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PRJ-116 EXAM PREVIEW

Instructions:

e At your convenience and own pace, review the course material below. When ready,
click “Take Exam!” above to complete the live graded exam. (Note it may take a few
seconds for the link to pull up the exam.) You will be able to re-take the exam as
many times as needed to pass.

Upon a satisfactory completion of the course exam, which is a score of 70% or
better, you will be provided with your course completion certificate. Be sure to
download and print your certificates to keep for your records.

Exam Preview:

1. According to the reference material, systems engineering is an interdisciplinary
engineering management process that evolves and verifies an integrated, life-cycle
balanced set of system solutions that satisfy customer needs.

a. True
b. False
. Which of the following is NOT a major activity of Systems Engineering
Management, according to the reference material?
a. Development Phasing
b. Field Implementation
c. Life cycle Integration
d. Systems Engineering Process
. According to the reference material, there are 8 Primary Life Cycle Functions, which
of the following functions is defined as “the activities necessary to provide operations
support, maintenance, logistics, and material management.”
a. Support
b. Training
c. Verification
d. Operation
. According to Chapter 3 of the reference material, during which step of the Systems
Engineering Process does one conduct Trade-Off studies?
a. Verification
. Requirements Analysis

b
c. Functional Analysis
d. Systems Analysis and Control

. Figure 4-2 shows 3 “inputs” that factor into requirements analysis, which of the
following “descriptions” belongs to the controls input.
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a. System analysis and control
b. Tech base and other constraints
c. Customer requirements
d. Multi-disciplinary product teams
. According to the reference material, a one-line diagram is used to depict the hardware
and software components and their interrelationships.

a. True
b. False
. Figure 7-1 shows the Systems Engineering and Verification process, which of the
tollowing reviews must be completed before moving on to the “Fabricate, Integrate
and Test” phase?
a. PDR
b. SVR
c. CDR
d. SFR
. According to the reference material, one primary difference between Development
Test and Operation Tests is that Operation tests are controlled by an independent
agency.

a. True
b. False
. Figure 8-3 outlines the different types of specifications for Program-Unique
Specifications. Which category does the content “defines performance characteristics

of CIs and CSCIs.” Belong to?

a. Item Detail Spec

b. Process Spec

c. System Spec

d. Item Performance Spec

10. According to the reference material, the IEEE/EIA 12205, Software Life Cycle

Processes, describes the U.S. implementation of the ISO standard on software
processes.

a. True

b. False
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CHAPTER 1

INTRODUCTION TO
SYSTEMS ENGINEERING
MANAGEMENT

1.1 PURPOSE 499A,Engineering Managemerit May 1974.
Now cancelled.)

The overall organization of this text is described

in the Preface. This chapter establishes some ef Aninterdisciplinary approach that encompasses

the basic premises that are expanded throughout the entire technical effort, and evolves into and

the book. Basic terms explained in this chapter are verifies an integrated and life cycle balanced

the foundation for following definitions. Key sys-  set ofsystem people, products, and process solu-

tems engineering ideas and viewpoints are pre- tionsthat satisfy customer needs. (EIA Standard

sented, starting with a definition of a system. IS-632,Systems EngineerinDecember 1994.)
» Aninterdisciplinary, collaborative approach that
1.2 DEFINITIONS derives, evolves, and verifies a life-cycle bal-
anced system solution which satisfies customer
A System Is ... expectations and meets public acceptability.

(IEEE P1220,Standard for Application and
Simply stated, a system is an integrated composite Management of the Systems Engineering
of people, products, and processes that provide a Process[Final Draft], 26 September 1994.)
capability to satisfy a stated need or objective.
In summary, systems engineering is an interdisci-
Systems Engineering Is... plinary engineering management process that
evolves and verifies an integrated, life-cycle bal-
Systems engineering consists of two significantinced set of system solutions that satisfy customer
disciplines: the technical knowledge domain inneeds.
which the systems engineer operates, and systems
engineering management. This book focuses o8ystems Engineering Management Is...
the process of systems engineering management.
As illustrated by Figure 1-1, systems engineering
Three commonly used definitions of systemsmanagement is accomplished by integrating three
engineering are provided by the best known techmajor activities:
nical standards that apply to this subject. They all
have a common theme: » Development phasing that controls the design
process and provides baselines that coordinate
+ A logical sequence of activities and decisions design efforts,
that transforms an operational need into a de-
scription of system performance parameters and A systems engineering process that provides
a preferred system configuration. (MIL-STD-  a structure for solving design problems and
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Systems Engineering Fundamentals Chapter 1

Development
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Teaming

Figure 1-1. Three Activities of Systems Engineering Management

tracking requirements flow through the designThe systems engineering process is the heart of
effort, and systems engineering management. Its purpose is
to provide a structured but flexible process that
» Life cycle integration that involves customerstransforms requirements into specifications, archi-
in the design process and ensures that the systdattures, and configuration baselines. The disci-
developed is viable throughout its life. pline of this process provides the control and trace-
ability to develop solutions that meet customer
Each one of these activities is necessary to achieveeeds. The systems engineering process may be
proper management of a development effort. Phasepeated one or more times during any phase of
ing has two major purposes: it controls the desigthe development process.
effort and is the major connection between the tech-
nical management effort and the overall acquisiLife cycle integration is necessary to ensure that
tion effort. It controls the design effort by devel- the design solution is viable throughout the life of
oping design baselines that govern each level dhe system. It includes the planning associated with
development. It interfaces with acquisition man-product and process development, as well as the
agement by providing key events in the developintegration of multiple functional concerns into the
ment process, where design viability can be asdesign and engineering process. In this manner,
sessed. The viability of the baselines developed igroduct cycle-times can be reduced, and the need
a major input for acquisition management Mile-for redesign and rework substantially reduced.
stone (MS) decisions. As a result, the timing and
coordination between technical development
phasing and the acquisition schedule is critical td.3 DEVELOPMENT PHASING
maintain a healthy acquisition program.
Development usually progresses through distinct
levels or stages:

ENGINEERING-PDH.COM
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Chapter 1 Introduction to Systems Engineering

» Concept level, which produces a system conceptescriptions, and the product baseline for the sub-
description (usually described in a conceptystem/component detail descriptions. Figure 1-2
study); shows the basic relationships between the baselines.

The triangles represent baseline control decision

» System level, which produces a system descrigpoints, and are usually referred to as technical re-

tion in performance requirement terms; and views or audits.

» Subsystem/Component level, which produced.evels of Development Considerations
first a set of subsystem and component product
performance descriptions, then a set ofSignificant development at any given level in the
corresponding detailed descriptions of thesystem hierarchy should not occur until the con-
products’ characteristics, essential for theirfiguration baselines at the higher levels are con-
production. sidered complete, stable, and controlled. Reviews
and audits are used to ensure that the baselines are
The systems engineering process is applied to eachady for the next level of development. As will be
level of system development, one level at a timeshown in the next chapter, this review and audit
to produce these descriptions commonly calleghrocess also provides the necessary assessment of
configuration baselines. This results in a series afystem maturity, which supports the DoD
configuration baselines, one at each developmemilestone decision process.
level. These baselines become more detailed with
each level.
1.4 THE SYSTEMS ENGINEERING
In the Department of Defense (DoD) the configu- PROCESS
ration baselines are called the functional baseline
for the system-level description, the allocatedThe systems engineering process is a top-down
baseline for the subsystem/ compuat performance comprehensive, iterative and recursive problem

Concept Studies
]

*

DESIGN DEFINITION _
* System Definiiton

(Functional Baseline)

DESIGN DEFINITION . .
* Preliminary Design

(Allocated Baseline)

DESIGN DEFINITION Detail Design
v (Product Baseline)

Figure 1-2. Development Phasing
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Systems Engineering Fundamentals Chapter 1

solving process, applied sequentially through alDuring the systems engineering process architec-
stages of development, that is used to: tures are generated to better describe and under-
stand the system. The word “architecture” is used
» Transform needs and requirements into a set oh various contexts in the general field of engi-
system product and process descriptions (addieering. It is used as a general description of how
ing value and more detail with each level ofthe subsystems join together to form the system. It
development), can also be a detailed description of an aspect of a
system: for example, the Operational, System, and
» Generate information for decision makers, andlrechnical Architectures used in Command, Con-
trol, Communications, Computers, Intelligence,
» Provide input for the next level of development.Surveillance, and Reconnaissance (C4ISR), and
software intensive developments. However, Sys-
As illustrated by Figure 1-3, the fundamental systems Engineering Management as developed in
tems engineering activities are RequirementoD recognizes three universally usable architec-
Analysis, Functional Analysis and Allocation, andtures that describe important aspects of the system:
Design Synthesis—all balanced by techniques anfilinctional, physical, and system architectures. This
tools collectively called System Analysis and Con-book will focus on these architectures as neces-
trol. Systems engineering controls are used to trackary components of the systems engineering
decisions and requirements, maintain technicgbrocess.
baselines, manage interfaces, manage risks, track
cost and schedule, track technical performancélhe Functional Architecturaédentifies and struc-
verify requirements are met, and review/audit theures the allocated functional and performance

progress. requirements. Thhysical Architectureepicts the
P
R
(0]
C
E .
S —> Requirements ‘\‘ System Analysis
S Analysis and Control

(Balance)
Requirements
Loop

Functional Analysis
and Allocation

- CUZzZz-—

Design
Loop

v
Design Synthesis

Verification

PROCESS OUTPUT

Figure 1-3. The Systems Engineering Process
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Chapter 1 Introduction to Systems Engineering

system product by showing how it is broken downe Technical specialty areas, such as safety, risk
into subsystems and components. Bstem management, quality, etc., or
Architectureidentifies all the products (including
enabling products) that are necessary to suppoft When appropriate, business areas such as
the system and, by implication, the processes finance, cost/budget analysis, and contracting.
necessary for development, production/construc-
tion, deployment, operations, support, disposall.ife Cycle Functions
training, and verification.
Life cycle functions are the characteristic actions
Life Cycle Integration associated with the system life cycle. As illustrated
by Figure 1-4, they are development, production
Life cycle integration is achieved through inte-and construction, deployment (fielding), opera-
grated development—that is, concurrent considtion, support, disposal, training, and verification.
eration of all life cycle needs during the develop-These activities cover the “cradle to grave” life
ment process. DoD policy requires integratedcycle process and are associated with major func-
development, called Integrated Product and Prodional groups that provide essential support to the
uct Development (IPPD) in DoD, to be practicedlife cycle process. These key life cycle functions
at all levels in the acquisition chain of commandare commonly referred to as the eight primary
as will be explained in the chapter on IPPD. Confunctions of systems engineering.
current consideration of all life cycle needs can be
greatly enhanced through the use of interdiscipliThe customers of the systems engineer perform
nary teams. These teams are often referred to #se life-cycle functions. The system user’s needs
Integrated Product Teams (IPTs). are emphasized because their needs generate the
requirement for the system, but it must be remem-
The objective of an Integrated Product Team is tobered that all of the life-cycle functional areas
generate requirements for the systems engineer-
» Produce a design solution that satisfies initiallying process once the user has established the basic
defined requirements, and need.Those that perform the primary functions
also provide life-cycle representation in design-
« Communicate that design solution clearly,level integrated teams.
effectively, and in a timely manner.
Primary Function Definitions
Multi-functional, integrated teams:
Developmentincludes the activities required to
» Place balanced emphasis on product and procegsolve the system from customer needs to product
development, and or process solutions.

» Require early involvement of all disciplines Manufacturing/Production/Constructionin-
appropriate to the team task. cludes the fabrication of engineering test models
and “brass boards,” low rate initial production,
Design-level IPT members are chosen to meet thiell- rate production of systems and end items, or
team objectives and generally have distinctive comthe construction of large or unique systems or sub-
petence in: systems.

» Technical management (systems engineeringDeployment (Fieldingjncludes the activities nec-
essary to initially deliver, transport, receive, pro-
» Life cycle functional areas (eight primary cess, assemble, install, checkout, train, operate,
functions), house, store, or field the system to achieve full
operational capability.

ENGINEERING/PDH.COM
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Systems Engineering Fundamentals Chapter 1

Disposal Training Verification

Operation

Support
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8 Primary
Life Cycle
Functions

Manufacturing/Production/
Construction

Deployment

Figure 1-4. Primary Life Cycle Functions

Operation is the user function and includes Systems Engineering Considerations

activities necessary to satisfy defined operational

objectives and tasks in peacetime and wartim&ystems engineering is a standardized, disciplined

environments. management process for development of system
solutions that provides a constant approach to

Supportincludes the activities necessary to pro-system development in an environment of change

vide operations support, maintenance, logisticsand uncertainty. It also provides for simultaneous

and material management. product and process development, as well as a
common basis for communication.

Disposalincludes the activities necessary to ensure

that the disposal of decommissioned, destroyedsystems engineering ensures that the correct

or irreparable system components meets allechnical tasks get done during development

applicable regulations and directives. through planning, tracking, and coordinating.
Responsibilities of systems engineers include:

Training includes the activities necessary to

achieve and maintain the knowledge and skill levels Development of a total system design solution

necessary to efficiently and effectively perform that balances cost, schedule, performance, and

operations and support functions. risk,

Verification includes the activities necessary toe Development and tracking of technical

evaluate progress and effectiveness of evolving information needed for decision making,

system products and processes, and to measure

specification compliance. » \Verification that technical solutions satisfy
customer requirements,

ENGINEESING-PDH.COM
| PRJ-116 |



Chapter 1 Introduction to Systems Engineering

» Development of a system that can be producettacking and verification problems software devel-
economically and supported throughout the lifeopment entails. In a like manner, all technology
cycle, domains are expected to bring their own unique

needs to the process.

» Development and monitoring of internal and
external interface compatibility of the sys- This book provides a conceptual-level description
tem and subsystems using an open systentd systems engineering management. The specific
approach, technigues, nomenclature, and recommended

methods are not meant to be prescriptive. Techni-

» Establishment of baselines and configuratiorcal managers must tailor their systems engineer-
control, and ing planning to meet their particular requirements

and constraints, environment, technical domain,

» Proper focus and structure for system and majosind schedule/budget situation.
sub-system level design IPTs.

However, the basic time-proven concepts inherent
in the systems engineering approach must be re-

1.5 GUIDANCE tained to provide continuity and control. For com-

plex system designs, a full and documented un-

DoD 5000.2-R establishes two fundamentalderstanding of what the system must do should

requirements for program management: precede development of component performance

descriptions, which should precede component

* |t requires that an Integrated Product andietail descriptions. Though some parts of the sys-
Process approach be taken to design wherevéem may be dictated as a constraint or interface, in
practicable, and general, solving the design problem should start

with analyzing the requirements and determining

» Itrequires that a disciplined systems engineerwhat the system has to do before physical alterna-
ing process be used to translate operationdives are chosen. Configurations must be controlled
needs and/or requirements into a systenand risk must be managed.
solution.

Tailoring of this process has to be done carefully

Tailoring the Process to avoid the introduction of substantial unseen risk

and uncertainty. Without the control, coordination,

System engineering is applied during all acquisiand traceability of systems engineering, an envi-

tion and support phases for large- and small-scal®nment of uncertainty results which will lead to

systems, new developments or product improvesurprises. Experience has shown that these
ments, and single and multiple procurements. Theurprises almost invariably lead to significant
process must be tailored for different needs and/dmpacts to cost and schedule. Tailored processes
requirements. Tailoring considerations includethat reflect the general conceptual approach of this
system size and complexity, level of systembook have been developed and adopted by profes-
definition detail, scenarios and missions, consional societies, academia, industry associations,
straints and requirements, technology base, maj@overnment agencies, and major companies.

risk factors, and organizational best practices and

strengths.

1.6 SUMMARY POINTS

For example, systems engineering of software

should follow the basic systems engineering Systems engineering management is a multi-

approach as presented in this book. However, it functional process that integrates life cycle

must be tailored to accommodate the software functions, the systems engineering problem-
development environment, and the unique progress solving process, and progressive baselining.

ENGINEERINGBPDH.COM
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Chapter 1

The systems engineering process is a prob-
lem-solving process that drives the balanced

development of system products and processes.

Integrated Product Teams should apply the sys-
tems engineering process to develop a life cycle
balanced-design solution.

The systems engineering process is applied to
each level of development, one level at a time.

Fundamental systems engineering activities are
Requirements Analysis, Functional Analysis/
Allocation, and Design Synthesis, all of which
are balanced by System Analysis and Control.

Baseline phasing provides for an increasing
level of descriptive detail of the products and
processes with each application of the systems
engineering process.

Baselining in a nut shell is a concept descrip-
tion that leads to a system definition which, in
turn, leads to component definitions, and then
to component designs, which finally lead to a
product.

The output of each application of the systems
engineering process is a major input to the next
process application.

ENGINEERING-PDH.COM
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CHAPTER 3

SYSTEMS ENGINEERING
PROCESS OVERVIEW

3.1 THE PROCESS definition with each level of development. As
shown by Figure 3-1, the process includes: inputs

The Systems Engineering Process (SEP) is and outputs; requirements analysis; functional

comprehensive, iterative and recursive problenanalysis and allocation; requirements loop;

solving process, applied sequentially top-down bysynthesis; design loop; verification; and system

integrated teams. It transforms needs and requirenalysis and control.

ments into a set of system product and process

descriptions, generate information for decisionSystems Engineering Process Inputs

makers, and provides input for the next level of

development. The process is applied sequentiallynputs consist primarily of the customer’s needs,

one level at a time, adding additional detail andbbjectives, requirements and project constraints.

Process Input

« Customer Needs/Objectives/
Requirements

— Missions

— Measures of Effectiveness

— Environments System Analysis
— Constraints and Control

Requirements Analysis

« Analyze Missions and Environments

« Identify Functional Requirements

« Define/Refine Performance and Design
Constraint Requirements

AA Requirements Loop

Functional Analysis/Allocation

+ Decompose to Lower-Level Functions

« Allocate Performance and Other Limiting Requirements
to All Functional Levels

« Define/Refine Functional Interfaces (Internal/External)

« Define/Refine/Integrate Functional Architecture

« Technology Base

« Output Requirements from Prior
Development Effort

« Program Decision Requirements

« Requirements Applied Through
Specifications and Standards

(Balance)

« Trade-Off Studies

« Effectiveness Analyses
* Risk Management

« Configuration Management
« Interface Management

« Data Management

« Perfromance Measurement
— SEMS

- TPM

— Technical Reviews

Design Loop

Synthesis

« Transform Architectures (Functional to Physical)

« Define Alternative System Concepts, Configuration
Verification Items and System Elements

« Select Preferred Product and Process Solutions

« Define/Refine Physical Interfaces (Internal/External)

Related Terms: Process Output
Customer = Organizations responsible for Primary Functions « Development Level Dependent
Primary Functions = Development, Production/Construction, Verification, — Decision Database
Deployment, Operations, Support, Training, Disposal — System/Configuration Iltem
Systems Elements = Hardware, Software, Personnel, Facilities, Data, Material, Architecture
Services, Technigues — Specifications and Baselines

Figure 3-1. The Systems Engineering Process
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Systems Engineering Fundamentals Chapter 3

Inputs can include, but are not restricted to, misBlock Diagrams, Time Line Analysis, and the

sions, measures of effectiveness, environment&equirements Allocation Sheet.

available technology base, output requirements

from prior application of the systems engineeringRequirements Loop

process, program decision requirements, and

requirements based on “corporate knowledge.” Performance of the functional analysis and allo-
cation results in a better understanding of the

Requirements Analysis requirements and should prompt reconsideration
of the requirements analysis. Each function iden-

The first step of the Systems Engineering Procedified should be traceable back to a requirement.

is to analyze the process inputs. Requirements anahis iterative process of revisiting requirements

lysis is used to develop functional and performancanalysis as a result of functional analysis and

requirements; that is, customer requirements arallocation is referred to as the requirements loop.

translated into a set of requirements that define

what the system must do and how well it must perbesign Synthesis

form. The systems engineer must ensure that the

requirements are understandable, unambiguouBesign synthesis is the process of defining the

comprehensive, complete, and concise. product or item in terms of the physical and soft-
ware elements which together make up and define

Requirements analysis must clarify and definghe item. The result is often referred to as the physi-

functional requirements and design constraintscal architecture. Each part must meet at least one

Functional requirements define quantity (howfunctional requirement, and any part may support

many), quality (how good), coverage (how far),many functions. The physical architecture is the

time lines (when and how long), and availability basic structure for generating the specifications and

(how often). Design constraints define those facbaselines.

tors that limit design flexibility, such as: environ-

mental conditions or limits; defense against interDesign Loop

nal or external threats; and contract, customer or

regulatory standards. Similar to the requirements loop described above,
the design loop is the process of revisiting the func-
Functional Analysis/Allocation tional architecture to verify that the physical design

synthesized can perform the required functions at
Functions are analyzed by decomposing higherequired levels of performance. The design loop
level functions identified through requirementspermits reconsideration of how the system will
analysis into lower-level functions. The perfor- perform its mission, and this helps optimize the
mance requirements associated with the highesynthesized design.
level are allocated to lower functions. The resultis
a description of the product or item in terms ofVerification
what it does logically and in terms of the perfor-
mance required. This description is often called-or each application of the system engineering
the functional architecture of the product or item.process, the solution will be compared to the re-
Functional analysis and allocation allows for a betguirements. This part of the process is called the
ter understanding of what the system has to do, iverification loop, or more commonly, Verification.
what ways it can do it, and to some extent, th&cach requirement at each level of development
priorities and conflicts associated with lower-levelmust be verifiable. Baseline documentation devel-
functions. It provides information essential tooped during the systems engineering process must
optimizing physical solutions. Key tools in func- establish the method of verification for each
tional analysis and allocation are Functional Flowequirement.

ENGINEERING-PDH.COM
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Chapter 3 Systems Engineering Process Overview

Appropriate methods of verification include ¢ Traceability from systems engineering process
examination, demonstration, analysis (including inputs to outputs is maintained,
modeling and simulation), and testing. Formal test
and evaluation (both developmental and operas= Schedules for development and delivery are
tional) are important contributors to the verification  mutually supportive,
of systems.

» Required technical disciplines are integrated
Systems Analysis and Control into the systems engineering effort,

Systems Analysis and Control include technicab Impacts of customer requirements on resulting
management activities required to measure functional and performance requirements are
progress, evaluate and select alternatives, and docu- examined for validity, consistency, desirability,
ment data and decisions. These activities apply to and attainability, and,
all steps of the sysems engineering process.
» Product and process design requirements are
System analysis activities include trade-off stud- directly traceable to the functional and perfor-
ies, effectiveness analyses, and design analyses. mance requirements they were designed to
They evaluate alternative approaches to satisfy fulfill, and vice versa.
technical requirements and program objectives, and
provide a rigorous quantitative basis for selecting
performance, functional, and design requirementsSystems Engineering Process Output
Tools used to provide input to analysis activities
include modeling, simulation, experimentation,Process output is dependent on the level of devel-
and test. opment. It will include the decision database, the
system or configuration item architecture, and the
Control activities include risk management, con-baselines, including specifications, appropriate to
figuration management, data management, anthe phase of development. In general, it is any data
performance-based progress measurement incluthat describes or controls the product configura-
ing event-based scheduling, Technical Perfortion or the processes necessary to develop that
mance Measurement (TPM), and technicaproduct.
reviews.

The purpose of Systems Analysis and Control i8.2 SUMMARY POINTS
to ensure that:
» The system engineering process is the engine
» Solution alternative decisions are made only that drives the balanced development of sys-
after evaluating the impact on system effective- tem products and processes applied to each level
ness, life cycle resources, risk, and customer of development, one level at a time.
requirements,
» The process provides an increasing level of
» Technical decisions and specification require- descriptive detail of products and processes with
ments are based on systems engineering each system engineering process application.
outputs, The output of each application is the input to
the next process application.
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CHAPTER 4

REQUIREMENTS
ANALYSIS

4.1 SYSTEMS ENGINEERING PROCESS the constraints. They eventually must be verified
INPUTS to meet both the requirements and constraints.

The inputs to the process include the customer3ypes of Requirements

requirements and the project constraints. Require-

ments relate directly to the performance characRequirements are categorized in several ways. The

teristics of the system being designed. They aréollowing are common categorizations of require-

the stated life-cycle customer needs and objectivarents that relate to technical management:

for the system, and they relate to how well the

system will work in its intended environment.  Customer RequirementsStatements of fact and
assumptions that define the expectations of the

Constraints are conditions that exist because afystem in terms of mission objectives, environ-

limitations imposed by external interfaces, projectment, constraints, and measures of effectiveness

support, technology, or life cycle support systemsand suitability (MOE/MOS). The customers are

Constraints bound the development teams’ desigtihose that perform the eight primary functions of

opportunities. systems engineering (Chapter 1), with special
emphasis on the operator as the key customer.

Requirements are the primary focus in the system@perational requirements will define the basic need

engineering process because the process’s primaayd, at a minimum, answer the questions posed in

purpose is to transform the requirements into deFigure 4-1.

signs. The process develops these designs within

Operational distribution or deployment: Where will the system be used?
Mission profile or scenario:  How will the system accomplish its mission objective?

Performance and related parameters:  What are the critical system parameters to accom-
plish the mission?

Utilization environments:  How are the various system components to be used?

Effectiveness requirements:  How effective or efficient must the system be in performing its
mission?

Operational life cycle: How long will the system be in use by the user?

Environment: What environments will the system be expected to operate in an effective
manner?

Figure 4-1. Operational Requirements — Basic Questions
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Chapter 4

Functional Requirements:The necessary task, °
action or activity that must be accomplished. Func-
tional (what has to be done) requirements identified
in requirements analysis will be used as the top-
level functions for functional analysis.

Performance Requirementshe extent to which

a mission or function must be executed; generally
measured in terms of quantity, quality, coverage,
timeliness or readiness. During requirements analy-
sis, performance (how well does it have to be done)
requirements will be interactively developed across
all identified functions based on system life cycle
factors; and characterized in terms of the degree
of certainty in their estimate, the degree of criti-
cality to system success, and their relationship to
other requirements. .

Design RequirementsThe “build to,” “code to,”
and “buy to” requirements for products and “how

It must be verifiable—that is, not defined by
words such as excessive, sufficient, resistant,
etc. The expected performance and functional
utility must be expressed in a manner that
allows \erification to be objective, preferably
quantitative.

A requirement must be unambiguous. It must
have but one possible meaning.

It must be complete and contain all mission
profiles, operational and maintenance concepts,
utilization environments and constraints. All
information necessary to understand the
customer’s need must be there.

It must be expressed in terms of need, not
solution; that is, it should address the “why”
and “what” of the need, not how to do it.

to execute” requirements for processes expressed It must be consistent with other requirements.

in technical data packages and technical manuals.

Derived RequirementsRequirements that are o
implied or transformed from higher-level require-
ment. For example, a requirement for long range
or high speed may result in a design requirement
for low weight.

Allocated RequirementsA requirement that is
established by dividing or otherwise allocating a

Conflicts must be resolved up front.

It must be appropriate for the level of system
hierarchy. It should not be too detailed that it
constrains solutions for the current level of
design. For example, detailed requirements
relating to components would not normally be
in a system-level specification.

high-level requirement into multiple lower-level 4.2 REQUIREMENTS ANALYSIS

requirements. Example: A 100-pound item that

consists of two subsystems might result in weighRequirements analysis involves defining customer
requirements of 70 pounds and 30 pounds for theeeds and objectives in the context of planned
two lower-level items. customer use, environments, and identified sys-
tem characteristics to determine requirements
for system functions. Prior analyses are reviewed
and updated, refining mission and environment
The attributes of good requirements include thalefinitions to support system definition.

following:

Attributes of Good Requirements

Requirements analysis is conducted iteratively with
* A requirement must be achievable. It mustfunctional analysis to optimize performance
reflect need or objective for which a solution isrequirements for identified functions, and to
technically achievable at costs consideredrerify that synthesized solutions can satisfy cus-
affordable. tomer requirements. The purpose of Requirements
Analysis is to:

ENGINEERNG-PDH.COM
| PRJ-116 |



Chapter 4 Requirements Analysis

» Refine customer objectives and requirementsanalysis is fundamental to successful design
definition.

Define initial performance objectives and refine

them into requirements; Inputs

Identify and define constraints that limit Typical inputs include customer needs and objec-

solutions; and tives, missions, MOE/MOS, environments, key
performance parameters (KPPs), technology base,

Define functional and performance require-output requirements from prior application of SEP,

ments based on customer provided measurggogram decision requirements, and suitability

of effectiveness. requirements. (See Figure 4-2 for additional
considerations.)

In general, Requirements Analysis should result

in a clear understanding of: Input requirements must be comprehensive and
defined for both system products and system pro-
» Functions: What the system has to do, cesses such as development, manufacturing, veri-

fication, deployment, operations, support, training
Performance: How well the functions have toand disposal (eight primary functions).
be performed,

Role of Integrated Teams
» Interfaces: Environment in which the system

will perform, and The operator customers have expertise in the
operational employment of the product or item
» Other requirements and constraints. being developed. The developers (government and

contractor) are not necessarily competent in the
The understandings that come from requirementsperational aspects of the system under develop-
analysis establish the basis for the functional anchent. Typically, the operator’'s need is neither
physical designs to follow. Good requirementsclearly nor completely expressed in a way directly

¢ Inputs converted to putputs:
— Customer requirements
— Mission and MOEs (MNS, ORD)
— Maintenance concept and other life-cycle function
planning

— SE outputs from prior development efforts Controls

¢ Controls:
— Laws and organizational policies and procedures
— Military specific requirements
— Utilization environments

— Tech base and other constraints Transformed Requirements Outputs
. Analysis
into Outputs

e Enablers:
— Multi-disciplinary product teams
— Decision and requirements database including
system/configuration item descriptions from prior
efforts Enablers

— System analysis and control

Figure 4-2. Inputs to Requirements Analysis
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usable by developers. It is unlikely that develop- What will be the final form of the product: such
ers will receive a well-defined problem from which  as model, prototype, or mass production?
they can develop the system specification. Thus,
teamwork is necessary to understand thd&his list can start the critical, inquisitive outlook
problemand to analyze the need. It is imperativenecessary to analyze requirements, but it is only
that customers are part of the definition team. the beginning. A tailored process similar to the
one at the end of this chapter must be developed
On the other hand, customers often find it easieto produce the necessary requirements analysis
to describe a system that attempts to solve the probutputs.
lem rather than to describe the problem itself.
Although these “solutions” may be workable to
some extent, the optimum solution is obtainedt.3 REQUIREMENTS ANALYSIS
through a proper technical development effort OUTPUTS
thatproperly balances the various customer mis-
sion objectives, functions, MOE/MOS, and con-The requirements that result from requirements
straints. An integrated approach to product an@nalysis are typically expressed from one of three
process development will balance the analysis gberspectives or views. These have been described
requirements by providing understanding andas the Operational, Functional, and Physical views.
accommaodation among the eight primary functionsAll three are necessary and must be coordinated
to fully understand the customers’ needs and
Requirements Analysis Questions objectives. All three are documented in the decision
database.
Requirements Analysis is a process of inquiry and
resolution. The following are typical questions thatOperational View
can initiate the thought process:
The Operational View addresses how the system
 What are the reasons behind the systemwill serve its users. It is useful when establishing

development? requirements of “how well” and “under what con-
dition.” Operational view information should be
* What are the customer expectations? documented in an operational concept document

that identifies:
* Who are the users and how do they intend to
use the product? » Operational need definition,

* What do the users expect of the product? e System mission analysis,
* What is their level of expertise? » Operational sequences,

» With what environmental characteristics muste Operational environments,
the system comply?
» Conditions/events to which a system must
* What are existing and planned interfaces? respond,

* What functions will the system perform, ¢« Operational constraints on system,
expressed in customer language?
» Mission performance requirements,
* What are the constraints (hardware, software,
economic, procedural) to which the system must User and maintainer roles (defined by job tasks
comply? and skill requirements or constraints),

ENGINEERSNG-PDH.COM
| PRJ-116 |



Chapter 4 Requirements Analysis

» Structure of the organizations that will operate Physical View
support and maintain the system, and
The Physical View focuses on HOW the system is
» Operational interfaces with other systems.  constructed. It is key to establishing the physical
interfaces among operators and equipment, and
Analyzing requirements requires understandingechnology requirements. Physical View
the operational and other life cycle needs andhformation would normally include:
constraints.
» Configuration of System:

Functional View — Interface descriptions,

— Characteristics of information displays and
The Functional View focuses on WHAT the sys- operator controls,
tem must do to produce the required operational — Relationships of operators to system/
behavior. It includes required inputs, outputs, physical equipment, and
states, and transformation rules. The functional — Operator skills and levels required to
requirements, in combination with the physical perform assigned functions.

requirements shown below, are the primary sources
of the requirements that will eventually be reflectec Characterization of Users:

in the system specification. Functional View — Handicaps (special operating environments),
information includes: and
— Constraints (movement or visual limita-
e System functions, tions).
» System performance, » System Physical Limitations:
— Qualitative — how well — Physical limitations (capacity, power, size,
— Quantitative — how much, capacity weight),
— Timeliness — how often — Technology limitations (range, precision,
data rates, frequency, language),
» Tasks or actions to be performed, — Government Furinished Equipment (GFE),
Commercial-Off-the-Shelf (COTS),
 Inter-function relationships, Nondevelopmental Item (NDI), reusability
requirements, and
» Hardware and software functional relationships, — Necessary or directed standards.

» Performance constraints,
4.4 SUMMARY POINTS
 Interface requirements including identification
of potential open-system opportunities (poten- An initial statement of a need is seldom defined
tial standards that could promote open systems clearly.
should be identified),
» A significant amount of collaboration between
» Unique hardware or software, and various life cycle customers is necessary to
produce an acceptable requirements document.
 \Verification requirements (to include inspection,
analysis/simulation, demo, and test). * Requirements are a statement of the problem
to be solved. Unconstrained and noninte-
gratedrequirements are seldom sufficient for
designing a solution.
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» Because requirements from different custom- must be accomplished in order to select a bal-
ers will conflict, constraints will limit options, anced set of requirements that provide feasible
and resources are not unlimited; trade studies solutions to customer needs.
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Chapter 4 Requirements Analysis

SUPPLEMENT 4-A

A PROCEDURE FOR
REQUIREMENTS ANALYSIS

The following section provides a list of tasks thatrequirements for future reference. It is the primary
represents a plan to analyze requirements. Part ofeans for maintaining requirements traceability.
this notional process is based on the 15 requireFhis database decision management system must
ments analysis tasks listed in IEEE P1220. Thibe developed or the existing system must be
industry standard and others should be consultegviewed and upgraded as necessary to accommo-
when preparing engineering activities to helpdate the new stage of product development. A key
identify and structure appropriate activities. part of this database management system is a
Requirements Traceability Matrix that maps re-
As with all techniques, the student should be careguirements to subsystems, configuration items, and
ful to tailor; that is, add or subtract, as suits thdunctional areas.
particular system being developed. Additionally,
these tasks, though they build on each other, shoulthis must be developed, updated, and reissued on
not be considered purely sequential. Every task regular basis. All requirements must be recorded.
contributes understanding that may cause a ned&Remember: If it is not recorded, it cannot be an
to revisit previous task decisions. This is the naturapproved requirement!
of all System Engineering activities.
The 15 Tasks of IEEE P1220
Preparation: Establish and
Maintain Decision Database The IEEE Systems Engineering Standard offers a
process for performing Requirements Analysis that
When beginning a systems engineering processpmprehensively identifies the important tasks that
be sure that a systemis in place to record and mamust be performed. These 15 task areas to be ana-
age the decision database. The decision databasgzed follow and are shown in Figure 4-3.
is an historical database of technical decisions and

1. Customer expectations 9. Llfe cycle

2. Project and enterprise constraints 10. Functional requirements

3. External constraints 11. Performance requirements

4. Operational scenarios 12. Modes of operation

5. Measure of effectiveness (MOES) 13. Technical performance measures
6. System boundaries 14. Physical characteristics

7. Interfaces 15. Human systems integration

8. Utilization environments

Figure 4-3. IEEE P1220 Requirements Analysis Task Areas
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Task 1. Customer Expectations » Physical, financial, and human resource
allocations to the project.
Define and quantify customer expectations. They
may come from any of the eight primary functions,Task 3. External Constraints
operational requirements documents, mission
needs, technology-based opportunity, direct comkdentify and define external constraints impacting
munications with customer, or requirements fromdesign solutions or implementation of the Systems
a higher system level. The purpose of this task iEngineering Process activities. External constraints
to determine what the customer wants the systeman include:
to accomplish, and how well each function must
be accomplished. This should include natural and Public and international laws and regulations,
induced environments in which the product(s) of
the system must operate or be used, and constraints Technology base,
(e.g. funding, cost, or price objectives, schedule,
technology, nondevelopmental and reusable items, Compliance requirements: industry, interna-
physical characteristics, hours of operation per day, tional, and other general specifications, stan-
on-off sequences, etc.). dards, and guidelines which require compliance
for legal, interoperability, or other reasons,
Task 2. Project and Enterprise Constraints
» Threat system capabilities, and
Identify and define constraints impacting design
solutions. Project specific constraints can includes Capabilities of interfacing systems.

» Approved specifications and baselines develTask 4. Operational Scenarios
oped from prior applications of the Systems

Engineering Process, Identify and define operational scenarios that scope
the anticipated uses of system product(s). For each
» Costs, operational scenario, define expected:
» Updated technical and project plans, * Interactions with the environment and other

systems, and
» Team assignments and structure,
» Physical interconnectivities with interfacing
» Control mechanisms, and systems, platforms, or products.

» Required metrics for measuring progress.  Task 5. Measures of Effectiveness and
Suitability (MOE/MOS)
Enterprise constraints can include:
Identify and define systems effectiveness measures
« Management decisions from a precedinghat reflect overall customer expectations and

technical review, satisfaction. MOEs are related to how well the
system must perform the customer’s mission. Key
» Enterprise general specifications, MOEs include mission performance, safety, oper-
ability, reliability, etc. MOSs are related to how
» Standards or guidelines, well the system performs in its intended environ-
ment and includes measures of supportability,
» Policies and procedures, maintainability, ease of use, etc.

» Domain technologies, and
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Task 6. System Boundaries » Biological (e.g., animal, insects, birds, fungi),
Define system boundaries including: » Time (e.g., dawn, day, night, dusk), and

» Which system elements are under design cor Induced (e.g., vibration, electromagnetic,
trol of the performing activity and which fall chemical).
outside of their control, and

Task 9. Life Cycle Process Concepts

» The expected interactions among system ele-
ments under design control and external and/ofAnalyze the outputs of tasks 1-8 to define key life
higher-level and interacting systems outside theycle process requirements necessary to develop,
system boundary (including open systemsroduce, test, distribute, operate, support, train, and

approaches). dispose of system products under development.
Use integrated teams representing the eight primary
Task 7. Interfaces functions. Focus should be on the cost drivers and

higher risk elements that are anticipated to impact
Define the functional and physical interfaces tosupportability and affordability over the useful life
external or higher-level and interacting systemsof the system.
platforms, and/or products in quantitative terms
(include open systems approach). Functional andlask 10. Functional Requirements
physical interfaces would include mechanical, elec-
trical, thermal, data, control, procedural, and othebefine what the system must accomplish or must
interactions. Interfaces may also be consideretle able to do. Functions identified through require-
from an internal/external perspective. Internalments analysis will be further decomposed during
interfaces are those that address elements insidienctional analysis and allocation.
the boundaries established for the system ad-
dressed. These interfaces are generally identifiefiask 11. Performance Requirements
and controlled by the contractor responsible for
developing the system. External interfaces, on th®efine the performance requirements for each
other hand, are those which involve entity rela-higher-level function performed by the system. Pri-
tionships outside the established boundaries, andary focus should be placed on performance re-
these are typically defined and controlled by theguirements that address the MOEs, and other
government. KPPs established in test plansidentified as
interest items by oversight authorities.
Task 8. Utilization Environments
Task 12. Modes of Operation
Define the environments for each operational
scenario. All environmental factors (natural orDefine the various modes of operation for the sys-
induced) which may impact system performancaem products under development. Conditions (e.g.,
must be identified and defined. Environmentalenvironmental, configuration, operational, etc.) that
factors include: determine the modes of operation should be
included in this definition.
» Weather conditions (e.g., rain, snow, sun, wind,
ice, dust, fog), Task 13. Technical Performance Measures
(TPMs)
» Temperature ranges,
Identify the key indicators of system performance
» Topologies (e.g., ocean, mountains, desertghat will be tracked during the design process.
plains, vegetation), Selection of TPMs should be limited to critical
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technical thresholds and goals that, if not met, pulntegrate Requirements:

the project at cost, schedule, or performance risk.

TPMs involve tracking the actual versus plannedliake an integrated team approach to requirements
progress of KPPs such that the manager can makietermination so that conflicts among and between
judgments about technical progress on a by-exrequirements are resolved in ways that result in

ception basis. To some extent TPM selection islesign requirements that are balanced in terms of
phase dependent. They must be reconsidered labth risk and affordability.

each systems engineering process step and at the

beginning of each phase. Validate Requirements:

Task 14. Physical Characteristics During Functional Analysis and Allocation, vali-
date that the derived functional and performance

Identify and define required physical characteriscan be traced to the operational requirements.

tics (e.g., color, texture, size, weight, buoyancy)

for the system products under development. Idenverify Requirements:

tify which physical characteristics are true con-

straints and which can be changed, based on trade Coordinate design, manufacturing, deployment

studies. and test processes,
Task 15. Human Factors » Ensure that requirements are achievable and
testable,

Identify and define human factor considerations

(e.g., physical space limits, climatic limits, eyee Verify that the design-to-cost goals are
movement, reach, ergonomics) which will affect achievable, and

operation of the system products under develop-

ment. Identify which human systems integrations Verify that the functional and physical archi-
are constraints and which can be changed based tectures defined during Functional Analysis/

on trade studies. Allocation and Synthesis meet the integrated
technical, cost, and schedule requirements
Follow-on Tasks within acceptable levels of risk.

The follow-on tasks are related to the iterative
nature of the Systems Engineering Process:
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CHAPTER 5

FUNCTIONAL ANALYSIS
AND ALLOCATION

5.1 INTRODUCTION requirements. Functional Analysis and Allocation
is repeated to define successively lower-level func-
The purpose of this systems engineering procedsnal and performance requirements, thus defin-
activity is to transform the functional, performance,ing architectures at ever-increasing levels of detail.
interface and other requirements that were identiSystem requirements are allocated and defined in
fied through requirements analysis into a cohererdgufficient detail to provide design and verification
description of system functions that can be usedriteria to support the integrated system design.
to guide the Design Synthesis activity that follows.
The designer will need to know what the systenThis top-down process of translating system-
must do, how well, and what constraints will limit level requirements into detailed functional and
design flexibility. performance design criteria includes:

This is accomplished by arranging functions in ¢ Defining the system in functional terms, then
logical sequences, decomposing higher-level decomposing the top-level functions into
functions into lower-level functions, and allocat-  subfunctions. That is, identifying at successively
ing performance from higher- to lower-level func-  lower levels what actions the system has to do,
tions. The tools used include functional flow block

diagrams and timeline analysis; and the productis Translating higher-level performance require-
a functional architecture, i.e., a description of the ments into detailed functional and performance
system—but in terms of functions and performance design criteria or constraints. That is, identi-
parameters, rather than a physical description. fying how well the functions have to be
Functional Analysis and Allocation facilitates  performed,

traceability from requirements to the solution

descriptions that are the outcome of Design Identifying and defining all internal and external
Synthesis. functional interfaces,

Functions are discrete actions (use action verbs) ldentifying functional groupings to minimize
necessary to achieve the system’s objectives. These and control interfaces (functional partitioning),
functions may be stated explicitly, or they may be
derived from stated requirements. The functions Determining the functional characteristics of exist-
will ultimately be performed or accomplished ing or directed components in the system and in-
through use of equipment, personnel, facilities, corporating them in the analysis and allocation,
software, or a combination.

» Examining all life cycle functions, including

the eight primary functions, as appropriate for
5.2 FUNCTIONAL ANALYSIS AND the specific project,
ALLOCATION

» Performing trade studies to determine alterna-
Functional and performance requirements at any tivefunctional approaches to meet requirements,
level in the system are developed from higher-level and
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» Revisiting the requirements analysis step afkequirements Loop
necessary to resolve functional issues.
During the performance of the Functional Analysis
The objective is to identify the functional, per- and Allocation process, it is expected that revisit-
formance, and interface design requirements; it ing the requirements analysis process will be

is not to design a solution...yet! necessary. This is caused by the emergence of
functional issues that will require re-examination
Functional Partitioning of the higher-level requirements. Such issues might

include directed components or standards that
Functional partitioning is the process of groupingcause functional conflict, identification of a revised
functions that logically fit with the components approach to functional sequencing, or, most likely,
likely to be used, and to minimize functional in-a conflict caused by mutually incompatible
terfaces. Partitioning is performed as part of funcrequirements.
tional decomposition. It identifies logical group-
ings of functions that facilitate the use of modularFigure 5-1 gives an overview of the basic param-
components and open-system designs. Functionaters of Functional Analysis and Allocation. The
partitioning is also useful in understanding howoutput of the process is the functional architec-
existing equipment or components (includingture. In its most basic form, the functional archi-
commercial) will function with or within the tecture is a simple hierarchical decomposition of
system. the functions with associated performance require-

ments. As the architecture definition is refined and

made more specific with the performance of the

e Outputs:
— Functional architecture and supporting detail

e Inputs:
— Outputs of the Requirements Analysis

¢ Enablers:
— Multi-discipline product teams, decision database; Tools & Models, such as QFD, Functional Flow
Block Diagrams, IDEF, N2 charts, Requirement Allocation Sheet, Timelines, Data Flow Diagrams,
State/Mode Diagrams, Behavior Diagrams

« Controls: Controls
— Constraints; GFE, COTS, & Reusable S/W; System concept
& subsystem choices; organizational procedures

* Activities:
— Define system states and modes Functional

Define system functions & external interfaces Inputs * PELELS & »OUtpUts
Define functional interfaces Allocation
Allocate performance requirements to functions
— Analyze performance
— Analyze timing and resources
— Analyze failure mode effects and criticality

— Define fault detection and recovery behavior
— Integrate functions

Enablers

Figure 5-1. Functional Analysis and Allocation
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activities listed in Figure 5-1, the functional 5.3 FUNCTIONAL ARCHITECTURE
architecture becomes more detailed and compre-

hensive. These activities provide a functionalThe functional architecture is a top-down decom-
architecture with sufficient detail to support the position of system functional and performance re-
Design Synthesis. They are performed with the aiduirements. The architecture will show not only
of traditional tools that structure the effort and prothe functions that have to be performed, but also
vide documentation for traceability. There arethe logical sequencing of the functions and
many tools available. The following are traditional performance requirements associated with the
tools that represent and explain the primary taskiinctions. It also includes the functional descrip-
of Functional Analysis and Allocation (several of tion of existing and government-furnished items
these are defined and illustrated beginning on page be used in the system. This may require reverse
49). engineering of these existing components.

» Functional flow block diagrams that define taskThe functional architecture produced by the
sequences and relationships, Functional Analysis and Allocation process is the
detailed package of documentation developed to
» |IDEFO diagrams that define process and datanalyze the functions and allocate performance
flows, requirements. It includes the functional flow block
diagrams, timeline sheets, requirements allocation
» Timeline analyses that define the time sequencsheets, IDEFO diagrams, and all other documenta-
of time critical functions, and tion developed to describe the functional
characteristics of the system. However, there is a
» Requirements allocation sheets that identifybasic logic to the functional architecture, which in
allocated performance and establish traceabilitits preliminary form is presented in the example
of performance requirements. of Figure 5-2. The Functional Analysis and
Allocation process would normally begin with the

First Level: —
Basic Functional Perform Mission

Requirement l

Second Level: p{ Communicate —— P
Transport and
communicate '
showing as VN Required transport }
parallel functions . h requirements allocated

| 50 km 90 min from mission requirements
Third Level:
Showing decom- _’l
oSO ot e Load Start )| Move P| Stop P Unload

transport func-
tion 8 min 1 min 75 min 1 min 5 min
0 km 0 km 50 km 0 km 0 km ' |
A Simple Rule: Performance Allocation:

Look to see if all the functions are verbs. If there is a function identified as Performance requirements
a noun, then there is a problem with the understanding of the functions. allocated to functions

Figure 5-2. Functional Architecture Example
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IPT drafting such a basic version of the archi-
tecture. This would generally give the IPT an
understanding of the scope and direction of the
effort.

Functional Architecture Example

The Marine Corps has a requirement to transport
troops in squad-level units over a distance of 50
kilometers. Troops must be transported within 90
minutes from the time of arrival of the transport
system. Constant communication is required dur-
ing the transportation of troops. Figure 5-2 illus-
trates a preliminary functional architecture for this
simple requirement.

5.4 SUMMARY POINTS

Functional analysis begins with the output of
requirements analysis (that is, the identification of
higher-level functional and performance require-
ments). Functional Analysis and Allocation con-
sists of decomposition of higher-level functions to
lower-levels and then allocation of requirements
to those functions.

There are many tools available to support the
development of a Functional Architecture, such
as: functional-flow block diagrams, timeline
analysis sheet, requirements allocation sheet,
Integrated Definition, and others.

Use of the tools illustrated in this chapter is not
mandatory, but the process they represent is:

— Define task sequences and relationships
(functional flow block diagram (FFBD)),

— Define process and data flows (IDEFO
diagrams),

— Define the time sequence of time-critical
functions (timeline analysis sheets (TLS)),
and

— Allocate performance and establish trace-
ability of performance requiremerftequire-
ments allocation sheets (RAS)).
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SUPPLEMENT 5-A

FUNCTIONAL FLOW
BLOCK DIAGRAM

The purpose of the functional flow block diagrames Proper sequencing of activities and design
(FFBD) is to describe system requirements in relationships are established including critical

functional terms. design interfaces.

Objectives Characteristics

The FFBD is structured to ensure that: The FFBD is functionally oriented—not solution
oriented. The process of defining lower-level func-

» All life cycle functions are covered. tions and sequencing relationships is often referred

to as functional decomposition. It allows traceabil-

» All elements of system are identified andity vertically through the levels. It is a key step in

defined (e.g. prime equipment, training, sparedeveloping the functional architecture from which
parts, data, software, etc.). designs may be synthesized.

» System support requirements are identified td=igure 5-3 shows the flow-down structure of a set

specific system functions. of FFBDs and Figure 5-4 shows the format of an
FFBD.
Top Level
1st Level
2nd Level
I I

Figure 5-3. FFBD Traceability and Indenture
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Key FFBD Attributes Flow connection:Lines connecting functions
should only indicate function flow and not a lapse

Function block: Each function on an FFBD should in time or intermediate activity.

be separate and be represented by single box (solid

line). Each function needs to stand for definite Flow direction: Diagrams should be laid out so

finite, discrete action to be accomplished by systerthat the flow direction is generally from left to right.

elements. Arrows are often used to indicate functional flows.

Function numbering: Each level should have a Summing gatesA circle is used to denote a sum-

consistent number scheme and provide informaming gate and is used when AND/OR is present.

tion concerning function origin. (E.g., top level— AND is used to indicate parallel functions and all

1.0, 2.0, 3.0, etc; first indenture (level 2)—1.1, 1.2 conditions must be satisfied to proceed. OR is used

1.3, etc; second indenture (level 3)—1.1.1, 1.1.2to indicate that alternative paths can be satisfied to

1.1.3, etc.) These numbers establish identificatioproceed.

and relationships that will carry through all Func-

tional Analysis and Allocation activities and GO and NO-GO paths:G” and “bar G” are used

facilitate traceability from lower to top levels. to denote “go” and “no-go” conditions. These sym-
bols are placed adjacent to lines leaving a particular

Functional reference:Each diagram should con- function to indicate alternative paths.

tain a reference to other functional diagrams by

using a functional reference (box in brackets).

Abbreviations/Notes:

“And” Gate: Parallel Function
“Or"Gate:  Alternate Function

Functional
description

U -
I

Ref 9.2, Provide guidance
1 3 Ref. |
| |711'3.1
1

|See Detail Diagram

Function

number Summing §22

gate

Go flow \

921

Paral
functi

9.2.3

See Detail Diagram

ol

Alternate
functions

r
1
1
[

1

\_ |
No go flow : Zl'emative

1

1

9.2.4

Sys
Malf.
Leader note j See Detail Diagram

function

Interface reference
block (used on first-

and lower-level e T T e a
function diagrams Flow level designat

only) ow level designator ——_g 5 1) cvel
ScopeNote: ____ Functional Flow Block

Title block and standard drawing number ~— ——p» Diagram Format

Figure 5-4. Functional Flow Block Diagrams (FFBD) Format
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SUPPLEMENT 5-B

IDEFO

Integration Definition for Function Modeling referenced to each other. The two primary model-
(IDEFO0) is a common modeling technique for theing components are: functions (represented on a
analysis, development, re-engineering, and intediagram by boxes), and data and objects that in-
gration of information systems; business processeserrelate those functions (represented by arrows).
or software engineering analysis. Where the FFBAs shown by Figure 5-5 the position at which the
is used to show the functional flow of a product,arrow attaches to a box conveys the specific role
IDEFO is used to show data flow, system controlpf the interface. The controls enter the top of the
and the functional flow of life cycle processes. box. The inputs, the data or objects acted upon by
the operation, enter the box from the left. The out-
IDEFO is capable of graphically representing gouts of the operation leave the right-hand side of
wide variety of business, manufacturing and othethe box. Mechanism arrows that provide support-
types of enterprise operations to any level of detaiing means for performing the function join (point
It provides rigorous and precise description, andip to) the bottom of the box.
promotes consistency of usage and interpretation.
Itis well-tested and proven through many years oThe IDEFO process starts with the identification
use by government and private industry. It can bef the prime function to be decomposed. This func-
generated by a variety of computer graphics toolgion is identified on a “Top Level Context Dia-
Numerous commercial products specifically sup-gram,” that defines the scope of the particular
port development and analysis of IDEFO diagram$DEFO analysis. An example of a Top Level Con-
and models. text Diagram for an information system manage-
ment process is shown in Figure 5-6. From this
IDEFO is a model that consists of a hierarchicalliagram lower-level diagrams are generated. An
series of diagrams, text, and glossary crossexample of a derived diagram, called a “child” in

Control

Input —— Function Name —— P Output

Function
Number

Mechanism

Figure 5-5. Integration Definition for Function Modeling (IDEF0) Box Format
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IDEFO terminology, for a life cycle function is mentIDEFO for data intensive systems. The IDEFO
shown in Figure 5-7. standard, Federal Information Processing Stan-
dards Publication 183 (FIPS 183), and the IDEF1x
An associated technique, Integration Definition forstandard (FIPS 184) are maintained by the National
Information Modeling (IDEF1x), is used to supple- Institute of Standards and Technology (NIST).

Program Charter

Issues 4> Plan New
Information —Jp» Program

Operations 4> Program Plan

Data

Program
Team

Purpose: The assessment, planning, and streamlining of information management
functions.
Viewpoint; The Information Integration Assessment Team.

QA/A-0 Manage Information Resources

Figure 5-6. Top-Level Context Diagram
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Functional Analysis and Allocation

Detected or suspected malfunction, or
item is scheduled for bench-check

In-service
asset Remove
Replaced asset
and -
7——»— replace 4[|
Spare Reparable
asset asset
Status records
| Schedule
into
—»| shop >
Supply
parts
Asset
Replacement (befo_re
or original repair) Inspect
(repaired) or
repair 5
Assets
awzlrttlgg Asset
/ P (after v Completed
repair) : asset
Monitor -
and
route  , /
—l Spare
Node: Title: Number:
AOF Maintain Reparable Spares pg. 4-5

Figure 5-7. IDEFO Diagram Example
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SUPPLEMENT 5-C

TIMELINE ANALYSIS
SHEETS

The timeline analysis sheet (TLS) adds detail tdunction, and design constraints. It identifies

defining durations of various functions. It definesboth quantitative and qualitative performance

concurrency, overlapping, and sequential relationrequirements. Initial resource requirements are
ships of functions and tasks. It identifies time criti-identified.

cal functions that directly affect system availabil-
ity, operating time, and maintenance downtime. IFigure 5-8 shows an example of a TLS. The time
is used to identify specific time-related designrequired to perform function 3.1 and its subfunc-

requirements.

The TLS includes purpose of function and theFFBD.)

tions are presented on a bar chart showing how the
timelines relate. (Function numbers match the

detailed performance characteristics, criticality of

Function 3.1 Establish and maintain vehicle
readiness from 35 hrs to 2 hrs prior to launch.

Function Hours
Number Name 30 25 20 15 10 5 4 3 2
3.1.1 || Provide ground power #
3.1.2 || Provide vehicle air conditioning w
313 Install and connect batteries - 25
3.1.4 || Install ordnance [ &
3.15 Perform stray voltage checks and
connect ordnance e
3.1.6 || Load fuel tanks [
3.1.7 || Load oxidizer tanks [ kA
3.18 Activate guidance system . 25
3.1.9 Establish propulsion flight pressure - 1.0
3.1.10 || Telemetry system “on” _ 25

Figure 5-8. Time Analysis Sheet
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Functional Analysis and Allocation

The Requirements Allocation Sheet documents thdisconnects. It is a major tool in maintaining con-
connection between allocated functions, allocatedistency between functional architectures and de-
performance and the physical system. It providesigns that are based on them. (Function numbers

SUPPLEMENT 5-D

REQUIREMENTS
ALLOCATION SHEET

traceability between Functional Analysis andmatch the FFBD.)
Allocation and Design Synthesis, and shows any

Requirements
Allocation Sheet

Functional Flow Diagram Title and No. 2.58.4
Provide Guidance Compartment Cooling

Equipment
Identification

Function Name
and No.

Functional Performance and
Design Requirements

Facility
Rgmnts

Nomen-
clature

Cl or Detall
Spec No.

2.58.4 Provide
Guidance
Compartment
Cooling

2.58.4.1 Provide
Chilled Coolant
(Primary)

A S

The temperature in the guidance
compartment must be maintained at the

initial calibration temperature of +0.2 Deg F.
The initial calibration temperature of the
compartment will be between 66.5 and 68.5
Deg F.

A storage capacity for 65 gal of chilled liquid

coolant (deionized water) is required. The
temperature of the stored coolant must be
monitored continuously. The stored coolant
must be maintained within a temperature
range of 40-50 Deg F. for an indefinite
period of time. The coolant supplied must
be free of obstructive particles 0.5 micron at
all times.

>

Figure 5-9. Requirements Allocation Sheet (Example)
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CHAPTER 6

DESIGN SYNTHESIS

6.1 DESIGN DEVELOPMENT and restructure hardware and software components
in such a way as to achieve a design solution
Design Synthesis is the process by which conceptsapable of satisfying the stated requirements.
or designs are developed based on the function&8luring concept development, synthesis produces
descriptions that are the products of Functionatystem concepts and establishes basic relation-
Analysis and Allocation. Design synthesis is a creships among the subsystems. During preliminary
ative activity that develops a physical architectureand detailed design, subsystem and component
(a set of product, system, and/or software elements)escriptions are elaborated, and detailed interfaces
capable of performing the required functions withinbetween all system components are defined.
the limits of the performance parameters pre-
scribed. Since there may be several hardware an@he physical architecture forms the basis for
or software architectures developed to satisfy design dehition documentation, such as, speci-
given set of functional and performance requirefications, baselines, and work breakdown struc-
ments, synthesis sets the stage for trade studiestires (WBS). Figure 6-1 gives an overview of the
select the best among the candidate architecturdsasic parameters of the synthesis process.
The objective of design synthesis is to combine

e Outputs:
— Physical Architecture (Product Elements and Software Code)
— Decision Database

e Inputs:
— Functional Architecture

¢ Enablers:
— |PTs, Decision Database, Automated Tools, Models

« Controls: Controls
— Constraints; GFE, COTS, & Reusable S/W; System concept
& subsystem choices; organizational procedures
* Activities:
— Allocate functions and constraints to system elements
— Synthesize system element_ alternatives Inputs ' Design »Outputs
— Assess technology alternatives Synthesis
— Define physical interfaces
— Define system product WBS
— Develop life cycle techniques and procedures
— Integrate system elements
— Select preferred concept/design Enablers

Figure 6-1. Design Synthesis
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Characteristics to the relationship of internal elements within one
module to internal elements within another mod-

Physical architecture is a traditional term. Despitaule. High connectivity is undesirable in that it cre-

the name, it includes software elements as well astes complex interfaces that may impede design,

hardware elements. Among the characteristics adevelopment, and testing.

the physical architecture (the primary output of

Design Synthesis) are the following: Design Loop

 The correlation with functional analysis The design loop involves revisiting the functional
requires that each physical or software compoarchitecture to verify that the physical architecture
nent meets at least one (or part of one) funcdeveloped is consistent with the functional and
tional requirement, though any component carperformance requirements. It is a mapping between
meet more than one requirement, the functional and physical architectures. Figure
6-2 shows an example of a simple physical archi-
» The architecture is justified by trade studies andecture and how it relates to the functional archi-
effectiveness analyses, tecture. During design synthesis, re-evaluation of
the functional analysis may be caused by the dis-
» Aproduct WBS is developed from the physicalcovery of design issues that require re-examination
architecture, of the initial decomposition, performance alloca-
tion, or even the higher-level requirements. These
» Metrics are developed to track progress amongssues might include identification of a promising
KPPs, and physical solution or open-system opportunities that
have different functional characteristics than those
» All supporting information is documented in a foreseen by the initial functional architecture
database. requirements.

Modular Designs

6.2 SYNTHESIS TOOLS
Modular designs are formed by grouping compo-
nents that perform a single independent functioDuring synthesis, various analytical, engineering,
or single logical task; have single entry and exiand modeling tools are used to support and
points; and are separately testable. Grouping redocument the design effort. Analytical devices such
lated functions facilitates the search for modulaas trade studies support decisions to optimize
design solutions and furthermore increases thphysical solutions. Requirements Allocation Sheets
possibility that open-systems approaches can b@&AS) provide traceability to the functional and
used in the product architecture. performance requirements. Simple descriptions

like the Concept Decription Sheet (CDS) help visu-
Desirable attributes of the modular units includealize and communicate the system concept. Logic
low coupling, high cohesion, and low connectiv-models, such as the Schematic Block Diagram
ity. Coupling between modules is a measure of thefSBD), establish the design and the interrelation-
interdependence, or the amount of informatiorships within the system.
shared between two modules. Decoupling mod-
ules eases development risks and makes later modiutomated engineering management tools such as
fications easier to implement. Cohesion (also calle€omputer-Aided Design (CAD), Computer-
binding) is the similarity of tasks performed within Aided-Systems Engineering (CASE), and the
the module. High cohesion is desirable because €@omputer-Aided-Engineering (CAE) can help or-
allows for use of identical or like (family or se- ganize, coordinate and document the design effort.
ries) components, or for use of a single componer@AD generates detailed documentation describ-
to perform multiple functions. Connectivity refers ing the product design including SBDs, detailed
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- — — — PHYSICAL ARCHITECTURE — — — — P
Aircraft
|
Air Engine Communi- Nav Fire
4 Frame g cations System Control
Function Performe
| i fi d
Preflight chec X X X X X

| flight check

A Fly
F R Load X
H ﬁ Taxi X X X
C _:_ Take-off X X
-ll— E Cruise X X X X
o) EF' Recon X X X X
N
AU Communicate X
L R _

E

| _

| Surveillance

| _

Figure 6-2. Functional/Physical Matrix

drawings, three dimensional and solid drawingsand software parameters, permit performance
and it tracks some technical performance measur@redictions to be made, allow operational se-
ments. CAD can provide significant input for vir- quences to be derived, and permit optimum

tual modeling and simulations. It also provides aallocation of functional and performance require-

common design database for integrated desigments among the system elements. The traditional
developments. Computer-Aided Engineering carogical prototyping used in Design Synthesis is the
provide system requirements and performanc&chematic Block Diagram.

analysis in support of trade studies, analysis re-

lated to the eight primary functions, and cost analy-

ses. Computer-Aided Systems Engineering caf.3 SUMMARY POINTS

provide automation of technical management

analyses and documentation. » Synthesis begins with the output of Functional
Analysis and Allocation (the functional archi-
Modeling tecture). The functional architecture is trans-

formed into a physical architecture by defining
Modeling techniques allow the physical product physical components needed to perform the
to be visualized and evaluated prior to design functions identified in Functional Analysis and
decisions. Models allow optimization of hardware  Allocation.
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— Establish traceability of performance

 Many tools are available to support the
requirements to components (RAS).

development of a physical architecture:
— Define and depict the system concept (CDS)s Specifications and the product WBS are derived
from the physical architecture.

— Define and depict components and their
relationships (SBD), and
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SUPPLEMENT 6-A

CONCEPT DESCRIPTION
SHEET

The Concept Description Sheet describes (in texbe integrated to meet the performance and func-
tual or graphical form) the technical approach ottional requirements. It is generally used in early
the design concept, and shows how the system witloncept design to show system concepts.

Missile

Missile
Steering Tracking Target
Commands Radar Tracking

Radar

Computer

External Command Guidance System

Figure 6-3. Concept Description Sheet Example
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SUPPLEMENT 6-B

SCHEMATIC BLOCK
DIAGRAMS

The Schematic Block Diagram (SBD) depicts hardbetween components and their functional origin;
ware and software components and their interrelaand provide a valuable tool to enhance configura-
tionships. They are developed at successively lowdron control. The SBD is also used to develop
levels as analysis proceeds to define lower-levdnterface Control Documents (ICDs) and provides
functions within higher-level requirements. Thesean overall understanding of system operations.
requirements are further subdivided and allocated

using the Requirements Allocation Sheet (RAS)A simplified SBD, Figure 6-4, shows how compo-
SBDs provide visibility of related system elementsnents and the connection between them are pre-
and traceability to the RAS, FFBD, and other syssented on the diagram. An expanded version is
tem engineering documentation. They describe asually developed which displays the detailed func-
solution to the functional and performance requiretions performed within each component and a de-
ments established by the functional architecturetailed depiction of their interrelationships. Ex-
show interfaces between the system componenfanded SBDs will also identify the WBS numbers
and between the system components and othassociated with the components.

systems or subsystems; support traceability

| —
Inert Gas Electrical
Pressurization I Power | ————— -
Subsystem Subsystem | >

!_ (Ref) | Manual Control and

$ - >| Display Subsystem I
Oxidizer Remaining Indication (Ref)
Inert Gas Pressurant —_
Fuel Fuel Remaining Indication T
— Storage )
Oxidizer Subsystem Attitude and
Storage Command Signals Naé’:gﬁg’li;nal
Subsystem | Command Signals 9
+ + Command Signals JE S
MSRV Guidance

Solenoid Solenoid [ J and Navigation |

Valve Valve Command Signals I Subsystem I

Oxidizer (Oxiizer) (Fu*el) Cuel L Eef)_ o

| Rocket Engine Nozzle Assemblies | ] )
+ + + + Moon Station Rendezvous Vehicle
Pitch Roll Yaw  Longitudinal .

Thrust  Thrust  Thrust Velocity Att|tUde_Contr0| and

Increments Maneuvering Subsystem

Figure 6-4. Schematic Block Diagram Example
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Design Synthesis

The RAS initiated in Functional Analysis and Allocation and Synthesis activities. It is a major
Allocation is expanded in Design Synthesis totool in maintaining consistency between functional
document the connection between functionabrchitectures and the designs that are based on
requirements and the physical system. It providethem. (Configuration Item (CIl) numbers match the

SUPPLEMENT 6-C

REQUIREMENTS ALLOCATION
SHEET

traceability between the Functional Analysis andWBS.)

Requirements Functional Flow Diagram Title and No. 2.58.4 Equipment
Allocation Sheet Provide Guidance Compartment Cooling Identification
Function Name Functional Performance and Fpcility Nomenclature ClI gr Detail
and No. Design Requirements Rgmnts Spec No.

2.58.4 Provide
Guidance
Compartment
Cooling

2.58.4.1 Provide
Chilled Coolant
(Primary)

\/\/

The temperature in the guidance
compartment must be maintained

at the initial calibration tempera-
ture of +0.2 Deg F. The initial cal-
ibration temperature of the com-
partment will be between 66.5
and 68.5 Deg F.

A storage capacity for 65 gal of

chilled liquid coolant (deionized
water) is required. The temperature
of the stored coolant must be
monitored continuously. The stored
coolant must be maintained within
a temperature range of 40-50 Deg
F. for an indefinite period of time.
The coolant supplied must be free
of obstructive particles 0.5 micron
at all times.

/\/\/\

Guidance Compart-
ment Cooling
System

ment Coolant
Storage Subsystem

/\

Figure 6-5. Requirements Allocation Sheet (Example)
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CHAPTER 7

VERIFICATION

7.1 GENERAL system to ensure that cost, schedule, and perfor-
mance requirements are satisfied with acceptable
The Verification process confirms that Design Syndevels of risk. Further objectives include generat-
thesis has resulted in a physical architecture thang data (to confirm that system, subsystem, and
satisfies the system requirements. Verification replower level items meet their specification require-
resents the intersection of systems engineering amaents) and validating technologies that will be used

test and evaluation. in system design solutions. A method to verify each
requirement must be established and recorded dur-
Verification Objectives ing requirements analysis and functional alloca-

tion activities. (If it can not be verified it can not
The objectives of the Verification process includebe a legitimate requirement.) The verification list
using established criteria to conduct verificationshould have a direct relationship to the require-
of the physical architecture (including software andnents allocation sheet and be continually updated
interfaces) from the lowest level up to the totalto correspond to it.

System Level

System Level SVR

Design Requirement

Subsystems

Item Level Configuration Items

~
&
&
Q
Y
Design Requirements ,g?’ TRR
<
;.gf
é’ Assemblies
T
&£

Components
CDR

All Design Requirements Complete

SFR = System Functional Review TRR = Test Readiness Review
PDR = Preliminary Design Review SVR = System Verification Review
CDR = Critical Design Review

Figure 7-1. Systems Engineering and Verification
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Verification Activities as designs progress from concept to detailed
designs to physical products.
System design solutions are verified by the fol-
lowing types of activities: During earlier design stages, verification focuses
on proof of concept for system, subsystem and
1. Analysis — the use of mathematical modelingcomponent levels. During later stages, as the prod-
and analytical techniques to predict the comuct definition effort proceeds, the focus turns to
pliance of a design to its requirements basederifying that the system meets the customer
on calculated data or data derived from lowerequirements. As shown by Figure 7-1, design is a
level component or subsystem testing. It istop-down process while the Verification activity is
generally used when a physical prototype ol bottom-up process. Components will be fabri-
product is not available or not cost effective.cated and tested prior to the subsystems. Sub-
Analysis includes the use of both modeling andsystems will be fabricated and tested prior to the
simulation which is covered in some detail incompleted system.
chapter 13,
Performance Verification
2. Inspection —the visual examination of the sys-
tem, component, or subsystem. It is generallyPerformance requirements must be objectively
used to verify physical design features orverifiable, i.e., the requirement must be measur-
specific manufacturer identification, able. Where appropriate, Technical Performance
Measurements (TPM) and other management
3. Demonstration —the use of system, subsystemmetrics are used to provide insight on progress
or component operation to show that a requiretoward meeting performance goals and require-
ment can be achieved by the system. Itis germents. IEEE Standard P1220 provides a structure
erally used for a basic confirmation of perfor-for Verification activity. As shown in Figure 7-2
mance capability and is differentiated from test-the structure is comprehensive and provides a good
ing by the lack of detailed data gathering, or starting point for Verification planning.

4. Test — the use of system, subsystem, or com-
ponent operation to obtain detailed data to/.2 DOD TEST AND EVALUATION
verify performance or to provide sufficient
information to verify performance through DoD Test and Evaluation (T&E) policies and pro-
further analysis. Testing is the detailed quan€edures directly support the system engineering
tifying method of verification, and as describedprocess of Verification. Testing is the means by
later in this chapter, it is ultimately required in which objective judgments are made regarding
order to verify the system design. the extent to which the system meets, exceeds,
or fails tomeet stated objectives. The purpose of
Choice of verification methods must be consid-evaluation is to review, analyze, and assess data
ered an area of potential risk. Use of inappropriatebtained from testing and other means to aid in
methods can lead to inaccurate verification. Remaking systematic decisions. The purpose of DoD
guired defining characteristics, such as key perf&E is to verify technical performance, opera-
formance parameters (KPPs) are verified by dentional effectiveness, operational suitability; and
onstration and/or test. Where total verification byit provides essential information in support of
test is not feasible, testing is used to verify keydecision making.
characteristics and assumptions used in design
analysis or simulation. Validated models and simu€Common Types of T&E in DoD
lation tools are included as analytical verification
methods that complement other methods. Th&@&E policy requires developmental tests. They
focus and nature of verification activities changeconfirm that technical requirements have been
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From: Synthesis

Physical Verification

Select
Verification Approach

Define, Inspection, Analysis, Define ' Establish Verification
Demo, or Test Requirements Verification Procedures Environment
[ |
Conduct » Requirements Vaseline
Verification Evaluation « Functional Architecture
| |
Verify Architectural Verify Verify Satisfaction
Completeness Functional and of Constraints
Performance Measures
Identify . To:
Variance and Conflicts « Requirements Analysis
* Synthesis
Verified Physcial 4
Architectures of Verified
Life Cycle Products/Processes Physical Architecture —> To: Control
[ [
[
Verified Establish Specifications and
System Architecture Configuration Baselines
To: Control 4 Develop Product
Breakdown Structure(s)

Adapted from IEEE 1220

Figure 7-2. Verification Tasks

satisfied, and independent analysis and tests verify Evaluation (IOT&E), and Follow-On Opera-
the system’s operational effectiveness and suita- tional Test and Evaluation (FOT&E), and
bility. DoD T&E traditionally and by directive is
categorized as: » Live Fire T&E which provides assessment of
the vulnerability and lethality of a system by
» Developmental T&E which focuses primarily  subjecting it to real conditions comparable to
on technical achievement, the required mission.

» Operational T&E which focuses on operationalT&E
effectiveness and suitability and includes Early
Operational Assessments (EOA), Operationallhe program office plans and manages the test
Assessment (OA), Initial Operational Test andeffort to ensure testing is timely, efficient,
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comprehensive and complete—and that test resultgperational scenarios. Part | of the required TEMP
are converted into system improvements. Test plarfformat isSystem Introductigrwhich provides the
ning will determine the effectiveness of themission description, threat assessment, MOEs/
verification process. Like all systems engineeringMOSs, a system description, and an identification
planning activities, careful attention to testof critical technical parameters. Partifitegrated
planning can reduce program risk. The key tesTest Program Summargrovides an integrated test
planning document is the Test and Evaluatiorprogram schedule and a description of the overall
Master Plan (TEMP). This document lays out theest management process. ParDiyelopmental
objectives, schedule, and resources reflecting prdrest & Evaluation (DT&E) Outlinelays out an
gram office and operational test organization planeverview of DT&E efforts and a description of
ning decisions. To ensure integration of this effuture DT&E. Part IVOperational Tes& Evalu-
fort, the program office organizes a Test Planningation (OT&E) Outling is provided by the opera-
Work Group (TPWG) or Test Working Level IPT tional test organization and includes an OT&E
(WIPT) to coordinate the test planning effort.  overview, critical operational issues, future OT&E
description, and LFT&E description. Parthést
Test Planning Work Group/Test WIPT & Evaluation Resource Summary, identifies the
necessary physical resources and activity respon-
The TPWG/Test WIPT is intended to facilitate thesibilities. This last part includes such items as test
integration of test requirements and activitiesarticles, test sites, test instrumentation, test sup-
through close coordination between the memberport equipment, threat representation, test targets
who represent the material developer, designaand other expendables, operational force test
community, logistic community, user, operationalsupport, simulations, models, test-beds, special
tester, and other stakeholders in the system deveakquirements, funding, and training.
opment. The team outlines test needs based on
system requirements, directs test design, detekey Performance Parameters
mines needed analyses for each test, identifies
potential users of test results, and provides rapievery system will have a set of KPPs that are the

dissemination of test and evaluation results. performance characteristics timatistbe achieved
by the design solution. They flow from the opera-
Test and Evaluation Master Plan(TEMP) tional requirements and the resulting derived

MOEs. They can be identified by the user, the
The Test and Evaluation Master Plan is a mandadecision authority, or the operational tester. They
tory document prepared by the program office. There documented in the TEMP.
operational test organization reviews it and
provides the operational test planning for inclu-Developmental Test and Evaluation
sion. The TEMP is then negotiated between the
program office and operational test organizationThe DT&E verifies that the design solution meets
After differences are resolved, it is approved athe system technical requirements and the system
appropriate high levels in the stakeholder organiis prepared for successful OT&E. DT&E activities
zations. After approval it becomes binding on manassess progress toward resolving critical djmaral
agers and designers (similar to the binding naturssues, the validity of cost-performanitadeoff
of the Operational Requirements Document (ORD))decisions, the mitigation of acquisition technical
risk, and the achievement of system maturity.
The TEMP is a valuable Verification tool that
provides an excellent template for technology, sysbT&E efforts:
tem, and major subsystem-level Verification plan-
ning. The TEMP includes a reaffirmation of thee Identify potential operational and technologi-
user requirements, and to an extent, an interpreta- cal capabilities and limitations of the alterna-
tion of what those requirements mean in various tive concepts and design options being pursued;
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DT&E

— Engineering completeness
— System performance
DT&E — Validate specifications

- Technical compliance test
Techn'ol.o_gy - Prt—:éfg’;rrgg ctﬁCh — Qualification tests
FeaSIbIIIty —Technical risk
Testing — Engineering

design DT&E
solutions -1
— Validates specifications
DT&E
Technology — | Sirulkiden | - '\Sﬂ)és(}ﬁirgaggggrmance

— Product acceptance
Studies and
Analysis I_ Requirements | Production Production DT&E
Design i
’ ’ ’ ’ g Zieslel — Modifications
| Simulation | | Simulation | — Alternatives
I I [
MS A MS B MS C
Concept and System Production Operations
Technology Development and and
Development and Deployment Support
Demonstration

Figure 7-3. DT&E During System Acquisition

» Support the identification of cost-performanceLive Fire Test and Evaluation
tradeoffs by providing analyses of the
capabilities and limitations of alternatives; LFT&E is performed on any Acquisition Category
(ACAT) | or Il level weapon system that includes
» Support the identification and description offeatures designed to provide protection to the sys-
design technical risks; tem or its users in combat. It is conducted on a
production configured article to provide informa-
» Assess progress toward resolving Criticaltion concerning potential user casualties, vulner-
Operational Issues, mitigating acquisitionabilities, and lethality. It provides data that can
technical risk, achieving manufacturing processestablish the system’s susceptibility to attack and
requirements and system maturity; performance under realistic combat conditions.

» Assess validity of assumptions and analysi€perational Test and Evaluation
conclusions; and
OT&E programs are structured to determine the
» Provide data and analysis to certify the systenoperational effectiveness and suitability of a sys-
ready for OT&E, live-fire testing and other tem under realistic conditions, and to determine if
required certifications. the minimum acceptable operational performance
requirements as specified in the ORD and reflected
Figure 7-3 highlights some of the more signifi- by the KPPs have been satisfied. OT&E uses threat-
cantDT&E focus areas and where they fit in therepresentative forces whenever possible, and em-
acquisition life cycle. ploys typical users to operate and maintain the
system or item under conditions simulating both
combat stress and peacetime conditions. Opera-
tional tests will use production or production-
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MS A MS B MS C
Concept and System Production Operations
Technology Development and and
Development and Deployment Support
Demonstration

— Validate
Requirements

Mission Integrated |Simu|ati0n | IE'IZE —(u)tﬁﬁrational
Program y

Ar|ea- Summar Operational utility ~ Independent
u - |
AL Y — Production validation evaluation
— Independent assessment ——
P IOT&E
Concept OA — Follow-on OT&E
Studies — Operational utility
—Tactics-doctrine
— Potential effectiveness personnel
— Suitability _ Interoperability

— Alternatives -
— Independent evaluation IOT&E
— Milestone Il decision information

EOA
— Operational aspects
—Preferred alternatives

EOCA

Figure 7-4. OT&E During System Acquisition

representative articles for the operational tests thad used to determine if the program should pro-
support the full-rate production decision. Live Fireceed to full-rate production. Figure 7-5 lists the
Tests are usually performed during the operationahajor differences between the two.

testing period. Figure 7-4 shows the major activi-

ties associated with operational testing and where

they fit in the DoD acquisition life cycle. 7.3 SUMMARY POINTS

OT&E Differences The Verification activities of the Systems Engineer-
ing Process are performed to verify that physical
Though the overall objective of both DT&E and design meets the system requirements.
OT&E is to verify the effectiveness and suitability
of the system, there are distinct differences in theit DoD T&E policy supports the verification pro-
specific objects and focus. DT&E primarily fo-  cess through a sequence of Developmental,
cuses on verifying system technical requirements, Operational, and Live-Fire tests, analyses, and
while OT&E focuses on verifying operational re-  assessments. The primary management tools for
guirements. DT&E is a program office responsi- planning and implementing the T&E effort are
bility that is used to develop the design. OT&E is the TEMP and the integrated planning team.
an independent evaluation of design maturity that
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Verification

Development Tests

Operational Tests

« Controlled by program manager
* One-on-one tests

» Controlled environment

» Contractor environment

» Trained, experienced operators

» Precise performance objectives and
threshold measurements

» Test to specification

» Developmental, engineering, or production
representative test article

Controlled by independent agency
Many-on-many tests

Realistic/tactical environment with
operational scenario

No system contractor involvement
User troops recently trained

Performance measures of operational
effectiveness and suitability

Test to operational requirements

Production representative test article

Figure 7-5. DT/OT Comparison
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CHAPTER 8

SYSTEMS ENGINEERING
PROCESS OUTPUTS

8.1 DOCUMENTING REQUIREMENTS considered. The design contractor will normally
AND DESIGNS develop the levels below these first three. Chapter 9
of this text describes the WBS in more detail.
Outputs of the systems engineering process con-
sist of the documents that define the system reSpecifications
guirements and design solution. The physical
architecture developed through the synthesis proA specification is a document that clearly and
cess is expanded to include enabling products aratcurately describes the essential technical require-
services to complete the system architecflines ments for items, materials, or services including
system level architecture then becomes the refethe procedures by which it can be determined that
ence model for further development of system rehe requirements have been met. Specifications
quirements and documentSystem engineering help avoid duplication and inconsistencies, allow
process outputs include the system and configurder accurate estimates of necessary work and
tion item architectures, specifications, andresources, act as a negotiation and reference docu-
baselines, and the decision database. ment for engineering changes, provide documen-
tation of configuration, and allow for consistent
Outputs are dependent on the level of developmentommunication among those responsible for the
They become increasingly technically detailed a®ight primary functions of Systems Engineering.
system definition proceeds from concept to detailedhey provide IPTs a precise idea of the problem
design. As each stage of system definition igo be solved so that they can efficiently design the
achieved, the information developed forms thesystem and estimate the cost of design alternatives.
input for succeeding applications of the systenirhey provide guidance to testers for verification
engineering process. (qualification) of each technical requirement.

Architectures: System/Configuration Item Program-Unique Specifications

The System Architecture describes the entire syduring system development a series of specifica-
tem. Itincludes the physical architecture producedions are generated to describe the system at dif-
through design synthesis and adds the enablingrent levels of detail. These program unique speci-
products and services required for life cyclefications form the core of the configuration
employment, support, and management. Militarybaselines. As shown by Figure 8-2, in addition to
Handbook (MIL-HDBK)-881,Work Breakdown referring to different levels within the system hi-
Structuresprovides reference models for weaponerarchy, these baselines are defined at different
systems architectures. As shown by Figure 8-1phases of the design process.

MIL-HDBK-881 illustrates the first three levels

of typical system architectures. Program Officednitially the system is described in terms of the
can use MIL-HDBK-881 templates during systemtop-level (system) functions, performance, and in-
definition to help develop a top-level architec-terfacesThese technical requirements are derived
ture tailored to the needs of the specific systenfrom the operational requirements established by
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Level 1 Aircraft System

Level 2 |

. SE/ Peculiar Common . . Initial
Alr Program System Training Data Support Support Opisite Industrial | |gpares and
Vehicle Mgmt T&E Equipment | | Equipment Activation Facilities Initial
Repair
Parts
Airframe DT&E Equipment  Tech Pubs  Test and Test and Sys Construc-

’ : Measurem’'t  Measurem’t  Assembly, tion/Conver- .
Propulsion OT&E Services Engrg Data Equipment  Equipment Installation sion/Expan- (Specify by
Application Software Mockups Facilities Support and sion Allowance

Data Support Support Checkout List,
System Software T&E and and Sit Equipment  Grouping
cal Support Manage- Handling Handling on Site Acquisition o H/W
T mentData  Equipment  Equipment  Contractor or Mod Element)
Navigation/Guidance est Tech S t
Facilities Data €CN SUPPOTt \aintenance
Central Computer Depository Site
Fire Control Construction
Data Display and Controls Site/Ship
R Vehicle
Survivability Conversion
Reconnaissance
Automatic Flight Control
Central Integrated Checkout
Antisubmarine Warfare Level 3
Armament
Weapons Delivery
Auxiliary Equipment

Figure 8-1. Example from MIL-HDBK-881

the user. This system-level technical description iBy the Technical Data Package, which will include
documented in the System Specification, which is1ot only Item Detail Specifications, but also, Pro-
the primary documentation of the system-levelkcess and Material Specifications, as well as draw-
Functional Baseline. The system requirements ariegs, parts lists, and other information that de-
then flowed down (allocated) to the items belowscribes the final system in full physical detail. Fig-
the system level, such that a set of design criteriare 8-3 shows how these specifications relate to
are established for each of those items. These itetheir associated baselines.

descriptions are captured in a set of ltem Perfor-

mance Specifications, which together with otheRole of Specifications

interface definitions, process descriptions, and

drawings, document the Allocated Baseline (someRequirements documents express why the devel-
times referred to as the “Design To” baseline).opment is needed. Specification documents are an
Having baselined the design requirements for thantermediate expression of what the needed sys-
individual items, detailed design follows. Detailedtem has to do in terms of technical requirements
design involves defining the system from top to(function, performance, and interface). Design
bottom in terms of the physical entities that will documents (drawings, associated lists, etc.) de-
be employed to satisfy the design requirementsscribe the means by which the design requirements
When detailed design is complete, a final baselinare to be satisfied. Figure 8-4 illustrates how
is defined. This is generally referred to as the Prodrequirements flow down from top-level specifica-
uct Baseline, and, depending on the stage of deéions to design documentation. Preparation of
velopment, may reflect a “Build to” or “As built” specifications are part of the system engineering
description. The Product Baseline is documentegrocess, but also involve techniques that relate to
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System _— . . Integrated and
C()J/ncept P System Definition (Functional Baseline) Quali?ied System

Requirements |

On
d —’ System Specification
|—>u § — , - »| SI&T
ct Preliminary Design (Allocated Baseline)
t
P
Product r
Output o
> d
u Item Performance Specifications
System © o P| SI&T
Spec t Detail Design (Product BL)
Fr) Item T
Product o r|1
Output
dp—P
p
Performance ltem Specs } Uu SI&T
C t
t
Product
P Output Process
r and
o) Material
d Specs
>
Cc
t Drawings
X Product
SI&T = System Integration and Text Output
Figure 8-2. Specifications and Levels of Development
Specification Content Baseline
System Defines mission/technical performance requirements. Functional
Spec Allocates requirements to functional areas and defines interfaces.
Iltem Defines performance characteristics of Cls and CSCls. Allocated
Performance Details design requirements and with drawings and other “Design To”
Spec documents form the Allocated Baseline.
Item Detall Defines form, fit, function, performance, and test requirements Product
Spec for acceptance. (Item, process, and material specs start the “Build To”
Product Baseline effort, but the final audited baseline includes or
all the items in the TDP) “As Built”
Process Defines process performed during fabrication.
Spec
Material Defines production of raw materials or semi-fabricated
Spec material used in fabrication.

Figure 8-3. Specification Types
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communication skills, both legal and editorial. and requirements traceability. Enabling product
Figure 8-5 provides some rules of thumb thabaseline documents include a wide range of
illustrate this. documents that could include manufacturing plans

and processes, supportability planning, supply
In summary, specifications document what thedocumentation, manuals, training plans and pro-
system has to do, how well it has to do it, and hovgrams, test planning, deployment planning, and

to verify it can do it. others. All enabling products should be reviewed
for their susceptibility to impact from system con-
Baselines figuration changes. If a document is one that

describes a part of a system and could require
Baselines formally document a product at some&hange if the configuration changes, then most
given level of design definition. They are refer-likely it should be included as a baseline document.
ences for the subsequent development to follow.
Most DoD systems are developed using the threAcquisition Program Baselines
classic baselines described above: functional,
allocated, and product. Though the program uniquécquisition Program Baselines and Configuration
specifications are the dominant baseline documerBaselines are related. To be accurate the Program
tation, they alone do not constitute a baseline. baseline must reflect the realities of the Configu-
ration Baseline, but the two should not be con-
Additional documents include both end and enfused. Acquisition Program Baselines are high level
abling product descriptions. End product baselin@ssessments of program maturity and viability.
documents normally include those describingConfiguration Baselines are system descriptions.
system requirements, functional architecturefigure 8-6 provides additional clarification.
physical architecture, technical drawing package,

System
Spec

| l Item Performance
Specs
I_’ Item
Detail Specs

Process
Material . L .
Specs Technical Data Package which includes:
Product Baseline . Englngerlng Drawings and associated lists
= - » Technical manuals
Build To” Specs .
» Manufacturing part programs

» Verfication provisions
—»  Spares provisioning lists
» Specifications, those listed above plus any of the
following may be referenced;
— Defense specs
— Commercial item descriptions
International specs
Non-government standards
Commercial standards
Etc.

Figure 8-4. How Specifications Lead to Design Documents
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« Use a table of contents and define all abbreviations and acronyms.
¢ Use active voice.

« Use “shall” to denote mandatory requirement and “may” or “should” to denote guidance
provisions.

« Avoid ambiguous provisions, such as “as necessary,” “contractor’s best practice,”“smooth
finish,” and similar terms.

« Use the System Engineering Process to identify requirements. Do not over-specify.

< Avoid “tiering.” Any mandatory requirement in a document below the first tier, should be stated
in the specification.

« Only requirement sections of the MIL-STD-491D formats are binding. Do not put requirements
in non-binding sections, such as  Scope, Documents , or Notes.

« Data documentation requirements are specified in a Contract Data Requirements List.

Figure 8-5. Rules of Thumb for Specification Preparation

Decision Database 8.2 DOD POLICY AND PRACTICE—
SPECIFICATIONS AND STANDARDS

The decision database is the documentation that

supports and explains the configuration solutiorDoD uses specifications to communicate product

decisions. It includes trade studies, cost effectiverequirements and standards to provide guidance

ness analyses, Quality Function Deployment (QFDgoncerning proven methods and practices.

analysis, models, simulations, and other data

generated to understand a requirement, develdppecifications

alternative solutions, or make a choice between

them. These items are retained and controlled d30D uses three basic classifications of specifica-

part of the Data Management process described tions: materiel specifications (developed by DoD

Chapter 10. components), Program-Unique Specifications, and

non-DoD specifications.

¢ Program Baselines » Configuration Baselines
— Embody only the most important cost, Identify and define an item’s functional
schedule, and performance objectives and physical characteristics
and thresholds — Functional Baseline — Describes system
— Threshold breach results in re-evalua- level requirements
tion of program at MDA level — Allocated Baseline — Describes design
— Selected key performance parameters requirements for items below system
— Specifically evolves over the develop- level
ment cycle and is updated at each major — Product Baseline — Describes product
milestone review or program restructure physical detail
« Required on ALL programs for measuring < Documents outputs of Systems Engineering
and reporting status Process

Figure 8—6. Acquisition Program Baselines and Configuration Baselines
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DoD developed specifications describe essentiab develop and use performance specifications in

technical requirements for purchase of materiela reprocurement.

Program-Unique Specifications are an integral part

of the system development process. Standard praPerformance Specifications

tice for preparation of DoD and Program-Unique

Specifications is guided by MIL-STD-961D. Performance Specifications state requirements in

This standard provides guidance for the developterms of the required results with criteria for veri-

ment of performance and detail specificationsfying compliance, but without stating the methods

MIL- STD-961D, Appendix A provides further for achieving the required results. In general, per-

guidance for the development of Program-Uniqudormance specifications define products in terms

Specifications. of functions, performance, and interface require-
ments. They define the functional requirements for

Non-DaoD specifications and standards approvedhe item, the environment in which it must oper-

for DoD use are listed in thBoD Index of ate, and interface and interchangeability charac-

Specifications and Standards (DoDISS). teristics. The contractor is provided the flexibility
to decide how the requirements are best achieved,
DoD Policy (Specifications) subject to the constraints imposed by the govern-

ment, typically through interface requirements.
DoD policy is to developerformancespecifica- System Specifications and Item Performance
tions for procurement and acquisition. In generalSpecifications are examples of performance
detail specifications are left for contractor devel-specifications.
opment and use. Use of a detail specification in
DoD procurement or acquisition should be con-Detail Specifications
sidered only where absolutely necessary, and then
only with supporting trade studies and acquisitiorDetail Specifications, such as Item Detail, Mate-
authority approval. rial and Process Specifications, provide design re-
guirements. This can include materials to be used,
DoD policy gives preference to the use of com-how a requirement is to be achieved, or how an
mercial solutions to government requirementsijtem is to be fabricated or constructed. If a specifi-
rather than development of unique designs. Therezation contains both performance and detail re-
fore, the use of commercial item specifications andjuirements, it is considered a Detail Specification,
descriptions should be a priority in system archiwith the following exception: Interface and inter-
tecture development. Only when no commerciathangeability requirements in Performance Speci-
solution is available should government detaiffications may be expressed in detailed terms. For
specifications be employed. example, a Performance Specification for shoes
would specify size requirements in detailed terms,
In the case of re-procurement, where detail specbut material or method of construction would be
fications and drawings are government ownedstated in performance terms.
standardization or interface requirements may
present a need for use of detailed specificationsSoftware Documentation — IEEE/EIA 12207
Trade studies that reflect total ownership costs and
the concerns related to all eight primary functiondEEE/EIA 12207 Software Life Cycle Processes
should govern decisions concerning the type oflescribes the U.S. implementation of the ISO stan-
specification used for re-procurement of systemslard on software processes. This standard describes
subsystems, and configuration items. Such tradiéhe development of software specifications as one
studies and cost analysis should be preformed pri@spect of the software development process.
to the use of detail specifications or the decision
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The process described in IEEE/EIA 12207 forexpectation is established among all stakeholders

allocating requirements in a top-down fashion andn the software development activity.

documenting the requirements at all levels parallels

the systems engineering process described in th&tandard Practice for Defense Specifications —

text. The standard requires first that system-leveMIL-STD-961D

requirements be allocated to software items (or

configuration items) and that the softwareThe purpose of MIL-STD-961D is to establish

requirements then be documented in terms of funatniform practices for specification preparation, to

tionality, performance, and interfaces, and thaensure inclusion of essential requirements, to

gualification requirements be specified. Softwareensure Verification (qualification) methods are es-

item requirements must be traceable to systentablished for each requirement, and to aid in the

level, and be consistent and verifiable. use and analysis of specification content. MIL-
STD-961D establishes the format and content of

The developer is then required to decompose eadystem, configuration item, software, process and

software item into software components and thematerial specifications. These Program-Unique

into software units that can be coded. Requiremenpecifications are developed through application

are allocated from item level, to component, anaf the systems engineering process and represent

finally to unit level. This is the detailed design a hierarchy as shown in Figure 8-7.

activity and IEEE/EIA 12207 requires that these

allocations of requirements be documented irStandards

documents that are referred to as “descriptions,”

or, if the item is a “stand alone” item, as “specifi- Standards establish engineering and technical

cations.” The content of these documents is definelimitations and applications for items, materials,

in the IEEE/EIA standard; however, the level ofprocesses, methods, designs, and engineering

detail required will vary by project. Each project practices. They are “corporate knowledge” docu-

must therefore ensure that a common level ofments describing how to do some process or a

System
Spec
Item Spec Software Requirements Spec
(Performance) Interface Requirements Spec
Process Item Spec Material
Spec (Detail) Spec

Software Product Spec
« Software Design Description
« Interface Design Description

Figure 8—7. Specification Hierarchy
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description of a body of knowledge. Standarddirected standards should be confirmed by trade
come from many sources, reflecting the practicestudies and requirements traceability.

or knowledge base of the source. Format and con-

tent of Defense Standards, including HandbooksDoD Index of Specifications and Standards

are governed by MIL-STD-962. Other types of

standards in use in DoD include Commercial StanThe DoDISS lists all international, adopted indus-

dards, Corporate Standards, International Startry standardization documents authorized for use
dards, Federal Standards, and Federal Informatidoy the military departments, federal and military

Processing Standards. specifications and standards. Published in three
volumes, it contains over 30,000 documents in 103
DoD Policy (Standards) Federal Supply Groups broken down into 850 Fed-

eral Supply Classes. It covers the total DoD use of
DoD policy does not require standard managemergpecifications and standards, ranging from fuel
approaches or manufacturing processes on cospecifications to international quality standards.
tracts. This policy applies to the imposition of both
Military Specifications and Standards and, in ad-
dition, to the imposition of Commercial and In- 8.3 SUMMARY POINTS
dustry Standards. In general, the preferred ap-
proach is to allow contractors to use industry, gove System Engineering Process Outputs include
ernment, corporate, or company standards they the system/configuration item architecture,
have determined to be appropriate to meet specifications and baselines, and the decision
government’s needs. The government reviews and database.
accepts the contractor’'s approach through a
contract selection process or a contractual review System/Configuration Item Architectures in-
process. clude the physical architecture and the associ-
ated products and services.
The government should impose a process or
standard only as a last resort, and only with the Program-Unique specifications are a primary
support of an appropriate trade study analysis. If a output of the System Engineering Process. Pro-
specific standard is imposed in a solicitation or gram-Unique specifications describe what the
contract, a waiver will be required from an  system or configuration item must accomplish
appropriate Service authority. and how it will be verified. Program-Unique
specifications include the System, Item Perfor-
However, there is need on occasion to direct the mance, and Item Detail Specifications. The
use of some standards for reasons of standardiza- System Specification describes the system re-
tion, interfaces, and development of open systems. quirements, while Item Performance and Item
A case in point is the mandated use of the Joint Detail Specifications describe configuration
Technical Architecture (JTA) for defining item requirements.
interoperability standards. The JTA sets forth the
set of interface standards that are expected to e Configuration baselines are used to manage and
employed in DoD systems. The JTA is justifiably  control the technical development. Program
mandatory because it promotes needed baselines are used for measuring and supporting
interoperability standardization, establishes sup- program status.
portable interface standards, and promotes the
development of open systems. » The Decision Database includes those docu-
ments or software that support understanding
DoD technical managers should be alert to situa- and decision making during formulation of the
tions when directed standards are appropriate to configuration baselines.
their program. Decisions concerning use of
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DoD policy is to developerformancespecifi- ¢
cations for procurement and acquisition. Use
of other than performance specifications in a
contract must be justified and approved.

It is DoD policy not to require standard manage-

ment approaches or manufacturing processes

on contracts.

Mandatory use of some standard practices are
necessary, but must be justified through
analysis. A case in point is the mandatory use
of the standards listed in the Joint Technical
Architecture.
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GLOSSARY

SYSTEMS ENGINEERING

AAAV
ACAT
ACR
AMSDL
ASR
AUPP
AWP

BL
BLRIP

C4ISR

CAD
CAE
CAIV
CALS
CAM
CASE
CATIA
cCB
CCR
CDR
CDRL
CDS
CE

FUNDAMENTALS

Advanced Amphibious Assault Vehicle
Acquisition Category

Alternative Concept Review

Acquisition Management Systems Data List
Alternative Systems Review

Average Unit Procurement Price

Awaiting Parts

Baseline

Beyond Low Rate Initial Production

Command, ontrol, Communications, Computers, Intelligence,
and Reconnaissance

Computer-Aided Design

Computer-Aided Engineering

Cost As an Independent Variable

Continuous Acquisition and Life Cycle Support
Computer-Aided Manufacturing
Computer-Aided Systems Engineering
Computer-Aided Three-Dimensional Interactive Application
Configuration Control Board

Contract Change Request

Critical Design Review

Contract Data Requirement List

Concept Design Sheet

Concept Exploration
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CEO

Cl

Circular A-109
CM

CM

COTS

CSCl

CWwiI

DAU

DCMC

DDR

DFARS

DID

DoD
DoD 5000.2-R

DoDISS
DSMC
DT
DTC
DT&E

EC
ECP
EDI

EIA
EIA 1S 632
EIA 1S-649

EOA

Chief Executive Officer

Configuration Item

Major Systems Acquisitions
Configuration Management

Control Manager

Commercial Off-The-Shelf

Computer Software Configuration ltem

Continuous Wave lllumination

Defense Acquisition University

Defense Contract Management Command

Detail Design Review

Defense Supplement to the Federal Acquisition Regulation
Data Item Description

Department of Defense

Mandatory Procedures for Major Defense Acquisition Programs (MDAPSs), and
Major Automated Information System Acquisition Programs (MAIS)

DoD Index of Specifications and Standards
Defense Systems Management College
Developmental Testing

Design To Cost

Developmental Test and Evaluation

Engineering Change
Engineering Change Proposal
Electronic Data Interchange

Electronic Industries Alliance
Electronic Industries Association Interim Standard 632, on Systems Engineering

Electronic Industries Association Interim Standard 649, on Configuration
Management

Early Operational Assessments
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FAR Federal Acquisition Regulation
FCA Functional Configuration Audit
FEO Field Engineering Order
FFBD Functional Flow Block Diagram
FIPS Federal Information Processing Standard
FMECA Failure Modes, Effects, and Ciriticality Analysis
FOT&E Follow-On Operational Test and Evaluation
FOR Formal Qualification Review
GFE Government Furnished Equipment
GFM Government Furnished Material
ICD Interface Control Documentation
ICWG Interface Control Working Group
IDE Integrated Digital Environment
IDEF Integration Definition Function
IDEFO Integrated Definition for Function Modeling
IDEF1x Integration Definition for Information Modeling
IEEE Institute of Electrical and Electronics Engineers
IEEE/EIA 12207 |IEEE/EIA Standard 12207, Software Life Cycle Processes
IEEE P1220 IEEE Draft Standard 1220, Application and Management of the Systems
Engineering Process
IFB Invitation for Bid
IIPT Integrating Integrated Product Teams
IMS Integrated Master Schedule
IOC Initial Operational Capability
IOT&E Initial Operational Test and Evaluation
IPPD Integrated Product and Process Development
IPR In-Progress/Process Review
IPT Integrated Product Teams
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JASSM
JROC
JTA

KPPs

LFT&E
LRU
LRIP

M&S

MAIS

MAISRC
MBTF

MDA

MDAP
MIL-HDBK-61
MIL-HDBK-881
MIL-STD 499A
MIL-STD-961D
MIL-STD 962
MIL-STD-973
MNS

MOE

MOP

MOS

MRP II

MS

MTTR

NDI
NIST

Joint Air-to-Surface Standoff Missile
Joint Requirements Oversight Council

Joint Technical Architecture

Key Performance Parameters

Live Fire Test and Evaluation
Line-Replaceable Unit

Low Rate Initial Production

Modeling and Stimulation

Major Automated Information System

Major Automated Information Systems Review Council

Mean Time Between Failure

Milestone Decision Authority

Major Defense Acquisition Program

Military Handbook 61, on Configuration Management

Military Handbook 881, on Work Breakdown Structure

Military Standard 499A, on Engineering Management

Military Standard 961D, on Standard Practice for Defense Specifications
Military Standard 962, on Format and Content of Defense Standards
Military Standard 973, on Configuration Management

Mission Need Statement

Measure of Effectiveness

Measure of Performance

Measure of Suitability

Manufacturing Resource Planning Il

Milestone

Mean Time To Repair

Non-Developmental Item

National Institute of Standards and Technology
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NRTS

OA
OIPT
OMB

OPS
ORD

(ON1D)
OT&E

P3lI
PAR
PCA
PDR

PDRR
PEO
PM
PME
PMO
PMT
PPBS
PRR

QA
QFD

R&D
RAS
RCS

RDT&E
RFP

Not Repairable This Station

Operational Assessment

Overarching Integrated Product Teams
Office of Management and Budget
Operations

Operational Requirements Document
Office of the Secretary of Defense

Operational Test and Evaluation

Preplanned Product Improvement
Production Approval Reviews

Physical Configuration Audit
Preliminary Design Review

Program Definition and Risk Reduction
Program Executive Office

Program Manager

Program/Project Manager — Electronics
Program Management Office

Program Management Team

Planning, Programming and Budgeting System

Production Readiness Review

Quality Assurance

Quality Function Deployment

Research and Development

Requirements Allocation Sheets

Radar Cross Section

Research, Development, Test and Evaluation

Request for Proposal
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S&T
SBA
SBD
SD&E
SDefR
SDR
SE
Section L
Section M
SEDS
SEMS
SEP
SFR
Sl
SI&T
SO0
SOW
SPEC
SSA
SSAC
SSEB
SSP
SSR
SRR
SRU
STD
SVR
SIW

Science and Technology

Simulation Based Acquisition

Schematic Block Diagram

System Development and Demonstration

System Definition Review (as referred to in IEEE P1220)
System Design Review

Systems Engineering

Instructions to Offerors (Portion of Uniform Contract Format)
Evaluation Criteria (Portion of Uniform Contract Format)
Systems Engineering Detail Schedule

Systems Engineering Master Schedule

Systems Engineering Process

System Functional Review

Software Item

System Integration and Test

Statement of Objectives

Statement of Work

Specification

Source Selection Authority

Source Selection Advisory Council

Source Selection Evaluation Board

Source Selection Plan

Software Specification Review

System Requirements Review

Shop-Replaceable Unit

Standard

System Verification Review

Software
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T&E
TDP
TEMP
TLS
TOC
TPM
TPWG
TRR

VV&A

WIPT

Test and Evaluation

Technical Data Package

Test and Evaluation Master Plan
Timeline Analysis Sheet

Team Operating Contract

Technical Performance Measurement
Test Planning Work Group

Test Readiness Review

Verfication, Validation, and Accreditation

Working-Level Integrated Product Team
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