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1. PROJECT TITLE

Development of a low frequency transponder system for penetrator

instrumentation.
2. OBJECTIVES

2.1 To create and demonstrate a technique whereby
(a) the penetrated depth and position of a model HLW penetrator
embedded in deep ocean sediment may be determined, and
(b) a communication channel to the penetrator may bé established to

telemeter parameters measured in-situ.

2.2 To transfer to a competent industrial organisation the
technology necessary to manufacture, test, operate and market this

technique world wide.

3. INTRODUCTION

For convenience the work can be considered in two phases, A and B.

Phase A consisted of the design of a 3.5 kHz transponder, the
construction of 3 units, testing one on 'Discovery' Cruise 141 (October
1983), and testing two on 'Tyro' in March 1984, with provision of
penetrators and other mechanical work by BRE, and the loan by IOS of

essential associated ship-based equipment.

In Phase B the detailed interests of DoE and JRC diverged and
became the subject of separate extensions to the Phase A work. Phase B
for JRC consisted of acquiring a number of transponders and the
ship-based receiving equipment. The first part of the ship-based
electronics was delivered to the JRC in December 1984 and completed in
1985. B desk top transponder and 6 fully operational transponders were
ordered by the JRC and it is expected that these will be delivered in
July 1986 in time for the international hole closure experiment (HOCUS)

planned for September 1986 in Jabuka Trench in the Adriatic.

As work developed on the transponder, the JRC became interested in
the possibility of the system to transmit information over long time
periods from deep sea sediment formations and re-transmit this data from
a surface receiver via the European Space Agency's Meteosat satellite
communication system. The Institute of Oceanographic Sciences provided
a signal format for the transponder so that the JRC could undertake

tests in the North Atlantic during the international long core cruise,



June - July 1985 on the Marion Dufresne.

4. TECHNICAL STATUS

4.1 General The choice of the frequency of 3.5 kHz for the
acoustic link between buried penetrator and ship is justified, following
a theoretical assessment, for three reasons: an acceptable level of
signal attenuation in the sediment, an available transducer of moderate
size capable of handling the necessary power, and several widely used
seismic reflection profiling systems operating at this frequency which

can form the shipboard end of the link.

By making the penetrator unit a transponder, the penetration depth
is obtained directly by the profiler interrogation when the ship is
overhead. Using ship navigation whilst manoeuvring within transponder
range the geodetic location of the penetrator can be determined. Also
the penetrator may be relocated long after deployment, for a period of

years, limited essentially by transponder battery capacity.

An acoustic channel having been established, data can be
 communicated simultaneously with transponder location. The pulse
interval form of modulation is chosen because of its inherent power
efficiency and flexible dynamic range and because of the simplicity of
use with the shipboard line-scan recorder of the profiling system, and
because of IOS experience applying it successfully for telemetry from
towed nets, dredges and other instruments over the past 15 years. For
periods when simultaneous location is not impﬁrtant, it can be
preferable to communicate without surface interrogation, the penetrator

unit acting instead in a free or 'pinger' mode for the telemetry.

4.2 Transponder design (see also Annex A) For flexibility and

reduction of chip count the penetrator transponder/pinger/telemetry unit
is designed around a micro-processor, Fig. 1. The acoustic transducer
is the most expensive and critical single component and is supplied by
Bell Electronics Ltd, using ceramic from ITC Inc. By discussion with
BRE it was agreed to multiplex up to 8 channels in the telemetry and to
use a 12 bit A/D conversion. The 8 channels can be scanned at long
preset intervals, stored and later telemetered. This slow rate of
sampling is adequate for all sensors post emplacement, but inadequate
for 'transient' sensors required during descent or settlement phases.

For this reason the unit has a fast sampling and 'soft' storage mode of



finite preset duration, after which the stored data is replayed at a

slower rate suitable for transmission by the acoustic link's pulse

interval code.

Software to control the telemetry for various modes of operation
has been written and can be assembled to suit individual missions if
necessary, for example for different water depths or combinations of
sensors. A typical mission might consist of the following:-

State 1 : Steady pinging during descent while sampling at a medium
rate until interrupted by bottom detection sensor,
initiating:-

State 2 : Fast sampling during deceleration to limit of data
storage, followed by

State 3 : Pinger telemetry mode for 60 minutes then, unless
receiver interrogated, to

State 4 : 'Asleep', only receiver and threshold circuits powered
up, until received interrogation pulse interrupts and
powers circuitry into

State 5 : Transponder telemetry, listening between 1.99 and 2.01
secs interval since previous bulse, for as long as
interrogations continue. If 9 consecutive pulses.are
missed unit returns to State 3, then State 4.

Numerical parameters underlined above are preset under software

control.

Further information on the transponder software is contained in
Annex A, which actually includes work carried out under a DoE contract
subsequent to the period of this contract, but relevant for future

transponders JRC may require.

4.3 Shipborne System (see also Annex B) The IOS 3.5 kHz

reflection profiler is a high resolution system designed to be operated
from any research or survey vessel, provided a suitable towing boom is
fitted. It consists of four major components: line-scan recorder,
transceiver, correlator and towed fish containing a transducer array.
The first two are commercially available from Raytheon Ocean Systems
Inc. The other two items were designed by IOS because commercial
equivalents were found to have inadequate source levels, giving poor
results over deep ocean sediments, and were found to have poor towing

stability. A long FM swept pulse is generated for transmission and



passes through a matched filter (correlator) on reception. The heavy
towed fish design has been used for echo-sounding and other purposes for
20 years and can be towed stably up to 15 knots on its faired armoured
cable. The towing boom should have a minimum SWL of 2 tonnes and

project around 2 m from either beam, preferably near midships.

Further details can be found in Annex B, of which one copy has been
provided in plastic cover sheets and ring binder to form a shipborne

manual.

4.4 Sea Trials Three 3.5 kHz, 100 watt transponders were
designed, built and mounted in the tail end of 1800 kg BRE penetrators.
One was launched from RRS Discovery Cruise 141 in November 1983 and the

other two from MS Tyro in March 1984.

4.4.1 Discovery November 1983 Three wire tests were performed in

water depths from 4600 m to 5400 m. The transponder replied to the 3.5
kHz profiler down to 2W of transmitted power but continued to transpond
erratically on noise during the first wire test. Before the latter two
tests the noise performance of the receiver was greatly improved, and

the acoustic dynamic range of the acoustic threshold set satisfactorily.

Before the transponder could be mounted in the end of the
penetrator the latter had to receive some attention as the thread was
tight and somewhat corroded and the 'O' ring face had been damaged by a

punch mark.

The penetrator was launched at 1133Z on 9th November but was never
heard from again. A recording through the 3.5 kHz profiler fish was
later replayed and the penetrator was heard to whine all the way to the
bottom; strongly suggesting that the transponder had become damaged,
possibly the cavity was acting as a resonator. The double doppler shift
between this signal and its bottom echo allowed the terminal velocity to
be estimated as 55 m/s * 2 m/s. This was somewhat higher than the

travel time indicated.

4.4.2 M.S. Tyro March 1984 After the failure on Discovery a

temporary cowling was quickly designed to take the drag away from the

rubber-boot of the transducer.



(1) The first drop This unit was intended to be set to free-ping

at 2 Hz for 20 minutes (unfortunately this had to be changed to 50
minutes for test purposes and not changed back). Further work had to be
done on the thread and 'O' ring surfaces of the two penetrators to be
used before both transponders could be fitted. Mastic tape was wound
round the joint in the hope that it would seal any hair-line scratches.
The penetrator was launched tail-first and after initial turbulent noise

had died away the 2 Hz pings could be seen.

The transponder continued to ping for about 50 minutes and although
transmitted to at a 2 second repetition rate, timed out and then
repeated the pinging sequence. Eventually, with the transmission rate
now at 1 pulse per second, transponding started. By this time the ship
had drifted more than 1.5 km from the dropping site. There was no sign
of any modulation on the two telemetry signals. Channel O carrying the
received signal strength was right up against the reference trace as

though continually zero.

To judge the range of the transponder the ship steamed off at 5 kts
for half an hour. As soon as the engines were restarted the transponder
quitted its transponding mode and started free-pinging again. However,
the pings could still be seen, through ship's noise, out to about 6 km
horizontal range. When the ship had returned to the station and stopped
engines, the pings were seen again but drifting erratically. It was two

pinging sequences later before transponding started again.

It was possible, by correlating the sub-bottom echoes from the
transponder with those from the profiler, to estimate that the
penetration depth was about 23 m. Also the rate of approach of the
bottom echo on the drop allowed the terminal velocity to be measured as
44 m/s * 1 m/s. This ties in well with the penetration depth but is

about 9 m/s slower than the other penetrators of the same shape. This

suggests that the protective cowling was producing a lot of extra drag.

(ii) The second drop Experience from the first drop indicated that

the free-pinging was a nuisance so it was written out of the software.
The receiver sensitivity was reduced by 12 dB as the first transponder
had been too sensitive yet there had been 12 dB more power available

from the 3.5 kHz transceiver.



The penetrator was launched but there was no sign of the
transponder. During the fall there was the same high level of 'hooting'

from the penetrator as had been recorded on Discovery and it is possible

that the fate of the transponder was the same.

4.4.3 Discussion Two out of three transponders gave no results
at all. what are the likely reasons for these failures?

(1) The one that did work was free-pinging during the descent while
the failures were programmed to transpond. However, these two would
undoubtedly have replied at random, excited by turbulent and later
ship's noise, but did not.

{2) Mechanical damage to the electronics. Heavy components were
supported against high accelerations.

(3) DamageAto the transducer, flooding or separation of
transponder. There is strong evidence for this. Turbulence-generated
noise was visible on the 3.5 kHz dry-paper recorder in all three cases;
however it was at a lower level in the successful drop, in fact after
half a minute the pinging of the transponder could be seen all the way

to the bottom as the turbulence noise faded out.

Originally it had been intended to mount the electronics in its own
pressure case; later to save this expenditure a decision was made to do
away with it and use the penetrator body as the pressure case. Clearly
this was a mistake, as it is difficult to obtain the high quality
precison finish needed for '0O' ring seals and transducer end cap thread

on such a large heavy piece of mild steel.

The lack of wire tests on MS Tyro for whatever reason was a serious
omission; tests would have shown up the 50 minute instead of 20 minute
pinger state, so the transponder state and direct depth would have been
reached much sooner and before the ship had drifted too far away and

engines re-started; wire tests might also have indicated any telemetry

problems.

Some positive points did emerge from the wire tests on Discovery
and the successful drop on Tyro. On both occasions the acogstic signal
levels confirmed the calculations that the acoustic link is viable
through sediment and ocean. Due to turbulence noise the pinger mode is
correct for the drop and engines should be off when interrogating to

change to transponder mode.



Opportunities for sea trials cannot often be scheduled when
convenient for instrument development. Preparations for Discovery and
Tyro tests were both rather rushed; it could turn out that the delay
because of industrial action preventing penetrator work on Discovery
Cruise 153 in November 1984 may turn out to be helpful giving longer to

prepare for the Marion Dufresne cruise in June/July 1985.

For these future penetrator drops the electronics should have its
own pressure case, protective transducer shrouds should be better
engineered and attached to the penetrator body rather than the

transducer end cap, and wire tests must precede deployment.

5. CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER DEVELOPMENT

It is believed that the first objective 2.1 has just about been
achieved, but needs further demonstration especially with sensors and
telemetry. The second objective 2.2 has not been attempted yet owing to
the somewhat hesitant progress in the first. However discussions have
begun with industry with a view to sub-contracting production of several

units as a prelude to a possible licence to manufacture.

Recently in discussions with JRC staff, methods for possible long
term monitoring of a penetrator have been proposed. A moored surface
buoy with a hydrophone would pick up the pinger telemetry signals from
the penetrator, then decode them into a suitable format for onward radio
transmission via the Meteosat satellite communication channel. It is
the IOS view that the difficult technical aspects of this approach are
(i) the achievement of a reliable long-life deep ocean moored buoy and
(ii) the design of an automatic acoustic receiver/decoder. 1In
connection with the latter it should be noted that the present acoustic
coding system is optimised for a shipborne receiver based on a line-scan
recorder with manual read off. Modifications to the penetrator
electronics would be relatively straightforward and the buoy receiver
could incorporate signal processing features of the IOS automatic depth
tracker (PEST). There are trade-offs between penetrator battery life

and the need for error-correcting codes in the acoustic link.






ANNEX 2
TRANSPONDER DESIGN

1. INTRODUCTION

Because this project has been a collaborative one with the DoE
(BRE) UK, and because work on the design under DoE funding progressed
beyond the nominal end of this contract, it was not considered
sensible to report on the design as it stood strictly at the end of
this JRC contract period, but to describe the design as it exists for
future penetrator instrumentation. At the time of writing in fact JRC
have ordered further units and they will be provided to the design

described here.

2. ORGANISATION OF THE ANNEX

The next section (3) outlines the basic theory including
fundamental constraints and chosen compromises, leading to the
acoustic method and calculation of parameters. The following section
describes briefly the hardware, software and operating procedure
including preparation, launch and post penetration telemetry. The
detailed design information of software and hardware is provided in

the Appendices Al to AS5.

3. THEORY

3.1 System constraints

There are some obvious bounds set by the laws of physics which
can be used to define the optimum performance to be aimed for. There
are other soft limits imposed by the cost of the system and ship's
time, the volume available in the penetrator for instrumentation and
batteries and the quality and quantity of the data that is to be

transmitted. There are trade-offs and compromises that can be made in

the latter case.

Signal to noise ratio

The signal level received by the ship from the transmitter, in 30
to 40 metres of mud and 6000 metres of water, should be higher than
the noise in poor weather conditions, i.e. a signal to noise ratio
better than 0 dB must be achieved. When transponding is to be used to
fix the position of the penetrator the signal to noise level at the
transponder must be even higher. The listening conditions at the

transducer are considerably better, as deep in the mud there will be a



lower noise background than at the ship where also more power is

available for transmission to the transponder.

Operating frequency

In deep water the noise from a variety of sources reaches a
minimum in the range 1 to 20 kHz. The actual noise levels are very
dependent on the weather conditions, local shipping and particularly
self noise from the research ship's main engines and thruster as well
as auxiliary equipment. The main source of loss in the acoustic
signal path is due to inverse square-law spreading and is frequency
independent and inevitable. However, attenuation is frequency
dependent, being an exponential function of frequency in both water
and mud and very much higher in the latter. It is therefore desirable
to use the lowest frequency possible to get a signal through the
sediment. Although noise levels will rise with reducing frequency the
strongest constraint is set by the physical dimensions of the
transducer since as its maximum dimension becomes smaller than a
wave-length in water its radiation resistance becomes high and its
beam-angle wide. The high radiation resistance, due to poor coupling
into the water, means that the transducer can be over stressed either
electrically or mechanically before the desired power level can be
reached. The wide-beam angle, wasting power in directions other than

near vertical can cancel out the benefits of reduced attenuation.

Data encoding

Amplitude and phase modulation of a carrier are impractical in
deep water for at least three reasons:-

(1) Signal to noise ratios better than 20 dB are rarely achieved
so there would be very limited dynamic range.

(2) Acoustic signals do not travel by simple "line-of-sight"
paths but by multiple paths differing by only fractions of a
wave-length due to small angle scattering and turbulence. The
combination of signals produces randomly varying amplitude and phase
distortions.

(3) Reverberation from layers within the sediment and from the
water surface interfere with the direct signal, although the effect
can in theory be removed if the pattern of echoes is constant or only

changing slowly.



Frequency modulation suffers like phase modulation unless

frequency shifting is used when the bandwidth required becomes

excessive.

Time modulation, using the time delay between two short pulses to
carry the information, can be very efficient and can have a large
dynamic range. Its disadvantage is that it is slow, though signals

can be multiplexed to increase the effective data rate.

Transmission pulse length

The shortest length possible is controlled by the bandwidth of
the transducer being approximately equal to the reciprocal of the
bandwidth. However, the longer the pulse the better, as it will

contain proportionally more energy. If the coding scheme requires
pulses to be transmitted in rapid succession then a long pulse would
be a limitation specially as additional time must be allowed after
each pulse for power amplifier capacitors to recharge. A range of

between 2 and 20 msec seems sensible.

Total energy for transmission

This is essentially limited by the volume in the package that can
be allocated to batteries. Lithium cells having about twice the
energy-density of alkaline cells would make available several
megajoules. Note: the kinetic energy of a 1800 kg penetrator at its
terminal velocity is of the same order. It has been estimated that

AAA alkaline cells would allow up to a megabit of information to be

sent.

Listening time

Several hours would be reasonable, but much longer would become
expensive in ship's time and increase the risk of losing data due to a
worsening of the weather or because the ship has drifted too far off

station and must make noise manoeuvring back again.

Resolution

Digital coding say using frequency shift keying could have
unlimited resolution by merely extending the number of bits in a
sequence but is very expensive in energy. Pulse interval telemetry

(P.I.T.) uses only one pulse per data word (plus one reference pulse)
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and the resolution is limited only by the maximum time that can be
allowed to elapse between the pulses. P.I.T. is, however, a form of
analogue modulation and will suffer from timing noise. This will
arise from amplitude noise riding on the signal and more important

variations in path-length as the receiving "fish" heaves up and down

with the swell.

The approximate bit resolution of P.I.T. can be calculated as
follows. The rise time tr of each pulse will be less than half the
. pulse length, the exact fraction being dependent upon the type and
order of the band defining filters used. If the signal pulse voltage
into the detector is Vs, the leading edge is rising at Vs/tr volts per
second. In the presence of added noise, V_rms, the threshold
detector time jitter will therefore be At = (Vn/vs) tr (xrms), assuming
that Vs > 2Vn i.e. signal to noise ratio greater than 6 dB. In
general this jitter will be present at both reference and signal
channel pulses, though uncorrelated, so the time interval jitter will
be V2 tr(vn/vs). If the maximum, or full scale, time interval is £
the time interval resolution of the channel is therefore 1 part in
2—%(t /t Y(V_/V_ ). For the parameters used here, t = 2 secs, t_= 2

o' r s’ 'n o r
msecs, Vs/Vn > 2, so the resolution is better than 1 in 1414, i.e.
between 10 and 11 bits. The bit rate is thus around 5 bits/second for
a single channel. However increasing the number of channels from 1 to
N is straightforward, the only decision required concerns whether the
pulse intervals for different channels will be allowed to overlap, in
which case for (N + 1) pulses transmitted 10N bits equivalent are
communicated. In previous underwater applications of P.I.T.
overlapping intervals have been allowed and not found to cause undue
confusion using a form of direct line scan recorder display. However
this feature clearly relies on the recognition of which pulse belongs

to which channel at every new frame of pulses.

If the shipborne receiving transducer is heaving at a rate V m/s
between the arrival of reference and signal channel pulse, the timing
error introduced in addition to the random noise component above is
given by (V/C) td where C is the sound speed (~1500 m/s) and td the
signal delay. Generally V will be less than 1.5 m/s, in which case

the error amounts to less than 0.1% of the signal.



Transmission and bottom reverberation

If transponding is used to synchronise data transmissions then
the surface reverberation of the pulse sent from the ship and its
bottom and sub-bottom echoes appear mixed in with the data pulses.
This interference can be reduced by separating the transmitter and
receiving hydrophone, by cutting down the power transmitted or more
effectively by designing the telemetry system to send data up at its

own rate (free-pinging) controlled by a local crystal oscillator.

Singing round

This can occur during transponding if the transponder responds to
the echo of one of its earlier transmissions. In certain critical
water depths, when the round trip time for the echo is a multiple of
the repetition period, a permanent oscillation can be set up. This
problem can usually be avoided by making the transponder receiver not
sufficiently sensitive to hear its own echoes and by arranging that it
listens in the narrow time window surrounding the expected

interrogation pulse arrival time.

Two or more transponders in the area could interfere with each

other in a more complex way.

Pulse repetition rate

If pulse interval telemetry is used then the desired resolution
sets the fastest rate and there seems to be no good reason for using a

slower rate as it would increase the time taken to receive all the

data.

Timing of sampling

Certain sensors, particularly accelerometers, are likely to be
affected by acoustic pick-up during transmissions. There is also the
probability of electrical interference to sensitive sensor processing
circuitry at the same time. Sampling must either be synchronised with
the quiet periods during a transmission sequence or performed in a

different phase and logged for later transmission.

3.2 The selected parameters

3.5 kHz was selected for the operating frequency being the lowest

frequency for which a practical transducer could be designed and also
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the frequency already used by IOS for sub-bottom profiling. The
transducer designed for this job had a bandwidth of about 400 Hz.
Allowing for the spread between different units, the choice of 200 Hz
as the design bandwidth seemed reasonable. This sets the minimum

pulse length to 5 ms and this was adopted.

After due consideration free-pinging pulse interval telemetry was
chosen to transmit the logged data. One of the benefits of this type
of transmission is that if the signal is received on a synchronously
swept dry-paper recorder a graphical display is produced without any

processing other than amplification and filtering.

The power amplifier was built to provide 100 watts of acoustic
power consuming about 200 watts in the process. The energy taken from

batteries to produce a 5 ms pulse was thus 1 joule.

The receiver was designed with a bandwidth of 200 Hz and
automatic gain control so that the triggering threshold would adjust
itself to suit the received signal level while remaining too

insensitive to allow sing-round.

It was decided to use a 2 second repetition rate and multiplex a
number of data channels by scaling and'offsetting each one
individually. Thus it would be possible in say an hour to transmit

1800 samples in each of 5 channels with a resolution of 10 bits.

3.3 Sonar calculations

Assuming:-
Operating fredquency = 3.5 kHz
Water depth = 6000 m
Penetration depth = 35 m
Attenuation in mud = 0.1 dB/m-kHz
= 12 4B one way

Power of ship's system = 2 Kw

with directivity index = 10 dAB

Power of telemetry system = 100 W

with directivity index = 5 dB

and with 5 msec pulse, bandwidth = 200 Hz

Sea-state 6 noise in 200 Hz bandwidth = -42 AdB re Pa



(1) Sound pressure level at transducer

Fish source level = 33 dB re 1 watt
+ 50.8 dB re 1 watt/Pa @ 1 metre = 83.8

+ 10 dB directivity index = 94 dB re Pa
Losses:

Spreading loss over 6000 m = 75.6 dB

Water attenuation (@ 0.25 dB/km) = 1.5 dB
Scattering loss = 3.0 dB

Loss due to acoustic impedance

mismatch at the bottom = 1.0 4B
Attenuation through sediment = 12 4B
Total = 93 dB
Thus sound pressure level at transducer = 1 dB re Pa

(2) Sound pressure level at the ship

Transducer source level = 20 dB re 1 watt
+ 50.8 dB re 1 watt/Pa @ 1 metre = 70.8
+ 5 dB directivity index = 76 dB

With the same losses the level at

the surface will be = -17 dB re Pa

This is about the same level as the
profiler's bottom echo assuming 30%
reflectance.

(3) Sing-round level at transponder
The total losses will be greater by
6 dB because of the doubleApath plus

the remaining losses repeated = 93 dB
Extra distance = +06

Other water losses = +5.5

Mud attenuation = +12
Total = 116.5 4B

With a transponder source level of

76 dB re Pa the sound pressure level

back at the transponder will be = —-40.5 4B re Pa
About 40 dB below the expected level

from the ship. This assumes 100%

reflection at the surface.
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(4) Noise level at transducer
The level near the surface will be
about -42 dB re Pa and there will be
a few dBs drop in the water-column
due to attenuation, scattering and
refraction. It is expected that the
noise will receive a similar
attenuation in the mud, as the signal.

Allowing 15 dB for these losses
-57 dB re Pa

Noise level at transducer
Ship's noise could, however, add
considerably to this.

(5) Transducer receiving sensitivity
-95 dB re 1V/Pa’

at 1 m on axis

4. SYSTEM DESCRIPTION

4,1 Hardware (see Fig. 1)

4.1.1 The transducer

This is a commercially produced item using a piezo-electric ring
mounted off from a base-plate and surrounded by a rubber boot filled
with oil. The base-plate carries a thread and 'O' ring seal

compatible with an I.0.S. designed pressure case.

One of the disadvantages of a ring transducer is that the
electro-acoustic coupling is poor and this both raises the impedance
seen into the electrical terminals and narrows the bandwidth. Limits
are thus imposed on the maximum power that can be transmitted and the

form of modulation that can be used.

4.1.2 The pressure case

Earlier plans to use the penetrator as a pressure case were
discarded due to the difficulty of machining a heavy penetrator to the
necessary precision. A standard 6 inch outside diameter 30 inch long
tube takes the transducer at one end and at the other, an end plate

with 16 electrical connections via underwater plugs.

4.1.3 The circuitry (see Appendix 2A6)

One long printed circuit board carries a low power microprocessor

and support chips, a daughter board of additional random access memory



where data are logged and the analogue components. The analogue and

digital elements of the board are deliberately separated to reduce

mutual interference.

The analogue part comprises:-

(1) The transmitter. Essentially this is two power transistors
driven through a buffer from the microprocessor and coupled through an
output transformer to the transducer via a tuning choke.

(ii) The receiver. A signal from the transducer is extracted by a
tertiary winding on the output transformer through a matched pad. The
matched pad prevents the transmitter being loaded down by the receiver
during transmission but ensures that maximum power is absorbed from
the transducer on reception. The signal is amplified up by a
low-noise first stage and two band-pass filter stages with a gain
controlled stage between them. Detection is approximately square-law
in the region of 50 mV, the switching point of the following
comparator. The output from this is sharpened up to provide a
negative logic signal to interrupt the microprocessor.

(1ii) The analogue to digital converter. One of 8 (expandable to
16) analogue signals between +5 and -5 volts are selected by a
multiplexer for digitising. During conversion the signal is held
steady by the sample and hold circuit. 12 bits are converted in about
30 microseconds.

(iv) The supply switch. Transistors are used to control the +12
and -12 volt supplies to off-board sensor conditioning circuitry to

allow them to be switched off to conserve power between samples at low

sampling rates.

The digital part of the board consists of a HD6303 microprocessor
that can address 16K of read-only-memory (ROM) and up to 40K of static
random-access-memory (SRAM), controls the analogue to digital

converter and generates pulses to drive the transmitter.

4.2 Software (see Fig. 2 and Appendices Al-A5)

A 'tuned' version of the FORTH language is resident in one 8K
ROM. This also contains an editor, driver routines for an external
bubble memory and an elementary monitor program. A further 8K of ROM
has the compiled procedures which constitute PATSY, the run-time

program, that samples, logs and transmits data using P.I.T.



FORTH plus PATSY can be viewed as a dictionary of procedures or
'words' on to the end of which additional words may be compiled at any
time. This allows the user, through a standard terminal and °
interfacing box, to create test routines at the last minute to, for
instance, check the calibration and correct functioning of sensors and
test the memory used for data storage. It is even possible in an
emergency to recompile a new version of the main program without the

use of a development system and produce code that will execute

immediately and at full operational speed.

4.3 Sampling and data transmission sequence

This is the description of a typical sequence.

4.3.1 Preparation

After test and diagnostics have been run the user can preset a
number of parameters such as the number cycles of sampling or
transmission of different data sets and the scaling to be applied to
each channel for transmission. To reduce the work-load these
parameters can be given default values by executing SETUP and then
only alterations need be made. The main program can then be executed
triggering a series of pings at one a minute. The terminal can now be

disconnected and the electronics sealed into its pressure case.

The optical-switch used to sense the instant of contact with the
sediment is also used to inform the computer of the instant of launch
by the removal of a shutter blocking the optical path. Ten seconds
after the shutter is initially introduced this is acknowledged by the
ping rate changing to once every ten seconds. (Because the telemetry
system and sensor package must be connected to each other before the
optical switch can be connected, a shorting plug must be substituted
for the optical switch, i.e. the unconnected optical switch is
equivalent to a connected but blocked switch. The exchange of the
lead from shorting plug to optical switch must then be performed

within 10 seconds). It is hored that this cumbersome procedure can be

eliminated in the future.

4.3.2 Descent through the water-column

As the penetrator is released and the optical switch unblocked

PHASE!l sampling starts. Sampling of tilt, temperature and
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acceleration proceeds at 10 Hz interleaved with pinging at the same
frequency. These medium sampled data values are stored for later
transmission. Meanwhile two accelerometers are sampled at 500 Hz and
stored in a rolling-buffer. One minute into the fall the optical

switch is enabled to interrupt on contact with the sediment.

4.3.3 Deceleration through the sediment

This, PHASEZ, of the sampling is instigated by an interrupt from
the optical switch or, as a backup, by the deceleration signals
exceeding a threshold. PHASE2 is similar to PHASE!l except that it

times-out after 2 seconds and no pings are transmitted.

4.3.4 Transmission of resting attitude

This is a live transmission using free running pinging at 1/2 Hz

repetition rate of tilt and accelerometer signals for a few minutes.

4.3.5 First transponding session

Ten minutes of transponding at this time, before the ship has had
a chance to drift away, allows the penetration depth of the transducer
to be determined acoustically. (Doppler shift imposed on the 10 Hz
pinging during the fall through the water-column also allows the

terminal velocity to be calculated).

4.3.6 Logged data transmissions

The fast rate (500 Hz) data that has been sampled into
rolling-buffers is backed up to a point 1/2 second before deceleration
commenced and is copied into other buffers before being transmitted by
free running P.I.T. The medium rate (10 Hz) data sampled through the
water-column follows similarly encoded. This sequence is not in the
correct temporal order but it is considered desirable to transmit the
more important fast rate data first before anything can go wrong. It
might help the immediate interpretation of the logged data if the

samples in each batch were transmitted in reverse order.

4.3.7 Second transponding session

By the time the complete logged data set has been sent 1 to 2
hours will have passed during which the ship can have drifted several
miles from the launch site. A suitable period of transponding at this

stage will allow the penetrator's position to be fixed and for the
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ship to manoeuvre back to a point overhead.

4.3.8 Second session of live pinging

This is a good opportunity, for 5 to 10 minutes, to find out
whether the attitude of the penetrator has changed and to get a stable

temperature measurement in case temperature compensation needs to be

applied to any of the data.

4.3.9 Logged data transmission with JRC format

One of the accelerometer channels is retransmitted with a

different format to provide data for tests on the Meteosat

transceiver.

4.3.10 The end
Rather than simply stopping the program it might as well repeat

itself indefinitely by looping back to transmit the fast data again

(Section 4.3.5).

In future it may be required that after several repetitions of
the logged data the telemetry system should reduce power consumption
to a minimum and sample and log data at a slow rate over months or

vears and come fully awake to transmit that data on demand.
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QOOEQ
F3
EQ

O
EOQ

02
EO
EO
FO

O3

00
o7
02

04
Oé

49

ENCLOS

ENCLZ

ENCLZ

ENCLA4

ENCLS

ENCL6&

ENCL7

ENCLS

CLE
FDE
FDR
RTE

FCE
FCC

FCR
FDRE
LDA
8TX
LDX
CLR
LDA
EE®
CBA
ENE
INX
INC
BRA
LDA
FSH
LDA
BEQ
CekA
BEQ
INX
INC
BRA
LDA
TRA
INC
ERA
LDA
FSH
INC
EBRA
LDA
LDA
LDX
DEX
DEX
DEX
DEX
8TA
sSTA
FUL
8TA
CLR
STA
STA
74
RTS8

FCE
FCC

b > > e

e o e > R 1

(10 T X

~ 36 -

SSE MNEMONIC ASSEMELER

$EDO4 STD 4, X
$EDOZ STD 2, X

€87
"ENCLOS"

$CS
FFIND-9
T X
XTEMF
4,%

N

Oy X
ENCL&

ENCLE

N
ENCLZ
N

0, X
ENCL7

ENCLS

N
ENCL 4
N

ENCLS8

ENCL7+2
N

N

XTEMF

- m
gl T 14

84
H Er"l I n

FAGBGE 7



FORTH

E1D9
E1DA
E1DC
E1DE
E1DF
E1EOQ
E1EZ
E1ES
E1E7
E1E®
E1EER
ELED

ELEF =

E1FO
EiF1
EIFZ2
ELIFZ
El1F4
ELFé&
ELF8
ELFB
EL1FD
EIFE
ELIFF
E201
E202

204

ER05
E206
EZ207

209
E20R
EZ0D
EZ0E
E20F
E211
EZ213
EZ214

EZ218
E219
E21A
EZ1ER
EZ21D
E21F
E222
ER224

E")".\:

A
E226
ramd
o in
E229
E22A

22K

reden
2al

E22
270

e
g

D4
E1l
&
DE
og
DF
BD
DE
&C
26
&C
DE

8%
4K
45
be
El
DF
BD
DE
09
O
A7
4F
A7
39

89
3F
=4

e
el

49
41
cC
E1
DF
BD

~ ey
20

82
47
D2
E2
DF
RO
DE
z9

854
473
4D
o6
C=
EZ2
EC
DD
EQ
g

[=18]
[

Fo
F481
Fz2
1E
02
14
FO

DS
FO
F49K
Fao

45
4D
4E

Fo
FO
F4ER1
EZ

09
FO
F4arC
FO

4F

i8

az

I75:
277
378:
Z79:
280:
Z81:
82
8%
Z84:
>89
386
87
=88:
z89:
390:
Z91:

392:
393
94
395
396
397
I98:
399:
40073
401:
402z
4073
404 ;
405:

404
407 :
408:
409
410
411:;:
412:
41732
4142
415
41é:
417:
418:
419:
{200
421 ¢

4".\’.‘-

vy

4273
24
425

4261

427

EMIT

KEY

KEY1

GTERM

CR

CMOVE

FCE
FDR
LD#A
INX
INX
STX
JSK
LDX
INC
BNE
INC
LDX
RTS

FCEr
FCC

FCE
FDE
STX
JSR
LDX
DEX
DEX
8TA
CLR
8STA
RTS

FCE
FCC

FCE
FDE
8TX
JSR
BRA

FCE
FCC
FCE
FDE
8STX
JSR
LDX
RTS

FCE
FCC

FCE
FDE
FDE
FCE

INX

DD

- 37 -

SSE MNEMONIC ASSEMELER

sD4
ENCLOS-10

T, X

XTEMF

FEMIT

uE B
XOUT+1-UORIG, X
¥+4
XOUT-UORIG, X
XTEMF

$83
n "::E u

$£D?
EMIT-7
XTEMF
FEEY
XTEMF

%89
"2PTERMINA"

sCC
FEY-&
XTEMF
FRTER
KEY1

82

IIC“

$D2
QTERM-12
XTEMF
FCR
XTEMF

$85
"cMove

$CS

CR~5

$ECOR LDD 2,X%
$DD, N STD N

FAGE B
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FORTH SSBE MMEMONIC ASSEMELER FPAGE 9
E23Z2 08 428: INX

23T EC 02 429: FDE  $ECO2 LDD 2, X
EZ35 DD 430 FCE DD, N+2 STD N+2
E236 EZ , '

E237 08 4731 INX

EZ238 08 432 INX

239 EC 02 I3 FDE . $SECOZ2 LDD 2,X
E23E DD 473 FCE  #DD,N+4 STD N+4
EZZC E4 )

23D 08 435 INX

2ZE 08 476 INX
E23F DF Fo 437 STX XTEMF

E241 DC 438: CMOVZ FCE  4DC,N LDD N
E242 EO

E24% 83 439: FCB 483 SUE D #
E244 00 01 440: FDE 1

246 DD 441: FCR  4DD.N STD N
E247 EO

E248 25 10 442: BCS  CMOV3

E24A DE E4 443 LDX N+4

E24C A& OO 444;: LDA A O,X

24E 08 445: INX

E24F DF E4 444: 8TX N+4

E2S1 DE EZ2 447: LDX N+2

E25Z A7 00 443: STa A 0,X

E2S5 08 449: INX
E2S6 DF EZ2 450: STX N+2

E2S8 20 E7 451: ERA  CMOVZ2

2%A DE FO 452: CMOVE  LDX X TEMF

ERSC 39 453: RTS

454: X%

E2SD 82 455: FCE 82
E2SE S5 454 FCC nyn

E25F AA 457 FCEB  %AA

260 E2 25 458 FDR  CMOVE-8

E26Z2 09 459: USTAR DEX

E263 09 4603 DEX

E264 09 461 DEX

265 09 4462: DEX

E266 AL 07 4467: LDA A 7,X

E2468 E& 09 464z LDA B 9,X

E26A 3D 4465: FCE 43D MUL
EZ4R ED 04 466 FDR  $EDC4 STD 4, X
26D AL 06 447 LDA A 6,X
E24F E&6 08 4468: LDA B 8,X

E271 3D 449: FCE  $3ID MUL
E272 ED 02 470 FDE  $EDOZ2 8TD 2,X
274 EC 07 471: FDE  $ECO7 LDD 7,X
E27&6 ID 472 FCE 43D MUL
E277 ED 0O 473 FDER  $EDOQO STD 0, X
E279 A& 0b& 4742 LDA A &,X

E27E E& 09 47%: LDA B 9,X

E27D 3D 474 FCE  #3D MUL
E27E ET 00 477 FDE  $EZ00 ADD D 0, X
E280 24 02 478: ECC  USTARZ

E282 &C 02 47%9: INC  2,X

E284 EZ O 480: USTARZ FDE $ETOT ADD D 3,.X
286 24 02 481: ECC  USTARZ

E288 &C 02 482: ING 2,X

28A ED 07 48%: USTART FDE $EDO7 STD 7. X%



FORTH

E28C
EZ28E
E220
EZ9Z
EZ294
EZ95
EZRé6
E297
E298

299
E29A
E29E
E29C

IPE
EZAQ

2a1
E2AZ
EZ2AS

2A7
2A9
EZAR
EZ2AD
28F
E2RO
EZRZ2
EZR4
2B0
E2E7
EZER9Q
EZBE
E2RD
2RE
EZRF
EZ2C1
2C3
EZ2C4
E2CS

207

209
E2CA
E2CE

2CD
E2CE

E2CF
E2DO
2D1
2D2
E2D3
EZDS
E2D&
EZD7
2D9
2DE
EZDD
2DF

EZEO
EZEL

Ab
A7
Ad
A7
08
08
08
OB

82

=5

AF

86
ag
A7
EC

Al

22
28
El

oC
20
AT
oD
&9
69
6A
27
59
49
24
20
DD
FoO
EC
ED
DC
FO

ED ¢

08
39

41
4E
c4

2
o8
08
EC
E4
A4
ED
3%

=
-

4F

05
09
a2

O

SD

i1

OO0
O3
01
09
G4
02

0=

Q%
01

06
05
00
06

E4
EF

(8}
0=

9%

oo
O

0z

Oz

484
485
4864
487 ¢
488;
489
430
491:
4392
497
434
495
494:
497z
498:
499
SO0
S01:
G023
S0X:
S04
S05:
506
S07:
508;

S09:

S10:
S11:
S12:
S13:
S14:
S15:
Sié:
517:
518:
019:

USLASH

usL1

usLz2

usL=

usL4

UsLs

AND

LD&
STa
LDA
STA
INX
INX
INX
INX
RTS

FCE
FCC
FCE
FDB
LDA
INX
8TA
FDE
CHMP
BHI
ECS
CMF
ECC
cLc
ERA
FDE
SEC
ROL
ROL
DEC
BEQ
ROL
ROL
BRCC
ERA
FCRB

FDR
FDE
FCE

FDE
INX
RTS

FCE
FCC

. FCr

FDE
Y
INX
FDRE
AND
AND
FDE
RTE

FCE
FCC

DD D

- 39 -

S8E MNEMONIC ASSEMELER

LSRR

¢ o

82
ngw
$AF
USTAR-S
#17

Oy X
$ECOT
1,X
usLz
usL2
2, X

UsL=

usL4
$ATO1 SUEB D 1,X
b, X

5, X

0, X

UsSLS

ust. i

usL3

DD, XTEMF STD XTEMP
SECOS
$EDOZ
#DC, XTEMF

LDD 5,X
STD T, X
LDD XTEMF

SEDOS STD S,X

£87=
n AN 1"

sC4
USLASH-S

SECOO LDD O, X

T X

2,X

$EDOZ STD 2.X

82
IIDII

FAGE 10



FORTH

EZEZ
EZET
EZED
EZES
EZE7
EZE®

ZEE
EZED

E2EF =

EZFO
EZF1
2F2
E2FZE
EZF4
E2F&
E2F7
2F8
2FA
EZFC
2FE

E3IOO 3

EZ01
I0Z2
EZOE
E3Z04
EZOS
EZO7
309
J0A

EZOR 3=

FoC

JOD
EZO0OE
ESOF
EZ10
EZ1Z2
EZ14

EZl& C

E317
EZ18
EZ19
EZ1A
EZLR

EZ1D =

EILE
EZLF

E3R2 3

D2
E2
08
08

PR i

ETZ4

EZ25

ETZ2&
EZZ

E3Z28
ET2A

E3IZD =

CF

> DO

Lo

O

o2

oz

G0
0Oz
Q2

02

FO
00

01

~
o~

0&

oc

EC14

17
EZS8

Mmool
e gaae

LR

2 o~ o
AR~ o0m~No b

n

OR

*OR

SFPAT

SFETOR

RFSTOR

SEMIS

FCE
FDE
INX
INX
FDE
ORA
ORA
FDE
RTS

FCE
FCC

FCE
FDE
INX
INX
FDE
EOR
EOR
FDE
RTS

FCR
FCC

FCE
FDE
STX
DEX
DEX
RTS

FCE
FEC

FCE
FDE
LDX
LDX
RTS

FCR
FCC

FCR
FDE

FUL

FUL
LDS&
FSH
FSH
RTS

FCE
FCC
FCE
FDE
JBR
RTS

_40_

S8R MNEMONIC ASSEMELER

&D2 0
AND—-&

$ECOO LDD &, X
T X
2. X

$EDOZ STD 2,X

873
IIXDII

$D2
OR~5

SECOO LDD O,X
F. X

s
-

$EDOD STD 2. X

83
11 SFI "

$CO
XOR—6&
0, X

$8=
n SP "

A1
SFAT-6
uP
b, X

®83

n RF' "

HAl
SFSTOR~-6

RINIT

%82

Ho,
4

- $D3

RESTOR-&
FROMR

FAGE 11



I38
ETIQ
EZZR
E3ZD
EZEF

EZ40
EZ41
E342
ET43
EZ45
E346

347

349
EZ4E
EZ4C

34D
E34E

EX4F

ETS0

E3IZ2 3

ey

e B
E3S4
E3SS
EZ56
EZ58
EZ5A
EZSE

EZEC =

EZSD

EI5E =

EZSF

361
EZ&63
EZ64
ETZ6E

EZ&6

367
ET48
EZ&A
EZ6C
EZ&D

I6F
EZ71
E37Z

374
EZ73S

EZ76
377

08
a8
DF
EE

-
32

T
B )

G
7

=8

(817
09
39

81

EZ
DF
30
EC
DE
ED
09
09
2

82

0

= 41

A

(R ap

FO
o2

04
Fo

FoO
Q0

Fo

. 40

FO

Fa
00

=

FO

a2
FoO
(wTa)

5571
558:
559

-YSInH
&l
602
a0
L0144
&05:
bO6:
&07
&08:
609
&10:
&il:
&1
617%:
&14:
615:
blé:
617
&18:
619:

20
&21:
6222
623
&24:

25:

26:
&27:
&28:
&29:
&30
631

T
i @

&35
&34
635:
656
&7
x8:
&L3F:
&40
&41:
642
&4
&44
&45:
&ab5:
&47 .
648:
&49:
6E0:
&Sl
LS2:
&5

&54:

LEAVE

TOR

FROMR

FCE
FCC

FCR
FDB
8TX
TSX
FDE
FDE
LDX
RTS

FCE
FCC
FCR
FDE
INX
INX
8TX
LDX
FUL
FUL
FCE
FSH
FSH
LDX
RTS

FCE
FCC
FCE
FDR
STX
FCE
FCE
FCE
FCE
FCRB
LDX
FDE
DEX
DEX
RTS

FCE
FCE
FDERE
8TX
TSX
FDR
LDX
FDR
DEX
DEX
RTS

FCE
FCC

_41_

S8E MNEMONIC ASSEMELER

$85
"LEAV"

$CS
SEMIS-5
XTEMF

SECOZ2
SEDO4
XTEMF

LDD 2,X
STD 4, X

82
D2
LEAVE-8

XTEMF
0, X

$3IC FSHX

XTEMF

$82

IIRM

$BE

TOR-5

XTEMF

38 FULX
18 XGDX
38 FUL X
18 XGDX
=C FSHX
XTEMF

$EDOQO STD 0,X

$81

$D2
FROMR-S
XTEMF

SECOZ LDD 2,X
XTEMP

SEDOO STD O, X

82

gy e

FAGE 12
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FORTH S8R MNEMONIC ASSEMBLER FAGE 17
EZ78 BD &55: FCR SED
ET79 ET 66& &5b: FOE F—-4
EZ7R EC 02 &57: ZEGU FDR SECOR LDD 2,X
EI7D 27 0= = BED ZEQUZ
EZ7F 4F L5 CLR A
80 Cé FF L& LDA B #$FF
EZ82 SC 64l ZEQUZ INC E
383 ED OZ bE2: FDE SEDOZ STD 2,X
EZ85% % L& RTS
bbb X
38& 8% Y-t FCE =87
387 30 bbb: Fcc uge
E3Z88 BC 667 FCH SRC
E389 EX 74 668 FDE ZEQU-5
EIBE SF 649: ZLESS CLR E
EI8C A& 02 6703 LDA A Z,X
EZBE 24 01 671 BFL ZLESS2
I90 SC 672 INC E
EZ91 4F 6731 ZLESSZ CLR A ;
ET92 ED 02 674 FDE HEDOZ2 STD 2, X
EZ94 39 . 675 RTS
&76: X
EZ95 81 &77: FCE %81
E3I96 AR 6781 FCE HAR
397 ET 86 &79: FDE ZLESS-5
399 EC 02 68B0O: FLUS FDE SECOT LDD 2,X
E3Z9E EZ 04 681 FDH FEZ04 ADD D 4,X
EI9D ED 04 6B2: FDR SEDO4 STD 4, X
E3Z9F 08 683 INX
E3IA0 08 6841 INX
A1 39 685: RTS
686 X
A2 82 687 FCE 82
IAT 44 688 FCC npn
E3A4 AR &89: FCE AR
E3ZAS ET 95 To FDE FLUS-4
IA7 EC 04 &91: DFLUS FDE SECO4 LDD 4,X
ETA9? ET 08 L2 FDR FETO8 ADD D B8,X
EZAE ED 08 693: FDE S$EDOS sSTD 8, X
3IAD EC 02 694 FDE SECOZ LDD 2,X
3IAF EQ 07 695 ADC B 7, X
EZEL A9 06 L&Fh: ADC A &6, X%
EZEZ ED 06 697 : FDE SEDOS STD &,X
ETES 0B 698 INX
EZR6 08 699 INX
E3R7 08 700: INX
EZE8 08 701: INX
ETR9 39 702 RTS
70T X
ETRA 85 704 FCE HET
EXBEE 4D 705 FCC "MINU"
IRC 49 4E
EIRE 55
IBF D= TOb: FCE HD3
EZICO EZ AZ 707 FDE DF_US-5
IC2 4F 708: MINUS CLR A
EZCT SF 709: CLR E
EZC4 AT 02 710z FDE HATOZ SUE D 2,X
EZC& ED 02 711ls FDH SEDOR STD 2, X

EZC8 9 712 RTS
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FORTH SSE MNEMONIC ASSEMEBLER FAGE 14
TEI:r X
EIC? 8& 714ds FCE $84
EZCA 44 715: FCC "DMINUY
IZCR 4D a9
EZCD 4E 5%
EZCF D= 71lé: FCE $D2
EZIDO EZT EBA 717: FDE MINUS-8
EZDZ 4F 718: DMINUS CLR A
EZDIT SF 719: CLR E
EZD4 AT 04 720z FDE ‘$AT04 SUER D 4,X
EZD&6 ED 04 7212 FDE $EDO4 8TD 4,X
E3ID8 CC 722: FCR $CC LDD #
EID? 00 00 723: FDER O
EZDR E2 OF 24; ) SEC B I, X
ZDD AZ 02 725 SEC A 2,X
EZDF ED 02 7261 FDE SEDO2 STD 2,X
EZE1 =9 727 RTS
728: X
- ZEZ 84 729: FCE $84
EZEZX 4F IO FCC "ove"
EJE4 S5& 45
EZESL D2 731: FCE $D2
E3ZE7 EZ C9 T2 FDR DMINUS-9
EZE? EC 04 733 OVER FDE $SECO4 LDD 4,X
EJIER ED 00O 734 FDE $EDOO STD 0, X
E3JED 09 7I350: DEX
EIZEE 09 736 DEX
ZEF 39 7373 RTS
738: X
E3FO 84 739: FCR 84
E3F1 44 7403 FCC “"DRO"
IF2 32 4F
E3IF4 DO 741: FCR $DO
EIFS EZ EZ2 742: FDE OVER-7
IF7 08 747%: DROF INX
EZF8 08 744 INX
3IF9 39 745: RTS
746: X
E3FA 84 747: FCRE %84
SFB S 748: FCC "awar
3FC 57 41
3FE DO 749: FCE &DO
3FF EZ FO 750 FDE DROF-7
E4q01 EC 02 7351: SWAPR FDE SECO2 LDD 2,X
E40T DD 752: FCE $DD, XTEMF ‘BSTD XTEMP
E404 FO )
E40S EC 04 7E3: FDR SECO4 LDD 4,X
E407 ED 02 754 FDE $EDOZ2 STD 2,X
E409 DC 755 FCE $DC, XTEMF L.DD XTEMF
E40A FO
E40B ED 04 756 FDE $EDO4 8TD 4,X
E40D =9 757 RTS
758: X
E40E 8% 759 FCE %832
E40F 44 74073 FCC "pun
E410 =5
E41i1 DO 761 FCB $DO
E412 EZ FA 742 FDE SWAF-7
E414 EC 02 763 DUP FDE SECO2 LDD 2,X

E4146 ED 0O 7864 FDR $EDOO STD 0,X



FORTH

E418
E41%
E41n

E4lD
E41C
E41D
E41E
E420
E422
£424
E426
E428
E42A
E42C
E4ZD
E4ZE
E42F
E4Z0

E4T1
E432
E433
E4TS
E437
E438
E43A
E43D
E440
E44%
E446
E449

E444
E44R
E44C
E44E
E450
E452
E454
E456
E458

E459
E45A
E45E
E45C
E45E
E4&0
E462
E467
E465
E467
E469

E46A
E44&R
E46C
E46E
E47C

09
09
=9

82
2R
Al
E4
EC
DF
EE
E=
ED
DE
Q8
g
o8
08

o4
.3

86
54
4F
47
CS
E4
ED
ED
BD
ED
ED
39

81
co
E4
DF
EE
EC
DE
ED
9
co
E4
DF
EE
4F
Eé&
DE
ED
9

81
Al
E4
EC
DF

OE
04
Fo
o2
a0
00
FO

47
ac

1E

EJE®
E45E
E2F &
E401
E482

31
Fo
0z
Q0
Fa

02

44
FO

02

00
FoO

0z

59
04
FO

755
Thé:
7e7:
768:
749
770
771:
T72:

T .

Lo

774
775:
7762
777:
778:
779:
780;:
781:
782:
787
784
785:
786:

787
788:
789:
79013
791:
792:
793:
794:
795
7964:
7972
798:
799:
800:
801
802:
807
804
805
80646:
807
808
80%9:
810:
811:
812:
817:
814:
815:
81lé:
817:
818:
819:
82012
821

8’1".\-

RO

PSTORE

TOGGLE

AT

CAT

STORE

DEX
DEX
RTS

FCE
FCC
FCR
FDE
FDE
STX
LDX
FDR
FDE
LLDX
INX
INX
INX
INX
RTS

FCE
FCC

FCR
FDE
JSR
JSR
JSR
JSR
JSR
RTS

FCE
FCE
FDE
STX
LDX
FDR
LDX
FDR
RTS

FCR

FCC
FCE
FDR
8TX
LDX
CLR
LDA
LDX
FDR
RTS

FCH
FCR
FDE
FDE
8TX

_44_

£82
u+n
: TAR}
DUF-&
$ECO4
XTEMF
2, X
SEZO0
SEDOO
XTEMF

%86
"TOGGL"

$CS
FSTORE~S
OVER

CAT

XOR

SWAF
CSTORE

%81

$CO
TOGGLE~-9
XTEMF
2, X

SECOO

XTEMF

$EDOZ

82
"C"
$CO
AT—4
XTEMF

24X

O, X
XTEMF
SEDOR

$81
$£A1
CAT-S
SECO4
XTEMF

S5 MNEMONIC ASSEMELER

LDD 4,X

ADD D O, X
STD ©,X

LDD G, X

STD 2, X

STD 2,X

LDD 4,X

FAGE 13



FORTH

E472
E474
E474
E478
E479
474/
E47H

Ea4770

E47D
E47E
E47F
E4BO
E482
484
E486
488
E484
E430
E48D
E48E
E48F
E490

E491
E492
E493
E495
498
E498
E49E
E4al
E4a4
E4a7
E4AaA
E4AD

E4A/E
E4aF
E4R0
E4R2
E4RS
E4R3
E489
E4RC
E4RF
Ea2

40w
E40R
40
E4CE
E4D1
E4D4
=407
E4DA

EE
ED
DE
ol
og
Qo8
a8

el
wt 7

c1
BA
E4
ED
EBD
B0

BED

Q2
o0

FO

bHA
05
Fo
04
Q0
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FCH
FCC

FCE
FDE
JER
JSK
JSR
JE8R
RTE

FCE
FCB
FDR
JSR
FCcC
JSKR
RTS

FCE
FCC

FCE
FDE
JSR
JSR
JER
JSR
JBR
JSR
JER
JSR
JSR
JSR
JBR
JSR
BRE®
JSK
JSR
JSR
FCE
JSKR
JER
JSR
JOR
FCE
FCC

- 70 -

S8R MNEMONIC ASSEMBLER

VOCLIN
STORE
DOEE
TWoE
CONTXT
STORE

8k
"DEFINITION"

D3I
VOCAE-1TZ
CONTXT
AT
CURENT
STORE

HC1

+A8
DEFIN-14
CLITER
ll) 1]

WORD

&84
IIQUI "

sD4
FAREN-4
ZERO
BLE
STORE
LERAE
RFSTOR
CR
GUERY
INTERF
STATE
AT
ZERL
ZBRAN
GuUIT2
TWO
CAT
CLITER
HHF
AND
TwWo
CSTORE
FDOTE
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FORTH

FO44
Fo4c

Fo4D
FO4E
FO4F
FOs1
FOS2
FOS=
FOSS
FOSg
FOSR
FQSE
FO&a1
FO&4
FO&7
FO68
FO&D
FOLR
FO&D
FOAF
FO70
FO77%=
FO7&
FO79

FO7A
FO7R
FoO7C
FQ7E
FO7F
FO81
Fogl
Fog4
Fog7
FO8s

Fog8a =

FO8E
FO8E
FOO
FO9=
FO94&
FO97
FO99
FO9A
FO9D
FO9F
FoAaz
FOaS
FOAB
FOAR
FOAE
FOR1
FGR4
FOR7
FORA
FORD
FoCo
FOCE
FOCa

20

8%
41

-
e

£ M

D4
Fo
BD
ED
EBD
ED
ED
EBD
og
46
&F
74
4
BD
BD
BD
39

84
4z
aF
c4
FO

8E
CE
09
A&

aCc

2

8
CE
Q9
Zé
=i

-

8E
FE
FF
FE
FF
FE
FF
FE
FF
FE
FF
CE
FF
FF

n
3

aF

—

[
EZLZ2
EQID
EARE
F28F
E21D
EAL4

72
&8
=8

2008
EFEA
FODA

4C

4D

2074

F1Z3
QG

FOFE
F7

O0ODE
FOFE

Q0

FOEF
F7

4O0F
EOR22
4074
EO24
40732
EO20
4014
EQIE
4012
EGILC
4010
DDEG
40400
4042

PR1T:
2212:
2215
2Zi4:
2215

2216:

e R B d
2217
e
2218:
A
2219
Smm
ananChy
L Lo i)
2221
o den Son o B9
PRty
AT .
e i i B

2224;

Lor o San] —4
Fogriptguy |

2226:

QUITE

coLDp
CENT

CoLD2

caLpz

BR&
RTS

FCR
FCC

FCE
FDE
JSR
JER
JSR
JSR
JER
JSK
FCE
FCcC

JSR
JSR
J5R
RTS

FCE
FCC

FCR
FDE
EQU
LDS
LDX
DEX
LDA
FSH
CFX
ENE
LDS
LDX
DEX
LDA
F&H
CFX
BNE
L.DS
LDX
8TX
LDX
8TX
LDX
8TX
LDX
STX
LDX
8STX
DX
STX
aTXx

I
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HB5
" ABDF: n

$D4
QUIT-7
SFSTOR
DEC
QSTACEK
DRZERQ

CR

FDOTR
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FORTH
DEFIN
GQUIT

$84

. " CDL 11

sC4
ARORT-8
¥
#REND-1
#ERAHM

Q. X

HRFORTH-8
CoLb2

#HN-2
#IMFTAR+1G

O, X

#IMFTAR
COLDZ
H#XFENCE-1
COLINT
XCcorum
DELINT
XDEL.AY
VOCINT
xvaco
DFINIT
XDF
FENCIN
XFENCE
#HDDEO
XUSE
XFREV
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FORTH

FoCe
FOCC
FOCF
FOoDo
FOD:
FODZ
FODé&
Fong
FODR
FODE
FOED
FOEZ
FOE4
FOE&
FOES
FOEA
FOEC
FOEF
FOFZ2
FOFs
FOF8
FOFR

FOFE
FOFF
F100
FLlo2
F1o3
F104
F106
F109
Fioc
F10E
Fi110
F112
F113
Fl115
F117
Fl119
Fllm
F11D
F1liF
Fl121
F123
F125
F127
F129
F12E
F12C
F1ZD
F12F
F1Z0
F132
F133
F13Z4
F1Z&
F13g
F1364
F13C
F1ZE

SE
CE
09
Ab
b
ac
26
BE
FE
DF
CE
=C
aé
7
86
97
7E
7E
7E
7E
7E
7E

cs
44
4F
54
c8
FD
BD
7E
g1
20
a0
54
75
&2
2D
oF
74
20
6F
20

Al

-

=1
8
84

54

4G0F
EQIC

00

EOLZ2
F7
E0L4
EG1O
F2
FOSS

Qo0
Q2
40
OO
EZLD
FFooS
FFOS
FF?S
FFeo
FFeS

4]
)

DG
ESCS
EFD2
A
00
&F
4&
72

&8

-
“~

b6

=0
20

z9
4

| il
a3

a0

=
46
&3
&5

=1

~me e
PG = Pt -
Y T
P = 1 o H
g
gl I
P
22&8:
~e g
22469
Rar Raw hap et
DRATOe
i
pranpr-ay d "

R[RTD

-
el S ownw

RIT T .

Sl s e

2274z
2275
227 6:
2277
2278:
2279:
2280:
2281:
2282
2287
2284
2285:
2286
2287:
2288:
2289:

2290:
2291:
ANQ R .
b [ Lo B
2293:
2294;
2293:
22%96:

2297:

2298:

2299

2E0O0 s

rapinl L N

2301

2302

2T0T:

WENT

WhsRM2

JHFTAR

RFORTH

RTASK
ERAM

LDS
LDX
DEX
LDA
FSH
CFX
BNE
LDS
LDX
8T«
LDX
FCE
LDA
STA
L.DA
sSTA
JMF
JMF
JMF
JMF
JMF
JHMF

FCE
FCC

FCE
FDE
JSR
JMPE
FDE
FDE
FDE
FCC

FCR
FDE
RTS
FCC

D

DD
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#XFENCE~1
HFENCIN
0, X
HOINIT

WARM2

RINIT

UPINIT

uF

#ORORT

3C . PSHX
#G

0z

#4640

(] O

RFSTOR

TRAF

TRAF

TRAF

TRAF

TRAF

$C5
"FORT"

sC8

NQOF—7

DODOES

povac

$81A0

TaASK -7

O
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FORTH

F14G
Flaz
F14%=
F144
Fl4é
F147
F149
F14C
F14F

F152 3

F153
F154
F135
F157
F154
F15E

F15C =

F15D
F135E
F1aF
Fl1é61
Fl162
Flé64
F1&7
FléA
F14D
F170

F171
- F172
F173%
F175
Fi78
F17R
F17E

F17F
F180
Fi81
F182
Fi18z
F1835
F188
F18E

F18C
F18D
F18E
F190
F191
F192
F194
F197
F19a
F15D

Fiao =

FiAal

65
84

==
R

2D 3

C4
F
BD
BD
BD

g1
AA
F1
RD
o8
Qg

84
2F
4D
C4
Fi
ED
ED
BD
RD
39

81
AF
Fi
BD
BD
ED
9

83
4D
4F
ca
Fi1
ED
ED
39

85
26
2F
4F
c4
Fi
ED
ED
ED
ED

a8z

76
E414
EZ8E
E3IC2

42
EZ6Z2

aF

ET45
F149
EZSe
FEC

50

Fi&4
E401
EZF7

71
Fle4
EIF7

4D

7F
ET45
FooR
=758
FORC

STOD

STAR

SLMOD

SLASH

map

2549

2I50:
2751 S8MOD
2352:

2T5Z3:

254

2355

2756 X
2TET7:

FCE
FCC

FCE
FDE
JSR
JSR
JER
RTS

FCE
FCE
FDE
JSK
INX
INX
RTS

FCE
FCC

FCR
FDE
JER
JSR
JER
JER
RTS8

FCE
FCE
FDE
J8R
JER
JSR
RTS

FCE
FCC

FCE
FDE
JER
JSR
RTS

FCE
FCC

FCE
FDE
JGR
JSK
JSR
J8R
RT&

FCE
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84
nEya

&4
CoLL-7
DUF
ZLESE
MINUS 7

%81
BAA
STOD-7
USTAR
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$C4
STAR-4
TOR
STOD
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MSLASH

$£81

$AF
SLMOD-7
SLMOD
SWar -
DROF

87
"n MO 1

sC4
SLASH-4
sLMaD
DROF

£85
"X /MO"

&C4
MOD=&
TOR
MSTAR
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MSLASH

FAGE 44



FORTH

F1AZ2
F1AZ
Fl1Aa4
Flhd
F1A%
F1lal
FlaF

F1RO
FiRrl
FlEz
Fig4
F1RS
FlR&
F1iR8
F1EE
FIlRE
FiC1
FiC4a
FiC7
FiCa
F1CD
F1DoO
F1DZ

FiD4
F1DS
F1Dé&
FiD7
FiD8&
FiDA
F1DD
FLlEO
FLEZ
F1ES
F1ES

F1lE®
FlEA
FlER
F1ED
FlEE
F1FQ
F1F=
F1Fé&
F1Fe
F1FE
F1FE

F1iFF
F200
F201
F202
FR20Z
F205

F208

F204A4
F2OR
FzoC

85

2F
4F
ca
F1
ED
ED
ED
ED
ED
ED
ED
ED
ED
9

87
41

D=
Fi
ED
BD

ED

ED
39

84
44
41
DT
Fi1
ED
ED
ED
27
ED
39

23
ST

-
R

CS
Fl
RD
40

84
18]

=
wd al

ac

Fi24
E401
EZF7

4D

Al
ET45

e
bt

EZ&6A
EZ9E

3a8
E401

345
EZFE
EZG8

EO
E414
EZ8ER
EQ&E
0=

EZCZ2

D4

E414
EI8ER
EQO&E

(.2

EZDZ

E?
E4EQ
40

2400
24071
2402
2407

2404

2405
2404:
2407
2408:
2409:
2410;
2411z

SELASH

MSMOD

ARG

DARS

DARSE

UsE

FCC
FCHE
FDE
JSR
JBR
JER
RTS

FCE
FCC

FCE
FDE
JSR
JeR
JBR
JSR
JSR
JSR
JSK
J8R
JSR
RTS8

FCE
FCC

FCE
FDE
J5R
JSR
JER
BEQR
JER
RTS

FCE
Fcc

FCE
FDE
JER
JSR
JSR
BER
JBR
RTS

FCE
FCC

FCE
FDH
JER
FDR

FCE
FCC
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HAF
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SSMOD

SWAaF

DROF

$85
"M/ MO

$C4
8SLASH-5
TOR
ZERO

R
UsSLASH
FROMRK
SWaF
TOR
USLASH
FROMR
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u AB n

D3
MSMOD-8
Dur
ZLESS
ZEBRAN
ARSZ
MINUS

%84
IIDAE"

D=
AEBS—6
Dur
ZLESS
ZBRAN
DARGZ
DMINUE

8T
" US u

sC5S
DARS-7
DOCON
XUSE

$84
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FORTH

F20E
F20F
F211
F214

Foia
F217
Fz18
214
F21E
F21D
F220
Faz
Foz
F2z7
Faz
Fzz
230

o B

ey
P o

F2I5

F23a
FZ3E
F23E
F241
F244

Fz45
F246
F247
F249
F24RB
F24C
F24E
Fa2ol

254
F257
FZ5A

250

25F
F2e2
F265
Fz2468

F269
26A
F2&E
2&D
F2&F
FE71
F273
FZ75
FZ27
F277
279
F27C
FZ7F
FZ82
FZ28%
F288

D&
Fi
BD
40

84
2K

e

Cé
Fz
ED
44
ED
ED

‘BD

ED
ED
27
EBD
BD
ED
RD
ED
ED
9

84

55

S50
41
CS
Fa
RD
RD
ED
BD
20
EBD
ED
ED
BD
9

8D
45
4D
=4
2D
bt}
44
52
D=
F2
ED
BD
BD
BD
BD

[WFA)
EQ44

EZo9
E414
ED&6Z
E712
EQ&LE
D&

EZF7
ES3S
E414
F211
E44E
E707

44
54

1é6

F211
E44E
E44E
EQ2C
OO

E2ES
F211
E44E
E446E

50
59
46
45

45

ESES
EZ62
EIE®
E7G7

EC11

2412:
24175
2414
241%:
2416
2417:
24918:

2419:
2420:
2421:

o R i XY
et A A

2427
2424:
2425:
24246:
2427 ¢
2428:
2429:
24770
2431
2472
24373
24734
2475
2436
2437
2478:

24379
2440:
2441
2442
2447:
2444
2445:
2444
2447;
2443:
2449:
2450:
2451
2452:

24573

2454 ¢
2435:
24%54:
2457
2458:
2459
2440
2441

244&2:

FREV

FEUF

PEUF2

UFDATE

MTRUF

FCE
FDH
JSR
FDR

FCR
FCC

FCR
FDR
JSR
FCE
JER
JSR
JER
JSR
JER
RER
JSR
ISR
JBR
JER
JER
JSK
RTS

FCE
FCC

FCR
FDR
J8R
JBR
JSR
JSK
FDR
JSR
JBR
JSR
JSR
RTS

FCR
FCC

FCR
FDE
JER
JSR
JSR
JSK
J8R
RTS
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UskE-4
DOCON
AFPREV
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CLITER
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DUF
LIMIT
EQUAL
ZERAN
FEUFZ
DROF
FIRST
DUF
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AT

SUE

$84
“UFDAT"

$CS
FRUF-7
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Or
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STORE
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FIRET
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FORTH

F2a9
Foea
FIBK
Fzac
F28D
F28F
Fooz
F29s
Foog

F299

294
F29R
F29C
F25D
F29F
F2AZ2
F2A4
FzA7
F2AA

FZAR
F2AC
F2AaD
F2aF
F2ER1

2E2
FZ2B4
F2RBR7

2EA
F2ERD
F2C0

2C=

2C&a

2Cc8
F2CE
F2CE
FZ2Di1
F2D4
F2D7

2DA
FZDC
FZDF
F2E2

2ES
F2E8
F2ER
FZED
F2FG
F2F=
F2F&
F2F9
F2FC
F2FF

02

IOS
FI0g
FIOR

FZ0C

44
5z
B

~
ED
ED
ED

8=
44

[ — o]
wdan

Bi
F2
ED
07
ED
ED
39

86
42
55
46
Dz
F2
ED
ED
ED
ED
ED
ED

2

BD
RD
ED
BD
ED
BD
27
ED
ED
BD
ED
BD
7F
ED
RO
ED
BD
BD
ED
ED
RO
BD
BD

85

&9
ES2Z

E&S2A
E4&4E

89
EO2C
Do
E&2A
E44E

44
45

99
Fzos
E44E
E414
ET45
FZ1D
EO&E
F&
F205
E46E
EZ6A
E44E
=8E
EO&E
1A
36A
E&EC
ET4A
E44E
E02C
FF
EZDS

ES23

FaFaA
EZ6A
E46E
ETHA
FZ211
E46E
EIS8
E&EC

R4LT:

2464

244652
24464:
24467
2448:
2449
2470:
247 1:
24723

2473:

2474:
2475
247 b:
2477
2478:
2479
2480:
2481:
2482
2487:

2484:
2485:
248é6:
2487:
2488:
2489:
2490;:
2491 :
2492
2493:
2494
2495:
249&:
2497
2498:
2499
2800:
2501
2502
2B03:
2504:
2505:
2804
2507 :
2508:
o009
2510:
2511

o B}
2512:

2517
2514
2515:
2T1é6:
2517

2518

DRIERD

DRONE

BUFFER

BUFFR2

BUFFRET
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FCE
FCC

FCE
FDR
JER
JER
JBR
RTG

FCE
FCC

FCR
FDE
JSR
FDE
JER
JSR
RTS

FCR
FCC

FCE
FDE
JBR
JSR
J8R
JSR
JBR
JSR
RER
JER
JER
JSR
JER
JSR
JER
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JER
JSR
JER
JEBR
JSR
FDE
JBR
JER
JSR
JSR
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JER
JSR
JER
JSR
RTS

FCr
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i DFx "

HEC

MTEUF-14
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OFSET
STORE
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LIT
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OFSET
STORE
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$D2

DRONE=-&

USE
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ZERAN
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STORE

R
AT
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TWOF

R
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$7FFF
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RW
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STORE
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STORE
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TWOF
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FORTH SSE MNEMONIC ASSEMELER FAGE 48
FIOD 42 2519: Fcc  “ELOCH
FIOE 4C 4F
FZ10 43
FZi1 CE 2ER0: FCE  %CH
FI1Z F2 AE  2521: FDE  EBUFFER-9
FZ14 BD Eé2A 2522: EBLOCK JSR  OFSET
FT17 BD E44E 2523: JSR . AT
FI1A ED EI99 2524: JSR  FLUS
FZ1D BD ET45 2525: JSk  TOR
FI20 BD F211 252é: JSR  FREV
I23 BD E44E 2527: JSR AT
FI26 ED E414 2528: JSR  DUF
FI29 ED E44E 2529: JSR AT
FZ2C RD EI6A 2530: _ JSR R
ED E707 2531: JSR  SUB
EBD E414 2532: JSR  DUF
ED EI99 2533: ISR FLUS
EBD EQ&6E 2534: JSR  ZBRAN
27 49  2535: BEQ  BLOCKES
BD FZ1D 253é: BLOCKI JSR  FEUF
BD EI7E 2537: JSR  ZE@U
. BD EQ&E 2538: JSR  ZERAN
27 1B 2539: EEQ  BLOCK4
ED EIF7 2540: JSR  DROF
ED EJ6A 2541: JSR R
BD FZE4 2542: - JISR  BUFFER
ED E414 2543: JSR  DUF
ED E3&6A 2544: JSR R
BD ES2C 2545: JSR  ONE
BD F4FA 2S546&: JSR  RW
ED ESIS 2547: JSR  TWO
ED E707 2548: JSR  SUR
BD E414 2549: BLOCK4 JSR  DUF
BED E44E 2550: JSR AT
BD EI6A 2551: JSR R
ED E707 2552: JSR  SUE
BD E414 2553: JSR  DUF
ED EI99 2554: JSR  FLUS
BD E3I7R 2555: JSR  ZE@U
FI78 BD EOQLE 2554: JSR  ZEBRAN
I7R 27 CO  2557: EEQ  ELOCKZ
FZ7D ED E414 2558: JSR  DUF
I80 ED F211 2559: JSK  FREV
F3I8F BD E46E 2S60: JSR  STORE
386 BD ETS8 25&1: BLOCKS JSR  FROMR
FI89 BD EIF7 2562: JSR  DROF
F38C ED E&BC 2563: ISR TWOF
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2545 X
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FI9& a9 25681 FCE  $AY
FI97 F3 OC  25&49: FDE  BLOCK-8
FZ99 ED ET45 2570: FLINE JSR  TOR
F39C BD E044 2571: JSR  CLITER
FI9F 40 2572: FCE %40
FIA0 BD ES6F 2573: JSR  EEUF

FZAZ BD F124 2574: JSR |ssMan
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FIas4
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FIAC
FZAF
FIEZ
FIES
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FZED
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FIBF
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F3C2
F3C3
F3CS
F3C8
F3CE

FZCE =

FICF
F3DO
FID1
F3D3
F3D5
F3D6
F3ID7
F3ID9

3DC
F3DF
FIES
FIE4
FIE7
F3IEA
FIEC

IEF
F3IFO

IF3

3F6
FIF9

IFC

IFF
Fa02
F404
Fao7
Faos
F409
F40R
F40D
F4GE
Fa11

Fa1z
Fa13
F414
Fa1é
Fa17
Fa19
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BD
ED
ED
BD
RD
BD
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7.
=t

72 7

20
20

BD
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F157
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FIeg
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EQER
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ED
ESCA
E44E
EQ&E
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E79E
EQ&E
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EC44
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E44E
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E70Q7
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F814
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ESFC
E44E
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ey
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2581
2582:
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2584
25985:
258646

2587
2588:
2589:
2590
2591
2592:
25935:
2894:

2595:

2596
2597
2598:
2599
26002
2601
2602
2607:
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2605:
2606
2607
2608:
2609:
261G
2611:
2612:
2617:
2614
2615:

286142

2617
2618
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F4T1
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Faz7
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Fa4aF
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F4D0
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FSAO0
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FSCF
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FSD7
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FSDE
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FaoF 44 2850 FCo npn
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E71D =
EO&LE -
Q7 :
E044 .

EIP9 .
EO44

EZ99 =
ECZF
3040:
J041:
3042
3043
2044z
2045
046
3047
3048;:
049
050
051
03521
JQ33:
2054
OS5
054
3057
Z058:
J059:
BIar Ie )]
041
2062
S0&E:
RAWFEY
T0&T:

J0486:

7é

F77A
EZE?
EZE?
EZES
EZ7R
EQ&E
EC

S d

7

EZ45
Fla9
EZS8
F7D9

I0LT:

C1 T068:

SIGN

SIGNZ

DIGE

DIGZ

DIGS

DOTR

FDE
JER
J5R
JER
BEQR
JSR
FCC
JER
RTS

FCE
FCE
FDE
JSR
JEK
JSR
JSR
JER
FCE
JSR

JSR

JER
REQ
JER
FCE
JBR
JSR
FCC
JSR
JER
RTS

FCE
FCC
FCR
FDE
JSR
JSR
JER
JER
JSR
JSR
BEQ
RTS

FCR
FCC
FCE
FDE
JER
J8R
JER
JBR
RTS

FCH
FcC

FCE
FDE

_86_

EDIGE-5

ROT
ZLESE
ZBRAN
SIGNZ2

CLITER
[Tt

HOLD

%81
AT
SIGN-7
BASE
AT
MSmOoD
RAOT
CLITER
q

OVER
LESS
ZBRAN
DIG2
CLITER
7

FLUS
CLITER
Il(:yll
FLUS
HOLD

$82
l|#(l
D3
DIiG-4
DIG
QOVER
OVER
Or
ZEQU
ZBRAN
DIGS

82

"I "
D2
DIGS-S
TOR
870D
FROMK
DDOTKR

S8T
HD- "

$D2
DOTR-S

SSE MNEMONIC ASSEMBLER

FAGE

oy
o/



FORTH

F7D9
F7hC
F7DF
F7EZ
F7ES
F7E&
F7ER
F7EE
F7F1
F7F4
F7F7
F7FA
F7FD

F800 =

F801
F802
F803
F804
Fg0é&
Fgooe
F8oC

FBOF =

Fg1a
Fg11
Fa12
F8i4
F817

F81ia =

F81E
Fg1ic
F81D
F81F
FB22
Fazs

F8zé
F827
F8z8
Fazn
FB2R
F8z2Dh
F8Z0
F8I3
F836
Faze
F8Z=C
FaIF
Fa4a
Fgai1
Fa4:z
Fa4s
FB4é
Fa49
Fa4c
F84D
Fas0
F85=

81
BF
F8
ED
BD
I9

84
4c
49
D4
FB
ED
BD
ED
ED
ED
BD
0b

=

47
20
20
BD
BD
10
BD
RD
BRD

J0&F:

EZ45
E401
EZE® =
FIFQ 30
F7Z7 =
F7aC Z074:
F76% Z07%5:
F74&6
EZSR
EZE®
E7Q7
F715
ESEER

FI0T b
J0T7
I078:
FQ79:
T0RO:
Z081:
2082:
2083
2084:
F0895:
F308é:
3087
3088:
Z089:
00
2091
Z092:
3093:
S04
2095:
3096
I097:
Z098:
F099:
Z100:
101
I102:
3103
Z104;:
3I105:
3106
J107:
Z108:

DX
ESZZ

F7D9
E7S5A

a1
F149
F806

10
E44E
F814

S5

3109
3110:
Zlils
F112:
113
Z114:
Z115:.
Zlib:
117
F118:

1R

E?3ID
EZ1D
E414
E&IC
E4&E
EAL4L

&=
ot

e
R

F814 =
E044

=
T e e

EQC1 =1
EZ21D 3124:

DDOTR

X

DDOT

DoT

QuUEST

LIST

LIST2

ISR
JSR
FCR
JSR
JSR
JSR

S8R MNEMONIC ASSEMELER

TOR
SWAF
OVEFR
DARS
EDIGS
DIGSs
SIGN
EDIGS
FROMR
OVER
SUR
SPACES
TYFE

®82

" Dll

HAHE
DDOTR-&
ZERO
DDOTR
SFACE

81
BLE
DDOT-S
s7TaD
DopoT

$£81
$BF
DOT-4
AT
bDoT

$84
IILISII

D4
QUEST-4
DEC

CR

DUF

SCR
STORE
FDOTE

&

"SCR # M

ooT
CLITER
10
ZERO
D0

Cr

FAGE =8
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FORTH . SSE MNEMONIC ASSEMELER FAGE 59
F256 BD EODA T125: ISR I
FE59 BD ESTE T126: JSR  THREE
FeSC BD F7Cé6 T127: JSR  DOTR
FESF BD E7SA T128: JSR  SPACE
FR&2 ED EGDA I129: JSR I
FB&4S ED E6lIC T130: JSR  SCR
Fe48 BD E44E F171: JSR . AT
FB&E ED FICS I132: JSR DLINE
FB&4E ED E07C T133: JSR  XLOOF
FB71 27 EO  T134: BE@  LISTZ
F873 BD E21D I135: JSR  CR
Fazse 39 T136: RTS

T1IT7: K
FB877 a5 F178: FCE 85
F878 4% T139: FCC  "INDE"
FR79 4E 44
FE7R 45
FE7C D8 T140: - FCE  $D®&
.F87D F8 26  T141: FDE  LIST-7
F87F EBD E21D T142: INDEX JSR CR
F8B8Z ED E&EC F143: JSR  ONEF
F88S BD E401 3144 JSR  SWAF
F888 ED EOC1 3145: JSR  XDO
FBBE ED E21iD 3144: INDEXZ JSR  CR
FBBE ED EODA T147: JskR I
F891 ED ES3E 3148: JSR  THREE
F894 ED F7C&6 T149: JSR  DOTR
FE97 ED E7SA 3150: JSR  SFACE ’
F89A BD ES23 3151: JSR  ZERD
FE9D BD EQDA 3152: JSR I
FBAO BD F3CS 3153: JSR  DLINE
FBAT ED E211 I154: JSR  GTERM
FBA& ED EOLE T155: JSR  ZERAN
FBA9 27 O3  Z156: BEQ  INDEX3
FEAER BD EIT6 I157: JSR  LEAVE
FBAE ED E07C I158: INDEXI JSR  XLOOF
FBE1 27 D8  T159: EEQ  INDEXZ
FERZ ED E21D F1460: JSR  CR
F8ER& 39 I161: RTS

T162: X
FSE7 8% T16T: FCE  $85
FBRE8 5S4 T164: FCC  "TRIA"
FBRS 52 49
FBEE 41
FBBC C4 T165: FCE  %C4
FSED F8 77  Tlé&é: FDE  INDEX-8
FEEF BD ESTE I1&47: TRIAD JSR  THREE
FBCZ BD F175 T148: JSR  SLASH
FECS BD ESTE T149: JSR  THREE
FEC8 BD F1S57 3170: ISR STAR
FECE BD ESTE T171: JSR  THREE
FBCE EBD ETEY T172: JSK  OVER
FED1 EBD EI99 Z173: JSR FLUS
F8D4 BD E401 I174: JSR  SWAF
FED7 ED EOCL I17S: JSR XDO
F8DA ED EZID I174: TRIADZ JSR  CR
FEDD ED EODA T177: JSR I
FBEG RD FB2D T178: JSR  LIST
FEET BD E211 I179: JSR  QTERM

FB8E& ED EOGLE F180: JER ZERAN



FORTH

FSE®
FBER
F3EE
Far1
FaFZ
FBF&
FaFe
FBFA
FaFD
FRoo

FeOl
FRo2
FROZ
FRag
FR0s
F07
F2R09
FeoC
FI0D
Fol10
FPL3
F1é
Fo19
Fe1C
FoLiF
Fo22
FI25
Foz8
FRZE
F2C
Fo2F
Foza
Fo35
FR37
FRIA
F@ZD
F240
Fo4z
FRaé
Fo49
Fe4acC
Fe4aF
F?32
Fo3S
Fooe
FPER
FoSE
FR&l
Fo&a4
FR4&7
FI&a9
F4C
Fo&F

Fe70
Fe7l
Fe72
FR73
Fe74

27
BD
ED
27
BD
RD
OF

BD

Ox
E354
EQ7C
EY
EZ1D
EO44

FID9
EZLID

49

E7
EC44

Eé&ll
E44E
E&TY
E44E
E44E
E&LL
E44E

E&AL ]

E44E
E044

E707
E7:8
EC6E
oc

EZ21D
ES2E
E&LL
E446E
E414
EElS
E73A
E7SA

E®LE =

E7FQ
E44E
E414
EZ7R
E211
E2EDS
EOLE
BZ

EIZF7 3

EZ21D

Zigti:
2182
Z18%:
Zigd:
Z18%:
Z18é4:
Z187:
Z188:
z189%:
Z190:
Fi191:
S192:

2193

Z194:
F195:
194
3197:
Z198:
2199:
S20C0:
3201
JI202:
2073
I204:
Z205:
IZ206:
I207:
I208:
3209
2210:
211
Z212
32135
214
Z215:
3214
2217
T218:
F219:
BR20:
I221:
I222:
%223:

I224:
F225:
F2264:
FR27:

=t it

2228

TRIADZ

VLIST

VLISTI

VLISTZ

BED
JBR
JER
BEQR

JER

JER
FCE
JER
JSR
RTS

FCR
FCC

FCE
FDER
JSR
FCE
JSR
JSR
JER
JSR
JSR
JER
JER
JSR
JBR
JSR
FCE
JSR
JSR
JSR
EBEG
JSR
JSR
JSR
JBR
J8R
JSR
JSR
J8R
JSR
JGR
JSR
JSR
JER
JSR
JSK
JSR
BEQ
JE8R
JSR
RTS

FCE
FCC

FCE
FDE

- 89 _

S8R MNEMONIC ASSEMBLER

TRIADZ
LEAVE
XLOOF
TRIADZ
CR
CLITER
$OF
MESS
CR

$85
"JLIS"

$D4
TRIAD-8
CLITER
$30
ouT
STORE
CONTXT
aT

AT

ouT

aT
coLumMg
AT
CLITER

e

fat a

SUE
GREAT
ZBRAN
VLISTZ
CR
ZERO
ouT
STORE
DUF
I1DDOT
SFACE
SFACE
FF&
LFA
AT
DUF
ZEQU
OTERM
or
ZBRAN
VLISTL
DROF
CR

®#8T
11D+|l

$4D
VLIST-8

FAGE &0



FORTH

F9Rs&
FS7e
Fe7C
FO7E
Fo81

Fagz
Feas
Fog4
Fo83
Feg7
FI8A
FegD
Fo8F

F992 I

Feez
Fe94
Fees
Fe94a
Fo98
Fo9H
Fo9E
Feal
FIA4
Fea7
FAR
FeAD
F?RO
FIRZ
FoR&

For7z
FPRS
FoB?
FEA
FEC
FIBF
FoC2
FoCSs
FeCg
FPCE
FoCE
FD1
FeD4
FeD7
FeDA
FeDD
FREOG
FREZ
FOESL
FRE®

FPEA
FoER
FeEC
F?ED
FPEE
FOFG
FOFZ

BD

OO

EIgR
EO&E

L

EZDZ2 32

7O

EZ8R 32
EQLE 32

QO

3C2

2
-

EIE?
EZE?
E2F &
343
F1DA
E401
F1DA
EZ62

58

FR7&

=
EJE®?
343
EZ45
FiFo
EZ6A
F1iDA
EZ2FE
EZS8
EZ6A
E2F&
Fog7
E401

ETS8 I2
Feg87 =

E401

B7

4

E4EC 2

ZI250s

e
2251

=
ot it &

e
PR Py

2254
3255
2256

T .
7

ot e

3258:
I3259:
T2601
T261:
T262:

LT .
O &

3264
I265:
I266:
32467
I268:
I269:
2270:
3271:
3I272:

“r ey,
-t b B

3274:
I275:
I276:

F277:

3278:
3279:
3280:

z281:

T282:

T287:

DFLMI
DFLMIZ
%

FLMI

FLMIZ

M&ETAR

MSLASH

J8F
JER
BEG
JER
RTS

FCE
FCC
FCE
FDE
JSR
JSR
REQ
JSR
RTS

FCE
FCC
FCE
FDR
JSR
JSR
JER
JER
JSR
JSR
JSR
JSR
J8R
JSR
RTS

FCE
FCC
FCE
FDR
JSR
JSR
JSR
JER
JER
JER
JSR
J8R
JER
JSR
JSR
JER
J8R
JER
JSR
RT&

FCE
FCC

FCB
FDE
JGR
FDE

_go -

S8R MNEMONIC ASSEMBLER

ILESS
ZBRAN
DFLMIZ
DM INUS

%82

l'+ll

$AD
DFLMI-&
ZLESS
ZBRAN
FLMIZ
MINUS

$82
IIMII
SAA
FLMI-S
OVER
OVER
XOR
TOR
ARS
SWaAF
ARS
USTAR
FROMR
DPLMI

$£82
IlM'I
$AF
MSTAR-5
aVER
TOR
TOR
DARS

R

ARS
USLASH
FROMR
R

X0OR
FLMI
SWAF
FROMK
PLMI
SWAP

$87
"C‘/ 1

$CC
MSLASH-5
DOCON
$40

FAGE 61



FORTH

FSFS
FoF&
FOF7
FOF®
FOF&
FOFC
FFF
Faoz
FAOS
FAOR
FAOH
FACE
FAll
FAl4
FALl7

FAlA 3

FALE
Falc
FALD
FALF
FAZO
FAZZ
FAZS
FAzZ8
FAZA
FAZD
FAZO
FAT1
FAZ4
FAZ7
FAZA
FAZD

FA40 .

FA41
FA4Z
FA4T
FA4S
FA47
FA48
FA4A
FA4D
FASO
FASZ
FAS4

FASL
FAST7
FAIRE
FASA
FAZE
FASC
FASE
Faél
FR&4
FA&7
FRoA
FASD

85

RBD

BD
BD

o8

EA

E&CA
FoFo
E&BO
ECZ1
ECEC -
E&CA
EC4A
FoFG -
E&RO

e
L

TEXT

4E

FS :
E414 IX
EQG2
Fo .
EQ44

LINE

EB3ZA I3
E&IC 33
E44E IT
FI99 |
EIF7 I

49
4F

1B

E9CS
EFDZ2 °
AQ

-
-

12

EDITOR

45

41

E414
ES7C
F173 32
E414
E&IC =
E44E

WHERE

FCE
FDE
JER
JSR
JSR
JSR
JSR
JSR
JBR
JER
JSR
JSR
RTS

FCE
FCC

FCE
FDR
JBR
JSR
FDR
JSR
JSR
FCR
JER
JSR
J8R
JSRK
JER
RTS

FCE
FeC

FCR
FDE
JER
JMF
FDE
FDE
FDR

FCR
FCC

FCE
FDE
JSR
JSK
J8R
JSR
JER
JSR

_91_

S8E MNEMONIC ASSEMBLER

584
"TEX"

$D4
CL-&
HERE
CL
ONEF
BLANES
WORD
HERE
FAD
CL
OMEP
CMOVE

84
I!LINI!

$CS
TEXT-7
DUF
LIT
SFFFO
AND
CLITER
$17
GERR
SCR

AT
FLINE
DROF

L&
"EDITQ"

D2
LINE-7
DODOES
povac
$81A0 .
C-4
FORTH+10

483

"WHER"

$C3
EDITOR-9

DUF

BSCR
SLASH
DuF
SCR
STORE

FAGE &2



FORTH . SEH MNEMONIC ASSEMELER FAGE &7
Q70 BD EAL4 ITS1s JSR FDOTER

Fa7Z 0& = FCR &

FA74 53 TTEE: FCC “SCR # ¢

Fa7s 43 32

Fa77 20 2T

FA7F 20

Fa7a BD E9ID I354: JSR . DEC

FAYD BD FB14 IE35: JSR DoT

FABO RBD E401 ET56: JSR SKAF
FABT RBD F?FO 3357: JOR CL

FABs RBRD Fl&4 T JSR SLMOD

FAB% RD F9FG JSR cL
FagC ED F1S57 33 JS8R STAR
FASF EBD E745 55 JSR ROT
FA?Z BD F314 JER BLOCK
FA?S BD EZI99 JER FLUS
FA98 BD EZ1D IZ JSR R
FAYE EBD F9FO 33 J8R cL
FAPE BD EPER I34&6&: JER TYFE
FAAdl BD EXZID 3I367: JSKR CR
FAAR4 BD E&CA IT68: JER HERE
FAA7 BD E4SE I3469: J8R CAT
FAAA BD E707 IZ70:@ JGR SUE
FAAD BD F715 3371: JSR SFACES
FARO BD E044 Z372: JER CLITER
FARBT SE = FCE $TE
FAR4 RD E1DC Z374: JER EMIT
FAR7 BD FA4A I3E75: JSR EDITOR
FARA EBD FOOA E376: JSR auIT
FARD T9 3377 RTS

SI78: X%
FARE 87 IT79: FCE €87
FARBF 23 TE80: FCC “#LOCATY
FACO 4C 4F
-FACZ 4% 41
FAC4 54
FACS FCE L5
FAC& FDE TASKE-7
FACS NLOC JER RNUM
FACE JSR AT
FACE JOR cL
FAD1 JER SLMOD
FAD4 = RTS

X

FADS FCER %85
FAD& FCO "HLEA"
FAD7
FAD?
FADA FCE sC4
F&DE FDE NLOC-10

NLEAD JSR NLOC
J8R LINE
JBR SWaF

FAaDD )
FAEQ EBD FAZZ
FAEZ ED E401

FAEL 39 RTS

x
FAE7 84 : FCH 84
FAEG 2= II99: FCC "HLAY
FAEY 4C 41
FAER C7 F400: FCR $C7

FAREC FA DS F401: FDE NLEAD-8



FORTH

FAEE
FaFtl
FaF4
FAF7
FaFA
FAFD
FROO
FROZ

FRO4
FROS
FROb
Frog
FRO?
FROA
FEROC
FROF
FR12
FB1IS
Fr18

FR19
FELA
FRIE
FRID
FRr20
FR2Z
FEZ26
FR29
FR2C
FR2F
FRIZ2
FRZS

FRI&
FRZ7
FBIR
FRZEA
FEZD
FERA4O
FE47Z
Fr4s

FE47
FE48
FR49
FER4H
FR4E
FRS1
FERS4
FES7
Frag
FRSE
FRSE
FR&L
FERo4
FBR&7
FE&A
FRSD
FR&F

EBD
BD
BD
ED
BD
ED
ED
39

85
20
4D
56
Co
Fa
BD
ED
BD
ED
9

21
c8
FE
ED
RD
ED
BD
BD
BD
BD
BD
9

81
S
FE
ED
BD
ED
ED
79

g1
D3
FE
ED
ED
ED
ED
O
BD
ED
ED
ED
ED
ED
ED
FF
ED

FADD
E414
EZ4T
EZ99
FIFG
EZS8
E707

aF

E7
FAZZ
FOFO
E22D
FR4E

04

FAZZ
EC4A
E&EQ
FOFQ
E414
EC4A
E482
EZ2D

19

FAZZ 3
FOFO :

EC21

FR4E T

&

E414 =

ESZ

E707 =
EQ44 T

EOCT

EODA T
FAZZ =
EODA I

E&RO

FROC =
EQR2C =

FF
EOBE

Z402:
34073
3404
R
T408:
F407
Z408:
F409:
Z410;:
T411:
F412:

Z417%;
3414:
3415
3416
3417
3418:
3419
420
3421
3422

T423:

2424
3425
I426:
2427
3428:
T429:
FT4T0
3431

—aT
3432

Z43535:

NLAG

MMOVE

ER

J8R
JER
JSFR
JGR
J8R
ISR
JSR
RTG

FCR
FCC

FCE
FDE
JGR
JBR
JER
JSR
RTS

FCE
FCE
FDR
JSR
JSR
JSK
JSR
JSR
JSR
JSR
JSR
RTS

FCE
FCR
FDE
JER
JSR
JSR
JSR
RTS

FCE
FCE
FDRE
JSR
JER
JSR
JER
FCB
JGR
JSK
JER
JSR
JER
JSR
JER
FDE
JSR

S8R MNEMONIC ASSEMBLER
NLEAD

DU

TOR

FLUS

CL

FROMR

SUER

w85
"_MDV 11}

$CS
NLAG-7
LINE
CL
CMOVE
UFDATE

81
%8
MMOVE-8
LINE
FAD
ONEF
CL

DUF
FAD
CSTORE
CMQOVE

$81
$CS
H-4
LINE
CL
ELANES
UFDATE

%81
D=
ER-4
DUF
ONE
SUHR
CLITER
$E

Xbo

I

LINE

I

ONEF
MMOVE
LIT
$FFFF
AFLOOP

FAGE &4



FORTH

FE72
FR74
FRT7

FE78
FE7S
FE7A
FE7C
FE7F
FREZ
FESS
FE86
FE8%
FESC
FESF
FR92
FESS
FESE
FE9H
FR9E
FEAL
FEAT
FEAG

FRA7
FERAB
FEA?
FRAER
FEAE
FEE1
FER4
FBRE7
FBEA
FBRD
FRCO
FRC1
FRC4
FRC?7
FRCA
FRCD
FEDO

FERDZ =

FED4
FEDS
FED&
FEDB
FEDE
FEDE
FEE]
FEBE4
FREZ
FEEAR
FEED
FERFG
FRFZ

FEF4
FEFS
FEF&

27
BD
81
c4
FE
BD
ED
ED
OF
ED
ED
BD
EBD
BD
ED
ED
ED
ED
27
ED
9

81
CD
Fr
BD
RD
RD
ED
BD
ED
ED
SF
ED
ED
BD
ED
BD
ED

81
D4
FE
ED
BD
BD
RD
RD
ED
BD
ED
BD

81
cC
FE

E7
FEZA

4460
Z4461:
T4462:
T44T:

| E444:

47
E414
FELD
E044

E414
E745
EOCT
EODA
E&RO
FAZZ
EODA
FEROC
EO7C
EC

FEZA

78

E&8C
E420
EZ21D
E75A
FADD
E9EE
E044

E1DC
FAEE
E9EER
FACe
F814
EZF7

A7

E414
FOFO
F157
E&8C

E4&E

E414
FE1D

ES2T

S ot

FRAHR

D4

T4&65:
Z4646:
Z4&7:
z4458:
T4469:
Z470;
3471
3472:
2473
2474;
3475:
347 h:
J48477:
3478:
3479
I480:
3481
Z482:
34873:
3484:
2485
486
3487:
3488:;
3489:
3490
3491:
3492:
2493
3494
495
T4946:
Z497:
3498:
T499:
3500z
3501
I502:
5073
I504:
IS505;:
506
IS0 s
Z508:
o009
510
51l
IT12:

To13:

Z514:
AR BT
TN Y]
I51T:
I518:

IS19:

DEL

DELZ2

REQ
JER
RTS

FCR
FCE
FDH
JSR
JER
JSR
FCE
JER
JER
JER
JSk
J5R
JSR
JSR
JER
J8R
REQ
JSR
RTS

FCH
FCH
FDE
JSR
JSR
JSK
JER
JSR
JSR
JSR
FCE
JSR
J8R
JER
JSR
JeR
JSR
RTS

FCR
FCE
FDEB
J8R
J8R
JSR
JSR
JER
J8R
JSR
JaR
JER
RTS

FCE
FCR
FDE

858 MNEMONIC ASSEMBLER

=3
ER

£81
w04
S-4
DUF

H
CLITER
HF
DUF
ROT
Xpo

I
ONEF
LINE
I
MMOVE
XLOOF
DELZ2
ER

81
&CD
DEL~4
RNLIM
FSTORE
CR
SFACE
NLEAD
TYFE
CLITER
$5F
EMIT
NLAG
TYFE
NLOC
poT
DROF

$81
$D4
M=4
DUF
cL
STAR
RINUM
STORE
DUF

H
ZERD
M

#81
$CC
T-4

FAGE &5



FORTH

FEF8
FEFE
FERFE
FCo1
FCo4
FCO7

FCog
FCGO®
FCoA
Fcoc
FCOF
FC12
FC1a
FCi8

FC1@
FClA
FC1E
FC1D
FC20
FC2Z
FC2é

FC27
FCz28
FCZ?
FCZR
FCZE
FC31

FC34 3

FC3S
FCTé
FC37
FC38
FC39
FCIR
FCIE
FC41
FC44

FC45
FC46
FC47
FC42
FC44A
FCak
FC4D
FCSO
FCsT
FCE&
FCH7
FCEA
FCSD
FC&0
FC&Z
FCoé
FC&B8

ED
RD
BD
BD
BD

81
L2
FR
ED

ED.

ED
BD
9

81
DG
FC
BD
ED
BD

-t

81

ce.

FC
ED
BRD
BD

h
54
aF
DO
FC
ED
ED
ED
39

85
4%
ac
41
D2

FC =

ED
ED
ED
10
ED
ED
BD
ED
BD
27
=9

E&LIC Z820:
E44E TE2i:
FR2D I522:
ESZT 027
FEAR Z524:
ZD25:
I526:
ZE27:
%528:
F4 FE29:
EC4a 3530:
E6RO ZEX
E401
FROC =
a8
ES2C =
FRFC T540;
FCOC 3541:
2542:
3547
2544
3543:
19 30446:
E414 =547
FBR4ER T548:
FCOC =549:
2550:
051
I092:
I553:
I554:
2 3599:
ES2E I556:
E&SC 3557:
E46E 3558:
I05T9:
I5&0:
T561:
IG62:
45
IE5&4T:
e I0&4:
E&IC Z945:
E4&8E T5&6:
EQ44 T5467:
3548
S2T 3I569:
EQCL Z570:
EOGDA Z571:
FEZA T572
EQ7C Z573:
FS 574
IET75:

L

REF

INS

TOF

CLEAR

CL=

JER
JSR
JSR
JER
JSR
RTS

FCR
FCE
FDRE
J8R
JSR
JSR
JER
RTS

FCE
FCE
FDE
JER
JER
JER
RTS

FCE
FCE
FDR
JER
JSR
JSR
RTS

FCE
FCC

FCE
FDE
J8R
JSK
JSR
RTS

FCE
FCC

FCE
FDE
JSR
J8R
JSR
FCE
JSR
JSR
JSR
JSR
JER
BREQ
RTS

- a5 -

G8E MNEMONIC ASSEMELER

SCR
AT
LIST
ZERD

821
$D2
L-4
FaD
ONEF
SWAaF
MMOVE

$81
DO
REF-4
ONE
TEXT
REF

$81
$C
F-2
DUP
s

REF

£83
11 TD L1}

DO
INS-4
ZERO
RNLIM
STORE

€85
"CLEA"

D2
TOF-4
SCR
STORE
CLITER
$10
ZERD
XD0O

I

ER
XLOOF
cL2

FAGE &6&



FORTH

FCA®
FCoA 44
FC&E 4C
FC&D ©Z
FCoE C8
FCsF FC
FC?71 ED
FC74 o8
FC7a
FC78
FC7®
FC7E
FCao
FC8=
FC8é&
FCcge 27
FCBE =

8%

a5
E044

ES2Z
EGC1
EQZC
FF

F2R4
EZF7
EQ7C
Fo

FC8c
FC8D
FC8E
FC90
FC21
FCo93
FC?&
FCo9
FCceo
FCoF
FCAZ
FCAS
FCAB
FCAR
FCAE
FCRr1
FCE4
FCR?7
FCEA
FCRD
FCCoO
FCC=
FCC&
FCCe
Fcce
FCCF
FCDZ2
FCDS
FCD7
FCDA EBD
"FCDD =9

SO

&9
ES7C
F157
E&Z2A
E44E
EZ99
E40G1
ES7C
F157
ES7C
ZEQ
EZI99
E401
EOQC1
E414
EODA
FZ14
ESZS
E707
E46E
E&BO
F24E
EG7C
E3
EZF7
FC71

FCDE
FCDF
FCEO
FCEZ
FCE4
FCES
FCE7
FCEA
FCED
FCFO

86
44
45
45
Cs
FC
BD
BD
ED
ED

4C
=4

8C
ET45
FAEE
EZ99
ET6A

b~y S 4
S

578

TETS:
Z580:
2581
Ta582:

e g
5830

z584:
zE85:
586!
35R7:
3388:
3589
590
Z591:
9592
I593

3594;

3595:
2596
Z597:
2398
3599
I600:
3601
3602
603 :
2604:
3605
606
3607
3608:
I609:
3610
611
I612:
36513
3614:
3615
Iblé:
3617
I618:
T619:
2620
621
S622:
TE2T:
Sh20r

TE2S:

2626
827 e
T&2E:
T629:
IETO:

3631

FLUSH

FLZ

Cory

COFPYZ2

DELETE

FCH
FCC

FCHE
FDE
JER
FCE
JER
JSKR
JER
FDE
JER
JSR
JSR
BEQR
RTS

FCR
FCC

FCR
FDE
JER
JSR
JSR
JSR
JSR
JSR
JSR
JSR
ISR
JSR
JBR
JBR
JSR
JER
JSR
JSK
JSR
JSR
JER
JSR
JSR
JSR
BER
JER
JGR
RTS

FCE
FEcC

FCE
FDR
JSR
JER
JSR
JSR

SSE MNEMOWIC ASSEMBLER

$95
MFLUS"

&®#C8
CLEAR-8
CLITER
8

ZERO
XpQ
LIT
ST7FFF
BUFFER
DROF
XLOOF
FLZ

+£84
" CD Fl "

DY
FLUSH-8
BSCR
STAR
OFSET
AT
FLUS
SkWAF
BSCR
STAR
BSCR
OVER
FLUS
SWAF
XxDo
DUF

I
EBLOCE
TWO
SUER
STORE
ONEF
UFDATE
XL.oor
cory2
DROF
FLUSH

86
"DELET"Y

$CS
Cory-7
TOR
NLAG
FLUS

R

FAGE &7



FORTH

FCFZ
FCF&
FCFe
FCFC
FCFF
Fpoz
FDOS
Foag
FDOR
FDOE
FD11
FDi4
FD17
FD1A

FD1E
FD1C
FD1D
FDLF
FD2Z
FD235
FD28
FD2R

FD2C
FD2D
FDZE
FDI0
FD33
FD36
FDT9
FD3C
FDIF
FD42
FD4S
FD48
FD4R
FD4E
FDS1
FDS4
FDS7
FDSA
FDSD
FD&O
FD&T
FD&é
FD&9
FD&C
FD&F
FD72
FD75
FD78
FD7H
FD7E
FD81
Foa4

FD87 =

FD38
Fpgae

BD
BD
BD
BD
EBD
BD
ED
BD
ED
BD
ED
ED
BD
39

21

~
c2

FC
BD

ED
ED
39

81
C=
FD
BD
ED
ED
ED
ED
ED
BD
ED
RBRD
ED
BD
ED
ED
BRD
ED
ED
ED
ED
ED
ED
RD
BD
BD
BD
EBD
BD
ED
ED
BD

82

S0

-
FAS

FAEE 34

EZ6A T

EZCE Z&3

Es30

E420 T&T
FADD Té

EZFe I

E401

EZ2D I
E3IS8 =

ECZ21

FR4E

DE

EC4a &
E4SE =
IC2 3

FEBAR =

iR

ES2C =
FFC 3
EC4A 7
E?D7 3
FAEE =
E745 =

E3E? =&

E767 =
345
EZ6A 3
E&BC =

E420
EZ6A
E707
EZ45
E414
E&CA
264
EZ2
E&CA
FADD
ET99
EzZS8
EZZD
ETS8
EZZ
FZ24E
EGZT

FERAR

F2670:
F671:
3672
RY-WALY]
3674
2675
2674k
677
T&78:
34H79:
F&HGOe
4681
ShB2:
3687
684
ZHBS:
3686
687
T688:
Z689:
Z690:
3691

2}

1]

RN

1,

Ty g Caong Vaory

LSRR ]
W m
mIB DA NN

JER
J5R
JER
JSR
JSR
JSR
RTS

FCR
FCE
FDE
JSR
JSR
JSR
JSR
RTS

FCE
FCE
FDE
JER
JER
JSR
J8R
JSR
JSK
JSR
JSR
JSR
JSR
JSR
JSR
JSR
JSK
JER
JSR
JER
JSR
JSR
JSR
JER
J8R
JEK
J 3R
JER
J8R
JER
JER
JER
RTS8

FCR
FCC

S8 MNEMONIC ASSEMELER
=1
NLAG

K
MINUS
RNUM
FSTORE
NLEAD
FLUS
SWAF
CMOVE
FROMR
ELANES
UFDATE

81

$C2
DELETE-9
FAD

CAT
MINUS

!

$81
$C=
E—-4
ONE
TEXT
FAD
COUNT
NLAG
ROT
OVER
MIN
TOR

R
RNUM
FSTORE
R

SUE
TOR
DUF
HERE
R
CMOVE
HERE
NLEAD
FLUS
FROMR
CMOVE
FROMR
CMOVE
LIFDATE
ZERD
M

$82
HF:‘H

FPAGE &8



FORTH S8R MNEMONIC ASSEMBLER FAGE 69
FDBa AE 2892: FCR SOE
FDER Fa Sé4 2L FDE WHERE~-&
FDSD EBD E044 7&94: FDOT JSR CLITER
FDQO 40 TH95: FCR B40
FD?1 BD ES3EE I4&%946: J8R TWO
FD?4 ED E482 I4697: JER C8TORE
FLY7 I°9 34H98: RTS

TEHPF:r X
FD?3 23 I700: FCE $87%
FD99 4D 3701 FCC "Moo
FD?A 4F
FDQPE CE F702: FCE $CE
FDeC FD 88 3703: FDE FDOT-S
FDPE 7E FE8& 3F704: MON JMF START
FDAl 39 F705: RTS Dummy

I706: X
FDAZ 84 I70Q7: FCE $84
FDAZ 4C F708: FCC YLINY
FDA4 49 4E
FDAa& CE I709: FCER $CB
FDa7 FD 98 3710 FDRE MON-&
FDA? EBD ESIE Z711: LINE JSR THREE
FDaAC BD F1S7 F712: JSR STAR
FDAF EBD E044 =7173: JER CLITER
FDRZ2 DO 3714: FCE DO
FDBZ EBD EZI99 371%5: JER FLUS
FDR& BD E414 3716: JSR DUIF
FDE9 ED EOQ44 Z717: JSR CLITER
FDEC 7E 3718: FCR $7E
FDED RD E401 I719: JSR SWAF
FDCO BD E482 3I720: JSR CSTORE
FDCZ BD E&BO F721: JSR ONEF
FDC& BD FS4S 3I722: JSR TICk
FDC? BD E401 I723: JSR SarF
FDCC BD E44E 3I724: JSR STORE
FDCF =9 ) 3725 RTS

3726 X
FDDO 84 IT727: FCE $84
FDD1 4E 3728z FCC "NOOY
FDD2 4F 4F
FDD4 DO 3729: FCE $DO
FDDS FD A2 2730 FDER LINKE=7
FDD7 329 2731 NOOF RTS

JI732: X
0800 E7IT: BUR EQU O8O0

3734 X
FDD8 & 7375 RUBRBLE FSH A
FDD? EBR& OBOZ I736: LDa & BUEBR~+Z
FDDC 85 01 7V BRIT A& #01
FODDE 27 04 ST BEQ BB
FDEO Cé& 20 I7I9: LDAa B #3520
FDEZ2 =2 3I740: BERO FUL A
FDEZ Z9 741 RTE
FDE4 SD S742: EBR1 TST E
FDES 27 FR 3747 REQ® BRO
FDE7 SA 3744 DEC B
FDES 27 07 3745 BEQ READ
FDEA 3A T746: DEC B
FDER 27 45 Z747: REDQ WRITE
FDED C& 21 S748: LD& B #%21



FORTH SSE MMEMONIC ASSEMELER PAGE 70
FDEF 20 F1 Z749: BRA BRO
FDF1 EC Q0 E7E0: READ FDR SECOO LDD G, X
FDFZ RB7 0804 I7%1: STa A BUER+4
FDF& F7 0BOS Z752: STé& B BUB+S
FDFe CC T7EZ: FCE $CC LDD #
FDFA 00 O1 I754: FDR 1
FDFC RB7 0804 I755: STA A& BUBR+&
FDFF F7 08BO7 Z7%6: STA B BUR~T
FEGZ EE 02 Z757: LDX 2, X
FEO4 B4 0OF T738: LDA A #5
FEGO& EB7 08G1 3I759: STA A BUE+1
FEO9 R& 0802 I7&60: RDI LDA A RUR+2
FEGC 85 01 3761: RIT A #1
FEQOE 26 F9 FT762: BNE RD1
FE10QO 86 0Ot 3765 LDA A #1
FEL12 R7 0BO1 37&4: STA A RUER+1
FE1S F& 0802 F745: RD2 LDA B BUB+Z
FE18 2B OC F76b6: BMI RDZ
FE1A CS 20 F767: BRIT B #3520
FEIC 27 F7 I768: BREQ RDZ
FEIE ERé& 0800 2769: LDA A BUE
FEZ21 A7 00 EZT770: STA A& 0,X
FE2T 08 Z771: INX
FEZ24 20 EF I772: BRA RD2
FE26 Co 02 F77Z: RDE RIT B #2
FEZ28 26 0ZF 3774: ENE RDERR
FEZ2A SF 3775: CLR E
FEZR 32 776 FUL A
FE2C 39 3777: RTS
FEZD Fé& 080T Z778: RDERR LDA B RUER+3
FEZO Z2 3779: FPUL A
FEZ1 39 3780: RTS

T781: X%
FEZ2 EC QO I782: WRITE FDE SECOO LDD O,X
FEZ4 R7 0804 T7873: STA A BUR+4
FEZ7 F7 0BOS 3784: STA B RUE+S
FEZA CC z785: FCE $CC LDD #
FEZR 00O Q1 3786 FDE 1
FEZD B7 08L& 3787: STA A BUER+4
FE4O F7 0807 Z788: STA B BUB+7
FE4Z EE 0Z 37899: LDX 2. X
FE45 B& 06 E790: LDA A #6
FE47 R7 0801 3791: STA A EUBR+1
FE4A R& 08O2 3792: WTL LDA A BUB+Z2
FE4D 85 a1 F793: BIT A #1
FE4F 26 F9 I794: ENE WT1
FES1 84 OZ T795: LDA A #2
FESZ RBR7 QBO1 EZ7%64: STA A RUEBE+1
FES& F& 0802 I797: WTZ LDA B EBUEB+2
FES? 2R OC Z79a: BMI WTE
FESR CS 40 I799: BIT B #$40
FESD 27 F7 t=leleH BEQ WTZ2
FESF A& OO F801: LDA A O,X
FE&LL R7 0800 Z802: STA A BUE
FE&4 0B I8GT: INX
FE&DS 20 EF Z804: BRA WTZ2
FE&7 CS 02 IBOG: WTE RIT B #2
FE&S 26 OF TROG: BNE WTERR
FE&E SF TROT: CLR B
FE&C =2 T80a: FUL A



FORTH

FE&D
FE&E
FE71
FE7Z2

OQEF
QOFA
QOF A
GOFC
QOFE
QOOFF

FE7E

FE7E
FE7F
FES1
FE82
FEBZ
FE86
FEB9
FESE
FE&C
FEBE
FEBF
FERQ
FER2
FESS
FES8
FE?E
FERE
FESF
FEAZ
FEAS
FEA7
FEA?
FERA
FEAER
FEAC
FEAF
FERL
FEES
FEERD
FER7
FERY
FERE
FEERD
FEERF
FEC1
FECT
FECS
FEC?
FEC?
FECE
FECC
FECE

9
Fé&

et

cc
oC
DD
10
7E
8E
9F
cc
OC
DD
10
9E
CE
BD
ED
ED
14
ED
CE
El
27
08
08
08
ac
26
20
EE
GE
8D

20

2K
81
2F
81
2B
81
2B
80
=9
8é&
8D

D8O

Q8

ECO1

OQEF =

FC

0A

FC

FFDA 2
FFQ9
FFO8 =
FF10 3

FF&Z
FFEZ =

00
0Of

FFEE =

Fa
DD
e}
5Tn)
a7

30

09
0A
11
CH

c7
07

07
2R

I809:
810
IBil:
I812:
a8173:
IR14:
ZB13:
2816
3817:
zBi8:
3819:
Z820:
3821:

:8"‘"‘ -

gy N

O T .
DRl s PN

824:
2825
IB2b:
IB27:
828!
I829:

TBX0:

RTS
LDA
FUL.
RTG

WTERR

X
%
4
¥ MONITOR
]
8

U
ORG
RME
RME
RME
RME

TACE

XTEMFM
SF
XHI
XLOW
X

ORG
X
FTHSTR FCE
FDE
FCE
FCE
JHMF
LDS
578
FCE
FDR
FCE
FCR
LDS
LDX
JSR
JSR
JSK
TAR
JBR
LDX
cMF
BEDR
INX
INX
INX
CrX
BNE
BRA
LDX
JMF
BSR
SUR
BMI
CHF
BLE
CMP
BMI
CHF
BGT
SUR
RTS
LDA
ESR

START

CONTRL

NXTCHR

GOODCH

INHEX
INHEXZ

INIHG
ERRORM

- 100 -

SER MMEMONIC &SSEMELER

BUEB+TZ

HOOEF
$00FA

= = ) k-

$FE7E
$CC LDD #
$OCOA
$DD
ACIAC-1
OrRIG+1
#STACK
sF

$CC
HOCOA
$DD
ACIAC-1
SF
HMESSGE 1
JDATAL
FDATAS
INCH

STD

LDD #

STD

ouTs
#FCTARL
0, X

G0O0DCH

#FCTREN
NXTCHR
CONTRL
1,X
0. X
INCH
#°0
CONTRL.
#e
INIHG
#6611
CONTRL
HHE1b
CONTRL
#7

#7
OuUTCH

FAGE 71



FORTH

FEDG
FEDZ

FED4
FED&
FEDS
FEDA
FEDC
FEDE
FEEG
FEE1

FEET
FEE4
FEES
FEE®
FEE7
FEEB
FEEA
FEER
FEEC
FEED
FEEE
FEEF
FEFO
FEF1

FEFT
FEFS
FEF7
FEF9
FEFE
FEFC
FEFE
FFGO
FFOZ
FFO4
FFOS
FFO&
FFO8
FFO9
FFOR
FFOD

FFOF 3

FF10
FF12
FF13
FF1S
FF17
FF19
FF1E
FF1D
FF1F
FFZ1
FF22
FF24
FF26
FF28
FF2A
FF2C
FFZF
FF31
FF3T

86
80

e
wtd

8D
@7
an
97
DE

80 D

48
48
48
48
16
8D
1E
16
9
44
44
44
44
84
8k
=3

=~
PEIRS

8k
37
Dé
CS
27
@7

-

39
8D
o8
A&
81
ed-)

b
48

2?4
84
20
8D
DE
an
09
aD
ai

-y
o

21
27
BD
80
a7
Al

IF

ey d

BA
09
FE
(8]
FF
FE

CD

OF
0

o2

07

11
20
FA
17X

00
04
F7

11

FE

-
e

7E
EOQ
42
FE
A

EC
08

19

OE
FER®?
B2
00
OO0

IQ00:
3901
2902:
REIOES]
3IR04;
TP05:
QP04
I907:
I908:
I909:
3910;
3911
3912:
2913:
3914
3921%:
916
I917:
z918:
919
Z920:
Ie21:
TO22
I927:
3924
Z9250:
926
‘1’_’9’5'7 -

< /oa

I9:28:

BADDR

BYTE
BYTEZ

OUTHL

OUTHR

OUTCH
OuTCi

FDATAZ
FDATAT
JDATAL

INCH

CHANGE

CHAL

LD#&
ESR
ERA
BER
STaH
BSR
STA
LDX
RTE
ESR
ASL
ASL
ASL
ASL
TAR
BSR
ABA
TAR
RTS
LSR
LSR
LER
LSR
AND
ADD
CHE
BLS
ADD
FSH
LDA
BIT
EEQR
8STA
FUL
RTS
ESR
INX
LDA
CMF
EBNE
RTS
LDA
ASL
ECC
LDA
AND
EBRA
ESR
LDX
BER
DEX
ESR
CMF
BEQ
CHE
BEQR
J8R
BSR
STA
CHP

>

I

np Mmoo DDPDPDLDDD DD D

D

» D

- 101 -

S8F MNEMONIC ASSEMRLER

#°7
QuUTCH
CONTRL
BYTE
XHI
BYTE
XLOW
XHI

INHEX

INHEX

ACIAD+1

OUTCH

0. X
#4
FDATAZ

ACIAC

INCH
ACIAD
#E7F
ouTCH
RADDRS
XHI
QUTZHS

INCH
#HHA

LF
HEIE
ua
INHEXZ
BYTEZ
Oy X

Gy &

FAGE 72



FORTH

FF35
FFZ7
FFIA
FF3C
FFZE
FFIF
FF41
FF4z
FF44
FF47
FF4%
FFaC
FF4E
FFS0
FFS2
FFST
FFS4
FFS&
FFS7
FFS9
FFSE
FFSD
FFSF
FFaz
FF&4
FFo&
FF&9
FF&E
FF&D
FF&E
FF70
FF72
FF74
FF76
FF78
FF7E

FF7D =

FF7E
FF81
FF82
FF84
FF86
FFg7
FF89
FFSE
FFeD
FFaF
FFo2
FF9S
FFo8
FF9R
FF%D
FFOE
FFAO
FFal
FFAT
FFAS
FFA7
FFA9
FFAR

27
TE
86
8D
09

20

AR

a8
DF
CE
gD
CE
8D
20
Aé
08
Zé
8D

20
gD
gD
20
ED
86
20
CE
8D
DE
a8
8D
8D
8D
8D
8D
CE

20

ED
OF
&E
oF
0
&D

=

R

=14
&A
ED
7E
CE
BD
F
20
20
54
SE
S0
43
20
54

04

FE

Co

DOFE =

OF
CD

Q0

98
FS
F
OF
FEDé6
20
95
FFDA
9E
FC

EE
ED
E7

-r

El

QOFC =

DC

FFDE 3

FFSF 39

Q0
FC

0&
02
05

06

FF&s 2

FERO
FFAOD

FFO9 =%

FC

EF

41
=0
44
41

20

2983

LF
LF1

OuUT2H

QUTZHA

DUT4HS
OUTZHS

BADDRS
QuTS

PRINT

SWIENT

SW1
REG

TRAF

MESSGEZ

EBEQ
JMF
LDA
BSR
DEX
BRA
INX
8TX
LDX
ESR
LDX
ESR
ERA
LDA
INX
FSH
BSR
FUL
BRA
BSR
BSK
EBRA
JSKR
LDA
BRA
LDX
BSK
L.DX
INX
BSR
BSR
ESR
BSR
BSR
L.DX
BRA
FSH
JSR
SEI
JMF
8T8
TSX
T8T
EBNE
DEC
DEC
JSR
JMF
LDX
JSKR
878
TSX
BRA
FCC

FCE

- 102 -

S8R FMNEMONIC ASSEMELER

CHA1
ERRORM
HE4
QUTCH

LF1

XHI
#MESSG1+1
JDATAL
#XHI
OUT4HS
CHANGE+2

0, X

OUTHL

QUTHR
QUT2H
QUTZ2H
auTs
EADDR
HE20
QUTCH
HMESSGE1
JDATAL
SF

ouTZ2HS
QUTZHS
OUT2HS
ouUT4HS
OuT4Hs
#SF

QUT4HS

BADDRS

0, X
sF

by X
S

5. X

by X
PRINT
CONTRL
#MESSG2
IDATAL
SF

REG
“TRAFFED AT *

FAGE

.



FORTH

FFAC CE
FFAF ED
FFEZ ED
FFES ED
FFES a7
FFEA A1
FFEC 27
FFEE 7E
FFC1 08
FFCZ DF
FFC4 86
FFC& 94
FFC8 26
FFCA CE
FFCD ED
FFDG CE
FFDZ ED
FFD& DE
FFD8 20
FFDA 0A
FFDE OD
FFDD O
FFDF 04
FFE1 G4
FFEZ 4D
FFEZ FF
FFES 52
FFE& FF
FFEB 58
FFES FF
FFEE 4C
FFEC FF

FFEE FF
FFFO QO
FFFZ 00
FFF4 00
FFF& 00
FFF8 00

FFFA
FFFC
FFFE

FF
FE
FE

NO

FFDA
FFOQ
FFSF
FEE1L
(alv}
OO
O

FECC

Fé
OF
FR
EE
FFDA
FFO®9
QOFA
FF59
Fé
DE

00
00
2A

iH
8F
7D
AC

5
DO
DX
D&
D9
DC
84
86&6
7E

984 LCMD
980!

2984

I987: LCHDL
3988:

Z9R89:

I990:

AT AR

992 LOCMD2
I99I:

3994

3995

I996:

2997:

2998;

3999:

40003

4001 ¢

L4002

400%: MESSEG1

4G54 FCTARL
4005z

4004

4007 3

40108

4009

4010:

4011

4012: X
4313F: FCTREN
4014:

4015:

401é4:

4017:

4018:

4019:

40203

4021

4022: X

40273

ERROR (5) DETECTED

SYMEOL TABLE:

ARORT
ACIAD
ARROW
RACESF
BERO
BDIGS
=]
BLOCKS
BRUFFER
BYTE
ccamm

FOSS
o012
F4sC
EGOE
FDEZ
F7Z7
ESFC
FZ864
F2r4
FEE1
E&F&

ARS
AGATIN
AT
BADDR
EEH1
BEGIN
RLOCHK
BECR
BUFFRZ
BYTEZ
CENT

LDX
JSR
JSR
JER
8TA
CHF
RED
JME
INX
8STX
LDA
AND
ENE
LDX
J8R
LDX
JSR
LDX
BRRA
FCR

FCC
FDE
FCC
FDE
FCC
FDE
FCC
FDE

FDE
FDE
FDE
FDE
FDE
FDE
FDE
FDE
FDE

END

F1iDA
F&79
E44E
FED&
FDE4
FEDE
FZ14
ES7C
Faco
FEEZ
Fogl

T Y

o v
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SGR FINEMONIC ASSEMBLER

#MESSE1
JDAaTAL
BADDRS
BEYTE
O, X
O, X
LCMDZ
ERRORM
XTEMPH
#EF
XTEMFM+1
LCMD1
HMESSEL
JDATAL
HXTEMFM
OuUT4HS
XTEMPM
LCMD1

$4,$D,0,0,0,4,$2A,4

IIMII

CHANGE

LN =1}

REG

e X t

50

HLII

LCMD

TRAF

sCI

TOF

acrF

ICF

IRG1

SWIENT SWI

START NMI

FTHSTR RESET
ARBZ F1lES ACIAC 0011
ALLOT E&DS AND E2DS
E FDiF RACHK FaC=
BADDRS FFSF RASE E&&1
BRUF ES&F BCOMF EECE
BL ET48 BLANES ECZ1
BLOCKTZ 3D BLOCK4 FI6Z
BUHR OBOO RURERLE FDD8
BUFFRZ FZ2Fé& BUILDS ES8E
C FDZO CAT E4%E
CHAL FR22 CHANGE FFLIB

FAGE 74



FORTH

CL
CHOV2
coLbpz
CcoLuMg
CONTRL
COUNT
CoF
DARSZ
DDUF2
DELZ
DFINDZ2
DIGITO
DLINE
oo

paTt
DOTR
DF
DFLMIZ2
DRONE
DTRALZ
DWNCNT
EMIT
ENCLE
ENCL.OS
ER
ERRORZ2
EXFECTE
EXFECT
FENCIN
FLD
FOoUND
GOODCH
HEX

I
IMMED
INDEX
INHEXZ
INTERS

INSTAT .

KEY
LEBRAK
LEAVE
LESSX
LIMIT
LISTZ
LOAD
MAaXxz2
MESSZ
MESSGZ
MMOVE
MSHMOD
M
NLEAD
MULLZ
NUMEZ
OFSET
ORIG
QUTZHS
OQUTHL
OVRFWS

FFG
EZ41
Foga7
E&AS
FE?G
ED7
E&aB2
F1FE
E749
FE3F
EDCL
E10Z2
FIC3S
F&13
F814
F7Cé
ESEL
Fegil
FZ29F
EAZF
aoogs
E1DC
E1RBOQ
E18A
FEZA
EDEZ
EER4S
EAFA
EGIC
E&77
E146E
FERZ
E?28
EODA
EF8E
F87F
FEE®
EFSA
4074
ELF&
EBFS
ETZZ6
E72E
ES62
FBSZ=
F419
E79Z
Fa02
FF&aO
FROC
F1ES
OOED
FADD
ERDC
ED7E
E&2A
EQOO
FFoR
FEED
Q084

CL2
CHOVE
COLDZ
CaMra
CONTXT
CR
CSTORE
DoeT
DEC
DELETE
DIG
DIGITI
DLITEZ
DOCON
DoTE
DOUSER
DFINIT
DRLUS
DROF
DTRALZ
EDIGS
ENCLE
ENCL&
END
ERAM
ERRORM
EXFPEC4
FCTAEL
FILL
FLUSH
FROMR
GREAT
HLD
ICF

IN
INDEXZ
INS
INTERS
IR@1L
KEY1
LCMD
LESS
LF
LINE
LIT
L.OOF
MEMEND
MESET
MIN
MoD
MSTAR
NERLE.
NLOC
MULLLE
NUMBZ
ONE
QuT
QUT4AHS
QUTHR
Fx

FCSD
EZ25A
FOgs
EZ&E4
E&ZF
EZLD
£482
FQu&
EQZD
FCE7
F776
E108
EFZ&
E4EQ
EA82
ESil
EGlE
EZA7
EZF7
EASl
F746
Ei®3
Ei1R&
F&eD
F1Z3
FECC
ER&Z
FFEZ2
EBEA
FC71
EZS8
E738
E&97
QD9
ESUS
F88kr
FC2E
EF732
QODC
E1IFRE
FFAC
E71D
FF41
FAz2
EQZC
F&27
EGOO
F404
E747
F18%
Feeg
o008
FaCg
EREZ
EDRLC
ES2C
E&Ll
FFZ9
FEF1
FC1D
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CLEAR
CHOVE
COLINT
COMFPIL
CORyY
CREAT2
CURENT
DDOTR
DEFIN
DELINT
DIGZ
DIGITZ
DLITER
DODOES
DOoTRl
DOVAR
DFL
DRE
DRZERO
DTRAL4S
EDITOR
ENCLZ
ENCL7
ENDIF
ERASE
EXEC
EXPECS
FCTBEN
FIRST
FORGET
FTHSTR
H
HLLFCYC
IDDOT
INIHG
INDEXZ
INTERZ
INTER7
JDATAL
L
LCMD1
LESSF
LF1

L INE
LITER
|
MEMTOF
MESS4
MINZ
MON
MTRUF
NF &
NOQOF
NUME
NXTCHR
ONEF
QuT2H
QUTC1
ouTs
FARORT

S8R MNEMONIC ASSEMBLER

FC4D
E22D
EQ22
EGCF
FCZ
EEBU
E&48
F7D%
EFEA
EQ24
F79C
EL1GD
EF1Z2
EQCS
EAAB
E4FD
E&GLC
F4De
F28F
ERS7
FA4a
E1AQ
E1RC
FSFO
EC11
EOSD
ER&T
FFEE

ESSS

F3é&6l
FE7E
FEB1D
0082
EE16
FECE
F8AE
EFSS
EF79
FFO®
FEFS
FFRI
E729
FFaz
FDAR®
EEFZ2
FRAK
DFFF
Fatii
E778
FD?E
F279
E7FD
FDD7
EDZ2S
FEAS
E&RO
FFSO
FEFC
FF&62
EDCEC

CLITER
COLD
COLON
CON
CORYZ
CREATE
DARS
DDUF
DEL
DFIND
DIGIT
DIGS
DMINLIS
DOES
poTes
bpovac
DFLMI
DRIVE
DTRAIL
DUF
ELSE
ENCL.4
ENCL.8
EQUAL
ERROR
EXFECZ
EXFECS
FENCE
FLZ2
FORTH
Ga
HERE
HOLD
IF
INCH
INHEX
INTER4
INTERF
JMPTAE
LATEST
LCMDZ
LESST
LFA
LIST
LITERZ
MAX
MESS
MESSGE1
MINUS
MSLAaSH
MUDF LG
NLAG
NULL.
MUME 1
ocF

OR
QUTZHA
auTcH
OVER
FAD

EC44
Fogl
E4ASS
E4CE
FCEA
EES®
FLIFO
E7FE
FE7C
ED9S
EQEE
F7aC
EZD2
EQAT
EAR4
EFDZ
FR7&
F4E&
EAZS
E414
F&DA
E1AZ
ELCOD
E712
EDD8
EROS
ER77
ESD7
FC7ER
2008
FF7D
E&6CA
ECZF
F&ER1
FFi0Q
FER7
EFSR
EFZZ
FOEF
E7EQ
FFC1
E72C
E7FO
F82D
EF0&
E782
F3IDo
FFD&
EZC2
FIRC

- Q080

FAEE
EEAS
EDA4C
0OD&
EZES
FFST
FEFE
ETES
EC4A
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FORTH

FAREN
FORZ
FDOTE
FEA
FFINDZ
FEEY
FLOOF
FNUMES
FREV
QCOMP
DERRE
OSTAC2
QUERY
QUITE
RDZ2
REG
RFORTH
RFSTOR
RWZ

52
SEMI
SIGN
SLMOD
SFACEZR
SFSTOR
STAR
STORE
SWIENT
TEXT
TICK
TOR
TRIAD
TWOF
TYPE4
uF
USER
UsL4
USTARZ
VLIST1
VOCLIN
WHERE
WORD2
WT2

T XBLE
XCURR
XDFL
XHLD
XOFSET
XPLONO
XFREV
XSPIER
XTIR
XWIDTH
ZEQUZR

EFFE
Fa4Ca
Eas4
E813
Ei154
F49R
F&azF
EDLS
F211
E8ST
£E844
EADA
EE8E
FO4a
FELS
FFEF
Flo6
EZLD
FS1C
FESHE
E4R2
F763
Fl144
F72
EZL2
F157
E46E
FF84
FoFC
Fo45
345
F8EF
ESRC
EALY
QOF2
ESOE
E2RS
EX84
FeiC
ESF1
FASE
EC72
FES6
4016
4022
4028
4OT0
401E
EOAR
4042
4004
4004
4000
EZ82

ERUF
FDATAZ
FEMIT
PEIND
FEIND4
FLINE
FLUS
PORIG
PRINT
QosP
QEXEC
OSTACT
QUEST
R

RDT
REND
RINIT
RTASE
R4
sCI
SEMIC
SIGNZ
SMUDGE
SPACET
SSLASH
START
SUE
SZERD
THEN
TOF
TRAF
TRIADZ
TYFE
uA
UFDATE
uSL 1
usLS
USTART
VLISTZ
WARMZ
WHILE
WORDT
WTS
XCOLUM
XDELAY
XFENCE
XIN
XOR
XFLOOF
XRNUM
XSTATE
XUSE
ZERAN
ZERD

F21D
FFO&
F431
ELLD
E142
FZ99
EZ99
ESRE
FF&é
89S
E8&LC
EAFOQ
F81F
EZ&A
FEZ2é&6
203FS
EC14
F132
FS40
QOODDO
E?74
F773
E?L7
F731
FlAé
FEBé&
E707
ES99
F&oA
OODE
FF9s
FBDA
EQEE
FF3a
F24E
E245
E2CE
E28A
F?43
FOCF
F705
EC78
FE&7
40Z%4
{032
4010
4018
E2F&
EGBR
402E
4024
4040
EO&E

wdal
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FRUFZ
FDATAT
FEMITZ
FFIND1
FFINDS
FLMI
FNUME
FOTER
FSCODE
QERR
GLOAD
GSTACK
QUIT
RERAFK
RDERR
REF
RNLIM
RW
RZERO
SCR
SEMIS
SINIT
SF
SFACES
S8MOD
STATE
SW1

T
THREE
TOGBLE
TRAV
TRIADZ
TYFEZ
UNTIL
UFINIT
usL:?
USLASH
VAR
VOCAR
WARN
WIDTH
WRITE
WTERR
XCONT
ADO
XFLD
XLOOF
XouT
XFLOP2
XRZERD
XTEMF
XNVOcL
ZEYES
ZLESS

S8R MNEMONIC ASSEMBRLER

F228
FFO8
F4a%
E12R
E1SF
Feg7
ECC4
F4gE1i
EQSZ
EBTA
EGE4
EARBE
Fooa
EQOZT
FEZD
FCoC
E&8C
F4FA
ESAZ
E&l1C
EZ24
EQOLZ
OOFC
F715
Fi94
E&SS
FF8Dh
FEDZ
ESZE
E47A
E7EBS
F8EE
E9FF
F&57
EQOLD
E24F
E29E
E4F7
EFAT
ESCA
ESER
FEZ2
FE&E
4020
EOCt
4024
EQ7C
40148
EG8F
4008
OOF O
4014
EOR&A
EZ8R

FCR
FDOT
FEMITS
PFINDZ
FFIND?
PLMIZ
FNUMET
FATERZ
FSTORE
BERRZ
OFAIRS
OTERM
QUITZ
RD1
READ
REFEAT
ROT
RWz2

S

SCeR
SIGFLG
SLASH
SFACE
SFAT
STACK
STOD
SWAF
TASK
TIR
TOF
TRAVZ
TWO
TYFET
UORIG
USE -
USL
USTAR
VLIST
VOCINT
WENT
WORD
WT1
XBASE
XCSF
XDF
XHI
XLOW
XFLOF
XFPLOFS
XSCR
XTEMFM
XWARN
ZEQL
ZLESSZ

F4RC
FD8D
F48a
EI1ZE
El&4
Fee
ED1Z
FA4EE
E420
EQ47
E88=
E211
FO1é
FEO®
FDF1
F&93
E74%
FSi9
FR4E
EBZ27
Q086
F17%
E75A
EZ07
QOOEF
F149
E401
2034
ESAE
FCIR
E7R8
ESES
EQls
4000
FZ035
2B2
E262
Foo9
EQ20
FOCS
ECEC
FE4A
4026
402C
4012
QOFE
OOFF
EOAQAS
EQ9F
401C
QOF A
400E
EZ7E
EZ91

FAGE
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APPENDIX A2 PATSY MACHINE CODE LISTING




¥ROLL ING~-RUFFER CODE
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¥The code part of an array created by
¥ROLLING-BUFFER 1is :-—

¥

QOO0
Q002
QOOF
Q004
OO06
Qo088
QO0A

OOOD

QOOF
Q010
Q012
0014
0016
ao1g
O01R
001D
OO1F
0021
QOR2=
0024
Q025

¥Naot

Xremoved from the stack

JER

ROLLEF

D0 00 Q0
Address of pointer field in RAM
Address of last element

pointer field immediately precedes
array and contains the address of
next element to be accessed.

DF
8
20
EE
EC
DD
cC3
ED
e
Az
EC
EE
cx
ED
DE
DC
ED
09
Q09
39

2.

FO

0%
Q0
EO
0002
[#]8]

05
09
Q=
O
Q002
00
FO
EQ
Q0

N EQU
XTEMF  EQU

ROLLEBF STX
FUL
FSH
LDX
LDD
STD
ADD
STD
PUL
SUR
BLS
L.DD
LDX
ADD
-8TD

RE1 L.DX
L.DD
STD
DEX
DEX
RTS

$EQ Scratch area

$FO

XTEMF
X

X

TaX
0, X

N

D #2
Gy, X

X

D 3,X
RE1
P ¢
Fa X

D &2
0O, X
XTEMF
N

O, X

Save data stack pointer

Copy treturn address which is
also the parameter pointer

X the pointer field address

D the next element address
Save it in scratch area

Advance to next element

and store if back in pointer field
Remove retuwrn address

last element’s address?

Lower or same?

No. D = pointer field address
and so does X

First element address is 2 on from
pointer field. Now save it there.
Recover data stack pointer

and element’s address

FPush it onto the stack

and adjust the stack

pointer

Fut here by RETURN

This is called as a subroutine but the return address is
s0 when RTS is executed it is the

¥underlying return address that is used.

X
X

¥ARRAY+ CODE

X

X

OO0
QUo2
OO0
Q004
Q006
Q008
QOOA
Q00D
OOOF

QO10

DF
8
ICc
EE
EC
DD
ca
ED
8
AT

FO

)%
[#18]
E0
0002

QO

05

¥Thie is practically the

ARRAYF STX
FUL
FSH
LDX
LDD
STD
ADD
STD
FuUL

SUE

same as for ROLLING-RUFFER

XTEMF
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DOL2 2T 04 BRLS ARF1

0014 EC 05 LLDD 5,X Get last element’s address
0016 EE OZ - LDX Z,X X = pointer field
0018 ED 00 STD O,X Foint to last element
DO1A DE FO ARF1 LDX XTEMF :

QOI1C DC EOQ LDD N

OO1E ED QO STD 0O, X

0020 09 DEX

0021 09 . DEX

00322 39 RTS

¥

X

¥TISR Timer interrupt service routine.

*_.._._.

¥This routine counts down the whole number of counter cycles
¥required by long delays.

X
TIMCNT EQU %08 Timer control register.
TIMOCR EQU $0OR Timer o/p compare reg.
OVFLWS EQU $84 No. of complete counter cycles
CORRFG EQU $90 Small residual correction flag
QOO0 DC 08 TISR LDD TIMCNT Dummy read
Q002 DE 84 LDX OVFLWS
Qo4 27 OS5 BEGQ TIS1 Down to zero yet?
QOO& O9 DEX No. Decrement the count.
0007 DF 84 STX OVFLWS and store it back
0009 26 12 ENE TIS2 Has it become zero?
OOOR 94 OR TIig! LDA A TIMCNT Yes. Read control reg.
Q00D B84 F7 AND A #$F7 and mask off interrupt
OO0F 97 08 STA A TIMCNT enable bit.
0011 7D Q091 TST CORRFG+1 Correction needed?
0014 27 07 BREQ TISZ2 If no then skip
QG146 DC O LDD TIMOCR Subtract the 12
0018 83 0080 SUER D #128 that was added by DELAY
0O1lE 20 02 BRA TISE
001D DC OFR TISZ2 LDD TIMOCR Read TIMOCR and write to it
QO0O1F DD OR TISX STD TIMOCR to clear the flag.
0021 ZER RTI Fut here by TFORTH RTI.
*.
X
¥SIGR Signal interrupt service routine
*..._..._
X

¥The interrupt flag is cleared by first reading the comtrol
¥register then the timer i/p capture register.
X

TIMICR EGU 0D

SIGFLG EQU %86

QOO0 Q6 08 SISR LDA A TIMCNT Read control reg.
0002 D& 0D LDA B TIMICR Dummy read TIMICR
GOG4 84 EF AND A #$EF Mask off interrupt
Q004 97 08 STé A TIMCONT enable bit.

OOo8 4F CLR A

QOO SF CLR E

QOOOA DD Ré 8TD SIGFLG Clear SIGFLG

OO0 IR RTI Fut here by TFORTH RTI
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X
¥

FMSISK Mud sensor interrupt service routine

¥Two interrupts vector here though the second should
¥not occur.

MUDFLE ERU $80 Set on optical switch interrupt
ADCDAT EGU $1000 ADC data port
ADCCNT EQU #1002 ADC control port

Q000 BS 1002 MSISR LDA A ADCCNT Get interrupt flag — MSH

O00F 2B 05 EMI MS1 Is it get?

0003 B6 1000 LDA & ADCDAT No. Read to clear other
0o08 20 07. BRA MSZ unused interrupt flag
CO0A Bé& 1000 MS1 LDA A ADCDAT Dummy read to clear flag
o00D 86 FF LDA A #$FF Set MUDFLG

Q0O0F 97 840 8STA A MUDFLG

0011 3R MS2 RTI

X

¥

¥SERIAL Serial interrupt service routine

* ______

¥This interrupt should not happened

X

X

o000 96 11 SERIAL L.DA A %11 Read serial interface control
a0z 84 ER AND A #$ER Mask off interupt enable bit
o004 97 11 STA A $11

Q006 IR RTI

X

X

¥TIMER-O FLOW interrupt service routine

X

¥Should this accidently happen the double byte read of
XTIMCNT and the adjacent register ($09), the high byte
¥of the timer followed by a write to TIMCNT will clear
¥the interrrupt flag. The enable bit is also masked off.

X

X

GoOD DC 08 TQF LDD TIMCNT Get TIMOCR and read timer
Q002 84 FR AND A #%FB Mask off interrupt

0004 97 08 STA A TIMCNT enable bit.

o006 IR RTI

X

X

¥SORT

*__._._

. 4

¥The FING-LIST generated by FREFARE need not be in

¥order of delay values. This routine cumpares adjacent
¥values and swaps them if they are in the wrong order
¥and progresses through the list. This is repeated #rom
¥the start unless the previous pass resulted in no swaps.
¥
QOOL 3C SORT FSH X Save data stack pointer
Q0aOl 84 01 SRT1 LDA A #1 Set pass flag

reg.
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QO0OZ Té FEH A and save it.

QO04 CE XXX¥ LDX #FING-LIST+2 Start of list
0007 EC OO0 SRT2 LDD 0,X Compare two values
QOOY AT 02 SUR o 2,

QDOER 2F 1Z BLE SRT3E in order?

000D Ad QO LDA A O, X No

QOOF E& 02 LDA B 2,X Swap them

OG11 A7 02 5T4 A 2,

OO13 E7 OO 8TAa B 0.X.

0015 A6 01 LDA A 1,X

OG17 ES OF LDA B 3,X

Q019 A7 OX STA A 3, X

O01B E7 o1 8TA B 1,X

001D 2 FUL A Get pass flag

OQ1E 4F CLR A Clear it

O01F 36 FSH A and save it again

Q020 8 INX Advance through list

o021 08 INX

0022 8C XXXX CFX #FING-LIST+1& End?

0025 26 EG ENE SRTZ2 Try next pair if not
0027 32 FUL A Yes. Get pass flag

0028 4D TST A Any swaps duwing this pass?
Q029 27 D& BREG SRT1 If yes then try once more
O02R 38 FUL X No finished

QO2C Z9 RTS

¥

¥CHECHE:

X

XThis checks for three possibilities.

X Values less than 20 mSec. (or negative)

¥ Values that are too large.

¥ Values too close (£ 20 mSec. apart)

¥There are eight values in the list but room for 10.

¥The 9th and 10th values are zeroed. The 9th acts as a
¥delimiter in this routine and the 10th is left to terminate
¥the PING-LIST. '

XIn the first phase values less than 20 are lost by shifting
¥the whole list up.

¥Values too large are then replaced by & maximum value. It
¥does not matter if there are more than one of these as the
¥last phase will sort this out.

¥Finally pairs of values are checked for a difference of less
¥than 20 where—~upon the second replaces the first.

X

0000 EC CHECE FSH X Save data stack pointer
Q001 CE XXXX LDX #FING-LIST

0004 4F CLR A

Q00T SF CLR E

0004 ED 12 8TD 18,X Add delimiter

0008 ED 14 STD 20,X Terminate list

0O0A B6 08B LDA & #B No. of passes

000OC 3é FSH A

QOOD CE X%&¥%x CHR1 LDX #FING-LIST

0010 EC 02 LDD 2,X 1st entry

0012 8% 0014 SUER D #20 Less than 20 mSecs?
0015 24 10 EFL CHEZ

0017 EC 04 CHEZ LDD 4,X Yes, shift remaining

0019 ED 02 STD 2.X values up the list

DO1E Q8 INX
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O0O1iC 08 INX

QOLD BLC XXX CRX #PING-LIST+16&

OOZ0 26 FS BNE CHEZ

OO22 I2 FUL & Get Neo. of passes

OO23 44 DEC A Trv ancther pass?

GOZ4 Th FSH A

0025 26 Eb ENE CHK1 Last pass?

OOR7 E2 CHEZ FUL A

0028 CE ¥X%X LDX #PING-LIST

QO2R EC 02 CHi4 LDD 2,X If this is zero then
QO2D 24 OF BNE CHED whole list was <20

QO02F CC O7AD LDD #1965 Set maximum delay

Q032 ED 02 8TD 2,X

O0Z4 20 11 ERA CHE?7 and skip to next phase
QOT6 87 0799 CHES SUR D #1945

QU39 25 05 BCS CHES Greater than 19457

O0OZR CC 0799 LDD #1965 Set = maximum

OOTE ED 02 STD 2,X

Q040 08 CHE & INX

0041 08 INX

0042 8C XXXX CPX #FING-LIST+18

Q045 26 E4 ENE CHK4 Until end of list

0047 CE %X%%%x CHE7Z LDX #PING~-LIST

004/ EC 04 CHES LDD 4,X Get 2nd value. If this
004C 27 1F BRER CHKIZ is zera, we're finished
QO4E AT 02 SUR D 2.X Is it more than 19
0050 87 0017 SUR D #19 from previous?

005F 24 11 BFL CHE1l1

0055 3C FSH X

Q056 EC 04 CHES® LDD 4,X Over-write previous with
0058 ED 02 STD 2,X it and 'shift the remainder
0asA 27 07 BE®@ CHE1O of the list up

00SC 08 INX

00TD 08 INX

O0OSE BC ¥X%X%¥X ‘ CFX #FING-LIST+18

D061 26 FZ ENE CHE9

O0&E I8 CHE1O0  FUL X

0044 20 E4 ERA CHKS8 Loop back until delimiter
0046 08 CHK11  INX found

OD&HT7 08 INX

Q068 BC XXkXX "CFX #PING-LIST+1é

OOAR 26 DD ENE CHES

008D =8 CHE12 PUL X Recover data stack pointer
OQ&E 39 RTS

X

X

¥SAMPLE

* ______

X

¥The ADC and multiplexer are accessed through a 1é6.bit parallel
¥port. The least significant 12 lines are .programmed as inputs
¥from the ADC and T of the most significant bits are set—up as
¥outputs to the multiplexer. The control line CAZ is used tu
¥switch the S%H chip while CB2 triggers the converter. The end
¥of canversion is detected by CEIL.

X
OOO0 EC G2 SaMFLE LDD 2,X Get channel No. in last
OO0z =8 ASL E 4 bits. Multiplexer

00O S8 ASL B address lines are the
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0004 58 ASL B high 4 bits so

0005 58 ASL B multiply by 16

OQ0&6 F7 1000 STA B ADCDAT Select channel
GOO9 R& LOOD LDAa A ADCCNT

ooOC 84 7 AND A #$F7 Turn S%H to

OO0E E7 1002 STa A ADCCNT hold.

011 7C 1000 INC ADCDAT+1 Dummy write triggers
0014 7D Oi0o02  SMi TST ADCCNT+1 conversion

0017 24 FB BFL SM1 Finished vyet?

D019 RE 1002 LDA A ADRCCNT =

OO1C 8A 08 ORA A #8 Turn 8%H to

OO1E RB7 1002 STA A ADCCNT sample

0021 FC 1000 " LDD ADCDAT Fetch data (12 bits)
0024 84 OF AND A #%Z00001111 Mask off high 4 bits
0026 8T 0BOO SUER D #3%$800 O volts = 1/2 F.S.
0029 473 COM A negate because converter
O02A 30 NEG B uses negative logic

OOR2B 26 01 BNE SMZ2

QO2D 4C " INC A

QO2E ED 0Z sMz STDh 2,X Fush result onto

QOZ0 Z9 RTS data stack and return.
X

X

¥DELAY

* _____

X

¥The first part of this routine waits for a previous del ay
¥to run out. If OVER-FLOWS is non-zero the interrupt service
¥ought to be counting it down to zero. However, to avoid an
¥infinite hold—-up here, & check is made of the status of

¥the CFU interrupt mask. Once the timer output compare f1lag
¥has become set we can prepare the next delay.

¥The delay value is 32 bits long, the high order word
Xxrepresenting the number of complete cycles the counter must
¥go through while the low order word is added to the previous
¥target in the timer output compare register.

¥If the addend is too small ( <128 ) the software may not be
xfinished by the time the target is reached. This results in
¥a time jump of 2716 microseconds. If this is the case 128 is
¥added and a correction flag is set. The flag is used im the
¥interrupt service to subtract off the 128 when OVER-FLOWS
¥reaches zero.

¥I{ OVER-FLOWS is non-zero for this current delay the

¥timer output compare interrupt is enabled.

b 4

QOoh DC 84 DELAY LDD OVFLWS Zero yvet?

0002 27 0% BE®@ DLE ’ If so0 don™t wait
o004 07 TFA Fetch CFU status bits

o005 85 10 BIT A #%10 Are interrupts masked?
QpO7 27 F7 DL2 BER DELAY If nmo then wait

0009 7B 40 08 DLE TIM #$40 TIMCNT Test bit & of TIMCONT
O0OC 27 FE RER DLI Wait until flag is set
QOOE EC 02 LDD 2,X Get high order word

Q010 08 INX of delay

0011 08 INX

0012 DD B84 STD OVFLWS

o144 gC 02 LDD Z2,X Get low order word

0014 08 INX of delay

o017 08 INX
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Q1R 7F 0091 CLR CORRFG+1 Reset correction flag
OOLER 4D TST A High byte zero?

O01C 26 08 ENE DL4 IFf not delay is at least
OOlE ©D TST B 250 microseconds

OO1F 2B OS5 BMI DLL4 I+ low bvite +ve. it

0021 CR 80 ADD B #1128 ig +« 128 therefore + 128
GORI TC G091 INC CORRFG and set correction flag
G024 DI OHR DL4 ADD D TIMOCR Set up new

0028 DD OR STD TIMOCR target value

O02A DC 84 LDD OVFLWS

QORC 27 06 : REG DLS I+ zero then skip

OOZ2E 96 08 LDAé & TIMCNT

OQF0 8A 08 ORA A #8 Enable timer output

OOT2 97 08 STA A TIMCNT compare interrupt
QO34 Q65 02 DLS "LDA A FORT1 Turn off ADC mute

QOZ6 84 FE AND A& #$FR that may have been
OOT8 97 02, 8TA A FPORT! left on by FING

OoZAa 3 RTS :

b 4

b 4

¥FULSE

* _____

X

¥FORT1 bits O and 1 drive the power amplifier through buffers:
¥so to generate a push—-pull drive one is initially turned-on
¥and then they are toggled at intervals of 143 microseconds.
¥During the pulse AGC is muted to prevent the receiver becoming
¥deafened by the transmission. An additional time is allowed
¥after the pulse when the signal is still decaying and the
¥power amplifier reservoir capacitors are recharging. By
¥adding 10 mSecs. to the timer target, saved at the start of
¥PULSE, the total time taken for FULSE is independent of the
¥actual pulse duration and any soft-ware jitter. But the pulse
¥may not be much longer than 9 mSecs.

b
HLFCYC EQU %82
FNGSTR EQU $8C
0000 DC OR FULSE LDD TIMOCR Save current target
Q002 DD 8C " 8TD FPNGSTR
Q004 EC 02 LDD Z.X Get half cycle count
QOGs 08 INX off stack
0007 08 INX
o008 D7 82 8TA B HLFCYC
QO0A DC 84 P LDD QVFLWS
QOoC 27 0F BEG FLZ OVFLWS zero?
QOOE 07 TFA
QOOOF 83 10 BIT A #%10 Are interrupts enabled?
0011 27 F7 BEGQ FL1
OC1T 7B 40 08 TIM #%40 TIMCNT Wait until flag set
o0ls 27 FR RE@ FLZ2
0018 26 02 LDA A PORT1I Turn on one power
O0l1A BA 01 ORA A #1 transistor
OOLIC 97 02 8Ta A PORTL
OGOLE 7B 40 08 PLT TIM #%40 TIMCNT Wait until flag is set
o021 27 FB BEQ FLT 1st time it is still set
OO2T CC OOBF LDD #1437 1/2 cvcle of 3.5 kHz.
G026 DI OR ADD D TIMOCR Set up new target

0OCG28 DD OR 8TD TIMOCR
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002A 96 02 LA A& PORTI Toggle power amplifier
QO2C 88 03I EOR A& #2 to create push-pull drive
OO2E 8A 04 OR& A #4 Turn on AGC mute

QO30 97 02 STA A FORTL

OOT2 TA Q082 DEC HLFCYC Pulse finished vet?
GOIE 26 ET EBNE FLZ

QOZ7 246 02 LDA A& FPORT1 Yes

OQI9 84 FC AND A #%FC Turn off both transistors
QOIR 97 02 8T4 A FORTI1

QOZ0 CC 2710 LDD #10000 Add 10 mSecs. to target
o040 DE L0 ADD D FNGSTR as it was at start of
Q042 DD OR STD TIMOCR pulse

OO44 39 RTS

X

X

¥WAIT

*____.

X

¥Assuming a delay is running, the flag SIGFLG is set at the
¥beginning of this routine. If a signal interrupt occcurs before
¥the delay finishes the routine exits as the interrupt clears
¥SIGFLG. Otherwise an exit occurs at the end of the time delay
¥with SIGFLG still set.

¥

OOO0 CC 0001 WAIT LDD #1 Set flag initially

0007 FD 0086 8TD SIGFLG

QQ0& 7D 0087 WT1 T8T SIGFLG+!1 Has it been cleared
Q009 27 OF BE@ WTZ by interrupt service?
OO0OR FC 0084 LDD OVFLWS

QOOE 27 O BERQ WTZ

Q010 Q7. TFA

0011 85 10 BEIT A #$10

0013 27 F1 BEQ WT1

Q015 7B 40 08 WTZ2 TIM #3$40 TIMCNT Timer timed out?
0018 27 EC BER@ WT1

001A 329 WT3 RTS

X

X

¥DOWNT

* _____

¥

¥This procedure is called with an accelerometer value on the
¥stack. Its purpose is to cause the water column sampling.
XFHASELl, to be aborted if either 10 samples of deceleration
¥exceed a threshold or the optical switch interrupts and sets
¥a flag MUDFLG. Should either happen a value is pushed onto the
¥data stack to indicate which and the return stack pointer is
X¥incremented by 10. This alteration to the return stack throws
Xaway DOWNT's return address and two sets of DO-LOOF control
¥parametersto expose FHABEL1 s return address.
X

DWNCNT EQU %88

0000 B& 1002 DOWN LDA A ADCCNT Is optical switch interrupt

13 85 10 BIT A #1- enable bit set?
OO0E 246 04 BNE DWi1
0007 08 INX No Drop value from
o00g 0a INX stack and return

G009 20 20 BRA DW4



OOOR
OOOD
QOOE
QOOF
Q012
o014

QO17

Qo9
O010C
O0O1E
OO0

Q022

002
Q027
QO2A
0020
Q02D
D02
QOR0
QOZ2
OOIT
Q04
0035
QOZ7
X

¥

EC
08
0g
7D
26
83

ZD

7C
4
81
2D
cc
20
cc
ED
09
a9
Cé
DF
0
28
A
DE
39

02 DWi

Q080
1z
KKK
1E

0088

=i

[WTAY

15

O001

[ A

Q02 DW2
OO0 DW=

OA
FQ

FO

LDD
INX
INX
TST
EBNE
LDD
BLT

INC
LD&
CHMF
BLT
LDD
ERA
L.DD
STD
DEX
DEX
LDA
87X
TSX
ARX
TXS
LDX
RTS
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2, X Remove value from stack

MUDFLG Has aptical switch

DW2 triggered and set MUDFLEG?
H#THEHLD No. Is value greater
D4 than threshold?

DUWNENT  Yes

A DWNCNT Have 10 values

& #10 enceeded threshold?

DW4 If not return

#1 Yes l=triggered by deceleration
DWZ

#2 2=triggered by mud switch
0,X Push trigger code onto
the stack
B #10 '

XTEMF Save data stack pointer
Copy retwn stack pointer into X
add 10 to it

and put it back

XTEMF Recover data stack pointer
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APPENDIX A3 PATSY INDEX

The following is a listing of the procedures that during
compiling are appended to the FORTH vocabulary and constitute the
user program. In order that the compiled code can be placed in
ROM variables that would normally contain their own data space
instead have a field that points to RAM elsewhere. The pointer

DATA keeps track of the allocation of RAM space to variables.



45

48
49
S0
Sl
g2

-
a3

=4
55
56

o7

=8
o2

&0

L R i T T T e T e T e Dy

— e

CHECESUMS, 7

CAZE
CONSTANTS

g
HM

T
B,

DECLARING WORDSE

UTILITIEES

L]
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X B ED

COpE. DATA, RT

INTERRUFT SERVICE RD
puMMy INTERRUPTE SBERVICES, LINE,

VARIABLES, ARRAYE
CURRENT-TARLE,

TAELE-ENTRY ,
CHECKE, RELATIVES )
LISTL )

LISTZ )

LISTE

SAMPLE, DELAY 7
FULSE, WAIT, DOWNT

FREFAREL/Z/3

FHASELA
PHASELR )
FHASEZ )
SEMELE-NQW,

}
TARLE?, READ-TAEBLE

UTINMES

I

GETRET

3

READ-LIST, SCALE, SORT )

. FL1E7

RESET, BRA&CHUF

MAFk

)

3

DATA TRANSMISSION BY

TRANSFOND 7
FPARAMETERS

FILL-TARLE, SETUF

JRC )

MARION DUFRESNE )

SATDATA TEST

)

)]

FIMGE, WATER?Y,

FINGING 2

TRAMNEMIT,

8YNC.

¥
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SR ELN N & B SRR S

# 4

{ ERROR MEESAGES

Empty stackh

Dictionary full

Has incorrect address mode
Isn®t unigque

Bubble memory range?

Full stack
Bubble memary errar

FORTH INTEREST GRUOUF
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K]

ol
i}

8

I Caompilation oanly, use in definition
2 Erecution on
T Conditionals not paired

4 Definition not Finished

S In protected dictionary

& Use only whern loading
7O current editing screen
Declare vocabulary

ERROR MESSAEES . ..0
la
i

S

FORTH IMTEREST GROUF
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# Z0

{ CHECkSUME,

: PATHY @ HEX

: CHECEBUMES H
IF QW&ER I
THERN LOOF
LINTIL DROF DROF 3

BHINARY Z BaBE P og

OCTAL 8 BARE '

TR ORABE @ DUF DECIM&L . BABE ! 4

ERN B IO R O

» CODE PEXEC 'CEF CURREMNT @ CONMTEXT

O USER DETA 4800 DATAH !

y RETURMN 7COF 39 0, SMUDGE

¢ RTI 7C8F ER O, SMUDGE L[COMPILED L

T

BEGIN 2000 O

Suak O DL O

ms  sa B8

# 31
( CABE

I

DO DLFE I EOOCG 4+

Sl f

1

X

]

CREATE HEX

IMMEDIATE

: CAGE PCOMF CBF @ ICGF 4 @ IMMEDIATE
i OF 4 TRAIRS COMFILE QVER COMFILE =

[COMPILE] IF 5 3 IMMEDIAT
: ENDOF o PRAIRS [COMFILED] ELSE 4

: ENDCASE 4 7PAIRS
BEGIN SRy CSF 3 = O=
WHILE Z [COMPILE] THEN
REFEAT CSFP ! COMPILE DROF

# 2
Yt e

{ CONSTANTE 13

E

X

]

IMMEDIATE

IMMEDIATE

HEX 1000 CONSTANMT ARCDAT 1002 CONSTANT ADCCOMT

O CONSTANT PORTIDIR & CONSTANT FORT

8 CONSTANT TIMCZONT @ COMSTANT COUNTER

E CONSTANT TIMOCR D CONSTANT TIMICR
80 CONBTANMT MUDFLAG BE COMSTANT HLF
84 CONETANT OVER-FLOWS 8& CONSTANT
88 CONSTANT DOMNMN-COUNT 84 CONSTANT
8C CONBTANT PNGSTR BE ©
Zod CONSTANT THRESHUOLD

[

£

O CONETANT

FORTH INMTEREST GROUF

|

[ 2

SIGFLAG

CYCLER

IMETANT TIME-ERROR

CORRFG

CR DUF + DUF

s
b

AND

(=
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# T

DECLARIMG WORDE )
s , .

r VAR DB I P2ODATA
FOLLING LS Y SIY)
3 = .

UaTE Y 00D
o, DDEG
s 2TOT , EDOE OE ‘
2 . , DOEG  EDOD , 0%90% , RETURM
ARR&Y+ CRBUTLDE 2 ¥ DATA @ DUF , DUF 2+ SWaR !
DATA @ + DUF . 2+ DATA ' ; CODE
DFFO . 38IC , EEODZ , ECOO , DDES , CF C. 2 4
EDCD , 38 T, AZ0% , 2006 , ELOE , EEOZ , EDOD
DEFO , DCED , EDOO , 0%90% , RETURKN '
2 ARRAY <BUILDE = % DATA @& ., DATA +! DOES> 3 ;
: CHANNEL-TARLE <BUILDE DATA ® DUF , 30 ERASE
Z0 DATA +! DOES:> &

=

S

# T4

¢ UTILITIES »

: I/0-INIT © FPORTL C!' 4F FORTIDIR ) O PORTL C!
O ADCCONT F Fo00 ADCDAT ' 3ZC2C ADCTONT b g

: SUPPLIES-ON FORTL C3 8 OR FORT1 C! 3

: SUFPRLIES~OFF FORTY! C@ F7 AND PORT1 ! g

CODE EMARLE~-INTERRUFTE E C, RETURN

CODE DISARLE-INTERRUFTS F C, RETURN

: ENABLE-OFPTICAL-SWITCH ADCCONT C@ DROF ADCDAT C2 DROF
ADCCONT DUF C9 1 OF SWAF C!

: DISARLE-OFTICAL-SWITCH ADCCONT DUF 2 ZIE ARND SWaEF C!

¢ DIBARLE-SIGNAL TIMUCONT DUFP DUF Co SWAF T + Ca DROF
EF AND SWAF C! g

: ENABLE-SIGMNAL TIMCONT DUF DUF Co SWAFR S5 + 0 DROP
10 OR SWAF V) 3

s MSBELC. OJZES W¥ @

# 35

¢ INTERRUFT SERVICE ROUTINES O

{ TIMER 7

CODE TISK DC C, TIMCONT C, DE C, QVER-FLOWS C, 2705 , 0% C,
DF €, OVER-FLOWS C, 2412 , & C, TIMCONT C, 84F7 , 97 C,

TIMCONT ©, 7D C, CORRFG i+ , 2707 , DC C, TIMOCR C,
g0 , 2OO2 , DC ¢, TIMOCR C, DD C, TIMOCR C, RTI

{ SIGNAL )
CODE SISR 96 £, TIMCONT C, Dé C, TIMICR C, 84EF , 97 O,
TIMCONT C, 4FSF , DD £, SIGFLAG C, RTI .

¢ MUD SENSOR G
CODE mMSISk BS O, ADRCCONT , 2ZBO4 , B&S O, ADCDAT , 20067,

Ba C, ADCDAT , B&FF , 97 [, MUDFLAG C, RTI

FORTH INTEREST GROUF
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# &

¢ DUMMY INTERRUFPTS SERVICES, LIMK, GETSET )
CODE SERIAL %&11 , 8BER 9711 . RTI

CQDE TIMER-DFFLOW DCOR , Q4FR , 2708 , RTI

: LINE T % DO + DUF TE BWAF C! 1+ ! 3

: BETSET I/0-INMIT O OVER-FLOWS ! O MUDFLAG ! O SIGFLAG !
POENABLE-INTERRUPTS SURFLIES-0ON 3

O DOWN-COUNT
# IV

{ VAaRIARLES, ARRAYS

CHANMNEL -TARLE TARLE]l CHARNNEL-TABLE TABLEZ
CHARMNEL-TARBLE TAELEZ * TaBLEl & + \VaR TABLE

DECIMAL

O VAR MO.1 O VaR MO.2 O ValR ND.Z O VaR NO. 4

O VAR NO.S O VAR MO.& O VAR NDOL7 O VAR MNO.8 O vaR WNO.9
O VAR ACELNILIVE O VaR ACELNZLIVE ¢ VAR TILTILIVE

O VAR TILTIZLIVE O VAR TEMRLIVE O VAR RACEERY

1250 ARRAY+ ACELNIFAST 1250 akRRAY+ ACELNIFAST

10 ARRAY FPING-LIST O VAR SIGNAL

14600 ARRAY+ ACELNM1 1800 ARRAY+ ACELNZ

1600 ARRAY+ TILT1 14600 ARRAY+ TILTZ2

1400 ARRAY+ TEMF

4000 ROLLING-RUFFER ACELNREL 4000 ROLL ING-BUFFER ACELNREZ
" Neunt free RAM location would bhe " HEX DATA 2 U,
DECIMAL ——=*

8
CURRENT-TAEBLE, TABLE?T, READ-TABLE
CURRENT~-TAEBELE CA&HSE
1 GF " TABLEL & + TABLE ! ENDOF
2 0F 7 TABRLERZ & + TARLE ! ENDOF
3 0OF ° TABLEZS & + TABLE ! ENDOF
EMNDCABE ;
: TARLET TABLE 3@ CASE
TTABLELD &+ OF " TABLE 1" ENDOF
TOTABLEZ & + OF Y TaRLE 2" EMDOF
TORLET & + OF " TARLE IV ENDOF ENDCASE
FEAD-TARLE CFR TARLE?D TAELE & 3 CR

LI -

-t CHEN . F.8, (MSEC.r F.S. (VALUE) OFFSET (MBEC.)
g 0 D0 I O 12 DR DUF I & % + 3 E-+D 12 DR

DUF T & ¥ + 24 3 B-2D 12 LR

DUF I & & -+ 4 + @ 5-20 12 DUFR
CFr LLOOF DROF 3 ——>

FORTH IRNTEREST GROUF
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QUFR # 39

0O TaABLE-ENTRY, READ-LIST, SCALE, SORT @

1 TERLE-ENTRY R ROT RB>» SWaFP TARLE 3 3 SWSGF 2 MOD DUF 0
= IF B +

= THEM & ¥ =+ 4 + LUF R ! R 2 - ' R 4 - | READ-TARBLE
4 READ-LIST ZE8 2 DO PING-LIST I + 3 . 2 +L0O0OF 4

=

& @ BCALE & & TaRLE 3 @ o+ DUF @ O=

7 IF DROF DROP O

3 ELSE DUP R ODUF @ 8MAF 24 032 kSR @ MOD RE 4 + D o+

& THEM 4.
10

11 CODE SORT 30 ©, 8401 , 34 0, CE ©, FING-LIST 2+ , ECOO , AZOZ ,
Be DELT ., ALGO |, E&UD , ATOD , ET7O0 , A&D1 , E&OT , AT7OX ,

13 E70L , I2 0, 4F €, T6 C, 0808 , 8C C, FING-LIST 10 + ,

14 26ED , T2 0, 40 ©, 2704 , 38 C, RETURN

15 ===

53]
0
il

C# 40
( CHECK, RELATIVES )
CODE CHECK =C C, CE ©, FING-LIST , 4FSF , EDIZ , EDi14 , R&08 ,
%4 C, CE C, PING-LIST , ECOZ , 83 C, 14 , 2610 , ECO4 ,
EDOZ , 0808 , 8C C, FING-LIST 10 + , D4F5 , 32 C, 44 C, 3& C,
26E4 , T2 C, CE C, FING-LIST , ECOZ , 2607 , CC C, 742 ,
EDOZ , 201t , 83 C, T4E , 250 , CC C, 74E , EDOZ , OBO8 ,
8C C, FING-LIST 12 + , Z&E4 , CE ©, PING-LIST , ECO4 , 271F ,
AZDZ? , 83 C, 13, =241t , 3IC C, ECO4 , EDOZ , 2707 , ORO8 ,
8C C, PING-LIST 12 + , 2&6F3 , 38 C, Z0E4 , 0808 , 8C C,
FING-LIST 10 + , 2DD , 8 C, RETURN
¢ RELATIVES 0 10 DO FING-LIST I + 2+ @& DUF
IF PING-LIST I + @ — & — FING-LIST I + 2+ !
ELSE DROF ‘
13 ENDIF -2 +LOOF ;
14
15 DECIMAL ——3

I I S SRS S)

PP
S

l\

SCR # 41
¢ LISTL
LISTLI SIGNAL @ O SCALE PIMG-LIST 2+ !
ACELMNIFAET o 1 SCALE FING-LIST 4 + !
ACELNIZFAET @ 2 SCALE FING-LIST & + !
0 FPING-LIST 8 + !
QO FIMGE~-LIST 10
O PING-LIST 12
O FING-LIST 14
O PING-LIST 14

-~
Ty
"

i
]
1
i

R

M
4

RS BN Iy SO R (R OO B S B

10
11
1z
1=
14
15 DECIMAL ——
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i1}
i)
T

COoH 4z

G 0 LIBTZ ¢

1 ¢ LISTZ2 SIGNAL 3 O FIME~_IST I+

2 HOELNL % 1 FING-LIST 4 + !
= ACELNZ 3 2 FING-LIST & + !
4 TILTL KT FING-LIST 8 + !
= TILTZ 3 4 8 FING-LLIST 10 +
) TEMF @ & BCF FING-LIST 12 + !
7 0 PING-LLIST 14 +

& O FPING-LIST 1& + 1 &

<

47
LIBTS
LIBTT SIGBNAL 2 0O SBCALE FING-LIST 2
ACELMILIVE ® 1 SCALE PING-LIST 4
ACELNZLIVE @ 7 SCALE FING-LIST &
TILTILIVE 3 3 SCALE FPING-LIST 8
TILTRLIVE @ 4 SCALE FING-LIST 10 + !
TEMPLIVE 3 & SCALE FPING-LIST 12 + !
QO FPING=LIST 14 + !
O OFING-LIST 1& + ! g

-
o

)

u3
0
. 71
A

O 0~ g 0 b

10

SCR # 44
O ¢ SAMFLE, DELAY )
1 CODE SAMFLE ECOZ , S8ER , 5838 , F7 C, ADRCDAT , B C. .
2 ADCCONT , 8477 , BY O, ADCCONT , 7C C, ADCDAT 1+
= 7D T, ADCCONT 1+ , 2AFR , B& O, ADCCONT , 8408 4
4 B7Y C, ADCCONT , FC C, ADCDAT , 840F , 8% O, 800 .
= 4750 . 24601 , 4C C, EDOZ , RETURN
&
7
a
q.‘

CODE DELAY DC 0, OVER-FLOWS C, 27085 , 07 £, 8310 , Z7F7 .

TR4G . TIMCONT C, 27FE , ECOZ , 0808 , DD C, OVER-FLOWS C,
ECO2 , OBOB , FF CT. CORRFE 1+ , 4D C, 2&08 , 5D C, ZEROS 4

10 CrSG , 7C ©, COFRFG 1+ , D3 ©, TIMOCR C, DD C, TIMOCR G,

11 DC T, OVER-FLOWS O, Z704 , 96 C, TIMCONT C, sa08 . 97 C.

1z TIMCONT ©, %& C, PORTL ©, B4FR , 97 €, FORT1 C, RETURN

13

14

o
wd

FORTH INTERESRT GROUF
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SCR # 45
O ( PULSE, WAIT, DOWNT

CODE FULSE DCOE , DDBC , ECOZ , OB08 , DYRZ , DO8g |
L D7 OC, 8510, FFF7 ., YR4G , TIMCONT ., ZTFE .
FORT1 T, BAOL , %7 O, FORTL ©, 7R40 ., TIMCONT C,
] BF , D3 C, TIMOCR G, DD C, TIMOCR O, 9& O,
gacd , 97 ©, FORTL G, 74 C. HLFOYD

. FORTL C, 84FC , 7 C, FORTL C, CC T,
710 ., DI O, ENGSTR C. DD C, TIMOCR ©, RETURN
CODE WalT CC &, t , FU T, SIGFLAG., 7D C, SIGFLAG 1+
27OF , FO £, OGVER-FLOWS , 270% , 07 ©, S510¢
27FL , TRAG , TIMCONT C, Z7EC , RETURN
11 CODE DOWNT E& C, ADCCONT , 8501 , 26064 , OBOS , 2030 ,
12 ECoz , 0808 , 7D O, MUDFLAG , 2&13 , 83 O, THRESHOLD ,
13 2D1E , 7C C, DOWN-COUNT , 9& C, DOWN-COUNT ©, 3i0a
14 2pis , CC G, 1, 2003 , CCC, 2 , EDOO , 0909 , CL0&
= DFFC , 30 C, 3A3% , DEFO , RETURN DECIMAL —->

SN N e O g G b e

4

SCR #
O ( FREFAREL/Z/3, FPIDY?, FING, WATERT, TRANSMIT, BSYRC.
: PREFAREL LIST1 SORT CHECK RELATIVES 4
2 @ PREPAREZ LISTZ S8ORT CHECK RELATIVES
T @ PREPARES LIBTIE SORT CHECK RELATIVES

F157 FORTL C9 3I7 AND i
FING 35 FULSE ; '
WATERT EEGIN FING 100 O DO 100 MSEC. DELAY
F157 IF LEAVE THEN LOOF F157 UNTIL ;
TRANSMIT 18 © DO FING-LIST 2+ I + @ —DUF
IF FING MSEC. DELAY

10 ELSE LEAVE ENDIF = +LOOF ;
SYNC. TIMICR & 10000 + TIMCONT CO 247 AND TIMCONT ©
2 TIMOCR ! © OVER-FLOWS ! O 10 O DO O SAMFLE DUF
13 SIGNAL ' OVER > IF DROFP SIGNAL &
14 ELSE COUNTER & ©&00 + TIMOCR ! LEAVE THEN LOOF

15 =i

1Y

DI RN B & B S

ot
-t
zr

47
RESET, BACKUF
RESET & + @ DUF 2+ SWAF ) g
BACEUR 2 % QWAR & + DUF R @ @ SWaF - DUF R @ - DUF O
IF OROF
ELSE SWAF DROF R 2+ 2 +
ENDIF Rx> @ ! o3
TRANSFER * ACELNIFAST RESET ° ACELNZFAST RESET
7 ACELNREI BACKERY @ BACKUR ~ ACELNREZ BACHRY @ RACHUR
1280 0 DO ACELNREL 3 ACELNIFAST !
ACELNREBZE @ ACELMZFAST ! LOGOF
§ T OACELNIFABT RESET ° ACELNIFAET REBET i
o CLEAR ° ACELND RESET 7 ACELME RESET ° TILT! RESET
TILTE RESET & TEMF REBET g

w

rl
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ol EEN I S B S 8
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FORTH INTEREST GROUF
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¥ 48
{ FHASELA )
DECIMAL

FHASELS &S00 O DO

S0 MSEC. DELAY

SAMFLE ACELNL !
SAMFLE ACELNZ !
SaMPLE TILTL !
SAMFLE TILTZ2 !
SAMFLE TEMF !
S0 MSEC. DELAY

2 - P R I

LOOF
ENABRLE-OFTICAL~-SWITCH

C# 49

{ PHASELIR )
DECIMAL
: FHASELR O DO
24 0 DO 2 MSEC. DELAY 1 SAMFLE DUF ACELNREL ! DOWN?
2 SAMPLE DUF ACELNREZ ! DOWNT
LooF
1 SAMPLE DUF ACELNL ! ACELNREL !
I SAMFPLE DUF ACELNZ ! ACELNREZ !
I BAMPLE TILTL !
SAMPFLE TILTZ !
1 BAMPLE ACELNREL ! 2 SAMPLE ACELNREZ ! & SAMFLE TEMF
24 O DO 2 MSEC. DELAY 1 SAMFLE DUF ACELNREL ! DOWN?
2 SAMFLE DUF ACELNREZ ! DDNN?

4 MSEC. DELAY

N

LOOF LOOF O ¢

L # SO0

( PHASEZ )

: FPHASEZ O DO

48 0 DO 2 MSEC. DELAY 1 SAMFLE ACELNREL !

: 2 8AMPLE ACELNRERZ !
Laor

SAaMPFLE DUF ACELN1 ! ACELNREL !
SAMFLE DUF ACELMZ ! ACELNREBZ !
SAMFLE TILT1 !
SaMPLE TILTZE !
SAMFLE ACELNREL !
SAMPLE ACELNMREBZ !
SAMPLE TEMF LaoOF
DISABLE-QFTICAL-SWITCH 3

4 MSEC. DELAY

[ I o8 B SPRE SR R Y Y

b

FORTH INTEREST GROUF
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=1
SaMPLE-NOW, FARE )
SEMPLE-NOW O SIGNAL !
1 SAMFLE ACELNILIVE ! 2 SA
I OBAMPLE TILTILIVE Vo4 SBAMPLE TILT
& SAMPLE TEMPLIVE ! o

MaRk £ = IF ° ACELNMREL 1000 BACKUR ~©
SO0 DO Bl ACELNREL +! LOOF
ACELNRERL & BACKLUF 250 BACKRY .!
ELZE 1250 BACERY ! THEN i

FREFARE4 SIGNAL @ DUF a<
IF 0 ELSE 8 / THEN 20 + FING-LIST Z
22 4 DO O PING-LIST I + ! 2 +LOOF
SORT CHECE RELATIVES 3

# o2

{ DATA TRANSMISSION BY FINGING )

: FAST-DATA-FINGING ° ACELNIFAST RESET
FREFARE1 O DO TRANSMIT TIME-ERROR @
DELAY FREFAREL LOOF 3

MEDIUM-DATA-FINGING CLEAR FREFAREZ O

EMFLE ARCELN
B

ZLIVE

ACELNREZ

+

ZLIVE

H

1000 BACEUF

ACELNZFAST RESET

T4444 + 1

DO

TRANSMIT TIME-ERROR 2 344464 + 1 DELAY FREFAREZ

LOOF s

LIVE-FINGING SAMFLE-NOW FREFARET O D

o

TRANSMIT TIME-ERROR @ 34444 + 1 DELAY SAMFLE-NOW

FREFAREZ LOOFP ;

READY? EBEGIN PING O &O00 O DO DROF O

IF 1 LEAVE ELSE © THEN LOOF UNTIL

# 53
{ TRANSFOND )
: TRANSFOMD FREFARE4 O 1 ROT ROT DO O=

F00 O DO DROF
100 MSEC. DELAY F1S7? IF O LEAVE ELSE THEN LOaF

IF SYNC. TRAMEMIT FREFARE4 20 MSEC. DELAY 20 MSEC.
ELSE 10 MSEC. DELAY DISARLE-SIGMNAL FING 980 MSEC.

DELAY 1000 MSEC.

THEN DELAY ERNMARBLE-SIGNAL WAIT SIGFLAG 2

LOOF DROF 3
s SEIFLINE 2000 MSEC. DELAY 3

AMNOUNCE © O DO PING 90 MSEC. DELAY

FORTH INTEREST GROUF

LODF

"
#
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QCR # 54
O L FPARAMETERS 7
1 HERE ¢ Doy O Z0oon , 2048, 100 2O00 . 2048, OO
P L i L L L T L o S O &
IO, O ; O, RO00 26 W M0G0, ZL00 , 2048 200
4 900 , &14 . 1000 , 900 , 614 , 1100 . 0 . D ., O .,
S O790 , 1229 . 120, 0 o, 0o iy,
& 0, 0o, 0, 2000, 2048, 100, Zo0d ., 2048 , ZO0
7RO &1 o 1000, P00, &34, 1100, O, 0, Do,
& 750 1229 , L2850 o O O 4 0oy .
G Z60 , IRO00 . 20, 150, 130 , 1280 , 1&00 , R00 . 150 1250
10 CDONSTANT FARAMETERS .
11
12
13
14
15 ——
SCR # S5

O ( FILL-TARLE., SETUF )

: FILL-TARLE DO FARAMETERS 1 2 % + @ TARLE o 2 I 24

MOD 2 % +. ' LOOF ;
: SETUF 184732 DUR S&000 SWAF — ERASE

v NIy S B S F S BE

o~ ,]
e 3

48

1 CURRENT-TARLE
2 CURRENT-TARLE

0O FILL-TABLE READ-TABLE
24 FILL-TARLE READ-TABLE

NO. 3

-

v
!

T CURRENT-TARBLE 72 48 FILL-TARLE READ-TAERLE
CR PARAMETERS 144 + DUF & ." TIME-ERRDR = " DUF . TIME-ERROR
CR 2+ DUF ® ." NOL1 = " DUP U, NO.1 ' CR 2 + DUFP @
" NOL.2 = " DUF . ND.Z2 ' CR 2 + DUF 2 ." NO.Z = " DUF .

10 CR 2 + DUP 9 ." NO,4 = " DUF . NO.4 ' CR & + DUF ¥
11 ." ND.S = " DUF . NO.S ! CR 2 + DUF @ ." NO.& = " DUF .
12 NO.& ' CR 2 + DUP @ ." NO.7 = " DUF . ND.7 ! CR 2 + DUF
1Z . NO.8 = " DUF . NOB ! CR 2+ 3@ ." NO.? = " DUF . NO.9
14 H

15

SCR

‘ER BETSET

# 56

DELAY

¥ DUF 1+ MSEC.

DELAY

FING

B o+ 0 DELAY

O JRrC D

1 ¢« JRC 7 ACELNIFAST RESET O DO PING 40 MSELC. DELAY
2 FING Q0 MSEC. DELAY FING 190 MSEC.

s FING 240 MQEC. DELAY

4 ACELNIFAST @ DUF &2 AND 10

= &79 SWAF - MSEC. DELAY

& 4032 AND 10 &4 %/ DUF 1+ MSEC. DELAY FING
7 &7%9 SWAP — MSEC. DELAY 20000 TIME-ERROR

g LOOF

4

10

11

1z

14

FORTH

INTEREST GRUOWF
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MARION DUFRESNE

TRIAL1
TIER

SERIAL O LINK 7 TIMER-OTFLQOW 1 LINE
2 LINE 7 8IGR T LINE 7 MSISK 4 LINK

DISABLE-OFTICAL-S8WITCH READY? HWATERT ANNOUNCE

CLEAR

ACELNREL RESET ° ACELNREZ REBET

FHASELA NO.1 @ FHASELR

NG. 2§
NO.Z R
MO 4 D
BEGIN
NDLS
NO. &
NOLT
ND. 8
NQ.?
ABAIN

2ol

LRI

58

FHARESZ MaRE TRANSFER 5 CURRENT-TAELE
LIVE-FINGING .
TRANSFOND  SEIFPLINE

1 CURRENT~TABLE
FAST-DATO-FINGING SHIFLINE 2 CURRENT-TABLE
MEDIUM-DATA-FINGING SKIFLINE
TRANSFOND SEIFLINE
LIVE-FINGING SKIFPLINE
JRC SHIFLINE

INTEREST GROUF



AT Sy IR S e

TRIALL  JRC  SETUF  FILL-TAELE® FARAMETERS  SKIFLINE  TRANSFOND
READY?  LIVE-FINGING  MEDIUM-DATA-FINGING  FAST-DATA-FINGING  FREFARES
MARE  SAMFLE-NOW  FHASEZ  FHASELIR  FHASELA  CLEAR  TRANSFER  BACKUF
RESET  SYNC.  TRANSMIT  WATERT FING F157  FREFARET  PREFAREZ
FREFAREL  DOWNT  WAIT  FULSE  DELAY  SAMFLE  LISTI  LISTEZ  LIST!
RELATIVES  CHECK  SORT  SCALE  READ-LIST  TAELE-ENTRY  READ-TAELE
TABLET  CURRENT-TARLE  ACELNREZ  ACELNREI  TEMF  TILT2  TILTL

ACELNZ  ACELN1  SIGMAL  FING-LIST  ACELNZFAST  ACELNLIFAST  BAC
TEMFLIVE  TILTZLIVE  TILTILIVE  ACELNZLIVE  ACELNILIVE  NO.§  NO.B
NO.7  ND.&  NOLE NO.4 NOLI O NO.2 NO.1 TARLE  TABLET  TARLEZ
TARLEl  GBETSET  LINK  TIMER-O'FLOW  SERIAL  MSISR  SISR  TISR
MSEC.  ENABLE-SIBNAL  DISABLE-SIGNAL  DISARLE-OPTICAL-SWITCH  ENABLE-OFTICAL
-SWITCH

DISABLE~INTERRUFTS  ENABLE-INTERRUFTS  SUFFLIES-OFF  SUFPLIES-ON

I/0-INIT  CHANNEL-TABLE  ARRAY  ARRAY+  ROLLING-BUFFER VAR CORRFG
THRESHOLD ~ TIME-ERROR  FNGSTR  CYCLES  DOWN-COUNT — SIGFLAG  OVER-FLOWS
HLFCYC  MUDFLAG  TIMICR  TIMOCR  COUNTER  TIMCONT  PORTL  FORTIDIR
ADCCONT  ADCDAT  ENDCASE  ENDOF  OF  CASE  RTI  RETURN  DATA -

CODE  U. 7B DOCTAL  RINARY  CHECKSUMS  FATSY  TASK  FORTH

NOOF  LINK  MON F. WHERE EDITOR LINE TEXT  C/L M/ M

+- D+~  VLIST TRIAD INDEX LIST 2 . D. D.R .R #S

KEY

# SIBN  #» <#  GFPACES  WHILE ELSE IF  REFEAT  ABAIN  END
UNTIL  +LOOF  LOOF -DO  THEN  ENDIF  BEGIN  BACK  FORGET 7
¢/ DRIVE DRE --> LDAD MESSAGE .LINE  (LINE»  ELOCK  BUFFER

DR1 DRO EMFTY—-BUFFERS UFDATE +RUF FREV USE DAES AES

M/MOD ¥/ ¥ /M0OD MaD / /MQoD ¥ S~=D COLD ARORT QUIT

{ DEFINITIONS VOCABULARY IMMEDIATE INTERFRET DLITERAL LITERAL
[COMFILED CREARTE ID. ERROR (ARDRT) -FIND NUMEER (NUMEBER?

WORD PAD HOLD BLAMES ERASE FILL DUERY EXFECT PETACHK
M " ~-TRAILING TYFE COUNT DOES = <RUILDS s CODE (; CODED
DECIMAL HE X SMUDGE 1 r COMFILE PLOADING 2CSF TFAIRS
TEXEC PLOMFE PERROR ISP FFA NFA LFA& LATEST TRAVERSE

-DUF MAX MIN SFACE ROT = < = - c, . ALLOT HERE
2+ 1+ COLUMNS HLD Fi# CsF FLD DFL RASE STATE CURRENT
CONTEXT OFFSET SCR ouT IN BLE VOC—L INK DF FENCE WARMING
WIDTH TIR RO 80 +ORIGIN R/SCR B/ BLUF LIMIT FIRET EBL

T2 1 0 USER  VARIABLE  CONSTANT ;3 @ C! r Ca @
TOEGLE  +! DUF  SWAP  DROF  OVER  DMINUS  MINUS D+ + O
o= R Rr R LEAVE ;8 RF! SF! SF@ XOR OR  AND W/

Ux CMOVE CK PTERMIMAL KEY EMIT ENCLOSE (FIND? DIGIT
I (Do (+L.00F) (L.OOF) OERANCH EXECUTE CLITER LIT

EDITOR

C E. DELETE Cory FLUSH  CLEAR TOF I F R L T M

D 8 E H ~-MOVE #LAG  #LEAD  #LOCATE  TASK FORTH NCOF
L Ik MON P WHERE EDITOR  LINE  TEXT C/l M/ M3 +-

D+— VLIST  TRIAD INDEX LIST 7 . D. U.FR .F #3 #

SIGN
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Mamy words in FORTH receive parameters from a data stack and
e g —

giay retwn some. The netation weed here ig g

Sk < WORD
rnl nd --— n3
( Description of the function of the word

ni and N2 are 14 bit values on the stack before execution, the
right—-most being at the top of the stack.

~—— denotes the function being performed and

nZ a value retwned to the stack. eqg.

17:9 + rnl nZ —-—-—  sum
Return to the stachk the sum ni+nz

S and L are respectively the socreen and line numbers of the
ward in the index.

Other words created during compiling can later be executed to
assist the compiler to build & control structure like CASE or to
create new classes of word such as data types with a user defined
format and rurn—tiwme behavicur. The notation used is 31—

12:11 < STRING
n < WORD = < BTRING =
This creates & new FORTH word of name « STRING » and class
WORD > wusing & parameter n. eg.

I7:9 PFPING-LIST
10 ARRAY FING-LIST
Creates a one dimensioneal array of 10 elements called PING-LIST
with a call to the run—-time code provided by the word ARRAY

Not all the words in the index are defined in the glossary as
same are redundant and others speak for themselves,



& dummy word to mark the

atart of the esxtension to the
FORTH diclticanary. '
To. 10 CODE
CODE < string * +ee.wswneoes« RETURN
Creates a machine code word of rname < string » and sets

the number base to hewidecimal. Dmuble or single bhyvltes may
then be stored into the word wsing "." and "o, .
Tl DATA
A FORTH variable containing a pointer to variable space

in RAM. It is iniallised to 4800 hex.

3012 RETURN
Completes a code defimition.

013 ORTI
Completes either @& high level or code word that is an
interrupt service routine.

Fl:1 CASE,DF,ENMDOF,EMDCASE

These words build a CABE structure when used duwing
campiling. The form created will be -
CASE value OF ... ENDOF

value OF ... ENDOF e&tc.

.« EMNDCASE

The words between OF and ENDOF are executed if the number on
the stack at run—time is equal to value otherwise words
preceding EMNDCASE are executed. :

33:1 VAR
n VAR < string
Creates a variable of name < string > that points to a
14 bit location in RAM initialised to n. When < skring * is
vecuted the address of that RAM location is pushed onto the
stack.

23:2 ROLLING-RUFFER
rt ROLLING-RBUFFER < string
Creates a one dimensional arvray, + string =, of n elements.
Each time an array of this type is executed the address of the
next element is retuwned until the end of the array is passed
when the address of the first element is pushed onto the stack.

I3:7  ARRAY+
n ARRAY+ < sbtring
Creates an array like ROLLING-BUFFER esucept that when the
last element is reached this one’s address is repeated for
any further calls. ie the array saturates.

ITr 1 ARRAY

n ARRAY < string
Creates & one dimensiornal array of name « string & which

,
1

at run—time retuwns the address of the first element ( lsss 2
for techrnical reasons .
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IT: 15 CHANNEL-TABLE
CHAMNNEL-TARLE < string
Builds arn 8 by 3 arvay to hold scaling parameters for

5 date chennels.

F4:1 IS0-INIT

This word initialises the CPU 8 bit port by defining which
lines are to be inpuits or ocutputs and then programs the 1& bit
paralliel port thet interfaces to the analogue to digital

convertar.

F4:T SUFFLIES-ON
Z4:4  SURPLIES-OFF
These words control the supplies for external sensors.

F4:5  ENABLE-INTERRUFTS
I4:45 DISABRLE~-INTERRUFTS
All interrupts to the CFU can be masked or wunmasked by
these words.

Z4:7  ENABLE-DFTICAL-SWITCH
J4:9 DISABLE~-OFRTICAL-SWITCH
These words control interrupts from the optical switch.
The state aof the switch can alsc be sensed via bit & of the
CFRU port FORTL.

I4: 10 DISABLE-SIGNAL
I4:12 ENABLE-SIGNAL
Interrupts from the receiver during transponding can be
inhibited or enabled by these words.

F4:14 MBEC.
n ——— ud
Multiplies the single precision number n by 1000 to
generate an unsigned double precision number ud., If n is in
mSec. then ud is in micro-seconds. eq.
1G MSEC. DELAY

S:3 TISR ( Timer Interrupt Service Routine )

For delays langer than 27146 micro—seconds the number of
complete cycles af the counter is stored in OVER-FLOWS. This
interrupt service decrements OQVER-FLOWS on successive
interrupts and on reaching zerc it disables itself.

See notes for deteile of timer opesration.

ZH:9 8IBR ( Signal Interrupt Service Routine 3
Whern a receiver interrupt cccurs this rovtine clears a
flag SIGFLAGE and disables itself. SIGFLASE iz sensed during
transponding.

D12 MSISR ( Mud Sernsor Interrupt Service Routine )

If the optical switch makes a transition when enabled
to interrupt this routine checks that this is the source of
the interrupt and i+ it is sets the flag MUDFLAG which is
csampled regularly during FHABEL of sampling.
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Should an interrupt ever be generated by the serial
interface it will be vectored here to dissble the interrupt.

TIMER-OFLOW
This irterrupt like BERIAL should never happen, but if it
does it is disabled here.

LINE

add o ———

Interrupts vector through high addresses in the ROM
containing the language; to avoid having to reprogram this ROM
every time a service routine is relocated, the vectors point
to a table of jumps in RAM. Wher FORTH starts up From cold
the jump table iz filled in with default addresses. LINE must
be used to coverwrite these addresses with the addresses
af the service routines. n is the jump rnumber.

n interrupt service routine
0 SERIAL '

1 TIMER-O"FLOW
) TIGK

= SISR

4 MSISK

u

sed thus ° SERIAL O LINK

GETSET ,
This initialises ports, clears some flags, emnables
interrupts and turns on the supplies for the sensors.

TARLEL, TARLEZ
TABLETZ
Thtee arvrays aof type CHAMMEL-TAEBRLE are declared.

TAELE
This variable is declared and initialised to point into
TAELEL

The remainder of the program variables and artays are
declared.

CURRENT-TARLE

n ———

The value of n can be 1,2 or 3 . The variable TARBLE
ig filled with the address of the corresponding table. If n
is out of range no change is made.

TABLE?
——= "gtring"
Frints the name of the table currently pointed to by
TABLE.

38:10 READ-TARLE

The parameters in the current table are disgplaeved in &
tabulated form.,
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THELE-ENTEY

nl nZ n3 ond ———

Farameters n2,n3 and nd are filled into chanmel nl of the
curtrent table. nl is treated modulo B =0 no demage can be done
if rnl ig not in the range O to 7. The modified coantents of the
tabple are then displaved using READ-TABLE.

READ-LIST
This word prints out the values in the FING-LIST. SGee notes
far the function of the PING-LIST

SCALE
nl N2 —=- N3
The sensor value nl is scaled accarding to the parameters

af channel n2 of the current table. Nl is the scaled result.
See notes for further imformaticon about scaling.

SORT ;
This word takes the FING-LIST and rearranges its contents
into ascending numerical order,

CHECHK

Like SORT this word processes the FING-LIST — It eliminates
possible negative delays, delays that are too long or pairs of
delays that are too closge. At present it is biassed towards
dirropping the later af. two delays less than 20 msec. apart.

40: 10 RELATIVES

bbb
LR e
b P et

44z 1

This word converts a list of delays from zero in the
FING-LIST into & list of delay differences. See notes for
the details of FPING-LIST editing.

LISTI1
LISTZ2
LISTI
These LIST words read the next samples from selected .
artave, SCALEs them and enters them into the PING-LIST.
The order in which the sensors are read is irrelevant as the
FING-LIST will be SORTed later.

SAMFLE

nli -—— n2

This is the procedure that samples analogue channel nil
and delivers a signed value nZ between -Z047 and +2048. First
the channel number is fed to the multiplenser then the sample-—
and—hold chip 1% switched to held and a conversion triggered.
At the end of conversion the sample-—-and-hold chip is
returned to the sampling state and the output from the analogue
ta digital canverter ie inverted ( negative logic is used !}
and adjusted to represent a 27s complement number.
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G457 DELAY

uef -

Thig woard is the heart oFf bthe pulse interval telemetry.
The unsigrned double precision number ud is split into & high
arnd & low word., The low word is added into the I& bit
counter to proaduce & delay of that number of micro—-seconds.
I+ the high bvte is non-zerc then it represents the number
of complete cycles of count that must be executed before
the counter resches its target and the delay is finished.
The high arder word is stored in OVER-FLOWS and the timer
interrupt is enabled. Each time the target count is reached
an interrupt occcwrs and OVER-FLOWS is decremented.

A crucial aspect of DELAY is that it does not waste "ud®
micro—-seconds instead it waits for any previous delay to
time—out thern sets up the new delay and returns. See notes
for a more detailed explanation of the use of the timer.

FULSE
- .
Generate & tramsmission pulse of n half-cvcles. This
word waits for any current delay to time ocut., saves the state
of the count for later and turns on the AGC mute. This will
be turned off again by the following DELAY and prevents the
receiver gain being affected by the pulse. The power
transistors are toggled on and off "n" times to generate the
pulse. Before retuwning the count saved at the start has
10 mSec. added to it so that the whole word takes 10 mBec.
to run regardless of the actual time taken to execute the
soft—ware. This coherent timing principle is described in
maore detail later.

B
o
o

WAIT

=
]
n

This word is used during transponding and waits for a
signal interrupt with a delay running. A retwn cccurs
either when the interrupt has occurred and clearecd SIGFLAG
or because the time has run out in which case SIGFLAG will
still be set.

45: 11 DOWN?

ni ——— ( nZ

This word is called regularly after each fast sampling
aof an accelerometer. nl is a sampled value but if the
optical switch is not yet enabled it is dropped and DOWN?T
retwns. If an optical switch interrupt has occurred
MUDFLAG will be set and n2 is set to 2. Otherwicse the value
of ml is compared with & thresheld and after 10 values have
esceeded it N2 ie set to 1 . With N2 either 1 o Z DOWNT
performs an exceptional returrn by exitting 2 levels of
DO LOGOF. Should these leoops exit in the normal way then &
value of zero is left on the stack.
Thus O means bottom not detected within the time allowed.

1 means a significant deceleration has ocurred.

Z means the optical switch has warked.
DOWNT will cause a crash if not called within a double
Do LoarR!



- 139 -

46:1 FPREFARE!L
44:2 FREFAREZ
45:7  PREFARET

These words fetoh, scale data and edit them into the
FING-LIST

4434 FITT
———
The state of the optical switch is read through portl
bit 35 and retuwned as f, & boclean flag.

46:5 FING

TS half-~cyles = 9 mBec. at

-
3]

Z.59 kHz.

i

&b WATERT
The unblocked state of the optical switch is tested
10 times 2 second. fs long as this state is false FINGs are

generated every 10 seconds.

4568 TRANGSMIT
This word actually implements the pulse interval
telemetry by reading & FING-LIST of delays. If a value is
non—-zetr o then a 5 mSec. FING is generated and a DELAY
corresponding the value is started. If & zero value is read
then TRANSMIT exits immediately. ( At least one zero value
at the end of the list is guaranteed .

46: 11 GYNC.

It is neccessary te synchronise the timing of delays and
pings with the arrival time of received signals. The narrow-—
band signal has a slow rise and if the time at which it passes
the detector threshold is used there will be some jitter as the
amplitude of the pulses vary. The detector pulse is sensed on
a timer input line to generate an interrupt but at the same
time the current state of the counter is captured. SYNC.
provisionally uses this count to set up a delay of 10 mBec. and
then starts sampling the signal through channel zero. It makes
10 attempts to find a peak and if it does it uses the time this
ocours &s & timing reference since it is essentially
independent of the signal amplitude. If no peak is found then
the timing defaults to 10 mBec. from detector transision.

The highest value of signal sampled is stored in the
var-iable SIGHNAL and can transponded back to the ship so that
adjustments to the tramsmitted interogation pulse can be
made.

47:1 RESET
add ———
This word resets a ROLLING-BUFFER or auwlto—incremernting
ARRAY+ given the run-time address of the array. Used thus
TOTILTZ RESET



47
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BACHUR

add n ———

Data i¢ being continually sampled at D00 Hz. into
ROLLING-BUFFER: +r the imnstant of launch. When the mud 1is
o,

-en”ed gampling continues for a further fived time ( 2 Sec.
“ently 1. In order to preserve some of the data sampled

e landing the ROLLING-BUFFERs can be backed—-up say

o

vadd" is the run time address of the particul ar
FOLLING-BUFFER and "n" bthe positive number of samples to
ke backed-up. EAC}UF is aware of the cyclic nuture
of the buffers. Used thus :-

* ACELNREL 1 150 BACKUR

TRANSFER

The ROLLING-BUFFERS consume much of the data storage
space but only & portion of them contain interesting data.
This portion is TRANSFERed to auto-incrementing arrays after
being backed-up by the ammount in RACKRY so that the data space
can be reallocated to store slow-sampled data.

47:11 CLEAR

492

th

)

!

L]

3

ﬂx

This word RESETS &l1 the medium—sampled data arrays in
ane go.

FHASEL

A ———

This sampling proceduwe takes 1/10 Sec. to cvycle through
once. n is the number of cycles. Fast data ie sampled every
2 mBecs. and every 100 mSecs. a complete set of medium data
ie also sampled. However, as this latter cannct be completed
in 2 mSecs., 4 mbBecs. is allowed with the fast data being
sampled twice in this time.

DOWN? tests for the arrival at the sediment only if the
optical switch is enabled to interrupt and this can be
delayed say 1 minute into the descent to prevent false
triggering during and immediately after launch.

FHASEZ

M ——

This routine is similar to FHABELl except that DOWNT is
rot called. However, having & separate routine al lows the
duration of post-trigger sampling to be chosen independently.

SAMPLE-NOW
This samples sensors into variables for immediate live
transmission.

o o———
After FHASEL and FHASEZ of sampling the number left on

the stack indicates the way in which PHASED was estitted. If

this is Z, the optical switch triggered, MARE baclkis up

through the acceleromster arrayes to the trigger irmstant

and adds a small offzet to S samples of accelerometer 1.
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Zl: i1l FREFARES
Orly the received signal level is trarmsmitted during
trransponding. FREFARES replaces negative values of SIGNAL
by zero, scale the values down by 8 and provides an offset
oaf 20 mBecs. This wvalue is entered intc the PING-LIST and
the remaining veaeluss zeroed befare the list is editted.
BZil FABT-DATAH-FINGING

[ ——

This performs n 2 second cycles of data transmission
from the fast sampled data arrays. TIME-ERROR contains a
amall number which adjiusts the time of the whole leoop to
eractly 2 seconds by taking inte account the initiasl
taolerance of the crystal oscillator.

SR E MEDIUM“DATQ—PINGING
S2:%  LIVE-FINGING
o o——
These do the same job as FAST-DATA-FINGING on medium and
live data respectivelvy.

52: 13 READY®T
This complicated and messy routine performs a simple
function. FINGs are generated once per minute as long as the
optical switch is unblocked. The state of the optical switch
is tested every 1/10 Sec. and should it remain contincously
blocked for 30 Secs. the routine exits.

S3: 1  TRANGSFOND

n ——— .

This performs n 2 Second cycles of transponding. IF
SYNLC. detects a pulse in a 10 mSec. window the a reference
pulse followed by the signal data pulse are transmitted. There
is a pause until the signal interrupt is enabled at the
beginning of the next window. Should there be ro pulse the
reference pulse alone is transmitted indented by an additional
10 mBece. and after 1 second the signal interrupt is enabled.

Thus if the pulse is missed a 1 second window is opened
s there is a B0% chance of the transponder synchronising. I+f
the interogation pulse is outside this window the aperator
need only jump the phase of the 2 second pulses by one second
by switching from edge to centre keving or vice versa.

G4 FARAMETERS

——— i
HERE places the value of the cuwrrent dicticonary pointer
an the stack and the interpreter precedes to execute the

ingstructions to store successive 14 bit values into the
dictionary. A constant is then declaring with the value iet
by HERE.

This table is wused later by SETUF to Fi1ll the scaling
tables wilth reasconable default values and initialise the
cycle nunber variables NO.1 fte MO.9.



oo, o

et
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1

Lh
5

o

FILL-TARBLE

il ongd ——-

This is & DO LOOF that Fills
table of FPASROGMETERs into one of t

ml odie the limit and nZ the initia

24 constants from the
he scaling tabl es.
1 value for tihe DO LOOF.

SETUF
SETUF first rzerces all the data space in RAM then uses
FILL-TABLE to copy default values into the scaling tables.
Other constants including a default value for TIME-ERROR are
then copied into their respective variables. SETWF ends by
gxecuting BETSET so if no changes are to be made the main
prrogram can be run immediately.

JRE

[ ——

This executes n 2 second cycles of transmission of
the data from one accelerometer using a modifed form of
F.l.T.. To encode one 12 bhit word into F.ILT. wusing & Z Se
repetition rate would reguire a time resoclution of
274094 or about 1/2 mBec. but if the 12 bite ise split into
two channels of & bits sach occcupying & third of the time
the minimum time to be resclved increases by &4/35 to say
10 mBec.and should thus be more easily decoded by an
autonomous listening station for subsequent transmission
by satelite to a ground station.

The sequence starts with fow synchonising pulses
spaced by the binary intervals 50, 100 and 200 mSec. If one
oF two of these pulses are missing it should be possible to
reconstruct the timing as each possible pair of pulses has
a unigue time separation.

For each of the Z six bit groups one pulse is generated
in one of &4 ten mBec. cells.

i
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APPENDIX A5 SOFTWARE NOTES
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A5. NOTES

(1) TFORTH Conventional FORTH is a list processing language and
has a kernel which interprets the high level words. This structure is
an advantage to the language as the kernel only requires a primitive
instruction set and can thus be implemented on a wide variety of
computers. However, the imposition of the inner interpreter between

every word executed has a time penalty.

The action of threading through nested words by the FORTH virtual
machine is nearly equivalent to the way CPU would tackle nested
subroutines. TFORTH has been developed to compile words as a series
of 3 byte subroutine calls rather than as lists of 2 byte addresses
and terminates them with a subroutine return instruction. The result

is run-time code which takes slightly more memory but is quicker.

To the user the language behaves exactly like FORTH and retains

all its other characteristics.

(2) THE TIMER The HD 6303 microprocessor has an internal
16 bit counter which is clocked continuously at 1 MHz. Associated

with the counter are three registers:-

The input capture register that makes a copy of the current count

when a transition occurs on the timer input line.

A register that freezes the count when accessed; the counter runs

on though.

The output compare register which can be loaded with a target
count such that when the counter matches this value a previously
programmed O or 1 is output to the timer output pin (not used in this

application), a flag is set and an interrupt may be generated.

By adding a new delay onto the previous target and making this
the new target a series of contiguous time delays can be generated
independent of the time taken by the software, provided delays are

kept greater than about 40 microseconds.
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To generate delays longer than 2 16 microseconds the target value
is set up using the least significant 16 bits of the delay and an
interrupt enabled. Each time the count passes the target an interrupt

is generated and the high order part of the delay is decremented.

A problem might arise if, although the total delay is large (100s
of msec), the least significant 16 bits is small. In this case the
counter will have passed the target before the software has set it up

so an extra full cycle will be added to the delay.

DELAY adds 128 to any residual that was less than 128 and sets a
flag (CORRFG) which enables the interrupt service to knock 128 off the
last cycle of count. With delays resolved to the nearest 1 msec the
problem only occurred at one value of delay, 852 msec since this is

equal to 13 * 2 16 + 32.

An important feature of DELAY is that it does not waste the
specified delay instead it initially waits for any previous delay to
be complete, sets up the new delay and then returns to allow

additional software to executed while the delay is running-.

(3) SCALING SCALE multiplies a signed 12 bit digitised value

from a sensor by a/b and adds an offset c.

the full scale time delay

the full scale digitised value

o
1

some additional time delay in msecs.

o]
1

I1f, for example, an accelerometer generates +10 g full scale this is
equivalent to +5 volts and +2048 when digitised. We require a display

with 100 msec = 1 g therefore:-

10*100 = 1000
2048

o
1

and ¢ is chosen to displace 0 g away from the reference ping say by
100 msec. Before the offset is added the scaled value is reduced
modulo a. This allows a smaller value of b to be used to magnify the

display without the delay going outside the bounds of + or —a. If in
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the above example b was chosen to be 1024, 1000 msec would now

represent 5 g, i.e. 200 msec/g but 6 g would be displayed as 1 g, 7 g

as 2 g, etc.

Small adjustments to a, b and c can be made to compensate for

sensor gain or offset errors.

(4) PING-LIST EDITING The scaling process might generate

unobtainable values of delay, say negative values or wvalues greater

than 2000 msec. The time delays originally entered into the PING-LIST
would normally be in channel-number order and each represents a delay
from zero. The word TRANSMIT requires a series of delays from the end

of one PING to the beginning of the next.

SORT puts the delays into ascending numerical order so that the

successive differences are all positive.

CHECK removes or substitutes any rogue values that are too large,

too small (or negative) and deletes the second of any pair that differ

by less than 20 msec.

RELATIVES converts the CHECKed list into a series of delays

between PINGs.
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APPENDIX A6 CIRCUIT DIAGRAMS
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