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CHAPTER I
INTRODUCTION

The purpose of this work was to see if computer-
generated motion pictures could be applisd to the analysis
of electrical enginaesering phenomena, This subject was bro-
ken down into four parts which are describsd later in this
chapter and which comprise Chapter 1I through Chapter V,

What are computer-generated motion pictures? They are
a small branch of computer-graphics, one of the fastest
_growing fields in electrical engineering today, Compufer-
graphies, or the science of producing pictures with com-
puters, is part of the attempt to cope with the most serious
problem affecting these machines today. As computers become
faster and larger, communication with them on the part of
the human being becomes more difficult. Not only do the
rules for programming inputs become more involved, but the
mass of outﬁut tends to overwhelm the researchers when they
try to interpret what they have created,

The solution to this problem is to use a graph to show
the various relationships that are hidden in the mass of
figures that constitute the average program, and computer-
graphics uses the machine to draw thess graphs directly in-

stead of plotting them by hand.
1



The usual output device used for this purposs is ths
microfilm plotter, It consists of a computer-controlled
cathodo ray tube and a camera that can record the face of
the tube on film, The computaer causes lines or characters
to bs qlottad at any desired location on the tube, When a
complete picture has been drawn, the film is advanced to a
new frame and the next picture is constructed,

Gensrally, eaéh frame is indepsndent, but when a
computer-genserated movie is produced, the information
plotted in each frame is incrementsd from the one before it,
so that the final result when the film is run through a pro-
jector is an animated motion picturse, These moviess differ
from a reqular one in onse respect, A regular movie is ex-
posed in "real-time" and run at ths séma rate to give the
proper motion, while computsr-generated movies are created
frame by frame, This means that the computer can take as
long as it wants to calculate sach picture in a sasquenca,
and it is the calculated increment in position that causes
the motion,

Thé first problem considered in this work was how
computer-generated motion pictures could be applied to in-
creasing understanding in electrical engineering. Chaptsr
Il discusses how the advantages of the technical training
film could be combined with the computer'§ ability to hane
dle large masses of data in order to illustrate physical

avents that are usually expresssd mathematically. Many of
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the subjects in electrical enginsesering are of this type and
the equations explaining what is happening are usually ac-
companied by a still drawing. The tremendous advantagaes of
the computer-genserated motion picture are that the motion in
sithar time or space can be shown and the limitations of the
amount of data that can be handled are removed., The sxact
solution can be plotted and described as easily as fhe ap=
proximate one. The main requirements are that the subject
" be mathematically complex and that motion be an essential
component to understanding.

A number of different topics are discussed and it was
felt that electromagnetic fields are undoubtedly one of the
best subjects that can be found to which these techniquas
can be applied, The degree of abstraction of the mathema-
tical concepts containad in Maxwell's equations, for exampls,
make it a difficult field to understand from the student's
point of view., When solutions are known to the fiseld squa~
tions in a cértain case, the complex squations and mass of
numerical output detract from complete understanding of the
problem; This is particularly true when other than steady-
state fislds are considered and it is important to see time
as an alement of understanding of the problem.

Therefors, a numbér of topics in electromagnetic fiselds
are discussed with regards to how they might be helped by
the production of a computer-gesnsrated movie,

The next problem encountered was how to give Ohio Stats



University the capability to make movies using their 18M
7094 computer., It was decided fairly early to centar this
effort around the SC 4020 microfilm plotter made by the
Stromberg-Carlson Corporation. This machins is an off-line
plotter that uses magnetic tape to drive a cathode ray tube
that is matched to an automatic 35 mm camera, It was chosen
because it was almost the only machine available on the mare
ket at the time this work was bagun and becausse a body of
subroutines was availabls fromvafth American Aviation in
Columbus, Ohio for use on their SC 4020, Although 0SU's
computer center is not equipped with an SC 4020, there are
enough of them at othaf colleges and in industry that tims
can be obtained fairly easily, either for ressarch purposes
or by contract., Also, the machines that are coming on the
market at ths pressnt time generally follow the same organie
zation as the SC 4020 so that when 0SU obtains a microfilm
plotter, the capability demonstrated in this work can be
transferred to the new machine with very little effort.
There wers, however, a number of problems that had to
be solved before a movie could be produced, Thess included
determining the capabilities of the SC 4020, organizing the
available software to find out what was useful and what was
not, overcoming a computer lanquage difficulty betwsen 05U
and the outside world, and finally, writing subroutines that
would psrmit any programmervatvosu to produce movies of

electrical engineering phenomena merely by adding the right



subroutine calls to a main program describing this phenom-
ena,

In order to solve these problems, the subject of com-
puting software had to be considered in relation to the re-
quirements of the SC 4020. A general description of how
these problems were solved is given in Chapter III. This
turned out to be a very complex subject with a great many
details that would be of interest only to a programmer who
" was attempting to actually uss the subroutines developsd in
the course of this work to produce a movie., Therefore, the
details are described in the first three appendixes of this
work covering the differences betwsen FORTRAN and SCATRAN
caoamputing lanquages, the SCATRAN operating system, and the
FORTRAN system respectively, Chapter III ends with an ex-
ample of how a programmer would use the system to produce a
scene in a movie from a very simple program,

Chapter IV describes the details of a2 motion picture
that was proﬂuced using the technique developed in the pre-
ceding chabter. A number of different subjects were consid=-
ered from the field of slectromagnetics, such as plané wavaes
and wave guidas, in addition to the field pattern that was
finally chosen, but it was felt that a coherent movie cover-
ing one subject thoroughly would be more interesting to the
viewsr than a number of bits and pieces, Therefore, a
script outline was written and from this a threse-minute

motion picturs sntitled "The Resonant Spheroidal Radiator"



was produced, The movis pictures the antenna that was.cho-
sen, and then demonstrates ssveral facets of the field pro=-
duced by this antenna,

This chapter covers the mathematical theory behind the
programming, describes each scene and discusses a number of
problems that were encountered and solved. The biggest
problem was whét to show the viewer in order to gst the
point across, Therefore, the description of each scene also
attempts to outline its purposse, The final effect can only
be judged by seeing the movie itself, rather than the illus-
trations in this work.

— For the sake of complsteness, the program listings for
the movie are included in Appendix D.

In the course of making the movie example, it became
apparent that although the availability of the SC 4020 dic-
tated the uss of this device, the use of a computer-driven
plotter expressly designed for producing computer-generated
movies would ease the task of the programmer, ThereFora,Al
Chapter V examines the plotting devices that are now on the
market and also makas a survey of the various types of
computer-graphic'equipment now in the laboratory stage to
see what trends might be of help in this area, The main
problem would seem to be one of cost, The hardware and pro=-
gramming techniques are available today so that the actual
programming and computing of a movis could be almost com-

pletsly automated, but so far they have not been put together,
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The chapter concludes with some suggestions that could
be considered should the sffort be made to reduce movie-
making to where the human being can communicate with the ma-
chine on his terms rather than on the computerts., This would
free the programmer to apply himself completsly to the ideas
beshind a particular movie instead of getting bogged down in

the computer programming details,



CHAPTER 1II
COMPUTER GRAPHICS IN ELECTRICAL ENGINEERING

Training films are considered to be very eFFéctive in
the educational process, but thsy are usually ussd only to
extend the teacher's effectiveness, This is especially true
in such fields as aelectrical engineering where the subject
matter is mainly expressed in mathematical terms. One solu-
tion to this problem is the use of computer-graphics to maks
movies of mathematical repressntations. Several subjects in
the field of electromagnetics are discussed,

In the last twenty ysars, movies have come into their
own as a training device., When one looks at the catalogs of
available films, the number seems limitless, A representa=-
tive list put out by the Instrument Society of America has
almost two hundred titles that would interest engineering
students ranging from "Accelsrometsr Calibration" to "X-ray
Crystallography“.1 These films come from universities, in=-
dustrial corporations, laboratories, advertising agencies,
and professional educational film companies. Whsn all the
sources are added up, the sheer volumne indicates how help-
ful films are considered to be in the educational process.

1 , Selected Films on Instrumentation (Pitts=-

‘burgh: Instrument Society of America, 1956).
8
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However, ninety-nine per cent of these movies have one
thing in common, The film is used only to extend the range
of the teacher. They save a great amount of time and effort,
particularly when an experiment needs large and complicated
equipment, but in general movies are used only to bring the
instructor to the student and not in their own right to in-.
creass the student's knowladgae and understanding.

Taking all of the available films and determining which
ones would be suitable for qraduate instruction, movie after
movie is dropped until very littlse remains., This is partic-
ulérly noticeable in research, with the notable sxceptions
of time lapse photography and Harold E£. Edgerton's high-
speed strobe motion pictures, It is obvious that the motion
picture camera is a valuable instrument, especially whers the
motion is impossible to observe, as in the above cases, but
until now it could only be applied to the real world. The
camera saw only the action,and philosophical approaches were
handled by letting the expert lecture to the camsra instead
of the class., Tha only advantage was that the audience
'could be far greater and a good lecture could be given many
times.,

The main difficulty seems to be that although educa-
tion experts are unanimously agreed that training filme are
effective teaching aids, no one sesms to know why or sesven

how effective they arae.
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An indication of this lack of knowledge is shown by a
current study being financed by Britannica Films and Bell
and Howsll, and conducted by the School of Education at Ohio
State University. Two schools, one in a poor area of Washe
ington, D, C., and another in Shaker Heights, Ohio, have
projectors in every classroom and have been given a complete
library of 2000 movies and filmstrips. The hope of the
study is to determine whether the quality of education can
be raised by unlimited use of ths sducational movie.2

The pat answer is that movies are effective because if
one picture is worth a thousand words, then a thousand pic=-
tures ares worth that much mors, However, before one can
really answer the question, "How effective are movies in
education?", ons must answer the question, "How do people
learn?", 1In the education library at 0SU, there are over
500 titles under the heading of "Psychology of Learning" and
yet as ons reads through this massive body of literaturae,
the impression is given that we really know very little
about ths learning process, Even the definition of a good
teacher seems to cause lots of difficulty, although it is
easy to pick out such individuals on the campus, The learn-
ing and teaching process does not ssem to be one that can be
specified on a réting form,

Electrical esnginesring as a field suffers particularly

2The National Observer, September 11, 1965, p. 1S.
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because most- of thae communication is in the form of mathe-
matics. The information to be presented is contained in the
form of symbols and convenfions that must bs understood bs-
fore the information can be transmitted, As the user of
mathematical tools gains more familiarity with his subject,
he finds it harder to communicate with thoses who do not have
the same depth of background that he has. Tensor analysis
is a particularly good sxample of this in that by the time
the notation is thoroughly understood, many problems are
easily solved, but the results can be explained only to some-
one who also knows the notation.,

This already complex problem is intensified when ons
considers tha changa—;raughﬁ about by the introduction of
the digital computer into the educational procsess. It is
becoming a dominant force in shaping the trends of the fu-
ture, particularly in the sciences,

The digital computer represents one of the great rev-
olutions of our time. It has alrsady affected our daily life
to a far greater axtent than most people realize and the
changes that it is responsible for are occurring at a faster
and faster rate as time passes, Nowhere have more changes
occurred than in the academic and rasearch fields so that
‘now one man, aided by the digital computer, can find solu-
tions to problems that would have taken a lifetime of effort
without it,

At the present time, an undergraduate student can
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gasily solve problems assigned for homework in thas course 6#
a wagk that could not be solved by hand ever several months,
The solutions are more likely to be co%ract because of the lack
of human error,d;ﬁd the number of calculations can bs far
greater, This is bscause the machine can exsecuts a pro-
gram a hundred times as sasily as once with the same amount
of effort on the part of the human programmer, 1In fact,
these features of ths digital computer can also lead to
difficulties that are unique to this new age, The use of
the computer has a tendency to guide research in the direc-
tions wherse computer'solutions are the sasiest to obtain
and therefors some promising avenues of exploration are nat
pursued, Along w;th this, the output of a computsr is tre-
mendous and because anything as sxpensive as this has to be
kept busy at all times, we may end up buried in our ouwn
paperwork with pages of figures that have no meaning be-
cause there is no time to have a human being analyze the
forest ;or the trees,

Computers are becoming bigger and faster at an in-
creasing rate every year. However, the advantages in this
increase cannot be utilized to their fullest extent bscause
one area has lagged far behind the rest in computer technol-
ogy. The input-output area whare the human must communicate
with the machine is still approximately the same as it was

when digital computers were invented, At the start, thse

already invented telstypewriter was used to print out num-
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bers stored eslectrically in the machine, Almost the same
method is used today with an incraasé of about an order of

) magnitude in the speed at which the numbers can be printed.
The storing of numbers in machine codes on magnetic taps has
helped in increasing the rate of flow from the computer, but
the information stored is in a form that is inaccessible to
the user until £ha tape is printed out on paper,

If the statistician or enginesr wishes to make senss
out of a jumble of figures, he draws a graph, It ssems to
have occurred to paople only fairly recently that this is
tedious and time-consuming and if the computer could take
over the work of drawing graphs rather than presenting num-
bers, a dent could bs made in the vast output that pours
from these machines every day. The area of computer graphics
has just started to move. At the present time, one cannot
pick up a technical journal in this field without sseing at
least one article on the subject, And yet very little
hardwars exists for putting these ideas into practice,
Although many analog X-Y plotters have beasn adapted to accept
computer output and tfanslata it into visual material, thase
piotters are sven sldwer than the printer, What is needed
is a device that can work at computer speseds and at the
same time reduce a mass of numerical data into an:sasily
understood picture,

With the advent of computer controllad diéplay systems

that can be recorded on film and combined with high spesd
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plotting devices, the result is that time can be added to
the parameters of space already available., Better under-
standing will result even for those who already have a
thorough knowledge of thes problem when a2 motion picture can
be made easily of a process that could be described only
mathematically.

There are many phenomena particularly in the field of
electrical engineering which, although they are physical
events, can only be explained on the basis of mathematical
theoriss., As "The Ad Hoc Committee for Demonstration Films
in Electrical Eggineering“ stated:

Electrical engineering teachsrs have a
peculiarly difficult task becauss elec-
trical phenomena arises from invisible
submicroscopic charged particles that
can interact through empty space, in
contrast with mechanical, chemical, and
other physical phenomena normally in-
volving visible matter undergoing
changss of state......films which show
well-designed demonstrations of physical
phenomsna and relate the phsnomena to
the applicable slectromagnetic field or
circuit theory will enhance and broaden
the comprehension of those who are in-
clined to view the world as a geometric
structure covered by a set of sqguations,
Such film can point up where simplifying
or restrictive mathematical assumptions
must be made in order to have a tractible
mathematical field or circuit theory.
The emphasis here should be on the nat-
ural phenomena and the visual images of
the abstract concgpts of theory which
interpret it.....

Y]

3J.G.Brainerd et al., "Summary Report", Conference an
Motion Pictures for Instruction in Electrical Engineering,
University of Illinois, September 23-25, 1962, pg. A=S,
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It is in this area that computer graphic movies can serve as
an instrument for explaining and understanding electrical
engineering phenomena so efficiently that every university
will have its own means of producing these movies., The
usaers will wonder how they ever got along without them in
the same way that it would now be impossible to get along
without the compdter itself,

The numbsr of subjects in electrical engineering to
which tﬁis equipment can be applied is very large. The main
requirements are that the subject ;aﬁ be expressed mathe-
matically and the slement of motion has to be important
enough so that a movie can show concepts that would be
missed in ordinary text book pictures.

Among the many topics that could be investigated even
with the limited equipment at hand are‘convulution, root
locus methods, snarqgy levels in gquantum mechanics, and
Fourier analysis. But the overwhelming choice would seem
to be electromagnetic fields,

Maxwell!s equations consist of a set of coupled first-
order partial differential squations relating the various
components of electrical and magnetic fields, They can be
usaed to explain all electrical phenomena from antennas and
wave guides to circuit theory and Ohm's Law, Since Max-
well's equations have both time and position as basic parg-

meters and represent a very abstract concept of physical
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events that are hard to illustrate, they are the ideal sub-

ject to use to demonstrate the ideas axpressed in this work,

Transmission lines
The squations for propagation of waves on a transmis-

sion line are well known.4

However, in the classroom, the
student is generally concerned with ths bshavior of a trans-
mission line when the voltage and current present ars a
steadily applied single frequency., Transient phenomena is
usually considered only for an open or short circuited loss- )
less line,

Tﬁe use of computer generated motion pictures to show
the signals on a transmission line opens up a whole new
region where the student can accurately see what happens_to
a pulse or step applied to the lins under various condi-
tions of terminal impedance and different parameters of the
transmission line itself., For example, consider a pulse
traveling doen a line terminated by an inductance. When the
pulse first hits the inductance, it acts as an open circuit
because no current c;n flow through the coil, Therefors,
the pulse is reflected, but, as time passes, thes inductance
changes to a short circuit because of the current it is
drawing. The problem can be further complicated by having

S—— .+ ea——

4H, H. Skilling, Electrical Transmission Lines (New
York: McGraw-Hill, Inc,, 1951),
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a termination that is part resistance and part inductance or
capacitance and by haVing the pulse reflected at both ends
of the lins,

The transient behavior of a transmission line can be-
come extremely complicated if it is not distortionless, and
as a consequence, most texts treat only that class of line,
The differential equations of a line with distortion can be
solved,"5 but the solutions are usually in the form of in-
finite serises that make it hard to understand exactly what
is happening to the shape of a wave traveling down the line,
Here is an ideal subject for a computer-generated movis.

The computer can be used to solve the differential squations '
in series form, with enough terms to give good eanswers, at
different points on the line at different times and then the
movie producing subroutines can complets the job by showing

what is actually taking placae.

Plane elsctromagnetic waves

The study of time varing electromagnetic fields usually
séarts with the plans wave. The E and H fields are derivad
from Maxwell's equafions, and a drawing (Figure 1) attempts
to show thes relationship betwsen thaese two vector fislds,

— v S————

Sy, Bush, QOperational Circuit Analysis (New Yorks John
Wiley and Sons, Inc,, 1937).,
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FIGURE 1

STATIC DRAWING OF A PLANE WAVE

As one author puts it, when referring to this drawing:

To show the wave as it exists in three-
dimensional space would require a com-
bination of these diagrams, with the dis-
tribution of the elsctric and magnstic
fields shown throughout many planes,
Even this would be only an instantansous
picture of the waves and would fail to
show its motion; for a complete picture
the imagination must be called upon to

visualize what cannot be drawn on paper.6

This sums up very neatly the usefulness of computer

generated motion pictures, Ths limitations of drawings on

paper are released and what c¢an be shown 15 limited only by

the programmer's ingsnuity.

4 H. H. Skilling, Fundamentals of Electrical Waves (2d,
ed, rev.: New York: John Wiley and Sons, Inc., 1948),P. 124,
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An interesting movie could bs produced covering the
following subjects asva unified topic: plane waves radia=-
ting in space, the concept of parallel and perpendicular
polarization, waves hitting an infinite dislectriec interface,
Brewster's angls and total internal reflection, waves pro-
pagating through a dielectric slab, wave propagations in a
semi-conductor, and finally, wave bshavior at ths surface of
a conductor,

A program has already been written that calculates the
field of a perpendicularly polarized plans wave hitting an
infinite dielectric interface as an example of what can be
done, The standing wave due to reflection and the waves
probagating in the dielectric are shown by means of ths
stream function, Lines of constant potential in the slsctric
field are calculated, and ths final result can show the vari-
ations in the field due to changing both the angle of in-

cidence and the dislectric constant,

" Wave guides

Wave guides are another areé where the drawings showing
the electromagnetic field in the guide have become sterseo-
typed, Generally, a cross ssction and a longitudinal section
are shown with solid lines for the electric field and dashed

lines for the magnetic field, Almost any reference on the
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subject of wave guides will give an example of these draw-
ings.7 _

Using a rectangular puide as an example, the require-
ments that there be no tangential electrical field at the
sides of the conducting wave guidses, in addition to satis-
fying Maxwell'’s equation, causes the field to assume a cer-
tain form, The drawings show this form but do not explain
why this should be so.

The movie-making tschnique-described in this work can
be used to great advantage, A number of things could be
shown that could not be demonstrated in any other way.

The requirements to bs met in the wave guide can be
filled by showing two plane waves traveling in the guide at
the sams time following a zigzag path with multiple re-
flection from the walls of the guide, Thess two waves
combine in sdﬁh a way to give a zero electric field at the
walls at all tihes whils propagating down the guide,

This effect could be explained in a movie by showing a
cross section of the guide, The differences betwsen wave
and group velocity could be shown due to the zigzag path and
the dimensions of the guide could bse changed to show the
effect of cut off at a particular frequency. |

Tha ultimate example would be a cut away perspective

7
T, Moreno, Microwave Transmission Data (New York: Dover
Publications, Inc,, 1958) pp, 113=-119, '
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view of the wave guide in which the componsnts of the wave
could be shown one at a time and then the combined effect of
all of them, Occasionally, drawings of this type appear in
texts, but without motion, much of the affect is lost.8 A
perspective view would be much easier to program if a sub-
routine were written that would take the three x, y, and z
coordinates and convert them into the two-dimensional x-y
coordinates of the perspectivs viaw, Such a subroutine
would not be difficult to write and it would allow the pro-
grammer to think and calculate in the three-dimensions!of
the wave guide. One of the features of this subroutine
could be to suppress any points or lines outside af the cut
out in the wave guidas,

The extension  of these ideas to higher order modes and
- wave guides of different shapes is obvious, Another appli-
cation in research could be the det;rmination of fields in a
wave guide that had minor distortions of the shape, such as
a stud inserted in one side that would alter the field. Of
course, this method is limited by the fact that the mathe-
matics of such a field would have to be known before the
field could be computed, but it is possible that this could
be handled by a pertdrbation method where the basic field
would be corrected by the distortion befors movie subroutines

wers called.

8Skilling, loc, cit.
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Antennas and radiators

Antennas would seam to be one of the best candidates
for a movie of the field pattern in so far as their mathe-
matical properties are known, A complete description of one
such field is given in the spheroidal radiator sxample which
was produced as a demonstration of a computer generated
movie, The discussion will be limited in this section and
the reader is referred to Chapter IV for further details,

In gsneral, the field of a radiator can bs divided
into three zones: the surface of the antenna, the near or
induction field, and the far or radiated field, An inter-
esting movie could be made showing the differance between
these two fields for the same antenna, The scale would be
different because the induction fisld is only up to about
a wave length away from the radiator, while the far field
exists to infinity, In the example of Chapter IV, only
the far field is shown because at resonance all of the
power is radiated and there is no inductive nsar field,

The solution to a radiated field problem that is going
to be used as a subject can be handled either as a boundary
.valua solution to Maxwell's squations, as in the example, or
as a difffaction and écattering of opties, In either case,
once the decision has been made as to how the field is going
to be represented, the movie subroutine can be used to cal-

culate the picture on the screen,
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Only one area in elsctrical engineering has been dis-
cussaed, and that only briefly, Still, it can be sseen that
the number of areas sven in this one field is great and a
lot of work is waiting for someone who can translate mathe-
matical calculations into motion pictures, especially for
the benefit of the electrical engineering student., However,
as a glance into Appendix D covering the program for the
spheroidal radiator example will show, there is a largs
amount of work between selecting a subject and having the
film in hand., The ideal ressarchsr would bs ones who com-
bines a thorough knowledge of the mathematics of the chosen
subject with an excellent grasp of bomputer programming, and

such people are hard to find,



CHAPTER III
THE SC 4020 MICROFILM PLOTTER

" Summary
The SC 4020 Microfilm Plotter was the main device used

to produce the motion pictures described in the dissserta-
tion., This chapter describes the construction and operation
of this plotter and explains that there are sightean command
words that can control the available opsrations when they
appear on a magnetic tape used to fesd data to the plotter.

The concepts of software and programming languages are
briefly discussed and the importance of software in ex=-
paﬁﬁing the above eighteen codes is explained, Thse lan-
guages in use at 0SU are defined and the steps taken to
overcome a caonflict between the original SC 4020 programming
system and the 0SU operating system are outlined, Fihaliy,
the place of the SC 4020 plotter in the overall system is
explained and the subroutines available to the programmer
for making movies are given., An exampls of how these calls
would be added to a main program defining a movie scens ié
given so that the actual meschanics of placing the desired
SC 4020 comménd words on tape is accomplished with very
little effort on the part of the programmer,

24
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The actual details of the SC 4020 operating system are
expanded at great length in Appendix B for those who soculd
be interested in actually using the subfoutines developed
for making movies, This chapter covers only the general -

outlines of the work dons in programming the SC 4020.

SC 4020 Microfilm Plotter description

Most of the visual materials used as examples for this
dissertation were produced with an SC 4020 microfilm com-
puter recorder manufactured by the Stromberg~Carlson Cor-
poration, The SC 4020 is representative of a number of
devices that are used to translate digital commands into
visual images, such as graphs or printing. It is impor-
tant to understand that this device is not an analog machine
where the characteristics of the input signal are related
directly to the output, 1In a television receiver, the
maqgnitude of the video signal is directly proportional to
the degree of brightness seen on ths screen, In contrast
to this, a digital machine such as the SC 4020 uses the
numerical information contained in its input commands as
the visual material to be produced. The input signal can
be represented as a number which, if it is within the sst
representing the machine's operating instructions, tells
the machine to perform a particular operation, For examplse,
a single number will instruct the SC 4020 to plot a dot at

a certain location on its screen,
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Because the SC 4020 was the prime ressarch tool used
in this study, it is desirable to go into some detail as to
the construction and operation of this device,

The heart of the SC 4020 is a ssven-inch cathode ray
tube of a spescial design called a CHARACTRON, This tube
cansists of an electron gun, a set of deflection plates, a
matrix consisting of a metal plate with sixty-four alpha-‘
numeric characters cut in it, a ssecond sat of deflection
plates, and finally a phosphor screen for viewing the imags.

The first set of deflection plates locate the electron
beam so that any desired character cut in the matrix can be
illuminated, As the electron beam passes through the small
hole in the shaps of a particular character, it assumes the
shape of the hole. For this reason, the CHARACTRON tube is
often known as a beam shaping cathode ray tube. The second
sat of deflection plates positions.the shaped electron beam
on the face of the tubs where it can be photographed. In
general, two options are available for the output of the SC
4020, either a nine by nine inch hardcopy- is produced on
oscillograph paper or a thirty-five millimeter camera is
uéed to produce microfilm, This camera is special in that
it has to be fitted to the face of the cathode ray tube and
controls must be provided to operate the shutter and to ad-
vance the film frame by frame upon receipt of an electrical

command.
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So far, the cathode ray tube can be considered as an

analog device much like a television tube, However, it
should be noted that the first set of deflection plates
must be energized in such a manner that only sixty-four
precise locations corresponding to the sixty=-four holes in
the matrix are illuminated by the beam, This converts the
CHARACTRON tube to a discrete device in which a digital
signal consisting of six bi;s procassed through the propser
logic circuitry can select any one of sixty=-four different
characters., Ffourty-eight of ths sixty-four available

characters correspond to the standard IBM BCD alphanumeric

1

cods, In sach case, the octal number used by IBM for each

character in the fourty-sight character set is identical with
the one used by thae SC 4020 in the sixty-four character sst.
There are sixteen codes not used in the IBM set that are

used by the SC 4020, They are given in Table 1.

The second set of deflection plates determine the posi-
tion of the beam on the face of the tubs, These can be
energized in both a discrete or continuous manner. In order
to translate the location of the bsam into a finite number
of digital bits, the face of the tube is divided into a
matrix of 1024 cells down by 1024 cells across, Each address
of an X location (across) or ¥ location (down) can be speci-

fied by ten bits and therefore with twenty bits of a thirty=-

J , FORTRAN II Assembly Program Manual, File No,
7090-21 (New York: 18M Corporation, 1965, p. 68,
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TABLE 1

CHARACTERS AVAILABLE IN ADDITION
TO THE STANDARD IBM BCD SET

OCTAL CODE SYmsou NAME
12 a Partial Derivativs
14 i Quote
16 8 Delta
17 Q Alpha
32 m Pi
."' 35 B Beta
36 * -Plus or Minus
37 ,7 Question Mark
52 ‘ Plotting Dot
85 )/ Gamma
56 ~o Similar (Tilde)
57 d Differential
72 °© Degres
75 J Integral Sign
76 EE Sigma
77 N Alignment Frame
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six bit control word 1,048,576 different locations on the
face of the tube can be specified., The addition of two

more bits used for this purpose in the control word would
multiply the number of addressable locations by four, but
this is not nescessary nor desirable,

The size of the face of the tube compared with the size
of the beam will show théﬁ all of the available resolution
is gained with the 1024 divisions, Two dots plotted in ad-
jacent cells will overlap, two plotted one cell apart will
just touch., 1In order to plot discrete vectors or points,
they should be at least three cells apart. The second sst
of daflection plates can also be used in a continuous manner
to plot either vectors or axes. A discrete location signal
or address will determiné the start of a vector and the beam
will be swept in the desired direction to form a line. Vec-
tors are limited in length but axes can be swept for any
length,

Associated with the CHARACTRON shaped beam tube is a
certain amount of logical hardware that is used to tranmslate
thé input commands into the necessary voltage signals used
by this tuba, The complete SC 4020 package also includes
an input buffer for matching the data transmission rates to
the logical hardwars, Although this buffer is generally
driven by a magnetic tape unit,Ait is perfectly possible to
use the 5C 4020 on-line with a large computer., Strictly
speaking, the SC 4020 is not a computer but is only a pe-
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ripheral device which produces data in response to input
conmands, A computer has thae power to alter its operation
based on past responses td its programs: the SC 4020 does
not, It can oniy take esach command word and perform the

operation specified by that command,

SC 4020 hardware commands

It is important to understand that in the discussion _
which follows. the commands referred to are hardware com-
mands and not bart of the SC 4020 software, A hardware
command can be equated to the throwing of a switch to turn
on a light, while a software program can be equated to a
routine that calculates when and how the switch is to be
thrown, There are two reasons why the programmer shﬁuid

be able to utilize the machine commands even though he will
not refer to them again once all the required subroutines
are operational., The first is that the available SC'4020
subroutines were developed by North American Aviation, Inc,
to meet a spécific need and unfortunately the production

of a movie was not one of the desirsd goals, Although
liberal use was made of these subroutines as a model, many
new subroutines had to be written; In order to write sub-
routinas for the SC 4020, it is essential to understand the
capabilities of the maching, and this can best be cbtained

by analyzing the machine commands availabls to the program-

mer. The sscond reason is that as programs are written to
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produce scenes in a movie it is necessary to have a con-
veniantfchack on the output, The best way is to make a
tape of a particular scene and then run it on an SC 4020.
Howsver, this may not be convenient, A subroutine is availe
able that prints out the control words as data from the IBM
7094 computer and knowledge of thse codes used by the SC 4020
will enabls the programmer to check his work directly.

The SC 4020 uses eighteen differsnt operation codes
" which can be conveniently divided into four categories:
performance, vector, plotting, and typing commands, Each
command occupiess a thirty-six bit word even if not all the
bits are used for a particular function, A thirty-six bit
word can be repraessnted in octal notation by twelve digits
with three bits to a digit,

fFor example, the command word to advance the frame of
sither the film or hardcopy can be expressed in octal no-
tation as:

460000000000

These esightseen codes are expressed in some dsetail in
Appendix B of this work, Also given in this appendix are
two exampies, the output of two different tests, showing what
the SC 4020 command words look like when they are printed
out by ths computer,

It is the software programs associated with the SC 4020
that méke it possibls for the programmer to produce movies,

Since the command words are in a one to one correspondence
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with machine operations and some movie frames contain over
sixty thousand points to be plotted, it would be impossible
for the programmer to use thess hardware commands dirsctly
even if he had a methdd of determining what numbers to use
in the control Qord from a series of poihts expressed {n X
and ? coordinates. With ths softwars, the single call

CALL SUBROUTINE()=APLOTV.(N,X,Y)-

will do all of the work necessary to place N points at
different X and Y locations of a programmer's coordinate
system on magnetic tape in the form of command words
matched ta the SC 4020's raster grid; The only limit is

the size of the computer's memory,

Purpose of softwars

At this point, it is necessary to digress somewhat and
discuss the gsesneral concepts of software as opposed to hard-

ware, A data processing glossary definition of these two

tarms is:

Hardware = the physical equipmsnt or de-
vices forming a computer and peripheral
equipment, Contrasted with (softwars).

Software - the totality of programs and
routines used to extend the capabilities,
such as compilers, assemblers, routines,

and subroutines. Contrasted with (hard-
ware).

2H. E. Kosters gt al., Automatic Data Processing Glos-
sary (Washington: U.” 5. Government Printing Office, 1962).
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Hardware has 1long been with us, It is all that is
really necessary in order to compute with a machine as any-
one can attest who has used a desk calculator, Since the

birth of the digital computer in 1944 (a relay machine

\

called the Mark I), a great deal of aeffort has gone into
making computers bigger, better, faster, and as a consa-

quencs, far morse complicated.

The term software has a relatively mors recent origin
and the importance of software is newer still, For several
years, many computer experts were against any form of what
has come to be called software. To quote one such author

as late as 1958:

There are, on the other hand, people who
will have nothing to do with any form of
conversion, (A very crude form of soft-
ware - BRG.) They belisve that a pro-
grammer does best to write his orders in
a form as near as possible to that which
they will take inside the machine - in
the case of a binary machins this means
the use of ths scale of 8, 16, or 32 -
the input opsesration consisting of a sime
ple transfer of digits to the stors to
form words . . . the establishment of
such a schems absorbs a great deal of
programming effort and they suggest that
this effort could bettsr be directed
towards solving problems, No sooner,
they say, doss someone get good at pro-
gramming than he stops doing real pro-
gramming and starts making programs to
make other programs, ’

Sm., v, wilkes, Automatic Digital Computers (New York:
John Wiley & Sons, Inc,, 1958) p. 273,
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To show how far we have come since 1958, in 1965 IBI
- spent more money on having people "make programs to make
other programs" than they did to manufacture all of the
hardware that was sold in that year. One of the_reasons
that IBM is the giant of the computing world is that their
software has generally been ahead of that of their com-
petitors, |

| It is software that makes the digital computer such a
powsrful tool., The key word in the definition of softwars
is the word "extend." Without software, the digital com=-
puter is nothing more than a glorified adding machina, With
software, each person's efforts add to the foundations of
already solved problems and techniques so that the final
result is a complex structure that no one person can hope
to understand completely., The total of all software for a
particular computser installation is known as the operating
system, The trémendous extension in the computer's capa-
bilities comesabout by the fact that it is not necessary to
understand how the opserating system works.q It is only na-
cessary to understand how to enter the system and record the
desired results. The software keeps track of the literally
thousands of details that are required to process the pro-
gram in addition to calculating the results of a problem
from the input data, For example, when the programmer
specifies that a number is to be used, the éoftwara not

only has to convert that number into a binary number and

—
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store it in the computer's memory, but in addition, it has
. to give the number a name and then record whers the number
was stored so that it can ﬁe found again. This of course
is a trivial example, but ﬁhen it is multiplied a million
times, it gives an idea of the magnitude of the operating
system, The main job of software is to shift as much of
the work in programming as possible to the machine aﬁd make
it as easy as possible for the programmer to do his work,
This requires that the machine take the programmer's lan-
guage and convert it into the ones and zeros that are these
only language the machine understands, The ultimate opera-
ting system would allow a person to communicate with the
computer as he would with another parson, but this seems
far in the future,

It was stated above that the main purpose of software
was to shift the burden of necessary details to the machine
as far as possible so0 that the programmer would not have to
know how they werse done. Unfortunately, when writing an ex-
tension of an operating system, the exact reverss is true.
It is a requirement that the software programmer know as
much as possible about the system that he is going to esxtsnd,
because his subroutines must dovefail with all the other pro-
grams that have already been written and that are going to
be used to support the extension. For example, the proper
calls must be made to the already existing input-output sub-

routines,
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The following discussion in this chapter covers a body
of software that was developed to write magnetic tapes for
the SC 4020 and BL 120 micfofilm plotters, These subroutines
were written to operate under the Ohio State University Nu-
merical Computation Laboratory operating system and in their
entirety they are suitable for running only at that location,
Howaver, the foundation for thess subroutines comes from a
set written by North American Aviation for the IB8M 7090
series computer., Therefore, they could be adapted to any
system using this series of computers with a smaller amount
of effart than would be required to write a new set of sub-
routines for this purpose, The tapes that are produced can
be run on any SC 4020 available to the programmer subject
to the input buffer limitations mentioned in Appendix B

under program running operations,

Software lanquages

In the discussion on software which follows, ths word
"languagse" can have several different, although preciss,
meanings, This is bacause a "language" as applied to com-
puters can operate on ons of several different levels de-
pending on how close the programmer wishes to be to the
machine, In general, the "languagse" is the system of rules
for communicating with the computer and for combinidg vari-
ous statemants to build up a program that can be exescuted,

The two main levels of "language" are object language and
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source lanquagse, The source language is the language that

the programmer uses to prespare the program, The object
language is the output language of some routine after the
machine has operated im the source language, Gensrally, the
object languags is very close to the language that the ma-
chine usss in actually solving the problem (usually a saries
of binary numbars), but it is entirely possible to have the
object program from one step of processing becoms the source
program for another step. Unfortunately for programmers, as
for the world, one language is not snough., Someday there may
bs a universal computing lanquage (a new language called PL-1
is said by its writers to be all things to all men), but at
the present time there are several hundred well known com-
puter languages, If this wers not enough, esvery operating
system grows away from its driginal source so tha£ there are
thousands of different varisties, all called by the samse
name, Just as an examplas, at a computer conference, thsa

following languages were discussed:

ALGOL FORTRAN MIMIC

APT GPSS PERT
AUTOCODE HELP PLACE
cosoL ICES QUICKTRAN
COGO INTERCOM SAINT

chm Joss SCATRAN
DYSAC MATHLAB SIMSCRIPT

FAP MIDAS SNOwWBOL
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However, this!ié not the place to go into great detail
- on computer language., There are many references that cover
areas in this field but none that cover it completsly or
adequataly.4 |

Before discussing the language used at 0SU, it is

neéassary to explain the difference betwesn an assembler and
a compiler, An assembler opsrates on an object program and
changes it into a machine progqram, The programmer, in writ-
ing an object program, usually follows the general outlines
of the machine operation, but he specifies the various com=-
mands and variables by means of a relocatable program: i,se.,
one in which a piece of data is not assigned a definite
place but is assigned only in relation to all the other
pleces of data in the program, Because each pisce of infor-
mation is given a name, this is often called a symbolic
program, The assembler is a software program added to thse
programs placed in the computer by the programmer that makses
certain that everything has a place. The assembly program
is not part of the program that is used to compute the de-
sired output and is used only the first time é program is
run, As a general rule, the object program is assémbled

by the assembler and then punchad on cards in machine lan-

4Bernard A. Galler, The Lanquags of Computsrs (New
Yorks MeGraw-Hill, 19625.

Ivan Flores, Computer Software (Englewood Cliffs, N, J.:
Prentice Hall, 1965),
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guage, This is known as an object deck and is the most
basic form usaed., When the object deck is placed in the
machine, an additional small software program called the
"loader" gives each machine instruction the right address
so that it can be found again. It also checks all sub-
routine names called in each program, If any name is miss-
ing, this subroutines checks the "library" of subroutines
that are on call in the operating system., The library coﬁ-
sists of subroutines that are so popular that it would
waste time if the programmer had to write his own sach time
he wanted to use one. A good example of this is the square
root subroutins (SQRT) which is a subroutine in its own
right and not a machine function like addition,

All of the above remarks apply to a caompiler as well as
an assembler, but a compiler resembles an assembler as a
Model A Ford resembles this year's Cadillac. The machine
lahguage is the Model T. At the start (in 1950), all pro-
grams were written in machine instruction with each opera-
tion located in the machine by the programmer as hs came to
it., The assembler was born when the machine operations were
coded but the written program was still tied to a particular
machinse., The great advantage in using a compiler is that
not only does the programmer not have to know how a particu-
lar computer works, but he does not even have to knouw ﬁhat
computer is going to be used to run his program,

The programmer writes in a source language that is
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procsdure oriented rather than in an object language that is
machine oriented., Each machine will have a diffserent com-
piler that translates the éource program into an object pro-
gram for that particular machine. The compiler is an ax-
tremely compiicated piece of software becauss it esffectively
replaces the skilled programmer by the computer. In fact,
when IBM began to write the first compilaf, many people felt
that it would prove to bs an impossible job., With a good
source langquage, a person who has never run a problem on a
computer can do so after séveral hours of instruction; after
ssveral weeks, they are able to routinely use the computer
in.their work, A goaod source language resembles tha matheg-
matics that the user is accustomed to and all the rules are
in a book., One can construct a program by looking up the
various pieces, The most difficult thing about a sourcs
language is to have it flexible enough to be really useful
and at the same time haves few enough rules that they can be
easily understood. As the two goals of flexibility and sim-.
plicity are met, the compiler grows until it is the dominant
part of the operating system., At the present time, it is
almost impossible to sell a computer without compilers
operating in the more popular languages because there ars
not enough programmers around who can write programs in ma-

. .5
chine language for a nesw machina

for that matter, the "third generation" of computers has
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Ip would be perfectly possible to have a universal
source language except for two influences. The most im-
portant one is the fact that a source lanquage is written
in the terminoloqgy of the field in which it is going to be
used, Mast cdmputer programs can be divided into two
~classes: scientific and data processing (business), and so
at least two langhages are nesded, The most popular ones
are FORTRAN II (Formula Translator) and COBOL (Common Busi-
ness gfiented Language) respactively.

The other reason is that a langquage is never fixed, At
soma stage, a name is given toc a language, hence ths Il in
FORTRAN II, but peopls keeﬁ changing the language under the
same name or write a completely new one that has the fea-
tures tﬁey want,

SCATRAN is a good exampls of this, It is a new lan-
guage that was developed at 0SU to overcome a serious de-
ficiesncy present in FORTRAN II under the type of computing
;oad expected at a large university. The computing load
consists of a largs number of small student problems with a
very short execution (calculating) time, Most of the time
on the machine is spent in compiling the incoming programs
so a language with a very fast compiler speed is needed.
been delayed by several yesars because there are not enough
programmers who can write compilers, The only pesrson harder
to find is the system analyst, a man who not only knows all

there is to know about a particular computer, but also knows
the field to which it is going to be applied,
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SCATRAN is at least an order‘of magnitude faster than FORTRAN
II, so ten times as many programs can be run in the course
of a working day. If the éxecution times for esach program
were on the order of fifteen to twenty minutes instead of
Séveral seconds, there would be no need for the faster com-
piler. But at 0SU, the computing load could not bs handled

without the SCATRAN languags.

Far out in left field ars the source lanquages devsloped
for a special purpose, By developed, I mean that a set of
rules have besen set up and a compiler written to translate
a program according to thess rules into machine languags or
into another source languags. An example pF this that is
available at 0OSU is SNOWBOL. It was originally written
to determine authorship of anonymous passages by word count

and analysis of style,

Computing lanquaqes at 0SU

There are two sourca.languages and two versions of one
object language in use at 0SU. The two source languages ars
FORTRAN II and SCATRAN. The object language is FAP (ﬂortran
Assembly Program). I am not going to attempt to describe
all of the fsatures of these three languages, to do so would

6

require several books, In the biblioqraphy, thare is a list

of the essential texts that are needed to use these languages,

o) .
See bibliography under SCATRAN, FORTRAN, and FAP,
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In general; these books will not show you how to write a
good program becauss that comes only with experience, How-'
ever, they do list the ruias that are to be used and give
some axamples on how they are to be applied. What the books
~do not tell you is how to make everything work together, and
| the purpose of this section is to try to tie up some of the
loosae ends between the three languages,

Most of tha subroutines for producing SC 4020 plotter
commands ara written in FAP, There are actually two FAP
operating programs at 0SU, One is the original FAP assem-
bler language used when running main programs under.the FOR-
TRAN II operating system, The other is called 0S-FAP and is
used when running programs under SCATRAN, It can be shown
how close the two are by the fact that the object deck out-
put from either assembler can bes run under the other opera-
ting system., In the near futurse (1967), both FORTRAN and
SCATRAN will be combined into one operating system using one
FAP assembler, At the present time, it is immatsrial which
system is used to assembls a subroutine. The advantage of
the FORTRAN assembler is that the diagnostics are better and
the statemant listings are followed by an index giving the
locations of every variable being defined and their loca-
tions, This is a help chiefly when trouble shooting a long,
complex subroutine or trying to understand one somebody else
has written, It is recommended that if a library of subrou-

tines is being constructed, the final version be assembled
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under the FORTRAN system to obtain the mors complete state=
ment listings, This will help the people who are going to
use them whether in FORTRAN or SCATRAN, The advantages of
the SCATRAN assembler are that it is faster than FORTRAN
(of importance only when a large number of subroutines are
to be assémblad) and programs run under SCATRAN are returned
to the programmer much soonsr, This is because SCATRAN is
the primary language used ar 0SU.. It is running most of the
time while FORTRAN programs are run only at certain times of
the day.

Howevar, when writing a main program to produce maovies,
the programmer will generally use a compiler languages and |
add the calls to the subroutines in that language to make
tha tapes, There is no choica between FORTRAN and SCATRAN
in this cass, SCATRAN is the preferred language by far be-
cause it Qill compile mors than ten times faster than FOR- '
TRAN, Since compiling uses up most of the time in test runs
to check out the written programs, aimost ten short programs
can be run in SCATRAN in the time of one FORTRAN program,
Another advantags is that since SCATRAN is the preferred
lanqguage at 0SU, the turn around time is a matter of hours
while for FORTRAN it is at least one day,

However, usihg SCATRAN brought up a very troublesome
.problem. The foundations for the SC 4020 subroutiness were
written by North American Aviation aé a corporate effort in-

volving the work of many people. At North American, the
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main lanquagses are FORTRAN II and FAP, This meant that
these subroutines werse designed to be called from the FOR-
TRAN language. SCATRAN cails in a main program resemble
FORTRAN calls, but the opsrating procedure of the SCATRAN
compiler makaes it impossible to call a FAP program that was
originally written under the FORTRAN system, Therefore, one
of the major jobs that had to be done was to write new sub-
routines, using the old ones as a guide, that could run in
SCATRAN, The results of this conversion ars covered in
great detail in Appendix A,

It is apparent from the foregqoing discussion that the
subject of computing languages is an esxtremely complex ons,
A raview of which languages are used whsre in the course of
producing an SC 4020 tape may be helpful, Figure 2 shous
the process in block diagram form,

The programmer writes the main program in a sourcs lan-
guage such as SCATRAN, The computer uses the system compiler
to reduce that into an assambly language called FAP which is
very close to the IBM 7094 machins languags,

The SC 4020 subroutines called by the main program are
originally written in FAP, This is because the programmer-
oriented lanquages have a very axtensive sset of rules, but
if a case comas along that does not fit thsse rules, there
is no way the job can be done in that language. 0One sacrie

fices flexibility for the advantage of easier programming.
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FAP has an entirely different structure from this, The
language consists of approximately four hundred different
operation codes such as CAL, SXA, etc, Each one of these is
completely independent and it is up to the programmer to
string them taogether to form a program that will do what he
wants, Thare are no rules other than the fact that the pro-'
gram has to have continuity so that it can be entered, axe-
cuted, and left, In fact, the programmsr does sxactly the
sama job that the compiler does in the machine but because
human programmers are not limited like the compiler,there is
no limit in flaxibiliéy in writing a FAP program,

The command words for the SC 4020 ara constructed bit
by bit from the input data. This requires that a very large
number of logical operations be performed for every'arith-
metical operation, In FAP, it is very easy to opesrate on
each individual bit in a thirty-six bit word, 1In SCATRAN
it would be very difficult to operate on the individual bits
because the language is not machine oriented., Also, the
SCATRAN compiler is very inafficient and a compiled sube
routine would have many more words than a hand-written one,
thus requiring more room in the memory for any giveﬁ program,

One subroutins was originally written in SCATRAN and
the compiled FAP version is ussed., This is the subroutine
that writes the magnstic tape and handles the tape file in
general, This is because the input-output functions are so

intimately tied in with the SCATRAN operation system that
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it is better to use SCATRAN statements to open and close
files and set up the output buffers, These calls could be
written in FAP but not much would be saved by doing so,

When the program is actually run, all the FAP programs
are converted into IB8M 7094 machine language by the assem-
bler. Thé program is then exscuted. All machine language
instructions can be considered as thirty-six bit binary
words (usually written as twelve digit octal words), but a
very limited subset of these instructions can be considered
as an SC 4020 machine language, This languagse has only
eightesn words in it ahd most of these will not be used in
making movies.

The reason.: that the SC 4020 language is so limited is
that the SC 4020 does not have softwars to extend its capa-
bilities. Each of the sighteen words in the language cor-
respond to a hardware function and if a word is put on taps
that is not recognized, the only thing the machine can do is
racord that an input error has occurred,

In summary, this very large mass of software has only
one purposs: to enabls the programmer to state in relatively
simple terms, "plot a point or draw a line here, using my
coordinate system," The computer doss the rest, ending up
with ons of a few words that the SC 4020 will understand,

which are repeatsed millions of times on magnetic tape,
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The overall computing and plotting system

The SC 4020 microfilm plotter is only one link on the
end of a long chain that is necessary if one is to have a
successful motion picture result from the programmer's
efforts, Figure 3 briefly shows the elements in this chain
in a block diagram. The diagram and the description of the
over-all system can be divided into two sections, O0One is
labled "IBM 7094" and the other "SC 4020". The magnetic
tape containing the information necessary to generate the
movie makes a good place to separate the system, not only
because the two machines ars actually separated, but also
because two different approaches are being used on each side
of the dividing line, The IBM 7094 computsr is used to
create the necessary information, ths SC 4020 to transfer
this information onto film or hardcopy.

The first, and by far the hardest, job to be dons by
the programmer is to decide what should be shown in a par-
ticular scens., This is because the relationship betwsen the
programmer, the subject, and the audience is greatly inter-
dependent, Once the human factors aspects have been satis=
fied, the main program can bes written,

In this case, one scene from the spheroidal radiator
will be used as an example to illustrate the overall sys-
tem, It was desired to show that a particular antenna is in
the shape of an ellipse. Most of the viewers of this movie

would have sesn an ellipse drawn with two focal points and a
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loop of string, so it was decided to draw the ellipse by
first showing the focal points and then connecting them to a
point that would proceed to circle around, drawing the sl-
lipse after it., A coordinate system was scaled and 196
equally spaced points were calculated on the desired sllipsa.
Up go this point, all calculations wsares done on the computer
using SCATRAN, A chaeck was run by printing out the X and Y

values of the points and this is the first possible output -
in the block diagram,

In the description which follows, it must be remembered
that the SC 4020 has a limited number of commands, In fact,
in-this scene, only two will be used, the drawing of a line
betwesn two pointé and the command to advance the film,

The next thing is the forming of the commands to draw
the focal points, The points consist of threeshort,
straight lines that form an asterisk, These ara created
when the programmer follows the dotted line in the block
diagram and uses the SC 4020 subroutines directly to form a
symbol, Without going iﬁto details, the programmer can usse
the subroutines to specify that a symbol (the asterisk)
should be drawn to a certain size in a certain location in
his coordinate system, The subroutines look up the symbol
in a table, determine that three linses are to be drawn in a
relationship that will look like an asterisk, check the
size and location, and then form three control words, one

for each line, that will be understood by the SC 4020 hard-
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ware, These words ars pladed in an output buffer raeserved
in the computer memory and the program procesds to calculate
ths second focal point in the same manner, These control
words are described in Appendix B, They will eventually bs
placed on the magnetic tape, one at a time, in the order in
which thsy wers placed in the output buffer, These words
" can be printed out in the course of a run and can be used to
check that a tape is being generated which the SC 4020 will
racognize, This is the second possible output in Figure 3.

The next thing is to draw the string. A LINE subroutine
is used to draw lines from one focal point to the other, and
from each focal point to a specified point on the outside of
the.ellipsé. This point is the first location in an array
containing the 196 X and Y locations around the sllipse.
Since the SC 4020 can only draw lines that are limited in
length for each control word, the subroutine may have to
generate several words which, when interpretsd by the plotter,
will draw short lines end to end to cover the dssired dise
tance., Thess words are placed in the output buffer, This
completes the first scene, so ths programmer spscifies that
an advance film command is to be placed in the buffer and
the magnetic tape writing subroutine is then called,

This subroutine takes all of the words that have been
placed in the output buffer and writes them on a magnetic
tape as thirty-six bit binary words, Six bits are placed in

one row with six rows containing a complete word, When all
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of the words have been recorded, the tape is moved ahead
thres-quarters of an inch to form a record gap. The record
gap can be used to find where information was placed on a
tapé.

After writing the tape, the subroutines return control
to the main program which calculates the same scens over
again with one difference, The second point on the ellipse
is used for the lines from the focal point and a line is
added from the first point to the second point. This is rs-
pesated point by point with an advance film command after
sach set of calculations. The final effect when these come
mands are recorded is the string swinging around the two
focal points, leaving the ellipse behind it, With the proper
use of DO loops in the SCATRAN program, the number of state-
ments the programmer has to write is very small,

Most of the work is done by the software. The SCATRAN
subroutines calculate the desired X and Y values and also
write the magnetic tape, The SC 4020 subroutines translate
the information generated by the SCATRAN program into control
words that can be recognized by the SC 4020, The main pro-
gram, which is the only one written by the programmer, msrely
serves as a control that keeps track of ths jobs toc bes done
and transfers control from one subroutine to another,

Another form of output can be obtained at this point,

After the magnetic tape is returned to the programmer, he
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can have a "dump" printed out, This will show exactly what
is on tha tape before it is ssnt to the SC 4020,

The SC 4020 reads the magnetic tape word by word and
does the job specified by each one. In this case, each word
will first position the cathode ray tube beam at a certain
. location, The beam will then be turned on (unblocked) and
moved in the desired direction for the desired length, This
process is repeated for each word on the tape, The advance
frame command moves the film at the proper times and the
programmaer can control sithesr one of two cameras to recsive

back either film or 9 x 9 inch hardcopy.

SC 4020 subroutine library

The subroutines mentioned above form the SC 4020 li-
brary, The purposs of a library in an oparating systém is to
make life easier for the human programmer, He qan concen-
trate on writing his main program and leave the details to
the library. He can use calls that will preform a specified
gperation without further effort on his part. For example,
there is no reason why sines and cosines have to be calcu-
lated by ths main program each time thay are needed, A call
to the SIN subroutinse will not only save thes programmer's
time needed to write the statements for the calculations,
but he also has thes assurance that the SIN subroutine will

work every time while his own program might have mistakes in

it.
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The opsrating system library can be sxtended by the

programmer himself through the use of a subroutine deck,
This deck will contain any subroutine written by the pro-
grammer and will be placed in the back of the main program
to take care of the calls in that program. The operating
system is very accommodating in that if the programmer
wishes to use his own subrﬁutines rather than the system
library, the system will choose the same name iq the deck
over the one in the library. Another resason for using a
subroutine deck is that there may be very little call for a
particular subroutine, Since each subroutine occupies space
on the system tapes, it is better to have the few people
using the SC 4020 use the necessary subroutine decks rathsr
than to occupy this space permanently, When 0SU acquires a
microfilm plotter, these subroutines will become a permanent
part of the system library.,

The available SC 4020 subroutines are described and
listed in Appendix B, but a brief review will be given here.
Thefe are four groups of subroutines that aré of interest in
the production of movies. They are as follows:

. Setup routines to make tape

Routines to plot points

Routines to draw lines

1
2
3
4, Routines to construct tables for

characters and symbols

The setup subroutine for producing SC 4020 tapes will
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open up a tape file, start a clock running to time the pro-
gram, and write an ID frame to identify the run with only
one call in the main program. Another call at the end of
the program writes a closing ID frame, sither rewinds or
dismounts the finished tape, reads the clock and prints out
the time taken by the program, and calls ENDJOB to close the
run, This subroutine also handles the necessary buffers to
store information that is to be written on tape and generally
keeps track of all ths dsestails such as when to write an "ad=-
vance frame" command on the tape,

The routines to plot points are very useful to draw
smooth curved lines by plotting a series of touching points
along ths path of the line, This can be done with a singlse
call if the X and Y locations of each point have bessn cal-
culated and placed in an array before the call.

The LINE subroutine will draw a line betwsen any two
specified points, This is done by using limited lenqth end-
to-end vectors to fill up this spacse, Routines are also
providad to draw either an X or Y axis with a single call,

Some of the most useful subroutines for generating com-
puter animation are the ones ussed to generate variable sizaed
symbols, They allow the programmer to specify the shape,
size, and location of any symbol completsly independent of
each other, In addition, a writing routine allows the pro-
grammer to use variable sized letters, one after the other,

for titles and subheadings in his movies by only specifying
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the text that is to bs used. Several examples of the use of
these subroutines are given in this work, They include the
titles, the generator symbol, and tﬁe\}uler discussed in thse
spheroidal radiator movie example and complete details ars -

given in Appendix B.

Usa of the SC 4020 subroutine
calls in producing a movis

As an illustration, we will consider a very simple pro-

gram and then add the required calls,

DIMENSION (X(6),Y(6))-

START DO THROUGH S1, J=0,1,J.L.50=
DO THROUGH S2, K=0,1,K.L.6=
X$K3=COSF.€THETA}- :
Y(K)=SINF.(THETA

82 THETA=THETA + 1.0472-

S1 THETA=THETA + .1256-

CALL SUSROUTINE()=ENDJOB.()- -
END PROGRAM (START)=-

This program has two DO loops., The inner one, using K
as an index, calculates the position of six evenly spaced
locations on a unit circle., The outer one, using J as an
index, calculates fifty different sets of the six points
after moving them one-fiftieth of ths way around the circle
betwsen eéch set, The fipal result, if made into a movise,
would bs one cycle of six squally spaced dots moving com-
pletely around a circle.

The statements needed to call the SC 4020 subroutines
are now addad to the above program in order to translate the

point locations into command words on magnstic tape, The
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new program is listed below with the original statements

— {

underlined.

DIMENSION (X(8),Y(6
START TCALL SUBROUTINE -OUT (4)=
CALL SUBROUTINE( )=CAMRAV.(9)=-

DO THROUGH S$1,J=0,1,J.L.50~
CALL SUBROUTINE()LFRAMEV (=1)~
DO THROUGH S2,K=0,1,K.L,6=
X(K)=COSF, (THETA )~
Y(K)=SINF,(THETA )=

S2 THETA=THETA + 1.0472=
CALL §U§ﬁﬁUTTﬁ€F7LAﬁ'0Tv (-6,X(0),Y(0),
1,1,1,44,ERROR) =
THETA=THETA + .1256-

"“'Eﬁtf“shaﬁﬁUTINE(TZE‘USTP ()=
END PROGRAM (START)-

The first thing to notice is that the statements for
calculating each scene (in this case, the inner DO loop with
K as an index) are unchanged.

Two statements have besen added at the top of the pro-
gram and .one at the bottom outside of any of the DO loops.
Subroutine OUT. detsrmines the form of the output (printed
or magnetic taps) for this program. Subroutine CAMRAV,
opens the tape file and writes the ID frame on it., At the
bottom, subroutins CLOSTP, prints out the time used, closes
the taps Flle, and transfers control to the subroutine END-
J0B.. This call was eliminated from the original program,

The two subroutine calls FRAME. and APLOTV, are added
inside the beqginning and end of the DO loop that generates
each frame., Ths FRAMEV. call writes an advancs frame command

on the tape and closss the record. The APLOTV. call gener=-
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ates the nscessary command words to plot the dots from the

X and Y data arrays.

In addition to adding thése stateaments to the main pro-
gram, it is necessary to add eight subroutine decks to the
back of the main program deck. Also, certain data cards
haya to be added at the end of the complete deck in order to
supply the necessary information to scale the X and Y points
into SC 4020 command words and fill out the 1D frame with
the date, programmer's name, etc. Complete details are
given in Appendix 8.

The final result is a2 reel of magnetic tape containing
the necsssary control words to write each specified scena aad
advance the frame betwesn sach one. If this tape was run on
an SC 4020, the programmer would resceive back fifty frames
of hardcopy containing six asterisks esach plus an opening

and closing ID frame.



CHAPTER IV
THE SPHEROIDAL RADIATOR, AN EXAMPLE

Summary
It was decided to make a full length (three-minute)

movie utilizing all of the available computer techniquss,
Any difficulties that might show up in using the SC 4020

software could be corrected before the subroutines were

released, but, more importantly, it would be a demonstration

of the effectivensss in using the computer to generate a
mathematically complex moving picture both in research and
in the classroom.

When properly presented, a motion picture presenta-
tion should bs understood even by viewers without a full
mathematical grasp of the solution being presented, It is
"hoped that this example will illustrate.thase concepts.

The subject matter chosen was the resonant spheroidal
radiator; This antenna consisted of a surface formed by
rotating an ellipse about its major axis, A certain cur-
rent distribution was assumed to exist both on the surfacs
and in the interior of the antenna. The choice of these
bafticular currents then determinsad a radiated field which
satisfied both Maxwell's equations and the valuses on the

60
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boundaries of the system, The field produced by such an an=-
tenna is described in the next section of this chapter.

Some of the considerations that went into making the
movie are discussed, This is followed by a brief outline of
the script used for the movie,

The mathematical basis of the slsctromagnsetic field
lies in both the coordinate system chosen and the solutions
to the differential equation generated by Maxwell's esqua-
tions., Both of these are discussed and a derivation of the
actual formulas used for the movie is given, |

The programming and a description of what was being
attempted for each scene is included along with some of the
problems encountered, Finally, a short criticism of the

finished product ends the chapter,

The resonant spheroidal radiator

One of the advantages in using the resonant spheroid as
an example is that the field it produces is axially symmetric,
Therefore, all of the information available from a pictorial
field representation can be shown in two dimensions instead
of three., A typical display of the field pattern for the
resonant spheroid is shown in Fig. 4, 1If the entire set of
lines is rotated about a vertical axis, the result will be a
series of curved toroids that move outwards from the center
spheroid., Each toroid has é nest of smaller toroids inside

it,



FIGURE 4

THE RESONANT SPHEROIDAL RADIATOR
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A three-dimensional axially symmetric field is ideal
when one is limited to a two-dimensional display because any
cut ﬁade'along a plane containing the axis is identical with
any other'cut. TheraFo:e, all of the information available
from a pictorial fiseld representation can be shown in two
dimensions instead of three.

Each one of these toroidal surfaces represents a stream-
surface which has no current flowing across it, This can be

determined from Ampsrae's Law:

$F-aL = 14 4 1

where Id and Ic are the displacement and conduction currents
enclosed by the path of integration, If, due to rotational
symmetry, the H field is independent of the angle about the
vertical axis and the integration path is a circle of radius

§ about this axis, then

§'ﬁ-dl=2ﬁ'§H¢ = I, + I

If Id and Ic are set equal to a constant, then ths
above equation describes a surface of revolution, Each of
the streamlines in Fig. 4 were calculaiad from a different
constant, It can be shown by applying Apmere's Law to.a
surface area that the net current flow across a stregmsurface
is zero. Therefore, if no conduction currents are present,

the displacement current across the surface must be zero,
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Assume that a plane cuts a family of streamsurfaces
normal to the axis of symmetry. Any two surfaces that inter-
sect this plane form two concentric annular areas. Since no
displacement current flows across a surface, the current in
one annular area must bs équal to the current flowing in the
othar area but opposite in direction, Therefore, the motion
of the displacemsnt current is a rolling one around the cen-
ter of each nest of toroids, The motion reverses between
each set so that there will be no discontinuities in the
field., 1t can be saen that the current density across an
area normal tp the flow betwsen two toroids depends on the
position of the area, 0Obviously, the current density is
greéter on the X=Z plana than at the top of the toroid and
this is shown by the density of the streamlines at that point,

-1 wish to give full credit to David M, Shupe of the
Department of Elaectrical Enéineering, BSU, for his work in
the development of the streamline model that was used to
represent the resonant spheroidal radiator from the slectro-

magnetic field equations.

Technical decisions and limitations

Once it was decided to produce a movie with continuity,
rather than separate scenes that would just demonstrate the
David M, Shupe, "Streamline Representation of Radiating

Electromagnetic Fields" (unpublished Master's thesis, Dept,
of Electrical Engineering, Ohio State University, 1966),
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computer generating techniques that have been developsd, a
plan of action was needed., Before starting, two limitations
were imposed, |

In view of the fact that it was basic policy to have the
computer and display device do as much of the work as possi-
ble and to have as little photographic work required other
than the deve10ping-of the basic film, it was natural to re-
Jject sound as one of the techniques that could be used to
explain the pictorial context of the film, Thereforse, the
movie would have to be complete in itself without the aid of
narration to explain the motion,

The other limitation was that since this film was to
_Tpa only a prototype and not a finished product, a length
limitation would be set to use one hundred feet of sixtesn
millimeter film, The film comss in hundred foot lengths
with the next larger size being 400 feet. The nominal speed
of sixteen millimeter is twenty-four frames a second with
sach frame being three-tenths of an inch long. Therefors,
a hundred feet of film will result in a movie that has ap-
proximately four thousand frames and runs for 167 seconds
or two and three-quarters minutes,

It was decided not to use photographic stretching for
any part of the movie, Photographic stretching is a method
whereby only one frame is generated by the computer for each

scene, Photographic means are then used to generate, in ths

3
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case of titles, etc., a large number of frames in a row to
give the viewer time to rgad the text, Any animated motion
that is cyclic in nature can be extended by producing only
one cycle on the computer and running the one cycle over and
over again to generate photographically the required length
of film, This method has great advantages in that costs are
far less expensive per minute of film dues to the diffarence
in cost between computer time and the caost of having the
photographic work done. In fact, up to this time, all of the
computer generated movies that have been produced used this
technique in ons form or another,

However, after consulting with the animation experts
at Educational Services, Inc.,2 who had produced several
computar generated movies ih another field, it seemed better
to absorb the greater computer costs and not use photographic
stretching., The main problem is in the registration of the
. film in the camera, When a movie is produced, e=sach frame ﬁn
the film has to bs exactly in the same position as the last
one when the shutter opens or the motion will flicker or
jump when the movis is shown, This is no problem when ordi-
nary movies are filmed bécause the film is always moving
smoothly through the camera -at a constant rate,

An entirsely different situation exists during the

transport of the film in a microfilm plotter, The film is

2Phone calls to WMr, Como, ESI, during May and June, 1966.
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movsed into position and the shutter is opened, The amount
of time that then slapses depends on how much infarmation
there is to be plotted in that frame and can be as long as
twelve seconds, Since each frame is indspsndent, there is
no requirement for accurate registration and thersfore the
average camera in use on thess plotters has very poor regis-
tration from frame to frame,

When attampting to usé the average camera for making
movies, the picture jumps so much that the result is prac-
ticaliy useless, In the demonstration movie, thes SC 4020
was equipped with a "snap action camera” built in the 1920's,
This camera moved the film with a sprocket mechanism that
hit a plate at the end of its stroks so esach frame was very
precisely positioned besfore the shutter was opened.

Once a cycle is photographed (50 to 90 frames) by this
type of camera, it would bes possible to lengthen the film by
.photographic stretching as mentionsd abova. But the same
praoblem of registration is prasent after the first cycle has
bean copied, The original film then has to be moved back to
its starting point and the registration with the copy is
lost., This causes a jump sach time the film is cycled in
making the copy. This is not a problem, of course, if the
camplete run is gsnerated on the computer, The fact that the
registration oflthe snap action camera is good enough to
‘give good animation from frame to frame quarantaes that the

animation from cycle to cycle will be just as good,
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Ons other decision was made which, at the time, was
thought to increase the amount of computing time needed to
run the example, but proved, in the long run, not to have
increased the necessary time at all, Therse are two ways of
drawing a line with the SC 4020 software, either using the
LINE subroutine which draws a straight line betwesn two
specified points, or by plotting dots along the path of the
line, The position of the dots are calculated so that each
dot touches the onae next to it to form the line.

The LINE subroutine breaks up the distance between the
two specified points into vector commands, If the points
are more than sixty-four raster counts apart in either ths X
or Y direction, a separate vector command is required for
each sixty-four count section, Of course, if the distancs
is less than this, only one command is needsd. Since dots
plotted in svery other cell will make a continuous line dus
to the sizs of thes dots, the maximum distance that can be
covered by a single vector command would require at least
thirty-two dot plotting commands, In addition to the time
. required to placse theseJcommands on tape, time is also re-
quired to calculate the positions of sach dot so it would
appear that to draw lines by this method would incresase the
computing time required by quite a bit. 1In fact, all of the

computer plotted drawings appearing in the literature have
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used the lines drawn between points as the method used to
create the desired f’iguras._3

However, the decision to use a dot-plotting technique
to draw linas turned out not to require any excessive amount
of time over the line-drawing method. As long as the subject
matter is composed primarily of straight lines, the line=
drawing method would be faster, but the sphsroidal radiator
example contains only curved lines, In order to obtain
smooth enough curves, the end points of sach line would have
to bse close snough together that almost as many points would
have to be calculated as in the dot-plotting method, Since
a certain amount of time has to be spent in the LINE sub-
routine to generate the vector command, the final result is
that the two methods use approximately the same amount of
computer. tims,

Because the plotting dots are round and do not overlap
completely, the line drawn is not completely smooth but has
a minor roughness along the edgas., This is offset by the
fact that a continuous curve can bs drawn without any of the
sharp breaks that appear when using line segments, no matter
how short,

3Ivan'L. Finkle, "Recording Lissajous fFigures," Sciencs,
Vol, 148, No, 3577, June 1965, pp. 1541-1542,

G, A, McCue and J. D. 0'Keefe, "Computer Stereography,"”
Science, Vol, 151, No, 3712, fFeb. 1966, pp. 839-840,
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Script outline

Although esach scane will be described in turn later in
thié chapter, something should be said about the ovserall
goals of the sxample movie, First of all, it should be re-
membered that this is a prototype showing the use of the SC
4020 plotter and is not a finished product, 1t undoubtedly
has as many things wrong with it as right, but at the same
time, it is only supposed to show thes way forward.

The first efforts to achieve a coherent text in the time
allowed resulted in.a few short major scenes with the great
bulk of the time being spent in text that tried to explain
what ‘was qoing on., 8y the time the viewer had been given
enough time to rsad a complete text, most of the time had
been used up and very little was laft for any acfion. One
of the main purposes of this work was to demonstrate the
usafulness of short movies in ths electrical snginsering
classroom. The result of so much text and so little activity
would have been an effort that could better be duplicated by
an instructor explaining from a book.

Professor W. H. Huggins of Johns Hopkins University
has suggested that the classroom animated film will be fully
effective only when the dependsnce on the text is removed.4
The concepts sxpressed should be demonstrated using

4 Talk prepared for the Symposium on the Human Side of

Computing Machines at Bell Telephone Laboratories, Inc.,
Murray Hill, N, J., June 20, 21, 1966.
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only pictorial images that would have some meaning to anyone
who viewed them reqgardless of their background.

It is easy enough to have the computer generate text,
and sseveral examples are included in the example for com-
pleteness, However, the results are a waste of thes com-
puter's abiilities especially in view of the fact that much
better effects can be achieved photographically., It is the
computer's capability to display large amounts of mathe=-
matical data pictorially that is going to justify the use of
expensive computer time and make this method such a ussful
tool in the understanding of electromagnétic field theory,

Therefore, the spheroidal radiator example has very
little text, only one scene in fact ‘other than the title and
credits, and tries to show the development of an idea by
means of pictures, The film starts out by showing only two
points (asterisks) that will be the focal points of an
gllipse., An sllipse is drawn much in the same manner as
using a pisce of string and two thumbtacks, The ellipse is
rotated by changing the psrspective to show that a three-
dimensional object is being shown, It is then shrunk to
a smaller size and a generator is added in thse interior,
This is followed by a dark fringe on the surface of the
ellipse that varies both in position and time in proportion
to the magnitudse of the current that would appear on the

actual antenna, The electric field streamlinses begin to
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radiate from the spheroid until they fill the screen. The
motion is stopped and a ruler is used to compare the dis-
tance between the focal points with the distances for one-
half cycle of the radiated wave. The final scene shows the
direction of motion of the displacement current by means of
moving segments added to the streamlines, The motion reverses
for each half cycle. A more complste description of each
of these scenes will bs given when the programming is de-
scribed.

I wish to thank Professors Cowan and Kennaugh for their
help in developing a script for this movie, Many of the
scanas were the result of suggestions by them, Some addi-
tional suggestions that were not incorporated into the movie
_ due to lack of programming time but which would have resulted
in an improved version of this example are described later

in this chapter,

Solutions to the prolate spheroidal
antenna at resonance

The main sequences in the film example show the radia-
ting field from a prolate spheroidal antenna at resonance by
means of the stream function, Maxwell's equations are used
in a boundary value problem to determine the differential
equations that specify the conditions of the radiated field.
In this case, the internal structure of the spheroidal an-

tenna is unimportant, It is assumed that all generataors are



completely enclosed by ths surface of the antenna and the
only thing of interest is the current flowing within and on
the surface of the spheroid.

The coordinate system is very important in solving the
boundary value problem, The details of the spheroidal co-
ordinate system are as f‘ollows.5 |

A family of confocal spheroids are located on the Y
axis at the points *f, Points on these surfaces are defined
by the orthogonol coordinate system 77, E, qs where 7 is
the radial distance outward, € is the angular coordinate
upward, and qb is the rotational coordinate about the ver-
tical axis, This system can be defined in terms of a cylin-

drical system r, g, z by the parametric equations:

r= f(7 ) (i- &)
b= ¢
z=1%-7:&

This transformation is very useful in making the movie,
When P is sst to zero, the r-z coordinates become the X-Y
coordinates of ﬁhe standard cartesian set used by the SC 4020
software. The devselopment of the equations will show that
there is no dependence on g and therefore the field can bs

5L. J. €hu and J. A. Stratton, "Forced (Oscillations of

a Prolats Sphero‘d," Journal of Applied Physics, Vol., 12,
fMarch, 1941, p. 242,
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expressed in two dimensions instead of three, Figure 5 ,

shows the two systems used when g is set to zero,

y

'FIGURE 5

7-&  COORDINATE SYSTEM

The fact that the coordinate system and the field both

have rotational symmetry can be used to advantage in solving

“Maxwell's equations,6
Since the field has the same symmetry as the coordinate
system, the components are independent of 4. The two equa-

tions: VXE_" fwey =0
VxH+ (fwe- o)E=0

®J. A Stratton, Electromagnetic Theory (New York:
McGraw=-Hill Book Compeny, Inc., 1941) pp. 422-423,
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can be broken up into their components and when thes differen-

tials of g are set to zero, the following differential equa=-

tion rasults:

(7-1) gz’%jt +(1 -%) 31;: 1k (=3)Y¥Y=0

Y "F\/(’?f-‘)(‘"?l) l—,?s = fH,s

It is obvious that the differential equations can be

attackad by means of the separation of variables into two

equations that are functions of nz and §. respectively:7

(2*-1) Q! » (fFk*1'-Q) Q,

1l
0

t“ 102
(l~¢¢'l)Q1 +(‘Pk§ *C)Qz
where C is a separation constant. 1If we let C=t2k2, tha two

This equation was dealt with extensively in: Robert M,
Ryder, "The Electrical Oscillations of a Rerfectly Conducting
Prolate Spheroid", Journal of Applied Physics, Vol. 13, May
1942, pp. 327-339, This paper suggested a solution to ths
above differential squation., However, Ryder assumed that a
plane wave was incident on a perfectly conducting spheroid
and then solved for the current induced in it. The present
work assumed a current present on the spheroid that will
lead to the dasired solution, This current is only a
theaoretical concept and does not represent any particular
configuration of the interior of the spheroid.
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equations reduce to aones that have the following solution:

e .
Qu A,QJ k’L_I_ AleJFk’:ﬁ_

Qz = B,est? + BZ e-JFki

From the boundary values of the field, Q,( § ) must
vanish when $ = * ] and qf “? ) must have the form e"‘;kﬂ‘

8
for large 4? , therefors

fk = Fp B, = -B,
and
\P = AB cos (,';_‘rPf) ej'g"’2

cos(LP§) eiT 2

H, = ¥/ =48
» = e £ Je=n—m

where p is an integer corresponding to a particular harmonic,

The equation that was ussed set p=1 where the interfocal dis-
tance (2f) is equal toone half of the wave length of the ra-
diated signal. The value of AB is determined from the bound-

ary conditions of this particular problem,

3 .
Ryder, locc, cit., pp. 328=-329,
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The assumption is made that the spheroid has a surface

dufrent flowing on it aquaL to
[, (5) = cos(3€)
2

and a current flowing internally equal to

:[‘ (ﬂz"{) = —-cos(:'-;,'_: f)cos(—g"z)e3%’20

1.

These currents were chosen in order to give a simple
solution for the constant AB and do not represent any par-
ticqlar configuration of generators in the spheroid., 1In the
movie, the interior current was reblaced with a generator
symbol just to indicate that an active source is required to
energize the antsnna,

Using Ampere's Law
I, =§§3-dA = 1w § Hj

for this field, Therefors:

(1 L cos(Ef)ess(F)eit
H¢_4§ P - ) (-
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At the interior surface of the spheroid

«
COS(JZI' r) COS§ (—r??fzo)eJ-f?D

2t S -1 )(1 - §%)

Hﬁ(qagz) = -

The current on the surface can be divided by the cir-

cumference to give the current. density

_ cos (¥ 7)
K% 2 € Je=1)(1 - 1)

One of the boundary conditions states that

where the two magnetic fields are on either side of a surface
currant density K., The magnstic field at the outside of the

spheroid surface is equal to

.t/ cos (1) ¥ 2
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46 can now be deternineds
cos(Z7) i F%  cos(E§)ees(f.)e e
FJei-n(i-1%) ZnPJ(q:_|)(,_5L)
__ cos(5%) |
ol faz -1 ) (- 1)

___[_ ..j_lz.'q_ Nz ——.Sin('in:7o)
08 =T cnn)] -2

AB

ain

Thersfore,

The requirement that the tangential components of the £

field bes continuous is used as a check, Thse tangential E

field can be determined from the potential “F .°

— Jewey W

. §h kK" 2§

om abova:

fr
A _ o sw(E.) _Cos(_;_:?) EJ-'{%

3_';‘—,2— 2 2T
;\Po T eJ%?, w ; T
W, T IT cos (§7)—sin(F2.)

and thesa are obdiously equal.

9Stratton, loc, cit.
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o~

Therefore, the squations that were used for the field

are:

o T s30T a

[() = cos(3%)

Multiplying these equations by E?Ju)f to give the time

dependence and taking the real part:

Re(\P) = sm(gqo}'Cos(%f)ﬂn(.’_{’zf-wt)

2T

Re(l,) = cos(F3)cosee

For ease of caomputing ths following transformation was

mada:

3= U , ’}_:\/)%‘vt=DTP’IE

cos (-,-_-’ri) = Sin g:(l‘U) (for the current)

and the final equations were:



81

1 (u)

sin(Z1,) oy
%/ = .Lz__ﬂ.____) cos(—z‘ U) sm%(\h[)‘rmr_—')

s}nl{-(f—U) cos wt

In the calculations for the movie, the term

2\ K
: : o S. l . & o g o
Sin(';_r'?a). ' s 15 J 95

for each nest of streamlines, Therefore, V can be determined

from U by ths formula

2
Vo= & '%os(gu) — DT ME

and these in turn can be transformed'into the X-Y coordinates

by ths relation10

% =

FJ-ty(v=1)
Y= PUV

10This is the same transformation as for r and z on
pagse 73,
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Detailed description_of the
spheroidal radiator example

The movie starts with a single frame containing a
conventional identification frame which serves to both
identify the run and to check the correct opsration of the
SC 4020 plotter,

| The naxt ninsty or so calls produce the titles, credits,
and text. These four scenes are shown in Figure 6, The
lettering is generated by the use of the variable sized
symbol subroutines.

Most of the lettering is centersd on the screen when
producing titles, so equations wers dseveloped to make it
easiaer to determine some of the calling parameters in the
calls:

CALL SUBROUTINE()=CHSIZS.(IX,1Y)-

CALL SUBROUTINE()=RITSTS,(ISPACE,IROW,TABLIV,)-

CALL SUBROUTINE()=RITE2S.(X,Y,IEND,90,1,N,=1,

| WORD, IRE)-
that are used for titles. 1ISPACE, which gensrates the space
betwesen letters, can be determined from IX, the lattice space
used for tables, by the equation:
ISPACE = 5 x IX + K

The addition of K prsvents crowding the letters when IX

is reduced to the smaller values and is usually set at thres,

X and IEND can be calculated from the number of letters

in a line when centered lettering is desired,
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TITLES, CREDITS, AND TEXT OF THE SPHEROIDAL HADIATUR MOVIE
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X = (N=1)(2.5 x IX + .5K)(SCALE)

IEND = 512 + (N=1)(2.5 x IX 4 .5K) + 3 x IX + K
wheré N is the number of characters in a line including
blanks., SCALE is the value of each cell expressed in the pro-
grammer's grid, This method of dstermining position can be
used with offset lines if the right number of blanks are
supplied at the beginning and end of each lins,.

TABL1V is used because it contains ths standard alpha-
numeric set, As long as a standard keypunch is used to punch -
the cards for the format stataments (F statements), then
TABL1V will match the desired letters or numbers, CHSIZS and
RITSTS do not have to be called sach time if the size of the
letters is not going to be changed between calls., The
starting position of a group of letters is set by the call
RITE?2S so if it is desired to center a line of text, separate
calls have to be made for the lines containing an even and
odd number of letters, This is why separate calls had to be
made for THE and RESONANT SPHEROIDAL RADIATOR in the titlese
scene,

The titles show the largest size letters that can be
produced with TABL1V, Larger lstters could be produced but
a table would have to be written to break up each vector in
these letters into a number of pisces,

The SC 4020 tapes were produced with 1024 words in a

record, Since the number of words required for each of these
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scenas was less than this, it was necessary only to calculate
geach scene once, The following order of calls was used over
and over again with minor variations:

CALL SUBROUTINE()=STORE.(X,4)-

DO THROUGH (LABEL),N=0,1,N.L.M-

CALL SUBROUTINE()=STORE.(X,3)=

LABEL CONTINUE=-

CALL SUBROUTINE()=STORE.(X,1)-

The call to subroutine STORE with a calling parameter
of "4" adds the advance film command., The DO loop writes
the scena on tape M number of timaes, The last statement
writes the scene one more time and then ressts the buffer to
zero, The amount of text determines the number of times the
scene should be called, Enough time should be allowed to
read the text through easily for each scens at twenty-four
frames per second,

An interesting effect was created with very little
_ programming effort when the names at the bottom of scens two
were calculated, One of the calling parameters in RITE2S
determines the number of letters in the text to be printed.
Even if there are more letters in the text, ths subroutine
ignores any after this number is reached. Instead of fixing
this number at fifty-six, the number of characters in these
names, a variable N was used for the calling parametsr,

This same variable was used in the DO loop that called the
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sceﬁe.' The effect is that the first time the scene is writ-
ten, only one letter will appear, An inner DO loop writes
this scane four times to give four frames and then control
is returned.to the outer loop, This time N is 2 so two
letters are written in the next four frames, This is re-
peated until N reaches Fifty-sixland the DO loop is termina-
ted., When the movie is run, the names will appear as if
written letter by letter across the screen,

The text scene shown in Fig, 6 has one error in it., It
should have said,"The moving segmsnts in the streamlines
represent the displacement current.,", rather than the D field.
This could be corrected merely by changing one final state-

ment in the program that produced the titles,

The ellipse

The movie starts with two asterisks being shown near
the top and bottom of the center line of the scresn. The
program then calculates fourty-sight evenly spaced points
that lie along the path of the ellipse that is to be drauwn.,
The position of these points. are all in the first quadrant,
The rest of the points arse calculated by first interchanging
-X with X and the =Y with Y so that the final result is 192
points positioned evenly around the ellipse,

M The complete listings for the titles, stc., shown in
the four scenes given in Fig. 6 are listed from the start

through the statemsnt just after L1806 in Appendix D, PP, 354-
355,



FIGURE 7

DRAWING THE ELLIRSE
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The ellipse is drawn by using the LINE subroutine to

draw a line from one focal point to the ather and from each
focal point to point M when M runs from 0O to 197 by means of
a DO loop. Another DO loop inside of this loop draws a line
between each point to the one next in line up to point M,
M is increased by one betwaeen each frame and the total
effect is the same as that of a string looped around the two
focal points with a pencil stretched to draw the ellipss.
The motion starts at the right hand center side and swings
all the way around counter-clockwise to return to the start-
ing point. The complete ellipse and the two focal points are
shown for several more,scenes.12

The ellipse is next rotated by means of a perspective
view through the vertical center line, Each of the X dis-
tances of the points on the ellipse is multiplied by the
use of the linear increment of time and the ellipse is then
drawn using the new points, For each complete cycle the
ellipse will shrink in the X direction only to a thin line
and then expand to full size again., The effect is that of
looking head on to an ellipse of wire that can be rotated
into the third dimension about the vertical axis. The idea
behind this scenes is to show the viewer that what he is
seeing is not a two-dimensional figure, but is a plane sec~

tion of a three-dimensional figure, 0One of the improvements

12The statement listings run from L106 through L1112, p.357.
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that could be made is to keep sach ellipse as it is drawn

and to use overstroking of certain ellipses to draw a shaded
thres-dimensional perspsctive figure of the spheroid., How-
ever, this would add more complexity to an already large pro-

gram and the rotation and shrinking described next were
13

accomplished with only thirty-three statements,
In all of the above scenes the ellipse almost fills the
screen, When the sllipse is ussed as a radiator, it is much
smaller and occupies only the center of the screen with the
field pattern filling most of the rest of the space.
Therefore, each point on the ellipss is multiplied by a
reducing factor and the esllipse is redrawn with the LINE
subroutine, The reducing factor is incremented downward
between each frame so that when the film is run, the ellipse
will appear to shrink from its original size to the size it

assumes for the rest of the movise,

Generator and current symbols

Up to this point, the ellipse repressenting the spheroidal
radiator has bsen drawn by calculating equally spaced, widely
separated points along the path of the ellipse and then con-
necting each point by using the LINE subroutine. 1In the main
scenes, lines are drawn by plotting touching dots along thse
path of the linse, and to make this program compatible with

T3 statement 1istings L1912 + 2 to L120 + 1, p. 357
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the ones to follow, the drawing of the ellipse is converted<
from lins sagments to dots. The position of each dot is cal=-
culated by an iterative process that calculates each posi-
tion, along a line determined by the equation of the desired
. 8llipse, from the last calculated position, The details are
not given here because the program used is fully explainsd
in the section on how the field pattern is calculated, 1%

The last twenty statements in this program (the movie
was run in sections of which this is one) form the current
generator symbol in the interior of the spheroid and place
a dark fringe on the outside surface in pooportion to the
current distribution, An explanation of ths program is

given here but it is much easier to sse the final result in

Figure 8. The current varies according to the squation

3

1(U) = sin [“‘/2°(1-u£] coswt

where U is the anqular coordinate in the confocal spheroidal
coordinate system being used., Since the surface of the
spheroid is fixed, thevabovs equation can be converted into
one that uses Y as a single variable rather than U. The
cartesian coordinate Y is related to the spheroidal coordin-

ates by the equation:

14 Syatement listings are from just below L120 to L399
along with a call to APLOTV just below statement L121, pp.
357-358,
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FIGURE 8
FOUR VIEWS -« GENSYM AND CURRENT DISTRIBUTION
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Y=f -+ U-V
where f = .25 is the focal distance and V = 1.2 is ths
radial dimension of the sphsroid, Therefors,
Y = ,3U

U 3,3333Y

1

and the current on the spheroid can be gxpressad as
I(Y) = sin [Tl'/z (1-3.3333v)_]cosm

This value is calculated for a particular value of t
and for each value of Y corresponding to the points cai-
culated along the ellipse., This valus is scaled so that it
will occupy a distance of ten raster counts when Y and t are
zero, This increment is added onto the X value of each
point to form a new point and the subroutine LINE connects
the two points. Foﬁr calls to LINE have to be made in order
to cover the four quadrants. The points on the ellipse are
touching so all of the lines drawn are side by side and form
a fringe on the ellipse. A call to GENSYM with ths proper
parameter to give the correct magnitude and direction of the
current arrow completes the scene, The current symbols and
current distribution complste several cycles to show that ths
antenna is going to be driven by an altsrnating sourcs.,

<Thi§ scene brings up a far more difficult problem to
answer than how a particular movie is going to be programmed.

In a nutshell, the question is, "Under the limitations of
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the computing techniques used, what should be shown to coms
municate the desired idea to the viewer?", The chaptar on
conclusions will discuss this question in some detail but

it is asked here because this scene caused more discussion
than any other ouer what the spheroidal radiator example is
trying to show, The result is an example of what can be done
and is not a finished product by any means,

The only way to resolve this problem, especially with
regards to movies that are to be used in the classroom,
would be to try out as many ideas as possible and then show
each one before a typical audience, A test giVen to. the
viewsrs afterwards would determine the most successful pre-

sentation,

The radiated field

Most of the remainder of the movie ussed the sams basic
program to produce variations on the radiated field,

The program starts by reading in a numbaer of variables
for the data card on the back of the input deck. This gives
the program a good deal of flexibility because, although the
basic equations being used remain the same, the result can
be altered quite a bit for any run. The number of cycles,
the number of lines in each cycles, and the time betwsen sach
frame are among the factors that can be preset without chang-

ing the program,



94

Only the first quadrant of the radiated field is cal-
culated, The PLOT subroutine is constructed to fill in a
mirror image for the other three quaddants after all the
points have been determined, The first quadrant is shown
below, All of the lines appearing in the final result are
calculated in exactly the same manner so a detailed explain-
ation of how one line is calculated will serve for all the
others, 0Only the input data as determined by a number of

" DO loops is different,

x=0

(d)

(b)

3 y=0

FIGURE 9
1st QUADRANT PLOT OF SPHEROIDAL RADIATOR
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The coordinate system used for the calculations is a

set of confocal sellipses for the variable V = constant, and

two sets of confocal hyperbolas for the variable U = constant,
The calculations are executed in this coordinate system,
then a transformation is made to cartesian coordinates before

the points are actually plotted, The transformation is.

X = f o/ (1-U2)(v2-1)

Y=f.U¢+.V

where f is the focal distance from the origin. At large
distances from the origin, the U-V system approaches a polar
coordinate system with a nonlinear angular measurement,

The program determines the ellipse by setting the para-
meter V to a constant, This constant is called the spheroid
index and it can be changed by means of a data card. If the
spheroid index is set equal to one, the resulting field
pattern would be that of a dipble, and as the index is in-
creased to larger values of V, the pattern approaches that
of a sphere,

The positions of the dots plotted to make a line are
all calculated by the same method, but it is easisr to see
how this is done for the ellipse than for the field,

The variable \Io is eet to a constant value, as determined
by the spheroid index, and the variable U is set to zero,

This determines the first point to be plotted ("a" in Figurse



96 -
9 ). The next point is calculated by incrementing U and
then calculating the distance back to the first point, 1If
this distance is within preset limits, the X and Y values
ars stored; if not, the increment in U is ad justed by the
amount of the error in distance and the point recalculated.
When the value of U reaches one, equivalent to being on the

Y axis (point "b"), the program jumps to the next section,

The spacing of these points is very important, A
series of plotting dots will overlap to form a line if thay
are plotted in avery other csll., The scale the programmer
is using determines the distance betwsen the dots and the
size of esach cell determines the amount of error in this
distance that should be allowed, The epror should bs as
large as possible because the iterative process used will
require less passes to be within ths error., At the sams
time, if the srror is too largs, it is possible to plot a
point that is far encugh away to have a gap in the line
being drawn., Figure 10 was used to determine how bigq the
error should be. The asterisk is the center of the dot that
has been plotted and the cross shows the centers of any dots
that will be plotted if the calculated’point falls anywhere
in the particular cell, The error shown in the figure was
chosen so that two cells side by side would not be plotted.
There is a small chance that a cell three spaces away on the

disgonal will be plotted, resulting in a small gap in the
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CELLS

5 L0032 k= Kk~ .o0se2 = p1sT —

.00255 = k;_
,é*éyocation of point already plottsad ERROR
T>X<Focation of point to be plotted

Note: DIST is approximately equal to plotting dot SIZE
| FIGURE 10
ERROR ANALYSIS OF PLOTTING DOTS
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line, if the calculated point falls in the crosshatched

rarea., Assuming that the next calculated position can fall
anywhere in the error band with equal probability, approxi-
mately three per cent of the dots will fall in this category.

The rest of the program can be divided into two steps .
that are repeated as many times as necsessary., In Figure 9
point ¢ is calcuiated and U is incrementsd upwards until
point d is reached, At that point, a2 sine term in the field
equation is shifted by 180 degrees and U is incremented
downwards to calculate the points lying on the line from "d"
to "e". When U reaches zero again at "e", the input data is
changad and a new line is calculated.

In the section on the mathematical basis of field
patterns, the squation for the streamlines was developed in
terms of thel|J-\/ coordinate system. The final result for

the streamline calculations was
<= cos(ZU)sinF(V+0TME)

For the purpose of computing the points along a stream-
line, K is set to a constant and the above squation is sol-

ved for V,
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The value of K determines ths particular streamline in
a cycle, The differsnt cycles are computed by adding 2n
(n = positive integer) onto the value of V for the first
cycle, n is the number of cycles away from the origin..
V also contains the information as to the time in the cycls
of radiation, The position of a point on a streamline at
any time in the cycle can be determined by adding the time
increment to V before the transformation to cartesian co-
ordinates., The time variable in the computer program is
labled DTME and appears in the expression for V.,

Point "e" is calculated by setting U to zero, calcula-
ting V, adding the time to it, and then calculating X,
Points are calculated in the same manner as described for
the ellipse. It is easy to tell when "d" is reached because

at that point
cos (FU) <K

and the arcsine cannot be calculated. If the last point
calculated is close to the maximum point of the curve, the
program switches to the next cycle of the arcsine. If thare

is enough distance left on the curve, a few more points are
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calculated to fill in the top before the switch ismadez15
The rest of the program increments U downwards and calculates
that-the'next line is ready to Ee computed.

If a streamline is being computed that is close to the
.spheroid, it may enter ths spheroid rathér than returning
to U =0, In this case, the program immediately jumps to
the next line,

When all of the points have been computed for a particu-
lar scene, a call to APLOTV computes the necessary SC 4020
commands to plot each dot, Subrouftine PLOT gensratas four
plotting commands to fill ths four quadrants for each sst of
X's and Y's and places them on taps,

The basic program describsd above was used for the next

four scenaes in the movie.

Starting streamlines

The scene demonstrates haw ths streamlines are formed,
Cnly the generator symbol and current distribution on the
spheraid shows. The streamlines emsrge, one by one, until
the scraeen is filled., It was computed by ganepatinglfour
cycles (enough to fill the scresn) but by starﬁing at a neg-
ative time, This negative time was large enough when édded
to V that even for the fourth cycle the total V was smaller

than the spheroid index. Therefore all four cyclss fall.

15This'occurs at statement L17 on page 364,
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inside the ellipse and the streamlines are not computed. As
time is increased betwesen each frame, V gets large enough to
let the streamlines appear one by one. As they flow out-~

wards, more are generated until all four cycles appear,

Ruler

In this scens, time is not incremented betwsen frames.
Therefaore, the field patterﬁ does not move, Instead of the
generator symbol appearing intkhe center of the spheraid,
two rulers appear, One is vertical and measures the distance
betwesen the focal points, the other is horizontal and
measures one cycle of streamlines at the right of the screen,
The idea is to show the viewer that there is a relationship
between the size of the spheroid and thse wave length and
that the wave length is in fact greater near the ssheroid,

The concept of resonance is another area where ground
has just been broken, Sevsral suggestions were made to have
clocks to show the idea of frequency and wave length in this
example but there was not time enough to try out these ideas,
Again, the hard part is not the programming but how to get

the concept across to the viswer,

Steady state
The main program was run with the time limits set to

give a complete cycles moving out from the spheroid. This
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section was actually computed in two sections, one with five
cycles of streamlines, the other with four. By doing this,
it was possible to cut downvon the computing time Wwhile
still filling up the complets screen., In the moving segment
part of the movie, the switch in the number of cycles used
was made automatically by the program so that a whole cycle
of 'motion could be made at once and time would still be
. saved by having as few off scale points as possible to com-
pute, If this scene were to be dons again, it is suggested

that this feature be added,

Moving segments for the displacemsnt current

The displacement current moves in a direction always tan-
gent to the streamlines. The motion was implemsnted by plac-
ing ségments in the streamlines that moved around a center
in each group of lines, This motion is independent of the
outward motion of the radiated field as far as the program
is concerned.

The missing segments in the streamlines were created by
omitiing certain dots when the plotting commands were placad
in the buffers in the STORE subroutine prior to placing them
on tape. As each line is computed, the dots are counted.
Twenty=-four dots are plotted and the next twelve are skipped
so that each streamline consists of a section followed by a

gap that is half as long., flotion is gsnerated by propserly
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positioning the gaps between each frame so that the breaks
appear to move along the streamline, The problem is com-
plicated by the fact that the motion has to reverse direc-
tion between each group of linss,

The basic program computes the spheroid for each frame
and then computes each set of lines., Betwsen each sst, a
call to APLOTY puts the dot commands on tape, When the
specified number of groups of lines have bsen computed, the
program returns to the start to compute a new frame. As the
X and Y valuses of each point are computed, it is stored in
an array until the call to APLOTV,

The key to the moving segment program lies in the fact

that all points that are computed always lie in the first

quadrant.
0,0 1000 0,1777

X = =1.7¢ | X =17
Y= 1.7 | Y =1.7%

_______ _%._ S
X = =17« X = 1.79
Y=-1.7¢ |, Y =-1.7¢

1777’b i 1777,1777
FIGURE 11

PROGRAMMER'S GRID FOR RADIATOR
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‘ The value of X and Y is always positive so that when
the array is called by APLOTV, the control word sent to the
(PLOT) subroutine has the following characteristics:
00 1Ixxx 52 1xxx
Plot X Dot Y
Op Code Value Value

The two zeros are the aoperation code for plotting and
the "52" is the code for a dot at the specified location,
The call positicns run from 0000 to 1777 (octal) with 1000
falling on the centerline, The (PLOT) subroutine manipu-
lataes the X and Y valuss to give command words that will
plot the other thres quadrants.

It was decided to let (PLOT) count the dots that had
been plotted to determine if a line or a gap was present
and therefore if the dot should be plotted or not, Since
. the number of dots required for each line depends on its
length which is an unknown quantity, the main program has
to determine when a line starts, It would have been possible
to call (PLOT) directly to start the counting, but another
method was used instead. In addition to the values of the
position computedvby the main program, some values were in-
cluded that resulted in points plotted in the second quad-
rant., The (PLOT) subroutine was rewritten so that instead
of plotting these words, they would serve as controls to
start the counting of the dots along the line, Thersfors,

this problem can be broken up into two sections, The first
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is the additions to the main program to create control words

and the sscond is the use of these words in the (PLOT) sub-

routine,

A brief outline of the main program is:

START
DO EACH FRAME TO L14
COMPUTE SPHEROID
DO EACH SET OF LINES TD L16
DO EACH LINE TO L9
COMPUTE LINE

L 9 CONTINUE
CALL APLOTV

L16 CONTINUE
CALL FRAMEV

L14 CONTINUE
ENDJOB

The array that stores the data as it is computed is

labled Q(N) for the X values and R(N) for the Y's,

following statements were added to the main program,

START
DELDOT = -.00332
SET1 = -,00166

DO EACH FRANME TO L14
ugng = ~1.69502
R(0) = -.066406
SET = -1.69834
SET2 = -.00664
COMPUTE SPHERQID
DO _EACH SET OF LINES TO L16
DO _EACH LINE TO L9
agm; = SET
R(N) = SET 1
COMPUTE LINE
L 9 TONTINUE
CALL_APLOTY
SET= SET ~ SET?
SET2 = =-SET2
L16 CONTINUE
CALL FRAMEV
SET1 = SET1 + DELDOT
L 9 CONTINUE
ENDJOB

The
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The original statements are underlined, Each one of
the values above were chosen so that when APLOTV was called
the command word produced by XSCALV through APLOTV would
have a certain format that can be recognized by (PLOT),
The first X and Y values to be read into the array at
the beginning of each frame are
(o)
R(0) = -.066406

-1,69502

This will result in a command word as follows:

00 0001 52 1012
The 00 and the 52 are constant throughout., However, notice
that the third digit from the left is a zero., Since any
command word that is to be plotted always has a "1" in this
position, the presence of a zero indicates that this word is
to be used by (PLOT) to set counters and not plotted.

The 1 in the sixth positioq_?rom the left is used as
an indicator that all the dots in a line are to be plotted.
If a zero appears in this position, it iﬁdicates that the
sagments should appear and move counter clockwise in the
first and fourth quadrant. The prasénce of a two reverses
the direction of motion, The reason for plotting all the
dots at this point is that the spheroid should not have any

segments in it,
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At the start of the first line, the following values
appear:
Q(N) = SET = -=1.69834

~R(N)

SET1 = -.00166

These two values will be combined t6 form the word
00 0000 52 1000

The first underlined zero indicates that this is a
control word, The second zero indicates that the motion of
the seagments should be counter clockwise, The last two
zeros are used to set the counter and will cause the seg-
ments to move between sach frame, B

The above values are in the innermost loop so the con-
trol word appears at the start of each line,

When all of the points in the first line have besn
computed, the above word is repeated for the next line,
When all of the lines in a set have been computed and the

values read into APLOTV, the value of SET is changed by ths

statemant

SET = SET - SET2
The sign of SET is changed for the next cycle and a new
set of lines is computed, This time the value of
a(N)
R(N)

SET = -1.,6917
SET1 = -,00166

will result in the word

00 ©002 52 100
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The zero has been changed to a two so the motion of the
segments will reverse, For each set of lines, the sixth
figure from the left will alternate betwseen a zero and a two
for as many cycles as there are in a frame,

When a new frame is to be computed, the value of SET1
is changed by adding DELDOT to it, SET1 has a value of
-.00166 to start, DELDOT changes this by a negative incre-
ment of -.00}32 which results in one being added to the last
two digits of each control word. For exampls

00 0002 52 1000
should become

00 0002 52 1001

00 0002 52 1002

00 0002 52 1003
and so on for each succesding frame,

These controls are interpreted by the (PLOT) subrou=-
tine. 18 This subroutine divided the plotting area into a top
and a bottom. Two index registers are used to count the
number of dots that have been plotted using modulus
"thirty-six" as a base., If the tested index register
contains zero to elsven, the dot is not plotted., If it
contains twelve to thirty-five, the dot is plotted, If it
contains thirty-six, it is resst to zero., After each sst is
plotted, the index register is increased by ons,

16ca11ed 4-QUAD(PLOT)#2 in the subroutine list,
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The subroutiﬁe tests the incoming control word,and if
the two highest order digits (six bits) are not zero, the
word is not a plotting command and it is placed directly
in the buffer contained in STORE.

If the two highest order digits are zero, index regis-
ters IR1 and IR2 are loaded wifh the numbers they held when
this call was last made, The incoming word is next tested
for the presence of a ocne in the third highest order bit.

If a one is found, the dot command is to be plotted., 1IR2

is tested and if higher than eleven, a dot is plotted in
quadrants I and II, 1IR1 is tested to see if quadrant III
and IV should be plotted., Both index registers are raised
by one, reset to zero if they read thirty-six, and the con-
tents stored for next time, Control then returns to the
calling program. This portion of the program occupies about
tﬁe first half of the statements on the subroutine;

If the incoming word starts with two zeros and the third
digit is also a zero, the plotting determination is skipped
and the second half of the subroutine comes into play.

.Figure12 shows how the dots would look near the center
line of the Fielq pattern for ten frames in a row if the
right-hand segments are moving counter-clockwise, Ths
small numbers are the magnitudes that have to be placed in
the index registers at the start of each line in order to

make the segments move properly. For example, in the fifth
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frame a "32" is placed in IR2, This causes four dots to be
plotted and then the next twelve ars omitted, IR1 has a
"16" placed in it to start, The twenty dots plotted before
the gap match the four plotted above the line to fill out
the twenty four dot line segment crossing the center line
axis, Another graph identical to Figure 12 can be madse up
in which the segment moves down instead of up.

The subroutine places the correct starting count in
the index registers by analyzing the incoming words that
staft with three zeros, If the sixth number is a "1", the
indexes ars set to twenty and not incremented., This causes
all of the dots to be plotted for the spheroid. A zero or a
two in the sixth position in combination with the last two
digits are manipulated to give the proper number in each in-
dex reqgister. All of the segments in any one group of lines
move together and the left-hand side of the patt;rn is a
mirror image of the right.

Off scale dots have to be counted also or the segments
would jump as the lines move off the edge of the screen,
The subroutine XSCALV has been modified to call (PLOT) and
insert the word

00 0000 60 0000

into the (PLOT) subroutine, Under normal conditions, this
word has no effect because it plots a blank at zero-~zero,

However, ths segment generating (PLOT) subroutine will in-
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crease the count in each index register by one upon receipt
of this word,

One complete cycle of outward motion requires twice
as much time as the steady state scene because two complete
cycles have to emerge from the spheroidal radiator instead
of one, This is due to the fact that the motion of the seg-
ments reverses between eavery group of lines, The group of
lines has been referred to as a cycle several times in this
work but actually the complete cycle of a spheroidal radiator
is represented by two groups of streamlines,

Another timing factor has to be considered if the one
computed cycle is to be run through the SC 4020 several
times in order to make several minutes run time for this
scens, The position of the lines in the last frame has to
match those of the first, but also the segments have to have
just finished moving across the center line to match the
start, This requires that the number of frames in a cycle
be divisible by thirty-six to make this match. Figure 13
shows the segments inserted in the spheroidal radiator.

END scene
TABLSV was written to place the block letters
THE END
in the centsr of the scrsen by using RITE2S. Thse program
for this scene chénges the size of the letters from minimum

to maximum in steps between each frame, The effect when the
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movie is run is that of the letters coming towards the
viewer out of the screen,

Table 2 summarizes the computer time required, length
of magnetic tapse, number of frames, and running time for
sach scene in the sphseroidal radiator example. The movie
was calculated in several sagments which were then combined
during the copying process, The final result was three
reels of tape,

The finished product had a few minor faults due to
programming errors and a major difficulty during the running
of the magnetic tape on the SC 4020.

The minor errors were of a sort that can be corrected
sasily, For example, the sllipse did not shrink properly
from the large drawn one to the center of the radiator., A
change of one variable in a calling paramster could correct
this, However, this points up the fact that each scens
should be checked by hardcopy production before the computer
time is invested in the final oun, Also, the hardcopy gives
the programmer an actual representation of his work that

cannot be visualized from the numbers alone.

The major difficulty was that esven though great care
was taken in recording the magnetic tape (see the section
on "program running operations" in Appendix 8) there was
still false information seen by the SC 4020 that resulted
in many blank frames in the finished movie, Also, some of

the information was lost resulting in a spotty picture,



TOTAL FEET TINES MOVIE
TAPE | FILE SCENES 7094 | TOTAL | RECORDS | OF | FRAWES | TO | TOTAL | RUNNING
TINE | WORDS TAPE RUN | FRAMES | TIME
I 1 | Titles, Credits, Text 4,3 | 598,084 | 1869 655 | 1869 11869 1,29
Ellipse, Rotation, Gengrator
2 | Transient 14,8 |1,338,889 | 1380 | 1289 88 1 88 06
3 | Ruler 3.6 | 201,746 | 28 246 35 7 245 A7
Il 1 | First half of one complete 12,7 | 887,937 | 880 854 25
cycla steady-state
12 600 Ry,
2 | Second half of one complete | 11,2 | 884,396 | 872 | 880 | 25
cycle steady-state
111 1 | Moving segnents 17,5 | 880,359 | 684 848 7|12 864 60
for "0" fiald
2 | THE END N 8,581 | 132 161 132 1 13 .09
(Totals) 64,8 4.84x106 4758 3798 « 2,63
nin, 96 fest | i,
TABLE 2

MOVIE PRODUCTION TAPE DATA
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This was particularly evident in the closing scene when

many of the letters in the words "THE END" were missing so
that the complete title flickered on the screen. The anly
solution to this problem is to either do a careful align=-
ment procedurs on the SC 4020 just before the movie is to be
made or to make a copy of the information on the magnatic
tape at the installation where the SC 4020 is located. If
OSU obtains a micrpfilm plotter, this should cease to ba a
difficulty.

Upon first viewing, it sesmed that the movie was trying
to do too much in too little time. A number of difficult
concepts are being expressed in the movie, and before ths
viéwer has had a chance to sort out his impressions, the
scene has passed and a new idea is being presented,

However, claoser examination showsd that the timing of
ths scenes was badly out of balance, not because thay wers
too short, but because the files on the magnetic taps werse
not processed according to the instructions sent with them,

The timing of the scenses of the spheroidal radiator
was adjusted by computing one cbmplet@ cycle and having
this portion of tape run through the SC 4020 the required
number of times for the desired length, Howaver, due to ths
length of time required to process the more involved scenas
on the SC 4020, the number of passses was drastically cut,
The main scene of the radiator was run twice instead of

twelve times and the scene containing the moving segments
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was run once instead of twelve times, The obvious solution
to this problem is to make certain that when the magnetic
tapes are processed, the instructions to give the correct
timing are followed.

Some of the introductory scenes are a bit short, To
lengthen these scenaes, particularly the rotation aof the
ellipse, it will be necessary to recompute the first file
of the movie taps, This is a small problem bacauss the com-
puter time used for these scenes was only about four minutes

and a repeat should only take a little longer.



CHARTER V
PRESENT AND FUTURE COMPUTER GRAPHIC EQUIPMENT

Summary

There are a large number of companies that make visual
output devices to be used as peripheral esquipment associatead
with a digital computer., Howsver, most of thase are not of
interest with regards to this work because thay have no pro-
vision for permanently recording their output,

The devices describsd below do produce permanent rec-
ords and therefore can be used to make a movie of computer-
generated output, They were chosen becausse they ars repre-
sentative of what is actually commercially available and
of what is being developed in the computsr manufacturer's
laboratories. They cover the range of available tools that

can be used to produce movies today,

Present equipment

The CALCOMP digital incremental plotter manufactured by
California Computer Products, Inc, is a mechanical plotter
that produces paper output in the form of graphs.1 Like

Tsullstin No, 1758/February, 1966, California Computer
Products, Inc., Anaheim, California,

118
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most computer-graphic equipment, it was designed to create
engineering output and not pictures. It is limited to draw-
ing lines under computer control although quite a bit of
scftware programming has been developed to create symbols,
label graphs, and scale plotted points, The 0OSU computation
center is equipped with one of these plotters. A body of
subroutines is available as part of the computer library.

The CALCOMP plotter is ussful when it is desired to
plot out single frames of electromagnetic fields, It was
originally planned to use this type of plotter to maks the
spheroidal radiator example using the following technique,
The mathematical description of the radiated field would bs
used to calculate the field streamlines at one particular
time, The commands for the particular plot would be punched
on cards by the  IBM 7094 and these cards would be used to
drive the plotter, The plotting would be repeated at dif-
Ferént times to complete the cycle and the total number of
scenes would be animated using regular film techniques., 1In
fact, a length of film was produced in this manner but it
was not satisfactory for several reasons,

Because of the limitations on mechanical plotting
speads, up to forty-five minutes of computer time was re-
quired for each picture. The time increment to give smooth
motion without jumps was in a rangse that meant at least
thirty-two different plots had to be made for each scens.

The film animation techniques proved to be very time con-
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suming and difficulties were sncountered in accurately place
ing each frame as it was phptographed to give proper regis-
ter when the movie was shown.

Another disadvantage is that this is an "incremental
plotter" and therefore the commands generate a specifisd
ateb length in only eight directions at forty-five degres
‘anglas, This puts a severe limitation on the amount of
raesaolution that can be obtained unless the drawings praoduced
are very large, E£Even with the first two by two and one half
foot drawings, this resolution limitation could be clearly
seen. The nower plotters are bstter in this respect (twenty-
foursteps instead of eight) but it seems difficult to imagine
producing any volumé of film with a'machanical plotter,

The second commonly available device is the S5C 4020
microfilm plotter, manufactured by Stromberg-Carlson, Inc.,
which reads magnetic tape or computer output to produce
grgphical, pictorial, or alphanumeric output directly on
film. Since a complete description of this device is given
in this work, details are not covered here. The heart of
this device is a cathade ray tube that can bs photographed
directly.with both the display on the face of the tube and
the camera baing controlled by computer output,

Because-a tathode ray fube, whosze beam is without iner-

tia for all practical purposes, is used to perform the actual

plotting, ths limitations in plotting spead are not deter=-
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mined by a mechanical movement, Instead, the spsed limita-
tionvis set by the rate at which the computer can transmit
information from one place to another, As this transmission
is being performed at computer speeds, the inecresass in
plotting rates over a mechanical recorder is appreciable.

In the spheroidal radiator axample, some of the drawings
took approximately forty-five minutes sach., When the same
plots were duplicatsed using thae SC 4020, the total time to
complete each scens was about five seconds.

Two other machines havs recently coma onto the market,
one of which is a serious contender for the spot now held
by the SC 4020,

The CALCOMP 835 electronic digital plotting system is a
new plotter that is meant to complement their mechanical
plotters rather than replace them.2 The digital lagic has
been constructed to make the cathode ray tube opsrate as an
incremental device with the dirsection and position spscified
for a preset step size. Thse interssting thing about this
plotter is that it is compatible with thes current software
programs available at 0.S5.U, for the mechanical plotter,

The only difference is in spesd, up to 100,000 steps per
sacond instead of 200 steps per sscond achieved at present,

This unit has another advantage in that it is the least oxe

"2gulletin No. 188A/Januray 1966, California Computer
Products, Inc., Anaheim California,
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pensive unit now available ($76,000) that could be considesred
for making movies, Unlike the other plotters described, it
doas not produce hardcopy, so the 35 mm film has to be deve-
laoped before a print can be made.

The B=L 120 plotter manufactured by the Benson-Lehner
Corp. is almost a direct replacement for the SC 4020,° Its
design was obviously influenced by the other because mag-
netic tapes mads for the SC 4020 can'be run on the B8-L 120
providing one minor precaution is observad.a According to
the manufacturer, this plotter has approximately twice the
speed of the SC 4020 and in addition, logic is provided to
check for tape errors, This is the ability to run a record
over again if ths machine hits a command that it does not
recognize, The SC 4020 under similar conditions puts an
error mark on the sdge of the film and then skips to the
next record, This error can occur if the magnetic tape was
produced in the presence of noise so that the bit levels on
the tape are obscure., All of the description in the chapter
on the SC 4020 also applies to this unit, Ons detail is
interesting, the announced price for the B-L 120 ($100,000)
is approximately one=fourth that of the SC 4020, This
may be a reflection of the fact that the SC 4020 has been

Sgulletin No. IDS-14/July 1965, Benson-Lehner Corpora-
tion, Van Nuys, California,

4A record gap (a blank space on thes taps) has to follow

an advance film command on tapss that will bs run on the B-L
120, This is not necassary with the SC 4020,
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the only machine of its type in the market and if so, a drop
in price should occur,

The DD 80 microfilm plotter manufactured by Control
Data Corp. of Minneapolis S is a good example of a "third
generation" machine., The SC 4020 and the BL 120 can be
considered as a "second generation," and the CALCOMP plotter
as a "first generation." As such, the DD 80 has all of the
features of the other plotters, but it has in addition sev-
eral advance options that make it especially attractive for
making movies, Its cohtrol logic operates on a different
principle that results in much less data basing transmitted
for the same amount of information to be recorded, This is
significant in movie making where the computsd data is lia-
ble to bs voluminous and the cost of thes computer time is
far greater than that of the plotter,

In the SC 4020, a single input number of thirty-six
bits 1s used to repressent both the operation and the loca-
tion where this operation is to take place on the screen,
In a third generation device, the operation code and the
position codes are separated. An operation code is sent
to the machine that tells it to psrform this operation
until another operation code is received, For example, the
code might be to plot a dot on the screen, Thereafter,

until the receipt of another operation code, all information

~ Smodel DD BOH Operation _and_Programming Manual (St.
Paul, Minns: Data Display, Inec,, 1965),
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fed to the display device will be location only., Some idea
of the time that is saved by using this method can be gained
from the fact that in the spheroidal radiator movis some
scenas contained fifteen thousand dots plotted in sequencss,
In the SC 4020 the status, namely that a dot was to be plét-
~ ted, had to be determined for sach of the fiftesn thousand
commands. 0On the other hand, where the operation code is
used to set a status, three locations can be stored in sach
of the following command words. This compression of infor-
mation plus the fact that the operation code does..not have
to be interpreted each time will result in a four-fold in-

- creass in speed at a minimum using thes sams hardwara, Aq-
tually due to increased machine speeds and better informa=-
tion transmission handling methods, the increass in speed
is more likeiy to be twenty times as fast. The SC 4020
will plot about twelve thousand characters a second, and
the 8L 120 about twenty thousand characters a second. In
contrast to this, the DD 80 will plot up to two hundred
thousand characters per second,

Another very important feature of the DD 80 is that it
has a dynamic memory rather than an input buffer, An in-
put buffer is a temporary store that only holds information
for a short period of time. If ths information is not re-
corded immediately, it is crowded out by new information

coming in and is lost as far as the recorder goes. On the
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other hand, the dynamic memory allows the programmer to
accept a certain amount of information, depending on the
size of the memory, and hold it in store while writing it
out on the face of a cathode ray tube display, Each command
in the memory is cycled at a rate to keep a continucus pic-
ture on the CRT display. By placing several frames in ths
memory and cycling the full amount of information present,

a scens from a movie can be checked before the film is re-
corded.

If an srror is discovered or the programmer wishes to
make a change in a scene, thsre are three methods availabls
to insert changes once the data has been placed in the dyna-
mic memory, The first is a teletypewriter thaf can be used
to modify any command word in the memory. The effect of any
changes mads can be segen immediately on the large CRT dis~
play. The other two methods are similar and only the means
of actuating the display ars different, The display comes
equipped with both a light pen and a trackball, The light
pen has a two position detent switch mounted on it. The
first position turns the light on to form a spot on the
screen, When the switch is pressed into the second detent,
the position of the spbt is inserted into the memory and the
last action that was typed in takes place at that location,
The light pen can be used to delste or replace characters,

draw lines, and do general editing before the scene is re-
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corded, The trackball is a phenolic ball mounted in the
desk in front of the display screen, The top of ths ball
sticks slightly out of the top of the desk and is connected
to two digital encoders that keep track of the X and Y move-
ment of the ball, When a switch is thrown, a circle with a
point in the center appears on the scresn correspdnding to
the X and Y encoder positions. As the ball is moved, the
circle will follow. Another switch serves the same purpose
as the second detent in the light pen,

It is obvious how helpful these features would be in
ths production of a movis., If the dynamic memory were big
eﬁough, not necessarily the case with the DD 80, each scene
of the movie could be sdited before it was recorded without
the time and expense of having to compute thas entire scens

over to corrsct a few minor mistakes,

Future trends in computer qgraphics

The trends of the future can be clearly seen in the com-
puter graphics equipment that now exist in prototype form at
both the university and the computer manufacturer. Table 3
summerizes some of the efforts in this area. In each cass,
these hava to be caonsidered as prototype-efforts becauss,
unlike the OD 80, they are not being bffefed as a commercial
item by the people involved, There are undoubtedably other
systems in existence but these havs received tha most pub~

licity,



NANE FULL NANE SPONSOR COMPUTER MANUAL FILN
INPUTS INPUTS OUTRUT
DAC-1 Design Augnented Genaral Motors | ON LINE Light Pen, Electric Pencil Yes
by Computer ‘ : (27094's) Key Board, Card Rsader
Graphic 1 | Grephic 1 I8M-Bell Labs | ON LINE L: Light Pen No
o Key Board
Machine for Autometic
MAGIC Graphics Interface NBSNASA ON LINE Light Pen, Switches No
to a Computer Key fBoard
GROS Genaral Purpose System Develops: | ON LINE Light Pen, Rend Tablet Yes
Display System ment Corp, Key Board, Teletypeuriter
COED Conputer Operatad Bendix Nagnetic Track Ball No
Electronic Display Tepe Suitches
OV LINE
Skatchped | Man-Nlachine Graphical | MIT-Projact MAC | (Special purpose | Light Pen, XY Knobs, Ves
Communication System conputer) Many Switches (not key board)
Paper Taps

TABLE 3

EXPERINENTAL COMPUTER GRAPHIC SYSTEMS

27
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Two trends are evident., The first is that efficient

systems, whether they are just for research or can also make
movies, will have to be run ON-LINE in real time with a com=
puter that has a very large memory in order to try the ef-
fects of different inputs as the results are being produced,
One of the main difficulties to date is that with even the
largest scale systems (GM's two 7094's, for example), the
response is very slow because of the vast amounts of infore
mation that have to be moved from plece to place in the com-
puter,

Some idea aof the difficulty can be obtained from
BEFLIX,6 a computer language that has been developed by Bsall
Telephone Laboratories for the production of animated movies
by a computer. In this particular language, the cells on the
screen of the SC 4020 are treated as a television raster
with a location reserved for sach cell in the IBM 7090 being
used, Two complete frames take up the entire storage, so a
large disk file had to be added where up to 440 frames can be
-stored;‘ When peripheral equipment such as disk or tapse is
involved, the needed time is increased by a far greater
amount.

The solution to this problem may be found in the cone
cept of parallel processing now under investigation at the

Ek. C. Knowlton, "A Computer Technique for Producing

Animated Movies," Procesdings of the Spring Joint Computer
Conferencs, 1963, Spartan, ? g
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University of Illinois., Instead of having only one csntral
processor which does one arithmetical or logical operation
at a time, this computer would have a hundred or more pro-
cessors so that large increases in throughput speeds can be
obtained without a corresponding increass in hardware speeds,

Tha other item common to most of these systems is the
light pen used to edit and modify displays on a cathode ray
tube, A control of this type would ssem to be a necessity
when making movies to save on the amount of programmihg
effort required to make changes,

An interesting variation on the light pen is the Rand
Tablet, This is a plaie with 1024 x 1024 wires imbedded in
it with just the ends showing., When the circuit is com-
pleted by running an slectric probe over the surface, the
computer stores the circuits which were completed and con=
trols the cathode ray tube to follow the path of the probe.
Therefore, it is very sasy to insert lines and curves into
a display, but they will not have the linearity of a pro-
grammed line, In addition to the Rand Tablet, software is
needed to make lines straight and circles round after they
have bsen drawn,

The spheroidal radiator example was produced by very
conventional methods of programming, A program for sach
scene was written, typed on caras, debugged by ssveral runs

through the computer, and then joinsd to tha larger program
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being constructed, In each run, the fsedback to correct a
program was delayed by hours spent waiting for it to be re-
turned. |

As the Sketchpad engineers have pointed out,7 a display
system with a cathode ray tubs allows one to communicate
with the machine by means of line drawings instead of uritten
words, It is obvious how much time can be saved when an ob-
ject can be drawn rather than described, Since computsr
genarated movies involve highly complsx and abstract pic-
tures, a visual display would seem to be almost essential in
order to determine the program being mads,

By using a type of input-output whera there is very
¢lose coopsration between the man and the machine, the burden
is placed on the programmer to write softwarse that is man
oriented rather than machine oriented, This, of course,
will aid the movie producer-becauss he can now concentrate
on what the scena should show and not on the programming or
ldébugging details.

Howsver, there are still many unsolved problems. The
one of speed was mentioned above. Although the display ds-

vice is essesntially a two dimensional onse, sesveral peopls

are experimenting with three~-dimensional moviss, either by

-1, E. Sutherland, "Sketchpad: AAMan-Machine Graphical
Communication System;" Proceedings, AFIPS, Spring, 1963.
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using perspective views or a stereoptican process where the
viewer wears polarized glasses, The neswer SC 4020's are
equipped to plot dots with sight different shades of gray.
This means that the programmer could get away from the type
of drawing that can be produced on a.blackboard and into
drawing where halftones are important. For sxample, tha
dirsction of motion of an object could be shown by leaving
a -traca that slowly fades out after the object has passed.

Another area that has not been touched is that of col-
or, One way that this could be handled would be to have a
wheel in front of the movie camera with filters containing
the primary colors in it. The camera would be loaded with
color film and each scene would consist of sesveral expo-
suraes, one for each color, The program would control the
pasition of the color whesl and the result would be like
that of color printing.

At ths present time, movies are produced by having ons
caomputer do the necessary calculations and another expose
the film, Consideration should be given to have the'camera
as an integral part of the computer, It would serve as the
final storage for information being generated. Particularly
in the case of recurring or cyclic motion, the scenss for
one cycle could be stored in a disk memory associated with
the computer and then recorded over and over again to pro-

duce the required footage of film, A Both disk and tape have
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vary fast access times if the information is going to be
read in serial form so that the unit doses not have to go
through a search procedure. The disk would be preferable
where modifications were going to be made via a CRT and
light pen bsecause the response time to place changss on the
disk would be faster then that of taps,

Unfortunately, the cost of implementing these ideas
would be very high., The hardwars, in large parts, exists
today, but the programming effort would incur an amount of
tims and money that is beyand the reach of most organiza-
tions., Perhaps the cost of such a machine could be justi-
fied by the production of movies in many fields and not just
electrical engineering., In any event, a university would
seoem to be the ideal place in which to have such an endeavor
considering that experts would bs available in all necessary

figlds from antennas to human factors,



CHARTER VI
SUMMARY AND CONCLUSIONS

Summarz

The use of microfilm plotters to produce computer-
generated motion pictures has opsned a new area in explaining
electrical engineering phenomena, Ths technique described
in this work will be especially ussful in the classroom in
helping the student understand the reasoning bshind the
mathematics placed on the blackboard, and it can also bs of
assistance in ressarch where the moviss produced would serve
to reduce pages of figures to a few clear picturss,

The computer is beginning to play a dominant role in
electrical sngineering education and ressearch, and whils the
labor that the computer rseplaces allows for mors complicated
problems to be handled, the output is in a form that tends
to overwhelm the researcher who is trying to interpret the
raesults, It is hoped that this work will help reverse the
trends that the computer has sat in motion and that computer-
‘generated movies will find common use in the classroom and
laboratory, It is sspecially applicable to electromagnetic

fields and the applications described were primarily in that

area,
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The technique consists of using a largs computer (such
as an IBM 7094) to calculate the desired results, such as the
points of consﬁant potential in the slectromagnetic field
produced by an antenna, and then converting these points
into commands that can be interpreted by a high speed micro-
film plotter. The parameter "time" is varied and the data is
plotted frame by frame for sach time increment., The final
result is a series of plots on sixtesn millimeter film that
can be run as a movie to show the motion involved, Up to
now, the ressarcher had two choices: either cartoon anima-
tion, or a still frame showing the subject at one instant in
time while the associated text described the motion, ' As
some of these motions are complicated, there are timas when
aven a lengthly description doss not get the point across,

It is in these casses that being able to_produce a motion
picture would be invaluable to the student.

The number of subjects in electrical esnginesering to
which this method could be applied seemed to be greater in
the area of electromagnetic fields, so the possibilities
were considered mainly from that field. These included tran-
" sisnts on transmission lines; plane waves of different po-
larizations hitting a dielectric slab at various anglas;
fields in wave guides; and the radiation from antennas, dif=
fraction, and scattering,

In order to study the concept of computer-gensrated

movies, a threse-minute example entitled "The Resonant Spher=-
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oidal Radiator" Qas programmed, This was a complete movie
from the title to "THE END" and it was an attempt to show
both what the subroutines could do and more importantly,
what the techniques could do for electrical engineering.

In the course of writing programs that resulted in tﬁe
movie example when run on the SC 4020, many limitations wsre
encountered that were due to the machine and not the pro-
gramming, For exampls, it was impossible to edit any pic-
tures before committing them to film, Therefore, tha
computer-graphic equipment now in prototype form was inves-
tigated to determine what future trends might help the com-
puter movie programmer,

One point should be made. Thse particular programmer
cannot use thaess subroutines to support his own lack of un-
derstanding of the problem on which he is working becauss
the input data to the subroutines must be ths éorract solu-
tions to the problem being considersed, Howaver, under this
limitation, it should be able to accomplish a helpful trend
in slectrical enginesring, At the present time, most effort
is directed towards determining the mathematical model from
the physical theory until the reality of the system is lost
in ths mathamatical details, When one is going to program
a movie of physical action from the mathematics, one is
forced to think back to what one is actually trying to ex-
plain. This should help greatly in eliminating the confusion
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that can easily ariss betwesn mathematical analysis and ex=-

perimental svidence.

Conclusions

The first conclusion reachaed in the course of this
study is that computer-generated motion pictures have a
definite place in electrical engineering, The mass of fore-
mulas and figures presented to the student in the classroom
may bs meaninglaess, but if a movies can be shown that illus-
trates ths physical aspects of the mathematics, a greater
understanding and appreciation of the reasons behind them
can be gained., The main requirements are that the subject
can ba exprassad mathematically and that the motion be im=-
portant enough that a movie will show things that would be
‘missed in still pictures.
The importance of motion can be expressed in two ways,
The first of thess is motion in time, For example, this
motion can be used to express the form of slectromagnstic
fields far more effectively than by any other method. In
fact, this seems to be one of the best subjects for these
computer-generated motion pictures,
The second consideration is to use the motion to ex-
"plain the affect of a parameter other than time in a system,
A good presentation would be to show the effect that varying

the position of the poles and zeros in a root locus diagram

has on the stability of the system under consideration.,
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In electrical enginesring rasearch, the methods dsvel=-
ogped in this work can be used to gain time in the processing
and understanding of results that can be checked by the com-
pufer. For example,va motion picture of a plasma field
might be compared to a motion picturse of the mathematical
model of the same field to sae.if the analog is correct.
Hand plotting would take far longer and would not be nesarly
as effaective,

The second problem that was solved in this work was how
to give programmers at 0SU a working system to producs mo=-
tion pictures from computsr output, Although the future
holds great promise in the developments in computer-graphics,
~at the time the movie example was being produced, ths avail=-
able graphic output equipment was pratically limited to one
device: the SC 4020 microfilm plotter by Strombérg-Carlson.
This device was originally designed to produce enginesering
graphs or tabulated data in the form of thirty-five milli-
meter microfilm or 9 x 9 inch hardcopy. Therefore, an axe
tension of the Ohio State University Numerical Computation
Laboratory operating system was written so that the SC 4020
could be used to produce movies at 0SU, This extension con-
sists of abou@ fifty subroutines that snable a programmer to
concentrate on programming of the movie itself and not on
the details of how the SC. 4020 operatess.

The main reason that such a device can be considered

for making movies is the speed with which it plots. It can
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draw vectors or plot points at 12,500 a second, so in the
course of about fifteen minutes an amount of film can be
produced frame by frame that would take days of animation by
any other techniqus.

The SC 4020 has a limited range as a computing device
and in fact the only thing it can do is either plot a
character at a specified location or draw a vector from that
location in a specified direction., Since it was assumed that
the pasople using this device to produce movies would know
how to program the desired results but would not necessarily
know how to use the SC 4020, software was written and de-
bugged to remove this chore from the programmer's hands,
Therefore, one of the accomplishments of this work is a body

of subroutines that will accurately create the desired pic-

. tures, All that the programmer has to do is calculate touch-

ing points along any line to bes drawn or, if straight linss
will suffice, the end points of thesse lines. The subroutines
will take care of the rest from calculating the proper
plotting commands to writing the magnetic tape used by the
SC 4020,

One difficulty overcome in writing these subroutines
was a computing languagses conflict, A subroutine library
existed in FORTRAN Il for producing sngineering output and
it was desired to use this as a model for the movie-making
subroutines, Using this library saved ssveral man-ysars of

programming, but a conversion had to be made to SCATRAN, the
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language used at 0SU. The input-output routines were com-
pletely rewritten due to the difference in handling magnstic
tape bestwesen the two systems and conversion programs were
written so that the available FORTRAN subroutines directly
useful in movie making could be used, In addition, details
are given so that the programmer can construct any desirsd
symbols or figures out of straight lines without the bother
of having to calculate the position of each break-point in
the drawing,

The final result was extremely succaessful, At the pra-
sent time, 0SU not only has the capability of producing a
magnetic tape that can bse processed by any SC 4020, but sev-
eral other plotters are coming on the markest that use the
~same command code words., The BL 120 by the Benson-Lehnsr
Corp. will run 'SC 4020 tapes subject to the minor restriction
that any "advance film" command be followed by a record gap.

The complete programming and subroutine system for this
plotter is described in great enough detail in Appendix B of
this work that it would be possible for a programmer to du-
plicate the system without difficulty,

During the programming of the example described before,
a number of problems wsere encountered that could not be fors-
seen, To save grief and difficulty on the part of those who
might use these subroutines, a section on "program running
cperations" was included in this appendix.

In addition to the operating system describsd in Appen-
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dix B, the listings for the necessary changes so that thess
subroutines could be run under FORTRAN have been includsd in
Appendix C, This would be a great convenience to someone
trying to use them outside of 0SU., Finally, there will un-
doubtedly be plotters coming on the market that use a dif-
ferent code than the SC 4020. Even though these could not be
used directly in that case, they can still be used as a use-
ful guide as to what is required for making movies,

The next problem to be solved was to show first that
the body of subroutines was-capable of actually producing a
movie and, more importantly, proving that computer-graphics
have a definite place in the production of movies of elsc-
trical senginsering phenomena, The final result was a thres-
minute movie esntitled "The Resonant Spheroidal Radiator"
which was made to serve as a demonstration of both the uss
of these programs and of the basic ideas behind them,

The spheroidal radiator as a radiating antenna has been
investigated in some detail by Stratton, Chu, and Ryder, but
their final results left something to be desired for the

average reader.1

Therafore, this seems to be an ideal sub-

~ ject: namely, it was mathematically complex, time was a basic
parameter, and, at rssonance, the streamline squations gave
an interesting picture without an excessive amount of pro-

gramming. Incidentally, all of the programming was done by

1Chu and Stratton, loc. cit. Ryder, loc, cit,
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ons person, and thersfors if is also a good exampls of what
a researcher interested in a particular function of antenna
design could do without a team effort,

Up to now, this affort has resulted in sndeavors that
are primarily of interest in the classroom, but the above
example is just a start on something that could show the
ussfulness of computer-generated movies in electrical en-
gineering research, The resonant case was picked for the
spheroidal radiator because the solutions that were available
were reasonably tidy in closed form. However, the authors
who have investigated this problem also give series solu-
tions to the differential field equations for all frequen=
cies and it would be extremely interesting to sse what the
near field, in pa:ticular, looked lika as the antenna was
driven by a range of frequencies passing through resonance,

The last scene of the movis was particularly interesting
becauss it shows the results of two different motions at the
same.tima. The }ines indicating the field are calculated
from lines of constant potential and also show when the mag-
netic field has constant phase., In addition, the displacement
current is shown by means of segments that move along the
streamlines, They reverse for each radiated cycle to indi-
cate the alternating field, It is felt that this concept
" could bes extended to a number of different casss in slsctro-

magnetic fields where it would be desired to show both the
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electric and magnetic fields by means of the displacement

current streamlines,

The movie was successful except for some difficulties
in processing. These were the fault of the particular SC
4020 used and not the programming, but it would be necessary
to make certain that all errors and noise are removed before
a perfect copy could be achieved,

When the scenes in the movis are comparaed with the
mathematical formulas usad to develop them, it is felt that
tbis demonstration definitely proves the value of computer~
generated movises in the human interpretation of excesdingly
complex electrical enginesring phenomena.

The fourth problem arose as a result of the work on
the demonstration movie examplas, It was found that the SC
4020 is extremely limited in concept because it was origin-
ally meant only to make microfilm documents from computer
tapes, Even with the addition of extensive software tailorad
for producing mqvies, there were a number of features:.that
could have been desired to help the programmer, Thersefore,
a number of computer-qgraphic display systems were examined
to see what was in the future as far as the present states-
of-the~art is concerned, The conclusion reached was that it
would be possible to build a device that could accept pro-
grams, display the result frame by frame, and then immedi-

ately produce an animated movie, but such a device would
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have to have both a bigger and faster memory than any machine
on the market toaday,

Display equipment is improving rapidly, but no displays
have yet bsen offered that are expressly made for producing
movies, It was found in the course of this work that the or-
dinary microfilm plotter would not be sufficient, principally
because of ths registration problems with the film camera,

It was felt, however, that sven with the small survey that
was made, computer-graphics will become one of the fastast
growing fields in the area where computers and education
meat. .

In conclusion, the computer is swamping electrical en-
gineering researchers and students with its output, and the
production of computer-generated movies would seem to be one
of the best ways that a balance can be restored. The tech=-
nique developed and demonstrated in this work Qill serve as
a valuable accessory in promoting understanding in both

-alectrical aengineering classrooms and research,



APPENDIX A

THE FAP LANGUAGE AND DIFFERENCES BETWEEN
FORTRAN AND SCATRAN

Summary
This appendix gives the details for solving a conflict

in programming languages that occurred when SC 4020 subrou=-
tines written to be called from FORTRAN main programs were
used as a model for subroutines that were ta be callsd in
the 0SU SCATRAN language, Both FORTRAN and SCATRAN use

FAP (FORTRAN Assembly Processor) as a basic machine language
but there are enocugh differences between the two systems
that a subroutine written to be called in ons:language can=-
not be called in the other., A brief description of the FAP
language is given covering only those areas that are affscted
by the abave differsnces, Two programs are then compared so
that the calling structure to the subroutines can be daeter=-
mined, Finally, a sample conversion program is described

to esnable the programmer to run subroutines written outside

of 0SU under the SCATRAN system.

The FAP lanquags

The FAP language is a basic machine language used by

the IBM 7094 computer, No matter what source language is
144
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used, the compiler will eventually write ths program'in
FAP so that it can be loaded into the computer, Because it
is an assambly language and not a compiler lanquags, it is
extremsly flexible and therefore preferred for writing sub-
routines that are going to become a part of the operating
systems library., Also, the avsrage programmer who is
thoroughly familiar with FAP can w;ite a tighter program than
is possible by using a sourcs language and having the com=-
puter do the compiling into FAP, This is aesspecially im- |
portant where thare are a great many subroutines ta be
loaded and the core space may be limited by the size of the
main program, |

A detailed discussion of the FAP language will be left
to the programming manualsf but some of the features of this
lanquage must be discussed in order to understand both the
operation and the difficulties encountered in writing the
SC 4020 subroutines. Two features will be discussed in
some detail, namely ho@ an antrahce and exit is made from a
FAP subroutine and the principle of indirect addressing.

At the beginning of each FAP subroutins there is a list
of entry names to that subroutine. Any of these names can
be used in another program to call the subroutine.

The next item in the statement listing lists any sube
routine names called by this subroutine. Every subroutine

1 7094 Principles of Operation, Fils No., 7094-01
(New Yorks 18M Corporation, 1962).
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name has six latters (including enough blanks) that are re-
ferred to as a transfer vector. The loader takes all of the
transfer vectors and compares them one by one with the BCD
name associated with an entry point address. When a match
is found, the transfer vector is replaced with a transfer
- command to the address in that particular subroutine, For
example the transfer vector 74 41 46 22 45 34 equals (JOBN),
This BCD twelve digit number represents oné 36 bit word
when the program is loaded in the computer, but it is not
the number that appears in that location when the problem
is ready to be run, Instead a transfer to the current entry
point appears, If the subroutines are shuffled into new lo-
cations, the next time the program is run the loader will
supply the new addresses as sasily as iﬁ did the old.

- The programmer does not have to specify the transfer
vectors for each subroutine the way he does for the entry
points, He refers to the subroutine name by either one of
two calls:

CALL Subroutine name - 6 letters or less
TSX $Subf6utine name - 6 letters or less
The word CALL is equivalent to the word TSX (transfer
and set index) and it is a matter of individual preference
as to which one the programmer uses, Howsver, when the TSX
is'used, the subroutine has to be prefixed with a dollar
sign so that the assembler will know that the name is not

an undefined variable in the program on which it is working.
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The assembler will automatically set up the correct transfer
vectors at the start of the program,

It was stated above that the loader attempts to match
the transfer vectors with the entry points on a one-to-one
basis, If the loader does not find an entry point in the
list obtained from the input deck, it looks in the 0SU
system library and loads the subroutine it needs from there,

Once the entry point has been called, it is necessary
to be able to return to the called point after lsaving the
subroutine, This is accomplished by means of storing ths
calling address in an index register, namely index register
IR4, 2

_ It is obvious that a subroutine can be left by calling
another subroutine and then exiting through the transfer
vector, but a more common method is to return to the next
instruction in‘the main program after the subroutine call,
This is made possible by the fact that either CALL or TSX,4
stores the éddress of the transfer command in index ragister
four before the transfer is madae,

Therefors, IRdl can be used to determine the return from
the subroutine. One of the powerful features of the FAP
language is the ability to tag an address, Consider the FAP

%here are thres index registers available in the IBM
7090 computer: IR1, IR2, and IR4, 1IR3 is used for a book-
keeping function, The IBM 7094 computer has twice as many

available, but these subroutines will run on either machine

because they were first written with only three index regis-
ters in mind,
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statement that occurs quite frequently at the termination

of any FAP subroutine:
TRA 1,4
The one refers to the number that is going to be placed
in the address of this instruction when the subroutine is
loaded, and the four is placsed in what is known as the tag
bit., Since TRA is a transfer, this statement would bs read
as "transfer to address onse tagged by four", This means
"that the contents of IR4 are added to the address "one"
before the transfer is made. Assuma that the subroutine was
called from location 15455, UWhen the above statement is
exacuted, the transfer is made to location 15456, Notice
that the subroutine had no knowledgs of where it was called
from, Address 15455 could have been any location in the
computer,
Vary often it is desired to use index register Four'in
a subroutine when calling yet another subroutine, and the
calling addréss may be lost, Since the address in IR4 is
the only way the subroutine has of knowing where to rsturn
in the main program, it is necessary to save this address
before using IR4, Therefore, very often.a typical sub-
routine will have the following form:
ENTRY SXA (x4),4

subroutine statements

including use of IR4
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to call other sub-

routine

(x4) AXT *% 4
TRA 1,4
END

ENTRY is the name of this subroutine, The first op-
eration (SXA) saves the contents of IR4 in the address (xa).3

At location (X4) there are two asterisks in the posi=-
tion for specifying the address, This means that the address
is to be supplied by a statement earlier in the program,
namely the SXA S

The subroutine is then executed including any calls to
other subroutines that will alter the contents of IR4, When
(X4) is reached, the address in this location is placed in
IR4S Since this is the address of the calling statement,
the TRA then transfers to the next statement after this,
Both the subroutine and the calling statement can be at any
space in the computer store and neither has to know the lo-
cation of the other in order to communicate between the two,

3This location could have any name up to six BCD charw
acters, (X4) is just a convenient one,

awhen troubleshooting a progqram, the address stored in
the AXT statement of a subroutine is very helpful, 1If the
subroutine was never reached, it will still contain zesros
and if it was, the location of the last call can be deter-

mined,

SAXT « address to index, true.
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In order to understand how the data of one subroutins
or program can be used in another subroutine, it in neces-
sary to understand how indiract addressing works., Approxi-
mately half of the operations permitted on the IBM 7094
(about 200) are of a type that requires the machine to do
something with the data that is stored either in a particu-
lar location in storage or in the accumulator or multiplier
registers, For example, the instruction

CLA ALPHA
in a program clears the accumulator and then places ths
information in location ALPHA into the accumulator,

When it is desired to ﬁse the indirect addressing fea-
ture, any of the above cpmmands can be modified by ths addi-
tion of an asterisk to the three letter operation code. For
sxample,

CLA* . ALPHA
performs an entirely different operation than the previous
command, In this case, the computer instead of taking the
data in ALPHA and placing it in the accumulator looks for the
- address stored in ALPHA, It then performs the "clear and
add" opefation, not in ALPHA, but on the data stored in the
address stored in ALPHA. Hence the name "indirect address-
ing." This characteristic extends the capabilities of the
computer by a tremendous amount because very often it is not
known where a piece of information is stored but the loca-

tion of the address of the data is known, A perfect example
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of this is in a data array wheres a series of numbers are
stored in the computer's memory. By placing thes address of
the first word of the array in a specified location, any
word in the array can bse located merely by adding the number
of the word to the address. Assume that the first word of
the array is in address 14401, If this address plus thse
number of the desired word are placed in address 14400
(i.e., for word 22, 14423 would be placed in 14&Q?), it is
only necessary to apply an operation codse Followeéfbv the
asterisk to address 14400 to use data in 14423, Without
indirect addressing it would be very difficult to write a
compiler that could handle subscripted variables in the
source lanquage. It is this capability and that of being
able to modify addresses with a tag that separate the largs
computer from the small one, Indirect addressing and index
register tagging are two ways to increase program speed by
an order of magnitude without increasing hardware speed.

Howevsr, indirect addressing is of vital concern to ths
programmer in another area when he is writihg subroutines
that either use or supply data to the main program, Needless
to say, most of the SC 4020 subroutines are of this typs.

In ordar to explain how indirect addressing is used to trans-
fer data into a subroutine, it is necessary to explain the
use of "calling paramsters," They are also called thes "ar-

guments" of a subroutine because they are written in the
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same fashion as the arguments of a function., Consider the
following statément in a SCATRAN source program:
CALL SUBROUTINE()=EXMPLE,(X,N,1,TABLE.)-

The name of the subroutine is EXMPLE,., The period after
the subroutine name is the SCATRAN. method of keeping track
of subroutine names for the transfer vectors betwesn pro-
grams, Any symbol in the brackets is a calling parameters
i,e., X, N, 1, TABLE. are all arguments of the subroutine
EXMPLE,, It will be noticed that they can be floating
point numbers (X), fixed point numbers (N), literals (1),
or even subroutine names (TABLE.) subject to the limitation
that a subroutine cannot call itself, This notation for
calling parameters is quite general for different computing
languages as will be shown when SCATRAN and FORTRAN are com-
pared,

In order to understand why indirect addressing is im-
portant in this case, it is necessary to look at how the com-
piler would handle the above statement. It would appear in
a core dump of the storage as the following set of words:

0074 00 4 14415

0000 Q0 0 27540
0000 00 0 27541
0000 00 0 14401
0000 00 0O 14414

The 0074 is the operation code for "transfer to the
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address in this word (14415) and set an index register to
the address of this word" (TSX). The index register to use
is given by the tag of 4 for IR4, Address 14415 is the loca=-
tion of the entry point For'subroutine EXMPLE. and the fol-
lowing four addraﬁses specify the locations of the variables
X, N, the location of a word containing the literal
"000000000001" and the location of the sntry point to the
subroutine TABLE. respsctively.

Note that only the address of the data is given, not
the data itself. Since only the address is given and since
the address of the calling statement is not known but has
been placed in IR4, it can be ssen that both tagging and in-
direct addressing will have to be used to obtain the re-
quired data once the subroutine has been entered, 7o con-
tinue this example, the subroutine EXMPLE, might be written

as follows:

Address in Machine Word FAP Language

Computer . Statement

14415 0500 60 4 00001 EXMPLE CLA* 1,4
14416 0601 00 0 14425 STO ALPHA
14417 0500 60 4 00002 CLA* 2,4
14420 0601 00 0 14426 : STO ALPHA +1
14421 0500 60 4 00003 CLA* 3,4
14422 0601 00 O 14427 STO ALPHA+2
14423 0S00 60 4 00004 CLA 4,4
14424 0621 00 D 14430 STA ALPHA+3
14425 - 0020 00 4 00005 TRA 5,4
14426 0 00000 O 00000 ALPHA PZE

14427 0 00000 O 00000 PZE

14430 0 00000 O 00000 PZE

14431 0020 00 0 0GOO0O TRA *x

Each of the CLA*'s gperate in the same manner, The tag
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4 means that the number in the address of the instruction

- is added to the address in IR4, The asterisk means to clsar
and add the word whosse address is in the address specified
above, For example, the first instruction is CLA* 1,4, A
transfer is made from the main program to the address of
EXMPLE,. The data in the address given by the next machine
insﬁruction (27540) is placed in the accumulator, The STO
stores it in location ALPHA, The fourth CLA is not used for
indirect addressing because it is the address itsslf, i.e.,
the address of the entry point to TABLE, that is desired,
The following STA stores this address in the third location
after ALPHA, The last command in the subroutine is a trans-
fer (TRA) that will jump back to the address in IR4 plus
five locations, This is the next instruction in the main
program when the four calling parameters are accounted for,

The final result after going through the subroutine is:

ADDRESS CONTENTS

14426 Valus of X
14427 Value of N
14430 000000000001
14431 0020 00 O 14414

and control has been returned to the main program, An
additional set of commands could operate on the stored data
with the aid of another subroutine call., The reasons for

the emphasis .on this particular area of programming will be
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shown when the differences between SCATRAN and FORTRAN are

discussed,

Reasons for converting to SCATRAN

There were three main difficulties with using the North
American subroutines at 0.5.U, The first one was that the
North American operating system has an extensive bookkeeping
program that is tied into all of their subroutines, When
their computer exscutes an éC 4020 program, in addition to
generating the desired output data, it counts the number of
frames of hard copy made, the number of frames of film, the
programmers name, the date, department number, time on the
computer, etc. Since all of these items were handled in
different places in North American's "library," when an
attempt was made to run them at 0.S.U, aver forty loose ends
showed up that pravéntad the program from bsing run at all.
Therafore, the first job was to uproot the bookkeeping func-
tions from each subroutine while making sure that the re-~
moval did not destroy the continuity of the subroutine,

The second difficulty involved the input-output equip-
ment available at North American versus that at 0.5.U. Since
input-output equipment is very expensive, the tendency is to
buy just what is needed at a particular installation. 1In
this case, North American has an IBM 7090 computer ggd 0.S.U,
has an IBM 7094, The 7094 is a larger machine but it is
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also compatible with the 7090 so that any program written

for the 7090 will run on the 7094, However, this is not
true with regards to the available input-output equipment,
Althgugh North American has a similar computer, the nature
of their computing load requires that their input-output
squipment be far mors sxtensive than that of 0SU's larger
computar.6 The final result was that when the basic sub-
routines wers run at 0SU, the computations were performed,
but the first time a piece of data was to be written on an
output tape, a tape unit was called for that did not exist
at 0SU, The program would halt at that point and because
the computer had entered the I0S (input-outpdt supervisor)
subroutinas of (OSU's operating system. library and not in one
of the subroutines that had been supplised to it by the pro-
grammer, the reason for the machine halt was very wsll
hidden, This was one of the many troubles encountersd in
this area,

The third difficulty was by far the most serious one.
It was stated above that two compilers are in uss at 0SU,
namely SCATRAN and FORTRAN, As the subroutines had been
written originally for FORTRAN calls, it was decided to use

this language to develop the operational software for pro-

6The SC 4020 itself is a good example of this, £Each
North American Aviation operating division is equipped with
one at a cost of $400,000, while 0SU's only plotter is a
slow mechanical one at a cost of approximately $8000,
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ducing tapes at 0,5.U. This objective was accomplished very
‘successfully from the point of view of producing a tape that
would run on any SC 4020 bgt certain obstacles appeared that
detracted from this success,

In theory, the two available operating systems are
equal in computing capacity with SCATRAN noted for the flexi-
bility of its program statements and FORTRAN for running
programs written eslsewhere. However, in practice, SCATRAN
is the lanquaqge preferred by the Numerical Computation Labo-
ratory and the difficulties in running FORTRAN programs were
found to be almost insurmountable. The many minor ones in-
clude the fact that only a limited amount of FORTRAN runs
are made each day and that very few consultants in the com-
puting department are interested in FORTRAN or able to give
édvice on problems that the individual programmer may be
héving.

The minor difficulties could have been ignored but a
major obstacls led to the decision to abandon FORTRAN as a
language and to write subroutines that could produce SC 4020
tapes under the SCATRAN operating system. 1In addition, it
was decided to keep the FORTRAN features of the subroutinas//
as far as possible so that the programs could be run in FOR-
TRAN if it was desired to do so in the future.

This major obstacle was the time that it took to process

a praogram under FORTRAN, A test program was developed in
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order to check out the opsrating systém when using the SC
4020 subroutines., It consisted of an ID frame and a series
of frames (usually four) of asterisks in concentric circles
that rotated betwesen each Frémé. ‘This program was run under
identical condiéions in both FORTRAN and SCATRAN using the
identical FAP object decks for the SC 4020 subroutines,
Incidentally, these FAP decks were assembled under the FOR=-
TRAN operating system so that if there were any incompata-
bilities they shduld favor the FORTRAN system, Iin the case
of SCATRAN, the program took 5,46 seconds total execution
time, The same program when run under'FDRTRAN took from a
minimum::of five and one-half minutes to a maximum of just
over seven minutes., In SCATRAN the computer kesps track of
the time being used for each ssparate stage of processing a
problem and this is printed out after the problem is com-
pleted. In FORTRAN, this item was recorded manually by the
operating personnel at the computer center and no breakdown
could be obtained as to what was taking up the time in the

FORTRAN as opposed to the SCATRAN run.7

7Although it could not bs determined definitely as to why
FORTRAN programs should take so much longer than SCATRAN, 1
believe that the great bulk of the time is used in two areas,
First, the FORTRAN compiler is sxtremely slow compared to
SCATRAN, This does not matter at most computer installations
where a program will only be compiled once and then loaded
from an object deck afterwards, but at a university install-
ation most jobs take considerably less than a minute to run
and several minutes of compiling time for each program can=
not be tolerated, SCATRAN was written with the most emphasis
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The seriousness of this situation can be showq by come-
paring the IBM 7094 computer time needed to make a hundred
feet of movie film. In 100 feet of 16 mm movie film, therse
are 4000 frames, If under SCATRAN five frames took 5,46
saconds, then‘the 4000 frames could be computed in about 1.2
hours of IBM 7094 time. These five frames would take about
five minutes under FORTRAN, For 100 feet of film, this
would require approximately 67 hours, This would be im-
possible from both the point of view of obtaining time on
the computer and of the cost incured in making only small
amounts of film, For this reason, although the subroutines
were operational under FORTRAN, the decision was made to run

all future programs in SCATRAN,

on compiling speed and as a consequsence, SCATRAN will com-

pile an amount in one second that would take FOGRTRAN about
one minute,

The other reason is due to the way a "non-system file"

(the SC 4020 tape returned to the programmer) is handled
" under FORTRAN as opposed to SCATRAN, Under each system, a

message is printed out for the computser operator to dismount
a tape and return it with the program, At this point SCATRAN
immediately goes into the next program and stops charging to
the previous job., 1In effect, having thetape dismounted is
free under SCATRAN. 1In FORTRAN however, the computer stops
after printing out the message., You are being chargsd while
the operator reads the message, finds another taps to re-
place yours, locates which tape unit is being used, replaces
the tape and then starts the computer again manually to
accept the next job, In each case, this procedure can take
several minutes but in the case of SCATRAN it does not show
up as very expensive IBM 7094 time charged to the job,
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FORTRAN to SCATRAN conversion

The major task in the conversion was to determine the
differences betwesn the FORTRAN and the SCATRAN cperating
systems. These differences are due to the way the compiler
is written and cannot be removed, The compiler operates as
a tptal system and any changes that would be required had to
be made in the subroutines undsr the programmers control and
not in the operating systam,

Although there are many differences between the two
oparating systems, fortunately there are only two areas that
will effect the operation of the FORTRAN based SC 4020 sub-
routines when thay are called in SCATRAN, Both systems use
FAP as an objsct language so that the problem is, ona:
finding where the input and output data is stored in the main
program and, twos the form of this data, particularly inte-
ger humbers.

Two identical programs were written for the two systems
that have no function other than showing the differences
that must be considered when using a FORTRAN object deck
with a SCATRAN program.,

Figuras 14 through 17ugivé a SCATRAN test program and
lower core dump followed by the same program and core dump
for FORTRAN, Each program has four .different subroutine
calls that show the use of different calling parameters,

By combining the two core dumps for the respective program



161

SOURCE LANGUAGE STATEMENTS

c

START
F NAME
F DEPT
F DATE

TEST PROGRAM FOR SCATRAN @
DIMENSION(X(3))e

NR=je

IRI=1@®

IR224966

XR4 = 35,367e

X(NR)I=3 .58
CALL SUBROUTINE()=EXAMP1e( )@

CALL SUBROUTINE( )=EXAMP2. (X(NR) +sNR¢TABLE.)@®
BRENTON Re GROVES®

EFLECTRICAL ENGINEERING®

/157660

CALL SUBROUT INE ( )=EXAMP3 e (NAME +DEPT+DATE ) @
CALL SUBROUTINE ( )=EXAMP4 < (IR1+IR2¢IR3¢XR4) €
CALLSUBROUT INE ( )*ENDJOBe () @

END PROGRAM(START)e

FIGURE 14.

TEST PROGRAM FOR SCATRAN



162

- GROVES, B4 R4 J0B  FGJ500 09/13/66 089010 PAGE 1

SYSTEM DUMP 14400 TO 14536 AC OV OFF  MQ OV OFF OV CK OFF M TAG (N FTRAP ON  [TRAP OFF
AC 0400000001426 MQ +000GO0C00000  SI 266621642360 5o U LITI 04123 LCOI 00000

REL REG 00000
PROT REG 77400 14400

[R5 61641% IR6 62225% IRT sl6kix (0) 00000
=16137+ -15553« =16137%

IR3 T6510x [RM 63250
-01270% = 14530

IR2 0000}
<

206432737166 030000000760 000000000001 002100014532

IRV 17777
=00001

002100014533 002100014536 002100014534

1400 202700000000

002100014554 00000600000 020000000000 000000000000 000600000006 000000000000 000000000003

(4410 002100014535

000000000000 000000000000 000000000000 000000000000 000000000000 202700000000 000000000000

14429 000009000000

600000060001 000000000760 206632737166 000000000000 205125456346 ~05605 1336027 -~ 114465256260

14430 000000000001

312321436025 -052731452525 =113145276060 ~200761010561 060660606060 002000014472 000000000000

Jubby 254325236351

. CELLS 14450 1O 1uus7 ALL CONTAIN 000000000000

Tk 79
14500
14510
14520
14530

000000000000
0500000 14401
050000014430
000000014435
007400414411

000000000000 050000014403
060100014433 0535001 14k30
0400000 TH50T 062100014514
0069000 14440 0000000 14k
0074004 Tkl 11 002000400001

FIGURE 15

CORE DURP OF SCATRAN TEST PROGRAN

060100014430 050000014403
050000014400 060100114425
0074004 th405 0000000 14426
00TLOOLILL10  000000C 143
002000400006 002000400004

0601000 14431
0074004 14404
0000000 14430
0000000 14432
002000400005

050000014402 060100014432
002000014510 9000000 14425
000000014405 0074004 407
0000000 14435 000000014433
076100000000 002100000153
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XEQ . ‘

TEST PROGRAM FOR FORTRAN I
DIMENSION X(3)

TABLE

NR = 1

IR1=1

IR2=A96

1R3=0

XR4 = 35,367

X(NRI=3 .5

CALL EXAMP]

CALL EXAMP2(X(NR) +NR+TABLE )
CALL EXAMP3(17HBRENTON Re GROVESs22HELECTRICAL
X ENGINEERING+8H 7/15/66
CALL EXAMPA(IR1+IR2+IR3eXR4Y)
CALL DuUMP

END

FIGURE 16 : :

TEST PROGRAM FOR FORTRAN 11
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statements, we can ses the changes required to convert a

subroutine:

FORTRAN SCATRAN

CALL EXAMP1 CALL SUBROUTINE()=EXAMP1, ()=
ADDRESS CONTENTS ADDRESS CONTENTS

00202 0074 004 00153 14505 D074.004 14404
60153 0021 000 00144 14404 0021 000 14532
00144 0020 004 000D1 14532 0020 004 00001

In each casae, the CALL statement results in a TSX
(0074) tagged by 1R4, Control passes through the transfer
vector (0021) to the subroutine EXAMP1 (a one line transfer
(0020) back to the next statement after the call). There-
fore without calling paramaters} the two subroutine state-
ments are exactly the same, The next statement requires

four locations in succession:

F TABLE

CALL EXAMP2 CALL SUBRUUTINE(%:EXAMPZ.
{(X(NR),NR, TABLE) (X(NR),NR, TABLE,

ADDRESS CONTENTS ADDRESS CONTENTS
00206 0074 004 00154 14513 0074 004 14405
00207 0074 000 00274 14514 0000 000 14426
00210 0074 DDO 00266 14515 0000 000 14430
00211 0074 000 00152 14516 0000 000 14406

The first difference is that although the calling
parameter addresses follow the TSX tagged by IR4, FORTRAN
fills the first four characters with 0074's, while SCATRAN
Jbes zeros, As a general rule, this does not matter be-

cause that part of the word is never used, but some sub-
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routines use the presence of the 0074 as a flag to tell how
many calling parameters there are in a call statement. The
conva:sion example will show how to handle this, Let us
_look at the contents of each of the addresses of the first
of the abovse words:
00154 0021 000 00145 14405 0021 000 14533
00145 0020 004 00004 14533 0020 004 00004
Location 00154 has a transfer (0021) to location 00145,
Location 00145 has a transfer (0020) back to the main pro-
gram, The identical listings can bse seen in SCATRAN,
The next address contains .

00274 202700000000 14426 202700000000
= 3.5 = X(NR) = 3.5 = X{NR)

This shows that a floating point number declared as a
calling parameter is treated in exactly the same way in
both programs, Thereofre, floating point numbers need no
conversion, such as the call to XSCALV., The next address

contains

00266 0 00001 0 00000 14430 0 00000 O Oo0QGO1
= NR = NR

This shows the fundamental difference when the calling

8

parameter is an integer number,” FORTRAN places the integer

in the decrement of the word and SCATRAN places it in the

8a computer word can be divided up as follows: the high-
est order integser is the prefix, the next five are the dec-

rement, the next one is the tag, and the last five are thes
address, :
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address, This is fundamental because many FAP fixed point
. {integer) operations operate either on the decrement or the
address of the word, Since the integers are naturally found
in the decrement in FORTRAN, decrement operations are used
almost exclusively, When it is desired to have two pisces
of information in a word, the integer is brought into the
dscrement and then shifted into the address, Thersfore, a
conversion program has to take in the words representing
any integers and then shift the integer into the decremsnt
before calling the subroutine. Without the shift, the sub-
rautine would think that all incoming integers were zsero,
The last addrsss contains
00152 0021 00D 00150 14406 0021 000 14536
00150 0761 000 00060 14536 D761 D00 00000

In each case the transfer (0021) is the transfer vector
for subroutine TABLE, This shows that subroutine entry
points can be called by name in a calling parameter in ei=-
ther system., However, one should note that in SCATRAN the
name has to be followed by a period to designate it as a
subroutine and not as a variable, In FORTRAN, a letter F
in column one followed by a list of names separated by com-
mas starting in column'seVBn has to be used, This is a
statement separate from the subroutine calls and it can be
placed anywhere in the FORTRAN program,

EXAMP4, is merely a repeat example of the above with
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both fixed and floating point numbers in the calling para-

meters, The core dump representation in the two cases are

as follows:

SCATRAN - CALL SUBROUTINE()=EXAMP4, (IR1,IR2,IR3,XR4)~

ADDRESS CONTENTS ADDRESS CONTENTS
14523 0074 004 14410 14410 0021 000 14535
14524 0000 000 14431 14431 0 00000 0 00001
14525 0000 000 14432 14432 C 00000 O 00760
14526 0000 000 14434 14434 0 00000 O oO0cO
14527 0000 000 14433 14433 206432737166

FORTRAN - CALL EXAMP4(IR1,IR2,IR3,XR4)

ADDRESS CONTENTS ADDRESS CONTENTS
00217 0074 004 00156 00156 0021 000 00147
00220 0074 000 00271 00271 0 00001 O 00000
- 00221 0074 000 00270 00270 0 00760 0 00000
00222 0074 000 00267 00267 0 00000 0 00000
00223 0074 000 0D265 00265 206432737166

Reference to the above text will show the differences
and similarities batweenlthe two compilations.

In addition to data and subroutine names, a calling
parameter can refer to a Hollerith field., A Hollerith field
is a set of machine words containing BCD coded alphanumeric
text, It is variable in length, containing enough words to
hold the designated text at six characters to a word. 1In
FORTRAN, a Hollerith field is specified by a number equal to
the number of characters followsd by the letter H, followed
by the text. In SCATRAN, an £ in column one of a statement
will identify the statement as a Hollerith field with the

statement name containing the address of the first word in



the field.

FORTRAN although both have an F in column one.

SCATRAN - CALL SUBROUTINE()=EXAMP3, (NANME,DEPT,DATE)-
ADDRESS

14517
14520
14521
14522

CONTENTS

0074 004 14407
0000 D000 14435
0000 000 14440
0000 0DD 14444

This is not to be confused with the F card in

169

Looking at the address specified by the calling para-

meters we find

14407 0021 Q00
14435 22 51 25
B R E

14437 -11 46 65
R 0 V

14440 25 43 25
E L E

14442 =05 27 31
N G 1

14444 =20 07 61
7/

The above

appear in the core dump,

shows how the three Hollerith fields would

14534
45 63

N

25 62

£

23 63

C

45 25

N

01 65

1

T

S

T

E

5

46
o

60
51
R

25
E

61

/

14534 0020 004

14436 -05 60 51
N R

14441 31 23 21
I C A

14443 -11 31 45
R I N

14445 06 06 60
6 6

00004
33 60

43 60
L

27 60
G

60 60

27

25
E

60

60

that a four is to be added to the first number to obtain

the BCD character,

The FORTRAN statement is

The minus sign on a BCD word means

CALL EXAMPZI(17HBRENTON R, GROVES,22HELECTRICAL ENGINEERING,

8H 7/15/66)

The squivalent core dump is
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ADDRESS CONTENTS

00213 ' 0074 004 00155
00214 0074 000 00241
00215 0074 000 00245
00216 0074 000 00252

if cells 00155, 00241, 00245 and 00252 and the corres-
ponding ones following them are examined, it will be found
that they contain exactly the same BCD information as in the
SCATRAN call above, Since it is the address of the Hollerith
field that is important to the subroutine, the conversion
program should handle these in exactly the same manner as the
address of the subroutine names.

The other main difference between SCATRAN and FORTRAN
is in the way each language stores data words in arrays.
éCATRAN stores data in a forward array or one that has the
first word in the lowest storage address whils FORTRAN uses
a backward array in that the first word goes into the highest
address,

Fortunately, the SC 4020 subroutines were originally
written to accept either a forward or backward array,
Generally, one of the calling parameters will have a minus
sign attatched to it for the forward array, When a conver=-
sion program is written, the proper "clear and add, store"
combination should be used to insure that the minus sign

is carried along with the data word,
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Sample conversion proqgram

A sample donversion program follows to convert the
SCATRAN statement
CALL SUBROUTINE( )=EXAmMP, (X(NR),NR,TABLE. )~
so that a subroutine that usses the FORTRAN statement
CALL EXAMP2(X(NR),NR,TABLE)
can be called., The 2 was dropped in the subroutine name
because tha conversion program has to have its own name, In
the SC 4020 programs, the esnding "V" was usually changed to
"s", Fig. 18 will give a sampls conversion program.

This sample program shows how to handle thres types of
calling parameters so that a FORTRAN-FAP subroutine can be
called from a SCATRAN main program. The value of X(NR) is
brought into the subroutine by indirect addressing and
stored in cell A1. The value of NR, which is in the address
of the data word, is brought in by indirect addressing
through the calling parameter and stored in cell A2 after
being shifted into the decrement, This is accomplished by
having a "ALS 18" (accumulator left shift sightesn bits)
between the "clear and add" which places the whole word into
the accumulator and the "store" which places the word into
the proper cell, When a word is printed out in octal nota-
tion, it has twelve digits which represent three bits each

of the thirty-six bit word in the machine, Therefors, to
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*4 % FaP
COUNT 20
* CONVERSION PROGRAM FOR EXAMP2 FROM EXAMP
* THE CALL TO THIS PROGRAM 1S

* CALL SUBROUTINE ( )=EXAMP e (X(NR) +NRe«TABLE ) @

EXAMP SXA (Xa)4 ENTRY POINTes SAVE IR4 IN (X&)
CLA® 14 BRING IN X(NR)
sTO Al STORE X(NR) IN Al
CLA® 24 BRING IN NR
ALS 18 LEFT SHIFT 18 BITS
ST0 A2 STYORE NR IN DECERMENT OF A2
CLA 3.4 BRING IN ADDRESS OF TABLE
STA "ca - - STORE ADDRESS OF TABLE IN C3
TSX SEXAMP2+4 CALL EXAMP2
TsX A1s0 (X(NRY o
TSX 2200 NR o
c3 TSX A**oo TABLE)
(Xa) AXT *%e4 RESTORE IR4
TRA  a4asa RETURN TO MAIN PROGRAM
Al P2E STORAGE FOR X(NR)
A2 PZE STORAGE FOR NR
END
FIGURE 18

SAMPLE CONVERSION PROGRAM
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shift an integer from the address (the right five numbers)
to the decrement requires a shift of eighteen bits,

Since it is the address of the subroutine TABLE we are
interested in and not the TABLE itself, indirect addressing
is not used. The "clear and add" without the--asterisk
brings in the third calling'paramater word which has the
address of the TABLE transfer véctor in"it., All the other
positions are zeros, The address part of this word is placed
in cell C3 which simulates a FORTRAN calling parameter for
TABLE.

When the four TSX's are assembled and loaded in the
computer, they will look like this:

0P CODE TAG ADDRESS

0074 . 004 Address of Transfer Vector EXAMP2
0074 000 Address of A1

0074 000 Address of A2 (integer in dec. of A2)
0074 oo Address of Transfer Vector to TABLE

It can be seen that these four calls are identical to

the FORTRAN compilation for the statement
CALL EXAMP2(X(NR),NR,TABLE)

Since calling parameters are indifferent about whether
the called item is a variable or a constant, constants
can be used just as easily,

So far, the discussion in this chapter has centered on
the use of SCATRAN and FORTRAN II as the programming lan-
guages, Should it ever be desired to run these subroutines

under a FORTRAN IV operating system that uses FAP as a basic
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machine language, very few changes would have to be mads., A
referencs is given that listé all of the changes between FAP
in FORTRAN II and FORTRAN 1IV,S

9 » IBM 7090 -~ 7094 IBSYS Operating System Version 13,

Macro Assembly Program (MAP) (New Yorks 18M Corporation,
1965), p. 56,




APPENDIX B
SC 4020 OPERATING SYSTEM

Summary
This appendix contains the details of the SC 4020 op-

erating system, It is an extension.of the SCATRAN operating
system in use at the Ohio State University, The system will
produce magnetic tape that can be used on any SC 4020 or
BL 120 installation and is indifferent to the computing lane
guages used at that location, The appendix can be divided
into five sections, |
1. A description of the hardware opserating com=
mands and their function used by the SC 4020
Microfilm Plotter.
2. A description of the calls and uses of the
software written to produce the above com=-
mands on tape with the addition of a few calls
added to any main program,
3, Tests to demonstrate and check out the sub-
routines of the operating system,
4, Suggestions to aid the programmsr in running
programs that produce SC 4020 tapes.
S. Statement listings of the available sub-
175
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routinés with comments as to the exact calls
to use,

This body of work is complafé and there should be no
difficulty in producing satisfactory output under the
SCATRAN opsesrating system. Howasver, it is useful to have a
copy of the SC 4020 Programmer's Manual in support of the
subroutine descriptions because where this work would merely
repeat the manual, reference was made to the manual rather

than giving the complete description,

Performance commands

The performance commands can be represented in a
twelve digit octal notation representing a thirty-six bit
binary number by a two octal digit code that always appears
in the two highest order (left-hand) positions of the com-
mand word, Thess codes are given in Table 4..

The Select Camera commands are used to open the shutter
on the selected camera and close tha shutter on the other
one, Camera 1 corresponds to either the thirty-five milli=-
meter or the sixtesn millimeter camsra, depending on which
is mounted on the SC 4020, and Camera 2 corresponds to the
nine by nine hardcopy output,

The use of Advance Film is obvious and will be used
most by the programmer when making movies. When this com-
mand is used with the earlier SC 4020's or with the BL 120,

it should be placad at the end of a racord on the magnetic
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tape to give time for the film to advance, The nswer SC

4020's lock out the processing when this command is re-
ceived and therefore it can be placed anywhere in a radord.
The Expand Image and Reduce Image commands will proba-
bly not bs used in ths course of making a movia. The Expand
Image is used when it is desired to run one frame into an-
other as when plotting a strip chart, The Reducs Imags
shrinks the frame area to about one-fourth its normal size, .
In both cases, normal operation will bes restored by calling

the opposite command.

TABLE 4
PERFORMANCE COMMANDS

COMMAND OCTAL OP CODE

Select Camera 1 41
Select Camera 2 42
Salect Both Cameras 43
Advance Film 46
Expand Image 44
Reduce Image 45

Vector and Plotting commands

The sscond set of commands are used to draw lines, axss,

and vectors, They are given in the table on the next page,
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TABLE S
VECTOR COMMANDS

COMMAND OCTAL 0R CODE
Draw Vsctor éx or 7X
Generate X-Axis 30
Generate Y-A¥%is 32

The third set is used to plot a single character at
any desired point on the face of the scresn, They are given

in the following table.

TABLE 6
PLOTTING COMMANDS

COMMAND : OCTAL 0P CODE
Plaot 0o
Expose Heavy 02
Expose Light 04

The reason for including these two groups of commands
in onse area is that they uss many of the same bits of the

thirty-six bit control word. The bits are assigned as
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follows: 0 -5 Operation Code
6 - 7 ‘ Not Used
8 - 17 X Deflaction
18 - 23 Character Code
24 - 25 Not Used
26 ~ 35 Y Deflection

Each location of the X-Y grid can be specified by a
ten bit word repressnting 1024 different cells in each
direction. 1In the case of vector and axis commands, the
specified location is the start of the line to be drawn,
and in the cass of the plot commands the specified location
is the center of the character to be plotted. The cells
are numbered in octal notation from zero to 1777 with the
zero-zero position being in the upper left~hand corner of
the grid, X locations are read across and Y locations doun
with 1000, 1000 being in the center of the screen.

The other bits of the control word ars utilized quite
differently depending on the particular aoperation code at
the beginning of the control word, When the first two bits
are ones, the SC 4020 will draw a vector from the location
specified by the deflection bits., The length of this vector
in the X dirsection is determinad by bits two through seven
and the Y length by bits twenty through twenty-five, The
direction of each of theses components is determined by the

sign bits in eighteen and nineteen. A one in bit sighteen
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indicates a plus X component, a zero indicates a minus X
component, Likewise, bit nineteen indicates the sign of
the Y componen;.

Because six bits are alotted for each component, the
maximum length that a component can cover is sikty-Four
cells., As there are 1024 cells for full scale, this means
that the maximum length of a vector is about 1/16 of full
scale, Since the nine-by-nine inch hardcopy examples use
about seven and ane-half inches for full scale, the longest
vector can be approximately one-half inch long. To draw
lines longer than this between two arbitrary points re-
quires that vectors be formed end to end, An example is
shown by the arrow in thé 10 Frame on page 1985, The point
of the arrow is a maximum length vector and the lines form=-
ing the tail are constructed of three vectors end to send.

A subroutins has been written to construct automatically
vector control words that will join any two arbitrary points
merely be specifying the points to be joined.

When the GENERATE X=-AXIS or GENERATE Y-AXIS operation
codes are used, bits zero to five specify the operation,
eight through seventeen the X deflection, and twenty-six
through thirty-five the Y deflection. The remaining ten
bits =- namely, six, seven, and eighteen through twenty-
Five‘-- are used to specify a stop point, The X command

causes a line to be drawn parallel to the X axis starting
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at the point designated by the X and Y deflections extending

to@ards the right to the stop point., The Y command causes

a line to be drawn parallel to the Y axis upwards to the
stoq point, The stop point has to be at least sixty-four
locations away from the starting point in each cass, If

thg stop point bits all contain zero, the axis wili be suwept
to the far right or upper limit of the picture area, The
only difference between the two commands is that the Y-AXIS
stop pgint is exprassed directly as a binary number while
the X=AXIS stop point is expressed as ﬁhe ones complement of
the loeation. This means that to calculate the stop point
from the X-AXIS command word, it is necaessary to subtract
the octal number formed from the stop point bits from 1777
in order to determine the true stop point,

The PLOT, EXPOSE HEAVY, and EXPOSE LIGHT commands are
identical except for the operation cods, Bits six, seven,
twenty-four and twenty-five are not used. Bits eighteen
through twenty-three are used for a BCD code that corresponds
to the desired character that is to be plotted., This format
is very sasy to interpret when the thirty-six bit word is
printed ocut as a twelve digit octal bass word. An example
is given below:

0014008520400

op X CHAR Y
CODE DEF DEF
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In this case, the 52 is the BCD code for the plotting

dot, The X deflection of 1400 would be three-quarters of
the way across the screen and the Y deflection of 0400
would be one-quarter of the way down., Of course, these ars
both octal numbers where the 1024 cells correspond to an
octal number of 2000, Thereforse, the plot for this command
word would look like this:

0,0 1777,0
SC 4020
Grid in .
Octal 1400, 400
Numbers
. 08,1777 1777,1'?'7'7‘J
FIGURE 19

COMMAND WORD "001400520400" PLOTTED

The EXPOSE HEAVY and EXPOSE LIGHT commands allow for
the plotting of two different densities. When either of
thess calls has bsen made, all plotting of characters will
be in the same density until the opposite modse is called.
Usually EXPOSE HEAVY is called at the start of a frame and
all plotting is done in'this mode, There is no density

mode selection when drawing vectors or generating axes, but

—-



183
the intensity can be controlled by repeating the same call

sgveral times to increasse the shading of a particular line,

Typing mode commands

The fourth group of command words are concerned with

what is referred to as the typing mode. They are as follows:

TABLE 7
TYPING MODE COMMANDS

COMMAND OCTAL OP CODE
Type Specifiad Point 20
Type Current Point 22
Carriage Return 52
Stop Type 12
Reset 56

These commands are used to produce microfilm from text
and will gensrally not be needed when making a movie becauss
the letters (actually the characters on the matrix in the
CHARACTRON tubs) can be neither rotated nor changed in siia.
However, thess commands ars used for the ID Frame that opens
and closes sach job run on the SC 4020.

The typing mode is initiated by eithsr the TYPE SPEC-
IFIED POINT or TYPE CURRENT POINT command, The face of the
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tube can be cunsidered as a pags cépable of hoiding sixty-
four lines of ﬁrinting of one hundred twenty-eight characters
each., Any word following the above commands will be trans-
lated as BCD text and will be typed in order until the one
hundred twenty-eighth position is reached in a line. The
logical hardware will then cause the printing to start at
X = 0 and sixtesn cells below the Y deflection specified
for the last line,

The TYPE SPECIFIED ﬁOINT command uses the deflection
bits to give the location of the first character to he
typed,

The TYPE CURRENT POINT command uses only the first six
bits of the word, The other bits can be used for BCD char-
acters., In this case, typing starts at whatever location
was stored in-the X and Y deflection registers for the last
operation,.

The SC 4020 logical hardware does not have any pro-
vision for determining whether or not a complste word will
fit at the end of a line. Therefore, typed words will be
brokeﬁ whenever the ons hundred twenty-sighth location is
reached unless the CARRIAGE RETURN command is used, The
BCD character "52" will not be printed but will cause the
next character to be printed on thse line below the present
line at X = 0.

When the sixty-fourth line has been. reached, it is

necessary to advance the film or ths following characters
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wlll bs overlayed in the same frame that has already been
plotted,

The typing mods can be halﬁed by calling either a STOP
TYPE command ("12") or a RESET command ("56")., The appear-
ance of either a "12" or a "S6" in a BCD word returns the
SC 4020 to the plotting mode and all of the resph of the BCD
characters in that word arse iost; In addition to stopping
the typing mode, ths RESET command performs two other useful
functions, It advances the film and sets the SC 4020 to ths
plot heavy mode,

One additional command 1s available to the SC 4020
programmer.' This is PROJECT FORM using opsration code "50%
in the first six bits of the gommand word, The other bits
of this word are not used, This command allows a prepared
slide to be projected onto the Film alaong with the data to
be displayed.

fhis completes the number of operations that are avail-
able an the SC 4020. I wish to repeat again that these opere
ations are hardware functions (as oppose to software) and
are thahend result of the computations that are made to pro-
duce é movie, For example, to draw a lins either a series
of touching dots could be plotted or a seriss of vectors
could bs drawn end to end, In sither case, the one linas
would consist of many repeated command words on magnetic

tape using only two of the eightesn available operation
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'codes. Although the programmer could specify these commands
word by word, all of the advantages of computer-generated
pictures would be lost. It is the capability of the software
in using the eighteen available commands that turn the SC
4020 into a useful tool,

Various types of subroutines

There are two kinds of subroutines, open and closed.

An open subroutine is one that is entered at the top in ths
normal course af events as the computer progresses from
command to command, After the subroutine has finished its
computations, the program is left at the bottom and takes
the next machine instruction., The open subroutine has to
be placed where it is to be used and can only be entered
once, It must be replaced at each point that it is needed.
The main use of an open subroutine is to check out parts of
a main program., When each part is running, they can be
placed end to end to form the main program, A good example
of this is the program used for the first tape of the
spheroidal radiator movie.

A closed subroutine is one that is entered by a jump
from a location in the main program that is completsely inde-
pendent from the locatibn of the subroutine, The jump can
be made to any location in the subroutine, When the transfer
is made, the original location is stored in an indéﬁ regis=-

ter so that it is possible to return to the main program
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from any location in the subroutine, From this it can be
seen that a closed subroutine can be stored anywhere in the
computer memory, have as many entrances and exits as desired,
and be called whensver it is needed. for these reasons, most
subroutines used in making an SC 4020 taps arse of the closead

typs,

SC 4020 subroutines

These subroutines can be divided into seven different
categories:
1. Setup routines to make tape
2. Routines for plotting points or characters

3. Routines for typing, making variable size
letters, and tables for symbols

4, Routines for drawing lines, axss, and vectors

5. Miscellaneous routinaes that do not fit in
above categories

6. Roautines specifically developed for the spher-
oidal radiator movie example

7. Tests to check out the above routines
The statement listings for these subroutines are given,
along with enough information to use the subroutine calls, in
Appendix B, Thisappendix will briefly describe the opera-
tion oFufhe various subroutines, the calls that can be made,
and any idiosyncrasies that would be of interest to a pro-
grammer attempting to use them, Ths routinss that ars cov-

ered in categories two through five follow very closely ths
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original routines developed by North American Aviation., Ex-
cept for the SCATRAN conversiomn subroutines, much additional
information can be found in the SC 4020 Programmers! Refer-
ence Manual, In addition to the subroutines listed below,
there are a number of other programs available in FORTRAN
for use on the SC 4020, These programs are covered in the
Reference Manual but are not described hersin for two
reasons,

The first reason is that they form a set of subroutines
that are higher in the soOftware hierarchy than the basic sub=
routines described below, Because of this, they gensrally
use the Easic subroutines to perform extremely complex bpt
limited functions for the programmer, GRIDIV is an example
of this in that it draws linear and nonlinear graphs and
then plots Aata points and labels them., This subroutine
could be considered as the main program to most engineering
production on the SC 4020 but it would have almost no use in
the making of a movis.

The second reason is that these programs are generally
written in FORTRAN and not in FAP, This means that a con-
version program cannot be written to utilize them directly
under ths SCATRAN operating system at 0,5.U., 1In order to do
so, they would have to be rewritten line by line to conform
to the SCATRAN language rules, Since SCATRAN is a more flex-
ible language than FORTRAN, this could be done without too
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much effort except for the time involved, but in visw of the
limited usefulness of these subroutines, this has not besn
done, Since a successful FORTRAN operating system extension
was developed at 0.5.U, prior to the conversion to SCATRAN,
if the programmer desired to use these additional capabili-
ties, the program could always be run under thse FORTRAN sys-

tem as outlined in Appendix C.

Setup routines to make tape

This category of subroutines1 was written to produce an
SC 4020 tape under the SCATRAN operating system., It has two
features that were especially designed with the programmer in
mind. As much of the setup routine required as possible was
- shifted from calls in the main program to calls in the sub--
routines, This means that the tape non-system file can be
opened and the various inpuﬁ parameters read in with only
one call., In the same fashion, the file can be closed and
tha run ended with only ons call.

By dividing the job to be done up into a number of
different routines instead of one larger package, ths pro-
grammer can be given the flexibility of having a number of
different options with the same call as above, Should any
new options be desired, the programmer has to rewrite and

debug only one small section instead of the whole packags,

1Listings on pp. 243=247,
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The following subroutines must be used for every SC

4020 tape run,

CAMRAV XSCALV
(PLOT) ID FRAME
JOBNO END FRAME
TAPE

This set is self-contained in ths sense that for every
transfer vector requirsd, there is a matching entry point
elither in the subroutines themselves or in the SCATRAN sys-
tem library. The main calls are:

© CALL SUBROUTINE()=0UT.(N)-
CALL SUBROUTINE()=CAMRAV.(N)=-
CALL SUBROUTINE()=FRAMEV,.(N)=-
CALL SUBROUTINE()=CLOSTP.()-

The main program can start with a call te 0OUT.. The
program enters the TAPE. subroutine and sets the variable
OUTPUT to the value of N in the calling parameter, N can be
any integer from one to four and will have the following
effect on the output of the program to be produced,

N =1 The program is exescuted and an SC 4020 tape is

made but no autput is returned,

N = 2 The SC 4020 tape is made but not returned with

the program. The output consists of the command
words printed in 170 word blocks in the form oFI

a core dump,
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N =23 The SC 4020 tape is made and returned with the
program, No printed output results,
N = 4 Both the taps and the printed output are re-
turned, N

Each one of these forms has a definite use., "1" is
usad when it is desired to check the timing of a program to
determine time estimates and the output is known or does not
matter, "2" is used for checking out programs so that the
programmers can analyzé the output of a tape without the
bother of obtaining a tapse dump. It also has the great ad-
vantage that the program does not have to be submitted at
the Numerical Computation Laboratory but can be run at a
remote terminal, A word of caution is necessary whsn ob-
taining printed output. The programs to be checked should
be very short because in spite of the compact format used
to display the output (450 words to a page), it is possible
to generate over a hundred pages of output in the course of
a one minute program, In the case of a long program, it is
better to generate only the tape and then use a special dump
routine that was written to check small sections in the
middle of a large block of data,

"3" and "4" can only bes used at the Numerical Computa-
tion Labogatory because they result in the physical tape
being returned with the program, "3" is the normal opsra-

ting output parameter, "4" can be used to check the printed
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output against a test tape that is actually going to be run
on the SC 4020.

The next call in the main program should be to CAMRAV,.
This call should be made before any attempt to write infor-
mation on the SC 4020 tape because it opens the non-system
file, The following takes place, The call to CAMRAV,
immediately calls IDFM,.,, part of the TARPE subroutine., The
ZCLOCK., a library subroutine, is called to start the clock
running. This is aona sa that a more precise interval will
be available to determine the time estimates for longer pro-
grams than can be obtained from the bookkeeping routines,
Sevaeral commands open the non-system file and resserve the
necessary space for the buffers. Next, the job number is
.read off of a data card and stored in JOBNO.. Eight scaling
factors are read from a second data card and XSCALV, followed
by YSCALV, is called.in order to read in the data,

XSCALV, is a very important subroutine that allows the
programmer to use his own scale for positioning on the SC
4020 screen rather than the cell location numbers the méchine
uses, In order to scale the programmer's floating point
data, it is necessary to know the boundaries of the working
field and the width of the margin on the four sides of the
field, This inFoFmation is obtained from a data card that
contains the X and Y boundarises and ths margin widths,

The next statement in the TAPE subroutine reads in ten
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six-character alphanumeric words from a third data card,
This card contains the title of the program, the program-
- mer's name and department, and the date, This information
is stored in the subroutine IDINFO, that is going to writse
the identification frame as the first frame of the program,
The transfer back to the TAPE subroutine ends on a NORMAL
EXIT statement which brings the program back to one state-
ment after CALL IDFM in CAMRAV., CAMRAV, then determines
the correct command word to be written at the start of the
SC 4020 tape to produce either 9 X 9 hardcopy, 35 mm film,
or both, This is accomplished by the calling parameter N
in the CAMRAU. call statement,

CALL SUBROUTINE()=CAMRAV,(N)-

N =9 The operation code for camera two (9 X 9 hard-

copy, OP CODE 420000000000)

=
it

35 The operation cods for camsra ons (35 mm film,
0P CODE 410000000000)
N = Any other number, The operation code for both
cameras (0P CODE 430000000000)

The actual writing of the command word on the tape is
done by the CALL (PLOT) statement, This calls the (PLOT)
subroutine which in turn calls STORE, a part of TAPE, STORE
could be called directly to write on tape except that almost
all of the original subroutines called (PLOT) as a subrou-

tine name for their output., The TAPE subroutine is written



194
in SCATRAN which does not allow the use of brackets as part

of the name., Therefore, rather than change (PLOT) in the
many places wherse it appeared, the small subroutine (PLOT)
was written to make the call (PLOT) equivalent to STORE, The
STORE call has two calling parameters asscciated with it,

tha word to be written on tape and an integer that is either
0 or 1. When STORE is called through (PLOT), this integer

is always zero, The zero tells STORE to place the incoming
word into a 170 word buffer, The buffer is then checked to
see if it is full., 1If not, control passes back from STORE

to (PLOT) to CAMRAV..

Tha next statement in CAMRAV is CALL IDFIN in the ID
FRAME subroutine, This subroutine calculates the commands,
one word at a time, to create the identification frame
(Fig., 20) with the programmers name, date, etc., and the job
number in big letters, These are stored in the buffer in
STORE through (PLOT) but because the total number of words
for the identification frame doss not reach 170, no tape
has been written yst. After calculating approximately sixty
words and placing them in the output buffer, IOFIN, returns
control to CAMRAV, which then resturns control to ths next
statement in the main program,

So far, the programmer has made only two statements in
his program, namely calls to 0OUT. and CAMRAV,. The output

form is set up, bookkeeping data has been read into the pro-
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gram, a non-system file has been opened, and ths command
words for the ID frame are in the output buffsr,

Incidentally, the ID frame serves another purpose in
addition to identifying the job, It combines most of the
SC 4020 machine codes in one frame so that the performance
of the SC 4020 can be checked merely by laooking at the first
frame, If it is'correct, then it is likely that any diffi=-
culties encountered are on the tape and not in the SC 4020

itsself,

-

When the main program is constructed for ths gensration
of a movie, the general procedure is to calculate one frame
in a DO loop, using the DO loop limits to change the data at
each pass, The patterns generated in the spheroidal radia-
tor example are a good example of this., This DO loop should
start with the statement:

CALL SUBROUTINE()=FRAMEV,(N)=

The calling parameter N permits the following actions:

N = 0 or missing - the job number and frame count will

be displayed in the upper right hand corner of the

frame.

N = Anything except zero - the above printing will be
suppressed,

N = Negative - when producing hardcopy, the working

area is seven by seven inches while the paper is

nine inches wide, Four cornsr marks normally
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show the smaller working area for each frame.
When N is negative, these marks are suppressed,

The first thing the call to FRAMEV, does is to place
operation code for advancing the film in the output buffer.
A call to (CLEAN results in the same call to STORE as (PLOT)
except that the second STORE calling paramster is now a one
instead of a zero, This causes control to first check to
.see whether there are more than three words in the buffer and
then calls in the SCATRAN library subroutine WRNSFR. (uWrite
non-system file under count control.)

The usual statement for writing tape is the SCATRAN
statement WRITE BINARY, The SCATRAN manual in giving the
instructions to use this statement neglects to mention that
each written record on the tape is preceded by a cecntrol
word written by the system that contains information as to
the number of words in the particular record, This word is
used to tell the WRITE BINARY subroutine when the buffer is
empty, but unfortunately this word also corresponds to an
SC 4020 operation code. The result is that an arbitrary
character would bs plotted at an arbitrary location on the
SC 4020 plot at the start of each record., Since each frame
can consist of several hundred records, WRITE BINARY is im-
possible to use., WRNSFR, is exactly what is needed and is
in the SCATRAN library but none of the availabls manuals or

memos covering SCATRAN give instructions for its uss or even
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a hint of its existence. It was discovered by discussing
the problem of the control word with one of the senior pro-
grammers, Mr, Edward Lassiter, at the computer center who
knaw of its existence,
| Since WANSFR. doss not use a leading control word to
determins the number of words in the record, the count has
to be supplied to it as a calling parameter., This is easily
done by counting each word as it is placed in the output
buffer, This is the reason for the "“under count control"”
in the name,

WRNSFR, will not accept a record of fewer than threae
words because of tape drive limitatioﬁs. If the program
attempts to write a one-word or two-word record, the job
will be forced off thse cbmputer with a message that the pro-
gram attempted to write a short rscord. Since it may be de-
sired to attempt to write with only one word in the buffer,
at the end of a frame for instance, the STORE program checks
this at the start of sach write command., If there are fewer
than three words in the buffer, the blanks are filled in
with a .0.120000000000 which is equivalent to a "no opera-
tion" for the SC 4020. In the course of placing words into
the output buffer, each time 170 is resached WRNSFR. is
called to write a new record,

The calling parameter that follows the call to QUT, at

the start of the program is checked to see whether output
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should be printed as well as being written on tape, If not,
control exits back to FRAMEV,.

The rest of FRAMEV, keeps track of the frame count and
determines if the printing and corner marks should be written
on ths new frame,.

.. The reason for placing the call to FRAMEV, at the begin-
ning of the DO loop and not the end is because it is this
command that writes the operation code for film advance and
then closes ths record, If it were placed at thes end of the
DG loop, the ID frame would bse printed over the first com-
puted frame instead of being separate,

After all the frames have been calculated the call

’ CALL SUBROUTINE()=CLOSTP,()-
is made as the last statement of the main program, A call
to the subroutine CLOSTP, performs the actions necessary to
end the run, The LASTFM, call is the same as (CLEAN and it
empties any remaining data in the buffer onto the tape before
placing an advance frame code on the tape and ending the
record, The next few statements in CLOSTP, are used to
determine whether or not the SC 4020 tape is to be returned
with the job, The calling parameter from OUT, determines
if CLOSE REWIND or CLOSE UNLOAD is called. The first merely
rewinds the tape while the ssecond prints out a message to
the computer operator to save the tape that was just being

used and return it with the program, The rewind operation
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can be given in a program sent in from a remots terminal,
but when a tape is to be returned, the program has to bs
filed at the Numerical Computation Laboratory.

The last operation to be performed before calling
ENDJOB, is to read the clock that was zeroed at the start of
the program. The time used by the program is printed out as
the last piece of output and is expressed in both minutes
and seconds to the nearest one-hundredth of a minute, Sub-
routine ENDJOB, then removes the program from the computer,

One of the major advantages of using a compiler language
such as SCATRAN for the TAPE subroutine lies in the handling
of data in the form of input and output., Input-output
speeds are extremely slow compared with ths rate of operation
within the computer, and they constitute a bottlensck to
the amount of work that can be processed in any unit time,

To get around this, either the operating system or the pro-
grammer can set up a serises of buffers and the internal
commands to move data in blocks in and out of the computer,
If the programmer desires to do this using FAR, a very
lengthly, complicated program will result., This trouble
can be avoided by the simple commands OPENFILEZand READ or
WRITE when the language in thse software hierarchy above FAP
is used, The compiler reserves space for the buffers, sees
that the computed information gets to the right placse, and

then writes tape while the rest of the computer is still
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calculating on the remainder of the data., As long as ths
time used to calculate sach piece of information exceeds the
time to write that piece of information on tape, which is the
usual case in SC 4020 programs, but not so in most programs
that require tape storags, the program will be as efficiant
as possible, However, if the tape writing time is longer
than the computation time, then the program has a fixed timse
to run that cannot be decreased, Since input-output diffi-
culties were encountered due to hardware differences in the
two operating systems, these subroutines were rewritten

using the compiler language rather than FAP,

Options to tapes writing subroutines

A number of other subroutines have been written that
can replace certain sections in this area in order to givs
the programmer increased flexibility,

TAPE 1I - This subroutine replaces the TAPE subroutine
and is called in exactly the same manner, The first dif-
ference is that the open file commands have been rewritten
so that instead of writing 170 word records on taps, the
numger in each record is increased to 1024, This allouws
much more information to be placed on a single tape, but
requires that the microfilm plotter have a 1024 word input
buffer,

The other change has been to rewrite the STORE call to
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allow information already in the output buffer to be changed
and to obtain additional calls that are extremely useful
" when producing a movie, The call is
CALL- SUBROUTINE()=STORE.(X,N)-
X is a dummy calling paramster that is used only when N
is zero, N has the following meanings:
N =20 Add word X to the buffer

N = 1 Write record - reset buffer to zero

N = 2 Write record - drop last word in buffer
. ] .
N =23 Write record - keep all words in buffer
N =4 Add .0.460000000000 (advance film) to words

already in buffer
N =25 Print out the number of words and records
put on tape up to this time
N=0and N = 1 are the same as TAPE, The additional
calls can save a large amount of computer time when writing
frames of less than 1024 words such as titles, All of the
words in a frame are computed once. Then, instead of calling
FRAMEV, a call to STDRE.(X,d)‘will add the command to dﬁVance
tha film. Repeated calls to STORE.(X,3) will write as many
frames as desired without having to recompute the words in
the buffer each time., STORE.(X,2) will remove the advancs
film command so that additional information can be placed in
the buffer betwaen two frames without losing the information

already available in the buffer, The call to OUT is not used
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with this subroutine because the only output is magnetic tape.
TAPE III - This subroutine was writtenm to permit a
quick check by means of printed output., The OUT call, the
non-system file statements, and the computation of the ID
frame have all bsen removed., This program should not be used
with subroutines ID FRAME or END FRAME because calls to thesse
programs have been replaced by "no ops" in the TAPE III pro-
gram,
CLEAN UP =« wWhen a program is run that represents the
center section of a movie, tha ID frame is not needed and
the job number is not required on each frame. This subroutine
was written not only to replace the subroutines ID FRAME,
CAMRAV, FRAMEV, and JOBNO but it also_frees a large amount
of room in the computer memory for the main program. The
four subroutines above take five hundred octal words to
space. The CLEANUP takes twenty=-thres,
END FRAME II - When a movie is computed in sections,
the end identification frame is not wanted except on ths last
segment, This subroutine allows the CLOSTP call to be made

without writing this frame on tha tape.

Subroutines for plotting points and characters

There are three subroutines that can be used for plotting
points and characters, O0One of the most useful calls in this

subroutine library is given on the following pags,
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CALL SUBROUTINE()=APLOTV,(-N,X(Mm),Y{(Mm),IX,1Y,NC,CHAR,ERROR)=

Since APLOTV, operates in the manner described in the
SC 4020 programmers' manual it will not be described hera,
An example of the use of the call APLOTV. is given in both
the subroutine test description and in the spheroidal radia-
tor exampls,

The other two subroutines are PLOTS. and POINTS.. The
PLOTS, subroutine is used for plotting a single character
using the CHARACTRON matrix characters. The call for this
subroutine is

CALL SUBROUTINE()=PLOTS.(X,Y,N)=

X and Y represent the locations where the charactar is
to be plotted. N represents the BCD code for the particular
character. This call is useful primarily when ‘it is desired
to call a character present in the SC 4020 BCD set that is
repraseﬁtéd by a number not in the IBM BCD cade.

The call to POINTS, is identical to that of PLOTS, ex-
cept for the use of the calling parameter N. In this call,
if N is minus, a plotting dot will be called in the center
of the character, Also, the values of N do not correspond
to the standard BCD code, but to a code that places the most
useful plotting characters equivalent to the smaller integers,

The table for this code can be found in the programmers?

manual;?
z ’ Programmars"ReFeggncs Manual, S5C 4020 Computer
Recorder (5an Diego: Stromberg-Carlson Corp,, 1965) p, 7=93,

Ibid,, 7-9,
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Printing subroutines i

These subroutines consist of a set that was originally
used to produce microfilm from text, but it has proven to
be extremely usseful in creating desired animation effects
with very little effort on the part of the programmer. In

this group are the following subroutines:

PRINTS or RITEZS

PRINTV RITEZV
CHSIZV
HOLLV

TABL*V (*=integer)

The typewritten mode of operations was explained in the
sgction on the SC 4020, 1In order to utilize this mode, ons
of two calls, PRINTS or PRINT6, can be used, The format is

CALL SUBROUTINE()=PRINT6, (-N,WORD,X,Y, )=
F WORD . PLAIN ENGLISH TEXT-

N is thé number of letters in the text and X and Y are
the floating point values specifying the location of whers
the typing is to start., PRINT6 will automatically supply
the carriage return at the end of a line but will not advancs
the frame at the end of a paga, A higher order‘subroutine,
SCOUTV, is available to simulate the action of an output
printer but it is not availablas in SCATRAN,

Notice that although the SCATRAN FORMAT statement is
used to insert the text into the subroutine, the usual brack-

ets and H or Q field indicators are not required, If they
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are used, the subroutines will treat themsslves as part of
the text and will drop off the same number of characters at
the end of the text.

The call to PRINTS is exactly the same as PRINT6 except
that integers equivalent to the raster count on the SC 4020
grid must be used in place of X and Y for the start printing
location,

The other block of subroutines is used for variable
size letters and to produce animated symbols with only a
small amount of programming effort.

The use of these subroutines to produce animated sym-
bols will be explainad in the section on special subroutinss
developed for the spheroidal radiator example., The calls
that are used to produce variable sized letters for titles
are as follows:

CALL SUBROUTINE()=CHSIZS,(N,M)-

N and M are integers that control ths width and heighth
respectively of each character.

CALL SUBROUTINE()=RITSTS.(N,M,TABL*V, )=

N and M are integers that control ths spacing between
characters and tﬁa spacing bstween lines., The third calling
paramater is the name of the table being used for the char-
acters being used, The usual case is to specify TABL1V, as
this contains the BCD set common to both SCATRAN and FORTRAN,

CALL SUBROUTINE()=RITE25.(X,Y,I,J,K,L,-M,WORD,ER)=
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All of these calling parameters have the same meaning
as for RITE2V in the SC 4020 programhing manual? except for
X and Y. When RITE2V is used, X and Y ars raster counts,
but in the RITE2S. SCATRAN call, they are floating point
locations on the praogrammer grid. The SC 4020 programmers®
manual gives a set of instructions for the values of M and
N that should be understood and followed when ﬁaking the

above calls.4

Both the sections on subroutine tests and the
spheroidal radiation example give examples of the use of

these calls to produce titles in a movis,

Line and axis subroutines

Since the SC 4020 hardware commands can only determins
that a vector is to be drawn up to sixty~four raster caunts
in the X and Y increments, it is necessary to have a sub-
routine that will draw a line between any two spscified
points by using these vector commands, This is accomplished
by using the subroutine LINE. with the call

CALL SUBROUTINE()=LINE,(X1,Y1,X2,Y2)-

The calling parameters are the floating point X's and
Y's for the two snd points of the line to be drawn, An ex-
ample of the use of LINE, to draw a desired figure is given

in the spheroidal radiator example when the sllipse is

Sibid., 9-7. 41bid., 9-10.
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drawn, If an accurate curved line is desired, dots can be
plotted side by side along the path of the line, but for
general work any curvad line can be drawn by means of short
vectors, Most of the computer-generated pictures to date
have used the technique of calculating points and then using
subroutine LINE, to fill in the spaces.

Two subroutines are available to draw the axes in the X
and Y directions, They are VUXAX I and VXAX II., They are
mainly used for drawing grids for enginsering graphs and

their operation is sslf-evident,

Programmer-generated TABLES and
spescial subroutines developed for
the spheroidal radiator sxample

Some of the most usaful subroutines for generating come
puter animation are the ones used for gsenerating variable
size lettars, The SC 4020 programmer's manual gives in-
structions for producing titles using the subroutines RITE2V
and VCHARYV, A slightly different method of writing a TABL*V
will be given hera.s

The programmer constructs any desired symbol on an
eight-by-sight lattice using straight lines to connect any
two points, There is no limit to thé number of lines that
can be employed. Thse only restriction is that any one line

SThe name of the tablas can be any six alphanumerics,

The format TABL1V, TABL2V, etc., is usad merely for contin-
uity with the existing programs,
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cannot have a required distance of more than sixty-three
raster counts between its snds in sither the X or Y direc-
tion, The longest line that can be drawn is one that goes
from one corner of the lattice to the other where the lat-
tice has sixty-three counts bstween sach point., 0On ths 1024
raster, this would span 441 counts in each direction or
approximately forty percent of the distance across the work-
ing field, |

The GENERATOR SYMBOL (GENSYM) subroutine will be used
as an example, It was desired to place a symbol of a gener=
ator in the middle of an ellipsse, Leads were drawn to the
ellipse on both sides and an arrow showed the direction of
current flow, The sine symbol was placed in ths center of
the gensrator and was tied to the arrow in that it flipped
upside down when the arrow changed dirsction, A drawing was
made of the symbol and was broken down into its various
parts, This is shown in Fiqurse 21, The reason that the
symbol was not generated all at once was that ths different
parts required different sizes (or counts) between the
points of the lattice., A table was then constructed by
listing the points to be connected, three lines to a word.
The table starts at the bottom and is written upwards, Ths
operation code OCT is used for octal numbers, The table is

given on the page following fFigure 21,
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* FAP

COUNT 20

_ VFD 9/9, 9/10, 9/11, 9/12

ENTR4V VFD 9/0, 9/3, 9/s5, 9/7

OCT 026324360000

OCT 020324300000

OCT 222400000000

OCT 000100340000

OCT 560267220000

OCT 012212202500

PZE

OCT 123425435634

PZE

OCT 124325345643

© OCT 752052000000

OCT 257757757752
TABLA4V OCT 200200250257

PZE ENTR4V

END

Each of the octal numbers repressnts the X beginning

lattice point followed by the X ending followed by the same
for Y expresssed as a four digit number. Therefore, each
twslve digit number represents three lines. The first three
OCT numbers are the eight lines for the octagon figure, the
next two lines are for one of the sine symbols, and so on,
A symbol ends with four zeros in a row so that when an even
multiple of three lines is expressed, thay have to be fol-
lowed by a PZE (all zeros) in order to shut the symbol gen-
erating subroutine off,

The above TABL4V could be used with calls to RITE2S.,
but because all the pieces formed a single symbol with a pre-
sat location, it was decided to continue the subroutine GEN-
SYM which would have the table in it and would make all of

the required calls with a single call,
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Since thse calls were going to be made to CHSIZV and
VCHARV rather than to RITE2S, the coordinate positions had
to be expressed in raster counts in ths decrement of the
calling parametsr rather than in a floating point number
that expressed the location in the programmer;s coordinate
system, RITE2S is usually called to perform this conversion
through XSCALV, but in this case the design has a fixed lo-
cation and the calls to the basic subroutines were easier,
Also, RITE2S and RITE2V are not needed which leaves more rooam
for the main program,

A large figure of the design was drawn (Figure 27) to
determine the number of counts required between the points
of the sight by eight lattice and the location to center
each part of thse design properly. It should be kept in mind
that a call to VCHARV requires that the location of the
lower left-hand corner of the sight by sight lattice be
given whereas when calling RITE2S or RITE2V, ths center of
the design should bs givm1ﬁ

Details of the calls to draw the octagon will be givsen,
Referring to the subroutine GENSYM one finds the following
calls about two~thirds of the way down the page. A section

of this page is written out an the next page after Figure 22,

6ibid,, 9-22.
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TSX $CHSIZV,4

TSX =45000000,0
TSX =#5000000,0
TSX $VCHARVY, 4

TSX =#132000000,0
TSX =#1000000,0
TSX =g757000000,0
TSX =§757000000,0
TSX =0,0

TSX TABLE,O

This is the FAP language notation for

CALL SUBROUTINE()=CHSIZV.(5,5)-

CALL SUBROUTINE():VCHARV.(90,1,495,495,0,TABLE.)-
in SCATRAN, The calling parameters for CHSIZV indicate that
the eight by eight'lattica will have five cells betwean sach
point, Tha call to VCHARV will Have the following speci-

fications:

132 = figure will be upright
1 = figure will be plotted once
= lower lsft-hand corner of figure will be

757,757
‘ at raster counts 757 in X, 757 in Y
0 = figure should be constructed from first
item in the table
TABLE

the table used is part of this subroutine
All of thess numbers are in octal notation dus to the
basic subroutine called. Each integer calling parameter
should be followsed by six zeros so that the subroutine is
assembled with the integer in the decrement and not in the

address, This is a reflection of the fact that the sub-
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routines were originally written for the FORTRAN compiled

programs which have intsgers in the decrement,
| The SC 4020 coordinate system has zero,zero at the lowsr
left-hand corner of the grid and uses the octal notation in
the calling parameters., Therefore, the drawing of designs
using these subroutines is facilitated by using this coor-
dinate system and eight by eight per inch graph paper rathsr
than ten by ten, |
Although most of the GENSYM subroutine is made up of

the above described table and the calls to VCHARV and CHSIZV,
the rest is used to invert the sine symbol in the center of
the octagon and to draw an arrow whose size and direction
is related to current magnitude. The actual call to this
subroutine from the main program is

CALL SUBROUTINE()=GENSYM,(M,N)=

M =1 Current arrow points up

first sine symbol used
ms=2 Current arrow points down

Second sine symbol used

=
it

The length of arrow in integer raster

counts,

Subroutine RULE
Subroutine RULE is almost identical in its construc-

tion with GENSYM, It was used to illustrate thse concépt of
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resonance in the spheroidal radiator example, Two rulsrs
placed on the radiating pattern indicated that the inter=-
focal distance of the ellipse was the same as the distance
of one-half cycle of the radiating field. Figure 23 shows

the computer generated cutput of ths RULE subroutine,

/

d
-
\ P
————
a

FIGURE 23
RULE SUBROUTINE OUTPUT
A table was constructed for the sdge of thae ruler, the
heavy end marks, two sets of light marks, and the asterisks
used for the focal points, A large drawing was made with

all these piscaes fitting together on the SC 4020 grid so
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that the location calls could be determined., As in GENSYMNM,
this table was made part of a larger subroutine so that one

call to RULE. would serve to draw the entire symbol,

Subroutine TABLSV
TABLSV was written to show the words THE END in block
latters for use in closing a movie. A thres by five section

of the eight by eight matrix was useﬁ to form the letters,

For example

5 0000 0000 0000
4 2122 1120 0100
3 ! equals 3350 32060 2202
2 1233 2235 2355
1 0005 0155 1153
0 L

0123

The other letters are formed likewise and a free stand=
ing table is written. The entry to this table is the sub<
routine name TABLSY,

The use of this table qives an example of how any table
constructed by the programmer can be used, The first call

CALL SUBROUTINE()=CHIZS.(IXS,IYS)-
gives the number of raster counts betwesen the eight by
eight lattice of sach letter, The call
CALL SUBROUTINE()=RITSTS.(IX,IY,TABLSV,)-
gives the spacing betwesn sach letter, betwsen ths rows, and

identifies which table is to be used.
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F WORD 0125234~

CALL SUBROUTINE()=RITEZS.
(x,vY,750,90,1,7,-1,WORD, IR)-
is the call that éctually calculates the required vectors
and writes them on the output taps. The use of these calling
parameters can be determimed from the programmer's manual
except for the use of the variable WORD,” It will be noticed
that WORD is the address of a SCATRAN format statement con-
sisting of a series of integers. The format statement com-
pilas these numbers into BCD words as follows:
000102050203
046060606060

Since T equals item zero in the table, H equals item
one, blank equals item five and so on, it can be ssen that
each BCD character starting at the address WORD is inter-
preﬁed as an equivalent item in the specified TAB*L, This
is fine as long as the table has ten or less items that are
labled with the number zero through nine in the format state-
ment. But if you called for item ten at "10", this would
be interpreted as an item one followed by an item zero,
This difficulty can be avoided by the use of an octal literal
instead of the format statement, An example is given on the

following page,

“Tihid.,, 9=7.
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WORD = .0,00102050203=~

WORD(1) = .0.0456060606060-
is equivalent to the format statement provided WORD has been
dimensionsed properly,

If only six items are to bs called at a time, any place
in the table can be rsached, including the illsegal BCD char-
acters, by replacing the variable WORD in the call to RITE2S
with an octal literal representing the desired six items,

It is now apparent why TABL1V can be ussed with straight
text, The construction for A is at the seventeenth place in
the table, B is at the eighteenth, and so on through the
alphabet, Text in the format statement is converted to BCD
words which automatically draw the correct letters if TABL1V
is used,

Table TABLZ2V and TABL3V cover the lower and upper casse
Greek letters., Figure 24 gives the characters gensrated by
these three tables along with the decimal location for each
character, All of the characters can be gsnerated by use of

the octal literal as described above.,

4~QUAD(PLOT)

This subroutine was designed to replace the regular
subroutine (PLOT) to perform a special function-when making
the spheroidal radiator movie, It cut the IBM 7094 computer

time requirsed to a quarter when the antenna patterns wers
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calculated., These patterns wsere constructed mainly of dots
plotted one after the other and were identical in all four
.quadrants. The first step was to calculate the X and Y
points required in one quadrant. Then, instead of calcula-
ting the other X's and Y's required for ths othser three quade
rants, the SC 4020 command word was manipulated to give the
three other commands to plot in the other three guadrants,
Mixed in with the plot commands were other operation codss,
such as frame advancse. Repeating these would have besen very
undesirable so a test was made on the six highest order bits
of each word, Since the plot command has six zeros for thé
high order bits, these words wers repeated thres more times
through the proper logic. All other words wers sent to
STORE, unaltered, one time only,.

4-QUAD(PLOT) Version Il is an extension of the above
which not only plots the four quadrants but also decides
whether or not to plot sach dot at all., The output gives
an appsarance of moving segments in the lines constructed
for the plotted dots, This subroutine requires a number of
key words that interlock it with the main program with which
it is used and the subroutine opsration can best be sxplained
in the section of the spheroidal radiator exémple covering

the implementation of the D electric field.
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Subroutine tests '

During the course of this work, a number of small pro-
grams were written to check out the subroutine., These test
programs are included hers for two reasons, The first is
that they give an idea of the output to be expected from
the different subroutines so that when thsse subroutines arae
used with a main program, the programmer will know what to
expect, The second reason is that they give the programmer
an example to follow, It is far easier to show.how software
works than to try to explain it in words,

The first test is a program that was written not only
to check out all the subroutines, but also to check out the
entire operating system including the microfilm plotter that
will be used to run the job. The statement listings are
given on page 320, The output consists of a seriss of aster-
isks plotted on concentric circlses following an identifica-
tion frame., The entire pattern rotates between each‘frame.
The number of frames, the numbsr of circles, ths number of
asterisks on each circle, and the degree of rotation between
sach picture can be specified by the input parameters. An
example of the output of one of these frames along with ths
corner and cut marks is shown in Figure 25,

After calling OUT. and CAMRAV. to set up the output and
open the non-system file, the input variables which are
called in with the read input statemsnt are listed on the

next page after Figure 25,
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RL = Radius of inner circle

R1I = Increment of radius between each circle

THETA = Angle of rotation of first frame in
radians

SD = Distance bstwesn each asterisk along the
circle

TP = Increment of rotation between each frame

NP = Number of frames

NC = Number of circles

The circumfersnce of each circle is divided by 5D, ths
average distance bstween sach asterisk, to give the number
on each circle, ©SD is then adjusted to space the asterisks
evenly around each circle, The various DO loops utilize the
input data to generate the right amount of data, Of coursse,
for more than 350 asterisks the DIMENSION statement would
have to be changed. This test shows the use of
CALL SUBROUTINE()=APLOTV.(NR,X(L),Y(L),1,1,1,44,ERROR)-
to plot out only part of an array. "L" is preset at the
start of the FRAMEV DO loop by setting it equal to "JL" and
this supplies the starting address of the array through X(L)
and Y(L). The number of asterisks in each frame is summed
up through the statement "NR = NR = N - " after NR has besn
set equal to zero at the start of the frame. NR gives APLOTV,
the number of points to be plotted from the array and the

minus sign indicates the forward storage common to SCATRAN,
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A printed output of this program is given on pags 321,

R number of tests were run to check out the subrou-
tines LINE, AXIS, PRINTS, RITE2S, GENSYM, RULE, and TABLSV,
The statement listings are given on pages 322 to 323, Ths
resulting output drawn from the printed output is shown in
Figure 26, The printed output is given on page 323,

The results of these tests were deliberately drawn by
hand rather than run on an SC 4020, This was to indicate
how a subroutine might be debugqged if the plotter was not
available to run a tape, The command words to a small run
are printed out, Each word is broken down into its com-
ponent parts of operation code, location, etc., and the re-
sult plotted on an eight by eight to the inch graph paper.

. This will seesm like very tedious work at first, but with a
little practice the words can bse interpreted almost by eye
and a plot made in a resasonable time., Very often only key
words have to be plotted, like the beginning and end letters
of a line of print, to give a clear picture of what the
finished product is going to look like or whether thes sub-

routine is working.

71%56 4020 special taps dump check

A special tape dump has besn written to selsctively
dump tape in order to check the output of a long SC 4020

tape for correct data without obtaining an excessive amount
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of printed data. Normally, the IBM 1410 computer is used to
dump tape because it is far cheapser to opsrate than the IBM
7094, However, if it was desired to check out each frame in
a complete tape, the printed ocutput could amount ta ssveral
hundred pages, most of which would be completely uselass,

If the output can be checked with only a small fractiocn of
the data printed ouﬁ, as is often the case, thse IBM 7094
can be used to grsat advantage. Ths subroutine SC 4020 TAPE
DUMP was written to search esvery record on the taps for
those that end in command word "460000000000," When this
word is found, the next ten records are printed out., Since
this is the advance film command, the final result is that
only the first ten records of every frame ars printed out,
Since this many records usually have encugh data to tell
what is in each frame and since sach frame can sasily havs
over a hundred records, the advantage can bs saen over
printing out all the data on the taps and throwing most of

it auway,

Miscellaneous SCATRAN subroutines

Several additional subroutines have bean checked out in
SCATRAN, They are CUTIV, MARKV, BRITEV, XPANDV, and STORTV,
They are given in the statement listings but they are not
described here because they ars only used during the produc-

tion of 9 X 9 hardcopy. Calls to these subroutines are

listed ‘in ths SC' 4020 Progqrammer's Manual,
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Proqram running operations

A brief faview of the steps necessary to run an SC 4020
tape program is helpful to the programmer to avoid having a
run forced off the machine, It is a good idea to.use a
chaeck list of botﬁ the necessary control cards and the sub-
routines nesded for any call in the main program, This is
particularly true if an SC 4020 run is attempted after an
interval of time because some of the many details can easily
be forgotten,

The first item after the usual ID cards and before any

three~star control cards is the file control card. This

card is green and has the information nesded to determine
the tape unit to be used and the writing density on it, The
SCATRAN programmer®’s manual gives information as to how
these cards are to be punchad.B To run an SC 4020 tape, the

card should be filled out as follows:s

Column No, Punch

2_3 * ¥

7-10 FILE

17 *

19-21 B0O1 (zero, not letter o)
27 N

28 P

30 L

31 8

55«60 SC 4020

If the tape dump subroutine is to be used, the N and P

in columns 27 and 28 should be replaced with an I in column

. ®g, Reavaes, SCATRAN Referaence Manual Section IV (Columbus:
Ohio State University, 1964) PP, 82 - B3,
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28 and the SC 4020 beginning at column 55 with ths word REEL
NUMBER followed by the number of the reel to be dumped.

This card is followed by the usual thres-star SCATRAN
control cards deﬁending on the wishes of the programmer,

The next deck of cards is the main program, This can
be either an original SCATRAN statement listing or it can be
a symbolic binary deck headed by a READ SYMBOLIC BINARY card
(a SCATRAN statement, not a three-star card) and any changes

or modifications to the main program,

Subroutine deck assembly

[

The next task is to assemble the subroutine decks that
are necessary to run the program, The first block is needed
for every job.g They are

CAMRAV
(PLOT)
JOBNO

TAPE
XSCALV(MOD)
ID FRAME
END FRANME

Each one of these decks has to have a three-star LOAD

°The original XSCALV will run perfectly well with any
job, but it has to have associated with it a small subrou-
tine (SMXV) dua to additional transfer vectors.
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card preceding it but the decks themselves can be put in any
order, This is the basic package for running tape,
There are ssveral options available in this set of sub-

routines, They are listed below:

NORMAL NO ID FRAME NO EFRANME PRINTED OUTPUT ONLY

Same as Substitute Substitute Substituts
above CLEAN UP EFRAME II TAPE IIl
for for for
CAMRAV EFRAME TAPE
JOBNO ID FRAME
ID FRAME 4 END FRAME

In the PRINTED QUTPUT ONLY section, CAMRAV can be res-

moved if the main program has a direct ca;l to subroutins

IDFm, .

ODther subroutines

To plot characters or dots - APLOTV

To plot lines - LINE and LINEV

To plot standard CHARACTRON printing - PRINTS and PRINTV
To plot variable sized lstters and symbols such as

titles, etc, - RITE2S, CHSIZV, RITE2V, HOLLV, TABL*V (any

necessary table)
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The following two subroutines were developed for the
spheroidal radiator example and require some of the above

routines aven if they are not called directly:

GENSYM RULE
requires requires
CHSIZV . CHSIZV
RITE2V

HOLLV

Data cards

The last deck is followed by a three-star ***DATA card,
The data cards themselves will depend on the main program but
each program will have thres additional data cards required
by the call to CAMRAV, The first card contains the job num-
ber in the first six columns of the card. The rest of the
card is blank. If no number at all is desired, a blank card
can be used but the card, blank or not, must appear in the
data deck. Because of the way the subroutine ID FRAME
handles this information, only the number zero through
nine, or a blank, can be used, Letters and symbols are not
permitted.

The second card contains the information for the scal-
ing ratios used in XSCALV, The entire card uses a (8F9.6)
format to fill columns 1 - 72, ‘The floating point field for

gach number covers nine columns for seven figure accuracy.
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The other two columns are used for the decimal point and the

sign, if necessary.

following representation:

FIELD

O-JOoOUNprprAN-

The sight "nine column" fields have ths

COLUMNS
1 - 86
10 - 18
19 - 27
28 - 36
37 - 45
46 - 54
55 = 63
64 - 72

USE

Value of X at left boundary
Valus of X at right boundary
Size of left margain®

Size of right margain®

Value of Y at bottom boundary
Value of Y at top boupdary
Size of bottom margin

Size of top margin

*The numbers for the margin sizes have to be floating point

integers between zero and 1024 followed by a decimal point.

They are never negative and are usually "0," when producing

movies,

The third data card contains the information to be

printed on ths ID frame,

It has four alphanumeric fields,

sach of which is separated by a zero punch on the card.

The format
FIELD
1

2
3
4

is as follouws:

COLUMNS

1

17

use

Name of program

Punch zero

Programmer's name

Punch zero

Programmer's department
Punch zero -

Date in form of MO/DAY/YEAR
Punch zero

The zero in columns 18, 36, 48, and 57 are required

even if the rest of the card is blank., They serve as flags

in the ID FRAME subroutine to reset the SC 4020 from the
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. . . 10
typing mode after reading in each of the above data items, ~
With regard to the data deck, the CAMRAV statement
should be treated as a READ INPUT statement, In other words,
these three data cards are placed in relation to ths other

data cards in the same relationship that the CAMNRAV call has

to any READ INPUT statement in the main program,

Program core space reguirements

SCATRAN programs can be run in two diffarent modes,
"time share" and "mon-time share," When referring to core
space, it is better to calculate in octal notation than dscimal
becausse both subroutine lengths and the core dump addresses
are in octal notation. In this case "time share" addresses
run from 00000 to 37777 and "non-time share" from 00000 to
77777,

Five items have to be allowed for to determine tha
size of a program, The SCATRAN monitor (input-output con-
trols, etc.) always occupies all addresses up to 14400. The
main program size is determined by the programmsr and is
therefore unknown, However, experience will give the pro-
grammer a feel for the size of any particular program, The
SC 4020 subroutines follow the main program, As an aid, the
space required for each subroutine ldsted is given in Appen=-

dix B, Subroutines from the SCATRAN library can use quits

107his card is omitted when using subroutine TARPE III,
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a bit of room, Their length can be determined either from
the memory map, if the program has been run once, or from
the SCATRAN programmer's manual,11 Finally, a small amount
of room has to be allowed for a literals table that uses one

word for each literal number in the main program,

Running time estimates

One of the most difficult decisions the programmer has
to make is the time estimate to be used for each run, As
long as check out work is being done, a time estimate of one
minute is completely adequate and almost no job will run over
this estimate,

However, it is when the programmer is running the final
tapes for a movie that a dilemma has to be faced, Each run
can be up ta a half hour long, If the run takes longer than
the time estimate, the job will automatically be forced off
the computer and all the taps made up to that time will be
lost, This is because the tape is rewound without a DIS-
MOUNT message being given to the computer operator. The
answer to this problem is to make certaim how long a problem
will run and then put down some excess time to cover un-
forseen contingencies,

The other horn of the dilemma is that if an excessive

11 1pid.,.5ection V.
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amount of time is put down and the program has a loop in it,
all the time will again be lost due to the loop, Therefore,
the time should be as short as possible in case a loop is en-
countered, This problem troubled the spheroidal radiator
example run because thses inherent loop in the way the success-
ive points were calculated would not show up in some of -the
runs but would in others when the same problem was run with
sligﬁtly different input data,

The only way around this is to make many different runs
at different times, sach covering some part of the input
data spectrum, and each taking less than a minute, Ten
minutes of computer time spent here could save much more
whén the longer runs are attempted because'the timing can be
more exact based on the times of the short runs and the pro-

grammer can be assured that looping will not occur,

Magnetic tape details

There are two means of dividing up the data that is
placed on a reel: a minor division called a record, and a
major division called a filek

A record consists of the amount of information that is
written or rsad at one time. It can be of any length but in
this case the size depends on the size of the input buffer

of the particular SC 4020 that is going to be used, If the
racord is too long for the sizse of the buffer, it will be
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read until the buffer is full and the tape will then be

moved to the start of the next record. All successive words
in the record will be lost. B8uffer lengths in the SC 4020 |
have three different sizes: 170 words, 1024 words, and 4096
words, Befors a tape is produced, it is necessary to deter-
mine the buffer size of the SC 4020 that will be used to run
the job, If this size cannot be determined, the 170 word .
length should be used. The langer buffers will accept the
short records but at the cost of very poor affidiancy both
when writing the tape and when reading it with the SC 4020,

The beginning and ending of each record can be identified
by a record gap. This is a 3/4 inch gap in which no record-
ing appears. Its purpose is to allow time for the tape drive
to accelsrate and reduce-speed when reading a record. The
tape can only stop at a record gap which is why only complste
recards can be read, When moré words are to be computed
than the length of the buffers, by far the usual case, the
write subroutine will automatically close the record at the
right count, write a record gap, and thesn open a new record
as the information continues to be computed.

The major division of a tape is the file, A file mark
consists of a one word record that is used to tell the com-
puter when a section of the taps is computed. It is used
when it is desired to repeat a scene over saveral times. The

SC 4020 will halt on a record gap only long enocugh to perform
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operations containeq in that record, but when a file mark is
reached, the machine stops and returns to operator control,
The operator can then either go on to the next file or back-
space and repeat the file already recorded, In this way, a
small amount of tape can result in a great number of frames
to increase the running time of a scene in a movise,

The tape density determines the capacity of the tape.
At the present time, there are three densities in standard
uses 200 characters per inch, 556 characters per inch, and
800 characters per inch, So little work is being done with
200 characters per inch that it can almost be considered to
be obsolste, However, it is necsssary to know that this den-
sity exists when defining low and high density tape, As an
example, at 0OSU low and high density refer to 556 BPI (bits
per inch) and 800 BPI respectively, At North American Avia-
tion, low and high density refer to 200 BPI and 556 BRI,
Therefore, a low density tape at 0SU is a high density tape
at North Americanj2 At the present time, the SC 4020 will
accept only 556 BPI tapes.

The formula given by IBM for a density of 556 BPI for

the number of inches per record is:

Inches per record = ,75 + ,0108N

124 character is six bits of information, Since mag=-
netic tape records six bits in one location across the tapse,
the terms "“characters per inch" and "bits per inch" are
interchangeable when refering to tape density,
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where N is the number of words per record and the ",75" is
the 3/4 of an inch allowed for the record gap. Since a reel
of tape is 2500 feet long or 30,000 inches, ws can calculate
the number of words that can be placed on one reel of taps,

assuming either 170 words psr raescord or 4096 words per Tre=

cord,
At 170 words per record:
I = ,75 + .0108 X 170 = 2.586 inchas
Records = 30,000/2,586 = 11600

Words = 11600 X 170 = 1,972,000

At 4096 words psr record:
I =.75 + .0108 X 4096 = 44,987 inches
Records = 30,000/44,.987 = 667
Words = 667 X 4096 = 2,732,000
In the case of 4096 words per record, the number of
words that can be placed on a reel of tape is approximately
forty per cent greater than that which can be placed on the
reel at 170 words psr record. Thersfore, tape should be
written using the ;argest size records possible allowing
for the SC 4020 input buffer size. In general, the output
buffer size of the IBM 7094 computer will not be a problam;
Cne difficulty was encountered when producing tape at
0.5.U, for running elsewhere. The original tape computed by
the IBM 7094 sesmed to bse noisy in that non-repeatabls er-

rors were encountered when these tapes were run, The symp=-
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toms were that the SC 4020 would occassionally fail to re-
cognize a valid command word on the tape and would give an
error signal whilse advancing the tape to the end of the
record, Naturally, all command words from that point to the
end of the record were lost. This meant that the picture:
was spotty or if one of the missing words happened to bs an
advance film command, the following frame would be overlaid
on the one already rscordsd. The SC 4020 does not have as
high a degres of error checking as the I8M 7094 which is why
the difficulty showed up only when the tapes were being ac-
tually run. After some investigation, it was found that tﬁe
problem could be avoided entirely if the IBM 7094 tapes wers
copied on a small computer (IBM 1410) designed for this pur-
pose, A perfect copy is madse without any noise that might
have been present in the original, The tape is only being
copied rather than being computed so the costs of the copy-
ing operation are negligible compared to that of the origi-
nal program,

A word of warning is necessary whsen copying tape with
the I8M 1410, There are two copy routines available, CP 1
and CP 2, It is essential that CP 2 be used for this purpose
and that this informétion be given to the computer operator
before the tape is to be copied,

If CP 1 is used to copy a tape, the input buffer is

hardware limited to accepting ons hundred and five words per
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record, After the first one hundred and five words are
copied, the tape is moved to the end of the record and all
the édcceading words are lost, This means that if a tape
has besn written with 170 word records, about fourty pser cent
of the information is lost in making the copy, When copying
tape that is written with 1024 word records, the result is

disastrous,

SC 4020 subroutine listings

This section contains the operating subroutines used
with the SC 4020 and BL 120 computer plotters. They are
listed alphabetically below with the amount of octal core
space required for sach subroutine, The subroutines are
not filed alphabetically but by groups according to their
interlocking requirements and frequency of use. Also in-
cluded are two tests for checking the subroutines and a
tape dump for checking magnetic tape output, |

A number of these subroutines will run under eithsr a
FORTRAN or SCATRAN operating system. They have asterisks
in front of the name. They arahof two types, ones that ars
not called from a main program, such as TABL=-V, and onés
that have an associated conversion program so that they can
be called in SCATRAN., RITE2V and CHSIZV are of the second

type and nesd RITE2S to be convected to the SCATRAN opera-
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ting system, The preceding section on program running op=-
erations gives the data on which particular subroutines must
be run together, Should it be desired to modify any of
these subroutines, the section on the differesnces betwean
FORTRAN and SCATRAN should bs thoroughly understood before
any changes are attempted.

The table on the following page gives the core space re-
quirements for these subroutines,
Pages 243-325 contain the statement listings.For the SC

4020 subroutines that were written to produce movies at 05U,
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* k % X

TABLE 8

SUBROUTINE CORE SPACE REQUIREMENTS

" NAME

APLOTV
CAMRAV
CHSIZV
CLEANUP
CUT MARKS
EFRAME I
EFRAME II
GENSYM
HOLLV

ID FRAME
JOB NO
LINE
LINEV
MARKVY
(PLOT)
PLOTV
POINTVY
PRINTS
PRINTV

4 QUAD%PLOT
PLOT

4 QUAD
RITE2S
RITE2V
RULE
TABL1V
TABL2V
TABL3V
TABLSVY
TAPE 1
TAPE II
TAPE III
VXAX
VXAXV 1
VXAXV 11
XSCALV

OCTAL SPACE REQUIREMENTS

224
211
251
023
046
122
011
222
037
252
012
043
133
042
030
026
133
050
133
126
226
113
242
174
321
115
110
031

2377

7777

2155
063
053
024
213

242

PAGE

266
248
282
265
317
262
264
306
286
258
253
299
300
319
252
269
270
272
273
312
314
276
278
309
287
283
296
298
243
245
247
302
303
305
254



* 3%

C
C

LIST

F SCALE

AHEAD
PLOT

END

EXTRA

243

SCATRAN

TAPE1000

THESE SUBROUTINES OPEN THE FILE AND WRITE TAPEe
THIS IS TAPE 1t @
SUBROUTINE()I=OUT. (MYa
MOUT = Mg
NORMAL. EXITe
SUBROUTINE()=IDFMe ()@
CALLSUBROUTINE()=ZCLOCK¢(MTIME)@
FILE LIST(BETA+7:4¢1+.SFILES)YE
DEFINE POOL+ALPHAS4 720
ATTACH FILES«ALPHABETAs 1@
OPEN REWIND.SFILESE
READ INPUT «%e (NUMYO
CALL SUBROUTINE()zJOBNOJ(NUM)@
READ INPUT ¢SCALE + (XL .+ XUeBMeTMeYL e YU GMcRM) @
CALL SUBROUTINE( )=XSCALV . (XL s+ XUsBMsTM) @
CALL SUBROUTINE()I2YSCALV« (YL +YUsGMesRM) @
(BF9e3)0
READ!NPUT.S'(NANONSNQNDN'NFN?NGNONHN.NJN'NKN.NLN

' NPN)Y @
CALL SUBROUTINE() = IDINFOe
{NANcNSNsNONNFNoNGNsNMHN e NJN s NKNoeNLN cNPN) @
NORMAL EX1lTe
END SUBPROGRAMaG
SUBROUTINE()I=STORE ¢« { ACCesN)O
DIMENSION (WORD(172))e@
EXTERNAL (MOUT )0
TRANSFER(AHEAD YPROVIDED(NeNEO)® -
WORD(I)(=)ACCe
I = I41@
TRANSFER(AHEAD)IPROVIDED(16Ge 1690
NORMAL. EXITe@
TRANSFER(EXTRAIPROVIDED( 1 Lo 3)O
CALLSUBROUTINE( )sWRNSFRe (SFILES«WORDJ 1)@
TRANSFER TO (END)IPROVIDED{(MOUT ¢Ee 1:0ReMOUTsEe3) @
WRITEOUTPUT ¢S1+ ({WORD(K) s K=Qs 1l eKelol))e
I = 0@
NORMAL EXITe i
WORDI(I)(=)eDel1200000000000
I=1+1@
TRANSFER(EXTRAIPROVIDED(l+L.eJ)e0
TRANSFER(PLOT)®
NORMAL EXITe
(5T«8(2XK12))0
END SUBPROGRAMo
SUBROUTINE() =CLOSTP ()@
EXTERNAL (MOUT )@
TRANSFER TO (S4) PROVIDED  (MOUTEel1sOReMOUTEe2)

e
CLOSE UNLOADs+SFILESO®



S4
S5

F OUT4

END

244

TRANSFER (SS)e

CLOSE REWIND+sFILES®O

CALLSUBRCUTINE (MTIME )=RCLOCKe( )

NTIME=MT IME*&§0a

WRITENOHEADINGsOUTA ¢ (NTIME«MTIME )@

(/7/7710T+Q¥EXECUTION TIME USED 8Y THlS PROGRAM IS
b 3

APBE2+0% SECONDSH/86T s QROR® ¢ ~3PB6 e 3¢Q#* MINUTES
*)e

CALLSUBROUTINE ¢ ISENDJOB. () B

NORMAL EXI!Te

END SUBPROGRAMG

END SUBPROGRAMo

END PROGRAM@
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L 2 2 SCATRAN

c THESE SUBROUTINES OPEN THE FILE AND WRITE TAPEe

C THIS IS TAPE 11 e
SUBRQUTINE (I IDFMe )0
CALLSUBROUTINE( y=ZCLOCK(MTIME}®

LIST FILE LISTI(BETA«sTe4¢1+SFILES)Q

DEFINE PQOOL +ALPHA+44+1030@
ATTACH FILES+ALPHABETA+1Q
OPEN REWINDSFILESO
READ INPUT 8¢ (NUMIE
CALL SUBROUTINE ()2 JOBNOes (NUM)B
READ INPUTeSCALE+ (XL e XUsBMsTM:YL e YULGMeRM) @
CALL SUBROUTINE ( )aXSCALVe (XL e XUeBMesTM)O
CALL SUBRODUTINE()aYSCALVYe (YL s YUGMeRM )@

F SCALE (EFQe3)0
READ INPUT 1 S¢ (NAN« NSN o¢NDN o NFN o NGN o NHN ¢ NJN ¢ NKKN ¢ NLN

+NPN) 2
CALL SUBROUTINE() = IDINFOe
(NAN s NSN o« NDN ¢ NFN o NGN o NHN o NJUN s NKN o NLN o NPN ) @
NORMAL EXITo
END SUBPROGRAM@
SUBROUTINE()>STORE{ACCeN)O
DIMENSION(WORD(1030))@
TRANSFER(AHEAD)IPROVIDED(NeNEOYQ
WORD(1) (=)ACCe
A2 I & 1+l

TRANSFER(PLOT)IPROVIDED(1:Ge 10230
NORMAL EXITe

AHEAD TRANSFER(EXTRAIPROVIDED(1+LeJ)0@
Al TRANSFER(CLOSES)PROVIDED(NeEe 40
PLOT CALLSUBROQUTINE () sWRNSFR+ (SFILES+WORD 1)@

TRANSFER(END)IPROVIDED(NeEe1e0ReleEs1024)0
TRANSFER(QUT)IPROVIDED(N<.E<2)0@
NORMAL EXITe

ouUT 1=l-1¢@
NORMAL EXITe

END I = 0o
NORMAL EXITa

EXTRA WORD(1) (=) e0e1200000000000
I=1+1@

. TRANSFER(EXTRAIPROVIDED(1sl.e3)e@
TRANSFER(A1)Y@

CLOSES . WORD(1) (=),0,4600000000002
TRANSFER(A2)@
END SUSPROGRAM@
SUBROUTINE() =CLOSTP.()®
CALL SUBROUTINE( I® ASTFMe ()@
CLOSE UNLOAD+SFILESO®

S5 CALLSUBROUTINE (MTIME y=RCLOCK+()O
NTIME=MT IME®#600
WRITENOMEADING ¢OUTA s (INTIMEIMTIME) @
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F OUT4 (/7/7710TQREXECUTION TIME USED 8Y THIS PROGRAM IS
He
3PB6.2+Q% SECONDS®#/46T+Q#OR#¢=3PB6e3¢Q#* MINUTES
¥)@
CALLSUBROUTINE( I=ENDJIOBs ()
NORMAL EXIT@
END SUSPROGRAMa
END END PROGRAM@
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%% % SCATRAN

OO0

F SCALE

AHEAD
END
F 31

S5

F QUT4

END

TAPE 1000
THESE SUBROUTINES OPEN THE FILE AND WRITE TAPEe
THIS IS TAPE 11! o
DO NOT USE 1D FRAME OR EFRAME @
SUBROUTINE((I=IDFMe () ®
CALLSUBROUTINE( ) =ZCLOCK+(MTIMEY®
READ INPUT ¢S5+ (NUM)O
CALL SUBROUTINE( )=J0BNOe (NUMI®
READ INPUT ¢SCALE ¢ (XL e XUsBMeTMes YL e YUsGMeRM) @
CALL SUBROUTINE( )=XSCALVe (XL o+ XUsBMeTM) @
CALL SUBROUTINE()aYSCALVe (YL YUJGMeRM)@
(BF9P3)0
NORMAL. EXITo
END SUBPROGRAMe
SUBROUTINE()I=STORE+(ACCeN) O
DIMENSION (WORD(172))e
TRANSFER(AHEAD )YPROV IDED(NNE 0@
WORD(}l)(=)ACCe
I = 1+1l@
TRANSFER(AHEAD)IPROVIDED(1eGe169) @
NORMAL, EXITe
WRITEOUTPUT ¢S1+ {{WORD(K) ¢ K=0OsleKelsl))O
I = 08 '
NORMAL, EXITa
(5T«8(2XK12))0
END SUBPROGRAM@
SUBROUTINE()Y =CLOSTP.()0
CALLSUBROUTINE(MTIME y=RCLOCK. ()
NTIME=MT IME®#600@
WRITENOHEADING«:OUTA s (INTIME«MTIME)Y®
(7771CT+QIEXECUTION TIME USED BY THIS PROGRAM 1S
* o
3PB6.2+1Q% SECONDS#/46TQHOR® ¢ =3PB6e3¢Q% MINUTES
*)e

CALLSUBROUT!NE()‘ENDJOBQ"Q
NORMAL. EXITo
END SUBPROGRAMA
SUBROUTINE()I=IDFINe (O
NORMAL EXITe
END SUSPROGRAM®
SUBRQUTINE()=EFRAME. () O
NORMAL EXITe
END SUBPROGRAMa
END PROGRAM@
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* %% FAP
CMRVO000
COUNT 150
ENTRY CAMRAV
ENTRY FRAMEV
ENTRY RESETV
ENTRY FOoRMV

CRT HARDWARE MANIPULATION ROUTINES
CALL CAMRAV(N)
N =9 FOR 9#9 CAMERA

235 FOR 35 MM CAMERA
=OTHER FOR BOTH (ARG MAY BE DELETED)

ok % &k % ¥

36T 3 U 3 3 3T T I3 B 3 I I I T I 3 TR O 4 S 3 0
LA 222 L LS Y
SPACE
* CaLL FRAMEV
* ADVANCES FILM FRAME
*
*

33 3 I 3 W 35 3 A T3 36 3 I3 I A U6 36U A 3 3 35 3 3 35 B B3 20 3 3 3
LT 2 22 2 2 2 23
SPACE
CALL RESETV
ADVANCES FILM FRAME
LEAVES TYPE MODE
SETS HARDWARE COUNTER TO (0+0)
SETS INTENSITY HIGH
caLL FORMV
CAUSES FORM TO BE DISPLAYED
SPACE
CALL FRAMEV(N) = IF (N) 1S ZERO OR MISSING THE JOB NU
MBER .
* AND FRAME COUNT WILL BE OISPLAYED IN THE UPPER RIGHT
HAND
* CORNER OF THE FRAMEe IF (N) IS NON-ZERO THE PRINTING
wWILL
" BE SUPPERSSEDe. IF (N) IS NEGATIVE CORNER MARKS WILL 8
E
» SUPPRESSED .
*
333 38 B35 55 2% 3% WK 35 R 395 25 26 T WA I 455 W TF I 3 I IS W A 3T 3 A 300 3 A 33

Xk kK KK K

X

9 36 A3 W W W36 % ¢
SPACE

* CALL FRAMEV(N) = IF (N) IS ZERO OR MISSING THE JOB NU
MBER

» AND FRAME COUNT WILL BE DISPLAYED IN THE UPPER RIGHT
HAND -

* CORNER OF THE FRAME. IF (N) 1S5S NON=ZERO THE PRINTING
wIiLL

* BE SUPPERSSEDe. IF (N) IS NEGATIVE CORNER MARKS WILL B

E
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* SUPPRESSED .
»*
M 33 I 3 36 3 3 T I W3S 3 S I 3 4 6 32 9E 0 3 S0 O 0050 3 30 48 30 45 A 8 0 03k
%3 5% %% %% %%
SPACE
FRAMEV SXA X444
CAL FRAME
F1 CALL (PLOT)
FO CALL (CLEAN FINISH PRECEDING RECORD
F2 TRA FIRST
SXA X1e1
CLA CAMERA
CALL FMCT
L¥A X444
CAL 1.4
ANA MASK1 LOC 7TTT7TTTO0000
STO EXTEST EXIT TEST
TNZ AXT
CLA® 1e4
™1 NOCOR NO CORNER MARKS
AXT AXT Q441
COR CAL CORNER § PLOT CORNER DOTS
CALL (PLOT) )
CAL CORNR2+14+1
CALL (PLOT)
TIiX CORsl el
LXA X4 eh
NOCOR ZET EXTEST
TRA . PRNT
ZET#» ) 144
TRA X1 DONT PRINT ID
PRNT STZ DBCD ' '
CAL.# S£(CTJB)
STA *41
CLA * %
STA DBCD
ARS 18
S5TO DBCD+1
AXT S8
PRN1 AXT 181 CONVERT FRAME COUNTS
LDQ DBCD4+2+4
sTZ DBCD+4+2+4
PRN2 PXD 0
- DVvP TENAD
ALS 18¢1
ACL. OBCD+2+4
SLwW DBCD+2¢4
TIX PRN2e¢1 6
ACL BLANKS A LOC 606060000000
SLw DBCD+2+4

TiX PRN1e4 s}



PRNG

X1
X4

FIRST

RESETV

FORMV

xXXa

CAMRAV

D35S

AXT
CAL
caLL
TX1
TXL
AXT
AXT
2T

" TRA

TRA
CLA
STO
CLA%
STA
CLA
LDQ
LGR
ALS
ACL
LGL
St
sTQ
TRA

SXA
(o A
TRA
SXA
CAL
CALL
CALL
AXT
TRA

EJECT
SXA
CALL
L XA
CLA%
PAX

- CAL

LDOQ
TXH
TXH
L
TXH
caL
LDQ
TRA
CAL
LDO

Os1
CORDJe 1
(PLOT)
#410101
PRN4+1 ¢6
L 2-EP]
#t e 4
EXTEST
1¢4
244
NOCP
F2

S (JOBN)
]

» %
STOPT
12

6
BDASH
6

JoB
JOB-1
F2

X4 e
RESET
Fi1
XX4404
FormM
(PLOT)
(CLEAN
LA XY

1+4

CX4e4
1DFM
CX4e¢4
1+4
4
SBC

- QSBC

CXe4d ¢35
D35¢4¢34
CXel 08
CXe4.9
sc2

asc2

Cx%

SC1

QSc1

250

SET UP TO TYPE

DO ONCE

JOB NOe
STOP TYPE 1200

INSERT DASH

DISPLAY FORMS



cX

cXa

CORNER

CORNR2
RESET
FRAME
FORM
sBC
scC1
sc2
QSBC
esc2
osc

CAMERA
STOPT
DBCD

CORDF

JoB
CORDJ
EXTEST
NOOPR
BDASH
MASK]1
BLANKS
TENAD

sTQ
CALL
CALL
AXT
TRA
VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFD
ocT
ocT
ocT
oCcT
oCcT
ocT

ocT
PZE
P2Z2E
OoCcT
PZE
PZE
ocT
PZE
NOP
oCcT
ocT
oCcT
PZE
END

CAMERA
(PLOT)
IDFIN

* o4

24

251

273¢6/15410/0¢2/7046/70¢10/0
2/73e¢6/15¢10/0¢2/0:670+410/71023
273e6/15+10/1023¢2/246/70+10/70
2/73¢6/15410/1023:2/7246/70+10/71023
2/3¢6/70¢10/0¢2/146/71510/0
2/7306/0310/70+2/7/0¢6/15+¢10/1023
2/73+6/7010/71023e¢2/1+86/7151070
2/73¢6/7041071023¢2/70¢86/15+1071022

S60000000000C
460000000000
S00000000000
430000000000
410000000000
420000000000
l1eol

Oeol

1440

O«
120000000000
(o]

(o]
201610600014
(o]

(o]
201642600000
0

(o]
000000000040
TI7TTT7T700000
606060000000
10

oOR9
35 MM .
9X9 IF NOT SELECTED

"COORD FOR FRAMES
DASH NO AND STOP TYP

COORD FOR JOBe NO.
EXIT TEST

10 Ble SCALE 35
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B 2 2] Fap
PLOTO0000
COUNT 2s
» USED TO PUT SCALED DATA INTO BUFFERS
ENTRY (PLOT)
ENTRY LASTFM
ENTRY  (CLEAN

(PLOT) SXA (Xa)ea
Siw "ACC
CALL STORE «ACC 4N
(X4) AXT = #%e4
TTR 14
(CLEAN SXA (Xa)eq
CALL STORE ¢« ACC oN1
TTR (Xa)
LASTFM SXA (XaA)ea
CaLL EFRAME
CALL STORE«+ACC N1
(XaA)Y AXT L2 XYY
TR 1+4
ACC PZE
N PZE
N1 ocT - 1

END

o



* 8%

~JOBNO

(JOBN)

FMCT

(CTJB)
cTJB

FAP
COUNT
ENTRY

ENTRY
ENTRY

ENTRY -

CLA®
STO
TRA
PZE
BC1
ADD
STO
TRA
PZE
PZE
END

JOBNOGOO
10
JOB NUMBER
JOBNO
({ JOBN)
FMCT
(CTUB)
1e48
(JOBN )Y+
24
*41
3
CcTJus
€TJB
1¢4
*41

FRAME COUNT

253
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e 1) FAP )
COUNT 100
ENTRY XSCALV
ENTRY YSCALV
ENTRY NXV
ENTRY NYV
ENTRY SCERRV
ENTRY SERSAV
ENTRY SERREV
* CALL XSCALV (XL ¢+ XU s ML s MU)
* cArLL YSCALVIYL ¢ YUYML. + ML)
* XL =LOWER LIMIT OF X VALUES (LEFT)
» XU sUPPER LIMIT OF X VALUES (RIGHT)
* YL = OWER LIMIT OF Y VALUES (B0OTTOM)
» YU sUPPER LIMIT OF Y VALUES (TOP)
* . ML msLEFT OR BOTTOM MARGIN (FLOATING INTEGER)
* MU =RIGHT OR TOP MARGIN (FLOATING INTEGER)
*
*

A BB T 3 BT T T T T 6 I 6T T I3 I B I T I3 3 T I I

A6 9 % 3 % % %% 4
XSCALV SXA X1l .
AXT Oe1
TRA #*43
YSCALV SXA X1e1 _

- AXT 141
SXA X444
SXA = X22
CLAS 3e¢4
sSTP TEST
NZT TEST
TSX FLOAT.2
STO LOWe1 ML
sT0 Lo
CLSH* 4.4
sSTP TEST
NZT TEST
TsSX FLOAT 2
FAD  =1023.
sSTO HIGHe 1 MU
sSTO HI
CLA® 1¢4 vL
sSYO vL
CLAS® 24 vl
STO VU
TSX (AB) 2 COMPUTE LINe. TRAN. COEFFS
(Kole] VL
FMpP "Aet
FRN
FAD Bel

FRN



X1
X2
Xa

(aB)

VL
vu
FLOAT

TEST

FsB
FRN

CHS
FAD
STO
LoQ
FMP
FRN
FAD
FRN
FsB
FRN
CHS
FAD
sSTO

TSX

CLA
FsB
S5TO
CLA
FAD
STO
AVT
AXT
AXT
TRA
CLA

FSB

STO

CLA
Fs8

FOP
STQ
FMP
CHS
FAD
STO
TRA

ARS
ORA
FAD
TRA

LOW.

LOW.1
LOW.1
vu
A

Bel

HIGH1

HIGH. 1
HIGH.1
(AB)Y 2
Lo
ze5
LOWe1l
H1
ne5
HIGH.1
#4591
*4 ¢ 2
L2 XY}
Se4
vu

v

Ael
HIGH. 1
LOWe1l
Aot
Ael

Vi

LOWQI
Be1l
12

18
15588
=15588

1«2

# SCALING DATA BLOCK

Low

HIGH

CORRECTED ML

RECOMPUTE A+B

vu
Y

1023 =MU-ML

255



H1
Lo
NXV

NYV

SXA
AXT
TRA
SXA
AXT

NX1e1l
O.1
Ne
NX1e1
11

256

X ENTRY POINT
INDICATE X

Y ENTRY POINT
INDICATE VY

# LINEAR SCALING AND FLOAT~FIX CONVERSION

Ne

Nel

Ne2

NX1

ERR

(Xay

SCERRV

SERSAV

SERREV

PXD
STO*
LDG#®
FMP

FRN
FAD
FRN
CAS
CAS
TRA
TRA
UFA
FRN
ANA

ALS

AXT
TRA
CL. A
STD#
SXA
caL
CAaLL
A¥T
PX0D
TRA
CLA
STA
CLA
STA
TRA
CLA
STA®
CLA
STA%
TRA
CLA®
STA
CLA®
STA

0
ERRORX e 1
1e4

Al

G

Bl

LOWe1
HIGH. 1
ERR
ERR

=0233000000000

=01777

18
L xR

24

=1817

ERRORX ¢ }
(X4) 44
=0000000600000
(PLOT)
s XX

0

NX )

Y
ERRORX
2¢4
ERRORY
3+4
ERRORX
14
ERRORY
2+4
344
1.4
ERRORX
248
ERRORY

REENTRY FROM Ne~Le SCALIN
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TRA 34¢s4 ‘
ERRORY a * ADDRESS=LOC (ERROR CELL)
ERRORX *

END



L 2 4]

10FROCGOO

258

* THIS SUBRQUTINE WRITES THE 1D FRAME

IDINFQ

IDFIN

JENO

FAP

COUNT 300
ENTRY IDINFQ
ENTRY IOFIN
(oF YA 10
SLw TITLE
CAL.#* 24
SLw TITLEYL
CaL»* Jeh
ORS TITLE+2
CAL #* Q4
SLwW NAME
CAL* Sed
SLLW NAME+ L
CAL* 64
ORS NAME+2
CaL¥* T b
SLW DEPT
Cat.® 8e4
ORS DEPT+1
CAL* 94
S{.W DATE
CAal # 104
ORS DATE+]
TRA L1e4
SXA 1D4 %
SXA I1D2+2
SXA iDi+}
CaL IMAGE
TsX BUFR+4
CAl. RST
TSX BUFR+4
CLA¥ $(JOBN)
STA *41
L.OQ * %

NON=EXPANDED IMAGE

NEW FILM FRAMEes AND
STOP TYPE AND SET 8RITE

FETCH J0B NOe

* CONVERT JOB NUMBER AND PRINT IN LARGE LETTERS
* WITH AXES INSERTED DETWEEN LETTERS.

(TAB)
lel

le2

AXT
8sS
PXD
LGL
STQ
CAS
TRA
TRA |
ALS
AcL
STA
AXT

T2

TAB1
6

TEM
ABLNK
le3d4
) el
2
(TAB)
Ie3
Gel

FETCH NEXT CHARACTER
LoC 000000000060
DIGIT #4s PLUS

TABLE ORIGIN
=TABLE ENTRY



* LOCK UP VECTOR COMMANDS FOR THIS DIGIT

Ie3 CAL *de 1 VECTOR COMMAND
ACL. OFFSET INCREMENT X<ORIGIN
TSX BUFR«4 TRANSMIT VECTOR
TIX Ie3elni _ COMPLETE DIGITY
1¢34 CAL AX1ISe2 OUTPUT AXIS
TSX BUFR«4%
Cal OFFSET
ACL Sé64817 . LOC 64B17
SLW OFF SET
SpACE
LDG TEM
TX Jefele}
TXH leleled
XL [Ielel2+2
CLA ATEN TEN IN ADDR,
TRA le2
le& AXT WORDS~INSTAL el
CalL WORDS s 1
T8X BUFR4
TiX *e=Lolel
* OUTPUT EIGHTH AXIS TO END ID FRAME
caL AX15~8
TSX BUFR+4&
IDL AXT #dol
102 AXT % e 2
I1D4 AXT * el
TRA 1e4
BUFR SXa 8X4¢4
TSX SIPLOT)+a
BX4 AXT *it el
TRA 1+4
* TABLE OF DIGITS FOR JOB NUMBER sscessney
TABQ VFD 2/3¢6/728+310/8¢2/7346/32410/732
VFD 2/73¢6728+10/32:¢2/72¢6/732¢10/0
VD 2/3¢6/28410/56e2/70¢6/32410/732
VFD 2/73¢6/7248410/7320¢2/1¢6/32410/64
TABY VFD e/3+4E/716410/16¢2/73e6/16210/16
VFD 2/3¢6/70010/732:27066/762¢10/70
VFD 2/3+6/16210/732¢2/70¢6/2+10/62
VFR 2/7316/32+10/716+42/2:6/70¢10/764
TAB2 VFD 2/306/728210/B¢2/346/1€410/16
VFD 2/73:6/24e10/732¢2/246/724+10/70
VFO 2/73¢6/748:10/56+270+46/40010/28
VFD 2/73¢6/748+10/82/2¢6/0+910/64
TAB3 VFD 2/3+6748+10/8¢2/72¢678410/70
VFD 2/306/24910/56¢2/0¢6/24¢10/8
VFD 2/73¢6/28410/32¢2/72:6/16¢10/732
VFD 2/3¢6/748¢10/56¢270¢6/24+10/748
TABa VFD 273¢670+10/74042/16/763¢10/764
VFD £/73+36/732+10/740¢2/0:¢6/748¢310/0

259



TABS

TABS

TABY

TABS

TABY

DASH

* TABLE

AX1S
*

DATE

VFD
VFO
VFD
VFD
VFD
VFD
VFD

VFD

VD
VFO
VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFO
VFD
VFD
VFD
VFD
VFD

VFD
VFO
VFD
VFD
VFD
VFD
VFD
VFD
BES

2/7316/748+¢10/8¢2/72¢670410/748
27315730+10/56¢2/71¢6/8+10/48
2/3¢6/730030/48¢270¢6/0010/70
2/73+6/78210/8e2/006/24+10/0
2730674001 0/702/7246728+10/24
/3167402107800 2/0:6/728¢10/52
/3467329107406 2/0e6/40¢10/0
2/73¢E/720010/8e2/2¢6/24410/40
2/3:6/728+10/28¢2/346/720+10/64
2730673641 0/56e271¢6/16010/744
2/3+6/748910/8¢272¢6/0+10/0
2/316/724¢10/560v27006/76310/70
2/3¢6/160¢10/732¢2/73+6/56+10/64
2/3¢6740010/48:2/1¢6/78410/8
2/7315/48¢10/8¢2/72¢6/0¢10/70
2/3¢6/748¢10/56¢27046/76310/0
2/73¢6748¢10/8¢2/246/70010/764
2/73+6748+¢10/56+271¢6/763¢10/764
27306/72T010/35e¢2/71¢6/23¢10/743
2/306/728010/802/3:6/72010/20
2/7306/268010/3202/246720+410/70
273167406 10/756+270:6/8448¢10/20
2/73167830+10/16+2/73:670¢10/732
2/3e¢6/70010/56e¢2/72+46/8410,32
2/3:6740010/56¢2/0¢670010/40
2/3+6/010/716+2/71:6/8410/740

OF aAX&S TO OUTLINE 10 FRAME

06/30+30/0
Q6/30+3074
06/30+30/1019
056/30+30/71023
06/32+12/70+18/71023
06/32+1274+18/1023
06/32+12/71019+18/71023
06/32+12/1023+18/71023

JOB 1D 8LOCK
INSTAL OCT

oCcT
oCT

QCT
CCT

oCcT

oCT

TITLE OCT

200536460144¢303146606263¢216325606445
.S.Uo

316525516231 637012000000

eSelUe CONT,

200536450226 ¢644433602346

oCol e

444733604321 +223312000000
200526240310:¢216325606060

ATE

0000000000 000012000000

PACE FOR DAT

200536631130:316343256060

1TLE
6G06060606060+606060606060+000000000012
PACE FOR TI1T

260



NAME

OEPT

oCcT
oCT
QCT

QCT

200536511212+256364514560+634660606060
ETURN TO

6060605606060+606060606060:000000000032
PACE FOR NAM

200536241274 4254763336060

EPTe

0000000000 +000000000012

PACE FOR DEP

#* TABLE OF VECTORS eeees ARROW INDICATING THIS 0B

WNARDS
nRST
TEM
OFFSET
I MAGE
ATEN
ARLNK
S64817

VFD
VFD
VED
VFD
VFFD
VFD
VFD
VFD
VFD
VFD
8ES
Vi

- QCT

RPZE
QCT
oCT

END

2/3+6/763¢10/7100002/1¢6763+10/900
2/7316/763¢10/71000+2/0¢6/763410/7900
2/73:6/53010/99042/16/753¢10/900
2/7346/752+010/799002/0+6/752107900
2/346763+10/7985¢2/709674¢10/7902
2/306763¢10/9864¢2/1¢6/4910/898
2/3¢6/763010/92302/046/8410/7906
2/3¢6/753610/92302/1¢6/74+10/894
2/7306/762¢10/7860¢2/7096/74+10/910
2/73+6/763:10/860¢2/1¢674¢10/7890 -

06/56+30/70

44444256 '

450000000000 STANDARD IMAGE
10

000000000060

000100000000

261
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08V /01400/9¢2/2¢99G/701062/9¢€/2
08Bv/01¢C9/9¢0/2¢905/01¢00/9¢E/2
< N JO aON

EVS/01400/9¢2/72+01S/01 +60/9¢E/2 -

EvS/01400/9¢2/724080/701460/9%E/2
66v/01 o0 /94272468701 ¢62/9%C/2

669/01490/940/2689701¢00/94C/2

08v/01¢00/942/2°81G/01460,/94C/2
08¥/01°00/9+2/2°089/701460/94€/2
0BY/01¢*EG9/P¢0/20L2G/701¢00/94E€E/2
089/701evv/9¢0/2°81G/01¢00/9¢C/2
08Y/01* o1 /9¢2/2°68v/01¢62/9%E/2
0BY/701l*€9/9¢0/24080/01¢00/94E/2

1 3 40 aON
PES/01%60/940/24199/01400/9%E/2
LOS/01460/9%0/2°ESHP/01400/94E/2
08v/0I%60/9°0/72°199/01400/9%C/2
7EG/01¢Q0/902/2° 1EV/0140E/9%C/2
689/01°00/942/2°1EH/0140E/94C/2
9IG/01%00/9¢S/21CP/0122/9¢€/2
LOS/01°00/9¢2/72°1E9/01422/9%E/2

68%/01+81l/9¢0/2°1E¥/01¢00/9%C/2

EVvS/01400/9¢2/20229/70106L/9%€/2
089/701400/9¢2/72422%701 ¢6E/9%E/2
0By /014¢£9/940/2¢22%/701600,/94€/2
P1G/01¢81/90/2°1EH/01200/90CE/2

SU3LL3T IoAVTT NI (ANI) H0d SHOLD3IA A

00000000009
vel

vexx

lexx

1elsCwmn

S+%

AN dH=

J43m

teg

NvY 3D
Telel—%
ve (10X S
JesSQUOM
eIV ASNI—-SQHOM
NY3T1D)
{LOd)
AQVINA

1+ (1X)

e (oX)
AWvTy L3
WYl qQl

00T1.

O000WH 43

Qda
QA

ada
a4
QdAa
Qs
- a3a
-QdA
- QAA
adn
AN
QA
Qdn
QdAn
. GdA
asdAa
Qda
ada
adna
QdA
adn
a4
adn
adna

120
vyl
LXY
LXV
X11
3z«

. 3zd

TIvo
LXV
IvD
X1.1
XS L
avo
L AXY

JvY.

avd
avo

VXS

VXS
AULNI
ONISOTID

ANNID,

. dvd

IVLSNI

O 38vL =

AQund

(o)
C1%)

3nvy3

L2 L



VFD

VED

VFD
VFD
VFD
VFD
VFD
VFD
VFD

VFD .

2/3+6/194010/575¢2/2¢6/719,10/7480
2/3+16700+10/594¢2/046/725+10/7499
2/73+¢6/719+10/59412/006719:10/524
2/3¢e6/29010/5785¢2/70:¢6/00410/543
2/73¢6/700410/7555¢2/0:¢6/745¢10/489
2/73+6/715010/555+2/72+¢6/7004107489
2/73e6/715010/75T70e62/2¢6/715410/7889
2/73:6/700+10/7585¢2/0¢6/715+410/504
2/3e¢6/15e10/585¢2/0+6/715:10/519
2/73:6/715410/555¢2/72+6700410/534
ND OF D 3

TABLE OF VECTORS ARROH.IND!CATING THIS JOB

oCcT
oCcT

0LCT

acT
ocT
ocT

OoCcT.

oCcT

oCcT .

ocT

776030777604
776030577604
752042553604
752042753604
776046411606
776046611602

776145411612

776145611576
776244411616
776244611572

" TABLE OF AXES TO OUTLINE 1D FRAME

WORDS

ocT
ocT
ocT
ocT
ocCT
ocT
ocT
ocT
ocT
ocT
oCcT
ocT
ocT

" ocT

ocT
BES
END

300000000000
300000000004
300000001773
300000001777
320000001777
320004001777
321773001777
321777001777
201122600042
606330316260
475146275121

- 444431452760

227060606060
223360275146
652562120000
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e FapP
ENFM1 000
COUNT 3
* USE THIS EFRAME SUBROUTINE FOR NO END FRAME ON THE TAPE
‘ ENTRY EFRAME :

EFRAME SXA (X&) 4
' cAL  FMADV
CALL (PLOT)
~ CALL (CLEAN
(Xa) AXT A% 4
TTR 14
FMADV OCT 460000000000

END



265
W FAP '

: EXT 0000
COUNT 50

»* CLEAN UP SUBROUTINE
* USED TO REPLACE 1D FRAME ¢ JOBNOCAMRAV IN MIDDLE RUNS
ENTRY CAMRAV
ENTRY  FRAMEV
ENTRY JOBNO
~ ENTRY IDINFO
CAMRAV SXA . (X4)+4
CALL 10FM
CAL =0430000000000
CALL (PLOT)
(X&) AXT - #%.4
’ TTR 2¢4
FRAMEV SXA X414
CAL =0460000000000
"CALL (PLOT)
CALL (CLEAN
X4 AXT *% 94
TTR 24
JOBNO TTR 24
IDINREO TTR 11+4

END



* %%

*
*

APLOTV

EXIT

X1
X2
X4

Al

A3

Fap

COUNT

APLTO000

150

266

ARRAY PLOTTING FOR Xe¢¥Y POINTS
CALL APLOTV(NeXeYeIXel1YNCsCHAR [ERR)

ENTRY
SXA
SXA
SXA |
TRA
TSX
TSX
TSX
AYT
AXT
AXT
TRA
CLA
STA
cta
STA
CLA
STA
CLA
STA
STZ#»
TSX
TSX
TSX
TSX
TSX
TSX
LXA
CLA#®
ALS
STO
CLA#%
ALS
STD
CLA®
TZE
T™™!
ALS
LXD
LXD
suB
TRA
ALS
PDC
PXD
t.oC

APLOTV
X444
X222
Xlet
Al
SSERREV S
SX

Sy

L L XD
#3 e 2
*42 o 4
Seqd
24

AX

38
AY
7e4
ACRAR
84
ERR
ERR
SSERSAVe4
SX
sY
SSCERRV «4
XERR
YERR
X4e4
Q8
18
IX
544
18
1Y
14
EXIT
A3
18
IXe}
IYe2
1817
A2
18
Oel
Oel
IXe1

SAVE X REG

X

X

TRA TO START
RESTORE ERROR
CELLS

RESTORE X REG
b 4

X

RETURN

STORE BASE
ADDRESSES OF
XeYs CHAR
ARRAYS

b 4

X

SAVE 1ERR CELL
ZERO IERR CELL
x

SAVE PREVIOUS
ERROR CELLS

X

SET NEW ERROR
CELLS

X

SAVE IXe 1Y

4
b

x

PICK UP N

ouUT IF ZERO
FORWARD ARRAY

POSITIVE VALUES
FOR IXe 1Y
N=-1

COMPL e N
X
COMPL « VALUES



A2

AS
A6
A4

A7

A8

A9

A13
AX

AY

L.0C
ACL
STD
STD
ACL
sSTP
STP
SXD
SXD
TXH
TXH
TPL
AXC
TRA
AXT
SXD
CLAH
ALS
TNZ
CLA
TPL
PDC
PXD
AXC
TRA
suB
AXT
ACL
ACL
STD
SXD
STP
AXT
AXT
AXT
STZ
CLA
STO
SXA
TsX
TSX
ANA
ORS
CLA
S7o
TSX
TSX
LXA
CHS
ADD
ANA

IYe2
M1
Al1S
Al6
M2
AlS
Al6
Alls}
Al12.2
AQsle0
AGe¢2+0
AS
1e1
A6
1.1
Al1Se1
644
18
A7
1817
A8
Ol
Ol
1e1
A9
1817
1e1
M1
M2
Ata
Al10e1
Ala
Qs
0«2
Os4

#3te 1

Al7e4
SNXV e

M3

e 2

SNYVes

Al1T4

M3
M3

FOR IXe 1Y

MAKE TXL

STORE TEST DECR
X

FILL IN OP
STORE OPS

X

STORE INCR
VALUES

TEST FOR INCR BOTH
ZERO

YESe TEST OP
AND MAKE TEST
DECR 1 OR =1

X

X

PICK UP NC

i ZERO MAKE
1T 1

BACKWARD ARRAY
COMP OF NC

p S

‘"l FOR INCR

X

NC =1

+1 FOR INCR

MARKE OP TXL

SET IN COP

STORE TEST DECR
STORE INCR VALUE
STORE OP

ZERO ALL XR

b4

X

ZERO PLOT COMMAND
GET X

SCALE X
X
STORE IN PLOT COM

GET V¥

SCALE Y



ACHAR

Al0
Ala

All
AlS
Al2
Alé

ERR
SX
SY
XERR
YERR
IX
184
1817
M1
M2

M3

M4
A17

ARS
ORS
caL
sTZ
ORA
STZ
TZE
ADD*
STO#
TRA
CLA
ALS
STA
sTP
ZET
ARS
ANA
ARS
ORS
CLA
TSX
LXA
TXI
XL
AXT
TX 1
TXH
TX1
TXH
TRA

HTR
PZE
PZE
PZE
PZE
PZE
PUE
RPZE
OoCcT
OCT
HTR
oCcT
HTR
ocT
HTR
HTR
END

18

XERR
XERR
YERR
YERR
ACHAR
ERR
ERR
Al10
£ 8 XX )

S{PLOT )4
Al17.4
R41 04 ¢ it
Alled et
04

#4101 otk
EXITel o
Hp ] 02 0 W
EXITe2e%%
Al3

STORE IN PLOT
COMMAND

ACC SCALING
ERRORS

X

GET PLOTTING

CHARACTER AND
STORE IN PLOT
COMMAND

XXX XX

GO TO BUFFER

INCR CHAR

OK

CYCLE CHAR
INCR X

TEST FOR END
INCR V¥

TEST FOR END

BACK FOR NEXT PTe.

CONSTANTS AND TEMPORARY CELLS

L2

O et
OsOs#n

Os0Os ¥t

OO ¥%
OesOens

(s FYe TR 1

QOeDel
400000000000
300000000000
*%
001777000000
* %

000077000000
* %

L(IERR)

PREVIOUS ERROR

CELLS

NEW ERROR
CELLS

X

1Y

ONE IN DECR
MASKS FOR
TXHe TXL

PLOT WORD

MASK FOR NXs NY

TEMP FOR CHAR
MASK FOR CHAR

268
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#*8% FAP

L ]

COUNT 40
ENTRY PLOTV
MAIN CRT POINT PLOTTING ROUTINE

SPACE
* CALL PLOTVINXsNY s K)
* PLOTS CHARACTER NOe (K)Y AT (NXNY)
* K MAY BE DECIMAL INT OR BOOLEAN VARIABLE
* IF ADDRESS FIELD OF (K)Y 1S NON-ZEROD
* K 1S ASSUMED TO BE OF THE FORM (1HK)
* AND 1S SHIFTED ACCORDINGLY.
»*
EJECT
PLOTV SXA X4 ¢4
CAL® 3.4 CHAR
STA T TEST FOR BCD FORMAT
ZET T
ARS 12 YESe POSITION CHARACTER
ANA =63817 REMOVE BLANKS ETCe.
ARS 5 POSITION IN CRT WORD
SLw =HERE CHARACTER CODE
CLLS+ 2¢4
ADD =Q1777001777 CORRECT SIGN CONVENTION
ARS 18
ACL % 1.4
ANA =01 777001777
ORA z=HERE
CALL (PLOT)
X4 AXT #% o4
TRA Qe4
T

END



*35 %

POINTV

P1

P2

P21

P3

P4

FAP
COUNT
ENTRY
REM
REM
REM
REM
REM
REM
REM
SMA
SXA
CLA%®
PDX
STO
CLA#%
STO
CAL®
St
CAL
ANA
sus
TNZ
TX1
SXA
TZE
TSX
TSX
STO
TZE
TSX
TSX
STO
TZE
REM
TiX
TXL
AXT
SXD
TSX
TSX
TSX
TSX
TXL
TXL
TIX
cL A
T™MI
XL
TYL -
TSX

270

100

POINTV

CALL POINTV (Xs¥YeNS)

OFF SCALE POINTS WILL NOT 8E PLOTTED

. SCERRV SUBROUTING WILL CONTAIN ERROR

INDICATORS

NS NEGATIVE MEANS NO CENTER DOT
INTEGER«NSeMAY BE Oslesesell

OR CALL POINTV (NXeNYe¢NSel)
ENDPT41+2

ENDPT42¢1

3+:4

O»el}

NS

1«4

IX

24

1 4

4¢84
=07 T7T7T7TT7T00000
=0007400000000

*42

#¥4lefie=] HAS 4 TH ARGUMENT
ENDPT .4

P2

SNXVeq

IX

IX

ENDPT

TNYVeq

1Y

18 4

ENDPT

COULDe IN FUTURE« PROVIDE FOR VECTOR SYMBOLS
P2s1+1¢100

P3e¢1+99

O}

NSel

SPLOTV 4 POSITION BEAM TO
IX # AVOID POSITION
IV #ERROR
BLANK

P4+¢1+0

P4+s140

#4148

NS

PsS

P4as1e14

PSs1e¢24

$PLOTV el
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TSX IX
TS8X 1Y
TSX DOT’
TxL ENDPT 10
PSS CLA ADDR1 oL TABL1
Ps STA P8
SXA P10+1
AXT 02
e7 TNX PBelebH
TX1 PT7e¢201
P8 LoQ it e 2 TABL. 1 OR TABLZ2
P9 PYD 0
LGL 6
TiX PGelel
PAX Os2
SXD SYMBe+2
TSX SPLLOTVea
TSX 1X
TSX 1Y
TSX sSyYymMB
P10 AXT 41
CLA ADDR2 LOC TABL?2
THH ENDPT+ 1424 '
TiX P6etela
ENDPT AXT 2 XY -9
AXT it o 2
AXT #*3%¢ 1
TRA 4¢84
ADDR1 PZE TABL 1
ADDR2 PZE TABL2
NS P2E 0
BLANK PZE O«+0e48
DoOT PZE 0042
oCcT 404051406060 32324649432
TABL2 OCT 676720206161 55¢55016¢16:49¢49
ocT 515502030710 41¢45¢243¢78
ocT 212225264447 17+218:21¢22+¢364¢39
OoCcT 563445631324 46928337:51s11:20
oCcT 312762665074 25¢23¢50¢54+40¢60
ocT 467761000067 38¢63¢49¢0:0e55
OoCT 757146774677 61¢57¢38¢63¢38+63
oCcT 436400302365 35eS2¢0:24¢19:53
TABL1 OCT 466777702054 38¢55¢63¢564¢16¢449
IX PZE (o]
1Y PZE o]
sSYMB PZE o]
END

END
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* %% FAP

PRNTO000
COUNT S50

%

* SCATRAN TO FORTRAN CONVERTER FOR PRINTV
ENTRY PRINTS
ENTRY PRINTS

PRINTS S¥a X4Ael
CLA® 14
ALS 18
STO Al
CLA 24
STA 8cCo0o
TSX SPRINTV.4
TSX Al
8cD TSX * %
Xa A AXT H4%eq
TTR 3.4
PRINTS SXA XaB«.4&
CLA® = 1.4
ALS 18
STO Al
CLA 2e4
STA B8CD1
CLA® 3«4
STO A2
CLAH® XY
STO A3
TSX SNXVa 4
TSX A2
STO A2
TSX SNYVea
TSX A3
STO A3
TSX SPRINTV.4
TSX A1l
BCD1 TSX * %
: TSX A2
TSX A3
XaB AXT %% o4
TTR 54
Al PZE
A2 - PZE
A3 PZE
EJVECT

END



» FAP
COUNT
8L
ENTRY
TYPING
CALL
CALL

N

8co

CRT

OR

NX
NY

* ok & & k k k k X

150

4PRTVO0OO.L

PRINTV
ROUT INE
PRINTVIN.BCD)
PRINTV(NBCD+NXeNY)
=N0 [
=NAME OF BCD ARRAY

273

OF CHARACTERS TO PRINT

OR HOLLERITH ARG IF N IS NEGATIVE
#ORDINATES IF SPECIFIED
CURRENT POINT IF OMITTED

STOP TYPE WILL BE INSERTED AFTER FINAL CHARACTERS

33036 3 T 363 I 36 36 I 3 I 36 3 I A6 I T T I I W T IE T I IE I W I I I I W I I3 H

SPACE
SXA
SXA
SXA
Cl A%
LRS
DVH
PAX
XCA
CAXT
TPL
AXC
COM
-ORA
LGR
sSL@
SXD
AXT
CLA
STA
SPACE
CAL
ERA
ANA
TNZ
TX1
SXA
CLS*
ADD
ARS
ACL
ANA
S Lw
* PREPARE
CAL
LGR

PRINTV

T2 T X I LT LY
2
X444
X2¢2
X1t
1e4
53
=6
2

141
*43
1e1

=38B20 '
‘18

Le

Llet

Os1

24

B8CD

1

3.4

Oe¢s4

oP

T1

W] ehoe=2

X4 ¢4

2¢4
01777001777
18

1¢0
=01777001 777
LocC

1ST CHARACTER

BCD
30

NOe OF CHARACTERS

REDUCE MOD 6

NOe CHARS IN LAST WORD
NOe WORDS BEFORE LAST
SET UP MAIN LOOP

TXHes aN OR TXL ¢ s =N=1
+ OR-1!
SET FOR 1ST WORD

TEST FOR SPECIFIED POINT

NO NX«NY GIVEN
NXeNY,

NY
CORRECT SIGN CONVENTION



T1

TS5

B8CcD
L1
L2

»
T12
Te2

Te21

*
X4
X2
X1

STop
TSP

-TCP60
TCPST
TCP
Loc
LocCz2
oP

sSTQ
ALS
ORA
OoRA
CALL
CAL
TRA
SPACE
BSS
CAL®
LGR
STQ
ALS
ORA
CALL
CAL
ARS
ORA
XD
TXL
TXH
TRA
SPACE
CAL
TX1
TXH
CALL

TRA

XL
Loa
xXrC
XEC
CALL

AXT
AXT
AXT
TRA
ocCT
ocT
ocT
ocT
oCcT

TXL
SPACE

Locz
12
TSP
LocC
(PLOT)
5T0P
TS

1

8cDh

30

Loca2

24

TCPST
(PLOT)
Locz2

6

TCP

L2+s4
T12+4+0
T12e¢4¢=2
L1

2

L2 X |
H4lel s ¥R
Tel2el o#
(PLOT)
B8CD

XGe2s1
STOP
RSHe2
LSH2
(PLOT)

#4804
e 2
%441
3.4

120000000000
200000000000
221200000000
220012000000
220000000000

so=~1

1

# TABLES OF SHIFTS

ARS
ARS

6
12

274
SAVE CHARS 2-6

TSP=X~CHAR=Y

CURRENT POINT

TCP<=CHAR-STOP

CHARS 2¢3¢===N

ONLY ONE WORD
TCP=CH=CH=CH=-CH=-CH

+1 OR-1
TXHe oN OR TXL ¢ s =N=1

ONLY ONE CHARACTER
LAST WORD

SHIFT IN STOP TYPE CODE



RSH

LSH

ARS
ARS
ARS
NOP

LGL
LGL
LGL
LGL
LGL
CAL
END

18
24
30

12
18
24
30

‘STOP

275



276

* %% FAP

PRVT0000
COUNT 100

*

* "SCATRAN TO FORTRAN CONVERTER SUBROUTINE FOR PRINTING
ENTRY RITSTS
ENTRY RITE2S
ENTRY CHSIZS

RITSTS SXA X444
CULA® 14
ALS 18
STO At
CLA® 24
ALS 18
STO A2
CLLA 3.4
STA AlS
TSX SRITSTVea
TSX A1l
TSX A2

Al1S TSX 3
Xa AXT Rt ot
TTR 4.4

RITE2S SXA XA4AeH
SXA X1Ae1l
CLA 8.4
STA WORDS
CLA® 1+4
STO A1l
CLA® 2¢4
STO A2
AXT Sel

B1 CLA® XY
ALS 18
sS*0 AT74+11
TreX #4220ttt
TX1 Blegqo=i
TsX SNXVea
TSX Al
STO At
TSX SNYVea
TSX A2
STO A2
TSX SRITE2V 4
TSX Al
TSX A2
TSX A3
TSX A4
TSX AS
TSX AS

TSX A7



WORDS

X4 A
X1A

CHS1ZS

X448

A1l
A2
A3
A4
AS
A6
A7
LAST

TSX
TSX
ARS
AXT
AXT
STOH®
TTR
s¥a
CLA®
ALS
STO
CLA*
ALS
STO
TSX
TSX
TSX
AXT
TTR
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE

EJECT:

END

* %
LAST
18
*He4
%4 1
4
10+4
XagB .4
14
18

Al
249
18
A2
SCHS1IZVea
A1

A2

L L Y )
3.4
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#*#% FAP
COUNT 300

* SUBROUTINE RITEZ2V
ENTRY RITEZ2V
ENTRY RITSTV
ENTRY RITXYV

RzZM GENERAL YRITE USING VCHARV
REM CALL RITEZV(IXeIYJLIMITeK e INToNTOTAL»
REM NTHe WORDSe NLAST)
REM NTH SHOULD BE MINUS IF WORDS HOLLERITH
REM -2 2-3 2 T X X J
REM MUST DEFINE TABL=-V WITH F CARD
REM CALL RITSTV(ISPACE+IROWsTABL~V)
REM OR CALL RITSTVI(ISPACE+1ROWeA(l1)+0)
REM RITSTV 1S A SET UP ROUTINE.
REM IF RITSTV 1S NOT CALLEDe STANDARD WwILL BE USE
D

REM CALL RITXYV(IX.1Y)
REM THIS RETRIEVES THE LAST USED IXelY

RITSTV CLA% 14
STO ISPACE
CLA® 244
STO IROW
CLA 3¢9
STA V6
CAL - %Y
SL.w v7
ANA - MASK2 LOC T ?77TT7TT7TQ0000
Sus MASK3 LOC TSX 0¢0.0
T2E S5e4 )
CLA NOP LOC NOP
STO v7?
TRA 444

TXYV SXA SAVZ2.2
LXD KPRIME.2
CLS IX
XEgC SB8HH2
S¥D# 1e8
CLS 1Y
XEC ADHU 2
STD#* 24

SAV2 AXT e 2

TRA 3.4

RITE2V SxaA IR&«+4
SXA IR2+.2
SXA IR1.1
CLA Bea
STA WORDS
AXT Te1

R10 CLA® 14

STO NTH+1.1



rR12

R13

R30

WORDS

TNX
TX1
cLa
ANA
ARS
PDX
STD
TSX
TSX
TsX
AXT
CL.A
ALS
TXH
ADD
STO
ALS
STO
ADD
CAS
STO
NOP
TIX
AXTY
CLA
XeC
STO
™I
LoG
TLQ
XEC
™1
LoQ
TLQ
TNX
TX1
X!
CLA®
STO
LXD
LDQ
sSLe
suLa
LDG
sLa
TSX
TSX
TSX
TSX
T8X
TSX

#4201 01
R10¢4¢~=}
K

MASK1

1

O«2
KPRIME

SRTS1ZVea

INCRW
INCRH

241
INCRH+1e¢1
1

#2010}
INCRH
HALFH+1+1
1
HIGH+1+1}
L4
IROW+1e¢1
IROW+1e1

R12e¢t1e1
241
IY4+1e1
SBHHe 2
IY4+1e1
ERROR
i.1023
ERROR
ADH 2
ERROR
L1023
ERROR
#42e191
R13e¢20=1
#4120
1YSe2
ISTART
NTOTAL 1
SBWe2
RA40

R50
SBHH«2
R70
SHOLL V4
NTH

* 3

L

SVCHARV +4

K

.OC 000007000000

00123

INCRW e+ INCRH

NOP + ADD INCRH
HALFW HALFH
WIDEe HIGH

ISPACE « IROW

SUBHALFH e« SUBHW + ADDHM« ADHW

IYeIXeIYeIX
NTOTAL
SUB+ ADD+ADD «SUB

SUB«SUB«ADD+ADD
FOR OPERATION



v2
v3
va4

vé6
v7

R40

RSO

TPL
NEWRW

R70

R8O

CUTOK

IR4

IR2
IR1

ERROR

SBHH
ADHW

ADH
sBw

IXS

TSX
TSX
TSX
TSX
TSX
NOP
CAL
ACL
St
CLA®
sus
STO#
sus
sus
TzE

“TXL

TXH
TPL
™!
TPL
cLA
STOs»*
CL A®
suB
STOo#
T™]
LDQ
TLG
TIX
XD
AXT
AXT
AXT
STO#
TRA
CLA
TRA
ADM
ADM
SBM
SBM
ADM
SBM
S8M
ADM
ADM
sS8M
PZE
PZE
PZE
PZE

INT
IX

1Y

L
#4390
%8
NTH
L1
NTH
1¥YSe2
1SPACE
IYS+:2
W 1DE
LIMIT
R80
TPLe240
TPLLe2¢2
NEWRY
R8O
R80
ISTART
I1YSe2
IXSe2
1ROW
IXS2
ERROR
L1023
EFERROR
R30e1lel
0
#33:4
*% e 2
#iFe}
Qe
10¢4
NTH
IRS
HALFW
HALFH
HALFW
HALFH
HALFW
WIDE
HIGH
WIDE
HIGH
WIDE
1 9 4

IX

1Y

11X
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IVeIXolYelX
SUB« ADD+ADD+SUB
IVeIXelYelX
SUB« ADD+ADD ¢« SUB

IYeIXelYelIX
IXelYelXelY
SUB+SUB«ADD ¢ ADD
IXeoIYeIXelY

BACK FOR NEXT CHAR
CLEAR



1Ys
HALFW
HALFH
INCRW
INCRH
WIDE
HIGH
ISTART
L

X

1Y
LIMIT
K

INT
NTOTAL
NTH
L1

La
L1023
I SPACE
IROW
MASK]
' KPRIME
MASK2
MASK3
NOP

PZE
PZE
PZE
PZE
PzZE
EQU
gaQu
PZE
PZE
PZE
PZE
PzE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
ocT
PZE
ocT
TSX
NOP

END

O0000000OC0

Oe0e1l

(s XY XX
001023
CeOe 18
Os0Os24
000007000000
0
7777700000
0+0+0

(8]

281



*% %

CHSIZV

RTS1IZV

VCHARV

vCoo6

vCoo7

vcoos

FapP
COUNT
ENTRY
ENTRY
ENTRY
REM
REM
ClL A
STO
CLA®
SYO
TRA
CLA
STO*
CLA
STO#
TRA

- REM

REM
SXA
SXA
CLA®
STD
CLA#
sSTO
CLA®
ANA
ARS
STD
CLA%
ARS
STA
CLA®
PDX
caL
ANA
suB
™Z
CLA
STA
CLA

XY

CLA®
STA
ADD
STA
CLA
STA
SXA
AXT
TX1

800

CHS12V
VCHARV
RTSIZV

282

NO TESTS MADE FOR INSUFFICIENT SPACE

STANDARD S1Z2E.
" 1led

IwWM
2e4
I HM
< FY-S
TWM
14
1 HM
24
3.4

IF CHSIZV NEVER ENTEREO
IX MULTIPLE

1Y MULTIPLE

CALL VCHARV(IDEGINTeIXeIYNCODE+» TABLE)
OR CALL VCHARV(IDEGsINTs IXeIYeOsA(1)+0)

OUT2Z2.2
OUT3.1
3.4
ROOT
]e4y
ROOT2
1.4
MASK]
1
SWICH
24

18
vC04a6
Se4
02
T4
MASK2
MASK3
VCOo06

 G6ea

vCco20
LZERO
VCOOT7e48 9=
6¢4
vCco20
ONEA

*41

* 0

vCo15
OUT144
Ol
VCO10e2+01

0e90¢18B0e¢270¢ 360
1.OCO00006000000
D0¢102e¢3:0

CHARACTER SELECT
ARE THERE 7 ARGSe.
LOC 777777700000
LOC TSX 04000

GET STARTED AT NON=-ZERO



vCo1lo0

vCo15

vCo19
vCo20

vco21

vcoz2

TNX
™1
LDa
XEC
PXD
LGL
PAX
AXT
LDQ
SXA
LXD
PXD
LGL
TZE

LGR

‘XD

STZ
ALS
LGL
sS*To

CTNX

vVC030

vCo32

vVCo3s
vCO036

vCcoao

vcoa2

vCoas5

ADD

TIX
STD
ALS
ARS
suB
XEC
XeC
XEC
ORS
LXD

PXD

LGL
ALS
LGL
sSTO
TNX

ADD

TIX
STD
ALS
ARS
suB
XeC
XEC
XeC
ORS
XEC
REM
suB

VCO15+244
VCO10e101
*kel
RQLSs2

(o]

9

Oe2

3.4

*i o2
SAV2.2
SWICH.2
o)

12

ouUT1

9

TWMe 1
WORD

15

3

ADDR
VCO32¢101
ADDR
VCO30+101
XTEMP

21

3

XTEMP
MOVE 1.2
TMIPL. s 2
MOVES.2
WORD
IHMe 1

0

3

15

3

ADDR
VCOAZ2e1 1
ADDR
VC0AO0s11
YTEMP

21

3

YTEMP
MOVE3.2
MOVEZ2s+ 2
MOVE4 «2
WORD
MOVEG+2

ROOT2
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ENTRY

MOVE THROUGH TABLE

TABLE

X2=X1
ARSB+ALS10+ARS8.ALS10

BIT 19:18+19+18

yY2-Y1

ALS10« ARSB. ALS10s ARSS
TM] s TMT « TPL « TPL

BIT 18+19+18+19

CLA XTEMP.CLS YTEMP
CLSXTEMP+CLA YTEMP
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ADD L1023
ARS 18 .
ORS WORD
CAL ROOT :
XEC MOVE7+2 ADD YTEMP+XTEMP.SUB YTEMP
' XTEMP
ACL WORD
sTQ" SAVO
SXA SAVa 4
SXA SAV1 1
VC04a6- AXT LI XN INT FACTOR
PAL
PIA
TSX $(PLOT) a0
TIiX #2010l '
SAV1 AXT  #ie1 RESTORE
SAVa  AXT #xe4 RESTORE
LDO SAVQ RESTORE
TiX VCO21+841
SAV2 AXT #4242
TX1 VCO019+201
ouUT1 AXT L 2 Y-
ouT2 AXT H# o2
ouT3 AXT kg1
TRA Tea
ROOT OCT 600000000000
ROOT2 'PZE o
WORD PZE (o}
ADDR PZE o
YTEMP PZE (o]
XTEMP PZE o
SAVG P”E (o} SAVE QUOT.
8IT18 PZE O0s440
BIT19 PZ2E Ce240
L1023 PZE 0+¢0+1023
ONED PZE Oe¢0el
ONEA PZE 1
TRA vCo10 SHOULDNT GET HERE
RQL 27
RQL 18
RAL o
NOP
ROLS NOP
THM PZE 0¢0¢3 ' STANDARD
TWwM PZE 0+03
SWICH . PZE (o} 0 OR 1
suB XTEMP
suB YTEMP
ADD XTEMP
MOVE<Y ADD YTEMP

ALS 10



MOVE 1
MOVE3

MOVE2

MOVE4
MOVES

MOVES

TMIBL
ZERO
LZERO
~MASK)
MASK2
MASK3

ARS
ALS

ARS

ALS
Tro
TPL
T™1
TMI
ORA
ORA
ORA
ORA
ORA
CLA
cLSs
cLs
CLA
TPL
TM1
™1
TPL
PZE
PZE

ocT

oCcT
TSX
END

a8

10

8

10
VvCo45
vCoa5
vCcoas
vC045
Bi1T19
81T18
BIT1O9
BI1T!8 .
BIT19
YTEMP
XTEMP
YTEMP
XTEMP
vCo3s
vCco3s
vCco3S
v€o3s
0

ZERO
000006000000
TIP?TTTT7TO0000
0e0+0
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*%

HOLLYV

H1

H2
3
H4

HS
H6
H7

FAP
COUNT
ENTRY
REM
REM
REM
REM
REM
SXA
SXA
SXA
CLA#®
POX
AXT
TPL
AXC
)
CLA
STA
AXT
TNX
Tx1
[Male
PXD
XEC
LGu
ALS
AXT
AXT
AXT
STO*®

" TRA

RQtL.
RQL
RaL
RoL
RQL
NCP
NOP
END
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100

HOLLV

CALL HOLLYV (1Js WORDSs L)

+J FORTRAN (DESCENDING) WORDS BLOCK
-J ASCENDING WORDS BLOCK

J NOe OF THE CHARACT.

t.e LOCATION IN wWHICH CHAR IS STORED
HS5 4

HE2

H7+1

1e4

Ol - NO OF THE CHAR
1.2 START WORD COUNTER
H1

12

H3.2

2+4

Ha

Os4

HAs1 6

H2 ¢4 o 3 INCREASE OR DECREASE

H¥eq

(o]

RO +6+¢ 1
6

18

L L XY:?
H¥e 2
it e ]
3e&

44

30

24
18
12
6



%% %

ENTR1V

INFIN

LESEQU

GRTEQU
LESS

GRATR

BRACEC

3RACEQ

BRAKTC

BRAKTO

FAP
COUNT

ENTRY
REM
REM
PZE
VFD
VED
VFD
vro
VFD
VFD
VFD
VED
VFD
VFD
VFD
VFD
VFD
VFD
VFO .
VFD
VED
VFD
VFD
REM
VFD
VFD

VFD

PZE
VFD
P2E
VFD
VFD
VFD
VFD
VFD

VFD
VFD
VFOD

VFD
PzZE
VFD
PZE
VFD
VFD
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220

- TABLE FOR ENGLISH CHARACTERS

TABL1V

TABLE | TO BE USED WITH VCHARYV

MIGHT ADD FURTHKER ENTRIES

o]

G/180¢9/181¢9/7183.9/185
O/171e9/173e9/176:9/179
O/159¢9/162¢9/16649/7169
O/151e9/153¢9/715%.9/1857
O/182+:9/144849/146 ¢9/149
©/136+9/138+9/139,9/1241}
9/129«¢9/130¢9/131 :9/135
9/11949/7121¢9/124.9/126
9/105¢9/7109¢9/7112.97115

O/98 09/96+¢9/98¢9/102

Q/8T7+9/8809/901+9/03

O/ TE«D/T7B+G/82e9/04

Q/EBeQ/TOCvQ/T2eO/74

/5T e0/60+9/62¢9/64

O/4TeS/48¢9/50+9/54

9/38e9/39049/40:0/44

Q/23¢9/2949/33+49/37

O/12¢89/1849/1749/21 A«s5e647

S/0e9/3¢9Q/5.9/8 Ce192+2

MIGHT ADD MORE CHARACTERS
S/74e3/3e¢3/3e3/2¢3/3¢3/2¢3/243/3¢12/70
3/1e3/70e3/24¢3/303/2¢3/303/3¢3/4:3/3e¢3/74¢3/643
/73 :
3/70e3/71e3/3e3/74e¢3/193/72e3/4¢3/3e3/2¢3/71e¢3/3:3
/72

0
3/0¢3/84¢3/443/72¢3/003/8¢3/748:3/6¢3/043/7446/0
o]
3/033/8¢3/2¢3/8+43/003/74893/7643/843/0e¢3/4+6/0
3/0¢3/44¢3/34¢3/143/0¢3/443/3:¢3/5+12/0
3/0e¢3/4¢3/143/3e¢3/0¢3/4+3/5¢3/3+12/0
3/68¢3/3e¢3/3¢372:24/0

3/3e3/203/503/643/2+3/1¢3/6:3/6¢3/3:3/74:3/443

/3
3/1e3/2¢6/0¢3/2¢3/3¢3/0¢3/1¢3/3e¢3/3:43/143/5
3/0e¢3/13/343/2+24/0
3/1e3/2e¢3/503/76+43/243/3¢3/603/6¢3/1e3/7003/744+3
/73
3/3e3/206/0¢3/72¢3/1¢3/70e03/713/1e3/1¢3/163/5
0
3/2e3/84:6/0¢3/4¢3/4¢3/0e¢3/6+3/443/2e3/76¢3/76
0

3/2¢3/7006/046/0¢3/03/623/0e3/2e¢3/6+3/76
3/1e¢3/7846/0+24/70



cLv

PRCNTV

ANDV

SQUAR

SUM

INTEG

PRENO

COMMA

DGREE

VFD
VFD
VFD
VFD
VFO
VFD

VFD

VFD

VFD
VFD
VFD
VFD
VFD

VFD
VFD

VFD
VFD

VFD
VFD

VFD
VFD

VFD

PZE
VFD

- PZE

“C

VFD

VFD
VFD
VFD

VFD
VFD
VFD
VFD
VFD
VFD

VFOD
VFD
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3/0e3/1e3/3¢3/2¢3/103/3+3/2e¢3/2¢3/3¢3/1¢3/73
/0
3/3e¢3/133/5e¢3/5¢3/1¢3/70e3/5¢3/8:46/0e¢3/74¢3/3
3/3e3/2¢3/0e3/1+24/0
3/2e3/393/143/2¢3/3e¢3/7403/2e¢3/143/74¢3/3e¢371 3
70 .
3/1'3/003/403/503/!93/403/603/603/403/0,3/6t3
/70
3/0¢3/7103/5e3/643/193/2e3/76e¢3/5¢3/2e3/71¢3/53
/74

3/71e¢3/71e3/5e¢3/7893/1+3/4¢3/4+3/0+12/0
3/0¢3/3e3/243/5¢3/303/2e¢3/5+3/6¢3/2¢3/1¢3/6+3
7S
3/7803/3e3/3e¢3/70e3/3¢3/71e6/0+3/1+¢3/043/043/2
3/744¢3/70¢3/1e3/2424/0
6/70¢3/143/5¢3/7033/4¢3/503/5e3/74+3/4+3/5+:3/71
3/7093/3¢6/0¢24/0
3/0e¢3/3¢3/6¢3/63/0¢3/72e¢3/6¢3/3¢3/2+3/70:¢3/3:+3
/70

3B/2¢3/71¢3/1e¢3/70¢3/143/0:6/701270 :
3/4¢3/3e3/6¢3/6¢3/3e3/2+3/76¢3/543/243/2:3/53
/1

3/3e3/2+3/70¢3/70e3/30¢3/2¢3/6e3/6+12/0
3/2e¢3/7103/03/71¢3/14¢3/143/1403/543/1e3/72e3/7543
76

3/2+3/2¢3/2¢3/1e¢3/2e¢3/13/1¢3/0412/0
3/243/143/243/7293/103/7/1e3/2¢3/143/1¢3/243/1.3
VD

3/2e3/1¢3/3¢3/3e¢3/13/7063/3:3/78+12/0
3/2¢3/3e3/6¢3/75¢3/393/303/5e3/803/3+3/2¢3/4+3
/3
6/0e¢3/74¢3/5e¢3/70e¢3/133/5e¢3/6+3/143/23/6+3/6

0]

3/0¢3/4¢3/6¢3/643/03/4¢3/0e¢3/643/0e3/74:6/0

3/043/2+3/643/3e3/2+3/203/0+3/343/2¢3/4+373.3
/76

3/70e¢3/4+3/643/70+3/0¢3/4¢3/70+¢3/6412/70
3/3¢3/74¢3/0¢3/6¢24/0
3/70¢3/1e3/6¢3/70e3/103/2¢3/0e3/7443/203/3:3/743
70

3/70e3/2¢3/643/043/2¢3/4¢3/0:3/64+12/0
3/3e3/43/70437043/4693/7403/1¢3/6412/70
6/0¢3/6e¢3/1e¢3/0¢3/13/183/70e¢3/1:3/3:46/0
3/2¢3/2e¢3/0:¢3/76e¢3/0e¢3/78¢3/76e¢3/6412/70
3/3e3/71e6/0¢3/71e¢3/0:¢3/70+3/1+12/0
3/333/74e¢3/3¢3/72e¢3/4e¢3/4¢3/2¢3/143/843/73+3/71:3
70
6/0e3/543/74¢3/70e¢3/103/4s3/3¢3/1e¢3/3e¢3/343/3
3/4¢3/3¢3/5¢3/6¢3/3¢3/183/60376¢3/1+3/70e¢3/764+3
/S ’



SLASH
BLANK

DER1V

TILOE

GAMMA

ASTRK

DOLAR

DOTT

VFD
PZE
VFD
VFD

VFD

PZE
VFD

PZE
VFD

VFOD

PZE
VFD

VFOD
VFD

VFD

VFD

PZE
VFD

VFD

VFD
VFD

VFD
PZE
VFD
VFD

VFD

PZE
VFD

VFD
PZE
VFD
VFD

VFD
PZE
VFD
VFD
VFD
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3/0+3/4+3/0¢3/6¢24/0

o]

3/3¢3/3e¢3/103/5¢24/0
I3/3e3/2e3/2e¢3/1e¢3/2¢3/71e3/1437143/1e¢3/70e3/71+3
/72
3/0e¢3/1¢3/2e¢3/3e¢3/1¢23/72¢3/73e3/303/2+4373e¢3/3+3
s2-

0

3/70¢3/71e3/303/7403/103/303/4e¢3/2¢3/3:¢3/74e¢3/7243
/73

0
3/2e3/1e¢3/0¢3/20¢3/103/1e3/1e3/2e¢3/1e3/74e¢3/2+3
76
3/70e3/3e3/543/72e3/3e¢3/393/2e¢3/71e3/3:¢3/72¢3/1:3
70

0
3/003/403/303/303/!03/303/503/!03/303/!03/503
71

3/2¢3/72e3/0e¢3/7e3/1+3/713/043/7e12/70
3/3¢3/223/2¢3/193/2¢3/1¢3/71e371e3/1+370+3/713
72 '
6/0e3/5e3/4¢3/0e3/3¢378e¢3/3e¢2/393 /32730372
3B/3e3/2e¢3/5e¢37603/2e¢3/71¢3/6e¢3/6¢3/1e¢3/70¢3/643
7S

0
3/2e3/1e3/2¢3/3e3/203/2¢3/4¢3/2+3/3¢3/71e¢3/343
73
3/71e¢3/2+3/3+3/4¢3/2¢373e3/4+3/3e¢2/3¢3/72¢3/73+3
/2

3/2e¢3/4+3/3+43/70+24/0
3/4¢3/4¢3/5e¢3/4:3/4¢3/3¢3/4:¢3/3¢3/3¢3/70¢3/3¢3
/73
6/0e3/0¢3/6¢3/003/3¢3/6¢3/6e¢3/343/4¢3/6¢3/S

0

3/3e¢3/1¢6/0e37143/0¢3/70e¢3/1e¢3/72e¢3/78:3/2:3/0
B/3e3/403/643/5¢3/4403/74e3/5¢3/1:3/78:3/3e¢3/7143
70 .
6/70e¢3/143/5¢3/0e¢3/7103/53/6e¢3/71e¢3/3¢3/7643/6

(o]
3/7443/7403/5¢3/7443/403/303/74+3/3¢3/3:¢3/70¢3/3+3
/3
6/003/03/543/0e¢3/3¢3/663/693/343/74+43/6¢3/5

(o]

3/3e3/1e6/043/7103/0¢3/0¢3/13/8e3/2¢3/6e3/4
3/3¢3/4¢3/6+3/5+3/6¢3/8¢3/5¢3/1¢3/4+43/3:3/713
/0
6/0¢3/1¢3/5¢3/7003/103/5¢3/63/1e3/343/6¢3/76

0

6/0¢3/7003/6¢3/7003/8¢2/7603/0e¢23/442/4+43/70:¢3/6
3/7%403/8e¢3/6¢3/0:24/0
6/7003/003/6¢3/0+3/2e3/6e3/3¢3/72e¢3/843/3:3/6



MINUS

QUSTN

PLMIN

BETA
PRENC

PEROD

Pl

VFD
PZE
VFD
VFD
VFO
VFD
VFD
viD
VFD

VFD

PZE
VFD
VFD
VFOD

VFD
VFD

VFD
VFD

VFD
VFD

VFD
VFD

PZE
VFD
PZE
VFD
PZE
VFD

VFO
VFOD

pzE
VFD
VFD
VFD
pZE
VFD
VfD
VFD
VFD
VFD
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6/0e3/7003/6¢3/70e¢3/4+:6/0612/0

(o]

6/0¢3/0e¢3/6e3/0e¢3/4¢3/303/6¢3/2¢3/4+3/4:3/0
3/2e3/4¢3/6:376+24/0
3/1e3/26/0¢3/203/393/0e3/1e¢3/3e3/3e3/1:3/6
3/70e3/1e¢3/2¢3/72e¢5/043/72¢3713/70e¢3/1¢3/71:3/0
3/0e3/43/2¢3/2:24/0
3/2e¢3/72¢3/1¢3/70e3/2e3/72+¢3/1:3/0412/0
3/4¢3/4¢3/5¢3/4¢3/4023/2¢3/4¢3/343/2e¢3/2e3/33
/72
3/70¢3/1e3/5¢3/7693/193/73¢3/76+3/76¢3/3¢3/4¢3/6+3
/S

o
3/0e3/8¢3/403/7443/23/72¢3/2+3/76¢3/443/70:6/0
3/3e3/72e6/0¢3/2¢3/1¢3/70e3/1412/0
3/3¢3/4e3/3e3/263/7403/784¢3/2¢3/71¢3/4¢3/73¢3/71.3
/0 .
3/3e3/74¢3/603/5¢3/04¢3/74+3/S5¢3/744¢3/4:3/2¢3/44+3
/73
3/70¢3/1¢3/703/5¢3/193/23/5+3/6¢3/2+3/3¢3/64+3
/76

3/7193/2+3/0e¢3/70e3/1e3/2e3/6¢3/6:12/0
3/72¢3/3e¢3/70e371+3/3e3/3e3/103/5e¢3/3¢3/72:3/543
/76

3/2:3/1¢6/7024/0
3/71e¢3/71¢3/0e3/713/713/2¢3/7103/71¢3/2¢3/2:3/1+3
/70

3/1e3/3¢3/3e¢3/3e3/393/4¢3/3:3/4012/0
3/1e3/1¢3/7003/3e3/3+3/3¢3/0¢3/393/7043/71+3/72+3
/73 '

3/1e3/3¢6/0e¢3/2¢3/2e¢3/7003/6¢3/1e3/3:¢3/76:3/76

(4]
6/003/0+33/6¢3/70:¢3/4e¢3/303/3e¢3/443/4:3/70:3/6

0
3/3¢3/78433/0¢3/13/8e¢3/74¢3/71e3/3e3/4¢3/2e¢3/3:3
/73

6/0¢3/5+3/1e¢3/7033/1¢3/1e3/0e3/71e¢3/3:46/0
3/443/3e3/5¢3/693/393/103/6+93/7643/1+3/70+3/643
75

o]

6/0¢3/0¢3/6¢3/0¢3/4+43/6083/643/70¢3/3:3/3¢3/3
3/0e3/3+3/3+3/3+24/0
3/4¢3/70+6/006/0:3/0¢3/76¢3/0e3/74¢3/,6:3/6

(o]

3/4¢3/843/5e¢3/71¢3/4:3/343/1¢3/0e¢3/3¢3/7046/0
6/0¢3/0+3/6e¢3/70¢3/3¢37693/76+3/3v3/8+43/76+3/5
3/3+¢3/4+3/0+3/7/1+24/0
6/0e3/5e¢3/13/70e3/193/7103/70e¢3/143/3¢6/0
3/403/303/503/603/3v3/103/603(603/103/003/603
/75



PLUS

ALPHA

DLTA

PRIME
QuUOTS
EQLS

PARTL

NINEN

VFD
VFD

VFD

VFD
PZE
VFD

VFD
VFD
VFD
VFD
VFD
VFD
VFD

VFD

VFD
VFD

VFD

VFD
VFD
VFD
VFOD

VFD
VFD
VFD

VFOD
PZE
VFD

- VFOD

EIGHT

SEVNN

SIXN

VFD

VFD
VFD
PZE
VFD

VFD
VFO

VFD

"VFD

VFD
VFD
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3/3:¢3/0¢30/0
3/303/493/3e3/2e¢3/4+3/7403/2¢3/71e3/8:¢3/3¢3/1:3
/70 .
3/4e¢3/Q¢3/543/7443/4e3/303/403/3e¢3/0¢3/3¢3/33
73
6/7003/0¢3/64¢3/703/3e3/6¢3/6¢3/3e¢3/4:3/6+3/5

(o]
3/003/2e3/0e¢3/76¢3/2¢3/74¢3/6037043/71¢3/343/73+3
/73

3/0¢3/74¢3/3¢3/3e3/2¢3/2¢3/1¢3/75+12/70
3/2e3/84¢3/4:¢3/70+:24/0
6/0¢3/71e3/3¢3/7033/1¢3/3¢3/443/1:3/72e3/46¢3/74
3/4¢3/2e¢3/74e¢3/043/293/1¢6/03/1¢3/0:3/7043/71
3/7103/71e3/140372e3/103/2e¢3/2e¢3/3+12/0
3/4e¢3/3¢3/1¢3/70e3/303/2+6/0+3/2+¢3/1¢3/0+3/1
3/1e3/3e¢3/4¢3/303/303/7493/3¢3/2e¢3/4¢3/46¢3/2¢3
/1

3/3e3/243/5+3/643/2e3/1+3/6¢3/5¢3/143/1+3/543

/4

3/2¢3/2e¢3/5¢3/6424/0
3/1e3/103/443/6¢3/3e¢3/3e¢3/4¢3/76412/0
3/7003/74¢3/2¢3/2¢3/003/43/8:3/7484412/70
3/1e3/72¢3/3¢3/3+3/2¢3/3e3/33/2012/0
3/71¢3/70e3/0e¢3/7146/0+3/7163/2+370¢3/1e¢3/243/3
3/74¢3/3e3/5e¢371e3/30713/2e3/1¢3/70e3/2¢3/71+6/70
3/1¢3/72¢3/8¢3/6e3/2¢3/3e3/6¢3/6¢3/3¢3/74¢3/6¢3
/S

3/1¢3/3e¢3/3¢3/73e3/3¢3/8¢3/3+3/4+12/0
3/143/003/6¢3/5¢6/03/5023/4+3/04¢3/143/7443/3
3/443/8¢3/1¢3/5e3/4+3/3¢3/5e3/76:3/3:¢3/1¢3/763

/6

3/70e3/1¢3/1e3/0e¢3/1¢3/336/043/343/7443/7043/1

0

3/4¢3/3¢3/1¢3/70¢3/3¢3/1¢6/0¢3/1+43/70+3/043/1
3/3e3/13/303/7343/3e3/74e3/3e¢3/72¢3/8¢3/8:¢3/2+3
71
3/303/4e¢3/6¢3/5¢3/8+3/4+93/5e¢3/443/74¢3/3¢3/74:3-
/73
6/7003/4¢3/5¢3/7003/103/5e3/6¢371e¢3/3e¢3/76+3/6
@\OoU\—.U\N.U\O-U\noU\NoU\UoU\uoU\OoU\Uou\b

6/0e3/5¢3/6¢3/0e3/8443/643/6:3/74+3/1:¢3/643/0
3/3e¢3/71e6/0637143/0+3/043/71412/70
3/3v374+3/303/2e3/4023/403/2e¢3/71e¢3/74¢3/3+3/71+3
70 '
3/3e3/403/6¢3/5¢3/003/13/2¢373¢3/1e¢3/73e3/33
/73 :
6/0¢3/713/Se¢3/0¢3/13/5+¢3/6+3/71e3/3e¢3/6+43/6
6/70e3/74¢3/643/0e¢3/4¢3/693/6+12/0
3/4+3/748+3/143/7303/74e3/343/3+3/74¢3/73e¢3/70e¢3/74¢3
74



FIVEN VFD
VFD
FOURN VFD
VFD
VFD

VFOD

THREN VFD
PZE
VFD
TWON VFD

PZE

ONEN VFD
VFD
VFD

TABL1V VFO

PZE
END
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3/70e¢3/1¢3/14370e¢3/1¢3/73e6/0¢3/3:¢3/4:3/03/1
3/7093/4¢3/2¢3/2:24/0
3/2¢3/74¢6/0¢3/3¢3/3¢3/7003/6+3/34¢3/70¢3/6+3/2
3/3e3/71¢3/6¢3/643/193/70e3/6¢3/512/70
3/3e3/4e3/303/403/4e3/48+3/4+3/75+¢3/6¢3/73+3/5+3
76 .
3/4s3/7403/1¢3/2¢3/7433/363/2e3/3v3/3¢3/2+3/33
/73
3/0e3/71¢3/1¢3/70e3/1¢3/3+6/0e3/3¢3/4:3/0:3/71

0

3/4¢3/4e3/5¢3/74¢3/4¢3/7003/84:3/0s3/063/4+6/0
B3/0e3/71e3/5e3/6¢3/71¢3/3¢3/603/6¢3/3¢3/443/764+3
75

o

3/71¢3/306/003/203/2¢3/0e3/6¢3/1e3/2¢3/5e3/6
3/3¢3/2¢3/0¢3/70e¢3/2¢3/1¢3/043/1412/0
3/3¢3/4e¢3/6¢3/5¢3/4¢3/8¢3/5¢3/1+03/443/3+371+3
70
3/1e3/303/1¢3/5e¢3/1+3/2e3/5e3/76e¢3/2:3/3¢3/76+3
76

ENTR1V



*% %

ENTR2V

- OMEGA
PS1

CcHI

PHI
UPSILN

TAU

S1GMA

RHO

Pl

OMICRN

FAP
COUNT
ENTRY
REM
PE
VFD -
VFD
VFD
VFD
VFD
VFD
PZE
VFD
VFD

VFO
VFD
VFD
VFD
VFD

PZE
VFD

VFD

VFD
VFD
VFD
VFD
VFD

VFOD
VFD
VFD
VFD
VFD

VFD

VFD
VFD

VFD
VFD

VFD

PZE
VFD
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150

TABL 2V

TABLE OF GREEK CHARACTERS

0

O/ETeO/61 19 /63:¢9/65

O/4TeG/50e¢9/53¢9/55

O/36¢9/38¢9/42:9/45

Q/2Te9/29¢9/31¢9/33 -
Q/14e¢9/1T7¢9/20+9/23

O/0¢973¢0/7:¢9/710

o -

3/744¢3/74e¢3/193/303/4¢3/3e¢3/3e¢3/48412/0
3/1e3/2¢3/0e¢3/143/2¢373e¢3/71¢3/70e¢03/3e¢3/74¢3/7043
71
3/163/0¢3/74¢3/73¢6/0¢3/3¢3/1e¢3/0¢3/1¢3/1:3/0
3/2e3/4¢3/1e3/3¢3/2¢3/1e¢3/5¢3/70412/0
6/0e3/303/2¢3/7003/710372¢3/1e3/71e¢3/2e3/1e3/1
3/4¢3/0e¢3/5¢3/70024/0
3/0!3/!03/503/503/103/;'3/503/103/303/4!3/!03
70

(o]
3/3e3/71+3/143/7193/1e3/0e¢3/13/72+3/2e¢3/1+3/6+3
70
3/3e¢3/78¢3/503/76e3/4e37403/933/2e3/4+3/3e¢3/23
/1 :
6/0e3/72e¢3/74+3/093/1¢374¢3/5e¢3/7143/3:3/5e3/
3/2¢3/73¢3/063/7143/3e3/3e3/1e¢3/74412/90
6/0e¢3/74¢3/71e¢3/70e3/133713/0:3/103/2+86/70
3/3e¢3/8¢3/3¢3/74+424/0
3/2e¢3/7103/3e3/70e3/03/102/2¢3/3e¢3/1e¢3/3e¢3/3+3
/73

3/3+3/3e¢3/1+3/3+3/3¢3/2e¢3/3:3/4412/0
3/7003/1¢3/1¢3/7003/1e3/72e¢6/0s3/2e¢3/3+3/0+3/1
3/4¢3/1¢3/4¢3/74¢3/1¢3/7003/46e3/3+46/70¢3/73:3/1
3/303/2¢3/2e¢3/2¢3/2¢3/71¢3/243/3412/0
3/303/74e3/5¢23/4e3/8e¢3/403/443/3¢3/4:3/73¢3/3.:.3
72
3/0e3/1¢3/0e¢3/73e3/193/2¢3/3e¢3/5¢3/2e3/3+3/5+3
75

3/1e¢3/3e¢3/3¢3/3¢3/333/74e¢3/3e¢3/44+12/70
3/71¢3/71e3/1e3/3¢3/3e3/3¢3/713/3¢3/Ce3/1+3/723
/3

3/2¢3/71+6/0:371¢3/0¢3/70¢3/1412/0
3/3+33/7443/74¢3/73¢3/4e3/33/3e¢3/1e3/3e¢3/72¢3/13
/0 ’
3/0¢3/71e¢3/1e¢3/73¢3/1¢3/72e3/7333/78e¢3/2+:3/73¢3/44+3
74

0
3/1e3/2e3/2¢3/1¢3/2e¢3/303/383/1233/3¢3/2¢3/713
/70



VFD
XTI VFD

VFD
NU VFD

PZE
VFO

MU VFD

PZE
LAMBDA VFD

PZE
KAPPA VFD

VFED
10TA VFD

pzEe

VFD
VFD

THETA VFD

VFD
VFD

ETA ‘VFD

VFD

VFD

ZETA VFD

pZE
VFD
EPSLN VFD
VFD
VFD
VFD

DELTA VFD

PZE

VFD

GAMMA VFD-
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3/1e¢3/203/4+3/3e¢3/23/393/3¢3/3e¢3/2¢3/71e¢3/73¢3
/72
3/2e¢3/3¢3/6e3/543/383/23/5+3/5¢3/2¢3/1:3/5+3
74

3/2e¢3/3+3/1e¢3/2¢3/3+¢3/8e¢3/2:3/4412/0
3/70e3/103/743/3e¢3/103/703/3¢3/71e¢3/70e3/2+3/13
71

- 0

3/2e¢3/3e3/1¢3/72¢3/3¢3/3e3/72¢3/78e¢3/3e¢3/4¢3/2+3
/1 '
3/70¢3/7193/03/74+3/1¢3/193/76e3/2e3/1e¢3/2¢3/23
71

o
3/70e3/1¢3/5¢3/5¢3/1¢3/74¢3/5¢3/0e3/2¢3/70:3/3:3
70

-0

3/1e3/70¢3/4¢3/70+3/3e3/1e3/4¢3/2:3/2+3/3¢3/73:3
70

3/2e¢3/3e¢3/0¢3/7112/0
3/2e¢3/1e3/4¢3/2¢3/1+3/193/2¢3/71e3/7103/2e¢3/1+3
70

B+ )

3/2¢3/1+6/0¢3/71¢3/0¢3/0¢3/143/3e3/1¢3/33/3
3/3e3/4¢3/7603/5¢3/4+3/3¢3/5+3/71e¢3/303/72+3/71+3
/70

- 3/7083/103/7143/5e¢3/1e3/72¢3/5¢3/643/2:3/73¢3/643

76

3/3e3/3¢3/1¢3/70+24/70
3/2e3/3e3/64¢3/4¢3/3+3/7403/48¢3/3e3/4¢3/3:3/73:3
/1
3/003/1e3/843/4¢3/1+3/70e3/4¢3/1e3/0e3/2¢3/143
/4

3/3e3/2¢3/1¢3/003/2:3/71+6/0+12/0
3/1¢3/71e3/8¢3/72¢3/1e¢3/2¢3/2¢3/71¢3/72e¢3/3e¢3/1:3
71 .
S/2e3/383/643/5¢3/40¢3/393/5¢3/5¢3/443/1¢3/5+3
/4

0

3/70e3/143/10370¢3/13/306/70¢3/3¢3 /0372372
3/3¢3/103/443/7443/1e¢3/7093/4e3/3¢6/0¢3/33/71
3/71e3/71e3/71e¢3/2¢3/1+3/2+3/2¢3/73+412/0
3/443/343/103/7003/3e3/2¢6/003/72e2/143/0e43/71
3/1e3/3e3/4¢3/3¢3/3:¢3/74¢3/3e3/2¢3/8¢3/4¢2/2+3
71
3/3e3/23/5¢3/6e¢3/2¢3/7163/6¢3/754¢3/71¢3/7143/5+43
74

O -
3/2¢3/71e3/0¢37103/1037103/71¢3/72¢3/71¢3/74¢3/23
76
3/7003/343/5e3/2e3/3¢3/303/2+3/1e¢3/3¢3/72e3/71:3
/70



BETA

TABL2V

ALPHA

VFD
VFD

VFD
VFD

VFD
VFD
VFD
PZE
EqQuU
END
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’

"3/3¢3/2+6/0+3/72¢3/1e3/093/1412/0

3/3e¢3/43/3e3/72¢3/4e3/7803/72e3/1e3/74¢3/73¢3/143
/70
3/3e3/8¢3/6e¢3/5¢3/4+3/78¢3/5¢3/443/4:43/72¢3/74,+,3
73
3/0e3/143/0e¢3/5e3/13/2¢3/5+3/6:3/2+3/343/6+3
/6

3/2e¢3/74¢3/4¢3/70424/0
6/0e3/143/3¢3/0:3/1¢3/3+¢3/4+3/1¢3/2:¢3/743/4

- 3/8e3/72¢3/4¢3/70e¢3/2¢3/146/70¢3/71:¢3/70:43/7043/1

ENTR2V
TABL2V



#*5 %

ENTR3V

OMEGA

PS1t

CHI

PHI1

UPSILN

TAU

SIGMA

RHO

PI

OMICRN

X1

NU

FAP

CCUNT
ENTRY

REM

VFD

VFD
VFD
VFD

VFD -

VFD
PZE

VFO .
VFOD

VFD
VFD
VFD

- VFD

PZE
VFD
VFD
VFD
VFD

VFD

VFD
VFD
VFD

vVFD

VFD
PZE

VFD

VFD

VFD
VFD

-VFD

PZE
VFD
VFD
VFD

VFD '

VFD
- PZE
VFD .

VFD
VFD

- PZE
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80

TABL3V

TABLE OF GREEK CHARACTERS
O/5149/85:9/58¢9/61

9/41¢9/448¢9/4T7¢9/39

9/31+9/33¢9/35+9/38

O/21+9/23:¢9/26+9/28

9/10+¢9/713:9/15+9/17

Q/0e9/2¢9/6.9/8

o)
3/4¢3/4:3/54¢3/3e¢3/4¢3/3:3/73¢3/70:3/3+¢3/7446/70
3/0e3/103/5e3/603/1¢3/303/6¢3/6+3/3¢3/7403/76+3
/S :
3/0¢3/1e6/003/7103/0e3/0e3/3e¢6/0e¢3/3¢3/5

" B/2e3/72¢3/0¢3/7693/143/3¢3/603/7/6+12/70
'_3/303/403/103/203/403/403/2v3/303/103/306/0

6/003/303/203/003/103/203/103/103/303/113/1
0
3/1e3/7043/6e¢3/76¢3/0¢3/74¢3/643/7003/3e¢3/744+6/0

" 3/103/70+6/70e370e3/4¢3/7043/76+3/4e3/3¢3/76+3/6

3/2e¢3/72e3/70¢3/76¢3/3¢3/71e3/643/6:12/0
3/74e¢3/3e¢3/2+3/1e3/3¢3/1e¢3/143/13/34¢3/146/0

3/1e3/303/5:3/5e3/3037403/5¢3/443/7443/4¢3/443

/72 -
3/1e3/703/1e¢3/72¢6/003/2¢3/4¢3/0¢3/1:3/74¢3/5
3/3e3/4¢3/6¢3/5+3/2+3/2+3/4+3/0+.12/0
3/70e3/103/5e3/7603/1e¢3/2¢3/763/78¢3/2e¢3/73¢3/78.:3
/76

T B/2e3/2«3/6:¢3/7024/0

6/003/5¢3/7603/70e¢3/83/6¢3/6¢3/4¢3/84¢3/6¢3/5

0
3/2e3/0e3/3:¢3/6¢3/0¢3/4e3/6+3/76¢3/8443/484+3/64¢3
7’5
3/74¢3/4+3/113/0e3/8+43/006/0¢3/70¢3/2¢3/70¢3/3
3/3¢3/70e¢3/34¢3/73+24/0
3/3e3/4e3/76¢3/8e3/4v3/803/5e3/4¢3/74¢3/3e3/743
/73

" 3/0e3/146/006/003/0¢3/6+3/0e3/3¢3/643/6

0

- 3/6+3/3¢6/003/3e3/3e3/003/603/843/3e¢3/6+3/6

3/0¢3/146/0¢3/1¢3/143/0e3/643/043/1:43/6¢3/6
3/74e¢3/3¢3/14¢3/70¢3/303/1e¢6/70+12/70
3/103/3¢3/6¢3/76¢3/3e3/803/6e¢3/5¢3/8e¢3/74¢3/5:3
/71
6/703/1¢3/5e¢3/70e¢3/1¢3/1+¢3/0e3/0:3/1:3/5¢3/6

0

3/0e¢3/8¢3/6e3/7603/1¢3/3e3/3:3/3¢3/043/4+6/0
3/4e¢3/4¢3/0¢3/7643/3¢3/4¢3/6¢3/64+12/0

' 37043/106/0¢67043/0+3/6+2/70+37843/6+3/70

0o



ACULNI
O/C*9/ESV/ESS/E*9/E*0/EZ/ES0/E*0/9¢ L/EC0O/E
Q/21e2/C42/CEE/Co1/E20/9¢ b/EVE/E

O/ EVO/ESC/ESO/C8O/C20/C20/9%0/90C/EC0/E

€/

E*V/ECC/E U/ ES V/ESS/COV/CV/EVS/EVI/CS Y/ESE/E
27

ES L/ B/ES P/ EVC/EVS/EVE/E Y/ COE/ESE/C*0/CE/E
, O/BL40/ESEC/C*0/ESL/ESE/ES W/E
O/CYO/C S G/ES 1 /ESO/Q82/ES0/E%9/C0/C 1 /€% 1/
O/V2G/E*O/CC /CS Y/
Q/ESO/ES2/ECY/ESO/E O /EVQ/EPS/E*0/90/C* ¥/

o

O/C*O/ESO/C* V/E*0/90/C*O/E*D/ECO/ESO/9

2/

E'O/E E/EC/ESGS/LQ/ESP/C /R CQ/E* L/ P/EV/E.

Q/VESeE/E L/ E/EQ/E
O/E*O/ELO/7E*V/C F/ECI/EQ/C e D/LQ/E¢G/E*O/O
O/21¢0/€%L/7E°V/€E20/€%0/900/€ 0/

S/ECO/E Y/ ECB/C E/EE/EC0/E*H/EC0/E*I/E0/9

0

I/€E*0/7EC0/7€ 1 /E*S/E*I/E*Q/E*I/7E 1L/E*G/E*0/9
1/

ECS/CU/E V/EOS/ECI/C /B E/CI/E4Q/E0C/E L/E

E/7ESC/7EO/EV/E0/90 L/ECE/ECO/E L/EYE/EV/E .

o

O/E*I/E*C/E*2/E20/90 L/CSE/E*O/E2Q/EC T /7€%E/T
o
Q/EI/EI/C20/C20/9¢L/E*0/EQ/ECQ/C T/E L/E
or
CLE/EVV/ES/EI/EGr/ES /L E/ECZ/E I/ L /EO/E
O/ vCe0/90E/EV/C
Q/ECOQ/ESS/ECHL/ELO/E*O/ECO/T2/7E*Q/3%0/E /T
O/ 9SO/ E/E P/
2/7E29/E2/7€0/E49/EQ/€E40/9%0/9 1 /E*0/CE
O/9* U/E*E/EC0/ECO/E /LS W/E*I/EC2/Ev/E2/E

L6

aN3

32d

oo GAA

QdA

QdA.

QA

adn
asa

QA

QA
QA
3Zd
a=A

(¢ EFN
asda

. Q3N

asn

O3A

3z2d
L ET

QA

. QA
IzZa

.Qda-

3zd
Qda

asa
Q3N
QdA
adn
QdA

‘QdA

AETGVY

vi38

VYWWVYO
vin3Q

Nsd3

VL 3z

vi3

VAL3HL

viol

@&&d!

vagwva

N



%% %

ENTRSV °
BLANK

FaAP

COUNT
THE END
ENTRY
VFD
VFD
PZE

.VFD

TABLSY

VFD
VFD
VFD
VFD
VFD
VFD
VFD

PZE
VFD

VFD
VFD
VFD

PZE
VFD

VFD
VFD
VFD
VFD
VFD
VFOD

PZE
END

298

END 0000
S0

TABLSYV
9/17¢9/21418/70
9/0e9/3¢9/8+9/13

3/2e3/143/243/143/0¢3/0¢3/0e3/043/0¢3/0+3/0¢3
321.3/1.3/1.3/4.3/1.3/2.3/4.3/3.3/2.3/2.3/3.3
33353/3;3/4.3/1.3/3.3/as3/1.3/0.3/2.310.3/0.3
ggo.axo.a/o.3/5.3/0.3/2.315.3/5.3/2.3/3.3/5.3
gj:.3/0.3/0.3/0.3/0-3/0.3/0.3/0.3/0.3/0.3/0.3
233.3/2.3/0.3/0.3/2-3/1-3/0.3/3.3/:.3/1.3/3.3
232.3/2.3/2.3/5.3/2.3/3.3/5.3/5.3/3.3/3.3/5.3
g30.3/o.3/0.3/5.3/o.3/1.315.3/5.3/1.312.3/5.3
/2

3/1e3/3e3/1¢3/193/3¢3/333/1+3/043/3¢3/70¢3/7043
39203/203/303/2a3/2'3/103/203/203/193/!03(203
g;303/103/403/403/103/103/403/303/103/203/303
;3003/003/003/503/003/303/503/503/303/303/503
74

3/2e3/1e3/2¢3/2e3/193/1e3/2¢3/0¢3/1¢3/0¢3/03
383.3/3.3/5.3/0.3/3-3/2.3/0.3/0.3/2.312.310.3
gf;.5/2.3/3.3/3.3/2.3/2.3/3.3/5.3/2-3/3.3/5.3
350.3/0.3/0.315.3/0.3/1.3/5'3/5.3/1.3/1.3/5.3
232.3/2.3/4.3/0.312.3/:.3/0.3/0.3/0.3/0.3/0.3
230.3/3.3/5.3/5.3/3-3/3.3/5.3/4.3/3.3/2.3/4.3
gjx.a/x.axo.axa.azx.310.3/4.3/4.3/0.3/0.3/4.3
/S

ENTRSV



* FAP
: LINEOOOO
COUNT 25

LINEV SCATRAN CONVERSION SUBROUTINE
ENTRY LINE

LINE SXxA (X4)e+4
CLA® 14
STO Al
CLA® 28
ST0O A2
CLA® 34
STO A3
CLA#® Qe
STO AL
TSX SNXVead
TSX Al
sSTO Al
TSX SNYVeq
TSX A2
STO A2
TSX SNXVeaq
TSX A3
STO A3
TSX SNYV ey
TSX A4
STO A4
caLL LINEVeAl1+A2:A3A4
(X4 AXT : XY
TTR 5e48 )
Al pzE
A2 PZE
A3 PZE
A4 P2Z2E

END



*
*

*

*

*% %
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FaAP
COUNT 100
ENTRY  LINEV

VECTOR GENERATOR

CALL LINEV (NXOesNYONX1eNY1l )

LINEV SXA X4l
SXA X222
S¥XA X1e1
CLS*" 2.4 ' " STARTING NY'
ADD =0QY 777001777 CORRECT SIGN CONVENTION
ARS 18
ADD# 14
ANA =01777001777
Sew XX
*# COMPUTE DIRECTION AND LENGTH OF "VECTOR
CLA®* A48
SUB#* 24
XCA
CLA* 3.4
sSug* 1.4 -
THIS 1S REENTRY POINT FROM LOOP
Vo STO DELX :
STD XINC
sSTQ DELY
CLM
ORA =1819
ToPr *p2
cuM
Trt *42
ORA =1818 1 =2 4¢ O = =
STT CODE
REDUCE INCREMENTS TO 63#63 SQUARE
LXD DELXe 1
LXD DELY 2
TxL ViZ2el 63
TXL V3e2¢63
XINC TXL V3e2e%#
vz TSX SCAL +!
DELX
DELY
LX
('
va TSX PLOT 1
cLS LY PREPARE INCREMENT OF
ARS 18 STARTING POINT
ADD XX
ADD LX
STO *X NEW STARTING POINT
CLA DELY

suB Ly



NTN

v3

via
Vi

xX&
X2
X1

SCAL

PLOT

CODE
XX

DELX
DELY
9 4
Ly

XCA
Ct.A
suB
TX1

TSX

TRA

TXH
cLA
sSTO
CLA
STo
TSX
AXT
AXT
AXT
TRA

LODQ#*
CLA
LLsS
STO®
LRS
DVHH*
MOR*
ALS
STO»
TRA

CLA
ARS
ORA
ALS
ORA
ORA
CALL
TRA
BCI

END

DELX
LX
Vo

SCAL !
OELY
DEL X
Ly

(5 4

va

V2¢263
DELX
X
DELY
LY
PLOTe1
'Y}
2
o1
Ses

el

63817

o]
4.1
18
21
1e1
1e
31
Sel

LY

18

LX

10
CODE
XX
(PLOT)
1e1

1+ 00000

S

301

- X AND Y LESS THAN 64

CURRENT STARTING ORDINATE
SIGNED INCREMENTS

SUB—INCREMENTS
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AR FAP
VXAX1000
COUNT 3s
VXAXV SCATRAN CONVERSION SUBROUTINE
ENTRY VXAX
ENTRY VYAX

VXAX SXA (X1)e1
AXT Ol
TRA *4-3
VYAX SXA (X131
AT 141
SXA (X4)e4
CLLAM 144
STO Al
CLA® 2+4
STO A2
CLA# 344
STO A3
CLA* 444
ALS 18
STO Aa
TSX SNXVes
TSX Al
STO Al
TSX SNYVe s
TsSX A2
STO A2
TXH #44010
TSX SNXV e s
T&X A3
TTR AY
TSX ESNYVea
TSX A3
AY STO A3
TXH AXele0
CALL VXAXVeAlcA2:A3¢ AL
TTR (X1
AX CALL VYAXVeAl e AZ2¢A3 AL
(X1) AXT it e}
(X4) AXT g XY
TTR Se4
Al PZE
A2 PZE
A3 PZE
A4 PZE
EJECT

END



*3%

VXAXV

VYAXYV

HV

COMPL

FaP
COUNT
ENTRY
ENTRY
REM
REM
REM

REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
RCM
REM
REM
REM
REM
REM
RgM

SxA
AXT
L.LDO#*
CLAS
STO
TRA
SXA
AXT
LDQ#
CLA®
ST0
SXA
CLA%*
TLQ
XCA
sSTaQ
suB
T™MI
PXD
LGR
ALS

% %k % % %k % %k %k %k k& % k %k %k Xk k k k % %k

303

60

VXAXV

VYAXV

VXAXV =VARIABLE LENGTH AXES

VYAXV - VARIABLE LENGTH Y AXIS
A K2 ST B I T F NI A 2 I I I

3 39 30 3 36 52 3 3
FORMS FOR VARIABLE LENGTH ARE

CALL VXAXV (IXel1YeIXENDs INT)
CALL VYAXVI(IXeIY«IYENDINT)

INT IS INTENSITY FACTOR
IXelY 1S ORIGIN

IXEND OR IYEND 1S END OF LINE

MIN LENGTH MAY BE 16 COUNTS
MAX LENGTH MAY BE 1023 COUNTS BUT
IXEND (OR IYEND) MUST BE 1023 OR LESS

IF IX(OR 1Y) IS LARGER THAN IXEND. (OR
IYEND)s IXEND (OR IYEND) IS ORIGIN

IF LENGTH IS LESS THAN 16+16 1S USED
IFE END IS MORE THAN 1023.1023 IS USED

535 36 I 3 A I I W I W % 3 3 AW I W2 W W W N
3636 3 3 W 3 W %

X112 " SAVE IR1
1e1

14 IX

2+4

1Y 1Y

HV

Xle1 SAVE IR}
241

24 1y

1+4

IX | .4

X4+4 SAVE 1IRa
3¢4

*42

IY+2e1 ORIGIN X OR Y
N1023 COMPLEMENT

*42

o ZERO IF TOO LARGE
26

10



x4
X1

1vY

X
N1023
N16
OPER

LGL
ORA
ORA
SiL.w
CLA®#
PDX
CLA
suBs
ARS
ORA
TSX
TIX
AXT
AXT
TRA
PZE
PZE
PZE
PZE
oCcT
ocT
END

18
IX
OPER+2¢1
1X
Qe4
(o X |
1Yy

"N1023

18

IX

S{PLOT) ¢4
#=S5s101

Ll XYY

*%el

Se4

(0]

0

0001023
0+04+16
3200000000600
300000000000

304

SAVE-WORD HAS ALL BUT VY

INTENSITY FACTOR

COMBINE REST OF WORD

REPEAT FOR INTENSITY

CPERATION FOR Y AXIS
OPERATION FOR X AXIS
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% 3% FAP
COUNT 30
ENTRY XAX1SV
ENTRY YAXISV
* AXIS GENERATOR

SpPACE 2
XAXISV CAL XAX
TPA *42
YAX]ISV CAL YAX
SLw sHERE
SXA X4e¢4
CLS#H» 2.4 NY
ADD =01 777001777 CORRECT SIGN CONVENTION
ARS 18
ADD* | Y NX
ANA 01777001777
ORA =HERE
CALL (PLOT)
X4 AXT Wt el
TRA < XY-"
XAX oCcT 300000000000
YAX oCcT 320000000000

END



%%

GENSYM

FAP

GYSMO0000
COUNT 100
GENERATOR SYMBOLS
ENTRY TABLAV'
ENTRY GENSYM
SXA CAX4)e4
SXA (X2)+2
TSX SCHSIZV+4
TSX =016000000+0
TSX 2016000000+ 0
TSX SVCHARV s 4
TSX =0132000000+0 -
TSX 20100000040
TSX =0717000000¢0
TSX 207340000000
TSX =0300000040
TSX TABLE O
TSX SVCHARV +4
TSX =04 160000000
TSX =010000004+0
TsSX 201060000000 +¢0
TSX =01044 00000040
TSX =03000000+0
TSX TABLEO
TSX SCHS1ZV s
TSX =0220000004+0
TSX =022000000+0
TSX SVCHARV ¢ 4
TSX =0132000000+0
TsSX 20100000040
TSX =01000000000+0
TSX =0734000000+0
TSX =04000000+0
TSX TABLE+O
TSX SCHS1ZV 4
TsX 2050000000
TEX =05000000+0
TSX - $VCHARV +4
TSX =01320000004¢0
TSX =010000004+0
TSX =0757000000+0
TSX 20757000000+0
TSX =040
TSX TABLE+O
LXA (X&) ea
CLA%# 144
PAX 2
ALS 18
STO Al
CLA® 2e4

306



oDD1

oob2

(X2)
(X4)

ALS
STO
ORA
TXL
CHS
ADD
STO
CLA

TTR

STO
ClLA

'8TO

TsSX
TsX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TsX
A¥T
AXT

18

A2

=01 000000000
ODD1¢2+e1

=01777000000
A3
=070000000000
obD2

A3
=060000000000
A4

SVCHARV ¢4
=0132000000+0
=01000000¢0
=0757000000+0
=Q757000000+0
Al+0

TABLE«O
SR1TSTVea

=0 10000000040
=0100000000¢0
TABLE <O
SCHS1ZV 4

A2¢0

A2+0

SRITE2V .4
=0100600C0C0+0
201000000000+ 0
=015000C0000+0
=01 32000000+0
=01 000000+0
=01 00000040
=0« 1 0000000

=050000000000+0

Al10+0
SCHS12ZV 4
=030000004+0
=03000000+0
SRITE2V+4
=01006000000+:0
A3.,0

=0 1500000000+ 0

01320000000
=01000000+0
=010000000
=0-=~1000000+0
Ag .0

A10.0

#Re2

R¥e 4

307



ENTRaV

TABLAV

TABLE
Al

A2

A3

A4
Al10

TTR
VFD
VFD
VFD
VFD
VFD
VFD
VFO

VFD

PZE

VFD

PZE
VFD

VFD
VFD

VFD

PZE
TTR
PZE
PZE
PZE
PZE
PZE
END
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3e¢e4

/997109711 +9/12

D/0e0/3e9/5:9/7
3/003/2¢3/6¢3/3e¢3/2¢3/4¢3/3:3/76e3/7003/70:3/70+3
/70
3/003/2e3/0¢3/3e¢3/23/68¢3/3+¢3/7043/0¢3/0¢3/7063
70
3/2e3/72¢3/203/74e¢3/0e¢3/70¢3/0e3/706¢3/063/063/03
/0
3/0s3/043/0e3/193/003/0¢3/3e3/74¢3/,0¢3/70+3/70+3
/70
3/5e3/643/003/2¢3/7603/703/2¢3/72¢3/0e3/0¢3/7063
70
3/0e3/1e3/2e3/2¢3/103/2e3/2e¢3/70e3/2¢3/5¢3/703
70

3/1e3/2e¢3/4¢3/3¢3/203/5¢3/3e3/74e3/5e3/76¢3/4+3
/3

3/7103/7293/3e3/784e¢3/2¢3/503/74e37/3e¢3/563/76¢3/3+3
74
3/7e3/5e3/243/0e3/5¢3/203/7063/70e3/0¢3/0¢3/043
70

3/203/5e3/ 7037 7e¢3/5837T793/Te3/5e3/T03/T7e375e3
/72
3/2¢3/083/03/2¢3/003/003/203/5¢3/70e3/72¢3/5¢3
77

ENTR4V

TABL.&4V



445

RULE

FAP

RULEOGOO
COUNT 100
RULER MARKS
ENTRY RULE
SXA (X&a)ea
TSX SCHSIZVea
TSX =03000000+0
TSX 2030000000
TSX SYCHARV ¢4
TSX =20132000000+0
TSX =04000000+0
TSX =0773000000+0
TSX =01105000000+0
TSX =0300000040
TSX TABLEO
TSX SVCHARV ¢ &
TsSX =01320000004+0
TSX =0400000040
TSX =07730000004¢0
TSX =0656000000+0
TSX =03000000¢0
TSX TABLE O
TSX SCHSIZV e 4
TSX =022000000¢0
TSX =033000000+0
TSX $VCHARV 4
TSX =013200000040
TSX =0100000040
TSX 2075206000040
TSX =06S6000000+0
Tex 20100000040
TSX TABLE O
FSX SVCHARV ¢4
TSX 20e0
TSX =01000600+0
TSX =01460000000+0
TSX =01025000000¢0
TSX =010000004¢0
TSX TABLE.O
TSX SCHS1ZV e 4
TSX =030000004¢0
TSX =031 000000+0
TSX SVCHARV ¢4
TSX 01320000000
TSX =030000004+0
TSX x0755000000+0

309



TSX
TSX
TSX
TSX
TSX
TSX
TSX
TEX
TSX
TSX

TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TSX
TeX
TSX
TSX
TsX
T8X
TSX
TSX
TSX
TEX
TSX
TSX
T8X
TsX

(X4) AXT
TTR

P7E

ENTR6V VFD
’ PZE
STAR OCT
LINES OCT

=066400000040
=02000000¢0
TABLE+O
SVCHARV e 9

=0e¢0
=z030C0C004+0
=20146500C000+0
=01022000000+0
=02000000¢0
TABLE O

SCHSI1ZVe4
=030CG00C0040
=011000000+0
SVCHARV 4
=0132000000+¢0
=01000000¢0
=0755000000+0

=067400000040

2040

TABLE O
SVCHARV «4
=0Q132000000+0
=01000000¢0
=075500000040
=01004000000+0
=0+0

TABLE « O
SVCHARVe4

=00
=01000000+0
=0147S000000+0
=01022000000+¢0
=00

TABLEO
SVCHARV «+4

=00

=0 1000C000
=01605000000+0
=01022000000+0
=040

TABLE O

#%y4
1+4
QL0 /3e9/649/7

130431040422
050005660000

310



RULER

MARKS

TABLE

OCT
ocT
oCcT
oCcT
OoCcT
oCcT
PZE
TTR
END

112010000000

016611641142
000200240046
156635770000
3533159443555
150035111522
ENTROV

MARKS

311
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%% FaP
QDPT 0000
COUNT 200 :
* USED TO PUT SCALED DATA INTO BUFFERS
* 4 QUAD (PLOT) REPEAT NUMe 1

ENTRY (PLOT)
ENTRY LASTFM
ENTRY (CLEAN

(PLOT) SXa (X&) 4 | SAVE XR&4 IN (Xa)
TPL *45
XCA
XcL
PAl
TTR BETA -
PAI SPACES OF WORD
ANA =07700000000G0
TNZ BETA
PIA X AX1S
ANA =01777 POINTS
ERA =01000 FOR
TZE ALPHA Y = ZERO
PIA
SR ACC
CALL STORE+ACC N PLOT QUAD I
CAL ACC
ANA =0777777 | MASK Y+CHAR
SLW ACC1 SAVE
CAL ACC
ANA ~  =01777000000 MASK X
CHS CHANGE SIGN
ADD =01777000000 SHIFT X TO QUAD 1!
ORS ACC1 SAVE
CALL STORE+ACC1 eN PLOT QUAD II
CAL ACC QUAD IV AND T1Is GO T
0 A2
ANA =01777770000 MASK X+CHAR
SLW ACC1 SAVE
caL ACC
ALIA =01777 . MASK Y
CHS CHANGE SIGN
ADD =01777 SHIFT Y TO QUAD 1V
ORS ACC1 SAVE :
ALPHA PiA
Sk ACC1 IF Y = ZERO
A4 CALL STOREsACC1 oN FLOT QUAD 1V
CAL ACC1
ANA =0777777 MASK Y+CHAR
SLw ACC SAVE
CAL ACC1
ANA =01777000000 MASK X

CHS CHANGE SIGN



(X4)

BETA

(CLEAN

LASTF™

(X8A)

ACC
ACC1

N1

ADD
GRS
CALL
AXT
TTR
PlA
SLwW
CALk

TTR
SXA

caku
TTR
SXA
CALL

CALL
AXT

TTR

PZE
PZE
PZE
oCT
END

201777000000
ACC
STORE+ACCeN
*¥#e 4
14

ACC
STOREWACC oN
{X4)

(X ) el
STORE +ACCeN1
(X4)

(XGA) 4
EFRAME

E
STORE«ACC ¢N1
XHsq

1e¢4

313

SHIFT X TO QUAD 111
SAVE
PLOT QURAD 111

AAVGHH

FLOT WORDS
WiTH OP CODES

CLLOSE BUFFER
AND WRITE ALL WORDS

WRITE CLOSING ID FRAM



P

(PLOT)

Al

aLPHA

e

COUNT
USED TO PUT SCALED DATA INTO BUFFERS

4 QUAD (PLOT) REPEAT NUM, 2

200

ENTRY . (PLOT)
ENTRY . " LASTFM
ENTRY (CLEAN
SXA = (X4)e+4
PAT _
ANA =0770000000000
TNZ - BETA’
SMA 7 X1yl
SXA T (X2ye2
LXA = - COUNTs1
LXD - COUNTs2
LNT = 1000
TTYR © GAMMA
PIA } .
ANA . =01777
ERA - =01000
TZE © ALPHA -
PIA _
SLW . ACC
TXL Ale2e11
i . PLOT
CALL . STOREsACCN
caL ~ ACC
ANA ' =O0TTTTTY
- SLwW - ACCt
CAL ~ACC
ANA =01777000000
CHS
ADD " =01777000000
ORS " ACC1
CALL - STORESACC1+N
XL ‘A2+1911
T PLOT
cAL ACC
0 A2
ANA =01 777770000
S Lw " ACC1
CAL ACC
ANA C=01777
cHS ~
ADD =01777
ORS ACCY
TTR A4
LXA - CALLS 1
TXL A8e1e11
PlA
SLwW * ACCl

314

SAVE XRa4a IN (X4)
SPACES OF WORD

SAVE XR1 N (X1)

"‘SAVE XR2 IN (X2)

ADD TO. XRY
DEC 'TO XR2

X AX1S
POINTS
FOR

Y = ZERO

IF XR2 = 0 TO 11 DONT
PLOT QUAD I

MASK Y<+CHAR
SAVE

MASK X

CHANGE SIGN

SHIFT X TO QUAD 11
SAVE

PLOT QUAD 11

IF XR1 = 0 TO 11 DON

QUAD 1V AND 1I1s GO T

MASK:  X4+CMHAR
SAVE

MASK Y
CHANGE SIGN
SHIFT ¥ TO QUAD 1V

‘SAVE

SKIP- ALPHA

IF.Y = ZERO



AQ

AR
AP

A7

- CALL

CAL

ANA,"'

SLw-
CAL

ANA

CHS
ADD
ORS
cALL
NZT
TTR
LXA

™1

TX 1
TXL -
SXA
TTR

" SXA -

(X1)
(X2)
(X4

BETA

(CLEAN

t.ASTFM™

(XaA) -

GAMMA

AZQ

TXL
SXD-
TTR

SXD'

ANT

AXT
- AXT

TTR
PIA
SLw
CALL
TTR
SXA

CALL

TTR

sSxa

CALL

CALL

AXT
TTR
RNT®
TTR
STL
PIA
ANA
PAX
TXU
sus
TTR
SXA"
PDOX

 STOREJACC1 «N

ACCt
=0777777
ACC

AccC1

 =01777000000

=01777000000

" ACC

STORE+ACCeN

" CONT
RS L
T COUNT T

*+Ioelel
¥41e2e]

%¥43¢1.35

COUNT 0
*42 '
COUNT 1
¥+3+2+35
COUNT .0
*42
COUNT 2
¥t e )
#*#¥e 2
*ike 4

144

ACC
STORE+ACCeN

{Xa)
I(X4)+4

STORE ¢+ ACC N1
(X4)

(X4A) 4
EFRAME

=
STORE+ACC oN1

E2 XY

1+4
20000
A2

CONT

=Q7000777
4
#4+3+4¢35
=36

A20

- CALLS+4
Y

315
PLOT QUAD . 1V

MASK Y+CHAR
SAVE

MASK X
CHANGE SIGN
SHIFT X TO QUAD 111

" SAVE

PLOT QUAD TI11
CONT = O« COUNT STAYS

XR1 "INC 8Y 1

XR2 INC BY 1

IF XR1 IS 36

SET ADD OF COUNT
TO Z2ERO
OTHERWISE TO XR1
SAME FOR XR2

XR2 TO DEC OF COUNT

AAWGWH
PLOT WORDS
WITH OP CODES

CLOSE BUFFER

CAND WRITE ALL WORDS

WRITE CLOSING 1D FRAM



AS

A6

ACC
ACC1

NY :
CALLS
CHAUNT
CANT

TXL

XTI
TXL
LXA
PXA
SSM
TXH
ADD

TTR
ADD

PAX

TTR .

LXA

PXA
SSM

TXH
ADD |

TTR

ADD -

PAX
TTR
CLA
STO
sSTZ
TTR

PZE

PZE

- PZE

oCcT
PZE
PZE
PZE
END

AS+4¢0

R4lede=]

A6+s4+0

CALLS+2
.2

¥+3e20 1

=11
*42
=47
+1
A7

" CALLSe1
R1

el

*¥4+3e1911
=11
¥ 2
=47

.2

A7

=024000024

COUNT
CONT
(X1)

316

PUY ADD OF CALLS IN X

ADD = 20e DEC = 20
STORE IN' COUNT



* ¥

CUTLIV

CUTRV

CcX1l1,

CX15

Xe
X1

cuT
N1i

FapP
COUNT

ENTRY
ERTRY
RgM

REM
REM
REM
REM
REM
ReM
REM
REM
REM .
REM
REM
REM
REM

CLA
STO
TRA
CLA
TZE
S¥A
SXA
SuB
TNZ

- CLA

TRA
CLA:
STO
AXT
TSX
TSX
TSX
TSX
TSX
TSX
CLA
sSus
STO
TIiX
AXT
AXT
TRA

. PZE

PZE

317

CUTMO0000
100
CUT MARKS
cuT1V
CUTRV
U T4 2 B 5 WS T TSI T I 3B 53T I T
9 36 36 3 3 3 5%k

*

CALL CUTIV (N) FOR CUT MODE

SETS INDICATOR FOR CUTTER MARK.

IT 1S SENSED WHEN FRAMEV CALLS CUTRV
N=0s FOR NO CUT MARK

N=1 FOR CUT MARK SUITASBLE FOR 11X
N=2 FOR CUT MARK SUITABLE FOR 15X
WHEN USING FORM SLIDE

TESTS INDICATOR AND PUTS ON INDICATED
CUT MARK

k ok ok o ok ok ok ok ok Kk %k

36 36 96 JE I I I3 356 I N J6 I I W A WU W AW W I N I I W
3636 9 9 36 93636 90990

i1+4

CUT

2e¢4

CUT

leg

X444

Xiel

N2

CX15 o TRA TO 1SX CUT
N1023 )
*+2

N710

X

Gl

SMARKV ¢ 4

IX o IX

1Y 1Y

X ' LENGTH IN X
LY LENGTH IN Y
INT . INTENSITY

IX

N1

IX

MRKe1lel
H*He G
¥¥el

1¢4

Os001



gLe

200
£9¢040
0+040
€S01+0+0
Xx*0e¢0
Q1L+0¢0

€201¢0¢+0 .

1

GN3
3zd
AZd
3Zd
3Z2d
324
3Zd
Zd
3Zd

AN}
A
X7
Al

X1

O LN
€20In
ZN



319

e-T -1 FAP
MRIKVO 000 ‘
COUNT 50
ENTRY MARKV

REM USED IN CUT MARKS
REM " CALL MARKVCIXsIVeLXoLYse INT)
REM PUTS VECTOR AT ANY COORDINATEsIXe1Y
REM INTo=INTENSITY FACTOR
REM LX = X COMPONENT MUSYT BE LESS 64
REM LY = Y COMPONENT MUST BE LESS 64
MARKV SXA MEND4 + 4
SXA MEND24+2
CLA® . Sea INTENSITY
PDX 02
CLA® - Y COMPONENT
™M1 ®42
CRA ONE11
sSspP
ARS 18
ACL * 344 X COMPONENT
P8T
ORA ONE28
ALS 10
STO TEMP
CLA* 244 1Y COORD
£sM
ACD - TEN23 MACHINE REFERENCE
ARS 18 .
ACL.* 144 IX COORD
ANA =0001777001777 001777001777
ADD TEMP .
ACL oPCOD : \ OP CODE 600scee
SLwW TEMP :
CAL TEMP
TSX S(PLOT)ea
TIiX L TV -RV-L R
MEND2 AXT *% o2
NENDAa AXT it el
TRA 604
ONEL1l COCT 000100000000 " FOR . =Y DEFL.e
ONE2S OCT 000000000200 . FOR =X DEFLe
TEN23 PZE 0+0¢1023
oPCOD CCT 600000000000
TEMP PZE o]

END



%
Cc
START

F S$25

Si0

S1S

S20

%* %%

402005
Q.0

SCAT

DATA

320

RAN

DOT TEST PROGRAM FOR SCATRAN e
DIMENSION (X(3S0)«¥Y(350))0

CALL SUBROUTINE()Y=0UT.(2)0

CALL SUBROUTINE( )=CAMRAV.(9)@
READ INPUT +S25+(RL«RI«THETAsSD«TP«NPNC) O
(4F16.8/F16.8/7218)0

JL = 1@

DO THROUGH(SZ20)sK=1e1l sKJLEJNPO
CALL SUBROUTINE( )=FRAMEVe()o
NUM = Q@

L = JLe

R = RLe@

DO THROUGH (S15)el=xlelslelEsNCe
FR =2 6.28319531%#Re

N = FR/SDe

SF = FR/NG®

Tl = SF/Re

JULN = JL+Ne

DO THROUGHI(S10)eJ = JlL elsJdel s JLN@
X(J) = RECOSL(THETAY®

Y(J) =2 RESIN(THETA)@

THETA = THETA+TI@

JL = JLNe

R = R+Rl@

NUM = NUM+NO

NR = =NUM@E :

CALL SUBROUTINE()SAPLOTVe(NRX(LIsY(L)olelsledq,

IRNYe

THETA = THETA+TP®

CALL SUBROUTINE()=CLOSTRP. ()@
END PROGRAM(START)G

440 Q0 0.0 -8 ¢0 4.0 0.0
«0

SCa020 TEST PRGM.OBRENTON Re GROVESOELECTe ENGe0O 1/28/660

1

0

S «0 1«0

1¢5707963

a

6

END OF DATA



117633011612

001177540777
001041540503
001335540600
001000541377
000540540353
001325541355
000500540263
001102541571
001243540137
000154541302
001653541203
000777540600
000503540736
000600540442
001377540777
000353541237
001355540452
000263541277
001571540675
000137540534
001302541623
001203540124
000600541000
000736541274
000442541177
000777540400
001237541424
000452540422
001277541514
000675540206
000534541640
001623540475
000124540574
001000541177
00127454 1041
001177541335
00040054 1000
001424540540
000422541325
0015 14540500
000206541102
001640541243
000475540154
000574541653

177633211578
001077540621
000649540531
001177560442
001177541335
000375540504
00 1644541202
000332540411
001277561514
00104 1540101
00026754 1460
460000000000
000621540700
00053154 1137
000442540600
001335540600

- 000504541402

001202540333
000U 1154 145
001514540500
000101540736
001460541510
460000000000
000700541156
00113754 1246
00060054 1335
000600540442
001402541273
000333540575
00144554 1366
000500540263
000736541676
001510540317
460000000000
001156541077
001246540440
001335541177
00044254 1177
001273540375
00057554 144y
001366540332
000263541217
001676541041
000317540267
460000000000

TTT534011616

000700540621
000513540676
000777540400
001335541177
000307540675
001577540717
000227540574
001445541366
000634540113
0004u054 1603

000621541077
000676541264
00040054 1000
001177540442
00067554 1470
000777540200
000574541550
001366540332
000113541143
001603541337

001077541156
001264541101
001000541377
000442540600
001470541102
000200541000
001550541203
000332540411
001143541664
00133754017y

001156540700
001101540513
001377540777
000600541335
001102540307
001000541577
001203540227
0004 1154 1445
001664540634
000174540440

175354211572
000600541000
000513541101
000600540442
001477540777
000307541102
001550540574
000200541000
001550541203
000440540 7y
0063L541664

001000541177
00110154 1264
000442541177
000777540300
001102541470
000574540227
001000541577
001203540227
000174541337
001664541143

001177540777
001264540676
001177541335
000300541000
001470540675
000227541203
001577540777
000227540574
001337541603
001143540113

000777540600
000676540513
001335540600
00100054 1477
000675540307
001203541550
000777540200
000574541550
001603540440
000113540634

OUTPUT OF DOT TEST PROGRAN

300000000000
00070054 1156
00064054 1246
000442540400
00 1444540575
000375541273
00 14455404 1
000227541203
001677540777
000267540317
001041541676

001156541077
00124654 1137
00060054 1335
000575540333
00127354 1402
000411540332
001203541550
000777540100
000317541510
001676540736

001077540621
001137540531
00133554 1177
000333541202
00140254050k
000332541366
001550540574
000100541000
00151054 1460
000736540101

000621540700
000531540640
001177540442
00120254 1ulk
000504540375
00136654 1445
000574540227
00100054 1671
001460540267
000101541041

460000000000

001077541154
00101541274
00040054 1000
001325540422
00054054 1424
001277540263
000332541368
001653540574
000154540475
00124354 1640

001156540700
001274540734
001000541377
000422540452
001424541237
000263540500
00136654 1445
000574540124
0004755k 1623
001640540534

000700540621
000736540503
001377540771
00045254 1355
001237540353
000500541514
00 145540411
000124541203
001623541302
000534540137

000621541077
000503541041
000777540400
001355541325
000353540540
001514541277
000411540332
00120354 1653
00130254015
000137541243

001277540777
00122254 1173
000442541177
001142540317
000736541475
001102540206
000500541514
001561540403
000105540675
001427541535

000777540500
001173540555
001177541335
000317540635
001475541041
000206540675

001514541277

000403540216
000675541672
001535540350

000500541000
000555540604
001335540600
00063554 1460
001041540302
000675541571
001277540263
000216541374
001672541102
000350540242

001000541277
000604541222
000600540442
001460541142
000302540736
001571541102
000263540500
001374541561
001102540105
0002u254 1427

001222540604
001377540777
000600541335
000736540302
001142541460
000675540206
000675541571
001427540242
000105541102
001561541374

000604540555
000777540400
001335541177
000302541041
001460540635
000206541102
001571541102
000242540350
001102541672

001374540216

000555541173
000400541000
00 1177540442
00 104154 1475
000635540311
001102541571
001102540206
000350541535
001672540675
000216540403

001173541222

001000541377
000u42540600
001475540736
000317541142
001571540675
000206540675
001535541427
000675540105
000403541561

Kpa|



P

C
START

F WORD

SCATRAN

END

TEST

CALL
caLLl
CALL
CALL
CALL
CALL
CAaLL
caLt
caLu
caLL
CALL
CALL
caLL

cALL

322

PROGRAM FOCR LINE«VXAXIVYAX PRINTRITE2Se
SUBSROUTINZ( )=0UT< (2)@
SUBROUTINE ( )=CAMRAVe(9) 6
SUBROUTINE ( )=FRAMEVe(1)0@
SUBROUTINE()=LINEe(=105e=1e501e5¢15)6
SUBROUTINE( )=sVYAN e{ e0s=1e611e642)6
SUBROUTINE()=LINEe({loseS5+e0¢e0) @
SUBROUTINE()I=VXAN o (= e85 ¢ 85¢85¢3)9
SUBROUTINE () =FRAMEV. (1)@

.SUBROUTINE()3PRINTE e ( =68+ WORDe=1e3¢1e5)@

SUBROUTINE ()=FRAMEVe (1)@

SUBROUTINE( )=CHSIZSe (15:9)0@
SUBROUTINE()1=RITSTS« (7868« TABL1Ve) @
SUBROUTINE()SRITE2Se(=13¢165¢100049061:68,

1. WORDsIR)Y®

SUBROUTINE ( )=CLOSTP. ()@

NOW 1S THE TIME FOR ALL GOOD MEN TO COME TO THE
. AID OF THEIR ,

COUNTRY@
END PROGRAM(START)@



636000000000
201642600000
176173777604
TTT1837766 14
177454100551
460000000000
636000000000
200170451703
234644256063
636000000000
800132754127
636344022116
674641600127
74757600074
601312754127
770132600145
170600200233
637056622156
801174754233
675466554 145
636405022251
636504622262
600622710326
674716044251
675174466251
771430554251
600344510366
600504510366
600716510366
601034554355
637430622366
637505422355
600250754547
674660554461
601152510472
637406022536
170132600565
874523600653
132677200620
637133622653
631213222653
171430554565
636226022713

600000236000
040002004000
176272177505
1171262176515
177355076611

600000236000
120000000000
466063302560
600000236000
170132554041
674325200127
600660754 127
637015422074
171312600074
674267600233
600504754233
675075600 145
733174600 145
675447600200
600366510262
674523600251
636622622262
600740754337
675232666304
601524754337
636344022432
636504422432
636716022432
171152200443
675447600355
601524510366
170250600514
674641600514
637152022536
675367200547
600250754653
600542754653
674660466620
601174710642
675270044565
601524754653
132207200724

636000001777
051200000000
176371777406
177361776416
177256100650

636000001777
224666603162
213124604626
636000001777
600226754127
636267222121
674641600041
601034422105
601406754127
600306754233
170504600145
637133422145
637251422145
601546754233
636366422326
636501422251
674641600251
132740600251
601270554251
800170754443
674325200443
674523600443
bT4677200443
601056754443

637524022432
600344754547
674757600547
733133200547
637331222547
770250600620
674523600565
637152222516
637174622576
601312532565
601604754653
674170466724

600000037777
201610600014
176470777307
177460776317

177157100110

600000037777
606330256063
606330253151
600000037777
600250710116
67434404404
637034222052
637034022116
171524200127
674267600145
132504600200
601152510156
601270422156
771546600233
674405600337
600600510262
636677422251
6370 15422251
171406200337
170132600355
636267222443
636561622443
63664 1222443
171056600355

675505200443
110462200547
600776754547
601312710536
675406044461
600344754653
600622754653
675133200565
6752 13600565
637312422642
171546600565
674230466471

637777400000
606060000102
176567777210
117557776220
143060060750

637777400000
314425602646
602346644563
637777400000
636250622052
636366554041
67501520004 |
675015200127
601430754127
600366754233

600740754233

637152022222
637270022167
600132754337
636443622337
636600022326
600716510262
601034510262
601312754337
600250710432
674344044355
600622710432
674716044355
733056600410

637447222443
600366754547
674757600461
637312622472
601430754547
170462200653
132622600565
637075022565
637251422565
675331600653
600132754757
600306666757

OUTPUT OF TEST OF LINE, UXAX, UYAX, PRINT, RITE2S

601777236000
606060000000
116666777111

653656652121

302400000400

601777236000
516021434360
517012000000
601777236000
67426760004
636405710127
636757022041
s36757222121
17143060004 1
674366466145
170740600145
675133200233
733251200200
170132600337
600462644326
674561200337
636716022326
637034022326
171312600251
636250622366
636600222366
636622622366
600740754443
601350754443

675524044355
17036660046
601056754547
675331600461

71430600461

600366754653
636677422565
601056510576
601270510576
637367622653
132132600671
674306666724

637777404777
120000000000
176765177012
320777075741
30200000400

637777401777
27486246044
460000000000
637777401777
63632542204
636624510063
600740422052
601232754127
733430600074
674424666200
732740600200
637075222233
675232466200
636462222262
674462200304
636523222331
674677200337
133015200337
733312600304
674267600355
674561200355
674641600355
674740466355
171312600355

600170754547
732366600514
733056600461
031367422461
7334306005 14
170366600565
600716422576
637056422642
637270022642
601406732642
636207422671

Ex

6017770377717

176074777703
177064776713
320777075741
302400000400

601777037777
254560634660

601777037777
600344510052
636443754127
636740422063
771174600041
600170754233
600462554 145
601056710222
675152044145
675430754233
674443200251
600504710326
674600044251
636641222331
60 1174754337
601430754337
636325422355
636523022355
636677422355
674776666410
601430710432

170132600461
674622754547
637133422461
601406510472
600170754653
732366600620
636716022607
675075600653
675251200653
601430754653
600226422702



* % ¥

REED

FRAME

REPT

ouT

FAP

COUNT 100
SC4020 TARPE DUMP
CALL DEFINE
PZE POOL

PZE =10

PZE =170
cAaLL ATTACH
PZE PCOL.

PZE =HF ILE
PZE =1 '
CALL READ

PZE =MF ILE
PZE OUY '
PZE EOF

PZE ouT

PZE I0CL
LXD I10CL v -
TX *¥+lelo=}
PXA *& :
ADD sUFLOC
STA el

CAL »*3

LAS =0460000000000 -
TTR REED

TTR FRAME
TTR REED

AXT 1001
CALL VRSYSeFMT
STR o]

CALL READ

PZE =HFILE
PZE ouUT

PZE EOF

PZE ouT

PZE 10CL
CALL VURSVYS«FMT
LXD I0CL 4
THT X4+10Q 0=}
PXA Py 3

ADD BUFL.OC
ALS 18

STD *+41

STR BUFF ¢ o 43
STR 0

TiX REPTelel
TTR REED
CALL CLOSRU
PZE =HF ILE
PZE =0

CALL JOBOFF

324



EOF

IoCL
BUFF
B8UFLOC
POOL
FMT
FMT1

CALL
PZE
PZE
CALL
1ORT
BSS
PZE
8sS
8C1
BCI
END

CLOSRU

=HF ILE

=0

ENDJIOB

BUFF o o ¥4

170

BUFF

1722

3+¢(ST«8(2XeK12)

G /7/720T s QINEW FRANME®R//)

325



APPENDIX C
THE FORTRAN OPERATING SYSTEM

The SC 4020 subroutines that were used as a guide for
this work were originally written for a FORTRAN Il opsrating
system. Since the subroutines had run in FORTRAN elsewhere,
they were dsbugged at 0,5.U. and made operational in that
lanquage. Since the SC 4020 FORTRAN extension sxists and
unlike the original subroutines, is self-contained, the de-
tails will be given here. Having operating FORTRAN sub-
routines could prove very useful in the event that a program
was to be written and debugged at 0.S.U., but the main runs
were to be done elsswhere due to the computer time involved,

The FORTRAN subroutines are given in this appendix, In

order to run a program, the following subroutines are needed:

CAMRAV - FORTRAN
(PLOT) - FORTRAN
CUTIV - FORTRAN
MARKV

CONVRT - FORTRAN
This forms the basic package to producs SC 4020 tapes
under the FORTRAN operating system,
CAMRAV - FORTRAN is almost identical to CAMRAV except
that a call is made to MARKV through CUTIV to place cut

326



327
marks on hardcopy. In SCATRAN, the subroutines CUTIV and
MARKV have been separated and require their own calls,

(PLOT) = FORTRAN is an extremsely complex subroutine
that replaces the SCATRAN (PLOT)-TAPE-ID FRAME combination.
One reason for its complexity is that it is two different
subroutines written on top of each other. The first time
(PLOT) is called, the non-system file is opened and the ID
frame is wriﬁten. The information used for the ID frame
fills the space allocated for the output buffers (two 170
word buffers in this cass). An sntry is made to what will
be a data word the next time (PLOT) is called, but when ths
subroutine is loaded it rspresents an operation to call in
the ID information, The logic for filling in the blanks in
the ID frame takes place within ths space that is going to
be usad for the output buffers. The buffer area is left
and a write command emptie§ the buffer onto the non-system
file tape creating the ID.Frame. The next time (PLOT) is
called the space that was occupisd by the ID frame is over-
laid with the SC 4020 command words, word by word. When 170
words are reached or (CLEAN is called, the stored informa-
tion is transferred to taps,

This subroutine also keeps track of the numbasr of
frames produced and controls whether or not a cut mark
should be written by CUTIV and MARKV,

CONVRT is a small subroutins tha£ serves to simulats



328

the North American Aviation operating system as far as ths
SC 4020 subroutines are concerned. Thé ten entry points
match the transfer vectors in the FORTRAN subroutines them-
selves. This subroutine also has provision for reading in

the information required by the ID frame and CUTIV, It uses
the following calls:
READ INPUT,TAPE 5,1,N1,N2,N3,N4,N5,N6,N7,NB, NS
1 FORMAT (9A6) :
CALL IDINFO(N1,N2,N3,N4,NS,N6,N7,NB,NO)
These calls should be made before CAMRAV is called.
CAMRAV can be called without the above information calls and
will mersly result in an ID frame with blanks in the spacss

for the praogrammer's name, etc, When these calls are used,

the following data card is nesded:

COLUMN
1 Blank
2-24 Programmer's name
25«27:" Dept.
28-30 Group
31=-33 Blank
34-36 Box No,
37=41 8lank
42 Cut Mark Flag
0 = no cut mark
1 = normal cut mark
2 = cut mark for expanded op-
eration
Anything else or blank = same
as zero
43-48 JOBNO (a dash will be placed betwesn

the numbers in 46 and 47, Use

0 through 9 only here)
49-54 DATE (the date should be written as
: six fiqurses without separation,

For example, 7/15/66 = b71566)
55480 Blank
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Figure 27 shows an ID frame that was made using thess
calls,

The call to FRAME empties the buffer of any remaining
information, writes a record qgap, and then adds the frame
advance command followsed by the corner marks and cut mark of
the new frame, The placement of the &dvance frame command
would have to be maved to the other side of the record qap
if tapes made with these subroutines were to run on a plotter
such as the BL 120 that requires a record gap after this
command.,

XSCALV and YSCALV have to be called explicitly so that
the scaling Fadtdrs can be set up., The programmer's manual
' covars these calls, |

AR call to CLEAN will empty the buffer of the last frame
and call in EFRAME to close the program, The main program
ends with the statements

CALL TAPE,9
CALL EXIT or CALL DUmMP
END
The CALL TARPE statement rewinds the non-system file

tape and prints out a dismount message for the computer

operator to return the tape with the program,

1 Programmers' Reference Manual SC 4020, loc. cit,

2 If a format statement is used along with END FILE,9,
REWIND as in the test program, be sure to include in the dis-
mount message that logical tape S is physical tape unit AS,

This will save operating time in locating the proper tape
unit,
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N.A.A.
SEND TO GROVES 08V ELECY ENG DP

PEPT=GROUP 0 EE SK6

1020-0%

DATE  312/22/65

N\

FIGURE27
FORTRAN ID FRAME




331

There are a few subroutines that have.the same name in
both SCATRAN and FORTRAN but are different in the two sys-
tems, They are

APLOTV
EFRAME
CAMRAV
(PLOT)
CUTIV

Outside of these exceptions, any subroutine that ends
in V will run under both systems without changses, Subrou-
tines that end in anything but a2 V will run only undsr the
SCATRAN system, Page 332 gives the statement listings for
the dot test program written in FORTRAN that is equivalent
to the SCATRAN main test program. This is followed by thse
above statement listingé for the FORTRAN subroutines,

A few subroutimes are written in FORTRAN for the purpose
of creating a grid with titles and labels for graphs. Sincs
they wers useful mainly for engineering purposes and not for
making moviss, they are available in the SC 4020 library but
they will operate only under the FORTRAN operating system
and have not been checked out at 0SU, Refer to the SC 4020

Programmers Manual for the following subroutines: BNBCDV,

GRID1vV, LABLV, NONLNV, and DXDYV,
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es
30

10

1S

20

101

DOT TEST PROGRA!M FOR FORTRAN 11
CIMENSION X(350) ¢Y(350)

CALL CAMRAV (93

CALL XSCALV(=440¢4,0¢04+04)

CAlL. YSCALV(=4,0¢8400¢0e+00)

READ INPUT TAPE 50250RLOR1|T”ETAOSDOTP
READ INPUT TAPEZ Se30¢NPsNC

FORMAT (4F 16483

FORMAT (218)

JL = 1

BO 20 K=1NP

NUM = 0O

L = JuL
R = RL
DO 1S I=leNC

FR 3 64283195%*R

N = FR/7SD

ON = N

SF = FR/DN
Tl = SF/R

JIN & JL¥N-]

DO 10 Vv = JledlN
X(J) = RWCOSF(THETA)
Y(J) = RESINFI(THETA)
THETA = THETA+T!
CONTINUE

JL = JLN+1

R = R+R}]

NUM = NUM+N
CONTINUE

caLlL FRAMEV

CALL APLOTVINUMIX(L)sVY(L)ele1ele840¢IERR)

THETA = THETA+TP

CONT INVE

PRINT 101

FCRMAT( JHO «32HDISMOUNT LOGICAL TAPE 9+
CALL EFRAME i ‘

CaLl EXIT

( CR CALL DUMP)

END

UNIT AS)

332



*

¥*
+*

APLOTV

EXIT

X1
X2
Xa

At

A3

A2

FAP
COUNT

150

ARRAY PLOTTING FOR XeY POINTS—~ FORTRAN
CALL APLOTVINeXeYeIXelYeNCesCHARC IERR)

ENTRY
SXA
SXA
SXA
TRA
TSX
TSX
TSX
AXT
AXT
AXT
TRA
CLA
STA
CLA
STA
CLA
STA
CLA
STA
STZ#*
TsSX
TSX
TSX
TSX
TSX
TSX
LXA
CLA%*
STD
CLA®
STD
CLA®
TZE
™™
LXD .
LXD -
suB
TRA -
PDC
PXD
LDC
LDC
ACL
STD
STD
ACL

AFPLOTV
X444
X2+2
X1}
Al
SSERREV 4
sx

sSY
Hitel
*Xe 2
#i¥Eeq
94
9%
AX
34
AY
T+4
ACHAR
8.4
ERR
ERR
SSERSAV 4
sX

sy
$SCERRV 4
XERR
YERR
X444
444
X
Se4
1Y
1+4
EXTT
A3
IXs1 -
IYe2
1817
A2
O»sl
0+1
I1Xe1
IYe2
Mi
AlS
Al6
M2

SAVE X REG

X

P

TRA TO START.
RESTORE ERROR
CELLS

RESTORE X REG
X

X

RETURN

STORE BASE
ADDRESSES OfF
Xe¥Y s CHAR
ARRAYS

X

X

SAVE I1ERR CELL
ZERC IERR CELL
X

SAVE PREVIOUS
ERROR CELLS

X

SET NEW ERROR
CELLS

X

SAVE IXs 1Y

%

x

X

PICK UP N

oOUT IF ZERO
FORWARD ARRAY
POSITIVE VALUES
FOR IXe 1Y

N-1

COMPL e N

b4

COMPL « VALUES
FCR IX. 1Y

MAKKE TXL

STORE TEST DECR
X

FILL IN OP

333



AS
A5
A4

A7

A8

A9

A13
AX

AY

sTP
sTP
SXD
SXD
TXH -
TXH
TPL
AXC
TRA
AXT
SXD
CLA¥
TNZ
CLA
TPL
PDC
PXD
AXC
TRA
sus
AXT
AcCL,

- ACL

STD
SXD
STP
AXT
AXT

CAXT
sTZ

CLA

. ST0o

SXA
TSX
TSX
ANA
ORS
CLA
STO
TSX
TsSX

" XA

CHS
ADD
ANA
ARS
ORS
CAL
STZ
ORA
STZ

A1S
Ale
Alls1
Al2e2
Ade1e0
Ade2+0
AS
le1
A6
11
AtSel
6+4
A7
1817
A8
Osl
Q1
11
A9
1817
11
M1

M2
Alg
Al10+e}
Alg
Ol
O+2
04

P
%o ]
v
Al7+4
SNXVe 4
v

M3

P

Xite2

A"
ESNYVse 4
v

Al1T7+4

M3
M3
18

=)
XERR
XERR
YERR
YERR
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STORE OPS

X

STORE INCR

VAL UES

TEST FOR INCR BOTH
ZERO

YESe TEST OR

AND MAKE TEST

DECR 1 OR =i

- X

X

PICK UP NC

1IF ZERO MAKE

1T 1

BACKWARD ARRAY
COMP OF NC

X

=1 FOR INCR

x

NC =1

+1 FOR INCR
MAKE OP TXL

SET IN OP

STORE TEST DECR
STORE INCR VALUE
STORE OP

ZERO ALL XR

X

X

ZERO PLOT COMMAND
GET X

SCALE X

X

STORE IN PLOT COM
GET Y

SCALE Y

b 4

X

STORE IN PLOT
COMMAND

ACC SCALING

ERRORS



ACHAR

Al10 .
Alg

All
Al1S
Arz
Al

ERR
SX
sy
XFERR
YERR
IxX
1V
1817
M1
M2

M3

M4
AY7

TZE
ADD*
STD*
TRA
CLA
STA
STP
ZET
ARS
ANA
ARS
ORS
CLA
TSX
LXA
TXI1
XL
AXT
TX1
TXH
T
TXH
TRA

HTR
PZE
PZE

- PZE

P2ZE
RZE
PZE
PZE
oCT
oCcT
HTR
oCcT

"HTR

oCT
HTR
HTR
END

ACHAR
ERR
ERR
Al10
L2 KXY
-

v

T

12
M4

é

P

. P

S(PLOT) «4
Al17+4
H4] 04 ¢ i
Alleg o 8
O«4

L IS EBEE L)
EXITel odite
K41 020N
EXITeZ2e 5
A13

GET PLOTTING
CHARACTZR AMND
STORE IN PLOT
COMMAND

X

X

X

X

*

GO TO BUFFER

INCR CHAR

OKR

CYCLE CHAR

INCR X

TEST FOR END

INCR Y

TESY FOR END
BACK FOR NEXT PTe.

CONSTANTS AND TEMPORARY CELLS

3% %

OsDe %%

Qe itit

OeDo ¥
Cs0 s #E
OeD o ¥

Oe0 itk

0+001]
400000000000
300000000000
W* %

CO1 777000000
3* %
Q00077000000
%

L(IERR)
PREVIOUS E€RROR
CELLS

NEW ERROR
CELLS

IX

1Y

ONE IN DECR
MASKS FOR

TXHe TXL

PLOT WORD

MASK FOR NXe NY
TEMP FOR CHAR
MASK FOR CHAR
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* FAP
COUNT
* CLOSING
ENTRY
EFRAME SXA
SXA
CAL
CALL
CALL
AXT
CAL
TEX
TIix
caLt
WEF
WEF
WEF
RUN
(X1) AXT
(X&4) AXT
TRA
FMADV OCT

100

ID FRAME
EFRAME
(Kb ) ed
(X1)e1
FMADV
(PLOT)
(CLEAN
WORDS~-INSTAL e}
WORDS §
S(PLOT ) ea
KXo lel
(CLEAN

9

9

L~

o

KXo ]

%A% e4

1«4
460000000G00

* TaASLE OF VECTORS FOR (END) IN LARGE LETTERS

INSTAL VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFD

VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFD

VFD
VFD
VFD
VED

2/73¢6700010/4312/0¢6/718+410/516
2/3+6/700010/822¢2/70+66/63410/46480
2/3+6/39010/42202/2+6/700010/480
2/3+16/739010/422+2/2+6/700410/543
273+6700010/483142/0+6718¢10/489
2/3¢6/722+10/431e2/2¢6/700010/507
2/316722010/43102/72¢6/0010/516
2/3+46/30010/431+2/72+¢6/700410/7489
2/7306730¢10/431e2/2+6700410/534
2/3:¢6700010/78612/0¢6/709410/480
2/73¢6/700010/745302/7096/09410/507
2/3+6/700¢10/7461+2/0+6/709+410/539
ND OF E 1

2/3¢6/00¢10/480¢2/0+6/63410/480
2/3+6/729010/489+2/2+6/7864410/7480
2/3+6/00¢10/51842/046/744410/7480
2/3+6700010/527+2/7006/63¢107480
27346/709¢10/748002/246/700¢10/7880
2/3+6709¢10/518¢2/2¢6/700¢1074880
2/3¢6/7000¢10/7468F¢2/0:6/44+410/7499
2/3¢6729¢10/4832/2+6/44+10/7499
2/3+6/799010/480e¢2/2¢6/00¢10/543
2/3¢6/709210/518¢2/2¢6700410/543
ND OF N 2

2/3+6700¢10/545e2/006/630107480
273067294 10/546¢2/2¢65700010/7480
2/346719010/8575¢2/206/19+107480
2/3+6700010/594¢2/0¢6/2%5¢107499
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WORDS

VFD
VFD
VFD
VFD
VFD
VFD
VFD
VFD

TABDLE
OCT
oCT
oCT
ocT
OoCT
oCcT
oCT
oCT
oCcT
oCcT

OF VECTORS

2/3¢6/719010/594¢2/06/19410/524
2/7306/729010/57592/0¢6/00410/543
273467000 10/555e2/006/785010/489
2/3+6/15¢10/555e2/2e5/00010/7489
2739671591 0/570e2/206715¢10/7489
2/3¢6700¢10/585e¢2/7006715¢107504
2/34¢6/715¢10/58592/706¢6/715410/7519
2/246/15¢10/555¢2/26/00010/7534
ND OF D 3

776030777604
776030577604
752042553604
752042753604
776046411606
7760465611602
776145411612
776145611576
776244411616
776244611572

ToBLE OF AXES TO GUTLINE 1D FRAME

oCT
oCcT
oCT
oCcT
oCcT
ocT
oCcT
oCT
ocT
oCT
oCcT
oCT
ocT
oCcT
ocT
BES
END

200000060000
3000000C0C04
300000001773
300000001777
320000001777
320004001777
321773001777
3217770601777
201122600042
606330316260
475146275121
444431452760
227060606060
223360275146
652562120000

ARROW INDICATING THIS OB
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VE3WYD i Anls’
Te1X - VXS
L8814 - 0 vyt ed
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LXA
CAL
ANA -
suB
STO
TNZ

T CLA®

AXT
'COR

NOCOR

PRNT

T™I -
AXT
caL
CALL
CAL
CALL
TIX
LA
ZET
TRA
ZET#
TRA -
sTZ.
CAL*
STA
cLA
STA -

" ARS

PRN1 -

" PRN2

PRNg

X1
X4

FIRST

STO
AXT
AXT
LDQ
sTZ
PXD
DvP
ALS
ACL
STRY

‘TIX

ACL
SLw.
TIX
AXT
caL
caLL.
XY

CTXL

AXT
AXT
ZET
TRA:

TRA

CLA
STO

X4 44

14
MASK 1
TSX
EXTEST
AXT

1eg
NOCOR
Qe
CORNER-.1
(PLOT)
CORNRZ2+1 1
(PLOT)
COR+1+1
X4 44
EXTEST
PRNT

1¢4

X1

DBCD
S(CTJIB)
%41

L L3

O8CDO

18
DBCD+1
24

181
DBCD+2+4
DBCD+2+4&
0o

TENAD
18+
DBCD+2+4

. . DBCD+2+4

PRN2e¢1 96
BLANKS
DBCD+2+4
PRN1+4+1
0+1

" CORRJIe

(PLOT)
¥410lal
PRN4G 1 +6
H¥e )
FHe 4
EXTEST
14

24

NOOP
F2

339

LOC 777777700000
LOC 007400000000
EXIT TEST

NO CORNER MARKS

PLOT CORNER DOTS

DONT PRINT 10

CONVERTY FRAME COUNTS

 L.OC 606060000000

SET UP TO TYPE

DO ONCE



RESETV

FORMV
XX

CAMRAV

CLA®
STA
CLA
LDQ
LGR
ALS
ACL
LGL
TRY
sTQ
TRA

SXA
caAL
TRA
SXA -
CAL
CALL
CALL .

" AXT

TRA

EJECT
SXA

CLA¥

PDX .

CCAL

CX&%-

CORNER

CORNRZ
RESET-

LoG

TXH
TXH
TXL
TXH
CAL -
LDQ
TRA -

- CAL

(MaYe]
ST
CALL

CALL
AXT

TRA
VFD

VFDTV

VFD".’
VFD-
VED
VFD
VFD

VED -

oCT

» ¢ ¢- XY
FORM

S (JOBN)

*+1

i A JOB NO.

STOPT STYSP TYPE 1200
12

6
BDASH
6

NSERT DASH

JOB

JOB-1

.. F2

X4+ 4

RESET

F1

DISPLAY FORMS

(PLOT)

_(CLEAN

X*ikedh
1+4

CX4+4
1¢4

o eb
-SBC

QsBC
CXa4+35
D35+4+34
CXeb4 o8
CXe4+9
SC2
Qsc2

CX

.S8C1

QsSC1

CAMERA
(PLOT)

{CLEAN
EX YY)

244
2/3:6/15010/0¢2/046/70+410/70

" 2/3e6/15410/002/0:670+10/1023

2/3:6/15¢10/1022:2/2+¢6/70¢10/0

2/396/15210/1023+2/2¢6/010/1023

2/73+6/0010/7042/1+46/15010/0
2/73+6/0+10/0+2/70+6/15410/1023
2/3+6/0010/1023¢2/1¢6/15410/0

T 2/3+6/70+10/102342/70¢6/15+410/71023

560000000000
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FRAME

FCRM
s8¢
sct
sc2

escz
asc

CAMERA
oCcT |

START
DECD

CORDF

JOB |
CORDJ

EXTEST

NCOP
BDASH
MASK1]

AL ANKS

TENAD
TSX

ocT

OCT
oCT

oCcT
OCT
GsSBC .

PZE

PZE .
oCT
PZE
PZE - -
ocT |
PZE

NOP

ocT
ocT
‘ocT
PZE
ocT
END

460000000000
S00000000000
430000000000
410000000000
420000000000
leel

Qoo

1]e00

Osel
1200000000060
o)

o}
201610600014

e

o
201642600000
)

0

000000200040
777777700000
606060000000
10

007400000000

oO#G |
35 MM
o9X9 IF NOT SELECTED

COORD FOR FRAMES
DASH NO AND STOP TYP

COORD FOR JOBe NOo.
EXIY TEST

10 Bie SCALE 35S
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»* FAP
PCC
COUNT
LBL
ENTRY
ENTRY
" ENTRY
ENTRY

ENTRY

300
4020V000L
(PLOT)
(CLEAN
(4020)
NOFRV

(CUT

342

% BUFFERSD TRANSMISSION FOR CRY PLOTS

REM
"REM
‘CALL

_cALL

% ok ¥ X

JAN, 8 CHANGE

(PLOT)

(CLEAN

CHALIN OR JuOB

170 WORD BUFFER
(CUT HOLDS CUTTER FLAG

'STORES‘WQRD.IN (P+1=35) IN BUFFER AND CHECKS FOR FULL BUe.

EMPTIES BUFFER~-USED TO FCRCE EOR AFTER CERTAIN COMMANDS
AND AT END OF

335305030 46 3 30 50 32 S SE SR IR SR AT SR A0 E R I K S0 40 30 T RN K38 2k 30 T SF ST 3 S SF R S0 IS E S 54T 90 0 3F I 4 3036 0 0

(=LOT) SXa
P TRA
P2 SLw
T TNX

SXA

(X&) AXT

. TRA
CLEAN SILW
TXT
(FLEAN SXA
" POS  AXT
FSX SXD .
CAL

CALL ~

SIZE AXT
SXA

Fi TNX
SXD
AXT

CLA%®

STA
PDX

F10 SXA
XEC %
XEC®"
"AXC
PXA

STA#* -
XECH -

o YU
SLW#
CAL

Fe3E I Fe e NN N

& /B Y-

FIRST
€14
CLEAN«4 1
POS4
X e 4l
144
ACC
FSXe44-=1
(X4) b
(SIZE)+4
Fle4
CRTAPE
(10S).
(SIZE)+4
POS+4
(K& ) o4 03t
tI0) 44
O+4
P2
Pz

© eg

(10) s
S (SDH)

" $(WRS)

(10)+4
*4

LSIWTC)
S (RCH)

TES

 S{TES)Y

ACC

LXA POS <4

ADJUST INDEX

. BUFFER EMPTYes RETURN
BUFFER WORD COUNT

SWITCH BUFFERS
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FEND - TRA = (X&)
%
TES CALL AWER)
CTES TSX (CLEAN»+4
(10) " IQCD %y o B3
COTAPE 16449
(SIZE) EQU 170
ACC .
(6020) ADD® CTJY UPDATE FRAME COUNT
STOX  CTJ
TRA  1e8
# CUTTER FLAG SET BY ACCT DATAe . CUTIV CAN OVERRTDE
(CUT  PZE 0+041 PROP .70 PRIME AS AMENDED
2/2/65
NOFRV CLA® . $(CTJD)
_ STA #*+i
cCTJ caL ' %
STZ* 14 CLEAR
STD® - 14 . o#9 FRAMES
ALS 18 .
STO% -~ 2+4 35 MM FRAMES
TRA 3¢4
(81) - BSS

*'THETEOkLOWING‘CODE 1S USED ONLY AT THE BEGINNING
% -CF TRE JOB+ TO CREATE AN 1D FRAME AND SET UP THE
* FORTRAN MONITOR TO CLEAN UP AT THE END. OF EACH CHAIN LINK.

FERST SLW *
LDG LXA
sTQa Pt PREVENT REENTRY
CLA% s(IDCD)
STA A
* PROCESS CUTTER MARK FLAG
AXC Sel
CAL* A
ANA MASK1
PAX 0+2 CUTTER MARK FLAG
TXRH Hp2e2+42 PROP+70 PRIME s AS AMENDED
2/2/65
SXD (CUT2
LDQ CTES
STQ s {(CTES) .
CLA* $(CTJUB) LOC OF FRAME COUNT -
STA cTJ
NZT* CTJ CHECK FRAME COUNT
# 1D FRAI'E WAS WRITTEN BY PREVIOUS CHAIN LINKe IF NON-ZERO
TSX (IDFRM»4 WRITE 10 FRAME
XA LXAa POS 4
cal FIRST
TRA = P1
* TABLE OF DIGITS FOR JOB NUMBER " eeessesee
TABO VFD 2/3+6/728¢10/8+2/3:6/32+10/32



Rib

£201/816101/214¢2€/90
€20l/81e/21¢22/90
€E201/8140/21¢22/90
€201 /0C¢0€E/90
6101/70€40c/90
L/0€0E/50

O/0€ 0 /90

ada
Qda
QdA
adn
adA
QA
azAn

FNVHLS QI 3INITLNO OL S3IXY JO 3N8avl

Qv/701¢8/9%1/2¢91/0100/9¢C/2
Ov/701*0/9°%0/2¢9G/701*04 /972
SE/01¢8/9%2/2¢95/01¢0/9%CE/C
2E/70100/9°€/C491/Cl20ObL/O¢C/T
02701400 /9¢0/2+95/701 200 /rOtE/C
0/01¢02/9%C/2¢2E/70102/94Cr 2
02/70102/9%€E/72+8/01¢b2/9%CrC
EP/01¢E2/90 1 /28SE/0T8L2/9C/2
v9/01EQ/941 /245570180 /94C/C
Y9/0100/9%E/828/01 08y /9%E/C
0/01E€9/9%0/255/0184/90C/C
O/01¢0,/3°2/2¢8/701¢34/94¢E/C
B8/01¢8/9¢1/2¢8H/0L 60V /9¢C/C
Y9/01+0G/9%E/S¢2E/01 01 /90 C/E
0/01¢£9/9°0/2+SS/70L 602 /9%C/C
C/701¢0r2%2/722B/701%Q0/28C/C
to/701691/901/2+9G/01490C/0¢C/C
$9/701+02/9%C€/2¢82/01¢QS/9%CE/C
Qv/01242/9%2/72¢B/7C1 008 /9¢C/C
0/01¢0%/9%0,2+00/0102E,/94C/C
25701482794 0/2¢0%/701¢0%/9%€/C2
©2/701¢02/79%2/72¢0/70100%/5%C/C
0/018v2/79¢0/2%3/701eG/9¢C /2
0/01¢0/9240/280/01¢00/9¢C/2
BYv/01¢8/79°1 /29570104 /9¢E/2
8v/0100/9%2/2¢8/701 ¢80 /9¢C/2
O/01¢8H/9¢0/2¢0%/70102C/9%E/2
P/01eE9/F¢ 1 /2000 /01C /O C/T
8Y701e62/792Q/2+95/01 404V /9¢E/C
CE/Q1891/9%2/242E/01 02 /9%E/C
8701 ¢452/9°Q/2+¢85/0104,2/79%€E/C2
0/01¢8/79%2/724¢8701¢go,/0¢C/2
PO/01%0/9%2/28/701 0BV /9%CE/C
v2/701¢0v/9%0/S49G/010G4/9%C/C
0/01e62/79%2/242E701%p2/9%E/C
91/01+21/9¢C/C*8/701¢H2/0%C/2
Y9/0100Q/9¢C/2¢1L/0102E/94C/C
29/01¢2/79*0/22E/01¢91 /02,2
O/01290/940/2028/7012C/9%2/2

T QL/01¢91/9%E/2*91 /0101 /0vE/T

Y9/7Q1e2E/9¢ 1 /S ¢2E/01 02 /90E/C
CE/QLeCE/9%0/249G/701 b2 /90,2
0701 ¢2E/92/22/701¢52/9%E/2

adA
QA
a3n
adAn
adn
Qdn
ada
Q4
Q4dAa
Q3N
Q4N
a4
asA
adn
GdAn
a3
adn
adn
Qda
adn
adn
a4
Qd4A
a2
a=A
aJdn
VN
CAA
Q4dA
Q3
azZna
asn
adn
asn
Q3N
QdA
ada
asa
Q4N
Gdan
a4
a3n
QA

Heva

6avl

2av.y

L9Y1

99Vl

5avL

78V.L

£eav.L

c8vY L

18v1
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VFD 06/32+12/102318/1023
AX1S BES
* JOB 10 BLOCK
INSTALL VFD Q6720+ 12/350++6/Ne12/100
VFD H30/¢eAeAos068/12
VED 06720+ 12/350:eH6/5412/7200
VFD HI8/7END +0G/60eRH12/T0C
VFD 36/
PROG VFO 367043670435 /0¢35/0
VFD 06/20+12/7350¢H6/De12/7300
VFD HS4 /EPT-GROUP +H18/
=PGR VFD S56/70+:13704018/71200600
. VFD C5/720+412/350¢K678¢12/600
VFD HIZ2/0X+06/60¢H1I8/N0e +H3E/
ROXNO VFD 307006712
VFED 06720+ 12/735C e HE/D e 1 2/700
VFD HI8/ZATE «H186/
DATE VFD 4S/04¢028/32000C00
*# TABLE OF VECTORS ecee ARROW INDICATING THIS JOB
VFED 2/346/634¢10/1000¢2/146/763410/900
VFD 2/3:+6/763¢10/100002/006/63010/900
VFD 2/3¢6/53410/99062/1¢6/53010/900
VFD 2/3¢6/753010/99002/006/53+10/900
VFD 2/3¢6/63¢10/986e2/706/4¢10/9502
VFD 2734676301 0/08602/106/4010/7893
VFD 2/3+6/63410/92342/066/4010/9006
VFD 2/346/63¢10/9230¢2/16/4410/894
VED 2/3¢6/63410/86002/04¢6/6910/910
VFD 2/3+6/763¢10/86002/146/74410/7890
WORDS 8¢S
RST VFD 06/56:30/0
A ¥E
TEM
OFFSET T L8804 0256
~Bss (SIZE)+ (D] )=t PAD TO COMPLETE BUFFER BL
oCcK
(1) (2)+9(1)Y=<(SIZE)
(22) BSssS )
{IDFRM SXA ID& 4
SXA ID2+2
SXA ID1s!
CLAX S(TCRT) L(BATCH FRAME COUNT)
STA *<41
ZEY SE% ' ANY PRIOR FRAMES
TRA *4+4 YESes DO NOT REWIND
CAL CRTAPE NMOes INSURE THAT
caLlL (10S) CRT OUTPUT TAPE
XEC* SI{REW) 1S REWOUND
CAL STOPR STCR TYPE ¢ INSURANCE
TSX BUFR+4

CAL BOTHCM



<+ENO

TsX
CAL
TEX
caL
TsX
CLAR
STA
LDQ

BUFRs 4
IMAGE
BUFR+4Q
RST

BUFR4

$({ JOBN)

*+]
*%

346

NON~-EXPANCED IMAGE

NEW FILM FRAMEe AND
STOP TYPE AND SET BRITE

FETCH JOB NDe

# CONVERT JOB NUMBER AND PRINT IN LARGE LETTERS
* WITH AXES INSERTED BETWEEN LETTERS.

(TAB)
el

[e¢2

* LO0OK
Je3

Ie3&

* FETCH NAME.

Ie&

FETCH NEXT CHARACTER

LOC 000000000060

-

DIGIT #4e RFLUS
TASLE ORIGIN

sTABLE ENTRY

UP VECTOR COMMANDS FOR T™IS DIGIT

AXT T2

BsSS

PXD TA3:

LGL 6

5TQ TEM

CAS ABLNK

TRA 1e34

TRA 1e34

ALLS 2

ACL (TAB)

sSTA led3

AXT Qe l

CAL LE X!

ACL OFFSET

TsSX BUFR+4

TiX 163011

CAL AXIS»2

TSX BUFR+«4

CAaL OFFSET

ACL S64817

SLw QFFSET

SPACE

L.OQ TEM

TNX Tede2e1l

TXH Tels2:¢3

TXL 1eloeleld

CLA ATEN

TRA 1e2
ETCe

AXC Oei

LCQ AONE

CAL* A

LGR 18

XCLl.

ORS DEPGR+1]

AXC le}

CAL* A

ARS 30

RQL 18

LGl <0

VECTCR COMMAND
INCREMENT X-ORIGIN
TRANSMIT VECTOR
COMPLETE DIGIT
OUTPUT AXIS

LOC 64B17

\

TEN IN ADDR,

DEPT=-GRP
DEPT IN AC«GRP IN MQ



Al

ORA
SLW
CAL®
AXT
TXI
LOGH#
LGL
SL.W
LGL
TIX
ALS
ORA
SL.W
AXC
CAL *
LDoQ
LGL
SLw
AXT
CAL*
LGR
ALS
ORA
LG
ALS
ORA
SLwW
XcL
ORS

* OQUTPUT

AXT
cal.
TsX
TIX

* oVTPUT

101
102
1D4

BUrR

BX&

CAl
TSX
CAL
TsX
TSX
AXT
AXT
AXT
TRA
SXa
XA
SLLwW
TNX
SXA
AXT
TRA

AG6060
DEPGR
A

32
X41eloe=l
A

6
PROG+3¢2
30
Als241
6

ATEN
PROG+3
60

A
BLKSTP
i3
BOXNO
21

A

24

&
OCTo61l
12

&
QCT61
DATE

DATE+1
TYPED NAMES

END OF DEPT=GRP

THREE WORDS OF NAME
MOVE TO NEXT wWORD

STCP» TYPE OCT 12
END OF PROGe NAME

80X NO
LOC 606012

NOTE MQ IS CLEAR
DATE

DEPT~GRP+BOX NDee DATE e

WORDS—INSTAL e 1

WORDSe 1
BUFR++4
¥=291lel
EIGHTH AXIS
AX1S~8
BUFR4%
CAMSTD
BUFR+4&
KLENE 4
Xel
A% e 2
*%e 4G
1+4
BX4e 4
Bl+4
O¢4
BCl.edel
B1+4
&% 04
14

TO END ID FRAME

STANDARD CAMERS
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KLENE
Bl
8SX

(Sl

BEND

STCAR
BOTHCM
2a5TD
I MAGE

oONZ

LTEN

ASLNK

AGOS0
BLYSTR

OCTOH1
S/aB1L7

MASK L

(?)

SR
TX1
SXa
AXT
SXD
AXT
SXA
TiX
S¥D
AXT
SXA
caL
call
AXC
TRA
AXT
SXA
AXC
XEC*
TRA
ocT
ocT
ocT
oCT
PZE
PZE
oCT
ocT
ocT
CCT
ocT
ocT
BSS

END

ACC
BSXeLewy
BXO9 G
(S]IZE)+4
BF 14
(S1ZE)va
Bled

B 9 & o R
(I0)e«&
BEND+4
FEND 4
CRTAPE
(10S)
(SIZE)+&
FID

(XS Dok
FEND+4
H*+1e4

$(TCO)

8%

120000000620
430000000600
420000000000
4500000060000
|

i0

0000000030650
000000056060
6060120000600
0000006006051
000100000000
000000000077

(SIZE)+(B2) =

CoCK

(1)ee{2)=(S1Z2E)

348

STOP TVPE
BOTH CAMERAS
STANDARD CAMZRAS
STANDARD IMAGE

- 2 BLANKS AND STORP

PAD TO COMPLETE BUFFER BL



CUTlV

SAVY4

CUTRV

cX1i1

CX1S

MRX

X4
X1

FAP .
COUNT

ENTRY
ENTRY
REM

REM
REM
REM

" REM

REM
REM
REM
REM
REM
REM
REM
REM
REM

SXA
caL
TSX
AXT
CLA%
STO*
TRA
CLA#
TZE
SXA
SXA
suB
TNZ
CLA
TRA
CLA
STO
AXT
TSX
TSX
TSX
TSX -
TsX
TsX
CLA
sus
STo
T1X
AXT
AXT

100

CUT MARKS
cuUT1IV
CUTRV

349

HARRRRNFDICRAXLTRRRIT AT R RTINS T SRR

LT X Gl Lot T

CUT MARK

K e % ook ok kA ok ok Rk ok ok

CALL CUTIV (N)Y FOR CUT MODE

- SETS INDICATCR FOR CUTTER MARKe.

IT IS SENSED WHEN FRAMEV CALLS CUTRV
N=0es FOR NO CUT MARK

N=1 FOR CUT MARK SUITABLE FOR 11X
N=2 FOR CUT MARK SUITABLE FOR 15X
WHEN USING FORM SLIDE

TESTS INDICATOR AND PUTS ON INDICATED

FE R RRLRILRRNARRFERRRFIERTREREE RTINS R REFR

Fe 3538 3 3 W et b
SAV4 .4
NULL
S{PLOT) ¢4
- XX-}

1¢4

S{CUT

24

s{CUT

1¢4

X444

X1le1

N1

- CX15

N1lo23
#*4-2
N710.-
IX

6+1
SMARKV 4
X

1Y

X

LY

INT

IX

N1

1%
MRK*1e1
*¢e 4
Rite ]

TRA TO 1SX CUT

%

1y

LENGTH IN X
LENGTH IN Y
INYENSITY



N1
N1023
N710
IX
1Y
X
Ly
N7
NULL

TRA
PZE
PZE
PZE
PZE
PTE
PZg
RPZE

. PZE

oCcT
£ND

1+4

O0+0+1
0+01023
O0+0+710

Oes0 o
0+0+1023
O+0+0

O+0+63

0s0¢2
01000601000

350
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* FAP
COUNT 50
LBL NAOSUOGO.L =
3* OSU NAA CONVERSION SUBROUTINE FOR FORTRAN ONLYeseeooese
ENTRY IDINFO ;
ENTRY - CLEAN
ENTRY (SDHY
ENTRY (YES)
ENTRY (CTES)
ENTRY ( JOEN )
ENTRY ¢1DCD)
ENTRY (CTUB)
ENTRY ({TCRT)
ENTRY (CNTV)
* . N
3% THIS PROGRAM TIES UP TKE LOOSE ENDS THAT WOULD
* . NORMALLY BE HANDLED BY THE N. Ae Ae BOOKKEEPING ROUTINES
*
ICITNFO CLAX S+4 BRING IN DEPT
STO - NAME
CLA* 144 BRING IN NAME
STYO NAME+ 1
CLA* 2¢4
STYO . NAME+2
CLAK® 3.4
STO NAME+3
CLA%® 444
STO NAME+4
CLA% T4 BRING IN CUT MARK FLAG
STO NAME+S
CLA#* 64 BRING IN BOX NO.
STO NAME+6
CLA%* 8+4 BRING IN J0OB NO.
STO NAME=-3 )
CLAX» G4 BRING IN DATE
STO NAME -2
TRA 10+¢4 TRANSFER BACK TO MAIN PROGRAM
(SDH) NO=
(TES) NOP
(CTES) NOP
(CTJB)Y PZE X411
PZE
(TERT)Y PZE *41
PZE .
(CNTV) TRA 24 )
- NAME + JOB NUMEERs DEPT-GROUP+ BOX NO4e DATE
(JCBN)Y PZE *4]
B8C1 2
(IDCD)Y PZE *+1
N&ME eC1 T

* USED TO MAKE CLEAN IDENTICAL TO (CLEAN



CLEAN

(xa)

SXA
TSX
AXT
TRA
END

(XQ).Q
S(CLEANs4
XX e 4l

1+4

STORE IR&4 IN (Xa4)
CALL (CLEAN

RETURN TO CALLING PROGRAM .
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APPENDIX D
MOVIE STATEMENT LISTINGS

This appendix contains thes statement listings for three
programs,

The first one is for the statements used to produce the
spheroidal radiator movie up to the small ellipse with the
generator symbol inside,

The second ons is the basic program for the spheroidal
radiator pattern., It was used with various additions for
the rest of the movie.

The third ones lists the statements that were used to
produce "THE END"™ in growing block letters at the snd of the
movie,

The @ symbol at the and of each line represents the

SCATRAN end symbol on ths particular printer used for these
printouts,
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3 3¢

START

WORD 1

WORD2

L10ot

WORDS

WORD3

WORD4

Lio2a

WORDS6

L103

RUN ¢

354

ODUMP LOUER CCREZ« SCATRAN

THIS PRCOGRAM PRODUCED FILE te TAPE 1e¢ TITLESe CR
EDITSe ETCoe

CAlLlL SURBROUTINI(I=CAMRAVL (D0

CALL SUSROUTINELI=FRALNZVe (=120

CALL SUBROUTINZ( )=2CHSIZSe( 101030

CALL SUBRCUTINZ(;=RITSTSc(E34125.TABLIVeY)®
CALL SUBROUTINE(ISRITELS (=~ 617598 ¢ 4337566005001
+34-1eWCRDLIIREYO
THE®
CALL SUBROUTINE(I=RITE2Se{ =6 7924 02125¢790¢50¢1¢2
D=1 e¢UICRAD2LIREI®
RESONANT SPHEROIDAL RADIATCRD
CALL SUBSROUTINE()IsSTORZe(Xe4)0
DO THROUGH(LICT ) vN=0s1oNel 01670
CALL. SUDROUTINZIIzSTCRZ«(XNe 330
CONTINUER
CALL SUBROUTINE(I=STEIZE N0 1)O
CALL SUBROUTINZ(ISRITEZ2Se(=1e3181041328e945¢9041
116+l oUOROSIREYR
BRENTON RCGROVESO
CALL SUBRSUTINE(ISCHOSIZSe(7eTHO
CALL SUBROUTINC(IzRITSTSc(Z3¢69¢TAEL IV )OO
CALL SUBROUTINE(IZRITEZ2Se(000e9928¢54049001 9l 0~1
s WORD3e IREIR
AR
CALL SUGBRCUTINZ(ISRITEZ2Sac({=1e07280e7803:850¢9C 1
331 9=1cHORDASIRIT SO '
COMPUTER CENEZRATED MOVIE BYQ@
CALL CUBROUTXNE()=STCQE.(XOQ’0
DO THROUGHI(L102)YeN=0oel e¢Nolal1i90
CALL SUBROUTINZ(I=2STCREe(Xe3)0O
CONT INUEQ
CALL SUEROUTIRNI(I=STCRE . (RKe2)0
CALL SUBDROUTINZ{(JaCHSIZS (5530
CALL SUBROUTINES(IZRITS TS« (25:62+s TABLIVO YO
CALL SUBRCUTINE( )= RXTC250(~2o48750~026560600.900
1421 +=1+UUORDGIREIR
HELPFUL, ASSISTANCE BYO
CALL SUBRCUTINEZ(ISSTOCRT L tXel)O
DO THROUGHIL133) ¢eN=0c ] cNel.eS5Q
CALL SUBROUTINZ()I=SSTCRE«+{(Xe3@
CONT INUED
CALL SUZBROUTINS(IasSTCREe(Xes 130
DO THRCUGHMIL1IOA)IN=1 1 elNel. o SGO
DO THROUGH(L 103)eMz0elefMlelo@

. CALL. SUDRDUTINZE(I=CHS 1231104100

CALL SUBROUTINE{I=RITSVTSe(S53¢12B+TASL1Ve)O

CALL SUBRCUTINE(IRRITEZ2Se(=1¢3181+4,1328+945:¢90,41
1181=1oORDT«IRTIO :

CALL SUBROUTINZ()ISCHSIZS« (7730



(3

VORD7

L1104

woRDSB

WORDS

WORD10

WORD11

L10S

WORD1Z

WORD13

L1106

355

CALL SUSROUTINE()I=RITSTSe(33¢64:TACL IVe) O

CALL SUBROUTINE()ITRITER2Se( 209 e90238¢54009001010=1"
s WORDSeIREYO

CALL SUSROUTINZ()ISRITE25e(=~140724+ ¢ 7803¢0560¢5041
1319=1eWUCROL2INRTHO

CALL SUSROUTINE(I=SRITE2Se¢(=1614220=c5634EB800500 1

sNe=1¢WWCRD74IRCSO

JOHN DecCOWAN S COWARD MJIRENNAUGH DAVID
MeStUPZE .

CALL SUBROUTINE(IZCHSIZS«(Se5)0

CALL SUIBROUTINE(IZRITSTSe(2S5:64¢ TASL Ve ) O

CALL SUEROUTINZ{ITRITESSe(=104875¢=e 2555056006900

1921 3=1elWORDGe IREID

CALL SURBROUTINZ{ISFRALNEVe(~110Q

CONT INUES

CALL SUDROUTINZ()IZRITERLSe(=~oe0S3¢e9031:¢S80e90e1 3

1—1 2 WCRDCe IREIO

ANDG

CALL SUBROUTINZ(I=RITEZ2Se(=101203¢:88346¢870e901

056+ =10 ORDI ¢ IRTIC
NATIONLL CCLMITTEE FOR ELECTRICAL ENGINZIERI
NG FlLrMse .

CALL SUBROUTIRZ(IZRITE2Se (= 259551 ¢=3719¢830¢9001

225+=12UCRDIG INRE0

THE OHIO STATE UNIVERSITVYE

CALL SUBROUTINZIISNITEZSSe(w1025883¢~e58488¢920¢900

1320 =1eWiCROD11,0IREIR

NUMERICAL, CCPUTATION LABORATCRYQ

CALL SUSROUTINE(I=STCRE. (X430

DO THROUGHI(LI1CS))sN=0sl oNelLe 1500

CALL SUBROUTINE(I=STCREe(XeI)O

CONTINUER

CALL SUSKRCUTINZ()=STORE<(Xe2 )0

CALL SURRDUTINZ(IZRITEZ2Se(=1e20350e5849¢695:9041

1831~1UCRDIZIRE)E
(1) THE STREAMLINES REPRESENT VALUES OF CONS
TANY H  IN .
THZ RADIATED FIELDO®
CALL SUBROUTINE(IZRITEZSe(=1e2035e¢=4 153 ¢895¢900
1e720=10WORDLI3¢IREYO
(2) THZ MOVING SEGMENTS IN THE STREAMLINES RE
PRESENT THS
D FIELDO
CALL SUBROUTINZS(I=STCRZetXel)0Q
DO THROUGHIL 1053 sN=0s 2 ¢eNol.e 2400
CALL SUSROUTINZ(I=STORSe (Xe3)0
CONTINUED
CALL SURBROUTINZ(ISSTCRES.(Xs1)0
CALL SUBROUTINE(I=SCMNSIZSe (1001030
CALL SUSROUTINZ(IsRITSTSe (1004100 TAGL IV YO
CALL SUBROUTINZ(ISRITE2Se(e0¢eT7087S5¢700390s00¢1 ¢~



F Wlg

L1O7

L3

Lz

Li-

L4

LS

L1109

L110

356

1sWi14eIREZYIO !

CALL SUCROUTINE(I=RITESS e (a0~ 70873 ¢ 700690000 1 s
1eWiGo IRESQ

*@

CALL SUBRODUTINS( 31=sSTCRZe (Xe yQ

DO THROUGHILIO7) siN=Cet 6lei.a7i0

CALL, SUDROUTINS(12STORZeReZy0Q

CONT INUER

CALL. SUTZRDOUTINZC(I=STORE e (Xes 130

DIST=,022870

DX=e COZ3I0Q

K1=o$ 7010

XS ebPOIZ0

DIMENSICRIQISCSO)IeRISCOIeSI2003eT(20013)0

QlO)=TeRT701Z0

R0} =Ca0 .

DO THIOUGHILIYIoN=io ]l oNel «JEQ

X=X L =DHC _

D1=1030S0CI90OYI AL HQ

Y=o BS0SHECRT o (1a=D1350O

DaSQRTo (DRUDRE{V=Y1)ID{(V=VL I

TRANSFERIL2IFROVIDZDt e ADSe {D=DISTI el 000001 Q"

DX=DXaoL3T/D0

TRANSFER TO (L3se

QIN)2XE

R{(N)=YQ

Xy=XD

Yi=vYQo -

Qi48)zc0o@

R(48)%EZ0CS0

DO THROUGH (1La)s M=2eleMalE NG

Q(M+N) =2-Q{N-M)O

RIN+MIaR(N-M IO

N=24N0

DO THRCUGH (LS) eMBlelsMJLENE

QIN+MI)=QI{N=MN)ID

RI(NIMI==RI(N~-M)E

DO THROUGCH(ILITIOI M=0e¢l sMelLEe 1920

CALL SUBROUTINE()IZRITEZSe (40170875 700¢9004¢1 ¢~
1eWl4eIRENR

CALL SUBROUTINZ(IZRITEZ2Se¢ (2 0¢=e70875¢700¢50e¢4 0410
1eWiGeIRE YD

CALL SUBROUTINE(IZLINE {409 e70875+2 0047087510

CALL SUBROUTINZE(IZLINE ¢ (e0¢ 7087850 (MIeRIMY)E

CALL SUBROUTINE(IZLINE0(aDe=e70875+sQ(M)eRI(M) )@

DO THRCUGHR(LIOZ)«N=131 sNelLEosMe

CALL SUBROUTINE(IZLINZ«(QIN)I+sRI(NIsQ{(N=~1) s R(N=1))

@
CONTINUE®
CALL SUBROUTINZE(I=FRANEVe(~=1)E@

L-Tv 3

CONT INUE @



L1l

L1112

L1113

L1114

L1155

L117

“Ll1é

L1118

L1119

L1120

3587

DO THROUGH(L111)sN=14¢1sNcLEL1926

CALL SUBROUTINZ()I=LINZe (QIN)oRIN)sQ(N=1) +sR(N=1))
C

CONT INUE@

CALL SUBROUTINZ( )=RITE2Se(00e¢70875¢700¢90¢G41 o~

deWi4sIRENE

CALL SUBRCUTINMS()I=RITEZ2S0{e0e=aT70875¢700¢90044¢1
1+WiG o IREYD

CALL SUSROUTINS(I=STCRE.(Xevq)2

DO THRCUGHIIL1IZ2)YsN=1s1eNelL o480

CALL SUBROUTINE(I=STORE (X))

CONTINUE®

CALL SUBROUTINZ({)I=STCRE.(Xel)e@

DO THROUGH(LIIS)eDV=e0¢0174533¢DVel e 25146

COSDV=C0Se(DV)@

DO THROUGH{(L113)eMN=0s11NelLEL192€

S(N) = COSDVHQINYIE

CONT INUE®

DO THROUGH(L11&2)Y«N=1s1eNeLE 1926

CALL SUBROUTINE(I=LINE e (SIN)sRINYeSIN=1) sR(N=1))
o .

CONT IWNVEe

CALL SUBROUTINE()ISFRAMEVe(=1)0e

‘CONT INUC®

DO THROUGHILI1IG)IDL=149=e013885¢0L. ¢GE ¢ 35S2734¢C

S(0y=Q(O)Y#Cle

T(OoYy=R{(OYFDLO

DO THROUGH(L {1 7)esNz=1 el eNeLEL1920

S(N)Y=0{MY4*OL @

TIN)Y=R(NY#DL e

CALL SUBROUTINES(IZLINE«(SINI«TINI«sS(N=1)sTI(N=1))
@

- CONTINUE® -

CALL SUBROUTINE(I=FRAMEVe(=1)0

- CONT INUE@

DO THROUGH(L118)+M=20+s1 +MeLE 4960

N=2%Me

Q(MY=SI(N)Y G

R(MYy=T{N)D

CONT INUEe@ .

DO THROUGHI(L119)sN=141eNelLE+S6R

CALL SUBROUTINE(IZSLINZE.{(QIN)sRI(NY+sQ(N=1) sR(N=1))
@

CONTINUE®

CALL SUBROUTINE()I=STORTe(Xe4)0

DO THROUGHIL1206)+M=0¢1 +Mel os71@

CALL SUBRCUTINE(I=STORE (X 3)@

CONTINUE®

CALL SUBROUTINEZ(I=STCREL{Xs 1Y@

N=0@

DU=.001@
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DIST=2,006640
ERROR= 000152
Ul=0o®
X1=e16586
Yi=0e®
QIN)=XIE
R(I(N)Y=Y1I®
N=N+1E
L304 " U=U1 +DuUe
TRANSFER(L3I03IPROVIDED(UeGel e )@
L301 X=e25#SCGRT o 449 ( 1 e=-UKkUYIP
= o 3NV
D=SQRT o { { X=X yH(X=X] j4 V=Y 1) (Y=Y1))Q
TRANSFER(L3G2)PROVIDED( s ABS+ {D-DIST) L LERROR) @
DU=DUZDIST/De
TRANSFER(L 3040
L302" Q(N) =XE
‘ R(N)=Y@
N=N+1@
Yi=Ye
X1=X@
Ul=Ue
TRANSFER(L304Y0
L.303 D=S0RTo((H1¥KX1)+(o3-V1I#{o3=Y1) 50
TRANSFER (L399 IPROVIDCED(DLEDIST/2,.)0@
_ TRANSFER(L3I0S)PROVIDED(D«GeDIST#1 eS) @
L306 Q(N) = 004980
' R(N)=o3@
N=N+10
TRANSFER(L3993@
L.305 X=X1#05@
Qi{N)=XE
R(N)=V@
N=N+1@
" TRANSFER(L306)6
L399 CONT INUE®
NR==NG@
DO THROUGH(LIZ1)eDVT 0016174533 ¢DVelLe25414¢
COS=CO0Se(DVIE
DO THROUGH(L121)+M=0Ces1sMoLE oNn
CRT=SIN. (1 ocST707T68( 1 ,+3,233333%#Y(M)) )@
DX=¢0332%COSRCRTO
CALL SUBROUTINE(IZLINE (X (M) eYIM) s X(MI+DXsY (M)
" CALL SUBROUTINE (JIZLINE e (=X (M) oY (M) s=X({M)=DXeY (M)
‘e
CALL SUBROUTINE(ISLINS e (=X (M) s=Y (M) ¢ =X(M)=DXo=~Y
MIre :
CALL SUBROUTINE(IZLINZE e (X (M) e=Y (M) e X(MI+DXe=Y (M)
)@
L121 CONT INUEE
: CALL SUBROUT INE(IZAPLOTV(NR+Q(O)+R(O)s1e1 144



Lz20

.30
L40O

Li22

END

389

2.1RRYE

15=306#SINe (DV)®
TRANSFER(L20+L30+L30)PROVIDED(IS)@
1X=2@

TRANSFER(L&OQ

" IX=1@

CALL SUBROUTINE()I=CENSVMe (I Xe s AGSe 1S
CALL SUBROUTINE( ; -="RAMEVe(-1)0

" CONT INUEe

CALL SUBROUTINE()I=CLOSTP.()@

END PROGRAM(START))®
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SCATRAN

MAIN CROCRAM FOR SPHERIOIDAL RADIATCR ©

READ INPUT 8o (NANDoNCeNSETsRKNUNMB) @

READ INPUT L3¢ (DELTAUIDISTERRCGReDVeTSTARTTE
ND»VSPKERYE :

URITE OUTRPUT LA (DELTAUDIST«ERRORTSTART +DVoe
TEND o VEFPHER KA s NI o NC 4 NSET s KNUMB)Y @
(/7107 e QUFIRSY INCRIMEINRT IN U =%eF10680¢//710T.Q%D
ISTANCE BETUEEN POINTS =#eF 706 /7107 QXMAXIMUN E
RROR =z #oeF1S5e8¢//J0ToGRSTARTING TIME =z #.F15.8

o Z7710T o CGUTIME INCRENMENTY 2 #4F15:8¢//710T«Q#ENDING

R Lo *oFYSoSo/liOToQ*SPHERO!D INDEX = #4F1
 5980//?OVanvu|pUT FORMAT = #4115+, /10T«Q%CAMER
A8 = . @o!RSvITEO?oG%FRAME MARKS = *e119

0 /10T e QUNUNESER €F CYCLES & %4113¢//7107«Q#NUMBER

T OF STREARLINES = #¢1I5e/30
READ INPUT +L3+((S{T2e1=04t¢loelernuMBII@

T (4F 1589 @

CALL SUBROUTINE ()=CAMRAVe(NB)@
FLOAYING (KIn
" DIMENSION (QU7800)Y «RIV800)¢S(15) )0
- DO THROUGH (L14)+FA=TSTART DV FAcL e TENDE
N=0¢@
VSQML =VSPHERMVSPHRER=1®
PTFV= o £25%#VSPHERE
DU=DELTAUG
Ul=0e0
= ¢ 25RSART 4 (VSOMLIY @
YI=De®
QiNY)=Xte@
RI(N)=VI@
N=N+1E
“U=U1+DUe
TRANSFER TO (L303) PROVIDED (UsGele)e
X= o 25%SCGRT o (1 e =URUIRVYESCGMYI YA
Y=PTFVRUG
D=SQRT e ((X-X!)th~X!)+(Y—Y1’*(Y—Y!))0
TRANSFER TO (L302) PROVIDED (2ABS, (D=DIST)el «E

RQOQ)@

DU=DU#DIST/De
TRANSFER TO (L3043)e
Q(N)Y=Xe
RI(N)=Y@
N=N+1@
Yi=Y®
Xi=X@
uUl=sUe
TRANSFER YO (L3030 _ -
D=SQART o ({XI NN I+ (PTFV=V1IH(PTFV=~Y1))0
TRANSFER TO (L329) PROVIDED (DelLEeDIST/2e)€
TRANSFER TO (L30S) PROVIDED (DeGeDISTH#1e5)@
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L306 = -~ QIN)I=,0049864690
R(NI=PTFVE
N=N+{1@ )
. TRANSFER 7O (L399)0
L30s X=X1%.5@
QINI=XO
R(N)=VE
N=N+1 o
TRANSFER TO (L3C5ve
L399 DTME=IFAQ
SIN=SiNc(1.B7070568(FA=02) )@
" DO THROUGK (L.121)eM=0s1eiol.oNE
CRT=SIMNo{1.570T3GH#{ 10=3e33333%RIMY) Y@
DXz o 0328 INRCRYQ
CALL SUSRCUTINE () =LINEe {QIM)eRIM) sGIMIF+DXRIM
yre
. CALL SUSROUTINE ()=t INE(=Q(M) R(M)e=Q(M)=DX+R
(Y e -
CALL SUBRCUTINT (H1=LINCe(=0Q(M) +=R(M)e=Q(M)=DXso
R(MYI@ .
CALL SUBROUTINT ()=LINE«(Q(M) e~R(IM)I«Q(M)+DXs~R
StMye
Li2t T CONTINUE @
' 1S=3008C0S0l1eS707056%FAYE
‘ TRANSFER (LA0OsL.81eLA&Y) PROVIDED (1S)eE
L40 ' IX=20
R TRANSFER (L42Y0
Lar IX=t@ :
Ls2 " CALL SUSROUTINE ():=CENSYMe( IXs e ABSLISYE

DO TWROUGH (L16) +iKAZOe 1 +siKALL JNSETE
1=0@
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L302
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SCATRAN

MAIN PROGRAM FOR SPHERDIDAL RADIATOR @
READ INPUT ¢8¢ {INAJNSINCoNSET KNUMB Y@
READ IRPUT oL3«(DELTAUIDISTIERRORDVTSTARTTE

”NDOVSP ~ERYE

CWRITE OUTPUT oL4e{CELTAUSDISTERRORTSTART#DV e
TEND s VSRIER e NA oND o NC oaNEET«IXINUMB Y @

(//10ToQEFIRST INCRIMEWT IN U =710, 8e¢//710TQ#D
xs?auyg BETUZEN POINTS 2% eF7e69// 10T sOQFMAKIMUN E
ROR & %oF1S.Be/ /107 oQASTARTING TIME = #¢F1548
o//‘ﬁ?q@*?fﬂs INCRTIENT = #oF 15¢8+//10T+QHENDING
TIME = #0P05.8¢//107VQ#SPHEROEID INDEX = #4F1

5.Be /7 10T GRGUTRUY FETMAT = #e115+/,107 ¢ QHCAMER

AS = 27150 /7107 cORFRAME MARKS = *e115
o//lé?oQGNUMBER OF CYCLES =T #4113e¢//710T«Q#NUMBER
OF STREALINETS = Re18e¢/)0
READ INPUT +L36((S{T%e 1301 slLeKNUMBYYIE@
t4F15.8) e :
CALL SUSROUTINE (I=CAMRAV.(NBIE
CFLCATING (Ky0
DIMENSICN (QI7800) «RIT7E00)«S(15) 0@
DO THROUGH (L1431:FASTSTART DV eFALL «TENDE
N=00Q
VSQHT =VSPRERAVSPrHER-1 O
PTFV= o 252 VSPHER®
DU=DELTAVU®
Ul=gee
X1=023%SQART o (VSGRTI @
Yl"'OoQ
QNI =XI@
R{(N)=ViIE
N=N+LQ
U=UtL +DUE
TRANSFER TO (L3C03) FROVIDED (UeGele)@
K= 0 25ESCERT o { {1 e ~UHUIWVSAMI )@
Y=PRPTFVH#UR
=SGRTe ( {X=N1IFIX=K1)HLY=Y1IR(VY~Y1) )@
TRANSFER TO (L302) PROVIDED (oABSe (D-DIST)eL oE
RROR )@
- DU=DU=DIST/D0
TRANSFER TO (L3040
- QINYXUD
RIN)=Y@
. N=N+{@
Yi=Va@
X1=XE
CUr=Ue
TRANSFER 70 (L303)0 -
D=SCRTo{ {XIHX]1 )L IPTPV=Y1) * (PTFV-Y1))e
TRANSFER TO (L399) PROVIDED (DeLE.DIST/2,)0
TRANSFER TG (L30S) PROVIDED (DeGeDISTH1,5)0
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L306 - . QINI= o 0CHC302690
RI(N)Y=PTFVO
N=N+10
. TRANSFER TO (L3%99)e
L30s = - X=Xi32.Se
QINI=HE
R{NY=V©
N=N+10 A
. TRANSFER TO (L3033e
L3g9 © DTMS=FAe
SIN=SINc{1eS5707S32(FA=02))@
. DO THROUEGH (L121)eti=00l oMol oN®
CRT=SINo(] eS70735% (] 0=3033333%R(M)))@
DX=o 03329 INACRTE
CALL SUSRSUVING (J)=lINCe{G{fM) «RIM) Q(M)I+DXR(M
Qe
' CALL SUSROUTINE (IolLINEc(=G(M)IsR{M) o ~QIM)=DXeR
(MyYe - :
CCALL SUBROUTING (3=t INTe{=Q(M) ¢ =R{(M)e=Q(M)—=DX
‘RI(MIYI@
CALL SUBRGUTINES ()=LINE(Q{M) ¢~R(M) +Q(M)+DX+~R
.oMne
Lia1 CONT INUE @
15=30e2C0Sa{15707984FA)Q
TRANSFER (LA0.L414L41) PROVIDED (IS)e
L40 IX=20
TRANSFER (La2)e@

L41 iX=1@ |
L42 CALL SUBRISUTINE (1cCENSVYMe(IXeABS6IS)O
DO THRCUGH (L156) e KAZ0e1 s KAJL «NSETQ
1=0p
DO THRCUGH (L9)sKEx=0s1eKBoll oI XNUNMSE
K=S{1)e

V=2 o= BIEGIO7T7TARCS IN (K 4DTRMER
TRANSFER TO {(LS) PROVIEEZD (Vel.+VSPHZIRIE
UMAX= e 83661 9777ARCCOSKY @
U=0+¢00C
Ul=0.00
Y=0 0@
Yi=00C0
= 25NSCRT o ViVl )0
X1=¥X©
QI{N)Y=XO
RINYaVO
N=N+1©
L8 U=UL +LZLTAUR )
TRANSFER TO (L11) FIOVIDED (UGeoUmAX)O
COS=C0Be{1eE707CE34ELR
V2 =eS2CH19772ARCS 1IN (K/CO0S)TDTMER
K= o 25%SGART 0 (( { o =URU IR (VURV=14) )0
= ¢ 25%URVE
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D=SORT o ¢ (X=X ) (K=K V=V IRH(V=VYII)IC
TRANSFER TO (L10) PROVIDED (+ADS{D=DIST)Iel ¢ER
RORY
DELTAU=DELTAURDISYT/DE
TRANSFER TO (L8)YQ
L1io TRANSFER TO (L9} PRIDVIDED (VelL o VSPHER)I®
Qi(NI=Xo
RI(N;=VYE
N=N+1Q
X1=XeE
Yi=VO
Ui=Uo
TRANSFER TO (LB%Ce
L11 U=UMAXG
V=1 o tDTRZEC
= ZSN8CRT 0§ o=URUIRIVRV~143)0
Y=o 255UnVE
D=SCRT e ({ X1 I {HaHg 32 {YVY=Y1)I2IY=VII)IO
TRANSFER TO (L19) SIOVICED (Dol.eDIST/24)50
TRANSFER T0O (L17) PROVIDED (DeGeDISTH#15)0
TRANSFER YO (L9) FPROVIDED Vel sVSPHERY@
QINI=XE
R(N)=Ve
N=N+i1i3
X1=X@E@
Yi=VYQ
Ul =Loe
TRANSFER TO 1330
L19 u=ugo
COS=C0S6{15767CHIRVYO
V= o 63E0L1O977RARCS ING (R/COSISCDTMER
X= o ZS5USCERT o { (1 e ~UiUY#{ViIV=14))0
= 0 25PUNVE
D=SQRT e ( (X=X1 3T I{X=XT $S(V=V1II(V~YL}) IO
TRANSFER TO (L13) PROVIDZID (Dol +DIST)HYO

U1l =UMAXOo
TRANSFER TO (Li13)M@
L7 Uz (UMAX4UL )Y /260
DELTAU=DELTAU/2.0C
L20 COS=CO0Sc {1S707TE3INUIC

V=2 ,=063CC107TRARCS INe LIK/COSY+DYMER
(= ¢ 25%SCRT o { (o =URUyREVIV=14) )0

= 0 25+ URVEe '

=SCRT o ( (M=K IR LH=HT IS (V=Y IR(Y=V1) 30
TRANSFER TO (L10} PROVIDED (DeGe(DIST-ERROR)YYCQ
Us (UMAX4U I /2.0

TRANSFER TO tL20)0

L13 U=U1=-DELTAUG

COS=C0Se (1 o FTHVSEIVUNICO

= o63EB1QTTTARCS ING (R/COSILDTMEQ
X= o 25%SCRT (o =UTU) R {VIV=16) )@
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= 25UV e
D=SCRT o (X=Xl )2 (=Xt ye{V=VIIR(VY=YEI)IO
TRANSFER TO (L15) FPROVICED (ABS{D=DIST)eleER
RORIG .
DELTAU=DELT D IST/DR
TRANSFER TO (LS50 .
Li1s TRANSFER TO (L9O) FROVICED (Ve oVSPHERCReVel.a0
YoRNel
QiN)YI=XHO
Ri{N)=VQ
N=N4+10
K1=XKo
Yi=VYQ
Ul=UQ
TRAREGFER TO L1330
LS I=1¢1Q
NR==NO
CALL SUDRIUTINE(ISATLOTV e (NReQ(OIeR(O) sl el
1642 1IRRIO
IZ=NETNE
N=00
L6 DTME=DTME<2:0
ND=ND+1@
IRR=1I{IRRSo 180
WRITE OUTPUT oLESoINDoNZ IRRYNE

F L3S (/10T QETHE NUISER OF POINTS PLOTTED IN FRAMESRI
JeQt IS¥eIT7e/20TcOUCFF SCALE POINTS = #ellles/)0
NE=ce
CALL SUSROUTINEZ ()=FRAMEV.I(NC3I@
Lia CONTINUE @

CALL SUBROUTINE(3=CLOSTP.(30@

FUNCTICN (ALFHAI=ARCCOS.(EZTAYCE
ALPHA=ATANGISCRT o (1 «~BEZTAREZTAY/EBETA)O
NCORMAL EXIT @

END SUGFROGRAM @

FUNCYION (ALPHAI=SARCSING(EBETALOG
ALPHAzATAN(BETA/SCRY e {1 ~ECTARBETA)C@
NORMAL EXIT @

END SUBPRUOGRAM 0

END END PROGRAM (STARTIC
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x#% SCATRAN -

C
START

Lt

L2

F WORD1S
END

THIS PROGRAM WRITES THE END IN BLOCK LETTERS

CALL SUBSROUTINE(I=CANRAV.(O)OQ

DO THROUGH{(L13¢1=Ceslelelel2@

IXS=l+1@

IX=4%#IXS+36 -

X=*-O398¢4" YKS—‘.OCBSEG\

Y==e QO 16641150

DO THRCUGHILII eJI=0s1sJol o330

CALL SUBROUTINE()ISCHIIZS(IKS+IXSY@

CALL SUBROUTINE(IZRITSTSe(IXe 100+ TABRLSV Y@

CALL SUSROUTINS(I=ZRITEZ2Se (X eVe750¢90e¢1 ¢7+~1+WORD
15 IR

CALL SUBROUTINS( I=FRAMEV(0YE@

CONT INUE@ ’

CALL SUSROUTINE(IZRITE2Se (X oeVeT750090¢1 7 0=1+WORD

' 15+ 1RO

CALL SUBROUTINE(Y=STORE (2040

DO THROUGHILZ2) oN=001oNeL 0950

CALL SUSRCUTINE(I=STORE«(Ze3)@

CONTINUE e

CALL SUBROCUTINZS(I=STORE.{(Z+2)0
CALL SUBROUTINZ(I=STORE. (Z+5)@
CALL SUBROUTINS()=CLOSTR.()@

‘012523460

END PROGRAM(STARTSIQ
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