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S-C 4020 SUBPROGRAMS

INTRODUCTION

Designed and manufactured by General Dynamics
Electronics, the S-C 4020 (as used at N.A.A.) is
a peripheral system which reads magnetic tape
output from a computer program and produces
graphical, pictorial, or alphanumeric output. As
the tape is read, the desired lines and characters
are displayed on a specialized cathode ray tube.
Sensitized paper and/or film is exposed to the dis-
play and the results are developed and returned to
the programmer.

The obvious application of such a device is the
rapid production of labeled graphs. Results in
graphical form are usually much easier to analyze
than are the same results in printed tabular form.

Less obvious, but often highly desirable, is the
exploitation of the S-C 4020 as a high-speed prin-
ter. For certain applications, this affords distinct
advantages over the use of a standard printer. For
one thing, printed records can be obtained on 35
mm film, which greatly reduces the amount of
space required to store the records. A form suited
to the printed information can be generated or
superimposed by the S-C 4020.

A variation is the production of a frame that com-
bines tabular data with a plot of the related curve.
Still another use of S-C 4020 techniques is the
creation of diagrams and line drawings.

A complex of S-C 4020 output routines is available

to write the S-C 4020 control instructions on an
output tape. These are either in FORTRAN func-
tion or subroutine format. (These two types of
routines are described on pages 60.41.01 and
60.42.01, respectively. It is recommended that
the programmer be familiar with them before
attempting to use the S-C 4020 subprograms.)

At first glance, the list of S-C 4020 routines on
pages 74.00.01 through 74. 00. 03 seems formidable
indeed, but the user should not feel baffled by the
great volume of details available. Some routines
were developed for special purposes with limited
usage. Many are used principally as lower-level
modules for more general subroutines, and will
seldom be called directly by the programmer.

In order to help the programmer avoid the study of
many details extraneous to the solution of the
average problem, an S-C 4020 ‘““First Reader’’ has
been prepared, beginning on page 74.10.01.
Enough information is included for the preparation
of ordinary graphs with plotted points, titles, and
labels. Subsequent sections contain more details
about the subjects introduced in the First Reader,
as well as information on additional ways of using
the S-C4020.

In order to become familiar with the vocabulary,
the programmer should read the following intro-
duction to the S-C 4020 equipment, before proceed-
ing to the First Reader.
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DESCRIPTION OF MACHINE

The basic device of the S-C 4020 is the CHARAC-
TRON cathode ray tube illustrated. This shaped
beam tube contains a built-in character-forming
section consisting of an electron gun, character-
selection plates, and a stencil-like matrix employ-
ing character-shaped openings. The matrix is a
small thin disk of a special alloy; all character
apertures are engraved on the matrix in a space
less than one-fourth of an inch square. The 64
characters in the matrix are arranged in an 8 x 8
array.

The electron gun directs an electron beam toward
the matrix; this beam passes between two sets of
electrostatic character-selection plates which
deflect the beam toward the matrix aperture
desired. When the electron beam strikes the char-
acter matrix, a portion of the impinging beam
passes through the character-shaped aperture and
the emerging ‘“‘extruded’’ beam has a cross section
matching the character etched in the matrix. After
leaving the matrix, the beam is redirected along
the tube by reference plates and refined by the
focus coil. Finally, the shaped beam passes
through the deflection yoke, where it is deflected to

@ CONTROL GRID
@ ACCELERATING ANODE (A2)

(3) CONVERGENCE COIL ASSEMBLY
() SELECTION TRIM

(5) MAIN WINDING
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a selected position on the phosphor-coated tube face.

The deflection conversion circuitry allows the

beam to be deflected to one of 1024 positions in the
horizontal direction and one of 1024 positions in the
vertical direction. The raster area on the face of
the tube is therefore a lattice of 1024 x 1024 addres-
sable positions. Each position may be addressed
by a coordinate system of 0 to 1023 raster counts

in the horizontal and in the vertical directions.

No fractional coordinate positions may be
addressed.

For convenience, the S-C 4020 subprogram sys-
tem developed at N.A.A. assumes a raster orien-
tation which is different from that built into the
machine. In most of the N.A.A. subprograms,
the user can think of the (0,0) point as being on the
lower left-hand corner and the (1023,1023) point in
the upper right-hand corner, like this:

(1023,1023)

Orientation of the
raster to be used by
the programmer when
calling most of the

S-C 4020 subprograms.

(0,0)

(6) REFERENCE TRIM

(7) VERTICAL REFERENCE PLATES
HORIZONTAL REFERENCE PLATES
(9 MU METAL SHIELD

@0 HELICAL ACCELERATOR (A,)

(&) e@ (8) ©
NN e o A7 == W i

/

@/i;‘“?/ %—ﬁ 7
68 &6 &
@ cariove

@ FOCUS ANODE (A,)
19 VERTICAL SELECTION PLATES
HORIZONTAL SELECTION PLATES

@ MATRIX

HORIZONTAL AND VERTICAL CENTERING WINDINGS

e

@) MATRIX SHIELD

TYPICAL BEAM PATH

FOCUS COIL

@) DEFLECTION YOKE

2) PHOSPHOR SCREEN

(@) HELICAL ACCELERATOR BUTTON

CHARACTRON® Shaped Beam Tube
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The term ‘‘raster count’’ will be used in refer-
ring to coordinate positions on the raster and to
dimensions of an image. For example, a hori-
zontal line which spans N addressable positions
may be considered to be N - 1 raster counts in
length. Vertical lines are referred to in a sim-
ilar way. The length of a diagonal line can be
considered to be the resultant of N-1 raster
counts in the horizontal direction and M raster
counts in the vertical direction.

RECORDING THE IMAGE

Two cameras are available which may be used sep-
arately or simultaneously to photograph the image
on the tube face. The 35 mm camera records a
0.69” square picture on 35 mm film (with sprocket
holes). The 9” camera records a 7.5" square
picture on sensitized vellum paper. Subprograms
are available which allow the programmer to select
one or both cameras. ‘‘Selection’’ of a camera
opens the shutter of that camera, allowing any
image displayed on the phosphor coated CHARAC-
TRON tube face to be recorded on the film (or
sensitized paper).

_i'if_ilSOLUTION
Two plotting dots (or two parallel vectors) will

appear as resolved dots (or vectors) if positioned
three or more raster counts apart.

SIZE OF CHARACTRON CHARACTERS

The largest of the characters occupies an area
which is approximately 6 raster counts wide by 9
high. The following is the actual size of the char-
acters on a sample from the 9 inch camera.

THIS IS AN EXAMPLE OF CHARACTRON CHARACTERS.
The CHARACTRON characters cannot be rotated
nor changed in size by the programmer. Mechani-
cal variations will cause the size to vary slightly

from time to time and may cause the characters to
be slightly tilted.

PROJECTED MASTER FORM

A Form Projector allows a Master Form to be
superimposed on the S-C 4020 output. Although
the ‘“flashing’’ (exposure) of the form is under pro-
gram control, the S-C 4020 operator must select
and manually insert the form at the beginning of the
job. Since preparation of the master is an expen-~
sive procedure (it is not a 35 mm slide), such a
form is suitable only for certain types of jobs.
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For example, in some cases, the form cannot be
program generated, or it is repeated so often that
the machine time saved by a master justifies its
cost.

OTHER MACHINE FEATURES

The Typewriter Mode feature built into the machine
simulates typewriter action. Once positioned and
started in the typewriter mode, the S-C 4020 will
continue displaying word after word of BCD infor-
mation, typewriter fashion, until a signal is en-
countered which halts the typing. Each ‘‘typed’’
Charactron character is allowed 8 horizontal and
16 vertical positions on the raster, which gives the
necessary spacing to separate adjacent characters
both vertically and horizontally. In this mode, a
maximum of 128 characters can be typed in one
line and 64 lines can be typed on one frame. A
“‘carriage return’’ indicator is provided which will
cause writing on one line to be halted and to be
resumed on the next line at the left edge of the
frame.

Some printing subprograms provided by the N.A.A.
system take advantage of the speed of typewriter
mode and the automatic spacing of characters.
However, they terminate typing by use of a charac-
ter count rather than by the ‘‘stop type’’ indicator
provided by the manufacturer.

Bright and Faint Intensities of exposure are avail-

able for character plotting. In addition, repeated
plotting will give heavier exposure, although exces-
sive repetitions will cause haloing (spreading of the
light into the surrounding area).

A Vector Generator permits drawing a line from a

specified point to the resultant of specified horizon-
tal and vertical components. The length of one vec-
tor is limited - neither the horizontal nor the verti-
cal component may be greater than 63 plotting pos-

itions. However, a longer line may be formed by a
series of vectors plotted head-to-tail.

The Vector Generator facility offers a method of
forming characters which may be varied in size and
in orientation. Subprograms are available for the
generation of vector characters. The following
example was displayed in a large size to show
details of vector character construction.
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An Axis Generator enables a continuous line to be
drawn either horizontally or vertically across the
film frame. The coordinates of the starting point
of each axis must be specified. Because of some
current disadvantages in the use of axis lines, the
system subprograms, which must produce lines,
rely on the use of vector generated lines.

A Current Point Register on the S-C 4020 will hold
the coordinates specified by the last operation.
This register can be set by the programmer (by
plotting a blank, if necessary, at the point desired),
but cannot be retrieved by him.

OUTPUT CONSIDERATIONS

A number of variables influence the quality of the
pictures produced on the S-C 4020. In addition to
variations in the operation of the machine, factors
related to the processing of the film or sensitized
paper cause some day-to-day changes in output
quality.

The S-C 4020 customer engineer and the. EDPM
Group try to hold these variations to a minimum.
Programmers should report instances of substan-
dard quality to the EDPM Group. Form 1028-X-2
is available for this purpose; it can also be used as
a request to have pictures ‘‘re-shot.”’

The output tape will be held 48 hours after running
on the S-C 4020, in order to allow the programmer
to check the output. If the programmer wishes an
additional set of pictures, he can request that the
tape be reprocessed on the S-C 4020 before the
tape is released. If he anticipates that there will
be a need to use the tape at a later time, he should,
of course, reserve the tape.

Reproductions of S-C 4020 Output

When multiple copies of S-C 4020 pictures are
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required, the programmer must consider what 2
method of Auplicating is most suitable for his \J”

application.

Blueline reproductions are of very poor quality,
because of the thickness of the paper output. How-
ever, reasonably good bluelines can be obtained if
a vellum copy is first made on the 914 Xerox and
then used as the master copy for blueline
reproductions.

If less than four copies of a 9-inch picture are
required, 914 Xerox or Xerox Copyflo is satis-
factory. Multilith, however, gives much better
reproductions, and is preferred if more than ten
copies are desired.

Work submitted for Multilith or 914 Xerox repro-
duction must be cut into 8-1/2 inch sheets. The
Xerox Copyflo process can handle a roll of the
9-inch paper output.

Photographic reproductions are recommended for

work that must be increased (or decreased) in size,

or for work that requires special handling or spe-

cial quality. If the programmer knows that he will

need photographic reproductions, he should pro-

duce his output on 35 mm film. (Photographic will
have to make an internegative from this film in o
order for the photo-print to have black lines on a g
white background.)

Projected Pictures

Output from the 35 mm camera can be projected
by a strip film projector, or it can be mounted as
35 mm slides.

Since the space between frames on the 35 mm film
is very small, an extra frame advance between
each output frame will provide borders useful in
either type of projection.
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THE S-C 4020 FIRST READER

The S-C 4020 First Reader has been planned to give
the minimum details necessary to use the S-C 4020
as a plotting device. In order to avoid time-

consuming descriptions, many subtleties and vari-
ations of the routines have been omitted, and
other subprograms are left out entirely.

Upon completion of the First Reader, the student
will be able to use the S-C 4020 as a plotter. It is
hoped that he will be sufficiently interested to
study the subsequent sections, which contain
descriptions of many additional S-C 4020 facilities.

PRELIMINARY DISCUSSION

To review the Introduction, an area of 1024 x 1024
addressable positions, called the raster, is avail-
able for plotting on the face of the Charactron
cathode ray tube. For all the routines discussed in
the First Reader, the (0,0) point is assumed to be
the lower left-hand corner of the raster, and the
(1023,1023) point is assumed to be the upper right-
hand corner. Other positions may be addressed

by specifying the number of raster counts (address-
able positions) from the left and from the bottom

of the raster. Fractional distances cannot be
addressed.

Images displayed on the face of the Charactron
cathode ray tube may be recorded on 35mm film
and/or 9-inch sensitized vellum, depending upon
the camera, or cameras, selected.

Subprogram Considerations

From the programmer’s viewpoint, an S-C 4020
display is produced as the result of a series of
calls to FORTRAN subroutines (with the occasional
use of FORTRAN function-type subprograms).
Before attempting to use the S-C 4020, therefore,
the programmer must be familiar with the FOR-
TRAN language, and particularly with the operation
of FORTRAN subprograms.

To simplify the descriptions, terms have been used
which imply that the S-C 4020 display is taking
place during execution of the subprograms. Actu-
ally, execution of these routines results in writing
commands for S-C 4020 display on a magnetic tape.
At'NAA, the S-C 4020 is a peripheral device; the
magnetic tape is physically removed from the
7090/7094 following the computer run, and placed

on the S-C 4020 tape unit, where it controls the
S-C 4020 output.

The typical S-C 4020 application involves the dis-
play of some physical phenomenon scaled to the
dimensions of the available plotting area. For the
most part, the programmer can do his planning on
the basis of the physical model. The system pro-
vides subprograms that will accept information
given in terms of the model and perform the neces-
sary scaling and conversion to relate the informa-
tion to the raster area.

In the subprogram descriptions, floating point var-
iable names have been assigned in accordance with
the FORTRAN convention. If integer variables are
required, names beginning with I, J, K, L, M, or
N are used. The actual floating point number (or
integer) may be used in the argument lists in place
of a floating point (or integer) variable name, if the
argument represents input to the subprogram.
Constants should never be substituted for argument
names that represent output from the subprogram.

SELECTING THE CAMERA

THE CAMERA (OR CAMERAS) MUST BE SELEC-
TED AT THE OUTSET OF S-C 4020 USAGE IN
EVERY JOB OR CHAIN LINK THAT CALLS FOR
S-C 4020 OUTPUT.

Camera selection is implemented by the following
statement:

CALL CAMRAYV (N)

N =9 The 9-inch camera will be called
and the 35mm camera will be
dropped out of select.

N = 35 The 35mm camera will be called and
the 9-inch camera will be dropped
out of select.

N = Any other number. Both cameras will
be selected.

Note that selection of one camera causes the S-C
4020 display to be photographed only by the camera
selected. That camera will be used until another
CALL CAMRAV statement changes the selection. If
the 9-inch camera is selected, and a CALL
CAMRAV(35) is encountered, usage of the 9-inch
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SEND TO STUDENT CRT

DEFT-GROUP 0282 o072

1220=X"7

BOX NO. 856

DATE 09/05/33

FIRST READER

Figure 1-a

AN IDENTIFICATION FRAME

As in other NAA accounting printouts, the machine number and the last digit of the year appear as the last

two digits of the date.

AT

L
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camera will be discontinued and only the 35mm
camera will be employed.

Therefore, CALL CAMRAYV (935) is not equivalent
to the two statements

CALL CAMRAYV (9)
CALL CAMRAV (35)

If both cameras are used alternately (rather than
simultaneously) in a program, it is recommended
that the following sequence be used as the first
S-C 4020 statements in the program:

CALL CAMRAYV (N) Where N is any
number other than 9

or 35.

CALL CAMRAYV (9) To select the cam-
or era needed for the
CALL CAMRAV (35) first display. That
camera will be used
until another CALL
CAMRAV is
encountered.

In this sequence, the first CALL CAMRAYV state-
ment provides simultaneous writing of the identifi-
cation frame on both cameras, since both are
going to be used.

(It is possible for the S-C 4020 operator to set a
switch which overrides the programmed camsara
selection. A request for such action should only be
made when an unusual need arises.)

THE IDENTIFICATION FRAME

The ID frame (Figure 1-a) is produced by the sys-
tem when it encounters the first S-C 4020 state-
ment that puts information on the S-C 4020 output
tape. This should be during execution of the first
CALL CAMRAYV statement. The chief purpose of
the ID frame, of course, is to enable the job dis-
patcher to return the developed output to the right
programmer.

However, the frame can also serve as a clue to
output quality, since it is always generated in the
same way. Several machine features are demon-
strated. The information printed in small charac-
ters is an example of Charactron characters,
printed in the typewriter mode, using bright inten-
sity. These characters are displayed only once;
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i.e., they are not replotted for greater intensity.
Since the typewriter mode is used, the spacing of
characters within words is determined by the
equipment, not by the programmer.

The large characters in the job number are formed
with vectors. (These simplified figures are not
examples of the set of standard vector characters
for programmer use, however.) Another example
of vectors may be seen in the arrow. Since the
lines that form the shaft of the arrow are longer
than the maximum vector length, each line is made
up of three vectors joined end-to-end.

The border is formed by pairs of axis lines. The
X axis lines, once started, sweep to the right edge
of the frame, while the Y axis lines, once started,
sweep to the top of the frame. On the ID framse,
the outermost axis lines lie on the outermost raster
ordinates. The border, therefore; shows the max-
imum size of a frame (and, incidentally, shows
how close the frame is to being square).

ADVANCING THE FILM

It is the programmer’s responsibility to see that
the film is advanced - even after display of the
identification frame. The only film advance that
the system will perform without programmer
action is the one that occurs just before the ID
frame is written, to ensure a fresh start for the
job.

There are two principal ways to advance the film.
The first is to use one of the following statements:

CALL FRAMEYV or CALL FRAMEV(N)

Either will advance the frame and update the

frame count. If no argument is used, or if the
argument (N) is zero, the job number and the
frams count for each camsara will be displayed in
the upper right corner of the frame. If the argu-
ment (N) is nonzero, printing of the job number and
frame count will be suppressed.

The second way to advance the film is by the selec-
tion of the appropriate value for the first argument
for the GRID1V subprogram, which will be
described a little later. If GRID1V is used, the
programmear is freed from the necessity of making
a separate CALL FRAMEV statement.
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FRAME COUNT RETRIEVAL: N@FRV

N@FRV enables the programmer to obtain the cur-
rent frame count. He can use this number as a
‘‘cut-off’’ point to prevent a wasteful loop. (Some
programmers have used it, in conjunction with a
timing routine, to determine how much computing
time was needed to produce a frame, or for other
accounting purposes within their programs.) The
call statement is

CALL N@FRV (N9, N35)

N9 Name of location in which current
count of 9-inch camera frames will be
stored.

N35 Name of location in which current
count of 35mm camera frames will be

stored.

Since both arguments represent output from the
routine, they must be variables.

HAND PLOTTING VERSUS S-C 4020 PLOTTING

In many ways, plotting on the S-C 4020 is very
much like plotting on a sheet of graph paper, but
there are also distinct differences. For one thing,
the programmer must create the grid - the film
frame is completely blank to start with.

Although every line of the grid must be specified on
the S-C 4020, there are advantages to this situa-
tion. A hand-plotted graph must be adapted to
some preprinted form; more frequently than not,
this means that some plotting area must be sacri-
ficed in order to use the most convenient scale.

On the S-C 4020, the programmer can select a
scale that will be easy to read and that will accom-
modate the entire range of data. The number of

ENGINEER’S COMPUTING MANUAL

10-15-63

light grid lines, the number of emphasized grid
lines, and the spacing between lines can be chosen
to suit the plot. In addition, the programmer is
not restricted to the use of a single form for a
variety of plots. For each graph, a new grid can
be tailored to the data.

In designing a grid, the programmer should con-
sider: (1) how to obtain a meaningful, easy-to-
read grid, (2) how to avoid wasted plotting areas,
and (3) how to prevent crowding of grid lines and/or
line labels.

GENERATING A LINEAR GRID: GRID1V

The easiest way to create a grid for S-C 4020 plots
is to call the GRID1V subprogram. (The following
description of this subprogram is by no means
complete. Additional information on the use of
GRID1V will be found in later sections.)

GRID1V will produce a grid which has some lines
emphasized and some lines labeled. Margin space
(which may be used for titles) will be reserved at
the top, left side, and bottom of the grid. Nor-
mally, the title margin spaces are 24 raster
counts wide.

Upon completion of GRID1V, scale factors will
have been established and made available (inter-
nally) for the conversion requiremsents of other
subprograms; i.e., the conversion of floating
point coordinates into raster coordinates.

At the outset, GRID1V makes certain that the
Typewriter Mode is off, and that the Bright
Intensity Mode is on.

The call statement for GRIDIV appears on the
following page, with a description of the arguments.
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L

XL, XR

YB, YT

DX, DY

I,J

NX, NY
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CALL GRID1V (L, XL, XR, YB, YT, DX, DY, N, +M, I, +J, +NX, +NY)

This integer argument controls the film advance and frame identification display:

L=1 The film will be advanced. The job number and frame counts (for both cam-
eras) will be placed in the upper right corner of the frame.

L=2 The film will not be advanced and the identification information will not be
displayed.

L=3 The film will be advanced but the identification information will be suppressed.

Floating point values of X for the left-most and right-most limits of the grid.

Floating point values for the bottom limit and the top limit of the grid.

After margin space for titles and labels has been reserved, the limits of the remaining
space are assigned the data values given for XL, XR, YB, and YT. Scale factors are
then computed; they will remain in effect until another GRID1V statement is made (or
until other action is taken to compute new scale factors).

Floating point data increment at which vertical (specified by DX) and horizontal
(specified by DY) grid lines will be displayed. If 0.0, no lines will be shown.

Positions are stepped off in DX increments in the positive and negative directions from
X =0, and in DY increments in the positive and negative directions from Y = 0. At
each position, the data value is converted into raster counts and a grid line is displayed.
To prevent crowding of grid lines, DX and DY should be specified to produce less than
120 lines. (This restriction applies to the usual grid. It could be more severe or more
lenient in special applications. )

Fixed point integers that cause every Nth vertical grid line and every Mth horizontal
grid line to be retraced for emphasis. I N (or M) is zero, no vertical (or horizontal)
lines will be emphasized.

To force the grid to be square, a negative sign should be used on N and/or M. (I
either N or M is zero, the negative sign should go on both N and M. )

Fixed point integers which cause every Ith vertical line and every Jth horizontal line to
be labeled. If I (or J) is zero, no vertical (or horizontal) lines will be labeled.

If I and J are positive, the line labels will lie along the X =0 and Y = 0 lines, provided
these lines are within the grid limits. ¥ X = 0 (or Y = 0) does not fall within the grid
limits, labels will be placed in a space reserved at the left (or at the bottom) of the grid.

Negative signs can be used on I and/or J to force labels outside the grid. Label space is
reserved at the left if I is negative, or at the bottom if J is negative, and labels will be
placed in these reserved spaces. Note that label margin space is in addition to the mar-
gin reserved for titles.

Fixed point integers indicating the number of characters to be displayed in the labels of
vertical and horizontal lines.

+NX, +NY The labels will be in a decimal format similar to the F-type format.
In specifying +NX and +NY, a decimal point must be counted as one
of the NX or NY characters, but the sign is not counted. The largest
number of digits permitted is 6 (or 7 if one character is a decimal point).

-NX,-NY  The labels will be in scientific notation. (Example: 1.25x10*02.) NX indi-
cates the number of significant figures in the labels of vertical grid lines,
and NY indicates the same for the labels of horizontal lines. The sign,
decimal point, and exponent will be displayed in addition to NX (or NY)
characters. NX (or NY) must not be greater than 6.
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Examples

Figure 1-b shows a grid produced by GRID1V. The general call statement is repeated here for comparison
with the actual call statement for the example.

General

CALL GRID1V (L, XL, XR, YB, YT, DX, DY, N, =M, zI, zJ, +NX, :NY)
Actual

CALL GRID1V (1, -30.0, 30.0, -600.0, 800.0, 1.0, 25.0, 5, 4 10, 8, 2, 3

For the sake of convenience, constants were used as arguments in this and many of the subsequent illustra-
tions. It would, of course, be equally satisfactory to use the names of variables which have the desired

values.
._' 1230-87 L—
ooz ooe
800
V
600
4p0
2po
]
-30 - - 40 o 10 o
+2p0
400
+6po
“ Figure 1-b r

The following statement was used to produce this grid:

CALL GRID1V (1, -30.0, 30.0, -600.0, 800.0, 1.0, 25.0, 5, 4, 10, 8, 2, 3)



NORTH AMERICAN AVIATION, INC.

10-15-63 ENGINEER’S COMPUTING MANUAL 74.10. 07

In studying Figure 1-b, note particularly the following items:

C Corner marks radiating out from (0,0), (0,1023), (1023, 1023), and (1023, 0) are placed on the frame
by the system when the film is advanced.

Since the value used for L is 1, the film was advanced, and the job number and frame counts (for beth
cameras) were placed in the upper right corner.

Note the emphasized lines, the labeled lines, the number of characters in the labels, and the increment
of line spacing.

Figures 1-c through 1-g illustrate further aspects of GRID1V.
_l 1230-07 I—
0048 [ 1]

spo
A Figure 1-c r
CALL GRID1V (1, 30.0, -30.0, 800.0, -600.0, 1.0, 25.0, 5, 4, 10, 8, 2, 3)

This grid shows that no problems arise when X is decreasing from left to right and/or Y is decreasing
from bottom to top. It is identical to Figure 1-b except that the values of XL and XR, and of YB and YT,
are reversed.
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006 ooe
400.00
200.00
o
-200.00
~-400.00
-400.0 -200.0 o 200.0 400.0
- F
Figure 1-d
I CALL GRID1V (1, -400,0, 400,0, -400,0, 400.0, 25.0, 25.0, 4, 4, -5, -8, 5, 6)
Line labels which would otherwise lie along the X =0 and Y =0 lines were forced to lie along the XL and
YB lines by assigning negative values to I and J, the 10th and 11th arguments (underlined above). GRID1V
assigned additional margin space to accommodate the labels.
£



NORTH AMERICAN AVIATION, INC.

10-15-63 ENGINEER’S COMPUTING MANUAL 74.10.09

C

- 1230-07 L
[-1.1] ooe
70000
60000
40000
30000
N
./
20000
10000
0
o 1000 2000 3000 4000 5000 6000 7000
—-l CALL GRIDSYVY ( 81, 0.0, 7000.0, 0.0, 70000.0, 100.0, 1000.0, 5, S, 10, 10, 4, S ) ‘-
Figure 1-e

CALL GRID1V (1, 0.0, 7000.0, 0.0, 70000.0, 100.0, 1000.0, 5, 5, 10, 10, 4, 5)

C This example and Figure 1-f show, for comparison, a grid labeled with fixed point labels and the same grid
labeled with scientific labels.
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J 1es0-e0 L
e
6.0x10°%4
s.0x10°%4
4.0x10°%4
3.0x10°%4
2.0x10%%
1.0x10°%%
’ [} 1.0x10%9% 2.0x10%9% 3.0x10*93 ‘.Oxtlo'a; s.ox10*93 ¢.0x10*%3 7.0x10*%3
) e i 1. 0.0, Teon.o, 0.0, T0008.0, 100.0, 1000.0, 5. 5, 10, 40, ks -2 -
Figure 1-f

The negative signs on the last two arguments result in labels in scientific notation. Note that, for scientific

CALL GRID1V (1, 0.0, 7000.0, 0.0, 70000.0, 100.0, 1000.0, 5, 5, 10, 10, -2, -2)

labels, NX and NY specify only the number of significant figures desired.

o
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- reso-er L

o1z o012
" 100.00
» 100.00

100

Figure 1-g _

|
CALL GRID1V (1, 50.0, 100.0, 50.0, 100.0, 50.0, 50.0, 1, 1, 2, 2, 3, 6)

CALL GRID1V (2, 50.0, 100.0, 50.0, 100.0, 50.0, 50.0, -1, -1, 2, 2, 3, 6)

This illustration was intentionally double-exposed to show the influence of negative signs on N and/or M (the
8th and 9th arguments). The first CALL GRID1V statement (with positive N and M} produced the grid that is
taller than it is wide. This occurred because the total amount of margin space (title margin plus label mar-
gin) required on the left and right is greater than the total of the top and bottom margin areas. The second
statement, with negative N and M, produced the inner grid. When N and/or M are negative, GRID1V makes
an additional margin adjustment so that the remaining grid will be square. (However, machine malfunctions
can produce a raster that is not square; in this case a negative N or M will not ensure an absolutely square
grid.) '

It is particularly important, of course, to square the grid if a circle or square, or some figure approaching
these forms, is to be plotted.

(: This example also shows that the use of 2 as the first argument prevents a frame advance and the display of
corner marks and frame id=ntification. (The corner marks and frame identification were displayed only once,
by the first statement.)
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s0

40

CALL DXDYV (1, 0.0, 20.0, Dx, N, I, NX, 10.0, IERR1 )
CALL OxOyv (2, 0.0, 80.0, DY, M,

—-l CALL GrRIDiV (2, 0.0, 20.0, 0.0,

CALL DXDYV (2, 0.0, 80.0, DY, M, J, NY, 10.0, IERR2)
CALL GRID1V (1, 0.0, 20.0, 0.0, 80.0, DX, DY, N, M, I, J, NX, NY)

(IERR1 and IERR2 should be tested for nonzero values, and appropriate action taken, before the CALL
GRID1V statement.)

Jy» NY, 10.0, IERR2 )
80.0, DX, DY, N, M, I, J, NX, NY )

Figure 1-h
CALL DXDYV (1, 0.0, 20.0, DX, N, I, NX, 10.0, IERR1)

10-15-63

1230-07 L-

C
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MACHINE COMPUTATION "F GRID1V
ARGUMENTS: DXDYV

It frequently happens that the programmer does not
have sufficient advance information about the range
of data his program will encounter to be able to
assign practical values to all arguments of GRID1V.
In this case, a series of FORTRAN statements can
be used to determ:ne the upper and lower X and Y
bounds. For example, the values of XL and XR

for a block of data, X, can be computed as follows:

XL = X(1)
XR = X(1)
DP 10 J = 2, NPTS where NPTS is the

number of points in
the X block of data
XL = MIN1F(XL, X{J))

10 XR = MAX1F(XR, X(J))

A similar group of statements can be used to com-
pute YB and YT for the Y block of data.

Once XL and XR (or YB and YT) are known, the
routine DXDYV is available to compute arguments
for line spacing, line emphasizing, and line
labeling. Two call statements are available, one
for the X direction and one for the Y direction.
They are:

CALL DXDYV (1, XL, XR, DX, N, I, NX, DC,
IERR)

CALL DXDYV (2, YB, YT, DY, M, J, NY, DC,
IERR)

On each entry to DXDYV, four arguments are
furnished by the programmer:

The first argument is a 1 or a 2, to indicate
whether DXDYYV is being applied in the X
direction or in the Y direction.

XL and XR (or YB and YT) are defined as in
the summary of GRID1V arguments, on page
74.10.05.

DC represents a floating point quantity which
limits the density of the grid. The grid lines
drawn by GRID1V, using argumants furnished
by DXDYV, will be no closer than DC raster
positions. DC should never have a value less
than 3.0; values of 8.0 to 20.0 are
recommended.

The remainder of the arguments are variables to
which DXDYV will assign values. Any value pre-
viously assigned these variables will be destroyed
during execution of the subroutine. NEVER USE
CONSTANTS FOR THESE ARGUMENTS.

DX, N, I, NX (or DY, M, J, NY) are defined
as in the summary of the GRID1V arguments,
on page 74.10.05 .

IERR is an error indicator. It will be set to
zero if no error is detected, or to non-zero if
an error is encountered. After execution of
DXDYV, IERR should always be tested. If it is
non-zero, GRID1V will probably not produce a
satisfactory picture with the computed argu-
ment.

Figure 1-h is an illustration of the use of DXDYV.
Note that the argument nameas used in DXDYV are
also used for the corresponding terms in GRID1V.

Note: DXDYV has not been madified since the
scientific label capability was added to the
system. Until this modification has been
made, the programmear who uses DXDYV
and also wants scientific labels must include
some extra provisions in his program.

For one thing, the values of NX and NY de-
rived from DXDYV must be set to -NX and
-NY by the programmer. Also, NX and NY
must not exceed 6.

Because the scientific labels are longer (by
at least seven characters), there is consider-
able danger that the labels of adjacent verti-
cal grid lines will run into one another.
Usually, this can be prevented by inserting
the following statement between the DXDYV
statement and the call to GRID1V:

I=2*

If the grid density indicator, DC, is large
enough (say, DC > 15.0), it may be suffi-
cient to space the labels without taking
other action.

INTENSITY SELECTION: BRITEV, FAINTV

GRID1V ensures that the bright intensity mode is on.
Normally, this intensity mode should be left on,
since experience has shown that it produces the best
results. If the programmer wants to change this
setting to the faint mode, he can use the following
statement:

CALL FAINTV

Then, to restore the bright intensity mode, he can
use the statement:

CALL BRITEV

(Additional forms of these statements will be shown
in Section 74.6, in the discussion of the ‘‘current
point. ”’)
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NUMERIC
CHAR DEC EQUIV
1] 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
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S-C 4020 STANDARD SCIENTIFIC CHARACTERS
ALPHABETIC OTHER FORTRAN NON-FORTRAN

CHAR OEC EQUIV CHAR DEC EQUIV CHAR DEC EQUIV
A 17 = 11 3 10

8 18 + 16 " 12

C 19 - 32 t (PRIME) 13

0 20 * 44 b 14

E 21 / 49 e 15

F a2 . (PERIOCD) 27 ? 31

G 23 , 59 A 29

H 24 ( 60 + 30

I 25 ) 28 v 26

J 33 $ 43 - (DOT) 42

K 34 (BLANK) 48 v 45

L 35 ~ 46

M 36 ] 47

N 37 © (DEGREE) 58

o 38 r 61

P 39 L 62

Q 40 [w] 63

R 41 =) <93y~ NOT AVAILABLE IN TYPEWRITER MODE

S 50

T 51 SUGGESTED PLOTTING CHARACTERS AND COMBINATIONS

v 52 CHAR DEC EQUIV CHAR DEC EQUIV
v 53 + (DOT) 42 H 24

w 54 0o 38 v 52

X 55 o 63 (1] [1]

Y 56 + 16 ] 38,49
z 57 X 55 n 63,49

* 44 ® 38,55
4 19 B 63,55
¥igure 1-i

See page 74.60.02 for additional information on the selection and placement of individual Charactron

characters.

O
e

N
S
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PLOTTING, PRINTING, AND LABELING: USING

CHARACTRON CHARACTERS

The 64 Charactron characters are shown in Figure
1-i, along with the selection code (decimal equiva-
lent) for each. For the standard FORTRAN
characters, the octal forms of the selection codes
are shown on the table on page 60.91.01, in the
columns headed ‘‘Storage.’’ Note that, for these
characters, the selection codes are the same as
the BCD codes recognized by IBM equipment.

Reduced to fundamentals, printing or plotting of
one Charactron character involves the selection
and display of that character at a specified position
on the raster. (A basic subprogram, PL@TV, can
be used to select and display one character at a
time.) The higher-level subprograms, however,
contain features that make each one suitable for a
specialized purpose: plotting, printing, or label-
ing. These specialized features of the higher-level
routines make them appear to be distinctly different
from each other.

Since some of these routines permit arguments in
‘Hollerith form, it may be helpful to review the dis-
cussion of Hollerith arguments on page 60, 42. 03
before going further.

POINT PLOTTING SUBPROGRAMS

Since point plotting usually involves the scaled
representation of a physical phenomenon, most
point plotting subprograms accept physical data
coordinates for position information. During exe-
cution of these subprograms, the data coordinates
are converted into raster coordinates. Scale fac-
tors must have been established for the plotting
routines to use in making these conversions; this
requirement can be satisfied by a prior entry to
GRID1V,

Scale factors are not normally saved from link to
link in a chain job. Consequently, plotting should
be done within the link in which scale factors are
computed.

(The student is reminded that the First Reader
does not attempt to describe all the facilities in the
S-C 4020 system. Scale factors can be established
by other methods than by entry to GRID1V, and
these factors can be carried over to a new chain
link. Discussion of these and other features not
needed for the average use of the S-C 4020 as a
plotter have been purposely deferred to later

Q sections.)

ENGINEER’S COMPUTING MANUAL

74.10.15

Plotting an Array of Points: APLZTV

APL@TV was designed for situations in which a
large number of X values are stored in one array
and the corresponding Y values are stored in
another array. It is possible to plot the entire set
of data with one entry to APL@TV. If desired, only
a portion of the data can be plotted.

It is also possible to use different Charactron
characters as symbols to identify curves. The pro-
grammer furnishes a table (of one or more Char-
actron characters) that will be selected cyclically.

APL@TV also keeps a tally of the number of off-
scale points encountered.

The calling statement is:

CALL APL@TV (N, XARRAY, YARRAY, JX,
JY, :+NC, MRKPT, IERR)

N Controls the number of points to
be plotted. N is actually the
number of points if all the data
points in the arrays are to be
plotted in succession. The
value of N may be computed by
letting K in the following for-
mulas equal the number of
points to be plotted:

N = K*JXor N = KXJY,
whichever is larger.

Usually, N should be positive,
to indicate that the data arrays
are in normal FORTRAN order
of storage. However, if the
arrays are in increasing order
of storage, N should be
negative.

XARRAY
YARRAY

Normally, the names of the
arrays of floating point data to
be plotted. Since these argu-
ments must name the locations
of the data coordinates of the
first point to be plotted, sub-
scripts may be necessary. Both
arrays must be in the same
order of storage.

JX, JY Fixed point positive integers
giving the increments to be
added to the subscripts of
XARRAY and YARRAY as each
point is plotted.
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.J 1230-87 L-

DATA 1S STORED x1,X2,...X25 AND Y1,Y2,...Y25 o18 018 (\’?
L %
o o °
Q)
160 o
[e]
120 °l
80
(e}
g
40
0
o 2. 4, 6. 8. 10. 12, 14,
CALL GRIDiV (31, 0.0, 34.0, 0.0, 180.0, 0.2, 5.0, 5, 4, 10, 8, 3, %
—?'l CALL APLOTV (25, X, Y, 1, 8, 1, 38, IERR ) OR CALL APLOTV (25, X, Y, 1, 1, 1, 1HO, IERR ) r—
Figure 1-j
1t is assumed that the data are stored in two arrays: X(1), X(2), ..., X(25), and Y(1), Y(2), ..., Y(25). A
prior entry was made to GRID1V, using the statement:
CALL GRID1V (1, 0.0, 14.0, 0.0, 180.0, 0.2, 5.0, 5, 4, 10, 8, 3, 3)
Note that the X and Y limits cover the range of the data to be plotted. Also, since GRID1V was entered first,
the necessary scale factors have been established for APL@TV. The calling statement of APL@TV for this
example is on the following page.
£
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CALL APL@TV (25, X, Y, 1, 1, 1, 38, IERR)
C or CALL APLQTV (25, X, Y, 1, 1, 1, 1HQ®, IERR)
N=25 The array size, 25 in this case, is equivalent to the number of points to be
plotted. This can only be true when all points in each array are to be plotted.
X, Y Names of the X and Y arrays (properly dimensioned).
JX =1 Since every X versus Y is to be plotted, the fourth and fifth arguments are set
JY =1 to 1.
NC =1 Only one plotting symbol is to be used; hence the sixth argument is set to 1.
MARKPT In the two calling sequences shown, one specifies the plotting symbol by an
integer; the other uses a Hollerith argument.
NC The number of characters in the may be one of the following:
array MRKPT to be used as
plotting symbols (usually the a. An array of integers
size of the array MRKPT). read in by the I format,
Positive NC indicates that or generated by a ser-
MRKPT is a normal FORTRAN ies of arithmetic state-
array. Negative NC shows that ments: MRKPT(1) = 38;
MRKPT is stored in increasing MRKPT(2) = 55, etc.
locations in core. Such an array must have
a fixed point variable
(‘““\) MRKPT The array that contains the sel- name.
ection codes of the plotting

character(s) to be used. These
will be used cyclically, with the
first one being used again after
the NCth one has been used.

To set up this information when
only one character is to be
used, the argument can be one
of the following:

a. An integer selection
code, as ‘“42”’ for the
plotting dot, ¢‘38”’ for
the alphabetic letter @,
etc.

b. A Hollerith argument for
one FORTRAN charac-
ter, as ‘“1HQ@.”’

c. The name of a location
containing an integer, as
‘“MRKPT.”’

If more than one character is
desired, the seventh argument

IERR

b. An array read in by the
A format, one character
to a location. Such an
array is not restricted to
integer-type names; it
could be called PTMRK,
for example, if the con-
tents are not used in a
computation.

The name of an error location
supplied by the programmer.

Any point that falls outside the
grid drawn by GRID1V will not
be plotted. Instead, a count of

such points will be stored in

IERR.

APLQTYV plots only one character per point. If a
center dot is desired, APL@TV may be repeated,
using the plotting dot as the symbol.

Figures 1-j and 1-k illustrate the use of APLJTV
for one curve and for a family of curves,

respectively.

The tests for IERR are not shown.
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- XA ARRAY IS STORED X1,X2,...X10 YA ARRAY 15 STORED A1,A2,...A10 B3,B2,...810 C1,C2,...C10 reso-er - ‘UJ
PTMRK CONTAINS O,X,AND % LOADED UNDER CONTROL OF FORMAT (3A1) ozo  oro
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0o 1240 121,10
—I 1240 CALL APLOTV ( 30, XA(1), YA(1), O, 30, 3, PTMRK, IERR) [_
Figure 1-k
This exercise shows one way that APL@TV might be used to plot a family of curves. The example assumes
that the XA and YA arrays are properly dimensioned. The data is stored XA(1), XA(2), , XA(10);
corresponding Y’s for the three curves are stored in the array YA in the order A(l) A(2), ..., A(10), B(1),
B(2), , B(10), C(1), C(2), , C(10). PTMRK is the name of a three-word array which was loaded as
the BCD equlvalents (read in by the A format) of the characters @, X, and *.
In the example, A(I), B(I), and C(I) were plotted versus X(I) each time APL@TV was entered. A D@ loop was
used to proceed to the next value of X, so that a total of 10 entries were made to APL@TV. The coding was:
D@ 12401 =1,10
1240 CALL APLQGTV (30, XA(I), YA(D, 0, 10, 3, PTMRK, IERR)

Note that the plotting symbols are used cyclically, returning to the first one when the array PTMRK is
exhausted. If desired, a center plotting dot can be superimposed upon the plotting symbol by repeating the
entries to APL@TV with the plotting dot used for PTMRK.
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Plotting Individual Data Points: P@INTV

For each entry to P@INTV, one symbol is plotted
(with or without a center dot). The coordinates
may be specified as floating point data, which
P@INTV will convert into raster coordinates.
Scale factors must have been established; this can
be accomplished by a prior entry to GRID1V.

P@INTV relieves the programmer of the burden of
setting up a symbol table. The most suitable plot-
ting symbols derived from Charactron characters
are arranged in a table, with the best choices near
the beginning of the group. The symbols are selec-
ted by using integers from 1 to 48. (Note that
these integers do not correspond to the decimal
equivalents of the Charactron characters shown in
Figure 1-i.) The calling statement is:

CALL PQINTV (X, Y, NS)

X, Y Coordinates of the point to be plot-
ted, stated as floating point data
values.

+NS Integer which selects a plotting

symbol. If NS is minus, there will
be no center dot plotted. If NS is
positive, a center dot will appear.

Points outside the scaled area will not be plotted.
Until the programmer learns how to detect off-
scale points (by a method explained in the advanced
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CALL P@INTV (IX, IY, NS, ANY)

IX, IY Raster coordinates of the point to be
plotted; fixed point integers.

+NS Integer to select a plotting symbol,
as stated above.

ANY The inclusion of a fourth argument

signals the subroutine that the
position information is specified as
raster coordinates. The form of
this argument is immaterial; it
may be any fixed point or floating
point variable or constant.

The available symbols are shown in Figure 1-1. An
illustration of the use of P@INTV appears in Figure
l-m.

The Basic Plot-Print Subprogram: PL@TV

Any one of the 64 Charactron characters can be
displayed at a specified raster position by using
PL@TV, the basic subprogram used as a lower-
level module of other routines. However, the pro-
grammer may find it useful when other plotting or
printing subprograms are not suitable. The call
statement is:

CALL PLPTV (IX, IY, NS)

material), he should be sure that the data coordi- IX, IY Fixed point raster coordinates at
nates will fall within the limits of the scaled area. which the character will be dis-
played.
An alternate version of this subprogram allows the
programmer to specify position information in ras- NS An integer which selects the char-
ter coordinates. This is particularly useful when acter. The selection code (deci-
the programmer wants to construct a legend in the mal equivalent) of the desired
margin, showing the symbols used and their mean- character should be used. (See
ing. The alternate call statement is: Figure 1-i.)
NS SYMBOL NS SYMBOL NS SYMBOL NS SYMBOL NS SYMBQL

(TR 1065 M 2 3w« 4w F

1 0 11 € 21 # 31~ 4 M

2 X 12 v 2 6 32 ) @2 P

3 0 13 S 23 @ 33 N 43 R

4 v 14 2 24 x LVER | “ 7

5 ¢ 15 ® 25 I 35 = s 2

6 * 16 R % 6 3% 6 € 3

7 & 17 ©® 21§ 37 A 47 7

8 v 18 28 W 38 8 8 8

9 5 19 @ 29 @ 39 €

Figure 1-1
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- THE SAME DATA PLOTTED USING POINTV INSTEAD OF AFLOTV ;::0-‘0'"[‘
100
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@ Q
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] X Q
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Q
X [>)
-]
o)
0
[ s 10 18 20 1]

Figure 1-m
P@INTV

For this example, the same GRID1V statement and the same data were used as were used for Figure 1-k.
The programming statements follow; note that they are somewhat longer than the sequence required for
Figure 1-k.

D@ 13901=1,3

K=(I-1)*10

D@ 1390 J = 1,10

Kl=K+J

1390 CALL P@INTV (XA(J), YA(K1), 1)

A

R



C

NORTH AMERICAN AVIATION, INC.

ENGINEER’S COMPUTING MANUAL

10-15-63

PRINTING AND LABELING SUBPROGRAMS

The printing and labeling subprograms enable the
programmer to affix titles and other identifying
information to a picture. Three subprograms of
this type will be introduced in the First Reader:
PRINTV, APRNTV, and LABLV. Other means
for printing and labeling will be given in the more
advanced material.

For many applications, the positions of titles and
labels must be independent of the scale. There-
fore, printing and labeling subprograms accept
position information in raster coordinates. This
contrasts with the plotting routines, which include
facilities for the conversion of data into raster
counts. (When titles or labels must be positioned
relative to data, the conversion functions dis-~
cussed on page 74.10. 25 can be employed.)

Typewriter Printing: PRINTV

To review, the S-C 4020 has a built-in Typewriter
Simulator, which prints a series of Charactron
characters very rapidly. The typewriter mode
allows 8 raster counts for the width of a character
space. If ‘“typewriting’’ carries over to the next
row, the next printing will start at the left edge of
the frame, 16 raster counts below the preceding
row. Writing takes place only in horizontal rows,
and the characters are always upright.

In the Typewriter Mode, the machine recognizes
octal codes 56 and 12 as special instructions,
which are not compatible with the use of PRINTV.
If these codes are accidentally used, imperfect
pictures will result.

The PRINTV calling statement provides for printing
characters read in by the A format, or characters
specified in the call statement itself in the
nHe-ee-- form.

CALL PRINTV (N, BCDTXT, IX, IY)
or CALL PRINTV (-N, nH------ , IX, TY)

N The number of Charactron char-
acters to be printed. Notice
that a negative sign on N sig-
nals that the second item is a
Hollerith argument.

The typewriter mode is used by
PRINTV until N characters have
been printed.

BCDTXT An array containing the BCD

74.10.21

(A- or @-type format) text to be
printed.

- A Hollerith argument containing

the text to be printed.

The raster coordinates for the
center of the first character.
IX and IY may be any number
from 0 to 1023.

Figure 1-n includes a horizontal title written by

PRINTV.

Note:

If octal code 52 appears as one of the char-

acters in BCDTXT, a carriage return will
result. (A carriage return will also result
if the position of the next character would
otherwise fall to the right of the raster.)

Vertical Titles: APRNTV

This subprogram can be used to display vertical

titles composed of Charactron characters.
individual character will be upright.

Each
The call

statement provides for printing characters in BCD
form (read in by the A format) or characters stored

as a Hollerith argument.

Since APRNTYV does not

use the Typewriter Mode, the spacing of the charac-
ters is controlled by arguments specified by the

programmer.

The call statement for APRNTYV is:

CALL APRNTYV (INCRX, INCRY, N, BCDTXT,

IX, 1Y)

or CALL APRNTV (INCRX, INCRY, -N,

INCRX
INCRY

nH-=cauan , IX, IY)

Increments used to space the
characters in the X or Y direction,
given in raster counts. For verti-
cal titles, INCRX will be zero and
INCRY should have a negative
value. (It is suggested that INCRY
fall in the range between -12 and
-18 for vertical titles in most
applications.) Figure 1-n shows a
vertical title, with INCRY equal to
-14. Using a slightly higher value
for the Y increment would have
spaced the letters farther apart.

The remaining arguments are as specified under
PRINTV, above.
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HORIZOWTAL TITLES USING FRINTV

v
€
R
T MACH NO.= 1.3
1
4
A
L
150.5
T 85.7
! 0.3
T
L
E
v
S
1
N
4

€-42ZD 0>

AN N N AT N

Figure 1-n

The following FORTRAN statements were used for these examples,

260 CALL FRAMEV e

CALL PRINTV(- 31+ 31HHORIZONTAL TITLES USING PRINTV 2200+925)

e CALL APRNTV(Oe~144=28,28H VERTICAL TITLE USING APRNTV.  +0+900 ) _
CALL PRINTV(~ 9¢ 9HMACH NOe= ¢+ 2004850

C ASSUME _VALUE IN XMACH IS 13 (FLOATING POINT)
CALL LABLV(XMACH.+280+:85043¢141)

C. . _ASSUME D(1)es D(2)e AND D(3) CONTAIN 15059 8S5e7+ AND Oe3 .
1y=775

e DO 410 J=1e3 _ SO
CALL LABLVI(D(J)+20041Y954¢143)

410 1Y=1Y=16 — e

¢
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Display of Non-FORTRAN Characters

The characters in the last column of the table of
Charactron characters (Figure 1-i) require special
consideration. IBM equipment does not provide for
key-punching these characters, so they cannot
appear in a Hollerith argument nor on an A-type
format card. However, the octal equivalents of the
selection codes can be read into storage by the
@-type format, and APRNTV or PRINTV can be
employed to display them.

A single non- FORTRAN character can easily be
displayed by the basic plot-print subprogram,
PL@TV, or by APL@TV, using a decimal integer
as the selection code. If a character is being
inserted into information otherwise printed by
PRINTYV, the fact that PRINTV allots 8 raster
counts to each character must be taken into
consideration.

Fixed Point Labels: LABLV

LABLYV was developed for GRID1V to employ in
labeling grid lines, but will prove helpful when
values of computed quantities must be printed. The
routine performs two chief tasks: it converts a
floating point quantity into a number in BCD for-
mat, with the decimal point in the proper position,
and it displays the BCD number at the raster
coordinates specified.

Before the BCD label is displayed, it is right
adjusted in accordance with the specified decimal
scale. (The number of positions to the left of the
decimal point is called the ‘‘decimal scale.’’) Dur-
ing the right adjustment, BCD blanks are moved
into the high order positions that are vacated. A
specified number of characters (counting leading
blanks and decimal point) will then be displayed.

The result of this procedure is demonstrated by the
column of numbers: 150.5, 85.7, 0.3 in Figure
1-n. Notice that the three quantities have been
truncated to the same number of decimal places,
and that the decimal points have been aligned.

The calling statement of LABLYV is:

CALL LABLV (D, IX, TY, NCHAR, NT,
NDMAX)

D The floating point quantity to be
printed.

The raster coordinates which will
position the first character of the
label. Note that this first char-
acter may be a leading blank. If
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the quantity to be displayed is
negative, the minus sign will be
displayed one character space to
the left of IX, IY.
NCHAR Number of characters to be dis-
played, including leading blanks
and the decimal point, if any.
NCHAR is limited to 6 (or 7 if
one of the characters is the deci-
mal point).

NT The number of times each char-
acter is to be displayed (number
of over-strikes). Normally this
should be 1, but 2 may be chosen
if a darker label is desired.

NDMAX Maximum decimal scale; i.e.,

maximum number of characters

to be displayed to the left of the
decimal point.

An integer quantity may be displayed by first

changing it to floating point form and then using
LABLV.

Further Explanation of Figure 1-n

Examination of Figure 1-n reveals more details of
FRAMEV, PRINTV, APRNTV, and LABLV,

For one thing, this frame demonstrates the use of
the S-C 4020 when no grid is drawn and no scaling
of any kind is done. Position information is stated
in raster coordinates in each instance. In all the
preceding examples, the frame was advanced by the
first argument of GRID1V; in this illustration, a
CALL FRAMEYV statement was used.

The entries to PRINTV and APRNTV show the use
of Hollerith arguments to specify the text to be
printed. Note that the argument which gives the
number of characters to be printed (N) is written
with a minus sign to indicate that the characters
are stored in reverse of the normal storage of
FORTRAN arrays.

This illustration also shows the Charactron char-
acters may be positioned on the frame boundary
lines (raster count 0 to 1023). Although the verti-
cal title shown is positioned at IX = 0, complete
Charactron characters are displayed in spite of
the fact that portions of them extend beyond the
frame boundary.

The line reading ‘‘MACH NO. = 1.3 illustrates
the insertion of a computed quantity into a printed
statement. The ‘““MACH NO. ="’ was written by
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PRINTYV and the value “‘1.3’’ was inserted by
LABLV. The label was positioned 80 raster
counts beyond the start of ‘“MACH NO. ="’ to allow
for ten character spaces (8 counts in width). Since
no right adjustment of the label value was required
in this example, NDMAX was specified as the
actual decimal scale of the quantity displayed.

The column of three numbers illustrates the right
adjustment feature of LABLV. NCHAR is 5, speci-
fying the number of characters (counting the deci-
mal point) in the largest number, 150.5. The deci-
mal scale (NDMAX) of 3 specifies the largest num-
ber of characters required to the left of the deci-
mal point. The quantities are right adjusted to the
maximum decimal scale, so that the decimal points
are in line.

Scientific Notation Labels: LABLV

An alternate form of LABLV may be used to dis-
play labels in scientific notation. The call state-
ment shown on page 74, 10, 23 is used with the
following changes:

-NCHAR Number of significant figures to
be displayed. NCHAR may be
less than or equal to 6. The
negative sign will result in the
use of scientific notation.

ENGINEER’S COMPUTING MANUAL

NDMAX May be any fixed point quantity.
Since the right adjustment of
these labels will not be neces-
sary, the value of NDMAX will be

ignored.

NCHAR will affect the format in the following ways:

NCHAR Format
1 Y.10+YY
2 Y.Yx10+YY
3 Y.YYx10+YY
4 Y.YYYx10+YY
5] Y.YYYYx10+YY
6 Y. YYYYYx10+YY

Since the space required for these labels will be
greater than that required for the fixed point for-
mat, the programmer should allow NCHAR + 7
Charactron character spaces in width and 1-1/2
spaces in height as a minimum; it may be neces-
sary to allow even more to avoid overlapping
other images.

The following illustrates a scientific and a fixed
point label.

CALL LABLV ( 579.5, 625, 1023, 5, 1, 3 ) RESULTS IN 579.5

CALL LABLV ( 579.5, 625, 999, -4, 1, 3 ) RESULTS IN s.795x10*92

10-15-63
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CONVERSION: NXV, NYV

For many applications, the placement of printing
and labeling is independent of the values of the
data being plotted. For this reason, the printing
and labeling subprograms have been designed to
accept position information specified directly in
raster coordinates. In addition, many other S-C
4020 subprograms, particularly the most basic
ones, are designed to accept position information
specified in raster coordinates. For subprograms
of this type, it is possible to position a display
relative to data values by making use of the two
conversion functions, NXV and NYV,

To convert data value X into raster value IX, and
data value Y into raster value IY, the following
FORTRAN statements may be utilized:

IX = NXV(X)
IY = NYV(Y)

Scale factors must have been established for use
by these functions. This can be done by a prior
entry to GRID1V,

If either the NXV or the NYV function determines
that the quantity to be converted is off-scale (out-
side the X or Y limits), the result will be set to
zero. For most plotting, it can be assumed that a
zero result indicates an error, and the program-
mer should provide an error procedure. (I fur-
ther information is needed, see Section 74. 4.)

LINE GENERATION: LINEV, XAXISV, YAXISV

LINEV connects two points by a straight line com-
posed of vectors, joined end-to-end. The argu-
ments for LINEV, which specify the points to be
connected, must be given in raster counts. As
described above, the programmer may connect two
data points by a line if he first uses the functions
NXV and NYV to convert the data coordinates into
raster coordinates. (If there is a possibility that
the data points being converted may be off-scale,
the conversion results should be tested for errors
before LINEV is executed.)

The calling statement is:
CALL LINEV (IX1, IY1, IX2, IY2)

Raster coordinates of one end
point.

IX1, IY1

I1X2, IY2 Raster coordinates of the other
end point.
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Figure 1-0 contains an illustration of the use of
LINEV. This frame is also a summary of the
material in the First Reader; it is discussed in
detail at the end of this section.

XAXISV, YAXISV enable the programmer to use
the axis line feature of the S-C 4020 to generate
horizontal or vertical lines. Horizontal axis lines
started at a specified raster position will be swept
to the right edge of the frame., Vertical axis lines
started at a specified raster position will be swept
to the top of the frame. Since the lines cannot

be stopped short of the edge of the frame, this
feature is not used by GRIDIV.

The call statement for sweeping a horizontal line
is

CALL XAXISV (IX, IY)

IX, IY The fixed point raster coordinates
of the origin of the line. IX may
have a value from 0 to 959, and
IY may have a value from 0 to
1023.

For a vertical line, the statement is
CALL YAXISV (IX, IY)
IX, IY The fixed point raster coordinates
of the origin of the line. IX may

have a value from 0 to 1023, while
IY may have a value from 0 to 959.

ERROR MARKS

Certain types of errors are indicated on the frame
by one of the following error marks.

a. Void Mark. This is a solid circle of
approximately 50 raster counts in diameter,
which the S-C 4020 places in the margin

under certain conditions.

1230 89 L—

o0& opa
When the tape drive unit is stopped because
of a parity error, the operator will press
the ““RESTART’’ key, which will cause the
tape drive unit to go backward to the pre-
ceding frame advance on the tape which

Void Mark
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signifies the beginnhing of the frame con-
taining the error. The machine then auto-
matically advances the film and attempts to
read the page again. X the error is again
encountered, the operator will press the
“START?”’ key to enable the machine to
continue. When either “RESTART”’ or
““START”’ is pressed, the ‘‘Void’’ mark is
placed in the margin.

b. Error Symbol. The Charactron character

O is displayed by the S-C 4020 if a parity
error occurs when printing or plotting; that
is, the specifications for a symbol are
garbled. It is positioned at the coordinates
contained in the erroneous word. This
error symbol is not displayed if the erro-
neous word is one which normally does not
display a character, for example, an axis
or vector generation word. In addition to
displaying the error symbol, the tape
drive is stopped when a parity error is
detected. A frame with such a mark will
usually have a Void Mark as well.

ssrfs({:/
arac.dfs

Error Symbol
8868.60

8957.29

9046.86

GRID1V Error Mark 1
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c. GRID1V Error Mark. A series of slash

marks will be placed in the upper right
corner of the frame when the arguments
furnished to GRID1V are inadmissible
quantities that would.result in stopping the
machine or causing a loop. When GRID1V
encounters such bad data, it places the
error mark on the frame and makes some
kind of adjustment in data values so the
computation can proceed.

1230-87 L—
028 026

Although a picture with this mark should be
considered unreliable, it may be useful for
detecting the cause of the error. Unlike
the preceding two marks, this error indi-
cation is not a feature of the S-C 4020
hardware, but is created under GRID1V
control.

C
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REVIEW OF FIRST READER

Figure 1-0 summarizes the routines that have been
discussed in the First Reader. It contains points
plotted on a labeled grid, the points are connected
by straight lines, titles are printed in the margins,
the value of a variable quantity is printed in a title,
and information is printed to identify each curve.

Also for this illustration, the construction of the

ENGINEER’S COMPUTING MANUAL
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grid was made dependent upon the input data by
letting the program make a search for maximum
and minimum values of X and of Y. DXDYV was
then used to compute the remaining arguments for
GRID1V,

The following program was used to produce Figure
1-0. (This program was written as an exercise
rather than as a model of excellence in
programming. )

DIMENSION XX(10)eYY(30) +AMRK(3)
C THE XX ARRAY IS STORED X1eX2eeeeXl1O0 YY ARRAY IS STORED
C Al sA2eeeAl04B1 48320031 04C14C2e04C1l0

CALL CAMRAV(935)

READ INPUT TAPE 541450+AMRK

1450 FORMAT (3A1)
READ INPUT TAPE 541490 XX
READ INPUT TAPE Se1490esYY

READ INPUT TAPE 5414909 THKNS

1490 FORMAT (6F1246)
XL=XX (1)
XR=XX (1)
DO 1540 J=2410
XL=MINIF (XL e XX(J))
1540 XR=MAX1F (XR¢XX(J))
YB=YY(1)
YT=YY(1)
DO 1590 J=24+30
YB=MINIF(YBesYY(J))
1590 YT=MAXIF(YTaYY(J))

CALL DXDYV (1 eXL o XReDXsNelIoeNXes10e0+IERRL])
CALL DXDYV (2¢YBsYTeDY s MeJeNYalCeaOslERRZ2)
CALL GRIDIV(1oeXL o XReYBsYToDXeDYs NoMelosJeNXeNY)

CALL APRNTV(O+s=124—164+ 16HTEMPERATURE Fe s 49576)
CALL PRINTV (=11411HTIME (SECe) 14681+4)
CALL PRINTV (=10¢10HTHICKNESS= 1200 #1015 )
CALL LABLV(THKNS 2964101594091 41)
DO 1670 I=1+10
1670 CALL APLOTV(30eXX(I)eYY(I1)e0al0s3+¢AMRK s [ERR )

DO 1830 J=1.3
K=(J—~1)%10
NXT=NXVIXX(1))
NY 1 =NYV(YY(K+1))

Cc NOTE e ¢« ZERO GENERALLY INDICATES OFFSCALE POINT
IF(NXI¥NY1) 1760 4184041760

C IN PRACTICAL PROBLEMS A MORE COMPLETE ERROR PROCEDURE IS SUGGESTED

1760 DO 1830 I=2410
NX2=NXVI{XX(1))
K1=K+]
NY2=NYVIYY(K1))
IF(NX2%¥NY2)18004+183041800

1800 CALL LINEVINXIsNY1sNX2sNY2)

NX1=NX2
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NY1=NY2
1830 CONTINUE
1840 CONTINUE
NX1=NXVIXX(8))
NY1=NYV(YY(8)) -3
NYZ2=NYV(YY(18))-3
NY3=NYV(YY(28))-3

NXX= NX1+14

CALL PRINTV (- 7+ 7HMETAL A sNXXeNY1 )

CALL PRINTV (-~ 7. 7HMETAL B ' NXXeNY2 )

CALL PRINTV (= 74 7HMETAL C oNXXeNY3 )

CALL FRAMEV

CALL EXIT

END

* DATA

In conclusion, the student of the First Reader First Reader for some plotting problems, he
should remember that the write-ups contained in should have enough experience to proceed to the
its pages do not include many of the details which advanced material. Sections 74.2 and 74.3 con-
make these routines flexible for use in a variety tain routines that will enable the programmer to
of situations. In addition, there are many rou- produce more elaborate graphs, and will also
tines available other than those discussed here. make it possible to employ the S-C 4020 for

extended applications.

After the student has tried the material in the

&
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Section 74.2

SPECIAL PRINTING AND FORM OVERLAY

This section describes special printing of two
types: printing of Charactron characters by
methods not described in the First Reader, and
printing of characters formed from vectors. In
addition, provision for displaying a master form is
discussed.

The first part of this section describes the SC@UTV
system. In its simplest form, SC@UTV is a means
for using the S-C 4020 as a printer, producing
frames of S-C 4020 output which correspond to
pages of printed output on paper. WRITE @GUTPUT
TAPE and FGRMAT statements are used for this
application. In addition, SC@UTYV includes several
variations which permit FGRMAT-controlled prin-
ting for a number of other applications.

The display of vector characters is described
beginning on page 74.20.21. These characters have
a number of advantages over the Charactron type:
they can be turned in four directions (at 90° inter-
vals); they can be varied in size; and there are

many more different characters available for
display.

However, they also have certain disadvantages.
More computing time is required for the genera-
tion of each vector character. Also, the speed of
the typewriter mode can not be utilized in printing
a sequence of these characters.

APRNTV, which was introduced in the First Read-
er, can be used to write Charactron characters on
different slopes and at different spacings. These
applications of this routine appear on page 74.20. 41.

A type of display different from any described
previously is the overlay of a master form projec-
ted from a glass slide. Form slides and the sub-
routine FGRMV are explained on page 74.20.51.

Further aspects of S-C 4020 printing are discussed
in Section 74.6.
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LINE PRINTER SIMULATION ON THE S-C 4020: SC@UTV

Line printing can be simulated on the S-C 4020 by
means of the SC@UTV system. Whenever the
statement

CALL SC@UTV

appears in the program (or Chain link), any WRITE
@UTPUT TAPE 16 statement will be recognized as
a command to produce printed output on the S-C
4020. The output will be determined by the list of
the WRITE @UTPUT TAPE 16 statement and the
associated FGRMAT statement; S-C 4020 output
will be returned instead of output from the printer.
(The SC@UTV mode will not interfere with WRITE
@GUTPUT TAPE 6 statements for standard printer
output.) -

One natural application of the SC@UTV mode is the
production of printed output on 35mm film for long-
term storage, making it unnecessary to keep large
stacks of printed paper. The use of SC@UTV as a
printer simulator is discussed on the following
pages. Another application, the combination of
plotting and printing on one film frame, will be
deferred to Section 74.3, Special Grids.

BASIC SPECIFICATIONS

The following list explains most of the differences
and likenesses that prevail between ordinary print-
ing and SC@UTYV printing, when there have been no
programmed alterations to change the normal
SCPUTV output.

1. The camera must have been selected by a
CALL CAMRAYV (N) statement.

2. A CALL SC@UTYV statement is necessary to
make printer simulation effective. The
SC@UTV mode will not carry over from one
Chain link to the next; hence a new CALL
SC@PUTV statement is necessary in each
link.

3. A WRITE GUTPUT TAPE 16 statement is
used instead of a WRITE GUTPUT TAPE 6.
The FGRMAT statement and list require-
ments are the same. Output will corres-
pond line-for-line and page-for-page with
the same output printed by a WRITE @UT-
PUT TAPE 6 statement using the same list
and FGRMAT statement. (FGRMAT state-
ments are as described on page 60, 25. 09 ff,
and lists are as discussed on page
60.25.05 £.)

4. In some cases, it may be desirable to use a

WRITE @GUTPUT TAPE N statement, read-
ing N in as a piece of data. At execution
time, if N = 6, normal printing will take
place; if N = 16, S-C 4020 printing will
result.

. The first character of each BCD unit record

is recognized as a carriage control charac-
ter, as follows:

+ No space before printing.

Blank Single space before printing.

0 Double space before printing.
- Triple space before printing.
1 Frame advance (equivalent to

sheet eject).

4 Four spaces before printing. (This
is not an exact equivalent of
standard printer output.)
A

8 Skip to the bottom line on the frame. v 4

An incorrect carriage control character is
much more critical on the S-C 4020 than on

a standard printer. The S-C 4020 operator
cannot override the action of these charac-
ters, as the operator of a 1401 can. Non-
standard characters, or loops involving
““1”’ or ““8,”’ can cause great waste of film.

. The position of print line 1 will be on the Y

raster coordinate that is 23 counts from the
top of the frame. :

. In the basic SCBUTV mode, it is usually

desirable to advance the film as you would
eject a sheet of paper, by a carriage control

character ‘1.’ The first information to be
printed on the new frame will then start on
print line 1. This is also true if the frame
is changed as a result of the line count being
exceeded (see paragraph 13).

. If the frame is changed by a CALL FRAMEV,

the first carriage control character of the

first FGRMAT statement will affect the pos- »
ition of the information to be displayed in ())
one of the following ways:
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A blank will cause printing to start on print
line 1.

A ¢0”’ will cause printing to start on print
line 2 (46 counts from the top).

A ‘-7’ will cause printing to start on print
line 3. Similarly, a ‘4’ or ‘8’ will cause
printing to start on the fourth line or at the
bottom of the page, respectively.

A ¢“1”’ will cause the frame to eject, leav-
ing a wasted frame.

(So what happens if you use a ‘‘+’’ to sup-
press spacing? Usually you will write on
line 0, right at the top of the page. Since
this feature is not guaranteed, it is not
recommended.)

. Although the S-C 4020 printing will corre-

spond line-for-line and page-for-page with
1401 printer output, the proportions of
length-to-width will not be the same. This
is illustrated by the SC@UTV examples on
subsequent pages.

Each line can contain up to 120 characters.
The first character will be positioned with
its center at TX = 24, and the last one will

be placed at IX = 976.

Once a line (of 120 characters or less) has
been established, it is displayed by the S-C

ENGINEER’S COMPUTING MANUAL 74.20. 03

4020 typewriter mode. The accidental
appearance of the octal codes 12, 52, or

56 in the BCD text could cause an imperfect
picture, since these codes have special
uses in the typewriter mode.

12. The spacing between lines is not governed
by the typewriter mode; each new line will
be started 23 raster counts below the pre-
vious line, which is more generous than the
spacing provided by the typewriter mode.

There are 44 lines permitted per page. An
attempt to write beyond the 44th line will
cause the film to be advanced. Printing
will continue on the new frame; the first line
will be 23 raster counts from the top. The
carriage control character for that line will
have no effect, just as in printed output.

(Actually, the bottom of the frame is fixed
at 1012 raster counts from the top of the
frame; it is not regulated by the line count.
This point will be encountered again in the
discussion of variations from basic
SC@UTV printing.)

Figures 2-a and 2-b show an exercise in the use of
SC@UTYV printer simulation, demonstrating some
of the carriage controls, Hollerith character prin-
ting, integer, fixed, and floating point output, etc.
Part of the exercise is a line count, including a
count of lines skipped. Note that when a line count
of 44 was exceeded, a new frame was begun.
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i‘ _J 1230-09 L‘

ooe ooe
| CARRIAGE CONTROL CHARACTER 1S BLANK THIS IS LINE 1 1.45 0.14€ 01

! CARRIAGE CONTROL CHARACTER IS o THIS IS LINE 3 3.45 0.34€ 01
: CARRIAGE CONTROL CHARACTER IS - THIS IS LINE 6 6.45 0.64E 01
: CARRIAGE CONTROL CHARACTER IS 4 THIS IS LINE 10 10.45 0.10€ 02
i CARRIAGE CONTROL CHARACTER IS BLANK THIS IS LINE 11 11.45 0.11E 02
|
! CARRIAGE CONTROL CHARACTER IS o THIS IS LINE 13 13.45 0.13€E o2
CARRIAGE CONTROL CHARACTER IS - THIS IS LINE 16 16.45 0.16E 02
CARRIAGE CONTROL CHARACTER IS 4 THIS IS LINE 20 20.45 0.20€ O
CARRIAGE CONTROL CHARACTER IS BLANK THIS IS LINE 21 21.45 0.21€E 02
CARRIAGE CONTROL CHARACTER IS [+] THIS IS LINE 23 23.45 0.23t O2
CARRIAGE CONTROL CHARACTER 1S - THIS IS LINE 26 26.45 0.26E 02
N
CARRIAGE CONTROL CHARACTER IS 4 THIS IS LINE 30 30.45 0.30E 02 O
CARRIAGE CONTROL CHARACTER IS BLANK THIS IS LINE 31 31.45 0.31€E 02
CARRIAGE CONTROL CHARACTER 1S ] THIS IS LINE 33 33.45 0.33€E O2
CARRIAGE CONTROL CHARACTER IS - THIS IS LINE 36 36.45 0.36E o2
CARRIAGE CONTROL CHARACTER 18 4 THIS IS LINE 40 40.43 0.40E o2
CARRIAGE CONTROL CHARACTER 18 BLANK THIS IS LINE 4% 41.45 0.41E o2
CARRIAGE CONTROL CHARACTER IS8 [ THIS I8 LINE 43 43,45 0.43€ O2

Fggre 2-a
BASIC SC@UTV PRINTING

(This example is continued on Figure 2-b.)
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oos [ [.1]
CARRIAGE CONTROL CMARACTER 1S - THIS IS LINE 48 46.453 0.46€ O2
CARRIAGE CONTROL CHARACTER 18 4 THIS 1S LINE SO 50.43 0.50€ 02
Figure 2-b

BASIC SC@UTV PRINTING

Frame ‘‘eject’’ occurred when an attempt was made to write below the 44th line of the frame shown in Figure
2-a. The remaining lines were displayed on the next frame, as shown above.

The following statements were used to produce both frames. Note that, in true printer simulation, a CALL
FRAMEV(0) would not be used to eject the frame; the statement was used to simplify the coding for the
example.

CALL SCOUTV
CALL ERAMEVN(O)

N Li=1
(J, DO 160 121.5
‘ L2=L1+2
L3=1 243
L4=L3+4
ALl= ELOATF(L1) +0.45
AL2=AL1+240
AL3=AL2+3.0
AL4=AL 34440
WRITE QUTPUT TARPE 16412541 1 +AL1+AL11L2sAL24AL2
125 FORMAT(S3H CARRIAGE CONTROL CHARACTER IS BLANK THIS IS LINE 12
18XsEBa2 +18XsFEBe2 /S3HOCARRIAGE CONTROL CHARACTER 1S o} THIS 1
2S LINE 1248X+sF8e2 +18X+EBe2 )
WRITE OUTPUT TAPE 164145sL. 3+ AL3+.AL 3y L4sALG ALY

145 FORMAT (53H-CARRIAGE CONTROL CHARACTER IS - THIS IS LINE 12
18X esFBe2 18XsEBe2 /53H4CARRIJIAGE CONTROL CHARACTER IS 4 THIS 1
1S LINE [I248XsFBe2 +8BX1E8Be2 )

Li=L1+10

160 CONTINUE
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SC@UTV VARIATIONS

The basic SC@UTV system treats a frame as if it
were segmentedinto 44 print lines, starting on the
23rd raster count from the top of the frame and
ending on the 1012th raster count from the top.
Each print line is 23 raster counts deep. Printing
begins on the first print line, and each line starts
on the 24th raster count from the left of the frame.

The following discussion explains how these basic
specifications can be altered in a number of ways.

Altering the Starting Line: LINE1

SC@UTV printing may be forced to start on a print
line other than the first by using the statement:

CALL SC@UTV (LINE1)

LINE1 An integer which specifies the
print line on which the next
printing in the SC@UTV mode will

begin.

For example, if the statement CALL SC@UTV (5) is

used, the next WRITE @QUTPUT TAPE 16 statement
will place printing on the 5th print line (the raster
position that is 5*23 counts from the top of the
frame). The carriage control character (even the
“1”’ for ‘‘eject’’) will be ignored for that line.

For LINE1 to be in force, this statement must be
executed in advance of the associated WRITE
@GUTPUT TAPE 16 statement.

If no other alterations are made, LINE1 may have
any value from 1 to 44, and the maximum number
of lines of printing will be (45 - LINE1).

Since LINE1 will be effective only for one frame,
CALL SC@UTV (LINE1) should be restated if
printing is to start on the named LINE1 on the next
frame.

Altering the Starting Line and Line Spacing
Increments: LINEI1, INC

Further alteration of the basic SC@UTV specifica-
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tions may be made by using the statement:

CALL SC@UTV (LINE1, INC)
LINE1 An integer which specifies the
print line on which the next print-

ing’ in the SC@UTV mode will
begin. The actual position of the
first line on the frame will depend
upon the value of the second
argument, INC.

INC An increment of line spacing.

The frame will be considered to
be segmented into print lines that

are INC raster counts deep (as
opposed to the basic 23 raster
counts). The maximum number of
print lines will be 1012/INC, since
the basic limit for the bottom line
is 1012 raster counts below the top
of the frame.

The carriage control character for the first line of
information to be printed following this call state-
ment will be ignored. (Note that this also applies
to the character for ‘‘eject.’’) Therefore, printing
will start on the raster coordinate that is
LINE1*INC raster counts from the top of the
frame.

INC will remain in effect for subsequent SC@UTV
mode printing in the program (or chain link) until
altered by another CALL SC@UTV (LINE1, INC).(1)

For LINE1 or INC to be effective, the CALL
SCQUTV (LINE1, INC),statement must be executed
before the associated WRITE @GUTPUT TAPE 16
statement.

Note: A CALL SC@UTYV (with or without
arguments) placed anywhere in a pro-
gram (or chain link) will cause the
SC@UTV mode to be used for all
WRITE GUTPUT TAPE 16 statements
in the program or chain link, even
those which precede the CALL SC@UTV.
That is, the basic SCGUTV mode will
be in effect until a CALL SC@UTV with
arguments is actually executed.

() At the present time, although INC will remain effective for subsequent frames, it will not be used in
computing the position of the first line of these frames. After the last line on a frame has been printed under
the control of CALL SC@UTV (LINE1, INC), printing on the next frame will begin 23 raster counts from the
top, just as if the basic SC@UTV were in effect. The remaining lines on the new frame will be spaced under
the control of INC. (It is probable that this procedure will be changed, so that the starting position of each
subsequent frame will be determined by LINE1 and INC. )
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Figure 2-c

0.14E

0.34E

0.64E

0.10E
0.11E

a.13€

0.16E

0.36E

0.46€

0.50E

o2

The coding for the above example is on the following page .
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163 CALL FRAMEV (0)
CALL SCOUTV ( 4 +16)
L1=1
DO 160 =1e¢5
L2=L1+2
L3=L2+3
L4a=L.3+4
ALl= FLOATF(L1) +0e45
AL2=AL1+240
AL3=AL2+3.0
ALA=AL3+440
WRITE OUTPUT TAPE 16+:125¢L1 +AL1+AL1sL2+AL2+AL2
125 FORMAT(53H CARRIAGE CONTROL CHARACTER IS BLANK THIS IS LINE 129
18XeFBe2 ¢8XesE8B8e2 /53HOCARRIAGE CONTROL CHARACTER IS 0 THIS 1
2S5 LINE [2+8XsFBe2 +8XeE8e2 )
WRITE OUTPUT TAPE 164+4145+L.3s AL3+AL3s L4JAL4ALYG

145 FORMAT(53H-CARRIAGE CONTROL CHARACTER IS - THIS IS LINE 12+
18XeF8e2 +8XeEBe2 /53H4CARRIAGE CONTROL CHARACTER IS 4 THIS 1
1S LINE [2¢8XeF8e2 +8XsE8e2 )

L1=L1+10

160 CONTINUE

Figure 2-c illustrates the use of SCUTV with Observe also that the CALL FRAMEV (0) precedes
arguments that alter the basic specifications. the CALL SC@UTV (LINE1, INC). Had the CALL
Note the use of INC = 16, which caused the FRAMEV (0) followed the SC@UTV statement, the

lines to be closer than normal, enabling the value of LINET would have been reset, so that the

same 50 lines shown on Figures 2-a and 2-b first line of printing would not have been at the

to be printed on one frame. Since LINE1 = 4 point desired.

and INC = 16, the first line displayed is actually
4*16 raster counts below the top of the frame.
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Precise Control of Raster Positions for SCUTV
Printing: LQ@CSTV

In the preceding discussion, SC@UTV was presen-
ted as a means for simulating printer output on the
S-C 4020. For such simulation, vertical position-
ing is controlled by a line count and the increment
between lines. Lateral positioning is dependent
upon the built-in left margin and the number of
character spaces provided by the associated
FPRMAT statement.

The range of SC@UTV applications has been greatly
extended by means of routines which permit pre-
cise control of raster positions, with the printing
still under FGRMAT control. Two routines,
L@CSTV and LBCSAV, which permit setting and
retrieval of raster positions, add the following
capabilitiesto the SCQUTV system:

1. Printing can be done below IY = 11. (The
basic SC@UTYV does not permit writing
below the 1012th raster position, counted
from the top of the frame.)

2. Printing can be done to the left of IX = 24,
(This area is inaccessible to the basic
SCQ@UTV system, which uses a fixed left
margin of IX = 24.)

3. Printing can extend to the right of IX = 976,
by starting the line at IX > 25. (This area
is inaccessible to the basic system, since
the maximum (120 character) SC@UTV line
starts at IX = 24 in the basic SC@UTV, and
thus ends at IX = 976.)

4. Printing can be started at a point which is
independent of a line count, line increment,
or number of character spaces. (For the
basic system, which simulates line printing,
printing can only be positioned in units of
character widths and of print line depth.)

The LPCSTV provides these facilities by means of
the call statement:

CALL LQCSTV (IX, IY, IB)

IX The X-raster position to be used as the
starting point of the next line of printing.
Stated in another way, IX is the new left
margin, which will be effective for sub-
sequent lines and frames until another
CALL L@CSTYV is encountered.

The programmer must ensure that
information to be printed on subsequent
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lines can be accommodated between IX
and the right edge of the frame. IX
should be specified such that

1023 - IX > 8* (number of charac-
ters in the line to be printed)

IY A Y-raster position counted from the
BOTTOM of the frame, to be used as a
reference for subsequent lines of prin-
ting. Since the position IX, IY will be
referenced as if it were the starting
point of the previous line of printing,
the next line will start at IX, TIY only if
the carriage control character + (to
suppress spacing) is used.

The position of subsequent lines of
SC@PUTV mode printing relative to IY
will depend upon the carriage control
characters used and upon the value of
the current line increment, INC (page
74.20.07).

IY is effective only for subsequent lines
on the same frame. It will be changed
(reset to the top of the frame) if the
frame is advanced, or if one of the
forms of CALL SC@UTYV intervenes
between a CALL L@CSTV and the
affected WRITE GUTPUT TAPE 16
statement .

IB Limit below which printing will not take
place, expressed in raster counts from
the BOTTOM of the frame. It will be
effective for subsequent lines and
frames until another CALL L@CSTYV is
encountered.

To return the indicators to the basic SC@UTV
specifications, use CALL LPCSTV (24, 1000, 11).

Note particularly that, unlike IX and IB, the IY
reference point will not carry over from frame to
frame, nor will it survive execution of a CALL
SCQ@UTV. If the IY reference is to be used on a
new frame, the CALL L@CSTV statement should be
repeated.

One use of LACSTYV is illustrated in Figure 2-d.

An illustration of how SC@UTV mode printing can
be combined with a graph is shown in Figure 3-d,
Section 74.3. That example also illustrates
another way to print tabular data using SC@UTV
and LGCSTV.




1 NORTH AMERICAN AVIATION, INC.

. M0 ENGINEER’S COMPUTING MANUAL 10-15-63

'J EXERCISE IN THE USE OF LOCSTY WITH SCOUTV IN SPECIAL PRINTING APPLICATIONS o.::.-.:.!—

ENGINEER J. MATTEL
DEFT.-6GROUP 282-072
EXT. 2651

JOB. NO. 230-30

PROJECT SABRE - suB
PART PERISCOPE
MATERIAL PLASTIC
MODEL NO. C 8 IN
TEST NO- 337
DATE 10/ 5
7125.00 7488.45 7870.43 8271.90 8693.85
7196.25 7563.33 7949.14 8354.62 8780.79
7268.21 7638.96 8028.63 8438.17 8868.60
7340.89 7715.35 8108.91 8522.55 8957.29
7414.30 7792.51 8190.00 8607.78 9046.86
Figure 2-d
—bBuic a7

USE OF L@CSTV FOR SPECIAL SC@UTV PRINTING

It is assumed that the necessary data are in storage. In addition to printing the test identification informa-
tion, it is desired to print five columns of test results, with DATA(1) to DATA(5) in column 1, DATA(6) to
DATA(10) in column 2, etc.

The coding for this frame is on the following page.
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CALL SCOUTV
DIMENSION NAME(4) +DEPT(2) LTAB(5) +PART(2)+PROJ(4) +sDATA(Z25)
1 « MATRL(2)
READ INPUT TAPE S5¢18S+NAMEDEPT e EXTeJOB+PROJPART ¢« MATRL ¢+ MODEL
1+TEST«DATE

185 FORMAT (12A6)

LTAB(1)=10
DO 193 1=2+5
193 LTAB(I)=LTAB(I-1)+190
CALL FRAMEV
WRITE OUTRPUT TAPE 164220
220 FORMAT (1H113Xs75HEXERCISE IN THE USE OF LOCSTV WITH SCOUTV IN SPE
1CIAL PRINTING APPLICATIONS )
CALL LOCSTV (700+¢950s 0)
WRITE OUTPUT TAPE 16+255+NAME+DEPTs EXTs JOB
255 FORMAT (12H+ENGINEER 4A6 /15H DEPTe=GROUP 2A6 / 8H EXTe
1A6 /12H JOBe NOe 2A6 )
CALL LOCSTV (0.800s 0)
WRITE OUTRPUT TAPE 16+« 280+ PROJs PARTs MATRL
280 FORMAT (11H+PROJECT 4A6/ 6H PART 2A6 /10H MATERIAL 2A6 )
CALL LOCSTV (40047004 0)
WRITE OUTPUT TAPE 16+310+MODEL + TESTe DATE
310 FORMAT (13H+MODEL NOe A6 /13H TEST NOe A6 7 9H DATE A6 )
J=1
DO 350 I=1+5
CALL LOCSTV (LTAB(I)s 50040)
DO 345 K=14¢5
WRITE OQUTPUT TAPE 164340« DATA(J)
340 FORMAT( 1H F8e2)
345 J=J+1
350 CONTINUE
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Preservation (or Retrieval) of Raster Positions

Used by SCQUTV: L@CSAV

The raster coordinates of the starting point of the
line most recently printed in the SC@UTV mode can
be stored in ISX, ISY by using the statement:

CALL L@CSAV (ISX, ISY)

The programmer can use this information to
relate other types of S-C 4020 output to the location
of the last line of print.

L@CSAV will also aid in a special situation that
occurs with interrupted printing. If SC@UTV
printing is interrupted on one camera in order to
display one or more frames on the alternate cam-
era, the SC@UTV printing and film advance for the
alternate camera will alter the line reference
information. On return to the original frame on
the first camera, the programmer will be unable to
resume SCPUTV printing at the next line unless he
uses LGPCSAV and LPCSTV. The following
sequence shows the procedure that might be
utilized.

CALL SCQUTV

CALL CAMRAV (35)

ENGINEER’S COMPUTING MANUAL
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CALL FRAMEV

Write a portion of this 35mm frame, using
the appropriate WRITE GUTPUT TAPE 16
and FGRMAT statements.

CALL L@CSAV (MIX, M1Y)
CALL CAMRAY (9)

CALL FRAMEV

Write one or more frames on the 9-inch
camera, using the appropriate WRITE
@GUTPUT TAPE 16 and FGRMAT
statements.

CALL L@CSTV (MIX, M1Y, 11)

CALL CAMRAYV (35)

Continue writing on 35mm film as if no
interruption had taken place.
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THE VECTOR CHARACTER WRITING

SUBROUTINE: RITE2V

The RITE2V subprogram provides a means for
printing variable-size characters in one of four

ENGINEER’S COMPUTING MANUAL 74. 20. 21
PRINTING WITH PROGRAM-GENERATED CHARACTERS:
RITE2V, VCHARV, CHSIZV, RITSTV
K=0 Characters will be
(or 360) rotated right, as >
Writing will be
vertical, north »
toward south, as %

different orientations. It uses, on a lower level,
the vector character-generating subprogram,
VCHARV.

The call statement can be either of the following:

CALL RITE2V (IX, IY, LIMIT, K, INT,
NTQTAL, NTH, BCDTXT,

NLAST)

CALL RITE2V (IX, IY, LIMIT, K, INT,
NT@TAL, -NTH, nH---n--- ,
NLAST)

IX, IY The raster coordinates used for
positioning the center of the first
character to be printed.

LIMIT A raster position which will deter-

mine the extent of a line of writing.

When this limiting position is

reached, writing is halted and a new

line is started below the starting
position of the previous line.

K A code number which selects the
direction of writing and the orienta-
tion of characters within the written
text.
K =90 Characters will be

upright, as A

Writing will be hori-
zontal, left to right,
as AND

K = 180 Characters will be
rotated left, as <

Writing will be verti-
cal, south toward
north, as

AND

K = 270 Characters will be
upside down, as v

Writing will be hori-
zontal, right to left,
as anNv

INT An integer which controls intensity of
the characters by controlling the num-
ber of times each vector is displayed.
If ‘“‘overstriking’’ for a darker char-
acter is not required, INT should be 1.

NT@GTAL An integer which specifies the number

of characters to be printed.
sNTH A character position count that spec-
ifies the location within a BCDTXT
where writing is to begin. (Usually
this is 1, but this argument allows
printing to begin with some character
in the BCDTXT other than the first.)

The sign indicates the type of storage
used for the next argument. NTH
should be positive if the 8th argument
is a FORTRAN array. A negative
value should be used if it is a Holler-
ith argument.

BCDTXT The name of an array of BCD

information to be written.

nH---ce-- A Hollerith argument. If used, a neg-
ative sign must be used with NTH to
signal the subroutine that the infor-
mation is in this form.

NLAST The name of an error location (fixed
point). NLAST will be set to zero if
all the NT@TAL characters have been
displayed. If writing must be stopped
because the end of the frame has been
reached, NLAST will be set to the
character count where writing was
stopped.

The standard character size is approximately 12
raster counts in width by 18 counts in height. The
standard spacing allowance for adjacent characters
is 18 raster counts, and for adjacent rows is 26
raster counts.

The programmer can alter the size of characters
and spacing by means of other subroutines, dis-
cussed later in this section. He will not need to
use them if the standard specifications are satis-
factory for his purposes.
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RITE2V PRODUCED THIS LINE. K= 90, LIMIT=1023 H N @
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1 RITE2V PRODUCED THIS LINE. K=80 » LIMIT=1023 -
Figure 2-¢

RITE2V TITLES IN GRID MARGINS

CALL GRIDIV(140e04106090e041060s 062¢062¢5¢5¢1041002¢2 )

CALL RITE2V (25 +10144+41023s 9041 48+ = 1+48HRITE2V PRODUCED THIS

1LINE. K= 90s LIMIT=1023 oNL 1)

CALL RITE2V ( 94404¢10234180414469~1446HRITE2V PRODUCED THIS LINE.

1 K=180 o LIMIT=1023 «NL2)

CALL RITE2V (25¢ 9¢1023¢ 900¢14469=1+46HRITE2V PRODUCED THIS LINE

1 K=90 o LIMIT=1023 'NL3 )

CALL RITEZ2V (1014499740400 1+46e-1446HRITEZ2V PRODUCED THIS LINEs O
IK= 0 o LIMIT= O +NL4)
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An illustration of titles written in grid margins by The orientation of characters and the direction of
RITE2V is shown in Figure 2-e. Note that the writing are controlled by the values specified for
standard-size vector characters fit into the mar- K. Notice that the value specified for LIMIT is an
gins normally reserved by GRID1V at the top, left upper limit when K is 90 or 180, and a lower
and bottom of the grid, and also that GRID1V does limit when K is 0 (or 360). When K is 270, LIMIT
not normally reserve space for titles at the right of is also a lower limit, as will be shown in the next
the grid. example.

‘J 1230-89 L—

WRITTEN BY RITE2V
COMPARE THIS WITH
CALL STATEMENT (A)

~ O0x
>TOm >Q3
NF—w X
L 0
= >
— Z waom
xunw —MZ
—3 >
>Tul ——00
o+ mI<
< X
Zul— mwa
wery Z
—<C —=
—a —mM
—3 _] =N
X< or
=00 —
(3) IN3W3LVLIS T11VI
HLIM SIHL JdYdWOJ
AZ3LTd A8 NILLTIHM
Figure 2-f

EFFECT OF LIMIT

The portion of a frame above illustrates the use of LIMIT as a ‘‘carriage return’’ control. When the LIMIT
is reached, writing is halted and a new line is started, just below the starting point of the preceding line.

c CALL STATEMENT (A)
CALL RITE2V(35041000+s674s 9041+549—1+54HWRITTEN BY RITE2V COMPARE
 1THIS WITH CALL STATEMENT (A) sNLAST)
c CALL STATEMENT (B)
CALL RITE2V(270+596+920+,18041454s=14 S4HWRITTEN BY RITE2V COMPARE
1THIS WITH CALL STATEMENT (B) +NLAST)
C CALL STATEMENT (C)
CALL RITE2V(65645164332427041+544=14 S4HWRITTEN BY RITE2V COMPARE
_ 1THIS WITH CALL STATEMENT (C) A +NLAST)
c CALL STATEMENT (D)
CALL RITE2V(776+902+578+0s1+54s =14 54, WRITTEN BY RITE2V COMPARE

1THIS WITH CALL STATEMENT (D) sNLAST)
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SHAPE CHANGED BY USING CALL CHSIZV (3,5) BEFORE RITE2V

WIDTH AND ISPACE CHANGED BY USE OF
CHSIZV(IS, 3 AND RITSTV

ALMOST MAXIMUM SIZE

ALMOST MINIMUM SIZE

Figure 2-g

EFFECTS OF CHSIZV AND RITSTV

CALL CHSIZV (3+5) v
CALL RITE2V ( 26:45041023¢9001e¢540~1+54HSHAPE CHANGED BY USING CA
1LL CHSIZV (3+5) BEFORE RITE2V ¢ NLAST)

CALL CHSIZV(54+3)

E TABL 1\
CALL RITSTV (28+26+TABL1V)

CALL RITE2V (264¢400+¢1023+9091¢60¢~1460HWIDTH AND ISPACE CHANGED BY
—1 USE OF CHSIZV(5+3) AND RITSTV YNLAST )

CALL CHSIZV (949)

CALL RITSTV (48+66+TABL1V)

CALL RITE2V (10443144102349041919¢~1+19HALMOST MAXIMUM SIZE +NL )
CALL CHSIZV(2+2) o
CALL RITSTV(12+18¢TABL1V)

CALL RITE2V(104s 20041023+90+¢1919¢~1+19HALMOST MINIMUM SIZE«NLAST)
CALL CHSIZV(3+3)
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Variation in Size of Vector Characters: CHSIZV

The width and height of vector characters can be
altered by the subroutine CHSIZV (‘‘Change Size
V’’). The call statement is:

CALL CHSIZV (LVW, LVH)

LVW  An integer, from 2 to 15, that
controls the width of characters.

LVH An integer, from 2 to 9, that
controls the height of characters.

Obviously, LVW and LVH need not be equal, but
any great disparity will result in the formation of
characters that are elongated in one direction.

For the usual applications of RITE2V, the charac-
ter size can be considered to be 4* LVW in width,
and 6*LVW in height. (These dimensions do not
include the space required to prevent overlapping
of adjacent characters.) Examples of different
proportions are shown inFigure 2-g.

If CHSIZV is never called, the standard values of
LVW = 3 and LVH = 3 will be used, resulting in a
character size of 12 x 18 raster counts.

When CHSIZV is used to alter the standard charac-
ter size, it will probably also be necessary to
adjust the character spacing. The subroutine
RITSTV was designed for this purpose.

Changing Vector Character Spacing; Selecting
Alternate Character Sets: RITSTV

RITSTV can be used to alter spacing used by
RITE2V for characters and rows. In addition,
RITSTV can be used to select an alternate charac-
ter set to be displayed by RITE2V. The call
statement is:

CALL RITSTV (ISPACE, IRGW, TABL V)

ISPACE An integer that specifies the
number of raster counts allowed
for adjacent characters. This
should be somewhat larger than
the width of each character, to
allow a gap between them.

IRGW An integer that specifies, in ras-
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ter counts, the depth of adjacent
rows. This should be somewhat
larger than the height of a
character.

TABL V The name of a table of character
T patterns to be used. The most
frequently used table, containing
the alphanumeric characters, is
named TABL1V. The available
tables are described on page
74. 20. 35.

WHEN RITSTV IS USED, THE
TABLE NAME GIVEN AS THE
THIRD ARGUMENT MUST ALSO
BE GIVEN ON AN ““F’’ CARD.
(See page 60. 42. 05.)

If RITSTV is called, all three arguments must be
specifically stated, even though not all of them are
changed, and the table name must appear on an
““F” card.

If RITSTV is never called, RITE2V will use the

standard values of ISPACE and IR@W {18 and 26,
respectively), and the standard table (TABL1V).

The following formulas are a general guide for the
assignment of minimum values of ISPACE and
IRGW.

ISPACE == 5*LVW + 3

IRGW = T*LVH + 5

Retrieval of RITE2V Terminal Coordinates:

RITXYV

At the time RITE2V terminates, the coordinates for
the next character are set up. RITXYV retrieves
these coordinates so that they can be used to deter-
mine the correct position of a special character to
be inserted into a text written by RITE2V. The
call statement is:

CALL RITXYV (LX, LY)

IX, LY Names of the locations in which
RITXYV will store the raster
coordinates (IX, IY) that RITE2V
has computed as the location of
the next character.
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DISPLAY AN INDIVIDUAL VECTOR CHARACTER:

ENGINEER’S COMPUTING MANUAL

VCHARV

VCHARV is used as a lower-level subroutine by
RITE2V to generate each vector character. When
a single character is to be displayed, a direct call
to VCHARYV by the programmer will often be more
convenient than a call to RITE2V, especially if
the character to be displayed is a non-Hollerith or
a special character.

The call statement is:

CALL VCHARYV (K, INT, ILX, ILY, NS,
TABL V)

K Code number which selects the
orientation of the character:

K =90 Character will be

upright, as A

K =180 Character will be

rotated left, as <

K = 270 Character will be

upside down, as v

K=0 Character will be

(or 360) rotated right, as >

INT An integer which controls the
intensity of the character by
controlling the number of times
each vector is repeated. For
normal intensity, this should be
1, but may be greater if a dar-
ker character is desired.

ILX, ILY Integers which specify the ras-
ter coordinates to be used to
position the character. This
positionwill be used as the
lower left corner of the charac-
ter pattern. (Note that this is
different from the center posi-
tion specified for RITE2V.)

NS An integer which selects the
character to be generated from
a table of patterns. The actual
character produced will depend
upon the table being used; the
available tables are discussed

74.20.31

on page 74.20.35.

(If a Hollerith character is
desired, and if TABLI1V is used
for the last argument, a prop-
erly stated Hollerith argument
can be employed for NS. For
example, the argument 3H001 is
equivalent to an integer 1,
3HOOA is equivalent to the inte-
ger 17 that will select A, etc.)
TABL V  The name of a table of charac-
ter patterns to be used. The
name of the table containing the
most frequently used characters
is TABL1V. Further informa-
tion on available tables is given
on page '74. 20, 35.

WHEN VCHARYV IS CALLED
DIRECTLY, THE TABLE NAME
GIVEN MUST ALSO APPEAR
ON AN “F’’ CARD.

RITE2V uses the specified coordinates as the center
of the first character to be displayed, but VCHARV
uses the specified coordinates as the lower left
corner of the character. Thus, it may be neces-
sary to translate the coordinates when direct calls
to VCHARYV are used to insert characters into a
line of information displayed by RITE2V. Without
going into great detail on the structure of vector
characters at this point, the formulas given below
show the relation between the position arguments
for VCHARYV and for RITE2V. In these formulas,
LVW and LVH are the arguments used in CHSIZV .
If CHSIVZ has notbeenused to alter these quantities,
LVW = LVH = 3.

For K =90 ILX = IX - 2*XLVW

ILY = IY - 3*LVH

K=180 ILX =IX + 3*LVH
ILY = IY - 2*LVW

K=270 ILX=IX + 2*LVW
ILY = IY + 3*LVH

K=0 ILX = IX - 3*LVH
(or 360) ILY =1IY + 2*LVW

Three tables are currently available for vector
character generation; they will be described in the
next section.
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Available Vector Character Tables: TABLI1V,
TABL2V, and TABL3V

0Of the three tables of character patterns now avail-
able, TABL1V is an alphanumeric table, TABL2V
contains lower case Greek characters, and
TABL3V contains the upper case Greek characters.

The first 64 characters in TABL1V are arranged in
an order compatible with the Charactron character
table. Any code which will select one of the Char-
actron characters will select the equivalent charac-
ter from TABL1V. However, TABL1V is extended
to include som=a special characters, selected by
codes numerically greater than those permissible
for the Charactron characters. Since codes
greater than 63 can not be expressed as BCD (or
Hollerith) characters, RITE2V cannot be used to
display them. However, VCHARV can be employed
for any special cnaracters that have selection codes
greater than 63.

Usually, VCHARYV will be utilized whenever a
character from TABL2V or TABL3V is to be dis-
played. However, it is of interest to note that the
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position of 0, 1, 2, .
equivalent to the positionsof ¢ , g2 , ¥,... .,
etc., in TABL2V. Therefore, if the Hollerith
argument 3HO012 were to be used in RITE2V, and if
TABL2V had been specified by RITSTV, the char-
acters @ g ¥ would be displayed.

., etc., in TABL1V are

REMEMBER, WHEN ONE OF THE TABL V

NAMES IS USED BY THE PROGRAMMER AS
AN ARGUMENT, IT MUST ALSO BE NAMED
ON AN “‘F”” CARD.

Figure 2-h shows the three vector character tables
TABL1V, TABL2V, and TABL3V. The program-
ming for this illustration is shown because it
illustrates the use of the tables and of VCHARV, as
well as providing an example of the use of APRNTV
in a special situation. The statements which resul-
ted in the display of TABL3V are not listed because
of their similarity to those used for TABL2V.

Note the use of APRNTYV to produce the headings
for the rows and columns. Utilization of APRNTV
for this application permits the required special
spacing of Charactron characters.
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; —J TABLIV,TABL2Y,TABL3V --NOTE USE OF VCHARY TO DISFLAY THE CHARACTERS 1230-89 L— w
w 01234567889
wd=""8%a+ABC
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Figure 2-h

AVAILABLE VECTOR CHARACTER TABLES

A prior CALL FRAMEYV statement is assumed.

A portion of the coding used to produce this frame appears on the following page. It demonstrates the use
of VCHARYV and the tables, TABL1V, TABL2V. In addition, it shows a special application of APRNTV.
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Code For Figure 2-h

TABL1V +TABL2VTABL3V

CALL APRNTV (3040¢-11411H 0123456789 ¢+ 353+888)
CALL APRNTV (0¢=30s~ 9+ 9H 01234567 + 341.,883)

CALL APRNTV (0,=30+~ 9+ 9H 00000000 +349,+883)
CALL PRINTV(- 6+ 6HTABL1IV +492+920 )

IX1=377
1vy=844

J=0
DO 2450 1=1.8

IxX2=1X1
DO 2440 K=1410

CALL VCHARYV (90+14IX241YeJsTABLLIV )
J=J+1

2440

IF(J=75) 2440+24404+2460
IX2=1X2+30

2450
2460

Ivy=1Yy~-30
CALL APRNTV (30404~-11411H 0123456789 s 334438)

CALL APRNTV (0¢=30s-4¢ 4H 012 o+ 21 +433 )
CALL APRNTV (0¢=304-4+s 4H 000 o+ 294 433 )

CALL PRINTV (—-6+ 6HTABL2Ve172 +470 )
IXl= 57

Ivy= 394
J=0

DO 2600 1I=14+3
IxX2=1X1

DO 2590 K=1410
CALL VCHARV (G04s14IX2e¢1YsJsTABL2V )

J=J+1
IF (J=23) 259042590+¢2610

2590
2600

Ix2= IX2+30
Ivy=1Y-30

74. 20. 37
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The subroutine APRNTV was introduced in the
First Reader (page 74.10.21) as a means of writing
vertical titles. Since APRNTYV allows the program-
mer to specify increments of character spacing in
both the X and Y directions, it is useful when spe-
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SPECIAL USES OF APRNTV

cial spacing of Charactron characters is required.

4 IQ-~mT

WIDTH

CALL APRNTV ( 10, 10, -6, 6HLENGTH , 48, 304 ) I

(|

Figure 2-i

The illustration on page 74. 20. 36 shows an appli-
cation of APRNTV for special horizontal and ver-
tical Charactron character spacing. The following
example shows that APRNTV can also be used to
print Charactron characters along certain slopes.

CALL APRNTV ( 9, -3, -6, GHLENGTH y 906,399 )

APRNTV WRITING ON SLOPES

The following statements were used to produce the examples on the portion of a frame shown above.

CALL
CALL

LINEV (15044004150+550)
LINEV (15044004,3004400)

CALL
CALL

LINEV (1504400430+280)
APRNTV(10410+s-6+6HLENGTH

+504310 )

CALL
CALL

APRNTV(Oe=144=6¢6HHEIGHT
APRNTV( 9¢ Os=S5+5HWIDTH

2145+ 520)
+186+ 409 )

CALL
CALL

LINEV (870¢40047204+400)
LINEV (8704400+8704+550)

CALL

LINEV (870+40049904360)

CALL
CALL

APRNTV (94=34~6+6HLENGTH
APRNTYV (Oes=144-6+6HHEIGHT

+G06 +398 )
18654+524 )

CALL

APRNTV ( 9s Oe—S+SHWIDTH

790+ 405 )
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USE OF THE FORM SLIDE

A Form Projector unit in the S-C 4020 allows an
image from a specially prepared slide to be pro-
jected, in registration with the tube output. A
form slide is a glass slide approximately 5 x 5
inches (not a 35mm slide), constructed to fit into
the form projector.

Since standard procedures for the preparation and
handling of form slides have not been established,
anyone who plans to exploit this feature must dis-
cuss his application with his Divisional Computing
Coordinator. The following considerations must
be taken into account:

1. The form must be prepared according to
strict specifications if it is to be aligned
accurately.

2. Preparation of the form and slide are costly.
Therefore, a slide is justified only for a
form that cannot be program generated, or
one that is used so frequently that the com-
puter time saved will pay for the expense.

3. Although projection is under program con-
trol, the slide is inserted manually by the
S-C 4020 operator. Since this can be done
only at the beginning of a job, there is no
choice of different slides within a job.

The following call statement will cause the form to
be ‘“flashed’’ (projected):

CALL FGRMV
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Section 74.3

GRID VARIATIONS

The First Reader introduced the basic methods of
preparing a grid and plotting on it. This section
presents other features of the system that provide
greatly increased flexibility for a variety of
applications.

The first part of this section presents some of the
external control subprograms that can be used with
GRID1V to obtain variations of the basic grid.
Among these is a routine which alters the margin
specifications, permitting the display of more than
one grid on a frame, or the combination of a graph
with printed information.

The second part of this section describes how
GRID1V and the basic plotting subprograms can be
used to produce log and semi-log graphs. This is
made possible by a single routine.that can alter
the scale mode in either or both directions.

Two other routines, LINRV and N@GNLNV, are intro-
duced briefly. Since the understanding of their
operation depends upon a knowledge of scalingand
conversion, which will be discussed in Section 74.4,
a more detailed discussion of these two subpro-
grams has been deferred to Section 74.5, Further
Aspects of Grid Construction.

The information on the basic linear GRID1V is not

repeated here. The programmer should be familiar
with the First Reader before studying this material.

GRID1V CONTROLS

Certain features of the basic linear GRID1V can be
altered by subprograms that control its internal
operation. The subprograms can be classified as
‘‘set’’ and ‘‘retrieve’’ routines since they permit
information to be set by the programmer and
retrieved during execution of GRID1V.

The routines that furnish values different from
those normally employed by GRID1V are:

SETMIV, which allows the programmer to
make nonstandard margin assign-
ments. The companion routine
called by GRID1V to retrieve margin
values is SETM@V.

SETCIV, which makes it possible to provide
extra space for grid line labels. The
companion routine is SETC@V.

Routines that furnish indicators recognized by
GRID1V as signals to execute alternate branches
are:

H@LDIV, which assists in holding margins
from graph to graph. HOLD@V is
called to retrieve the indicators.

SMXYV, which enables the programmer to
select log or semi-log mode of
operation. The companion routine is
MSXYV. These two routines are
described under ‘‘Log and Semi-log
Plotting,’’ page '74. 30. 21.

Grid Margin Variation: SETMIV, SETM@V

As discussed in the First Reader, GRID1V normally
reserves a strip, 24 raster counts in width, at the
top, left, and bottom of the grid, for the display of
titles. For the many applications which require
special margin widths, the subprogram SETMIV
can be called to change the basic specifications.

One obvious application of SETMIV is to provide
margin space for multiple lines of printed titles and
headings. In addition, and perhaps even more
important, SETMIV makes it possible to display
more than one graph on a frame, or to display a
graph with its accompanying text.

The standard GRID1V margin specifications can be
altered by the statement:

CALL SETMIV (MTL, MTR, MTB, MTT)
Each argument is an integer which specifies,

in raster counts, the width of one area to be
reserved for a margin.

MTL Width of area for left margin.
MTR Width of area for right margin.
MTB Width of area for bottom margin.
MTT Width of area for top margin.

GRID1V does not necessarily use these exact values
for the upper and lower limits of X and Y. It guar-
antees that the reserved space will not be over-
lapped, -assigning additional space if required for
label margins. After the total margin space has
been reserved, the remaining area will be used for

the grid.
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'J MARGIN VARIATIONS FOR GRID1YV
cts 018

40000

20000

10000

o 10 20 30 40 50

CALL SETMIV ( 24, 0, 712, 28)
CALL GRID1V (2, 0.0, 50.0, 10000.0, 40000.0, 1.0, 2000., 5, 5, 10, 5, 2, 5)

400

300

200

100

[ 10 20 30 40 so
CALL SETMIV ( 24, 0, 368, 371)
CALL GRID1V ( 2, 0.0, 50.0, 100.0, 400.0, 1.0, 20.0, 5, 5, 13, 5, 2, 3)

o 10 20 30 40 s0

CALL SETMIV ( 24, O, 24, T15)
—] CALL GRIOIV ( ¢, 0,0, %50.0, 3.0, 4.0, 1.0, 0.2, 5, 5, 10, 5, 2, 1) I—

Figure 3-a (()

THREE GRAPHS ON ONE FRAME
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If SETMIV is never called, GRID1V will use the
values 24, 0, 24, 24 as MTL, MTR, MTB, and
MTT, respectively. To return to a standard grid
after the margins have been altered, restore the
standard margin values by

CALL SETMIV (24, 0, 24, 44)

The current values of MTL, MTR, MTB, and MTT
can be retrieved by using the statement

CALL SETM@V (MTLL, MTRL, MTBL, MTTL)

where the arguments are variables (never constants)
to which SETM@V is to assign the current margin
values. SETM@V was designed for use by GRID1V
to retrieve current margin values; the programmer
will rarely have reason to call it.

Examples

Figure 3-a shows three grids with the SETMIV and
GRID1V call statements used to produce them. The
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grid at the bottom was the first one displayed; a 1
was used as the first argument of the first GRIDIV
statement executed, in order to change the film
frame. The other two GRID1V statements include
a 2 as the first argument, to inhibit the film
advance.

Note particularly the variation in the raster loca-
tions assigned by GRID1V to XL in each of the
grids. This effect is caused primarily by the dif-
ferences in the specification of NY (the last argu-
mant), which gives the number of characters to be
displayed in the labels of horizontal lines. In each
case, NY has been assigned a value just large
enough to satisfy the needs of the grid. For the
bottom grid, NY = 1; for the middle grid, NY = 3;
and for the top grid, NY = 5. Since margin space
was reserved for labels of different lengths, the
positions of the left limits, and of the correspond-
ing values of X, vary noticeably. Such a nonalign-
ment is often of no importance, but if it does mat-
ter, the programmer may have to make special
provisions to force alignment.
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Figure 3-b is a similar illustration, except that grid to grid, the desired alignment will usually be ‘@
NY = 5 on all three grids, permitting the left limits achieved.

to be in line. If XL, NX, and NY are equal from

. 1230-89 L
. oczo oo
40000
30000
20000
10000
o 10 20 30 40 so

CALL SETMIV ( 24, 0, 712, 28)
CALL GRID1vV (2, 0.0, 50.0, 10000.0, 40000.0, 1.0, 2000., 5, 5, 10, 5, 2, 5)

400.0

300.0

100.0

L] 10 20 30 40 50
CALL SETMIV ( 24, O, 368, 371)
CALL GRID1vV ( 2, 0.0, S50.0, 100.0, 400.0, 1.0, 20.0, 5, 5, 1o, 5, 2, 5)

4.000
3.000
2.000
4.000
[ ] 10 20 30 40 0
CALL SETHMIV ( 24, D, 24, 715)
—l CALL emID3Y ( §, 0.0, %0.0, 1.0, 4.0, 1.0, 0.2, 5, 5, 10, 5, 2, %) r

Figure 3-b

GRAPH SHOWING FORCED ALIGNMENT OF LEFT LIMITS
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Figure 3-c shows that four graphs may be practical obvious that only one CALL GRID1V was allowed to
on a single frame. The SETMIV statements used to advance the film.
produce the margins for each grid are shown. It is

_l 1230-09 L-
CALL SETMIV ( 24, 534, 536, 24 ) CALL SETMIV ( 536, 22, 536, 24 ) ocee o2z
4 .
4 4
el [T 1T 2
o (]
(] 2 4 6 .0 2 .4 [3
12 6
10 4
e 2
. []
0 2 4 ] .0 K] 4 ..
.| CaLL SETMIV ( 24, 534, 24, 536 ) CALL SETMIV ( 536, 22, 24, 536 ) r

Figure 3-c

FOUR GRAPHS ON ONE FRAME
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! Combining a Graph and Printed Information on One
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! Frame

Figure 3-d shows an additional exercise combining
the use of SETMIV, SC@UTV, and L@ICSTV. 1t is
assumed that the values of Y to be plotted are

stored in DATA; the values DATA(1) through

DATA(5) are to be printed in column 1, DATA(6)

through DATA(10) in column 2, etc.

SETMIV is called to enlarge the top margin to allow
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for more than one line of printing, and to leave
about half the frame free at the bottom for tabular
data. SC@UTYV is used to print the table, and also
the comment ‘“Y = 8190.00 AT X = 15.5"’ on the
graph itself.

- GRAFH AND PRINTED INFORMATION COMBINED ON ONE FRAME 1230-09 L
ozs Op4
NOTE..THIS EXERCISE SHOWS FURTHER WAYS IN WHICH SCOUTV PRINTING AND LOCSTV MAY BE USED
12000
)
©
o)
al®
o) LA
8000 @ = d190.000
@ -
laloe AT A=15]s
o]
o) @
51—
o 5 10. 15. 20. 25, so.

7125.00 7488.45 7870.43 8271.90 8693.85
7196.25 7563.33 7949.14 8354.62 8780.79
7268.21 7638.96 8028.63 8438.17 8868.60
7340.89 7715.35 8108.91 8522.55 8957.29
7414.30 7792.51 8190.00 8607.78 9046.86

GRAPH AND PRINTED INFORMATION ON ONE FRAME

Figure 3-d

A
\ Q,b/
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In the following list of statements used for Figure
3-d, note the use of NXV, NYV, and L@CSTV to

CALL SCOuUTvV
CALL SETMIV (24+04550448)
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set the comment on the graph in the proper
position.

CALL GRIDIV(140004306046000e¢09¢12000e¢041e09 400e095¢5¢ S5¢10¢3:¢5)

X=0e5

DO 1660 =1+25

CALL POINTV (XeDATA(I)el)
1660 X=X4+160

NXL=NXV(15e5) +19

NYL=NYV(DATA(15)) -3

CALL LOCSTV (NXL eNYL+0O)

WRITE OUTPUT TAPE 16417000
170C FORMAT( 3H+Y= FB8e2

CALL LOCSTV (1184450,0)

DO 1750 JU=145

DATA(1S5)
/ 10H AT X=15¢5 )

WRITE OUTPUT TAPE 16¢1740sDATA(J) +DATA(JI+5) ¢DATA(JI+10) sDATA(I+15)

1DATA(J+20)

1740 FORMAT(1H 8X +FBe2¢12X1FBe2112Xs1FB8e2¢12XsFBe2s 12X+F8e2 )

1750 CONTINUE

Another exercise in the use of SCGUTYV to print
tabular data appears in Figure 2-d.
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Providing for Special Label Characters: SETCIV,

SETCQ@V

GRID1V computes the starting location of each
label, taking into consideration the size of the
characters used. If the labels are to be placed
outside the grid, GRID1V assigns space for them,
again taking the character size into consideration.
Normally, labeling is done in Charactron charac-
ters (via LABLV). If the programmer substitutes
a non-system labeling routine for LABLV, it may
be necessary to furnish adjusted character dimen-
sions to GRID1V.

To state the dimensions of nonstandard label
characters, use

CALL SETCIV (IW, IH)

IW  An integer which specifies, in raster
counts, the allowance needed for the
width of each label character.

IH An integer which specifies, in ras-
ter counts, the allowance for the
height of a label character.

If SETCIV is never called, the indicator table con-
tains IW = 8 and IH = 10. Obviously, if it is called,
the arguments must be compatible with the size of
the characters employed by the LABLV subprogram
used.

GRID1V retrieves the values of the indicators by
using:

CALL SETC@V (IWL, IHL)

The width will be retrieved from the table and
stored in the fixed point variable location IWL, and
the height will be similarly stored in IHL. (The
arguments must not be constants.) Note that
GRID1V uses this information to control the space
that will be reserved for labels; it does not control
the size of the label characters themselves in any
way.

Holding Margins from Graph to Graph: H@LDIV,

HPLDGV

For a large graph, it may be necessary for the pro-
grammer to display segments of the graph in sep-
arate frames, and join the segments ‘‘tile fashion’’
to form the complete plot. If the graphs are to
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have the same scale, certain equalities should
exist.

1. The range of X in each segment should be
equal, and the range of Y should be equal.
In other words, the quantity (XR - XL)
should be the same in each segment, and,
similarly, the quantity (YT - YB).

2. The dimensions of the scaled area should be
the same from segment to segment; that is,
the dimensions of the space between mar-
gins should be equal.

The programmer can easily provide for equality in
the ranges of X and Y, but he cannot so readily
ensure equality in the scaled areas. Since GRID1V
computes label margins (and, therefore, total
margins) to suit the needs of each graph, the
dimensions of the scaled area may vary.

One method that will usually give equality of
scaled areas is to specify the option that forces
labels to be placed outside the grid, and to always
request the same number of label characters (NX,
NY) for each segment. If this is not practical, a
“‘holding’’ feature is provided.

GRID1V can be instructed to hold the label margin
spaces used for the preceding grid and use them in
computing total margins for the next grid. The
statement to be used is

CALL HPLDIV (NH)

If NH # 0, the label margins from the pre-
ceding grid will be used again. If NH =0
(as is the case if HPLDIV is never called),
label margins will be computed in the nor-
mal manner.

The status of this indicator is tested in GRID1V by
using

CALL H@LD@V (NHL)
The value of the indicator will be retrieved
and stored in the location named in the

argument.

The ‘‘hold’’ may be released by executing the
statement

CALL H@LDIV (0)
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LOG AND SEMI-LOG PLOTTING

The examples in the S-C 4020 First Reader used
only linear scaling and conversion. The modal
subroutine SMXYV can be used to alter the scaling
mode such that scaling and conversions will be
made in the logarithmic mode.

The call statement for establishing the logarithmic
mode is:

CALL SMXYV (MX, MY)

where MX and MY are scale mode indicators that
designate whether the logarithmic or linear mode
is to be used:

IfMX;lo,MY%o Log in X, log in Y
MX 0, MY = O Log in X, linear in Y
MX =0, MY £ 0 Linear inX, log in Y

MX = O, MY = O Linear in both X and Y (to
restore linear mode)

At the beginning of each job, MX and MY are zero,
so that linear scaling and conversion result if
SMXYYV is never called.

If the programmer wants to generate a log or semi-
log plot, he must call SMXYYV to set the logarith-
mic mode before using any S-C 4020 subroutines
that involve scaling or conversion.

Once the log-log or semi-log mode has been set by
SMXYYV and the scale factors have been established,
the function statements NXV and NYV can be used
to convert data coordinates into raster coordinates,
in the same manner as shown in the First Reader
for linear scaling (page T4.10.25).

The contents of the scale mode indicators may be

retrieved by using the following statement:

CALL MSXYV (MXL, MYL)
The indicator for the X scale mode will be
stored in MXL, and for the Y scale mode in
MYL.
GRID1V uses this statement to determine what scale
mode has been selected by the programmer.

Restrictions on Logarithmic Mode

In general, once SMXYV has been called, the pro-
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grammer can use any of the routines introduced in
the First Reader to generate a logarithmic display.
(One exception: DXDYV should not be used to
generate arguments for GRID1V in the direction in
which logarithmic scaling is being used.)

However, some of the GRID1V arguments are
restricted in the logarithmic mode. Following is a
list of the 13 arguments, with notations as to the
arguments affected if the mode is logarithmic in
the direction affected by each.

CALL GRID1V (L, XL, XR, YB, YT, DX,
DY, =N, +M, I, +J, +NX,

+ NY)

L Controls film advance; see page
74.10.05.

XL, XR Left and right limits of the grid.
May not be negative or zero.

YB, YT Bottom and top limits of the grid.
May not be negative or zero.

DX, DY Should be set to 1,0. If greater,

only the cycle lines will be dis-
played. If less, no lines will be
drawn.

Will be ignored; however, an
argument must be present. A
negative sign on N or M will force
the grid to be square.

I,Jd Will be ignored; however, an

argument must be present.
NX, NY Number of characters to be
displayed in the labels; see page
74.10.05.

" Generally, line labels will be placed only at the

cycle lines. I, however, the grid spans less than
one complete cycle, each grid line will be labeled.

No more than 10 log cycles are permitted in the
GRID1V system.

Examples

Figure 3-e illustrates a plot that is logarithmic in
both the X and Y directions. Note the arguments

for SMXYV and GRID1V in the coding.

Figure 3-f illustrates a semi-log grid, with plotting
of the data used in figure 3-e.
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_] 1230-90 L—

009 009

1000
@
]
]
100
14
@
10
1
) 10

CALL SMXYV (1, 1)
CALL GRIDIV ( 1, 1.0, 10.0, 1.0; 1000.0, 1.0, 1.0, 4, 1, 3, 8, 2, 4 )
—1 POINTS PLOTTED BY USING CALL POINTV ( X,Y, & ) IN A LOOP r'

Figure 3-e

LOGARITHMIC GRID

CALL SMXYV (141)
CALL GRIDlV(101009100001.0010000091000100010101019204 )
X=1e0
DO 2GC00 I=1+18
Y= Se0¥X#%340
CALL POINTV (XeYel)
2000 X=X+0e5
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.J 1230-09 L—

C‘ 034 03¢
10000

1

H 4 . . 10 12 14 16 18 e0
CALL SMXYV ( O, 1)
CALL DOXxDYV ( 1, 1.0, 20.0, DX, N, I, NX, 12.0, IERR )
—' CALL GRIOtV ( 1, 3.0, 20.0, 1.0, 10000.0, DX, 1.0, N, 8, 1, 1, NX, 5 ) r‘

Figure 3-f

SEMI-LOG GRID

This plot is linear in the X direction and logarithmic in the Y direction, initiated by a CALL SMXYV (0,1).
Note the use of DXDYV for the linear direction only, and the effect on the GRID1V arguments for each
direction.

CALL SMXYV (0s1)
CALL DXDYV (1¢1¢0420e¢0 +sDXeNoelIsNXs12e¢0s IERR)
CALL GRIDIV (141604200041 e¢00¢10000e0sDXs1e0aNslslslsNXe5)

X=1e¢0
DO 2090 K=1437
(: Y= SeO¥X¥%340

CALL POINTV (XsYel)
2090 X=X+0e5
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The data points could have been connected by lines
in either of the preceding examples. The following
coding shows how this could have been done for
Figure 3-e. (Note that the procedure is the same
as that shown on page 74. 10. 25 for linear mode.)

X=1.0

Y = 5.0%X**3.0
D@ 2000 K = 2, 18
X2 =X +5.0

Y2 = 5.0%X2%*3.0
NX1 = NXV(X)
NX2 = NXV(X2)

NY1 = NYV(Y)
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NY2 = NYV(Y2) o~

CALL LINEV (NX1, NY1, NX2, NY2) L
X = Y2

2000 Y = Y2

Labels in Scientific Notation

Labels in scientific notation can be obtained on a
logarithmic grid, in the way shown for linear grids
on page 74.10,24. Figures 3-g and 3-h demonstrate
that positive values of NX and NY will result in
fixed point labels, while negative values will pro-
duce scientific labels.

For scientific labels of logarithmic grids, it is
only necessary to use -1 or -2 for the specifica-
tion, because labels will normally be powers of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>