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CHAPTER 1
INTRODUCT ION

The Bribie cross radar is an instrument for measuring the
direction and doppler shifts of high frequency radio echoes from the
ionosphere. It is complicated in operation and requires some skill on
the behalf of the operator to reduce the costs incurred by magnetic
tape for recording and computer analysis time, without causing a
deterioration in the quality of the recorded data. Control of the
system is by a microprocessor, with a visual display unit (vDU)
portraying the data in real time to assist the operator in making the
appropriate decisions ad to check on the status of the system.

The purpose of this project was to produce a human recognisable
display of wuseful operating data. Use of special symbols to convey
amplitude and phase information has provided improvement over the old
systems, a poor resolution display on a storage CRO and a vbU display
limited to numerical information.

_ Further the display may form a basis for more complicated
displays, while being a meaningful and useful monitor for the current
procedure.



CHAPTER 2

THEORY

Elec Waves

Consider an electromagnetic wave incident on a plasma. If the
free electron density 1is high then the plasna will look like a
conductor and hence the wave would not propagate in this plasma but
rather reflect from it. At the other extreme is a low charge density,
like air in a normal room, where all frequencies are able to
propagate. An electromagnetic wave incident on a plasma of increasing
electron density in the direction of the wave normal will be reflected
when its frequency equals the so-called critical frequency of the
plasma. The critical frequency,ignoring complicating effects
introduced by the presence of a magnetic field or electron collisions,
is the electron plasma frequency given by:

2 2
We= N, e /M,E, _
where e=electronic charge,N,=electron density, M, =electron mass and
€ =permitivity

| N (e/cu. m) | f (Hz) |
| 1678 | QK |
| 1879 I 280K

| 10-10 | 900K |
| 10711 | 2.8M |
| 16712 | 9.0M l
| 19713 | 28M l

Table 2-1

Electron plasma frequency variation
with electron density.
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In the ionosphere we find a generally gradual variation in the
electron density with height (see Fig 2-1). If we propagate a
particular frequency towards the ionosphere, we will get a reflection
from the region where the electron density reaches the critical value.
Due to variations In the electron density horizontally the contours of
equal electron density (isoionic contours) may be tilted to the
horizontal. It is possible to show that an equivalent reflection
surface similar in shape to the isoionic contours may be constructed
(whitehead pPhD thesis). Now if the radio wave is in the form of a
beam and 1s pointed in a direction so as to strike this reflecting
surface at right-angles then we will receive an echo from that
particular direction. Fom many measurements of this type it is
possible to deduce the form of the reflecting surface.

The ionosphere is classified into regions depending on height and
electron density. The lowest region, the D-region extends from a
height of about 4gkms to about 9gkms. Electron densities are from
about a maximium of 16718 electrons per cubic metre down to about 14”8
e/cum. In the height range 9¢kms to 160 kas is the middle (E) region
with variations in electron density from 18718 to 2x16"11 e/cu m. The
upper levels (F-regions) have densities from 16°11 to 2x16713 e/cum
and extend from 16gkms to around 8ggkms where it becomes the
magnetosphere (extending to several Earth radii). In the current
experiment, the range of frequencies used are 2-6MHz, SO ,from Table
2-1, the E and F regions are being investigated.

Neutral gas waves

In the ionosphere the majority of particles are neutral. Waves
of various types may propagate in this neutral gas, eg sound waves.
Any class of waves for which the major restoring force arises not from
the pressure variation, but from the buoyancy forces under gravit?/ are
known as internal gravity waves. Their density and pressure amplitude
Is proportional to

exp (z/2H) sin (wt-k.R) where H is the scale height

The wave energy of internal gravity waves, if imperfectly reflected
from the mesosphere (heights 5¢-88km) can lead to horizontal ducted
waves in the ionosphere (Hines 1960).

The neutral gas waves have various effects on the ionisation. In
the simplest situation, the neutral gas motions carry the ions and
electrons with them, so that changes in the electron density reflect
exactly the changes in air density. The Earth's magnetic field has a
marked effect on the ionisation motion and in the F-region restricts
it to motion along the field lines. Changes in air density may also
effect changes in ionisation production. One way or another the
ionisation distribution reflects the form of the internal gravity
wave.
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Oe important interaction occurs in the E-region. Associated
winds can lead to vertical converging movement of I1ons and electrons
giving rise to the formation of thin layers of ionisation (whitehead
1960). Instabilities in the plasna also arise from gradients in
fields passing through the plasna (gravitational, magnetic
electric). So it can be seen that reflections from the ionosphere
need not appear simple.

ation of lonisation Structure

To observe these structures, a wuseful theorem due toO
Pfister (197¢) is described. Suppose we have a reflection point in a
one dimensional reflecting surface in the ionosphere at a radial
distance, R, at an angle, A, to the vertical moving with velocity V in
the horizontal direction and vertically with velocity W (see Fig 2-2).
It can be seen fairly easily that the rate of change of the radial
distance or more generally phase range is given by:

dr/dt =V sin A T Wcos A

This expression allows for the motion of the reflecting point along
the reflecting surface. So if several measurements of dr/dt and A are
taken, we can plot out the motion of the reflecting point, be it a
wave, cloud or other irregularity.

Obviously the reflecting surface is not one dimensional.
Generalising the above, we expand the angle A into its N-S component,
N, and its EW component, E, with velocity components v and w. It can
be shown that in the small angle approximation (1>> A > N,E) that

dr/dt = Nv + Ew T W

This is a practical statement of Pfisters theorem given by
Brownlie,Dryburgh and Whitehead (1973).



CHAPTER 3

EXPERIMENT AT BRIBIE ISLAND

In this chapter, instrumentation of the pencil beam radar on
Bribie Island will be discussed. Transmitter and receiver aerials are
arranged as two 10 element lines forming a cross, with the receivers
oriented North-south. By transmitting and receiving at an angle to
the vertical in two planes with a beam width of about 4 degrees, a
small region of the sky is observed (see Fig 3-1).

T 20
r--'--;-- I.‘_0 Fig 3-1
. Beam Steering
:
. -20
-20 0 +20

The method of directing the beam in a particular direction is
achieved by appropriate phase changes of the ten transmitters and of
the ten local oscillators In the receivers. In turn, the phase
changes are produced digitally by dividing doan a higher frequency
square wave. The twenty phase changes are read from a memay
containing the digital beam direction (Brownlie 1973). Using SiX bit
words for the beam control word, there can be a beam increment of 1/64
of the total angular range. Depending on the scan type used, the
current system will look at either 10 or 11 directions in each plane
yielding either 100 or 121 data sets for a scan. Vertical heights can
be seen (Fig 3-2) to be determined from the travel time of the pulses
ie.

H =c. travel time/2 (travel time of order 2ms)
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Fig 3-2
H Height determination

H=cC At /2

—_— L)

In order that echoes from both the E-region and F-region nmay be
observed simultaneously, two identical recording systems operate with
different receiver time delays and widths (gates 1 and 2). The
maximium signal received during a gate is fed to an analogue to
digital converter (ADC). Here the input is determined to be one of 64
(2°6) voltages derived from a reference voltage. Within a scan this
reference voltage is constant, but if during the scan the maximium
echo becomes too large or too small then the reference voltage is
increased or decreased for the next scan. This 1S done using a
digital to analogue converter (DAC) with a six bit number to specify
the fraction of another reference voltage, which will be used as the
reference for the next scan. This automatic reference voltage system
(ARV) allows about 2 digit (Log 64 = 1.8?] data to be collected over a

three decade range (Log 4896=3.6), thus giving an expanded dynamic
range.

The maximium echo received during the gate is recorded on
magnetic tape and wused to drive the U display. The transmitter
radiates an approximately gaussian pulse 60 microseconds long. If two
or more echoes are received within a gate, only the larger is
recorded. Howewer if the echoes are for different durations, first
one then the others are recorded. Since the actual height of the peak
echo is also recorded, subsequent data analysis can recover each echo
separately. If this does not provide sufficient resolution, data
sampling at intervals throughout the gate is possible, but this fast
data recording 1is expensive in time and money and is only important
for special recordings.

Suppose there is a reflecting point at some phase Range R, it 1Is
of interest when trying to follow the motions of the reflecting point
to kow how fast the range changes with time (see Pfisters theorem).
If we define the phase (Ph) of the return RF signal with respect to an

internal RF signal (see Fig 3-3), then the rate of change of range is
related to the rate of phase by:
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AN
dr/dt = L(RF)/2 dph/dt
where L(RF) IS the wavelength of the RF being used (of order 196m)

In practice dph/dt is determined by measuring Ph in consecutive
scans separated by time dt which is of order 1 second. Two components
of the return pulse are recorded, those in phase with the internal RF
signal and those 90 degrees out of phase with it (quadrature
component). Unless the phase changes by more than " , corresponding
to the reflecting point moving more than a quarter of the RF
wavelength, then dph/dt can be approximated unambiguously. These two
components can then be transformed to polar coordinates giving the
amplitude and phase of the reflection.

It is too complicated, with the available microprocessor power,
to calculate the rates of change of phase of the echoes which might be
present. This must be estimated by the operator. The purpose of this
project was to provide the operator with a display which would allow
him to make this judgement.

Transmit _WW\N\J >
Receive

\\

Ph P

Fig 3-3
Phase difference between transmit and receive pulse
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CHAPTER 4

DATA: INTERPRETATION AND REPRESENTATION

It was shown in the previous chapter that the rate of change of
phase range could be monitored by knowledge of the phase of the
reflection. Hom Fourier analysis, it can be showmn that for a
sinusoidal signal, sampling to avoid ambiguity must be done faster
than a rate giving half wavelength changes between scans. In practice
however, the slowest scan rate possible gives maximium efficiency in
data storage and processing. With the vbU display an ambiguous phase
change will appear as a half rotation of the phasor arrow. So with
this phase information, and amplitude information, the operator can
increase the sampling rate by decreasing the time between scan or
changing to a mode where several scans are taken in rapid succession
followed by a longer wait. This gives accurate measurements of dr/dt
at moe discrete times, but doesn't produce the huge wvolwne of data
that continuous scanning at this rate would produce.

Reflections from the reflecting surface are not as simple as from
a flat plane directly overhead. Complications can arise from wavelike
structures passing overhead causing the reflecting surface to be
tilted and hence the reflection appearing off-vertical. The presence
of thin clouds of high ionisation (sporadic-E) which reflect the beam
also give rise to reflection points which nmey be off-vertical.
Multiple reflections also mey arise from other sections of a wavelike
structure as shown in Fig 4-1. An added feature that can occur if the
the second gate is looking at a high altitude is a second hop
reflection, resulting from an intermediate reflection from the ground
as shown in Fig 4-2.

Reflection points appear on the vbu display as clump of larger
amplitude arrows which stand out from the smaller amplitude noise.
There is almost always such a collection in the centre of the display
corresponding to a reflecting point almost directly overhead. An
earlier vou display which displayed a matrix of one or two digit
numbers gave this impression when the second digit appeared. Having
noticed a (new) reflection point, the phase information allows the
sampling rate to be adjusted. In addition, signal strength in the
gates is represented by displaying the automatic reference voltages
for each gate.
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An analogue CrRO display of the two phase components IS available
in the system and provides exceptional resolution of the
iInphase-quadrature component relationship. (This is more complicated
than the straight line assumed in the vou display). fie various
shapes of the phasor on the oscilloscope (Fig 4-4) can provide
additional information. Since the beam is steered very rapidly (
greater than 100 directions per second), to display all the
Information would require a matrix of oscilloscopes and would be
redundant anyway since the operator could not absorb the information.
There 1s however a period between the complete scans of the sky when
the beam is pointed in one direction while the last scan is processed.
With operator control the beam is pointed at an interesting structure
and the shape of the phasor interpreted. To enable the beam to be
directed towards a structure deemed interesting by the vbu display, a
mechanism for displaying the current interscan beam position on the
vwU weas developed. fie mechanism used wes dependent on a feature of
the MC6845 CRT controller (see chap 5), which was the ability to place
a flashing cursor at any character position on the screen. fie cursor
used was a thin line in the centre of a character, which was made to
flash over the position of the nearest phasor display arrow of gate
one. with this combination of phasor display and cursor the'beam can
be accurately directed to the structure.

Numerical information that is also of use, like the starting
position and widths of the gates (1,2 and the enveloping main gate)
are written on the screen along with the time,date and the numerical
settings of the arve, Other information is recorded and not displayed
(eg the heights of the reflection), but possible options are discussed
in chapter 7.

The most useful feature of the vpu display is that the rate of
change of phase between samples can be determined, allowing the
sampling rate to be set to an optimium without fear of aliasing. 1t
also provides an immediate indication of major echoes and the absence
of significant echoes. The old numerical vbu display could display
the same information, but could not be read so easily. (Remember that
there is typically only one second before the display changes).



CHAPTER 5

PRODUCTION OF CHARACTERS

As the M68@@ microprocessor series are 8-bit byte machines it is
easiest to allow peripherals to use 8 bits or less (anormal ASCII
character requires 7 for example). Using 8 bits we can represent up
to 25 characters (278). It wes then decided that to represent both
amplitude and phase information in a character set a resolution of 16
directions and 15 amplitudes would be a good compromise. The 16
remaining characters are allotted to book-keeping purposes ( the
digits 0-9, space, block (for use in a level meter display) , question
mark as an error ad asterix, hyphen and full stop (see appendix 1)).

To make the video display program run as quickly as possible the
character set wes ordered in such a way that the four lower bits
specified the 16 angles (=E, 3=NNE etc) increasing in 225 degree
steps to 15 (= 1111 binary). Similarly amplitudes are increased from
0 to 14 in the higher bits. (See appendix 1, where low order bits are
plotted on x-axis and high order bits on Y-axis). Using the three
basis directions, (N,NE,NNE), the complete set of 16 directions can be
obtained by reflection as shown in Table 5-1.

Using the transformations in Table 5-1 we can reduce the number
of characters to be made from 256 to 61 (45+16).

In order to speed up the choice of the final character set and to
reduce the probability of errors ( with 256x64 dots to consider) and
to correct them when they do occur, several programs to manipulate
arrow characters have been written for the department's PDP-11.
Listings of these can be found in appendix three. Facilities provided
are character inputing, editing, representation on terminal or
plotter, coding described above and conversion to and from binary form
for transfers to ROM.
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OBJECTIVE BASIS AXIS 1 AXIS 2 ‘
|

| - ENE I NNE | NE | null |
| NE | NE | null null |
| NNE I NNE | null null |
| N | N | null null |
| NNW I NNE | N null |1
| NW | NE N null |
| WNW | NNE NE N [
| W | N NW null |
| Wsw | NNE NW null |
| SW | NE NW null |
| IV | NNE E N |
| S | N E null |
[ SSE | NNE E null |
| SE | NE E null |
| ESE | NNE NE E I
| E | N NE null ll
I

Table 5-1

To input characters one line of 0's and 1's is typed for each
line of the character e.g. 00001000 indicates the first line of
the amplitude zero north arrow. characters are input either one
by one in the editor or all at once in the general main program.
The only non-obvious feature about this program is that 16 North
then 16 North-East then 16 Nor-Nor-East arrows must be entered so
that the coding program knows where each is.

Editing is performed in whole characters only and wused in
conjunction with the terminal display routine allows reflection in
axes, copying swapping and inputing of characters. To allow the
reduction algorithm, an automated version of the editor was
written. Plotting can be done in two ways, either character by
character or automatically from a "plot"” file which has a
particular format. An example of #is is shown in Appendix 1,
where the plot file was also automatically generated.

Since the read only memoy was to be wused in the video
display circuit, a transfer had to be made from the pppll to Dr.
Hainsworths' M688¢ which has an EPROM programmer as a peripheral.
Because the characters were stored internally as asCII encoded
binary numbers (by fortran) it wes trivial to create a proper
binar¥ file which could be copied onto paper tape for the
transfer.

In all, this collection of programs provided a useful tool
for developing the characters without becoming too unwieldy to
use, as can be seen by the inclusion of several character plots.
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Characters displayed on the screen are handled by a memoy
mgp System  centered around a MOTOROLA MC6845 CRT controller. A
block diagram is shown in fig 5-1. The circuit has been modified
to allow square 8x8 characters and 1K memoy etc. . The video
output of fig 1 i1s mixed with t horizontal and vertical sync
pulses from the CRIC to provide a signal for the Tv's video
amplifier .

To the microprocessor the memoy mg consists of the
control-register (pointer) and the data register of the CRIC
itself and 1K of random access memory. This 1K of memoy appears
as normal memory t0 the processor because the CRIC and processor
addresses are muliplexed with the processor given priority.

In operation each line of points on the screen 1is accessed
once per screen refresh, so if we take a particular line, the
points are accessed in order shown in fig 5-2. i.e. the order
the dots are clocked out of the shift register to the video output
is along the top line of first character then top line of second
till last character on line then the second lines of each char on
line. Every dot that is input to the video output (see figl) has
been clocked out of the 8-bit shift register (plus the space as
shown in Fig-2 ) by the dot clock which currently runs at 8.3 Mz,
Each row which is loaded into the shift register is specified by
the particular character and the particular row of the character.
This specifies one of the 256 (no of characters) X 8(lines per
character) bytes in the character generator ROM. Row addressing
iIs handled directly by the CRTC. The character to be output is
selected on the CRIC address bus (not necessarily the same as seen
by the processor) and the byte from the display RaM is directed to
ad held by the one byte latch. The full circuit description and
the chip description of the CRIC can be found in the references.

One of the advantages of using the 6845 system is that most
of the features are controlled by software eg. number of
characters on a line, the number of lines and control for the
hardware cursor which is described later. A fairly general
interactive program has been written which produces a table of
6845 control parameters suitable for inclusion in a Motorola
program. TABLE is written in Fortran and transports between the
three operating systems used (RT-11 (Bribie), Tops-1¢ and RSX-11)
with only a change to the system dependant file specification. A
listing and sample output is found in Appendix 2.
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CHAPTER &

DECODING, DISPLAY AND ACCURACY

At the present the VDU display has three sections as shown in
fig 4-3. The top two lines are a decimal number display of the
date-time and the automatic reference voltage settings on the top line
and the gate(height) settings on the second. These are refreshed
every cycle, but usually only the top line changes. In the following
lines Is the phasor display. Currently this involves two matrices
(10x10 or 11x11) matrices of arrows along-side one another,
representing the phase and amplitude as seen by the two gates. (The
10x10 matrix is currently being expanded to a software switchable
11x11 or 16x16 matrix or a combination of the above . This allows
significant improvements to a sinc interpolation for intermediate
angles, wused in later analysis). Near the bottom of the screen is a
pair of bar graphs showing the arv amplitudes. There is another
feature that will write a message on the bottom of the screen, but is
only used in a‘fatal error case at present and is limited anyway to
arrow set characters.

I will rov describe these displays in a little more detail. Data
displayed on the screen will be written to tape for data analysis.
After the beam control programs have run and the data collected is
stored for the transfer to digital tape recorder, mMsys is called (see
App-2), MMSYs reads and interprets this stored data and displays a
summary on the screen.

Firstly the top two lines give mainly control information and
certain dial settings. Here the numbers are read from the top of the
data block and decoded from various formats and output using routines
which convert hexadecimal numbers to BCD numbers and which print BCD
numbers. Mt of this section was written for the earlier numerical
display and little change wss required.

Simple bar graphs are used to display the automatic reference
voltages which have settings from ¢-63. Since the screen width is
currently only 44 characters wide, the resolution was reduced to 0-31.
h step. corresponds to one "block" character across the screen.
ch gate' is identified by a "1" or a "2" in the first character

position on the line. This display gives an indication whether a
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generally strong or wesk signal reflection is received during the
gate. The ARV is determined the maximium signal strength during
the previous scan, that is when the beam is pointing in the direction
of the major echo.

The dominating feature of the display is the 2 matrices of
arrows.  Each of the 100 or 121 positions corresponds to a particular
setting of the North-South and East-West angles determined by the
transmitter and receiver phases. Each arrow represents the phase and
amplitude relative to an internal standard of the reflected pulse from
the ionosphere. After the data pair of in-phase and quadrature
components are selected and some centering of the display performed,
the arrow character is chosen, output and in the process moving across
the screen one position. Qe line is output at a time from each gate
alternately and so we zig-zag through the data while scanning across
the screen. ( Gate one data is separated from gate two data by about
500 memay locations). So we output 10 or 11 arrows from gate one
(starting lower left) then a space, then 10 or 11 arrows from gate two
progressing up the screen. Decoding the characters from the in—phase
and quadrature components involves finding both the amplitude and
phase of the phasor (first checking that the data is legal).

Amplitude is calculated using the approximation A= X +Y/2 if X >
Y or A= Y t X/2 if Y > X. This approximation is quite fast to
calculate and quite accurate (see table 6-2). Unfortunately the
calculation of the phase is not as simple, but since we need only a
resolution of one in sixteen, we can get very good results using
multiplication of the smaller component by 2, 32 and 4 only (all
fairly fast to program). The partitioning can be achieved by testing
the data to be In the ranges shown in Table 6-1.

| Required angle | Actual angle | Tangent | Test done |
| 11.25 degrees | 14.0 deg | 1/4 | X-4y |
| 45 | 45 | 1/1 | X~y [

Table 6-1. calculation of angle

By five comparisons it is possible to narrow dowmn the angle to
the quadrant and an angle range within the quadrant. (These are 0 to
14 degrees, 14 to 34, 34 to 56, 56 to 76 or 76 to 90 with accuracy
shoon in table 6-2). In the process the comparisons required for the
amplitude calculations are also done. Individual amplitudes are 6
bits long giving a possible range of 0-63, however only 0-57 are used,
providing a check on the system. With the encoding algorithm used
(X+v/2), the final amplitude will be in the range 0-85 (= 57+57/2
rounded down). Having found the amplitude, we then divide the 86
possible results into 15 ranges for representation in the character.
(Currently these are 0-1-4-10-16-22-28-34-40-46-52-58-64-70-76-85  but
are easily changed).
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For the amplitude approximation
average error = 0

mean absolute error = 4 from max of 85
standard deviation 5 from max of 85
maximium relative error = 0.3

For the phase choice approximation )
No of choices not nearest desired direction = 0
mean absolute difference = 5 degrees

These figures are for the possible range of input data only.
Table 6-2 Errors associated with MMSYs algorithms

If any data value is out of the legal range a "?" 1is output
instead. Possible reasons for this are (1)the program samples the
data after it has been sent and been corrupted (ascan occur in 209Hz
scan mode) (2) another section of code may not have written the data
in the expected format (eg when no height information is sent) és) the
operator is using the diagnostic unit and 1is sending different
information on the bus,(4) various hardware error or bus noise that
may have crept in. Thus the presence of illegal characters indicates
a fault in the system.

In an earlier chapter, the interscan beam position wes described.
The implimentation of this and positioning of the matrix centred on
two tables. One was a set of tables dividing the 64 beam positions
into 10, 11 or 16 for display on the 10x10 etc matrix. The second was
a table containing the addresses of the starts of each line. These
tables allow different screen formats to be implimented.



CHAPTER 7

FUTURE DEVELOPMENTS OF THE VDU DISFLAY

Ore major lacking of the current display is that not all of the
relevant information that 1is recorded is presented to the operator.
Heights of the reflections are also stored. It is possible that
within a gate two echoes of comparable intensity are received and the
recording hardware may flicker between them. If this can be detected
then 1t would allow the operator to decide whether or not to use the
fast scan mode. Two simple implimentations of displaying the height
are to either complicate the current display by superimposing on the
present display the height information or to have a separate display
for the heights. Qe wey to superimpose the height information would
be to code the heights as colors. To use a modification of a
conventional television under the control of the MC6845, rather than a
special color graphics unit, would require, in principle, little
change to be made to the system. Six colors plus black and white can
be achieved by switching on and off the three guns in the colour TV
set acting as the MU. as far as the processor is concerned the
interface controlling the guns would just be another interface.  Six
colors would probably be all that the display could use without being
to complicated for the operator to interpret. 1t does however limit
the height resolution to about six values. An alternative display Is
to separately display the height information in a similar manner to
the phasor display. For this purpose "arrow" characters would
probably not be suitable, so further characters would have to be
added. A simple set of additional characters is shown in fig 7-1,
where the amplitude resolution has been decreased by one. The problem
with using a separate display for the heights Is that the current
screen is not big enough, so either more displays are needed or a
larger display (with appropriate hardware changes to keep the
characters square).

An annoying feature of the cursor display is that the position 1S
only updated when the whole screen is changed. If the scanning is
slow then the time lag between manually moving the beam to its display
may be excessive. This would require only minor changes in the
programming of the processor if i1t were dedicated to controlling the
display, but the processor is used as the system controller and hence
IS not available.
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FUTURE DEVELOPMENTS OF THE VDU DISPLAY Page 7-2

Since a major use of the display is to allow the operator to
monitor phase changes between scans, it would be desirable if the
differences could be displayed. This would require all the components
from the previous scan to be stored and the differences taken. This
in itself is trivial to code, but there is a major complication in
that the reference voltages for the gates changes at almost every
scan. W the project was started the processor being used wes a
Motorola M6888 on which the required multiplications of data with the
ARVs would have been very time consuming, but rowv a later model M6809
processor is being used which does have a (simple) hardware multiply
Instruction. This may meke the process feasible. A logical extension
of this difference display is the control of the scan rate. In a very
simple scheme #is would involve measurement of the phase changes of
the phasors with amplitudes greater than a certain noise limit and
making intelligent choices of scan rate if #is change became too
large or too small over a few scans.

Another feature which would be desirable is a scan of the
amplitude against time for the main gate. ‘This combined with a
display of the gate position would allow the operator to tell when
when a reflecting point was about to move outside the measurement gate
and to correct appropriately. At present this display is made on an
oscilloscope with gates appearing as more intense traces by use of the
z-axis. By use of the above "height" characters, both amplitude and
gate positions could be shown (using both the horizontal and vertical
varying characters) .

Ore unfortunate problem with the large scale monitoring of the
system is the time required and time lags between measurement and
display. The current form is preferable to finding bad data days
later during processing, but the monitoring could grow to become a
real time data analysis which was not the intention of the use of a
microprocessor.  Perhaps as the whole system becomes more complicated
(in terms of control) , the time required for display may become
critical and a processor dedicated to the task of monitoring may
become desirable.
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Appendices

Appendix 1
The screen

The Amow character set

Appendix 2 Bribie program listings
(LHMvsys  (display control)

(2) vbusuB (general support)

(3) TABLE (CRTIC table generator)

(4) sample run and output

Appendix 3 Arrow program listings

(OHmam  (general)

(2) (subroutine) INCSET (input character set)
(3) (sub) PLTIN (plots a line of dots)

(4) (sub) DISPLN (displays a line on terminal)
(5) (sub) sercHrR (reads character set from disk)
(6) CHANGE (arrow editor)

(7) SETALL (automatic editor)

(8) PLTALL (performs plots from a plot file)

(9) BIGRIN (converts ASCII to binary)

(10) INVERT (inverts each character in set)
(11) (macro) BYTWwRD (copies wod to byte)

(12) (macro) REVERS (reverses bits in a byte)

(13) MAK44s (produces pror file to simulate screen)
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Fade Arp-2-1
NAaM MMSYS
version 16-0ct-80
THIS ROUTINE QUTPUTS THE RASTER FATTERN SOUTH TO THE BOTTOM
WEST TO THE RIGHT.
THIS REQURIES THE MEMORY MaPPED VIU HARIWARE TO RBE INITIALIZEX.
G2Y $300 v G2X %0400y GLY 40500y GLIX 40800
GIHT $0700 v G2HT 40800 ¢ THE CHARACTER SUMMARY $0200.
UTACK EQU $ERQO
DEVICES EGL $E000
TFO EQU $ERO2 sTemrorarieg
TF1 EQU HERO4
TF2 EQU $ERGS
TF3 FEQRU $EROS
TF4 EQU $EROA
TFS EQU $EROC
TFé& EQU $ERO
CRYC EQU $EO0LO SCRT controller redistears
GlS EQL 40500 sGate 1 start
G28% EQU 40300 iGate 2 start
XCORD EQU $RE STXR
YCORD EQU $8Y RXE
MT EQU $77 §(RECEIVEDISCAN SIZES
NT EQU $76 ¢ (CTRANSMIT)
HTFLAG  EQU $EROF
STOE EQL $86200 sRevet
HEXBCD  EQU $8400
¥ OTHE BOORK-RKEEFING L6 ODECODED AND FRINTED FIRST.
X THE PFROGRAM JUMPFS BACK TO THE aRRAY CONTROL PROGRAM AT $6200
¥ THIS ROUTINE REQUIRES THE ROUTINE HEXECDH TO RUN .
¥ HEXRBCH CONVERTS 2 WORDS TO BCO.
¥ FIRSTLY THE BOORK-REEFING I8 OUTFUT.
MMEM EQU NEVICES+$400 FIK of memore msr memorw
MMPNT EQU $ERB76 sFodrmter Lo curvernt sosition dn memorw mas
MMENTL  EQU $ERVY srointer to low hwte of abhove
ROTTIM EQU $OFF3 ibottom of dalts summarw
TATTOR  EQU S$OFFF stoe of ¢
RESTK EQU $8010 sorgenises dals
X
VORG QU $8601D
DEMOUT  EQU VORGHE80 jwrite mos to MM seoreen (no leading 0)
TOFSCN  EQU VORGHECA sgo to tos of MM soreen
CLRSON  EQU VORGHEDL jclaear MM screen
HEMOTZ  EQU VORGHEAS yowrite mo. Lo MM scoreen (leasding 03
QUTCHM  EQU VORGHESA twrite ohar din "a&" to MM scoreen
MMUPLN  EQU VORGHEDF sgo ure one line
BMESOT EQU VORGHEAZ twrite messadge slong bottom of soreen
MMLINE  EQU VORGHEFS $G0D TO NEXT LLINE OR TOR
LNTEL. EQU 8784 steble of MM lirne starts
L.N2 EQU LNTERLH4
LNL2 FOU LNTRLE24
LNL3 EQU LNTRLA24
L.N14 EQU LNTRLA28
LN1S EQU LNTRLEI0
LNLS EQU LNTRELE3Z
L.N1E EQU LLNTRLEIS
LNLY FQL LNTBRLA3S
LNZ2O EQL LNTRLE40
N2 EQULNTRLY 42

K K 3¢k k¢



LETLIN
STH10

Fade
EQU LNTELY46
EQu 7

- QUADR

F COLUMN WHERE THE ARRAY DISPLAY
TR EQU 6 :
GTFLA EQU 2 '
2K ok e KO K oK kR Ak K ok K sk sk R ok AOKK K K K
*
X CHARACTER
FHASE EQU
AMFL. EQu
CURCHR  EQU
INFHAS  EQU
EQU $ERS
EQL $ERSY
EQU $ERSS
EQU $ERBSA
EQU $ERSGE
EQU $ERSC
EQU $EBRSGD

CALCULATOR
SEREHD

$ERES

SCRATCH

THIS
THE

+7 INFO. HELD
CURRENT CHAR .
THE ITNFHASE COMPONENT
THE QUADRATURE COMP.
QUALIRANT OF THE FHASOR
TEMPORARY FOR INDEX 4
OF LEADING RBLANKS
HETGHT
FOCREEN WINTH
6 CHECK FOR LAST SCAN SITZE

IN

@Aan
XTEMFP
STFOS
SCRHT
SCRWTH
LETSTZ
X

¥ ORDINARY CHARACTERS
ZERO QU
SPACE EQuU
BL.OCK EQL
HYFHEN  EQU

W WP R D B e

NUMEBER

IN ARROW
240 "o
280

251 §

eage,
LT Noe

SET (47T

EVERY 00T IN MATRIX SET

ASTERX  EQU 263 §orxe
F8TOF EQU 254 §ot
QASTMRK  EQU 253 g

X
ORG
L.l

$7800
FUTACK \
LA MT  S6ET HEIGHT & WINTH AND

INCA FCONVERT TO COUNT FROM 1 RATHER THAN O
5ThA SCRHT '

LIOA NT

INCA
5TA

MOTRET

SCRWTH
ADDA SCRMT
CMPA LBTSEIZ
REQ S5AMSTZ
STA LSTSLL
LESR CLRSON
LESR CURSE
LESR FARVE
LESR TOFSCN
LOX $DATTOR+L
FGHL X
LA #& %
5Ta TFO
NXTIM FULU X
LOs s -X
LR y—X
FEHU X
AGLA
ASL A&
fASl.A
AGLLA
PGHU &
ORA Ut

FCHECK IF SCAN SIZE CHANGED

SAMSBLZ FEET CURSOR LOC

sNISFLAY ARVS

12 BYTES OF TIME AND DATE

FORA I

STARTS

ARROW CHAR.

18819

App-2-2




¥ NOW QU

LESR DEMOUT
INGC MMIFNTI.
LEC TRO

BNE NXTIM
TEUT ARVS.,
FULLU X

LE@X -2 X
FSHU X

LI X

CLRA

LEBSR HEXECH
TFR XA
LEBSR DEMOUT
INGC MMPNTIL
LIX U

LIOR 14X
CLRA

LEBSR HEXRCH
TFR Byé

CLBSR DEMOUT

ING MMPNTL.
LESR MMLINE

AR K Aok Ak kKoK ok dOR Kok Kk ok ok
¥ NOW OQUTPUT THE GATES,

FULL X

LEAX ~12sX
FSHU X

LEBSR GTFOUT
LEBSR OUTGET
5TA TR

TFR A»B
CL.R&

LESR WOTYPR

¥ NOTE THE QUTFUT I8

LESK GTPOUT
LESR OUTGT
STA TE2
TFR AvE
CLRA

LEGR WOTYF
LESK OUTGT
TFR Ay B
CLRA

AGLE

ROL.A

LESR WITYF
LESR OUTGT
TFR Ay R
CLRA

ABLE

ROL.A

AGLI

ROL.&

LEBSR WOTYF
BRA HTCHCK

GTPOUT PULL X

LI 1 X
LIOE 40

IN

Fadge App-2-3
sauteut Line to scorean
itrlamhk

FOUTFUT ARVL FINST,

seormvert

GO TO NEXT LINE
SOUTPUT GL POSITION FIRST.
sTRL OIS USED TO STORE THE GL WINTH TILL THE’HEIGHTSVQ

4 CHe DECIMAL .
icascades into WOTYR



WGRA
RORE
L.SRA
RORE
ORB v X4+
LGRA
RORE
LGRA
RORE
FOHL X
WOTYF LESR HEXRCH
FEHE I
LEBSR DEMOUT
FULS A
LESR DEMOTZ
ING MMFENTL
RTSG
QUTGT FULLL X
LOa 1y X
RORA
RORA
RORA
ANDA #4000
ORA s X4+
F&GHU X
RTS
BYTYF [LBSR DEMOUT
INC MMFNTIL
RTE
HTCHOKR LRESR RESTK
8T HTFLAG
BREQ DATAQT

fmove on

fNO LEADING Z

FLEADING

Fmove  on

i THIS ORCGANISES THE DATA

Bkkk¥k CHECK FOR HEITGHT ERRORS AND PRINT OUT IF THERE ARE ANY

CLR TFé
LIX #E0700
L& TrPi
LGRA
COMPL CMPA o X4
BGE INCR
ING THS
INCR CHMIFX #50764
BCS COMML
LOX #460800
LIOA T2
LERA
CCOMF2 CMFA s X+
BGE INCR2
ING TG
INCR2 CMPX 450864
' RCS COMPR
LB TG
BEQ CLRNOW
CLRA
LESK WDTYR
BRA DATADT
CLRNOW LIA $SPaCE
LESR QUTCHM
LBSR QUTCHM

FHEIGHTS ARE

DIVIDED

-

o

radge Arp-2-4



Pade App-2-5.
LESR OUTCHM R
LBSR OUTGCHM
K AOK K K K o ok o 3K 3 3R 3 S0 oK o oK K K K SO KK SR KON 3Ok ks OR KOK Sk RORAOKR KR Sk
¥ NOW THE DATA IS OUTFUT NORTH TO THE TOF.
DATADT  LIOA SCRHT SEIND LOWER LEFT CORNER
LIDX LNL2yFOR
CMFa 410 P10 LINES
RLE GSCRILN §G0T SCREEN LENE THEN
LIOX LNLZyPOR
CMFa 41 FPLL LINES
BLE GSCRLN
LIX LNL&6yPOR $ABSUME 16 THEN
GEORLN  8TX MMPNT
CLIX #G28
FSHSG X
NONW - LOA SCRHT PNO. LINES/MATRIX
AGL.A
8Tha Tl
LINE LDA SCRHT  #NO. OF COLUMNS/MATRIX
YA TH2
FULS X
CMPX #6186
RLLT GTI1
CMPFX #G15+4100
BLT GT2
LERA ERROR
Ak oK K ROK R HOK KK K KR OKOKKOK XK
¥ ROTH GATES ARE OQUTFUT SIDE BY SIDE.
GT2 LEAX ~$200sX . RGATE 2 DATA
NEGA FOCREEN WIDTH STILL IN ACC A
LEAX AvX FOET THIS ROWS DATA NOT THE NEXT ROWS
NEGA FRESTORE A
FSHE X frarameter to PNT
LIOA E#S5FACE A GFPACE RBETWEEN MATRICES
LESR OUTCHM
BRA PNT
GT1 LEAX $200¢X
FEHS X srarameter Lo PNT
LESR MMUPLN FNEXT LINE UPWARDS. -
LIOE STHOS - FOUTHFUT A FEW SPACES AT THE START OF THE LINE
LDA #SFACE '
LIDX MMPNT o
HEADER  8Ta »X+ issve calling DUTCHM manw times in & loos bw corwing code
DECR
BGT HEARER
STX MMPNT
FNT PULS X
LOA » X+ § Laan UPF IN PHASE COMP.
SUERA 4440 § % 1000000 CONVERT TO 278 COMP.
STA INFHAS i SAVE
LA $FFy X §LOAD QUADRATURE COMF. & CONVERT
F&GHE X '
SURA 4440
8TA QUADR
FROM AROVE INFORMATION FIND CORRECT
X CHARACTER CODE FOR AMPLITUDE AND FHASE (O-1450~1%5)

oK K

FIRST FIND QUATIRANT



TET INFHAS
BLT XNEG
ClRé
TET QUADR
BGE ENDQAD
LA k6O
NEG QUADR
BRA ENDQAD
INFHAS
LIG 448
TET QUADR
BOE ENOQAD
LA 48
NEG QUADR
ENDQADL 8TA QUAD y
NOW FIND ANGLE IN FIRST
CODINGS POSSIELE ©
b TO 746 (3 V6
TRY MINODLE FIRST
LA kg2
S8Ta FHASE

<>

XNEG NEG

-

*K H ;K K

¥ %

FREVIOUS ROUTINE
LIAa QUALR
CMEa #4$39
BOGT DATERR
LIA TNFHAS
CHMPA $$39
BGT DATERR
TFR AR ¥
CHMPFA QUADTR
BGE XGTY
¥ QUANR > INPHASE INPHAS
ABRA y
ARDA QUATIR
STH AMPL.
¥ CALCULATE 1.3
TFR EyaA
AGRA _
ADDA TNFHAS
CHMPA QUATIR
RGE NOFHASE
¥ CALCULATE 4X QUADRAT.
ING PHASE
ASLR ' §
ASBLE ¥
CMFR QUATIR
BRGE NDFHAS
ING PHASE
- BRA NDFHAS
X INFHASE > QUal,
XGTY Loa QUADR
: TFR AR
ASkRA
ANRA
5Th
¥ CalCULATE

INFHAS TO

A 4

r > Wy

TNFHAS
AMELL.
1.8

QAUAT . FOR

TO 14 (Q)y
TO 90 (4) .

REFORE FURTHER FROCESSING
HAS SET DATA POSITIVE

IN A& ¥

FOR 88 TO 76

Fede Arp-2-§

§ IF INFHASE NEG.
QUADRANT FIRST ENCODED

THEN BRANCH

Ov-8y8By~16 LATER FIX .
§OINITIALLY ASSUME QUADR 0 =& QUADRANT 1
§ QUADRATURE HVE THEN FINISH QUAD. SEARCH. =
¢ QUAD 4 COnE T8 ~16 S
¢ MARE POSITIVE FOR REST OF
i FINISHED SEARCH

ALSO SET POSTITIVE
§o0-8) INITIALLY ASSUME QUADR +VE

CONE

=rQUAD 3
i ASSUMPTION CORRECT

;o ALS0 SET FOSITIVE
STORE ENCRIPTED QUADRANT
QUATIRANT ’
14

TO 34 (1yy 34 TO G (2D

TEST THAT aTa LEGAL

G0 COMPARIBON EASY

COMPARE AGAINST MAX LEGAL VaALUE
IF GREATER JUMF TO HANDLER
NOW COMPARE INFHAS COMPONENT

WILL FRINT 7 INSTEAD
FHAS COMPONENT IN A, SAVE IT IN B

SEE IF GREATER OR LESS THAN 49 DEGREES
§ BRANCH TO INFHAS > QUADR

AMPLETIUDE = QUADR + INFHAS/Z

INFHAG/2

ERROR HANDLER
HAVE I

»
¥
'y
¥
Py
¥
a
¥
a
4
»
1
a

¥ BAVE
TEST 4% DEG
INFHAS SAVED
INFHASE /2
: Lo INFHAS
COMPARE 1.5 INPHAS <=k QUADR
4% TO %6 DEG. RANGE PHASE = 2 (ABSUMED)

AMPL L TUDE
TO %6 NEG RANGE
IN ABOQVE

LTI -T

P e
DEG RANGE
§ONEW FHASE 3
CORY NO LONGER NEEDED
MULTIFLY BY 4
§ COMPARE

AX INFHASE <=3 QUADRAT.

§ HENCE PHASE I8 4

INFHASY QUADRAT ./ 2
LOADR UF QUAL. COMF.
SAVE COPY IN B
QUATIRAT . /2

§oleS QUADR.

8 HAVE AMPLITUDE
4435 DEG RANGE .

Proatm A2t



: ; Fade
TFR RBeA RETRIEVE COFY OF QuUAD.
ABRA Quan/2
ALla QUADR 3 1.9 Quan.
CMPA INPHAS _ ' _
BGE NIFHAS § 3445 DEG RANGE PHASE =2
NEC FHASE
AGLE $ 4 AUAD FOR 14-34 DEG RANGE
AGLLR '
CHMPR OINPFHAS
_ BOE NDFHAS
LEC FPHASE
BRA NIOFHAS

< B>

COMPARE 4 QUADN, =3 INFHASE COMP
FHAGE =1 -
HENCE FHASE =0

> e Az

X

¥ ERROR HANDLER

DATERR LDA #QSTMRR
8TA CURCHR
BRA OQUTCC

2t ILLEGAL DATA QUTRFUT

~<»

~»

OUTFUT CURRENT CHAR.
X
¥ GENERATE FULL ANGLE
NIFHAS LDA QUALD LOAD UPF ENCODED QUADRANT
ARDA FHASIE i ADD ANGLE IN QUAD, 1
RGE NOADL § OTEST IF ENCODRED FORM IS NEG.
NEGA
NOADJ ANDA $4F F74 111l DECODE O-13
8T PHASE

-~

FROM EARLIER WE HAD ILLEGAL DATA IF » &7

S0 MAX AMPLITURE I8 57 + &S7/2 =85

WE NOW MAF THIS T0 014
LA AMPL. _ § LOAD UF AaMPLITULRE
CLRE ‘ TOF HALF OF B I8 AMPLIT. CODING o
CMPA #%1 § OINITIALLY ASSUME SMALL AMPL. <=X 0
BLE NDAMP '
INCE
Crla 444 CRN (A |
BLE NDAMF
INCE
CHFA #4460 ' $nLo
BLE NDAMP :
INCR
CMPA #4110 ' FrhLe =
RLE NDAMP
INCE
CrFa kb Llé _ PN wm
BLE NDAMP '
INCE
CMkFa #4100 IR (pedE]
RLE NOAMP '
INCE
CHMPa 522 i34
BLE NDAMF
THCE
CHMFa 528 $ 040
BLE NIAMP
TNCE
CMPa 425 4G =x8
CBLE NIDAaMF '
INCE

W A HK A

«»

it
r3

k
i

it
F S




LMl d$34 FRS R

BLE NDOaMP

INCR

CMPA 430 FTnEs

RLE NIAMP

INGCE

CMFa #9440 PG4

BLE NIAMP

INCE

CHka #4646 $N70

BLE NDAMP

INCR

CHMFa #4440 PTG =l3
BL.E NDAMF

INCE

CMPa 4455 PUNBYE =x14 LAST STEF & BIT RIGGER

BLE NDAMP
¥ IF WE FELL THRU. ERROR CASE
¥ LIOX #FERROR MESSAGE
¥ LESK WRITE MESSAGE TO SCREEN

X

' LR #4F PoWE WILL OQUTEFUT A& 77 INSTEADL
TR PHASE $ OVERWRITE PHASE INFO.

X i AND FALL INTO ORDINARY EXLT

NDAMF ABLE # PUT L.S. HALF TO MOST 8I6G. HALF
AGLE 3 SINCE AMPL. IN HIGH HALF AND FHASE IN LOW
ASLE '
ASLIR '
ORB FHASE § INCLUDE THE PHASE INFO.

O 8TE CURCHRE
ouTee L.IA CURCHR # ONOW QUTRFUT THE ARROW

LESK QUTCHM
DEC TE2
LEGT FNT
DEC TE1
LEGT LINE
FIN FULS X
LERA STOR '
ERRMS1 FCE QSTMRK y QETHREK » RETHRK » QS TMRK » HYFHEN » ZERO FRPPPO
FOR 4
ERKOR FSHU X
LEAX ERRMS1sFCR
LESR BMESOT :
JME $F000 b} RESET

X .
¥ TARLE OF MAFS OF aMPLITS. TO DISPLAY ARRAY FOR CURSOR
* the unusual slascement is due bto bug in 80P Jssempler

TEL1O FOEE 090»090vlv1y1yhv.vhyxv3y394y49494¥qyu#uyuvuv/v/y798v8y8v9v
X33 LINES IN THE TaABRLE
¥ TARLE for 11x11 matrix .
TRIL11 FCOR QeOQslvlvle2e2v 293935394545 45585v5065606
FCR 79797 v8y8y8s99939910v10»10510 FHBENTRY
X
¥ TARLE Tor 16é616 matrisx
TRL.1& FORBR OsO0elels2e2v3v 3989435953896 e7 279838+ ¢9¢10
FORB 10911 v1le12¢12 131314y 145 1518158 $4BENTRY
X
k4

Fade ﬁppggwaﬁ

999v9




¥ CALCULATE CURSOR

CURSE

GOTTAR

¥ (0r1 ARRAY DATAy

L.OC
FSHES XshAvB

LOB #44%5

LOA 410

8TA CRTC

8TE CRYCHL

LA
8Ta CRTC

TR CRTC+1

LOaA YCORD

L&RaA

LERA

LSRA

LB SCRHT

LEAX TRLIOYFCR
CMPR #10

BLE GOTTAR
LEAX TRLL1LFCR
CMPER #11

BLE GOTTAR
LEAX TRL16+FCR
LIA AsX
SURA
INCA
NEGA
LEAX LNZyFCR

#11

SCRHT

ASLA
LIX AvX
FEHE X

LOB XCORD
L.GRE §0~-31
L.OGRE '
LSRR

L.IA SCRWTH

%X NOW AS AROVE TO FIND

GOTARY

GOTHED

LEAX TRLLOsFCR
CHPa 10

RLE GOTARZ
LEAX TRL1L+FCR
CMPa 11

RLE GOTARR
LEAX TRL1&yFOR
LIOE By X

FULS X

ARX

LEAX —MMEMy X
LA SCRWTH

LIE $8TF1O.
CMFEA H10

BLE GOTHED

LI #S5TRLL
CHfa 411

BLE GOTHED

LIOE #S8TRLE

STH STROS

LEAX By X

§GAVE REGS
SRLINK 1/16y CURSOR START S(X01000101)
§CURSOR START REG

FCURSOR END REG.

FRANGE 02535
§0-31

PGET HEIGHT OF SCREEN _

FOET TARLE OF DISPLAY POSITIONS
FPLO LINES

$GOT CORRECT TABLE

§711 LINES

FASBUME 146 THEN

SFIND FOSITION IN DISFLAY

SCONVERT YCORD UP-SCREEN TO DOWNSCREEN

SPOINT TO LINE 3(FROM LNO)

2 ARROW?
seach element of LNTBL is 2

butes
FMOVE DOWN Y LINES
FSAVE FOR A MOMENT

§ 0255 ACROSS SCREEN

JGET SCREEN WIDTH
THE HORIZONTAL FOSITION OF CURSOR
FGET FOS ON ARRAY
$710 COLUMNS/MATRIX
FGOT CORRECT TABLE

P11 COLS.

16 THEN

FRETRIEVE FOSITION :

FAND B TO Xy MOVE ACROSS SCREEN
FCURSOR STARTS @0 NOT @MMEM

5 NO COLS/MATRIX

FTRY 10 FIRST

FGOT LENGTH OF HEADER

§TLL

PASHUME 16 THEN
FTELL REST OF PROGRAM
FOTSPLAY IS SHIFTED BY STROS

Paaénﬁpﬁ




*

- XKCURSOR

%
X
FARVS

X
X
FRLKE

FRLKL

FRLKLE

FRLK2

TFR X

LOCS HIGH REGLA4LOW REGLS

LI 414
STE CRTC
STA CRTCHL
TFR X¢IN
LIa #18
8Th CRTC
STR CRTCHI
FULS XeAv B
RTS

F6LS0 DISPLAY I8 SHIFTED ACRO

sCOPY T AtR REG

$HET HIGH HALF

POET ANOTHER COPY
FOET LOW HALF

FRESET REGS

disrlavs magnitudes of arvs

FOHS XyAeD
LI MMINT
FEHS X

LINK LNL?yFOCR
STX MMPNT

LB DATTOF-13
LORE '
LG $#ZERO+L
BOR PRLKS
LB DATTOR-12
LIX LNZ2OyPOR
STX MMFNT
LSRR

LA #ZERO+2
BSR PRILKS
FULS X

STX MMPNT
FULLS XeAsR
RTH

srints B block chars then rads with spaces till col 22

FEHS R

LEBSR OQUTCHM
LA #RLOCK
TETH

BLE FPRILKLE
LEBSR QUTEHM
DECE

BRA& PRLKL
FULES R

SURBER 440
LOA #SPACE
LBSR OUTCHM
INCE :
RLT PRLK2

RTS

N

§SAVE REGS

§SAVE CURRENT CHaR. FOSITION

flime rast end of arrows
§GET ARV
;ulu

frrint B block chars
et ARV2

30
12

fretrieve char ros.

fsave for radding
souteut char "1Y or *2°

$IF <=0 END THIS PRINT EBLOCK

P MORE RBLOCKS

¢ RELOW QVERWRITES OTHER OQF REG

Fase pr¥5“1ﬁ




NAM VIUSUR
X Version 18-8EF-80
VORG EQU $84600
¥ THIS ROUTINE DOES THE QUTRUT TO THE VDU OR TTY FOR
¥ MOST STONDARD TYPES.
XOuUuTCH  EQU $FO0L8
FROSSRY EQU $FO3E
CRTC EQL $E0LO
MMFNT EQU $ER76
MMPNTL  EQL $ERT?
MMEM EQU $E400
MMSILG EQU $E4
3K KK 2K 0 K A oK o ok ok ok sk ok ki
SFACE EQU 250
ZERQ EQU 240
NCW EGU 44  $NO. CIARS DISPLAYED ACROSS SCREEN
AOKOK KRR KKK KKK oKk K
ORG VORG :
¥ THIS ROUTINE QUTFUTS 2 CHAR RCD DATA LEADRING ZEROES SUPPRESED.
DECOUT PSHS A '
RS OUTHH
FULS A
BSR QUTHL
LOA #4620 SFACE IN ASCII
BSR QUTCL -
RTS
QUTHH L.SRA
LESRA
LSRa
LLERA
BNE ONW
LA #4200
BRA QUTCL
OUTHL. aNDig #3001
ONW AlDA 4430
OUTCL JBR XOUTCH
RTS
¥ SIGNED HEX QUT WITH LEADING ZEROES SUFFRESSED
SHEXQT T8TA
BEMI NEGOT
F&SHS A
BITA #4$F0
BEQ NOZERO
Lna #4620
BSR QUTCL
FULS A
JER FOSSERY
RTS
LA F$20
BSR OQUTCL
LA #4220
BESR QUTCL
FULS é
HALFOT AN &$F
ALNA d$E30
CMFa 439
RLLS k44
AN 7

NOZERO

Fade




BSR QUTCL
RTS

NEGOT NEGA
FSHS A
BITA #4FO
BEQ NEGNZ
LA #4420
BSR OQUTCL
FULS A
JER FRSSRY
RTS

NEGNZ L.Ioa #4420
LBSR QUTCL
LDa #4200
LESR QUTCL
FUL.S A
BSR HALFOT

RTS

KRkkxkk NOW FOLLOWS THE MEMORY MAFFED QUTFUT ROUTINES.
ORG VORGH$80 .
_DEMOUT FBHES A BCO OQUTFUT WITH LEADING ZERD AH BLANK.

BITA #$F0

BNE LEADCH

LOA &SFACE

BSR QUTCHM

EBRA SECCH
LEADCH LSRA

L.SRA

L.GRA

LSRA

ALDA $ZERQ

BGR QUTCHM
SECCH FULS A

ANDA #HEOF

ATINA  HZERD
OUTCHM LIOX MMINT

STA » X4

STX MMPNT

RTS

Kook BOD WITH LEADING ZERO.

DEMOTZ FSHES A
EBRA LEADCH

A Ok K ORKCR BORORIRR Aok dokok
¥& MEXOTZ WONT OFERATE
KHEXOTZ FEHS A HEXTDECIMAL

X L. SRA

X

* LERA

% LERA

* BSR ADNON
* FULS f
X ANDA EEOF
XADDON anbha 430

b 4 CMFa 39

* RLE CQUTCHM
X anna 47

% BRA OUTCHM

’

KR AR AORAOKC KK KooK Aokeiolokolok ok

WITH LEADING

CORRECTLY WITH ARROW CHR

ZERO.

Page Arr




FMade
EMESOT FSHS U THIS QUTRUTS & MESSAGE ACROSS THE ROTTOM
¥ OF THE SCREEN. ON ENTRY X7 SHOULI CONTAIN THE ROTTOM ;
X ALDRESS OF THE MESSAGE. 47 I8 DESTROYED. 704870, ‘
TFR Kol .
LIOX LOTLINYFOCR  FGET LAST LINE
MESLF FULU A
CHMPa 44
BEQ FINMES
STh v X+
CHMPX #MMEMEEA00
REQ RTNMES
BRa MESLF
FINMES CLE X4+ THE RESTOF THE LINE I8 CLEAREIL.
CHMPEX EMMEM+$400
BEQ RTNMES
BRA FINMES
RTNMES FULS U
RTS
2K 3K KK o oK oK o kR KOk kK sk R AOR KR KokoK
TOFSON LIX #MMEM
8TX MMFNT
RYS
CLRSOCN LIX #MMEM
LI FEFAFaA § SPACEXLOO +SFACE
CLRLF ST ¢ X4+ :
CMPFX EMMEM+$400
BCES CLRLF
RTS
MMUPL.N  PSHS Ayl X $GO UP ONE LINE
LI MMPENT i GET CURRENT FOSITION
LEAX LNTRLFCR 3 POINT TO LINE START ADDRESS TARLE
FLYL CMPO » X4+ FCOMPARE WITH POINTER AND MOVE (ON
BHS FL.YL §LO-BX) SKIF UNTIL X FOINTS TO NEXT LINE

App—2-1.

LIX &9 X $CORRECT FOR QUERSHOOT +MIDDLE LINE + UPF ONE LINE

STX MMPNT $ETORE IT
FULS AyRBsX
RTS '
%
KTHIS ROUTINE MOVES THE FOINTER TO START
XOF NEXT LINE (WRAFS AROUND TO TOP LINE)
MMLINE FSHS AsRyX
LOD MMENT $ALMOSBT AS AROVE
LEAX LNTRL »FCR
FLYZ2 CMPD s« X4+
BHE FLY2
LIOX 2 X FOET XY
CHMPX #EFFFF sHAVE WE MIT SENTRY
EBNE NTTOF
LIX LNTERL s FOR o
NTTOF STX MMPNT sMULTIFLE ENTRY FOINT
FULS AsReX
RS
¥ MOVE TO ROTTOM OF FAGE -
BOTFGE FSHE AsBeX
LIOX LETLINFOR
BRA NTTOF
¥ MOVE TO TOP OF PAGE
TOPAGE PSHE AsBeX



L.NML
L.NO
LNTEL
LiN2
L.N2
L.N3
L.N4
LNS
L.NG
L.N7
I.N8
I.N?
L.N1O
L.N12
LN12
LN13
LN14
LN1SG
L.N1é&
LN17
LN18
LN19
LN20
L.N2L
LNZ22

LSTLIN

LIX
RIRA
ORG
FIR
FIR
Frn
FIE
FIR
FIR
FIER
FIOR
FLg
FI
FIg
Flg
FOR
FIR
FIiR
FLR
FIR
FLg
FIR
FRR
FIR
FIOR
FIIR
FIE
FIR
FLg
FOR
ENID

LNTRL  FOCR
NTTOF

$B7R0

MMEM

MME M

MMEM
NCW-+MMEM
NCWC2HMMEM
NCWX3+MMEM
NCWk4-+MMEM
NCWXE+MMEM
NCWX&+MMEM
NCWX7 +MMEM
NCWEB+MMEM
NCWX?+MMEM
NCWX1O+MMEM
NCWx11+MMEM
NCWXL2+MMEM
NCWX13+MMEM
NCWX14+MMEM
NCWX L 5+MMEM
NCWRL6+MMEM
NCWX17+MMEM
NCWX18+MMEM
NCWX19+MMEM
NCWX20+MMEM
NCWX21 +MMEM
NCWX22+MMEM
NCWX23+MMEM
SFFFF

§GECOND

Fage Arp-P-1

SENTRY
§ BENTRY
SLINE O
SLINE 1
5LNZ

5 LN
SL.N4
5LNS
5LNG
$LNY

5 LNG

5 LN
SLNLO
SLN1L
FLNLR

5 I3
FLNL4
SLNLS
iLN16
SLNL7
SLN1S
3LN1LY
SLNZO
$LNZA

i LN22
FLN23

5 SENTRY




FPoge Are-2-10
GENERATES A M680TF FORMAT TARLE FOR CRTC
QUTFUT I8 TO FILE TARBLE.DAT
VARS CRTC REGS =IR?T $NO.DOTS/CHAR TOFC
C TOTAL NO. OF CHARS ACROSS SCREEN =T0AS.  FNO. LINES/CHAR=TLFC
C TOTAL NO OF ROWS=INR SEREQ. ARJUST=IFARY S TEMPORARIES PTEMPT?
C FOM = CLOCK FREQ/MAINS FREQ
1010 FORMATC(T3)
1020 FORMATCLE)
£ STANDARD INTEGER TNPUT
10860 FORMATCI?)
£ CLOCK INPUT FREQ FORMAT
2010 FORMAT(716)
£ STANDARD QUTFUT FORMAT
[ OFENCUNTT=1 y NAME= " TARLE . DAT )
call ASSIGNCL: ' TaABLELDAT )
99 TYPE 20
TYPE 28
20 FORMATC(L7H MAING 20MS8CHOHZY D
25 TOFORMAT(26H CLOCK FREQ IN KHZ(13E00)TH)
ACCERT 10504 ICLKF
CLKF=ICLKF
FOM=CLKF % 20.0
TYFE 30
30 FORMATC(ILH DOTS PER CHAR(HARDWARE 9)<(L3)T4)
ACCERT 1010+ I0FC _
¢ NGO OF CHARS =40m$% » CLOCK FREQ /(4625 lines on screen X dots/char)
TEMPL=625XINFC
1CAS=C40.0 X CLKF)Y/TEMMI
TYFE 40y ICAS
40 FORMATCALH HENCE TOTAL NO CHARS ACROSS SCREEN(RO+LY s 14D
TYFE 50
50 FORMATC(ILH NO. LINES PFER CHAR (R+1)CI3XTE)D
ACCERT 1010y ILFC
LTTEMPs TOPCKXTICASKILFCG
TEMP 1= LTEMM
INR= POM /TEMPI
TEMPL= TCAS X IDFC
TEMPF2=  PFOM /TEMF1
TEMF L= INRXILFC
IFADJs TEMP2- TEMPL 10,9

aoooo

G
TRA4=TNR-1
TRE=TFAL
TRO=TCAS~1
ITRY=ILPC~1
LW
TYFPE 609 INR
60 FORMAT (16H HENCE NO ROWS= »14)
TYFE 709 IFAD
70 FORMAT (CLOH AND FREQ Al = »14)
TYFE 80
80 FORMAT (45H NO CHARS DISPLAYED ACROSS SCREENRL 48> (I3)74)
ACCEFPT 1010y IR
TYPE 90sIR1yIRO .
© FORMAT (23H HORIZ. SYNC. FOS (R2Ys 14y 1H-»T4y2H TH)
ACCERT 1010y IR2
TR3= ICLRF/Z(200 % IXFC)
TYFE 100y 1IR3




B0 INAS LMANE HPTAGT4 J0:0 HE) LYRMO 0LOY
UIAAVTAS T GMOME HATASGT A g4 HE) LYWM0.d 0909

(Y D3MA4 HITASTS 04 HE) LYWNO 0R09

(SMOX ON "IWLOLE  HPTAGT S 804 HESY LVRMO ovoy

CAS™INA INAS MOH/ASLOIT HESAGT S J0:d HEY LYRMO. 0809
(60 INAG ZIMOH HB8TAGT 4 HOd4 HGSY LYWMO c0y

CANITE M3l TFAVTIAS T TME HeIAG1T 4 g4 HEY LVWMOA 0109
CANTI/Z8MYHD ON 04 HATALRT 4 S04 ZMERIHOTY AYWNOL 0009

<3 <

(ORT4THALTMM
FPIMICOVTID ST HLINMM
CTUTCOLTRSTHINLTMM
TTMICOTTY 4T ALTMM
OTHICOOTR A THALTMM
HUTLLOHO0P 4TI ALTUM
U COBOYATIALIMM
LUICOLO9 4T AL TMM
PUTCOPOPSTHIALTMM
GUTCOR0P ST IALTIMM
PUI OO T)ALTMM
EMICOL094TIHLIMM
SUITCOTOPFTHIHLIMM
THICOTO?ATYALT MM
OMICOO0RAT) ALTHM
(PTAMUHD M3 SLOT *ON XHOT)Y LYNMOA 0Z0%
CHANHE A LT 420 ATFYL DLMD XHO T LYWNMO Q105
JedID COTOLATYALIMM
AMNTIITCOTOGSTHALTMM

G66 0105 (T DI AWALT ) T
AWALTAOTOT L4000V
(hd (SAA=TIXTA HETI LVHMO 00c
_ 008 HAAL
TASTMIATTUTIAOTMIAOMT 4BMIALNISOTON AdAL
GUTSEUT A PMTACUTATUT A THLAOMTA0TOS AdAL
PIMIAOZO0T L4300V
(54 (BIYCECOT #T1) NOILND O MOSHUND HEL) LYWNO. 041
: 04T HdAlL
GTUTAGE0T L4300V
(HELCHT) (O ST MY LMYLS HEE) LYWNOA 091
091 HdAl ,
TIMIA0TOT LoAA00V
(hL CETXCT TTMY INZ NOSUND HYE) LVWMO4 05T
OLT HdAlL
v OTMISOTOT LaA20W
($L (8PP 0T LMWLS MOSMND HAS) LYWMOL ot
, ObT HJudAd
BMI40TOT L4320V :
($LCETYCO 86X ANVIMALNT HES) LYWM0O. 0%t
0oRT 1AL
_ LUTA0TOT LdAD0W
(BRI (O L) 80 INAS "IWIATIMIN HTL)Y LYRM0O 0cT
&1 AdAd
(PIAISTIVADE (PM) THAVTIASTI SMOY *ON HEL) LYWMNOA 0Tt
! v PUTAOTT HdAL
- : . o TMIZVEOT =9MI
CTHAYTIAS T ANITIZSHYMD /7 (NT) SMYHDI 40 ON "IVLOL = JHAVTASIO SMOM ON D
S (el 38T9NDIACEM) ASMNA*S*H M3d SLO00 HTL) LVRWMO 001
Qﬁimf&&¢mm$i , U




6080
4090
6100
6110
6120
6140
6150

FORMAT (SH FOR
FORMAT (SH FOR
FORMAT (SH FCR
FORMAT CSH FOR
FORMAT (SH FOR
FORMAT (S5H FOR
FORMAT (22H FIR

STOF

ENID

y ISy L 2H

y I8 L3H

v L5y 15H

y ISy 13H

y 1%y L3H

¢+ 17y 13H
0

§ INTERLAGE)
FLINES/CHAR)
FCURSOR START)
§CURSOR ENID
FOTART ADDR)
§CURSOR LOC)
FLIGHT PEND

Fasie

Appe-@d-17




C

#RUN TABLE

MAINS 20M8 (50HZ)

CLOCK FREQ IN KHZ(133500) 78300

0oTS FER CHAR(HARDWARE 9)(I3)79

HENCE TOTAL NO CHARS ACROSS SCREEN(ROt+L) 49
NO. LINES FER CHAR (R9+1)(I3)TL0

HENCE NO ROWSG= 31

AN FREQ Al = 3

NO CHARS DISFLAYED ACROSS SCREEN(RL 48) (13T
CHORIZ. SYNC. FOS (R2)Yy 44~ 58 783

POTS FER H.S8PULSE (RIIEQUALSE 4

NO. ROWS DISPFLAYED (Ré) EQUALS: 23

VERTICAL SYNC POS (R7 29)(13)727

INTERLACE (R 0)(I3)7T

CURSOR START (R10 &4) (137

CURSOR END (R11L 1)(I3)71

START AIDR (R12 0 (IHT

CURSOR LOCATION (R14 1023)(I5)T1023

e 44 i3 4 - 30 3 23
27 0 9 0 1 0 1023
FIX{1=YEG)T

TTO =~ STOF

¥ CRTC TABRLE FOR BIOOKH:

¥ NO. DOTS FER CHAR 9

TABLE FCE 58 FRO NO CHARS/LINE
FCR 44  $R1 DISFLAYED PER LINE
FO@ 53§ HORIZ SYNC FOS

FCR 4 3 LDOTS/HOR SYNC FULSE
FCR 30 FTOTAL NO ROWS

FCR 3 FFREQ Ald

FOR 23 JROWS DISFLAYED

FCR 27 SVERT GYNC FOB

FOR 0  §INTERLACE
FCR 9 FLINES/CHAR
FOB Q0 FCURSOR START
FOR 1 SCURSOR END
FIE 0 FSTART ANDR
FIDR 1023 SCURSOR L.OC

FOR O FLIGHT PEN-

Fage Appr-2-18




OGO 0On

o

2
o

.y
’

C

A3
’

.S

e

10
11

15

18

100

200
201

202

210

JJO

B Ko

230
240

3
%
b

r3
o
<

265

270

MAIN.FTN

THE ordginal rrogram bthat did everwbthing bul mas

(althoudgh rather clumsilw)
later rrograms use this as 8 bhasis

DIMENSTON NCHARS(2546+8) | THE CHARACTER G:T
COMMON NCHARS _

WRETE (510D RESET

WRITE (Syll)

FORMAT C(LXy “WHAT D0 <CC WANT TO DOT)

FORMAT nﬁx*\PiH21C4 CHARSy 2=PLOT CHARSy 3::DRAWY

ke

REAI (515 T

FORMAT AHzV

IF (I.EQ.1) GOTO 100 Ml TO AFPROPRIATE CORE
IF CL.ER.2) GOTO 200

IF CIWER.3) GOTO 300

IF (I.EQ.9) GOTO 1000

WRITE (5y18)

FORMAT (1Xy  ERROR?)

GOTO 1

CALLS INFUT CHARACTER SET SURROUTINE

Call INCSET lALL DONE BY SUBROUTINE

GOTo 1
CALL PLOTTER ROUTINE

WRITE (52010

FORMAT (1Xy /00 YOU WANT TO PLOTT (1=YES) )
historicsl (time to turn on rlotter)

READ (G202 1

FORMAT (I%)

IF (IT.NELLY QOTO 1

Cal.l. ASSIGN(4y 'FRE7) FINITIALISE PLOTTER

Cal.l. PLOTS (3v4+¢4)

Call, LIMIT (QesberQoas?4)

Call. SETIN

call. LOCATE

A000c$40qcootaocv

LCedld. SETCHR

WRITE (Sy2100
FORMAT (1X» U8
REAL (H5y220) XMINyXMAX e YMIN YMAX

FORMAT (4F10.73

CAll 8ATUO cXUINy XMAX YMENy YMOX)

WRITE (52401

FORMAT (1Xe “CHAR NO.s Xy Y (ALL INTEGERS) )
READ (52503 TCHy IXy 1Y

FORMAT (318»

IF CICHY 290926092460 INEGATIVE EXIT

Nno 270 ICR=1,8

TRCH=NGHARG CLCH TR FGET A ROW OF CHARACT

IYY=EY+8-~TROH

WRITE (S 265 TROH IX s IYY TRACE
FORMAT (32X 18D

CalL FPLTILN (IRCHs IXyIYY) PLOT IT
CONTINUE

age A3.1

coffee

CP=EXIT )

UNITS: XMIN» XMAXy YMINe YMAX (WITH COMMAS



cooc

300
305

310

320

330

340

380

1000

CGOTO 230

Call NEWFENCO)

CALL FLOTC(O.0y0.0+999)
Call. CLOSEC4)

GOTO 1

TRELEASE FLOTTER

SAME A8 FLOTTER PROGRAM EXCEFT THAT SINGLE CHAR
IS DISFLAYED ON SCREEN

CALL SETCHR

WRITE (5y310)
FORMAT (1Xy ‘CHAR NUMEEFR *)
READ (5y320) ICH

FORMAT (18) :
IF CECH) 380s330s330 INEGATIVE EXIT
IO 340 ICR=1,8 TROW BY ROW
ITRCH=NCHARS (ICHy ICR)
CALL DISFLNCIRCH)
CONTINUE

GOTO 30%

CONTINUE

GOTO 1

STOR

ENI

THISPLAY LINE

e ste
{




Qoaaoaoanan

10

15

60
70

80

20
100
G
G
110

Fade AJ3.3

The character inrutting routine
Charascters are ineat line by liney character bw character in
the order chare. 1 char. 2 etes until the first 48 charscters

have beern inesub. (48=3x16 i.e. all arvows sointing North starting
amplitude 192, 1%yblank thern North-East and finallw NNE. This is

hecsuse SETALL will decode the other angles for me)

SUBROUTINE INCSET
DIMENSTON LINE(S)

READS UF TO 286 CHARACTERS
ROW BY ROW TN FORMAT

00010000

IF ONE NUMBER OF THE EIGHT I8 A 8 OR 9
THEN THE REST OF THE CHARACTERS ARE
ABSUMET TO RE ELANK.

CALL ASBSIGN(Ly ‘CHRSBET.DAT) _
ICHRCT=0 P CURRENT CHARACTER NUMBER
TCHROCT=TCHRCT+1 .

TROWCT=0 I ROW COUNTER

WRITE(Sy15) ICHRCT

FORMAT(LX» “CHR NO 79 18)

TROWCT=IROWCT+1

NCRIFT=Q I ENCRIFTION OF ROW A8 INTEGER
WRITE(Sy25) IROWET

FORMAT (1Xy “ROW NUMBER ¢ 18)

ITBLANK=0 PEND OF CHR. SET FLAG

INFUT ROW AS 8X1 DIGIT NUMBERS BACK TO BACK
READCE»40) (LINECTI) v I=1+8)

FORMAT(8I1)

no 70 I=1,8

RUN THRU 8 TIMES $1 NOT USEDS IRIT -CURRENT BIT
TRIT=LINECD)

IF (IRIT-8)60550y350

IBRLANK=1 FSET FLAG

ITRIT=IRIT~8

NCRIFT=NCRIPTX2+IRIT FENCODE AS BINARY NUMRER
CONTINUE

WRITE ENCRIFTED FORM TO FILE

INDEX=TCHRCTXLO4IROWET 1A CHECK
WRITEC(Ls8OINCRIPTy INDEX

FORMATC(LX» L6 2Xs 16D

ITFCICHROT256)902 1205120 PIF LAST CHAR

IF (IRLANKI 1001004110

IF (IROWCT-8)20:10510 PIF LAST ROW QF CHR.

NORIFT=0

INOEX=0

O 120 I=ICHRCT» 254

ne o120 J=1.98

WRITECLs BOINCRIFT y INIHX , FEAME FORMAT



=Y
$3

CONTINUE

Call CLOSECL)
RETURN '
E-NIY

This routine will arerear in many other srograms(both documented  &

SURROUTINE FLTLN (ICHyIXyIY)

DIMENSTON TCHMAT(8)

FLOTS  THE ROW OF A CHARACTER ENCODED AS AN INTEGER

ITRYTE1=1CH

no 20 J=8s4iy-1 INECODE ENCODREDR FORM

IRYTER=IRYTEL/2 GET EACH RBIT

ITCHMAT (D) =TRYTEL-IRYTE2X2

IBYTEL=TRYTER

CONTINUE

CALL. NEWFEN(3) IGRAR RLUE FEN

Y=1Y PHPY ROUTINES REQUIRE REAL NOS.
0o 30 J=1+8 TRUN ALLONG LINE

WRITE(Sy28)IXy IY vy ICHMAT(J) v J FTRACE TO TTY
FORMAT(4(2Xy 18)) v

IF. (ICHMAT(J) ) 30530440 TSEE IF DOT
X=X+ '

WRITE(Sy3G)XsY el

FORMAT(1XsF10.85F10.8,18)

CALL PLOT(XsYs1)

CONTINUE

CalL. FENUF HPUT FEN AWAY

Call. NEWPEN (0) FSINCE ONE AT A TIME
RETURN

END

Fage 60304 ‘




C

”

G

“n

¢

G
G

G

oQGGon

10

30

10

Pade AJ38

This subroutine is aslso used frecuertly Cintended for tra&ihﬁl

SURROUTINE DISPLNCICHY :
DIMENSTON LINEN(8) TLINE OF NUMRERS
DIMENSTION LINEC(8) : VLINE OF CHARS

DISFLAYS A LINE OF CHARACTERS FROM ENCORED FORM IN ICH

IBYL=ICH

0o 10 J=8ele-d

IRYZ2=TBYL/2 )

LINEN( =IRY1-TIRY2%X2 INECODE ICH

IBRY1=IRY2 _ FPUT EACH RBIT INTO ARRAY
CONTINUE

00 20 Is=1.8 o TSET CHAR LINE .

ITF LINENCTI)Y JEQ.0) LINECCIY= *20058 bOEQUAL TO 7 W
IF LINENCD) JEQ.l) LINECC(I)= “20130 I EQUaL. TO ¢ X7
CONTINUE

WRITE (5+30) (LINECC(I)Y s J=1s8)

FORMAT (1X«8A1)

RETURN

END

This subroutine is bthe most imerortant of all.

SETCHR sets wur an arraw of 286 charscters in grouss

of 8 lines (rer char) each linme is arn encoded form

of the 8 dots rer line of the character (in & binarw
form since this racks bhest snd tramsferrs to ROM essilw)

SUBROUTINE SETCHR

DIMENSTION NCHARS(256+8)

COMMON NCHARS

CALL ASSIGN (1y 'CHRSET.DAT )

INDEQF =0

DO 40 ICHRCT=1,256

L0 40 IROWCT=1+8

IF CINDEQF.EQ.1> GOTO 30 PIF END OF INFUT FILE
READ (1y10) NCRIFT» INDEX FGET CHAR + CHECK NUMBER
FORMAT (IX»1é6s2Xs16) ’
ITF CINDEX.EQ.0) GOTO 20 P=END OF INFUT FILE
IF CTCHRCTX1O0HIROWCT  NE INDEX) GOTO 50 118 FILE OK?
GOTO 30

NCRIFT=0

INDEQF =1

NCHARS (TCHRCT s IROWCT Y =NCRIFT TETORE IN ARRAY
CONTINUE '

A0T0 70 PEXIT

WRITE (Sy60) TCHRCT IROWCT s NCRIFT » INDEX

FORMAT (1Xy ' SEQUENCE ERROR  CHRCT/ 218y ‘ROWCT » 18y
CENCRIFT L8 “INDEX v I8) :

Caldl. CLOSECL)

RETURN

ENI




oo oy ]

C

OO Oh

G
&
G

=3

G
G
G

(\
=]

100
110

120

130

200
210

220

230

300

The arrow editing Frogram.
This is mecessary because it is imrossible to

Ffage A3.6

|
ireugt 88248

pumbers correctly (or 256 instesd of 48 if SETALL didn’t exist)

CHANGE is also 8 fairly early rrogram and has
little command seauences. HSince the asdvernt of
edit festures commonly used were NEW snd SWAF
ervors in MAIND .

DIMENSTON ICHMCE8) LA COMPLETE CHARACTER
DIMENSTON LINECE) A LINE IN CHAR

DIMENSTON NCHARS (2565 8)
COMMON NCHARS

. CONTROLI.ER

CaLlL SETCHR FGET CURRENT CHAR SET
WRITE(S15) TRESET

FORMAT (4 REQUEST (1=COPYs2=8WAFy 3=DISFLAY
A4=ROTATE s S=NEWy 9=EXITY )

READ (S5,2001
FORMATCTE)
IFCTWEQ.LY GOTO 100
IFCI.EQ.2) GOTO 200
IFCTLEQ.3) GOTO 300
IFCTEQ.4) GOTO 400

CIFCTLEQLEY GOTO $00

IF(TEQ.9) GOTOLOOO :
GOTO 10 FTWIT!H!

COFY

WRITEC(S110)

FORMAT (7 SOURCEs DESTINATION?)
READ (Sy120)MyN

FORMAT (218D

ng 130 I=1,8
NCHARS (Ny 1) =NCHARS (M» 1) TOVERWRITE
GOTO 10 '

SWAF

WRITE(Sy210)

FORMAT CLXy “CHARL » CHARZ ")
READ (5y2203MsN
FORMAT(218)

ne 230 I=1.8

TOUMMY = NCOHARS(Ny 1)
NOHARS (N L) = NCHARS (M 1)
NCHARS (M T3 = LTDUMMY
CONTINUE

GOTOG 10

DISPLAY

WRITE(Sy310)

sOmE arnawing
SETALL the onlwy
(mainly twring




310

320

330

oaooon

400
4035

410

4435

G

¢

460

465

FORMAT (¢ CHAR. NUMBER’)
REALNCSy 3200 TCH
FORMATCI8)

0 330 ICR=1+8

IRCH = NCHARS(ICHy ICR)
CALL DISPFLNCIRCH)
CONTINUE

GOTO 10

ROTATE

WRITE (5 405)

FORMATC(’ CHAR, NUMEEFR’)
REALD(5,410) ICH

FORMAT (18)

00 420 I=18
IRL=NCHARS (ICHy I)

DO 420 J=8yls-1
IR2=TEL /2

ICHMCTyJ) = IB1I-IR2K2
IRL=TR2

CONTINUE

WRITE (59 425)

FORMAT (1L Xy "ROTATION AXIS

READC(G» 4300 1
FORMATC(I8)
IFCLLEQ.1HYGOTO 440
IFCLLEQ.2XGE0TO 4850
IFCLWEQ.3)GOTO 460
IFCIEQ.4YGOTO 470
WRITE (5+435)
FORMAT (7 NO CHANGE ‘)
GOTO 480

ROTATE AROUT EAST AXIS
DO 445 I=1+4
IH) 445 J=1,8

!

GET LINE
P DISPFLAY LINE

ISET UF CHAR

|
Fase

IN 8x8 ARRAY

(L=fy 2=Ny J=NEy 4:=NW) )

INORTH I8

TOF

OF

SCREEN

Ia = TCHM(TIyJ) 18WAF AROQUND WITHIN ARRAY

TCHMCL » D =TOHM(P L v )
ITCHM(P-T e Jo=1A
GOTO 480

ROT. AROUT NORTH AXIS
[0 455 I=1.8

D0 455 J=1s4

Ta= LTCHM(T 0D

LTCHMOT s J) = TOHMCLy9~0)
TOHMCL @0 =1A

GATO 480

ROT. AROUT N.E. AXIS
N0 465 I=1s7

L0 465 J=1s8~1
TA=TCHM (T »J)

TCHMCT y Jy=TCHM(P~Jy 91
TCHM (9~ 9-1)=1A

AeBe7




C | Fage A.3.8
GOTO 480

C ROT. ABOUT NoW. AXIS :
470 IO 47% L= 17 *
no 475 J= (I41)y8
TA= TCHM(TyJ)
TCHMCTy )= TCHM Oy 1)
475 ICHMG D)= 1A

(W LECODE BACK AGAIN

480 00 490 I=1+8
NCRIFT=0
DO 4ABE J=1,8
48% NCRIPT=NCRIFTR2 + ICHMCLeMD
NCHARS (CLCHy 1) =NCRIFT
490 CONTINUE
GOTO 10

C CREATE A NEW CHARACTER

500 WRITE (S5 3505)
S0% FORMATC(” CHAR. NUMEBER?)
READ(SyS10)ICH
9510 FORMAT(T8) FSAME A8 INCSET
no S25 =148
C WRITEC(S$SH15 T
N ] FORMATC ROW NUMBER’ »18)
REANCE 5200 (LINECS) s J=1 9 8)
920 FORMAT(EI1)
NCRIFT=0
no $22 J=1+8

S22 NCRIFT=NCRIFTREEL INE )
G2 NCHARS CLCHy TY=NCRIFT

GOTO 10
C
EXIT
CLEAN UF

OQOoao

1006 CALlL ABSIONCLy ‘CHREET.DAT ) TWRITE BACK ELITEDR SET
DO 1020 ITCHRCT=1s256 -
0 1020 IROWCT=1+8
INDEX= TCHRCTXL0O + IROWCT
WRITECL» 1010 NCHARSCICHRCT » IROWCTY »  INDEX
1010 FORMAT IX vy 1Hy2Xs 14D
1020 CONTINUE
Call. CLOSECL)
STOR
ENT
¢ SETCHR as#md DISFLN are ss asbhove.
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Fase Av3.9

-
SETALL .
This rsrogram builds 8 comrlete 240 character arrow
set from & minimium arrow set of 49 (+3 dumms chars for mw ease)d.
This means less tweing and hence less ervors and less time wasted,

Firstly we corw the current arrow selt into a second arras and
then sroceed to sluck out an arrow from the minimsl set and rotste:
it to the recuired angle bw O0rl or 2 rotations (IALRIA2 U= do nothing
The new arraw is then writtern back and chars. 241 to 286 inserted
by CHANGE . f -

DIMENSION TCHM(B+8)
DIMENSION LINE)
DIMENSION NCHARS(2U468)
DIMENSTON NCHARZ (256 8)
COMMON NCHARS y NCHARS

CONTROLLER

Cal.l SETCHR

caLl SETCHZ

WRITE(Sy135)

FORMAT( ¢ CHECK ONE RY ONET (1=YES) ‘) ITRACING ONLY
READCSy L7 IAUTO

FORMATC(T L) '

no 9299 rA = 113 H1S AMPLITURES %

nn 999 IF = 116 116 DIRECTIONS

ITGREC = 32 ITHERE ON I8 REALLY A TABRLE

CIFCCIRF VER ) JOR (CIFVER.B) JOR (TP ERLI2) W OR (IFLEQRL 16) ) THREC=0

TFCCIFVERR2) ORCIFVERGE) OR CIPERL10Y JOR (IFVER.14))TERC=16

IBRC = ISRCHIA o
INEST =(Ia ~ 1)%1é6 + IF I AMPL=LFHASE=1 =3 1 MAF I8 TO 000
TFCIPGNELLDGOTO 101 L
IAL=3 ITWO ROTATIONS MAY BE NECESSARY

LA2=E :

GOTO 200

IFCTFWNE.2)60T0 102

IAL=G '

TAZ=3

GOTO 200

IFCIPWNE.ZXG0TO 103

TAl=3

GOTO 200
IFCIFNE.4)GOTO 104
Tyl =3

ITA2=0

GOTO 200
TFCIFP o NELSYGOTO 105

IAR=E

GOTO 200

IF CIFNE.6)GOTO 104
TAL=2

LAR=E

GOTO 200



106 IF CIFNE . 7)GOTO 107
TA1=3 |
TAD=D
GOTO 200
107 IF CIFWNE8)GOTO 108
1A1=4
TAR=E
.. GOTO 200
108 IF CIFWNE 9 60TO 109
| IAL=4
TAZ=S
- GOTO 200
109 IF CIFWNE . 10)G0TO 110
IALl=4
AR
GOTO 200
110 IFC(IFWNE.11) GOTO 111
TALs]
TAZ=2
GOTO 200
111 LF (IR NE . 12)G0TO 112
IAL=]
TARe=t
| 6OTO 200
112 IF (TP NE, 13)G0TO 113
TAl=] |
TARw=S
GOTO 200
113 IFCIFLNE.14)G0TO 114
IAL=1
IA2=S
GOTO 200
114 IFCIF L NE. 15)G0TO 115
IA1=3
TAR=1
GOTO 200
115 IF CIF W NE.16)60TO 116
TAL=3
TAR=E
GOTO 200
116 WRITE 5y 120)
120 FORMAT (/ HELF IMPOSSIELE FHASE ANGLE’)
STOR
200 CONTINUE
c
c?
IFCIAUTOWNE, 1) GOTD 208
WRITE (5 205) TA» TPy TALy TARy ISRC, TNEST
205 FORMATC’ A‘»T4y/F/yT4y AL s 14r AR’ +T4s  BRC’ s
1 L6y ‘DEST/ yI&y  CONCO=Y) )
REALCSy 207 T11
207 FORMAT(TL)
IFCITTNE.0)BOTO 1000  IEXIT
208 CONTINUE

R S S

i

the rest of the #rodram is coried from CHANGE

Fade A.3.10
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CORY

oas

t
1

, N0 210 I=1+8
210 NCHARS(IDESTy D) =NCHARZ (ISRCy 1) IMAKE A COPY
WRITECS» 2L I(NCHARS(IDEST » TDOTY » TOOT=1 ¢ 8)
211 FORMAT(1X,81I8)

(W

C ROTATE

C

C
TCH=INEST
ITF1=1

430 N0 420 I=1ls8
IBL=NCHARS(ICHy 1)
[0 420 J=8s1s~1 TINTO ARRAY
ITR2=IR1/2
ICHM(T ¢ ) = ITRL-TB2XZ

' ITR1=IR2
420 CONTINUE
IFCIFLEQ.1)I=1Al _
IFCIFL.EQ.2)I=1A2 I FIRST OR SECOND OF THE 2 ROTATION
IFCIFL.GT.2)G0TO 600 PEXIT ROTATE SECTION
IF1=IF1+1
IF(ILEQR.LGOTO 440 TROTATION AXES

IF(LLEQ.2XGOTO 450
IFC(ILEQ.3)GATO 460
IFC(ILEQ.4)E0TO 470
IFCLLEQ.EXG0TO 480
WRITE (54300

435 FORMAT(/ NO CHANGE )
GOTO 480

C - ROTATE AROUT EAST AXIS
440 N 445 I=ls4
N0 44% J=1,8
TouMY = TCHM(Iys )
TCHMCTL y ) =T0HM(F~T v )
445  TCHM(9-TyJ)=T0UMY
S0TO 480

¥ ROT. AROUT NORTH AXIS
450 N0 A4A5Y I=1.8

no 455 J=1+4

TOUMY= TCHMC(I»JD

TCHM(L s J) = ICHM(I»9-d)
455  TCHM (I 9 J)=TIUMY

GOTO 480

C : _
L ROT. AROUT N.E. AXISH
4460 DO 465 I=ls7

DO 465 J=ly8-1
IOUMY=TCHM Ty )
TCHM (L y )= LCHM( 9=y 9-1)
465 TCHM(9-Jy9-1)=THUMY
GOTO 480

C ROT. AROUT N.W. AXIS



470 O 478 TI= 1s7
N0 475 J= (T41)48
InUMY= LTCEHMCT o)
TCHME s D)= TOHMCJI 1)
47%  TCHM Gy L= THUMY

G Fage A.3.12

G DECODE BACK AGAIN

G

- 480 nR49o I=1+8

' NCRIFT=0
no 4895 J=1,8

48%  NCRIPT=NCRIFTX2 + TCHMC(L,D
NCHARS(TCH 1) =NCRIFT

490  CONTINUE
GOTO 430

DISFLAY CHARACTER

oG oOn

400  ICH=IDEST
WRITE(S»61031CH
610 FORMAT(/0 CHARWNO.: ¢+ 16
NO 630 ICR=1,+8
IRCH=NCHARSCICHy TCR)
Call. DISPLNCIRCH) v
C YES IT CAN BECOME ANNOYING WATCHING EACH CHARACTER BUT THATS HISTORY
630 CONTINUE :
C
C END OF MAIN LOOF
999 CONTINUE
(¥
¢ EXIT
. CLEAN UF
C
1000 CALL ASSTOGNCLy CHRSBETLAT )
0O 1020 ICHRCT=1y256
0O 1020 IROWCT=1+8
INREX= ICHRCTX10Q + IROWCT
WRITECL»10L0) NOHARS(ICHRCT IRDWCT Y »  INDEX
1010 FORMAT(IX s Lh» 22X 16) :
1020 CONTINUE
Call. CLOSEC(L)
STOF
ENI

[ : BT

C THIS SURBROUTINE COFIES INITIAL CHARACTER SET TO A TEMPORARY AREA .
SUBROUTINE SETCH2 : i
DIMENSTON NCHARZ(Z256:8)
DIMENSTON NCHARS (256 8)
COMMON NCHARS » NCHARR
WRITEC(S10)

10 FORMAT ENTERING SETCH 27)

0o 20 I=1y206
N0 20 J=1,8
NCHARZ (T » J3=NCHARB Ty J)

20 CONTINUE
RETURN
ENTY
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10
11

18

i3
]

(W
G
200

Cx

270
290

o0

300
308
310

- FORMAT (1X» ‘WHAT DO YOU WANT TO DO7T7)

CREAD (S5.15) 1

Fadge AJ3.13

FLTALL

Here we rlot characlters as msQCIfmﬁd i the file ‘FLT.DATY
this was initiallw for dgenerslity so thet anw series of charachers -
could be rlotteds but at time of writing the only serious PLOT flle'f
thaet is used is the one set we in another rart of the sradram. '
& srogram bthat reads sctusl dats from Bribie is beind wrltben 80
that the asctual screen can be rerresented.

A rlot file is terminsted bw a nedative character.

DIMENSTON NCHARS (206 8)
COMMON NCHARS

WRITE (H5»10)

WRITE (WHyll1)

FORMAT ¢(1Xs 2 2=FLOT CHARSy 3=DRAWs 4=8GET UPF PLOTy 9= EXIT )

FORMAT (I5)

IF (I.EQ.2) GOTO 200
IF (I.EQ.3) GOTO 300
IF (I.EQ.4) GOTO 400
IF (I.EQR.9?) GOTO 1000
WRITE (5.18)

FORMAT (1Xy "ERROR )
GOTO 1

CALL PLOTTER ROUTINE

CALL ASSIGN(3y ‘PLT.DAT ) TOFEN “PLOT® FILE
CALL ASSIGN(4y PRI PINITIALIZE PLOTTER

CALL PLOTS (3r454)

CALL LIMIT (0491249049122
Cal.l. SETIN

CAllL LOCATE (1.0+8, 0r1.0s800)
CaLL. SETCHR

CALL MAFUYU (0. 9320, 50.53204) 1320 I8 A MAGIC NUMEBER
0O 2720 II=1y206 I RUN THRU ENTIRE SET =206=146X16

READ (3¢2%50) ICHy IXy IY
FORMAT (318)

IF (ICH) 29052605260

N0 270 ICR=1+8
TROCH=NCHARS(ICH ICR)
ITYY=1Y+8~ICR

Call PLTLN (IRCHsIXs1YY)
CONTINUE

CAaLl NEWFENCO)

CALL FLOT(O.0+0.0+999)
Call CLOSE(4)

CALL CLOSE(3)

GOTo 1

A SINGLE CHARACTERIS DISFLAYED ON SCREEN
call. SETOHR
WRITE (H»3100

FORMAT CLX e “CHAR NUMEER 7D
READ (5320 ICH




‘340
380

400

410

430
450

1000

oo

20

- O%

40

30

10 450 TY=lelé

Fage A.3.14
FORMAT (18)
IF (ICH) 380+330y330 INEGATIVE EXIT
nog 340 ICR=1.8 ' - TROW BY ROW _
IRCH=NCHARS CICH ICR) _ e
CALL DISFLNCIRCH) ' ! DISFLAY LINE
CONTINUE S
GOTO 305
CONTINUE
GoTo 1
CALL ASSTONCIs ‘FLTOAT)
ICH=0

DO 450 IX=1s16

TCH=TCH+1

WRITE (Gs4100IXyIY»ICH e :

FORMAT (Y X=/313y "’ Y=/y13s’ CHARACTER NO.=‘914) e
IXX=(IX-1%1é : P FOSITION X»Y NOTING 8X8 /CHAR
IYY=(IY-1)%16 : S
WRITE (32430)ICHy IXXyIYY
FORMAT(3I8)

CONTINUE

Call. CLOSE(3)

GOTO 1

CONTINUE FEXIT
STOF

ENII

SUBROUTINE FLTLN (ICHyIXsIY)
DIMENSION ICHMAT(8)

CPLOTS  THE ROW OF A CHARACTER ENCODED AS AN INTEGER

ITBYTEL=TCH

o 20 J=8yly~1 IRECODE ENCOLED FORM
IBYTE2=IRYTEL/R ' '
TCHMAT (D =TRYTEL-TRBYTE2%2

IBYTEL=IRYTER

CONTINUE

Call. NEWFENC4)

Ya LY :

00 30 J=1+8 FRUN ALONG LLINE

IF CICHMAT(J)) 30530540 | ISEE IF DnOT
X=X+

CALL PLOT(XyYs1)

CONTINUE

CALL FENUF

RETURN

ENII
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Fage A.3.15 o

BIGRIN , : e
BIGRIN is an enlarded (imeroved?) version of o

the BIN srodgram. It writes a8 file of encoded arrows (CHRSET.DATY

to & binasrwy file CHRSET.BIN which is comrosed of bwles with

each bit in the file rerrvesenting a dot of 38 characler.

This enables bthe character sel tu he transferred to ROM via

rarer tare and s erogram orn Ore Hainsworth’s MeB0OO that writes RONs

(Because of the verw dgood racking densitw of the bhimasrw file comwarer

with the ascii file (shout 14 to 1) 1nterm@dnnte version can be store

withoul wasting seace.) S

The reversing of the srocess is comelicasted bw PIFLLls o
sigr-extending butes when urnracked to words hence the macro-1l routlr

DIMENSTON NLHAHS(QﬁéyB)

BYTE RIT(2048)

COMMON NCHARS ‘

TYFE 1 TWHICH DIRECTION OF TRANSFER®
FORMAT (- BINARY TO AGCIIT(L=YES) +»4$)
ACCERT 2y IFLAG

FORMATC(TL1)

IF (IFLAG EQ, 16OTO 1000

cal.l. SETCHR TREAD IN ASCII VERSION
0O 10 T=1,2%56

ng 10 J=1.8

N=(T-1)%8+. IMAFFING 200 ARRAY TO LI
BIT(N)=NCHARS (I¢J)
CONT INUE
CALL ASSIGN(3y ‘CHRSETBIN’)
mM 72777 P2 BYTES OF 178

WRITEC(IIMy (BIT(N) s N=1+2048) 9 M TWRITE THE 1L.OT
Cal.l. CLOSE(3)
GOTO 2000 PSTOF RUN

CAll ASSIGNC3y ‘CHRSET.BIN')

M is & dumme integer

REATCEIIMy (BIT(N) s N=1+2048) v M TREAL THE LOT .
Call. CLOSE(3)

CAall ASSIGN (1y ‘CHRSET.LAT )

O 1010 I=1,2%48

o 1010 J=1+8

NM(le)*8+J 120 == 10 MakR

A MACRO-11 SURBROUTINE TO COPY & RYTE TO A WORD NO SIGN EXTEND
rall. BYTNRH(BIT(N)vN(HﬂI3(19J))

CONT INUE

NQOW WRITE TO A8CLI FILE

NGO 1140 ITCHRCT=1,256

B0 1140 IROWCT=1.8

INDEX=TCHRCTX10+IROWET

WRITE Ly 11 10INCHARS CICHRET y TROWET ) » INDEX
FORMATC(IX s 1he2Xv 16D

CONTINUE

Call. CLOSECL)

GaTo 2000 ISTOP RUN

STOF
EENI
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o

- Now follow some other routinmes which had their uses as fives

¢ A :

" . INVERT

[ READSG FROM ‘CHRSET.RIN

C TO REVERSE BIT PATTERNS TO REVERSE EVERY CHAR. (CALLS A MACRO - FROG
BYTE RIN(2048) . ‘ B
CAlL ASSIGNCIs "CHREETRBIN)
READCIIMy (RINCI)Y y D=1 9 20483 v M TREADD THE LOT
cal.l. CLOSE(3) '
0 10 I=1,2048
CAal.l INV(BINCI)

10 CONTINUE ‘

M L 7277277 P ALl SET
Call. ASSIGN(3y "CHRSET JREV)
WRITE(IIMy (BINCI)yI=1+¢2048)¢M TWRITE THE LOT
Call. CLOSE(3)
STOR
ENID

) Now the two MACRO-11L rrograms

y COFY A BYTE TO & WORD (BYTWRID

+TITLE BYTWRD $COPY A BYTE TO A WORD NO SIGN EXTEND
BYTWRIDG ¢ MOVCRE) +s RO FRUN FAST ND ARGS

MOVE @RIY+yRLI 3GET BYTE

MOV R1eR2 FMOVE TO OQUTFUT WORD

BIC #177400yR2  $REMOVE TOF HALF

MOV RZ2.@ (RS FRETURN WORD

RTSG PC

« EENT

§ REVERSE THE ORDER OF BITS IN A& BYTE (INV.MAC)
+TITLE TNV ' ' :
INVS MOV (RS 4+ RO # RUN FAST NO. ARGS.
MOVE @CRS) o R sCOPY THE BYTE
MOV #8.yRO # BET COUNTER
LOOF SRE R1 ¢ LSE OFF TO CARRY
# CARRY TO LSEB HENCE REVERSE ORDER
P8 TIMES
§ PUT BACK

08 ROYLOOF
MOVE R2s@(RE)D
RTH FC

+END



G
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C Characters rossible on scoreen "ARROW® is further decoded

1

10
11

CRYTE NAME (32)

'Paﬁ& Aww"3&i7.

MAK4485  Make a screen widbh 44 soreen
Frogram reasds the screen format from either terminmal or file using’
characters ¥ "y"Q"-"@u,u nynpu g Nt B Por block and "A" far
arrow. The arrow informstion is also read from either terminal
or file. Other srodgrams not included read real dats from disk and
write the screen format and srrow data in reauired format. The
result of running these rrograms is to sroduce a FLOT file that o 0
is understood bw PLTALL and was used to rroduce 311 the screen rlots.

BYTE INLINCA4) yNOvNLyNZyNIsNAsNSsNEsN7 v
INBYN? s BLOCKs HYFHENy ASTERX s DIOT y QUEST s ARROWYEXIT
commsnd lime from ttw

DATA NOyNLyN2/yNIyNAsNESr NGy N7y N8y

ING/ 70 s /L w2735/ Ry 5749?7478 9°%7/
DATA BLUCKVHYPHENVQ$TERX;HOTvQULQTv
IARROWYEXIT/ "B s =y "K' 9 o5’ s A" v’'E’/ -

WRITEC(Sy L)

FORMAT (4 ARROW DATA FROM: (TI¢  OR FILEJEXTI?P $)
READCS» LO20)INLIN

CALL ASSIGN(2s INLINY

WRITEC(Sy )

READCSy LOZ20 I INLIN

FORMAT(’ Screen dats from TI! or FILEJEXT? ‘4
CALL ASSIGNC(4y INLIN)

CAlLL ASBSIGN(Iy ‘PLT.DAT)

Flotter characteristics
WRITEC(I»1000)10.0911.050.098,0 HLIMIT
WRITEC(3y1000)1+0510.09140+7.0 HLOCATE

WRITEC3I»100030.05460.05150,0v460,0 TUSER UNITS h
N0 100 LINE = 1y44 !' 4444 gcreen is hardwired into rros

WRITE (Sy10)LINE
WRITE (Sy11)
FORMATC( Limne number’y1%)

FORMAT (4 123454678901 234546789012345678901 2345678901234 )
REARC4y 1OZ20)INL.IN
TARCT=0 L Arrow count

N0 100 I=1s44

TCH=251 1 DEFAULT

IF CINLINCI) JEQ. NO)Y ICH=241
IF CINLINCI) JEQ. N1) ICH=242
IF CINLINCI) JEQ. N2) ICH=243
TF CINLINCIY JEQ. N3) ICH=244
IF CINLINCI) JEQ. N4) ICH=24%5
IF CINLINCI) JEQ. NS) ICH=246
IF CINLINCI) JEQ. N6)Y ICH=247
IF CINLINCI) JEQ. N7) ICH=248
IF CINLINCGD) LEQ. N8) IC -z ;
IF CINLINCIY JEQ. N9)
IF CINLINCI) JEQ. BLOCK) lemxﬁé

TF CINLINCDY JEQ. HYFHEN) TCH=25S
TF O CINLINCD)Y JEQ. ABTERX) IOH=2%54
IF CINLINCE) JEQ. DOTY TCH=2%%

IF OCINLINCGD) JEQ. QUEST) I(H~éb6
TFCINLINCEDY LJEQ. EXIT) GOTO %00 PEXIT st




: Fage Arpr 318
IF CINLINCIY JNE. ARROWY GOTO 90
TARCT=TARCT+1
‘ WRITE(Sy20) TARCT
20 FORMATC Arvow’/ s I5s ‘Amelite v Fhase(0~15) 74)
READC(221030) IAMF s TFHAS
ICH=IAMFMX14 + IFHAS +1
20 C CONTINUE
LINFT=440- INEX10O I lime one at tor instead of bottom
WRITE(3v1010)ICH s IHLOLLINFT
100 CONTINUE
S00 WRITECI»1010)~15050 EQF
‘ Cal.l CLOSEC3)
1000 FORMAT(4F16.8)
1020 - FORMAT (4441)
1010 FORMAT (318)
1030 CFORMATC2T%)
STOR
ENII

. " - , P
W Dl o e ek ST E SO ML Dy TP ML £



