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PREFACE

This report is one of three volumes prepared to assist government and
con tractor personnel in managing and performing system requirements
definition and analysis: requirements engineering. The primary results of
th is study has been the def inition of gu idelines and standard s for
requ i rements engineering (Requirements Eng i neering Guidebook ) and the
identification of automated aids to support the application of the
guidel i nes and standards during the initial phases of the Air Force system ‘ -

acquisition life cycle - the Conceptual and Validation Phases.

Th is study reflects Logicon ’s experience with an automated requirements
engineering tool applied in support of the acquistion of a l arge Air Force
surveillance system. The Requirements Eng i neering Guidebook reflects the
needs of an Air Force System Program Office acquisition env i ronment , V
however , the basic requirements engineering principles and guidance are
easily adapted to other acquisition environments.

This report was prepared by Logicon for the Air Force Systems Command
(AFSC), Rome A ir Development Center (RADC), Software Engineering Section.
Administrative review and technical coordination of this report have been
accom pl i shed for RADC by Mr. Michael Landes (projec t officer).

Rev iew of this report was accomplished at RAUC , by Electronic Systems
Division (AFSC/ESD) personnel at Hanscom , AFB , and by Logicon personnel .
Spec ial thanks to the many reviewers and for the patience and skills of Ms.
Marc ia Brehm and Ms. Deborah Queen for the technical typing , proofing , and
rev isions.
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SECTION 1 INTRODUCTION

1.1 Study Objectives

he objectives of the Requirements Standard Study were (1) to define a set
of standards for the definit ion and analysis of the requirement of a system )
during the in itial phases of the acquisiti on life cycle , and (2) to
ide nt if y the functional requirements for automated tools intended to
support the standard by providing assistance in the definition and analy sis
of the system requirements and by assuring compliance with the standard .

1.2 Project Background

The development of rel i able and easy-to-maintain software demands concern
for qua1ity at each phase of system acquisition. Because of the high
visibility of problem s discovered during the later phases of development ,
coding, testing and integration of the system have received considerable
scrutiny . An extensive amount of research and technical direction has been
focused on these later phases in an effort to enhance the quality of the
system and reduce cost and schedule overruns. Most of the attention
has been focused upon coding methodology , with some emphasis on design
standards such as top-down design and imp l ementation. However , studies
indicate that errors caused by ill -de fined and poorly documen ted
requirements are the most expensive to fix. As the comlex i ty of systems
has increas ed , the volum e of system requi rements and asso ciated
requirement s documents (specifications , etc.) have exceeded the
comprehension of the engineering discipl i nes and techniques empl oyed.

In recent years, a number of privat e and government projects have addressed
the need for quality in requirements definition and analysis during the
initial phases of the system acqui sition 1. The app lication of automated
techniques to assist in requirements engineering activities and to document

1 Throughou t this report , requirements d efinition and analysis
activities are col l ectively referred to as requirements engineering.
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requi rements has al so advanced . The state of the art has advanced to the
point where the need for improved guidance for requirements eng i neering is
practical with the aid of automated tools. This study provides guidel i nes
and standards for requirements engineering in the form of a guidebook
(Volume III) and identifies the automated tool capabilities needed to -

‘

implement the guidebook. The study results provide additional guidan ce to
increase the quality and to minimize the life -cycle costs of systems
developed for the Air Force. The application of standard s in cod i ng has
already resulted in measurable improvements in the quality of software.
The requirements engineering guidetook produced during this study is
designed to supplement these improvements. by providing similar guidance for
the early phases of system requirements definition and analysis.

1.3 Contents

I
The remai nder of this volume consists of four sections and five appendices
as follows :

• Section 2 - Technical A pproach. Provides a technical
description of the seven tasks performed during this
study.

• Section 3 - Air Force System Engineering Management
Describes the trend of Air Force systems engineeri ng
management over the past decades and identifies present
practices. S

• Section 4 - Summary of Study Results. Provides a sumary
of the Requirements Engineering Guidebook presented in
Vo l ume III and describes an approach for implement i ng the
guidebook. In addition , this section contains an example
of the application of the guidebook , the list of
functional capabilities required for an automated tool to
support the guidebook , and concludes with a descri ption of
two approaches for applying an existing automated require-
ments engineering tool .

2
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• Section 5 - Results and Recommendations. Provides

a suninary of conclusions based upon the discussions in
the previo us sections. In addition , this section
provides a li st of reconliliendations concern i ng the
implem entation of the guidebook , use of automated tools
and addit iona l areas for future research.

• ~ppendix A - References. Provides a list of selected
references wh[ch are pertin ent to the discussions
contained in the previous sections.

• ~j~p~ndix B - Glossary . Provides definiti ons of the major
terms used in Air Force system acqui sition and concludes
with a li st of acronyms and abbrevi ations.

• Append ix C - Bibliograp hy . Lists selected books , papers ,
and milit ary regulations , specifications , and standards
that are pert i nent to the study objectives.

• ~pp~~d ix D - Automated Requirement s Engin eering Tool
Cdpabilit ie s List. Provides a conc i se list of cap~5T1 i -ties needed in automated requirements engineering tools.

• Aj~pendix [ - Requirements Engineeri~j~ x~pp1e . Provide s
an example of the application of the Requirements
Engineering Gu i debook in conjunction with an automated
requirements engin eering tool. This append ix has been
prepared for inclusion in the RADC Computer Software
Devel opment Specificati on.

— — ——— -  - -~~~~~~~~~
-
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SE C T I O N  2 TECHNICAL APPROAC H

2.1 Overview of ~echn ical Tasks

This study was organized into seven tasks as illustra ted in Figure 1.

Tasks 1 , 2 and 3 defined a set of requirements engineering guidelines and
standards for the initia l phases of the Air Force system acquisition life
cycle - the Conceptual Phase and the Validation Phase. The guide line and
s tandard s are presen ted i n Volume III , titled Requirements Engineerin g
Guidebook . This separate presentation was selected to provide ~ comp le te
and concise document which is more readily usable for ‘equ irem ents
engineering purposes by Air Force program office s and for potential

contracting purposes.

Tasks 5 and 6 defined the functiona l requirements of an automated

requirements engineering tool which would support the app lication of the

Requirements Engineering Guidebook and identified two approaches for
implementing the tool . The li st of tool capabilities is described in 4.2,
the approaches are described in 4.5.

Tasks 4 and 7 developed a description of the impacts of the Requirements
Engineering Guidebook on existing Air Force practices , re gu l a t i ons ,
standards , and specifications and prepared the final report for the study .
The description of impact s is presented in 4.4. The final report contains
a review of the history of requirement s engineering in Air Force , presents
the Requirements Engineering Guid ebook , descibes the guidebook ’s
implementation impacts and requirement s , and provides numerous results and
recommendations on the guidebook , automated tool approaches , and areas of
further research and development .

2.2 Tasks In puts

The seven tasks described above and other tasks were accomplished

4

.5
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concurrentl y with an extens i ve literature search. Defense Documentation
Center project files , existing military regulations , standards ,
specifications , guidebooks and handbooks , and professional journals
and conference proceedings were researched. A reference library and a
bibliography file were maintained . Appendix C is a selective bibliograp hy
generated from the study file.

2.3 Detailed Task ~~~ç~~pt ion

2.3.1 Definition of Requirements Engineering Standards (CP) - Task 1

Task 1 concentrated on defining a set of conc i se and well-defined standards
for managing ~nd accomplishing the defini tion and , analys is of system

requirements in the Conceptual Phase (CP) of the Air Force system
-

‘ 

acquisition life cycl e’. These standards were specifically oriented toward

the requirements engineering activities and intermediate document ation

leading to the preparation of system/segment specifications , MIL-STD-490/
483 (USAF), Type A.

2.3.2 Definition of Requirements Eng i neering Standards (VP) - Task 2

Task 2 concentrated on defining a set of concise and well-defined standards
for manag i ng an d acc omp lishing the definition and analysis of system
requirements in the Validati on Phase (VP) of the Air F orce system
acquisition life cycle. These standards were oriented toward the

requirements engineering activities and intermediate documentat i on l ead i ng

to the preparation of computer program development specificati ons ,

MIL-STO -490/483 (USAF), Type 85.

2.3.3 Documentation of Stand .irds - Task 3

Task 3 documented the requirements engineering standards for the Conceptual

Phase and Validat ion Phase. These standards are presented in Volume III

of this report - the Requ i rements Engineering Guidebook . The standards

6
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~1

describe the charaterist ics of quality requirements ’, the types of system
requirements , and the requirements engineering procedures. The
requirements engineering procedures are described in the form of a general
procedural flow with accompanying text which describes the requirements
eng i neering activit ies to be performed. Each requirements engineering
activity is supplemented by a desc ription which addresses the specific
issues to be addressed during the first two phases of the Air Force system

a cq u i s i t i o n  l i f e  c y c l e  - the Conceptual and Validation Phases.

2.3.4 Identification of Impacts and Imp l ementation Approach - Task 4

In Task 4 existing Department of Defense and Air Force regulations ,

standard s, and specifications were identified and evaluated to determine
any points of conflict between current practices and the Requirements
Eng i neering Guidebook . A description of the approach for imp l ementing the
gu i debook in an Air Force program office was also prepared. The impacts
and imp l ementation description are presented in 4.4.

2.3.5 Definition of Requirements Engineering Automated-Tool Functions
- Task 5

In Task 5 a list of essential tool capab i lities which support the

definition and anal ysis activities of the guidebook were defined . This
list , as presented in 4.2, includes the language features and analyzer
requirements of the tools. The analyzer requirements were grouped into six
general categories : requirements data base management , functional analysis ,
Input /output analysis , traceability analysis , test analysis , and
documentation.

1 The term ‘quality requirements ’ is used throughout this study to denote
system requ irements which are complete , consistent , testable , and
traceable . This characteris tic is the result of the requirements being
discretely i dentif ied and well-organized as discussed in this report.

L. - —- ~~~___________________________ 
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2.3.6 Descript ion of Requirements Engineering Automated-Too l
Approac hes - Task 6

During Task 6 ex i s t i ng  requirements engineering automated tools were
rev i ewed. Two approaches were identified for apply ing an exist i ng Air

Force requirements engineering tool to satisfy the requirements engineer i ng

tool functions identified in Task 5. The tool review provided the basis

upon which the two approaches were evaluated for feasibility , performance,

and cost-effectiveness.

2.3.7 Preparation of Final Report - Task 7

The final report , prepared during Task 7, presents a summary of the ent i re

study. This report document (Volume II) contains the complete description

of the technical results , including the results of the previous tasks: 4,

5 and 6. A ppendix E provides an examp le  of the app lication of the

Requirements Engineer ing Guidebook to the requirements definition and

analys is activities of an Air Force surveil lance system acquisition; this

example was prepared for inclusion in the RADC Computer Program Software

Development Speci fication. Volume III is the Requirements Engineering

Guidebook and Volume I is a technical overview of this volume .

8
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SECTION 3 AIR FORCE SYSTEMS ENGINEERING MANAGEMENT

3.1 Introduction

The complexity of military systems development has continued to outpace
the management and techn ical resources supporting the acquisition process.
The decline in DoD manpower resources over recent years has had a two-fold

effect on military systems development . The higher reliance on automated
systems has been constantly increasing over the past decades and has been
heightened in recent years by the desire to reduce the system ’s operational
crew requirements and associated support functions. In conjunction with
decreasing operational personnel , the system implement i ng agencies of the
military have also been impacted by staff reductions. The net effect is
that systems are rising in comp lexity at the same time that military
engineerin g resources responsible for the acquisition have been effectively

reduced to managers of the engineering efforts. The lack of engineering
staff resources is even further complicated by the l ack of well -defined

system engineering approaches for mana ging and accomplishing quality
systems requirements definition and analysis.

3.2 Initial Regulated Approach

During the 1960s and into the early 1970s, systems development in the Air
Force Systems Command (AFSC) was regulated by a series of manua ls , the
AFSCM 375 series. This series was adapted primarily from industry system

engineering procedures and integrated into formal guidance for Air Force
government program offices and associated contractors. Two of these
manuals concentrated on system engineering procedures and documentat i on
requirements. The systems engineering volume (AFSCM 375-5 [1]) contained
a procedural flow diagram and associated text which del i neated the system
engineering activit ies , intermediate documentation requirements , formal
project reviews and other requirements which were to be accomplished
throughout the system development life cycle. Keyed to the 375-5 system
engineering procedural volume was the first volume in the series which

addressed specif ication requirements , AFSCM 375-1 [2]. This highly

regulated approach was necessitated by the increasing delivery of obsolete

9
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systems , which resul ted from the less -regulated systems developm ent
approach of previous decades (194Os-1950s). Added to this obsolescence
problem was the rising complexity of the systems being developed to meet
the national defense needs of the post World War II decades.

The AFSCM 315 series prov i ded for flexibility in its application but was

not completely understood . As a result of the difficulties encountered in
app lying AFSCM 315 , the Air Force began to rescind parts of the series
during the late 1960s. A prini ary contributor to the decline of the series
has been attributed to the tons of documentation which was developed and
del i vered to the Air Force for the CS-A aircraft [3]. The Air Force
documentation requirements of AFSCM 375-1 evolved almost unchanged into the
present tn -service military standard for specification practices , MIL-STD-
490 [4]. MIL-STD-49O along with the additional requirements of the Air

Force standard on configuration management practices , MIL-STD-483 (USAF)
[5], represents an almost complete translation of AFSCM 375-1. The system
engineering procedures of AFSCM 375-5 evolved into the present regul ation
for Air Force program office engineering (AFR 800-3 [6]). Contractor
system engineering requirements were described in an initial version of the
present Air  Force standard for engineering management , MIL-STD -499A (USAF ) H
[1].

3.3 Present Less-regulated Practices

As previously reported [83, it is becoming evident that the present

military management practices (regulations , standards , and specification
practices) and the technical resources are not adequate for the
increasing ly com p lex military systems currently being developed. In recent
years the Department of Defense (DoD) and the Air Force introduced new

directives , regulations , and practices targeted at specific system
development probl em areas. One of the most troublesome areas Is software
within military systems , most often called embedded software. As a result
new regulations [9,10,11 ,12], guidebooks , and special research projects on
modern programming practices for software implementation have been
developed. The app lication of these new regulations and practices is
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beg i nning to show benef icial results. However , other areas have received
less attention. A princi p le area of deficiency has resulted from the
inadequac ies of the system engineering guidance in the present Air Force
contractor and government standards and regulat i ons , namely the prev i ously
mentioned MIL-STD-499A and AIR 800-3. In the wake of rescinding the system —

engineering requirements of AFSCM 315-5. signi f icant  practices for systems

requirements engineering were not translated or updated into present
practices. As a result many essent ial requirements engineering practices
have been de-emphasized . Under current Air Force practices , the contractor
may be required to propose a specific system engineering management plan
(SEMP) tailored to the specific project and in compliance with MIL-SID-
499A. The SEMP is then subject to the Air Force program office evaluation
process. On the other hand , Air Force program office engineering tasks are
even nx re sketchily defined in AFR 800-3. Lv n a brief review of these two
document s reveals that the requireme nts engineering act iv i t ies are not
commensurate with the comp lexity of the management and engineering
requirements of the systems being developed.

This trend toward less regulated Air Force systems engineering management 
p

has been encouraged by defense cont ractors in a desire to allo w for more

competi t ive and i nnovative approaches to systems development. Numerous
contractors have responded by develop i ng systems engineering procedures.
However , other defense contractors and military agencies have not developed
systems engineering or management practices which satisfy the real
technical and management needs of Air Force programs.

3~4 
~~~~~~~~~~~~~~~~~~~~~

In recent years systems requirements engineering , has received renewed
attention within academic and milit ary research and development (R&D)
environments and is now coming to the forefront of research and
app lications for improved military systems development. Many defense
contractors have participated directly in military R&D act iv i t ies  for
deve l oping and applying automated tools to the requirements engineering
process. In recent years AFSC ’s Llectronic Systems Division ([SD ) has
acqu i red a computer-aided requirements engineering tool , CADSAT , and has
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encouraged the application of this computer aid in the requirements
engineering dCtiv it ies in the early phases of Air F orce systems development
l if e cyc le ’. Logicon system s analysts have employed CADSAT for several
years in defining and anal yzing the system requirements for a large Air
Force surve illance system . As a result of thi s application , Lo gi con has
made extensions to CAOSAT to satisfy requirements engineering management
and technical needs. These extensions have made CADSAI more suitable to
specific military systems acq uisition act ivities. Concurrent with applying fi
and extend i ng CADSAT , Logicon has developed an approach for CADSAT ’s use.
As with other research directed in recent years toward defining standards
for modern pro gramming pr actices in Air Force systems development ,
requ i rements engin eering has been identifi ed as a target for improved
standardizati on. W i thin this renewed interest and based upon the
surv~’il l ance system experience using CADSAT, Logicon began developing a
requirements eng i neering gu i delines and standards in 1911 under contract to ‘

the Rome Air Development Center (RADC), Gr i f fi ss AF LI , New York. This
study , titled the Requirem ents Standard Study (RSS). is the subject of
the renia i nder of this report . The guidelines and standards are based upon
Lo gi con ’s requirements eng ineer ing experience and the use of CADSAT. The
prima ry results of the RSS are a Requirements Engineer ing Guidebook (Volume
III) and the identif icat ion of automated aids to support the app li ca ti on of
the guidebook during the Conceptual and Validation Phases. The guidebook
has been developed in response to the requirements engineering inadequacies

— of the current Air Force system engineering procedures. However , the
princ i p les of the guidebook are app licable to other systems acquisition
env i ronments.

1
The Computer-Aided Design and Specification Anal ys is Tool (CADSAT) is an
Air -Fo rce-owned requirements anal ysis tool developed by the Univers ity
of M ich i gan under [SD/TOI Contract F196.~ -76-C-O197. [13) [14]. The
extended version is a modification developed by Logicon for applications
to m ilitary systems under [SD/OC’ Contract F19628-16-C-0218. CADSAT ’s
User Requirements Language/User ~qu i reme n ts Analyzer  is basical ly
equivalent to the Pro b lem Sta tement Lan gua ge and Problem Sta teme nt
Analyzer (PSL /PSA) developed at the Univers i ty of Michi gan. [15]
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SECTION 4 SUMMARY OF STUDY RESULTS

4.1 Requ i rements Eng ineering Standard

4.1.1 Requ i rements Engineering

4.1.1.1 Lacking Definition: Current Air Force standards and regulations
neither identify nor define requirements engineering separately from other
engineerin g disciplines. During this study , requirements eng i neering was

determined to be a distinct engineering discipline which needs to be
addressed separately from other forms of engineering. During the 1960s
requirements engineering was integral to the procedural aspects of the
system engineering process established under AFSCM 375-5. For instance ,
the use of functional flow block diagrams and the documentation of -:
associated requirement s on special forms (requirement allocation sheets)
were two AFSCM 375-5 requirements engineering activities. Neither the
current military standard for engineering management (MIL-STD -499A ) nor the
guidance for program office engineering (AFR 800-3 ) define requirements
engineering and , as described earlier , these two documents omit procedures
entirely. AFR 800-3 i dentifies eleven engineering or technical functions 

- 
-

under engineering management ; these functions are performed by the program
office throughout the system acquisition life cycle: systems engineering ,
desi gn engineering , specialty engineering , test engineering , production
engineering, logistics engineering, civil engineering, human factors
engineering , configuration engineering, technical data control and
technical program planning and control . The definitions of the first two
functions , systems engineering and design engineering , indicate the degree
to which requirements engineering is not a prominent engineering activity
in current Air Force systems acquisition.

According to AFR 800-3 , systems engineering covers a broad range of
scientific and engineering efforts with three principle el ements:
functional analysis , synthesis , and trade studies or cost-effectiveness

_ _ _ _ _ _ __ _  - • .
_
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optimization. System engineering tasks are only identified as follows :
mission requirements analysis , functional ana lysis , requirements
specification preparat ion. Since procedural aspects are omitted , the
quality and performance of the requirements engineering activities are
dependent upon individual or agency programs or initiativ es . The second
AIR 800-3 func tion , Design Engineering , is defined to be the activity of

us ing the technical inform ation (requirements , goals , cr i t e r i a ,

cons tra i n ts , etc.) developed through the system engineering process to

develop detailed design approaches , design solution s , and the test
procedures to prove the solutions. This second engineering management
function clearly highlights that requirements engineering is integrated
into the previo usly defined system engineering function. Requirements
engineering is vaguely defined to be part of the system engineering
process: the functional analysis —s ynthesis tasks. This type and form of
guidance is inappropriat e for the requirements engineering activities wh ich
must be accompl i shed during the early phases of the acquisition process.

4.1.1.2 Requ i rements Engineering Defined: A requirements engineering

definition must be stated and the procedural issues addressed. The

fol lowing definition has been prepared during the course of the RSS:

Requ i rements engineering - An iterative process of defining the
system requirements and analyzing the integrity of the requirements.
This process involves all areas of system development preceding the
actual desi gn of the system. The products of the requirements
engineer ing process can be evaluated for compl eteness, consistency ,
testabil ity , and traceability. The essential goal of requirements
eng ineering is to thoroughly evaluate the needs which the system must
satisfy .

This definition distinguishes requirements engineering from other

engineer ing management tasks such as program planning, costing, trade-off

studies , and a host of other issues surrounding the early phase of systems

development. The defini tion distinguishes requirements engineering as

concentrating on the actual defini tion and analysis of the system
requ i rements.

14
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4.1.2 Requirements Engineering Goal

A system in the context of this presentation is an aggregate of equipment ,

personnel resources , capabilities and techniques which col l ectively perform

an operat ional role. The composite system includes al~ related facilities , —

i tem s, materials , services , and personnel required for the system’s sel f-
sufficient operational deployment. Requirements eng ineering concentrates
upon defining the system as a whole in operational mission terms including - 

-

associated performance requirements. In requirements engineering, the
analyst must avoid orientation towards specific solutions by concentrating
upon defining the system in terms of what must be accomplished . The lack
of specific approaches and techni ques for military requirements engineering
al l ows even the best intentioned analyst to digress rapidly from the “need”
category to the “how-to” or solution oriented requirements definitions.
The results are “ system requirements ” which are semantically riddled wi th —

solution overtones or speci f ic design deta i ls .  The requirements
engineering process must recognize this tendency and must allow for
effective feedback i nto the process. The analyst must be aware that system
documentation , such as functional (Type A , M1L-STD-490/483 (USAF ) System/
Segment Specificatio ns) and development (Type B , MIL-STD-49O/483 (USAF)
specificat ions , i s  the media for communicating the system requirements to

the design engineers. The goal of requirements engineering is to identify
discrete requirements of the system and to organize these requirements in
effective ways for further analysis . The result of this process is a set of
“quality requirements.” 

-

4.1.3 Qual ity Requirements Characteristics

4.1 .3.1 Introduction: A set of quality requirements consists of
discrete requirements , wel l organized to permit further analysis. Initial
documentation for identifying user system requirements may incl ude earl y
planning documents and specifications for simi lar systems , for system
interfaces , and for ex is t ing  or previously defined subsystems. In
addition , documentation derived from engineering studies and protyping or

15
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experimental test system s may be available. If the engineering act iv i t ies
have advanced beyond the planning and study stage , specification documents

such as Type A or Type B specifications may have already been developed .

These ea r l y  requ i remen ts  documents  u s u a l l y  have one p r e v a i l i n g
characteristic : the requirements are spread over various source documents

and/or presented in var ious parts of the the documents , and the
requirements overlap each other. This is partly because of the fragmented

nature of the early planning and study efforts which are formulative and

invest igatory . Another facto has been the lack of guidance in requirements

eng ineering and the orientation of engineers to the spec ification

documents. The specif ication documents in many instances are products

wr itten to meet acquisitio n needs and schedule rather than repositories of

qual ity requirements.

4.1.3.2 Discrete Requirements: Figure 2 illustrates the first

characteristic of quality requirements: discreteness. The key to

i dentifying discrete requirements is to break the source documentation into

i n d i v i d u a l  parts which represent non -o verlapping requirements.

Re quirements shou ld then be categorized as functions the system must

accomplish or as system constraints (performance , physical , operability ,

test , design). At this point missing or incomp l ete requirements can be

more rea di ly ident i fied. This itemization and categor ization of

requirements introduces clarity , whereas the source documentaticn may be

overstated , ambiguous , redundant , incomplete , and inconsistent . This

itemization also provides the basis for ve rifying the quality of the

requirements and the ab~lity to test the requirements in the target system.

4.1.3.3 Organization of Requ i rements: The second characterist ic of a

good statement of requirements is the arrangement of the requirements in

effect ive ways of additio nal analysis and for communicating these

requirements to the us ing agency and to design engineers . The

i dentification of discrete requirements provides some awareness of

om iss ions and gaps in the requirements. This awareness is further

heightened by organizing the requirements in various ways which identify

all the relations hips among the discrete requirements (Figure 2).

_ _ _  _ _ _ _ _
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These relat ~onsh ips a re  logical organizationa l relationships , system flow

relatio nshi p s , and requirements traceability relationshi ps. The following

paragraphs discuss these relationships.

4.1.3.3.1 Lo~ ical_ O rg an iza t i o na l  Re1at i onsh~ps - Logical organizational

relationships are shown by structuring the discrete functions and the

information requirements (external and internal input ! output) of the

system into hi e rarchical structures. The concept of a functional

hierarch ical structure (Figure 3) was introduced into military systems

development through initial systems engineering practi ces dating back to

the 1940s. This concept has been maintained in military systems

development and documentation throughout the 1960s and is an integral part

of the current m u itary standards for system documen tation , i .e. ,
M IL- STD-490 [4], M IL-S TD- 4~ 3 (USAF ) [5], DoD 7935.1-S [16]. Current
techni ques for system development , such as the Hierarchical I nput -Output -
Process (HIPO [17]), visual table of contents and automated requirements

anal ysis tools (PSL/PSA , CADSAT), retain the princip les of func ti onal
hierarchical structures for con~nunicating the functions to be accompli shed

by the system and the relationships between the functions. This form of

organization provides a view of the system as an aggregate of functions

broken into a logical arrangement of subord i nate discrete activities which

mus t be performed . A sample portion from the Logicon -Extended CADSAT

Structure Report (Figure 4) demonstrates the functional break out of a

space system ’. T hi s sec ti on of the re por t shows the h i era rch i cal
breakdown of space-system- x into discrete functions. Each breakdown of the

functions is denoted by the i ndented format and the hierarchy level num ber.
For exam ple , boost breaks down into four level 4 subfunctions . Over the

course of requirements engineering, many missing or incomplete functions

can be directl y identified from the functional hierarchical structure.

1 Figures 4, 8, and 9 are CADSAT - l ike reports based upon the space-
system-x example contained in AFSCM 375-5 , attachment 2, pp. 128—130
[1]
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Figure 3. Functional Hierarchical Structure

19 

i -i
_

~

__ i - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- _ _ _

flJ

~1’

.~~ .~~~~~~~~~~ - -w- -- 

-

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4

•1~

~1’

- -- p—
~~~~~~~~---.~~—. -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - 

~~~~~~~~~~~~~~~ 
---— - -_____________



The discrete system inputs and outputs (external I/O), and the internal
information requirements necessary for the system ’ s operation can be
logically structured in the same manner as the functional hierarchy (Figure
5). The emphasis again is the arrangnient of the informat ion requirements
into structures by breaking the informat ion into logical subordinate parts

or simply i nto groupings. A well-organized structure is effective in

communica ting the I/O requirements and for identifying incomplete or

missing I/O.

4.1.3.3.2 ~ystem Flow Relationsh !p~ 
- System f low rela ti onsh ip s can be

shown by organizing the discrete requirements in terms of control fl ow

(Fi gure 6) and information flow (Figure 7). As the functions of the systevi

are defined , the control rel ationships between them are identified. These

control rela tionships describe the logical order in which the system

activities should be accomplished to satisfy the system miss ion and

operational requirements. Figure 8 is a control-flow report for a portion
of the space-system-x. In this report (CADSAT Process Chain) the fl ow of

control is from left to right. Any number of CADSAT process chain reports

can be generated to provide the analyst with a comprehensive understanding
of the system control flow.

Control -flow analysis provides a means of viewing the system from an

activity-oriented perspective and is often referred to as functional -flow

analysis. As a result of this anal ysis , the requirements are viewed in a

well-or ganized manner and missing or incomplete functions and relationships

between the functions are identified . Final control-flow documentation

becomes another effective means for communicat ing system requirements to
design eng ineers .

On the other ha•nd , information flow analysis bu i lds upon the I/O
hierarchical structure by providing a means of viewi ng the system from an

information systems perspective. During this anal ysis the flow
rel ationships between external system inputs and resultin g outputs are
identified (Figure 7). Quite often the most effective means of performing
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information — flow analysis is to trace an output back to system inputs ,
either external data , messages , or stimuli. As a result of this analys’s ,
the various rel ationships between the associated functions and the interna l
information necessary to support the derivation of the output are
identified. Control -flow and information-flow analysis will identify
necessary changes and ad ditions to previously defined functions and
constraints as well as to the hierarchy structures and other previously
defined relationships. Mi ssing or incomplete requirements can be
determi ned and the deficiencies corrected.

Requirements engineering for systems which are primarily activi ty oriented ,
such as command and control systems, will be concentrated on control-flow
analysis as opposed to information-f low analysis. Other systems such as ri
commun ications or management informa tion systems , may be p r i m a r i ly
information -processing -oriented. In these systems the requirements
engineeri ng activities will concentrate on information -flow analysis rather
than cont rol-flow analysis.

4.1.3.3.3 Tracea bility Relationships - Identification of system

traceability relation ships is another effective seans of identif ying
incomplete or mis sing requirements. During the rcMuirements engineering
activities , source documents are referenced for each requir ement
identified . Requirements traceability analysis provides the analyst with a
means f verifying the requirements by link i ng each requirement to all
source documentation. Requirement s Traceability Reports show the
traceability between requirements contained in separate requirement s dat a
bases. Figure 9 traces the requirements from a higher level specification
of the space- system-x to the allocated requirements contained in the next
level of specification.

This form of analysis is pert i nent to validating the require ents.
Relationships can also be defi ned to other pertinent studies , analyses , and
plans wh i ch are being accompli shed concurrently with the requirements
engineering activities , such as program management directives and plans ,
system sizing and timi ng studies , prototyping, simulations , test planning,
and the like. System test requirements (quality assurance), as we l l  as

26

r 
- 
, 

- — - _,-- ~~~~~
-

-~~~ - ~~~~~~~~~~~~~~~~~~~~ .__._~ __~~• j ~ - - -———--——-~~~—. I - •~ 
-- -..



-liii
C C O I C U .  0

A) C C O C I V U

E
— St S I I C  IC — —  .C
0 5 4) E C. 41 I U 0’

O’ I VC O I I’  0 U. 0) -— C . ~1.1 C I I I.. I U. a_I CI .C C .—
-~~ 5- -- — S. V )) UII SC C) CI I..
I— ~~I C St I C.-  C C I I

I D CC . - C0 e C U  I t S  0
o CI 01 ID I U. U 05- I I I CD.

It -— C V I 01— C 0 0) 0) a)S I A U A C I C C S V4) I tO 0  V G IC C . . 10I
— U I  S . -~~~~~~O C S .-  S ,.- U. C. .I 0 4 1C
0 . 0 1 0 1 4 1 0 0 0 1 I t .  I ) )  C U A C . n . 4.I
0 4 1 C C  I U. I - U . I CO C  E C~~~.. C . U A

~~~~~~ C C’ V I t U~~~~~ .-I 0 E lI- I C E  I
~~ E 01 0 1 0~~~~~ C I 0 ) C C L 1  O E U . O 0  .4_I

X 0 C C C~~~~~. - UC . —  I UJ~~~~~ 0 C 0 . . I
>. C a_I 41 4 I  * )*J  0 C IC 0) 5 4 . )  I I S. 0. I I

It It IC I U. ~ C. S — .C C V S.- 0) C V
C C I  I U .U . C IC IA GI IC CI....I C C  1 4 1 C C
0 I V V C C  I SC I C I C ... I C .... I - - C

>, C C ) ) 4 - I E C 0 0 5 - . .GI C I I  I ,.I .~~~~CD U. c\J e..~~ U I tC  I~~~~~~~ E lI. CI C G ) 0) I IC 4)
S.) C I I  1 0 ) 1 4 ) 4 1 1  IC U . U ’ 0 1 G J U . O U I I  a)- -  E O 0  I U~~~~4)~~~~ U. I C S ) a~

1 I C C C C I C U~~~~ UI 1  U’ C. Q) ..~I C C . I  U.
U.~~~~~~~ 01~~~~I t E I t a _ I V 4 1 I  41 4 1 ) ) G I C.C
C. C CC C I .

~~~ W I._ I._
~~~~~~CI~~~ It O) I I)I I tO 4 1  S...

I I  a _ I C  I I. I I t C C~~~~ I S . C  1 1 1 1
C C ) 0 ) U AC >I I >I S . C C IC 4) I 0 U . 0 141 C14 —
V V V I - C V IC U 0) It V V >1 0 V V I
— 0) 0.- C.-  41 I I I 4.5 ,.. 01-. CS . 0) Il)
> > > 4 1  C I C .~~~ C. O V . - . . I  U . >  U . . .I ... > >~~~~ 4_I
0 0 O C - * I t 0 I tC C . —~~~~~ 0 O0 ) a _ l CO 0 IC C
C. C. C. It C V CI 0 It I. C U’ SC C. 0) .1 E C. C. III a)

Ea)
L

I 1

O
C-

C. - CD CD a)
L~~~~ CI~~~~~~~~~~~~~~~~~ (~)~~’- C ( ’J

—— CD A) A) A) A) A) A) A) A) A) ~~l A) A) A) A) A) A) I~lI A) A) A)

~~~~~~ ~~~~A ) A ) (. )A ) A )~~~~~~~~~~~~~~~~~~~~~~~~~~ A) A ) A ) A rI A _ A )
C
-J E - -S.)C
C. U.J C. +
U- VS

I- a)
z U

C. (0r I I I I I I I I I S I I  I I I I I I I I

F U.) 0 ) 0 ) 0 ) 4 1 0 ) 0 ) G I W 0 1 4 1 0 ) 0 J W 0 ) W G I W 4 1 G I 4 1  a.
C. 0 1 0 1 0 1 0 10 1 0 1 0 1 0 1 0 1 0 1 0’  ~~I 0 1 0 1 0 10 1 0 1 0 1 0 1 0 1
— I D C C C C I DC I D C I D C S t I C C I D C C I CC C

C. 0 o~~ ’ *~ *1*1 o .)o) 4.) 4.5 4.5 4.1 ) 4.1 *4 4.5 4.) 1.1 4.) )) *4
O la) I t U ’ I A U A I A U A U I I AI A U A 4 1 I t U I U A 4 1 4 1 I A U I I A41
U.J X I I I I I I I I I I I I S I I I I I I I

CD ~~~ C C C C C C C C C C C C C C CC C C C C C
LI ~~ 0 0 00 0 00 0 0 0 00 0 0 0 00 0 0 0
— 4.. III 4 1 4 1  It It 41 UI It It It UI Ut It III It I/I It IA It It

4_I a_I 4.1 4) 4.5 )) )) 4.1 4) 4.) 4.1 4.4 4) 4.5 4) 4) 4.4 4.) -CI ).)r ~~~~~~~ — * 14.5 4.) 4.) a_~ ~ -~ ~~~~~~ -~ .-‘ 4)
— G I G I 0 ) G I 0 ) 0 ) 0 ) W G I 4 1 0 ) 4 ) 0 ) 0 ) 4 1 0 1 W 0 ) G )0)

~~~~~~~~~~~~~~~~~ -I--I i i I , A ) I )~~~~~~~~~~~~~~~~~~~~~ ,

Li

I-x
4<

0 — 
-J L I Z
U- A) A) (I) A) A) A) A) A) A) A) A) I_) 1) A) A) A) A) A) A) A)
U,

0. N. 1. N. N. N. N. N. N. N. C.. N. N. N. N. N. C. N. P. N. N.
U)) 4.- C

C. C. A) A) A) A) “ A) A) A) A) A) A) A) I.~ A) A) A) A) A) A) A)
I)) .C~ 3
S.)C
C. C.
U)~ 0.0.

27

_ _ _  _ _ _  

-• 
_ _  

_ _ _ _ _ _ _ _ _

- - - _____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- - _~ +~~~~__  —- — - - - - -~~~~ -_ ~ 

I 
-



-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
—

~~~
- - --.. —

subsequent test p lans , procedures , and reports, can be effect i vely rel ated
to the system functional requirements. The l inks to associated system
plans , analyses , and studies accomplished prior to, during , and subsequent
to the start of formal requirements engineering are crucial to the overall - 

-

systems engineering concept . The traceability relati onships also provide a
bridge between requirements eng i neering activities and subsequent design
and imp l ementation of the system , since the requirements can be traced from
functional specifications (Type A), development specifications (Type B), to
product specifications (Type C); trace relationships can continue into
system test activities during the later phases of the system acquisiti on.

Throughout the requirements eng i neering activi ties , the analyst must be Ci
able to evaluate the impact of changes to the requirements. Whatever the
reason (policy , economics , study or analysis results , engineeri ng change L
p ro po s a l s , etc.), the analyst must be in a posit ion to determ i ne the
ramifications of changes to the system requirements. Once the area of

impact is identified in the requirements engineering products (functional
and I/O hierarchies , control and i nformation-flows , etc.), the traceability
relationshi ps provide the capability to readily identify associated impacts H
to the system and to trace the impacts to all other associated
documentation such as the program directives , plans , studies and analyses,
test plans , assoc iated system specifications (Type A and Type B, etc.) and

the like. The i mpact can be readily analyzed and the appropriate acti ons

taken.

4.1.3.3.4 Suuiila ry

D iscrete and we ll .I) r~ dn i ze d requirements support the primary goal of

defin ing the operanonal mission needs of the using activity while giving

the ana l-~st v isi b ili ty and control over the system definition process.
Discrete and wel~-oryanized requi rements are prerequisites for the creation
of good Type A and B specifications.

4
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4.1.4 System Requ i rement Types

4.1.4.1 Introduction : Understand ing the various system requirements
types and their use contributes significantly to the identification of

discrete requirements and , therefore , quality requirements defin itions. L
System requirements fall i nto two sets: the functional requirements and
the constra i nt requirements (Table 1). The remainder of this paragraph

describes each of these requirement sets , ident ifies their components , and
discusses the relationships between them . The Requirements Engineering

Gu idebook (Volume III) contains a more extensive description of the system

requirement types.

4.1.4.2 Functional Requ i rem ents Set : The functi onal requirements set is

the backbone of the system requirements engineering process. It is within

this set of requirements that the pure desi g , -free or solution i ndependent

needs are declared . Simp ly stated , the func ti onal requi reme nts represen t

the total disc r&~te system activities require .l to achieve a specif ic
objective. A functional requ i rement identifies what must be accomplished
without identif y in g any aspect concerning the means such as hardwa re,

com puter p ro grams , personnel , faci l ities , or p roce d ura l  d a t a. The
func tional requ irem ents represent a problem statement devoid of an y
overtone or specifics regard ’ng real or conceptual solutions wh ich satisfy
any or part of the needed functions . Some examples of discrete top- l evel

functions for an electronic system night be surveillance , tracking,
identificat ion , i nterceptor control , an d communications.

4.1.4.3 Constra i nt Requirements Set: The second set of requirements is

the constra i nt set , wh ich consists of five requirement types: performance,

physical , operability , test , and design (Table 1). The constraint set

modifies the functiona l requirements set. Without the constra i nt set ..i

solut ion for satisfying the system functional requirements could not be

achieved. However , excess ive or unrealistic constraints can el iminate all

solutions or increase the technical risks and cost of the solut ion.

Therefore , the i dentification of the constraint requ i rement set must be

achieved with care. Whenever specific constraints are identified , there
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Table 1. System Requirement Types

The set Of discrete functions which
FUNCTIONA L ident i fy the pure design free or
REQUIREMENTS solution i ndependent needs of the system

as a whole. The functional requirements
(functions) identify what must be accompl i shed while

avoiding solution statements or overtones.

How wel l the system
PERFORMANCE funct ions must be

accomplished ,such as
timel i ness and accuracy.
Also called performance
character i  st ics ,
M I L -S TD - 4 90 .

Infl uences the design
solution in a physical

PHYSICAL manner: power, size ,
weight , environment ,
human factors, ex i st i ng
system interfaces , GFP ,
etc. Also called
Physical Characteris-

SYSTEM tics , MIL-STD-490.
REQUIREMENTS

Reliability , maintain -
CONSTRAINT OPERABILITY ability , availability ,

REQUIREMENTS dependability .

(Constraints)
Identify the functional ,
performance, physical ,

TEST operability , and
design requirements
which will be evaluated
during system integra-
t ion and test.

The minimum or essen-
tial design and
construction require-
ments which are a
constraint on the
functional require-

DESIGN ments of the system
dur i ng the des i gn and
construct ion of the
system end- i tems
(CIs/ CPCIs). Also
called Design and
Construction , MIL-STD-

______________ ___________________ 
490.
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must be sufficient justifi cation , suc h as an engineering anal ysis , which
clearl y shows that the constraint is reasonabl e , necessary , and
practicabl e , and represents an actual requirement and not just a desir able
feature . The five constraint requirement types are di scussed in the
followi ng paragraphs.

4.1.4.3.1 Performance Requirem en ts - Performance requirements ident i fy
“how we ll 1 ’ the functions of the system must b e accom p l i she d . These
requirement s are the essential quantifiable statistical parameters upon
which the successful accomplishment of system functions can be evaluat ed ,
such as timel iness and accuracy.

4.1.4.3.2 Physical Requ i rements - Physical requirements constrain or
significantly influence the design solution in a physical manner. The
physical constraints includ e power , physical features (size and wei ght),
environmental considerat ions (controlled or natural), human performance
capabiliti es and limitation s (human factors), predeterm i ned internal and
external system i nterfacing, use of ex isting equipment (off-the-shelf) and
Government Furn ished Property (GFP), and use of standard parts.

4.1.4.3.3 Qperabil ity Requ i rements - Operability requirements include
system avail abi lity , and dependabili ty. Avail ability incorporate s the
aspects of rel i ability and ma i ntaina bility ; dependab ility incorporates
the aspects of surv iva bility and vulnerability (Sly), an d e x t e r n a l
electromagnetic interference. Each of these operabilif7 categories is
influenced by design re lated issu es , policy relat ed impact , or
non-controllable factors .

4.1.4.3.4 Test Requirements - Test requ im-ements im~’ac t the desi gn p rocess
and the resulting system config urat i~ - ,. The test requirement s are
identified separately from other requirem ent Lypes to empha size the
importance of the testabili ty of the system requirements.
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I
4.1.4.3.5 Design Requ i rements - Design requirements represent the minimum

or essential design and construction requirements which are not addressed
by the previously described constraint requirement types. During the

initial phases of systems requi~rements engineering, certain design and
construction standards may be specified directly or by reference to o~~. -r

spec ifications or standards. As the system development continues ,

eng i neering analysis and trade study results (as well as other engineering

activities such as prototyping and simulations) may indicate the need for

additional design constraints which are practicable and necessary for the

sys tem ’s operation and maintenance (O&M).

4.1.5 Requirements Engineering Procedure

Requirements engineering is an iterative process of defining the system

re q u i reme n ts an d a n a l y z i n g the i n teg ri ty of the re q u i remen ts fo r
completeness , consistency , testability , and traceability . As the process

continues the system requirements are defined and analyzed in progressively

expanding manner. The definition and analysis activities will move from

one area of concentra tion to another as the results of previous activities

reveal areas needing additional work . No singular approach can be rigidly

defined and app lied wh ich can take into account the many possibilities

which must be considered . However , guidelines for requirements engineering
and associated tasks can be defined and then ta ilored for specific

requirements engineering app l ications. The followi ng is a synopsis of the

requ i rements engineering procedures contained in Volume III , Requirements

Eng i neering Guidebook. ThI i ;c- -al framework for requirements engineering
is illustrated in Figure 10. Each block represents a unique requirements

engineering activity which must be accomplished in defining and analyzing
system requirements. There is a con tinual interaction between the
activities of each block , and although each block appears as a single
act ivity , it is in fact part of a continuum . Selection of an actual

ap p roach tor a g iven ap p l ication is one of the tasks (BLOCK 2).
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The activities identified in Figure 10 may be organized into five general

steps. In Step I (BLOCKS 1-2) pertinent source documentation is identified
and rev i ewed , the analysis team develops a requirements engineering plan
which identifies the resources required and the specific approach to be

taken in performing the remaining requirements eng i neering tasks (BLOCKS
.3-14) . Step ~ involves identify i ng and organizing the activity structure

(BLOCKS 3-b) and information structure(s) ot the systermi (BLOCKS b-8). The

requ i rements eng i neering tasks associated with BLOCKS 3-5 are concentrated

on analyzing the system source documentat ion in terms of activiti es
performed by the system. If the system is primaril y activity oriented ,

such as a comimmn and and control system , the analysis activities may be

concentrated on the tasks identified in BLOCKS 3-5. If on the other hand ,
the system is prim a ril y information oriented , as i n  th e case of a
communications system or an automated data processing systeni (ADP)

application such as a manage m ent information system , the analysis

act ivities nay be concentrated on the tasks associated with BLOCKS 6-8.

Generall y the analysis team performs the activities associated with BLOCKS

3-5 and BLOCKS 6-8 concurrently. During Step 3 the flow of control between
system functions (BLOCK 9) and the flow of information into , within , and
out of the system (BLOCK 10 ) can be defined and analyzed. Step 4 i nvolves

analyzing the systemmm requirements for testability (BLOCK 11 ) and preparing

required specification documents (BLOCK L~). Step 5 cons i st s of two
activities which are continuously performed in conjunction with the
activities of BLOCKS 3-12. Source documentation references are maintained

for each requ i rement i dent i f i ed and traceability analysis is performed
(BLOCK 13). Various consistency and comp l eteness checks (BLOCK 14) are

also accom p lis hed .

The following paragrap hs are a con dense d presentation of the tasks

corresponding to the 14 blocks di agr ammimim ed in Figure 10. Volume III

contains a more detailed descri ption of the activit ies to be performed ,

inc l ud i ng a description of Conceptual and Validation Phase issues.
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4.1.5.1 Identify and Review Source Documentation (BLOCK 1): During this
task the requirements analysis team indiv idual ly  reviews the source
documentation in order to become familiar with the overall system
requirements. The review of the source documentation and the assessment of
requirement types are prerequisites for developing the requirements

engineering plan (BLOCK 2).

4.1.5.2 Produce Requirements Engineering Plan (BLOCK 2): After rev i ew
of the source documentation the analysis team determines the speci fic
approach to accomplishing BLOCKS 3-14. This approach takes into account
all available resources including personnel , schedule , and financial S

considerations. The planning includes the methodology to be applied
(tools , techniques , conventions , etc.) specific tasks to be accompl ished ,
personnel assignments , resource descriptions , schedules and milestones ,
preliminary and final documentation to be produced (BLOCK 12), progress
reviews and quality assurance procedures. If automated tool s are selected
to assist in the requirements -definition and analysis of the source
documentation , features of tools to be employed are determined . The
results are described in a requirements engineering pl an.

4.1.5.3 Identify System Functions (BLOCK 3): During this task the
source documentation is analyzed and the system functions , necessary to
control or produce the desired outputs from the available input s, are
identified. A function is a discrete activi ty within a system . The
collection of discrete functions , defines the total activities which must
be accomplished by the system to achieve a given objective. The functions
identified range from high level (first possible functional breakout of the
system) to detailed l ower level functions which represent finite , distinct
actions to be performed by system equipment , computer programs , personnel ,
facilities , procedural data , or combinations thereof. Each function is
given a unique name conforming to the function name in the source
documentation or its characteristics. The requirements definition and
analysis activities associated with this task are oriented toward
identifying the actual user functional requirements which are necessary to
achieve the mission objective. As each function is identified and named ,
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I
the primary and secondary references to the source documentation are
maintained (BLOCK 13). Each function is supplemented by a description of
the function and its purpose , a statement of the conditions under which the
function is activated , and ~ description of the system external and
internal inputs/outputs that the function wi ll receive , use , or generate.
The latter descriptions serve as a basis upon which the requirements
engineerin g activities of BLOCKS 7, 9, and 10 will proceed.

4.1.5.4 Organize Functions into a Hierarchical Structure (BLOCK 4) -

In conjunction wi th identifying the system functions as described in BLOCK
3, the functions are arranged into logical hierarchical structure diagrams
(Figure 3). This form of organization is suited for structuring system
functional requirements in a logical arrangement for communicating system

functions and the rel ationships between the functions to design engineers.
This form of organization provides a view of the system as an aggregate of
functions broken out into a logical arrangement of subord i nate di screte
activities which must be performed. This logical form of organization is
distinguished from the control-fl ow (BLOCK 9) and i nformation-flow (BLOCK
10) forms of organizing system functions. The functions of the system are
grouped into higher level s of organiztion representing the first possible
breakout of the system . Upper- l evel functions are refined by the
identification of subordinate levels.

Each l evel of the hierarchy is limi ted to six functions or less. The
desi re to limit the number of functions at each l evel is similar to the
need to limit the number of lines of code in a computer program. In the
latter case the problem is not that the computer can not handle l arge
programs , but that the understandability of the program is enhanced in the
human sense. The same is true for the hierarchical breakout of the system
functions. Experience and study has shown that a l imit of six is helpful
[18]. The object of the functional hierarchical presentation is to provide
a greater human understanding of system functions.

In a functional hierarc hy the sum of the activities of the functions on a
given level is equal to the activity at the next higher level in the

hierarchy. This principle means the total system activities are defined
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by the functions at the l owest level in the hierarchy .

4.1.5.5 Identify System Constraints (BLOCK 5): In conjunction with the
identification of system functions and organizing functions into a
hierarchical structure , the analysis team will identify all system
constraints. The constraint requirements are limited to system
performance, physical , operability, design. Test Requirement constra i nts
are addressed under BLOCK 11. Constraint requirements are derived from
available source documentation or from the results of trade-off studies ,
feasibility studies or advanced development studi es. Constraints which are
not clearly justified from available documentat ion are elimi nated from H
consideration until documented justification is available. All constra i nt
requirements are stated in specific quantifiable parameters, either as a
single value or range of values , inclu ding the unit of measure, limits ,
accuracy or precision , and frequency.

4.1.5.6 Identify System Using Activities (BLOCK 6J: Using activities
(organizations , operational units , or operator positions) which interact
with the system are identified. The identification of using activities
provides the basis of information-flow analysis (BLOCK 10). The
identification includes the names of using organizations identified in the
source documentation or through other determinations such as human
engineering studies. Lower level position names , such as specific operator
positions are identified and described to the level of detail required for
the associated functions.

Using activities are a form of design constraint but are separately
identified to support other requirements engineering activitie s such as
i nformation-flow analysis. Whenever using activities are identified , there
must be sufficient justification , such as engineering analysis , which
clearly shows that the using activity is necessary and represents an
absolute requi rement and not just a desirable feature.

4.1.5.7 Identify Externa l System Inputs -Outputs (BLOCK 7): In
conjunction with identify i ng the using activities , the analysis team
will identify the output (responses) required from the system. Output
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information consists of system messages and reports necessary for the
operation , ma intenance , control of the system, and support of the mission
objectives. Subsequent to each output being defined , the associated system
inputs (s t imu l i )  are identified. The input information may be used
di rectly from the external source or used by the system (see BLOCK 10) to

derive all or part of an output. Inputs and outputs are associated with

their respective sources or destinations. These sources and destinations
may be the using activities or external systems. Additional i nformational
requirements , such as interna l information necessary for the system’s ‘H
operøt~on , are identified during BLOCK 10.

4.1.5.8 Structure System Inputs-Outputs (BLOCK 8): Concurrent with
BLOCK 6 and 7 activities , the system inputs  and outputs (I/O ) are arranged
into hiearchic al structure diagrams (Figure 5). The emphasis on the I/O
hierarchical structures is to organize the I/O and their subordinate parts

into logical organizations or simply into groupings of i nformation.

Structuring the I/O is an effective means of identifying incomplete or
missing I/O requirements and for communicating the input and output

requi rements to design engineers. Parts of 1/0 identified during BLOCK 7

are associated with other I/O and organized into hierarchical structures.
Changes and additions to the I/O hierarchical structures may be required as
information -flow analysis (BLOCK 10) is accomplished . The upper parts of
the individual I/O hierarchical structures are equival ent to the aggregate
of the subordinate parts in the hierarchy.

4.1.5.9 Perform Control -Flow Analysis (BLOCK 9): After the functions of

the system are identified (BLOCK 3), the control f low between t he funct i ons
is described in control-fl ow diagrams. Control-fl ow analysis provides a
means of viewi ng the system from an activity -oriented perspective and is
often referred to as functional-flow analysis. The control flow diagram
(Figure 6) describes the sequential flow between the system functions .
The control flow diagrams indicate only the relationshi p between system
functions and does not imply any lapse in time or intermediate activity.
Conditions which determine the flow directions are described using the
followi ng control—flow relat i onships as illustrated in Figure 6.
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SERIES This is a sequential relationship between two or more
activities. This relationship is assumed unless an AND , OR ,
or UTILIZE rel ationship is indicated in the flow path.

AND Activities preceding the AND must be accomplished before the
flow may continue .

OR Any one of the alternate paths may lead to the next activity.
The conditions upon which the alternate paths are selected
are associ ated with the OR.

UTILIZES This relationship indicates that a function on a path is
dependent upon the use of one or more other functions in
order to accomplish its activities. A single function or
sequence of functions may be defined once and utilized as
frequently as necessary in the control flow without having
to be redefined (replicated ) for each use.

4.1.5.10 Perform Information-Flow Analysis (BLOCK 10): This activity
builds upon the I/O hierarchical structure (BLOCK 8) by providin g a means

of analyzing the system as an information processing system (Figure 7).
During this analysis , the flow relationships between external system inputs

and resulting outputs are identified in i nformation-flow diagrams. These
diagrams provide the basis for determinin g that each I/O is used , derived ,
or updated. An effective method of i nformation-flow analysis is to trace
an output back to the system input : external data , messages, or stimuli.
This method permits the rel ationships between associated functions and the
internal i nformation necessary to support the derivation of the output to
be identified. The flow associations between system information are
described using the followi ng i nformation-flow relationships as illustrated
in Figure 7:

USES This rel at ionship indicates that a function on the path uses
external i nformation (external i nput ) or internal system
information (interna l input ) in order to accomp lish its
acti vities.
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DERIVES This relation ship indicates that a function on the path
derives either external i nformation (external output) or
internal system infonimation (internal output) as part of
its activities. -

UPDATES This relationship indicates that a function on the path
updates internal system information as part of its
act ivities .

The inforn iationa l flow indi cates the relationship between system

functions and system information (external and internal system I/O) and
does not imp ly any lapse in time or intermediate I/O being used , derived ,
or updated . These rel ationships are identified for each level in the
information hierarchy . As the information analysis continues , the
relationships are allocated to l ower levels in the information hierarchy as
the I/O is identified (BLOCK 7) and structured (BLOCK 8).

For the purpose of information-flow analysis , the us ing activities
identified during BLOCK 6 are integral to the definition of the system as
an aggregate of hardwa re , computer programs , personnel , faci l i t ies , and t
procedural data. The re lat ionships between the using ac t iv i t i es  are
described using the following information-flow relationships as illustrated
in Figure 7:

PROVIDES This rel ationship indicates that a using activity is the
source of the external input.

RECEIVES This rel ationship indicates that a using activity is the
recipient of the external output .

4.1.5.11 Perform Test Analysis (BLOCK 11): Test requirements identify
the system requ i rements which wi l l be evaluated during system integration
and test. The principle objective of test analysis is to identify which
areas in the system definition shall undergo formal test and verification.
This is achieved by identifying test points on the control-flow and
information -flow paths (Figures 6 and 7). As the control flows and
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i nformation flows evolve , the analysis team determines test po i nts on the
flow paths. These test points are added to the flow paths at the selected
test data sampling locations . The selection of test points is accomplished
concurrent with the test planning activities. As test cases are determined
by analysis of the control and i nformation flows , the test points are
described and associated with test p lans and procedures.

The association between system test plans , analyses , and studies documented
prior to , during, and subsequent to the start of formal requirements
engineering is crucial to the overall requirements engineering concept.
Documented test objectives preceding formal requirements engineering are
analyzed . As a result , test points in the control and i nformation fl ows
are selected which provide data for various test cases which support
testing objectives.

4.1.5.12 Prepare Specification Documentation (BLOCK 12): The preparation
of specification documents is accompl i shed in accordance with MIL-STD-49O
as supplemented by MIL-STD-483 (USAF). Specifications serve to document
the system requirements throughout the system acquisition life cycle. In
Air Force acquisitions these documents are an integral part of the
management concept : configuration management , data management , system
integration and testing, and contracting. The system requirements
definition and analysis activities (BLOCKS 3-11) provide the basis upon
which the preparation of specification documents proceeds. The products of
BLOCKS 3-11 (functional hierarchical structures , I/O hierarchical
structures , control flows, and i nformation-flows , etc.) are incorporated
directly i nto the specification documents in accordance with the prescribed
format of MIL-STD-490/483. All requirements in the specification documents
are traceable to the products of the requirement s engineering performed as
described in BLOCKS 3-11. Therefore , each specification document is
cross-referenced to the requirements engineering products (BLOCKS 3-11).
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Volume III (Tables 2 an d 3) provides a cross-reference between the

requirements engineering activities described in the guidebook and the

associated paragraph requirements in MIL-STD -490/483 (USAF) for Type A ,

system/segment specifications and for Type 85 com p u t e r  p r o g r a m
configuration item specific ations.

4.1.5. 13 Perform Traceability Analysis (BLOCK 13): System requirements
tracea bility is another effective means of ident ifying incomp le te or
missing requirements. Traceability gives the analyst a means of verifying
the requirements by l inking each requirement to the varying forms of source

documentation such as program directives and pl ans , studies , analyses , test

p l a n s , assoc iated specifications (Type A , B, etc.) and the l ike.

Throughout the requirements engineering activities (BLOCKS 3-11), each
requirement is associated with the sources of the requirement (source

documents). Two forms of references are provided : primary and secondary

source references. Primary source references refer to specific paragraphs
in source documentation which are the origin of the requirement. Secondary

source references refer to specific paragraphs in the source doc umentation
which provide information about closely rel ated requirements , discussions

of the rationale about the requirement , or other useful background :
i nformation.

4.1.5. 14 Perform Cons istency and Comp leteness Analysis (BLOCK 14):
Throughout the requirements engineering activities (BLOCKS 3-13), analysis

of the consistency and completeness of the requirement s definition assures
the integrity of the system being defined . Associated with each require-
ments engineering activity are various consistency and completeness checks
which are performed concurrent with each block.

4.2 Reguirements Engineering Tool Capabi lities

An abbreviated list of the automated tool capabilities which support the

activities described in the Requirements Eng i neering Guidebook (Volume III) H

is provided in Appendix D. The followi ng paragraphs describe the role of

automation in requirements engineering and suninarize the automated tool

capabilities presented in Appendix 0.
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4.2.1 Intrinsic Capabilities of Automated Tools I -

Automated tools like CADSAT assist requirements engineering four ways:

• Provide a medium for formal requirements definition

• Perform rudimentary analysis

• Produce documentation

• Permit a flexible , iterative approach to requirements definition

Automated tools like CADSAT incorporate a language which permits formal
definition of essential aspects of the requirements. The computer can
manipulate the i nformation described in this language to hel p the analys t
perform necessary tasks. The computer can serve a search and retrieval 

I 

-

func tion. Automated tools can readily produce timely docum entation.

Because the computer stores information electronically, changes are made
easily. This capability allows the analyst to take an iterative approach - -

to requirements definition. The requirements may be defined by making
successive refinements.

Automated tool s do not directly analyze the source requirements. Automated
tools analyze , in a rudimentary , non -creati ve way , information about
requirements which have been recorded in a specific language and entered

into a computer (in a requirements data base). A successful automate d tool
must hel p the analyst assure that the information in the requirements data
base does indeed reflect the system requirements.

4.2.2 The Automated Tool

Automated tools like CADSAT consist of two parts , a language and an H

I 
analyzer. The language provides the means for describing the requirements
for functional and development specifications 1. The report langua9e and

In Air Force system acquisitions the functional specification is the
system/segment specification (Type A , MIL-STD-483 (USAF), Appendix
III) and the development specifications are Type B specifications. The
Computer Program Configuration Item Specification (Type B5, MIL-STD-483
(USAF), Appendix VI) is the primary development specification addressed
in this study.

43

- 
-
~~~~( - - 

~~~~~~~~~~~ ~~~~~

~ 

~~~~~ - - -‘~--- - •~~~~~~~~- ~~~~~~~~~ —



-_- _
~~~ —-~~- -~~~~~~~ ----— 

~1

anal yzer can be use d by the analyst  i n com pleting the tasks described in

the Requirements Engineering Guidebook (Volume III). The tool should aid

in the formalization of the requirements in the requirements data base and

hel p to ensure that all of the requirements in the source material appear

accurately in the requirements data base. The tool should help the analyst
assure t he completeness and consistency of the requirements in the

requirements data base. The tool should produce the necessary system

docume ntati on .

4.2.2.1 The Language

The language objects and relationships described in the ~o l l o w i n g
para gra ph s i ncor pora te a l l  the system requ i rements an d prov i de the means to
analyze the requirements through automated means.

4.2.2.1.1 Lan guage Objects - The “nouns ” of a requ i rements definition L
lan guage are called objects. For example , there are objects for describing

system functions and other objects for describing the various kinds of

constra int requirements: performance , phy sical , operability , design and

test. The source document reference is another object. The tracekey

permits requirements from one set of documentation (represented by one

requirements data base) to be linked to another set (represented in a
second requirements data base). Tracekeys are either source references or
un ique identifiers for the requirements in the second requirements data

base. The analyzer generated uni que requiremen t identifier is also an

object.

Other objects describe system external and internal inputs and output s

(I /O). These permit the definition of both physical and logical I/O

structures. The physical data structures are formal associations of I/O

which are necessary to describe the system (Track numbers are alway s
associa ted with certain other tracking data , for exam ple. ) or are

predetermined external constraints. (A specific message structure might be
mandated by circumstances.) A logical I/O structure is simply a collection
of inputs and outputs associated only for the convenience of the analyst.

- ~~~~~~~~~~~~~ _
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Each object is named. For instanc e , the requirement , “ sense stage
separation signal from automatic systems,” is a functional requirement and
might be entered in the requirements data base as a function object cafled

sense-sta ge-separation-si gnal-from-auto- systems. H

The few objects described above are sufficient to formalize the
requirements and will permit extensive automated analysis. Depend i ng on

the application of the automated tool , not every aspect of the requ i rements
has to be formalized. The essential objective is to make the requirements

discrete and to organize the requ i rements as a basis for further analysis.

4.2.2.1.2 Language Relationships - The language should allow various
relationships between objects to be described . These are the “verbs” of
the language.

Several relationships describe requirement -to- requirement and
requirement-to-document associations. For example, relationships descri ie
the hierarchical structure of functional requirements (Figures 3 and 4).
For exampl e, tracking control and tracking calculations might be considered

to be subfunct -ions of track ing. Another relation associates constra ints to
functions. A single constra i nt can be associated with more than one
functional requirement . The Related-Requirement relationship associates
any two requirements that the analyst deems associated in any manner. Every

section of the source material which discusses a requirement , no matter how
indirectly, should be associated with that requirement as a source
reference. These source rel ationships are used later by the analyzer for
traceability , and consistency and completeness analysis. Since the
associ ation of many source references with a single requirement can cause
confusion as to the nature of the requirement , two types of source
relationships are employed : a primary and secondary source relationship.
The primary relation is empl oyed to associate the most comprehensive source
references with the requirement.
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Another relationship establishes the hierarchical structure of system

external and internal i nputs and outputs (Figure 5). This relationship

enables the definition of both phys ical and logical I/O structures.

Some rela tionships describe the flow of i nformation into , wi th i n , an d out
of the system (Figure 7):

• uses/used by,

• derives/derived ,

• updates/updated ,

• utilizes/utilized by

• provides/provided by

• receives/received by

The “ U is ” relationship indicates that a function on the path uses
informat i n external to the system (external input ) or internal system

informatijn (internal input) in order to accompl i sh its activities. The

“derives relationshi p in dicates that a function on the path derives

(generates) either info rmation external to the system (external output) or

internal system information (internal output ) as part of its activities .

The “updates ” rel ationship in dicates that a function on the path updates

internal system information as part of its activities . The “utilizes ”

rela tionship in dicates that a function on the path is dependent upon the

use of one or more other functions in order to accompl i sh its activities .

A single function or sequence of functions may be defined once and utilized

as frequently as necessary in the flow path without having to be redefined

(replicated ) for each use . These information flow relationships are

illustrate d in Figure 7. The “provides ” relationship indicates that a
using activity (organization , operational unit , or position) is the source

of the external i nput. The “receives ” relationshi p indicates a using

activity is the recipient of the external output.

Other rel ationshi ps describe the flow of control among functions (Figures 6

and 8). The “tr i gger ” relationshi p describes other functions which follow

in the sequence of system fl ow. The “conditional trigger ” describes other

functions which , under certain boolean conditions (AND , OR), follow in the

46

-
~ _~~~~~~~_:_~~~~~~~~~~~~ -~ -- --- - - - 

~~~~~~~~~~~~~~ - -  ~1~~~-~~~~~~~• ~~~~~~~~~~~~~~ - — ~~~ --



— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

sequence of system low. The “ utilizes ’ rela tionship simplifies the

description of control flow when a single function appears many times in

the control-flow sequence.

Each requirement object (function , constra int , I/O , etc.) and relationship

(func tional and information (I/O ) hierarchy , control and i nforma ti on flow ,

etc.) can be supplemented by an ordinary English description . The

descri pt i on may be a com plete statement of the requ i rements which the

object or rel ationships represent. The text could also be a synopsis of

the pertinent aspects while the source rcference provides a more complete

description.

4.2.2.2 The Analyzer

The analyzer  i s the secon d part of an automated tool like CADSAT. It

generates a series of reports. The reports , essent i al for the app li cat i on
of the Re qu i remen ts En gi neer i ng Gui debook , can be grouped into six general

report categories : requirements data base management , func ti onal analys i s ,
I /O analys i s , traceability analysis , tes t analys i s , and documentation.

4.2.2.2.1 Requirements Data Base Management

Chan ge Requirements Data Base Reports - The analyzer handles requirements

definition entries into the requirements data base and changes definitions

already in the requirements data base. The report is in the form of a

display of changes made to the requirements data base. New requirements

definitions are entered into the requirements data base with the option of

up dating or not updating the existing requirements data base

(Input report), exist ing objects or relationships are deleted (Delete

Objects , Delete Relationships reports), objects are renamed (Rename Objects
report) or the object types changed (Change Object Type report). The

analyzer checks all additions or changes to the requirements data base for

cons istency with the rules of the language , and any errors are no ted on
appropriate reports. To hel p the analyst track his work , a l l  en tr i es an d
changes to the requirements data base are also recorded on appropriate 
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printouts. The Input Report has an update feature to precheck the legality

of requirement data base entries. All new source references are checked by
the analyzer for consistency against complete source references (lists of

para gra ph num bers , etc.) and any errors are printed . This feature helps to

prevent incorrect source references. As an option , the operator can
specify that the analyzer note when cases of multipl e references to the
same source paragraphs are encountered . Under these circumstances , the
analyzer names and lists source references for the requirements with common
source references. The analyst uses this information to find source
reference errors , avoid dup lication of requirements , and find requirement
overlaps.

Object Information Report - The object information report is used to check

the contents of the requirements data base. Provided wi th a list of object

names , the report supp l ies a list of any or all information about each

object. For exampl e , given the object name “tracking ” and asked to provide
functional hierarchy and source information , the analyzer mi ght return :

superior function is “ surveillance ” , subfunct ions are “track control ” , and

“track cal cul ations ” and source is 3.7.1.7.4.3. Given the object name

“tracking ” and asked to provide all information , the analyzer mi ght return
the information given above pl us any other information in the requirements

data base concern i ng “ track i ng ”. The output of this report would have the

same format as the Input and Delete Relationship reports described above
(4.2.2.2.1). With a common format to these change reports , the Object
Information report can be output and used for updating the requirements

data base. This procedure minimizes some of the clerical work assoc i ated

with requ i rements data base changes.

Source Document Summary Report - The Source Document Summary report is used

to compare the requirements data base contents against the source

documentation. The report presents a sequenti al list of all source

document references. The requirements associated with each source

reference are printed adjacent to each source reference. The nature of the
source of the requirement relat ionship is noted (primary or secondary). 
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When no source references have been associated wi th a requirement , no
reference appears adjacent to the requirement. The report hel ps to fi nd
source document requirements which have not been incorporated in the
requirements data base. Comparing this report with the source document , the
analyst can assure that the requirements data base completely reflects the
documentation.

Identify Specified Objects Report - The purpos e of this report is to
retrieve requested object and relationship information from the
requ i rements data base . It relieves the analyst of simp le but time
consumi ng tasks. For example , this report aids fi nd i ng sources which have
not been referenced or functions which have no control or i nforma t ion fl ow
relationships. The report is a list of object names which may be used
directly or used to determine the need for additional reports such as the
Object Information report.

Requirements Data Base Status Reports - The requirements data base status

reports provide sununary i nformation on the contents of thr’ requir~nents
data base. Requ i rements data base objects are listed along ,~ith various
statistics showing the quant ities , percentages (as appropriate ), and

quality of each object in the requirements data base. Statistics presented
for each object might include the status of the requirements (complete,
incomplete , etc.), relat ionships between requirements (sources/tracekeys ,
triggers , uses/derives/updates , etc.), and number of lines of descript i ve
text in the requirements data base.

4.2.2.2.2 Functional Analysis

Functional Hierarchical Structure Report - The primary purpose of this
report is to provide requirements visi bility . The report uses the
functional hierarchical structure info rmation contained in the requirements
data base to present the breakdown of system functions from the general to
the specific . Using this report , the analyst can readily grasp how a single
function fits Into the overall system. By followi ng the hierarc hy from top

to bottom the analyst can al so use the report to locate system requirements.
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The secondary purpose of the Functional Hierarchical Structure report is to
present requirement s data base information in a format that is easily
used by the analyst . The report presents, in association with selected
functiona l requiremen ts , any or all of the fol l owing: sources ,
constraints , system information and control flow relationships. The
analyst can use the report w ith options to check the status of the
requirements data base. The hierarchical structure format gives the
requ i rements data base information a useful and convenient context. This
format is more useful , for example , than a presentation of requirements
data base material via an alpnabet ical list i ng of objects or requirements.

Control Flow Report - The Control Flow report helps identify the
completeness and consistency of system control flow. On input of a
funct i on name , the report traces the control flow forward or backward by a
specif led number of functions. The report provides an overview of any
portion of the control flow for critica l examination by the analyst.
Missing control flow logic is highlighted by a premature termination of the
flow sequence in the report.

I/O-Function Interaction Report - The I/O-Function Interaction report
shows the i nformation flow for selected functions or I/O. The report is
useful when the analyst is concerned with a portion of the system relative
to a selected group of I/O. It answers such questions as “How does the
system I/O tie these functions together?” or “Where does this I/O fit i nto
the system?”

4.2.2.2.3 I/O Analysis

I/O Hierarchical Structure Report - This report prints selected parts of
the I/O structure. The report is used by the analyst to review and upgrade
the I/O structure. The final results provide visibility into the system
I/O structures.

Information -Flow Report - Informa tion-Flow reports help to assure a
complete and consistent I/O description of the system. Given a system
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input or output name , the report illustrates the sequence of functions and
associated I/O which are needed to derive the I/O. The report can also be
prompted to trace system I/O from the system external i nputs toward the
external outputs (or vice versa).

The report helps the analyst to examine the information flow for logical
errors and inconsistencies. When the report is unable to trace back to
system external inputs , missing function s or flow relationships are
indicated .

The report is different from the I/O-Function Interaction report in that
it concentrates on the evolut ion of a single input or output rather
than the I/O interactions among a group of selected functions or I/O.

This report is also useful for change impact analysis. The report
identifies requirements affected by changes in system i nput s and outputs
identified . The report further leads the analyst to the impacts of any
requirement changes affecting the system I/O.

4.2.2.2.4 Traceability Analy sis

Find Related Requirements Report - This report aids change impact analysis
by using the requirements data base information to locate requirements
which are in some way related to a requirement which may be changed . The
analyst specifies the combination of relationships employed to find the
related requirements. The report is also useful to help find and resolve
requirement inconsistencies or redundancies.

Requirements Traceability Report - The Requ i rements Traceability report
shows the traceability of requi rements from one set of documentation to
another. Various options are provided. Requ i rements are traced from the
source documentation to the requirements data base , or from the
requirements data base to a second requirements data base (based on a
second set of source documentation ) or from the source documentation to the
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second requirements data base. The tracekey object in one requirements
data base matches a unique identifier or source reference (dependi ng on
option) to provide the link between requirements data bases. The report
provides a convenient summary of requirements traceability i nformation.

4.2.2.2.5 Test Analysis

Test Reports - The test report s are used to evalua te the quality and
completeness of test plans and procedures. Reports can be prepared for
each test case defined for the i nformation and control flows. The test
reports show the relationship between system flow and associated test
cases, test plans and procedures and other pertinent source documentation.

4.2.2.2.6 Documentation

Requirements Document Reports - The requirements document reports are
automated reports which can be used directly in system documentation.
These reports should conform to the format requirements of the prescribed

H documentation standard , such as MIL-STD-490/483 (USAF).

The automated requirements engineering tool should provide the capability
-: to identify requirements by a unique requirement number. This capability

al l ows the analyst to derive a set of unique requirement numbers which
aids in refering to the requi rements during the requirements engineeri ng
activities. In addition , various automated reports (listings and graphic
figures generated from the requi rements data base) can be easily cross
referenced to the requirements text in the resulting system documentation.

At a minimum , a report should be provided where the text of the
requirements are presented in the sequence of (and adjacent to) the unique
identifiers . This capability provides the analyst with a simp le report
which is useful during the requirements engineering activities and in
preparation of final system documentation. This text report should also
include source references and tracekeys which show where the requirement
originated and where they are reflected in subsequent documents.
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4.3 Requirements Engineering Example

4.3.1 Introduction

An exampl e of the use of the Requi rements Engineering Guidebook (Volume
III) has been prepared and included in Appendix E of this volume. The
example has been derived from the actual requirements engineering
activities associated wi th an Air Force surveillance system acquisition. - 

-

Excerpts from the surveillance system segment speci fication (Type A) have
been included at the end of Appendix E. The example presents a description
of the actual requi rements eng i neering performed on the specification in
conj unction with the use of an automated requirements tool , Logicon -
Extended CADSAT.

An automated requirements engineering tool like CADSAT hel ps the system
engineer define a set of discrete system requirements. Disc rete
requirements are desired because they are non-redundant , testable ,
tracea ble , and communicable and are amenable to tests for completeness and
consistency. Once the requirements have been tentatively defined , the tool
hel ps the system engineer analyze for completeness and consistency. The
tool can generate specification documents.

4.3.2 Automated Tool Capabilities

Using a requirements eng i neering tool like CADSAT, the system engineer
incorporates in a requirements data base certain sal ient features of each
system requirement. The requirement is given a descriptive name .
References to descri ptions of the requirement are associ ated with each
requirement (primary source). References to suppl ementary or rel ated
material may al so be associated with the requirement (secondary source).
The requirement is categorized as a functional requirement or one of
several constrai nt requirements. A functional hierarc hy is devel oped. F

Constraint requirements are associated with functional requirements.
The flow of control (processing sequence) is defined. System i nformation
flows (I/O used and derived by system functions) are described . Finally, a
comprehensive description of the requirement is incorporated in the
requirements data base. 
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The automated tool allows the various system requirements to be
incorporated in the requirements data base when they become known to the
engineer. This is a prime advantage of an automated tool - the file of
information about a system requirement is built up in an evolutionary
manner. The requirements data base development proceeds in the same way
that the system engineer naturally develops an understand ing of the system.
For examp le , when an additional reference to a previously identified
requirement is found , this new reference is added to the requirements data
base. If, during the course of an information -fl ow analysis , the engineer
finds that he previously misunderstood the requirement , or the
specification developer receives feedback from the i ntended system users,
appropriate corrections can be made to the requirements data base.

As the requirements analysis proceed s, the automated tool generates
intermediate reports which hel p the systems engineer to complete and refi ne
the requirements definition. These reports present , in various formats,
the information which has been incorporated in the requirements data base.
The reports present the results of various kinds of analysis. For example ,
one report lists selected requirements wi th associated source references or
other requirements data base entries in a top-down hierarchical manner.
Another report shows how the source documentation has been decomposed into
requirements and points to those areas which have not been considered.
Other reports show the control and information fl ows.

An automated tool like CADSAT can generate reports which provide high
requi rement visibility and provide final system documentation.

4.3.3 Example Requirements Engineering Procedure

Apoendix E presents a detailed discussion of the requirements engineering

activities performed for an excerpt of the surveillance system segment
spe’ification. This example illustrates the requirements engineering
activities of the two stages described above including definition and
analysis steps and selected automated tool example reports. This example
is cross referenced to the requirements engineering activities (BLOCKS
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1-14) of the Requirements Engineering Guidebook (Volume III). The
followi ng paragraphs are repeated in Appendix E to make the example more
comprehens i ve for i nclus ion i n the RADC Compu ter Sof twa re Deve l opment
Specification (CP078779-61000).

Although a tool user could define all aspects of a requirement when that
requi rement is first identified , experience has shown that it is convenient
to proceed in two stages. During the fi rst stage the basics are defined.
The requirements are identified , characterized and the functional hierarc hy
described . The control and system information flows are described during a
second stage. This separation into phases is not hard and fast , and
appropri ate changes and additions are made at any time. The two-stage
approach was appl i ed in the example.

4.3.3.1 Stage One: The fi rst stage of the requirements data base
devel opment in the exampl e (Appendix E) consists of identifyi ng the basic
system functions, primary and secondary source references, organizi ng the
functions into a functional hierarchy and identifying constraint
requirements.

V4

4.3.3.1.1 Identification of Functional Requirements (BLOCK 3) - One of the
first steps in the development of a requirements data base is the
identification of functional requirements (BLOCK 3). Each functional
requirement is given a descript i ve name. Al l appropriate source references
are associated with the requirement (BLOCK 13). A complete statement of a
functional requirement includes a description of the required function , a
statement of when and under what conditions the function is activated , and
a description of the system I/O that is to be transferred and the results.
Source material frequently describes part of a requirement in one pl ace and
part in another. Sometimes minor variations in the activities of the
function are discussed separately from the fundamental function. The
conditions under which the activities of the function are to be performed
may be discussed In the source material separate from the discussion of the
function. All of this i nformation about the requirement is consolidated in
the requirements data base. References to source material which are
necessary to completely describe the requirement are called primary
references. 
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4.3.3.1.2 Identification of Secondary Source References (BLOCK 13J -

Secondary source references are described along with the primary
references.’ Th~ secondary references refer to i nformation about closely
related requi rements, discussions of the rationale for the function or any
other type of useful background i nformation. This is i nformation which
will be reviewed when the requirement is i ncorporated i nto a specification
(BLOCK 12) and might also be employed later to aid change impact analysis.

4.3.3.1.3 Development of a Funct i onal Hierarchical Structure (BLOCK~ J -

The functional requirements are organized into a hierarchical structure
(BLOCK 4). This structure shows how the functions break down from the
general to the specific. Source references to descriptions of general
functional capabilities are associated with the appropriate l evel in the
hierarchy (bLOCK 13). Dummy headings (with no source reference) may be

created where necessary to group a set of related requirements logically.

The functional breakdown continues until a complete understand i ng of the
preceding higher level function is achieved .

4.3.3.1.4 Identification of Constraint Requirements (BLOCK 5) - Constraint
type requirem~nts and their associ ation with the appropriate functional
requirements (BLOCK 5) are identified. The constraint requirements incl ude
performance , physical , operability , test and design requirements. Source
references are associated with constra i nts in the same manner as with
functions.

4.3.3.2 Stage Two: The second stage of the requirements data base
development in the Appendix E example consists of the formal description
of system i nformation (BLOCK 10) and control flows (BLOCK 9). This stage

1 The concept of secondary references and other concepts presented in
the Appendix E example are a combination of current and proposed
CADSAT capabilities resulting from this study.
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of the requirements data base development is normally performed after stage
one is complete for the whole system. It has been found easier to perform
the stage two analysis after the functional and constraint requirements
have been tentatively identified and source references associated with the
requirements. Stage two activities consist of the identification of system
external inputs and outputs , the definition of i nformation flow and control
f low. -

4.3.3.2.1 Identification of System External Inputs and Outputs (BLOCK 7)
Much of the I/O that is to be manipulated by the system can be identified
by examining the information which is input to and output from the system.
Input and output messages , operator inputs , and displ ays should be examined - :
to identify the I/O handled by the system. Other system I/O which is known

to the analyst from the stage one analysis shoul d be formally identified
and entered i nto the requirements data base at this time. Each input and
output is given a short descriptive name. For commun icability , the names V
should closely resemble those used in the source documentation. Not all
system I/O will be recognized at this point. Additional I/O will be

included at a later stage in the analysis.

A structure is provi ded for the I/O (BLOCK 8). There are two types of I/O 4
structures : physical and logical. An example of a physical data structure

is a message . A message is a collecti on of I/O which has a definite
physically recognizable structure. In the exampl e (Appendi x L), physical
col lections of i nformation are called “entities ” . A logical I/O structure
is simply a convenient col l ection of i nformation. For example , one might
wish to col l ect all kinds of weather information under the heading weather
data. The various kinds of weather information need not have any physical
relationship. In the example (Appendix E) organizational collections of
I/O are called “sets”.

4.3.3.2.2 Definition of Information Flow (BLOCK 10) - The system engineer
considers each function to define the inputs received or used , and the
outputs deri ved by that function. To aid this process the engineer employs
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the I/O hierarchies generated (BLOCK 8) and the functional hierarchy
(BLOCK 4) constructed during the fi rst stage of the requirements data base
development as previously described. Since the I/O identification is 1 -

probably not complete , some new I/~ may be identifi ed during information
flow analysis. If the I/O used and derived by the function is not clearly
described in the source documentati on , then the requirement is not
compl etely defined .

4.3.3.2.3 Definition of Control Flow (BLOCK 9) - The control fl ow shows •

the sequence of system processing. This sequence is specified in two ways.
A “conditional trigger ” is used to indicate a function that sometimes
follows . The “trigger ” specifies processing that necessarily fol lows. If
the control flows cannot be defined from available source documentation , y
then the requirements are not properly defined.

The definition of control flows may be facilitated by making use of the
“utilizes ” relationshi p. A primary function is said to “utilize ” a
secondary function when the secondary function supplies a result which is H
necessary for the operation of the primary function. The “ utilizes ”
relations i ip is employed to simplify the illustration of control flows when
the sam~’ function is required many times under different circumstances.

4.4 Implementation Approa ch

4.4.1 Overv iew

The requirements eng i neering procedures for defining and analyzing system
requi rements in the early phases of the Air Force system acquisition life-
cycle are presented in a separate volume of this report (Volume III). This
separate presentation was selected to provide a complete and conc i se
document which  is more readily usable for requirements engineering purposes
by Air Force program offices and for potential contracting purposes. The
implementation of the Requirements Engineering Guidebook must address
cer ta i n i ssues , practices , and policies within the Air Force systems

acquisition life cycle.
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As discussed previously (Section 3), the procedural requirements of AFSCM
375-5 have not been translated into current Air Force regulations ,

standards , or specifications . There have been vary ing approaches to 1 ,

requirement s engineering within Air Force program offices and contractor
engineering organizations. This shift toward a more laissez-faire systems
engineering concept has left the Air Force program offices with only a

minimum understanding of what to expect , si nce there is essentially no

basis for evaluation. New engineers entering the program office without
forma l guidance or experience cannot effectively evaluate contractors ’

proposed system engineering pla ns , including proposed requirements

engineerin g activities . Program office engineers generally do not have the

experience and train ing to do the necessary requirements engineering
activ ities described in the guidebook which the Air Force must perform in

preparation of system/segment specifications (Type A) before a request for

proposal (RFP) is released.

Air Force program offices have - increased their use of external systems
engineering support contractors (government and private) to produce the
engineering products and to support the acquisition process. The external
support engineers are also generally without procedural guidance for
the definition and analysis of system requirements . Many corporations
supporting the system engineering activities of Air Force program offices

have years of experience in systems engineering activities of Air Force
program offices and are able to translate many of the princip l es  an d

practices of guidance like the AFSCM 375 series into present regulations ,
standard s, and specification applications. This is one of the reasons
the program offices rely upon their support . However , the new Air Force
program of f ice engineers are wi thout the experience or guidance for
accomplishing requirements eng i neering , or for managing and monitoring the
progress of system s engineering support staffs or the requirements
engineeri ng efforts of development contractors.

Review of specifications being prepared by program offices , systems
engineerin g support contractors , and development contractors clearly
demonstrates the varying quality of specifications being written. Current
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gui del i nes , specifically MIL-STD --490, MIL-STD-483 (USAF), MIL-STD-499A

(USAF), and AFR 800-3, are inadequate and unsuitable for the requirements
engineering which is described in the Requirements Engineeri ng Guidebook
and which is necessary for the compl exities of the systems being acquired .
The retreat from the more regul ated aspects of the AFSCM 375 series has
been too extreme. The Requirements Engineering Guidebook provides a
framework in which Air Force program offices , supporting systems
engineering contractors , and development contractors can understand the
tasks and issues of requirements eng i neering in the Air Force acquisition
life cycle. The guidel i nes and standards isolate the tasks and issues of
defining system requirements within the context of the present Air Force
systems acquisition environment. This approach provides the missing

procedural guidance which is necessary in understanding the definition and
analysis of requirements for Air Force systems. The guidebook is oriented
toward filling the need for definitive guidance while providing fl exibility
in the approach which eac h application of the guidelines and standards will

necessitate.

The definition an d analys i s of system requirements is usually accomplished
in the early phase of the system acquisition life cycle (Conceptual Phase)
by Air Force program offices and in a subsequent phase (Validation Phase)
under contract to devel opment contractor(s). The Requirements Engineering
Guidebook can be used by Air Force program offices to define and analyze
the requirement s of a system lead i ng to the preparation of Type A system/

segment speci fications and subsequently by contractors in preparing Type
B5 computer program configuration item specifications. Therefore, the
impl ementation of the guidelines and standards must address the guidebook ’s
use by Air Force program offices as well as how to encourage the

guidebook’ s use by system devel opment contractors.

4.4.2 Visibility Factors

The application of the Requirements Engineering Guidebook would require
significant work and documentation by Air Force program office engineers.

The present lac k of direction provides little visibility into the
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requirements eng i neering activities of Air l orce program office engineer ing

staffs or their support engineers. The principle program office goal is
- - .  - - Ityp ically to produce a draft system/segment spec ification which satisfies

program office schedule and milestone objectives. Program office system

ac quisition life cycle schedules are well recognized as a prin ci ple

contributor to certain problems durin g the system acquisition. More often
than not the schedule is determined or required by external issues such as
obligating funds rather than derived from a thorough evaluation of the
actual time necessary for good systems eng i neering and development .

I
The Requ i rements Engineering Guidebook defines the procedures lead i ng 4

to specification preparation and identifies intermediate products such

as functional and information hiera rchies , and i nformation and c o n t r o l  - . -
~

flows . Follow ing the procedures in t~ e guidebook wo ul d nece ssitate a

si gnificant amount of work on the part of Air Force program office and

supporting engineers. It should be expected that this visibility i nto the

daily accomp lishments of the engineers will be resisted by those more

comfortable with the anonymity which the current practices allow. It is

seldom possible to distinguish any individual ’s contribution to the end

product. The ability to trace the requ i rements to their sources (source

documents) or to understand the thought processes and decisions surround i ng

the determination and document ation of the requirement s is practically
impossible at. the present time. The current specification preparation

process is generally an iterative drafting -rev i ew- redrafting proc&-’ss which
takes place over many months. The resources (time and personnel ) consumed
in the process are enormous and wasteful. The med i um (specili cation
drafts) is an improper vehicle for interfacing the ideas , concerns , and
requ i rements of a system. Much of the staffs ’ attention is focused upon

tEe textual descriptions and semantics at the expense of defining and

analyz ing the requirements of the system . The requirement s are tangled in

text and lost within paragraphs as well as spread throughout the contents

~ of the specification document. Discrete and well organized requirements

are not apparent and are seldom easy to identify in the resulting

specification documents. The Requirements Lny i neeri ng Guidebook , like the
concept of AFSCM 375-5 . places the emphasis on engineering tasks preced i ng

~ 1
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the preparation of specifications. The var ious f~’rnis of intermediat e
documentation required are more suit able to the need s of ident ify ing .
recording , and conuliunicating the requirements as they evolve.

Al though the guidebook is suited for requirements engineering , it provides .
as di scusse d prev i ousl y, an uncomfortable degree of visibility into the

engineering progress and products leading up to the preparation of

specification documents. Resistar~ce to the guidebook should be expected .
Similar resistance was experienced with the AF SCM 375 series. The
intermediate documentation requirements of AFSCM 375-5 were manua l l y
produced and maintained. It is understandable that the burden of the

documentation requirements (intermediate documentation such as functional

f low block di agra ms , requ i rements a l lo cat i on shee t s , etc.) was realist ic ,
but , it is also understandable that the v i s i b i l i t y  which AFSCM 375-5

provided was even more discomfort i ng. Imp l ementation of the guidebook
must , on the one hand , recognize that intermediate documentation prov ides
the necessary vis i b i l i t y  leading to the preparation of good system

requirements documents (Type A and 135 specific ations) while also

recognizing that automated assistance is necessary to reduce the burden in

producti on and maintenance of requi red intermediate and final system
documentation.

4.4.3 Tra ining Factors

The introduction of the guidebook in the Air Force program office

env iru: -- ’n t for use in preparing or managing the preparation of Type A

spec 1ficat1~-ns w ill require training in order to be successful. Although

a requirement to apply the guidebook could be directed towa rds program

offices , ~hi’ lack of training coupled with a certain resistance factor

could result in the guidebook being satisfied only minimally, thereby.

les senin g the benef its which the guidebook can provide. Real

implementation of the guidebook in the program office will be successful
when the engineering staff is convin ced that the application of the
guidebook provides a vehic le for quality requirements definition and

analysis which is lacking in the present drafting -review -red ra fting

~ 
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specification practices. If the engineering staff is not convinced that
the Requirements Eng i neering Guidebook provides effective guidance for
performing requirements engineering tasks , then a passive attitude w i ll
develop. The training must encourage a po sitive attitude and assist
engineers in performing their work. This encouragement must , as previously
mentioned , be coupled with certain automated techni ques which will
facilitate the development and maintenan ce of the necessary requirements
definitions and the production of the necessary intermediate and final
documentation. As a result , the analyst will be freed to do those tasks
which cannot be performed by applying the guidebook or automated :

assistance.

Training should be ava i lab le  f rom the s ta f f  level  w i th in  the var i ous
product divisions of the Air Force Systems Coninand (AFSC). Directives to
establish and ma i ntain requirements engineering training should originate
within the appropriate AFSC levels. Training should be available through
the Air Training Command and other Air Force institution s specifica l1
oriented to systems acquisition training. Where training is required from
private sources , the staff elements should arrange for specific training
sessions , workshops , and seminars . Program office personnel should be able
to receive requirements engineering training through course work at remote
training institutions as wel l as through special courses , workshops , and
seminars provided at each product divi sion. The coordination of the
training should be a responsibility of product division staff elements and
oriented to the types of acquisiti on problems at each product division.
Staf f  el ement control provides a means for the continual assessment of
training needs and monitoring the success of the application of the
guidebook.

Product division staff elements would also be concerned with the
app lication and maintenance of automated assistance to support the
application of the guidebook. The implementation of the guidel i nes and
standards and the necessary training would require changes in present
practices and responsibilities currently performed by staff elements.
Current staff elements are primarily staffed to rev i ew the products of the
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program office. The coordination and establishment of training and other
support to the appli cation of the guidebook would require that staff
elements take a more direct role in program office requirements engineering
activities. This more active role would be necessary to establish the
guidebook and its initi al applications in the program office environment.
in addition the invol vement of staff elements would provide the necessary
feedbacks to maintain the guidebook , update tra i n i ng programs , and improve
the capabilities of automated assistance.

4.4.4 Regulations , Standards , Specificat i on Impacts

The app lication of the guidebook will require changes in current
regulations , standards , and specifications. However , these changes are
considered minor. They are essentially refinements and clarifications.
The concept of specification development (Type A , Type B, etc.) is a well
established procedure for successive refinement of “needs ” which leads to a
“design to ” concept and ult imately to the realities of an “as built”
product. The Requirements Engineering Guidebook is support i ve of thi s

system acquisition concept. Durin g this study there were no reasons
i d e n t i f i e d  to alter this basic iterative concept. The literature search
provided no other concepts which dispute the phased approach which has
evolved over the past decade s in military systems development. The
literature search along with the development of the guidebook tasks did
clearly point out that the present contents of the MIL-STD-490 and
MIL-STD-483 (USAF) for specification practices are ~ sentially adequate
forms of system engineering documentation. However, the required formats
for specification preparation within these current standards could be
improved , especially with consideration to automated documentation and
specificatio n generation from computer maintained requirements data bases.
Until such changes are actually made in these two military standards , the
present format requirements can be utilized as described in the
Requirements Engineering Guidebook (Volume III , paragraph 4.13, Prepare
Specification Documentation). In order to require the guidebook to be
applied in program office Type A specification preparation , some form of
directive would be required , either from the product division level through

I 
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command or staff elements or from higher levels within AFSC. Another
possibility is for the Program Management Directive to specify that
requirements engineering be accomplished in accordance with the
Requirements Engineering Guidebook prior to the RFP being issued. The
program office would then plan for the resources required and provide the
time in their schedules to perform requirements engineering. The planning
results would then be incorporated into the Program Management Plan (PMP).
This directed approach should not be taken unless the staff elements and
training and support capabilities are available. The significant advantage
of directing the application of the guidebook is that the program office
would have to plan and schedule for requirements engineering. The program
off ice would be followi ng consistent guidance which provides visibility
into the activities of the engineering staffs, intermediate documentation ,
and a vehicle for defining and analyzing the requirements prior to the
preparation of the actual specifications released with the RFP.

Various Air Force quality assurance requirements and guidelines , such as
AFR 74—1 and product division guidelines (e.g., ESD 74—1), would also
require changes. Currently quality assurance is a passive activity with
respect to the specification preparation within ESD. The current tasking
(ESDM 74-1, Task 5, Speci fication Review) is concerned with reviewi ng the
specification as an end product in the requirements engineering process.
The Requiremen ts Engineering Guidebook provides a greater degree of
visibility into the evol ution of system requirements. The i ntermediate
documentation requirements would provide quality assurance personnel with
the ability to eval uate the progress of systems requirements definition and
analysis and to ensure that the requirements are clearly stated , and
unambiguous. Although the role of quality assurance personnel is not to
question the technical merits of engineering requirements, the quality
assurance staff is responsible for ensuring that the specification
satisfies certain quality requirements. ESDM 74-1 , Task 5 should be
modified to i ncorporate quality assurance review of the program office
engineering activities while applying the Requirements Engineering
Guidebook to ensure that the guidel i nes and standards are being applied
properly and the intermediate products satisfy quality assurance
objectives.

L _ _ _  
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Changes are also necessary to the engineering management concepts required

in MIL-STD--499A (USAF ) and AFR 800-3. MIL-STD -499A describes the
fundamental concepts and criteria against which contractors can propose
their individua l internal procedures as a means of satisfying Air Force
engineering requirements. The System Engineering Management Plan (SEMP)
prepared by the contractor provides a means for the contractor to satisfy
MIL-STD-499A while taking advantage of his internal procedures in support
of Air Force programs. MIL-STO-499A does not specifically address
requi rements engineering. The definition of requirements engineeri ng
presented in this study should be incorporated i nto MIL-STD-499A. Other
changes shoul d direct the contractor to address requirements engineering in
the SEMP. The SEMP data item descri ption (DID) should al so be modified to
ensure that requirements engineering is addressed in the SEMP. Until these
changes are made, staff elements or program offices should modify the SEMP
DID through back up-sheets. If the SEMP is eval uated as a basis of contract L

award , the requirements eng i neering approach will become a more significant
activity in the contractors engineering practices .

Finally, the system program office acquisition management guidance (AFR

800-3, Engineering for Defense Systems) should be modified in conjunction
wi th MIL-STD--499A. Again the definition of requi rements eng ineering should

be incorporated into AFR 800-3. Specific direction for the program office
to perform requirements eng i neering should also be included as a separate
acquisition management task. This speci fic direction would be the basis
upon which the PMD directive for requirements engineering could proceed.

4.4.5 Evolutionary Approach

Success with the application of the Requirements Engineering Guidebook may
lead to further refinements and eventually to an Air Force military
standard . this should come about in an evolutionary manner to allow time
for the application of the concepts of the guidebook within various pro-
duct divisions. As lessons are learned , the guidebook should be modified
to ensure that the practices are current with the system acquisition needs

and objectives as wel l as responsive to other issues. The recommended
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approach to the application of the Requirements Engineering Guidebook is to
provide the guidelines and standards as an example of a desired approach
for requirements engineering and encourage its use. The guidebook could be
prov ided to potential contractors for their consideration in preparation of
SEMPs either i nformally or formally (as in the case of modifying the SEMP
DID).

Potential contractors could use the Requirements Engineering Guidebook
in proposal preparation if the SEMP were a requirement for evaluation
during source selection. This approach is not unlike the method taken with
the structured programming series (RADC-TR-74-300 ) application as it was
initially applied in ESD requests for proposals. The contractor proposed
Computer Program Development Plans (CPDPs), which are similar in intent to
the SEMP but address software development issues , were infl uenced by the
RADC-TR-74-300 series, because the series was either referred to directly
in the RFP or included or referenced in the notes section of the system
specifications. Eventually the need for guidance which tailored the
RADC—TR-74-300 series more directly to the needs of Air Force contracting
became a necessity. As a result , the RADC Computer Software Deve l opment
Specification (CP0787796100D ) and other software development standards for
modern programmi ng practices in Air Force acquisitions are evolving. A
similar evolutionary approach is recommended for the Requirements
Engineering Guidebook.

4.5 Automated Tool Design Approaches

4.5.1 Introduction

This subsection describes the current capabilities of an exi sting Air Force

— 
requirements engineering tool , CADSAT. The list of automated requirements
engineering tool capabilities (Appendix D) has been reduced to a tab le
format (Table 2). Each tool capability has been evaluated against the
basic CADSAT (BC) capabilities as well as the Logicon-Extended CADSAT (EC)
capabilities. The requirements engineering tool list has been developed in
relation to the requirements engineering activity description in the
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TABLE 2 Automated Tool Desig n Approaches

The followi ng pages provide an eval uation of CADSAT against the recommended
Automated Requirements  Engineering Tool Capabiliti es resulting from thi s
study. This table consists of two primary columns : CADSAT Evalua ti on
Rat i ngs and Automated Requirements Engineeringj Tool Capabilities. The
CADSAT Eval uation Ratings col umn is further divided into two subcolumns;
one for the University of Michigan CADSAT (Basic CADSAT -BC) and the other
column for the Logicon-Extended CADSAT (EC). Within each BC and EC column ,
there are four possible eval uation ratings as denoted at the top of each
column : 1, 2, 3, 4. The meaning for each subcol umn is as follows :

• Column 1: If col umn 1 conta ins a BC and/or EC notati on , the
tool capability at the right is a current BC and/or EC feature.

• Column 2: This column contains an effectiveness evaluation as
denoted by the legend notation contained herein. These
evaluations indicate the effectiveness of the column 1 tool
(i.e. BC or EC) relative to the Automated Requirements
Engineeri ng Tool Capabilities column at the right.

blank - adequate
VL - very l ow effecti veness
LE - low effectiveness
ME - med i um effectiveness
HE - high effectiveness

• Column 3: This denotes that the current tool (BC or EC) would
have to be modified or new capabilitie s added to the current
tool features to achieve the desired Requirements Engineering
Tool Capability described at the right. The notations are:

AD - addition to present capabilities
MD - modification to present capabilities

• Column 4: This column provides a rough estimate of the cost
magnitude associated with the recommended addition or
modification for the current tool (BC or EC). The notations
are :

- low costs
- mediu m costs
- high costs
- varying costs
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TABLE 2 Automated Tool Design Approaches (cont ’d)

CADSAT
Evaluation Ratings Automated Requirements Engineering Tool Capabilities

(see Appendix D)
1 2 3 4 1 2 3 4

1. LANGUAGE
BC MD ?$ EC 1.1 Objects (50 character names)
BC EC 1.1.1 Functional Requirements (functions)

BC LE MD ?$ EC 1.1.2 Constraint Requirements
BC EC 1.1.2.1 Performance
BC EC 1.1.2.2 Physical
BC EC 1.1.2.3 Operability
BC EC 1.1.2.4 Design

BC EC 1.1.2.5 Test (see 1.1.7)
BC EC 1.1.3 Sources

BC LE MD ?$ EC 1.1.4 Unique Identifiers (see also 2.11)
BC EC 1.1.5 Tracekeys

BC EC 1.1.6 System I/O
BC EC 1.1.6.1 Physical structure

BC EC 1.1.6.2 Logical structure

BC EC 1.1.7 Test Points
BC EC 1.2 Rel ationships
BC EC 1.2.1 Hierarchical Rel ation of Functions
BC EC 1.2.2 Association: Constraints to Functions
BC EC 1.2.3 Related-Requirement Relationship
BC EC 1.2.4 Association: Sources to Requirements
BC EC 1.2.4.1 Primary Sources
BC EC 1.2.4.2 Secondary Sources

- 
- 

BC EC 1.2.5 Association: Tracekeys to Requirements

BC EC 1.2.6 Information-fl ow Relationships :

BC EC 1.2.6.1 “Uses/used by”

BC EC 1.2.6.2 “Derives/Derived by”

BC EC 1.2.6.3 “Updates/Updated by”
69
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TABLE 2 Automated Tool Design Approaches (cont ’d)

CADSAT
Evaluation Ratings Automated Requirements Eng i neeri ng Tool Capabilities

(see Appendix D)
1 2 3 4 1 2 3 4 ________________________________________ - 

r
BC EC 1.2.6.4 “Provides/provided by”
BC EC 1.2.6.5 “Receives/received by”
BC EC 1.2.7 Control-Flow Relationships : 

~I -

BC EC 1.2.7.1 “Triggers/triggered by”

BC LE MD ?$ EC 1.2.7.2 “Conditional tri gger/con di t ional
triggered by

BC EC 1.2.7.3 “Utilizes/utilized by” L

BC EC 1.2.8 Hierarchical Relation of System I/O L

BC EC 1.3 Requirements Text

BC EC 2. ANALYZER (to be used interactively)
BC EC 2.1 Change Data Base Reports
BC EC 2.1.1 Input Report (update/no updated )
BC EC 2.1.1.1 Check syntax of Requirements Definition
BC EC 2.1.1.2 List Requirements Definition Errors
BC EC 2.1.1.3 Requirements Definition input check option
BC EC 2.1.2 Delete Objects or Rel ationshi ps Report
BC EC 2.1.2.1 Check legality of deletion
BC EC 2.1.2.2 Record del etions and errors

BC LE EC HE 2.1.3 Rename Objects Report
BC LE EC 2.1.3.1 Check legality of rename
BC LE EC 2.1.3.2 Record renames and errors
BC LE EC 2.1.4 Change Object Type Report
BC LE EC 2.1.4.1 Check l egality of change type
BC LE EC 2.1.4.2 Record change types and errors

I

; 
BC EC 2.2 Object Information Report

EC 2.3 Source Document Summary Report

___________ 
~~~~~~~~~~~~~~~~ . -

_
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TABLE 2 Automated Tool Design Approaches (cont’d)

CADSAT
Evaluation Ratings Automated Requirements Engineering Tool Capabilities

(see Appendix 0)
1 2 3 4 1 2 3 4

BC LE EC HE 2.4 Functional Hierarchical Structure Report
BC LE EC HE 2.4.1 Functional Hierarchical Structure

2.4.2 Information available at Analyst Option:
BC LE EC HE 2.4.2.1 Sources (primary and secondary)
BC LE EC HE 2.4.2.2 Assoc i ated constraints
BC LE EC HE 2.4.2.3 I/O and rel ationships : use/deri ve/update V
BC LE EC HE 2.4.2.4 Functional control relationships :

triggers/conditional triggers/UTILIZES
BC LE EC HE 2.4.2.5 Using Activities and relationshi ps:

provides/receives
BC LE MD L$ EC 2.4.2.6 Requirements Text
BC LE MD ?$ EC 2.5 I/O Hierarchical Structure Report
BC LE EC 2.5.1 Beginning with a superi or member
BC LE EC 2.5.2 Beginning with a selected member
BC LE EC 2.6 I/O-Function Interaction Report
BC LE AD L$ EC 2.7 Information Flow Report
BC LE EC ME AD M$ 2.8 Control Flow Report

2.9 Identify Specified Objects Report
BC LE MD ?$ EC 2.9.1 Identify Functional Requirements

(functions)
BC LE MD ?$ EC 2.9.1.1 All Functions
BC LE MD ?$ EC 2.9.1.2 All Functions below specified function
BC LE MD ?$ EC 2.9.1.3 With/wi thout associated constraints
BC LE MD ?$ EC 2.9.1.4 which use/derive/update selected I/O
BC LE MD ?$ EC 2 .9.1.5 Which  do not use/derive/update selected I/O
BC LE MD ?$ EC 2.9.1.6 With control-fl ow rel ationships:

triggers/conditional triggers/UTILIZES

BC LE MD ?$ EC 2.9.1.7 Without control-fl ow rel ationships
BC LE MD ?$ EC 2.9.1.8 Functions at the lowest level in

hierarchy

BC LE MD ?$ EC 2.9.1.9 (same as above) below sel ected Func ti on
71
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TABLE 2 Automated Tool Design Approaches (cont ’d)

CAD SAT
Evaluation Ratings Automated Requirements Engineering Tool Capab ilitie~(see Appendix D)
1 2 3 4 1 2 3 4

BC LE MD ?$ EC 2.9.1.10 Functions without source references
2.9.2 Identify Constraints

EC LE AD L$ 2.9.2.1 All constra i nt requirements
AD L$ 2.9.2.2 Constra i nts without associ ated Functions
AD L $ 2.9.2.3 (same as 2.9.2.1) of a selected type

BC LE EC 2.9.3 Identify System I/O
BC LE MD L$ EC 2.9.3.1 All I/O or any I/O below a selected

level

BC LE MD L$ EC 2.9.3.2 I/O neither used/derived/nor updated
BC LE MD L$ EC 2.9.3.3 I/O between selected levels in I/O

structure
BC LE MD L$ EC 2.9.3.4 I/O used/derived/updated by selected

funct ions
BC LE EC 2.9.4 Identify Source References

2.9.4.1 All source references
BC VL EC 2.9.4.2 Without associated Functions or

Constra i nts
BC VL EC 2.9.4.3 With a specified prefix
BC VL EC 2.9.4.4 With a specified suffix
BC EC 2.9.5 Identify Tracekeys
BC VL AD L$ EC 2.9.5.1 All tracekeys
BC VL AD L$ EC 2.9.5.2 Without associated Functions or

Constrai nts
BC VL EC 2.9.6 Identify Test Points

2.10 Find Associated Requirements Report
2.10.1 Requirements which use/derive/update

I/O relative to a selected I/O
2.10.2 Functions which tri gger/are triggered

by/UTILIZED a selected Funct ion
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TABLE 2 Au tomated Tool Design Approaches (cont ’d)

CADSAT Au tomated Requirements Engineering Tool Capabilities
Evaluat ion Ratings (see Appendix D)

2 3 4 1 2 3 4

2.10.3 Require~ients rel ated by Constraints to a
Func ti on

2.10.4 Requirements having references to a —

selected function

2.10.5 Requirements associated by Related-
Re qu i reme nt

2.10.6 Requirements immediately superior in
functional hierarchy

EC LE MD MS 2.11 Unique Requirement Number Derivation

BC LE EC ME MD MS 2.12 Requirement Document Reports

EC 2.13 Requ i rements Traceability Reports

EC - 2.13.1 Trace between source documents and a
requirements data base -;

EC 2.13.2 Trace between one requirements data base
(unique identifier/ requirements ncrne) and

another requirements data base
(un ique identifier/source reference

EC 2.13.3 Trace between one requirements data base
(source reference/associated requi rements

name) and another requ i rements data
base (unique identifier /source
reference)

EC 2.13.4 Requ i rements (sorted on source reference/
unique identifier) not traced to
second requirements data base

BC VL AD L$ EC 2.14 Test Reports
BC ME EC HE 2.15 Requ i rements Data Base Status Report s
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gu i debook (Volume III). The list represents the minimum capabilities

necessary to support the guidebook. Basic CADSAT satisfies most of the
guidebook ’s requirements engineering needs , especially the language
capabilities. General deficiencies are in the report generation area
(Table 2, 2.0 Analyzer). These deficiencies are both human engineering and
system engineeri ng problems.

The Logicon -Extended CADSAT was developed in conjunction with the
surveillance system requirements engineering activities. Since this work
concentrated upon early requirements engineering (Type A and Type B5
specifications), the enhancements to the basic CADSAT satisfy a number of
essential early requirements engineering needs. The extensions concentrate

on the analyst ’s needs for improve d report generation. Liberties with the

language were taken ; the language features were employed differently in

some cases than originally i ntended. The basic and the extende d CADSAT
satisfy most of the needs of the capabilities list and therefore the
guidebook . One approach would be to employ the basic CADSAT with certain
extended CADSAT features, primarily to increase ease of use and provide
additional reports. The second approach would be to add additional
capabilities (reports) as wel l as to achieve the objectives of the first
approach. These improvements would build upon the present design of CADSAT
inclu ding the Logicon extensions. Each of these approaches is described in

the following paragraphs.

4.5.2 Partially Extended CAUSAT Approac h

Table 2 is a condensed list of the automated requirements engineering tool
capabilities discussed in 4.2 and Appendix 0. Basic CADSAT (BC) is
essentially equivalent to the current University of Michigan User
Requirements Language/User Requirements Arilyzer (URL/URA), Version 3.3.
Extensions to the basic CADSAT made to support Logicon ’s surveillance
system requirements engineering acti. Jes are referred to as the Logicon

Extended CADSAT (EC). Table 2 notations (BC and EC) indicate the present

CADSAT capabilities which satisfy the automated requirements engineering

tool capabilities list (Appendix 0).
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i- our essential Extended CADSAT capabilities are considered vital for any
app l ica ti on of CADSAT to the requ i rements eng i neer i ng ac ti v i t i es descri bed
in the guidebook. First , the Requirements Data Base Status Reports provide
essential technical and management visibility i nto the development of the
requirements data base. Second , the Extended CADSAT structure report
(Functional Hierarchical Structure Report , Table 2, 2.4) provides the
analyst with the option of printing out portions of the functional

hierarchy . The basic CADSAT requires the entire structure to be printed .
For large structures , as in the case of most Air Force systems, the ability
to select portions of the hierarchy is necessary to conserve resources
(print time , etc.) as well as provide the analyst with only the information

he des i res. Th i rd , the extended CADSAT provides the capability to globally

rename parts of the names of an object (Table 2, 2.1.3). For exampl e, if

there we re numerous object names beginning wi th “XXX - ” an d the analys t
wi shed to change all of them to “1FF- ” the exten ded CADSAT rename prov id es
this capability . This is extremely useful i f erroneous requiremen ts have
been entered. The use of this extension greatly reduces the time necessary
to correct the error and the problem s in the requirements data base which
are incurred from entry errors. Finally, the extended CADSAT provides the
capability to trace between requirement data bases (Table 2, 2.13). This
extended feature is necessary when the tool is emp l oyed in requirements
traceability between successive specification documents such as
MIL-STD-490/483 (USAF), Type A , B and C specifications. With these four

enhancements to CADSAT , the analyst is capable of performing the
requirements engineering activities of the guidebook. Other refinements
in the extended CADSAT facilitate the use of CADSAT by decreasing the time
to do analysis activities , such as information retrieval and report
genera t i on , and make it easier  for the novice to use the tool more
effectively. Therefore , the extended CADSAT with the four features
described above satisfies the automated requirements tool capabilities list —

in a b a sic sense. However , other additions and modifications are
-nsi dered essential to improve the human engineering and system

enqI’~t~er1n ’J concepts of the basic CADSAT and extensions as indicated in
j b l .~ J .
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4.5.3 Addi tional Extended CADSAT Approach

The followi ng paragraphs describe numerous refinements, modification s , and
additions to CADSAT which are considered essential to ful ly complement the
Requirements Engineering Guidebook. Each of these extensions is explain ed
in reference to Table 2.

CADSAT l imits the name of an object to 30 characters. In applying the
tool to the surveillance system , the need for additional characters was
desired in many instances. A 50-character length naming capability (Table
2, 1.1) is desirable. The magnitud e of the changes would primarily affect
the existing CADSAT reports. Current CADSAT report formats allow a maximum
of 30 charac ters in the output field for the object name. It is estimated
that the use of variable length records for the object names would provide
the desired 50-character name maximum while the average length name in
actual use would fall below the present fixed length 30-character names.

Constra i nt requirements (Table 2, 1.1.2.-1.1.2.5) can be handled by CADSAT
by us ing the present MEMO , EVENTS , ATTRIBUTES , and HAPPENS objects. The V

MEMO object is used extensively in the surveillance system application for
identifying system performance constraints (Table 2, 1.1.2.1). However,

these CADSAT constraint language features are considered to be awkward and

do not adequately describe the various characteri stics of each constra int
requirement. In addition , the presen tat i on of the constraint requirements
in various reports should be achieved in conjunction with enhancements to
the language feature.

Unique identifiers are currently handlea by the basic CADSAT (Table 2,
1.1.4) and are enhanced by the extended CADSAT (Table 2 , 2.11). Additional
improvements are considered necessary primarily in al l owing some optional
capabil i t ies on how the unique identifiers are stored and related to the
requirements in the requirements data base. Presently these identifiers
are only auxiliary numbers. The option to allow the analyst to permit the
identifier to be related to specification document paragraph numbering
sequence would Support automated requirement s document generation (Table 2,
2. 12). 
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CADSAT provides limited capability for “conditional triggers ” (Table 2, -

1.2.7.2 and 2.8). The CADSAT language feature , CONDITION , provides the

capability to describe boolean ANDs and ORs. For example , “Condition , -
Hardware - fault becomes true , triggers hardware -diagnostics and
report-hardware -fault , or becomes false , triggers function B.” Changes
should be accompl i shed by ident i fying various ways the l anguage features
and reports could be improved . Test examp les should be worked out to
identify the human engineering and system engineering requirements which

satisfy “con d i t iona l  t r ig ger ” requirements.

The CADSAT Contents Report (I /O hierarchical structure report , Table 2 ,

2.5) should be extended to allow the user the option of getting a report

similar to the Logicon-Extended Structure Report. This extension should
present source references for each I/O type , and statements as appropriate
for each I /O type , such as der i ved by, updated by, etc. These enhancements

would consolidate useful information now contained in separate CADSAT
reports. For example , Contents Report plus a Formatted Probl em Statement
Report on a designated I/O requirement name would be equal to the
information which coul d be presented in this proposed Extended Contents

Report. The combined i nformation , l ike the Logicon-Extended Structure

Report , would be more useful in practice than the current numerous , and

less-informative basic CADSAT reports.

The Univers i ty of Michigan PSL/PSA extended picture report (Version 3.3)
provides the capability to present i nformation flow (Table 2, 2.7). The
extended picture report format is considered to be of limited use both for
i nformation flow and control flow (Table 2, 2.7, 2.8). Picture reports do

not provide a condensed presentation of flows since numerous picture

reports are required. Each report presents limited information. A
condensed listing showing the flow and associated functions , flow
conditions , source references, etc. should be developed. One possibility

is an indented format similar to the structure reports. Picture reports
are more useful in presentin g the flows to the novice analyst or to others

where the need exists for a quick , graphic understanding of the flow ,
especially top level flows. Condensed listings are more useful to the
trai ned analyst and provide a quick reference format.
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The CADSAT ana lyzer shoul d be modified to aggregate lower level I/O and
associ ate the aggregates to higher level funct ions. The present analyzer
cannot do this and therefore generates numerous errors when attempt ing to
report the i nformation flow at higher level s in the I/O hierarchy . The
higher level information flows are necessary when the analyst desires an
overview of the information flow in a particular area in the requirements
dat a base.

Three changes should be made in the CADSAT control fl ow reports (Table 2,
2.8). The report should provide the capability to trace the control flow
forward or backward by a specified number of functions from a g i v e n

function. Another addition would be to have CADSAT control-fl ow reports
show the relationships of lower level functions to other lower level
functions when presenting control flows at higher levels in the functional
hierarchy . This is similar to the aggregation deficien cy of the
information flow described previously. The CADSAT upper level control fl ow
report (CADSAT Process Chain) does not have the capability to elevate l ower
level functions into higher level flows such that the hi gher level fl ows
are meaningful. The third addition to the control flow is the capability
of the analyzer and reports to handle control fl ow l oops.

CADSAT has basic query capabi l i t ies  which in conjunction with report
generation capabilities can identify specific objects in the requirements
data base (Table 2 , 2.9). However , the query-report process is not
satisfactory for the requirements engineering process involving large data
bases. The query- report capabilities should be improved and the specific
features identified in Table 2 (2.9.1.1—2.9.1.10) should be added at a
minimum.

CADSAT reports which present constra i nt requirements (Table 2, 2.9.2) do
not presently exi st. The constra i nt requirements are presently i ntegrated
into the funct ion reports such as the functiona l hierarchical structure
report. All constraints can be identified within the limited CADSAT
query-report capabilities. Minor additions to CADSAT could be performed to
provide constraint reports to a limited degree without significant effort.
More extensive constraint reports would necessitate additional resources.
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The CADSAT report capabilities for identifying source references (Table 2,
2.9.4) are considered adequate for the basic application of CADSAT. The
present capabilities do not permit limited printouts for selected areas in
the requirements data base. No reports are ava ilable wh i ch provide the
capabilities identified in Table 2, 2.9.4.1-2.9.4.4. The latter can be

derived from extensive use of the CADSAT query-report capabilities and the H
resulting i nformation can be consolidated manually. Improvements would

increase the ease of use when dealing with source documentation and
accomplishing consistency and completeness analysis. The identification of
tracekey s (Table 2, 2.9.5) is also considered adequate , but could be
improved in the same way s as the source references described above.
Improvements to each of these would facilitate the use of CADSAT and
provide for improved efficiencies in the requirements engineering process.

Test point identification is a capability which is accomp lished by the
CADSAT language as described previously (Table 2, 1.1.2.5, and 1.1.7).
CADSAT reports provide a very limited capability to present this

information (Table 2, 2.9.6 and 2.14). The capability is limited to -

query-reporting and manually composing the results for a specific test
report purpose. At a minimum , test points shou ld be associated with
i nformation and control flows . Additional reports specifically oriented
toward presenting test information in various formats for analysts and
management needs should be defined and developed to satisfy specific test

report object ives.

As previously mentioned CADSAT has limited query—report capabilities .
The ability to readily retrieve information to identify associated
requirements (Table 2 , 2.10) requires significant effort on the analyst ’s
part. Extensions to CADSAT in the query-report area should provide the
capabilities to readily retrieve the information identified in Table 2
(2.10.1-2.10.6). This capability is essential in analyzin g impacts during
or subsequent to the requirements data base development. 
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CADSAT has a limited capability to produce requirements specification
documents (Table 2, 2.12). Extended CADSAT has improved capabilitie s , but
none of the extensions provide the capability to automatically generate
specification documents directly from the requirements data base in
accordance with specific format requirement s such as MIL-STD-490/483
(USAF). The relationships between the requirements engineering
intermediate documentation (structures , f lows , etc.) and paragraphs of
MIL-STD-490/483 specification documents (Types A and B5) are presented in
Volume III. Enhancements to CADSAT to automati cally achieve the 

-

translation of a target systems requirements contained in a requirements
data base to a MIL-STD-490/483 format are considered to be of minimum
technical difficulty. The primary effort would be in satisfying many small
details to achieve the required milit ary standard formats. A moderate
enhancement with the essential capabilities to generate skeleton
MIL-STD-490/483 specificat ion documents directly from the requirements data
base could be achieved in a matter of weeks. Additional ful l capabilities
would involve several months of effort. Future enhancement to CADSAT to
generate other requirements documents which satisfy other format
requirements , such as DoD 7935.1-S can be accomplished based upon the
design concepts of CADSAT extensions to satisfy MIL-STD-490/483
requi rements.

——  
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SECTION 5 RESULTS AND RECOMMENDATION S

5.1 Introduction

This section presents results and recommendations concerning the
Requirements Engineering Guidebook , the role of automated tools in support

of the guidebook , enhancements to CADSAT , extended applications of CADSAT
and the use of the requirements data base, the approach to the application
of the guidebook , and the means of facilitating the app lication of the
guidebook and automated tools within vari ous acquisition environments.

5.2 Results 
V

5.2.1 The Requirements Engineering Guidebook

The application of the Requirements Engineeri ng Guidebook should come about
in an evolutionary manner to allow time for the application of the concepts
within various acquisition environments. As lessons are learned , the
guidebook should be modified to ensure that the practices are current with
the Air Force system acquisition needs and objectives. The guidebook
should become the basis for defining automated tool capabilities. The
automated tool capabilities list and subsequent specificat i ons, such as DoD
Standard 7935.1-S functional description , system specification , and program
specification , should also be the basel i ne for the functional definition
and design of tools including the upgraded CADSAT. This method of basel i ne
management should be achieved for the requirement engineering guidel i nes

and standards , and automated tools as it would be for any other Air Force
system. The resulting configuration and documentation control would ensure
that a system like CADSAT can be operationally depl oyed in the various
using agencies and contractor acquisition environments.

5.2.2 Requirements Engineering Tools

The emphasis of the Requirements Standards Study has been on describing the
goal of requirements engineering, the characteristics of quality
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requirements , and the principles and practices of requirements eng i neering.
Automated assistance (CADSAT) has been presented as a tool for defining and
analyzing system requirements. Existing automated tools lack many of the
fundamentals of requirements engineering from an Air Force systems
engineering viewpoint . The origins of these tools within academic and R&D
environments and the l ack of pragmatic applications to complex military
systems development are evident in the performance and design of the
initial tools. Logicon CADSAT extensions have resolved many of the needs
for an early requirements engineering tool and have been effective in Air
Forc e systems acquisition requirements engineering activities. Additional
needs have been identified during this study. A requirements engineering
tool like CADSAT is most effecti ve in the early acquisition phases of
system development in conjunction with the guidelines and standards for
requirements engineering such as the guidebook developed during thi s
study.

5.2.3 Language Proliferation

The current trend in development of automated tools is toward more
specialized requirements engineering features for eact acquisition
environment. Many user desire unique language features and report
capabilities which reflect the actual uniquenesses of his acquisition
environment. This trend will most likely continue unless a policy decision
places limits on the prol i feration of unique tools. One conclusion of the
RSS is that the proliferation of unique tools is unnecessary. The approach
that should be taken is to define the guidel i nes and standard s for
requirements engineeri ng throughout the Air Force (as well as DoD). Next
the automated aids such as those described in this study can be implemented
and applied in response to the guidebook. Finally, specific requirements
in various acquisition env ironments can best be addressed by development of
specific requirements engineering methodologies on the application of the
guidel ines and standards and tool to a specific environment . For exampl e,
the guidebook requires that functions be described and organized into a
hierarchical structure. A requirements engineering tool like CADSAT

— prov ides the capability to define the functions and structure the functions
hierarchically. A specific methodology for an electronic system acquisition
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might require top- level function names such as surveillance , tracking
identification, interceptor cont rol , and communications. A methodol ogy for
space system acquisition environment might show how to apply the tool and
define system funct ional requirements with top-level function names such as
flight mission , launcn , and status monitoring. The prol iferation of the
language could be taken to the extreme with language objects such as
trackers , mi ssiles , sensors , or the like.

Therefore , the guidebook and automated tool can serve any acquisition
environment and the application of the guidebook and use of automated tools
is best addressed through specific guidance - a requirements engineering
methodology . The guidebook and list of requirements engineering tool : 1
capabilities , such as those described in this study, should be the i n i t i a l

requi rements documents for an automated tool . The tool is the response to
— the impl ementation of the guidel i nes and standards. The methodology is the

user ’s guide which addresses the specific application of the guidebook and
tool to each acquisition environment.

5.2.4 Language Simplificat ion

The CADSAT language features generally satisfy the requirements of the
Requirements Engineering Guidebook. Many of the present language objects
can be eliminated , consolidated with other objects , or renamed. For
example , the PROCESS should be renamed FUNCTION. The number of objects for
identifying system I/O (SETS , ENTITIES , INPUTS , OUTPUTS , GROUPS , ELE MENT S)
can be reduced to fewer objects such as SETS (where a set can be any
grouping of other 1/0 objects), INPUTS and OUTPUTS (external and internal
I/O) and ELEMENTS (the l ast identifiab le I/O component in the hierarchy).
The INTERFACE obj~ct is merely an external system function and is a
confusing object name. One possibility would be to rename INTERFACE to
something more representative of an external function. These exampl e
changes are intended to give only an idea of the possible simplification of
the CADSAT language which would confo rm to the Requirements Engineering
Guidebook. The actual concepts and design should be described in a
speci f icat ion for a revised CADSAT language such as the Functional
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Description (FD ) and subsequently the system specification (SS) of the DoD
Standard 7935.1-S [16]. This streamlining of the language would provide
clarity in understanding the capabilities of the tool language and greatly
simplify the training and application of the tool in support of the standard.

5.2.5 Analyzer Refinements

The CADSAT analyzer , includ i ng the current Logicon extensions , satisfies
most of the requirements engineering activities described in the guidebook
The improvements to the analyzer described in 4.5.3 are considered
essential to complement the Requirements Engineeri ng Guidebook. Each of
these CADSAT analyzer requirements , modifications , and additions should be
expanded in the FD and SS along with language features described above.
CADSAT reports which do not support the guidebook shou d be eliminated from
the upgraded CADSAT.

5.2.6 Existing Tool Performance and Design

Concurrent with streamlining the CADSAT l anguage and analyzer features
to sat isfy the standard , various other CADSAT def iciencies should be
evaluated and improvements should be presented in the FD and SS. These
improvements include requirements data base management , multiple
requirements data bases , software segmenting, resource requirements
(processor time , memory requirements) and the like. The revised CADSAT
configuration and design should improve the effectiveness of the tool ’s
application and ease of use. The FD and SS should address both huma n
engineering and system engineering issues (CADSAT as an automated system)
and form the functional-performance basel ine upon which CADSAT complies
wi th the guidebook. This basel ine should provide the basis for
configurat ion control of the tool , its operational use , and further
enhancements.

5.2.7 Simulation

Simulation was addressed in the Requirements Engineering Guidebook and
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associ ated with appropriate requirements engineering activities. However ,
it has been omitted from the list of tool capabilities. Simulation of
system requirements requires a basic set of wel l -def ined system
requIrements. Simulation requires an extensive allocation of resources:
computer time , memory, software and analysts ’ time. If the simulation is
driven from a requirements data base which contains a definition for a
functional design , the simulation techniques might demand a more extensive
requirements language facility since the system definition may have to
include more specific details. As the number of language objects and
corresponding requirements data base entries increase , the complexity of

the tool ’s use increases. Al though simulation is an essential tool in many
instances for identifying the character is t ic s  of the performance
requirements , it is only another means of analyzing the requirements of the
system. Ultimately the results of the simulation analysis must be
incorporated into the requirements data base constraints or refinements to
exist ing constraints. The incorporation of simulation capabilities
directly into the requirements engineering tool mi ght encourage the analyst
to produce simul ations which are in themselves perceived to be the system
requirements. Safeguards against this tendency would have to be defined
and incorporated into the tool and methodology for ~ts appl icat ion.
Existing requi rements engineeri ng tool simulation capabilities are not
adequately addressed in the availabl e documentation reviewed during this
study. The capabilities and products of the simulation are not described
in terms of the specific benefits derived by the simulation of the system
from the requirements data base.

There is no question that simulation is a useful analytical technique in
specific applications for determining the constra i nt requirements in a
system definition. Numerous simulation languages have been developed and
successfully appl ied to systems development over the previous decades. The
requirements engineering guidebook supports this concept. However , becaus e
of the previously described reasons , it is not considered appropriate to
define simulation as a basic tool requirement which should be incorporated

j  directly into a requirements engineering tool capabilities list at this
time. Existing simulation capabilities which use the requirement data base
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are too experimental and investigatory at this time to be recomended as

essential capabilities for requirements engineering. Additional study
concentrating upon the role of simulation and its capabilities , limitations ,
products , benefits , etc. , is warranted and should be accomplished. The
results of such a study should be reflected in the requirements engineering
guidebook , and the correspond i ng list of tool capabilities , developed into
FD and SS specifications and potentially developed and incorporated into
CADSAT.

5.2.8 Query-Report Capabilities

The list of requirements engineering tool capabilities developed during
this study does not include an extensive definition of query-report
features. The list does contain basic query-report capabilities which are
considered essential for supporting the guidebook. A more extensive list
of query-report features would provide the experienced analyst with greater
capabilities to do extensive requirements analysis beyond the essential
capabilities provided by the current CADSAT analyzer fixed report and
limited query-report features. In addit ion , the use of the requirements
data base for management information system (MIS) applications
(configuration management , traceability analysis , status monitoring , etc.)
would be benefited by additional capabilities beyond the essential
query-report features. Many of the basic program office MIS needs are
directly related to the requirements definition and analysis activities as
reported in a previous Logicon study [19]. The utility of additional
query-report capabilities should be studied in relation to requirements
engineering needs as well as the MIS needs. The query- report capabilities ,
like the previously described simulation capabilities , should be reflected
in the requirements engineering guidebook and the corresponding list of
tool capabilities , developed into a FD and SS specification , and
potentially developed and incorporated into CADSAT .

5.2.9 Automated Specification Document Generation

The automated generation of specification documents from the requirements
data base is a limited Basic CADSAT capability. The Basic CADSAT process
depends upon an extensive degree of external analysts ’ discipline.
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For instance , the analysts must ensure that all the desired information is
in the requirements data base , d e f i n ~ the actual outline of the target
document (documentation schema ) and prepare and coordinate textual
descriptions about the requirements (documentation source). As described
in the user ’s manual the automated documentation system capabilities
requires consistency and coordination between the documentation schema ,
the documentation source , and the requirements data base in order to
automatically generate a good doc ument ([14], p. 467). The ful l potential
of the requirements data base is not fully i ntegrated into the generation
of the requirements documents.

The Logicon Extended CADSAT, unlike the Basic CADSAT , is able to edit
the requirements text as part of the requirements definition and anal ys i s

activities. The text is easily edited and reformatted directly from the
analyzer. One form of specification documentation can al ready be directly
generated from the requirements data base but is limited to a forma t

which satisfies the ESD surveillance system requirement ~ engineering
needs. This extension could be further enhanced to generate spec i f ic
MIL-STD-490/ 483 documentation by incorporation of different format
requirements (schemas) and elimination of certain output fields.

The automated generation of requirements documents should proceed upo n
the requirement s data base as defi ned and analyzed along the procedures in
the Requirements Engineeri ng Guidebook. This extension would encourage the
application or the Requirements Engineering Guidebook since CADSAT requires
the same forms of definition and analysis lead i ng to specification prepar-
ation as are described in the guidebook , i.e., functional analysis , hier-
archica T structures , control and information fl ows , etc. The documentation
schemas of MIL-STD-490 /483 (USAF ) shoul d exist within CA DSAT. The schenias
should be automatically linked to the requirements data base system struc-
tures. For instance , the System/Segment Specification functional areas
(MIL-STD-49O , Type A , paragraphs 10.3.1 and 10.3.7) are identifiable in
the upper level s of the functional hierarc hy of the requirements data base
if developed in accordance with the Requirements Eng i neering Guidebook .
The structure of the hierarchy is directly translatable into the paragraph
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numbering and identification for paragraphs 10.3.1 and 10.3.7 and their

subparagraphs. The associated constraints , I/O and I/O hierarchies ,
control and informat ion flows , text descriptions and other requirements can

also be directly trans lated into the appropriate paragraphs of MIL-STD-490 /
483 as described in the Requirements Engineering Guidebook (Volume III:

Tables 2 and 3).

In addition , the design of CADSAT to accomplish MIL-STD-490/483

documentation wil l  quite naturally lend itself to the generation of other
forms of documentation such as DoD Standard 7935.1-S and other DoD agency

specification requirements with the development of appropriate schemas

with in CADSAT. The user could then identify which form of documentation he

desired and receive an up-to-date version of the documentation desired.

5.2.10 Ex isting Practices , Regula ti ons , Standards and Specifications

Requirements engineering begins with the first statement of a requirement.
This occurs before the development of early requirements documents. By the

time the program office is formed and the requirement s are further analyzed
and ref ine d , the rationale for the requirements has been obscured. The

anal yst in many instances is unable to distinguish a requirement from a

desirable feature . Early requirements docume~ts should al so be required to

identify the source of the requirement and the rati onale for the

requirement. This information can in turn provide the necessary background

information to understand and expand the init ial requirements lead i ng to

the preparation of a specificatio n document.

Requirements engineering must be a required Program Office engineering

activity which is described in AFR 800-3 and MIL-STD-499A (USAF) as pre-

viously described (4.4.4). The requirements engineering guidebook or

similar guidance should be the basis upon which government and contractor

requirements engineering proceeds. Requirements engineering should be

an established engineering activity within the program office. The program

office qualit y assurance role should be incorporated into the program

office requirements engineering activities. Changes to the quality
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assurance quidelines , such as ESO 74-1 , should be accomplished as
previously described (4.4.4). Policy for requirements eng i neering in the

program office , similar to ESO 74-1, must also be developed and appl ied.
In addition , training is necessary to support the guidebook and the
appl icat ion of automated tools, if requirements engineering in the program
off ice is to be successful (4.4.3).

5.2.11 Requirements Engineering Methodology

As previously described (5.2.3) a requirements engineering methodology can
facilitate the introduction of the Requirements Engineering Guidebook and
automated tools in various acquisition environments and prov ide effecti ve
use of the guidebook and an automated tool such as CADSAT. Therefore, the
requirements engineeri ng methodology interfaces a general requirements
engineering approach such as the Requirements Engineering Guidebook ,
requirements engineering tools, and the unique needs of each acquisition
environment employing the guidebook and requirements engineering tools.
The documentation of various requirements engineering methodologies for the
ESD environment can proceed at this time from experience ga i ned from the

present use of CADSAT in the ESD program office environment. Any
extensions to CADSAT should be incorporated into documentation of a
requirements engineering methodology.

Similar requirements engineering methodologies should be developed as
the guidebook and tools are applied to other acquisition environments such
as the missile system, space system, or avionics acquisition environments.
In addition to 800-series procurements , requirements engineering
methodologies should address the general automated data processing (ADP)
procurements wi thin various Air Force acquisition environments.

The various requirement engineering methodol ogies must provide concise
guidance and techniques for requirements engineering within the specific
acquisition environment. The requirements engineering methodology must
explain the guidebook and tool through succinct text and exampl e
applications which provide the user with a direct and simplified
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understanding relative to his unique acquisition environment. This
approach provides configuration control of automated requirements
engineering tools used throughout the Air Force.

5.2.12 Management Information System Capabiliti es

As previously described , the requirements data base can be useful for
management information system (MIS) requirements. The requirements
engineering tool serves the analyst during the defini tion of the
requirements by providing a means of storing , retrieving , document i ng , and
anal yzing the requirements as the engineering activities proceed. As the
requirements are defined the requirements data base can also be used for
MIS purposes. The potential benefits are realized when the requirements
data base is the source for such MIS analysis and report i ng activities as
configuration management , traceabil ity anal ysis , engineering change
proposal evaluation , documentation maintenance , status monitoring , and the
like. Extended CADSAT incorporates some of the MIS features required in
program office system acquisitions. Additional capabilities can be
achieved by a more extensive query-report capability as described
previously.

The MIS study [19] describes four areas of program office MIS needs:
cost! budgeting, scheduling, ECP evaluation and control , and plans and
contract preparation/control . Engineering Change Proposal (ECP) evaluation
and control needs concentrate upon determining the impacts of ECPs on
system requirements and the determination of the status of all ECPs in the
program office (ECP tracking). The ability of using the requirements data
base for change impact analysis and track i ng such as described in the
Requirements Engineering Guidebook under traceability analysis is a direct
application of the requirements data base to program office requirements
engineering and MIS needs. Program office planning and contract
preparation /control needs to concentrate upon (1) developing a standardized
approach for defining the functional and component breakouts of systems,
(2) developin g a means of assessing the impacts of requirements changes to
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established plans and documents (Specifications , etc.), (3) developing a
means of identifying the inconsistencies and i ncompleteness of the system
requirements , and (4) the ability to produce plans and contract documents
in a timely manner (clerical functions). Each of these MIS needs can be
directly supported by the application of the Requirement s Engineering
Guidebook and automated tool s such as CADSAT with the present Logicon
extensions and other extended MIS capabilities .

— 
Additional study to describe the relation between the requirements data
base and program office MIS needs is recommended. The MIS study [19] and
the results of the Requirements Standards Study should be reviewed and
the benefits of the use of the requirements data base for MIS purposes
should be specifically addressed. The potential for the government or
contractor requirements data bases becoming accessible to support program
office MIS reporting r~eeds could provide the means of obtaining accurate
and current i nformation on the progress of systems acquisition.

5.3 Recomendations

5.3.1 The Requirements Engineering Guidebook

The Requirements Eng i neering Guidebook (Volume III) has been developed from
an analysis of past and present DoD and Air Force system engineering
practices. It i ncorporates established requirements engineering techniques
and approaches of many leading defense contracting firms. The Requirements
Engineering Guidebook provides the necessary guidance for requirements
engineering which is not describ ed in current Air Force regulations ,
standards, or specifications.

The guidebook provides a general road map for performing system
requirements definition and analysis. It begi’~ ,dth definition of the
initial user requirements and continues through the complete definition and
analysis of the system prior to its development . The guidebook allows for
a flexible approach in its application while providi ng the necessary
gu idance for government and contractor system analysts to plan and perform
requirements engineering activities.

• 
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It is recommended that the guidebook be applied to selected programs to
allow for clarification and improvement of its contents and presentation.
The app lication of the guidebook as a general guide may lead to a more
forma lized approach such as direc t contract applications or a forma l
military standard .

The relationshi p of the Requirements Lngineeriny Guidebook to later phases
of the Air Force system life cycle (such as in the full -scale development
phase) should be studied and presented as an extension to the Requirements
Standards Study. This study would identify the interface between the
Requirements Eng i neering Guidebook , automated requirements engineering
tools , and requirements data bases during full scale developm ent ,
production and deploy ment , and operations. Such a study would address
computer program development i ncorporating the princ i p les of top-down
design and implementation (as an extension to the Requirements Ingineering
Guidebook), modern programming practices , tools and methodolog ies ,
documentation preparati on (Computer Program Contiguration I t e m

Specifications type 135), users ’ ni anu al s , position manua ls , technical
manuals) and support configuration and data management into the operations
phase. The continuation of system test plann ing and subsystem and system

integration testing would also be an integra l part of the extension to the

Requirements Eng i neering Guidebook .

5.3.2 CADSAT Enhancements

CADSAT has been found to be an effective tool for accomp lishing the
requirements engineering activities described In the Requirements
Engineering Guidebook . Certain modifications , additions , and improvements
to CADSAT have been identified during this study. These enhancements are
oriented to improv i ng the human engineering and system engi neering of
CADSAT as a system which support s the requirements eng i neering process.
The recommended Improve m ents inc lude simplifying the language ,
streamlining the analyzer to eliminate unnecessary reports, improv i ng
existing report capabilities , and increas i ng the overall performance and
desi gn of CADSAT . These enhancements would Increase the effectiveness
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in support of the application of the Requ i rements Engineering Guidebook and
would improve the CADSAT ’ s efficiency. Extensive use of CADSAT in the Air
Forc e acquisition env i ronment will require continuing enhancements to
satisfy additional needs as described below.

5.3.3 Extended CADSAT ~.,apabi 1ities

Four promising uses of a requirements engineering tool like the
Logicon—Extended CADSAT are (1) automated specification generation from the
requi rements data base , (2) management informati on system applications , (3)
additional query-report i ng capabilities , and (4) simulation capabilities.
The first three are current CADSAT capabilities to a limi ted extent.
Simulation using a requirements engineering tool is considered too
experimental to recommend as an essential capability for a requirements
engineering tool at this time . Improvements in automated specificati on
generation from a requirements data base is considered the most beneficial
enhancement to CADSAT. Lxtended query -reporting capabilities and
management information system features would be the next most beneficial 

p

extension beyond the essential capabilities identified to support the
guidebook . Final ly, simulation should continue to be investigated and
experimental approaches encouraged . A thorough analysis of the benefits of
simulation in the Air Force acquisition env i ronment , the identification of
requirements engineering simulati on capabilities , and the development of
the specific capabil ities i nto current requ i rement engineering tools such
as CADSAT is recomended as a principle area of research at this time.

5.3.4 Evolutionary Approach

The application of the Requirements Engineering Guidebook and the
recommended changes to existing practices , regulations , standard s, and
specifications must proceed in a careful and selective manner. The
guidebook has been dev eloped to satisfy the requirements for a
comprehensive approach to defining and analyzing the requirements of a
system. The presentation allows for a variable approach to the actual
application of the guidel i nes and standard s to satisfy each application
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and acquisition env ironment. However , the requirements for quality
requirements definition as addressed in the guidebook are extensive and
demanding upon the system anal yst. The incompatibility of the guidebook
with some current acquisition practices will require changes to existing
regulations , standards , and specifications over a period of time to allow
the application of the guidebook to evolve. In addition , the resistance
factor within government and contractor engineering groups can be expected.
Essential to the promotion of the guidebook is adequate training for the
engineers who must apply the guidebook to their programs. The key element
of this t raining w i l l  be to present the guidebook as guid l ines and
standards for improved requirement s engineering. The benefits of the
guidebook must be understood by the analyst who will apply the princip les

to his work. The success of the documentation and analysis requirements of
the guidebook will depend upon the availability of requirements engineering
tools like CADSAT . The i ntermediate documentat i on and analysis needs which
are essential to the requirement engineering process are not cons i dered to
be easily accomplished without automated assistance. The availability of
automated tools and associated training is essential to the success of the
guidebook . In addition , the specific issues of the acquisition
environment , the application of the guidebook , and the use of automated
tool s must be addressed in specific methodologies for each acquisition
environment as described bel ow.

5.3.5 Requirements Engineering Methodology

The Requirements Engineering Guidebook presented in this report provides
the procedural framework for the definition and analysis of system
requirements for any Air Force systems development. The associated list of
automated tool capabilities was developed to complement the guidebook and

to facilitate the definition , analysis , and documentation of the system
requirements. Specific approaches for the application of the guidebook

within various acquisition env i ronments , such as ESD , and the integration
of automated tool capabilities in support of the requirements engineering

tasks described in the guidebook can be facilitated by specific guidance -

a requirements eng i neering methodology. The methodology provides the means

‘
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of adapting the procedures and tools to specific acquisition environments
and facili tates the introduction of the guidebook and automated tools. The
developm ent of a requirement s engin eering meth odology for the [SD
acquisiti on env i ronment based upon the Requirements Engine ering Guidebook
and automated assistance from CADSAT can proceed as an extension to this
study . Ad ditional guideline s for other acquisi tion envir onments can
proceed based on the [SD methodology.
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AP PENDIX B -_GLOSSARY

This append ix consists of def init ions of the major terms used throughout
th is document and conc l udes with ~ l i s t of acronyms and abbreviations . Trk
def in itions are drawn from a variety of sources which are identified at the
conclusion of the def inition section.

DEF i NITIONS

Ac_qu i s i t i on L if e Cycle - The five phases of system and related item
acquisi~Ton (Conceptual , Val idat ion , Full -Scale Development , Production
and Deploy ment ) with three key decision po ints (Program , Ratif ication ,
and Production Decisions ) between each of the first four phases. A program
may ski p a phase , have program elements in any or all other phases , or have
multip le decision points per phase. (AFR 800—2) [1] (See also System!
Acquisit ion Life Cycle). These phases are be i ng redefined [12], [13].

And - Act ivities preceding the AND must be accomp li shed befo re the fl ow may
continue.

A u t h e n t i c a t e  - The act of si gnif y ing (by the approval signature of a
responsible person of the procuring activ ity ) that the Government is
in agreement wi th the requ i rements contained in the specificat ion.
Authenticat ion by the procur ing activity normally will be accomp lished
on that issue of the spec ifica tion which is to be the contractual
requ i rement for the basel ine which that part icular specificat i on defines
(MIL-STLJ -483 (USAF ) paragrap h 3.4.9). [2]

A v a i la b ili t~y - The degree to which the system shall be in an operable
and cc~ flittab le state at the start of the mission(s) is called for at an
unknown (random ) point in time [3]. Reliability and Ma i ntainability are
in terrelated . The formula used to express this relationshi p is:

A = 
MTBF

MTBF MTTR
where

A = Availability
MTBF = Mean T ime Between Fa i lure
MTTR = Mean T i me to Repa i r

A fi gure of merit such as Ava il abil i ty is muc h more meaningful when
app l ied to systems that operate cont inuously rather than the use of :1
MTBF . [1] (See also Rel iab ility and Maintainab ility )
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Base Line - A configuration identification document or a set of such
documents formally designated and fixed at a specific time during a Cl ’ s
life cycle. Base l ines , plus approved changes from those base lines ,
constitute the current configuration identif ication. For configurat i on
management there are three base lines , as follows :

a. Func tional Base line. The init i al approved functional config-
uration identification.

b. Alloca ted Base line. The initial approved allocated configur-
ation ident ification.

c. Product Base line. The initial approved or conditionally
approved product configuration identification. (DOD Directive.
5O1O.19).[4]

C ivil Engineer ing - This term refers to the Air Force civil eng ineering -:
func ti ons as they relate to the des ig n, construction ma i ntenance , and
operation of facilities necessary to support the acquisition and operation
of a system or a major modification program. The impact of the various
techn ical funct ions on Air Force civil eng ineering functions must be
considered throughout the process of develop ing and acquiring a supportable
and cost-effective system. C ivil engineering requirements are derived as a
par t of the systems eng ineering process (see AFM 86—1). (See also
Eng i neering Management). [6]

Computer Program - The computer program as it pertains to configuration
management is a configuration item defined as a deck of punched cards ,
magnetic or paper tapes , or other physical medium containing a sequence of
instructions and data in a form suitable for insertion into a computer.
Computer programs used for administrative purposes and those not associated
with system/equipment managed by AFR 65-3 are controlled by AFR 300-2.
(See definition under Software). [5]

Computer Program Component (CPç) - A CPC is a functionally or logically
distinct part of a computer program confi guration item (CPCI) distinguished
for purposes of convenience in designing and specifying a compl ete CPCI as
an assembly of subordinate elements. [5], [7]

Computer Program Confi guration Item (CPCI) - The computer program as it - -

pertains to configuration management is a configuration item. A CPCI is
defined as a deck of punched cards , magnet ic or paper tapes , or other
phys i cal medi um conta i n ing a sequence of i nstruct ions and data i n a form
suitable for insertion into a computer. (See also Computer Program) [8]

Computer Program Development Plan (CPDP) - The CPDP is the plan which
identifies the actions required to develop and deliver computer program
configurat ion items and necessary support resources. It is prepared by the
implement ing comand or ,if the development effort is contracted , the plan
may be pre pared by the contractor and approved by the implementing
command . (AFR 800-14, Vol II) [9]

Computer Program Development Specification - Also called Computer Program
Configuration Item Spec ification , MIL-STD-483 (USAF), see Type B5.
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C oii~puter Program_L if e ~~~ç)e - The sequence of activities grouped into
phases that characterize the typ ic al process of softwa re production and
use. The phases are

Anal ysis Phase
Design Phase
Cod ing and Checkout Phase
Test and Integrat ion Phase
~‘sta l 1 ation Phase
Operat ion and Su~jort Phase

A ~jrti cula r computer program wi l l undergo these phases at least once
during the system acqu isition life cycle , however , this may occur entirely
in one phase of the system acquisit i on life cycle (e.g., a miss ion
sim ulat ion computer program in the conceptual phase) or over several system
dc qu i s i t it ~n phases (e.g., a m i ssion application program developed over the
validat i on , full -s cale development and product ion phases). See AFR 800-14
Vo l ume II , Section 2-8, for further discuss ion of the computer program life
cycle in the system acquis i tion life cycle. [8]

Concept of Operat ions. A verbal or written statement , in broad outline , of
a c ommander ’s assumpt ions or intent in regard to an operation or series of
operations. The concept of operations frequently is embodied in campaign
plans and operation p lans , in the latter case part icularly when the plan
covers a series of connected operations to be carried out simultaneously or
in succession. The concept is desi gned to give the overall picture of the
operation. It is inc l uded primarily for additional clarity of purpose and
is frequently referred to as commander ’s conce pt. (Source: JCS Pub. 1)
[13].

Concep tual Phase - The initi al period when the techn ical , mil itary , and
econom ic bases for acqu isition programs are established through
comprehensive studies and experimental hardwa re development and evaluation.
The outputs are alte rnative concepts and their characteristics (estimated
operat ional , sche dule , procurement , cos ts , and support parameters) which
serve as inputs to the Decision Coordinating Paper (DCP ) on major systems,
P rogram Memoranda (PM) on smaller systems/equ ipment , an d to HQ USAF
decision documents (Program Management Directives ) for programs that do not
require OSD decisions. (AFR 800-2) [1] (see also Acquisition Life
Cycle

Conf iguration — The functional and/or phys ical characterist ics of hardware!
software as set forth in technical docum entat i on and achieved in a product.
(DOD Direc tive 5010.19) [4]

Conf i~ ura tion Control - The systematic evaluation , coordination , approval
or disa pprova L, and imp le mentation of all approved changes in the
conf iguration of a CI after formal establishment of its confi gurat i on
identification. (000 Directive 5010.19) [4]

Conf iguration Item LCIJ - An aggregation of hardware/computer programs of
any of its discrete portions , which satisfies an end—use function and is
designated by the Government for configuration management. Cis may vary
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wi dely in complexity , s i ze and type , from an a i rc raft , electronic or shi p
system to a test meter or round of ammunition. During devel opment and
manufacture of the initial (prototype) production configuration , CIs are
those specificat ion items whose functions and performance parameters must
be defined (specified ) and controlled to achieve the overall end-use
funct ion and performance. Any item required for logisti c support and
designated for separate procurement is a conti guration item. (AFR 65-3)
[1] The third level in the functional hierarchical structure. (See also
System Se gment , Funct i onal Area , and CPCI)

Conf iguration Management - A di s c i p l i n e  apply i ng techn i ca l  an d
ac~ inistra tive direction and surveillan ce to (1) identify and document the
func tional and physical characteristics of a configuration item , (2)
control changes to those characteristics, and (3) record and report change
processing and implementation status. (DOD Directive 5010.19, AFR 65-3 ,
AFR 800-3) [4],[6] (See also En gineering Management )

Constra ints - Performance Requirement s, Physical Requirements , Operability,
Test Requirements , and Design Requirements.

Contrac tor - An individual , partnership, com pany , co rp orat i on , or
association having a contract with the procuring activity for the design ,
develo pment , des ig n and manufactu re, ma i ntenance , modification or supply of
items under the terms of a contract. A government activity performing any
or al l  of the above act i ons i s cons id ered to be a con trac to r fo r
configuration management purposes. [4]

Control Flow (also called Functional Flow) - The descri ption of the log i cal
fl ow in which the system functions are accomp l ished in order to control
the system functions and satisfy the operational requirements. The control
flow indicates only the relationshi p between system functions and does not
imply any lapse in time or interm ediate activity . Conditions which
determine the flow directions are described using the control -flow
rel ationships: SERIES , AND , OR , and UTILIZES.

Dec ision Coordinating Paper (DCP).- The principle document to record
essential system program information for use in support of the Secretary of
Defense/Secretary of the Air Force decision making process. A DCP i ntended
for f i nal approval by the Secretary of the Air Force is called an Air Force
Decision Coordinating Paper (AFDCP). (Ref: AFR800-2) [13]

Deficiency - Operational need minus existing and planned capability . The
degree of inability to successfully accompl ish one or more mi ssion tasks or
func tions required to achieve mission or mission area objectives.

• Deficiencies might arise from changing mission objectives , opposing threat
systems , chan ges in the environment , ob solesence , or depreciation in
Current military assets. [13]

• Dependability - Dependability addresses the issues of system survivability ,
vulnerab ility (S/V ) and exte rnal electromagneti c interference.
Surv ivability is the ability of the system to achieve its mi ssion under the
conditions of a man-made hostile environment. In addition the system may
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be required to operate under the conditions of interference from external
electromagnetic sources (Electromagnetic compatibility ) as wel l as operate
under threat of possible electronic countermeasures (ECM) such as spoofing
and jamming.

Deployment Phase - The period beginning with the user ’ s acceptance of the
first operational unit and extending until the system is phased out of the
inventory. It overlaps the production phase. (AFR 800-2) [1]

DERIVES - This  relationshi p indicates that a function on the path derives
either external information (external output) or internal system
information (internal output) as part of its activities. (See also
Information Flow)

Design and Construction - Mi nimum or essential requirements that are
not control led by performance characteristics , interface requirements , or
referenced documents shall be specified . They shall include appropriate
design standards , requirements governing the use or selection of materials ,
parts and processes, interchangeability requirements , safety requirements ,
and the like. Requirements for materials to be used in the item or service
covered by the specification shall be stated , except where it is more
practicable to include the i nformation in other paragraphs. Requirements
of a general nature should be first, followed by specific requirements for
the material. Definitive documents shall be referenced for the material
when such documents cover materials of the required quality. [3)

Des ign Engineering - This function uses the technical information
(requirements , goal s, criteria , constraints , etc.) developed through the
systems eng ineering process to develop detailed desi gn approaches , des i gn
solut i ons, and the test procedures to prove these solutions. [6] (See
also Engineering Management )

D e s i g n  Requi rements  - The minimum or essential design and construction
requirements which are not addressed by other constraint requirement
types: performance, physical , operability, and test requirements. During
the initial phases of systems requirements engTneering, certain design
and construction standards (see Design and Construction ) may be specified
directly or by reference to other specifications or standards. As the
system devel opment continues , engineering analysis and trade study results
(as well as other engineering activities such as prototyping and
simulations) may indicate the need for additional design constrai nts which
are practicable and necessary for the system’s operation and ma i ntenance

• (O8M).

Development (Part I or Type B5) Specification - A document which specifies
the requirements peculiar to the de~Tgn , development , functional
performance , test , and qual ification of the configuration i tem. It
establishes performance criteria and test criteria for which the program
shall be designed/ developed [MIL-STD-483(USAF)]. [7] (See also Type B
Specification and Specifications )
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Development Test & Evaluation (DT&E) - That testing and evaluation of
individual components , subsystèms , and , in certain cases , the complete
system, which is conducted predominantly by the contractor. [7]

Discrete Event Simulation - On the system level , a discrete event
simulation may be utili zed to support computer system studies. A disc rete
event simulation is one in which information blocks and computer program
timing can be replicated allowi ng evaluation of throughput capability and
identification of potential design problems. This type of simulation is
used to check the software design for possible discrepancies that might
cause the system to be saturated as a result of either information
overloads or time responses that are slowe r than required. These studies
provide estimates of computer sizing and timing for the processing
requirements and they evaluate the real-time computational conflicts ,
including the effects of i nterrupts. [9] (see al so functional simulation ,
Scientific Simulation , Engineering Simulation)

Electromagnetic Compatibility (EM~J - Defined as “the capability of an
equipment , component , subsystem or system to operate in its operational
electromagnetic environment at design levels of efficiency , without causing
or sufferi ng unacceptable degradation due to electromagnetic interference. ”
The application of approved EMC standards in the development and
procurement of equipment is required by AFR 80-23 (para 6d). [1] Where
applicable , requi rements pertaining to el ectromagnetic radiation shal l be
stated in terms of the environment which the item must accept and the
environment which it generates. [3]

Electronic Warfare (EW) - The mission capabilit y of Command , Cont rol &
Communications systems is continually threatened by the possibility of
electronic countermeasures (ECM) such as spoofing and jammi ng. Potential
adversaries put a high emphasis on ECM and have a constantly improving
EC~4 technology base . To be responsive , each Command , Control &
Communications system concept must have as little potential for ECM
exploitation as possible , electronic counter-counter measure (ECCM)
technology base must be vigorous , and incorporation of ECCM into systems
must be timely. [1]

Enqineer ing Change - An al teration in the configuration item or items,
• d e l i v e r e d , t o  be delivered , or under development , after formal

establishment of its configuration identification. [4]

Engineering Change P rpposal (ECP) - A term which includes both a proposed
engineering change and the documentation by which the change is described
and suggested . [4]

En~i neering Management - The management of the engineering and technical
effort required to transform a military requirement into an operational
system. It incl udes the system engineering required to defi ne the system
performance parameters and prefered system configuration to satisfy the
requirement , the planning and control of technical program tasks ,
integration of the engineering specialties , and the management of a totally
integrated effort of design engineering , specia l t y  engineering , test
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engineering , logistics eng i neering , and production engineering to meet
cost , technical performance and schedule objectives. The engineering
management task of the government program office assures that the technical
functions in the program office are properly planned and impl emented , and

• that the technical functions perfo rmed under contract are tailored ,
monitored , and control l ed to best meet the needs of the system or program.
These functions (together with certain supporting functions ) are: Systems
Engineering (including Requirements Engineering), Design Engineering,
Specialty Engineerin g, Test Engineering, Production Engineering, Logistics
Engineeri ng, Civil En9ineering , Human Factors Engineering, Configuration
Management , TecTinical Data Control , and Technical Program Plann ing and
Control. [10]

Engineering Simulation - Engineering simulation is a further refinement of
the scientific simulation in which the final software design is evaluated
by driving this software with realistic input data generated from
representative scenarios. These simulations , executed on a general purpose
computer , are characteristic of the types of tools needed in system and
software requirements definition and eval uation. [9] (See also functional
simulation , discrete event simulation , scientific simulation)

Environmental Conditions - Environments that the system or equipment is
expected to ex perience in shipment , storage , service , and use. The
fol l owing subjects should be considered for coverage : natural environment
(wi nd, rain , temperature , etc.); induced environment (motion , shock , noi se ,
etc.) , electromagnetic signal environment ; shi pboard magnetic environment;
and environmental conditions due to enemy action (over-pressure , blast ,
underwater explosions , radiation , etc.).

External Interface - (Also called Intra-System Interface). The i nterfaces
between the system being specified and other systems with which it must be
compatible. [3] (See also Interface)

• Formal Qualif ication Tests (FQT ) - A formal test conducted in accordance
with the Air Force-approved test plans and designed to be a complete and
comprehensive test of the CPC I prior to FCA. It is conducted after the
design process culminates (AFR 80—14 , Vol. II). [7]

Ful l-Scale Development Phase (FSD) - The period when the system/equipment
and the principal items necessary for its support are desi gned , fabricated ,
tested , and evaluated. The intended output is , as a minimum , a
preprod uction system which closely approximates the final product , the
documentation necessary to enter the production phase , and the test results
which demonstrate that the production product w ill meet stated
requirements. (AFR 800-2) [1] (see also Acquisition Life Cycle)

Function (Functional Requirement Set , Functional Requirements) — A function
fs a discrete activity within a system. The functional requirements
represent the total discrete system activities required to achieve a
speci f ic obj ect ive , this is most often referred to as the mission
objective. A functional requirement identifies what must be accompl i shed
without identifying any aspect concerning the means such as hardware,
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computer programs , personnel , fac il i t i es , or procedural dat a .  F unct ional
• requirements represent a problem statement devoid of any overtones or

spec if ics regard ing rea l or conceptual solut ions which sat isfy any or part
• of the needed funct ions.

Note 1: Functions take on different meanings within the three types of
syste m documentat ion as required by M I L- S T D-4 8 3 (USAF).  Type A
specif icat ion funct ions are def ined for the system as a whole as defined
above. Type B5 spec ific ations define CPCI function to inc l ude the inputs ,
processing, and outputs. The Computer Program~ Components (CPCs) of the
Type CS s p e c i f i c a t i o n  nmay correspond to the funct ions in the T ype Rb
specification , if the 135 requ irements satisfy the computer program
developer ’ s design approach. (See [11], para . 4.3.1 and A ppendix A4 )

For the purpose of requ i rements eng ineering, functions are def ined to be
the same as Type A Specification functions. In documenting functions in
Type 135 specificat ions , the associated i nputs and outputs are included.

Note 2: The revised AFR 5/- 1 provides a sl ightly different def in it ion of a
function : The action for which a system or equi pment i tem is spec ially
fitted or used. [13]

Functional Anal sis - System functions and sub-functions sh a l l be
progress ive y identified and anal yzed as the basis for i d e n ti f y ing p
alternatives for meet ing system requirements. System functions as used
above include the m i ssion , test , production , deployment, and ‘-.upport
functions. Al l  contractuall y specif ied modes of operational usage and
support shall be considered in the analys is. System funct ions and
sub—funct ions shall be developed in an iterative process hased on the
resul ts of the miss ion ana lys i s , the de r ived system performance
requirements , and the synthesis of lowe r- leve l  system e lements .

- Performance requirements shall he established for each function and
sub-function identifi ed. When t ime is critica l to a performance
requi rement , a time line analysis shall be made. [10] (See also Systems
Engineering)

Funct ional Area — A dist inct group of system performance requirements
which , together with all other such group ings , forms the next l ower level
breakdown of the system on the basis of function. [4] The second l evel in
the functiona l hierarc hical structure. (See also System Segment , CI and
CPC I)

Functional Character i s ti cs - Quant it ative performance , operating and
logistic parameters and the ir respective tolerances. l unctio n al
characteristics include all performance parameters , such as range . speed ,
l e tha l i t y , re l i ab il i t y ,  m a i n t a i n a b i l i t y , and safety. (DOt) t)i rec tive
5010.19) [4]

Functional Hierarch ical Structure - t h i s  form of o rga niz a t i o n  i s  s u i t e d

~~ structurZT~mg system funct~on~1 requirements in a logical arrangement of
subordinate discrete activities which must he performed . The functions of
the system are grouped into higher levels of organization representin g the
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first possible breakout of the system. Upper- l evel functions are refined
by the identif ication of subord inate levels. Each level of the hierarchy
is limited to six functions or less. (See also System Segment , Functional
A rea , Confi gurat ion Item , Computer Program Configuration Item)

F unctiona l Perforniance - The ability of the software to satisfy its mission
requ i rements as ~f lo c a t e d  from the Sys tem S p e c i f i c a t i o n  and as
contractually specified in the Development Specif ication. [2]

Func ti onal Requ i rements - see Function

Func tional Simulation - A functional simulation general ly consists of a set
of building blocks which functionally define the basic elements of the
system such as the sensor niodels , aircraft  dynamics , navigat ion, weapon
delivery , and the environment. This type of simulation is used to analyze
performance in support of system requirements definition. To support this
analys is act ivity , the s i mula ti on may be ut i l ized to generate mission
scenarios in order to evaluate system performance parameters and tradeoff
studies assoc iated with various system elements , such as the sensors , etc.
[9] (See also discrete event simulation , scientific si m ulatior ,
engineering simulat ion)

Government Furnished Property (GFP) - Contracts may require the use of GFP ,
either as end item des i gn requirement or as a part of the system. In such
cases , a schedule is included in the contract for del i very of the GFP to
the contrac tor at a date permitting his evaluation for serviceability -

I

before it is needed for installation. Engineering data on the GFP must be
provided at a date which permits the contractor ’s engi neers to incorporate
it , or the interface with it , into the design of the system. [1]

Human Ln~i neerin g - Human Engineering is usually a contractor desi gn and
review process that interacts with other processes such as mission
requ~i rements analysis , funct ional analysis and requirement allocation , the
development of workspace mockups , equ i pment detail desi gn , test and
evalua ti on , etc. (MIL-H-46855A applies.) The contractor is tasked to
identify and investigate areas where interactions of huma n performance and
other elements of the system are critical to the system-effectiveness. The
con t rac tor ’ s end t ask i s to t rans la te  con trol ler /s it ua ti on , human !
information and man/machine functional interface requirements into huma n
engineering desi gn criteria for incorporation into system , equi pment ,
software and faci l i ty  speci f icat ions and delivered products. [1] (See
also Huma n Factors Eng ineering )

Huma n engineering requirements for the system/item should be described
in specifications and applicable documents (e.g.. MIL-STD -14/2) included
by reference. The specifications should also spec i fy any special or uni que
requirements , e.g. , cons t ra in ts  on allocation of functions to personnel ,
and c ommunications and personnel/equipment interactions. Included , should
be those specified areas , stations , or equi pment that require concentrat ed
human engineering attention due to the sensit ivi ty of the operation or
criticality of the task , i. e. those areas where the effects of human error
would be particularly serious. [3]



- -~~~~~~~

Interfaces between software and the user should be specified in the
Development (Part I) Specification. Inputs and outputs should be self
explanatory , easy to learn and understand , unambiguous , and desi gned to
avoid mis interpretation. [2]

Human Factors Eny i neer i n~ - Th i s func ti on i s a par t of the ma i ns t ream
engineering effort throughout the system l ife cycle. It uses data from ,
and contributes to , the system engineering process in developing a best
mix of specification requ i rements. Its objective is to ensure that the
human component of the sys tem can sa fely and effec ti vel y opera te , maintain ,
support , and contro l the system in its intended operational env i ronment.
It is alsc concerned with providing engineering data for use in hardware .
sof tware , or people cost-effective trade studies , and with developing plans
for training and training equipment (see AFR 800-15). [

~
] (See also

En gineering Management and Human Engineering)

Imp l emen tin ~ Conifland - The command or agency designated by Program Manage-
ment Direc tive (PMD ) as responsible to achieve the prograiii objectives or
program phase objectives established in the PMD. (Ref: AFR 800-2 ) [13]

The Air Force command responsible for the acquisition of the system
(subsystem or item). The procuring acti~ ty is usually resident within the
Im plementing Command. Program management responsibility norm ally is
transferred to the designated su~pj~~~t ing _command according to a
predetermined agreement. Simi lar ly,  the responsibility of system operation
and maintenance is turned over to the using convuand. [8]

I n fo rma t i on  F l o w  - The description of the flow of information into , within ,
and out of the system . The informat ion flow builds upon the I/O
hierarchical structure by providin g a means of analyzing the system as an
information processing system. During this analysi s , the flow
rel ationshi ps between external system inputs and result i rig outputs are
identified . This method permits the various relationshi ps between
associated functions and the internal information necessary to support the
derivation of the output to be identified . The flow associations between
system information are described using the information -flow relationships :
USES , DERIVES , UPDATES , PROVIDES , and RECEIVES. The informational flow
indicates only the relation shi p between system functions , system
informat ion (external and internal system I/O), and using activities
(or gan i za ti ons , operational units , or positions) and does not imp ly any
lapse in time or intermediate I/O being used , derived , or updated .

Initial Oj~era ti on a1 C ap ab iH t~~ (1OC). The first attainment of the• capabTTTty to em~Toy effectively a weapon , i tem of equipment , or system of
approved specific characteristics , and which is manned or operated by an
adequately trained , equipped , and supported military un i t or force.
(Source : .JCS Pub. 1) [13]

I/O Hierarchical Structure - The logical hierarchical description of the
discrete system inputs and outputs (external I/O) and the internal info r’-
mation requirements necessary for the system ’ s operation. The emphasis
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on the I/O structure is to arrange the information requirements into
structures by breaking the information into logical subordinate parts or
simply as groupings of information. The well -organized structure is
effective in communicating the I/O requirements and for identifying missing
I/O requirements.

Interface - The func ti onal and physical characteristics required to ex i st •
at a common boundary between two or more equipments/computer programs.
Interfaces between equipment/computer programs provided by different
developing agencies (contractors), or between development items and
government furnished property or external systems , require explicit
documentation. [8] (See also External Interface and Internal Interface)

Life Cycle Cost (LCC). The total cost of an item or system over its ful l
life . It incTudes the cost of acquisition , ownership (operation , ma inten-
ance , su ppor t , etc.) and , where app licable , disposal. To be meaningful , an
expression of life cycle cost must be placed in context wi th the cost
el ements incl uded , period of time covered , assum ptions and conditions
appl ied , and whether it is intended as a relat ive comparison or absolute
expression of expected cost effects. (Source: AFR 800-11) [13]

Internal Interface (also called Inter-System Interface) - The interfaces
between and within the system being specified (e.g., between system
segments, functional areas, configuration i tems) [3] (See also Interface)

Life Cycle Cost Analysis - L i fe Cycle Cost Analysis is performed by the
contractor periodically throughout the acquisition to access the cost of
acqu isition and ownership. This effort results in an identification of the
economic consequences of system design alternatives. [10] (See also
Systems Engineering )

Logical Organizat ional Relationships - Logical organizational relationships
are shown by structuring the disc rete functions and the information require-
ments (external and internal input /output ) of the system into hierarchical
structures : Functional Hierarchical Structure , and I/O Hierarchical Structure.

Logistics Engineering - This function provides inputs to the systems
eng i neering process in all acquisition phases. In general , these inputs
are the support environment descriptors and constraints. This function

• uses the technical data devel oped by the systems engineering process to
refine the support plans , concepts , and requirements for system suppo rt in

• the deployment phase and in operational u t il izat ion.  The log is t ics
engineering function is a part of the mainstream engineering effort to
develop and achieve a supportable and cost-effective system. This function
uses the detailed drawi ngs which are prepared by design engineering to

• develop the specific support requirements; that is , to devel op such
- specific support items as tools , test equipment , personnel skills , and

maintenance procedures. (For other information concern in9 log i stics
engineering responsibilities , see AFR 800-8 and AFP 800-7.) [6] (See also
Engineering Management)
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Logistics Support Analyses - The contractor is usually tasked to conduct
logistic support analyses leading to the definiti on of support needs (e.g.,
maintenance equipment , personnel , spares , repair parts, technical orders,
manuals , transportation and handling, etc.). These analyses address all
levels of operations and maintenan ce and results in requirements for
support . [ic] (See also Systems Engineering)

M a i n t a i n a b i l i ty  - Closely related and inseparable from Reliability is the
speci al ty, Maintainability. Maintainabili ty is a characteristic of the
design and installation expressed as the probability that an item will be
restored to a specified condition within a given period of time when the
maintenance is performed using prescribed procedures and resources. (See
also Reliability and Availability ) [1] The revised AFR 57-1 emphasizes
the following definition: a measure of the t ime or maintenance resources
needed to keep an item operating or restore it to operational (or in the
case of certain munitions , serviceable) status. Maintainabili ty may be
expressed as the time to do maintenance , as the total required manpower, or
as the time to restore a system to operational (or serviceable ) status.
(Source: AFR 80-5) [13]

Numerical ma i ntainability requirements shall be stated in such terms as
mean-time-to-repair (MTTR) or maintenance man-hours per fl i ght/operational
hour. Determination of realistic requirements is necessary. Qual itative
requirements for accessibility , modular construction , test points , and
other design requirements may be specified as required. [3]

Specifications shall specify the quantitative ma i ntainability requirements.
The requirements shall apply to maintenance in the planned maintenance and
support environment and shall be stated in quantitative terms. Examples
are: H

a. Time (e.g., mean and maximum downtime , reaction time , turnaround time ,
mean and maximum times to repair , mean time between maintenance actions).

b. Rate (e.g., maintenance manhours per flying hour , ma i ntenance manhours
per specific ma i ntenance action , operational ready rate, maintenance
hours per operating hou -, frequency of preventive maintenance).

c. Maintenance complexity (e.g., number of people and skill levels ,
variety of support equi pment).

d. Ma intenance action indices (e.g., ma i ntenance costs per operating hour ,
manhours per overhaul). [3]

Maintainability as appli ed to software is specification , design , and
development of code in a manner which facilitates the task of modification
to correct deficiencies and to satisfy new or changing requirements. A

• potential source of confusion exists regarding subtle distinctions between
the hardware and software definiti on of maintainability. Hardware
maintenance is the restoration of hardware to its original design , whereas
software maintenance is defined as both error correction and modification
of the orig inal design (both of which imply change rather than restoration )
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Since there is little chance that the usage of either set of definitions
will be discontinued , the procuring agency should bear these differences in
mi nd when partici pating in the establishment of mai ntainability criteria
for the total system. Software maintenance features in terms of growth
requirements may be specified in the Development (Part I) Specification.
Additional features such as modularity should be requested in the RFP ,
responded to in the CPDP , and imp l emented by the contractor in the design ,
and reflected in the Product (Part II) Specification. [2]

Maintenance Concept. A description of maintenance considerations and
constraints. A preliminary maintenance concept is developed and submitted
as part of the preliminary operational concept for each alternative
solution candidate by the operating command with the assistance of the
imp l ementing and support i ng commands. The prel iminary maintenance concept
is refined during the demonstration and validation phase to become the
system maintenance concept during full scale engineering development
(FSED). During FSED , the system maintenance concept is expanded in scope V
and detail and removed from the system operational concept to become the
maintenance plan. (Source: AFR 66-14) [13]

Milestone Zero Decision. The program initiation decision by competent
authority that valid mission need exists and alternative solutions should
be systematically and progressively identified and explored . Secretary of S

Defense approval of the need is required to initiate major system
acquistion programs. Secretary of the Air Force approval is required to
initiate Air Force design ated acquisition programs (AFDAP). HQ USAF
approval by PMD is required to initiate all other acquisition programs.
[13]

Mission Area. A segment of the defense mission as established by the
Secretary of Defense. (Source: AFR 800-2) [13]

Mission Area Ana lyses. Continuous analy sis of assigned mission
responsibilitie s in the several mission areas to identify deficiencies in
the current and projected capabilit ies to meet essential mission needs and
to identify opportunities for the enhancement of capability through more
effecti ve systems and less costly methods. Missions area analysis should
conform with short , mid , and long range planning guidance. The objectives
of mission area analysis are to identify capability deficiencies and assess
the rel ative values of operational needs. [13]

Mission Area Planning . A continuous HQ USAF and command planning activity
which directs and coordinates mission area analysis and uses the product of
that analysis to help make program , budget , modification and acquisition ,
force structure , strategy and tactics decisions. [13]

Mission Element. A segment of a mission area critical to the accomplishment
of the mission area objecti ves and corresponding to a recommendation for a
major system or designated non-major system capability as determined by the
Air Force. (Ref: AFR 800-2) [13]
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Mission Element Need Analys is (MENA ). A mandatory attachment of the SON
which cites the command m ission and tasks , documents of the salient results
of the m i ssion analys is which identified the operational deficiency , states
command needs for mis sion task performance, and provides constraint s on
acceptable solut ions. [13]

Mission Element Need Statement (MENSJ. A statement prepared by HQ USP~F to
identify and support the need for a new or improved mission capab ili ty. It
Is normally based on one or more SONs. The miss ion ne’~d may result from a
projected deficiency or obsolescence in existing systems , a technolog ical
opportunity , or an opportunity to reduce operating cost. The MENS is
submitted to the SECDEF or SAF as appropr iate for a Mile stone 0 decision.
(Ref: DOD Directive 5000.2) [13]

Mission Rel iab ility . A measure of the ability of a system to complete its
planned mission or function. Mission reliability may be expressed as
Mission Completion Success Probability (MCSP), Mean Mission Duration (MMD),
or as Mean Time Between Critical Failure (MTBCF ) as appropriate. (Source:
AFR 80-5) [13]

Mission Requirements Analysis - Impacts of the stated system operational
characteristics , miss ion objectives , threat , environmental factors , minimum
acceptable system functional requirements , technical performance , and
system figure(s) of merit as stipulated , proposed , or directed for change
are analysed during the conduct of the c~~~ract. These impacts are
examined continually for val idi ty , consistency , desirability, and
attainabil ity with respect to current technology , phy~~cal resources , huma n
performance capab ilities , life cycle costs , or other limi tations. The
output of th i s analysis will either verify the existing requirements or
devel op new requirements which are more approp riate for the. mis sion. [10]
(See also Systems Eng ineering and System Capability requirements) H

Operability . (Sometimes called System-Effectivenes s or System Operational
Effect iveness) — Operabil i ty includes system a v a i l a b i l i t y  and
dependability. Availability incorporates the aspects of reliab ility and
maintainab ility , dependability incorporates the aspects of survivab ility
and vulnerabil ity (S/V). Each of these operability categories may be
influenc ed by design related issues , policy related impact , or non-
controllable factors.

Operating Command. The command or agency prima rily responsible for the
operational employment of a system , subsystem or item of equi pment. The
operating coninand usually submits the SON. The operating command is a
partici pating command. (Ref : AFM 11-1 , Vol 1) [13]

Operational Concept. A statement about intended employment of forces tha t
provides guidance for posturing and supporting combat forces. Standards
are specified for deployment , organ ization , bas ing, and support from which

• detailed resource requirements and implement ing programs can be derived.
(Source: (AFM 11-1 , Vol 1) [13]
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Qperationa l Need or Mission Need. A capability to successfully perform one
or more mission tasks or functions required to achieve mission or mission
area objectives. The operational need is expressed in terms of task and
functional capabilities (what must be done and how well) not in terms of
specific hardware or software system characteristics. [13]

Operational Test and Evaluation (OT&E) - OT&E is conducted to estimate the
system ’s military utility , operational effectiveness , operational suitabi-
lity , and to identify deficiencies. In addition , OT&E provides information
on organization , personnel requirements , doctrine and tactics , also it may
provide data to support or verify material in operating instructions ,
publications and handbooks.

OT&E normally composed of init ial OT&E (IOT&E ) and fol l ow-on OT&E (FOT&E) is
essent ially an operational analysis of a system ’s performance where the
complete system is tested and evaluated against operational criteria by
personnel with the same qualificat ions as those who will use, maintain and
support the system when deployed. There will be situations when OT&E
requirements will be satisfied by the formal DT&E or by combining OT&E
activities with DT&E. [1]

The revised AFR 57-1 provides the following definition: OT & E - test and
evaluation conducted to estimate the system ’s military utility , operational
effectiveness and operational suitability . (Source: AFR 800-2) [13]

OR - Any one of the alternate paths may lead to the next activity . The
conditions upon which the alternate paths are selected are associated
with the OR. (See also Control-Flow) ~5

4

Part icipating Command. A command or agency desi gnated by HQ USAF to support
and advise the Program Manager (PM). A supporting command is a partici pat-
ing command. (Source: AFR 800-2) [13]

Performance Requirements (also cal led Performance Characteristics [3]) -

Performance requirements identify how well” the functions of the system
must be accomplished . The performance requirements are the essential
quantifiable statistical parameters upon which the successfu l accomplishment
of system functions can be evaluated , such as timeliness and accuracy. The
timi ng performance constraints ~nclude computational-solving times , count-down or event timing, and timing allocations as established through engineer-
ing analysis.

Personnel and Training - Where applicab le , requirements imposed by or
Timited by personnel or training considerations shall be specified in
development specifications. Training considerations shall include existing
facilities , equipment , special/emergency procedures (associated with hazard-
ous tasks) and training simulators , as wel l as the need for additional

F facilities , equipment , and simulators. [3]

Manpower requirements may be taken care of for projects by the User/
Operating Command manpower agency. The number of 0&M personnel , their
AFSC (s) and skill level(s), may be included in the program direction ,
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~nfluenc iny the system/equi pment design. On the other hand , the manpower
agency may request program office support in determining the appropriate
manning for a new or complex system. In this case the program office can
task the contractor to perform studies for determining the manpower
requireme its. [1]

Phys
~
ica l Charact eristics - Quantitat ive and qual itat ive expressions of

mater i al features , such as composition , dimension s , finishes , form , fit ,
and the ir respective tolerances (DOD Pir ective 5010.19). [4] These
ch~racter istics in a development , product or material specification shall
set forth requirements such as weight limit s , dimens ional limits , etc.,
necessary to assure phys ical compatibility with other elements and not
determined by other design and Constructi on features or referenced
drawings. They shall also include considerati ons such as transportation and
storage requirements , security criteria , durability factors , health and
safety criteria , command control requirements , and vulnerability factors .
[3] (See also Physical Requirements)

Physical Requ i rements - Physical requirements are those requirements which
constrain or significantl y influence the design solution in a physical
manner. The physical constraints include power , physical features (size
and we i ght), environmental considerat ions (control l ed or natural ), human
performance capab i lities and limitations (human factors), predetermined
internal system interface s (inter- system interfaces) and external system
interfacing (intra -syste m interfaces), use of existing equi pment (off-the
shelf) and Government Furnished Property (GFP), and use of standard parts.
(See also Physi cal Characteristics)

Prel i minary Q ual i fication Tests (PQT) - A formal test conducted in
accordance with Air Force -approved test p lans and designed to be an
incremental process which provides visibility and control of the computer
program development during the time period between CDR and FQT. A PQT
should be conducted for those functions whi ch are critica 1 to the CPCI (AFR
800-14, Vol. II). [7]

Procuring Activity (Also called Procuring Agency) - The col l ection of
administrative , management and technical expertise which is organized under
a program manager directl y responsible for the acquisition of a system.
The term System Program Office (SPO) is used in the Electronic Systems
Division ([SD) of AFSC to designate a procuring activity responsible for a
large system acquisition. [8] (See also Program Office and Imp l ementing
Command)

Production Engineering - This function uses the technical data developed
through the systems engineering process to develop the plans and procedures
for tooling , materials , quality assurance , and manufacturing. The
production engineering function is a part of the mainstream engineering
effort to develop and achieve producible and cost-effective desi gn
solut ions. (For other information concerning production engineering
responsibi lit i es , see AFR 800-9) [6] (See also Engineering Management)
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Production [ngineeriny Anal ysis - Production engineering analysis is an
integral part of the system engineering process. It includes producibili ty
anal yses , production eng i neering inputs to system effectiveness , trade-off
studies , and life cycle cost analyses and the consideration of the
materials , tools , test equ i pment , facilities , personnel , and procedures
wh ich support manufacturing in RDT&E and production. Critical or special
producibi lity requirements are identified as early as possible and are an
input to the program risk analysis. Where critical or special production
engineering requirements limit the desi gn , these requirements are included
i~~~ applicable specifications. Long lead time items , material limitations ,
trans itior from development to production , spec i al processes , and
manufacturing limitations are cons i dered and documented during the system
engineer ing process. The contractor identifies and takes necessary steps
to reduce high-risk manufacturing areas as early as possible. [10] (See
also System s Engineer ing )

Production Phase - The period from production approval until the last
system! equi pment is delivered and accepted. The objective is to
efficiently produce and del i ver effective and supportable systems to the
operat ing units. It include s the production and deployment of all
principal and support equi pment . (AFR 800-20 [1] )
Product Specification - A document or series of document s which contain the
detailed techn ical description of the CPCI as designed and coded. It is a
complete descri ption of all routines , limits , timing , flow , and data base
characteristics of the computer program , limits , timing, f low , and data
coded instructions. Equivalent to Part II CPCI specification ’ or “Type C5
Specification . [7] (See also Type C Spec ific ation and Specifications)

Program Management Directive (PMD) - The official HQ USAF management
directive used to provide direct ion to the imp l ement i ng and partici pating
commands and satisfy documentation requirements. It w ill be used during
the entire acquis iti on cycle to state requirements and request studies as
well as i niti ate , approve , chan ge, transition , mod ify or term i nate programs.
The con tent of th e PMD , including the required HQ USAF review and approval
3ctions , is tail ored to the needs of each individ ual program. (AFR 800-2)
[1]

Program Management Plan (PMP) - The document developed and issued by the
Program Manager which shows the integrated time-phased tasks and resources
required to complete the task specified in the PMD . It defines the support
required from all participating organizations , i s ta i lo red to the needs of
each in divid ual program , and contains only that i nformation deemed
necessary by the program manager. (AP R 800-2) [1]

Program Office (P0) - The field office organized by the program manager to
assist him in accom plishing the program tasks. (AFR 800-2) (See also
Procur i ng Act ivity ) [1]

PROVIDES - This relationsh ip indicate s that a using activity is the source
of the external output . (See also Information Flow)
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I
Q~ua ii ty Requ i reinent s. The’ t rriii ‘ qua l i t y  requ i reimient s ‘ denotes sys t em
requirements which are compl ete , consistent , testabli’, dnd traceable. Ib is
character ist i c is the rrs u ]t of the require m ents being discr etely
i den t iT ied  and we l l—or g an i zed .  (see a lso  Requirements In g i rieerinq )

RI d IV E S — This relat i onshi p indicates thdt a us ing a c t i v i t y  is t he
recipient of the external output. (See also Infor ma tion I low)

R e l i a b i l i t y  — As def in ed in Al Re ul at ion 00—5 , R e l i a b i l i t y  and
Maintainabil i ty Programs for Systems , Sybsystems , L qui pulent , and Mu ll it ions ,
Reli a b i l i t y  is the probabil i ty that a part , components , subassembl y,
assemb l y, subsystem or system wi II pertorm for a spec if i ed interval  under
stated conditions with no na i t unction or deyradat ions t ha t  requ ire
correct i ye ma 1 mi t enance act ions . Na rdwa re rd i at) iii ty iiiay a I so be expressed
in terms such as Mean I inie Betwe en F a i 1 ure (MTBI ) or Mean T i ne Between
Maintenance Act ion. [1]

Re li a b i l i t y  requ i relnent s sha ii be stat ed nu ni er i call y with con t I denci’
level s • a s appropriate , in terms of ni ss ion success or hardware mean t I liii ’

between tail ures . I nit a] ly , reliability may be stated as a ~joa 1 and a

l ower in in miium ~ICCL’p tab 1 e requ i reinent . I)ur ing contr aCt def in it i Ofl , or
equ i va I ru t pe r i od , rea l  i st c requ i renients s h a l l  be del eri ii i lil’(I arid
incorporated in the specifi c ation with rt’qui r(Niients f o r  delliomi Stra t ion.
Re] i a b i l i t y  rr~ u 1 renien t s s h a l l  neve r be s t a t  (‘(I as a goal i n I y pe C
(product) s p e c i f i c a t i o n s .  [3]

Re liab il ity is  a di Iii cult and perhaps i nappropr ate  term when app ] i ed to
sof tware because t Pm i it em ha S an e mi t i re ly d i f f e ren t  inea ni ny for  hardwa re
Since a colliputer program never wears out it  is v i  ~S f ua I ly 1iIi ~O55 ib i e to
predi ct or ana lyze t a i l  ure rat es . Any t j i l u re of the compu t er progra m is a
latent des i yn def i c i en~y arid it  s occurrence c a nnot he adequate I y predict ed.
I n t hi s res pect a coniput er proy ram cannot be ‘Irs i yned t a r re 11 at) i ii ty a rid
cannot he tes ted or eva l  uated or rd i ab i 1 i t y .  Rn 1 abi lily should not
apply to Compu t (‘I p rO9V’~lliiS dS end it ems a It hough the c oniput er programs may
be used to enha rice sys te mn re Ii ab iii t.y . 1 ’]  (see al so Ava i I ab i Ii ty and
Ma inta inabi lity )

Re qu i red O perat iorial Capabi lily (ROC) - Ihe ROd ident ti e s I he need to t a
new or i Inproved opera t i oria 1 Cd~ d b i l ily. The tonna 1 numbered doc ument ii sed
under prey i ous edi t ions of AIR 51 —I , (;‘l Nov 19b3 t hroug h 31 Aug 1 ~/ 1) to
ident i fy an opera t i ona I tired and to request a new or improved c apab iii ty
for the opera t i ni; t o rces . [13] Once the ROd is V d Ii dat ed by lIQs USAI
t he PMI) , w h i ch author i ins Al SC to e s t a b l is h  a Program Off  ice  cadre , i ~issued. ~

]
i rt ’mime r it s All o c a t  i o n  — I ach fund ion and su b—fun d ion shall be allocated

a set of cons I ra i ll t requ 1 relIlent 5. 1 hese requ i renlent s sha l l  be der i ved
concur ren t l y  w i t h  the deve lopment  of function s , ti me — i inn analyses .
synt he s i s  of sys tem des i yri . and evaluation performed t hrough trade—o ft
studies arid system! cost et I e d .  i veness aria lys is. l ime requ i rt’iiieiit s which
are prerequisites for a fund i on or set of funct ions a f f e c t  i nq ni ss ion
success , sa fe t y , and av ai l a hi 1 ity shall be den ved. the deriv ed
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1 r isne n t  ‘5ha 1 1 he st at i’d iii s o ft mc me r i t tint a m I I o r .il I cic ,mt i o n  t o
hardware . comuputt ’n p m 5 ci~in •am1ls . pr~~ethmra l dat a , f aciliti es • and pt’rsomn it’l
Wh en nit’c& ’ssar y , spec ma 1 ski u s  cil~ pt’ t5 (l Ii ,ir ni’qIi 1 rein&’nt s will be i dent if  i i’d.

1 1 oca I ~tl rt’qu 1 ni’nmcnt s sha ll hi’ I i•ac eal’ Ii’ t hrouqti I he anal y s 1 s by wh m ch
hey were tIer m 

~. ed to I hi’ sy s I em requ i r&’nment they a ri ’ d~s 1 qnit’d t ci I n It 1 II
110 1 (See .ilsci Sys t e ms I n Jmm1 i ’ t ’ rmnt; ~

Requ mri ’nient s A nal~ s — St ’i’ Ri’qu 1 renient s I nq 1 iit ’t’r m ~iq )
1 rt’int’rit 1)1’? m ni if  1 ciii — ( Si ’e R ’qt i 1 rt ’iiii’iit I ritI 1 rint’l’ m riq

Requ i remt’rmt ‘. I nmt,~ i neer i nq — Arm m l nt ’at 1 ‘~~~‘ process cii del i ni no the s~, st  i’m
requ rem~’rit ‘, arid 5iti,ily : ~ni t j  I he 1 mit ~‘q,~m t ci t I Pie r ’ e tpm m ri’ini’nt s. lb 1S pl’Oct ’Ss
1 o l ‘s e s a ll ~ueas of sv ‘5 t  em dry e l opuient pri’ct’d 1 nq t Pit’ 5~c I ua 1 t Ies i qn of t hi’

c y s t  ciii. I lit’ p i’ t ’di jt I S of t he rt’qu 1 reiut’nt s eriq I ricer i n5 ~ pi’oces s car t he
eva 1 tia t ~tI I or comp I t’t i’ness • COils 1 s t  ( ‘ l i t  ‘~ , I t ’s t  ,mh 1 l i t  , arid I t’ ,l(’i’,lt) 1 1 i I .
I he rsst ’ rit i a I qo~il cit r~’ 1uI i r~nmt’iit s t’riq 1 liner I I~q 15 t c i  I horouqh 1 ‘~ t’va 1 na te
the needs wh i ch the ‘s~~ st cm im~ist sat 1 ~~~~ . (Set ’ a I so I nqincpri ~o M ,mni j t~t’tnt’nt )
Rt ’qu 1 remt’nt l ypes - See S~ ‘5t cmli Retiu m rement s

Rcqu i nt’ini’nt s 1 i’ace,it’ i I m ty  — “t’e I n’at eat’ 1 1 f l y

Sa t  i’t y — Requ I rein~ri t s I cii s~ ‘.1 cm sat et y are ~ii’sc i i  bed t ci pri’cl ode on - 11111 1
Pia .a nsl t o  p(’l5 so uirie I , t’qu 1 pini’rit , Or ho t Ii. I ci I he i’~~t cr11 pract 1 Cab it’ • I Pit ’st ’

i renk’rit a m e  I iq’o’ 5etI ~ C i  t m ni q es 1 s i t ’  1 1  ‘,Pii ’d and ,5ecoomi m :~‘d s 1 ,mrmtlard ’,
Li in i t 1 ti ~ 5,1 1 i’t ~ ~h5m rat t er 1s t it  pet ’ oh a m t ci I he i t eiii ttut’ I ci ha: a i tis ‘ n
5rcseinh lv. i s5is y, i’mh ly ,  te st , t n a  rispor ~t , ‘~t ora qe . opeI 5m t 1 on or iii,m i ut enant i’
are sI at i’d when ~oveni’t1 nei I hi’m’ h~ st aridard 1 rnlust ri .il or s ’ry ICe pr5ict lct ’s
riot ’ t he s~~

- st t’lli S ~1~ (’ I 1 t . l  t lO l l . “I a 1 1 — s a t  e ’ a rid (‘Iime rtIdrit -
~ op era  I I

rest r’ i~~~t lot m ’ 5 5iri ’ I n c 1 udt’d wlim’n i app Ii , ,ih Ic. I ht’st’ ti c I uttt’ 1 nit en ock s and
enierqericy jiid s I ,indL’~ t n t  mu i t  s requ 1 red e it  lit’n’ t o  pnt’~ t’nt i rijun~ or i n o ~ ide
f ’ ip’ nt ’covery  ci t I tie if  i’lli in l iii’ ~“.rnt of t a i 1 L il t. ~ ] See ~n 1 so S~ s te m
Sat ~’t ’, )
Sc lent ii Ic S 11110 I at ion — St i em it i t i c ci m ini ] ,mt i ciii ‘s t hi’ pi’ i iIidl ’~ ~ 1 11101 a l l  on
tus e t l  ii t int ~I 11 i’d colliput t’t’ Ill’oql’,ilii requ i r&’ntent s de’t i n it ion  and a I t~om’ it hmtli ’~ i qn . Sc 1 emi t it  mt s im ula I mon t O l lS  id  s cit a I uil i c t i onia 1 siiinj l at loll ( f o r

P OR I RP~I ‘ ers ion) cit I Pit’ proposed end— it em sot I wart’ • 1 n t  cr1 5icnd
• w i th simi n til at lo r is r ’ej ’i’nst’ rit 1 riq sensor arid en v Ironme nt al models. Such a

sc i t’nt f In s 111111 a I I OIl ~iI l ows t he s t  i tl y of I hi’ ma 5j or end— it  em cot twa en. and
prov les I t in t  lii ’,’ 1 nit onna I m on t o  he mu se d I or - s~ s t  em pert ormanice t ’~ at eat ion .
1 ‘i 1 ‘ s( ’ (’ I tir ic t  1(111,1 1 51111 (1 1 at Ion , tI I sc ret v I’~ emi t sii i i t i t  at 1( 111 , t ’n ti 1 ni ’nn’ m nq
•, min t a t  i on )

Seqmnn it — (Sr i ’ S~ s t  em “e~ mt ’nt

~
, i ni~ 1 at on — Se t ’ I mi n i t ’ t 1 1 s 1 11111 I a t  1 ciii , Iii sc ret v I rut  S I niru I ~it i t ’ll

S c m  nu t it  Ic S i nmu l ~m t ion . I nqi neeni nq S imnu l at it~n.

Soil ware — S o t I w a ri’ dcnio t es Coll iput en prooi ’aiiis arid (‘onipts t i’r tI,l I a. A
CO ulipil I ci’ I ’OO~’~~1~ 1 5 .1 si’r ir s ci t I l is t  m l  l O r i s or s t  a t  cmi’nt s in a form

I~~- hi
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5lcccpt abIt ’ to a computer , des itj ned to cause the cem poter to e~ nt ut i ’ an
operat ion or operat loris. Coinput en p ro y rius l i lt 1 ode opt’rat i no sy s t  n i s

assemblers , couuup i I ni’s , 1 ntnn ’pni’I e rs , dat a  niai n itenia i ice di aqr ios t  ii. proqraiiis
as we l l  as a p p l i ca t  io n s protjn ’anm s such siS ~ l~~l O l  1 , i n vcnito n ~ ont n ’ til
operationa l f l i g ht , s tr a t eq m c tactical automatic test , c new s 1 11111 1 at or , arid
cnltj i nine r i nq anal ys i s • C omriput en prciq i’auuus may hi’ e it hen lilac Ii l ilt’ — dnpe nit t’nit or
niacli i ne— i ridependent , and may be qenit’ral — purpo se in nat un’ or be des i ynt’d I t ’
sat i sty the nt’qu i m ome n t s of a spec i a li :ed process or part i t o  1 an users.
Coinput e m dat a is a c ol let I ion ci t dat a i r i a I oem t apahi t’ of he i niq I’l oci’s sed
arid operated o r m by a c~~nput en , suc h as a dat a base , or anal oq on di q i t  a 1
input s to a c~ uput en pi oqnauii I hat are mmece s sa r~ to n ’  it s Ol’t ’l’at 1 (111.

L 8] (see al so Ct~1ipuu t en I’ roq m’ 1im)

Sp ec i a Ii ty L ntj i nicer i ni~j — 1 h i s tem -iii r e f e r s  to the eny i net’l’ i n i  effor t s

cit r e l i a bi l i t y . m a i n t a i n a b i l i t y , safety , sur vi v a hil l t ~~~, v uInerabmli t~corros ion  pnt’ver i t i on , st mud oral i m it t ’qr ’ i t i . e t c .  1 best ’  t ’ii i i mi en, in i g
func ( ions  are part of the ma i iist realm t’rig I riet’r 1 fl y e f f o r t  to tlevi’l op a be st

lii i X of 5 peC it  i t 5 at ion requ 1 n’eiiieni I s and ac lii i’ve c o’~t — o f t  ed i y e  des i q n
sol ut io n s. Li~ ] (See al so I nq m rii ’i’n i nit; Ma niaqemnen t

S p t’C it  I cat on (See ~i I so S~~ st  m i s I rig i rieni’ i nq ) - A t io c umnt ’rit i nit rutted
primaril y ton use in procurement . whit - l i  t 1 t’,ii’l and a c c uunat  m l~ desc n’ihes

Pi e t’ssent 151 1 ti’chn Ic 511 requ 1 re ium ent s for i t em’5 • mat t ’ r ’ ia l  on sem ~ l t d ’s

i n c I ud i rig the proc eti urns by wh I cli i t w i  1 1 he ti nt cnn I tied th a t I lit’
requl r’t’inents have henri met . (001) Ui i mccl i ~ t ’ 41 .‘t_ i . ~ 

) 14 1 Mi I — s i l~ - 4)0 anti
MI 1—S TO —483 Spec n h  c a t io n  types art’

S
~

sI em sp ec it icat iori. A document which sI at es the I cchni ic ~i1 anti
ml l i s s i o n  requ i rements for a syst em a’; an nut i t y , al lot a t e s r’mqmu i rcmnerl t
to I uri c t 1oni~lI area ‘~ (or t int I q ur’a Ii en itt ’mns ) , a nid t int i nt’s I lit ’
I nit i’n’t ace s bet wet’ri or aimmo riq the t unct i onial areas. (See ~l I so l ypn A~14]

De’vel opmeni t spec i h i  ca t  ion. A document app] i cab In to , urm i t  nun hnl ow t hi’
syst i’m level wh i cli s t a t  es 1i t ’ t ’ f  cirmn ani ce , m i t  cr1 51C ’ , and cit lien let Pi n mc at
re’qu i retiierit s in s ti tt it len t d e ta  i I to penn i t  di’s i qn , eriq i ni’el’i nq to t
Si ’i ’v ice mu se , an t i i’vti l oat io n . ( see also lypt’ Ui) [4]

I’ roduct spec ~ti ca t  i ciii. A document app] icab 1 c t o  a produc t i OIl 1 t diii
bel ow I he sys I t ’muu T e l  wlm I cli st ales i 1 cmn cha i’ac I en i st  i c s  in a iuman ninr
s o it abl i’ I on proc ureme n t , product i on and ,m ccept ance . (Set’ ~m l so
Type C) [4]

S I at t ’merm t of (i l l s rat i onia 1 N ei’tl (S(1N ) . A 1 o nima I numht’nt’tl document used t o
it ii ’nt i ty ani ope rational tint 1 c 1 i’nicy anti sI at i’ the iiet’ti ton ’ a new on imi’r’o~ etf
cap ih 1 1 ty ton (ISAl I ot’ct’s . Opt’i’at i onal needs an’ based on short 1 ei’m anti
1 ontj t cmiii c apah i l i t  y ohj mt 1 i Vi’ s and iiiay resul I from a proj ed cit del i c i i’m1 t~
or obso lesc ence in ex i st m nq capa bi i i  lii’s . a Int h r i o l o t m i - a l  opport (lii i I v .  or
an opp o r t  un i t  v t.o redu ce operat .  I nq/ su pport .  cost . it us tia 1 ] s heti ir i s
t. he sy St. em ac qu 1 5 it 1 Ofi proc t ’ s s  a tid 1 s norma 1 1 y t o l l  owt’d b~ f lit’ comic ept Lia I
phase. however , any ~ip~u ropr l a t e  phcise m a y  t o l l  OW. S.i t i s t y  i nq a SON wi ll
no rum a]  1 y nt’qu 1 re a c ciii hi ni ,it i cmi ci t i’ t ’ s i ’ ~i i’ t . ii , di ’ V i ’ ]  ci p1mm i’ n i t • t t ’ s t
mod I I Ic a t .  1 ciii , or ac q ( mm it  m oim e I I cml c I. Ii at w i 11  cii Ii anc n iS .\I t o  i t e s
capa b il itit’ s . [H]
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Support iflg Command - A c ommand providing direct support to a system or test
program. Examples include the Air Force Logistics Command (AFLC) and the
Air Training C ommand (ATC) .  See also implementing command and using
command. [8] The revised AFR 57-i provides the followi ng definition : The
command assigned responsib ility for providing logistics support ; it assumes
program management responsib i l ty  from the implementing command. The -

•supporting command is a partici pati ng command. (Ref: AFR 800-2) [13]

Synthesis - Sufficient pre limi nary design is accomplished to confirm and
assure completeness of the performance and desi gn requirement s allocated
for detail design. The performance , confi guration , and arrangement of a
chosen system and its elements and the technique for their test, support ,
and operation are portrayed in a suitable form such as a set of schematic
diagrams , physical and mathematical models , computer simulations , layouts ,
detailed drawi ngs , and similar engineering graphics. These portrayals
shall illustrate intra - and inter-system and item interfaces , permit
traceability between the elements at various levels of system detail , and
provide means for comp lete and comp rehensive change control This
portrayal is the basic source of data for developing , updating, and
com pleting (a) the system , configurat ion item , and critical item
spec i f icat ions , (b) i nterfacing control documentation , (c) consol idated
fac ility requi rements , (d) content of procedural handbooks , placards , and
similar forms of instructional data; Ce) task loading of personnel ; (f)
operational computer programs ; (g) specification trees; and (h) dependent
el ements of work breakdown structures. [10] (See) also Systems Engineering )

System - A composite of items , assembl ies (or sets), sk i l ls , and techn iques
capable of performing and/or supporting an operational (or non-operational )
role. A complete system includes related facilities, i tems , material ,
services , and personnel required for its operation to the degree that it
can be considered a self-sufficient item in its intended operational (or
non-operat ional) and/or support environment. (AFR 65-3 ) [1],[8],[4]

System Acquisition Process. A sequence of specified decision events and
phases of act ivity directed to achievement of established program
objectives in the acquisition of Defense systems and extending from
approval of a mission need through successful deployment of the Defense
system or termi nation of the program. (Source: AFR 800-2) [13]

System/Acquisition Life Cycle - Normally, it consists of five phases
(Conceptual , Va l i dat i on , Full-Scale Development , Production , and
Deployment) with key decision points between each of the first three phases
(Program , Rat i f icat ion , and Production Decisions). A program may ski p a
phase or have program elements in any or all other phases. (See AFR 800-2
and AFSCP 800-3) (See also Acquisition Life Cycle ) [1]

System Capability Requirements - The mission oriented needs which the
system must perform to satisfy the requirements of the using agency. (See
also M ission Requirements Analysis )

System/Cost Effectiveness Analysis - A continuing system/cost effectiveness
analysis insures that engineering decisions , resulting from the review of

_ _ _ _ _  
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al terna ti ves , are iiiade only after considering their impact on system ii
effect i veness and cost of acquisition and ownership. The contractor is
tasked to identify alternatives which would provide significantly different
system effectiveness on costs than those based upon contract requirements.
[10]

Systenmi Design Concept. An idea expressed in teriiis of general perfonnance ,
capabilities , and charac ter i s ti cs of hardwa re and sof tware or i ented ei ther
to operate or to be operated as an integral whole in rmie etiny a li i i SS l Ofl
need. (Source: 0MB Circular A-109) [13]

Sys tems Eng i neer i ng - The app lication of scienti f ic and engineering efforts
to transforni an operational need or statement of deficiency into a
description of system requirermients and a preferred systenii configuration
that has been opti liiized from a life cycle cost viewpoint. The process of
systems engineering has three princ i pal elernients: functional analysis ,
synthes i s , and trade studies or cost-effectivess opt i m iii zat ion. The process
uses a sequential and iterative niethodology to reach cost-effectivess
solut ions. The technical info rnma tion developed in this process is used to
p lan and i nteg ra te the engi neer i ng effor t for the system as a whole , during
the definition , design , test and eva lution , production , deployment ,
support , and modification of a systemmi or equip m ent i tem. (AFR 800-3) [1]
(See also Eng i neering Management )

Systeni engineering for the total system or a functional area (system
element or segoment) is rm onmm ally vested in a single contractor or Governmiient
agency. System engineering as it relates to configuration management , is
the application of scientific and engineering efforts to transform an
operational need into a description of systenim performance parameters and a
systeni configuration must be ultimat ely called out in the CI
specifications. In this way , the system engineering agency or contractor
generates require imments for configur ations which will satisf y the
operational need , constrained technically only by the content of the system
specification. The system engineering agency or contractor is responsible
for assess ing the inmp act of changes to CI specifications or to the system
specification. This includes modificati ons to operational systems. (See
MIL-STD-490 for systeni engineering criteria.) [1]

The following typ ical tasks are conducted (as appropriate) in perfor niiirig
systemim engineering (see separate definitions for each):

M ission Require imients Analysis
Func ti onal Analys i s
Requireniients Allocation
Synthesis
Logistics Support Analysis
Life Cycle Cost Analysis
Trade-Off Studies
Production Engineering Analysis
Specif icat ions [10]
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s stem En ineerin Mana ement plan 
SEMP - A contractor s proposal

esCrl in9 t ~S 
apprOac to system engifleer~~9 ~8flagemeflt to be appli~~ 

in

a specific acqui
sit1~~ 

contract. The SEMP normally 
COflS~S~~ 

of three major

parts: (1) System Engifleer~~9~ 
(2) Technical program plaflfl 1fl9 and control ,

and (3) Eng inee~~~Y 
integratiOfl. 

(M1L~ST0
499M 13,5,8)

S stem Flow 
Rel ati0nS~ 

s - System flow rel ati0ns~~PS 
can be shown be

orgaflizmfl9 t e iscrete requirements in terms of control flow and

- System ~~~~~~~~~~~ 
and

S stem Safet 
- Defined by M1L~STD-B8Z 

to be the optimum 
degree of safety

wit in t e imitS of operational effecti ness, time and cost s attained

~~rOugh 
specific app lication of 

system safety management and eng
ineering

prinCiP les ~~rOUgh0Ut all phases of a system ’s l ife cycle. ~ is very

important to real ize that system 
safety is concerfl~~ 

with the safety 
of

both personnel 
and equi pment. 

The appl ication of this 
disCiplj~~ 

to ensure

the preservation 
of equi pment immediately expands 

its scope beyond 
that of

the trad it ional safety field , and establ i shes it as an engifleerin9 area.

As implied abov e, the 
basic guidance 

document for system 
safety is M1L-S~~-

882, Syst em Safe ty Program for Systems and 
Associated Subsystems 

and

Equi pment : Requirements 
for. ThiS is a very broad 

document and must 
be

tailored to fit the individual program. The other basic 
document is AFR

127-8, Respons
ibilitie s for USAF System Safety 

Engifleerin9 Programs
, and

the A FSC supp l ement thereto. 
ThiS gives 

specific requirements 
to be

appl ied to most 
programS. [1) (See also Safety)

~~~~~~~~~~~~~~~~~~~~ 
(SOC ) - A formal document that 

describes the

intended purPose emplOYm~~t~ 
deplO~~emt 

and support of a system . it

assistS in jden tifY~°Y 
the var iables associated with 5~tisfY~~~ 

the

operational need and provides initial guidance to operatlfl9 forces for

employin g the new or improved system . it prov ides information for

postUr 1fl~ 
combat fo rces and specifies standards for dep l OYment s

organization ) 
basing and support from 

which detailed 
resource requirements

and impl emeflt~~9 
programs can be 

derived , it must be 
compatible with l

ong

range Ai r Force goal S and objectives 
and consistent with Air Force

5trategY , force 
structure , concepts 

for the future ~~
ployment of 

aerospace

forces, and current and ~mergin9 
doctrin’ Pr ior to FSED , it contains 

as

an integral part s the maintenance 
concept prepared 

per AFR 66-14. [13]

- A discrete package ~f system performance requirements~

fUnctional interfaces and 
configuration items allocated 

to one devel0p~~
g

agency directly 
responsible to the 

procUrin9 activity 
for that part of 

the

system’ s total perfO rmance. The te rm “system segment ” can be synonymous

with ~
I 5ubSystem” or “functional area” ; 

however , it need 
not be, and can

incl ude part or 
all ~~~~~~~~~~~~ 

subsystem or functional 
area if all

are the respofls1bi~~
tY of the 

same agency. [8) The first level in the

functional hi erarchical 
structure. (See also Functional Area, ci , and

CPCI , Type A - System Specification)
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System Segment Spe c i f i c a t i o n  - A specification similar i n format to a
system specification (Type A format), identifying a discrete package of
system performance requirements , functional interfaces , and Cis contracted
to one contractor or assigned to one Government organization directly
responsible to the procuring act iv i ty for that part of a system ’ s to tal
performance. [5] (See System Segment , Type A - System Specification)

System Specification - A document which states all the necessary technical
and mission requirements in terms of performance, allocates requ i rements to
func tional areas (or configuration i tems), def i nes the i nter faces between
or among the functional areas (or configuration items), and i ncludes the
test provisions to assure the achiev ement of all requirements. [7] (See
al so Type A - System Specification)

System Train ing Concept. A document summari zing ATC training policy based
on review of user ’s requ i rements and planning factors as refl ected in the
SON and system operational concept and updates. Outlines conceptual
guidance on T&E and deployment tra i ni ng planning efforts. It forms the
basis for future training plannin g actions which are documented in the
System Training Plan.

Su rvivabi l i i~y/Vulnerab ility (Sf~J - Survivability is the capability of a
system to accompl i sh its mission despite a m an-made hostile environment.
The USAF policy is that each system will have enough designed -in hardness
and will be operated in a manner so that sufficient numbers will survive
the expected threat.

There are di rect nuclear and nonnuclear threats to v i rtually every Command ,
Control & Communica tions system , and there is a severe nucle ar threat
to the atmosphere and ionosphere , the propagation med i um for radars and
radio communicat ions. Within the nuc l ear hardening area itself , there
are several specialized di scipl i nes. So although it is not difficult to
understand the fundamentals of vulnerability and hardening, inipleiiientation
of a sound survivability program usually requires a number of different
specialists.

S/V is important in all phases of a system ’s li fe cycle , from conce pt
through operations. Key milestones include the threat study , hardness
specification , hardness verification (incl uding testing), and hardness
ma intenance. The regulations do prov ide a fornial mechanisimi for
establ ishing survivability criteria , through the Nuclear Criteria Group and
the Nonnuclear Surv ivability Technology Working Group. Mission Hardness
design and ver ification must documented in such a way that AFLC and the
operating command can readily maintain system hardness throughout its life ,
and evaluate the impacts of a changing threat.

Virtually every C omniand , Control and Communications system must be
protected from the effects of elec tromagnetic pulse (EMP), a broad area
nuclear effect. This can be done with sound state-of-the-art electrical
engineering. Beyond EMP , hardening becomes very threat specific. [1)
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Technical Data Control - This term refers to logging and managing the
technical inform ation which is developed by various engineering functions.
(For other information concerning technical data control responsibilities ,
see AFR 310-1.) [6] (See also Engineering Management)

Technical Program Planning and Control - This term refers to the process of
planning, monitoring, measuring , evaluating , directing , and replanning th~management of the technical program. This process is carried out through
such tasks as mnaking risk analyses , developing and updating the work
breakdown structure , accompl i shing technical performance measurement ,
conducting technical rev i ews, performing change studies , and pl anning and
impl ementing changes. [6] (See also Engineering Management)

Test. Any program or procedure which is designed to obtain , verify , or
provide data for the evaluation of: research and development (other than
laboratory experiments); progress in accompl i shing development objectives;
or performance and operational capability of systems , subsystems ,
components , and equipment items. [13]

Test Engineering - This function uses the technical data developed through
the systems engineering process to develop test plans. These plans outline
the test procedures and test requirements that are to be used to test
the design sol utions. (For other information concerning test planning, see
AIR 80-14.) [6] (See al so Engineering Management )

Test Requirements - The program office initiates the test planning process
during the Conceptual Phase by preparing a Test and Evaluation Master
Plan (TEMP). During the Validation Phase the contractor(s) initiate
detailed test planning rel ative to hardware and computer program end-items
(CIs and CPCIs). These test plans and procedures are submitted to the
government for review and approval ; the approved pl ans and procedures are
the basis for subsystem and system testing. In order to test system
requirements , a unique test must be associated wi th the appro priate
end-item which incorporates requirement(s) to be tested. For those
requirements which are inherent in a col l ection of end-items , the test of a
requirement will be realized during system test ing.  Cri t ical  system
requirements should be linked to unique end- i tems and be traceable to the
original requirements as described in the MIL-STD-490 Type A and B
specifications. Section 4 (MIL—STD—490/483 Type A and B Specifications ,
Quality Assurance Provisions) identifies the specific requirements for
formal test and verification of the system (Type A) and subsequently its
end—items (Type B). These test and verification requirements identify what
specific system requirements (Section 3 of the specification) must be
satisfied. Test requirements , therefore , identify the functional ,
performance , physical , operability , and design requirements which will be H
evaluated during system integration and test.

Test & Evaluation Master Plan (TEMP) - The TEMP is an overal l plan which
T~~ntifies and integrates the efforts and schedules of all test and check-
out activities to be accomplished in the system development program.
[7]

B-25

~~~~~ ~—~~~~~—.~~~~~~~~--.- ——-—.~_ . - _____ - ~~~~~~~~~~~~~~~~~~~ -.- _____ - —, —. - - 
~~—



-- .——
~~

- —‘—— ----‘-““-~
——

~ 
--- -~~-~~ r ~~

- ‘ --

Traceability - (Requirenients Traceability , Requ i rements Traceability
Relationships) During the requirements en9ineerin9 activities , sources of
requ i rements (source documents) are referenced for each requirem ent
identified . These source references provide the means of trac ing the
requirements from one set of system requirements documentat i on to the
allocated requirements contained in the next level of system documentation ,
such as from a Type A to Type B specification. Sources for each - -

requirement can also be maintained for pert i nent studies , analyses , and
plans: PMD , PMP , system sizing and timing studies , prototyping ,
simulations , test plans and procedures , and the like. The requirements and
associated sources provide the means of verifying the requirements during
the requirements engineering process and into l ater phases of the system
acquisition by providing a repository of inf ormation on the system
defin ition.

Software traceability refers to the capability to follow specific mission
requirements through the various level s of specific ation to the actual
code , and the capabilities to associate each area of code with a speci fied - 

-

requirement. [2]

T r a d e - o f f  S t u d i e s  - Desirable and pr actical trade-offs among stated -. 

-

operational needs , engineering design , program schedule and budget ,
producibility , supportability , and life cycle costs , as appropriate , are
continually identified and assessed. Trade-off studies are accomp lished at
the various level s of functional or system detail or as specifically
designated to support the decision needs of the system engineering process.
Trade-off studies , results and supporting rationale are documented in a
fo rm cons i stent with the impact of the study upon program and technical
requirements. [10] (See also Systems Engineering)

Training Equ i pment - All types of maintenance and operator ’ s training
hardware , devices , visual/audio training aids and related software which
(a) are used to train maintenance and operator personnel by depicting ,
simulat ing or portray i ng the operational or maintenance characteristics of
an item , system or fac i l i ty , and (b) must , by their nature , be kept
consistent in design , construction and configuration with such items in
order to provide required training capability.

Transportability - Any special requirements for transport ability and
material s handling shall be spec i fied . The specifications shall include
requirements for transportabili ty which are common to all system equipment
to permit employment , deployment , and logistic support . All system
el ements that , due to operational or functional characteristics , wil l  be
unsuitable for normal transportation methods , shall be identified . [3]

Two-cart Specifications - Two-part specifications , wh i ch combine both
development (performance) and product fabrication (detail design)
specifications under a single specification number as procuring activity
option. This practice requi res both parts for a complete definition of
both peformance requirements and detail ed design requirements governing
fabrication. Under this practice , the development specification remains
alive during the life of the item as the complete statement of performance
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requirements. Proposed design changes must be evaluated against both the
produc t fabrication and the development part s of the specification. To
emphasize the fact that two parts exist , both part s shal l be identified by
the same specification number and each part shall be further identified as
Part I or Part II , as appropriate. [3]

Type A - Systeni specification (al so Segment Specification). This type of
specification states the technical and mission requirements for a system as
an entity , allocates requirements to functional areas, and defines the
interfaces between or among the functional areas. Normally, the initial
version of a system specification is based on parameters developed during
the conce pt formula t ion per i od or an ex ploratory prel im i nary des i gn per i od
of feasibility studies and analyses. This specification (initial version)
is used to establish the general nature of the system that is to be further
defined during a contract definition , development , or contract design
period. The system specification is maintained current during the contract
definition , development , or equivalent period , culminating in a revision
that forms the future performance base for the devel opment and production
of the prime items and subsystems (configuration items), the performance of
such i tems being allocated from the system performance requirements (see
MIL-STD-4 90, Appendix I for outline of form). [3] (See also System
Specifications , System Segment Specification)

Type B - Development spec i fications. Development specifications state the
requ i rements for the design or engineering devel opment of a product dur ing
the devel opment period. Each development specification shal l be in suffi-
cient detail to describe effectively the performance characteristics that
each configuration i teni is to achieve when a developed i tem is to evolve - -

into a detail design for production. The development specification should
be maintained current during production when it is desired to retain a
compl ete statement of performance requirements. Since the breakdown of a
system into its elenients involves items of various degrees of complexity
which are subject to different engineering disciplines or specification
content , it is des i rab le  to c l ass i f y  development spec i f i ca t ions  by
sub-types. [3] (See also Two -part Specifications , Development
Specification and Specifications)

Type B5 - Computer program development specification. (See MIL-STD-490,
Appendix VI for outline of form.) This type of specification is applicable
to the development of computer program s, and shall descri be in operational ,
functional , and mathematical language all of the requ i rements necessary to
design and verify the required computer program in terms of performance
criteria. The specification shall provide the logical , detailed
descriptions of performance requirements of a computer program and the
tests required to assure development of a computer program satisfactory for
the intended use. [3] (See also Two-part specifications , Development
Specifications , and Specifications )

Type C - Product specifications. Product spec i fications are applicable to
any item bel ow the system level , and may be oriented toward procurement of
a product through specification of primarily function (performance)
requirements or primarily fabrication (detailed design) requirements.
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Sub-types of product specifications to cover equip m ents of various
comp l e x i t i e s  or requir ing d i f ferent  out l ines of for u m are covered in
MIL-STD-4 90 , paragraphs 3.1.3.3. 1 through 3.1.3.3.5 [3]

A product function specification states (1) the complete performance
requirements of the product for the intended use , and (2) necessary
i nterface and interchangeability characterist ics. It covers form , fit ,
and func ti on. Comp lete performance requir emen ts i nclude al l essen ti al
functional requirements under service enviro nmental conditions or under
conditions simulating the service environnment. Quality assurance
provisions include one or more of the followi ng inspections: qualification
evaluation , preprod uction , periodic production , and quality conformance.

A p roduct fabrication specification will normally be prepared when both
development and prod uction of the item are procured . In those cases where
a development specification (Type B) has been prepared , specific reference
to the doc unient containing the performance requirements for the item shal l
be made in the product fabrication spec i fication. These specifications
shal l state. (1) a detailed descri ption of the parts and assemblies of the
product , usually by prescribing compliance with a set of drawings , and (2)
those performance requirements and corresponding tests and inspections
necessary to assure proper fabrication , adjustment , and assembly
techni ques. Tests nor im ially are limited to acceptance tests in the shop
env ironment. Selected perfonmmance require imients in the normal shop or test
area env iron m ent and .er if y in g test therefore may be inc luded.
Preproduction or periodic tests to be performed on a sampl i ng basis and
requiring service , or other , environment m ay reference the associated
development specification. Product fabrication specifications may be
prepared as Part II or a two -part specification (see Two -part
Specifications , Product Specification and Specifications) when the
procur i ng ac ti v ity des i res a c lose rel at i onsh ip between the performance and
fabrication require mmments. [3]

Ty pe CS - Computer program product specification. (See MIL-STD-490 ,
Appendix XI I I for outline of form.) A Type CS specification is app li ca b le
to the production of computer progranm s and specifies their impl ementing
media , i.e. punch tape , magnetic tape , disc , drum , etc. It does not cover
the detailed requirements for material or manufacture of the implementing
med i um. When two-part spec i fications (See Two-part Specification) are used
Type B5 shall form Part I and Type C5 shal l form Part II. Specifications
of this type shall prov i de a translation of the performance requ i rements
into programming terminology and quality assurance proc edures necessary to
assure product ion of a satisfactory program. [3] (See also Product
Specification and Specifications )

UPDATES - This rel ationship indicates that a function on the path updates
internal systeni info rimmation as part of its activities. (See also Informa-
tion Flow)

USES - This relationshi p indicates that a function on the path uses
external information (external input) or internal system information
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( i n t e r n a l  i np u t )  in order to accomp lish its activities. (See also
Inforn m a t mor m low)

Us in g Coumiima nd (Also called Using Agency and Using Activity ) - The command
prf~iari1y responsible for operational employment of a system. (See also
iIT1 pleI1”~nt 1ng Con~miand and Support i ng Command ) [8)

Uf IL~~ LS - This relationship indicates that function on a path is dependent
~;‘on the use of one or more other functions in order to accomplish its
ac tivities. A single function or sequence of functions may be defined
once and utilized as frequently as necessary in the control flow without
having to be redefined (replicated ) for each use. (See also Control
Flo w).

Val idation - Comprises those evaluation , integrat ion, and test act iv i t ies
carried out at the system level to ensure that the system being developed
satisfies the requirements of the system specifi cation. While the
validation process has significant software implications , a software
validation process , dist i nc t from the system validation process , cannot be
isolated since all evaluation and test activities that make up validation
are focused at the system level . [7],[2]

Validation Phase - The period when major program characteristics are
refined through extensive study and analyses , hardware development , test
and evaluations. The objective is to validate the choice of alternatives
and to provide the basis for determining whether or not to proceed into
Full -Sca l e Develo pment. (See AFR 800-2 and AFSCP 800-3) [1] (see also
Acqu isition Life Cycle)

Verification - The iterative process of determining whether the product of
each step of the Computer Program Configuration Item (CPCI) development F
process fu ll fil l s all of the requirements levied by the previous step.
[7] ,[2]

Work Breakdown Structure (WBS) - A work breakdown structure is a product-
oriented family tree composed of hardware , software , services , and other
work tasks which result from project engineering efforts during the
development and production of a defense material item and which completely
defines the project/program. A WBS displays and defines the product(s) to
be developed or produced and relates the elements of work to be
accomplished to each other and to the end product. (MIL-STD-881 ,
MIL-STD -480) [1]
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LIST OF ABBREVIATIONS

Abbreviation Definition

ADP Automat ed Data Processing
AF A ir Force
AFR A ir Force Regulations
AFSC Air Force Systems Command or Air Force Specialt y Codes
AFSCM A ir Force Systems Command Manual
CADSAT Computer-Aided Desi gn and Specification Analysis Tool
C~RL Contract Data Requirements List
C Command , Control , and Communications
CI Configuration Item
CPC Computer Program Component
CPC I Computer Program Configuration Item
CPD P Computer Program Development Plan
DCP Decision Coordinating Paper
DID Data Itemn Descript ion
DoD Department of Defense (also DOD )
DODD Department of Defense Directive
0001 Department of Defense Instruction
DSARC Defense Systems Acquisi t ion Review Council
DT&E Development Test and Evaluat ion
ECM Electronic Countermeasures
ECCM Electronic Counter -Countermeasures
ECP Engineering Change Proposal
EMC Electromagnetic Compatibil ity
EMP Electromagnetic Pulse
ESD Electronic System s Div is ion
EW Electronic Warfare
FORTRAN Formula Translat io n (an HOL )
FOT& E Fol low -on Operational Test and Evaluatio n
FQR Formal Qual i f icat ion Rev iew
FQT Formal Qual i f icat ion Test
FSD Full -Scale Development
GFP Government-Furnished Property
HiOL Higher Order Language
HQ Headquar ters
1/0 System Externa l and Internal Input s and Outputs
IOT&E Initial Operational Test and Evaluation
MIL-STD Military Standard
MTBF Mean-T i me-Between-Fail ure
MTBM Mean-Time-Between- Mai ntenance
MTTR ‘ Mean-Time-To-Repair
O&M Operations and Maintenance
OSD Office of the Secretary of Defense
OT&E Operational Test and Evalua tion
PMD Program Managemen t Directive
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LIT OF ABBREVIATIONS (con t ’d)

Abbreviation Definition

PMP Program Management Plan
P0 Proyrarim Off ic ’ (see al so SPa )
PQT Pre l im m min ary Qualification Test
PSL/PSA Problem Stateimient Language/Problem Statement Analyzer
QA Quality Assurance
RADC Rouum e Air Developmm ient Center
R&D Research and Development 4
RFP Request for Proposal
ROC Required Oper~itio nal Capability
SEMP System En gi neer in g Mana genment Plan
SL/TD System Engineering/Technical Direction
SOC Sys tems of Operat i onal Conce pt
SON System Operational Need
SOW Stat emmmen t of Work
SPO Systemm i Progra imi Office (see al so P0)
SS System Specificat ion
S/V Surv i vab i l i t y / Vu ]  nerabil ity
TLMP Test & Ev aluation Master Plan
IR Techn ical Repor t
USAF United States Air Force
WBS Work Breakdown Structure
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APPENDIX D
AUTOMATED REQUIREMENT S ENGINEERING TOOL CAPABILITIES LIST

The automated tool language (1.0) and analyzer (2.0) features described in - -

this appendix provide a concise l ist of the automated requirements
engineering tool capabiliti es which support the Requirements Engineering
Guidebook (Vol ume III). These capabilities are also discussed in 4.2.2 of —

this report.

1. Language

1.1 Objects (50 character names)

1.1.1 Functional Requirements (functions)

1.1.2 Constraint Requirements

1.1.2. 1 Performance
1.1.2.2 Physical
1.1.2.3 Operability
1.1.2.4 Design -

1.1.2.5 Test (see 1.1.7)

1.1.3 Sources

1.1.4 Tracekeys

1.1.5 Unique Identifiers (Analyzer generated and maintained ,
see 2.11)

1.1.6 System External and Internal Inputs and Outputs (I/O )

1.1.6.1 Physical Structure
1.1.6.2 Logical Structure
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1.1.7 Test Points

1.2 Relationships

1.2.1 Hierarchical Relation of Functional Requirements

1.2.2 Association of Constra i nt Requirements to Functional
Requirements

1.2.3 Related -Requirement Relationship

1.2.4 Association of Sources to Requirements

1.2.4.1 Primary
1.2.4.2 Secondary

1.2.5 Association of Tracekeys to Requirements

1.2.6 Information-Flow Rel ationships

1.2.6.1 “Uses/used by” rel ationship
1.2.6.2 “Derives/derived by ’ relationship
1.2.6.3 ‘Updates/updated by” rel ationship
1.2.6.4 “Provides/Provided by ” relationship
1.2.6.5 “Receives /Received by” relationshi p

1.2.7 Control -Flow Relationship s

1.2.7.1 “Triggers/triggered by” relationshi~-
1.2.7.2 “Conditional trigger /conditional triggered by”

relationship (boolean AND , OR)
1.2.7.3 “ Uti l izes/ ut i l ized by” relationship

1.2.8 Hierarchical Relation of System Inputs/Outputs

0-2
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1.3 Requirements Text 
- 

-

2. Analyzer (to be used interactively)

2.1 Change Requirements Data Base Reports

2.1.1 Input Report (update or no update feature)

2.1.1.1 Check syntax of requirements defini tion (consistency
with language)

2.1.1.2 List (print ) requirements definition and errors
2.1.1.3 Source input check option

Checks requirements entered into the require-
ments data base. Identifies illegal source
references by comparison with a master list.
Optionally notes source references wh i ch have
been previously associated with other require-
merits. Names and lists source references for 

-

‘

requirements with common references.

2.1.2 Delete Objects or Relationships Report

2.1.2.1 Check legality of deletion
2.1.2.2 Record deletions and errors

2.1.3 Rename Objects Report

2.1.3.1 Check legality of rename
2.1.3.2 Record renames and errors

0-3 

----- 
- - -  

-- - - --~~~~ 
_
~ J~~

_

— 

I~ 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~--.-~~~



___

I’,

2.1.4 Change Object Type Report

2.1.4.1 Check legality of change type
2.1.4.2 Record change types and errors

2.2 Object Information Report

Takes as input a list of objects. Prints requirements data base
information concerning each object. The operator specifies the
type of informat ion desired , all requirements data base informat ion

relevant to each object is printed (default). The output is pre-
sented in the format of the input and delete rel ationship reports
(2.1.1 and 2.1.2).

2.3 Source Document Summary Report

Prints requirements and relati onships in the order which they
appear in the source documents. Requirements having either a
primary and or secondary relation to a source document are printed
next to the source reference (with relation type specified ) on a
sequential list of all possible source references.

2.4 Functional Hierarchical Structure Report

Prints total or any part of functional hierarchical structure

2.4.1 Functional Hierarchi cal Structure

2.4.2 Information Available at Operator Option:

2.4.2.1 Sources (primary and secondary)
2.4.2.2 Associated constraints
2.4.2.3 I/O and relationships ‘ uses , “derives ” ,

“updates ”

~iL 
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2.4.2.4 Functional control relationships :
“triggers ” , “conditional trigger ” ,
“utilizes ”

2.4.2.5 Using activities and relationships:
“provides ” , “rece i ves ”

2.4.2.6 Requirements Text

2.5 I/O Hierarchical Structure Report

Prints any of the I/O structures below:

2.5.1 Pri nts an I/O structure beginning with a superior member
of the structure

2.5.2 Prints an I/O structure beginning with a selected member
of the structure L

2.6 I/O-Function Interaction Report

Shows how a gi ven collec ti on of system i nput or output is “used” ,

- 
- “derived” , or “updated ” by functions. Shows how a given col l ection

of functions “uses ” , “derives” , or “updates ” system I/O. The re- - -

port format is such that the analyst can trace information fl ows.
The analyzer utilizes the defined I/O structure and breaks down high
level I/O when needed to show i nformation fl ows.

2.7 Information Flow Report

This report begins with a specified piece of system I/O. Show s the
sequence of functions and intermediate I/O which (1) are necessary
to derive an output from a system input , or (2) use this output to
trace the information flow back to associated inputs. This report.
like the I/O Function Interactions Report (2.6) utilizes the defined
I/O interactions to show the continuous information flow. All test
points on the flow paths are indicated.
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2.8 Control Flow Report

Shows the flow of control followi ng or leading to a given function.
Differentiates between “triggers ” and “conditional triggers ”. Al l
conditions upon which the alternate paths are selected are asso-
d ated with the conditiona l trigger. Shows any “utilizes ” rela-
tionships. All test po i nts on the fl ow paths are indicated .

2.9 Identify Spec i fi ed Objects Report

Finds and lists the requirements data base objects which possess any
combination of the characteristics specified below. Creates a file
of object names which may be input for further analysis or report
generation.

2.9.1 Identify Functional Requirements

2.9.1.1 All functions

2.9.1.2 Functional requirements bel ow specified function in

the hierarc hy
2.9.1.3 Functional requirements with , or w it h no , associated

constraint requi rements
2.9.1.4 Functional requirements which “use ” and/or “derive ”

and/or “ update ” a particular level in the I/O
h;erarchical structure

2.9.1.5 Functional requirements which do not “use” and/or
“derive ” arid/or “update” a particular level in

the I/O hierarchical structure
2.9.1.6 Functional requirements with any combination of

associated control flow relationships :
“triggers ” , “conditional tri ggers ” , “utilizes ”.

2.9.1.7 Functional requirements without any combination of
assoc i ated control fl ow relationships :
“trigger ” , “conditional triggers ” , “uti l izes ”

- 
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2.9.1.8 Functions at the l owest level in the hiera rchy
2.9.1.9 Functions at the l owest level in the hierarchy

below a specified function

2.9.1.10 Functional requirements without source references

2.9.2 Identify Constraints

2.9.2.1 All constraint requirements
2.9.2.2 Constraint requirements not associated with functions
2.9.2.3 All constraint requirements of a given type

2.9.3 Identify System I/O

2.9.3.1 All 1/0 , or any I/O bel ow a spec ifi ed level i n
the I/O hierarc hy

2.9.3.2 1/0 neither “used” , “derived” , nor “updated”
2.9.3.3 1/0 contained between a particular section of

the I/O structure
2.9.3.4 1/0 “used” and/or “derived ” and/or “updated” by

a selected (as in 2.9.1.4 above) group of
functions

2.9.4 Identify Source References

2.9.4.1 All source references

2.9.4.2 Source references without associated functional or
constraint requi rements

2.9.4.3 Source references with a specified prefix
2.9.4.4 Source references with a specified suffix

The prefix and suffix allow unique identifier s to be used for
each unique source doc ument reference d.
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2.9.5 Identify Tracekey s

2.9.5.1 All tracekey s

2.9.5.2 Tracekeys wi thout associated functional or con-
straint requirements.

2.9.6 Identify Test Points

2.10 Find Associated Requirem ents Report

This repo rt begins with a list of requirements. For each of these
requirements the analyzer finds requirements. Associated require~
ments satisfy any specified combinati on of the criteria described
below. The nature of the relationship and source references are
identified wi th the associ ated requirements.

2.10.1 Finds other requirements which “use ” , “derive ” , or “update ”
I/O rel ative to a specified input or output

2.10.2 Finds functions which “trigger ’ , “are triggered by” , or
are “utilized by” a specified function

2.10.3 Finds requirements which are related by a constraint to
function

2.10.4 Finds requirements which have source references (primary or
secondary) ct~mmon to a specified requirement

2.10.5 Finds requirements which are related by a Related-Require-
ment relationship

2.10.6 Finds requirements which are immediately superior in the
func ti onal hierarc hy -
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2.11 Unique Requirement Number Derivation

Derives a un i que requ i rement identifier . The function requirement

number is related to the requirement position in the associated

hierarchies. The numbers for constraint requirements are related
to the functional hierarchical position of the related function (s).

2.12 Requirement Document Reports

Prints a list of the requirements together with the requirements

text and other desired requirements data base information. The

order of these requirements will follow that of the above derived

numbers. Requirements data base information available optionally

are source references and tracekeys.

2. 13 Requirements Traceability Reports

Prints the types of traceability reports described bel ow. The l at-

ter three reports use the tracekey to li nk the requ i rements i n two
di fferent requirements data bases. The first report is the same as

the Source Document Summary Report with the addition of unique

identifiers (these two reports may be consolidated) .

2.13.1 Shows traceability of source requirements (represented by a

source reference) to requ i rements data base information

( represented by a unique identifier and name )

2.13.2 Shows traceability of requirements data base information

(represented by a uni que identifier and requirement name) to

requirements in a second requirements data base (represented
by a- requirement name and a source reference or uni que iden-
tifier).

0-9



2.13.3 Shows traceability of source requirements (represented by a

source reference and optionally the associated requirement

name) to requirements in a second requirements data base

(represented by a requirement name and a source reference

or unique identifier) .

2.13.4 Provides a list of requirements which do not trace to a

second requirements data base. Associated with the require-

ment are the source references and the unique identifier.

The li st i s arranged i n the order of source references or
i n the order of un i que identifiers as specified by the

opera tor.

2. 14 Test Reports

The tes t reports are used to evalua te the qual ity and comp leteness
o~ test plans and procedures. Reports can be prepared for each

test case defined for the info rmation and control fl ows. The test

reports show the rel at i onsh ip between tes t po i nts and assoc i ated
test cases , test plans , and procedures and other pert i nent so urce
documentation through the use of tracekeys.

2.15 Requirements Data Base Status Reports

The requi rements dat a base status reports prov id e summary i nfonna-
tion on the contents of the requirements data base. Requirements

data base objects are li sted along wi th var ious sta ti st ics show i ng
the quantities , percentages (as appropriate), and quality of each

object in the requirements data base. Statistics presented for

each object might include :

• Status of the requirement , such as com p lete , i ncomp le te .
inconsistent , ambigious , redundant ~,all entered intc’ the

requirements data base by analysts during the requirements

engineering activ ities)
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• Relationships between requirements such as sources/tracekey s
and flow relationships ( triggers , uses/derives/updates , etc. )

• Number of lines of descriptive text in the requirements data
base
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APPENDIX E
REQUIREMENTS ENG INEERING E XAMPLE

1. INTRODUCTION

The exam ple contained in this appendix has been derived from the

requirements engineering activities associated with an Air Force

surveil lance system acquisit ion. An excerpt from the survei l lance system
Type A segment spec if icat ion has been inc luded at the conclusion of this
appendix. The requirements engineering activities described in this

exam p le are base d on the statement of requirements contained in the

excerpt , i.e. the excerpt is a source document. The example presents a
descri pt i on of the ac tual requ i rements engi neer i ng act i vi t ies performed on
the specification in conjunction with the use of an automate d requi rements
engineering tool , Logicon-Extended CADSAT 1. An automated requirements

engineering tool l ike CADSAT helps the system engineer define a set of

discrete system requiremen ts. Discrete requirements are desired because
they are non-redundant , testab le , traceable , and communicable arid are

amenable to tests for completeness and consistency. Once the requirements

have been tentatively defined , the tool hel ps the system engineer analyze

for completeness and consistency. The tool can generate specificati on

documents.

1 The Computer-Aided Design and Specification Analysis Tool (CADSAT) is
an Air Force owned requirements analysis tool developed by the
Univers ity of Michigan under ESO/TOI contrac t F19628-76-C-O197. The
extended version is a modification developed by Logicon for applications
to m ilitary systems under ESD/OCU contract F19628-76-C-0218. CADSAT ’s
User Requirements Language/User Requirements Analyzer (URL/URA) is
bas ically equivalent to the Problem Statement Language and Problem
Statement Analyzer (PSL/PSA) developed at the University of Michigan.
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2. AUTOMATED TOOL CAPABILITIES

Automated tools l ike CADSAT assist requirements engineering in four ways:

• Prov ide a med i um for formal requirements definition

• Perform rudimentary ana lysis
• Produce documentation
• Permit a f lexib le , i terat ive approach to requirements I ’

definition

Usin g a requirements engineering tool like CADSAT , the sys tem engineer
incorporates in a requirements data base certain salient features of each

system requirement. The requirement is g iven a desc r i p t i ve  name .
References to descriptions of the requirement are associated with each

requi rement (primary source). References to supplementary or related

material may also be associated with the requirement (secondary source). L
The requirement is categorized as a f unctional requirement or one of
severa l constraint requirements. A functional hierarchy is developed.
Constraint requirements are associated with functional requirements. The

flow of control (processing sequence) is defined. System information flows
(I/O used and derived by system functions) are described. Finally, a

comprehensive descri ption of the requirement is incorporated in the
requirements data base.

The automated tool a l l ows  the var ious system requirements to be
incorporated in the requirements data base when they become known to the

engineer. This is a pr ime advantage of an automated tool - the fi le of
information about a system requirement is built up in an evolutionary
manner. The requirements data base devel opment proceeds in the same way

that the system engineer naturally develops an understand ing of the system.
For examp le , when an addi t ional  reference to a prev ious ly identified

— requ~rement i s found , this new reference is added to the requirements data
base. If, during the course of an information-flow analysis , the eng i neer
f inds that he previously misunderstood the requirement or the speci f icat ion
deve loper recei ves feedback from the intended system users , appropr i ate
correcti ons can be made to the requirements data base.
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As the requirements analysis proceeds , the automated tool generates
intermediate reports which hel p the systems engineer to complete and refine
the requirements definition. These reports present , in various formats,
the information which has been incorporated in the requirements data base.
The reports present the results of various kinds of analysis. For exampl e,
one report lists sel ected requirements with associated source references or
other requirements data base entries in a top-down hierarchical manner.
Another report shows how the source documentation has been decomposed into
requirements and points to those areas which have not been considered .
Other reports show the control and i nformation fl ows.

An automated tool like CADSAT can generate reports which provide high
requirement visibility and provide final system documentation.

3. EXAMPLE REQU IREMENTS ENGINEERING P~OCEDURE

Although a tool user could define all aspects of a requirement when that
requirement is first identified , experience has shown that it is
convenient to proceed in two stages. During the first stage the basics are 7
defined. The requirements are identified , characterized and the functional
hierarc hy described. The control and system information flows are
described during a second stage. This separation into phases is not hard
and fast , and appropriate changes and additions are made at any time. The
two-stage approach was applied in the example described in this appendix.

In the remainder of this appendix , cross references between the example
descri ption and the requirements engineering activities in the Requirements
Engineering Guidebook (Volume III) are identif ied by references to
appropriate activities (Volume III: BLOCKS 1-14).

3.1 Stage One

The first stage of the requirements data base development in this example
consists of identifying the basic system functions , primary and secondary

source references , organizing the functions i nto a functional hierarchy ,
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and identifying constraint requirements.

3.1.1 Identification of Functional Requirements (BLOCK 3)

One of the first steps in the development of a requirements data base is
the identification of functional requirements (BLOCK 3). Each functional
requ i rement is given a descriptive name. All appropriate source references
are associated with the requirement (BLOCK 13). A complete statement of a
functional requirement includes a description of the required function , a
statement of when and under what conditions the function is activated , and
a description of the system I/O that is to be transferred and the results.
Source material frequently describes part of a requirement in one place and
part in another. Sometimes minor variations in the activities of the
function are discussed separately from the fundamental function. The
conditions under which the activities of the function are to be performed
may be discussed in the source material separate from the discussion of the
function. All of this i nformation about the requirement is consolidated in
the requirements data base. References to source material which are
necessary to comp letely describe the requirement are called primary
references.

3.1.2 Identification of Secondary Source References (BLOCK 13) H

Secondary source references are described along with the primary
references .1 The secondary references refer to information about closely
rel ated requirements, di scussions of the rationale for the function or any
other type of useful background information. This is information which
wil l  be reviewed when the requirement is incorporated into a specifi cation
(BLOCK 12) and might al so be employed later to aid change impact analysis.

1 The concept of secondary source references and other concepts
presented in this appendix are a combination of current and proposed
CADSAT capabilities resulting from the Requirements Standard s Study
(RSS).
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3.1.3 Devel opment of a Functional Hierarchical Structure (BLOCK 4)

The functional requirements are organized into a hierarchical structure
(BLOCK 4). This structure shows how the functions break down from the
general to the specific. Source references to descriptions of general
functional capabilities are associated with the appropriate level in the
hierarchy (BLOCK 13). Duniny headings (with no source reference) may be
created where necessary to group a set of related requirements logically. —

The functional breakdown continues until a complete understanding of the
preceding higher level function is achieved.

3.1.4 Identification of Constraint Requirements (BLOCK 5)

Constraint type requirements and their association with the appropriate
functional requirements (BLOCK 5) are identifi ed . The constraint
requirements include performance , physical , operability, te st and desig n
requirements. Perfo rmance requirements are timing and accuracy
considerations. Operability requirements include reliability,
maintainability and availability considerations. An example of a physical H
constraint is a size l imitation. 1 Source references are associated with
constraints in the sane ‘nanner as wi th functions.

3.? Stage Two

The second stage of the requirements data base devel opment consists of the
formal description of system i nformation (BLOCK 10) and control flows
(BLOCK 9). This stage of the requirements data base development is
normally performed after stage one is complete for the whole system. It
has been found easier to perform the stage two analysis after the
functional and constraint requ i rements have been tentatively identified and
source references associated with the requirements. Stage two activities
consist of the identification of system external inputs and outputs , the
definition of information fl ow and of control fl ow.

1 A complete description of constraint requirements is contained in the
RSS technical report (Volume III).

E-5

-it ~ -. - • 
- r ~~ - - . -

..- • • 4w — ~ - - - ~~~. — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



0-3

_ _ _ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~

- - - - - • -

3.2.1 Identification of System External Inputs and Outputs (BLOCK 7)

Much of the I/O that is to be manipulated by the system can be identified
by examining the information which is input to and output from the system.
Input and output m essages , operator i nputs, and displ ays should be examined
to identify the I/O handled by the system. Other system I/O which is known
to the analyst from the stage one analys is shoul d be formally identifi ed
and entered i nto the requirements data base at this time. Each input and
output is given a short descriptive name. For coninunicabi lity , the names
should closely resemble those used in the source doc umentation. Not all
system I/O will be recognized at this point. Additional I/O will be
included at a later stage in the analysis.

A structure is provided for the I/O (BLOCK 8). There are two types of I/O
structures: physical and logical . An exampl e of a physical data structure
is a message. A message is a collection of I/O which has a definite
physically recognizable structure. In the exampl e which follows , physical
collections of information are cal l ed “entities ”. A logical I/O structure
is simply a convenient col l ection of information. For example , one might
wi sh to col l ect all kinds of weather information under the heading weather
data.

The various kinds of weather information need not have any physical
relationship. In this example organizational collections of I/O are cal l ed
“sets”.

3.2.2 Definition of Information Flow (BLOCK 10)

The system engineer considers each function to define the inputs received
or used , and the outputs derived by that function. To aid this r; ocess the
engineer employs the 1/0 hierarchies generated (BLOCK 8) and the functional
hierarchy (BLOCK 4) constructed during the fi rst stage of the requirements
data base development as previously described. Since the I/O
Identification is probably not complete , some new I/O may be identified
during information flow analysis. If the I/O used and derived by the
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function is not clearly described in the source documentation then the
requirements are not completely defined .

3.2.3 Definition of Control Flow (BLOCK 9)

The control flow shows the sequence of system processing. This sequence is
specified in two ways. A “conditional trigger ” is used to indicate a
function that sometimes follows . The “trigger ” specifies processing that
necessarily follows . If the control fl ows cannot be defined from available
source documentation then the requirements are not properly defined .

The definition of control fl ows may be facilitated by making use of the
“ utilizes ” relationship. A primary function is said to “utilize ” a
secondary function when the secondary function supplies a result which is
necessary for the operation of the primary function. The “ utilizes ”
relationship is employed to simplify the illustration of control flows when
the same function is required many times under different circumstances.

4. SAMPLE APPLICATION

The followi ng is a detailed discussion of the requirements eng i neering
activities performed for an excerpt of the surveillance system segment
specification. It illustrates the requirements engineering activities of
the two stages described above and includes selected CADSAT-like
reports.’ This example is cross referenced to the requirements
engineering activities (BLOCKS 1-14) of the Requirements Engineering
Guidebook (VOLUME III).

1 Some liberties in the format of the report s presented in this example
have been taken to include recommended changes to CADSAT as discussed
in the RSS technical report (Volume II).
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4.1 Example of Stage One P rocedure

An analyst convention used in this example to identify unnumbered
paragraphs is as follows . 1ny paragraph which is followed by a series of
unnumbered paragraphs (text separated from the preceding text with at least
one blank line) is given an additional alphabetic character. This
character is noted by the analyst in the left hand edge of each page in the
source documents as shown in the excerpt (included at the end of the
appendix). When devel oping a requirements data base , the source reference
paragraph numbers inc l ude this additional character as a suffix to the
actual paragraph number. For example , the third unnumbered paragraph
after 3.7.1.2.7.2 bec omes 3.7. 1.2.7.2.c. Additionally, a one character
prefix is included as a key which identifies the actual source document.
In the followi ng figures the paragraph numbers ( set off by dashes instead
of dots) would appear as r-3-7-1-2-7-2—c , etc. 

t

As an example of the stage one procedure , consider how the requirements
listed in paragraph 3.7.1.2.7.2 of the sample source material might be ‘4
analyzed . The first step is to read the material and attempt to identify
the required functions (BLOCKS 1 & 3).

Subparagraph “a” is a general description of the commitment function.
Subparagraph “b” describes chec k tracking capac i ty and check guidanc e
capacity functions and generate information for display functi on.
Subparagraph c ’ describes a status bypass opt ion. Sub paragraph ‘d
elaborates on the weapons team assignment process described in the previ ous
paragraph. The l ast sentence describes a requirement to restrict the
modification of the system data base. Subparagraph e ’ describes the
various recommit actions. The check guidance capacity function is
described again. A restrict control function is also described .

Figure 1 shows a functional hierarchy (BLOCK 4) developed from the
requirements of the sampl e paragraph , 3.7.1.2.7.2. Note that the hierarch y
includes some requirements which are not explicitly mentioned in
3.7.1.2.7.2, and that some of the requirements , namely those discussing
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line level name reference

1 2 coninit-reconinit-to-mission
2 3 caniuiit-interceptors
3 4 commit-to-cap r-3-7-1-2-4-2-2—c
4 4 commit -to-intercept r-3-7- 1-2-4-2-2-c
5 3 chk -capacit y-for-contro l
6 4 chk-track ing-capac i ty r-3-7-1-2-7-2-b - -

r-3—7-1-2-4-2-3-b
r-3-7-1-2-4-2-1-a

7 4 chk -channel-ava ilabi lity r—3-7-1-2-7-2-e
r—3—7— 1— 2-7-2—b
r-3-7-1-2-7-3-2

8 3 reconuiiit— i nterceptors
9 4 recommit -to-intercept r-3-7-1-2-7-2-e

10 4 recom mit-to-cap r-3-7-1-2-7 -2-e
11 4 recommit-to- rtb r-3-7-1—2-7-e

Figure 1. Surveillance System : (Partial) Functional
Hierarchical Structure Report
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system data base access , are not included here. The object of the —

hierarchy is to group logically the required functions for analysis
purposes. Since the commit function is similar to the recommit function ,
it was decided to group these together. The two capacity checking functions
are also included under the same heading becau se these functions are
intimately connected with the commit-rec ommit functions. On the other
hand , the restrict control function of paragraph ‘d” is included elsewhere
in the hierarchy , since it involves the interceptor assignment function and

is only indirectly related to intercept or comm i tment. Note that there are

probably many other logical hierarchical arrangements of these
requirements. The arrangement of requirements in a hierarchy is not meant
to imply a particular design. The functional hierarc hy is intended only to
log ically group functions for the purpose of definin9 the functional
requirements in a convenient communicable form.

Figure 2 shows a printout of the requirements abstracted from 3.7.1.2.7.2
listed in the order that they appear in the source material. This type
of report is used to check the comp leteness of the covera ge of the so urce
documentation (BLOCK 14). The requirements listed relative to each
reference are examined to assure complete coverage of the topi cs discussed
in a particular subparagraph. Subparagraphs whi ch have been overl ooked
will be absent from this list.

Figure 3 shows the commit-recommit -to-mission section of the requirements
hierarchy after additional requirements definiti on has been performed
(BLOCK 3). Notice that several requirements have more than one primary
source reference (BLOCK 13). Examination of additional source material has
revealed support i ng information or a more detailed description of some
aspect of the requirement.

Figure 3 shows several other changes. A reference to 3.7.1.2.7.2a has been
associated with the general requirement , commit-interceptors (BLOCK 13).
This association is appropriate since the subparagraph provides a general
description of the commitment function. An incorrect source reference to
reconinit-to- rtb has been corrected (BLOCK 14). An additional requirement ,
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REQ . NO. REQUI REMENT NAME

3-7-1 -2-7-2-a
3-7-1-2-7-2-b chk-tracki ng-capacity

chk— channe l-avai labi l ity
3-7-1 -2-7-2-c
3-7-I-2-7-2-d automatic—assign-track

limit -data—access
3-7-1-2-7-2-e recommit-to- intercept

recommit-to-cap
chk-channel -availabil ity
restrict-actions-to-assigned

Figure 2. Surveillance System : (Partial) Source Document
Summary Report
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line level name reference 
-

1 2 conuni t— reconimi t—to—n i i ss i on
2 3 comm it-interceptOrs r—3-7- 1 -2-7—2—a
3 4 comm it—to—cap r-3-7-1-2—4-2-2-c
4 4 commit -to-intercept r-3-7- 1-2-4-2-2—c
5 3 chk-capacity-for-control I 

-

6 4 chk—trackin g-capacity r-3-1-1 -2-7-2-b
r-3-7-1-2-4-2-3-b 

-

r—3-7-1-2-4-2- 1-a
7 4 chk-channe l—avai labi li ty r-3-7-1-2-7-2-e

r-3-7-1-2-7-2-b 4
r-3-7-1-2-7-3-2

8 3 reco;iiiiit-interceptors
9 4 reconuni t—to — i ntercept r -3-7-1-2-7-2-e

r—3- 7-1-2-7-3-1-b
10 4 recommit - to—cap r -3-7— 1-2-7 -2-e

r-3-7- 1— 2-7—3-1- a - -
r-3-7- 1-2-7-3-2-a
r-3-7- 1-2-7-3-2-b
r—3-7-1-2-7-3-2-c

11 4 reconunit-to-rtb r -3 -7 - l -2 - 7- 2 - e
r-3-7 - 1-2-7-3—3 b -

12 3 commit-with-status- bypass r-3-7-1-2-7-2-c

I igure 3. Surveillance System : (Partial ) Functional Hierarchical
Structure Report i nclud ing changes and add iti onal -;

pr imary source references

1- 12



comi t-wi th-status-bypass . has been added to the hierarchy (BLOCKS 3-4).

Figure 4 shows the commit-recommit-to-mission section of the hierarchy

after it has been further refi ned. This report also lists the secondary

source references for each requirement (BLOCK 13). (These are listed under

the requirement to which they refer after “sref”.) For an illustrat ion of

the use of secondary references , consider those associated with

recommit-to-intercept (line 9). The reference 3.7.1.2.4.2.2c refers to a
discussion of the comit-to-intercept requirement . Since the recommit-to-

intercept and commit -to-intercept requirements are similar , thi s reference
provides a useful perspective. “Sref 40-2-18” refers to a discussion of
the recommit actions in an appendix to the segment speci fication. The last
two references , 3. 7.1.2.7.3.ld and ‘c ” ( not included in the spec ification
excerpt ) provide a redundant discussion of the processing which follows the
recommit- to- intercept funct ion. The information provided in these
secondary references provide information wh ic h may be useful when the text L
of the requirement is rewritten for the spec i fication under development .

This information may also be utilized for the analysis of specification

changes or engineering change proposals (BLOCK 13).

Two other changes are shown in the report in Figure 4. The name of the

requirement chk-channe l—avai labi l i ty has been changed to chk-guidance—

capacity (Line 7). The change was made to better reflect the nature of the

functional requirement and to indicate that the requirement is parallel to

chk-tracking-capac i ty. The name of the requirement commit-with- status-

bypass was changed to record-intcep-availability (line 11) to refl ect a
ful ler understanding of the requirement. Examination of other parts of the
specif ication reveal ed that the requirement stated in 3.7.1.2.7.2c is only
part of a larger requirement , not exp licitly stated , to maintain records of

interceptor ava ilability. (Those pl aces in the source material which allude

to the requirement are included as secondary references.) An explicit
statement of th is  requi rement shou ld , of cour s e , be inc luded in t he
specification (BLOCK 12). Requirements like this , which are not fully

understood initially, can be marked in various ways for later analysis .
(Put -XX at the end of t he name or provide a reference XX , for examp le.)

E-l 3
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li ne level names reference

1 2 commi t-recommit-to-mission
2 3 commit-interceptors r-3-7-1-2-7-2-a
3 4 com i t—to-cap r-3-7-1-2-4 -2-2-c

sref r-4O-2-18
sref r—3—7- 1-2-7-3— 2-a
sref r-3-7-.1-2-7-3-2-b
sref r-3-7-1-2-7-3-2-c

4 4 commit-to- i ntercept r-3-7-1-2-4-2-2-c
sref r—3-7-1-2-7-2- b
sref r-3-7-1-2-4-2-2-a
sref r-3 -2-1-3-l
sref r-40-2-18
sref r-3-7-1-2-4-2-2-j

5 3 chk-capacity-for-control
6 4 chk-tracki ng— capac ity r-3-7-1-2-7-2—b

r-3—7-1- 2-4-2-3—b A
r-3-7-1— 2-4-2—1—a

sref r-60-5-4
7 4 chk—gu idance— capac ity r— 3-7-1-2-7--2—e

r-3— 7— 1-2-7—2 - .b
r-3-7- 1—2-7—3 --2

sref r-3-7-1-2-7-3
sref r-60-5-4

8 3 recon~iiit-intercept ors
dsn base-stopr-capac i ty r-3-7-1--2-7-2-e

9 4 recommit-to-i ntercept r-3-7-1-2-7-2-e
r-3-7- 1-2-7-3- 1-b

sref r-3-)-1-2-4-2-2-c
sref r—40 -2-18
sref r— 3— 7-1-2-7—3- 1-d
sref r-3-7-1-2-7-3-1-e

10 4 recomi t- to-cap-r tb r-3-7-1-2— 7-2— e
sref r-3-7-1-2-4-2-2-c
sref r-40-2-18

- - sref r-3-7-1-2-7-3-2-a
sref r-3-1-1-2-7-3-2-b
sref r-3-7-1-2-7-3-2-c
sref r-3-7-1-2-7-3-3

11 3 record— i ntcep-availabi lity r— 3-7—1— 2—7-2-c
r- 3-7-1-2-7-8

sref r-60-5-15
sref r-60-5-16

Figure 4. Surveillance System : (Partial) Functional Hierarchical
Structure Report including a design (dsn) constraint

and secondary source references (sref).
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The report in Figure 4 a lso shows the treatment of constraint requirements
(BLOCK 5). A requirement for the program to accomodate 15 bases and 60
Strategic Orbit Recovery Points (STOPRs) is specified in subparagraph “e”
of 3.7.1.2.7.2 in source material . This is a design requirement which
refers to the intercep tor recommitment function. This constr aint
requ i rement is called base-stopr-capacity and has been associated wi th the
function recommit -interceptors (line 8). Design requirements in this
example report have been given the abbrev i ation “dsn”.

4.2 Example of Stage Two Procedure

The report in F igure 4 provides the system eng i neer with source

documentation references to information needed to define information fl ows

(BLOCK 10) and control fl ows (BLOCK 9).

4.2.1 Identification of System External Inputs and Output s (BLOCK 7)

The first step of this stage of the analysis is to identify the major

features of the system I/O and to rough out I/O structures. The inputs to

the commit- i nterceptors functions (lines 3 and 4 of Figure 4) are described F

in paragraphs 3.7.1.2.4.2.2 “a” and “c’ . Among these inputs are a squadron
identifier , interceptor cails ign , departure airbase , the mission and a
stopr. Mission need not be spec i fied as a system I/O at this time , since
the mission is specified by the operator ’s sel ection of function and will
be identified as part of control fl ow (BLOCK 9). These inputs are gathered
together as comm it-recommit -inputs in the I/O structure (Figure 5).

Since there is no physical rela tionship among these inputs , they are

grouped into a logical col l ection of data (a set). In addition to the

above in puts , some means to identify a target must be provided . The target

is identified with a huk track number . (huk is hostile (h), unknown (u),
faker (k).) The huk track number is meaningful only in association with

other huk track data. Therefore , in the I/O hierarchy , huk-track-number is

included as part of the I/O structure , huk-track— data (an entity , 4*).

The ou tputs of the commit functions are not obvi ous from the source

material. The purpose of the commit functions is to associate information
- 

- 
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1* 1 commit—recommit -inputs (set)
1 2 departure-base
2 2 stopr
3 2 interceptor—call s ign
4 2 squadron-designator
5 2 recovery-base

2* 1 manned-interceptor-data (entity)
1 2 interceptor-track-number
2 2 departure-base-number
3 2 interceptor-mission-data
4 3 mission-i ndicator - -

5 3 cap-rtb—data
6 4 stopr-number
7 4 recovery-base-number
8 3 target— data
9 4 target-track-number
3* 1 interceptor—track-data (entity) ‘
1 2 i nterceptor-track-number
4* 1 huk-track-data (entity )
1 2 huk-track-number

A

Figure 5. Surveillanc e System: (Partial ) I/O Hierarchical Str ucture
Report.
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re levant to a particular interceptor when that interceptor is commi ted.
This information includes the interceptor trac k number , information about
the mi ssion and the target , guidance data , fuel date , etc. The entity
manned-interceptor-data (Figure 5 , 2*) is this collection of interceptor
data.  Spec i f i ca l l y ,  some of the system data produced by the commit
funct ions are the interceptor-track-number , depa rture-base-number , a
mission - i ndicator and stopr-number. In general it is best to describe

system I/O in the terms used by the documentation. In this case , however ,
it was necessary to create -ind icators and —numbers in order to il lustrate
the nature of the functions.

Consider the recommit- interceptors functions (lines 9 and 10 of Figure
4 ). Paragraph 3.7.1.2.7.2c describes the inputs to these functions. All
but the recovery ba se have already been des c ribed a s inputs to the commit
funct ions. The capacity checking and record keeping functions of Figure 4
are anci l lary to the major commit-recommit functions and need not be
consi dered for additional I/O at this point. The I/O structure of Figur e 5
is sufficient as a basis for further ana lysis.

4.2.2 Definition of Information Flow (BLOCK 10)

The next step in the analysis  is the detailed definition of the fl ow of I/O

through each of the functions. Much of the needed I/O has already been
described (Figure 5).

Cons ider the commit-to-cap function of Figure 4 (line 3). This function
uses interceptor-ca l is ign to der ive the interceptor-track-number
(3.7.1.2.4.  2 .2a) .  It uses the stopr to derive the stopr-nu mber
(3 .7.1.2.4 .2.2c), and the departure-base to derive the departure—base—
indicato r (3.7.1.2.4.2.2c). The squadron—designator may al so be used to
derive the interceptor-track-number (3.7.1.2.4.2.2c). Additional possible
inputs to the commit-to-cap function are describe d in anothe r source
paragraph , 3. 7.1.2.7.3.2 (not included in the spec ification excerpt). The
function may use a manual-heading-input to derive a manua l-heading-
indicator and a manual-head ing. These data were not recognized at the time

E— 17
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of the development of I/O structure in Figure 5 and would be included in a
later update. The function al so derives the mission - i ndicator.

The commit-to- i ntercept funct ion (Figure 4 , line 4 ) uses and derives muc h
of the same I/ O as the commit-to-cap function (Figure 4 , line 3). In pl ace
of the stopr , this function takes as input a huk—track-number (Figure 5).
Instead of a stopr-number t he funct ion der ives a target- t rack number
(Figure 5).

The recommit functions use and derive much less I/O than the commit func-
tions since interceptors whic h are recommited are already foll owed by the
system. The recommi t—to- intercept function (Figure 4 , line 14) uses the
huk-track-number to der ive a target- track-number.  The function a lso
derives a mission— indicator. The recomit-to—cap-rtb function (Figure 4 ,
line 10) uses a stopr to derive a stopr-number. It also uses the

recovery-base or departure-base to derive a recovery- base-number. The
mis sion— indicator is also derived .

The record- in tcep-avai labili ty  ( record the interceptor ava i l ab i l i t y )
function (Figure 4 , line 11) keeps records of the s ta tus  of the

interceptors at the various bases. To main tain this record , the function
uses the departure- base-number and the i nterceptor-track-number. The

function derives information which the analyst calls interceptor -
availability -data . Because this avail abil ity data is not described in

detail in the source documentation , it is not broken down in detail in the
requirements data base. The status of the interceptors may be changed by a
tactical-action update (3.7.1.2.7.8).

The source documentation discusses no I/O in connection wi th the chk-track-
ing-capacity and chk-guidance-capacity functions (lines 6 and 7 of Figure

4). The I/O as3ociated with these functions is common only to the capacity

checking and coimTiit-recommit functions. This I/O does not appear el sewhere

in the system. Since no purpose is served , the information fl ow is not

defi ned for the capacity checking functions. The close association between

the comm i t— recommit funct ions and the capacity checking functions is

E-18
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adequately desc ribed using the “util izes ” rel ationship which is discussed
below.

The information flows are summarized in the Hierarchical Structure report
in Figure 6.

The matri x in Figure 7 shows the information fl ow at a glance. Both this
matrix and the type of Functional Hierarchical Struct ure report shown in
Figure 6 are rev iewed dur ing the information flow analysi s (BLOCK 10) to
assure comp leteness of I/O definit ion and consistency of fl ow (BLOCK
14).

4.2.3 Definition of Control Flow (BLOCK 9)

The purpose of t he control flow analys is (BLOC K 9 ) is to assure that ~ie
sequence of of system operations is compl etely and consistently described.
The procedure followed is similar to the definition of information fl ows .

Consider t he commit functions of Figure 4 ( l ines 3 and 4) .  The
init i a t e- i n t e r c e p t o r s  func t ion  is t r iggered by commi t ac t i ons
(3.7.1.2.7.8).  Several other functions (r~ t discu s sed in t he source
materia l within this appendix) are triggered by the cocrinit functions:
estimate-intcep- spd-head-al-t (estimate interceptor speed , heading and
a l•t i tude), auto-se lec t—pro f i l e  and se lec t -a t tack —opt ion.  The latter
function , se lect-at tack—opt ion , is triggered only by the commi t-to-
intercept funct ion s ince t here is no at tac k dur ing a cap ( combat air
patrol).

The commit functions utilize chk-tracki ng—capacity (3.7.1.2.7.2b) , chk-
guidance—capacity (3.7.1.2.7.2b) and automatic-assign —track (3.7.1.2.7.2d).
These functions are said to be ut il ized by the commit functions since they
represent funct ions whic h are required to complete the commit funct ion
activit ies. Functions which appear in many pl aces in the fl ow sequence ,
such as the capacity checking functions , are of ten said to be uti lized by
other functions. This type of treatment simpl ifies the descri ption of the

E- 19
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line (level or rel at ionship) names

2 commit-recommit-to-mission
dsn base-stopr-capacity

2 3 commit- i nterceptors
3 4 conini t-to-cap

uses manual-hea ding-input
uses departure- base
uses stopr
uses interce ptor-call sign
uses squadron-designator
trgs initiate-interceptors
trys record-intcep -availabil ity
trgs estimate-intcep-spd-head-alt
trys auto—select-profile
utls chk-tracking-capac i ty
utls chk-guidance-capac i ty
utls automatic -assi gn—track
drv s interceptor-track-number
drvs miss ion— i ndicator
drvs stopr-number
drvs manual — heading -indicator L
drvs manual — heading
drv s departure-base-number

4 4 commit-to-intercept
uses squadron—designator
uses interce ptor-cal ~sign
uses departure-base
trgs ini tiate-interceptors
trgs estirnate- intcep -spd—h ead—alt
trg s record-intcep -availabi lity
trgs select-attack-option
trgs auto-select-profile
uses huk-track—nu mber
utls chk—t racking -capacity
utls chk-guidance -capacity
utis automatic —assign—trac k
drvs interceptor-track-number
drvs mission-indicator
drvs target- track-number
drvs departure-base-number

Figure 6. Survei l lance System : (Partial ) Functional Hierarchical
Structure Report including information and Control

Flow rel ationsh ips .
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the rows are I/O , the columns are function names.

row names (I/O )

1 interceptor-t rack-number
2 mission —i ndicator
3 stopr-number
4 manual-head ing-indicator
5 manual -heading
6 departure-base-number
7 manual —hea ding — input
8 squadron- designator
9 departure-base
10 stopr
11 interceptor-callsign
12 target-track-number
13 huk-track-number
14 i nterceptor—availability—data
15 tactical -action-u pdate
16 recovery-base
17 recovery-base-number

col umn names (Function Names)

1 chk-capacity-for-control
2 chk-gu idance-capacity
3 chk-tracking-capacity
4 commit- i nterceptors
5 commit-to-cap
6 Commit-to-intercept
7 recommit-interceptors
8 recommit-to- i ntercept
9 recomit-to-cap- rtb
10 record-intce1i-availability

Figure 7. Survei llance System: (Partial ) Information - Function
Intera ct~on Repo rt
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(i ,j) val ue meaning

r row i is received or used by column j (input )
u row I is updated by column j
d row i is derived or generated by column j (output )

COLUMN

(FUNCTIONS )

1 t1 2 3 4  5 6 7 8 9 0
+ + + +

1 :  : d d  : r:
2 :  : d d  : d d  :
3 :  : d  : d :
4: :d
5 : : d

+ +
ROW 6: : d d  : rr:

L 

7 :  : r  :
(I/O) 8: : r : :

9: : r r  :
10 : : r : r

+ +
11 : : r r  : :
12: : d :d
13: : r :r
1 4 :  : :
15 : : : r:

+ +
16: : : r
17: : : d :

+ +

- - 

information-function interaction matrix

Figure 7 (cont’d)
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control fl ow.

The recommit functions (lines 9 and 10 of Figure 4) trigger many of the
same functions as the c ommit functions. The recommit functions , however ,
do not trigger initiate-intercepto rs since recommited interceptors are
already tracked (and therefore have al ready been initiated). The recommit
funct ions also do not trigger the record -intcep -availab -ility function
because a recommitmen t does not a f fec t  the status of an interceptor.

The recommit function uti l izes the chk-guid~ince_capa city and restrict-
intcep -d ata -ac cess f unct ions.  The chk-trac k ing - capac j t y  — c t i on  is
not uti lized on recommitment , since recoinmited interceptors are already
being tracked (3.7.1.2.7.2d). The restr ict-i ntcep-data-access function is
util ized here because the recommi-ted interceptor is already followed by
sytem I/O and it must be assured t hat the recommit is made by authorized
personnel (3.7.1.2.7.2e).

The control fl ow descr ip t ion  is summarized with the informa tion flow
description in Figure 6.

Figure 8 shows samp le control flow report . The figure illust rates the
sequence of processing which follows the commit-to- i ntercept function.
Th is report shows how one of the functions discussed in this exampl e
is linked to functions of other parts of the system. Flow of control
proceeds from l eft to right in the figure. Conditions wh ich determine the
flow direction (conditional triggers ) are not represented in this figure.
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SOURCE DOCUMENT EXERPTS

Th is excerpt contains selected source documentation used in the preced i ng
exam p le.

3.7.1.2.4.2.2 Interceptor track initiation. Initi ation of i nterceptor
tracks shall be accomplished by means of a SD/WAO/WD Commit action which
inclu des two letters identifying a squadron or a complete interceptor
cails ign. (See Track Number in 20.2 for legal values.)

0

0

0

A commit action must include a departure airbase and missi on (Integration

against a specified target , CAP against a specified ctrategic Orbit !

Recovery Point (STOPR), or CAP). The action may inclu de an interceptor

call-sign (Comm it with trac k number) or the two letter squadro n designator

(Comm it with squadron). Live interceptors shal l utilize squadron call

letters and val ues from 01 to 31 inc l usive and simulated interceptors shall

utilize the squadron cal l letters and values from 32 to 63 inclusive.

0

0

0

In response to an interce ptor commi tment the TG shall determine if there

is any remaining track capacity . If the missi on is i nterception or CAP to

a STOPR , the TG shall also determine if there is any remain ing interceptor

guidance capacity. If c~pac i ty remains , the trac k shall be initiated

and track status and position shall be set to Scrambled at the specified

airbase , otherwi se a Trac k of Interceptor Overload condition shall be

generated for display to the operator taking the action.
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Interceptor commitment. Interceptor commitment is the process
e weapons team member assigns an interceptor to a mission
al l ocates computer capacity to track and generate guidance for
or; the action results in a Scrambled i nterceptor.

Group will process weapons team Commit actions in accordance
2.4.2.2, establishing a new i nterceptor track. The action
ejected if there is no unused tracking channel or , for

requi ring guidance (see 3.7.1.2.7.3), no unused guidance
The ICG shall then generate the necessary informati on for

~ck and tabular displ ays.

ity shall be provided for the weapons team member to Commi t
tus Bypass option so that the i nterceptor status count for the
quadron/airbase combinati on is not affected.

ha il be provided for the weapons team member assignment
as part of any weapons team member Commit action as specifi ed

~.7.1. If no weapons team member is specified for a new
it shall be assigned to the weapons team member responsible

~get or, if none is assigned to the target, to the weapons team
ng the action. Only the assigned weapons team member shall be
modifying the data base associated with an assigned interceptor.

all process weapons team member Recommit actions , pairing an

~terceptor track with another track for an i ntercept mission ,
specifi ed Strategic Orbit Recovery Point (STOPR) for a Combat
(CAP) mission or Return-to-Base (RIB) mission. The ICG shal l
s Recommit to CAP or RIB actions with no STOPR specifi ed; for an

the interceptor will be paired with the recovery base or, if
een specified , with the departure base. The action shall be
P the interceptor will require guidance, does not currently
iidance channel , and no unused guidance channel is available.
shall accommodate 15 bases and 60 STOPRs. A weapons team

mmit shall be processed only if the interceptor is assigned to
team member taking the action.
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3.7.1.2.1.3.2 Cap Mission. An interceptor on CAP is assigned to patrol
over an area. It does not have a specific target assigned , but is
considered to be a weapons source for future Recommitments. Interceptors
on CAP do not necessarily occupy guidance channels. An Interceptor on
CAP enters a guidance channel when it is Comm ited or Recommited to a
STOPR , or when the assigned controller enters a manual heading . The
insertion of a manua l command heading shal l be rejected if a guidance
channel is not available. The insertion of any command data other than a
manua l command heading shall be illegal if the i nterceptor is not in a
guidance channel . Processing for interceptors on CAP in a guidance channel
shall be as follows :

CAP Manual Headin g Inserted. Command head i ng shall be set to the
values entered by the assi gned controller. Guidance command s shall be
generated as appropriate and full performance predic tion shall be performed
using the optimum approach speed and optimum approach altitude stored for
the interceptor type unless overridden by operator action entry.

CAP Paired with SfOPR. Guidance command s shal l be generated as
specified in 3.7.1.2.7.3.la through d , and full performance prediction
shal l be performed . The interceptor shall be removed from the guidance
channel and the pairing ;hall be broken when the interceptor is W15 nmi
from the STOPR , except when a manual head i ng has been inserted .

3.7.1.2.7.3.3 RIB Mission. An interceptor is placed on RIB as a result
of the Recommit to RIB action. Processing for i nterceptors or’ RIB shall
be as specified for CAP -- Paired with STOPR m issions , with guidance
limited to the climb and cruise phases.

0

:
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ri and interceptor status. The ICG shall process

~nd maintain a count of kill s reported against
well as for the Region. On Told -In tracks ,
kill information to the Information Transfer

n in a Telling Control (Tactical Action Update)
aintain counts of alert , airborne ordered and
squadron-airbase pair and for the Region. In
ion , separate tactical action and interceptor
intained for real and simulated data. Counts
dance with Telling Control (Tactical Action
tus reports from the Information Transfer Group
ion.
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