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FOREWORD

This document is the Final Report submitted by Lockheed Missiles & Svace Company,
Sunnyvale, California, under Contract F30602-68-C-~0209, Project 5519, Task 551007,
with Rome Air Development Center, Griffiss Air Force Base, New York, Lockheed's
report number .8 DO 52535, Jerome Klion, EMNRS-2, wasg the RADC Project Engineer.

This manual provides procedural and technical guidelines for the implementation of system
and cost effectiveness analysis for different classes of Air Force systems throughout any
life eyecle phase during which design an;i technical program tasks are being defined, evalu-
ated, or changed. As such, the procedures and techniques contuined hercin can be used

to implement the general and specific requirzments of MIL-STD-499, Military Standard,
System Engineering Management, Additionélly, the manual is responsive o the primary
objective, policy, and criteria of Air Force Regulation 375-7, Performance Measurement

(PM) for Selected Acquisitions and the information requirements of Air Force Authorized .

Daia Item, S-145, System/Cost Effectiveness Program Plan of AFSCM/AFLCM 310-1,
Management of Contractor Data and Reports.

Distribution of the report is restricted under the provisions of the U, S. Mutual Security
Acts of 1949.

This Technical Report has been reviewed and is approved.
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Approved: /Y& KLIN

{ Effectiveness § Support Section
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Approved: /%% 2 d;{jﬁe» e

J0§EPH J. NARES
6’10451’ s Reliability & Compatibility Division —
\

FOR THE COMMANDER(
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ABSTRACT'

" The manual defines and describes the system and cost effectiveners

pénagement implementation process which will provide botk A Force
and contractor management with the neceasary migsion responsive cri-
teria, authoritative perspective, and visibi!ity for critical system: de-
velopment decisions, Technical activities, proceduves, guidelaes, and
objectives for ihe efficient and mcaninglul fixmulation « vifectiveness
criteria, and for the evaluation and assurance of effectiveness, are de-
tailed on a step~by-step and’ time-phased, “action basis for each of the
systems management phases of Concept Formulation, Contract Pefinition,
and Acquisition. Further, the integration of the effectiveness implemeida-
tion procedures with the system program management procedures (AFSCM
375-4) and systems engineering management procedures (AFSCM 375-5) is
outlined for each major effectiveness activity and polarized with informa-
tior flow networks, Alsc provided in the manual are guidelizes for the
nececsary Air Force and contractor management actions to implement the
effectivences process and to insure attainment of its objectives. Finally,
-specific application yuidelines are detailed for each of 2ix major classes
of Air Force systems to provide intelligence on the need.d tecanical frans-
lation of the general effectiveness procedures for specific applications.
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This vrogrem had as its objective the develcopment of a marmal for
use during the various thases of system desvelooment. It was the intent
of the effort to provide nseded guidelines for both sovermment and industry
pertinemt to formulation ard irplementation of called-for system effective~
negg evaluations, The suidelines in question were to be particular +o such
activities as (1) determinaticn of approoriate svstem effectiveness finsures
of merit, (2) svecification of approvriate supnorting data reeds, (3) speci-~
fioation of necessary particular technical analyses, and (&) definition of
practical implementation orocedures.

A1l cbjectives of the proeram were realized. This final renort
containg the aforementioned details broken down for six particular classes
of Air Force systems and subsystems (Coammand and Control, Warnine and
Detection, Airceraft, Ballistic Missile, Beoster, and Satellite). Specific
guidelines relative to analvsis, scope and makeup, data availability and
saurces, and ancillary evaluation activities are spelled out for each of
the three phases of system development (Conceptual, Definition, and Acquisition).
Necessary follow through and coordinating actions between phases are also
included,

Tn addition tc the above, in order to intecrate system effectiveness
activities with the other tasks normally called for in system develooment,
the system effectiwmess analvsis efforts called for are coordinated with
vertinent AFSCM 375 and AFSCM 310 tasks and follow the framework of each
such task. The procedures and technicues spelled cut in the final revort are
also structurad to implement the seneral and specific system effectiveness
activities called for in MTI-STD-u99 (System Pngineering Management).

Ope of the npitfalls in the nath of successful application of system
effectiveness is a reneral lack of knowledse (or, on the other hand,
existence of erronecus impressions) vertinent to how svstem effectiveness
analysis should be aoplied to the system develomment orocess. The only way
to cambat this situation is by providing documents such as this manual
which nrovide the necessarv kncwledre and ruidance. This document is a
major step to this end. It will be of aid to both industrvy and rovernment,
Steps are under way to combine this manual and the completed RADC System/Cost
FEffectiveness Notebock into an official Air Force document. (It is also
possible that the manual alone will be, in the interim, called out as an
exhibit on ali future AISC systems,.) In addition to this, the usual DIC
distribution will be vrovided this revort such that it reaches pgeneral
industry in as short a time oeriod as nossidle,
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vatem Effectiveness & Support Section
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Chapter 1
. INTRODUCTION

Summary

The system and cost effectiveness technology embodies scientific and engineering
concepts ard techniques which can be used to facilitate the creation and selection

of the system design with the best balance of technical performance, schedule,and
total cost to meet mission and operational requiroments. A management imple-
mentation process is identifiable and can be established, with distinct technical
elements and practical procedures, for the formulation of effectiveness criteria,
and for the evaluation and agsurance of system and cost effectiveness in Air Force
systems. System and cost effectiveness has a dual technical meaning., It denotes

! a management science. It also denotes measurable system parameters of the
overall technical performance and the cost value or merit of a system. The
manuzl addresses both -of these aspects of effectiveness, and is designed to pro-
vide Air Force and contractor management personnel with the necessary authori~
tative perspective and the consistent but unrestrictive guidelines for the ‘mplemen-
tation of the system and cost effectiveness process, An emphasis is placed on 1

technical elements and procedures that will accommodate the normal development,

procurement, and specification practices of current system developers. Further,

to facilitate use of the manual, implementation and formating features have been

incorporated. These include (1) chapter summaries, (2) military management

% phase orientation, (3) technical management guidelines, (4) specialized application
guidelines for specific clagses of Air Force systems, and (5) an example illus-

e s Ao oA e < e ok b+ 1 o

trating the implementation procedures,
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1-1 GENERAL

The system and cost effectiveness technology is a management secience for top-
level decision-making. It encompasses scientific and engineering concepts and
techniques. When formally applied early and periodically throughout a system's
design life, the technology can provide continuous visibility into the coherency
and proper balance of a total system design, Systein and cost effectiveness pro-
cedures and technical elements permit a multiplicity of system design and use
criteria, such as mission requirements, technical performance parameters,
design factors, and resource allocations to be integrated and evaluated within a
common framework. The expedient and efficient implementation of the technology
provides a logical evaluation of how successfully mission requirements and opera-
tional needs are translated into appropriate systems and system descriptions
representing the best combination of technical performance, schedule, and total
cost,

The scientific and engineering foundation of the system and cost effectiveness
technology is based on sound engineering and management principles, physical
laws, probability concepts, and empirical relationghips. The technology draws
and builds upon existing concepts and techniques employed by the highly comple-
mentary and creative systems engineeving disciplines that it integrateé. A manage-
ment procegs can be defined and established for the practical implementati?mof
the system and cost effectiveness technology during the conceptual, definition, b -
development, and operational evolutionary phases of Air Force military systems.
Identifiable w.th this management implementation process is a distinct series of
activities., These activities consist of technical elements and procedures for the
formulation of criteria, and for the evaluation and assurance of system and cost
eifectiveness.

In addition to its role as a management science, system and cost effectiveness

denotes measurable system parameters representing the conglomerate, interactive
influences of the diverse technical, schedule, and cost parameters of a system,

1-2
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In this context, system effectiveness refers to a quantitative measure of the extent

to which a system may be expected to achieve a set of specific mission requirements.
It is a measure of the technical performance valiue(s) or merii{s) of the system to
achieve gpecific mission and operational requirements. A cost effectiveness
measure relates the system effectiveness measure {value receivéd) to the resource
cost,

1-2 PURPOSE OF MANUAL

This Air Force manual serves multi-purposes. However, the primary intent is to
meet the technical need for a general management manual which will provide con-
sistent, but unrestrictive, guidelines and procedural guidance for accomplishing
the necessary actionc in implementing a system and cost effectivenegs process by
both Air Force fechnical and procuring activities and industrial contraetors, Con~
sistent with this purpose, the manual describes specific technical elements with
associated procedures that can be validly and effectively applied on a step-by-step
basis to ali major classes of Air Force systenis. The technical elements are
addressed to fundamenta), aspects of the system and cost effectiveness management
implementation process. These aspects are:

e the formulation of effectiveness criteria

e the evaluation of effectiveness

¢ the assurance of effectiveness progress and achievement

™~

The system and cost effectiveness technology is broad and complex. It encompasses
and operates on diverse, but complementary, technologies and engineering disci-
plines. An authoritative perspective and a basic understanding of the technology by
Air Force and contractor management-level personnel are vital prerequisites for its
valid application. The manuzl is designed to provide this penetrating management
visibility as well as to establish a technical base for the specialists who are respon-
sible for the creative and innovative application of the technology.

N 1-3
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The mamial emphasizes technical elements and procedures that are consistent with
technical activities common to current development, procurement, and specifica-
tion practices of system developers. For example, while it is expected that the
system effectiveness parameter will be introduced into top-level system specifica-
tions as a new, specialty parameter which measures the collective contribution to
the systam of its critical functional and specialty technical performance parameters,
its introduction is not expected to change the current practice of separately specify-
ing and evaluating these system parameters. Furthermore, the analytical tech-
niques, procedures, and data sources detailed in this manual will be readily recog-
nizable by managers of any of the multi-specialty disciplines of the applied science
of systems engineering as being congruous with current technical activities, It is
the formalizing, restaging, and redirecting of these related technical activities to
obtain an optimum halance of technical perfermance, schedule,and total cost that

is the challenging and creative goal of the system and cost effectiveness management
implementation process.

The forr. '1 implementation of the effectiventss management process will facilitate
the transfer and cascade of consistent and critical system information and decisions

from one phase of the system management process to another. For example, the ¢
results of gross trade-off studies performed on critical system parameters during
the Concept Formulation phase as part of a gross effectiveness analysis will be .

available for expansion and refinement during the Contract Definition phase. Con-
sequently, an additional purpose of the manual is to ensure the formalizing and
availability of this continuum of objective, system-level information and decisions
throughout a system's life cyele,

In principle, it is the objective of the system and cost effectiveness technology to
determine the interactive influence ef the array of system functional and specialty
technical parameters. While current knowledge may not support an in-depth analysis
of all such interactions, it is the further intention of the manual to provide visibility
of the pertinent technical considerations and, where feasible, means for determining
the quantitative effects. Therefore, the effectiveness elements and procedures
described L. the manual are intended to be unrestrictively and selectively applied,
with alternate techniques to be developed and used if existing data do not fully support
the application of these elements and procedures.

Iy 1~4
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1-3 USE OF MANUAL

To accommodate a wide readership within Air Force activities and industrial con-
cerns, and to facilitate technical continuity, understanding, and ease of usage,
implementation and formating features have been incorporated. Some of these are
chapter summaries, military management phase srientation, technical management
guidelines, specialized application guidelines for specific classes of An' Force
systems, and an example illustrating the implemenization procedures.-

Chapter Summaries

Each chapter begins with a summary. This will allow the users to obtain rapidly a
broad perspective of the technical elements and procedures involved in the imple-
mentation process. Also, a segmented flow chart is included for each effectiveness
element described to provide technical continuity and to summarize input-output
informati.n flow.

Phé.se ~Oriented Structure

The manual is oriented to the military management phases of Concept Formulation,
Contract Defirition, and Acquisition, The effectiveness management implementation
activities applicable to each of these phages are detailed and integrated with the
phase-related system program management procedures delineated in AFSCM 375-4 and
the systems engineering management procedures of AFSCM 375-5. A general know-
ledge of these procedures is necessary for a full technical understanding of the inter-
actions and complementations of the effectiveness management process with the system
program and systems engineering management processes.

Technical Management Guidelines

The implementation of the system and cost effectiveness technology is a Government
and contractor participating development, with each of the parties having specific
primary responsibilities for its execution. Accordingly, technical program manage-
ment guidelines are provided in the following areas of regponsibility:

1-5
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Government

¢ The determination and specification of the appropriate system
and cost effectiveness measures

e The egtablishment and specification of the data needed to document,
and to provide visibility and confidence of, overall system progress
towards meeting technical goals and requirements

e The specification of the required technical analyses for credible
and defensible effectiveness evaluations
Contractor
e The implementation of the effectiveness process

8 The establishment of sufficient and valid data sources with maximum
utility for effectiveness evaluations

¢ The establishment of organization, management, and data feedback
plans for effectiveness evaluations and dynamic monitoring of progress
towards achievement of effectiveness objectives

Specialized Application Guidelines

General procedures applicable to multi~classes of Air Force systems are provided
tfor each technical element of the effectiveness implementation process for each
system management phase. These general procedures require a technical transla-
tion for each specific application, to accurately represent the technical characteris-
tics of the system and the circumstances surrounding its develcpment and use.
Accordingly, a chapter is included in the manual of specialized application guidelines
useful for the formulation of effectiveness criteria and for the effectiveness evaluation
of specific classes of Air Force systems,

Example of Implementation Procedures

An example is presented in Appendix A to demonstrate and illustrate the effective -
ness technical elements and procedures described in the manual, The example
addresses the efféctiveness formulation and evaluation process for the Concept

1-6
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Formulation Phase as applied to a transport aircraft system with muitiple mission
objectives. The cxample preserves and illustrates the step~by-step sequence of
activities for this phase described in Chapler 3. An extension of the exampile to,
illustrate the procedures described in Chapters 4 and § for the Contract Definition
and Acquisitions Phases involves the incorporation of additional complexities,
such as design deiails and other effectiveness activities, and then iterating the
basic procedures covered in the example, In consideration of the useful value of

a simple example, these complexities are not introduced.

System/Cost Effectiveness Notebook

Since the manual is designed to provide a broad overview of the technical elemenis
and procedures associated with the effectiveness management implementation
process, opecific technical concepts, methodologies, and data useful for effective-
ness apalyses are not expanded in detail herein, Such detail information useful fo
technical specialists responsible for conducting effectiveness analyses and appli-
cation of the technology is contained in the System/Cost Effcctiveness Notebook,

RADC-TR-68-352, a docuraent directly applicable as a tech:’ecal supnlement to
this manual.

1-4 ABBREVIATIONS AND DEFINITIONS OF TERMS USED

ABBREVIATION

AAE - Aerospace Ancillary Equipment
ADC - Air Defense Command
AFLC - Air Force Logistics Command
AFSC - Air Force Systems Command
AGE ~ Aerospace Ground Equipment
AVE - Aerogpace Vehicle Equipment
CDP - Contract Definition Phase
CDR - Critical Design Raview
CEI - Contract End Item
CFP/TDP - Concept Formulation Package/Technical Development Plan
FACI - First Article Configuration Inspection
FOM - Figure of Merit
MGE ~ Maintenance Ground Equipment
1-7




OGE - Operating Ground Equipment

PBS - Program Work Breakdown Structure
PDR - Preliminary Design Review

PSPP - Propesed System Package Program
RAD - Requirements Action Directive

RAS - Requirements Allocation Sheet -
RDT&E - Research, Development, Test, and Evaluation
RFP - Request For Proposa.

ROC - Required Operational Capability

SAC - Strategic Air Command

SDD - System Definition Directive

SOW -~ Statement of Work

SPD - System Program Directive

SPO - System Program Office

SPP - System Package Program

TAC - Tactical Air Command

TAD - Technical Approval Demonstration
TPM - Technical Performance Measurement
WBS ~ Work Breakdovn Structure

DEFINITION

Avaliability - A measure of the condition of the system at the start of the
mission at any point in time,

Accountable Factor - A physical or functional, specialty, or operational design
variable influencing one or more top-level system performance parameters. In
a general context for any level of system design, it is any input variable influenc-
ing one or more output variables or parameters.

Capability - A measure of the ability of a system to achieve the mission objec-
tives; given the system condition(s) during the mission, and specifically accounts
for the performance spectrum of a system.

Cost Effectiveness - A measure of the performance value received (system

effectiveness) for the resource expended (cost).
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. Dependability - A measure of the system condition at one or more poinis during
the mission; given the system condition(s) at the start of the mission, and may
be stated as the probability that the system will enter and/or occupy any cne
of its significant states during a specific mission,

B G Ao PRAN] A VAR o okl s . -

. Effectiveness Parameter - A parameter such as an availability, dependability,
or capability measure directly related to a top-level Figure of Merit measure,
usually compositing a set of measurable system performance parameters to
which it can be technically traced.

Effectiveness Technical Element - A major, identifiable technical acuivity of
thie system and cost effectiveness management implementation process.

Figure of Merit - A measure of system effectiveness pertinent to one or more

mission requirements.

Performance Parameter - A physical or functional, speclalty, or operstional

technical parameter normally appearing in Section 3.1, PERFORMANCE, of the

system specificaiion, and describing a measurable, terminal characteristic ;
. of a system that cap be observed, %

Specialty Technical Parameter - A performance parameter addressing a specialty 3
. engineering discipline, such as the human factor, maintainability, penetrability, &
reliability, safety/security, survivability, or vulnerability parameter. ;

System Effectiveness -~ A measure of the extent to which a system may be
expected to achieve a set of spec;iﬁc mission requirements, and which may be
expressedas a function of availability, dependability, and capability. Itisa
measure of the technical performance value(s) or merit(s) of a system.

Transfer Function - A mathematical representation of a functional cause-and-
effect relationship of system performance behavior and is based on physical
laws, theoretical and empirical design equations, or probability concepts.
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o OVERVIEW OF THE SYSTEM AND CGST
: EFFECTIVENESS TECHNOLOGY
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The system and cost effectiveness technology is applied throughout the life of a
system. While the effectiveness parameter has a dominant fechnical characteristic,
the technology is implemenied as a subprocess of the sysiem program management
process and ig interactive with the systems engineering management process. A
general overview is presented cf the effectiveness management implementation pro-
i cess and its inlegration with these processes which are detailed in AFSCM 375-4 and
AFSCM 375-5, respectively, The interactions of the three processes are summar-
ized in time-phased networks for the Concept Formulation, Definition, and Acquisi-
tion Phases of systems management, Technical goals of the syste:n and cost

. PRSI
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effectiveness activities are highlighted for these phases, and a compendium of the

activities, their purposes, and their use is provided. The generai concept of system

and cost effectiveness me asures to provide objective criteria and continuous manage-
ment visibility for critical system selection, development, and operational decisions

is described, Figures of Merit as measures of system effectiveness also are de-
E scribed, including their utility during each phase of systems management and their ‘5

general applicability to different system levels,
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J=1 GENERAL

The technical and management activities of the system and cost effectiveness
technology are integral elements of the Air Force system program management and
systems engineering management procedures desc:'ibed in AFSCM 375-4 and 375-5,
respectively. The general contributions of the effectiveness technology to hoth proc-
esges are described in these documents. The specific manner in which this tech-
nology can be implemented on a time-phased and practical basis for multi-classes of
Ailr Force syst~ms has been the subject of major Air Force development activities in
recent years. To a large extent, the content of this manual represents the results of
these activities. Gseneral and specific procedural guidelines are prescribed for the
implementation of the system and cost effectiveness management process, In principle
and in practice, these guidelines are designed to he non-duplicative of existing pro-
cedures and activities of the AFSCM 375-4 and 375-5 networks. Additionally, the
implementatios guidelines are structured to maximize the use of data which are nor-
mally generated and required for executing the procedures of these exiciing networks,
thus providing for ease and efficiency of implemertation at the technical management
level. Because of the broad nature of the system and cost effectiveness technology, a
knowledgeable perspective is required of (1) its technical roles, (2) the basic imple-
mentation concepts and considerations involved, (3) the interrelations of its specialized
and general elements and procedures, and (4) the mutual contributions of the effective~
ness, 3ystem managemeni, and sysitems engineering management processes toward the
creation and selection of military cystems with maximum effectiveness to the using
cominands. The application of the system and cost effectivencss technology throughout
a system's life will provide mahagement vigibility and information on a continuous
basis for critical development and operational decisions. [t is vital, therefore, to
implement the effectiveness management process as early as possible in the Concept
Formuiation Phase to insure that a system will evolve with the best balance of techaical
performance, schedule demands, and total cost to meet specific mission objectives
and/or to improve military force effectiveness. The useful power of the effectiveness
process, especially the effectiveness analysis activity, will diminish if initial imple-
mentation is defarred to a subsequent phase.
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2-2 INTEGRATED SYSTEM AND COST EFFECTIVENESS AND SYSTEMS MANAGEMENT
NETWORKS

The system and cost effectiveness process with its technical elements and procedures
integrates, augments, and lends direction to the technical actions of the system pro-
gram management and systems engineering management processes. The manner in

which this is accomplished on a time-phased ba-is is sh’ vn in Figmires 2-1, 2-2, and

2-3. These integrated networks provide a gene: w « . :tane and technical
dependencies of the three processes during th« Cor ;e iun, Definition, and
Acquisition Phases of systems mar:vexcont. he effectiveness,
system program, and systems engineeriy red will vary from
one program application to another. The a 1 “*nc - 3 process are
specifically related to the AFSCM 3754 and .. /ities in the manual.
However, comparable relationships exist, and r:: dished, between the
effectiveness process and any well-disciplined aud , .t | . 1 program and
systems enginecring management effort, since only .nivers... - f activities have

been included in the networks and expanded in detail in the man ... Additionally, the
cffectiveness process shown relates principally to the system effectiveness portion of
the system and cost effectiveness technology, namely the aspect of the technology that
provides visibility of technical performance adequacy as contrasted to cost performance.
This is not to be interpreted as an exclusion of cost performance in the overall analysis,
but an emphasis of the system effectivenesc technical elements and procedures because
of their complexity, their cross-process interactions, and their vital contributions to
the achievement of technically efficient military systems. From a technical and man-
agement viewpoint, the separately shovm effectiveness process can be considered as a
prominent sub-network of the systems engineering management network with overlaps

into the system program management network.

The system and cost effectiveness process is dynamic in nature, increasing in scope
and utility as a system progresses from concept formulation through acquisition and
operational turn-over to the using command or agency. During the Concept Formulation
Fhase, the activities of the process are nrimarily directed towards:

e The definition of the mission in terms of quantifiable, spzcific objectives and
anticipated mission conditions expected to influence system performance.
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The formulation of broad effectiveness criteria, including preliminary Figures
of Merit and cost effectiveness measures, to provide a comparison and evalu-
ation basis for the creation and selection of the best system concepti(s).

The gross identification of system performance parameters expected tc criti-
cally influence system effectiveness.

The structuring of a gross amalytical mode. for use in effectiveness analyses.

The system and cost effectiveness analysis of the candidate concepts to factually
establish their technical ability and economy to meet military needs, the degree
of technical and resource risks involved, and the critical derign areas expected.

The reporting of the analysis rationale and the criteria formulation and evalu-
ation results.

During the Contract Definition Phase of systems management, the system and cost effec-
tiveness process is primarily directed towards:

The establishment ¢f quantitative system and cost effectiveness measures for
each mission objective. Each system effectiveness measure is denoted as a
principal Figure of Merit.

The apportionment of the Figures of Merit. At the top system level (e.g., a
military force structure consisting of one or more major systems, suchas a
strategic aircraft Wing composed of an air-to-ground missile system, a bomber
aircraft system, and a ground support system), Figures of Merit can be de-
fined ¢nd allocated to each type of constituent system to represent a gystem's
particular contributions to each of the mission objectives. Additionally, an
apportionment of the first-level, system Figures of Merit can be accomplished
by translating the Figures of Merit into subsystem Figures of Merit or limiting
values on the functional and specialty performance parameters of the system.
A further extension of the apportionment process to the design accountable
factors with critical influence on these system parameters can then be accom-
plished as design details permit.

The establishment of system and cost effectiveness models and submodels to
provide the analytical analog of the influence of system parameters and accounta -
ble factors on the efchtiveness measures.
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¢ The determination of data availability for the required analyses, and the
identification of the data sources,

The identification of the system parameters and their first-level accountable
factors critical to effectiveness, and definition of their sensitivity and func-
tional cause-and-effect relationships.

" @ The analysis of system effectiveness for each feasible design configuration
or design approach to determine its current effectiveness and predicted ef-
- fectiveness growth potential within schedule constraints.

e The analysis of cost effectiveness for each feasible design configuration or
design approach to determine total sysiem cost, including development cost,
acquisition cost, and operational cost associated with manning, operating,
maintaining, and logistical.y supporting the system.

o The formulation of an effectiveness progress monitoring and demonstration
plan.

e The reporting of the defined system and cost effectiveness criteria baseline,
analysis rationale, and evaluation resulfs,

With the onset of the Acquisition Phase, the system configuration baseline which is
anticipated to provide the optimum balance of performance, time, and cost will kave
been established. Additionally, the principal Figures of Merit, effectiveness param-
eters, and critical system performance parameters will have been defined and ap-
portioned, the critical accountable factors of the design identified, and models devel-
oped for computing effectiveness measures. During this phase, system and cost
effectiveness activities primarily are addressed to;

® The re-evaluaticn and re-selection of the system performance parameters
and their required parameter values affecting the Figures of Merit.

e The refinement of effectiveness models and submodels, including the develop-
ment of computer simulation nr other analysis routines, and the validation
and re-examination of assumptions to increase model precision.

e The integration of submodels by the prime/integrating contractor with models
of the subcontractor/associate eintractors, including the establishment of
effectiveness analysis standards »nd guidelines.

2-8
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e The reapportionment of effectiveness parameters, system performance
parameters, and critical accountable factors as required.

® The identification of accountable factors to the ne=t iower level.

o The analysis of the gystem configuration to determine current and predicted
effectiveness status, and the monitoring of the convergence progress of criti-
cal system performance parameters, effectiveness parameters, and Figures
of Merit to their targeted values.

e The analysis of engineering changes for effectiveness implications.
® The demonstration of Figures of Merit achievement.

®  The final reporting of effectiveness results.

Table 2-1 presents a compendium of the effectiveness technical activities (elements),
the principal purposes of the activities, and their main confributions to system pre-
gram management and systems engineering management activities.

2-8 SYSTEM AND COST EFFECTIVENESS MEASURES

‘The objective of the Air Force wmilitary management process is to develop systems
which are optimum in terms of performance capability to meet current and future needs
for the resources applied. System and cost sffectiveness measures are usable to pro-
vide quantitative estimates of how well a system can meet this objective, System ef-
fectiveness denotes a measure of the extent to which a system may be expected to
achieve a set of specific mission requirements, A Figure of Merit is a measure of
system effectiveness pertinent to one or more mission requirements of the set. Cost
effectiveness is the measure of system effectiveness relative to resource cost.

The system and cost effectiveness measures are used to provide a composite display

of the extent to which an optimum mission-system match is achieved for the resources
applied. These measures are versatile indices with multiple decision-making usage




TABLE 2-1 COMPENDIUM OF SYSTEM AND COST EFFECTIVENESS ACTIVITIES

2-10

Activity Purpose Principal Use
CONCEPT FORMULATION PHASE
¢ Mission To define the missicns For inclusion in the RAD
: Analysis in terms of quantifiable and CFP/TDP, for es-
specific objectives and tablishing preliminary
anticipated mission FOMs, and for updating
conditions ROC
o Specifying To provide a technical For inclusgion in RAD and
Pr comparison and evalu- CFP/TDP, for effective-
Figures of Merit ation basis for selection ness analysis of system
of the system concept concepts, and decision
with optimum balance of criteria for system
performance effectiveness creation and selection
and cost
e Performance To translate migsion For analyzing basic
Requirements parameters to gross mission/system relation-
Amalysis system functions and ships, for documenting
system performance initial effectiveness de-
requirements cisions, for establishing
system performance
parameters critical to
the preliminary FOMs,
_and for inclusion in
CFP/TDP
e Operatioial To translate mission For analyzing basic
Requirements operational requirements operational/system re-
Analysis to gross system manning, lationships, for docu-
operations, maintenance, menting initial effective-
and logistic support ness decisions, for
requirements establishing system
operational parameters
critical to the preliminary
FOMs, and for inclusion
in CFP/TDP
® Lffectiveness To define and relate sys- For inclusion in CFP/TDP
Parameter tem parameters critical and for effectiveness
Selection to FOMs evaluations

)
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TABLE 2-1 COMPENDIUM OF SYSTEM AND COST EFFECTIVENESS ACTIVITIES

{Continued)
Activity Purpose Principal Use
Model To establish mathematical For inclusion in CFP/TDP
Structuring and simulation analogs re- and for evaluation of sys-

lating system and effective~
ness parameters to FOMs

tem and effectiveness param-
eters and FOMs

Syétem and Cost

To evaluate overall balance

For inclugion in CFP/TDP,

Effectiveness of performance, schedule, for highlighting critical ef-
Analysis and cost for each system fectiveness design probiems
concept and risks ag criteria for
system comparisons, and
for justification of system
selection
Report To provide compendium of For inclusion in CFP/TDP,
effectiveness formulation for updating of the RAD,
and evaluation results and and for preparation of
rationale Definition Plan
|CONTRACT DEFINITION PHASE |
Effectiveness To update, refine, and For guiding trade-off
Analysis - extend the activities pre- studies in shaping design
Refinement viously initiated in CFP solutions, for guiding
parameter tracking and
demonstration planning,
for highlighting critical
design problems and
technical/cost risk areas,
and for inclusion in the
PSPP )
Apportionment To establish traceability For inclusion into system
Analysis and to define allocations and detailed CEI

of system and subsystem
functional and specialty
performance parameters

2-11
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TABLE 2-~1 COMPENDIUM OF SYSTEM AND COST EFFECTIVENESS ACTIVITIES

{Continued)

Activity

Purpose

Principal Use

e Effectiveness
Progress

To define the essential
system parameters and
their expected conver-
gence profile which are
to be tracked, and the
parameters to be
demonstrated

For preparation of the
PSPP, for Category II
and I and TAD test
planning ,and for providing
current visibility of
progress duriny
Acquisition

To provide compendium
of the updated, refined,
and extended effectiveness
dnalysis results

For updating of the TDP
and for preparation of the
PSPP and other baseline
documents

i It A e

® Detail
Effectiveness
Analysis

ACQUISITION PHASE

To provide current and
predicted estimates of
system and cost effec-
tiveness on a continuing
basis as significant de-~
sign details are developed
on product configuration,

or as performance require-
ments are changed.

To guide trade—off deci-
siong in shaping detail
design solutions, to evalu-
ate current and predicted
system and cost effective-
ness status as desigrn
progresses, and to reap-
portion effectiveness and
system parameters as
needed for optimum cost-

performanc< -time balance.

¢ Effectiveness
Progress
Monitoring and
Demonstration

To provide a current
assessment of technical
progress in meeting re-
quirements and goals on
effectivenesg-related
parameters and measures.

2-12

To provide management
visibility of technical
progress on effectiveness
growth, critical problems
and high risk areas re-
quiring timely attention,
and demonstrated per-
formance results under
operational conditions.




TABLE 2-1 COMPENDIUM OF SYSTEM AND COST EFFECTIVENESS ACTIVITIES

(Continued)
Activity Purpose Principal Use
& Final To provide the SPO with To determine whether
Report a compendium of the final effectiveness goals have

effectiveness baseline used been met, the extent that
for analyses, achieved operational tactics are
versus required/targeted affected by final results,
effectiveness objectives, and validation of areas
and system improvement requiring engineering
potentials for effective- modifications.
ness growth,

NOTE: See Chapter 1, paragraph 1.4 for explanation of abbreviations,
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depending upon the system evolution ¢’ to which they are applied. For example,
effectiveness measures are usable for .. ollowing purposes:

Concept Formulation

i

Determination of the best system performance and cost mix in terms of a
defined standaxd (e. g., threat, resource, strike capability) during Explora-
tory and Advanced Development

Identification of the degree to which innovations should be pursued

Evaluation of candidate system concepts ior selection of the preferred
system

Guide definiticss of preferred system(s)
Determination of optimum force level and overational concepts

Comparicon of existing systems with proposed systems

Contraci Definition Phase

Guide trade-~off anulysis

Determination of the critical and limiting parameters and priorities in terms
of technical and mission onjectives

Evaluation of candidate configurations of the chosen systemn concept
Guisde definition of operational policies and tactics
Guide preliminary design activities

Provide visibility of critical problem and high risk areas

Acquisition Phase

: e
[
»

Guide trade-off and engineering change analysis at detail design levels
Establishment of design criteria for optimum performance effeciiveness
Guide areas requiring design concentration

Evaluation of progress in meeting design objectives on an amalgamated basis

Many Air Force systems have more than one mission and will require more than one
Figure of Merit, The multi-mission characteristics of some systems are shown in

0
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Table 2-2. Figures of Merit are mission-oriented and relate to the extent that a
system can accomplish each of its mission agsignments. Effectiveness measures,
therefore, should be in the form of narrative descriptions capable of being quantified
into Figures of Merit. Technical perfermance parameters of a syatem, such 23
logistics parameters, navigation accuracy, target recognition capabilities, weapon
delivery accuracy, range, power, maintainability, vulnerability, reliability, etc.,
have considerable effects on the mission and are collectively congidered in establish-
ing Figures of Merit. Individually, these parameters are insufficient as measures of
the overall performance-cost merits of a system in that they cannot be singularly
optimized without influencing the other technical parameters of the system.

System effectiveness may he expressed as a function of three (3) effectiveness param-

eters of availability, dependability, and capability. The following interpretation of
these parameters applies in generaa:

@  Availability

A measure of the condition of the system at the start of the mission at any
point in time, Factors influencing availability include the manning, oper-
ations, maintenance, and logistic support parameters.

o Dependability

A measure of the system condition at one or more points during the mission;
given the system ccndition(s) at the start of the mission, and may be stated
as the probability that the system will enter and/or occupy any one of its
significant states during a specific mission. Factors influencing dependa~
bility include the system parameters of reliability, ground survivability,
and in-mission repairability and maintainability.

A measure of the ability of a gystem to achieve the mission objectives; given
the gystemn condition(s) during the mission, and specifically accounts for the
performance spectrum of a system, Factors influencing capability include

functional performance parameters, enemy threats, vulnerability, penetra-
bility, human performance, and safety/security parameters.

2-15
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TABLE 2-2 EXAMPLES OF MULTIMISSION AIR FORCE SYSTEMS .

i

. Multimission System Mission

il

‘ Interceptor Aircraft Enemy Bomber Interception, Crew Training,

g Combat Engagement, Ferrying

?

§ Strategic Bomber Enemy Target Destruction, Airborne Alert, Crew

: Training, Ferrying

' Tactical Aircraft Reconnaissance, Close Air Support, Tactical
Bombing, Combat Engagement, Ferrying,
Loitering

Transport Aircraft Emergency Deployment, General Transfer of

Cargo, Ferrying

Communications Satellite Transmission of Priority Messages, Transmission
of General Messages

Reconnaissance Satellite Area Surveillance, Point Surveillance

Command and Control Air Traffic Control, Interceptor Vectoring, Strike «
.- Planning

i

!

|

!

‘!
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The basic system effectiveness framework is not to be interpreted as restrictive.
For a particular application it may be desirable or practical to combine the avajla-
bility and dependability parameters, such as might be considered for a set of mission
assignments recurring in different sequences, For other applications, it might be
appropriate to stratify the system effectiveness measure into effectivenegs param-
eter sets other than availability, dependability, and capability, as long as subse-
quent compositing of the sets will yield the defined Figures of Merit.

Figures of Merit can be established for different system levels, including:

e top-level (e.g., a force structure composed of systems from different sys-
tem classes, such as an aircraft system, a missile system, a command-
control system, and a support system)

e first-level {(e.g., a strategic aircraft system consisting of a strategic air-
craft and an air-to-ground missile system carried by the airveraft)

¢ second-level (e.g., an air-to-ground missile system)

e third-level (e.g., an avionics subsystem of a strategic aircraft)

Many development programs involve the improvement of a constituent system of an
overall weapon, support, or electronic system. For such situations, second-level
Figures of Merit can be established for the gsystem being improved, as long as its
assigned mission roles are defined (even in the absence of higher-order integrating
Figures of Merit for the first-level and top-level systems).
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Chapter 3

SYSTEM AND COST EFFECTIVENESS IMPLEMENTATION
FOR CONCEPT FORMULATION PHASE

Summary

The principal system and cosi effectiveness criteria formulation and evaluation
elements of the management implementation process which can be efficiently and
meaningfully accomplished during Concept Formulation for all major classes of Air
Force system are described in detail, The effectiveness elements are defined and
related in terms of eight step-by-step implementation activities. These are (1)
mission analysis, (2) specifying preliminary Figures of Merit, (3} performance re-
quirements analysis, (4).cperational requirements analysis, (5) effectiveness para-
meter selection, (6) model structirring, (7) system and cost effectiveness analysis,
and (8) report. The technical nature, purpose, and application aspects of each
activity are presented, Additionally, practical, simple, and versatile techniques and
methods are outlined for each activity. These techniques and methods have general
applicability to all classes of Air Foxce systems and are responsive to the gross-type
of informaticn normally available to conduct the Concept Formulation studies and
analyses. Specific procedural implementation guidelines also are presented and sum-
marized for each activity of the effectiveness process. Further, the information
needed to implement each activity, and the technical uses of the activity outputs are
polarized with respect to other contributing and recipient activities of the efiectiveness
procesé and the interfacing system programn management (AFSCM 375-4) and systems
engineering management (AFSCM 375-5) processes.
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3-1 GENERAL

The Concept Formulation Phase of system development projects is the responsibility
of HQ USAF. The purpose of this phase is to provide the technical, economic, and
military justification and bases for proceeding with the subsequent phases of Con~ ,
tract Definition and Enginsering Development. The primary results of the Concept ’ «
Formulation Phase are documented in a Concept Formulation Package/Technical |
Development Plan (CFP/TDP). Department of the Air Force Regvlation, AFR 80-20,
requives that conditional approval for proceeding with engineering development be
based on Concept Formulation Phase results that have met the following six pre-
requisites:

g (1) The effort required is primarily engineering rather than experimental, and !
N the technology needed is sufficiently in hand. |

{2) The mission and performance envelopes are defined.

i
. {3) The best technical approaches have been selected. 5
% (4) A thorough trade-off analysis has been made. z[
E !

(5) The cost effectiveness of the proposed iiem has been determined to be favorable
in relationship to the cost effectiveness of competing items on a DOD-wide basis.

(6) Cost and schedule estimates are credible and acceptable.

The early implementation of the system and cost effectiveness management process
] during this phase will contribute to the achievement of all of the six prerequisites by
- providing an objective and integrated evaluation of the potentials of proposed system
R concepts to meet military objectives as defined in documents such as the Required
Operational Capability (ROC) and Requirements Action Directive (RAD).

The following implementation steps summarize in general the effectiveness activities
required during Concept Formulation:

o |Step E1 - Mission Analysis] This activity addresses the an-.ysis of mis-
sion requirements to define them in terms of quantifiable, specific objectives

and operational conditions, .
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[Step E2 - Specifying Preliminary Figurea of Merit] This activity
provides a technical comparison and evalustion basis for selection of

the system concept with the optimum balance of technical system per-
formance effectiveness. '

[Step E3 - Performance Requirements Analysis| This activity addresses
the technical translation of mission requirements and conditions and the
preliminary Figures of Merit into gross system functions and performance
parameters influencing system effectiveness.

[Step E4 ~ Operational Requirements Analysis] This activity addresses
the technical translation of mission operational requiremenis to gross
gystem manning, operations, maintenance, and logistic support require~
ments.

[Step E5 - Effectiveness Parameter Selection] This activity identifies the
gross top-level system performance parameters and accountable factors
critical to a preliminary FOM and its effectiveness parameters of avail~
ability, dependability, and capability, and establishes their cause-and-effect
relationships and sensitivities.

|Step E6 - Model Structuring | This activity provides the overall mathemat-
ical and/or simulation modeis for use in numerical eifectiveness analysis of
the interactive and integral cause-and-effect relationships of accountable
factors, system parameters, effectiveness parameters, ‘and Figures of
Merit for each feesible system approach.

|step E7 - System and Cost Effectiveness Analysis] This activitx provides
for the analysis and evaluation of each feasible system approach for an
optimum balance of performance and cost. Additionally, the activity pro-
vides for each competing system approach current and projected Figure of
Merit estimates to be used as comparative selection criteria for management
decisions, leading to the system description with optimum effectiveness.
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e [Step E8 - Report] This activity provides the Air Force technical activity
with a compendium of the effectiveness criteria formulation and evaluation
results to support program decisions and for inclusion in the RAD revision
and CFP/TDP document to be issued at the end of the Conceptual Transition
Phase of Concept Formulation.

8-2 MISSION ANALYSIS STEP E1

Ceneral

The initial step of the effectiveness criteria formulation and evalustion process is the
mission analysis, This involves the preparation of a description which generally and
specifically defines the mission objectives and operationat conditions anticipated to in-
fluence the successful accomplishment of the mission.

Procedure

The description of the mission is to include both general and specific mission objectives.
The general objectives are intended as a gross summary of the functions and purposes of
the mission. The specific objectives are to further define the general objectives of the
mission, and are to be meaningfully stated in uneguivocal and measurable terms.
Specific objectives should have the following descriptive characteristica:

e They communicate the mission intent. The best stated objectives are ones
which minimize alternate interpretations of the specific mission goals,

e They describe the specific, measurable and observable terminal behavior
required of a system which is acceptable as evidence that the system can
achieve the mission objectives,

e They are mutually exclusive in that one specific objective does not encom-
pass any other objectives in part or in whole. This allows for trade-off
decisions on independent objectives and eliminates possible double counting
(in the effectiveness sense).
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& They refer to mission performance goals of the highest degree of
importance, thereby providing a common frame of reference for (1) the ;
establishment of top-level and first-level eystem performance criteria, |
and (2) the formulation of unambiguous effectiveness measures,

The set of specific mission objectives provides ihe focal peint for the establishment
of system~-level functions, the deter;nination of system performance parameters re-
quired for these functions, and the formulation of system and cost effectiveness
measures to be accormplished in a later step of the effectiveness process,

The operational conditions undexr which the migsion is to be performed is a nocessary
part of an overall identification of mission objectives. General and quantitative de-
scriptions are required of the mission conditions expected to significantly influence
system performance, including:

e  The kinds, magnitude, and probability of enemy threats and enemy counter-
measures expected to be present as of a specific current date and five years
in the future for the wartime mission.

e The system survival requirements under battle and peacetime operational
levels of shock, temperature, radiation, and similar natural environments,

During Concept Formulation, specific requirements associated with the mission abjec-
tives and condifions are progressively refined, especially the gquantitative level of mis-
sion conditions expected and the terminal performance beha{vior required of a system.
Where necessary, these requirements must be postulated at the onset before any effec-
tiveness analysis is to be conducted. Otherwise, unrealistic and ambiguous resulis
will be obtained and will invalidate system selection decisions, since the analysis would
be based on unspecific, indefinite objectives and conditions which are subject to inter-
pretation,

Information Flow

Normally, the ROC document will provide the basic information for the mission analysis
activity of the effectiveness formulation and evaluation process. The ROC will contain
general mission objectives and conditions, as well as any specific objectives and con-
ditions that may have been confirmed, Additional mission analysis inputs are the related
technical reports of system studies which may have been issued previously by AFSC and

using commands,
3~5
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The mission analysis activity provides the basic inputs to the performance requirements
analysis, the next effectiveness criteria formulation activity. Results of the mission
analysis are to be progressively updated during the Concept Formulation Phase for in-
clusion in the CFP/TDP and updated RAD to be prepared at the conclusion of the phase. ;
Coordination, therefore, is required between the AFSC and the using commands to more i
specifically define the mission objectives and the conditions for inclusion in the RAD.

The basic information network for the mission analysis activity is shown in Figure 3-1.

3-3 SPECIFYING PRELIMINARY FIGURES OF MERIT

General

The mission analysis defines the mission in terms of specific objectives and operational
conditions. The general measure of the extent to which a system may be expected to
achieve this set of performance objectives is a function of the effectiveness parameters
of availability, dependability, and capability, and is designated as system effectiveness,
with the measure of system effectiveness pertaining to one or more of the mission objec~
tives during this phase defined as a preliminary Figure of Merit (FOM).

{
e
i
k.
.

Previous conceptual studies of military doctrines, resource availability, and technical
feasibility of various operational and system concepts to accomplish the overall mission
are relevant to the formulation of the preliminary FOM, Through broad trade-studies
and use of operations research techniques, choices of systems or system combinations
have been narrowed to a few promising concepts potentially possessing the needed basic
capabilities, To a large extent, such informaticn is reflected in the ROC and its sup-
portive studies and, along with the mission analysis results, is the minimum required
: to formulate a preliminary effectiveness measure to be used as a technical and evalu-

§ ation benchmark during the Concept Formulation Phase,
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,B Typically, an effectiveness measure will be broad at this point in time since numerical . I
s values may not be definable because of the general nature of studies to date. Consistent
with the definition of mission objectives, however, it is important that the effectiveness
measure also be stated in terms of performance behavior which is chservable and ’
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measurable in the candidate aystems, An effectiveness measure relates to the net worth
oy merit of a system to accomplish its assigned mission objectives, As such, it is not
fully independent of the system configuration, although in principle it is independent in
that it is a reflection of the mission objectives and, therefore, should not be tailored

to fit a s8pecific system confignration or make-up which couid compromise the mission
objectives, As the caundidale system concepts with ithe greatest likelihcod of meeting

the mission objectiver becu.me mere fully defired, however, a refinement of the pre-
liminary effectiveness measure is required to reflect numerical objectives and the

latu s mission requirements for inclusion in the RAD,

The basic rurposes of defiring a preliminary system effectiveness measure early in
Concept Formulation are:

{1) To provide a common criterion of competence based on an ¢bjective, per-
performance-~oriented measure of a system's overall worth in meeting mis-

sion objectives for the initial and critical decision of system concept selection.

{2) To ensure a focal performance objective for the continuum of system program,
systems engineering, and other disciplinary actions directed at establishing
system requirements and more detail concepts.

{3) To provide a commmon benchmark for continuing effectiveness decisions and

evaluations by Government and cortr~tor personnel.

A gystem's overall role in a mission is the principal criterion for the development of
realigtic and useful preliminary FOMs, A system may be uruable for different types of
missions. Such a system will have multiple FOMs associated with it, one for each type
of mission that the system ig capable of executing, Due to operational considerations
guch as tactics 2nd countermeasures, a system also may have the capability I r employ-
ment ‘n different ways to accomplish objectives relating to the same type of mnission. For
such aysiems, an additional preliminary FOM should be ascribed to each significantly dif-
ferent way for which a particular type of mission can be executed. Where a large number
of ways are involved, a composite FOM addressing the system's adegquacy to accornplish
the spectrum of ways may be the most practical measure to use, 'The use of & composite
FOM measure alsc may be equally appropriate for the ana!  ous situation where a las g«
or couxtiiumous range of missicn outcomes is present for any single v .y that a particular
tyve of mission cai be accomplished,
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 general, a Jdiminary FOM statement should be based on probability concepts, with
a miimum, v dimum, or expected vilue assigned depending on the extent of system and

mission defi cion achieved and the specific mission needs. Further, weighted mathe-

matical combimtions of FOMs associated with different missions to arrive at a composite,

overall FOM for the totality of missions should be used only under restrictive conditions
wherein (1) a relative importance can be validly assigned to each mission, (2) the FOMs
to be combined are of the same measurement unit, and (3} the resultani, single FOM
does not create an artiticial technical and military use situation.

The primary utility of the preliminary FOM {or FOMs) to be established in the Concept
Formulation Phase is to provide a technical comparison and evaluation base for con-
ceptual studies, For some applications, a subset of specific objectives or unique capa-
bilities required for improving military force effectiveness coudd be emphasized, For
use in this context, the preliminary FOM may not necessarily correspond to the principal
FOM to be developed during Contract Definition, nor be structured as an encompassing,
integrated measure of the system's net worth to the mission,

Procedure

The procedure for establishing a preliminary FOM involves the foliowing technical
activities:
s ldentify from the mission objectives the basic capabilities that the system is

to possess and which ave to be used as a technical and comparison kase for
concept selection decisions

e  Translate the mission objectives into quantifiable, compositing meacures of

system performance which are observable
e  Identiiy the kinds nnd levels of mission condscions which are to apply, assigning
minimum. maximum 2nd or a verage values as appropriate

° Prepare a description of the prelinninary FOM {or inclusion in the RAD, Ex-
amples of POMs are listed in Table 3-1,

Information Flow

The primary inputs for preparing the descriptive statement of the preliminarvy FOMs
are the result of the mission analvsis, TFigure 3-2 shows the information network for
the =pecifving preliminary Figures of Merit activity of the effectiveness process,

3-9
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TABLE 3-1 FIGURE OF MERIT EXAMPLIES

System Class Mission Figure of Merit
# Interceptor The interceptor squadron is to {a) Probahilily of destroying iny

identify and/or destroy assigned
target aircraft; the prime mission

is to be supported with necessary (h)
training missions

cnemy airerall per engogement

Expected targets killed per day
by a fixed force

Expected number of training
migsgions which can be ¢com-
pleted per month

# Strategic
Bomber

The strategic homber is to de~- fa)
liver its payload to an assigned
target within prescribed accur-
acy and then return to hase; the (h}
prime niission is to be supported
with necessary training missions

(c)

e Tactical
Ajrcraft

The tactical aircraft is to (1) {a)
provide close air support for

ground troops, (2) bomb tactical
targets, (3) fly reconnaissance,

and (4) provide air escort for {h)
tactical bombers,

{c)

(d)

w0}

e Transport

The transport aireraft is to (1) )
deliver a strategic cargo from

origin to destination within a
preseribed time, apd (2) trans-

port gencrul carge

HERY

pleted per month

mission

Prohahility ol destroying ‘m
targets

Probabhility of m) bombs on
targel per aircraft

Expected number of training
missions which can he com-

Expected number of sorties
which can be accomplished d
per month

Prohability of successfully .
compieting a close air support

Probability ol suceessiully
completing a tactical hombing
mission

Probability of successfully
completing a reconnaissance
mission

Probabitity of successiudly
completing an air cscort
Probability of detivering a
specified strategic cargo to s
destination (don-milesy within
{x) hours

U
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TABLE 3-1 TFIGURE OF MERIT EXAMPLES (Continued)

Svatem Class

Mission

Figure of Merit

e Transport
iContinued)

(b)

©)

(d)

Expected time required to
deliver strategic cargo

Expected number of ton~miles
of general cargo transported
per sortie

Probability of take-off and land-
ing in (x) distance with a speci-
fied gross weight

¢ Space Launch
Viehicle

The launch vehicle is to place
a given payload into a pre~
scribed orhit within a specified
time interval

Probability of placing the pay-
load into orbit

¢ Communications
Satellite

The communications satellite is
to (1) transmit high priority
messages within a specified time,
and (2) transmit low priority
during slack time

(c)

(d)

{e)

Probability of transmitting a
high priority message within
(X) seconds

Expected number of low priority
messages transmitted per month

ixpected waiting time of a low
priority message

Expected number of channels
operating at a specified effec-
tive radiated power over (n) vears

Probability that the ground system

will operate continuously for (x)
eriod of time and

(1) locate an orbiting satellite at

- a given point in time,

transmwit commands to, and
reccive data from the satellite,

spatially correlate the data

when required, and

control and operate the paviead

(2)
{3

{4)

R R T U N,




TABLE 3-1 FIGURE OF MERIT EXAMPLES (Continucd)

System Class

Mission

Figure of Merit

e Intercontinental
Ballistic
Missile

The ground-to-ground hallistic
missiles are to destroy pre-
scribed eneiny targets, given
a prescribed scquence of mis-
siles initiasted at random times

{a)

L)

©)

(d)

Probability of destroying a
prescribed target of (x) hard-
ness when (n) missiles are
targeted on it

Expected number of targets
destroved of (x) hardness
with (n) or less missiles

Probability that the mis-
sile can be stored in the silo
with all circuits energized
for (x) years and no main-

tenanoee

Probability that a missile
can respond to. and meet,

a specilie mission directive
at a random puint in tune
{ollowing ar alarm condition
shall be greater than (v)

® Ajr Interceptor
Missile

The air-to-air missile is to des-
troy enemy aireraft when
launched on a prescribed pur-
sujt path

(a)

()

Probability of destroying an
enemy aireraft with () or less
missiles

Expected nuimber of missiles
required per squadron to main-
tain an (x) level of operational
readiness

e Air-to-Ground
Missile

The air-to-ground missile is to
destroy prescribed targets

(a)

iy

('(i)

Probability ¢of destroying an ix)
hardened target with m) or less
missiles

F.xpected tevel of damage to an
%) hardened target with (n) or
Less missiles

Probabilitv of destroving iny o
1) targets assigned Lo the
squadron

Fxpected number of miasiles
per squadron required to main-
tain an x) level of onerationil
readiness

L
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TABLE 3-1 FIGURE OF MERIT EXAMPLES (Continued)

System Class

Mission

Figure of Merit

o Command
and
Control

‘The command and control system
is to (1) store, process, and re-
trieve information for command
decision, (2) control traffic of
friendly aircraft, (3) detect and
track enemy aircraft, and (4)
vector interceptors engaging
enemy aireraft

(®

]

(9

(@

Expected information re-
trieval time

Probability of information
loss

Probability of controlling
traffic up to (n) friendly air-
craft given no enemy aircrait
are being engaged

Probability of successfully
vectoring intercepts against
{n) enemy aircraft

# Warning
Lat. Ld
Detection

The warning and detection sys-
tem is to detect and track an
airborne or sea-launched ob-
ject within a prescribed ac-
curacy and a prescribed cover-
age area

{(a)

(b}

{c)

Probability of detecting an
object given that (n) tracks
are in process

Probability of successfully
completing a track, given
detection

Expected number of tracks
which can be performed
simultaneously within a
prescribed accuracy

3-13
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3-4 PERFORMANCE REQUIREMENTS ANALYSIS STEP E3

General

The purpose of the performance requirements analysis is to translate the mission
objectives and conditions into gross system functions and system performance psram-

eter requirements critical to the preliminary FOM and, thug, the effectiveness of the
system. The analysis is best accomplished by the preparation of a performance require-
ments profile, This profile is a practical method for compositing and analyzing the
mission~system relationships influencing misgion accomplishment and system effectiveness.

A performance requirements profile is time-phased. It usually consists of a set of tables
and matrices that collectively provide an analytical compendium of the quantitative system
performance parameters, The primary uses of the profile during Concept Formulation are:

& To establish the basic reference frame for establishing a more specific,

analytical description of the preliminary FOMs, and for the subsequent analysis
of a system's ability to meet the FOMs.

e To document initial effectiveness decisions for later retrieval, and to reveal
where future decisions are required.

& To identify the set of relevant system performance parameters influencing
effectiveness for trade-off studies and decisions.

e To provide visibility of the system performance parameter values which are
unknown, grosely known, or more precisely known, and, thus, ensure validation
of the credibility to be attached to later effectiveness evaluation results.

Separate resolution of each mission is required for multi-mission systems. Also, where
a system is intended for multi~mode usage, such as primary, secondary, back-up, etc.,
or where different combinations of system functions will be utilized, each mode and func-
tion combination must be separately portrayed and analyzed,

3-15
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Relationships of mission objectives to system performance requirements to be
quantitatively analysed with a performance requirements profile include the

following:
® Mission objectives to mission performance requirements.
e Mission performance requirements to overall gross system functions,

e Overall gross system functions to gross system performance param-
eters, including functional/physical parameters and specialty technical
parameters of reliability, maintainability during mission, survivability,
safety, human factors, etc.

e System counter threat or neutralizing capabilities for the kinds and levels
of mission conditions expected.

During Concept Formulation, the profile is to be grossly portrayed at the top~level in a
simplified form, and is to be extended to the first level of design if details permit, A
further extension to ihe second level is not required. In the developruent of the profile,

it is desirabie to quantitatively define as many of the relationships as possible. Those
relationships for which values cannot be practically assigned at this point must be handled
qualitatively, but should be kept to a minimum,

Procedure
The following steps are necessary to a performance requirements analysis:

o Identification of mission performance requirements and the specific kinds
and levels of conditions surrounding the mission, including their prcbability

of occurring

e Identification of overall system functions required for each candidate system

concept to realize the mission performance requirements

¢ Identification of iop-level system desigr. performance parameters and constraints
imposed on those parameters by the mission requirements, mission conditions,
and system functions
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. o Jdentification of the maintenance concepts applicable to a mission
assignment, including capability requirements for correcion of malfunctions,
over-ride, and correction of battle damage through permanent or temporary
repairs {e.g., in-flight or ground controlled adjuz;;tments)

® Preparation of matrices and/or tables of the relationships. Table 3-2

i3 presents a typical listing of mission requirements, missicn conditions, and

f system performance functions and parameters for inclusion in a performance
P requirements analysis. The listing addresses all classes of Air Force
systems and a typical information availability situation. Therefore, all of

,- the listed requirements, conditions, functions, and parzmeters will not
necessarily apply to any one system or system class.

B

e
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& Information Flow
i

The basic input data required for the performance requirements analysis are:

i S & Mission objectives,requirements, and conditions, and their values, from the
. <N mission analysis activity and the RAD,

® The preliminary FOMs, the related objectives represented by the FOMs,
: . and the rationale for FOM selection from the RAD and/or from the effective~
ness activity of speciiying preliminary Figures of Merit.

¢ The time-sequenced, proposed systemn functions, the Requirements Allocation
Sheets, Trade Studies, and Time Lines from the Develop Gross Functions

activity of the systems engireering management process defined in
v AFSCM 375-5.

The initial top-level system design/performance requirements and their
values, from the Determine Design Requirements activity of the systems
engineering management process, also defined in AFSCM 375-5,
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The results of the performance requirements analysis will be used to establish the
B top-level system performance parameters for each system that are critical to the
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TABLE 3-2 TYPICAL MISSION REQUIREMENTS, MISSION CONDITIONS, SYSTEM

FUNCTIONS, AND SYSTEM PERFORMANCE PARAMETERS

Mission Requirements

® Destination and path
. Accuracy

® Payload

] Envelope

. Range

)] Kill probability

& Coverage

@ Life

* Rate

) Weight and size

. System effectiveness
° Safety/Security

. Communications

L} Training

Mission Conditions

® Enemy threats and counter-
measures

» Natural
environments

® Reaction time

System Functions

Control and stabilization
Propulsion
Communications

Command

Detection and identification
Acquisition

Track

Cruise

Climb

Payload delivery

Combat

Navigation

Data processin~

Terrain avoidanze

Land

Intercept .
Engage :
Recornaissance

Ferry

L2 BN B BN BR BN BN BN BN BN AN IR BN BN B NN BN N )

System Performance Parameters

Trajectory

Weight

Accuracy

Envelope

Information rate

Payload dynamies

Range

Take-off and landing distances
Refueling characteristics
Speed

Thrust

Weapon capacity
Maintainability during mission
Reliability

Survivabiiity
Vulnerability
Penetrability

Safety

Power

Rates

Noise

Human performance
Lethality

Stability
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preliminary FOMs. Upoa an integrated analysis of the top-level system design/
performance requirements later in the effectiveness process, the best cornbination
of parameter values for a maximum effectiveness can be determined, These values
then can be used to confirm or update the initial volues for inclusion in the CFP/TDP,

Figure 3-3 illustrates the basic information network for the performance requirements
analysias.

3-5 OPERATIONAL REQUIREMENTS ANALYSIS

General

The technical concepts and parameters for manning, operating, maintaining, and
logistically supporting a weapon,electronic, or support system have a major influence
on the effectiveness of the system to respond to mission directives and to accomplish
mission assignments of the Air Forve (TAC, ADC, SAC, AFLC, etc.). These con-
cepts and parameters are the basis by which the using commands can plan tactics,
readiness exercises, and training to fully utilize the capabilities of the system.
Mission requirements and system performance parameters have been defined by the
performance requirements activity of the previous step in the effectiveness process.
These parameters are normally associated with the effectiveness parameter sets of
dependability and capability. To complete the definition of the parameter sets which
can influence the effectiveness of a mission, another set of performance parameters
must be defined, and the associated mission-gystemn interrelationships analyzed. This
set consists of the system operational parameters. Congistant with the performance
requirements analysis, the purpose of the operational requirements analysis is to
translate the mission operational requirements inio needed system concepts and domi-

nant manning, operations, wmaintenance, and logistics parameters contributing to sys-
tem effectiveness.

The availability parameter of system effectiveness, by encompassing the marning,
ground operations, maintenance, and logistics characteristics of 2 system, is a meas-

ure of the readiness or condition of the system at the start of the mission at any point
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in time. For recurring type missions (e.g., air escort missions, tacticai air-to-
ground missions, weapon delivery missions of a squadroi. of tactical aircraft,
warning and detection missions, etc,), the effectiveness parameter of availability
is also dependent upon the mission system reliabilily parameier of (he effectiveness
dependability parameter, since the frequency and duration of needed ground main-
tenance and repairs will be influenced by the kinds and magnitude of failures and
malfunctions expected to occur during mission assignments.

An integrated approach to the analysis of oj srational parameters is required to
collectively and quantitatively identify and define the principal system paramefers
contributing to availability, and hence to system effectiveness. This is a technical
necessity because of the interrelationships among the operational parameters. The
results of this integrated approach will provide useful design guidelines to system
developers as well as simplified information for decision making by both logistica
and operational planners relative to obtaining maximum utilization of the system at
minimum operational cost.

System operational parameters which are interrelated and nrovide the hasia for ner-
formance, time, and resource trade-offs, the comparative analysis of aiternate sys~
tem concepts, and the evaluation of different operational policies, include:

e Maintenance

e Employment

e Deployment

e  Trrusportation

e Personnel

e Base and depot support
e Training

- Test and activation

3-21
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As with the peiformance requirements analysis, we operational requiremeats analysis
is h2st uccomplished by the preparation of a profile, with the basic uses of the piofile

being identical to those fuy the performance roguiicincuis profile.

Procadure

-

The following is a procedure for accomplishiig an operational requirements analysis:

e Identification of the operational requirements for the mission in terms of
specific, quantifiable ohjectives and constraints.

e Establishment of 2 mission-level measure of operational performance
whicﬁ.ban be commonly used for zil candidate systems concepis. The
measure .8 to reflect the opersiicnal availability of the system for a
specific mission assignment, and is to account for the integrated contri-
bution to the total operational turnabout and react.on time span by the
system's manning, operations, maintenance. and legistic support para-
meters and assets. Examplesof availability measures are listed in
Table 3-3.

® Definition of the operational concepts asgociated with each candidate sys-
tem approach. Examples of concepts to be defined also are listed in
Table 3-3.

e Gross identification of the recquirements for system operational parameters
such as maintainahility, reaction time, and reguired turnabout time in-
fluencing the mission operational requirements, and constraints that the
requirements may impose on these parameters.

e Preparation of a composite display of the interrelationships in the form of
an operational requirement profile. For the parameters where gross values
cannot be established at this point in the Concept Formulation Phase, the
values are to be defined later in the effectiveness process. Examples of
operational parameters influencing availability alac are ligted in Table 3-3,
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P TADLT 3-3 FNAMPLES OF ODERATIONAL AVAILADILITY -4
F E" MIASURES, CONCEPTS, AN') PARAMETERS
b
PR
; Availapility Measure g
(S i
? gﬁ ®  Operational time per a fixed pericd (e, 2., available flight lime per month) -
& ¢  Probability that the weapon can be stored with all circuits energized for 3
3 (x) years and no maintenance 2 :
ot e In-commision {ready) rate or utilization rate g f
P E ®  Probability of coinpleting turn-about in (t) time or less 3
D ® Reuction time % E
‘ f, Operaticnal Concept z
te ¢ Basic Maintenance Policy
e level and location of :naintenance
& Level and location of spares*
e Alert conditions*
a  Number of ingtallaticas, sites, and vperaling locariong*
Operaticnal Parameter
2 Maintenance Parameter
P ¢ Mean and maximum time to repair*
e ¢ Mean and maximum time to restore for continuous operation
' & Maintenance man-hours per operating hourg*
o Time constraints for preventive maintenance*
e Maintenance environment, including facilities, climate, and geo-
: graphical location
2 ‘ e Probability of maintenance (probability that maintenance will be completed
& in (t) time or less)
1 e Type and level of personnel required, by specialty skills*
' . e First-level spares required, by type and guantity*
z ¢ Cost
% Employment Parameter
i ¢  Critical performance interfaces of the system with other systems to be

amployed in the mission, including total reaction time, error contribution,
survival perieds, target identification time, etc.

Deployment Parameter

o Kinds and levels of peacetime~wartime natuval énvicoiuneuis, inciuding

gross estimates of expected wind loading, snow loading, precipitation,
temperature, humidity, atmespheric pressure, wind shear, turbulence,
vertical gust velucities, energy input from solar radiation, particle mass
and energy spectrum, etc., as appropriate

e Special facilities required for system :mission readiness state
e Cost

*Depending on the degree of preliminary design and the establishment of operational
details during Concept Formulation for a particular application, defeasible estimates
of these parameters may not be available.
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Transportation Parameter

o  Cubage
¢ Special handling facilities (time restrainrts)
e Cosi

Personnel Parameter

¢ Number of Wing level personnel whicih may be allocated to the operaiioa
- and control of the system. This quantitative figure is to be compatible
with expected or anticipated changes in Air Force personnel resources*

Base and Depot Support Parameter

¢ AGE requirements by type*
¢ Lead time*

e Spares distribution*

o Cosi*

Training Parameter
; ¢ Cost*

¢ Special training facilities*
Test and Activatiop Parameter

o Test and activation equipment mean and maximum time to repair*
¢ Cost*

*Depending on the degree of preliminary design and the establishmeqt of operati.onal
details during Concept Formulation for a particular application, dejensible estimatos
of these parameters may not be available.
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Information Flow

The basic input data required for the operational recuirements analysis are:
¢ The operational requirements from the ROC und RAD,

e The preliminary FOMs, the corresponding mission objectives represented
by the FOMs, and the rationaie for FOM selection from the RAD and/or
from tne effectiveness activity of specifying preliminary Figures of Merit.

& The proposed system maintenance functions, operational test and activation
functions, Requirements Allocation Sheets, Trade Studies, and Time Lines
from the Develop Gross Functions activity of the systems engineering
management process defined in AFSCM 375-5.

e The initial top-level system design/performsnce requirements, and their
values, from the Deiermine Design Requirements activity of the systems
engineering process, also defined in AFSCM 375-5,

The results of the operational requivements analysis are usable to establish the system
operational parameters critical to the preliminary FOMs for each candidate system
concept. Upon an integrated analysis of the top~level system design/perfor mance
requirements later in the effectiveness process, the best combination of parameter
values for a maximum system effectiveness can be determined. These values then

can be used to confirm or update the initial values defined in this effectiveness step

for inclusion in the CFB/TDP,

Figure 3-4 illustrates the basic information network for the operational requirements
analysis, This network is similar t.: the perforinance requirements network, At this
point in the effectiveness process, an identification has been made of the totality of
top-level functional, specialty, and operational system parameters influencing the yre-
liminary FOMs., This is the union of the tw sets of information represented by the re-
sults of the performance requirements analysis of Stepp E3, and the operationsl require-
ments asalysis of this step.
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[ - T
E The performance and operational reguirements analysis activities of Sieps EJ and
PE F4, respectively, were directed at identifying the total set of mission~related sys-
PoE tem functions and parameters for each system cencept. The results of the analyses
provided a broad perspective of the primary mission-gystem cause-and-effect re-
3 tationships potentiaily influencing sysiem efiectiveness. The purpose of the effec-

tiveness parameter selection activity Is to reduce the total set of effectiveness-
related system functions and parameters to a simplified and analytically manageable
subset of efiectiveness relationships and parameters which are critical to the evalua-
! tion of system effectiveness and the preliminary FOMs. Principle technical elements
% of the effectiveness parameter selection activity include:

] ¢ The formulation of criticality matrices

. Tha identification of critical accountable factors
e The establishment of transfer functions

¢  The analysis for effertiveness sensitivity

g - Formulation of Criticality Matrices

Criticality matrices can he used to provide a gross, but visible rating of relative

| importance of system parameters to each other, and to the FOMs. In the initial
E formulation of the matrices, rankings are to be assigned based on engineering

3 judgment. This is a necessary beginning step to an eventual resoiution of the rank-
ings using the results to be obtained from applying the more objective and scientific

‘

3 technique o. ross sensitivity analysis later in this step,

: A criticaliiy matrix shou'd be prepared for each praliminary FOM. The matrix is
’ formed by iisting in rows (or columas) the top- 'evel system performance paramsters
H

: postulated to have a critical cffect cu the FOM. The critical first-level accountable
Iy 3-27
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factors (design variables) that will significantly influence he range of values for
the selected parameters are listed in the remaining dimension of the matrix. A
temporary numerical rating is then placed at each applicable intersection of the
matrix to represent the criticality of each intersection relative to the other. An
accountable factor may influence mere than 2ne sys:tem parameter, with most
parameters having more than one accountable factor. Parameters to be included
in the matrix should be those representing top-level functional, specialty, and
operational system parameters contributing to the availability, dependability, anci
capability of the system for the particular preliminary FOM being analyzed.

An accountable factor is critical to a system parameter, and as a corollary, =
system parameter is critical to a preliminary FOM, if it is known or suspected

to have a potential of causing a significant effectiveness change. This change can
arise from the physical and functional characteristics of the design whereby an in-
cremental change in value or precision of an accountable factor results in a corres-
ponding incremental chanze in the system parameter which it influences. Such
directional shifis may occur through instability, -accumulation biases, or a deliber-
ate design localizing to a particularly desirable range of values to obtain an optimum
performance behavior. An accountable factor also may be temporarily considered
critical if its relationship to the parameter is unknown and/or complex to define
during this phase, and if its exclusion may cause a crucial error in a system effec-
tiveness analysis.

The assignment of ranking requires an authoritative perspective of the system con-
cept features under consideration. This knowledge normally is available hy the time
of conceptual transition and includes:

e Knowledge of the gross performance potentials of first-level elements
of the system through related experience, broad operations research
analyses, and exploratory trade-off/cptimization studies, including
early simulation analyses

e Knowledge of gross interactions and response behavior, either directly
or through interpolations or extrapolations from similar systems
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o Knowledge of the system elements or functions representing technological
advancements and, hence, areas of high technical risk with major impact

on effectiveness.

Identification of Critical Accountable Factors

Accountable factors are the design variables which influence the top-level system
performance parameters composited by the availability, dependability, and capa-
bility effectiveness parameters of the system. Most accountable factors are quanti-
fiable and, thus, directly usable in a numerical analysis of effectiveness. Nonguan-
tifiable accountahle factors also exist for a system design, and include nonphysical
and nonfunctional elements such as design reviews, maintenance and checkout pro-
cedures, etc. Such accountable factors normully are not usable in a2 numerical
analysis of effectiveness. Thus, only critical, quantifiable accountable factors are
of relevance and are to be identified during the Concept Formulation Phase.

All accoulitable factors have constraints. These constraints are imposed by design
congiderations such as the state of technological advances, by apportionments of
system parameters, and by economic or resource limitations. A constraint on an
accountable factor is important only if the margin existing for trade-off analyses is

small or is difficult to achieve.

Nature of Transfer Function

Transfer functions are the mathematical representation of system cause-and-effect
(input-output) relationships and exist for all system desigrs. Typical cause-and-
effect relationships influencing system performance and, correspondingly, the pre-
liminary FOMs, for which gross transfer functions can be defined during Concept

Formulation include:

Cause/Input Effect/Output
e First-level accountable System performance parameters
factors
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Cause/Input {Continued) Cause/Output (Continued)

&  Systeri peirformance parameters Effectiveneas parameters of
or first-levcl] accountable availability, dependability,
factors and capability

® Effsctiveness parameters, systeimn Figures of Merit

performance parameturs, or first-
level ascountable factors

The mathematical representations are based on physical laws, theoretical or
empiric.] deslgr. relativnships, and probability concepts, and must be established
and used if the potential of a sysiem concept with respect to the defined preliminary
FOMs is to be analyzed.

The top-level effectiveness transfer function is the equation which reletes an FOM
(E) to its system effectiveness parameters of availability (A), dependability (D), and
capability (C). This relationship may be expressed zs:

E = f{A, D, C)

where f is a function depending on the nature of a defined preliminary FOM. First-
level trangfer functions also can be established to relate the effectiveness parameters
of A, D, and C to their respective sets of system perfermance parameters which they
infegrate, or directly to the critical accountable factors influencing the system per-
formance parameters. An FOM also may be directly related to these factors.

Additionally, design transter functious can be associaicd with each lower level that
the system functions can be partitioned, with accountable factors identifiable for each
level. During the Concept Formulation Phase, gross transier functions can be con~
structed based on functional task anaiyses, extrapolations from similar systems,
theoretical and empirical design relationships, probahility concepts, and physical
laws, Such functions normally will form the basis for mathematical or physical
simulation models to be used for determining the interactive influences of the account-
able factors on the performance of the candidate system., The simulation process is
iterative and converges onto the broad functional solutions which describe the response
of the effectiveness parameters and system performance parameters to changes in
values or precision of their critical accountable factors.
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Gross transfer functions are to be esiablished and documented for each system

p .rformance parameter included in the criticality mat. ces. As a minimum, this
should include firat-level functions, and ia to be extended to second-level functions

if design details permit,

Methods For Determining Transfer Functions and Initia: ‘2lves

B System design fundamentally involves detcrmining exactly how the elements of a

| system are to be connected, what sensitivities are beat, the limitations of the sys-
tem, its output performance capabilities, and the values of input accountable factors
required to achieve the desired capabilities. The dimensionality of the design
choices available is extensive, because the number of parameters to be fixed is
large, their range is broad, and each is affected by msny system inputs, The design
problem is complicated further because of the statistical properties of the design

¥ variables. Each of the system input accountable factors has a range of values, and
E f the system responses to this ensemble of inputs must be determined.

i

3

E i

The preliminary design of a system for optimum system effectiveness normally in-
volves finding initial approximations of transfer functions to describe the behavioral,
cause-and-effect characteristics of the system for initial postulated or desired values
of input accountable factors and output parameters. The synthesis method is a prac-
tical procedure for determining transfer functions given this minimum of knowledge.
Table 3-4 summarizes the application characteristics of the synthesis method, with

a more detail description of the method presented in Appendix B, Part Bl.

Analysis For Seasitivity

The formulation and definition of a system concept with maximum effectiveness require
a judicious selection of the design value for each critical accountable factor so that an
eptimum combination of values for the output parameters (system and/or effectiveness
parameters) will result. The selection of the hest design values wiil be dependent upon
the amount f visibility present on the quantitative Influence of each critical accountable
factor to its output parameter(s). Normally, the complex transfer functions previously
described are used in simulation or theoretical analyses to provide this perspective,
Durirg Concept Formulation, however, a need exists for broadly converging onto these
Quantitative cause-and-effect relationships. Sensitivity functions can be used for this

purpose and can be developed as simplified resolutions of the more complex relationships
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TABLE 3-4 CHARACTERISTICS OF SYNTHESIS METHOD

Characteristic

Syntheeis Method

mrr D

Phase normally
applicable

Fase of application

Relationship of
variables*

Information needed
to start preliminary
design

Input-output
expression for linear,
time-varying systems

Procedure

Optimizing
procedure
(exampie)

Error criterion
(example)

Solution method for
simple, linear time-
varying systems

Solution method for complex,
linear and non-linear
time-varying systems

Special technique to facilitate
solution for linear,
time-varying system

Cencejt Formulation and Contract
Definition

Difficult

Transfer functions are implicit
functions of inputs and outputs

Minimum amount. Requires
knowledge of inputs and outputs.
Then find transfer functions

Provided by a2 superposition
integral

Find transfer functions to satisfy
superposition integrals., Then
find physical characteristics of
system whicl: satisfy transfer
functions

Find transfer function such that the
difference (error) between each out-
put and the true output ir as small
as possible, using this transfer
function

(1) minimum time-averaged squared
difference or absolute difference, or

(2) minimum expected value of squared
difference

Determine transfer functions using
vector analysis, matrix theory, and
Laplace {ransforms, for example

Combination of numerical and analytical
procedures using digital computations

No simple meihod

*Inputs and outputs normally are in the form of time-functions
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cxpressed by the transfer functiuns. The sensitivity functions are generated also by

simulations or theoretical analyses.

The procedure for generating sensitivity functions involves the following basic steps:

(1)

(2)

(3)

4)

Postulate an initial nominal value, a standard deviation value, and a candidate
range of achievable values for all critical accountable factors influencing each
output parameter under investigation. These values will normally be based
upon the initial broad trade-off studies which established the feasibility of the
system concepts, ‘and on the functional analyses performed to establish the
system performance parameters required to meet the mission objectives.

With the previously identified critical accountable factors for each output
parameter, perform a simple simulation or theoretical analysis of the account-
able factors to determine the best value, or the region where potentially the
best value may be contained. Use the range of achievable values and the
transfer functions established with the synthesis method as the starting point
for the simulation or theoretical analysis. For each accountable factor which
independently influences an output parameter, vary its value within the candi-
date range of achievable values, while inaintaining all other accountable
factors at their postulated nominal value. For accountable factors which have
mutual interactions, the same procedure may be followed, except that the
effects due to these factors are assessed by a pairwise or otherwise mutual
scanning of the values over their preestablished probable range.

Portray the sensitivity of the effectiveness parameter to the range of values
for each accountable factor (or sets of factors where interactions are present)
by plotting the resporse valuc of the parameter for each change in value of
the accountable factor. Describe this response with a curve and a simple,
approximate mathematical function, which normally will be nonlinear.

Approximate the nonlirear curve or function with a linear curve or function in
the region wher¢ the best values are present, Mathematical transformations
can be used to accomplish 'hiu linearization. The linearization of the cause-~
and-effcct relationships is a practical necessity to (a) provide a perspective of
the relative criticality of accountable factors to each other, and to the
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effectiveness parameters, (b) facilitate simple analysis of the response distribution for
the effectiveness parameter, and (c) eliminate interactive effects. Examples of
sensitivity curves are shown in Figure 3-5.

Each sensitivity curve or function thus generated will relate the amount of change in an
output parameter for a fixed incremental change of one of its accountable factors. With
these visible cause-and-effect relationships, an index can be established of the relative
~riticality of the accountable factors to each other, and to the output parameter(s) they
influence, Additionally, the results of the s. nsitivity analysis will provide a scientific
basis for revision of the accountable factors to be included in the criticality matrix and
the preliminary rankings previously assigned. For example, the initial broad rankings
can be converted to sensitivity coefficients based on one of the following forms:

¢ The incremental amount of change in an output parameter expected for a
normalized incremental change of an accountable factor (¢.g., a standard
deviation change). The normalizing of the accuuntable factor is required
because of the difficulty in assessing the relative importance of different
increments of change for accountable factors of different measurement units,

o The amount of change required for each accountable factor for a fixed incze-
ment of improvement in the output parameter (e.g., a .05 increase in its
probability measure).

Normally, sensitivity functions for natural environmental factors which express their
direct relationships to the output parameters will not be required during Concept Form-~
ulation, While natural environmental factors technically are accountable factors for
system behavior, they directly affect the design values achievable by the critical
accountable factors. The natural environmental factors cause a critical accountable
factor to depart from a desired output value in the form of a shift in its design nominal
value, or excessive variation in its output distribution and, therefore, can Le considered
as belonging to a clags of lower-level accountable factors to be analyzed in later phazes.

With the sensitivity relationships, a preliminary optimization of each output parameter

can be accomplished. This n- st be tempered with a composite FOM and cost
optimization described in a later step. A description of the output distribution
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for each output parameter also can be made. With all sensitivity functions
linearized, the mean of the output distribution is directly obtainable fron. the transfer
functions, This is the response value corresponding to the critical accountable factors
being assigned their selected optimum nominal value., The variance (a measure of
variation) can be estimat ed as the sum of the postulated inherent variances for each
accountable factor. An estimate then can be determined for the probability that

an output parameter will exceed a limiting value., These are required inputs for an
FOM evaluation.

An zltcinate procedure for determining the response distribution is to use a standard
procedure such as Monte Carlo simulation. Such a complex procedure normally should
not be attempted unless suificient design details are available. '

Procedurs

The procedure for the technical accomplishment of the effecliveness parameter selection
step can be summarized by the following general activities:

e Identify those system functions and parameters which are critical to the pre-
liminary FOMs. (For example, assume that the FOM prescribed for a close-
suppor: aircraft is the probability that a single aircraft will destroy an assigned
target of a specified posture. Ideally, a clogse-gupport aircraft would be assigned
to destroy as imany targets and make as many passes as its weapon delivery capa-
bility would allow. Additionally, if an aircraft hac a low probability of kill per
pass, multiple aircraft may be committed as a normal tactic. For such a system,
the primary contributions to effectiveness are supplied by the navigation, target
acquisition, and weapon delivery functions, One area where a gignificant payoff
in effectiveness is apparenty present ig by increasing navigation accuracv, This
will (1) enhance the ability to locate the identification point under marginat weather
conditions, (2) increase probability of acquiring targets under marginal weather
conditions, (3) decrease pilot workload, thus enhancing survivability through reduced
pilot errors, aad {4) provide greater accuracy of inputs to the bombing computer.
One of the critical functions, therefore, is the navigation function with the needed
navigation accuracy being its critical performance parameter. )
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Identify ouantifiable, critical accountabie factors for each critical syatem
performance parameter contributing to the effectiveness pacameters of
availability, dependability, and capability,

Establish a criticality matrix for each FOM to provide a visible perspective
of the relative contribution to the FOM and zach effectiveness parameter of
the critical top~level system parameter and its accountable factors

Assgign preliminary rankings of criticality

Develop the needed set of gross travsfer functious to deseribe mothemetically

the functional cause~and-cffect relationships of the critical accountable factors
to their system performance parameters. Examnles of transfer functions are

listed in Table 3-5,

Analyze the sensitivity of each selected output performance parameter to a
candidate range of achievable values for its critical accountable factors, using
simplified simulation or theoretical analysis techniques., Portray the response
with a curve and a simple mathematical function

Identify the response region where the hest values for optimum results are
included. Iinecrize the function (or curve) in this region.

Convert the results of the sensitivity amaiysis to sensitivity coefficients.
Revise composition and rankings of criticality matri. as needed.

Information Flow

The basic data required for the effectiveness parameter selecticn acdvity are:

[ ]

The results of the performance requirements analysis of Step E3
The results of the operational requirements analysis of Step E4

The proposed system maintenance functions, operational test and activation
functions, Requirements Allocation Sheets, Trade Studies, and Time Lines
from the Develop Gross Functions activity of the systems engineering process
as described in AFSCM 375~5

The initial system design/performance requirements, and their values, from
the Determine Design Requirements activity of the systems engineering
process as described in AFSCM 375-5
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TABLE 3-5 EXAMPLES OF TRANSFER FUNCTIONS

Trausier Function

Accountable Factor

Basic availabllity equation (A)

o

Reaction time

Mean time to prevent've maintepance
Mean time required for repair

Mean tirae to failure

Baslc dependability equation (D)

Operating time
Failure rate
In-flight repair rate

Basic survivability equation (D)

Digpersion
Hardness
Reaction time

Available flights per mornth
for aircraft systems (A)

Mean turnabout time
Fraction of total time in flight
Mean time to restore

Breguet range equation for
aircraft systems (C)

Lift and drag coefficients

Weight of aircraft at takeoff and at landing

Density of atmosphere
Specific range of fuel

Wing arca
Drag equation for aircrait Maximum frontal area
or missile systems {C) Angle of attack
Velocity

Density of atmosphere

Maximnm range equation for
ballistic missile
systems (C)

Earth's radius
Earth's surface gravity
Burnout velocity

Point target kili probability
equation for missile systems (C)

Badiué. of eftect of ordnance
Accuracy of delivery of ordnance

Thrust equation for hooster
systems (C)

Nozzle throat area
Thrust coefficient
Chara teristic exhaust velocity
Chamber pressure
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. TABLE 3-5 EXAMPLES OF TRANSFER FUNCTIONS (Continued)

Transfer Function

Accountable Factor

¢ Equation of motion for booster
systems (C)

Veloeity of exhaust

Direction and magnitude of thrusy
forces

Maass vs. time curv?

o Kepler's laws for orbital
period and velocity for
saiellite systems (C)

Maximum and minimum distance of satellite

from the center of the earth or other
attracting body
Mass of atiracting body

e Transfer period sensitivity
equation for spacecraft
systems (C) .

Velocity of vehicle and error in velocity
Orbital parameters

¢ Rayleigh scattering law
for small objects for
radar systems (C)

Wavelength of radar
Radius of object

e Range equation for radar
systems (C)

System loss factor

Transmitted power

Cross section of detected object
Power gain of the antenna
Radar wavelength

Signal -to-noise ratio

® Probability of detection
equation for radar
systems {C)

Threshold voltage
Amplitude of signal or noise

e Spiral search acquisition
probability equation for
radar systeras (C)

Distance between curves on spiral

One sigma acquisition radius

Number of sensors

Single pass acquisition probability
Dispersion in probable location of target

(A) denotes availability function
(D) denotes dependability function
(C) denotes capability function
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e The ROC and RAD requirements and preliminsty FOM descriptions

e The theoretical and empirical design equations, physical laws, and
probability relationships used to relate the ensemble of broad sysiem inputs
to outputs from the initial concept trade-off studies.

The results of the effectiveness parameter selection activity will be used {o structure
the effectiveness models to be applied for the evaluation and optimization of the candi-
date system concepts with respect to the FOM measures. Upon completion of the sub-
sequent effectiveness evaluation and optimization analysis, a final adjustment of the
criticality matrix may be necessary prior to its inclusion in the CFP/TDP,

Figure 3~6 shows the basic information network of the effectiveness parameter
selection activity.
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3-7 MODEL STRYCTURING STEP E6

General

Effectiveness models are required to evaluate the capabilities of the candidate design
concepts with respect to their current and projected performance potentials and economy.
These models are usually in the form of mathematical equations suitable for direct or
computer simulation analysis, A system effectiveness model is used to measure
technical performance as a function of either the effectiveness parameters of avail-
ability, dependability, and capability, or as a direct function of the critical system
parameters composited by the effectiveness parameters. A cost model is used to
measure the cost performance of the candidate designs based on the resource parameters.
A cost effectiveness model provides a measure of the relative merits of the designs with
respect to the efficient baluance of technical performance and cost.

System effectiveness models are to be developed for each defined preliminary FOM,
These models are to be adavtive for the evaluation of multi-threats, alternate modes of
operations, critical accountable factors, and similar influences which may measurably
affect the FOM potential of a system. System effectiveness models normatiy will con~
sist of several submodels, with each submodel based on models at still lower levels,
Because of the interactions among the submodels, model integration will be necessary.
Where design details permit during Concept Formulation, first-level system submodels
are to be formulated in addition to top-level models.

System and cost effectiveness submodels which may be structured for the evaluation of
the spectrum of technical performance parameters of a system include models for:

e Each effectiveness parameter

e . Each subsystem FOM, reflecting the contributions to the system FOMs of the
restrictive mission objectives associated with a subsystem's capabilities and
role in each mission assignment (normally not required during Concept
Formulation),

e Each critical accountable factor (normally not required during Concept
Formulstion).
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The structuring of effectiveness models during Concept Formulation is a four-step

process involving:
¢ Defining analysis assumptions
e Formulation of effectiveness parameter models
e Integration into overall FOM models

e Integration of FOM models into overall cost effectiveness models

Defining Analysis Assumptions

Prior to the formulation of an effectiveness analysis model, a listing of assumptions,
including their explicit rationale and justification, is required. This listing should
include the major assumptions influencing the validity, credibility, realism, and con-
fidence to be attached to the model and model cutputs. Assumptions to be listed and
justified during Concept Formulation, in order of decreasing criticality, include thase
addressing technical uncertainties associated with:

(1) FOM definition

(2) Mission scenarios and strategic content, mission performance and
operational requirements, and mission conditions (most probable and
worst situation)

(3) Transfer functions, procedures used to generate these functions, system
performance parameters, and accountable factors, including values
achievable.

(4) Source data representativeness

(5) Mathematical approximations used to simplify analysis, form of probability
distributions for the ensemble of system input-output functions, linearity

approximations, and dependencies or interactions of functions.

To the extent possible, unifying sets of assumptions should be preestablished for (1)
and (2) by the AF technical activities and reflected in the RAD. These assumptions
should cover any basic uncertainties about the mission content and the requirements
against which system terminal performance is to be measured.
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While the evaluation of FOMs and their effectiveness parameters is sensitive to the

§ nature and criticality of assumptions, it is also sensitive to the validity of the rationale
and justifications underlying the assumptions. In turn, the validity of the rationale and
justiciations used for the needed assumptions is dependent upon the quality of the
supporting data base to be used. In an order of decreasing quality, the foilowing data ‘
bases are normally usable to support assumptions curing Concept Formulation:’

(1) Proven concepts and/or facts substantiated by in-depth studies (e.g., war
game analysis, in-depth intelligence reports, minor extensions of current
state-of-the-art, etc.)

i (2) Repeatable experimental results verifiable by theory

(3) Theoretical or scientific hypotheses not verified experimentally nor

empirically.

(4) Major extrapolations from similar or related systems

(5) Engineering guesses

The composite influence of the nature and criticality of assumptions made, and of the
validity of the justifications for these assumptions, is an error in the calculated value
for each FOM. The largest error will be associated with the use of many highly

] critical assumptions and insufficient justifications. A determination of the magnitude

| of the composite error can be made based on worst case analysis and reflected in the

% calculated FOM in terms of an interval (e.g., plus and minus three standard deviations)

’ in which the FOM value is expected to be included. Where data permit, this interval

is extendable to include statistical uncertainties (risks). .

. .
£ op Ak AP AL P R AR AN X

Formulation of Effectiveness Paramete::_ Models

Models are to be formulated for each effectiveness parameter of availability, depend-
ability, and capability to integrate their respective set of system performance para-
meters. In the formulation of these models, many decisions must be made. These
decisions basically address the extent to which the presence of certain operaiional |
conditions will significantly influence the effectiveness parameters and the FOMs,
such as different system states, multiple threats, and multiple missions.
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Mission accomplishment is directly affected by the different significant states that
the system may occupy during its mission assignments, These states refer to the
different functional conditions of the system at the beginning of the mission, during
the mission, and upon completion of the mission. For a complex system, there
theoretically may be a continuous spectrum of system states. One extreme of the
spectrum is represented by the state associated with the system completely func-
tioning properly without error, the fully operable state (mission not aborted). The
opposite extreme is the state associated with the system completely inoperable
(mission aborted). A significant intermediate state would be the fail-operable con-
dition of the system (major elements of the system failed, but not requiring mission
abort). From a practical implementation viewpoint, it is necessary to group states
to redué:e their total number to a manageable size suitable for rapid effectiveness
evaluations. Thus, during Concept Formulation, it is expected that system functional
analyses will only be of sufficient detail to allow for a simplified two-state analysis
(operable and inoperable states). ‘

In addition to selecting and defining the significantly different states to be addressed
by each effectiveness parameter model, specific technical details necessary for over-
all model integration and evaluation of a system's FOMs are to be developed. These
are: -

e A graphical representation of the system progression from state to state
duriﬁg the time periods of the missions. Iigure 3-7 illustrates a typiocal
system effectiveness state flow graph for a simplified two-state analysis.
For this representation, the states are considered to be applicable over
the entire mission profile, independent of time intervals for which the
mission may be partitionable.

o The determination of probabilities for each of the significant mission
states. For a system which is considered to occupy only one of the two
states of operable and inoperable at any time prior to, during, or at the
end of the mission, estimates are required of the probable occurrence of
each state.
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Mission accomplishment is further influenced by the type and magnitude of natural
environments and hostile enemy threats, As previously indicated in the Effectiveness
Parameter Selection Step, natural environmental stresses normally can be considered
and evaluated as influences to critical accountable factors. Their range of values are
reasonably and accurately predictable. On a comparative basis, the type and magnitude
of hostile enemy threats, previously identified in the Mission Analysis Step, will have
the more serious effect on performance. When considering the influences of different
types and magnitudes of enemy threats, an analysis based on the most probable level of
threat can result in the selection of a syatem concept which may be extremely ineffective
in the presence of a different and worse level of threat. The selection of a system which
can respond to the worst level of threat, although it may have a low probability of
occurrence, also may have unsatisfactory consequences because of the conservatism

of thig approach and its usual high attendant cost. A techuical decision will be required
as to the manner in which multiple threat influences are to be reflected in the analytical
results. A practical procedure to follow is to establish distinctly different groupings of
threats by severity level, on the order of approximately four levels, with probabilities
assigned for the expected occurrence of each level, Each effectiveness parameter
should then be evaluated against each defined level, As a minimum, the effect of the
most probable and the most severe levels should be assessed to provide a common
comparative basis for concept selectior decisions.

Multiple missions impose additional conditions on the formulation of the analytical
models for the effectiveness parameters. Different mathematical expressions for the
models will be required for each mission in the majority of cases. Additionally,
model outputs must be in the same measurement ugnic if FOMs are to be combined,
Muitiple modes of operation also will require a separate modeling consideration.

Integration Into Overall FOM Models

In addition to defining and formulating the analytical models for the individual eval-
uation of the effectiveness parameters, a composite system effectiveness model must
be developed for each of the defined preliminary FOMs. These composite models will
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be the analytical mechanisms for the quantitative determinration of a system's
technical FOM potentials. Also, the development of an overall system cost model
will be required, as well as a cost effectiveness model to integrate the system
effectiveness and cost models.

The structuring of each system effectiveness model is a two-step process. Ini-

tially, the submodels for the critical functional, specialty, and operational system
parameters are composited into their respective effectiveness pzrameter sets of
avaiiabﬂlty, dependability, and capability. A typical procedure would be to apply

a product rule, since the individual system parameters normally are independent,

or can be subgrouped into more inclusive independent parameters. Following this
step, the effectiveness parameter sets then can be integrated into overall FOM models.
Examples of simplified overall system effectlveness models useful for application dur-
ing Concept Formulation are presented in Table 3-6.

Integration Into Overall Cost Effectiveness Modelé

The integration of the separate system effectiveness models and cost models into a
single cost effectiveness model for each set of mission objectives, and the analytical
results obtainable from the use of the integrated models, provide a comparative basis
for system concept selection. Additionally, by comparing the coat effectiveness of

the preferred concept to that of competing systems on a DOD-wide basis, a determin-
-wtion can be made of the preferred system's performance-cost stance. A favorable

comparative result is one of the prerequisites for obtaining conditional approval to

proceed with the Contract Definition Phase and subsequent engineering development.

Examples of cost effectiveness models useful for Concept Formulation applications
are listed in Table 3-7. The structuring of the cost effectiveness model involves de-
fining the cost effectiveness selection criteria (a single criterion for single mission
systems) which is to be used as a common measure for all competing system coucepts.
Normally, the criteria are to be stated in units of dollar cost per unit of mission task
performed, or the equivalent inverse form. Examples of cost effectiveness measures
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TABLE 3-6 EXAMPLES OF SIMPLIFIED SYSTEM EFFECTIVENESS
MODELS FOR CONCEPT FORMULATION APPLICATIONS

Type of Mission

Characteristic

Moael

[SIMPLE DSCRETE AND CONTINUOUS MISSIONS )

Discrete (with
regpect to mission
time)

Non-recurring

Recurring

Mission is short ir. duration,
and system expended after
one mission assignment

System is reusable and is
operationally employed on
many assigrments to ac-
complish the same set of
mission objectives

FOM evaluated as simple
ADC* product, or as an
average or minirnum
capability.

FOM is a measure of average
or minimum capability

Continuov s (with
respect t) missin
time)

System is operationally
employed over an extended
period of time

FOM is integral over time ~
of ADC product, with Dand C
potentially changing with time,
Where a worst case analysis
is appropriate, the FOM ia a
minimum value of the ADC
product

| COMPLEX DISCRETE AND CONTINUOUS MISSIONSJ

Multiple levels
of threats

System is operatiorally
employed in the face of
all threat levels

Effectiveness E is min {E.} or
most probable, where E. 1s
FOM for i-th threat level. Also,
E may be expressed as l‘}p‘Ei.

where p4 is the probability of i-th
threat level orcurring

Multiple missions
for discrete and
continuous missions

System is operationally
employed for a variety of
missions., A composgite
FOM for all missions can
be realistically defined

E is min { E;} or most probable,
where Ej is FOM for j-th set

of mission objectives. Also,

E may be expressed as I pj Ej,
where p; is probability of j-th
mission’occurring

Muitiple missions
and threats

System is operationally
employed in the face of all
threat levels and for a vari-
ety of missions. A composite
FOM for all misgions can be
realistically defined

E is min { E;;} or most probable,
Also, E maylne expressed as

)
7T Py By

D = Dependability C =
3-49
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TABLE 3-7 EXAMPLES OF COST EFFECTIVENESS MODELS

Systemn effectiveness (E) for a fixed cost (C)
Cost (C) for a fixed level of system effectiveness (E)

System effectiveness (E) per cost (C), or cost (C) per system effectiveness (E) -
Ratio Model)

Net value* (V) received for cost (C) expended - (Net Value Received Model).
Can be expressed as:

VE-C
gross value received minus cost

Net value received

it

value per increment of effectiveness times planned
level of effectiveness minug cost

Net rate of return per unit of cost - (Rate of Return Model). Can be expressed
as:

VE-C
C

Net value received per cost

Net rate of return

Gross value received, averaged over entire life of system, per cost (C) -
(Loug Term Ratio Model). Can be expressed as:

t
- — f V(t) Ef) & where (¢ - t.) is
Cty -t t o d
d remaining useful life

*Value (V) is assignable to a fixed increment of system effectiveness (e. g., X dollars
per .05 increment of E), and is expreased in units of cost (C) per effectiveness (E).
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for various classes of Air Force systems are listed in Table 3-8, This table is
essentially a derivative of Table 3-1, Figure of Merit Fxamples, previously de-
scribed in paragraph 3-3. A criterion for system selection which is responsive
to mission objectives is typically based on one of the following rules:

(1) The maximum system effectiveness for a fixed cost

(2) The maximum system effectiveness per unit of cost, or its inverse.
Rules (1) and (2) will have general applicability during the Concept
Formulation Phase.

{3} The minimum cost for a level of system effectiveness.

Formulation of Cost Models

Tasks and factors relevant to the construztion of a cost model for each set of mis-

sion objectives to provide a quantitative analysis of the total system costs involve
the following:

o Identification of cost resources und constraints (schedule demands, size

of commodities such as operating skils, critical material, technology, and
dollars)

e Identification and synthesis of cost alternatives, including the affected criti-
cal accountable factors and system performance parameters

¢ Development of cost relationships and the cost models.

Cost measures should he capable of accommodating the assessment of major types of
resource expenditures on a common basis, such as dollar cost. Toward this end, the
development of cogt models will be needed to evaluate separately the major components
of total cost. These are the components of development costs, acquisition costs, and
operational costs (including logistics support elements such as maintenance). Addi-
tionally, separate evaluation of costs will be required for alternate development schedule

time spans, if appropriate, and if the time span alternatives are sufficiently different
so as to affec* the efficient utilization of resources.
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TABLE 3-8 EXAMPLES OF COST EFFECTIVENESS MEASURES -

: System Class

Cost Effectiveness Measure*

f e Interceptor (a)

(b)

Expected number of enemy aircraft destroyed
per unit of cost

Expected number of hours of fraining per unit
of cost

¢ Strategic Bomber (a)

(b)

Expected number of point targets destroyed per
unit of cost

Expected number of hours of training per unit
of cost

¢ Tactical Aircraift (a)

(b)

()

{d)

(e)

Expected number of sorties per unit of cost

Expected number of successful cloge air supports
per unit of cost

Expected number of successful tactical bombing
missions per unit of cost

Expect ed number of successful reconnaissance
missions per unit of cost .

Expected number of successful air escort missions
per unit of cost .

& Transport {a)

{»)

(©)

GY

Expected number of consecutive deliveries of speci-
fied cargo to its destination within (x) hours per
unit of cost of delivery

Minimum cost-time product required to deliver a
specified cargo

Expected number of ton-miles of general cargo
transported per unjt of cost

Expected number of consecutive take-offs and
landings in (x) distance with a specified gross
weight per unit of cost per trip

e Space Launch Vehicle (a)

Expected number of pounds of payload placed in a
specified orbit per wnit of cost

*Cost normally will be in terms of dollars. .
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TABLE 3-8 EXAMPILES OF COST EFFECTIVENESS MEASURES (Continued)

System Class Cost Effectiveness Measure* !

o Communications Satellite (a) Expected number of consecutive successful
attempts o transmit a high priority message
within (x) seconds per unit of cost

(b} Expected number of bits of low priority messages
transmitted per unit of cost

{¢} Expected number of channel-years operating at a
" minimum specified effective radiated power per

! unit of cost .
. e Intercontinental Ballistic (a) Minimum cost of destroying a prescribed target
i Missile of (x) hardness with a prescribed probability H

(b) Expected number of targets of (x) hardness
destroyed per unit of cost

(c) Expected doliar véiue, strategic value, or percent il
of damage to enemy property per unit of cost

e Air Interceptor Missile (2) Expected number of enemy aircraft destroyed per A
unit of cost "
. ¢ Air-to-Ground Misgile {a) Expected number of targets of (x) hardness

destroyed per unit of cost

. (b) Expected level of damage to (m) hardened targets
per unit of cost

(¢) Minimum cost required to desiroy {n) or more of ,
(m) specified targets -

e Command and Control (a) Expected number of stored bits of information re-
trieved within a specified time and probability per
unit of cost

{v) Expected number of intei-cepts or track-hours of
friendly aircraft per unit of cost given a specified
level of enemy activity

(¢) Expected number of intercepts or track~hours of
enemy aireraft per unit of coat

# Warning and Detection (a) Minimum cost of detecting and tracking an object
with a specified probability

. ' (b) Expectied number of {rack-hours with a specified
accuracy of track per unit of cost
*Cost normally will be in terms of dollars,
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. In formulating the cost models, special emgphasis should “e given to insure that the
o i models have the capability to accommuadate the following:

R | ' ¢ Inclusive identification of cost by categories, including the nature of historical
K data to be vzed as ¢ basis for projecting cost. A guideline for a typical break-
down of development costs, acquisition costs, and operational costs by
categoriey is presented in Table 3-9,

S iabaali

3 o Estimation of total and per year cost by broad aggregations. Thus, it is

1 expected that cost estimates below the caiegories listed in Table 3-9 will be
R required only in the special case where sufficient design or operational
details are available

_ e Estimgiion of total cost on a basis suitable for use in guiding Air Force
- AN system selection decisions.

¢ Cost sensitivity and variance analysis to provide a perspective of the pre-
cision of the cost estimates and to assess the influences of cost uncertainties,
A procedure based on a cost variance concept or a PERT -cost . analysis of
least possible, expected, and maximum possible cosi can be applied to extrap-
‘; olations of historical data from similar or related systems.

Procedure

The procedure for the texhmicel accomplishment cf the model structuring step can be
summarized by the follawing general activities:

" e List major assumptions used, including their e:plicit rationale and justifi-
“ cation

_ e Select and define the significant states which are to be incorporated into each
4 v effectiveness parameter model. For simplicity, use a two-stage analysis

¢ Represent graphically the progression of the system from state to state for
the time periods of the mission

 " ‘, e Determine probabilities for each of the defired states which are appropriate
. at the heginning and during the mission
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TABLE 3-9 EXAMPLES OF COST CATEGORIES* FOR
COST EFFECTIVENESS ANALYSIS

-

Development Costs (RDT & E)

@ CFP and CDP studies

s Development of each stage and
» subsystem of system

¢ AGE development
Training equipment development

e Test program and test articles,
including spares. AGE, and
operational test personnel
training

e Configuration management
o Technical data

Acquisition Costs

e Puichase and rework of major
manufacturing facilities

e Purchase of hard tooling
® DPurchase of new basi- facilities

¢ Transportation and delivery of
systems

¢ Purchase of information network
facilities

e DPurchase of depots and logistics
support bases

s Production of ancillary equipment
& Purchase of initial spares

e Training equipment

e Technical data

e Modifications of systems

.

Stage and subsystem production
(including AGE & OGE)

Operational Crsts

@ Materials for operations and
turnaround

Operating personnel

Training exercises and aids

Spares replenishment

Depot and base operations and
maintenance

¢ Equipment maintenance

*For some applications, it may be
necessary to further divide the

cost categories into recurring and
non-recurring costs, direct and
indirect costs, or any combination
thereof, Also, depending on the
depth of Concept Formulation studies
and of the technological advances in-
volved, a combining of the listed cost
categories may be more appropriate
for the cost analyses.

s,
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e Define and formulate models for the availability, dependability, and

_ capability effectiveness parameters to be used in the evaluation of each
] preliminary FOM. Each model normally will be a composite of submodels
i for its appropriate critical system performance parameters previously
identified, defined, and functionally related to critical accountable factors
in Step E5.,

et e o A

TE

D B

- e Group threats into distinct levels,

e Integrate the availability, dependability, and capability parameter sets into
an overall system effectiveness model which can be used to calculate an
FOM. Where more than one preliminary FOM is avplicable, a separate
overall model will be required to evaluate each FOM

e Determine the feasibility of combining FOMs. If technical meaning can be
attached to a combined measure, then establish a method for combining
multiple FOMs

e Define and structure cost effectiveness model. Define system concept
selection criteria {oriterion)

¢ Define cost measure, Identify significant cost resources and constraints

e Develop cost relationships. Also formulate a cost model for each FOM with
the capacity to accommodate estimates of total and per year costs by broad
aggregations and cost sensitivity and variance analysis

Information Flow

The basic data required for the model structuring activity are:

e The reaults of the mission analysis actlvity of Step E1i for the identification of
the applicable mission states and the establishment of the analysis framework
for multiple threats

o The defined FOMs from the specifying of preliminary FOM activity of Step E2

? e The results of the effectiveness parameter selection activity of Step E5
which established the critical system parameters to be included in the avail-
ability, dependability, and capability models
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e The ROC, RAD, and program task statements for determining the technical
performance and cost constraints, and for a selection eriterion which may be
included

e Cost data from cost analyses.

The effectiveness parameter models and overall system FOM models formulated from
the model structuring activity will be used for the system and cost effectivenesas a.nalj,'sis
io determine the system performance and cost potentials with respect to each gefined
FOM, and to a combined, single FOM, if appropriate. Figure 3~8 shows the basic
information network for this activity.

3-8 SYSTEM AND COST EFFECTIVENESS ANALYSIS STEP E7

General

The principal use of the models for system effectiveness, cost. and cost effectiveness
developed in the previous step of the effectiveness process is to provide an estimate of
current effectiveness and a prediction of the effectiveness growth potential expected to
be present in five years. These estimates are directly usable to: )

e Provide a timely and objective management decision criterion for the
selection of the preferred system

o  Highlight technical and cost weaknesses of the system, or potential problem
areas requiring resolution during later phases

e Justify proceeding with the Contract Definition Phase and subsequent
engineering development

e Provide the initial traceability of critical system performance parameters
to preliminary desiygn requirements,

A system and cost effectiveness analysis is an iterative, trade-off process involving the
use of optimization techniques to arrive at a design concept with the best balance of
technical performance and total life cycle costs to meet mission objectives. Simple
optimization techniques which have general and nractical applicability during Concept
Formulation include:
e fimple maximization method. This technique is applicable when the accountable
factors must be restricted to a limited range of candidate values. The FOM is

evaluated for each value in the range of alternate values for each accountable
factor

3~57




LEXPLORATORY
AND ADVANCED
EFFECTIVENESS | | IPEVELOPMENT oAb AL TRANSITION
MANUAL |
|
EFFECTIVENESS : s
PROCESS | |EFFECTIVENESS ESODE,_
T [ Lommename [——F7
|
______ - l — e — . E——— . G — R G G S R WS W e e et
FIGURE 4 'lr
CONCEPTUAL 24,25
PROCESS, l 21 PR.ELIMINARY
AFSCM 3754 | RocAPPROVED CFP/TDP &
| |AND RAD "1 DEFINITION [t
’ | SSUED PLAN
I PREPARED
|
|
|
FIGURES ":"”'_“; T T T "'5" T
SYSTEM | DEVELOP I
ENGINEERING | | [~Joies o o cre/
, |
AFSCM375-5 | |
} 4
Lrenred DETERM | NE
| DES IGN
| =~ REQUIREMENTS
|
CONCEPTUAL PHASE
Figure - Page
Model Structuring Information
3-8 Network 3-58




fm

e Method of steepest ascent. This technique is applicable when the FOM depends
in a linear or otherwise simple analgtical form on its accountable factors, Alter-
nate values for the accountable factors are chosen so as to increase the FOM in
steps which are as large as possible,

& Graphical method. This technique is applicable if the transfer functions and
constraints are based on empirical data or curves.

Evaluation of FOMs and Cost Effectiveness

The evaluation of the current effectiveness potential of each system concept involves com-
puting the FOMs based on calculated values for the availability, dependability, and capa-
bility parameters. A preliminary design is chosen by repetitive analyses. Each of the
performance and cost aliernatives is analyzed, and the results are compared with a
previous choice, This process is inherently difficult since it involves choosing an optimum
value for many system paramcters, each of which is affected by numerous accountable
factors with different inputs. The synthesis method for speeding this trial and error selec-
tion process with an orderly and systematic solution, in addition to providing considerable
insight into the design problem, has been described in Step E5. In using this method, sys~
tem developers will have visibility of how the input, output, and system functional character-

istics are connected, what sensitivities are best, and the limitations of the gystem perform-
ance capabilities,

While the system developers will have the freedom to adjust the system parameters and
accountable factors to their best values and for best cost, there remains the problem of
determining which combination will provide the optimum system and cost effectiveness.

A practical method for providing this perspective is to develop sensitivity functions which
will directly relate incremental changes in critical accountable factors to a corresponding
magnitude and direction of change in the FOMs. This form of sensitivity functions may be
generated directly. Alternately, it may be developed by combining the sensitivity functions
previously prepared, which related the accountable factors to effectiveness parameters,
with a gensitivity function relating the set of effectiveness pairameters to each FOM, The
general procedure for arriving at thig combined sensitivity function for an FOM is de-
scribed in Appendix C', Based upon such relationships, the preliminary criticality matrix
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initially formulated in Step E5 can be updated, and the ranking and the index of relative
criticality of accountable factors to the effectiveness parameters and the FOM revised.

With the cost effectiveness optimization of a aystem concept and a determination of its
current FOM potential, an optimum system eifectiveness value will be obtained. Due

to the statistical distribution properties of the accountable factors, the FOM is a
distribution of values. If each accountable factor influences its FOM independent of
another accountable factor, then an estimate of the variance for the FOM can be obtained
simply. This variance will be the sum of the variances for the individual accountable
factors., In addition to the best estimate, a lower confidence estimate can be prepared
to account for inherent statistical risks, Also, an estimate of the error range io be
associated with the uncertainties of critical model assumptions can be calculated.

Analyses Required

The goal of system and cost effectiveness evaluations during Concept Formulation is to
provide specific outputs usable for management decisions. Iterim analysis results
provide Air Force and contractor management with the neceséary visibility for creating
the best system concept, given the technical and other resources at their disposal,
Correapondingly, the £inal analysis results provide criteria for Air Force management
decisions on the preferred system concept(s) to select. Additionally, they contribute
to the necessary technical and cost justifications for proceeding with subsequent phases
of the program.

Standardization of a desired set of analytical outputs is necessary to insure an objec~
tively candid and compatible Air Force evaluation of the candidate systems. As a
minimum, therefore, the system and cost effectivenesas analysis activity is to be directed
at providing current and predicted estimates of the performance and cost characteristics
of the ¢andidate system concepts. M=asures to be evaluated during Concept Formu-~
lation are:

e FOMs
e Cost effectiveness

e  Availability
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& Dependability
o Capability

e FEach critical system parameter constituting the availability, dependability,
and capability parameters

To the extent possible, both a mean estimate and a lower confidence estimate is to be
provided for these measures, along with the expected exror range for both types of
estimates. The principal uses in the decision process of these 2stimates resulting from
the effectiveness analyses are listed in Table 3-10. Also listed are examples of
measurement units which will require designation prior to any evaluation of system and -
cost effectiveness for concept comparison purposes. '

A decision is required as to how to optimize for multiple missicns for which different
preliminary FOMs have been defined. Usually one of the following rules can be applied
as & compromise;

e Optimize to the most significant FOM (difficult, primary, etc.) subject to meeting
minimum performance on the balance of the FOMs.

e Optimize to improve the lowest FOM value,

e Optimize to an average or weighted average FOM, where such a measure has an
operational physical parallel.

Procedure

The procedure for the technical accomplishment of the system and cost effectiveness
analysis step can be summarized by the following general activities:

e Identifv the vital trade-off factors available within constraints, to include alter-

natives for critical system parameters, critical accountable factors, and cost
elements.

¢ Determine values of accountable factor which will maximize the effectiveness
parameters, using the sensitivity functions developed in Step E5. An accountable
factor which influences more than one parameter will require a composite
optimization at the overall FOM level.
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TABLE 3-10 MINIMUM ANALYSES REQUIRED AND PRINCIPAL USES

Analysis Unit of Measure Principal Use
o System Probability or expected Measure of overall technical
Effectiveness value performance and response to
(FOMs) mission objectives.
System selection criterion and
justification.

¢ Cost System effectiveness per Measure of overall technicat

Effectiveness cost and cost performance and
Dollar value per cos! response tc mission objectives.
Dollar value T
System effectiveness per .Slirsstt;eﬁpcla;egzction criterion and
unit time per cost j *

e Availability Probability or expected value Measure of system condition at
as a function of total turn- start of mission.
around time sy
In-commission ready rate Provutiie 1;%Hig&nce on po’aent;al
Utilization rate operaliona’ problem areas an

traceability of preliminary
dzsign requirements.

o Dependsability Probability or expected Measure of gystem condition at
value as a function of mission one or more points during mission,
time, failure rate, in-mission given the system condition(s)
repair rate, alternate modes at the start of the mission.
of operation, reaction time,

Provide intelligence on potential
and dispersal distance reliability and survivability
problem areas and traceability
of preliminary design requirements.
e Capdbility Probability or expected Measure of system ability to

value

achieve mi sgion objectives.

+rovides intelligence on potential
general limitations of system's
performance capabilities, problem
areas, and traceability of
preliminary design requirements.

¢ Critical System
Parameters

Probability or expected
value

Individual measure of each critical

performance capability or character-

istic of system.
Provides intelligence on potential

design problem areas, safety margins,

and traceability of preliminary
design requirements.
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e Develop a sensitivity function to relate incremental changes in the values
: of accountable factors to changes in an FOM.

e Calculate the FOMs based on the accountable factor values and using the FOM
models developed in Step EB, E

o Calculate the cost associated with the selected alternatives.

e Optimize the FOM and cost interactions, and calculate the cost effectivenegs
measure, nsing the model defined and developed in Step E8.

. T
im = ot o s s

e Calculate a lower confidence estimate for each FOM based upon statistical ,
distribution principles, =

& Update the preliminary criticality matrix prepared in Step E5.
¢ Compute a confidence estimate for the cost effectiveness measure, using .
statistical distribution principles and a cost variance analysis technique. P

o Compute an error range for the FOM and cost effectiveness estimates to
account for assumption errors.

e Tabulate for each migsion, and for the most probable and worst threat levels.""
the current and predicted (for a period of time five years hence) values for the
FOM and cost effectiveness measures, the availability, dependability, and
capabhility parameters, and the critical system parameters.

e C(ompare candidate system concepts with reapect to all these classes of
estimates for intelligence as to the concept to select,

Information Flow

The basic data required for the system and cost effectiveness analysis activity are:

e The alternate functions and their associated performance parameters and
accountable factors, and the candidate range of values for the critical accountable
factors. These were identified in Step EG with significant inputs from the Develop
Gross Functions and Determine Design Requirements activities of the systems
engineering process defined in AFSCM 375-5.,
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e The models, model agsumptions, technical performance and cost constraints,
and optiinization criteria from the model structuring activity of Step ES.

e The cost data for the various alternatives.

e The sensitivity functions and criticality matrices from the effectiveness param-
eter selection activity of Step ES5.

The principal uses of the analysis resuits are as previously delineated in Table 3-10.
Additionally, the analysis results are to be incorporated into a report which summarizes
the major outputs of the system and cost effectiveness management implementation process
developed during Concept Formulation. The basic information network for the system and
cost effectiveness analysis step is shown in Figure 3-9.

3-9 REPORT

General .

A report is to be prepared and submitted to the Air Force technical activity summarizing

the system and cost effectiveness formulation and evaluation results for the Concept -
Formulation Phase. The technical data to be included in this report will serve many vitat

needs of the system planpers at HQ USAF, HQ AFSC, and the SPO cadre. Of dominant

relevance are the followinganticipated uses of the data:

@ To provide the justification for a new system, and to demonstrate that the six
prerequisites required for conditional approval to proceed with engineering
development have been met. These prerequisites are described in AFR 80-20 and are
listed in paragraph 3-1 of this manual.

e To provide a decision criteria for Air Force selection of the most promising candi-
date system concef#(s) to meet current and contingent mission objectives, including
strike, retaliatory, aund defense capabilities.

e To have available realistic data for updating and refining the RAD, and for establish-
ing the program baseline requirements as part of the planning process for entering .
the Contract Definition Phase.
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#® To have valid inputs of system performance and cost characteristics for
inclusion into the CFP/TDP and the Preliminary Definition Plan to be prepared
at the conclusion of Concept Formulation,

& To provide the necessary background and continuity for the related technical
activities of the Contract Definition and Acquisition Phases on the traceability
of preliminary design requirements and the areas of system and cost effectiveness
criteria formulation and evaluation requiring expansion and refinement.

o To focus the inherently critical design and operational problems and limitations
requiring further definition, detail analysis, and resolution in late1 phases.
These include those arcas of high technical risk, high cost, and insufficient prior
aralysis,

The system and cost effectiveness report is to inciude the following technical data;

# An explicit definition and description of the preliminary FOMs, to include mission
conditions which apply.

s An explicit definition of the cost effectiveness measure,

e Analysis results giving current and predicted estimates of FOMs, cost effective-
ness measures, effectiveness parameters of availability, dependability, and
capability, and each critical system parameter congtituting the effectiveness
parameter sets (e.g., reliability, maintainability, accuracy, etc.). Estimates
are to be tabulated by separate FOMs, cost effectivenes: measures, and threat
levels, as applicable, The precision of the estimates is to be furnished.

s Mission analysis results, including:
(1) A general description of the intended purposes and functions of the system

(2) Summaries, descriptions, and analyses of enemy threats, enemy counter-~
measures, and system neutralizing capabilities

(3) Interactions of mission requirements with existing syccems or systems
contemplated to be in use within the samec time frame

e System performance requirements profile, including parameters and values
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e System operational requirements analyses relating to:

(1)
2

(3
(4)

Operational requirements profile, including parameters and values

Maintenance concept under hostile conditions, such as capabilities for
repair of battle damage and for over-ride and temporary correction of
malfunctions under hostile conditions

Logistics support concept, including maintenance policy and transportability

Concept of practice exercises for maintaining system readiness state

e Current and projected technical and cost deficiencies influencing effectiveness

¢ Criticality matrix, to include relative rank_ings of system parameters and
accountable factors ’

& Models and submodels used in the evaluation of FOMs, cost effectiveness measures,
and effectiveness parameters, including descriptions and listings of:

(1)
(2
(3
4
(9)

Major assumpticns and their eriticality
Transfer functions used in the evaluation of the critical system parameters
System states and probabilities assigned

Threat level

Major performance and cost alternatives considered

o Sensitivity functions (or curves) relating the critical accountable factors to
FOMs or to the effectiveness parameters

e Data sources used in the analyses

e Cost data and cost basis used for the evaluation of cost effectiveness,
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Information Flow

~All of the major criteria formulation and evaluation activities of the effectiveness
proéess, Steps E1 -'E7, will provide inputs to the report, with reciprocating con-
tributions from the systems engineering management activities of Develop Gross
Functions and Determine Design Requirements as defined in AFSCM 375-5. The
technical data incorporated in the report are directly usable for updating the RAD
and for the preparation of the Preliminary CFP/TDP and Definition Plan documents.
These documents are an integral part of the program requirements baseline needed
to commence Contract Definition. The basic information network for the report
activity of the effectiveness pr-ocess is shown in Figure 3-10,
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Chapter 4

SYSTEM AND COST EFFECTIVENESS IMPLEMENTATION
FOR CONTRACT DEFINITION PHASE

Summary

The major effectiveness formulation and evaluation activities to be accomplished
during the Contract Definition Phase are (1) effectiveness analysis refinement,

(2) apportionment analysis, (3) effectiveness progress monitoring and demonstra-
tion planning, and (4) report of analytical results. The effectiveness analysis re-
finement activity is addressed to the necessary improvement and expansion of the
technical analysis activities initiated on a gross basis during Concept Formulation
for the system being defined in detail. The apportionment analysis activity is di-
rected at the establishment of design criteria which are technically traceable and
critical to system effectiveness for inclusion in system and detail specifications,
This is accomplished through the optimum allocation of top-level effectiveness~
related measures and parameter values to first-level measures and contributing
accountable factors. The activity of effectiveness progress monitoring and demon-
stration planning focuses on the definition of a dynamic monitoring and evaluation
program and a demonstration program. These programs collectively will provide
a contirng visibility of effectiveness progress so that timely management deci-
sions can be made to insure achievement of an optimum balance of performance,
cost, and schedule. The report activity provides the SPO with a compendium of the
analytical results and decisions influencing effectiveness which are needed to pre-
pare the baseline documents for the Acquisition decision. The basic manual format
used to describe the effectiveness process during Concept Formulation is continued
for this phase, The general descriptions of procedures and methods which can be
applied, implementation guidelines, and the information flow are delineated on a
step-by-step basis. The interactions of the effectiveness activities with the sys-
tem program management procedures of AFSCM 375~4 on a composited basis also
are detailed.




|
fl 4-1 GENERAL

The Contract Definition Phase is a sequential action process on a time basis, as
was characicristic of the Conceptual Phase. The purpose of the Definition Phase is
to define as early as possible the cost, schedule, and system elements required to
satisfy the approved CFP/TDP, RAD, and other program directives and baseline
requirements issusd by HQ USAF to direct this phase of the system project. The
Definition Phase is intended to achieve specific objectives. These sre:

(a) Effective use of defense resources.

; {b) Preparation of the System Performance/Design Requiremeats
' General Specification (the "System Specification").

(c) Preparation of detailed program management plans.

(d) Determination of realistic cost and schedule estimates, The scheduigs
and cost estimates will reflect requirements for production engineerihg,
facilities, transportation, constiruction, logistic support, and production
hardware, as well as development engineering. Planning cost and schedule
estimates for investment and for operating the system for 5 years will be
included.

é

(¢) Identification of high-risk areas.

(f) Definition of intersystem and intrasystem interfaces and corresponding
responsibilities.

E () Evaluation of time-cost-performance trade-offs.

(h) Determination of firm and achievable Part I CEI Detail Specifications and
Inventory Equipment Requirement Specifications.

(i) Validation of the technical approach for the total system cost which will
lead to the formalized firm fixed-price (FFP), Lxed-price incentive (FPI),
or cost-plus-incentive-fee (CPIF) contract for the design and development
portion of the Acquisition Phase.

(i) Identification of personnel and training requirements.

; 7 (k) Identification of the procedural data required.
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The technical activities of the effectiveness process to be implemented during this
phase will contribute directly towards achieving objectives (a), (b), (e), (£), (g)s
(h), (i), and (k), and indirectly towards (c), (d), and (j). |

Application of the system and cost effectiveneas technology during Contract Definition
will provide the initial penetrating analysis of the inherent effectiveness potentials
present in the selected weapon, support, or electronic system concept(s). Effective- '
ness analyses to be accompligshed will shape design solutions for achieving the optimum
balance of time, cost, and performance. Additionally, they will provide a detail
management focus of the performance proficiency and economy of the system configu~
ration by identifying the specific high technical and cost rigk areas requiring further
exploration, the system and subsystem performance and design parameters to be ~
included in specifications, and the critical system parameters to be tracked and
demonstrated during Acquisition. In general, the following implementation steps
summarize the activities of the effectiveness criteria formulation, evaluation, and
assurance process required during the Contract Definition Phase to provide this
authoritative perspective:

. [Step E9 — Effectiveness Analysis Reﬁnement] This activity is directed
at refining and extending the system and cost effeciiveness activities
previously initiated on a gross basis in the Concept Formulation Phase.

. [ Step E10 — Apportionment Analysis This activity establishes the
technical definition and traceability of the system performance and design
requirements and subsystem allocations to be included in the System
Performance /Design Requirements General Specification and the major
Contract End Item (CEI) detailed specifications prepared and issued during
this phase.

® | Step E11 — Effectiveness Progress Monitoring and Demonstration Planning
This activity establishes the essential system performance par ameters and
their expected convergence profile which are to be tracked during Acquisition
as a fundamental effort of a Technical Performance Measurement program
to determine the impact to the principal FOMs of variinces in their values
from planned vaiues. As a related task, this activity defines the demon-
stration approach and the parameters to be demonstrated as evidence of the
achievement of the FOMs during the Category I, I, and I testing and Technical
Approval Demonstrations (TADs) to be conducted in the Acquisition and
Operational Phases.
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Step E12 — Reporting This activity provides the compendium of the

system and cost effectiveness criteria formulation, evaluation, and
assurance results during the Contract Definition Phase to be included in
the Proposed System Package Program (PSPP) document upon synthesis
by the S8PO of the best features of each design approach into an optimumly
operable and economical system,

The degree that system and cost effectiveness requirements are to apply during
the Definition Phase will be specifically set forth in the CFP/TDP or Statement of
Work (SOW) baseline requirements documents. Typical requirements include:

Establishment of the principal FOMs and their numerical values, if not
provided in the RAD, System Performance/Design Requirements General
Specification, or CFP/TDP. The principal FOMs are to be fully responsive
measures of system performance with respect to the total set of mission
objectives. In contrast, the preliminary FOMs establizshed during Concept
Formulation may have related only to specific subsets of the mission
objectives. Such special purpose FOMs were useful as comparative
criteriz for distinguishing unique capabilities of the candidate system
concepts, and for establishing their feasibility.

Implementation of updated system effectiveness analyses to include analysis
of the availability, dependability, and capability effectiveéness parameters,
specifically accounting for various significant system states and critical
factors of influence.

Implementation of updated cost analyses to include developmental,
acquisitior,, operational, and maintenance costs in relation to svstem
development and acquisition schedules.

Implementation of a refined, composite cost effectiveness analysis to obtain
an optimum balance of technical performance, cost, and schedule time.

Apportionment of the principal FOMs and the constituent system parameters
which make up the availability, dependability, and capability effectiveness
parameter sets,

Reporting of analysis resulis, progress monitoring planning, and demon-
stration planning, with supporting data.
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These typical requi rements presume the existence of formalized effectiveness |
criteria formulation and evaluation results from previous activities of the Concept i
Formulation Phase. However, prior results are not a prerequisite for procurement
gituations where it is expendient or judicious to defer full implementution of the
effectiveness technology to the Contract Definition Phase (e.g., due to the immediacy
of the program or insufficient definition during Concept Formulation).

The system and cost effectiveness activities to be implemented during Contract
Definition is characterized by a continuous refinement and expansion of the initial,
summary-~level criteria formulation and evaluation elements of the Concept
Formulation Phase to first and second system indenture levels on the preferred
concepts selected for detail definition, This is a natural compznion to the refinement
and updating of design and performance details and definition which are progressively
and concurrently accomplished under the system program management and systems
engineering management procesges during this phase. Both of these processes are
evolutionary in nature and are represented in AFSCM 375~4 and 375-5, respectively,
as a sequential series of finely-divided techrical and management activities,

typically iterated in part in each of the three subphases of Contract Definition.

To provide the proper technical perspective of the system and cost effectiveness
process during this phase, and the necessary visibility of the true interactions of i
the three processes, a composite and non-iterative series of system program
management and systems engineering management activities has been defined. These
composite activities, representing a derivative of the system program management
process of AFSCM 375-4 only (which, in itself, already is a first order integration

of the more detail systems engineering management network and other program =
networks), are: ‘

e Establishment of baseline requirements, including trade-off studies
required to adequately define the system concepts

e Preparation and igsue of the specification tree, the System Performance/
Design Requirements General Specification, and detail specifications on
major CEIs.

e Preparation and issue of the program work breakdown structure (PBS).
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Preparation and issue of the SOW and Request for Proposal (RFP), and

updating of the Definition Plan.

Review, verification, modification, and expansion of design details by
selected contractors to accommodate their design approach, including
determination of detail performance and design requirements for operations,
maintenance, test, and activation functions.

Revision and expansion by the SPO and contractors of functional analyses,
Requirements Allocation Sheets (RASs), Trade Study Reports, schematic
diagrams, time-line sheets, and effectiveness models,

Preparation and issue of initial test plan.

Establishment of detailed end item, facilify, personnel, and training

requirements.

System requirements review, technical evaluation, and baseline updating.

. 4-2 EFFECTIVENESS ANALYSIS REFINEMENT

General

The effectiveness analysis refinement activity is addressed to the refinement and

Step E9

expansion of the gross results obtained in implementation Steps E1—-E7, and

documented in Step E8 during Concept Formulation. This information is directly
available for use in the Definition Phase via the CFP/TDP, RAD, and other baseline
documents to provide direction for the analyses and to illuminate areas requiring

emphasis and refinement. Technical results and analyses that normally will
require updating include the following:

Mission analysis
Specifying principal FOMs
Performance requirements analysis

Operational requirements analysis
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; ¢ Effectiveness parameter selection
¢ Model structuring

e System and cost effectiveness analysis

The nature of the refinement and the specific extent, timing, and areas in which the
refinements are to be accomplished will depend on the exigencies and particular
definition needs of each program,

Mission Analysis

Descriptions of the specific objectives of the mission are to be updated to reflect
the latest information on the terminal performance that is required to be achieved
by the system under ope: 'ticnal conditions. Correspondingly, the kinds, magnitude,
and probability of occurrence o1 enemy threats currently expecied, and projected
to be presentlin the five year future, may require further confirmation and definition,
The modifying influences of specific neutralizing capabilities of the system against
the threats or combination of threats, as well as the survival requirements under

. battle and peacetime operational levels of man-made and natural environments,
also will require more precise definition in terms of prescribed limitations. These

) limitations normally are to be prescribed as maximum, minimum, or acminal values,
or nominal values with a permissive range of values.

g
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The basic sources of accrued information needed to obtain the detail level of
definition required for the mission analysis activity will principally be the updated
RAD, intelligence studies, system planning studies, and analyses of the performance
impact of complementary systems to be employed in conjunction with the planned
system, as described in the baseline CFP/TDP. While it is expected that the
specific mission objectives may raquire a penetrating reexamination if the Conceptual
studies indicate over-conservatism or over-optimism of specific objectives, it alsa
is not expected that the mission will be redefined solely to be compatible with the
capabilities of the preferred systems. By maintaining a conservative, but acceptable,
mission objective stance, a reduction in total system cost can be anticipated.
Correspondingly, overly optimistic mission objectives can be achievable by

merging capabilities of existing systems with the planned new system as one of the

H effective operational alternatives available.
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Ag a resuit of defining in greater detail and in a more quantitatively precise frame -
the missicn objectives and operational condition under which the objectives are to be

achieved, the principal FOMs can be accurately formulated, Furthermore, an ex~

plicit technical correspondence can now be established between FOM statements ar 4

specific objective requirements.

Specifying Principal Figures of Merit (FOMs)

Principal FOMs are to be developed during Contract Definition as measures of the
overall performance quality of the system being defired for acquisition, For this
purposz, the principal FOMs are to be directly identifiable with the total set of

mission objectives, and are to envelop the critical and measurable top-level per-
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formance parameters observable in the system. These system parameters normally
= £ will include any quantifiable mission requirements {or translation of requirements)
' which may describ~ the basic capabilities that the selected system is to possess.

Major baseline decisions are required in formulating the principal FOMs during the
Contract Definition Phase, including the following;

¢ Means by which the FOMs are to be respoasive to the technical considerations
of multiple missions. Typical responsive appreaches to this aspect of the FOM
definition probtem are (1) to develop an overall FOM comy usiting each
Lystemn FOM or (2) to establish a rank-order of the FOMs in terms of their

relative importance,

FOM and the spectrum of critical system performance parameter which it

E E e Mapping by which a technical correspondence can be established between each
;
7 composites,

;

e [Lxtent to whica lhe principal FOMs are to be gquantitatively and descriptively

ik S L
>

apportioned to the major suhsystems to accurately reprerent the restrictive

performance contributions of each major subsystem to the principal FOMs.

To the eatent practicable, quantitative values for each defined FOM are to be sp  ified

in the system specification, wnd inclhded in the RFP to puide contractor definition
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activities. The value to be sp ified for each principal FOM defined at the inception of
the Definition Fhase can be established through extrapolations of the effectiveness analy-
sis results acquirad during Concepi Formulation. Each principal FOM defined and FOM
value specified will require a re-examination at the conclusion of Definition Phase stvdies
for possible revision prior to use in the nexi phase of Acquisition,

Performance Requirements Analysis

With the definition of the principal FOMs, the reassessment of mission goals and
available resources, and the updating and detailing of the system operations funciions
to first and second levels by the systems engineering activities, a corresponding ex~
tension is required of the set of time-based tables and matrices compriging the per-
formance requirements profile. The definition of the profile should be sufficiently
complete to provide a technical mapping of each principal FOM to its corresponding
set of required system and subsystem functions and critical design performance
parameters to be associated with the functions. The gross system performance re-
quiremerts profile available from the Conceptual studies will provide visibility of the
areas requiring further detail trade-off studies to establish, refine, or confirm the
critical system parameters and parameter values to be included, The updating of the
profile is ap iterative process for the purpose of providing a current system parameter
reference frame for the effectiveness parameter selecticn, model structuring, and
effectiveness analysis activities during this phase,

The basic input data reguired are the revised and expanded (1) time-lines, (2) func-
tional diagrams depicting system requiremente in functional terms, (3) schematic
diagrams of design characteristics within and between each subsystem, (4} RASs
relating functions to be performed by the systen: to the design requirements which
must be satisfied to meet these functions, (5) trade-off study reports describing the
comparative analysis and selection of alternative design approaches, (6) mission
analysis and FOM descriptions, and (7) the RAD and CFP/TDP baseline documents.
The primary technical contributions of the performance requirements analytical results
are to provide the following:

e The hasic technical traceability of the FOMs to system and subsystem design
a.d performance parameters

A
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¢ The principal benchmarks and reference frame for the updating of the
dependability and capability effectiveness parameters, models, and effec-
tiveness analyses,

¢ A documented compendium of parameter-accountable factor cause-and-effect
relationships for each defined system level

Operational Requirements Analysis

Consistent with the extension of the performance requirements profile to lower
system levels, a corresponding expansion of the operational requirements profile

is to be accomplished, System and subsystem parameters and concepts associated
with manning, operating, maintainine, and logistically supporting the system, which
comprise the effectiveness parameter of availability, are to be defined in detail and
quantitative values established. These include individual parameters which measure
the performance characteristics of the foliowing operational elements:

Maintenance
Employment
Deployment
Transportation
Personnel

Base and depot support
Training

Test and activation

Examples of operational availability measures, concepts, and parameters to be refined
were presented previously in Table 3-3 of paragraph 3-5.

The basic inputs required to define and establish the system operations! parameters

are the revised and expanded (1) time-lines depicting ground operations, (2) RASs

which identify personnel, training, fraining equipment, and procedural data require-

ments imposed by the equipment and facilities defined in the Inventory Equipment

Requiretients Specifications, (3) functional analyses of end-item maintenance functions

for AGE and OGE, (4) maintenance design requirements, including maintenance person-

ael and training, from the maintenance RASs, (5) end-item maintenance sheets, (6) mis-

sion analysis and FOM descriptions, and (7) RAD and CFP/TDP baseline documents.
4-10
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; . The updated analysis results on operational requirements are directly usable to
E E provide the following:

.k e The basic technical traceability of the FOMSs to system and subsystem design
' requirements for manning, operating, maintaining, and logistics support
parameters influencing total availability, such as turn-around time, reaction

time, or in-commission rate

o The principal benchmarks and reference frame for the updating of the
vailability effectiveness parameter, models, and analyses

¢ A documented compendium of operational parameter - accountable factor

cause-and-effect relationships for each defined system level

Effectiveness Parameter Selection

The performance and operational requirements analysis updating activities were

R TETTT MR

directed at defining the total set of principal subsystem and system performance
parameters. These parameters represent the measurable, or otherwise determinable,

. required outputs of system functions to be achieved as evidence that specific demands
of the mission can be met, An initial, gross reduction of this total set of principal

parameters to a restrictive subset of critical system parameters influencing effective-

PN

ness is made during Concept Formulation,

The criticality matrices and tables previously prepared are to be updated to include

the top-level functional, specialty, and operational system parameters contributing
significantly to the availability, dependability, and capability parameter sets of
system effectiveness, The critical accountable factors, =cting as input variables

to the system parameters, also will require expansion and re-examination. These

i TR L O R e N A ¢

accountable factors normally will be the important output parameters of major sub-

system functions contributing to principal system funetions, and will define the de-

L

sign and performance requirements to be placed on the subsystems. It is expected
that the criticality matrices will not require extension to the subsystem parameter :
level. Such an extension for all first-level functions would be extremely detailed.

Also, the multiple interactions of accountable factors normally present at lower

design levels would chscure the visibility provided by the criticality matrices and
L4 tables on the relative importance of critical systein parameters and accountable
factors to the FOMa:.

4-11




For the purposes of trade-off optimization and apportionment analysis, a refinement
~and extension of the transfer functions to more accurately describe the functional
cause-and-effect relationshipé cf the critical accountable factors to their system

and subsystem parameters will be required. For simplicity, however, transfer
functions are to be established and documented only for top-level system and first-
level subsystem functions, with all input accountable factors below the first level
considered as a total ensemble, independent of the design levels with which they

are associated. The synthesis mcthod and analysis methods I and II are usable to
determine the required combinations of inputs, transfers, and outputs. The synthesis
method can be used to determine the transfer functions connecting inputs with outputs
if the inputs and outputs requirements are known or can be reasonably postulated,
This method was previously described in Chapter 3 and summarized in Table 3-4,
Analysis Method I can be used to determine the performance outputs if the charac-
teristics for the inputs and how they are operated upon {ransfer functions) are
known., Analysis Method II addresses the reverse problem of determining account-
able factor inputs for known performance outputs and transfer functions, The
general characteristics of the three methods are outlined and compared in Table 4-1,

Further details on these methods are described in Appendix A,

Each transfer function relating a system performance parameter to its accountable
factors can he represented by an analog diagram with transformed mathematicai
functions, Additionally, for time-varying systems which are linear (or suitably
linearized with a method such as perturbhation), c¢ach transfer function can be
represented by an adjoint analog. Examples of such systems are closed loop systems,
feecdback systems, and similar null-seeking systems. The adjoint analog is obtained
by reversing all inputs and outputs and generating all time-functions hackwards.

For examzle, if a system analog has 3 inpuis and 1 output, then the system adjoint

must have 1 1nput and 3 outputs.

Adjoint analysis is a special case o Analysis Methods I and II and is usable as u
preliminary design technique to statistically analyze and optimize linear, time-
varying systems, The method employs parameter variation analysis commonly used

hv system developers,

4=12
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TABLE 4-1 COMPARISON OF SYNTHESIS AND ANALYSIS METHODS

Characteristic

Synthesis Method

Analysis Method 1

Analysis Method 11

application

8 Phase normally Concept Formulation Contract Definition Contract Definition
applicable and Contract and Acquisition and Acquisition
Definition
® Relative ease of Difficult Simple Difficult

s Relationship of

variables*

Transfer functions
are implicit func-
tions of inputs and
outputs

Outputs are explicit
functions of inputs
and transfer functions

Inputs are implicit
functions of outputs
and transfer functions

o Information

needed to start
preliminary
design

Minimum amount.

Requires knowledge

More than syathesis
method. Requires

of inputs anc outputs. knowledge of inputs,

Then find transfer
functions

system functions,
transfer functions,
and configuration
details on subsystems
anc equipment. Then
find outputs

More than synthesis
method. Requires
knowledge of outputs,
system functions,
transfer functions,
and configuration
details on subsystems
and equipment.
Thenfind inputs

e Input-output

expression for
linear, time-
varyving systems

Provided by a
superposition
integral

Provided by same
superposition
integral

Provided by same
superposition integral

¢ Procedure

I'ind transfer furc-

ticns Lo nulisty
superposition
integrals, Then
find physical
characteristics of
system which
satisfy transfer
tunctions

Iterative application
of superposition
integrals by changing
inputs repeatedly,
which zlters form of
transfer functions
until outputs are
ohtained

*Inputs and outputs normally are in the form of time-functions.

4-13

Iterative application
of supcrpasition
integrals by changing
outputs repeatedly.
whicn alters form of
transfer functions
until inpucs ave
obtained
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TABLE a-1 COMPARISON OF SYNTHESIS AND ANALYSIS METHODS (Continued)

Characteristic

Synthesis Method

Analysis Method 1

Analysis Method II

Optimizing
procedure
(example)

Find transfer func-
tion such that the
difference (ervor)
between each output
and the true output
is as small as pos-
sible, using this
transfer function

Find outputs such that
the difference (error)
between each output

and the true output is

as small as possible,
using the known trans-
fer function

Find inputs such that
the difference (error)
between each output
and the true output is
as small as possible,
using the known trans-
fer function

Error criterion
{example)

(1) minimum time —
averaged squared
difference or abso-
lute difference, or
(2) minimum ex-
pected value of
squared difference

Same as (1) and (2) of
Synthesis method

Same as (1) and (2) of
Synthesis method

Solution method
for simple,
linear time-
varying systems

Determine transfer
functions using
vecior analysis,
matrix theory, and
Laplace transforms,
for exampie

Determine outputs by
solving differential
equations or evaluat-
ing integrals connect-
ing outputs to inputs

Determine inputs by
solving differential
and matrix equations
conrecting inputs to
outputs

Solution method
for complex,
linear and non
linear time-
varying systems

Combination of
numerical and
analyticnl proce-
cures using digital
computations

Same as for Synthesis
method

Same as for Synthesis
method

Special tech-
nique to facili-
tate solution
for linear,
time-~varying
system

No simple method

Adjoint method

Adjoint method
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With the expansion and detail definition of the principal transfer functions, the

sensitivity functions previously developed on a gross basis can be updated at ihe

system level and expanded to the first-level, This will provide the insight into the lower-
level trade-offs required for an optimum balance of cost and performance and the detail
design requirements for major CEIs, The results of the sensitivity analyses for the sys-
tem parameters are used to revise the normalized sensitivity coefficients and accountable
factors fo be included in the criticality matrices,

The basic data required {o revise and further define the system and subsystem param-
eters and accountable factors critical to system performance and operations are (1) the
functional diagrams and related RASs and time-line sheets, (2) the performance and
operational requiremerts profile, (3) end-item maintenance sheets and related mainte-
nance RASs, (4) the initial system specification, and (5) the RAD and CFP/TDP baseline
documents, The results of the updated selection of effectiveness parameters are
directly usable to refine the effectiveness models to be applied for evaluation, optimi-
zation, trade-off, and apportionment of the FOMs, effectiveness parameters, and sys-

tem performance parameters composited by the effectiveness parameters and FOMs.

Model Structuring

System models developed and employed during Concept Formulation for the evaluation

of the preliminary FOMs will require updating for use in the evaluation of the defined
principal ¥OMs. The principal FOMs may not correspond necessarily to the pre-
liminary FOMs, Additionally, the need for the systern FOM and cost effectiveness
models for Contract Definition to provide an accurate and realistic’ analog of the system's
cost and performance behavioral characteristics will precipitate a necessary revision
and expansion of the previously es ablished system models. The m. del siructuring up-
dating activity normally will includz the following:

® Review and reassessment of previous assumptions used, including the explicit
rationale and justifications for the assumptions, Refine and modify assumptions
based upon the current knowledge of design and performance details. List all

such assumptions, rationaie. and justifications.
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Expansion of the limited system state model, normally a two-state analysis
model formulated during Concept Formulation to a larger, but manageable 4
number of state groups that will realistically represent the significantly dif-
ferent operating conditions that the system may be in during its mission assign- -
ment, State groups are to be defined and established where measurably dif-
ferent mission outcomes are present, and the associated probabilities can be
realistically and validly estimated. On this basis, and consistent with the
design details being evolved, the states to be defined for an effectiveness
analysis are to be responsive to the system operating conditions of (1) fully
operable (mission not ahorted), (2) fail~operable (system failures, but mis-
sion not aborted), and (3) inoperable {abort). For the fail-operable system
condition, a mosaic of mission outcomes is possible, However, this spectrum
normally is analytically manageable, The fail-operable system condition in-
cludes the different outcomes for definable combinations of failed major equip~
ment and their associated functions that (1) are redundantly present, (2) represent
extra performance margins, (3) possess over-ride alternatives, or (4) will not
materially reduce capability. The fail-operable system operé.ﬁng condition can
be partitioned into a discrete, limited number of states corresponding to equip~
ment failure combinations with similar magnitude of effectiveness influence.

A partialiy failed system operating condition is synonymous with the condition

of fail-operable. Any condition less than this is considered inoperable, and
hence of zero capability.

Development of a state flow diagram to represent the progression of the multiple
system states during the mission, This diagram is to be time-based and re-
sponsive to any partitioning of the mission into discrete time intervals for
separately, definable mission tasks or events. An example of a three-state

flow graph is shown in Figure 4-1,

Validation, revision, and expansion of the probability estimates for each of the
defined system states appropriate at the begining, and at the end of the mission,
These estimates can e extrapolated from sources such as historical data from
similar or related systems, data in MiL-HDBK~-217 und RADC Reliability

Notebook, randqm sampling simulations, and theoretical analyscs.

216
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Re-examination and definition in detail of the technical scenario for the )
evaluation, including the distinct 1cvels of threat groupings expected to be
present for each mission. The threat groups are to be composited so as
ta represent significantly different effects that are expected on the magni-
tude of capability achievable by the system.

Formulation, refinement, and expansion of the system effectiveness models
to be used for the evaluation of the principal FOMs defined for the system,
and the translated FOMs defined for major subsystems, The models are to
take into account the effectiveness parameters of availability, dependability,
and capability. These parameters typically will represent a technical in-
tegration of all the principal system performance, technical specialty,

and operational parameters of the system that will critically contribute to
the magunitude of an FOM achievable. Submodels will be required for each
of the three effectiveness parameters to provide the technical logic of how
the included assemblage of critical parameters are related. Additionally,
for each critical system parameter composited by the effectiveness param-
eters, a separate mode! is to be formulated for use in its evaluation. These
system parameter models normally will be coincident with the transfer
functions that mathematically relate an outpui system parameter to its en-
semble of critically dependent first-level accountable factors. The trans-
fer functions typically can be applied in analytical, statistical, or simu'a-
tion analyses.

Refinement and updating of the system cost model. The cost models are to
take into account the phase-related categories of development, acquisition,
and operational and maintenance resource costs (commodity size, tech-
nology, and dellars) on a total program basis spanning the useful life of the
system complement. Submodels also are required to provide the cost re-
lationships of these broad aggregations of cost to their major categories,
such as those previously listed in Table 3-9 of paragraph 3-7, Chapter 3,
for the Concept Formulation Phase. The submodels are to be suitable for
integration into the total system cost model. An alternate to the develop-
mental, acquisition, and operational and maintenance categories of cost
could he the Levei I breakout of cost elements from the Program Work
Breakdown Structure (PBS). Examples of such cost categories are RDT&E,
system procureraent, military construction, operations and maintenance,

military personnel, other procurement, etc. These categories can be

4-38




directly correlated with the broad phase-related categories, if such a
correspondence is desired for cost estimating purposes. Where the PBS
is used as a baslis for categorizing costs {o be integrated by the system
cost model, the cost relationships are tc be defined to Level IO of the PBS
as a minimum. This level normally will include the detail work effort and
contracior effort. Additionally, contractor cost relationships associated
with his Work Breakdown Structure (WBS) are to be defined for at least the
next lower summary level of cost categories. Sysiem cost estimates nor-
mally will represent a composite of inputs from participating commands,
such as the using command, ATC, AFLC, and AFSC. These inputs in part
are based on duta provided by the involved contractors, with contractor
estimates obtained through responses to the RFP and the studies contracted
for during this phase. Methods to be used for cost sensitivity and variance
analysis to provide a measure of the precision of the cost data are to be
defined in detail as a part of the model structuring refinement activity.
Examples of techniques useful for cost precision analysis are the cost vari-
ance and PERT-Cost procedures.

Reformulation of the cost effectiveness models as necessary and refinement
of the cost cffectiveness criterion for each mission., Identification from the
design details being expanded concurrently of the significant trade-off alter-
natives for the accountable factors, system parameters, and system func-
tions. Determination of the technical constraint boundarie= and the resource

cosis associated with each alternative, or each set of intersecting alternatives.

Establishment of detail requirements for input data which are fundamental to
obtaining an analytical or simulated output for each system and subsystem
effectiveness, cost, and cost effectiveness model defined. Table 4-2 pro-
vides a listing of the typical input data requirements to be defined and the
expected outputs witich can be derived from this data by application of the
transfer functions incorporated in the models. Additionally, a data guide

is to be prepared to document data sources which are to be used for effec~
tiveness analyses, including existing sources and those supplemertal sources
expected to be available and utilized during later acquisition and operational
phases.

4~19
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TABLE 4-2 TYPICAL INPUT REQUIREMENTS AND MODEL OUTPUTS

Input Data Requirement

Output Fstimate

Distribution or discrete range of values
for each critical accountable factor
(design variable)

Distribution of values for each system
performance parameter critically con-
tributing to the capability cffectiveness
parameter set.

Failure rates, Iailure modes, redun-
dancies, alternate modes of operations,
and in-operation aintenance, repair,
and adjustment rates.

Distribution of values for system re-
liability parameter of the dependabil-
ity effectiveness parameter set.

Exposure time and reaction time dis-
tributions, dispersal radius, haidening
level, alternate modes of initiation,
threat levels and patterns expected,
and mobility.

Distribution of values for system
survivability parzmeter of the derend-

ability effectiveness paramete: set.

Operational schedules, number of
available systems, assets available,
time betiwveen inspection, checkout time,
checkout failure rates, inventory fiil
rates, removal rates, time required
for maintenance, transportation time,
deployment mode, and characteristics
of complementing systems.

Distribution of values for system
availability effectiveness parameter.
Also suitability of equipment spares,
maintenance and handling facilities,
and manpower allocations.

Probability of occurreace and time
distributions for critical maintenance
items, maintenance frequency and time
duration by type of items, maintenance
assets of personnel, skills, equipment,
and types of facilities, maintenance
activity sequencing for minimum down-
time, mean turnaround span for each
item, and delays.

Distributior of values for maintenance,
deployment, transportation, personnel,
base and depot support, training, and
test and activation system parameters
of the availability effectiveness param-
eter set.
policy (e.g., level of maintenance
which maximizes reliability gain per
unit cost).

Also optimum maintainability

Resource cost of commodity size
(skills, material, frcilities, etc.),
technology, and dollars per mission.

Expected total and per year system
life cycle cost per mission.

Output estimates for system avail-
ability, dependability, capability,
and cost parameters.

Distribution of values for system and
cost effectiveness measures.
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System and Cust Effectiveness Analysis

Svstem and cost effectiveness analyses ave to be updated and to be conducted on 2 more
refined basis consistent with the ameunt of design details being defined for the system.
Eack effectiveness parameter included in the established models is io be analyzed with
respect to the specifie influences and trade-off potentials of eritical accountzble factors
and effects of threats on the compositad system parameters. The ultimate output of
these analyses is to technically estabiish and define in detail a system configuration
with optimum performance and cost balance. Specific analyses required during this
phase include the following:

e Trade-off analyses of vital design alternatives to provide design visibility and
authoritative knowledge of (1) the high technical and cosi risk areas requiring
configuration decisions to reduce such risks to sensible ones, (2) the inter-
active influence of alternate design details and functions on each FOM and its
eftectiveness parameters, and (3) the gross magnitude of effectiveness im-

provement achievable in each configuration analyzed.

e Anaivses of critical accountable factors to analytically determine their specific
range of required values for maximum effectiveness. These analyses are to
include a reiinement and more accurate determination of the sensitivity func-
tions relating incremental changes in values of these accountable factors to
changes in effectiveness parameters and FOMs. The criticality matrix is to
be updated as a result of thic analysis,

e Analyses of the defined system states to exclude those states and considerations
which are least critical to the mission for model simplification. Analytical,
statistical, and mathematical simulation techniques can be used to derive the
reduced criticzl state set.

e System effectiveness analyses to provide an estimate for each defined FOM
measure. These estimates are usually derived from a sequence of optimiza-
tion jterations. (A typical optimization technique to employ is the Analysis I
method. previously described in this paragraph, with a forward and backward
optimization procedure after terminal gesign constrzints have been met from-
previous iterations. On a forward pass, which is the improvement pass, the
output is determined. The adjoint equations then are solved on the backward
pass using the improved output values.) Analyses of system effectiveness are
to be performed separately for the availability, dependability, and capability
parameters. Availability analyses are directed at defining and evaluating the
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condition or readiness of the candidate system configuration 4t the heginning

of an assigned mission. Updated probability estimates for cach state which is
defined as critical are to be esiablished and used for this analysis. Depend-
ability analyses are audressed to an evaluation of the operating conditions of

the system during and at the end of the mission for each defined availability state.
Transition and outcome probability estimates will be needed to asscss this
parameter. Capability analyses, which are perfcrmed to evaluate the output of
the critical system performance parameters, also wiil be required. For each
system parameter, the output value correspording to each of the different de-

pendability states is to be estimated.

Cost analyses to determine the cost cf each major performance or operational

alternative to be analyzed.

Cost effectiveness analyses to establish the optimum performance,time, and

cost balance.

Statistical analyses to establish or refine the lowzr confidence estimzate for each
FOM and cost effectiveness measure, taking into account, as a minimum, sta-

tistical errors, asswnption errors, and cost variances.

Analyses are to be performed and estimates tabulated for each mission and for the most

probable and worst level of threats. Estimates are to be provided on a current and

5-year projected basis for the measures of cost effectiveress, FOMs, effectiveness

parameters, and critical system parameters.

Information Flow

The bazic dati required for the effectiveness analysis refinemert activity are prineci-

pally avaiiable from the following activities, most of which are progressively updated
throughcut the Definition Phase:

o

Baseline requirement documents defining system concepts
CFP/TDP and RAD
Effectiveness report of Concept Formulation Phase

Program work breakdown structure
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e Detail performance and design defirition stodies

» Functional analyses, RASs, tradeoif studies, schematic diagrams, and

time-~lines,

The outputs of this activity will contribute to the following:

¢ Establishment and validation of firm and achievable system specification, CEI

detail specifications, and Inventory Equipment Requirement Specifications
e Definition of intersvstem and intrasystem inteifaces
e Identification of high performance and cost risk areas

e A basis for the preparation of augmenting and compatible program plans for the
specialty technical disciplines

e Validation of the technical approach and crestion of the best cost-effeciive

system

e Identification of personnel and training, logistics support, and other operational

requircments

e Ideniification of data requirements.

A summuary of the basic¢ information network for the effectiveness analysis refinement

~

activity is shown in Figure 4-2.

4-3 APPORTIONMENT ANALYSIS IStep E10 I

General

The apportionment of system effectiveness measures and their influential parameters
is a technical process which must be imnlemented if the system design criteria to he
established 2re to be cousistent witl: Lue (oGuired syster performance to meet
mission ohjectives. System effectiveness measures normally to be apportioned during
the Definition Phase include FOMs, their constiiuent parameters of availability, de-
pendability, and capability, and critical systen: parameters (whose apportioned first-
level accountable factors become the top design parameters of major CEIs). Appor-
tionment can be technically considered as being a direct result of an optimization
procedure. Generally, apportionment is accompi.shed by establishing with an iter-
ative procedure the ensemble of input values which will provide the required balance
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of optimum output values tor the FOM and cost measures. Traditionally, appcrtion-
ment iviplies a rational allocation of ai output to its ensemble of irputs. In practice,
the rational basis for such a top-leve! tt. lowar-level allocation is to build from the
lower-level design details up through transfer functions to the top-level. This building
prccess involves au oscillating series of #llocations and acijustments of allocations until
achisvakla, optiimum values for the accountanle factors are determined which wil! op-
timize the output terminal parameters. Having thus optimized the input design variables
with respect fo the FOMs, the technical connect.ons between these variables and the
FOMs, such as system and effectiveness parameters, will in turn be compositely
optinzized.

Apportionment of FOMs

The apportionment of each principal FOM defined for aa overall weapon, support, or
electronic system configuration is a two-step process that can be accompliched
typically as follows:

e Translate each top-level system FOM into a set of lower, first~level sub~-FOM
measures. As a minimum, this is to be accomplished for each major subsys-
tem. The sub-FOMs must be capable of being technically described in t:rms
of specific subsystem performance parameters that are observable and meas-
urable. A sub-FOM, therefore, represents an integration of a restrictive sut
of terminal performance charscteristics associated solely with a first-level
subsystem (or a major CEI depending on the point of reference). It is a meas-
ure of the performance value or merit. of the subsystem with rezpect to its
contribution to the perforriance value or merit of the overail system. Each
sub-FOM also maust possess 2 technical link-up with the system FOMs, such
as by contributing or being identica! with a defi:ed system parameter, or by
contributing to a set of system parameters. One of these two technical connec-
tions usually is present, and can be represented by a performance-~oriented
logic diagram. Ina similax/~ manner, a companion connection exists between the
availability, dependability, and capability effectiveness parameters of a sub-
system (integraied by a sub~-FOM) and the effectiveress parameters of a systern
composited by a system FOM. An overview of tae technical relationship of a
subsystem FGM to its system FOM is shown in Figure 4-3. Additionally shown
is a perspective of how their associated performance paraneters are integrated b
thiese FOMSs.
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¢ Numerically allocate an overall system FOM to its defined sub~FOMs. The
technical analog of the connection between the sub~FOMs and the system FOM,
just described, will indicate the sys.om and subsystem parameters to be
included in the apportionment analysis. Techniques for the numerical apportion—
ment of system FOMs include (1) Lagrangian method, (2) Lagrangian method
with priority lists, (3) dynamic programming, (4) direct comparison (direct
search), (5) linear programming, (6) gradient projection, and (7) calculus of
variations. These techniques are equally applicabie for the apportionment of
system effectiveness related measures of availability, dependability, capability,
and system parameters. A guideline for selecting the technique to use for a
particular application is provided in Table 4-3. Appendix D summarizes the
detail procedure for each of these techniques.

Aprortionment of System Parameters

The terminal performance and operational behavior of a system are observable and
measurable by its top-level system parameters. Along with the system FOMs, these
output parameters represent the focal point of most optimization processes. The best
combination of input values for critical accountable factors within resource or require-
ment constraiuts which will optimize these parameters is to become a part of the top
design criteria for major CEIs. A branching of the apportionment process to lower-
level accountable factors normally will not be required during the Definiﬁon Phase,

An input accountable factor may not be in the same measurement unit as the system
..utput parameter(s) it influences, This is typical of many functional parameters com=
posited by the capability parameter, In most cases where this situation iz present,
there is an analytical connection of the different measurement units through transfer
functions. On the other hand, accountable factors may have the same measurement
unit as their output parameters such as those which normally are sumraed or multiplied
(e.8., error, weight, lift, drag, probabilities, and turnaround time). Examples of
both a:countable factors with different measurement units than the system outputs they
influence, and those with the same input-output m¢ is1irement units are listed in

Table 4-4.
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TABLE 4-3 APPLICATION GUIDELINES FOR SELECTED
APPORTIONMENT TECHNIQUES

APPORTIONMENT TECHNIQUE PROCEDURE
Lagrangian Method — Maximize difference between output* and sum of
constraint variables.

Lagrangian Method With Priority Lists — Add priority numbers to determine
optimization path.

Dynamic Programming = Optimize one stage of problem at a time.
Direct Comparison (Direct Search) ~ Compare output* for @ach alternative.

Linear Programming ~ Optimize output* based on a system of linear
constraint functions.

Gradient Projection — Modify optimization vector with constraint components.
Calculus of Variations — Formulate optimizing criterion as an integral.

Qe GG G ©

Characteristic gmg’“mét Tg‘“‘g Apéh‘:*g**
o Simple to understand X | X ’
e Fast to accomplish X X
o Provides perspective of ontimization X
e May require computer X X X X X X
e Concept Formulation
o Definition @ E(] @ @
e Acquisition X x | [E
® Many system inputs @ X x| X
e Few system inputs IR IF| x| x
o Fcw values for each system input X X E(] @ X X
e Continuous system inputs X | x
e System inputs do not interact X X{x|x1lx
& Linear transfer functions (X} x| x
e Nonlinear transfer functions X ElEX

*f output is Figure of Merit, inputs may be system parameters or accountable
factors

**X denotes applicable; @ denotes applicable and preferred
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TABLE 4~4 EXAMPLES OF ACCOUNTABLE FACTORS AND
PARAMETERS WITH DIFFERENT AND SAME MEASUREMENT UNITS :
7 Parameter (Unit) Accountsble Factor (Unit)*
N |Different Units j
I 1
IR e System time of flight (minute) Pitch commard (degree)
; Cu*off veloeity (f.p.s.) ’
] Aerodynamic coefficients (-—~)
: Re-entry ballistic coefficients (= - ‘
¢ o System range {(mile) Payload (pound)
y Total impulse (pound-second)
g Pitch program (degree)
4 e System accuracy (yard) Thrust offsets (inch)
: Time to cut-off (microsecond)
: Wind perturbations (f.p.s.}
i Guidance alignment (milliradian) d
Same Units
‘ ® System weignt (pound) Subsystem weight (pound)
o
N S s System probability of maintenance Subsystem probability of maintenance
& (percent) (percent)
. e System probability of performing Subsystem probab%}jty of perfurming
: function (Reliability) (percent) function (Reliability) {percent)
" e System lift (count) Subsystem lift (count)
e System drag (court) Subsystem drag (count)
‘ e System error (feet) Subsystem error (feet)
; e System turnaround time (hour) Subsystem turnaround time (hour)
. .
! ]
: e System volume (inch”) Svbsystein volume (inchs)
e System computer capacity (bit) Subsystem computer capacity (bit)
! e System probability of safety Subsystem probability of safety
{(percent; * (percent)
e System gain (volt) Subsystem gain (volt)
- e System impulse (pound-second) Subsystem impulse (each staye)
(pound-second)
*All critical accountable factors are not exhaustively listed for each system paran:eter,
4-29
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Apportionment of Effectiveness Paraneters

Optimization of an FOM Invariably can be accomplished through two technical paths.
These are:

e By optimizing the first-level critical accountable factors with reaspect to the
FOM, thereby optimizing the top-level system parameters with respect to the
FOM.

¢ By optimizing the tc,~level system parameters directly with respect to the FOM.

It is also possible to take a uirect path firom lower=-level factors, However, this path

is not techniczlly feasible during Contract Definition because of the potential absence

of design details and definition at lower design levels and the lack of knowledge of the

precise effectiveness influences from the numerous interactions of accountable factors

present at these design levels, Another possiblc but technically undesirable path is by

directly uptimizing the effectiveness parameters of availability, dependability, and

capabi.lity with respect to an FOM. Since those parameters typically are parameter

sets which are inclusive of multiple system parameters, their direct optimization would

not provide any intelligence as to the specific design requirements for the system param-

etvrs and their accountable factors for optimum effectiveness, .

The need to separate out the apportioned values for availability, dependability, and
capability, apart from their utility in an effectiveness analysis, normally will arise
caly if it is desired to include these parameter sets intc system and subsystem perform-
ance specifications, In practice, it is not expected that this will be universally required,
except in special applinations where these param<aters zre of critical consequence, and _:
thus have been tragditionally included in specifications. An example is the specification '
of system availsbility for aircrait, booster, electionics, and missile systems and for

training missions. Another situation where it may be desirable to include the avail-

ability, dependability, and/or capahilic, sarameters in specifications is where . trade~

off option is available for the system developer to establish the best combinati.a of

system parameter values composited by each effectiveness parameter, subject to a

required value for the effectiveness parameter. A variation of this situation is where

it is desired to control both an cffectiveness parameter {such as the capability param=

eter) and = restrictive group of critical, high riek parameters by specifying values only

for the controlled parameters., The open design option would then apply to the values

foxr the balance of the less critical parameters integrated by the eiffectiveness parameter,
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i ‘ Procedure

The procedure for the accomplishn..nt of the apportionment analysis activity can be
summarized by the following general steps:

Translate each top-level FOM into & set of zub-FOM measures for each first-
level subsystem,

Establish the technical connection of each sub=-FOM to the system FOM. Rep-
rz2ont this link-up with a performance-oriented logio diagram,

Numerically allocate an FOM to ita sub-FOMs through the defined technical
connection of the sub=-FOMs to the system parameters which they may influence.
Also allocate (1) the sub~-FOMs to their subsystem performance parameters,

(2) the system performance parameters to their eritical first-level accountable
factors, and (3) optionally, the system FOMs to their effectiveness parameters
of availability, dependability, and capability. Accomplish the apportionment
using techniques such as those delineated in Table 4~3 previously described,

Information Flow

The basic data required for the apportionment analysis activity include the following:

Specific descriptions of principal FOMs and sub~I'OMs
Initial performance requirements from the system specification

Mission, performance, and resouw.ce constraints from the system specification
and baseline documents

Mission operational conditions (enemy threat levels, natural environments, etc.)

from baseline documents and the effectiveness analysis refinement activity

First and top-levél transfer functions (including sensitivity functions) and
criticality matrix from the effectiveness parameter selection artivity.

Initial input~outgut nominals for design parameters selected from trade-off
and deterministic optimization studies from the effectiveness analysis refine-
ment activity,

The basic outputs of this activity are used to validate the technical approach and to
establish realistic and firm design requirements for perfcraance parameters to be
included in the updated system performance specification and detail specifications for
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major CEL:. A firm technical basis is, therefore, provided on design criteria which
will lead to the development of an opti:ium performance~-and cost-effective system.
Figure 4-4 summarizes the information network for the apportionment analysis activity.

4-4 EFFECTIVENESS PROGRESS MONITORING AND DEMONSTRATION
PLANNING Step El11

General

A program will be required to be defined during Contract Definition for the inonitoring
of effectiveness progress, and the approach and procedures to be used for demonstra-
tion of current effectiveness achievement during later Acquisition and Operational
phases. The early planning of this program will insure the availability throughout
later phases of the following:

e A timely, integrated, and continuous status of current, planned, and demon~-
straied system performance. This visibility will provide a valid and rational
basia for SPO and coatractor management decisions on critical or sensitive
design and program areas requiring correction of deficiencies,

e Necessary and timely tests, test data, aud analytical and simulation studies
for use in (1) assessing current effectiveness status, (2) predicting future
performance progress, (3) development of more realistic target values for FOMs
and system performance parameters, and (4) demonstration of effect.7eness.

The system's current performance value is the terminal, measurable behavior that is
expected to be observed if the system is to be operated on the date of the estimate, The
planned performance value ir the anticipated value of a parameter at a designated point
in the devrlopment cyclc and will reflect predicted engineering changes and future ex-
pected progress. The demonstrated performance value is that observable from actual
operational performance tests normally associated with Category III testing and Tech-
nical Approval Demonstration (TAD) testing (or Category I and II system testing if the
TAD equivalent is performed during such tests). A planned performance value if accu-
rately estimated will converge to the demonstrated performance value.
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Effectiveness Progress Monitoring

A defined plan for monitoring effectiveness progrees during Acquisition and Operational
Phases should include a series of dynamic elements to be accomplished in a timely and
technically acceptable manner. The plan is to include the basie approach, implementa-
tion guidelines, and methods for its accomplishment, In line with the integrating asypcts
; of the system and cost effectiveness technology, such a plan should be responsive to

i the outputs of the multi~-specialty disciplines affected, For the effectiveness monitoring
' program to be efficient, fundamental features must be incorporated, These include

(1) simplicity in imple:nentation, (2) technical sufficiency, (3) flexibility so that critical
and sensitive design areas which are rotating with tinie can be highlighted, (4) maximum
utilfzation of existing data, and (5) non-duplication with other complementary pians,
except on a top summary level. '

- As a part of the plan for monitoring effectiveness progress, an efficient system is to
be: defined for the regular assessment of technical progress in meeting system perform-
ance parameter requirements and goals throughout the Acquisition Phase. The system
should be planned with observant care of the following practical realities:

e The status of an FOM value and the value for each of its effectiveness param-
eters of availabiility, dependability, and capability normally cannot be diréctly
tracked. These are composite values, determinable through analytical calcula-
tions. In contrast, the system parameters, first-level parameters, and account-
able factors are directly tractable in that they represent the measurable, terminal
performance cravacteristics of a system and its constituent subsystems.

e Only parameters and accountable factors critical to the performance and cost
effectiveness of a system are to be tracked.

a Technical performance measurement and tracking of critical parameters and
accountable factors is a dynamic process, wherein each element may rotate in
time with respect tv its criticality. Thus, a critical parameter should be reduced
in stature to a non-critical parameier and deleted from the tracking system
it its target has been achieved and is not expected to be altered with anticipated
design changes,
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A necessary entity of a technically sulficient monitoring plan on effectiveness progress
and growth is a system for the mesaningiul measurement of progress in meeting target
values for the system performance parameters. Such a system is defired as a Tech-
nical Performance Measurement (TPM) sysiem. Elements to be included on a prelimi-
nary basis in a TPM system, consistent with the amount of design details and configu-
ration definition available during the Definition Phase, include-
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¢ Master list of parameters and accountable factors to be tracked. Table 4-5
provides examples of such items.

e Planned converg.:nce profile for each parameter and accountable factor listed.
As a minimum, an estimate of the current performance va'ue at the start of

: ! development, and the planned value at the time of system delivery, are to be

i I included,

o Format for reporting of status on the current, planned, and demonstrated
parameter values achieved and assigned, such as:

(1) Parameters and accountable factors from the master list which are to
be reported to the procuring agency. This normally will invol~ 2 tno-
level and some first-level system parameters

(2) Frequency of reporting. Typical program points for reporting are those
3 which coincide with the planned SPO review of the centractor's integrated
systems engineering and technical directivn efforts, These SPO reviews
are addressed to determining contractor progress and technical adequacy
in meeting system requirements, including effectivcness considerations.
o k Typically, these points are the system requirements reviews, pre-
liminary design reviews (PDR), cri*ical design reviews (CDR), first

i articie configuration inspection (FACI}, acceptance tests, and TADs.

(3) Approach for highlighting current and anticipated critical problem areas,
and the nature of problem analysis summaries to be presented.

{ (4) Approach for filterirg of design changes affecting the parameters and
factors on the master list.
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TABLE 4-5

EXAMPLES OF CANDIDATE PARAMETERS FOR INCLIJSION

IN A TECHNICAL PERFORMANCE MEASUREMENT SYSTEM*

Mission
® Basic long range mission
® Basic payload mission with specified g load factor
e Maximum payload mission with specified g load factor
® Re-supply mission

System and First-Level Parameter

Liftoff weight

Takeoff distance

Rate of climb (gear up)
Initial cruise altitude
Cruise speed

Payload

Range

Empty weight

Operating weight

Operating weight c=nter of gravity

Takeoff drag

Cruise drag

Landing drag

Takeoff maximum lift coefficient

Landing maximum lift coefficient

Installed takeoff thrust

Installed climb thrust

Installed cruise thrust

Maximum reverse thrust

Installed cruise thrust specific
fuel consumption

Abort reliability

Mission reliability

Maintainability

Organizational level maintenance
manhours

Depot level maintenance manhours

Field level maintenance manhours

Inspection time

Safety

Quick engine change tire

Preventive maintenance time

Corrective maintenance time

Structural limit weight at specificd
load factor

Fuel capacity

Roll in one second :

Air minimum control speed

Roll helix angle

Lateral — directional damping

Longitudinal short period damping

Aerodynamic center of gravity limit

Stall pattern indicator — cruise

Stall pattern indicator — takeoff

Stall pattern indicator — landing

Cooper rating (no augmentation),
lateral-directionz!

Cooper rating (no augmentation),
longitudinal

Uninstalled thiust

Termperature in fiight

Flotation

Electric load (cruise, takeoff,
climb, emergency) :

Hydraulic 1+ d (takeotf, approach

Turnaround time

*Exampl~s are based on an aircraft system.

Measurement of cach parameter is

to be accomplished based on specific operating conditions (e.g., altitude, weight,
center of gravity, temperature, etc.).
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{5) Approach and method for obtaining current and planned parameter

and accountable factor values. Data sources potentially useful in

esiim:ting these values include:

(@)

planned design changes, with projectad effect of changes based

on sensitivity relationships develuped in Step E10. Example.

of types of sensitivity relationships which can be applied to arrive
at predicted parameter values ere listed in Tabie 4-6. '

(b) credible design analyses

(c) simulation tests

(d) Category I and II tests

(e) historical learning curves appropriately adjusted

(6) Reporting form

Effectiveness Demonatration Planning

As previously indicated, a system FOM normally cannot in itself be physically

demonstrated. The notion of effectiveness demonstration, of nccessity, refers to a

physical demon stration of the measurable performance parameters of a system, with
the observable results analytically composited to arrive at a demonstrated FOM value.
Demonstration planning during Definition, therefore, is to be responsive to this reality.
It also is to incorporate a vasic effectiveness demonstration approzch which utilizes
the standzvd Categoryi, I, III, and TAD testsplanned for the system.

Effectiveness demonstration planning involves the fellowing activities:

e Identification from the integrated test plan of those defined Category I, II, III,
and TAD tests which can be ccnsidered to be system tests represzntative of

the operational environment, and, therefore, suitable to be used for demon-
stration purpoces

e Definition of the interrelation of demonstration tests vhich may be planned
separately for programs of reluteu specialty disciplines, such as reliability,
safety, maintainability, human performance, ete., and the approach for “heir
integration
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TABLE 4-6 EXAMPLES OF SENSITIVITY RELATIONSHIPS FCR

PREDICTED PERFORMANCE

)

X)

®)

&)

X)

X)

)

change in takeoff maximum lift coefficient = (-y) feet takeoff
distance

counts cruise drag = (-y) pounds payload

percent thrust specific fuel consumption = (-y) pounds payload

pounds liftoff weight {(+y) pounds puyload

pounds liftoff weight

(ty) feet takeoff distance

prunoe liftoff weight (-y) feet per minute rate of climb

pounds liftoff weight

#

{~y) feet initial cruise altitude
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e Definition of the approach for integrating Category III tests by the using
commands and TAD tests

e Establishment of the approach for integrating compatibility tests conducted
with augmenting systems

® Analysis of the tests planned for the evaluation of system performance to
determine sufficiency of the planning for demonstration purpeses. Also,
analysis of the estimating problem associated with establishing confidence
limits for FOMs and system parameters, including a description of the
approach to be used. One such approach is the technique using Mellin
transform and a Bayesian procedure to determine the output probability
distributions for pruducts of parameters with known input distributions.
This technique is described in the RADC System/Cost Effectiveness Notebook,

Procedurs

The procedure for the techniczl accomplishment of the effectiveness progress monitor-
ing and demonstration planning activity can be summarized by the following genaral
activities:
e Establish a basic effectiveness monitoriag plan, including the approach
for 2 TPM system

e Establish preliminary master list of system parameters and accountable
factors which are to be tracked during Acquisition and Cperational Phases.
Correlzte list with PBS elements

e Establish expected convergz=nce profile for these parameters and account-
able factirs

e Establish monitoring points where effectivenese progress is to be formally

assessed

e !dentify the system parameters to be demonsirated, and the method by which
the results are to be integrated to calculat: a demonstrated FOM value

e Tstablish impleamentation guidelines, and identify data sources and methods

for obtaining moeasures of current, predicted, and targeted values
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Establish effectiveneas status reporting format to include frequency of -
updating, approach to highlighting critical problem areas, and method for

displaying the current and historical convergence progress of a parameter

value to its target value for each critical item on the parameter list

Define an effectiveness demonstration plan to include suitable tests from
the planned standard test programs which are to be used as demonstration
tests. Amnalyze sufficiency of this test planning with respect to the number
of tests scheduled and test balance of the critical system parameters to be
demonstrated, and establish approach for determining confidence limit
estimates.

Information Flow

The basic data required for the effectiveness progress moritoring and demonstration

planning activity are:

The parameters and accountable faciovs and their relative criticality com-
positec in the effectiveness c;-iticality matrix, the sensitivity relationships,
and transfer functions from the effectiveness analysis updating activity.
These data will provide the rationale for the formulation of the master
parameter list, convergence profiles, and selection of system parameters
to be demonstrated

The specification performance values from the system performance specification
and the detail majcr CEI specifications. These values were developed,
allocated, and validated previously by the apportionment analysis activity

Information from the system program inanagement and schedule networks fer
establishment of formal reporting and review points

Category I and II test plan, and the TAD and Category III test plan, if
available

Demonstration plans for the related specialty technical parameters, such
as reliability, safety, maintainability, human performance, etc.
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. The outputs of this activity will:

e Provide the detail data requirements for effectiveiness analyses to be
accomplished during Acquisition

e Define the continuing effectiveness evaluations required during Acquisition

z

® Afford a perspective of the ps rameters with 2 high technical risk, and
the rate of expected achievement of the target values for these and other
parameters on a time basis

e Provide an analysis of the system test plan in terms of usability for current
and demonstrated performance estimates

e Form a basis for performance incentive provisions.

g Figure 4-5 summarizes the information network for the effectiveness progress
' monitoring and demonstration planning activity.

4.5 REPORT Step E12

General

A final report is to he submitted to the SPO summarizing the system and cost effective-
ness formulation, evaluation, and assurance planniug results for the Contract Defini-
tion Phase. The report will be used by system planners at HQ USAF, HQ AFSC, and
the SPO, for many purposes including the following:

e To provide a basis for the synthesi of the best features of each contractor's
design approach into an optimum sysiem within the overall performance,
cost, and schedule requirements and proprietary limitations -

e To establish the traceability of desiga requirements, and to validate the
sufficiency of performance re-ui-ements included in the system specification
and the Part 1 detail specifications towards definii:g a system with optimum

performance ard cost efiectiveness to meet mission objectives

e To establish the high technical and cost risk areas requiring focus and detail
design and effectiveness analysis during Acquisition Phase
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@ To have realistic data for updating of the TDP and for the preparation of
the Proposed System Package Plan (PSPP), which signifies that the decision
to proceed with Acquisition can be made

e To provide the reference framework and a continuum for the effectiveness
activities to be implemented during Acquisition Phase

The system and cost effectiveness report is to inciade the following updated technical
data:

e The mission analysis results, including descriptions of the specific objectives
of the mission and mission threats anticipated by kinds, levels, and prob-

ability of occurrence

e Explicit definition of the principal FOMs, their technical traceability to
specific system performance parameters composited, and quantitative values
for each defined FOM and sub-FOM

e FExpanded system performance requirements profile, including parameters
taken into account ar d their assigned values

¢ Expanded system operational requirements profile, including parameters
token into account and their assigned values, maintenance concepts, logistics
support concepts, personnel estimates by specialty skills, training concepts,
transportation concepts, etc.

e Resuits of, and rationale for, effectiveness parameter selection, including

criticality matrix

e Models and submodels used in the evaluation of FOM, sub-FOM, availability,
dependability, capability, cost, and cost effectiveness measures, including
explicit rationale and jastification of analysis assumptions

e Major sensitivity relationships of each defined FOM to its critical accountable
factors

e Transfer functions for the system level and subsystem level of functions in

terms of output system parameters

e Descriptions of defined system states, state flow graphs as appropriate, and
probability estimates for each defined state
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o Tubulated analysis results of current estimates for FOMs, sub~FOMs,

effectiveness parameters and critical system parameters

e Data requirements and sources for Definition analyses accomplished and
those contemplated for use in the Acquisition Phase

e Description of apportionment technique used and apportionment results
on FOMs, sub-FOMs, effectiveness parameters, and critical system
parameters

o Effectiveness progress monitoring and demonstration plan, including master
list of parameters for TPM, expected convergence profile for these param-

eters, and demonstration test planning evaluation results.

Information Flow

All of the major activities, Steps E9 — E11, will provide inputs tothe System and Cost
Effectiveness Report for the Definition Phase. The technical data to be included in
the report are directly usable for the preparation of the PSPP and other baseline
documents needed to commence Acquisition. The basic information network for the
report activity is shown in Figure 4-6.
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Chapter 5

SYSTEM AND COST EFFECTIVENESS IMPLEMENTATION
FOR ACQUISITION PHASF

Summary

The evolutionary system and cost effectiveness impiementation process is continued
into the Acquisition Phase to provide Air Force ané contractor management with
visibility and confidence of technical progress in meeting the defined effectiveness
requirements and goals as system desigh natures, During this phase, the effective~
ness process is addressed to the activities of (1) detail effactiveness analysis, (2)
effectiveness progress monitoring and demonstration, and (3) final report. The de-
tail effectiveness analysis activity provides a continuing, updated evaluation of the
effectiveness impact from synthesis being accomplished on design solutions, and the
extent that system performance will be responsive to the established effcciiveness
requirements and goals, The effectiveness progress monitoring and demonstration
activity implements the plan defined during Definition, This activity provides the
overview of technical progress on effectiveness growth, critical risk and problem
areas, and achieved effectiveness performance at major milestone points, and employs
a technical performance measurement system to achieve its purpose, The final re~
port activity provides to the SPO a closing summary of the significant effectiveness
progress achieved during the phase, The basic time-sequenced format used to de-
sccribe the effectiveess astivities of the Definition phase and their interactions with
the system management procedures of AFSCM 375-4 on a composited basis is pre-
served for the description of the activities and procedures applicable to the Acqui~
sition Phase,

ALkl e s A e e 3

Ak

.
ST,




TT——_p

LTl T T

5-1 GENERAL

The Acquisition Phase consists of two overlapping efforts of development and
production, The phase starts with the issue of the System Program Directive and the

preparation of the System Program Package (SPP), It ends with the acceptance of the

last operating unit by the using command or organization, and when all changes re-
quired from Category II testing have been placed on contract. The fundamental pur-
pose of this phase is to acquire and test the system elements required to satisfy the
SPP and the system specification, The Acquisition Phase is intended to achieve the

following objectives:

(a) Updating detail plans derived during the definitior phase,

(b) Identification of spares required,

(¢) Verification of Part I Detail Specifications and Inventory Equipment
Requirement Detail Specifications,

(d) Accomplishment of preliminary and detail design, and performance of

design reviews.

(e) Establishment of configuration of the system in terrms of audited and

approved Part II Detail Spacifications,

(f) Beginning of production and construction,

() Preparation of procedural publications.

(h) Performance of Categories I and Il and any follow-on development testing.

() Definition of logistic requirements in detail,

() Preparation for transition of system management from AFSC to AFLC,

-..{k) Preparation for turnover of the system to the using command or organization,

The technical nctivities of the effectiveness process to be implemented during this
phase will contribute to the achievement of objectives (@), ®), ), d), (€, and {).
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! Implementation of the system and cost effectiveness process during Acquisition iz
: . directed at the following basic purposes:
’ F e To provide current and predicted estimates of system and cost 2ifectivepess
: F on a continuing basis as significant design details are develcped on product
4 coafiguration, or as performance requirements are changed,
i : e To provide a current assessment of technical progress in meeting require-
Y ments and goals on effectiveness-related parameters and measures,
E ¢ To provide the SPO with a compendium of the final! effectiven~ss baseline

| A

used for anaiyses, the achieved versus required/targetad effectiveness, and
the system improvement potentiais for effectiveness growth,

The principal usas of the effectiveness process outputs are:

To mmide trade-off decisions,

Tc establish system/subsystem traceability and validation of parametars
wffecting system and ccst effectiveness,

To evaluate current and predicted system and cost eifertiveness status as
design progresses to insure the evolution of a system th-t will meet the de-~
fined roquirements aud poals for an optimum cost, performance, and time

balance,

To roapportion effectivencsu and system parameters as needed for optimum

cost-performance~time balance,

To provide management visibility of technical progrer.: on effectiveness
growth, critical prablems, and high risk areas requiring timely atteation
through effectiveness analyses,

To demonstrate eficciiveness performance results under operational
conditions.

To determine whether cffectiveness requirements and goals have been
met.

To assess the extent that operational tactics are affected by final
effectiveness resulis.

-
To validate areas requiring engineering modifications,
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The system and cost effectiveness process during the Definition Phase was addressed
to the definition of the effectiveness formulation, evaluation,and assurance baseline for .
the Acquisition Phase. Elements defined in detail include (1) effectiveness and
effectiveness-related measures, (2) critical parameters and accountsble factors in-
fiuencing these measures, (3) sensitivities and relationships of the imluences nader
operational conditions, and methods for their measurement, ‘%) achievable and firm
performance requirements to be included into the system specification and Part I of
detail specifications for optimgm system effectiveness, (5) effectiveness analysis
models, (6) data requirements for the analyses to be accomplished, and (7) progress
monitoring and demonstration plan, Additionally, current estimates for the defined
effectiveness measures were prepared to guide perforriance-cost-time tradeoff de-
cisions, shape preliminary design solutions, focus the expected performance efficiency
and economy of the defined system configuration, and highlight the tcchnical and cost
risk areas requiring special attention and resolution during system development,

The evolutionary system and cost :ffectiveness process is continued into the Acquisi-
tion Phase to provide an authoritative perspective of the technical progress towards
meeting the defined effectiveness requirements and goalis as desigr details are de-
veloped on product configuration, The activities required are summarized by the
following implementation steps:

e | Step E13 - Detail Effectivensss Analysis | This activity refines the

analysis baseline, It includes (1) niodel changes, (2) parameter re-selection,
(3) more precise definition of the FOM measures, operational conditions, and
technical FOM traceability and representation, (4) reapportionment of
effectiveness-sensitive parameters, (5) reassessment of data requirements,
and (6) similar planning factors for valid analyses, Additionally, this activity
provides a continuing series of effectiveness evaluations concomitant with the
development of the product configuration.
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Step E14 ~ Effectiveness Progress Monitoring and Demonstratiogl

This activit: provides management with the needed visibility of the technical
progress on effectiveness growth, critical protlems and continuing risk areas,
and achieved effectiveness performance at major milestone points, This is
accomplished with a dynamic technical performance measurement program
and through use of seiected test results,

Cn i e —
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. [ Step E1%5 - Final ReportJ This activity provides a report that summerizes
the significant results of the effectiveness formulation, evaluation,and
assurance activities implemented during the Acquisition Phase, including
(1) the updated baseline used for analyses, (2) vomparison of the final meas-
ured, projected, and demonstrated effectiveness values, (3) an analysis of

o the operational implications of the results, and (4) system improvement

) E : potentials for future effectiveness growth,

System effectiveness requirements and targets normally will be specified in the SOW,
the system specification, and Part I of detail specifications. Typical requirements

. for inclusion in these documents for execution by the selected integrating and associ-
ate contractors are:

»  Updating of =ffectiveness analysis baseline, specifically to include re-
evaiuation of effectiveness parameter selection, the effects of parameter
requirement changes on the effectiveness FOM, and modifications to models
provided or approved by the procuring activity.

e Refinement on a continuing basis of system and cost effectiveness analyses,
including availability, dependability, and capability aralyses, with the
analysis results to be made available for review by the procuring activity at
specified development and production milestones, such as PDR, CDR, FACI,
Category II testing, and Technical Approval Demonstrations (TADs).

e Preparation of computerized analysis routines to a specified computer
language and format as applicable,
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e Control of effectiveness model changes affecting configuration-effectiveness
relationship as Ciass 1 changes subject to the change control procedures of
AFSCM 375-1,

e {(oordinaticn of guides and standards for the accomplishment of subcontrac-
tor analyses,

e Updating and implementation of a dynamic effectiveness progress monitoring
and statusing program, to include a technical performance measurement
system and a systematic procedure for isolating design changes with major
effectiveness implications,

e Updating and implementaticn of an effectiveness demonstration plan,

L]

Final reporting of analysis resulis,

The effectiveness process to be implemented during the Acquisition Phase is compatible
with, interacts, and supports both the system program raanagement and systems
engineering management procedures as defined in AFSCM 375-4 and 375~5, respectively.
The three processes have complementary activities for translating deteil design re-
quirements into optimum performance=-cost-time soluticns within sersible risk allow=
ances, An overview of the relationships and interactions was provided in Figure 2-3

in Chapter 2,

5-2 DETAIL EFFECTIVENESS ANALYSIS |Step E13 |

General

The principal product of the Acquisition Phase is the acceptance of a total system which
is capable of performing the intended mission ir the operational environment. The phase
begins with the PSPP revised to reflect any changes required by the System Program
Directive and rconverted into the S8ystem Package Program (SPP), the master plan for
this phase., Preliminary detail design is then initiated by the Acquisition contractor,
This preliminary desigxi is to assure that the design approach selected is acceptable

to satléfy the spacified requirements of the SOW, the system specification, Part I of
detail specifications, and other baseline documents. Subsequently, engineering

L2 o,
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definition continues throughout this phase until the system has been described by
Part II detail specifications and drawings. As additional detailed design information

hecomes available, such ac from test results, changes to existing requirements may
be required.

The detail effectiveness analysis activity is addressed to a companion and continuing
definition and critical evaluation of the impact to effectiveness of the synthesis being
accomplished on alternate design solutions, and the extent that the detail design being
developed will be capable of meeting the established system effectiveness require-
ments and goals., Effectiveness definition and analysis results requiring continuous
updating and refinement include the following activities initiated during Concept
Formulation and/or Definition:

e Mission analysis

e Principal FOM ud sub-FOM technical traceability and correspondence
to functicnal, specialty, and operational parameters

e Pericrmance requirements analysis

o _ Operational reduirements analysis

® l i Effectiveness parameter selection

¢ Morel and sub~model structuring

e System and cost effectiveness analysis

e Apportionment analysis

e Progress monitoring and demonstration planning

Mission Anglysis

The refirement of the mission analysis is addressed primarily to improving the
detinition of the specific ubjectives for the mission by:

e Incorporation of latest intelligence information on the kind, magnitude,
"~ level, and probability of enemy threats expected to be present at the time
of initial operational deployment, and at a time five years in the future,




e A more accurate quantitative definition of the terminal performance
parameters to be achieved by the system as evidence that the gpecific mis-

or range of required or targeted values for the parameters,

e A more precise definition based on design detaiis being developed of the
system neutralizing capabtlities and limitations to counteract enemy threats,
i including the capabilities of augmenting systems which may be planned for
» | simultanenus employmeit in the mission, avoidance tactics to take advantage
i of special system characteristics, and other countermeasures, Analytical
|

techniques, such as computer simulations, can be used to obtain a penetra-
b bility and/or vulnerability profile as a prebability function of time, threat
o levels, angle cf attack, altitude, and similar dependent variables,

Principal FOMs

The values for FOM measures defined at the conclusion of Definition are not expected
to change for the Acquisition Phase. However, a more precise definition is required
of the specific system parameters composited by the effectiveness parameters of
availability, dependability, and capability that critically influence each FOM measure,
and the technical logic by which each FOM relates to these system parameters and
their set:: of critical accountable factors. A similar refinement in definition will be
needed for each sub-FOM developed,

Periormance Requirements Aualysis

| First-level system functions previously defined normally will not change during
Acquisition, Second-level, subsystem functions, however, may change as a result
of trade-off studies to investigate alternate mears of accompl:shing the tasks, con-
sistent with the product configuration being developed and resource restrictions. A
| refinement of the time-based, operational requirements profile will be required to
inzlude the definition of (1) specific first and second-leve! functions influencing
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effectiveness, (2) the set of corresponding system and subsystem parameters that

can be measured as evidence of successful accomplishment of these functions, (3)

quantitative values and tolerances for the parameters, and (4) the natural environ-
mental spectrum associated with each function.

Operational Requirements Analysis

A corresponding updating and refinement c. the system operational requirements
profile (and as necessary, the system and CEI specifications) are accomplished
based on detail data developed from the following systems engineering activities:

e Trade-off studies of maintenance, test, and activation factors to determine
detail requirements imposed by the AVE or OGE, MGE, and AAE selected
during Definition. Factors to be analyzed include (1) levels of maintenance,
(2) quantity of equipment, (3) estimated range and depth of required spares
and spare parts, (4) facility utilization, (5) test and activation equipment,
and (6) total predicted costs, all of which will influence operational param=-
eters defined in terms of measures such as downtime, costs, and in-
commission rates,

e Development of detail maintenance functions and design requirements for
maintenance functions, maintenance end items, facilities, and maintenance
personnel and training.

® Cost-effectiveness trade~off studies on maintenance loading to establish the
combination of equipment, spares, and personnel required to maintain the
system efficiently and economically, Accountable factors, such as the
number of days deployed before a unit is returned for preventive maintenance,
the number of units to be deployed concurrently, the hours of work per
maintenance personnel, and equipment availability, are assessed as a part
of these studies.

e Detaii studies of transportation time, costs, and relevant factors.

e Detail studies of intersystem interfaces, such as combined reaction time,
error contributions, survival time, and target identification time,

5-9
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|
:, e Studies of special facilities required for achieving a required readiness
state for the system,

|

i

» e Detail identification of the natural environmental spectrum expected to
! be influential on the operational parameters,

Effectiveness Parameter Selection

H Refinements for the effectiveness parameter selection activity is a continuous
process during Acquisition and is addressed to:

:; e A re-evaluation for criticality, and a reselection as necessary, of the
: output parameters for the previously defined system and subsystems and
i of the accountable factors for subsystems with defined sub-FOMs,

1

|

r ' e A revision of the transfer functions to obtain a more detailed und accurate

! representation of the input-output relationships for the system and subsystem
:

functions,

e A further extension of the transfer functions to lower design levels to accom-
mode .2 product configuration trade-off analyses for arriving at the required
inputs for the critical accountable factors,

e A revision of sensitivity functions based on detailed analytical studies and test
results,

| e A revision of the normalized sensitivity coefficients included in the criticality
matrix based on detail analysis and test results,

Model Siructuring

The system and cost effectiveness submodels will change as a result of any system
performance parameter reselections. Additionally, other model changes will be re-
quired on a continuous basis to insure an accurate measure of mission objective
accomplishment in terms of measurable system performance parameters, Typically,
the following refinements will be =:aded:

e Continuous re-examination, verification, and modification of assumptions,
and reduction of other analytical error sources to increase model precision

based upon current design details, more penetrating analytical studies, and
test results,
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Validation and expansion of the defined system states, anc further definition
of the state progression logic. Table 5-1 shows a typical progression logic
for establishing, expanding, and defining éyst'em states during Acquisition,
and the evolution linkups of these gtates to those defired in earlier phases.
For most applications, the system operating conditions that can influence
effectiveness are reducible to three conditions. These are the conditions

of fully operable, fail-operable (partially operable), and inoperable. Of
these three condition:, onlv the fail-operal.le condition should be divided
into different system states. From the viewpoint of evaluating the effect

of dilferent systera states on an FOM mes.sure (and hence, on the fulfillment
of one or more mission objectives), there is no practical reason for dividing
the fully operable or inoperable system condition into different system states.
A rationale for establishing the differert divisions of state groups to be
associated with the fail-operable condition is to define as belonpging to the
same state group all system anomalies resulting in the same order of mag-
nitude of chauge to an FOM value (e.g., #.05). For most applications, the
number of divisions should not exceed five groups of significantly different
states. This is concordant with the premise that a larger number of state
groups would be analytically unwieldy., It would also be incongrous with the
errors inherently present in approximations to transfer functions and in
estimates of initial anu transition probabilities {or the defined states. Such
errors would not be reduced significantly by a finer division of e.at> groups.
A procedure for establishing the different states to apply to the fail-operable
system condition is as follows:

(a) Identify the major sub-functions for eech top-level system function.

(b)  Determine the output distribution for :ach system parameter asso-
clated with the previously identified top-level system function by
evaluating the significant combinations of fail-operable anomalies
which can arise with the sub-functions (e.g., simultaneously, one




TABLE 5-1 STATE PROGRESSION LOGIC

Conceptual Phase Definition Phase Acquisition Phasge
Mission System System System
| Operating | Operating System Operating System Operating System
" | Condition | Condition  State** Condition  State** Condition  State**
# Non- Fully 1.0 Fully 1.0 Fully 1.0
abort operable operable operable
Fail- 1.1 Fail- 1.1.1
operable* operable* 1.1.2
etc,
e Abort Inoperable 2.0 Inoperable 2.0 Inoperable 2,0

* May be denated as "partially operable, "

** States can be renumbered (e.g., 1, 2, 3,. . .).

An example of State 1.1.1 is

"one out of four engines not operating.'" This state may be renumbered as State
No, 2¢ State 1.1,2 could be definzd as ''two out of four engines not operating,

one on each side" and renumbered as State No. 3% etc.
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sub-function inoperable, a second sub-function overahble but out of
tolerance, and all other sub~functions in tolerance). Relatc a éystem
parameter output value for each such combination. Use simulation or
direct calculations from the mathermatical iransfer functions to deter-
mine these output values.

{c) <Calculate an FOM estimate for each output value. Categorize the
analyzed combinations of sub-function anomalies into practical broad-
range state groups based on the FOM values thus determined.

Updating the estimates for the probabilities of the system being in a
specific initial state and making a transition from state to state. With
the important failure combinations previously identified and categorized
into distinct state groups, and with results from breadboard/development
tests properly translated, current estimates can be validly obtained.

Further definition of the effectiveness evaluation baseline, including a
restructuring as needed of the threat level groupings to reflect the latesat
threat posture identified in the updated mission analysis.

Revision of the system effectiveness submodels. The submodels defined
for the effectiveness parameters of availability, dependability, and
capability will require updating to reflect the impact of new performance
requirements or parameter reselections. Separate models used to evaluate
the critical system functional, specialty, and operational parameters
composited by the effectiveness parameters also will require updating as
the design details evolve, and as the critical accountable factors and thelir
values are more accurately defined.

5-13
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Inclusion of a new system parameter, the quality parameter, to represent
the Influence on the FOMs of variations from the established product con-
figuration during production. The quality parameter will moderate the
level of system availability, dependability, and capability achievable.
Typically, the quality parameter can be considered to act as an account-
able factor for each of these effectiveness parameters. It can be defined
as the probability of detecting a defect critically influencing system per-
formance when such a defect is present, and is a function of factors such
as (1) the probability of a set of critical defects cccurring, (2) the proba-
bility of detecting these defects when they are present, (3) the sensitivity
of the effectiveness parameters to the presence of these defects when they
escape detection, and (4) the measurahility and frequency (oppnrtunity) of
measurement for the daiined defects.

Expansion of the cost submodels and cost relationships defined for each
major category of cost. This will provide increased precision and realism
to the system cost model and will allow detail cost trade-offs to be validly
accomplished on high technical and cost risk product areas.

Formulation of cost effectiveness stbmodels that are compatible with the
system cost effectiveness models, TIhese submodels are to ke used for
assessment of the major performance-cost-time trade-off alternatives on
product configurations at the subsystem and lower levels,

Re-evaluation of the data requirements and sources needed as model inputs
to obtain valid output estimates of FOMs, effectiveness parameters, system
parameters, and cost effectiveness measures defined for the system and
subsystems. Sources of data expected to be of major usefulness include
engineering analytical studies, preliminary and critical design reviews,
first article configuration inspections (FAClIg), CEI and system/facility
acceptance tests, system Category I and Il tests, technical approval demon-
stration tests (TADs), and the operational phase Category III tests.

5-14 ‘
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5;stem and Cost Effectiveness Anaiysis

System and cost effectiveness analyses will be required on a continuous basis during

Acquisition., Principally, the analyses are addressred to:

Refining the optimization of critical system parameters and accountable
factors to shape design s~lutions for high risk areas, to validate changes
to performance requirements in the system specification and to detail CEI
specifications hased on their integrated effects on other design criteria,
also to es’ablish detail product desigh requirements.

Validating changes to the original scope of technical programs, such as
the reliability and mzintainability efforts.

Justitying engineering change proposals on the haszis of net effect to the
overall capability and economy of the system.

Developing information needed for the system preliminary design reviews,
{conducted on an incrzmental and integrated basis early in Acquisition) to
assess the performance effectiveness, economy, and feasibility of the
design approach,

Establishing from trade-off studies the cost-effective detail requirements
for maintenance elements of the system. These elements include detail
maintenance functions and design requirements, maintenance person{lel
and training, and maintenance facilities, Typical trade-off studies to
optimize thegse maintenance elements should include the factors of main-
tenance levels, equipment quantities, range and depth of required spares
and spare parts, facility utilization, test and activation equipment, and
coste.

Updating of sensitivity functions and the criticality coefficients to improve
their accuracy for use as practical design guidelines and to provide detail
design visibility of the influence that changes to design requirements for
critical accountable factors will have on the system parameters and FOMs,
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e Providing current and predicted estimates for the system and subsystem
FOM measures, effectiveness parameters, and critical system parameters.
Current estimates can be prepared from the results of engineering analysas,
Category I tests/verifications (especially those performed on the complete
system or on broad assemblages of CEIs and subsystems), and extrapola-
tions of historical data available from Government data banks, contractor
sources, or standard sources (e.g., MIT.-HDBK 217 data appropriately
adjusted). Predicted estimates cof the expected convergence values for these
measures and parameters can be inade based on performance requirement
changes or additional design refinements anticipated to be incorporated prior
to first delivery of the completely developed system. Current and predicted
values for the system FOMs and parameters are to be prepared when
major design change occure, when significant test and evaluation results
are obtained, and to support systein design reviews, FACI, acceptarce tests,
and TADs, '

» Developing information to support critical design reviews (CDRs). This in-~
formation is to include the system and cost effectiveness rationale and trace-
ability for the established detail design and performance requirements.

e  Providing current and predicted estimates of cost effectiveness measures
concurrently with the FOM and parameter estimates to assess the
performance-~cost-time balance of. thv2 design being evolved.

e Providing confidence limits for each FOM and cost effectiveness estimate
to reflect the precision of the estimates.

Apportionment Analysis

The branching of the apportionment process below the second~level (subsystem)
accountable factors will be required during Acquisition to provide the technical trace-
ability of design and performance requirements appearirg in major CEI detail s»ecifi-
cations and product specifications. The apportionment rationale and techniques
described for this activity during the definition phase are equally applicable for this
extension of the apportionment process,

5-16
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A reapportionment of the values allocated during Cointract Definition to subsystem
parameters, FOMs (sub-FOMs), and accountable factors will be required if new sub-
system constraints are surfaced (from development studies) which are neither cost-
effective nor technically feasible to overcome. A readjustment, therefore, of the
previously allocated subsystem design criteria must necessarily be made based on
more refined trade-off studies to arrive at realisfic and firmly achievable subsystem
design requirements, '

Additionally, top-level system parameters composited by the effectiveness paramater
gets of availability, dependability, and capability may require cross-reapportionment,
The need for a reapportionment among these system parameter values at this point in
time may arise from extreme circumstances, such as new intelligence information of
enemy potentials influencing system performance capability.

Progress Monitoring and Demonstration Planning

Prior to the implementation of the effectiveness progresa monitoring plan defined

during Definition, the master list of parameters and accountable factors to be tracked
during development, and their expected convergence profile, are to be refined and
validated. This is to insure that only effectiveness~-critical performance requirements,
in¢luding high technical and cost risk areas, are selected for inclusion in the Technical
Performance Measurement (TPM) sysiam. Alterations to the master list and profiles
may oceur a3 a result of refinements, such as reapportioned and/or additional per-
formance requirements, re-ordering of the sensitivity rankings in the criticality matrix,
and revised learning curves based on & better defined design solution. Additicnally, the
format for reporting of status on the current, planued (avticipated), and demonstrated
parameter values achieved and assignad, including the approach, methods, and data
sources to be used for arriving at current and predicted estimates, are to be re- N
examined and updated,

Similarly, the effectiveness demonstration plan, which is based on demonstrating the
extent to which measurable and critical system parameters are met, is to be updated.
This updated plan is to reflect the contractor plans for Categories I and I testing, to
incorporate the latest Category IOI operational demonstration test planning by the using
command or agency, and to be responsive to the TADs planned for tlie systeiu iu ihe
operational environment as a part of the turnover of the system to the using command
or agency, The analysis of the sufficiency of the tests for demonstrating system
effectiveness and the method by which demonstration test programs for related efforts
will be integmteri (e.g., reliability and maintainability tests) are to be revised based
on the latest test planning information. :
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Infbrmation Flow

The basic data required for the detail effectiveness analysis activity are available

from regular dévelopment sources. Most of these 3ources are progressively updated
during Acquisition. Principal sources include the following:

SPP and the updated program and design requirements haselines.
Definition Phase system/cost effectiveness report.

Program v.ork breakdown and contractor work breakdown structures,
Detail design data.
System test plan.
Results of Category I tests and evaluations.

[Ipdated ep~ineering analyses, RASs, engineering trade-off studies to
establish detai. solution approaches, schematic diagrams, time lines,
maintenance analyses, and the system operational plan.

The outputs of this activity will contribute to: )

s ———— i, e e -

The updating and validation of the system specification and Parts I and I
of the detail specifications for major CFIs.

The assessment of the effectiveness influence due to intersystemn and intra-
system interfaces.

The creation of design solutions that are optimumly balanced for perform-
ance, cost, and time factors.

The timely focusing of develbpment effort onto high technical and cost risk
areas impacting system and cost effectiveness,

The technical base for conducting the effectiveness progress monitoring
and demonstration program.

An integrated perspective of overall system performance capabilities to
support program elements, such as program reviews, requirements re-
views, design reviews, and engineering change requests.

A basis for better and more timely system management and systems en-
gineering management decisions.

5-18
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A summary of the basic Information network for the deteil effectiveness analysis
activity is shown in Figure 3-1.

5-3 EFFECTIVENESE PROGRESS MONITORING AND DEMONSTRATION ISte;‘v E14

General

This activity implements the effectiveness monitoring and demonstration plan defined
during Definition and updated early in Acquisftion. The activity places emphasis cn
providing Air Force and contractor management with visibility and confidence of the

,: ] current, predicted, and proven program performance achievements. Regular ocutputs
of the activity will provide guidance for valid and timely decisionz by project manage.s
‘E { addressing the integration of the multiple functional, specialty, and operational per-

formance parameters, and their associated technical disciplines, in support of overall
program goals,

This activity is primarily directed at the preparation and issue of timely status reports

S I reflecting the achieved and anticipated effectiveness progress during Acquisition. The

' technical performance history from the inception of Acquisition, including measure-

. ments of current, planned (anticipated), and demonstrated values of FOMs, effective

i ness parameters, and system parameters, are to be provided to the SPO on a continu-

ing basis, This information provides the insight into the rate at which design

solutions are converging unto the critical performance requiremenis or allocated values
on a time basis, and those high risk areas and technical variances from targets where

‘ major effort should be concentrated or redirected, To provide an overviaw of the conver~

gence progress for each measure, summary charts can beused, Anexample of such a chart
- is a parameter converge.ce profile (planned value profile) chart as shown in Figure 5-2,

i Estimates of current and planned values are to be based on analytical, test, and
evaluation data, including:

redible engineering analyses

Simulatiun studies

Category I and II tests, FACIs, and system/CEI acceptance tests
Historlcal projections, including learning rate

L]
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Demonstrated values ara to reflect the regults from integrated performance tests in
the actual environment, Test results that are to be used to determine demonstrated
performance include those from Category I, II, III, and TAD system testa which are
normally planned as a part of the overall Acquisition and Operational programs.

Information Flow

The effectiveness monitoring and demonstration status report will orovide the SPO
and contractor management with summary- level effectiveness data that will be use-
ful for the following purposes:

e Guide technical evaluations of nrogram progress
e Guide program redirection

Highlight problem areas as they occur for corrective action
e Document design solution history and effectiveness growth
e Validate engineering design changes and modifications

e Guide deployment tactics changes

Figure 5-3 summarizes the information network for the effectiveness progress
monitoring and demensiration activity.

5-4 FINAL REPORT |Step E1l5 I

General

A final report is to be submitted by the Acquisition contractor to the SPO for review
and acceptance. The submittal of the report is to be coincident with the delivery of
the last system to the using command or agency, signifying the end of the Acquisition
Phase. The final report is to indicate:

e The final analysis baseline used for the effectiveness evaluations, including
the final form of all models, the explicit description of assumptions and
anaiysis conditions that apply to their use, ard levels of threats.

5=-22
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| ¢ The final estimates of current, planned, and demonstrated values versus
specification requirements or goals for the system and subsystem FOMs, the
nffectivenegs parameters, and the critical system parameters composited
by the FOMs,

Recommendations for model and estimate imprcvements based on factors
such as model sensitivity to specific assumptions, more precise represen-
tation of the technical link-up of FOMs to system parameters and account-
able factors, and performance 2reas imcompletely demonstrated.

—
L J

o Identification of system constraints and improvement potentials for future
effectiveness growth.

® Analysis of the operational implications of the achieved effectiveness.

Information Flow

The basic inputs for the contractor final report is the effectiveness progress monitor-
i ing and demonstration status report, augmented by specific, detail effectiveness
: ? analysis reports and studies documented by the contractor throughout the Acquisition
Phase. Upon acceptance, the final report submitted by the contractor can be merged .
by the SPO into the final system report submitted te higher headquarters describing
total system accomplishments during Acquisition. -
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Chapter 6
SYSTEM AND COST EFFECTIVENESS TECHNICAL MANAGEMENT

Summa Ty

Significant Air Force and contractor participating management actions are
necessary to insure the effective attainment of the objectives associated with the
implementation of the systein and cost effectiveness management process, The
significant actions which are primarily the responsibility of Air Force manage-
ment are (1) determining and specifying Figures of Merit, (2) ectablishing and
specifying the data needed to document and to provide continuing visibility and
confidence of overall system progress towards meeting technical goals and
requirements, and (3) specifying required technical analyses for credible and
defensible effectiveness evaluations, Major actions which are principally the
responsibility of contractor management are (1) implementing the effectiveness
process, (2) planning for data to provide for their maximum utility in effective-
ness evaluaticns, and (3) organizing for management of the effectiveness effort,
For both sets of actions, fuandamental considerations and guidelines are delineated.

6-1 GENERAL

The principal objectives of the systen: and cost effectiveness management

process are to provide Air Force and contractor management with:

e A continuing visibility and quantitative measure of confidence in overall

system progress towards meeting technical requirements and goals.

o A formalizec rationale for better and more timely program and technical
decisions,

& Assurance that the system as conceived, defined, developed, produced,
and transferred to the vsing command or agency possesses an optimum
balance of performance capability and cost,




| | Sapppeeaupm

The effective aitainmnent of the objectives is a participating Air Force and
contractor management effort requiring strong discipline and an orderly approach,
Significant management actions necessary for ar efficient and effective implementa~
tion of the system and cost effectiveness process involves:

Air Force Management Action

® The proper determination and specification of Figures of Merit that will
provide an aceurate and valid measure of the expected system performance
response to meet assigned mission roles.

e The establishment and specification of the type and amount of data needed,
appropriate to the system type being procured,to support program
decisions and to provide visibility and contidence of system and cost

effectiveness achievements and progress.

e The specifying of the particular technical analyses required for an accurate
evaluation of system and cost effectiveness based upon identifiable needs
for the analyses.

Contractor Management Action

@ The efficient implementation of the system and cos® effectiveness manage-

ment process with its continuum of activities,

e The scientific planning for the acquisiticn of realistically attainable and
valid data neeescary for conducting ¢ffactiveness analyses,

® The establishment and implementation of organization, management, and
data feedback plans and controls for the effectiveness activities.

The system and cost effectiveness management implementation process has broad
applicability to most Air Force systems and procurement situations. For any
application, however, special management attention must be given to the need for
selectively applying the technical elements and procedures of the process, This is

to ackmowledge the special program considerations concomitant with the specific
nature of a system or project, such as the type of contract, the program complexi=-
ties, and the absence of formalized program phases with their concentration of effort,

6=2
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6~2 AIR FORCE MANAGEMENT

The proper determination and specification of system Figures of Merit are described
in paragraphs 3-3, 4-2, and 5-2 of the manual, This task {8 characterized by a
succinct translation of each set of mission objectives into a quantitative measure

of overall systemn performance., A precise statement of the specific mission demands

against which the system is being acquired is a fundamental consideration in specify-
ing Figures of Merit that are meaningful, realistic, and accurate, Thes2 mission
objectives must be defined in terms of measurable, system performance, behavior,
and characteristics. A system is normally a part of an overall military force
structure. To achieve precision in the definition of the mission objectives for a
system, the system objectives must be traceable totop=-level system effectiveness
goals of the force structure (or still higher levels if overall Air Force, Department
of Defense, or national objectives are being addressed). Branching from the force
structure level is a layered hierarchy of mission requirements with specific system
effectiveness goals assignable for each operational level down to the avstem level.
I.ogically, this hierarchy can be considered as a Figure of Merit (efiectiveness) tree
or breakdown structure. The focal point of the Figure of Merit tree normally will
be the mission objectives assigned to the force to be deployed in a specific time
frame to interdict, deter, or otherwise control a threat to nationai security. A
Figure of Merit can be established for each set of significantly different mission
objectives for the force structure by conducting force-level siudies addressing the
required system mix of the force appropriate to the threat environments envisioned.
These studies should consider factors such as intelligence estimates of enemy
offensive and defensive potentials, and the Air Force strategies and tactics to be
employed to counter the threat potentials based on the technical possibilities of
developing the needed force composition. Upon identification of the required force
composition and effectiveness, the assignable set of specific mission objectives

and Figures of Merit for each of the different systems in the force can be resolved
from the higher order force ohjectives and Figures of Merit, As an added degree
of detail for apportionment and other analysis, a simultaneous breakdown of the
Figure of Merit parameters of availability, dependability, and capability can be
accomplished along with the cascading of the Figures of Merit from a top force
structure, or any intervening level, down to the system level. Figure 6-1
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AIR DEFENSE FORCE

(COMPLETE SECTOR COVERAGE)

® PENETRAT IONS PREVENTED ($)

OTHER SYSTEMS

(COMPLETE SECTOR COVERAGE)

WING 1

(OUTER SECTOR COVERAGE)

WARNING & DETECTION SYSTEM

/COMPLETE SECTOR COVERAGE)

® DETECTION (%)
© ACQUISITION AND TRACK (X}

® TRUE IDENTIFICATIONS (%)
® PENETRAT IONS PREVENTED (%)

INTERCEPTOR SQUADRON 1

(ZONE A, OQUTER 5ECTOR)

® TRUE IDENTIF [CATIONS (%)
® FENETRAT IONS PREVENTED (%)

INTERCEPTOR SQUADRON 2

{7ONE 3, OUTER SECTOR)

® TR © (DENTIFICATIONS (%)
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INTERCEPTOR
AVAILABILITY

INTERCEPTOR
DEPENDABILITY

INTERCEPTOR
CAPABILITY

WING II
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DETECTION CAPABILITY
IDENT i FICATION CAPABILITY
LCCATE ANC TRACK CAPAEILITY
ATTAUK CAPABILITY

OTHER N!T SUPPORT CAPABILITY

INTERCEPTOR SQUADRON 3
(ZONE C, INNER SECTOR)

® TRUE IDENTIFICATIONS (%)
® PENETRATIONS PREVENTED (%)

L |INTERCEPTOR SQUADRON 4

(ZONE D, INNER SECTOR)

@ TRUE |DENT IF1CATIONS (£)
® FENETRAT IONS PREVENTED (1)

Figure of Merit Tree
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iliustrates a Figure of Merit iree for a hypnthetical continental Air Defense Force
consistirg principally of a warning and dete stion sysiem and two interceptor aircraft
wings. The force is assigned to cover a sector area. This area is partitioned into
two smaller areas, the outer sector area and inner sector area, with each of the two
areas further dividza into two zones., The Figure of Merit tree showa the downward

branching of the Figure »f Merit for the Air Defense ‘Force to the interceptor system
Figures of Merit, -

Establishing and Specifying Dara

Factors to be considered in establishing and specifying the data required to document
the program effectiveness analyses and to provide the continuing visibility and
confidence of system and cost «ffectiveness achievements and progress include:

o The data output need and form, The data must be in a form usable to
support program decisions,

e The data output quality, A confidence must exist that the data will be valid,
accurate, and defensible to support program decisions.

o The level of data detail, The data level should be limited to the major CEI
level, or higher levels to which all items of deliverable hardware are
identified,

As a minimum, the following data items should be specified:

e The system and cost effectiveness report for Cnncept Formulation, This
report is described in paragraph 3-9 of Chapter 3.

e The sysiem and cost effectiveness report for Definition, This report is
described in paragraph 4-5 of Chapter 4.

e An effectiveness progress status report to coincide with the system PDR,
FACI, CDR, acceptance test, Category Il test, and TAD milestone points,
This continuiny report is described in paragraphs 4-4 and 5-3 of Chapters
4 and 5, respectively.

# The final system and cost effectiveness report for Acquisition. This report
is described in paragraph 5-4 of Chapter 5.
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Specifying Required Analysis

The technical analyses required for a credible evaluation of system and cost
effectiveness performance are:

Mission analyais (paragraphs 3-2, 4-2, and 5-2)

Figure of Merit definition analysis (paragraphs 3-3, 4-2, and 5-2)
Performance requirements analysis (paragraphs 3-4, 4-2, and 5-2)
Operational requirements analysis (paragraphs 3-5, 4-2, and 5-2)
Effectiveness parameter selection analysis (paragraphs 3-6, 4-2, and 5-2)

System and cost effectiveness analysis (paragraphs 3-7, 4-2, and 5-2)

The characteristics of these analyses are described for Concept Formulation,
Contraci Definition, and Acquisition in the above-referenced paragraphs.
Additionallv, the nature of the analysis results to be documented and reported are
delineated in paragraphs 3-9, 4-5, 5-3, and 5-4 of the manual,

b o e
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£~=3 CONTRACTOR MANAGEMENT

The effizient and effective managemeint implementation of the system and cost
effectiveness process by participating contractors will require an authoritative
perspective of the involved technical elements and procedures and their mutual
dependencies with those of both the system program management and systems
engineering management processes associated with a particular system procure-
ment. Since the procedures of the manual are based on the efficient channeling
of engineering data and analyses to provide an overall perspective of the system
technical-cost-time performance, the degree that the activities, analyses, and
data elements are properly integrated will be a major factor in the success of
the system program involved.

Implementing the Effectiveness Process

The marual basically is addressed to how the effectiveness process typically is
implemented on a time basis for any class of Air Force systems. The manage-
ment action for this important program consideration involves the judicious

selection of the major activities to be timely implemented and to insure that the

depth of implernentation is consistent with the total program scope and cost.

Planning for Data

The procedures of the manual are based on the maximum use of engineering data
normally generated during a typical system program, with a minimum need for
additional data. Carefu! preplanning and redirection of the scheduled analyses,
studies, tests, and similar data sources will be required to insure their maximum
usability for effectiveness evaluations. The total data requirement for effectiveneas

evaluations is a composite of the individual data needs described in each step of the
process.

6-7




Organizing for Management of the Effectiveness Function

Li is vital that contractor overall management of the effectiveness function be
established at an authoritative program level and properly structured. The re-
sponsibility should be assigned to a single organization, This does not imply
the requiremaont for a new or separate organization for system effectiveness.

{ 68
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Chapter 7

APPLICATION GUIRELINES FOR SPECIFIC MAJOR
CLASSES OF AIR FORCE SYSTEMS

Summary
e —

Application guidelines ave provided for the aircraft, ballistic missile, booster,
satellite, command and control, and warning and detection classes of Air Force
systems. For each system class, major technical elements of the effectiveness
structure are translated in terms of current e:ystem performiance and design
criteria, analyses, and terminology to provide the Air Force and contractor
managers with an authoritative perspective of the technical correspondence
present. Effectiveness elements that are translated include (1) mission objec-
tives, (2) mission conditions, (3) Figures of Merit, (4) effectiver.=ss parameters,
{5) top-level system functivuns, (6) system parameters, (7) accountable factors,
(8) transfer functions, (9) cost effectiveness measures, and (10) analyses.

7-1 GENERAL

This chapter provides application guidelines for major classes of Air Force
systems. Included are guirelines for the following system classes:

o Alrcraft o Satellite
o Ballistic missile ® Command and control

e Booster e Warning and detection

"Two preraquisites are fundamental to the efficlent implementation of the system

and cost cffectiveness technology. These are:

e llaving an overall perspective of the syatem and cost cffectiveness
implementation concepts, technical clements, and managemont process

involvod.

7-1
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o Having an intelligence of how the implementation concepts, technical
elements, and management process of the effectiveness technology can
be related specifically to the mosaic of current system performance and
design criteria, analyses, and terminology for a particular application.

Prior chapters of this manual were addressed to the first cf the two implemen-
tation prerequisites. The contents of these chapteis were directed at providing
Air Force and contractor program managers with a broad perspective of the
general concepts, technical elements, and procedures that can be practically
and validly applied to implement the effectiveness technology during Concept
Formulation, Definiticn, and Acquisition. Additionally, an overview was
provided of the interactions of the effectiveness elements and procedures with
the AFSC system program management procedures and systems engineering
management procedures. This chapter is intended to provide further insight
into the correspondence and required translations of the effectiveness technical
elements to the spectrum of current system performance and design criteria,
analyses, and termirology. This is the second prerequisite for implementation
efficiency. For each class of Air Force systems, representative translations
are provided for the following system and cost effectiveness technical elements:

Mission objectives ¢ System parameters
Misslon conditions ® Accountable factors
Figures of Merit e Transfer functions (in terms of

Effectiveriess parameters input-output variables)

Top-level system functions o Cost effectiveness measures

¢ Analyses

The representative translations are intended as guides and, thus, are broadly
tormulated so as to be of genaral applicability to, and characteristic of, most
systems in the system class, For any application, the translations must be in
terms of specifically applicable and measurable gystem performance and design
criteria,

The specialty technical parameicis represent a catogory ol system performance
parameters that is universally applicable to all major systems, tndependent of
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system class, with only the prescribed parameter values and some accountable

factors being different from one system tc another. Because of this ¢commonality,

these parameiers and their accountable factors are separately listed in paragraph

7-2 to follow. A transfer function can be established for each parameter listed,

to relate the output values of the parameter to the ensemble of input values for

its applicable set of accountable factors.

7-2 COMMON SPECIALTY TECHNICAL PARAMETERS

Parameter

e Mission reliakiiity

e Safety

e Survivability

e In-operation maintainability
and repairability

¢ DPenctrability

e Security

Accountahle Factor

failure rates

mission time

alternate modes of operation
override capabilities

hazardous failure rates
fail-safe devices
human factors

special equipment

exposure time

reaction time

dispersal radiuc

hardening level
countermeasures

alternate modec of iritiation

time constraint

accessibility

number of spares

override capabilities
adjustment capabhilities

meun time to repair/replace
special skills

decoys
hardening level
countermeasures
angle of attack
exposed surface

communication characterisiics
transmisgion time duration
coding characteristics

commind and control sequencing

ot e e e
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: Parameter (Contimed) Accountable Factor (Continued)
¢ Vulnerability armament

protective capabilities

neutralizing capabilities

angle of attack

flight path profile

warning time

electromagnetic interference and
radiation

¢ Abort reliability mean time to a critical failure
redundancies
override capabilities
adjustment capabilities

e Human performance frequency of tasks
time for tasks
operation exposure time
accessibility
special skills

; e Availability basic maintenance policy

level and location of maintenance

level and location of spares

alert conditions

number of installations, sites, and
operating locationg

reaction time

il warning time

- operational schedules

- humber of systems in Wing

L inspection time

' fraction of tofal time in operation

installation and checkout time
checkout equipment maintenance time

i checkout failure rates

H inventory fill rates

removal rates

organizational, depot, and ficld time
required for maintenance

transportation time

time required for mission interfaces

i with augmentin; systems

" special handling failities

number of Wing 'evel personnel allocated

o Maintainability mean and maximuin time to repair
- time constraints for preventive
! maintenance
type and level o' maintenance personnel
by gp e lalty ckills

P 74
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Parameter {Continued)

e Maintainability (Continued)

Accountable Factor (Continued)

mean and maximum time between
failures

mean and maximum preventive
maintcpance time

mean and maximum corrective
maintenance time

maintenance activity sequencing

administrative and supply down time

7-3 AIRCRAFT

A. Mission Objective

1,

Transport System

The system shall be capable of providing air lift capability of
cargo/personnel at high subsonic speed within a prescribed time.
Bomber System

The system shall be capable of delivering a specified payload to

an assigned target on time and within prescribed accuracy and
to return to base point.

Tactical System

‘The system shall be capakle of providing timely close air support
for ground troops, providing air escort for tactical bombers,
bombing tactical targets, and flying reconnaissance missions.

Interceptor System

The system shall be capable of destroying engaged enemy aircraft
at high subgonic speed.

8. Mission Condition (Other Than Natural Eavironment)

Acoustic noiso
Altitude pressurn

Flectromagnetic interference
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Temperature

Angular oscillation

Sustained acceleration .
Vibration

Shock

Radiation

C. Figure of Merit (FOM)

1.

4.

Transport System FOM
Expected number of ton miles tu be carried per unit of time.

Expected time required fo deliver a designated strategic cargo
to a specified destination and rsturn.

Bomber System FOM
Probability of destroying (n) targets with (x) number of sorties.

Probability of (n) bombs dispersed within an (x) radius on a
target of (y) hardness with (z) aircraft.

Tactical System FOM

Prohability of providing timely troop support over (n) distance
with (xj number of sorties.

Expected number of sortie missions which can be completed with
a fixed force.

Interceptor System FOM

Probability of destroying (n) out of (m) enemy aircraft of a
specified type ver engagement.

Expected number of aircraft targets of a gaven size and type which
can be neutralized with (n) number ol sorties.
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| % ) 5. General Aircraft System FOM
!
! . Expected number of training missions which can be completed
per month.
| 6. General Aircrait Subsystem FOM
|
; Probability of achieving a specified thrust with (n) engines
over (t) time,
: Probability that the navigation subsystem will perform to a
specified accuracy over (i) time, '
Expected accuracy of fire control subsystem under visual or
all-weather conditions,
: : Expected lethality of on-board armament for a specified target
Dl posture,
o
i : Expected number of UFH/VFH communication channels operating
E : at a specified power raiing over (t) time.
[
Lo Probability of identifying a target of type (x) and delivery of
E S payload to tuvget within (t) **™me during an (n) hour missions.
i
o
L
b D.  Effectiveness Parameter
1.  Availability
The expected number of aircraft that are in-commision to proceed
to a tactical mission at any random instant of time.
[}
' Avallable {light hours per month,
{
t
‘ 2. Dependability
! Given the availability statoe, the expected uumber of aireraft that
‘ can successfully complete & miggion when commanded,
|
‘ |
|
L
|
!
l i




3. Capability

Given the availability and dependability states, the expected number

of aircraft systems that will operate within specified system parameter
tolerances in meeting their objectives, e, g,, within specified values

of range, cruise speed, rate of climb, etec,

NOTE: The effectiveness parameters may also be expressed in
terms of probability,

E. Top-Level System Function

Propulsion

Flight control (manual and automatic)
In-flight refueling

In-flight malfunction detection
Cargo air drop

Navigation

Communication

Target destruction

Takeoff

Cruising

Flight maneuvering

Terrain avoidance

Target identification

Fayload delivery

Instrument landing

Visual landing

Auxiliary power delivery
Environmental control

Loading
F. Systom Performance Paramecter
1. Functional Parametei
Runge

Payload capuciiy
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Rate of climb

Speed (cruise, stall, takeoff, landing)
Altitude (initial cruise)

Maneuverability

Lethality

Takeoff and landing distance

Center of gravity envelope

Stability and control characteristics

Buffet boundary

Braking coefficient

Cooper rating

Auxiliary power load

Carge air drop tonnage

Turnaround time

Liftoff weight

Drag (takeoff, cruise, landing)

Lift coefficient (takeoff and landing maxinmum)
One-engine-out climb rate

Weight (empty, operating)

Operating weight center of gravity

Thrust (installed takeoff, climb, cruise)
Maximum reverse thrust

Stall pattern indicator (cruise, takeoff, landing)
Installed cruise thrust specific fuel consumption
Structural limit weight at specified load factors
Roll in (t) time

Air minimum control speed

Roll helix angle

Lateral directional damping

Longitudinal short period damping
Temperature in flight

Floiation

Main power load

1Lydraulic load
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G.

Specialty Technical Parameter

(See listing in paragraph 7-2 of this chapter.)

Accountable Factor

Accountable Factor for Functional Parameter

Takeoff thrust

Static thrust

Nacelle configuration

Pylon configuration

Thrust reverser characteristics

Equilibrium angle of attack

Sideslip angle

Angle of bank

Air velocity

Center of gravity

Monents and products of inertia

Aerodynamic forces

Gravity -
Applied moments about aircraft axes
Aircraft roll, pitch, ancd yaw rates
Wing area

Aileron configuration

Spoiler characteristics

Trailing edge profile

Angle of attack

Shape oi aircraft

Reynolds number

Mach number

Heading Euler angle

Horizo.tal tail profile and arca
Vertical tail profile and area
Elevator profile
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Rudder characteristics
Velocity

Target area

Landing field characteristics
Search pattern

Leading edge flaps — inboard
Lift and drag coefficients
Weight (takeoff and landing)
Air density

Fuel consumption rate
Maximum frontal area

Reaclion time

NOTE: Each of the accountable factors listed can he broken
down to the next lower level of eccountable factors,
For example, the accountable factor of leading edge
flaps — inboard is influenced by area, location span,
maximum deflection, percent of surface ghead of
hinge line, type of surface, rate of deflection, sweep
angle of hinge line, equivalent root chord length,
equivalent tip chord length, mean chord length, mean
chord locatinn, and percent of wing affected,

2, Accountable Factor for Specialty Technical Parrimetor

(Sec listing in puragraph 7-Z of this chapter.)
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Transfer Function (Output Parameater as a Functlon of Input

Accountable Factor)

Parameter

1. Range

2, Tak=off and landing
distance

3. Rate ¢’ climb

4, Lift

5. Drag

e ——— e = se te asaiiae ew o -
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Accountable Facior

weight (final)
weight (initial)
wind

air density

lift coefficient
drag coefficicnt
surface area
fuel capacity
rate of fuel flow
thrust

pilot technique
ground condition
airplane altitude
drag coefficient
thrust

speed

weight

lift coefficient

roll, pitch, and yaw rates
sideslip angles

lift coefficient

dynamic pressure

wing area

velocity

thrust

drag coefficient

weight

angle of attack
surface area of wing
shape of aircraft
velocity

air density
Raynolds number
Mach number

lift coefficient

drag coefficient
maximum frontal area
angle of attack
velocity

air density

L e e——————— e
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Parameter (Continued) Accountable Factor (Continued)
6. Cruise speed weight

dynamic pressure
surface area

1ift coefficient
thirust

drag coefficient

I. Cost Effectiveness Measure

1.

Transport Systcm

Exnected number oi consecutive deliveries of apecified cargo to
its destination within (x) hours per unit cost of delivery.

Expected number of ton miles of general cargo transported per
unit of cost.

Minimum cost-time product required to deliver a specified cargo

Bomber System

Expected number of point targets destroyed per unit of cost.

Expected number of alert missions per unit of cost.

Tactical System
Expected number of close air supports per unit of cost,

Expected number of successful tactical bombing missions per
unit of cost,

Expected number of successful reconnaissance missions per
unit of cost.

Expected number of successful air escort missions per unit
of cost.

Interceptor System

Expected number of enemy aircraft destroyed per unit of cost.
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dJ.

General Aixrcraft System

Expected number of hours of training accomplished per

unit of cost.

i

Expected cost of sustaining a specified force level per vear
for a specified system effeciiveness value.

Analysis

Payload vs range
Takeoff distance vs gross weight
Landing distance vs gross weight

Altitude vs rate of climb for various gross weights

Airplane limit load factor vs Mach No.
Drag rise vs Mach No.

Power required vs speed

Velocity vs rate of roll

Stick force vs velocity for different tab angles

Elevator floating angle vs angle of attack
Hinge moment vs angle of attack
Eievator angle vs lift coefficient

Thrust required vs speed

Variation in lift and drag vs Mach No.
Cruise speed vs range

Cruise drag coefficient change vs range
Range vs operating weight

Weight vs take-off distance over 59 feet
Air speed vs weight

Grosg welght va center of gravity

Cargo load vs fuselage station

Altitude vs equivalent air speed

Landing distance vs weight

Altitude vs range

Damping parameter va rolling parameter

7-14
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7-4 BALLISTIC MISSILE

A, Mission Obiective

The system shall be capable of delivering a payioad to a specified target within
a designated time, detonate, and do a prescribed amount of darage.

B. Mission Conditior (Qther Than Natural Environment)

Acoustic noise

Altitude pressure
Electromagnetic interference
Temperature

Angular oscillation

Sustained acceleration
Vibration

Shock

Raaiation

Jamming

Enemy intercept threat

C. Figure of Merit (FOM)

1. System FOM

Probability of destroying a prescribed target of (x) hardness in (t)
time with (n) targeted missiles.

Expected number of targets destroyed o’ (x) hardness with (n) or
less missiles,

Expected level of damage to an (x) hardened target with (n) or
less missiles in (t) time.
2, Subsystem FOM

Probability that the missile guidance system will perform to a
specified in-flight accuracy for a specified time.

7-15

o

gL R

il N v e




an

Probability that the payload will impact on target for a specified
re-entry profile.

Probability of achieving a specified thrust for each of (n) stzges

over (t, time,

Frobability of achieving a specified post-boost maneuver within
(t) time.

D. Effectiveness Parameter

1. Availability

The expected numbker of missiles that are ready t proceed to the
launch phase at any randora inatant of time.

2, Dependability

Given the availability state, the expected number of missiles that
can be launched successfully and delivered to the terget area when
commanded .

3.  Croability

Given the availability and dependability states, the expected number
of missiles that will operate within specified system parameter

tolerances in meeting their objectives, e.g., within specified limits
of range, height of buvrst, circle of equal probability, lethality, etc.

NOTE: The effectiveness parameters may also be expressed in
terms of probability.

E. Top-Level System Function

Launch

Propulgion

Guidance and control
Staging

Payload delivery
Target destruction
Environraental control

Mareuvering

7-18
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System Performance Parameter

1,

2.

Functional Parameter

Range

Payload capacity

Velccity

Maneuverability

Lethality

Center of gravity envelope
Stability and control charactevistics
Liitoff weight

Drag

Weight

Thrust

Pitch, yaw, and roll
Temperature in flight
Main po'ver load
Hydraulic load

Accuracy

Altitude

Trajectory

4ttitude control vaiiables

Specialty Techniczl Parameter

(Bee listing in paragmapk 7-2 of this chapter.)

Accountabie Factor

Accountable Factor ‘or Fuinctional Paramecer

Takeoff thrust
Static thruat
Specific impulse
Air velocity
Center of gravity

7-17
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Moments and products of inertia
Aerodynamic forces
Gravity
Roll, pitch, and yaw rates
Velocity
Target area
Air density
Fuel consumption or burn rate
Reaction time
Propellant weight
Thrust vector control variables
Thrust tecmination characteristics
Chamber pressure
Burnout velocity
Burnout angle
Lofting angles
Exhaust velocity
Impulae-weight ratio
Time on target
Vapor sensing characteristics
Pre-ilight pressure characteristics
Pre-lainch mass properties
Thrust zermination time
Timing errors
Loop gain
Bending luadz
Angular velocity
Gyro drift errors
Mass properties tolerances
Payload weight
Drag loss
—Arming and fuzing time
Expen: 21 inert weight
Lethal radius |

1-18




Target posture and dispersai patterns
. Target senring
Burst »attern
Optional fuze set
Angle of attack
; Maximum frontal area
f : Earth's radius
. 4 Inertial platform alignment

and adn g o

NOTE: Each of the accountable factors listed can be
broken down to the next lower level of accountable
3 factors.

2, Accountable Factor for Specialty Technical Paramecter

(See listing in paragraph 7-2 of this chapter.)

H. Transfer Function (Output Parameter as a Function of Input
Accountable Factor)

;. Parameter Accountable Factor
1. Range weight
- wind
air density

drag coefficient
propellant capacity
burn rate

engine balancing
lofting characteristics
apogee altitude
velocity angle

pitch program

thrust

burnout velocity

2, Accuracy wind velocity
burnout variables
earth rotation
acceleration
vehicle velocity
lofting
gyro drift

. guidance errors

3. Circle of equal range errors
prohability (CED) track ervors
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1.

J.

Parameter (Continued)
4. Thrust

5. Specific impulse

6. Total impulse

Accountable Factur (Continued)

thrust coefflcient

nozzle throat area

chamber pressure
characteristic exhausi veloeity

exposed burning surface
propellant linear burn rate
propellant density
effective propellant weight

specific impulse

hot gas weight flow sate
burn time

residual propellant

thrust butldup inefficiencies

7. Overall rocket performance thrust

8. Time of flight

9. Lethality

Cost Effectiveneas Measure

specific impulse
total impulse

pitch command

cutoff velocity

distance to target

aerodvnamic coefficients

re-eaniry vehicle ballistic coefficients

radius of ordnance effect
height of burst

ordnance concentration
target profile

Minimum cost of destroying a prescribed target of (x) hardness with
a prescribed probability of kill,

Expected nuraber of targets of (x) hardness destroyed per unit of cost.

Expected dollar value, strategic value, or percent of damage to enemy

property per unit of cost.

Cost per missile on target for a specified probability of success.

Analysis

Range vs theoretical burnout velocity
Mach number vs drag coefficient
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Time ve roll moment

Motor pressure vs vector angle

Time vs launchk pressure

Time “rom launch vs cold wall heat ate
Mission time vs velacity

: Gross weight vs distance

; Payload vs range

Ve.rcity vs aititude

Total impulse vs vehicle gross weight
Thrust vs velccity

Gross weight vs center of gravity

Trajectory

7-5 BOOSTER 1

Al Mission Objective

The system shall be capable of directly injecting payloads of specified weights intn
circular orbit from x; to xz nautical miles altitude and into any point on the
conic of elliptical orbits whose perigees and apogees are no less than yj nautical
miles and no greater than y nautical miles,

B. Mission Condition (Other Than Natural Environment)

Acoustic noise

Altitude pressure
Electromagaetic interference
Temperature

Angular oscillation

Sustained acceleration
Vibration

Shock

Radiation

Buffeting and loads

7-21
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Figure of Merit (FOM)

1. System FOM

Probability of injecting a satellite vehicle of (x) pounds into a
y-degree orbit of (z) nautical mile altitude at (t) time.

) Expected number of successful repeat missions for which the
™
}I booster can be uvtilized.
{
§
| 2,  Subsystem FOM
: Probability of achieving a specified thrust at any random instant

of time.

D. Effectiveness Parameter

1.  Availavility ,

The prohability of the booster system being ready to procueed to
the launch phase at any randoin instant in time.

2.  Dependability -

Given the availability state, the probability of the booster system
to inject a payload into a speeified orbit. -

3. Capability

Given the availalility and dependability states, the probability of
the hooster operating within specified system parameter tolerances
in meeting their objectives, e.g., within specified values of
accuracy and time.

E. Top-Level System Function

Launch

Fropulsion

Steering and stubility control ‘
Siaging i
Orbital injecticn
Thrust vect.,r control

!
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L F. System Performance Pare-weter

* 1. Functional Parameter

: Ascent attitude rates
. Satellite vehicle separation conditions
! Mixture ratio
{ Altitude thrust
{ Altitude specific impulse
! Chamber pressure
‘. Thrust buildup rate
. Injection accuracy
’ 4 Thrust
: Specific impulse

Operation over mixture ratio range

Operating cycle

Engine start time

Chamber pressure buildup time in vacuum
Thrust unbalance

Thrust overshoot

Differentiz]l shutdown impulse

Engine shutdown

Chamber 2lignment under zero thrust
Dynamic characteristics

Liftoff weight

Electrical power

Propellant start consumption

Thrust decay rate

Total shutdown impulse

Thrust vector control angular travel
Thrust vector misalignment
Gimbaling limitations

Autogenous pressurization

Nozzle cant

7-23
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2, Specialty Technical Parameter

Launch reaction time

Launch hold time

Abort reaction time

Turnaround time

Launch rate

Launch window

(See additional listing in paragraph 7-2 of this chapter.)

Accountable Factor

1. Accountable kactor for Functional Parameter

Takeoff thrust
Static thrust
Center of gravity
Moments and products of inertia
Aerodynamic forces
Gravity
Roll, pitch, and yaw rates
Air density
Fuel consumptior or burn rate
Effective burning time

. Propellant weight
Thrust vector control characteristics
Thrust termination
Chamber pressure oscillations
Burnout velocity
Burnout angle
Exhaust velocity
Impulse~weight ratio
Vapor sensing
Pre-flight pressure characteristics
Nozzle expansion ratio
Propellant density
Cutoff time

T-24




H.

Total time, liftoff to injection error

Dynamic loads
Angular velocity
Thrust ccefficient

Mass properties tolerances

Payload weight

Drag loss

Expended inert weight
Angle of attack
Nozzle throat area
Altitude ervors
Earth’'s radius

Inertial platform alignment

Hot gas weight flow

NOTE: Each of the accountable facters listed can be broken
down to the next lower level of accountable factors.

2. Accountable Factor for Specialty Technical Parameter

(See listing in paragraph 7-2 of this chapter.)

Transfer Function (Output Parameter as a Function of Input

Accountable Factor)

Parameter

1. Ascent 'attitude rates

2, Injection accuracy

3. Satellite vehicle separation
conditions

4. Thrust

Accountable Factor

roll rate
pitch rate
yaw rate

in-track velocity error

ilight path angle error

orbital inclination error

altitude error

cross-track position error

total time, liftoff to injection error

pitch error relative to velocity error
yaw error relative to velocity error
roll error relative to local vertical
attitude rates about pitch or yaw axis
attit. de rates about roll axis

thrust coefficient

nozzle throat area

chamber pressure
characteristic exhaust velocity
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' 1) Parameter (Continued) Ac2ountable Factor (Continued)
L P St

: ? 5. Specific impulse exposed burning surface '

|

propellant linear burn rate
propellant density
effective propellant weight

i 6. Total impulse specific impuise
i hot. gas weight flow rate
: burning time
 : residual propellant
! thrust buildup inefficiencies

7. Overall rocket performance thrust
specific impulse
to’al impulse

I. Cost Effectiveness Measure

Expected cost per pound of initial payload weight placed into orbit.

J.  Analysis Do
Wind speed vs altitude
Velocity vs altitude
Frequency vs gain
Motor pressure vs vector angle
Time vs launch pressure
Mission tiine vs velocity
Total impulse vs vehicle gross weight, altitude, velocity
.Thrust vs velocity
Veloeity vs burnout angle
Burnout altitude vs burnout angle

7-6 SATELLITE

A. Mission Objective

The system shall be capable of trinsmitting information at a specified rate and

perform priority selection and schedule transmissions in accordance with priority
rankings.
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B. Mission Condition (Other Than Natural Environment)

Acoustic field
Pressure/altitude

Vibration

Shock

Sustained radiation
Temperature
Electromagnetic interference
S:stained acceleriiion

Aapgular oscillations

C. Figure of Merit (FOM)

1. System FOM

Probability of receiving and transmitting high priority information
within (x) seconds at prescribed frequency ranges.

Expected number of low priority messages received and transmitted
per month within prescribed frequency ranges.

2. Subsystem FOM

Expected number of SHF and VHF channels operating at a specified
effective radiated power for (n) years.

Probability that the satellite control subsystem will perform to a
specified accuracy over (t) time.

Probability that the electirical power subsystem will provide (x) watts
to the communication and telemetry subsystems for a minimum of
(n) years,

D. Effectiveness Parameter

1.  Ava‘lability

The probability that the sateliite is ready to proceed to the launch
phase at any random instant of time.

7-27
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2. Dependability

Given the aval!sbility state, the probability that the satellite will
[ tranamit messages upon coramand,

3. Capability

i Given the availability and dependability states, the probability
: that the satellite will operate within specific s; =.em parameter
tolerances in meeting their objectives.

E. Top-Level System Function

Dispense payload

Achieve operating altitude and station
Sustain orbital position and attitude
Proviae electrical power !
Receive and transmit izformaiion
Generate and transmit beacon signals
Thermal control

F. System Performance Parameter

1. Functional Parameter

Antenra beam pointing
Stabilization (spin or 3 axis)
Power characteristics
Separation

Attitude control and reference
Satellite injection

Solar cells deployment
Antenna deployment

Shroud separation

Apogee motor separation

Thrust (apogee motor)

Horizon sensing .
Coarse thrust centrol
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Fine damping

IF filtering

Payload capacity

RF signals

Effective radiated power
Frequency characteristics
Amplitude response
Phase response

Signal suppression
Beaznn characteristics
Telemetering

Center of gravity envelope
Steady state specific impulse
De-gpin

Signal conditioning

2. Specialty Technical Paramater

(See listing in paragraph 7-2 of this chapter,)

G. Accountal le Factor

1, Accountable Factor for Functional Parameter

Specific impulse (apogee motor)
Avecrage thrust (apogee motor)
Shroud separation

Separation of launch vehicle adapter
Polarization

Beacon signal level

Antenna coverage

Spin rate

Beacon frequency

Propeliant containment characteristics
Channel capacity

* Battery charging
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Power distribution
Power discharge and duty cycle
Impedance
Operating range
Intermiitent load requirements
Power shunting
Frequency range
Tone modulation
