AD=A073 496 DAVID W TAYLOR NAVAL SHIP RESEARCH AND DEVELOPMENT CE==ETC F/6 9/2
USE OF MACSYMA IN THE NAVY LABORATORY RESEARCH COMMUNITY JANUAR==ETC(U)
JUL 79 L K MEALS

DTNSRDC/CMLD=79/09

UNCLASSIFIED

-




2 22

o
E

e &
— s 32
e
=TT 22
|||I| | I i =
== “m 1.8
)

a2 s mes

s 4
. e
. |
MICROCOPY RESOLUTION TEST CH*T
NATIONAL BUREAU OF smgoARos-lssa-Ji
Al STt 4




DTNSRDC /CMLD-79/09

USE OF MACSYMA IN THE NAVY LABORATORY RESEARCH COMMUNITY (Jan 1977 - Jun 1978)

&
S
p=!

\

BDAO07Y3496

DOG

DAVID W. TAYLOR NAVAL SHIP
RESEARCH AND DEVELOPMENT CENTER

e o

APPROVED FOR PUBLIC RELEASE:

COMPUTATION, MATHEMATICS, AND LOGISTICS DEPARTMENT

July 1979

Bethesda, Md. 20084

USE OF MACSYMA IN THE NAVY LABORATORY

RESEARCH COMMUNITY
(Jan 1977 - Jun 1978)

by

L. Kenton Meals

DEPARTMENTAL REPORT

DISTRIBUTION UNLIMITED

DTNSRDC/CMLD-79/09

)

i —————

7l
‘C'

/

iy O




e

kb

MAJOR DTNSRDC ORGANIZATIONAL COMPONENTS

DTNSRDC
COMMANDER
TECHNICAL DlRECTO% q

OFFICER-IN-CHARGE
CARDEROCK

SYSTEMS
DEVELOPMENT
DEPARTMENT

OFFICER-IN-CHARGE
ANNAPOLIS

SHIP PERFORMANCE

AVIATION AND
SURFACE EFFECTS
DEPARTMENT

DEPARTMENT

15
STRUCTURES
DEPARTMENT

17

SHIP ACOUSTICS

DEPARTMENT

19

COMPUTATION,
MATHEMATICS AND
LOGISTICS DEPARTMEP:'E

SHIP MATERIALS
ENGINEERING
DEPARTMENT

PROPULSION AND
AUXILIARY SYSTEMS
DEPARTMENT

CENTRAL
INSTRUMENTATION
DEPARTMENT




"’"M\Tl. REPORT NUMBER

e TiTLE (.N!Sub“tlo) X

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS

]‘D‘T‘t@ﬁﬁé/’cuw-w/og J

\/ 2. GOVT ACCESSION NO.

BEFORE COMPLETING FORM
3. RECIPIENT'S CATALOG NUMBER

o s ——

_USE OF Mggsxm IN THE ,nAVY LABORATORY
RESEARCH COMMUNITY

___,.‘——’v

S. TYPE OF REPORT & PERIOD COVERED

6. PERFORMING ORG. REPORT NUMBER

(Jan—1933-~—Jun—1978)
M.f_wl.‘ Ilv‘tﬂfa.

7. AUTHOR(s)

i L. Kenton /Meals

8. CONTRACT OR GRANT NUMBER(s)

9. PERFORMING ORGANIZATION NAME AND ADDRESS

Bethesda, Maryland 20084

David W. Taylor Naval Ship Research I e LT T TP
and Developient Center AL LD ZF53532Qﬂ1

10. PROGRAM ELEMENT, 9ROJECY TASK
AREA & WORK UNIT NUMB

Work Unit:

11. CONTR LING OFFICE NAME AND A """"“""}'
, / / B e I T j/

2. ‘ffnllnutq ff7 (i /b/’ /
,A NUMBER OF PAGES ¥ - |
= 85

T4. MONITORING AGENCY NAME & ADDRESS(!! different from Controlling Office)

15. SECURITY CLASS. (of this report)
UNCLASSIFIED
[75a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

MACSYMA

Symbolic Manipulation
Computer Networks
NALCON

Scientific Applications

20. STRACT (Continue on reverse side if y end Id fy by block ber)
MACSYMA, an interactive computerized symbolic

identified.

combination of symbolic and numeric computation on

discussed in relation to its capabilities, its usage in the Navy Laboratories,
and its demonstrated benefits to the scientific/engineering community.
Specific applications in five laboratories are given and investigators are
Recommendations are made for continuation of support to broaden
and refine the use of MACSYMA in the Navy Laboratories and to exploit the

(Continued on reverse side)

manipulation system, is

Navy Laboratory computer

DA

DD o', 1473

EDITION OF 1 NOV 65 IS OBSOLETE
S/N 0102-014-6601

—_—
SECUR|ITY CLASSIFICATION OF THIS PAGE (When Data Bntere.)

/
/ { X /
7/ (s

UNCLASSIFIED




UNCLASSIFIED

<LLURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

(Block 20 continued)

network facilities. Interest by Army and Air Force research groups in joining
Navy's participation in MACSYMA is discussed and a recommendation is made for . ;‘
consideration to be given to making Navy a focal point in the Department of

Defense for the use of MACSYMA. R

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

= N i atbsba il e




e i R O M 0 DTt .l Al e e B om0

TABLE OF CONTENTS

FIGUREccccoccccccosocescccsssccecccssccccscsasscsccssscsscsssscsosssscconcse
TABLEcecooceeocscceoscccecscsssoscocsscsccscscscscscsccsoscscscscscccscscnssccsoscce
ABSTRACTeceeccccccccccccscoscccceccscccncccncccrccsccscssssccscscssccsss
INTRODUCTIONcccoceocccocccccssoscccccscscscosccscssssecsssscssssssscccos
CAPABILITIES OF MACSYMAcccococeorccccccccccsccsccescscssocscsccccscscccsoce
USE OF MACSYMA IN NAVY LABORATORIES:cccccccccesccccccccccccescsscccecs

GENERAL COMMENTSccccesscsccccscccsscsscssccsscssososonssnscscsscccccssscscs

APPLICATIONS BY LABORATORY:cosccecccccccccccscscscscsccscscscsnssnnse

Applications at David W. Taylor Naval Ship

Research and Development Center-.........-....................
Applications at Naval Research Laboratoryececcececcecccceccccccsce
Applications at Naval Coastal Systems Centereeccccccecccccsccses
Applications at Naval Weapons Center...-.........,.......-.....
Applications at Naval Underwater Systems Centercccceccccccccccs

BENEFITS FROM MACSYMA USAGE IN THE NAVY LABORATORIEScccsccccccoccscs
EXTENDED ANALYTICAL CAPABILITYcccccocccccccvccscccoscccscscccosccncs
IMPROVED ANALYTICAL CAPABILITYececccccccccccccccsccccccccocscscscs
INDIRECT ADVANTAGES:cccecccocscocscocsscossccosscosossscsosscssconnos

FUTURE TRENDScessssessscsssssssvssnsssssssscscssscsccsscsccccccsssosscsoe

CONCLUSIONS AND RECOMMENDATIONSccccccccccccccscsosccccsscccscscccoscccns

ACKNOWLEDGMENT ¢ e s e 0 sseccocsoccscsccscccsccccssoscsccsscoscscssccscssossssscccce

REFERENCESccecsccccocccccccccssessccccscsoscccccsccsosscsccsscsscssscscsssccnce

APPENDIX A - NALCON MACSYMA NEWSLETTER lecccccccccccccccccscccscccce

APPENDIX B - NALCON MACSYMA NEWSLETTER 2¢ccceccccccccccccccccocscscs

APPENDIX C = NALCON MACSYMA NEWSLETTER 3ccccecccescccccccccccccccsce

APPENDIX D - SUMMARY OF NALCON MACSYMA USAGE«ccccecccccccecccccccces

Figure 1 = MACSYMA StruCtuUr@eccccscccccsssssscscscscssssscssssesssscsosse

Table 1 - NALCON MACSYMA Usage............--...................n...

iii

Page
iii
114

® O W = =

11

12
14
15
16
17

18
18
19
20
22
24
25
26
29
45
61
73

10




ABSTRACT

MACSYMA, an interactive computerized symbolic

manipulation system, is discussed in relation to its

"~ capabilities, its usage in the Navy Laboratories,
and its demonstrated benefits to the scientific/
engineering community. Specific applications in five
laboratories are given and investigators are identified.
Recommendations are made for continuation of support to
broaden and refine the use of MACSYMA in the Navy Lab-
oratories and to exploit the combination of symbolic
and numeric computation on Navy Laboratory computer
network facilties. Interest by Army and Air Force
research groups in joining Navy’s participation in
MACSYMA is discussed and a recommendation is made for
consideration to be given to making Navy a focal point

E in the Departmert of Defense for the use of MACSYMA.

INTRODUCTION
A particularly effective way in which the power of the computer can

be brought to bear on scientific and engineering applications is through

the use of symbolic algebraic manipulation techniques. Recent develop-
ments have made these techniques highly practical for Naval scientists.
Development of symbolic manipulation software dates from the early
1950°s when symbolic differentation was first performed on the Whirlwind
computer at MIT and on the UNIVAC I. 1In 1964, when the FORTRAN pre-
processor called FORMAC was released by IBM, interest in the use of
symbolic manipulation was intensified. Activity in FORMAC applications
increased rapidly until IBM withdrew its support in 1970. FORMAC is still

being used in many places, primarily in Europe. There are a number of

other symbolic manipulation systems, some conceived as early as FORMAC,
that have been or are still being developed. Some of these are intended
for specialized applications, others are more general. Among the better
known general systems are MATHLAB,l’Z* REDUCE,3 SCRATCHPAD,"’S’6 ALTRAN,7
SAC-l,8 FLAP,g’10 and MACSYMA.ll MACSYMA is one of the most versatile
and best maintained systems, and is available to all Navy laboratories

f through the Navy Laboratory Computer Network (NALCON).

*A complete listing of references is given on page 26.




i MACSYMA has been described as an automated mathematical co-worker.
One of the objectives in developing the MACSYMA system was to demon-
s strate to what extent the concept of an automated mathematical assistant

could be exploited. MACSYMA, Project MAC’s SYmbolic MAnipulation System,
11,12,13,14

15,16

is the outcome of the results of two doctoral dissertations

written in 1967 combined with ideas in the MATHLAB!*?2

algebraic
manipulation system. It is an interactive system that can currently be
accessed through the ARPANET (Advanced Research Project Agency of the De-
partment of Defense NETwork) from a wide variety of terminals. It is
operating and being maintained on the PDP-10 at the Massachusetts Institute
of Technology by the MATHLAB Group of the Laboratory for Computer Science
(formerly Project MAC).

Even though MACSYMA is an extremely useful and versatile system, it

is continually being extended and upgraded by incorporating more efficient

algorithms as they become available and by extending its capabilities.
The system is so designed that such changes may be made without inter-
fering with its productive use or inflicting undue hardships on its users.

An effective built-in communication system keeps users informed as im-

e s it b e i

provements are installed.
Many who use MACSYMA are convinced that it has opened a new dimension
of scientific computing, and they can point to problems they have solved

; that would have been impossible or impractical without the aid of such a

symbolic manipulation software system.
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CAPABILITIES OF MACSYMA
The MACSYMA system is made up of a number of modules which perform

specific functions and are linked together through a control program.

Figure 1 illustrates this structure. This rather loose structure allows

the modules a certain amount of independence and facilitates the continu-

ing upgrading of the system through improvement of algorithms and expan-
sion of capabilities. Capabilities of the MACSYMA system as of May 1978

are as follows:

ae

Variable precision fixed and floating point arithmetic.

Fixed point and rational arithmetic is of unlimited precision.
Floating point arithmetic allows the precision to be specified
by the user and provides a set of numerical routines for com-
puting functions such as logarithms, exponentials, trigonometric
functions (in real or complex arithmetic).

Two-dimensional display of expressions.

The expressions are displayed on the output device (e.g., tele-
type or display screen) in a form very much like that used in
textbooks. This is particularly advantageous for reading
results of symbolic operations involving symbols requiring

more than one line of printing in a textbook.

Rational function manipulation.

MACSYMA provides for all the ordinary algebraic operations with
rational functions as well as providing for substitutions, sim-
plifications, and differentiation. The most vital element in
rational function manipulation is the Greatest Common Divisor
Algorithm. The one used in MACSYMA is the most efficient of
the various existing algorithms in a wide variety of cases.
Trigonometric function manipulation.

Among the features of the trigonometric function manipulation
capability are provisions for giving the exact values of
specific angles, conversions of multiple angles to single angles
and vice versa, conversion from trigonometric to exponential

form and vice versa, and incorporation of other knowledge about

trigonometric, arctrigonometric and hyperbolic functions.
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Power Series manipulation.

Provision is made to expand functions of a single variable into
Taylor series or Laurent series. Provision is also made for ex-
pansion of multivariate functions into Taylor series whether the
variables are independent or interdependent.

Matrix manipulation.

All the usual matrix operations are provided including finding
determinants, inverses, characteristic polynomials, and solving
systems of linear equations. There are certain practical limit-
ations on the symbolic matrix manipulations. Care must be exer-
cised, for instance, in the case of matrix inversion, where the
form of the matrix to be inverted can substantially affect the
effort required. One user abandoned trying to get a general
solution to his problem where the inversion of his sixth order
matrix overtaxed the system.

Integration subsystem.

For a fairly large class of expressions, the system will find an
indefinite integral if one exists. This class includes rational
functions and more general elementary functions. The system also
computes limits and gives definite integrals of various classes
of expressions.

Factorization of polynomials.

Polynomials can be factored over both the integer field and the
complex number field.

Pattern matching.

The pattern matching functions in MACSYMA provide a facility for
testing expressions for combinations of syntactic and semantic
patterns and automatically setting variables to parts of expres-
sions that fit the pattern. This allows the user to transform an
expression as well as see if it fits a pattern. It is also
possible to set up rules for simplification of functions or oper-
ators and make the choice of rules dependent on a pattern match
of the operands of the expression to be simplified. Using the
pattern matching facilities of MACSYMA effectively is not easy to

master but it can be a great aid in handling complex problems.
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Noncommutative operations.
Noncommutative operators such as gradient, cross-product, etc.,
can be handled by MACSYMA.

Tensor manipulation.

There are two types of symbolic tensor manipulation available.
Explicit tensor manipulation requires the tensor to be represented
as arrays and performs operations on the components. Indical ten-
sor manipulation allows the tensors to be represented as functions
of their covariant and contravariant indices and performs opera-
tions on the tensors by manipulating the indices rather than the
components.

Laplace and inverse Laplace transforms.

There is a variety of functions for which these transforms can be
taken. This capability may be extended to include various other
transforms as part of the continuing development of MACSYMA.
Special Functions.

Many of the symbolic manipulation routines can be applied to the
error function and the gamma function directly. There are numer-
ical routines for evaluating a variety of special functions for
specified arguments.

Plotting.

MACSYMA has exceptionally versatile two and three dimensional
plotting capability on CRT terminals such as the Tektronix.

There is also provision for plotting output on teletype-like
devices. Most of the standard plotting forms are included.

Series summation.

The closed form sums of series can be obtained for most common
cases.

Definition of functions.

MACSYMA has provision for users to define functions and to write

commands in a language similar to ALGOL which is convenient and

easy to read.
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String and list processing.

MACSYMA allows users to manipulate information as strings and
lists.

FORTRAN output.

Output of algebraic expressions can be produced in a format
acceptable to a FORTRAN compiler. This permits entire FORTRAN
programs to be generated by using string processing.

Interactive capabilities.

Some of the advantages of any good interactive system are reason-
ably rapid response time, validity checking of input by the
system, intelligible error printouts, ability to make changes
readily, and provision for storage and retrieval of information
with ease. MACSYMA provides all of these except, at times, the
first which is dependent on the network traffic and system load.
Because MACSYMA is constantly being upgraded, information of gen-
eral interest to users is stored as a series of system messages
which the user is given the option to see anytime he uses the
system. Another means of communication via the system is avail-
able in system mail, whereby one user may address a message to
another user who will then receive it the next time he logs onto
the system. Still another method for users to communicate with
each other is through "on line" communication where two users who
are logged in may type messages directly to each other. It is by
this means that MACSYMA system programmers at MIT offer immediate
assistance to users who are having trouble.

Continuing system maintenance.

The MACSYMA system operates on and is maintained on the computers
at MIT by the MATHLAB group of the Laboratory for Computer
Science. Staff members are continuing to do research on the
system, upgrade the system, and monitor the use of the system.
There is always a system programmer available to give assistance

through the communication channels of the ARPANET.
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USE OF MACSYMA IN NAVY LABORATORIES

GENERAL COMMENTS

In June 1976, a survey was conducted in the ten Navy laboratories
participating in the Navy Laboratory Computer Network. The survey showed
that only two of the laboratories, David W. Taylor Naval Ship Research and
Development Center (DTNSRDC) and Naval Research Laboratory (NRL), had
personnel who were using or had used the MACSYMA system. However, there
were personnel at the Naval Surface Weapons Center, both at White Oak,
Maryland (NSWC/WO), and at Dahlgren, Virginia, (NSWC/DL) as well as personnel
at DTNSRDC and at NRL who had some knowledge and experience with symbolic
algebraic manipulators other than MACSYMA.

In January 1977 a report was issued recommending that NALCON undertake
an experiment to determine the benefits of making MACSYMA available to the
Navy Laboratory Community.17 In April 1977 the NALCON MACSYMA Usage Ex-
periment (page A5, Appendix A) was initiated and in July 1977, NALCON became
a member of the MACSYMA Consortium for the period of one year. The fitst
MACSYMA Users Conference was held at the University of California in Berk-
ley, July 27-29, 1977 with 89 attendees.18 There were four attendees from

19,20 An account of

the Navy Laboratories, two of whom presented papers.
this conference including the titles and authors of the 46 papers that were
presented appears in Appendix A, pp. A6-Al0 inclusive. Abstracts of the two
papers by Navy authors appear in Appendix A, pp. Al3 and Al4.

In October 1977 the first NALCON MACSYMA newsletter (Appendix A) was
issued and 76 copies were initially distributed to a representative list of
recipients for the Navy Laboratories. Additional copies were distributed
as requested. In December 1977 the first questionnaire to survey NALCON
MACSYMA usage was sent to each person who had used MACSYMA via NALCON prior
to 1 December 1977. The survey form with a composite of the 10 responses
appears in Appendix B, pages B5-Bll inclusive.

A three-day course in MACSYMA was held at the David W. Taylor Naval
Ship Research and Development Center on February 6 through February 8, 1978

with 35 attendees. Four of the Navy Laboratories were represented.




The course was team taught by two members of the Mathlab group, Laboratory
of Computer Science, MIT. A summary of the course is included in
Appendix B, pages B2 through B4.

A second usage survey questionnaire was mailed in February 1977 to
each person who had used MACSYMA via NALCON during the period from
1 December 1977 through 31 January 1978. A composite of the 15 individual
responses to this questionnaire is included in Appendix C, pages C3
through C7. Use of MACSYMA for the course was treated separately in the
usage summary (Appendix D, p. D1).

In March 1978, the second NALCON MACSYMA newsletter (Appendix B) was
issued with an initial distribution of 103. In April 1978 the third user
survey form was mailed to each of the 25 individuals who had used MACSYMA
via NALCON during the period from 1 February through 31 March. Responses
are summarized in Appendix D.

Table 1 gives a profile of NALCON MACSYMA usage from January 1977
through June 1978. An upward trend in the number of users per month is
evident with a significant increase that can be attributed to the MACSYMA
course in February. The number of current active users represents the
number of distinct NALCON users who logged into MACSYMA during the desig-
nated month. This number includes about a half-dozen staady users who
utilize the system every month and a group which changes in makeup from

month to month because of the sporadic needs of its members.




MONTH

1977
Jan.
Feb.
Mar.
Apr.
May.
June
July
Aug.
Sept.
Oct.
Nov.

Dec.

TABLE 1 - NALCON MACSYMA USAGE

Number of NALCON
Users in MACSYMA

System

10
10
10
10
10

10
11
13
17

18
29
33
36
36
37

Number of Active Total
NALCON Users in Connect
Current Month Hours
6 292
7 190
7 479
6 328
6 252
7 196
5 117
7 200
8 172
9 407
10 451
13 368
11 238
22 358
22 307
20 263
15 228
15 446

Total
Run

Minutes

164
112
412
342
94
76
41
68
106
388
734
366

83
186
125
185
210
586




APPLICATIONS BY LABORATORY

Five of the Navy laboratories have reported the application of
MACSYMA either directly of indirectly to the solution of Navy problems.
Some of this work has been formally reported in publicationlg’zo'u’zz’z3
and some in presentations (Appendix B, p. Bl13, Appendix C, pp. C8,C9).
The remainder have been informally reported in response to the surveys of
MACSYMA users. These applications are catagorized by laboratory and

application area in the following pages.
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Applications at David W. Taylor Naval Ship
Research and Development Center

1.

2.

3.

4

Structural Analysis

e Computation of symbolic integrals and polynomial coefficients for

nonlinear structural analysis.
Investigator: Myles Hurwitz, Code 1844

Analytic solution of a plane stress problem for a plate with holes
and reinforcements.
Investigator: Myles Hurwitz, Code 1844

Development of B-spline representations of curves and surfaces for
use with a data generator for finite element analysis.
Investigator: Dr. Feodor Theilheimer, Code 1802

Generating and plotting of biharmonic function and solutions to

boundary value problems involving biharmonic equations arising in

the structural analysis of reinforced plates with holes.
Investigator: Dr. E. Cuthill, Code 1805

Structural Test Planning

e Checking of a proposed method for placing sensors on a structure
test model by calculation of ASEM loads from a set of measured
strains.

Investigator: Ralph Johnson, Code 187
Acoustics
e Calculation of target strength reduction due to compliant coatings
on plates
Investigator: Dr. Thomas Eisler, Code !
e Study of acoustic radiation from structures with ribs
Investigator: Dr. Thomas Eisler, Code 19
e Study of attenuation of turbulent boundary layer noise by acoustic
blanket
Investigator: Dr. Thomas Eisler, Code 19
Logistics
e Symbolic solution of a set of balance equations arising from a

queueing-network representation of a computer system
Investigator: Dr. George Humfeld, Code 187




5. Aerodynamics

e Trial usage to investigate the applicability of MACSYMA to the
development of helicopter blade dynamic equations of motion
Investigator: Peter S. Montana, Code 1619

6. Graphic Display

e Generation of graphs for presentation and inclusion in report
Investigator: Dr. George Humfeld, Code 187

e Development of a specialized graph paper to be used in the pre-
diction of battery life
Investigator: Dr. George Humfeld, Code 187

7. Computer Program Development

e Performance of tedious algebra required to produce computer pro-
grams for the CDC 6600 in interactive graphics and fluid flow
Investigator: Mel Haas, Code 1843

e Solution of transformation equations used in a data base display

system
Investigator: Richard Van Eseltine, Code 1843

8. Numerical Methods

® Generating approximate solutions to differential equations, in
particular, solving boundary value problems using Galerkin and
Least Squares methods
Investigator: Dr. E. Cuthill, Code 1805
L.K. Meals, Code 1826

e Generating approximations to e * valid on an infinite interval
Investigator: Dr. E. Cuthill, Code 1805

o Generating high order difference equations used in research in the

study of turbulence phenomena
Investigator: Dr. E. Cuthill, Code 1805

e Generation of difference equations for operator compact implicit
methods for parabolic equations.
Investigator: Dr. E. Cuthill, Code 1805




Applications at Naval Research Laboratory
1. Wave Propagation

e Study directed toward finding intensity statistics for a multiple-
scatter model of wave propagation through a random medium
Investigator: Dr., W.S. Ament, Code 5404

e Study of scattering by corrugated dielectric surfaces
Investigator: Dr, W.S. Ament, Code 5404

2. Bifurcation Theory

e Solution of the Lyapunov-Schmidt branching equation in bifurcation
theory using symbolic techniques
Investigator: Dr. Abraham Schultz, Code 7932

3. Data Processing

o Development of a least squares processor for gated satellite
altimeter echoes
Investigator: Dr. W.S. Ament, Code 5404

4, Mathematical Modeling

e Manipulation of ordinary differential equations to be used in a
large numerical model of two-dimensional reactive flows in the
study of ignition and flame spread

Investigator: Dr. Walter Jones, Code 6750




Applications at Naval Coastal Systems Center

l. Electromagnetic Theory

e Solution of an eight by eight linear system arising in an electro-
magnetic boundary value problem

Investigator: Dr. Michael Wynn, Code 792

2. Mathematical Tools

e Checking the manual evaluation of a complicated contour integral
Investigator: Dr. Michael Wynn, Code 792

e Solution of differential equations and evaluation of integrals
Investigator: John F. MacDonald, code 753

3. Software Development

e Development of software for the PDP-11 and simulation of PDP-11
performance prior to hardware acquisition
Investigator: Paul Bishop, Code 751




Applications at Naval Weapons Center

1.

Electronic Networks

e Solution of electronic engineering network problems and analysis

of electronic circuits. Specific circuits for Navy Applications
were analyzed. A few representive circuits are those for general
amplifier using an accurate "emf source" model for a transistor,
Wein bridge oscillator, and for double tuned transformer. Some of
the circuits would have required 160 hours of error free hand
calculations to analyze. A sample circuit analysis was prepared
for distribution to electronic engineers who could benefit from
the MACSYMA approach.

Investigator: John G. Richer, Code 3134

@ Analysis of circuits of the Sidewinder missle control system

Investigator: Gerald E. Powell, Code 3621

16




Applications at Naval Underwater Systems Center

i ’ 1. Training

b e Preparation of a 45-60 minute presentation demonstrating the :
i capabilities of MACSYMA for NUSC applications.
i Investigator: R. Drew Drinkard, Code 4424

eI

:
!
ﬂ |
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T e b e e
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BENEFITS FROM MACSYMA USAGE IN THE NAVY LABORATORIES

EXTENDED ANALYTICAL CAPABILITY

The ready access to reliable automatic symbolic mathematical manip-

ulation provided by MACSYMA allows Navy scientists and engineers to solve

problems that would be otherwise impossible or impractical. Such problems

characteristically require long tedious mathematical operations to solve

and often are numerically unstable or require excessive computation for

numerical solution.

were

Some of the problems solved using MACSYMA in the Navy laboratories
of this nature. They include:

Symbolic solution of sets of balance equations from a queuing-
network representation of a computer system.

Finding intensity statistics for a multiple-scatter model of
wave propagation through a random medium.

Development of algorithms for singularity-free solutions of
field equations resulting from an action principle in pure field
theory.

Generating approximate solutions to boundary value problems.

Generating approximations to e ® valid on an infinite interval.

Computing symbolic integrals and polynomial coefficients for
nonlinear structural analysis.

Developing coefficients for finite difference operators on comp-
licated boundaries.

Solving for current in terms of voltage in a special circuit with
nonlinear element.

Analyses of tedious and complicated circuits.
Symbolic solution of a sparse 8 by 8 linear system.

Development of helicopter equations requiring extensive coordinate
transformations in symbolic form.

Manipulation and solution of difficult multivariate systems of
equations.

Solution of systems of second order differential equations.

18
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IMPROVED ANALYTICAL CAPABILITY

In addition to the extension of analytical capabilities it is also
important to improve existing capabilities. These improvements manifest
themselves in such benefits as time and cost savings, easier use, more
easily interpreted output, etc. Finding an analytic solution to a problem
can offer definite advantages over using a numerical approximation if the
solution must be evaluated for many values of the parameters. MACSYMA is
ideal for this type of application and offers other features such as its
plotting capability that can be used advantageously.

Some of the users of the NALCON MACSYMA have reported applications
that were done with MACSYMA more economically, faster, or otherwise better
than would have been possible without MACSYMA. These include:

. Development of specialized graph paper using MACSYMA interactive
plotting routine.

. Development of a model for exploring the behavior or various forms
of functions in approximating the solutions to differential equation
boundary value problems. The flexibility of input made possible by
the use of MACSYMA largely contributed to the practicality of this
approach.

« Generation and plotting of biharmonic functions and solutions to
boundary problems involving biharmonic equations.

« Generating plots of target strength vs frequency and pinging angle
of acoustic signal.

« Checking of complicated contour integral.

« Solution of an eight by eight linear system arising in an electro-
magnetic boundary value problem. Considerable time was saved through
the use of MACSYMA.

« Analyses of electronic circuits in much more detail than would
have been practical without MACSYMA.

« Differentiation and simplification of very complicated expressions
and determination of roots of high order polynomials.

« Generation of graphs and related data fitting for a technical report.
Work was done more economically both in time and cost than would have
been possible without the aid of MACSYMA.
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. Derivation of difference equations. Work requiring several days for
two senior analysts was done in an afternoon with MACSYMA.

. Algebraic simplification. Work was done more accurately with MACSYMA
than would have otherwise been possible in the allotted time.

INDIRECT ADVANTAGES

In addition to benefits gained through direct applications of MACSYMA
to Navy research and solution of Navy problems, there are other benefits
that are more obscure and less easily assessed but nonetheless important
in the overall functioning of Naval research and development carried out
in the laboratories.

By design, MACSYMA is a system that appeals to the higher level
scientists who develop approaches and methods but are frequently not
directly involved or interested in writing computer programs to implement
their work. The MACSYMA language and display are sufficiently similar to
general mathematical notation and response from MACSYMA is generally so
much better than hand operations that it is readily accepted and used by
scientists and engineers who would otherwise not use the computer in
their work.

Frequently a FORTRAN program may require many pages of instructions to
perform the required computations while a MACSYMA program to perform the
same computations requires less than one page. For exploratory calcula-
tions, this compactness of program is a distinct advantage.

The numerical methods used in a computer program are often dictated
by the requirement that the approximations must be set up manually. Use
of MACSYMA to set up the approximations allows more accurate, albiet less
simple, expressions to be used. For example, in series approximations
more terms of the series can be used with no visible additional effort.

Interest in MACSYMA provides a common ground for Navy scientists of
diverse disciplines to discuss methods they have developed that may be
helpful in fields other than their own. The desirability of such commun-
ication has long been recognized but any efforts to bring it about have

been virtually fruitless.
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Furthermore, since users of MACSYMA are drawn from both the academic
and the applied research and development areas, the communications facil-
ities associated with MACSYMA foster interchange of ideas between these
two communities of users and accelerate what is often a slow transfer of
technology.

MACSYMA is a resource which is not indigenous to any of the Navy lab-
oratories but is equally accessible to all by means of NALCON exclusi ly.
Moreover, it is the most advanced interactive symbolic manipulation capa-
bility available. The availability of MACSYMA tends to promote use of
NALCON and familiarization with NALCON protocol within the Navy labor-
atories and demonstrates that a centrally provided and maintained resource
can be made accessible to be shared by the entire laboratory scientific

engineering community to the benefit of all.
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FUTURE TRENDS

As MACSYMA becomes more widely known in the Navy Laboratories and as
its interface with numeric computation facilities is further developed,
its use will surely continue to increase.

At each of the laboratories there will most likely be a group of
scientists and engineers who use MACSYMA, a few on a fairly regular basis
and others sporadically when the course of their work demands. In both
cases, the capabilities of MACSYMA should extend the frontiers of Navy
research and development in areas that were formerly limited by human
capacity to perform the complicated and tedious mathematical derivations
necessary for more comprehensive investigation.

Although the effort during the past year in getting participation in
MACSYMA throughout the Navy Laboratories was highly successful, there are
still a few laboratories that are not participating. Since the MACSYMA
system frequently is carrying a capacity load during peak operating hours,
encouraging additional use of the system seems unwise as long as current
conditions prevail. However, there are steps being taken to expand the
facilities at MIT to accommodate more users. When this expansion has been
completed, a concerted effort will be made to get participation in MACSYMA
at all the Navy Laboratories.

The Navy has used NALCON membership in the MACSYMA consortium to pro-
vide some benefits to the scientific/engineering community of other
branches of the service by honoring requests to include a few of their mem-
bers in the MACSYMA course and a larger group in the NALCON MACSYMA news-
letter distribution. There have been recent requests from both the Army
and Air Force for participation in the NALCON MACSYMA consortium member-
ship. This indicates that NALCON activity in MACSYMA will very likely
extend beyond the Navy Laboratories.

During peak operating hours (1000 through 1500 Eastern time), the
MACSYMA system frequently reaches its capacity for accommodating users.
The effect on the user community is that response is slow and attempts
to sign onto the system are sometimes rejected. The Laboratory for Com-

puter Science at MIT is aware of these conditions and is in the process of
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expanding its facilities to accommodate more users by leasing 256K of
memory from September 1978 until a one million word memory is received
in January 1979. Additional disks are also expected to be added in
October 1978 to double the disk capacity. Efforts to encourage more
participation in MACSYMA in the Navy Laboratories have been limited as
long as the crowded conditions prevail but will be stepped up as soon as
the capacity of the system is expanded.

One of the major improvements that is currently under development
within MACSYMA is the interfacing of MACSYMA with the set of efficient
numerical computation subroutines well known as the IMSL (International
Mathematical and Statistical Library) routines. The inclusion of this
organized high quality set of numerical and statistical routines will
constitute a substantial extension of MACSYMA capabilities.

Among the ways in which MACSYMA is currently being used in NALCON
community is that of developing the algorithms and other mathematical
expressions to be used in FORTRAN programs on laboratory computers such as
the CDC 6000. Although it is possible to have expressions generated by
MACSYMA punched on paper tape at a teletype terminal and subsequently read
from the paper tape into the Navy laboratory computer, this process is,
to say the least, inconvenient. The Navy laboratory computer network is
in the process of developing a direct file transfer capability between
computers on the network. Current schedules call fof this to be available
in all NALCON computers by May 1979. By use of the direct file transfer
it will be possible to readily incorporate code generated with MACSYMA in
to programs that will run on the NALCON computers, thereby combining the
advantages of both.

In a recent paper, Brown and Hearnza discussed the interdependence
of symbolic computation and numerical methods. Their concluding statement
was "The impending marriage between these two ungainly disciplines will
not be based on either love or convenience, but on the mathematical found-
ation that they share and the rich variety of important practical problems
that neither can solve without the help of the other. In short, this is

an exciting research frontier with brilliant prospects."
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CONCLUSIONS AND RECOMMENDATIONS

The extension of human analytical capacity through symbolic manip-
ulation on a computer is especially valuable to scientists and engineers
in a research and development environment such as that found in the navy
laboratories. Among all the symbolic manipulation systems that have been
developed, MACSYMA is in many ways the most advanced, well maintained, and
readily accessible to all Navy laboratories.

Since July 1977 when NALCON joined the MACSYMA consortium, the number
of Navy MACSYMA users has steadily increased from nine to thirty seven.
Publication of three newsletters, individual contact and assistance, and a
NALCON MACSYMA course were factors in stimulating interest. Response to
each of three usage surveys was almost total and brought reports of applica-
tion of MACSYMA to Navy problems most of which would have been impossible,
impractical, more difficult, or more costly without this resource.

The stated objective of the MACSYMA Usage Experiment for NALCON
(Appendix A, p. AS5) was "to determine the benefits to the Navy laboratory
community of making a unique resource (MACSYMA-Project MAC’s Symbolic Man-
ipulator) available to the Navy laboratory community via NALCON." Consid-
erable progress has been made in fullfilling this objective and the
observed benefits are substantial. What has taken place is just a begin-
ning. There is potential for much greater benefits to be realized through
continuation of MACSYMA consortium membership and the broadening and
refining of the use of MACSYMA in the Navy Laboratory community.

Is it recommended that NALCON membership in the MACSYMA consortium be
continued and the exchange of information within the NALCON MACSYMA user
community and with the general MACSYMA community be encouraged and sup-
ported as needed.

It is further recommended that efforts to combine and exploit the
symbolic manipulative capability of MACSYMA and the numeric computational
capability of the NALCON computers be encouraged and supported.

Since NALCON is the only MACSYMA Consortium member in the Department
of Defense it is recommended that serious consideration be given to taking
action to make the Navy a focal point for MACSYMA use within the Depart-

ment of Defense.

24




ACKNOWLEDGMENT

The assistance of Dr. Elizabeth Cuthill who provided guidance and

resources for this report is gratefully acknowledged.




10.

11.

REFERENCES

Engleman, C., "MATHLAB 68," A.J.H. Morrell (Ed.) Information Proces-
sing 68, North-Holland, Amsterdam, pp. 462-467 (1969).

Engleman, C., "The Legacy of MATHLAB 68," Proceedings of the Second
Symposium on Symbolic and Algebraic Manipulation, Edited by S.R.
Petrick, Association for Computing Machinery, pp. 29-41 (Mar 1971).

Hearn, A.C., "REDUCE 2: A System and Language for Algebraic Manipula-
tion," Proceedings of the Second Symposium on Symbolic and Algebraic
Manipulation, Edited by S.R. Petrick, Association for Computing
Machinery, pp. 128-133 (Mar 1971).

Griesmer, J.H. and R.D. Jenks, "Experience with an On-line Symbolic
Mathematics System," Proceedings of the ONLINE 72 Conference, Vol. 1
Brunel University, Uxbridge, Middlesex, England, pp. 457-476 (Sep. 4-7
1972), (also available as IBM Research Report RC 3925, entitled "The
SCRATCHPAD System').

Greismer, J.H. et al., "SCRATCHPAD User's Manual," IBM Research Report
RA 70, IBM Thomas J. Watson Research Center, Yorktown Heights, N.Y.
(June 1975).

Greismer, J.H. and R.D. Jenks, '"SCRATCHPAD/1 - An Interface Facility
for Symbolic Mathematics,'" Proceedings of the Second Symposium on
Symbolic and Algebraic Manipulation, Edited by S.R. Petrick, Associa-
tion for Computing Machinery, pp. 42-58 (Mar 1971).

Hall, A.D. Jr., "The ALTRAN System for Rational Function Manipulation-
A Survey," Proceedings of the Second Symposium on Symbolic and Alge-
braic Manipulation, Edited by S.R. Petrick, Association for Computing
Machinery, pp. 153-157 (Mar 1971).

Collins, G.E., "The SAC-1 System: An Introduction and Survey," Pro-
ceedings of the Second Symposium on Symbolic and Algebraic Manipu-
lation, Edited by S.R. Petrick, Association for Computing Machinery,
pp. 144-152 (Mar 1971).

Morris, A.H., "Symbolic Algebraic Languages - An Introduction," NWL
Technical Report No. TR-2928, U.S. Naval Weapons Laboratory, Dahlgren,
VA. (Mar 1973).

Morris, A.H., "FLAP Programmers Manual," U.S. Naval Weapons Laboratory,
Technical Report TR-2558, Dahlgren, VA. (Apr 1971).

Martin, W.A. and R.J. Fateman, '"The MACSYMA System," Proceedings of
the Second Symposium on Symbolic and Algebraic Manipulation, Edited by
S.R. Petrick, Association for Computing Machinery, pp. 59-75 (Mar 1971).




12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24,

MATHLAB Group, '"MACSYMA Reference Manual, Version Nine,'" Massachusetts
Institute of Technology, Cambridge, Mass. (Dec. 1977).

Lewis, E., "An Introduction to ITS for the MACSYMA User," The MATHLAB
Group, Massachusetts Institute of Technology, Cambridge, Mass. (Jan.
1978).

MATHLAB Group, '"MACSYMA Primer," Massachusetts Institute of Technology,
Cambridge, Mass. (Oct 1977).

Martin, W.A., "Symbolic Mathematical Laboratory," Doctoral disserta-
tion, Massachusetts Institute of Technology, Electrical Engineering
Dept. (1967).

Moses, J., '"Symbolic Integration," Doctoral dissertation, Massachusetts
Institute of Technology, Mathematics Department (1967).

Meals, L.K., '"MACSYMA, A Resource for the Navy Laboratory Computer
Network'" DTNSRDC, Comp. Math. & Log. Dept., Dept. Report CMLD-77-04
1977).

"Proceedings of the 1977 MACSYMA Users Conference," NASA Conference
Publication CP-2012 (1977).

Ament, W.S., "Pure Field Theories and MACSYMA Algorithms", Proceedings
of the 1977 MACSYMA Users Conference, NASA Conference Publication CP-
2012 (1977) pp. 87-96.

Cuthill, E.C., "Rational Approximation to e X with Negative Real
Poles," Proceedings of the 1977 MACSYMA Users Conference, NASA Confer-
ence Publication CP-2012 (1977) pp. 131-144.

Cuthill, E.C. and L.K. Meals, "Application of MACSYMA in the solution
of Boundary Value Problems," Transactions of the Twenty-Third Confer-
ence of Army Mathematicians, U.S. Army Research Office, ARO Report 78-
1 (Feb 1978) pp. 515-539.

Ament, W.S., "Intensity statistics for Multiple-Scatter Model Via Com-
puter Symbol Manipulation", Effect of the Ionospere on Space Systems
and Communications, John M. Goodman Ed., Naval Research Laboratory
Publication (1975) pp. 283-285.

Hurwitz, M., "New Large Deflection Analysis for NASTRAN", Sixth
NASTRAN Users Colloquium, NASA Conference Publication CP-2018 (1977)
ppP. 235-255.

Brown, W.S., and A.C. Hearn, "Applications of Symbolic Algebraic Com-

putation," Computing Science Technical Report No. 66, Bell Labora-
tories, Murray Hill, N.J. (Jan 1978).

27

i e e R, Bk ekl B s i s b




i THIS PAGE INTENTIONALLY LEFT BLANK

28




APPENDIX A
NALCON MACSYMA NEWSLETTER 1

Contents
Section Page
I- lntroduction...l.....t...0-0-.0-...'.0."..00...0.00....0 1
II - H’lat Can MACSYMA Do fOl‘ YOU................-..........-.. 3
III i The MACSYMA USB@ Experiment fOl’ NALCONIQQOOOOOOOOOIIOCIU 5
Iv - MACSYMA Users Conference Proceedings Now Available....... 6
V - MACSYMA References and Information..cceccceecccccccccccces 10
VI - In the Navy Lms....l'll......‘.....O....Cl......l...l..l 11
Section I
Introduction

This Newsletter is intended to disseminate information about
MACSYMA (Project MAC's Symbolic Manipulation System for performing
symbolic as well as numerical mathematical manipulations) among
members of the Navy Laboratory community.

On page 16 of this first issue is a questionnaire. The response
to the questionnaire will be used to compile a distribution list for
future issues of the newsletter. PLEASE RETURN THE QUESTIONNAIRE IF
YOU WANT TO CONTINUE TO RECEIVE THE NEWSLETTER!

The newsletter will cover such topics as MACSYMA Capabilities,
including Language, Utility and Network features, progress on the
MACSYMA Experiment, MACSYMA reference materials including Conferences,
Publications, usage and applications of MACSYMA in the Navy
Laboratories, and exchange of information among MACSYMA users.

Al
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How it All Started

A Navy Laboratory Computer Network (NALCON) was authorized by
SECNAV Instruction 5420.176 on Interlaboratory Computing dated
8 October 1974 with the following major goals:

Interconnection of all Navy laboratory major computers, ready
availability of computer resources at all laboratories to all Naval
laboratory scientists and engineers, establishment of centers of
excellence in designated service areas for which there is wide usage
or need and for which specialization would provide more effective
service or reduce costs, provision of coordinated planning and orderly
growch of computing power within the laboratories.

A NALCON Experiment to determine the impact of computer
networking on the Navy laboratories was set up for FY 77 and FY 78 in
three parts:

The General Usage Experiment
The Technical Experiment
The Management Experiment

One component of the Technical Experiment to demonstrate resource
sharing is the MACSYMA Usage Experiment intended to enrich the
mathematical computing resources of the laboratories. The plan for
the MACSYMA Usage Experiment, which includes publication of this
newsletter is reoroduced in Section III.

NALCON will use ARPANET (a computer network developed by the
Advanced Research Projects Agency of the Department of Defense) as a
communication media. MACSYMA is a resource of ARPANET being made
available via membership in a consortium. NALCON has joined this
consortium. Navy Laboratory scientists will have free access to
MACSYMA until May 1978 to explore its capabilities and application to
Navy problems. In return, information concerning the usage,
experience, and benefits derived will be solicited for this experiment
report. (See Section III).

A2
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Section II

What Can MACSYMA Do for You

MACSYMA, developed under the direction of Prof. Joel Moses at
MIT, has been described as an automated mathematical co-worker. It
can handle both symbolic and numerical mathematics. It is an
interactive system that can be accessed from a wide variety of
terminals including plotting terminals, such as the Tektronix.
General ly speaking, the "knowledge" built into the MACSYMA system
represents the most advanced techniques and algorithms and is
continual ly being updated by researchers and "system hackers" of the
MATHLAB group in the Laboratory of Computer Science (formerly Project
MAC) at MIT. MACSYMA is maintained only on the MATHLAB computers at
MIT but it can be used from any terminal that has access to NALCON (or
more generally ARPANET). The following is a list of the principal
capabilities of MACSYMA. More detail is given in the references cited
in Section IV. A few of these capabilities are demonstrated on page
4 in a reproduction of part of a terminal session with MACSYMA.

Capabilities of MACSYMA

Variable precision fixed and floating point arithmetic
Two-dimensional display of expressions
Rational function manipul ation
Trigonometric function manipulation
Power series manipulation

Matrix manipulation

Integration subsystems

Factorization of polynomials

Pattern matching

Noncommutat ive operations

Tensor manipul ation

Laplace and inverse Laplace transforms
Special functions

Plotting

Series summation

Definition of functions

String and list processing

FORTRAN output

Interactive capabilities

Continuing system maintenance

A3
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Section III

The MACSYMA Usage Experiment for NALCON

1. Objective: To determine the benefits to the Navy Laboratory Community
of making a unique resource (MACSYMA - Project MAC's Symbolic Manipulator)
available to the Navy Laboratory Community via NALCON.

2. Procedure:
a. ldentify individuals with applications for MACSYMA at the Navy
Laboratories and provide them with documentation on the MACSYMA system

along with instructions for accessing it.

b. Make MACSYMA courses available to interested Navy Laboratory
personnel.

c. Identify and document Navy applications of MACSYMA.

d. Prepare and publish a Newsletter for potential and actual Navy
MACSYMA users.

e. Collect data from MACSYMA accounting files and directly from
Navy MACSYMA Users and prepare a report assessing the benefits of MACSYMA
to the Navy Laboratory community. The data to be collected includes:

A history of MACSYMA usage by Navy Laboratories

® Applications of MACSYMA by Navy Laboratories

e The impact of the availability of MACSYMA on these applications -
in particular -

(1) Calculations performed and problems solved that would
have been impossible or impracticable without MACSYMA.

(2) Calculations performed and problems solved that were
done better (more economically, more completely, more
expeditiously) with MACSYMA

(3) Calculations performed and problems solved for which
MACSYMA offered no significant advantage.

The final report on the experiment will also include information on
problems in the usage of MACSYMA and suggestions for improvement of
MACSYMA for Navy applications along with the estimated impact of the
implementation of those suggestions on the Navy Laboratory Community.

AS
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Section IV

MACSYMA Users Conference Proceedings Now Available:

The First MACSYMA Users Conference was held at the University of
California at Berkeley, July 27-29, 1977 with 89 attendees. Richard
Fateman of the University of California at Berkeley was General
Chairman and Carl Andersen of the College of William and Mary in
Virginia was Program Chairman. The conference proceedings containing
the papers presented at the conference has been published as a- NASA
Report:

"Proceedings of the 1977 MACSYMA Users Conference,"
NASA CP-2012 1977.

and is available for $12.50 from National Technical Information
Services Springfield, Virginia 22161.

The table of contents of that report is reproduced here to give
an idea of the scope of work presented. Included were papers on
algorithms and techniques for doing symbolic mathematics on a
computer, on various MACSYMA capabilities, on user aids for MACSYMA,
on applications of MACSYMA, and on some exciting work in computing
closed forms for sums. Two of these papers, numbers 10 and 14, were
by Navy authors. Their summaries are included in Section IV.
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RAY TRAJECTORIES IN A TORUS: AN APPLICATION OF MACSYMA TO A

COMPLEX NUMERICAL COMPUTATION. . . . . . . RS At
John L. Kulp, Research Laboratory of Electron1cs and
Plasma Fusion Center, MIT

APPLICATION OF MACSYMA TO FIRST ORDER PERTURBATION THEORY
IN CELESTIAL MECHANICS o« o =« o & o o o o « o o G gl sVl L
John D. Anderson and Eunice L. Lau, Jet Propulsion Laboratory

SYMBOLIC COMPUTATION OF RECURRENCE EQUATIONS FOR THE CHEBYSHEV
SERIES SOLUTION OF LINEAR ODE'S. « v ¢ ¢ ¢ ¢ ¢ o o o o o o &
K.0. Geddes, University of Waterloo

. *% #* %
ein(x) 2+ co8(x) 22 )i ¢« o v ¢« v ¢ v v 5« “ s 0w w v W
David R. Stoutemyer, University of Hawaii

MATRIX COMPUTATIONS IN MACSYMA . . . . . « ¢« « &« « & R
Paul S. Wang, Laboratory for Computer 501ence, MIT

SYMBOLIC COMPUTER VECTOR ANALYSIS. . &+ ¢ ¢ ¢ ¢ ¢ o o o o o &«
David R. Stoutemyer, University of Hawaii

A NATURAL WAY TO DO SPATIAL LINEAR GEOMETRY IN MACSYMA . . .
Juan Bulnes, Stanford Artificial Intelligence Laboratory
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Section V

MACSYMA References and Information:

An excellent discussion of the philosophy, goals and early
achievements of the MACSYMA system is given in the following
reference.

Martin, W.A. and Fateman, R.J., "The MACSYMA System", Proceedings
of the Second Symposium on Symbolic Algebraic Manipulation, S.R.
Petrick, editor, Association for Computing Machinery, March 1971,
pp 59-75.

These Proceedings were copyrighted in 1971 by the ACM Special Interest
Group on Symbolic and Algebraic Manipulation and were obtainable for
$15.00 per copy from Association for Computing Machinery, 1133 Avenue
of the Americas, New York, New York 10036.

Another reference that gives an overview of MACSYMA capabilities
and some of its applications is

L.K. Meals, "MACSYMA - A Resource for the Navy Laboratory
Computer Network", David W. Taylor Naval Ship Research and
Development Center, Computation, Mathematics, and Logistics
Department, Departmental Report CMLD-77-04 (January 1977).

A limited number of copies are available from the author, Code 1826,
David W. Taylor Naval Research and Development Center, Bethesda, MD,
20084.

A "must" for anyone who wants to use MACSYMA are the three
following references.

MATHLAB Group, "MACSYMA Reference Manual, Version Eight,"
Massachusetts Institute of Technology, Cambridge, Mass.
(Nov. 1975) or version nine (July 1977).

Lewis, E., "An Introduction to ITS for the MACSYMA User," The
MATHLAB Group, Massachusetts Institute of Technology, Cambridge,
Mass., (July 25, 1977).
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MATHLAB Group, "MACSYMA Primer", Massachusetts Institute of
Technology, Cambridge, Mass., (July 21, 1977).

These can be obtained by contacting Dr. E. Cuthill, Code 1805,
or K. Meals, Code 1826, David W. Taylor Naval Ship Research and
Development Center, Bethesda, Maryland 20084.

Another very useful document for new users of MACSYMA is entitled
"MACSYMA Notes". It is a guideline one can follow at a terminal to
access MACSYMA and to explore MACSYMA capabilities described and
demonstrated in MACSYMA files. This document can also be obtained
from Dr. Cuthill, Code 1805, DTNSRDC or K. Meals, Code 1826, DTNSRDC.

Section VI

In the Navy Labs:

MACSYMA is available now via ARPANET to any member of a Navy
Laboratory who wants to try it. For information on how to get access
to MACSYMA contact your laboratory's NALCON representative. A list of
the Laboratories and their respective NALCON representatives and
current users follows. If we have missed any Navy Users, please let
us know.

DTNSROC MACSYMA Users
Frank Brignoli E. Cuthill
David W. Taylor Naval Ship Research M. Haas

and Development Center M. Hurwitz
Code 1826 K. Meals
Bethesda, Maryland 20084 F. Theilheimer
AVON: 287-1618--(202)227-1618
NCSL
Dave Brown P. Bishop
Naval Coastal Systems Lab D. Brown
Code 731E
Panama City, Florida 32401
AVON: 436-4112 pr 436-4132
(904)234-4112(4132)
NRL
Anita Skelton W. Ament
Naval Research Lab R. Krutar

Code 4223.12
4555 Overlook Ave., S.W.
Washington, D.C. 20375
(202)767-3190

All
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NUSC

John McGilvary

Naval Underwater Systems Center
Code PA-41

Fort Trumbull

New London, Conn. 06320

AVON: 636-2991--(203)442-0771

NSWC/WOL

Robert D. Archer

Naval Surface Weapons Center
Code 332

White Oak

Silver Spring, Maryland 20910
(202) 394-1909 or 1745

NSWC/OL

E.P. Stemple

Naval Surface Weapons Center
Cade KOE

Dahlgren Lab

Dahlgren, Virginia 22448
AVON: 249-8178--(703)663-8178

NWC

John Zenor

Code 4030

Naval Weapons Center

China Lake, California 93555
AVON: 245-3817,3888--(714)9 39-3888

NOSC

Bob Unger

Code 4535

Naval Ocean Systems Center
San Diego, California 92132
AVON: 933-2721--(714)225-2721

J.G. Noel

Code 5200

Naval Ocean Systems Center
San Diego, California 92132
AVON: 933-6011--(714)225-6011

NADC

Ted Calkins

Code 8522

Naval Air Development Center

Warminster, Pennsylvania 18974

AVON: 441-2424/98/19--(215)672-9000x2424/98/19
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Three papers on MACSYMA Applications were given by Navy
Laboratory personnel and have appeared or will appear in conference
proceedings. The first two, by Ament and by Cuthill, were given at
the First MACSYMA Users Conference at the University of California in
Berkeley in July and appeared in the Proceedings mentioned in Section
IV. The third paper, by Cuthill and Meals, was presented at the 23rd
Conference of Army Mathematicians held at NASA Langley Research Center
in April 1977. It will appear in the Proceedings of that Conference.
Summaries of these three papers follow.

PURE FIELD THORIES AND MACSYMA ALGORITHMS - William S. Ament

A pure field theory attempts to describe physical phenomena
through singularity-free solutions of field equations resulting from
an action principle. The physics goes into forming the action
principle and interpreting specific results. Algorithms for the
intervening mathematical steps are sketched. Vacuum general
relativity is a pure field theory, serving as model and providing
checks for generalizations. The fields of general relativity are the
10 components of a symmetric Riemannian metric tensor gj;. Algebraic
properties of gj;j are exploited in top-level MACSYMA commands toward
performing some of the algorithms of that generalization. The
light-cone for the theory as left by Einstein and Straus is found and
simplifications of that theory are discussed. Attention is called to
the need for spinor theories; the algebra of gj j may help in their
construction.
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RATIONAL APPROXIMATION TO e~X WITH NEGATIVE REAL POLES
-=- Elizabeth Cuthill

This note describes an application of MACSYMA to the generation
of an expansion in terms of Laguerre polynomials to obtain approxima-
tions to e=* on (0, ) of the form

P

(h+3)

Here P, is a polynomial of degree m-1 in x. These approximations are
compared with those developed by Saff, Shonhage, and Varga [1].
Theirs are optimum Chebyshev approximations. In particular, a
comparison of the maximum errors in the Chebyshev sense showing the
superior performance of the approximations in [1] when this norm is
used, while the approximations developed in this paper are superior
when mean square errors are compared.

Kaufman and Taylor [2] consider approximations to e~X of the form

P
» _
(1+B]x) (1+Bzx)fi.11+8mx)

where B)},...,By are positive real numbers. In this note we also
consider the expansion of e=X(1+B)x)... 1+Bpx) in terms of Laguerre
polynomials. The first few terms of such an expansion are derived
with MACSYMA.

1. Saff, E.B.; Schonhage, A.; and Varga, R.S.: Geometric Convergence
to e=X by Rational Functions with Real Poles. Numer. Math. 25,
1976, pp. 307-322.

2. Kaufman, E.H., Jr.; and Taylor, G.D.: Best Rational
Approximations with Negative Poles to e~X on [0, ®). To appear
in Pade and Rational Approximations: Theory and Applications
(E.B. Saff and R.S. Varga, Eds), Academic Press, Inc.
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APPLICATION OF MACSYMA IN THE SOLUTION OF BOUNDARY VALUE PROBLEMS
Dr. Elizabeth Cuthill and L. Kenton Meals

ABSTRACT. MACSYMA (Project MAC SYmbolic MAnipulation System) is used
to develop a number of solutions for a sample linear boundary value
problem, and results are compared.

A brief outline of MACSYMA capabilities is given, followed by a
general description of the class of problems treated, and the specific
boundary value problem of this class used to exemplify the application
of MACSYMA.

A brief overview of the approach to solution with MACSYMA and a
MACSYMA demonstration of this approach for one approximate solution of
the sample problem is given.

Ten approximations to the solution of the boundary value problem

obtained using MACSYMA, are compared with the true solution by means
of MACSYMA-generated error curves.
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QUESTIONNAIRE

Keep my name on the distribution 1ist for NALCON MACSYMA Newsletter

(signed)

Add the following names to the distribution list for NALCON MACSYMA
Newsletter.

Name

Address

Name

Address

I would be interested in attending a 2 or 3 day course on MACSYMA

Yes No

Suggested items for future issues of NALCON MACSYMA Newsletter

Please return to: L. K. Meals
Code 1826
David W. Taylor Naval Ship R&D Center
Bethesda, MD 20084
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APPENDIX B

NALCON MACSYMA NEWSLETTER 2

Contents

Section Page
I - IntroductionNeccccceccocccccsooscsscsscssscssscscccsnccnss I
I1 - The MACSYMA COUTSE@ccecccecsscscsccccossscsoscccscsssssoncscs 2
III - Summary of NALCON MACSYMA Usage Oct=Nove 1977¢¢eseees 5
IV - MACSYMA Applications in the Navy LabSececccececceccees 12
V = NALCON MACSYMA USErSececccscccccscccccscsossosscscscssscnccce l&

VI-MACSYMA ReferenCES....oooooo'loo..o.o.o..co...loo-.o 15

SECTION I

Introduction

This Newsletter is intended to disseminate infor-
mation about MACSYMA (Project MAC’s Symbolic Manipula-
tion System for performing symbolic as well as
numerical mathematical manipulations) among members of
the Navy Laboratory community.

It will cover such topics as MACSYMA Capabilities,
including Language, Utility and Network features,
progress on the MACSYMA Experiment, MACSYMA reference
materials including Conferences, Publications, usage
and applications of MACSYMA in the Navy Laboratories,
and exchange of information among MACSYMA users.

Readers are invited to submit material along these
lines for publications.
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SECTION II

The MACSYMA Course

A three-day course in MACSYMA was held at DTNSRDC
on February 6 thru February 8, 1978, Despite the
blizzard that struck the east coast on February 6,
there were thirty-five (35) attendees at the course.
The following installations were represented: Naval
Research Laboratory, Naval Coastal Systems Laboratory,
Naval Underwater Systems Center, David W. Taylor Naval
Ship R&D Center, U.S. Army Watervliet Arsenal, National
Bureau of Standards, Johns Hopkins Applied Physics
Laboratory, and Operations Research Inc., a Navy
contractor.

The instructors, Michael Genesereth and
Jeffery Golden of the Math lab Group in the Laboratory
for Computer Science at MIT presented in the three-
day period essentially the same course they have
given to students at MIT over a period of several
weeks. Problems were distributed and eight terminals
were reserved for class use during the three-hour
break between morning and afternoon sessions. MIT
provided a special login name and password for access
to MACSYMA by participants in the course. A total
of 49 hours and 34 minutes of connect time and 16
minutes and 7 seconds of run time were used by the
class.

On the final day, four of the experienced
MACSYMA users described problems in which they had
applied MACSYMA.

George Humfeld presented an application to
battery life study where he used the plotting
capability to generate graph paper on which the
functions of interest would plot into straight
lines for easy extrapolation. He also distributed
instructions for using his plotting programs.
Myles Hurwitz described a structural analysis
application which involved solving an overdeter-
mined system of linear equations by an orthonor-
malization technique set up as a MACSYMA block
function.
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Dr. Theilheimer described the development of cubic
splines using the versatility of MACSYMA function
definition to satisfy the conditions for knots in the
spline. Dr. Ament described an approach he is taking
with MACSYMA on a problem involving reflection and

refraction of electromagnetic waves through ocean surface
waves.

In the final session some of the mysteries of
unexpected responses from MACSYMA were revealed and a
bit of insight was given into some of the design and
development of the MACSYMA System.

Page 4 is a copy of the final agenda for the
course. A list of materials that were supplied to
attendees is included under MACSYMA References in
Section VI.

The special login name and password used in the
course will be disccatinued. Persons signing onto

MACSYMA using this special login name will receive the
following message:

NAVY will be phased out as a signon ID by
March 5. If you wish to continue using
MACSYMA please contact:

E. Cuthill at telephone 202-2271645 or
by message to ELIZC

or K. Meals at telephone 202-2271622 or
by message to KM

to get your own ID.
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INSTRUCT

6 Feb

8 Feb

.... There will be
Signup sheets

Bldg

191
191
191
192

HWN —
DR

MACSYMA Course

February 6-8, 1978

DAVID W. TAYLOR NAVAL SHIP R&D CENTER
Bethesda, MD 20084

Building 191 - Conference Room

ORS -- Michael R. Genesereth; Jeffery P. Golden
(Laboratory for Computer Science,
Massachusetts Institute of Technology)

0900-1100

1100-1400
1400-1600

0900-1100

1100-1400
1400-1600

0900-1100

1100-1400
1400-1600

SCHEDULED SESSIONS

Introduction to MACSYMA and the system
Automatic and non-automatic simplification of expressions

Lunch / Terminal Signup Sessions

MACSYMA as a programming language
Multiple internal representations and the consequences

Mechanism for evaluation and simplification
User aids, maxims for MACSYMA usage, and secondary storage

Lunch / Terminal Signup Sessions

Plotting with MACSYMA
The editors TECO and EMACS

Discussion of special problems

SPEAKERS: W. Ament NRL
G. Humfeld DTNSROC
M. Hurwitz DTNSRDC

F. Theilheimer DTNSRDC
Lunch / Terminal Signup Sessions

Highlights from consultation sessions

ADDITIONAL INFORMATION

8 terminals reserved for class use from 1100-1400 daily.
will be provided. Locations and terminal types are:

Room Terminal Type Bldg Room Terminal Type
Conf. T.I. Silent 5. 17 104 GE Terminet
131 T.I. Silent 6. 17 104 GE Terminet
131 Dataphone 4800 7. 17 202 Spintronic
104 TEKTRONIX 4015-1 8. 17 202 TEKTRONIX 4015

.... CAFETERIA LUNCH HOURS ARE: 1100 - 1300
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SECTION III

Summary of NALCON MACSYMA Usage Oct.-~Nov. 1977

The introductory free use of MACSYMA as a resource
of the Navy Laboratory Computer Network is part of the
MACSYMA Usage Experiment for NALCON described in
Section III of the first NALCON MACSYMA Newsletter
(21 Oct 1977). One of the requirements of this
experiment is a report assessing the benefits of
MACSYMA to the Navy Laboratory community. The first
bi-monthly questionnaire was sent on 6 Dec 1977 to
each of the ten users who had an ID on the NAVY users
file in MACSYMA and had used the system between
1 Aug and 30 Nov 1977. Total time from the MIT
MACSYMA accounting file was supplied to each user
along with the questionnaire. A summary of questions
and responses follows.

MACSYMA USAGE RESPONSE FORM

. NAME: All Navy Users (10)
. ID:
. USAGE PERIOD: 1 October - 30 November 1977
(1 user 1 August - 30 November)
¢ CONNECT TIME: 35 Days 20 Hours 4 Minutes
(860.067 Hours)

. RUN TIME: 18 Hours 41 Minutes 46 Seconds
. Are the above times approximately correct? Yes
. Indicate percentage of time for each:
13.4 Training
4.1 Demonstration
68.6 Research and Development of Techniques
13.6 Direct Navy Application

(Insert your own categories if none of
the above apply)

«3 Other
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. Briefly describe each of the applications, research,

and/or technique developments. Indicate, if possible,

the additional MACSYMA connect and run time which may

be required for each.

1. Solved symbolically sets of balance equations
from a queueing~network representation of a computer
system.

2., Developed specialized graph paper using MACSYMA
plotting capability and also generated illustrations
for a report.

3. Used MACSYMA in study toward finding intensity
statistics for a multiple-scatter model of wave
propagation through a random medium.

4. Developed a least-square orthonormalization
program and procedures for its use.

5. Checked a technique for locating sensors on a
structural model.

6. Generated approximate solutions to differential
equations - boundary value problems using various
methods including Galerkin, least squares, etc.

7. Generated higher order difference equations.

8. Generated approximations to emk valid on an
infinite interval.

9. Generated and plotted biharmonic functions and
solutions of BV problems involving biharmonic
equations.

10. Calculated target strength reduction due to
compliant coatings on plates.

11. Checked a complicated contour integral.
12. Solved an 8 x 8 linear system arising in EM
boundary value problem with considerable saving

of time.

13. Computed symbolic integrals and polynomial
coefficients for NASTRAN non-linear project.
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14, Solved analytically a plane stress problem for
a plate with holes and reinforcements.

15. Solved a number of trial problems connected with
B-spline representation of curves and surfaces.

16. Used MACSYMA to perform tedious algebra used in
CDC 6000 programs for interactive graphics and fluid
mechanics.

17. Developed software for the PDP-11 and simulated
its use.

- Are you considering any additional MACSYMA applications?
8 positive responses with the following comments

1. Algebra for second-order scaling in a classified
problem.

2. Algebra for EM waves in magneto plasmas.

3. Algebra and series expansions for some EM wave
propagation problems.

4, Simple modelling of a towed vehicle stability
augmentation control system.

5. Some problems in propeller design.

6. "I would hope that MACSYMA would always be
available as a tool."

. Did you, or do you expect to publish or report any
work in which MACSYMA was used? If so, please
furnish identifying information.

1. The three papers whose abstracts appeared ir
Section VI of the first NALCON Newsletter (21 Oct 1977).

2. MACSYMA use in developing specialized graph paper
and graphs using MACSYMA will appear as an appendix
in a report to the sponsor of a study.
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3. A TM is being written on target strength reduction
due to compliant coatings on plates where MACSYMA was
used for the calculation.

4, "New Large Deflection Analysis for NASTRAN" by
Myles M. Hurwitz, was presented at the 6th NASTRAN
Users’ Colloquium held at Lewis Research Center,
Cleveland, Ohio, Oct 4-6 1977.

5. "Intensity Statistics for a Multiple-Scatter

Model Via Computer Symbol Manipulation" by W.S. Ament
published in Effect of the Ionosphere on Space Systems
and Communications, John M. Goodman, Ed. Naval Research
Laboratory document based on Ionosphere Effects
Symposium held in Crystal City, Arlington, Va.

Jan. 20-22, 1975.

. Have you done work that would have been impossible or
impractical without MACSYMA? If so, describe briefly.

1., Symbolic solution of sets of balance equations
from a queuing-network representation of a computer
system.

2. Finding intensity statistics for a multiple~scatter
model of wave propagation through a random medium.

3. Developing algorithms for singularity-free solutions
of field equations resulting from an action principle
in pure field theory.

4. Generating approximate solutions to boundary
value problems.

5. Generating approximations to e * valid on an
infinite interval.

6. Computing symbolic integrals and polynomial
coefficients for NASTRAN nonlinear project. Expressions
are extremely complex and virtually impossible to solve
by hando

7. Developing coefficients for finite difference
operators on boundaries that would be too complicated
to do easily and error free by hand.
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1.

Have you done work that was done better (more economi-
cally, completely, expeditiously) with MACSYMA? 1If
8o, describe briefly.

The interactive graphics of MACSYMA allowed real

time development of specialized graph paper making
the effect of adding and dropping lines immediately
apparent.

2.

Ability to set up and change defining expressions

for input to approximation programs made much more
generality of application possible in generating
solutions to differential equation boundary value
problems.

3.

Generated and plotted biharmonic functions and

solutions to boundary value problems involving
biharmonic equations.

4.

Generated plots of target strength NS frequency

and pinging angle.

5.

6'

Checked complicated contour integral.

Considerable time was saved in solving an 8 x 8

linear system arising in EM Boundary Value problem.

7.

Avoided Gaussian quadrature by computing symbolic

integrals with MACSYMA for NASTRAN non-linear project.
Time required for this portion of analysis was reduced
by a factor of 4.

1.

Has MACSYMA offered any other significant advantages
in the performance of your work? If so, describe
briefly.

Offers quick and accurate way to perform or check

matrix manipulations, differentiations, integrations
and algebraic operations.

2.

3.

4.

More flexible than FORTRAN.
Matrix handling.

The ability to do algebra quickly and accurately

allows higher order approximations to be built into
numerical computations.
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. List any suggestions you have for improvement of
MACSYMA.

l. More work space.

2. .Make GRIND give syntax as exactly as possible.
3. Incorporate more features of APL.

4., Comments on clarification of system messages,
documentation and reliability most of which were

resolved in the MACSYMA course and the new MACSYMA
Manual.

. What features of MACSYMA do you find of most value
to you?

1. Interactive mode and direct help from MIT personnel.

2. Plotting.
3. Matrix handling.

4, Algebraic manipulation and simplification including
rational function manipulation and simplification.

5. Symbolic differentiation, integration, substitution.

6. Generality of mathematical operations and wealth
of available commands.

. What other symbolic manipulation systems have you
used? How does MACSYMA compare with them?

Only 3 had used any other system. Two had tried IAM,
two had used FORMAC, and one had used REDUCE. All
agreed that MACSYMA has far more capabilities than
any other system they have used.
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. List any suggestions for improving this questionnaire
and/or for helping the user community.

1. Include address where responses to questionnaire
should be sent.

2. More clarity and compactness in manuals.

3. Prepare a simple user-oriented handbook similar
to the NLS quick reference or NCSC B5500 user guide.

4. MACSYMA course.

Se Better dissemination of vital information to users.
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SECTION 1V

MACSYMA Applications in the Navy Labs

A. "Intensity Statistics for Multiple-Scatter Model
Via Computer Symbol Manipulation" by W.S Ament,
Code 5404 NRL, Effect of the Ionosphere on Space

Systems and Communications John M. Goodman, ed. NRL
1975.

In propagating through a random mediuxz, an
inicially coherent wave becomes increasingly
random with distance D from its source. But
the field can get no more than totally random,
i.e., Rayleigh-distributed. Here the meen-
square intensity I, becomes twice the square of
the mean intensity 1j. Theories of multiple
scattering should predict I, for large enough D
that the Rayleigh result is visibly approached.

The simplest non-trivial problem of this
class has a plane, two dimensional, coherert
wave incident at D = 0 on a halfspace contain-
ing phase shifting screens. The phese-shifts
are correlated in transveree u,v-directions
but not along the D axis. The process ii des-
cribed by a function Ffu,v,D) satisfying »2

L, rdw, - {2 + clutv) +
4+ C(u-v) - 2C(u) - 2¢(v) } )

Here H is mean-gquare phase shift in a ray
parallel to the D-axis; C(u), with C(0) = 1,
is this phase shift's normalized correlation
in the transverse u direction. Thus the ampli-
tude of the coherent wave falls off in D > 0
as exp(-HD/2) while on the present 'parsbolic’
assumptions of forward scatter only, the total
intensity Iy remains constant at all depths D.
Function F(u,v,D) describes the intensity
statistics, with I,(D) = F(0,0,D), and with
F(u,0,D)/F(0,0,D) the normalized single-
frequency intensity correlstion function for
transverse antenna separation u.

We teport some considerations and a few
preliminary results of computer symbol manip-
ulations toward finding the intensity statis-
tics, particularly aimed at the behavior of
F(0,0,D) for large D. Reported calculations
were done with the MACSYMA symbol-manipulating
program, reached at M.I.T. via teletype.
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B. Circuit Analysis

Seven circuits have been analyzed using MACSYMA.
The three described below are representative samples.
Work was performed by John G. Richer, Code 3134,
Naval Weapons Center and was used by him in a presentation
at NWC during the week of Feb. 6.

1. GENERAL AMPLIFIER ANALYSIS USING ACCURATE MODEL FOR
TRANSISTOR.

ihe ciurves from which the transistor characteristics were

obtained were generated using MACSYMA. They are interesting

because they are in the relatively low current region
characterized by high collector resistance and low beta.
This circuit, for variety, does not use the popular
"current source" model for a transistor, but uses the
"enf source" model. In a vacuum tube, the amplification
factor (u), is the ratio of change in plate-cathode emf
to the change in grid-cathode emf for a constant plate
current. In a transistor, the amplification factor

(u ) is the ratio of change in collector-emitter

emf to the change in base CURRENT for a constant
collector current (thus the fact that a transistor

is a current operated device is not lost). In the region
over which the curves were obtained, beta was near 100
and collector resistance was 100,000 ohms. The u, is
the product of these 2 quantities, or 10" volts
(coll-emit) per amp (base).

2. WIEN BRIDGE PLUS OSCILLATOR (Wien bridge oscillator)
The Wien bridge is analyzed and it is shown that at
"resonance" ie; omega equal to 1/RC, the bridge has a
gain of 1/3. The expression for gain of an oscillator
was obtained by inserting an emf source (ES) into the
"inverting" line. The Wien bridge feeds the '"non-
inverting"”" line. 1In the expression for gain it is

noted that if one sets the RC equal to the X and the op
amp gain (u) to essentially infinity, that thie denominator
becomes zero when RA equals twice RB (which yields a gain
of 3 for the non-inverting signal from the Wien bridge)
giving a loop gain of one for the Wien bridge-op
amplifier combination.

3. DOUBLE TUNED TRANSFORMER This one is interesting
because it demonstrates the well known double peaked
response of the overcoupled double tuned transformer
purely by network theory. The solution would be
impracticably long and ardous by hand. It could be
carried out by hand only if the performer were error

free. The solution (in algebraic form) and the additional
work to obtain a plot testifies to this.
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AMENT
BJ
CAHM
CARTF1
CHWA
CMH
CMLEE
DBNCSL
DRINK
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ELIZC
FTHEIL
HARR
JFJM
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MEL
MIKWYN
MYLES
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PCB
POWELL
RICHER
RVE
WWJ

SECTION V

NALCON MACSYMA USERS

Name

Dr. William Ament
Ralph B, Johnson

Dr. George Humfeld
Dr. Forrest L. Carter
William R. McCreight
Dr. Cha-Mei Hui

Dr. Choung M. Lee
David Brown

R. Drew Drinkard

Dr. Thomas Eisler

Dr. Elizabeth Cuthill
Dr. Feodor Theilheimer
William Harr

John F. MacDonald

L. Kenton Meals

Dr. Rudolph A. Krutar
Warren E. Loper

Mel Haas

Dr. W. Michael Wynn
Myles Hurwitz

Ronald P. Kasik

Paul C. Bishop

Gerald E. Powell

John G. Richer
Richard Van Eseltine
Dr. Walter Jones
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Add ress

NRL, Code 5404
DTNSRDC, Code 187
DTNSRDC, Code 187
NRL, Code 6132
DTNSRDC, Code 1568
Johns Hopkins APL,
DTNSRDC, Code 1561
NCSL, Code 731E
NUSC, Code 4424
DTNSRDC, Code 19
DTNSRDC, Code 1805
DTNSRDC, Code 1802
NRL, Code 7930
NCSL, Code 753
DTNSRDC, Code 1826
NRL, Code 5403
NOSC, Code 822
DTNSRDC, Code 1843

‘NCSL, Code 792

DTNSRDC, Code 1844
NUSC, Code 4451
NCSL, Code 731E
NWC, Code 3621
NWC, Code 3134
DTNSRDC, Code 1843
NRL, Code 6750

Laurel, Md.




SECTION VI

1 MACSYMA References

A. MACSYMA Course Material available upon request

E XL
2.
3.
| 4,
I 5.

6.
7.
8.
9.

10.

Final course schedule

List of attendees

MACSYMA Reference Manual (Dec 1977)

MACSYMA Primer (Oct. 12, 1977)

An Introduction to ITS for the MACSYMA User
(Jan. 9, 1978)

Set of instructors’ viewgraphs

Set of problems

A subset of MACSYMA Commands, Switches, and
Variables

Reprint: "Algebraic Simplification: A Guide
for the Perplexed" by Joel Moses

NALCON MACSYMA Newsletter (21 Oct 1977)

B. Other MACSYMA Reference Material

1.

"MACSYMA - A Resource for the Navy Laboratory
Computer Network" by L. Kenton Meals, DTNSRDC
Department Report CMLD-77-04 of January 1977.

"Proceedings of the 1977 MACSYMA Users”’
Conference" NASA Conference Publication
NASA CP-2012. Available from National
Technical Information Service (NTIS),
Springfield, VA 22161, Price $12.50.
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APPENDIX C

NALCON MACSYMA NEWSLETTER 3
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SECTION I

Introduction

This Newsletter is intended to disseminate information about
MACSYMA (Project Mac's Symbolic Manipulation System for performing
symbolic as well as numerical mathematical manipulations) among
members of the Navy Laboratory community.

It will cover such topics as MACSYMA Capabilities, including
Language, Utility and Network features, progress on the MACSYMA
experiment, MACSYMA reference materials including Conferences, Pub-
lications, usage and applications of MACSYMA in the Navy Laboratories,
and exchange of information among MACSYMA users.

Readers are invited to submit material along these lines for
publication.
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Outlook:

The contract is being processed to continue membership in the
MACSYMA Consortium for the Navy Laboratory community.

It will be necessary to set up a mechanism through which part-
icipatng Navy Laboratories will contribute to the cost of continued
MACSYMA Concortium membership during FY 79. More information will
be published as it becomes available.

General interest in the MACSYMA system continues to grow as
the system continues to expand and improve
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SECTION III

Summary of NALCON MACSYMA Usage Dec. 1977 - Jan. 1978

The introductory use of MACSYMA as a resource of the
Navy Laboratory Computer Network is part of the MACSYMA Usage
Experiment for NALCON described in Section III of the first
NALCON MACSYMA Newsletter (21 Oct 1977). One of the require-
ments of this experiment is the report assessing the benefits of
MACSYMA to the Navy Laboratory community. The second bi-monthly
questionnaire was sent on 14 Feb 1978 to each of the users who
had an ID on the Navy users file in MACSYMA and had used the
system between 1 Dec 1977 and 31 Jan 1978. Total time from the
MIT MACSYMA accounting file was supplied to each user along with
the questionnaire. A summary of questions and responses follows.
Ongoing work already reported in Newsletter 2 is not necessarily
included here.

MACSYMA USAGE RESPONSE FORM

NAME: All Navy Users

ID:

USAGE PERIOD: 1 Dec 1977 - 31 Jan 1978
CONNECT TIME: 25 days 10 hours (610 hours)
RUN TIME: 7 hours 19 minutes

@ Are the above times approximately correct? Yes

e Indicate percentage of time for each:

14.2 Training

15.2 Demonstration

42.8 Research and Development of Techniques
27.8 Direct Navy Application

(Insert your own categories if none of the
above apply)
Other

c3
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e Briefly describe each of the applications, research, and/or
technique developments. Indicate, if possible, the additional
MACSYMA connect and run time which may be required for each.

1. Study of scattering by corrugated dielectric surfaces.

2. Least squares processor for gated satellite altimeter
echoes.

3. Manipulation of several ordinary differential equations
to be used in a large numerical model of two dimensional
reactive flow.

4. Differentiation and simplification of very complicated
expressions and finding roots of high order polynominals.

i 5. Development of graphical displays for a report and special
' graph paper. Plotted points and tested for straight line
fit.

6. Generation of biharmonic functions and plotting thereof.
Solution of problems involving biharmonic equations.

7. Generation of difference equations for operator compact
implicit methods for parabolic equations.

8. MApplication of B-spline technique to representation of
certain curves and surfaces.

9. Calculation of ASEM applied loads from a set of measured
strains.

10. Solution of circuits (gains, input and output impedances,
graphs of gain vs frequency). This involves solving sys-
tems of equations and in a few cases evaluation and graph-
ing of exponenti~al egquations.

® Are you considering any additional MACSYMA applications?

1. Additional analyses of circuits too complicated to be
analyzed by hand.

2. Currently, working on a search problem.

3. Continuing with further applications of B-spline technigues.




2.

3.

1.

2.

3.

e Did you, or do you expect to publish or report any work in

4 wvhich MACSYMA was used? If so, please furnish identifying
: information.
1. Have made available a library of solved circuits and

have written three in-house memos describing favorable
experiences with MACSYMA.

Formula manipulation for a two-dimensional reactive
flow hydrocode to study ignition and flame spread.

A talk entitled "The Role Of Splines in Computer-Aided
Design" at SIGNUM meeting 4/19/78.

® Have you done work that would have been impossible or im-
practicable without MACSYMA? If so, describe briefly.

Solving current vs voltage in a special circuit with
non-linear element.

Have solved circuits which would have regquired over
a month (160 working hours) of error free calculations
by hand.

Solution of sparse 8 x 8 linear system.

® Have you done work that was done better (more economically,
completely, expeditiously) with MACSYMA? If so, describe

briefly.
4 1. Circuit analyses were carried out more completely than
would have been practical by hand.
2. Very complicated expressions were differentiated and
simplified. Roots of high order polynominals were found.
3. Graphs for a report and special graph paper and related
data fitting were done more cheaply (time and money) than
would have otherwise been possible.
4. Difference equations that took two senior analysts several
days to derive were derived in an afternoon using MACSYMA.
1l
' 5. Algebraic simplification was definitely done more accurat-

ely with MACSYMA.
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e Has

MACSYMA offered you any other significant advantages

in the performance of your work? If so, describe briefly.

1.

2.

e What

Permitted solution of circuits which would have been
impractical to solve by hand. It also helped to estab-
lish confidence in the solutions by the scientists who
proposed the circuits for analysis. It allowed checking
of solutions that would have been otherwise impractical.
Time savings.

features of MACSYMA do you find of most value to you?
Interactive

Generality

Help of MIT experts

Flexibility

Freedom from the formality of using special language.
Graphing capabilities

Evaluating and simplifying complicated expression
Algebraic and matrix manipulation

On line reference manual feature

Reliability of manipulations

e List any suggestions you have for improvement of MACSYMA.

ll

2.
3.

4.

Make GRIND give exact syntax, i.e. tabbed so that
items of same syntactical weight are listed in
columns, clearly tabbed.

Make it less prone to die of a syntax error.

Make definition of gradient and differential
operators easier.

User manual.
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5.
6.
7%
8.
9.
b 10.

More work space.

Better numeric (non-symbolic) operation.
APL-type matrix capabilities.

Segment function entry and manipulation.
Generalized function manipulation.

Special function, especially Bessel functions.

c?7
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SECTION IV

MACSYMA Applications in the Navy Labs.

1. NALCON MACSYMA Newsletter 2, page 8 cited the following pub-
lication: "New Large Deflection Analysis for NASTRAN" by Myles
Hurwitz, presented at the 6th NASTRAN Users Colloguium, Lewis
Research Center Cleveland, Ohio, Oct 4-6, 1977. MACSYMA was used
in this work to perform integration symbolically rather than num-
erically thereby realizing considerable savings in time required.
Since no abstract was previously published in the Newsletter, a
summary is included here. The complete paper appears in NASA Con-
ference Publication 2018.

A new large deflection analysis is being developed
for NASTRAN Level 16 as an alterntive to Rigid Format 4,
Static Analysis with Differential Stiffness, since it has
been shown that differential stiffness effects alone are
not sufficient to accurately solve geometrically nonlinear
problems, especially those problems which involve a high
degree of nonlinearity.

This paper, which represents a progress report for a
long term general nonlinear analysis NASTRAN project, con-
tains (1) the theory of the structural analysis and numerical
analysis methods presently used, and (2) some simple test
problems comparing the new analysis with Rigid Format 4.

2. On 13 April 1978, E. Cuthill (ELIZC, DTNSRDC), participated in

a seminar at Salisbury State College, Salisbury Maryland, on "Computers
and Symbolic Processes". Her discussion of MACSYMA and its capabil-
ities was very well received. At the end of the discussion, an
overhead TV was used to show some actual interactions with MACSYMA.

The audience posed several problems for which MACSYMA produced

correct solutions creating considerable excitement!

3. On 19 April 1978, Dr. Feodor Theilheimer (FTHEIL, DTNSRDC) spoke
at a meeting of SIGNUM (ACM Special Interest Group in Numerical
Analysis). The talk entitled "The Role of Splines in Computer-
Aided Design", described work he has performed using MACSYMA. The
abstract follows:

In computer-aided design we often express curves by
means of splines, which are functions with discon-
tinuities of some derivatives at a selected number
of points, the so-called knots. We deal here pri-
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marily with cubic splines where the functions between
successive knots are polynomials of degree not higher
than three. Interesting properties of splines and
ways of representing them are discussed. Special
attention is paid to the representation of splines
as linear combinations of a special set of basic
splines, the so-called B-splines.

4. R. Drew Drinkard (DRINK, NUSC) has prepared and given a MACSYMA
presentation at NUSC. The presentation is built around a set of
viewgraphs of typical problems and their solutions using MACSYMA.
Included are second and third order ordinary differential eguations,
systems of first and second order differential equations, evaluation
of definite and indefinite integrals, matrix operations using a
Vandermond order three matrix, series expansion in two variables,
and an eignvalue problem. Information on specific problems used,
availability of the material etc. can be obtained by sending a
request via :MAIL DRINK.

5. J.G. Richer (RICHER, NWC) continues to proclaim the benefits of
using MACSYMA for circuit analysis. He has developed a library of
circuits solved using MACSYMA and circulates examples of MACSYMA
circuit solutions (see NALCON MACSYMA Newsletter II, page 13) to
colleagues at NWL who have a need. Because the circuits in which
MACSYMA is required for analysis are quite complicated and hard

to follow, he has developed a simple example, one which can be
checked by intuitions, to convince his audience. More information
can be obtained by sending a request via :MAIL RICHER.

6. An article entitled "MACSYMA, A Resource for the Navy Labor-
atories" by Elizabeth Cuthill and Kenton Meals will appear in an
upcoming issue of the SIGNUM Newsletter. The article briefly de-
scribes NALCON and MACSYMA stressing the advantages of applying
MACSYMA as a tool for numerical analysts in developing and testing
algorithms. Examples of numerical analysis applications from the
Navy MACSYMA community of users are cited.

c9

69




Address

NRL, Code 7504
Temple Univ., Phil., PA
DTNSRDC, Code 187
NRL, Code 1722.6
DINSRDC, Code 1824
DINSRDC, Code 187
NRL, Code 6132
DINSRDC, Code 1619
DINSRDC, Code 1568
Johns Hopkins, APL
Laurel, MD.
DINSRDC, Code 1561
DINSRDC, Code 196
NCSL, Code 732
NUSC, Code 4424
DINSRDC, Code 19
DINSRDC, Code 1805
DINSRDC, Code 1802
NRL, Code 7930
NCSL, Code 753
CTNSRDC, Code 1826
NRL, Code 7503
NOSC, Code 8221
DINSRDC, Code 1843
NCSL, Code 792
DINSRDC, Code 1844
NUSC, Code 4451
NCSL, Code 751
DINSRDC, Code 1548
NMWWC, Code 3622
NWC, Code 3134
DINSRDC, Code 1843
NRL, Code 7932
DINSRDC, Code 1824
NRL, Code 6750

T T
SECTION V
NALCON MACSYMA USERS

ID Name
AMENT Dr. William Ament
AW Dr. Abraham Waksman
BJ Ralph B. Johnson
BJB Barbara J. Brooks
BP William G. Parsons
CAHM Dr. George Humfeld
CARTF Dr. Forrest L. Carter
CEPD Daniel W. Poe
CHWA William R. McCreight
CMH Dr. Cha-Mei Hui
CMLEE Dr. Choung M. Lee
DAFEIT David Feit
DBNCSL David Brown
DRINK R. Drew Drinkard
EISLER Dr. Thomas Eisler
ELIZC Dr. Elizabeth Cuthill
FTHEIL Dr. Feodor Theilheimer
HARR William Harr
JFIM John F. MacDonald
KM L. Kenton Meals
KRUTAR Dr. Rudolph A. Krutar
LOPER Warren E. Loper
MEL Mel Haas
MIKWYN Dr. W. Michael Wynn
MYLES Myles Hurwitz
NUSCNP Ronald P. Kasik
PCB Paul C. Bishop
PIJ John A. Pijanowski
POWELL Gerald E. Powell
RICHER John G. Richer
RVE Richard Van Eseltine
SCHULT Dr. Abraham Schultz
S1DB Dr. Sidney Berkowitz
WwJ Dr. Walter Jones




A.

B.

SECTION VI

MACSYMA References

MACSYMA Reference Material available upon request

1.
2.
3.
4.
5.

6‘
7.
8.

MACSYMA Reference Manual (Dec 1977)

MACSYMA Primer (12 Oct 1977)

An Introduction to ITS for the MACSYMA User (9 Jan 1977)

MACSYMA Notes (10 Jan 1978)

PLOT2 Documentation: SHARE; PLOT2 USAGE (11 July 1977)

with Appendix from SHARE; PLOT2 RECENT (20 March 1978)

NALCON MACSYMA Newsletter (21 Oct. 1977)

NALCON MACSYMA Newsletter II (9 March 1978)

MACSYMA Course Materials from 6-8 Feb 1978 course

a. Set of instructors' viewgraphs

b. Set of problems

c. A subset of MACSYMA Commands, Switches, and Variables

d. Reprint: "Algebraic Simplification: A Guide for the
Perplexed" by Joel Moses

Other MACSYMA Reference Material

1.

2.

"MACSYMA - A Resourse for the Navy Laboratory Computer Network"
by L. Kenton Meals, DTNSRDC Department Report CMLD-77-04 of
January 1977.

"Proceedings of the 1977 MACSYMA Users' Conference" NASA Confer-
ence Publication NASA CP-2012. Available from National Technical
Information Service (NTIS), Springfield, VA 22161, Price $12.50.
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APPENDIX D

SUMMARY OF NALCON MACSYMA USAGE 1 FEB - 31 MARCH 1978

The third bi-monthly questionnaire was sent on 15 April 1978 to all
NALCON MACSYMA users who had used the system between 1 February and 31
March 1978. During this period the 3-day MACSYMA course which included
terminal sessions for the students, was held at DTNSRDC. A special login
name was established for the course. The amount of time charged to this
name was 57.3 hours of connect time and 17.9 minutes of run time. Two
summaries of total users' time distribution among various categories are
shown, one including the course and the other including only individual
usage.

In the summary of responses to the questionnaires, continuation of
ongoing work reported in earlier surveys is not necessarily included.

e Total Connect Time: 665.5 hours (Including MACSYMA Course)
e Total Run Time: 310.6 minutes

e Percentage of Time

24 Training

14 __Demonstration

16 Research & Development
46 Direct Navy Applications

e Total Connect Time: 608.2 hours
e Total Run Time: 292.7 minutes

e Percentage of Time

17 Training

15 Demonstration

18 Research & Development
50 Direct Navy Applications
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® Number of Active Individual Users During Period: 25

° Number of New Individual Users During Period: 10

e New applications (not continuation of previously reported application)

1.

8.

Solving simultaneous equations for coordinate transformations
used in a data display system.

Trial usage to investigate applicability of MACSYMA to the devel-
opment of helicopter blade dymanic equations of motion.

Study of radiation from structures with ribs.

Study of attenuation of turbulent boundary layer noise by acoustic
blanket.

Use of symbolic techniques for the solution of the Lyapunov-Schmidt
branching equation in bifurcation theory.

Circuit analysis for the sidewinder missile.
Preparation of a 45-60 minute presentation demonstrating a wide
variety of problems arising in Navy applications that can be

solved by MACSYMA.

Use of elliptic functions in circuit calculations for two wire
shielded cables.

e Anticipated Applications

1.

Development of helicopter equations requiring extensive coordinate
transformations in symbolic form.

Ship motion problems using perterbation methods.
Laplace transforms.

Stability criterion.

State variable analysis.

Circuit design.

Convolution of smoothing functions for modeling energy calculations.




e Work

e Work
with

done that would have been impossible or impracticable without MACSYMA.

. Development of helicopter equations which require extensive coor-

dinate transformations in symbolic form.

. Manipulation and solution of multi variable systems of equations.

. Solutions of systems of second order differential equations with

initial conditions.

that was done better (more economically, completely, expeditiously)
MACSYMA.

Solving simultaneous equations for coordinate transformations.

Changing and simplifying symbolic equations from vector to scalar
format.

Finding limits, computing integrals, and preparing plots.
Evaluation of determinants with polynomial entries.
Solving differential equations and evaluating integrals.

High precision calculations such as those involving large fact-
orials.

significant advantages in using MACSYMA for Navy work.

Extension of capabilities for solving complex math problems more
efficiently.

Fast symbolic mathematical manipulations.

MACSYMA has opened new doors in circuit theory. For example, a
circuit can be solved for gain and then analyzed to see how gain
varies as a function of one or more parameters.

For many problems it is easier and more efficient to use MACSYMA
than to write a program in FORTRAN or ALGOL to get a solution.
Programs requiring many pages of FORTRAN or ALGOL coding usually
require less than one page of MACSYMA code.

D3
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Copies
2 ONR
1 NAVDAC
7 NADC
6 NCSC
12 NOSC
22 NRL

INITIAL DISTRIBUTION

Code 432
Code 437

Bldg. 166

Code 501
Code 503
Code 85
Code 851
Code 8511
Code 8511
Code 8522

Code 730
Code 732
Code 731E
Code 732
Code 753
Code 792

Code 6133
Code 631
Code 631
Code 6342
Code 7122
Code 8221
Code 8222
Code 8223
Code 8345
Code 91
Code 9122
Code 9131

Code 1439
Code 1700
Code 1722
Code 1722.6
Code 1723.)2
Code 5325H
Code 5404
Code 5707
Code 6132
Code 6704
Code 6750
Code 6750
Code 7503
Code 7752

Dr. L.D. Bram
M. Denicoff

R.R. Jeske

J. W. Heap

H. Steubing
H. Tremblay
H.V. Doerfel
T.F. Jennings
D. Tarrant

T. Calkins

C.M. Callahan
D. Brown

P. Bishop

M. Dannecker
J. MacDonald
Dr. M. Wynn

H. B. Roesener
C. Bassett
L. Parnell
D. Nelson

L. McCleary
W. Loper

H. Koenig
J.G. Noel
J.J. Goertz
L. Maudlin
C. Messenger
R. Unger

Dr. B. Lepson
A.B. Bligh

G. Perez

B. Brooks

A. Skelton

C.M. Howe

Dr. W.S. Ament
He. R. Bryant

Dr. F. Carter
Dr. K. H. Hain
I. Haber

Dr. W. Jones

Dr. R. A. Krutar
Dr. N. K. Winsor
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NRL
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Code
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Code
Code
Code
Code

Code
Code
Code
Code
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7926
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8132
8132
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R-44
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K-82
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K-60
K=-74
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K-61
K=-21
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W. Bercaw

S. L. Coffey

W. Harr

A. Skalafuris

Dr. A. Schultz

J. Mason

Dr. W. Lawrence

Dr. J. G. Showalter

Dr. D. Wood
C. M. Curtis
T. Galib

K. Jones

A. D. Carlson
Je. McGilvary
R. Whittaker
M. Goldstein
R. D. Drinkard
R. Kasik

J. Babiec

R. G. Elias

L.E. Lakin

L. Lucas

J.L. Zaharias
J. Richer

J. E. Serpanos
G. Powell

Dr. J. Zenor

J. Wolfe
R. Obermayer

Dr. E. Cohen

Dr. A.H. VanTuyl
G. R. Shubin

Dr. A. Werschulz
M. L. Bless ing
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Dr. R. Edwards

R. D. Archer, Jr.
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A. Morris

He. Thombs
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NORDA/NSTL Code 301 M.E. Gove
DDC

Naval Postgraduate School
Monterey, CA 93940

Code 0141 Dr. R. Hilleary
Code 0140 Dr. D.G. Williams
Code 53 Dr. C. Comstock
Code 53 Dr. R. Franke

Code 53 Dr. A. Schoenstadt
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Institute of Computer Applications in Science
and Engineering
Universities Space Research Association
NASA Langley Research Center
Hampton, VA 22065 Dr. R. Voigt

MS125, NASA Langley Research Center
Hampton, VA 23665 Dr. John N. Shoosmith

Laboratory for Computer Science, M.I.T.
Cambridge, MA 02139
Dr. J. Moses

J. Golden
M. Genesereth
E. Lewis
Lincoln Lab Group 32
MIT Lincoln Labs, L145
Lexington, MA 02173 Dr. R. Pavelle
Westinghouse Electric Corp.
Bettis Atomic Power Laboratory
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West Mifflin, PA 15122 Dr. L.A. Hageman
Los Alamos Scientific Laboratory
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Dr. M. A. Hussain
Dr. T. Simkins
Dr. P. Chen

Dr. Carl Andersen

Frank J. Wancho

Dr. J. Krimmel

Johns Hopkins Applied Physics Laboratory
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Laurel, MD 20810

National Bureau of Standards
Gaithersburg, MD 20234

ORI, 1400 Spring Street
Silver Spring, MD 20910

National Institutes of Health
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Temple University

Computer Science Institute

School of Business Administration
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Dept. of Mathematical Sciences
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Eric J. Swenson
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Hurwitz

R. Johnson
P. Price
Gray
Strickland
Pien
Pijanowski
Chang
Groves
Langan

Bai

Lee
McCreight
Bales
Massalle
Poe
Montana
Doctors
Reynolds
Ma

Eisler
Maidanik
Feit
Kilcullen

Copies Code

1 1965
1 1965
1 1965
1 522.1
1 522.1

82

Name

Perez

Rumerman

Tucker

Unclassified Lib (C)
Unclassified Lib (A)




DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-

NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-

INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.




