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Programmers and systems analysts

Help the air
trafhic controllers

You can do it with both feet planted firmly on the
ground—right next to IBM/Atlantic City’s battery of
System/360 modified units. Among this system’s many
peripheral devices are real-time radar inputs, flight
strip printers, video and alphanumeric displays. But
more important than glamorous hardware is the satis-
faction of working on an urgent and important prob-
lem—assisting air traffic controllers in keeping airplane
traffic running smoothly.

Crowded skies

There are 40,000 more planes in the United States to-
day than there were 10 years ago. And air traffic con-
trol specialists are busy around the clock controlling
them. Last year, the FAA’s 18,000 specialists in flight
control guided more than 48 million take-offs and land-
ings, and by sometime in the 1970’s it is predicted that
number will have more than tripled.

IBM is helping these controllers by computerizing
their information input and display systems. The com-
puter also correlates aircraft tracks with flight plan

information. (At present, the controllers position
markers by hand on the basis of spoken inform ation.)

Immediate openings

This is vital work and IBM/Atlantic City, N.J., needs
additional experienced programmers and systems ana-
lysts to help us with it.

These jobs take an ability to interface with other
people and to draw together insights from far-flung
disciplines. You'd be using sophisticated programming
tools and techniques to create and test hardware and
multi-processing computer programs. SAGE and other
similar real-time experience will be helpful.

If you'd like to participate in this work at Atlantic
City, N.J., call Jim Dunn at (301) 921-7724 or write him
at the IBM Federal Systems Center, Dept. BH1011,
18100 Frederick Pike, Gaithersburg, Maryland 20760.

IBM.

An Equal Opportunity Employer
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How to

keep up-to-date
in the swiftly
changing
computer world

In computer science, the fastest growing technology

of our time, last year's knowledge can seem fifty

vears out of date. But the excitement and rewards

of keeping up are great.

The question is, how? Thousands of executi

EDP managers, programmers and technicians have

discovered the answer in the Library of Computer

and Information Sciences.

Each month, this highly specialized and valuable

book club screens hundreds of books, chooses only

the most significant—essential reference books,

important books on managerial techniques,

programming, software, hardware, theory. Each
sents the best and most advanced thinking in

ject. All are offered to you at discounts

of up m 40% (sometimes more). For each four books

you buy, you are entitled to your choice of a

free bonus book. There is no better time-and-money

saving way to get the books you must have to

keep current—and to keep ahéad in your field. With

this special introductory offer, you have

everything to gain by acting now.
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INFORMATION STORAGE
AND RETRIEVAL:

41660. ELEMENTS OF DATA PROCESSING
MATHEMATICS. Wilson T. Price and
Merlin Miller. Enables readers with
minimal math background to become
proficient in math needed for under-
standing automatic data processing
and computer programming. $10.50

42060. DEVELOPING COMPUTER-BASED
INFORMATION SYSTEMS. Perry E. Ros-
ove. Comprehensive study of the new
information technology. Examines
development of systems. $14.95

42270. DIGITAL PROCESSING: A SYSTEM
ORIENTATION. Louise Schultz. Clari-
fies the underlying principles and
techniques of digital processing in
simplified linguistic terms. $14.35

44100. ELECTRONIC INFORMATION HAN-
DLING. Edited by Allen Kent and Or-
rin E. Taulbee. Comprehensive over-
view of total information handling
and retrieval. Includes interpreting
signals and numerical information.

$11.00

55300. INFORMATION STORAGE AND RE-
TRIEVAL. Joseph Becker and R. M.
Hayes. The most complete, up-to-
date review of American and Eu-
ropean retrieval systems—their prog-
ress and potential—yet availabsllei

56410. INTRODUCTORY COMPUTER METH-
0DS AND NUMERICAL ANALYSIS. Ralph
H. Pennington. Covers most com-
monly used methods of modern anal-
ysis, stressing those of proven value
in computer solution of science and
engineering problems.

55660. INTEGRATED DATA PROCESSING
SYSTEMS. E. Jerome McCarthy and
J. A. McCarthy. Edited by Durward
Humes. How data processing ma-
chines can help analyze business in-
formation. Highly readable. $8.95

56300. INTRODUCTION TO COMPUTING.
T. E. Hull. Highly useful new guide
to algorithms, stored-program com-
puters and programming techniques.
Focuses on Fortran IV. $10.60

(Retail prices shown)
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Tools, Elements, Theories

PRICE | MILLER
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DIGITAL PROCESSING:
A SYSTEM ORIENTATION

Special Introductory Offer:
Take any 3 (values to $42.25)

for only $4.95

with a short trial membership in

The Library of Computer
and Information Sciences

[ o e —— — — — — — — — — t—

[ —— — — — — TRIAL MEMBERSHIP APPLICATION— — — — — —

The Library of Computer and Information Sciences
Front and Brown Streets, Riverside, N."J. 08075

Please enroll me as a Trial Member, and send the three books whose
numbers I've filled in below. Bill me only $4.95, plus shipping. If I am
not delighted, I will return them within 10 days, and my membership
will be cancelled. As a Trial Member, I need accept as few as 3 more
Selections during the next 12 months,
Prices, plus shipping. I understand that savings range up to 40%, and
occasionally even more. Each month I will receive advance reviews
describing forthcoming Selections, along with convenient form for re-
questing Alternate Selections or no book at all. For every 4 Selections
purchased, I may choose a free Bonus Book.

counts as the First Selection).

Three Books for only $4.95 (write in numbers):

SHeaIel 30533044 L)8q JO SRR

56490. INTRODUCTION TO COMPUTA-
TIONAL LINGUISTICS. David G. Hays.
An ideal volume for self-tuition. Book
covers three levels—computational,
linguistic and the level of the myriad
of applications now or soon-to-be
available. $9.75

60950. MATHEMATICAL METHODS FOR
DIGITAL COMPUTERS. VOL. |I. Edited by
A. Ralston and H. S. Wilf. Illuminat-
ing exposition of the most useful
techniques of numerical analysis for
solving mathematical and physical
problems. $9.95

65620. ON HUMAN COMMUNICATION.
Colin Cherry. One of the most impor-
tant trail-breaking works of the cen-
tury. Defines and unifies the newly
evolved field of cybernetics and in-
formation theory. $10.00

70350. AN INTRODUCTION TO PROBABIL-
ITY THEORY AND ITS APPLICATIONS —
VOL. I. William Feller. A self-con-
tained introductory course in prob-
ability theory. $10.95

70720. THE PROGRAMMER’S ALGOL.
Charles Philip Lecht. Complete guide
to ALGOL. Bridges gap between too-
theoretical presentations and the
needs of the practicing programmer.

$8.95

70790. PROGRAMMING SYSTEMS AND
LANGUAGES. Edited bv Saul Rosen.
Outstanding review of computer soft-
ware. Brings together the most au-
thoritative articles on history of pro-
gramming systems. $12.50

81870. SYSTEMS ANALYSIS: A DIAGNOS-
TIC APPROACH. Professor Van Court
Hare, Jr. A major work on a new
discipline. Contains progressively
more difficult examples and problems.
Ideal for self-instruction. $12.50

82100. SYSTEMS ENGINEERING TOOLS.
Harold Chestnut. Drawing on prac-
tical situations, author explains na-
ture of systems engineering problems
and the tools used in solving them.
Over 300 dm.grams. $12.95
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For more information, circle No. 5 on the Reader Service Card
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NORTHERN CALIFORNIA OPENINGS

LAWRENCE RADIATION LABORATORY with over 5700 employees
is located in the San Francisco Bay Area and is engaged in
virtually all phases of nuclear research and development.

Work on third and fourth generation computers using the latest
hardware and software development. Knowledge of COBOL de-
sirable. Openings now exist for:

COMPUTER SYSTEMS ANALYST

Presently working on the accounting, supply and personnel
portions of this system. Experience with disc operating sys-
tems preferred.

ADMINISTRATIVE PROBLEM PROGRAMMER

Responsible for identifying, defining and fulfilling the ad-
ministrative information requirements of the Laboratory.

SYSTEMS SOFTWARE PROGRAMMER

Experience with sorts, language interface and special prob-
lem solutions. A background in graphics, terminal ap-
plications and disc systems helpful. Assemblers’ language
experience necessary.

Opportunity exists for rapid personal and profes-
sional growth. BA or BS required.

For more information please submit your resume or
inquiries to. Mr. John Gloeckler, Personnel Department.

X sawremnce
E¥ adiation
(GLaboratory

UNIVERSITY of CALIFORNIA

P. O. Box 808 65-88
Livermore, California 94550

U. S. Citizenship Required An Equal Opportunity Employer

' what’s so good
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When you're looking for a career
challenge, you don't care to be a

aboutour
remote station. You want to come

c ' T’ME up with the right answer as quickly
as the computer does when you
feed it a problem. But you also
wish to feel there is a human ele-

SHARING’’ ;= o s

MANAGEMENT SCIENTISTS we are
on line at all times. As consultants
to prestige firms here and abroad,
we know WHERE the action is—
WHERE your career future lies. And
after evaluaiion of your back-
ground, we waste no time in direct-
ing you to the most rewarding job
opportunities.

SYSTEM?

At present we are recruiting for
talented professionals in

TIME SHARING/REAL-TIME
SOFTWARE DEVELOPMENT
OPERATIONS RESEARCH
SYSTEMS DESIGN

BUSINESS/SCIENTIFIC
PROGRAMMING

For details, send us your resume,
in confidence, including salary his-
tory and geographical preference.

anagement
cientists,Inc.

101 Park Ave.—Dept. SA 8-68
New York, N.Y. 10017
(212) 532-7710

Exclusively: DATA PROCESSING & MANAGEMENT SCIENCES
Career Planners—Recrvitment Specialists

we'll tell you“

software age
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A User Oriented Approach To
Antenna System Programming

S. M. Chamberlain
Spectrodata, Inc.

INTRODUCTION

This paper describes a program-
ming philosophy for a radio antenna
system that is based on FORTRAN
with specially written subroutines to
perform each antenna function. The
program is capable of operating in
a real-time environment.

This programming philosophy is
the result of many years of experi-
ence in attempting to design a suit-

and

able program for an antenna system
at Aerospace Corporation that would
be convenient and adaptable to the
many users of the system. Since the
requirements not only differed
among the various users but also
changed with time for a given user,
either a staff of highly trained pro-
grammers with real-time program-
ming experience would be necessary
to meet this demand if the programs

R. L. Mitchell
Technology Service Corp.

were written in assembly language
or else a user oriented language
would have to be developed. Since
the Aerospace Corporation installa-
tion was small, the latter approach
was chosen.

BACKGROUND

The Aerospace Corporation Radio
Antennal? (Fig. 1) is a 15 foot para-
boloid on an equitorial mount capa-

Figure 1. Aerospace Corp. 15-ft. millimeter wave antenna.

SOFTWARE AGE
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Modern mathematical
methodology for to-
day’s complex scien-
tific and technological
problems is the catalyst
which spells the dif-
ference between suc-
cess and failure.

e FORTHCOMING IN
1969 — Over 20 out-
standing and distinc-
tively different
seminars in
mathematical methods.

* ANNOUNCING THE
MATHEMATICAL
SCIENCES MODULAR
TRAINING CURRICU-
LUM —The ideal an-
swer to the specific
needs of employer
sponsored in-house
training.

The Mathematical Sciences Group

presents

Seminars on advanced mathematical
methodology for scientists, engineers
and applied mathematicians . w.noon oc

» FOUNDATIONS OF
SYSTEMS THEORY

Scheduled for September 3-13, 1968

* NUMERICAL METHODS
IN OPTIMIZATION
 STABILITY ANALYSIS FOR LINEAR
AND NONLINEAR SYSTEMS
e ITERATIVE METHODS FOR SOLUTIONS
OF LINEAR AND NONLINEAR SYSTEMS
e OPTIMAL CONTROL FOR LINEAR e NUMERICAL SOLUTIONS OF
AND NONLINEAR SYSTEMS PARTIAL DIFFERENTIAL EQUATIONS

Scheduled for September 30-October 11, 1968 Scheduled for October 14-25, 1968

For each seminar a team of experts has been chosen so
as to be representative of the best talent available in the
areas of specialization developed. These well-recognized
educators have been responsible for major advances in
mathematical methodology and have contributed hun-
dreds of research papers and several outstanding text-
books. Participating lecturers: A. K. Aziz, Ph. D., Pro-
fessor, University of Maryland; James H. Bramble,
Ph. D., Professor, Cornell University; Bert E. Hubbard,
Ph. D., Research Professor, University of Maryland;
Arrigo Cellina, Ph. D., The Mathematical Sciences
Group; Werner C. Rheinboldt, Ph. D., Research Pro-
fessor, University of Maryland; James Ortega, Ph. D.,
Research Associate Professor, University of Maryland;
E. V. Schuman, M. S., The Mathematical Sciences
Group; Hubert Halkin, Ph. D., Associate Professor,
University of California at San Diego; Thomas S. Englar,
M. S., The Mathematical Sciences Group; Les A. Kar-
lovitz, Ph. D., Research Associate Professor, University
of Maryland; R. E. Kalman, Ph. D., Director, Centre
d’Automatique E. N. S. M., Paris and Professor of Math-
ematical Systems Theory, Stanford University; George

P. Szego, Ph. D., The Mathematical Science Group and
Professor, University of Milan; Aaron Strauss, Ph. D.,
Army Research Center, University of Wisconsin; Ken-
neth Meyer, Ph. D., Associate Professor, University of
Minnesota; Wallace E. Parr, Ph. D., Associate Professor,
University of Maryland; R. Bruce Kellogg, Ph. D., Re-
search Associate Professor, University of Maryland;
Clarence M. Zener, Ph. D. The Mathematical Sciences
Group.

As background for scientific data processing and scien-
tific and engineering systems design and analysis, we
are proud to present this program in mathematical
methods as representative of the finest training avail-
able. These seminars have been carefully programmed
both from the point of view of material and presenta-
tion. They are comprehensive and contain vital new
methods which have not as yet been covered in the
printed literature. The presentation is tailor made for
the success oriented professional who demands the
best that mathematics has to offer in attacking his
particular problems.

The Mathematical Sciences Group {

7100 Baltimore Avenue
College Park, Maryland 20740

Please send me: [0 more information on scheduled seminars

Mr.

O information on The Mathematical Sciences Modular
Training Curriculum for in-house programs
O announcements of the scheduling of future seminars

Miss Name

(please print full name)

Home Address

City State

Company

Position or Title
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ble of operating at a frequency as
high as 300 GHz (3x10'! cycles per
second ). The beamwidth at this fre-
quency is about 1 minute of arc
necessitating the use of extremely
accurate pointing control. Because
of this, it was decided to use a digi-
tal computer to control the antenna.
This antenna was the first one digi-
tally controlled. A digital computer
offers other advantages in data han-
dling and data reduction, but the
principal function of the computer
in this system is one of controlling
the antenna position as a function of
time.

The Aerospace Radio Antenna is
used for observing selected radio
sources, the sun, moon, and planets,
earth satellites, and also for propa-
gation experiments. The operating
frequency is presently from 50 to
220 GHz, but the surface tolerance
of the paraboloid is good up to 300
GHz or higher. The pointing accu-
racy is presently maintained at 0.001
radian, but about 0.00025 radian is
theoretically possible. A functional

 DIGITAL

POSITION

ANTENNA |

ANTENNA ANALOG DATA

Figure 2. Functional block diagram of system.

block diagram of the system is
shown in Fig. 2.

The computer selected for this
task was an SDS-920 with initially
4096 words of memory and presently
8192 words. The computer must per-

form in a real-time environment, i.e.,
the computer operations must be
synchronized with time.

For the first several years, pro-

grams were written in assembly lan-
guage (SDS-SYMBOL). It was

\>-VISUAL CONTROL SYSTEMS of alltypes

%

from $10. up, to meet all your charting & planning needs.

Choose from various types of:
e WRITE-ON PLASTIC LAMINATED PAPER CHARTS
* ALUMINUM CHANNEL LOADING BOARDS (unlimited size)

¢ PLASTIC INTERCHANGEABLE CHANNEL BOARDS

* MAGNETIC SYMBOLS

* ALL NEW — METAL — PRODUC-TROL® — SCHEDULING

BOARDS

ONLY WASSELL OFFERS THEM ALL.

TRAINED WASSELL SYSTEMS REPRESENTATIVES — NATIONWIDE —
AVAILABLE TO DESIGN COMPLETE SYSTEMS FOR:

* PRODUCTION CONTROL

e WORK ORDER SCHEDULING
PRODUCTIVE MAINTENANCE
COMPUTER SCHEDULING
ORDER SCHEDULING

RESEARCH & DEVELOPMENT
PLANNING

PURCHASE ORDER FOLLOW-UP

e CPM & PERT NETWORK
ANALYSIS

ORGANIZATION CHARTING
MACHINE & MAN LOAD
FLOOR PLAN LAYOUT

e SALES QUOTA ANALYSIS
* EfCETC., ETC:

SEND FOR OUR COMPLETE KIT OF LITERATURE ON ALL TYPES OF

WASSELL ORGANIZATION, INC., 25 Sylvan Road South

‘M CHARTS — BOARDS — SYSTEMS, TODAY. WRITE DEPT. SA-8

Westport, Conn. 06880 » Wassell Systems Canada Ltd., Toronto
OVER 70,000 SUCCESSFUL INSTALLATIONS SINCE 1941

For more information, circle No. 8 on the Reader Service Card

MANAGEMENT INFORMATION
SYSTEM OPPORTUNITIES

® Manager Programming
—Large scale real time sys-
tem experience required.

= Manager—
Management Sciences
—Requires operations re-
search background with
graduate degree.

® Systems Analysts
—Strong EDP applications
know-how needed.

Our System based on a total
management commitment and a
Univac 1108 will challenge and
expand your capabilities.

Let’'s hear from you.

Frank A. Mclsaac
Manager Salaried Employment

ICKERS.

INCORPORATED
DIVISION OF SPERRY RAND CORP.

Troy, Michigan 48084
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initially hoped that once a good
program had been written, it would
not be necessary to make other than
slight revisions, However, as is often
the case, there was poor communi-
cation between user and program-
mer in addition to the changing
requirements of the user. The pro-
grams that resulted were generally
inconvenient to use since modifica-
tions that would make them more
convenient were not easily done in
assembly language. The low budget
of this installation restricted the size
of the programming staff.

What was clearly needed than was
a programming philosophy that
would be aimed at the user—one in
which the user could write his own
programs if possible. Such an ap-
proach is described in the next
section.

METHOD

Scientific Data Systems had previ-
ously made available to Aerospace
Corporation a FORTRAN system
that could be interrupted (SDS
Real-Time FORTRAN). With this
as a starting point the next step was

to modify the Real-Time FORTRAN
system and to write subroutines that
could do each function such as read
real time, move antenna to a fixed
point, move antenna with constant
velocity, sample output, etc. In addi-
tion, subroutines were written to
handle the data transfer from system
control panel to computer. Subrou-
tines to do mathematical type opera-
tions such as coordinate transforma-
tion and data reduction could be
written in conventional FORTRAN
by the user.

The subroutine structure uses a
modular building block concept.
There are basic subroutines that per-
form a single function such as taking
a single reading from an A-D con-
verter. Then there are higher level
routines (which may be written in
FORTRAN) that perform more
complex functions such as moving
the antenna at a constant rate while
taking a series of readings from an
A-D converter and averaging them.
The user may also develop his own
routines that perform functions
unique to his own particular needs.

Normally, the user need only call

the higher level routines. For special
purposes, however, he may use the
basic routines. Thus, the user can
perform almost any desired function
with the hardware and still retain
an all-FORTRAN program.

There are three inherent advan-
tages to this approach: convenience,
versatility and reliability. The ap-
proach is convenient and versatile
because programs are easily written
and easily revised. The main pro-
gram is generally a series of CALL
statements. The user does not have
to worry about such details as com-
puter interrupt processing, settling
times for hardware functions, bit
manipulations for I/O with hard-
ware, keeping track of time, closing
servo loops, etc. Input/Output
changes—a major factor in the Aero-
space system—are almost trivial in
FORTRAN. Generally, the user can
write or specify exactly what he
wants. The choice of FORTRAN as
the basic programming language
was also very convenient for the
engineers and scientists since many
of them were already familiar with
it. This approach is reliable because

Systems

world

programming
at UNIVAC

headquarters

IN the software spectrum employed by Univac’'s
commercial and institutional customers, there are
powerful new challenges for systems programmers
and analysts—particularly those with experience in
data processing, management systems, financial
and other business analysis. These positions are
open, varied and rewarding. Univac has unlimited
opportunity for a full professional life among
fellow professionals.

OUT in the far reaches of theoretical, even
visionary, software, Univac welcomes program-
mers to pioneer the R & D preceding tomorrow’s

applications.

The location: Univac world headquarters in Blue
Bell, Pa., in the choice rural suburbs of Philadel-
phia. Benefits are liberal. Please write, including
resume and salary requirements, to: L. G. Holliday,
Manager of Employment, Dept. E-106.

UNIVAC

Data Processing Division
Box 8100, Philadelphia, Pa. 19101
An Equal Opportunity Employer

-
VSPERRY RAND
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once each subroutine is checked out
—and this is usually easy—only the
main program can be a source of
errors. Debugging a main program
of say 50 statements can usually be
done in a straight forward manner.
In addition, a hardware change re-
quires a change in only one or two
subroutines—not the main program.

There are, however, two limita-
tions: computation time and memory
requirements. Computation time is
not a serious limitation for the gen-
eral astronomical observation pro-
gram on the Aerospace antenna
since the response time of the an-
tenna is of the order of a second
both electrically and mechanically.
But it is somewhat restrictive for
propagation experiments where it is
desired to scan the antenna rapidly
across a reference point source. The
present 8192-word memory is a seri-
ous limitation for large general pur-
pose programs since the FORTRAN
run-time system takes a significant
portion of the memory. Future plans
at Aerospace include additional
memory.

EXAMPLE

An example of call statement that
causes the antenna to track a point
moving at a constant rate is

CALL TRACK (11, ...., IN)
where the arguments specify the
initial position and velocity of the
moving point in antenna coordinates.
One argument returns a flag that
specifies whether the track is allow-
able (within the constraints of the
mechanical limits of the antenna).
If the track is outside the allowable
limits of the antenna, the routine
stops the antenna motion.

Using the modular concept, the
user can build up a library of his
own subroutines to perform com-
plex functions. To track the sun and
process the readings, a program
might consist of

CALL INIT Initializes pro-
gram.

1) CALL POSIT(H,D) Computes pres-
ent position of
sun in hour and
declination an-
gle. :

Moves antenna

CALL TKS(H,D)

The Aerospace Corporation
needs programmer/analysts

We have completed our conversion to IBM system/360. Now we
need senior Business Systems Programmer/Analysts to develop
on-line direct-access administrative information systems.

We offer career positions to individuals with two to six years of
computer experience. You'll be involved in advanced computer
concepts such as our IBM 360 material-control teleprocessing
system which utilizes peripheral CRT display.

We prefer college graduates but will carefully consider all experi-

enced applicants.

The Aerospace Corporation, in El Segundo, California, performs
systems engineering and provides technical direction for the U.S.
Gavernment on military space and missile programs.

To apply for these senior-level positions, please send your

resume to:

F. C. Wilkey
P.O. Box 95085
Los Angeles, California 90045

®

The Aerospace Corporation - An Equal Opportunity Employer
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to sun (if possi-
ble) and reads
compressed data
into table in
COMMON.

Reduces data in
table and out-
puts results to
magnetic tape.

CALL SWITCH (I) Reads a sense
switch on sys-
tem control
panel to deter-
mine when user
desires to stop
taking data.

CALL PCD

IF(D) 1,2,1

2) CALL POST Does post proc-
essing of data
on magnetic
tape and types

out results.

CALL FINISH Stows antenna
and terminates
program.

END

CONCLUSIONS

The programming philosophy de-
scribed in this paper proved to be
extremely advantageous for the par-
ticlar application of controlling an
antenna system. Similar software sys-
tems could be developed for other
computer controlled antenna sys-
tems—or for even most other com-
puter controlled real-time systems.
If a Real-Time FORTRAN system
exists then only slight modifications
might be necessary in addition to
developing a library of subroutines.
It is also possible to modify a stand-
ard FORTRAN system to perform
the real-time functions, but this will
often be a laborious task. The re-
quirements based on available hard-
ware for a particular installation
must also be taken into consideration.
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The Application of Man-Machine
Computing Systems to Problems in

REMOTE SENSING

Philip H. Swain and Don A. Germann*®

Laboratory for Agricultural Remote Sensing

This article describes a data processing sys-
tem which coordinates a broad range of pat-
tern recognition related techniques to aid in
the design of pattern classifiers. It is shown
how development of the user-system interface
enhances the value of the system as a tool
for research in agricultural remote sensing.

Introduction

m Research at the Laboratory for
Agricultural Remote Sensing
(LARS) concerns the analysis by
pattern recognition techniques of
multispectral remote sensing data
collected by ground-based, airborne,
and (ultimately) satellite-borne in-
struments. A rather broad class of
applications of this research is pos-
sible (not all of which have even
been clearly defined as yet), and it
is generally the case that each appli-
cation requires a pattern recognition
system with significantly distinctive
characteristics. In such a situation it
is necessary to have at hand an effi-
cient and flexible method for design-
ing pattern classifiers; in particular,

® Under the direction of Dr. King-Sun
Fu, Assistant Head of Research, School of
Electrical Engineering.
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West Lafayette, Indiana

for performing statistical analysis,
feature selection, and calculation of
other parameters needed for the re-
alization of the classifiers. This ar-
ticle describes such a method and its
implementation in the form of a
system of computer programs. An
important feature of this system is
the considerable degree of user-
system interaction through which is
achieved the flexibility required by
the research environment.

Data Handling and Data Analysis
in Remote Sensing: General

Figure 1 shows a block diagram of
the overall data flow for the Labora-
tory for Agricultural Remote Sensing
Data Processing System (LARSYS).
The principal data input is multi-
spectral data collected on analog
tape by a multichannel optical-
mechanical scanner and tape re-
corder mounted aboard an air-
craft.®® The LARS Aircraft Data
Handling Processor ( LARSYSAH)
prepares the data for use by the
researcher: The data are edited,
digitized, and calibrated and re-
corded on digital tape in a packed

format (to reduce the physical vol-
ume). To make the data readily ac-
cessible to the wuser, line-sample
coordinates (much like x-y coordi-
nates) are added during the digiti-
zation process. A special computer
subroutine is available which will
read any desired area of data (speci-
fied by a set of line-sample coordi-
nates) into core memory and pass it
to the user’s program in unpacked
form.

Also available as part of LAR-
SYSAH is a program which prints
grey-level displays of selected data
on a computer line printer. These
displays, which are similar to black
and white photographs of the ground
areas over which the data were col-
lected, are useful in coordinating the
ground truth (see below) with the
multispectral scanner data.l:2

#® The airborne optical/infrared scan-
ning equipments used in this research were
made available by the U. S. Army Elec-
tronics Command (USAECOM), Fort
Monmouth, N. J. on a no-cost basis to the
University of Michigan (who collected the
data) for use on contracts administered by
USAECOM.
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Figure 1. Laboratory for Agricultural Remote Sensing Data Processing System (LARSYS)

The other form of data utilized is
“ground truth,” which is collected on
film and in the form of detailed
written field reports. Ground truth,
including such information as crop
species, crop varieties, soil types,
percent ground cover, etc., is cata-
loged and made available to the
researcher in convenient form by the
LARS Ground Truth Processor
(LARSYSGT).

The principal concern of this ar-
ticle is the LARS Aircraft Data
Analysis and Classifier Design Sys-
tem (LARSYSAA) which performs
the function of pattern classifier de-

sign based on the data from the air-
craft mounted multispectral scanner.

The LARS Aircraft Data
Analysis and Classifier Design
System (LARSYSAA)

The User—System Interface: In-
troduction. There are at least three
important reasons why the user-
system interface has received con-
siderable attention in the develop-
ment of the analysis and classifier
design system.

1. Optimal classifier design re-
quires a substantial amount of inter-
action between the various phases of

&,
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the design system.® At the present
state-of-the-art, this interaction is
best coordinated by the researcher.

2. Remote sensing applications in-
variably involve huge masses of
data. As a result, the quantity of data
input and results output required
for a classifier design task consumes
a considerable amount of computer
time. It is essential, therefore, that
the analysis and classifier design sys-
tem be largely immune from user
errors (e.g., control card errors), so
that errors in the later stages of
processing will not result in loss of
all the work which has gone before.

3. In the face of the two require-
ments already noted, the experimen-
tal status of the remote sensing
problem makes it desirable that most
or all of the processing system be
written in a high level compiler lan-
guage so that modifications to the
system may be made quickly and
easily by the researcher.

The third of these requirements
has been satisfied through use of
FORTRAN IV (except for a few
minor utility functions which can be
accomplished most efficiently
through use of assembly language).
The way in which the other two re-
quirements (user control, user-error
recovery) have been met is dis-
cussed in the following sections.

LARSYSAA System Monitor;
Free-form Card Format. Figure 2
shows the control structure of the
LARSYSAA system. The figure indi-
cates that the system is composed
of a Monitor and four distinct proc-
essing phases, each processing phase
directed by its own supervisor. The
multiphase structure results largely
from the need to minimize the
amount of core memory occupied at
any one time by program instruc-
tions, in order to maximize the
amount of memory available for
data. In fact, for the same reason
the individual processors are also de-
composed into multiple phases

* In this article three phases of classifier
design are distinguished: statistical analy-
sis, in which general statistical properties
of the data are measured; feature selec-
tion, in which an optimal set of features
are selected for use in the recognition
process; and classifier synthesis, in which
the classifier is designed (or “trained”)
and tested using the results of the preced-
ing phases. The precise nature of the com-
putations carried out in each phase de-
pends on the particular feature selection
and pattern recognition algorithms used
by the researcher.
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Figure 2. LARSYSAA Control Structure

which are only called into core mem-
ory by the respective supervisors as
needed.

Processing under LARSYSAA

commences when the computer op-
erating system recognizes a job con-
trol card calling for the LARSYSAA
system and loads the LARSYSAA

Monitor into core memory from the
program library.

The principal responsibility of the
LARSYSAA Monitor is to recognize
and interpret Monitor Control Cards
which request loading of the proc-
essor phases from the program li-
brary. These control cards and all
other control cards and data cards
read by LARSYSAA may have an
almost arbitrary format. On control
cards, a special key word must be
punched first, followed by any other
key words associated with the con-
trol card, separated by commas. On
data cards, parameters are punched
in a specific order, separated by at
least one blank. Should the user in-
advertently punch an unrecognizable
keyword or inconsistent parameter,
the card in error is printed on the
console typewriter along with in-
structions as to the action necessary
to resume processing. Diagnosis and
correction of errors in this manner
before they can produce abnormal
termination of processing prevents
the loss of intermediate results
stored in core memory by preceding
stages of processing. The researcher,
who will generally operate the com-

NCR
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applicants who qualify for current openings in our EDP Division.
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Robert L. Creviston
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puter and punch control cards as
they are needed (he may elect to
type them in at the console if de-
sired ), is thus freed from the burden
of remembering and adhering to
rigid input format requirements and
may concentrate more fully on the
analysis and design problem at hand.
The experienced user finds himself
operating in a conversational mode
with the computer program; the
novice finds that the key-word, free-
form card input and attendant error
checking speeds the process of learn-
ing to use the system effectively.

The Processor Supervisors. The
responsibilities of the Processor
Supervisors are threefold: interpre-
tation of processor control cards,
dynamic memory allocation, and
processor control. Once all of the
processor control cards have been
read (and any necessary error re-
covery performed), the processor
scans the list of operations (process-
ing options, see Table 1) that have
been requested and calculates the
amount of core memory required to
perform those operations. If the core
memory needed exceeds that avail-
able, the supervisor reports this fact
to the user who may then reenter
the processor control cards with ap-
propriate changes. In pattern recog-
nition terms, these changes generally
involve trading off the number of
processing options requested against
the number of pattern features
and/or pattern classes.

After a suitable set of processor
control cards has been read, the su-
pervisor calculates base addresses
and sizes of all variable arrays so
that core memory will be efficiently
utilized. The size and address infor-
mation is then available to the proc-
essor subroutines as needed.

The flexibility gained through the
use of dynamic memory allocation
broadens significantly the range of
problems that can be handled, even
in the face of fairly severe core
memory limitations.

Once the memory allocation pro-
cedure is complete, the analysis and
design operations requested are car-
ried out under the direction of the
supervisor.

The Processors. To discuss the
processors in general terms, a pos-
sible analysis and design procedure
will be described.
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ner data and the associated ground
truth, the researcher’s first task is to
select a set of training patterns. To
accomplish this, he obtains a set of
grey-level printouts which aids in
locating the boundaries of the agri-
cultural fields, roads, bodies of wa-

ter, etc. Data from fields of known
classification are then used by the
Statistical Processor to calculate var-
ious statistical quantities for the pat-
tern classes and produce the graphi-
cal data displays listed in the first
part of Table 1.

Because of uncertainties as to

Given a new set of digitized scan-

Statistical Analysis Facilities

Compute mean vector and covariance matrix for each class.

Compute mean vector and covariance matrix for each field.

Punch data deck containing statistics and other pertinent information for future use with
Classification Processor.

Histogram selected features for each class.

Histogram selected features for each field.

Print spectral plots for each class.

Print spectral plots for each field.

Print as many spectral plots as desired, each displaying results for up to four different
classes.

Feature Selection Facilities

Determine optimal sets of 1, 2, 3, . . . features.

Classification Facilities

Perform pattern recognition using any subset of classes and features made available by
the Statistical Processor.

Display Facilities

Print ‘information as to source of training data.

Outline training sets if they appear in results display map.

Print results of training operations.

Use a specified symbol set for results display map.

Compute and print classifier performance evaluation for training set
a) On per class basis.
b) On per field basis.

List areas used as test samples for performance evaluation,
Outline on results map the areas used as test samples.
Compute and print classifier performance evaluation for test set
a) On per class basis.
b) On per field basis.

Apply likelihood thresholding to establish a rejection class.
Recompute and print performance evaluations on the basis of any specified grouping
of classes.
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Table 1—LARSYSAA Processing Facilities

AT

8
-

(a) (b) . (c)

Figure 3. (a) Aerial photo; (b) Grey-level display; (c) Classification results.
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ground truth details (such as the
precise locations of field bounda-
ries), the researcher may at this
point have limited confidence in the
training set he has selected. How-
ever, by using the graphical output
of the Statistical Processor, he may
select a set of pattern features which
appear to be useful for differentiat-
ing between the classes and, tempo-
rarily bypassing the Feature Selec-
tion Processor, use the Classification
Processor and Display Processor to
produce a classification based on the
tentative training set. It has been
found that even such “crude” classi-
fication can yield a printout or map
of the data which is considerably
more detailed than a grey-level
printout (probably because the in-
formation contained in several spec-
tral channels is condensed into a
single display). The researcher can
use this result to refine the training
set, perhaps then performing one or
more reiterations of the same proce-
dure to achieve additional refine-
ment.

Once a reasonable amount of con-
fidence in the training set has been
attained, the Feature Selection Proc-
essor is brought into the processing
loop. By means of a suitable al-
gorithm (see, for example, Min,
Landgrebe, and Fu?®), the Feature
Selection Processor provides infor-
mation as to the best one, two, three,
etc., features to be used to obtain
optimal classification for the specific
problem at hand. Using this in-
formation and additional passes
through the Classification and Dis-
play Processors, the researcher’s
principal remaining task is to de-
cide, on the basis of reasonable
computation time and the desired
level of classification reliability,
which optimal feature set (i.e. how
many features) should be used.

Figure 3 shows a grey-level print-
out and an aerial photograph of the
agricultural terrain over which the
data were taken. The classification
task was to discriminate wheat
(printed with W’s) from various
other classes (all printed as blanks).

Program Modification Facilities

As noted above, the research en-
vironment requires that the analysis
and classifier design program be
easily modified—for example, to test
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new classification algorithms. This
flexibility is achieved by a) the dy-
namic storage allocation approach
discussed above; b) inter- and intra-
program communication via common
storage areas; c) residence of the
source language program on a tape
which is easily modified by an edit-
ing program; and d) a self-directed
System Construction Program which,
once initiated, performs.all of the
steps necessary to go from source
language to operational program.
Item b increases considerably the
importance of the System Construc-
tion Program which has the respon-
sibility of inserting all COMMON
cards into the source language
“deck” during system construction.
This relieves the user of the chore
of modifying the COMMON cards
in every program and subroutine
each time a change is made involv-
ing the common variables.

Concluding Remarks

This article has presented some
aspects of a system of computer pro-
grams which, in spite of a fairly
complex processing situation and de-
manding core memory requirements,
allows the user to solve a wide range
of problems without actual modifica-
tion of the program. When modifica-
tions are unavoidable, the system
structure is such as to allow the
changes to be implemented easily
with the aid of a System Construc-
tion Program. A “conversational
mode” of operation which is of par-
ticular value in the research environ-
ment has been achieved through the
development of techniques which
opimize man-machine communica-
tion and minimize the inefficiencies
which usually result from a high
level of on-line user-system inter-
action.
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Main Program
100 FORMAT (10X, 13HYOU ARE WRONG)

CALL XTRAN (2,K)
DO 10 J=1, K,2
10 WRITE (3,100)

Subroutine
SUBROUTINE XTRAN (K,J)

IF (K.LE.100) GO TO 10
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RETURN
\\ END

The correct answer bearing the earliest postmark will met the reader submitting it $25.00
The second correct answer with the =arliest postmark wins $15.00

You can also profit by submitting problems for this feature. If your problem in
FORTRAN progromming is selected for use in this feature, you will receive $25.00

CONTEST RULES: 1. USA standard FORTRAN |V is assumed.
2. Version 12 of the IBM 7094 FORTRAN 1V Compiler is used in verify-
ing answers.

Send your answer to the problems posed here in each issue to:

TROUBLE-TRAN EDITOR,
SOFTWARE AGE, 1020 CHURCH ST.,
EVANSTON, ILLINOIS 60201

WINNERS OF TROUBLE-TRAN PROBLEM 3

FIRST PLACE: R. E. Waychoff, Burroughs Corporation, 460 Sierra Villa,
Pasadena, California 91109

SECOND PLACE: S. J. Metz, Applied Data Research, Inc., 2425 Wilson Blvd.,
Arlington, Virginia 22201

PROBLEM #5

BOTH THE MAIN PROGRAM AND THE SUBROATINE WILL COMPILE

WITHOAT ANY DIAGNOSTICS. X(J) APPEARS ON THE RIGHT SIDE OF

THE EQUAL SIGN AND, SINCE THERE ARE NO DIMENSIONS SPECIFIED

FOR X, IT WILL BE TREATED AS A FUNCTION.

A CALL TO THE FUNCTION X WILL BE GENERATED WITH J AS THE FARAMETER.

SINCE THE SUBROATINE IS USING X AS THE NAME OF A COMMON BLOCK,
X WILL BE INSERTED IN THE LOADER DICTIONARY 5 AND SINCE THE
LOADER DOES NOT DISTINGUISH BETWEEN THE NAME OF THE COMMON
BLOCK AND THE NAME OF A ROATINE, THE CALL 70 X /N THE

MAIN PROGRAM WILL TRY TO EXECATE BLOCK X AS A SUBFPROGRAM.
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shall discuss the following debugging lan-
guages:

TESTRAN, for assembly language programs
COBOL debugging language

FORTRAN 1V debug facility
Debugging-oriented facilities in PL/I

TESTRAN

This Operating System/360 facility is de-
scribed in Control Program Services. It consists
of a set of macro-instructions which are placed
in the front of an assembly language program
source deck. The macros assemble as separate
control sections. At load (linkage editing) time,

PROGRAMMERS
SYSTEMS ANALYSTS
D.P. MANAGEMENT
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We specialize exclusively in data processing placements.
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COLUMBUS, OHIO 43215
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—
. Data Processing Consulting

« Programming

Needed — ambitious programmers with three to five years of
experience and knowledge of COBOL.

We are a major management consulting firm having unique
opportunities for both professional programmers and program-
mers wishing to use their knowledge to enter DP Consulting.
Please forward your resume, including salary history, in com-
plete confidence to:
Box SA-802
1020 Church Street

Evanston, lllinois 60201

FREE

Hot off the press! Our brand new Summer 1968 Profes-
sional Advancement Brochure—40 pages packed with de-
tailed job descriptions representing over 4,000 computer
opportunities in all 50 states and 35 foreign countries and
the latest wage and salary surveys for eight different cate-
gories of computer specialists. Never a cost or obligation
to you at any time as we are a professional recruiting firm
sponsored by the computer industry.

COMPUTER PROFESSIONS INC.

Steve Graham
1025 Connecticut Avenue N.W.
Washington, D. C. 20036

For more information, circle No. 9 on the Reader Service Card

the test requests are converted to “supervisor
calls” which replace the normal instructions at
points where requests are specified.

This provides the facility of executing de-
bugging statements “remotely” as though they
were inserted in the normal flow of the pro-
gram, i

There are twenty-four basic statement forms,
in five major classes.

The DUMP class enables the -user to record
the contents of (a) data regions, (b) data re-
gions when a change of value occurs, (¢) ad-
dresses of dynamically allocated storage, (d)
registers and program status word, and (e)
textual commentary.

The TRACE class enables the user to (f)
record program transfers, (g) record execution
of CALL statements, (h) record references to
specified regions, and (i) activate and terminate
trace modes.

The TEST class enables the user to designate
(j) the beginning or ending of dynamic testing,
(k) the points at which testing is to occur, (1)
internal flags and counters, and (m) conditions
for executing test requests.

The GO class permits flow within a test re-
quest; the SET class permits assigning values to
internal flags or counters, or to user registers or
data areas.

The TESTRAN statements, when activated,
produce debugging information in a special file
(data set), which is then processed in a separate
“editing” run.

TESTRAN contains most of the well known
debugging facilities. The disadvantages are that
reassembly is usually necessary to incorporate
additional test requests, or to incorporate pro-
gram changes devised as the result of errors
detected by the use of TESTRAN. (Also, the
number and complexity of control cards and test
cards needed to accomplish the total process
might be considered a disadvantage.) Overall,
the system satisfies the criterion that the debug-
ging language be of the same type as that em-
ployed in the program being debugged, but the
ease of use is not equal to that of the SOS
modify-and-load feature.

COBOL Debugging Language

The System 360 COBOL compilers contain
language extensions designed to facilitate de-
bugging programs at the “COBOL level,” with-
out disturbing the integrity of the source deck
in question. The design concepts evolved from
the “debugging packet” additions made by
IBM’s Bob Johnsen to the 7090/7094 COBOL
compiler.

Four statement forms augment the normal
COBOL vocabulary, in System 360:
e READY TRACE
e RESET TRACE
e EXHIBIT
e ON

These statements may be placed anywhere.
In debugging operations, however, the debug-
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ging packet usually contains these (and perhaps
other) statements.

The trace mode is activated by execution of a
READY TRACE statement, and suspended by
execution of a RESET TRACE statement. When
the trace mode is in effect, arrival at each para-
graph or section is indicated by a printout of its
name on the standard system output device.

The EXHIBIT statement provides the option
of printing specifically designated data values,
identified by their names, on the standard sys-
tem output device. The printout may be re-
stricted to only such times as a change in value
is detected, by using the form EXHIBIT
CHANGED or EXHIBIT CHANGED NAMED.

CAREER OPPORTUNITIES . .

IN EDP

* PROGRAMMING/ANALYSIS

IBM-360, SDS-920

DDP-516, 124, H-200, 800
* MANAGEMENT INFORMATION SYSTEMS
* CRT/GRAPHIC SOFTWARE DEVELOPMENT
* ON-LINE, REAL-TIME SYSTEMS
* MANY OTHER AREAS

The ON statement provides a convenient
means of controlling selective debugging on a
regularized basis. For example, the sentence:

ON 1 AND EVERY 4 READY TRACE,
EXHIBIT NAMED

EMPLOYEE-NAME, DEPARTMENT,
ELSE RESET TRACE.

restricts the program procedural trace printout
to the first, fifth, ninth, etc., times through the
debugging packet, and also causes the data
items EMPLOYEE-NAME and DEPARTMENT
to be printed on SYSOUT in self-identified form.

A debugging packet is preceded by a card of
the form

*DEBUG pname [, TRY]

where pname is a paragraph or section name
in the subject source program, qualified (if
necessary ), and “TRY” tells the compiler to at-
tempt execution even if a major error appears
in the packet itself. (If TRY is omitted, any
significant packet error prevents execution.)

By use of the disk-resident source program

YOUR RESUME WILL BE GIVEN WIDE EXPOSURE TO INTERESTED
EMPLOYERS. ALL PLACEMENT FEES ASSUMED BY EMPLOYER.

CALL, OR SEND RESUME TODAY:

PROFESSIONAL COMPUTER PLACEMENT SPECIALISTS,
SUITE 802 .« 2000 L ST., N.W.,
WASHINGTON, D.C. 20036 . PH. (202) 659-8525

MEMBER, COMPUTERS & ENGINEERING CAREER ADVANCEMENT CENTER

library, the user need only specify the source
deck name on a BASIS card, followed by the
debugging packet; the combined source state-
ments are recompiled as a unit, with the pro-
cedural body of the packet being incorporated
into the object program at “pname.”

Modifications may be applied to the source
stream called out by the BASIS card, in the
form of INSERT and/or DELETE cards placed
between the BASIS card and the debugging
packet. Of course, the source deck itself may be
placed in the input stream, followed by one or
more debugging packets.

It's free. Thenew 1968 Edition.

Our National Computer
Salary Surveyand
Opportunities Analysis.

FORTRAN Debug Facility

In October 1966, IBM issued a Technical
Newsletter which defined a debug facility for
the 0S/360 FORTRAN. This additional capa-
bility adopts the concept of a debug packet.
A FORTRAN packet begins with an AT state-
ment, which simply designates a statement num-
ber in the program or subprogram to be de-
bugged. The statements within the packet are

performed prior to execution of the statement
All of this information has been compiled, analyzed and put together by some designated by the packet-identifying AT state-
of the most knowledgeable people in the business. The people at
Source Edp. Source Edp is the only placement firm staffed by computer ment.
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To get your free copy of the 1968 Edition of Source Edp’s Computer Salary Survey added to the language in order to specify vari-
and Opportunities Analysis just circle the reader inquiry card. ous options applicable to debugging. This DE-
To speed delivery write directly to: :

BUG statement, which must precede all packets,
permits the programmer to select:

a) The unit on which debugging output is to
appear.

b) Which arrays are to be tested for subscript
validity, when referred to.

¢) TRACE, which displays program flow by
statement numbers.

d) Variables (or arrays) to be displayed
whenever new values are assigned; for ar-
rays, only changed elements are displayed.

This is it. The all-new 1968 edition of Source Edp’s FREE 20-page Computer

Salary Survey and Opportunities Analysis. It's a summary of computer salaries by
24 separate levels of professional and managerial experience ranging up

to $75,000. Plus a comprehensive analysis of current trends in
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New York—Edward R. Golden, 1414 Ave. of the Americas (212) 752-8260
San Francisco—Richard 0. Clark, 111 Pine Street (415) 434-2410

Client companies assume our charges.
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e) SUBTRACE, so that job flow through sub-
programs is displayed symbolically.

Within packets, additional executable state-
ments are provided, to turn the TRACE mode
ON and OFF, and to DISPLAY variables. This
latter statement is a short form of data-directed
(NAMELIST) output.

In the debugging capabilities of FORTRAN
and COBOL for System/360, we see a marked
influence of the latter on the former. Both facili-
ties offer convenient, simple, yet flexible tools
designed to speed the program checkout process.
They seem assured of ready acceptance by the
user community. Also, it is evident that these
same debugging language features could be
adapted easily to conversational mode FOR-
TRAN and COBOL processors.

Debugging Capabilities in PL/I

It is natural that the newest general purpose
language—IBM’s PL/I—contain considerable
provision for programmer control of conditions
affecting the proper running of a program.

In PL/I, the user has optional control over a
host of conditions, which he may disable or
enable dynamically at will. He may also specify
the actions to be taken at the time an associated
interrupt condition is “raised.” Some of these
controllable conditions are pure hardware-
oriented (e.g., FIXEDOVERFLOW, ZERO-
DIVIDE); others are, in today’s technology,
handled only by software (e.g., SUBSCRIPT-
RANGE, SIZE).

The conditions which are controllable by the
programmer have the keyword designations:

CONVERSION
FIXEDOVERFLOW
OVERFLOW

SIZE

UNDERFLOW
ZERODIVIDE
CHECK
SUBSCRIPTRANGE

These words may be placed at the start of a
program block (or statement, in some cases),
preceding the block label, and delimited by a
colon. This enables the related “interrupt” con-
dition. To disable any of these conditions, the
same keywords may be used, preceded by NO
without intervening blanks.

The programmer may specify his own process-
ing steps to handle any condition which arises
(while enabled), by writing an ON statement.
For example, the statement

ON SUBSCRIPTRANGE
CALL CORRECTION (I, ], K);

will cause the procedure “CORRECTION” to
be invoked when any subscript violates its per-
missible range, with the variables I, J, and K
being passed as arguments.

For purposes of testing programs, it is pos-
sible to force conditions to arise (and thus cause
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the execution of the related ON-condition) by
execution of the SIGNAL statement.

Of special note is the CHECK condition, in
which a list of variables is designated for de-
tection of change within the scope of the
CHECK prefix. The standard system action in
this case is the output (to a printable debugging
file) of the identifiers and their new values.

Conclusion

Debugging tools are now recognized to be an
integral requirement of each software subsys-
tem. Depending on the nature of the subsystem,
different approaches are taken, each aimed at
the special background of a hypothetical “typi-
cal user.” The result, as exemplified by System/
360, is that a means of improving the program
checkout process is supplied to the user, on a
level appropriate to his particular chosen
method of coding.

PL/I in particiular is excellent in this regard,
and FORTRAN and COBOL have also suc-
ceeded in adding to the formerly static standards.

In the FORTRAN, COBOL, and PL/I higher
level language areas, the compiler diagnostic
messages must also be considered a part of the
debugging facilities. Good compilers not only
detect violations of syntax, but are capable of
requiring semantic meaningfulness as well, since
they must deal to some extent with overall pro-
gram flow and structure. Consequently, the user
of these languages has a built-in advantage
when he starts program debugging.

On the other hand, the assembly language
user must rely on his own wits to a much greater
extent. This is not unnatural, to be sure. In
fact, the industry is approaching the point
where the assembly language user is a relatively
rare specialist. However, the debugging aids
available to such a specialist are almost exclu-
sively execution-oriented. That is, traditional
assembly program philosophy is not concerned
about overall program structure, or how inde-
pendent lines of code are interrelated. There-
fore, the error-prone and tedious characteristics
of assembly languages persist to this day, and
their related debugging aids do little to free the
programmer from that mode of thought. It would
seem that the development of a more sophisti-
cated assembly language processor, capable of
“inquiring” into the intent of sections of code,
might produce a breakthrough to improve
assembly language programming efficiency. =

REFERENCES

1. IBM Data Processing Division, Form C28-6515-4,
IBM System/360 FORTRAN IV Language.

2. IBM Data Processing Division, Technical Newsletter
No. N28-2147, Amendment to IBM System/360
FORTRAN 1V . Language, Form C28-6515-4.

3. IBM Data Processing Division, Form C28-6516-5,
IBM System/360 Operating System COBOL Lan-
guage.

4, IBM Data Processing Division, Form C28-6541,
0S/360 Control Program Services.

5. IBM Data Processing Division, SOS-SHARE System
for the IBM 709: Distributions 1-6.

SOFTWARE AGE



market
lace

The Classified Ad Department
of
SOFTWARE AGE

FREE SAMPLE

SEND FOR FREE SAMPLE KIT for marginal
punched addressing label paper for EDP print-
out. Immediatae delivery from stock. Computer
Label Co., 401 Broadway, New York, N. Y.
10013. Phone 925-3345.

HELP WANTED

PART-TIME PROGRAMMERS/ANALYSTS with
scientific or mathematics degree. All work will
be corresponded through the mail, on high
contract rates. Prefer thorough knowledge of
FUKIKAN IV as applied to large scale com-
puters. Send brief resume to Box SA-801,
SOFTWARE AGE, 1020 Church St., Evanston,
1. 60201.

SOFTWARE OFFERED

CIRCULATION & MAILING LISTS: complete
tested (working) software for card or mag-
tape conversion, maintenance and label print-
ing on 360/20. Card version require 20/20,
8K with 2560 and 2203 with 120-c line. Tape
version require 20/20, 12K with 2203 or
1403, 2560 and two tape drives. Produces
4-up E-W Cheshire labels @ 15,000/hr with
2203; up to four lines of address, with or
w/o additional matchcode line, using unusual
1-cd. format providing 4 cols. (up to 8 items
by using zone and digit pchs separately) of
classification, demographic and/or "expire
data. Programs identify ‘‘suspect'’ duplications
(i.e. near but not total duplication) for op-
erator decision. Avutomatic zip markings to
speed mailing operations. State selection,
every Nth name and other selective label
print programs also available. Write or phone
H. L. Rothra, PRESS—TECH, Inc., 1020 Church
St., Evanston, lll. 60201. (312) 869-1244.

MOONLIGHT SERVICE

NEW YORK CITY: We have ‘‘moonlight” help
available to do systems analysis, programming
and documentation. Commercial applications
on IBM 1401/60, 7070/74, 360, and Spec-
tra 70 using Autocoder, Cobol or BAL. Call
Mr. Chapman (212) YU 8-6503; or write to
321 Associates, P. O. Box 995, Wall Street
Station, New York, N. Y. 10005.

Avucust, 1968

market pla

where you can

reach 91,000
programmers, mathematicians,
analysts and EDP managers.

CLASSIFIED ADVERTISING

Non-Display Classified: For firms or individuals offering commercial prod-
ucts or services, 75¢ per word (including name and address). Minimum
order $7.50. For Blind Ad Service, an additional $10.00. For ‘‘Positions
Wanted" Ads, 55¢ per word (including name and address). No mini-
mum. Payment must accompany copy except when ads are placed by
accredited advertising agencies. Frequency discounts: 5% for 6 months;
10% for 12 months paid in advance.

Display Classified: One inch by one column, $70.00. Column width 2 %, .
Photographs accepted for an additional $20.00. Advertiser to supply
all photo, art, cuts, or camera ready copy.

General Information: One inch display Help Wanted and Employment
Services ads will be accepted in the classified section. Employment ads
78 puyYS Ui muIe will UPPEUr run OT DOOK, WIIl DE KEyed To Tne resume
form in back of publication, and will qualify to free daily resume service.

Closing Date: 1st of preceding month (for example, May issue closes
April 1st).

Send order and remittance to: Classified Dept., Software Age, 1020
Church Street, Evanston, lllinois 60201.

.

Wi

CLASSIFIED ADVERTISING ORDER FORM

Please refer to the above information for complete data concerning terms, frequency discounts,
closing dates, etc. Cash with order.

ATt .

1 2 3 4 5

6 7 8 9 10
11 12 13 14 16
16 17 18 19 20
21 22 23 24 25
26 27 28 29 30
31 32 33 34 35

! @ 55¢ (Reader Rate)
| @ 75¢ (Commercial Rate)
—_Include Photograph @ $20.00 additional (Display Ads Only)

Lo sWords

0O Run Ad Blind $10.00 Insert. time(s) Total Enclosed $

NAME

ADDRESS

CITY STATE ZIP
Signature

WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York)
counts as one word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip
roup of figures or
yphenated words

SA-8

Code if space does not permit.) Count each abbreviation, initial, single figure or
letters as a word. Symbols such as 35mm, COD, PO, AC, etc., count as one word.
count as two words.
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PROGRAMMERS
SYSTEMS ANALYSTS

Nationwide
With the installation and implementation of our
unique National Marketing Analysis System
(NMAS), Input, Inc. is now able to bring the
nation's complex and ever-changing computer
community into remarkable focus. Through the
mass of exclusive information available to us
through NMAS and by employing an innovative
‘‘search and solve'' technique, our staff of trained
consultants can lock in on the myriad complexi-
ties of your specific career requirements with an
accuracy unparalleled in the field.

Fields covered include digital hardware design,
systems analysis and programming of software,
management information systems, and a variety
of sophisticated scientific and commercial appli-
cations. We welcome your inquiries. Contact Mr.
Lincoln Bouve or Mr. William Caine at 202/
298-7510 for additional information or submit
resume in confidence. Client companies assume
all fees.

input, inc.

815 connecticut avenue, n.w.
washington, d.c. 20006
e.o.e./mf suite 1200

1)

EMPLOYMENT AGENCY
b FOR
COMPUTER
PROFESSIONALS

Serving
® PHILADELPHIA
® NEW JERSEY

® NEW YORK
METROPOLITAN AREA

Experienced Programmers and
Analysts from these areas may
call collect anytime (24-hour
answering service)

(609) 662-6621

VOCATIONAL TRAINING

PLACEMENT FOR COMPUTER ORIENTED COMPANIES

OR SEND RESUME TO
HOWARD LEVIN

Director
RSVP SERVICES
304 Victor Avenue

Cherry Hill, N. J.
08034

e SELECTION

RECRUITMENT

&
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‘new productss

A tape truck 16” wide by 24" long
(turning radius, 14%”) will move effort-
lessly and transport up to 90 reels of tape
in the revolutionary Data Seal, according
to Data Products, Inc. This 50% increase
in capacity may also be gained when
using regular or slim-line canisters. File
rack design affords a flat shelf, which may
be utilized for other operating supplies.

For more information, circle No. 80
on the Reader Service Card

5 & o

Data-Ram Corporation’s new Data-Stor
14™ Series of general purpose core mem-
ory systems is designed to provide high
speed, economy and maximum flexibility
in an extremely compact package. All
units feature an internal, regulated power
supply which contributes to overall system
space savings.

The Data-Stor 14 Series provides ca-
pacities from 1,024 x 8 to 8,192 x 18, 1.4
usec full cycle time, 800 nsec half-cycle
time and modular construction. A 2%D,
3-wire memory configuration is employed
along with 100% integrated circuit logic
which includes data retain circuits, op-
tional sequential, sequential interlace and
random sequential interlace.

Logic signal levels are: Logic “0”-0
volts nominal < 0.45 volts; Logic “1”-5
volts nominal, > 2.5 volts.

For more information, circle No. 79
on the Reader Service Card
2.0 0

Numeridex Tape Systems, Inc., has
added several new products to its line of
tape and peripheral tape products for the
computer and office field. They are: 1) a
rigid, clear plastic container, for storing 6”,
7%", and 8" reels or long programs on
tape to 1200 ft long; 2) a .0027” thick
Mylar/Aluminum Foil/Mylar tape in
Green both sides to eliminate misreads on
refractive type photo-electric readers; 3)
a two color tape—one side Copper, one
side Blue to prevent accidental tape
reversal.

For more information, circle No. 78
on the Reader Service Card
. 08

A new decollator attachment that is said
to add more flexibility to system flow, in
removing carbon from a continuous mar-
oinally punched one-side fastened form,
leaving this form with two or three fas-
tened opaques, has been released by
Moore Business Forms, Inc. The new at-
tachment called Moore Model 231 De-
leaver removes one or two carbons from
continuous forms, at right angles to the
paper flow through the decollator,
operating in conjunction with regular
decollating operations.

Deleaved sets are refolded for subse-
quent handling, while deleaved carbons
are spindle rewound for fast and clean
disposal. Balance of the opaques and
carbons in the continuous set strip are
then decollated in the normal way.

For more information, circle No. 77

on the Reader Service Card
® ® @

ARE YOU

UNDER . . .

EDP-SYSTEMS

WE SPECIALIZE IN CAREER CORRECTION
‘“UNDERED’'’?

PAID or UNDER THE WRONG BOSS . . . UNDER THE
WRONG CLIMATE or UNDER PROMOTED

UNDER UTILIZED or UNDER THE WRONG HOURS . . . UNDER THE
. or just ““UNDERED''?

. CALL WA 3-2640

WRONG POLICIES . .
FOR "“OVERING" . .
LAWRENCE PERSONNEL
1015 Chestnut, Philadelphia, Pennsylvania 19107
FEE PAID BY CLIENT COMPANIES ® NO CONTRACTS ® ALWAYS CONFIDENTIAL

SOFTWARE AGE



Betagraphics hard-copy CRT printer
produces 8% x 11 inch prints of computer-
generated graphics and alphanumerics in
seconds, according to Beta Instrument
Corp. The paper is exposed by images on
the high resolution CRT and developed
completely dry, no liquids being used. The
Model HC610 is designed to be interfaced
to a computer, coupled to a display con-
troller or slaved to any graphical computer
display.

The Betagraphics Printer is a random-

access X-Y device featuring high-speed

magnetic deflection, geometry correction
and dynamic focus. Full Format settling
time is less than 12 microseconds, point
plotting rate is 500,000 points per second,
line-writing rate is 2 microseconds per
inch and character-writing bandwidth is
greater than 1 megahertz.

For more information, circle No. 76
on the Reader Service Card
s 8 @
Franklin Ribbon & Carbon Company

announces its new, special treated, long
wearing teletype and computer ribbons.

While wear is said to be extended al-
most 50%, the fabric is not loaded with
ink in order to cause smear or smudge.

For more information, circle No. 75
on the Reader Service Card
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A complete computer documentation
guide called DOCU-PAK has been devel-

oped by SYNERGETICS Corporation. The
200 page manual is available for a variety
of configurations, including system 360
and Honeywell Series 200 computers. The
manual includes specifications for docu-
menting the implementation effort—from
feasibility study through program listing
development and is designed to provide
the information required to effectively op-
erate the system once installed. Documen-
tation review and maintenance procedures
are incorporated in the manual. Designed
to aid in the development of business
applications and the personnel who imple-
ment them, DOCU-PAK specifies when
documentation should be created, what
types of information should be captured
and how that information should be or-
ganized. Detailed standards for system
flow charts, program diagrams, decision
tables, layouts and COBOL and assembly
language coding are specified.
For more information, circle No. 74

on the Reader Service Card
s o »

By using Computer Model Co. mini-
models for 3-dimensional data processing
area planning, computer layout problems
can be scaled down to size. Human engi-
neering questions are answered before the
computer room is built.

Each CMC computer or tabulator model
is hand-crafted from high impact, thick-
wall Lucite. Individual details are shown
by realistic color and by careful modeling.
All models are scaled %” to one foot, the
most common architectural standard for
buliding plans. A floor plan layout sheet
is also available.

For more information, circle No. 73

on the Reader Service Card
s 8 @

The Indel Model HSR computer tape
rewinder is said to have achieved precise
tensioning during rewinding. It maintains
tension of from 7 to 8 ounces on the tape.
It rewinds a 2,400-foot reel of tape in one
minute and thirty seconds.

One reel starts and tension is gained
before triggering the high speed sequence
to give proper tension. If a reel has broken
tape, when the break is sensed, the ma-
chine will automatically apply both reel
brakes, and tape will NOT spool off onto
the floor, according to the manufacturer.

For more information, circle No. 72

on the Reader Service Card
» o @

THE PROFESSIONAL PLACEMENT SERVICE
MANAGEMENT INFORMATION SERVICES

173 NEWBURY STREET

INCORPORATED

We are . . . a specialized Personnel Consulting Firm staffed and managed by individuals with
proven experience and a thorough knowledge in all areas of data processing . . .
working for professionals. The need for qualified management and support personnel is critical.
Our objective is to fill this need, We can succeed only by understanding your individual require-

ments. We look forward to working with you.

B SYSTEMS/MATH ANALYSTS
H PROGRAMMERS/BUSINESS/SCIENTIFIC

(617) 262-1900
THERE IS NEVER A CHARGE FOR OUR SERVICES

An Equal Opportunity Employer

. BOSTON, MASSACHUSETTS 02116

professionals

B OPERATIONS RESEARCH
B MIS SPECIALISTS

AvucusT, 1968

WORLD FAMOUS
CURTA

PORTABLE PRECISION
CALCULATOR

weighs only 8 oz.
adds—subtracts—multiplies
divides—squares—cubes
extracts square roots
accumulative multiplication
multiplication or division by
constant factor

® figures: percentages

® percentage increase or decrease

® compound percentages

® calculations—calculation of

® distance and azimuth—Ilinear

® interpolation—solves formulae
comes in two models

MODEL #1 MODEL #2

diameter  2-1/16" 2-9/16"

height 3-3/8” 3-5/8"

weight 8 oz. 12 oz.

digit cap.  8x6x11 11x8x15

PRICE $125.00

$165.00

Furnished with shock proof
container.

LEATHER CARRYING CASES
(2 Styles Available)

Carries “Curta” in Container

#S-1 SMALL $14.00
#S-2 LARGE $16.00

Carries ““Curta’’ Only

#1 SMALL $10.95
#25 LARGES 511:95

MONEY BACK GUARANTEE

You may purchase either model on
a money back basis. If you are not
completely satisfied with the Curta
Calculator, you may at any time
within a 30 day period return it for
your money back. In addition all
calculators carry an unconditional
guarantee against any defect in
parts or workmanship.

To order specify Model # and case
style and send check with your
order to:

SCIENCE/SYSTEMS

P. O. Box 1176, Evanston, lll. 60204
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EDP
PLACEMENT
SERVICE

The Callahan Center is a placement organi-

zation which specializes exclusively in
personnel. We offer the following:

1. Fee paid positions.

. Night and Saturday interviews.
Resume dictation service.

. 24 hour intensive search.

. No contract to sign.

. Strict confidence.

N o 0 & 0N

one year if necessary.

EDP

. A weekly review of your resume for

8. Each individual receives the personal

attention of Mr. Callah

CALLAHAN CENTER
FOR

COMPUTER PERSONNEL

Suite 414 Boulevard Building

1819 J. F. K. Boulevard, Phila., Pa. 19103
CALL COLLECT: (215) 567-4811

SUBSCRIBER SERVICE

Mail to: Software Age, 1020 Church St.,

Evanston, I, 60201

Please fill out the blanks below whether
you are changing your address or re-

questing a new subscription.

My Specialty

prime experience in what industry?

[ Technical Degree
year born
[0 Non-Technical Degree [ | have

analog/hybrid

[0 No Degree exp.
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A dual-process, automatic magnetic tape
cleaner that provides a “low-pressure”
cleaning cycle for newer tapes and a high
performance process for older magnetic
tapes with higher concentrations of im-
bedded particles is available from Cyber-
tronics, Inc.

The E-24, third generation tape cleaner,
is designed to meet all rehabilitation re-
quirements for today’s 9 channel and full
width tapes—at the highest densities. Be-
sides having two separate and different
cleaning systems for new and old tapes,
the E-24 features the new “single caps-
ton” designed to eliminate tape cinching
and creasing and deformation from excess
tension by means of its positive, self-
adjusting wind control which provides con-
tinuous tension throughout the entire reel
rewind cycle.

For more information, circle No. 71
on the Reader Service Card
s 6 @

Silvertex IBM #1403 High Speed
Printer Ribbon, manufactured by Precision
Computer Ribbon Co., has a unique ink
formulation which renders a strong grey—
black write which is said to be more uni-
form during the life of the ribbon than is
usually found with standard black record

.ribbons. The special inking process also

helps eliminate shadowing. This sliver-
textured ribbon is available only from the
manufacturer, who offers off-the-shelf de-
livery.

It is woven of Nylon 66 filament; fabric
is 5 mil caliper; 281 per inch average
thread count; 245 lbs. per sq. inch average
Mullen burst strength; substrate meets
IBM fabric specifications. It comes
14-1/16" wide; available in lengths of 20
and 25 yards.

For more information, circle No. 70
on the Reader Service Card
e o @

Unique for the convenience of its rapid
disposal system, which jets shreds into a
plastic throw-away bag, the DESTROYIT
Super-Speed by Michael Lith Sales Corp.,
is a powerful new office paper shredder
featuring high speed destruction of large
volumes of confidential material. Driven by
a % H.UP. electric motor the new table
model uses one on-off-reverse button. Sta-
ples and clips do not harm the mechanism.

To satisfy varying needs for secrecy,
speed and productive capacity, the Super-

Speed is made in three models, differing
only in the width of the shreds. The small-
est shred width is 1/32”; the largest shred
width is %".

All three models shred paper that is
wider than the machine itself, because
each is equipped with a broad, slanted
feed table 14” wide at its start; this table
is tapered to gather the bigger sheets.

Super-Speed has been designed with a
peak mechanical operating capacity of 500
Ibs. of shreds per hour. This means that
in actual operation it will shred as fast
as it is fed. Operation is further enhanced
bybdisposable plastic bags which serve as
a bin.

For more information, cfrcle No. 69
on the Reader Service Card
s o @

The Magnetic Tape Certifier introduced
by Virginia Panel Corp. can be plugged
into any tape transport and can be inter-
changed between transports by changing
the connector. The unit will certify tape
at any packing density up to 1,600 bits
per in., and handle up to 9 channels on
%" tape. The certifier will accommodate
any tape transports which are compatible
with IBM 790, 7330 or 2400 units. It will
record the number of errors with counter,
and a permanent printout gives a record
of dropout location. The threshold is
adjustable.

For more information, circle No. 68
on the Reader Service Card
¢ & @

A tape reel identification system using
self-sticking labels that combine a color
code and space for printed information on
each label is available from W. H. Brady
Co. This system eliminates the need for
a printed label and a separate color-coded
label on the same reel.

Brady self-sticking reel labels can be
printed by computer—printer, typewriter,
or even hand written. Printout area is rec-
tangular with a curved, color-bar top.
The 4%"” wide pinfeed carrier liner is per-
fed between each label for individual use.
Labels are made from a latex-impregnated
paper stock. Pressure-sensitive adhesive
backing lets labels be removed from reel
without residue. Available in 9 colors.

For more information, circle No. 67
on the Reader Service Card
s o o

Nationwide

systems, scientific and commercial applications.

Professional
PROGRAMMERS — ENGINEERS — SENIOR SCIENTISTS

Computer Careers Incorporated offers a truly unique service on a nationwide basis to the professional
programmer, engineer, or senior scientist seeking personal advancement and career growth. Our
professional staff is qualified by reason of actual working experience in your field to know and
understand your background and to best serve your personal and career interests.

Our carefully selected clients are outstanding leaders in the computer industry and directly related
fields of industrial activity. Current openings include a wide range of assignments in the fields of
digital hardware design, systems analysis and programming on a variety of software, management
May we suggest that you forward a confidential
summary of your background and career objectives today, or contact Mr. Edward Maclaren at
301-654-9225 for additional information. Client organizations assume payment of all fees.

COMPUTER CAREERS INCORPORATED

Suite 503—4720 Montgomery Lane—Bethesda, Maryland 20014
: (A suburb of Washington, D. C.)

CONSULTANTS TO THE COMPUTER INDUSTRY

International
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IN
CONFIDENTIAL INQUIRY SOFTWARE AGE
Your original copy of this form will be retained at the offices of SOFTWARE AGE and MAGAZINE

will be used for no other purpose than to notify the specific firms which you have
checked (on the reverse side) of your interest.

TYPE OR PRINT CLEARLY FOR PHOTO REPRODUCTION
JOB DESIRED:

List computer hardware knowledge (names of systems, tape, disk, terminals, etc.):

Programming specialties and years of experience (commercial, scientific, theoretical, experimental,
analog, etc.):

Systems programming on which you have had development experience (compilers, assemblers,
executives, monitors, 0.S., etc. Indicate for what computer):

Programming languages used and extent of experience (COBOL, FORTRAN, etc.):

Applications programmed (aerospace, banking, insurance, math subroutines, compilers, etc.):

Systems analysis experience (card design, flow charting, operation analysis, etc.):

EDP management experience (include years and number of people reporting to you):

SALARY: DATE OF AVAILABILITY:
(current) (desired)

EDUCATION: Indicate major as well as degree unless self-explanatory.

Degrees

Years

Schools

EMPLOYMENT: Indicate present employment and previous jobs below.
Employer
City

Years to. to to

Title or
Function

Name Age

Home Address Home Phone

U.S. Citizen?

(city) (state) (ZIP code)

Security Clearance Location Preference

Marital Status

e e Jilinareagy

THE COMPANIES YOU WANT TO SEE THIS INQUIRY. MAGAZINE
PUT FORM IN STAMPED ENVELOPE AND MAIL TO: 1020 CHURCH ST., EVANSTON, ILL. 60201

Avucust, 1968

33



AFTER OCTOBER 10, THIS FORM WILL NOT BE PROCESSED
WRITE ADVERTISERS DIRECTLY OR WRITE US FOR CURRENT S/A ISSUE

check your interests here

Fill in the confidential inquiry form on the other side of this
sheet. This form provides all the information advertisers re-
quire to screen applicants. If further information is desired, you
will hear from the advertiser direct. Then, check below the
boxes of those companies to which you want copies of your
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form sent. Mail to SorTwARe AGg, 1020 Church Street,
Evanston, Illinois 60201. (Please do not send us your
own resume. We will only process this form. A new form
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ing ads.
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Year Born

O I do not now receive S/A. Please enter my FREE subscription.
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[0 No Degree
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