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Foreword

This Standard is intended to enable an enterprise to strengthen its competitiveness in global markets by
engineering and producing quality systems, and by delivering its products on time at an affordable price or
cost. The focus, therefore, is on conceptualizing, creating, and realizing a system and the products that
make up a system.

This Standard was developed as ajoint project of the Electronic Industries Alliance (EIA) and the
International Council on Systems Engineering (INCOSE). This effort was chartered by the G-47 Systems
Engineering Committee of EIA and has been designated as Project PN-3537. This Standard has been
approved by the EIA Endineering Department Executive Committee.

Intended uses of this Standard include

a) benchmarking by an enterprise against the requirements of this Standardfor engineering a system,
or portion thereof;

b) preparing enterprise standards, policies, and procedures for engineering a system,
c) developing lower-tier industry- or domain-specific process. Sandards;
d) developing process capability and assessment models;
e) establishing terminology and concepts for better €ommunications,
f) developing training and education curricul g,
g) preparing plans for actual development of a product.
Useis not limited to specific disciplines, industry sectors, or technology domains.

To provide each eénterprise with the greatest degree of flexibility for adapting to changing ¢nvironments
while maintaining the integrity.‘of. adopted processes, this Standard

a) limitsthe set of required processes to those directly related to the technical aspects of
engineering systems,

b) defines representative tasks associated with each process;

¢) includesthe relevant information flows and interactions with enterprise and project entities.

This Standard is intended to define “what to do” with respect to the processes for engineering a system.
ANSI/EIA-731, Systems Engineering Capability, provides a capability model and assessment method as a
basis and means for determining “how well” the processes in ANSI/EIA-632 are defined and implemented.

This Standard is consistent with 1SO 9000 in that it provides processes that can be adopted by enterprises
for engineering systems.

Annex A isnormative. Annexes B through G are informative.

Vii
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Introduction

Background

In June 1994, aworking group of industry associations, the International Council on Systems Engineering
(INCOSE), and the Department of Defense developed an interim standard for the engineering of systems.
This effort was led by the G-47 Committee on Systems Engineering of the Electronic Industries Alliance
(EIA). EIA/IS 632 was intended to provide a standard for use by commercial enterprises, as well as
government agencies and their development contractors.

In April 1995, afarmal warking group was established under Project PN-3537 and with

IA and INCOSE

sponsorship to gg
serve U. S. indus
domains. Asarg
engineering pract

Contents of this Standard

This Standard def
practices that hav
premises:

a) A sydsen
products,

b) Products

stakeholder requirements,

c) Theengi
to each ¢

requisite

The systematic

refinements, (3) developing derivatives, (4) producing modifications, and (5) updating exis

(6) creatingand r

of asystem. Thigapproach isincrementally applied in an engineering life cycle framewor

nerate and release this full Standard. The joint working group decided t]

e evolved during the second half of the twentieth century. The defined g

neering of a system anchits related products is accomplished by applying

knowledge and'skills.

ry to develop a“top-tier” standard applicable across all industry secters

ces described in the interim version of this Standard.

ines a systematic approach to engineering or reengineering a system, inc

is one or more end products and sets of<related enabling products that al
over their life cycle of use, to meet-stakeholder needs and expectations,

at it would best
and technology

SUlt, the contents of this Standard are an abstraction of the essential featyres of the

Drporating best
bproach has three

ow end

are an integrated composite ofchierarchical elements so integrated as to npeet the defined

ement of the system-hierarchy by a multidisciplinary team of people wha

proach of this Standard is applicable for: (1) completing corrective actid

izing new systems, and (7) alowing for the safe and cost-effective dig

A set of processes
have the

ns, (2) making
ting products,
posal (retirement)

K that can be

implemented during any one or more phases of an enterprise-based life cycle (for example, during
production, operations, support, or disposal).

Voluntary Compliance

Adoption of this Standard is intended to be entirely voluntary, within the discretion of individual enterprises
or other individual organizations.
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Document Organization

The Standard is organized as follows:

Clause 1

Clause 2

Clause 3

Clause 4

Clause 5

Clause 6

Annex A

Annex B

Annex C

Annex D

Annex E

Annex F

Annex G

Scope

Normative
references

Definitions and
acronyms

Requyt

Appllication
context

Appllication key
congepts

Glogsary

Enterprise-based
life gycle

Prodess task
outcpmes

Planning
documents

System technical
revigws

states the purpose of the Standard and defines the particular processesto

which it isintended to apply.

lists other standards that are so referred to in the text as
indispensable in applying this Standard.

defines special use terms and acronyms.

contamsthereattrementsfor-theprocessestha

engineering a system. Representative tasks associated W
are defined.

describes the context in which the processesof this Star

describes key concepts related to applying the processes
generate and integrate the layers.of-end products and en
needed for engineering a system.

gives definitions for words that are used in a specific te

to make them

Aral to

ith each process

dard are applied.

bof Clause 4 to
abling products

thnical way in

the body of the Standard. Only those terms for which the normal

dictionary definition does not suffice are included.

describes themanagement-life cycle phases in which a
thereof, iS incrementally engineered.

provides expected outcomes for the representative tasks
Clause 4.

liststypical source, technical, and other documents relat
a system and their contents.

describes the necessary technical reviews for ng

ystem, or portion

identified in

ed to engineering

Drogress against

technical plans and requirements, and for assessing plar

ned tasks.

Unprecedented
and precedented
development

Requirement
relationships

describes the application of the requirements of System

Design processes

for cases when system development is either unprecedented or

precedented.

defines different types of requirements and the relationship between these
types and the logical and physical solution representations.
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1

Scope

11

Purpose

The purpose of this Standard is to provide an integrated set of fundamental processes to aid a developer in
the engineering or reengineering of a system.

Use of this Standard is intended to help developers

a)

b)
c)

of feasible and cost-effective system solutions;

provide &
products

satisfy requirements within cost, schedule, and risk constraints;

establish and evolve a complete and consistent set of requirements that will enable delivery

L system, or any portion of a system, that satisfies stakeholders over thelli
that make up the system.

fe of the

product), or
to run within
training, or m

NOTE—TheaErm product is used in this standard to mean: a physical item, such & asﬂellij;te (end

y of its component parts (end products); a software item such as-a'stand-alon
existing system (end product); or adocument such as a plan; or aservice s
hi ntenance support, or equipment such as a simulator (enabling products).

e application
ch as test,

d) providef

1.2

This Standard def
organized into fiy

Covergge

pr the safe and/or cost-effective disposal or retirement of a system.

ines processes for engineering a systeriyas shown in Figure 1.2. Thesel
e groups.

¢ Supply Process

+ Acquisition Process
Technical Management (Subclause 4.2

¢ Planning Process

+ Assessment Process

Prod
Eng

a

Acquisition and Supply (Subclause 4.1

have been

~

tesses for + Control Process
jineécing System Design (Subclause 4.3)
System + Requirements Definition Process

¢ Solution Definition Process
Product Realization (Subclause 4.4)

+ Implementation Process

+ Transition to Use Process
Technical Evaluation (Subclause 4.5)

+ Systems Analysis Process

+ Requirements Validation Process

+ System Verification Process

+ End Products Validation Process

Figure 1.2—Fundamental processes for engineering a system
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1.3

Intended applications

This Standard is intended to be applicable to the engineering or the reengineering of

a)
b)

commercia or non-commercia systems, or portions thereof;

unprecedented;

c)
data, material

d)

anew system

S, services, techniques, or processes (or combinations thereof);
or alegacy system, or portions thereof.

any system, small or large, smple or complex, software-intensive or not, precedented or

systems containing products made up of hardware, software, firmware, personnel, facilities,

Standard can

cases.

involved and mternally devel oped projects. The fundamental processes, however, are the'sa

NOTE—The specmc tasks and |mpl ementation methods for applying the processes reqm red by this
Lstomer-
mein al

The requirements
enterprise policie
processes of this

5 and procedures that define the requirements for project implementation
Standard. The application of this Standard with respect t0 enterprises an

of this Standard, or a designated subset, are intended to be applied by es

tablishing
pf the adopted
d projectsis

shown in Figure 1.3.
Enterprise Project
Industry establishes implements
EIA 632 Policies & 'y Adopted
Standard Procedures :
Requirements
Figure 1.3-<Application of this Standard

1.4 Limitatjions
This Standard dogs not specify the details of “how to” implement process requirements for] engineering a
system. Nor doeg it specify thetnethods or tools a developer would use to implement the process
requirements. It |s intended-that the devel oper select or define methods and tools that are applicable to the

development, ang

This Standard d

that @re'consistent with enterprise policies and procedures.

bs not prescribe the name, format _content structure_ar medium of docun

entation.
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2 Normative references

The following standards contain provisions that, through reference in this text, constitute provisions of this
Standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this Standard are encouraged to investigate the possibility of
applying the most recent editions of the standards indicated below.

ANSI/EIA-649-1998, National Consensus Standard for Configuration Management, August 1998

|IEEE/EIA 12207.0-1996 (An American National Standard), Industry Implementation of International
Standard ISO/IEC : 1995, Software life cycle processes

|IEEE/EIA 12207]1-1997 (An American National Standard), Industry | mplementation-of Fnternational
Standard ISO/IEC : 1995, Software life cycle processes-Life cycle data

|IEEE/EIA 12207|2-1997 (An American National Standard), Industry I|mplementation of | pternational
Standard ISO/IEC : 1995, Software life cycle processes-Implementation eonsiderations

3 Definitions and acronyms

3.1 Keyteqms

Definitions for sgecia use of terms are contained in Annex A, Glossary.

3.2  Acronyms

Acronyms used i this Standard are shown below.

EIA Electroniclndustries Alliance

|IEEE Ingtitute of-Electrical and Electronics Engineers
INCO$E Inteynational Council on Systems Engineering
IS Intenim Standard

NOTE—Acronyms‘that are spelled out in the text and not used el sewhere in the document are not listed
above.

3.3 Terminology

The word shall identifies mandatory provisions of this Standard. The word should identifies recommended
provisions of this Standard. The word may identifies permissive provisions of this Standard.
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4 Requirements

This Clause provides requirements for processes used in engineering a system and is applicable to any
product development regardless of its place in the hierarchy of the system structure (see Clause 6) or the
enterprise-based life cycle phase (see Annex B). The processes are applicable for the engineering or
reengineering of the end products that make up a system, as well as the development of enabling products
required to provide life-cycle support to system end products. Figure 4a shows the relationships between
the processes of this Standard.

-
Technical Management
Pranning ASSESSMENnt Controt
Process Process Process Al
Plans R
. =0 L Out es
Directives Acquisition L{\&
& Status & Supply (( Feedback
Supply D
Process
< Acquisition
Process
4 System
Design
Acquisition Requirements System
Request (| yDefinition Process Products
‘|  Solution Definition
O Process
(5)
@’ Designs
OE Product
é \ Realization
2
I~ o
Implementation
Process
¢ Transition to Use
Process
v Products
( Technical Evaluation
Systems Requirements System End Products
Analysis Validation Verification Validation
Process Process Process Process

Figure 4a—Relationship of processes for engineering a system
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NOTES

1 Theapplication of the processes shown in Figure 4ais discussed in Clause 6 and Annex F.

Appropriate processes of Figure 4a are applied recursively and iteratively to define the system products of
the system hierarchy from the top down, and then, to implement and transition the system products from
the bottom up to the user or customer.

2 Although the requirements in this Standard are presented sequentialy, in practice many associated
tasks are concurrent and highly iterative, and have interactive dependencies that |ead to alteration of
previously established technical requirements.

This Standard specifies the 33 requirements as shown in Figure 4b.

SUPPLY PROCESS REQUIREMENTS

REQUIREMENTS DEFINITION

SYSTEMS ANALYSIS

ACQUISIT]
2—Product Acqu
3—Supplier Perfq

PLANNI

8—Work Directi

ASSESSMH

Schedules

11—Technical R
CONTR(Q

REQuI
12—Outcomes M
13—Information

1—Product Supplly

ON PROCESS

REQUIREMENTS

sition
rmance

G PROCESS

REQUIREMENTS
4—Process Implgmentation Strategy
5—Technical Effgrt Definition
6—Schedule and Prganization
7—Technica Plaps

es

NT PROCESS

REQUIREMENTS
9—Progress Agaipst Plans and

10—Progress Agginst Requirements

iews

L PROCESS
REMENTS
pnagement
Dissemination

PROCESS REQUIREMENTS
14—Acquirer Requirements
15—Other Stakeholder Requirements
16—System Technical Requirements

SoLUTION DEFINITION
PROCESS REQUIREMENTS

17—L ogical Solution Representations

18—Physical Solution
Representations

19—Specified Requirerments

IMPLEMENTATION PROCESS
REQUIREMENTS

20—Implementation

TRANSITION TO USE
PROCESS REQUIREMENTS

21—Transition to Use

B P
FRUCESS REUU

REMENTS

22—FEffectiveness Anplysis

23—Tradeoff Analysis

24—Risk Analysis

REQUIREMENTS
PROCESS REQU

ALIDATION
REMENTS

25+~Requirement Statiements

Validation

26—Acquirer Requirgments

Validation

27—O0ther Stakeholdar Reguirements

Validation
28—System Technical
Validation
29— ogica Solution
Validation

SYSTEM VERIH
PrRoOCESs REQU

Requirements

Representations

ICATION
REMENTS

30—Design Solution Y erification

31—End Product Ver
32—Enabling Product
END PRODUCTS
PROCESS REQU
33—End Products Va

fication
Readiness
ALIDATION
REMENTS
idation

lﬁ

Figure 4b—Requirements for engineering a system

The developer should: (1) decide which of the processes in Figure 4a apply to their enterprise; (2) decide
which requirements from this Standard apply for the processes selected; (3) establish appropriate policies
and procedures that govern project implementation; (4) define appropriate tasks for each of the selected
requirements; and (5) establish the methods and tools to support task implementation. Representative

tasks, along with their expected outcomes, are provided in Annex C for each requirement of this Standard.

NOTES

1 Thedeveloper can be an enterprise, a group of enterprises, an organization, or a project.

2 A developer can be either an acquirer or a supplier of systems, subsystems, or end products.

3 A developer can act in both roles (acquirer and supplier) simultaneously on the same project, e.g.,
supplying an end product to another organization, while acquiring subsystems from a third organization.
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For a system that contains product elements for which lower-tier development standards exist, or where
standards or guides exist for safety, security, or other system aspects, these should be used in conjunction
with this Standard—for example: (1) IEEE/EIA 12207 for a system that contains software, or for a stand-
alone software product; and (2) ANSI/EIA-649 for configuration management.

4.1

Acquisition and Supply

The Acquisition and Supply Processes are used by a developer to arrive at an agreement with another party
to accomplish specific work and to deliver required products, or with another party or parties to have work
done and to obtain desired products. The parties can either be inside the developer’ s own enterprise
(another project, functional organization, or project team), or can bein a different enterprise. The
Acquisition and Supply Processes can be initiated as a result of a project go-ahead or approval decision, or
by the receipt of an acquisition request, offer or directive. A project go-ahead can be given within an
enterpriseas a reTJIt of amarket-needs analysis, technology breakthrough, a perceived market opportunity,

a customer requifiement, an internal project directive, or asimilar stimulus.

NOTE—AIthJ)ugh aproject or development effort can be initiated by casual means;an agregement is
nevertheless useful to ensure that all parties involved understand the purpose, goals, and expectations of
the work.

An agreement cai be between enterprises and between organizational élements within an gnterprise, to
include between projects, between projects and functional units, andbetween units within g project. The
agreement within an enterprise can take the form of awork directive, work package, work|authorization, or
project memoran@lum of agreement. Agreements between enterprises can take the form of aformal contract
for the delivery of a product, or a memorandum of agreement that establishes the working [relationship

between two or nfiore enterprises on a commaon project.

Regardless of thgform or purpose of the agreement, certain information should be included, for example:

K)

Work to be performed,;
Cost and gchedule constraints;
Concept of operations,
Requirements to be satisfied, including known functional, performance, and interfage

Informatign pertaining to cost, schedule, planning, delivery information, product stfucture,

Appropriate technical plans;

Applicable financia structure, management and authority provisions,
Exit criteriafor relevant enterprise-based life cycle phases;
Identification of applicable engineering life cycle phases;

Required technical reviews.

NOTE—A developer can be developing a product without any contractual relationship to the user or
customer (e.g., commercial product development). However, much of the information above must be
available to the developing organization in order to proceed.
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Therole of the developer with respect to the two processes of Acquisition and Supply is shown in Figure

4.1.
Supplier —» Supply
Process
serves in the role of
Acquisition |
Requirements Developer :> Agreement
serves in the role of
A v . uses Acquisition
cquirer Process
Figure 4.1—Acquisition and Supply Processes
NOTES

1 Theacquirer can be either one of the following:

a) Interpal to enterprise—for example, another project;imarketing organization, parerjt project of a
producty team, the project team itself, executive manager, supervisor.

b) External to enterprise— for example, procurement agency, prime contractor, another developer,
buyer, ¢ustomer, end user, owner, purchaser.

2 Thesupplier can be either one of the following:
a) Interpal to enterprise— for example, another project, functional organization, product team.

b) External to enterprise— for«example, another developer, prime contractor, producer, seller,
subconfractor, vendor.

3 Therequifements of this.Standard apply to the developer in its role as acquirer, suppliey, or both.

4.1.1 Supgply Proeess

This process is uged by-the developer when acting as a supplier to establish and satisfy an jagreement with
the acquirer.

Requirement 1—Product Supply

For a system, or portion thereof, supplied to an acquirer, the developer (when acting as the
supplier) shall establish and satisfy an agreement with the acquirer.

The developer (as supplier) should plan and do appropriate tasks to complete this requirement. Tasks to
consider include the following:

a) Assessthe acquisition request, offer, or directive to determine the capability to meet the
acquisition document requirements.
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b) Establish a satisfactory agreement within legal, regulatory, enterprise, and project bounds.

¢) Record the established agreement in the form appropriate to the effort.

d) Implement the processes of this Standard, as applicable, to meet the requirements of the
agreement.

e) Dedliver the products and other deliverables as specified in the established agreement.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement influence the Acquisition, Planning, and Control Processes.

4.1.2

Acquisition Process

This process is used by the developer when acting as an acquirer to establish an agreemen

and to manage su

The Acquisition |

pplier performance.

Process includes the two requirements shown in Figure 4.1.2.

— Requirement 2 - Product Acquisition
Acquisition /

Process
Requirements T Requirement 3 - Supplier Performance

Figure 4.1.2—Acquisition Process-requirements

with a supplier

Requireme

For a system,
acquirer) shal

Nt 2—Product Acquisition

or portion thereof, acquired frem' a supplier, the developer (when
| establish an agreement with;that supplier.

acting as the

The devel oper (a
to consider includ

a)

b)

€)

f)

Prep
deliv]

Eval

e the following:

bre the appliCable acquisition request, offer, or directive to obtain supply
ery of desired system products.

Liatesupplier response to acquisition request, offer, or directive.

5 acquirer) should planand do the appropriate tasks to complete this requirement. Tasks

of work or

Make offer or provide directive to desired supplier.

Negotiate agreement to establish a satisfactory agreement within legal, regulatory, enterprise,
and project bounds.

Record the established agreement in the form appropriate to the effort.

Accept delivered products.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement influence the Supply, Planning, and Control Processes.
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Requirement 3—Supplier Performance

The developer (when acting as the acquirer) shall manage supplier performance to ensure
that the technical effort to be accomplished by the supplier provides end products that

satisfy the assigned requirements.

The developer (as acquirer) should plan and do the appropriate tasks to complete this requirement. Tasks
to consider include the following:

a)

Define the required devel oper-supplier relationships.

b)
c)
d)

Parti
Mon

Flow
projé

Cont
or ot

€)

Asse
parti

f)

Cipate on appropriate supplier product teams.
tor supplier performance against key product metrics.

-down changes in requirements or operational concept that might affect t
ICt.

Fol changes to requirements made by the supplier that«wvould affect the dd
ner related projects or products.

s supplier performance against assigned requivements, including condud
Cipation in, appropriate technical reviews:

g Vdi

ate products delivered from the supplier, or ensure that products have bg

befofe delivery and prior to integration'with other products that form a compg

int

led to meet the developer’ s goecified requirements.

The expected outfomes for these representative tasks are provided in Annex C. The outcg

with completing
Processes.

4.2 Techni

The Technica M
required to satisfy

cal Management

pnagement Processes are to be used to plan, assess, and control the techn
théestablished agreement. The relationship of the three Technical Man

he supplier’s

veloper’ s project

L of, or

en validated
site end product

Imes associ ated

his requirement influénee the Planning, Assessment, Control, and Implementation

ca work efforts
pgement

Processes for pl

niAg, assessing progress, and controlling the technical effort is shown i

Figure 4.2
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Acquisition Documents, Agreement,
Outcomes, and Feedback

O
4 1)

Plans &
Directives Control

Process

. I
Planning | Request forJ T Outcomes

Process Replanning “ o s !
1
| Assessment
Pas e Process
Directives.

Plans, Directives, Status

Figure 4.2—Technical Management Processes

4.2.1 Planning Process

This process is uged to support enterprise and project decision making and to prepare necagssary technical
plans that suppor} and complement project plans to: (1) arrive@t-a decision to supply serviices according to
an externa solicitation; (2) determine whether to proceed with an internal enterprise projegt for a new
product or a product improvement; (3) guide the work efforts that will meet the requiremefits of an

established agreefnent; or (4) replan applicable processes for engineering a system. Replapning is normally
initiated (1) wher) required by an agreement; (2) when significant variations or anomalies are identified
from other Techrjcal Management process outcomes, or (3) before implementation of the hext enterprise-

based life cycle phase.

The five reguirements associated with-the Planning Process are shown in Figure 4.2.1.

Requirement 4 - Process Implementation Stratepy

Requirement 5 - Technical Effort Definition

Planning

Process N Requirement 6 - Schedule and Organization
Requirements

Requirement 7 - Technical Plans

Requirement 8 - Work Directives

Figure 4.2.1—Planning Process requirements

Requirement 4—Process Implementation Strategy

The developer shall define a strategy for implementing the adopted processes of this
Standard as a basis for project technical planning and that is in accordance with the
agreement.

10
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The developer should plan and do the appropriate tasks to complete this requirement. Tasks to consider

include the following:
a)

b)
project.

Identify associated process approaches for development, production, test,

Identify stakeholders who will have an interest or stake in the outcome of the project.

Identify and acquire applicable documents, and the requirements therein, that could affect the

deployment/installation, training, support, and disposal that will require enabling products to

be developed or procured.

Identify and define how the applicable processes of this Standard will-béinteg

inter

f)

g) Prep

The expected out

Idenify and define progress assessment metrics and reporting.requirements.

bre, document, and make available the process implementation strategy.

comes for these representative tasks are provided in Annex C. The outcg
with completing this requirement: (1) provide a roadmap for the technical implementation
including enginegring life-cycle activities within specified-enterprise-based life cycle phase
implementable by each product team or product manager; (3) are used in preparing and ne
agreement; and (4) influence the developer’ s ahility«te fulfill the other requirements of the
Process. The pr
applicable constraints, completion criteria, and\feasibility of each process, considering res
(personnel, materjals, technology) and project execution environment. This strategy can b
project plan or a gtand-alone document;

nal and external projects will be involved, and how they will be frtegrated.

work product

rated, how

mes associated
of the project,
S, (2) areto be
gotiating an
Planning

ess implementation strategy. inctudes requirements for the processes to e undertaken,

burces
e a part of the

Requirement 5—Technical Effort Definition

The develop
implementati

shalldéfine a technical effort that is in accordance with
n strategy.

the process

The developer should plan and do the appropriate tasks to complete this requirement. Tasks to consider

include the following:

a)
requirements; and enterprise, project, and associated process constraints.

Identify project requirements to include: agreement requirements; other stakeholder

b) Establish an information database that will allow capture of project data and be able to

securely retain and make information available, as required.

c) Determine the risk management strategy to identify technical risks to the appropriate level and

properly avert those risks that could adversely affect the project.

11
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d)

€)

f)

Define product metrics by which the quality of the products will be evaluated and process
metrics by which the efficiency and effectiveness of the technical effort will be measured.

Establish cost objectives (e.g., ownership, acquisition, operating, support, and disposal) to be
used in tradeoff analyses.

Identify technical performance measures that will be used to determine the success of the
system, or portion thereof, and that will receive management focus and be tracked using
Technical Performance Measurement (TPM) procedures.

NOTE—A TPM program provides an early warning of the adequacy of adesign in terms of satisfying
selected critical performance parameter requirements of asystem end product TPM also examines
marginal cost penefi , , 03 meter isone

evolution of the parameter as a function of time toward the desi red value at the completion g
development. | The projection can be based on verification, validation, planning, or.historical data.

9)

h)

Identify applicable tasks based on analysis of the key events of. the'project and entry and exit
critefiafor each event.

Identify the appropriate methods and tools, required facilities and equipment, pnd training
requifred to be able to complete defined tasks and meet.event exit criteria

Identify applicable or potential technology constraints and develop an approagh for overcoming
each(constraint by using an appropriate mitigation approach and by technology insertion at the
appropriate time in the enterprise-based life cycle.

The expected outtomes for these representative tasks are provided in Annex C. The outcgmes associated

plans and for idetifying resource requirements, and will influence the devel oper’ s ability to complete the

with completi ngjlhis requirement will provide guidance for preparing schedules and applicgble technical

other applicable

rocesses for engineering a system.

Requirement 6—Schédule and Organization
The developef shall schedule and organize the defined technical effort.

The developer shouldptranmand do appropriate tasks to comptate thisTequiTament. TaskS to consider
include the following:

a)

b)

c)

Deveop event-based schedules based on key events, related tasks, and relevant completion
criteriafor the applicable enterprise-based life cycle phase.

Develop the calendar-based schedule, showing the dates of expected task and event completion
and the dependency relationships among tasks.

Identify resources required to complete the scheduled tasks.

Define the staffing and discipline needs to complete the scheduled tasks, training needs, and
risksif required staff are not available.

12
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€) Define the team and organizational structure to complete the scheduled tasks within resource
constraints.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement provide guidance for preparing applicable technical plans used to guide
completion of the technical efforts for each applicable process to meet agreement requirements.

Requirement 7—Technical Plans

The developer shall create technical plans to ensure an integrated and cost effective

technical effort in accordance with the defined schedule and organization.

The developer sh
following:

a) Engi
b) Risk
c)
d)
€)

f)

The expected out
outcomes associg
completing other

Tech

Verif

Othd

Any plan created
applicable to fulf

Vadliglation Plans;

puld prepare appropriate plans to complete this requirement. Plans t0-co

neering Plan;
Management Plan;
hical Review Plan;

ication Plans;

I applicable plans as called for in‘the agreement or by enterprise policies

comes for the tasks related to-devel oping these plans are provided in Ann|
fed with completing this requirement provide guidance for preparing wor
applicable project pracesses for engineering a system.

should include the’scope, tasks, methods, tools, metrics, risks, and resoJ
I the purposeof the plan.

nsider include the

and procedures.

ex C. The
K directives and

rces as

NOTE—Anngx D of this.Standard contains a listing of typical planning documents. Some

require either

the level and formality of planning to suit project complexity and uncertainty.

more or Significantly less documentation. These planning documents can be t

Drojects
bilored as to

Requireme

nt 8—Work Directives

The developer shall create work directives that implement the planned technical effort.

The developer should plan and do appropriate tasks to compl ete this requirement. Tasks to consider
include the following:

a) Develop individual project team or organization work packages that describe the work to be
done, resource sources, schedules, budget, and reporting requirements.

13
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b) Generate work authorizations for the team or organization that provide approval for applicable
teams or organizations to complete their work package requirements and to release applicable
resources.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement provide the means to implement the planned technical effort.

4.2.2 Assessment Process

The Assessment Processis used to: (1) determine progress of the technical effort against both plans and
requirements; (2) review progress during technical reviews; and (3) support control of the engineering of a
system. The product and process metrics selected for assessing progress should provide information for
risk aversion, meaningful financial and non-financia performance, and support of project management.

NOTE—Whef variations are sufficiently significant or cannot be corrected by re-accompl i%l:ment of the
process tasks that generated the outcome data, the Planning Process is re-initiated inrder tg implement
appropriate cqrrective actions.

The three requirements associated with the Assessment Process are showitin Figure 4.2.2

Requirement 9 - Progress Against Plans and Scheglules
Assgessment :

Hrocess Requirement 10 - Progréss Against Requirements
Requirements \
Requirement 1175 Technical Reviews

Figure 4.2.2—Assessment Process requirements

Inputs to the Assessment Process are in the form-of technical plans, stakeholder requirements, and
engineering outccrmes from other processes.

Requirement 9—Progress Against Plans and Schedules

The developg shall assess the progress of the technical effort against applicalple technical
plans and schedules.

The developer sheutd-plan-and-de-appropriate-tasksto-complete thisrequirerment—Fasksto consider
include the following:

a) ldentify events, tasks, and process metrics for monitoring progress against plans and schedules.

b) Collect and analyze identified process metrics data and results from completion of planned and
scheduled tasks and events.

¢) Compare process metrics data against plans and schedule to determine technical areas
requiring management or team attention.

d) Determine and implement required changes to correct variances, make changes to plan and
schedule, and redirect work.

14
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The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated

with completing this requirement provide status information to enable efficient use of resources, evaluation
of progress against plan, identification of variances of cost and schedule from planned project management
baselines, and early identification and resolution of productivity problems.

NOTE—Process metrics are identified and used to assess the means of attaining stakeholder satisfaction.
Process metrics include earned value (cost/schedule measure), amount of waste, number of engineering
changes, percentage of drawings completed, number of drawing errors, percentage of lines of code
completed, rework percentage, idle time (e.g., work in progress), change rate, and turnover in personnel.
The criteriafor process metric selection are based on how well enhancement in project performance
correlates with improvement in potential customer satisfaction.

Requiremep

+ 10—Proaress Aagainct Reailirements
t=J9—+r0gFeSsAgatistH H-EeReRts

O T UTTTIOTTT

The developer shall assess the progress of system development by compari
defined systern characteristics against requirements.

Ng currently

The developer shpuld plan and do appropriate tasks to complete this regUisement. Tasks tq

include the follow

a)

€)

ing:

Idenfify product metrics, and their expected values, that will affect the quality
and provide information of the progress toward satisfying acquirer and other 4
requifrements, as well as derived requirements,

action, progress toward maturity of the system (or portion thereof) being
ions and variances from requirements.

Identify required.ehanges and implement approved revisions to specifications
baselines.

The expected outpcomesfor these representative tasks are provided in Annex C. Represent|
associated with cpmpleting this requirement provide: (1) an evaluation of the progress tow
requirements pertaming 1o the SySiem being engineered or reengineered; (2) Saus informa
efficient use of resources, (3) evaluation and tracking of system quality and technology, (4) faster response
time to inquiries from acquirer or other stakeholders, (5) identification of variances from planned
improvements in critical technical parameters as the design evolves, (6) early identification and resolution
of system related problems, and (7) tracking of tradeoff analysis recommendations, effectiveness analysis
results, verification outcomes, and validation results.

b consider
of the product

takehol der

data

ment
engineered, and

pnd configuration

ative outcomes
brd meeting

jon to enable

NOTE—Product metrics are used to measure stakeholder satisfaction, deliver an ever-improving value to
the acquirers of system end products, and be indicative that the design process is continuing toward an
acceptable solution. An example of an input product metric is the quality of materials and skills of
assigned project personnel. An example of an output metric is atechnical performance measure (TPM).
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Requirement 11—Technical Reviews

The developer shall conduct technical reviews of progress and accomplishments in

accordance wi

th appropriate technical plans.

The developer should plan and do appropriate tasks to compl ete this requirement. Tasks to consider
include the following:

a)
polic

b)
c)
d)

D

Est

Prep
prest

e Faci

f)

Con
docu

g) Clos

actio

The expected out
with completion

provide ongoing |
traceability of reg
issues to be resol

related risks, neegled resources, and preparation for conducting the next engineering life cy

development effg

Representative t¢
and for ng

etefmine progress towar

ISfying the technical review entry requirements)
lish the technical review board, agenda, and speakers.
:I

ies and procedures, and agreement, as applicable.

bre the appropriate materials to include the read-ahead technical Teview g
ntation package.

tate and support identification and resolution of emerging issues prior to

uct the technical review according to the Technical Review Plan, identify
menting action items required to meet the review objectives.

P out the review after (1) minutes have loeen prepared, approved, and dist
N items have been resolved, and (3) the review has been signed off by the

comes for these representative tasks are provided in Annex C. The outcg
pf this requirement (1) helpensure that al event-based plan criteria have
ftatus of design maturity and how well the concepts satisfy requirements,
uirements and validity-of assumptions and decision rationale, (4) providg
ed and those issues ot determined during the devel opment effort, and (5

t.

pchni cal reviews, used for ng progress against the requirements an
planned tasks, are described in Annex E.

Identify the review objectives and requirements cited in the Technical Review Plan, enterprise

ackage and

the review.

ing and

ributed, (2)
chairperson.

Imes associated

been met, (2)

(3) provide
identification of

) highlight

cle phase

l technical plans

4.2.3

Control Process

The Control Processis used to: (1) manage the conduct and outcomes of the Acquisition and Supply
Processes, System Design Processes, Planning and Assessment Processes, Product Realization Processes,
and Technical Evaluation Processes; (2) monitor variations from the plan and anomalies relative to
requirements; (3) distribute required and requested information; and (4) ensure necessary communications.
This process supports satisfaction of the agreement and assurance that variations and anomalies are
corrected by repeating appropriate tasks.

The two requirements associated with the Control Process are shown in Figure 4.2.3.
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Figure 4.2.3—Control Process requirements
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Inputs to the Control Process are in the form of outcomes from other processes plus project and enterprise
information affecting the engineering of a system.

Requirement 12—Outcomes Management
The developer shall manage the outcomes of the technical effort.

The developer sh

include the following:

a)

b)

€)

f)

9)

h)

The expected out

Capt
lesso

ns learned, and other data that allow for tracking requirements.

puld plan and do appropriate tasks to complete this requirement. Tasks t¢ consider

Lire the outcomes, descriptions of methods and tool s usedi«decisions and gssumptions,

Perfarm configuration management in accordance with.the Configuration Mafnagement Plan.

Perfgrm change management in accordance withthe Change Management Plan.

Perform interface management in accordance-with the Interface M anagement

Perfgrm risk management in accordance with the Risk Management Plan.

Plan.

Perfgrm data and document maragement in accordance with the Data and Dogument

Man

Man
and i

Man
repre
requi

bgement Plan.

bge the information'database to ensure that captured datais properly retg
S available to those'with authority to have access.

hge and track-stakeholder requirements, system technical requirements, Iq
sentations, physical solution representations, derived technical requiremg
rements, approved changes, and validation results.

ned, is secure,

gical solution
nts, specified

comes Tor these representalive 1asks are provided in Annex L. 1ne outco

es associ ated

with completing this requirement help to ensure that the outcomes of the applicable processes for
engineering a system are properly recorded and managed according to the applicable plan, the agreement,
or enterprise policies and procedures.

Requirement 13—Information Dissemination

The developer shall ensure that required and requested information is disseminated in
accordance with the agreement, project plans, enterprise policies, and enterprise procedures.

17
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The developer should plan and do appropriate tasks to complete this requirement. Information to consider
for dissemination includes, as appropriate, the following materials captured and controlled in the
information database:

a)
b)
c)
d)
€)
f)
9)
h)
)
)

Progress status;

Planning information;

Requirements;

Technical data package and other materials for technical reviews;

Design data and schema;

Lesspns learned;
Variances and anomalies from validations and verifications and other. progress assessments;
Dataldeliverables;

Apprioved changes;

Work directives resulting from management decisions, planning, or approved changes.

The expected outfomes for the representative tasks associatedwith this distribution are provided in Annex
C. The outcomes associated with completing this requirement help to ensure that required|and requested
information is appropriately distributed to satisfy the néeds of the acquirer and requesters,|and in
accordance with @n agreement, project directives and-plans, and enterprise policies and procedures.
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4.3 System Design

The System Design Processes are used to convert agreed-upon requirements of the acquirer into a set of
realizable products that satisfy acquirer and other stakeholder requirements.

Two processes are involved—Requirements Definition and Solution Definition. The relationship of these
processes is shown in Figure 4.3.

Acquirer and Other Stakeholder Requirements

o
4 A

Reguirements
Definition
Process

 §

Requirement
Conflicts& Issues

alidated System
Technical Requirements

. Product
Solution L\ Characteristics

Definition .
Process

Y

~\7

7

Specificatiors, Drawings, Models

Figure-4.3—System Design Processes

This technical effprt begins with theidentifying, collecting, and defining acquirer and othqr stakeholder
requirements. These requirements are transformed into a set of validated system technical requirements.
The validated syqtem technical requirements are then transformed into a design solution dgscribed by a set
of specified requi{rements:~The specified requirements take the form of specifications, dravings, models,
or other design dpcuments, depending on design maturity. These are used to: 1) build, code, assemble and
integrate end promcts; 2) verify end products against; 3) obtain off-the-shelf products; or |4) assignto a
supplier for development of subsystem products. The relationship between the requirements involved with
the System Design Processes is shown in Annex G.

NOTE—Requirements traceability is instituted for tracking requirements from the identification of
acquirer and other stakeholder regquirements to the system technical requirements, logical solution
representations, physical solution representations, derived technical requirements, and specified
reguirements. (See Requirement 12, task h.)

4.3.1 Requirements Definition Process

The three requirements associated with the Requirements Definition Process are shown in Figure 4.3.1.
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Requirement 14 - Acquirer Requirements

Requirements
Definition
Process
Requirements

Requirement 15 - Other Stakeholder Requirements

Requirement 16 - System Technical Requirements
Figure 4.3.1—Requirements Definition Process requirements

Inputs to the Requirements Definition Process are of three types: (1) requirements from the agreement,
other documents, and individuals or groups that have a stake in the outcome of the engineering or
reengineering of the system, (2) requirements in the form of outcomes from other processes such as
technical plans and decisions from technical reviews, and (3) requested or approved changes to
requirements of the first type.

NOTES

fements defined by this process come from stakeholders who have an ifterest |n the system
ed. Stakeholders are of two kinds: the acquirer of the system produets (see the definition of
Glossary, Annex A) and all other stakeholders (see the definitianof other stakeholder in

1 Therequi
being engineg
acquirer in the
Annex A).

aset of

2 TheRequ
system techni
areasonably g
enabling prod

3 TheRegu
agreement cha
otherwise con
reengineer al
and cost anom

4  Sometime
will be moret
can be too hig

rements Definition Processis used to transform stakeholder requirements intg
tal requirements. These requirements are stated in acceptable technical terms
omplete description of the problem that must be solved to provide a set of end
icts that meet the acquirer’s and other stakeholders” needs and expectations.

inge or when other stakeholder requirements are identified that affect the prod
strain the technical effort required to engineer anew system, develop a derivat
gacy system. Such changes could be caused by technology limitations, projex
alies, or new requirements.

S it is important to preserve competition when defining requirements to ensurs
han one supplier that canimeet the requirements. Otherwise, the cost of a sing
h since there can sometimes be little incentive to give alow-cost bid.

rements Definition Process is re-accomplishied, as necessary, whenever requifementsin an

and represent
products and

Lict design or
ve system, or
t schedule

b that there
le supplier

Requireme

The developsg

ht 14—Acquirer Requirements

portion ther

r shall-define a validated set of acquirer requirements for the

system, or

e([f.

The developer should plan and do appropriate tasks to compl ete this requirement. Tasks to consider
include the following:

a)

Identify, collect, and prioritize assigned, customer, user, or operator requirements for the

system, or portion thereof, including any requirements for development, production, test,
deployment/installation, training, operations, support/maintenance, and disposal of the
system’ s products.

b) Ensurethat the resulting set of requirements agrees with the acquirer needs and expectations

(see

Requirement 26).
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Record the resulting set of acquirer requirements in the established information database.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement are used, when combined with other stakeholder requirements, to define
the system technical requirements and to identify requirements for enabling products.

Requirement 15—Other Stakeholder Requirements

The developer shall define a validated set of other stakeholder requirements for the system,
or portion thereof.

The developer sh
include the follow

a)
prod

b)
test
prod

Identify and collect other stakeholder requirements that can constrain the syste

Identify and collect other stakeholder requirements that can*constrain develop

puld plan and do appropriate tasks to complete this requirement. Tasks 1(
ing:

LICtS.

Heployment/installation, training, support/mainterance, and disposal of sy
icts.

techrpology base, standards and specifications, competitor’s product capabiliti

and i

Ensy
expe

€) Reca

datalpase.

The expected out
with completion

interests of those
requirements, car

Iden’E‘y and collect other stakeholder constraints such as applicable laws and

terfaces with other evolving systeims or platforms.

re that the resulting set of requirements agrees with other stakeholder neq
Ctations (see Requirement 27).

rd the resulting set of\other stakeholder requirements in the established in

comes for these representative tasks are provided in Annex C. The outcg
pf this reguirement help to ensure that the other stakeholder requirements
wWho have a stake in the outcome of the project, and when combined with

be used to define system technical requirements and requirements for en

b consider

M’ s end

ment, production,
stem end

regulations,
bs and trends,

ds and

formation

Imes associated
reflect the
acquirer

abling products.

NOTES
1

3

In general, other stakeholder requirements place constraints on the system development, both on the
resulting system products and the processes for developing the system products.

2 Some sources of other stakeholder requirements include the agreement, owners of associated
processes, external system interfaces, market research, government and industry regulations, international
conventions and agreements, project and enterprise directives, project and enterprise process constraints,
lessons learned, and interviews.

It isusually not possible to meet all other stakeholder requirements for a particular system since
various stakeholders (including the acquirer) have conflicting requirements relative to one another. Some
of these requirements can be addressed in later versions of the system.
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4  Constraints can result, for example, from treaties, laws, regulations, standards, culture, natural laws,
or firm customer or user needs.

5 Constraints also apply to those characteristics necessary to interface with other existing systems.

Requirement 16—System Technical Requirements

The developer shall define a validated set of system technical requirements.

The developer should plan and do appropriate tasks to compl ete this requirement. Tasks to consider
include the following:

a)

b)

f)

9)

h)

Estal}>
configurations, as appropriate to each system product.

Defi

profi
frequ
syste

Defil
accol
And
conc
defin
analy

Idenify and resolve requirements that have questionable utility or have unacc

not b

Reso
requi

Prep
accol

lish required transformation rules, priorities, inputs, outputs, states, mori%, and

e the utilization environment, events to which system end proeducts must

M end products must accomplish).

he the performance requirement (how well eachfunctional requirement m
mplished), including identification of critical performance parameters.

yze acquirer and other stakeholder requirements to define human factor €
brns, establish capacities and timing,, define technology and product desid

s to resolve conflicts.
eing satisfied.

rements, and’among these sets (see Requirement 23).

bre a setof system technical requirement statements that are well formul
[dance'with Requirement 25.

ne operational requirements to include operationa profiles, and for each gperational

respond,

ency of use, physical and functional interfaces, and system functional requirements (what

ust be

ffects and
n constraints,

e enabling product requirements, identify conflicts, and determine criteriq for tradeoff

bptable risk of

ve identified conflicts between the sets of acquirer requirements and othér stakeholder

Hted in

Ensure that the set of system technical requirements 1S correct in accordance with Requirement

28.

Record the resulting set of system technical requirements in the established information
database.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement provide a set of system technical requirements that are unambiguous,
complete, consistent, achievable, verifiable, and necessary and sufficient for a system design.
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4.3.2 Solution Definition Process

The Solution Definition Process is used to generate an acceptable design solution. This solution satisfies: 1)
the system technical requirements resulting from completing the Requirements Definition Process described
in Subclause 4.3.1; and 2) the derived technical requirements from the Solution Definition Process
described in this subclause.

The three requirements associated with the Solution Definition Process are shown Figure 4.3.2.

Requirement 17 - Logical Solution Representations

Solution i
Definition ; . . :
Process Requirement 18 - Physical Solution Representations

Requirermerts

Requirement 19 - Specified Requirements

Figure 4.3.2—Solution Definition Process requirements

NOTE—The ppurpose of the requirements related to the Solution Definition Pracess is to solye the
technical problem. Thisinvolvesidentifying alternative end products for the system, selectipg and
defining an oftimal set of end products, defining the feasible subsystems related to the end groducts,
identifying requirements for enabling products, and identifying needéd high-risk technology|
developments)

Requirement 17—Logical Solution Representations

The developar shall define one or more validated sets of logical solution regresentations
that conform yvith the technical requirements of the system.

The developer shpuld plan and do appropriate tasks to complete this requirement. Tasks t¢ consider
include the following:

a) Selegt and implement-one or more appropriate approaches to providing an abstract definition
of the solutionte'the system technical requirements. For the approaches selected, compl ete the
appropriate tasks from (b) through (d) below that aid in defining logical solution
repregsentations.

NOTE—Functional analysis,abject-oriented analysis,structured analysis,and information éngineering
analysis are recognized approaches found in text books and other literature to develop logical solution
representations in terms of, for example, functional flows, behavioral responses, state and mode
transitions, timelines, control flows, data flows, information models, object services and attributes, context
diagrams, threads, data structures, and functional failure modes and effects.

b) Establish setsof logica solution representations by (1) doing tradeoff analyses (see
Requirement 23), (2) identifying and defining interfaces, states and modes, timelines, and data
and contral flows, (3) analyzing behaviors, and (4) analyzing failure modes and defining
failure effects.

c) Assign system technical requirements (especially performance requirements and constraints
from the system technical requirements) to elements of the logical solution representations,
e.g., subfunctions, groups of subfunctions, objects, and data structures.
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NOTES

1 There can also be system technical requirements that are neither appropriate to assign to the sets of
logical solution representations nor modifiable into derived technical requirements. An exampleisa
characteristic or constraint applicable only to the system, not to the products of the system. These system
technical requirement statements must be analyzed and assigned during Requirement 18 tasks a), b), and

C).

2 Therewill be additional derived technical requirements prepared to reflect systems analysis results
from Requirement 18 task c).

d) Identify and define derived technical requirement statements resulting from tasks a) and b).
Ensure that the derived technical requirements are stated acceptably in accordance with
Requirement 25.

€) Ensurethat each set of logical solution representations is correct in accordarice with
Requirement 29.

f) Recard the resulting sets of logical solution representations, the set-ofderived|technical
requifrement statements, and any unassigned system technical requirements [sge the note under
task £) above], along with source rationale and assumptionsin the established|information
datalpase.

The expected outtomes for these representative tasks are provided in Annex C. The outcgmes associated
with completing this requirement, when combined with the system technical requirements, |provide the basis
for developing aternative physical solution representations:

NOTES

1 Conditior}s for logical groupings are determined by many factors, and vary from one prgject to
another. Onejcommon driver for logical groupings is to enable the use of existing products,{and thus
lessen develogment time and cost. Another_common reason is to gain some advantage by infroducing a
particular new technology. In either of.these cases, the grouping can result in interfaces that did not
previously exist. New requirements-have to be derived to accommodate these.

2 Accomplishment of the tasks.associated with this requirement is often iterative because putcomes
raise questions that require certain tasks of the Requirements Definition Process to be reaccgmplished. In
turn, certain tasks associated With defining logical solution representations and derived techpical
requirements gre reaccomplished. Such iteration isimportant in order to lessen the possibilify of more

? ! tations should be
incorporated into traceability procedures ThISWI|| enable ensuring that wstem technlcal requirements are
properly supported by the derived technical requirements and logical solution representations.

Requirement 18—Physical Solution Representations

The developer shall define a preferred set of physical solution representations that agrees
with the assigned logical solution representations, derived technical requirements, and
system technical requirements.
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The developer should plan and do appropriate tasks to compl ete this requirement. Tasks to consider
include the following:

a)

b)

f)

9)

Analyze logical solution representations, derived technical requirements, and any unassigned system
technical requirements [see the note under Requirement 17, task ¢)] to determine which ones (1)
provide requirements for enabling products, (2) can be done best manually or by facilities, materials,
data, services, or techniques, and (3) can be done best by hardware, software, or firmware products
(new or existing).

Assign representations from Requirement 17, unassigned system technical requirements, and derived
technical requirements to physical entities that will make up a physical solution.

NOTE—The assignment to physical entities and the generation of alternative solutions composed of

these entities are-tighthy-ceupled-ang-terative:

Generate altgrnative physical solutions by:
1) Iden
2) Idenfification and analysis of critical parameters

ification and definition of physical interfaces

3) Identification and assessment of physical solution options:
(a8 Technology requirements
(b) Off-the-shelf availability
(c) Competitive considerations
(d) Failure modes, effects, and criticality
(e formance assessment
(f) Lifecycle considerations
(g) Capacity to evolve
(h) Make versus buy
(i) $tandardization considerations
() Integration concerns

4) Performance of Systems analysis (see Requirements 22, 23, and 24)

Identify and glefine'derived technica requirement statements resulting from tasks a), b), and c) that are
Iy\in‘accordance with Requirement 25.

Select the preferred physical solution representation for further characterization into a design solution
from the evaluation of each physical solution representation results (Requirements 22, 23, and 24.

Ensure that the selected physical solution representation is consistent with the assigned logical solution
representations, derived technical requirements, and any unassigned system technical requirements [see
the note under Requirement 17, Task c)].

Record the selected physical solution representation, and the outcomes of Task d) above, aong with
selection rationale and assumptions, in the established information database.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement provide the preferred physical solution representation that will be fully
characterized during Requirement 19. Additionally, the outcomes show that
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1) the preferred physical solution representation satisfies the assigned requirements of the
logical solution representations, derived technical requirements, and system technical
requirements.

2) the preferred physical solution representation is upward- and downward-traceable with
respect to the assigned requirements of logical solution representations, derived technical
requirements, and any unassigned system technical requirements [see the note under
Requirement 17, task c¢)].

Outcomes can be displayed as a hierarchical structure of physical entities, schematics, physical models,
analytical models, or explosion diagrams.

hardware, soft
techniques, pri

preferred phydical solution representation, and vice versa.

2 Physical golution representations will eventually be composed of one or mere of the foll

NOTES

1 Aseach physieats sh tasks
related to the ed
reguirements gnd requirements associated with logical solution representations is traceéable tp the

Dhcesses, and manual procedures.

ware, firmware, material, data (e.g., manuals, handbooks), faCilities, people, services,

DWing:

Requireme
The developdf

ht 19—Specified Requirements

shall specify requirements for the design solution.

The developer sh
include the follow

a) Fully

b) Ensu
solut

techniical requirements) in accordance with Requirement 30

C) Spec

ing:

characterize the design.solution.

on representati N requirements, associated system technical requirement:

fy reguirements (including functional and performance requirements, ph

charagcteristics, and test requirements) for the system, system end products, ary
eachtEI I licah) I neering lif lent

puld plan and do appropriate tasks to complete this requirement. Tasks t¢ consider

re that the design/satution is consistent with its source requirements (selected physical

5, and derived

scal
d subsystems of

d) Record the design solution work products, including the specified requirements, in the
established information database with all tradeoff analyses results, design rationale,
assumptions, and key decisions to provide traceahility of requirements up and down the system
structure.

€) Establish projects to engineer enabling products that require devel opment, or to procure those
that are off-the-shelf or will be reused, that will satisfy identified requirements for associated
processes (production, test, deployment/installation, training, support or maintenance, and
retirement or disposal) related to the system’s end products.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement provide afully characterized design solution that (1) can be implemented
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through further devel opment of subsystems, off-the-shelf procurement or reuse, coding, or fabrication, and
(2) provide the basis for the assembly and integration of subsystem productsinto end products required for
verification.

NOTE— A fully characterized design solution can be in terms of, as appropriate: (1) specifications for the
system, end products, subsystems, and applicable interfaces; (2) interface control drawings or descriptions,
detailed drawings, or sketches; and (3) parts lists, data dictionaries, or other planned physical
configuration records.

4.4 Product Realization

The Product Realization Processes are used to: (1) convert the specified requirements and other design
solution characterlzatlons into either averlfled end product or aset of end products i in accordance with the
agreement and othe Istomer, or
storage sites; (3) nstall these a deﬂ gnated operating sites or into des gnated platforms and (4) providein-
service support, as called for in an agreement.

The two processas related to Product Realization are shown in Figure 4.4.

Specified Requirements
Supplier- or Acquirer-Provided Products

e
4 N

Implementation
Rrocess

i

Verified Integrated Products

L

Transition
to Use
Process

N /
o

Agreement Satisfaction
Other Stakeholder Satisfaction

Figure 4.4—Product Realization Processes
44.1 Implementation Process

One requirement is associated with the Implementation Process. It requires transforming the characterized
design solution into an integrated end product that conforms to its specified requirements.
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Requirement 20—Implementation

The developer shall implement the design solution in accordance with the specified
requirements to obtain a verified end product.

The developer should plan and do appropriate tasks to compl ete this requirement. Tasks to consider
include the following:

a) Receive from suppliers, reuse from off-the-shelf supply, or receive from the acquirer (e.g.,
customer-furnished items) the subsystem products that make up the system’ s end products, or,
as appropriate, code or build the end products according to specified requirements and detailed
dramngs or other design documentation.

NOTE— Reqlirement 3, Supplier Performance, is invoked whenever subsystem produiCts are acquired
from supplierg or lower-tier devel opers outside the enterprise, as well as when the stpplier i$ an
organizational| entity within the developer’s own enterprise.

b) VaIiTate the subsystem products received or reused against thelr acquirer reqyirements (input
requifrements to the subsystem product development) usingthe End Products Yalidation
Process, Requirement 33, unless (1) the supplier validated the products prior o delivery, as
required in the agreement, or (2) the reused productshave aready been validgted. Proof of
validation is needed for both conditions.

c) Assgnble the validated subsystem products;er physically integrate such products, into the
respective test article or end product to be verified.

d) Verily each test article or end prodict against its specified requirements (output requirements
of the system end product development) in accordance with Requirement 31.

€) Ensure, in accordance withrRequirement 32, that the enabling products for ea¢h associated
process will be ready and-available to perform their intended support functions required by the
systgm’s end products:

NOTE—The felevant end products for enabling products are verified and validated as necessary during
development ¢f the buitding block related to the enabling product (see Clause 6).

f) Valiqiate the verified end products against their acquirer requirements (input regquirements to
system end product development) prior to delivery, 1T required by the agreement, in accordance
with Reguirement 33.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement provide a fully integrated end product that (1) satisfies its specified
requirements, and (2) if required to be validated prior to delivery, conformsto its related acquirer
requirements.

End product physical integration should ensure that: (1) interna and externa interfaces for the composite
end product (including user, operator and maintainer interfaces, and voice/data communications) function
according to specified requirements; (2) defined states, modes, dynamic alocations or other operational
switching functions perform as required; and (3) any designed overload conditions, reduced operational
levels, or designed-in degraded mode of operations are included.
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4.4.2 Transition to Use Process

The Transition to Use Process results in products delivered to the appropriate destinations, in the required
condition for use by the acquirer, and for the appropriate training of installers, operators, or maintainers of
the products.

Requirement 21—Transition to Use

The developer shall transition verified products to the acquirer of the products in
accordance with the agreement.

The developer shpuld plan and do appropriate tasks to compl ete this requirement. Tasks)tg consider
include the following:

a) ACQLlIi re and put in place appropriate enabling products to carry out f&levant tfansition to use
requifrements.

b) Prepgre, asrequired by the agreement, end products for shipping and storage.

c) Storg end products awaiting shipping and, in accordanee with the agreement, ship or transport
to the acquirer at the intended usage Sites.

d) Prepgre, asrequired by the agreement, sites where end products will be stored, installed, used
or maintained, or serviced.

e) Instgl end products, as required by the agreement, at the appropriate Sites.

f) Perfgrm commissioning, as required by the agreement, to bring delivered or installed end
prodticts to operational readiness with appropriate acceptance and certification tests completed
in acpordance with Requirement 33.

g) Prov|de, if required by-the agreement, a parallel operation (ghosting) of the ngw and the legacy
end products so that service is continuous during the transition period.

h) Prov|de, iraccordance with the agreement, training for users, maintenance, and other
per&TnneI.

i) Provide, in accordance with the agreement, in-service support.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement fulfill the delivery requirements of the agreement.

NOTE—Transition to Use tasks will be dependent on whether the end product is being delivered for
intended marketplace use or sale, or if the end product is delivered to another developer for integration
into a set of other end products to make up an end product higher in the system structure.

4.5 Technical Evaluation

The Technical Evaluation Processes are intended to be invoked by one of the other processes for
engineering asystem. Four processes are involved: Systems Analysis, Requirements Validation, System
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Verification, and End Products Validation. The relationship between these processes is shown in Figure

Analysis Requests, Requirements, Implemented Products

L

Product
Characteristics

-l

-l

Verification Results

-l
-

Validation Results

-l

‘ |

System
Verification
Process

~

|
Requirement
Conflicts & Issues

| |

End Products
Validation
Process

4

alytical Models & Assessmentsy Validated Requiremen
Verified System Products;Validated End Products

Figure 4.5—Technical Evaluation Processes

4.5,
Systems
Analysis
Process
Requirements
Validation
Process
An
45.1 Systgms Analysis Process
The Systems Ang
resolution of req
in satisfying syst

engineering or r

The three requir

S,

lysis Process is used.to: (1) provide arigorous basis for technical decisiogn making,
irement conflicts, ;and assessment of aternative physical solutions; (2) determine progress

technical-and derived technical requirements; (3) support risk management; and (4)
ensure that decisipns are made only after evaluating the cost, schedule, performance, and rjsk effects on the
gineering of the system.

ents associated with the Systems Analysis Process, when invoked by ot

her processesin

this Standard, are shown in Figure 4.5.1.

Systems

Analysis

Process
Requirements

-
N

Requirement 22 - Effectiveness Analysis
Requirement 23 - Tradeoff Analysis

Requirement 24 - Risk Analysis

Figure 4.5.1—Systems Analysis Process requirements

Completion of Systems Analysis requirements should ensure, as appropriate, that
a) the effectiveness of each design solution is appropriately evaluated;
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b) the effect on any interfacing products or platformsis evaluated for each alternative
solution, in time to support selection among these alternatives (this includes interoperability
and integration effects of electronic interference and communication, as well as functional,
human, and physical interfaces);

C) cost (e.g., unit production cost, developmental cost, and/or life-cycle cost) is appropriately
treated as an assigned requirement or as an independent variable when conducting tradeoffs
with technical requirements;

d) cost or price, schedule, performance, and risk effects of each functional, performance, and
design alternative are defined, calculated, and reported;

€) edtimated total ownership costs including hidden cost effects (for example, from
manufacturing processes variability; excessive precision of manufacturing or test processes,

special materrats, fmrshes, and-pamtmgof products,and product comptexity); thegosts of

operation,|and all associated processes are known;
f) primary fynctional characteristics of solutions (for example, producibility, testabilify,
deployability, operability, supportability, trainability, and disposability). are directly
traceable fo the functional and performance requirements they were designed to ful

g) applicablg product dependability factors such as availability, malntanability, reliability,
safety, angl security are not degraded;

h) projected environmental impacts are known;

i) design mptions are valid and reasonable;

j) technol limits are recognized and understood,;
k) requirements can be validated and specifications verified in a cost-effective manner.
The developer shpuld identify, acquire, or develop, and implement models, including protatypes and

simulations as applicable, to accomplish effectiveness analyses, do tradeoff analyses, and complete risk
analyses as invoKed by processesin thisiStandard.

Requirement 22—Effectiveness Analysis

The developer shall _perform effectiveness analyses to provide a quantitatiye basis for
decision makipg.

The developer should plan and do appropriate tasks to compl ete this requirement. Tasks to consider
include the following:

a) Plan effectiveness analyses to include purpose, objectives, execution and data collection,
schedule of tasks, resource needs and availability, and expected outcomes.

b) Analyze each alternative for system and cost effectiveness, based on factors such as accuracy,
availabhility, capacity, maintainability, reliability, responsiveness, operability, safety, security,
spares requirements, survivability, transportability, and vulnerability.

¢) Anayze each alternative for total ownership cost to the enterprise and to the acquirer.
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d) Anayzethe environmental impact of each aternative, including applicable environmental
statutes and hazardous materia lists, from an enterprise-based life cycle perspective (see
Annex B).

confi

f)

rmation that the alternative satisfies appropriate requirements.

Analyze each alternative, for each required operationa profile, to provide an analytical

Record effective analysis outcomes in the established information database, including

assumptions, details of the analysis, findings, lessons learned, models used, rationale for
decisions made, and other pertinent information that affects the interpretation of the
effectiveness analysis results.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated

with completing
representation, (2
assessments for ti

hiSTequirement are used, as appropriaie, to: (1) assess each alternalive p
assist in choosing the preferred physical solution representation, and-(3
adeoff analysesto aid in determining recommended decisions andtheir €

ysical solution
provide
ffects.

Requireme

The develop
recommendat
information tq

ht 23—Tradeoff Analysis

er - shall
ons, predictions of the results of alternative.decisions, and other]
allow selection of the best course of action.

perform tradeoff analyses to provide decision njakers with

appropriate

The developer sh
include the follow

a) Plan

1

puld plan and do appropriate tasks to-complete this requirement. Tasks t(
ing:

tradeoff analyses to include:

)

the availability of réguired resources, execution and data collection re

objective, schedule of tasks, and type (formal, informal or judgmental
Annex C),

selection criteriathat will determine desirability or undesirability of a

b consider

quirements,

expected outcomes, defined conditions (triggers and rigor), level of importance,

: see Table C.23,

h dternative [for

example, cost, schedule performance and risk; life-cycle outcomes; -il

3)

4)

(e.g., producibility, testability, maintainability, supportability, dispos:
o I ometfect g r

importance;

5) optionsto be analyzed.

b) Perform the tradeoff analysis according to plan, and:

ity concerns
bility), size

weighting factors for each selection criterion in order to distinguish its degree of

model s (representative or simulation) to be used in the tradeoff analysis,

1) Do appropriate effectiveness analysis tasks (Requirement 22) to provide a quantitative

basis for evauating options.
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5)

Do appropriate risk analysis tasks (Requirement 24) to quantitatively
associated with each option.

effect of each option on the system, if implemented.

Evaluate options against selection criteria and weighting factors, and
define recommendations.
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assess the risk

Collect data and analyze it to determine the cost, schedule, performance, and risk

identify and

Communicate recommendations and impacts to appropriate decision makers.

¢) Record outcomes of the tradeoff analysis in the information database, including assumptions,
detalls of the anal yss, Ic.ons Iearned models used ratlonale for deC|S|ons made

The expected out
with completing

requirements defi
representations; t
of physical soluti
evaluate outcomg

comes for these representative tasks are provided in Annex C. Thé'outcd
his requirement are used, as appropriate, to resolve regquirement conflicty
nition; to assess groupings of functions, objects, etc., during definition of
D assess design options and alternative physical solutiof representations during definition

DN representations; to determine progress in satisfying‘technical requirem
s of verifications and validations.

Aterpretation of the

Imes associated
during
logical solution

ents; and to

Requireme

The develope
management

nt 24—Risk Analysis

pf risks, and support decision making.

I shall perform risk analyses to.develop risk management strategies, support

The developer sh
include the follow

puld plan and do appropriate tasks to complete this requirement. Tasks t(
ing:

b consider

a) ldentification of technical risks, and resulting project risks, based on exposurg to the
probgbility of anundesirable consequence and the effect of that consequence for each tradeoff
analysis optiorrer each physical solution representation.

b) Charpcterize rlsks by causeﬁ, possible effects or consequencee |Ike|IhOOd of dccurrence,
optionsford : ong-an-op availableand couplingwith other risks.

c) Prioritize risks that would likely cause harm, have the greatest effect on the system, and would
require attention in the near term.

d) Evaluate waysto avert risk, and determine the cost, schedule, and performance effects on the
project.

f)

Define and implement a plan or approach for averting each significant risk.

findings and impacts, as appropriate
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The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement help in problem prevention, to identify the degree of risk associated with
recommended decision aternatives and to support the risk management program.

4.5.2 Requirements Validation Process

Requirements Validation is critical to successful system product development and implementation.
Requirements are validated when it is certain that the subject set of requirements describes the input
requirements and objectives such that the resulting system products can satisfy the requirements and
objectives. The Requirements Validation Process hel ps ensure that the requirements are necessary and
sufficient for creating design solutions appropriate to meeting the exit criteria of the applicable engineering
life cycle phase and of the enterprise-based life cycle phase in which the engineering or reengineering
efforts occur.

The five requiremients associated with the Requirements Validation Process are showin in fFigure 4.5.2.

Requirement 25 - Requirement Statements<validation

Requirement 26 - Acquirer Requirefnents Validation

Reqyirements

Validation .
Plocess Requirement 27 - Other Stakehelder Requirements Valiflation

Reqyirements

Requirement 28 - System Technical Requirements Validlation

Requirement 29 4 Logical Solution Representations Val|dation

Figure 4.5.2—Requirements Validation Process requirements

One or more of these five requirements are ifivoked by a recommended task within either the Requirements
Definition Process or the Solution Definition Process.

Requirements shquld be validated at each level of the system structure for requirements definition.
Generdly, vaidation of requirements at higher levels are a basis for validation at lower leyels (see Clause
6).

Requirement 25<=—Requirement Statements Validation

The devel oper—shattensure that technicat requiTement Staterments and-Specified requirement
statements, individually and as sets, are well formulated.

The developer should plan and do appropriate tasks to compl ete this requirement. Tasks to consider
include the following:

a) Anayze each requirement statement from Requirements 16, 17, 18, and 19 to ensure 1) ability
to preserve competitiveness, 2) clarity, 3) correctness, 4) feasibility, 5) focus, 6)
implementability, 7) modifiability, 8) remova of ambiguity, 9) singularity, 10) testability, and
11) verifiability.
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b) Analyze requirement statements from Requirements 16, 17, 18, and 19 in pairs and sets to
ensure 1) absence of redundancy, 2) connectivity, and 3) removal of conflicts.

The expected outcomes for these representative tasks are provided in Annex C. The validated technical
requirement statements resulting from satisfying this requirement are used to guide development of system
design solutions and evolve into related specified requirements.

Requireme

nt 26—Acquirer Requirements Validation

The developer shall ensure that the set of defined acquirer requirements agrees with
acquirer needs and expectations.

The developer shpuld plan and do appropriate tasks to complete this requirement. Tasks tg
include the following:
a) Selegt the methods and define the procedures for validating that the set of acq
requilrements from Requirement 14 is consistent with the level of system strug
life cycle phase, and Validation Plan, as appropriate.
b) Analyze and compare identified and collected acquiter requirements to the set
acqulrer requirements to determine downward traceability.
¢) Analze and compare the set of defined acquiirer requirements to the identified
acquirer requirements to determine upward traceability.
d) Idenfify and resolve variances, vaids;'and conflicts.
€) Recqgrd validation results in.the information database.
The expected outtomes for these representative tasks are provided in Annex C. The outco

with completing this requirement; when combined with other stakeholder requirements, prd

the definition of s

ystem technieal requirements (see Annex G).

b consider

Lirer
ture, enterprise-

of defined

and collected

Imes associated
vide inputs to

Requireme

The developer shall ensure that the set of defined other stakeholder requirements agrees

Nt 27—Other Stakeholder Requirements Validation

with other stakeholder needs and expectations with respect to the system.

The developer should plan and do appropriate tasks to compl ete this requirement. Tasks to consider
include the following:

a) Select the methods and define the procedures for validating that the set of other stakeholder
requirements from Requirement 15 is consistent with the level of system structure, enterprise-
based life cycle phase, and Validation Plan, as appropriate.
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b)

€)

Analyze and compare identified and collected other stakeholder requirements with the set of
defined other stakeholder requirements to determine downward traceability.

Analyze and compare the set of defined other stakeholder requirements with the identified and
collected other stakeholder requirements to determine upward traceability.

Identify and resolve variances, voids, and conflicts.

Record validation results in the information database.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement, when combined with acquirer requirements, provide inputs for defining
the system technical requirements (see Annex G).

Requirement 28—System Technical Requirements Validation

The developef shall ensure that the set of defined system technical requirements agrees with
the validated acquirer and other stakeholder requirements.

The developer shpuld plan and do appropriate tasks to complete-this requirement. Tasks t¢ consider

include the following:

a)

b)

f)
9)

h)

Selegt the methods and define the proceduresfor validating that the set of system technical
requirements from Requirement 16 is consistent with the level of system strugture, enterprise-
basedl life cycle phase, and Validation Plan, as appropriate.

Analyze and compare the set of(validated acquirer and other stakeholder requirements with the
set of defined system technical requirements to determine downward tracesbility.

Analyze and compare the-set of defined system technical requirements with the validated set of
acqurer and other stekeholder requirements to determine upward traceability.

Anallyze assumiptions made with respect to defining system technical requirenents to ensure
that fhey arecons stent with the system being engineered.

Analyzesystem technical requirements that have been defined as essential for the design effort
or for other Tife-Cycle consderations Tor which there 1S no parent requirement In the set of
acquirer and other stakeholder requirements to ensure that they are consistent with the system
being engineered and other system technical requirements.

Identify and resolve variances, voids, and conflicts.

Revalidate the system technical requirements whenever a requirement change is made that
affects the acquirer requirements, other stakeholder requirements, or system technical
requirements.

Record validation results, including lessons learned, in the information database.
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The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement show that the set of system technical requirements has traceability from
the set of validated stakeholders' requirements and that it is both necessary and sufficient as inputs for the
definition of logical solution representations (see Annex G).

Requirement 29—L ogical Solution Representations Validation

The developer shall ensure that each set of logical solution representations agrees with the
appropriately assigned subset of system technical requirements.

The developer shpuld plan and do appropriate tasks to complete this requirement. Tasks,t¢ consider
include the following:

a) Selegt the methods and define the procedures for validating that the sets of logical solution
reprgsentations and derived technical requirements from Requirement 17 are qonsistent with
the lgvel of system structure, enterprise-based life cycle phass;and Validation Plan, as

appropriate.

b) Anallyze and compare the set of validated system technical requirements with the sets of
defirfed logical solution representations and derived(technical requirements to fletermine
dowmward traceability.

c) Anallyze and compare the sets of defined logical solution representations, derived technical
requirements, and any unassigned systertechnical requirements [see the note{under
Reqyirement 17, task c)] with the validated set of validated system technical requirements to
determine upward traceability.

d) Anaze assumptions made With respect to defining sets of logical solution representations and
derivied technical requirements to ensure that they are consistent with the system technical
requirements and the system being engineered.

e) Idenfify and reselve variances, voids, and conflicts.

f) Revdidatethe sets of logical solution representations whenever a requirement|change is made
technical
chnical

requirements.

g) Record validation results, including lessons learned, in the information database.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement provide derived technical requirements and logical solution
representations as inputs into the definition of physical solution representations (see Annex G).

45.3 System Verification Process

The System Verification Process is used to ascertain that: (1) the system design solution generated by
implementing Requirement 19 is consistent with its source requirements (selected preferred physical
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solution representation); (2) end products at each level of the system structure implementation, from the
bottom up, (see Clause 6) meet their specified requirements; (3) enabling product development or
procurement for each associated process is properly progressing; and (4) required enabling products will be
ready and available when needed to perform.

NOTE—V erification consists of inspections, reviews, analyses, demonstrations, tests, or service
experience applied in accordance with the verification plan.

The three requirements associated with the System Verification Process are shown in Figure 4.5.3.

Requirement 30 - Design Solution Verification

System
Verification
Process

-

Requirement 31 - End Product Verification

equirements

Figure 4.5.3—System Verification Process requirements

Requirement 32 - Enabling Product Readiness

Requireme

The develops
conforms to tk

Nt 30—Design Solution Verification

ne requirements of the selected physical solution representation.

r shall verify that each end product defined by the system des

gn solution

The developer sh

include the follow

a) Plan
appli

1
2)

3)

q

(S

q

(8

puld plan and do appropriate tasks to complete this requirement. Tasks t(
ing:

the design solution verification.in accordance with the Verification Plan,
lcable enterprise-based life'cycle phase, and level in the system structure.
el ection and definition-of the appropriate method for design solution veri

erification procedures to be followed for the method selected; the purpos
bach procedure; pretest action, and post-test action; and the criteriafor def
uccess or'\failure of the procedure;

pstablisiment and checkout (for example, adequacy and completeness) of
for.example, climatic conditions, equipment, facilities, and measuring de\

b consider

agreement,
Include

ication;
b and objective of

ermining the

the environment
ices) in which

t

b)
withi

1

he verification method and procedures will be implemented.

n the established verification environment to

Perform the planned design solution verification using the selected methods and procedures

Collect and evaluate verification outcomes to either show conformance to the requirements

of the selected physical solution representation or to identify variances (untraceable
regquirements and constraints, anomalies, variations, voids, and conflicts);

2)

Resolve variances, as appropriate, and reverify to establish compliance, when the cause of

the variance was failure to properly complete the fully characterized design.
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¢) Reverify according to aredesigned verification plan, test method, or procedure when variances
were determined to be caused by poor verification or inadequate verification environmental
preparation.

Record verification results, including: corrective actions taken; lessons learned; outcomes

achieved; tradeoff, effectiveness, and risk analyses completed with resulting key decisions;
tests activities completed; variances; and the verified design solution in the information
database.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated

with completing t
1

2)

the functid
correctly;

3)

4) the systen

his requirement show that

ns of the selected physical solution representation have beentimplementes

the system des gn sol ut|on approprlately mtegrates the end products the enabllng products,

cture and

Bentation

—

congtraints are satisfied, including physical, functienal, and human intefffaces.

Requireme

The developdf
specified requ

ht 31—End Product Verification

irements.

shall verify that an end product tobe delivered to an acquirer copforms to its

The developer sh
include the follow

a) Plan
appli
1)

q

2)

puld plan and do appropriate tasks to complete this requirement. Tasks t(
ing:

el ection ‘and definition of the appropriate method for end product verificg

b consider

the end product verification in accordance with the Verification Plan, agijeement,
lcable enterprise:based life cycle phase, and level in the system structure.

Include
ition;

b and objective of

erification procedures to be followed for the method selected the purpos

or fal I ure of the procedure

3)

Ing the success

establishment and checkout (for example, adequacy and completeness) of the environment

(for example, climatic conditions, equipment, facilities, and measuring devices) in which

t

4)

he verification method and procedures will be implemented;

assurance that the test articles are on hand, assembled, or integrated with the verification

environment according to verification plans and schedules, and that appropriate sets of
specified requirements are available.

b)

verification environment to
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1

2)

collect and evaluate verification outcomes to either show compliance or identify variances
(untraceable requirements and constraints, anomalies, variations, voids, and conflicts);

for variances not caused by poor test conduct or conditions, compl ete appropriate tasks of
the Planning Process, the Control Process, the Requirements Definition Process, and the
Solution Definition Process to resolve variances, and then repeat this set of End Product
Verification tasks.

Reverify according to aredesigned verification plan, test method, or procedure when variances

were determined to be caused by poor verification or inadequate verification environmental
preparation.

achi

tests

The expected out

with completing
1) compli

Record verification results, including corrective actions taken; lessons learned; outcomes

by decisions;
rmation database.

gved; tradeort, errectiveness, and rsk analyses completed with resulting-k

activities completed; variances; and the verified end products in theinfg

comes for these representative tasks are provided in Annex C. The outcgmes associated

his requirement show that the integrated composite of end preducts
to its specified requirements;

2) functiongtogether with other system end products and with intérfacing products throughout the

performgnce envelop;

3) isready

or delivery to the acquirer, in accordance with-the agreement.

Requireme

The developg
test, deployment/installation, training, sdpport/maintenance, and retirement or di

ht 32—Enabling ProductReadiness

" shall determine readiness.ef enabling products for development, production,

5posal.

The developer sh
include the follow

a) Plan

with
entey]

1

2)

3)

b consider

puld plan and do appropriate tasks to complete this requirement. Tasks t(
ing:

enabling-product readiness determination and associated process proofin

) in accordance

the appropriate plan, maturity of the related end products, agreement, applicable

prise-based life cycle phase, and level in the system structure. Include

selection and definition of the appropriate method for the enabling product readiness
determination and for proofing for each applicable associated process;

readiness determination procedures to be followed for the method selected, the purpose and
objective of each procedure, pre-test and post-test actions, and the criteria for determining
the success or failure of the procedure;

establishment and checkout (for example, adequacy and completeness) of the environment
(for example, climatic conditions, equipment, facilities, measuring devices) in which the
readiness determination method and procedures will be implemented;
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assurance that required information regarding the status and maturity of enabling product

development or requirements definition is available and that non-developmenta enabling
products are available and, if appropriate, integrated with the environment according to
appropriate plans and schedules.

b)

Do the planned enabling product readiness determination and associated process proofing,

using the selected methods and procedures within the established environment to

1

collect and eval uate readiness determination outcomes to either show compliance or

identify variances (untraceable requirements and constraints, anomalies, variations, voids,
and conflicts);

2)

for variances not caused by poor readiness determination or process proofing conduct or

(
R
t

Read
whe

c)

inadgquate environmental preparation.

Recd
taker
with

products and proofing of associated processes in the information database.

FoNaItions, COMpIELe appropriaie tasks of the Planning Process, ControlH
Requirements Definition Process, and Solution Definition Process to resol
hen repeat the readiness determination or proofing.

complish readiness determination according to redesigned plans, test met
variances were determined to be caused by poor readiness or proofing cf

rd readiness determination and process proofingsreslts, including correc
: lessons learned; outcomes achieved; tradeoffeffectiveness, and risk an
resulting key decisions; tests activities completed; variances; and the veri

The expected out
with completing
1) associat
have b

2) plansang

accompli

3) enabling
will be

to provid

4) associat

comes for these representative tasksare provided in Annex C. The outcg
his requirement show that

( process requirements for(production, test, deployment, training, suppor
identified;
selected methods, procedures, and tools for each associated process will
their intended urpose;

S

product development for each associated process will be completed and 4
ailable when needed, or satisfactory non-developmental products will be
e the required support functions to the intended end product;

0Cess,
ve variances, and

hod, or procedure
bnduct or by

[ive actions
bl yses completed,
fied enabling

Imes associ ated

t, and disposa

be ableto

nabling products
made available,

[uring processes

ect to support of

NOTE—TFor each associated process, enabling products requiring development will go through both
design solution verification and end product verification as the processes of this Standard are implemented
for that development. Off-the-shelf or reused enabling products will be validated against the acquirer
reguirements, when appropriate. These non-developmental enabling products will be required for
verification of physical and functional interfaces with their related end products during the associated end
product verification.
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4.5.4 End Products Validation Process

The End Products Validation Process is used to demonstrate that the products to be delivered, or that have
been delivered, satisfy the validated acquirer requirements (for example, customer, user, or operator
requirements, or assigned requirements) that were input to the system design processes and that are
applicable to the resulting end products.

Requirement 33—End Products Validation

The developer shall ensure that an end product, or an aggregation of end products,
conforms to its validated acquirer requirements.

The developer sh
include the follow

puld plan and do appropriate tasks to complete this requirement. Tasks t¢ consider

ing:
a) Detef
acqu

NOTES

mine the type of end product validation required and the exit criteria, ing
rer requirements applicable to the system end productsbeing vaidated.

uding the

1 For asystem that is an aggregation of end products (see building block discussion in Su
the individual fend products and the aggregation of end productsiare to be validated.

hclause 6.1),

2 Thetypes

the anticipated

conditions; (2
operational pr

of end product validation include: (1) validation against validated acquirer ref

bcesses and personnel in an operational environment; or (4) as specified in the

usage environment with test conditionsthiat span the expected range of actug
certification tests against established-certification requirements; (3) acceptange tests, using

uirements in
operating

agreement.

b) Acquirethetest article, or aggrégation of end products, for the validation as &
enterprise-based life cycle phase and level of the system structure.

ppropriate to the

lelivered or
le

prototype,
ceptions can

NOTE—The fest article is typically.the product, or an aggregation of products, that isto be
that has been glelivered, and that has already been verified. In early enterprise-based life cyd
developments) the product eraggregation of products undergoing validation can be a virtua
breadboard, bfassboard, or\model. Thus, a detailed simulation, operated so that acquirer pef
be evaluated, {s a possible'means of validation.

asrequired in the
walyze validation
outcomes to identify any variances,; and do appropriate process tasks to resolve variances and
repeat appropriate verifications and validations.

Revalidate with improved or correct procedures and equipment, when variances were caused
by poor test conduct or conditions.

€) Record the validation outcomes, procedures, assumptions, lessons learned, and other pertinent
information about the validation and results to provide traceability.

The expected outcomes for these representative tasks are provided in Annex C. The outcomes associated
with completing this requirement provide end products that conform with acquirer requirements stated in an
agreement, including any approved changes, or certification or acceptance criteria, as appropriate.
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NOTES

1 Thekey difference between end product validation and end product verification is that end product
validation answers the question: Does the delivered end product conform to the validated input acquirer
regquirements, certification criteria, or acceptance criteria, as applicable? End product verification answers
the question: Does the output end product comply to the output specified requirements from which the
end product was built, coded, procured, or assembled and integrated?

2 Processes or manual procedures that are part of the defined solution are implicitly included in this
validation, since they are a type of product.

3 Reguirement 33 addresses the validation of each end product, or aggregation of end products, against
validated acquirer requirements. There can be cases where it is also appropriate to validate against other
stakeholder requirements.

4 In additi
expectations d
names: marke

T, there ca be Cases Where 1t 1S appropriae to vaitate aganst actua eeds an
f end usersin their environment under real-world conditions. Thisis called by
trial, field testing, beta testing, or operational test and evaluation.

d
various

Appligation context

This Clause desc
external enterprig
interfaces.

e 5.0 shows
, project

[ibes the application context for the requirements of.this Standard. Figur,
e and project factors that have the potential to affect, or to be affected by
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Figure 5.0—Context for application of this Standard
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5.1

Enterprise factors

The enterprise is the context in which the process requirements of this Standard are intended to be adopted,
directed, and implemented. The enterprise is the source of project start-ups and of project cancellations,
and is the source of infrastructure and resource support. Enterprises respond to, as well as create, the
markets for system products created by projects within the enterprise. The enterprise further manages the
multiple projects within the enterprise to most effectively apply resources and use the infrastructure. The
enterprise also establishes constraints of technologies used in existing product lines, aswell as
manufacturing and test facilities, and support service limitations that constrain project performance.

It isin this context that the enterprise prepares policies and procedures to create or cancel projects, and by
which projects perform the processes of this Standard.

5.2

5.2.

Projects create
the enterprise f
enterprise:

a)

b)

c)

f)

9)

Project factors

1 Enterprise support

ems consistent with the business strategy of the enterprise ‘and within th
ors cited in Subclause 5.1. Specifically, the following&upport is to be &)

Investment decision support, including business needs assessments, selection of new g
determination of project continuance, and allocation of finanecial resources for equipm
training;
Agreement slipport, including contracting, bid and préposal funding, proposal preparg
oversight (when an external agreement is required);

Infrastructurg support, including research and-development, marketing, facilities, in-sq
computer seryices, and other services that enable the project to meet its obligations;

Resource mahagement support, including financial management, personnel managems
education of project personnel, office and computer equipment, maintenance, and ship

Process manggement support, including establishment of standard procurement proces
guidelines fof tailoring adepted processes from this Standard, selection and acquisitior
assessment of directed process implementation and monitoring of process effectivenes
improvement of processes,

Production sfipport, including fabrication, construction, manufacturing capacity, and §

e constraint of
pected from the

art projects,
bnt, tools, and

tion, and

Brvice support,

nt, training and
ping;

ses and methods,

of tools,
5, and

taffing;

1 mmt ar A tAnle: and accamnbichina falhvianti Al ~Arnctriinti A A At iy Aoy
eCIUI p CtO0rS, oS aCComMp o ig oo oo, ConStoCt O rHancacto g, oo

testing;

ity control, and

In-service support, including installation, customer support, product upgrades, warranty service, field

modifications, on-site consulting, and product certification.

The availability and adequacy of enterprise support functions determine the viability of a project, schedule
of project tasks, capability to satisfy an established agreement with another enterprise, and the availability
of personnel who have the skills and knowledge to complete project responsibilities.
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om this Standard

as directed by enterprise policies, or as directly adopted by the project, to satisfy agreements. Directives
and procedures are prepared by the project to guide both the project management functions and the
technical efforts applicable to the specific project. In this context, the technical efforts to meet the

requirements of this Standard require project functional support. Such support includes;

a)
project, to implement the planned technical effort, and providing proposal preparation
applicable;

b)

Agreement support including preparing appropriate tasking agreements between projects, or within the

support, as

Project management including project integration, scope management, time management, cost

management
managemen,

el mlify management, human-resource Management,-comm Inications ma

and procurement management.

nagement, risk

NOTE—Morg
Management

information on the types of support to be expected isin A Guide to the)Projeq
Body of Knowledge (PMBOK) published by the Project Managementdnstitute.

—

The availability 3
determine the ted
tools, equipment,

ind adequacy of these project functions, and the projeet directives and prg

s and scope of the processes for engineering a system. The enterprise de
and metrics to be used, and the reporting and management review requir
| factors

53 Extern

The external environmental factors that can affect the processes for engineering a system i
state, national, and international laws and regulations; potential lega liabilities; social resy
available technol pgies; the labor pool; competing products and technologies; and national

standards and spdcifications. Also, the processes for engineering a system can be affected
agreements for upper or lower developmient projects and requisitioned end products and by
infrastructures and the physical world.

Systems and theif products operate'with organizations and personnel who use the products,

operational entitigs that provideinput to the system, or otherwise interact with the system
not part of the sygtem under-development and are not controlled by the developer. Thein
interfaces (physidgal or functional) between the system products and their external operatio
can affect the implemientation of the processes used for eng| neeri ng the pro;ect wstem CH

cedures,
termines the
Bments.

nclude locdl,
onsibilities;

Dr internationa
by externa
existing externa

and with other
products, but are
eraction and

nal environment
anges in the

operational enviro

e performance

and adequacy aso can be affected by the system’s ablllty to respond both to the operatlonal environment

and to changesin that environment.

5.4 Influence of other enterprise projects

Enterprises often have more than one development project at once. Two such projects can sometimes
benefit from the exchange of products, for example, parts, subassemblies, or data. Agreements between

such projects are established, as appropriate.
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6 Application key concepts

This Clause describes key concepts for application of the processes of Clause 4 to the engineering or
reengineering of asystem. There are two aspects to this clause: first, the system to which the processes are
applied; and second, the top-down development of system products and the bottom-up implementation and
realization of system products. The first is the basis for the system structure; the second is the basis of an
engineering life cycle.

6.1 System

concept

The system to whi ch the proc&sses of Clause 4 are applled consists of both the end products to be used by

an acquirer for a
and use of an eng

associated procegs functions of the system—develop, produce, test, deploy, and suppert’th

train the operator
no longer viable

product, or an aggregation of end products. Enabling products are used

and maintenance staff of the end products; and retire or dispose.of end

or use. Both the end products and the enabling products are éither devel

as appropriate. The relationship of these system elements is shown in Figure 6.1.

System
| I |
Consists of i
End Enabling
Products Products
Perform Perform
i . 3 . Associated |
i Operationaly™; ‘ |
| i | . Process
i Functions | . |
: ‘ - Functions |

Figure 6.1—System concept

n, realization,

to perform the
e end products,
products that are
bped or reused,

NOTE—The

gbove system concept implicitly includes the personnel who devel op, produce

human factors issues are mcl uded in the appllcatlons of the processes of this Standard to the building
block structure derived from this system concept.

test, operate,
these system

Tpersonnel and

6.1.1 Buildi

ng block

The system forms the basis for alarger structure, called the building block, shown in Figure 6.1.1. The
building block provides the framework for application of the processes of Clause 4.
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Operational SyStem Enabling
Products I | Product Sets
| | I 1
End Development Test Training Disposal
Product Products Products Products Products
Consists of
| | Production Deployment Support
Products Products Products
Subsystem Subsystem

A building block

Figure 6.1.1—Building block

is made up of the system (gray element), one or more end products.(black elements), two

or more subsystems (gray elements) for each end product, and the ensemble of enabling products (white

elements). Each ¢
software, firmwa

information can 1
a) configurat
b) the costst
c) identificat
d) specificati
€) definition
f) other reley

6.1.1.1

D be collected;

System element

on identification;

pns rel evant to the e ement;
pf work to be done;
ant agreement information,

ons of interfacing elements inside and outside the building block;

nd product and each enabling product includes one or more of the followjng: hardware,
e, personnd, facilities, data, materials, services, and precésses. The follpwing
e associated with each element within the building bloek:

The system elemént of the building.block is the object for which the devel oper defines the aequirer and

other stakeholder

6.1.1.2 End

The end products

the Solution Defiht

productelements

requirementsysing the Requirements Definition Process.

perform the operatr onaI functr onsfor the system Th@e products are dgveloped using

SVstem

Verification Proceﬁ and are valrdated against acquirer requirements us ng the End Products Validation

Process.

An end product can be either alegacy product that is being reengineered or a product that the enterprise
both has the expertise to make and has similar products already in the market place. Such developments
are identified as precedented, derivative, or next-generation. When the specific end product is not a priori
known, or when the enterprise has limited experience in development of a new system, the development is
identified as unprecedented or as a new concept. The application of the System Design Processes to each of
these product typesis provided in Annex F.
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NOTE—Suppose it is already known that a radio set, a radar, an automobile, or another specific product
(including acquirer-furnished equipment) isto be used as an end product. Even though the product typeis

known (precedented), the specific solution for this next-generation product can be defined using the
processes of this Standard to satisfy acquirer requirements.

An end product can be self-contained in terms of its use and operations. It aso can be an item that has no
use outside a larger end product, but that is developed as an end product of a subsystem (lower-layer
system building block) using the System Design Processes.

NOTES

Examples of

1 Examplesof self-contained end products are an aircraft, an automobile, a communications satellite, a
nuclear reactor, a telecommunication switching module, or a space vehicle that is delivered to an operator.

2 Anend product could also be any of many products that make up a self-contained end product.

Ich end prndl icts are an pngi neararadio far an aircraft a power frain or a br

ke for an

automobile, a
reactor, a swit
hatch door for
replaceable un

3 Theendg
integrated wit
and eventually

4  There can
aggregation o

solar panel or atransmitter for a satellite, a control panel or a control valveTo
ch or atransducer for a telecommunication switching module, or alife suppor
a space vehicle. Such end products can be found at the assembly, subassembl
it, component, or part levels of a system.

roduct element is black to represent those elements of the building block that
N end products of upper- and lower-layer building blocks tolform a composite
a self-contained end product.

be more than one end product in a building block. ‘h-such cases, the system
f end products, plus their enabling products.

" anuclear
package or a
y, line

bre physically
end product

ronsists of an

6.1.1.3 Sub

If end products c;
from another sup
Each end product
is developed, ano
building blocksiis

6.1.1.4 Ena

Eystem elements

hnnot be manufactured or are not off:the-shelf products that can be reuss

plier, subsystems of an end product are developed using the processes of
that is developed consists ef\two or more subsystems (gray elements). W

ther lower-layer building.block is established (see Subclause 6.2). The h
called the system structure.

pling product elements

Enabling product

products are verifiied to beready to perform their intended functions when required to sup

end product, or
processes of this

S performethe associated process or non-operational functions of the systd

gregation of end products. When each set of enabling productsis devel

;

i or purchased
this Standard.
hen a subsystem
erarchy of such

bm. The enabling
ort their related
ped using the

andard, another building block is formed (see Annex G, Figure G.3). L

evelopment of

an enabling product building block is normaly initiated after the related end products are fully defined and
after the requirements for enabling products are identified. The building block structure for an associated
process is related to only its parent system building block and does not infer development of all products
related to an associated process for the entire system structure (upward and downward in the hierarchy of

building blocks).

NOTE—Application of the processes of this standard to a building block establishes the specified
requirements for the items represented by black or gray elements of Figure 6.1.1. However, only
reguirements (which most often are not valid technical statements) are initially identified and collected for
the enabling products. To represent this difference, the enabling product elements are shown in white.
The processes of this Standard are then applied to each set of enabling products to obtain validated
technical requirements and, ultimately, derived requirements and specified requirements for these
enabling products.

Examples of enabling products developed in conjunction with a system are listed in Table 6.1.1.4
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Table 6.1.1.4—Examples of enabling products for each associated process

Associated Examples of enabling products
process

Development | Development plans and schedules, engineering policies and procedures, integration plans and procedures,
information database, automated tools, analytical models, physical models, engineering and management
personnel, and connecting cables and other interface structures not being developed as separate end
products.

Production Production plans and schedules, manufacturing policies and procedures, manufacturing facilities, jigs,
special tools and equipment, production processes and materials, production and assembly manuals,
measuring devices, and manufacturing and procurement personnel.

Test [est plans (including test environment interaction) and schedules, test policies and pracedures, test models,
rpass/volume mockups, special tools and test equipment, test stands, special test facilities and sites,
rheasuring devices, simulation or analytical models, demonstration and scal e test-modéls, inspection
procedures, and test personnel.

Deployment Deployment plans and schedules, deployment policies and procedures, massizolume mgckups, packaging
rhaterials, special storage facilities and sites, specia handling equipment; special transpportation equipment
gnd facilities, installation procedures, installation brackets and cablesy special transportation equipment,
deployment instructions, ship ateration drawings, site layout drawings, and installatior) personnel.

Training Training plans and schedules, training policies and procedures, ssmulators, training mogels, training
gourses and materials, special training facilities, and trainérs.

Support $upport plans and schedules, support policies and progedires, special tools and repair ¢quipment,
rhai ntenance assistance modules, specia services (forexample, telephone hotline and customer access
[|nes), special support facilities and handling equipment, maintenance manuals, maintenance records
gystem, specia diagnostic equipment (not an integral part of the end product), and repair personnel.

Disposd Disposal plans and schedules, disposal policies and procedures, refurbishment facilitie$ and equipment,
gpecial disposal facilities and sites, special equipment for disposal of spent end products, and disposal
personnel.

6.1.2 Building block roles

The building blogk isusedfor: (1) identifying and assigning specifications for the system, end products,
and subsystem e ements;<(2) managing interfaces; (3) enabling multidisciplinary teamwork; (4) assessing
risk; (5) structuripg technical reviews; and (6) cost collection and reporting. Data and docyiment
management is facititated by the building block since each system element shows the sourge of such data

and documents. Data and documents are generated as work products or deliverables as aresult of the
technical efforts to develop each system element. Likewise, each system element has awork package
assigned to direct the team doing the planned technica effort.
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6.1.2.1 Specifications

Specifications document the specified requirements that are an output from the Solution Definition Process.
The building block relationships of black and gray element specifications and the white element
requirements, as well as appropriate interface specifications, are shown in Figure 6.1.2.1.

System External
Interface Specifications

»

| fE”dSPVOd_;!Ct _ System Enabling Product
nterface Specifications . . ificati
p SpeC|f|cat|0n Interface Specifications

o ofe L | l— /

| I I z
End Development Test Training Dispgsal
Pr‘?‘?'UCF Product Product Product Product

SECBUE | Requirements ||| Requirements || | Requirements [{{Requirgments

Subsystem Production Deployment Support
Intgrface Specifications Product Product Product

] )/ Requirements | | Requirements |{Requirements

Subsygtem Subsystem
Specifigation | | Specification

. ©

Figure 6.1.2.1—Building bloekK role - specifications

NOTES

1 Thegray Hlements represent system elementsthat will be defined by specifications prodiiced by
application of [the System Design Processes (See Subclause 4.3), but are not delivered as a urjit.

2 The systejn specifications are the basis of developing end product specified requirements and
associated progess requirements. Each-subsystem specification is the basis for development pf the next
lower-layer byilding block (see Subclause 6.2).

Specifications describe the reguired characteristics of end products (black elements) or agroup of products
(gray elements). |Characteristics include

a) the functi(Lr;aI and performance requirements,
b) interfacer
c) theenvironmentsin which the product(s) is required to perform its functions;

uirements;

d) physica characteristics and attributes;
€) thebasisfor evaluating test articles,

f) the methods for verifying compliance;
g) theintended uses,

h) enabling product requirements.
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The specifications for the system, end product, and subsystem elements evolve through three stages.
conceptual, initial, and established. Conceptual specifications are used to show feasibility of a higher-
level initial specification (e.g., end product) and to record the characteristics of notiona products.
Conceptua specifications are evolved to initial specifications by application of System Design Processes.
Initial specifications are used to direct lower-layer building block developments of subsystems. The initia
specifications evolve into established specifications by application of the System Design Processes.
Established specifications

a)

b)

6.1.2.1.2 Perfprmance specifications

Performance spegifications are used when it is appropriate to state requirements in terms

a)
b)

c)
d)

€)

enable making valid estimates of work and resources needed for the next lower-layer

building block development;

provide a basis of communication with and among the development team, suppliers, and

customerfs;

provide quidance to testers for completing System Verification and End Products
Validatign Processes;

provide g basis for negotiation of engineering changes,
aration of detailed drawing or software development file design definiti

enable development of lower-layer building block specifications and solution defin]
e.g., drawings, parts lists, and code lists;

enable cgnfiguration management (control and mainténance) of solution definition
satisfy technical requirements,

enable the definition of logistics support for spares, replacement parts, training, m
mai ntengnce operations, diagnostic tools, aid’'support equipment.

the requifed results without stating the method for achieving the required results;

function [what is to besaccomplished) and performance (how well each function is
performed);

the envirpnment inrwhich the product(s) must perform these functions,

DNS;
itions,

S that

anual's,

to be

the interflpee. and interchangesbility characteristics,

the means for verifying compliance.

6.1.2.1.3 Detail specifications

Detail specifications are used when it is appropriate to state design requirements in terms of

a)
b)
c)

materia to be used;
how arequirement is to be achieved,;
how a product isto be fabricated or constructed.

NOTE—Detail specifications are applicable to guide creation of detailed drawings or the software
development file: pseudocode and software dictionary.
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6.1.2.2 Interface definition

Interface specifications are essential in most system development activities to clarify interdependencies
between system elements within the building block (internal) and other systems above, below, and at the
same layer of development (external). Interface specifications are used to define and specify

a) physical and functiona relationships between system elements, including operators;
b) functiona requirements resulting from these relationships;

c) performance requirements resulting from these relationships;

d) constraints.

6.1.2.3 Multidisciplinary teamwork

Another role for fhe building block isto enable multidisciplinary teamwork. A referencegtructure for team
assignment is shqwn in Figure 6.1.2.3. Teams themselves do not ensure teamwork It is How the teams are
integrated that is|mportant, as well as the assgnment of properly skilled teeam members. A system core
team is usually composed of the project technical manager, along with membersto be assigned to team lead
positions on end-product and associated process teams. An end-product téam can be the |gaders from their
respective subsygem team. An enabling product team can be individualsrepresenting their respective
functional disciplines. These functional specidlists are also assigned.to subsystem teams, s appropriate.

A subsystem tea is normally appropriate domain experts as well“as functional speciaistg and other
required specialigs. A subsystem team becomes the core teamfor the next lower-layer bullding block
development of gibsystem end products.

NOTE—As wjith the application of any complex process; training of al team members in the application
of the concepts and practices in this Standard is key(to its successful application. Successful| training
includes both:Faj ning that brings new team members up to speed and training that refresheq existing team
members on tie currently active elements of \the’process as the project proceeds.

Multidisciplinary|teamwork ensures the accuracy and completeness of the evolving techni¢al data package
from which test grticles, pre-production prototypes, and production products are to be manufactured or
coded.

System
Core Team
o qe | | Ii
| | ] |
End Development Test Training Disposal
Product Products Products Products Products
Team Team Team Team Team
0 Production Deployment Support
Subsystem Subsystem Products Pr_:_)ducts Pr_:_)::n(;ts
Team Team Team eam

Figure 6.1.2.3—Building block role - teamwork
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6.1.2.4 Risk management

Another role for the building block is to provide a structure for ng and managing risks. Therisk
associated with arriving at the solution definition for each end product is a function of the risk assigned to
each subsystem of the end product. Likewise, the risk associated with the system of the building block
development is a function of the end-product risks and the associated enabling-product risks. The building
block also shows the relationships between subsystems and end products, and between associated end
products that must be considered in determining the risk associated with each end product devel opment.
Based on the degree of risk and the relationship among building block elements, risk aversion plans are
created and tracked.

NOTES

1 Risk depends on the probability of occurrence and its conseguences. Risk is potential harm to the
project or system under development. Risk is assessed for project, product, and process asperts of the
system. This {ncludes the adverse consequences of process variability. The sources of-fisk’iphclude:
technical (for gxample, feasibility, operability, producibility, testability, and systems effectiveness); cost
(for example, pstimates and goals); schedule (for example, technology/material availability, fechnical
achievements) and milestones); and programmatic (for example, resources).

2 Risk manpgement requires discipline. Risk management is useful only,to the degree thét it highlights
the need for agtion, and that action leads to the problem being addressed’quickly and thoroughly.
Moreover, risk management is continuous. Things can go wrong until:the last phase of the project is
completed.

6.1.2.5 Technical reviews

Technical reviews are scheduled and conducted during-each engineering life cycle phase, & appropriate, to
review progress against plan, against the established agreement, and against the applicable enterprise-based
life cycle phase exit criteria. They are conducted to determine whether to continue the investment in future

engineering or enterprise-based life cycle phiases, based on

a) theriskspnd costs associated with lower-layer devel opments;

b) the matufity of the developmient to date;

€) readinessto proceed, to include external supplier availability and agreement preparations, if
applicable.

The building block also is a convenient framework for technical reviews called out in the agreement or the
engineering plan. Two types of reviews are conducted—Incremental and System. Incremental Reviews
are conducted on subsystems, associated processes for related sets of enabling products, and end products.
Upon completion of the incremental reviews, a System Review (top element of the building block) is
conducted. Thetypica order of these reviewsis shown in Figure 6.1.2.5.
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ASSOCIATED END YSTEM
SUS;TSVIEM - PROCESS B PRODUCT N SR S .
Reviews Reviews eview
- Incremental Reviews >

Figure 6.1.2.5—Building block role - technical reviews

The conduct, the reviewing body, and the presenters of specific technical reviews are planned in atechnica
review plan during the Planning Process. The team associated with a specific review is assigned the task of
creating and presenting the technical review. For Subsystem Reviews, the parent end product team is
typicdly the reviewing body. End product team members and team leads selected from other associated
process teams make up the reviewing body for the Associated Process Reviews. These reviews can be held
asajoint review. The core team is the reviewing body for End Product Reviews. Reviewing bodies can be
supplemented by [other specialists from outside the project, as appropriate to meet technicgl review
objectives. The reviewing body for a System Review can be designated in the agreement gnd/or in the
project plan or erjgineering plan. The System Review can be held long with a project review when
intended to meet pxit criteria for an enterprise-based life cycle phase.

The purposes of §he Incremental and System Reviews are listed in Table6,1.2.5.

Table 6.1.2.5—Purposes of technicakreviews

Review Purpose

Subsystem To assess progress in defining and satisfying siibsystem requirements.

Associated Process || 1) To assess progress and identify issues associated with requirements for one assodiated process or
group of associated processes;

2) to ensure the suitability and availability of the services of enabling products when they are needed.

End Product To address issues and demonstrate required building block development progress arjd maturity.

System See Annex E.

The technical revjews applicablefor the engineering life cycle (see Subclause 6.3) are desdribed in Annex
E. The incrementdl reviews are to be completed prior to each Annex E system technical reyiew.

6.1.2.6  Cosi colieetion and reporting

Another use of thebuiTding block Structure isTor collecting and reporting costs relaied to engineering life
cycle activities. The costs are incurred in each building block system element as devel opment activities are
done in accordance with assigned work packages generated during planning. The costsincurred include
direct labor costs associated with applying engineering process tasks for requirements definition, design
definition, design verification, tradeoff and effectiveness analyses, fabrication, software bulk copying,
technical reviews, data and document generation, integration, and testing.

Technical agreement, planning, and control costs are aso collected and reported as part of the development
of associated process enabling products. The costs associated with a building block system development
can be easily summarized by rolling up the costs of subsystems, end products, and associated processes.
When the project performance is tracked by an acquirer, or for internal control, using a cost performance
measurement system, cost and performance measurements are combined using an earned-value approach.



https://saenorm.com/api/?name=d102391dcda1b2471c3dcaedb3e50c9c

ElIA-632

6.2 System structure concept

A single building block rarely defines the complete solution to acquirer and other stakeholder requirements.
If a subsystem requires further development, this is done as a subordinate building block development.
Lower-layer building block developments are initiated as soon as definite contents of the building block are
determined. The definite contents of the building block are represented as end product established
specifications, initia subsystem specifications, interface specifications, and requirements identified for
applicable enabling products of the associated processes. Building blocks are connected to form the system
structure, or a building block hierarchy. The relationship among building blocksin ahierarchy is shown in
Figure 6.2.

This layered approach in the decomposition of building blocks continues until: 1) the end products of a
building block can be implemented:; 2) the requirements for an end product can be satisfied by an existing
product; or 3) thg end products can be acquired from a supplier. The specific building blgck structure will
vary with each sylstem, based on the number of end products, the number of subsystemsin an end product,
and the applicablg enabling products of the associated processes.

Layer N Building Block

System
cee I [
I I I ]

End Development Test Training Disposal
Product Products Products Products Products

| ] Production Deployment Support

Products Products Products

Subsystem Yubsystem
N
="
Layer N+1
\ Building Blocks
System

I 1
Devplopment Test
Poducts Products
D

b Production eployment

1
Disposal
Products

1
Disposal
Products

Training
Products

1 1 1 T
Development Test [raining
Products Products roducts

1

RS I

Figure 6.2—Forming a system structure

Support
Products

Production
Products

Support
Products

Deployment
Products

Products Products

NOTE—A system structure serves as the framework for the engineering of a system. Although
represented in Figure 6.2 as a one-to-one decomposition, some cases can occur that have multiple
inheritances when the same subsystem or end product can be used several places in the system structure.

The specified requirements for a subsystem become the assigned requirements at the next lower layer of
development (see Annex G) . Each building block can have other stakeholder requirements that are not
related to the requirements that are either assigned from above or directed by users or customers.
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6.2.1 Top-down development

Figure 6.2 shows a view of the layered devel opment approach for a project (also known as a program in
some domains). Typically, the project receives acquirer requirementsin aformal agreement (see Subclause
4.1) and provides reports and ddlivers products in accordance with that agreement (see Subclause 4.2).
Each project can have severa lower-layer building block developments. An agreement is used for each
lower-layer building block development using requirements assigned from the parent upper-layer building
block. Typically, only one engineering plan (see Subclause 4.2) is required for the multiple layers of
building block developments within asingle project. 1f an external supplier isused for alower-layer
building block development, a formal agreement is required.

Figure 6.2.1ais an example system structure ShOWI ng a Iayered devel opment The top building block
contains the end product the = ! Thistop building
block represents yvhat is often caI Ied the pr| me contractor S prolect Two other prol ects are shown: Project
A and Project B. | The top building block in each of these projects represents the top (ayer of devel opment
for the respectivg project, but the second layer for the prime contractor’ s project. -Rroject A spawns two
layers of development, whereas Project B spawns multiple lower-layer building-block developments. The
lines connecting the layers reflect the specified requirements assigned from’a parent building block toits
subordinate building block.

NOTES

1 Itisrecognized that three approaches are practiced to enginger a system—top-down, boptom-up, and
middle-out. The approach in this Standard could be considered both middle-out and top-dowyn. Since the
hierarchy of blilding blocks of Subclause 6.2 starts in a project that could be anywhere in the system
structure, thisjcould be considered middle-ouit.

2 Thetop-down approach is intended to flow-dewn requirements so as to ensure satisfactipn of top-
layer building|block project customer requirements. It isalso intended to take advantage of feuse and off-
the-shelf items that satisfy assigned requirements in order to lessen devel opment costs and shorten
development gycle time. The requirements-of this Standard are based on the top-down apprach.

3 A bottomiup approach to develepment is normally not to be used unless it is ascertained that the
requirements ¢f the top-layer building block project system are not affected adversely.

A project applies|the SystemDesign Processes (see Subclause 4.3) to each building block jn the project
boundary to deved op the appropriate system, end product, and subsystem devel opment specifications that
are defined to satisfy assgned and other stakeholder requirements related to a single buildipg block. The
end products defipedat Prolect A’s second Iayer of devel opment are both satlsfled by off-the-shelf or reuse
products and, thete ] X P
one building block that reqw res athl rd Iayer of devel opment whereas the speC|f|cat|ons of the other
building block’s end product are satisfied by either an off-the-shelf product or areuse product. Project B
requires five layers of development to complete the downward definition of end products sufficiently so that
they can be elther built or coded, procured off-the-shelf, or reused. Project B relies on external suppliers
for three end products, one at layer three and two at layer five.
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User or Customer I_T_:)OFJ;(_EE;)IZ?
Desired System Bulding Block

Project A

Building Block
Developments

Off-The-S
End P

Build/(
End Prd

Figure 6.2.1b shq
Processes (see SU
the building bloch
development. Th
inaset of end pr
development effg

The end product
procurement of o
applicable. Asth

helf/Reuse
oducts

Code
ducts

Figure 6.2.1a—Example system structure

ws, for Project B of Figure 6.2:1a, top-down development using the Syst

above and the other stakenolder requirements that will influence the bui
e completion of the gpplicable planned technica efforts on each building

rts are requirech

specified reguirements will be used for End Product Verification, as well
ff-the.shelf or reuse end products, for building, or for assembly and integ

em Design

bclause 4.3). The inputs to-each building block include the assigned requiirements from

ding block
block isto result

pduct specified reguirements and subsystem initial specifications, when fuirther

as for
ration, as

e techinical efforts proceed, design feedback is provided to the parent bui

ensure interface @

ormpliance and also to ensure that design decisions do not adversely aff

ding block to
the parent

building block end and enabling products, or other subsystems. Likewise, the parent building block
provides any changes to requirements that result from other subsystem developments, enabling product
developments, or stakeholder changes. Changes are passed downward to lower-layer building block
developments, as applicable.
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! Acquirer ‘
- Desired System .
. Developer Design
Assigned Feedback
Specified End Product ;
Requirements Laver 1 g eg-?-eléc PI’_OjeCt B
o Bui%lding — Req%irelrlnents (see Figure 6.2.1a)
er _>
Stakeholders Block | Design
Requirements Assigned Feedback
Specified L End Product
Requirements [~ . > |[——®  Specified
Building Requirements
Other ——————p| Blocks |® Design
Stakeholders b
Requiremerfts ASSIgNed —t— End Product

Specified > o
Requirements |, | Layer3 _: Specified
Building Requirements

Other — 5| Blocks |
Stakeholders

Requirements

Design
Assigned Feedback
Specified . End [Product

Requirements | Layer 4 —: Spkcified

- Building Requirements

Other
E—— .
Stakeholders Blodes et Design

Requirements Assigned Feedbadk
Specified
Requirefments

End Product
Specified
Requirements

Layer 5
Building
Blocks

Other
Stakeholders
Requiréments

Figure'6.2.1b—Top-down development
6.2.2 Bottgm-up realization

The previous subflause exptained how end products that make up the system structure arejdevel oped, from
the top down. Orfice speeific end products are defined sufficiently by specifications so that] an off-the-shelf
product or a reusg preddet can be used, or so that the end products can be built or coded, Product
Realization Procgsses'(see Subclause 4.4) can be initiated. Aswas shown in Figure 6.2.14, this can occur
at any layer of the system structure. However, the assembly or integration, verification, and validation of
such products occur from the bottom up.

The bottom-up realization of end products is shown in Figure 6.2.2, again for Project B (reference Figure
6.2.18). The end products procured for layer 5 (built, coded, used off-the-shelf, reused, or delivered by
external supplier) are verified using the End Products Validation Process (see Subclause 4.5). Once
verified, the end products are delivered, along with verification data, to the parent building block, in
accordance with the established agreement. The end product is validated against its assigned requirements,
either before delivery by the end product developer or supplier, or by the layer 4 building block developer.
Validation is completed using the End Products Validation Process (see Subclause 4.5) before being
assembled or integrated with the other validated end products that make up the appropriate composite end
product for the layer 4 building block. This composite end product is then verified, and the procedure is
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repeated until the project’s end product for the layer 1 building block is delivered to the top-level developer
in accordance with the agreement.

‘ Acquirer ‘
- Desired System !
Developer
Verify
1 Against Layer 1 Deliver
PrQJeCt B End Product ~— End Verified
(see Figure 6.2.1a) Specified Product End Product
Requirements A
Verify .
Against < Layer 2 Deliver
End Product End Verified
Specified Products End Products
Requirements 3
\

Verify | E— )
Against Laver 3 Deliver
End Product :: Eynd Verified

Specified Products End Produets
Requirements 3
A ASSIT
Vefify — Dl L
Agajnst Layer 4 eliver
End Pfoduct :: End Verified
Specffied Products End Products
Requir¢ments ]
A
Verify L | | U
Against Layer 5 1— Deliver
End Product End Verified
Specified Products [TF End-Products
Requirements -

A key purpose of

Figure 6.2.2—Bottom-up realization

this bottom-up approach is to discover test-article variances and design

omalies at the

lowest layer of dgvelopment possiblein order to prevent lower-layer end product defects friom being buried

or overlooked an

aggregation of
block developmentsto correct anomalies uncovered b

thenyshowing up during top-layer end product verification and end product, or
products, validation. The System Design Processes are applied to the affected building
' stem Verification or End Produdts Validation

Processes (see Subclause 4.5). End products that do not comply with specified requirements must be re-
manufactured, re-coded, or re-procured to correct the anomaly or deficiency and so that a corrected test

article can be verified.
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NOTE—End product validation against acquirer requirements can be accomplished before delivery, but
after end product verification is complete, if called for in the agreement. Otherwise, the acquirer validates
the delivered end product prior to assembly or integration with other end products to make up the
composite end products appropriate to the building block. The aggregation of end products might also
need to be validated.

6.3

Engineering life cycle concept

Each product within a system structure has its own life cycle. The product line it represents is developed
and produced to meet acquirer requirements and is then inserted into the marketplace either to satisfy an
established agreement or through marketing. Following insertion, there is a growth stage where the product
becomes a viable product in the marketplace. Thisisfollowed by a maturity stage where the product is no
longer in growing demand, where competitor products take part of the market, or where the product fails to

achieve its marke
decline, and the g
life cycle.

t potential and demand levels off and starts to decline. Finally, the sales

Of the product

roduct is phased out and is no longer marketed or distributed. All products undergo this

NOTE—The
isthedriver f
are improved,
meet external

;

roduct life cycle is the one generally defined in project management books. T
the two other life cycles, in that new products must be develeped, or that leg
to create new business and profitability to an enterprise, or to’keep systems co
threats to an enterprise or nation.

nislife cycle
bcy products
mpetitive to

The processes of
product’ s life cya
thereof, into redli
products are useg
used and as desid
are applied to reg
are applied to cor

The layers of dev
engineering life g
engineering life g
Conception, cong
Definition, Subsy
End Product Phy

this Standard are applicable at any point in a product’slife cycle. In the
e, the processes for engineering a system are: applied to bring the systen
yation. System products are then producedand transitioned into operatio
and supported and during which opefators and maintainers are trained.

N anomalies or desired product improvements are identified, the processg
hgineer the products. Finaly, during product retirement, the processes o

elopment shown in Figures 6.2.1a and 6.2.2 are directly correlated with §
ycle phases during which the processes of this Standard are applied. Thq
ycle phases are described in Table 6.3. These phases are grouped as foll
i sting of the Rre=System Definition Phase; (2) Creation, consisting of thq

Sical Integration, Test, and Evaluation phase.

early stages of a
1, Or aportion

ns where

As products are
s of this Standard
[ this Standard

rect any enabling product desigh anomaly for the retirement or disposal process.

1 set of

bws: (1)
e System

stem Desigh; and Detailed Design phases; and (3) Realization, consisting of the
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Figure 6.2.1a shows application of the phases related to Conception and Creation for the top-down
development. Figure 6.2.2 shows application of the phase related to bottom-up Realization. Annex
B describes how these groups of phases are used in individual enterprise-based life cycle phases to
incrementally evolve the system products before implementing the utilization phases of the
enterprise-based life cycle, or before continuing the utilization enterprise-based life cycle phasein
which the system products were improved using the activities of the engineering life cycle phases.

NOTE—The engineering life cycle applies in the research and development stage of a product’slife cycle,
but it also applies during any product life cycle phase or enterprise-based life cycle phase wheniit is
needed as aresult of engineering or reengineering decisions. (see Annex B)
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Table 6.3—Engineering life cycle phases

PHASE

DESCRIPTION OF ACTIVITIES

Pre-System
Definition

Thisis the start-up phase of the engineering life cycle. The Technical Management Processes, as applicable,
are applied to plan atechnical effort, or refine the technical effort described by existing plans, that is
consistent with an established agreement

System Design Processes are applied, as appropriate, to the top-layer building block of a project to determine
the best system concepts to satisfy acquirer requirements, or to refine a previously selected concept, or legacy
system, established in a prior enterprise-based life cycle phase. A set of initial specifications for the system

and selected end products of the system concept is defined, as appropriate, and technology requirements,
risks, and other constraints are identified. Before progressing to the next phase, appropriate incremental
technical reviews and a system concept review are completed.

System
Definition

System Design Processes, and appropriate Technical Management and Technical Evaluation Processes, are
applied to the top-layer building block of a project to establish specified requirements for the end products

ari
to
de
ey

d to define initial specifications, including interface specifications, for subsystems of 4
identify enabling product requirements to enable an end product to meet functionality
hvel opment, production, test, deployment, training, support, and disposal, as applicable
chnical risk areas are mitigated during this phase. Before progressing to the subsystem
propriate incremental technical reviews and a system definition review are completed.,

ach end product, and

requirements during
Identified high

design phase,

Subsystem
Design

S8 2320 YD

plied to the building blocks at the second layer of the project to eStablish specified reqg
d products and to define initial specifications, including interface specifications, for su
d product that requires further development, and to identify.enabling product requiren

stem Design Processes, and appropriate Technical Management and’Technical Evalug

ion Processes, are
Lirements for the
bsystems of each
ents to enable an

d product to meet functionality requirements during development, production, test, d
pport, and disposal, as applicable. Identified high techhical risk areas for subsystem

Cremental technical reviews and a system prelimifary design review are completed.

loyment, training,
d products and

abling products are averted during this phase. Before-progressing to the detailed design phase, appropriate

Detailed
Design

Sy
aj

stem Design Processes, and appropriate Technical Management and Technical Evalu
plied to the building blocks at the third and lower layers of the project to establish sp

ion Processes, are
ified requirements

arld detailed drawings or documents, as appropriate, for the end products and to define ifitial specifications,
inpluding interface specifications, for subsystems of each end product that requires further development, and
tolidentify enabling product requiréments to enable an end product to meet functionality [requirements during

de
tey
o)t
Sy
olf

vel opment, production, test, deployment, training, support, and disposal, as applicabl
Chnical risk areas for lower-layer end products and enabling products are averted duri
pgressing to the next lawer:layer detailed design effort, appropriate incremental techni
stem detailed designireview are completed on the applicable building block elements.
pduct design can befulfilled by buying, building, or reuse, development of that end pr

Priior to progressing'to the next phase of the engineering life cycle, test readiness and prd

Chnical reviews are completed.

Identified high
this phase. Before
reviews and a
When an end

duct is complete.
duction readiness

End
Product
Physical

Integration,

Test and
Evaluation

d products are obtained from suppliers, acquirers (in the case of customer-furnished i
f, @r-are fabricated, based on completed detailed design specifications, documents, o

ems), are off-the-
drawings. The

plementation Process, Technical Management Processes, and Technical Evaluation Prj

ocesses are applied

P =] end proaucts, and to verify that
composite end products satisfy specmed requirements. The Transition to Use Processis applied to deliver
the verified end products to the acquirer of the next layer up in accordance with the established agreement.
Then, the Implementation Process, the Technical Management Processes, the Technical Evaluation

Processes, and the Transition to Use Process are applied, as appropriate, to successive upper-layer building
blocks until delivery of the end products and enabling products required in the agreement that established the
project.
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Annex A—Glossary (normative)

For the purposes of this Standard, the following definitions apply:

acquirer: An enterprise, organization, or individual that obtains a product (good or service) from a

supplier.

NOTES

1 Theacquirer can be a customer or user of adesired system product, or can be a developer obtaining a
lower layer product in the system hierarchy from another vendor or a developer in the role of supplier.

2 Anacquirer isatype of stakeholder.

agreement: An
that defines thet

rangement, not necessarily contractual, between two parties (an acquirg
sto be performed, the items to be delivered, the acceptance critefiato

delivered items, and other requirements affecting the development or procurement.of syste)

assign: Design

e afunction, product, process, or other item as accountable'for a particu

r and a supplier)
be applied to
m products.

ar purpose.

NOTES

2 The"ass
product or prg
entity (e.g., th

1 Thetermg

b allocate or partition are used in some domains to denote this concept.

cess, €) requirement to interface, d) function to{product or process, €) function
b operator), or f) requirement to external entity (e.g., external system).

hn” relationship can be in various forms: @) requir@ment to function, b) requirément to

to external

associated proce
service, or retired

building block:
requirements, wo
structured decom

configuration mg
product’s perforn
management info

constraint: (1) A

sses:  Processes that enable one or more end products to be put into servi
from service.

A representation of the conceptual framework of a system that is used fol

bosition of the system,

nagement: A nanagement process for establishing and maintaining corf
nance, functional, and physical attributes with its requirements, design, al
rmation threughout its life. Reference: ANSI/EIA-649.

ce, maintained in

organizing the

'k, and other information associated with the engineering of asystem. A element in the

sistency of a
nd operational

(2) A type of requ

customer: Anindividual, organization, or enterprise that (1) commissions the engineering of a system; (2)
is a prospective purchaser of the end products of a system, or portions thereof; or (3) is an acquirer of a

product.

deliverable: Anitem agreed to be delivered to an acquirer as specified in an agreement. This item can be
adocument, a hardware item, a software item, a service, or any type of work product.

derivative system: A specid type of precedented system derived from a previously operational system
through the use of mgor e ements, but whose requirements have been modified to meet new objectives.
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derived requirement: (1) A requirement that is further refined from a primary source requirement or a

higher-level deriv

ed requirement.

(2) A requirement that results from a design decision for alogical or physical solution representation.

developer: An enterprise or organization that performs the process requirements of this Standard.

development: The action by which a set of requirementsis trandated into a solution definition for a set of
products that satisfy stakeholders.

document: A collection of data, regardless of the medium on which it is recorded, that generally has
permanence and can be read by humans or machines.

| NOTE—Documentation is an instance of a document or a collection of documents.

effectiveness and
physical, or desig

enabling produc
service, or ¢) end

lysis: An assessment of how well a product associated with an aternatiy
n solution is expected to perform or operate, given an anticipated usage

[: Item that provides the means for &) getting an end product énte service
ng its service.

elogical,
bcenario.

b) keeping it in

NOTE—Enab
deployment, t

ing products are related to the associated processes. development, productior]
aining, support, and disposal.

i tegi

end product: The portion of a system that performs the operationa functions and is deliyj

acquirer.

end product vali
specific intended

accomplished in @n intended usage environment,

dation: Confirmation by examination.and provision of objective evidend

use of an end product (developed,anpurchased), or an aggregation of enc

ered to an

e that the
products, is

NOTES

1 Thekeyd
validation ans
reguirements,
the question: [
products were

validated acqu

2 End prodiict validation is used to demonstrate that the product devel oped or purchased s

ifference between end product validation and end product verification is that e
certification criteria,/or acceptance criteria, as applicable? End product verifi

Does the outputend product comply to the output specified requirements from
built, coded, procured, or assembled and integrated?

irersreguirements in the context of its intended use.

3 Vadidatiol

4 Validated

dClALNSL OLNey Stakenol e =0 e Jenera =0 =0

vers the question: Does the delivered end product conform to the validated input acquirer

ind product

cation answers
which the end

atisfies the

Juirements

generally act as constraints on either the solution or the process by which a solution is generated.
Constraints on solutions will show up in specifications to which an end product is built, coded, or
assembled, and then verified against. Process constraints will be evaluated during management reviews or
in management reports.

is used to designate the corresponding status.

end product verification: Confirmation by examination and provision of objective evidence that the
specified requirements to which an end product is built, coded, or assembled have been fulfilled.

NOTES

1 End product verification is used to demonstrate that the specified requirements (specifications)
generated by the developer and used to build, code, or assemble the end product have been satisfied.
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|2 Verifiedi

s used to designate the corresponding status.

engineering life cycle: A sequence of phases that evolves an instance of a system from a concept to a set
of products consistent with the exit criteria established for an enterprise-based life cycle phase.

engineering plan: The plan for implementing the processes for engineering asystem. The engineering
plan reflects an integrated technical effort that balances all factors associated with meeting life cycle

requirements.

enterprise: The entity that has governance over a set projects, or over organizations in which projects are

carried out.

enterprise-based life cycle: The incremental progress of a system from conception through disposal,

marked by man

environment: (
etc.) and induced
definitions for en
(2) External fact
(3) External factd

function: A task

functional requil
behavior in terms

ement-

) The natural conditions (weather, climate, ocean conditions, terrain,veg

conditions (electromagnetic interference, heat, vibration, etc.) that constr
products and their enabling products.

rs affecting an enterprise or project.

rs affecting development tools, methods, or processes:

action, or activity performed to achieve a desiregd.outcome.

ement: A requirement that defines what system products must do and tf
of an effect produced, or an action or servzice to be performed.

ctation, dust,
ain the design

1eir desired

NOTES

1 Anexam
effect produc
opensvalve.”

by a statemen
function to sta
cause the fung

le of abehavior is " system switches from standby mode to run mode;” an ex
is“cause an alert signal;” ansexample of an action or service to be perform

2 A functiohal requirement can inelude the actor that is to perform the function, the funct
performed, anf, if appropriate, the'object acted upon. In addition, this information can be complemented

of the environment-within which the function is performed, the conditions th
rt, the performance requirements associated with that function, and the condit
tion to terminate.

ple of an
is“signal

on to be

it cause the
ons that

information datg

Ibase™{A repository that provides a capacity to maintain work products g

ind outcomes

from implementa

[i0n,0f the processes for engineering a system in a controlled manner.

NOTE—This database provides the basis for controlled maintenance of the information needed by the
multidisciplinary teams and management to efficiently and effectively accomplish their assigned tasks. It
typically contains the requirements, configurations of a system (past, current, and planned), and all
analyses and test results. This database allows for traceability, supports the validation and verification
tasks, is essential for change management, and provides information to support decision making.

interface requirement: A requirement that defines the conditions of interaction between items.

NOTES

1 Interface requirementsinclude both logical and physical interfaces. They include, as necessary,
physical measurements, definitions of sequences of energy or information transfer, and all other
significant interactions between items.
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functionality).

2 There are interfaces between a system and things external to the system, and between elements within
asystem. The latter include, but are not limited to, interfaces between the end products and their operators
or maintainers, the interfaces between items that make up an end product, and interfaces between an end

product and enabling products of the associated processes.

3 For example, communications interfaces involve the movement and transfer of data and information
within the system, and between the system and its environment. Proper evaluation of communications
reguirements involves definition of both the structural components of communications (e.g., bandwidth,
datarate, distribution, etc.) and content requirements (what data/information is being communicated, why
it is being moved among the system components, and the criticality of thisinformation to system

layer of development: (1) A level of abstraction as it relates to the system structure made up of building

blocks.

(2) A leve of syg

method: Techni

em decomposition.

ues that support implementation of process tasks.

NOTE— A m
or approaches

ethod isthe “how” of each task. Methods have the following attributes: @) tha

b) knowledge base; c) rules and heuristics; d) structure and grder; and €) notétion.

ught patterns

multidisciplinary
functioning as at

teamwork: The cooperative application of all appropriate disciplines b
eam to achieve solutions that balance the contributions of the disciplines

normative: Thaf portion of a standard or specification that governs implementation.

y people
ffectively.

NOTE—A sté
(normative pa
(3) other matq
(administrative
Conformance
document.

Indards document usually contains three kinds of material: (1) The standard its
t); (2) explanatory material to help theser understand the standard (informa
rial concerning the administration of the standard and the sponsoring organiz
b part). The explanatory materialNis-contained in Notes or “informative annex

to a standard is judged solely-ofrthe basis of the normative material in the standards

bl f

five part); and
tion

s

operational scen
environmental co

performance req
perform afunctio

nditions and usage rates as well as expected stimuli (inputs) and respons

uirement:~A requirement that defines how well the system products are
N, along with the conditions under which the function is performed.

precedented: An

ario: A sequence of events expected during operation of system products.

Includes the
s (outputs).

required to

ct that the

end:product that is alegacy product undergoi ng modification ora produ

A et on Alea hac cimilar nradch lranch £

enterprise both hasth

tam Aand o ' PaY ntha Arlent A
tHC-CXPC FHSe-to-ake-ahReRas-SHRbaf PIU\.‘U\.’LJWI y HReFRaAKet r.ll

process: A set of interrelated tasks that, together, transform inputs into outputs.

product: (1) Anitem that consists of one or more of the following: hardware, software, firmware,
facilities, data, materials, personnel, services, techniques, and processes.

(2) A constituent

part of a system.

project: A development effort consisting of both technical and management activities for the purpose of
engineering a system.

| NOTE— For the purposes of this Standard, project and program are synonymous.
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prototype: A model (physical, eectronic, digital, analytical, etc.) of a product built for the purpose of a)
assessing the feasibility of anew or unfamiliar technology; b) assessing or mitigating technical risk; c)
validating requirements; d) demonstrating critical features; e) verifying a product; f) validating a product;
g) determining enabling product readiness; h) characterizing performance or product features; or i)
discovering physica principles.

requirement: (1) Something that governs what, how well, and under what conditions a product will
achieve a given purpose.

(2) Normative elements that govern implementation of this Standard, including certain documents such as
agreements, plans, or specifications.

requirements validation: Confirmation by examination that requirements (individually and as a set) are
well formulated and are usable for intended use.

NOTES
1 SeeTablgC.25 for what constitutes “well formulated.”

2 There argffive types of requirements validation in this Standard stated in Requirements P5 through
29.

risk: (1) A meagure combining the uncertainty of reaching a goa with4he consequences df failing to reach
the goal.
(2) The probability of suffering injury or loss.

risk aversion: The act of averting risk. Averting risk canbe through various means. mitjgation,
avoidance, transfgr, or acceptance.

risk managemeng: An organized process for identifying and assessing risks, and for implémenting means
to avoid them or itigate their effect if they occur:

specification: A[document that contains specified requirements for a product and the meghs to be used to
determine that the product satisfies theSe'requirements.

stakeholder: Ar] enterprise, organization, or individua having an interest or a stake in the outcome of the
engineering of a gystem.

NOTES

1 Examplegof stakeholders are acquirer, user, customer, manufacturer, installer, tester, maintainer,
executive marjager, project manager, and all other personnel having a stake in the development or
outcome of the engineering of a system. The enterprise as a corporation or agency and the general public
are also stakeholders.

2 Anacquirer (see definition above) is a specific instance of a stakeholder and is individually
acknowledged since the acquirer is aprincipal in establishing the acquirer-supplier agreement.

3 All stakeholders other than the acquirer are referred to as “ other stakeholders’.

stakeholder requirement: A requirement that represents what stakeholders of a system need or expect of
the system products.

standard: A document that establishes engineering and technical requirements for products, processes,
procedures, practices, and methods that have been decreed by authority or adopted by consensus.

subsystem: A grouping of items that perform a set of functions within a particular end product.
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supplier: Provides a product (either end products, enabling products, or both) or a group of products to an
acquirer. The supplier (external or internal to the acquirer’ s organization) can be a vendor that has a
product that does not need development, or a developer that must develop the desired system product or
products.

system: An aggregation of end products and enabling products to achieve a given purpose.

system technical requirement: A requirement derived from one or more stakeholder requirements and
stated in technical terms.

technical performance measurement (TPM): The technique of predicting the future value of akey
technical parameter of the higher-level end product under devel opment, based on current assessments of
products lower in the system structure.

NOTES

1 Involvesthe continuing verification of the degree of anticipated and actual achievement for-techn|cal parameters.
Confirms progrss and identifies variances that might jeopardize meeting a higher-level end’product réquirement.
Assessed values falling outside established tolerances indicate a need for eval uation ang-corrective action.

2 Key charagteristics of TPM are:

a) Achievement to Date—present achieved value of the technical parametér’based on estimates orf actual
measurement;

b) Current|Estimate—the value of the technical parameter predicted to be achieved by the end of |the technical
effort with remaining resources (including schedule and bugdget);

c) Technicgl Milestone—a point where TPM evaluation is agtomplished or reported;

d) Planned Value Profile—the projected time-phased achiérement projected for the technical parpmeter from the
beginnjng of the development or as replanned as.a result of a corrective projection;

€) Tolerange Band—an envelope containing the Planned Value Profile and indicating the alloweq variation and
projected estimation error;

f) Objective—the goal or desired value at the'end of the technical effort;

g) Threshold—the limiting acceptabl€\value that, if not met, would jeopardize the project;

h) Variatijon—the difference bétween the planned value and the achievement-to-date value.

technical review}] An event at'which the progress of the technical effort is assessed relatiye to its
governing plans and technical ‘requirements.

test article: An ftem built, constructed, coded, or otherwise implemented, for checking copformance to
specified requirerhents or for checking validation against acquirer requirements for the item.

traceability: The ability to identify the relationship between various artifacts of the devel opment process,
i.e., the lineage of requirements, the relationship between a design decision and the affected requirements
and design features, the assignment of requirements to design features, the relationship of test results to the
origina source of requirements.

unprecedented: A specific end product that is not known a priori, or the enterprise has limited experience
in devel oping this type of system.

user: Individual, organization, or enterprise that uses, applies, or operates system products.
validation: See end product validation and requirements validation.

verification: Seeend product verification.
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Annex B—Enterprise-based life cycle (informative)

The various commercial and non-commercia enterprises, within widely diverse domains, have similar
enterprise-based life cycles, and generally exist for the same purpose. That purposeisto incrementally
develop systems and control passage from one increment to another so as to reduce risk, control costs, and
provide and maintain system products that will be competitive and provide user satisfaction throughout the
life cycle.

Each enterprise-based life cycle is characterized by distinct phases marked by established exit criteria and
management reviews to ensure that the exit criteria are satisfied prior to making a decision on whether or
not to approve progress to the next phase or sequence of phases, or to make modlflcatlons or improvements
to maintain competi e different named
phases, and diffefent phase and life cycletl me perlods most if not al, have these five digfnct functional
phases: (1) assesgment of opportunities, (2) investment decision, (3) System concept devel
subsystem desigr] and pre-deployment, and (5) deployment/installation, operations, Suppo

B.1 Relatignship to engineering life cycle phases

Figure B.1 showg five typical phases of an enterprise-based life cycle andthe use of apprgpriate
engineering life gycle activities to meet the exit criteriafor the enterprise-based life cycle ghases.

Assessment System Subsystem Deployment,
of 'nggcsig?;?t Concept Design & Opsgrations,
Opportunities Development {\“Pre-Deployment Support & Disposal

System
Customer

L»

‘ -

. . Advanced Technology Improvements,
Simulation Prototype As Necessary
B de
i
Fm B
-
-
Simulation, Physical Pre-Production Prototype,
or Functional Prototype Production Runs

Figure B.1—Enterprise-based life cycle phases
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NOTES

1
typically prepares a proposal in response to a competitive solicitation, when such governs an

occur before any of the above phases when competition is deemed appropriate.

directives, or fiscal considerations. They are not generally based on engineering efforts requ

driven milestones.

completed to
purpose of th

It is during the investment decision phase that a commercial or subsystem supplier organization

activities. In other organizations, such as government agencies, solicitation and proposal activities can

2 Enterprise-based life cycles tend to be unique to an enterprise, and are subdivided by different phases
that depend on the needs of the enterprise. These are generally based on the enterprise’ s own external
environment. They are established, for example, in response to market cycles, government agency

system development (or portions thereof), but on entry and exit criteria to meet internal or customer-

3 The key message of Figure B.1 is that appropriate engineering life cycle process activities are
Jneet the exit criteria of each enterprise-based life cycle phase, regardless of thg¢ name or
phase.

enterprise’s

ired for a

B.2 Produgt evolution

During the early phases of this generic life cycle, various levels of system foroducts are dey
instance, during the first phase (assessment of opportunities), a simulation<produced proto
to identify, qualifly, and select new or improved system and business.@pportunities.

During the secondl phase (investment decision), a physical or functional prototype can be d
understand a solution so that determination can be made whether to continue with the deve
that project plangare produced in preparation for transitiento system development. For c
developments, alpid or no bid can be determined and a-proposal can be developed, if neces

During the third
including one su
critical risk facto

hase (system concept development), an advanced technology prototype o
ficiently operational to assessperformance and cost factors and to identi
S.

The fourth phase
be used for verifi
end products and

(subsystem design and'pre-deployment) produces a pre-production proto
Cations and validations and acceptance by the acquirer, and required prod
enabling products for deployment or installation.

The last phase (d
deployed or insta

eployment/installation, operations, support, and disposal) is where the sy
led for ,operation and various operational, maintenance, and disposal sug

eloped. For
type can be used

eveloped to
opment and so
bmpetitive
Sary .

an be developed,
y and reduce

ype, which will
uction volume of

stem products are
port provided, as

required. During fhisJast phase, reengineering is often necessary to keep the products com

petitive and

useful. If needed, theprocesses of this Standard are applied white usng the appropriate
cycle phases.
B.3 Life cycle considerations

Cost is an important criterion for both making a decision to develop a certain system and f

gineering life

or buying that

system. Various heuristics attribute that from 60 to 80 percent of the life cycle cost of asystemis
experienced in the operations and support phase. It is essential, therefore, that focus be on ways to reduce
such costs during the earlier phases of the enterprise-based life cycle. It isimportant to treat cost,
especially pertaining to associated processes, as an independent variable while making tradeoff analyses.
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Annex C—Process task outcomes (informative)

This Annex provides an informative set of representative tasks and their expected outcomes for the thirty-

three requirements of Clause 4.

C1l

Acquisition and Supply task outcomes

Table C.1—Requirement 1 (Supply Process - Product Supply)

Representative

tasks

Expected outcomes

a)

Assess acquisiti
request, offer, g
directive

on
r

The capabiTity Of the enterprise, organization, project, or team 1o provide a
thereof, that meets acquisition document requirements within the stated co
enterprise strategic plan and business strategy, or within the project(plan a
within the team charter, as applicable, is determined. Includes, as.appropri

1)

2)

3)
4)

engineering and other applicable technical and project plansthat allov
engineering and management tasks, costs and schedul es/resource req
technical capabilities and capacities (invoke applicable Planning Proc
decision whether to work with the acquirer to provide the desired syst
thereof, based on established enterprise critetia or on project or team {

resolution of added or changed requirements and areas of concern.

preparation and submission of an apprepriate technical and cost respo
with acquisition request, enterprise business strategy, and enterprise (
procedures, or with project plans, policies, and directives.

system, or portion
hstraints and the
hd constraints, or
bte:

determination of
irements, and
bss tasks);

Bm, or a portion
capability;

hse in accordance
olicies and

b)

Negotiate agred

ment

A satisfactory agreement is established based on the bounds determined by

1)
2)
3)
4)

5)

applicable legal, regulatory, policies, procedures, and practices that w
negotiation strategy or conduct;

the type of agreement to be negotiated;
negotiation\strategy;

conditions identified from the plans for the procurement work effort th
negotiations and agreement performance;

constraints identified from the plans for the procurement work effort t
negotiations and agreement performance.

| as applicable:
Il affect

at could affect

hat could affect

c)

Record agreement

Established agreement is captured in a form and medium appropriate to the effort.

d)

Pment

Implement agre

tivated to

A project established and processes (including replanning, as necessary) ad

lota-tlo s £ 4l 'S
CUMIMICLT UIC TTYUITTITITT LS UT T Ayl CCTICT I,

Déliver product
other deliverabl
agreement

sand
€s per

Agreement requirements satisfied by delivery of required products and other deliverablesin
accordance with agreement instructions.
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Table C.2—Requirement 2 (Acquisition Process - Product Acquisition)

Representative tasks

Expected outcomes

a) Prepare acquisition
requests, offers, or
directives

Acquisition documents, as applicable to the technical effort, prepared to include:

ducts must
essential product

in accomplishing

r product, and

1) plansto be provided to suppliers, as applicable;

2) purpose of the acquisition, the essential requirements to be met, the products to be
delivered by a supplier, and the operational concept and expected operational
environment for each product, as applicable;

3) what the products to be delivered must be able to do; how well the pro
perform; desired characteristics of the products, constraints, and other
attributes; management concerns including line of authority, financial management, and
reporting; and requirements that can affect the cost, schedule, and risk
the work effort or delivery of the product;

4) concerns such as cost and schedule that can constrain the work effort g
states whether or not the concern can be traded off;

5) expected tasks or work to be done by the supplier;

6) the data and other work products to be delivered, includingdérm, format, and schedule.

b) Evaluate supplipr
response

Supplier or suppliers selected that will do the agreed-todqvork and provide
products, as appropriate.

he desired

c) Make offer or provide
directive

Offer made or directive provided to the selected stpplier or suppliers.

d) Negotiate agregment

A satisfactory agreement established based on the bounds determined by, g

1)
2)
3)
4)

5)

applicable legal, regulatory, polieies, procedures and practices that wi
negotiation strategy or conduct;

the type of agreement to be negotiated;
negotiation strategy;

conditions identified-from the plans for the procurement work effort th
negotiations and agreement performance;

constraintsidentified from the plans for the procurement work effort t
negotiations and agreement performance.

S appropriate:
| affect

at could affect

hat could affect

€) Record agreemgnt

Established agreement is captured in aform and medium appropriate to the effort.

f)  Accept delivered
products

Lnstatted or delivered system products validated as satisfying user, custome
reguirements, and other applicable certification or acceptance criteria.

i, or assigned
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Table C.3—Requirement 3 (Acquisition Process - Supplier Performance)

Representative tasks Expected outcomes
a) Definesupplier The type of supplier support required, level of participation, procedures and criteria for
relationships selection and control, procedures for participation, as appropriate, on developer's

multidisciplinary teams, and an appropriate acquirer-supplier agreement are established.

b) Participate on product Agreed-to procedures for participation of supplier personnel on developer multidisciplinary
teams product teams and for participation of developer personnel on supplier multidisciplinary
product teams are implemented.

c) Monitor product metric | Supplier performance against product metrics established in the agreement is determined.
data Invoked the applicable tasks in the Assessment Process.

d) Flow-down changa—m—'
requirements o

operational congept

€) Control requirefnent All changes approved to functional and performance requirements.and to cpnstraints, made
changes by the supplier, that would affect the developer’s project or dther'related projects or
products. Approved changes have been appropriately distributed and impleémented.

f)  Assessprogresjagainst | Progressagainst assigned requirements included in the.agreement and as changed by
requirements established change procedures is determined. Required technical reviews ¢ompleted.
Invoked applicable tasks of the Assessment Process.

g) Vadlidate produgts Assurance made that delivered products satiSfy assigned requirements and ppproved
received changes. Resolution of identified variations resulting from validation of the delivered
product is completed. Invoked the applicable tasks of the End Products Vdlidation Process.
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C.2

Technical Management task outcomes

Table C.4—Requirement 4 (Planning Process - Process Implementation Strategy)

Representative tasks

Expected outcomes

a) Identify stakeholders Intended users or customers and other stakeholders who will have an interest or stakein the
outcome of the project are established.
b) Identify applicable Applicable source and technical documents and the requirements therein that could affect the
documents project effort are identified and acquired, including:
1) the scope and purpose of both the project and products to be devel oped or reengineered
2) stated purpose of the products, expectations of the stakeholders, expected benefits to
stakeholders, as well as the goals and objectives of the system, or portion thereof, to be
developed or reengineered
3) enterprise policies, priorities, and constraints on funding, personnel, fecilities,
manufacturing capability and capacity, and critical resources thiatwill [affect
accomplishing the requirements and goals of the source and;technical documents
4) (@) applicable processes, standards, and specifications; (0). core enterprise technologies;
(c) risks to business growth by new project; (d) mugt-win criteria; (€) pet cost targets;
(f) methods of resource allocation; (g) how workéand'changes will be authorized; (h)
how information will be captured; (i) how work/packages will be formed and
controlled; (j) scope and procedures for tradeoff analyses, effectivenegs analyses, and
risk management, based on enterprise goals’and planning baselines.
c) ldentify associged How development of enabling products.&ssaciated with production, test,
process approaghes deployment/installation, and logistics,processes will be implemented is determined.
d) Identify applicgolelife | Applicable enterprise-based life.cyele phases (see Annex B.2), the expectefl work product
cycle phases outputs and management reviews, and the relevant exit criteriafor each applicable
enterprise-based life cycle phase, including level of product maturity expeqted, level of
acceptable risk, management review concerns, and documentation requirements, are
determined.
€) ldentify and define How the applicable processes of this Standard will be integrated with each|other and with
technical procegs and other processes'specified in enterprise and agreement documents, and whigh internal and
project integratijon external projects that will be involved and how they will be integrated are fetermined.
f)  Identify and define Required reporting requirements, specific product and process metrics to bg used, how and
progress ent when metrics will be collected and by whom, and how progress will be assessed are
determined.
g) Preparethe progess A process implementation strategy document based on the integrated results of the outcomes
implementation|strategy | of the above tasksis prepared.
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Table C.5—Requirement 5 (Planning Process - Technical Effort Definition)

Representative

tasks

Expected outcomes

a)

Identify project
requirements

The following are determined:

1) specific requirementsinclude (a) work that the supplier is required to

accomplish, (b)

functions of the system, or portion thereof, to be furnished, engineered, or improved,;
how well the functions are to be performed; any required physical characteristics; and
the operations concept, (c) data to be delivered and when, (d) budget and schedule
requirements, and (e) other technical requirements provided in acquirer-supplied

planning documents;
2)

other stakeholders who have or who will have requirements or expectations with

respect to the work to be accomplished or the system to be provided (for example, local,
national, or international government agencies; persons living or working in the areas

near where system products will be used or where products will be-de
produced; commercial or military competitors; and employees involve
project);

3) potential conflicts between the acquirer-supplier agreementproposed
process implementation strategy, and enterprise policies.and procedur

technologies, and capacities;

4) specific constraints and any conflict between the process implementat

veloped and
d with the

or final), the
Bs, core

on strategy and

the agreement (proposed or final) with respect te development, produgtion, test,

deployment, support, or disposal of the system products to be deliverd
of personnel required to operate and maintain the products.

d, or the training

b)

Establish inforn
database

hation

The types and quantity of data and schema and other information that will
recorded and maintained are determined; a database that can securely retai
available project information, as required, is established.

have to be
h and make

<)

Define risk

management striategy

The following are determined:(1) how the technical risk areas of the techn
identified and tracked and;(2) the appropriate risk aversion approaches bas

cal effort will be
ed on the

acceptable levels of riskspecified in the agreement or in enterprise policie$ and procedures.

d)

Define product
process metrics

and

The following are defined: (1) product metrics by which the quality of the
evaluated; (2)\process metrics by which the efficiency and effectiveness of
technicalseffert are to be evaluated; and (3) frequency and methods by whi
process metrics are to be collected.

broductsis to be
the tasks of the
h product and

€)

Establish cost
objectives

Rigorous cost goals (ownership, acquisition, operating, support, and dispos
tradeoff analyses are established.

) to beused in

f)

Identify technic

jS°8

performance

The following are determined (1) technical objectives related to success of
portion thereof, [e.g., measures of effectiveness (MOEs) by which the user

the system, or
customer, or

measures

aCOUiTEr With TTeasure SatiSfact o or acCeptance]; and (2 Triticalperformm

\ce parameters

that will receive management focus and are to be tracked using Technical performance

Measurement (TPM) procedures.
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0)
tasks

Identify applicable

Thefollowing are identified: (1) key events of the project (e.g., technical reviews, physical
integration, major test, product and process verifications, and end product validations)
established by input planning documents; (2) entry and exit completion criteriafor each
event; and (3) tasks required for meeting the entry and exit criteria of each event and for
accomplishing each applicable process.
NOTE—The following structure of tasks can be helpful for accomplishing scheduling,
staffing determination, and resources required:

1 Key events required to meet technical requirements (e.g., test and technical
review)

2 Primary tasks related to accomplishing entry and exit criteria of each key
event (e.g., define stakeholder requirements and prepare engineering drawings)

3 Support tasks that enable the staff accomplishing primary tasks to meet

their objectives (e.g., provide resources, equipment, facilities; acquire appropriately
skilled personnel for accompllshlng the prlmary tasks and arrange travel).

-r :\VI anagCrmcric L(A:;I'\Q reqorT Ud L3v) dl T U\A, IO LUI T lecvv,&'l]d approve the

primary and support tasks (e.g., serve as chair of atechnical révigw, and review and
approve documents for transmittal to the customer).

h)  Identify methog
tools

s and

The following are determined: (1) appropriate methods for accomplishing ifdentified tasks, or
groups of tasks of each applicable process; (2) required automated tools; (3) required
specialized facilities and equipment; and (4) training reguirements.

i) Establish techn
insertion appro:

ogy
hes

The applicable or potential technology constraints are identified and the approach for
conducting parallel technology developments, and\planned technology inseytions are
established.

Tal

ble C.6—Requirement 6 (Planning Process~- Schedule and Organizati

on)

Representative

tasks

Expected outcomes

a) Develop event-based The key events for the technical effort associated with applicable enterprisg¢-based life cycle
schedule phases, related applicabletasks to each event, and the completion criteria flor each task and
an event are devel oped and documented.
b) Develop calendpr-based | The calendar date that each key event will be completed or expected to be gompleted; the
schedule

managemerit); and the dependency relationships between tasks and between tasks and

planned staft and completion time for accomplishment of each task (primary, support, and
events,\and between events with other events are devel oped and documen%

c) Identify resourg

D

The'material resources, facilities, and equipment required to complete each scheduled

requirements primary, support, and management task are determined, and the date such fesources are
required is specified.
d) Define staffing gnd The following are determined: (1) personnel needs by discipline and Derfo_rlmance level to
discipline needs complete scheduled primary, support, and management tasks, and the date each staffing need

isrequired; (2) internal and external supplier training needs and schedules to achieve
required proficiencies; and (3) risk to the project, if adequate staffing is not available.

€) Defineteam and
organization structure

(1) The multidisciplinary teams needed to carry out the planned technical efforts and
produce required work products are formed within enterprise and project resource
constraints; (2) The composition of teams by functional and disciplinary membership that are
organized to support specific system product development is established; (3) The names of
staff members assigned to each team are established; (4) Responsibilities and authority of
teams and team members are defined; and (5) Roles, responsibilities, authority and
boundaries for each team are established.
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Representative tasks

Expected outcomes

a) Develop Engineering An efficient and economical means of implementing the processes for engineering a
Plan system is defined and documented. It answers the following questions:

1) What isthe general problem to be solved?

2) What isthe benefit to the acquirer (enterprise perspective)?

3) What isthe application context of the general problem to be solved?

4) What isthe boundary of the general problem to be solved, denoting what can be
controlled by the developer (inside) and what influences the development and is
influenced by the development but not controlled by the developer (outside)?

5) What are the required inputs and outputs?

6) What are the influencing factors and constraints?

7) _How are the system concerns, as appropriate, of reliability, availability, maintainability,
security, safety, health factors, survivability, electro-magnetic Compflibility, radio
frequency management, and human factors being considered anéhiri¢luded?

8) What processes and tasks must be accomplished?

9) How will each process be accomplished?

10) What resources, methods, and tools are necessary to accomplish theftasks of each
process?

11) How will the required resources and tools be aequiired?

12) What is the organizing structure?

13) How will the organization be staffed and thanaged?

14) What are key intermediate events leading to project completion, and how will their
occurrence be determined?

15) When, where, and by whom willstasks and events be completed?

16) What are the risks involved? How will risks be managed?

17) What are the completion criteyia for the process tasks?

18) What are the entry and exitiCriteria for reaccomplishing each process?

19) How will project completion be determined?

NOTES
1 The engineering plan usually covers one or more phases of the erfterprise-based life
cycle and the.applicable phases of the engineering life cycle.
2 The engineering plan isto cover process applications within the ¢ngineering life
cycletomeet the exit criteria of the applicable enterprise-based life[cycle phases, as
consistent with the acquirer-supplier agreement and the extent of the project
conducted within an enterprise.
b) Develop Risk Documentation of the tasks to be accomplished by project teams and analysts for
Management Plign identification of potential risks, characterization and prioritization of identified risks,
aversion of risks, tracking and control of risks, and communication of risk ftatus are defined
and documented.
C) Da/dop Ta:h[l- } TthGS\QtU bCMUIIIF:;S"‘Ia tU;IIIP:ClIIClIt |c\4u;|$tcu: LU I;\;(J: ICV;CVVDQIId adaailaj
Review Plan description for each review are devel oped and documented to include: (1) a check list for
tasks to be accomplished, (2) entrance and exit criteria, (3) review schedule, (4)
documentation requirements, (5) distribution list for technical data package, (6) participants,
and (7) responsibilities of participants.
d) Develop Validation The tasks to be accomplished and the resources to be allocated and scheduled for validating

Plans

that: (1) the system technical requirements, logical representations, and derived technical
requirements are well formulated (see Requirement 25) and conform to their respective
sources, and (2) the products received from suppliers, or delivered to an acquirer, conform to
the user, customer, or assigned requirements associated with the end product are defined and
documented.
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€) Develop Verification The tasks to be accomplished and the resources to be allocated and scheduled for verifying
Plans that (1) the selected and characterized physical solution description satisfies the assigned
system technical requirements, logical representations, and derived technical requirements,
(2) end products stisfy their specified requirements, and (3) enabling products will be ready
when required to provide life cycle support to their respective end products are defined and
documented.
f) Develop Other The tasks to be accomplished to complete required control activities or other design activities
Applicable Plans such as design-to-cost, Technical Performance Measurement, technology insertion, safety,

security, human factors engineering, and maintenance reliability (see Annex D for others), as
required in an agreement or by enterprise policies and procedures, are defined and
documented.

Table C.8—Requirement 8 (Planning Process - Work Directives)

Representative [tasks

Expected outcomes

a) Develop work gackages | The work required, input sources, schedules, budget, and reperting requirements to
implement, execute, and control the work are defined and deecumented.
b) Generate work Approval/disapproval of work packages is assignedsand'work authorizations are

authorizations

documented.

Table C.9+—Requirement 9 (Assessment Process:=*Progress Against Plans and $chedules)

Representative [tasks

Expected outcomes

a) ldentify events,|tasks, The events and tasks that_must be monitored, as well as the metrics that will be used to
and process mefrics for | assess progress against plans and schedules, are identified. The applicabld expected values
monitoring for each progress metric are established.

b) Collect and analyze Results from ¢ompletion of required tasks and events, and process metricsdata are
process metricsjdata determinedjand tracked.

c¢) Compare prOCf Thefollowing are determined: (1) completion of required tasks and events|(2) variances of
metrics data against metrics from expected values, (3) progress variances from plans and schedples, (4) technical
plans and schedules areas requiring management or team attention, and (5) cost and schedule rijsks.

d) Implement reqyired The cost effective changes to correct variances and needed changes to plang and schedules,

changes

and required changes, revised work directives, and updated plans to reflect|approved

changes and management decisions are identified, approved, and implemented.
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Table C.10—Requirement 10 (Assessment Process - Progress Against Requirements)

Representative tasks

Expected outcomes

a) Identify product metrics
to be monitored

Product-related metrics, and their expected values, that will affect the quality of the product
and provide information of the progress toward satisfying user/assigned requirements, other
stakeholder requirements, and derived requirements are identified and documented.

b) Collect and analyze
product metrics data

The following are determined, as appropriate: (1) analyzed, estimated, or measured values of
critical performance parameters at predetermined events (e.g., smulation and prototype
tests), (2) compliance to applicable requirements, (3) levels of technical risks, (4) margina
cost benefit of performance beyond requirements, (5) degree of customer satisfaction and
public acceptance, and (6) effect of acritical performance parameter status on related end-
user products.

¢) Record rational gfor
decisions and
assumptions made

T e fottowimg areTecorded; s appticabte (1) Tatfonate for setectiormrof-attarnatives based on
recommendations and effects of tradeoff and effectiveness analyses and' (2) assumptions
associated with decisions made during requirements definition, soluier’definition, tradeoff
analyses, effectiveness analyses, verifications, and validations.

d) Compare resulty against
requirements

The following are determined, as applicable: (1) satisfaction-of technical r¢quirements, (2)
progressive maturity of the system, or portion thereof, béing engineered/regngineered, (3)
variances from expected values from Technical Perfofmance Measurements, and (4)
variations from reguirements resulting from end product verifications and ¢nd product
validations.

Implementation| of

€) Identification apd
Required Chanii

The following are identified, evaluated, andimplemented, as applicable: (1) alternative
corrective actions to mitigate out-of-tolerance Technical Performance Meagurements, (2)
other changes to be implemented so thet products will meet requirements, (3) recommended
user/assigned, other stakeholder, ordechnical requirement changes, and (4) implementation
of revised specifications and configuration baselines that reflect approved ¢ghanges and
management decisions.

Tiable C.11—Requirement 11 (Assessment Process - Technical Reviews)

Representative [tasks

Expected outcomes

a) Identify technicpl
review objectives and
requirements

Fhefollowing are identified and documented: (1) purpose and objectives of the review, (2)
agenda requirements, (3) tasks to be completed at each required review, (4) entrance and
exit requirements, (5) documentation requirements, (6) distribution requirements, and (7)
responsihilities of review participants.

b) Determine progress
against event-based
plan

‘The satisfaction of entrance requirements to the review are determined an documented.

c) Establishtechnical
review board, agenda
and speakers

For each review, the following are established: (1) persons who will participate in the
review, (2) chairperson, (3) secretary, (4) reviewers of the presentation, (5) agenda that
meets review requirements and ensures that all required tasks are completed, and (6)
members of the design team that will prepare the data package, prepare the presentation,
prepare material for distribution at the review, make the presentation, answer questions, and
accomplish tasks to close out action items.

d) Preparetechnica
review package and
presentation material

Comprehensive read-ahead material is prepared that includes sufficient information so that
technical board members can understand the design and participate effectively in the review.
Review team responsibilities, agendas, plans, and expectations from the review; are defined
and documented. A comprehensive set of presentation materials that describe the assigned
design topics and that satisfy review objectivesis prepared.
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€) Facilitate resolution of
emerging issues

Emerging issues identified and resolved prior to the review.

f)  Conduct technical
review

The following are assessed by the review: (1) maturity of system, or portion thereof, being
engineered, (2) progress according to plans and requirements, (3) risks and variancesin cost,
schedule, and performance, and (4) readiness to proceed with the next phase of
development. Action items required to meet review objectives are generated, recorded, and
assigned.

g) Close-out review

The following are completed for review close-out: (1) preparation and distribution of
minutes that include purpose, time, place, attendees, decisions, action items, due date, and
persons responsible for resolving actions items, (2) resolution of action items, and (3) sign
off by chairperson.

Table C.12—Requirement 12 (Control Process - Outcomes Management)

Representative [tasks

Expected outcomes

a) Capture process$
outcomes

The following are recorded in the information database:{(2) the outputs of fhe technical
processes implemented in the engineering of a system, (2) the methods, togls, models, and
metrics used, (3) recommendations, decisions, assumptions, and effects, (4) lessons learned,
and (5) other data that allows traceability of requirements.

b) Perform configdration
management

The configuration of the products is documented and made available. The flollowing is realized:
(2) product configuration is known and reflected in product information; (2) beneficial product
changes are effected without adverse.consequences; (3) change is managed from the first
implemented phase during systen»design, (4) information that will be needed to make later
decisions on products is captured;(5) consistency between a product and irfformation about the
product; and (6) capability to.distinguish between product versions or builds.

NOTE—ANSI/EIA-649 can be used in conjunction with this Standard, for
configuration.management.

c) Perform changg
management

Traceability of.changes is maintained and controlled, including source of the change,
processing methods, approvals, and implementations in accordance with the Change
Management Plan.

d) Performinterfage
management

System internal and external interfaces are maintained and controlled, incliding completion
of interface definition, assessments of compatibility, changes, and coordingtions and
approvals in accordance with the Interface Management Plan. Interfaces afe managed,
ensuring that: (1) all internal and external functional and physical (includipg human)

interfaces for a building block are identified, defined, assigned, documented, and managed;
2-buiding-block-design-definritionsare-eermpatible-Hterms-ef-ferm—f-ahd function; and
(3) interface changes affecting the building block and affected by the building block (see
Clause 6) are controlled to prevent adverse consequences.
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€)

Perform risk
management

Potential risks are identified, characterized and prioritized, and properly av

erted, tracked and

controlled. Risk status is communicated in progress reports, in proposals, and at technical
reviews, in accordance with the Risk Management Plan. A clear view of futurerisksis
provided, better decision making is enabled, and problems are prevented from occurring—but

if they do occur, aplan exists to mitigate the effect of the problem.
NOTES

1 Risk isaways present in an engineering or reengineering project. Sources of risk
include the tendency of acquirersto: (1) desire products of a system that are intended
for technical accomplishment near the limits of the state of the art (performance); (2)

push for delivery of system products as soon as possible to meet an i
opportunity or threat; and (3) limit funding available. Additionally,

mminent market
risks come from

both internally and externally imposed constraints (e.g., resource, capacities,

environmental conditions, and reuse).

2 The major sources of risk are programmatic, schedule, political, 1

inancial, and

technical. Risks are greater when planning, control, resources; and ftime are
inadeguate. Risks are also greater when information is not,available for decision
making, or when the information is too much, too little, toofate, irrglevant, or

inaccurate.

f)

Perform data ar
document
management

o

Data and documents are maintained and controlled, including development support, handling
and storage, and required technical data and document\delivery in accordarce with the Data
Management Plan. Data and document managementincludes capturing dafa and documents

generated during implementation of the processés'of this Standard, and g

erating and

maintaining an evolving technical data package: A typical technical data ppckage includes: (1)

abuy-to description (e.g., detail specifications and/or fina drawings); (2) §
description; (3) design documentation;\(4) engineering changes, deviations
(5) enabling product descriptions,

Build-to descriptions include: A1) models, drawings, and specifications; (2
planning; (3) tool design; (4)bill of materials; and (5) statistical process cq

build-to
and waivers; and

production
ntrol plan.

NOTE—Multidisciplinary teamwork is essential to ensure the accufacy and

completeness-ef technical manuals and the technical data package.
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g) Manageinformation Relevant data and information are maintained and controlled for the project, including inputs
database and outputs of control process tasks and ensuring back-ups, if applicable, of digital databases.
Relevant dataincludes:
1. Inputs and outputs of technical process activities:
a) work products (e.g., specifications, drawings, and code lists);
b) archival data (e.g., decisions made [including rationale], assumptions, lessons
learned, changes, and empirical data);
c) stakeholder requirements (e.g., technical objectives, constraints, and interfaces);
d) requirement, functional, and physical architectures;
€) physica models developed (e.g., prototypes, breadboards, brassboards, and mock
ups);
f)  simulation model outputs and assumptions;
g) metrics(e.g., cost and technical performance measures);
h)  planning documents (e.g., engineering plan and technical event plan);
H—teehnotogies:
2. Process models used for:
a) anaysisof problem (anaysis of requirements and analysisof functions) (e.g., Quality
Function Deployment, behavior, and time);
b) solution definition (synthesis) (e.g., for design);
c) validation and verification;
d) systemsanalysis(e.g., for tradeoff analyses, risk analyses, and effectiveness
analyses);
€) control (e.g., interfaces, data, configurations, schedules, costs, prpduct performance,
reviews, and assessments).
3. Tools used:
a) automated tools (e.g., traceability;@nalysis, and design);
b) validation and verification togls;
c) tradeoff analysis support toals;
d) communication tools;
€) status reporting/projection tools.
h) Manage and track The following are maintained and controlled: (1) input requirements (acquijrer and other
requirements stakeholder), system-technical requirements, logical solution representatiors, physical

logical solution representations, derived technical requirements, and specified requirements;
(2) validation results; (3) requirement changes resulting from resol ution of [variances; and (4)
changes made to'requirements through formal change procedures from Corffiguration

M anagement;”"Change Management, and Interface Management tasks.
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Table C.13—Requirement 13 (Control Process - Information Dissemination)

Representative tasks

Expected outcomes

a) Provide progress status

Process and product metric data have been disseminated according to the agreement,
engineering plan, and enterprise policies and procedures, and to meet approved requests.

b)  Provide planning
information

Work packages and appropriate technical plans have been disseminated to project teams and
other required or approved recipients.

c) Disseminate approved
and controlled
requirements

Acquirer/assigned, other stakeholder, system technical and derived technical requirements,
and all changes to requirements are distributed in atimely manner to all stakeholders to
ensure that all work is conducted in accordance with the latest approved requirements.

d) Provide informelttion for
and from reviews

The following have been disseminated, as appropriate: (1) read-ahead-techhical review
package to technical review board members, (2) information and items necgssary to
demonstrate that event-based criteria have been satisfied for initiation of the review, (3)
information packages and presentation materials at the review, (4) minuteq of the review,
action items required for closure, and fina close-out approvaly

€) Make available|design
data and schemp

Data pertinent for the technical effort have been disséminated to project tegms and team
members to ensure information availability for decisions and events, and tq other authorized
reci pients requesting information

f)  Make available|lessons
learned

Lessons learned have been disseminated to‘other projects within the entergrise and to other
teams within the project.

(7]

g) Report variancg

Product and process variances havedeen reported along with (1) recommeipded actions to
return the product or process metric to established expectations or requirements, (2) cost and
schedule impacts, and (3) effects on the project if no action is taken.

h) Disseminate dafa
deliverables

Data deliverables have heén disseminated as required by the agreement, erjterprise policies
and procedures, the'engineering plan, and other technical plans.

i) Disseminate approved
changes

Approved requiréments and design changes and updated plans have been distributed to
approved or required recipients

j)  Disseminate directives

Work_directives resulting from management decisions have been dissemingted to intended
recipients that initiate or change work by project teams or support organizations within the
enterprise.

83



https://saenorm.com/api/?name=d102391dcda1b2471c3dcaedb3e50c9c

ElIA-632

C.3 System Design task outcomes

Table C.14—Requirement 14 (Requirements Definition Process - Acquirer Requirements)

Representative

tasks

Expected outcomes

a) Identify, collect

,and

prioritize acquirer’s
system requirements

User, customer, or assigned requirements for a system, or portion thereof, have been
identified and defined in terms of needs, expectations, capabilities, and priorities, or of
assigned requirements for a system, or portion thereof, as expressed in specifications.

Specificaly, the following have been identified, as applicable:

1) concept of operation

2) what the acquirer wants the products of the system to accomplish (functional
requirements)

3) how well each function must be accomplished (performance requirements)

4—ratdra-ane-Reduced-ervirenmentsHwhieh-the-syster-preduets+aust operate or be
used

5) design constraints such as use of non-developmental or reusable.iteqs

6) requirements pertaining to availability, electro-magnetic compatibil |ty, health factors,
human factors. interoperability, maintainability, reliahility; safety, gnd security

7) measures of effectiveness (MOES) that reflect overal l-expectations ggainst which
satisfaction will be determined

8) constraints pertaining to development, production, test, deploymentfinstallation,
training, support/maintenance, and disposal’

b)  Ensure completeness The collected user, customer, or assigned requirements are validated. Resglution of all

and consistency

of the conflicts and variances is competed. Invokéd the Requirements Validation|Process,

set of collected pcquirer | Requirement 26.
requirements
c) Record set of agquirer Validated set of acquirer requirerhents is captured in the established information database.
requirements
Table C.15—Rgquirement 15 (Requirements Definition Process - Other Stakeholdelf Requirements)
Representative [tasks Expected outcomes
a) Identify and col|ect Other'types of requirements that can constrain the engineering of the systemn’s end products
other stakeholdgrs are identified, collected, and defined, such as:
end product 1) project plans
requirements 2) team assignments and organization
3) automated tools availability and approval for use
4) required metrics
5) decisions from management or technical reviews
6) enterprise standards, guides, policies, and procedures
7) enterprise technologies
8) enterprise physical and financial resources
b) Identify and collect Enabling product requirements associated with manufacturing/production, test,
other stakeholders deployment/installation, training, support, and disposal (including disposal) processes
enabling product including enterprise capacities (facilities, equipment, tools, and staff) to accomplish these
requirements processes are identified, collected, and defined.
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c) Identify and collect Other end product and development process constraints from external sources are identified,
other stakeholders collected, and defined, such as:
external constraints 1) nationa and international standards, laws, and regulations (including environmental
protection, hazardous material exclusion list, and waste disposal)
2) technology base
3) industry and international standards and general specifications
4) competitor product capabilities and trends
5) interfaces with other existing or evolving systems and platforms
d) Ensure completeness The collected set of other stakeholder requirementsis validated. Resolution of all conflicts
and consistency of the and variances is completed. Invoked the Requirements Validation Process Requirement 27.
set of other
stakeholders
requirements
€) Record set of ofher Validated set of other stakeholder requirements s captured in the established information
stakehol der database.
requirements

Table C.16—Requirement 16 (Requirements Definition Process - System Technical [Requirements)

Representative [tasks

Expected sutcomes

a) Establish requined Transformation rules, priorities, inputs, eutputs, states, modes, and configyrations that will
transformation fules, influence and affect the other tasks fordefinition of system technical requifements are
priorities, inputp, identified and defined, as appropriatéto each system product.
outputs, states, modes,
and configuratigpns

b) Define operational The range of anticipatedquses of the end products, asidentified in the concmpt of operations
requirements or specification, or for potential end products, is defined, including for each operational

profile, definition of:

1) the utilization environment and factors, natural or induced, that can affect end product
performarice

2) the éventsto which end products must respond

3) thephysical and functional interfaces (e.g., mechanical, electrical, thgmal, data, and
procedural) including physical interactions (e.g., form and fit), system boundaries (what
is controlled by the developer) and interactions (e.g., information flows and behaviors)
of products or environments within developer control and those systems or
environments outside system boundaries

4) what system end products must be able to accomplish (functional reqirements) to
satisfy acquirer identified requirements Includes factars sich as pradilicibility,
testability, transportability, installability, operability, supportability, disposability,
reliability, availability, maintainability, security, and safety

5) how often end products will be used, cycle time between uses, and how often each
product function will be accomplished.

c) Define Performance The following are defined: (1) the performance expectations for each functional reguirement

Requirements

(how well the function must be accomplished), (2) the set of measure of performance
(MOPs), made up of the functional and performance requirement combinations, associated
with each MOE, (3) the critical performance parameters (TPMs) selected from the MOPs
that will be key indicators of end product or system performance, and if not met, that will
cause the associated MOE to not be satisfied and will put the project in cost, schedule, or
performance risk, and (4) functional and performance testability approach for each
requirement statement.
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d) Analyze acquirer and The following are identified and defined, as applicable:
other stakeholder 1) theuser or operator roles, as applicable, and the human factors effects (ergonomic
requirements to: limitations, work space, eye movement, access, cultural background, natural and
1) Define human induced environmental constraints, work tasks, and time constraints) associated with

factors effects functional and performance requirements on potential users, operators, installers, or
recipients and handlers of system end products
2) Establish 2) required capacities (e.g., memory, storage, and flows) of end products and timing of
capacities and events, states, modes, and functions related to each operationa profile
timing 3) any constraints or limitations from use of existing technologies and the risks associated
3) Define technology with using any unproven technologies
constraints 4) any constraints that will influence or affect end product design (e.g., materials, special
. skills, and automated tools), required physical characteristics (e.g., size, color, texture,
4 DEf.' ne producF weight, and buoyancy), operator safety, system security, reuse requirements,
design constraints standardization of end products, open system architecture, maintainer access, handling
5) Define engbti aRe-Sterege-transporiebiity-and-other-aitriottes-ef-ena-produetsor-agsign processes
product for which tradeoffs cannot be made
requirements 5) technical requirements for enabling products associated with processes to develop,
6) Identify cofiflicts produce, test, deploy/install, opergte, §upport/ maintain, train,/and retife/dispose of end
products under development or being improved
7) Determinegtradeoff | 6) conflicts among the requirements set
analysis crjteria 7) theset of risk, cost, schedule, and performance critéria to be used in cpnducting tradeoff
analyses for conflict resolution.
NOTES
1 Developers are to ensure that residual fisks from constraints are fot significant to
harm or otherwise prevent the system from performing its functiong create
unacceptable costs, or price the systént’ s end products out of compeitiveness.
2 Analyses of system requirements can necessitate consideration of| existing or
possible physical solutions to-ensure feasibility.

e) Chalenge quesfionable | Acquirer and other stakeholder requirements that are of questionable utility or that have an
requirements unacceptable risk of satisfaction are identified and resolved.

f) Resolveidentified Any conflicts between.combinations of functional requirements, performarice requirements,
conflict of requirements | or constraints, as well_as within respective sets of those requirements, are resolved. Invoked

the Systems Analysis Process, Requirement 23.

g) Prepareaset of Associated ‘assumptions and technical requirement statements for the system are prepared
acceptable system and then'validated. Invoked the Requirements Validation Process Requirement 25.
technical requirement
statements

h)  Ensure completeness System technical requirements are validated. Resolution of variancesis completed. Invoked

and consistency| of the
set of system tethnical

the Requirements Validation Process, Requirement 28.

requirements

i) Record the set of The validated set of system technical requirements and associated assumptions is captured in
system technical the project’ s information database and maintained and controlled throughout the life of the
requirements project.

NOTE—Controlled maintenance of the system technical requirementsin the
information database allows for traceability, supports validation, and is essential for
change management.
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Table C.17—Requirement 17 (Solution Definition Process - Logical Solution Representations)

Representative tasks

Expected outcomes

a) Select and implement An abstract definition of the solution is provided in the form of:

one or more of the 1) functional flow, timelines, behaviors, data and control flows, states and modes,

four approaches functional failure modes and effects.

below, or other . . - . . .

: 2) objects encapsulating a partition and mapping of System Technical Requirements and

approach designated . . . . . .

by enterprise characterized by services (behaviors, functions, and operations) provided and by

policies, guides, or encapsulated attributes (values, characteristics, and data)

standards: 3) model data and functions with algorithms derived from contextual diagrams and data

flow diagrams used to decompose functions while explicitly showing the data needed

1) Functiona anaysis for each function

2) Ob] ect-orieated A) datastructureswith their functions.and Inrnr‘mci ng flowsrelated to the data and
analysis associated with assigned system technical requirements

3) Structuredfanalysis | 5)  outcomes from other techniques (dependent on the nature of thatpartifular

4)  Informatiop methodol ogy)
modeling

5) Other techhiques

b)  Establish sets of logical NOTE—Thereis no set format or form for the various definitions of logical solutions.
solution represgntations The format or form selected is that which'test defines the functiong, behavior, or

by: data flow or data structure, as appropriate; and that will allow best gssignment to

1) Performing potential end products, manual operétions, or enabling products for generating
tradeoff anplyses physical solution representations:

2) ldentifyind and One or more sets of logical solution-representations that are appropriate to the engineering
defining interfaces | life cycle phase and the system being engineered or reengineered have bee formed and

: defined, and include:

3) And '

) berl]qa)\;f(ljrr]g 1) Acceptablelogica arrangements and sequencing, or derivative represgntations (e.g.,
o subfunctions, timelines, objects, data structures, and threads) defined py invoking the

4)  Identifying and Systems Analysis,Process, Requirement 23.
defining statesand | 2y | nterfaces related to logical arrangements and sequencing, or derivatiVe representations,
modes to include, for example, start and end of states and inputs and outputs|defined. Interface

5) ldentifying and attributes identified and defined that trigger, for example, a behaviorg response,
defining tifnelines change of state or mode, or data flow.

6) Identifyindand 3) Jheresponses (outputs) of the subfunction, group of subfunctions, objects, etc., to
defining dgta and stimuli (inputs) for each operational profile identified and defined, asfappropriate.
control flols Executable threads identified and defined, as appropriate, through thelogical

N Anava i arrangements and sequencing, or derivative representations.

) n dyz' ngfraure 4) The states and modes for which subfunctions, groups of subfunctions,[groups, objects,
modes and etc., exhibit different behaviors are identified and defined.
defi ning fdlure l-_\) Timelines associated with a sequence of f1 |nr‘finnc’ thi nr\fc’ nh‘_’ for h Operationa|
effects profile are defined, as appropriate. Ranges for execution time and conditions that cause
normal and abnormal performance are identified and defined.

6) Thefollowing are defined, as appropriate, (1) data flows among subfunctions, groups of
subfunctions, objects, etc., for each operational profile, and (2) execution controls of
each subfunction, and among groups of subfunctions or objects, for each operational
profile

7) Thefunctional or behavioral consequences of any specific functional failure that

represent significant safety, security, human factor, performance, or environmental
hazards are determined and prioritized. Alternative actions to resolve high-priority

failure consequences are determined.
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c) Assign system technica
requirements (
including performance
requirements and
constraints)

System technical requirements (including performance requirements of a functional
requirement and constraints) assigned to appropriate subfunctions, groups of subfunctions,
objects, data structures, etc.

NOTE—There can be unassigned system technical requirements after the tasks of
Requirement 17 are completed (see the note under Requirement 17, Task c).

d) Identify, define, and
validate derived
technical requirement
statements

Derived technical requirement statements prepared that (1) reflect requirements associated
with defined logical solution representations from tasks a) and b), (2) constitute expansion of
previously defined derived technical requirements into more detailed lower level requirements,
(3) represent system technical requirement statements (such as range) that are not appropriate
for logical solution representations but through analysis can be made more specific (such as
fuel capacity, engine efficiency, and vehicle resistance), and (4) individually and as a set, are
well formulated in accordance with Requirement 25).

€) Ensure completeness
and consistency|of
logical solution
representations

Logical solution representations and assumptions are validated. Resol utiorl\ of identified
variances is completed. Invoked the Validation Process Requiremeht 29.

f)  Record logical $olution
representationsjand
derived technicgl
requirements

The following are captured in the information database:{(1) the data generdted, selected
arrangements and sequencing, assignments of system‘performance requirements, and
constraints, (2) the validated sets of logical solutiontepresentations, (3) the¢ derived
technical requirements, along with source rationale and assumptions, and (%) any unassigned
system technical requirements [see the note under Requirement, Task 17 c]].
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Table C.18—Requirement 18 (Solution Definition Process - Physical Solution Representations)

Representative tasks

Expected outcomes

a) Analyzelogical solution | Thefollowing are determined:
representation sets, 1) which logical solution set or assigned requirement provides a requirement for an enabling
assigned system and product associated with development, production, test, deployment/installation, training,
derived technical support/maintenance, or retirement/disposal.
requirements. 2) whichlogica solution set or assigned requirement can best be accomplished manualy or

by facilities, material, or data.

3) which logical solution set or assigned requirement can best be accomplished by hardware,
software, or firmware products (new or existing).

Invoked the Systems Analysis Process, Requirements 22 and 23, as necessary.

b) Assign representations, | The appropriate sets of functions, groups of functions, objects, behaviors, derived technical
derived technic TequITements, eic., are assgned to appropriaie physical entities (€.0., sensar, engine, power
requirements and source, storage device, structural frame, communication device, and compyter) that will
unassigned system make up a physical solution.
technical requirements ] ) ) - : ] )
to appropriate physical NOTE—This assignment to physical entities and generation of altefnative solutions
entities: composed of these entitiesis tightly coupled and iterative.

c) Generate and eyaluate aternative physical solution representations by performing the following tasks:

NOTE—A ppropriate models (digital, hardware or software, or both, partial or complete) or
normglly created to help avert risk, identify critical product characteristics and enabling pro
identify control requirements for product integrity, perform sensitivity analyses to establish
le quantitative performance assessments, and selectpreferred physical solution represq

provi

brototypes are

$uct requirements,

lesign margins,
ntation.

1) Identify and|Define

Physical Intgrfaces

Physical interfaces (human, form, fit;, function, data flow, and interoperabil
specific physical entities that make'up each end product physical solution §
end products that make up the’System, among end products and enabling p
with end products and other interfacing systems, are identified and defined
interfaces (internal to thé system and external) among specific solutions sdf
physical entity that tnake up the selected physical solution are designed an

ty) among

Iternative, among

oducts, and along
Physical

ected for each

i described.

2) Identify and|Anayze

Critical Pargmeters

For each identified critical performance parameter (TPM), the variability g
of each alternative physical solution to that variability are identified and de

nd the sensitivity
ifined.

3) Identify and assess physical solution options:

(@ Technology

Thetechnological needs necessary to make each alternative solution effect

\ve, the risks

requirements associated with introduction of new or advanced technologies to meet requrements, and
alternative lower-risk technologies that could be substituted for unacceptaljle higher risk
technologies are identified and assessed.
(b) Off-the-shelf The avallability of off-the-shelf end products (non-devel opmental hardware or reusable
availability software) are identified and assessed.
(c) Competitive The effect of design considerations to maintain or make a physical solution representation

considerations

alternative competitive with potential or existing competitor productsis identified and

assessed.

(d) Failure modes, Further design efforts are identified that will be needed to accommodate redundancy and to
effects, and support graceful degradation when the results of failure modes, effects, and criticality of
criticality failure analyses have an unacceptable or high criticality rating.

(e) Performance The degree to which the performance requirements are satisfied by each alternative physical
assessment solution is identified and assessed.
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(f) Lifecycle The degree to which producibility, testability, ease of deployment, installability, operability,
considerations supportability, trainability, and disposability are considered in each aternative physical
solution is identified and assessed. Enabling product needs, requirements and constraints
for the associated processes are identified, assessed, and defined.
(g) Capacity to The capacity of each alternative physical solution to evolve, or be reengineered, incorporate
evolve new technologies, enhance performance, increase functionality, or other cost-effective or
competitive improvements, once solution end products are in production or in the
marketplace, are identified and assessed. Limitations that can preclude the capability of the
system to evolve are identified and documented.
(h) Makevs. buy The advantages and disadvantages of making the products of the solution within the
enterprise or going to an established supplier are identified and assessed.
(i) Standardization The advantages and disadvantages of using standardized end products, protocols, interfaces,
consi dergfons atc, for the physicasofation are raenti fred-and-assesse:
() Integratidn The following are identified and assessed: (1) potential hazards to ather/systems, operators,
concerns or the environment; (2) built-in test and fault-isolation test requirements; (B) ease of access,
ready disassembly, use of common tools, part count effect, advaatage of modularity,
standardization, and less need for cognitive skills; and (4) dyramic or stati¢ conflicts,
inconsistencies, and improper functionality of the integrated products of the solution.
4) Perform sygems Which physical solution option is best for each alternative solution representation, based on
analyses each option individually or in sets, (Requirements 22, 23, and 24) is deterrpined.

d) Identify and define Derived technical requirement statements identified and defined that are ([L) the
derived technicgl consequence of design choices associated'with the above tasks, (2) used tofform alternative
requirements physical solution representations, as appropriate, and (3) individually and gs a set (including

physical interface requirements) wéllyformulated (Requirement 25).

€) Select preferred The preferred physical solutionyrepresentation is selected, based on the respilts of an
physical solution evaluation of each physical_solution representation (Requirements 22, 23, gnd 24).

f)  Ensure selected The selected physical solution representation is determined to be consistent with assigned
physical solution logical solution representations, derived technical requirements, and the identified subset of
representation unassigned system technical requirements [see the note under Requirement, Task 17 c)].
consistency

g) Record the outcpmesof | The following are captured in the information database: selected physical $plution

a) through g)

representation, along with selection rationale, assumptions, and outcomes from tasks a)
through g).
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Table C.19—Requirement 19 (Solution Definition Process - Specified Requirements)

Representative tasks

Expected outcomes

a) Fully characterize
design solution

For each specific physical entity of the selected physical solution: hardware drawings and
schematics, software design documents, parts lists, interface descriptions, procedural
manuals, data or other applicable design descriptions, based on the requirements assigned to
the selected physical solution and engineering life cycle phase exit criteria, are completed, as
applicable.

b) Ensure design solution
consistency

The defined design solution is verified as being consistent with the selected physical solution
representation as described by its encapsulated requirements for the assigned logical solution
representations, associated system technical requirements, and derived technical
requirements. Invoked the Verification Process Requirement 30.

c) Specify requirefments—

- - requirements
(functional and performance requirements, and physical characteristics) ar¢ documented.
Test requirements to ensure that end products satisfy their specified Fequirements are
determined and included in the related specification, as appropriate’to the gngineering life
cycle phase.

d) Record design olution
and related spegified
requirements

The design solution work products, including the specified requirements, gre captured and
recorded in the established information database, along ‘with all tradeoff analyses, design
rationale, assumptions, and key decisions to providedraceability of requirefents up and

down the system structure.

€) Establish projegts for
devel opment of
enabling produgts

A project is established to engineer the enaloling products associated with the processes for
development, production, test, deployment/installation, training, support/ maintenance, and
retirement/disposal .

NOTE—The requirementsifor enabling products come from (1) usef or customer or
assigned requirementsfand other stakeholder requirements for the system, and (2)
derived technical réquirements for end products and their subsystermns generated by
tasks of the Solution Definition Process. Thus, initiation of enabling product

devel opmentijsidependent on the completion of the design solution for the system
(building block) being engineered or reengineered.
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C.4 Product Realization task outcomes

Table C.20—Requirement 20 (Implementation Process )

Representative tasks Expected outcomes
a) Acquire products Hardware, software, firmware end products, or composites of end products built or coded to
(Goods or Services) their specified requirements, drawings or descriptive documents; or other needed physical

entities [for example, trained personnel, certified facilities, special techniques (manual
procedures or processes), manuals)] are acquired. Hardware items were (1) purchased off-
the-shelf from a supplier or vendor; (2) fabricated in-house; or (3) from in-house, off-the-
shelf supply. Software items were (1) purchased from a supplier or vendor; (2) coded in-
house; or (3) reused.

b) Validate a(;qui red Acq lired prndl icts are validated that each acq) ired end prndl Ict or mdgrm"n'r'on of end
products productsisin conformity with its user, customer, or assigned requirements| Invoked the End
Products Validation Process, Requirement 33.

NOTE—This vaidation is accomplished by the supplier as pér the agreement or by
the acquirer, with or without supplier participation. Thisvalidation|includes product
certification or acceptance testing, as appropriate.

c) Assemble/integfate End products or aggregations of end products already,validated are physicgly integrated or
validated end pfoducts | assembled into the required test article or the end product that will be verified and delivered
to an acquirer.

d) Verify integratgd end End products are verified that each end preduct of the system under development complies

products with its specified requirements. Invokedithe System Verification Process, Requirement 31.
€) Verify enabling Enabling products for production; test, deployment/installation, training,
products for eagh support/maintenance, and retirement/disposal, as appropriate, are verified that they will be
associated process ready to perform the support{unctions required by the system’s end produgts. Associated
processes are proofed, as-applicable. Invoked the System Verification Progess, Requirement
32.

f)  Validate the vefified End products are validated prior to delivery to their acquirer, if required in|the agreement,
end product using the End'Products Validation Process, Requirement 33.
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Table C.21—Requirement 21 (Transition to Use Process)

Representative tasks

Expected outcomes

a) Acquireand putin
place enabling products

Appropriate enabling products for supporting the Transition to Use Process are acquired and
put in place.

b) Prepare end products
for shipping or storage

In accordance with the agreement, (1) packing materials and containers are prepared, and (2)
end products are packaged and appropriately labeled for either storage or delivery.

c) Storeor deliver end
products

End products awaiting shipping are appropriately stored or, in accordance with the
agreement, delivered to intended usage sites in a condition suitable for application, use,
installation, or integration with other end products or composites of end products.

d) Prepare the operational
sites

Sites where products will be stored, installed, used, or maintained, or where services will be
ncrfc:—mnA nnnnnnnn ocl Ao roacuurad hhg th v

o
FREe-aFe-preparea-as+eguHeaBy-the-agreerent:
; Prep ; & Y oy

€) Installation of groducts

End products are installed at appropriate sites, as required by the agreement.

f)  Perform commipsioning

Delivered or installed products are brought to operational readiness; with gppropriate
acceptance and certification tests completed, as required by the agreement.

g) Provide ghosting

Parallel operation of anew and alegacy end product provides continuing service until the
new system is fully on line and accepted by the custoref, as required by the agreement.

h) Train usersand
mai ntenance pegrsonnel

Training of users, operators, maintainers, and other necessary personnel isicompleted, as
required in the agreement.

i) Providein-service
support

In-service support is provided, as requiredin the agreement.
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C.5 Technical evaluation task outcomes

Table C.22—Requirement 22 (Systems Analysis Process - Effectiveness Analysis)

Representative tasks Expected outcomes
a) Plan effectiveness A plan is prepared to include the purpose, objectives, execution and data collection
analyses requirements, schedule of tasks, availability of required resources, expected outcomes, and the
general approach for required effectiveness analyses.
b) Anayze system cost For each alternative physical solution representation, as well as for the design solution, the
effectiveness system cost effectiveness is determined with respect to the following attributes, as applicable:

accuracy, availability, capacity, maintainability, reliability, responsiveness, operability, safety,
security, survivability, spare requirements, transportability, vulnerability, etc.

c) Anayzetota ojvnership | Costs to the enterprise and to the acquirer for alternative physical solution fepresentations, for
cost aternative tradeoff analysis options, or for proposed changes, and the'knoWn uncertainties
(risks) in these costs are determined.

NOTE—The following costs are typically included in@ tétal ownership cost analysis:
development, production, test, deployment/installation, training, opgrations,
support/maintenance, and retirement/disposal.

d) Analyzeenviropmental | Applicable federal, state, municipal, and international environmental statufes and applicable

impacts hazardous materia lists affecting the project and-endurance of compliance py each physical
solution are determined; the effect on and by each end product and enabling product on the
infrastructure, land and ocean, atmosphere;Wwater sources, and animal, plant and human life, as
applicable, has been determined, from antenterprise-based life cycle perspéctive.

€) Anayze system For each operationa profile, eachalternative physical solution representatipn and the design
effectiveness solution are assessed by analytic confirmation to satisfy appropriate requirefments.
f)  Record outcomgs of Effectiveness analysis outeomes, as well as the details of the analyses perf(l)rmed, including

effectiveness arfalyses rationale, assumptions;.and lessons learned, are captured and recorded in the established
information database.
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