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Foreword

From the Administrator

The FAA’svison isto provide the safest, most efficient and responsive aerogpace system in the
world, and to be the best Federa employer, continuoudy improving service to customers and
employees. In pursuit of our vison, we need to continuoudy improve our performance, our
products, and our services. One key to success is developing results oriented processes that
permit us to perform our tasks with quaity and discipline.

This document contains Version 2.0 of the FAA integrated Capability Maturity Modd (iCMM)
which provides aframework for ongoing process improvement. Many performance gains have
been redlized during the past severd years as aresult of usng Verson 1.0 of theiCMM.
Verson 2.0 improvesthe iCMM by including guidance and best practices from severd
additiona widely recognized models and standards such as the Macolm Baldrige Nationa
Quadlity Award criteria.

Wein the FAA continue to focus our atention on delivering the best service possible to our
aviation cusomers on adaily basis and on accderating the implementation of near-term
improvements in safety, security, and system efficiency. It isimportant to redlize that our
achievements are enhanced when they are based on high performance processes throughout the
agency. The FAA-iCMM provides a path that is crucia to helping us achieve these
improvements.

AR

Jane Garvey
Adminigrator

FAA-iCMM Version 2.0 September 2001 [



Foreword

From the Deputy Assistant Administrator for Information Services and Deputy Chief
Information Officer

Verson 1.0 of theiCMM was released in November 1997 and has been the framework for
most process improvement among the technica and engineering organizations within the FAA
snce then. The rdease of Verson 2.0 of the FAA-ICMM is the next logica step towards
achieving an enterprise-wide approach to process improvement. Version 2.0 incorporates
lessons learned from four years of experience with Verson 1.0. Additiondly, it updates the
model to include best practices and concepts from severa new standards for process
improvement, including 1SO 9001:2000, EIA/IS 731, and the CMMI, making this a framework
that can truly support process improvement across the whole FAA. It further broadensthe
model by incorporating high performance business perspectives of the Presdent’s Quality
Award and Macolm Badrige Nationa Quality Award criteria Given theimmense chalenges
facing the FAA, having asingle mode on which to base its processimprovementsisared
advantage. The dternate gpproach of using multiple sandards is Smply too expensve, too
confusing, and too difficult.

| believe verson 2.0 is the most ambitious and thorough integration of process improvement
dandards anywhere. The FAA remainsin the forefront of advancing how large organizations
improve their processes. Of course, we will continue to share our experiences with othersin the
community in the hope that our efforts will inform others who experience smilar chalenges.

Asthe primary sponsor for this effort, | am especidly proud of the team that devel oped this new
verson of the modd. It gives me great pleasure to see their hard work reach fruition. | look
forward to the widespread gpplication of this model within the FAA.

Art Pyster

i September 2001 FAA-iCMM Version 2.0
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Chapter 1: Introduction

Purpose of this The purpose of this chapter is to introduce the reader to the document and to
chapter the FAA-iCMM Project.
In this chapter The following table provides a guide to the information found in this chepter.
Topic See Page
1.1 About this Document 1-2
1.2 Background 1-4
1.3 About the FAA-ICMM Project 1-13
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1.1 About this Document

Purpose Of This
Document

This document presents Verson 2.0 of the FAA integrated Capability
Maturity Model (iCMM), an integrated capability maturity model for
enterprise-wide improvement.

Basic Organization

This document contains five chapters plus gppendices, organized into three
parts:
Part 1: Overview Information

Chapter 1. Introduction
Chapter 2: Overview of the Modd
Chapter 3: Using the Model
Part 2: Modd Description
Chapter 4: Generic Practices
Chapter 5: Process Areas and Base Practices
Part 3: Appendices
Change History
Glossary
References
Mapping Tables

Chapter 1:
Introduction

Chapter 1 provides the document overview and a brief description of the
moded, the need it is designed to mest, and how this version was constructed.

Chapter 2:
Overview of the
M odel

Chapter 2 introduces the model, presenting basic concepts that are key to
understanding the details and structure of the model. The architecture of the
modd is presented and the underlying constructs and conventions

used in expressing the modd are explained.

Chapter 3: Chapter 3 provides information about usng the modd in different
Using the organizationa Stuations and contexts.

M odel

1-2 September 2001 FAA-iCMM Version 2.0



1.1 About this Document, continued

Chapter 4 Chapter 4 contains the generic practices which are grouped by capability

Generic Practices  levd. The generic practices provide guidance for improving the cgpability of
any process.

Chapter 5: Chapter 5 presents the base practices (BP), which characterize practices

ProcessAreasand consdered essentid to successful enterprise performance. Base practices

Base Practices are grouped into process areas (PA).

Appendices The gppendicesinclude a document/mode change history, a change

request form, a glossary, references, and mapping tables.

Related In addition to this document, the following work products reate to thismodd. They
Products are available a www.faa.gov/aio.
Name Description

FAA-iICMM A description of the appraisal method developed for use

Appraisa Method with theiCMM

(FAM)

Training Materids Materids to facilitate learning about the ICMM and its

products

Appendix D Detailed mapping tables of FAA-ICMM v2.0 practices

Supplement to source models, standards, and documents

Others Numerous related work products and publications

Table 1-1. iCMM Work Products

FAA-iCMM Version 2.0 September 2001 1-3



1.2 Background

What isthe FAA-
iCMM?

In 1997, the Federd Aviation Administration (FAA) developed the FAA
integrated Capability Maturity Model (iCMM) verson 1.0 [FAA-iCMM
97] to guide improvement of its engineering, management, and acquisition
processes in an integrated, effective, and efficient way. That mode
integrated three angle-discipline CMMs that were being used separatdly in
different FAA directorates. the Software Acquisition Capability Maturity
Model [SA-CMM 96], the Capability Maturity Model for Software,
[SW-CMM 93], and

A Systems Engineering Capability Maturity Model [SE-CMM].

Basad on the successful implementation of verson 1.0, the FAA has
revised and extended the modd to come up with this new release, FAA-
iCMM v2.0.

Why was
Version 1.0 of the
iICMM developed?

Several CMMs are relevant to FAA's business. In 1996, before the
availability of theiCMM V1.0, the FAA had been dedling with more than
one process improvement modd at once. Three CMMsin particular were
being used in different FAA directorates that work on different aspects of
acquigtion: the CMMsfor software, systems engineering, and software
acquisition. These CMMs have different terminologies, different
architectures, different improvement gods, different appraisal methods, and
cover different agpects of FAA's acquisition business without indicating
linkages and interrelationships between their respective disciplines.
Although localized improvements had been made using one modd, the goa
of corporate-wide process improvement remained dusive. Furthermore, as
the FAA moved to using integrated product teams representing various
disciplines, these teams needed processes that interrelated their work. An
integrated reference model would provide better guidance for developing
the integrated processes required for ateam.

1-4

September 2001 FAA-iCMM Version 2.0



1.2 Background, continued

Why was

Version 1.0 of the
iCMM developed?
(continued)

Thus, the iICMM v1.0 was developed to increase the efficiency and the
effectiveness of FAA processes and process improvement efforts.

Through implementation of the modd, increased efficiency was redized by:
reducing the number of process areas (from 52 in the three separate CMMs
to 23 in the ICMM); replacing separate, largely redundant effortsto
improve Smilar processes with a single effort to improve an integrated
process, and replacing separate appraisas against each CMM with one
gppraisal againgt one modd.

Increased effectiveness was redized by implementing asingle reference
mode with one architecture, consgstent terminology, common process
assats, and common improvement goals across disciplines and across the
acquigtion life cycle; and by coordinating, synergizing, and focusing process
improvement efforts with integrated management, engineering, and
acquisition guidance suitable for an integrated product team.

Why was
Version 2.0 of the
iICMM developed?

Verson 1.0 is being deployed successfully across much of the agency.
Based on experience using the model, changes and enhancements were
proposed. Since 1996, newer versions of the origina source models have
evolved. Furthermore, there are other models and standards of interest to
the FAA that dso offer guidance for organizationd improvement.
Stakeholders asked, could these be integrated as well?

FAA-iCMM Version 2.0 September 2001 1-5



1.2 Background, continued

Why was TheiCMM version 2.0 was developed to address:

Version 2.0 of the

iCMM developed? - Maintenance Change Requests TheiCMM v2.0 addresses change

(continued) requests identified and requested by stakeholders. Typicaly these
resulted in improved darity in areas that were sometimes misinterpreted
or difficult to implement in iCMM v1.0.

Enhancement Change Requests: TheiCMM v2.0 extends
improvement guidance across more business and technical activities that
an enterprise performs, such as grategic planning, deployment, and
operations.

Currency: TheiCMM v2.0 updates improvement guidance for the
disciplines dready included in iCMM v1.0, making the content more
current.

One-model concept: TheiCMM v2.0 integrates severa popular
organizationa improvement approaches into one modd to dispd
confusion when considering various gpproaches. One modd, the
iICMM v2.0, combines the common and best festures of them dl.

1-6 September 2001 FAA-iCMM Version 2.0



1.2 Background, continued

What isthe scope
of the
iCMM?

Verson 1.0 of the iCMM focused on systems engineering, software
engineering and acquigition practices asintegrated from its three source
models.

The scope of verson 2.0 of the modd has broadened to include more of
the business and life cycle processes performed across an enterprise.

Enterprise scope: TheiCMM v2.0 provides best practice guidance
on processes used by an enterprise or organization that engages in the
acquisition, supply, engineering, development, operation, evolution,
support, disposa, and management of products and services.

Discipline scope: It integrates software engineering, systems
engineering, acquisition, and integrated process and product
development (IPPD) disciplines, and includes leadership and strategic
processes to assure alignment of projects and activities with enterprise
vison, misson, goas, and objectives.

Businessfocus: TheiCMM v2.0 integrates best practices from
standards for high performing organizations and qudity management
systems.

Life cycle scope: TheiCMM v2.0 covers the complete product or
sarvice life cycle, from conception through disposdl.

The iCMM v2.0 provides best practice guidance for improving these
processes and measuring their capability, value, and effectiveness.

FAA-iICMM Version 2.0
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1.2 Background, continued

What arethe

sour cesfor
iCMM v2.0?

The following standards, modds, and documents were integrated into the
iICMM v2.0:

Federd Aviation Adminigration Integrated Capability Maturity Mode
(FAA-ICMM) version 1.0, November 1997. [FAA-ICMM 97]
EIA/IS 731 Systems Engineering Capability, EIA Interim Standard,
1998. [EIA/IS 73]

1SO 9001:2000, Qudity management systems — Requirements.
Internationa Organization for Standardization, Third edition, 2000-12-
15. [1SO 9001]

The President’s Quality Award Program 2000, United States Office of
Personnel Management. [PQA]

The Macolm Badrige Nationd Quality Award Program 2000, United
States Department of Commerce, Nationd Ingtitute of Standards and
Technology. [MBNQA]

CMMI for Systems Engineering/Software Engineering/I ntegrated
Product and Process Development, v1.02, CMMI Project, November
2000. [CMMI-SE/SW/IPPD]

ISO/IEC CD 15288 CD3: System Engineering — System Life Cycle
Processes, 9 January 2001. [ISO/IEC CD 15288]

|EEE/EIA 12207.0-1996 Industry Implementation of Internationd
Standard ISO/IEC 12207: 1995 Standard for Information Technology
— Software life cycle processes, March 1998. [|EEE/EIA 12207]
ISO/IEC TR 15504:1998(E) Information technology — Software
process assessment — Part 5: An assessment modd and indicator
guidance, Part 7: Guiddines for software process improvement.
[ISO/IEC TR 15504]

Human Factors Engineering Addendum to the FAA-iCMM v1.0,
March 1999. [HFE]

CMMI for Systems Engineering/Software Engineering/Acquisition
(draft), CMMI Project, 2000. [CMMI-SE/SW/A]

Software Acquisition CMM v1.02 [SA-CMM 99] (note that [ SA-
CMM 96] was already included in FAA-iCMM v1.0)

1-8
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1.2 Background, continued

What arethe
sour cesfor
iCMM v2.0?
(continued)

The mapping tablesin Appendix D and its supplement show how these
various sources were integrated into ICMM v2.0 process areas and
practices. All components of these sources are included in the iICMM v2.0
except some areas rdated to human resource management. (Human
resource management is beyond the scope of thisiCMM release and may
be included in the future.)

Other references were used, including [IPD-CMM], [P-CMM], [EIA-632],
[IEEE 1220], [ISO/IEC 15939], and [PSM]. Sources and references are
listed in Appendix C.

What arethe
major differences
between v1.0 and
v2.0?

Process Areas. There are 23 process areasin iCMM v2.0, just asthere
werein iCMM v1.0. However, some are new, some are renamed, some
are different, and some process areas from v1.0 were integrated into other
process areas. All process areas are described in terms of products and
sarvices, rather than systems, to clarify the broad gpplicability of the modd.

Three new process areas. These are PA 00 Integrated Enterprise
Management, PA 17 Information Management, and PA 10 Operation
and Support.

One extended process area: Trangtion (in v1.0) was extended to
include Deployment, Trangition, and Disposa (PA 09).

Three v1.0 process areas integrated into others. Peer Review was
integrated into PA 08 Evauation; Prevention was integrated into PA 15
Quality Assurance and Management; Product Evolution was integrated
into both PA 23 Innovation, and PA 00 Integrated Enterprise
Management.

FAA-iCMM Version 2.0 September 2001 1-9



1.2 Background, continued

What arethemajor  Process Areas (continued):

differences Nine process areas were renamed to better reflect revised content:
between v1.0 and

v2.0? Verson 2.0 PA Title Verson 1.0 PA Title
(continued) PA 03 Design PA 03 Architecture
PA 04 Alternatives Andlyss ~ PA 04 Alternatives
PA 06 Desgn Implementation  PA 06 Software Devel opment
and Maintenance

PA 08 Evauation PA 08 System Test and
Evdudtion
PA 12 Supplier Agreement PA 12 Contract Management
Management
PA 14 Integrated Teaming PA 14 Coordination
PA 18 Measurement and PA 18 Measurement
Andyss
PA 20 Process Definition PA 20 Organization Process
Definition
PA 21 Process |mprovement PA 21 Organization Process
Improvement

Base Practices:
Some content has been rearranged among process areas, and within
practices, to improve clarity.

Some additiond practices and practice guidance have been included
from integration of additiona standards and models.

Staging: The CMM gaging (for benchmarking with existing capability
meaturity models) has been adjusted to reflect current CMM staging. The
changes are:

PA 18 Measurement and Andysisis staged a maturity leve 2 (thiswas
a maurity leve 4).

PA 21 Process Improvement is staged at maturity level 3 (thiswas at
maturity leve 5).

PA 01 Needsis staged at maturity level 3 (thiswas a maturity leve 2).
PA 00 Integrated Enterprise Management is staged a maturity level 3
(thisisanew process areq).
PA 09 Deployment, Trangtion, and Disposd is staged a maturity leve 2,
as was the Trangtion PA of verson 1.0, but the new PA includes
deployment and disposdl.

1-10 September 2001 FAA-iCMM Version 2.0



1.2 Background, continued

What arethe major
differences
between v1.0 and
v2.0?

(continued)

Capability Levels and Generic Practices. Some practices have been
reworded and in addition:

Capability Level 0 (Incomplete process) was introduced for
consstency with other continuous models and standards.

Capability Level 1: Thereis one new generic practice: “ldentify Work
Scope’.

Capability Level 2: Thereisone new generic practicer “Egtablish
Work Product Requirements’.

Capability Leve 3: Thereisone new generic practice: “Improve
Processes’; two previous practices were integrated into others
(“Perform Review with Peers’ into “ Objectively Verify Work

Products’ a capability leve 2; *Coordinate with Affected Groups’ into
“Coordinate with Stakeholders’ at capability level 2).

Capability Leve 4: A single generic practice captures dl previous leve
4 generic practices.

Capability Leved 5: A single generic practice focuses on pursuing
process optimization using statistica process control.

Generic Attributes: Thisisanew featurein iCMM v2.0. It offersaway
of measuring process performance results (usefulness of work products,
resource efficiency, and cost effectiveness). It can be used selectively
during an appraisa as determined by the appraisa sponsor.

How should the
iCMM beused?

TheiCMM and the method for applying the modd (i.e., appraisal method)
are primarily intended to be used by organizations to evauate their own
practices and define improvements to them. The techniques can be used in
aoplying the model for sdf-improvement only if the users of the modd and
gppraisal methods thoroughly understand the proper application of the
modd and itsinherent limitations. Usage of theiCMM isdiscussed in
Chapter 3.

FAA-iCMM Version 2.0 September 2001 1-11



1.2 Background, continued

Who can usethe
iCMM?

The iCMM can be used by any enterprise or organization that seeksto
improve its business performance in an integrated way. Though developed
for the FAA, it isdesigned for use by any organization.

Additional
I nformation

For further information concerning this model, mode training, or appraisas
using thismode contact the FAA-ICMM Project Leader:

Dr. Linda lbrahim

Chief Engineer for Process Improvement, A1O-200
Federd Aviaion Adminigtration

800 Independence Avenue SW

Washington, DC 20591

202-267-7443 (voice)
202-267-5069 (fax)
lindaibrahim@faagov (emall)

This document is avalable a the following web Stes
www.faa.gov/aioor www.faa.gov/ipg

1-12
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1.3 About the iCMM Project

Development of
Version 1.0

The FAA-iICMM initiative began in the fal of 1996 with afeashility sudy.
This study provided an andysis and preiminary merger of the three Sngle-
discipline CMMs that had been in use separately in the FAA: the SW-
CMM, the SE-CMM, and the SA-CMM. These three CMMs were
mapped together at the process arealevel [lbrahim, 1996a], and one
sample process area was a so eaborated at the base practice level
[1brahim, 1996b]. These efforts demondtrated that it was possible to merge
CMMs of different architectures, and that the resultant model significantly
reduced the number of process areas and practices while ill covering the
individud CMM disciplines.

In March 1997, the FAA formed ateam of FAA and externd CMM and
discipline experts and began work on an integrated mode that would
fathfully and robustly capture al features of its source CMMs. Meanwhile,
the Software Engineering Inditute (SEI) began developing a Common
CMM Framework [CCF], the purpose of which was to provide guidance
to multiple CMM users and to assst CMM devel opers and integrators. The
FAA-ICMM project followed those draft guiddines as they continued to
evolvein pardld with FAA efforts

A complete draft of the FAA-ICMM was developed by June 1997 and
submitted to the SEI for review. In late September, ajoint SEI-FAA review
and working session was held to ensure consensus that the

FAA’swork captured its source CMMs and followed CMM principles,
congtruction guidelines, and requirements as identified in the latest draft CCF
documents. In November 1997, the first mgor integrated capability maturity
modd, verson 1.0 of the FAA-iICMM, was released with the CMM registry
mark of the SEI.

FAA-iCMM Version 2.0 September 2001 1-13



1.3 About the iCMM Project, continued

Deployment of
Version 1.0

Since 1997, version 1.0 of the iCMM has been successfully deployed across
much of the Agency (see [Ibrahim 2000]). In addition, organizations outsde
the FAA have been using theiCMM to guide their integrated process
improvement efforts.

The development and deployment of theiCMM v1.0 has provided proof of
concept that capability maturity models of varying structures and covering
various disciplines can be successfully integrated, and that multidisciplinary
organizations can achieve increased efficiency and effectivenessin their
process improvement efforts by using an integrated mode.

Development of
Version 2.0

In the summer of 2000, it was agreed that the iCMM should be updated to
incorporate lessons learned from the use of verson 1.0, to retain currency
with evolving modds and standards, to extend improvement guidance
across additiona business and technica activities, and to integrate additiona
improvement approaches beyond those in current CMMs. Aswith the
development of version 1.0, a high level mapping table across the 8 mgor
standards and source documents was prepared to demonstrate feasibility.
The FAA integrated Process Group (iPG) formed a Configuration Control
Board to control the evolution of the iCMM and associated work products,
and by November 2000 ateam of FAA and externd model builders and
subject matter experts was formed to devel op the next version of the
iICMM.

The model was released for extensve internd and externd review using a
phased approach. Review package one was released in January 2001,
containing 12 selected process area descriptions. Reviewer comments
were evaluated and incorporated, as appropriate, in review package two,
which contained all proposed process area descriptions and was released in
March 2001. Thelast review package had information on staging,
capability levels, and generic attributes and was released in May 2001. A
2-day workshop was held with selected key externa reviewersin late May
2001, reviewing al aspects of the modd. Findly, al practice level mapping
tables were reviewed in detall and complete coverage mappings of the
source models, at the practice level, were developed to assure robustness,
compliance, and detailed traceshility.

1-14
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1.3 About the iCMM Project, continued

Development of

Approximatdly 800 interna and externa reviewer comments on these

Version 2.0 packages were received, evaluated, and dispositioned by the author team,

(continued) and included in the modd, as gppropriate. The modd was then presented
to the Configuration Control Board in July 2001 for another review cycle
resulting in the gpproval and publication of verson 2.0 of theiCMM in
September 2001.

FAA-ICMM Many dedicated people contributed to the development of the iICMM.

Project Project Sponsors counseled the team, helped obtain resources, provided

Compostion oversight and guidance, and championed the effort by encouraging

evolution, acceptance and adoption of the FAA-ICMM.

The Project Leader managed the effort and provided technica direction and
support. The Architect determined the structure of the modd. Authors
created and reviewed work products and provided expertise in areas
designated. “Buddies’ helped as subject matter experts providing
consultation and early review of work products.

“Standards Bearers’ took on responsibility for the 8 mgjor source
standards and documents, and assured through detailed mapping tables
(and extensive discussion) that the respective standards were faithfully and
robustly captured in theiCMM v2.0.

Reviewers provided vauable comments on project work products as they
evolved through the mode development cycle. Included in reviewers are
those who submitted change requests regarding version 1.0 of theiCMM.
Key externa reviewers participated directly in the May workshop, or
indirectly by providing detailed comments on the workshop materids
digributed for discusson.

The Configuration Control Board supported the project team by evaluating
and acting on mgor ICMM change requests, and establishing the iCMM
verson 2.0 basdline product.

These contributors to verson 2.0 of theiCMM are listed below.
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1.3 About the iCMM Project, continued

FAA-ICMM v2.0 Project Participants
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Information Officer, FAA

Steve Zaidman, Associate Administrator for Research and Acquidtion,

FAA

Linda lbrahim, Chief Engineer for Process Improvement, FAA

Linda lbrahim, FAA

Bill Bradford, FAA

David Cole, BAE Systems
Lary LaBruyere, TRW
Heldi Leinneweber, FAA
Dave Piszczek, FAA
Natadie Reed FAA

Mike Rymond, FAA
Dennis Smith, Arthur D. Little
Michad W. Virga, FAA
Curt Wdlls, I-metrics, LLC

Sharon Davis, Bloodworth Integrated Technologies
Pete DeSilva, Hi-Tec

Anthony Hall, Praxis Criticd Systems, Ltd.

Bill Howard, TRW

Ken Kepchar, FAA

Mary McCormick, FAA

Tom Nagle, FAA

Cheryl Souders, FAA
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Standards
Bearers

Lindalbrahim, FAA
Lary LaBruyere, TRW
Curt Wdls, I-metrics, LLC

1.3 About the iCMM Project, continued

FAA-ICMM v2.0 Project Participants (continued)

iPG Configuration
Control Board

Key External
Reviewers

Co-chairs Lindalbrahim, FAA
Cheryl Souders, FAA
Michad Virga, FAA
Members. Mark Erb, FAA
Heidi Leinneweber, FAA
Mike Rymond, FAA
Dave Smith, FAA
Secretary: Nancy Depoy, BAE Systems

Suzanne Garcia, Software Engineering Inditute
Pete Malpass, Tdlabs, Inc.

John J. Marciniak, Software Process Improvement
Sarah Sheard, Software Productivity Consortium
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Reviewers LisaBee FAA
Regina Calabrese, Logicon Northrup Grumman
Pete Castellano, FAA

Bob Challender, FAA

Lori Davenport, FAA

Steve Davi, FAA

Peter DeSilva, Hi-Tec
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Mark Erb, FAA

Mike Fdteisek, FAA

Gall Frazier, Raytheon

Suzanne Garcia, Software Engineering Ingtitute
Chris Gates, Sentel Corp.

ViolaGray, Hi-Tec

Karen Hammond, FAA

Eunice Harwdll, FAA

Glen Hewitt, FAA

Jack Hickey, ACS Government Solutions Group
Reid Howard, FAA

Bill Howard, TRW

Linda lbrahim, FAA

Sean Jenkins, FAA
Luan Jones, FAA
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1.3 About the iCMM Project, continued

FAA-ICMM v2.0 Project Participants (continued)

Reviewers
(continued)

Howard Kaplan, BAE Systems
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Bob Laws, FAA

John Layno, Sentel Corp.

Heidi Leinneweber, FAA

Paul Letzter, FAA

Mary C. Lutz, GRA Associates
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Paula Nouragas, FAA
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1.3 About the iCMM Project, continued

FAA-ICMM v2.0 Project Participants (continued)

Reviewers Scott VanBuren, FAA
(continued) Bill Vaughan, FAA
Michad Virga, FAA
Jm Watson, ACS Government Solutions Group
Robert L. Webb, FAA
Chuck Weigl, FAA

Curt Wdls, I-metricsLLC
Regena Wood, FAA
Dave Woodson, FAA

1-20 September 2001 FAA-iCMM Version 2.0



1.3 About the iCMM Project, continued

What isthe Inthe fdl of 1997, while verson 1.0 of the FAA-ICMM effort was nearing

relationship of the  completion, areview of SEI activities was conducted by the U.S. Office of

ICMM toCMMI? theUnder Secretary of Defense for Acquisition and Technology (OUSD),
the SEI's sponsor. That review concluded that there was a community
need for integrating CMMs [Schaeffer 98]. In early 1998 the Capability
Maturity Model Integration (CMMI®M) project was reformulated to move
away from creating standards for modd builders and usersto building
integrated model s that would meet specific requirements of OUSD. The
CMMI project is a collaborative effort anong industry, government, and
the SEI, sponsored by OUSD and the National Defense Industrial
Association (NDIA).

The initid scope of the CMMI project isto integrate software engineering,
systems engineering, and integrated product and process development using
as source models:
Systems Engineering Capability Modd EIA/IS 731 (interim standard)
[EIA/IS 731]
CMM for Software (Version 2.0 Draft C) [SW-CMM 97]
Integrated Product Development CMM (draft Version 0.98) [IPD-
CMM]

In November 2000, an initid verson of the CMMI models integrating these
disciplines was released [CMMI-SE/SW/IPPD]. Initid CMMI models are
available in both a staged and a continuous representation. A draft
acquisition extenson was dso rdeased [CMMI-SE/SW/A], but this effort
isdill inthe very early stages of development.

The FAA has been extensvely involved in the CMMI effort since its
inception through participation on the CMMI Steering Group, including
providing FAA-iICMM products as reference materids and sharing FAA
lessons learned. Similarly, CMMI work products have been used in
developing v2.0 of theiCMM and in fact dl CMMI practices have been
integrated and included as part of v2.0 of the iCMM.
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1.3 About the iCMM Project, continued

FuturePlans

TheiCMM will continueto evolve. It isexpected that usage of verson 2.0
of the model will provide input for updating and vaidating those new aress
that have been introduced. Verson 2.0 of theiCMM is pioneering the
concept of including practices from models and standards outside the
traditiond CMM disciplinesinto acommon CMM framework. This new
gpproach will be vdidated in practice.

Additiond extensons have aready been proposed for next releases of the
iICMM, including enhancements for security, safety, and human resource
management. It is expected that these and other new areas will be included
in thefuture.

Asits source modds and standards evolve, it is planned that the iCMM will
evolve aswdll, to assure currency with community best practice.

Asthe FAA continues to evolve itsintegration efforts beyond CMMs,
continued collaboration with the CMMI project is anticipated.

The FAA will continue to share theiCMM with other multiple-CMM users
and/or organizations interested in improving enterprise-wide processesin an
integrated way.
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Chapter 2: Overview of the Model

Purpose of this The purpose of this chapter is to provide an overview of the concepts and

chapter congtructs used in the ICMM. It provides a description of the architecture
and a section on key concepts and terms that are helpful in understanding
the moddl. It serves as an introduction to the detailed discussion of the
mode in Chapters 4 and 5.

In this chapter The following table provides a guide to the information found in this chepter.
Topic See Page

2.1 Key Concepts and Definitions 2-2

2.2 Architecture Description 2-8

2.3 Capability Dimenson 2-13
2.4 Capability Level Summaries 2-20
2.5 Process Dimension 2-22
2.6 Process Area Summaries 2-30
2.7 Maturity Levelsand Staging 2-34
2.8 Generic Attributes 2-40
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2.1 Key Concepts and Definitions

I ntroduction

Some terms and concepts introduced in this document have particular
meaning within the context of the ICMM. This section eaborates on generd
concepts that are important to effective understanding, interpretation, and
use of theiCMM. Some concepts specific to the model, such as "generic
practice’ and "base practice,” are defined and discussed in the sections of
the model description that address them. Other genera technica terms are
defined directly in the context of their use in the mode description, when
deemed necessary to assure cdlarity of interpretation. In generd, however,
the terminology used throughout the modd is intended to be understood by
its everyday use or as commonly understood by practitioners. Some
definitions, however, are provided in the glossary (Appendix B) in cases
where additiond clarity might be required.

The concepts discussed in this section are;

Capability maturity mode
Integrated capability maturity model
Enterprise

Organization

Project

Senior manager

Manager

Project manager
Customer

Stakeholder

Process

Work Product

System

Process capability
Indtitutiondization
Process management
Process improvement

Capability
Maturity Model

A Capability Maturity Model (CMM?) is areference modd that provides
guidance for improving organizationd performance. CMMs are
repositories for best practices that have been shown to be effective through
widespread use in government and industry. Organizationa performance
can be measured and improved by comparing actua practice to essential
practices contained in CMMs.

2-2

September 2001 FAA-iCMM Version 2.0



2.1 Key Concepts and Definitions, continued

Capability
Maturity Model
(continued)

A CMM describes the key elements of an effective process for agiven
discipline. It also describes stages through which processes progress as
they are defined, implemented, measured, and improved from an ad hoc,
immature process to a disciplined, mature process with improved quality
and effectiveness.

Associated with a CMM are one or more gppraisa methods that help
determine current process cgpability and/or define the most critica issues
for improved quality and process effectiveness.

Thus, aCMM is used to gppraise the existence and ingtitutionalization of a
process that implements referenced practices. CMM-adopting
organizations report ggnificant increasesin saff morae, ability to meet
schedule, productivity, product qudity, and customer satisfaction.

Integrated
Capability
Maturity Model

The origind CMMs were developed to improve performance within asingle
discipline, such as software engineering or systems engineering or software
acquistion. Although many best practices are generic by naure, in Sngle-
discipline modd s they are organized and expressed to focus guidance within
agngle-discipline view. An integrated CMM captures the guidance of
sngle-discipline CMMs, rdates the disciplines, removes redundancy, and
integrates best practicesinto a common reference mode with acommon
structure and common terminology. An integrated CMM can be used by
multiple disciplines. Process improvement efforts can then be aligned

across a multi-disciplinary enterprise.

Verson 1.0 of theiCMM, rdeased in 1997, was the first mgjor integrated
cgpability maturity model, integrating and capturing al principles, features,
and practices in the CMMs for systems engineering, software engineering,
and software acquisition. Through widespread usein the FAA, version 1.0
of theiCMM demongtrated that using an integrated CMM increases the
effectiveness and efficiency of processes and process improvement efforts
for multi-disciplinary organizations.

Versgon 2.0 of theiCMM continues the integration concept by integrating
additional modes and standards into a common framework for integrated
enterprise improvement.
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2.1 Key Concepts and Definitions, continued

Enterprise

An enterprise is one or more organizations with a set of gods and
objectives to offer products and services. The enterprise encompasses
units that contribute to the enterprise mission, gods, and objectives.

Organization

An organizaion is an adminigrative sructure in which people collectivey
manage one or more projects as awhole, and whose projects share a
senior manager and operate under the same policies.

Project

A project is an undertaking that develops and/or maintains one or more
products or provides aservice. A project typicdly hasits own funding, cost
accounting, and schedule. 1t may be structured as ateam, task force, or
other entity used by the organization to produce products or provide
services to a customey.

Projects may be caled by various names in different organizationa contexts,
such as product teams, service teams, business units, management units, or
programs.

2-4
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2.1 Key Concepts and Definitions, continued

Senior
M anager

A senior manager is a ahigh enough level in an organization or enterprise
that the primary focus of the person filling the role is the long-term vitdity,
viahility, and success of the organization, rather than short-term project and
contractua concerns. A senior manager has authority to direct resource
alocation or reallocation in support of process improvemen.

M anager

A manager provides technica and adminigtrative direction and control to
those performing tasks or activities within the manager’ s area or
responghility. Traditiona functions of amanager include planning,
organizing, directing, and controlling work within an area of respongihility.

Project
M anager

A project manager is responsible for an entire project and for planning,
directing, controlling, structuring, and motivating the project. The project
manager is ultimately respongble to the customer.

Customer

A customer isan individud or entity for whom a product is developed or
sarvice isrendered, and/or anindividua or entity who uses the product or
sarvice. A customer may be externd or internd to the organization or may
be represented by a surrogate, such as a marketing or focus group.

In most cases, the term customer is used in the Sngular, as agrammatical
convenience. However, this does not preclude the case of multiple
customers.

Stakeholder

A stakeholder isagroup or individua thet is affected by or in some way
accountable for the outcome of an undertaking. A stakeholder may have a
right, share or clam in a product or service, and would be interested thet it
meet that party’ s needs and/or expectations. Stakeholders can include
customers, project members, suppliers, operators, maintainers, and others.
A “rdevant stakeholder” designates agroup or individua that iscaled out in
aplan to perform certain types of activities or to receive certain kinds of
informetion.
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2.1 Key Concepts and Definitions, continued

Process

A processisaset of activities performed to achieve a given purpose.
Activities may be performed iteratively, recursively, and/or concurrently.
Some activities may transform input work products into output work
products needed for other activities. The dlowable sequence for performing
activitiesis congrained by the availability of input work products and
resources, and by management contral.

Severd types of processes are defined in the iCMM, such asa*“performed”
process and a“managed” process. These are defined in the description of the
cgpability dimension of the modd.

Work Product

A work product is any output or service that is generated or that results
from performing a process. These work products can include, for example,
files, documents, services, pecifications, or processes such asatraining
process or adisposal process. Some work products may be delivered to a
customer (these are sometimes Smply called “products’). Others may be
parts of another work product.

Even though the definition of work product includes services, in theiCMM
the phrase “work products and services’ or “products and services’ is
sometimes used to emphasize the inclusion of services.

When describing practices, theiCMM includes "typical work products' to
elaborate further the intended scope of apractice. These lisgis areilludtrative
only and reflect arange of organizationa and product contextsto aid in
understanding the practice. They are not to be constirued as mandatory
work products.

System

A systemisaset of interacting or interrelated elements (e.g. people,
products, services, processes, hardware, software, facilities) organized to
achieve one or more stated purposes, or to provide a capability to satisfy a
stated need or objective. A system may be considered as a product and/or
asarviceit provides.

In mogt cases, the ICMM uses the phrase “products and/or services’ instead
of “system” to denote this concept.
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2.1 Key Concepts and Definitions, continued

Process
capability

Process capability is the quantifiable range of expected results that can be
achieved by following a process. The capability of an organization's process
helpsto predict the ability of aproject to meet goas. Projectsin low
cgpabiility organizations experience wide variations in achieving cog,
schedule, functiondity, and quality targets.

I ngtitution-
alization

Inditutiondlization is the building of infrastructure and corporate culture that
supports methods, practices, and procedures, so that they are the ongoing
way of doing business even after those who origindly defined them are
gone.

Indtitutionaization implies that the breadth and depth of the implementation
of aprocess and the length of time a process has been in place are
appropriate to ensure that the processis an ingrained part of the way the
work is performed.

Process
management

Process management is the set of activities, methods, tools, and
infrastructures used to define, implement, monitor, predict, evauate, control,
and improve the performance of a process. The focus on process
management impliesthat a project or organization accounts for both
product- and process-related factors in business planning, performance,
evauation, monitoring, and corrective action.

Process
improvement

Process improvement isthe set of actions taken to change processes so that
they meet business needs and achieve business gods more effectively.
Process improvement includes both the actions designed to improve the
performance and maturity of processes, and the results of such actions.
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2.2 Architecture Description

I ntroduction

Organizational improvement models may be structured or represerted in a
variety of ways. Capability modds are typically developed using either a
staged representation (where certain established sets of process areas must
be improved before others) or a continuous representation (where all
process areas are of equal priority, can be improved to any capability leve,
and the organization chooses the order of improvement). Other models or
standards provide best practices for performing a process, but do not
provide practices for systematic improvement.

Some of the source models for the iICMM are staged ([SA-CMM 96],
[SA-CMM 99], [CMMI-SE/SW/IPPD] (staged), [CMMI-SE/SW/A]
(staged)); some are continuous ([EIA/IS 731], [ISO/IEC TR 15504,
[CMMI-SE/SW/1PPD] (continuous), [CMMI-SE/SW/A] (continuous));
othersfollow neither of these structures ([ISO 9001], [PQA], [MBNQA],
[IEEE/EIA 12207], [ISO/IEC CD 15288)]).

The iCMM has structured the best practice guidance from its various
source models and standards into an architecture that offers the most
flexibility for organizations pursuing process improvement. This architecture
is cdled the “ continuous with staging” representation.

Continuous

A continuous representation separates specific process performance
guidance from generic process improvement guidance related to increasing
the capability of any process. Identica capability levels are defined to guide
improvement of processes associated with any process area. The
organization decides the priority and ordering of processesto improve
based on business objectives, and it setsits own target capability levelsfor
the processes sdlected. The iCMM s structured to provide these features
of a continuous representation.

Staging

Staging, the groupings of process areas and generic practicesinto maturity
leves, isdso provided with the iCMM. This provides guidance regarding
the ordering of processesto improve, if needed. Staging aso enablesa
summarized maturity leve to be determined, if desired. By defining maturity
levelsin theiCMM that are at least equivaent to maturity levelsin the
source modds, ICMM users can benchmark progress with respect to users
of other models that have defined maturity levels. However, theiCMM is
not structured to require a specific ordering of process areas for
improvement.
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2.2 Architecture Description, continued

Architecture Figure 2.1 shows the generd gtructure of the iICMM.

overview
Following the continuous representation, the iICMM is structured in two
parts—the process dimension and the cgpability dimension. Descriptions of
the process dimension and the capability dimension follow the figure.

Process Dimension Capability Dimension
(Process Performance) (Process Improvement)

Capability Levels
(how well we do it)

Process Areas
(what we do)

contain contain
achieved by [performing achieved by performjng

Base Practices , Generic Practices
(what we do to provide more (what we do to
perform the process) improve the process)

Figure 2.1 Process Performance and Process Improvement
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2.2 Architecture Description, continued

Process The process dimension focuses on process performance. It conssts of

Dimension base practices that are specific to the performance of management, life
cycle, and support processes across an enterprise. These practices provide
guidance regarding what we do.

The iICMM uses process areas to describe the process dimension. Process
areas group together base practices related to achieving godsand a
COMMon purpose.

The process dimenson is summarized later in this chapter (see sections 2.5
and 2.6) and discussed in detall in Chapter 5.

Capability The cgpability dimension focuses on process improvement. It consists of

Dimension generic practices that are related to overall process management and
inditutiondization. These practices provide guidance regarding how well we
doit.

TheiCMM uses capability levels, goals, and generic practices to describe

process capability:

- Cgpability levesindicate increasing levels of ability to perform, control
and improve processes associated with process aress.
Generic practices are staged and organized by capability levels. They
can apply to any process area.

The capability dimension is summarized later in this chapter (see sections
2.3 and 2.4) and discussed in detail in Chapter 4.
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2.2 Architecture Description, continued

Relating the
Processand
Capability
Dimensions

The generic practices in the capability dimension are gpplied to process
areas in the process dimension to determine process cagpability. Some
generic practices, however, depend on a process area to perform that
practice. In these cases, the process area supports that practice and
provides more detailed guidance for performing the generic practice; the
related generic practice focuses on deploying these practices in relation to
individua process aress.

For example, the generic practice 2.9 Manage Work Products states
“Place identified work products of the process under gppropriate levels of
configuration management.” This practice depends on the process area PA
16 Configuration Management to perform that practice and more detailed
guidance for performing the Manage Work Products generic practice is
found in that process area. The generic practice focuses on assuring that
configuration management practices are deployed in relation to work
products of any processthat is being improved.

When sdlecting process areas and capability levels for improvement targets,
it isimportant to pay attention to the dependencies between generic
practices and process areas. When a generic practice is dependent upon a
certain process areq, either to perform the generic practice or to provide a
prerequisite product, the generic practice will be ineffective if the process
areais not implemented.

Reationships of generic practices to supporting process areas are pointed
out in the description of each generic practice in Chapter 4.

Note that since the generic practices are applied to al process aress, they
are dso applied to the process areas that support them. For example, the
Manage Work Products generic practice should be used to manage work
products (such as alist of configuration items) that result from a
configuration management process.
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2.2 Architecture Description, continued

Staging and
Maturity
Levels

Staging is an ordering of practices or process areas. The generic practices
are staged or organized into cagpability levels. Similarly, the process areas
are saged or organized into maturity levels. Thus, intheiCMM, the
concept of staging isreflected in two ways. the capability levels gpply the
concept to a single process area; and maturity levels can be defined to
provide aroadmap for suggested implementation of the process areas in the
modd (e.g., “what to focus on next”). In the latter case, maturity leve is
smply aconceptua grouping of process areas that are staged, and defined
as belonging to that maturity level.

Maturity levels are away of defining characteristics of the evolution of
organizations as they improve. However, maturity levels are not a separate
dructure in the iICMM; rather they are away of ordering the components of
the process and capability dimensions of the modd. Eachlevd is
considered to provide afoundation for the next increment of improvement in
the levd that follows.

Staging and maturity levels are discussed later in this chapter (See section
2.7).

Appraisal

An appraisa isacomparison of processes being practiced to areference
modd or standard, in this caseto theiCMM. An gppraisa determines an
organization's capability to perform aprocess area. In practice, this entails
reviewing the organization’s implementation of base and generic practices
and its achievement of the associated god's through a capability level. For
example, to achieve capability level 2 for a process area, the organization’s
activities are reviewed againg the base and generic practices and gods
through capability level 2. The process area and capability level goas
through capabiility level 2 must be satisfied.

Appraisals are used to understand process capability in order to improve
processes. Appraisals can aso be used to evauate process effectiveness

by means of Generic Attributes (see section 2.8).

Appraisas and process improvement are described in Chapter 3.
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2.3 Capability Dimension

I ntroduction

The capability dimension of theiCMM messures how well an organization
performsits processes. It gathers together best practices from the various
ICMM source models and standards to provide integrated process
improvement guidance.

TheiCMM characterizes its capability dimension using capability leves,
gods, and generic practices.

A capability level isa set of practices that work together to provide a
magjor enhancement in the cgpability to perform a process, and ageneric
practice is apractice that enhances the cagpability to perform any process.
Each capability level hasagoal that summarizes an observable, expected
dtate to be achieved if practices mapped to that god are performed. The
generic practices are grouped by capability leve; dl generic practicesa a
level contribute to the achievement of the god at that level and map to that
godl.

Generic practices are additive and build upon each other, i.e., none of the
practices“go away” asyou move up the capability levels. Generic
practices help determine how well a process area is managed and improved
asawhole.

Why group
generic
practices by
capability level?

The ordering of the generic practices is based on the observation that some
practices benefit from the presence of others. Before an organization can
define, tailor, and use a process effectively, individua projects should have
some experience managing the performance of that process. Before
inditutionalizing a specific estimation process for an entire organizetion, for
example, an organization should firgt attempt to use the estimation process
on a project. However, some practices should be considered together (not
one ordered before the other) since they work together toward enhancing
capability. For example, planning a process and measuring process
performance againgt the plan should be considered together.
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2.3 Capability Dimension, continued

Why group
generic
practices by
capability level?
(continued)

Capability levels are important both in performing an gppraisa and in
improving an organization's process capability. In the case of an gppraisa
where an organization has some, but not al, generic practices implemented
at aparticular capability leve for aparticular process, the organization
usualy is operating at the lowest completed capability level for that process.
In order for an organization to regp the full benefit of implementing a generic
practice, dl generic practices at lower capability levels should bein place.

In the case of improvement, organizing the generic practices into capability
levels provides an organization with an "improvement road map" to enhance
its capability for a specific process.

An gppraisal should be performed to determine the capability leve for each
relevant process area. Different process areas can, and probably will, exist
at different levels of capability. The organization will be able to use this
process-pecific information to focus improvements to its processes. The
priority and sequence of the organization's activities to improve its
processes should take into account its business goals.
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2.3 Capability Dimension, continued

Capability TheiCMM has sx levels of process capahility that can be applied to any
Levels process area. Each of these levelsis summarized below. The next section
of this chapter (section 2.4) summarizes cgpability level goas and generic
practices. A full description of the capability dimension is provided in
Chapter 4.
Level O: An incomplete process is ether not performed or partialy performed. One
I ncomplete or more of the gods of the process area are not achieved.
The process is not implemented.
Level 1: A performed process is a process that achieves the goas of the process
Performed area. Base practices of the process area are generdly performed.

At thislevd, al base practices are generdly performed somewherein the
project's or organization's implemented process, but processes are
characterized as ad hoc and even occasiondly chaotic. Congistent planning
and tracking of performance are missing. Good performance, therefore,
depends on individuad knowledge and effort. Work products are generdly
adequate, but quality and efficiency of production depend on how well
individuds within the organization perceive that tasks should be performed.
Based on experience, there is genera assurance that an action will be
performed adequately when required. However, the capability to perform
an activity is not generdly repestable or trandferable.

The main distinction between an incomplete process and a performed
processisthat a performed process achieves dl of the goals of the process
area
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2.3 Capability Dimension, continued

Level 2:

Managed
Planned &
Tracked

A managed process is a performed (capability levd 1) processthat isaso
planned and tracked. The process is managed to ensure its ingtitutionalization,
and to ensure the achievement of specific objectives for the process, such as
customer satisfaction, cost, schedule, and qudity objectives.

Those responsible for performing the process establish objectives consdering
their business context. Objectives are determined based on an understanding of
what will satisfy the relevant stakeholders. Objectives may be quantitative or
quditative. They may be specific to the individua process or they may be defined
at ahigher level or for agroup of processes, with the individua processes
contributing to achieving these objectives. Objectives may be revised as part of
corrective actions taken for the process.

At capability level 2, management is assured that: the processis being

performed; process performance is planned, tracked, measured, reviewed,
verified, and predictable; policy isfollowed; corrective action is taken.
Practitioners are assured that: they have adequate kills, repongibilities are
clear; resources are adequate; work products are managed; the processis
understood. Customers are assured that requirements and standards for work
products and services are defined and documented, and that work products and
sarvices satidy ther specified requirements and sandards. For al involved in the
process, commitments are established, understood, honored, and revised as

necessary.

The process discipline of a managed process helps ensure that existing practices
are retained during times of stress. When these practices are used on efforts
amilar to the current effort, amilar results can be expected.

The primary digtinction between a performed process and a managed (planned
and tracked) processis the extent to which a process is managed. A managed
processis planned and the performance of the processis tracked against the
plan. Corrective actions are taken when the actua results and performance
deviate from the plan. A managed (planned and tracked) process achievesthe
objectives of the plan and isinditutionaized for consstent performance.
Indtitutiondization is accomplished by performing the generic practices.
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2.3 Capability Dimension, continued

Leve 3 A defined process is a managed, planned and tracked (capability level 2) process

Defined that is tailored from the organization’s set of standard processes according to the
organization’ stailoring guidelines, has a maintained process description; and
contributes work products, measures, and other process improvement information
to the organization’ s process assets.

The organization’s set of sandard processes, which forms the basis of the defined
process, is established to meet specific business objectives for the organization.
The standard processes implement the base practices and support the
performance of amanaged (planned and tracked) process. These processes are
established based on experience captured using previous and current processes.

Data and experiences from using the defined process are gathered and used to
determineif changeisneeded. Accordingly, both the set of standard processes
and the defined processes are improved.

A critica digtinction between a managed process and a defined processis the
scope of application of the standards, process descriptions, and procedures. For
amanaged process, the standards, process descriptions, and procedures may be
inusein only a specific instance of the process (e.g., on aparticular project).
Because the standards, process descriptions, and procedures are tailored from
the organization's set of standard processes and related organizationa process
assets, the defined processes that are performed across the organization are
appropriately consistent. The capability to perform adefined processis directly
transferable to new projects within the organization.

Another criticd digtinction is that a defined processis described in more detail and
performed more rigoroudly than a managed process. Management of the defined
processis based on the additiond ingght provided by an understanding of the
interrel ationships of the process activities and detailed measures of the process, its
work products, and its services.

A defined processis tallored from an organizational standard process and clearly
dates the following: purpose, inputs, entry criteria, activities, roles, measures,
verification seps, outputs, exit criteria
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2.3 Capability Dimension, continued

Level 4:
Quantitatively
M anaged

A quantitatively managed process is a defined (capability level 3) process that
is controlled using gatistical and other quantitative techniques. Quantitative
objectives for process performance are used in managing process
performance. The cgpability of the process, in terms of the range of expected
performance results for salected atributes, is understood statistically. The
defined process has been stabilized by diminating specia causes of process
variation. Expected performance is within defined control limits. The ability of
the process to achieve quantitative performance objectives is understood.

Processes that are significant contributors to overall process performance
objectives are selected, and relevant measures are identified based on the
standard set of organizational processes. Projects tailor the standard process
(asin capability level 3) and establish the defined process. Additiondly,
however, projects select particular processes (or subprocesses) that are
relevant to the established measures, and stabilize them by bringing them under
datistical process contral.

Measures and results from Statistically controlled processes are stored in an
organizationd repogitory, aggregated, and analyzed to derive a quantitative
understanding of the capability of the set of organizational standard processes,
in relation to salected objectives and measures.

A main distinction between a defined process and a quantitatively managed
processis the predictability of the process performance. With a quantitatively
maneged process, the process has been stabilized and future performance of
the process can be predicted quantitetively. A defined process may only
provide quditative predictability. Note that the quantitatively managed process
isdriven by gatisticaly controlling only those particular processes that are key
to meeting established business objectives.
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2.3 Capability Dimension, continued

Level 5: An optimizing processis a quantitatively managed (capability leve 4) process
Optimizing that is changed and adapted to meet relevant current and projected business
objectives.

Optimizing performance is enabled by quantitative feedback from the process
and from piloting innovative ideas and technologies. A focus on widespread,
continuous improvement permeates the organization. The organization
etablishes quantitative performance goals for process effectiveness and
efficiency based on its business goals.

Improvements focus on introducing changes to those processes that are now
under datigtical control. These changes try to shift the expected (mean)
performance va ue by removing common causes of process variation, or
introducing new technology. Performance is optimizing as the organization
srives to meet ever-dretching target levels set by the organization for
performance excellence,

Thisisthe highest achievement leve from the viewpoint of process capability.
The organization has established quantitative, as well as qualitative, goas for
process effectiveness and efficiency, based on long-range business strategies and
goals. Continuous process improvement toward achievement of these gods using
timely, quantitative performance feedback has been established. Further
enhancements are achieved by pilot testing of innovative ideas and planned
insertion of new technology.
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2.4 Capability Level Summaries

Goalsand This section summarizes the capability levels by presenting their gods and the
Generic titles of their generic practices. Full generic practice statements and descriptions
Practices are provided in Chapter 4.
Level O: Thereisno god and there are no generic practices a thislevel.
Incomplete
Level 1: God: The process achieves the gods of the process area.
Performed Generic Practices:
1.1 Identify Work Scope
1.2 Perform the process
Level 2: God: The processisingitutiondized as amanaged (planned and tracked) process.
M anaged: Generic Practices:
Planned & 2.1 Edablish organizationd policy
Tracked 2.2 Document the process
2.3 Plan the process
2.4 Provide adequate resources
2.5 Assgn responsibility
2.6 Ensure skill and knowledge
2.7 Establish work product requirements
2.8 Consgtently use and manage the process
2.9 Manage work products
2.10 Objectively assess process compliance
2.11 Objectively verify work products
2.12 Measure process performance
2.13 Review performance with higher-level management
2.14 Take corrective action
2.15 Coordinate with participants and stakeholders
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2.4 Capability Level Summaries, continued

Level 3: God: The processisinditutionalized as a defined process.
Defined Generic Practices
3.1 Standardize the process
3.2 Establish and use a defined process
3.3 Improve processes
Level 4: God: The processisingditutionalized as a quantitatively managed process.
Quantitatively Generic practice:
M anaged 4.1 Stabilize process performance
Level 5: God: The processis inditutionaized as an optimizing process.
Optimizing Generic practice:

5.1 Pursue process optimization
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2.5 Process Dimension

I ntroduction

The process dimension of the iICMM describes what an organization does
(i.e, thefunctionsit carries out), as distinct from how disciplined it isin
doingit. It gatherstogether best practices from the variousiCMM source
models and standards to provide integrated process performance guidance,

The iCMM characterizes its process dimension using categories, process
areas, gods, and base practices.

A category isagroup of process areas addressing the same generd type or
area of activity.

A process area (PA) isagroup of related base practices that are essential
for achieving the purpose of the PA.

A base practice summarizes afundamental essentid characteristic of
performing a process that meets the purpose of the PA. Base practices are
mapped to goals.

Process area goal s summarize an observable, expected state to be
achieved if the practices mapped to them are performed. Gods are
expected to be achieved if the purpose of the PA is met, and the process
areais successfully implemented.
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2.5 Process Dimension, continued

The Categories
and

There are three process categories and 23 process areasin the iCMM:

Management Processes - This category contains 5 process areas

Process Areas _ _ _
Life Cycle Processes - This category contains 8 process areas
Support Processes - This category contains 10 process areas
The process areas are shown in the following diagram.
M anagement Integrated Enterprise Management
Processes
Project Management
Risk Management
Supplier Agreement Management
Integrated Teaming
Life Needs
Cycle Requirements Deployment, Transition, Disposal
Processes Design Integration
Design Implementation Operation and Support
Evaluation

Support Outsourcing Alternatives Analysis Measurement and Analysis
Processes

Quality Assurance Configuration Management Information Management

And Management

Process Definition Process Improvement Training Innovation
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2.5 Process Dimension, continued

M anagement The management processes are used to set vision, godls, strategy, and

Processes direction. Management processesinitiate, dign, plan and track activities
that will accomplish the objectives of the enterprise, organization, project,
or team. They oversee the execution of the other processes in the modd.

The process areas in this category are:
PA 00 Integrated Enterprise Management

PA 11 Project Management

PA 12 Supplier Agreement Management
PA 13 Risk Management

PA 14 Integrated Teaming

Life Cycle Thelife cycle processes are used to develop, maintain, trangtion, and operate

Processes aproduct or service in order to provide and sustain the services that a
customer or stakeholder needs. These processes cover the typical life cycle
of aproduct or service.

The process areas in this category are;
PA 01 Needs

PA 02 Requirements

PA 03 Design

PA 06 Design Implementation

PA 07 Integration

PA 08 Evdudtion

PA 09 Deployment, Transition, and Disposal
PA 10 Operation and Support
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2.5 Process Dimension, continued

Support The support processes are used by other process areas when needed and
Processes contribute to the success and quality of dl the processes.

The process areas in this category are:
PA 04 Alternatives Andysis

PA 05 Outsourcing

PA 15 Qudity Assurance and Management
PA 16 Configuration Management

PA 17 Information Management

PA 18 Measurement and Andysis

PA 20 Process Definition

PA 21 Process Improvement

PA 22 Training
PA 23 Innovation

Relationships Although the process areas are grouped into categories, and described

among Process separatdy, there are many interactions and relationships among them.

Areas These relationships are explained as part of each process area description in
Chapter 5.
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2.5 Process Dimension, continued

Process Area Verson 1.0 of theiCMM integrated three CMMs and provided
Scope integrated process areas pertaining to systems engineering,
Systenvsoftware acquisition, and software engineering.

Verson 2.0 of theiCMM integrates severa additional models and
standards (listed on the next page), extending its scope of integrated
process areas to cover processes used by an enterprise or organization
that engages in the acquisition, supply, engineering, development,
operation, evolution, support, and management of products and services
across the product or service life cycle.

Integrated Process  IntheiCMM, the process areas and their base practices are integrated.

Areasand Dimensions of an integrated process may include its gpplicability across
Practices disciplines, across life cycle phases, and across the breadth and depth of
an organization.

Multidisciplinary: Anintegrated process may require participation
of experts from more than one functiona areaor discipline. Examples
include a requirements engineering process for a software-intensve
system that involves systems engineers and software engineers, an
acquisition management process that involves acquisition program
managers and technica project managers, and an outsourcing process
that involves procurement experts, legal experts, and engineers.

Supportive: An integrated process may support multiple disciplines.
Examples include a configuration management process that supports
management of software items, hardware items, contract deliverables,
documents of any sort; a quaity assurance process that assures
quality of any types of processes and products; and atraining
management process that manages learning opportunities for
professonas engaged in any discipline,
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2.5 Process Dimension, continued

Integrated Process
Areasand
Practices
(continued)

Full Life Cycle: Anintegrated process may require participation of
experts across phases and across the full life cycle. Examplesinclude:
atrangtion process from devel opment to maintenance; a deployment
process from devel opment to operations; a customer focus process
or arequirements management process that is performed continuoudy
across dl life cycle phases.

Generd engineering terminology is used in life cycle process areas S0
that any technical discipline involved can use them for process
improvement.

Organizational Applicability: An integrated process may apply
across core business areas and a multiple organizationa levels.
Examplesinclude: leadership, strategic planning, and investment
management across an enterprise; management applied to an
enterprise, adivision, aprogram, a project, or atask.

Usage contexts and organizationa applicability are discussed in
Chapter 3.

iCMM Process
Area Sources

The iCMM v2.0 incorporates materia from the latest versions of standards
and models that dedl with:

Organizational excellence: [PQA], [MBNQA]
Quality management: [1SO 9001], [ISO 9004]

Systems engineering: [EIA/IS 731], [ISO/IEC CD 15288], [EIA-
632], [CMMI — SE/SW/IPPD]

Software engineering: [ISO/IEC TR 15504], [IEEE/EIA 12207],
[CMMI — SE/SW/IPPD]

Acquisition: [SA-CMM 99|, [CMMI — SE/SW/A]

Integrated product development: [CMMI — SE/SW/IPPD], [IPD-
CMM]

Of course the basdine modd for developing iICMM v2.0isiCMM v1.0
which aready includes.

Systems engineering: [SE-CMM]
Software engineering: [SW-CMM 93]
Acquisition: [SA-CMM 96]

Thus the ICMM v2.0 brings together guidance from dl of these different
models and standards.
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2.5 Process Dimension of the iCMM, continued

Process Area
Mapping

Mapping tables of high level practice groupings in the source documents
(e.g., process areas, focus areas, subclauses, categories, processes, €tc.
depending on terminology used in the particular source) were created to
guide the development of the iCMM. These tables mapped source
components based on their commondlity of purpose. From these high level
mapping tables, process areas for the ICMM were selected.

Process Area
Characteristics

The following criteriawere used to integrate and derive the iCMM process
aress.

Process areas should assemble rdated activities in one areafor ease of
use.

Process areas should be implementable in multiple organization and
product contexts.

Process areas are generdly improvable as a distinct process.

Process areas are generaly improvable by a group with smilar interests
in the process.

Process areas include dl base practices that are required to meet the
goals of the process area.

The process area-level mapping tables are provided in Appendix D.

Note that al components of the source models are included in iCMM v2.0
except some areas related to human resource management. These aspects
may be included in future versons astheiCMM continues to evolve,

2-28

September 2001 FAA-iCMM Version 2.0



2.5 Process Dimension, continued

Base Practice Once mgor components of the source models and standards had been

Selection aigned, mapping was continued at the practice level. In some cases,
practices within a given source component mapped to more than one
iICMM process area, or to more than one base practice within a process
area, or to generic practices rather than base practices. Thiswas partialy
due to the varying levels of granularity of practice guidance in the sources.

In general, base practices summarize essentia characterigics of performing
aprocess. Where sources contained further guidance amplifying essential
practice, thisinformation isincluded in the base practice descriptionsin
sections providing notes and additional practice guidance.

The following criteria were additionally used for base practices:

Overlap between the base practices should be minimized.

Base practices should be applicable using multiple methods in multiple
business contexts. They should not specify a particular method or toal.

Results of a base practice should be objectively observable using
reasonable means for investigation (e.g., interviews, document review).

Detailed mappings at the practice level are provided in a separate
supplement to Appendix D.
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2.6 Process Area Summaries

The Process
Areasand their
Purposes

The process areas and their purpose statements are presented below to
summarize the process dimension of themodel. Full process area
descriptions are provided in Chapter 5.

M anagement
Processes

The five management processes are used to set vision, gods, strategy, and
direction. Management processesinitiate, dign, plan and track activities
that will accomplish the objectives of the enterprise, organization, project,
or team. They oversee the execution of the other processes in the moddl.

PA 00: Integrated Enterprise Management: The purpose of
Integrated Enterprise Management is to establish the vison, mission,
vaues, gods, and objectives of the enterprise; establish and maintain
drategic plans to accomplish god's and objectives; initiate and monitor
projectsactivities to advance the business of the enterprise; evauate
performance relative to goals and needs; and enable individuasto
function effectively by sharing a common understanding of enterprise
vigon, culture, and godls.

PA 11: Project Management: The purpose of Project Management
isto ensure the project achieves its objectives, by planning, directing,
tracking, and controlling the activities necessary for development and
delivery of required products and services.

PA 12: Supplier Agreement Management: The purpose of
Supplier Agreement Management is to ensure that the activities
described in agreements are being performed, and that evolving
products and services will satisfy requirements described in agreements.

PA 13: Risk Management: The purpose of Risk Management isto
identify and andyze risks to the achievement of project objectives and
execute plans that reduce the likelihood and/or consequence of risks
that meet mitigation criteria.
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2.6 Process Area Summaries, continued

M anagement - PA 14: Integrated Teaming: The purpose of Integrated Teaming is
Processes to identify and maintain the disciplines and stakeholders necessary to
(continued) effectively accomplish gppropriate multidisciplinary/cross-functiond

missions, to create integrated teams as gppropriate, and to establish and
maintain a supportive teaming environment.

Life Cycle The eight life cycle processes are used to develop, maintain, trangtion, and
Processes operate a product or servicein order to provide and sustain the services

that a customer or stakeholder needs. These processes cover the typical
life cycle of aproduct or service.

PA 01: Needs. The purpose of Needsisto dicit, andyze, clarify, and
document evolving customer and other stakeholder needs and
expectations, and to establish and maintain communication with the
customer and other stakeholders throughout the life cycle to assure a
continuous understanding of what will satisfy those needs.

PA 02: Requirements. The purpose of Requirementsis to develop
requirements that meet the customer’ s need; analyze the product,
service and other requirements; derive a detailed and precise set of
requirements; and manage those requirements throughout the life cyce.

PA 03: Design: The purpose of Design isto establish and maintain an
architecture and design solution for the needs and requirements of the
customer and other stakeholders.

PA 06: Design Implementation: The purpose of Desgn
Implementation is to produce a specified solution component.

PA 07: Integration: The purpose of Integration is to ensure that
product and service dements will function as awhole.
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2.6 Process Area Summaries, continued

Life Cycle
Processes
(continued)

PA 08: Evaluation: The purpose of Evauation isto confirm that
developed and acquired products and services satisfy specified
requirements and operationa needs, and identify and document actua
and potentia defects in evolving product and service dements.

PA 09: Deployment, Transition, and Disposal: The purpose of
Deployment, Trangtion and Disposd isto: place a product or service
into an operationa environment, transfer it to the customer/stakehol der,
and support organization, and deactivate and dispose of the replaced
product and /or dispense with the service.

PA 10: Operation and Support: The purpose of Operation and
Support isto operate the product, system or service, support its users,
monitor and sustain its performance, and take or initiate corrective
action as required.

Support
Processes

The ten support processes are used by other process areas when needed
and contribute to the success and qudity of al the processes.

PA 04: Alternatives Analysis. The purpose of Alternatives Andyss
isto apply structured andysis and decison-making to salected issues
and communicate the results to stakeholders.

PA 05: Outsourcing: The purpose of Outsourcing isto identify the
portions of the solution and support structure that are to be provided
from outside the organization, identify potential sources, and sdlect the
supplier for the needed capability.

PA 15: Quality Assurance and Management: The purpose of
Quality Assurance and Management isto ensure the quality of the
product or service, ensure the quality of the processes used to cregate or
provide the product or service, and provide management with
appropriate vighility into the processes and product.
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2.6 Process Area Summaries, continued

Support
Processes
(continued)

PA 16: Configuration Management: The purpose of Configuration
Management is to establish and maintain data on and status of identified
configuration items, analyze and control changes to the identified items,
and to establish and maintain the integrity between the identified work
products and their data throughout the project's life cycle,

PA 17: Information Management The purpose of Information
Management is to make rdlevant and timely information available to
those who need it during and after the lifetime of products and services.

PA 18: Measurement and Analysis The purpose of Measurement
and Andysisisto collect and analyze data related to processes and
resulting products and services to provide quantitative ingght into
performance relative to goals.

PA 20: Process Definition The purpose of Process Definition isto
define and maintain a standard set of process assets that support
organizationd learning and improve process performance.

PA 21: ProcessImprovement The purpose of Process
Improvement is to continuoudy improve the effectiveness and efficiency
of the project and/or organization's processes so that its businessis
conducted more efficiently and effectively.

PA 22: Training The purpose of Training isto develop and maintain
the skills and knowledge of people so they perform their roles
effectivdy and efficiently.

PA 23: Innovation The purpose of Innovation isto identify, select,
and introduce sdlected technology improvements into products,
processes, and the work environment to improve the organization's
business reaults,
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2.7 Maturity Levels and Staging

Staging in the
iCMM

Staging isagrouping of process areas and capability levels that can be used
by an organization to guide process improvement. The choice of process
area and cgpability level improvement targetsis always based on the
business objectives of the implementing organization. However, Saging
provides guidance on what process areas might be pursued together, or
which process areas might be pursued first or next.

Staging groups process areas into a series of maturity levels or evolutionary
plateaus. In generd, the group of process areas a one maturity levd is
consdered to be an essentid foundation for the maturity level thet follows.

Maturity levels dso permit benchmarking with existing cgpability maturity
models or with other parts of the organization. They can provide a
summary rating of an organization’s process maturity.

The staging that is described below is designed to be used for
benchmarking with exising CMMs (see dso Alterndive Stagings later in
this section).

Maturity
Levelsand
Capability
Levels

The same concepts apply to process capability levels and organizationa
maturity levels, but in one case individua process capability is measured and
in the other, the capability levels of selected groups of process areas are
measured. Either aproject or an organization can achieve either capability
levels or maturity levels. That is determined by the scope of the appraisal
performed to determine ratings (see Chapter 3).
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2.7 Maturity Levels and Staging, continued

Maturity Not al of the models and standards that are integrated in theiCMM use
Levelsfor meaturity levels. This section describes maturity levelsin theiCMM for
Equivalency benchmarking with the source models that do have this concept. The
and staging below is a least equivaent to comparable levels in the source
Benchmarking CMMs that have maturity levels defined (i.e,, [SA-CMM 99], and

[CMMI-SE/SW/IPPD] (staged)). In other words, achieving agiven
meaturity level ontheiCMM is e least equivalent to achieving that maturity
level on the SA-CMM or the CMMI modd.

Allocation of process areas to maturity levels was made using thefollowing
guiddines.

Process areas that explain generic practices a that level. These process
aress are essentid to inditutiondizing the process at thet leve.

Process aress that resulted from integrating process aress staged at that
leve in source CMMs. When the source moddl s differed in their
stagings of these process aress, the lower maturity level placement was
selected for theiCMM.

Other process areas deemed essentia to establishing and sustaining
organizationd capability at thet level.

In generd, the group of PAs a one maturity level is consdered to be an
essentid foundation for the next increment of progress reflected in the
meaturity level that follows.
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2.7 Maturity Levels and Staging, continued

Maturity
LevelsOand 1

Maturity level 0 and maturity level 1 are not specificaly defined, except to
indicate that maturity level 2 has not yet been achieved.

Maturity
Level 2

Maturity level 2 is cdled the Managed: Planned and Tracked levdl. The
following nine process areas are staged at maturity level 2:

Lifecycle/Engineering Processes
PA 02 Requirements
PA 08 Evdudtion
PA 09 Deployment, Transition, and Disposal

Management/Project Processes
PA 11 Project Management

PA 12 Supplier Agreement Management

Supporting Processes
PA 05 Outsourcing

PA 15 Quality Assurance and Management
PA 16 Configuration Management
PA 18 Measurement and Andysis

To achieve maturity level 2, the nine process aress listed above must have
satisfied capability levels 1 and 2 according to an iCMM appraisd.
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2.7 Maturity Levels and Staging, continued

Maturity
Level 3

Maturity Level 3iscaled the Defined leve. The following eleven process
aress are saged a maturity level 3:

Lifecycle/Engineering Processes
PA 01 Needs
PA 03 Design
PA 06 Design Implementation
PA 07 Integration
Management/Project Processes
PA 00 Integrated Enterprise Management
PA 13 Risk Management
PA 14 Integrated Teaming
Supporting Processes
PA 04 Alternatives Andysis
PA 20 Process Definition
PA 21 Process Improvement
PA 22 Training

To achieve maturity level 3, dl 20 process areas staged a maturity leve 2
and maturity level 3 must have satisfied capability levels 1, 2, and 3
according to an iICMM appraisal.

Maturity
Level 4

Maturity Leved 4 is cdled the Quartitatively Managed level. There are no
process areas staged at maturity leve 4.

To achieve maturity leve 4, dl 20 process areas staged a maturity leve 2
and maturity level 3 must have satisfied capability levels 1, 2, and 3 and
selected process areas additiondly must have satisfied cgpability leve 4
(see Noteson Levels 4 and 5 on next page) according to iCMM appraisa.
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2.7 Maturity Levels and Staging, continued

Maturity
Level 5

Maturity level 5is caled the Optimizing levd. Thefallowing process areais
Saged a maturity leve 5:

Supporting Processes
PA 23 Innovation

To achieve maturity level 5, dl 21 process areas saged at maturity levels 2,
3, 4, and 5 must have satisfied capability levels 1, 2, and 3 and sdlected
process areas additionaly satisfy capability levels4 and 5 (see Noteson
Levels4 and 5 below) according to an iCMM appraisa.

Noteson
Levels4and 5

To reach maturity levels 4 and 5, specific process areas are required to
attain cgpability levels4 and 5. These are selected based on the business
objectives of the organization.

Users may wish to extend their capability leve targets for individua process
areas above capability level 3. Thisextenson is gppraissbleif avaid
mapping of processes to process areas has been congtructed, so that it is
possible to tell whether a process area has been placed under statistical
process control.

Process Areas
for Selective
Use

The following two process areas are not staged for CMM benchmarking
purposes since their content has not yet been included in any CMM
benchmarks.

PA 10 Operation and Support
PA 17 Information Management

However, areasonable staging consideration for these process areas might
be to stage Information Management a maturity leve 2, and Operation and
Support at maturity level 3.
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2.7 Maturity Levels and Staging, continued

General
Guidance

When selecting process areas and capability levels for improvement targets,
it isimportant to pay attention to the dependencies between generic
practices and process areas. \When a generic practice is dependent upon a
certain process area, either to perform the generic practice or to provide a
prerequisite product, the generic practice will be ineffectiveif the process
areais not implemented.

Alternative
Stagings

Some dternative sagings are offered with the ICMM. These stagings offer
possible ordering of process areas and capability levels for organizations
with varying business objectives. For example, some organizations may
focus mainly on engineering activities; some on operations and support;
some are interested in 1SO 9001 certification, or in pursuing compliance
with other gandards included in the iCMM; some organizations are mainly
concerned with providing services.

Alternative stagings are described in iCMM companion documents (to be
published separately).
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2.8 Generic Attributes

Process
Effectiveness

Although capability and maturity levelsindicate the level of process
discipline that organizationa units may achieve in one or more process
aress, thelevels do not necessarily trandate into work products or results
that meet objectives. It is possible to have mature processes (e.g., capability
levd 3, 4, or 5) that produce unsatisfactory work products (e.g., of less
than desirable quality, or that do not meet needs, for greater than expected
expense). In such cases, process capability may not be digned with
performance.

SO 9004 [1SO 9004] suggests consideration of self-assessment output
together with the potentia benefits to be gained for each process. ISO/IEC
TR 15504-7:1998(E) [ISO/IEC TR 15504] describes effectiveness
measures as. “the extent to which the software process achieves gods
derived directly from an andysis of specific circumstances, needs and
business gods of the organization.” EIA/IS 731 [EIA/IS 731] describes
smilar measures as “ Generic Attributes’.

In genera, organizations should establish specific objectives for work
products and results of process execution that are tailored to organizationa
needs. TheiCMM describes a refinement of EIA/IS 731 Generic Attributes
that organizations may find useful, in lieu of establishing their own
organization-unique process effectiveness measures.

Generic
Attributes

Generic Attributes are away of measuring two characteristics of process
performance results, independently of capability and maturity level.
Usefulness and Cost Effectiveness. The Usefulness Generic Attribute
indicates the traditional sense of value or usefulness of the products or
results of performing processes relating to a process area. The Cost
Effectiveness Generic Attribute indicates the extent to which the vaue
received is worth the resources invested in producing the products or
results. Generic Attributes are measured on a different scale from process
cagpability and maturity and are not congdered in the determination of
process cgpability or maturity level. They are valuable as an independent
check on the dignment of process capability and process performance.
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2.8 Generic Attributes, continued

Usefulness

Usefulness is defined as the extent to which work products or services
provide the needed benefits in actud use.

Usefulness is determined for key work products or results of process areas
asindicated in the following table.

Usefulness The benefits of thework productsor results of
Value performing a process
U++ sgnificantly exceed the need
U+ exceed the need to some degree
U mest the need
U- are somewhat lacking in meeting the need
U-- are substantialy deficient in mesting the need

Table 2.1 Usefulness Generic Attribute

Projects should usudly pursue Usefulness with caution, as exceeding
expectations may result in unnecessary expense (lowered effectiveness).

The Usefulness Generic Attribute is closdly rdated to vaidation of
incremental work products described in the Evauation Process Area (PA
08). PA 08 describes evduation (vaidation) of the work products or
services of aprocess to determine the extent to which they satisfy their
intended use (need) in a representative operationa environment. The
Usefulness GA isthe resulting vaue of the evauation.

The method for appraisng Ussfulness will be described in the next version
of the FAA-IiCMM Appraisa Method [FAM]. Key aspects of appraising
Usefulness involve identification of process areawork products or results
that will be the focus of the gppraisa, and obtaining a Usefulness estimate
from those using the identified work products or results (i.e., the
“customer”).
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2.8 Generic Attributes, continued

Cost
Effectiveness

Cost effectivenessis defined as the extent to which the benefits received are
worth the resources invested.

The measure of cost effectiveness combines the concepts of usefulness
(described above) and expected resource investment to obtain a qualitetive
measure of return on investment. The reference or target for resource
investment for a given work product or result is the benchmarked standard.
If actual benchmark values are not available, other credible reference values
may be used — e.g., avaue supported by a planning estimate. In order to
determine codt effectiveness, intermediate data on resource efficiency is
obtained as follows.

Resource | Resourcesexpended to producethework product(s)
Efficiency or result(s)*
Value

E++ were |less than the expected (benchmarked) values by
more than 50%

E+ were less than the expected (benchmarked) values by 5%
to 50%

E were within 5% of the expected (benchmarked) values

E- were more than the expected (benchmarked) vaues by
5% to 50%

E-- exceeded the expected (benchmarked) values by more
than 50%

* The exact percentages can be tailored by the organization.

Table 2.2 Resource Efficiency

The personne assigning vauesin the above table are knowledgegble of the
resource planning and expenditure relating to the identified work products
or results, in contrast to the personnd making inputs on the Usefulness, who
were the users of the products or services.
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2.8 Generic Attributes, continued

Cost Cog effectivenessis determined according to the following graph.

Effectiveness
(continued)

U++ ‘ Highly Usaful Highly Useful &
but Expengive Cod Effective
U+
Usefulness U Useful & Cost
Effective
U_
Not Useful or Cheap but not
U-- Cos Effective Usful
E-- E- E E+ E++

Resour ce Efficiency

Figure 2.2 Cost Effectiveness

Usefulness and Cost Effectiveness can be used as an independent check on
the value of an organization’s processes and compared with the capability
ratings of process areas to determine whether process capability isdigned
with performance (Process Effectiveness).
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Chapter 3: Using the Model

Pur pose of This chapter provides information on usng the iICMM for organizationd
this chapter process improvement and design.
In this chapter The following table provides a guide to the information found in this chapter.
Topic See Page
3.1 Usage Contexts 3-2
3.2 Using theiCMM to Support Process 35
Improvement
3.3 Using the iICMM to Support Appraisal 3-11
3.4 Usng theiCMM in Process Design 3-15
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3.1 Usage Contexts

I ntroduction

TheiCMM isuseful in severa contexts. These are discussed in this section.

General
Applicability

The process improvement guidance in the model does not presume specific
organizationd Structures, management philosophies, life cycle models, or
methods. The concepts and principles are appropriate for afull range of
different business needs, gpplication domains, Szes and maturity of
organizations, they may be used by dl types of organizationsto guide
improvement activities.

Processand
Life Cycle
Scope

The scope of the process areas and practices makestheiCMM  applicable
to an enterprise or organization that engagesin any or dl of the following
activities: acquigition, supply, engineering, research, development, operation,
evolution, support, and management of products and services. Since the
process areas cover the complete product or service life cycle, the modd is
pertinent to units engaged in any of the typicd life cycle phases.

Productsand
Services

TheiCMM is designed to be flexible with regard to the type of product or
service being acquired, devel oped, operated, or provided. A service being
provided may pertain to an areaincluded in the modd (e.g., testing or
contracting services) or to any other service.

Level of
Application

The modd isintended for application in organizations that focus on high-
leved issues (eg., public responghbility, strategic direction, or system
architecture), on low-level issues (e.g., task management, mechanism
sdlection, or design implementation), and for organizations that do both. A
project can use the modd to improve, as can asmal organizationa unit
operding as aproject, alarge organizationd unit comprising severd units,
or an overal enterprise.
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3.1 Usage Contexts, continued

Terminology Every organization has its own particular culture, terminology, and
communication style. Since it uses generic terminology, it is expected that
iICMM concepts can be easly trandated by al organizationsinto their own
language and culture.

Role The process areas of the iCMM are groups of practices which, when taken

I ndependence together, achieve acommon purpose. However, the groupings are not

intended to imply that all base practices of a process are necessarily
performed by asingleindividua or role. All base practices are written in verb-
object format (i.e., without a specific subject) to minimize the perception that
aparticular base practice "belongsto” a particular role. Thisisone way in
which the syntax of the model supportsits use across awide spectrum of
organizationa contexts.

Selective Use

Since al process areas may not be relevant in a particular organizationd
context, selected process areas of the model may be used, as applicable. In
addition, the organization may need to look at relationships between
different practices within the modd to determine their gpplicability.

When sdlecting process areas and capability levels for improvement targets,
it isimportant to pay attention to the dependencies between generic
practices and process areas. When a generic practice is dependent upon a
certain process area, either to perform the generic practice or to provide a
prerequisite product, the generic practice will be ineffective if the process
areais not implemented.
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3.1 Usage Contexts, continued

Selective Use
(continued)

Once the applicable process areas have been identified or sdlected, the
generic practices provide guidance for improving the processes; generic
attributes help evaluate the effectiveness of a process; and the gppraisa
method measures the capability, value, and effectiveness of aprocessin
relation to the mode.

A mgor advantage of the architecture of the ICMM isthat it lays out a path
to improve those processes that are most critical to the business needs of
the organization.

Internal or
External Use

There are two mgjor ways that theiCMM can be used:

Internd processimprovement - performing interna gppraisasto
understand the organization’s or project’s process capability leve for
Process improvement purposes.

I ndependent capability evauation - performing externad evauations to
evauate another organization's process capability.

The primary intended use for the modd isfor interna process improvement
and tha isthe focusin this chapter. Information on performing externd
evauationsis provided in The Federal Aviation Administration
Integrated Capability Maturity ModelS" (FAA-iICMM?) Appraisal
Method (FAM) [FAM] (available a www.faa.gov/a0).
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3.2 Using the iCMM to Support Process Improvement

Introduction Any process improvement effort, using any reference mode, should be
constructed to support the business goas of an organization. The needs and
gods of the organization determine process improvement goals and identify
improvement actions and priorities.

Process Successful changestypicaly gart at the top of the organization. Senior
I mprovement management leadership is required to launch a change effort and to provide
Basics continuing resources and sponsorship. Ultimately, however, everyonein the

organizaion isinvolved.

It isimportant to recognize that:
Process improvement requires investment, planning, dedicated people,
and time.
Process improvement is a team effort; those not participating may miss
the benefits and may even inhibit progress.
Effective change requires an understanding of the current process and a
god.
Changeis continuous and involves continua learning and evolution.
Changes will not be sustained without the conscious effort of everyone

in the enterprise or organization, and the involvement and periodic
reinforcement from every level of management.

When usng areference modd like theiCMM to guide improvement,
severa tools are provided.

The process areas provide best practice guidance for performing

busi ness processes.

The capaility levels provide a path for increasing the capability of those
performed processes.

The gppraisal method measures process capability and effectiveness.
Severd process areas focus on process improvement itsalf.

Establishing and achieving measurable objectives tied to business needs
is emphasized throughout.
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3.2 Using the iCMM to Support Process Improvement, continued

7
1 Organization's Sustain Improvement
Examine -« goals & needs gains
OFQE;]néégtslon S Ipstltutlonallzed Improvement
Process improvements results
~ improvement
request
8 6
Monitor Confirm the
Identified Goals performance improvement

Scope, Priorities
Improvement

5 initiation Analyzed Implemented
Initiate process Re-appraisal re-appraisal improvements
improvement request results
>

5

Prelimigary PI Implement
improvements
rogramplan
PSR Appraisal —Fpproved
3 results 4 action plan

Prepare and

Analyze results &
conduct process

derive action plan
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request Val ? Target bility
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Current Ibrgnucsl':&zllrks ) - profiles
capability Practice descriptions

from process model

Figure 3-1. Process Improvement Cycle

Process Process improvement is accomplished in a series of steps or specific

I mprovement improvement actions. The figure above illustrates steps for continuous

Steps process improvement using tools provided in the ICMM. These Sepsare
summarized below.

1. Examine or ganization’s needs
Purpose: Ensure process improvement is digned with organization's
needs
Output: Quantitative process improvement godstied to organization's
business plan, scope, and priorities

2. Initiate processimprovement
Purpose: Ensure planislaid out and infragtructure is in place

Outputs: Preliminary program plan, charters, empowerment letters,
resources, technical strategy ICMM and FAM)
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3.2 Using the iCMM to Support Process Improvement, continued

Process

I mprovement
Steps
(continued)

3. Prepare and conduct processappraisal
Purpose: Determine current Situation
Output: Appraisa results

4. Analyze results and derive action plan
Purpose: Decide on improvements and plan accordingly
Outputs. Quantitative improvement targets; action plan, integrated with
revised program plan; commitment to undertake planned improvements

5. Implement improvements
Purpose: Carry out projects to improve processes
Outputs. Project plans, improved processes, measures, process
definitions, checkligts, lessons learned, talloring guiddines, training
materids, sample documents

6. Confirm the improvement
Purpose: Confirm improvement achieves goals and organization is
ready for widespread use
Output: Resppraisa results (on specific processes), measures,
vaidated results

7. Sugtain improvement gains
Purpose: Inditutionalize and monitor the improvement
Output: Deployment plan, improved process assets entered into
process asst library, widespread training on improved process,
coaching and monitoring, measures

8. Monitor performance
Purpose: Ensure program and projects remain gppropriate, improve
process improvement process
Output: Further improvement initiatives, lessons learned

FAA-iCMM Version 2.0 September 2001 3-7



3.2 Using the iCMM to Support Process Improvement, continued

iCMM Guidance

Thefallowing process areas particularly help in carrying out the process
improvement cyde:

PA 00 Integrated Enterprise Management — for establishing high level
gods and objectives and aigning them across the enterprise

PA 11 Project Management — for managing the overall process
improvement effort, and the efforts of improvement teams

PA 15 Quality Assurance and Management — for ng compliance
and identifying improvement opportunities

PA 18 Measurement and Analysis— for establishing, collecting, and
andyzing measures relative to goas

PA 20 Process Definition — for establishing and communicating process
assets

PA 21 Process Improvement — for more information on the steps
outlined above

The FAM describes different gppraisa approaches, including the use of
generic attributes to evaluate process effectiveness. The FAM dso includes
amethod variation to guide teams in improving processes.
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3.2 Using the iCMM to Support Process Improvement, continued

Process
I mprovement
Principles

Asillugtrated in the process improvement cycle, busness gods are the
primary driver in using amodd such asthe iCMM. An organization should
prioritize the process areas relative to its busness goas and strive for
improvement in the highest priority process areas firgt. Within that context,
however, thereis afundamental order of activities and basic principles that
drive the sequence of typica improvement efforts. This sequence is shown
in the generic practices of the capability level Sde of theiCMM
architecture. The principles and order of activities are summarized in Table

3-1

Principle

How Expressed in theiCMM

Y ou haveto do it before you can
manage it.

The Performed level (capability level 1) focuses
on whether an organization or project performsa
process that incorporates the base practices.

Understand process performance
on the project (where the
products are!) before defining
organization-wide processes.

The Managed: Planned and Tracked level
(capahility level 2) focuses on managing
process performance at the project-level.

Usethe best of what you've
learned from your projects to
create organization-wide
processes.

The Defined level (capability level 3) focuses on
establishing the organization’ s set of standard
processes from experiences gained, and then
using defined processes tailored from the
standard processes. Both the defined and
organizational processes areimproved.

Managing with measurement is
only meaningful when you're
measuring the right things.

Measurement isrequired at capability levels 2
and 3. However, the Quantitatively Managed
level (capability level 4) focuses on stabilizing
process performance within statistically defined
limits of key performance measurestied to the
business goal s of the organization.

A culture of continuous
improvement pursues optimizing
performance based on a
foundation of sound management
practice, defined and statistically
controlled processes, and

measurable goals.

The Optimizing level (capability level 5) gains
leverage from all the improvements seenin the
earlier levels, and emphasizes continual
improvement of statistically controlled
processes to meet current and projected
business objectives.

Table 3-1. Process Improvement Principles in the iCMM
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3.2 Using the iCMM to Support Process Improvement, continued

Some Based on andogies in the software community and €l sewhere, some results
Expected of process and product improvement can be predicted. These are discussed
Results below.

Improving Thefirst improvement expected as a project or an organization maturesis
Predictability predictability. As capability increases, the difference between targeted

results and actual results decreases across projects. For instance, immature
organizations often miss their origindly scheduled ddivery dates by awide
margin, whereas organizations a a higher capahility level should be able to
predict the outcome of cost and schedule aspects of a project with

increased accuracy.
Improving The second improvement expected as a project or an organization matures
Control iscontrol. As process capability increases, incrementa results can be used

to establish revised targets more accurately. Alternative corrective actions
can be evauated based on experience with the process and other projects
process results to select the best application of control measures. Asa
result, organizations with a higher capability leve will be more effective in
controlling performance within an acceptable range.

Improving The third improvement expected as a project or organization maturesis
Process process effectiveness. Targeted results improve as the maturity of the
Effectiveness organization increases. As an organization matures, costs decrease,

development time decreases, and productivity and quality increase. In an
immature organizetion, development time can be quite long because of the
amount of rework that must be performed to correct mistakes. In contrast,
organizations at higher maturity levels can shorten overal development times
viaincreased process effectiveness and reduced rework.
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3.3 Using the iCMM to Support Appraisal

I ntroduction

TheiCMM is structured to support awide variety of improvement
activities, induding sdf-administered gppraisds or interna appraisas
augmented by expert facilitators from insgde or outsde of the organization.
Although it is primarily intended for internd process improvement, the
modd might also be used for externd evauation of another organization's
process.

Appraisds are performed in the context of an organizationa process
improvemert effort, and the type and tailoring are dependent on wherein
the organizational process improvement cycle the organization is.

The FAA-
iCMM
Appraisal
M ethod

It isnot required that any particular appraisal method be used with the
iICMM. However, the FAA-ICMM Apprais Method was designed and
developed by the ICMM Project to maximize the utility of the moddl.

The FAA-ICMM Appraisd Method is fully described, along with support
materias for conducting gppraisas, in The Federal Aviation
Administration I ntegrated Capability Maturity Model" (FAA-iCMM?)
Appraisal Method (FAM) [FAM]. The basic premises of the appraisa
method, however, are summarized below to provide context for how the
model might be used in an appraial.
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3.3 Using the iCMM to Support Appraisal, continued

Features The FAM isan organizationd or project-level appraisd method that uses
multiple data- gathering methods to obtain information on the processes
being practiced within the organization or project selected for appraisal.

Apprasds aretypicaly performed:
to focus, motivate, direct, and/or launch improvement within the
organization or project;
as adiagnogtic to determine status compared to amode or standard, or
to track progress, and
to form abasdline or benchmark of actua practice for sdif-
improvemen.

An appraisa will typicaly identify strengths and wesknessesin the
appraised entity’ s process and produce a process capability profile that
compares the appraised entity to a standard (the iCMM).

The method can be tailored to meet the organization's or project's need,
and guidance on taloring for avariety of gppraisa scenariosis provided in
the FAM document.

In generd data gethering consigts of:
questionnaires that directly reflect the contents of the modd,
aseries of sructured and unstructured interviews with key personnel
involved in the performance of the processes, and
review of evidence generated.

Multiple feedback sessions are conducted with the gppraisa participants.
This culminatesin a briefing to al participants and to the sponsor of the
gopraisa. The briefing may include capability levels determined for each of
the process areas appraised. It dso includes a set of strengths and
weaknesses that support process improvement based on the stated
gppraisa gods and may include arating of maturity.
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3.3 Using the iCMM to Support Appraisal, continued

Variations

The FAM incdudes afull internd method, plus five method variations that
can be used for avariety of gppraisa Situations and needs, asfollows:

Full internal: to establish or reestablish aforma basdine of actud
practice in the organization

Facilitated discussion: to formulate process descriptions and
implementation plans

Document-intensive: to check the completeness and qudity of
supporting documentation and artifacts

Questionnaire-based: to provide aquick check on process
improvement progress based on whether improvements are perceived
to have been implemented by personnd

Interview-based: to uncover mgjor process improvement iSsues or
barriers to change

Full external: to perform aformal externa appraisa of an organization

Additiondly, process effectiveness can be explored during an appraisa
through the use of generic attributes (described in Chapter 2).

Defining the
Context for
Appraisal

When planning for an gppraisd, it is essentia to understand the context for
process improvement in the organization or project. TheiCMM isintended to
be gpplicablein dl contexts. Determination of the context must be made to
decide:

What isthe organizationd gppraisa scope (which organization or part of
an organization will be gppraised)

What are the organizational business, performance, and gppraisa gods
Which process areas are gpplicable to the organization

How should the process areas be interpreted (for example, in a
development vs. operationd vs. service environment)

Which personnd within the gppraisal scope need to be involved in the
appraisa
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3.3 Using the iCMM to Support Appraisal, continued

Using Both

Sidesof the
Architecture
in Appraisal

Thefirst step in developing a profile of an organization's capabiility to perform
its business processesis to determine whether the basic processes (dl the
base practices) are performed within the organization. The second tep isto
appraise how well the processes that have been implemented are managed
and indtitutiondized by looking at the processes in the context of the generic
practices. Consideration of both the base practices and generic practicesin
this way resultsin a process capability profile that can help the organization to
determine the improvement activities that will be of most benefit in the context
of itsbusiness gods.

In generd, the appraisal evaluates each process area againgt the generic
practices. The base practices should be viewed as guidance on the basic
performance of the topics that need to be addressed. The generic practices
dedl with improvement in the way the base practices are paformed. In many
cases, the generic practices are supported by process areas that provide
more detail about them. Thus by looking at the generic practices, an gppraisal
evaluates how those supportive process areas have been deployed.

Process area goals and capability level gods summarize practices and are
used during an appraisa. Strengths and wesknesses found in particular
practices are consdered in relation to the goas to which they are mapped,
and a determination is made as to whether the goals have been achieved.
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3.4 Using the iCMM in Process Design

I ntroduction

This section provides brief guidance related to using the
ICMM to support process design. Some basic ground rules and
approaches are presented.

TheiCMM
doesn’t define
the process

A common misconception is that the iICMM defines a specific process.
TheiCMM provides guidance for organizations to define their own
processes and then improve them over time. The guidance applies
regardless of the particular processes that are performed. The generic
practices describe what activities must be performed to help define,
manage, monitor, and improve the organization’ s process rather than
exactly how those activities must be performed. The base practices
describe fundamentd activities that should be performed as part of a
process, but they do not specify exactly how these activities must be
performed.

The basic philosophy is to empower organizations to develop and
improve a process that is most effective for them. Thisis based on the
ability to define, document, manage, and standardize the process
throughout the entire organization. The philosophy is not focused on any
specific lifecycle, organizationa structure, or techniques.

How much
documentation
isrequired?

When reading the iCMM, it is easy to get overwhelmed by the number of
implied processes and plans. The iICMM includes requirements to document
processes and procedures and then make sure they are performed as
documented. However, the iICMM does not intend to dictate the number or
type of documents to be developed but rather to indicate the type of
information that is to be documented.

TheiCMM is
not atraining
guide

While the iCMM isintended to guide organizations in improving their
capability to perform a particular process, it is not intended to be a
handbook or training guide for heping individuas improve particular ills.
The god isfor an organization to adopt the philosophy and use the
techniques as a guide for defining and improving its process.
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3.4 Using the iCMM in Process Design, continued

But, we're
different

TheiCMM contains sound practica guidance that can be used in most
business gtuations. By andlyzing the organization and its activities, and
interpreting iCMM practices and terminology in that context, any organization
can bendfit from the improvement guidance in the iICMM.

Analyzing
your
Organiza-
tional Context

Thefirg step in designing processes that will meet the business needs of an
enterprise is to understand the business, product, and organizationa context
that dready exigts or that will be present when the process is implemented.
Some questions that need to be answered before the ICMM can be used
for process design include;

What is the main business function of the organization?

Who are the customers and what are their expectations?
What products and services are being provided?

What mgjor processes are being practiced to provide these products
and services?

How are they being practiced within the organization?

Whet lifecycle will be used as aframework for this process?
How isthe organization structured to support projects?

How are support functions handled (e.g., by the project or the
organization)?

What are the management and practitioner rolesused in this
organization?

How critical are these processes to organizational success?

Understanding the culturd and business contexts in which the iCMM will be
used isakey to its successful gpplication in process design.

FAA-iCMM Version 2.0 September 2001 3-17



3.4 Using the iCMM in Process Design, continued

The Current An organization should first describe with reasonable accuracy its current
Process process as a basdline. It is best to focus on capturing a reasonable basdine
process that can be improved over time.

Organizations mugt have a stable basdline to determine whether future
changes condtitute improvements. There is no vaue in looking for
improvements in a process that the organization does not perform. An
organization may find it useful to include current delays and queuesin the
basdline process. During subsequent process improvement efforts, these
dlow agood garting point for cycle-time reduction.

An organization may define its process by andyzing the responsibilities of its
practitioners. Thiswould identify activities currently being performed and
help establish interfaces among the various management, engineering, and
support processes.

Mapping The actual processes used in an organization depend on many factors
including its Size and Structure, goplication domain, and whether it is
product- or service-oriented. The process areas of the iCMM may not
map one-to-one with the processes used in the organization. Nor isit
required or expected that this be the case. A process description may span
more than one process area, and a process may be described in more than
oneway (e.g., policies, standards, procedures) to cover a process area.

However, locating the parts of the organization process that map to process
areas enables use of the mode to guide improvement. If gaps are identified
between the current process and the practices in the modd, then this
indicates an area for potentid improvement.

The practices of many of the process areas would be expected to be seen a
number of times in the execution of processes through the life cycle. Thus,
the process areas should be considered a source for practices whenever
there is a need to incorporate the purpose of aprocess areain aproject's
or organization's process.
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3.4 Using the iCMM in Process Design, continued

Adding Role Role assignment, organizationa structure, and work products need to be
and Structure added to the content of the iCMM process areas and generic practices to
I nfor mation come up with a performable and sustainable process design. Itisan

organization's context regarding these factors, combined with guidance from
iICMM generic practices and base practices, that produce sound
organizationa processes with the potentia for deliberate improvement.

Additional For additiona information about using the iICMM in process design, see the

Guidance Facilitated Discussion gppraisd method variation in the FAM. That method
variaion is designed to help ateam understand and describe a current
process, anadyze it for improvement opportunities, describe an improved
process, and develop a plan to implement improvements.
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Chapter 4. Generic Practices

Purpose of this This chapter contains the generic practices, that is, the practices that apply

chapter to al processes. Generic practices provide a guide to inditutiondization of
aprocess and they are aso used in a process appraisa to determine the
capability of any process. The generic practices are grouped according to

capability leve.
In this chapter The following table provides a guide to the information found in the chapter.
Topic See Page
Capability Levels- Overview, Sources, and Format 4-2
Capability Level O - Incomplete 4-5
Capability Leve 1 - Performed 4-6
Capability Leve 2 - Managed: Planned and Tracked 4-8
Capability Level 3 - Defined 4-22
Capahility Levd 4 - Quantitatively Managed 4-28
Capability Leve 5 - Optimizing 4-31
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Capability Levels - Overview, Sources, and Format

Introduction Capability leves provide guidance for the improvement of any process.
There are six levels of capability. Thelowest isLeve 0 and the highest is
Leve 5. Capability levels can be used as gods, guidance, benchmarks, or
other meansto assst an organization in sructuring itsimprovement efforts.

The capability levels group together generic practices (GPs) that are used
to indtitutionalize process capability at that level. These generic practices
build upon each other as process capability increases.

Getting Started Initidly, a process may not be performed or may be only partidly
performed. Thisis caled an incomplete process or a process of capability
leved 0. Thefirst improvement step isto perform a process that achieves
the goals of aprocessarea. Thisis caled a performed process of
capability level 1. At this point the base practices are generdly being
carried out, and products and services are being provided to a customer.
From here on, dl improvements are made to a process that continues to
meet the goals of the process area. However, the capability of that process

isimproved.
Managing the Once the processiis performed, it can be planned and tracked and
Process managed. A performed processthat is dso managed is called a managed

(planned and tracked) process of capability level 2. The capability levd 2
processis carried out according to a documented plan and process
description. The plan contains the business objectives for performing the
process. There are adequate resources for performing the process; people
have the needed sKill; roles and responsibilities are clear; work products
are verified and controlled; performance is measured againg the plan; and
corrective actions are taken to address problems. Corrective actions at
capahility level 2 include improving the process. Improvemerts are
generdly loca however, and may not be transferred beyond the performing
unit.
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Capability Levels - Overview, Sources, and Format, continued

Organizational
Learning and
I mprovement

Based on organizational business objectives and practitioner knowledge
and experience in carrying out managed (planned and tracked) processes,
an organization establishes a stlandard set of organizationa processes at
capability level 3. Projects or organizations tailor this standard processinto
what is called a defined process. The defined processis used, measured,
and improved, and process information is stored in an organi zationa
repository. Process knowledge is shared across the organization.
Improvements are made to the organizationad standard processes and to the
defined processes. Improvement is deployed across the organization.

Stabilizing
Performance

At cgpahility levd 4, the emphasisis on understanding the capability of a
process satisticaly. Very specific business objectives, measures, and
processes are selected for quantitative management and the performance of
those processes is stabilized by discovering, analyzing, and removing
specid causes of process variation. Process performanceis now within
gatigticaly determined control limits and there is an understanding of what
levels of business performance are actudly satisticadly achievable.

Optimizing
Performance

Findly, a capability leve 5, improvements focus on introducing changesto
those processes that are now under statistical control. These changestry to
shift the expected (mean) performance value by removing common causes
of process variation or by introducing new technology. Thislevel seeksto
optimize performance to meet ever-dretching target levels set by the
organization for performance excellence.

| ngtitutionalization

“Indtitutiondization” is an important dimenson to the capability levels. Itis
the building and reinforcement of infrastructure and corporate culture that
support methods, practices, and procedures so that they are the ongoing
way of doing business, even after those who originaly defined them are
gone. Inditutionaization implies that the breadth and depth of the
implementation of the process and the length of time the process has been
in place are appropriate to ensure that the process is an ingrained part of
the way the work is performed. Implementation of the generic practicesis
amechanism used to ingtitutionalize enhanced process capability at the
different levels.
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Capability Levels - Overview, Sources, and Format, continued

Sour ces

Capability levels are defined based on widely observed plateaus of
performance that organizations typicaly achieve as they strive to improve
their business processes. These levels have been described in the various
models and standards noted below.

For verson 1.0: The FAA-iCMM v1.0 [FAA-iCMM 97] generic practices
were derived and adapted from the Common CMM Framework (CCF)
[CCF] and the SE-CMM [SE-CMM], with two additiona generic
practices developed by the FAA-iCMM team.

For verson 2.0: The FAA-iCMM v2.0 generic practices have been
derived and adapted from the following sources:

[FAA-ICMM 97]

[EIA/IS 731]

[CMMI SE/SW/IPPD]

[ISO/IEC TR 15504].

A mapping of cgpability level gods and generic practices to their sourcesis
included in Appendix D Supplement.

Format

Ca)dalllty levels are described in the following genera format:
Capability level number and title

Capability level summary description

Capability level god

Generic practices a that leve

- Generic practice number

- Generic precticetitle

- Generic practice statement

- Notes (optiond)

- Rdationship to other generic practices (optiond)
- Reationship to process areas (optiond)

Noteson
Relationships

A generic practice may depend on a process area to perform that practice.
When a process areais identified as being related to a generic practice, the
process area supports that practice and provides more detailed guidance
for performing the generic practice. The related generic practice focuses on
deploying these practices in relation to individua process aress.

4-4
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Capability Level 0 — Incomplete

Level O An incomplete process is either not performed or partialy performed. One
Description or more of the gods of the process area are not achieved.
The processis not implemented.

Level 0 Goal Thereisno god a thislevd.
Level 0 Generic There are no generic practices a thisleve.
Practices
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Capability Level 1 — Performed

Level 1
Description

A performed process is a process that achieves the goals of the process
area. Base practices of the process area are generdly performed.

At thisleve, dl base practices are generdly performed somewhere in the
project's or organization's implemented process, but processes are
characterized as ad hoc and even occasondly chaotic. Consistent planning
and tracking of performance are missing. Good performance, therefore,
depends on individua knowledge and effort. Work products are generdly
adequate, but quaity and efficiency of production depend on how well
individuals within the organization perceive that tasks should be performed.
Based on experience, thereis genera assurance that an action will be
performed adequately when required. However, the capability to perform
an activity is not generdly repeatable or transferable.

The main digtinction between an incomplete process and a performed
process isthat a performed process achieves al of the goas of the process
area.

Level 1 Goal

The process achieves the goals of the process area.

Level 1 Generic Practices

1.1 Identify Work
Scope

Identify the scope of the work to be performed and work products or
sarvices to be produced, and communicate this information to those
performing the work.

Notes: The purpose of this practiceis to ensure that the people doing the
work have a common understanding of the work to be performed and work
products to be produced.

Relationship to other generic practices. This practice evolves from
informa communication a leve 1 to more forma communicetion & leve 2
by means of documented process descriptions (GP 2.2) and plans (GP
2.3).

4-6
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Capability Level 1 — Performed, continued

1.2 Perform the
Process

Perform a process that implements the base practices of the process areato
provide work products and/or services to a custome.

Notes: The purpose of this practice isto produce the work products
and/or deliver the services that are expected by performing the process.
This process may be performed informally, not following a documented
process description or plan. The rigor with which these practices are
performed may vary considerably. The customer of the process area may
be internd or externd to the project or organization.

Alternative practices to the base practices may be performed as long as the
process area gods are achieved.

Relationship to other generic practices. Thisgeneric practice evolvesto
GP28atlevd 2, andto GP 3.2 a leve 3.

Relationship to process areas. The process area goas and base practices
are presented in the process area descriptions.
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Capability Level 2 - Managed: Planned and Tracked

Level 2
Description

A managed process is a performed (capability level 1) processthat is also
planned and tracked. The process is managed to ensure its
inditutiondization, and to ensure the achievement of specific objectives for
the process, such as customer satisfaction, cost, schedule, and qudity
objectives.

Those responsible for performing the process establish objectives
consdering their business context. Objectives are determined based on an
understanding of what will satisfy the relevant stakeholders. Objectives may
be quantitative or quditative. They may be specific to the individual process
or they may be defined at a higher level or for agroup of processes, with
theindividua processes contributing to achieving these objectives.
Objectives may be revised as part of corrective actions taken for the
process.

At capability level 2, management is assured that: the processis being
performed; process performance is planned, tracked, measured, reviewed,
verified, and predictable; policy isfollowed; corrective action is taken.
Practitioners are assured that: they have adequate sKills; respongbilities are
clear; resources are adequate; work products are managed; the process is
understood. Customers are assured that requirements and standards for
work products and services are defined and documented, and that work
products and services satisfy their specified requirements and standards.
For dl involved in the process, commitments are established, understood,
honored and revised as necessary.

The process discipline of amanaged process helps ensure that existing
practices are retained during times of stress. When these practices are used
on efforts Smilar to the current effort, smilar results can be expected.

The primary distinction between a performed process and a managed
(planned and tracked) process is the extent to which a process is managed.
A managed process is planned and the performance of the processis
tracked againgt the plan. Corrective actions are taken when the actua
results and performance deviate from the plan. A managed (planned and
tracked) process achieves the objectives of the plan and isindtitutionalized
for congstent performance. Indtitutionalization is accomplished by
performing the generic practices.

4-8
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Capability Level 2 - Managed: Planned and Tracked, continued

Level 2 Goal

The process isingitutiondized as a managed (planned and tracked)
process.

Level 2 Generic Practices

2.1 Establish
Organizational
Policy

Establish and maintain an organizationd policy for performing the process.

Notes: The purpose of this practice is to define the organizationd
expectations for the process and make these expectations vishle to those in
the organization who are affected. Policy isavisble way for organizations
and their leadersto set expectations. It isaway of demongtrating
management commitment and attention to processimprovement. The form
policy takes, or the name given to senior management direction, may vary
depending on the loca culture. The existence of appropriate organizationa
direction is the expectation of this practice, regardiess of what it is called.

Policy typicaly specifies expectations for planning, tracking, and performing
the process.

Relationship to process areas. Integrated Enterprise Management (PA 00)
provides guidance regarding establishing and communicating senior
management direction and expectations.
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Capability Level 2 - Managed: Planned and Tracked, continued

2.2 Document the
Process

Document the process for performing the practices of the process area.

Notes. The purpose of this practice is to establish awritten description of the
activities that will be performed so that people know what to do, and so that
the process can be reviewed and improved. When documenting the process,
participation of the people who perform a process is essential to cresting a
usable process description. The process should be documented only to the
extent of detail needed and it should bein aform that is usable by those who
will perform the process. Processes need not correspond one to one with the
process areasin the FAA-ICMM. Therefore, a process description may
pan more than one process area, and a process may be described in more
than one way (e.g., policies, standards, plans and/or procedures) to cover a
process area. The process description, including relevant standards and
procedures, may be included as part of the plan for the process, or may be
included in the plan by reference.

Relationship to other generic practices. Thisisthelevd 2 process
description that focuses on the information needed for those performing the
process, not on the organization-wide forma defined process. The process
descriptions evolve to amore forma defined process at capability level 3 (see
GP3.2).

Standards and procedures that describe the process at this level are likely to
include measurements, so that the performance can be tracked with
measurement (see GP 2.12).

Relationship to process areas. Process Definition (PA 20) provides
guidance for documenting the process. Guidance for identifying activities to
be performed is provided in Project Management (PA 11).
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Capability Level 2 - Managed: Planned and Tracked, continued

2.3 Plan theProcess Edablish and maintain a plan to accomplish the objectives of the process.

Notes: The purpose of this practice is to determine what is needed to
perform the process and achieve the established objectives, and prepare a
plan accordingly. Egtablishing a plan indludes documenting it. Maintaining the
plan includes changing it as aresult of corrective actions, changes to the
process, and changes to the objectives for the process, as necessary.

Those responsible for performing the process establish objectives consdering
their business context. Objectives are determined based on an understanding
of what will satisfy the rlevant stakeholders. Objectives may be quantitative
or quditative. They may be specific to the individuad process or they may be
defined a ahigher leve or for agroup of processes, with the individua
processes contributing to achieving these objectives. Objectives may be
revised as part of corrective actions taken for the process.

The plan may be a standalone document, embedded in amore
comprehensive document (for example in a project or organizationa plan), or
distributed across multiple documents.

A plan for aprocesstypicaly includes:
Objectives for the performance of the process (e.g. cost, schedule,
qudity, customer satisfaction, divery, time-scale, cycletime,
productivity, resource usage, predictability, or profit objectives)
Activities of the process and activity dependencies
The process infrastructure required for performing the process
Resources needed to perform the process, including funding, people,
tools, and any products used in performing the process
Standards/requirements for the work products and services of the
process
Schedule (events and activity dependencies) for performing the process
Assgnment of respongbility and authority
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

Capability Level 2 - Managed: Planned and Tracked, continued
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2.3 Plan the Process
(continued)

Measurement requirements to provide ingght into the performance of the
process, itswork products, and its services

Activities for monitoring and controlling the process

Communication mechanisms and activities

Objective verification activities for the work products and services
Objective assessment activities for the process

Management review activities for the process and the work products

Relationship to other generic practices. The documentation of the process
(in GP 2.2) identifies activities to be planned. Adequate resources (in GP2.4)
are defined by the plan. Commitment to the plan is confirmed through
GP2.15.

Relationship to process areas. In some process areas there are base
practices that dso talk about developing strategies or plans. This generic
practice addresses overdl planning for the entire process area, whereas base
practices address atopic for more detailed or focused planning.

Planning is described in Project Management (PA 11). Measurement
practices are described in Measurement and Analysis (PA 18).

2.4 Provide Adequate
Resour ces

Provide resources that are adequate for performing the process as planned.

Notes: The purpose of this practice isto 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 physica
facilities and work environment, skilled people, adequate time, products
used in performing the process, and appropriate tools. This practice ensures
that leve of effort, gppropriate skill mix, tools, workspace, and other direct
resources are available to perform the process. |nadequate resources may
be addressed by increasing resources or by removing requirements,
congdraints, and commitments.

Relationship to other generic practices. Resource requirements are
identified in the plan (GP2.3).

Relationship to process areas. Practices regarding identification of critica
resources and assuring resource commitment are described in Project
Management (PA 11).

Capability Level 2 - Managed: Planned and Tracked, continued
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25 Assign
Responsibility

Establish responghility, authority, and commitment for performing the
process.

Notes: The purpose of this practice is to ensure that there is accountability
for performing the process and achieving the specified results. This practice
entails obtaining commitment for performing the process, and assuring not
only that people are assgned, but confirming their understanding and
acceptance of responsbility for outcomes. Responsbility includes both duty
to perform and accountability for successful performance. This practice
includes overdl respongbility and authority for performing the process as well
as assignment for performing specific tasks of the process.

Respongbility can be assgned using detailed job descriptions or through
living documents, such as a plan for the process. Dynamic assgnment of
respongibility is another possible implementation of this practice, aslong as
there are mechanisms in place to assure that the responsibility is assumed.

Relationship to other generic practices: Responghility and authority may
be assigned in the plan for the process as described in GP2.3, and
commitment demonstrated by concurrence on that plan and as described in
GP2.15.

Relationship to process areas. Project Management (PA 11) practices
provide guidance regarding establishing respongbility and commitment.
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Capability Level 2 - Managed: Planned and Tracked, continued

2.6 Ensure Skill and  Ensure that the people performing the process have the needed skill and

Knowledge

knowledge.

Notes: The purpose of this practiceis to ensure that the people have the
necessary skills, knowledge, and expertise to perform or support the process.
Included are technicd skill and knowledge as well as an understanding of
how the processis expected to be performed. A variety of approaches can
be usad including training, mentoring, coaching, and hiring people with the
required talent. Overview training is provided to orient people who interact
with those performing the work.

Training in how the project expects the process to be performed provides a
common understanding of the process. Ensuring that people can perform the
process adequately provides the confidence basis for schedule and cost
esimation. Even if gpparently satisfactory technical skills and knowledge are
avallable via gaffing or partnering, there isdmost dways a need to establish a
common understanding of the process activities and how skills are gpplied in
them.

Relationship to other generic practices. Required skills can be identified in
the process plan (GP 2.3) which may include training in the schedule of
activities.

Relationship to process areas. Traning and training management are
described in Training (PA 22). Planning for gppropriate skill and knowledge
is described in Project Management (PA 11). Outsourcing to acquire
needed skill is described in Outsourcing (PA 05).
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Capability Level 2 — Managed: Planned and Tracked, continued

2.7 Establish Work
Product Requirement

Egtablish and maintain requirements on work products and services that
result from the process.

Notes: The purpose of this practiceis to ensure clarity regarding the
requirements associated with work products and services that result from
the process. These requirements are used in developing products and
sarvices, and in verifying that products and services meset requirements.
These requirements may come from the customer, policies, sandards, laws,
regulations, etc.

Relationship to other generic practices. Requirementsare used in
objectively verifying work products (GP2.11). Requirements can be
documented in the process plan (GP 2.3).

Relationship to process areas. Understanding stakeholder needsis
described in Needs (PA 01). Requirements development is described in
Requirements (PA 02).

2.8 Consistently Use
and Manage the
Process

Conssgtently use the documented plans, standards, processes, or procedures
in implementing and managing (planning and tracking) the process.

Notes: The purpose of this practiceis to use the documented process and
plan while performing the base practices of the process area. Consstent use
over timeleadsto indtitutiondization of the process as an ingrained way of
performing the work. Consistent management assures planning, execution,
and tracking of the process in order to achieve process objectives.

Relationship to other generic practices. The process, standards and
procedures to use were documented in GP 2.2. The plansto use were
documented in GP 2.3. This practice is an evolution of GP 1.2 and evolves
to GP 3.2.

Relationship to process areas. Project Management (PA 11) provides
guidance regarding process management.

FAA-iCMM Version 2.0 September 2001 4-15



Capability Level 2 — Managed: Planned and Tracked, continued

2.9 Manage Work
Products

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

Notes: The purpose of this practice is to establish and maintain the integrity
of the designated work products of the process. Placing identified work
products of the process under appropriate levels of configuration
management provides a means of controlling work products. This practiceis
focused on controlling interim or final work products, parts, components, €tc.
resulting from an individua process. These work products may aso include
process descriptions, plans, action item lists, etc.

Relationship to other generic practices. The work products to be placed
under configuration management and the level of configuration management
for each item may be documented in the plan for the process (GP2.3).

Relationship to process areas. Thetypical practices needed to perform
configuration management are described in Configuration Management (PA
16).
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Capability Level 2 - Managed: Planned and Tracked, continued

2.10 Objectively
Assess Process
Compliance

Objectively assess adherence of the performed process to the documented
process.

Notes: The purpose of this practiceis to provide credible assurance that the
process is performed as documented and planned. People not directly
responsible for managing or performing the process typicaly are positioned to
asess process compliance objectively. Asaresult of objective assessment,
credible assurance of compliance can be provided even during timeswhen
the processis under stress (e.g., when the effort is behind schedule or over
budget). This practice includes identifying and reporting noncompliance
issues and performing causal andyss.

Relationship to other generic practices. The applicable processes,
standards and procedures are documented in GP 2.2, planned in GP 2.3, and
used in GP 2.8. If corrective action is required, thisis performed usng GP
2.14.

Relationship to process areas. Process compliance and causal andysis
practices are described in Quality Assurance and Management (PA 15).

2.11 Objectively
Verify Work Products

Objectively verify adherence of work products and services to established
requirements.

Notes: The purpose of this practice is to assure that work products and
services of the process meet established requirements. Work products
include documents or interim work products as well as ddlivered products
and services. Performing defect reviews of work products with peersisa
potentia means for performing this practice. This generic practice includes
identifying and reporting noncompliance issues and performing causd
andyss.

Relationship to other generic practices. The requirements on work
products and services are established using GP 2.7. If corrective action is
required, thisis performed using GP 2.14.

Relationship to process areas. Verification and vaidation are addressed in
Evduation (PA 08). Product/service quality assurance and causd andyss
practices are described in Quality Assurance and Management (PA 15).
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Capability Level 2 - Managed: Planned and Tracked, continued

2.12 Measure
Process
Performance

Measure performance againgt the plan.

Notes: The purpose of this practice is to monitor, track, and measure
process performance againgt the plan to ensure vishility into the process and
to identify problemsthat may need corrective action. The plan identifies
objectives, such as cost, schedule, quality, or customer satisfaction
objectives, and measures associated with these objectives. Actud vs. planned
values of these measures are recorded and used in this practice. Building a
history of measures, such as cost and schedule variances or qudity levels, isa
foundation for managing by data, and is begun here.

This practice includes review of accomplishments and results of the process
againd the plan, and identification and evauation of the effects of sgnificant
deviations from the plan. Such reviews, performed with thoseimmediatdy
responsible for the process, ensure vighility into the process.

Relationship to other generic practices. The use of measurement implies
that the measures have been defined and selected in the process description
(GP 2.2) or in the plan (GP 2.3) and that measurement data are collected as
the processis used and managed (in GP 2.8). Reviews with senior
management are described in GP 2.13.

Relationship to process areas. Project tracking is described in Project
Management (PA 11). Performance evauation based on measurement is
described in Integrated Enterprise Management (PA 00). Measurement
practices are described in Measurement and Analysis

(PA 18).
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Capability Level 2 - Managed: Planned and Tracked, continued

2.13 Review
Performancewith
Higher-level

M anagement

Review the activities, Satus, and results of the process with higher-leve
management.

Notes: The purpose of this practice is to provide higher-leve management
with the gppropriate level of vishility into the process.

Higher-level management includes those levels of management above the
immediate level of management respongble for the process. In particular,
higher-level management includes senior management. These reviews are for
managers who provide sponsorship and overal guidance for the process, not
for those who perform the direct day-to-day monitoring and controlling of the
process.

Different managers will have different oversight needs. The project manager
will need to remain informed of status and take corrective action when issues
that cannot be handled & alower level are escalated for their intervention.
Senior management will typicaly keep srategic oversght of the process and
take corrective action on issues that span multiple projects. Customer
management may choose to oversee specific processes and/or products.
These reviews help ensure that informed decisions on planning and
performing of the process can be made. Therefore, these reviews are
expected to be both periodic and event-driven.

Relationship to other generic practices. Severa generic practices provide
input for review including GP 2.10, GP 2.11, and GP 2.12. Reviews
conducted here may result in the need for corrective action in GP 2.14.

Relationship to process areas. Review practices are addressed in Project
Management (PA 11).
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Capability Level 2 - Managed: Planned and Tracked, continued

2.14 Take Corrective Take corrective actions to address problems.

Action

Notes: The purpose of this practice is to take corrective action when
requirements and objectives are not being satisfied, when noncompliance or
other issues are identified, or when progress differs sgnificantly from the plan.

Progress may vary because estimates were inaccurate, performance was
affected by externd factors, or the objectives and requirements, on which the
plan was based, have changed. Corrective action may involve:

taking remedia action to repair defective work products or services
improving the process

changing the plan

changing the technology

changing the skill and knowledge base

adjusting resources, including people, tools, and other resources
negotiating changes to the established commitments

negotiating change to process objectives

securing change to the requirements and standards that have to be
stisfied

terminating the effort

an explicit decison not to act at thistime

Corrective action may be taken & the level of the individua worker, by the
immediate manager of the process, by the project manager, or by senior
management depending on the extent and scope of the problem.

Relationship to other generic practices. Results of performing generic
practices GP 2.10, GP 2.11, GP 2.12, and GP 2.13 may lead to the need for
corrective action.

Relationship to process areas. Taking corrective actionis described in
Project Management (PA 11) and Integrated Enterprise Management (PA
00). Processimprovement is described in Process Improvement (PA 21).
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Capability Level 2 - Managed: Planned and Tracked, continued

2.15 Coordinate With  Coordinate and communicate among those performing the process and with

Participants and
Stakeholders

appropriate stakeholders.

Notes: The purpose of thispracticeisto ensure common or mutua
understanding of expected participant and stakeholder involvement, and that
participants and stakeholders are involved as planned. This practice includes
identifying relevant participants and stakeholders and their expected
involvement in the process. They may be from groups ether insde or outside
the organization.

Items requiring coordination include changes to plans, products, processes,
activities, requirements, and respongbilities. Commitments, expectations,
and respongbilities are documented and agreed upon. Commitment may be
obtained by negotiation, by using inputs and feedback on input, or through
joint development of solutionsto issues. Issues are tracked and resolved
within the group.

Communication occurs periodicaly and whenever status changes. The
participants and stakeholders have access to data, status informeation, and
recommended actions.

Participants and stakeholders may change as the project progresses.

Relationship to other generic practices. The plan used for coordination is
developed in GP2.3.

Relationship to process areas. Commitment, coordination, and
communication are addressed in Project Management (PA 11) and
Integrated Teaming (PA 14). Participants and stakeholder identification is
addressed in Needs (PA 01) and Integrated Teaming (PA 14). Supplier
coordination is addressed in Outsourcing (PA 05) and Supplier Agreement
Management (PA 12).
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Capability Level 3 - Defined

Level 3
Description

A defined process is a managed, planned and tracked (capability level
2) process that istailored from the organization's set of standard
processes according to the organization’ s talloring guidelines; hasa
maintained process description; and contributes work products,
messures, and other process improvement information to the
organization’ s process assets.

The organization's set of standard processes, which formsthe basis of
the defined process, is established to meet specific business objectives
for the organization. The standard processes implement the base
practices and support the performance of a managed (planned and
tracked) process. These processes are established based on
experience captured using previous and current processes.

Data and experiences from using the defined process are gathered and
used to determine if change is needed. Accordingly, both the set of
standard processes and the defined processes are improved.

A critical distinction between a managed process and a defined process
isthe scope of gpplication of the standards, process descriptions, and
procedures. For a managed process, the standards, process
descriptions, and procedures may bein usein only a pecific instance of
the process (e.g., on a particular project). Because the standards,
process descriptions, and procedures are tailored from the
organization's set of standard processes and related organizationa
process assets, the defined processes that are performed across the
organization are gppropriately consstent. The cgpabiility to perform a
defined processis directly transferable to new projects within the
organization.

Ancther critical digtinction isthat a defined process is described in more
detall and performed more rigoroudy than a managed process.
Management of the defined processis based on the additiond insight
provided by an understanding of the interrelationships of the process
activities and detailed measures of the process, its work products, and
its services.
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Capability Level 3 — Defined, continued

Description A defined processis tailored from an organizationa standard process and
(continued) cearly states the following:
- Purpose
Inputs
Entry criteria
Activities
Roles
Measures
Verification seps
Outputs
Exit criteria

Level 3Goal The processis ingditutionalized as a defined process.
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Capability Level 3 - Defined, continued

Level 3 Generic Practices

3.1 Standardize the
Process

Egablish and maintain a set of stlandard processes for the organization,
including talloring guiddines.

Notes: The purpose of this practice isto establish and maintain a set of
processes designed to meet specific business godsfor the organization. The
set of standard processes is based on experience captured from using
previous and current processes and provides a mechanism for organizationa
learning. The set of standard processes supports the execution of the
managed, planned and tracked process and thus includes the level 2 generic
practices. It isestablished to provide acommon basis for developing the
defined processes that are used across the organization.

The critica distinction between the capability level 2 generic practice
“Document the process” and this practice is the scope of gpplication of the
policies, standards, and procedures. In the planned and tracked practice
(GP2.2), the standards and procedures may bein usein only a pecific
instance of the process, e.g. on aparticular project. In thispractice,
however, policies, sandards, and procedures are being established at an
organizationd level for common use throughout the organization. 1n addition,
whereas the documented process a leve 2 isthe processthat is directly
used, the standard set of processes established in this practice need to be
tailored and ingtantiated into a defined process for direct use (see GP 3.2).

The processes in an organization need not correspond one-to-one with the
process areasin the FAA-ICMM. An organization’s processislikely to span
multiple process areas. Also, the organization may define more than one
standard process for a process area to address differences among application
domains, customer congtraints, €tc.

Relationship to other generic practices. Thelevel 2 process description
was documented in GP 2.2. Thelevel 3 process decription is established in
GP3.2

Relationship to process areas. The process for developing a process
description is described in Process Definition (PA 20).

4-24

September 2001 FAA-iCMM Version 2.0



Capability Level 3 - Defined, continued

3.2 Establish and Use i Egtablish and use a defined process, designed to meet specific business

Defined Process

objectives, that istailored from the organization’'s set of standard processes.

Notes: The purpose of this practice isto establish and use a processthat is
tailored from the set of standard processes to address the needs of a specific
Stuation. That tailored processis called the defined process. The defined
process has clearly stated purpose, inputs, entry criteria, activities, roles,
measures, verification steps, outputs, and exit criteriaand istailored from an
organization’'s set of standard processes. With the use of a defined process,
thereisless variability in how processes are performed across the
organization and process assets, data, and learning can be effectively shared.

This practice includes sdlecting the standard process that bet fits the
Stuation, establishing the defined process by tailoring according to tailoring
guiddines, ensuring the organization’ s process objectives are appropriately
addressed in the defined process, documenting the defined process, and
revisng that description as necessary.

Exceptions may be driven by customer requirements or by the need to pilot
new processes. Exceptions should not omit lower level practices without
explicit review and risk assessment.

Relationship to other generic practices. The set of organization's standard
processes, dong with tailoring guidelines, are documented in GP 3.1. The
tailored process definition is established and used in

GP 3.2. Thisgeneric practiceis amilar to GP 2.8 except that it includes
establishing the defined process aswell asusing it.

Relationship to process areas: Taloring guiddines are described in
Process Definition (PA 20).
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Capability Level 3 - Defined, continued

3.3 Improve Callect and use work products, measures, measurement results, and
Processes improvement information to improve the standard and defined processes.

Notes: The purpose of this practiceisimprove the sandard and defined
processes based on experience gained in their use.

This practice includes collecting measures, measurement results, lessons
learned, information and artifacts and storing them in an organizationa
repogtory or library of process-related assets. Thisinformation is made
available to those who are planning and performing processes, and to those
who use this information to improve the sandard and defined processes. The
information is used to improve the process and it is made available to those
who need it in atimely manner.

The organization’ s standard process assets are artifacts thet relate to
describing, implementing, and improving processes. These artifacts are assets
because they are developed or acquired to meet the business objectives of
the organization, and they represent investments by the organization thet are
expected to provide current and future business vaue. The use of standard
process assets results in organizationa learning that is sponsored, supported,
and addresses strategic business needs

The improvements to the standard and defined processes may be driven by
incrementa interna improvements, or by innovations introduced here or a
capability leve 5. In other words, this practice is the foca point for dl
changes to standard or defined processes. Proposed changes are evaluated
in relaion to defined business gods for the process.

This practice includes deploying the improved set of standard processes
across the organization. Deployment is managed to ensure that any disruption
to process performance is understood and minimized.

Relationship to other generic practices. At levd 2, improvementsto the
managed process are made as a result of taking corrective action

(GP 2.14), whereasthis practice focuses directly on improving the standard
and defined processes.

Capability Levell 3 - Defined, continued
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3.3 Improve Relationship to process areas. Processimprovement activities are

Processes described in Process Improvement (PA 21). Process assets are described in

(continued) Process Definition (PA 20). Information Management (PA 17) provides
guidance for storing, protecting, and sharing information. Measurement and
Anayss (PA 18) includes practices for establishing, collecting, storing and
analyzing measurement data
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Capability Level 4 - Quantitatively Managed

Level 4
Description

A quantitatively managed process is a defined (capability level 3) process that
is controlled using datistical and other quantitative techniques. Quantitative
objectives for process performance are used in managing process
performance. The capability of the process, in terms of the range of expected
performance results for selected attributes, is understood statistically. The
defined process has been stabilized by diminating specia causes of process
varigion. Expected performance is within defined control limits. The &bility of
the process to achieve quantitative performance objectives is understood.

Processes that are significant contributors to overall process performance
objectives are selected, and relevant measures are identified based on the
standard set of organizationa processes. Projectstailor the standard process
(asin capahility level 3) and establish the defined process. Additiondly,
however, projects select particular processes (or subprocesses) that are
relevant to the established measures, and sabilize them by bringing them
under statistical process control.

Measures and results from Satistically controlled processes are stored in an
organizationd repository, aggregated, and andyzed to derive a quantitative
understanding of the capability of the set of organizationa standard
processes, in relation to selected objectives and measures.

A main digtinction between a defined process and a quantitatively managed
process is the predictability of the process performance. With a quantitatively
managed process, the process has been stabilized and future performance of
the process can be predicted quantitatively. A defined process may only
provide quditative predictability. Note that the quantitatively managed
processis driven by satigticaly controlling only those particular processes
that are key to meeting established business objectives.
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Capability Level 4 - Quantitatively Managed, continued

Level 4 Goal The processis indiitutionalized as a quantitatively managed process.

Leve 4 Generic Practice
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4.1 Stabilize
Process
Performance

Select measures key to meeting business objectives and bring processes
relevant to those measures under Statistical process control.

Notes: The purpose of this practice isto stabilize the performance of one or
more processes that are determined to be key to meeting business
objectives. Stabilization supports predicting the ability of the process to
achieve the established business objectives.

Quantitative measures are determined (if not previoudy identified) and
processes are selected that are relevant to those key measures. The
measures can be tied to Strategic gods of the organization, the particular
needs and priorities of the customer, or the tactical needs of the
implementing unit. Whereas business objectives for the planned and
tracked process were determined at level 2, and for the defined process at
level 3, those objectives did not necessarily need quantitative measures
associated with them. At level 4, the objectives must be measured
Quantitatively.

The processes relevant to these measures are selected from the
organization’s set of standard processes. These are the processes chosen
for sabilization.

Projects bring the selected processes under statistical control. A stable
process shows no sgnificant indication of specia causes of process
variation. In other words, any specid causes of variation are andyzed and
corrective action identified to remove them. A processis under datistica
process control when its capability or range of expected resultsis defined
by a specific range, and the limits of variaion are predictable. The
quantitatively managed process is stabilized so thet it performs consigtently
within defined limits to achieve process outcomes.

If it is determined Satisticaly that established quantitative business
objectiveswill not be able to be satisfied, corrective action is taken such as
changing the objectives or ensuring that relevant stakeholders have a
quantitative understanding of, and have agreed to, the performance shortfall.

Capability Level 4 - Quantitatively Managed, continued
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4.1 Stabilize Relationship to other generic practices. Measuring process performance

Process isintroduced at capability level 2 (GP 2.12). Measurement results are

Performance stored in an organizationd repository as described in GP3.3. These results

(continued) are used for processimprovement and both the projects quantitatively
managed processes, and the organization’s set of standard processes are
improved using GP3.3.

Relationship to process areas. Guidance regarding measurement and
datistical process contral is provided in Measurement and Analysis (PA
18).
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Capability Level 5 - Optimizing

Level 5
Description

An optimizing process is a quantitatively managed (capability leve 4)
process that is changed and adapted to meet relevant current and projected
business objectives.

Optimizing performance is enabled by quantitative feedback from the
process and from piloting innovative ideas and technologies. A focus on
widespread, continuous improvement permestes the organization. The
organization establishes quantitative performance goas for process
effectiveness and efficiency based on its business gods.

Improvements focus on introducing changes to those processes that are
now under statistica control. These changes try to shift the expected
(mean) performance value by removing common causes of process
vaiaion, or introducing new technology. Performanceis optimizing asthe
organization strives to meet ever-dretching target levels set by the
organization for performance excellence.

Thisisthe highest achievement leve from the viewpoint of process
cgpability. The organization has established quantitative, aswell as
qualitative, gods for process effectiveness and efficiency, based on long-
range business strategies and goas. Continuous process improvement
toward achievement of these goas using timely, quantitative performance
feedback has been established. Further enhancements are achieved by pilot
testing of innovative ideas and planned insertion of new technology.

The primary digtinction between a quantitatively managed process and an
optimizing process is that the optimizing process is continuoudy improved
by addressing common causes of variation. A quantitatively managed
process is concerned with addressing speciad causes of process variaion
and providing gatigtica predictability for the results. Though the process
may produce predictable results, the results may be insufficient to achieve
the established objectives. An optimizing processis concerned with
addressng common causes of process variation and changing the process
to improve process performance (while maintaining satistica predictability)
to achieve quantitative performance objectives.
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Capability Level 5 - Optimizing, continued

Level 5 Goal

The processisinditutiondized as an optimizing process.

Level 5 Generic Practice

5.1 Pursue Process Pursueimprovement to the performance of gatigtically managed processes

Optimization

based on business objectives, innovation, and remova of common
problems.

Notes: The purpose of this practice isto introduce and evauae
improvements that change the process (i.e., shift the mean of the process
performance) to achieve established business objectives. The
improvements may be basaed on incremental organizationa improvements or
on innovations such as new technologies (perhaps as part of pilot testing).
Improvements will typically be driven by the goas established & leve 4,
based on targets vaues that stretch beyond the control limits established at
leve 4.

Removing sources of common variation in the organization' s standard
processes is a continuation of specia cause variation remova begun &t leve
4. Once disasters are prevented (pecia causes) then common variation
can be squeezed out, and efforts to “move the mean” or expected outcome
towards higher business vaue will be much more meaningful and results
obvious, fagter.

Relation to other generic practices: Theinformation learned from
managing individua projects is communicated back to the organization for
anadysis and deployment to other applicable areas usng GP 3.3.

Relationship to process areas. Practices pertaining to technology changes
and innovation are described in Innovation (PA 23). Measurement and
Anayss (PA 18) practices provide guidance for measuring and analyzing
process changes.
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Chapter 5: Process Areas and
Base Practices

Purpose of this This chapter contains the process areas and their base practices.
chapter
In this chapter The following table provides a guide to the information found in the chapter.

Process Areas - Overview, Sources, and Format
PA 00 Integrated Enterprise Management
PA 01 Needs

PA 02 Requirements

PA 03 Design

PA 04 Alternatives Andysis

PA 05 Outsourcing

PA 06 Design Implementation

PA 07 Integration

PA 08 Evaudtion

PA 09 Deployment, Trangtion, and Disposal
PA 10 Operation and Support

PA 11 Project Management

PA 12 Supplier Agreement Management
PA 13 Risk Management

PA 14 Integrated Teaming

PA 15 Quality Assurance and Management
PA 16 Configuration Management

PA 17 Information Management

PA 18 Measurement and Andysis

PA 19 (reserved for future use)

PA 20 Process Definition

PA 21 Process Improvement

PA 22 Training
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PA 23 Innovation
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Process Areas - Overview, Sources, and Format

Overview The 23 process areas of theiCMM can be grouped into three categories.
management processes, life cycle processes, and support processes. These
groupings are depicted below.

M anagement Integrated Enterprise Management

Processes

Project Management

Risk Management
Supplier Agreement M anagement
Integrated Teaming

Life Needs
Cycle Requirements Deployment, Transition, Disposal
Pr ocesses Design Integration
Design Implementation Operation and Support
Evaluation
Support Outsourcing Alternatives Analysis Measurement and Analysis
Processes
Quality Assurance Configuration Management Information Management
And Management
Process Definition Process Improvement Training Innovation

Figure 5.1 Process Areas of the iCMM
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Process Areas - Overview, Sources, and Format, continued

Overview
(continued)

The management processes are used to set vision, goals, strategy, and
direction. Management processes initiate, align, plan and track activities
that will accomplishthe objectives of the enterprise, organization, project,
or team. They oversee the execution of the other processes in the modd.

Thelife cycle processes are used to develop, maintain, trangition, and
operate a product or servicein order to provide and sustain the services
that a customer or stakeholder needs. These processes cover the typical
life cycle of a product or service.

The support processes are used by other process areas when needed and
contribute to the success and qudity of al the processes.

In the sections that follow, each process area is presented. Although each
process arealis described separately, there are many relationships among
the process areas, and these are explained in each process area description.

Process Area
Sour ces

For verson 1.0: TheiCMM v1.0 process areas were derived and
adapted from the following sources:

Sysems engineering: SEECMM v1.0 [SE-CMM]
Software engineering: SW-CMM v1.0 [SW-CMM 93]
Acquisgtion: SA-CMM v1.01 [SA-CMM 96]
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Process Areas - Overview, Sources, and Format, continued

Process Area For verson 2.0: TheiCMM v2.0 process areas have been derived and
Sour ces adapted from the following sources:
(continued)

Systems engineering, software engineering, acquisition: FAA-
ICMM verson 1.0 [FAA-ICMM 97]
Organizational excellence: President’ s Qudity Award [PQA] and
Macolm Baldrige National Qudlity Award criteria[MBNQA]
Quality management: 1SO 9001:2000 [1SO 9001], SO 9004:2000
[1SO 9004]
Systems engineering: EIA/IS731[EIA/IS 731], ISO/IEC CD 15288
[ISO/IEC CD 15288], EIA-632 [EIA-632], CMMI-SE/SW/IPPD
v1.02 [CMMI-SE/SW/IPPD]
Software engineering: 1SO/IEC 15504 [ISO/IEC TR 15504],
|SO/IEC 12207 [|[EEE/EIA 12207], CMMI-SE/SW/IPPD v1.02
[CMMI-SE/SW/IPPD]
Acquisition: SA-CMM v1.02 [SA-CMM 99], CMMI-A (draft)
[CMMI-SE/SWI/A]
Integrated product devel opment: CMMI-SE/SW/IPPD v1.02
[CMMI-SE/SW/IPPD], IPD-CMM v 0.98 [IPD-CMM]

For verson 1.0, mapping tables at the practice level were included as part
of each process area description.

Due to the length of some of these tables, for version 2.0 al mapping tables
arein Appendix D and its supplement.
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Process Areas - Overview, Sources, and Format, continued

Process Area
Format

The generd format of the process areasis shown in Figure 5-2.

The summary description contains a brief overview of the process area,
including its purpose, magor points addressed, gods, relationships, and alist
of its base practices. Mg or source models and standards contributing to
each process area are ligted in the summary aswell. However detailed
mapping information is located in Appendix D.

A base practice summarizes afundamental essential characteristic of
performing a process that meets the intent of the process area, as expressed
initspurpose. Each base practice is described in detail following the
process area summary.

Although these PAs are described separately, they are interrelated and
together contribute to the creation of sound processes across the enterprise.
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Process Areas - Overview, Sources, and Format, continued

Figure 5-2 provides the general format of the process areas (PAS) and
describes the content of each part.

PA#: PATIitle

Process Area
SUImmary

Purpose

Major points
addr essed

Goals

Notes

Relationships
between this PA
and other PAs

Base practices
list

<PAXx, where xx is a unique integer associated with this PA: >
<title describes the primary topic of the process area>

The purpose of <PA Title> is <statement of contents and
purpose of the PA>

<summarizing statements providing an abstraction of process
area activities>

<list of godsthat summarize an expected Sate to be achieved if
the purpose is met and the process areais successfully
implemented, with mappings to base practices (BPs) that
support achievement of each goal>

<additional explanatory information>

<notes on relationships between different PAs or other
practices>

BP#: <tag> <base practice statement>
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Process Areas — Overview, Sources, and Format, continued

BP# BPTitle

Statement

Description

Typical Work
Products

Notes

Additional
Practice
Guidance

<BPxx.yy where xx isthe PA number, and yy isthe base
practice number> <phrase that captures primary topic or
issue addressed by the base practice>

<imperative, verb-object statement that describes an
essentid element for attaining the purpose of the PA>

<elaboration of the base practice statement and guidance
that would be useful for those implementing the practice>

<list of genericaly named typica work products that are
examples of what outputs could resut from implementing
the practice>

<elaboration on concepts and use of the base practice,
conceptua examples, potentia techniques, methods,
guidance, etc. Content varies from BP to BP>

<additional practices from source modds and standards
that relate to this base practice characteristic, but that may
go beyond what is considered base or essential>

Figure 5-2. Process Area Format
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PA 00: Integrated Enterprise Management

Process Area Summary

Purpose

The purpose of the Integrated Enterprise Management process area is to establish the vision,
mission, vaues, gods, and objectives of the enterprise; establish and maintain srategic plansto
accomplish gods and objectives; initiate and monitor projectsactivities to advance the business
of the enterprise; evauate performance relative to goas and needs; and enable individuasto
function effectively by sharing a common understanding of enterprise vison, culture, and goals.

Major points addressed

Integrated enterprise management involves establishing, maintaining, and communicating the
enterprise vison, misson, vaues, goa's, and measurable performance objectives. The
enterprise is digned through unification of goas and condgstency of actions among organizationd
unitsin support of these gods. Leadership is exercised through structures and mechanisms for
decison making and for reinforcing values, expectations, and behaviors. Strategic plans are
edtablished for the major functions and operations of the enterprise and for establishment of
performance gods linked to generd gods and objectives. Supporting strategies at various
organizationd levels of the enterprise are established as gppropriate. Action plans are
established to accomplish those things that must be done for the Strategy to succeed, and a
performance management system is established. Projects areinitiated, adequately resourced,
and their progress monitored to confirm continuing contribution to achievement of objectives.
Through integrated enterprise management, business and technica disciplines work
collaboratively to accomplish enterprise-wide goas and performance objectives.

Goals

1. Vidon, misson, vaues, performance goals and objectives are established, maintained, and
communicated to al employees. (BP 00.01, BP 00.02, BP 00.07)

2. Strategies are developed and projects are launched that visibly support goa achievement.
(BP 00.03, BP 00.04)

3. Projects are continued, changed, or terminated based on performance, within the capability
of the organization, and with acceptable risk and potentia benefit to the organization. (BP
00.05, BP 00.06).

Notes

In this process areg, the term enterprise refers to one or more organizations with a set of goas
and objectivesto offer products and/or services. Thusthe practices are gpplicable at an
enterprise or organizationa leve, e.g., they may be applied to an entire top-leve enterprise, a
line of business, adirectorate, adivison, or any one or more organizations to which the above
gods are germane. However, the process area pertains to management of a unit comprised of
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subordinate units that perform subsets of the enterprise misson, gods, and objectives, and thus
pertains to management above the project leve.

Relationships between this PA and other PAs

The Needs process area (PA 01) provides customer and stakeholder input to the establishment
of mission and strategy, and to Strategic decisions regarding whether projects should be initiated
or continued. The Innovation process area (PA 23) provides insights on new available

technol ogies to support establishment of Strategic vison.

Integrated teams are created and empowered to meet organizationa performance godsusing
the practices of Integrated Teaming (PA 14). The Integrated Enterprise Management process
area activities provide an approva mechanism (e.g., approved statement of need) to initiate
requirements development activities (PA 02). Project Management (PA 11) activitiesare
initiated, continued, or terminated as aresult of the Integrated Enterprise Management process
area. The practices of Alternatives Andysis (PA 04) offer guidance on using a structured,
disciplined decision process for selecting the areas or projects to be pursued. Projects provide
information on performance to the Integrated Enterprise Management process area, and receive
resources as aresult of PA 00 practices. The work environment to support achievement of
goasisimproved and managed using the practices of Innovation process area (PA 23). The
processes used in pursuit of god achievement are defined and improved using the practices of
Process Definition (PA 20), Process Improvement (PA 21), and Quality Assurance and
Management (PA 15). Ways to establish the learning environment to support achievement of
gods are described in Training (PA 22). The Risk Management process area (PA 13) provides
guidance for assessing risks associated with products, services, and operations. The
Measurement and Analysis process area (PA 18) supports measurement and analysis of
performance gods. If gods are established pertaining to suppliers and/or partners, the Supplier
Agreement Management process area (PA 12) provides input for performance evauation.

Base practices list

BP 00.01 Establish and maintain strategic vision. Establish, maintain, and
communicate adrategic vison thet identifies long-term godss, vaues,
performance expectations, and core activities.

BP 00.02 Align to achievethevision. Align the enterprise to operate efficiently and
consgtently to achieve the vison.

BP 00.03 Establish and maintain strategy. Establish and maintain the enterprise
drategic plans that identify business objectives to be achieved, areas of business
to be pursued and their interreationships, and the sgnificant godsto be
accomplished.

BP 00.04 Develop and deploy action plans. Establish, integrate, and deploy tactica
action plans to accomplish sirategic objectives.

BP 00.05 Review performance. Review performance relaive to goals and changing
needs across the enterprise.

BP 00.06 Act on resultsof review. Trandate performance review findingsinto action.
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BP 00.07 Fulfill public respongbility. Address the impacts on society of planned
activities, products, services, and operations, consdering regulatory and lega
requirements and risks associated with products, services, and operations.

FAA-iICMM Version 2.0 September 2001 5-PA 00-3



BP 00.01 Establish and maintain strategic vision

Egtablish, maintain, and communicate a srategic vison that identifies long-term gods, values,
performance expectations, and core activities.

Description

Set organizational misson, vaues, performance expectations, core activities and long term gods
that build and sustain an organization conducive to high performance, individud and
organizationd learning, empowerment, and innovation. Cregate directions, clear and visble
vaues, and high expectations. Define product lines and core activities that support the
organization’s drategic vison. Communicate the vison to dl dements of the organization, so
that expectations are understood. Maintain the vision by evauating its use and currency, and
updating it as needed.

Typical Work Products
- draegicvison
evauations of the Srategic vison
long-term gods
performance expectations
vaues
core activities
product lines
communication plan

Notes

Take into account and balance the needs of key stakeholders (customers, employees, suppliers,
partners, Congress, the public, and the community) when establishing a shared Strategic vison.
Typicd vauesinclude projecting a strong customer focus, encouraging improvement and
innovation, enhancing customer vaue, including the vaue of people, and emphasizing integrated
multidisciplinary teeamwork et al organizationd levels. Vaues should hep quide dl activities and
decisons of the organization.

Articulate the vison in sufficient detall to provide criteria againgt which the organization’s
operations can be evaluated.

Performance expectations may relate to customer satisfaction, product and service
performance, financid, marketplace performance, mission accomplishment, human resource
results, supplier and partner results, operationd performance, and organizationa effectiveness.
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Performance gods are targeted levels of performance expressed as measurable objectives
againgt which actua achievement can be compared.

When defining product lines and core activities, condder the organization’s strengths,
weaknesses, the competition, potential market Size, and available technologies. Defined
product lines enable a more effective reuse goproach and alow investments with high potentia
payoffs.
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BP 00.02 Align to achieve the vision
Align the enterprise to operate efficiently and consstently to achieve the vison.

Description

Align the enterprise to support and operate consstently in pursuit of the vison. Establish
infrastructure and leadership systems for decison making, priority setting, and reinforcement of
vaues, expectations, and behaviors. Define empowerment and conflict resolution methods.
Provide incentives to employees to contribute to the vison and strategy of the organization.
Operate by action and example to achieve the vision.

Typ| cal Work Products
leadership system
unified gods
conflict resolution methods
issue resolution methods
organization charts
guiddines for empowerment and decision making (for teeams and individuas)
management structure
behaviora expectations
monetary and nor- monetary incentives

Notes

Alignment refers to unification of goa's throughout the organization and consistency of
processes, actions, information, and decisions among organizationa units in support of these
gods. Effective aignment requires common understanding of purposes and gods and use of
complementary measures and information to enable planning, tracking, anadysis, and
improvement at severd organizationd levels. Alignment ensures that improvement and learning
reinforce organizationd priorities. Operating to achieve the vison requires clear understanding
of thevison by dl employees and other stakeholders.

Ensure the cregtion of drategies, systems, and methods for achieving the vison.

Effective gpproaches to high-performance work generaly include cooperation between
management and the workforce, cooperation among work units, saf-managed/saf-directed
responsbility or empowerment, individua and organizationd learning and skill building, flexibility
in job design and work assignments, decentralized decison making, regular use of performance
measures, and use of monetary and non-monetary incentives.

Emphasize integrated multidisciplinary teamwork at dl organizationd levels when gpplicable.
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BP 00.03 Establish and maintain strategy

Egtablish and maintain the enterprise strategic plans that identify business objectives to be
achieved, areas of business to be pursued and their interrelationships, and the significant goasto
be accomplished.

Description

Develop a gtrategy and strategic plan. Identify Strategic objectives with atimetable for
accomplishing them. Use the practices of Alternatives Analyss (PA 04) to evaluate various
options to determine how well they respond to factors most important to performance and
mission accomplishment.

Typ| cal Work Products
strategy
drategic direction
drategic plans
business objectives

Notes

Strategy development refers to the gpproach to a future-oriented basis for business decisons,
resource alocations, and management. Various types of forecasts, projections, options,
scenarios, or other approaches might be used to address the future.

Examples of key factorsto consider in setting strategic direction include:
customer and market/misson needs/expectations, including new product/service
opportunities to meet needs
customer satisfaction
competitive and misson environment and capabilities, including use of new technology
financid, societd, and other potentid risks
human resource capabilities and needs
operationa capabilities and needs, including resource availability
supplier and/or partner capabilities and needs

Strategy may be built around any or dl of thefallowing: new products, evolution of existing
product lines, services, and markets; revenue or mission growth; cost reduction; business
acquisitions, new programs or missions, and new partnerships and aliances. Strategy might be
directed toward becoming a preferred supplier, alow-cost producer, a market innovator,
and/or ahigh-end or customized service provider. Strategy might depend upon or require
developing different kinds of capabilities, such as rapid response, customization, market
undergtanding, lean or virtuad manufacturing, relationships, rapid innovation, technology
management, leveraging assats, business process excellence, and information management.
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Successful management of the overal enterprise requires looking at the organization as awhole
and focusing on what isimportant to the whole enterprise. Risks associated with various
strategies should be considered.

Strategic plans a lower organizationd levels, as gpplicable, dign with higher-level strategic
plans.
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BP 00.04 Develop and deploy action plans
Establish, integrate, and deploy tactica action plans to accomplish strategic objectives.

Description

Edtablish tactica action plans for each business area that identify the short-term objectives
which contribute to achieving strategic objectives, and the projects or activities that will be
undertaken to accomplish these objectives. Prioritize opportunities and ensure consistency with
the strategic objectives. Identify expected outcomes and key performance measures and/or
indicators for tracking progress relative to plans. Deploy the plans by initiating or continuing
identified projects, alocating resources to ensure accomplishment of plans, and communicating
action plans and performance measures/indicators. Assure alignment and consistency in order to
provide a basis for setting and communicating priorities for ongoing activities.

Typical Work Products
- ation plans
tacticd plans
key performance measures and/or indicators
alocated resources
initiated, continued, or terminated projects
agreements to supply services
response to request for services
response to request for proposal
fiscd year plans

Notes

Activitiesinclude projects that provide products, services, and operations. Identify any multi-
project interfaces that must be managed or supported by the project. Thisincludes the use of
enabling systems used by more than one project and the use of common system elements by
more than one project.

Action plansrefer to plans derived from strategic plans that make generd strategies and gods
gpecific S0 effective understanding and deployment are possible. Deployment of action plans
requires analyss of overal resource needs and creetion of aligned measures for al activities.
The activities of the Measurement and Analysis process area (PA 18) support creating aligned
measures.

Decisons made regarding initiation or continuation of projects and activities may result in the
supplying organization responding to arequest for services or arequest for proposal.

Action plans may be developed to dign achievement with periodic review and funding cycles,
such as by fisca year.

FAA-iICMM Version 2.0 September 2001 5-PA 00-9



BP 00.05 Review performance
Review performance relaive to goas and changing needs across the enterprise.

Description

Specify reporting requirements and review milestones that will govern performance review. Use
key performance measures as part of regular review, and include employee feedback. Evduate
ongoing activities and projects to confirm that they are making progress towards achieving
established goals, are complying with project directives, are being conducted according to
edtablished plans, and remain viable. Assess organizationd hedth, competitive performance,
and progress relative to changing needs. Review vison, misson, and dignment mechanisms.

Typical Work Products
performance results
review results
project evauations

Notes
Examples of criteriafor evauating project viability are the continuing need for the product or
sarvice, feasible and practical implementation, and acceptable investment benefits.

Performance refers to results that permit evauation and comparison relative to gods, sandards,
or past results. Results may commonly address qudlity, efficiency, or effectiveness. Examples
of organizationa performance include operationd, customer-reated, financia, and
mission/program results. Operationd performance may pertain to cycle time, productivity, or
waste reduction. Customer-related performance may pertain to rdiability, on-time ddivery,
defect leves, service response time, customer retention, complaints, survey results, or changes
in demand for products and services. Financid performance may pertain to asset utilization,
asset growth, value added per employee, cost savings and cost avoidances. Misson/program
performance may pertain to non-financia measures used to assess success in achieving purpose,
gods, and objectives.

Supplier performance may aso be reviewed to include measures of supplier- and partner-
provided products and services used by the organization in developing fina products and
sarvices, and services provided by contractor employees working within the organization but
supervised by the contractor. The practices of the Supplier Agreement Management process
area (PA 12) may provide input to this review.
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BP 00.06 Act on resultsof review
Trandate performance review findingsinto action.

Description

Trandate performance review findings into priorities for improvement and deploy them
throughout the organization and, as appropriate, to suppliers/partners and key customers to
ensure organizationd aignment.

Act to continue or redirect projects that are satisfactorily progressing or can be expected to
progress satisfactorily by appropriate redirection. Where agreements permit, take action to
cancel or suspend projects whose disadvantages and/or risks to the organization outweigh the
benefits of continued investments.

Use organizationd performance review findings and employee feedback to improve leadership
effectiveness and the effectiveness of management throughout the organization.

Typical Work Products
plans for improvement
project redirection
project cancellation or suspension

Notes
Prepare a plan for effecting improvements and changes, and assign and track the execution of
the plan to change agents.
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BP 00.07 Fulfill public responsbility

Address the impacts on society of planned activities, products, services, and operations
consdering regulatory and legd requirements and risks associated with products, services, and
operations.

Description

Anintegra part of performance management and improvement is proactively addressing legd
and regulatory requirements and risk factors. Addressing these areas means establishing
appropriate measures and/or indicators for tracking during performance review. Public
responsibility includes ensuring ethical business practicesin al stakeholder transactions and
interactions.

Typical Work Products
results of regulatory or legad compliance reviews
environmenta improvements
rsk assessments

Notes
This practice dso addresses sengitivity to issues of public concern whether or not these issues
are currently embodied in law.

Examples of fulfilling public responghility incdlude community involvemert in educetion, hedth
issues, and environmentd concerns.

Examples of impacts and risks associated with products, services, and operations include those
related to hedth, safety, environment, and security.

Additional Practice Guidance
Encourage employee community service
Identify, support, and strengthen key communities
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PA 01: Needs

Process Area Summary

Purpose

The purpose of the Needs process areais to dicit, andyze, clarify, and document evolving
customer and other stakeholder needs and expectations, and to establish and maintain
communication with the customer and other stakeholders throughout the life cycle to assure a
continuous undergtanding of what will satisfy those needs.

Major points addressed

The success of an organization depends on understanding and satisfying customer and other
stakeholder needs and expectations. The Needs process area focuses on customers and other
gakeholders and on establishing, building and maintaining a relationship with them so current
and future needs and expectations are proactively determined and understood. As products
and services are provided to customers and used, their satisfaction is determined and monitored
to ascertain if needs have been met and to provide input to the expression of new or evolving
needs.

The Needs process areainvolves identifying the customer and other stakeholders and engaging
them in an ongoing dia ogue designed to understand current and future needs and expectations.
These needs are andyzed in the operationa environment and in relation to current cgpability to
derive a concept of how a potential product or service will behave or operate when in use.
Needs are expressed in away that the customer and other stakeholders understand and that
provides the basis for agreements between the customer and those supplying products and
services to satisfy needs.

Customer and other stakeholder needs change over time. Organizations need to have a
mechanism in place to incorporate such changes into current and future products and services.

Goals

1. A satement of customer and other stakeholder needs and expectations is established
and maintained. (BP 01.01, BP 01.02, BP 01.03, BP 01.04)

2. Theinteraction of needed products and services with users in the intended environment is
described. (BP 01.02, BP 01.03, BP 01.04)

3. Communication with the customer and other stakeholdersis established and maintained.
(BP01.05, BP 01.06)

4. Customer satisfaction with products and servicesis determined and monitored. (BP 01.06)
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Notes

“Customer,” as used here, denotes either adirectly contracted customer or a customer
surrogate who represents a particular market or user segment. The customer may be externa or
internd to the organization. Customers are purchasers or users of end products and services.
When the term customer is used done it usudly refers collectively to “customers and other
dakeholders’. “ Stakeholders’ are individuas or organizations interested in the success of a
product or service. Examples of stakeholders are customers, devel opers, operators,
maintainers, unions, and management.

Relationships between this PA and other PAs

When the Needs PA establishes an expression of anew potentia problem to be solved, further
efforts to meet these needs are initiated according to the practices of the Integrated Enterprise
Management process area (PA 00), which assures dignment of stated needs with enterprise
gods, objectives, priorities, and resource availability. Needs so “approved” become input to
the Requirements process area (PA 02).

As the problem to be solved becomes more clearly understood, the Needs process areais
performed iteratively with the Requirements and Design process areas PA 02 and PA 03. The
gtatement of needs and expectationsis basdined and controlled using the practices of the
Configuration Management process area (PA 16). It formsabasisfor the development of
requirements in the Requirements process area (PA 02). The practices of the Alternatives
Analysis process area (PA 04) can be used to resolve conflicting needs and expectations.
Customer satisfaction can be determined using practices of the Measurement and Andysis
process area (PA 18). Customer satisfaction information is useful in measuring performance of
aquaity management system as described in Quadity Assurance and Management (PA 15). It
isaso used asinput for management review and action at the enterprise or project leve (via
Integrated Enterprise Management (PA 00) or Project Management (PA 11)). Products and
services are validated in the operationa environment to assure that customer needs and
expectations are met using the practices of Evauation (PA 08). Practices of the Integrated
Teaming process area (PA 14) are useful in coordinating and communicating with the customer
and other stakeholders. Demondtrations of potentid new technologies as aresult of the
Innovation process area (PA 23) are ways of dliciting needs. Practices of Operation and
Support (PA 10) are useful in establishing mechanisms for receiving customer satisfaction
information.

Since this process area supports the dialogue between product and service providers and the
customer, al other process areas will useit to communicate with the customer throughout the
lifecyde

5-PA 01-2 September 2001 FAA-iCMM Version 2.0



Base practices list

BP 01.01
BP 01.02

BP 01.03

BP 01.04

BP 01.05

BP 01.06

| dentify customersand stakeholders: Identify customers and stakeholders.
Elicit needs. Elicit customer and other stakeholders needs, expectations, and
measures of effectiveness,

Analyze needs. Andyze needs and expectations in the context of the intended
operationd environment.

Establish and maintain a statement of need: Edablish and maintana
statement of customer and other stakeholder needs and expectations that is
understood and agreed upon by the customer and other stakeholders.
Communicate with customers. Communicate and interact with customers and
other stakeholders throughout the life cycle to assure a common understanding
of the status and disposition of needs, expectations, and measures of
effectiveness.

Determine customer satisfaction: Determine customer satisfaction with
products and services.
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BP 01.01 | dentify customers and stakeholders
Identify customers and stakeholders.

Description

Identify customers and other interested parties, individua stakeholders, or stakeholder classes
who have an interest in the problem to be solved. These may include, but are not limited to,
users, supporters, developers, producers, testers, trainers, maintainers, disposers, acquirer and
supplier organizations, regulatory bodies, unions, members of society, and others who may be
affected by, or may affect, the potential product or service throughout itslife cycle. Where
direct communication is not practica, representatives or designated proxy or surrogate
stakeholders are selected. Criteria are determined and used for customer and other stakeholder
selection when appropriate. Potentia stakeholders are dso identified. Thelist of customers and
gakeholdersis likely to evolve as the context of the problem becomes more fully understood
and throughout the different phases of the life cycle.

Typ| cal Work Products
list of customers or customer groups
list of market segments
list of stakeholders or stakeholder classes
list of interested parties
criteriafor customer and stakeholder sdlection
roles and respongibilities of customers and stakeholders
demographics of people who would operate, maintain, and support the needed product or
service

Notes

Interested parties may include people in the organization, owners/investors, shareholders,
individuas or groups including the public sector that have an interest in the organization,
suppliers and partners, the community, and the public affected by the organization.

Surrogates may include, for example, customer rdations, marketing, or human factors
engineering parts of the organization.

Statigticd sampling may be used to identify a representative group when thereis alarge number
of customers or stakeholders.

Customers and other stakeholders are the sources for icitation of needs, the sources of
product and service satisfaction measures, and the contacts for communication throughout the
life cycle. Customers determine whether products and services are satisfactory in mesting their
needs (see also BP 01.06).
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BP 01.02 Elicit needs
Elicit cusomer and other stakeholders needs, expectations, and measures of effectiveness.

Description

Frequently, customer and other stakeholder needs and expectations are poorly identified or in
conflict. Both customer and supplier satisfaction depend critically on the clear identification of
customer and other stakeholder needs, expectations, and limitations. An iterative process of
iciting, ligening, and learning is usad throughout the life cycle to accomplish this. Elicitation
involves discovering needs that the customer may not immediately recognize or express. Needs
may be uncovered through andyss of projected service capability shortfdls or by
demondtration of potentia new technologies or research results. Sources of needs,
assumptions, rationae, and the value placed on satisfaction of the need are recorded. Measures
of effectiveness, such as expected technica performance or operationd suitability, are identified
so that customer satisfaction or acceptance of products or services provided can be measured
and assessed accordingly. Environmentdl, regulatory, legd, and other congtraints that may be
externa to the customer must o be identified when establishing the set of needs.

Typ| cal Work Products
needs, expectations, and congraints
technicd performance measures
performance measures
human system performance measures
measures of suitability
parameters to eva uate effectiveness
trouble reports
problem reports
issues or conflicts
assumptions, sources of needs, and vaue placed on satisfaction of need
judtification and rationae for needs
satifection criteria
suitability and effectiveness attributes

Notes

Needs may be identified through andlysis of supply and demand of services, and identification of
possible capability shortfals. Needs may be stimulated from customers by such means as
demondtrating new technology, new opportunities, or improved ways for solving operationd
problems. Results of human factors engineering andyses, studies, or research can be used to
didt needs. Needs may be established from mandates. Operationa and customer satisfaction
data are sources for current and evolving needs.

Needs may include staff expectations for recognition, work satisfaction, competencies and
development of knowledge.
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Measures of effectiveness may be thought of as satisfaction criteria and they may include
indicators of customer satisfaction, or financid and other results that satisfy the identified needs
and expectations of owners and investors. Sometimes actud vaues for measures are identified
early on, but more typicaly specific vaues are derived when formalizing needs into requirements
using the practices of the Requirements process area (PA 02).

A vaigty of didting, ligening and learning srategies may be used, depending upon the type and
sze of the organization and other factors. Some examples are;
rapid innovation and field trids of products and servicesto better link research and
development and design to market needs and/or mission requirements
close tracking of technologica, competitive, societd, environmental, economic,
demographic and other factors that may bear upon customer needs, expectations,
preferences, or dternatives
seeking to understand, in detail, customers  vaue chains and how they are likdly to change
use of critica incidents, such as accidents or naturd disaster, to understand key service
attributes from the point of view of customers
interviewing former customers to determine the factors they use in their purchase decisions,
and won/lost and/or comparative analyss relative to competitors and/or smilar
organizations
post-transaction follow-up contacts with customers
andyss of mgor factors affecting key cusomers
research, studies, and analyses of customer’s performance and system performance with
typicd customers
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Examplesof techniquesto dlicit needsinclude:
Joint Applications Design (JAD) meetings
technology demondtration
presentation of research, study, and andysis results
andysis of customer satifaction data
review of trouble reports
interface control working groups
technica control working groups
focus groups
interim program reviews
guestionnaires, interviews, operationa scenarios obtained from users
prototypes, modds, and smulations
brangorming
Qudity Function Deployment (QFD)
market surveys
beta testing
extraction from sources such as documents, standards, or specifications
observation of exigting systems, services, environments, and workflow patterns
information modding
storyboards
use cases
business case analyss
reverse engineering (for legacy products)

FAA-iCMM Version 2.0 September 2001 5-PA 01-7



BP 01.03 Analyze needs
Andyze needs and expectationsin the context of the intended operationa environment.

Description

The operationa context for the customer need is described including externd entities,
interactions, boundaries, and properties of the gpplication domain. Then the needed product or
serviceis described in this context to understand its purpose and expected behavior. Analyses
are performed to determine what impact the intended target environment will have on the ability
to satisfy the customer’ s needs and expectations. Feasibility, mission needs, cost condraints,
potential market Size, human performance, safety, security, environmenta needs, etc., must be
taken into account, depending on the product or service context.

Operationa scenarios are developed to depict events expected to occur when using the product
or service to achieve agoal. By reviewing the needs in the context of operationd scenarios,
implicit and undated needs are made explicit. Initia operationa concepts are developed to
describe how the potentid product or service will be used in the operationd environment, how it
will affect users and maintainers, and the generd desired capabilities it should possess.
Operational scenarios and concepts express what the customer expects to be true when the
products and services are utilized. As the problem becomes more fully understood, operationa
concepts are refined with the stakeholders to provide a more detailed view of the interaction of
the product or service, the user, and the environment that satisfies the operationa need. New
needs may be discovered through this refinement process. As part of this activity, parameters
that will be used to evaduate effectiveness and suitability are refined. Understanding the
operational context is critical, Snce products and services are vaidated based on their use in the
intended environmen.

Typ| cal Work Products
operational concept
ingalation, maintenance, support, and disposa concepts
new needs
refined needs
additiond issues
use cases
context diagrams
operationa scenarios
usability parameters
user interaction sequences
maintenance operationa sequences
smulations
externa interfaces
system cost objectives
effectiveness, suitability, usability and technica parameters
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market- segment description
storyboards

Notes
It is often necessary to help the customer formulate complete concepts. The customer's needs
and expectations should be probed to ensure they are adequetely understood.

Expression of operations, logistics, support, maintenance, and training consderations are ways
to capture needs.

Define use sequences to identify a complete set of services for different operational scenarios
and environments. Anayze the socia and organizationd influences on users, operators, and
maintainers that could affect use or constrain design. Anayss includes identifying and studying
the activities that users perform to achieve product or service gods, the relevant characterigtics
of end-users (e.g. expected training, degree of fatigue), the physica environment (e.g. avalladle
light, temperature) and any equipment to be used (e.g. protective or communication equipment).
Anayze the operation of the system in its intended environment to identify needs and
expectations that may not have been formaly identified by any of the stakeholders, for example,
legd, regulatory and socid obligations.

Anayze the ability of humansto interact with the product or service. Determine aset of
usability parameters, andyzing human performance and human system interactions. Specify
criteriafor acceptable ease of use, efficiency of use and the extent to which the operator or user
errors need to be prevented or mitigated. Use applicable standards and accepted professional
practicesin order to define:
- physica and cognitive cgpabilities and limitations

work place, environment and fecilities

normal, unusua, and emergency conditions

operator and maintainer training

integration of human performance into system design and operations

safety critica human actions and how the consequences of error are addressed

opportunities for automation to enhance the performance of operators

A detailed operational concept may include scenarios that describe the environmenta
conditions, usage rates, expected inputs (stimuli) and outputs (responses). The behavior of the
product or service may be organized by states (e.g., initid and fina), modes of operation, and
time sequences. Scenarios describe the behavior that meets the customer’ s operational need,
and any exceptiond behavior that may be caused by the environment, errors, or faults.

Examples of methods used to andyze needsinclude:
Qudity Function Deployment (QFD)
early comparability anayss
trade studies
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mathematical techniques (design of experiments, sengtivity andys's, timing, Szing, Monte
Carlo amulation)

prototypes
customer vaue determination cycle

Examples of activities to develop a detailed operational and maintenance concept include:
- conduct atask andyss
andyze historica usage and performance
conduct research on operations and maintenance procedures
evauate training costs and results
develop a prototype of the user interface and capture descriptions of user interaction
develop a system smulation or prototype

Additional Practice Guidance

- |dentify needs and expectations that could affect safety. These include methods of
operations, maintenance, and support, health and safety, threats to property and
environmentd influences. Applicable standards and accepted professond practices are
used.
Andyze dl gpplicable areas of security, including information, physica, procedurd,
communications, computers, and emissons. Identify functions that could impact the security
of the product or service, including access and damage to protected personnd, properties
and information, compromise of sengtive information, and denid of approved accessto
property and information. Identify needed security functions, including mitigation and
containment, referencing applicable standards and accepted professond practices where
mandatory or relevant.
Anayze and identify stakeholder needs and expectations that relate to other critica
performance properties or attributes.
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BP 01.04 Establish and maintain a statement of need

Establish and maintain a satement of customer and other stakeholder needs and expectations
that is understood and agreed upon by the customer.

Description

The various needs and operational views from the customer and other stakeholders are
consolidated and reviewed for consstency, unambiguity, clarity, and completeness. Any
missing information is obtained, needs are prioritized, conflicts are resolved, and the results are
documented and basdlined as the recognized statement of needs, expectations, and congtraints.
The statement of need should identify the needed operationa or functiona capability, gods,
objectives, purpose of the potential product or service, rationae, relationship to enterprise goals
and objectives, sources, expected benefits, congraints, timeframe, and criticdity. The Statement
of need may include needs and expectations with regard to vaidation. The customer and other
stakeholders vaidate this statement by concurring that the description of needs, results of
anaysis, and operational views are expressed correctly and that they adequately capture and
address their needs and expectations. The statement of need is expressed in terms the customer
understands, and is used to derive requirements for products and services that are traceable
back to customer needs. This practice dso assures that the statement of need is maintained and
continues to represent changes that may result from new conditions or changing technology.

The statement of need forms the basis for validating products and services, to confirm that they
fulfill stated needs in the operationda environment.

Typ| cal Work Products
statement of need
vaidated needs
operationd views
definition of customer terms
mission need statement
problem statement
agreements and commitments
methods of validating needs
description of operationd problem
revalidated needs

Notes

Conflicts that may have been identified during elicitation are resolved, and needs are prioritized
by the customer. The practices of the Alternatives Analysis process area (PA 04) can be used
to resolve conflicts. Terminology used in describing needs and expectations is defined.
Throughout the life cycle, the needs statement may be revisited and revdidated to assure it il
represents the customers needs and expectations, and has not been affected by any
environmentd or technology changes that may have occurred. Appropriate change control
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procedures should be followed to change the statement of need (see PA 16 Configuration
Management).

Examples of forumsto obtain customer concurrence include:
working groups
forma program reviews
payment milestones
iN-process reviews
datus mestings
weekly telephone conferences
focus groups
beta tests

Additional Practice Guidance
Prioritize stakeholder needs, expectations and constraints.

Review, coordinate, and deconflict stakeholder needs and constraints.

Determine or project key product/service features and their relative importance to
customers.

Analyze the complete st of dicited needs to resolve conflicts and any contradictory,
ambiguous, incongstent, incongruous or unverifiable needs. Identify needs that cannot be
redized or areimpractica to achieve.

Communicate the analyzed needs to applicable stakeholders and ensure that the needs and
expectations have been adequately captured and expressed. Establish that the statements of
need are comprehensible to al originators, that they are expressed correctly and that the
resolution of conflict has not corrupted or compromised stakeholder intentions.

Record the stakeholder needs in aform suitable for management through the life cycle and
beyond. These records retain changes of need and their origin throughout the system life
cycle, they act as an information source for trade-off decisons and, in the case of persistent
stakeholder needs, form a source of knowledge for requirements for subsequent systems.
Review the statement of need a key decison timesin the life cycle to ensure that account is
taken of any changes of need.
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BP 01.05 Communicate with cusomers

Communicate and interact with customers and other stakeholders throughout the life cycle to
assure a common understanding of the status and disposition of needs, expectations, and
messures of effectiveness,

Description

The success of an organization depends on understanding and communicating with the
customer, and building relationships with the customer. Mutudly beneficid customer interaction
mechanisms need to be established and maintained to assure communication regarding issues
affecting the customer and the product or service provider. Such mechanisms apply to
communication during product and service development, and during operation and use.
Communication and interaction with the cusomer are essentia while analyzing customer needs,
deciding on generd gpproaches, and considering/negotiating cost, schedule, and feature
tradeoffs. Regular interaction reconfirms commitment, provides vighility into status and issues,
and assures the customer that needs are being met. It dso helps build trust, confidence, and
customer loydty. Communication continues throughout the life cycle as needs evolve and
requirements change. When products and services are in use, the customer must know how to
recaive information and assistance, and how to provide comments, problem reports, or
complaints. Customers should receive notification of problems affecting the product or service,
status information on problems reported, and product and service release schedules. Customer
interaction is important in assgning severity levelsto problem reports. Building customer
relationships may include development of partnerships or dliances.

Typ| cal Work Products
customer communication process
problem reporting mechanism
technica interchange minutes
records of interactions with customers
agreements with customers and other stakeholders
memos of understanding
memos of agreement
prototypes
requirement tracesbility tables
product and service status and rel ease schedules

Notes
Examples of arrangements for communicating with the customer and other stakeholders include:
working groups
qudlity review meetings
shared expectations meetings
customer Ste vidts
forma program reviews
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payment milestones
iN-process reviews

datus mestings

weekly telephone conferences
focus groups

beta tests

Additional Practice Guidance
Inform stakeholders on aregular basis about the status and disposition of needs,
expectations, or measures of effectiveness.
Involve stakeholders in the process of requirements devel opment.
Capture records of communications with stakeholders relative to requirements trade studies
and alocetions.

5-PA 01-14 September 2001 FAA-iCMM Version 2.0



BP 01.06 Determine customer satisfaction
Determine customer satisfaction with products and services.

Description

Determine customer satisfaction and dissatisfaction with current and past products and services
to improve current products and services, address current and projected needs, anticipate
future needs, and develop new opportunities. Customer satisfaction data can help determine
when a capability shortfdl may develop, or help define an emerging need. Use measurements to
capture actionable information. Measurements of satisfaction of needs and expectations are
inputs for determining new needs, and for management review and action related to
improvement of products and services. Determine satisfaction of other stakeholders as

appropriate.

Typ| cal Work Products
customer survey results
customer feedback
customer and stakeholder satisfaction measures and levels
projected needs
new opportunities
problem reports
trouble reports
results of vaidation

Notes

Customer satisfaction and dissatisfaction might be determined in any or al of the following:
aurveys, formal and informal feedback from customers, use of customer account data, trouble
reports, complaints, research, studies, and analyses.

Customer satisfaction measurements might include quditative and quantitative performance
measures using both objective and subjective data. Such data might include both a numerica
rating scale and descriptors for each unit in the scale. Classifications of criticality of problems
may be developed and agreed upon with the customer. Effective (actionable) customer
satisfaction measurements provide rdiable information about customer ratings of specific
product, service, and relationship features, the linkage between these ratings, and the
customer’s likely future actions—repurchase and/or positive response or referral. Product and
service features might include overal value and price.

Customer satisfaction and dissatisfaction results and information on product/service measures
that contribute to customer satisfaction or dissatisfaction should be used in the context of
Measurement and Andysis (PA 18). These latter measures might include trends and levelsin
performance of customer-desired product features or customer complaint-handling
effectiveness, such as complaint response time, effective resolution, and percentage of
complaints resolved on first contact.
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A complaint management process may involve a customer advocacy program.

For customer information to be actionable, tie the information to key business processes, and
determine cost/revenue or program effectiveness implications for setting improvement priorities.

Complaint aggregation, andysis, and root cause determination should lead to effective
elimination of the causes of complaints and to priority setting for process, product, and service
improvements. Effective complaint management includes sharing information throughout the
organization 0 everyone can learn from these customer transactions.

A key aspect of customer satisfaction determination is satisfaction relative to competitors and
competing or aternative offerings. Such information might be derived from compardtive studies
or from independent studies. The factors that lead to customer preference are of critica
importance in understanding factors that drive markets and potentialy affect longer-term
competitiveness.

Additional Practice Guidance
Monitor information on customer satisfaction and/or dissatisfaction as one of the
measurements of performance of the quality management system. The methodologies for
obtaining and using thisinformation shdl be determined.
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PA 02: Requirements

Process Area Summary

Purpose

The purpose of the Requirements process areais to devel op requirements that meet customer
needs; anayze the product, service and other requirements; derive a detailed and precise set of
requirements; and manage those requirements throughout the life cycle.

Major points addressed

The Requirements process area involves trandating customer needs, expectations, and
operationa conceptsinto a statement of requirements. Requirements are derived and andyzed
to ensure they satisfy established qudity criteriaincluding traceability, completeness, feasihility,
verifiability, and unambiguity. Thismay occur iteratively to successvely lower levels of
requirements detal.

An agreement with the customer on requirements for the product or service is established and
maintained. This agreement covers technica and non-technical requirements and acceptance
criteria. It formsthe basis for estimating, planning, performing, and tracking activities throughout
the life cycle that satify customer requirements.

Theimpact of changes to requirements on cost, schedule, risk, and other related factorsis
understood and agreed to by key stakeholders. Requirements are basdlined, controlled, traced,
and used in plans, and as abasis for products, activities, and agreements throughout the life
cycle.

Goals

1. Requirements are developed from customer and other stakeholder needs. (BP 02.01,
BP 02.02, BP 02.03, BP 02.04, BP 02.05)

2. Requirements satisfy established qudlity criteria including unambiguity, completeness,
tracesbility, feesibility, and verifiability. (BP 02.06, BP 02.09)

3. All requirements information is recorded in a basdline that is maintained and controlled
throughout the life cycle (BP 02.07, BP 02.08, BP 02.09)

4. Plans, products, activities, and agreements are checked for consistency with
requirements, and any inconsistencies are identified for correction. (BP 02.08, BP
02.09)

Notes

Reguirements form the agreed- upon basis for developing a product or providing a service, and
for managing products and sarvices through dl life-cycle phases. Requirements are used asa
documentation of expectations, as abasdine for designing a solution, and as proof of
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compliance of the provided product or service. In addition, requirements changes must be able
to be incorporated a gppropriate times in the life cycle.

Relationships between this PA and other PAs

The Requirements process area isinitiated when a statement of need is approved for
investigation according to practices of the Integrated Enterprise Management process area (PA
00). The Requirements process area el aborates the approved statement of needs and
expectations and the operational view of needed products or services that was developed in the
Needs process area (PA 01). The more detailed and precise set of requirements developed in
the Requirements process area forms the basis for the Design process area (PA 03). These
three process areas (PA 01, PA 02, and PA 03) may be performed iteratively as the solution
becomes more completely described. When conflicts or issues are identified with customer or
derived requirements (e.g., requirements are not verifiable per Evauation (PA 08)), the issues
may be referred to the practices of Needs (PA 01) or Alternatives Analysis (PA 04).
Evaluation practices (PA 08) can be used to assure requirement documents (as incrementa
work products) meet established criteria. Project Management practices (PA 11) use
requirements as the basis for managing the project throughout the life cycle, and any

incong stencies between requirements and plans, products, activities, and agreements are
identified for corrective action using Project Management and Risk Management (PA 13)
practices. Provided products or services are evaluated againgt requirements using the practices
of Evauation (PA 08). Configuration Management practices (PA 16) provide the change
control necessary to manage requirements basdines. Requirements form the basis for the
solicitation package prepared during Outsourcing (PA 05), and become agreements and
contractual obligations managed using the practices of Supplier Agreement Management (PA
12). The practices of Integrated Teaming (PA 14) provide the collaborative decison-maeking
forum and integrated coordination and communication ussful in executing Requirements
practices. The Requirements process area provides for requirements documentation, qudity,
and traceability throughout the product or service life cycle. Requirements andysisis performed
on requirements change requests generated by the activities of Operation and Support (PA 10).

Base Practice List

BP 02.01 | dentify functional and performance requirements. Identify functiond and
performance requirements, and required product or service atributes, including
any requirements pertaining to safety, security, human factors, or other
pecidized aress.

BP 02.02 | dentify nonfunctional requirementsand constraints: Identify requirements
and congtraints pertaining to processes used in providing the required product
or service, and pertaining to the context or intended operationa environment.

BP 02.03 | dentify key requirements. Identify key requirements that have a strong
influence on cog, schedule, functiondity, risk, or performance, or that are
critical to customers and other stakeholders.
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BP 02.04

BP 02.05

BP 02.06

BP 02.07

BP 02.08

BP 02.09

Deriverequirements. Derive requirements that may be identified as
necessary implications of stated functiona, nonfunctiond, interface, or other
derived requirements.

| dentify external interface requirements. Identify the requirements
associated with externd interfaces to the system, product, or service.
Analyzerequirements. Andyze requirements to ensure that they satisfy
edablished qudity criteriaincluding unambiguity, completeness, traceshility,
feeshility, and veifighility.

Record and basdinerequirements. Record, approve, baseline, and place
under change contral al requirements, derived requirements, derivation
rationae, traceability, and requirements status.

Analyze and resolve requirements change requests: Andyzedl
requirements change requests for impact on the product or service and, upon
gpproval, incorporate the approved changes into the requirements basdine.
Maintain consistency and traceability: Maintain traceability among
requirements and between requirements and plans, work products, and
activities, initigting corrective action if incongstencies are identified.
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BP 02.01 I dentify functional and performance requirements

Identify functiona and performance requirements, and required product or service attributes,
including any requirements pertaining to safety, security, human factors, or other specidized
areas.

Description

Derive from the operationa scenarios and concepts devel oped in the Needs process area (PA
01) aprecise technica description of each function that the solution must provide, and how well
each function must be performed. Performance requirements include such considerations as
sarvice levels, capacity, response time, throughput, sequencing of time-critica functions, and
frequency of use. Product performance requirements must recognize human performance
assumptions and congtraints identified during operational andysis (see PA 01). Identify required
functiona attributes that the product or service must possess and their required levels for factors
such as rdiability, maintainability, availability, survivability, and interoperability. Consider
product attributes required across the full life cycle such as transportability, ingalability,
adaptability, operability, maintainability, sustainability, supportability and digposability. Include
requirements such as those pertaining to safety, security, human factors, heath factors, or other
specidized areas as gpplicable. Decompose required functions into subfunctions as required to
express or represent the products or services that must be provided.

Typ| cal Work Products
functiond requirements
operational requirements
technica requirements
performance requirements
safety requirements
Security requirements
human factors requirements
data storage and retrieval requirements
functiond architecture
logicd solution
requirements document

Notes

Functiona and performance requirements may be described as an arrangement of required
functions, their subfunctions, and interfaces that defines sequencing, control or data flow
conditions, and performance. Thisis sometimes called afunctiond architecture or alogica
solution. A variety of gpproachesis available, aswell as avariety of representations.

Safety requirements may pertain to the safe functioning of the product or service, safe operation
by humans, environmentd issues, property safety, or health. Security requirements may pertain
to protection of information, personnel, equipment, data and materia. Required security
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functions may include access protection, intrusion detection, containment and recovery.
Hazardous or potentidly threatening Situations identified during operationd andyss are
expressed in terms of required risk reduction. The practices of the Risk Management process
area (PA 13) support the development of safety and security requirements.

Especidly early in the life cycle, there is atendency to underestimate the importance of the
requirements that impact on or result from human performance and system acceptability
consderations. In order to achieve the desired user-centered design and development goa's
that will contribute to system effectiveness and suitability, gppropriate emphasis must be placed
on human resource and human-system performance requirements. Andyze human system
performance interfaces (see dso BP02.05) and human-system performance requirements
related to integrating the user, operator, and maintainer into the system’ s expected performance
levels, and related to such system dttributes as cognitive workload, staffing levels and personnd
attributes, training, specia tools and procedures, safety and health, communications, CHI, and
other human factors.

Measures of effectiveness, satisfaction criteria, and indicators of importance to the cusomer and
other stakeholders were identified and captured in the Needs process area (PA 01). For those
messures relaing to the performance, effectiveness, suitability, or functiona behavior of the
intended product or service, actud required values or ranges of vaues for these technica
indicators are identified in this base practice if they were not specified earlier.

Additional Practice Guidance
Andyze and quantify functiondity required by users.
Andyze and quantify functiondity indicated by stakeholder requirements.
Consder the sequencing of time-critica functions both initialy and subsequently during
system component development.
Partition requirements into groups, based on established criteria (such as smilar
functiondity, performance, or coupling) to facilitate and focus requirements anaysis.
Allocate requirements to functiond partitions or objects, if appropriate.
Andyze and define safety congderations, including those relating to methods of operation
and maintenance, environmenta influences and personnd injury. Each safety function and its
associated safety integrity, expressed in terms of the necessary risk reduction, is specified.
Analyze security considerations including those related to compromise and protection of
sengtive informetion, data and materid. The security related risks are defined, including, but
not limited to, adminigtrative, personne, equipment, physica, computer, communication,
network, emanations and environmenta areas using applicable security standards.
Analyze and specify system requirements and functions that relate to critica quaities other
than hedlth, safety and security.
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BP 02.02 | dentify nonfunctional requirementsand constraints

|dentify requirements and congtraints pertaining to processes used in providing the required
product or service, and pertaining to the context or intended operationa environment.

Description

Identify requirements and constraints on the processes to be used to provide the service. These
may include cost congraints reflecting the vaue of the solution, schedule requirements reflecting
when the product or service is needed, or requirements to comply with specific sandards.
Although congraints on the solution are to be minimized, there may be environmental or other
regulations, laws, mandates, or organizationa policy that would congtrain solution providersin
various ways, for example to follow certain practices or standards, to use certain technologies,
or to maximize reuse.

Identify requirements associated with providing and accepting the solution, such as requirements
for product and service evauation, quality assurance, and configuration management. Identify
requirements associated with deployment, trangtion, ingdlation, training, staffing, facilities,
packaging, handling, logigtics, transportation, facilities, equipment, and disposd.

Include facts, assumptions and condraints that pertain to the context and intended environment
for the required product or service. These may include human factors constraints and
limitations, or specific safety or security congraints.

Typ| cal Work Products
nonfunctiond requirements
environmenta assumptions and condraints
cost congtraints
scheduling requirements
programmetic requirements
legal and regulatory requirements
trangtion requirements
supportability requirements
design condraints
Jprocess requirements
evauation requirements
human factors condraints and limitations
human resource (e.g., Saffing, training, personnel experience and abilities) congraints
humean performance objectives
logidtics requirements
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Notes
Nonfunctiona requirements are sometimes called process requirements, programmatic
requirements, or nontechnica requirements.

Additional Practice Guidance
Identify and manage non-technica requirements concurrently with operationa, functiond,
support, maintenance, and disposa requirements.
Specify the requirements for enabling systems used during maintenance of the system
Define the number and type of replacement syslem eements to be stored, their storage
locations and conditions, their anticipated replacement rate, their storage life and renewa
frequency.
Specify skill and personne levels required to effect repairs and replacements.
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BP 02.03 Identify Key Requirements

|dentify key requirements that have a strong influence on cost, schedule, functiondity, risk, or
performance, or that are critica to customers and other stakeholders.

Description

In andyzing requirements, requirements are often identified that have an especidly strong
influence on the cost, development schedule, risk, or performance of a product or service. The
total set of requirementsis screened for potentia key requirements. A cost-benefit andysisis
then performed on these requirements using the process areas Alternetives Analysis (PA 04)
and Design (PA 03). Theresults of analyzing these requirements are reviewed with the
cusomer. Key requirements that show arelatively low benefit-to-codt ratio, high risk, or long
development schedule are candidates for negotiation with the customer using practices of the
Needs process area (PA 01). Key requirements are aprimary input to the activities of the Risk
Management process area (PA 13). Criticd performance parameters may be tracked during
product and service development (see Project Management PA 11).

Another sat of key requirements includes features that are especidly important to customers
such as critical operational issues, price, vaue, ddivery, and customer or technical support.
Establish the precedence, priority, and criticdity of requirements.

Identify volatile requirements thet are likely to change, as wdl as those with rdatively high
dability.

Typ| cal Work Products
key requirementsissues
key design drivers
critical operationa issues
bendfit-to-cogt sengtivity andyses for key requirements
critica performance parameters
technicd performance measures
proposed requirements changes to resolve with the customer
requirements priorities and criticdity

Notes

An example activity isto identify performance requirements that are near the sate of the art.
Key requirements may be mapped to critica issues, and critica performance levels may be
associated with measures of effectiveness or satisfaction criteriaidentified during needs
elicitation activities (see Needs (PA 01)). Identified key requirements may be used for tracking
technicd progress. Requirements may be key because of their impact on the critica path.
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Key regquirements would typicaly include those reflecting needs that the customer identified of
highest priority, importance, or vaue in the statement of need, or those identified as nor+
negotiable.

Additional Practice Guidance

- Identify key stakeholder requirements and condtraints that have a strong influence on cog,
schedule, functiondity, risk, or performance.
Record system requirement decisons that have a sgnificant effect on cost, technica or
schedule performance and the rationde for the decisions.
Determine or project key product/service festures and their relative importance to
customers.
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BP 02.04 Derive requirements

Derive requirements that may be identified as necessary implications of stated functiond,
performance, nonfunctiond, interface, or other derived requirements.

Description

Derived requirements are those requirements that are explicitly identified or discovered as
necessary implications of other stated requirements. A high-leve requirement's derived
requirements "represent” the high-leve requirement, so that derived requirements can be
implemented to satisy the higher-level requirements.

Derive those requirements necessary to ensure that the developed product can be produced
economically, operated rdiably, and maintained cost effectively. A producibility andysis can be
performed to identify any critica or production engineering requirements that congtrain the
design (see Risk Management (PA 13)). Requirements and congtraints are also derived from
the operationa concept and mission need to ensure that the customer needs are met by
providing for reliable and cost-effective operation and maintenance. These new requirements
are included in the gpplicable requirements documentation.

Typ| cal Work Products

derived operationd requirements

derived performance requirements

- producibility-related design congraints
reliability godsfor program phases
quantified maintainability requirements
- operation-related derived requirements
functiond performance budgets

Notes
Higher-leve requirements from which requirements are derived may be derived requirements
themselves, e.g., requirements derivation is performed iteratively as necessary.

Example activitiesinclude:
Produce derived requirements necessary to render requirements testable.
Assess system requirements for derived requirements relating to the operationd
environmen.
Produce rationde for derived requirements.

Exampl&s of requirements related to production and operations include:
mechanica or dectrica design-related requirements to ensure systems can be manufactured
efficently a low risk
quantified maintainability requirements that are necessary to dlocate to components
derived requirements by program phasesthat are necessary to meet the mission need
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operational requirements that address educationa and skill levels of system operators/users

Additional Practice Guidance
Derive, from the systlem and other (e.g., environmental) requirements, requirements that may
be logicdly inferred and implied as essentid to system effectiveness
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BP 02.05 | dentify external interface requirements
| dentify the requirements associated with externd interfaces to the system, product, or service.

Description

Externd interface requirements define the way the product or service mugt interact with its
intended environment. This includes interfaces with people who are users, operators, or
maintainers, with the physical environment; and with other systems, products, or services.
Requirements may pertain to interfaces with test equipment, transportation systems, or power or
communication sysems. Externd interface requirements establish expected system behavior at
its boundary.

Specify criteriafor acceptable ease of use, efficiency of use, and the extent to which the solution
must prevent or mitigate operator, maintainer, or user error. |dentify interoperability
requirements for interfaces with other systems.

Typ| cal Work Products
interface requirements
interface control document (1CD)
user interface requirements
interface requirements documents
computer-human interface (CHI) requirements

Notes

Externd stimuli and inputs identified in operational scenarios (see BP 01.03) are candidates for
externd interfaces. The identification of externd interfaces is facilitated by the development and
understanding of the detailed operationa concept (see BP 01.03). In addition, the identification
of externd interfaces forms the basis for derived externd interface requirements, aswel as
many derived functiona and performance requirements.

Examples include:
Identify the input and output requirements and attributes for each user interface function.
Identify the input and output data of al externd systems that must interface to the subject
sysem.
|dentify the physica requirements of al externd system interfaces.
Identify physicd mounting requirements
| dentify operator stimuli and control points,
Identify signd and control structures.
Identify interfaces to the environment.
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BP 02.06 Analyzerequirements

Andyze requirements to ensure that they satisfy established qudlity criteriaincluding
unamhbiguity, completeness, traceahility, feasihility, and verifiability.

Description

The purpose of this practice isto ensure that al the requirements that are developed, including
derived requirements, satisfy established qudity criteriaincluding unambiguity, completeness,
traceability, feasbility, and verifiahility. Criteria are selected as relevant to the project or
organization. Examples of other quality attributes are correctness, consstency, clarity, and
dability.

Traceahility confirms that the source of the requirement is known, e.g., arequirement may be
traceable to customer needs and expectations, environmenta or lega congraints, operationd
conditions, or to other requirements. Demonstrate forward and backward traceability between
needs and requirements, i.e., al approved needs are met by one or more requirements, and al
requirements meet or contribute to meeting at least one need. Assure that requirements are
achievable by methods available to the project that will supply or develop required
products/services. Assure that requirements are operationdly feasible and can satisfy needs and
expectations consdering context, assumptions, and congraints of the intended environment.
Assure feaghility in terms of affordability and risk. Assure that there is away to determine that
the requirement has been satisfied usng methods of verification such asingpection, tes,
demondration, and andyss.

Incomplete, ambiguous, or conflicting requirements are identified and resolved. Throughout the
life cycle, requirements are andyzed when eva uating requirements changes.

Typ| cal Work Products
verifigbility status of requirements
requirements verification matrix
requirements database connected with automated tools
intended methods for verification of requirements
requirements for verification plans
results of feasibility, consgstency, and completeness checks
confirmation of tracesbility
results of peer review of requirements documents
assessment of risks related to requirements

Notes

This practice ensures that requirements are well-formulated. Some additiona examples of
criteriathat may be established include writing requirements as single (not compound), positive
(not negetive) statements, that include tolerances (rather than absolute vaues) when gpplicable.
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Requirements may be andyzed via peer reviews or other evaluation methods (see Evauation
(PA 08)). Depending on the method chosen for expressing the requirements, automated checks
may be possible. The adequacy and completeness of requirements can be explored using
prototypes, smulations, analyses, scenarios, and storyboards. Use of prototypes or smulations
can help determine the cost associated with requirements and the risk that the resulting product
or service will not perform appropriately in its intended use environment.

Confirm that derived requirements are necessary and sufficient to meet the objectives of higher
requirements, that the requirements are a necessary and sufficient response to customer needs
and expectations, and that they provide necessary and sufficient input to other processes, in
particular Design (PA 03).

Identify and resolve requirements that have questionable utility, are outside project scope, or
have unacceptable risk of not being satisfied. Use practices of the Needs process area (PA 01)
to resolve ambiguous, incomplete, or conflicting requirements.

Additional Practice Guidance
Anayze requirements to ensure that they are complete, correct, redizable and verifigble.
Develop and document system and subsystem verification criteria concurrently with
requirements devel opment.
Formally review or ingpect requirements for qudity attributes including stability, lack of
ambiguity, and traceability to the customer basdine.
Perform analyses, amulations, or prototypes to assure that system requirements will satisfy
stakeholder needs and expectations.
Allow for expanson and growth in system requirements.

5-PA 02-14 September 2001 FAA-iCMM Version 2.0



BP 02.07 Record and basdlinerequirements

Record, approve, basdline, and place under change control, dl requirements, derived
requirements, derivation rationde, traceability, and requirements status.

Description

This base practice captures and records al requirements developed through the other
Requirements base practices and assures that customers, suppliers, and key stakeholders agree
that documented requirements satisfy needs and expectations and conform to agreed quality
criteria. The captured, documented requirements, once approved, are basdined and form the
bass for sysematicaly developing and verifying a solution that meets the customer's operationd
and performance expectations within acceptable congraints of cost and schedule. Key
requirements, priorities, decisons and assumptions are captured. Captured results dso include
other attributes of requirements such as a unique requirement number, interpretation, verification
method, traceability, issues, and acceptance/change Satus. Acceptance criteriafor
requirements are aso captured and controlled.

Typ| cal Work Products
requirements document
concurrence from the customer and other stakeholders that documented requirements
satisfy agreed-upon needs and expectations
requirements basdine
system specification
specification
A-levd specification
B-levd specification
requirements databases
interface requirements document
functiond architecture
contracting requirements

Notes

This practice assures that dl requirements are written down, agreed upon by customers and
suppliers, and then basdined. Requirements can be expressed in any way as appropriate to the
customers and suppliers. Requirements may be grouped or partitioned according to established
criteriaor categories. Example views of requirements are functiona, object, context, timeline,
or user interface. Base practices BP 02.01 through BP 02.05 are examples of ways of
grouping requirements.

Examples of ways to obtain customer agreement include forma reviews of requirements with
customers and stakeholders, and demonstrations by means of smulations or prototypes. It may
be necessary to negotiate with the customer and other stakeholders to assure the requirements
represent an optimum balance of needs and expectations.
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Examples of activities for capturing results and rationae include:
Enter requirements, their traceability, and status into a requirements database.
Didgtribute, review and coordinate requirements data with customers, stakeholders, and
solution providers.

Configuration Management (PA 16) practices support capturing and basdlining of requirements.

The capture of results and rationale gppliesto al the practices associated with the requirements,
aswell asto the andyss dternatives and design decisons.

Additional Practice Guidance

- Trandorm customer/user requirements into a set of system-leve requirements.
Define a system requirements basdine.
Obtain an agreement between acquirer and developer that system-leve requirements reflect
their needs and expectations.
Review adequacy of system requirements to meet stakeholder needs with key stakeholders.
Negotiate an agreement between stakeholders and developers that system-level
requirements represent an optimum balance of their needs and expectations.
Perform analyses, smulations, or prototypes to assure that system requirements will satisfy
stakeholder needs and expectations.
Formally review requirements with stakeholders.
Capture relationships between requirements for consideration during change management
and requirements alocation.
Maintain the Satus of requirements.
Establish a derived requirements basdline, including the alocation of requirementsto
subsystemns and system components.
Capture rationae for system-level requirements, derived requirements, dlocations, and
traceshility.
Basdline (describe, capture, and control) and communicate requirements and functiona
architecturesto dl stakeholders.
Partition requirements into groups, based on established criteria (such as smilar
functiondity, performance, or coupling) to facilitate and focus the requirements analyss.
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BP 02.08 Analyze and resolve requirements change requests

Andyze dl requirements change requests for impact on the product or service and, upon
gpprova, incorporate the approved changes into the requirements basdine.

Description

Requirements evolve throughout the life cycle. Establish aprocessfor recaiving, formally
contralling, and managing changes to requirements considering impact prior to commitment to
change, and gaining customer, stakeholder, and project concurrence. Proposed changes to
basdlined requirements are documented, aong with their sources and rationdle. They are
analyzed to determine impact on the product or service, performance, architecture,
supportability, effectiveness, suitability, resource utilization, benefits, schedule, and cogt.
Changes are andyzed for risk. Changes that will produce impact require negotiation for
gpprova before they are incorporated into the requirements baseline (and subsequently into the
product, work plans, and activities). Unapproved changes are documented and maintained for
an audit trail. Changes are tracked to completion.

Typ| cal Work Products
revised requirements baseline
requirements database
configuration management plan
change control notices, including version and other change history

Notes

By requiring formd analysis and concurrence on requirements change requests, and by tracking
rationale, spurious change requests can be minimized. Configuration Management practices
(PA 16) support maintaining and controlling the requirements basdline.

Additional Practice Guidance
Document changes to requirements.
Egtablish aprocess for formally and proactively controlling and managing changesto
requirements, considering impact prior to commitment to change, gaining stakeholder buy-
in, and tracking and closng out the actions and results.
Evauate the impact of requirement changes from the standpoint of al stakeholders.
Periodicaly review requirements and their reationship with system functiond and physicd
architectures.
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BP 02.09 Maintain consistency and traceability

Maintain traceability among requirements and between requirements and plans, work products,
and activities, initiating corrective action if inconsstencies are identified.

Description

Capture, maintain, and control the traceability and status of requirements throughout the life
cycle. Of particular importance is the relationship between higher-leve requirements and their
associated derived requirements, which represent the higher leve requirement. A continuous
assessment of the lower-leve requirements and their tracesbility and sufficiency is conducted to
ensure that the devel oped system, product, or service meets dl the requirements, but does not
have features beyond those necessary to meet the requirements. That is, lower-leve
requirements are necessary and sufficient to meet the objectives of higher-level requirements.
As requirements change, maintain traceability to customer needs and expectations aswel asto
plans, designs, verifications, vaidations, interfaces, work products, and activities Smilarly,
assure that changesin work products and activities are tracesble to requirements. Initiate
corrective action if inconsstencies are found between the requirements and plans, work
products, activities, and agreements.

Typical Work Products
requirement exception report
requirement tracesbility tables
requirements tracking system
requirements tracegbility matrix
corrective action requirements
inconggtencies, including sources, conditions, and rationade

Notes

Requirements form the basis for work plans and for the devel opment and maintenance of the
product or service throughout the life cycle. When proposed changes to these requirements are
approved, the affected project plans, work products, activities, and agreements need to be
adjusted to remain cons stent with the updated approved requirements. Appropriate corrective
actions are initiated, if required, to ensure that the requirements are used as the basis for plans,
work products, and activities.

Implementation of this base practice ensures consistent project processes that integrate project
activities to produce correct, consstent products. The requirements, design, implementation,
and verification methods are traced to the source from which they were derived and to the
products of the subsequent engineering activities. Plans and products are kept consstent with
the requirements.

Example activities include:
Perform anayses to ensure that related sets of derived requirements, taken as awhole, meet
the intent of the parent requiremert.
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Perform andyses to ensure that there are no unnecessary requirements.

Verify requirements tracegbility.

Review plans, activities, and work products for consstency with requirements and changes
made to them.

Initiate corrective action if incongstencies are found and changes need to be made to plans
and work products.

All practices involving creating, changing, or verifying requirements (especiadly those of the
process areas Needs (PA 01), Requirements (PA 02), Design (PA 03), and Evduation (PA
08)) must maintain requirements tracegbility. Requirements form the basis for practicesin the
Project Management (PA 11) and Design Implementation (PA 06) process areas. Corrective
actionsidentified are tracked to closure using Project Management (PA 11) practices.

Additional Practice Guidance
Maintain requirements tracesbility to ensure that lower-level (derived) requirements are
necessary and sufficient to meet the objectives of higher-leve requirements, and are
congstent with the product’ s functiona architecture.
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PA 03: Design

Process Area Summary

Purpose
The purpose of the Design process areais to establish and maintain an architecture and design
solution for the needs and requirements of the customer and other stakeholders.

Major points addressed

Examination of dternative approaches to solving the technica problem is crucid to achieving an
effective solution that meets the requirements. The requirements (resulting from PA 02
processes) for products and services are an input to this process area and include performance,
functiondity, effectiveness, and interfaces to the environment. The environment may include
other, or larger, systems of products and services. The architecture and design e ements of the
selected solution structure are specified in terms of their alocated product and service
requirements (including externa condraints), the solution-dependent constraints and
requirements, and their internd interfaces. A technica information package thet documents all
agpects of the design, including key technica features that guide the evolution of the product and
sarvices, is established, basdined, and maintained.

Goals

1. A product or service design that meets the product and service requirements is established
and maintained. (BP 03.01, BP 03. 02, BP 03.04, BP 03.05, BP 03.06, BP 03.07, BP
03.08)

2. The established product or service design is based on an evauation of dternatives againgt
criteria that represent the requirements. (BP 03.02)

3. Allocations of requirements to the design dements are established and maintained. (BP
03.04)

Notes

The practices of this process area apply to products, services, and combinations thereof. 1n the
case of tangible products, the purpose and practices correspond to architecture and design.
Designsfor service gpplications include smilar work products. Service design descriptions
include service dements (e.g., ground traffic control component, air traffic control component)
and interfaces (e.g., procedures for communication between air traffic control and ground traffic
control). For agenerd service unit, its service design descriptions may specify the different
service dements (e.g., customer assistance, request processing) and their interactions.

The requirements pertaining to adesign (including externd interfaces relating to the environment
and larger system of which the target product or service is a part) are established by the
practices of PA 02, Requirements. Design activities are applicable to dl subsequent cycle
phases of aproduct or service and may be initiated either by new development, changesin
requirements, or corrective actions. The practices of this process area should be applied a each
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level of product or service decomposition and definition. In the case of product architecture and
design, the practices are gpplied to definition of the first layer of eements that integrate to form
the product, as wdll asto definition of succeeding layers. Theleve of detail and rigor of
goplication of the practices are adjusted as appropriate to the level of decomposition. For
example, an interface specification would typicaly need to be more detailed and complete for a
component-to-component interface than for a subsystem-to- subsystem interface.

The same principles apply for successive gpplication of the process area practices to define
layers of service design. Designs are developed for successively lower layers of the architecture
until the dements for implementation (PA 06 Design Implementation) or outsourcing (PA 05
Outsourcing) are pecified.

The term “element” is used to denote a generic part, component, or piece of a service or
solution. Elements of products include subsystems, assemblies, components, parts, etc.
Elements of service solutions include personnd, service procedures, and service tools and
equipment.

Relationships between this PA and other PAs

Primary inputs to this process area come from the Requirements process area (PA 02). The
Requirements process area establishes the required functions of the product or service
(including externd interfaces to the environment and other products/services of alarger system)
and how wdll (in quantitatively measurable terms) the product or service is expected to perform
the functions.

Early stages of design typicdly include iteration with the Needs (PA 01) and Requirements
practices to establish technicd, cost, and schedule feasibility and congtraint parameters.
Operation and Support (PA 10) activities may generate design change requests that flow
through Requirements (PA 02) for analysis and change approva. Activities are planned and
controlled via the practices of Project Management (PA 11). Integrated Teaming (PA 14)
practices provide effective collaborative approaches for product and service design activities.
Asthe design evolves, consstency is maintained with the work breakdown structure to assure
cost and work accountability is maintained.

The process area generates dternative design solutions and makes use of the Alternatives
Analysis process area (PA 04) to seek additiond dternatives that meet established criteriafor
the product or service, and prioritize and/or recommend preferred dternatives. Critica
technica issues are consdered in Risk Management (PA 13).

Work products of the process area are evaluated according to practices of Evauation (PA 08)
and Quality Assurance and Management (PA 15). Product or service elements defined in PA
03 are implemented by practices of the Design Implementation (PA 06) process area or
acquired through the practices of Outsourcing (PA 05). The Integration process area (PA 07)
integrates the implemented e ements.
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Basdlines for the work products are established and maintained by the Configuration
Management (PA 16) process area practices. Desgn may add features (e.g., specific materids)
that affect Deployment, Trangtion, and Disposd (PA 09). Forma and informa design
information, whether placed under configuration management or not, is preserved for reference
by the practices of Information Management (PA 17). Architecturd features and structures that
support evolution of the product or service are coordinated viathe practices of the Innovation
(PA 23) process area.

Base practiceslist

BP 03.01

BP 03.02

BP 03.03

BP 03.04

BP 03.05

BP 03.06

BP 03.07

BP 03.08

| dentify and prioritize design issues: Establish and use amechaniam to
capture, prioritize, and resolve product and service design issues.

Develop design structur e: Evaduate dternatives againgt established criteriato
select the architecture, structure, and elements for the product or service design.
Develop interface specifications: Develop interface specifications for the
selected product and service elements.

Allocate requirements: Allocate product and derived requirements to the
design dements and interfaces, and to personnel or processes where
appropriate.

Define inter actions among design elements: Define the dynamic
interactions and operationa sequences among design dements.

Establish component specifications. Establish design specificationsfor each
element of the product or service.

Establish and use a strategy for non-developmental Items. Establish and
use a drategy for managing issues relating to the use of non-developmentd item
(NDI) product and service dements.

Establish and maintain design description: Establish and maintain a
complete description of the product and service design.
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BP 03.01 | dentify and prioritize design issues

Establish and use a mechanism to capture, prioritize and resolve product and service design
ISSues.

Description

An effective design synthesis activity includes established and maintained processes to manage
the many issues that arise during development of the design. Staff should be encouraged to
identify and document design issues. An evauation must teke place to prioritize issues, identify
risks, and determine the subset of the many issuesthat are the driversfor the product or
sarvice. (Driversand key issues are those that meet project- defined thresholds for effect or
potentid effect on cost, schedule, and technical objectives.) The subset of key technicd design
issues becomes a congraint on the product or service design and development. This activity
aso identifies andyses and trade studies that are performed to resolve issues and select
gopropriate design dternatives. Key technical issues are input to or output from Risk
Management (PA 13).

Typ| cal Work Products
decisons and raionde
documented methods and procedures for identifying and managing technica issues
action item and status list of architecture and design issues
risks
list of architecture and design issues, with those that are key identified
list of serviceissues, with those that are key identified
anayses to be performed
trade studies to be performed

Notes

Unless established procedures are used to collect and manage product architecture and design
issues to closure, delaysin issue resolution may result in increased cost and schedule risk.
Similar consderations apply to management of service solution issues. Key solution issues may
include cost drivers, performance drivers, risk, or technology. In an integrated product/service
team environment, key design issues may identify the need for "specidty engineers' to be apart
of the design team. There may be issues seemingly unrelated to the product that become key
designissues. An example of such an issue is compliance with laws governing the manufacturing
or disposal of a product.

An example of a mechanism to manage solution issues would be a procedure/process that
resultsin aweekly project status meeting agenda item to solicit, status, and assign actions on
issues. A typicd issue rlating to product synthesis might be“ The vendor documentation on the
data base manager contains discrepanciesin the details of the gpplication interface.” A typica
issue reating to a service synthess might be “ The selected training for the customer service
element seems to conflict with persona privacy law.”
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Additiond Practice Guidance
Capture therationde for key (i.e., sgnificant effect on cost, schedule, or technica
performance) decisions taken or deferred.
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BP 03.02 Develop design structure

Evauate dternatives againgt established criteria to select the architecture, structure, and
elements for the product or service design.

Description

Alternative designs (architecture, gpproaches, and structure) and evaluation criteria are defined
and the Alternatives Andlysis process (PA 04) is used to refine the problem statement and
prioritize or recommend aternatives. Evaluation criteria should be based on the product and
sarvice requirements and include factors reating to cost, schedule, and performance. This
element of the design process consders the results of the dternatives analysis and sdects the
design Structure.

Alterndives andlysisis applied to define the design for each leve of design definition (design
layer). Thefirgt level of design decompostion defines the architecture and the lowest level of
design establishes the design specifications for the construction or acquisition of product or
service dements. Evaluation and sdection criteria are based on key requirements and
congraints. Features of dternative designs are considered which provide a foundation for
product and service improvement and evolution. The rationae for the selected design, and for
designs not accepted, is documented and maintained for future reference as the product or
service evolves.

Typ| cal Work Products
design dterndives
evduation criteria
trade sudy or andyss results
documented rationae for selection and non-selection(s)
architecture structure and elements
identified interfaces
engineering drawings
service approach and service eements

Notes

The identified dements of the product’ s architectura structure congtitute the mgjor “pieces’ of
the product to be developed, upgraded, maintained, or integrated. For new development, these
elements are best selected through the andysis of dternatives againgt established requirements
or criteria. In the case of reuse or upgrades of existing systems, use of an exigting architectura
dructure or its elements may be a requiremen.

Desgn sdection criteriainclude many factors. Itemsto consder in establishing selection criteria
and sglecting a preferred design include:

Product or service life cycle cost (initid cost, operations, maintenance, disposa)

Technicad performance

Product or service complexity (especidly user interface)
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Robustness to product operating and use conditions (e.g., graceful performance degradation
resulting from input overloading, adverse environment, or component failure)

Product performance reserves, expansion and growth

Technology limitations

Sengtivity to congtruction methods and materids

Risk

Safety

Evolution of requirements and technology

Disposa

In the architecture and design of new or unprecedented products, there are many opportunities
to consgder dternatives. Such opportunities diminish with existing of precedented products and
systems. It isgenerdly desirable to establish criteriafor which design decisons should be
subjected to dternatives analysis or trade study. Not al design decisons warrant aformal
andyss.

Anaysis of dternatives should be consdered for each design layer and for dementswithin
layers. (“Layers’ are sometimes cdled “levels of desgn decomposition”, eg., system, sub-
system, assembly, component.) Alternatives should be solicited from a broad range of
sakeholders. A common pitfal in product design isto accept afavorite or unfounded desgn
(sometimes cdled a“point design) and perform atrade study after the fact to judtify the
Section.

An example of a product architectura decison that considers product evolution is the choice of
acommercid off-the-shdf (COTS) data base manager whose gpplication interface is expected
to be stable over severa generations of product improvement. Reuse of COTS and norn+
developmentd item (NDI) eements should be considered relative to life-cycle cost (initid cog,
performance and product maintenance).

Examples of dternatives andyssfor a service include dternatives for organization of the service
capabilities, geographica location of service capahilities, and service capabilitiesto be
outsourced.

Additional Practice Guidance

- Compare new designs with asmilar proven designs.
Congder current and emerging technologies.
Allocate key requirements to dternative solutionsto aid in their evauation.
Develop operationa and maintenance scenarios for dternative solutions.
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BP 03.03 Develop interface specifications
Develop interface specifications for the selected product and service eements.

Description

Specifications containing awdl-defined set of requirements are established for interfaces among
product and service elements. Externd interface details not specified in the top-level product
and service requirements are completed. Format and content for interface specifications should
be based on industry standards or on internally established and maintained standards.

Typ| cal Work Products
interface specifications
interface scope sheet
interface requirements
user interface specifications
environmentd interface specifications
subsystem interface specifications
component interface specifications
service dement interface specifications

Notes

An interface specification is a document or other collection of information that fully describes an
interface in terms of al the congraints and design requirements placed on the interface.
Interfaces should be well-defined according to established standards for information content.
For example, well-defined product eement interfaces may include message origin, destination,
communications event simulus, data element characteristics (range, data type, precision,
accuracy, etc.), and dectrica and mechanica properties. Externd interfaces are usudly
established prior to development of the product or service design, as part of the requirements.
This occurs ether by invoking the interface condraints of an existing system (PA 02) or through
ahigher-level application of the design process areato a product or service in a different scope
or context. Maintenance and coordination of interfaces is described in the Integration process
area (PA 04). Functiona interface requirements are addressed in the Requirements (PA 02)
process area.

It is usualy advantageous to employ standards (nationd, internationd, industry, organizationa)
for interfaces. SO and |EEE are common sources of interface sandards for computer
goplications.

Additional Practice Guidance
Egtablish and maintain standards for the format and content of interface specifications.

5-PA 03-8 September 2001 FAA-iCMM Version 2.0



BP 03.04 Allocate requirements

Allocate product and derived requirements to the design elements and interfaces, and to
personnel or processes where appropriate.

Description

Requirements alocation involves the unambiguous assignment of the product requirements to
design eements, or to saff, processes, and enabling elements. Requirement alocations are
dependent on the selected product architecture and design and often require that the
performance attributes of higher level requirements be partitioned among product ements.
Performance of the architecture and design is analyzed, and iterated and the product
architecture and design requirement alocations refined and modified as necessary.

Typ| cal Work Products
function and performance dlocated to architecture and design components
derived requirements needed to partition performance among components
function and performance allocated to personnel
documentation of requirement alocations to personnd and components
requirements allocation traceability data

Notes

Initidly requirements may be assgned to dements without resolution of shared or redundant
functiondity or performance. When the performance or functiondity of arequirement spans
multiple subsystems or dements, andysisis performed to determine an aloceation of the
requirement’ s function or performance appropriate to each eement. Derived requirements are
then formulated to specify the performance dlocation or partition gppropriate to each eement.
Asexigting, new, or derived requirements are alocated to architecture elements, they are
verified for correctness and completeness againgt established criteria and in the context of
operationa sequence (BP 03.05) threads. As requirements are anadyzed and alocated,
appropriate requirements are added to address dl phases of the product’ slife cycle (eg.,
production, support, and disposal) aong with any design congtraints associated with selected
solution eements.

As an example, aregquirement that the system respond to a specific user action within 1 second
may need to be partitioned and alocated to user interface, communications, and data base
subsystems. The result of dlocation might be new derived/alocated requirements that the user
interface subsystem process the user input within 0.3 seconds, the communications infrastructure
process the request and response within 0.2 seconds, and the data base respond (on average,
with specified loading) within 0.5 seconds. A different architecture, say a subsystem in which the
user interface and data base are an integrated COTSS product, would typicdly result in different
derived and alocated requirements.

“Enabling” dements indude user and mai ntenance documentation, operating
processes/procedures, and product operating and maintenance training.

FAA-iCMM Version 2.0 September 2001 5-PA 03-9



Additional Practice Guidance
Review derived and alocated requirements for completeness and correctness againgt
established criteriaand in the context of operational sequence threads or scenarios.
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BP 03.05 Define interactions among design elements
Define the dynamic interactions and operationa sequences among design eements.

Description

Operationa concepts and sequences created in the determination of needs and requirements are
refined and decomposed to capture the dynamic interactions and reactions of the selected
product and service dements to stimulation from the user, the environment, and other e ements.
The detailed element interaction sequences are used to achieve an improved understanding and
description of candidate and sdlected solutions by reviewing the components and their aggregate
behavior in the context of event by event reviews of operationa sequences. In the case of
sarvices, the dynamic interaction among service capabilities would be defined. The interaction
sequences are also used to confirm the accuracy of interface specifications and as the basis for
test and evauation cases (test scripts).

Typ| cal Work Products
component interaction sequence diagrams/descriptions
component interaction timing congraints
service capability interaction scenarios and sequences
event trace diagrams at subsystem and component level
dynamic views of product component behavior
product support scenarios
mai ntenance scenarios

Notes

For hardware and software products, operational scenarios and sequences capture the dynamic
characterigtics of the interaction among product eements. (Interface specifications capture only
datic relationships) Thisincudes the gimulus-response time sequenced behavior of each
product element to events and transitions between various product states and modes.
Experience has shown that reviewing the design element requirementsin the context of such
operationa sequencesis an invauable aid to achieving accuracy and completenessin ther
requirements. Product operationa scenarios and sequences, a gppropriate sub-product levels,
should be documented for operations, product deployment/ddivery, support (induding
maintenance and sustainment), training, and disposd for dl modes and gates. The environment
experienced by any given product eement will be influenced by other product € ements, as well
as the externd environment. Examples of environmenta influences include thermd, dress, air
quality, or electromagnetic factors.

Similar scenarios and sequences should be described for dynamic interactions among service
capabilities. An example would be the operationa sequence and procedures for the hand- off of
arr traffic control from one area of airgoace control to another. Definition and review of product
and service operationa sequences, a multiple levels of the design, are essentid for synthesis of
the solution, a complete and common stakeholder understanding of the solution, and to assure
the determination of a complete and accurate set of design-specific € ement requirements.
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Reationship of this practice to the practices in the Needs (PA 01) process area: Operation
sequences described in the Needs process area document the interaction of the product or
service with the user and the environment. This operationa sequence description does not
address how the product eements (because they are generally not known in this phase)
contribute to the product response to externd stimuli. This practice expands the operationa
scenarios described in the Needs process area to include the dynamic behavior of the product
elements.

Documentation of the dynamic interaction of product eements is appropriate a each leve of
product and service decomposition.

Additional Practice Guidance
- Expand use cases to include subsystern and component reactions.
Deveop subsyster and component event trace or object interaction diagrams to support
each use case.
|dentify events that cause state or mode trangitions.
Document product and component trouble-shooting and repair scenarios.
Identify operationd events that pose safety or hedth risks.
Establish component-leve operationa scenarios for training modes.
Evolve the operational concept, scenarios, and sequencesto aleve of detail appropriate to
each leve of solution decompaosition.
Develop dement-levd timeline scenarios for system operation and user interaction for each
dternative product or system design.
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BP 03.06 Establish component specifications
Establish design specifications for each eement of the product or service,

Description

A complete set of detailed design specifications for each dement includes dl the design
condraints, interface congraints, and dlocated requirements that are necessary and sufficient in
order to produce or acquire an eement that is capable of meeting its verification and vaidation
conditions. At intermediate levels of design, the design specifications of an element are used
ether asthe basisfor design of that eement or for outsourcing that dement. At the lowest layer
of design, the dement (component) design specifications provide the essentid conditions for
congtruction or coding of the eement. The possible categories of dement design congraints
and requirements are broad and varied, typicaly including congtraints imposed by sdection of
another design element, the need to conform to another design element’ s interface, and
dlocated design-levd functiond, performance, and interface requirements.

Typ| cal Work Products
subsystem congtraints and design requirements
service dement specifications
component specifications
component documents and specifications
design condraints

Notes

A design specification fully describes a product eement and itsinterface in terms of al the
congraints and design requirements (including functiond, alocated, performance, and
congraints) placed on the eement or interface and the qualification method for each
requirement. Product dement specifications are expressed in solution/how (implementation)
terms, rather than problem/what (domain or externa world) terms.

Standards and templates are useful for determining the format and content of product € ement
specifications. Indefining the architectura structure, the sdlection of a one dement often results
in new interface requirements on other dements. Such requirements, sometimes called design
congraints, congtitute new solution-impaosed requirements that result from the design activities
and must be included in the element specifications. New eement requirements are dso
introduced during the design process as aresult of partitioning the performance of product
requirements for alocation to sdected eements.

The specification of an dement in one layer of adesign condtitutes the input requirements for
gpplication of the design process to determine the solution (structure, eements, interfaces) a a
lower leve.
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Additional Practice Guidance
Identify design congraints as requirements for each leve of design.
Specify development dements with the same leve of rigor as procured eements.
Review component requirements to assure that the components are necessary and
sufficiently specified with respect to the satisfaction of higher leve-requirements.
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BP 03.07 Establish and use a strategy for non-developmental items

Egtablish and use a drategy for managing issues relating to the use of non-developmentd item
(NDI) product and service ements.

Description

The selection and management of NDI (re-usesble components, commercid off-the-shef
components, customer or other stakeholder components) poses a specific class of product and
service issues. In many cases, anayses or trade studies should be performed on the choice of
developing an item or using an NDI. Factors that should be considered with NDI include the
capability to meet requirements, the completeness and accuracy of NDI documentation
(especidly for interfaces), the existence of unneeded functiondity, interoperability of evolving
versons and updates, availability of spares, and the continued availability of maintenance.
Internal reuse requires that e ements be designed according to standards that enable reuse.

Typ| cal Work Products
criteriafor evauating and sdecting commercid off-the-shelf products
dandards for designing for reuse
standardized suites of commercid off-the-shelf products
make-buy andyses and trade sudies
strategy for NDI

Notes

Refer to the Alternatives Analyss (PA 04) process areafor practices that address defining
criteria, dternatives and performing structured analysis and decison making. Make, buy, and
reuse decisons sgnificantly impact both project and organization success; in generd the choice
to develop or use NDI is not clear until analyses are performed. As technology evolves, so does
the rationde for choosing to develop or purchase a product component. While complex
development efforts may favor purchasing an off-the-shelf component, advances in productivity
and tools may provide an opposing rationde. Off-the-shdf products may have incomplete or
inaccurate documentation and may or may not be supported in the future. Once the decison is
made to purchase an off-the-shdf product the gppropriate solution eement specifications are
used to establish a supplier agreement. Outsourcing (PA 05) aso addresses some of these
issues, but this practice more broadly includes the strategy surrounding the use of NDI in
solution development.

Often available NDI components do not provide the exact product eement features that are
required. Candidate components may have modest shortcomings, cost more or less, and/or
have desirable features that are not required. When thisisthe case, it may be desirable to
discuss or negotiate with the customer/user for requirement changes. Such changes may or may
not be advantageous to the customer/user.
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Additional Practice Guidance
Plan for the maintenance of selected commercid off-the-shelf products.
Fan for the evolution of commercid off-the-shelf product versons and potential impacts on
the product or service under development.
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BP 03.08 Establish and maintain design description
Egtablish and maintain a complete description of the product and service design.

Description

The design description provides the information needed to implement (build, code, construct,
efc.), operate, and maintain products and the information needed to establish and maintain
policies and procedures for service dements. The completeness and clarity of the desgn
description contribute to efficient and accurate implementation, the success of verification and
vdidation, and the improvement and evolution of the products and services. A complete design
description will include reference to the input requirements, aternatives consdered, rationa e of
solution sdlections and decisons, structure, dement specifications, interface specifications,
requirement alocations, data definitions, dynamic behavior, and descriptions of enabling
products and services.

Typ| cal Work Products
technica data package
physca architecture
subsystem specifications
component specifications
interface pecifications
requirement alocations
interface control documents and drawings
dataflow diagrams, object interaction diagrams, event trace diagrams
design documents
requirements traceahility table
description of service departments
service policy and procedure requirements (for selected service organizational structure)

Notes
A design description is sometimes called atechnica data package.

Typicdly, acomplete set of design information can be very large and complex. A wdl thought
out and organized gpproach to managing the information is recommended, and industry or
internal standards should be used for the format and content of solution descriptions. Industry-
wide approaches and sandards are emerging that organize the solution information (architecture
and design description) into “views’ (sometimes called design views). Typicd viewsinclude
operaiond view, sysem view, and technica architecture view. Stakeholder access to solution
description should be convenient and include any appropriate privacy or security controls.

Determining the number of levels of product eements (e.g., subsystem, hardware configuration
item, circuit board, computer software configuration item (CSCI), computer software
component, computer software unit) that require documentation and requirements traceability is
important to manage documentation costs and to support integration and verification planning.
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Additional Practice Guidance
Verify that the described design, if implemented, would meet product and service
requirements, through anaysis, prototyping, modding, or smulation.
Egtablish and maintain arepository for design data that provides efficient retrieva and
protection.
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PA 04: Alternatives Analysis

Process Area Summary

Purpose
The purpose of Alternatives Analysisisto gpply structured andlysis and decisonmaking to
selected issues and communicate the results to stakeholders.

Major points addressed

Alternatives analys's supports structured decision making and involves identifying appropriate
issues that require a structured analyss and decision process, involving stakeholders, selecting a
anadlyss methods, identifying aternatives and sdection criteria, gpplying the andyss methods,
and storing and communicating the results. Established guiddines are needed to identify those
issues for which sructured andlysisis gppropriate. Storing andysis results and rationae provides
abasisfor future andyses and a reference when the same or smilar issues resurface. Structured
andysis and decision-making processes reduce the subjective nature of the decisons and are
more likely to result in solutions that meet stakeholder needs.

Goals

1. Strategies are established and maintained that support the andysis of aternatives and
structured decison-making. (BP 04.01)

2. Alternative solutions to selected issues are analyzed and solutions selected or recommended
in accordance with established strategy and criteria. (BP 04.02, BP 04.03, BP 04.04, BP
04.05, BP 04.06)

3. Resalltsand rationde of dternatives analys's are documented and communicated. (BP
04.07)

Notes

Alternatives andlysis guidelines are used to identify those issues that are appropriate for informd
andyses, by anindividua or group, and issues that should be subjected to dternatives anayss.
In many cases dternatives analys's and decison-making are tightly integrated as a process,
however, in some cases dterndives analyss is employed as a sub-process to provide a
recommended solution or ranked list of solutions to a separate decision-making process or
entity. Structured aternatives andyss processes vary in formdlity, type of criteria, and method.
Less formd dternatives andyses can be performed in afew hours, use only afew criteria (e.g.,
effectiveness and cost to implement), and result in aone- or two-page report. More formal
dternatives analyses may require separate plans, months of persor+hours, meetings to develop
and gpprove criteriaand gods, smulations, prototypes, piloting, and extensive documentation.
There may be areluctance to use structured techniques when the criteria are not conducive to
objective andyss. Parameters of various aternatives are not always quantifiable. Where
structured techniques or other analysis methods may not be straight forward, the analysis can be
supplemented with expert judgment.
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Typicd issues that may require structured dternatives andysis include: key featuresto be
included in products or services, mission/business gods, technology and architecture sdlection,
trade- offs between project size and schedule, development life cycle, make-or-buy, supplier
selection, integration Strategy, customer service gpproach, maintenance strategy, and risk
mitigation approaches.

Relationships between this PA and other PAs
Structured dternatives analys's methods may be invoked by processes relating to every process
area. Examples of issuesthat may require structured dternatives andyss are presented in the

following table, organized by Process Area

Process Area

Example Analysis/Decision I ssues

PA 00 Integrated Enterprise Management

Sdection of specific misson or business
opportunities

PA 01 Needs Resolving conflicting needs and expectations
PA 02 Requirements Determining key requirements
PA 03 Design Sdection of architectural eements, design

Sructure, technology, make-or-buy andyss

PA 05 Outsourcing

Supplier selection

PA 06 Design Implementation

Sdection of implementation methods'tools

PA 07 Integration

Integration sequence; selection of integration

drategy
PA 08 Evaluation Verification methods
PA 09 Deployment, Transition and Trangtion drategies
Disposd

PA 10 Operation and Support Support Strategy

PA 11 Project Management

Development life cycle (e.g., waterfdl, spird)

PA 12 Supplier Agreement Management

Methods of monitoring supplier performance

PA 13 Risk Management

Risk mitigation method

PA 14 Integrated Teaming

Resolution of team issues

PA 15 Quality Assurance and Management

Sdlection of quaity assurance tools, defect
dimination methods

PA 16 Configuration Management

Sdection of method for processing change
request

PA 17 Information Management

Sdection of information storage system

PA 18 Measurement and Andyss

Sdlection of measures

PA 20 Process Definition

Process goals

PA 21 Process Improvement

Process improvement gods

PA 22 Training

Sdlection of training courses to be offered;
selection of how skills are to be provided

PA 23 Innovation

Technologies to pursue or insert
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Base practices list

BP 04.01

BP 04.02

BP 04.03

BP 04.04

BP 04.05

BP 04.06

BP 04.07

Establish analysis strategy: Establish and maintain an dternatives andyss
drategy that provides guiddines for when and how to use structured andys's
and decison methods.

Define the problem: Define the problem and establish criteriaand their
relative importance for evauaing dternative solutions.

Select analysis method: Sdect dternatives analys's methods and document
the rationde for their choice.

|dentify alter native solutions: Identify and document dternative solutions to
problems or issues.

Analyze alter native solutions: Analyze dterndtive solutions in accordance
with the selected dternatives anadysis method and evauation criteria.

Select solution: Sdlect or recommend solution(s) that best meet the criteria
and gods of the andysis.

Communicate analysis results: Document and communicate dternatives
anadysis results to stakeholders.
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BP 04.01 Establish analysis strategy

Egtablish and maintain an dternatives andyss Srategy tha provides guiddines for when and
how to use structured analysis and decision methods.

Description

An dterndives andyss srategy includes guiddines for identifying issues that should be
subjected to structured analysis and decision-making methods, approva authority for specified
types of issues or decisons, gpproved methods for making structured decisions, requirements
for issue resolution and coordination, and requirements for communication and documentation
of analyds, decison rationale, and results.

Many problems and issues do not require structured analys's; others are somewhere between
the trivid and the clearly important. Guidelines are needed to determine which issues should be
resolved through structured andysi's methods.

Typical Work Products
guidelines for when to apply structured analysis and decision-making
goproved methods for dternatives analysis and decision making
list of decision approva authorities by decision type

Notes
Typica guiddinesfor determining when to require structured andys's and decision-making
include the following:
- anissueisdirectly related to topics assessed as being of medium or high risk
an issue or decison isrelated to changing work products under configuration management
an issue or decison could cause schedule or cost delays exceeding a specific amount of
time or cost (e.g., place >5 percent of project budget at risk)
an issue affects the ability to achieve project objectives
design implementation issues in which technica performance failure may cause a
catagtrophic falure (e.g., safety of flight item)
safety issues
issues with the potentid to sgnificantly reduce design risk, engineering changes, cydetime,
and production costs
the cogts of the andlysis and decision-making process are reasonable, compared to the
decison’simpact

Decision authority procedures may base gpprova on the cost and/or risk and require approval
by one or more persons at gppropriate levels of responghility. Requirements for issue resolution
coordination should involve appropriate stakeholders, disciplines, or functional aress.
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BP 04.02 Define the problem.

Define the problem and establish criteria and their relative importance for evauating dternative
solutions.

Description

Define or confirm (if the problem statement is received from another process) the problem
description and solution criteria. The problem or issue should be clearly described for
underganding by stakeholders, andysts, and decison-makers. Criteriathat indicate the
expected or required characteristics of a selected solution and that will be used to judge the
relative merit of dternaives are established and documented. The weights or relative vaue of
evauation criteria are established for use in comparing dternatives

Typ| cal Work Products
detailed problem definition
godls, criteria, ground rules for decision-making
rankings or weighting of criteria according to importance
scoring functions for selection criteria

Notes

Theinitid statement of a problem or issue may be incomplete, lacking in darity, or involve
inaccurate congraints. Better solutions and improved stakeholder buy-in can be achieved
through awell-defined and mutualy understood problem statement and by chdlenging
congraints on solutions and requirements. Analyses and decisions, based on criteriaand goas
that are explicitly defined and documented, remove barriers to stakeholder buy-in. Evaudtion
criteria should be tracegble to requirements, scenarios, business case assumptions, business
objectives, or other documented sources. Depending on the andyss method, scoring functions
(sometimes cdled utility functions) may be needed for each evauation criteria. (For example, a
scoring function for the “effort required” evauation criteriain atrade-off andyss might award
10 points to candidate solutions that require an effort of less than 1000 hours and 5 points for
solutions that require an effort of less than 1500 hours) Documentation of the problem or issue
and the evaluation criteria are important for future reference in case the issue needs to be
revisited or referred to for additiona anayses.

Untested criteriaand godss, their relative importance, and supporting data or functions may
cause the vaidity of solutions to be questioned. Criteria, god's and their relative priorities and
scales can be tested with trid runs againgt a set of aternatives. Such testing dlowsthe
cumulative impact of asat of criteriaand goas on the solution to be analyzed. In such cases, the
dternatives may be different from the proposed dternatives to avoid biases.

Both numeric and non-numeric criteria and gods can be used in a structured decisionmeking
process. Numeric criteria use weights to reflect the relative importance of the criteria. Nor+
numeric criteria use amore subjective ranking scae (e.g., high, medium, low).
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Additional Practice Guidance
Evduate the reasonableness and vdidity of assumptions, congtraints, and requirements
relating to the problem statement.
Egtablish a standard set of evauation criteria, gppropriate to the organizationd misson, such
as technology limitations, environmenta impact, risk, and life-cycle cogt.
Document the rationae for selection and rejection of evauetion criteria.
Involve stakeholders in the selection and weighting of evauation criteria
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BP 04.03 Select analysismethod
Sdlect an dternatives andys's method and document the rationale for the choice.

Description

Analysis methods are based on Strategies and methods established and supported by the
project or organization, and on consderation of the resources available and appropriate to the
issue to be decided. Congderations in sdecting an anadlyss method include acceptability to
stakeholders, availability of expertise, availability of tools, method knowledge or training,
method cost and schedule parameters, and the relative knowledge or lack of knowledge about
the problem or issue.

Typical Work Products
Sdected analys's and decison making methods, such as:
trade-off study (e.g., Kepner-Tragoe)
Delphi Method
Analyticad Hierarchy Process (AHP)
sdlection by an authorized individud
team consensus
team voting

Notes

The Kepner-Tragoe method (named for the authors of numerous publications on the method,
and often referred to as atrade study or trade-off) isawidely used method that presents
dternative solutions on one axis of atable (or matrix) and evauation criteria on the other axis.
Alternative solutions receive scores for each criterion, which may be increased or decreased by
weights assgned to the criteriato prioritize their importance. The Delphi method utilizes inputs
(judgment) from recognized experts to select a solution or decide an issue.

The Andytica Hierarchy Process (AHP) iswell suited to making complex decisonsinvolving
multiple criteria. The andysis god is decomposed into its congtituent parts, progressing from the
generd to the pecific. Alternatives are then further divided into an appropriate level of detall

and relative weights assigned. Scoring is on areative bass comparing one choice to another.
Reative scores for each choice are computed within each leaf of the dternatives hierarchy.

Although some methods may gppear to be highly objective due to the use of numeric vauesfor
scoring dternatives and weighting criteria, dl methods employ some leve of subjectivity. The
vaue of using a defined method isthat subjectivity may be decreased and localized (factud
information separated from judgmentd information) and the various aspects of an issue better
understood by stakeholders. Stakeholder acceptance isincreased by the use of amethod that
iswdl defined with documented results.
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The sdlection criteria and the andysis method are interrelated. For example a criterion that
depends on asmulation to provide andyss data may indicate areatively expensive trade-off
andyss. Use of expert judgment methods may require fewer resources but are dependent on
stakeholder buy-in and may be less accurate than a detailed trade-off andyss.
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BP 04.04 | dentify alter native solutions
Identify and document aternative solutions to problems or issues.

Description

Seek dternativesin addition to those that may be provided with the problem statement.
Alternatives are solicited from stakeholders, documented, and considered as possible solutions.
Deliberate mechanisms (such as brainstorming sessions and interviews) are employed to obtain
a broad-based set of dternatives. Alternatives are not chalenged during the collection process,
in order avoid stifling creativity of solutions. Subsequent to the dternatives collection phase,
dternatives may be screened using objective criteriain order to provide a manageagble set of
dternatives to the analysis phase. New aternatives are considered, asthey arise, throughout the
decision process. The generation and congderation of multiple dternative solutions early in a
decision-making process increases the likelihood that an acceptable decision will be made, and
that consequences of the decision will be understood.

Typical Work Products
identified dternative solutions

Notes

A wider range of dternatives can be obtained by soliciting as many stakeholders as practicd for
input. Inputs from stakeholders with diverse skills and backgrounds can help identify and
address assumptions, congraints, and biases. Brainsorming sessons may stimulate innovative
dternatives through rapid interaction and feedback. Combining key attributes of existing
dternatives can generate additional and sometimes stronger dternatives. Careful examination of
the problem, criteria, and godsis an effective Sarting point for identifying additiond dternative
solutions.

Additional Practice Guidance
Involve stakeholders in the sdection and review of dternatives.
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BP 04.05 Analyze alter native solutions

Anayze dternative solutions in accordance with the selected dternatives analyss method and
evauation criteria

Description

Alterndtives are analyzed according to the selected method. The score and/or other
characterigtics of each aternative are determined, reviewed and documented. The results
indicate the relaive vaue of each dternative with respect to the evaduation criteriaand solution
gods. Iterations of the evauations are conducted as needed by review feedback or by the
introduction of new aternatives and/or revised sdlection criteria Trid results of the andyses are
obtained and sengtivity andyd's conducted to seeif rdaively smdl changesin evaduation
criteria, scoring functions, or weights would change the outcome.

Typical Work Products
scores, characteristics or comparisons of aternatives againgt sdlection criteria
adjusments to selection criteria, scoring functions, or weights
new dternatives
documented andysis results

Notes

Andyzing dternative solutions involves analys's, discussion, and review. Iterdive cycles of
andyss are sometimes necessary. Supporting anayses, experimentation, prototyping or
smulaion may be needed to substantiate scoring and conclusions. Often the rdlative
importance of criteriaisimprecise and the total effect on a solution is not gpparent until after the
andysisis performed. In these cases, the best selection among dternative solutions may not be
clear-cut when the resulting scores differ by rdaively smdl amounts. Chalengesto criteriaand
assumptions should be encouraged.

Anayss parameters (e.g., selection criteria, their weights, and scoring functions) may need to be
adjusted during the course of the analys's, as the problem becomes better understood. Such
changes may be chalenged as changing the criteria to achieve a desired (biased) solution.
However, theinitid andyss parameters may be imprecise and lack vdidation. Trid runs of the
process to select a solution are often useful to test or validate the analyss parameters. Often
such trid runs are made with “dummy” dternatives. Testing or vdideation of the andyss
parameters should be a planned eement of the analys's process.

Additional Practice Guidance
Perform a sensitivity andysisto vaidate the evauation criteria, their weights, and scoring
functions.
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BP 04.06 Select solution
Select or recommend solution(s) that meet the criteriaand gods of the andysis.

Description

One or more solutions are selected or recommended in rank order based on the andlysis of
dternatives. The analyss and the selected solution or ranked list of solutionsis reviewed to
assure that the chosen analysis method was followed and that the criteria are vdid for the
recommended solution(s). When the andysis indicates that two or more candidate solutions are
relatively close in meeting the criteriaand gods, further andysis, expert opinion, and/or
stakeholder input may be needed. Sdlection of the solution(s) should consider both short- and
long-term implications of the solution(s), risks, and decision trees (indicating what other
decisons may need to be made as aresult of selecting a given solution).

Typ| cal Work Products
selected solution(s)
lig of solutionsin rank order of god/criteria satifaction
requests for additional anadyses
reviews

Notes

There can be substantia risk associated with any decision as aresult of having incomplete
information. When decisions must be made according to a specific schedule, time and
resources may not be available for gathering complete information. Consequently, risky
decisons made with incomplete information may require re-andyss a alater time. Identified
risks should be referred to the risk management process and monitored.

The following questions should be considered in selecting a solution:
How much better is the sdlected approach than the next best dternative?
Is there a Significant difference between the results of the comparative evauation?
Have dl feasble dternatives been consdered?
What are the areas of risk and uncertainty?

Additional Practice Guidance
Involve stakeholders in the selection and review of the solution(s).
Review the andysis and the sdlected solution to confirm that the sdection criteria were
gopropriately weighted (balanced) in selecting the solution.
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BP 04.07 Communicate analysisresults
Document and communicate aternatives andyss results to sakeholders.

Description

Communication of the recommended dternative or decison dlows othersto perform their
assigned tasks or take action based on the decison. Additionaly, communicating the basis for
the decision enables stakehol ders to understand why a decision was made and is especialy
important if the trade-offsin the decison gppear to be unfavorable from other points of view.
The documentation is distributed to the stakeholders and provides a record of the decision and
rationde that is useful to other projects that encounter asmilar issue. Documentation of
analyses, decisions, and issue resolutions are often useful when the same or related issues arise
in the future.

Typ| cal Work Products
documented andysis of dternative solutions
mathematicad modds of appropriate solutions
documented results of analyses
other supporting data of al studies and andyses
decison results
rationde and description for preferred solutions
rationale and description of reected solutions
criteriaand god sdection and gpplication to each dternative solution

Notes

Documentation of the analysis should include the method and rationde for its use, the selection
criteria, weights and scoring functions, dterndtives, ranking of aternatives, unresolved issues and
dissenting views on the sdection, and risks relating to the selected solution that need to be
mitigated and/or monitored.

Examples of ways to capture results include:
- formd, ddiverable documentation
informd, interna documentation
computer files
a prototyped product
an engineering log book
change request database
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PA 05: Outsourcing

Process Area Summary

Purpose

The purpose of the Outsourcing process arealis to identify the portions of the solution and
support structure that are to be provided from outside the organi zation, identify potentia
sources, and select the supplier for the needed capability.

Major Points Addressed

The Outsourcing process arealinvolves identifying products or servicesto be provided by
outside organizations, preparing and issuing the solicitation or tasking package, evauating
responses, conducting negotiations, and sdecting the supplier.

Affected organizations and stakeholders must have a shared vision of the working relationship
and roles in addition to coordination of schedules, processes, and ddliveries of work products.
This shared vison includes roles both during the selection process aswell as after sdlection.
Re ationships can range from integrated developer and supplier product teams, to prime
contractor and subcontractor, to vendors, and more.

Outsourcing ends at supplier selection and documented agreement.

Goals

1. Needsfor outsourcing are determined. (BP 05.01)

2. Qualified suppliers are selected to provide solution or process components. (BP 05.02, BP
05.03, BP 05.04)

3. A productive communications environment is established and maintained with potentid
suppliers. (BP 05.05)

Notes

The genera term “supplier” is used to identify an organization that develops, manufactures,
ingtalls, tests, supports, or otherwise provides products or services. Suppliers may take the
form of development contractors, support contractors, product suppliers, partners, other
government entities, off-the shdf item vendors (including credit card purchases), etc., according
to the acquirer’ s needs.

The acquirer establishes a cooperdtive partnership environment between itsdf and potentia and
contracted suppliers to ensure suppliers understand the needs of the acquirer and the acquirer
understands the capabilities and limitations of the suppliers. This environment provides a sound
basisfor sdecting a set of potential suppliersthat is quaified to meet the needs of the acquirer.
This usudly means asupplier can be selected that will maximize the potentid success of the
delivered product or service.
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Relationships between this PA and other PAs

Outsourcing provides product and service elements and parts based on inputs from Design (PA
03), Design Implementation (PA 06), and Operation and Support (PA 10). Monitoring of
outsourced dements is provided by Project Management (PA 11). Training (PA 22) and/or
skills may be outsourced as determined by Project Management. Specific activities pertaining
to managing the agreements are addressed in Supplier Agreement Management (PA 12).
Decisions made as a part of this process area should be made in accordance with the
Alternatives Analysis process area (PA 04). Requirements allocated and communicated to the
potential suppliers are those identified in Requirements (PA 02) and Design (PA 03). Supplier
evauation criteriaare related to Evaluation (PA 08). Practices of Integrated Teaming (PA 14)
enable the effective implementation of each of the outsourcing activities and eventua Supplier
Agreement Management. Measurement requirements relating to outsourced products and
services are obtained via the practices of the Measurement and Anaysis process area (PA 18).
Recelved product and service dements are integrated with other eements according to the
practices of Integration (PA 07). Risksassociated with outsourcing are referred to the
practices of Risk Management (PA 13).

Project Management (PA 11) activities determine the needed skills when planning the project,
ensure kills are available for the project ether through planning for training resident aff, or
through obtaining those skills from externa sources using practices of Outsourcing (PA 05) and
Supplier Agreement Management (PA 12).

Base practiceslist

BP 05.01 Identify needed productsor services. Identify needed solution or process
components that may be provided by other/outs de organizations.

BP 05.02 Identify competent suppliers: Identify suppliersthat have shown expertise or
cgpability in the identified aress.

BP 05.03 Preparefor the solicitation or tasking: Prepare for the solicitation/tasking and
the selection of a supplier, including objective review of estimates of cost for the
services/products to be outsourced, a clear description of tasking, and incluson of
evauation criteriain the solicitation/tasking package.

BP 05.04 Choose supplier: Choose suppliers in accordance with the selection strategy and
criteria

BP 05.05 Communicate with suppliers: Egtablish and mantain communication with
suppliers emphasizing the needs, expectations, and measures of effectiveness held
by the acquirer for the solution or process components that are being acquired.
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BP 05.01 | dentify needed productsor services

|dentify needed solution or process components that may be provided by other/outside
organizations.

Description

Rarely does an organization make every component of a system or have every skill needed to
provide a service. Make-versus-buy analyses and decisons determine which items will be
procured. Needs that will be satisfied outside the organization are generdly those in which the
acquirer has little expertise or cgpability. Those needs are identified for outsourcing.

Typ| cal Work Products
make-versus-buy anadyss
trade study
ligt of systlem components
subset of products or services to be outsourced
beginnings of criteriafor completion of needed work
skills needed

Notes
The Alternatives Analysis process area (PA 04) addresses decision-making processes that may
be used.

Example practicesinclude:
perform trade study
examine own organization to determine missing expertise needed to address requirements

Additional Practice Guidance

- Perform trade studies to determine make-versus-buy decisions based on business needs.
Perform cost-bendfit analysis for commercid off-the-shelf versusin-house devel oped
environments.
Establish amechaniam for assessing existing designs and specifications for reuse in new
goplications.
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BP 05.02 | dentify competent suppliers
Identify suppliersthat have shown expertise and capability in the identified aress.

Description

The capahiilities of the supplier should meet the needs of the acquirer. 1ssuestha may be of
concern include competent devel opment processes, manufacturing processes, responsibilities
for verification, on-time ddivery, life-cycle support processes, historical performance, process
capability, ability to perform the work, and ability to communicate effectively over long
distances (video teleconferencing, eectronic file transfers, e-mail and the like). The custom-
made supplier’ s processes are appraised according to the project’ s acquisition process.

Typ| cal Work Products
qudified or preferred supplierslist
qudified vendors list
supplier expertise and capacity or capability anadyss
process cgpability appraisa findings/results

Notes
Exampl e practices include:
use trade journals
review stock market
use available library services
use organizationa knowledge-base (perhaps an on-line system)
congder existing organizationa experience with supplier and lessons learned
use Externd FAA-iCMM Appraisa Method appraisa

Identifying competent suppliers or vendorsis part of pre-eva uation activities.

Additional Practice Guidance
Select suppliers based upon input from the gppropriate stakeholders.
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BP 05.03 Preparefor the solicitation or tasking

Prepare for the solicitation/tasking and the selection of a supplier, including objective review of
estimates of cost for the services/products to be outsourced, a clear description of tasking, and
inclusion of evduation criteriain the solicitation/tasking package.

Description

During the pre-solicitation or pre-selection period the acquirer prepares for the selection of a
supplier through aseries of actions. The principa actions are the development of an acquisition
drategy including a sdlection strategy and a solicitation approach to satisfy the needed
components/services identified in BP 05.01. The acquisition strategy provides for the type of
competition, sdection, incentives, and contract type. The solicitation gpproach details the
activities and documents necessary to perform the sdection, including evaluation criteriaand
gatement of work. The solicitation package is then issued to the identified potentia suppliers.

Typ| cal Work Products
acquistion strategy
selection drategy
solicitation package, including:
contract clauses
- requirements
- condraints
- satement of work
- evauation criteria
- evauation plan
- list of potentid suppliers
- contract documentation including specifications, test plans, etc.
purchase request
request for proposa

Notes

The selection of a supplier must be planned based on a number of factors: requirements, co<t,
schedule, risks, capability of the supplier, best vaue, past performance, etc. The qudified
candidates list identified in BP 05.02 is an input for this phase.

The sdection drategy is differentiated from the acquisition plan of Project Management (PA 11)
in that the dtrategy is specific to the ingtant solicitation. The practices of Alternatives Anadlyss
(PA 04) are used to help prepare the evauation plan. The requirements (including key
requirements and measures) dlocated to the potentia cortractor are incorporated into the
solicitation and are congstent with those requirements identified in Requirements (PA 02) and
Design (PA 03).
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Expectatl onswill ultimately be documented in a contract thet typicaly includes:
terms and conditions
statement of work
requirements for the products and services to be provided
list of dependencies between the supplier and the acquirer
conditions under which revisons to products are to be submitted
acceptance procedures and acceptance criteriato be used in evauating supplier products
procedures and eval uation criteriato be used by the acquirer to monitor and evauate the
contractor’ s performance
requirements for periodic reporting by suppliers on planned COTS product changes, new
releases, end of production dates, end of support dates, upward/downward compatibility
of new products, etc.

Additional Practice Guidance

- Formaly document requirements for the work.
Egablish formd criteriafor the reuse and commercid off-the-shef (COTS)/internd
development decision process.
Establish a mechanism for gpplying business gods to the evauation of interna development
of technologies versus those externdly available.
Assess current processes to see if they adequately support a COTS solution.
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BP 05.04 Choose supplier
Choose suppliersin accordance with the selection strategy and criteria

Description

Suppliers are selected in alogica and equitable manner to meet product or service objectives.
The characterigtics of a supplier that would best complement the acquirer's needs are evaluated,
and qualified candidates are identified. Suppliers are sdlected based upon evidence of their
ability to perform the work as defined by the requirements. The practices of the Alternatives
Anaysis process area (PA 04) are applied to select the gppropriate supplier. An agreement is
documented and accepted by the appropriate parties.

Typical Work Products
- sdlected supplier
rationde for selecting supplier
awarded contract
interagency agreement
memorandum of understanding

Notes

An important condderation in the sdlection of the supplier is the expected working relationship.
This could range from a highly integrated product team to aclassica "meet the requirements’
relationship. The sdection criteria are likely different, depending on the desired relationship.
The contractor and acquirer must have a shared vison.

The Alternatives Analysis process area (PA 04) addresses decision-making processes such as
supplier sdlection.

The documented agreement may be in the form of a contract, interagency agreement,
memorandum of understanding, bill of sale, etc.

Additional Practice Guidance
Select suppliers based upon input from the gppropriate stakeholders.
Sdlection shal dso take into account the supplier’ s quaity system.
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BP 05.05 Communicate with suppliers

Egtablish and maintain communication with suppliers, emphasizing the needs, expectations, and
measures of effectiveness held by the acquirer for the solution or process components that are
being acquired.

Description

The acquirer and supplier establish and maintain amutua understanding through effective,
timely, and appropriate communications. The acquirer must clearly identify and prioritize its
needs and expectations, as well as any limitations on the part of the suppliers. The acquirer
works closdly with suppliers to achieve amutua understanding of product requirements,
respongbilities, and processes that will be applied to achieve program objectives. Thereisa
clearly negotiated and documented agreement that contains the statement of work, specification,
terms and conditions, list of deliverables, schedule, budget, measures of effectiveness, and
acceptance process. The supplier isinvolved as early asfeasblein the programto asss in
requirements development and definition.

Typical Work Products
- needs Satement
draft Request for Proposal
technica performance parameters
minutes and decisons from negotiations

Notes

Characterigtics of communications include the types of information that are consdered openand
subject to no legd redtrictions, the types of information subject to legal redtrictions (e.g., policy
or contractua relationships), the expected timeliness of information requests and responses,
tools and methods to be used for communications, security, privacy, and distribution
expectations. "Face-to-face’ versus"a adisance" communication is important.

Expectations are documented in a contract that typicaly includes:
- termsand conditions

statement of work

requirements for the products and services to be provided

list of dependencies between the supplier and the acquirer

conditions under which revisions to products are to be submitted

acceptance procedures and acceptance criteria to be used in eva uating supplier products
procedures and eva uation criteria to be used by the acquirer to monitor and evauate the
contractor’ s performance

periodic reporting by suppliers on planned COTS product changes, new releases, end of
production dates, end of support dates, upward/downward compatibility of new products,
etc.
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Examples of techniques and forums for providing needs, expectations, and measures of
effectiveness to suppliers or vendors include:

trade studies

advertisements

draft contracts

draft statements of work

Specifications

joint megtings
Additional Practice Guidance

Develop and use a mechaniam for establishing and nurturing long-term relationships with
preferred suppliers.
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PA 06: Design Implementation

Process Area Summary

Purpose
The purpose of the Design Implementation process area is to produce a specified solution
component.

Major points addressed

This process incorporates the development of a solution component based on its design
specification and according to its interface requirements and implementation congraints. The
solution component is constructed by processing the materids, services and/or information
gppropriate to the selected implementation technology and by employing appropriate technica
gpecidigts or disciplines.

Solution components are developed product e ements that will be used by the Integration
process area (PA 07). The examination of dternative solutions, with the intent of supporting the
optimum design based upon agreed criteria, is expected. These criteriamay be significantly
different across products, depending on product type, operationa environment, performance
requirements, support requirements, and cost or delivery schedules.

All supporting solution component documentation is produced with defined detailed procedures
and criteriafor integration of the solution components.

Goals
1. Solution component(s) are developed. (BP 06.01, BP 06.02)
2. Documentation to support solution component(s) is established and maintained. (BP 06.03)

Notes

This PA focuses on development of a specific solution component as asingle dement of a
product or service. Solution components are devel oped based upon an individud design
element that will be fabricated in support of the overadl product or service.

Relationships between this PA and other PAs

This PA assumes that the requirements have been clearly documented and are unambiguous,
verifiable, and tracegble to the individua solution components according to the practices of
Requirements (PA 02). Trangtion, Deployment, and Disposd (PA 09) activities interact with
Design Implementation activities viathe Design (PA 03) process area to assure that the
implementation is competible with transition, deployment, and disposal consderations. This PA
a0 requires that the design specification has been completed according to practices of Design
(PA 03) in order to document and implement the individual required solution component.
Integration (PA 07) is dependent upon the successful implementation of individual component
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solution(s). The Evauation process area (PA 08) is utilized to evauate individua solution
components as they are built. Implemented components and the supporting infrastructure are
controlled using the practices of Configuration Management (PA 16). The examination of
dterretive solutions, with the intent of supporting the optimum design based upon agreed
criteria, is expected. The practices of Integrated Teaming (PA 14) provide a collaborative
gpproach for involving the individuals and organizations engaged in accomplishing the practices
of this PA. Operation and Support (PA 10) induced changes are implemented after processing
by the activities of Requirements (PA 02) and Design (PA 03). Design implementation depends
on Outsourcing (PA 05) for materid acquired and on Innovation (PA 23) for resolution of
manufacturing and production issues.

Base practiceslist

BP 06.01 Establish the implementation environment: Establish the methods,
standards, and tools to be used to implement the solution component(s)
strategy.

BP 06.02 Formulate product or service components: Formulate solution components
according to the specifications.

BP 06.03 Develop documentation: Develop and maintain the documentation that will be
used to operate and maintain the product or service components.
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BP 06.01 Establish the implementation environment

Egtablish the implementation environment including the methods, standards, and tools used to
implement the solution component strategy.

Description

This base practice involves defining implementation procedures and processes, taking account
of implementation tolerances and verification uncertainties. In the case of repeated system
component development, (e.g., mass production, replacement system eements) the
implementation procedures and processes are defined to achieve consistent and repestable
production.

This includes establishing an environment that is conducive to solution component creation and
supports the implementation of integrating solution components of a product or service.
Document the rationale for selecting each tool or method, and place the tools used to develop
and maintain the product or service components under configuration management. These will
be essentid inputs to begin the integration process.

Typical Work Products
solution components inventory
description of component(s)
selected methods and tools used to develop solution component(s)
rationade for sdecting tools, methods, and component(s)

Notes

Candidate methods and tools are selected based upon applicability to the organization's
dandards, the project’s selected processes, the existing skill base, availability of training,
contractua requirements, capability, ease of use, and support services.

The configuration management methods and tools used should integrate well with other selected
methods and tools. (Refer to the Configuration Management (PA 16)).

For software components, the software code is developed and documented according to the
project’ s software process, to implement the software requirements and software design.
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BP 06.02 Formulate product or service components
Build solution components that will be used to implement the product or service.

Description

Implement the product or service component(s) based upon solution description specifications
induding design congtraints, interface constraints, and alocated requirements that are necessary
and sufficient to produce or acquire an dement that is cgpable of meeting al vdidation and
verification conditions. Implementation of a component is used either as the basis for further
implementation of that component or for outsourcing that component. At the lowest layer of
design, the component (dement) design specifications provide the essentid conditions for
congtruction of the element. There are vast categories of component design condtraints and
requirements, typically including congraints imposed by selection of another design component,
that need to conform to another design component interface and to alocated design level
functiond, performance, and interface requirements.

Typical Work Products
- component
software code units
circuit board(s)
service components
peer review results
subsystem congraints
solution component(s)/e ements
service components/element(s)
hardware solution component(s)/element(s)
software solution component/element(s)
solution component/eement(s) specifications
solution component/eement(s) documents

Notes

The solution component is dependent upon a design specification or other collection of
information that fully describes a solution component(s) or its interface in terms of dl the
condraints and design requirements placed on the component. The individuasinvolved in
implementation must review the requirements and design to ensure that issues affecting the
implementation are identified and resolved. Use effective methods to implement the product or
service solution component(s). The sequence in which units are developed must account for
factors such as criticdity, difficulty, integration and test issues, and needs of the customer and
end users, as appropriate. Each solution component must meet the exit criteria of the chosen
implementation methodology before it is considered complete.

For hardware fabrication, fabricate hardware components using the conditioning, forming, and
fabrication techniques relevant to the physica implementation technology and materids selected.
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As appropriate, hardware components are tested to confirm specified product quality
characterigtics.

For software creation, code software components and, as appropriate, compile and inspect to
assure conformance to the design criteria specified in the data package.
A system component including configuration and performance datais produced.

Place the product or service solution components under configuration management (refer to
Configuration Management (PA 16)), and make appropriate changes to the solution
components whenever the requirements or design changes may affect the individua solution
component.
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BP 06.03 Develop documentation

Develop and maintain the documentation that will be used to operate and maintain the solution
components of the product or service.

Description

Egtablish and maintain documentation from the devel oped solution component(s) data
packages, and define detailed procedures and criteriafor integration of the solution
components. Use appropriate methods and tools to develop the documentation.
Documentation specidists must actively participate in planning, developing, and maintaining
documentation. Develop and make available preliminary verdons of the documentation early in
the solution component development life cycle for the customer, end users, and maintainers to
review and provide feedback. Verify find versons of the documentation againgt the solution
components that will be used in acceptance testing. Evaluations such as peer reviews of the
documentation should be performed.

Manage and control the documentation. The final documentation must be reviewed and
approved by the customer, end users, and maintainers, as appropriate. The documentation that
will be used to operate and maintain the components is devel oped and maintained according to
the project's processes.

Typ| cal Work Products
training documentation
on-line documentation
user’s manudl
operator’ s manud
maintenance manual
peer review results
patslist
inventory components

Notes

Examples of methods and tools include:
word processing
case studies
documentation reuse

Examples of documentation include:
- training documentation

on-line documentation

user's manua

operator's manual

mai ntenance manud
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PA 07: Integration

Process Area Summary

Purpose
The purpose of Integration isto ensure that product and service eements will function asa
whole.

Major points addressed

This process area emphasizes integration strategy and preparation, interface coordination and
maintenance, confirmation that product and service dements are ready and available for
integration, and confirmation that the integrated product or serviceis reedy for evauation.
Integration activities begin early in the development effort when the integration strategy can be
influenced by &l engineering disciplines and applicable interface requirements, and standards can
be invoked. Interface coordination is conducted throughout the life cycle. Integration readiness
is assured through coordination of interface definition and confirmation that product and service
elements are qudified (ingpected and evauated) and available. Products and services are
integrated and their readiness for test and evauation determined.

Goals

1. A drategy for integrating the product and service dements is defined and communicated.
(BP 7.01)

2. Readiness of product and service eements for integration is verified. (BP 7.02, BP 7.03)

3. Theproduct or service isintegrated in accordance with the integration strategy. (BP 07.04,
BP 07.05)

Notes

Product integration is more than just a one-time assembly of product eements at the conclusion
of design and fabrication. It isusudly advantageous to conduct integration incrementdly, usng
an iterative process of “build-test-build.” Integration may be facilitated through the use of a
prototype/testbed that dlows for the gradud replacement of smulated eements by fully
functiond dements. The process may begin with anadysis and smulation (e.g., threads, rapid
prototypes, mechanica prototypes) and steadily progress through increasingly more redigtic
incrementa functionality until the final end product or serviceis achieved. In each successve
build, prototypes are constructed, tested, improved, and reconstructed based upon knowledge
gained in the testing process. A successful integration strategy should use combinations of these
techniquesin an incremental manner. Thereis ahigh probability that the end product, integrated
in this manner, will pass verification and vaidation. Smilar consderations apply to integration of
service dements.
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Relationships between this PA and other PAs

The integration strategy and sequencing is coordinated with the planning and scheduling
practices of Project Management (PA 11). Product and service e ements are received from
Design Implementation (PA 06) or Outsourcing (PA 05) and verified in accordance with
practices of the Evauation process area (PA 08) prior to integration. Coordinating, reviewing
and maintaining the integrity of interface definitions, developed in Design (PA 03), is
interdependent with Configuration Management (PA 16) and Integrated Teaming (PA 14).
Problems or issues identified during integration are input to Project Management (PA 11) and
Risk Management (PA 13). The practices of Evauation (PA 08) are performed on elements
and on theintegrated product and service. The coordination and communication needed for
Integration are supported by the practices of Integrated Teaming (PA 14). Implementation
changes induced from any source, including Operation and Support (PA 10), are re-integrated
into the product or service according to the practices of the Integration PA.

Base practices list

BP 07.01 Develop integration strategy: Develop an integration strategy and supporting
documentation that identify the sequence for receipt, assembly, and activation of the
various e ements that make up the product or service,

BP 07.02 Confirm readiness of product and service elements: Confirm the readiness of
each product and service eement in accordance with the integration strategy
schedule and quaity standards.

BP 07.03 Review and coordinate interface definitions. Review and coordinate product
and sarvice dement interface definition, design, and change between affected
groups and individuas throughout the life cycle.

BP 07.04 Assemble product and service elements. Assemble or integrate product and
service eementsin accordance with the integration strategy.

BP 07.05 Confirm integrated product or service operation: Confirm that the integrated
product or service functions to the extent required for eva uation.
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BP 07.01 Develop integration strategy

Develop an integration strategy and supporting documentation that identify the sequence for
receipt, assembly, and activation of the various elements that make up the product or service,

Description

Using business as wdll as technicd factors, a strategy is developed for receipt, assembly,
activation, and integration of the product and service dements. The larger or more complex the
system or the more delicate its elements, the more critical the proper sequence becomes, as
small changes can cause large impacts on project results. Selection of an integration sequence
conddersrisk, planned eement readiness, and ease of fault isolation during operationa
checkout of incrementa assemblies. Communicate the strategy to al stakeholders.

Typ| cal Work Products
Integration Strategy Document containing
- schedulesfor integration activities and eement readiness
- personnd requirements
- gpecid shipping and handling of dements
- system documentation for systems engineering users
- assembly sequence and rationae
- procedures
- communications
- sarvice element checkout sequence

Notes

Alternative sequences should be considered and an gppropriate assembly sequence selected
based on characterigtics of the services, subsystems or components, such as the technical risk
associated with the various dements.

In developing an integration srategy for services, the availability of service gteff, ther
qudifications and training, service element interface procedures, problem resolution procedures,
facilities, and tools (e.g., desktop computers and other equipment) should be considered.
Integration strategy should aso consider maintenance arrangements or contracts for the service
infrastructure (e.g., communications equipment, data storage and retrieval resources, office or
[aboratory equipment).

For hardware/software product integration, atypica assembly sequenceisan initid assembly of
user interface, data base and communication infrastructure, followed by serid incluson and test
of higher-risk subsystems, such as anew suite of computationa or graphica components. A
fundamenta consideration for evaluating aternative sequencesis to saect a sequence that
reduces the diagnostic effort of fault isolation. The selection of a sequence will take into
consderation any effort needed to establish and equip the assembly facilities (e.g., raised floor,
hoidts, jigs, test equipment, input/output, and power connections). Once established, the
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sequence must be periodicaly reviewed to ensure that variations in production and ddlivery
schedules have not had an adverse effect on the sequence or compromised the factors on which
earlier decisons were made.

Component risk notwithstanding, generd sequence of assembly is from the bottom up as
components become sub-dements, eements, and subsystems, each of which must be checked
prior to fitting into the next higher assembly.

The integration strategy should aso consider requirements and plans for site preparation and the
ingalation and integration (I&1) activities conducted at development/test Sites or operationa
fidd fadlities. For these activities, the integration strategy must address the proper preparation
of each implementation Ste to ensure readinessfor 1&1. Readiness includes assurance that al
system elements and associated interfaces function correctly, assurance that the integrated
systemn can be connected to externa systems without causing degradation, and verification of
the correct operation of the ingtalled system when operating in conjunction with other
interconnecting systems.

Additional Practice Guidance

- Aspart of the integration srategy, include contingency plans to minimize the impact on
subsequent project schedules/costs in the event of ddlaysin availability of various
subsystems.
Define detailed procedures and criteria for integration of the product components.
Egtablish requirements and plans for the environment needed to support the integration of
the product components
Use a common support environment for integration and verification.

5-PA 07-4 September 2001 FAA-iCMM Version 2.0



BP 07.02 Confirm readiness of product and service elements

Confirm the readiness of each product and service dement in accordance with the integration
strategy schedule and quality standards.

Description

The god of confirming readinessis to assure that each eement of the product or serviceis
received, checked for qudity, and available as required to support the integration schedule.
This includes checking for receiving reports and for evidence that e ements were checked for
quantity, obvious damage, and consstency between the eement description and alist of eement
requirements. Service eement readiness includes confirming that service provider Seff are
ready, their organization and procedures are ready, and appropriate contractual conditions are
in place.

Typ| cal Work Products
confirmation of receiving, acceptance, and/or evauation documents
confirmation of supplier quality assurance documents
delivery receipts
checked packing list
report of eement readiness deficiencies that may affect the integration schedule
confirmed avallability of service dements
confirmation of service element procedures

Notes

Examples of activitiesto confirm the receipt and qudlity of service dementsinclude contacting
gaff to confirm their schedules and availability, confirming the existence and gpprova datus of
inter-element coordination procedures, reviewing staff training reports, reviewing staff
qudifications, and monitoring availability and/or inddlation of service infrastructure
fadilities'equipment. Confirmation of facilities and equipment should include maintenance
agreements.

Technica evauation of developed or non-developmenta itemsis performed according to the
practices of the Evaluation process area (PA 08). Evauation (e.g., test) reports are confirmed
by practices of integration. Suppliers should provide a qudity assurance document, for example,
aquality system acceptance report, describing the quality assurance acceptance criteria,
including vendor testing and evauation method, metrics, assessment criteria, and instrumentation
with environmenta conditions that were adhered to during acceptance and delivery of the
product or service.

It isvitd for safety-critical products, particularly those that are or include commercid- off-the-
shelf and non-developmenta-items, that a means be provided to ensure that product eements,
and their component parts, are produced by the appropriate manufacturer(s) or supplier(s).
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Additional Practice Guidance
Track the delivery status of dementsto be integrated.
Check theligt of required itemsto verify delivery of the expected itens.
Ensure that product components and interfaces are marked to ensure easy and correct
connection to the joining product component.
Monitor and track schedule readiness progress for service eements.
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BP 07.03 Review and coordinate inter face definitions

Review and coordinate product and service dement interface definition, design, and change
between affected groups and individuds throughout the life cycle.

Description

The completeness and accuracy of product and service interfaces evolves through devel opment,
operation, and maintenance of the product. Experience indicates that during development, an
on-going effort dedicated to review and coordination of interfacesis cost effective in reducing
end-item integration and verification problems. During operations and maintenance, interface
issues are input to the configuration management change andysis process (including assessment
of impacts to potentid interface changes). Interface review and coordination activities include
confirmation that interface documents adhere to sandards for form and content. An on-going
effort to review and coordinate interface specifications must be pursued to reduce the risks to
successful product integration and verification.

Typ| cal Work Products
interface review dtatus
interface issues
andysis of COTS interface documentation
andysis of re-use component interfaces
interface risk items
minutes of interface control working groups

Notes

Interface coordination for service eements includes confirming that quaified and approved
inter-element (e.g., inter-departmental) procedures have been reviewed and approved and that
interfaces to service infrastructure have been prepared and coordinated. An example of the
latter would be procedures for appropriate configuration of desktop computer user interfacesin
accordance with service staff roles, responshility, and authority.

In the case of hardware/software products, externd interface specifications are often outside the
contral of the project and may be ether initidly incomplete or inaccurate. Commercid off-the-
shelf product literature and documentation are frequently incomplete or incorrect.

Additional Practice Guidance

- Edtablish and use checkligts for interface reviews that address completeness and accuracy.
Egtablish a common set of data requirements for interface documentetion (e.g., simulus,
protocol and data characteritics, timing, eectrical properties, mechanica drawings).
Egtablish interface control working groups as ameans of resolving interface issues and
monitoring interface development progress.
Systematicaly map and assess each component againg al other components to assure that
al interfaces have been identified.

FAA-iCMM Version 2.0 September 2001 5-PA 07-7



BP 07.04 Assemble product and service elements
Assemble or integrate product and service dements in accordance with the integration strategy.

Description

Product and service dements are assembled into larger or more complex assembliesin
accordance with the planned integration strategy. Evauation of the integrated product and/or
serviceisexplicitly addressed in Evauation (PA 08).

Typical Work Products
integration reports
exception reports
integrated product

Notes
Examples of product dement assembly include:
ubsystem build
subsystemn checkout
integration of software units into computer system configuration items

Examples of service eement integration include::
practice runs of service eement procedures
confirmation of service dement interfaces with the environment
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BP 07.05 Confirm integrated product or service operation
Confirm that the integrated product or service functions to the extent required for eval uation.

Description

Confirmation of functional readiness for product or service evaduation (e.g., product or service
verification) involves checking that the elements and interfaces respond to appropriate stimuli
and that no unexpected behavior exists that indicates product or service destructive behavior or
safety concerns.

Typ| cal Work Products
integration anomaly reports
ingalation and integration checklist/reports
integrated product ready for verification
ingalation integration test reports
integration strategy/planning change requests

Notes

Integration checkout includes checking for functiond response to user inputs and to inputs from
other products or systems. The complete range of functions should be checked for operation,
but not for performance. Checking the partially assembled product at each stage of the planned
integration sequence aids in isolating faults. The activity of integration checkout is often
combined with a practice run of product verification. Product integration evaluation may share
test procedures, support items, and facilities with product verification activities. Comprehensve
product evauation againg dl requirementsis explicitly addressed in the Evauation process area
(PA 08).

Integration checkout of a service may involve practice runs of procedures to confirm the
readiness of the procedures and the availability of appropriate staff to execute the procedures.
Service checkout often involves providing a smulation to input service requests and receive
sarvice actions. In the case of an air traffic control service, Smulated aircraft tracks may need to
be provided. Emergency services integration checkout may involve smulated accidents or other
emergency events, including smulated equipment damage or personnd injuries.

Additional Practice Guidance
Ensure integrated functionality and readiness for evauation in dl states and modes.
Record dl gppropriate information (e.g., configuration status, serid numbers of the
elements, types and cdibration date of the meters).
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PA 08: Evaluation

Process Area Summary

Purpose

The purpose of Evauation isto confirm that developed and acquired products and services satisfy
specified requirements and operationa needs, and identify and document actual and potentia defectsin
evolving product and service eements.

Major points addressed

The Evauation process area addresses eva uations of al work products and service dements including
incrementa and end-result products and services. Evaudion activities include both vaidation and
verification.

Development of the evaluation approach/strategy and technical and nontechnica evauation
requirements begin early and run concurrently with analys's and understanding of the product or service
needs and requirements. Verification evauations (including test) are performed on incrementd,

acquired, and end-item products and services to confirm they satisfy requirements. Vdidation
evauation is performed on products and services to confirm they fulfill their intended use in their
intended environment. Incrementa evaluation includes forma reviews, peer reviews, audits and
functiond demondrations for verification of product and service dements againgt requirements.
Evauation results are analyzed to identify non-conformances to the product or service requirements.
These nonconformances are documented and corrective actions are assigned and tracked until they are
resolved.

Evdudtion attivities are performed over the complete life cycle of products and services, from
evauating the qudity of needs and requirements through evauation of product and service retirement.
Product and service evauations are supported by an agppropriate eval uation environment, including
trained and qualified evauators, cdibrated test equipment, hardware and software test drivers, sub-
system smulators, test scenarios, and facilities.

Goals

1. Theevduation approach, requirements, methods, and environment are established to provide an

objective bass for determining whether the products and services meet requirements and can be

accepted. (BP 08.01, BP 08.02, BP 08.03)

Evauations are performed as planned. (BP 08.04, BP 08.05 BP 08.06)

3. Anayses are conducted on results of evauations to support acceptance or corrective actions. (BP
08.07)

N

Notes
Theterm “vaidation” in this PA follows common industry standard usage and denotes confirming or
ensuring that the intended use for a product or service isfulfilled in the intended usage or operationa
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environment. IntheiCMM, the intended use is described in work products developed in the Needs
process area (PA 01) (such as operationa concepts, operational scenarios, and statements of needs
and expectations). Vdidation demonstrates that the product or service actudly performsits intended
function in itsintended environment, thus addressing stakeholder needs and expectationsin the “red
world.” The phrase “vdidating againgt needs’ denotes this activity. Validation addresses the questions:
“Did | build or acquire the right product/service? Isthiswhat | really need? Isthiswhat | expected,
now that | am actudly using it?’

“Verification” denotes confirming or ensuring that specified requirements for a product or service have
been fulfilled. IntheiCMM, the requirements are developed in the Requirements process area (PA
02); component design specifications are developed in the Design process area (PA 03). These aredll
based on, and trace back to, the needs and expectations of the customers and other stakeholders, as
determined in the Needs process area (PA 01). Verification addresses the questions. “Did | build the
product/serviceright? Does this product/service fulfill its stated requirements?” Wheress requirements
are based on operationa (and other) needs, a product or service may fulfill stated requirements but not
necessarily perform as expected in the intended environment; thus eval uation encompasses both
verification and vadidation activities

Theterm “evauation” is applicable to products, product eements, work products, and services.
Evaluation of hardware, software, documentation, operations, and support services is accomplished
through forma reviews, peer reviews, audits, tests, and demondtrations. The term “test” is often used
informally to refer to certain evauations dthough “test” (technicdly) is only one form of evauation. The
“requirements’ that are the basis for verification are typicaly documented in product requirement
specifications and sub- product design specifications. The “needs’ that are the basis for vaidation may
be documented in operational concept documents. Since the range of possible evauation activities can
be quite large and potentialy expensive, cost- benefit andyses may be warranted to determine a scope
of evauation activities that provides a reasonable balance of defect remova and verificaion
effectiveness versus cost.

Note that some organizations may focus on selected evauation practices. For example, atest
organization that performs verification testing on completed systems/products could focus and add detall
relaing to the base practicesinvolving verification planning and strategy, test case and test procedure
development, test environment and tools, test execution processes, data collection and reporting and
andyss of test results.

Relationships between this PA and other PAs

Evauation activities apply to the work products of al process areas. Evauation strategies and activities
should be coordinated with those of Quality Assurance and Management (PA 15) to ensure they are
complementary. Quality Assurance and Management will typicaly be accomplished by sampling
products and processes throughout the life cycle. Qudity Assurance and Management provides an
objective view that ensures the integrity of product and service eva uations and the implementation of
planned processes. Evauation is the verification and vaidation of products and services againgt their
technicd requirements and needs.
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Requirements (subject to evaluation) mentioned in this process area are defined in the Requirements
(PA 02) and Outsourcing (PA 05) process areas. Vdidation evaluations are based on needs
determined in the Needs (PA 01) process area. Corrective actions resulting from evauations are
monitored in Project Management (PA 11), and Supplier Agreement Management (PA 12). Integrated
Teaming (PA 14) supports the establishment of evaluation teams to accomplish product and service
evaduation. The Evaduate Incrementa Work Products base practice (BP 08.04) of this process areais
used to verify that stated product and service requirements (from PA 02) meet established quality
criteria (e.g., unambiguous, complete, tracegble, feasible, and verifiable).

Base practices list

BP 08.01

BP 08.02

BP 08.03

BP 08.04

BP 08.05

BP 08.06

BP 08.07

Develop evaluation strategy: Edablish and maintain a comprehensive srategy and
requirements for evaluating products and services throughout ther life cycle.

Develop evaluation procedures. Develop the detailed procedures, methods, and
processes to be used in evaluating products and services.

Establish and maintain evaluation environment: Etablish and maintain the tools,
facilities, personnd, documentation, and environment needed to perform planned
evauations

Evaluate incremental work products. Evauate incremental work products and
services.

Verify end-products. Evaduate end-products and services against specified
requirements.

Validate end-products. Evduate the capability of end- products and servicesto fulfill
their intended use in representative operationa environments.

Analyze evaluation results. Andyze results of evauations and compare them to the
needs and requirements to identify and quantify deficiencies, and recommend corrective
and preventive actions.
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BP 08.01 Develop Evaluation Strategy

Edtablish and maintain a comprehensive strategy and requirements for evauating products and services
throughout their life cycle.

Description

Eva uation requirements are both technica and nor+technica (e.g., requirements on how and when
evauations are to be performed), and include identification of products and servicesto be evaluated. A
comprehensgve evauation strategy includes evauation of evolving work products (e.g., formd and
informd reviews such as design reviews and peer reviews), evaluation of acquired products, eements
and sarvices, evauation of end-products and services againg their requirements, and evauation of end-
products and services againgt needsin arepresentative operaiond environment. The evauation
grategy should include methods that have proven effective for identifying defects and for confirming that
requirements have been satisfied. For example, if aternative methods to peer reviews are used to
identify defects and deficienciesin incrementa work products, the dternative methods should be at |least
as effective asindustry practices for peer reviews.

The evaluation strategy must be documented for each identified product or service. The documentation
should include the objectives of the evauation(s), acceptance criteria, evaluation methods, respongbility
for each evauation, resources, facilities, specid equipment, and evauation schedule. The evauation
drategy should identify review points in the development span of work products that provide for
relaively efficient detection and removal of defects (e.g., peer reviews a 20 percent and 80 percent
levels of completion)

Typ| cal Work Products
requirements and methods for peer reviews
list of types of work products for which peer reviews are required
identification of the types and range of project evaludtion activities
eva uation methods for maintenance services
requirements for evaluation plans for selected evauation activities (eg., Verification Plan, Vaidation
Plan, Verification Plan for acquired products and services)
test sections of an integrated program plan, statement of work, acquisition strategy, or performance
basdine
test and evauation guide
drategy for the evauation of products and services
identification of appropriate stakeholders for salected evauation activities
requirements and methods for receiving inspections
requirements for analysis and documentation of evaluation results
project test milestone schedule

5-PA 8-4 September 2001 FAA-iCMM Version 2.0



Notes

The evauation drategy (often referred to as the test and evauation strategy) typicaly begins early, with
the definition of product and service requirements to ensure that these requirements are verifiable. The
drategy includes ensuring that an appropriate method of verification (e.g., test, analysis, or ingpection) is
assigned to each requirement. Product and service evaluation is an on-going process that occurs
throughout development or acquigtion. It begins with evaluation of the qudity of the requirements and
other work products, progresses through the eva uation of eements and the integrated product or
sarvice, and ends with the operation of products or servicesin the intended environment. Due to the
large number of consderations associated with establishing an evauation strategy and developing
evauation requirements, tools that support the development of the strategy should be archived.
Examples of toolsinclude checkligts, templates, lessons learned, etc.

Veificaion involves evauating products or services againgt documented requirements, validation
involves evauation of products and services againgt customer/user needs in a representative operationa
environmen.

Additional Practice Guidance
Include the following in the evauation strategy and requirements:.

schedules or schedule requirements for the selected types of evauation
peer reviews of requirement, design, and test documents

reviews of supplier documentation

tegting of in-house and acquired components, prior to integration
evauation methods for the selected types of evauations to be employed on the project
end-product and service verification

end-product and service vaidation

tools and facilities for evaluation

cdibration or “proofing” of test support software and equipment
participation in supplier reviews

identification and natification of gppropriate review stakeholders

Incorporate an evaluation strategy for performing evauations at the gppropriate phasein
development of elements and products (e.g., a atime for efficient defect removal).

Provide for evauation planning with sufficient lead time to acquire and prepare the evauation tools,
facilities and environment.

Allow for reuse of evaluation resources (e.g., test equipment, test software, and facilities) in the
project evauation strategy.

Consider an evauation dtrategy that includes vaidation of incrementd products, e.g., a the end of
each phase of spird development.

Provide for failure and/or non-conformance prediction in the evauation srategy.
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BP 08.02 Develop evaluation procedures

Develop the detailed procedures, methods, and processes to be used in evauating products and
services.

Description

Development of evauation procedures includes documenting the detailed procedures, acceptance
criteria, and method of handling non-conformances, for the full range of project evauations (e.g., for
design reviews, peer reviews, supplier evauations, eement verification, end- product verification, and
vaidation). Evauation procedures should define detailed methods including test case scenarios,
specification of test inputs and drivers, reference to initid state of the product under test and the test
environment, and expected results and tolerances for each test step.

Typ| cal Work Products
peer review procedures and reportable defect categories
test procedures, test scripts, and acceptance criteria
service evauation procedures and evaluation assessment criteria
formal review procedures and agenda
acquired product and service test procedures and criteria
system verification procedures and test cases
smulation requirements
verification scenarios
vaidation procedures and test cases
operationa scenarios

Notes

Evauation procedures are typically organized into evauation (test) cases that represent redistic
operational scenarios. These operational scenarios are based on the operational scenarios and
sequences devel oped in the determination of needs and requirements phases.

Additional Practice Guidance
Define and maintain traceability between items or services being evaluated and their requirements.
Establish gppropriate measures for service evauation (e.g., “needs improvement,” “ acceptable,”
“exceeds expectations’).
Define the documentation requirements for evaluation activities and results (e.g., templates for test
procedures and forms for anomaly reporting).
|dentify the expected results and any tolerances alowed in the observation and other criteria for
satisying the requirements.
Review verification plans early with peers within the devel oper’ s organization and with other system
stakeholders to assess risky aspects of system devel opment and to agree on alternative courses of
action in the event of failures while conducting verification.
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BP 08.03 Establish and maintain evaluation environment

Egtablish and maintain the tools, facilities, personnel, documentation, and environment needed to
perform planned evauations.

Description

Evaluation environments and resources, gppropriate to the needs of selected evauation activities, are
established to enable successful product and service evauations. These range from meeting rooms,
processes, and desktop computers for peer reviews to laboratories, test equipment, test software, and
amulators for dement and product verification and vaidation. Evauation preparation includes
consideration of test equipment and software acquisition, caibration and/or validation of test support
hardware and software, and andysistools.

Typ| cal Work Products
test and certification laboratories
test readiness review results
test equipment and software validation and cdibration results
test tools interfaced with the product being evauated (e.g., scope, electronic devices, probes)
temporary embedded test software
recording tools for dump or further andysis and replay
smulated subsystems or components (by software or by eectronics or by mechanics)
smulated interfaced systems (e.g., amock aircraft for testing an ATC radar)
red interfaced systems (e.g., arcraft for testing aradar with trgectory tracking facilities)
dedicated computing or network test environment (e.g., pseudo-operationa telecommunications
network testbed or facility with actua trunks, switches, and systems established for redligtic
integration and vdidation trids)

Notes

Although a peer review may require little more than a package of materias, reviewers, and aroom, the
efficiency of peer reviews can often be improved with appropriate tools and resources such as peer
review procedures, peer review training, electronic projectors, and red-time defect data base entry. A
product test may require smulators, emulators, scenario generators, data reduction tools, environmental
controls, and interfaces with other systems.

Elements of the evaluation environment may be purchased developed or based on reuse. The
environments used for product integration and verification should be consdered in a collaborative effort
in the validation strategy to reduce cost and improve efficiency or productivity.

Additional Practice Guidance
Provide approved procedures and training for peer reviews.
Establish and maintain procedures and records for test equipment and software calibration.
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Acquire test equipment and software and items to be tested according to a comprehensive strategy
that enables reuse.

Egtablish and maintain documented procedures to control, cdibrate and maintain ingpection,
measuring and test equipment (including test software).

Define the process employed for the cdibration of ingpection, measuring, and test equipment,
including details of equipment type, unique identification, location, frequency of checks, check
method, acceptance criteria and the action to be taken when results are unsatisfactory.

| dentify ingpections-measuring and test equipment with a suitable indicator or approved
identification record to show the cdibration status.

Maintain cdibration records for ingpection, measuring, and test equipment

Ensure that the environmenta conditions are suitable for the cdibrations, ingpections, measurements,
and tests being carried ouit.

Ensure that the handling, preservation, and storage of ingpection, measuring, and test equipment is
such that the accuracy and fitness for use are maintained.

Require suppliers to provide assurance of the vadidity and cdibration of their test support equipment
and software.
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BP 08.04 Evaluate incremental work products
Evduate incremental work products and services.

Description

Verify and vaidate incremental work products. Incrementa evauation of products, product elements,
documentation and services provides for relaivey efficient remova of defects and deficiencies. Peer
reviews (or an equaly effective aternative method of incremental work product review) should be
performed at appropriate phases of work product development. Incrementd evauationsindude
reviews of in-progress requirement, design, and element documentation and specifications, forma and
informal reviews and audits, evaluation of product assemblies, and product and service dements under
development. Solution components are evaluated based on design specifications and interface
requirements. Standards or criteria should be established and used to specify the evaluation data to be
collected and documented. Evaluation of incremental work products and services with or by the
customer/user and in the intended operationd environment (incrementa validation) is performed at
gppropriate phases of incrementa product and service development. The goa of eva uating devel oped
products incrementdly isto ensure that problems are found, and defects and deficiencies eiminated, as
early in the development process as possible, saving the considerable cost of fault isolation, problem
mitigation, and rework associated with resolving problemsin a complex, integrated system.

Typlcal Work Products
peer review results, for requirement, design, and code work products (see Notes below for detailed
peer review work products)
system requirement review minutes
design review minutes
test reports on component tests
software unit test reports
monthly reports of service performance evauations
incrementa capability work product verification results
incremental cgpability work product validation results

Notes

Practice runs of service dements (e.g., a customer service department, product trouble report
processing function/group) can be used to evauate the design of service solution definitions under
development. These may require smulated inputs, and their evauation procedures and analys's of
results should be as rigorous as any tangible/actual product test and evauation.

An efficient srategy should be considered for selecting the level of subsystem assembly for incrementa
test and evauation. Incrementd validation should be performed on partial assemblies of products and
on elements (e.g., components, subsystems) when their development maturity alows operation by users
(operators/maintainers) in the intended operationd environment or in an gppropriate representation of
the operationa environment. User evaluation of a software user interface is an example of incrementd
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vaidation of an dement. User evaduation of integrated, but incomplete products (e.g., limited
functiondity and festures) is an example vdidation of a partialy completed product.

The use of the peer review method has proven to be an effective means of early defect removdl.
Reviews by “peers’ (as opposed to reviews by supervisors or managers of work product producers)
aretypicdly effective in identifying defects, snce they are conducted in a nonthreatening, collegid
environment. Peer reviews should be performed on key work products including requirement, design,
and test documentation, implementation activities, and specific planning work products (e.g., software
development plan, risk management plan, or test plan). Incrementa evauation of requirement, design,
and test work products should be accompanied by established evauation criteria

Peer reviews, or equaly effective incremental work product reviews, should be performed well in
advance of completion of work productsto dlow for the efficient detection and remova of defects and
deficiencies, aswdl as on near-final work products. Peer reviews should be supported by appropriate
procedures, participant roles, stakeholder ligts, training, and tools. The product and service
requirements, resulting from the practices of the Requirements process area (PA 02), should be verified
by peer review or other effective methods to insure that the requirements meet established quaity
criteria (e.g., unambiguous, complete, traceable, feasible, and verifiable). They should aso be validated
to assure that the operationd need is accurately represented in the requirements.

Peer review work products include:
checkligts of review criteria
actions resulting from the review
identification of the work product
sze of the work product
sze and compogtion of the review team
preparation time per reviewer
length of the review meseting
types and number of defects found and fixed
rework effort
defect description
defect category
severity of the defect
units containing the defect
units affected by the defect
activity where the defect was introduced

Thefollowing are typica peer review activities:
|dentify peers who will be the reviewers. They may include subject matter experts, stakeholders,
etc.
Ensure that the peer review leader and other participants are aware of their roles.
Didtribute review materias to reviewers in advance so they can adequately prepare for the peer
review.
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Specify and enforce readiness and completion criteriafor peer reviews.

Use checkligts to identify criteriafor the review of the work products in a consistent manner
Track actions identified in peer reviews until they are resolved.

Use successful completion of peer reviews, including the rework to address the items identified in
the peer reviews, as a completion criterion for the associated task.

After peer reviews are conducted, collect, record, and analyze data about the reviews.

Additional Practice Guidance
Include product evauation issues (e.g., unanticipated or unintended functions or behavior) asan
integral part of al forma, sysem-level design reviews.
Evauate desgns prior to implementation through analys's, modding, prototypes or smulaionsto
gain confidence in the design functiondity and robustness.
Test new and unproven designs (i.e., highest risk) a the lowest assembly levd to verify their
compliance with established requirements early in the development life cycle.
Review the incrementd verification results vis-a-vis requirements with key stakeholders on an on
going basis.
Veify system, subsystem, and work products againgt requirements established in an earlier phase.
Evduateinitia, new, and changed requirements againgt established quality criteria, such as
feaghility, verifiability, tracesbility, etc.
Evauate design specifications againg established criteria
Evduate design specifications for proper sequencing of events, inputs, outputs, interfaces, logic
flow, alocation of timing and Szing budgets, and error definition, isolation, and recovery.
Evduate design specifications againgt safety, security, and other critica requirements.
Vdidate the requirements through customer/user interaction to gain confidence that a product or
sarvice implemented in accordance with the requirements would meet the operational need.
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BP 08.05 Verify end-products
Evduate end- products and services againgt specified requirements

Description

Completed products and services and those acquired from external sources are evaluated against their
requirements. Evauations are supported by Strategies, plans, results analys's, corrective actions, and
appropriate re-evaluation. Established standards or criteriaare used to specify the verification data to
be collected and documented. Product test and evaluation includes any appropriate re-eva uation of
products, services, sub-systems, and dementsthet failed initid evauation.

Typical Work Products
- test reports

product verification reports

verification anomdies

subcontractor product eval uation reports

service performance reports

receiving ingpection for procured off-the-shelf components

evauation reports for off-the-shef components

Notes

End-product evauation includes conducting verification tests and collecting specified test data. In
performing testing and re-evaluation of corrected anomalies, care should be taken to check for
unanticipated effects corrective actions may have had on other product eements. A strategy is needed
to determine when the entire product test suite must be re-run after anomaly corrections.

Product evauations should include evauations of product support documents (e.g., requirement and
design documentation, quality records, user manuas, and maintenance manuas) and service and

mai ntenance concepts. End-product evauation (verification and vdidation) may include the customer as
user (operator/maintainer) of the product during testing. Evauation can include both structured and
unstructured operation of the system or product by the user, and defines the type of datato be
collected, analyzed, and reported.

In addition to evauating devel oped, procured, and sub-contracted products against documented
requirements, the products should be evauated for useability, robustness, and likelihood of undesirable
features or functiondlity. A product may meet dl stated requirements and till exhibit undesirable
behavior. Ungtructured or “free form” testing using, for example, novice operators, can help assure
robustness againgt unanticipated user inputs and actions.

Externa product and service e ement sources include customers, government agencies, public domain,
suppliers, and company/organization reuse.
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Additional Practice Guidance
Maintain objective and authenticated records of verification actions and outcomes.
Confirm thet al qudity plan, product, and eva uation requirements have been satisfied.
Conduct practice runs of product verification to evaluate test procedures and processes.
Conduct “free form” product testing using novice operators to assess product robustness against
unanticipated user inputs and actions.

FAA-iCMM Version 2.0 September 2001 5-PA 08-13



BP 08.06 Validate end-products

Evauate the cgpability of end-products and services to fulfill their intended use in representative
operationa environments.

Description

Validation demongtrates that the as-built product or delivered service actualy performsits

intended function(s) in arepresentative operationa environment. Vaidation activities use gpproaches
smilar to verification (e.g., test, ingpection, andysis, demongration, etc.). Established standards or
criteria are used to specify the vaidation data to be collected and documented. Vaidation and
verification activities may run concurrently and may use portions of the same environmernt.

Typ| cal Work Products
product vaidation anomdies
product validation results and reports
vaidation cross-reference matrix
as-run procedures log
sarvice vaidation results
maintainability validation results

Notes

Verification demonstrates compliance with requirements; vaidation demongtrates satisfactory suitability
for usein the intended operating environment. In other words, verification assures "you provided the
product or service right;" whereas validation assures "you provided the right product or service."

Product and service vaidation should be accomplished using the actud products and services operating
in an environment that is as close as possible to the actua environment. The entire environment may be
used or only part of it. Validation issues can be discovered early in the development life cycle through
the use of early vadidation activities (such as vdidation of customer requirements againg the operationa
needs of the customers and end-users). Vdidation issues may include the identification of unsatisfactory
product or service requirements or unanticipated or unintended functions or behavior. Vdidation can
occur a any point in the life cycle (e.g., during operations). Vdidation is often based on operationa
concepts and scenarios developed in the anadlysis of needs.

Additional Practice Guidance
Conduct vdidation to detect in the product and services the existence of random and systematic
non-conformance to stakeholder requirements.
Maintain objective and authenticated records of validation actions and outcomes.
Conduct vaidation with both experienced and inexperienced operators, and between operators,
and assess the effects of unanticipated user inputs and actions.
Differentiate the effects of operator training from the inherent characteristics of the product being
evauated.
Include stress, boundary, and singular inputs in vadidation testing.
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Include in vaidation testing: graceful degradation upon failure, request for operator ass stance upon
gtress, boundary, and singular conditions.

Evduate whether representative users can successfully achieve thar intended tasks using the
product.

Vadlidate that products and services satidfy ther intended use.

Conduct vdidation evauation over the full range of environmenta conditions.

Provide evduation requirements to project management and contract management for externdly
acquired products and services.

Evduate externdly acquired products againgt requirements in accordance with the integration
strategy.

Evduate the system performance when operated or maintained by members of the target popuation
in the intended environment to identify humean factors causd information and its resulting resolution.
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BP 08.07 Analyze evaluation results

Anayze results of evauations and compare them to the needs and requirements to identify and quantify
deficiencies, and recommend corrective and preventive actions.

Description

Evauation activities are executed and the resulting data are collected according to established plans and
procedures. The dataresulting from test or evaluation are then andyzed againg the defined evauation
criteria. Analysis reports are prepared to indicate whether or not requirements were met and, in the
case of deficiencies, to assess the degree of success or failure, categorize the probable cause of failure,
and support decisions to accept/decline products. The root cause of deficiencies should be determined
and recommendations made for corrective and preventive actions. The results of peer reviews should
be andyzed againgt established qudity criteriaand for defect trends.

Typ| cal Work Products
formd review minutes and action items
peer review minutes and action items
corrective action recommendations
test incident reports
test reports (andysis) and dispositions
requirement change requests
vaidation deficiency reports
vaidation issues
procedure change request
evauation anomaly root causes
quick-1ook reports.

Notes
Evauation analyss begins with a comparison of observed results with expected results (evauation
criteria) and proceeds through determination of the root cause of any deficiencies. Evaluation
operations usudly include a daily quick-look andysis effort for preliminary disposition of evauation
anomdies. Anadysis reports or "as-run” method documentation may aso indicate thet evaluation
anomalies are due to method problems, criteria problems, or an infrastructure problem. Typica results
of quick-look dispositions are;

test procedure problem

test operator/maintainer error

identified product deficiency

referrd for further anayss

Typica peer review dataincludes the product name, size of the product, composition of the peer review
team, type of peer review, preparation time per reviewer, length of the review meeting, number of
defects found, type and origin of defect, etc. Analysis of peer review results includes checking for trends
and root causes of errors.
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The collection of verification performance data (such as. number of problem reports generated, amount
of time required to conduct atest, number of regression tests, number of hours required to produce a
document, estimate of the phase in which non-conformances were introduced into the product, etc.) is
useful in improving the efficiency of evduation.

Additional Practice Guidance
Include in evaluation analyses an estimate of the project phase in which defects were introduced and
opportunities to detect defects and deficiencies were missed.
Andyze evauation results for trends and interrdated anomalies.
Involve dl product stakeholdersin the review of evauation results and issues.
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PA 09: Deployment, Transition and Disposal

Process Area Summary

Purpose

The purpose of Deployment, Transition and Disposdl isto place a product or service into an
operationa environment, transfer it to the customer/stakeholder and to the support organization,
and deectivate and dispose of the replaced product and/or dispense with the service.

Major points addressed

This process area devel ops and implements a strategy for the Deployment, Trangition and
Disposa of products and/or suspension of services. It includes the design and coordination of
plans and procedures for placement of a product or service into an operationa and/or a support
environment and bring it into operational use. It ensures an effective support capability isin
place to manage, maintain and modify the supplied product or service. It further ensuresthe
successful transfer of the product or service to the customer/stakeholder and the deactivation
and dispogtion of the replaced capability.

Goals

1. Customer/stakeholder operation and support facilities are prepared to accept the ddivery,
placement and trangition of the product or service into use. (BP09.01, BP09.02)

2. Customer/stakeholder operation and support personnel are prepared to accept delivery,
placement and trangtion of the product or serviceinto use. (BP09.01,BP09.04, BP09.05)

3. Customer/stakeholder operation and support organizations demonstrate their capacity to

support the product or service upon assumption of responsibility. (BP09.01, BP09.04,

BP09.05).

Continuity of operationd performance is maintained. (BP09.03, BP09.04, BP09.05)

5. Thereplaced product or service is deactivated, disposed and/or dispensed of, as
appropriate. (BP09.06)

»

Notes
Deployment of a product or service involves planning and preparation activities associated
with the placement of a product or service into an operation and support environment.
- Trangition involves transfer of the product or service from the supplier to the
customer/stakehol der operation and support organizetions.
- Deactivation involves notification of usersthat the product or service is being replaced or
withdrawn from operation.
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Disposition involves disassembly of the replaced item including the satisfaction of relevant
hedlth, safety and security regulations. If gppropriate, it includes bresking down the replaced
item into manageable e ements to facilitate remova for reuse, recycling, reconditioning,
overhaul or destruction.

Continuous communication between the supplier and the customer is essential for successful
deployment and trangition of the product or service.

Relationships between this PA and other PA’s

This PA interacts with anumber of other process areas. These include Requirements (PA 02),
wherein the requirements are devel oped and manaeged that define the product or service to be
placed and trangitioned to the customer/stakeholder. Product and service features (e.g., Specific
materids) that affect trangtion, deployment, or disposa may be determined by Design (PA 03).
Design Implemertation (PA 06) requires this process area to ensure the support organization
can modify, maintain, and support the new product or service. Requirements (PA 02) and
Design (PA 03) provide interface information required for the placement and testing of the
product or service in the customer’ s environment. Evauation (PA 08) provides the basisfor this
PA to establish the environment for evaluation and acceptance of the product or service. Risk
Management (PA 13) helpsin managing risks as part of the srategy. Supplier Agreement
Management (PA 12) provides process information for shipping, handling, sorage, and ddlivery
of the product or service. Integrated Teaming (PA 14) enables deployment, trangtion, and
disposa practices to be accomplished in a team-based environment where stakeholders are
engaged in applicable phases of activities. Training (PA 22) provides for long-term training of
operationa and support personnd who will place and transition the product or service.
Configuration Management (PA 16) practices hdp in managing configurations during
deployment, transition, and disposal. Operation and Support (PA 10) practices operate the
deployed product or service. Issues reating to Trangtion, Deployment and Disposal may be
resolved viarequiremert changes (PA 02).
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Base practice list

BP 09.01 Develop, deploy, and maintain a strategy for deployment, transition and
disposal activities: Develop a drategy for deployment, trangtion, and
disposa and perform activities in accordance with the strategy.

BP 09.02 Prepar e facility and infrastructur e environment: Egtablish the fadility and
infrastructure environment to receive and operate the product or service.

BP 09.03 Over see configuration of product or service: Verify fidded configuration
items reflect the product or service basdine and manage change control.

BP 09.04 Demonstrate support capability: Demongrate the ability of the
customer/stakehol der support organization to maintain, modify and support the
product or service.

BP 09.05 Trangtion product or service: Transfer the product or serviceto the
customer/stakeholder operation and support organizations.

BP 09.06 Deactivate and dispose replaced product and/or dispense with service:

Deactivate and dispose of the replaced product and/or dispense with the replaced
savice.
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BP 09.01 Deveop, deploy, and maintain a strategy for deployment, transition and
disposal activities

Develop a drategy for deployment, transition, and disposal and perform activities in accordance
with the dtrategy.

Description

The strategy covers the overal scope and objectives of deploying a product or serviceinto an
operationa environment and transferring it to the customer/stakeholder and support
organization. It includes deactivation and disposa of the product and/or discontinuation of the
replaced service. The strategy includes design and coordination of plans and procedures for
placement of a product or service and the identification and dlocation of responsihilities,
resource requirements, and schedule for the deployment, transition, and disposa effort. It
includes identifying the risks involved and their mitigation. Plans and procedures are developed
for sustaining continuity for performance of operations such as parale operations during
trangtion from the old to the new product or service.

Typ| cal Work Products
deployment dstrategy
trangtion plan
risk andyds
risk mitigation plan
disposal plan

in-service review checklist

Notes

The gtrategy for successfully deploying and trangtioning a product or serviceis closdy

integrated with an in-service checklist. The checklist provides a structured approach to ensuring
that al actions required for the successful deployment, trangition, and disposal of a product
and/or discontinuation of a service are accomplished and the coordination and approva by
those individuasin charge of the respective actions has been achieved. The decision to deploy a
product or service to the customer’ s facility cannot be rendered without a completed and
approved checklist.
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BP 09.02 Preparefacility and infrastructure environment

Egtablish the facility and infrastructure environment to receive and operate the product or
sarvice.

Description

Prepare the dte of operation in accordance with the ingtdlation requirements. This includes
conducting Site surveys and the development and coordination of Site preparation plansin
conjunction with the new product or service operation and support organizations. Site
preparation includes the review and coordination of al relevant contractua documentation
including contract and facility modernization schedules that impact the deployment of the
product or service to the facility’s operationa and support environment.

Typ| cal Work Products
implementation and Ste activation documentation
contract clarifications
engineering change documents
gte surveys and engineering drawings
dte action item liging(9)
facility/dte preparation and implementation issues listing(s)
product contract baseline schedules
facility modernization schedules
subsystems, support tools, and data source lists

Notes

Coordination is crucid between the supplier, the developing team, and the customer/
stakeholder organizations to ensure successful product or service deployment. This includes
sharing information such as power requirements and availability a the cusomer’s Ste to ensure
congstency with standards, orders, contractud direction, and contract documentation.

Continud tracking of Ste survey action items and fidld issues is criticd to ensure no impacts to
schedules or cogts from the time of product or service ingtdlation through the period of its
deactivation and dispostion.
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BP 09.03 Over see configuration of product or service

Verify fielded configuration items reflect the product or service basdine and manage change
control.

Description

Develop achecklist of dl items contained in the product or service that is being deployed to the
facility and which will be trangtioned to the customer/stakeholder operation and support
organizations. The ligt is prepared by the supplier and coordinated with the customer during
delivery and again during trangtion to the fina customer or organization if the final customer is
Someone or some organization other than theinitia recipient of the product or service. The items
inthislisting include, but are not limited to, system descriptive manuass, support software and
hardware, corrective action and configuration management data, requirements management
information and maintenance documentation. Develop a plan that describes how the product or
service configuration will be transferred and how it will be managed after the trangition.

Typical Work Products
- Subsygemslist

support tools list

data sources list

user manudslist

adminigration manuas list

troubleshooting manuas list

configuration management trangtion plan

configuration management tool selection rationde

Notes

The deve oper/supplier transfers reliable information about defects and other quality- related
issues (e.g., error logs, trouble reports, and reliability data) to the customer/stakeholder
operation and support organizations to ensure the continuity of tracking activities.

The customer/stakeholder operation and support organizations learn enough about the
configuration to be able to build, maintain and digtribute the system without assistance from the
supplier/developer.

The configuration management approach is adapted to the needs of a support and enhancement
organization. The support organization evauates the suitability of the configuration management
tool to ensureits needs are satisfied.

The choice of a configuration management tool is documented and the configuration
management trangtion plan contains a plan for tool migration and conversion.
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BP 09.04 Demonstrate support capability

Demondrate the ability of the customer/stakeholder support organization to maintain, modify
and support the product or service.

Description

Transfer and tailor devel oper’ s processes to the support organization and demonstrate the
customer’ s ahility to maintain, modify, and support the facilities, equipment, and resources
necessary for continuous operation of the product or service. These include the required
hardware, software, personnel, plans, processes, procedures, and documentation. It includes
the avallability of and the capability to support an established configuration management system
and an established requirements system. It includes software and firmware replication test and
digtribution cgpabilities. Training courses and training meteriads are developed and the
customer/stakehol der/support organization personnd receive initid training to prepare them for
the acceptance and trangtion of the new product or service. It dso includes the identification,
documentation, and resolution of the customer’ sissues, and the coordination of logistics (e.g.,
provisoning, sparing, etc.) and maintenance requirements associated with the deployment and
trangition of the product or service.

Typ| cal Work Products
training course materia
training plans
customer/user guidance documentation
operationa datafor contractor documentation
change requests
contract modifications
provisoning/sparing documentation
shipping and handling information
packaging and storage information
integration plans
life cycle maintenance plans
operationd evauation planning

Notes:

Training, logigtics, and maintenance support capabilities are integrated support efforts requiring
the participation of both the supplier or developer of the product or service and the customer
during the deployment and trangtion of a product or service.

Dueto the diverse nature of the partiesinvolved, severd practices such aslogigtics,
maintenance, training, etc., are necessary for successful completion of this effort. These
practices are a0 tied into Design Implementation (PA 06), Supplier Agreement Management
(PA 12), and Training (PA 22) wherein the overdl logistics, maintenance, and training are
provided for the life cycle of the product or service.
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BP 09.05 Trandgtion product or service

Transfer the product or service to the customer/stakeholder operation and support
organizetions.

Description

Transfer the product or service to the customer/stakeholder operation and support
organizations. Thisincludes a demongration and the ultimate trangtion of the facilities,
equipment, appropriate resources, and responsibility for the product or service to the support
organization. It o includes the transfer of the product or service support capability and
management of the overdl configuration of the system, including the requirements and
traceghility. It further involves the transfer of responsbility for the maintenance and support of
related system/subsystem items, support tools, and data sources to the customer/stakehol der
operation and support environment.

Typ| cal Work Products
metrics (measures)
process status reports
roles and respongibilities matrix
trangtion plan
completed in-service review checklist
configuration management databases, tools, and procedures
configuration item ligs
contract modifications
configuration management status reports

Notes

If the supplier has reliable information about defects and other quality-related issues (e.g. error
logs, trouble reports, rediability data), it is transferred to the customer with assurance that these
tracking activities can be continued without interruption.

The demondiration of the support capability involves an independent organization, such asa
Quality Assurance Group.
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BP 09.06 Deactivate and dispose replaced product and/or dispense with service
Deactivate and dispose of the replaced product and/or dispense with the replaced service.

Description

Develop and document procedures required to deactivate and permanently remove/dispose of a
product and/or dispense with the service. Notify user(s) of the product or serviceto be
withdrawn. Deactivation or dismantling of the replaced item commences when the new product
or service is considered to be operationaly acceptable.

Dispose of the replaced product in accordance with gppropriate disconnecting and disassembly
ingructions. Adhere to rlevant health, safety, and security regulations. When appropriate, the
product is broken down into manageable dementsto facilitate its removal for reuse, recycling,
reconditioning, overhaul, or destruction.

Typ| cal Work Products
deactivation plan
disposal plan
deactivation notice(s)
termination notice(s)
product or service change notice(s)
facility restoration plans
trandfer, storage, and/or disposal documentation
safety, security and environmenta documentation

Notes

The procedures for deactivation and digpostion are documented in various organi zationd
orders, sandards and regulations. Any unique actions required regarding the safety, security,
and the environment are followed on a case-by-case basis depending on the replaced

capability.

Replaced product disposition occursin the following order of priority:
Reassgnment — Relocates the replaced capability to another location within the immediate
organization.
Transfer — Relocates the replaced capability to alocation outsde of the immediate
organizetion.
Donation — Provides the replaced capability to a donee without reimbursement.
Sdle— Exchanges the interest in ownership of the replaced capability for monetary
reimbursement.
Abandonment or destruction — Disposes of the replaced capability to a specified location
after the procedures for reclaiming precious materias are followed.
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PA 10: Operation and Support

Process Area Summary

Purpose

The purpose of the Operation and Support process area is to operate the product, system, or
service, support its users; monitor and sustain its performance; and take or initiate corrective
action as required.

Major points addressed

Operation and support involves operating the product, system, or service in its operationa
environment to ddliver needed customer services and providing operational support to those
interacting with the service. Operationa problems and performance levels are monitored,
recorded, and analyzed in relation to established needs and requirements. Service levelsare
sustained by means of preventive and corrective maintenance activities, asrequired, and an
adequate supply of replacement parts and materidsis confirmed for thisuse. Corrective action
is taken when warranted to correct random faults that can be corrected by replacement, or to
correct failures attributed to human error. Problems that require permanent fixes, such as
product or service corrections, improvements, or adaptations, are recorded and reported for
corrective action. Temporary work-arounds are provided as appropriate. Operationa support
is available to provide assistance and consultation, and to handle user inquiries and requests.

Goals

1. Theproduct, system, or service is operated and monitored. (BP 10.01, BP 10.02)

2. Methods are established and used to sustain required service levels and to detect the need
for corrective action. (BP 10.03, BP 10.04, BP 10.05)

3. Operationa support is provided and needed corrective actions are deployed.
(BP 10.06, BP 10.07)

Notes

Operation and Support activities include preventive or corrective maintenance activities, but
maintenance activities resulting in permanent product or service modifications due to a problem
or the need for improvement or adaptation are carried out in other process areas (see below).

Relationships between this PA and other PAs

Operation and Support activities are managed using the practices of Project Management (PA
11) and, where appropriate, the principles and practices of Integrated Teaming (PA 14). If an
operationa problem results because customer or other stakeholder needs have changed,
problems are not being resolved adequately, or capacity, service, or performance are not
meeting expectations, Operation and Support may interact with activities of the Needs process
area (PA 01) or the Innovation process area (PA 23). The Needs process areais aso used in
determining customer satisfaction or dissatisfaction to address current and projected needs.
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These data may come from the Operation and Support process area. If requests for product or
service corrections, adaptation, or improvements are reported (e.g. to provide omitted functions
or features, or to develop enhancements), practices of the Requirements process area (PA 02)
are used to anayze the impact of change requests. Approved modifications are developed and
ingaled using the practices of Design (PA 03), Alternatives Andysis (PA 04), Design
Implementation (PA 06), Integration (PA 07), Evauation (PA 08), and Deployment, Trangtion,
and Disposal (PA 09).

Required resources and replenishment levels for operation and support are determined using
practices of Requirements (PA 02). Operationd risks are identified and mitigated using the
practices of Risk Management (PA 13). Operator training is provided through the Training
process area (PA 22). Failure analysis data are provided to the Quality Assurance and
Management process area (PA 15). Part of monitoring may include regular configuration audits
as described in Configuration Management (PA 16). Practices of Measurement and Analysis
(PA 18) are ussful in collecting and analyzing data on capacity, service, performance, and
operational problems. Results from evaluation of capacity, service, and performance may be
reviewed in Integrated Enterprise Management (PA 00). The practices of Outsourcing (PA 05)
are ussful when assuring availability of parts and personnd.

Base practices list

BP 10.01 Operate the system, product, or service: Operate the system, product, or
savicein itsintended environment and in the specified way.

BP 10.02 Monitor and evaluate capacity, service, and performance: Monitor and
evaluate capacity, service, and performance of the system, product, or service.

BP 10.03 Confirm availability of partsand personnel: Confirm availability of required
resources (personnel and parts) to ensure service levels can be sustained.

BP 10.04 Perform preventive maintenance: Perform preventive maintenance by
replacing or servicing productsy'system elements prior to failure.

BP 10.05 Analyzefailures. Perform failure identification actions when a non-compliance
has occurred in the product or ddlivered service.

BP 10.06 Takeor initiate corrective action: Take corrective action when gppropriate
(e.g., defective part, human error), or initiate corrective action for product or
service modification.

BP 10.07 Provide customer support: Establish a service to answer customer and user
guestions and help resolve problems they encounter.
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BP 10.01 Operate the system, product, or service
Operate the system, product, or servicein its intended environment and in the specified way.

Description
Operate the system, product, or service to provide services needed by customers and other
stakeholders. Operate according to instructions, procedures, and documentation provided.

Typical Work Products
services provided
sarvices ddivered

Notes
None.
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BP 10.02 Monitor and evaluate capacity, service, and performance
Monitor and evauate capacity, service, and performance of the system, product, or service.

Description

Monitor operation to confirm that performance is within acceptable parameters. Ascertain and
confirm that hardware e ements, as applicable, will not exceed their useful life. Confirm that the
effects on operating personnd of operating the system, product, or service do not exceed
permissible or acceptable bounds for factors such as stress and fatigue. Monitor to assure
awareness of potential problems that might impact service levels. Record capacity, service
levels, capability, and performance data.

Typical Work Products
- saviceleves

capacity

performance levels

identification and documentetion of effects on operators

hardware replacement or repair notices

operational problem reports

product supportability projections

product competibility testing reports

cost- benefit analyses of support dternatives

regular operational reports

configuration audits

Notes
Monitor capacity, service, capability, configuration, and performance on aregular basis.

The monitoring function should dso include collecting COTS product support and end-of-
lifelend- of - service information from the respective product vendors (associated with
Outsourcing (PA 05)) to project and assess product availability, spares levels, vendor support,
compatibility of replacement products, dternative support options, system impacts if not
available etc. Evauation includes establishing a system-level testbed capability to maintain the
system hardware and software components and to test replacement products for
upward/downward compatibility with the existing system. Evauation aso includes taking test
and spares availability information and trading off (i.e., cost, benefit, risk) product/system
supportability dternatives (e.g., life of type buy, extended warranty, purchasing data rights,
technology refreshment, redesign, etc.). Thiswill determine if the solutionisasmple
reprocurement action for compatible replacement parts or a system change that feeds back into
Needs (PA 01).

Establish supportability data collection system with product vendors.
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BP 10.03 Confirm availability of partsand personnel

Confirm availability of resources required (personnel, parts) to assure service levels can be
sustained.

Description

Confirm that logigtics actions satisfy the required replenishment levels so that stored system
elements meet repair rates and planned schedules. Monitor the availability of stocked spares,
the ability to procure additiona/compatible spares, their trangportation and their continued
integrity during storage. Acquire, train and accredit, as necessary, personnd to maintain
appropriate numbers and skills for operators, technicians, and service providers.

Typical Work Products
logistics reports
planned and actud levels of replacement parts
planned and actua numbers of skilled operators or service providers
notices of potential shortages or excesses

Notes

The monitoring of spares availability with COTS-based sysems includes identifying whet is
avalable in the commercia market for either exact replacement spares or form, fit, function (F3)
compatible replacements. This activity includes market investigation of aternative sources (other
vendors) of possible suitable replacement products to be tested.

FAA-iCMM Version 2.0 September 2001 5-PA 10-5



BP 10.04 Perform preventive maintenance

Perform preventive maintenance by replacing or servicing products/system eements prior to
falure

Description
Replace or service dements prior to failure according to planned schedules and maintenance
procedures in order to eiminate causes of potential problems and prevent their occurrence.

Typical Work Products
replaced eements
serviced dements
preventive maintenance records

Notes

Preventive maintenance is performed to maintain required service levdswith minimal
interruption. ldentify potentia problems and their causes, determine preventive actions needed,
implement the actions as required, and record results.
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BP 10.05 Analyzefailures

Perform failure identification actions when a nort compliance has occurred in the product or
delivered service.

Description

Analyze falures to determine their cause so that appropriate corrective action can be taken or
initiated. Failures may be detected through monitoring or may be identified by operators or
customers via problem reports.

Typical Work Products
failure andysis report

Notes

Causes of failures may be determined to be random or systematically occurring. Causes may
be linked to human error or mafunctioning units, or they may be due to changing needs or
requirements.
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BP 10.06 Takeor initiate corrective action

Take corrective action when appropriate (e.g. defective part, human error), or initiate corrective
action for product or service modification.

Description

Take corrective action if falure andyss has determined that the failing or potentia failing can be
corrected by replacement of a part or procurement of a compatible replacement part. When
human error contributed to the failure, introduce remedid changes to procedures, the
environment, or training as appropriate.

When failings are due to changed needs or requirements, confirm with customers and
stakeholders whether to change the product or service or to tolerate diminished service levels.
Submit problem reports if permanent corrections are needed. If areported problem hasa
temporary work-around before a permanent solution can be provided, document and provide
this information as appropriate. Review priorities for problem resolution with the customers and
stakeholders.

Typical Work Products
- problem reports
trouble reports
remedid changes
records of corrective action taken
temporary work-arounds
temporary solutions
operationd ingructions
problem trends
corrective action assgnment
tracking system

Notes
Problem reports or requests for product or service modification are inputs to the Requirements
process area (see PA 02).

Maintain a history of problem reports, corrective actions, and trends to inform operation,
maintenance, or redesign actions and other projects that are cregting or utilizing Smilar products,
systems, system elements, or services.

Track corrective actions and notify affected parties.
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BP 10.07 Provide customer support.

Establish a service to answer customer and user questions and help resolve problems they
encounter.

Description

Establish a service so that assstance and consultation are provided to customers, stakeholders,
and users of the product or service. Ensure amechanism isin place to monitor, record, and
respond to al requests and problems related to the operation of the system, product or service,
forwarding requests as appropriate.

Typical Work Products
- help desk

procedures

change requests

problem reports

user or customer requests for service

responses to user requests

dtatus of user requests

user training

customer assistance

problem anayss

trend report

support guide for customers

tracking system

Notes
Inform customers and users of the status and disposition of problem reports and requests.
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PA 11: Project Management

Process Area Summary

Purpose

The purpose of Project Management is to ensure the project achieves its objectives, by
planning, directing, tracking, and controlling the activities necessary for development and
delivery of required products and services.

Major points addressed

The Project Management process area involves developing project and technica plans and
maintaining them throughout the project life cyde. Edtimates are established and maintained
regarding cost, schedule, size of work products, and critica technical parameters.
Commitments to project objectives and plans are established and maintained throughout the
project. Project participants and stakeholders are identified and organized to meet project
objectives.

Asthe project is executed, project and technical performance are monitored and tracked in
accordance with the plan. Corrective actions are taken as needed to ensure the project will
mest its objectives.

Goals

1. Project plans are established, maintained, and executed to provide required products and
services that reflect customer and stakeholder needs. (BP 11.04, BP 11.05, BP 11.06, BP
11.08, BP 11.09)

2. Estimates of the project’ s planning parameters are established and maintained to support
resource estimates. (BP 11.01, BP 11.02, BP 11.03)

3. Commitments related to the project are established and maintained. (BP 11.07)

4. Progress of the project is evauated againg its plans. (BP 11.10, BP 11.11)

5. Corrective actions are taken when appropriate and managed to closure. (BP 11.12)

Notes

Project management processes are used to establish and evolve project plans, to assess actua
achievement and progress againgt the plans, and to control execution of the project to successful
conclusion. The resources applied to project management should be scaled according to the
gze and complexity of the project. Stakeholders should be involved in project planning to
ensure every participant understands what resources are required and commits to providing
them when needed. Examples of small projects are typicaly found in research or infrastructure
efforts. The determination and continuous adjustment of the appropriate effort and scope for
management of a project is an gppropriate activity of Project Management.
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Coordination and commitment among affected groups and individuas (stakeholders) is critica
to successful development and execution of plans. The detall and formaity with which Project
Management processes are applied should be adjusted according to the size, criticdlity,
complexity, and risk of projects. Some level of disciplined project management is appropriate
for the smallest of projects. Project Management processes are gpplicable to al manner of
projects, including planning, new product or service design and devel opment, production,
operations, maintenance, product or services evauation, and support. Project Management
gppliesto managing a business unit or a service organization.

The project manager is ultimately responsible to the customer.

Relationships between this PA and other PAs

Project Management establishes and maintains the schedules, resources, and integration of the
activities of al process areas. Project Management gathers information and provides
information to the processes engaged in providing the products and services through dl life cyde
phases.

Projects are chartered and supported by Integrated Enterprise Management (PA 00). The
customers and stakeholders for the project, and their expectations, are identified in Needs (PA
01). Project plans and schedules depend critically on project requirements from the
Requirements process area (PA 02). Theintegrity of the requirements and the ongoing
consistency between requirements and project plans depend on close coordination of Project
Management and the Requirements process area activities.

The activities of Project Management interface with Outsourcing (PA 05) and Supplier
Agreement Management (PA 12) to plan and monitor acquisition of products, services, ills,
or other solution components from externa sources. Configuration Management (PA 16) is
essentid to provide Project Management with configuration control and status of the evolving
products or services. Project Management coordinates with Training (PA 22) regarding project
training needs and individua training plans. Quaity Assurance and Management (PA 15) feeds
process and product quaity information and nonconformance issues to Project Management.
Measurement and Andysis (PA 18) provides measurement data in support of project
monitoring and tracking and Qudity Assurance and Management. Integrated Teaming (PA 14)
supports Project Management in establishing and supporting teams to achieve the leve of
coordination and communication among stakeholders and the integration of effort necessary for
timely, effective execution of the project. The practices of Risk Management (PA 13) are
crucia in managing risk areas that could adversdly affect planned performance,

Base practicelist

BP 11.01 Define project objectives, scope, and outputs. Define project objectives,
scope, and the work products and services that are to be provided by the
project.
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BP 11.02

BP 11.03

BP 11.04

BP 11.05

BP 11.06

BP 11.07

BP 11.08

BP 11.09

BP 11.10

BP11.11

BP11.12

Definethe activities and life-cycle approach: Define the activities needed to
achieve project outputs and the life-cycle approach that will be used.

Edtimate planning parameter s: Estimate and document the work product
and task planning parameters that provide abasis for resource estimates.
Estimate project resourcerequirements. Estimate the project effort, cost,
and other resource requirements.

Establish schedules. Develop management and technica schedulesfor the
project.

Egtablish and maintain plans. Establish and maintain a complete set of plans
for providing the products and services throughout the project life cycle.
Establish commitment: Establish and maintain commitment of affected groups
and individuals to project objectives and plans, and commitment of resources as
identified in the plan.

Organizeto meet project objectives: Identify individuas or teams thet will be
assigned the resources and respongbilities for meeting project objectives.
Direct the project: Communicate project plans, direction, corrective actions,
and status, and coordinate project activities.

Monitor Projuct Performance: Monitor and track project activities and
results againg plans.

Review and Analyze Project Performance: Conduct forma and informa
reviews of project performance and andyze variances from plans.

Take Corrective Action: Take corrective actions to address problems.
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BP 11.01 Define project objectives, scope, and outputs

Define project objectives, scope, and the work products and services that are to be provided
by the project.

Description

Determine project objectives and measures that will be used to evauate performance. Identify
project congtraints, and the scope of the project endeavor. Confirm the customersfor the
products and services that the project will deliver. Identify and define the products and services
that will condtitute the deliverable outputs of the project. Work product and service definition
includes the characterigtics and requirements of work products and the criteria by which they
will be evauated. Work product requirements flow from or trace to the product and service
requirements established as inputs to the project (i.e., outputs of Requirements (PA 02)). A
project may have been initiated based on a statement of need, and more precise project
requirements may be a project ddiverable. 1dentify interim (non-deliverable) work products
and their requirements.

Typ| cal Work Products
project objectives, scope, and congtraints
project performance measures
deliverables
work products, and services
characterigtics, requirements, and evauation criteria for products and services
- non-ddiverable work products and their requirements (deliverables are inputs)
ligts of project information items and categories of information to be managed
lig of customers
key technica parameters

Notes
Examples and guides for work product definition (e.g., requirement and design document
templates) can be found in industry standards on engineering and project management.

Additional Practice Guidance

- Review customer contracts and statements of work to identify work products and activities.
Correlate work products and deliverables with identified activities.
Review orders, policies, and regulations.
Identify the project objectives and congraintsin terms of quality, cost, time and stakeholder
satisfaction. Identify each objective with aleve of detail that permits selection, tailoring, and
implementation of the appropriate processes and activities.
Define the project scope based on the stages in the whole system life cycle. Confirm thet
the project includes dl the relevant activities required to satisfy enterprise decision criteria
and complete the project successtully.
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BP 11.02 Definethe activities and life-cycle approach

Define the activities needed to achieve project outputs, and the life-cycle gpproach that will be
used.

Description

This practice identifies the activities that will be carried out. Project activities include
management, technical, and support activities that form the basis for providing the required
products or services. Management activities include activities for continud assessment of plan
execution and application of gppropriate corrective actions and re-planning. Support activities
may pertain to configuration management, information management, quaity assurance, training,
measurement, or establishment of facilities. Because of the potentidly large number of activities
that need to be planned, an organized and disciplined gpproach should be followed for activity
identification.

This practice dso sructures those activities into life- cycle phases that will be used by the project
to provide the required products or services. Congderations in selecting the project life cycle
are whether the product or serviceis precedented (performed before), the degree of risk
(technicd, cogt, and schedule), and the project Sze and duration. Determingation of the life-cycle
gpproach considers management issues such as in-house development or outsourcing (PA 05),
and the use of non-deveopmentd items. Typicd life cycle modelsinclude waterfdl, evolutionary
spird, and incrementdl.

The documented management, technical, and support activities provide the bass for plansfor
the project and for a schedule of project activities.

TyplcaJ Work Products
work breskdown structure
ligts of identified activities
activity descriptions
product and service evauation tasks for development of needed support plans, such as
configuration management, qudity assurance, and verification plans
tasks for integration and life-cycle management of non-deveopmenta items
selected project life cycle mode
selected technical process
project phases
project commitment decision points
criteriafor continuing into subsequent phases
cycles and phases of operation
maintenance cycles

Notes
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Sources for identification of project activities include work product hierarchies and activity lists
from other projects. Historical data from smilar projects, where available, can be used asa
reference in developing the list of activitiesin order to gain confidence thet the list is complete.
Methods such as the Del phi method, whereby peer-level experts are used to add activities and
refine the lis may aso be hdpful.

The project’ s life-cycle phases should include planned periods for evauation and decision
making. These periods provide for logica decison points that alow relatively efficient project
course corrections and gppropriate decision and andysis regarding significant commitment of
future resources. The technical plan developed in Establish and Maintain Plans (BP 11.07) will
include process activities, inputs, outputs, sequences, and quality measures that are tied to the
increments in the identified lifecycde modd.

Additional Practice Guidance
Review higorica records for amilar projectsto aid in identifying dl the required activities.
Consult with expertsto identify activities
Conduct peer reviews and brainstorming sessons to identify activities.
Comparethe list of project activities with the requirements to aid in maintaining consstency
between plans and requirements.
Evduae dterndive life-cycle modds againgt established sdection criteria.
Egtablish decison criteriafor continuing into subsequent phases.
Deveop dternative courses of action for subsequent phases.
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BP 11.03 Edgtimate planning parameters

Estimate and document the work product and task planning parameters that provide abasis for
resource estimates.

Description

Determination of judtifiable planning parameters (e.g., Sze, scope, and complexity) isa
prerequisite for estimating the project effort hours, cost, and schedule (BP 11.04). The
project's scope and size is dependent on the technica gpproach and can be estimated by
decomposing the conceptua product or service into component dements thet are Smilar to
those of other projects. Size estimates can then be adjusted for factors such as differencesin
complexity or other parameters throughout the life cycle of the project.

Historical sources and models calibrated to historical experiences often provide information for
initid Sze estimates. Initid estimates can be refined as more information on the current project
becomes available. Planning parameters should be documented and their vaidity tracked so
they can be refined to support re-planning or planning for other projects.

Typical Work Products
required ill level of Saff
maximum number of aircraft per hour per route
average/maximum number of service requests per week (if not specified by customer)
average time to respond to a service request
average/maximum number of change requests per week (if not specified by customer)
average and maximum number of hospital patients per week
number of functions, inputs and outputs, data volume
number and frequency of user interactions
number and complexity of interfaces
number of technicdl risk items
number of source lines of code or function points
computer resources
number of cards of eectronics
number of cubic yards of materid to be moved
relative complexity of work products and tasks
planning parameter rationae

Notes

A congderable amount of project data, including scope, requirements, and materid items must
be identified and evaluated prior to estimating cost, schedule, and materid needs. Checkligts
and historica data from other projects can be used to identify cost items that may otherwise be
overlooked. Variance reports and lessons-learned documents are typically good sources of this
type of information. Planning parameters are dependent on the technica gpproach, i.e., the top-
levd drategy for development of the products. Determination of the technica gpproach may
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require ahigh-leve iteration of the architecture and design process for the product or service. In
the case of products it may include decisions on architecturd features, such as distributed or
client server; state-of-the-art or established technologies to be applied, such as robotics,
composite materids, or artificia intelligence; and breadth of the functiondity expected in the final
products, such as safety, security, and ergonomics. In the case of services, the technical
approach may include such factors as which service dement(s) will interact with customers, how
customer service issues will be processed and resolved, and how premium services will be
priced and marketed.

Estimates are incorporated into the plans and are maintained throughout the full life cycle.

Additional Practice Guidance
Base planning parameters on the identified tasks, products, and services and on the
technical approach.
Use established historica data or models to determine the planning parameters.
Document the basis and retionde for planning parameters for use in maintaining plans.
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BP 11.04 Estimate project resour ce requirements
Estimate the project effort, cost, and other resource requirements.

Description

Edtimates of effort hours and cost are determined by applying labor and cost estimation
methods to the planning parameters and the identified tasks, work products, and services with
consderation to schedule and other congtraints. Historical parameters or cost models calibrated
to historical data are employed to estimate labor costs based on job complexity, tools, available
skills and experience, schedules, and direct and overhead rates for smilar projects. Estimation
parameters and models should be based on measurement data and available from an
organizationd repogitory. Other resource requirements, including specia skills and knowledge,
are determined by reviewing the project requirements and the technica approach.

A detalled estimate of project codts, including life-cycle support costsis essentid to good
project management. Estimates of project costs are made by determining the labor costs,
materia costs, and subcontractor costs expected for the project’s planned activities and the
identified scope of the system to be built. Both direct costs and indirect costs (such as the cost
of infrastructure, work environment, tools, training, specid test and support items) are included.
Appropriate reserves are established, based on identified risks.

Edtimates are independently reviewed.

Typ| cal Work Products
totd labor hours by sKill level and schedule
total 1abor cost by skill level and schedule
cost of materid by item, vendor, and schedule
cost of subcontracts by vendor and schedule
identification of skills and knowledge not commonly avalladle
cost of acquisition
cost of tools
cod of training
life cycle support costs
supporting rationae

Notes

A congderable amount of project data such as scope, schedule, planning parameters, and
materia items must be collected prior to estimating costs. Checklists and historical datafrom
other projects can be used to identify cost items that may otherwise be overlooked. Variance
reports and lessons-learned documents are typicaly good sources of this type of information.
Estimates may be derived from historica sources, cdibrated modeds, Delphi methods, or other
ways.

Edtimates are incorporated into the plans and are maintained throughout the full life cycle.
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Additional Practice Guidance

- Use checkligts and lessons learned from other programs to assure that al cogts are
determined.
Include supporting infrastructure needs when estimating schedule and cogt.
Maintain arepository of costing modes and historica datato support re-planning and
planning for future projects.
Confirm that effort and cost estimates are based on credible prediction factors (rationale)
that take into account work product size and complexity, requirements, risk, technica
feaghility, security issues, precedence, higtorica performance, and availability of personnel
ill.
Examine the project schedule and identify the types of resources required at each point in
time.
List resources that are not easily obtainable. Cross check and augment thislist by identifying
skillsthat are required to synthesize the systern and work products.
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BP 11.05 Establish schedules
Develop management and technica schedules for the project.

Description

Coordinated schedules, at an appropriate level of detail, are needed for al project activities
including work product and service development, formd and informa management and
technical evauations, support functions, and acquisition of materias, skills, knowledge, tools,
and facilities. Schedules are based on verifiable effort models or data for identified tasks, and
must dlow for task interdependencies and the availability of procured items. Schedules should
include dack time gppropriate for identified risks. All affected parties must review and commit
to schedules.

Typical Work Products
- adtivity charts
PERT diagrams
project schedules
milestone charts
technical schedules
critical paths
schedule dependencies

Notes

The determination of schedules interacts strongly with the other project management practices.
Scheduled activities are organized within the lifecycle phases and must account  for dl identified
activities and work products of the project master plan and supporting plans. Management of
schedule item dependencies and reserves (e.g., dack time) are coordinated with identified risks
and risk mitigation activities.

Milestones for contractor product and service ddlivery often merit specid attention due to the
increased risk (factors outside direct control of the project). Schedule events should be
included for monitoring the status of externdly acquired products and services. For example, if
the project is criticaly dependent on training services (e.g., training on a specific type of
equipment to support its maintenance service) it may be advisable to add milestones to check
the gtatus of the training availability and/or its procurement status.

On complex projects it may be advantageous to define near-term activities more precisely than
activities that sart later in the project (“rolling wave gpproach”). Schedules should be evauated
againg labor profilesin order to level pesks and valeysin labor needs.

Additional Practice Guidance
Identify events and accomplishments that affect achievement of schedule milestones.
Schedule reviews with a frequency that supports effective and efficient corrective action.
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Schedule dack timeto alow for corrective action prior to the start of subsequent tasks.
Identify and evaluate risks associated with meeting schedule milestones.
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BP 11.06 Establish and maintain plans

Egtablish and maintain a complete sat of plansfor providing the products and services
throughout the project life cycle.

Description

Egtablishing and maintaining a complete set of plans that define the project, management of the
project, and interaction with internd and externd organizationsis critica to project success. The
project plans are policy-driven, documented descriptions of al the resources, management, and
technicd activities, supporting and infrastructure activities, respongbilities and schedules needed
to meet the project’s product, service, and organizationa objectives. They include commitment
and coordination among project staff and with other affected individuas and groups. Initid plans
and updates are provided with the timeliness needed to meet project and customer objectives.
Provisions for verification of work products, services, process compliance, and corrective
actionsareincluded. Plans are updated and maintained in concert with the need for corrective
actions as determined via the monitor and control practices.

Supporting plans are needed for a broad range of support functions that are necessary for
successful delivery of products and services to the customer. These include definition of the
sructure of authority and respongbility; acquisition of materias, goods, and enabling services
(e.g., plansfor solicitation, supplier selection, acceptance, contract administration and contract
closure); identification and management of project information (including its security, archivd,
and availability to project Saff), provison for development facilities and tools; and definition of
project qudity activities. Project support plans should be integrated by defining their interfaces
and work product dependencies. Planning for infrastructure and support includes planning the
activities to develop these supporting plans.

Typ| cal Work Products
project management plan
updates to plans
criteriafor plan revisons
project memoranda (for minor plan changes)
plan content requirements
project resources
risks
project organization and assgnments
project schedule
selected systems engineering process for the project
subordinate supporting plans
- configuraion management and information management
- quality management

- training plans (project- unique)
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- risk management

- security and safety

- acquistion of products and services, reuse and COTS

- budgeting/funding increments

- acquigtion of skill and knowledge

- fadilities and support environment (tools, communication equipment, computers)
- product and service evauations

- monitoring, tracking, and review

- 0rn-going process improvement

Notes

Panning of the technicd activities for the full life cycdleisidentified in the project plans
Engineering activities should be integrated into technica planning for the entire project. These
activities include the planning of engineering support facilities and tools.

Technica management plans typicaly include:
plans for developing the products and services
plans for interacting with other organizations (e.g., subcontractors) performing the technical
effort

Plans should include key technica parametersthat can be traced over the life of the project and
that will serve asin-progress indicators for meeting the technica objectives. Key technica
parameters can be identified through interaction with the customer, customer requirements,
market research, prototypes, identified risks, or historical experience on smilar projects. Each
technical parameter to be tracked should have a threshold or tolerance beyond which some
corrective action would be expected. Key technical parameters should have pre-planned
assessments scheduled at useful points in the project schedule.

Decisons will need to be made as to whether to include infrastructure and support planning in
the project plan or in subordinate plans, based on the size and complexity of the project.
Acknowledged experts, other project plans, organization policies and procedures, and lessons
learned are sources for infrastructure and support planning.

The responghility for project-unique skill and knowledge is shared by project management and
organizationd training functions. Project management is responsible for identifying project skill
and knowledge needs, individua training plans for project staff, coordination of training with the
organizationd training function, and coordination of the acquidtion of externd expertise with
Contracts Management.

Additional Practice Guidance
Involve appropriate stakeholdersin developing project plans.
Establish methods for rapid amendments to plans (e.g., between plan updates).
Establish methods for providing operation detail for plans, such as project directives.
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Include performance thresholds for corrective actions.

Provide amechanism to trigger plan updates when requirements change.

Base the need for infrastructure and support plans on project Sze and complexity.
|dentify the infrastructure and support plan stakeholders.

Coordinate and integrate the various infrastructure and support plans.
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BP 11.07 Egablish Commitment

Egtablish and maintain commitment of affected groups and individuas to project objectives and
plans, and commitment of resources asidentified in the plan.

Description

This practice provides for negotiation and obtaining commitment of project saff and of the
affected groups and individuas that interface with the project. Commitment of individuals and
groupsis based a common understanding of the project objectives (shared vision) and the
activities and resources needed to achieve the objectives. Establishing commitment includes
negotiating project resources, scope, and requirements with management and customersin
order to secure the commitment of resources identified in the plan. Commitment is maintained
throughout the project duration.

Assign requirements and responsbilities to individuas and teams. Obtain commitment from
project individuals and teams and from externd entities to their assigned requirements,
regpongbilities and resources. Commitment of individuas and groupsiis based a common
understanding of the project objectives (shared vision) and the activities and resources needed
to achieve the objectives. Establishing commitment includes negotiating project resources, scope
and requirements with management and customers in order to secure the commitment of
resources identified in the plan. Commitment is maintained throughout the project duration.

The objective of project plan reviews isto ensure a bottom-up, common understanding of the

process, resources, schedule, and information requirements by affected groups and individuds
(stakeholders) throughout the project. Inputs on the project plan are solicited from dl affected
organizational eements and project staff. Whenever possble, these inputs are incorporated to
build team ownership of the plans. If aninput is rgjected or modified, feedback is provided to
the originator. Interim and completed project plans are distributed for review. A commitment
to the project plansis obtained from dl groups comprising the project team.

Project interfaces include any interface with organizations and individuals that are necessary to
successful project execution, whether they are inside or outside the project group. Types of
interaction include information exchange, tasking, and ddliveries. Methods and processes
(including controls) for interaction are established as appropriate for the partiesthat are
interacting.

Typ| cal Work Products
documented commitment from individuas, teams, organizationa eements, suppliers and
customers
committed resources
adlocated funds
defined processes for project interfaces
interface issues between disciplines/groups
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memoranda of understanding
risks

project plan inputs

project plan comments

project plan issues and resolutions

Notes
Affected groups and individuds typicaly include:
software engineering
hardware engineering
manufacturing
management
customers
users
partners
subcontractors

Establishing the commitment of individuds to their assgned respongiilities requires that the
individuad have afull understanding of the required tasks and a judtifiable confidence thet the
task(s) can be performed with the assigned resources. Commitments lacking such understanding
and confidence pose arisk to the project. In generd achieving individua commitment requires a
negotiation between project management and the individua. Negotiation may result in identifying
new gpproaches to performing tasks, new tools, additiond training, requirement changes, or
changesin budget or schedule.

An example of achieving the commitment of groups to plansinvolves structured reviews.
Identify questions that each group should answer as part of their review for commitment. The
questions may be different for different groups. Communicate to the groups how the review will
be conducted. Provide the technica management plans to the groups and meet with them at a
pre-arranged time to discuss their comments. Produce alist of issues from the reviewers
comments and work on each issue until it is resolved.

Additional Practice Guidance
Identify the project plan stakeholders and affected groups and organizations.
Salicit plan inputs and review comments.
Negotiate commitment and responsibility with project Saff.
Reconcile available resources with the scope of work.
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BP 11.08 Organizeto meet project objectives.

Identify individuds or teams that will be assigned the resources and respongibilities for meeting
project objectives.

Description

Establish a project organizationd structure appropriate to the project activities and work
products. Establish and use integrated teams for groups of activities or work products that are
interdependent or that would benefit from the characterigtics of integrated teams. Establish an
appropriate number and size of teams based on consideration of project characteristics, work
product dependencies and an efficient balance between inter- and intra-team coordination.
Define the scope of work for individuas and teams and confirm that the number of teams and
work scopeis viable through a preliminary assgnment of requirements and respongibilities and
andysis of workloads and overal work coverage. Identify stakeholders appropriate for
participation in project activities, and maintain and communicate stakeholder lists. Consider the
project activities that would benefit from stakeholder participation and identify stakeholders
according to their rlevance to the activities.

Typ| cal Work Products
project organizationa structure
integrated team identifications
integrated team membership
inter-team coordination procedures
team charters
team and individua objectives, assgnments, and resources
lists of stakeholders by activity
stakeholder contact information
stakeholder availability and condraints
stakeholder information access mechanisms and procedures
review and meeting didribution lists
stakeholder inputs

Notes

Project organization around integrated teams has been found to work well in project Stuations

with the following characterigtics.

- Project results are organized and managed around work products, as opposed to activities
(team focus on work products).
The project has technology risks or issues whose resol ution would benefit from focused
diversity of inputs and team synergy.
Work products assigned to teams have a complex and highly interdependent structure that
would benefit from the tight coordination provided by teams.
Labor and schedule resources are available to support the dightly higher overhead involved
in intra- team coordination and decison making.
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In some cases (typicaly the inverse of the above) individua assgnments may be more effective.
(For example, awork product that can be sub-divided into rdatively independent parts and
handled by highly skilled individuals, where effort and schedule are highly congtrained.) The
integrated team structure can encompass the whole project with a network of sub-teams,
coordination teams, and individuas. The Integrated Teaming process area (PA 14) provides
detailed practices on establishing and supporting integrated teams.

Candidates for stakeholders include, in addition to project staff, higher levels of management,
customers, users, customer experts, law enforcement, and policy-makers. In the FAA context,
stakeholder candidates include passengers, pilots, crew, controllers, management, airline gaff,
gte municipd officids, lawmakers, news media, and the generd public. Refer to the practices of
the Needs process area (PA 01) regarding identification of stakeholders.

Additional Practice Guidance
Establish an gppropriate number of coordination teams to coordinate the efforts and
interfaces among teams.
Involve gppropriate stakeholdersin determining corrective actions.
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BP 11.09 Direct the project

Communicate project plans, direction, corrective actions, and status, and coordinate project
activities.

Description

Provide day-to-day direction for the project including distribution of project plans and addenda,
authorization to commence work on project activities, direction to suspend or terminate
activities, resolution of questions and issues, communication of project Satus and meetings,
coordination among tasks and individuals, and ad-hoc tasking as required. Maintain informal
participation and contact with project staff and stakeholders to keep informed on progress,
issues, and gtaff morde.

Schedule project activities, such as reviews, with consderation of stakeholder commitments and
congraints. Provide stakeholders with appropriate access to project information. Obtain inputs
from stakeholders on requirements, issues, and work product and schedule dependencies.

Provide for communication and coordination among individuals and teams.

Typ| cal Work Products
written and verba tasking
project memoranda
work authorizations
stop work orders
project status
project mestings
guestion and issue resolution

Notes

There are many resources available on project management including training courses,
publications, best practices, tools, and techniques. Successful project managers use a variety of
tools and techniques for effective communication and coordination with project staff. One highly
touted method is called “management by wandering around” or MBA.

Additional Practice Guidance
Maintain an open door policy that encourages project staff to bring questions, issues and
improvement opportunities to project management.
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BP 11.10 Monitor project performance
Monitor and track project activities and results againgt plans.

Description

Monitor and track management and technica progress through al phases of the project. Include
tracking of planning parameters, technical performance, budget, schedule, and resources against
established project plans. Progressis determined by measuring the performance and the
variance between planned performance and actua performance at predetermined levels of
detail. Monitor and track performance measures established for the project.

Monitoring provides visibility of progress, and insght into the risks of the project. Vighility
encourages timely corrective action when performance deviates from plans. When issues or
concerns arise performance parameters are tracked at finer resolution. Project monitoring
includes establishing and using methods to collect and manage issues.

Typ| cal Work Products
cost and schedule performance
cost and schedule variance
defect densities and trends
technica performance measures
technical parameter trend data
resource usage data
change requests for the project management plan

Notes

Monitoring management performance includes measuring the variance to plan of cost and
schedule for designated management activities (e.g., reviews, plan updates). Monitoring
technicd performance involves measuring the cost and schedule variances of technicd effort, as
well as selected technica parameters (e.g., number of transactions supported, sensor accuracy,
and product or service availability) and defects (e.g., errors per thousand lines of code, number
of evaluation norconformities, volume of rework, ec.).

When variances are identified that approach or exceed the pre-determined leves, afiner
granularity of monitoring may be needed to track specific performance factors.

Earned vadue isatypicad method used to determine cost and schedule variance. Earned vaue is
used with other indicators to provide more accurate ingght into issues and problem areas.
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Additional Practice Guidance
Establish guiddines and thresholds for reporting variances.
Evauate and adjust the frequency of measurements in order to detect variances before they
become significant risks to project success.
Corrdate and document actud performance and planning parameters for usein re-planning
and for future projects (historica data).
Document lessons learned for use in ongoing project management and planning and
managing future projects.
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BP 11.11 Review and analyze project performance

Conduct forma and informa reviews of project management and technicd performance and
andyze variance from plans.

Description

Performance measurement data obtained from monitoring and tracking activities is reviewed and
andyzed to identify risks, andyze variances to determine if corrective action is needed, and to
determine if measurement (tracking) frequency and variance reporting thresholds need to be
revised. The need for corrective action is based on comparing variances to pre-determined action
thresholds. Performance data, variances, exceeded action thresholds, and other issues are elevated
to appropriate levels of management for determination of corrective actions. Progress in meeting
technica objectivesis monitored at gppropriate levels ranging from peer reviewsto forma design
reviews. Risk management results, including risk assessments and decisions on mitigation
dternatives, are reviewed to influence or vaidate risk management strategy. Project performance
is reviewed with customers to assure agreements are being satisfied.

Typ| cal Work Products
program management reviews and agendas
minutes/dides
lists of performance issues needing corrective action
risks discovered in perform review and andyss
“top ten issues’
forma reviews (system requirements, design, and subsequent reviews, preliminary and
critical design reviews, and test readiness reviews)
management reviews
qudity assurance reviews and audits (functiona configuration audit, preliminary configuration
audit, process audits, product audits)
technical reviews
status reports
actionitemlist

Notes

Corrective action thresholds are established and documented in project plans. Thresholds may
need to be revised as the project progresses, due to risks or other factors. Variances that are
close to action thresholds or those that can be extrapolated to cross action thresholds (e.g.,
through trend analyss) in the future are candidates for finer resolution tracking.

Reviews are scheduled with agendas provided. Artifacts of the meeting are kept and action items
recorded and tracked to closure. Reviewsinclude adl affected groups and individuas including,
e.g., senior management, project management, task management, system engineering (hardware
and software), test, maintenance, operations, quality assurance, end user, custome,
subcontractors, externa system representatives, and the business office.
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Examples of reviewing performance include:
Meetings of the stakeholders of the project to present analyses of performance and
suggested corrective actions
Status reports which document a particular issue or occurrence (technical meeting)
Andyss of project management indicators
Review of contractor prepared management reports

Additional Practice Guidance

- Maintain records of variances, defects, and issues and evaluate for trends.
Extrapolate variances as amethod of identifying risks and potentid impacts to budget and
schedules.
Egtablish an environment that encourages early reporting of problems (before they become
larger problems).
Use the results of early vaidation to support tracking and oversight of project performance.

5-PA 11-24 September 2001 FAA-iCMM Version 2.0



BP 11.12 Take corrective action
Take corrective actions to address problems.

Description

When problems or potential problems are identified, corrective actions are taken commensurate
with the nature and magnitude of the problem. These corrective actions may take the form, for
example, of redlocating resources, changing methods and procedures, or increasing adherence
to the exigting plans. When the complexity of the problem warrants, formd decison andyss
may be needed to identify a number of dternative corrective actions and selection of the
appropriate aternative based on coordinated and approved criteria. Project plans are revised
to reflect the corrective actions. Corrective actions are tracked to closure.

Typ| cal Work Products
resource redllocations
changes to methods and procedures
change orders
action items
requirement changes
schedule changes
changes in project scope
project plan revisons
decison to terminate the project

Notes

This base practice covers whatever actions are needed to prevent anticipated problems or to
correct the problems discovered. Corrective actions may involve reassignment of personnd,
project re-organization, acquisition of new tools or skills, and budget and schedule adjustments.
The possible actions taken under this base practice are varied and numerous. Lessons learned
should be reviewed to identify types of corrective actions that are usualy successful and those
that are not. For example, adding personne to alate project is usudly not an effective
corrective action.

Additional Practice Guidance
Involve appropriate stakeholdersin determining corrective actions.
Evduate risks associated with aternative corrective actions.
Define new metrics, data gathering, and andyss where information provided failsto
effectively detect non-compliance, faults, and adverse trends.
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PA 12: Supplier Agreement Management

Process Area Summary

Purpose

The purpose of Supplier Agreement Management isto ensure that the activities described in
agreements are being performed, and that evolving products and services will satisfy
requirements described in agreements.

Major points addressed

Supplier Agreement Management begins after award of the agreement or contract and ends
when dl activities relaing to the agreement are stisfied. Supplier Agreement Management
involves inputs and guidance to the supplier’ s effort to meet agreed requirements. It includes
maintaining vighility into the practices of, and ongoing communications with, the supplier.
Vishility and communication help to identify risks and anticipate problemsin the performance of
the agreement. Activities include evauating the supplier’ s performance, and the qudity and
adequacy of evolving ddiverables, including both products and services. Based on the results
of those evaudtions, the agreement may be modified. Activities aso include determining whether
to accept the supplier’s product or service, based on acceptance conditions stipulated in the
agreement.

In addition to coordination of schedules, processes, and delivery of work products, the supplier
and acquirer are more likely to succeed if they share avision of the working relaionship. A
successful relationship between an acquirer and supplier depends on the capability of both
organizations, the communications between them, and on amutud understanding of each other’s
expectations.

Goals

1. Thedocumented agreement is kept consstent with the acquirer’ s requirements and relevant
laws, policies, regulations, and other gpplicable guidance. (BP 12.03, BP 12.06, BP 12.07)

2. Supplier performance, processes, products and services are reviewed and monitored to

identify problems and to ensure that products and services conform to requirements. (BP

12.01, BP 12.02, BP 12.04)

Mesasurements are used to track the supplier’s performance. (BP 12.01, BP 12.02, BP 12.04)

Communiceations between the acquirer and the supplier are established and maintained to

foster a cooperative and productive agreement environment. (BP 12.02, BP 12.05)

5. Acceptance of ddliverable products or services is based on the supplier meeting the terms
and conditions described in the agreement. (BP 12.08)

~w
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Notes

A supplier isan organization or an individud that enters into an agreement with the acquirer or
customer for providing a product or service under the terms of the agreement. The supplier may
be cdled, for example, the producer, developer, contractor, seller, vendor, distributor,

importer, assembler or service organization. The supplier can be either externd or internd to the
organization. An acquirer is an organizetion, stakeholder or individua that acquires, procures or
obtains a system, product or service from asupplier An acquirer could be caled a buyer,
customer, owner, user or purchaser.

Suppliersinclude contractors, vendors, partners, or other business units both within and externd
to the acquirer. The agreement is binding and establishes the requirements for the products and
servicesto be acquired, as well as the basis for acceptance. The agreement establishes the
mechanism to alow the acquirer to oversee the supplier’ s activities and evolving products, and
to evauate products and services being acquired. The agreement aso provides the vehicle for
mutua understanding of the agreement’ s requirements between the acquirer and the supplier,
and establishes the gppropriate mechanisms for working together, throughout the term of the
agreement, toward a successful product/service outcome that meets the acquirer’ s needs. The
supplier’ s deliverables are approved when al acceptance conditions are satisfied. The
agreement may be in the form of aMemorandum of Understanding, Memorandum of
Agreement, contract, or other documented or verba understanding. If an agreement exists, the
supplier would include the prime contractor or support contractor. If a memorandum of
understanding exigts, the supplier may be a government agency. Sub-contractors reporting
directly to the supplier are not included in this PA.

When suppliers ddliver products that do not meet the acquirer’ s needs, the acquirer has the
option to terminate the agreement, change to another supplier, dter its standards and accept the
delivered products, or help the supplier or vendor meet the acquirer's needs.

Relationships between this PA and other PAs

Specific activities pertaining to selecting the supplier are addressed in Outsourcing (PA 05). The
agreement and typical agreement contents are identified or devel oped, established, and
formdized in Outsourcing (PA 05).

Evaluation (PA 08) practices are related to Supplier Agreement Management practices since
evauations of the product are performed for acquirer acceptance, and the acquirer may
formally witness evaluations performed and record results under PA 08. Product and service
requirements, devel oped by the practices of the Requirements process area (PA 02), are the
basis of agreements and contractua obligations managed using the practices of Supplier
Agreement Management. Supplier Agreement Management uses Risk Management (PA 13) to
obtain ingght to early problems with the agreement, and provides input to Risk Management
through its monitoring function. Project Management (PA 11) may initiate achangein the
agreement. Integrated Teaming (PA 14) provides aformal gpproach to accomplishing close
acquirer-supplier interaction through the norma coordination, communication and collaboration
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practiced in integrated teaming operations. Measures are identified to evauate the supplier’s
performance in Measurement and Andysis (PA 18). Supplier performance management results
may be provided to Integrated Enterprise Management (PA 00). Products developed by a
development contractor are trangtioned to the acquirer after acceptance, using Deployment,
Trangtion and Digposd (PA 09). Configuration Management (PA 16) ensures the integrity of
the product or service upon receipt from the supplier. Information Management (PA 17) is
useful in maintaining information relevant to agreements. Supplier Agreement Management
provides inputs to Qudity Assurance and Management (PA 15) rdating to the quality of
externally acquired products and services.

Base practices list

BP 12.01 Use planning documents: Ensure the supplier adheres to acquirer-approved
planning documents.

BP 12.02 Review and monitor agreement performance: Review and monitor supplier
activities through periodic, formd reviews and informa, technicd issue interchanges
with the supplier, and by quantitative means to continuoudy determine agreement
outcomes versus plans and requirements.

BP 12.03 Maintain supplier agreement integrity: Ensure agreements comply with
current laws, policies and regulations, and incorporate necessary and approved
changes into the agreement.

BP 12.04 Monitor supplier’splans, processes, activitiesand products. Monitor
supplier’s qudity assurance, configuration management, test, corrective action and
risk management systems, plans and process activities, results, and products.

BP 12.05 Foster cooperative and collabor ative environment: Perform activities to foster
a partnership between the acquiring organization and the supplier.

BP 12.06 Analyzeand direct agreement activities: Andyze and direct the performance
of agreement activities.

BP 12.07 Administer supplier agreement: Ensure the agreement is being maintained and
followed, and al changes and records are properly processed, controlled and
maintained.

BP 12.08 Determine product or service acceptance: Determine whether to accept the
supplier’s product or service, based on acceptance conditions stipulated in the
agreement.
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BP 12.01 Use planning documents
Ensure that the supplier adheres to acquirer-approved planning documents.

Description

Review planning documents for compliance with agreed-to requirements and ensure that the
supplier’s processes, practices, methodologies, and procedures are satisfactory. These are then
used by the supplier to oversee the supplier’s efforts.

Typ| cal Work Products
Status againg the following types of plans
- project management plan
- risk management plan(s) (including programmetic, system, software, etc)
- software engineering plan
- software development plan
- configuration management plan
- quality assurance plan
- corrective action system
- gystemns engineering management plan (SEMP)
changesto the plans
status reports (cost/schedul e reports)

progress reports

Notes
Coordinate and approve changes to these plans with the acquirer before accepting them and
permitting the supplier to implement them.

Ensure that plans are maintained to reflect changes in agreements. Review measurements
resulting from cost/schedule reporting to understand current agreement outcomes versus plans.
The acquirer and supplier maintain ongoing communications and commitments as agreed to by
both parties.
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BP 12.02 Review and monitor agreement performance

Review and monitor supplier activities through periodic, formd reviews and informd, technica
issue interchanges with the supplier, and by quantitative means to continuoudy determine
agreement outcomes versus plans and requirements.

Description

Agreement performance review and monitoring includes reviewing the devel oper’ s compliance
to developer evduation processes, attending reviews (both technica and non-technicd),
reviewing interim work products, and preparing for the ddivery of the final work product.
Perform trend andlys's and other measures of the results of reviews of the supplier’ s activitiesto
detect and quantify issues in satisfying agreed requirements as early as possible.

Formd reviews include agendas with decisons rdated to the completion of milestones or
achievement of technica and programmeatic objectives. Typicaly these reviews include work
product ingpection, analys's, or test results summaries, analyses, and recommended actions or
decisons. Those participating in the reviews have the authority to assgn, accept, and close
actions, or to make and approve decisions based on the review results.

Technica issue interchanges are meetings between technica or support groups to learn about
expertise, gpproach, or progress, identify, analyze, and select aternative actions for issues
crossing group or element boundaries; plan inter-related activities; or solve problems within the
technica or support domain. These group meetings may be informa get-togethers or forma
conflict resolution sessions to prioritize the use of scarce resources.

Typ| cal Work Products

review records

action items

plan revisons

agendas

status reports

progras reports
results of reviewing system test procedures

- minutes of reviews

- resultsof reviewing traceability of evauation requirements to test documents (eg., a
Verification Requirements Tracesbility Matrix)

- supplier evauation progress and status reports

- review of supplier test anomaly reports

Notes
Agreement performance includes eva uation of development and maintenance of products and
sarvices. Ascertain compliance of the product or service devel opment, maintenance,
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documentation and verification with technica, cost, and schedule parameters, and with
gpecifications and standards expressed in the agreement.

Evauation of deiverablesis covered in Evauation (PA 08). The Supplier Agreement
Management PA includes witnessng and examining the results of those evauations, and
managing/administering the agreement appropriately.

Review the supplier’ stechnicd, cost, staffing, and schedule performance againgt the
contractor’s plan. Ensure that critica resources, dependencies, commitments, nonconformance,
risks, conflicts and irreconcilable issues are addressed.

Ensure that the supplier’s plan is refined as gppropriate.
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BP 12.03 Maintain supplier agreement integrity

Ensure agreements comply with current laws, policies and regulations, and incorporate
necessary and approved changes into the agreement.

Description

This practice may involve changing the agreement terms and conditions as gppropriate. In such
acase, ensure that changes to the requirements are coordinated with al affected groups and
individuas, such as the contracting officid, legd, supplier, and end user, and that they are
approved for incorporation into the agreement.

Typical Work Products
integra agreement
approva by contracts, legal, user, and supplier
agreement modifications

Notes

Agreement maintenance is adherence to and compliance with the requirements, relevant laws,
policies, regulations, and other lega guidance in the agreement. The agreement must be kept
current with requirements throughout the duration of the agreement. Thisincludesthe evauation
and management of changes (requirements, congtructive changes, non-constructive changes)
that are proposed to the supplier agreement.

Supplier agreement integrity istypicaly maintained by a person who holds the gppropriate legd
authority to perform agreement administration functions, or who de egates those functions.
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BP 12.04 Monitor supplier’s plans, processes, activitiesand products

Monitor supplier’s plans and quality assurance, configuration management, corrective action,
and risk management systems and process activities, results, and products.

Description

This practice monitors selected supplier systems and processes for compliance with standards
and plansto ensure that associated results support and promote attainment of agreement
objectives and comply with agreement requirements. Supplier records of quality assurance,
configuration management and risk management activity are periodically audited to assess how
well the plans, standards, and procedures are being followed. Process compliance can be
determined using quantitative means and measures that can be used to identify process- and
product-related issues of concern.

Typical Work Products
- audit reports

coordination meeting minutes

change regquests on quality assurance and configuration management topics between

contractor and acquiring project

risk management reports

corrective action item records

Quantitative measures

property control systems

Notes

Coordination between supplier and acquirer reduces redundancy and builds trust in astable
project environment. In particular the quality assurance and configuration management functions
permit more trust of the supplier (such as a software or hardware developer for a systems
integration unit). PA 08, Evauation, is used to evauate the degree of compliance between the
supplier’ sactua products versus their agreed upon requirements.

If the supplier isfollowing the acquirer’ s process (e.g., support contractor) including the use of
that organization’s quality assurance and configuration management, this base practice is not
gpplicable.
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BP 12.05 Foster cooperative and collabor ative environment
Perform activities to foster a partnership between the acquiring organization and the supplier.

Description

Typ|cd activities might indlude:
supporting amutua understanding of the agreement’ s requirements between the acquirer
and the supplier
maintaining ongoing communication & gopropriate levels
providing forma and informal feedback sessons
facilitating access to information regarding the status of the supplier’ s performance and
accomplishments
alowing the supplier to manage the engineering efforts, including engineering evauation, with
minimal interference
promoting the joint development of solutionsto issues by the acquirer and the supplier
providing timely reviews of submitted materia
requiring that the project team satifies its commitments to the supplier, such asreview of
supplier-generated documentation and timely feedback of the results of acquirer evauations
of supplier performance, products, and services

Typ| cal Work Products
communications plan
procedures for handling issues and concerns not reconcilable at lower levels
methods of identifying and mitigating risks
technical exchange megting minutes
Notes

Process and product measurements may be used as a common basis to communicate the
requirements and the status of the project.
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BP 12.06 Analyze and direct agreement activities
Anayze and direct the performance of agreement activities.

Description

Regular andysis of supplier activities againg plans and standards provides continuous insight
into the supplier’s capability to ddliver aproduct or service. Andysis of activity cost and
schedule status againgt work plans not only provides indicators of asupplier’ s efficiency in
providing products and services, it dso provides the basis for any adjustmentsin the
management and performance of activities. Thisin turn providesfor direction of agreement
activities according to plans, or according to plan amendments resulting from activity andyss.

Typical Work Products

- origind contract
contract modifications
contract letters
requests for waivers
show-cause |etters
contract casefile

Notes

Agreement andysis and direction istypically performed by a person who has the technicd kil
to analyze and determine agreement activities. Decisions regarding agreement direction are
tranamitted through an officid who holds the appropriate lega authority to change the agreement
to reflect changesin direction.

Evauation of the agreement ddliverablesis covered in Evauation (PA 08). The Supplier
Agreement Management PA includes looking & the results of those eval uations and managing
the agreement appropriately.
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BP.12.07 Administer the agreement

Ensure that the agreement is being maintained and that dl agreement-related changes and
records are properly processed, controlled, and maintained.

Description

Adminigtering the agreement involves the day-to-day processing, control and maintenance of the
agreement asit isbeing executed. This can include recordkeegping and file maintenance, issuing
and tracking the use and management of government property, issuing agreement modifications,
recording acceptance of contract deliverables, reviewing and processing invoices for payment,
and performing contract terminations and contract releases. It ensures that acceptance of
products or servicesis recorded and processed.

Typical Work Products

- origina contract
contract modifications
contract |etters
contract releases
invoice cetifications
requests for waivers
show-cause |etters
contract casefile

Notes
Agreement adminigtration is typicdly performed by a person who holds the gppropriate legal
authority to perform agreement administration functions, or who delegates those functions.

Evauation of the agreement ddiverablesis covered in Evaluation (PA 08). The Supplier
Agreement Management PA includes looking at the results of those evauations and
managing/administering the agreement appropriately.
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BP 12.08 Determine product or service acceptance

Determine whether to accept the supplier’ s product or service, based on acceptance conditions
dipulated in the agreemert.

Description

This practice ensures that acceptance of a supplier’s product or service is based on agreed
evauation criteria, and is conducted as planned and described in the supplier agreement. It dso
ensures that acceptance is made by persons specificaly authorized to accept a product or
sarvice. Suppliers ddiverable products or services are evauated against agreed requirements
and acceptance criteria. Product or service acceptance by the acquirer is required before
payment, or other form of compensation, is made to the supplier. Acceptance by the acquirer
may be the mechanism that authorizes the supplier to proceed with ddivery of more products
and services to other locations or customers.

The extent of supplier involvement in acceptance evauations should be defined. The acquirer
conducts acceptance review and acceptance testing of the deliverable product or service, and
accepts it from the supplier when al acceptance conditions are satisfied. After acceptance, the
acquirer should take the responghility for the configuration management of the delivered
software product.

Typical Work Products
sgned ddivery receipts
approved acceptance results

joint acceptance ingpection results
completed ddivery forms

Notes

Acceptance criteria should be specified and maintained in the supplier agreement. Acceptance
may signify the completion of the agreement, and may therefore be accompanied by formd
documentation to that effect. Agreements may include provisons for conditiona acceptance or
for dternative acceptance conditions. 1n such cases, acceptance conditions must be formally
approved and an understanding and authorization for the supplier to proceed with product or
service ddivery is documented. Forma acceptance of a product or service must be made by
an authorized individud.
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PA 13: Risk Management

Process Area Summary

Purpose

The purpose of Risk Management is to identify and andlyze risks to the achievement of project
objectives and to execute plans that reduce the likelihood and/or consequence of risks that meet
mitigation criteria

Major points addressed

The Risk Management process area involves developing life cycle risk management gpproaches
that specify the processes and methods used to identify, assess, monitor, and mitigate project
risks. Risks are identified by evauating project characterigtics in the context of historical sources
of risk. Project risks are anadyzed to quantify their likelihood or occurrence and severity of
consequence. Appropriate risk mitigation actions are selected based on analysis of dternatives
and egtablished action thresholds. Risks and the effectiveness of mitigation actions are
monitored and evaluated for corrective action.

Goals

1. A risk management strategy is established and used that includes the methods and
parameters for management of risk. (BP 13.01)

2. Risksareidentified and assessed for their likelihood of occurrence and consequence. (BP
13.02, BP 13.03)

3. Risk mitigation is performed when anadlyssindicates action. (BP 13.04, BP 13.05)

4. Risk mitigation actions are monitored to determine their effectiveness and corrective action
is taken as needed. (BP 13.05)

Notes
The scope of this process areaincludes the tota project effort for products and services. This
process area continues throughout the life of the project.

All product development and service efforts have inherent risks, some of which are not easily
recognized. Thelikelihood of risks should be sought out throughout the life of the project as
risks can occur in any phase, including operations, maintenance, support, service life extension,
and disposdl. Poor risk management is often cited as a primary reason for unsatisfied
stakeholders, poor performance, and/or cost or schedule overruns. Early detection and
reduction of risks avoid the increased costs of reducing risks at amore advanced stage of
development or dedling with redlized problems should the risk item materidize. The principles of
risk management are reedily scaegble for awide range of project size, complexity, and type of
product or service.
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This process area covers the classica agpects of risk management: planning and strategy,
identification, andyd's and prioritization, mitigation planning, and monitoring of mitigetion actions
and potentia risk aress.

Relationships between this PA and other PAs

The activities and results of al process areas should be examined by Risk Management to
identify and manage appropriate risk areas. The risk management gpproach is incorporated into
risk management plans by activities of the Project Management (PA 11) process area.
Although risks may arise in any activity, project successis epecidly sengtiveto risksin
technical activities. Risks associated with incomplete, poorly stated, or ill-defined requirements
should be identified during performance of the Requirements (PA 02) process area activities.
The activities of Design (PA 03) should be reviewed for risks associated with the devel opment
of product and service technica approaches and design solutions. The level of risk should be a
congderation in Alternatives Andysis (PA 04) analyses and sdection criteria. Risk should be
considered when establishing Integration (PA 07) and Evauation (PA 08) Strategies.
Outsourcing (PA 05) and Supplier Agreement Management (PA 12) activities should be
reviewed for risks relaing to acquisition of products and services from externa sources.

Base practices list

BP 13.01 Develop risk management approach: Establish and maintain an gpproach
for managing risk that is the basis for identifying, assessing, mitigating, and
monitoring risks for the life of the project.

BP 13.02 | dentify risks: Identify project risks by examining objectives, dternatives, and
condraintsin the context of established sources of risk.

BP 13.03 Assessrisks: Assessrisksto determine their likelihood of occurrence and the
consequences if they occur.

BP 13.04 Develop risk mitigation plans. Deveop risk mitigation plans for risks that
meet risk action criteria defined by the risk management approach.

BP 13.05 I mplement and monitor risk mitigation plans. Implement, monitor, and
control risk mitigation activities in accordance with risk mitigation plans.
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BP 13.01 Develop risk management approach

Egtablish and maintain an gpproach for managing risk thet is the basis for identifying, assessng,
mitigating, and monitoring risks for the life of the project.

Description

The risk management gpproach should include identification of members of the risk management
team; identification of team and individua responsibilities; methods and tools to be employed in
risk identification, assessment, and mitigation; and methods of tracking and controlling risk
mitigation activities. The gpproach should also provide for the assessment and communication
of risk management results. Stakeholders, including project staff, the program management
team, and the devel oping and maintaining organization should be involved in establishing the risk
management gpproach.

Typ| cal Work Products
risk management approach
definition of method and parameters for assgning risk likelihood of occurrence
method of quantifying risk consegquences
risk sourceslist
categories of risk
criteriafor initiating risk mitigation actions

Notes

The risk management approach should be gppropriate for the size and type of project. Variable
aspects include the appropriate level of project resources, number of personnd involved and
mesetings or reviews. Examples of likelihood of occurrence parameters include probability of
occurrence and high/medium/low. An often-used method of determining likelihood of
occurrenceis by surveying experts or project staff who have worked on smilar projects. The
characterization of impact ranges from quditative (e.g., low/moderate/severe) to quantitative,
such asthe cost in dollars and/or the days of schedule dip. The method of determining overal
risk usudly involves some combination of the likelihood and the impact, such as multiplying the
likelihood probability times the dallar vaue of the impact, or smply associating the quditative
likdihood (e.g., high/ mediumvlow) with the impact (eg., severe/moderatellow). Examples of
criteriafor initiating risk mitigation actions include risk greater than low-likelihood/low impact
and probability of occurrence multiplied times impact that exceeds some percent of the project
budget.
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Additional Practice Guidance
Establish risk management parameters such asrisk action criteriaor thresholds, definition of
measures for risk likelihood and risk impact, risk categories, and risk sources.
Acquire or establish acommon risk classification scheme or risk taxonomy to categorize
risks. This taxonomy contains the history of risks for each category and the area of impact
of therisk, i.e., performance, cost, schedule, and technical.
Recommend schedules and methods to Project Management for reviewing risks and risk
mitigation effectiveness.
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BP 13.02 I dentify risks

Identify potentia project risks by examining objectives, characteridics, dternatives, and
congraints in the context of established sources of risk.

Description

Examine the project objectives, project plans (including activity or event dependencies),
requirements, and characteristics of the design and target environment in an orderly way to
identify probable areas of difficulty, what might cause harm or loss, and what can go wrong.
Use proven methods of risk identification, such as risk source checklists, interviews with subject
matter experts, brainstorming with teams, lessons learned documents, trend anaysis, fallure
andyses, and decision trees. Review dl project activities and aspects of the product or service
lifecycle. Document the identified risks and their root cause.

Typl cal Work Products
list of identified risks (risk register input, risk data base input, risk taxonomy and categories)
risk worksheet inputs
risk root cause
risk source identified
risk point of contact identified
risk unique identifier
risk name

Notes

Risksthat have been identified as a part of the risk mitigation plans are reviewed and additiond
risks are identified. Typical risk lists are usaed as possible sources for common risk issues found
insmilar projects. Screening criteria or expert opinion may be useful in identifying those risks
that merit further consideration or andyss.

The sources of risk include technical (e.g., feasihility, operability, producibility, testability, and
systems effectiveness); cost (e.g., estimates, goas); schedule (e.g., technology/materid
avalability, technical achievements, milestones); and programmetic (e.g., resources).

Additional Practice Guidance
Review established categories or sources of risk such as cost, schedule, technical, procured
product interfaces, saff kills, and requirement issuesto ad in risk identification.
Solicit expertsto ad in identifying risks.
Review lessons learned from other programs as sources of risk (find out where problems
have arisen in Smilar contexts).
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Review dl eements of the work breakdown structure as part of the risk identification
processin order to help ensure that all program aspects have been considered.
Identify the initiating events associated with each risk in each risk category.

Define the interrel ationships between sources of risk where there is any coupling.
Review mitigation activitiesto identify new risks.

Factor system vdidation issuesinto risk analyss.
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BP 13.03 Assessrisks
Assessrisks to determine thelr likelihood of occurrence and the consequences if they occur.

Description

Edtimate the likelihood of occurrence of risks and the potentiad consequencesiif they occur,
using parameters and measures established by the risk management drategy. Andyzethe risks
independently of one another and understand the relationships between risks. The andysis
methodology should take into account factors such as the probability of failure due to the
meaturity and complexity of the technology. Identify those risks that should be watched and
those that meet etablished criteria for mitigation.

Typ| cal Work Products
risk assessment (likelihood and consegquence)
probability of occurrence
occurrence consequence
risk watch list
ligt of risksto be mitigated
prioritized risk list

Notes

Risk depends on the probability of occurrence and the consequences of occurrence. Risk is
assessed for program, product, and process aspects. Thisincludes the adverse consequences
of process varighility.

A criteriatable may be developed to provide guidance on the project’ s assessment of the
criticaity of impact areas. For example, performance may have ahigher criticality than cost. If
the project isintegrated into alarger program or effort, then amethod (e.g., criteriatable or
template) must be used such that risks can be compared across different projects aswell as
rolled up to ahigher level. Risk templates can be used to determine likelihood and consegquence
levels. Therisk quantification method established in the risk management drategy (9.,
high/mediunvlow; probability of occurrence/codt-if-occurs) is used to quantify risks.
Quantification of risks should consder the interdependency of risks. Independent reviews of

risk analyses should be considered.

Additional Practice Guidance
Egtablish cause and effect relationships for each risk.
Andyze each risk for potentid coupling to al other identified risks.
Egtablish arisk resolution date for risks being “watched” by which time the risk must be
resolved or its mitigation planned.
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BP 13.04 Deveop risk mitigation plans

Develop risk mitigation plans for risks that meet risk action criteria defined by the risk
management approach.

Description

Consider dternative courses of action (mitigation approaches) for mitigating risks and use an
appropriate level of decison andysis to select amitigation approach for each risk that meets
action criteria. Mitigation includes actions to lower the likelihood of occurrence, lessen the
consequences, accept the risk, or transfer the responsbility outside the project.

Typ| cal Work Products
dternatives for risk mitigation
mitigation option trade studies
risk mitigation plans
documentation and rationale for the selected mitigation approach

Notes

Depending on the leve of risk, arisk may be assigned for monitoring or for mitigation.

The cost versus benefit of mitigation should be considered in developing the risk mitigation plan.
The risk mitigation plan should include mechaniams for detecting risks introduced by the
mitigation actions.

Examples of activitiesto mitigate risks

- To addressthe risk that the delivered system will not meet a specific performance
requirement, build a prototype of the system or amode that can be tested againgt the
requirement. Thistype of mitigation strategy lowers the probability of risk occurrence.
To address therisk that the delivery schedule will dip due to a subsystem not being
available for integration, develop dternative integration plans with different integration times
for the risky subsystem. If the risk occurs (i.e.,, the subsystem is not reedy on time), the
impact of the risk on the overdl schedule will beless. Thistype of mitigation Strategy
lowers the impact.
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Additional Practice Guidance
Document risk reduction profiles and review them for appropriateness.
Deveop dternative courses of action, work-arounds, avoidance, control, and fall-back
positions with arecommended course of action for each risk.
Focus mitigation resources and controls on system elements that are the root cause of the
risk.
Where tolerable, accept the risk and take no action.
Where an avoidance strategy can be identified, and that action has a positive baance of
cogt, schedule, and performance benefit to the organisation, then take the avoidance action.
Use vdidated modeds, smulations, and prototyping to reduce cost and risk of system
development.
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BP 13.05 I mplement and monitor risk mitigation plans

Implement, monitor, and control risk mitigation activities in accordance with risk mitigation
plans.

Description

Risk mitigation activities are implemented in accordance with the risk strategy and risk mitigetion
plans. Risk mitigation and handling activities are monitored to ensure that the desired results are
being obtained. By monitoring the risk mitigation plans, predetermined basdlines may be used to
trigger corrective actions. Control actions may address either lowering the probability that the
risk consequence will occur or lowering the extent of the damage the risk causesif it does
occur.

Regularly, examine the results of the risk mitigations that have been put into effect, to determine
whether the mitigations have been successful, and whether any new risks have been introduced.

Typical Work Products
updates to the likelihood of occurrence
updates to the assessed impact
cost, schedule and technica progress for planned mitigation actions
adjusments to risk watch list
risk status

Notes
Risk mitigation monitoring and risk mitigation action item management should be integrated with
project monitoring and control activities.

Additional Practice Guidance
Document risk analys's results and mitigation plans.
Monitor and re-evauate risks at gppropriate milestones.
During risk monitoring, identify and analyze new risks and take corrective action.
Maintain a history of risks and risk actions throughout the life of the product or service.
Track the change in risk parameters for each risk
Evauate and manage new risks introduced by the risk mitigation activities.
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PA 14: Integrated Teaming

Process Area Summary

Purpose

The purpose of the Integrated Teaming process areais to identify and maintain the disciplines
and stakehol ders necessary to effectively accomplish appropriate multidisciplinary/cross-
functional missons, to creste integrated teams as gppropriate, and to establish and maintain a
supportive teaming environment.

Major points addressed

Integrated teaming involves establishing multidisciplinary and/or cross-functiond teams
composed of the necessary discipline and stakeholder members to produce outcomes satisfying
user or customer needs. These teams bring together the unique expertise and concerns of each
discipline and stakeholder in a collaborative effort that festures authority and shared
accountability by team members for achieving common goas and objectives.

Integrated teams are enabled to perform successfully through establishment of shared vison,
gods and objectives, and the use of processes and methods for achieving interdisciplinary and
cross-functiona coordination, collaboration, communication, and conflict resolution and
decision-making.

In addition to equipping teams with these tools and capatiilities, the active assstance of
participating and affected organizationsis applied to maintain a support environment necessary
for team operations. This cooperative teaming environment enables organizations to use
integrated teams for any appropriate agpplication and for any duration, such asthefull life cyde
of aproduct or service.

Gods

1. Integrated teams composed of appropriate disciplines and stakeholders are established and
maintained. (BP 14.01, BP 14.02, BP 14.03)

2. Team processes and methods are established and maintained for effective coordination,
collaboration, communication, conflict resolution and decison-making. (BP 14.03, BP
14.04, BP 14.05, BP 14.06)

Notes

Key Definitions

- Integrated team vs. matrix team - An “integrated team” formaly combines team members
from both the required skill areas and al stakeholder (user/customer) organizations to
collaboratively accomplish the team’s gods and objectives. I1ts members are usudly
empowered, within reasonable limitations, to make red-time, team-based (consensus)
decisonsin conducting its work, and are held mutually accountable for the results. These

FAA-iCMM Version 2.0 September 2001 5-PA 14-1



characterigtics of an integrated team should be reflected in the team’ s charter and be
verifigble from the team’ s actud makeup, interna functioning, and overall mode of
operation. In contragt to the “integrated team”, the “matrix team” focuses on having the
right mix of skills on the team to get its job done, but the decision-making usudly resswith
the team leader. This feature of matrix teams can creste awesk sense of mutud
accountability of team members for team outcomes.

Organization - The term “organization” as used in this PA refersto organizationd

entities that are responsble for specific line management functions within the corporate
organization, and those groups externa to the corporate organization needed as participants
on integrated teams.

Multidiscipline and cross-functiond - “Multidiscipling’ refers to the various skills needed on
an integrated team; “ cross-functiond” refers to the selected functiona organizations,
inclusive of dl appropriate stakeholders, necessary to be actively involved in performing an
integrated team’s mission. “Cross-functiona” team members include both the users and
customers of the team’s output and key suppliersinvolved in the team’s efforts.

Teaming environment - The “teaming environment” refers to the tools, techniques,
methodologies, processes, operating conditions (including appropriate empowerment), and
support infrastructure necessary for integrated teams to function successfully in
collaboratively executing team activities and achieving their missons.

Other Points:
Integrated team outputs - The end result of an integrated team effort, or integrated solution,
may be adecison on amgor issue, a drategy or aplan affecting al team member groups,
or producing and delivering products or services.

Example of disciplines for integrated team makeup - For teams engaged in delivering
products or services, the disciplines required on the team may include, but not be limited to:
design, development, te, rdiability, maintainability, operations, qudity, manufacturing,
supportability, human factors, logigtics, safety, security, and user or customer expertise.

Criteriafor using integrated teams - Not all situations call for integrated teams The
badic criteriafor usng integrated teams are: (1) amission, work objective or task requiring
interdisciplinary and/or cross-functional, collaborative participation; (2) a need for shared
accountability by participants for team results, where the participating organi zations and
individuas are held mutually responsible for team activities, performance and outcomes,
and, (3) aneed to streamline and expedite coordination and collective decision-making by
empowering teamwork &t the lowest practicable level. The most prevaent example of
integrated teamsiis for missions involving life cycle responghility for the design, development
and delivery of products or services.
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Relationships between this PA and other PAs

Because this PA defines the practices required for efficient/effective coordination and
collaboration among members of teams, anong affected teams, and among the managers and
supervisors of participating discipline and stakeholder organizations, it can be used by all
process areas. With respect to PAs 00, 10 and 11, this PA provides the integrated teaming of
disciplines and appropriate functiona participants necessary for collaboratively managing and
executing projects, and accomplishing other enterprise-wide goals and objectives. For PAs 05
and 12, this PA provides for inclusion of appropriate suppliers and contracting officidsin the
team’s operation. In the case of PA 04, PA 14 can create a multidisciplined/cross-functiond
body for analys's of aternatives and for structured decisionmaking.

This PA isdso related to Integrated Enterprise Management (PA 00), Training (PA 22),
Information Management (PA 17), and Measurement and Analysis (PA 18) in that the base
practices of these PAs contribute to enabling Integrated Teaming and the accompanying
environment for effective coordination, collaboration, communication, and performance
improvement. On another point, this PA extends the definition of organization to others outside
the enterprise, such as customers and suppliers, since stakeholders necessary for team
participation may be from outsde the organization.

Base practiceslist

BP 14.01 Develop and communicate team goals: Develop team-shared vison, gods
and objectives.

BP 14.02 Establish and maintain integrated teams: Where the goplication is
appropriate, establish and maintain empowered teams that integrate the
necessary disciplines and stakeholders at the proper points in time throughout
the life of aproduct or service to collaboratively accomplish team gods.

BP 14.03 Establish and maintain a collabor ative workplace: Create aworking
environment conducive to effective cross-discipline/cross-functiona
coordination and communicetion.

BP 14.04 Establish coordination and communication methods: Establish methods for
coordination and communication among team members and with affected
teams, organizations and individuals.

BP 14.05 Establish resolution methods. Establish and use methods for identifying and
resolving issues cutting across disciplines and stakeholder interests, for decison
making, and for escaating unresolved issues to management.

BP 14.06 Communicate integrated team activity results. Communicate results of
integrated team activities to team members and to other teams, organizations
and individuas engaged in, or affected by, the team’ s work project(s)/products.
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BP 14.01 Develop and communicate team goals
Develop team-shared vision, goa's, and objectives.

Description

For successful team efforts, each team member and the direct support staff must embrace and
work toward the same shared vision, goals, and objectives. These must be collaboratively
developed and communicated to every member of the team and other affected teams,
organizations, and individuas.

A shared vision for the integrated team is established and maintained that is digned with any
overarching or higher-level enterprise vison. This shared vison anchors the team’ s governing
ideas and operating principles, and provides the basis for the goals and objectivesto be
achieved. It guidesthe activities of the team and hel ps drive the team to achieve its mission.
Further, the shared vision and associated goa's and objectives facilitate the necessary
collaboration and coordination for effectively working together, and helpsto atain unity of
purpose among team members.

Typ| cal Work Products
mission, gods, and objectives
excerpts from the technical management plan
team-shared vison
team charter documenting agreement on vison, mission, gods, and objectives
memos of agreement/understanding depicting participating organization concurrence on
team’ s vison, mission, goas and objectives

Notes

Gods (which are long-term in nature) should flow from and include everything required to
accomplish the teeam mission. Objectives are planned short-term actions carefully chosen to
contribute toward accomplishing each goa. New objectives may need to be added over time to
endble the team to eventudly fully achieve each of its gods.

Examples of team goals and objectives.

- breakout of specific accomplishments over the long term that are necessary to achieve the
mission (team goals)
planned project or programmiatic accomplishments, such as cost/schedule, qudity/cost, and
quaity/schedul e targets (team objectives)
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BP 14.02 Egablish and maintain integrated teams

Where the gpplication is appropriate, establish and maintain empowered teams that integrate the
necessary disciplines and stakeholders a the proper pointsin time throughout the life of a
product or service.

Description

The integrated team brings together the necessary disciplines and skills, plus the stakeholders
affected by, or having amgjor interest in the team’ s outcomes, to collaboratively develop and
ddiver the team’swork product. These team members are empowered by their organizations
and management to plan, execute, and implement collaborative team-based decisions, and are
held collectively accountable for accomplishing the teeam’s mission.

The integrated team recelves its assgnment and support resources from its sponsor, which can
be a person or agroup (e.g., asenior-level enterprise team, a manager of amgjor functiond
organization, a project manager, or even ancther integrated team).

Operation of the integrated team is governed by established principles that drive disciplined
operation that saves time and contributes to high performance and productivity.

Each team member’ s roles and responsibilities are clearly defined, based on the member’s
skills, stakeholder effiliation, other commitments, and the particular tasks and projects being
undertaken by the team. The dlocation of roles and responghilities provides an understanding
among members of each other’s contribution, leve of involvement and role in decison meking.

The team’ sinternal operating practices and ground rules are collaboratively established and
maintained to define and control how the team will operate routindly, aswell asitsinteraction
with interfacing teams, other organizations, and individuass.

Typlcal Work Products
list of results the team is expected to achieve for its tasks or short-term team objectives
list of essentid disciplines or functions required to perform the team’s work
list of the knowledge, key skills, and criticd expertise
initid profiles of team skills and knowledge for the core team and the extended team
revised skills matrix and knowledge profiles
memos of agreement/understanding among participating organizations indicating
concurrence and support for the team and its charter
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draft of teamn charter containing:

- list of team members by discipline and stakeholder organization

- documented vision statement, mission, gods, and objectives

- descriptions of roles and respongbilities of member organizations and team member
participants

- gpecific areas of empowerment needed by the team

- interna operating processes, practices, and ground rules

- procedures for work expectations and performance measures (metrics areas)

Notes

Integrated team members:

- provide the needed skills and expertise to accomplish the team’ s tasks (objectives)
provide the advocacy and authoritative representation necessary to address dl essentia
aspects of the team’s mission, gods, and objectives
collaborate internaly among themselves and externdly with other teams and stakeholders
as appropriate
share a common understanding of the team’ s vision, mission, godss, and objectives.

Astheteam effort proceeds through the life cycle of its assgned mission or task, the activity
levels of critical disciplines vary, and the types of disciplines and specidists may need to be
revigted. The initid focus should be on ataining complete coverage, not limiting the number or
origin of participants. Any needed adjustments in team skill makeup are made through
collaborative agreement of team members and their organizations. The same approach applies
to the stakeholder composition of the team. Maintaining the team’ s discipline and stakeholder
membership current with the changing needs of each stage of the product/service life cycle
contributes to the team’ s ability to accomplish its misson effectively.

The following should be accomplished collaboratively by the team members and agreed to in
documented form, such as ateam charter:
Define and list the team objectives, drawn from the gods that flow down from its misson
statement.
Identify specific strategies for achieving the team objectives.
Identify how team and individua performance and accomplishment are measured.
Identify critical successfactors.
Map the roles, responshbilities, and expertise of the team members to the team tasks and
expected ddliverables.
Define the working relationship and reporting structure for team members.

Define the expectations and rules that will guide how the team works together and what the

team members will use to moderate participation and interpersona interaction.
Define the degree of collective decison-making and level of consensus needed for team
decisons.

Define how conflicts and differences in opinion within the team are addressed and resolved.
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Establish and maintain the work product ownership boundaries among interfacing teams
within the project or organization.

Egtablish and maintain interfaces and processes amnong interfacing teams for the exchange
of inputs, outputs, or work products.

Develop, communicate, and distribute among interfacing teams commitment lists and work
plans related to the work product or team interfaces.

Additional Practice Guidance

- Define team tasks (objectives) required to deliver the assigned work products.
Decide which tasks (objectives) need team or individua member input.
Identify the core competencies on which to base the integrated team’ s activities in order to
sugtain or achieve desired capability.
Establish knowledge and skills profiles underlying each core and extended team
competency.
Define staffing and competency requirements.
Egtablish relevant criteriafor evauating team members againg established knowledge and
skills profiles.
Utilize the criteriato qualify appropriate candidates againgt the knowledge and skills
profiles.
Identify and orient team members to best contribute to the team’ s capability.
Assess and determine the integrated team’ s cgpability to meet its objectives based on initid
daffing and postioning.
Proactively emphasize the inclusion, and active participation, of appropriate disciplines and
stakeholders on the team throughout its life cycle.
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BP 14.03 Egtablish and maintain a collabor ative wor kplace

Create a working environment conducive to effective cross-discipling/cross-functiond
coordination and communication.

Description

Team participants, both the team members and organizations represented on the team, need to
know and gppreciate the issues and interests important to those disciplines and stakeholders
involved in the development, deployment, and use of the team’ swork products. This cross-
discipline/cross-functiona knowledge and appreciation is established and maintained, not only
among team participants, but also with other teams with which the team interfaces and those
externd organizations and individuals affected by the team’ s activities and decisons.

The organizations participating on the team as discipline and stakeholder members agree to aid
and support the team by helping create awork environment characterized by mutud trudt,
collaboration, attention to team needs, and granting the right level of empowerment to enable the
team to function effectively. Further, these organizations recognize, modd, lead, and promote
the partnership mode of operation needed for the integrated teaming environmern.

Typ| cal Work Products
team member and participating organization roles'respongibilities matrix
team charters depicting inclusion of appropriate membership and collaborative mode of
operation and team empowerments
memos of agreement/understanding among organi zation managers supporting team charters
and collaborative activitiesin generd
briefings by participating discipline and functiond organizetions
team conferences for briefing/discussng/detailing team misson, god's, objectives
team progress reviews on mission-related plans and accomplishments
issue tracking and action item resol ution records

Notes

Team members representing key disciplines and functional groups provide overviews of the
work product, a unique perspective, and the ability to explain their issues of concern to
teammeates and to other teams and organizations.

Knowing and appreciating the other individua’s or organization’s concernsisthefirs step to
achieving a cooperative, harmonious work environment. The objective is not to create a group
of experts; it isto creste ateam of skilled individuals who are aware of each other’sissues,
specid interests and technical concerns. Proper consideration of each concern has a positive
impact on the qudity of the team’ swork products.

Congderation of the specidty disciplines and the key stakeholder groups on a continuing basis,
and especidly early in the team’slife cycle, is key to successful team outcomes.
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Example activities

- kickoff meeting with technical approach presentations, discipline issues, and action item lists
technica seminars.
periodic recognition of key discipline/functiona contributions
datus reviews of team activities with stress on examining issues and tracking action items
joint senior and mid-level manager reviews of integrated team status and operations, and
status of team project performance
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BP 14.04 Egablish coordination and communication methods

Establish methods for coordination and communication among team members and with affected
teams, organizations and individuals.

Description

In addition to understanding their relative roles, respongbilities and what information to share,
team personnd are skilled in techniques of sharing knowledge, i.e., transferring information from
an individua team member or team to others who need it. They a0 recognize that discipline
specidties and functiond organizations represented on the team may have their own processes
that should be integrated with the processes being used by the team. Methods are designed
and in place to enable the coordination and communication of these and other mattersinvolved
in integrating skills, capatilities, specid needs, and interests of the multidiscipline and
stakeholder participants on the team.

Typ| cal Work Products
methods or procedures for coordinating integrated project status and team activities
methods or procedures for communicating team activities and progress in accomplishing
objectives and work plans
team communication plan
integrated information infrastructure
provisons and procedures for reviews, conferences, and events designed for sharing
information and coordinating problems and issues
copies of agendas and meeting announcements
team meeting and conference minutes

Notes

Informetion sharing may center on an automeation strategy that alows individuals and the team to
share data through an automation tool suite. Alternatively, this might be done through ateaming
drategy, where individuas would share information in accordance with the particular teaming
structures used.

Examples of methods/techniques to communicate:
electronic mall decisonswith rationde
use of the project’ s selected automation tool set
teleconference action item/issue review
mestings and conferences

Additional Practice Guidance
Establish tools, methods, facilities (e.g., team rooms), and an information infrastructure that
eases and supports interdisciplinary coordination.
Provide means for individuas and teams to acquire skills that facilitate interdisciplinary
cooperation, such as communication skills, team problem solving, and active listening.
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Pan for and provide regular exchanges of technicd information and issue identification and
resolution among al stakeholders, including customers.

Establish a mechaniam to ensure compliance with commitments made among groups.
Espouse and model appropriate communication skills and interdepartmental cooperation on

the part of upper managemen.
Coordinate interface definition, design, and changes between affected teams and individuas

throughout the life cycle.
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BP 14.05 Establish resolution methods

Egtablish and use methods for identifying and resolving issues cutting across disciplines and
stakeholder interests, for decison making, and for escaating unresolved issues to management.

Description

Predetermined techniques are established and used for resolving issues and conflicts that arise
among the disciplines and stakeholder organizations during the course of the team’swork. The
techniques are designed to accommodate the time available to come to resolution, the severity
of theissue, and the related consequences of theissue. Prevention activities include having
representatives of the disciplines, stakeholders, and later life cycle teams review and coordinate
early life cycle outputs on which they depend asinputs. 1ssues are documented and tracked to
closure. Team decision making methods are established.

Typ| cal Work Products
issue resolution methods, such as the following:
- Pugh's Controlled Convergence technique
- Consensus-building technique
- negotiation techniques
- Qudlity Function Deployment technique
- autocratic edict
- consensus
- abitration rules
- written procedures for conflict/issue resolution
team decision making methods
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BP 14.06 Communicate integrated team activity results

Communicate results of integrated team activities to team members and to other teams,
organizations and individuas engaged in, or affected by, the team’s work project(s)/products.

Description

The results of interdisciplinary/cross-functiond team activitieswill include the dternatives
considered, the decisons made, and the rationale for the decisions. Theseresults are
communicated promptly to affected team members, teams, organizations and individuas usng
methods of BP 14.04, and others, as appropriate.

Efforts are made to ensure that each discipline understands the other’ s contributions and
importance to the particular team effort. Likewise, disciplines and stakeholders are made to
understand and appreciate the concerns of individud stakeholders, particularly end users and
customers. Communicating the team’s activities and decisions while preserving these important
relationships involves identifying when and how information is exchanged, who is affected by the
information, who is notified when information is developed and changed, and when key team
decisons are weighed and made.

Typ| cal Work Products
results of interdisciplinary or stakeholder-sengtive activities
medting minutes
decision database
commitments
technicd reviews
communications media (including teleconference, video conference, inter/intranet)
electronic mall and conventiond mail/digtribution lists
communication plan

Additional Practice Guidance
Capture and communicate inter-group and inter-team coordination activities and the results
of those activities.
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PA 15: Quality Assurance and Management

Process Area Summary

Purpose

The purpose of Quaity Assurance and Management is to ensure the qudity of the product or
sarvice, ensure the quality of the processes used to create or provide the product or service,
and provide management with appropriate visbility into the processes and product.

Major points addressed

High-quality products and services are consstently produced when thereisaway to
continuoudy measure and improve quaity. This focus on quality must be adhered to rigoroudy
and throughout the life cycle. Qudity Assurance (QA) involves a planned and systematic means
for assuring management that defined standards, practices, procedures, and methods of the
process are applied. Key aspects of the process are monitoring, measurement, analysis, and
identifying corrective and preventive actions. Also, an independent channd for reporting quaity
issues should be established. Management is respongible for managing the Qudity Management
System.

Defects that were encountered in the past are analyzed and specific actions are taken to prevent
the occurrence of those types of defectsin the future. The defects may have been identified on
other projects, aswell asin earlier stages or tasks of the current project.

Goals

1. Adherence of work products, services, and activities to applicable standards, procedures,
and requirements is verified objectively. (BP 15.01, BP 15.02, BP 15.03)

2. Noncompliance issues are tracked and those that cannot be resolved at the project level are
addressed by senior management. (BP 15.01, BP 15.04)

3. Affected groups and individuas are informed of quality assurance activities and results. (BP
15.04)

4. Causes of defects are sought out, identified, prioritized, and corrected and methods of
elimination and prevention are evauated. (BP 15.05)

5. Quadlity improvement opportunities are initiated with the gppropriate stakeholders. (BP
15.06)

Notes

A successful quaity program requires development of a strategy and integration of the quality
efforts throughout the project/organization team and support eements. Effective processes
provide mechanisms for building in quality and reducing dependence on end-item inspections
and rework.
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Primary respongbility for "building in" qudity lieswith the builders. A qudity management
process helps to ensure all agpects of quaity management are serioudy considered and acted
upon by the organization and reflected in its products. This increases the confidence of
developers, management, and customers in the product or service's quality.

The word “objectively” is used throughout this PA. Teams should assume responsibility for
their product and service quality, rather than relying on inspections or a qudity organization;
however, objectivity istypicaly not achieved by sdlf-monitoring, management tracking, and
customer review/audit. Examples of possible ways of obtaining objectivity include independent
QA audits, testing (other than self-testing), and peer reviews. A person or group review by
people who were not involved in devel oping the work product provides a different (objective)
perspective that often resultsin discovering defects missed by developer-reviewers. The word
“audit” is used to mean the same as “internd audit.”

Relationships between the PA and other PAs

Quality Assurance and Management (PA 15) provides an objective view that ensures planned
processes are implemented and that products and services meet their applicable standards and
requirements. Evaluation (PA 08) isthe verification and vaidation of products and services
againg their technical requirements and needs. This activity supports Quality Assurance and
Management by providing additional quaity measures and results. Qudity Assurance and
Evauation may on occasion look at the same product but from different perspectives. Projects
should take care to minimize unnecessary duplication of effort. The Quality Assurance and
Management tasks will typicaly be accomplished by sampling products and processes
throughout the life cycle.

Most practicesin the Qudity Assurance and Management process area are related to the
practicesin al the other process areas. Of specific relevanceis the Project Management (PA
11) process area. Quality Assurance and Management provides management visibility into the
quality of products and services provided. Asimprovement opportunities are identified,
appropriate activities are initiated in the enterprise via Integrated Enterprise Management (PA
00), on the project via Project Management (PA 11) and, if applicable, Process Definition (PA
20) and Process Improvement (PA 21) are used to update the processes. The measurement of
qudlity is part of the Measurement and Anaysis (PA 18) approach. Integrated Teaming (PA
14) discusses customer interface and communication of qudity related information. Customer
satisfaction information from the Needs process area (PA 01) can be used improving and
maintaining a quality management system and in andlyzing qudity. In addition, these other
process areas provide quality information on products and processes. Evauation (PA 08),
Project Management (PA 11), Supplier Agreement Management (PA 12), Risk Management
(PA 13), and Process Improvement (PA 21). Specific causes of issues are analyzed resulting in
improvements.
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Base practices list

BP 15.01

BP 15.02

BP 15.03

BP 15.04

BP 15.05

BP 15.06

BP 15.07

Establish a quality management system: Establish, document, implement,
and maintain a quaity management system.

Monitor process compliance: Objectively monitor compliance of performed
activities with the established processes throughout the life cycle.

Monitor product and service quality: Objectively measure work products
and services againg the requirements and standards that define them.

Record and report results: Record and report the results of quaity assurance
activities to applicable stakeholders.

Analyze quality: Andlyze quality records and measurements to detect the need
for corrective action and develop recommendations for quality improvement or
corrective and preventive actions.

I nitiate quality improvement: Initiate activities that address identified quaity
issues or qudity improvement opportunities.

Evaluate the effect of changes. Evauate the effect of changes after they have
been implemented.

FAA-iCMM Version 2.0 September 2001 5-PA 15-3



BP 15.01 Establish a quality management system
Egtablish, document, implement, and maintain a quaity management system.

Description

Determine godls, objectives, criteria, and methods required to ensure the effective operation and
control of processes needed for aquality management system. Ensure the availability of
information necessary to support the operation and monitoring of these processes.

Typical Work Products
documented qudity management system (e.g., in aquaity manud) including:
identification of the processes needed for the quality management system
the sequence and interaction of these processes
criteria and methods required to ensure the effective operation and control of quality
processes
method to ensure the availability of information necessary to support the operation and
monitoring of quaity processes
method to measure, monitor, and andyze quality processes
method to implement action necessary to achieve planned quality results and continua
improvement

Notes
A quality management system includes aquality policy and objectives, and provides ameansto
achieve those objectives.

The extent of the quality management system documentation depends on the following:
size and type of the organization
complexity and interaction of the processes
competence of personnd.

The qudity management system is maintained and improved.
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BP 15.02 Monitor process compliance

Objectively monitor compliance of performed activities with the established processes
throughout the life cycle,

Description

Check that the performed processes and procedures follow the documented processes.
Compliance should be objectively checked at gppropriate intervals. Deviations from the
documented processes and the impact of the deviations should be recorded. The documented
processes and procedures are periodically checked to ensure that they adhere to standards and
policies. Participate in the preparation and review of plans, standards, and procedures as
appropriate. Ensure the opportunity to plan monitoring activities to have the grestest impact on
the processes.

Typ| cal Work Products
recorded deviations from documented processes
recorded impact of deviations from documented processes
process quality certification
process compliance measures
measures (examples)
- vaiance
- timdines
- cydetime
- throughput
- cost
- process effectiveness

Notes
Objectivity istypicaly not achieved by sdf-monitoring, management tracking, and customer
review/audit.

The processes can be monitored in anumber of ways, e.g., a designated auditor/reviewer can
participate in or observe dl or a portion of process activities.

Organizations may wish to determine variances based on periodic increments. For example, if
the organization has weekly commitments to deliver or roll-out a product, then it would be wise
to measure or determine its progress by measuring variances on aweekly basis. If the
commitment is monthly, then monthly messurements would likely be appropriate.

Examples of tools to use in measuring the process include:
aprocess flow chart can be used to determine which characteristics should be measured
and to identify potential sources of variation, in addition to defining process
statistical process control on process parameters
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BP 15.03 Monitor product and service quality
Objectively measure products and services againg the requirements and standards that define them.

Description

The work products and services are measured againgt the designated standards and requirements
throughout the life cycle. Measuring the characterigtics of the work products provides an indication
of the quality of the product or service. Measurements should be designed to assess whether the
work product will meet customer, engineering, and contractua requirements. Product measurements
should also be designed to help isolate problems with processes. The plans, processes, and
identified deliverable or sample work products are measured before they are delivered to the
custome.

Typical Work Products
assessment of the qudity of the product/service (e.g., internd audit report)
product qudity certification
peer review reports
product compliance issues
product quality measures
usage report
customer satisfaction

Notes

Everyone should assume responsibility for product qudity, rather than relying on inspections or
aqudity organization to find defects, however, saf-review, management review, and customer
review/audit do typicaly not achieve objectivity. Other methods may provide objectivity (e.g.,
by peer reviews or by testing).

Internd audits should be performed at a predefined frequency againgt specific predefined
criteriaand scope.

Examples of measurements used to track product compliance are
- Defect Rate

- whereinthelife cycle stage or activity (i.e.,, design, test) defect was found

- whereinthelife cycle stage the defect was introduced

- by product

- by severity

- by type(i.e, hardware, software, documentation)

- by source (i.e., standard, requirements document)
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BP 15.04 Record and report results
Record the results of quaity assurance activities and report them to applicable stakeholders.

Description

To improve qudlity, the participation of al affected partiesis required. For the affected parties
to be cognizant of their contribution to a problem, they are informed when quality issues are
discovered. The results of quaity assurance activities are reported to the affected groups.
Regular feedback to the owner of the process or product isimportant.

Deviations, improvements, or other corrective actionsto the project’ s plans, sandards,
procedures, and processes are reported to the appropriate task |eader, manager, or project
manager. Senior management addresses issues of noncompliance that are not resolved.
Noncompliance issues are periodicaly tracked until they are resolved. An independent channel
for reporting quality issues should be established. Noncompliance issues are managed and
controlled. Corrections are verified.

Not only isit important to report results of quaity assurance activities, but it is equaly important
to encourage ideas for improving quaity from anyone in the organization (See BP 15.06).
Management must demondtrate a long-term commitment to sponsor and implement needed
change even when change may be difficult or gppear to have a high cost.

Typ| cal Work Products
environment that promotes qudity
captured inputs and resolutions from workers
quality issue reports
internd audit reports
findings
discrepancy reports
causal andysis and resolution records

Notes

A qudity environment can be fostered by:
process action teams
aquality assurance group with areporting chain of command that is independent of the
project

Record and report the results of quaity assurance activities. Ensure the reports are
disseminated to the correct audience/decison maker. If verba reporting isdl that is done, there
isarisk of not taking action for some criticd items. If reporting is merely writing down and
posting somewhere, thereisarisk of the proper people not being informed in atimely manner.
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BP 15.05 Analyze quality

Analyze quaity records and measurements to detect the need for corrective action and develop
recommendations for quality improvement or corrective and preventive actions.

Description

A mechanism or a set of mechanismsto detect defects and/or the need for corrective actions to
process or products must exist. Mechanisms may include procedures, on-line reporting systems,
workshops, periodic reviews, peer reviews, customer focus groups, and individuals.

Deviations, improvements, or other corrective actions to the project’ s plans, sandards,
procedures, and processes are documented and identified.

Modern tools and techniques exist that help determine root causes of defects and barriers to
productivity and process improvements.

Causd analysis meetings with people responsible for performing the tasks and other appropriate
stakeholders are typicdly held shortly after atask is completed. They may be conducted during
atask, if and when the number of defects uncovered warrants. Meetings may aso be
conducted after products are released, if appropriate. Measurement data are analyzed.

Review smilar defects that may exist in other processes and work products to identify
preventive actions.

Defects are identified and analyzed to determine their root causes. The defects are assgned to
categories of root causes, such as inadequate training, breakdown of communications, not
acocounting for al details of the problem, and making mistakes in manua procedures (e.g. typing
or keyboarding).

Quadlity improvement tools are used in a disciplined manner to reduce defects and improve
productivity. Training on the use of advanced quaity improvement toolsis provided.

Typ| cal Work Products
ongoing database or repository containing deviations, identified needs, process
improvements, and product improvements
clearly described processes, methods, and avenues for getting identified needsinto a
database or repository
identified needs for process improvement
identified needs for product improvement
andyds of deviations
root cause andysis
tools and techniques
- cause-and-effect diagrams or fishbone diagrams
- trend reports
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- Pareto charts

- process maps and models

- processsmuldions

falure andyds

defect reports (i.e., peer reviews, test, etc.)
system qudlity trends

corrective action recommendations

categories of root causes

mesting results

phase defect (or other problem) was introduced

Notes

Needs for corrective action are detected in this base practice and reported in BP 15.04.
Corrective actions taken are addressed in the Project Management process area (PA 11).
Additionally, any corrective actions affecting basdlined items are tracked and controlled in the
Configuration Management process area (PA 16).

Exampl es of datato be andyzed:
customer satisfaction and/or dissatisfaction
conformance to customer requirements
characterigtics of processes, product and their trends
suppliers
defects

Examples of measurements that support quality improvement:
trend analys's, such as the identification of equipment calibration issues causng asow creep
in the product parameters
gandards evauation, such as determining if specific standards are il applicable due to
technology or process changes

Cause-and-effect (fishbone) diagrams capture why a problem occurred in reationship to
manpower, machines, materia, and methods. Other examples of cause groups, or categories,
indude:

inadequate training

breskdown of communications

not accounting for al details of the problem

making mistakes in manua procedures (e.g., typing or keyboarding)

process deficiency

Error prevention analyss may be performed. Thisis an objective assessment of each error, its
potential cause, and the steps to be taken to prevent it. While placing blame isto be avoided,
such questions as mistakes, adequacy of education and training, tools capability, and support
effectiveness are appropriate areas for anadysis.
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BP 15.06 I nitiate quality improvement
I nitiate improvements that address identified quality issues or quality improvement opportunities.

Description

To continuoudly improve quality, specific actions are planned and executed. Specific aspects of
the process that jeopardize product or process quality are identified, prioritized, and correction
isinitited. Thisincludes minimizing cumbersome or bureaucratic systems. Improvement
activities may include changes to processes, standards, and policies. Defect information can be
used to identify and prioritize root causes so that they may be corrected. More mature projects
will dso conduct andysis by looking at the common causes of defects and trends to identify
opportunities for improvement.

Cregte an environment that encourages employee participation in identifying, reporting, and
solving qudity issues. The environment should be such that al stakeholders provide feedback to
improve any process. Idess for improving qudlity are encouraged and aforum exigts that allows
each employee to raise process and quality issues fredly.

Typ| cal Work Products
recommendations for improving the process
suggestion box
quality improvement plan
Jrocess revisons
action items
action plan
medting minutes
revised processes
environment that promotes qudity

Notes

Effective implementation of quality improvement activities requires input and buy-in by the work
team. Taketheideas, suggestions, deviations, etc., identified previoudy and initiate action.
Bring the input to the appropriate owner, who should incorporate it into an action plan for
implementation.

Management must demongtrate a long-term commitment to the sponsor and implement change
even when change may be difficult or gppear to have ahigh codt.

Improvements that affect the enterprise should be launched via Integrated Enterprise
Management (PA 00). Those affecting the project should be addressed in Project Management
(PA 11) and those that affect the organization should be addressed in Process Definition (PA
20). Process Improvement (PA 21) may aso be used.
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BP 15.07 Evaluate the effect of changes
Evduate the effect of changes after they have been implemented.

Description
Once the changed process is deployed, the effect of the new capability must be checked to
gather evidence that the process change has corrected the problem and improved performance.

Typical Work Products
measures of performance and performance change

Notes

An example of achange in the performance of the project’ s defined design process would be a
change in the defect dengity of the design documentation, as Satisticaly measured through peer
reviews or evauations before and after the improvement has been made. On adtatistica
process control chart, thiswould be represented by a change in the mean.

An example of a change in the capability of the project’s defined design process would be a
change in the ahility of the process to stay within its process specification boundaries. Thiscan
be datistically measured by caculating the range of the defect density of design documentation,
as collected in peer reviews or evauations before and after the improvement has been made.
On adatigtica process control chart, thiswould be represented by lowered control limits.
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PA 16: Configuration Management

Process Area Summary

Purpose

The purpose of the Configuration Management process area is to establish and maintain data on
and status of identified configuration items, analyze and control changes to the identified items, and
to establish and maintain the integrity between the identified work products and their data
throughout the project's life cycle.

Major points addressed

Configuration Management comprises configuration management strategy, configuration
identification, repositories, change contral (including version contral), status accounting, and
auditing and inspection of the work product and environment.

Configuration Management practices gpply to dl work products and work environments
designated for configuration management. It ensures the customer has the correct work
product. It dso ensures the developer maintains identified configuration items, and can analyze
and control changesto those items. Managing the configuration includes providing accurate and
current configuration data and status to stakeholders.

The Configuration Management processis applied throughout the project’ slife cycle: to identify,
define, record, and basdline the product and work product definitions; to control their
modification and release; to record and report the status of modification requests, and to ensure
the continuing integrity of the project definition and working environment.

Goals

1. Configuraion itemsthat are to be managed are identified. (BP 16.01, BP 16.02)

2. Configuration items are controlled and managed throughout the life cycle. (BP 16.02, BP
16.03, BP 16.04, BP 16.05)

3. Statusof configuration itemsis recorded and reported to dl stakeholders. (BP 16.02, BP
16.05)

4. Theintegrity of baselines and work products is assured. (BP 16.02, BP 16.06)

Notes

Configuration Management includes control of content, versions, changes, and distribution of
data. It isfocused on the rigorous control of the managerid and technical aspects of the work
products, including the work environment and delivered system. The Configuration
Management process area dlows the configuration to be traced through the hierarchy of
requirements a any point in the configuration life cycle.

Configuration management of work products may be performed at severd levels of granularity.
A "configuration item™ is an entity designated for configuration management, which may consst
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of multiple related work products. Configuration items can be decomposed into configuration
components and configuration units. Only the term " configuration item™ is used in this process
area. Therefore, "configuration item" may be interpreted as " configuration component,”
"configuration unit,” or any item identified for forma control.

A configuration management system is established containing the basdlines asthey are
developed. Changes to basdines and the release of work products built from the configuration
management system are systematicaly controlled and monitored via the change control,
auditing, and ingpection functions.

This process area gpplies not only to configuration management on projects, but also to
configuration management on organization work products such as development and test
environments, standards, procedures, and reuse libraries. This process area also coversthe
practices for performing configuration management functions, and is gpplicable to al work
products placed under configuration management.

The terms "basdling’ and "verson control” are used in this process area to imply differing levels
of formaization of control. "Basdineg" is used to indicate rigorous control of identified items,
which have formd release and verification activities associated with changes made to the items.
"Verson control" isused to indicate less forma control. Release of aversion-controlled item
may be as ample as an individud digtributing an interim work product among coworkers for
further work. Verification of averson-controlled item may be as smple as proofreading an
interim work product before its ditribution. Given this usage of the terms, the following
congderations apply:

Thelevd of control should be planned for in the development of aCM drategy (BP
16.01), and used as a consideration in the identification of configuration items and controlled
work products (BP 16.02). See the notesin these base practices for additional guidance.
The use of "basding" and "verson contral” to digtinguish between varying levels of control
should not be congtrued as limiting the number of levels of formality to two. (Onelevd of
control, or more than two may be appropriate.)

The leved of control is made more forma as work products are shared with larger groups,
or as items are trangtioned from a devel opment environment to an operationa one.

The use of the term "version control” to indicate less forma control should not be confused
with the release of software versons for customer use; release of software versions for
operationd useistypicaly brought about by the most formd level of control identified in the
CM strategy.

Relationships between this PA and other PAs

This process area supports al other process areas in controlling work products, and its
practices are usudly accomplished through collaborative activities, such as those provided by
the practices of Integrated Teaming (PA 14). Traceability is established as part of the practices
in the Requirements process area (PA 02). The development of plans and work breakdown
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structures, as described in Project Management (PA 11), may be useful for determining
configuration items. Preliminary configuration management requirements are established in the
Requirements process area (PA 02).

When the practices of this process area are used to manage requirements, changes to those
requirements need to be iterated through the Needs process area (PA 01) to communicate the
impact of changesto the customer or their surrogate. In this process area, information is
available about the method for andlyzing the impact of proposed changes.

Information Management (PA 17) and Configuration Management process aress are
interrelated, but differ in anumber of ways. Configuration Management emphasizes informd and
forma control of sdlected work products and environments. Information Management is
concerned with the identification, protection, and continued availability of al information that
may be needed by or that is generated by project or enterprise eements. Items from information
management repositories may be placed under configuration management, as the need arises.
The practices of Information Management gpply to the storage and retrieval of Configuration
Management Items. Configuration Management and Information Management may use the
same or separate repositories.

Base practices list

BP 16.01 Egtablish a configuration management strategy: Establishroles,
respongbilities, and methods for the application of CM activities.

BP 16.02 | dentify and basdline configuration itemsand interim work products:
|dentify configuration items, interim work products, and work environment items
that will be baselined or placed under version control, and basdine them.

BP 16.03 Establish and maintain arepository for work product basdines. Edablish
and maintain a repository to house work product basdlines.

BP 16.04 Control changes: Control changesto baselined work products through
tracking, recording, review, and approva processes throughout the life cycle.

BP 16.05 Record and report configuration status. Record and report change
information about the basdined configuration items.

BP 16.06 Conduct configuration audits and inspections. Conduct configuration
audits and ingpections to verify integrity of the basdines and check the work
products for compliance with the basdines.
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BP 16.01 Egtablish a configuration management strategy
Edtablish roles, respongihilities, and methods for the application of CM activities.

Description
Configuration management planning and management activities identify a srategy for the
goplication of configuration management that balances cost with program needs.

A oonflguratl on management strategy:
definesroles and respongibilities for dl CM activities

defines resources required to conduct CM activities

defines how CM will be applied to individud work products

defines how tools are to be selected and implemented

identifies CM policy that gpplies to work products that will be managed

Identification of roles and respongibilitiesincludes authority for formal establishment and changes
to basdlines, and may include the identification of delegated authority to maintain verson control
of specified items. A mechanism for representing the interests of stakeholders shdl aso be

specified.

A definition of how CM will be gpplied to items that will be managed will identify:
theleve of detall a which the configuration items are identified
when the configuration items are placed under configuration control
the levd of formalization required for different types of work products

A means to modify the strategy when necessary must also be identified.

Typ| cal Work Products
Configuration Control Board Charter
documented CM gpplication srategy for individua configuration items
CM poalicy gatement
drategy for tool selection, implementation, and use

Notes

CM Plans may be established to address either individual products, or groups of products
identified as a program that are managed by the same organization. CM plansidentify the
criteriafor or events for starting configuration control of identified products. They aso address
the events around which CM audits and inspections are planned. They are developed from
information about the anticipated acquisition or development, testing, maintenance, and
operations strategies of the work products.
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Example criteriafor sdecting configuration items at the appropriate work product leve:
- the need to maintain interfaces at a manageable level

unique user or maintainer requirements such as field replacesble units

new versus modified desgn

expected rate of change

These criteriawill affect the levd of vighility into the effort.

Example criteria for determining when to place work products under configuration management:
- portion of the development life cycle that the project isin

if system element isreedy for test

degree of formalization selected

cogt and schedule limitations

customer requirements

Example criteriafor selecting a configuration management process.
- dageof thelifecycle
impact of change in system on other work products
impact of change in system on procured or subcontracted work products including
COTS/NDI
impact system changes on program schedule and funding
requirements management process

Each criterion listed above will have an impact on the cog.
Identification of CM policy may be an invocation of higher-level CM policy. 1f such policy does

not exist or does not apply to the items that will be managed, policy specific to these items must
be established.
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BP 16.02 | dentify and basdline configuration items and interim work products

Identify configuration items, interim work products, and work environment items that will be
basdlined or placed under version control, and basdline them.

Description

Configuration identification is the selection of work products that comprise the system, product
or sarvice to be basdlined. Work products under configuration management will indude dl
systemn and software specifications, work products, and data that define configuration items.
Test configurations are aso basdined. Other documents, such as test results, may aso be
included depending on their criticdity to defining the product. This base practice dso includes
establishment of initia basdlines.

During the early stages of the life cycle, prior to basdlining configuration items, identify work
products to be controlled. Configuration itemsin a dynamic (or developer’s) system are under
ether (the developer's) forma change control or version control. Identify al work products
including those under the sole control of the work product owner (which may be an individud, a
development group, or ateam). Once abasdineis established, work products will be identified
and these configuration items will be placed under forma configuration managemen.

A configuration item is one or more work products that are basdined together. The sdlection of
work products for configuration management from dl interim work products should be based
on criteria established in the selected configuration management infrastructure. Configuration
items should be sdlected at aleve that benefits al stakeholders, but that does not place an
unreasonable adminigtrative burden on the developers.

Identify product or service work products that are configuration items.  Digtinguish them by
unique identifiers or markings, according to relevant standards and product sector conventions,
such that the configured items are unambiguoudy traceable to their specifications or equivaent
documented descriptions. For each configuration item and its versions, identify the work
products, documentation that establishes the basdline, version references; and other
identification details.

Basdining isthe act of placing an item under change control such thet al changes are made
through a defined process. The basdline configuration defines the characteristics of an item
during itslifecyde. A "basdling' describes one or more configuration items and the associated
entities of which it is composed.

The basdlines for each configuration item should be identified when it is placed under
configuration control. Basdlines provide a stable basis for the continuing evolution of
configuration items. Multiple basdines may be used to define an evolving product during its
development cycle. One common set includes the systemtleve requirements, system dement-
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level design requirements, and the product definition at the end of development/beginning of
production. These are referred to as the functional, allocated, and product basdlines.

Basdlines may dso be established a different times internally and with a customer. An interna
basdine of drawings might be established before fabrication; the customer basdine occurring
dartsat ddivery. Establishment of basdlines is encouraged in the earliest Sages of the life cycle.

Optimization includes defining the correct items to manage and establishing the correct timing for
basdines. Basdining too soon (before maturity starts) increases the adminigtrative costs of
changes, and basdlining too late increases the risk of undesired changes.

The basdlining activity associated with this base practice involves assembling the necessary
documentation that describe configuration items, and submitting it to the configuration control
board. Thisisdone in accordance with procedures established in BP 16.04. This can be done
iteratively as the documentation describing the configuration item becomes more detailed later
oninthelifecyde.

Typ| cal Work Products
basdined work product configuration
identified configuration items
- basdined configuration
- interface documentation
- tracesbility matrix
- edification trees
- drawing trees
- release documents
- decison database
- process-related documentation (e.g., plans, standards, or procedures)
- gysem requirements
- sysemdesgn
- software requirements
- software code units
- hadwareitems
- test procedures
- tedt configurations of test equipment, tools, and scripts
- software/system build for the software/system test activity
- software/system build for delivery to customer or end user
- compilers
- support tools

Notes
Configuration items pertaining to requirements could vary from individua requirements to
groupings of requirements documents.
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Configuration items for a system that has requirements on field replacement should have an
identified configuration item & the field-replaceable unit level. The owner responsible for each
configuration item is identified.

Although the respongihbility for technica content of work products remains with the engineering
technical task, the configuration management identification function shares responsbility for
proper structure of specification trees, level of documentation, and genera content and format
of documentation.

Customer property may be identified as a configuration item.

Additional Practice Guidance
Identify work products that define the product.
Identify work products from al Process Areas that require configuration management.
Identify dl deliverable and non-ddliverable data.
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BP 16.03 Egtablish and maintain arepository for work product basdines
Establish and maintain arepository to house work product basdlines.

Description

This practice involves establishing and maintaining a repository of information comprised of
work product basdlines asthey are developed. The repository provides for storage and
retrieva of configuration items/records, sharing and transfer of configuration items/records
between affected groups and individuas, and the production and dissemination of CM reports.
The release of configuration items/records from the repository is controlled. Product builds and
rel eases are authorized by the controlling mechanism and are created only from the configuration
items/records in the gpproved basdine library.

Procedures for operating the repository should define the repository location(s), tools or
environments used to store basdined information eectronicdly, storage media, check-in and
check-out procedures, and authorities. Means to distinguish among various versions of the
same configuration item must be in place. Procedures must define how data is archived and
retrieved.

Operation of the repository should aso include periodic auditing againgt current status
accounting information to ensure that the repogitories contain dl currently basdined information.

Establishment of the repository should incorporate security measures appropriete for the
information being stored.

Typical Work Products
roles, respongibilities, and authorities specific to the operation of the repository
procedures for operation of the repository, including stakeholder access procedures
physica and/or eectronic repository(ies) that contain dl basdined information
an index or catalog that identifies the current contents of the repository(ies)

Notes

For software, the basdine repository dso alows multiple control levels of software
configuration management. One example of a Stuation requiring multiple levels of control isthe
differencesin the levels of control needed at different timesin the life cycle (e.g., tighter control
as the product matures).

Any repositories established for this process area may aso be part of any repositories identified
to satisfy the requirements of PA 17, Information Management.
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BP 16.04 Control changes

Control changes to the basdlined work products through tracking, recording, review, and
approva processes throughout the life cycle.

Description

Control is maintained over the configuration of the baselined work product. This includes tracking
the configuration of each configuration item, approving a new configuration, if necessary, and
updating the baseline. Change control authority is established to provide coordinated review,
evaluation and disposition of documented and justified change proposals to configured items.
Design and/or development changes are identified, documented and controlled. This includes
analysis of the effect of the changes on constituent parts and delivered products. The changes
are verified and validated, as appropriate, and approved before implementation. The results of the
review of changes and subsequent follow-up actions are documented.

Change requests and problem reports for al configuration items should be initiated, recorded,
reviewed, approved, and tracked. Change requests address not only new or changed
requirements, but aso failures and defectsin the work products. Changes are anayzed to
determine the impact that the change will have on the work product, schedule, and cogt. If,
based upon analysis, the proposed change to the work product is accepted, aschedule is
identified for incorporating the change into the work product and other affected aress.

Changed configuration items are released after review and forma gpprova of configuration
changes by the controlling mechanism. Changes are not officid until they are rel eased.

Different levels of control are gppropriate for different work products and for different pointsin
time. Configuration itemsin adynamic (or developer’s) system are under 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). For some work products, it may be sufficient to
maintain verson control. Verson contral is usualy under the sole control of the work product
owner (which may be an individud, a development group, or ateam).

Control of changes includes identification and recording of change requests; andysis and
evaluation of the changes, approval or disgpprova of the request; and implementation, verification,
and release of the modified configuration item. An audit trail should exist for each modification,
the reason for the modification, and authorization of the modification.

Optimization of change control includes the sdlection of the leve of forma control to be
implemented. A balance is needed between the cost of formal control and the risk of
uncontrolled changes.

Records are controlled to provide evidence of conformance to requirements and of effective
operation of the configuration management system. A documented procedure ensures
identification, storage, retrieva, protection, retention time, and disposition of records.
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Typ| cal Work Products
modified work-product baselines
change requests
problem reports
Specification change notices
document change notices
decision records
deviations and variances
walvers
revison higtory of configuration items
archives basdine

Notes
Change control mechanisms can be tailored to categories of changes.

Changes are analyzed through a process that ensures they are consistent with al the technical
and project requirements. Changes are analyzed for their impact beyond the immediate
program or contract requirements. Changesto an item used in multiple products can resolve an
immediate issue while causing a problem in other gpplications.

Schedule and conduct the change-request review with the appropriate participartsin the
decison. Record the digposition and rationde, including success criteria, abrief action plan if
appropriate, and needs met or unmet by the change. Perform the actions required in the
disposition, and report the results to affected parties.

Changes 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 assoon asit ispractical. Actions left open result in larger than necessary status
ligts, which in turn result in added costs and confusion.

If aproposed change to the work product is accepted, a scheduleis identified for incorporating
the change into the work product and other affected areas. Configuration control mechaniams
can be tailored to categories of changes. For example, the approval process could be shorter
for component changes that do not affect other components. Changed configuration items are
released after review and gpproval of configuration changes. Changes are not officid until they
are released.
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Additional Practice Guidance
- Changes to established basdlines are recorded, reviewed, approved, controlled, and
verified as incorporated.
Initiate and record change requests in the change request system.
Anayze the impact of proposed changes and fixes.
Review and get agreement with those affected by change requests that will be addressed in
the next basdine.
Track the status of change requeststo closure.
Control changes to configuration items throughout the life cycle,
Obtain gppropriate authorization before changed configuration items are entered into the
configuration management system.
Check in and check out configuration items from the configuration management system for
incorporation of changesin amanner that maintains the integrity of the configuration items.
Perform reviews to ensure that changes have not caused unintended effects on the baselines,
i.e., that the changes have not compromised safety and/or security of the system.
Record changes and the reasons for the changes.
Formaly control release of products from the basdine library.
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BP 16.05 Record and report configuration status

Record and report change information to the basdlined configuration items.

Description

Status accounting provides the traceahility of configuration identification and facilitates the
effective implementation of gpproved changes. The status activity will identify dl configuration
item requirements, their individua implementation schedules, and the performance history
againg those schedules. Information may identify originators of each work product, customer
response dates, dispogition, security classfication, etc. The atus of configuration itemsis
communicated to those that need it.

The status reports should include information on when accepted changes to configuration items
will be processed, and the associated work products that are affected by the change. Access
to configuration data and status should be provided to al stakeholders.

Manage the recording, retrieval and consolidation of the current configuration status and all
preceding configurations to confirm information correctness, timeliness, integrity and security.
Consolidate the evolving configuration state(s) of configuration items to form documented
baselines at designated times or under defined circumstances. Maintain configuration records
through the life cycle. Record the steps of the project’ s configuration, the rationale for the
basdline, and associated authorizations in configuration basgline data.

Prepare and manage records and status reports that show the status and history of controlled
configuration itemsincluding basdines. Status reports should include the number of changes for
aproject, latest configuration item versons, release identifiers, the number of releases, and
comparisons of releases.

Typical Work Products
- dtatusreports

configuration control board meeting minutes

change request summary and status, including implementation satus

trouble report summary and status (including fixes)

summary of changes made to basdines

revison higory of configuration items

basdine gatus

basdline audit results

as built list or records

release notes

revison higory of configuration items

changelog
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Notes

Examples of activities for communicating configuration datus:
provide access to authorized users
make basdline copies readily available to authorized users

Additional Practice Guidance
Status of configuration data, changes, and access information is recorded, tracked, and
communicated to affected groups.
Record configuration management actions in sufficient detail so the content and status of
each configuration item is known and previous versions can be recovered.
Ensure affected individuals and groups have access to and knowledge of the configuration
datus of the configuration items.
Specify the latest version of the basdline.
Identify the versgon of configuration items that condtitute a particular basdine.
Describe the differences between successve basdlines.
Revise the status and history (i.e., changes and other actions) of each configuration item as
necessary.
Track changes from initiation, review, adjudication, and implementation in each instance of
the affected configuration item.
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BP 16.06 Conduct configuration audits and ingpections

Conduct configuration audits and inspections to verify integrity of the basdines and check the
work products for compliance with the basdlines.

Description

Configuration audits and ingpections are conducted to verify that a configuration item has
achieved its specified performance level (functiond), and that the design documentation matches
the as-built work product (physical). Configuration audits and inspections dso serve asa
prerequisite for establishing the product basdline configuration to be used for production and
acceptance purposes. Audits and ingpections ensure the quaity and correctness of the
configuration information and, where necessary, corrective actions are taken to recover
information integrity.

Configuration audits are performed to maintain the integrity of the configuration basdines. Audit
configuration management activities and processes to confirm that the resulting basdlines and
documentation are accurate and record the audit results as appropriate. Inspections are
performed during the early stages of development on the repositories of interim work products
that are placed under version control.

Configuration audits involve checking an item for compliance with its configuration basdine and
the accuracy of the basdine documentation. Configuration audits validate that the developed
item fulfillsits technica requirements, eg., in a Functiond Configuration Audit (FCA), and that
the product configuration is properly identified, eg., in aPhysica Configuration Audit (PCA).
Thisis accomplished by comparing the configuration item with its technical documentation and
the status reports.

Typ| cal Work Products
basdline documentation
audit procedures
audit results
action items

Notes
Audit, asused in this PA, is an examination of work products to assess compliance with
gpecifications, standards, contractual agreements, or other criteria

Audits should confirm both the accuracy and currency (incorporation of changes, etc.) of each
leve of basdine (requirements/design/product) and the consistency between levels
(requirements match the design and the design matches the product basdline).

Audits are planned to take into consderation the status and importance of the activities and
areasto be audited as wdll as the results of previous audits. The audit scope, frequency and
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methodologies are defined. Personnel other than those who performed the activity being
audited conduct audits. A documented procedure includes the responsibilities and requirements
for conducting audits, ensuring their independence, and recording results and reporting to
management. Management takes timely corrective action on deficiencies found during the audit.
Follow-up actions include the verification of the implementation of corrective actions, and the
reporting of verification results.

If during an audit any customer property isfound to be damaged or log, this should be reported
to the customer.

Additional Practice Guidance
Periodicaly audit configuration management activities and processes to confirm that the
resulting basdlines and documentation are accurate. Record audit results.
Assessthe integrity of the basdlines; check the work products for compliance.
Verify that the configuration records correctly identify the configuration of the configuration
items.
Review the gtructure and integrity of the items in the configuration management system.
Verify the completeness and correctness of the items in the configuration management
sysem.
Completeness and correctness of the content are based on the requirements as stated in the
plan and the disposition of approved change requests.
Verify compliance with applicable configuration management standards and procedures.
Track action items from the audit to closure.
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PA 17: Information Management

Process Area Summary

Purpose
The purpose of Information Management is to make relevant, and timely information available to
those who need it during and after the lifetime of products and services.

Major points addressed

Informeation management processes collect, store, protect, retrieve, disseminate and dispose of
information needed to achieve project, organization, and enterprise goal's, according to
established and maintained requirements and strategy. Information management provides an
infrastructure and resource that supports sharing of information and knowledge and provides
authorized users with timely access to needed information. Information is protected from
damage, |oss, unauthorized access, and compromise of intellectua property rights.

Goals

1. Aninfrastructure is established and maintained to provide the mechanisms and media
needed to support information management at project, organization, and enterprise levels.
(BP 17.02)

2. Information is managed in accordance with established requirements and strategy. (BP
17.01, BP 17.06)

3. Information is stored and protected from loss, damage, and unwarranted access. (BP
17.03, BP 17.05)

4. Timedy accessto information is available to those that need it. (BP 17.04)

Notes

Information, as used in this process area, includes the various forms of hardcopy and softcopy
documentation needed by projects, organizations, and the enterprise. Typica information
management categories include customer communications, customer and other externd
documentation and reference materia, requirement issues, metrics, status reports, architecture
and design notes, design reference materid, meeting minutes, etc. Information may take any
form (e.g., reports, manuals, notebooks, charts, drawings, data bases, spreadsheets,
Specifications, files, e-mails, audio, video, or correspondence), and may exist in any medium
(e.g., printed, drawings on various materias, photographs, eectronic, or multi-media).
Information may be deliverable (e.g., itemsidentified by a project's data requirements), or non-
deiverable (e.g., informa information, tacit knowledge, expertise, sudies and analyss, internd
mesting minutes, internal design review documentation, lessons learned, and action items). The
avallability of information to staff when it is needed isa crucid aspect of information
management. Information Management resources and capabilities support knowledge sharing.
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Relationships between this PA and other PAs

All process aress rely on the practices of Information Management to preserve and maintain
accessto information. Project Management (PA 11) uses the practices of Information
Management to identify information items and categories of information to be managed.
Information items are created by appropriate process areas and indicated in the Typical Work
Product paragraphs of the process areas. Quality Assurance and Management (PA 15) ensures
the integrity, authenticity, reliability, and accuracy of sdected information products.

Work products, reference material, and notes from al process areas are collected stored and
managed by Information Management. Information Management makes needed information
available for increasing an organization’s capacity for Innovation (PA 23). It endblesthetimely
sharing of vitd information horizontally and vertically among organizations and team members
engaged in Integrated Teaming (PA 14). Information Management protects and makes
available process documentation to, and uses information from, the organization’ s process asset
library, described in Process Definition (PA 20).

Information Management and Configuration Management (PA 16) process aress are
interrelated, but differ in anumber of ways. Configuration Management emphasizes informd and
forma control for selected work products. Information Management is concerned with the
identification, protection, and continued availability of al information that may be needed by, or
generated by, projects or enterprise dements. Items from the information management
repositories may be placed under configuration management, as the need arises. The practices
of Information Management apply to the storage and retrieva of Configuration Management
Items. Configuration Management and Information Management may use the same or separate
repositories.
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Base practices list
BP 17.01 Establish information management strategy: Establish and maintain a strategy
and requirements for information management.

BP 17.02 Egablish information management capability: Establish an infrastructure for
informeation management including repository, tools, equipment, and procedures.

BP 17.03 Storeinformation: Collect, receive, and store information according to established
strategy and procedures.

BP 17.04 Shareinformation: Disseminate or provide timely access to information to those
that need it.

BP 17.05 Protect information: Protect information from loss, damage, or unwarranted
access.

BP 17.06 Egablish information standards. Establish requirements and standards for
content and formet of selected information items.
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BP 17.01 Egtablish information management strategy
Establish and maintain a srategy and requirements for information management.

Description

Define a gtrategy for management of information and the required information items and
categories of information to be acquired, stored, protected, and available to staff, for projects,
the organization, and the enterprise. Communicate the required categories of information to be
captured and update the categories as needs arise. Solicit specific information needs for the
acquigition of external or reference material. Establish information access and security
requirements according to project and organizationa needs. Establish time limits for retention
and destruction of information. Define requirements for vighility and retrieva of information.

Typ| cal Work Products
categories of information required to be placed in the information repository
gpecific information items to be placed in the information repository
information access and security requirements
typicad categories of information to be managed
customer and supplier communications
- internd and externd project communications
- requirement and design issues
- medting minutes
- project related reference materia
- dedgn notes
- lessonslearned (from al projects)
- concept papers
- new technology items

Notes

Unlike Configuration Management, the individud information items to be managed cannot
aways be determined in advance. Frequently, important information items are generated without
prior knowledge (e.g., aletter from acustomer or supplier, outsourcing rationae, specific
emergent risk items, etc.). Theinitid list of categories of information items to be managed may
be a best estimate or based on historical lists of categories or organizationa standard categories
(e.g., dl communications from customers and suppliers, rationae for rgection of dternative
designs).

Information designated for collection and storage should consist of ddliverable and non-
deliverable documentation, as well as historica or background information that would be useful
to future projects, and to the organization’ s corporate knowledge base. For example,
information associated with a project’s product development, such asinitid versons of product
or service pecifications, drawings, configuration control records, and potentia requirements
should be collected and stored.
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As development of projects and services evolves, gppropriate information items will be placed
under configuration management. The standards and criteria used to develop the product or
ddiver the service, the market anayses conducted to sdlect the product or design, the design
development modd and environment, and the rationae for decisions made during the product’s
evolution should al be consdered for corporate retention. Process asst libraries should also be
included in the managed information.

Additional Practical Guidance
Egtablish templates and author guidelines for selected documents.

Solicit gaff for the information items and types needed to perform their jobs.
Establish a data base of internal and external experts.
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BP 17.02 Egtablish information management capability

Egtablish an infrastructure for information management including repository, tools, equipment,
and procedures.

Description

Establish the hardware, software, procedures, and personnel resources to store, protect, and
retrieve information efficiently. Provide common information management archival and retrieva
cgpabilities throughout the organization. Archive information efficiently based on common
characteristics (e.g., key words, topics, contract number, etc.). Provide information storage,
protection, and access in accordance with the information strategy and requirements.

Typlcal Work Products
information databases
electronic libraries
web-based repositories
raw data repositories of the development tools such as CASE toals, databases, file systems,
and other tool repositories
information library
web-based database
information capture, storage, protection, and access procedures
externd library and data bases subscriptions

Notes

An information management capability should include afull range of technologies appropriate for
variousinformation media. Storage media consderations include sdecting media according to
the required storage time (e.g., consder whether equipment will be available in the future for
reading the media). While as much information as practical should be stored dectronically for
ease of management, many sources may only be available in traditiona hardcopy. Technology
advances in dectronic search engines lessen the need for sophigticated organization and
indexing. Storage capabilities may be needed for ectronic, photographic, paper, or film and
the storage times may range from short-term to indefinite.
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BP 17.03 Storeinformation
Collect, receive, and store information according to established strategy and procedures.

Description

Capture and store the required information according to established requirements, mechanisms
and procedures.Information storage records identify the source of each information item, the
date stored, access or security controls, and the date for destruction. Retaining information
beyond its useful lifetime may result in unnecessary storage cost and pose privacy/security risks.
Record and maintain the status of program data, and update and publish the status of the
program data. Information items should be reviewed periodicaly for currency, relevancy, and
vdidity and the results used to maintain the repository contents.

Typ| cal Work Products
data accesson list
data management plan
status reports
information catalog
catalog updates
library index

Notes

Information can be stored either informally (without indexing) or formaly (e.g., based on
characterigtics (e.g., key words, topics, contract number, etc.) for ease of retrieval as required
by the information management strategy and requirements. Managed information should be
transferred to configuration management as needs arise.

The information assets of an organization are not confined to forma or configuration managed
documents; they vary from the highly ordered to the ephemerd, and some of the most vauable
information may be hidden in informa sources such as reports, office memos, study reports,
project documents, photographs, etc.
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BP 17.04 Shareinformation
Disseminate or provide timely access to information to those that need it.

Description
Disseminate information according to the information strategy and project requirements.
Provide efficient and timely information retrieval to meet the needs of authorized users.

Typical Work Products
mechanism for information retrieva, reproduction, and digtribution
information databases with eectronic search capability
information base or library indexes

Notes

The latest technology, such as dectronic indexes and search engines, should be consdered for
eectronicaly stored information. Software tools and information processing agorithms may be
ussful in finding and grouping Smilar informetion.

Additional Practice Guidance
Provide to those that retrieve information, visibility of others who have retrieved the same or
gmilar information.
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BP 17.05 Protect information
Protect information form loss, damage, or unwarranted access.

Description

Establish information access control mechaniams, in accordance with the information
management requirements, that alow only appropriate personnd to access information.
Conduct information management activities in accordance with laws on intellectud property
rights. Provide for backup storage to protect information from naturd disasters (e.g., fire and
flood). Assessthe vdidity of selected information and protect vaidated information from

potentialy damaging information.

Typ| cal Work Products
privacy requirements and controls
access requirements by information category and user level
security requirements by information category and user leve
security procedures
list of authorized usersfor access
procedures for Internet information downloading
backup storage locations

Notes

Access controls should provide appropriate protection for information that is proprietary,
politicaly sensitive, financidly sengtive, subject to export control or meets requirements for
nationa security protection. Offsite storage should be considered for backup of information
repogitories. Information should be protected from potentially damaging information such as
software viruses and misinformation.
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BP 17.06 Establish information standards.

Establish requirements and standards for content and format of selected internaly produced
information items

Description

Egtablish the format and content requirements for selected internaly produced information items.
Documentation standards encourage uniformity and quaity for gppropriate documents, such as
plans and specifications.

Typical Work Products
author ingructions and templates for plans and specifications
dataitem descriptions
data devel opment standards
document qudlity criteria

Notes

Documentation stlandards typicaly include, in addition to the primary content: adminigtrative
items such astitle, date, identifier, verson history, author(s), reviewer, authorizer, outline of
contents, purpose, and ditribution list.
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PA 18: Measurement and Analysis

Process Area Summary

Purpose

The purpose of Measurement and Anadysisisto collect and andyze datarelated to processes
and resulting products and services to provide quantitetive ingght into performance rdative to
gods.

Major points addressed

Measurement and andysis involves devel oping a quantitative understanding of processes,
products, and services in the context of business gods, andyzing performance in these areas
and providing information on which to base improvements. Measurements, when established
throughout the product or service life cycle, provide objective indght into the process and its
outcome. The integration of measurement and analysis into processes, products, and services
supports the ability to plan, estimate, and track actua performance againgt established plans and
objectives, aswdl asidentify and resolve related issues. Measurement begins by defining the
measures needed to support goas. Measurement data relative to goas are then collected,
stored, and analyzed and results are reported to appropriate stakeholders to support effective
decison meking.

Goals

1. Measuresrelated to gods, objectives and magjor issues are established. (BP 18.01)

2. Measurement data are collected, analyzed, and results are reported. (BP 18.02,
BP 18.04, BP 18.05)

3. Measurement data and results are stored for use. (BP 18.03)

Notes

Collecting and andyzing key measurement data provide information needed to manage issues
and gods and form abass for andyzing process performance.  Measurements are composed
of process and product data that quantify the performance and effectiveness of both the
processes and products. Performance measurements are characterized by both process and
work product data (e.g., effort, cycle time, defect remova efficiency, productivity, and service
response time) and product measures (e.g., rdiability, and defect density).

Measures are used in establishing performance objectives and their vaues can condtitute a
basdline againg which actua performance can be compared. Thisinformation isused to
manage quantitatively. Measurement provides performance results which support decisons and
provide an objective basis for communication.
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Some genera categories of measures.
schedule and progress
resources and cost
product Size and stability
process performance
product/service qudity
contractor performance
technology effectiveness

Some ddfinitions

- Measure: Property, attribute, scae, or unit that is used for quantification.
Base measure: A digtinct property or characteristic of an entity and the method for
quantifying it.
Derived measure: A function of two or more base measures.
Indicator: An estimate or evauation of specified atributes derived from amodd with
respect to defined information needs, combination of measures usudly presented as a graph,
chart, or table.
Value: A numerica or categorical result assgned to a base messure, derived measure, or
indicator.
Measurement: The process of assgning quantitative values to measures or properties
according to some defined criteria. This process can be based on estimation or direct
measurement. Also, avaue resulting from performing the measurement process.
Modd: An agorithm or caculation combining one or more base and/or derived measures
with associated decision criteria
Analysis. The use of datato identify problems, access problem impact, project an
outcome, or evaluate aternatives related to issues.

Relationships between this PA and other PAs
Measurement and Andysis (PA 18) is asupporting process area that relates to any process
areawithin the modd.

This PA specificaly supports Integrated Enterprise Management (PA 00), Project Management
(PA 11), Evduation (PA 08), Qudlity Assurance and Management (PA 15), and theinterna
team process performance of Integrated Teaming (PA 14). It establishesthe basis of the
measurement data repository addressed in Process Definition (PA 20) and managed using
Information Management (PA 17). The practices of the Measurement and Analysi's process
area support the Needs process area (PA 01) through measurement of customer satisfaction
with products and services. Actions as aresult of Measurement and Anadysisare seenin
Integrated Enterprise Management (PA 00), Project Management (PA 11) and Qudity
Assurance and Management (PA 15). If solicitation of contractors/subcontractorsis required,
measurement is addressed in the solicitation request and response (See PA 05, Outsourcing).
Risk Management (PA 13) provides the mechanism to identify issues to be measured.
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Base practiceslist

BP 18.01

BP 18.02

BP 18.03
BP 18.04

BP 18.05

Establish measur es based on goals: Establish measurable objectives from
issues and gods and identify the specific measures that will provide the basis for
performance anayss.

Collect relevant measurement data: Collect and verify measurement data
and generate results.

Storedata and results: Store measurement data and results in arepository.
Analyze measurement data: Andyze data to determine performance against
gods.

Communicate results. Report results of measurement and andysisto all
affected stakeholders.
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BP 18.01 Establish measures based on goals

Establish measurable objectives from issues and goa's and identify the specific measures that will
provide the basis for performance andyss.

Description

Establishing measurable objectives based on business gods includes the identification,
prioritization, and documentation of process, product, and service issues. Specific measures are
selected that provide ingght into business god's and issues.

Typ| cal Work Products
documented measurement objectives
prioritized issues based on risks and needs
list of candidate measures
definitions for the selected performance measures
measurement plan

Notes

Program and organizational process objectives, issues, business goals, and information needs
drive the measurement requirements. Measurement helps achieve project objectives, meet
organizationa process improvement gods, identify and track risks, and recognize issues and
problems. Process, product and service objectives and issues should be identified and
prioritized early. If solicitation of contractors/subcontractorsis required the measurement
program should be addressed in the solicitation.

Theresulting profile of objectives, issues, and business gods is used to sdect and specify the
required measures. This profile and the associated measurement requirements, are evaluated
and revisaed periodicaly and should be specified across the life cycle. To do this in a codt-
effective manner, only those measures that are necessary to provide the required performance
or qudity ingght should beimplemented. One rule of thumb is to use three to five measures a
onetime on a process and its product or service. It isimportant to note that measurements that
are implemented reflect the technica and management characteristics of the process activities.

A profile of issues may be derived from the following sources:
- rik andyss

program constraints and objectives

use of new technologies

product acceptance criteria

externa requirements

experience

A measurement program can ensure that messures that are implemented reflect the technica
and management characteristics of the process activities.
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BP 18.02 Collect relevant measurement data
Collect and verify measurement data and generate results.

Description

Measurement data are collected and verified from relevant sources. The verified data are used
to generate values for identified measures. Measures are combined to produce newly
calculated values as required.

Typ| cal Work Products
mesasurement data
automated data collection mechanisms (such as templates and forms)
measurement data definitions
documented data collection procedure
data collection tools

Notes

Collecting, verifying, assgning vaues, and understanding the data are crucid in the measurement
and analysis process. The collected data should closdly reflect the nature of the product and
process. The frequency of data collection and the points of collection within the process aswell
as how the dataiis collected, stored, and made available for analysis, are considerations in data
collection. The data collection process isintegrated with other normal work processes and
those respongible for collecting data are identified. The data collection mechanism can be
manua or automated forms or templates. Automeatic collection should be supported when
feasble.

Data are obtained from existing databases, records, and repositories and reviewed for
appropriateness with users. Data are collected as necessary for previoudy used aswell as
newly specified base measures. Exigting data are gathered from project records or from
elsawhere in the organization. Base and derived measurement data sets are collected and the
data are generated for derived measures. Data integrity checks, as close to the source of the
data as possible, are performed. Because 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 andysis cycle. Integrity checks can be performed by scansfor
missing data, identification for out of bounds data vaues, and unusud patterns and correlation
across measures.

Data verification ensures that the data provided relate to pertinent program events and alow for
consistency of data, such as units of measures across sources or organizations. Procedures are
reviewed for their appropriateness and feagbility with those who supply and collect data, and
are revised as necessary. Decisions regarding priorities may need to be readdressed based on
the importance of the measures and the effort required to obtain the data.
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Data verification may be performed by ingpecting againg a checklist. The checklist should be
condructed to verify that missng datais minimd, and that the values make sense. Examples of
the latter include checking that a defect classification is valid, or that the Sze of acomponent is
not sgnificantly grester then al previoudy entered components. In case of anomalies, the data
provider(s) should be consulted and corrections to the raw data made where necessary.

Data definitions developed during the measurement sdection process and documented in the
measurement plan define the detailed specifications for each dataitem to be collected. They
describe what raw data need to be collected, when it is available, what format it will be in, what
software tool or other source it will come from, etc. Data definitions are used to confirm that
the data collected matches the data pecified in the measurement plan.

Measurement data may be either base or derived data. Data for base measures are obtained
by using raw data. Datafor derived measures are obtained by combining two or more base
measures. Derived measures are generally expressed as ratios, composites, and indexes.

Data sources:
key performance messures
- schedule and progress
- resources and cost
- dzeand Sability
performance results
- technica adegquacy
evauation of drategic goas
project evaluation

Exanplesof classes of commonly used measures include the following:
project evauation
estimates of work product size (e.g. pages)
estimates of effort and cost (e.g., person hours)
actud measures of Sze, effort, and cost
quality measures (e.g., number of defects found, severity of defects, defect dengity)
peer review coverage
test or verification coverage
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BP 18.03 Store data and results
Store measurement data and resultsin arepository

Description

Data to be analyzed must be selected and stored to ensure that data are available and
accessible for future use and the establishment of performance basdlines. Appropriate
stakeholders are advised of availability of the stored data.

Typ| cal Work Products
project data
measurement plans
anaysis reports
historic database or repository of measurement data
documented storage procedures
process database

Notes

Storing quantitative process, product, and service data provides information for future
estimation and cost effective decisons. Access to sets of data, measurement plans, anaysis
reports and presentations provide informetion for the achievement of business godsincluding
accuracy of future projections and abasis for corrective actions. Storing measurement data
enables the establishment of an higtorical repository. This information can be used to provide
the context for interpretation of data, measurement criteria, and anadysis results.

Procedures are in place describing how datawill be stored in an accessble manner for anayss,
maintained, and saved for reanalysis or documentation purposes. The procedures should
address who is responsible for storing, maintaining, updating, retrieval and security. Itis
important that stakeholders are aware of the repository and its contents; however, procedures
are in place to prevent unauthorized usage. Waysto prevent ingppropriate use of dataand
related information include controlling access to data and educating people on the appropriate
use of data project data.

Examples of ingppropriate use:
disclosure of information that was provided in confidence
faulty interpretations based on incomplete, out- of-context, or otherwise mideading
information
measures used to improperly evauate the performance of people or rank projects
impugning the integrity of specific individuas.
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Information typicaly stored within arepostory:
measurement plans
specific measures
sets of datathat have been collected
anadysis reports and presentations

The stored information contains information or directs users to information pertinent to
understand and interpret the measures and assess them for reasonableness and gpplicability.

Data sets for derived measures typicaly can be recalculated and need not be stored. 1t may be
appropriate to store summaries based on derived measures such as charts, tables of results, or
report interpretations. Interim analysis results need not be stored separately if they can be
efficiently reconstructed. When data are shared across projects, the data may be entered into
an organizational measurement repository.
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BP 18.04 Analyze measurement data
Anayze data to determine performance againg goals.

Description

Anayzing measurements involves data analys's, tracing to issues, looking at the project or
organizationa context, and identifying problems and new issues. It includes developing
recommended actions/options and development of indicators.

Typ| cal Work Products
documented analysi's procedure
data andysstools
andysis results and draft reports
control chartsfor Satistical process, including:
- ccharts
- npcharts
- pcharts
- uchats
- X and mR charts
- ZandR charts
- X andscharts
histograms for process andysis
Pareto charts for problem andysis
scatter diagrams for corration and trend analysi's
indicators
recommended actions/options

Notes

Verified low-leve datais consolidated or combined into measurement indicators that provide
ingght into an issue or concept. All users of the measurement data should understand what the
data represents. Measurement data should be at alow enough leve of detall to alow for the
isolation of problems and to support a high degree of andyssflexibility. This ensuresthat the
data analyzed represent the associated processes and products, and project or organizationa
quality or process goa achievement. Measurement results should be interpreted in the context
of other project and organizational information. Quantitative measurement results must be
interpreted in the context of the project or organizationa characteristics. The contextua
information alows the user to identify the nature of the process issues and associated causes. It
aso hdpsto identify possible courses of action. This characteristic of the measurement
program ensures that the quantitative measurement data are interpreted correctly.

There are many datigticd techniques available for analyzing measurement data (e.g., Satistical
process control, confidence intervals, prediction intervals). Statistical process control is
datidicadly based analyss of a process and measurements of process performance, which will
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identify common and specid causes of variation in the process performance, and maintain
process performance within limits. It entalls the establishment and use of Satistical process
control chart(s) (any or al of severa types) to measure and identify out-of-control conditionsin
aprocess and take action to return the process to an in-control state.

Measurement should be integrated into the project management process throughot its life
cycle. Although the measurements change with the changing processes, activities, and tasks, the
measurement process continuoudy provides objective information to support project and
organizationa process objectives. In addition, measuremert and analysis of process attributes
ealy in the life cycle providesingght into future issues. This characteristic of measurement
ensures that measurement becomes an integrd part of the management and engineering
activities.

Analysis should be based on the principle of nonpartidity. This promotes an environment
whereby andys's, and the conclusions that are reached, are not unduly influenced by other
project factors and pressures. Andysis should encourage open dialogue among al affected
parties and collaborative problem solving. This characterigtic of the measurement program
ensures that objective anadlysisis performed to meet the information needs of stakeholders.

Anindicator is an estimate or evaluation of specified attributes derived from amodd with
respect to defined information needs. Indicators are the basis for andysis and decison-making.
These are what should be presented to measurement users. An indicator isameasure or
combination of measures that provide ingght into an issue or concept. Indicators are generaly
presented as graphs or tables.
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BP 18.05 Communicate results
Report results of measurement and andysisto al affected stakeholders.

Description

The results of the measurement and analys's activities are communicated to stakeholdersin a
timely and usable fashion to support decision making and assist in taking corrective action.
Measurements provide stakehol ders the ability to manage by quantitative facts.

Typ| cal Work Products
delivered reports and related analysis results
control charts
management metric “control pands’
quality function deployment sets of matrices
process team report appendices
transmittal and guidance documents

Notes

Stakeholders, including intended users, sponsors, data andysts and data providers are to be
apprised of measurement analysis and asssted in understanding analysis results. It isimportant
to explain how and why measures were specified and how data was obtained, and how to
interpret results based on the data analyses methods applied. It is aso important that data
providers and al users understand how the results of measurement andysis address their
information needs.

The results of the measurement and analysi's process are communicated to stakeholdersin a
timey and usable fashion to support decision making and assst in taking corrective action.
Affected stakeholders include intended users, sponsors, data anadysts, and data providers.

It may be necessary to assst measurement stakeholders in understanding results. Results are
reported in a clear and concise manner and should be understandable and easily interpretable
by the audience. Results are clearly tied to identified goal's, information needs and objectives.

To the extent possible and as part of the normal way they do business, users of measurement
results are kept persondly involved in setting objectives and deciding on plans of action for
measurement and analysis. The users are regularly kept gpprised of progress and interim
results.

The data presented should be made explicitly clear in how and why the base and derived
messures were specified, how the data were obtained and how to interpret the results based on
the data andysis methods. How the results of the measurement activities address measurement
needs should be conveyed.
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In order to accomplish thisit may be necessary to discuss the results with the stakeholders,
provide a transmittal memo giving background and explanation, briefing the users on results and
provide training on the use and understanding of data.

Management by fact is a method that can be used. Measurements such as control charts may
be used to communicate between process workers that operations are in or out of control, and
indicate what to do if anomalous process behavior occurs.

Note that the measurement process itsalf should be measured and eval uated againgt specified
evauation criteria and conclusions regarding strengths and wesknesses made. Revison should
be considered when the following events occur:

new processes are added

processes are revised and new product or process measures are needed

finer granularity of datais required

greater vishility into the processis required

measures are retired or changed
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FAA-iCMM Version 2.0 September 2001 5-PA 19-1



This page intentionally left blank.

5-PA 19-2 September 2001 FAA-iCMM Version 2.0



PA 20: Process Definition

Process Area Summary

Purpose
The purpose of Process Definition is to define and maintain a standard set of process assets that
support organizationd learning and improve process performance.

Major points addressed

Process Definition involves cregting, coordinating, and managing the standard processes, that
can be subsequently tailored to form the processes that will be followed in conducting the
business of the project, organization, or enterprise.

Thisindudes defining and maintaining life cycle procesy(es) that will meet business gods, as well
as collecting, designing, developing, and documenting process assets. Assetsinclude example
processes, process fragments, process-related documentation, process descriptions, process
architectures, process-tailoring rules and tools, and process measurements/data.

Goals

1. Theset of standard processes is established and maintained. (BP 20.01)

2. Guidesfor tailoring the standard processes are established and maintained.
(BP 20.02)

3. Gods, performance data, and other assets that support the processes are collected,
maintained, and communicated. (BP 20.03, BP 20.04)

Notes

A “project” isan organizationad element that produces an output or outcome. An
“organization” isa unit within which many projects are managed as awhole. An organization
shares a common top-level manager and common policies.

A “sat of standard processes’ isatypicaly agroup of stlandard processes within an
organization, or within a project, that share some common characteristics, but that are different
enough in their domain of applicability to be considered as separate standard processes. The
standard process definition typically applies to an organization, but may aso apply to large
projects, or projects that require standard processes that can be tailored for use within the
project for avariety of circumstances.

This process area applies to the definition of al processes. If thereis no standard process at the
organizationd levd the project’ s processes become standard for that project.
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Relationships between this PA and other PAs

This process area coversthe initia activities required to collect, maintain, and standardize
process assets for al process areas. The activities of this PA define the processes needed to
achieve the enterprise vison and gods etablished by the activities of Integrated Enterprise
Management (PA 00). Processimprovement is covered in Process Improvement (PA 21).
The quantitative understanding of the processes and process assetsis covered in Measurement
and Andysis (PA 18). The process asst library is maintained using the principles of
Information Management (PA 17). New processes may be the result of activities described in
Innovation (PA 23).

Base practices list

BP 20.01 Establish standard processes: Establish and maintain a set of standard
processes.

BP 20.02 Develop tailoring guidelines: Edablish and maintain tailoring guiddines for
the set of standard processes and ensure their use.

BP 20.03 Maintain process assets: Collect and maintain process assats.

BP 20.04 Coordinate and communicate process definition: Coordinate and
communicate process definition and improvement activities.
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BP 20.01 Establish standard processes
Edtablish and maintain a set of standard processes.

Description

Develop a sat of sandard well-defined processes. The set of standard processes that defines a
qudity management system is developed using the facilities of the process ass library. The
standard processes are placed in the process ass library. The standard process includes those
lifecycle modds gpproved for use within the organization or project. The standard process dso
defines uniform measurements, as identified using Measurement and Anadysis (PA 18), for use
across, and within, the projects. Therational for the standard process is documented. The
process e ements must be evaluated for consstency of inputs and outputs, redundant activities,
and missing activities. Incongstencies must be resolved between process e ements and
provison made for appropriate sequencing and verification features.

Where appropriate, the process improvements are ingtalled on a pilot basis to determine their
benefits and effectiveness before they are introduced into normal practice.

Typ| cal Work Products
organization's set of standard processes
project’s set of standard processes
lifecycle modd(s)
rationae for selection of process and measures
inputs to training
inputs to process improvement
Quadity Management System
process descriptions

Notes

A process description is a documented expression of a set of activities performed to achieve a
given purpose. It provides an operationd definition of the mgor components of a process. The
documentation specifies, in acomplete, precise, and verifiable manner, the requirements, design,
behavior, or other characterigtics of aprocess. It aso may include procedures for determining
whether these provisions have been satisfied. Process descriptions may be found at the activity,
project, or organizationa leve.

Standard processes should include the interfaces to the other defined processes. In addition,
references used to define the process (e.g., military standards, |EEE standards) should be cited
and maintained.

To develop the standard process, dl the process e ements or activities of the process may be
identified. The resulting process should be well defined.
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Perform tradeoffs on proposed process improvements againgt estimated returnsin cycle time,
productivity, and quality. Use the techniques of Alternatives Analysis process area (PA 04).

A wedl-defined processincludes:
- purpose
readiness (entry) criteria
inputs
standards and procedures (activities)
verification/vaidation mechaniams and criteria
- successcriteria
- peer reviews
measures
outputs
completion (exit) criteria
a process owner or Sponsor
roles and respongbilities
defined interna and externd interfaces
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BP 20.02 Develop tailoring guidelines
Egtablish and maintain talloring guidelines for the set of standard processes and ensure their use.

Description

Define guiddines for tailoring the stlandard process for use in developing the defined process.
Since the standard processes may not be suitable for every stuation, guidelines for tailoring it
are needed. The guidedines are designed to fit a variety of Stuations, while not alowing projects
to bypass standards that must be followed or substantiad and important practices prescribed by
organizationd policy. Tailoring reports are reviewed and gpproved by the appropriate
individuas within the project and organization.

Typical Work Products
tailloring guidelines for the set of standard processes
talloring reports
tailored processes

Notes

Guidelines should enable the standard processes to be tailored to address variables such asthe
domain; the cost, schedule, and qudity tradeoffs; the experience of the staff; the nature of the
customer; the technicdl difficulty of activities, etc. Guiddines should Sate Stuations where
talloring is not adlowed.
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BP 20.03 Maintain process assets
Collect and maintain process assets.

Description

The experience information generated by the process definition activity, both at the organization
and project levels, is stored (e.g., in aprocess asset library), made accessible to those who are
involved in tailoring and process design efforts, and maintained so as to remain current. New
process assets may be necessary during the development task and should be added to the
process asst library. New processes, methods, and tools in limited use are monitored,
evaluated, and, where appropriate, transferred to other parts of the organization or project.
Project staff must be informed of the contents of the process asst library, have accessto it, and
betranedinitsuse.

Typical Work Products
ingtructions for use of a process asset library
design specifications for a process asst library
process assets (see Notes)

Notes

The standard process assets are artifacts that relate to describing, implementing, and improving
processes. These artifacts are assets because they are developed or acquired to meet the
business abjectives of the organization/project, and they represent investments that are expected
to provide current and future business vaue.

The purpose of aprocess asset repository and library isto store and make available process
assats that projects will find useful in defining the process for developing the system, developing
their products, and ddlivering their services. The repostory or library should contain examples
of processes that have been defined, and the measurements of the process. When the standard
process has been defined, it should be added to the process asst library, dong with guidelines
for projectsto tailor the standard process when developing the defined process. The
organizationa process assetswill aso contain project assets.
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Process assets typicdly include:
the standard process
the approved or recommended life cycles
processes together with measurements collected during the execution of the processes
guiddines and criteriafor tailoring the standard process
plans
talloring reports
methods and tools
selected reports
process-related reference documentation
measurements of the project
lessons learned
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BP20.04 Coordinate and communicate processdefinition
Coordinate and communicate process definition and improvement activities.

Description

Groups involved or affected by process definition and improvement activities or results are kept
informed. The organization's policy is communicated to the project personnel. The information
may be at project or organization-wide scope. Thisinformation is disseminated to affected
groups and stored in the process asset library. New processes are deployed to the projects for
their use as appropriate.

Typ| cal Work Products
communication strategy for process definition and implementation
reports, anayses, and advisories on activities
€electronic newsgroups and Web-based communications
database of process assets
decison memoranda
training and information seminars
process improvement plan

Notes
Definition and improvement both must be kept visble so a communications strategy is needed.
A strategy includes.
an information needs andysis
specification and dlocation of the information requirements to information products
dissemination mechanisms, induding training
feedback mechanisms tha monitor the effectiveness of the communications againgt their
specified objectives

5-PA 20-8 September 2001 FAA-iCMM Version 2.0



PA 21: Process Improvement

Process Area Summary

Purpose

The purpose of Process Improvement is to continuoudy improve the effectiveness and efficiency
of the project and/or organization’ s processes o that its business is conducted more efficiently
and effectively.

Major points addressed

Process Improvement involves understanding processes within the context of business gods,
andyzing the performance of processes, and explicitly planning and deploying improvements to
those processes through continuous process improvement. Quantitative objectives for the
organization's set of processes and the projects processes are targets of the improvement
activity.

Continuous improvement involves defining quantitative process improvement objectives with the
involvement and sponsorship of management. It is a continuous effort to systematicaly identify,
gppraise, implement, and evauate improvements to the processes.

Management commitment to continuous process improvement isimportant. Training and
incentive programs are established to encourage and enable dl personnd to participatein
continuous process improvement activities. Improvement opportunities are identified and
andyzed in terms of how wel they move the organization and its projects toward continuoudy
fulfilling business god's and objectives more efficiently and effectively.

Goals

1. Goalsfor process improvement are established and progress towards them is evaluated.
(BP 21.01, BP 21.02, BP 21.03, BP 21.06)

2. Processimprovement activities are coordinated across projects and the organization. (BP
21.02)

3. Improvements are deployed, monitored, and sustained within the project and organization.
(BP 21.04, BP 21.05, BP 21.07, BP 21.08)

Notes

A “project” isan organizationa element that produces an output or outcome. An
“organization” is a unit within which many projects are managed as awhole. An organization
shares a common top-level manager and common policies.

A “set of processes’ isagroup of processes within an organization that share some common
characteridtics, but that are different enough in their domain of gpplicability to be considered
Separate processes.
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The following are some basic process improvement concepts.
Process improvement demands investment, planning, dedicated people, management time,
and capitd investment.
Process improvement is a team effort.
Effective change requires an understanding of the current process and clear goals for
improvement.
Process improvement is continuous — it involves continud learning and evolution.
Process changes will not be sustained without conscious effort and periodic reinforcement.
Process improvement is based on process appraisa results and process effectiveness
measures that help identify and prioritize improvement actions in relation to needs and
business godls.
Process appraisa produces a current process capability profile that may be compared with
atarget profile based on needs and business gods.
Improvement actions identified within a process improvement program are implemented as
process improvement projects.

Relationships between this PA and other PAs

This process area covers the continuing activities to improve the performance of processes
relating to dl process areas. The organization’s business god's are determined in Integrated
Enterprise Management (PA 00). Theinitia collection of the organization's process assets and
the definition of the organization's set of processesis covered in the Process Definition process
area (PA 20). The Process Definition process area (PA 20) provides coordination of the
actions for changing the process. Project Management (PA 11) defines the actions for
managing the processimprovement. Process improvement may result from activitiesin Quality
Assurance and Management (PA 15) or Innovation (PA 23). Innovation (PA 23) definesthe
actions for adopting and transforming new techniques and technol ogies into the organization.
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Base practices list

BP 21.01

BP 21.02

BP 21.03
BP 21.04

BP 21.05
BP 21.06

BP 21.07

BP 21.08

| dentify processimprovement goals: Identify processimprovement goas
from the organization's business gods.

Establish processimprovement program: Plan improvementsto the
project/organization's processes based on widespread participation and analysis
of theimpact of potentia improvements on achieving the gods of the
organization.

Appraise processes. Appraise the processes periodicaly.

Establish an action plan: Andyze appraisal results and other sources for
improvement and establish an action plan for process improvement.

I mplement improvements. Implement the process improvement action plan.
Confirm improvements. Confirm that improvement activities meet goas and
desired results.

Sustain and deploy improvement gains. Sustain and deploy improvement
gans across dl gpplicable parts of the organization/project.

Monitor performance: Continuoudy monitor and improve process
performance.

FAA-iCMM Version 2.0 September 2001 5-PA 21-3



BP 21.01 | dentify processimprovement goals
|dentify process improvement gods from the organization's busness godls.

Description

Identify process improvement goa's from the organization's business gods. The process
operatesin a business context to indtitutionalize the best practice. Process improvement goas
consder the financid, quaity, human resource, and marketing issues important to the success of
the business. Priorities of processimprovement objectives are determined.

Typ| cal Work Products
gods of the organization's process tied to business needs
project process improvement godas
requirements for the organization's process
requirements for the organization's process asst library
process ass library
process improvement plans
organizationd policy

Notes
Egtablishing goas may include determining the tradeoff criteria for process performance based
on time-to-market, quality, and productivity businessissues.

The gods are reflected in the organization’ s process (see Process Definition (PA 20)). Goals
are dways measurable, but as the organization/project understands and matures its processes,
the goas will be expressed in more quantitative terms.

A process improvement program starts with the recognition of the organization's needs and
business gods. This recognition could be derived from any of the following:

formulation of amisson satement or along-term vison

andyds of organization's busness gods

andysis of the organization's current shared vaues

the organization's readiness to undertake a process improvement program

dataon quality costs

other internd or externd stimuli

Internd stimuli that may trigger a process improvement program:
declining or unsatisfactory productivity
declining Saff satisfaction
senior management change
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Externd stimuli that may trigger a process improvement program:
feedback from customers
competitiveness changes in the environment
requirements to meet specific industry benchmarks
new requirements from customers and stakeholders
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BP 21.02 Establish processimprovement program

Establish a process improvement program based on widespread participation and anayss of
the impact of potential improvements on achieving the gods of the organization.

Description

The process improvement program is consdered a project inits own right, and it is planned,
resourced and managed accordingly. A process improvement plan is produced at the beginning
of the program and subsequently used to monitor progress. The plan includes the relevant
background and history and the current status, if possible expressed in specific, numerica terms.
The improvement gods derived from the organization’s needs and business god's provide the
main requirements for the plan. The plan includes a prdiminary identification of the improvement
scope in terms of both the organizationd boundaries for the improvement program and the
processes to be improved.

Projects/organizations may take this opportunity to "mistake-proof” the process and diminate
wasted effort. It isimportant to make the more effective and efficient processes sable; that is,
performed consistently by everyone. Empowering teams to define, design, develop, and deploy
improvements subject to process goass related to business gods tends to work well, once
messurement has been accepted as abasisto inform decisons. Wide participation on
improvement teamsis good for morae and deployment buy-in. Rloting the improvements for
proof of concept on one project aso reduces risk and instability.

Typ| cal Work Products
process improvement plan
process improvement program plan
resources committed to the plan
process improvement infrastructure
technicd drategy

Notes

The plan should cover dl the process improvement steps, dthough initialy the plan may only
give outline indications of the later stages. It isimportant to ensure that key roles are clearly
identified, that adequate resources are alocated, that appropriate milestones and review points
are established, and that dl risks associated with the plan are identified and documented in the
plan. The plan should aso include activities to keep dl those affected by the improvement
informed of progress.

Perform tradeoffs on proposed process improvements againgt estimated returnsin areas such as
cycletime, productivity, and qudity. Use the techniques of the Alternatives Analys's process
area (PA 04).

5-PA 21-6 September 2001 FAA-iCMM Version 2.0



Deployment of process improvementsis achalenge. In making improvements, be careful to
avoid optimizing locally, and thereby cregting problemsin other aress.
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BP 21.03 Appraise processes
Appraise the processes periodicdly.

Description

Understanding the strengths and wesknesses of the processes currently being performed is key
to establishing a basdine for improvement activities. Processes are identified. Measurements of
process performance and lessons learned should be considered in the appraisal. Appraisal can
occur in many forms, and gppraisa methods should match the culture and needs of the
organization. Appraisad resultsarein aform that may be used to benchmark them againgt
processes used by other organizations.

Typ| cal Work Products
process capability/maturity profiles
process performance analyses

goprasd findings
as-isprocess

gap analyses

strengths and weaknesses

measuremernts of process performance
process performance basdine

Notes

An example of an appraisal scenario is to appraise current processes using the FAA-iICMM
and its associated FAA-ICMM Appraisd Method (FAM). Use the results of the appraisal to
establish or update process performance goals.

The gppraisal should include both the program-specific processes as well as the organizationd
process(es).

Additional Practice Guidance
Determine the degree of program use of the project/organization’ s process and methods.
Measure and andyze productivity for each mgor process activity within the process.
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BP 21.04 Establish an action plan

Andyze gpprasa results and other sources for improvements and establish an action plan for
process improvement.

Description
Information collected during the gppraisd, in particular the capability leve ratings and
srengths'wesknesses, are andlyzed and prioritized in light of the organization's need to:
identify areas for improvement
set qualitative process goals and quantitative improvement targets
derive an action plan, and integrate it with the process improvement program plan

Management should gpprove the areas for improvement, the goas and targets, and the updated
process improvement program plan, thereby committing the organization to undertake the
planned improvements. The decison should be communicated clearly to al affected saff. The
action plan is maintained throughout the process improvement program’s lifecycle.

Typ| cal Work Products
approved process improvement action plan
revised program plan including action plans
quantitative targets
commitment to undertake planned improvements
implementation plans
to-be process

Notes

Appraisng the process provides momentum for change and the involvement of a spectrum of
organizationd personnd. This momentum must be harnessed by planning improvements that will
provide the most payback for the organization in relaion to its busnessgods. The
improvement plans provide aframework for taking advantage of the momentum gained in
goprasa. The planning should indude targets for improvement that will lead to high- payoff
improvements in the process in terms of achieving organizationa goas or objectives.

If delays and queues occur in the execution of the current processes, then focus on these areas
as darting points for cycle-time reduction. Check process features such as readiness criteria,
inputs, and verification mechaniams.

Those implementing the actions and those affected by them should be involved, or be consulted,
while developing the plan and in evauating dternatives, in order to draw on their expertise and
to enlist their cooperation.
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BP 21.05 I mplement improvements
Implement the process improvement action plan.

Description

The process improvement plan isimplemented in order to improve the process. The process
that is to be implemented is documented and reviewed by appropriate stakeholders and subject
meatter experts.

Four main tasks are involved in each process improvement project:
selecting the operationd gpproach to implementation
preparing and agreeing to the process improvement detailed implementation plan
implementing the process improvement actions according to the process improvement plan
monitoring the process improvement project

Typ| cal Work Products
process implementation plan
to- be-process description (improved process)
status reports
talloring guiddines
traning materid
sample documents
checkligs
process definitions

Notes

Implementation may be smple or complex depending on the contents of the action plan included
in the updated process improvement program plan and the characterigtics of the
project/organization. A project/organization may seek out best practices from other
organizations Smilar to their own.

In general, savera process improvement projects will be initiated, each concerned with
implementing one or more process improvement actions.

A process improvement implementation plan should be developed, including the following:
objectives of the process improvement project
approach to implementation
organization and responghilities
time schedule and resources
risk management, including risk assessment, monitoring and mitigation
monitoring policy
specification of success criteria, including process gods and improvement targets
communication and training in the processes
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BP 21.06 Confirm improvements
Confirm that improvement activities meet gods and desired results.

Description
When the process improvement project has been completed, the project/organi zation:
- confirmsthat the planned goals and targets have been achieved and that the expected
benefits have been ddlivered
confirms that the desired organizationd culture has been established
re-eva uates risks associated with the improved process
re-evaluates costs and benefits

Measurements are used to aid in this confirmation of improvement or gppraisa results.
Management is involved both to approve the results and to eva uate whether the needs have
been met. Corrective actions are taken as needed.

Typ| cal Work Products
process improvement measurement
measurement andys's report
gppraisa results
re-gppraisa results
vaidated results

Notes

If, after improvement actions have been taken, measurements or gppraisa results show that
process goas and improvement targets have not been achieved, it may be desirable to redefine
the process improvement project or activity by returning to an gppropriate earlier practice.

Re-appraisa is one way that improvement can be confirmed (see BP 21.03).
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BP 21.07 Sustain and deploy improvement gains
Sugtain and deploy improvement gains across dl applicable parts of the organization/ project.

Description

After improvement has been confirmed, the process needs to be sustained at the new level of
performance. The processes are deployed within the organization so thet al those for whom it
is gpplicable use the improved process. This requires management to monitor ingtitutiondization
of the improved process, and to give encouragement when necessary.

Responsihilities and processes for monitoring should be documented.

Typical Work Products
- Mmeasurements
measurement andys's report
qudity assurance reports
deployment plan
improved process assets entered into process ass library
traning

Notes

If an improved process has been piloted in arestricted area or on a specific project or group of
projects, it should be deployed across al areas or projects in the organization where it is
gpplicable. This deployment should be properly planned and the necessary resources assigned
to it. The plan should be documented as part of the process improvement plan.

Condderation should be given to:
- whoiséaffected
how to communicate both the changed process and the benefits expected from it (note:
changes should be properly documented and approved)
what education and training are necessary
when to introduce changes to the different areas, taking business needs into account
how to ensure that the changes have been made (for instance by conducting audits)
how to ensure that the improved process performs as expected
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BP 21.08 Monitor performance
Continuoudy monitor and improve process performance.

Description

The performance of the project/organization's processes and process program should be
continuoudly monitored, and new process improvement projects should be selected and
implemented as part of a continuing process improvement program. Additiona improvements
are dways possble. The performance of the organization's processis monitored asit evolves
over time. The process improvement program is reviewed regularly by management. The utility
of collected process measurements is eval uated.

Typ| cal Work Products
measurements
measurement andys's report
management reviews
trend andyss
lessons learned
further improvement initiatives

Notes

Effectiveness and conformance measures should be chosen to suit the organization's needs and
business goas. Management should regularly review their continuing suitability. Joint process
reviews may be held with appropriate stakeholders. The risks to the organization and its
products from using the process should also be monitored and actions taken as risks materidize
or become unacceptable.

Trendsin process, service, and product attributes should be analyzed to ensure the desired
effects are being sustained.

The regular processimprovement program review by management should ensure that:
both the improvement program and individua improvement projects, including their gods
and targets, remain appropriate to the organization's needs
further improvement projects are initiated when and where appropriate, as earlier
improvement projects are completed
the process improvement processisitsalf improved in the light of experience
continuous improvement becomes and remains a feature of the organization's vaues,
attitudes, and behavior
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Further process gppraisd's can be an important component of the continuing improvement
program, for ingtance in the following circumstances:
where along-term god to achieve higher cagpability levelsisto be gpproached by stages
when changing organizationd needs indicate a requirement to achieve higher capability levels
when there is a need to give afresh impetus to improvement

The extent to which improved processes have been ingtitutiondized should be considered
before scheduling further process gppraisals. 1t may be more cost-effective to delay gppraisng
aprocess until improvements have been fully deployed, rather than expend resources gppraising
aprocess that isin trangtion, when the results can be difficult to interpret.
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PA 22: Training

Process Area Summary

Purpose
The purpose of the Training process areais to develop and maintain the skills and knowledge of
people so they perform ther roles effectively and efficiently.

Major points addressed

K nowledge and skill requirements within the organization, projects, and support groups are
identified, as are future knowledge and skill needs (such as those relaing to emerging programs
or technology, and new products, processes, and policies). Once requirements are identified,
individuals that need these skills and knowledge receive appropriate training. Training records
are maintained, and the effectiveness of training is assessed to ensure organizationd needs are
being met.

Successful training programs require an organization’s commitment and an environment thet
encourages learning.

Goals

1. Traning needs are solicited and identified from individuals, projects, groups, and the
organization. (BP 22.01, BP 22.02)

2. Required training is provided in accordance with established plans. (BP 22.03, BP 22.04,
BP 22.05, BP 22.06)

3. Traning effectivenessis assessed. (BP 22.06, BP 22.07)

Notes

Successful training programs are administered in a manner that optimizes the learning process
and that is repeatable, assessable, and adaptable to meet the changing needs of the organization.
Training includes programs for initial knowledge and skill development, aswell asrefresher
programsto ensure currency. Training isnot limited to classroom events, but includes other
mechanisms to enhance skills and the building of knowledge such as job rotation, on-the-job
training, directed sdf-study courses, seminars, and workshops.

Needed skills and knowledge can be provided both by training within the organization and by
timely acquisition of the required capability from sources outside the organization. This process
area, however, focuses on ensuring that needed training is recelved by people within the
organization.

Skills and knowledge may be technica, managerid, organizationd, or contextua. Technical
skills pertain to the ability to use the equipment, tools, materids, data, and processes required
by a project or process. Technica knowledge aso includes understanding the gpplication
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domain. Managerid sKkillsinclude visoning and leadership. Organizationa kills pertain to
behavior within and according to the employee's organization structure, role and respongibilities,
and generd operating principles and methods. Contextud skills are the self-management,
communication, and interpersona abilities needed to successfully perform in the organizationa
and socid context of the project and support groups. For successful training, the organization
needs to motivate and encourage learning.

Relationships between this PA and other PAs

The Training process area supports al other process areas ensuring that projects and the
organization have the knowledge and skills to perform those processes. Project Management
(PA 11) activities determine the needed skills when plaming the project, ensure skills are
available for the project ether through planning for training resdent staff, or through obtaining
those skills from externa sources, using practices of Outsourcing (PA 05). Integrated
Enterprise Management (PA 00) establishes expectations regarding individua and organizationa
learning. Training in new technologiesis recommended through practices of the Innovation
process area (PA 23). The Information Management process area (PA 17) isused to sore
and share information that supports learning and knowledge acquigtion.

Base practiceslist

BP 22.01 Identify training needs: Identify training needs for the organization, projects,
teams, and support groups.

BP 22.02 Esablish training plan: Egablish and maintain atraining plan.

BP 22.03 Esablish training mechanism Establish and mantain training capability and
delivery mechanisms to address identified training needs.

BP 22.04 Trainindividuals Tran individudsto have the skills and knowledge needed to
perform their assgned roles.

BP 22.05 Esablish and maintain records. Establish and maintain records of training and
experience.

BP 22.06 Assesstraining effectiveness. Assessthe effectiveness of training to meet
identified training needs.

BP 22.07 Establish alearning environment: Edablish and maintain an environment that
encourages learning.
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BP 22.01 | dentify training needs
Identify training needs for the organization, projects, teams, and support groups.

Description

Determine the improvements that are needed in grategic skill and knowledge within the
organization and in skill and knowledge within projects, teams, and support groups such as
configuration management, measurement, or quality assurance groups. The needs are
determined using various inputs from individuas, groups, the organizationa srategic plan, and a
compilation of existing employee skills. The organizationd drategic plan is used to help identify
emerging technologies and individua performance requirements. Project inputs help to identify
exiging deficiencies that may be remedied through training. The exiging skill level isused to
assess current cgpability and determine if individuals need training. Mechanisms are established
to gather the required information on training needs.

Identification of skill and knowledge needs should also determine those that are common across
projects and support groups. Training can then be consolidated to achieve efficiencies of scale
and to increase communication via the use of common tools within the organizetion. Training
should be offered in the organization's tandard set of processes, if available, and in tailoring the
process for specific projects. Some training may be mandated by statutes or organizational

policy.

It is essentid to ensure that appropriate skill and knowledge are available. Through deliberate
assessment and preparation, plans can be developed and executed to make available the range
of required knowledge and skills, including technica skills, gpplication problemdoman
knowledge, interpersond skills, multidisciplinary skills, management skills, and process-related
ills

Typ| cal Work Products
organization' s training needs
drategic training needs
project, team, and support group training needs
common training needs
project, team, and support group skill or knowledge
assessment of skill types needed by skill category
list of identified and available subject matter experts

Notes

Depending on the nature of the organization’swork and on the employees’ responsibilities and
stage of organizationd and persond development, education and training needs may vary
greatly. These needs might include knowledge- sharing skills, communications, teamwork,
problem solving, interpreting and using data, meeting customer requirements, process anayss
and amplification, waste and cycle time reduction, and priority setting based on srategic
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aignment or cost/benefit analys's. Education needs aso might include basic skills, such as
reading, writing, language, and mathematics.

Project or team training plans are a source for identifying training needs. The organization may
identify additiond training needs as determined from gppraisal findings (see Process
Improvement (PA 21)) and as identified by the defect prevention process (see Qudlity
Assurance and Management (PA 15)). Appropriate coverage of the full range of skill and
knowledge types can be addressed with a checklist of knowledge types (e.g., functiona
engineering, problem domain, etc.) againgt each eement of the work breakdown structure.

An example of ensuring the availability of the gppropriate applicationproblem domain
knowledge (e.g., satdllite weather data processing), would be aplan to interview identified
subject matter experts in connection with requirements interpretation or system design. Such an
approach would be appropriate when an organization does not have the required expertise
avalable (aswith the first program in anew line of busness).

Additional Practice Guidance

- Identify needed improvementsin skill and knowledge throughout the organization using the
programs  needs, organizationd drategic plan, and existing employee skills as guidance.
Base long-term competency devel opment requirements on the organization’s strategic plan.
Edtablish and maintain the strategic training needs of the organization.
Baance short- and longer-term organizational and employee needs, including devel opment,
learning, and career progression.
Seek and use input from employees and their supervisors'managers on education and
training needs, expectations, and design.
Address key developmenta and training needs, including diversty training,
management/leadership devel opment, new employee orientation, and safety, as gppropriate.
Address performance excellence including how employees learn to use performance
measurements, performance standards, skill standards, performance improvement, qudity
control methods, and benchmarking, as appropriate.
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BP 22.02 Egtablish training plan
Egtablish and maintain atraining plan.

Description

A training plan is developed for ddlivering training and assessing its effectiveness. A training
plan might typicaly include training needs, training topics, training schedules, training methods,
requirements, and quality standards for training materids, quality metricsfor training; instructor
qudifications; training tasks, roles, and responghilities; and resource requirementsincluding
tools, facilities, and staffing. Documented commitments by those responsible for implementing
and supporting the plan are essentid for the plan to be effective. Revise the plan and
commitments as necessary.

Typ| cal Work Products
organizaiond training plan
project knowledge acquisition plan
training plan
course announcements
course catalogues

Notes

The plan pertains to organizationd, project, or support group training needs. Each project
should develop and maintain atraining plan that specifiesitstraining needs. Individud training
plans and career progression are discussed in BP 22.07.

Traning schedules should consder work schedules and availability of individuals.
Determine the scope of the training for which records will be maintained.
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BP 22.03 Establish training mechanism

Egtablish and maintain training cgpability and delivery mechaniams to address the identified
training needs.

Description

Evauate and sdect the appropriate method for delivering needed training to individudsin a
timely manner. Project and organizationa needs are analyzed, and the methods of the
Alternatives Andlyss process area (PA 04) are employed to choose among dternative delivery
mechanisms such asin-house course preparation and delivery, outsourcing to externd trainers,
or development of structured on-the-job training. Many factors may affect the sdlection of
training approaches, including audience-specific knowledge, costs and schedule, work
environment and so on. When sdecting an gpproach consider the means to provide skills and
knowledge in the mogt effective way possble, given the condraints.

Prepare training materids based on the identified training needs for each classthat isbeing
developed and facilitated by people within the organization, or obtain the training materid for
esch classthat is being procured. Establish and maintain training capability to address training
needs.

New courses should be piloted and adjusted as required prior to widespread ddivery. Training
effectiveness assessment results should be used to adjust training as gppropriate.

Typ| cal Work Products
trade-gtudy results indicating the most effective ddivery mechanism
course descriptions and requirements
traning materid
courses
pilot course evauaions
quaified indructors

Notes

Education and training delivery might occur ingde or outsde the organization and could involve
on-the-job, classroom, computer-based, distance learning, or other types of delivery. Training
aso might occur through developmenta assignments within or outsde the organization.

Example criteriathat may be used to determine the most effective delivery mechanism include:
time available to prepare traning materids
business objectives
avalability of in-house expertise
avalability of training from externd sources
performance objectives

Examples of training gpproaches include:
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classroom training

computer-aided ingruction

guided sdf-study

formal gpprenticeship and mentoring programs
facilitated videos

chak talks

brown-bag lunch seminars

structured on-the-job training

Examples of external sources of training include:
- customer-provided training
commercidly available training courses
academic programs
professona conferences
seminars

Course descriptions should typicdly include:
topics covered in the training
intended audience
prerequisites and preparation for participation
training objectives
length of training
cost and location
lesson plans
criteriafor determining satisfactory completion of the course
criteriafor granting training waivers

Examples of when the training materials and supporting artifacts may need to be revised include:
when training needs change (e.g., when new technology associated with the training topic is
available)
when an evauation of the training identifies the need for change (e.g., evauaions of training
effectiveness surveys, training program performance assessments, ingtructor evaluation
forms, etc.)
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Prepare:
- proceduresfor periodicaly evauating the effectiveness of the training and specid
congderations, such as piloting and field testing the training course
needs for refresher training and opportunities for follow-up training
materidsfor training a specific practice to be used as part of the process (e.g., method
technique)
materias for training a process
materias for training process skills such as satistica techniques, Satistica process control,
qudity tools and techniques, descriptive process modeling, process definition, and process
measurement

Review the training materid with ingtructiona experts, subject matters experts, and sudents
from the pilot programs.

Additional Practice Guidance
Assign experienced personnd to perform training.
Involve management personnel in competency development activities, both as recipients and
as participants.
Seek and use input from employees and their supervisorsmanagers on education and
training needs, expectations, and design.
Include forma and informa education, training, and learning, as gppropriate.
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BP 22.04 Train Personné
Train personne to have the skills and knowledge needed to perform their assigned roles.

Description

Personnd are trained in accordance with the training plan and developed materid.

In salecting people to be trained, consider the background of the target population,
prerequisites, and the skills and abilities needed by people to perform their roles as managers or
practitioners or teams. Training of personne includes sdecting the people who will receive the
training, scheduling the training including ingtructors and facilities, and conducting the training.

Typical Work Products
trained personnel
training waiver
certificates

Notes
Offer the traning in atimely manner (just-in-time training) to ensure optima retention and the
hlghes: possible skill levd.
A procedure should exist to determine the skill level of the employee prior to receiving the
traning.
A waiver procedure for required training is established and used to determine whether
individuas aready possess the knowledge and skills required to perform their designated
roles.
Online training/customized ingtruction modules accommodate different learning styles and
cultures, in addition to trangferring smaller units of knowledge.

Additional Practice Guidance
Train personne to have the skills and knowledge needed to perform their assgned roles.
Egtablish amechanism for granting waivers
Involve management personnd in competency development activities, both as recipients and
as participants.
Provide competency development for critica functiona areas (e.g., andyss techniques
gpexific to the organization’s problem domains).
Integrate competency development opportunities, such asforma education, in-house
training, and on-the-job training.
Provide cross-discipline technica management training to dl disciplines, including program
management.
Train managers of engineering organizations, team leaders, and engineers on the systems
engineering process.
Provide training in the basic principles of systems engineering to quality managemernt,
configuration management, and other support personnd.
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Providetraining in avariety of forms, including formd training, on-the-job training, and just-
in-time training, as required to meet program and individua needs.

Integrate tools, methods, and procedures for competency development.

Deiver and evauate education and training for both the long and the short term.
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BP 22.05 Egtablish and maintain records
Establish and maintain records of training and experience.

Description

Records are maintained to track the training that each employee has recelved and the
employee s kills and capabilities. Track ddlivery to the training plan and record training
datigtics.

Course materid is maintained in arepogtory for future access by employees and for maintaining
tracesbility in changes.

Typ| cal Work Products
training and experience records
basdined training materids
revisons to traning materids
training waivers
traning datistics

Notes

Records are kept of al students who successfully complete each training course or other
approved training activity, or who have been granted waivers. Also, records of successfully
completed training are made available for consderation in the assgnment of staff and managers.

Maintain arepostory of training materials and make it available to al employees. (For example,
the organization's library could make books, notebooks, videotapes, eic., available while soft-
copy training materias could be maintained on a public file server.) Incorporate lessons learned
into process training materias and the training program. Update process training materids with
al process changes and improvements.

Additional Practice Guidance
Maintain training materialsin an accessible repostory.
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BP 22.06 Assesstraining effectiveness
Assess the effectiveness of training to meet the identified training needs.

Description

A key aspect of training is determining its effectiveness. Methods of evauating effectiveness
need to be addressed concurrent with the development of the training plan and training materid.
In some cases, these methods need to be an integra part of the training materia. The results of
the effectiveness assessment must be reported in atimely manner so that adjustments can be
meade to thetraining. Effectivenessincludes ng whether people that need the training
actudly attend, and if not, determining the causes.

Typlcal Work Products
andlyss of training effectiveness
modification to training
training effectiveness surveys
training program performance assessments
ingtructor and course evaudtion forms
traning examinaions

Notes

To determine the success of the training, a procedure should exist to determine the skill level of
the employee or the organization after recalving the training. This could be accomplished via
forma testing, on-the-job skills demonstration, post-training surveys of training participants,
surveys of managers satisfaction with post-training effects, or assessment mechaniams
embedded in the courseware. Measures may be taken to assess the effectiveness or added
vaue of the training with respect to organizationa, project, or learning or performance
objectives. Particular attention should be paid to the need for various training methods, such as
training teams as integra work units or assuring that training is offered in aways that
complement work schedules.

When used, performance objectives shoud be shared with course participants. They should be
written unambiguoudy and stated in amanner that makes them observable and verifidble. The
results of the training effectiveness assessment should be used to revise training materials and
methods. Assess the effectiveness of training plansin meeting their objectives.

Additional Practice Guidance
Assessin-progress or completed programs to determine whether staff knowledge was
adequate for performing program tasks.
Provide amechanism for assessing the effectiveness of each training course with respect to
Set objectives.
Require trainers to demondtrate proficiency in the topics for which they intend to train
others.
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Provide a mechaniam to eva uate sudents to verify their comprehension of training materias
prior to recognition.

Obtain student evauations of how well competency development activities meet their needs.
Establish completion criteriafor each training course, documented in standards or course
descriptions.

Provide amechanism to evaluate dumni capability to perform the style, scope, and intensity
of systems engineering that the business needs.

Deiver and evauate education and training for both the long and the short term.
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BP 22.07 Egablish alearning environment
Egtablish and maintain an environment that encourages learning.

Description

Successful organizations, projects, and training programs require an environment that recognizes
and encourages learning. Establish methods for creating and nurturing a learning environment.
Carry out and revise these methods as required to assure the organization is receptive to
training, and that individuas are motivated to learn. Assure that individuds that need training
have the opportunity to receive it.

Typ| cal Work Products
recognition in saff evauations of recaiving gopropriate training
recognition in s&ff evauaions of developing and providing training
awards for competency achievement
tuition reimbursement programs
rembursement for membership in professond societies
competency certificates
competency levels
career plans
individud traning plans
announcements of training opportunities

Notes

Ensure that a process exigts to provide incentives and motivate the students to participate in the
training. Methods for establishing a learning environment include providing management
atention, training resources, flexibility in work assgnments, cost reimbursements, and individud
recognition for competency development and training delivery.

Additional Practice Guidance
Encourage gaff to continuoudy develop skills and knowledge.
Reward mentoring as a means of increasing staff competency.
Provide a mechaniam to develop individua competency development gods condstent with
both the individud’ s career objectives and the program’ s needs.
Provide job opportunity and career advancement based on competency development
achievements.
Clearly state and communicate competency development opportunities and the relationship
between competency development and career opportunity to al personnel in the
organization.
Provide a mechanism to formaly recognize competency devel opment achievements.
Provide a mechaniam for certification of competency achievement.
Motivate staff, for example through career development and reward mechanisms.
Reinforce knowledge and skills on the job.
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PA 23: Innovation

Process Area Summary

Purpose

The purpose of the Innovation process areais to identify, select, and introduce selected
technology improvements into products, processes, and the work environment to improve the
organization' s busness results.

Major points addressed

In order to improve products, processes, and the work environment, the organization must stay
aware of the currunt environment and of technological advances. Technology isinserted when
improvements in evolution, cost, schedule, or performance of the organization's products,
processes, or process capability can reasonably be expected to result from such improvements.
Proper introduction of new technologies requires attention to the needs of users and awareness
of potentid problems that might occur during implementation; hence, pilot projects are often
implemented prior to organization-wide upgrades. In addition, improvements to the work
environment are performed in a manner that isminimally disruptive. A technology strategy for
innovation is established and used to manage the introduction of new technology.

Goals

1. Agile adaptation to change is driven by the organization’s knowledge of its products,
processes, technologies, and core competencies. (BP 23.01, BP 23.02, BP 23.03,

BP 23.04, BP 23.05)

2. Theorganization's products, services, processes, and work environment are continually
evaduated for suitability to use identified improvements and innovations. (BP 23.03, BP
23.04, BP 23.05)

3. Sdlected technologies are deployed to relevant parts of the organization in accordance with
the organization’s objectives and goas. (BP 23.02, BP 23.03, BP 23.04)

Notes

Improvements to the work environment include technologies such as processes, tools,
techniques, methodol ogies, practices, and even management Strategies (such as integrated
product development, product lines, or performance-based management). The work
environment includes facilities and factors such as safety, human, and physical consderations.

Relationships between this PA and other PAs

Reaults of technology studies are input to the Needs process area (PA 01) to simulate
customer and other stakeholder needs. Improvementsin processes are adopted in concert with
the practices of Process Definition (PA 20) and Process Improvement (PA 21). Product lines
for areas of improvement are defined in Integrated Enterprise Management (PA 00). Insertion
of new technology may be accomplished through the applicable life cycle process areas (Needs
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(PA 01), Requirements (PA 02), Design (PA 03), Design Implementation (PA 06), Integration
(PA 07), Evduation (PA 08), Deployment, Transition, and Disposa (PA 09), and Operation
and Support (PA 10)). Practices of Measurement and Andysis (PA 18) are used to measure
the effects of innovation. Risk Management (PA 13) is used to identify and manage risks
associated with incorporating, or not incorporating, technology changes. Information on new
technology is managed using practices of Information Management (PA 17). The work
environment for performing al process areasis consdered in the gpplication of Innovation
practices. Training for the use of new technologiesis provided using practices of Training (PA
22).

Base practices list

BP 23.01 Maintain new technology awareness. Maintain awareness of new technologies
that support the organization's godls.

BP 23.02 Select new technologies: Choose new technologies to adopt based on
established criteria

BP 23.03 Preparefor infuson: Perform the necessary preiminary activities to ensure that
technology infusion will be successful and will advance the organization's gods.

BP 23.04 Infuse new technologies: Insart new technologiesinto the organization's
products, work environment, and processes.

BP 23.05 Manage innovation: Manage the innovation of products, processes, and the work
environment to support individua projects, improve business results, and ensure
essy adoption of further technology improvement inititives.
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BP 23.01 Maintain new technology awar eness
Maintain awareness of new technologies that support the organization's gods.

Description

Awareness of the current state of the art or Sate of the practice is a necessary element for
assessing improvement options. Maintain sufficient awareness of new technology applicable to
current and projected product lines, and to the work environment. Keep appropriate decision
makers informed of new technologies so that they can request insertion when new technologies
would be most beneficialy adopted. Maintain awareness of projects and customers perceived
needs for technology changes. Establish and maintain sources and methods for identifying new
technology and infrastructure improvements, such as facilities or maintenance services.

Typ| cal Work Products
reviews of technology applicable to products, services, processes, and the work
environment
lists of perceived technology improvement needs
technology improvement proposas
inventory of technology currently in use
sources for identifying new technology
methods for identifying new technology

Notes
Examples of activities to maintain awareness of technologica advances include:
reading technica journas
participating in professond societies
maintaining atechnicd library
soliciting ideas and proposas for technology improvements from projects, process teams,
and customers
systemattic searching for technology solutions to project or organizationa problems
capturing and disseminating lessons learned from projects using new technologies
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Additional Practice Guidance
| dentify technologies currently in use.
Identify new product technologies for competitive advantage.
Encourage innovation within the program.
Support participation by the organization in technica consortia, societies, and
collaborations.
Egtablish amechanism for maintaining awareness and disseminating knowledge of the Sate-
of-the-art technology.
Regularly review and assess the potentid impact of externa trends that might affect the
work environment.
Collect and anayze process and technology improvement proposals.
I dentify innovative improvements that would increase the organization’s qudity and process
performance.
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BP 23.02 Select new technologies
Choose new technologies to adopt based on established criteria

Description

|dentify needs for technology enhancements and identify new technologies. In accordance with
PA 04, Alternatives Analysis, select the best technologies to adopt using appropriate criteria.
Choosing new technologies involves determining problems with current technology, wheat the
potentia users of the new technology would like to see in the solution, and what the needs of the
projects are, including economics and concern for the ease of trandition. Assess potential
solutions to the technology problems againgt these criteria, meke appropriate modifications to
improve the best match, and choose the best solution from the candidate solutions. Prioritize
which technology improvements should be implemented fird.

Typ| cal Work Products
technology needs statement
technology trade study analyses and tradeoffs, including economic analyses
reviews of technology used or proposed
user and other requirements for technology changes
sdected technologies for insertion, with judtification
implementation priorities

Notes

Appropriate technologes could include newly developed technologies, but could also include
applying mature technologiesin different applications, or maintaining current methods. Factors
to consider in choosing new technologies may include worth to the organization and risk.

Consder technologies to improve the qudity of product lines and the productivity of engineering
and operating activities. Consider facility upgrades.

Exampl es of activitiesto develop adetailed technology needs statement include:
determine the organization's needs for computer network performance, improved analyss
methods, business and technical software, or process restructuring
determine how to obtain required process measurements in a background automated
manner SO that metric gathering is not intrusive
provide ways to collect feedback from users on the benefits and drawbacks of the current
work environment and on suggested improvements

The work environment may aso include any of the following: safety, human, and physca
factors, software productivity tools, syslems engineering tools, sysems andysis and smulation
tools, proprietary tools, customized versons of commercidly available tools, specia test
equipment, and facilities.
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Additional Practice Guidance

- Egablish amechanism for monitoring the life cycle of currently used technologies and use
this knowledge to plan for replacement of technologies approaching obsolescence.
Perform cost/benefit analyses prior to the adoption of new technologies.
Identify, discriminate, and insert product and process technology improvements.
Determine requirements for the work environment based on program: specific needs.
Include the needs of each program as part of a documented set of requirements for the
work environment.
Include the business goals of the organization in determining the documented requirements
for the work environment.
Rilot process and technology improvements to select which ones to implement.
Select process and technology improvement proposals for deployment across the
organization.
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BP 23.03 Preparefor infuson

Perform the necessary preliminary activities to ensure that technology infusion will be successful
and will advance the organization's gods.

Description

Once the appropriate technology to be inserted has been sdlected, take steps to ensure the
insertion will be successful. Establish astrategy for technology deployment, and plan and
execute pilot efforts to determine the feasibility or economics of untried or advanced
technologies, and to messure results. Plans for insertion should be reviewed with affected
personnd and consderation should be given to trangition time and costs, including training.
Prepare to provide consultation and assistance to pilot projects and to projectsinvolved in
broader insertion. Ensure critical components are available to support planned product
evolution, as gpplicable.

Typ| cal Work Products
technology deployment strategy
pilot project plans and documented results, including the decision whether to proceed to
broader insertion of the technology
Satement of trangtion risks and workarounds
critica components for product evolution
revised sirategy based on pilots

Notes

Affected groups might include planners, software engineering, systems engineering, test, qudity
assurance, configuration management, contract management, and documentation support in
addition to the projects directly involved in the pilot or broader infuson of the technology.

Use pilot efforts to assess new and unproven technologies before they are incorporated into the
product line or across the organization. Revise the deployment strategy as required based on
pilot results.

The availahility of critical components can be ensured by incorporating their use in product line
requirements.

Additional Practice Guidance
Require appropriate analysis within the organization before new product or process
technology insertion is alowed.
Filot new tools prior to including them in the systems engineering work environment.
Establish and maintain the plans for deploying the sdlected process and technology
improvements.
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BP 23.04 I nfuse new technologies
Infuse new technologies into the organization's products, work environment, and processes.

Description

Following the deployment strategy, the organization's products, processes, and work
environment are updated with new technologies found to support the organization's busness
gods and the projects needs. Training in the use of the new technology is provided. In
addition, the organization's and projects processes are modified as required to conform to use
of the new technologies.

Typical Work Products
new work environment
process changes
improved products
training in new technology

Notes
Incorporation of process changesis discussed in PA 21, Process Improvement. Technology
infusion may necesstate process improvements.

To minimize insertion difficulties, congder the following seps:
- test the new technology prior to insertion

decide where in the organization to insert the improvements

notify those affected by the impending change as early as possible

provide necessary training in use of the new technology

monitor the acceptance of the new technology and take additiona steps where needed

Additional Practice Guidance
Establish a mechanism for managing and supporting the introduction of new product or
process technologies.
Identify, discriminate, and insert product and process technology improvements.
Upgrade or add support tools or facilities that enhance the ability to meet the organization’s
requirements.
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BP 23.05 Manage innovation

Manage the innovation of products, processes, and the work environment to support individua
projects, improve business results, and ensure easy adoption of further technology improvement
initigtives

Description

Creste atechnology strategy for innovation. Manage the introduction of new technologies to
increase vaue to customers and to improve the competitive position of the organization. The
effects of innovation are measured and used to monitor innovation.

The technology strategy improves the total work environment and responds to the needs of the
organization asawhole. Anindividua project, however, may have unique needs for selected
elements of thisenvironment. In this case, tailoring the eements of the environment candlow
the project to operate more efficiently. In addition, maintenance of the work environment must
be conducted to ensure satisfaction of the users with the technology improvements.

User satisfaction will not only improve business results, but will also foster acceptance of future
initiatives to insart technology.

Typ| cal Work Products
technical grategy for innovation
tailored work environment
work environment performance reporting
work environment user satisfaction ratings

Notes

Examplesof talloring indude:
removing signal processing automation tools from the work environments of projects that do
not involve signd processing
adding specific tools to the work environment of a project that needs more extensive tools
than are needed organization-wide (for example, when particular tools are caled out by a
customer).

Examples of work environment maintenance include:
hiring or training computer syslem adminigtrators
development of expert usersin sdected automation tools
development of methodology or process experts, who can be used on a variety of projects

Additional Practice Guidance
Establish amechanism for managing and supporting the introduction of new product or
process technologies.
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Review the effectiveness of newly introduced technologies (product or process) to verify
andydis usad to judtify its introduction.

Demondrate that the achievement of specific busness gods (e.g., increased profitability,
increased market share, reduced time to market) can be directly attributable to the insertion
of new product or process technology.

Deploy awork environment that supports program needs.

Tailor the work environment to individua program needs.

Maximize integration of tools within the environment.

Maintain the work environment to continuoudly sypport the programs.

Retire support tools or facilities that no longer support the organization' s requirements.
Collect and analyze process and technology improvement proposas.

Collect data on the systems engineering work environment usage and performance.
Measure the effects of the deployed process and technology improvements.
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Appendix A: Change Request Form and Change History

Change Request Form

We welcome suggestions for improvement.  Please include the following information with your

change requests:
Name/Organization: Phone; Emal:
Title of change: Section/Paragraph number Page number

Detailed description of change:

Impact if change is not addressed/incorporated:

Suggested solution

Submit to: lindaibrahim@faa.gov with a cc: to: nancy.ctr.depoy @faa.gov.

FAA-iICMM Version 2.0

September 2001

A-1




ChangeHistory

Verson 1.0 November 1997
Verson 2.0 September 2001
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Appendix B: Glossary

This glossary defines many of the terms or phrases used in the model. 1n genera, the terminology
in the model isintended in its everyday sense, or as would be understood by a practitioner in the
area where the term isintroduced. Some definitions, however, are provided here in cases where
additiona clarity might be required.

The iCMM draws on severa standards or models, each having glossaries or definitions. When
developing the iCMM version 1.0, the glossaries of al three source models were included. Based
on experience using iICMM version 1.0, this approach was not found to be particularly helpful.

iICMM version 2.0 integrates eight standards'/models and we are not including al of those
glossaries here. Furthermore, some of the source standards are specific to software, some to
systems, some to quality management, and some to organizational performance management.
Since the iICMM integrates these topics, termsintroduced in this glossary have typically been
generalized, as appropriate, to reflect the multidisciplinary nature of theiCMM process areas and
practices, as well as genera applicability to products and services. However, since [PQA] and
[MBNQA] bring some new concepts not included in the iICMM before, selected definitions from
these sources are provided in full.

A reference to the part(s) of the model that use the term is included, when appropriate, to
enhance glossary usefulness and to indicate where more information about the topic may be
found.

Materia in this glossary is selected/adapted from the following sources. When more than one
source is listed, the definition combines or integrates the information provided in the listed sources.

Sour ce Abbreviation Reference (see Appendix C) or Explanation

iCMM The definition was developed for iCMM version 2.0, or is adapted
from definitions provided in [FAA-iICMM 97]

CMMI [CMMI-SE/SW/IPPD]

15504 [ISO/IEC TR 15504]

12207 [|EEE/EIA 12207

731 [EIA/IS 731]

15288 [ISO/IEC CD 15288]

1SO 9000 [1S0 9000]

PQA/MBNQA [PQA] and [MBNQA]
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Appendix B:

Term or Phrase
(iICMM reference)

acquirer

(generd, PA 12)

action plans
(PA 00)

alignment
(PA 00)

appraisal

architecture
(PA 03)

Glossary

Definition Source

An organization, stakeholder or individual that acquires, procures or obtains a iCMM,
system, product or service from asupplier. An acquirer could be called a buyer, 12207,
customer, owner, user or purchaser. 15288, 731

Action plansrefer to principal organization-level drivers, derived from short- and PQA/
long-term strategic planning. In simplest terms, action plans are set to accomplish ~ MBNQA
those things the organi zation must do well for its strategy to succeed. Action plan
development represents the critical stage in planning when general strategies and
goals are made specific so that effective organization-wide understanding and
deployment are possible. Deployment of action plans requires analysis of overall
resource needs and creation of aligned measures for all work units. Deployment
might also require specialized training for some employees or recruitment of
personnel.

An example of an action plan element for a government organization supplying
goods and services in competition with private-sector suppliers might be to

devel op and maintain a price leadership position. Deployment should entail the
design of efficient processes, analysis of resource and asset use, and creation of
related measures of resource and asset productivity, aligned for the organization as
awhole. 1t might also involve the use of a cost-accounting system that provides
activity-level cost information to support day-to-day work. Unit and/or team
training should include priority setting based upon costs and benefits.
Organization-level analysis and review should emphasize overall productivity
growth. Ongoing competitive analysis and planning should remain sensitive to
technological and other changes that might greatly reduce operating costs for the
organization or its competitors.

(Notethere are action plans at lower levels than those described above. See, for
example, “ process improvement action plan.”)

Alignment refers to unification of goals throughout the organization and PQA/
consistency of processes, information, resource decisions, actions, results, MBNQA
analysis, and learning to support key organization-wide goals. Effective alignment

requires common understanding of purposes and goals and use of complementary

measures and information to enable planning, tracking, analysis, and improvement

at three levels: the organization level, the key processlevel, and the work unit level.

(See “process appraisal”)

A high-level design that provides decisions made about: the problems that the 731,iCMM
product will solve, component or element descriptions, relationships between

elements, and dynamic operation description; astructure that identifies

components or elements, specifies interfaces and relationships among them, and

services provided by them to accomplish required functionality. Architectural

elements may be personnel, hardware, software, facilities, data, information,

materials, services or techniques. Architectural elements of systems may

themselves be subsystems.
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Termor Phrase
(iCMM reference)

audit
(PA 15, PA 16)

base practice
(Chapter 2,
Chapter 5)

baseline
(PA 16)

benchmarking (PA
21)

capability dimension
(Chapter 4)

capability level
(Chapter 2,
Chapter 4)

common cause of
variation
(Chapter 4)

concept of
operations

configuration
control board
(PA 16)

Glossary
Definition

An independent examination of products, services and processes to determine the
extent to which audit criteria (e.g. policies, procedures, requirements,
specifications, standards, contractual agreements, or other criteria) are fulfilled.

A practice that summarizes afundamental essential characteristic of performing a
process that meets the purpose of the process areato which this base practiceis
related.

A reviewed, approved and agreed upon product, regardless of media, formally
designated and fixed at a specific time, which serves thereafter as the basis for
defining and managing change.

The process of systematically comparing and measuring products, services, and
processes against “best practices,” “best-in-class’ achievements, and performance
of similar activities, inside or outside government. At its essence, benchmarking
involves systematically looking at proven waysto provide better customer service
and adapting these ways to an organization’s operations. It turnsthe
“not-invented-here” philosophy on its head, by focusing on the best practices of
other organizations.

The continuous process of measuring products, services and practices against the
toughest competitors or those companies recognized as industry leaders.

The part of areference model that comprises capability levels and their component
goals and generic practices.

Degree of process improvement for individual process areasin which all goals up
to that level are attained. Capability levels are described by generic practices and
summarized by capability level goals.

The variation of process performance results that exists because of random,
normal, and expected interactions among the components of a process and the
environment.

Causes of natural variation inherent in a process or system. Removing common
causes of variation involves making changes to the process itself. These causes
are usually minor and do not cause a processto go out of control. Anexampleis
wear and tear on equipment causing greater tolerance variation in an output, such
asadrink filler at afast-food restaurant.

(See "operational concept.")

A group of people responsible for eval uating and approving or disapproving
proposed changes to configuration items, and for ensuring implementation of
approved changes. Configuration control boards are also known as change control
boards.
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Termor Phrase
(iCMM reference)

configuration item
(PA 16)

continuous
architecture
(Chapter 2, general)

continuouswith
staging
representation
(Chapter 2, general)

corrective action
(Chapter 4, PA 00,
PA 11, PA 15, PA 10)

cost effectiveness
generic attribute
(Chapter 2)

customer
satisfaction
(PA 01

customers
(Chapter 2, general)

Glossary
Definition

An entity or aggregation of work products that is designated for configuration
management, treated as a single entity in the configuration management process,
and that can be uniquely identified at a given reference point.

A capability model in which each process area can be rated at a capability level and
in which the using organization determines the priority for improving individual
process areas. ldentical generic practices apply to all processareas and are used
to demonstrate increasing capability. Thismodel contrasts with the staged model
that establishes sets of process areas that must be performed before other setsin a
priority order of increasing maturity. A continuous architectureisalso called a
continuous representation.

The description of areference model that is structured into a process dimension
and a capability dimension (according to the continuous architecture) and that also
provides staging or groupings of process areas into maturity levels. The
continuous with staging representation explicitly enables organizationsto improve
any process areas, in any order, to any capability level desired based on business
objectives. It also captures staging guidance reflected in models with a staged
architecture so that organizations can follow those priorities, if desired. Asinthe
continuous representation, generic practices are staged into capability levels.

An action taken to bring expected future performance into compliance with the
plan, eliminate the cause and prevent recurrence of a detected nonconformity or
other undesirable situation, remove an error, adjust a condition, or remedy a
situation.

The cost effectiveness generic attribute indicates the extent to which the value
received isworth the resources invested in producing the products or results.

Customer’ s perception of the degree to which the customer’ s requirements, needs
and expectations have been fulfilled.

External customers are those who use or are directly affected by the organization’s
products or services—those for whom the organization isin business. They can
be grouped into classifications according to their relationship to the government
asasupplier: voluntary, entitled, and compelled users of the organization’s
products or services. Voluntary users choose to use the product/service, such as
visitorsto national parks and users of government statistics. Entitled users have
an automatic legal right to benefit from the program, such as recipients of social
security benefits and users of veterans hospitals. Compelled usersfall under the
jurisdiction of government programs that are prescriptive in nature, where punitive
action can be taken if users do not conply (e.g., prison inmates).

Internal customers are employees within the organization who receive goods and
services produced elsewhere in the organization and act upon them in the
production chain, ultimately leading to the organization’s final output of goods
and services
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Termor Phrase
(iCMM reference)

cycletime
(Chapter 4, PA 18)

deactivation
(PA 09)

defect
(PA 08, PA 15)

defect density
(PA 15, PA 18)

defined process
(Chapter 4)

deployment
(PA 09)

deployment
(PA 00)

derived measure
(PA 18)

disposition
(PA 09)

empower ment (PA
00, PA 14)

evaluation
(PA 08)

Glossary
Definition

Cycletimerefersto responsiveness and compl etion-time measures—the time
required to fulfill commitments or to complete tasks. Cycle time improvement could
include time to market, order fulfillment time, delivery time, changeover time, and
other key process times.

Deactivation involves notification of usersthat the product or serviceis being
replaced or withdrawn from operation.

Non-fulfillment of arequirement related to an intended or specified use.

Number of defects per unit of product size (e.g., problem reports per 1000 lines of
code).

A capability level 3 processis called adefined process. A defined processisa
managed, planned and tracked (capability level 2) processthat istailored 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 organization’s
process assets.

Deployment of a product or service involves planning and preparation activities
associated with the placement of a product or serviceinto an operation and
support environment.

Deployment refers to the extent to which an organization’s approach is applied.
Deployment is eval uated on the basisof the breadth and depth of the application
of the approach throughout the organization.

A function of two or more base measures.

Disposition involves disassembly of the replaced item including the satisfaction of
relevant health, safety and security regulations. If appropriate, it includes breaking
down the replaced item into manageabl e elements to facilitate removal for reuse,
recycling, reconditioning, overhaul or destruction.

Empowerment refersto giving employees the authority and responsibility to make
decisions and take actions. Empowerment results in decisions being made closest
tothe“front line,” where work-related knowledge and understanding reside.
Empowerment is aimed at enabling employeesto satisfy customers on first contact,
to improve processes and increase productivity, and to better the organization’s
business results. Empowered employees require information to make appropriate
decisions; thus, an organizational requirement isto provide that informationin a
timely and useful way.

A systematic determination of the extent to which an entity meetsits specified
criteria
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Termor Phrase
(iCMM reference)

generic attribute
(Chapter 2)

generic practice
(Chapter 4)

goal - performance
goal
(PA 00)

goal - quality
objective, quality
goal

(PA 15, PA 00)

goal - (in amode)
(Chapter 4,
Chapter 5)

goals - process
improvement goals
(PA 00, PA 21,
Chapter 4)

high-performance
work
(PA 00)

Glossary
Definition

A generic attribute is away of measuring process performance results,
independently of capability and maturity level. Generic attributes encompass two
characteristics of the performance of a process area: usefulness and cost
effectiveness.

A practice that enhances the capability to perform any process. Generic practices
are added to the base practices of aprocess areato create a higher capability
process. They are applicableto any process area.

Performance goal refersto atarget level of performance expressed as atangible,
measurabl e objective against which actual achievement can be compared,
including agoal expressed as a quantitative standard, value, or rate.

Something sought, or aimed for, related to quality; for a product, specific
objectives, which if met, provide alevel of confidence that the quality of a product
is satisfactory.

In areference model, agoal summarizes an observable, expected state to be
achieved if practices mapped to that goal are performed. Each process area has
goals and the base practices of aprocess areamap to itsgoals. Each capability
level hasagoal and all generic practices at that level map to that goal.

Process goals may also be called process outcomes, which are observable results
of the successful implementation of aprocess. Process goals or outcomesform
part of the description of each process areain the reference model.

A set of target characteristics established to guide the effort to improve an existing
process in a specific measurable way either in terms of resultant product
characteristics (e.g., quality, performance, conformance to standards, etc.) or in the
way in which the processis executed (e.g., elimination of redundant process steps,
combining process steps, improving cycletime, etc.).

High performance work refersto work approaches used to systematically pursue
ever higher levels of overall organizational and human performance, including
quality, productivity, innovation rate, and time performance.

Approaches to high-performance work vary in form, function, and incentive
systems. Effective approaches generally include: cooperation between
management and the workforce, including work force bargaining units; cooperation
among work units, often involving teams; self-managed/self-directed responsibility
(sometimes called empowerment); individual and organizational skill building and
learning; flexibility in job design and work assignments; an organizational structure
with minimum layering (“flattened”) where decision making is decentralized and
decisions are made closest to the “front-line;” and regular use of performance
measures, including comparisons. Some high- performance work systems use
monetary and non-monetary incentives based upon factors such as organizational
performance, team and/or individual contributions, and skill building. Also, some
high-performance work approaches attempt to align the design of organizations,
work, jobs, and incentives.
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Termor Phrase
(iCMM reference)

incomplete process
(Chapter 4)

infrastructure
(PA 11, Chapter 4,
PA 23, genera)

institutionalization
(Chapter 4)

leader ship system
(PA 00)

lifecycle
(general, PA 11)

life cycle model
(PA 11)

maintenance
(general, PA 10)

Glossary
Definition

A capability level 0 processis called an incomplete process. Anincomplete
processis either not performed or partially performed. One or more of the goals of
the process area are not achieved. The process isnot implemented.

All the systematic elements needed to operate an entity or to sustain an initiative
or effort. Theseinclude: people’'s skills and knowledge or the training to transition
theminto use, methods or techniques, materials, services, facilities, and tools
which may or may not be automated.

The building and reinforcement of infrastructure and corporate culture that support
methods, practices, and procedures so that they are the ongoing way of doing
business, even after those who originally defined them are gone.

L eadership system refers to how leadership is exercised throughout the
organization—the basis for the way that key decisions are made, communicated,
and carried out. It includes structures and mechanisms for making decisions and
reinforcing values, expectations, and behaviors. It also includes the formal and
informal bases and mechanisms for |eadership development used to select leaders
and managers, to develop their leadership skills, and to provide guidance and
examples regarding behaviors and practices.

An effective leadership system creates clear val ues respecting the capabilities and
requirements of employees and organization stakeholders, and sets high
expectations for performance and performance improvement. It buildsloyalty and
teamwork based upon the values and the pursuit of shared purposes. It
encourages and supports initiative and risk taking, subordinates organization to
purpose and function, and minimizes reliance on chains of command that require
long decision paths. An effective leadership system includes mechanisms for the
leaders' self-examination, receipt of feedback, and improvement.

A general term covering all phases of the evolution of a product or service
beginning with concept definition and continuing through the disposal of the
product or service. Also known as product, service, or system life cycle. A project
life cycle spansthelife of a project from inception to completion; a development
life cycle coversinception to completion of development.

A partitioning of thelife of a product or service into phases that guide the project
from identifying customer needs through product or service retirement.

A framework containing the processes, activities, and tasksinvolved in the
development, operation, and maintenance of a product or service, It spansthelife
of the system from the definition of its requirements to the termination of its use.
Thisframework al so acts as a common reference for communication and
understanding.

The process of modifying a product or component after delivery to correct faults,
adapt to a changed environment, improve performance or other attributes, or
perform line and depot maintenance of hardware components. That is, it includes
mai ntenance that may be corrective, adaptive, or perfective.
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Termor Phrase
(iCMM reference)

managed process
(Chapter 4)

maturity level
(Chapter 2)

measure
(PA 18)

M easurement
(PA 18)

measur esand
indicators
(PA 18)

natural bounds
(PA 18, Chapter 4)

need
(PA 01, PA 23)

objectivereview

(PA 15)

objectively verify
(PA 15, Chapter 4)

Glossary
Definition

A capability level 2 processis called a managed (planned and tracked) process. A
managed processis a performed (capability level 1) processthat is also planned
and tracked. The process is managed to ensure itsinstitutionalization, and to
ensure the achievement of specific objectives for the process, such as customer
satisfaction, cost, schedule, and quality objectives.

Degree of process improvement across a predefined set of process areas and
capability levelsin which all goals within the set are attained.

Property, attribute, scale or unit which is used for quantification

The process of assigning quantitative values to measures or properties according
to some defined criteria. This process can be based on estimation or direct
measurement. Also, avalue resulting from performing the measurement process.

M easures and indicators refer to numerical information that quantifies (measures)
input, output, and performance dimensions of processes, products, services, and
the overall organization (outcomes). Measures and indicators might be simple
(derived from one measurement) or composite. However, some users of these
terms use the term indicator: (1) when the measurement relates to performance
rather than to inputs; (2) when the measurement relates to performance but is not a
direct or exclusive measure of such performance (e.g., the number of complaintsis
an indicator of dissatisfaction, but not adirect or exclusive measure of it); and (3)
when a performance or measureis a predictor (“leading indicator”) of some more
significant performance (e.g., gain in customer satisfaction might be aleading
indicator of increased demand).

The inherent process reflected by measures and metrics of process performance,
sometimes referred to as "voice of the process.” Techniques such as control
charts, confidence intervals, and prediction intervals are used to determine whether
the variation is due to common causes (i.€., the processis predictable or "stable")
or isdue to some special cause that can and should beidentified and removed.

A stakeholder-related capability shortfall (such asthose documented in a need
statement, field deficiency report, or engineering change order), or an opportunity
to satisfy anew market or capability because of a new technology application or
breakthrough, or to reduce costs. Needs may also relate to providing a desired
service (e.g., testing, contracting, or system disposal), to providing an opportunity
(e.g., learning opportunity), or to providing awork product such as a document or
report.

An evaluation of activities and work products against criteriathat minimize
subjectivity and bias by the reviewer. An example of an objective review is an audit
against requirements, standards, or procedures by an independent quality
assurance function.

Making sure what is done adheres to standards, policies, plans, requirements, etc.
by using techniques that are applied by people who are not directly responsible for
managing or performing the activities of the process.
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Termor Phrase
(iCMM reference)

operational concept
(PA 01)

operational scenario
(PA 01, PA 03)

optimizing process
(Chapter 4)

organizational
process maturity
(Chapter 2, general)

organizational unit
(appraised) (Chapter
3

Glossary

Definition

A general description of the way in which an entity is used or operates from the
user’s point of view. A user-oriented document that describes a system’s
operational characteristics from the end user’ s viewpoint (IEEE Std 1362-1998).
(Also known as a concept of operations or operational concept description.)

A sequence of events expected during operation of products and services.
Includes the environmental conditions and usage rates as well as expected stimuli
(inputs) and responses (outputs).

A description of an imagined sequence of events that includes the interaction of
the product or service with its environment and users, as well as interaction among
its components.

A capability level 5 processis called an optimizing process. An optimizing process
isaquantitatively managed (capability level 4) processthat is changed and
adapted to meet relevant current and projected business objectives.

The extent to which an organization has explicitly and consistently deployed
processes that are documented, managed, measured, controlled, and continually
improved. Organization process maturity may be measured viaa process appraisal.

That part of an organization that is the subject of an appraisal.

NOTE 1 An organizational unit deploys one or more processes that have a
coherent process context and operates within a coherent set of business goals.
NOTE 2 An organizational unit istypically part of alarger organization, although in
asmall organization, the organizational unit may be the whole organization. An
organizational unit may be, for example:

- aspecific project or set of (related) projects;

- aunit within an organization focused on a specific lifecycle phase (or phases)
such as acquisition, development, maintenance or support;

- apart of an organization responsible for all aspects of a particular product or
product set.
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Termor Phrase
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performance

(PA 00, Chapter 4,
general)

performed process
(Chapter 4)

policy

Glossary
Definition Source

PQA/
MBNQA

Performance refers to outcome results obtained from processes, products, and
services that permit evaluation and comparison relative to goals, standards, past
results, and other organizations. Most commonly, the results address quality,
efficiency and time, and might be expressed in non-financial and financial terms.
Some types of organization performance are: operational, including product and
service quality; customer-related; financial; mission/program; supplier.

Operational performance refersto performance relative to effectiveness and
efficiency measures and indicators. Examplesinclude cycletime, productivity,
waste reduction, and regulatory compliance. Operational performance might be
measured at the work unit level, the key process level, and the organization level.
Product and service quality performance refers to performance relative to measures
and indicators of product and service requirements derived from customer
preference information. Examplesinclude reliability, on-time delivery, defect levels,
and service response time. Product and service quality performance generally
relates to the organization as awhole.

Customer-related performance refers to performance relative to measures and
indicators of customers’ perceptions, reactions, and behaviors. Examplesinclude
customer retention, complaints, customer survey results, and changesin demand
for products and services. Customer-related performance generally relatesto the
organization as awhole.

Financial performance refersto performance using measures of cost and revenue,
including asset utilization, asset growth, value added per employee, cost savings
and cost avoidances. Financial measures are generally tracked throughout the
organization and are also aggregated to give organization-level, composite
measures of performance. Examples are return on investment and return on assets.
Mission/program performance refers to non-financial measures used to assess the
organization’ s success in achieving itsintended purposes, goals and objectives.
Aswith financial performance measures, they generally are tracked throughout the
organization and are also aggregated to give organization-level, composite
measures of performance.

Supplier performance refers to measures of: (1) supplier and partner-provided
goods and services used by the organization in developing its final goods and
services, and (2) services provided by contractor employees working within the
organization, but supervised by the contractor.

A capability level 1 processis called aperformed process. A performed processis iCMM
aprocess that achieves the goal's of the process area.

Guiding principles designed to influence and determine decisions, actions, or other 731,

(PA 00, Chapter 4) matters. Senior management typically establishes organizational policy. CMMI,
iCMM

policy - quality Overall intentions and direction of an organization related to quality asformally SO 9000

policy expressed by top management; provides aframework for setting quality objectives,

(PA 00, Chapter 4, which are something sought, or aimed for, related to quality

PA 15)

practice An activity that contributes to the creation of the output (work products) of a 15504

(general) process or enhances the capability of a process.
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Termor Phrase
(iCMM reference)

preventive action
(PA 15, PA 10)

procedure
(general)

process
(general)

process action team
(general)

process appraisal
(Chapter 2, Chapter
3,PA 21)

process area
(Chapter 2,
Chapter 5)

process ar ea
category
(Chapter 2,
Chapter 5)

Glossary
Definition

An action to eliminate the cause of a potential nonconformity or other undesirable
potential situation.

A specified way to carry out an activity or a process.
A description of a course of action to perform a given task.

Processrefersto linked activities with the purpose of producing a product or
service for a customer (user) within or outside the organization. Generally,
processes invol ve combinations of people, machines, tools, techniques, and
materialsin asystematic series of steps or actions.

In some situations, process performance might require adherence to a specific
sequence of steps, with documentation (sometimes formal) of procedures and
requirements, including well-defined measurement and control steps.

In many service situations, particularly when customers are directly involved in
one or more steps of the service, processis used in amore general way to spell out
what must be done, possibly including a preferred or expected sequence. If a
seguence s critical, the service needs to include information for customersto help
them understand and adhere to the sequence. Service processes involving
customers require guidance to the servers on handling contingencies related to
differing circumstances and to customers’ actions or behaviors.

In some cases, such as strategic planning, research, development, and analysis,
process does not necessarily imply formal sequences of steps. Rather, process
implies general understanding regarding competent performance, such astiming,
options to beincluded, evaluation, and reporting. Seguences might arise as part of
these understandings.

A set of activities performed to achieve a purpose. An organized set of interrelated
or interacting activities that, together, use resources to transform inputsinto
outputs.

A team that has the responsibility to develop and implement process improvement
activities for an organization as documented in the process improvement action
plan.

Comparison of processes being practiced to areference model or standard; a
disciplined evaluation of an organization's processes against a reference model

A group of related base practices that are essential for achieving the purpose of
the process area.

A set of process areas addressing the same general type or area of activity
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process asset
(PA 20)

process asset
library
(PA 20)

process capability
(Chapter 4)

process database
(PA 18, PA 20,
Chapter 4)

process description
(Chapter 4, PA 20)

process dimension
(Chapter 2,
Chapter 5)

process group
(general)

process
improvement
(generd,

Chapter 3, PA 21)

process
improvement action
plan

(PA 21, Chapter 3,
general)

Glossary
Definition

Anything that the organization considers useful in attaining the goals of a process

area.

A collection of process asset holdings that can be used by an organization or
project. (May also be called a*“ process asset repository” or a“ process

database.”)

Therange of expected results that can be achieved by following a process.

The ability of aprocessto achieve arequired goal.

A repository into which all process data are entered. The database contains actual
measurement data and related information needed to understand the measurement
data and to assess it for reasonableness and applicability. Centralized control of
this database ensures that the process data from all programs are permanently
retained and protected. (M ay also be called a“process asset library” or

“repository.”)

A documented expression of a set of activities performed to achieve agiven
purpose that provides an operational definition of the major components of a
process. The documentation specifies, in acomplete, precise, and verifiable
manner, the requirements, design, behavior, or other characteristics of a process. It
also may include procedures for determining whether these provisions have been
satisfied. Process descriptions may be found at the activity, project, or

organizational level.

The part of areference model that comprises process areas and their component
goals and base practices. The set of process areas comprise the functional aspects
of thereference model. The process areas are grouped into categories of related

activities.

A group or collection of specialiststhat facilitate the def