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. complexity of Naval systems, the achievement of an acceptable level

FOREWORD

The effective performance of Navy systems in Fleet use is
essential to successful Naval operations. With the increasing

of performance effectiveness has become increasingly difficult.
During the past few years, useful techniques have evolved from a
continuing extensive effort to develop the ways and means to improve
performance effectiveness of Fleet systems.

The purpose of this manual is to describe the techniques
developed under the Systems Performance Effectiveness (SPE)
program. Navy program managers, project managers snd project
engineers are urged to use this manual as appropriate in the
development of systems to assure the maximum feasible effectiveness.
Distribution of this manual to industrial organizations as necessary
and appropriate is authorized.

This revised manual is the first updated edition of NAVMAT
P3941 dated May 1967 (AD660 h13);changes from the basic manual
are indicated by the following marginal symbols:

— Line changed
| Lines changed
[ N

It is intended that the publication will continue to be
periodically revised and updated to meet the varied needs of groups
within the Naval Material Command. Comments or recommendations
concerning the content of this manual should be forwarded to the
Chief of Naval Material (MAT 0325) at any time for ~onsideration.
This publication has been reviewed and approved in compliance with
SECNAVINST 5600.16.

Deputy Chier of Na Material for
Development/Chief of Naval Development
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SYSTEMS PERFORMANCE EFFECTIVENESS

1.1 BACKGROUND

The effective performance of systems in the Fleet has always been an
important factor in the successful accomplishment of the Navy's missions. In
recent years, however, the tremendous growth in system complexity, due to more

40,060

16,500

Average Active Element
Groups Per Systems

7,000

% 2 1
Year 1953 1958 1963 1965 1968
Complexity ] 2.2 28 Th 160

Factor

Welght 1 1.1 2.3 3.8 ?
Fuctor

FIGURE 1-1
COMPLEX!TY INCREASE, AVIONICS SYSTEMS

AN INTRODUCTION TO

complex and demanding opera:ional
requirements and to rapldly advancing
technology, has magnified the problem
of obtaining effzctive performance

from the new systems being delivered.
For example, Figure 1-1 deplcts the
rapid growth of ailrcraft electronics,
measured in terms of active element
groups (diodes, transistors, and vacuum
tubes, together with thelr associated
passive components). In the 12 years
from 1953 to 1965 the complexity of
avionic systems increased by a factor
ef 74, although improvements in
technology and techniques permitted

the attalnment of this complexity with .
a welght-increase factor of only 2.8.

A large avionic system now planned

for 1968 will be 160 times more complex
than a 1953 avionic system.
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INCREASES IN CHARACTERISTICS
OF BESTROYER ELECTRONIC SUITS

A slinliar increas. in complexity
is evident in shipboard electronics,
as 1llustrated in Figure 1-2. The
figure shows the increase in system
complexity-~-measured by the number of
active element groups--in destroyer
"electronics sults" over the pewlod
1937 to 1964, Figure 1-3 relates this
increase over the last twenty years
to the corresponding increases in cost,
power, welght, and volume. It 1s
interesting to note that although
complexlty has increased by a factor
of 40, technologlcal progress has
resulted in smaller increases in the
other factors: a factor of 21 for
cost, 20 for power, 14 for weilght,
and 12 for volume.

The complexity explosion has not
been restricted to electronic systems,
however. Threats are more complex,
decislon time 1is reduced, tactical
declislions are more critical, available
reaction time 1s reduced; all these
'squeeze' factors tend to require
increased complexity in all the systems
that combine to form a capabhility.

The seeming.y simple task of collecting
feedback data, for example, has escalated
to a point where the complex Naval
Tactical Data System 1s required.

More complex systems in turn generate

greater technical and operaticnal interface problems. Consequently, the achleve-
ment of satisfactory syctems performance effectiveness in the Fleet has challenged
the ingenuity of the scientist, the engineer, and the technical manager, and has
influenced trends in all the engineering and management disciplines.

Although special attention during the past several years to such areas
eritical to systems performance effectiveness as reliability, maintalnability,
performance, operability, quality, human factors, safety, and value has provided
some measure of improvement in each area, further improvements in these techniques

ness discipline are essential,

“and the development of methods for efficiently integrating them into an effective-
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1.2 DEFINITION AND AIMS OF SYSTEMS PERFORMANCE EFFECTIVENESS

Systems performance effectiveness can be defined as, "A measure of the extent
to which a system can be expected to complete its assigned mission within an
established time frame under stated environmental conditions"#. This definition
has recelved general acceptance, and accurately establishes the scope and context
of the discipline. Although the word "measure" 15 ambiguous--here assumed to
imply a standard of comparison or Jjudgement--the other terms clearly indicate
that effects cf misslon environment and the time demands of system operation
are an integral part of the systems performance effectiveness concept.

A meaningful concept, however, requlres more than acceptable definitions.
To provide an analysis capabliity, & structure or frame of reference 1s required
for the principle elements of the concept; the nature of the interrelationships
among the elements must be identified; and a set of techniques must be developed.
Rules and procedvres for applying the technigues are desirable.

The purpose of thils manual is to present the concept and highlights of
systems performance effectiveness and the steps required for implementation,
In general, there 1s a growing volume of literature on systems effectiveness,
Some important reference sources are clted at appropriate points in the manual.

Appendix A contains a description of the nature of the acquisition process--
the process for which systems performance effectiveness serves as a measure and
a tool. The role and utllilty of systems performance effectiveness modeling
techniques during various phases of the acquisition process is also discussed in
this appendix. Considerations relating to characteristics and attributes of
analytic models, and discussions on the formulation of an appropriate analysis
framework for systems performance effectiveness are presented in Appendix B.

* Systems Effectiveness, compiled by Systems Effectiveness Branch,
Office of Naval Materiel, Jamuary 1965 (AD 659-520).
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IMPLEMENTATION OF
SYSTEMS PERFORMANCE EFFECTIVENESS

TWEO

Several technical disciplines are involved in implementling a disciplined
approach to achleving satisfactory systems performance effectiveness.
they include technical documentation, data acqulsition and reduction,
evaluation, analysis, and systems engineering.

In gensaral
system

The natural tendency to seek a uniform, optimum criteria for system
development actually may rnot be the best approach.* The systems performance
effectiveness model can take several forms; depending on the mission requirements,
complexity, and development status of the system or equipment in question. The
problem, then, can be stated as follows: How l: effective systems engineering
performed in a real-world environment? The technlques of systems performance
effectiveness have evolved from the endeavors to answer this question.

2.1 SYSTEMS PERFORMANCE EFFECTIVENESS FACTORS

The use of an effectiveness framew>rk permits & multiplicity of nissions,
functional consideraticus, and resource conslderations to be analyzed within a
common frame of refersnce. The elements from which the Navy's PAU effectiveness
frumework is syntherized is illustrsted in Flgure 2-1; the framewcrk 18 described
in de%all in Apperdix B, PFigure 2-1 indicates the structural relationships

*"ye cannot and should not expect ever to develop a complete set o1 numerical
criteria to measure military effectiveness”, from & McMNamars-Hitch-Futhoven
Anthelogy, A Moderm Desi for Defense Decision, p. 174, Industrial Ciollege
of the Armed Forces, July .
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among the PAU elements and the number of factors each contains. The 1incluslon
of elements relating to military worth and system penalties allows the structure
to be expanded to higrer levels. For the purposes of a systems performance
effectiveness analysis, Figure 2-) basically serves as a checklist for iden-
tifying the particular set of factors of concern for a given problem; the
significance of each factor will vary from problem to problem. The framework
provides initial perspective and organlzes information to be used in subsequent
analysis.

If the system performance effectiveness dlscipline 1s to represent a useful
solution to the project manager's problems, performance parameters that are specl-
fied in procurement contracts and the assoclated effectiveness factors must be
related to system needs. Thus, the planning sequence must lead to a defini-i ..
of critical performance parameters such that the requirements developed during
Concept Formulation and Contract Definition are compatible with the technical
system design and can be analyzed by a systems performance effectiveness model,

2.2 DEVELOPMENT OF EFFECTIVENESS CRITERIA

Converslon of the systems performance effectlveness structure into a practical
technique 1s discussed in this section. Considerations and procedures leading
to a formulation of effectlveness criteria and characteristics and appropriate
levels of abstractlons to be use@*in generating the criterla are discussed.

Figure 2-2 outlines the complexity of developing systems performance effec-
tiveness criteria for a particular system. In threat analysis the orojJect manager
must conslder that both weapon-system technology and threat capability are in a
dynamic state. This dynamic situation is a result of an evolving state of the

Variations-Intelligence
Alternate Systems THREAT 8
1
A MISSIONS Multi-mission ships-Mission
worth-doctrine
z |
TASKS Critical tasks
/\Equipmnent utilization
Meaningful sets
PAR - REQUIRED TIME Resource definition
Teggnglggtcal REQUIREMENTS DEPENDENCE -Spares:People-T/E
rec
l | Supply policy
System ALLOWABLE RANGE MODE TRANSITION | system f
degradation ystem failure
within mode | OF PARAMETER VALUES /| PROBABILITIES | dependencies
/
/ Sets of o
perating
Adequacy ) intervais
of design CAPABILITY TIME
DEGRADATION M Strategy
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art, and the fact that the problem often requires analysis of
Jequential series of events (mission scenarios) whose factors are
not easily related analytically. Simmlation is therefore a useful
tool for modeling this problem. Inputs associated with the user
play a significant role in the analysis, and special agencies such
as the Center for Nevel Analyses are employed to provide operations-
research (OR) analyses. In mission analysis the manager mst make
subjective decisions to reduce the problem to manageable levels
without causing loss of significance in the results. The tasks

he selects for inclusion in the model must be those whose successful
rerformance accucrately represents mission success. Furthermore,

to assess total costs, personnel and other data, the complete set

of functions and equipments to accomplish the tasks should be
considered.

It is important that the user, producer, and review agency all
agree on the functional requirements specified in the task descriptions.
These task descriptions form the basis of effectiveness analysis.
Effectiveness measures that relate successful performance of the task
are generated: the measures form the basis for analytic modeling to
assess sensitivities of selected parameters to resources, failures,
logistics, degradation, time demands, etc. The effectiveness
measures can generally be divided into two distinct but related
factors. The first factor relating to the performance variable and
its associated range of values, and the second describing the time
dependency of the performance values. The bottom line of Figure 2-2
expresses analytically the performance capability (Pc) and the
detailed time-dependency of performance (Pp). Pp adds a time
dimension to performance and allows reliability, maintainability,
availability, etc., to be treated as modifiers of performance.
Effectiveness then can be analytically measured as a function of
Po and Pp. The effectiveness criteria ultimetely selected must meet
the following requirements:

¢ They mst be quantitative.

o They must be sufficiently meaningful to the system designer
and system analyst to permit their use as design and
evaluation criteria for a given system.

¢ They must be sufficiently meaningful to the user and mission
analyst to permit their value to be specified and interprated
ir terms of the mission.

An important stage in the development of effectiveness criteria is
the estimating of the resource constraints for each system. These are
treated in three distinct but logical ways by the project manager.

First, he places absolute upper limits on the particular constraints
that are specified. For example, Program A may have a two-year lead
time as an absolute requirement; Program B may have certain size and
weight constraints because of payload restrictions, etc. These limits

are treated in a go/m-go sense: only systems which satiafy these
requirements can be candidates.
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Second, the constraints are treated as deslgn parameters, and the impact

e s i

of each 1is measured where posaible as a change in f(PC, PT). For example, employ-
ment of technicians in the higher skill brackets reduces downtime and therefore
affects PT; provision of ample lead time reduces development risk, allows advanced
technology to be employed, and therefore affects PC'

T v T
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Finally, the constraints are treated as quantitative attributes of the system
in their own right, and specific values are estimated in terms of years and dollars
for each design approach. TIlgure 2-3 gives an overview of the use of (PC, PT)
effectiveness criterla used in developing resources as a function of the Mainten-
ance Engineering Analysis in the Integrated Logistic Support Planning procedure.

i

o
9 Operation
o,
“’ﬂ / . \
§ 5 Deslgn ¥ Logistic
o S ‘ Effectiveness /
= Criterla
(PC, Pt)
> Rellability M.E.A Maintalnability
g Program - > A - Program
& |
9 Y M.E.A.--Maintenance Engi-
o Plan neering Analysis
8 For
Maintenance
Spares //Z % Personre]
o
g -
i
5 \
,g Facillities Data
g
o
Contract Support Support Equipment
FIGURE 2-3

EFFECTIVENESS CRITERIA ch. PT' FOR ILS*

—®~ #HAVMAT INST 4000.20, Integrated Logistic Support Planning
Procedures, 19 Angust_lﬁg.‘
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. The concept of (Pc, Pp) is not a figure of merit approach but rather

- allow~ effectiveness analysis to be treated in a sequential manner and provides
L visibility of pertinent information to enable decision making. -

The attempt to combilne effectiveness measures into a single figure of merit
poses a question currently recelving much attention: To what level should the
elements be combined? For example, if a relative value can be placed on cost
versus manpower skills, size, etc., it 1s possible to combine the elements into
a single cost figure of merit, In general, however, a better approach 1s not
to combine data beyond the point at which useful Information is lost, For
instance, the ability to study systems from the viewpoint of individually esti-
mated resource constraints permits analysis to reflect change in emphasis at any
point in time. Flgure 2-4 1s a symbolic presentation of system effectiveness for

a large system: effectiveness appears
in a series of relationships that show

WE, the lead time (L), manpower (MP),
................. E;‘ E, = £(Pg, PT) acquisition cost (CA), ownership cost
’ (CO), ete., as modiflers of an analytic
WEy representation of effectiveness., The
Yreeeenees weresens ﬁé ........ resemerseessasrens i factor W, & measure of mission worth,
» _A 1s introduced to illustrate that even
............... CA thls general form ls subject to addl-
......... tional variation depending on whether
] eeerrnenreenesseisssetnsscssanssssssasanansantene gEA the tasks of multitask missions are P
' Y treated independently or in a combined
form, ) o
FIGURE 2-4

2.3 TECHNICAL COMMUNICATIONS AND
ANALYTIC REPRESENTATION OF NAVY MODEL ANALYSIS

An analogy can be drawn between
the PAU framework and- assoclated
o’ PT expression and 1ts associated techniques, The techniques
assoclated with the PC’ PT expression, however encompass not only elements of
analysis--such as prediction, assessment, trade-off, and optimization routires--
but deal with methods that have been developed to help achleve adequate technical
communications among all system-acquisition participants,

factors, and the P

The tools needed for meaningful implementation of systems performance
effectiveness, then, may be divided into two broad categorles, Those in the first
category provide the means of achleving adequate technical communlcations among
all participants in a system'e acquisition; chose in the second category provide
the means for performing systems performance effectiveness analysis. These
elements have been the objects of comprehensive studles leading to the development of
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techniques which, when used in combination, provide some of the basic ingredlents

f ; of the practical systems performance effectiveness methodology known as the General-
S ized Effectiveness Methodology (3EM). GEM, shown in schematic form in Figure 2-5,

é 1s basically an analytic method of addressing the systems performance effective-

’ ness problem ¥ The organization, logic, current status of development, and

: capabllities of GEM are described 1n Section 2.3.2. Whille GEM has been specifi-

cally deslgned for easy access and use, cautlon must he exercised in the use of

i1ts more specialized features. In some cases 1t may be necessary to verify that
the problem to be solved and a partlcular GEM technique are compatible, It 1s
recommended that only experlenced persornel make this determination, * %

The two broad aspects of systems performance effectivene=s--Technical
Communications and Analysis~-are dlscussed in Sections 2,3.1 and 2.3.2 respectively.

Stored Networks Library of Equations

L“‘&F"‘j
User Direction

Definition Language +| GEM Processor > Output
Command Language

3 | Plot | Print

Modiflcation and
Technical Common Optimization
Communication Query Routines
& from System [
i System Under for
v Development Data and Technical
Predictions
b Communication i
¢ to User

s

Requirements | Constralnts

FIGURE 2.5
GENERALIZED EFFECTIVENESS METHODOLOGY

¥ U,S, Naval Applied Science Laboratory, System Effectiveness Branch,
Brooklyn, New York 11251. Major components of GEM have been implemented
. on a CDC 6600 computer.
** The Generalized Effectiveness Methodology (GEM) Analysis Program, NASL

. Progress Report 1, Lab. Project 920-72-1, 8 May 1968 (AD 832-107L)
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2.3.1 Technical Communications

The Need

Technical communications provably form the most important requirement for
a successful system-development program: criteria development emerges as
primarily a dlalogue between user and producer (see Appendix A), The establishment
of formal concept-formulation and contract-definition outputs, whose content 1s
specified in documents such as DOD Directive 3200,9, are based upon this need,

The diversity in the slze and complexity of equipments purchased by the
Navy requlres a corresponding diversity 1n acquisition-management structures.
+n turn, technical communication must be geared to accommodate these diversities.
Information-disclosure formats, therefore, must have suffilcient commonality to
permit structuring of various subsystem organlzatlions for varlous management levels,
Furthermore, since system acqulsition 1ls time dependent, technical communications
must be geared to the development cycle and grow with the system. If communi-
catlon 1s not adequate, high system complexity and the dep: . of the organization
required to manage the program will result in allocatlon of goals and sub-
optimization of goals without the benefit of the total systems approach. The
communications requirement, therefore, must be speciflcally defined in terms of
what 1s to be communicated and how 1t 1s to be communicated.

The requirecment is illustrated in Figure 2-6 and may be summarized as follows:
+ The ability to handle change (update capability)

+ The ability to sort information (reference)

« The ability to integrate information at different levels and from

—_—p different sources (commonality)

« The ability to provide critical inputs to the modeling effort (data)

Time Dependency
0f Informaticn Content

Technical System Docurentation
Communication Requiremenrts
Intrasystem Time Scheme
Relation to Design
Information Content Update Capability Review

0 @ 0 Q @ Reference gg::g‘

Intersystem Time Eng.
Relation t¢ Higher Commonality Drawings RFQ
rder Svstem Data Test
es

‘D Plans
G @ o GCR PTA SOR TDP

System Analytic Model Manuals

FIGURE 2.6
TECHNICAL COMMUNICATION FOR SYSTEM DEVELOPMENT
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A Method: Design Disclosure¥*

A technical-communications scheme called the Design Disclosure for
Systems and Equipment (DDSE) has been developed in response to the described
need, It is based on NASL Technical Memorandum 5 of 15 March 1967 (Lab. Pro-
jeet 920-72-2), and is contained in Military Standardization Handbook
MIL-HDBK-226 (NAVY) sponsored by the Naval Ship Systems Command.** It provides
for the transfer of design and development information from the function and
hardware designers to the system designers, systems analysts, mission analysts,
and users., For this purpose it specifies the use of four information-transfer
structures: block diagrams, blocked schematics, blocked texts, and design
outlines,

The detailed block diagrams and the blocked schematics define the boundaries
of functional and hardware entities. The blocked-teggt structure is an economical
way of increasing management control and understanding; it presents theory,
performance data, goals, ete., on a page facing the block diagrams and blocked
schematics. The information--in detail applicable to the particular level--is
inserted appropristely in blocks which comprise a mirror image of the detailed
block diasgram and blocked schematics. Lastly, the design outline presents all
the time and information dependencies at any level for all the hardware and
functional entities in all operating modes.

Figure 2-7 is an overall surmmary of the acquisition adaptation of the DDSE.
2.3.2 Analysis: The GEM Program

In this discussion, analysis is interpreted as a procedure for "providing
the best possible estimate of the effects of selecting various courses of
action"#*¥, While there are many reasonsble courses of action within the frame-
work of system performance effectiveness, the approach selected attempts to
incorporate as much problem solving capability as is consistent with the current
state of the art. Furthermore, it maintains a sufficiently flexible structure
and logic in the model to allow for further expansion and introduction of
additional capability when new techniques are developed and their impact on
systems performance effectiveness has been ascertained., Figure 2-5 showed the
logic and main components of the approach selected: the Generalized Effectiveness
Meihodology (GEM). The various elements depicted in the figure are discussed
below.

User Directions

The user directions (1) provide the means for describing the system
(refinition Language) and (2) direct modifications and evaluation of the model

(Cormand Language).
Definition - The definition language is used to descride

iae system (network or block diagram). The system may contain combinations of
serics parallel configurations; shared elements or bridge networks may be

*0Originally termed Design Disclosure Format(DI¥) and Design Disclosure Standard(DDS).

** Anal@gous and compatible technical communication techniques used in Symbolic
%ntegr;ted Maintenance Manuals (SIMM) are descrived in Mil. Spec. MIL-M-2L100A
SHIPS).

*### Hitch, Decision Mak for Defense, University of California Press,
Los Angeles, 1955.
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described by Boolean (logical) functions. The processor program*, in

—= association with the description, generates the appropriate formulas or -
—=» differential equations and a computer program to evaluate the model. o

Command Language - The command language 1s used to direct evaluation
of a system in terms of any or all the variables that have been indicated in the
system definition., Also provided in this language are commands which are used
to modify the system definition, evaluate the resulting definition, and thereby
generate alternatives to the origlnal system.

By means of the commands--ADD, DELETE, REPLACE, ALTER, VARY--the user is able
to add, delete, or replace 1tems in the system configuratlon; alter any formula
reference; and vary any slngle argument value or set of argument values throughou%
the system. The command "VARY" permits the user to generate automatically the
information needed for a sensitivity analysis.

Technical Communications for Systems Under Development

The sysitem that 1s being analyzed must be described in terms appropriate
to thebanalysis to be performed (e.g., reliabllity analysis requires a rellabllity
network of the system). Currently this represents a complex and tedious procedure
involving the services of speciallsts from diverse disclplines. Use of a DDS
descriptioh of the system and methods for extracting the infomnratlon pertinent to
the particular analysis under study, will simplify and expedite the task. The

information extracted can then be coded, either manually or seml-automatically, -
into GEM language and made to represent the required input to the program,

Library of Equations

The library of equations (formula library) consists of & set of computer
programs for evaluating the functions most frequently used when the varisables
pertinent to systems performance effectiveness are described,

The equations that are now avallable will enable the program manager to
compute the following variables:

(1) Reliability Without Repair

* 1n general, the reliability-withovt-repair variable can
be calculated for exponential, Weibull, gamma, log-normal, and
truncated normal failure distridbutions.

+ For parallel-standby configurations, the reliabllity-without-repair
variable can be computed for exponential and Weibull failure
diatributions.

*» The reliability-without-repair wvariable can be computed for a system
that comprises several identical elements arranged linearly or in a
circular pattern {such as in a cylindrical sonar transducer),

¥See UEN Processor, page 18 { “‘"}
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(3)

(5)

L

Rellabllity With Repalr

The reliability-with-repair wvariable can be computed for the following
comblnations of fallure and repalr distributions:

+ Exponentlal fallure - exponential repair
+ Welbull fallure - exponential repair
+« Welbull failure - lognormal repailr

Under the exponential-exponential condition, the program will also
account for the following clrcumstances:

-~ ILimited numher of repairmen and a repair priority

« Limited number of spares assligned to specific equipments or pooled l
among equipments

+ Comblnations of the above.
In the cases of Welbull fallure and Exponential or Lognormal repair,

there are several equipment-configuration and maintenance-personnel
restrictions imposed.

Availability

The availability variable can be computed for the following

combinations of failure and repalr distributions: [see restrictions under
(2)]
« Exponential faliure - exponential repair

+ Welbull fallure - exponential repair
» Welbull fallure - lognormal repalr
Interval Rellability

Interval Reliabilitfy 1s a major component of the measure of effective-
ness, It 1s defined as the probabllity that the system is in satisfactory
condition at scme time, t,, (mission start) and does not fail during a
time interval, t, following tl. The irterval rellabllity of a system
can be calculated for conditions identical to those described under
Reliability with Repair and Availability,

Steady State Availability

The steady state avallability of a system can be calculated for the
combination of exponential fallure and exponential repair only,

Mission Availability

The mission avallabllity of a system can be calculated for the
combination of exponential failure and exponential repair only.

Mean Life

The mean-life-without-repair parameter can be calculated for any
combination of fajlure distributions. The mean-life-with-repair
parameter can be calculated only for the combination of
exponential feilure and exponential repair.
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An update program for the formule library is also provided so that
the user can incorporate new formulas into the library and delete ones no
longer of interest. In addition to expanding the set of formulas related
to systems performance effectiveness variables, new variables may be
named and formulas related to these variables may be added, Thus, when
quantitative relationships for variables such as maintainability are
developed, they can be added to the formula library.

GEM Processor

The GEM processor is a computer program which generates che
mathematical routines for the systems and its alternatives, and executes
the coded program. If any item has been described by a Boolean formula,

the processor will generate the appropriate probability formula fcr use
in the model,

Stored Networks

Any system description which has been processed by GEM can be stored
and subsequently reirieved. The stored-networks library provides a fast-
access record of all analyzed systems.

An update program for the stored-networks library is also provided
to generate, update, and maintain a System Library free from errcr. The
update program provides the user with the following capabilities:

e Rename a present system in the library (RENAME)

e Delete a present system from the library (ERASE)

e Add a new system to the library (COPY)

» Delete variable(s) from a present system in the library (EXCLUDE)

e Add a new variable(s) to a system in the library (INCLUDE)

Common Query System

Having established the system description and defined thesppropriate
measures, it is necessary to introduce data to obtain quantitative
estimates., In the past decade, the availability of data has improved
considerably. Methods of storing and retrieving information have
advanced, and determined efforts have been made to collect accurate design
and operational data. In addition to collecting performance, reliability,
and maintainability information, data banks are now recording information
on items, such as costs an~ personnel, While an extensive number of
data sources have been estwdlished, there is little similarity exhibited
wvith regard to either collection procedures, storage medium used, or
methods available for retrieval. This situation exists because the
individual activities perform different functions and tend to reflect the
emphasis and interest 2ach agency places on its data. In instances vhere
data requirements can adequately and consistently be met by a single source,

18
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the existence of other data centers is of little consequence. A problem
arises, however, when some effectiveness or cost effectiveness analysis
task is to be performed. Here, different categories of information,
vhich may be stored in different centers, must be obtained. Moreover,
the combination of sets of data required will generally vary from
analysis to analysis. Hence, it is important to determine whether the
required information is available and subject to retrieval within

‘s reasonable time frame, The system which is intended to accomplish this

function is currently under development, and has be:n designated by the
acronym CQS (Common Query System). The purpose of this system will be
to:

(1) Interpret queries addressed to CQS to identify specific data
center(s) that contain the categories of information required,

(2) Direct queries to these identified centers in a format acceptable
to the data center(s) concerned,

(3) Perform appropriate searches and necessary manipulations, and
(4) Forecast results as required.

Initially, the principal application of CQS will be directed towards
providing a data base for performing various types of effectiveness
analyses using the GEM program. In addition, it is anticipated that CQS
will prove useful in problems which require separation of data to determine
influences of environment, time frame, etc., as well as in applications
vhere combining of data elements (i.e., data pooling) is indicated. The
initial phase of this development has been completed; being primarily
focused on a survey titled Evaluation and Classification Study of Government
and Contractor Reliability and Maintainability Data Sources*,

Optimization Routines

Optimization routines are programs which evaluate and select from
alternatives the gystem which is considered best in terms of specified
objectives and constraints. The art of optimizaticon requires the matching
of techniques and model forms. It appears that no single optimization
technique will solve all problems.

#Reliablility and Maintainability Data Source Guide, SPE Progranm,
MASL Progress Report 2, Lab, Project 90-72-1, Nov 1967
AD- 823-228L
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There are several optimization programs that are not currently
part of the GEM package, but wvhich could be used when appropriate.
(These techniques are highly specialized and should be used only after
appropriate analysis by personnel familiar with their use.) Descriptions
and detaila of currently available computer programs in the optimization
ares a8 well as in other systems performance effectiveness areas such

—§» as cost, maintainability, logistics, etc are included in a progress report

of the Naval Applied Science Laboratory (NASL)*. In addition, a Department
of Defense report, Survey of Studies and Computer Progggﬁmil_;g Efforts for
Reliability, Maintainability and Bffectiveness, AD-622 676, September 1965,
provides additional information on these subjects.

Output to User

The normal output from the GEM processor presents the results of
systems performance effectiveness calculations in a standardized printed
format that can be understood and be useful to the program office. Another
form of output presents calculated results graphically in the form of a
plotted curve. The formats of the graphic outputs clearly indicate the
behavior of a systems performance effectiveness variable as & function
of time and provides informmtion necessary for decision making,

*Evaluation of Computer Programs for SPE, NAS'. Progress Report 1,
hb. h'OJ.ct Qo"?a'l, M 1%7.
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For example, the rellabllity parameter can be described by a curve that
shows interval reliabllity under particular conditions. The user can then fit
his mission profile to the curve and extract specific data necessary to calculate
effectiveness as defined for his system., Figure 2-8 shows a typical curve, The
program manager can specify particular intervals of interest and indicate the
policy and initial conditlions to be considered for each interval, '

Speclal condition within interval:
e Spares Avaliabllity
o Technlclan Queulng
o Etc.

System Interval Reliability (PT)

Probability of sustalned perfcrmance for
ot =1, 2, 3,,..., 24 hours where To = O(A = 1)

Probabllity of sustained performance for
ot =1, 2, 3...., 24 hours where T, = lyr. (AN1)

FIGURE 2-3
PERFORMANCE TIME DEPENBENCIES

Summary of GEM

The techniques described in this section constitute the current capability of
the Generalized Effectiveness Methodology (GEM). GEM will give project managers
and design-and-development teams the capatility to:

« Define system design and generate analytic models &t various levels
of complexity

. Specify changes in the design or analytic models and compute the effec:
of certaln changes on system effectiveness and sensitivity

« Specify changes in specific design factors and compute the effect on
other design factors.

« Store on tape complete details of analyzed systems and analytic models,

Py s 0
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+ Recall, update (expand, modify) and reevaluate any system or analytic
model description stored in the system llbrary '

+ Expand, at will, the set of computational equations stored in the
equation library

« Request print-outs of trade-off curves 1llustrating the relationships : |
between any combination of design factors, support-system characteristics,
and systems performance effectiveness as a function of mission times

The following are specific advantages offered by GEM which result in cost
savings:

+ Separate programs need not be written to evaluate each speciflc design . :
or analytic-model configuration, T

« A system can be described directly in dgeslgn-oriented language without
the need for -computer programming.

« Specific changes in design or analytic model can be made without extensive
program revision or rewriting of programs,

2.4 PROBLEMS OF EFFECYIVENESS ANALYSIS

; To emphasize the fact that systems performance effectiveness is an envolving
‘ discipline, several of 1its more important problems are described below,

2.4,1 Mission Analysis

Before analyzing o well-defined system, let alone developing a new one, 1t
i1s necessary to know what the system is supposed to do, 1l.e., what mission(s)
it must perform. It 1s relatively easy to establish performance envelopes for
various subsystems that, in turn, enable the system to Q;rform one task in one
environment. The problem, however, becomes much more difficult i1f one must
consider many tasks (e.g., defend other units, track a target without getting
within vulnerable range, or attack a target) under many environments (calm sea,
rough sea, or subzero weather).

One scheme often used is to develop figures of merit. This scheme weights

the effectiveness figure for each task by the frequency with which the system

i may be called upon to perform each task. However, systems are developed to

: satisfy specific mission requirements that have been furmulated on the basis

i cf specific threats. The best system selected in accordance with such a scheme

5 may not, therefore, be capable of resronding to a specific threat, which of
itaelf may be extremely serious but alsc may occur very often. Thus a system
may not be satisfactory from the standpoint of a specific threat.

It is possible, however, to alter the method by weighting the threats by
their severity and expected frequency of occurrence and thua design the system _
for some other weighted average of threats. However, this does not solve the 4
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problem elther, since optimizing an answer to any average threat does not optimize
the answer to each threat. Perhaps the solution 1s to develop a procedure to
optimize the effectiveness of answering a sultable, chosen, average threat that

1s subject to the achievement of a glven effectiveness filgure agalnst each specific
threat.

On one hand, it makes little sense to speak about the average effectiveness,
the average environment, or the average threat. On the other hand, one cannoct
optimize with respect to a single mission unless the system has only one task to
perform. Such a procedure, therefore, leads to all the difflculties assoclated
with suboptimization, which results when one tries to optimize a system by
optimizing each subsystem.

2.4.,2 PFigure of Merit

Perhaps the difficulty assoclated with the formulation of an appropriate
figure of merit can be best explained by a discussion of the analogous problem
encountered with the parameters of a frequency distributlion. For example, with
a distribution a population can be characterized by its mean; but thls does not
indicate the variability about this mean. A measure of variability, called the
standard deviation can also be added to this characterization.

Yet there wlll be other propertles of the population that are not plctured
by any of these characterlzations, e.g., the lack of symmetry. If the 10th and
g0th percentiles are also glven, however, a more complete picture of the popula-
tion begins to take shape. Nevertheless, no finite set of parameters can ever
completely describe a real population or 1ts frequency distribution. |

Similarly, of one wants to know the system-effectiveness figures in all
situations, something analogous to the frequency distribution is needed. Although
there may be a figure of merit analogous to the mean in the frequency-distrihution
e¢xample, 1t can never gilve all the information about the system.

2.4,3 Degraded Performance

At the component level, degradation can be thougiht of as measured by the
t.wurer of falled components. At the system level, however, degraded performance
may refer to the probability of performing the mission. For example, the system
might be designed to be capable of performing its mission 958 nf the time in one
environment. In another environment, however, it may have cnly a 90% capability,
and this may be consldered degraded performance. .

Ou: the other hand, consider a radar-weapons system. Its design performance
conslsts of beling able to pick up an objJect at a certain distance, uand ther being
able to assign appropriate weapons once the object has been correctly classified.
A probability is assoclatzcd with each subsystem performance, and hence also with

he system's performarce. If the probabliity associated with any subsystem is
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reduced, however, the probability of system performance will also be reduced,
and this, too, can be considered degraded performance,

Models of degraded performance can also be modified so that they are time-
variant. There are, moreover, many other possible definitions of degraded
performance. The one to use, of course, 1s the one that 1s useful in assessing
a system. Much current work 1s misunderstood because one group does not use the
same concept of system degradation as another.

2.4.4 Modeling Problems

Two facets of modeling that have not been referred to previously warrant

discussion, since they present significant problems. They concern assumptions
and human factors,

Assumptions of Independence

The most significant assumption made in the moceling process--and especially
in reliability and availability modeling--is that units comprising the system
fall and are repaired independently of each other. In some cases such an assump-
tion may cause only a slight distortion in simulating the functioning of the
system, On the other hand such assumptions may so simplify the problem that its
solution, for all practical purposes, becomes trivial,

Human Factors

Navy concern for human factors falls inte three major areas: 1life support,
personnel and training, and human engineering. It 1s the goal of life support to

maintain and protect the human by controlling his environment; the goal of person-

nel and training is to select, train, and assign the human for operational tasks;
and human engineering provides the deslgn engineer with the basils for the most
effective utilization of the human component of the system. In short the discip-
line of human factors in systems performance effectiveness requires that the man
module be considered just as a hardware component: to be evaluated for cosé,
reliability, maintainability, availlability, and operability, 1In addition, the
man module must be considered for trainability.

To achieve these goals in a disciplined fashion certain procedures nust
be followed, These procedures are not cne-time events to be accomplished early
in the development phase, but rather are iterative procedures that must be
reviewed and changed where necesszziy just as design is reviewed and changed
during an equipment:’s development,

Appzndix O of Ouide for Human Pactors and Personnel Resources Program,
NAVMAT Insiruction 4000.20, Integrated Logistic Support Planning Procedures,
contains an outline of the procedures to be followed in a human factors prog:ram,
and lists & series of reference documents that should be utilized in such a

program,
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The text of NAVMAT Instruction 4000,20 may give the impression that imple-
mentation of 1ts procedures will lead to the solution of all Human Factors prob-
lems. Unfortunately, this 1s not so. GEM has stressed and improved the equipment
aspects of the effectiveness model, and similar stress must now be put on the
human segment of the model. As with hardware models, models for human behavior are
no better than the data inserted into them, Therefore, data must be collected which
has applicability to the broad range of tasks and characteristics of the human
element of GEM,

It must be kept in mind that the goal of an equipment-development project
is not solely that of producing a tangible pilece of hardware, but that of
producing hardware that can be used and maintained by men to its fullest design
capability.

2.4.,5 Data Problems

The quality of the data used to perform cal-zulations during the course of
a systems performance effectiveness analvsis will have a significant effect on the
accuracy and utility of the results, Unfortunately, the mathematical model
that describes a system corfiguration and behavior often is far more precise than
the input data avallzule, If ecrfectiveness values--obtalned from an exercise of
the system mc2ci--are used as relative rather than absolute values, the quality
of the gata is usually found to be adequate. As a general rule, such values are
catisfartory when the snalysis 1s performed to obtaln comparisons between alter-
rate designs, or to determine the effect of changes on a specific configuration.
If absolute values are required, however, extreme care must be used in selecting
the input data, and caution should be observed in interpreting the results,
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SUMMARY AND IMPLEMENTATION ACTIONS

THREE

The systems performance effectiveness discipline is a new science whi-.h
still requires refinement by supporting research personnel. This manual has
described an approach which allows program personnel to make immediate use of
effectiveness analysls techniques, while improvements in data, system descriptions,
forecasting, and computer techniques are introduced in an evolutionary manner,

Problems have been identified for the followlng purposes:

e To emphasize that this manual presents a perspective of the current

state of the art, and not a closed systems performance effectiveness
doctrine

* To indicate where further investigations are required (and in some
— instances are nov being carried out) and to refine and solidify the art
of controlling and managing systems performance effectiveness

Program managers, project managers, and project engineers should take the
following actions in implementing systems performance effectiveness:

Determine the underlying system performance effectiveness factors
assoclated with the system as discussed in Sections 2.1 and 2.2;
consider the life cycle status and acquisition planning as described i..
Appendix A,
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+ Develop a systems performance effectiveness model for the system as
dlscuseed 'n Chapter 1 and Appendix B,

* Develop Integrated Loglstlc Support aspoects of the system as shown
In Flgure 2-3.

Assure the maximum usn of technical communicatlons in systems performance
effectiveness actlvitics as described in Section 2.3.

+ Make use of Generalized Effectiveness Methodology (GEM) for systems
performance effectiveness analysic as described in Section 2.3. (Congul-
tation may be requlred for the application of GEM--dlscusslon with the
U. S. Naval Aprlled Sclence Laboratory is recommended.)

Careful performance of these actions will assure acquisition of a system
whose systems performance effectiveness characteristics are consistent with 1ts
mission objJecrtives.

—_——
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APPENDIX A

THE RELATION OF SYSTEMS PERFORMANCE EFFECTIVENESS TECHNIQUES
TO THE RDT&E PLANNING AND ACQUISITION PROCESS
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APPENDIX A

THE RELATION OF SYSTEMS FERFORMANCE EFFECTIVENESS TECHNIQUES
TO THE RDT&E PLANNING AND ACQUISITION PROCESS

1. The Steps in System Acqulsition

1.1 Introduction

The system-acquisitlor process begins with the generation of a General
Operating Requlrement that defines a need for capabllity in a functlonal Naval
warfare area. It progresses through Concept Formulation, Contract Definition,
Engineering or Operaticnal Develcpment, and Production, and it terminates with
the procurement of the last replacement part for the system that has been
developed and produced to fulfill the need.

DOD Directive 3200.9, 1 July 1965, “"Initiation of Engineering and Operational
Svstem Development," implemented by SECNAV Instruction 3900.33, 20 August 1965,
establishes the phases of Concept Formulation (CF) and Contract Definition (CD)
as prerequislties to undertaking full Engineering Development of major projects.
(These phases replace the Project Definition Phase of DOD Directive 3200.9,

26 February 1964.) As shown in Figure A-1, Concept Formulation, which comes
under the general classiflcation of Exploratory or Advanced Development, includes
the RDT&E Planning Dialogue between user and producer. Successful completion of
Concept Formulation leads to Contract Deflnition, the first step in Englineering
Development. In CD, generally, two or more competitive contractors, worklng
closely with the Navy, develop concept, design approach, trade-off solutlons,
management plans, schedule, and overall cost. Satisfactory completion of CD is
followed by System Development, Production, Installation, and Operation.

ixploratory Advanced
Development Development Engineering Development
Concept Contract Definition System
Formulation Development Froduction
Fhase | Phase Fhase :
A B [

{ ]
|  User~Troducer Dialogue | :
| t
| User Producer [

1 |
|
) OOR ! ! FIGURE A-1

L]
' TSOR ' !
i T : l SYSTEM DEVELOPMENT
e
' SOR * | ! AND PRODUCTION
] ™hr / . :
t Approval | \
‘ /\ \
DDR&E DDR&E
Condltlional Approval Ratification of
for Development Approval for
Development
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Figure A-2 lists the governing OPNAV, SECNAV, and 0S directives for the
steps in System Development, together with the Navy manusls developed to give
guidance in the preparation of RPT&E planning documentation. - {

The actual system-acquisition process is not always as orderly as described ‘
sbove. Projects may leap-frog over Contract Definition, or they may retrogress 2
from Engineering Development back to Advanced or Exploratory Development. Imptove-
ment programs for Fleet operational systems may appear to start life in the System
Development Phase. It is important to realize, however, that although the formal
acquisition-process terminology for the steps in system development may not always
g exist, these steps do take place in almost every program.
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1.2 The RDT&E Planning Dialogue

P TN

Concept Formulation begins with the RDI&E (Research, Development, Test,
j and Evaluation) Planning Dialogue, as defined in the 3910 series of OPNAV
; Instructions and the 3200 series of DOD Directives.

P! RDT&E planning within the Department of the Navy is characteristically

f E conducted as a dialogue between the user 1interest and the producer interest. The
) b user interest 1s represented by the Chief of Naval Operations and the Commandant
-~  of the Marine Corps, as spokesmen for the operational forces; and the producer
| interest 1s represented by the Chlef of Naval Material spesking for the Naval
Material Command. This user-producer relationship 1s more analogous to a
relationship between cooperating independent business organizations than to

‘ traditional military relationships. Plans are the result of negotiation bztween
? ¢ the two interests. Through this process trade-offs are made that will result in
S the maximum military capablility for the operating forces within the 1limits of the
u resources avallable.

The principal documents used in the user-producer dialogue are shown in
Figure A-2 as the intermediate points in the flow dlagram. At first glance the
impression 1s that the user interest levies unilateral requirements--based on
pure millitary necesslty--on the producer lnterest. The actual process, however, }
involves a continuous lnteractlon between operational requirements and thelr
spokesman, and technical and sclentific possibllities and thelr spokesman. It is
& continulng, lterative interchange. New formal requirements for weapons hard-
ware often have their genesis 1n new possibillitles stemming from advancing
knowledge and technology rather than fram evolving militery need or reassessment
‘ of old needs.

The Chlef of Naval Operatlons is responsible for the preparation of a

General Operational Requirement (GOR) for each functlonal wurfare and support

area. GOR's usually result from rather extensive long-range strategic and tacti-

cal studies. These documents state, 1n relatlvely brouad but significant terms,

the capabllities the Navy needs within each area. For gulidance 1in making trade-
v offs in weapons design, the GOR should indicate tne relative importsnce of the
needed capabilities, In the past, performance capabilities have been adequately
stated 1n the GOR's; however, other considerations that constitute system
effectiveness--reliabillity, maintainabllity, etc,--have not always been given
adequate attentlon. Systems performance effectiveness guldance must be provided
for the entire system at the GOR stage, for here is where the thinking and planning
for cotal system effectiveness begins.

RE

In some cases the using agency lssues a document concerning a narrower require-
ment, a Tentative Specific Operational Requirement (TSOR). This document states
the need for achleving a particular operational capatility and outlinen the identi-
i fiable system characteristics necessary to fulfill the requirement. The TSOR
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defines the desired performance goals and provides additional information needed
to welgh alternatives and make the trade-offs required for an optimum system.

The producer response to elther the GOR or TSCR 1s a PTA (Proposed Technical
Approach). PTA's are developed by the Naval Material Command to propose tech-
nically feasible alternative methods of accomplishing objectives set forth in

a GOR or TSOR. The PTA should be fully responsive to the GOR or TSOR; therefore,
the quality of the PTA depends directly on the quality of the GOR or TSOR. In
additlion to other mandatory requirements of the PTA, the governing OPNAV and DOD
directives require that the PTA analyze and compare the operational effectiveness
of the proposed alternate development approaches in terms of performance, relia-
bility, operability, and maintainability, and clearly indicate the basis of the
comparison, such as previous experiments, extrapolation, or conjecture.

The user reviews what 1s presented in the PTA and decldes on one of the
following alternatives:

1. Study the requirement further
2, Begin reasibility studies, further experimentation, or both
3. Begin an englneering or operational development eftort

4, Terminate development effort in the specific area

If alternative 1 1s chosen, the process returns to the strategic and
tactical study phase and usually results in revisions to the GOR or TSOR. If
alternative 2 1is chosen, the user interests develop and promulgate an Advanced
Development Objective (ADO)., If alternative 3 is chosen, the user interests
develop and promulage a Specific Operational Requirement (SOR). In the case of
alternative 4, all erfort proposed in the PTA 1s terminated, which usually results
in the action indicated for alternative 1, although on occaslon the requirement
will remain unmodified and essentially dormant until research effort develops new
te hnlcal approactes to be incorporated in a superseding PTA

It alternative 2 (ADO) or alternative 3 (SOR) is chosen, the producer
prepares a Technicul Development Plan (TDP). However, there is a distinct
difference between u TDP that responds to an ADO and one that responds to an
SOR. In the case of an ADQO, the effort defined by the TDP is either directed
toward demonstration of feasibility of approach(es) or experimentation at the
breadboard level. This effort, if successful, leads to an SOR and a responding
TDP.

The TDP :esponding to an SOR represents the essential completion of Concept
Formulation (CF). The most important end product of CF, it comprises the complete
and detailed plan for fulfilling the operational requirements of the user. The
geal of a TDP is a balanced and integrated effort for optimizing operatici.l?
effectiveness, total cost, anc early availability.
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With the development of the TDP, the necessary RDI&E Planning for the
full-scale development phase of the system 1s established; if planning
has been adequate, only a minimum of TDP updating will be required during the
full-scale development phase.

2. Systems Performauce Effectiveness and the System-Acquisition Process

2.1 The Discipline of Systems Performance Effectiveness Engineering

The role of systems performance effectiveness measures during the acquisition
process 1s to enable the program manager to restructure the allocated goals to
the system level, thereby allowlng system decisions to be made by higher management.
The allocation process is shown in Figure A-3, this abllity adds a new dimension
to management. Dynamlc 1life cycle management and Integrated Logistics Support
then become practlcal goals. The above structuring process 1s the systems
performance effectiveness model, frequently discussed but too often not used
until after the fact. Erfectiveness models are described in Appendix B.

The following sections describe the application of the Systems Performance
Effectiveness discipline to the System Acquisition process. It will be seen that
systems performance effectiveness techniques are intended to aid the project
manager in decision-making by presenting him with organlzed information, and to
assist him in assigning task priorities by highlighting critical areas within
his project. The discipline of Systems Performance Effectiveness i1s not a
replacement for managerial Judgment; rather, it supplies a basis for better and
more timely declsions.

P

' T Res ources
//////////////////////////////4

Sub Set of Py Sub Set of Py Initial Constraints
Allocation of
Goals & Requirements Allocation Allocation

T T T T
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FIGURE A-3
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2.2 Concept Formulation

"Concept Formulation describes the activities preceding a decision to carry
out Engineering Development., These actlvities include accomplishment of compre-
hensive system studies and experimental hardware efforts under Exploratory and
Advanced Development and are prerequlsite to a declsion to carry out Engineering
Development."#

The initiation of succeasful system development programs in the U. S. Navy
is becoming increasingly difficult 1n view of the rapld technologlcal changes to
be coped with and the growth of required program documentation, Success depends
upon many complex factors such as the followlng:

+ Determination of threat profiles and their translation into system
requirements and conatraints

» Status and understanding of performance parameters, resource estimates,
and error budgets of exploratory/advanced development projects

+ Understanding of the activities required to satisfy the directives,
requirements, and instructions of the DOD/Navy management system

* Avallability of people, facilitiles, technliques, and data to support
required activities

The integration of the above factors, and others, for the specific purpose
of initlating an engineering development program is known as Concept Formulation.
By definition then, Concept Formulation does not replace existing analyses or
development activities but rather seeks to optimally integrate the outputs of
such activities., Much work has to be done to provide efficient concept-formula-
tion capability. A coheslive marriage of the deslgn and analysls technlques 1s
required. The results of concept-formulation studles will have a major lmpact
upon the cost ond responsiveness of future Naval systems.

2.2.1 Candidate-System Definition

In an ideal situation the process of Concept Formulation would progress from
the recognition of a threat, to a number of approaches, to candldate concepts, and
then to candidate systems. This ideal!zed order is seldom reallzed. The lack of
orderliness in the real-world evolution of the process can pose extreme problems
if not approached in a disciplined manner.

Basic %o a disciplined approach 1s the recognition that these stages of
progress are simpl: differing degrees of precision in defining the system. In
other words, the descriptive parameters become progressively better deflined for each

step in the evolution from approach to candidate system.

During the earlier atages, system functions are quite broadly defined. The
gross functions are progressively structured as groups of subfunctions, each with

e e
DOD Directive 3200.9 of 1 July 1965
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its associated inputs and outputs. Structuring continues until the candidate
system has been defined. This approach permits comparative evaluation of com-
peting candidate systems, regardless of thelr relative stage of evolution.

2.2.,2 Preferred-System Selection

The preferred-system selectlon process must take into account considerations
other than systems performance effectiveness. Among these are cost-effectiveness
and, in the Navy System Effectiveness/Cost-Effectiveness (SE/CE) method, what
has been termed Defense Effectlveness.

The cost-effectlveness analysis is based on two cost estimates associlated
with each function in the systems performance effectiveness model. One estimate
covers the cost of acquisition; the other, covers the cost of utilizatlion or
ownership. The former includes the RDT&E costs, prorated over the anticipated
production quantity, as well as the production (and installation, when appropri-
ate) cost per system. The latter includes all operating, maintenance, and support
costs of the system. These costs can be used 1n connection with trade-off analyses,
or they can be aggregated and assoclated with the systems performance effectivenesas
index and used as partial determinants in preferred-system selection. Other
partial determlnants useful in preferred-system selection are comparisons of
systems performance effectiveness indexes wlth manpower and lead-time requirements.

The results of the effort to this point are formally organized as a PTA and
submitted through appropriate channels to the Chlef of Naval Operations for com-
pletion of Preferred System Selectlon,

The Defense Effectiveness methodology is based on the evaluation of military
worth and 1ts degradation as a function of the time taken to acquire the system.
Neither of these factors 1s directly measurable., However, they can be assigned
numeric judgment valuations by military experts. The military-worth index 1s
an evaluation of the mission to be accomplished by the system. If all candidate
systems accomplish identical missions, the military-worth valuation can be set
at unity, and only the effect of time-to-acquire will be considered in the eval-
uation. On the other hand, 1f one or more of the candidate systems are capable
of accomplishing additional missions or different combinations of missions, the
indexes of milltary worth should reflect the differences as military judgment
may deem appropriate., The net effect of the Defense Effectiveness methodology
is to provide a military-judgment coefficlent to azssist in Preferred System
Selection.

The actual selection is suggested by the candidate system with the higheat
index of Defense Effectiveness. However, this suggestion 18 not absolute.
Modeling aasists in the decision-making process and 1s not a substitute for
managerial Jjudgment, Indeed, judgment may result in a decislon at this nuvage
that more than cne preferred system will enter Contract Definition,

A-9
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The final dction in the process of Preferred System Selection 1s taken by
the Chlef of Naval Operations. He expresses the decislon through the lssuance
of an ADO or an SOR. If more than one Preferred System 1s ind.cated, an ADC is
issued. (It should be noted that this 18 but one circumstance under which an
ADO may be issued). If a single preferred system i1s indicated, an SOR is 1ssued.

2.2.3 Approval tuv Enter Contract Definition

The preferred system{s) having been selected, one step remains prior to Con-
tract Definition, To the project manager, this 1s one of the most eritical steps,
and his first major test as a manager. He must demonstrate that he has met all
of the prerequisites* to obtaln SECDEF approval to enter inte Contract Definition.

If not approached in a well-organized mamner, this demonstration can be
a time-consuming and frustrating exercise, However, the Navy SE/CE
methodology, with its models (including the system model) provides the
ordered approach and the demonstration vehicle. Using these models, the
managsr can define the preferred syctew(s) in terms of teclinical goals and

criteria, trade-off evaluations, and priorities of effort, together with
the associated confidence levels,

Application of the Navy SE/CE methodclogy throughout the Concept Formulatlon
phase of the aystem's 1life cycle places the manager in an unanblguous position.
If he can define his preferred system sufficiently well to exercise the models,
it 1s probable that his system 1s soundly conceived and that the model completion
in itself will demonstrate his meeting of the prerequilsites for Contract Defini-
tion, On the other hand, 1inability to provide minimal input requirements for
model ansalysls and/or to provide clear preferred-system definition 1s a strong
indication that prerequisitles have not been met.

Having successfully cemonstrated accomplishment of prereqilsltes through
Preferred System Definition, tne manager uses the essentlal inputs to prepare the
Request for Proposal (RFP) needed to cover the contracted effort.

2.3 Contract Definition

Contract Definizion 1s a period of major cencern to the pregject manajer,
although the burden of proving performance and responsivensss rests on the
contractor (pr.vate industry or Goverrnment Joboratory) who has bean selected 98
a qualified part’cipant essentlally on the basls of proposuls.

#*OPNAV Publication 90 P-1, 11 June 1905,




In many respects the application of the Navy SE/CE methodology to Contract
Definitlon parallels 1ts appllication to Concept Formulation. There are, however,
some significant differences. In time sequence, the applicatlion of the Navy
SE/CE methodology under Concept Formulation, as discussed in Section 2.2, is appli-
cable if the term "Contractor's Proposed Svatem" is used in lleu of "Candidate
System,

The preferred system(s) having been defined in the last step in Concept
Formulation, a sensitivity analysis 1s performed with the effectiveness model.
This analysis will indicate the limiting parameters and priorities for each ele-
ment of the system model, which are express-d in terms of technlcal goals or
requirements. The range of the permissive parameters, properly related to esti-
mates of state-of-the-art capabllities, establishes the degree of criticality
of the element.

The preferred-system(s) definition and the critical systems performance
effectiveness parameters are incorporated intc a Request for Proposal (RFP),
which is transmitted to the contractor(s) as a gulde for proposed approaches to
Contract Definition. The preferred-system(s) definition provides for Phase A of
Contract Definltion, the equivalent of Candidate System Definition in Ccncept
Formulation. In addition to guldance for the contractor(s), the definition of
critical systems performance effectiveness parameters provides the criteria for
evaluating contractor proposals under Phase A.

As with other aspects of the systems performance effectivenss discipline,
the definition of critical systems performance effectiveness parameters is not
static. The process of refinement started in Concept Formulation continues in
Contract Definition. As a result of the analysis of proposals received under
Phase A of Contract Definition, the preferred-system(s) def:inition is refined,
and the critical parameters are better defined by the inputs received frow the
responses to the RFP. Thils sharpening becomes most important to the project
manager during P'use C of Contract Definition,

The project manager exercises little cort-:z1 over the Contract Definition
effort, which is largely in Phase B. However, progress reports under the contracts
for Phase B do provide definition and validating data. As these data are received,
relterative exercise of the systems performance effectiveness model provides a
significant measure ¢f the progress belng realized.

While the c¢ritli-al systems performance effectiveness parameters can be
defined initially during the early phases of Cencept Fcrmulation, they reach
their full definition during the latter stages of Phase B und during the analysis
effort under Phage ¢ of Centract Definition., They rovide the essentlial framewcrk
for the decision %o enter into Engineering Development.

it




The definition of these parameters at this polnt in the evolutionary cycle of
a system must be sharpened to the pointfwhere the project manager can demonstrate
the following within an 18-week perlod:

*  The operational goals and technical goals are in agreement
* The technlcal, and hence operatiovnal, criteria can be met
* The financial and schedule f-ctors are credible

*+ The development risks are acceptable

« A deflaitive conbract can be entered into with the best-qualified
zontractor .

Tc demonstrale the foregoing, not only mist the parameters be clearly and
concisely defined, but they must be quantitatively interreiated. Thls requires
highly structured system models in ter s of functional block dilagrams with
assveizted characteristics values (or, in some cases computer siaulation models)
and a completely structured SE/CE ricdel with which to analyze and evaluate the
system models. The former 1s an output of Phase B contractor efforts The
latter, however, is largely the result of the efforts of the project manager's
staff.

The success or failure of Phase C will be determined ty the degree of com-
pleteness of the model and the Jerree to which 1ts structuring conforms to the
real-world siltuation,

If the SE/CE model does approximate reality éuca ssfulily, the parameters can
be interrelated, and the exercise of the model\ior each of the competing systems
produced by the CD contractors provides a ffaméwork for Source Selection and demon-~
strates the validity of entering into Engineering Development of the project, con-
tinuing with further definitlon or adv3nced deyélopm?nt effort, or abandoning the
project, :

In addition to its use as a Gecision-making tool, The SE/CE mcuel also serves
another functlon during this period. The sharp+ defined Ciitical Effectiveness
Parameters provide within the SE/CE model the checklist for completing the specil-
firation for the Enginezring Development contract., This is particularly important
in that one of the principal objectives of the Contract Definition process is to
ass e that a complete ond unambiguous specification (definitlon) is developed for
the Engineering Development effort.

». 4 Engineering Development

Through the process of “ontract Definition, tne project manager has been
estatlishing a frame of reference to define the system, 1ts technlcal goals :nd
criteria, and the measures by whlch 1ts effectiveness 1n terms of 1ts mission




life costs can be evaluated. Having established this frame of reference, he must
now alddress himself to obtalining assurance of achleving an effective system.

The ultinate evaluation of the Engineering Development phase occurs during
the test and evaluation of the developed system. If the simulated system model
and systems performance effectliveness analytic model are valid and adequately
defined, the system should meet its test and evaluation successfully, and the
project manager will have been successful.

If the system 1is not satisfactory, the models have yet another function.
The operational data accumulated during T&E should be inserted in the models.
The models should then be exercised and the results analyzed to identify problem
areas. These should then be recorded and made avallable to other project managers
to assist them in avoiding similar errors. At the same time, a closed-18op manage-
ment system should be implemented to correct the problems.

If the project is to be continued, whether or not the T&E is successful, th=
T&E data are inserted in the models to sharpen further the definitlon of technical
goals and criteria and to validate the data for the production baseline and pro-
duction specification. Here, again, the models serve to guide the effort and to
assure the project manager that the baseline (specification) is complete and
defined as sharply as the aggregate experience wlll permlt. This is a necessary
exercise, whether or not the R&D contractor 1s also the initial preduction con-~
tractor.

At this point, the project manager finds himself subjected to conflicting
pressures. The extreme of one school of thought might Insist that the design be
frozen and production should proceed on essentially an exact-copy basis. The
other extreme 1s to continue injectlng all of the latest state-of-the-art lmprove-
ments into prodnetion to ensure the maximum possible capabilitie~ in the operating

forces. There are too many factors external to the system itself tc Justify either
of these positions.

However, two prerequlsities to any decisicn are apparent. Firét, the project
manager must have, with relative exactness, a complete definition of his system
to serve as a baseline fcr a declsion., . Second, he must have a means for evaluating
the relative 1lmpacts of the alternatives. The system model provides the former,
and the analy*lc model provides the latter.

2.5 Production

When the system has passed the test and evaluatlion phase and has been
approved for service use, the project manager must produce the system and l.itro-
duce 1t into the operational forces. In the past, thls transitlion from Research
and Development to Production has meant turning the project over to a nsw team,
all too frequently 1nvolving a great deal of learning for the new team, time
iosses, and a loss of experlence and data.
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‘ivo factors could provide safeguards against these traditional difficulties.
The flrst, the project-manager concept, includes provisions for keeping the manage-
ment team intact., The same management team that was responsible for R&D should
have some continulng responsibility for production. Thus the time loss involved
in learning the system is eliminated. The second, use of both simulation and
analytic models, provides a methodology for experience and data retention. The
formal structuring and recording of data provide a high degree of assurance that
both experience and data will be retalned.

When viewed objectively, the demands placed on the projeot manager for
changes 1n conflguration, cost, and schedule differ little in concept from the
trade-off analyses performed during concept formulation or the preferred-system
selectlon performed during Contiact Definition. Indeed, the same tools, the
simulation model and the analytic model, can be used. Actually, since the model
values have now been more sharply defined through the 1ntroduction of experimental
data during Contract Definition, Englneering Development, and Test and Evaluation,
the validity of the models as decision-making sids should be very high,

1

2.6 Fieet Operations !

The most criltical aspect of systems performance effectiveness during Fleet
operations 1s the retrieval of data for future programs. One significant attempt
to provide a portion of these data from operating units is the MDCS (Maintenance
Data Collection System) carried cut under the Navy 3M Program*. Attempts are
being made to structure the MDCS data formats in such a way that the requisite
inputs to the systems performance effectlveness methodology can be obtained from
the MDCS without additional reporting requirements. If these efforts are success-
ful, the project manager will have avallable to him the maln body of experimental
data, which can then be 1ntroduced into the models.

These data are needed for two principal reascns:

(1) They provide the real-life validating information on all of the project
manager's past declslons. Through this validation effort he can
determine the adequacy of welghtlng and other -judgment factors that
were applied during the preceding phases. An added return is the
recording and sharing of these evaluations with project managers fcr
other systems under development or for superseding systems. In this
application of the systems performance effectiveness methedology, the
Navy can receive substantlial benefits in experlence retention.

(2) These data can also be used to establish a decision baseline for
determining the need for so-called product improvements in operating

*OPNAVINST 4700,16B
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systems, and for evaluating proposed changes. Costly. changes and
changes of questlonable return may result from use of. inadequate or
incomplete data.

In the operational phase, as in the preceding phases, the discipline of the
systems performance effectiveness methodology guards agalnst making declsions on
the basis of inadequate, incomplete, or unrelated data--principally through the
viglbility that the modeling technlques give to the ramlfications of the variances
in data inputs. While the systems performance effectiveness methodology 1is by no
means a panacea and certalnly not a substitute for sound Judgment, it does provide
a structured discipline that substantially increases the probability that the
project manager willl have as inputs to hls deliberations all the factors necessary
to assure that he makes the right decisions.
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{ APPENDIX B

; = CONSIDERATIONS FOR SYSTEMS PERFORMANCE
b } EFFECTIVENESS MODELS

! 1, Analytic Models for Effectiveness Eva.uation

: Any meaningful applicatlon of the systems performance effectiveness concept
}g to a particular proJect requires a quantitative methodology to evaluate the

’ effectiveness of a prcposed or actual system in terms or selected measures,
requirements, and decislon criteria. Until this 1s done, the concept of systems
performance effectiveness for a project has little use--except perhaps as a
rallying point for arguments about the advantages of System X over System Y.

The need for a cystems performance effectiveness evaluation methodology begins
at the inception of the system 1ife cycle and continues through the succeeding
deslgn, development, production, test, and operational phases. Despite the
obvious differences in the depth of the analysis applicable to thesebphases, the
need for a quantitative methodclogy applles throughout.

Evaluatlon methodologlies for systems performance effectiveness characteristics
can be broadly characterized in terms of two approaches: the empirical and the
analytic.

An empirical methodology 1s one devoted to data collection and evaluaticn
of exlsting systems. Thus it is possible to evaluate systems performance effec-
tiveness by means of performance observatlions of systems in the fleld. While
this approach is undoubtedly the most accurate, it is feasible only for systems
or projects that are very far advanced in thelr l1ife cycles.

An analytic methodology, on the other hand, i1s one that derives its results
by inference, and uses a set of assumptions and procedures as a framework to
compute an effectlveness description of the system in question. This descriptive
system framework 1s called an analytic model, and the description of system "X"
in these terms 1s called the analytic model of system "X",

Purely emplrical or purely analytlc methodologles are, of course, not very
useful. The former ylelds highly authoritative data too late to be useful, while
the latter ylelds answers unsupported by facts. In practice, a balance is sought.
This balance will normally change during the life cycle of a system. As data
about the behavior of the system become more avallable, the analytic model
gradually merges into an empirical model; as the data become more avallable and
as confidence in their value increases, statistical sample data supplant the
assumptions.
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Analytlc models, moreover, usually remain useful even with regard to the
empirical data obtained from system samples taken during acceptance tests. Also,
these data often require interpretation simply because it 1s impractlcal to
conduct tests that are sufflciently elaborate to yleld statistically significant
effectiveness data directly.

The need for analytic models to predict systems performance effectiveness
thus emerges from the need to evaluate the effectiveness hefore the system has
besn at sea for many years. Since this manual is primarily concerned with systems
performance effectiveness in its entire context, the following discussion considers
the analytic models~--with the understanding that empirical methods will always
be required to provide inputs for the analysis.

2. Characteristics of an Effectiveness Model

There are certain general characteristics that any mathematical model should
have 1n order to be a useful tool to predict effectiveness. Despite the fact that
some of the points dlscussed below seem almost obvious in retrospect, a substantial
number of exlsting models do not seem to possess these characteristics. Hence,
the following discussion appears warranted:

(1) 1Independence from Design Assumptions
If the concept of effectiveness 1s to be applied as a technical
management tool, there 1s a demand that the effectivenesgs-analysis
technique, and consequently the analytic model, be capable of
evaluating alternative (or modified) system designs with respect to a
fixed set of mission models and variables. To whatever extent the
analytic model presupposes system design confilgurations or characteristics,
the model is not able to evaluate alternate designs that are not within
these constraints, and hence 1t may not provide a basis fo: comparison
or optimization. For example, if the analytic model 1s bullt i1 terms
of a glven system-design configuration, other Jdesign configurations
may be inequitably treated if subjected to the same analysis.

(2) Usefulness Throughout the System Life Cycle
The analytic model should be one that can be used throughout the system
life cycle. In the early stages of the cycle, relatively few data
are avallable on the statistical or performance capabllity of the system,
and a substantial number of assumptions must be made to permit the
analysis. As the life cycle progresses through design, development,
test, and implementation, additional design and sample test data ordi-
narily become avallable. The analytic model, therefore, should be
designed to accommodate these changes in inputs, and yleld successive
systems performance effectiveness predictions throughout the life cycle,
with increased confidence in the results.
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{3)

(4)

Reallism in the Analytic Assumptions

The physical and mathematical assumptions upon which the model 1s
founded must be realistic with respect to the expected characteristics
of the mission and system operations. There 1s a great temptation

to construct analytic models based more on mathematical elegance than on
realism,

Tractabllity of the Evaluation

For the model to be usable, it must give numerical answers when
exercised. This implies the foilowing:

+ The model must be quantitative even in the face of limited data
It must be amenable to computation.

Clearly, thls model characterlistic must be traded off against the
characteristic of realism. The art of modeling consists, in large
measure, of establishlng this balance.

3. Selecting an Effectiveness Model

There appear to be three fundamental classes of considerations that enter into

the selection of an appropriate effectiveness model: the outputs required for
system management and optimization, the nature of the systems to be analyzed,

and the

mission characteristics to be employed.

3.1 Output Consideraticns

The definitions of the variables, requirements, and decision criteria
influence the selection of an appropriate effectiveness model. The following
questions are typical of those which must be answered:

Can the system-oriented performance variables be identified with specific
hardware, or are they more closely tied to overall system behavior,
including software?

Was an 1terative methodology employed to establish the requirements
and decision criteria? (The requirements on the model themselves could
change during the 1terative procedure, and these changes must be
incorporated. )

Is there one principal performance variable that corresponds to one
principal system function, or 1s the system called upon to do many
things?

Will the utility and trade-off data permit the results of effectiveness
analysis to be expressed in terms of discrete quantities, or will
probability distributions be required to describe systems performance
effectivoness adequately?

Are the variables binary (success/failure) or multivalued?




3.2 System Considerations

System considerations concerning the cholce of an effectlveness model have
their greatest effect on the statistical and loglcal assumptions that underlie
the model. 1In a given system, 1t may be uniquely possible to identify subsystems
with thelr corresponding functions, and in such a zase the effectiveness
evaluation 1s simplified. On the other hand, i1f interaction of subsystem
functions is expected, particularly with degraded modes of operation, the
model must incorporate this flexibllity of interaction. Additionally, the analytic
model often incorporates assumptions concerning the statistlcal behavior of the
system. These assumptions may or may not be valid for the system 1n question,
and they may or may not be consistent with the avallable data. Finally, the
scope and complexity of the system must be considered. The dellcate balance
between tractability and realism discussed above must be resolved in terms of
anticipated system size (size being expressed in such terms as the number of
components).

3.3 Mission Considerations

In addition to mission effects, described under the heading Output
Considerations above, a series of representative mission profiles also must be
examined as part of the model-selection process.

The results of the studies discussed elsewhere in this report are closely involved
in this examination. For example, is the system operating in a steady-state
environment, or are the missions short compared with other statistical time
parameters? In the former case (e.g., a long crulsing mission), an equilibrium
or steady-statc model may be employed. In the lattrr case, a mission-sensitive
model is required in whole or in part.

Again, 1s the mission function carried out over a time segment (e.g., a
hunter-killer exercise), or is a point mission involved (e.g., weapon launch)?
Are there one or several critical mission segments? Dc the requirements and
decision criteria for systems performance effectiveness change with mission mode?
Do the reliability and maintainabllity characteristics of the subsystems change
as a function c¢f a miasion segment?

The answers to such questicns will help shape the assumptions that are
incorporated in the analytic model.

4, Analytic Frameworks for Effectiveness Models

The development of a model that satlisfies the conditions citsd in the preceding
section 1s at best, a complicated task. However, even under the asswnpticon that
such 3 model is realizable, its range of application without some types ol medifi-
cation would be restricted. This is due to the nature of the requirements, diverse
cperating conditions, and use factors that generally are an integrsal part of
military systems. To help solve this problem, an approach that uses a system
effectiveness framework has been developed. In this approach, the basic syatems
performance effectiveness elements remain constant for different system missions
and use functlons, although the more detailed factors underlying the basic elements
are subject to change, depending on the particular problem analyzed.
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Several systems performance effectiveness models have been developed.
Table B-1 1lists equations for the more general models uged by the Armed Forces.
All these equations concern systems performance effectiveness, but each approaches
the subject in a different marner, refiecting the needs of the individual service.

In general, the Navy translates its terms PAU into the analytic terms PC
and PT; the terms PU and A are simllar, regpectively, to the WSEIAC terms C and
AD. The following general equations are derived:

and
f(PJA)U) = f(PC’PT) = f(AJD’C)

It should be noted that properly constructed Navy and WSEIAC models of the
sa..e system carrying out the same mission will give the same evaluation, and may
even be mathematically identical.

Although both the Navy PAU model and WSEIAC model are usually defined as
equations, the basic Equations B-1 and B~5, given in Table B-1l can only be used
for simple systems in simple misslons, even 1f the equatlions are assumed to be
1n matrix form.

However, the Navy f(PC,PT) model 1s more adaptable to complex systems by
virtue of its computerized treatment of the variable PT'

Several systems performance effectiveness models are reviewed below. Emphasis
has been placed on describing the framework of each model rather than on providing
a detalled description. The referenced documents should be consulted for the latter.

4.1 The Navy Model

The first term, Performance (P}, in the Navy model (PAU)* can be expressed
wlthin several frames of reference. In the single-mission system, the expressiocn
1s derived from a varlety of measurements, e.g., area destroyed, tons of cargc

Systems Effccliiveness, compiled by Systems Effectiveness Branch, Office
of Naval Material, January 1965. (AD 659-520)

Proceedings of the NMSE Systems Performance Effectiveuness Conference, the
NMSE Systems Performance Effectiveness Steering Committee, April 1965.
(AD 629-145)

Proceedings of the Second NMSE Systems Performance Effectiveness Conference,
the NMSE Systems Performance Effectiveness Steering Committee, April 196b6.
(AD 651-819)

Proceedings of the NMC Third System Performance Effectiveness Conference,
e System Performance ectiveness Steering Committee, May 1957.
(AD 660-422)

L. D, Whitelock and P. J, Glordano, The Navy's Systems Performance Effectiveness
Program, Aeronsutic and Space Engineering Manufacturing Meeting, Society of
Automotive Bngineers, October 1966.

B-7




TABLE B
o EQUATIONS FOR SYSTEMS PERFORMANCE EFFECTIVENESS MOODELS

Fxplanation of Terme

X I Title Fquatien Texm txplanation

]

4

£ ; Navy Systems Performance Eg - (PAU) {B-1) Eg Index of Systema Performance Effectiveness
| Bffectiveness

2 Eg = t{P,A,U) (B-2) P Index of System Performance - a8 numerical index expreas~
: ing system capability assuring a hypothetical 100%

i availablility und utilization of performance capabllity
in actual opecration

A Index cf System Availability -~ a numerical index of
extenl to which a system 13 ready and capable of fully
H performing its assipned mission{s)

] Index of System Utllizatlon - « numerical index of the
i extent to which the performance capability of the aystem
] 1s utilized durdng the mission

T e

gt

Navy Analytic Systems Ey = (BgPp) (B~3) E, Systems Performance Effectivencas
Performance Bffectivensss

E, = r(PcPT) (B-4) Py Measure of Performance Capabllity - a measure of
adequacy of design and system degradation

™ Measur~ of Detailed Time Dependency - a measure of
avallability with a given utilization.

WSEIAC System Effectiveness | E = (ADC) (B-5) E Quantitative measure of sygtems perfermuncs . ffectivenuss

E = £{x,D,C) (B-6) A Measure of Avallability - & measure of the condition
| of a system at the atart of a mission when the mission
18 called for at unknown {random) point in time.

D Measure of Dependability - a measure of the system
condition during the _arformance of the mlssicn given
i1ts condition (avallability) at the start of the
miseion.

c Measure of Capability - a measure of the results of
the mission given the condition of the aystem during
the mission [dependability)

Navy ! st Elfectiveness ES £(pA u) (8-7) Ec Index of Coat E(fectiveness

a ] a o [ Coat of Acquisition - the aggregated costs of acquir-
ing the system, including prorated development costs.

Iy Coat of Ownership - the aggrepgated costs of operating
L and maintaining the system.

Kivy inlanse sffectiveness ¥ (8-8)
E, = E = B E Index of Defense Effectlveness
d f; ¢ §; ICs + Co d

W Index of Military Worth
R‘ Index of Time Effectivenecs

.t - T % quisitlon C, " r(c ) | {B-9) ¢ AcqQuisition Time Costs - the calendar time required

,» C o C
at’ “am’ "af’ "as to acqLire the system.
c Acquisition Manpower Costs - the manpower und axlll
levelr required to acquire the system

Acquiaition Pipancial Custs {(Dollar) - the dollar
cutiays required to ucquire the aystom, inciuding
the dullir costs assoclated with manpower and 1te
acquisition and supportling lacllities.

Asquisivior. Sipporting Pucilitles Cuats - the
penalty cost O other systems through usc of suppurt
facliitiea by the aystem during acqilsition of the
syetes.

Tam

POV SRR

.t {wnership

st {B-10Y] ¢ Owneranty Ginpowes T.s.3 - the manpowct and sikill
levels required to cperate and matntaln *he system

Cwneranip Plusnclal Costs (Dollar) - the dollar
outliye required Lo cperete and Baintaln the Jydtea,
tneluding the dollar cogte nsecclated with manpowes
amt 3t acqulaltion and vupporting Caziltitlea,

< Vwneratd ) Supporting Forces and Pacilitieg “.ats -
T8 | the penaliy toels tc oiher aystems AL regulre-
i asnt for and use of supporting facilittey arit forces
tn the operetion and saintengnce of the 25 aten,
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or number of passengers delivered, emitters located and identifled. Two important
conditions apply: (1) the measurement standard used must be applicable to the
parameter used to determine the performance level and (2) the answer derived from
exerclsing the expression must be used with caution because, with other than
extremely simple systems, the achieved performance ~apahility 1s almost always
less than the theoretical performance capability. This circumstance occurs because
the deslign-optimization process requires that some trade offs be made to achleve
optimization of the overall system. As a result, even for the relatively simple,
single-mission system, (P) is expressed as an index representing the ratlo of the
achieved performance level to the theoretical desired level. In essence, 1t 1is

a figure of merit even under the assumption of absolute avallabillty and absolute
utilization.

In the case of the multi-mission system, consideration must also be given to
the interacticn of two judgments. The first comprises the assignment of " eieht_ng
(importance) factors to the several mission modes of the system in such a way
that their sum i1s 1.0. The second comprises the determination of the fraction
of the system's total mission time that will be devoted to each of the several
mission modes.

it is in the multi-m!*ssion system that the compelling reason for using
indexeg becomes most apparent. Many such systems have completely disparate
standards for measuring the performance of their various micsion modes. A compari-
son or aggregation of performance indexes that use different measurement standards
can not be attempted validly. For‘example, tons of cargo delivered, area destroyed,
personnel transported, and enemy radar sites located and identified cannot loglcally
be compared or aggregated.

The second term, availabllity (~!,. is more complex than the first. Overall
availability 1s relatively easy to measure, but seperating the overall value into
factors of rellability, maintainability, operability, and supportability remains
a difficult task--particularly in regard to prediction of the effect of uptime
or downtime. Figure 2-1* indicates the faccors that contribute to avallability
according toe the Navy's definition of the term. The factors assoclated with the
man-module(a) in the system are not now quantifiable; they must be quantized
(provided numeric representations of judgment v-~lues) and indexee or figures of
merit must ba usad to aynthesize availability.

Tne third systems parformance effectiveness terw, Utilization (U}, acconts
for factors that are introduced by the tactical, functlonal, logistical, and
environmental utilization of t::e system; all four are a function of the operational
doctrine of the syscem.

#* Chapter 2, page 5, in main text.
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Utilization factors represent the degrédation in system performance caused
by mission conditions. The followlng are some examples:

+ Loss of accuracy of an optical gun sight due to haze
« Increase in part fallure rate due to high ambient temperature

+ Reduction in repair-part avallability due to remoteness of location
from supply depot ’

« Infrequent use of search radar for security reasons

The utilization factors, except for analytic exercise of the model, are
relatively constant. However, the assigned values wlll change whenever operational
goals and criteria are modified in the process of achleving consonance between
them and technical goals and criteria.

The real significance of the utilization fagtors lies in thelr ability to-
be varied in both sensitivity and trade-off analyses for -optimizing the entire
system and its use. The systems performance effectiveness model thus becones

a tool for bringing operational and technlical goals and criteria into agreement
with each other.

If the goals and criteria are not in agreement, technlcal managers can use
the models to demonstrate to their operational counterparts the desirability of
changing the operational goals and criteria. In such a demonstration the utiliza-
tion factors are varied to show tie impact of the variances on the index of the
system'!s performance effectiveness. If this exercise does not demonstrate the
desirabllity of changing the o -rational goals and criteria, the technical manager
can readily understand why he must revise his goals and criteria to coinclde with
those of the operational manager. In most cases it will become clear to both that
revisions are necessary on both sides to achlieve an optimum system.

As with the performance and availabllity indexes, the varlances in utilization
indexes must be evaluated in terms of cost considerations and military-worth
conslderations. Each variance of a factor affects the other factors and 1s in
turn affected by variances in the other factors. At the same time, each variance
of a factor nas an assoclated cost that must be considered. Only when all factors
have been considered in terms of mission accomplishment will true performance
effectiveness be achieved for the systam. ‘

4.2 Tne Air Force {WSEIAC) Model

This section summarizes the generalized mission-oriented system-effectiveness
model that was gdeveloped by Task Group II of WSEIAC*. In tke simple case in
which the system can only be in either a working state or a failed state, the

!!eaggns System Effectiveness Industry AdvisorE Committee {HSEIACEl Final Report
roup . clion Measuremeni. System-Effectiveness DIvIsIon, Xlr Force

of Tas
Systems Command, AFOC-TR-65-2, , hghss and 45856, January 196S.
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measures of avallability, dependability, and capability concern the following
fundamental questions:

(1) Is the system working at the start of the mission?

(2) If the system 1s working at the start of the mission will it continue
to work throughout the mission?

(3) If the system worked throughout the mission, will it achleve mission
succeas? .

Although these questions represent the fundamental approach to be used in
evaluating effectiveness on a mission-oriented basls, they are too simplified
for purposes of model construction. Moreover, as the systems conslidered become
more complex--e.g., there are more than two pcssible system states--such elements
as degraded modes of operation, multimission requirements, enemy countermeasures,
and natural environment must also be quantified in the model. '

The baslc effectiveness model can be divided into two major elements: the
probabllity that the system will be in a particular state at mission-performance
time, and the effectiveness of the system when it is in that state. Thus if
effectiveness 1s quantified by a probabllity that the system will successfully
meet the mission objectives, each term in the product A * D represents the
probability that the system will be in a particular state, and the corresponding
term 1n the C vector is the ezfectiveness of the system, given that state.

For example,

E=A-D-C

ST[P[system 18 in state 1) «P[mission objectives are met, given state 1]}
1=1

For some types of systems and missions, it may bo more deairable to quantify
effectiveness by some performance parameter other than a probability. For example,
the expected miass distance for a missile might be a more meaningful performande
parameter than the probability of its hitting within a specified area. Por a
reconnalssance aystea, the average amount of usable information might be appropriate.
Figures of merit for thsse furms are readily usable by the appropriate quantifi-
cation of the C veotor.

/
The mission model proposed by the WSRIAC Task Group II is, in essence, more

a model framework for effectiveness evaluation than a directly applicable set of
equations. This generality is necessary since the range of poceible aystems,
aissions, and depth of anklysis precludes the specification of any single model.




The imodel framework, based on the availlability, dependability, and capability
factors, allows for flexibillity in application by an approprlate combination of
the associated elements. 1In Volume 3 of the Task Group II report, detalled
examples are presented for an airborne avionics system, an intercontinental
missile system, a radar survelllance system, and a spacecraft system.

The level of detall at which an analysis is performed will depend on the
information and data avallable and on the purpose of the evaluation. For one
study, a mean repair time may be sufficient input for the availability evaluation,
while for another study such factors as queuing theory, spare parts avallabllity,
maintenance efficlency, and periodic-checkout procedures may have to be incorporated.

There are still many different areas that will require further research.
One major problem 18 to develop improved techniques to convert avallable data
into the appropriate vector and matrix elements of A, D, and C. Better analytic
and computational techniques are required to incorporate state changes and those
assoclated capabilities which can occur over a continuous interval. Such factors
as state occupancy times and steady-state behavior may be involved in such
analyses. Study also is recomrmended on a means to obtain some measure of "confie
dence” in the results of the effectiveness evaluation, both in the probabilistic
combination of estimates and in guiding the decision process assoclated with the
evaluation. Computerizea analytic ané simulation methods are needed for complex

systems that generate a very large number of system states. Y

The WSEIAC model framework, or similar approach, has been applied to several
systems, and has generally been found to be 2 reasonable method for evaluating
effectiveness on a mission-oriented basis. Because of the impetus provided by.

WSEIAC, a great deal of research i1s being sponsored by the military and private
agencies in order to improve this first effort.
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