, and operating states.
[PA160.1G101.SP104.SubP101]

2. Based on the evaluation of alternatives, assess the adequacy of
the selection criteria and update these criteria as necessary.
[PA160.1G101.SP104.SubP102]

3. Identify and resolve issues with the alternative solutions and
requirements. [PA160.1G101.SP104.SubP103]

4. Select the best set of alternative solutions that satisfy the
established selection criteria. pateo.1c101.5P104.5ubP104]

5. Establish the requirements associated with the selected set of
alternatives as the set of allocated requirements to those product
components. [PA160.1G101.SP104.SubP105]

6. Identify the product-component solutions that will be reused or
acquired. [pA160.1G101.5P104.5ubP107]

Refer to the Supplier Agreement Management process area for
more information about acquiring products and product
components. [PA160.1G101.SP104.SubP107.R101]

7. Establish and maintain the documentation of the solutions,
evaluations, and rationale. [pa160.1G101.5P104.5ubP106]

Develop the Design

Product or product-component designs are developed. [paiso.16102)

Product or product-component designs must provide the appropriate
content not only for implementation, but also for other phases of the
product life cycle such as modification, reprocurement, maintenance,
sustainment, and installation. The design documentation provides a
reference to support mutual understanding of the design by relevant
stakeholders and supports future changes to the design both during
development and in subsequent phases of the product life cycle. A
complete design description is documented in a technical data package
that includes a full range of features and parameters including form, fit,
function, interface, manufacturing process characteristics, and other
parameters. Established organizational or project design standards
(e.g., checklists, templates, object frameworks) form the basis for
achieving a high degree of definition and completeness in design
documentation. pateo.1c102.N101]
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SP 2.1

Design the Product or Product Component

Develop a design for the product or product component.
[PA160.1G102.SP101]

Product design consists of two broad phases that may overlap in
execution: preliminary and detailed design. Preliminary design
establishes product capabilities and the product architecture, including
product partitions, product-component identifications, system states and
modes, major intercomponent interfaces, and external product
interfaces. Detailed design fully defines the structure and capabilities of
the product components. [pa160.16102.5P101.N101]

Refer to the Requirements Development process area for more
information about developing architecture requirements.
[PA160.IG102.SP101.N101.R101]

Architecture definition is driven from a set of architectural requirements
developed during the requirements development processes. These
requirements express the qualities and performance points that are
critical to the success of the product. The architecture defines structural
elements and coordination mechanisms that either directly satisfy
requirements or support the achievement of the requirements as the
details of the product design are established. Architectures may include
standards and design rules governing development of product
components and their interfaces as well as guidance to aid product
developers. Specific practices in the Select Product-Component
Solutions specific goal contain more information about using product
architectures as a basis for alternative solutions. patso.ic102.spP101.N102]

Architects postulate and develop a model of the product, making
judgments about allocation of requirements to product components
including hardware and software. Multiple architectures, supporting
alternative solutions, may be developed and analyzed to determine the
advantages and disadvantages in the context of the architectural
requirements. [PA160.1G102.SP101.N103]

Operational concepts and scenarios are used to generate use cases
and quality scenarios that are used to refine the architecture. They are
also used as a means to evaluate the suitability of the architecture for
its intended purpose during architecture evaluations, which are
conducted periodically throughout product design. The Evolve
Operational Concepts and Scenarios specific practice gives more
information about elaborating operational concepts and scenarios used
in architecture evaluation. pate0.ic102.5p101.N104]

Refer to the Establish Operational Concepts and Scenarios specific
practice of the Requirements Development process area for information
about developing operational concepts and scenarios used in
architecture evaluation. [pa160.16102.5P101.N104.R101]
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For Software Engineering

In addition to tasks identified above, software architecture definition may
include: [pa160.16102.5P101.N104.AMP101]

o Establishing the structural relations of partitions and rules regarding
interfaces between elements within partitions, and between partitions

o |dentifying major internal interfaces and all external interfaces of software
o |dentifying software product components

o Defining software coordination mechanisms

o Establishing infrastructure capabilities and services

o Developing product-component templates or classes and frameworks

o Establishing design rules and authority for making decisions

o Defining a process/thread model

o Defining physical deployment of software to hardware

o |dentifying major reuse approaches and sources

During detailed design, the product architecture details are finalized,
product components are completely defined, and interfaces are fully
characterized. Product-component designs may be optimized for certain
qualities or performance characteristics. Designers may evaluate the
use of legacy or COTS products for the product components. As the
design matures, the requirements assigned to lower level product
components are tracked to ensure those requirements are satisfied.
[PA160.1G102.SP101.N105]

Refer to the Requirements Management process area for more
information about tracking requirements for product components.
[PA160.1G102.SP101.N105.R101]

For Software Engineering

Detailed design is focused on software product-component development.
The internal structure of product components is defined, data schema are
generated, algorithms are developed, and heuristics are established to
provide product-component capabilities that satisfy allocated requirements.
[PA160./G102.SP101.N105.AMP101]

Typical Work Products
1. Product architecture pateo.1c102.sP101.w101]

2. Product-component designs [pateo.ic102.sP101.w102]
Subpractices

1. Establish and maintain criteria against which the design can be
evaluated. [pa160.16102.5P101.5ubP101]
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Examples of attributes, in addition to expected performance, for which design
criteria can be established, include the following: jpatso.c102.sp101.suoP101.N101)

e Modular

e Clear

o Simple

e Maintainable
o Verifiable

e Portable

o Reliable

e Accurate

e Secure

e Scalable

e Usable

Identify, develop, or acquire the design methods appropriate for the
product. [PA160.1G102.SP101.SubP102]

Effective design methods can embody a wide range of activities, tools, and
descriptive techniques. Whether a given method is effective or not depends on the
situation. Two companies may have very effective design methods for products in
which they specialize, but these methods may not be effective in cooperative
ventures. Highly sophisticated methods are not necessarily effective in the hands
of designers that have not been trained in the use of the methods.
[PA160.1G102.SP101.SubP102.N101]

Whether or not a method is effective also depends on how much assistance it
provides the designer, and the cost effectiveness of that assistance. For example,
a multiyear prototyping effort may not be appropriate for a simple product
component but might be the right thing to do for an unprecedented, expensive,
and complex product development. Rapid prototyping techniques, however, may
be highly effective for many product components. Methods that use tools to
ensure that a design will encompass all the necessary attributes needed to
implement the product-component design can be very effective. For example, a
design tool that “knows” the capabilities of the manufacturing processes can allow
the variability of the manufacturing process to be accounted for in the design
tolerances. [PA160.1G102.SP101.SubP102.N102]
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Examples of techniques and methods that facilitate effective design include the
following: pateo.c102.5p101.5ubP102.N103]

o Prototypes

o Structural models

o Object-oriented design

o Essential systems analysis
o Entity relationship models

o Design reuse

o Design patterns

3. Ensure that the design adheres to applicable design standards and
criteria. [pA160.16102.5P101.5ubP103]

Examples of design standards include the following (some or all of these
standards may be design criteria, particularly in circumstances where the
standards have not been established): patso.ic102.5p101.5up103.N101]

o Operator interface standards
o Safety standards
e Production constraints

o Design tolerances

o Parts standards (e.g., production scrap and waste)

4. Ensure that the design adheres to allocated requirements.
[PA160.1G102.SP101.SubP104]

Identified COTS product components must be taken into account. For example,
putting existing product components into the product architecture might modify the
requirements and the requirements allocation. pateo.c102.5p101.5ubP104.N101]

5. Document the design. [pat60.1G102.5P101.5ubP105]

SP 2.2 Establish a Technical Data Package

Establish and maintain a technical data package. [pai60.16102.sp103]

A technical data package provides the developer with a comprehensive
description of the product or product component as it is developed.
Such a package also provides procurement flexibility in a variety of
circumstances such as performance-based contracting or build to print.
[PA160.1G102.SP103.N102]
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The design is recorded in a technical data package that is created
during preliminary design to document the architecture definition. This
technical data package is maintained throughout the life of the product
to record essential details of the product design. The technical data
package provides the description of a product or product component
(including product-related life-cycle processes if not handled as
separate product components) that supports an acquisition strategy, or
the implementation, production, engineering, and logistics support
phases of the product life cycle. The description includes the definition
of the required design configuration and procedures to ensure
adequacy of product or product-component performance. It includes all
applicable technical data such as drawings, associated lists,
specifications, design descriptions, design databases, standards,
performance requirements, quality assurance provisions, and
packaging details. The technical data package includes a description of
the selected alternative solution that was chosen for implementation.
[PA160.1G102.SP103.N106]

A technical data package should include the following if such
information is appropriate for the type of product and product
component (for example, material and manufacturing requirements may
not be useful for product components associated with software services
or processes): [PA160.1G102.SP103.N103]

e  Product architecture description
o Allocated requirements
e  Product-component descriptions

¢  Product-related life-cycle process descriptions, if not described as
separate product components

e Key product characteristics
e Required physical characteristics and constraints
e Interface requirements

o  Materials requirements (bills of material and material
characteristics)

e  Fabrication and manufacturing requirements (for both the original
equipment manufacturer and field support)

e The verification criteria used to ensure that requirements have
been achieved

¢ Conditions of use (environments) and operating/usage scenarios,
modes and states for operations, support, training, manufacturing,
disposal, and verifications throughout the life of the product

e Rationale for decisions and characteristics (requirements,
requirement allocations, and design choices)
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Because design descriptions can involve a very large amount of data
and be crucial to successful product-component development, it is
advisable to establish criteria for organizing the data and for selecting
the data content. It is particularly useful to use the product architecture
as a means of organizing this data and abstracting views that are clear
and relevant to an issue or feature of interest. These views include the
following: (pat60.1G102.5P103.N104]

e  Customers
e Requirements
e The environment

. Functional

e Logical
e  Security
e Data

e  States/modes
e  Construction

e Management

These views are documented in the technical data package.
[PA160.1G102.SP103.N105]

Typical Work Products
1. Technical data package ra1eo.c102.5P103.w101]

Subpractices

1. Determine the number of levels of design and the appropriate level
of documentation for each design level. pateo.16102.5p103.subP101]

Determining the number of levels of product components (e.g., subsystem,
hardware configuration item, circuit board, computer software configuration item
[CSCI], computer software product component, computer software unit) that
require documentation and requirements traceability is important to manage
documentation costs and to support integration and verification plans.
[PA160.1G102.SP103.SubP101.N101]

2. Base detailed design descriptions on the allocated product-
component requirements, architecture, and higher level designs.
[PA160.1G102.SP103.SubP102]

3. Document the design in the technical data package.
[PA160.1G102.SP103.SubP103]

4. Document the rationale for key (i.e., significant effect on cost,
schedule, or technical performance) decisions made or defined.
[PA160.1G102.SP103.SubP104]
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SP 2.3

5. Revise the technical data package as necessary.
[PA160.1G102.SP103.SubP105]

Design Interfaces Using Criteria

Design comprehensive product-component interfaces in terms of
established and maintained criteria. [paico.iG102.5pP105]

Interface designs include the following: (pateo.1c102.5P105.N101]
e  Origination

o Destination

e  Stimulus and data characteristics for software

. Electrical, mechanical, and functional characteristics for hardware

The criteria for interfaces frequently reflect a comprehensive list of
critical parameters that must be defined, or at least investigated, to
ascertain their applicability. These parameters are often peculiar to a
given type of product (e.g., software, mechanical, electrical) and are
often associated with safety, security, durability, and mission-critical
characteristics. pa160.1G102.5P105.N102]

Typical Work Products
1. Interface design specifications [patso.ic102.sp105.w101)

2. Interface control documents [pate0.ic102.5P105.W102]
3. Interface specification criteria [pat60.16102.5P105.w103)

4. Rationale for selected interface design (pateo.c102.5P105.w104]

Subpractices
1. Define interface criteria. pa160.16102.5P105.5ubP101]

These criteria can be a part of the organizational process assets.
[PA160.1G102.SP105.SubP101.N101]

Refer to the Organizational Process Definition process area for
more information about establishing and maintaining organizational
Process assets. [pa160.16102.5P105.5ubP101.N101.R101]

2. Apply the criteria to the interface design alternatives.
[PA160.1G102.SP105.SubP102]

Refer to the Decision Analysis and Resolution process area for
more information about identifying criteria and selecting
alternatives based on those criteria. [pa160.16102.5P105.5ubP102.R101]
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3. Document the selected interface designs and the rationale for the
selection. [pa160.1G102.5P105.5ubP103]

The following specific practice appears in the continuous representation as

SP 2.3-1, but is subsumed in the staged representation by SP 2.3, Design Interfaces
Using Criteria. The specific practice is presented here in gray only as informative
material.

SP 2.3-1 Establish Interface Descriptions

Establish and maintain the solution for product-component
interfaces. [PA160.1G102.SP104]

The product-component interface description covers interfaces between
the following: pa160.16102.5P104.N101]

Product components and product components

Lower level product components and higher level product
components

Product components and product-related life-cycle processes

Product components and external items

Typical Work Products
1. Interface design (pa1e0.1c102.5P104.W101]

2. Interface design documents [pa160.1G102.5P104.w102]

Subpractices

1. Identify and document interfaces associated with other product
components. [PA160.1G102.SP104.SubP101]

2. ldentify interfaces associated with external items.
[PA160.1G102.SP104.SubP102]

3. ldentify interfaces between product components and the product-
related life-cycle processes. (pa160.16102.5P104.5ubP103]

For example, such interfaces could include those between a product component
to be fabricated and the jigs and fixtures used to enable that fabrication during the
manufacturing Process. [pA160.16102.5P104.SubP103.N101]

4. Ensure that the solution includes the interface requirements
developed in the requirements development processes.
[PA160.1G102.SP104.SubP104]
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SP 2.4

Refer to the Identify Interface Requirements specific practice in the
Requirements Development process area for more information
about identifying product and product-component interface
requirements. [PA160.1G102.SP104.SubP104.R101]

Perform Make, Buy, or Reuse Analyses

Evaluate whether the product components should be developed,
purchased, or reused based on established criteria. [pa160.16102.sp106]

The determination of what products or product components will be
acquired is frequently referred to as a “make-or-buy analysis.” It is
based on an analysis of the needs of the project. This make-or-buy
analysis begins early in the project during the first iteration of design,
continues during the design process, and is completed with the decision
to develop, acquire, or reuse the product. [pat60.1c102.5P106.N103]

Refer to the Requirements Development process area for more
information about determining the product and product-component
requirements. [PA160.1G102.SP106.N103.R101]

Refer to the Requirements Management process area for more
information about managing requirements. [pa160.16102.5P106.N103.R102]

Factors affecting the make-or-buy decision include the following:
[PA160.1G102.SP106.N104]

e  Functions the products or services will provide and how these
functions will fit into the project

e Available project resources and skills
e  Costs of acquiring versus developing internally
e  Critical delivery and integration dates

e  Strategic business alliances, including high-level business
requirements

e  Market research of available products, including COTS products
e Functionality and quality of available products

o  Skills and capabilities of potential suppliers

e Impact on core competencies

e Licenses, warranties, responsibilities, and limitations associated
with products being acquired

o  Product availability
e  Proprietary issues

° Risk reduction
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Many of these factors are addressed by the project. patso.ic102.5p106.N105]

The make-or-buy decision can be conducted using a formal evaluation
approach. pa16016102.5P106.N106]

Refer to the Decision Analysis and Resolution process area for more
information about defining criteria and alternatives and performing
formal evaluations. pa160.16102.5P106.N106.R101]

As technology evolves, so does the rationale for choosing to develop or
purchase a product component. While complex development efforts
may favor purchasing an off-the-shelf product component, advances in
productivity and tools may provide an opposing rationale. Off-the-shelf
products may have incomplete or inaccurate documentation and may or
may not be supported in the future. patso.ic102.sp106.N101]

Once the decision is made to purchase an off-the-shelf product
component, the requirements are used to establish a supplier
agreement. There are times when “off the shelf” refers to an existing
item that may not be readily available in the marketplace. For example,
some types of aircraft and engines are not truly “off the shelf” but can
be readily procured. In some cases the use of such non-developed
items is in situations where the specifics of the performance and other
product characteristics expected need to be within the limits specified.
In these cases, the requirements and acceptance criteria may need to
be included in the supplier agreement and managed. In other cases, the
off-the-shelf product is literally off the shelf (word processing software,
for example) and there is no agreement with the supplier that needs to
be managed. pats0.1G102.5P106.N102]

Refer to the Supplier Agreement Management process area for more
information about how fo address the acquisition of the product
components that will be purchased. [pa160.16102.5P106.N102.R101]

Typical Work Products
1. Criteria for design and product-component reuse [pa160.16102.5p106.w101)

2. Make-or-buy analyses [pa60.16102.5P106.w102]

3. Guidelines for choosing COTS product components
[PA160.1G102.SP106.W103]

Subpractices

1. Develop criteria for the reuse of product-component designs.
[PA160.1G102.SP106.SubP102]

2. Analyze designs to determine if product components should be
developed, reused, or purchased. [pa160.16102.5P106.5ubP103]
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3.  When purchased or non-developmental (COTS, government off the
shelf, and reuse) items are selected, plan for their maintenance.
[PA160.1G102.SP106.SubP101]

For Software Engineering

Consider how the compatibility of future releases of an
operating system and a database manager will be handled.
[PA160.1G102.SP106.SubP101.AMP101]

SG3 Implement the Product Design

Product components, and associated support documentation, are
implemented from their designs. pais0.ic103

Product components are implemented from the designs established by
the specific practices in the Develop the Design specific goal. The
implementation usually includes unit testing of the product components
before sending them to product integration and development of end-
user documentation. pats0.1c103.N101]

SP 3.1 Implement the Design
Implement the designs of the product components. [pa160.1G103.sP101]

For Software Engineering

Software code is a typical software product component.
[PA160.1G103.SP101.AMP101]

Once the design has been completed, it is implemented as a product
component. The characteristics of that implementation depend on the
type of product component. (pate0.6103.5P101.N101]

Design implementation at the top level of the product hierarchy involves
the specification of each of the product components at the next level of
the product hierarchy. This activity includes the allocation, refinement,
and verification of each product component. It also involves the
coordination between the various product-component development
efforts. (pa160.16103.5P101.N103]

Refer to the Requirements Development process area for more
information about the allocation and refinement of requirements.
[PA160./G103.SP101.N103.R101]

Refer to the Product Integration process area for more information
about the management of interfaces and the integration of products and
product components. [pa160.16103.5P101.N103.R102]
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Example characteristics of this implementation are as follows: pasoic103spio1n102

e  Software is coded.

o  Data is documented.

e  Services are documented.

o  Electrical and mechanical parts are fabricated.

e  Product-unique manufacturing processes are put into operation.
e  Processes are documented.

o  Facilities are constructed.

e  Materials are produced (e.g., a product-unique material could be a petroleum, oil,
or lubricant, or a new alloy).

Typical Work Products
1. Implemented design patso.c103.sP101.W101]

Subpractices

1. Use effective methods to implement the product components.
[PA160.1G103.SP101.SubP101]

For Software Engineering

Examples of software coding methods include the following:
[PA160./G103.SP101.SubP101.AMP101]

o Structured programming
o Object-oriented programming
o Automatic code generation

o Software code reuse

o Use of applicable design patterns

2. Adhere to applicable standards and criteria. (pat60.16103.5p101.5ubP102]

For Software Engineering

Examples of software coding standards include the following:
[PA160./G103.SP101.SubP102.AMP101]

e Language standards
o Naming conventions for variables
o Acceptable language structures

o Structure and hierarchy of software product components

o Format of code and comments
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For Software Engineering

Examples of software coding criteria include the following:
[PA160.1G103.SP101.SubP102.AMP102]

o Modularity
o Clarity
o Simplicity

o Structured (e.g., no GOTOs, one entrance, and one exit)

o Maintainability

Conduct peer reviews of the selected product components.
[PA160.1G103.SP101.SubP103]

Refer to the Verification process area for more information about
conducting peer reviews. [pa160.16103.5P101.5ubP103.R101]

Perform unit testing of the product component as appropriate.
[PA160.1G103.SP101.SubP104]

Note that unit testing is not limited to software. Unit testing involves the testing of
individual hardware or software units or groups of related items prior to integration
of those items. [PA160.1G103.SP101.SubP104.N101]

Refer to the Verification process area for more information about
verification methods and procedures and about verifying work
products against their specified requirements.
[PA160.1G103.SP101.SubP104.N101.R101]

For Software Engineering

Examples of unit testing methods include the following:
[PA160./G103.SP101.SubP104.N101.AMP101]

o Statement coverage testing
e Branch coverage testing

e Predicate coverage testing
e Path coverage testing

o Boundary value testing

o Special value testing

Revise the product component as necessary. [pa160.16103.5P101.5ubP105]

An example of when the product component may need to be revised is when
problems surface during implementation that could not be foreseen during design.
[PA160.1G103.SP101.SubP105.N101]
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SP 3.2 Develop Product Support Documentation

Develop and maintain the end-use documentation. |ra160.i6103.sp102]

This specific practice develops and maintains the documentation that
will be used to install, operate, and maintain the product.
[PA160.1G103.SP102.N101]

Typical Work Products

1.

o &~ w b

End-user training materials pats0.16103.sp102w101]
User's manual [pa160.16103.sP102.w102]

Operator's manual pa160.16103.5P102.W103]
Maintenance manual pa160.16103.sP102.Ww104]

Online help pat60.16103.5P102.w105]

Subpractices

1.

Review the requirements, design, product, and test results to
ensure that issues affecting the installation, operation, and
maintenance documentation are identified and resolved.
[PA160.1G103.SP102.SubP101]

Use effective methods to develop the installation, operation, and
maintenance documentation. [pa160.6103.sP102.5ubP102]

Adhere to the applicable documentation standards.
[PA160.1G103.SP102.SubP103]

Examples of documentation standards include the following:
[PA160.1G103.SP102.SubP103.N101]

o Compatibility with designated word processors
o Acceptable fonts

o Numbering of pages, sections, and paragraphs
o Consistency with a designated style manual

o Use of abbreviations

o Security classification markings

o Internationalization requirements

Develop preliminary versions of the installation, operation, and
maintenance documentation in early phases of the project life cycle
for review by the relevant stakeholders. pa160.16103.sP102.subP104]

Conduct peer reviews of the installation, operation, and
maintenance documentation. [pa160.G103.sP102.5ubP105]
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Refer to the Verification process area for more information about
conducting peer reviews. [pa160.16103.5p102.5ubP105.R101]

6. Revise the installation, operation, and maintenance documentation
as necessary. [PA160.1G103.SP102.SubP106]

Examples of when documentation may need to be revised include when the
following events occur: pa160.16103.5p102.5ubP106.N101]

e Requirements change
o Design changes are made
e Product changes are made

e Documentation errors are identified

o Workaround fixes are identified

GG 3 Institutionalize a Defined Process (cL104.6L101]

The process is institutionalized as a defined process.

Commitment to Perform

GP 2.1 (CO1) Establish an Organizational Policy

Establish and maintain an organizational policy for planning and
performing the technical solution process. (cr103

Elaboration:

This policy establishes organizational expectations for addressing the
iterative cycle in which product-component solutions are selected,
product and product-component designs are developed, and the
product-component designs are implemented. patso.eL101]

Ability to Perform

GP 3.1 (AB 1) Establish a Defined Process

Establish and maintain the description of a defined technical
solution process. [cr114
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GP 2.2 (AB 2) Plan the Process

Establish and maintain the plan for performing the technical
solution process. [crio4

Elaboration:

Typically, this plan for performing the technical solution process is a
part of the project plan as described in the Project Planning process
area. [PA160.EL102]

GP 23 (AB 3) Provide Resources

Provide adequate resources for performing the technical solution
process, developing the work products, and providing the services
of the process. [crios)

Elaboration:

Special facilities may be required for developing, designing, and
implementing solutions to requirements. When necessary, the facilities
required for the activities in the Technical Solution process area are
developed or purchased. patsoeL111]

Examples of other resources provided include the following tools: patsocL1os

o  Design specification tools

e  Simulators and modeling tools

e  Prototyping tools

e Scenario definition and management tools
e Requirements tracking tools

. Interactive documentation tools

GP 2.4 (AB 4) Assign Responsibility

Assign responsibility and authority for performing the process,
developing the work products, and providing the services of the
technical solution process. [crios

GP 2.5 (AB 5) Train People

Train the people performing or supporting the technical solution
process as needed. Gr1o7
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Elaboration:

Examples of training topics include the following: pateoeL10s)

e Application domain of the product and product components
e  Design methods
e Interface design

e  Unittesting techniques

e  Standards (e.g., product, safety, human factors, environmental)

Directing Implementation

GP 2.6 (DI 1) Manage Configurations

Place designated work products of the technical solution process
under appropriate levels of configuration management. [crio9

Elaboration:

Examples of work products placed under configuration management include the
following: pateoEL106]

e  Product, product component, process, service, and interface designs

e  Technical data packages

e Interface design documents

o  Criteria for design and product-component reuse

e Implemented designs (e.g., software code, fabricated product components)

e  User, installation, operation, and maintenance documentation

GP 2.7 (DI 2) Identify and Involve Relevant Stakeholders

Identify and involve the relevant stakeholders of the technical
solution process as planned. [cri24

Elaboration:

Select relevant stakeholders from customers, end users, developers,
producers, testers, suppliers, marketers, maintainers, disposal
personnel, and others who may be affected by, or may affect, the
product as well as the process. (pateoEL113)
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Examples of activities for stakeholder involvement include the following: pateoeL1i4

o  Developing alternative solutions and selection criteria

o  Evolving operational concept and scenarios

o  Obtaining approval on external interface specifications and design descriptions
e  Developing the technical data package

o  Assessing the make, buy, or reuse alternatives for product components

e  Implementing the design

GP 2.8 (DI 3) Monitor and Control the Process

Monitor and control the technical solution process against the
plan for performing the process and take appropriate corrective
action. cr119

Elaboration:

Examples of measures used in monitoring and controlling include the following:
[PA160.EL108]

o  Cost, schedule, and effort expended for rework

e  Percentage of requirements addressed in the product or product-component
design

e  Size and complexity of the product, product components, interfaces, and
documentation

o  Defect density of technical solutions work products

GP 3.2 (DI 4) Collect Improvement Information

Collect work products, measures, measurement results, and
improvement information derived from planning and performing
the technical solution process to support the future use and
improvement of the organization’s processes and process assets.
[GP117]
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Verifying Implementation

GP 2.9 (VE 1) Objectively Evaluate Adherence

Objectively evaluate adherence of the technical solution process
against its process description, standards, and procedures, and
address noncompliance. (cri113

Elaboration:

Examples of activities reviewed include the following: jpateoeLito)
e  Selecting product-component solutions
o  Developing product and product-component designs

e  Implementing product-component designs

Examples of work products reviewed include the following: jpatsoL112

e  Technical data packages
e Product, product-component, and interface designs
o Implemented designs (e.g., software code, fabricated product components)

e  User, installation, operation, and maintenance documentation

GP 2.10 (VE 2) Review Status with Higher Level Management

Review the activities, status, and results of the technical solution
process with higher level management and resolve issues. cri12
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PRODUCT INTEGRATION

Maturity Level 3

Purpose

Introductory Notes

The purpose of Product Integration is to assemble the product from the
product components, ensure that the product, as integrated, functions
properly, and deliver the product. pata7

This process area addresses the integration of product components into
more complex product components or into complete products. The term
“integration” is used in this sense throughout this process area and is
not to be confused with integration of people or activities that may be
described elsewhere in the model. pat47.n101]

The scope of this process area is to achieve complete product
integration through progressive assembly of product components, in
one stage or in incremental stages, according to a defined integration
sequence and procedures. [pat47.N102]

A critical aspect of product integration is the management of internal
and external interfaces of the products and product components to
ensure compatibility among the interfaces. Attention should be paid to
interface management throughout the project. pata7.n103)

Product integration is more than just a one-time assembly of the
product components at the conclusion of design and fabrication.
Product integration can be conducted incrementally, using an iterative
process of assembling product components, evaluating them, and then
assembling more product components. This process may begin with
analysis and simulations (e.g., threads, rapid prototypes, virtual
prototypes, and physical prototypes) and steadily progress through
increasingly more realistic incremental functionality until the final
product is achieved. In each successive build, prototypes (virtual, rapid,
or physical) are constructed, evaluated, improved, and reconstructed
based upon knowledge gained in the evaluation process. The degree of
virtual vs. physical prototyping required depends on the functionality of
the design tools, the complexity of the product, and its associated risk.
There is a high probability that the product, integrated in this manner,
will pass product verification and validation. For some products, the last
integration phase will occur when the product is deployed at its intended
operational site. [pat47.n104]
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Related Process Areas

Refer to the Requirements Development process area for more
information about identifying interface requirements. pat4zr101

Refer to the Technical Solution process area for more information about
defining the interfaces and the integration environment (when the
integration environment needs to be developed). pa147.r102

Refer to the Verification process area for more information about
verifying the interfaces, the integration environment, and the
progressively assembled product components. pat4z.r103

Refer to the Validation process area for more information about
performing validation of the p