COMPILED BY
SYSTEMS EFFECTIVENESS BRANCH
OFFICE OF NAVAL MATERIAL

. ' N : - :
S Ane
AINN Z

lanuary 165 N

FS GOCEHEHT HOS BEE APPROVE
* TOR PUBLIC RELEASE AND SMLE;
TS DISTRIBUTION 1S URLIMITER

oy
LR L B NPLhy AN
MNAaet F07o e
b



DEFINITION OF SYSTEM EFFECTIVENESS

SYSTEM EFFECTIVENESS —A
MEASURE OF THE EXTENT TO WHICH
A SYSTEM CAN BE EXPECTED TO
COMPLETE TS ASSIGNED MI]SSION
WITHIN AN ESTABLISHED TIME
FRAME UNDER STATED ENVIRONMENTAL
CONDITIONS.

I‘m Ui ,w HAS B |
(IR PURLE RETEAST A}; WL

fis mSTRl‘ZUUBN s UNI.WHD




Best
Available

Copy



FOREWARD

The main purpose of this pamphlet is to provide to personnel of the
. Naval Matcrial Support Estublistment (NMSE) a collection of papers in
a singls volume which reflect the attitude and philosophy of the Chief

of Nava) Material tcwirds various aspects of systems effectiveness. It

also provides a discussion of the planning, design, and cost considera-

P Ny s

tions in svetem development as well as scme techniques now being utilized

in the NMSE ih order to realize the development of effective systems.

‘ Thz majority of the papers included in this pamphlet were presented
by the Chief of Naval Material and his representatives at the North-
eastern States, Navy Research and Development Clinic held 18-20 Nov

y 1964 in Philadelphia. Several other papers which were presented to

oth.~ auiliences were also considered appropriate for inclusion in this
pamphlet.
This publication has been reviewed and approved in compliance with

{ SECHAVINST 5600.16.

i A fochoar

Rear Admiral E. A. Ruckrer, USN
Deputy Chief of Naval Material for
Development/Chief of NavalDevelopment

g%?ﬂ'ﬁhk g

i T A T AT F RS R, 2\ SNECIBTRAIIIN WS S 1 o 5 B PR A AR




- k 4 T -

ol cangu i

o g

o ARG AP e

m}?ﬁvlﬁg\ﬁ«‘- N

AR R S o T AT SIB SO S S DYy L)

o apyer

on

RN S RSP Y M, Wt s e st 4 rn i mm g

- Man Parameters in System Support "

- CDR Keith N, Sargent, USN
Head, Systems Effectiveness Lranch
Office of Naval Material

Other 03 Presentations

-~The Key to Development Pay-Off

- Rear Admiral E., A. Ruckner, USN
Deputy Chief of Navel Haterial for
Development/Chief of Naval Development

> 3ystem E’fectiveness Assurance lianagement

- Dr. Leslie V. Ball
Director of' Relicbility, Aero-Space Pivision
Boeing Aircraft Corporation

“Systems E tentiveness - 4 Tool for Appraisal

- CDR Keith N. 3argent, USN
Vead, Systems Effectiveness Branch
Oflice of laval liaterial

“ectivenes. - .avy .
- CDii ieith M. Sargent, USN

Head, Jystems £ffectiveness Branch
0ffice of Naval haterial

-2-

A me Seemn A ————— A A AR T o W A~




-~ CONTENTS .

ilortheastern States Navy R&D Clinic
Philadelphia, Pennsylvania
18-16-20 November 1564
Presentations

-Futurz Navy Weapons and Support Systems (excerpt).

- Vice Admiral W. A. Schoech, USN
-~ Chief of Naval Material

Analytical Techniques in System Design (excerpt)

- Mr. Leroy Rosen
FRISCO Program Manager, BUSHIPS

Reliability and Maintainability Considerations 1: Systems Design

- Mr, Paul J. Giordano
Head, 3ystem Effectiveness Branch
Blectronics Division
U. S. Haval Apnlied 3cience Laboratory

Engineering Integratioa in System Design

- HI'Q "ﬂlm Do Rom’ Jro
Technical Adviser
Systems Bffectiveness Branch
fice of liaval Material

Planning Integration in 3ystem Design

- LCDR Gordon H. Jayne, USN
Project Definition Officer
Technical Feasibility and FDP Branch
Office of Naval Material

- Cost Factors in System Design

- Mr, John W. 3tone
Chief Systems Analyst
Systems Effectiveness Branch
Office of Haval Material

et




s e Y ‘
T : C—— 224 e M
EXCERPTS EXTRACTED FRQM UNCLASSIFIED DIGEST OF
S FUTURE WAVY ¥RAPCHS AND SUPPORT SYSTEMS
, RRMARKS OF
VICE ADMIRAL W. A. SCEOECH, USN |
: AT THE
' HORTHEASTERN STATES *
. NAVY RESEARCH AND DEVELOPMENT CLINIC i
PAILADELPRIA, PENNSTLVANTA
18 NOVEMBER 1964
1 oL
- ~ ~r - . s :




To this point I have been suggesting specific areas of effort,
each of which would be of interest to certain of you in attendance here.
I would like now to focus your attention very briefly on an area of
effort in which all of you can participate. In fact — it is an area
in which everyone participating in Navy R&D contracts will be involved.
I speak of the area which we term Systems Effectiveness,

In this era of complex combina’ions of men and machines, Systems
Effectiveness, and its fiscal corollary, Cost Effectiveness, constitute
the most important area of concern to military R&D Management. It is,
or soon will be, of equal import to civilian R&D Management which
addresses itself to military systems,

What does this mean to you?

It means that Systems Effectiveness, which we define as a measure
of the extent to which a system can be expected to complete its aasigned
mission within an established time frame under stated environmental
conditions, is the focus of our research and development efforts., It
means that Systems Effectiveness is the measure of the goodness of our
systems, Systems Effectiveness is thus a matter of paramount concern
tc us, and to you.

The manager, the sclentist and the engineer, working toward the
developrent of a system, must take into account all of the attributes
of the system which we refer to as qualitative characteristics. Such
factors as reliability, maintainability, operability, logistic support-
ability, human factors and all the other factors affecting the goodness
of a system, must be thoroughly considered in development planning.
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It is quive true that each of the characteristics which I have
mentioned have been considered to varying degrees as factors in
existing weapon systems. What is needed is correlated consideration
of all of these characteristics in systems design. Only by providing
in the early developmental stages for reliahility, maintaipability,
simplicity, supportablility and similar factors can the systems you
develop bear up under Systems Effectiveness analysis.
Your participation in this effort will, I believe, be in two
separate areas. The first will be the further detailed development
of Systems Effectiveness methodology, techniques and model structures.
The second will be the application of this discipline to your proposals.
We can no longer afford the "build one and try it" approach with
a subsequent "get well" effort to patch on reliability, maintainability,
value engineering and the like. We cannot afford to develop systems
using men as multi-purpose gap-fillers between machine interfaces.
Neither can we accept weapons systems which must be staffed by crews
of PHD's. We must develop mathematical modeling techniques with which
to do our systems engineering homework. These models cannot be achieved
without a cohesive discipline within which they can be structured.
This discipline we tarm Systems Effectiveness. In the highly complex
weaponry of modern warfare, this discipline is absolutely necessary.
There is ons additional thought I would like to leave with ycu.
In reading newly issued Specific Operational Requirements, I have
repeatedly observed a much needed and increasing emphasis on the
position avd role of lman engineering in the new weapons systems.
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These systems are often thought of, and rightly, as combined man-
machine systems. The Navy will continue to be composed both of
machines and of people. It is increasingly necessary that the weapons
and support systems of the future properly blend the capabilities and the
limitations of the man with those of the machine. The day is past when
the man can be regarded as an antity apart from the machine. He is
explicitly a part of the weapons syctcm, and he contributes to its
effectiveness those capabilities which are uniquely his., Systems ef-
fectiveness must take into account the man who operates the system, and
the personal reactions of people. Of all the scientific contributions
yet to be made to the defense of the country, it is probable that among
the most valuable will be contributions from the life sciences,
particularly the behavioral science groups.

In conclusion, I'm sure you will agree that it will be interesting
to see, in the decade following 1975, how closely our prognostications
fit reality. But whatever the future holds it is certain that the Navy
will remain an important national security force, its roles and missions
relatively unchanged, but its weapons and tactical methods greatly
affected by burgeoning technologies.

It has been said that the wars of the future will be won in the
laboratory. 1 suspect that the security of our country ten to twenty
years from novw will depend in large part on the ability of all of us
here today - military and civilian -- to master the expanding

technologies which can ultimately spell triumph or tragedy for the
United States and the free world.
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The organization required to handle a program that encompasses
80 mapy d*c~iplines as does FRISCO is a special one. Figure 1 shows
the various functions that must be coordinated under the Program
Office. No single contractor or Navy laboratory has ever rerformed
the entire design of a submarine tactical ccntrol system. Therefore
it has been nacassary to organize the Navy laboratories to work on
this task, vith cach participating in arvas concerning its own
specialty. These laboratories are dispersed around the comntry, so
that good communications among them and with the Program Office is
sxtremely important in achieving the project objectives. Hence, a
special set of tools is required to perform a system integration in
vhich various parts of the system are being developed at geographically
dispersed locations. To FRISCO's knowledge, there were no tools
available in indastry that could be utiliged for technical managemsat.
PERY 1s a useful tool for scheduling and estimating costs for a system
but the main concern of FRISCO are tools to insure the technical goals
of a system and it was thess wvhich were lacking.

The approach th ¢ FRISCO derived to meet this problem requires
the accompanying series of steps. The tasks shown adove the dotted
line, in Figure 2, are the responsibility of the Program Qffice.

Those belov the line are the responstbility of the laboratories and/or
contractors.

Through thase procedwes, the impact of the given threcats and mis-
sions of the muckear attack submarine is determined. The information
on the threat and mission is cbtained from the appropriate sectionas of
the Eavy but this must be translated into technological requirements
for men and equipments.

Tae entire enviromment ia wvhich a submarine can de expected to
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operate is far too complex to study exhaustively. Therefore, a

number of tactical models have been postulated to represent various
elements of the complete environment. It is expected that by study-
ing each of these models in detail and then summing over the require-
ments generated by each, the overall system design goals can be
identified. By an appropriate selection of models, a reasonavle
picture of the entire system should be obtained.

There are seven variables that must be -considered in formu-
lating & tactical model (Figure 3). These are: mission, area, force
mix, political situation, physical situation, technological assump-
tions, and tactics.

¥Missions®™ include such types of operations as ASW, minelaying,
and the sinking of surface ships. %Area" takes irto account the geo-
graphy of the location in which the operation occurs and identifies
restricted or unrestricted areas, deep or shallow water, etc. The
"force mix® is stated for both own and enemy ship, indicating whether
either is alone or operating in comobination with other submarines,
surface ships or aircraft. The ®political situation" -- cold war,
nuclear, non-nuclear war -~ is important as it is reflected in the
tactics that the submarine and its target employs. The "physical
situation®” points out the physicai details of the chosen area. This
includes water temperature, current, salinity, thermal layers, etc.
It is important to choose an actual location where such data =zre
available to insure that all the people working on the program are
using the same set of conditions. The Ptechnological assumptions®
describe what the enemy's capabilities are anticipated to be in the

time scale under consideration. The last variablé, “tactics", involves
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a new concept since at the present, tactics are generated from the
optimal usage of existing equipments. FRISCO is dealing with new
equirrsnts; it should therefore be recognized that tactics should be
dynamically evolving with the possible choices of equipments. How-
ever, this is not the damain of the technical side of the Navy's organ-
ization. Therefore, it is necessary to coordinate closely with opera-

tional divisions to keep them well informed of technical developments.
Each of the seven variables affects the information flow within

the sulmarine and is therefore importaut in the determinetion of the
required functional information flow that must be provided in the
optimized system to satisfy the threat and mission regqnirements. Once

the variables to be considered have been identified in the tactical
model, the laboratories can perform a state-of-the-art survey to

determine the technological capabilities that will be available in the
given time period. This provides limiting parameters to the tactical
models indicating where the sutmarine's performance must be ccnstrained

by the state-of-the-art.
The next step is to embark on a situation analysis of each
tactical model as shown in Figure 4. This analysis starts with the

basic hypotheses of the model and then treats the various alternatives
that could occur. In the model described previously, the start of the
evolution occurs when contact between the two sulmarines is made. For
such a case the target can have been alerted or not. If alerted,

it can attack or evade. In any case, own ship can either maintain

or lose contact, attack or track, etc. The variouc tie-ins between
the alternatives are indicated by the dashed lines. Most of the major

alternatives must be treated if the system design is to be optimized

PO NPT
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for a maximum number of situations.

After sitvation analyses have been performed, two types of
pictorials are brought into use, operational and stress. The operational
pictorial (Figure 5) is a picture of the situation first described
in the tactical model then made dynamic in the situation anelysis.

It is based on sound operational doctrine derived from what is normally
done when confronted with a certain situation. This is useful in
observing system operetion under normal conditions. However, equip-
ment designers are concerneé with stress situations in which various
alternatives can te considered to determine --hat particular course of
action produces the maximum stress in technicel capabilities of the
different sucsystems. For example, firing a certain wespon at its
maximam range places certain requirements on the performance or
accuracies of the ship control, navigstiorn, and sonar subsystems.
Similarly, there will be situaticns which place extireme demands on

ship control (zvoidence of oroaching), navigation (under ice navigating),
and each of the other svheystems esboard the suvmarine. These stress
situations may all be cdifferent ané each one must e studied. These
situaticns are displayec by stress pictoriels.

At this point functional sequence cdiagrams (FSD's,, such as
shown in Figure 5, are produced. These diagrams are intended to
isolate the major functions which are performed on the submerine,
without consideration of eaquipments or personnel, and trace the infor-
mation flow among them so that it is possiblz to observe how the
functions are coordinated in performing a given job. The functional

titles on the FSD's are initial.; drawn st a gross level, e.g., weapon

e o o e . o
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control, surveillance, countermeasures. These titles correspond to the
assigmments of specialty areas to the Navy laboratories. Using the

FSD's, the personnel in a given laboratory cun see what is expected

of them in the areas assigned to their responsibility and also can gain

an understanding as to the relationship of their svecialty to those of

other labs. With this tool, they gain an understanding of how informa-

tion generated within a given area is used in another aree.

Upon receiving this gross first level FSD, the personnel at each
laboratory produce a second level FSD (Figure 7) to identify in greater
detail the relationships between subfunctions contained within a given
function. For example, the ship control column can be subdivided into
such subfunctions as course control, speed control, depth control, and
ballast :ontrol. It would be the job of the ship control laboratory
to relate these subfunctions so as to meet the functional goals.

Each of the subfunctions can be further subdivided into lower
levels of detail as illustrated for depth control in Figure 8. This
subdividing process continues until the lowest meaningful level of
subdivision, called the nth level, is reached.

At the lower levels of detail, it becomes possible for the special-
ists at the laboratories to assign specific values to the pzrformance or
accuracies of the elements in the subsystem based on the tactical situ-
ation under study. For example, in a given situation where the sub-
marines diving planes must be positioned to establish a trim angle, it
may be necessary to establish the trim angle to an accuracy of + 0.5
degrees. For another situa.ion the required angle might be quite dif-

ferent. This type of data is summed in the "data quality" column for
all postulated situations, to see what the actual valuss required of ship
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system parameters are. A series of curves are derived on vhich cost-

ettt e

effectiveness studies are based to determine the accuracies required
for the overall system. It may be possible to show that it is better
to avoid a sitvation which rejuires extremely stringent accuracies rather !
than try to build the accuracy capebility into the equimment. Thus,
these data quality curves form the basis for a study on the trade-offs
possible in the design of a ship.

Another tool, used in conjunction with the functional sequence
diagrams,is the timing sequence diagram. An example of such a diagram

is illustrated in Figure 9. The FSD does not show the amount of time 4

that it takes to perform a given operation or whether certain operestions

must be performed continuously. The timing sequence diagram shows the

- A

typical elapsed time to perform a given function, thereby illustrating

whether the timing requirements are stressing the system.
{ Once the functional data is obtained at the lowest level, it is

posgible to bring all the specialty areas together to observe the detailed

information flow for a given operation as shown in Figure 10. It is at

this point that accidental functional duplication will b 2 gpparent as

two or more subsystems c¢-e seen to be performing the same fraction., Data

quality mismatches will also become obvious if one subsystem requires data

to a given degree of accuracy but it is being supplied with a different

accuracy from another subsystem. It is possible that one subsystem may

be found not to be providing data to another subsystem requiring it since
B this requirement was not previously known.

After this stage of design has been completed, ail the n'!' level FSD's

are summed over all the different situations to end up with one functional
system block diagram. The data for the construction of the block diagram
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is determined from the FSD's. Now it is possible to isolate another,
more subtile, duplication of functions which occurs where a mathematical
process being performed in one subsystem is analogous to that done in
another subsystem.

After the system block diagram is completed, a traffic flow
analysis is perfowmed to reveal how often the various functions are
used together in different situations. Thus a count is obtained on
the mumber of times function A is related to function B or function
B to function C, etc. This analysis may show, for example, that certain
functions within the ship control subsystem relate to functions in
weapon control much more often than they do to other functions within
srip control. Therefore, those functions should be regrouped with the
weapon control subsystem. Thus, functions that are frequently used
together can be grouped together to form optional subsystems. In
this way, subsystems are determined on a functional information flow
basis rather than on a historical, and possibly outdated, one.

Once the functional subsystems have been defined, the subsystem
and system syntheses are performed. Various configurations of men
&nd machines are postulated, trade-off and cost-effectiveness analyses
performed, and the final optimized system determined. At this point,
equimment and personnel are specifically nemed to perform all the re-
quired functions. Given this data, the operational sequence diagram
{0SD), such as shown in Figure 11, mar now be employed. With this
tool which was originally developed by Dunlop Associates in 1959, the

information flow is aguin traced but now the column headings represent
"equipments" and "people" rather than "functions." Symbology is used

to describe the manner in which information is transferred -- electrically,
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visually, audibly, tactually, etc. Any equipment mismatches, previously
overlooked, will become apparent at this point. One can observe the
column on the diagram corresponding to any person aboard the sutmarine
to determine whether he is overloaded in performing a certain operation.
Perhaps, another may be needed to share his duties, or if he is under-
loaded he might share the duties of someone else who is overloaded to
reduce manning requirements aboard the ship.

Upon completion of the OSD's, the next step is to use multiple
correlaticn charting. This chart, which is believed to have been
originated by the British, is used to determine the specific arrange-
ment of men and equimment aboard the submarine. Vertical and hori-
zontal chart headings are identical and represent the men and equipments
studied in the operational sequence diagrams. Through use of this tool,
it is possible to provide adjacencies (and relationships) as required.

Figure 12 shows tue path by which an operational sequence diagram
is used to form a correlation chart which in turn yields a layout with
optimized information flow.

The sum of all the previously mentioned analytical techniques
makes up the FRISCO system design procedure. It is important to
note that none of these techniques automatically perform the engineering
of the system. The same talented engineers are still required in the
design process. Mowever, the techniques provide, at the very least, a
communications tool for people who are working towards the same goal

but are geographically separated by large distances. They also provide
a method by which interface problems can be isnlated and resolved.
It is believed that these techniques should prove to be very useful

in systems design. There is as yet no evidence of this in FRISCO since
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the FRISCO program is at the begimning of the series procedures. If
the tools do prove to be useful, an enormous step forward will have

been taken in the field of system analysis by providing industry with
a set of analytical techniques in system design.
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RELTABILITY AND MAINTAINABILITY CONSIDERATIONS IN SYSTEMS DESIGN

[N

The need for a systems engineering approach in the design of Naval War-
fare Systems is becoming increasingly apparent. We in the Naval Material

Support Establishment are being asked to make trade-offs of basic system

effectiveness parameters like Performance, Reliability and Maintainability.
These trade-offs are made with respect to budget, manpower, and physical con- 1
straints where cost includes operational as well as investment dollars and 1
manpower considerations include skill level as well as numbers of technical

people. (Slide 1)

The optimization problem is further complicated by the time parameter in
that system development is an evolutionary process where the parameters to be !
considered and the data available to guide decisions will vary in detail and
significance as a function of the particular point in the development cycle one
may be at. Also, with respect to time as a parameter, the operational need for
a system will impose a lead time constraint which in some cases could become

the overriding constraint,

Finally, for trade-offs to be meaningful, all parameters must be related
to specific m;asures of effectiveness, Detailed studies underway at the Naval
Applied Science Laboratory for the *PACED program are aimed at the development
of analytic techniques for guiding the program-manager in making these neces-
sary trade-offs. It has been found that the major problem to be solved is
that of defining the specific mission oriented or operational measures of

effectiveness and relating these measures to parameters which the design

(*Program for Advanced Concepts in Electronic Design)
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enginder can work to. This translation of effectiveness measures will help
solve the communication problem which exists between the producers and the

users of Warfare Systems,

Looking at ore of the parameters of systems effectiveness, namely,
operational reliability one can readiiy see how failure to relate parameter
values to mission tasks cau lead to erronesus trade-offs. (Slide 2) The
measure availability,for example, implies that repair rate and failure rate
reductions can equally improve the probability of having a system operational
at a point in time. However, if the mission requires sustained performance for
a particular duration then the product of availability and reliability becomes
the measure of success and the failure rate becomes the more critical parameter.
Finally, if mission analysis shows ‘hat certain maximum maintenance time con-
straints are allowable without mission degradation, then repair rate again be-

comes critical,

The PACED program is a broad program which is looking at all the facets
of system effectiveness. (Slide 3) Briefly, we are looking at system develop-
ment life cycles from concept to operational phases. Various studies in exist-
ance are attempting to uniquely define a formalized development cycle. PACED
has identified four major points in this cycle occurring during the concept
and development phases in order to study the time related problems of system
development. Engineering studies are underway to develop Design Disclosure
Formats for complete disclosure of the s::tem at these points in order that a

proper information source could be available to facilitate utilization of
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analytic techniques for major trade-off decisions., Data accumulated through
studies of automatic test concepts, microelectronics, packaging, and high power
devices will be made available to program managers for introdnuction to new

systems at the appropriate point in the development process.

The purpose of this paper is to describe those portions of the PACED
program specifically oriented toward providiug concepts and techniques which

would enable the introduction of Reliability and Maintainability into system

design.

The first important consideration, of course, is the development of
requirements for reliability and maintainability. The problem here goes beyond
merely stating goals for our system. Reliability and Maintainability, when
specified, must be considered econtractually in the same manner as any other
system parameter, This implies that attitudes must be properly oriented, which

further implies that reliability training must be actively pursued.

The second important consideration involved in successfully introducing
Reliability and Maintainability to design lies in active participation during
the development process. Today's systems have become so ccuplex as to require
much more than specifications and acceptance testing by the Military. We must

become technical managers of our systems and through carefully planned design

reviews we must actively participate during the evolutionary process of design.
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To participate we need:

1. A store of data and knowledges to guide our decisions and

2. A method of communication.
The data we need must consist of information in the areas where possible solu-
tions to the Reliability/Maintainability problem may be found., These solutions
take many forms. (Slide 4) The degree and type of automatic testing, the
mechanization techniques, the kind of redundancy, the use of de-rating, and
the use of microelectronics are some of the possible solutions available to the
program manager. If the designer is to take advantage of any proposed scheme
he must have quantitative data which describes the approach in temms of his
basic measures of effectiveness, For example, the impact of microelectronics
and modular design must be known not only in terms of failure rates and ease of
maintenance but also in temms of cost and effect on logistics. Alternate test
concepts must be disclosed in tems of effect on space, peorle and budget as

well as prime system repair times.

An example of how one could assist the design engineer through disclosure
of state of the art information in a useful form is shown in the PACED efforts
related to microelectronics and modular design (slide 5). In order to support
the program manager in this area, current and planned paciaging concepts are
being described and documented in a Design Disclosure Workbook. Care is being
given to detailing basic parameters so that altemate systems could be synthe-
sized from this informmation, Specific knowledges gained by engineers who
assisted in the design of these systems is also being documented through regu-

lar working meetings of a packaging committee set up by PACED with membership
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from Bureau of Ships, Bureau cf Naval Weapons, Office of Naval Research and
their Laboratories. This Workbook will be supplemented by a libra.y of avail-
able circuit functions of modular designs, available microelectronic circuits,
and functional makeup of major Naval Systems, Correlation programs have been
developed so that data processing equipment could be used for correlating pro-
posed functional boundaries for new designs against available designs and
available microelectronic circuits., The microelectronic functions encoded
include data from National Aeronautics and Space Administration, Air Force and
Army programs. Although the long range objectives of this portion of the PACED
program are to develop specific mechanization techniques, it is important to
note that the early availability of data,via the Design Disclosure Workbook

for packaging parameters, and,the Data Library for circuit functions,will enable
Naval system designers to introduce available concepts to current designs, In
order to be of general use to Laboratories and contractors the library will be
maintained by the University qf Pennsylvania. A handbook on its applicability

and use will be published early in 1965,

The second requirement mentioned for allowing active effective participa-
tion in the development process is the need for a means of communication between
the designers of our systems and the technical managers of our programs, This
need became very apparent to the Laboratory during the planning stages of a
total.support system for advanced ASW surface ships and submarines. We learned
that support systems and support system concepts could not be applied without
sufficient knowledge of the prime system. In additiru, in crder to avoid

costly retrofits the information must be available during the early design
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phfases, The maintainability tasks developed by tne PACED program recognized

thls need and emphasized in support system development the requirement for

documentation which we call Design Disclosure Format (DDF). The philosophy
adopted is straightforward, namely: Once a requirement for mazintainability

has been specified, then the responsibility for achieving this is clearly with

the prime developer. The technical managers of the program must be able to

then review the proposed design for maintainability and introduce specific hard-

ware concepts where needed to effect necessary improvements. The contractor

documentation must allow rapid assessment of the maintainability of his design

as well as indicate the need for support equipment and support personnel. (Slide 6)

The DDF requirements have been generated to present only necessary infor-

mation. Through elimination of unwanted data it is expacted that overall con-

tractor documentation requirements will be actually reduced in terms of volume

and cost. The DDF requires presentation of functional circuits and physical

boundaries to allow hardware interface analyses. Operational, test, and power

circuits are independently identified and charts showing operational sequences

and circuit dependency are required. (Slide 7)

The operational sequence diagrams are currently being developed by the

Bureau of Ships Work Study Program to enable their use as a design tool. This
work is being done jointly with the FRISCO program.
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The dependency chart being developed by the PACED program provides the

tool for maintainability analysis during design., This information will allow
system analysis of the maintenance tasks for an entire shipboard suit using 2
uniform format and will result in better integration of the maintenance function
(utilization of inherent sensors, computer capacity, etc.). In particular, the
availability of a Circuit and Indicator Dependency Chart early in the acquisition
cycle before designs become frozer would have a major impact cn improvement of
the ultimate design of equipment. Design adequacy with respect to test point
selection and the ease with which a fault can be bracketed to simplify potential
man-machine interfaces will be enhanced, so that problems can be quickly dis-

cerned and effective design modifi-ations made. (Slide 8)

A preliminary report on this technique has been issued and a detailed
technical report describing DDF content and intended application is currently
being reviewed for release in Jaauary 1965. Coordination has been started with
the Bureau of Naval Personnel and their field activities and program managers
within the Bureau of Naval Weapons (A-NEW Program), the Bureau of Ships (SEAHAWK,
FRISCO, SOUTHERN CROSS Programs) and Defense Communications Agency (DCA) (COMSAT

Program) have been technically oriented on DDF use for support system develop-

. mnt.

In summary, PACED is specifically addressing itself to how one introduces
Reliability and Maintainability to system design. The solution lies in taking
the simple statement "apply state of the art through effective liaison" and

making it work. This involves the development of techniques described herein

O~ N U U SV
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for documenting information and allowing effective communication. These
techniques have been presented to Industry through EIA conferences and private
meetings. The implementation of these techniques will be validated on selected
subsystems. It is hoped that through application over time the techniques will
be improved and ultimately contribute to the solution of current problems in

the application of Reliability and Maintainability to system design.

dunandhen.
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?? Introduction: You have heard previous discussions this afternoon
N

S

{’7‘ concerning some facets of System Effectiveness, namely reliability

and maintainability. Also discussed was the use of analytical techniques

in determining the optimum system design to insure mission success. Here,
the threat is analyzed and then various system configurations are
evaluated through the use of threat and performance models. To bring

the concept of System Effectiveness more into focus, I would like to

2% XINL,
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sumnarize what I consider the pertinent elements of System Effectiveness.
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(Slide #1 "Elements of System Effectiveness”)

é_,%% Elements of System Effectiveness: Simply stated System Efiectiveness

;‘ is defined as "the probability that the system (or material) will opzrate
,': successfully when required under specific conditions.” I am using the

k term system in the gross sense. The primary contributors to Effectiveness
Jﬁ?ﬁﬁ 1 are PERFORMANCE, AVATLABILITY and UTILIZATION. PERFORMANCE indicates

i};; [ "How Well” the system operates. AVAILABILITY indicates "Houw Long" the
%h A system can function under certain conditions. UTILIZATION indicates

’ "How Often? the system will be used. Other supporting lfactors associated
&i with the primary elements include such items as design adequacy, man-

%{" machine interfaces, equipment reliability, serviceability, and environment.
f}é’;:% O0f the three primary elements of System Effectiveness, the PERFORMANCE

factor is the pne that I would like to emphasize today.
Performence Through Design: In order to achieve the goal of PERFORMANCE,
one must first consider system design, since design is the conjugate o

FERFORMANCE. In addition to considering the design of the device or

P
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subsystem under development, the parameters of associated peripheral

equipment or subsystems must be analyzed. I am using the term subsystem
to emphasize that any system is a part of a bigger system. A systematic
engineering approach is required to insure complete interface compati-
bility, between major equipments. This engineering approach is called
Engineering Integration. The key to this design appears to be through

a System Effectiveness snalysis of the total systems of which rew
developments would comprise a part. This analysis can help to focus
attention on interface requirements in terms ol performance and compati-
bility. For example, starting with the operational requiresment of a
weapons system, one can analyze the operational requirements ol associated
subsystems to determine such lactors as overlapping raquirements,
redundancy, deficiencies, mutual support, incompatibility and the like.
Additional questions such as the following might be asked. In terms of
UTILIZATION, has subsystem A been designed for the same mission length

as subsystem B (which is complementary and/or interdependent) for carrying
out a specific mission? Ares the same shipboard subsystems being designed
for the same environment? Will complementary subsystems possess similar
availability or opsrational readiness factors? Does subsystem A have a
material reliability o 50% while System B, which is dependent oh sub-
system A, have a reliability of 95% and the overall mission reliability
required is 90%? Further, in regards to PERFORMANCE, are connecting sub-
systems compatible or is subsystem A providing a digital output while

existing subsystem B was designed previously to accept only an analog input?
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Are man-machine interifaces being considered initially in the design or
may operation of the equipments being developed result in undo strain
and operatox ratigue which will result in decressed Effectiveness?

As you see from the foregoing all aspects of System Effectiveness
can and must be considered. PERFORMANCE must compete with AVAILABILITY
and UTILIZATION and vice versa, but with each given its due weight. The
Navy can no longer emphasize one segment of effectiveness at the expense
ol the other without regard to their relative contribution to mission
completion.,

Design Approach: Today I would like to briefly suggest some methods

of approach to insure: (1) engineering integration of subsystems making
up a whole system; and (2) compatible mating of the subsystem with the
engineering interrfaces connecting it to other mutually dependent sub-
systems. These techniques could be egually applied to the AVAILABILITY
and UTILIZATION aspects. The ideal method to approach the problem

would be to consider the complete system (Slide #2). Here, all aspects

ol design can be treated simultanzously. Unlortunately, since major
portions of tie system already exist the new subsystem must be injected
in a piecemeal {ashion. Nevertheless ¢: minimize redes’ and patching,
a time-sequenced approach can be utilized (Slide #3). . system
design is considered, however, but the implementation is vime-phased as
resources permit. As future system changes evolve due to changing needs,
they can be assessed prior to their introduction in the system performance

model. A critical examination of the change prior to-implementation can

insure minimum physical and functional disruption, provide smooth




Are man-machine interfaces being considered initially in the design or
may operation of the equipments being developed result in undo strain
and operatoi fatigue which will result in decreased Effectiveness?

As you see from the foregoing all aspects of System Effectiveness
can and must be considered. PERFORMANCE must compete with AVAILABILITY
and UTILIZATION and vice versa, but with each given its due weight. The
Navy can no longer emphasize one segment of effectiveness at the expense
oi the other without regard to their relative contribution to mission
completion.

Design Approach: Today I would like to briefly suggest some methods

of approach to insure: (1) engineering integration of subsystems making
up a whole system; and (2) compatible mating of the subsystem with the
engineering interraces connecting it to other mutually dependent sub-
systems. These techniques could be esqually applied to the AVAILABILITY
and UTILIZATION aspects. The ideal method to approach the problem

would be to consider the complete system (Slide #2). Here, all aspects

of design can be treated simultanesously. Unlortunately, since major
portions of tre system already exist the new subsystem must be injected
in a piecemeal fashion. Nevertheless ¢ minimize redes: and patching,
a time-sequenced approach can be utilized (Slide #3). . 3ystem
design is considered, however, but the implementation is vime-phased as
resources permit. As future system changes evolve due to changing needs,
they can be assessed prior to their introduction in the system performance

model. A critical examination of the change prior to-implementation can

insure minimum physical and functional disruption, provide smooth
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integration and minimize premsture commitment of marginal changes.

Functicnal Block Diagram: The ability of a system to accomplish its

designated functions is described as PERFORMANCE and can be measured by
the assescz.ent of performance models. The subsystem performance require-
ments must first be translated into system design requirements ard from
there into design specifications. Generally an analysis of the functicns
of a system leads to the development of a system functional block
diagram. For the fi rst cut, only the major functions are considered,
(Slide #4). The major blocks are in turn further broken up in successive
steps as required to identify signal flow, transfer functions and
tolerances.

The performance factors should be listed by each block along with
the design parameters and applicable mathamatical relationships, (Slide
#5). Once the subsystem under development has been carefully analyzed,
the next step is to go through a similar analysis with connecting sub-
systems via the interfaces. Here again performance requirements must
be analyzed to insure that this new development will enhance overall
performance and will not restrict it. Let us teke the example of a
surveillance radar system. OQOne area to be analyzed is the capability of
the radar to detect and identify the target ir sulficient time at a high
enough data rate so that: (1) the weapon designation equipment can
assess the target threat and assign it to a missile system; and (2) allow
the missile system gufficient time to react. Once it has been determined
that the performance factors will improve overall system performance,

then the physical and functional interlfaces must be made compatible with
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each other. The process of using functional block diagrams is repeated.

Summarization Diagrams

While the mathematical relationships among the variables can be
identified by usirg system block diagrams, other interiace consideratiowns
such as reliability, environmental specifications and man-machine
relations, must be summarized. This may be done in form of PERT type
network diagrams, matrices, or sequential diagrams.

In the network diagrams (Slide #6) the events A, B, C, etc.,
represent variables at various subsystem levels. The activities
denoted by 1, 2, 3, 4, etc., represent the functional reslationships
which exists between two variables.

The same type of information can be expressed in a matrix form
(S81ide #7). Using the same coding as the network diagram, the data is
presented in a Torm which is suitable rfor programming into a computer.
The network lends itsell more easily to visually identifying relation-
ships while the matrix is more suitable for storage and retriesval.

In the sequential diagram (Slide #8) relationships based on factors
such as preccesses, inrormation sources, decision and outcomes can be
laid out in step fashion. This is an operational analysis type of
approach which pictorially displays information-decision-action-flow
sequences which a component or subsystem must undergo to complete its
mission., This type diagram is now commonly used in manr-machine interface
analysis.

Other methods of summarizing both subsystem and system PERFORMANCE -

DESIGH information include matrices showing PERFORMANCE vs DESIGN,
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(81ide #9), PERFORMANCE vs PERFORMANCE, and DESIGN vs DESIGN, charts.

Design Interface Specifications

Since subsystem developments are not alwﬁys under the management of

the same agency, it is necessary to formally -ransmit design criteria
crom one agency to another. This can be done by using Design Interface
Specifications (.Slide #10). It is essential that this be done as soon
as possible in the development in order to allow the receiving agency
sufificient time to respond. It should be noted that there are always
funding implications that must be reconciled. Interfacs engineering

can be an expensive proposition and should not be overlooked. The

slide shows some of the criteria that should be included in the interface

specirication.

Summary

My intent today has been to give you some feel of the magnitude of
engineering integration. The developer of a subsystem can no longer
live in a vacuum. He must be jointly responsible for interface design.
Additionally, the Navy must apply total system engineering and not

piecemeal engineering of individusl subsystems.
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A little less than two years ago I participated in the briefing
of a Fleet Commander on the status of the development and testing
programs of various weapons and support systems. At the conclusion
of the briefing, Admiral H. P. Smith, Commander-in-Chief of the
Atlantic Fleet, made a few closing remarks which I think bear
repeating.

The gist of the Admirals' remarks was as follows:

My ships are burdened with so-called sophisticated equipment
and systems which have wonderful Ypress clippings" concerning
their performance. But unfortunately, they won't work when we
need them. These complex systems are generally unreliable and
very difficult to maintain, When they work their performance is
usually quite good. H-wever, I would gladly sacrifice some
performance for the sake of reliability and maintainability. My
ships need equipment and systems that work when and where they
are needed to work. They don't need any more junk installed in
then.

Perhaps out of sheer frustration Admiral Smith may have over-
stated the situation. Nevertheless, there is more than a little
substance to his comments. The sitvation the Admiral describes
exists in varying degrees in the Fleet today. What it amounts to is
that in this era of a technological boom many of our systems were
designed and developed to state-of-the-art performance limitations,
rather than including all of the other qualitative elements which are
characteristic of an operationally effective system. An effeciive

system as previously defined this afternoon, is a system that can
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successfully meet an operational demand throughout a given time
period when operated under specified conditions. The basic qualita-
tive elements which contribute tc this systems effectiveness, as
Mr. Rohe pointed cut in the last presentation, includes in addition
to performance, - reliability, maintainability, compatability, opera-
bility, Logistics supportability, human factors, and others. I
would be wrong tc state that these elements were not considered
at sometime and in scwe way during the course of development or
production of * .day's systems. However, I will state that the inclusion
of these elements into system development was not adequately planned
for, resulting in an ill-timed and fragmented approach to ssstems
effectiveness. I believe this statement is certainly justified in
view of the number of Yget well" programs which are now underway
with many of our major systems. Basically, the purpose of these
"get well" programs is to retrofit effectiveness into the systems,
however, "get well" programs actually accomplish little more than
the incineration of funds which we could be using more productively
elsewhere in our RDT&E programs. You cannot drill a hole in a black
box and stuff in some reliability or add another black box and label
it maintainability or compatibility, or pasteon some operability.
What then is the solution to this problem of being able to
provide operationally effective systems to the Fleet? Systems
that will not only meet performance specifications but will operate
when called upon to operate without the necessity of having

contractor technicians, engineers, or PhD's available to keep them

-2-
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goikg. There must be a solution., We may never find an infallible

solution or a panacea to this situation -- but we must strive for
one,

A solution to the problem cannot be achieved without the
integration in design and development planning of the disciplines --
if you will ~- which constitute system effectiveness such as reliabi-
1*ty, maintainability, etc. We must break with the tradition of
treating these as separ. . functional entities. In addition  this
integration process must be instituted at the conception of a
system -- i.e. we must start early; at the beginning ~- and the
resulting plans refined throughout the entire development planning
phase of the system. I submit that this integration early in the
gestation period of a system should result in viable tracde-offs
between these disciplines and pure performance objectives., This
permits the optimization of true operational effectiveness. Howsver,
I must qualify this submission slightly. I have to define what I
mzan by the "system" that I refer to. The system considered must
necessarily be the total system. It must not only be comprised
of the hardware black boxes we are going to eventually desisr and
assemble but it must take into consideration the black boxes <f
other systems or sub-systems which may supply support or be
supported. The eventual overall operational configuration must o~
considered which includes, in addition to eguipment interfaces,
such things as physical location, environment both functional and

puysical, and mission requirements.
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It is extremely difficult and nigh on to impossible to scribe

a circle and state this is the total system, so permit me to take 1
a simple-minded out by calling it the big picture or the integrated
whole,

The Department of Defense and the Department of the Navy
recently have taken steps to incorporate regulations and procedures 1

in the RDT&E planning process to provide for this integrated, total

system approach in the development of Naval Weapons and support

systems.

[P S

In February of this year the Departmeni of Defense promulgated
a new directive which directs that all new or major modifications
of existing Engineering Development or Operational System Develop- ‘
ment projects estimated to require cumulative RDT&E financing in
excess of twenty-five million dollars, or estimated to require
production investment in excess of one hundred million dollars
shall include a Project Definition Phase or PDP as it is commonly
abbreviated. This requirement may be specifically waived by
vritten approval of the Dircctor of Defense for Research and En-
gineerinz. Other projects may be required to include a PDP, in
whole or in part, at the discretion of the Department of the Navy or
as directed by the Department of Defense for Research and Engineering
(DDR&E). The PDP is one of the formal steps in the development

planning process during which preliminary engineering, and contract

and management planning are accomplished in an envirnnment that




encourages realism and objectivity.

The objectives of a PDP are to establish trade-offs within
the mission and performance envelopes; establish firm and reaiistic
specifications; precisely define interfaces and responsibilities;
identify high-risk areas; select the best technical approaches;
establish firm and realistic schedules and cost estimates; and
achieve fixed-price or incentive contracts for the subsequent
full-scale development phase of the project. The results of a
PDP must provide an adequate basis to ensure that management decisions
to proceed with or cancel or change projects are made on the basis
of a total system and total cost basis, realistic schedule estimates
and achievable performance specifications.

PDP is at least a partial solution to the poor planning, un-
realistic schedules, unanticipated design changes, large increase
in costs over original estimates and "get well"™ programs which un-
fortunately have been characteristic of the development of too
many major weapons and suppori systems. Project definition has
been achieved sooner or later on all successfully completed develop-
ment projects in the past but the object of the project definition
phase is to achieve this sooner rather than later and avoid the
disruptions in schedules, increases in cost and losses in opera-
tional effectiveness that result from chaiges caused by tardiness
in project definition.

An objective of the PDP we are immediately and primarily con~
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cerned with is the total system trade-offs which should be conducted
during PDP. I would like to quote from the DOD directive on PDP
concerning these trade-offs which states: Trade-offs shall be

used to obtain, within the mission and performance envelopes, an

optimum balance between total cost, schedule, and operational effective-

ness for the system. In this context, total cost means the total
cost of acquisition and ownership which includes development,
production, deployment, operation, and maintenance; operational
effectiveness includes all factors influenci g effectiveness in
operational use such as performance capability, reliability and
maintainability; and system includes the hardware itself and all
other required items, such as facilities, personnel, data, training
equipment, ete. I think these statements adequately sum up what we
are attempting to accomplish in obtaining total system effectiveness.

Of further significance is the fact that PDP studies are
usually conducted by two or more contractors on a competitive basis
for the prize of a multi-million dollar development contract if a
full scale development is directed by DOD at the conclusion of the
PDP. This competitive aspect of the PDT has the effect of producing
thiorough and complete trade-off studies which are considered so
important at this point in the development process. If rnothing
else, it permits you to help us keep your competitors honest.

Tre PDP can logically be conducted any time subseguent to the
establishment of a reguirement for a system. This wvugraph shcws

a simplified aiagram of the Navy PDT&E planning process and wvhers
. béo BED
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the PDP would fit in. The process shown is not necessarily classical
and specific steps could vary somewhat; however, the basic process
is representative,

The planning for an effective system should not begin with the
PDP but should begin with the initiation of the development planning
process. This can be seen by reviewing the RDT&E planning process.

RDT&E planning within the Department of the Navy is character-
istically conducted as a dialogue between the user interest and the
producer interest. The user interest is represented by the Chief
of Naval Operations and the Commandant of the Marine Corps, as
spokesman for the operating forces and the producer interest is
represented by the Chief of Naval Material speaking for the Naval
Material Support Establishment. This user-producer relationship
is more analogous to a relationship between cooperating independent
business organizations rather than to traditional military relation-
ships. Parenthetically, I might add that there are times when we
wonder if the analogy should be labor-management negotiation rather
than buyer and seller. Plans are the result of negotiation between
the two interests. Through this process the trade-offs should be
made which will result in the maximum military capability for the
Operating Forces possible within the limits of the resources avail-
able to the Naval Nstablishment.,

The principal documents used in the user-producer dialogue
are shown in the vugraph as the intermediate points in the flow
diagram.

At first glance the impression is that the user interest levies

7=




unilatdral requirements -- based on pure military necessity -- on
the producer interest. The actual process, however, involves a
continuous interaction between operational requirements and their
spokesman, and technical and scientific possibilities and their
spokesman. It is one continuing iterative interchange. New formal
requirements for weapons hardware more often than not have their
genesis in new possibilities stemming from advancing knowledge

and technology rather than from evolving military need or reassess-
ment of old needs. These are the classes which Adm Ruckner in his
remarks yesterday tagged as "pushed®™ opz:rational requirements.

The Chief of Naval Operations is responsible for the preparation
of a General Operational Requirement (GOR) for each functional
warfare and support area. GOR's usually result from rather extensive
long range strategic and tactical studies. These documents state,
in relatively broad but significant terms, the capabilities the
Navy needs within each area. For guidance in making trade-offs in
veapons design the GOR shoulc contain information on the relative
importance of the various capabilities desired. In the past,
performance specifications have been adequately stated in the
JOR's, however, other considerations which comprise syste . effective-
..ess —- reliability, maintainability, etc. -- have not always been
given adeguate attention. Total system effectiveness and planning
guiidance for the total system must be provided as feasible. This
is the beginning of system effectiveness planning that I spoke
of earlier. Here is where we start thinking and planning for

total system effectiveness.




The next] step in the RDT&E planning process is the producer
response to the GOR in the form of a Proposed Technical Approach
(PTA). PTA's are developed by the Naval Material Support Establish-
ment to propose technically feasible alternative methods of accomplish-
ing objectives set forth in a GOR. The PTA should be fully respon-
sive to the GOR, therefore, the quality of the PTA depends directly
on the quality of the GOR. In addition to numerous other mandatory
requirements of the PTA which are not of particuler interest here,
the governing OPNAV and DOD Directives require that the PTA should,
to the extent that it can be determined or estimated, analyze and
compare the operational effectiveness of the proposed alternate
development approaches in terms of performance, reliability, operabi-
lity, and maintainability and clearly indicate the basis of the
comprrision,such as previous experiments, extrapolation, or conjecture.

The user side of this dialogue then reviews what is presented
in the PTA and makes a decision whether or not to pursue further
study of the basic requirement. If further study is deemed
appropriate a tentative specific operational requirement (TSOR)
is igsued to the producers which directs initiation of a study effort
prerequisite to the establishment of a development program to
attain the capability stated in the TSOR. The TSOR states the
need for achieving a particular operational capability and outlines
the identifiable characteristics necessary in a warfare system to
fulfill the requirement. The TSOR defines the desired performance

goals and provides additional information, such as the plans for

-9-




use, needed to weigh alternatives and make the trade-offs required

to achieve an optimum system.

For major projects meeting the threshold requirements I mentioned

a ‘ew moments ago, the study required by the TSOR usually takes the
sorm of a Project Definition Phase., During the course of this study
a Preliminary Technical Development Plan and a Specific Operational
Regquirement (SOR) are evolved,

The most important end product of the PDP is the Technical
Develcpment Plan or TDP. The TDP comprises the grand plan for
the {ulrillment of the requirements as originally spelled out in
the coerational requiremsnts of the user. It is a complete and
detailed description of the effort necessary to accomplish the
develcprment., The goal of a TDP is a balanced and Integrated
e’fort aimed at optimizing operational effectiveness, total cost,
ané early availability.

With the formulation of the TDP at the termination of the
project definition phase the necessary total system planning
for thne full-scale development phase of the system is for all
intents and purposes completed, however, during the full-scale
development phase the TDP should be updated as required but if
our planning has been adequate; necessary updating will be at a
minimun.

The planning process leading to system development is well
outlined with the requirements and guidelines covering the documen-
tation required adequately defined in DOD and Navy Department
directives. However, these directives alone do not insure that

the guidelines will be followed and the requirements fulfilled in

-10-
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planning the development of a system. To insure that requirements
are met and that all elements of Systems Effectiveness receive
thorough attention and adequate consideration by the Navy Material
Support Establishment the Systems Effectiveness Branch of tle
Office of Naval Material analyzes and appraises all Proposed
Technical Approaches and Technical Development Plans.

Operational Requirements originated by Cii0 also receive a

penetrating review by this Branch to insure that the effectiveness

requirements for the system are adequately included in these
documents.,

Unfortunately, this System Effectiveness Branch only recently

P aa b

came into being with the establishment of the Chief of Naval Material

e

in December of 1063. Since that time, however, it has been the

1 aim of this Branch to exert the leadership and guidance necessary
1 to provide an effective, cohesive effort in the Navy Material 1
Support Establishment towards systems effectiveness. With ex-
J perience this leadership and guidance will become even more

effective since the beneficial effect of cross-pollination among

the various projects will be realized.

As you can see there are now requirements and procecdures inherent

in the development planning process designed to insure that total

systems effectiveness is planned into the system under development.
More importantly this planning is now forced to occur early in the

development process which should insure that the desired system

-11-




effectiveness is designed and built in to the system. We must
remember, however, that it takes people to implement the management
procedures involved and needless to say the success of any management
process is directly deperdent upon these people. These people, and

I refer to the people of industry as well as Navy people, must be
oriented towards and dedicated to the total system effectiveness
approach te developmert planning and nct to any one element

of this discipline in the manner pure »erformance capability was

in the past. We must alsc avoid including elements such as

maintainability for maintainability's‘sake or reliability for

reliability's sake just because its required or because its the
vogue. Each of thess elements must be weighed znd carefully traded- T
off for each particular system under development. The weights ap-
plied to these elements will of course have to vary between systems
in order to appreciate the different functicas of thessz various
systems.

Of more significance than the fect trat these weighis var: is
the nature of tne control of the var.an-te. Although complex in
detail, the general rule is reedily stated. How much value is
this functicn to thoe accomplishment of the system's mission as
against the other system functions? The answer to this question
provides the weightirg criteria. In our planaings as indeed all of

our efforts in the military-can have but one end objective - the

military mission. It therefore is necessary that our planning have
as its focus the military mission of the sy.tem. This requires that

our planning weighting factors alsc be determined by mission consi -~

derations.
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COST FACTORS IN SYSTEMS DESIGN

I would like to discuss some of the factors relating to cost
effectiveness and the influences of these factors on systems design.

The previcus papers have discussed various important elements of system
effectiveness, all of which relate to and affect one another. It is
this inter-relationship of these various elements which form ‘the basis
for naval systems decision making, Cost is another major element to be
considered in the decision making process. Cost is probably the one
element, or ingredient, when proverly weighed, becomes a yardstick which
will bring all elements into proper focus.

Webster defines "COST" as "THE LCSS OR PENALTY INCURRED IN GAINING
SOMETHING." Cost is, therefore, an exchange or trade-off. It is this
trade-off connotation, which is the key or measure used in determining
effectiveness.,

System Effectiveness has been defined as "THE PROBABILITY THAT THE
SYSTEM WILL OPERATE SUCCESSFULLY WHEN REQUIRED UNDER SPECIFIED CONDITIONS
OR ENVIRONMENT." Mr. Rohe, in his discussion of engineering integration,
expressed the term in its gross sense by using the formula: Eg = PAU
(Figure 1). "Es", system effectiveness, being the product of; "P", the
performance or system's capability; "A", the availebility or the fraction
of time the system is ready and capable of performing its mission; and
"U", the utilization or fraction of the performance capability actually
utilized for a specific application in a specified enviromment. Therefore,

an increase in one or more of the elements of performance, availability
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or utilization will have an attendent increase in tne effectiveness of
the system. An increase in systems effectiveness means we have gained
something. For this gain there has also necessarily been corresponding
loss or penalty incurred ---- a cost. What are these costs and how do
they affect the system? This provides the alternatives or trade-offs,
which are the inputs recuired by the decision maker.

The injection of cost provides a new dimension to the term systems
effectiveness and establishes it as more than a sterile, academic exercise.
To distinguish this new discipline, we can term it cost effectiveness.

Cost effectiveness can be defined simply as the ratio between systems
effectiveness and its attendant costs. Expressed in gross terms the
formula is:

E, = ;AU Figure 2
¢ " Cgro, (Mo ?)

m

E, being cost effectiveness which is the previously defined systems
effectiveness (the product of performance, availability and utilization)
divided by the total cost. The total cost is expressed here as the sum
of Ca’ the zost of accuisition, plus Cu, the cost of vtilization or as
it is sometimes referred to as the cost of ownership

The denominator could just as well have been expressed as total
prograa cost; however, I have separated the totaul cost into these two
broed categories to emohasize the need to irsure that all costs are
conzidered., Figure 3 illustrates what is included in these categories.
Cost of accuisition, as stated before, is the total dollar cost of

development and production., Development costs include all dollar costs

associated with; operation analysis, system definition, system design,
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hardware design, test, and evaluation. Production costs include all

dollar costs associated with; procurement, manufacture, installation,; test,
and treining.

Cost of utilization is the average annual dollar cost of operating
and maintaining the system, including the external cost of its failures,

multiplied by the number of years of useful 1life. Operationai cost is

the long term annual dollar cost of system for operating personnel,

facilities, utilities and snecial inputs required. Maintenance cost is

the long term annual dollar cost of system maiatenance personnel,
facilities, spare components, logistics and diagnostic aids, etc. Also,
we must not forget the costs which are external to the system but are as
a consecuence of system failures.

By proper emphasis of all cost elements, the total cost becomes
meaningful to the decisicn makers. Too often decisions concerning new
oystems have been made considering only the estimated cost to develop and
procure., With our eye focused on this cost of acquisition we find our
astigmatism has blurred the cost f vtilization aspect. From a develop-
ment and production standpoint the :cst effectiveness of a perticular
system may be outstaniing., However, without adecuate attention to the
cost of utilization the Fleet can find itself with a system whiach is
plagued with excessive operating and maintenacce costs. Corrective action
is usually expensiye and more often than not the system will still have
a greatly reduced effectiveness. Such a case can ba the result of the
cost effectiveness not including all the trade-off's n=cessary to make

the proper decision.
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I would like to illustrate by setting up e hypothetical example.
Fer *l:is example, I have chosen two similar systems and labeled them
£ .tew "x" and system "y", respectively. If we ignore the cost context,
the System Effectiveness is determined by the formula E, = PAU. (System
Effectiveness being the product of Performance, Availability and Utili-
zation.) Figure 4 shows the System Effectiveness without the element
of cost as being 460 for system "x" and 612 for system "y". It is, of
course, assumed that the calculations for both systems are to a common
base of total mission capability of 100C. Also let us assume the
unlikely situation, where the confidence factors arsz ecuivalent,
Therefore from analysis of the system effectiveness we would elect
system "y" because of the margin 612 has over 460.

Let's look at what hapnens when we consider the cost effectiveness
of only cost of accuisition. To do tiiis we ratic the effectiveness of
systems"x" and "y" by the cost of accuisition. As I stated before, cost
of acculsition is the total dollar cost of development and production.
Going back to our hypothetical example, the cost of acquisition for
system "x" is 35.0M while for system "y" it is $6.CGhi. The penalty to
accuire vhe additional capability of system "y" over system ¥x" is seen
to cost 31.QM. Figure 5 ratios the vrevious "x" and “y" values 7 system
offectiveness by their respective ccsts of accuisition. The resulting
cost effectiveness has an index of %2 for system "x" and 102 for ‘'y".

Cost effeciiveness analysis, from the cest of accuisition standpoint
7Y ’

would zlso select system "y¥ as being superior; as dia the previous system

effectiveness model.
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Up to Here we have neglected our cost of utilization or cost of
ownershin, Cost of utilization, as given before, is the average annual
dollar cost of operating and maintaining the system, including the external
cost of its failures, multiplied by the number of years useful life.

Let's take our hypothetical "x" and "y" systems and see the effect
the cost of utilization has on cost effectiveness. System "y" with its
superior capacity has a cost of utilization of $8M. System "x" has a
cost of utilization of $/M. Figure 6 incorporates these values into the
cost effectiveness formula we find system "y" with an index of 43.7 while
system "x" enjoys a larger value of 51.1. By considering the total cost,
we find the system with the better cost effectiveness is system "x", not
system "y" as previously indicated.

This is a very crude example. However, as ever increasing require-
ments are placed on us to design systems with quantum jumps in systems
performance, we cannot overlook any of the factors of cost. We must not
only ask ourselves if we can afford the system from the development and
production aspect, but also can we afford the cost of ownership. The old
saying "It is not the initial cost but the upkeep" is just as true for
naval systems as anywhere else.

We are accustomed to thinking of cost as being dollars. However,
dollars are only the medium of exchange and as such dollars are not true
resources. Commander Sargent expresses cost as having four real ccins.
The four real coins of cost are:

(1) Manpower
(2) Material

(3) Facilitie:
(4) Time
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There is a degree of exchange available among these four goins or
resources. The optimization of effectiveness must take cognizance of
these available trade-offs. Cost effectiveness is a measure of how well
we spend these four real coins of cost for the purpose of gaining in
system effectiveness.

To conclude, I would like to point out that all of the aspects of
cost are under the cognizance of the systems designer, whom I enjoin to
insure that proper consideration is given to all of the cost factors.
Only by so doing, are the necessary inputs available for proper system

decisions. We must have systems which have a reasonable cost of ownership.
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MAN PARAMETERS IN SYSTEM SUPPORT

In recent years we in the Armed Forces have been referring to
our wariare systems as man-machine systems. That we have coubined
men and machines in warfare has been trus since man discovered the
eZfectiveness of the simple lever machine called a club., Why - then -
do we use the hyphenated expression, man-machine, now as though the
ccobination were a new ¢ ‘scovery? 1Is there really something new
or is this simply a change in mode of expression?

I would submit that there is indeed something very new and
different which, although subtle and not always fully understood by
the users of the expression, "wan-machine systems”, {¢ fundamental
and MUST be thoroughly understood by all connected with the military
development process, particularly those decision-makers to whom we
gometimes loosely refer as wanagement.,

During the days of club, sling, spear and arrow each fighter had
%is own machine. This machine was . ssentially a direct extensicn
of the individual's capability., With it he could hit harder and
further than he could without it. As warfare technology evolved, range
end hitting pover increased. The machine changed from the simplest
level to ever moie complex devices often requiring more than one man
to operave. This evolutionary procees continued along the same track
until ranges exceeded man's capability to put the machine on target
with the unaided eye. It therefore became necessary to extend his
ocular capability by the use of optical systems. Even as late as the

early days of World War II - machines, as complicated as they were with
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respect to the war club, were still Jjust extensions cf man-s capabi-
lity to see and to strike. Stimuli were perceived by & man and he
initiated the strike. The very control, although sometimes machine
assisted, was still done through man's own motor control mechanisms.

Two significant technological innovations in our time are changing
the basic evolutionary pattern which hag existed since before re-
corded history. I say "are changing" because their full impact has
not yet been felt. Indeed, early applications were in the context
of the old idea of being used simply as an extension of man's capa-
bility. The first of these, radar, illustrates my point quite well.
Its very name, radar, was derived from its applicatjon, radio direction
and ranging. We were merely extending our ocular capability through
electromagnetic means because of ite range superiorit; over optical
means.

Although not generally recognizel, the birth of the new era,
symbelized by the term man-maciine systems, occured when the
technologists produced the aut~matic tracking and fire control or gun
laying redars. This was guisthiy fcllewed by the second technologi-
cal iInnovation, hizh speed electronics computers., With these machines
we had devices which could replicate the logic process whicn hereto-
fore had beer the ecuclusive iomein of man. No louger Were macnines
simply the gensory and physicsl cxtensions of man.

With the invasicn by t:.2 mechine into the logic process, hitherto
exclusively man's, the relative roles of wan and machine have under-
gone a subtle but nonetheless fundemental change. No lcnger can we

regard man as an entity apart from the system - an entity who operates
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maintains or controls the machine. Rather he is explicitly a part
of the system contributing those capebilities which are udiquely
his. Thus in theory at least we now have man-machine systems with
the man assigned those tasks which he can do most effectively and
and efficiently and the machine assigned those tasks which it can
do most effectively and efficiently.

This nice, logical rationale provides & philosophy for our
systems concepts. There remains ~ problem -- implementation.
Finstein's equation is sheer simplicity, E = Mca. But the problems
attendant to the exploitation and implementation of the concept
represented by this simple equation are too well known to be recited
here. It has been said that simple solutions stem only from simple
problems. Like the Einsteinian concept, ours poses anything but a
simple problem.

I shall not attempt to discuss the whole problem. Rather I'd
like to confine myself to one aspect of the problem, man in the
system.

Much as it may bruise individual egos, man .. :ubject to the
machine even as the machine is to him through the interactions which
take place in today's complex systems. Certalnly man's judgement
must prevail and in & sense can be considered to control aince the
machine does not possess intellect. However, we must not lose sight
of the fact that even this "man-only" attribute can be and is influenced
to a remarkable extent todasy by the method of processing and manner
of display of the processed data by the machine.

Quite apart from considerations of force levsls or technological
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advances, the realities of man-machine iateractions dictate a much
harder and more studied approach to the man and his functioning in
the system. Lest I mislead you, let me make it clear that I am not
referring solely to the lower skill levels who obviously fulfill the
transfer-function between segments of the system. I refer also to
the Commander. Due to his displacement from the data source, he is
actually subject to incremental machine decisions to a greater extent
than those who are lower in the hierarchy of decision making. There-
fore he must be assured that the maximum cepability of both man-segments
and machine-segments are brought to bear by way of providing the

best possible inputs to his level of function in the system. As we
face threats of ever higher velocities, this becomes the more
pressing since the Commander has a diminishing reaction time in which
tc make his decision. He thus becomes more dependent upon the in-
crementul decision-making at lower echelons in the system.

In those echelons which are purely machine, the task of valida-
ting i< relatively easy. We xrow the machine can nake only those
decisions which a man has made previously. Further these were
carefully checked and rechecked in an environment apart from battle
stress. But -- these machine-segments have an Achille's heel. 1In the
computer fraternity they pithily express it as % arbage in - garbage
out®. No matter how valid the programming, the quality of cutput
can be no better than that of the input.

Frequently these inputs come from the man-seguents. These are

much more difficult to validate. We mist consider both the quantita-

tive and qualitative variances in performance among the specific individuals
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who may be assigned the tdsk from time to time as well as the variances
of given individuals in time. To add to the problem, we are woefully
lacking in the means for measuring the performance and capebilities

of the man. Neither do we know enough about how and why he funciions.
We cannot give our system designers anything approaching the complete-
ness of the capability description we provide for the machine seg-
ments he uses. This area of effort, termed Human Factors Eangineering,
must be greatly expanded from present effort levels if we are 1o
achieve maximum systems effectiveness.

Within the context of our philosophical concept Human Factors
Engineering is a very broad area of concern encowmpassing evch diverse
disciplines as the full gamut of the behavioural sciences, phsioloxy,
anthropometrics and psychometrics in the research and development
sphere. In an applied Engineering sense, it includes tie ares waich
we have traditionally referred to as Personnel Management end Training.
Actually, one can conceive of the Personnel and Training people as
being the producers of the msn-modules for our systems. It 1s to
them that our systems engineers look for the man in the systems. It
is to them also that the systems engineers look for the descriptive
specifications of the man available for incorporation into the
systen.

Herein lies the problem. While there is a positive effort to
provide quality control in processing the product and in selection
of the rav material input, the random and parenthetically frequently
accidental nature of the origins of the raw mu.erial pcses real

difficulties, As a result, descriptive specifications are given in
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-



— T T T YT T TR Y — - "vT\—r W‘VWV—( - -

—v— o YT T

very broaed parameters.

This situation 1s aggravated by our lack of real understanding
as to how and vhy this raw material, man, functions., Reither do we
bave the attendant measuring systems for this functioning. We
point with pride to the fine tolerances to which we can produce
machine-clements.. We measure them with micron exactness. Then we
ask the system designer to combine them with man-elements which we
descritz as sn average man with an 8th grade mentality. Whut preci-
sion! What an exquisitely defined measurement scale! -- and
mepagement says, "Give us systems effectiveness.,”

That we neel zystems effectiveness, particularly in the
nilitary in these days of hypervelccity weapons, is a reality that
is incontrovertable., Eowever, the achievement of system effectiveness
is highly problemstical until and unless we can solve the problems of
the man parameters in cystem support. Our technology has reached a
noint wkere we may no longer hide our relative ignorance of how and
vhy men functions behind the idea of the adaptability of man. That
wve are straining the boundaries of this adaptability is evidenced
ty the incidence of cardiac and neurastbenic casualties among our
military. It is also evidenced by the fact, as reported by the FAA,
that 80% of our aireruft accidents are attributable to pilot error.
We rust stop using adaptabie man as the multi-purpose gap-filler
betweer, machines., W~ mist strive for the design goal which uees man
w.th al. aeliberateness to perform those functions in which he 1is
superior to the machine rather than to perform those functions which
we dzn't knov hov to design a machine to perform, often with little
regard to either the level of quality or the quantity of tasks
assigned.
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In order to reach the design goal we must first learn far

more than we now know about how and why a man functions. We must
learn hov to wmeasure the parameters which describes these ﬁmction;.
We must acquire the capability to describe exactly what combibations
of man-functions are (or potentially are) in our available inventory
together with the distributions of these fupctions. Until ve are
able to provide adequate man parameters to our systems designers,
the probabilities of true systems effectivevess wil) continue to

be quite lowv and high systeas rrrectiveness will be more accidental
than calculated. Low systems effectiveness, I subuit, is ithe situa-
tion today. Although not s¢ reported, this is ma)ifested in myriad
reports.

There reports use such terms as "too complicated machines,"
"inadequate training,” "sbcve the heads of our people,” "can't be
maintained," etc. These, if you will, are symptoms. These demonstrate
our inability to fit the available man-modules to the system. I
would offer as evidence of thir coctention that, (n almost every case,
we are able to provide a combinzZion of man-modules and machine-modules
that does function eflectively. More often than not we ascridbe the
difference between the successes and failures to such things as
leadership, luck or. in some cases, a unigque set of circumstances.

Io any case, one effective system case is evidence that the system
can work effectively.

If you will think vack on the systems each of you has been
concerned with, I believe you can see a caaracteristic pattera. In

our egceentric wvay, we attribute our successes to the quality of
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the men in the system and our failures to the inadequacies of the

machine in the system. We explain the "why" of the machine inade~

quacies quite exactly. But--do we explain the "whys" of our man~

attributed successes with the same exactness? Of course we don't.

We don’t know hov, "The leadership was better." "A certain

technician knew more." How much better? How wmuch more? These

are characteristics of our man-machine systems that we haven't yet

learned hov to quantize. In the absence of this capability we

are constrained %o use comparative verbiage which is singularly

ucprecise and subject to value changes in the communication process.
Quantizing the man function then becowmes the core problem

to our systems effectiveness effort. What do we do ebout the Man

Parameters in System oupport? To me, the solution is quite clear.

First, management - and explicitl, Armed Forces Management - must

admit to not being the fount of knowledge in the appraisal and

evaluation of the man-function - admit that at best we are using

boilermaker measurements on waich movements. Am I really overstating?

Look at the three-element O, S & U. systea we use in evaluating

our civil-service personnel. Look at theirs or our own job-deserip-

tions. Look at Efficiency Ratings or Fitness Reports., How many

of the latter have you made out against the job requirements or billet

description much less sgainst any empirical performance standard?

Certainly we do the best we can with the tools we have available.

But, these tools don't begin to approximate the performance

standards and meisures we employ for machine-segients of our systems.
If we are to resolve the problem, to me the most vexing facing

top Military Mamagement today, we must undertske a program of study
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and analysis of the man parameters in systems far greater than that

wvhich we currently have underway. We must close the gap in our
understanding and measurement of the man-parameters. We must initiste
and support efforts in scientific study which will lead to an under-
standing and measurement of the man akin to that we possess for the
gear, the electron or red fuming nitric acid.

To this end, a number of projects are underwvay in the Navy.
In an attempt to get a handle on the problem, the Bureau of Ships
supported by the Office of Naval Materisl has initisted a project
called TRIM. TRIM 1is .. acronym for Training Requirements Informa-
tion Management. TRIM is a systematic approach to the codification,
recording and collection of training requirements date and personnel
regource data in terms of training. Perhaps the most significant
aspect of TRIM is that its design concept takes into account the
gross nature of existing measures of man parameters., As a result
the matrices in the system have been desigred to provide for ulti-
mately more refined measures without necessitating a new data system.

A second Ravy project, which I'd like to cite is the effort
under the sponsorship of the Chief of Naval Personnel referred to as
the New Developments Ruman Factors Program. This is a rather broad-
gauged effort to define the problem and provide solutions in the
pesonnel management and training, or if you will, production processes
for our man-modules.

In 8 more penetrating manner but with somewhat narrower scope,
the Raval Aviation Development Center, Johnsville, Pa. and the School

of Aviation Medicine at Pensacola, Fla. have been probing into man-
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measurements peculiar to the aerosphere and the Naval Medical
Regseerch Institute at Bethesda has done similar work in the hydro-
sphere. These latter efforte have been dominantly in the bio-medical
fi=14d.

RASA and Alr Force have probed somewhat amore deeply inte the
psychological espects of man's tehaviour in the Mercury and AFOLLO
orejects. This work .as proiuced valuable spin-offs for terrestrislly
lizited systems Lut . fccused principally at & highly specialized
situatior which caz ef7~r1 hishly specialized men sand environmental
coutroles,

Aowevar, *© ~ =-1 bulx -7 sur =military systems must use the

)

s.-callel averas: man. Further, izhly specislized and ery expensive

artifiels] envir umests are s:imply <ot ecounomically feasible for

Tl

.
Tu~arafore

N -7 Tuct learr mcre abcut how and why this average

as_ serf. ms. we must learn ncw 5 xeasure and predict tkis performance.

. ses  ye: g- 1l tness prei_ctitps may then be used by the system

dezlgzer =1 the eegrinpt:ve parscoters cf the man in the systen.

Thet anc sody ther cen «» hepe to achieve overall systesms =ffeotliven

iesns

in our military systems.
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Dr, Trumbull, members of the Systems Effectiveness Fonel of the
Western States Navy R& Clinic, ladies and gentlemen,

The subject matter of this session represents the most comprehensive,
and rence most critical, problem challenging the Researczh and Development
community today. It is axiomatic that technological advances are of
little ugse if the systems they produce are not effective, As the Deputy
Chief of Naval Material for Development, my concern is that all naval‘
development and particularly those combinations of men and machinery
which we term warfare systems provide to our fleet a maximum capability
in fulfilling their national defense role. This capability varies
directly with the systems effectiveness of the man-machine combinations,

Having established myself as being for motherhood and against sin,
let's look behind the platitudes to see what are their implications,

Are these just brave words -- or -~ is there a key which will open
the door to development pay off?

If you have inferred from the foregoing that 1 consider that
we are not making technological progress, disabuse your minds of the
thought. However; if you infer that I consider that we are not
realizing an optimum payoff from the ever accelerating curve of

technical progress, you are quite correct. This I attribute in a

large measure to overextension: ~ overextension of the men in the system
and overextension of the men designing the system. The dangers attendant
to overextension are not unknown.

History is full of examples of failures and defeats caused by

people who were in toc much cf a hurry., Humans have a tendency to become
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gso enchanted with progress that they fall to recognize the dangers

of overextension. Military commanders are aware of the necessity to

consolidate their positions after a more forward, before striking

out again on a new advance. Chess players are aware of the fallacy

in moving too quickly into enemy territory without adequate consoli-

dation of home defenses. Businessmen can testify to the dangers of

over committing tnemselves in many of their activities.

ot

The stock
market cras.. of 1929 shows what happens when ¥progress® is not based

on a firm foundation.

To say to an audience such as this that technology is advancing

at a tremendous rate is little like carrying coals to Newcastle.

But it is a fact which we must not overlook despite its familiarity.
In an effort to keep pace with iechnology, we -~ industry and the

military -- are feverishly extending ourselves. Even though people

ARE adaptable, there has been little basic change in them over the

centuries., Yet we are being called upon to match this relatively

unchanging man to a virtually exploding technology. Adaptability

alone cannot bridge the widening gap between the two without stretching
» the people beyond their tolerance.

As ve try to keep pace with technology, our efforts produce ever

’ more complex combinations of men and machines. The slope of the

technological capability curve far exceeds that of the people capbility
curve,

The result is overextension of the "man in the system®. In

addressing ourselves to this problem, we must concentrate on correcting

the complexities of the machine segments of the system and on examina-

tion of the place of the man in this man-machine system., Failure to do
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so will result in increasing inability to obtain sufficient quanti-
ties of personnel treinable to match and cope with the complexities of

modern warfare material, which for reasons I do not fully understand,

we call ¥sophisticated® systems.

Scphisticates, in a social sense, are not usually associated with

the production of worthwhile results. As defined by Webster, the very

sopnisticate is to deprive of genuineness, naturalness, or simplicity;

to disillusion; to mske worldy-wise. Yet we refer to these complex

systems of machines and overextended men as sophisticated. Could

it be because we have deprived them of their simplicity?

Certainly in the areas of missiles and electronics, in particular,

our fleet systems do not represent simplicity. To say that these

have been deprived of their simplicity is difficult. The treats which

our systems must counter ARE complex. Solutions to the problems these

threats pose are complex. But this does not give license for complexi-

ties unlimited.

Poth the military and industry have contributed complexities which

are of challengeable merit. Both must ask themselves the question ®Is

this really necessary or worthwhile?" We must vigorously resist the

introduction of additional features, functions and other complicating

mechanisms which are not vital to the mission effectiveness of the

system, We simply cannot afford what Dr. Fubini has termed the American

syndrome, the penchant for complex gadgetry.

Both complexity and gadgetry provide additional opportunity for

failures to occur. These failures can be machine failures or they

can be man failures stemming from the sheet complexity of his work
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environment. As a result today's sophisticated systems show a tendency
toward undependability. They are marvels of tecnnological ingenuity.
But -- this is little comfort to the Commander unable to complete his
mission because the beautifil beast cannot be relied upon to work

when and where needed.

Undependability stems from many contributing factors such as
shortcomings in reliability, r-intainability, compatibility, human
factors, logistics supportability, etc. All of these qualities of
systems are fairly readily understood and quite well appreciated both
by military and industry. But —- understanding and appreciation are
not enough. We must devise valid means for measuring these qualities.
This is necessary so that we can assure depenadability by effecting real
communication between the military and industry in specifying mutually
acceptable and <ttainable contract requirements, and in insuring that
these specified qualities of dependability are in fact achieved by
the contractor.

It would appear that in our haste to keep up with technology, we
have not expended the time or effort nceded to consolidate and stabilize
the technology we have exploited. This is not tc say thst the problem
has been ignored. On the contrary far more attention has been given to
system effectiveness than can be readily measured. Each contributing
designer in a system is conscious of the need. In his own area he
designs to the end of realizing dependability. This is not enough.

We must insure that all of the foregoing factors are mutually

optimized on a total system basis. This must be done before we provide
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thé results to the fleet.

In doing this, we must recognize and fully face a basic anomaly of
the sitration. Technology is a dynamic force. How then can it be

consolidated?

I would suggest that it can be consolidated in the same manner

in which it can be measured--at a discrete point in time. We must pick

this point end stay with it. Then both the military and industry must

resist the temptation to inject incremental advances in the course of

a development., We must defer these goodies to a subsequent generation.

There are those who will take issue with this position., They say that

this assures obsolesence upon delivery. I submit that this argumnent

is more hypothetical than real. Nevertheless, even given that there
is some validity to the argument, I would submit that our military
posture is strongest when systems have miszsion dependability. This
holds even without the latest theoretical increment of campability.
For instance, a destroyer with a sonar system reliability of .9 and

a probability of detection of .8 at a maximum range of 10,000 yds is

of more use to the ASW Commander thun one with a .5 reliasbility and a

12,000 yd max range even assuming comparable probabilitiss of detection.
Consider also that lov reliability can normally be expected to be

accompanied by rediactions in the other qualitative factors that I've

cited. Recognizing the validity of this type of reasoning, the Navy

is taking a hard look at its R&D Program.

We in the Office of Navel Material call this examination System

Effectiveness analysis. We are studying the trade offs between

technological advances and consolidation of technological noeition.
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As ve learn more in the skills of quantizing the factors which to go

make up Systems Effectiveness, the examination will be even more

rigorous.
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This may well result in a reduction of the number of systems
under development but with a more intensive effort on those remaining.
We are persuaded that the key to development pay-off is the

successful consolidation of position through a viable approach to i
Systems Effectiveness,

ol
B Rt atialle 2 LR

The analysis and review by the Office of the
Secretary of Defense under Project Definition Phase and under Confi-

guration Control require some such approach. Further we need to pursue

such a course to permit regl calculation of risk. Since last December

2nd, all Proposed Techincal Approaches, Technical Development Plans,

Specific Operational Requirements and Advanced Devalopment Plans have jﬁ
received rather penetrating review by my Systems Effectiveness Group. |

This review will be intensified in depth with a view toward recommending

b cianagts

the elimination of incremental improvement effort that is not completely 1

justified by urgent military worth considerations. Our goal is to in- 1

sure that all factors of Systems Effectiveness receive thorough attention

and adequate consideration before the production phase and fleet intro- 1

duction.

This may sound like a hardnosed approach. It is not intended to

be. However, it is intended to be a hard-headed approach.

There sisply
is no substitute for effectiveness in a system - for -~ if the system

does not have mission effectiveness, where is the pay-off? The pay-off

comes only on effective results., So, we in the Office of Naval Material

intend to take a page out of the book of some of the good people of

Montana. They tell me that no matter how well configured he may be,
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the sterile ram gets shot and, like ewes, rapidly become mutton., I

don't know what boiled missile tastes like or roast radar -- but I'm
willing to find out.
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In recent years meny cults have arisen each of which has indicated
a real neea fir management actica to cet system effectiveness. The
time has. come to relate all tlese cults to each other and to relate
them to the basic management objective, The 1st vugraph ¥Integration
of Assurance Cults®™ identifies some of the major product characteristic
cults and some of the major program maunagement cults. It states that
both types are only subordinate factors in achieving the basic objective
of svsiem effectiveness and conseguently they should be treated as vital
but subordinate segments of an integrated system effectiveness assurance
management system,

No one guestions the objective of system effectiveness assurance.
Many people do question the need for a formalized management system
t0 achieve theseobjectives. This resistance must be faced squarely and
understood. The 2nd vugraph ®Yearning for Anarcly® summarizes the
opposition to any management system that constrains the activities of
people. It raises the vital question ®"Why should we annoy everybody
with amansgement system?® Since the purpose of management is to get 1
things done through people we must have a good reason for doing any-
thing contrary to the nature of people.

The 3rd vugraph ®Justification for Discipline® states two major
reasons for a formalized management system. It conceives that the
system does seek to control the activities of people but only to the

exter:t necessery to assure the two major objectives of requirements

optimization and experience retention. Requirements optimization in-
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volves tecnniques of system analysis, Cdr Sargent has published some
excellent papers on the subject and it will be dealt with in more
detail at the second symposium on Nov 17,

In regard to experience retention every preoject shows that in
fact we do repest mistakes and do sn over long periods of time., For
example, at a recent BIMRAB meeting a presentation on aircraft safety
summarizd the causes of loss of property and life in a modern .jet
aircraft, Then the speaker showed a picture of a 30-year old biplane
and made the key point. The point was that the same cause of failure
for the modern jet that had occurred, had been analyzed and understood
30 years ago.

Requirements optimization is achieved by disciplined decision making
besed on system enalysis techniques. Experience retention is merely
the epplication ¢ the discipline of the scientific method to manazement
provlems.,

The 4th vucreph ®Definition of Discipline®™ identifies this word
with the trainins motivation commending and suditing of people. The
menecement system does rnot seekx to provide even these types of formel
discipline except for those activities that experience has shown to de
eritical to achieving system eflectiveness. also this vugraph summarizes
the three vital steps in the management system. Briefly tuhey ere:

(1) Criticel activiiy identification

(2) Resources development

(3) Resources application for each criticel activity

This description corresponds with the definition that "The ‘business of
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management is resources development and resources applicaticn to acaieve

pre-determined objectives®.

{
1
The 5th vugraph "Recognition of Need® quotes Mr, McNamara on disciplined 1

decision-making to assure requirements optimization. Also it quotes

Gen Schriever on discipline execution of the program management function

after a project has t2en authorized. Quotations from Navy sources have

been omitted because they are eppropriate to the next meeting which

deals with the system effectiveness activities of the Cffice of Naveal

Material.

SYSTEM EFFECTIVENESS GRITICAL ACTIVITIES

The 6th vugraph "Decision and Hardware SECAY stresses that the
manegement system is concerned with the activities of people. It defines
what is meant by a system ellectiveness critical activity and illustrates
the relationship of two types of activity to their products.

It should be noted that although hardware is the primary product,
three types of data slso are products.

The 7th vugraph "Design Critical Activities" illustrates four
types of SECA and their relationship through design decisions, A
menagement system does not seek to discipline the instantaneous working
of a man's brain when he is using his judgment to make a decision.
Rather it seeks to assure that appropriate and reliable data is genere-
ted and is used as a basis for decision making.

The 8th vugraph “Types of SECA"™ illustrates the first step in

cataloging both decision or hardware or work SECA. A review and analysis

of reliability specifications can lead to identification of reliability
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SECA. Similarly a review and analysis of maintainability specifications
can lead to identifying activities that the writer considered to be
eritical to system effectiveness.

SYSTEM EFFECTIVENESS ASSURANCE MANAGEMENT SYSTEM

So far we have defined only creation activities. This means
activities that actually create or build in system effectiveress or
some worn characteristic such as reliability that contributes to system
effectiveress, It is entirely practical to produce a product such as
a lawnmower by nothing but creating activities. Yet we know that for
military programs we do require and perform other activities such as
qualification, testing and receiving inspection. These activities do
not create but they help assure system effectiveness,

The Navy has recognized the importance of assurance activities
in many ways. For example, years ago the then Chief of the Bureau of
Naval Crdnance required the Commanding Officer of the Naval Ordnance
Laboratory to establish and operate an evaluation for assurance function
independent of the development or creaticn function. Why does he bother
with these nonrcreative assurance activities?

The 9th vugraph YPurposes of Assurance® seeks to answer this

question., Several types of assurance activity such as qualification

testing are like a hurdle that the program manager, designer, or machinist

must overcome. The knowledge that he must do so mekes it more probable
that he will do a thorough job of performing system effectiveness by
creating activities, The importance of increasing confidence that

effectiveness has been built into a gystem is well illustrated by the
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Apollo Man Spade Program. Certainly the NASA official responsible for
the decision to launch man into space must bte able to assure the public
that every possible means of checking that a safe, reliable system has
been created is used.

The 10th vugrapn PRelation of sssurance Activities to SECAY is the
most vital of all,

The most familiar types of assurance are those egpplied after the
product has been completed. They include, design reviews, qualificea-
tion testing, and receiving inspection. But after the fact assurance
is not encugh. 4Ye must assure thai resources are developed for each
critical activity. This is done through the first three types of
assurance. Then we must assure that for eacn project the critical
activities are required, funded, and séheduled. This is done through
program planning. Also we must assure that these criticel activities
are veing performec well éuring the time trey zre beinr performed. This
is done throuzgh importast surveillance.

The six types of assurance together with the identification of critical
activities constitute the system effectiveness assurance management
system. The nature of this svstem may be illustrated many ways.

Vugraph 11 “Resources Development ané Application® relates the
system to the definition of management as resources, develcpment and
application to achieve pre-determined objectives,

The 12th vugraph "Dynamic Closed Loop® illustrates that the system
works continuously by feedback and integration.

The 13th vugreph Y"Data Acquisition Foundation" illustrates the

.
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that the whole system is based on acquiring data from both a project
data system and functional audit system.

The 14th vugraph YAudit Checklist® is important because it provides
a basis for checking the status of current operations. For example it
would permit ONM to check whether for a critical activity.such as SOR
writing data was being required on the successes and failures of present
SORs. It would allow checking whether research money was being used to
develop and documént techniques for writing satisfzctory SCRs and it
would permit checking whether the training and motivation of officer
personnel included adequate instruction in the writing of SORs.

The 15th vugraph "Emphasis on Peorle¥ merely reminds us that we are
not dealing with an academic system but a down to earth practical method
of achieving results through people._ﬂin_fact people are the link hetween
resources. development by functional executives and resources application
by program managers.

The 14th vugraph summarizes the segments of the assurance
management system (also it siresses the acronyms seca, seer, pmt, and
seams)

SE_EXPERIENCE RETENTICH

So much for the overall management system. The system takes on
much more meaning when we get into the mechanics of resources develop-
ment through experience retention and resojurces application through
program manegement technology. We will discuss these topics briefly
then get down to operating problems with a discussion of "contracting

for system effectiveness".
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To be replicable the development of system effectiveness resources
must comply with the scientific method. The 17th vugraph'deals with the
scientific methode It shows that the 6 segments of our assurance
management system correspondence quite precisely with the recognized
four steps of the scientific method. It is important to note that the
analysis step does not correspond with a physical description of a
mode of failure. We as managers cannot prevent failures by changing
the laws of physics but only by controlling the activities of people.
Consequently, our analysis is concerned with how successes can be
repeated or failures prevented from occuring through controlling the
activities of people. Simarly our hypothesis step consists of predicting
certain changes in the training,motivation, direction or audit of people
will cause them to behave in a desired,hqnner.

The 18th vugraph illustrates the principles of orgaiization for
experience retention. A functional executive for reliability or for
system effectiveness does not need a line organization if he has the
authority to make a closed loop program work. Irrespective of the
organizational position of the people who perform each of the 6 segments
of the closed loop system certain things must be provided for. Experience
reténtion engineers preferably in a data central organization must generate
(1) failure mode, probability and effects data, (2) a catalog of activities
requiring formal discipline and (3) disciplinary requirements for each
such activity. These requirements are passed on to the appropriate
functional executive. He in turn absorbs the lessons learned into his

menagement system in any way he chooses providing it will be effective.
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Each functional executive produces resources in the form of documented
disciplines and qualifiel people. The requirement for using these re-
sources on each ..ew project completes the closed loop system. The title
of the 19th vugraph ig "Discipline Regquirements Yes - Procedures, No",
Again w. ~re facing the facts of human nature and seeking to answer two
types of very real opposition to formalized experience retention.

The 20th vugraph "System Effectiveness Activities and Experience
Reterntion®™ summarizes the responsibilities of functional executives.

PROGRAM MANAGEMENT TECHNOLOGY

The 21st vugraph "What is the System Effectiveness Activity" ex-
presses the point of view of the program mansger. From his point of
view a SECA is so vital that it must be assured by planning surveillance
and evaluation.

The 22nd vugraph brings out the importance of documentation to an
assurance management system. Each of the three types of program manage-
ment assurance invelve documents. Program Planning involves documented
plans. Surveillance is based on in process data. Evaluation includes
evaluation of decision disclosure documents and the documentation of
test and operational results.,

For any assurance system to be accepted wholeheartedly and implemented
people must have a positive attitude to the written word. A cavalier atti-
tude that paper work may be justified because of the existence of a great
deal of bad paper work is fatal to system effectiveness assurance.

The 23rd vugraph is a quotetion frem Gen Schriver. It forcibly expresses
his opinion developed while responsible for the highly successful ICBM

programs.
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.a€ 24th vugraph illustrates the tough action that is being taken
by the Air Force to insist on discipline program management by their
contractors.

The 25th vugraph illustrates the action being taken by the Army
Material Command to assure discipline decision making in their program
management.

The 26th vugraph quotes from the DOD news release when directive
3200.9 was issued on March 4, 1964, It illustrates DOD in requirements
on disciplined program management action at the beginning of each
program.

Again we have avoided quotations from Navy sources because this
is part of the subject of the next seminar,

OUTPUT CONTRACTING FOR SYSTEMS EFFECTIVENESS
The traditional way of doing business may be descrived by the term

output contracting., This means that the relationship between the buyer
and the seller is based exclusively on requirements and tests of the
final product.

This is the third record requirements for and test of the final
product. Vugraph 27 ®Necessary Conditions"summarize output contracting.
Even when the relationship between the buyer and seller is based

exclusively on output requirements it is still necessary to optimize
these requirements through systems analysis. Also the overall system
requirement must be converted into contributing cheracteristic require-
ments. These characteristics have to be things that can be required

and specified at the appropriate level of contracting including pur-
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chase drders for barts. Vugraph 28 "Requirements Optimization™ illustrates

thas~ points.

Vugraph 29 "Derivation of Requirement® illustrates three steps
from overall operational eff'ectiveness concepts to quantitative
requirements suitable for inclusion in contracts and purchase orders.
The technology for making trade-offs that result in contractor require-
ments is a very large subject which we will not be able to discuss
today. The important point is that these quantitative analyses and
trade-offs are essential to supporting output contracting for Systems
Effectiveness,

INPUT CONTRACTING FOR SYSTEMS EFFECTIVENESS

When a buyer cannot afford the risks associated with output
contracting he must take action to assure that system effectiveness is
built in from the beginning of the program. We call such action input
contract.

There have been many attempts to require input contracting to
assure a single characteristic such as reliability or maintainability,
Vugraph 30 "Specifications That Require Discipline Procedures® illustreates
the attempts to establish input con’ :ting through specifications.

There has been a great deal lustry persistence to specifica-
tions that seem to direct managemern. practices in the name of a single
cult. It is being realized slowly that government-industry cooperation in
formalized overall program menagement practices can eliminate the need
for the management aspects of a large number of specifications such
as MIL-Q 9858A.

Even when industries has accepted principle of input contracting
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the objective is still to limit the amount of constraint to the
minimum. Vugraph 31 ®Industry Objectives® clarifies the relation of
this attitude to Systems Effectiveness critical activities.

Vugraph 32 ¥Steps in Constraint of Contractors® illustrates that
industry wishes to use that method of contracting which requires the
minimum degree of constraint for a particular procurement. Whenever
possible both buyer and seller still prefer to do business on the
basis of pure output contract. At the other extreme large new systems
that iavolve a group of associated contractors and many innovations
in technology require the illustrated sdditional disciplines in
program planning assurance, inputs surveillance assurance, and output
evaluation assurance,

From the industry point of view a formal system effectiveness
assurance management system makes sense if, 1) All the criticel
activities that are called out in the contract are well defined and
have been proved to be criticel by previous experience. 2) The customer
encourages and rewar.is recourcefulness of development by industry for each
critical activity. 3) The customer has the qualified people
and proven methc.s necessary to evaluate Industry's effort in applying
resources to each critical activity.

Unfortunatel:, a great deal remains to be done by both government
and industry before these conditions can be considered satisfactorily
fulfilled. What has been done by specifications leaves much to be
desired. For example, the truly critical activities are not well
defined nor is their criticality established by straightforward govern-

ment-industry evaluation and agreement.
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The time has come for mutual industry-government action in describ-
ing and implementing a totally integrated, fully justified system
effectiveness assurance management system. Such a system will help
immeasurebly not only to get effective systems for the Navy, but to
assure harmonious relaticns between the Navy and Navy contractors,
Mutual confidence and respect is an important by-product that should

be achieved by any system effectiveness assurance management system.
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Dr. Trumbull, ladies end gentlemen

The term "System Effectiveness" in a generic sense is usually
understood to mean the ability of a system to perform according to
its purpose. Since this is a qualitative characteristic, it is
difficult at the outset to envision it -as a tool. However, if we
were able to quantize the various attributes of & system which go
to make up this quality we could establish measures of the quality.
Having established measures, these can be campared in a number of
ways: predicted vs achieved, achieved at one point in time vs that
of a later point in time, predicted or achieved in one system vs
predicted or achieved of another, one combination of attributes vs
a differing combination of attributes, among others, These compari~
sions are the vehicles for appraisals which become the tools of
management in making the decisions which determine the future course
of our efforts.

This is a nice rationale but it is conditional upon the big
"if" at the outset, -- If we are able to quantize. Actually I am
persuaded that "if" may not be the right word. Rather, I would
suggest that we should use the word "when". This stems from the
conviction that the condition is not a matter of whether or not
quantizing is possible but rather one of whether or not we are
capable of learning how to quantize.

In support of this contention, let us examine one proposed

approach to quantifying systems effectiveness. This approach was




presented by the Cost Effectiveness Panel at the recent Aerospace
Reliability and Maintainability Symposium in Washington and is pub-
lished in its Proceedings.

Let me first present -he generalized formula and then pursue

its derivation. Actually two formlae were presented.

(1) E, = _PAU E. =W __PAU
Co + Gy Ca + &y

Although there is a significant difference between the two in
that the W is a constant representing the military worth of the
mission of the systemy I shall for the moment use the first of the
two formulae, The term E, represents Cost Effectiveness., I would
remind you that we are not discussing Cost Effectiveness per se, but
rather Systems Effectiveness. Nevertheless Systems Effectiveness
taken out of the context of Cost Effectiveness is a sterile academic
exercise productive of little but to impress our fellows with our
erudition. Since we are pursuing a useable tool, I have elected to
keep Systems Effectiveness in a useful context ie: within Cost
Effectiveness.

Looking to the denominator of the fraction in (1) we find the
terms Cq & Cy. These are Cost of Acquisition and Cost of Utilization
respectively, <These are the terms which convert the expression to a
statement of Cost Effectiveness. These are the determinants of the
cost context. I shall not vursue their derivation in this particular

discourse.




There remain three terms, P, A & U, These provide the substance

of our systems effectiveness model, where
(2) E = PAU

The term P - Performance is a numerical index expressing system
capability, assuming & hypothetical 100% availability, reliability
and utilization of performance capability in actual operation. This
index can be expressed in any suitable terms dependent upon the nature
of the mission. For instance in a satellite system it could be in
rated pounds of payload into orbit per successful vehicle. In a
missile system it could represent target square miles killed per
successful launch, In effect it is the mission determinant parameter.
It matters little what the index selected may be, provided that in the
use of the formula, the index used is the determinant parameter for the
systems being appraised through comparison ie: in the determination
of Py, Pg, Py ctc. where these values obtain for systems a, B, ¥y
respectively.

The term U, Utilization is the fraction of the performance capa-
bility actually utilized due to the specific application and the
environment encountered. In effect it expresses all of the effective-
ness degradation due to causes external to the system itself. I
would point out that this is a term largely out of the control of the
designer, and one which in the final analysis can only be established
ex post facto, Nevertheless it is a function which can vary as a
result of inherent design limitations. Such factors as consideration

of operational, physical and in some cases political environmental




factors operate on this function. These considerations are under
the designer's control albeit subject to the adequacy of commmunication
of these envirommental parameters by the user, Because of this
designer control, the value U must be considered if only with a
probabilistic estimated value. However, the analyst MUST exercise
great objectivity and care to insure that a biasing effect is not
introduced through failure to develop Uy, Ug & Uy on equitable bases,
The central term A is the period, or fraction of time, that the
system is ready and capable of fully performing its missicn. It makes
little difference whether A is expressed as a period or a fraction as
long as the mode of expression is consistent throughout a given

appraisal or analysis. In those systems having a finite mission time,

it is convenient to use the fractional expression.
Conventionally A is expressed as

(2) A=__ MIBF 1
MIBF + MITR

I would point oul that this condition exists only at the point
t =0, It is camforting to know that a system is ready to go. But
in a military system, the payoff is in successful completion of the '
mission, t = O or to is just the beginning, We must have an expression |
vhich will permit us to predict A at the point of ty, the completion of 1
the mission, <

To the end of realizing such an expression of A, I'd like to
state some defintions of terms followed oy the derivetion of an

expression of A which appears to be useful. (See Fig #1)
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(T) Stress Time is the time during which stresses occur that
can induce failure. Such stresses are normally present during some
fraction or all of "operational" time, and also usually during
standby and maintenance time, This chart illustrates the major

elements of stress time, but as a ratio to the number of failures:

All times po————— MIBF (Stress time per failure) T
are aver__ages
Mission
time t

Mode 1 (run) time
between failures tl

Mode 2
(standby) time
between
failures t2

Dormant Prevention] v
time betweenltime per 3 3
failures failure t, i
t & |
d tps it , :
1 Operable
‘ Inoperable Downtime

per failure
D

"Ds_q

v Total calendar time between failures te

Fig #1
5




(t) Mission Time is the time during which the system is

committed to completion of one operational mission,

Mean Time Between Failures is the average stress time

between failures, assuming no redundant compensation unless specified.,
It is the primary index of design reliability, and equal to the

reciprocal of Failure Rate ).

(R) Reliability is the fraction of successful mission
starts which have been or will be subsequently completed without
fajlure. Predicted Reliability Rp is then the probapility that,
successfully started, the system will complete operation for a
specified time without failure, or

(4) Predicted Reliability Rp = e “6/T o 1 - t/T when t << T

Downtime Per Failure is the mean time for restoration (MITR) to

reliable operation, including detection, diagnosis, logistic procure-
ment, replacement or repair, checkout, and (for memories) reload.

"Pepair" time is but part of this,

(M) Maintainability is the quantitative index of ease with

which restoration is accomplished. Typical measures are (a) the
number of failures restored per hour of downtime (M = 1/D), (b) the
fraction of attempts wherein restoration is completed in a2 specified
time. and (c) operational time per dollar cost of preventive and

corrective maintenance,

(Ag) Dem2nd Availability is the fraction of stress timc

that upon demand the system can be operated without failure, assuming
that any preventive maintenance can be interrupted. It is equal to

the probability that the system can start successfully and complete

(4




the required mission time without failure, at any random demand time,

Since the mission will fail if it starts any later, on the average,
than time © before failure, or within downtime D following failure,

(5) Ag=1-__ %D
T-‘bps + D-Dg

where Dg is that portion of downtime D during which stress occurs,

and tps is that portion of preventive maintenancé time tp during

which stress occurs.

If there is stress during substantially all of downtime, which
is ustally the case, Dg = D. Then if therc is no stress during

preventive maintenance, tps = O and we have
(6) Ay ml-t+D
T
If there is no stress during downtime, vhich is rare, Dg = O.

Then if there is still no preventive stress, tPS =0 and :

(7) Aqasl-t+D=
T+D

T-%
T+D

If we ignorc the reliability effect of incomplete missions on
Availability, t = O. Then we have the familiar form:

(8) Ag~ T =  MIBF
T+D IMIEF + MITR

(Ac) Contimuous Availability is the fraction of stress time

that the system can be operated without failure, allowing for both

downtime and preventive maintenance.

(9) A =1-t+D+ty =1-t+D+ty
T‘tps"'D"Ds T

(U) utilization is the fraction of performance capability

actually utilized due to thc specific application and environment




t expresses all effectiveness degradation due to causes

encountered,
external to the system itself.

Example: 63% Tactical Effectivencss due to narrow applica-
tion (70%) and sdverse environment (90%)

It is this Contimuous Availability expression which provides a
value for A which will perait us to predict cut to the point in real
time ty. Thus our expression can be written

(10) E=P(1-t+D)U

At this juncture, ~ mlg like to acknowledge my indebtedness to
the Messrs. E. S, Winlund and C, S. Thomas for their contributions to
this derivation.

There is one remaining term in our expression, E. I have previously
indentified this term as Effcctiveness or more precisely Systems
Effectiveness. Further, I expressed it as a generic termm, To avoid
misunderstanding I would provide a more exact definition of the tem
in the context which it is used here. The conceptual definition is
the probability that the system can successfully meet an operational 4
demand throughout a given time period when operated under specified
conditions. I'm indebted to WSEIAC Group I (AFSC's Weapons System
Effectiveness Industrial Advisory Committee) for this phrasing. The
mathematical definition must be the index of the conceptual definition
since the analyst may elect to use a non-fractional expression of the
term U and, the term P is usually neither fractional nor the percentile
expres:.on normally associated with probabilities.

Heving arrived at a generalized expression of Systems Effectiveness,

let us look at the utility of the tool. A prudent mechanic knows not




dnly the purpose of his tool but also the limitations of its use,
Further, if it is a cutting tool, he is careful to dress its edge
exactly to the job at hand taking into account the material to be
worked and the character of the shape to be produced. As homely as
this analogy may be, it is singularly appropriate for our purposes.

Our tool is a generalized one and like a cutting tool blank is
useful only if the proper edge is formed, This mst be accomplished
by the user and can only be as effective as the capeability of the
user to provide the proper edge. This is accomplished in our general
expression through selection of the measures selected for the terms
P and U, This is the critical criterion for succassful use of the
expression.

Contimiing the analogy, the user must ensure that successive use
of the tool involves like material, The measures selected for the
terms P & U must be appropriate 1o the systems being analyzed. This
is apparent to the analyst., But, this is not always so readily
apparent to successive revievw levels, There is an inherent danger in
using indices in that these may be received on a “numbers are numbers"
basis without realizing that the rmumbers are to differing vases. Te
avoid this, it becomes mandatory that the users of this generalized
expression explicitly include the index base when citing numeric
values of E.

A second problem in the use of the exgression evolves from the
fact that all three terms are probabalistic, This makes the term E
probabalistic as it indeed is by definition, It therefore becomes

imperative that tr. associated confidence factor be expressed when




mmeric velues of E are cited. I use the term imperative because

this is an oft overlooked factor. Vhile common sense may reject the
results, any statiscal analyst can demonstrate mathematically any
achieved probability desired, from any set of data, if he is at
liberty to adjust the confidence factor. This factor, sometimes
referred to as the degree of goodness, must be expressed if valid
aypraisals are to be made, This is particularly so if these appraisals
are conducted before thereis a significant number of experience samples,
I wculd point out here that in many military systemws, statistically
significant experience samples are never achieved except as post mortems.
It is a2 fact of life that in some there may be no one to conduct such
a post mortem.

T stated earlier that Systems Effectiveness taken out of the
context of Cost Effectiveness was a sterile academic exercise, Permit

me to set up a hypothetical situation to illustrate the point.

E = PAU

Py = 875; Ax = .65; Uy = 7T
Ex = 875+ .65 * .7 = 398.125

PB=8OO;AB=.80; Ug = .95
Eg = 800 °.80 °.85 = 5ubk.0

Py = 875; Ay = .30; Uy = +35

Ey = 375° .80 *.85 = 612.0

Fig #2
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Here we have three systems with a single functioned mission,
That is to say that their missions are identical and all differences
are a direct function of the systems themselves,

System @ is determined to have a performance index value of

3,
!

o« = 875, a calculated value of A, = .65 and an estimated value of

Uy = .7. The value of Ey is 398.125,
System B analysis indicates values of Pg = 800, Ag = .80 and
Ug = .85. Thus Eg = 54k4.0

System y is determined to have values of P, = 875, Ay = .80
and Uy = .85. The res “tant Ey is 612.0.

Iet us assume that all the calculations are to a common base
where total mission capability is 1000, For the moment, let us also
| assume that the confidence factors in all three calculations are
4 the unlikely situation of being equivalent,

{ It would appear that system g has a capability to out perform
system B. In the absence of system Y, and without a thorough analysis,
many vould clect it for this reason. However, upon analysis it is
4 clear that system B is superior on a systems effectireness basis
since its E is substantially better than system a.
t ve do have system y. It combines the performance capability
of @ with the availability and utilization characteristics of B.

From a systems efrectiveness point of view its E of 612,0 is clearly

above cither B's 54k.0 or @'s 398.125. In logic, since it combines

the best of both the other systems, as weil as in mathematics, the

decision is clear. OSupport system y, on the basis of systems effec-

tiveness,




But -~ let's not overlook the old saw that you get nothing for

nothing. Increased performance and increased availability are not rree.

E, = _PAU
Ca + Cy

ECB = 2,4)4 = 13,4 .29

102 + 300
E. =398.125 = 62.2
Cor 1.% ¥ 5.0
EcY = 6]2 = h3o7

EcZa =3 0-125 = 31.1

Fig #3

The acquisition cost per system 8, which employs state-of-the-art
circuitry, is $1.2 M. Because the majority of its components are
proven and operator and maintenance personnel are familiar with both
the camponcnts and the techniques, the utilization costs per system
are $3.0 M.

System « also uses state-of-the-art circuitry, gaining its
increased performance by extending the components to their limits, 1It's
acquisition cost is actually little more than that of system B, or
$1.4 M,

Through pushing the state-of-the-art by introducing new techniques
and components, system y achieves the performance of system o and

through redundancy and automatic fault locatinr. achieves the availability
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of §. Other automation features overcome eny negative effects of new
techniques and uéilization matches B also. But the acquisition costs
including the burden of develotment costs amount to $6 ﬁ'per system,
The additional training of personnel, the additional components to be
supported, the additional weight, space and power requirements bring
the cost of utilization up to $8 M.

From this type of cost effectiveness analysis it appears patent
that system 8 buys more than o by a factor of two or promises two
systems for each of system o and buys more than system y by a factor
of three -~ or three for every system y. This is a most attractive
situation - except - what happens to any forward progress or increase
in ocur defense capability?

Two important factors have been overlooked. One is in the

systems effectiveness calculation and the other in the cost effective

ness expression., Intelligence information indicates that the threat,
if it is to be successfully countered, establishes a threshold for P,
Anything less than a value of 850 will not successfully complete the
mission. As a result, system g -must be rejected despite its dollar
attractiveness. It is also conceivable that the term A could have a
threshold value which might reject system o. However, a potential
solution in this case might be to bring the overall value of A to
above threshold by using two system redundance, This doesn't appear
to be attractive on a cost effectiveness basis, however, because our

E. for ¢ would become 31.1 as against 43.7 for vy.
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Earlier I indicated that there was a significant difference

between these two expressions for Cost Effectiveness, and that this

(1) Ec =__PAU Ec = W __PAU
C&+Cu Ca+CL1

was in the term W, military worth.
In my presentation to the Aerospace Reliability and Maintaina-
bility Symposium, I defined W as being

(11) W= (FL w1 + «... Fp W)
n

vwhere F is the fraction of the system effort devoted to a given mission

element w, the sumsation of F; + .... F, being unity. This operative

was designed to cope with the problem of variances among multimissioned
systems having a common primary mission but with varying secondary
missions, .rodded by Dr. Hitch in his address at the symposjum, I
realized that my expression of W was not complete. It has long been
recognized that military worth degrades with time. However, it is not
clear in just what manner this degradation occurs, except <chat it
varies as a function of nission and as a function of the state-of-the-
art -- more particulerly the state-of-the-art as related to potential
opposition. It may be linear in some cases, exponential in others or
could be a rather unpredictable step function,

If we knew hov to quantize exactly the term W, the solution would
be more difficult in that we would then have to quantize the degrada-
tion factor exactly. Since we do not, we must express it in terms of
a judgement index, This judgement index, as Dr. Alain Enthoven so

cogently pointed out in a paper beforc the lHaval War College, is not

h
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purcly intuitive but is premised on operational research analysis
coupled with expérience. It would appear then that a similar approach
to the time degradation is no less valid., Ve know intuitively that
military worth is real and that it degrades with time, Indeed one

can readily envision a time threshold which must be met regardless of

dollar costs.

I would therefore propose to introduce a new term to the expression
to provide consideration of Time Effcctiveness (Et) defined as the index
of degradation of military worth as a function of time. The value of
this index should be esteblished concomitantly with the index of
military worth through gaming and other operational research techniques.
Our expression for Cost Effectiveness (dollars) can remain unchanged

but our expression for Cost Effectiveness or perhaps better identified

as Defense Effectiveness Eg becames

12) E5 =y (_PAU
Et ‘Ca +Cu
Returning to cur hypotheticaL case, were we to assuac linearity
of degradation of military worth with time, we might arrive at a
scalar index with cach G month period reguired to acquire being
weighted as one in the index, we can deduce the following: since

being identically missioned system o and y can be considered to have

equz2l values of W they can be considered to have a W of 1 and our

expression vecones

ettt
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EdY = . h3.7 = 3.2’4

By
=1 ° 3lol=202

Eio &
Egy = 1 * U3,7 =204

Y {8

Fig #u

thus, if for example it would take 4 years to acquire system o and
7 years to acquire y, the decision chould appropriately be to elect
system o since even buying two for ane the Eg, is 3.65 where EdY is
3.24, Whereas, if « required 7 years and y 9 years, the decision
would go to y since By = 2.k and By, = 2.2,

You'll recall that in my opening remarks I stated that guantizing
vwas conditional on when we learn how to do it. I'm not suggesting
thet I've learned. My intent is to express a concept for such an
approach, The purpose of this clinic is to acquaint you with the
Navy's needs. I used the “cutting tool" analogy previously. I'll
conclude with it., Ve need to know how to put the proper edge on this
promising tool to get a fine cut and a better product from our

efforts in Defense Effectiveness,
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SYSTEMS EFFECTIVENESS - NAVY

The term ®Systems Effectiveness® is plagued, as most popularly-used
conceptual terms, by a plethora of meanings 1In an effort to avoid adding
to the confusion in this presentation, I shall define my terms in the context

which they will be used by me.

By "Systems®™ I mean the total complex of men and machines required
to carry out a military mission. These systems fall into one or the other
of two broad classes --*Warfare® and "Support® systems. These in turn bresk
down into two sub-classes: Warfare systems, Active or Paseive and Support

Systems, Direct or Indirect. By way of illustration, Warfare-Active

PPN .

would apply to SSBN. Warfare-Passive is illustrated by a mine defense

5 system. The OMEGA navigational system is an example of Support-Direct y
while SPASUR is Support Indirect as is an ELINT system. The key to
1 understanding this concept of system is illustrated by SSBN which includes 1
not only the vehicle but POLARIS and the various other sub-systems in-
volved in performing the SSBN mission together with the officers and,men who
go to make up the SSBN on station. Parenthetically I would add that this
definition is not yet universally accepted in the Navy but the trend is
in that direction.

The term ®Systems Effectiveness® can then be defined as the probabi-
lity that the system can successfully meet an operational demand znrough-
out a given time period when operated under specified conditions.

This term can be expressed as

(1) E = PAU




Where P - Performance is a numerical index expressing system
capability, assuming a hypothetical 100% availability, reliability
and utilization of performance capability in actual operation.

A - Availebility is the period or fraction of time that the system
is ready and capable of fully performing its mission and

U - Utilization is the fraction of the performance capability
actually utilized due to the specific application and the environment
enccuntered.

Time does not psrmit giving you the complete rationale and deriva-
tion of this expressioa or the other mathematical expressions which
I shall use. However, each of you has been provided with a copy of
a paper entitled ™Systems Effectiveness- a tool for appraisal®™ which
does provide this background.

Continuing with the definitions, I would introduce the term ®Cost
Effectiveness®™ since Systems Effectiveness out of the context of Cost
Effectiveness is a sterile acadenin exercise productive of little but
to impress our fellows with cur erudition. Simply defined, ™Cost
Effectiveness® is the ratio between Systems Effectiveness and its

attendant costs. This can be expressed as :

(2) Ec=W€LJ_D>
a +

Where W is the index of military worth of the mission of the system

P, A, and U are as previously definad.

Ca is the dollar cost of acquisition per system including its pro
rata share of research and develcpment costs and

Cy is the dollar cost of utilization or as it is som times referred
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to cost of ownership.,

The derivation of these latter two terms is included in the addenda
sheet of the previously referenced paper.

There is yet another effectiveness term that I would introduce
which I call Defense Effectiveness, This is differentiated from Cost
Effectiveness, which is in terms of dollars, by the introduction of the
considerations of time which is a cost element too frequently overlooked.

The term Defense Effectiveness is probably best shown by its expression

(3) Eg= _E_f__ ézA_U_C)
a +

Where all of the other terms are as previously defined and Eg is
the index of degradation of military worth as a function of time.

You will note that both W and E{ are indices which together form
a co-efficient with which to numericelly express the military judgment
factor which Dr, Enthoven so clearly expressed in his paper before the
Naval War College, Newport, as being a very necessary part of management
decigions in military systems. There is admittedly a danger in the use
of indices in that they can be used somewhat indiscriminately with grossly
erroneous results. However, properly used they can be very effective
tools.

My purpose in taking you on this little semantic excursion is
to give you a feel for the context in which we in the Office of Naval
Material use the term Systems Effectiveness. Only through this feel
can one understand the objectives of our systems effectiveness effort.

Before stating these, I would give you a bit more insight into our
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concept of systems effectiveness by citing what we consider to be the
elements which contribute to systems effectiveness.

These elements include reliability, maintainability, compatability,
operability, human factors, design simplicity, logistics =upportability,
etc. Some additional feel for this aspect of Systems Effectiveness can
be obtained from the remarks of RADM E. A. Ruckner at the recent Weetern
States Navy R&D Clinic, Each of you has been provided a copy of his
- remarks,

Let us now turn to the objectives of our Systems Effectiveness Pro-
gram. In a broad brush statement, it is to optimize Defense Effectiveness
in all Navy systems., To this end we have a number of means. One of
these is to develop methods for quentizing the elements of our genera-
lized mathematical expressions and the elements of the expressiones from
which they were derived. This effort will include the development of
weighting factors appropriate to the nature of the mis<ion of the =ystem
being evaluated or appraised. For instance the weighting factors for
reliability »nd maintainability will not be the same for a msnned
vehicle as they are for an unmanned vehicle,

A <econd objective, in the area of means, is to apply the developed
numerical expressions to going systems projects to test their validity
and refine them into a useable management tool rather than the conceptual
expressions that they now are, From this point, we would apply them
as & management tool for the appraisal of both plans snd project= in
execution. You will note that I have expressed but one end. The others

are means, This shall be so for the remainder of this presentation.
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We in ONM have but one objective which is an end and that is to provide

a maximum Defense Effectiveness to the Navy. We will NOT strive for
reliability for reliability's sake, maintainability for maintainability's
sake or even low dollar costs solely for the sake of low dollar costs.
All of the elements, even including Performance Capability, are tradeable

items which can be supported ONLY insofar as they contribute to the

maximization of the Defense Effectiveness index of each system.

Since these items are tradeable, we must have a medium of exchange
for evaluating our tradeoffs. Numbers to assign to these elements there-
fore become imperative. They are needed not only as a method for
appraisal in our own thinking but also as a medium for communicating
our appraisals and management rationale to others. It is the recogni-
tion of this that has motivated us to attempt a generalized mathematical
expression to provide a conceptual frame work within which we could examine
the principal elements of performance, dollar costs, time and military
worth and play them off one against the other to the end of maximizing
Defense Effectiveness.,

We in the Navy, have understood for some time that mathematical
modeling is a powerful analytical tool. Our operational research people
have used it extensively. Gaming and cueing theories have permitted
examination of beth strategic and tactical concepts without the tremen-
dous expense of extensive exercises of ships, submariues and aircraft.
Heretofore, we have lacked a generalized model with which to game our
development and design concepts. The use of specific models has been

attempted in the astronautics field with very promising results.
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NASA particularly has been very successful in modeling their manned

space systems, This kind of analysis, while expensive, is many orders
of magnitude less expensive in both dollars and time than the "let's
build one and try it™ approach, It is felt that NASA's fine record of
successful flights is attributable in no small measure to the careful
analysis and mathematical modeling work done prior to hardware commit-
ments. Indeed much of the Navy's success in POLARIS stems from the
same kind of approach. Recognizirg this we have pressed forward to
achieve a means for applying this tool generally in Naval Development.
Who is this "we®™ that I've slluded to? What is the organization
to implement this new approach in the Navy to Systems Effectiveness?
At present, the overall organization is dominantly informal. However,
there are formally organized pockets in verious areas. The focal point
in the Navy of the informal organization is the Systems Effectivene-s
Branch of the Systems Development Division of the Office of Naval Material.
Under the leadership of RADM E. A Ruckner, the Deputy Chief of Naval
Material for Development and the Chief of Nevel Development and armed
with a charter granted by VADM W. A. Schoech, the Chief of Naval Material,
this s.aall, tightly-knit group has the responsibility for developing the
policies and procedures to insure that Systems Effectiveness js achieved
by all the segments of the Naval Muteriasl Support Establishment which en-
compasses the four material bureaus and their field activities. Further
this group reviews for fystems Effectiveness assurance all Techrical
Development Plans and Proposed Technicel Approaches before they are

submitted to the Chief of Naval Operations and the Secretarial levels.




At thiis juncture I would point out that a number of these documents,
without which funds will not be allocated by the Office of the Director
of Defense Research and Engineering, have been returned to their
originators for rework because the Systems Effectiveness assurance

part of the plans was not deemed-adequate. This group is further
supported by ghiter levels in the larger systems by DOD Directive
3200,9 which established Project Definition Phase for large systems,
Each of you has been provided a copy of this directive together with
the Navy Implementing Instruction which was written within this group.

I alluded earlier to organized pockets, Let me cite some of them.
Rather than tc refer to the somewhat confusing code structure of the
cureansg' orger.izations, I'1l refer . them by project names. Again
in the interest of time in this presentation, each of you has received
a brochure for each of these projects from which you can obta*n a
greated depth of understanding of each of these projects. Lest I
be accused of bias, I'1ll cite the projects in alphabetical order.

METRI "Military Essentiality Through Readiness Indices® is a
project under the Bureau of Supplies snd Accounts. This is a project
for relating readiness of the fieet with its supporting items in
simulated form to provide important decision-making information on
problems of military egsentiality and readiness, The ultimate objective
is to get intelligence regarding; (a) the readiness of force @nits
at any one time, (b) how readiness might be improved and (c) the extent
that individual components affect readiness. Here we have in developmeit

one aspect of measuremeni to permit quantizing the elements of our

———
- e————



generaliz. . mathematical expression of Effeztiveness.

PACED ®Program for Advanced Concepts in Electornics Design® is a 1
project under the Bureau of Ships with the Naval Applied Science Labora-
tory as the lead-laboratory. The thrust of this project is to develop
measurement techniques and methodology for System Effectiveness analysis
and appraisal with immediate reference to electronics systems and

subsequent extrapolation to non-electronic syst us.

SEAHAWK - The Advanced Design ASW Destroyer. This is a joint

project between the Bureau of Ships and the Bureau of Naval Weapons.

A e

The thrust of the concept underlying this effort is the design of a
total ship as an integrated system rather than the collecting together
of a number of so~-called systems into a common envelope called a ship.
SEAHAWK together with a somewhat similar approach in submarines called
FRISCO provide the vehicles for the PACED effort. These are an indica-
tion of the trend toward the larger concept of ®System®™ that I alluded

to earlier. SEAHAWK management is unique in that a voluntary joint
BUSHIPS/RUWEPS Project Management Office was established to implement the
system design concept well before the reorganization of the Navy Depart-
ment.

VAST - ®Versatile Avionica Shop Test®™ System is a Bureau of Naval
Weapons project. This may be of somewhat more interest to the maintain~
ability oriented members of the class. The VAST project addresses it-
self to the development of a standardized Avionic Shop for Aircraft Carriers
having broad applicability to aircraft types with simplified operations

and maintenance of the test set-up and reducsd ®turn-around® time for
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the avionics portion of the aircraft.

These are six areas in the NMSE where organized efforts are being
made and projects are going forward which have gs their central theme
the achievement of syatems effectiveness. I alluded to them as pockets.
They are pockets in the sense that thsy are organizationslly isolated
one from the other and, prior to the establishment of the Systems
Effectiveness Branch in ONM, had no focal point for their efforts.

They are not the only nockets. There are others.

I would remiss, if I confined myself to the NMSE alone, One very

significant Navy effort toward achieving Systems Effectiveness is teking

place outside of the NMSE. This is the program of the Office of the

Chief of Naval Personnel referred to as the New Developments Human Factors

Program. While this most important rrogram, as indicated in tha paper
by Mr. William Hopkins which has been provided each of you, is being
prosecuted by the BUPERS organization, it is not entirely outside of
our Bystems Effectiveness Group. As a part of our staff we have a full-
time liaison officer from BuPers. Further, BuPers Human Factors teams
are located within hoth the Bureau of Ships and the Bureau of Naval
Weapons.

I would hope that none of you have any questions ir your minds as
to why I have included this effort in a discusiion of Systems Effective-
nes3, If perchance you do let me explain. ¥e ars and have been living
in an age of man-machine systems. Therefore man-effectiveness is
every bit as important as.machine effectiveress., Moreover, we must
achieve a blending of the two in order to achieve maximum system

effectiveness through optimum utilizstion of man vis-a-vis the machine

o




and vice versa.

You are going to see a greatly intensified emphasis of this in the
very near ciure, We are quite aware that man reliability, man maintain-
ability, men operability, and man supportability are explicitly factors
which contribute to our generalized mathematical expression. As a matter
of fact, our Systems Effectiveness Group has an Experimental Psychologist
as a member in addition to the BuPers Liaison Officer, We in the NMSE
do understand our Human Factors Engineering responsibilities in develop-
ment, By "we" in this case I include our top people. By way of illustra-
tion, there is more than a little evidence that my selection as the Systems
Effectiveness Branch Head was premised in large measure upon my training
in psychology in addition to my engineering experience.

With the establishment of the Systems Effectiveness Branch about
six months agc, there is a focal point for the informal organization. It
is our intention to provide a cohesiveness to the Navy's Systems Effective-
ness effort and to insure maximum cross-pollination among the various
projects.

Somewhat inadequate staffing has hampered these efforts. The
staffing situatinn stems from two sources. First, the usual problem
of getting ceiling points allocated, in a climate in Washington of reducing
numbers at the seat of the\governnent, has been a factor. Perhaps the
more significant “actor has been the difficulty of finding the ca® “ver
of pergonnel which we feel is required to do the job properly. The~e are
far too few ¢ this type of -people anywhere and many of them are either
disenchanted with the rather frantic Washington working environment or
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with the Civil Service pay scales. Nevertheless, under the persuasion

that it is best to make haste slowly we feel confident that we'll resolve
that staffing problenm,

Our greater problem is one of education. This has several aspects. !
As a matter of fact, I am working at the resolution of one of them at
this very moment. Too few working designers within and without government
understand what we are trying to do and what their role is in relation '
to the whole., When one realizes just how many designers and engineers con-
tribute to just one ship, cne begins to appreciate the magnitude of the
educational task shead of us. The concepts which I expressed at the
beginning of this presentation have not been taught in the Universities
and generally are still not being taught., Further, Systems Effectiveness
involves a degree of probabilf%ic thinking which only the very Jjunior
engineers have been appreciably exposed to in their education. Additionelly,
the probalistic reasoning involved in Systems Effectiveness is in a sense
abhorent to the deterministic exactness which is the hallmark of the
engineering profession.

But our educational problems are not all downward, Looking up
we find people who are quite capable at probablistic thatking at the
poker tables, the races or their brokers. Yet they have a moralistic
block ezainst extrapolating this kind of thinking to tke job. The
stigma of gambling concepts applied to their sense of respcnsibility is
not tolerable. Yet--paradoxically--they glibly ude the term ®calcutated
risk", Perhaps if we can persuade them that we are trying to put real

calculation into this term, we will go a long way in this educational effort.
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To the solution of our educational problem, we, in the ONM Systems

Effectiveness Group, are taking every opportunity to educate through
professional symposia, courses such as this and the issuance of specifi-
cation criteria and guidenze handbooks. In your packets you have three
such documents, BuWeps specifications WS 3250 and WR-30 and BuShips
specification MIL-R-22732B(SHIPS). All three of these are in need of
updating and--to some extent--clarification. But they are indicative of
the work being done; In the Systems Effectiveness Branch we have a
Technical Development Plau Handbook which we expect to promulgate lzter
this calendar year which is intended to provide education and guidance

in this sarea. NAVMAY NOTICE 3960, a copy of which has been provided to
you, is an in-house attempt to provide education and guidance., This kind
of documentation is most difficult to prepare. When dealing with concepts,
the semantics problems of the written word become exterme. This is
worsened wvhen they are received with something less than complete enthusiasm
by reason of their appearing to require additional work. And, indeed they
do, at the outset. Homework has never been very attractive. In essence,
we are requiring additional homework., The pay off, of course, is the final
grade., -- And, I might add, a reduction in cramming. Nevertheless, we
have experienced many situstions which mak~ it questionable whether or

not people are truly trying to understard.

An addition to our educational problem is the fact of life situation
that the operators are experiencing parallel difficulties in attempting to
quantise their requirements so that a mathematical framework exists for the
evaluation of Systems Effectiveness. Several terms in our Defense Effective-

ness expression
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must come from the operators in their setting forth the operational require-
ment. The terms W & E; must come from them. Threshold values for P

and A must be established premised upon quantitative factors in the
operational requirement. These have to be communicated through threat
analysis and evaluation. Even as we have much to learn in quantizing

our factors, the operational researchers are still groping for valid
measures of their factors.

Despite these shortcomings in exactness, there is much that can be
done. This is demonstrated by the projects I've cited. The house built
out of rough hewn lumber offers a great deal of protection from the storm.
We'd be stupid to stay out in the rain simply because our house isn't
entirely leak proof. As we get better tools to work with, we'll get
better fit and fewer leaks. In the meantime, we'll use the tools we have

to get on with the job, and at the same time work at getting a better edge

on our tools.
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