
__________________________________________________________________________________________________________________________________________ 

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is 
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.” 

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and 
suggestions. 

Copyright © 2014 SAE International 

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, 
photocopying, recording, or otherwise, without the prior written permission of SAE. 

TO PLACE A DOCUMENT ORDER: Tel:        877-606-7323 (inside USA and Canada) 
 Tel:        +1 724-776-4970 (outside USA) 
 Fax:       724-776-0790 
 Email:    CustomerService@sae.org 
SAE WEB ADDRESS:    http://www.sae.org 

 SAE values your input. To provide feedback 
 on this Technical Report, please visit 
 http://www.sae.org/technical/standards/CMB6_4 

TECHNICAL REPORT  CMB6-4  

Issued 1991-07 
Stabilized 2014-10 
 

Configuration Control 

NOTICE 

This document has been taken directly from the original TechAmerica document and contains only minor editorial and 
format changes required to bring it into conformance with the publishing requirements of SAE Technical Standards.  The 
release of this document is intended to replace the original with the SAE International document.  Any numbers 
established by the original document remain unchanged. 

The original document was adopted as an SAE publication under the provisions of the SAE Technical Standards Board 
(TSB) Rules and Regulations (TSB 001) pertaining to accelerated adoption of specifications and standards.  TSB rules 
provide for (a) the publication of portions of unrevised specifications and standards without consensus voting at the SAE 
committee level, and (b) the use of the existing specification or standard format. 

 

 

Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


-a 

t 
I 

(D 
rn 
E o 

E I A  CMBb-4 91 = 3234600 00772 îb  3 I 

E I, 
ENGINEERING 
BULLETIN 

Configuration Control 

JULY 1991 

ELECTRONIC INDUSTRIES ASSOCIATION 
ENGINEERING DEPARTMENT 

Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


NOTICE 

ELA Engineering Stándards and Publications are designed to serve the public interest 
through eliminating misunderstandings between manufacturers and purchasers, facilitating 
interchangeability and improvement of products, and assisting the purchaser in selecting and 
obtaining with minimum delay the proper product for his particular need. Existence of such 
Standards and Publications shail not in any respect preclude any member or nonmember 
of EIA from manufacturing or selling products not conforming to such Standards and 
Publications, nor shall the existence of such Standards and Publications preclude their 
voluntary use by those other than EIA members, whether the standard is to be used either 
domestically or internationally. 

Recommended Standards and Publications are adopted by EIA without regard to whether 
their adoption may involve patents on articles, materials, or processes. By such action, EM 
does not assume any iiability to any patent owner, nor does it assume any obligation 
whatever to parties adopting the Recommended Standard or Publication. 

Technical Bulletins are distinguished from EL4 Recommended Standards or Interim 
Standards, in that they contain a compilation of engineering data or information useful to 
the technical community, and represent approaches to good engineering practices that are 
suggested by the formulating committee. 

This Bulletin is not intended to preclude or discourage other approaches that similarly 
represent good engineering practice, or that may be acceptable to, or have been accepted 
by, appropriate W e s .  Parties who wish to bring other approaches to the attention of the 
formulating committee to be considered for inclusion in future revisions of this Bulletin are 
encouraged to do so. It is the intention of the formulating committee to revise and update 
this Bulletin from time to time as may be occasioned by changes in technology, industry 
practice, or government regulations, or for other appropriate reasons. 

Published by 

ELECTRONIC INDUSTRIES ASSOCIATION 
Engineering Department 

2001 Pennsylvania Ave., N.W. 
Washington, D.C. 20006 

PRïcE: Please refer to the current 
Catalog of EIA & JEDEC STANDARDS & ENGINEERING PUBLICATIONS 

or call the E U  STANDARDS SALES DEPARTMENT (202/457-4966) 

copyright 1991 

All Rights Reserved 
Printed in U.S.A. 

. Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


E I A  CMBb-4 91 3234b00 O077298 7 W 

Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


..I. 

I' î 

~ 

E I A  CMBb-4 91 II 3234600 0077299 9 H 

EIA CONFIGURATION MANAGEMENT BULLETIN NO. 6-4 

CONFIGURATION CONTROL 

PREPARED BY 

G-33 DATA AND CONFIGURATION MANAGEMENT COMMITTEE 

EDUCATION AND TRAINING TASK GROUP 

ELECTRONIC INDUSTRIES ASSOCIATION 
ENGINEERING DEPARTMENT 
2001 PENNSYLVANIA, N.W. 

WASHINGTON, DC 20006-1813 

a 

Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


~ ~- 

E I A  CMBb-4 91 3234600 0077300 II 

CMB6-4 

ACKNOWLEDGEMENT 

This EIA Bulletin No. CMB6-4, "Textbook for Configuration Control ,'I is 
presented by the Electronic Industries Association G-33 Data and Configuration 
Management Committee. 
undergraduate level to teach the configuration control portion of the 
Configuration Management curriculum being developed by the Education and 
Training Task Group. Appreciation is extended to Ronald Van Buskirk, General 
Dynamics, Air Defense Systems Division, principal author and editor; Will iam 
Dean, Air Force Institute o f  Technology; Alan Lager, Grumman Corporation; 
Elliott Whitten, Martin Marietta; Michael Daniels, VSE Corporation; Calvin 
Brown, Defense Systems Management Col lege; for their valuable assistance. A 
special acknowledgement goes to Thomas Simon, McDonnell Douglas, for a very 
comprehensive Interface Control chapter. 

defense contractors and by the Department of Defense. The writers of this text 
wish to acknowledge the contributions of these sources: without their help it 
would have been difficult to generate the degree of detail provided. The 
samples provided have been modified in most cases to delete information elements 
peculiar to that company's system which could distract from the current 
illustration and/or to add data elements to improve the utility of the 
illustration. Therefore, there is no'assurance by any of the companies, the EIA 
or by the authors that use of these exact forms will provide an adequate 
configuration control system. 

It has been prepared to provide a textbook for use at the 

The figures in this text are based on samples provided by a number of 

i 

Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


~ 
~ ~~ 

EIA CPlBb-4 91 3234600 0077303 3 E 

CMB6-4 

FOREWORD 

Configuration Management (CM) is the special name that has been coined to 
describe those specialized management practices used by industry and the 
Department of Defense (DOO) to define and control items (sometimes referred to 
as Configuration Items or CIS) in their inventories. The overall intent of 
configuration management is to support the establishment of a product service 
network for all items being developed and to assure the continued serviceability 
of the items as changes are made throughout their service life. 

The configuration of an item is defined in both functional and physical 
terms. Functional requirements establish the performance the item is expected 
to achieve; the physical requirements define the specific design and appearance 
of the item to be built. In practice, an item being developed is described, and 
its development governed, primarily by its intended functional characteris- 
tics. Following development, however, an item being produced for customer use 
is primarily described and governed by its physical characteristics, although 
the functional characteristics continue to be controlled. 

or brand new. Basically, they are common sense management concepts that have 
been formalized into set practices to address the peculiarities of managing 
large inventories of units in multiple product lines. 
describing the practices, CM is divided into four functional areas: 
identification, audits, control, and status accounting. Each of the four 
functions has a specific purpose and a specific area of emphasis. 

The practices we follow with configuration management are nothing startling 

For convenience sake in 

Common sense tells us to define what we want the product to do, or what 
it should look like, before we sign a contract to buy it. Through 
configuration identification, we obtain certain documentation that is 
used to define both the performance we desire from the design under 
development and the design of the interchangeable production items we 
want to buy. The documentation will also define the exact design for 
which a servicing capability must be established and maintained. 
If we are one of the contracting parties, common sense (and business 
law, too) tells us that the other party to the contract should not be 
allowed to change the contract without informing us of all the 

configuration control, we require that the full impact of a proposed 
change be determined before we make a decision on each change to the 
contractual (baseline) configuration identification. We are also 
constraining the design activity from making changes without the 
concurrence of the management activity. 
If we want to manufacture a consistent product and have the capability 
to service it, common sense tells us that we must have a means of 
recording and tracking the production definition (paper) used to 
manufacture the unit as well as the configuration of each unit our 
company produces. Through configuration status accountinq, we follow up  
on the results of other configuration management activities to keep 
track of the current configuration identification documents, the current 
configuration of the delivered units, the status of changes being 
reviewed, and the status of the implementation o f  approved changes. 

. considerations and obtaining our agreement to the change. Through 

i i  
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If we have specified some requirements that the product must meet, 
common sense tells us that we must check at some point in time to be 
sure that those requirements are met. Through configuration audits, we 
verify that the design activity has proven that the items, as designed, 
meet or exceed the specified performance and that the design specified 
in the configuration documentation exactly matches the configuration of 
the (production) unit being audited and about to be delivered. 
This text will cover the details of the configuration control 
function. Identification, audits, and status accounting are covered in 
other textbooks. It is the intent of the authors that this 
configuration control text will serve a broad general population of 
personnel engaged in development, manufacturing, and distribution of 
both commercial and military items. 
illustrations of practices that might be required and sample formats 
that might be used in accomplishing configuration control. You will 
have to make the decisions about the exact content and practices 
appropriate for your project and/or facility based on the information 
contained in this text. 
The general concepts herein apply during the design and delivery of 
products to various types of customers and include policies and 
procedures which must be monitored for the continued support and service 
of your products. The Department of Defense (DOO) represents. a major 
customer of such goods and services; consequently, a highly structured 
program uti1 izing configuration control along with the related 
configuration management disciplines exists in the environment of 
military item acquisition. The authors, however, have tried to avoid 
emphasis on DOD-related systems and requirements; where specific DOD 
requirements are discussed, we have attempted to indicate that such is 
the case. 

The figures in this text provide 

OBJECTIVE OF THE COURSE 

The objective of this course is to provide an in-depth understanding of the 
concepts and principles involved in the configuration control process. 
intended for an individual who has completed a basic introductory course in CM 
and who requires the deeper knowledge of a CM practitioner rather than a 
superficial overview. 

It is 

i i i  

Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


~~ 

EIA CMBb-4 91 3234600  0077303 7 M 

CMB6-4 

TABLE OF CONTENTS 

Page 
ACKNOWLEDGEMENT ........................................................ i 

FOREWORD ............................................................... i i  

TABLE OF CONTENTS ...................................................... iv 

CHAPTER 1 INTRODUCTION 
1.1 Overview ..................................................... 1 
1.2 Content o f  Text .............................................. 3 
1.3 History o f  Configuration Control ............................. 4 

1.5 The Role of  Military Standards ............................... 8 
1.4 Configuration Control ........................................ 8 

CHAPTER 2 ORGANIZATION AND PLANNING 
2.1 Organizational Considerations ................................ 10 
2.2 Functions to be Performed .................................... 10 
2.3 Description of CM Responsibilities ........................... 13 
2.3.1 Configuration Identification ............................... 13 

2.3.3 Configuration Status Accounting ............................ 14 
2.3.4 Review and Audits .......................................... 14 
2.4 The CM Plan .................................................. 15 
2.4.1 CM Plan Content ............................................ 15 

2.3.2 Configuration Control ...................................... 13 

CHAPTER 3 BASELINE MANAGEMENT 
3.1 Establishment and Definition o f  Formal Baselines ............. 22 
3.2 Selection and Identification o f  Configuration Items (CI) ..... 22 
3.3 Formal Baselines ............................................. 24 
3.3.1 Functional Baseline ........................................ 25 
3.3.2 Allocated Baseline ......................................... 25 
3.3.3 Product Baseline ........................................... 25 

3.4.1 Defining Internal Baselines ................................ 27 
3.4 Internal Developmental Baselines ............................. 27 

3.4.2 Management o f  Computer Programs and Documentation .......... 28 
3.4.3 Internal Baseline Control .................................. 28 
3.5 Contractor Hierarchy ......................................... 30 
3.6 Baseline Relationships ....................................... 30 

CHAPTER 4 THE CHANGE PROCESS 
4.1 Overview of the Change Process ............................... 33 

4.2.1 Types of Change Request Sources ............................ 35 
4.2.2 Change Process Initiation .................................. 37 

4.3.1 Internal Development and Class II Engineering Changes ...... 38 

4.3.3 Class II Engineering Changes ............................... 45 
4.3.4 Request For Deviations and Waivers ......................... 46 

4.2 Change Request (CR) And Assessment Process ................... 35 

4.3 Change C1 ass if i cat ions ....................................... 38 

4.3.2 Class I Engineering Change ................................. 39 

4.3.5 Requirements For Waivers ................................... 49 

iv 

Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


. 

2 i 

-~ 

E I A  CMBb-4 91 6 3234600 0077304 9 

CMB6-4 

TABLE OF CONTENTS (Continued) 
Page 

4.4 Change Proposal .............................................. 51 
4.4.1 Change Proposal Preparation ................................ 51 
4.4.2 Documenting. Evaluating and Submitting the Change .......... 51 
4.4.3 Software Change Processing . SCCB/CCB Action ............... 68 
4.4.4 Formal Software Change Control ............................. 78 
4.5 Customer Approval and Change Authorization ................... 83 
4.5.1 Customer Approval and Authorization ........................ 83 
4.5.2 Funding and Acquisition Cycles ......................... ... 84 
4.6 Contractor Change Implementation ............................. 84 

4.6.2 Imp1 ementat ion for Uni ts/Documentat ion Al ready 
Delivered to Customer ...................................... 85 

4.6.3 Change Status Tracking ..................................... 85 
4.7 Change Implementation in the Product ......................... 85 

4.5.3 Scheduling and Tracking .................................... 84 
4.6.1 Reviewing Customer Authorizing Document .................... 85 

CHAPTER 5 CONFIGURATION CONTROL BOARDS 
5.1 Introduction ................................................. 86 
5.2 Change Control System Functional Model ....................... 86 
5.2.1 Entry and Administration ................................... 86 
5.2.2 Impact Assessment .......................................... 86 
5.2.3 Review and Direction ....................................... 86 
5.2.4 Research and Coordination .................................. 88 
5.2.5 Integrate and Formalize .................................... 88 
5.2.6 Authorization .............................................. 88 
5.3 Associated Change Control Organizations ...................... 88 
5.3.1 Change Review Board (CRB) .................................. 88 
5.3.2 Project Groups ............................................. 88 
5.3.3 Technical Review Board (TRB) ............................... 88 
5.3.4 Limited Change Board ....................................... 88 
5.4 Software Configuration Control Board (SCCB) .................. 89 
5.4.1 Procedures to Establish a SCCB ............................. 89 
5.4.2 Responsibilities of SCCB ................................... 91 
5.4.3 Approval/Disapproval o f  SCCB ............................... 91 
5.4.4 Urgent €banges.. ........................................... 92 
5.5 Configuration Control Board (CCB) ............................ 92 
5.5.1 CCB Directive/Request ...................................... 92 
5.5.2 CCB Membership ............................................. 92 
5.5.4 Membership Responsibilities ................................ 95 
5.5.3 Responsibility o f  the CCB .................................. 93 

CHAPTER 6 INTERFACE CONTROL 
6.0 Introduction ................................................. 107 
6.1 Hi story and Background ....................................... 107 
6.2 Interface Control Requirements ............................... 108 
6.3 Interface Control Plan ....................................... 108 
6.3.1 Scope ...................................................... 109 
6.3.2 Purpose .................................................... 109 
6.3.3 Implementation ............................................. 109 
6.3.4 Organization/Program Participants .......................... 109 
6.3.5 Interface Management Structure ............................. 110 

V 

Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


CMB6-4 

TABLE OF CONTENTS (Continued) 

Page 

6.3.6 Agreements Between Participating Organizations ............. 111 
6.3.7 Organizational Responsibilities/Procedures ................. 111 
6.3.8 ICWG Responsibilities and Procedures ....................... 114 
6.3.9 Procedures ................................................. 116 
6.3.10 Interface Control Documents . Interface 

Specifications (IFS)/Interface Control Drawing (ICD) ...... 120 
6.3.11 Interface Control Document Changes ........................ 123 
6.3.12 Incomplete ICDs ........................................... 127 
6.3.13 Interface Documentation Schedule Requirements ............. 127 
6.3.14 Interface Control Action Plans (ICAP) ..................... 128 
6.3.15 Interface Control Reports ................................. 129 
6.4 Summary ...................................................... 129 

(NOTE: 
Appendix number and the Appendix page number) 

Appendices to Chapter 6 are identified by the 

CHAPTER 7 SUBCONTRACTOR AND VENDOR CONTROL 
7.1 Selection of Suppliers ....................................... 130 
7.1.1 Supplier ................................................... 130 
7.1.2 Supplier Data Group ........................................ 130 
7.1.3 Pol icy and Requirements ................................... 130 
7.1.4 Responsibilities and Procedures ........................... 130 
7.2 Supplier Control ............................................. 130 
7.3 Configuration Identification ................................. 131 
7.3.1 Configuration Identification ............................... 131 
7.3.2 Policy and Requirements .................................... 131 
7.3.3 Responsibilities and Procedures ............................ 132 
7.4 Configuration Control/Deviations and Waivers ................. 132 
7.4.1 Work Statement for Supplier CM ............................. 132 
7.4.2 Policy and Requirements .................................... 132 
7.4.3 Responsibilities and Procedures ............................ 132 
7.4.4 Configuration Control ...................................... 132 
7.5 Configuration Status Accounting .............................. 133 
7.5.1 Serialized Parts List ...................................... 134 
7.6 Subcontract Software ......................................... 134 

7.7.1 General .................................................... 134 
7.7.2 Applicable Documents ....................................... 135 
7.7.3 Requirements ............................................... 135 

7.7 Configuration Management Requirements to Suppliers ........... 134 

7.7.4 Configuration Management of Software/Firmware .............. 143 

vi 

Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


5 T 

E I A  CMBb-4 91 E 3234600 007730b 2 
CMB6-4 
Page 1 

CHAPTER 1 
INTRODUCTION 

1.1 OVERVIEW 
The overall objective of configuration management is to guarantee the buyer 

that a given product is what it was intended to be, functionally and physically, 
as defined by contractual drawings and specifications, and to identify the 
configuration to the lowest level of assembly required to assure repeatable 
performance, quality, maintainability and reliability in all units of the same 
product. 

complex product, how can the customer and contractor be sure that the product 
initially described in a specification and contract is being delivered? 
Stripped to essentials, configuration control (and Configuration Status 
Accounting, CSA) directs itself at this need to know just what the hardware, 
software, and supporting data (drawings, design documents, operating manuals, 
repair instructions, etc.) consist of as the project evolves with' changes that 
occur daily. 

"Configuration" refers to a complete description of the physical and 
functional characteristics of a product: for example, its weight, shape, size, 
materials, processes, power consumption, and performance (measurement range, 
accuracy, stabi 1 i ty, 1 ineari ty, etc.). The term configuration also applies to 
technical descriptions required to build, test, operate, and repair a 
Configuration Item, (CI). 

a product as something normal - not something to be deplored, but something to 
be managed. This means that, by the baselining process, we progressively define 
the shape and form of the product or item we are managing. We must accept, as a 
necessary condi tion for the technological growth and cost effectiveness, the 
idea that change when properly managed Is a vehicle for optimizing costs and 
other interface and project control considerations. 
control we have, in effect, technological anarchy. 

is a key concept in configuration management. As a product proceeds through 
conceptual studies, requirements analysis, preliminary and detai 1 design, 
qual if ication, and first article, 1 imited, and fol low-on production, the 
identification of its configuration becomes progressively more definite and 
precise, and, coincidentally, more expensive to change. 

Figure 1-1 illustrates the stages of a product's life. Regardless of the 
titles you choose to put on these stages, they always exist within good 
engineering and business practice in industry. Any product, be it an aircraft 
or a pencil, must have some reason for being, a function that has to be 
performed - a performance requirement. While this requirement and the general 
form of a product are being established, we are in the initial stages of concept 
and performance requirements analysis. When requirements have been defined and 
a limiting set of restrictions is placed on the product (such as size, weight, 
and durability) the third discernible stage, development, has been entered. 
Design requirements are defined and the physical characteristics of the product 
are determined in sufficient detail to enable it to be built and tested to see 
if it fulfills its intended functional (or performance) requirements. The next 
stage, production, operation and support represents the period in which it is 

With thousands of engineering changes a normal part of the development of a 

Configuration management imp1 icitly accepts changes during the progress of 

In the absence of change 

The idea of progressive definition, integral to the product's life cycle, 
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Figure 1-1. The Stages O f  Any Product's Life. 
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produced, marketed, sold and operated and in which it must be maintained and 
repaired as required. 

where the buyer is usually purchasing not only the end product but its design 
and development as well, the point of departure or I1baselinei1 between each of 
these stages has significance. Each represents a point of decision by the 
buyer or negotiation between the buyer and seller, or both. The buyer must 
have some measure of supervision and control over the seller's activities to 
assure that (a) he has sufficient information for making the basic critical 
decisions, such as continuation, cancellation or modification of a project; 
(b) he is getting the product contracted: and, (c) the product will be 
compatible with the other items in his complement of equipment and with 
associated project interfaces. 

It has always been difficult to determine the optimum measure of control 
that should be applied. The cost and the degree of detail controlled increase 
considerably as the product's life cycle progresses. If the variation is to 
be in definable degrees, definitive baselines for each stage of the product's 
1 ife cycle must be established. 

The degree of technical control to configuration baselines will increase 
as each more detailed baseline i s  established. Therefore, the buyer must 
allow the seller's flexibility for maximum creativity and ingenuity during the 
early project stages where it will be most beneficial, whereas the buyer's 
control must become greater in later stages as the projected impacts and the 
cost of a change becomes greater. 

1.2 CONTENT OF THE TEXT 

subject of configuration control in significant depth. This first chapter 
provides an overview of configuration control. This will give the reader the 
proper foundation and perspective with which to understand the specific 
details of configuration control in the remaining chapters of the text. 

Chapter Two describes configuration control organizational concepts 
employed by corporations and government agencies and reviews the desired 
relationships between the organization responsible for configuration control 
and other organizations within the corporation, the customer and interfacing 
associate contractors. 

Chapter Three introduces baseline theory which i s  the cornerstone upon 
which all the configuration management practice is based. 
perspective the various levels and layers of configuration control as they 
relate to evolving configuration identification documentation. 
establ ishes the basis for the Government/contractor, contractor/subcontractor 
and contractor/associate contractor interfaces. 

cycle, describing the important functions to be performed, interactions which 
must take place, the documentation which is created at various stages o f  the 
process, the decisions that can be made and the ramifications of the various 
choices. It also delves into the processes necessary to establish and operate 
a controlled Software Oevelopment and Support Library, how to bond and release 
software and assure effective version, revision and patch control . 
activity Configuration Control Boards (CCB) in support o f  the change process 
described in Chapter Four. 
function to assure the orderly and controlled introduction of changes to 
base1 ined configuration. 

In a buyer-seller relationship, particularly in the aerospace marketplace 

One can see by the table of contents of this text that is covers the 

It puts into 

It also 

Chapter Four traces the engineering change process through its entire 

. 

Chapter Five details roles and responsibilities of customer and design 

It describes their composition and how they 
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Chapter Six describes the interface control process whereby an 
integrating agency or contractor maintains the integrity of the physical, 
functional and data interfaces between equipment and/or software produced by 
associate contractors under separate contracts to the Government. 
reflects the use of similar procedures to develop and control contractor to 
subcontractor interfaces. 

passing down configuration control requirements from a prime contractor to 
subcontractors, and assuring the effective accomplishment of those 
requirements . 

It also 

Chapter Seven discusses the rationale for, and practices followed in 

1.3 HISTORY OF CONFIGURATION CONTROL 
A good part of the techniques and formalization of configuration 

management was based on existing business practices. However, regardless of 
the self-imposed discipline that was practiced by any individual company, the 
depth of procedures for the control and documentation of change, historically, 
was extremely shallow and there was no uniformity from company to company or 
from one Government agency to another. 

The mad race for arms during World War II taught some bitter lessons. 
Engineering changes levied on increasingly sophisticated systems too often led 
to products that turned out to be a surprise. This deficiency also became 
apparent in the race for a successful missile launch in the 1950s. With time 
being critical, the promulgation of changes was accelerated to resolve 
incompatibilities among elements supplied by many associate and supporting 
contractors. When a successful flight was finally made and the buyer, in the 
euphoria of success, said, "Build me another one," industry found itself with 
the circumstances in Figure 1-2. The prototype was expended (launched into 
orbit) and there were inadequate records of part number identification, 
chronology of changes, and change accomplishment. Technical data did not 
reflect all the changes that had been made, and it was obvious that an 
identical article could not be produced, and a second success guaranteed. 

This, of course, is gross oversimplification, but with the era of manned 
space flight approaching, the situation had to be improved. 

Major General William B. Bunker of the U.S. Army Material Command 
described the situation in these terms: 
being delivered with no information as to how they were built and how to keep 
them running. 
operations to determine what had failed and what design alternatives were 
available to solve the problem. Illustrated parts lists appeared months, 
sometimes even years, after the equipment (was delivered) and were usually 
inaccurate and incomplete. We qualified certain components and tests and then 
found, usually after they failed in service, that the production design had 
been altered, and we found that only the original manufacturer could supply 
the system or its component because we couldn't tell anyone else how it was 
made . I' 
systems were becoming quite complex. Military aircraft carried sophisticated 
electronic hardware which required on-line maintenance, and air bases and 
aircraft carriers now devoted great proportions of their space to electronic 
and avionic (electronic components used on aircraft) components and associated 
support facilities. 
until maintenance action was required and troubleshootinq disclosed spares 

''Expensive and large systems were 

Deficiencies and failures in tests started long sleuthing 

With the advent of the jet engine and the transistor, aircraft weapon 

Multiple configurations of items were often undiscovered 

non-interchangeabi 1 ity and supporting documentation comphibi 1 ity problems. 
The first military regulation that formalized change activity was ANA 

(Army, Navy, and Air Force) Bulletin No. 390, which established the 'Engineering a 
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Figure 1-2. Lack of Configuration Control - An Embarrassing Consequence. 
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Change Proposal" (ECP) and gave industry uniform guide1 ines for proposing 
aircraft changes. ANA Bulletin No. 391a further broke down ECPs by 
classification of priority, and extended the discipline beyond the airframe 
industry into electronics and manufacturers of ground support equipment. 

It was superseded in 1963 by Air Force-Navy design or Army-Navy design 
(ANA) Bulletin No. 445 which provided a uniform procedure for the submission 
o f  proposed engineering changes to the government for approval. ANA Bulletin 
No. 445 reiterated the necessity for including the technical, fiscal, and 
logistic supporting information required to define the impact o f  a proposed 
engineering change. Over and above the earlier bulletins, it added 
maintainability and reliability as elements requiring Consideration as Class I 
changes . 

ANA Bulletin No. 445 was subsequently superseded by Military Standard 480 
(MIL-STD-480), which, in turn, has been replaced recently by MIL-STD-4806. 
MIL-STO-480B i s  today the universal standard governing configuration control 
on military programs. 

During the Development and Acquisition Phases," was released for pub1 ication 
in June 1962. 
management and initiated the application of baseline concepts, configuration 
record requirements, seller-buyer interface responsibi 1 ities, and an 
elaboration on the change management requirements of ANA Bulletin 391A which 
was in place at the time. 

three source documents: 
Specification MIL-0-70327, "Drawings and Data Lists," and ANA Bulletin No. 
445, "Engineering Changes." It superseded many other government 
specifications, bulletins, and standards. The Navy provided detailed 
instruction for processing of engineering change proposals in BuWeps 
Instructions 5200.20 and ANA Bulletin No. 445, Supplement No. 1. 

increasing impact of software to the systems acquisition environment. 
1976, the Department of Defense (DOO), recognizing the significant impact o f  
software on weapons system procurements, mandated in DOO Directive 5000.29 
that: 

hardware and computer software wi 1 1  be 
specified and treated configuration 
i terns" 

Air Force Systems Command Manual, AFSCM 375-1, "Configuration Management 

This document established a new concept of specification 

In June 1964, AFSCM 375-1 was extensively revised and based primarily on 
Defense Standardization Manual M-ZOOA, Military 

In the mid-l970s, government and industry began to become aware of the 
In 

"Defense system computer resources, including both 

- 
Previously, software has been treated contractually as items of data. 

Managing software as configuration items elevated it to the level of a prime 
hardware item, and put it under the close scrutiny o f  the procuring agencyp 
theoretically assuring greater management attention. 

begun to mature from what was once a "black art" to something approaching an 
engineering discipline. The stormy history o f  standards regulating the 
documentation of software and, therefore, providing a basis f o r  its 
configuratlon control, parallels the early chaotic history of CM requirements 
documents. Figure 1-3 shows the chronology of these standards. A blow-by- 
blow description of the evolution is too lengthy to include here, and is not 
necessarily prerequisite to the subject of configuration control. These 
documents and their role in the configuration control process will be 
discussed in subsequent chapters, as necessary. 

In the ten years from 1976 to 1986, the software development process has 
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Figure 1-3. Software Documentation Standards Chronology. 
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Suffice to say that a single tri-service Software Development Standard 
was achieved in June of 1985 with the issuance of DOD-STO-2167. 
perhaps, been the most coordinated standard in history. This standard and its 
related data item descriptions are undergoing continuing evolution to address 
outstanding issues and to maintain them abreast of current technology. 

Paragraph 5.7 of DOD-STD-2167 addresses the subject of configuration 
management. It represents, perhaps, the first time that industry comnents to 
a section of a standard were accepted by the government and incorporated 
virtually verbatim. This section calls for software configuration management 
to be performed "within the framework of the system configuration management 
and... ensure that integrated procedures address the total system 
requirements, including such items as hardware, related CSCIs (Computer 
Software Configuration Items), support and training elements and faci 1 ities, 
and government furnished hardware and software, as applicable. 

control from an integrated "system" viewpoint. 

It has, 

This, then, i s  the background for this text, to address configuration 

1.4 C O N F I G U R A T I O N  CONTROL 
Confiauration control means the control of the baseline documentation. - - 

Contrary tÕ popular belief, particularly within the software coknity, 
configuration control procedures, including the use of formal engineering 
change proposals (ECPs), must be implemented once the functional baseline 
(system specification) has been established. As the al located and product 
baselines are established, formal ECPs must usually be approved before changes 
can be made to the baselined documentation.. (Class II engineering changes to 
product base1 ine documentation are an exception to this approval 
requirement). 
changes is required before they may be implemented. 

the contractor and the Government or other customer, such as a prime 
contractor. In addition, configuration control occurs at several levels 
internal to the contractors activities and at one or more levels within the 
Government/customer. 

is to ensure the continued logistics supportability o f  the system. Once 
production is complete, the contractor may disappear from the picture. 
However, there is still a requirement for the Government to control its own 
changes to the delivered items, whether they are the result of an approved 
modification program or an authorized maintenance action. Channels for 
official documentation and approval of all these changes must be established 
if configuration control is to be maintained for the delivered items. This 
theme will be repeated throughout the remaining chapters. 

But in all cases, government concurrence with the proposed 

This i s  the Wsible" portion of configuration control, as "seen" by both 

The bottom line of configuration control during production and operation 

1.5 THE ROLE OF M I L I T A R Y  STANDARDS 
A s  one who applies configuration control, you should understand why there 

are requirements fÖr certain events, documentation, and mi lestones in your 
program. The actual implementation of configuration control wi 1 1  be 
determined by the program type, phase, expected production, manning, etc. The 
key is to accomplish the intent of the configuration control activities as you 
proceed with the program even if you are unable to accomplish the complete 
scope of each of the activities. 
from the basic requirements spelled out in the military standards. 

Care must be taken, however, in deviating 

Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


i 
EIA CflBb-4 9 3  E 3234600 0077334 1 

CMB6-4 
Page 9 

The mi 1 itary standards that describe configuration control requirements 
for contractual application have been written and revised based on problems 
encountered and lessons learned in DOD programs. The requirements in the 
military standards may be tailored to delete unnecessary detail from the 
program, or they may be waived and entirely eliminated from the program. 
Indiscriminate tailoring or deletion, however, may lead to insufficient 
documentation and control of system design and may create comunications 
problems in the understanding of contractual tasks. 

The standards have established a common level of understanding of 
configuration control terms between the Government and most DOO contractors. 
If you speak o f  a critical design review, everyone understands the intent of 
the review and knows which document (in this example, MIL-STO-1521) should be 
used to find additional detail on the type o f  documentation that will be 
needed and the activities that will be accomplished. 
technical documentation review, however, you wi 1 1  need a detailed description 
of it and even then may not fully comunicate its purpose. And there can be 
problems in assuring that all the necessary requirements are addressed if a 
l'requirements specification" or Yechnical exhibit'' is used to specify the 
performance requirements for a CI rather than, for example, a prime item 
development specification in accordance with MIL-STO-490. 

The military standards provide for a comnon understanding of contractual 
tasks between the DOD contractors. The tasks associated with the standards 
are well defined and understood. If this is the first government contract for 
a contractor, the use of the military standards will give him a precise idea 
of the scope of effort required. The tailoring o f  these military standards 
for configuration management should be accomplished by a configuration manager 
who understands the needs of the program as well as the philosophy of 
configuration management. The same is also true for the selection of data 
items necessary to accomplish or document the tasks required by the military 
standards. 

MIL-STD-4808 (and MIL-STD-4818 for some reprocurement contracts) 
establishes the requirements for submittal of ECPs, deviations, and waivers. 
It also defines the amount and type of infomation that should be included 
with the documents. 

If you speak of a 

a I 
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CHAPTER 2 
ORGANIZATION AND PLANNING 

This chapter discusses the organizational considerations in the 
Implementation o f  configuration management, including its placement in the 
corporate Organizational structure and its relationship to other functions. 
It describes the configuration management functions to be performed. 

The second half of the chapter describes the planning required to 
implement a CM program. It focuses on the CM plan, its purpose, preparation, 
tailoring of CM requirements to fit the program, and supporting CM procedures 
that must be applied for effective management. 
that much o f  what CM does is organization and planning. To implement 
'8contro1n one needs to organize and plan. 

It is important to remember 

2.1 ORGANIZATION CONSIDERATIONS 
Given the variables. let's not assume that any aiven oraanitation chart 

is the *Ionly8l one or the-IWght" one. 
Program organization chart i 1 lustrating the relationship of the Configuration 
Manager to the Program Manager is shown in figure 2-1. 
organization, the Configuration Manager takes day-to-day direction from the 
Program Manager, provides guidance to other line managers on the program for 
configuration management functions, and serves as a direct interfacing point 
with the Customer for matters relating to configuration management. The 
Configuration Manager reports administratively to the Director of the 
Configuration Management Department, who provides guidance to the various 
programs, provides the important tasks of personnel recruiting and hiring, 
program staffing, salary administration, technology development and 
innovation, corporate oversight of program CM performance, development of 
comnon policies and procedures and other forms of support and administration 
wh i ch may be requ i red . 

For illustrative purposes only, a 

In this matrix 

2.2 FUNCTIONS TO BE PERFORMED 
The techniques of Configuration Manaqement have been developed in 

response to the'requirements-for a wide scope of information upon which to 
base management decisions. 
weapons system in terms of CIS, selecting only those items that can and need 
to be separately defined and managed; continues with proper planning, 
coordination and change control activity; and culminates in judicious 
utilization of manual and automated status reporting and accounting systems 
designed to identify basic configuration, monitor change status, and verify 
change incorporation. 
Manager to ensure that these goals are met without over-selection o f  
configuration items, voluminous reports, and data inaccuracies. Excessive 
numbers of controlled (separate) items can overwhelm the most effective 
configuration management system . 

Configuration Management has the responsi bi 1 i ty to insure that the 
configuration of the deliverable product is adequately defined, that changes 
are controlled and accounted for, and that related data items are defined and 
delivered as specified by contract and Purchase Order requirements. 

The basic tasks of a Configuration Manager are shown in Figure 2-2 and 
addressed below. Analysis of these tasks reveals that Configuration 
Management becomes involved with virtually every activity which directly or 
indirectly contributed to the contractual definition of the product. 
Accordingly, successful completion of these tasks assures proper configuration 

Its application begins with the definition o f  a 

It is the primary responsibility of the Configuration 
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Figure 2-1. Program Configuration Management's Functional Relationships 
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Figure 2-2. Generic Tasks of a Program Conf i gurat i on Manager. 
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identification, control and accounting in a formal manner for contractor and 
procuring agency management . 
2.3 DESCRIPTIONS OF CM RESPONSIBILITIES 

The following description of CM responsibilities 1s typical of a large - 
aerospace program: 

2.3.1 Configuration Identification. The identification of Configuration 
Items for both hardware and software, and the selection of the optimum points 
in time for the establishment of baselines for their configuration control, 
will be accomplished by CM in consultation with, and based on concurrence of, 
appropriate engineering and software managers. 

and revision systems based on consultation with CM. CM will assure that the 
systems meet contractually specified standards, provide clearly delineated 
configuration versions, and ‘are consistent with other corporate systems. CM 
and Engineering will agree on the procedures and approvals required for the 
release of the baseline configuration since such procedures and approvals are 
dependent on the baseline status and configuration control ground rules for a 
given program. 

Engineering wi 1 1  implement hardware, software and documentation numbering 

2.3.2 Confiquration Control. CM is responsible for the management of the 
Configuration Control System and will implement procedures for the 
preparation, processing, review and implementation of authorized changes to 
baselines, including internal development baselines. 

These procedures include Engineering responsibilities and authority for 
change documentation preparation, participation in change review, and change 
implementation. 

Depending upon the contract requirements and in accordance with the 
Configuration Management Plan, change approval and implementation authority 
may be granted to the Engineering or Software Manager, for changes that are 
within the scope of the contract, up to an appropriate time (such as 
satisfactory completion o f  initial software development testing of each major 
software segment.) After test completion, the segment of software is 
considered base1 ined and change approval/implementation authority is vested in 
the CCB chairman. 

At the appropriate point in the software life cycle, the use of the 
Contractor Change Directive (CCD) will be introduced to provide a vehicle for 
Program Management review, direction and authorization of changes including 
those proposed by Sel lers/Subcontractors. Engineering wi 1 1  prepare the 
initial CCD. 
assignment of CCD numbers and evaluation of CCDs for adequacy and 
completeness. CM will continue to be responsible for management of the ECP 
process including numbering, preparation, and submittal of all ECPs to the 
customer. Engineering will provide technical, schedule, and fiscal inputs to 
the proposals in accordance with the ECP preparation instructions. 

The primary change board on all programs is the Configuration Control 
Board (CCB), chaired by the Program Director or his designee. CM acts as 
Secretary of the CCB, establishes the agendas, publishes minutes and issues 
revised CCDs as appropriate to disseminate direction. On programs where 
software i s  a factor, Software Engineering (SE) will be a member of the CCB. 
Subsidiary to the CCB are the Change Review Board (CRB) and the Engineering 
Review Board (ERB) or its software equivalent, the Software Configuration 
Control Board (SCCB). The purpose of the CRB, chaired by CM, is to coordinate 

CM will be responsible for management of the CCD system, 
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ECP preparation. Software Engineering, when involved in an ECP, will be a 
member of the CRB. The ERB, chaired by Engineering or ILS, depending on the 
change, screens potential changes for technical adequacy and desirabi 1 i ty. 
Both CM and SE shall be members of the ERB. For software changes only, SE 
will chair a SCCB that will function as the software equivalent of the ERB. 
CM will participate in SCCB meetings. 

control of Request for Deviation (RFD) and Request for Waiver (RFW). Unlike 
the ECP that implements permanent engineering changes, the RFD/RFW allows for 
a temporary departure from the mandatory requirements of the Technical Data 
Package (TOP) e.g. specifications, drawings, etc. 

In most cases, the RFD/RFWs will be processed in a similar manner as the 
ECP and will be discussed in detail in Chapter 5. 

Also, part of the Configuration Control system will be the generation and 

NOTE: These boards are typical of internal CCBs as well as 
customer conducted CCBs and may vary dependent on individual 
company and customer requirements. 
Configuration Control Boards is contained in Chapter 5. 

Further description of 

2.3.3 Configuration Status Accounting. Reporting to the customer on 
the current configuration status and the status of changes is the 
responsibility of CM. Engineering will support the reporting 
requirements by furnishing information available from the development 
activity and such automated development tools/systems as are in use on 
the program. 
information required to satisfy customer reporting requirements with 
minimum duplication of effort. 

CM's responsibility is to assure that approved changes are 
incorporated into the deliverable product. Change incorporation io 
verified, based on inspections and tests, by Qual i ty Assurance. 
Documentation update corresponding to changed computer programs must be 
certified at the time of test. 

At the completion of integrated testing of a given equipment or 
software module, Engineering will provide CM with a Software Quality 
Assurance certified record of the as-tested configuration o f  the 
computer program and its associated documentation. CM will review the 
certified record against the change authorization documents (ECPs, 
etc.), update baseline records, as necessary, and authorize bonding of 
the software and documentat i on as appropri ate . 

Engineering, CM and Qual i ty Assurance wi 1 1  agree on the software 
media bonding and documentation release procedures appropriate to a 
given project, consistent with contractual requirements and 
Configuration Management, Software Development, and Qual i ty Assurance 
Plans. 

The departments agree on the content and source of 

2.3.4 Reviews and Audits. CM will be a participant, sometimes only in 
an administrative function, in all Design Reviews (e.g., SRR, SDR, POR, 
COR, etc.). Specific responsibilities will be as assigned by the 
Program Manager or Review chairperson. 

Engineering and QA will participate in and fully support the 
following formal Configuration Audits and reviews mandated by the 
customer. 
audits with the customer. 

In most instances CM will co-chair formal configuration 

Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


E I A  CMFdb-4 91 W 3234600 0077320 7 E 
CMB6-4 
Page 15 

A Functional Configuration Audit (FCA) will be chaired by CM to 
verify that the configuration item's actual performance complies with 
its performance specification. CM will conduct a Physical Configuration 
Audit (PCA) to verify that the as-built configuration of the CI conforms 
to the Technical Documentation which defines it. 

2.4 THE CM PLAN 
A configuration management plan is a road map to the application of 

configuration management on a specific program or project. 
describes: 

How the company or Government agency is organized to conduct 
configuration management . 
What the configuration items are that CM will be applied to. 
What documents wi 1 1  form the various configuration basel ine; 
when they will be established. 
What control ground rules apply for changes to each baseline. 
What procedures and tools will be employed for configuration 
identification, control, status accounting and audit. 
Interfaces with other disciplines. 
Level of automation. 

It 

There are many levels at which CM planning is accomplished. These 
include Government procuring activities, contractors and 
subcontractors. There are unique configuration management plans created 
at each of these levels to establish the ground rules for joint 
ventures, partnerships and other contractor teaming arrangements. 
Finally there are configuration management plans that are prepared as 
part of a contractor or subcontractor proposal in response to an RFP as 
well as plans prepared after contract/subcontract award to detail the 
application and procedures to be followed in performance of the 
contract/subcontract. 

Regardless of the Data Item Description (DID) used, the plan must 
address the functional , al located, and product basel ines and the 
identification and control of the documents which comprise them. 

The contractual aspects of configuration control must be addressed, 
including, specifically, the requirements to classify changes and submit 
ECPs, deviations, and waivers for approval o f  concurrence in 
classification. 
as test reports or trade-off studies, which connotes after the fact 
documents, but are the media for Government approval o f  changes which 
affect their i nterests. 

GFP software must be addressed. 

ECPs and SCNs are not 'reporting documentation', such 

Provisions f o r  management and change control of subcontracted and 

2.4.1 CM Plan Content. The content o f  the CM Plan is provided in 
Figure 2-3. This content can be tailored by the Plan preparer to meet 
almost any situation or product calling for a CM Plan whether the 
product is hardware or software or, as is most frequent, a combination 
of both. 
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DATA l T D 1 D v  

The Configuration Hanagement Plan (m) describes the 
contractor 's  organization, policies,  and rocedures for 

configuration ident i f icat ion,  confi a t ion control, 

audita f o r  hardware, software and f i rmarc .  

accomplishing Configuration Liraagesmt ( d 1, t o  include 

configuration sta tus  actountina, an tY configuration 

. Y D U S A T ~ Y U I U I O I T I Y Y I  

7.1 This &ta item description applies t o  all can- 
t r a c t s  requiring delivery of a Codfiguration b g e -  
ment Plan. This.plan i a  intended t o  rovide th 

Configura tion Hanagement S ps t em. 
7.2  a m ' p r e p a r d  in accordance w i t h  this DIII ii for  
information only even though it i r  suh i t t ed  for govern- 
ment approval unless contract expl ic i t ly  sta tes  that 
upon approval the becomes a contractual requirement. 

Goveniunt with an understanding of J e  contractor's 

7.3 The terms "contract" and "contractor" include & . . .  
L D.VC..AT).ilUTIn).TmU , 

L Y e a  *Y art. 

I. .wUU.U'-.Wœ - d* 

DOD-STD-100 
DûD-STD-680 
WD-S"D-Ul 
W+STD-482 

. MIL-STD-683 (USAF) 
ML-STD-490 
DOD-D-1000 
ML-STD-1521 (USAF 

(Continued on page 2 
U I  I C Y U I  

10:l The plan shall describe hou the contractor intenda to assure proper 
coiifiguration identification, eonfi@~ration control (including the control 
of apprwed Engineer* k g e  Proposais (ECP)), configuration status account- 
ing, and c o n f i p r a t i o o  audits. Applicable Military Standards and Specifica- 
t ioas ,  listed in Block 9 ,  r h i l l b r  'used'ïn rccotdracc with the contracf 

10.2 The p l m  shall indude, but need not be liaited t?, the following sections 
t o  cnc#pars hardware, software, a d  f i r m a n :  

nquireme8ts ta d m l o p  the p h ' s  .. deuils. 
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7.4 This D I D  s a t i s f i e s  the requirement of llu-STD-483, 
Appendix 1; Ku-STD-1456; and WD-Sa)-2167. 

7.5 This D ï D  supersedes DI-E-1100, DI-E-2035, DI-E-3108, 
DI-E-5391, DI-E-5528 and DI-HCCR-80009. 

BLOCK 9. References (Continued) 

DûD-STD-2167 
HIL-S-83490 

BUXX 10. Preparation Instructions (Continued) 

9.  Configuration Audits 

10. Subc(>otrrctor/Veudor Control 

10.3 
following content instructions: ' . 

Content Instructions.  The CüP shall be prepared i n  accordance w i t h  the 

Section 1 - Introduction. 

This sect ion shall include: - 

a. The purpose, scope, and specific contractual appl icabi l i ty  of 
the m. 
b. Reference fo applicrble directives or  tlossrrics containing 
def ini t ions of t e r i i no low and acronyms used in the QIP. 

c.  A d u c r i p t i o o  of tâe plro ' r  u j o r  features a d  objectives, rod 
a concise rrtirry of tbe contractor's approach to Configuration 
h g c r c n t  for hudwre, r o f m r c  and f immre .  

Section 2 - Applicable Docrpentr. 

This section shall begin with the following paragrrph: "The 
follovioa dociPcnts of the exact issue rhoun f o a  a par t  o f  
thir plan to the extent specified herein. Documents referenced 
in the following documents are for  guidance ouiy unless they 
ara otherwise cited i a  the contract r q u i r a e n t s . "  

It SW lirt those specificatioum, ;&dards, m n u l s ,  and 
other documenu referenced ia the QiP. Each docuicnt shall be 
completely ident i f ied by t i t l e ,  document number, issuing 
authority,  revision a t a t u ,  and when applicable, chrage notice/ 
Ueuàmeat uusber, and date of issue. 

. .  . . 

Figure 2-3. CM Plan Data Item Description (Page 2 o f  6). 
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DI-€-= 
BLocI[: 10. P&anUon Instructions (Continued) 

Section 3 - Configurrtion thnagement Orgrniiution. 

This section shall describe and graphically portray the 
contractor's o rg rn iu t ion  for  CM vhich shall include the: 

a. Relationships between the contractor's project organization 
and functional organizations. 

b. Responsibilities and authority for  Qlaf a l l  participating 
groups and o r ~ i d z r t i o o r .  

c. Ident i f icat ion of the ~ o n t r r ~ t o r ' s  CM organization includipg 
configuration control bords -and the relationship of 
responsibil i t ies f o r  brdmre, softurn. and f ixmare  CZI. 

d. Policier and directives relat ing to CX. 
Section I - Interface thnagement. 

"his section shall describe the contractor's plans and procedures 
for  coordination of interfacing design with associate contractors 
( i .e . ,  two o r  more contractors working under separate Government 
contracts) o r  government agencies ; and for  rocesring coappaoion/ 
related changes. I t  s h l l  describe, i s  app P icrbìe: 

a. Associate contractor agrcacntr.  

b. Responsibil i t ies of u& party t o  the interface. 

I 

c. interface w r b g  p u p  procedures. 

¿. Isenice control docrirnution. 

e. 
documents. 

interface chrnb procedures, fori, c h c a t i o n  d i a ,  and 

Scctioa 5 - Configumtioa fiana- Phasing and üilntones. 

Thia section r h l l  be spec i f ic  in: 

80 hffnfnl th s 
i q ~ t a t i o o  of Qt" 
b. btablirhhg contracforl. baselines and internal 
coofiptitianr. 

c. I n t e r r e l a t ~  eventi c r i t i ca l  to û!. 

ce of erenu rod major miicstoaes for  

Figure 2-3. CM Plan Data Item Description (Page 3 o f  6). 
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DI-E-7XXI 

BLOCa 10. Preparation Iiirtnictioos (Continued) 

Section 6 - Configuration Identification. 

This section shall present the contractor's plans for: 

a. Recownding and identifying configuration items as required 
by the contract, and additional item considered necessary b.y 
the contractor to  ensure proper coafiguration identification. 

b. Developin numbering, changing, and maintaining specifica- 

f icat ion trees. 

e. Preparing, idintifyíag,  and revising c n g i a c t t i q  drawings 
and associated lists. -. - 

d. Establishing baselines as appropriate (functional, allocated, 
and product). 

- 
tions; and il P' u t r a t h g  the i r  relationships by means of spcci- 

e. 
developœent, and their identification and relationship t o  
higher level specifications. 

f .  Establishing a softvare support l ibrary ( w h e n  applicable). 

g. Assigning nomenclature, s e r i a l  numbers, and par t  numbers 
t o  hardware, and tit-, labeling, numbering, and cauloging 
software. 

Preparing and processing of software specifications during 

h. Releasing engineering docttwntrtion. 

Section 7 - Conf i~urr t ioa  Control. 

ihir rection shU.dtrdbc the contractor's procedures for  
configuration control, inc'udia8: 

a. Specific application of contractual conf iguration control 
requircwntr. . 

b. Clarr i f icr t ion of Clara I and Class II changes (in accor- 
dance uith OOD-sai-480) t o  artab1is:aed configuration ident i f i -  
c a t i o u  and the level of authority for change rpproval/coo- 
cuzzenct. - 
c. b n f i p r a t i o n  control batween thr c o n t r a ~ t o r ' s  internal 
or rnizations, between the t0ntrrttor and t& procuring ac t iv i ty ,  
an between the contractor ad subcontractors. Include fuaction, 
responsibility, and ruthoriq of each control board, working 
group, etc. 

Figure 2-3. CM Plan Data Item Description (Page 4 of 6). 
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BLOQ 10. Preparation instructions (Continued) 

d. Forir t ,  processing requirements, and subaitu1 to the 
Procuring Agency, or  Procuring Agency's Representative, of 
documents used ia the conduct of configuration control (e .g . ,  
Enginetrina chrage Proposals, Specification Change Notices, 
Notices of Revision, Class II Changes, Requests f o r  Deviation/ 
h i v e r ,  Software Trouble Reports, and when applicable, specif i c  
internal  control and authorizing documenu 1. 

e. CÖntrol o f ,  access to ,  and s e d t y  of l ib rar ies ,  &u - 

bases;. release. f i les , -  etc., involved i n  configuration control. 

f .  Procedures for  ensuring that a l l  items are approprirtciy a 

reidentified t o  re f lec t  the- ciunse. 

Section 8 - Configuration S u t u r  Accouoting. 

This section riu11 present: 

a. The contractor 's  procedures f o r  collecting, recording, 
procersiog, and maintaining &U oecessarg t o  produce contrac- 
tual status accounting informtion v i a  reports and/or d i u  
base access. 

b. Descri t ion of reportidata bare content related to  (as 
a p p u u b b f :  " 

(1). Coafiguratiou identification (baseline) status. 
(2) Chanae Propral s t a t u  and history.  
(3) k-ksi@ versus b-Built configuration. 
(4); ûther &ange i i rplacntr t ion sta tus .  

c. Rctâoda of 8cc1u to information in status accounting data 
baser d / o r  fraqp2ncl of reporting and distribution. 

- 

Section 9 - Configmation Audits. 

This section shall describe: 

-a. P i k ,  procednres~ documentation, and scheduler for  func- 
timal coafifutrt ioo audits and physical configuration audits 
in  -accordaucc uith MïL-STD-UZl. 

b. P o k t  and reporting muìu of in-procesr configuration 
audia 

Figure 2-3. CM Plan Data Item Description (Page 5 o f  6). 

Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


EIA CMBb-4 91 E 3234600 0077326 ô 
CMB6-4 
Page 21 

D I 4 - r n  

BLûîK 10. Pr&ation Instructions (Continued) 

Section 10 - Subcontractor/Vendor Control. 

The contractor shall describe the methods used in prodding and 
asrurint subcontractor/vendor compliance vith configuration 
mugement rquirments.  

Format. Any format which sa t i s f i e s  the requirements of this D I D  

a. 'ñlen.is a cover pate with the plan t i t l e ,  syrtem/itca name 
and designation, coatract number, CDRL number, date, revision 
identifier (uàen applicable), rrrd contractor name and address. 
revision s t a m  record MY b e  included. 

b. 
pager. 

10.4  
MV be used- Configuration Hanagement Plan, provided: 

A . 
Then is a .table o f  contents vhen the plan ir  longer than 10 

figure 2-3. CM Plan Data Item Description (Page 6 o f  6). 
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CHAPTER 3 
BASELINE MANAGEMENT 

The whole concept of progressive definition (matur ty) of product 
configuration and the gradual application of increasing levels o f  
control are the essence of configuration management and can be sununed up 
in the phrase "Baseline Management". Baseline Manageme..t is synonymous 
with configuration control. 

This chapter will describe the use of the formal baselines in 
controlling configuration changes, introduce the "non-formal" or 
"internal" basel ines used by contractors, i 1 lustrate the mu1 tiple layers 
of interrelated baselines that may exist in a complex project, and 
discuss the application of control authority to the structure. In 
effect, this chapter examines the theory o f  configuration control with 
the remaining chapters of the text focusing on the practices and tools 
used to perform it. 

3.1 ESTABLISHMENT AND DEFINITION OF FORMAL BASELINES 
The baseline concept is an essential cornerstone to the 

Configuration Management process. 
approved departure point for the definition and control of changes. 
Basel ines consi st of establ ished (contractual ly set or approved) 
configuration identification which provide the reference points for 
change management. 

The names given to the baselines are a- convenient way of 
indicating, in one word, which set o f  control rules applies to a given 
identification document and hence tell us the level of approval that is 
required to effect a change. The formal Functional, Allocated and 
Product Baselines are, therefore, a series o f  gates defining in three 
progressive steps, the configuration o f  the product that the Seller is 
producing for the Buyer; they reflect the increasing stake the Buyer has 
in the product as it progresses from a iipaperll product to a 
one. As the cost o f  making a change increases, so does the level of 
scrutiny and approval. 

stopped - only that formal approval must occur before the change can be 
implemented. As shown in Figure 3-1, changes which impact an 
established baseline must be examined closely and approved by the 
customer. As a by-product, unnecessary changes, including "nice-to- 
have" but costly gold-plating, are eliminated. The entire Configuration 
Management program can cover its own costs if it succeeds in screening 
out a single 9nega-buck" change that is unnecessary. 

But before a Configuration Manager can hope to achieve such 
successes, he or she must first determine the practical and economical 
level at which to apply the baseline principles. He must define the 
Yonfiguration Items"; those things (be they hardware, software or 
fimare) to which configuration management is to be applied. 

3.2 SELECTION AND IDENTIFICATION OF CONFIGURATION ITEMS (CI) 
Sometimes, selection o f  a CI is patently obvious and is simply a 

matter of looking at what the contract calls for as the deliverable end 
product. 
Vontract End Item'', as described in Chapter 1. 

A basel ine connotes an agreed-to or 

. 

Establishing a formal baseline does not mean that changes are 

In fact, the early terminology for configuration items was 
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Figure 3-1. The Function o f  Baselines i s  Not to Stop Changes. 
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But because, in complex programs such as Aircraft and Major 
Electronic Systems, there is a need to manage at lower than the "system" 
level, the terminology was revised to Configuration Item (CI) which may 
be further delineated as HWCI (or just CI alone) for hardware items and 
CSCI (formerly CPCI) for computer software configuration items. In this 
section we are using the term CI generically to reflect either hardware 
or software. 

CIS are usually selected in the Demonstration and Validation Phase 
of the program life cycle or early in Full Scale Development as an 
output of the system engineering process. They represent the levels of 
technical interface with the procuring agency (Customer) and with 
Subcontractors. 

specification-type documents (depending on customer requirements) are 
generated by the contractor/subcontractor and reviewed and approved by 
the customer. The approval and authentication of designated documents 
establishes baselines for configuration control. 
base1 ines, both external (Customer) and internal (Program Management) as 
described, involves evaluating each change for its impact on the 
configuration identification of related hardware/software configuration 
i tem. 

At any time in the life of a Configuration Item, it's current 
configuration identification is defined by the previously established 
baselines and approved changes. 

Choosing Configuration Items (CSCIs or. HWCIs) is a management 
decision based on both technical and administrative factors. The CI is 
the level to which the system requirements, usually expressed in a 
System Specification (or equivalent) are al located for individual 
assignment of development responsibil ity or separate procurement. 
many cases the need to prepare a separate specification i s  obvious and 
coincides with the rationale for CI selection. 

Thus, the selection of CIS is not a simple matter. It can have a 
significant influence on the cost of applying configuration management 
over the full life cycle of the product. Excessive CI selection can not 
only make the configuration management activity a cost driver but, by 
overburdening the resources with administrative tasks, can obviate the 
cost-saving benefits of an efficient CM program. Taxed with too much 
"paper pushing", a configuration manager's cognitive processes may be 
dulled to the point where change review becomes a formula process rather 
than the careful individual examination of each change to discern the 
hidden Ilshow stoppers" and "budget wasters." An optimum selection o f  
CIS is the first step in developing a cost-effective configuration 
management program. 

As the development of the CI progresses, specifications or 

Management of 

In 

3.3 FORMAL BASELINES 

on the definition of three baselines: Functional, Allocated and Product 
- after a number of years of individual designations for more or less 
the same thing. These baseline titles are equally applicable to 
software. The distinction is more in the subtleties of their use then 
in basic definition. 

services but are defined by different software documentation depending 

In the hardware world, the DOO agencies and industry standardized 

The three formal baselines are conceptually the same for all DOD 

Full document details: SAE CMB6_4

http://www.avadocuments.com/doc/sae-cmb6-4
http://www.avadocuments.com/doc/sae-cmb6-4


L . 
- 

E I A  CMBb-4 91 W 3234b00 0077330 T 
CMB6-4 
Page 25 

upon the documentation standard that is contractually specified. 
Al though DOO-STD-2167 is now the univeral standard for software 
development and documentation, the others (DOO-STD-1679A and the MIL- 
STO-483/490 (basic versions]) live on in the form of (a) previously 
developed software which is being modified to a limited degree (probably 
less than 30%) and for which cost prohibits rewrite of existing 
documentation, and (b) fol low-on contracts under which the prevailing 
development and support environment is that of the earlier standards. 
Life is not simple in the real world. 

configuration baselines. 
Figure 3-2 illustrates the definition and content of the formal 

3.3.1 Functional Baseline. The Functional Baseline represents the 
documented and agreed-to system level requirements embodied in a System 
Specification or equivalent systems requirements document. 
usually established prior to the Full-scale Development Phase (contract) 
as a result of the effort completed during the Demonstration and 
Validation Phase (contract) . The Functional Baseline is usually 
contractually applied as a configuration control tool no later than the 
establishment of the Full-Scale Development contract. Where applicable, 
the Functional Baseline concerns both hardware and software. The system 
specification al locates functions to the hardware/software elements 
comprising the system. 

3.3.2 Allocated Baseline. The Allocated Baseline results from the 
further al location of System level requirements via "Development 
Specifications" to the individual hardware and software configuration 
items comprising the system. This baseline is established during 
development, usually prior to the Preliminary Design Review (POR) when 
the customer approves the al located requirements and the planned 
functional approach to development. This, however, in no way relieves 
the contractor from meeting the system-1 eve1 , Functional Basel i ne 
requirements. But while the Functional Baseline always takes precedence 
over the Al located, the Al located Baseline remains the primary technical 
basis for change control with the customer throughout the development 
process . 

It is 

3.3.3 Product Baseline. The Product Baseline for hardware consists of 
the documentation necessary to build, test and accept the product in 
production and is a primary technical basis for change control during 
the Production Phase (contract). At this point, the product baseline 
represents the physical embodiment of the functional baseline 
requirements. All three baselines are in place with the order of 
precedence being functional 

Since software literally does not have a production phase, there is 
a subtle difference in the significance of the product baseline. In the 
case of software, the Product Baseline i s  the validated documentation of 
the tested and accepted software rather than the basis for production. 
It is thus primarily a baseline for software maintenance which 
encompasses continuing change control . Most changes to Allocated 
Baseline (performance) requirements will have an impact on the source 
code and documentation comprising the Product Baseline. Likewise, any 
change to the Product Baseline must be examined for impact on the 
al located and functional 

al located and product. 
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Figure 3-2. Formal Baseline Theory. 
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3.4 INTERNAL DEVELOPMENTAL BASELINES 
Internal baselines, and the internal confisuration manasement 

practices we apply to them are really the basic-good management practice 
upon which initial CM concepts were based when the discipline was first 
defined in the early sixties. Once the topic is understood, the feeling 
is that, "Hey, this is what we really have been doing all along - when 
we take the trouble to do things right!! And when we don't, the result 
is chaos!!" 

3.4.1 Defininq Internal Baselines. As widely accepted as the formal 
baseline terminology has become, it is a bit surprising that until 
recently one could not use a universally understood term to describe 
internal configuration baselines. 

When Draft MIL-STD-1679 introduced the term 'Developmental 
Baseline" to the software community, it was rejected by some Government 
and industry users of the document, because it could be incorrectly 
interpreted as another baseline subject to Government control rather 
than an internal practice of the contractor. 

The true character of this baseline began to be understood, 
strangely enough, when the term 
"configuration" substituted by the authors of DOD-STD-2167. They . 
reasoned, after receiving coments to their first two drafts, that 
deleting the term "baseline" alleviated the concern about Government 
control of the software documentation at too-low a level and too early. 

The development configuration for software is analogous to the 
internal release control and release records for hardware drawings. In 
fact, many in the industry prefer to include both hardware and software 
under the umbrella of the developmental configuration terminology. Any 
change to released engineering drawings requires internal approvals. 
Government approval or formal approval is required only when the 
establ ished Functional or Al located base1 ines are impacted by the 
proposed change. 

Configuration, each proposed design change, though internally 
controlled, must be examined for its impact on program costs, since a 
released engineering drawing imnediately can cause additional work to be 
performed. This work includes such activities as manufacturing 
planning, tool design and fabrication and manufacture of parts. If 
uncontrolled, change, though not impacting the customer's baseline, 
could defeat much or all of the baselining and control effort. Thus, 
rigorous internal configuration control to the documents in the 
Developmental Configuration engineering release record is a necessity. 

When the engineering development of the hardware is completed and 
proven by the completion of the FCA and PCA, the engineering drawings 
(which are the top level and detailed level design documents for 
hardware) are, along with the Product Specification, formally base'lined 
as the Product baseline. Any change must be treated as Class I or II 
and submitted to the customer in accordance with MIL-STD-4808. 

Thus, the analogy is completed and we can clearly see that, 
conceptually, at least, there is no difference between the internal or 
formal configuration control of hardware and software. As practiced by 
some companies, the Developmental Configuration is subdivided into a 
series of internal sub-baselines with increasing levels o f  change 
approval authority required as each successive baseline is established. 

was removed and the term 

e 

Once documentation or code has been entered into the Developmental 

O 
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For example, in the development of a missile, there may be a number 
of internal baselines that reflect the stages of the design. 
Test Vehicle (LTV) baseline may be established in the evaluation of the 
propulsion system. Any changes would require some sort of change 
documentat ion . 
baseline. This baseline would "build upon" the propulsion by including 
the control mechanisms. This would evaluate the control of the airframe 
during the various propulsion stages. 

Guidance Test Vehicle (GTV) for verification of total system performance 
e.g., propulsion, control and guidance. 

controls as the configuration approaches the production or tactical 
configuration . 

A Launch 

The LTV could be followed by a Control Test Vehicle (CTV) 

Finally the CTV test configuration could add guidance to create a 

As you can see, it is necessary to apply more formal change 

3.4.2 Manaqement of Computer Proqrams and Documentation. Configuration 
management of computer media (magnetic tapes, cassettes, etc.) and 
documentation encompasses library controls which secure and bond code 
and documentation at the appropriate point in the development cycle to 
prevent the inclusion of unauthorized changes. 
library controls assure that computer software items retained in a 
computer software library are identified, controlled and accounted f o r  
and that material is recorded, filed, maintained and safeguarded in a 
manner that will provide proper identification, storage, protection and 
authorized release, revision, reproduction, distribution, and removal. 
The release control requirements described in the previous section are 
administered via the software library. 

Specifically, the 

3.4.3 Internal Baseline Control. Configuration Control is applied to 
both internal and external basel ines incrementally as the development 
progresses. The depth and timing of this control is critical to program 
success. Applied too soon, configuration controls can be a cost driver 
to the program and an impediment to efficient development. Applied too 
late, they cannot be effective in minimizing program cost and preventing 
schedule slippage. * 

process by restricting the work to that which is contractually 
authorized and funded. 
changes that impact his interests, and provides a means for providing 
authorization for "out-of-Scope" effort and equitable adjustment in 
contract price and/or schedule where justified. Therefore, formal 
external control must be applied only where it is truly required. 

throughout development. It is applied initially as a general statement 
of the entire system performance requirements (Functional Baseline) and 
then to more detailed requirements for each CI or CSCI (Allocated 
Baselines). What this means is that the contractor has the freedom to 
change, subject only t o  his own internal controls, any product design or 
code so long as it is judged within the technical and fiscal scope of 
the then currently established baselines. 
specifications or other contractual parameters, as del ineated in MIL- 
STO-4806, are impacted, appropriate change classification must occur and 
customer approval must be obtained. 

The external control of formal basel ines inhibits the development 

It requires the customer to technically approve 

This formal control essentially remains at the requirements level 

If the baseline 
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Once a CI or CSCI is delivered and is under the control of the 
Product Baseline, all changes to the design of the product, or its code 
in the case of software, whether for correction of error or enhancement, 
impact the customer operations, and, therefore, more stringent 
procedures are applied. However, if the contract calls for the 
contractor to provide software support and maintenance subsequent to 
software delivery, strict control to the product basel ine might be 
deferred until customer takeover. However, this is the exception and i s  
highly dependent upon contractual considerations. 

Throughout the life cycle of the CI/CSCI, it is essential that each 
request for change be reviewed for possible contract change 
implications. Many projects, particularly in the software area, have 
been unwisely escalated in cost by a contractor responding to customer 
requests and suggestions without documenting them as changes and seeking 
additional funding. 

No amount of discipline or control at the formal contractual level, 
however, can save a project that does not rest on the firm foundation of 
good, basic, comon sense, internal discipline and control. Internal 
control is the foundation level for configuration management. 

Good basic software design and development management insists on 
'las-you-goll documentation by analysts and programers, the maintenance 
of notebooks and/or unit development folders and the coordination with 
others on interfacing requirements. The analysis and design of the 
system hierarchy and the allocation of work into organized work 
packages, or units, sets the basis for all levels of control. This 
I1revelationt1 that has come rather lately to the software comnunity i s  
real ly an adaptation of the basic design discipline practiced by 
hardware designers - under the banner of good basic engineering practice 
since the turn of the century. 

As a project progresses, with each unit of software moving from 
analysis to design, and then on to the coding and test stages o f  the 
development process (which para1 leis the simultaneous progression of 
hardware through preliminary and detail design, fabrication, and test), 
higher levels of internal configuration control are employed, such as 
development libraries, release controls, and test controls. 

When tests are complete for identifiable units of code or hardware 
components and they enter integration testing with other hardware/ 
software elements, higher authority is needed to effect change and 
correct errors. At this point, others besides the individuals in the 
group responsible for the given unit or component are involved and may 
be impacted by the contemplated change or correction. 

of an 'linformal contract" that the development (engineering) team has 
with the Program Manager. 
encompasses milestones which apply in staggered (waterfall) fashion to 
CIS and/or CSCIs and at a lower level to its assemblies and hardware 
parts or computer software components and units. These milestones or 
"internal basel ine" points, each signal a greater degree o f  management 
control . 
is natural and should inhibit the development effort only to the extent 
that one is restricted from taking action which impacts other affected 
areas of responsibility and of incurring unnecessary costs to the 

8 

a 

This internal baseline control can be thought of as the management 

In this context, the "informal contract" 

This management control , i .e. , the requirement for change approval, 
e 
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project by redoing completed tasks without having to justify why the 
change is necessary and prudent. 

process is the design review and configuration audit process, which is a 
quality assurance as well as configuration management function. The 
internal configuration Control Concept is essential regardless of such 
customer-related elements as CIS and formal specification approvals. It 
can and must be practiced, for a project to be successful, whether or 
not formal configuration management is contractually stipulated. Simply 
put, a project without inherent internal configuration control cannot 
produce an effective product that is maintainable and supportable and 
meets all the requirements of the customer. 

The only other area of internal control which regulates the design 

3.5 CONTRACTOR HIERARCHY 
There are a number of contractor relationships that can influence 

the planning for configuration management and the definition of 
baselines for configuration control. As in the Government hierarchy, 
there are a wide variety of scenarios in different defense contracting 
environments. 
relationship one would infer from the simplistic approach in the MIL- 
STDs, regulations and handbooks, we may have one or more of the 
fol lowing: 

A prime contractor or two or more interfacing prime contractors 
Contractors teams in the forms of: - - Equal partnerships - Principal subcontractors - Major subcontractors 
Dual source development and manufactwing 
Leader/follower type of contractor relationships 
Multi-company, multi-national consortia 

Far from the "one contractor/one government office" 

These, and other similar arrangements constitute only the first and 
Below that tier there possibly th'e second tier of contractor hierarchy. 

may be from one to four or five or more levels of subcontractors and 
vendors, depending on the complexity of the contract, the product, and 
the services required. 

3.6 BASELINE RELATIONSHIPS 
These multiple levels of baseline controls on both the Government 

and Industry sides provide an interrelated set of baselines which define 
the contractual requirements. Those interfacing contractual 
requirements are subjected to configuration control from one level to 
the next higher level 

Rather than try to diagram the entire fifteen or so levels which 
would only be confusing, Figure 3-3 shows the interface between two 
adjoining levels, those of a prime contractor and of a first tier 
contractor. This example is typical. It illustrates the relationship 
between the functional and the allocated baselines as viewed from both 
sides o f  the interface. 

This diagram illustrates that the Prime Contractor's Functional 
Baseline is derived from the Prime Contractor's contract with the 
Government. From the Functional Baseline, the Prime al locates 
requirements to CIS and establishes an Allocated Baseline. Part or all 
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of the Prime's Allocated Baseline establishes the requirements 
established in a subcontract with a subcontractor, who in turn may 
allocate requirements to lower levels and acquire items from subtier 
suppliers. The subcontractor's Functional Basel ine thus derives from 
the Prime's allocated baseline. The Prime's Product Baseline, which is 
the physical manifestation of his allocated baseline, includes the 
Product Baseline representing the subcontract portion of the Prime's 
Product. 
subcontractors. The lower one goes, the less precise the relationships 
become . 

The classic baseline relationship is often distorted by the 
contracting and subcontracting process leading to such terminology as 
Functional/Allocated baselines or Functional and Product with no 
Allocated. These distortions may result from too limited a view of the 
entire process or the desire to simplify references. Regardless of the 
terminology used, however, any of these established baselines are 
similarly treated from a Configuration Control point o f  view; so it is 
wasted effort in debating the semantics. 

Each layer o f  the Baseline structure requires Configuration Control 
to be exercised by the next lower level. Thus a change to a component 
by a subtier supplier can and often does bubble up through successively 
higher levels until it reaches the point at which it does not impact an 
established baseline. 

One can carry this analogy down through subsequent levels of 
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CHAPTER 4 
THE CHANGE PROCESS 

While chapter 3 described the concepts associated with the 
establishment of configuration base1 ines, this chapter addresses how 
changes from the established baselines are managed. 
engineering change process through its entire life cycle and examines 
the functions to be performed, the requirements for documents and data 
files to be created, the role of configuration control (change) boards, 
the rationale involved in each of the decision processes and the 
procedures typically employed. In the process, unique considerations of 
the change process relating to different product types such as aircraft, 
ships, armament, software, microprocessor firmware, etc. , are 
high1 ighted. 

It traces the 

4.1 OVERVIEW OF THE CHANGE PROCESS 

management. It is the mechanism by which changes to a product are 
managed. Change management, or the control of a program's constantly 
changing configuration, must utilize this process to follow 
Configuration' s development as the design evolves. This process 
provides a disciplined methodology to handle change management 
activities from initiation to definitized changes, which includes 
tracking and status reporting for both internal (company) and external 
(customer) use. 
of organized steps to initiate, review, approve, and implement changes 
to established documentation (programmatic and contractual) for al 1 
programs within a company. These steps must be progressive and as 
fol lows: 

The change process is the principal by-product of change 

This mechanism for controlling change includes a series a 
1. Requesting and assessing the impacts of the change. 
2. Classifying the change. 
3. Proposing the change. 
4. Approving and authorizing the change. 
5. Implementing the change. 
6. Verifying and accounting for accomplishment of the change. 

Managing change is a multi-faceted process. The details of 
specific change management procedures can be confusing and rather 
overwhelming when viewed in their entirety. However, by breaking the 
process down into the series of discrete steps, illustrated in 
Figure 4-1, we are able to examine the process in detail. This overview 
flow chart of the configuration change process provides the roadmap for 
the remaining sections of this chapter. 

Section 4.2 examines the Change Request Process. It discusses the 
sources of, and reasons for, change initiation and explores the activity 
in this part of the change cycle. The change begins at the time the 
need for the change is identified and continues through the initial 
assessment of the potential change impacts. 

Section 4.3, Change Classification, describes the next logical 
step, which is to determine which of the several change processing paths 
is must applicable to the specific change, depending on the nature of 
the change and the extent o f  its impact. The term classification is 
used in this context to delineate the level of approval authority that 

O 
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is necessary for the given change and, therefore, the documentation, 
routing, signatures, change board approvals or contractual authorizing 
and funding actions it requires. 

Section 4.4, Change Proposal Preparation, describes how each class 
of change is scheduled, documented, evaluated and approved, including 
submittal for customer approval. 

Section 4.5, Customer Approval and Authorization of the Change, 
outlines, for each classification of change for which the customer is 
involved, the specific actions that must be taken to approve the change, 
direct its implementation and provide the funding for the various 
elements of the change. 
tracking that is required by both the contractor and the customer 
depending on the classification of the change. 

Section 4.6, Contractor Change Implementation, takes us from 
receipt of the change authorization from the customer through the steps 
necessary to direct and control the incorporation of the change in all 
areas that are impacted. 
evaluate the change, as authorized, provide budgets and job charges, and 
authorize work. 

change. It discusses the activities required to perform final 
implementation planning, and release of all the information that is 
necessary for functional activities to .complete their responsibilities 
with respect to the authorized change. It also addresses the procedures 
for verifying the change incorporation and the requirements for status 
accounting associated with the configuration control process. 

It should be noted that the processes and detail forms specified in 
this chapter as well as other chapters in this text are examples used in 
industry today but are not to be considered best in all cases. Similar 
practices exist in all companies and are to be implemented according to 
the company, the product, and the phase of the product life cycle. 

O 

It also delineates the type of scheduling and 

It includes the processes necessary to re- 

Section 4.7, Change Implementation focuses on the execution of the 

(b 

4.2 CHANGE REQUEST (CR) AND ASSESSMENT PROCESS 
The request for a change to a product is a necessary step that 

organizations must ut1 1 ize to initiate the dynamics of the overall 
change mechanism. The specific Change Request form (see Figure 4-2 for 
a sample) should be available for use by anyone in the organization to 
request product changes. Consequently, anyone in the organization 
working on the development and/or production of the product can initiate 
a change request by providing the information required by the form and 
attaching to the form whatever supporting documentation is required. It 
is important to remember that everyone should have access to change 
request forms, including people in manufacturing, quality assurance, 
testing, procurement, and product support. 

4.2.1 Types o f  Chanqe Request Sources. 

4.2.1.1 Government (Customer) Initiated CR. The customer can initiate 
a change request either by a direct letter, contract modification, or 
more frequently by using an Advance Change Study Notice (ACSN). The 
ACSN can be prepared by the contracting agency to request information 
about a change, or an approved ACSN is used to authorize the contractor o 
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l .CC8REEIPTDATE Z ~ W .  - 
REASON FOR CHANGE 

I. WE NEED A CHANGE DEVIATION 0 WAIVER. ON PART/OOC NO. 

RTLE USED IN NEXT ASSY ON PROGRAM BECAUSE. 

2 TECHNICAL: - WON'T F I T  - WON'T FUNCTION: - WON'T MEET TECH REOM'T COST OR 

2 SCHEDULE PERFORMANCE IS UNACCEPTABLE c] CUSTOMER W R l l l E N  DIRECTIVE SUPPLIER PROPRIETARY CHANGE 

F THE PART NO. IS PURCHASED MATERIAL. ENTER THE SUPPLIERS NAME. 

t .  STATE THE TECHNICAL. COST, SCHEDULE OR CUSTOMER REPUIREMENT THAT CANNOT BE MET REFERENCE ANO ATTACH A COPY OF 
THE DOCUMENT THAT CONTAINS THE REOUIREMENT 

1 

i. ORIGINATOR (PRINT L SIGN) 6. OATE I 7. OEPT/SECT NO. - I ô. EXT. 

). THE FOREGOING IS ACCURATE 6 COMPLETE (SUPERVISOR PRINT 6 SIGN) 

21. TAMn E H E C I I M N  

MAIL ZONE - 
10. OATE 11. DEPT/SECT NO. - 12. EXT. 

Figure 4-2. Change Request Form. 

13. NEXT ASSY 14. CONTRACT NUMBER 15. PROGRAM NAME A 16. R 17 PRINT AND SIGN 18. OATE 
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to prepare a proposal based on its content. This ACSN will authorize 
the contractor to be paid for performing engineering effort necessary to 
prepare a formal ECP. 

4.2.1.2 Subcontractor/Vendor Initiated CR. Subcontractors can initiate 
change requests either by using a form similar to the buyer Change 
Request form or by submitting a Request for Deviation (RFD) to the 
buyer. Since an RFD should not be used for the total contract quantity 
it will usually initiate a review by the buyer to determine if the 
deviation can be accepted in the design of a limited number of . 
production units. Rejection of the RFO could lead to a Change Request 
to change all units. 

4.2.1.3 Manufacturinq Initiated CRs. Once production has begun, 
manufacturing will initiate the majority of the CRs on a program. Most 
CRs will be proposed to improve production yields, implement improved 
processes or change assembly techniques. 

4.2.1.4 Software Problem Reports (SPR) Software Problem Reports are 
used to report all Software problems which occur after any software 
element or document has been placed under formal change control. 
Generally these SPRs will be submitted to the SCCB for evaluation prior 
to submittal to the CCB. 

4.2.2 Change Process Initiation. Once a change request form i s  filled 
out and approved by immediate supervision, it is submitted to the 
configuration control administrative function of the company's 
configuration management organization. That function reviews the change 
request, adds a change request number to the form, records the number 
and title, and submits the change request to the Configuration Control 
Board (CCB) for change analysis. The CCB Chairman, often the Project 
Manager or Configuration Manager, reviews and preliminarily approves the 
Change Request (CR). Upon preliminary approval by the Chairman, the CCB 
organization, made up of representatives from the program's functional 
discipl ines, conducts/monitors an assessment o f  the change the fol lowing 
change impact areas: 

a 

a. 
b. 
C. 
d. 
e. 
f. 
g. 
h. 
i. 
j. 
k. 
1. 

m. 

Product's Form, Fit, or Function 
Cost/Schedule 
Manufacturing Operations 
Tooling 
Purchasi ng/Material s 
Facilities 
Test Equipment 
Impact on Government Furni shed Equipment (GFE) 
Spares/MoD K i  ts/Manual s/Rel i abi 1 i ty/Maintainabi I i ty 
Support Equipment 
Assocl ate Contractors 
Other functional disciplines such as Contracts, Legal, Finance 
m a y  be added for a particular change where their assessment is 
necessary 
Data Requirements 
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4.2.2.1 Preliminary Technical Evaluation. Some companies require a 
preliminary engineering review to be accomplished prior to the 
generation and processing of the change request to the CCB for action. 
Its purpose is to review proposed changes to the design, problems and 
errors detected during testing and integration, and reports coming from 
the operational/maintenance facilities. 
evaluation of these changes, assures their coordination among the 
affected technical disciplines and recomnends further action on their 
correction or implementation. 
baselined) no further action may be required if the change request is 
approved by the head of the engineering team. Where the change affects 
established basel ines, a change request should be prepared after 
completion of the technical evaluation and the change is passed on f o r  
formal change processing. 

It includes technical 

If the design has not been released (or 

4.2.2.2 Initial Evaluation, As discussed in Chapter 5 there are other 
organizations associated with the change control process which must 
evaluate proposed changes. These groups evaluate the totality of the 
impact of the change including technical, cost and schedule 
considerations. 

4.3 CHANGE CLASSIFICATIONS 
In order to effectively manage changes to Configuration Items 

(CIS), it is important that the changes be classified properly. The two 
most comnon classifications are nonbasel ine changes, sometimes referred 
to as Class II internal developmental changes, and Baseline (or Class I) 
changes. 
represent temporary departures from contractual requirements. 

In addition, there are deviations and waivers, both of which 

4.3.1 Internal Development and Class II Enqineerinq Chanqes. These 
nonbaseline changes provide a cost-effective tool for change control in 
a development environment. During the development and testing phase of 
the product I s design, once the performance requirements document or 
Development Specification has been approved and baselined, a change 
which does not impact requirements is a nonbaseline change. Even after 
the customer has baselined the released design documentation, numerous 
minor changes to the design may be accomplished without affecting the 
baselines. However, unless positive controls are established over their 
generation and implementation, these nonbasel ine changes can seriously 
impact profitability because the project managers and the associated 
configuration management function are not aware of their cost impact on 
the program. Nonbaseline changes are not normally paid for by the 
customer. Therefore, the company's bid package must include funds to 
cover the normal amount of non- baseline engineering changes. The 
number of changes can be quite large and can only be estimated using the 
company's past experience with similar contracts. 
experience, and without controls for nonbaselined changes, the company 
can suffer severe loss of profits due to runaway change activity. 

These basel ines are generally under full contractor control but 
without customer involvement. AS such Class I Engineering Change 
Proposals (ECPs) and the associated formal change documentation e.g . 
(Notice of Revision, Specification Change Notice), do not apply. This 
allows the contractor more latitude in working design changes in a 

Without this 
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timely manner while allowing the customer control of the formally 
released Basel ines. 
the Change Order (CO) shown in Figure 4-3) must be required for each 
nonbasel ined change and a specdic evaluation/decision process completed 
before they are implemented. 

This latitude does not mean that the documentation is not being 
controlled, it just means that a different control process is being 
used. This less formal change process provides basically the same 
information to the company's decision making but it does not require 
formal documentation to be provided to, and decisions to be made by the 
customer . 

Internal change documentation such as (simi lar to 

4.3.2 Class I Engineering Change. A proposed engineering change is 
normally considered Class I (i.e.* to be approved by the customer) if 
approved base1 ines are impacted. The Government usually invokes the 
following factors to be used to determine the change shall be Class I. 

a. The Functional Configuration Identification (FCI) or Al located 
Configuration Identification (ACI) , once established, i s  
affected to the extent that any of the following 
requirements would be outside specified limits or 
specif led tolerances. 

( 1) perf ormance; 
(2) reliability, maintainability and survivability; 
(3) weight, balance, moment of inertia; 
(4) interface characteri st i cs; - 
(5) electromagnetic characteristics; or 
(6) other technical requirements specified in the FCI or ACI. 

NOTE: Minor clarifications and corrections to FCI and AC1 shall be 
made only as an incidental part of the next Class I ECP and 
accompanying SCN, unless otherwise directed by the procuring 
act i v i ty . 

b. A change to the Product Configuration Identification (PCI), once 
established, will affect the FCI or AC1 as described in a. above, or 
impacts one or more of the following. 
(1) Government Furnished Equipment (GFE) 
(2) safety; 
(3) deliverable operational , test, or maintenance computer software 

associated with the CI and CSCI being changed; 
(4) compatibility or specified interoperability with interfacing CIS 

or CSCIs, support equipment/software, spares, trainers or 
training devices/equipment/software; 

(5) configuration to the extent that retrofit action is required; 
(6) delivered operation and maintenance manuals for which adequate 

change/revision funding is not provided in existing contracts; 
(7) preset adjustments or schedules affecting operating limits or 

. performance to such extent as to require assignment of a new 
identification number; 

(8) interchangeability, substitutability, or replaceability as 
applied to CIS, and to all subassemblies and parts except the 
pieces and parts of non-reparable subassembl les; or as applied 
to CSCIs and to all CSCs and CSUs; 
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