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A SUMMARY OF RESEARCH ACTIVITIES

1. INTRODUCTION AND BACKGROUND

The principal thrust of research at the Naval Postgraduate
School (NPS) stems from its mission:

To conduct and direct advanced education of
commissioned officers, and to provide such
other technical and professional instruction
as may be prescribed to meet the needs of the
naval service; and in support of the foregoing
to encourage a program of research in order to
sustain academic excellence.

The basic mission statement relates the research program to
academic excellence. The graduate educational process neces-
sarily involves teaching of principles which come from the
frontiers of technical and professional knowledge. The research
program provides the means for faculty scholarly activities at
or near these frontiers and permits officer students, in the
limited time available for their advanced education, to complete
a meaningful thesis project. Almost all NPS students are re-
quired to submit an acceptable thesis as part of their educa-
tional program. Most of these theses are directly related to
the research project of the faculty advisor. Also, as in most
higher educational institutions, the research program is the
activity by which the institution carries out its traditional
function of generation of new knowledge. At NPS this function
contributes to the Navy's RDT&E knowledge and technology base.

In summary, the three objectives of the School's research
program are:

To obtain new and valuable knowledge that con-
tributes to the solution of Navy problems; to
vitalize classroom instruction and student thesis
work through continued relevance to changing Navy
problems; and to maintain the professional com-
petence of the faculty through personal involvement
at the dynamic horizon of their field.

Historically, research has been important to NPS since
its founding. The Navy Department General Order 21 of 9 June
1909 which directed the establishment of the School of Marine
Engineering (the original NPS) also directed that the facili-
ties of the newly established U. S. Navy Engineering Experi-
ment Station at Annapolis be made available for research
activities. With the move of NPS from Annapolis to Monterey,
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the research program was first called out for separate funding.
An initial grant from the Chief of Naval Research for instru-
mentation and equipment was obtained in 1954. This grant was
continued at the same modest level through 1958. The next

! year it was increased to allow employment of research tech-

_ nicians to improve efficiency. In addition, the first research
. quarters were alloted to select faculty members. (During a

B i research quarter, the faculty member has no teaching schedule
and is assigned only research duties.)

As the concentration of Navy graduate education in the
School increased, interest in research as an essential element
in quality developed. Consequently, the Office of Naval Research
(ONR) support was soon supplemented by research projects from
other government laboratories, activities, and agencies. This
sponsored research program, begun only modestly in 1959, has
grown to be the major part of the NPS research program. Since
1965, it has consistently been larger than the ONR program.

The following sections briefly describe the program and
summarize the areas of interest and competence of the academic
departments and review the research output for the academic
year 1975-76 (FY 76):

2. PROGRAM DESCRIPTION
a. Research in support of the Navy's RDT&E objectives:

In fulfillment of the research program objectives, NPS:

Initiates and conducts scientific and applied
: research (6.1) of a long~range nature in areas
E ‘ of special interest to the Navy.

Conducts exploratory development (6.2) deriving
from scientific program areas or in other areas
specifically requested by the Navy.

BpEL i

Performs scientific research and exploratory
development where uniquely qualified, for

other agencies of the Department of Defense and
in areas related to defense for other Federal
Government agencies.

e TR e A 1 AR TV P TR

Furnishes consulting services for the Navy and,
where specially qualified, for other agencies
of the Department of Defense and, in defense-
related efforts, for other Government agencies.

To carry out the program effectively, within the educational
framework, certain guidelines exist to govern acceptable projects.
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First, and of primary importance, the project must have
high technical merit and be consistent with quality graduate
professional education.

Second, the project must be consistent with faculty
competence and capabilities. In order for a particular academic
department to have a significant research competence, the
faculty concentrates its research efforts over a limited number
of academic sub-fields and disciplines. Projects outside these
areas are not usually accepted.

Third, adequate research facilities must be available.
While NPS research facilities are generally excellent and
up-to-date, they will not support "big science" (i.e., programs
requiring facilities involving large capital investment).

Fourth, all projects must be related to areas of interest
in national defense. There is no question that the emphasis in
research at NPS is in military-related areas. This restriction
is due less -to statutory limitations (Military Procurement
Authorization Act for FY 1970, Section 203, the so-called
"Mansfield Amendment") than to student and faculty interests
which are naturally in military-related areas.

Fifth, the time available by faculty and students to
achieve useful research results is constrained by the educational
program. Projects which have near-term deadlines are difficult
to accomplish because of teaching and class schedule requirements.

Finally, the last guideline relates to the usefulness of
the research output in the student's future. Since the student
is seldom in a position upon graduation significantly to in-
fluence larger systems or management problems, thesis research
should be in areas which may become useful later in his career.
Consequently, knowledge or technology base problems which in-
fluence future technical or management systems are natural.

b. Research in support of the Navy's Graduate Education
Program.

The student comes to the Naval Postgraduate School as a
professional naval officer. The objective of the educational
process at NPS is to help the student become a professional
person in his chosen technical and/or management area. These
areas are represented by the various curricula. The funda-
mental characteristics, therefore, of the education process are
basically those of a professional graduate school. This means
the educational process has a problem-solving orientation.

The first dimension of the process familiarizes the student
with the basic problem-solving structure or morphology which
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underlies professional practice. This may be summarized as
follows: 1In dealing with a technical or management problem,

the professional person must study the situation carefully in
order to define the problem; he must decide how to simplify it
so he can discover and apply the correct governing principles;
he must then devise a ‘plan using these skills and principles to
reach a decision; finally, having reached a decision, he must
check his work thoroughly and attempt generalizations. The
second dimension involves learning the necessary skills and
principles in each step of the problem-solving structure. These
basic principles are imparted mainly through sub-professional
exercise designed to demonstrate their use. These exercises
result in mastery of theory, understanding of the methods of
application, and knowledge of practical standards and procedures.
In the final dimension, which is research oriented, the student
must solve or significantly contribute to the solution of a
professional problem in his chosen curriculum, that is, he must
apply the structure, skills, and principles in an acceptable
thesis.

The educational process outlined above is designed to
graduate an officer who has an immediate competence to practice
his chosen technical or management profession as well as the
naval profession in general. In addition, he should have a
zest for further study and learning. Finally, he should have
the capability to interpret correctly and meaningfully research
results in his technical or management profession.

The research program contributes to the emphasis and focus
of the educational process. As mentioned above, problem-
solving tends to be uniform across the professions, the specific
problems vary widely. The research program provides numerous
examples of the unique militarily related technical and manage-
ment situations that the officer will encounter in his future
career. The principles and skills as they are taught are closely
related to military problems, which in turn are derived mostly
from a broad research program. Further, the actual thesis work
is usually part of the overall research program. Thus, the
program provides a distinct and unique focus to the educational
process. In addition, because of the classroom and laboratory
emphasis on Navy problems, the total environment of the educa-
tional process at NPS is well matched to the student officer.

The research program contributes to the excellence of the
educational process. The quality of the process is heavily
dependent upon the superiority of the faculty. As mentioned
before, a major objective of the research program at NPS is the
maintenance of the professional competence of the faculty in
their professional field.

As a graduate quality institution, NPS maintains close
contact not only with the Navy community, but also with the




academic community. The research program is a primary means

for maintaining this contact and interaction. The result of
such interaction is a continuing interest by faculty members

in other academic institutions in the Naval Postgraduate School.
Specifically, a number of faculty members from other institu-
tions have served as visiting faculty or as Postdoctoral Fellows.

c. Program Management

The research program may be conveniently devided into two
parts: the Foundation Research Program and the Sponsored
Research Program. The Foundation Research Program is funded by
grants from the Chief of Naval Research (for 6.1l) and the
Director of Navy Laboratories (for 6.2). It is administered
internally by a faculty Research Council which receives proposals,
allocates funds, and evaluates results of prior projects. The
Dean of Research is Chairman of the Research Council.

The Sponsored Research Program is administered on a reim-
bursable basis. Proposals are submitted to the individual
government sponsors who fund or do not fund the projects
according to their requirements and the technical merit of the
proposed project.
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DEPARTMENT OF COMPUTER SCIENCE

The research program of the Computer Science Department
supports and is supported by both the Naval Postgraduate School's
Computer Facility and the department's own extensive labora-
tories. A rapidly expanding research effort includes work in: 1
hardware and software performance measurement methods and
applications; business applications and management techniques; ]
compiler and operating system design, implementation and opti- ’
mization; microcomputer structures, software, and systems design;
signal processing; computer graphics; microprogramming, multi-
processing and emulation; computer systems architecture; and
software engineering.

The research program has permitted the development of a
number of functional laboratories which support further research
as well as instruction. These include a microelectronics
laboratory where microprocessors and single board computers are
interfaced with a variety of equipment to become imbedded com-
puters; a microcomputer laboratory which includes a number of
microcomputer development systems as well as a multi-user de-
velopment system; a multiprocessor emulation facility consisting
of a microprogrammable multi-interpreter system, for the emulation
of various computer systems; and, the Naval Postgraduate School
Computer Laboratory, which supports work in software engineering.
The laboratory boasts both a multiprocessor system with an array
processor and analog front end, to support signal processing and
pattern recognition, and also a graphics capability which includes
each of the principal types of graphics terminals.

MICROCOMPUTERS

The work of G. A. Kildall, U. R. Kodres, and V. M. Powers
has made this department a recognized center of expertise which
has contributed to Navy-wide efforts to formulate standards for
microcomputers. V. M. Powers has conducted evaluations of the
application of microcomputers to the Autodin communications
system and to surface radar tracking. U. R. Kodres continues to
explore the application of the interconnected networks of micro-
computers. A multi-~terminal microcomputer development system
has been acquired to provide continuing support for G. A. Kildall's
work in microcomputer languages and operating systems.

PERFORMANCE MEASUREMENT AND SOFTWARE RELIABILITY

N. Schneidewind has conducted extensive work in the develop-
ment and application of performance measurement techniques in-
cluding the analysis of multiprogrammed computer performance; the
relationship between program structure and error detection; and
the development of stochastic models for software error prediction.
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SIGNAL PROCESSING

The research area of G. A. Rahe continues to be concerned
with anti-submarine warfare and identification of nuclear
explosions; however, faculty interest in image processing is
developing rapidly.

ADMINISTRATIVE AND BUSINESS APPLICATIONS

C. P. Gibfried participated in a survey of management
information systems employed in Naval Aviation maintenance,
which produced a new standard of performance measurement. Other
activities of C. P. Gibfried include an analysis of an automated
system for the centralized assignment of Naval Enlisted Personnel.

COMPILER DESIGN AND IMPLEMENTATION

A significant portion of the research of L. Rich has been
devoted to the development and implementation of an extended
BASIC compiler on the IBM-360/67 and the PDP 11-45/UNIX systems.
However, design and testing of retrieval systems is another of
L. Rich's current research programs.

INTERACTIVE GRAPHICS

The principal effort in the Graphics area has been the
design and implementation of software interfaces and language
extension for the support of interactive graphics by G. M. Raetz.
This work provided the necessary foundation for the mechanization
of certain anti-submarine warfare programs on a storage tube dis-
play by G. M. Raetz and G. A. Rahe. V. M. Powers had led a
faculty task group concerned with the development of new computer
capabilities for three dimensional tracking and with the appli-
cation of color raster-scan displays.

SOFTWARE ENGINEERING

G. L. Barksdale, Jr. continues to work in the area of
operating system design and implementation. However, a current
special interest area is text and graphics processing-techniques
where he has already developed and installed libraries on several
systems. An initial major software engineering effort resulted
in a compatible and portable set of program development, main-
tenance, and documentation tools.




Title:

Investigator:

Sponsor:

Objective:

Summary:

Publications:

Large Scale Network Optimization

Gerald Brown, Associate Professor, Computer
Science and Operations Research

Foundation Research Program (6.2)

To study mathematical methods leading to
efficient optimization of large scale pure
network cost minimization models.

An evaluation was made of many methods for

pure network optimization with the view

of producing extremely fast computer routines
and a robust mathematical treatment of the
class of problems. Several computer packages
were developed for the capacitated transshipment
problem and the transportation problem.

Test problems as large as 20,000 eguations

and 50,000 variables have been solved to

date with computational times and costs

far less than any known competing implementation.
Additional routines have been developed

for network problems with nonlinear costs,
transportation and transshipment problems

with relatively few sources and a large

number of destinations, and single commodity
distribution problems imbedded in large
multicommodity models. The improvements

in network solution times have been exploited
by larger optimization systems using pure
network subproblems. The network package

GNET has been distributed to many universities
and to several federal and Department of
Defense agencies. 1In addition, several

hundred information requests have been received
for various aspects of the results. Continuing
research focuses on still larger problems,

with a working goal of 1,000,000 variable
models.

G. Bradley, G. Brown and G. Graves, "GNET,

A Primal Network Computer System for Solution

of Capacitated Network Flow Problems," copyright
1975.
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Conference
Presentations: G. Bradley, G. Brown and G. Graves, "Tailoring
Primal Network Codes to Classes of Problems
with Common Structure," presented at the

Joint National Meeting of ORSA/TIMS, Las
Vegas, November 1975.

G. Bradley, G. Brown and G. Graves, "Surrogate
Programming Approach to Solution of Large

Scale Network Problems," presented at the

Joint Naticnal Meeting of ORSA/TIMS, Philadelphia, PA,
March 1976.
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Title:

Investigators:

Sponsor:

Objective:

Summary:

Analysis of Binary Trees Arising from Applications
in Sorting and Information Retrieval

Gerald Brown, Associate Professor, Computer
Science and Operations Research, and Bruno
Shubert, Associate Professor, Operations
Research

Foundation Research Program (6.1)

This study examines combinatorially the binary
trees which arise in many computer science
applications involving sorting, information
retrieval and other fundamental techniques.

The analysis is intended to provide information
necessary to analyze algorithms based on
manipulation of binary trees, thus providing

a method to estimate work factors, memory
region, and other characterizations of expense
and efficiency of computer programs.

A closed form counting formula for the number
of binary trees with n nodes and height

k was developed and restated as a recursion
more useful computationally. A generating
function for the number of nodes given height
was developed and used to find the asymptotic
distribution of binary trees. An asymptotic
probability distribution for height given

the number of nodes was derived for equally
likely binary trees. Random binary trees
(resulting from insertion sorting a random
string of key symbols) were counted in terms
of the mapping of permutations of n symbols
to binary trees of height k. An explicit
formula for this number was given with an
equivalent recursive definition for computational
use. A generating function was derived for
the number of symbols given height. Lower
and upper bounds on random binary tree height
were developed and shown to approach one
another asymptotically as a function of

n, providing a limiting expression for the
expected height. The random binary trees
were examined further to provide expressions
for the expectations of the number of vacancies

&
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Publications:

at each level, the distribution of vacancies
over all levels, the comparisons required

for insertion of a new random symbol, the
fraction of nodes occupied at a particular
level, the number of leaves, the number of
single vacancies at each level, and the number
of twin vacancies at each level. A random
process was defined for the number of symbols
required to grow a tree exceeding any given
height. Tabulations and figures were prepared
for all new results.

G. G. Brown and B. O. Shubert, "On Random
Binary Trees," Technical Report, NPS55Bw76061,
June 1976.
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Title:

Investigator:

Sponsor:

Objective:

Summary:

Thesis
Directed:

Aviation Maintenance Performance Measurement Systems

CDR C. P. Gibfried, USN, Assistant Professor of
Computer Science

Naval Air Integrated Logistics Support Center

To study and evaluate organizational and inter-
mediate level aviation maintenance activities in
order to determine the critical measures of effec-
tiveness (are the "right" functions being performed?)
and measures of efficiency (are functions being
performed done well?).

Intermediate maintenance organizations at the Naval
Air Stations at Pensacola, Cecil Field, Moffett
Field, and Whidbey Island were visited and their
"state of the art" intermediate aviation maintenance
management information systems were studied and
compared. Organizational maintenance activities

at the Naval Air Station at Whidbey Island and
Miramar were similarly analyzed and compared. A
student thesis on intermediate maintenance infor-
mation systems was presented to the project sponsor
NAILSC; a second report concerning organizational
maintenance is currently being prepared.

I. L. Olden, "A Performance Measurement System for
the Aircraft Intermediate Maintenance Department
Officer," Master's Thesis, June 1976.




Title: Micro Navigation Computer

Investigator: V. Michael Powers, Assistant Professor, Computer

evaluating trial configurations and programs, and
to evaluate possibilities in the development of
definitions of functions and uses of microcomputers
for shipboard navigation calculations.

Science
} Sponsor: Naval Electronic System Command
{ Objective: To provide laboratory facilities appropriate for
|
)

SR

Summary: The support helped to provide laboratory equipment
used in the theses listed below. Algorithms were
programmed, in the language BASIC, which do not
require the operator to enter data from tables
while performing celestial fix calculations. The
experience gained during this effort also contri-
buted to the formulation of a position paper on
Navy-wide standardization for microcomputers.

Publications: V. M. Powers, "A Navigational Microcomputer and
Shipboard Information Distribution," Technical
Report NPS-72PW76011, 7 January 1976.

; Theses J. P. Moore, D. B. Rainsberger, "The Design of a
' Directed: Celestial Navigation Microcomputer with Thoughts
‘ on an Integrated Information Distribution System,"

Master's Thesis, June 1975.

L. R. B. Pedroso, "ML80=a Structured Machine-
t oriented Microcomputer Programming Language,"
y Master's Thesis, December 1975.

R. D. Blocksom, Jr., "Experimentation and Design
} for a Computer Fiber Optic Data Line," Master's
g | Thesis, December 1975.
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Title:

Investigator:

Sponsor:

Objective:

Summary:

Conference
Presentation:

Publications:

Aspects of Microcomputer Standards

V. Michael Powers, Assistant Professor, Computer
Science

Naval Electronic System Command

To contribute some NPS experience with micro-
computer standardization issues to a broad-based
technical statement which would be useful in
formulating a policy with regard to a standard
for microcomputers in the Navy.

Inputs in the form of opinions and recommendations

have been provided to the sponsor. Some of these
inputs have affected the structure and content of
the NELC document -

"Position paper on microprocessor/micro-
computer standardization," Code 4300,
NELC, December 17, 1975 -

and some have not.

V. M. Powers, "High Level Languages," a presenta-
tion made to the Navy Microprocessor Technology
Task working session, 25 September 1975, Naval
Electronics Laboratory Center, San Diego.

V. M. Powers, "Aspects of Microcomputer Standards,"

Technical Report, NPS-~52Pw76101, 28 October 1976.
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Title:

Investigator:

Sponsor:

Objective:

Summary:

Publications:

Theses
Directed:

10

Range Studies Program: Information Trans-
mission, Processing and Display Group

V. Michael Powers, Assistant Professor, Computer
Science

Naval Torpedo Station

To advise and assist NTS in long-range efforts
to plan and implement improvements in the
transmission, processing and display of informa-
tion in their underwater three-dimensional
tracking ranges in support of programs concerned
with MK 46 and MK 48 torpedoes, MK 27 and MK 30
targets, and operational weapon system tests.

During FY 76 we have continued to aid the com-
puter and display system enhancement effort.
Consideration has begun of the impact on computer
resources of the use of advanced track-smoothing
techniques. In-situ sensors were the object of

a brief study. Principles of design, and methods
of implementation, of color coding the range
display on color, raster-scan graphics equipment
have been investigated.

V. Michael Powers, Section 7 of "Range Study
Program," O. B. Wilson, NPS-71W176081, August
1976.

M. E. Bisgrove, "On the Use of Color in Raster-
Scan Graphics,"” Master's Thesis, June 1976.

D. M. Craig, "Solid-State Digital In-Situ
Acoustic Data Acquisition," Master's Thesis,
December 1975.

C. H. Wilson, "Surface Search Radar Tracking by
a Microcomputer Kalman Filter," Master's Thesis,
June 1976.

R. L. Nesslage, "The Design of a User Interfaced
for a Color, Raster-Scan Graphics Device,"
Master's Thesis, June 1976.
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Title:

Investigator:

Sponsor :

Summary:

Publications:

Theses
Directed:

11

Microcomputer Laboratory

V. Michael Powers, Assistant Professor, Computer
Science

Naval Electronic Systems Command

Equipment from various sources has been assembled
into a laboratory for hands-on development work
in microcomputer systems and applications. Uses
include instructional laboratories and faculty
and student research. The principle hardware
includes two Intellec 8 Mod 80 each with dual
floppy disks and CRT terminals, a Microkit with
cassette tape and TV terminal, and a Sycor 440
with five terminals and a fixed disk. Communication
lines to the PDP-11/50 Unix system and the duplex
360/67 system are available for interchange and
cross-development. Locally developed software
includes a new BASIC compiler, PDP-1ll communica-
tions modules and resident software maintenance
tools.

V. M. Powers, "A Navigation Microcomputer and Ship-
board Information Distribution," Technical Report
NPS-72Pw76011, 7 January 1976.

R. D. Blocksom, Jr., "Experimentation and Design
for a Computer Fiber Optic Data Link," Master's
Thesis, December 1975.

L. R. B. Pedroso, "ML80: A Structured Machine-
Oriented Microcomputer Programming Language,"
Master's Thesis, December 1975.

J. P. Moore, D. B. Rainsberger, "The Design of
a Celestial Navigation Microcomputer," Master's
Thesis, June 1975.
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Investigators:

Sponsor:

Objective:

3 Summary:

Thesis Directed:
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Spotlight AN/UYK-20 Display Controller

G. A. Rahe, Professor of Computer Science
G. M. Raetz, Instructor of Computer Science

Naval Electronics Systems Command

Develop and evaluate a AN/UYK-20 display con-
troller to mechanize the NPS SPOTLIGHT acou-
stic signal processor on a Tektronix 4014
terminal.

SPOTLIGHT is an integrated signal processing
and display system developed at the Naval
Postgraduate School designed to improve target
identification in passive acoustics. The
system is presently being introduced into
SOSUS. A display mechanization on the rela-
tivity inexpensive Tektronix 4014 storage
tube and controlled by the Navy's standard
minicomputer the AN/UYK-20 would allow more
wide spread use of SPOTLIGHT. Lack of avail-
ability of a AN/UYK~20 dictated that the
proposed development be conducted on the
Naval Postgraduate School Computer Labora-
tory PDP 11 system.

A successful mechanization of SPOTLIGHT on
Tektronix 4014 was produced in C language
under the UNIX operating system. Complete
documentation including hardware descrip-
tions, listings of the programs and a User's
Manual are available in the Naval Postgraduate
School Computer Laboratory report. A demon-
stration of the system was provided to the
sponsor and to the contractor designated to
implement the system.

W. A. Fuson, "Evaluation of the Direct View
Storage Display for Signal Analysis,"
Master's Thesis, 1976
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Investigators:

Sponsor:

Objective:

Summary:

Conference
Presentation:

Thesis
Directed:

13

Carrier Aircraft Management Distributed
Information System

G. A. Rahe, Professor of Computer Science
G. M. Raetz, Instructor of Computer Science
D. E. Harrison, Professor of Physics and
Chemistry

Naval Air Systems Command

To define the parameters of a distributed
computer-aided command and control system

which will support flight and maintenance
operations of the Air Group of an Aircraft

carrier. A specific objective is to demonstrate
the feasibility of an interactive graphics approach
to aid in information exchange and display.

A display device proposed as on with the
capabilities to implement the graphics require-
ments for the information management system was
procured. The installation, interfacing, and
initial checkout were completed. The software
interface requirements to make the device opera-
tional in the environment of the UNIX timesharing
system on the PDP 11/50 computer system were
established. A computer graphics software inter-
face has been designed, implemented, and is
operational. The completion of the display device
within the constraints of the proposed distributed
information system can continue.

The basic system design concept of the distributed
information system for control stations in the Air
Group has been accepted by the sponsor. A pre-
sentation of the system was made to personnel from
Naval Weapons Center at China Lake, which has been
designated to mechanize the system.

Raetz, G. M., "A Distributed Information System
for Air Operations," technical paper presented at
American Society of Naval Engineers' Conference,
October 7-8, 1976.

S. L. Nelson, "Graphics Subsystem for a Terminal
with Conic Section Capabilities," Master's Thesis,
1976.
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Title:

Investigators:

Sponsor:

Objective:

Summary:

Publications:
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Seismic Signal Characterizations Using Graphics
Techniques

G. A. Rahe, Professor of Computer Science
C. E. Irvine, Research Associate, Computer Science

U. S. Arms Control and Disarmament Agency

To support the use of techniques developed by the
NPS for acoustic signal processing to detect and
identify seismic signals of low yield underground
nuclear explosions.

Signal processing and graphical techniques developed
in this program based on previous work on acoustic

signals processing at 'aval Postgraduate School
has been applied to AT body of seismic data.
The result of this v.as overy of apparent
positive differences in a characteristics of

the P codas of earthquakes and explosions.

In previous research on detection of seismic signals
from small events, discrimination of explosions

from earthquakes has been uncertain and based on
exclusion.

A numerical discriminant has been developed by

Dr. J. Evernden, the ACDA consultant on this pro-
ject, which appears to be effective to the threshold
of the network detectors. It is strongly recom-
mended that ACDA consider a follow up study to
substantiate Dr. Evernden's results.

A secondary but invaluable output of this project
has been the compilation of a large quantity of
seismic data into a format which will allow other
research pursuits in a scholarly manner.

C. Irvine and G. Rahe, "Seismic Signal Characteri-
zation," Technical Report NPS 52Ra 76081, August 1976.
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DEPARTMENT OF MATHEMATICS

The major areas of research in the Department of Mathematics
are: (1) Numerical analysis, (2) Optimization, (3) Applied
statistics, (4) Analysis, (5) Personalized System of Instruction
(PSI). The individual investigations under each of these are
described briefly below.

NUMERICAL ANALYSIS

Most of the work in numerical analysis was directed toward
efficient computation, particularly of problems encountered in
meteorology and related fields and coordinated with the Depart-
ment of Meteorology, NEPRF, and FNWC. C. Comstock, with a
student, has applied finite elements to obtain better modeling
of certain atmospheric waves; R. R. Fossum, C. Comstock and
F. D. Faulkner are analyzing the Fourier coefficients arising
in meteorology as a time series to improve prediction; R. Franke
has produced an efficient code for solving stiff ordinary
differential equations arising in finite-element methods in
partial differential equations; Franke is developing basic
functions for optimal approximation in two variables that are
better suited to computation; F. D. Faulkner has developed an
iterative method for the solution of the Helmholtz equation in
a sphere, for the FNWC global model; A. L. Schoenstadt is
analyzing the numerical effects of discretization of the primi-
tive equation by use of Fourier transforms.

OPTIMIZATION

I. B. Russak has continued work in optimal control, deriving
necessary conditions with constraints of the form F(t,x) < 0
and second-order differential equations; Russak is examining
potential performance limits of envisioned air to air missiles;
Faulkner and W. E. Bleick are analyzing the FNWC optimum ship
routing program; H. Marks is modeling a total planning cycle
for war based on the notion of ordering of war results.

APPLIED STATISTICS

P. C. C. Wang is developing a methodology for forecasting
the technological threat from the Soviet and other navies for
NISC; Wang and R. H. S. Stolfi are carrying out an analysis of
the associated weapon system acquisition process for the most
recent weapon of a given category; Wang, with several students,
is modeling stochastically the sound speed fluctuation due to
the existence of bubbles in the upper ocean for ONR; Wang is
developing a methodology utilizing an intra-organizational
structure to coordinate modernization, including the acquisition
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of facilities involving high technology, and in applying this
to improve modernization of certain departments at NEWSES.
T. Jayachandran and Schoenstadt are developing simulation models
to compare efficiency and accuracy of the Lieberman-Ross and
i Mann-Grubbs methods for computing relability of bounds for
i series-exponential system.

ANALYSIS

E. J. Stewart is investigating the algebraic and numerical
properties of a method of evaluating matrix exponentials arising
in the solution of differential equations; Schoenstadt has i
analyzed various problems in self-~sustained oscillations in
noniinear systems, and the stability of solutions; D. L. Davis
has developed various necessary and/or sufficient conditions
for the stability of causal, recursive, "all-pole," multi-
dimensional filters.

PSI

M. D. Weir has computed an evaluation of the relative
effectiveness of PSI in teaching linear algebra at the NPS,
a paper is forthcoming in the PROCEEDINGS of the Rocky Mountain
Consortium Symposium on Innovative Teaching in University level
mathematics.
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Title: On the Stability of Multidimensional Digital
Filters

Investigator: Daniel L. Davis, Associate Professor of
Mathematics

Sponsor: Foundation Research Program (6.1)

Objective: To obtain necessary and/or sufficient conditions
for the stability of causal, recursive,
"all-pole" multidimensional digital filters
in terms of geometric inequalities between
the coefficients of the transfer function
which describes the filter.

Summary : Present methods for determining the stability
of a filter are iterative and consequently
it is difficult to determine the "cause"
of filter instability in terms of the transfer
function coefficients. In the present
research, a new approach to the problem
of filter stability has been developed
by means of which it is possible to determine
the precise inequalities which must hold
between coefficients in order to guarantee
stability. Such criteria are known for
one dimensional filters and are practicallv
essential in filter design. Although the
method of this research is not yet fully
developed, stability criteria for relatively
complicated multidimensional filters can
be derived as a result of its application.
Moreover, the approach is completely general,
irrespective of the order or dimension.

Publications: Daniel Davis and L. Souchon, "Stability
Conditions for N-Dimensional Digital Filters,"
IEEE Asilomar Conference, Nov. 1975.
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Summary:

Publications:
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Numerical Solution of Helmholtz's Equation
F. D. Faulkner, Professor of Mathematics

Office of Naval Research, Naval Environmental
Research Facility, Fleet Numerical Weather
Central

Faster and/cr more accurate programs for
solving the Helmholtz equation.

This is part of a continuing investigation
for more effective methods in solving elliptic
partial differential equations. An iterative
method was made up and programmed to effect
the numerical solution of the Helmholtz
equation in the surface of a sphere, the
earth. An iteration is in two steps. First,
the non-polar values are updated while the
polar values are held fixed. Then the polar
values are updated; this generates a second-
ary correction for all other terms. The
problem is in use in the FNWC global model
program, to solve for the surface pressure.

F. Faulkner, "The Numerical Solution of the
Helmholtz Equation in a Sphere", Technical
Report, NPS53Fa76025, February 1976.
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Summary:
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An Analysis of the Minimum Time Ship Routing
Program

F. D. Faulkner and W. E. Bleick, Professors
of Mathematics

Fleet Numerical Weather Central

To analyze the minimum time ship routing program
for effectiveness and improvement.

FNWC performs a ship routing service (Optimum
Track Ship Routing, OTSR) for defense-related
shipping. This routing is done principally

by a group, called routers, who mak> use of the
weather maps, their knowledge of climatology,

and various data about the ship to chart a course.
The objective is to effect the passage in

minimum time with no damage.

FNWC has had for some time also a program, GMTR,
that was made up to effect the same service
fully automatically. The input data includes
ship performance curves, tolerable wave heights,
departure time and place, and destination.
Available in the FNWC data bank are anticipated
seas for the duration; these start with a
three-day forecast and are blended into clima-
tology over the last part of a long route. This
program generates a minimum-~time route, subject
to the wave constraints.

All rcates are updated, if it is judged worth-
while, every twelve hours. When the journey is
over, the GMTR program generates a route which is
based on the analyzed sea data, that is, on the
recorded best-estimate of the seas. It also
compares the route actually followed with the
GMTR route and post-voyage route.

The first objective of the study is to determine
the effectiveness of and compare the various
procedures, to see where improvement might be
effected and how much is feasible. A second
objective was to examine various data critically
to see if the problem was modeled correctly.

The analysis has been seriously delayed by many
unsuspected errors in the program VERIFY which
generates the required data. We have just
received (December 1976) the last of the data for
1975. The initial analysis of these routes
indicate that the routing service is effective
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and the human routers may do a trifle better
than the version of GMTR existing prior to
15 December 1976; there is not a clearcut
difference.

5 A modification has been made to GMTR soO

’ that it can operate with a five-day forecast,

, rather than the present three-day. This has
been checked out and appears ready to use
operationally.

!

Publications: None
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The Use of Time Series in Improving Meterological
Forecasting

R. R. Fossum, Dean of Research, C. Comstock and
¥F. D. Faulkner, Professors of Mathematics

Foundation Research Program (6.2)

To improve meteorological forecasting by
the use of time series. Let us consider
a typical meteorological variable such as
the 500 mb height over the surface of the
earth. It can be represented as finite
Fourier series

N
Y a; ¥,(6,8)
1

in which ¢ is latitude, ® is longitude,
and Y; is a composite of Legendre functions
in cos ¢ and trigonometric functions of

8. The coefficients a at a time t define
a time series Ap = (ajp). At each time tp,
new values are generated by integrating

to get predictions

~

e LR T LA Y T T

say, for a 5-day forecast. 1In the interval
ok observations are made. The predicted
values, the observations, and usually, an
equation such as the balance equation, are

combined to yield filtered or analyzed values

Apn+1. In this way a set of corrections
to predicted values is generated.

It is the purpose of this study to analyze
the set of corrections

s el An-l,l
as a time series to see if it shows trends
that can be predicted to improve the forecasts.
Initial work was done by Jones (1964).
Since that time new techniques for integrating
and for generating the Fourier series have
been developed.

e ENETAS T T
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Publications:

Preliminary programs have been generated
and it appears that the numerical programs
are almost ready. Jones suggested a stationary
(time invariant) time series. 1Initial analysis
of simulated data indicates that it is inadequate.
A program for a series of the ARIMA type,
(Auto Regressive Integrated Moving Average)
has been made up.

The principal problem envisioned is
to sort out the terms in Z, that are significant,
to estimate those with a series of proper
low degree, and to adjust the various parameters
so as to effect a suitable compromise between
improvement and computational complexity.

None
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Title: Numerical Solution of Very Large Sparse
Systems of Stiff Ordinary Differential Equations

Investigator: R. Franke, Associate Professor, Mathematics

Sponsor: Foundation Research Proaram (6.1)

e e —

Objective: The objective was to generate a computer
code which could solve the very large, sparse,
stiff, and implicit ordinary differential
equations arising when the finite element
method is used to discretize the space domain
of time dependent partial differential equations.
Sparse storage techniques for the matrices
and an iterative linear equation solver
were to be used to make efficient use of

sme—

storage.

Summary: An existing program, DFASUB, due to Brown
and Gear (R. L. Brown and C. W. Gear, "Documentation
for DFASUB - ...," Report No. UIUCDCS-R-

1 73-575, University of Illinois at Urbana-

1 Champaign, Urbana, Illinois, July 1973)

E | was selected as being an appropriate starting

* { point. DFASUB was modified to incorporate

! t the objective ideas and to be more user
oriented. Investigation of the linear system

! of equations for the quasi-Newton iterates

in Gear's method revealed that iterative

techniques should be very efficient for

their solution. This was subsequently verified

when test problems executed several times

faster, using less storage, than programs

previously used for this type of problem.

The versatility of the program allows the

user to easily incorporate standard elimination

techniques for solution of linear systems

when necessary. The program is available

and being used for production computer runs.

Publications: Richard Franke, "A Program for the Numerical
Solution of Large Sparse Systems of Algebraic
and Implicitly Defined Stiff Differential
Equations," Technical Report #NPS53Fe76051,
May 1976.
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Sponsor:
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Summary :
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Analysis and Evaluation of Procedures for
Computing Lower Bounds for System Reliability

T. Jayachandran, Associate Professor of
Mathematics, and A. L. Schoenstadt, Assistant
Professor of Mathematics

Foundation Research Program (6.2)

Analyze competing procedures available for
computing lower bounds on system reliability
from individual component failure data.

More specifically, for two of the most commonly
cited, the statistically exact Lieberman-

Ross (L-R) Method and the approximately
optimal method of Mann and Grubbs (M-G),

(a) Determine the effect in the L~R bound

of a priori ordering the component failure
data, (b) Determine a measure of the amount

of data unused in calculating the bound,

(c) Evaluate the accuracy of the M-G procedure,
(d) Study the robustness of the L-R and

M-G procedures when the exponential assumption
is violated, i.e., for example when the
failure times have Weibull distributions
instead of exponential, and (e) Determine

the accuracy of M-G bounds for parallel
systems and other coherent systems with
different types of data such as time to
failure data or success-failure data.

The statistically exact L-R method suffers
from two major drawbacks. First, the computed
bounds can be altered by a permutation in

the order in which the components failed,

even though the absolute failure times are
unchanged. Second, the procedure does not
utilize all the component failure data which
is available, i.e., some data is "lost."

Both aspects of this method were investigated
in some detail. Using analytic techniques,
expressions were derived for the mean and
variance of the L-R bounds as a function

of sample size, thus yielding insights into
the effect of data order permutation. Expres-
slons were also derived for the expected
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Publication:
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amount of "lost" data. Then, simulation
techniques were used to investigate the
effect of lost data, by simulating subsystem
failures, then a priori ordering the resulting
failures to make maximum use of the available
data. It was determined that this a priori
ordering did not improve the estimating
procedure.

Investigations into objectives (c) through

(e) is ongoing.

A. L. Schoenstadt, "The Influence of Data
Order on the Lierberman-Ross Method," NPS
Technical Report #NPS53Z2h76047, April 1976.
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Summary :

Publications:
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Minimum Storage Solution of Capacitated
Rooted Trees

H. B. Marks, Associate Professor of
Mathematics

Naval Postgraduate School

To study wiring networks for large controller
actuated traffic signal systems.

Wiring networks for large controller actuated
traffic signal systems were modeled by rocoted
trees. Minimum allowable wire size was sought.
Using definitions of "network complexity"

based on "maximal binary subtree" and "admissible
solution process," it proved that there is a
junction processing sequence for a complexity

n network using n + 1 computer storage units,
but not less. A junction sequencing algorithm
was given to produce a sequence of the type
guaranteed by the existence theorem. In this
paper, interest was in the sequencing process;
the wiring problem was exemplary. The algorithm
was related to, but distinct from, that of
Nakata and Redziejowski. This program was
utilized by the Texas Highway Department and

the Bureau of Public Roads. The theory was
presented at a Navy Combinatorics Conference.

None
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Publications:
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Effects of Certain Configuration Parameters
on a Particular Air to Air Interceptor Missile
with Optimal Guidance

I. B. Russak, Associate Professor of
Mathematics

Pacific Missile Test Center

To examine the potential performance limits
of advanced conceptual air to air interceptor
missiles for the Navy. This is one part of

a continuing effort concerning this topic

(see annual research summary report for FY 75)
and deals with the effects of configuration
parameters (such as, engine size, the inclu-
sion of aerodynamic surfaces, etc.) on per-
formance.

The effort (begun by the investigator during
FY 73) to determine performance limits of
certain air to air missiles was continued.
The resulting optimally guided vehicles of
earlier work (see annual research report for
FY 75) were investigated to determine sensi-
tivity of perfornamce to configuration para-
meters. The results (such as, the fact that
aerodynamic surfaces do not significantly
improve performance) give guidelines for
optimal missile configurations

I. B. Russak, "Effects of Certain Configur-
ation Parameters on a Particular Air to Air
Interceptor Missile with Optimal Guidance,"
Technical Report NPS53Ru75103, October 1975.
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Investigator:
Sponsor:

Objective:

Summary:

Publications:

Necessary Conditions for General Problems
Involving Higher Derivative Bounded State

Variables

I. B. Russak, Associate Professor of Mathematics

Foundation Research Program (6.1)

To obtain necessary conditions for solution

of a complex problem

in optimal control

involving constraints of the form y(t,x)= 0

in which the control

effects the state x

through a set of second order differential

equations.

By using the techniques of the calculus
of variations, a set of first order necessary
conditions is obtained for the above problem.
The distinctions are made clear between

these results and those obtained for problems

in which the control
through differential
not higher than one.
includes many direct
naval projects, such
of missiles.

None

effects the state x
equations of order

The problem considered
applications to current
as, optimal guidance

28
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Publications:

29

Investigation of Geostrophic Adjustment

A. L. Schoenstadt, Assistant Professor of
Mathematics

Fleet Numerical Weather Central and Naval
Environmental Prediction Research Facility

To investigate the effect of various numerical
computation schemes on the process of
geostrophic adjustment.

Geostrophic adjustment is the process by
which an atmosphere modeled by the meteoro-
logical primitive equations tends toward
geostrophic balance. Winninghoff (1968)
investigated some of the numerical conse-
quences of discretizing (e.g. spatially
centered second order finite differences) the
primitive equations. This investigation
extended his work. The one-dimensional
dispersive wave equation was investigated
using Fourier transform techniques. It was
showed that discretization tended to spread
the effect of local imbalances more than

the differential case, and that the transient
behavior in the discretized case was somewhat
different than in the differential case.
Further extensions are planned.

A. L. Schoenstadt, "The Effect of Spatial
Discretization on the Steady State and Transient
Solutions of a Dispersive Wave Equation," to
appear in Journal of Computational Physics.
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Summary:

Publication:

Analysis of Reliability Estimating Methods

A. L. Schoenstadt, Assistant Professor of
Mathematics

Foundation Research Program (6.1)

Analyze certain properties of the Lieberman-
Ross procedure for computing system reliability
bounds from subsystem (component) failure

data.

The Lieberman-Ross (LR) method is a statistically
exact procedure for determining lower bounds
on system reliability from subsystem (component)
fallure data. The procedure suffers, however,
from two major drawbacks. First, the computed
bounds can be altered by a permutation in

the order in which the components failed,

even though the absolute failure times are
unchanged. Second, the procedure does not
utilize all the component failure data which
is available, i.e., some data is "lost."

Both aspects of this method were investigated
in some detail. Using analytic techniques,
expressions were derived for the mean and
variance of the LR bounds as a function

of sample size, thus yielding insights into
the effect of data order permutation. Then,
simulation techniques were used to investigate
the effect of lost data, by simulating sub-
system failures, then a priori ordering

the resulting failures to make maximum use

of the available data. It was determined

that this a priori ordering did not improve
the estimating procedure.

A. L. Schoenstadt, "The Influence of Data
Order on the Lieberman-Ross Method,"” NPS
Technical Report NPS53Zh76047, April 1976.
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Publications:
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A General Methodology for Forecasting the
Technological Threat from the Soviet Navy

Peter C. C. Wang, Associate Professor of
Mathematics and National Security Affairs, and
Associate Professor R. H. Stolfi, National
Security Affairs

Navy Intelligence Support Center

To develop a general methodology for fore-
casting the technological threat from the
Soviet and similarly organized navies of the
Eurasian Communist Countries.

The methodology is based on a dynamic general
structural model of the process of defense
material acquisition in the Soviet Union. The
outputs of the process of defense material
acquisition are weapons and weapons platforms
which are to the most substantial part of the
technological threat. The methodology concen-
trates on Weapons performance characteristics
(WPC) and changes in the WPCs, to define the
relevant acquisition cycles and indicate the
directions of future improvement.

None
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Summary:

Publications:
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Stochastic Bubble Model on Sound Propagation

Peter C. C. Wang, Associate Professor of
Mathematics

Office of Naval Research

To model stochastically sound speed fluctua-
tion due to the existence of bubles in the
upper ocean. A specific objective is to
model how low frequency sound speed fluctua-
tion is influenced by existence of bubbles
in the upper ocean. This is a continuing
project with Office of Naval Research (ONR)
under contract NR-042-~286 on Stochastic
models.

Preliminary models were developed earlier,
and experimental verification of these models
shows that successful predictions of maximum
fluctuation of low frequency sound occurs

at the resonance frequency of the bubbles.
This preliminary model has been expanded in
several more realistic ways. i.e., (1) Wilson's
propagation formula is no longer restricted
to a linear form, and (2) bubble populations
are treated as random variables rather than
mean values.

P. C. Wang, "Stochastic Models of the Scat-
tering of Sound by Bubbles in the Upper Ocean,"
Quarterly of Applied Mathematics, January
(1975)

P. C. Wang, "Asymptotics of Stirling Numbers
of the 2nd Kind," Proceedings of the American
Mathematical Society, (1975)
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Title: Modernization Plan for the Technical Data
Department of the Naval Ships Weapon Systems
Engineering Station

Investigator: Peter C. Wang, Associate Professor of
Mathematics

Sponsor: Naval Ship Weapons Systems Engineering
Station

Objectives: To develop a methodology which utilizes an

intra-organizational structure to coordinate
a modernization that requires the acquisition
of facilities involving high technology, and
to propose a modernization plan based on
mothodology develuped in the above objective
for the Technical Data Department of Naval
Ship Weapons Systems Engineering Station to
reduce technical and organizational risks.

Summary: A technical report is under preparation and
it should be completed and ready for distri-
bution sometime early in April 1977.

As a by-product of this ongoing Naval Post-
graduate School study on the 1980 requirements
for equipment and technology for Naval Ship
Weapons Systems Engineering Station, a joint
symposium by Naval Postgraduate School and
Naval Ship Weapons Systems Engineering Station
on Automated Production of Engineering Data
and Display of Digitized Engineering Data was
held on January 13-14, 1977.

Publications: None
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Continuation on a General Methodology for
Forecasting the Technological Threat from
the Soviet Navy

Peter C. C. Wang, Associate Professor of
Mathematics, Russel H. S. Stolfi, Associate
Professor of National Security Affairs

Naval Intelligence Support Center

Statistical techniques to represent multi-
variate data will be studied. New techniques
will be developed and implemented in order

to handle intelligence analysis, and; to
extend the general methodology developed to
cover weapon platforms.

The general methodology for forecasting the
technological threat from red navies system-
atically reconstructs the Weapon system acqui-
sition process for the most recent weapon in

a particular category. On the basis of the
reconstruction of the recent past, the method-
ology moves forward to construct the acqui-
sition process for the future version of the
selected category of weapon.

None
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Discrete Transforms and Convolutions

Carroll 0. Wilde, Professor of Mathematics

Foundation Research Program (6.1)

Study the problem of finding the convolution
operation that is appropriate for a given
discrete transform, and the reverse problem

of finding a transform for a given convolution.

Image science includes the total scenario

of starting with a given object, forming

an image of the object, transmitting the
image from one location to another, detecting
the transmitted image, processing the detected
image, and displaying the processed image.

Of primary concern for computer application
is the case where the image is digitized,

so that it can be represented as a discrete
function over a set of lattice points, and
discrete transforms and convolutions play

a vital role in digital image science.

The overall objective has been approached
by concentrating on one of the specific
one-~-dimensional problems involved. Given
a finite group G = {g,, ..., g_}, with
g] the identity, we retabel theelements
as {1, ..., n}. 1If x, y are n-dimensional
column vectors, we define the convolution
of x and y to be the vector x * y whose
ith component is

n

(x*y),; = v Xjq-1 Yy -
i=1

The problem is to find a discrete transform,
which is represented by a unitary matrix

M whose columns form a representation of

the original group, such that M(x*y) = MxMy.
(The justaposition on the right denotes

the linear product:

MxMy = Y ox,y. (a,0.),
o ot T b
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where o, ..., a. are the columns of M.)
If we define the incidence matrices
Aoy asnin b by

1 n

X B dE-d ="k
, where Aij = '
G- 1f 1 # k3

k
g = (Aij)nxn
then convolution can be represented by

(x*y) = xTAiy

With this notation, the above problem can
be reduced to that of solving a matrix equation
of the form

2
tl tlt2 e tltn
8 2
€. A, = St & S Bk
1Z=1 it b e | 2 2%n
2
tntl tntZ - tn

By equating columns, we can replace this
matrix equation by n eigenvalue pr?blems
Ajt = \t, where t = (ty, ... , tp) . Successful
solution of the n simultaneous eigenvalue
problems under the constraints noted above
would then yield the desired matrix M.

In addition to the above delineation
of the problem, results to date have included
solution of the problem for almost all groups
through order eight. Continuation of the
study is centering on efforts to find algorithms
so that the process can be extended to more
complicated groups.

In conjunction with the above efforts,
a continuing imaygye science seminar has been
conducted through the research period.
The seminar has featured speakers from NPS,
Stanford University, Stanford Research Institute
and ESL, Inc., and NUC. Several colloguium
lectures were given during the 1976 fall quarter
at NPS, and a symposium was also held at NPS
during the same quarter. Longer range goals
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include formation of a dedicated image science
research laboratory at NPS, and possibly
development of a new curricular program if

a need can be identified.

Publications: None




B ——

38

DEPARTMENT OF ADMINISTRATIVE SCIENCES

The Administrative Sciences Department is a newly created
organizational unit responsible for academic programs designed
to educate officers and DOD civilians in a variety of functional
management specialties. As such, it is a large, multidisciplinary
department with diverse research projects oriented to support
the management tasks within the Navy and the Deparment of Defense.
For ease of exposition, the program is classified into the
following six areas of concentration: Systems Acquisition Manage-
ment Research, Manpower/Personnel Management Research, Health
Care Delivery Management Research, Technology Transfer Management
Research, Management Science Research, and Resource Allocation/
Financial Management Research. The present focus of the research
in these areas is summarized in the following paragraphs.

SYSTEMS ACQUISITION MANAGEMENT RESEARCH

Research in this area is wide-ranging. R. R. Judson is
studying policies for the use of reliability improvement warran-
ties. C. R. Jones' area of interest is the behavior of defense
contractors, particularly in a high inflation environment. He
works with M. G. Sovereign on this, who also studies the Navy
budgeting process for escalation. C. K. Eoyang is developing a
taxonomy of management approach to systems acquisition that will
serve as one basis for improving the acquisition management system.
M. B. Kline, W. C. Giauque and J. P. Hynes studied the relation-
ship of threat and system performance requirements via decision
analytic techniques for the advanced naval gun system. M. B.
Kline and five systems acquisition management students performed
a systems engineering management analysis of the Standard Missile
Program. W. J. Haga evaluated the utilization of naval RDT&E
manpower through the use of organizational structure variables.
S. M. Dean is conducting an extensive study of the Navy industry
shipbuilding process.

MANPOWER/PERSONNEL MANAGEMENT RESEARCH

This area encompasses not only the traditional areas of
manpower and personnel management but also education and training
issues, and human resources management as well as human factors
research. J. K. Arima is developing an objective measure of
Navy recruiter effectiveness. This is a follow-on effort to his
completed study, "A Systems Analysis of Navy Recruiting." W. J.
Haga investigated the relationship between various naval combat
unit sizes and HRM command climate scores. W. C. Giaugque identi-
fied areas in the naval education and training system where formal
decision analytic methods could improve decision making. J. D.
Senger studied the relationship of age and race-related attitudes
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toward supervisory and peer leadership in the Navy. J. K. Arima
continued his studies of the effective utilization of small arms
via a series of limited purpose, live-fire field experiments.

R. A. Weitzman estimated the retention probabilities for naval
officers classified according to both commission source and first
and second billet assignments. C. B. Derr began the development
of a theoretical framework and methodology for analyzing stages
in a naval officer's career. C. K. Eoyang, in conjunction with
the Naval Personnel Research and Development Center, supported
the development of a long-range plan for naval research in human
resources management.

HEALTH CARE DELIVERY MANAGEMENT RESEARCH

W. C. Giauque, C. K. Eoyang, C. B. Derr and R. T. Harris
(at MIT) examined the integration of new medical practitioner
roles into the armed forces medical care delivery system. This
work provides the basis for more extensive work on methods of
overcoming organizational and behavioral obstacles to efficient
utilization, to work on the measurement and control of quality
of care and to examination of the economics of using paramedical
personnel. D. R. Whipple, in association with C. K. Eoyang,
C. B. Derr, K. L. Terasawa, W. M. Raike and T. A. Wyatt, provided
support to BUMED and, in particular, the newly instituded Planning,
Programming and Analysis Directorate in the areas of management
analysis and basic research. The management analysis included
analytical support for the PPBS system, team building and conflict
management workshops, a management information system conceptual
design, and suggested management and operational structure changes
to the health care delivery system. Basic research activities
included studies on the comparative costing of military vs
civilian models of health care delivery by D. R. Whipple and
K. L. Terasawa. These same investigators also analyzed aspects
of a multiregional health care voucher system.

TECHNOLOGY TRANSFER MANAGEMENT RESEARCH

J. W. Creighton and J. A. Jolly, in association with
officer and civilian thesis students, have been studying the nature
of the technology transfer process. In conjunction with the Naval
Facilities Engineering Command, three major activities were under-
taken. First, a survey of industrial research and development
budgeting effort was completed to provide a comparative baseline.
Second, an analysis of the perceived reward to a receiver of
technology transfer and its impact on the current predictive model
of technology transfer was made. And, third, a computer-based,
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management information system was developed and tested for
expenditure and benefits of field innovation. In addition,

for NAVMAT, several activities were undertaken with the objec-
tive of providing an information base to accelerate the imple-
mentation of output from Navy research and development labora-
tories and centers. Symposia were given and studied as a means
of transferring technology from generator to user. A study was
made of the technical transfer functions of chief project
engineers. Also, a study was made of the feasibility of national/
regional technology transfer R&D centers. In addition, the
identification of linder agents for the introduction of safety,
anti-pollution and production devices was made.

MANAGEMENT SCIENCE RESEARCH

Work in this area, while frequently done in an applied
context, is more basic and transferable to a variety of appli-
cations. W. C. Giauque explored the potential use of multi-
attribute utility analysis in quality determination. This
technique permits a quantitative measure of quality to be
developed. This exploration was part of the health care re-
search to determine medical standards in the presence of uncer-
tainty and of multiple, often conflicting, outcome criteria.

R. A. Weitzman continued the development of predictive techniques
useful in manpower/personnel research. He developed a method

for testing the relative accuracy of different numerical pre-
dictions, as well as a method which estimates pattern scores.

The estimation procedure was compared with a method which cal-
culates pattern scores directly but expensively. Finally, he
compared methods of selecting item sets that maximize predictive
validity. The data for this research is the biographical and
test data obtained from Navy enlisted men. A. W. McMasters
investigated the determination of maximal flows in nonplanar
networks by using dual graphs. This work has application in
communications and logistics. N. F. Schneidewind continued his
analysis of software with the objective of refining his techniques
for determining software reliability.

RESOURCE ALLOCATION/FINANCIAL MANAGEMENT RESEARCH

The work by M. G. Sovereign summarized under Systems
Acquistion Management Research and D. R. Whipple, et al.,
summarized under Health Care Delivery Management Research are
also integral to this area of research as well. 1In addition,

C. R. Jones and several thesis students developed a method for
estimating life cycle costs for high technology systems that

have never before been produced or operated. D. C. Burns

continued his work on an internal control simulation useful to
both managers and auditors. P. J. Parker, current occupant of

the Chief of Naval Operations (OP-96) Chair in Systems Analysis,
continued his consultive research for the Chief of Naval Operations
and the Secretary of the Navy.
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Measuring Recruiter Effectiveness

Investigator: J. K. Arima, Associate Professor of Administrative

Sciences
5 Sponsor: Naval Personnel Research and Development Center
Objective: To develop an objective measure of Navy recruiter

effectiveness that could be used as a criterion for
validating recruiter selection procedures and for
evaluating recruiter performance, training programs,
work methods, operational procedures, and enlistment
programs.

Summary : The study is a follow-on to the recently completed

study, A System Analysis of Navy Recruiting. The
basic premise of this research is that a measure

or recruiter effectiveness must include a measure
of what he actually produces and a measure of what
he should have produced. The latter is assumed to
be dependent on managerial policy that affects
recruiter activity and on the inherent potential of
a recruiter's territory for generating enlistments.
The strategy of research has been to obtain several
measures of recruiter productivity and, using step-
wise multiple regression, to determine what charac-
teristics of the recruiter's territory best predict
production while controlling for managerial policy.
The productivity of recruiters in California during
the period June through October 1974 was selected
for study because it was not quota bound. The
sample consisted of 268 recruiters who had been on
production duty at one station during the entire
period. They represented 111 recruiting stations
in the San Francisco, Los Angeles, and San Diego
Navy Recruiting Districts. The territorial variables
were entirely educational statistics and data which
were current and could be directly mapped on re-
cruiting station territory. They included enroll-
ments in several categories, the minority proportion
by several ethnic groups, achievement scores of 12th
grade students, and a variety of financial data
indicative of the characteristics of a community.
The data from 399 school districts were mapped on
the territory of the 111 recruiting stations. It
was found that three different equations were re-
quired to predict production in the three recruiting
districts. Approximately one-third of the varia-
bility in production among recruiters could be pre-
dicted on the basis of the environmental variables.
This is as much as one would hope to predict, since
the remaining variance is accounted for by differ-
ences among individual recruiters in motivation,
ability, skills and experience; chance factors; and
measurement error. Accordingly, it was shown what
a recruiter could be expected to produce could be
calculated for every station within a district.
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J. K. Arima, "Measuring Recruiter Effectiveness,"
a symposium presentation at the annual meeting of
the American Psychological Association, Washington,
D. C., September 1976.

Arima, J. K. "A Systems Analysis of Navy Recruiting,"
Special Report 76-3, Navy Personnel Research and
Development Center, April 1976.

R. J. Sullivan, "Developing a Measure of Marine
Corps Recruiting Effectiveness," Master's Thesis,
June 1976.
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Small Arms Field Experimentation Program

J. K. Arima, Associate Professor of Administrative
Science

U.S. Army Combat Developments Experimentation
Command

By a series of limited-purpose, live-fire field
experiments, to develop knowledge regarding factors
that affect the effective utilization of small arms.

The fifth in this series of experiments was conducted
to determine whether an information measure could be
used to quantify t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>