AR
W Durham

University
Durham E-Theses

Multiprocessor control and data analysis for a
coherent auroral radar

David George Foster

How to cite:

Foster, David George (1982) Multiprocessor control and data analysis for a coherent auroral radar.
Doctoral thesis, Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a https://etheses.durham.ac.uk/id/eprint/7395/ is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
https://etheses.durham.ac.uk


https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/7395/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk

MULTIPROCESSOR CONTROL AND DATA ANALYSIS
FOR

A COHERENT AURORAL RADAR

by

David George Foster, B.Sc.

A thesis submitted in accordance with the regulation for the
degree of Doctor of Philosophy in the University of Durham
Department of Applied Physics & Electronics

1982

The copyright of this thesis rests with the author.
No quotation from it should be published without
his prior written consent and information derived

from it should be acknowledged.

SURHAN UNIVERGTT
1 2 MaY 989
SClEnog (1pRaRy




Summary Of Thesis

The results from the STARE (Scandinavian Twin Aurofal Radar
Experiment) have been able to indicate how the irregularity drift
velocities vary, over a large viewing area, in the auroral zone
ionosphere. Many inferences have been made concerning localised
irregularity structures, pérticulaly the high velocities (1 meter
irreqularities having a velocity much greater than the ion.
acoustic velocity) that have been observed. To further elucidate
the many questions that have arisen concerning longitudinal

variations of the irregularity structure, a second, similar radar

~was designed to observe an area South West of the STARE viewing
~area. This new radar is called SABRE (Swedish And British Radar

’Experiment). The siting of the radar viewing areas are such, that

at times the STARE radar is observing inside the auroral oval and

the SABRE radar is observing outside the auroral oval. This will

" provide interesting information on the irregularity structure
across the longitudinal boundary of auroral activity, SABRE was
“designed not only to help in the ionospheric physics field, but

also to provide a technological insight into the design of remote

experiments. Many significant advances have been incorporated to

‘overcome the problems that the simple, yet relatively unreliable,

STARE computer system had. In particular, the SABRE radar has
the capability to monitor, through the use of concurrent

processing, many system parameters and detect faults as they

occur. More importantly a synchronous 2400 baud modem facility is
- available, with automatic dial up, and this enables not only

‘faults to be reported immediately, but also provides the



capability to control the experiment remotely. By this method
data may be transferred, in real time, to the analysis site for
processing. By the use of a multi-computer system with a hardware‘
inter-processor communications interface this may be -achieved
with0u>t impeding the data processing throughput at all. To
main‘tain the' reliability of the system, power failures are
catered for by re-loading the system software automatically from
bubble memory. This dévice has proved extremély reliable in
operation, considerably mare fhan a disk unit. The bubble memory‘
‘is also ﬁsed tofkeep a record of the voltages and currents
‘m'onitored. During a failure the computer system may initiate a
'predetermined sequence to shut down the radar, or modify some of
“‘the _pa'rvameters (i.e. EHT voltage may be monitored and

controlled) td correct the condition. It will then 'dial up' the

- analysis site and dump the data in the bubble memory for

examination. In this way it is possible to gain some insight
into the cause of the failure. In case of catastrophic failure

the bubble module may be unplugged and taken away for analysis.
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Chapter 1

Introduction and Background




1.0 Introduction

The history of atmospheric phenomena and meteorological
6ptics goes back thousands of years, and references to events
such as rainbows and halos appear in every ancient literature.
.By Newton's time, the gross features of many visible phenomena
had }been explained.  The rainbow alone remained a mystery until.
18b3 when Thomas Young used the supernumary rainbow ‘effect t§
isupport his théory of interference. Investigations in the
nineteenth century began to elucidate the detail of the
atmosphere, andv in particular the existence of "regions" or

"layers" with different properties.

‘1.1 The Ionosphere

The existence of one such layer, the ionosphere, as an
electrically conducting region was first proposed by Balfour
Stewart in 1883, He inferred it from a study of the small daily
geomagnetic variation observed at the earth's surfacé. In the
opening years of thié century, shortly after Marconi had
transmitted radio waves across the Atlantic, the presence of an
ionised region in the upper atmosphere was jointly proposed by
Kennélly and Heaviside. Appleton recognised the presence of more
‘than one ionised layer and to him are due the names, £ and F (and
the parts F1 aﬁd F2). Later the D region. was discovered to

extend below the E region.
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The formation of the ionosphere is largely due to the action
of the emitted radiation from the sun on the atmosphere. Short
wave ultra violet radiation extending into the X-ray part of the
spectrum interacts with the molecules and atoms, primarily those
of nitrogen and oxygen, raising them to a higher energy state by
removing an outer electron leaving the positive ion. The
ionosphere is a region where there is a significant number of
thése >free electrons and extends down to as low as 60km from the
earth's surface. The electron density is greatest above 100km

and reaches a maximum at the peak of the F2 layer.

1.2 The Aurora

-One of vthe most spectacular manifestations of the
interaction of extra terrestrial particles with the atmosphere,
is known as the aurora. The flourescent luminosity of the aurora
is the result ‘of atoms, excited to a higher energy level,
relaxing to a lower and more stable energy'level, consequently
re-radiating the energy as electromagnetic radiation in the
visible part of the spectrum. The polar situation of the aurora
is a consequence of the deflecting influence of the earth's
geomagnetic field. High energy particles, particulaly
dissociated hydrogen, on encounteri‘ng the magnetic field, spiral
along the field lines towards the polar regions. The details of
this complicated process have been described in many texts on'the‘
subject and will not be discussed further hgre. The effect of
the aurora on radio propagation was studied in 1933 during. an
expedition to Tromso, Norway by Appleton whose observation of the

ability for the highly ionised regions of the ionosphere to
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scatter radio waves started the study of the auroral zones

magnetic and electric field properties.

1.3 Radar Observations

Two types of ionospheric radar are currently being used
extensively. The first type, commonly called incoherent radar,
ususally have géographically separate transmitting and receiving
sites. These radar require large transmitter powers, of the
order of 1000kw, since the returned power after scattering by the
medium is so small. These type of radar will not be considered
in any great detail here as they have been described in very

great detail in the literature (Evans, 1974; Carpenter, 1975).

The second type are termed coherent backscatter radar.
These type of radar have the transmitting antenna and receiving
antenna co-locéted at the same site. The radar is termed
backscatter radar as the radio waves of interest are those
sc»attere‘d back towards the transmitting antenna. The term
coherent comes ‘from the fact that, unlike incoherent radar, the
received signal is that which is unmodified in frequency from the
transmitting signal and bears a phase ’rélationship with the
transmitted signal. | One of the first phenomena noted by workers
using this type of auroral radar, as it has now become known, was
the aspect aﬁg-le sensitivity of the returned signal, that is to
say, the strength of the radar returns as a function of the angle
between the radar wave vector and the magnetic field lines. In
particular, the strength of the returns tended to decrease as the
angle in questio‘n was varied from orthogonality. The first

experimental evidence of this effect came from the Geophysical
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Institute of Alaska with the aid of three radar opebrating at 25,
50 and 100 MHz. Chapman (1953) proposed that the sensitivity
could be exbléined by considering the scattering 'me.dium' asv
col.umns of ionisationv parallel to the earth's magnetic field
giQing maxihnum echo when viewed orthogonal to the earth's field.
The co'risid'er"atio’ns of his work suggested a very sensitive
debendeﬁce énd vinc‘ieed predicted that some sites would be totally
unst.:itab'le for.vrbeceivin.g backscatter. Notably two suéh sites
that fell into this catagory were College (Alaska) and Tromso
‘(Norway). In actual fact these two sites are very ‘good for
recei‘ving radar aurora. Booker (1955) attemptéd to' modify- the
existing theofy by éons_idefing cbldmhs.ofiion.isvatl;on of
restricted length in both longitudinal and transverse dire_ctioné.
He_ proposed.t'h'at the cre_étion of these columns .wvas attributed to.
atmospheric turbulence in the E region and abov»e. - Leadebrand et
al (1965)' i‘nv'estigated. the aspect angle sensitivity :in _gre‘at
.detaﬂ with - a VHF and UHF radar located in Scotland. The
‘wavelength dependence, of radar backscattef 'w_as inQestigated by
Presnell et al ‘(1959) and by Leadebrand et al (1965) in detail
showing that the-efficiency of the adfora tb béckscatter sfgnals
falls: off sharply, as the frequency of the radio waves increase.
An exact d‘e‘pendence ‘'was proposed by Fiood (1960) after studying
data from three radaf sifed at Buffalo‘, New York. This work Was
followed up .by Leadebrand (1967) who showed that the reflection
coefficiehf variéé as a pdwer law <<<<<<<<K<K<KK in the 400 to 300‘0
MHz range, thus favouring study of the aurora‘ at lower
frequencies. It became clear now that the choice of frequency of

the radar is closely related to the nature of the irregularities
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to which it will be sensitive. Balsley (1971) indicated that the
radar is most sensitive to those irrégularities whose spatial
Fourier component is half the radar wavelength. Thus a 50 MHz

radar would be sensitive to 3 metre irregularities.

Early spectral observations of radar aurora by Bowles (1960)
and later theoretical work by Farley (1963) indicated that a two
stream system of plasma instability could account for the
characteristics of the »observed irregularities.  This new theory
showed that the irreqularities should arise spoﬁtaneously in
regions where a sufficiently strong current is flowing normal to
the magnetic field. These irregvularities would have a strong
alighﬁ‘ient with the magnétic field and a wide range of wavelengths
possible. L.a‘ter experimental studies by Balsley (1969) showed
that there were two types of irregularities that could cause
_radar aurora. The first type, known as type 1 instabilities, are
the two stream irreqularity described earlier and were known to
travel at the ion acoustic velocity, about 360 m/sec.. The work
by Balsley (1969) showed radar returns with a Doppler frequency
shift ‘considerably smallei than that predicted for the type 1
‘instability. Balsley (1969) attributed this new type of
scattering instability, now called type 2 irregularities, to some
type of ionisation gradient and. he showed that the velocity of
propagation was the same as the electron flow velocity in the
region where tHe. instabiiity occurred. Balsley (1969) also noted
that the ‘irregula_ri'ty fiow was closely related to the current
system known as the auroral electrojet and he showed the

existence of the nightime electrojet by noting the West to East

-1.5-



‘motion of the type 2 virreqularities. This Work was followed Ey
Greenwéld et al (1975)‘ who ‘used a 50- MHz‘,backscatter radar to
monitor the motion of -'r.'adar aurora simultaneously with electrojet
current flow deducéd from a set of four ground based
m.agnetometers. in Alaska. This work also indicated a correlation
between the intensity of the scattered signal, as measured by the
radar, and the_ magnitude of the electrojet current. The
advantages of bejng able to monitor electrojet current systems
directly 'us‘irlwg auroral radar was reviewed in’ detail by Greenwald
(1979) but clearly the ease of interpretation of radar aurora is
a g‘reat improvement over magnetometer techniques-that have to
contend with many secondary "factprs, such as induced v_earth
current effects. - Ecklund et al (1975) described a radar that was
one of thé f'irst'successful attempts to produce information about
a séattering ‘volume - bf aurora by simUlfaneously'obserVing
backscatter from two different directions. -Thié new technique
prbv‘ided .inform_ation about the spatial structure of the
irregdlarities.’ Gfeenwal'd (1978a) ektended this ba.sic "crossed
:beam common volume bistatic" radar idea with an experiment sited
in Northerﬁ Scandinavia. . STARE ' (Scandinavian Twin Auroral}Radar
Experiment), as it is khoWn, employed "a phased array receivi‘ng
antenna which 'essentialiy bgave eight -separate receiving beams. -
The use of su.ch a 'vsystem at the two sites involved gave a common
volumé composed of 64 icrossing pointé of the beams, A full
description of the STAR'E system and the data analysis involved

will .be given in the next éhapter.
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It was known at this time that the unstablé waves
constituting the irregulari;ies propagated in a plane
perpendicular to the earth's magnetic field and that this applied
to both type 1 and t);pe 2 irregularities. Rogi_ster and D'Angelo
(1970) comb‘ined the equations describing type 1 and type 2
irreqularities into a single dispersion relation that  described
the physical situation more closely than either type 1 or type 2
equations did singly. Greenwald (1978a) was able to show that,
froﬁ'\ initial observations with the STARE system, the
irreqularities propagated with the same velocity as the electron
drift. One assumption that was made is that the observed Dopplef

)
velocity was related to the true irreqularity drift velocity by
the cosine of the angle between the true irreqgularity drift
direction and the radar wave vector. Ecklund (1977) gavé
evidence for the assumption that the irregularity drift velocity
was indeed the same as the electron drift velocity, which in the
E region is given by ExB/B2 where E and B refer to the
electric and magnetic field intensities respectivvely. This has
lead Greenwald (1978a) to the conclusion that the electric field
vectors may be calculated in a very simple manner from the
irregularity drift velocity. Satellite experiments, that are
able to measure the point electric field directly, simultaneous
- with STARE obsérvations (Greenwald, 1978b) have reaffirmed that

the electric field may be measured simply with an auroral radar.

Foliowing the success of STARE in being able to provide
information on the electric field structure of the ionosphere
over a very large (300,000 kmz) common volume a second, similar

system was proposed. The new system, to be known as SABRE
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,(Swedish And' British Radar Exp‘eriment), was to _complement the
:existing STARE system, - The location of the STARE radar e're‘ in
Malvik, Norway and Hankalsalml, F inland with a vnewmg area over‘ -
Northern Scandmevna. .‘ The location of the 'SABRE radar are in
-Up‘psa.le,. SWeden and Wick, Scotland with a viewing area South West
of vthe STARE‘ radar,bb_as shown in figure l.1. The criterion ’of
.perpendicularity of the radar wave vector and the magnetic field
chiefiy deter'mine'.d‘ thevlocation of the sites. The Uppsala radar
is very conveniently sited at an ionoSpheric research institute,
- but the- Wick : radar is sited in a very beautiful, deserted and

in’éccessible corner of the Scottish highlands. This has proved

an important consnderatlon when desngmng the radar ‘and many of

-the features mciuded in the computer system are as a consequence
of --this-remoteness. The viewing area of _the SABRE system - was
-chosen to provide information on the longitudinal 'fvariation of
th'e irregularity structures, as cen‘be observed frotn the'results,
from the STARE and SABRE radar thet have been taken concurrently. :
"Other beneflts from - havmg two such systems operatmg'
slmultaneously have been outlined by Greenwald (1979) and
include, observ,a-tlons of - PC5 magnetic puisatlons, field aligned
curren_ts, and megn'et_ospheric .convection. Also the yearly
variation of _the stetisticai quentity .vknown as the auroral oval
is interesting.' “The _‘:ov‘al, which essentiaily defines the
longitudinal boundary of_ auroral activity, would at times be
“inside the STAR»Ehviewino'_..‘-area.,but outside the SABRE -Viewing area,
The results.froh the f.,our radar would proyide very interesting
,information’ on irregularity and electric field ‘structures'at the

edge of auroral activity. -
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The co'ntributions.-of the SABRE system in ‘t'.:o.njunct'ion with
the STARE syétem; and' perhaps'mopé sdch systems, are exciting.
.They prov.i:de a q‘ua's‘i continuous picture of electric field
étruc‘tur_e_v in.. bth_veb auroral ionosphere which is not only important
for .‘col-labera'tive rocket experiments, but also for the
un-derstandi‘ng of f:he upber atmosphere. This thesis largely deals
‘with the details 'of the SABRE computer system and how it achieves
the‘.inf.'t_)rmati.on_ processing necessary to provide the physicist

with real time, .and not m'érely recorded, data from the radar,
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Chapter 2

The STARE Radar System

Quod Semper Quod Ubique
Quod Ab Omnibus Creditum Est

St. Vincent Of Lerins.



2.0 Introduction

- This ch.apt-e'r deais with the details of the STARE system.
Consideration is given to all aspects of the hardware used so
that the differences between the STARE and SABRE system will
become clear. The details of the antenna system are described as

these are the same for both the STARE and the SABRE radar.

2.1 STARE Hardware

The hardware for each of the STARE radar may be divided into
four subsystems for the purposes of discussion. These are the

_transmitter, antennas, receiver, and computer systemns.

The firsl; of these, the transmitter, is a. modiffed
 television t‘ransmitter that is operated at'l40 MHz at the
Norwegian site and 143.8 MHz at the Flinnish site. Tﬁe
.transmi‘tter' is capable of providing 50 Kw peak pulsed power. The
duty cycle, that is the percentage of time that the transmitter
is ’d‘elivering power, is kept below 2 percent. This ensures ‘an'
voﬁt'put valvé life of the order of six months. More details of
the transmitter. have been descibed in the literature (Greenwald_,

1978a).

The aerial system must at this stage be discussed in some "
detail, since it is this that contributes largely to the
originaiity of the STARE radar. The transmitting antenna system
is composed of two vertical stacks of four eight-element Yagqi
.an'tennas fed iﬁ'phase from an eight-to-one power divide.r.. The

receiving antenna systém consists of 64 eight-element Yagi
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antennas arranged in 16 vertical stacks. The outputs from the 16
receiving stacks are first amplified, using a very Iow»noi.se
preamplifier, and then fed into a Butler matrix (Delaney, 1961).
This device is a passive phasing network that produces at its
output the signals that represent the individual beams. The
method of achieving multiple beams may be described with
reference to figure 21 This shows the output from a 3dB
directional .coupler and from a hybrid ring circulator. When the‘
input voltages have the amplitudes and relative phase angles
shown, all the input signal power will appear at the indicated
terminal. The simplest multibeam array is formed by wusing two
antennav elements and one hybrid ring or one 3dB éoupler. Figure
2,2 shows suchv an array using a 3dB coupler. An incident
wavefront as shown, and only from the two directions indicated,
will produce element currents that are 90° out of phase.  When
this occurrs all the received signal will comé out of one of the
coupler terminals. A 4 beam matrix can be constructed by
interlacing two 2 beam matrices. A typical 4 beam matrix is
shoWn in‘ figure 2.3 and the extra passive phase shifters that are
required shouid be noted. Four outputs are possible, although
only two directions of incident beam are shown, and the phases at
each point are indicated. The 16 beam ma.trix is formed simply by
crossi coupling four 4 element matrices thus forming 16 receiving
lobes. In the STARE system only the eight central beams are
used. This is because the outermost beams at each end of the
recéiving arf‘ay have a sufficiently large sensitivity in an
unwanted direction (first order lobes) to make their use

unreliable. The central eight principal lobes have side lobes
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that are between 15 and 20 dB's down on the principal lobes.
This method of beam forming has the advahtage over an
electronically switched phased array in that it is entirely
passive and therefore reliable. This method of beam forming is
used in the SABRE system and photographs of the antennas are

given in figure 2.4.
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The computer system for each of the two STARE sites
comprises of a Data General Nova 2 computer, 8K (8x1024) of core
memory and several special purpose interfaces. These interfaces
are wire wrapped on special card cages that fit into the main

chassis of the computer.

The data acquisition interface is the most complicated of
the interfaces and is responsible for the collection of data from
the receiver and the control of the DMA (Direct Memory Access)
channel of the computer. The quadrature outputs from the
receiver, for a particular channel, are sampled simultaneously by
th‘e high speed .A-D.(Analogue to Digital) converters used in this
interface. The two eight bit values obtained from the A-D
converters are éombined into a 16 bit word which is then entered
into the computer memory by DMA., The next channel is then
converted, and the process repeated, until all eight channels
have been sampled. The time is kept by a digital clock and an
interface is provided to read the clock so that the} time may be
recorded as the data are taken. A pulse interface is provided
that sends a logical 1 (+5V) to the transmitter when power i.t to
be transmitted, and a logical 0 (QV) when it is not. In this way
the computer is able to control the pulse length. Data are
collected and averaged over a period of time that is uéually 20
to 60 seconds in length and this represents the temporal
resolution of the system. After this integration period the

results are written onto magnetic tape.
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2.2 STARE Software

The data are processed by the computer in a manner described
by Greenwald and Ecklund (1975) and by Greenwald (1978a). Thé
transmitter is sent a single-double pulse sequence by the
computer as shown in figure 2.5. Data are sampled by the A-D
interface after a predetermined time period once the pulse or
pulses‘ have been sent. This period represents the ‘'round trip'
delay of the pulse sequence from.th-e'transmi‘tter to the
‘scattering medium and back. The delay therefore determines the
range from which data are taken. The transmitted pulse width (T)
is 100 microseconds typically, and this determines the range
resolution of the system. When data are taken from the receiver
the main requirement is that the sampling of the eight channels
should be concluded within the time period T. The receiver is
not sampled again until the start of the next time period T.
This sampling process is then repeated N times, where N
represents the number of ranges from which data are taken. The
quadrature outputs for each individual channel are sampled
simultaneously so that no extra phase delay is introduced by the

sampling proéess.

For a pérticular range j and lobe i, the backscattered
power, P(i,j) is calculated from the real, R(j,j) and imaginary,

I(i,j) components of the received signal by:-

PG, = R,jZ+G, )2
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To calculate the doppler velocities of the scattering
irregularities the double pulse technique is used. Basically the
phase delay of the réceived signal, that has occurred over .the
time of the double pulée gap, is measured. This gap is always a
multiple of the time .T and is usually 300 microseconds or >3T.
This is donev so that data may be taken every time interval‘T but
may then bé autocorrelated by using data that were separated by
3T When the - receiver was sampled. As figure 2.5 shows, N+3
samples are taken (for a gap of 3T) so that after autocorrelation
the number of samples produced is N, for each of the N ranges

required,
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The autocorrelation may be explained by considering the
output from the receiver as a continuous signal described by the

equation elO with O representing an arbitrary phase angle.

Consider the Pth sample taken to be elo = S1

and the P+3 sample to be given by eIO = 52
This would be the case for a double pulse gap of 300
microseconds.

-i0

Then the complex conjugate of S2 would be e ~ = 52

The complex autocorrelation function is defined to be

51.52 = eio_.elO = ei(O-O)

Where O is the datum for range j and O is the datum for range j+D
and D is the number of time periods T in the gap, in thié case
D=3. The above autocorrelation product is calculated for every

lobe and range and may be represented as:-
Re(i,j)+kIm(i, )=(R(, j)+kI(i, ). (R(i,j+ D)~k (i, j+D))
k is t;he square root of minus 1 in this context.

Expanding the above formula to isolate the real, Re(i,j) and

imaginary, Im(i,j) results:-

Re(i,j)=R(i, ). R(i,j+D)+I(i,j). Ki,j+D)

Im(i, j)=R(i,j+D).I(i,j)-R,j). I(i,j+D)
At the end 6f the integration period, the autocorrelated data are
averaged and the mean phase shift for each lobe and range is

calculated by:- ’

Ph(i,{)=Tan"L(1m(i, j)/Re(i, )

-2.7-



This quantity is directly related to the doppler velocities
- of the irreqularities for each lobe and range. The output from
the receiver is the phase difference between the local oscillator
of the receiver and the received signal. In this Way the
receiver is phase coherent with the transmitted carrier. For a
frequency of 140 MHz the wavelength of the carrier is 2.14
melters. Wha_t is measured by the autocorrelation process is the
phase change over a 300 microsecond period. This corresponds to
‘the sam‘e phase chang‘e of the transmitted carrier caused by the
motion of the irregularities during the 300 microsecond period.
For a phasev change of 1800, the irregularity must have moved
2.14/4:0.53 of a meter. The wavelength change alone represents a
distance of 2.14/2=1.07 meters but the extra factor of two is_
included because the wave has to travel the extra path length
twice, once to the irregularity and once back again. This
effectively halves the distancé that the irregularity has
actually moved. In a period of 300 microseconds this corresponds

6=1800 m/sec. This is the

to a velocity of 0.53/300x10°
maximum velocity that may be measured without aliasing problems.
A Wavelengthv change of greater than 1.07 meters is equivalent to
a decrease in wavelength by a lesser amount due to the
irreqularity moving towards the radar instead of away. These

velocity calculations are performed when the data from the radar

has been processed at the analysis station.
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2.3 Conclusion

This chapter has described the STARE radar system as it
exists at the present time. The following chapters will
concentrate on the problems that have been encountered during the
operation of the STARE radar and how these have been overcome in
the SABRE system. Finally suggestions will be made on how the
STARE radar computer systems may be improved to incorporate some

of the features of the SABRE system.

"2.9-



t }

4

w-90° wvo® oJ° v -90°
r

<

¥i

v | \L v v, .
42V -90° OV ov /2v-90° . /2ve® oV

3d8 COUPLER

wo® wd -1 W
| T

[]

ov

HYBRID RING

FIGURE 2.1

+7 INCIDENT WAVEFRONTS

S |

-90°

QUTPUTS

FIGURE_2.2

|

-90°

—

o®

|

JZva®




oSEIAZ A0

[4
SNy

& >@

Gerhyr oy

0S07=AL  oO0LZ- AL oSEL-AL

. -
-
-
e
-
-
-
-

- . .
-

.

€°¢ 34N9 14

HILIHS ISVHd m@

s £
o081-AZ A0
g31dN0d
. .

v . '

— —
- -
. -
- -
- ——
—— —
—

AO »o

A0 o08-A TP . A

o

o0 At

—
- -
- -



IAEI ) e

ITITASNVET o | R ETNEREL

~
! J
%
3
N
% ¥
g N v
| ~ 9 f
A z + 3
X E
P e»
"

B T




X

TRANSMITTER Pgt.sss_n ' ﬂ » ﬂ _ - ﬂ
L | E | E
i€ » ' '
1 ~34 MSEC | ; ;
] [] N )
! ' "

| | ! ! :
RECEIVER SAMPLING ! : ;
: : . : : ' | '
. | NRANGES ! i Ne3 SAMPLES : |
' N SAMPLES : ;
' : :
: ! !
| : | ! | !
PROCESSOR ACTIVITY |__ DOPPLER CALCULATIONS 1 POWER CALCULATIONS !
S
Lt | o
i ¢
DETAIL OF RECEIVER CHANNEL SAMPLING ___| | rl |
- 1 8 RECEIVER CHANNELS 1-8 ;
i : o o 1
< N SAMPLES &

 EIGURE 2.5



Chapter 3

~ The SABRE Design Philosophy




3.1 Error Checking

The Micronova system has been included in the SABRE radar
computer‘ system to perfbrm concurrently ‘tasks that, if performed
by the Nova 3., would reduce the data throughput of the system.
Ohe such task is the m.onitoring of critical voltages and currents
in the transmitter and receiver. This is impﬁrtant to ensure
that faults developing in the syste'm may be detected, and
therefore corrected, as quickly as possible. In the STARE system
faults that havé developed in the transmitter, that have reduced
the Effective Radiated Power (ERP), have remained undetected for
periods of up to a few weeks. This is not surprising since at
times the backscattered power is very low for long periods of
time. To ensure this does not happen in the SABRE system the "
Micronova is responsible for measuring parameters such as the ERP
for example. This quantity may be deduced from the analogue
voltages and chrrents, in the transmitter, that are actually
monitored by the Micronova computer. It is able to monitor 32
analogue channels and for each a course of action is prescibed

should the voltages fall outside predetermined limits.

Having decided that some action is required upon detecting
an abnormal condition, the Micronova can initiate a sequence.of
events to'r'ect';fy the situation. This is achieved by a number of
digital control lines that essentially provide the feedback to
the transmitter and receiver. In the case of extreme failure a
shutdown sequénce may be initiated in an orderly manner, thereby

avoiding cascading failures.
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3.2 Interprocessor Communications

The communication between the two computers, the Micronova
and Nova 3, is a very important sub-section of the whole system.
Inefficient communications would lead tec deterioration of system
performance andbpossibly excessively complicated software. ~ There
are two communicating modes in the SABRE system, the first being
the - simplest and most common technique, that is, a 9600 baud
asynchronous link. This high speed terminal link was used,for
debugging the system since it allows a terminal connected to the
. Micronova primary teletype, to talk via the Miéronova secondary
teletype, to the Nova 3 primary teletype. The software in the
Micronova merely passes. the characters from the primary to the
secondary téletype and vice versa. This entirely software
approach avoids‘ having to change hardware around to talk to one

or other of the computers.

Th»e second communications technique is less common and is
usually reserved for communications between a ‘computer and high
speed peripherals, such as a graphics or disk unit. DMA (Direct
Memory ‘Access) allows a very high-speed_transfer of data,. in this
case 177 thousand words per second (KWDS/Sec), between the two
computers. The :.advantage of this method, apart from the speed
considerations, is that it requires no processor intervention
after the transfer has been initiated. The computer-computer DMA
interface exhibits a 1:1 linear mapping from one memory to
another, however the start address of the trans‘fer may be
different . in the two memories. The choice of two soft;waré

compatible computers was important, since it is not only data
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that may be transferred between the two machines by this method,
but also progréms may be directly transferred from one machine to
the ofher. Because no software intervention is required, no
complicated and time consuming protocol is néeded for the two

computers to initiate a communications sequence.

The DMA interface is controlled entirely by the Microﬁova,
and 'so'essentially the Nova 3 is acting as a non-intelligent
peripheral as fér as this interface is cohéerned. If radar
parameters need to be altered then they may be sent "straight to
the Nova 3's memory without software intervention, by the Nova 3,
similaly if current data is to be corﬁmunicated along the
telephone line it may be returned from the Nova 3 to the
Micronova and subequently transmitted. The current program state
of the Nova may be monitored by the Micronova merely by
monitoring, via DMA, locations_ that are being altered as the
programs progress, for binstance the number of avérages taken
during -the current integration period, or the current time. The
important consideration  is that these tfansfers may be achieved
without stopping or interfering with the radar operation in any
way, and so. may easily be added to the STARE system without

modification.

3.3 Modem Communications

The Micronova system has the ability to communicate with the
telephone network via a modem interface. Thev‘ability to
communicaté between the analysis computer and the radar sites ‘is
a unique feature of the SABRE system. This enables any system

failures to be reported by the Micronova immediately to the
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analysis site. Radar data, concurrently being taken and
processed by. ‘the Nova 3, may be transferred as a series of
packets under the control of a software protocol tha-t» is
responsible for ensuring the data integrity Qf the received
information. Data is initially transferred from the Nova 3 to the
Micronova, via DMA, and is then ready for transmission to the
‘analysis site. Commands received by the Micronova are processed
by the operating system to determine the course of action
required. This enables the calling station not only to receive
data and system. parameters, but also to interactively modify the
operating parameters of the .system should this prove necessary.

The ability tb not only receive real time data, but also to pass
back previously recorded data that was stored on tape, has the
advantage 'that‘ it is not therefore necess‘afy for tapes to be
collected from the site on a daily basis as it is in the STARE

system.

3.4 Bubble Memory

The bubble memory represents a part of the system
implemented as a direct consequence of recent advvances in
technology. It is a 1 Megabit serial device that is ordered by
the software into 64x1024, 16 bit words of memory for storing the
operating' programs, _for “both computers, and the most recent
system ‘state as .determinéd by the Micronova., As the radar
operates, the data from the error checking channels is
continuously being written into a 32K word segment of the MBM
(Magnetic ‘Bubble Memory) which is acting as a circular buffer.

The other 32K _segrhent is used for storing the. operating software
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that is reloaded in the event of a power failure. The
non-volatile nature of this type of memory enables the current
and previous system state to be recovered in the event of a
catastrophic failure simply by unplugging the MBM module and
taking it aWay for analysis. In this way it is operating rather
like the black box flight recorder in an .aircraft.  Also, because
of its non mechanical nature it provides a very reliable form of
non volatile storage that requires the minimum of maintainance.
Disk units c.ould not be used because of their susceptability to
the environment, particulaiy dust and temperature changes, and

also because of the frequent maintainance that they require.

3.5 Power Fail

Semiconductor mefnory was used for both computers because of
its speed; availability and easy maintainance. = The big
disadvantage as far as this type of experiment is éoncerned, is
its volatility, The consequence of this is that provisi has to
be made for the resumption of programs after power failure. Two
solutions are vimplemented in fhe SABRE system and . provide the
means to restart the system under all conditions. The Nova 3
memory is équipped with battery backup to maintain the
information in memory when power is removed. The Ni-Cad
batteries that provide fhis are charged during the time that
pﬁwer is available, but will only maintain the information in
memory for 3,75 hours after power is removed, if they were
initially fully charged. This is a good solution to short power
failures, but the system still needs to be protected in the event

of extended power failures. No battery backup is provided for
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the Micronova system and this computer is reloaded even after
short power failures, from the bubble memory. This ensures that
the Micronova has the operating software correctly “installed in
memory after power has been resumed. This overcomes the problem
that happens. bccasionally with the STARE system, that the
software becomes corrupted sl.ightly. presumably due to transients
wh.en power has been revstored. Such memory corruptions as these
have remained undetected in the past for considerable periods of
time, Normally the Nova 3 will restart whilst the Micronova is
being reloaded. The first test the Micronova performs is to

check the state of the Nova memory by observing memory locations

as described earlier. If there is some pi‘oblem such that the

Nova has not restarted correctly, the Micronova will map the
entire contents of its 32K to the Nova 32K and restart the Nova
program. The software for both machines always exists in both
computers so  that software integrity and memory errors may be

detected by comparing the contents of the two computers memories.

3.6 Pulse Shaping

In the STARE system the bandwidth of the transmitted pulse
was kept within the required 10KHz by providing a passive network
filter to shape f:he raw TTL pulse. This was used to shape the
pulse before transmission and remove the high frequency
components. ‘This approach is adequate but not ideal for two
reasons, Firstly, these filters are not adaptive and they cannot
be easily or cheaply changed to account for the changing

characteristics of the output valves which tend to exhibit
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frequency non-linearities with age. Also these circuits may
produce unwanted resonénces in the transmitter particulaly as the
characteristics change with age. To countef these problems in
the SABRE system the computer has control over the pulse shape
which is dynamically alterable by the software. This allows much
greater adaptability of this part of the system. A photograph of
the shaped transmitter pulse is given in figure 3.2.
Interferencé tests have b.een carried out at the site and have
indicated that the spurious ‘harmonic interference, normally
associated with pulsed transmitter systems, is very small indeed.
No quantitative measurements have, as yet, ‘been made but the
ability to tailor the shape of the pulse to the transmitter
characteristics has not only been instrumental in achieving this
low interference, buf also in obtaining the maximum effective

radiated power from the transmitter.,
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3.7 Tape Deck

The tape deck used was chosen becausé jof the extra
flexability that it could provide. Firstly it has a
microprocessor—controlle.d diagnostics unit which allows the tape
unit to test itself and isolate both mechanical .and electrical
faults, and secondly the formatting of the data is done by a
hardware fo.rmatter unit. This last feature is very important
becvau'se, it allows the ‘tape unit to be started by a two line
program that will load the first 4K of data 'from the tape to the
computer memory. The tape deck is a DMA device which has a DMA
interface mounted inside the Nova computer. After power fail the
registers inside this interface are all cleared to zero. The
consequence of this is that the tape command is set to READ, the
start address is set to 0 and the two's complement of the numbér
of words to Be transferred is 0. The two line program that

initiates the single block read is given below.

Location 376 60122  NIOS 22
377 777 IMP .-l

When the data is being loaded via DMA the processor is still
executing locations 376 and 377. Therefore when these location
are overwritten by the data on the tape it should be arranged

such that it is overwritten by executable code such as:-

Location 376. JMP 100
377 JMP 100
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This would cause a CPU jump to location 100 which would have
been previously loaded and would be therefore unchanging at this
time. Frorﬁ this location would be _é small program to load the
next block and all subsequent blocks from the tape deck until vall
32K had been read from the t.ape. | By this method from the initial
two word bootstrap all 32K of memory would have been loaded from
tape. Since the bootstrap may easily be entered through the
f_ront panel switches it is a very fast way of restarting the Nova

by hand.

This technique, made possible by the hardware formatter on
the tape deck enables the Nova 3 to be autonomous of the
Micronova should the latter computer fail, which‘is, of course, a
possibility. If this type of deck had been available during the
conception of STARE, the paper tape readers would not have been

required as the software could have then been loaded from tape.

3.8 Operéting Software

The usﬁal approach to the operating software for a remote
experiment is very much é stand alone system. This comprises of
a program specifically designed to control the hardware in a
particular >way“with usually no consideration given to
flexability. This approach may be justifiable since ﬁsually a new
program may be develbped at a séparate data analysis facility and
subsequently shipped to the site when required. An approach such
as this has worked at the STARE facility for a numbef of years,
but it has some drawbacks. It is usually impossible to effect
any significant changes to the software once the system has been

installed at the site, especially since the Nova 2 computers lack
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any form of monitor. Secondly, the delay in preparing new
programs and implementing them at the site may be considerable
due to the large distances in both the STARE and SABRE facilities

between the site and analysis facilities.

To overcoﬁwe these problems software has been included in the
SABRE system which allows not only easy viewing and modification
of exfsting software, but also the creation of new software at
both an aséembler and' a high speed language level. To allow for
vthe lack of a mass storage unit such as a disk, the language is
entirely core resident and provides an interpretive monjtor as

well as a compiler and assembler.

The presence of such a system allows terminal communication
at the site with either computer, enabling test programs to be
compiled and run to test hardware and interfaces for either

initial testing, or fault isolation and debugging.

3.9 System Clocks

It has been found that the clocks used in the STARE syétem
have been very susceptible to voltage transients ihat sometimes
modify the time‘ in an unpredictable manner. Another problem is
that. they éan only be set by hand and 'vthis has made
synchronisation of the sites in Norway and Finland very
difficult. In the SABRE system a new clock interface was
designed. With the aid of the communications link already
described, vit is possible from the analysis site to not only
check the system time, but also to alter it if required. This is

an important consideration because the time accompanies all data,
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whether it is written onto the tape, or transmitted to the

analysis site,

3.10 Conclusion

In the SABRE system with the Microhova being operated és a
front  end procéssor, but with intimate (so-calléd tightly coupled
mode) commﬁnication betweeh the processﬁrs, the system will still
oper_‘éte_ ‘even though the hardware may be faulty. ' For exafnple,
failure 6f théb“ Micronova or the DMA communications board would
not be catastrophic, indeed the Nova would still continue to run
and take data. Failure of the Nova, transmitter, or i‘eceiver
would be reported by the Micronova enabling at least the fault> to
be identified quickly. The SABRE system has been designed to nof
only ‘rectify the weaknesses inherent in the ST}ARE system, but

also to provide a very much enhanced mode of operation.
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Chapter 4

The Computer Operating System

"The limits of my language
stand for the limits of my world."

Wittgenstein - Tractacus Logico Philosophicus.



4.0 Introduction

FORTH is a computer language that has, over the last 5
years, become well known and used in a wide variety of process
control and instrumentation applications. FORTH was developed in
the late 1960's by Charles Moore and its advantages have been
subsequently outlined in many papers (Rather, 1977; Hicks, 1979;
Moore, 1980). Its versatility to allow‘easy access, for the
programmer, to the hardware on which it is implemented, coupled
with its high speed and inherent small size has made it a popular
~ tool for software devélopment worldwide.  Described here is a
second generation_ FORTH, ‘called ROS, (Radar Operating System)
which maximises the advantages of FORTH, whilst making full use
of>thé varchitectural features of the machine on which it is

implemented.

4.1 Description

The SABRE operating system, (ROS) was designed to provide a
convenient ‘high level communi_cations‘ interface between the
operator and 'the' machine. One of the constraints of the hardware
for SABRE, as indeed it is with many real time stand ‘alone
systems, is the lack of high speed mass storage facilities. Thé
‘main reason for this is that at the present time units such as
disks require continuous maintainance to ensure their continued
opefation. It is with this in ‘mind that ROS has been designed to
‘be totally memory resident. However because of its extensive
modularity it can éc.hieve all the functions of a compiler,

interpreter, assembler and editor. This maximal system together
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with all the application. programs occupy less than 16K words of
memory ! The small size is one of the important features of ROS
and indeed a well thought out prbgram may actually occupy less
memory space than a badly structured equivalent asser;nbler

program.

ROS is essentially an interpreter with the compiler being
merely a special. case of this mode. ROS prompts the operator
when input is required with the "$" character and then expects to
see an input li_ne of ASCII characters. This input line must
cénform. to a syntax that may be described by the Backus Naur
representation given overleaf. Here general names or forms are
encloséd in brackets suph as (LETTER) , with the form given in
capitval‘s. Explicit ASCII charécters are enclosed in double quotes
thus ":" refers to the actual character : . For- example the
form (M6800) may be equivalenced to the characters "computer"

by the following :-
(M6800) := "computer"

The sym_bdl == is the equvalént of "is defined to be", and
the vertical line, " " is the logical operavtor OR. The repeat
statements  k=1,N - refer to the previous form enclosed in
brackets repeated from at least ohce, to N times, where N in

this case is essentially any integer value.
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_ (LETTER)&A,B,C,D,E,F,G,H,I,.....Z,a,b,é,d,e,f,g,h,i,....i
(DIG,IT)_3=0719'2’3’4:’5,6’79899
(OTHER):=1,", 13585’ etc.

(DELIM):= (LETTER) < (DIGIT) < (OTHER) but is normally a

space " ",
 (CR)= 15 ASCII carriage return base 8
(WORD):=( (LETTER) < (DIGIT) )k=1,N

* (SENTENCE):=( (DEuM) %=0,N ( (WORD) (DELIM) }k=1,N (CR)

The 'repeated ‘_fo‘rms_ lj'hay alternatively be expressed as recursive
forms such-as :- | |
~ (SENTENCE):=(WORD) (DELIM) (SENTENCE) .

The (WORD) constitutes a command that ROS will try and
interpret and a sentence is- merely a 'sequenpé' of such words
separated by at _least 6_6e' delimiter. ~ Each word in the ‘sentence
~ would then be i_riterpréted' in a sequential manner as it .is entered
) in the "comman;d 'line‘ from left to right after a carriage return
-~ has been .énteréd. The -following illustrate some exambles of

“valid word and sentence structure.

1 w WL (éELLO 23 are valid words syntactically because they

ére 'éomposed of printable ASCII characters.

This IS thel FIRst TlesT would be a valid sentence
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syntactically,

So far ROS has been shown to be able to take a word isolated
from other words by a suitable delimiter, and in some manner to
be described later, execute the routine in memory to which the
word corresp'onds. In éo far as this goes ROS is an interpreter,
but there is the capébility to add new definitions which are
constructed by reference to previously constructed definitions.
This may be likened 'to a very extensive macro facility, which
indeed it is, but it _is also much more. ROS is a structured
~ language, similar to Pascal, in that it has no GOTO or statement.
labels.  This structu'ri‘ng is important for program correctness
and maintainability since the logical flow of the programs are
well defined and coniained within an easily testable sub unit,

namely the short ROS definitions.

ROS object code, that is the directly executable part of the
definitioh, is extfemely compaci. The reason for this is that no
matter how much a particular definition does, it is compiled in
at most two words, as a subroutine reférence.» Tﬁe bigger the
program the gréater the memory advantage since the heirarchical
nature of prdgrams allowsAincrea'singly powerful and application
targeted programs to be built up. The kernal of ROS, which is
written in assembler, vcontains all the primatives required to
establish the compiler and terminal communications. The

subroutines of the kernal are listed fully in appendix 1.
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The fact that ROS is entirely self contained in memory means
that there is no need to invoke editors, compilers and loaders
separately since thesé‘ are all memory résident. The trade off
here is that there is no parser, in the conventional compiler
sense, because all words are encountered and processed in a left-
to right (L-R) manner completely in one pass. A second
optimisation'-pass is also included and will be described Iater.
All arithmetic operations have therefore, to b‘er pre-parsed and
that means already in Reverse Polish notation. Thus the

followi.ng arithmetic operation in BASIC or FORTRAN :-
I=A*(B+(¢fD)*2)

would héve tp be entered as :-
CD-2*B+A*[!

The 1! | is the ROS equivalent of equating a value to a variable.

Thus thé_ mathematical opeiration's are restricfed to Reverse
Polish integer applicationé only. This does not prove a
reétriction "when a control application is required, as in SABRE,
but is usually unsuitable for large 'number crunching'
applications. The size of ROS has been kept tb a minimum by
tailoring the available functions for the application, although
the generality is such that ‘floating point operations could be

defined as required.



4.2 Compiler Operation

The creation of a new definition is initiated by executing
an already -existing definition, that modifies the diction‘ary
structure to incorporate the new definition. In this sense the
first part of the compiler is merely interpreting énd executing a
current definition. This definition is invoked by a word
~comprising of a colon character. The following BNF shows a 'Anew

definition called SABRE being created.
(NEW) := (DELIM) "SABRE" (DELIM)

The first part of the new definition is the name, which is
equated to the form (NEW) and is comprised of the ASCII word

SABRE separated by delimiters.
nen (NEW) (SENTENCE) "5

Hence ":" initiatés the compile mode whilst ";" terminates
it. The logical consequence of this is that during corhpile mode
the interpreter still tries to identify the succession of words,
but instead of executing the routines they represent, passes
control to a small compile‘program that corﬁpiles the word
currently refgreﬁced. This compflé program is an extension to
the code that. decides whether a valid definition is to be
executed or compiled.- - This decision is taken on the basis of
comparison of two flags; the machine state flag and the
definition precedence flag. Figure 1 indicates the 6ourse of
action to be taken as a result of this comparison. From this it
can be seen that a definition of precedence 2 will always be

executed even during a sentence that is currently being compiled.
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This is very important becaﬁse it allows a definftion to modify
the . course of compila"tio;.'l wheneverbit is encountered. So for
example, a high level definition may be writteh that has a
precedence of 2 .and when executed moves the current pointer to
the next free place in memory, N Words further along. This would
then reserve essentially an array during compilation in whatever
definition it was referenced. This is a very simple example, and
the compi.le time.directives are shown more fulfy in appendix 2,
but this example illustrates the power and flexibility of ihe
language. The fact that the user can modify how his pfograms are

compiled is.a unique feature in any language !

The usual course of events 'however, is that a 'defini.tion
would havbe a precedenée of 0. During interpretation 'the sysl:erh
state would also be 0. Thﬁs when a definition has been found it
would be executed as indicated in figure 1. When v":" is executed
one of its primary functions is to increment the .system state
thus:- STATE:STATE+1.- It also isolates the next (WORD) and
enters the first four characters and the length, with an implicit
precedence of 0, into ‘the next free plaée in the dictionary
accofding to .the format ih,‘figure 2. Bec‘ause the state is now
greater than the subsequent defihitions of precedence 0 the
latter woufd b'e.'comvpiled. 'l;"rom the pre\)ious discussion it .is
clear that during the c‘ompile or execute phase two distinct
conditions can arise. Firstly a referenced word has been
previously defined. If this is the case compilation or execution
may proceed. Secondly, if a word is undefihed, ROS will try to

interpret it as. a number in the current base. If this is
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successful the value will be pushed onto the stack, otherwise an
error cor_odition exists. . This will force the computer to type the

offending word in the following formats-
(WORD) "7 CR

The same error message will ensue if an error condition exists in

either the compilation or execution mode.

4.3 Dictionary Structure

Clearly then, one of the basic f;inctions is to be able to
_lobk for a given word in a set of currently defi'nedb words. To '
achieve this the existing words form a dictionary or linked list.
That is, all definitions comprise, as indicated in figure 2, of a
4 word header,‘a link address, the executable code, and the
associated addre‘sses.. fhe last definition is pointed to by an
address.stoi‘éd in a zero page location,b and so is available to
the -roﬁtine which is responsible for searching the dictionary.
. The Pth definition has a iink address which. points to definftion
P-1, ..which sdbsequenﬂy' points to definition P-2 and _éo on. A
link address of z.ero indicates the _ehd'of the-dict.ionary.
Cvleat‘ly dic.tio‘nvavry' entries can be of variable length but the link
address can alwayé be fobnd ét of‘fse.t N+4 from a header at
'location N. This makes it .Very general.and the routine finding
thé dictionary entry can treat all entries in the same manner
since "all it is “interested in b'are the characters stored in the
heéder : énd the link address ‘to‘ the next definition. Figure 2
shows the 4 word header in detail indicating the four characters

that are stored to identify the definition.
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The conseqﬁence of this is that uniqueness of a definition
entry is limited by the‘first four characters and . the length of
(WORD) . This is an improvement over'FORTH vy,hich'! looks at the
first three characters and the length. The length is stored in
word 1 of the header, as indicated in figure 2, and occupies the .
first byte of that word. Thus names are limited to' 256
characters in ”l'ength but this has not proved to be a r_na'jorb
restriction !" Care should be taken when . defining new ‘definii_tions,
since4 the following names would be equivalent:- SABRE‘lr SABRE2" .
They. both have a length of six characters and the first four
characters in each case are SABR. If SABREL was defined after
SABREZ all references to both names would result in the -execution
of SABREl. This is because the dictionary is searched from the

latest entry towards the first entry until a match is found.

Word 4 contains .a null for future expansion and will either
be used to extehd the nu'mbervof characters to 6, or to contain a
parity check over the definition. This latter feature would make
single bit érrors whi'c‘h are typical of memory faults, easily
isolat_ed bef.ore a ‘definition is executed with possibly -
catastrophic results. The 5th word of ‘the header contains the
link addresvs back to the start of the previous definition. This
enables éasy seéréhing_ of the dictionary but is by no means the
only possible construct. A complete dictionary with definitions

is shown in figure 3.



4,4 Stacks

ROS is an entirely stack oriented language in that all
numeric references are passed to the operational ‘stack to be
operated on. “As an example consider the input line s--

4 3 «+

The number 4 is entered onto the opérational stack fvirst,'
followed by the number 3. Remember that these numbers are first
compared to the diction_ary entries to see if there is a match é’nd
are. then interpreted as numbers, subsequently being placed on the
stack. The operation + is defined to pop two numbers from the
stack (3 first then 4 ), perform the addition then push the
result back onto the stack. In this way complex operations may
be performed without waorrying about storage allocation although
it is up to the progrémmer to achieve correct computation by
considering what elements on the top of the stack will be -

modified by the current operation.

" There are two system' stacks; the DO....OOP stack and the
machine stack. The DO...LOOP stack is used to hold LOOP
variébles during a LOOP operation. By using a separate stack for
these operations nested LOOP parameters may be accessed very
quickly. This 'is another improvement over FORTH, because in the
FORTH systems..the DO..LOOP  pointers are held on the machine stack
and are typiéally interspersed with the réturn addresses also
held there. There is therefore an overhead impésed in retrieving
the LOOP parameters. By holding‘ the pvarameters on a separate
stack the access time, particulaly of nested loopé, is greatly

reduced.
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The machine stack is used primarily to retain subroutine
return addresses thus allowing a high degree ‘of ‘nesting which is
'bne of the main features of ROS since essentially each definition

is a self contained subroutine.

The machiné stack uses the hardware stack facility on the
Nova, so all push operations in assembler e.g. PSHA 3
implicitly specify the machine stack. The operational stack
pointer is kept in accumulator 2 of the CPU' which means thét lt
is always readily accessible to a user program. = The DO...LOOP
stack pointer is kept as a zero page variable and may be
accessed. The subroutine processing on the Nova allows no nesting
at all. The return address after a subroutine call is placed in
accumhlator 3 thus déstroying the previous contents. Nested
- subroutines thef_efore need a formal way of saving. all the return
- addresses required, and this is normally done by pushing them
onto a stack.  Thus, contained within the body of a particular
‘definitibn, fhe format required to achieve subsequent indefinite
néé;ing of.that ‘rou'tine is as shown in figure 2. _Because the
Nova dcbe_é not irﬁplement a SAVE/RETURN sequence directly, twb
inst'ructibns are required. to exit a SQbroutine, one to recover

the address and one to execute an unconditional jump.

4.5 Compiler Optimisation

When in compile' mode, the interpreter having located the
(WORD) via a. dictionary search passes control to the section
of code responsible for extending the dictionary. Therefore the

information that is availa_ble about a definition is the start
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address of the code that it represents. A JSR@ relative
~indirect jump to subroutine instruction is stored in the next
free dictionary location and the address just fdund is placed in4
a compile table. This proéess continues until all words in 'the

_curreht (SENTENCE) have been processed.

Cbnsider the compilatior;‘of -

\ SABRE CRLF GRLF TITLE ; | | ,
The seque.nce ‘vof. events is as follows ‘:-‘
(1) The system state fiag is initially 0, that is inter;‘).ret mode.“

(2) "™ is found and executed, this puts the system state to 1
and looks for the next word which is "SABRE", instals the first
four characters SABR in the dictionary and inserts the machine

code for the instruction PSHA 3 into the dictionary.

(3) "CRLF" is found, the precidence is O aﬁd is less than the
state which is now 1. Thus this definition is compiled into the
current dictionary position by inserting the skeleton code for
JSR@ but with no address as yet. The start address of the

routine "CRLF" is placed into a compile table.
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Chapter 5

The System Software




5.0 Introduction

The sovftware for the SABRE radar‘ controller is divided
between that which runs on the Micronova and that which runs on
the Nova 3. The software Will be discussed with reference to the
machine on which it .is implemented so no confusion should arise.
In this ch'apter is presented a detailed discussion of the
importént rqutines. Not all routines listed ih appendix 3 are
diScdssed as it is felt that some are primarily self explanatory,
particulaly since all roufines are highly commented. When a
reference to a particulai‘ subroutine is made it will be called by
the name that would invoke execution of the routine via the

operating system ROS.

5.1 Micronova Programs

The '.logical flow of operations carried out 'by the Micronova
is shown in figure 5.1. This flowchart represents ‘the routine
MAIN - which is responsible for calling ail the subroutines
required. These subroutines will be discdssed in the following
sectiods dnder .the general description of the functions that they

perform.
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5.1.1 PROM Software

The program contained in PROM (Programmable Read Only
Memory) for the Micronova is a bubble memory bootstrap program.
On power fail the processor vectors to location 74000 (base 8)
which is the. start of th_é PROM program. This address was set by
a number of alterable, or "strappable", options available on the
central processor (CPU) boérd. The available PROM space is the
top 2K of memory, although only a small proportion of this is
used; Indeed the PROM board may be sited anywhef‘e in‘memory but
the top 2K- v.vas. used since this would allow a disk based operating
system, DOS, .to be used (Data General, 1981a,1981b). Initially
software development was carried out on the Micronova computer

using DOS and a twin floppy disk unit.

The PROM program sets up all the bubble memory parameters,
such as the error correcting level and the number of FSA channels
to use,' which is always 2 (Intel, 1981a,1981b,1981¢c).
Initialisation is then instigated and the software waits for
successful com.p.letion. At this time a page can be read. No
attempt is made, whilst readiﬁg a page, to asserln“ble the byfe
oriented output into the .16 bit words ’that constitute a full
memory location. The 64 bytes that are read from a page on the
bubble memory  are bﬁffered into an area of RAM starting at
location 67777 (base 8). After a full page has been read these
bytes are assembled into .words and relocated to their correct
position in memory, after which another page is read. The system
memory is stored, in the bubble memory, from location 22 to

location 67700. This data occupies the bubble memory from page 0
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onwards. After all the data‘ has been read from the bubble
memory, the PROM program exe.éutes an indirect jump through
location 25 which contains the start address of the Micronova
operating program. The operating system, ROS, that is loaded by
_tv'his method contains definitions, as described in chapter 4, to
save a '"core image" in the‘ bubble memdry. In fact to initially
save the operating system in the memory; ROS was loaded from disk
and then used to save itself ! By changingithe éontents of
location 25 and saving the hemory contents again (program ALL-MEM
in appendix - 2), any desired program may be‘ executed after a power

failure.
5.1.2 Data Acquisition

The subroutine that reads a block ‘of data from the error
monitor analogue to digital converters may be tested by typing
DBLOK from the terminal, which is the ROS name for thaf routine.
Two channels are read simultaneously since each A-D conversion is-
only- 8 bits, two channels are read in one 16 bit word. This data

are stored in a zero page buffer of 16 words.

To be able to detect error conditions, the A-D values read
are compared to a small data base. This data base contains 32
entries, one for each channel and each entry is 4 words long.
The first word is the maximum allowed value for that channel as
an unsigned 8 b.it intéger. The next entry contains the.minimum
.allowed' value. Thé third entry contains the start address of a
subroutine to be executed should the maximum allowed value have
been exceeded. Finally the fourth entry contains thevstart

address of a subroutine to be executed should the minimum allowed
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value have been surpassed. Thus for each of the 32 channels a

course of action is open should an error condition occur.

The data base comparison r;outine is célled DCOMP, and should‘
be called after DBLOK. If an error Acorf’idition occurs, however,
the routine DBLOK will be called by DCOMP, and DCOMP executed
"recursivly. This ensures *hat once a E’g)u'rs?é of action has been

taken then the effect will be monitored continuously.

" The following voltages on the ‘\transmitter and receiver are

monitored:-

(1)..Driver Power out
(2)..24 Volt Supply
(3)..Driver Power input
(4)..Driver Reflected Power
(5)..Drivér EHT Voltage
(6)..Driver EHT Current
(7)..Driver Heater Voltage
.(8)..Driver Air Flow.
‘(9)-..'P.A. Powér Out
(10)..13 Volt Supply
_(11)..R.F. Sense Inhibit
(12)..P.A. EHT Voltage
(13)..P;A. . EHT Current
(14)..I5.A. Heatér Voltage
(15)..P.A. Air Flow
(16)..RX Auto Mode Status

(17)..RX Power Supply Status

"504-



5.1.3 Power Fail

Having restarted after pow‘er fail the Micronova is able to
monitor the status of the Nova 3 and determine the course of
éction to be taken. The routine PFAIL looks at the memory
location in the Nova 3‘ that holds the number of averages of pulse
'sets when the radar is ‘running. This is done by using the DMA -
bdard that connects the mémories.of the two machines fqgether.
If after a‘time of 100 seconds the value does not .change the
Mic'ronova will reload the memory of the Nova with the operating
broéram, again .by DMA. 'fhe Noya is restarted in the following

manner.

(1) The Nova memory is filled with 0's, This ensures that
the'Nova CPU is in a known condifion, as execution of 0 as an

instruction is jump to location 0 (JMP 0).

(2) The memory is reloaded from location 1 upwards,'by DMA
until all the operating software is present. The CPU at this

time is still cycling at location 0.

(3) When all programs are present an indirect zero page jump
instruction is stored by DMA into location 0. This causes the
CPU to find the start address of the program in zero page and

commence execution.
5.1.4 Main Program

Initially “after .power has been restored this routine is
executed and sets up the interrupt service address in location 1

for the synchronous com_n_iunications interface. The power fail
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routines are then executed and the system is returned to an

operational state. Each of the programs concerned with the

voltage monitoring and the bubble memory are called in turn. The

sequence is repeated as indicated in figure 5.1.

This prdgram therefore contains the overall flow logic of
the Micronova programs, and being self contained it is easy to
add other subroutines and call them from this program, should the

need arise.

5.2 Nova 3 Programs -

The Nova programs, in a similar way to the Micronova
programs, are controlled by an overall controlling routine, in

this case called MRUN,

5.2.1 Power calculations

!

The raw data from the receiver is read into an array in
memory that is typically 400 words long. The length of the array
is determined by the number of ranges under consideration.
Usually 50 ranges are used, with 1 measurement for each channel
per range. This gives 50x8=400 measurements. The data are read
in with the high order byte being the real part of the quadrature
signal, and the low ofaer byte the imaginary parf of the
quadrature signal.v _ For 'eac_h element in the 400 word array the

expression is calculated as given in chapter 2.

After this calculation has been performed the result is
added to previous calculations for the same range and the

accumulated sum stored in a second array. In this way a
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continuous sum of the backscattered power is kept for each range.
At the end of each integration period this power is averaged by
dividing by the number of pulse sets and subsequently the afrays

are written onto tape.
5.2.2 Doppler Calculations

. For a double pulse séparation of 300 microseconds the raw
data array is‘424 words long. Since one sample is taken per lobe
every 100 microseéonds, the 300 microsecond pulse separation
corresponds to 3 words in the raw data array. ‘To achieve 400

autocorrelation products the array needs to be:-
400+8(Lobes)*3(Extra words per lobe)=424 Words long

This ‘is .because, to perform the complex producf, two ran
data words are used separated by the nur'nbervof words
corresponding to the double pulse sebaration. The double
- precision products are accu.muvl'ated in a second afray which is
.éubsequ,ently averaged by the routine AVER at fhe end of the

integration period.
5.2.3 Real Time Clock Routines

These subroutines are'responsible for controlling and
reporting the local system time. The RTC (Real Time Clock) is
read by the routine CTIM which controls the actual interface.
ETIM merely takes the time present in the zero page buffer, TBUF,
which is filled by the routine CTIM, and calculates the end
integration time, which is placed in the buffer EBUF. All the

hour and day boundaries ‘are adjusted by ETIM should the need
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arise. If the end integration time crossed an hour boundary and
end of file flag, EOF is set so that an end of file marker may be
written to the tape. Routine TIUP reads the current time using
CTIM and compares it. to the time in ETIM. This is used to
- monitor the integration progress and call the appropriate

" routines when the period is finished.
5.2.4 Tape Routines

The subroutine TAPE is called‘ to form the buffer for writing
to the tape. The'system parameters are copied from various zere
page locations and are written at the start of each tape record.
These parameters include the operating parameters for the radar
and the start of integration time for that particular record.
Then the averaged power samples, and. finally the Doppler

velocities are written.

The subroutine TWRIT writes the tape buffer, formed by TAPE,
by controlling the tape interface. TWRIT also writes the end of

file record should an hour boundary be ci‘ossed.
5.2.5 Interprocessor Software

The routine COMM is executed if a flag is set in the zero
page location MICRO. This enables the Micronova to tell the Nova
to perform facilities such as rewinding the tape or reloading the
pulse sequence. This is necessary because the Micronova may load
another pulse shape into the Nova's memory, but the Nova then
needs to transfer it to the device interface using the routine
PSEQ. The flag MICRO is tested every integration period and

depending on the bit pattern in that location one or more
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routines may be executed. One of the mo;t important of these is
that the system time may be reset remotely from the analysis site
via the teleplone communications link. The time would be sent
along the telephone line tp the Micronova, then transferred to
the Nova by a command issued to the Micronova. This command
would execute the transfer routine and operate the DMA
interface. Finally, -anothér command sets the appropriate bits in
the location MICRO and transfers that word, also by DMA, to'the
Nova. The Nové would then execute the routine COMM and would be
directed to execute the routine to change the time in the device

interface.
5.2.6 Power Fail Routine

The routine FAIL is executed as power is failing, and
ensures the bower fail auto restart integrity by writing JMP @
300 into location 0. When bower is returned the computer starts
executing from locatiqn 0 and will thus jump to the address
contained in locétion 300 which. is the start address of the main

program.
5.2.7 Nova Main Procedure

Sim’ilabr fo the Micrdnova, and shown in figure 5.2, this
rbutine is résponsible’ for calling all the other routines that
constitute the logic of the program. Initially the interrupt
vector is set ifor the program FAIL and the interfaces are reset.
Storage for the program is calculated by the routine STOR  which
allocates the storage for the data arrays that will be required.

This storage depends on the number of beams selected, the double
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pulse separation and the range selecetd. The following equations

indicate how the array storage requiféd is - calculated.

No. of power sémples (PSAM)

No. of beams (NBEAM) x No. of
ranges (NRANG)

No. of Doppler samples (DSAM) = Doppler pulse vgap (PGAP) x NBEAM

+ PSAM

The transmitter and receiver 'é_,_re restarted after a power

failure in the following manner.

(1) The receiver is pulsed to clear all the gating logic that
protects the front end from being active and therefore saturated,

during the transmit phase.

(2) The transmitter is then turned on but put into inhibit mode

to reset all the internal timers.

.(3) A wait period of 150 seconds is then established to allow the
transmitter to run up to full operating power before pulsing

commences.

(4) The program now reads the RTC and waits until it shows zero
seconds. This ensures that the integration periods, which are a
multiple of 10 seconds, will always return to minute boundaries.
In this way the two sites may be synchronised after a power
failure at one or both of the sites. This is of course done

within the accuracy of the system clocks.

(5) The sense inhibit line is now taken low and this starts the

internal timers that would turn the transmitter off if no pulses
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are sent for any period greater than 250 milliéeconds.

(6) Just before the program calcula'tels the averages at the end of
the intégration period, the sense inh‘ibit line is again taken
high, thus clearing the timers in the transmitter since there are
no pulses sent to the transmitter while the program calculates
the averages and forms the tape array. This time is in excess of

250 milliseconds.

5.3 Conclusion

All of the software described in this éhapter was written in
assembler code to achieve the maximum possible speed. For the
- Nova 3 computer this is particulaly important since the number of
single-double pulse sequences during the integration period is
directly related to the time required to perform the power and
Doppler calculations. vSignificantly, however, by incorporating
the rou‘tines_ into the operating system as a set of separately
execﬁtable modules, or definitions, these routines are able to be
tested ‘indepehdéntly of each ot;her,“or as a group. Being able to
do this has greatly aided the on-site testing of the software,

before using it to process 'real data'.
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Chapter 6

Remote Communications System




6.0 Introduction

The last decade has seen many fundamental advances in the
field of computer communication systems. The establishment of
both hardware and sdftware protocols has meant fhat international
compdter .neitworks have become both technically and economically
viable. However; because of the simdltaneods research into thé
development of computer networks, a variety of ‘'standards' have
been proposed that specify the exact physical and logical format\
of data. The major reason for this is that the type of networks
for which individual standards have been developed differ
substantially in what édequately defi:nes a minimal or maximal
package of informatioh. For example, a rhultic_omputer network
with many peripherals would require sophisticated addressing of
devices and suitable error recovery techniques which may reqﬁire
action by devices not necessarily using the network at the time
of a network or local communicatibns fault. Just two computers
* communicating on ‘the ‘ot‘her hand, may dispense with the addressing
techniques. © Clearly, the btwo systems outlined above represent
opposite ends-bf the -communications complexity spectrurﬁ but they
_illustrate that_optimal protocols may be entirely different. ° The
initial SABRE network is more closely represented by a system of
the latter type, | and the subsequent brotbcol used represents its
‘structure. It is envisaged however, that many radar controllers
may bé int_erconneéted in future With a suitable expahsion of the

protocol used.
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6.1 Overvigw

The transmission of digital data along the standard PSTN
(Public Switched Telephone Network) was the technique adopted for
the SABRE communications system.  This method is desirablé
because ft allows relatively high speed communications (2400 .Baud>
up to 9600 Baud in somé cases), whilst keeping the extra hardware
requirment down to a minimum, thus providing a cost effective
solution. Within. this type of serial communication system there

exist two very different methods of data transmission procedures.

The firsf: of 'these_ is asynchronous serial data transmission,
The form of the digital data lthat is transmitted is shown in
figure 6.1 and constitutes a frame ‘of data for one character.
The term asynchronous means literally wifhoui synchronisation and
no clock information is transmitfed separately along with the
data. The recéption of each character»is re-tihed from ihe
trailing edge of the START bit and thereafter each bit of data is
sampled at a fixed raté which must be the same as the -
transmission r‘at’e.' 'After. transmission of each character the line
remains idle for up to two bit periods, called the STOP period. -
This classicaliy was tb allow the old mechanical teleprinters to
reach a known mechanical positian before the reception of the

next character.

Usually the state of the vline is sampled initially at bsome
multiple of the bit rate; 16, 32 or 64 t;imes. "This is done in
order to detect the logical 1-0 transition that indicates the
presence of the START: bit as soon as it occurs. Spikes oh the

line may be - effectively filtered at'this'stage by checking that
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the line remains in the SPACE state for at least one half the bit
period after the transition. After a valid START bit has been
detected the remaining bits are sampled once, roughly in the

centre of their transmission period.

This sampled serial data ére shifted into a register that
holds the eight data _’bité after eight shift periods. This data
may then be ‘réad as a parallel word by the: computer, This is
known as single buffered mode in which the computer has only the
time of the ensuing STOP period to be able to read the data’
bb.efore .the' next character starts to be assembled. If the:
compﬁter bfails tb do this an OVERRUN condition arises to indicate

that data has been lost and is usually represented by a flag

being sei:, by the hardwafe, in the interface status register.

A better method that allows more time is known as a double
buffered mode. In this casé whén ‘a character has been assembled
the datum is read' b.y‘ hardware'f'rom "th.e serial register as a
Hpvaréllel word, to a secbﬁd latch, whicﬁ ‘may then be read by the
“coi'nputer. Thus the next clharacter may be built up in the serial
éhift register whilst t.rj\e computer is reading the preQious word
from the data latch. | Névertheless, an OVERRUN condition can
still ariée if the >computer fails to. read the data ffom the latch
dﬁi‘ing one character transmission time. The double buffered mode
pfdvides the s'oftWare reading the data with more time to process
characters vthan, just the STOP period as in the single buffered

case.
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It is interesting to note that the overhead associated with
asynchronous transmission is a function of the number of extra
bits required to be tbansmitted in order to frame the character
so that it may bg .peqeived properly. As figure 6.1 shows, for- 8
bit characters, with 2 STOP bits, 1 START bit and 1 PARITY bit,
the overhead is 4 bits in a total of 12 bits. This represents a
overhead of 33.3 pe_rcent‘ for each charactér transmitted and also
therefore represents the same overhead for a message of arbitréry

length.

. Bec'ause the timing information. is contained within each
framev and is. ‘usled‘ by the hardware to locate the bits of each
character, data may Ibe both transmitted and received
_simulténeously by the' interface, providing that tw‘o distinct
physical channels exist for' transmiésion and reception.  For a
computer terminal (a conﬁmon application for asynchronous links),
separate wires are used to connect the transmitter of the
computer interface to ‘the receiver of the terﬁinal'and vice
versa. For a modem communications system only one ‘line exists
hetween the modems at the ’two sitevs,. yet full duplex type of
operation is still possible. It is achieved by using FDM
(Frequency Division Multiplexing) techniques, that diQide the
available frequency bandwidth intb two distinct channels. The
modem converts the :digital signal into FSK'(Freduency Shift
Keyed) signals which may then be’ transmitted along the telephone
line. Received signalbs are FSK signéls that operate on different
frequencies to those that are transmitted by a particular modem.
So typically a rﬁodem will transmit a binary 1, or MARK, as a 1300

Hz signal and a binary 0, or SPACE, as a 1700 Hz signal. This
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modem would then expect to receive‘a MARK as a 1800 Hz signal and
a SPACE as a 2200 Hz éignal. The modem with which it is
communicating obviously has to transmit on 1800 and 2200 Hz and
receive on 1300 and 1700 Hz. Most modems provide operation on
both sets o‘f'freq’.uencies as a switchable option for greater

flexibility.
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6.2 Synchronous Data Transmission

This description of asynchroﬁous communications systems has
been included to facilitate a more full discussion of its
counterpart, 'namely synchronous communications systems. As was
mentioned previously there is a large overhead inhereht in
asynchronous systems and this becomes intolerable when optimum
data rates are‘ to be achieved. Synchronous communications, as
the name implies,.- requires either a separate clock lead from the
transmission 'point to the reception point, -in addition to the
data lead, or a vrhodern that includes clock information as a part
6f the modulation process that encodes the data.‘ In typical
synchronous modems, the modulation process is a form of PSK
(Phase Shift Keying). The clock information is recovered from
the sidebands of the received signal and is brought out of the
modem on a separate lead that indicates, to the data terminal
equipment (DTE), the appropriate instant to sample the data on
the received data lead. The synchronous data format is shown in

figure 6.1.

Since the START and STOP bits are not required, the overheéd
per character is eliminated completely, there are however some
overheads involved in transmitting a complete message and

receiving it correctly.

For a synchronolus'receiver to know what constitutes the
. least significant bit of a character and thus be able to assemble
characters correctly, and not bit shifted, a synchronisation
sequence must initially be transmitted. This sequence is

composed of pre-defined SYNC characters which are not a regular
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bit pattern. This is done to avoid reqular interference patterns
being construed erronepusly,‘ by the hardware, as synchronisation.
characters. For exampie 10101010 would be unsuitable as a SYNC
character, the usual bit pattern chosen is 00010110 which is 26
octal.  When a synchronous receiver is initially turned on, prior
to receiving data, .it is in the SYNC search mode. In this
hardware mode bits are shifted into the receiver and the contents
of the shiff register compared with the pre-defi'ned SYNC
character. When a match is found the next 8 bits are clockéd in
and also compared to the SYNC character. I.f they are not the
same then the SYNC search procedure is repeated. If they are the
same, the har'dware.co'nsiders itself to be synchronised and will
indicate to the computer that a character is available after
every éubsequent 8 bits have been clocked in. The requirement
that 2 SYNC characters to be. received before synchronisation is
_comvplete gives the hardware Qreéter protection against premature

synchronisation by line transients or crosstalk effects.

Because bits arrive at a steady, predictable rate in
synchronous systems, médems that use phase modulation and other
techniques dependent o‘nv constant data flow may be utilised.‘ For
éxample, if a signal is traﬁsmitted with four‘differént phases,
say 45, 135, 225, and 315 degrees then 2 bits can be represented
by them, ﬁamvel‘y 00,‘ 01, 10 and ll.re.spectively. Thus
transmission of the phase chénges at a rate of 1200 per second
results in an effective bit transmission of 2400 bits/second.
These four pl‘wase_sA'are' a typical way of éncodinq for 2400 baud

modems, whereas 16 different phases will normally be used for
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9600 baud modems.

In order to be able to transmit a constant flow of data the
transfer is not, in general, truly full duplex, as in
asynchronous systems, In fact data is transferred in what is
known as a simplex mode where station A first transmits to
station B, then there is a line turnaround phase where A prepares
to receive and B prebares to transmit. The rules for achieving
this are controlled by the software, and are defined within the
system protocol, which avoids both A and B either both

simultaneously transmitting or receiving.
6.3 Protocols

The protocol in a communmcations system is basically a set
of rules carried out by the software to govern the operation of
the system. The rules are designed to control operating problems

in the following areas:--

(1).FRAMING The determination of synchronisation and the

correct location of the initial bit of a character.

(2).ERROR CONTROL The - detection of errors that have occurred
during transmission of the data by means of some form of

redundancy check, for example parity checks.

(3).PACKET CONTROL The characters that constitute a message or

packet of information need to be controlled so that the data are

compatible with the receiving station.
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(4).TRANSPARENCY The characters sequences that enable special

control characters to be differentiated from raw data.

C(5).LINE. CONTROL. The .determination of line procedures to avoid

both stations transmitting or receiving simultaneously.

(6). TIMEOQUT CONTROL The solution of the problem of messages

that for some reason suddenly cease or if one packet of

information requiring a response goes astray.

(7).STARTUP CONTROL The ability to start the transmission of

data by putting the communications channel into a known state

after it has been idle for some indeterminate period.

These <.seven areas give a general scope as to the
'requirements of the protocol! and are not intended to be
definitive. A .standard exists (International Standards
Organisation 7 level model)- which defines the requirements of a
protocolr, -but it‘ is not diécusséd here since it defines a very
general case, the above being more applicable to the case of

SABRE.

There éxist two basic types of protocol, character oriented
and bit oriented. A character oriented protocol such as BISYNC
uses special characters to delineate various fields of a messége
and to provide control functions.  Bit oriented protocols on the
other haﬁd, -work on a bit by bit basis and may detect control
sequences at any time. Generally speaking bit oriented protocols
are more efficiént since they require only a minimal sequence of
bits to indicate a particular function, wheras character oriented

protocols may require several characters, each composed of 8
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bits, to implement a function. The overhead is therefore less,
in bit ‘oriented systems, and accounts for its use in high speed
multi-computer local area networks. SABRE uses a character
orien’ted protocol sjnce_ the hardware was designed tb implerﬁent

this type of protocol most efficiently.

6.4 SABRE Protocol

The protocol desiéned for the SABRE system reflects the very
particular nature of the ”comfnunications hardware, and in
particular that only two computers were required to communicate
simultaneously. A new protocol was needed to satisfy the
restriction that the software must be memory resident at ail
times. This was necessary to be able to implement the
communications software, not only at the SABRE sites, but also at
_the existing ST‘ARE sites, without any hardWare modification of
the existing computer systems. There have been a number of
published papers on how a protocol may be design.ed formally, but
the methods are generally very long and do not guarantee the most
efficient solution (Cdﬁrad,l980; Bochmann and Sunshine,1980;
" Danthine, 1980; Bochmann,1980). The'SA'BRE protocbl was designed
using a finite state approach‘ to achieve formal validation as

outlined by Pitrozafiropulo et al (1980).

The initial requirement was the specification of the data
format since the ‘packetv of information is the most basic element
of the whole system. This packet needed to. contain‘ fhe
fundamental elerﬁents' of synchronisation, control information‘ and

data. In fact two packet formats have been defined and are shown
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in figure 6.2.

The control sequénce contains  just control information, and
the data sequence may contain both.  The transmit program
inte_rprets_ the data presented to it in the following manner.
When a binary (‘:‘haracter of 8 bits has the same bit pattern as the
DLE (Data Link Escape) sequence then an extra DL‘E character is
transmitted, thus forming a DLE DLE sequence. The receiver _
software on detecting. this dual sequence eliminates one DLE
character and carries on, thus reproducing the original sequence.
Whven a cdntrol sequence is required just one DLE -character is
transmitted followed by the control character. Such vaiid
characters are STX (Start Of Text) and ETX (End Of Text). A full

list of the valid characters are given in table 6.l.

STX  Start Of Text

ETX Eﬁd Of Text

ENQ Enquiry

ACK Acknowledge

NAK Nega.tive A;:knowledge
SYN Synchronise

£0B End Of Block

Table 6.1
It should be noted from figureb'6.2 that therevare four SYNC.
characters transmitted ‘to increase the probability that ‘the
receiver hardware gets at least two SYNC characters sequentially
to achieve correct synchronisation.v It is required that the
receiver be synchronised for. each data and cdntrol block.  There

is a 5 word overhead as shown in figure 6.2 for each data block
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and since the actual data transmitted is usually 100, 16 bit
words, this represents a 500/105 = 4.6 percent overhead, which is
considerably less than the 30 percent overhead typical in
asynchronous systems. - Clearly as the length of the data Block
inéreases the overhead percentage decreases. The problem here is
that as the length of the block increases the susceptability to
errors in transmission, thus requiring retransmission of the
whole block, also increases. Retransmission therefore puts the
effective overhead at ﬁwore than 50 percent for that particular
block.. The block lengthbwas chosen as a trade off between high

efficiency and low susceptability to errors.
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The finite state dia.gram shown in figure 6.3 and figure 6.4
shows the complete protocol for the SABRE syétem and includes the
possibility of error récoVery from data in error and complete
loss of data. The stable states of the system are represented by
the circled numbers shown in figure 6.3 and 6.4. In these states
the system is either preparing for transmission or waiting' for
reception.' The interconnecting arrows between states show the
type of response that forces the system from one state to
another. The actual response is shown alongside the arrows as
either a positive number, indicating a received block, or a
negative numbb.er, indicating a transmitted block. The meaning of

these numbers are given in table 6.2.

0= Déta block Without errors
1 = Data block with errors
2 = Acknowledge block
3 = Negative Acknowledge block
4 = Enquiry block
5 = End of Block
_ 6 = Unrecognised control sequénce
7 = Receiver timeout |

N = Any status not otherwise explicitly defined.
Table 6.2

As can be seen from figure 6.4 three stages are identifiéd
and thésé _are.; (1) call connectfon and identification; (2) data
transfer and integrity and finally, (3) call disconnection‘and
line clearing. The first stage, call connection, requires the

initiating station to manually or automatically dial the
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answering station and thus establish the physical connection.
This stage also specifies the correct transfer of a control block
from the initiating station to the answering station and that
this block should be acknowledged by the answering station. At
this time both cdmputers are in a mutually acceptable state. The
second stage is then entered. This is‘ the transfer of a file>
from one computer to the other and would be compos.ed of a number
of data blocks. The basic sequence of events is the passage of
one block which is then positively (ACK) or negatively‘ (NAK)
acknowledged by the receiving computer. A negative acknowledge
causes retransmission of the block in error, whereas a positive
_aAcknowledqe causes the next block to be transmitted. Clvearly not
only data. blocks may be received in error but alsb control bloéks
may be‘corfupted. As the finite state diagram shows there are a

"number of error recovery sequences that may be initiated.

6.5 Error Recovery

A bur_st error is defined as a potentially continuous
corruption of data over a'period of time. 'fhis type of induced
‘error is common in telephone neLwork communication and may be
caused by sporadic electrical interference, or exchange switching
interference. Since the major requirement of a communication
system is the error .free transm{issi_on of data between end users,
such errors as may occur need to be both detected and cofrected.
To"this end some form of redundancy needs to be added to the

data.
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6.6 Parity Codes

One of the most common methods, but least effective for
burst errors, of addiﬁg redundancy is the parity check. For a
binary word of N bits the parity of 1 bit is added making an
information length of N+1 bits. This bit is added to make  the
number of 1's in the information sequence either an odd (odd
parity) or an even (even parity) nu&mbér. For the message
sequence of 10101001 the parity bit, for even parity, would be a
0, but for odd parity would be a 1. By counting the l;s in a
received information sequence one bit corruptions may be
detected. However multi bit errors may go completely undetected.
Consider the message 11011011 transmitted with even parity as
110110110 and then corrupted to 000110110. The receiver would
not see any error here. Thus parity checks are unsuitable for
even numbers of multi bit errors. One solution to this problem
is to add two parity checks both vertically and‘ horizontally

across a message block. Consider the message block :-

01101011 (1)
11010010 (0)
11011110 (0)
11101101 (0)
00010101 (1)
(10011111)

The parity checks that would be added are shown in brackets.
The message would be transmitted from the top left bit
horizontally across the first word, and then left to right across

the subsequent wbrds. ~ The parity on the right hand side checks
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the horizontal binary sequences, whilst the final word

transmitted checks the vertical binary sequences.

This more elaborate method is a considerable improvement
over the single parity check, but still suffers from the burst
error problems. Its great virtue is that it is easy to implement

in either hardware or software.

6.7 Cyclic Redundancy Checks

The CRC (Cyclic Redundancy Check) is the method of error
detection employed in most communication systems, It is a result
of a trade off between good error detection performance and ease
of implementation, usually in hardware. No error correction is
usually implemented in communication systems as the protocol used

provides adequate error recovery and thus correction.

In all error deteétion systems a number of redundant check
bits are appended to the message bits to constitute the full
information sequence that is transmitted. = Consider a message
~ polynomial G(X) and a generator polynomial P(X), where xN
represents a 1 as the ‘Nth_ bit of a binary_ sequehc’e.
Therefore a polynomial ><4+X2+1 is 10101 as a binary sequence.
The iobject is to construct avcode message polynomial F(X), such

that it is evenly divisible by P(X). This may be achieved as

follows:-

(1).If there are K message bits and N information bits then
the number of check bits required is N-K. Initially the

N-K check bits are preset to zero and appended to the K
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‘message bits. This gives an initial sequence of G(X).X

(N-K) which make the N information bits.

(2).The N information bits are then divided by the

generator polynomial P(X).

(3).The quotient is disregarded but the remainder C(X) is

(N-K)

added to the initial product G(X).X thus réplacing

the N-K zero check bits with the N-K remainder bits. ~ The

final coded message may be represented as G(X).X(N'K)
+C(X). |

Consider the rﬁessage of 110011 = G(X)

and a polynomial 11001 = P(X)

The number of check bits added is always one less than in

the generator polynomial.

Then ). xN-K)

= 1100110000

Note the 4 zero's as the least significanf bits,

'The division in stage two is done without any carry or
borrow and may be programmed in the following manner. The actual
division is performed by taking the successive modulo 2 exclusive

OR of the product and the generator polynomial P(X)
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Thus 100001
11001 1100110000
llDOl
10000
11001
1001

The remainder C(X)=1001 which when added to the initial

product yields an information sequence of 1100111001.

This message méy then be transmitted and at the rece‘iving'v
station the error detection is performed. The received message
is divided by the generator polynomial and if no errors have
occurred then the division remainder would be zero. For the

above example the division is shown below.

| 100001
11001 1100111001
11001
11001
11001
00000

Typically a 16 bit check sequence would be used -and
therefore a 17 bit generator polynomial is required. @~A CCITT
standard polynomial is given below and is indeed the one used in

the SABRE system.

x16,%12,%5,1 = 10001000000100001
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This provides error detection of bursts up to 16 bits in
length, additionaly more than 99 percent of error bursts greater
than 12 bits may be detected. Longer generator polynomials:
provide better error detection capability but the length given
above c-vo_mbines an error detection performance, that is usually
more. than adequate, with ease a‘nd speed of performing the
division on a 16 bit machine. 'Although the generator polynpmial
is 17 bits, in préctice ‘this provides no problem since the
division is performed wﬁen a binary 1 is the most significant.bit
of the information sequence, which may then be shifted into the
carry bit of the accumulator. The exclusive O_R of the most
significant bit of the generafor_ polynomial and the carry . bit is.
always a 0 by definitio‘n.‘ Thus the problem réduces to merely
taking the exclusive OR of the femaining 16 information bits and
the remaining 16 generator polynomial bits. The seqﬁehce that is
divided by the generator polynomial is the total number of
characters that are to be transmitted as a continuous binary
stream. Therefor'e if say 100 characters each of 8 bits are to be
transmitted then the 800 plus 16 initially zero bits are treated

as one binary sequence to be divided by the generator polynomial.

Because the implementation of this type of code reduces to
two basic types of operation, narﬁely shifting andvexclusive OR,
it lends itself very well to a hardware implementation, however
in the initial SABRE system the CRC was calculated in software

for initial testing.
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6.8 System Software

The software was written to control the Data General ULM5
(Universal Line Multiplexor) modem interface. This board
contains just one synchronmjs line and has full modem control
features. The ULMS5 -allows the transmitter Vand receiver to be
turned on and off under program control ‘and allows the software
to preset the SYNC characters and DLE characters that the
hardware is required to recognise. = The line characteristics may
‘also be programmed and this dictates the Mnumber-of bits.per
character that are to be transmitted and the type of parity
check, if any, that is to be appended to the character. Since
the maximurﬁ character length, including parity, was 8 bits, 8 bit
characters were specified but with no parity, This was done so
that a 16 bit word could easily be divided into two, 8 bit
characters for transmission. Otherwise if say 7 bit ’characters
plus even parity was chosen the ﬁhst two ‘characters would occupy
the firét word to be transmitted,‘ but the next character would
occupy - the remaining 2 bits qf fhat Word and the first 5 bits of
the next word. If ASCII only was to be transmitted this
difficulty would not be encountered as the. ASCII character set is
defined to be only seven‘bits, with the rémaining bit normally
preset to zero. Thus two characters would occupy one word
compvletely._ H0wéver to transmit binary object codes there is no
redundancy in the 16 bit .words, ‘as there is for ASC_II characters,
and so to avoid the fime consuming splitting up of data descibed
above, 8 bit characters were chosen and the hardware parity
option on the ULMS5 disabled. This is another reason why the

software CRC check was chosen to be appended to the data.
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The software structure is shown iﬁ figure 6.5. It should be
noted that thé Fortran routines were included as an easy means to
change the protocol during the testing stage but were programmed
in" assembler for the computer sited at Wick. The assemblér
subroutines were assembled independantly of the Fortran but each
contains a suitable Fortran interface to enable the passage of
parameters. The Fortran and assembler were combined properly at

load time to construct the complete object module.

SETUP calls an RDOS 'system routine IDEF, that includes an
entry in the interrupt despatch table for device 34, namely the
ULMS. This is necessary since a system running under RDOS
controls all system states including DMA (Direct Memory Access)
and Interrupts. An interrupt from device 34 is defined by the
routine SETUP to be execution of subroutine ISERV. The routine
ISERV merely reads the ULM5 and sets flags MFLG, RFLG, or TFLG
depending on IWhether the interrupt comes from the modem, receiver
“or transmitter section of the ULMS5 respectively. If it is the
transmitter éection that is requiring service 'a character from a
common location labelled TDAT is ioaded into the transmitter. If
it is the receiver requiring setfvice then the character is read
from fhe ULMS5 receive buffer and then stored in the common

- _

location RDAT. The modem status is placed in the common location

STAT.

By using these flags the transmit and receive routines (TXMT
and RXMT respectively) are able to determine when more data are
required or when more data are available. Thus these routines

wait until the flag is set before taking appropriate action.
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One of the parameters passed to the TXMT routine defines the
block type that is to be transmitted. If a control block is to
be transmitted then the extra DLE characters are not inserted
since it is in this case desired to transmit‘con.trol sequences.
If a data block is to be transmitted theh the first 6 characters
are transmitted without extra DLE characters, since for every
block the _colntrol sequence DLE.,STX must be recbgnised by the
receiver pro.gram. Then the data are transmitted with the
necessary extra DLE characters. Finally the one word CRC and the
DLE.ETX control sequence are transmitted without the extra DLE
characters. The data block length is passed as a common parameter
from fhe routinev READL and is labelled DATL. This allows dynamic
changing of thev transmission data block length to optimise the

throughput in relation to the observed errors.

The RXMT routine receives characters but does not begin to
store .them until it has received a DLE.STX sequence. Thereafter
it receives characters and stores them, keeping a running status
on the length of the block and control sequences received. If a
data block is received then a CRC is computed over the data and
the remainder is compared to zero. Reception of a DLE.ETX
sequence indicétes to the receiver that the block is ended at
which time thev receiver hardwar;e is turned off by the software
ahd the data processed. There are two 'm'ain error conditions that
are trapped by the rdutine RXMT, Loss of line data completély
will cause RXMT to timeout and pass an appropriate error code
back to the Fortravn protocol controller.  Secondly, if the end

sequence DLE.ETX is corrupted then the receiver will continue to
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clock in characters at a steady rate. It is probable in this
case that the transmitter at the iﬁitiating station will be
turned off and the line will thus be in the MARK state. This
~means that the characters received will be 377 (octal). However
"the routine RXMT will only allow a maximum block length, if this
is exceeded the routine will pass an error cﬁde to the Fortran

that would probably ask for retransmission of the block.

Control of the modem is an essential part of the data
communications system since it is this that is responsible for
the phyéical transmission of the data as well as the connect and
disc'onne.ct procedures. Several lines are available from the
mbdem to the data terr’hinal equipment which is, in this case, a

computer. These lines and their control are reviewed below.

REQUEST TO SEND (RTS) is provided to turn the modem transmitter

on and off. RTS=1 turns the transmitter on and data may then be
sent to the modem along the TXDATA line. When RTS=0 the modem
transmitter is turned off but the modem is available to receive

~ data which it then passes along the RXDATA line.

DATA SET READY (DSR) is a signal from the modem to the computer

to indicate that the modem is operational and not in test mode.

CLEAR TO SEND (CTS) this is a signal provided by the modem to

indicate that it is ready to accept data for transmission. This
line may be ignored, and in this application the CTS input to the
ULMS5 is hardware asserted. It may be normally assumed that the

modem is always ready to accept data for transmission.
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The above three lines represent the basic handshaking
between the interface and the modem, but there are another three
that are required to provide the necessary status for switched

network operation of modems.

DATA TERMINAL READY (DTR) this line is asserted by the computer

to enable the connection of a call from an incoming station. DTR
may be left asserted to enable incoming calls to be answered
automatically., However when this line is no longer asserted the

modem -disconnects the call.

RING INDICATOR (RING) as the name implies' this‘ line indicates

when the modem has been called by a secondary station. Assertion

of this line causes the modem status register in‘ the::u'ULMS to be
updated and thus to iésue an interrupt to théu corﬁb;ter. After
the comp'uter has determined fhat it was tt;e Iz;ng status that
caused the interrupt the usual course of even't:“woutl.; then be to
a.ssert DTR, . Alternatively if DTR is permef{lé‘;wtl); aéserted then
the call would be connected immediafely.‘ o |

Y

DATA CHANNEL RECEIVED SIGNAL DETECTOR this line must not be

confused with anything to do with the DMA lines on the Nova also
referred to as DATA CHANNEL. In fact this signal is used to
differentiate between incoming.data and incoming voice calls.
One of the proﬁlems which faces a data communications system is
that of Amisdirect‘ed voice telephone calls.  Assume that a person
making an ordinary voibe telephone call accidentally reaches a
modem. Rihg indicator is asserted to the modem interface and the
computer asserts DTR thus connebct:ing the call. At this time the

software starts -a timing sequence to check for assertion of the
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carrier from the calling modem, as Would be indicated by
assertion of .the data channel received signal detector. Since in
this case the caller is a person, no such assertion will 6ccur
and the timer will expire. This would normally then disconnect

the call.

6.9 Caoriclusion

The ability to communicate with a remote expertiment has
many advantages that have been discussed .in the pfevious
chapters. What.has been described here is a small, high speed
system, consiéting of the minimum hardwére and software required
to implement a reliable communications link. It‘has been shown
that a communications link may be established to a small computer
system and that it is possible to provide continuous data flow
fro.m the experiment in 'real time’ énd previously redorded data.
This latter point is important since for reasons of economy the
link is only éstablisﬁed for' approximately 6 hours a day. The
data taken by the radar during the time the link is not
established .is written onto magnetic tape as has been previously
described.  When the link is established the 'feal time' vdata are
6nly present at the end of each integration period, typically

every 20 seconds. This data only takes about 1 second to

‘transmit so there is sufficient time to transmit previously

recorded data, before the next 'real time' data are available.,
In . this way 'real time' data are interleaved at the analysis site
with previous data. Since all data has a time associated with

it, the sorting is a relatively simple task.
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4 Chapter 7

Computer Interfaces, Design and Programming




7.0 Introduction

This section describes in detail the operation of the
hardware interfaces that were designed for the SABRE system. The
previous ghapt_ers have discussed the motivation for the
particular design criterion, and so this section concentrates
entirely on th,ev‘,.::.,design‘ of the electronics. An attempt has been‘
made in tHe descriptiohﬁ to unify the circuit design with the
~software required to run it. The intérrelation'of these two
considerations is important to ensure eff.icient and flexible
hardware control. A discussion of the DMA and interrupt
structure of the Nova computers serves to introduce the

description of the device interfaces.

7.1 DMA Transfers

The direct memory access transfers on the Nova computer are
‘'called Data Channel Transfers. Two lines of the 1/O bus are
allocated to determine the nature of the transfer required and
are controlled by the device interface issuing the request.

These two lines (DCHMO and DCHM1) enable four kinds of transfer:-

DCHMO  DCHM1

0 0 Data Out

o 1 Increment Memory
1 0 Data In

1 1 " Add to Memory
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The last option enables a word to be added to the current
contents of the. referenced memory location rather than just
replacing it. This mode has application in signal averaging in
which samples of a waveform taken on successive cycles at the
same point need to be accumulated. As a means of reducing the
number of lines taken to a device interface (which may be remote
from the C_PU. chassis) the address of the DCH transfer is passed
along the same bus as the data. To enable correct timing of
these operatiohs the CPU asserts the data channel accept (DCHA)
control line to indicate that an address is required and data
channel I/O lines are basserted, (DCHI and DCHO respectively)
when data is to be input to, or output from, the bus. To allow
for maximum set;ling time on the data lines, the CPU gates the
address and data into memory at the end of their respective

control signals.

Several data channel devices may be installed in the chassis
(or external to it), the priority being determined by their
physiéal location on the bus. In order to decide which devige
has priority, the processor sends out a data channel priority
signal (DCHP). This signal is taken through lbgic in all devices
on the -bus. When a device issues a request, which it does after
checking to make sure that its DCHP input (DCHPIN) signal is
high, it then sends a low DCHPOUT to the next device. All other
devices must consult this signal prior to issuing a request to
the CPU. The device nearest the CPU will gain priority over
succeeding devices .on the bus 'through which the DCHP signal will

pass unhindered.
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All data channel requests are synchronised to the CPU
activity, the flags which are required to achieve this are shown
in figure 7.1. When a data channel transfer is required, the
issuing logic sets the data channel synchronising flip -flop.
This signal is used as- an input to the next flib flop (device
data channel request), which‘ is set on the next leading edge of
the CPU timing signal RQENB. The output from this flip flop is
buffered to drive the open collector "WIRED OR" data channel
request line, DCHR., However the device intérface must not_ reset
the data channel request until it has been écknowledged. This is
ascertained by DCHPIN béing high and the request flip flop output

also beimj high.

Each device on thbe bus is responsible for terminating its
data channel transfers. The above sequence of accessing the CPU
must be initiated for each word tran.sferred. To achieve a
multi-word ~ transfer two registers are required, one to hold the
current memory address of the transfer and'one to count the
number of words transferred. The transfer is terminated when the
word count register overflows since the 2's complement of the
number of ‘words to be transferred is usually stored. For each
word transferred the address register and the word count register
are incremented. The overflow from the word count register can
then be used to set the local device DONE flip flop, which can

then be tested by the software.
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7.2 Programmed I/O

The NOVA line of computers have four general purposé 16 bit
registers and data can be transmitted between any one of them and
an external device. The programmed I/O instruction forrﬁat is
shown below. Eéch device to be programmed can have up to 3
registers into \A./hich. data can be written to or read from. The
register conéerned together with the direction of data flow, is
indicated by bits 5, 6 and 7 of the instruction format as

follows:~

5 6 7 DIRECTION LINE CONTROLLED
0 0 1 IN , DATIA
0 1 o ouT _ DATOA
0 1 1 N _ DATIB
1 0 o0 - ouT DATOB
1 0 1 IN ' ' DATIC
1 1 © ouT . DATOC

The 1/O bus of the NOVA comprises of 50 lines of which there

are:-

(1) 16 bi-directional data lines (open collector)
(2) 6 device select lines

(3) 28 uni-directional lines carrying control signals

The signal levels are nominally between 0 and 0.8 Volt for

logic 0 and between 2.7 and 5 Volt for logic 1.
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Each interface needs a number of single bit flags to control
its operation and indicate its state back to the processor. Two
of these, the BUSY and DONE flags, are controlled by bits 8 and 9
of the instruction word. Their state is indicated to the
processor during each I/O test instruction along the lines SELB
and SELD, This allows the CPU to respond to various SKIP
instructions that depend on the state of the BUSY and DONE flags. -
The final six bits of the instruction word indicate the device
code to w.hi'ch the instruction is destined. Each interface
decodes these six lines to provide a unique signal which
indicates to the rest of the interface whether action is to be
taken or not. Figure 7.2 shows the device select and BUSY/DONE

logic.

7.3 Interrupt Logic

The DONE flag on any interface can be used to initiate an
interrupt request. This enébles any device to signal a service
request when: an operation has been completed. To signal an
interrupt request the INT REQ :fli'p flop is set on the néxt
leadingi edge of RQENB after a device has initiated a request.
When the processor receives this signal it sends out an interrupt
priority signal INfP. This line is connected in a similar manner
to DCHP, through all devices in the interrupt chain.  Considering
two devices fn the interrupt chain for simplicity, when neither
device is requesting an interrupt, both INT REQ lines are high.
The INTP signal passes through the network, starting as a logic
high and remaining so at the end. If, however, the first device

is requesting an‘intérrupt the output from the first NAND gate is
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forced high thus ensuring that all subsequent DEV ACK (device
acknowledge) signals remain high. Thus when INTP goes low
indicating the processor is ready to respond to the interrupt
only one DEV ACK vsignal will be generated, which is for the
highest prioriy device requiring service. This signal, DEV ACK,
is then used to gate the INTA (interrupt acknowledgé) signal
which drives the bus buffers. When INTA is asserted the device
code of the device requesting service is placed on the bus. This
provides a quick way of determining which device is currently
needing attention, and this device code is normally used as part
of a hashing algorithm to provide the address of the interrupt

service routine.

The effect of a hardware interrupt is to vector the
processor via location 1 and the return address is saved in
locatiqn c. Thus the sequence of events following an interrupt

would typically be :-

l..Hardware interrupt occurs current address saved by the

hardware in location 0. Processor executes JMP @1,

2..Interrupt service routine typically executes INTA 3¢thus

getting the device code in accumulator 3.

3..A table of service addresses for each device may be typically
at location 200, where the address for a device of device code N
is stored at location 200+N. Executing JMP @200,3 would then

execute the appropriate routine.

4..After servicing, the program enables the interrupts (INTEN)

and returns to the interrupted program JMP @0

-7.6-



During a service all other interrupts are disabled and must
be enabled just before returning to the main program. Devices
may be prevented from requesting interrupt service by executing
the ﬁwask out instruction, MSKO, All devices have a one bit flag
which is connected to one bit on the data bus. When MSKO is
executed all flags are loaded according to tﬁe contents of the
accumulator specified. A "1" will disable interrﬁpt from all
devices connected to that line. The restriction here is that
only 16 group; of interfaces may be independently controlled, but

this is usUall,y sufficient.

The use of MSKO can be used to implement a multi-level
interrupt structure. A device may request an interrupt, the
hardware thus disébling all other interrupts. The interrupt
service routine can then issue a MSKO preventing all devices but
the ones allowed, to interrupt the interrupt service routine.
Issuing an INTEN completes the structure whilst still servicing
the first device requesting service. The service routine may
also alter location 1 thus changing the primary course of action _

taken on subsequent interrupt requests.

7.4 NOVA 3 Interfaces

The preceding s.ections have been included to provide a basis
for discussion of the SABRE interfaces and to enable the circuit
diagrams to be followed ‘more closely, The primary differences
between the NOVA interfaces and MICRONGVA interfaces are mainly
due to the more recent development of the MICRONOVA.  The

MICRONOVA has a large scale integration (LSI) chip (MN603) and a
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few support chips to  implement most of the basic priority and
timing functions described above, these functions have been
implemented using the standard small scale integration (SSI)

| chips on the NOVA.,
| 7.4.1 Pulse Interface

The pulse interface provides the shaped and TTL. compatible
pulses for the transmitter. The pulse shape is stored in a 256x8
bit memory comprising of 2x2114 static random access memories
(RAM'S), A clear (CLR) pulse sets the hemory address counter to O
and this corresponds to the first word of the pulse shape. - The
clear pulse also selects the multiplexer to allow loading of the
RAM. A DOAP instruction enables the 74125 tri-state buffer
during the time the DOA control line is low. This line also is
also connected to the R/W line of the memory thus selecting
WRITE, Data on the bus during this instruction is thus strobed
into the memory. The second part of this instruction is to pulse
the IOPLSE control iine. This is uséd to increment the address
countef. Thus a _serie_s of DOAP instructions will load the memaory.
This may be followed by a NIOC instruction to set the address

counter back to 0.

The TTL pulse needs to be synchronised with the shaped pulse
as indicated in figure 7.3. This is achieved by detecting the
first zero element in the pulse shape memory as the memory is
being read. This "zero detect" is used to terminate the TTL
pulse and to set the interface DONE flag. This is primarily a
'single pulse system which commences with a. NIOS instruction to

set BUSY=1, DONE=0 initially setting the TTL output="1" and
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reading through the memory until a zero is detected. Clearly the
double pulse sequence could bevimplemented by the following

sequence :-

NIOC 44 sset address counter=0
NIOS 44 srun interface
SKPBZ 44  j;wait till finished

JMP. -1 sloop

. ; inter-pulse timing

NIOC 44
NIOS 44
SKPBZ 44

IMP -1

This requires software timing, and since the wait period is
typically 300 microseconds it is ‘a waste of processing time. To.
overcbme this, a second counter is included in the pulse
interface. This is loaded by a DOB instructibn» and represents the
interpulse delay. It is loaded with the 2's complement of the
absolute ‘delay reqﬁired since the overflow carr.y is used to
indicate that the time period has expired by séttihg a. flip flop.
The clock for this interfacé is derived from a 10 MHz crystal
oscillator and a 74LS90 decade éounter providing a basic time
period of 1 microsecond. When a NIOS instruction is executed,

this clock is gated to the address and inter-pulse delay counter.
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Thus the inter-pulse delay reflects the time period between the
start of one pulse and the start of the next. If the inter-pulse
delay is less than the width of one pulse then the restart pulse
is ignored since it is generated during the time the select flip
flop is already set. If however the time periodihas not expired
by the time the zero detect is active then the DONE flag is
prevented from being set ‘but the address counter is still
automatically reset to 0. At the end of the intér-pulse time
period the restart pﬁlée initiates a second pulse sequence and .

enables the DONE flag to be set at the next zero detect.

By this method single and double pulses are available whose
length is extend_ible up to 256 microseconds and the TTL pulse is
automatically synchronised without further programming. To
select a single pulse the inter-pulse gap can be made 1
microsecond by storing -1 as the intef-pulse gap which is very

much shorter than the 100 microsecond pulse width normally used.
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7.4.2 A-D Conversion Interface

As has been described earlier the receiver provides
guadrature outputs which need to be sémpled simultaneously to
preserve thé phase information present at any particular instant
in time. Sin'ce there are eight such channel pairs to sample, 16
A-D converters could be used to sample all of them
simultaneously. This, hoWever,' is pointless in a single comp.utér
system as the data is read into the computer in essentially a
serial fashion., one, 16 bit word at a time. A much more
practical and cost effective solution is to use the minimum
allowable A-D converters with a channel’ multiplexer. = Thus by
using 2, 8 bit convertors the quadravture outputs for a particular
channel can be converted simultaneously and read into the

computer as 1, 16 bit word.

Another requirement of the A-D conversion is that all 8
quadrature channels should be converted within the basic
resolvable time period' of one transmitter pulse width, typically
100 micro'seconds, To meet the above criterion a high speed data
acquisition interface was used that also had channel multiplexing

capability,

Two counters are required to implement the data channel
address and word count registers. These, and the data channel
timing logic, have been considered in some detail earlier andvso
will not be .discussed further here. The other two counters used
are for the pre-sample wait and inter-block delay. The -
pre-sample wait»'is used as a deléy until the fi_rst sample is

converted, which essentially sets the range of the backscatter
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signals. The inter-block delay corresponds to the time between
the conversion of channel 1 at range N, and the conversion of
channel 1 at range N+l. This delay is set to be the same as the
width of the pulses used since this corresponds to the maximum
range resolution. The 8 quadrature channels are converted within
50 micoseconds, but the next following sample set is not taken
until the start of the next sample period which is accurately
~timed to within one clock period (1 microsecond) from the start

of the last sample period.

The two end of conversion signals (EOC) are com,biﬁed to -
provide a composite signal which follows the slowest converter
and this provideé a data channel request to the computer. Once
this value has been read by the cdmputer (DCHI asserted) another
conversion is initiated, thus conversion is not overiapped with
reading since the coﬁverter is very much faster than the
computer. The word count. register sets the DONE  flag when the
number of data words required have been transferred and the word
count register overflows. Figure 7.4 shows the circuit diagram

of the A-D interface.
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7.4.3 Real Time Clock Interface

The real time clock has been built around a large scaie
integration (LSI) clock chip. This chip is a low threshold metal
gate CMOS circuit th‘at functions as a real time clock and
calender. 'Time keeping is maintained down to 2.2 volts to allow
low-power standby battery operation. The battery backup is
provided by a ni-cad 3.3 volt cell that is trickle charged during
normal operétion. The reference frequency is crystal controlled

from a 32.678 kHz oscillator.

The clock chip is designed to operate in a memory mapped
computer environment, so that the internal clock registers may be
treated as sequential memory locations. To. achieve satisfactory
operation in an unmapped system, such as the Nova, a considerable
.ammount of external logic is required. The DOC signal is used to
indicate the direction of transfer required, that is, either
writing to, or reading from, the clock registers. A "1" in the
accumulator, when iésuinq a DOC instruction, sets the read mode,
Whereas a "0" sets the write mode. A DOA instruction latches the
address specificd by the contents of the associated accumulator.
An 1/0 pulse IOPLSE, is extended by the use a 74L.S121 monostable.
This is because the IOPLSE signal is multiplexed to either the
read or write strobe line on the chip (NRDS,NWDS respectivly),
and must be at least 0.5 microseconds, the usual length of ICPLSE
being 0.1 microseconds. The trailing edge. of IOPLSE is used to
set the DONE flag indicating to the processor that the data has
been written, or read, by the clock. In the latter case the data

is placed in an external latch. The processor can then read the
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data with a DIB instruction. To write to the clock chip a DOA
instruction is used to latch fhe address of the appropriate
register. A DOBP instruction latches the data into an external 4.
bit latch and subsequently provides a write pulse in the form of

| an extended I_OPLSE.
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4.4 Graphics Interface

The gréphiés interface is.constructed_arOUndv I:Wo 8 bit
digital to analégue- converteré.' Thesg provide an anélogue signal
_ that‘-i‘é a varying current, controlled by digital input. Th‘is
curreﬁi is converted to a 0-10' volt sigﬁal using a high b.andwidth ,
' op-amp.. This\analog'uej voltage is suitable for driving a storage
tube for displb'aying -the data. -By using one converter for the X
channei and one for th'e'Y chgnnel, tWo dimensionél plots 4may be
obtained. The b_éam 'may‘ also be turned off by a transistor switch
'wvhi‘ch is 'co'nhécted to tﬁe output of one of thé.software
controlled régiéters. ‘Similalylthe sc.reen may be ‘érased by
writing on"e‘ bit (bit 0) to ‘the register holding the Y

~ co-ordinate.
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7.5 Micronova Inierfaces - Introduction

The Micronova interfaces have been implemented using the
standard‘ "General Purpose Interface Boards" (GPIB). These boards
already contain the logic required to implement the cérrect data
channel timing and associated logic for_' device select, progrémmed
I/0 ‘and Busy/Done. They provide a wire wrap area on which the

following interfaces have been constructed.
7.5.1 Interprocessor Interface

One of the major requiremeﬁts of the SABRE computer system
is the ability to change the radar parameters without
interrupting the operation of the Nova 3. This can clearly be
done by using the data channel facility, which requires no
software intervention by the recipient cbmputer. The interface
was designed to meet this basic need and any ‘other future .
requirement. Any area of the Nova/Micronova memory can be mapped
to 'ény area of the Micronova/Nova memory and once the transfer
has been initiated by the Micronova no other intervention is
required by either computer. It should be noted at this stage
that the Nova cannot initiate interprocessor data channel

transfers (IDT's).

The data channel speeds are different between the two
computers, that is, the time between _initiation and completion of
a one word transfer. This time ié ‘typically 2 micrqseconds for
the. Micronova and 1 microsecond for the Nova. Since data is only
present when DCHO is asserted, and data must bé available when

DCHI is asserted, a one word buffer is required to -ensure that
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data is latched during DCHO and is thus available during DCHI,
The direction of transfer required (Nova-Micronova,
Micronova-Nova) is stored in a D-bistable. This is used to
select. a quad 2-1 line’ multiplexer which is responsible for
gating the subvsequent data channel requests.. Thus initially the
Micronova start pulse STRT will be used to request data channel
service from the computer providing data. DCHO from that
computer is then used to issue a data channel request to the
receiving computer and to latch the data present. DCHI from the
receiving computer reads the data from the latch and issues
another data channel request to the computer providing data, and

the sequence continues.

~ Whatever the direction of transfer,‘ it is the Micronova word
count regisvter ‘that is used to terminate the transaction, ‘when
‘this register overflows the control line WCEZ is asserted. At
this " time, howéver, the trénsaction may not be ‘complete, but only
in its final stage of issuing a request to the Nova or Micronova.
WCEZ ié used to set a flip flop and that is gated with the DCHI
of thé 'receiving computer. Thus the Done flég is set only after‘

the receiving computer has stored its final word of data.

The DOA instruction is used to store the Nova starting
address for thé transfer in a 16 bit synchronous counter. Bit 0
indicates the direction of transfer, 1=Nova-Micronova and
0=Micronova¥Nové. DOB is used to store the Micronova starting
address, and DOC is qsed to store the 2's complement of the

number of words to be transferred.
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The Nova address counter is incremented after each Micronova
data channel request and thus when a Micronova-Nova transfer is
required the address counter holds A-1 where A is the Nova
starting address. When a Nova-Micronova tranfer is required the

address counter simply holds A.
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7.5.2 Voltage Monitor Interface

The Micronova can monitor up to 32 analogue channels which
represent critical voltages and currents in the transmitter and
receiver. The interface to do this has been built around two
single chip data acquisition systems. These are monolithic CMOS
devices with an 8 bit analogue to digital converter, a 16 channel
mﬁltiplexer and the associated control logic. The chip does not
contain a sample and hold gate and one has not bbeen installed,
although provision to be able to do this has been made on. the
chip. The voltages that‘are being measured should remain
reasonably constant, so a sample and hold gate was not necessary.
Regardless of whether a sample and hold gate is used, a transient
during conversion could lead to an erroneous measurement, however
the software effectively "filters" this out by ensuring that a
potential error condition is persistant before taking appropriate

action.

The channel address to be converted is latched into the
register on Board the chip with a. DOB instruction.  Having
achieved this a start pulse initiates the beginning of conversion
on board the chip. This can be done with a single instruction
DOBS. The corﬁbined end-of-conversion signal is used toc set the
DONE flag thus ensuring that DONE is not set until the slowest
converter has finished. The DONE flag is tested in the usual
way, with a SKP and JMP.-1 sequence to wait until conversion is
complete. The converted value is then read using a DIB
instruction. The tri-state control (TSC) from the chip is always

active since the output lines are buffered through open collector
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drivers to drive the processor bus. The clock for the chip is
divided from the 10 MHz processor clock to 1MHz., This gives an
average conversion time. of approximately 100 microseconds per

channel.
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7.5.3 Bubble Memory Interface

The magnetic bubble memory (MBM) device used in the SABRE
system is the 1 Meagabit 7110 chip made by Intel (Intel 1980,
Intel 198la,b). This togeather with the 7220 LSI controller, the
7230 current pulse generator, 7242 formatter/sense amplifier, the
7250 coil pre-driver and the 7254 VMOS. drive transistors form the
complete system. The 7110 is essentially a
serial-parallel-serial shift register with the data being
organised in 2048 binéry pages, each holding 512 bits. The data
is subdivided again into two channels of 256 bits or 64 bytes.
There are in fact 128 data storage loops per ‘channel divided into
two sections of 64 data loops each. A page address is selected»
and the appropriate page shifted to the correct position for a
read or write operation. The chip is ma'de,with‘ a number of
redundant storage.loops. During manufacture a proportion of the
total number of loops will statistically be faulty, thus to
increase yield, the chips are made initially with greater than
the 1 Mbit capacity. To isolate and identify the faulty loops, a
boot loop is installed on the chip. This loop can be read by the
formatter sense amplifier (FSA) énd bad loops automatically

masked out by the hardware.

Data ma-y be transferred in one of three distinct modes;
polled 1/0 whichv' is the slowest of the three; interrupt driven
I/0 and direct mémory access., In the SABRE implementation only
the polled I/0 method was implemented. Although this is the
lowest performance solution it is also the most easily controlled

and monitored.
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7.5.4 MBM Hardware Operation

The operation of the MBM is controlled by writing to the
internal registers of the 7220, When the address line A0 is high

the: follo'wing registers may be accessed:-

Data line 4=1 COMMAND REGISTER
Data line 4=0 REGISTER ADDRESS COUNTER

To access the other vr,egisters ‘the address must first be
written into the auto incrementing register address counter,‘ then
with A0 low the next data written to the 7220 would be written to
the register spécified. Data is written by strobing the WR line
low and data read by strobiﬁg the RD line low. It has been found
that the A0 line must go low before the RD or WR lines are
strobed, so the A0 line is controlled separately by the software
by using the NIOS and NIOC instructions and having the A0 line
connected to a set/clear flip flop. Once AO has been set by the
software WR and RD may be controlled independently. These
strobes are extended from the DOA and DIA lines by the use of
mornostables. A one word bi-directional buffer has been placed
between the bubble memory and the CPU to extend the time that
data is available and thus ensure sufficient time for both the

CPU and MBM to receive data correctly.

Data to ‘be written to the MBM is first written with a DOA
instruction into a latch. This data is latched on the leading
edge and is availéble to the MBM after ‘this time. The extended
‘pulse is simultaneously passed to the WR line and data is

subsequently written to the MBM on the trailing edge of the
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extended pulse.

Reading data from the MBM is essentially a two part process.
A DIA instruction is extended and used to pulse the RD line.
Data is written on the trailing edge of this pulse into a latch.
Déta is subsequntly read from the latch into the CPU with a DIC
instruction. The circuit diagrém of the MBM interface is given in

figure 7.9.
7.5.5 MBM Software Operation

The 7220 controller contains a 40 word FIFO that is used as
a buffer when writing data to the MBM. Any write operation that
allows the FIFO to become empty, or any read op‘erati.on that
allows the FIFO to becqme full will be aborted with a timing-
error. Thus the CPU must be able to keep up with the bubble
memory to cbrrectly read and ‘write data. The status of the FIFO
may. be read frorﬁ the 7220 status register. During a read
" operation a FIFO READY flag of 'l' indicates that data is
avéilabl'eb to be read 'by the CPU, and dui‘_ing a write operation it

indicates that more data is required.

The data is written in a single page mode, that is the FIFO
is supplied with, or will supply, 64 bytes of data before the
controller sets the OP.COMPLETE flag in the status register

indicating that the operation has been successful.
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7.6 Conclusion

This chapter completes the description of the hardware and
software used to construct the SABRE radar. The intention has
been to provide the relevent information needed to understand the
design.  Specific details concerning manufacturers modules are
contained in the publications listed in the references.‘ With a
computer system of this nature it is possible to discuss
endlessly the advantages and disadvantages of desigﬁ or equipment.
‘choice. The criterion used in the design of the hardware has
been ‘simplic-ityband maintainability. =~ Undoubtably much of the
small scale integration “circuits used could now be incorporated
into Programmable Logic Arrays (PLA), and these have the
advantage of reducing the number of actual circuit 4packages
considerably. Eventually one may envisage complete circuits
incorporated info one or two Large Scale Integration (LSI) chips,
especially as the techniques for producing them become easier and
cheaper as the general'.trend shows.  Until tﬁat time however, the
boards full of logic for custom designed ciréuits, as is the case

here, will persist.
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Chapter 8

SABRE Preliminary Results




8.0 Introduction

This chapter presents some of the preliminary results from
the SABRE radar. The first few figures illustrate the
fluctuations of some of the parameters, discussed in chaptef 5,
that are monitored by the Micronova éompqter. In each case the
horizontal ‘axis represents time, with the day number given
underneath the midday hour number. The vertical scale in each
case is a linear scale that is uncalibrated, except in_the graphs
showing the final power output (p.A.), where 200 represents a
power oufput of 50 KW. Finally'some range, time,. intensity (RTI)
plots are presented that show the intensity of the backscattered’

power over the viewing area as a function of time.

8.1 Monitor Data

Figure 8.1 shows the fluctuations of the power output during
days 253 to days 258 inciusive. It can be seen that there are
timesv during this period where no data is available. This is due
to some short power cuts that occurred during this period.
However the extent of the fluctuations of the output power during
normal operation was quite surprising. At times'the power output
was reduced by as much as 50 percent. Figure 8.2 shows that .the
driver  power output remained constant during this beriod, S0
that the output fluctuations are a sole function of the final
stage of the transmitter. This fluctuation in radiated pdwer may
be attributed to the mis-match between the transmitter and
antenna caused by high h&midity weather conditions such as heavy

rain or fog. Appreciation of this fact is important 'when
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interpreting the radar backscattered power. Poor scattering may
not be due to poor irregularity structure, but may be due to
reduced power output caused by groung level atmospheric
‘conditions. There is no reason why the integration time may not
bevavltered automatically to compensate for reduced power output.
This may be achieved simply by the Micronova altering the Nova 3
memory location that holds the integration time. The next time
the Nova 3 calculates an end integration period, thé new
integration tihe would be used. The Finnish STARE radar is very
susceptible to the effect of weather, and is often unable to
provide data. The SABRE system is able to compensate for power
fluctuations and provide data when otherwise it would be

unavailable.

Figures 8.3 to 8.6 inclusive show an interesting period when

‘the transmitter actually failed. This can be seen to have

happened at 7.'29 am on day 272, The failure was sudden, implying

a component failure, that in fact turned out to be the EHT power

supply.
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8.2 Backscatter Data

The following plots show the backscatteded power as a
function of time (horizontal scale) and range (vertical scale).
A dark region indicates that the backscatter was above a
threshold level, in this case 1.0 dB's. No attempt will be made
to interbret, in -terms of ionospherie physics, the data presented
here, except to observé that significant ammounts of backscatter
have been observed for extended periods (day 269-270) that
indicate the quantity of data thevSABRE radar will be able to

provide.

8.3 Conclusion

This thesis has presented the details of the implementation
of a scientific backscatter radar. It is hoped that some of the
new ideas included in the SABRE system will be used in futupe
aurjoral' radar systems currently being considered (Greenwald,
1981). In particular, it has been pi‘oposed f.hat ~many auroral
radar may be connected via satellite to a large, central data
analysis facility and perhaps provide both equatorial and auroral
coverage of ionospheric conditions. Such a system is very
ambitious but' construction of systems such as SABRE provide an
insight into the computational and design requireménts that would

be required for a network of real-time radar.
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P24 1E’ 021002 LDA B, 2,2 GET DEFINITION LAST WORD
@D417 11E414 SUB# @, 3:SZR - -
0420’ BBOL1T JMP AGZ " 3 NO SD GET NEXT
@04Z1’ 141920 GOTIT: MOV 2,0 i OK WEVE GOT IT GADDRESS=ACCO
@D4ZZ’ B7 1EDL POPA 2 3 RECOVER STACK PDINTER
@04z’ BOELLE JSR" @. PUZ 3 PUSH ADDRESS
BO4Z4T 7SEDL POPA 3 s GET ADDRESS
00425 001400 JMP @, 3 3 BYE
PO4ZE’ @71E@1 QUIT:  POPA 2 ; RECOVER STACK POINTER
00427’ 102400 SUB @, 0 i FLAG ZERD ADDRESS
@014 SAERE _ :
0R4TO’ TOELDS JSR 8. PUZ 3 PUSH IT
QD431 B7SEDI POPA 3 s RECOVER
0B4IZ’ D140 JMP @, 3 i EXIT

LOADZ WITH LINK ADDRESS
TRY RAGAIN

3 Aupebibop i shobapohspilobbnbi kbR g b sk bbb bbb ok bbb
% THINGS USED BY FIND IE RDDRESSES#
H »t»c#:»:»:#:»:»:*»:»:*»:#:»:#:»:**ﬂ:»:#:#::k»:»:»:»:*:*:*»:;i:».\:*

2845’ BDALED’ . PULZ PUSH
0B4ZE’ 8201 . BYL: BYTE
QO4Z7 QBVITTLT L LEZ: LEN
Q244D ZOBI77 MASKI: 377
02441 CGRZ24D SPA: 4@

¥ @015 SABRE ’



. XTYP:
0@4&"0@0804
QD443 DS21TL
o444 BSO10S
BR4L4T DBRORD
PRA4LE" BDOZLZ BTYP:
eR44LT7 B7S4B1 TYP:
Y04S0’ 2BE4LLE

20451 1D5005
PR45Z’ BODALL

BB4SZ BZE4LT
BB4LS4L” BARBDZ~
RB4LSS 871401
PB4SE® 15252

0457 BBE4L1D MORE:
PB4AED’ 0DE410

Q0461 14E4D4
PR4L4EZ’ BRO77S

.BO4LET O71ED1 NOTYP

BB4EL” B75EDL
BR4ES’ 001400

@D4EE’ QBO27S' . PO
eR4E7’ @RODS1’ . BYT:
00470’ CB14Z1" . COT:

+ @BD1E SABRE

0471’ BB11E4"HERE:

QD472 BBELL2
BB473 BSSSET
PRATL DSLSZT
00475’ 020070
PB47E’ BZ7BES
00477’ BSELLD
PRS00’ OBELLE .
20501’ 022DDD

XTIT:
P0S0Z BZODDS
PRSI 0S111
P0S@4’ BSZ114
02505’ 2C0000
PPSOE’ BROLLZ BTIT:
POSE7’ 75401 TIT:
20510’ Q20761
20511’ @BELDT
POS1Z DZOLDS
@0517’ DZELOS
' PBS14° QOELDS
00515’ B7SED1
02516’ @D14DD

.

QB517’ DR2EDIE TITLE:

PASzD’ BUOZEZ. PUL:
BBEZ1’ 82BLAT7 . TYAL:

+ BB17 SAEBRE

$ hoskeaateiicatooptsbobabobolt sisopofi oheobiop foifaobe b
3# TYPE ROUTINE FDR N CHRRS a ADDX
§ shosbisbeshestoboteopitopsfopshepobshfob ook b koo sk b b ol sk o abebipe b

« TXT "D <4) TYPE"

KFIN
PSHA 3 3 SAVE ADDRESS A
JSR &. PO3 § POP NO OF CHARS TO TYPE
MOV @, 1, SNR s ZERO?
JMP NOTYPE i YES 80 EXIT
JER &. POZ $ BYTE POINTER
STA 8s GETRRT $ 8TORE IT IN BYTE ROUTINE
PSHA 2 3 SAVE STACK POINTER
8uBZL 2.2 $ GENERATE +1
JSR @. BYZ i BET A BYTE
JSR B.CU’ i OUTPUT IT
SUB 2, 1, 8ZR 3 COUNT DOWN
JMP MDRE 7 AND RORIN
porPA 2 i RECOVER
POPA 3 ¢ ADDRESS
JMP '@, 3 _ % AND LEQVE oK
§ botoobspestsbabolobktob bk stk R
3% ADDRESSES REQUIRES BY TYPE <o
§ shksbabopbubsbobob stk bbbl R bbb bbb shab bbbk
POP
BYTE.

- COUT

© g oheodeshesheaieohs shpeopr bbb oesh shtoduobe b shishr sk bbbt bbb bbb b o op

§ THE TITLE ROUTINE ! g
$ shoinpabokstobshksbotor b bt bR stk st oh sk kbbb ok
o H1w2 } THIS IS WHERE WE ARE

«TXT "(15) (12)+85YS 8.6¢ {13 U "

STXT “{@ S TITL"

XTYP
PSHA 3 $ SAVE RETURN QDDRESS
t.DA @, HERE $ BYTE ADDRESS -

JSR a. PU4 $ PUSH IT

LDA @, TITLE 5 LENGTH

JSR a. PU4 3 PUSH IT

JER &. TV4 $ TYPE IT

POPA 2 5 RECOVER

JMP 8,3 $ EXIT OK

3 Aohoguboopeopeieshogisheobr sk oprbi st bbb obobobodik fobi s bbb bbb
(RS THE USUAL BITS USED #
B2 2 cb ot i g o G ek g S g o o g G o o o SR St R R SR SR 2 B o e R S i
i€ 3+ NO OF CHBRS IN TITLE
PLIEH '

TYP



00610’ RBBE74
00511 D176

. CRE:

. PRE:

BBE1Z B01421" . CDEs

gOE1Z BR144S°
2RE14” BZROVS
20615° 2010577

LLIg:

. BIE:
. BGP:

POE1E’ BROOLS CR:
DBEL7 DOBBT7 NPRT:

> 0819 SAERE

oBe20’ PRC00AL
BBEZ1 B5EG17
PBE22’ 051104
20622’ 2B2TRG
0BEL2L” DBBSLT?
BOEZS’ 875401
PREZET 071401
POEZ7’ BI04ZE
PREZD 024476
DREZ1” B20201~
PREZZ’ B40BBO-
PBEXT’ DLBDOZ-

PREZ4° RREALTY ALONG:

BRE35” 10E414
PBE=E" 0OD4R4L
 PREZ7’ B2BBDE-
"PBE4LR’ BLODOD-
BOE41” BBO7T7T
PRE4Z 112434
oveas’ DBLBS
eBELLY 1765

PBE4S’ 056417
POE4LE’ DDDLDE

@BEAL7 20E4GLL4 GETILT:

QRESD’ 10E41S
0BES1’ DODLDS
DESZ 112414
ORESZ’ DDB7 74
ORES4’ 02 DDT—
QDESS' 126520
OOESE’ 122400
PBES7’ 040001~
POEED’ 7 1601
OOEEL" B75E01
POEEZ’ 001400

PDEER’ 0BOBSL . BY7:
DREEL’ BAI17EZ L LAGT:

POEES’ BBBYLD

QOEEE’ 0RLDBGR SPCE:
+ Q028  SABRE

XWOR:

EWOR:
WOR:

PICK:

EXIT:

CRET:

3 sheadispiadebileakidodupiobiopiadibuboiotob shodbopoboksbodebioolidook:

s# BITS AND PIECES USED BY BUFFER

CRLF
PREFIX
couT
CIN
BITE
BSPACE
15

37

3 Heshibidelohiubedidob ot diobaobotobishibiob shodipobab R b
$# SETS POINTERS TO CURRENT WORD
§ derdodeahsabidadirbid bbb shiohibaiobak sk oot b bbb bbb bl o

«n am

« TXT "A@) <(4) WORD"

XBUFF

PSHR 32

PSHA 2

LDA 2, CRET
LDA 1,5PCE
LDA @ WE

STA @0, WB

STA @, GSTART
JSR @.BY7
SuB# B. 1. GIR
JMP PICK

LDA @, GSTART
ETR @, WE

JMP ARLONG
SUBZ# B. 2, BZR
JMP GETIT.
SuBzZL .3
STA 32, a.LAST
JMP EXIT

JER 3. BY7
SUB# @. 1,8NR
JMP EXIT
SUB# 8, 2, 5ZR
JMP BETIT
LDA @, GETART
SuURZL 1,1
SUB 1.0

STA B+ WE
poPA" =

POPA 3

JMP 8.3

~3 w8 w9

WO NT @ MB NI GO HE ME M8 MEZ MU MO MO WS A MD 8D uE WP NS 0 w0 uS 93

<D wp

BACKSPACE CHAR

CRETURN CHAR

NON PRINTING OFFSET

SAVE RETURN

By
7 dheebispespotiobidubndopiaiaddobipisbe bafobi sbnfeobobebobigdnoboopobnpopsh

+

AND STACK POINTER

ASCII CRETURN

ABCII SPACE

END OF LAST WORD

=8TRART DOF THIS

WORD PDINTER
GET A BYTE

ONE

A SPACE PERHAPS ?-
NO SO WE CRAN START

GET CURRENT

MOVE ALONG WORD START

NEXT PLEASE
CRETURN?

NO S0 WE CARRY ON

GENERATE +1

FLAG LAST WORD

AND LERAVE

GET ANOTHER BYTE

SPACE 2
YES GDODRYE
CRETURN ?

NO 80 CARRY ON FURTHER
OVERBHOT POINTER RY 1 S0 ADJUST RY

GENERATE +1
DONE

. STORE IN CURRENT WORD POINTE

EXIT
BYE BYE

§ shdaadoabratudigoabipibiirkop Aotibedibobsobobobe kb dob b shopob Heop sk
EE S VALUARLE BITS AND PIECES
HE D SR SRR AR eE et o SR o o e e B SRR Sk SE A O N Y S S

BYTE
LAST
15

4@ <

CRETURN=13
ASCII SPACE

.

o

-1



XQUE ¢
POSZZ' 0DDO10
DS BSBSES
ROS24 VO=T2T
PO525° ROROLE
PPSZE’ DROSDE RRUE:
POS27 075401 QUE:
DOSI0’ 02BODO-
ODSI1 PDELLE
PRSI 0REL10
2053 121000
DOS3IL BOELDT
PRSIS’ BRELDT
POSIE’ 020410
DBSZ7’ BRELDE
POSLD’ O7SED]
oDS41’ Q01400

042 BDDTZL? L LES:
08543 BOD2EZ . PUS:
PRS44’ DDBL4TT . TYS:
20545 00164217 . COT:
POS4E’ 20DBT77 QU:

+ 0818 SRABRE

XBUFF s
POS47’ BOBBRE
POS50 041125
PRS51’ B4310E
28552 pDODV0
BOS53E BBBS2L BRUF:
POS54" 075481 BUF:
POSSS” 822424 PREF:
BUSSE’ BDELT4L
LPBSS7’ 220011
QOSED’ BLDBDZ- -
Q0SE1 BAUDDL -
PBSEZ BDEAZ1 NCHAR:
DOSES DZE4TZ
BBSE4’ 1RE41G
205ES BROLDY7
BBSEE’ 2440
PBSET’ 1PELLS
0570 2BRLDA
PRS571° 024426
QOS72 122532
eRS73’ 0BB7E7T
- BRS74' BOEA4LE OK:
eBS73’ BBELLY
28576’ 024002~
Q0577 034011~
D2EBR’ 1EETIE
20501’ 8RBT
PREDZ D24414
POERI 122414
Q2E04 DBB7IE
POEDS’ BRELADBT
- BOERE’ B7S5ED]
oBER7 001420

3 abvdobiaibididrbidob dobontog b o sk dopespobotobodob dokidobiodolobag
s QUESTION AN UNIDENTIFIED WORD i
FR 2 2h Sh 7 o SR AR SRR R SRS SRR R SR R SR SRR VR LB B R E Y
. TXT " () (1@ Queg"

XTIT

PSHA 3 i SAVE RETURN ADDRESS
LpA @, WB § START ADDRESS

JSR 8. PUS - 3 PUSH IT

JSR . LES 5 GET LENGTH

MOV 1.0 7 MOVE 7D @ SO WE CAN PUSH IT
JER @. PUS 3 DONE

JSR @. TYS i TYPE IT

LDA @, QU LAY

JSR @. COS i TYPE (WORD>?

POPR 3 $ RETURN ADDREGS

JMP 8,3 s EXIT

R T SRR SRR R RS AR »:;}:»:»ﬁ#:»::}:»: L ah 8 SRk St E b S S
$#. ADDRESSES USED BY GQUESTION *
HE i3 SE S8 o SRR TR RE SRR BRSO R 2 T R R R R P T T P e
LEN '

PUSH

TYP

cout .
77 guon

5 tebofastofeshobopopiiof sdofopisbofoRotokobokodoR datohobdibalolshobogok
s I/0 BUFFER ROUTINE FDR TERMINAL *
3 shaodutabodob doloboh edofsbobodob shobobibibobi o spob o opopisbog
« TXT " () {B) BUFF"

XQUE

PSHA 3

LDA 0, 3. PRE -
JER a. CoOe

SAVE ADDRESS
PREFIX CHAR
QuUTPUT IT

LDA @, STORE $ SET START OF BUFFER

85TA @, 5TART s FOR BITE ROUTINE :
STA @, WE 3y FOR WORD ROUTINE

JSR @.CIE $ GET A CHAR

LpA 1,4, BSP 3y GET BACKSPACE CHAR

sSUB# @, 1, 8NR $ CHECK CURRENT=EACKSPACE
JMP DK v YES IT IS BUT IS OK

LDA 1, CR 3 GET CR=15 OCTAL

SUB# @, 1, SNR 3 CHECK CURRENT=CRETURN
JMP OK § YES BUT I5 OK

LDA 1. NPRT s CHECK FOR AMYTHINMG ELSE
SUBZLE 1.,0.85ZC 3 ANMD TRAP THEM

JMP NCHAR 5 OK

JSR a. COE 3 ECHO CHAR

JEBR d. BIE $ STORE IT

LDa 1, 8TART 5 CHECK EBEGINMING OF LINE
LDA & STORE $ WITH STORE

SUBZL# 3, 1.8ZC 5 CURRENT) BEGINNING

JMP PREF 3 ND 5D START AGARIN

LDA 1,CR 7y CHECK FOR CRETURN RGAIN
SUB# 1, BFSZR § WELL 72

JHP NCHAR 3 NO S0 GET NEXT

JBR @. CRE 7 BEND CRLF

pPOPA &

JMP 8.3 ; EXIT



B EE: SRR R SAY I S S SR v ok o o o oy o o o o ke xS o B SR s ot s o
;% MORE ODDS AND ENDS THAT WE NEED
I 22 S8 SE I Kb R A i i G S o o b B b ot it B T i S T b ot et o o 2
a7’ BBR27S . PO9: POP '
@27ex BOLEILT . AS2: ASMB
BR7E4LT 20BL4T NU9: NUMB
ge7eS QBLE2ET . CO09: - CONST
ZR76E’ QLRSEYT . QUT:s GIWE .
QL7E7’ BBBE?SL” L CR9: CRLF
- B277Y 2200l XFUR: B
ZRzz2 SABRE

B2771 BOOIDS FIVE: 3 '
Ba772 177408 MBEK1: 177420
RO77E BbE4BD JEUR: 6400

+ Q@23 SABRE




Appendix 2

ROS Source Cede




: NAGCC WORD NUMBER 10 LEFT POP MOV B @ S Z PUSH + WORD NUMBER 1@ LEFT + POP
5MB $

1/0 WORD NUMEBER 15 LEFT + WORD NUMBER + PDP ASMB 3

NI/0 WORD NUMBER + POP RSMB 3

DOA IMMEDIATE &1200 I/0
DOB IMMEDIATE E000 I/0
DoC IMMEDIATE X000 1/0
DIR IMMEDIATE &R4EQ I/0
DIB IMMEDIATE E14Z0 I/0
DIC IMMEDIATE E€2420 I/0
NID IMMEDIRTE EQDB20 NI/O 3
ISKP IMMEDIATE EZ480 NI/D 3
LDA IMMEDIATE @B2@ SACC
STA IMMEDIATE 40288 SACC
JMP IMMEDIRTE @ NRCC ;
ISZ IMMEDIATE 1iPB©BD NACC
DSZ IMMEDIATE 1400® NACC
1+ 1 + 3

DUP PDP PUSH PUSH 3 )
SWAP POP PSHA © POP MOV @ 1 POPR @ PUSH MOV L @ PUSH 3
LAND POP MOV @ 1 POP AND 1 B Z PUSH 3

@8 98 W8GR 2D wE

“e wa

NE w8

= POP MOV @ 1 POP SUE Z I SUB 1 O # SNR INC 3 3 MOV 3 @ 3

) POP MOV @ 1 POP SUE I T SUB D 1 Z L & SZC INC Z 3 MOV 2 @
(POP MOV @ { POP SUB 3 3 SUB L @ Z L # SZCINC 33 MOV 3 @ 3
BASE RDX QW i _

- POP MOV @ 1 COM 1 1 Z SUB D @ INC @ ©@ ADD 1 © Z PUSH + 3
i- 1 - ;

1+ POP INC @ @ PUSH 3
+1~ DUP aW 1—~ SWAP ! ;
»1 DUP 3W 1+ SWAP ! 3
TD POP COUT ;3
SWAP PSHA 1 POP PSHA @ POP MDV B 1 POPA ® PUSH MOV. 1 @ PUSH POPA 1 3
DROP POP 3
pup POP PUSH PUSH 3
OVER POP MOV @ 1 DUP POP PSHA © MOV 1 @ PUSH POPA @ PUSH 3
ARMOV O BRZMOVOORZMIVOARZMOVRORZS S
2L Move oL zZMoOvVBOL Z S
ER 4R MOV @ B R Z MOV @ B R Z 3
ab. 2t zL 3
12R BR BR 3
HERE DP aW 3
=) IMMEDIATE WORD FIND 5 + INTEGER 3
CALL DP =1 EQOD 4@ + DP QW ! 3
(="CALL TABLE aW TPOINT aW + ! TPOINT =1 3
LASTa DL aW i .
$ IMMEDIARTE WORD FIND & + (= 3
=QSKIP 101024 POP ASMB 400 POP ASMB 3
Y@SKIP 1021025 POP ASMB 400 POP ASMB 35
IF IMMEDIATE )®@SKIP HERE 3
THEN IMMEDIATE DUP HERE 1 + SWAP - DVER aW POP MOV 8 1 POP ARD 1 @ Z PUSH SWAP
ELSE IMMEDIATE 4@3 POP ASMB $ THEN HERE
={ ODVER OVER ( IF DROP DROP ELSE THEN
)= DOVER DVER ) IF DROP DROP ELSE THEN
SL00OP STKZ @W 3 + STKE ! 8UB @ @ Z 3
(DO POP STK PDP STK POP STK 3
"DO IMMEDIATE @ INTEGER HERE =) (DO (= 3
{LOOP UNSTK PSHA @ MOV @ I UNGTK
SUB B8 1 Z INC @ B STK
POPR @ STK .
. MOV 1 @ Z SNR +L0OOP 3
LODP IMMEDIATE =) <(LOOP (= =@SKIP
HERE & - OVER ! 2 + HERE - 377 LAND 4@0 + HERE !
ABORT »LOCP POPR O ) ‘
NEXT -POPA @ UNSTK PSHA @ UNSTK PSHA @ UNSTK PUSH
STK.POPA @  STK POPR @ STK POP PSHR @ 3
STOP POPA 2 UNSTK UNSTK UNSTK PUSH T + POP PSHA O 3
I UNSTK PSHA @ UNSTK PUSH STK PDPA @ STK 3
BEGIN IMMEDIRTE HERE 1 + 3

3

“s wo

on

Illll"l'lll.lIl...l..ll.ll-ll'llll!ll.lllllII!III.‘IIH.“.I..-‘ll'llllllllllﬂl’-lllll.lll.ll.ll.lll.'“"u'ID



- END BEGIN
28 CONSTANT WB
WB 1 + CONSTANT WE

WE 1 + CONSTANT ST

8T 1 + CONSTANT GT
- GT 1t + CONSTANT STATE
STRTE 1 + CONSTANT ERROR
ERROR 1 + CONSTANT DL

DL 1 + CONSTANT TRELE
TABLE 1 + CONSTANT TPOINT
TPOINT 1 + CONSTANT STORE
STORE 1 + aW CONSTANT OPSTK
OPSTK 1 + CONSTANT LOSTK
LOSTK 1 + CONSTANT PREFIX
PREFIX 1 + CONSTANT LAST
LAST 1 '+ CONSTAMT REFLAG
REFLAG 1 + CONSTANT RDX
RDX 1 + CONSTANT STKZ
STKZ 1 + CONSTANT NFLAG
NFLAG 1 + CONSTANT INTERPRET
14 CONSTANT DP
: OCT & RDX ! 3
¢ DEC A RDX ! 3
ocT
ACC WORD NUMBER 13 LEFT + POP ASMB 3 . ‘
"DACC WORD NUMBER 15 LEFT + WORD NUMBER 13 LEFT + PDP ASMB 3;
MUL IMMEDIATE 73201 POP ASME 3
DIV IMMEDIATE 72101 POP RSMB 3
POPR IMMEDIATE EB1E01 ACC
PSHA IMMEDIATE E14@1 ACC
MFSP IMMEDIATE &12B1 ACC
MTSP IMMEDIATE 612081 ACC
ADD IMMEDIATE 103@8@ DACC
SUB IMMEDIATE 182480 DACC
NEG IMMEDIATE 100480 DACC
ADC IMMEDIATE 102008 DACC
MOV IMMEDIRTE 121008 DACC
INC IMMEDIATE 1814822 DACC
COM IMMEDIARTE 100020 DACC
AND IMMEDIATE 182400 DACC
FRAME IMMEDIATE E2401 POP ASME 3
RETURN IMMEDIATE EZEB1 POP ASMB 3
MOD DP aW aWw +.DP aW ! 5 -
@ IMMEDIATE 2@@2 MDD 3

: HEX 1@ RDX ' 5 & BIM 2 RDX ! 3

~a M8 uE o

NP uE “e WS e uP VT WD

SKP IMMEDIARTE 1 MOD 3
SzC IMMEDIATE 2 MOD 3

Z MOD 3
SZR IMMEDIATE &4 MOD 3
SNR IMMEDIATE 5§ MOD 3
SEZ IMMEDIATE & MOD 3
SBN IMMEDIATE 7 MOD i

# IMMEDIATE 1@ MOD
Z IMMEDIARTE 20 MOD
0 IMMEDIATE 4@ MOD
C IMMEDIARTE &8 MOD
L
R

“z us ug wo

IMMEDIATE 129 MOD

IMMEDIATE 20 MOD
§ IMMEDIATE Z@@ MCD
BN IMMEDIATE 2 MOD 3
RZ IMMEDIRTE 1@ MOD
DN IMMEDIATE 2@0 MOD
Dz IMMEDIATE Z28 MOD
SR IMMEDIATE 1@0 MOD
CL IMMEDIRTE =00 MOD

~e u@ wo

s Nus wE oae

e

PU IMMEDIATE ZBQ@ MOD ;5 :
SACC WORD NUMBER 13 LEFT + WORD NUMBER 10 LEFT POP MOV @ B 5 Z PUSH +
DRD NUMBER i@ LEFT + POP ASMB i . .

: ENC IMMEDIATE
W



.

END IMMEDIATE HERE 1 + - 377 LAND 402 + POP ASMB 3
LODK WE aW GT ' 5 -
PUT DP aW 1+ POP MOV @ B L Z PUSH ST !
{} OVER OVER ( IF SWAP THEN 3
¢ IMMEDIATE LOOK 1@@ 1 DO BYTE PUSH Si
GT &W WE ! ABORT THEN LODOP 3
"ALLDCATE DP &W + DP ! 3
DELIM WORD LOOK BYTE PUSH 3
WIDTH VARIARBLE 3
DP! DP aW 1+ DUP DP ! ! 3
LEAP POPA 2 LDA @ @ 3 PSHA I PUSH
POPA 3 DA B 1 3 PSHA 3 PUSH
POPA I MOV Z 0 PUSH Z + OVER + POP MOV B 3 JMP D 3
FILL @ WIDTH ! DP QW 4 + i LEFT ST ! DELIM '
100 1 DO BYTE PUSH OVER OVER = IF DROP DROP WIDTH aW GT aW WE ! -ABDRT THEN
WIDTH +1 POP BITE LOOP 3 |
ARRAY =) LEAP (= DP &aW 2 + DP'! DUP DP! ALLOCATE ;
#ARRAY % : ARRAY % 3 3 ,
SAY SWAP POP MOV ® B Z L PUSH SWAP TYPE 3
STRING IMMEDIATE FILL ARRAY 3
DIGIT POP MOV © 1 RDX aW POP PSHA 2 pMOV 2 2 SUB @ @ DIV POPA 2 PUSH MOV 1 D
USH 4 :
NUMERIC 1 DO DUP 11 ) IF 67 + TO ELSE EB + TD THEN LOOP 3
PAUSE PSHA @ CIN CIN POPA O 3
VYDU ISKP 1@ DZ PAUSE 3 .
DISSECT VDU 2@ 1 DO DIGIT DUP @ = IF DRDP I ABORT THEN LDOP
- DISSECT NUMERIC 3 ' : : :
?. DISSECT RDX aW = = IF 2B

ws s wam es ez
.o

IF

s %3 %s sn us o8 "TJ v ws w2 0% en
-

ELSE RDX aW 18 = IF.E
ELSE RDX &W 12 = IF §
ELSE RDX aW 20 = IF 4

THEN THEN THEN THEN :
OVER OVER )= IF DROP ELSE OVER - 1 DO E@ TO LOOP THEN NUMERIC s
. DUP B = IF ELSE 55 TO POP NEG @ @ Z PUSH THEN _ ;
» CRLF . 3
FROM CIN PUSH 3
* POP MOV'@ 1 POP PSHA 2 MOV @ 2 SUR 2 @ MUL POPA
/ POP MOV 0.1 POP PSHA 2 MOV @ 2
NAME 2 1 DO DUP I + @W D

LOCGP DROP 3

2 MOV 1 @ PUSH 3
SUE @ @ DIV POPA 2 MOV 1 B PUSH ;3
UP POP 4R 4R COUT POP MOV B B Z S 4R 4R COUT

SPRCE 48 TO 3
SPACES 1 DD SPACE LOOP s
LOC WORD FIND 3 ‘
LIST DO I aW . SPACE LOOP. C
DEFN DUP aW SPACE 177480 PDP MOV @ 1 POP AND 1 @ S PUSH .
DUP aW SPACE 377 POP MOV @ 1 POP AND 1 @ PUSH . 3§
« K VRRIABLE 3
KEEP WORD  FIND .K ! 3
FORGET WORD FIND DUP B = IF
CRLF DROP STRING ’+NOT FOUND#' SAY ELSE DUP .K aW ={( IF
CRLF DROP STRING *"#DEFINITIDN KEPT*’ SAY ELSE DUP i- DP ! 4 + aW DL ! -
THEN THEN 3 . .
: WHAT CRLF DL alW 1202 1 DO
DUP DUP @. SPRCE NAME DEFN DUP .K aW = IF DROP ARORT THEN
4 + AW CRLF DUP @ = IF
DROP STRING 'THERE ARE ' SAY I DEC . OCT STRING ' DEFINITIONS' SAY
ABORT THEN LDOP 3 \
SP MOV 2 @ PUSBH 3
REBOOT POPA @ INTERPRET aW i~ POP PBHA @ ;

*»-».».*»:**w»-w~+~~+--r*-»->+~w~r>+-ww-»-w»-»-*»:»z»:»:*»:ar: sppishiophpobohit ) ‘
+ COMMUNICATIONS LINK NDVAZ/MICRONDVA k)
PO T SETERS TRT R ESTERVER RPY ST ERT IR 032 RE TE WY TE BB R0 RET S SRR KB SR IR SRV IR B SR b o o o ik oy o b S S0 o8 )
ZLOODP ISKP 52 DN JMP S 1 DIA O 5@ CL ISKP 11 BZ
JMP -1 1 DOR @ 11 SR POPR @ PUSH 2 - POP PSHA O 3

Ll Y )

BIT PUSH SWAP LEFT POP GUEB 1 1 MOV @ @ Z L # SZC INC 1 1MOV 1035 T



S5 0 Bp w8 BE SN N\ S, 8

B NSNS

S0 96 WF B8 B L g, N BE UE G6 09 08 88 96 S8 BE m on M\ U6 SO SR SE SR B8 30 66 BB SF om SN, SN\ S0 B8 B S8 NG A8 A8 S o, oo BE B B8 BB N N g,y

DMAIN ISKP 1@ DN 3LOOP DIA B 1@ CL
PUSH DUP 3% = IF DROP JMP 7 1 THEN POP
ISKP 51 BZ JMP -1 { DOA @ St SR POPA O DMAIN 3
TALK CRLF STRING *+MICRD (=) NOVA.Z LINKe«' GAY CRLF DMAIN 3
shifeobs bbb bR bbb RN DR R RORR R OR R R R bbb R RN bR bR R R )
* SYSTEM INTEGRITY CHECK ROUTINES # )
shoopshalotodobsbobtopobdopibobobobopobobobobabopiabiobogesbitob o dobopobobisbook okobob )
RUN -1 POP DDA 2 6B CL @ PDOP DDOB O €@ © POP DDC O €8 SR
MEM VARIABLE 3 :
MAP POP DOA O EV CL. MEM POP DDB © E0 -1 POP DOC @ EB SR
@MAP 1- DUP @ ( IF ELSE 1200B@ + THEN MAP 3
MEM_MAP 77777 @ DD I MAP ISKP &B BZ JMP -1 1 .
' I aW MEM QW = IF ELSE I @. SPACE I aW @. SPACE MEM aW ©. CTRLF THEN LDOP
stoboobtdoddogods patopapubabioiob hobitob bbb bbb sboobiakebobdobskopotbofobobstosol. )
* POWER FAIL AUTO RESTART CAUSES NOVA I LD * )
# LOOP ON LOCATION ZERD UNTIL RELDAD COMPLETE »
# THEN EXECUTES R JMP a 7@ W)
shisodootiterd shoobt bbbl pobobsk b ok dobiboR bobabeobobobok polop b obisobabdol. ) .
POWER_FAIL ©® MEM ! 77777 @ DO I @OMARP ISKP &0 BZ JMP -1 1 LODOP
2377 220 ! RUN ISKP 6@ BZ JMP ~1 | 2300 MEM ! D BMRP
ISKP 6@ BZ JMP -1 1 3
shstobbobbb kbbb kb btk d Rk ok bbbk sk o bR bbb shhstobol )
*  TAPE DRIVING PROGEAMS EMI ES00 S DECK * )
shpokskthobi bk dotobdobidotiden b dobob Aok ok Aok sk o oooksbok otk bbokgock )
TADX IMMEDIATE €2022 POP ASMB 3 ( TAPE ADDRESS )
2'S POP NEG @ @ Z 3 ¢ 2'g ComMpP | )
COUNT IMMEDIATE €222 POP ASMB 3 ’
STATUS IMMEDIATE E042% POP ASMB 3
HFHEH R B R R RS R R )
# COMMANDS TO THE TAPE DECK # )
HHEH BB R A R S R R R R )
COMMAND IMMEDIATE E1122 POP ASME 3
REWIND 1@ POP COMMAND ;
FSPACE 3I@ POP COMMAND
BSPACE 42 POP COMMAND
WRITE 50 PDP COMMAND
ERASE - 70 POP COMMAND
READ o2 POP COMMAND
HFHEHH R R R R )
“# 'ERROR MANAGMENT ROUTINES #
H{HREHH R R R R R D
MSG@ STRING 'DECK ERRDR =' CRLF SAY STATUS PUSH @. CRLF 3
MSG1 STRING *TAPE UNIT 22 NOT REARDY’ CRLF SAY CRLF 19
MSGZ STRING 'END OF TAPE ' CRLF SAY CRLF 3
MSGZ STRING 'STRART OF TAPE ' CRLF SAY CRLF 3
ERROR? @ STATUS BIT 3
EOT? & STATUS BIT 3.
"BOT? 1@ STATUS BIT i
READY? 17 STATUS BIT 3
TBUSY? ISKP 22 BZ JMP ~1 1 5
TDONE? ISKP 22 DN JMP -1 1 3
HHEHHHHE RS R SRR D
# COMMAND MACROS FOR TAPE UNIT 22 # 2
HHEEE TR RS R R RS )
RWAIT TRUSY? READY? IF ELSE MSG1 READY? IF ELSE JMP -4 1 THEN THEN 3
FOREWARD EOT? IF MSG: ELGE 2’5 COUNT FSPACE ERROR? IF MSG@ THEN 3
BACKWARD ROT? IF MSG3 ELSE 2’8 COUNT BSPACE ERROR? IF MSGO THEN 4
FWD RWAIT FOREWARD 3
BWD RWAIT BACKWARD 3
TRERD POP TADX 2’35 COUNT READ ERROR? IF MSG2 THEN 3
TWRITE POP TADX 2’85 CODUNT WRITE ERROR? IF MBG@® THEN 3
READ RWRIT TRERD 3 ' .
WRITE RWAIT TWRITE 3
sheabish bbb v deobs rhiskobob e b b o bbb s sk b b tbopobokib ool pofokbel. )
# TAPE EXERCISER FOR TAPE UNIT # ) .
didpobiobia ok ok b bbb b obob ok ok bk duholopelel )
+R 1000 Z4@00 RERD 3 i
+#W 1008 Z40B0 WRITE 3
NWRITE 24777 24000 DO DUP I ! LOOP DROP 3
ERRDR VARIARLE 3 .
NREAD 34777 34000 DO DUP I aW = IF ELSE ERROR +1 THEN LOOP DROP 3

“E ws “s w0 wan



€ skbobosiobaotohdotobsohob dokobohotoRbolololoksbskdiokior )
( ** USER INTERFACE SOFTWARE *® )
( shtbrtoiobobdobboRsobskslobob spopek bbb bbb ool )
101 CONSTANT INTTIM
INTTIM 1 + CONSTANT NRVE
186 CONSTANT NRANG
NRANG 1 + CONSTANT SDLY
SDLY 2 + CONSTANT NBEAM
1234 CONSTANT PGAP
PGAP 1 + CONSTANT DVALS
177 CONSTANT DBASE
213 CONSTANT PULSE
PULSE 1 + CONSTANT PLENG
PLENG 1 + CONSBTANT MICRO
MICRD 1 + CONSTANT NOVA -
240 CONSTANT SORT :
SORT 1 + CONSTANT ADX3I
ADX3I 1 + CONSTANT MADX
MADX 1 + CONSTANT NWDS )
{ stpdoptnihabsokob st bbbk pokstehdobbok bbb )
( # THE RADARR PARAMETERS ON ZERO PRAGE=® )
shsspods spospobipotihosprsbaboobiobob i bbb ob N dbr s sbe ok b sbs e bbb bl ) . .
INTRO STRING "The current vadar paramaters are as follows ¢ ' SAY CRLF 3
INAVE STRING "The no. of averages o far is ' SAY 3 .
1INTT STRING "The integration time (X 1B seconds) is ' SAY 3
iNBER STRING *The number of beams used are ' SRY
INRAN STRING ’The number of ranges used are ' SAY 3 )
1PGAP STRING ?The nuinber of samples in double PUlse gap is ' SAY 3
MSAVE SWAP MEM ! GMAP 3 .
MLOOK MAP MEM aW SPACE . CRLF 3 -
PARAMETERS CRLF INTRO
INAVE NAVE MLOOK -
TINTT INTTIM MLDOK
1INBEA NBEAM MLOOK
INRAN NRANG MLOOK
1PGAP PGAP MLODK CRLF 3
¢ DISPLAY STRING '"The currasnt display is of ' SAY SORT MAP MEM aW
@ = IF STRING ’intensity’ SAY ELSE STRING 'doppler vetocity’ SAY
THEN CRLF STRING *Change it ?7 SAY CIN PUSH 131 = IF 131.70 MEM BW 0 =
IF 1 ELSE @ THEN MEM ! SORT @MAP ELSE 77 TO THEN CRLF s
¢ VRUERY CRLF STRING 'ARE YOU SURE? * SAY CIN PUSH
131 = IF 131 7O STRING ' O.K. YOU SAID IT !!'! ' SAY ELSE 1S TO
STRING * I HAVE ABORTED YDUR REQUEST !'!' ' SAY POPR O

S5 a8 %z Be %0 OB we HS @8

THEN 3 : .

! NEW1 STRING "Enter the rnew opsrating paramstsrs as indicatsd ' SAY CRLF 3
: NINT STRING Neéw integration time * SAY USER DUP @ = IF VGRUERY ELSE

DUP 7 ) IF VRUERY THEN THEN INTTIM MSAVE 3 .

¢ CHANGE NEW! NINT CRLF 3

( B 28 SEER SRS S B S O SRR B2 R S S B BT SR SR chs o ki ot o3 o o2 o ki o2 SR SR O 5 b BE L AR R 5 S8 R A )

¢ » THE REAL HUBEBLE BUBBLE WILL STAND UpP 111 id1 )

( sdebobdotabdopkobdobsidobshpbobob sobbobibupob otk ok bopoh ot shpskisk )

: COM 20 + POP NIO 2D SR DDA D 2D NIO 20 CL 3
: ADX POP NID 28 SR DOAR @ 20 NIO 20 CL s

¢ DAT POP DOA B 20 3

¢ STAT NID 2@ SR DIR @ 20 NIO 22 CL DIC O 20 PUSH 3

¢ READ DIA D 2@ NID 20 DIC O =0 PUSH 3

T MSTAT 220 1 DO STAT . SPACE LOOP 3

: Z 50 1 DO I DAT LOOP 5 * W S0 1 DD READ . SPACE LOOP 3
: E SB 1 DD Z77 DAY LOOP 3 ' -

¢ INIT 13 ADX 1 DAT B DAT SO DAT @ DAT @ DAT
: PR 4770 DUP 120 + SWARP DD I aW . SPACE LOOP
¢ PL 13 ADX 1 DAT 22 DAT 11i® DAT DAT @ DAT 3
: +#1PAGE 13 RADX 1 DAT @ ADX 3

¢t W-PAGE 77 © DO BYTE PUSH EB17 I + ! LOCP #+1P0Ad3T WPAGE
: ALL-YEM Z0 GT ' 1777 D DO wW-1agn _T0P 3

$ PUSER 42 PREFIX ! Zo77Z7 NORD L LAST G4 = IF @ LAST !

-1 ELSE MNuMEZER TREN 4T 22Z7ix 1 3

'Y et



M 89 S8 88 NS S EE S ER W U8 EE e o o

L W o Y

LI L A o s

‘DUMP 34777 34202 DO I aW @. SPACE LDOP s :

TRUN 10000 1 DO I , I NWRITE W TBUSY? 1 BWD TBUSY? R TBUSY? I NREAD LOOP 3
LOOK 10002 1 DO @ ERROR ! #R TBUSY? I NMRERD ERROR alW @ = IF ELSE
STRING *TAPE ERROR(S) ' SAY ERROR aW @. SPACE STRING 'BLOCK NO. °
SAY I @, CRLF THEN LOOP 3%

stk sobboRoRRobokbbaboblobobobsb ok R ok bbbk bl )
# REARL TIME CLOCK DEVICE 4@ » )
shisop shosheoh shodisie shesdopeobiabopibistedotobotopobbopiboRekok opopeooksbkk. )
CREAD 1 POP DOC B 48 SR 3 ( READ MODE )
CWRITE @ POP DOC @ 4D SR 5 ¢ WRITE MODE )
RADDX CREAD POP DOA @ 40 PU ISKP 4B BZ JMP -1-1 DIB @ 40 PUSH
WADDX CWRITE POP DDA @ 40 POP DOB @ 48 PU ISKP 4@ BZ JMP ~1 1
CLKON 1 16 WADDX 3 ¢ 1 @ ADDRESS 1& STARTS IT 3 '
USER 4@ PREFIX ! BUFFER WORD NUMBER CRLF 76 PREFIX ! 3
MIN STRIMG "Mins * SRY 3
HOUR STRING "Hours ' BAY 3
DAY STRING 'Days ' SRY 3§
MONTH STRING 'Months ' SRY 3
UNDO DUP 12 SWAP / SWAP OVER 12 + — 3
STOD BASE DEC MIN USER UNDO 4 WADDX 5 WADDX

HOUR USER UNDO & WRADDX 7 WRDDX

DAY USER UNDO 18 WADDX 11 WRDDX

MONTH USER UNDO 13 WRDDX 14 WRDDX

@ 2 WADDX © 3 WADDX ]

CRLF RDX ' 43 PREFIX ! 3 ‘ ' ) o ) )
17WAIT 7777 1 DO Z RADDX 17 = IF ABORT THEN LOOP STRING 'CLOCK FARIL®' SAY 3
GETALL 17WAIT 2 RADDX : .

3 RADDX 4 RADDX 5 RADDX & RADDX 7 RADDX
1® RADDX 11 RADDX 1% RADDX 14 RADDX 3
GTOD BRSE DEC GETALL 1Z + + ., BPACE SPACE
12 « + . SPACE SPACE 12 # + . SPACE SPACE
i2 » + , SPACE SPACE 12 # + , RDX ' CRLF 3%
bbb stobbotob bRtk ok dultobbolopbl ok sk bk Ropoks. )
# DATA ACQUISITION PROGRAMS....cuees * )
shahoh i deshk ook dobitup bt okt b sk ok RR b R RR okkobol ) .
GDAT 177420 POP DDA @ 43 DOB O 4% DOC @ 43 DOC B 41
S0oz® POP DOB @ 41 SR 3 :
DDAT 50400 S2200 DO I aW B. SPACE LOOP s
CDAT S04020 S0 DO O I ! LODOP 3
stk dopbob kb bk bbb btk kbR b kbbbl )
# TEKTRONIX DISPAY SOFTYWARE J
shostobshdiop sk b bbb bbbkt sk R shob bR bobRkokoRok. )
X POP DDA @ 42 3 . '
Y POP DOB @ 42 3 ¢

( READS CLOCK
¢ 8ETS CLOCK )

YT VT



CHECK DUP -1 = I7 DTIP DROP ELSE SWAP ! THEN s

MINTMUM L~ DUP 8 STRING #MINIMUM = % SAY . PUSEIR CHICK 3

MAXIMUM DUP 9W BTRING aAMAXIMUM = % SAY . PUSER CHECK 3

WUSER 48 PREFIX ! BUFFER WARD 1 LAbT aW = IF @ LASY !
-1 ELSE FIND DU2 @ = JF
"BYRING #nD7T FOUND% SAY N\LF DROP -1 ELEE § + THIN THIN 43 PREFIX ' 3
: BACKFIND § — DUP 8W 377 LAND STRING %.ENGTH = % SAY . S’Q»E GPRCE
DUP 1 + &GW DUP PCP OV 20 &6 COUT TD 2 + W DUR POP MOV & & o CCUT TO
LACT STRING %ON MINIMUM % CAY 3 WD WUGBER CHESW 3
ZACT STRING %ON MAXIMUM L GRY & + DUP INFIND WULZER CHEDK 3
LIMITS &4 = DIAST Zw & + + DUP DUR UM DRCET 2RCT
VOLTS DRLCGK 57 € 20 I DUP DUR DUR GTRING /CHPS v GRY

. POP MOV 2 @ R PUSH DVALS 1 + + OW STRING % PRESENT VALUE %
GAY . ZwAP 1 LBND '

@ = IF POP BV 2 0 5 PUIK E088 THEN 77 LEND o 4 # DBAST oW 1

+ o+ DUR 1 4+ G

BTRING 4 mINikdel 2 8RAY . STRING % mOXIMUM %

SAY AW . CHLE 00 3
:ONEWPULSE 40400 42308 L0 I DUP DUP EZ7RING #LOCATION % SAY .

oW GTRIG 4 VELUZ % GiaY . 48 PREFIX ' SPRACE BUFFER WORD

47 PRESFIA Y LAST &@W 1 = IF DROP @ LAST ! ELSE NUMBER DUP

@ )= IF EWAP ! ELSE DROP DROP ABORT THEN THEN LDOP CRLF 3

PXFER —~4B0Q NWDES . ! 40002 MADX ! 137777 ADXZ ! XFER

100284 MICRD ! -1 NWDS ! MICRO DUP

MRDX ' 1 -~ 1020000 + ADX3 ! XFER 3

TXOFF 100940 MICRO ! -1 NWDS ! MICRO DUP MADX ! 1 -~ 100000

+ ADXZ ' XFER 3 )

TXON -1 NWDS ! 1022190 MICRD !" MICRD MADX ! MICRO 1 - 1p0DBD + ADX3 ! XFER 3
FAST 2 INTTIM MSAVE STRING % INTEGRATION TIME NOW 20 SECONDS % SAY CRLF
STRING % MAIN PROGRAM EXECUTING % SAY CRLF MAIN 3

: SLOW & INTTIM MSAVE STRING % INTEGRATION TIME NOW £0 SECONDS % SAY CRLF
~ STRING % MAIN PROGRAM EXECUTING # SAY CRLF MAIN 3

¢ START TXON STRING % SYSTEM RESTARTED % SAY CRLF MAIN 3

¢ MTDOD TIMDMA DEC DVALS 17 + DVALS 14 + DO I aW . SPACE LOOP CRLF ocT 3
SP TAEBLE QW DP aW - DP aW :

: MSG STRING "Wetcom2 to SYAYBYRYE friend '!'! ' CRLF GAY

STRING "Dictionary pointer. = * CRLF SAY 8.

STRING "Free space ' CRLF SAY .
STRING °*Top of memory * CRLF SAY 0. 3
MSG FORGET MSG '
RESTART
End of Listing



Appendix 3

Nova 3 System Software




FILE TRANSFER PROGRRM

THE FOLLOWING RSSEMEBLER ROUTINES ARE CALLED

C
e
c
€ .
€ CALL BETUP(IER)......IER=ERROR CODE
£ CALL READLCITAR, IER) ITAR=TRANSMIT ARRAY
€ CALL TXMTCCONTROL. IER, ITAR) CONTROL=BLOCK TYPE . TRUE.=)CONTROL
C CALL RXMTCILEN, IER, IRRR) ILEN=RECEIVED BLOCK LENGTH
[ .
COMPILER NOSTACK
DIMENSION ITARCZ5E). IRARCZESE)
DIMENSION JARRC1Z)
LOGICAL CONTROL, IFIN, LAST

C
- IFIN=.FALSE.
i TYPE "Are you in originate or answer mode 2"
TYPE '
ACCEPT "i=0riginate B=Answ2r -)",I0DRIG
IF (IORIG.GT. 1.0R. IDRIG.LT.®B> GOTO 1
IF (IDRIG.EQG.@» GOTO 11
c
C ' FILE HANDLING PHASE FIRST
C
TYPE
TYPE

TYPE "What is the RDDS file vyou wish to transfer 2"
WRITEC1G, 1000)
1000 FORMAT(LH s "=)"y 2Z)
READC11,2000) (JARRCIY I=1,12)
2000 FORMAT(12ARZ)
CALL OPEN(1,JARR, 3, IER,S1D
IF (IER.EG. 1) GOTO 2
WRITE (10,2008)JARRC1), IER

3000 FORMATC(IH + "Tried to open fite ":520," But failed with error code ", 14
STOP .
c .
C RECEIVE FILE HANDLER
C
11 TYPE
~TYPE "Where do you wish vour file to 9o on
WRITEC(1I@, 1808)>
RERDC11, 220@) (JARRCI), I=1,12D
~CALL OPEN(Z, JARR, 3, IER, 512
IFCIER.EG. 1)GOTO 3
WRITE(1@, 30@28)JARR(1), IER
- §TOP
L
€ SETUP CONTROL CHARACTERS IN TRANSMIT ARRAY
C .
C BLOCK LOOKS LIKE SYN. SYN.SYN. 8YN. DLE. STXeecvenssvuacenssess DLE.ETX.
C .
3 S ITARC1)=13202E6K

ITAR(Z2)=13Z0ZEK
ITAR(3) =10002K

(o Nor i o)

SETUP THE ULM

CALL SETUPCIER)

TYPE IER

IF (IER.EQ.® GOTO 42

TYPE

TYPE "Setup ©1ror.. failed to IDEF ULM error code ", IER
TYPE "Fatal error causss programt HALTY

STOP v



C
C
4z

41

0OoO oo unO0no 000

000

wooOn

C
o
c
10
14

FIRST OF ALL SEND AN ENG BLOCK

IF(IORIG. EQ. 82GOTO 21

ICOUNT=Q

TYPE "CALL TXMT"

CALL TENQCITAR)

TYPE -"CALL RXMT"

CALL RXMTCILEN, IER, IRAR)

IF (IER.E®@.2) GOTO 4
ICOUNT=ICOUNT+1

JIFCICOUNT. LE.BY GOTO 41

TYPE .
TYPE "DIFFICULTY..Cait error,..HALTING"
STOP

OK S0 NOW READ THE FILE

CALL READL(ITAR, IER)

IF (IER.ER. &} IFIN=.TRUE.

IF (IER.ER.G.0OR. IER.ER.B) GOTD 9

TYPE

TYPE "Fatal READ on file error code ", IER
TYPE "FATAL....STOP"

STOP

AND TRANSMIT IT

CALL TDUM

CALL Tbum

CALL TDUM .

CALL TDuM

CONTROL=. FALSE.

CALL TXMTC(CONTROL, IERs ITAR)

MOW GET THE ACKNDWLEDGMENT

CALL RXMTC(ILEN. IER, IRAR) .
TYPE "STATE S5 CODE=",IER

CHECK THE RESPONSE

IFCIER.EQ. 2. AND. IFIN) GOTO 18
IF(IER. EQ. 2. AND. . NOT. IFIN) GDTD 4
IFC(IER.EQ. 3) GOTO S

IFCIER.EQ. 43 GDTO 5
IF(IER.EQ. 5. OR. IER. EQ\. E. DR. IER. ER. 7> GOTD 9

SOME UNDEFINED ERROR HERE

TYPE "Fatat RECEIVE error code ", IER
TYPE "“PROGRAM HALT"
STOP

WE GOT GARBAGE BALK

ICOUNT=0
CALL TENRCITRR)
GOTO 8

END OF FILE FOUND 50 WE CAN TURN LINE RROUND

ICOUNT=0

CALL TEOB(ITAR)

CALL RXMT(ILEN, IER, IRRR)
IF(IER. E0. 2)GOTO 1%
ICOUNT=ICOUNT+1

IF CICOUNT. LE. 6)GOTO 14
TYPE o
TYPE "Failed END OF BLOCK"
STOP '



C NOW DECIDE WHAT TO DO

c
12 : TYPE "“FINISHED OK"

sSTOP
C ,
C***********$**m*m*m*m**$$mmm$*m*mm*mm#m*m*#*m********mm$*m$m
C+ THE ANSWER PART OF THE TRANSFER PROGRAM ACCEPTS DATA *

C’H’H**** -‘)1"l'”h'?F#l#-"h#;‘rf‘**#lﬂ-:&:&:»:»:»z shakiale i ab apsdiobs she sl bbb bbb e o spobt b skt b e o b b obe
c
C WRIT UNTIL RING

c
21 . CONTINUE
LAST=. TRUE.
c :
C NDW GET RECEIVE DATR
c
ICOUNT=D
23 CALL RXMTC(ILEN, IERs IRAR)
: TYPE "23. IER=", IER
IFCIER.ER. 4) BOTO 24
CALL TENRCITAR)
ICOUNT=ICOUNT+1
IFCICOUNT. LE. G GOTD 23 ‘
TYPE "Difficulty in establishing cat "
TYPE "HALTING"® .
STopP
c . . ) :
C GOT AN ENB FROM OTHER END SO SEND ACK
c
24 CALLL TRCK(ITRR)
C
C NOW SHOULD GET DRTA
c . .
25 CaLL RXMTC(ILEN, IER, IRAR)
TYPE "25. IER=", IER
C
C GET THE NEW RESPONSE
C

IF (IER.ER.4) GDTOD 31
IF (IER.EB.Z2.0R. IER. EG. 33 GOTO 26
IF (IER.EQ.6.0R. IERJER.7) GOTO 2
IF (IER.EG.1> GOTO 27
IF (IER.EG.@> GOTD 2B
IF (IER.EQ.3) GDTOD 3B

[

C SOMETHING WRONG HERE

C ) .
TYPE "Something is wrong here errvor code ", IER
TYPE “HALTING®
SToP

(B

C WE TIMED QUT

C

26 CALL TENGCITAR)
GOTOD 25

C

C WE GOT ERRORS

C

27 CALL TNAK(ITARR) ,
LAST=. FRL.GE.
GOTO 25



C WE ARE ALL 0O.K.

e R w]

e TLEN=ILEN~1
- WRITE BINARY(Z) LIRARCI), I=1, ILEN)
CARLLL. TRCKCITARY
LAST=. TRUE.

GDTO 25

C .

C TRANSMIT LAST RESPONSE

C .

31 IFCLASTY CALL TACK(ITARY
IFC.NOT. LASTY CALL TNAKCITARY
GOTOD 25

C

C FINALLY THE END OF BLOCK

C o

30 CALL TACKC(ITARD
TYPE
TYPE "DONE 0O.K. "
STOP

END

"



o001 FTXMT

200001
il r iR

2oLoR’ BBRSG

17}

D01’ BREBDLETXMT :

2DR2O2’ BSASAE

00RRT RZOSSE
P0ORL’ DEZDT4
0BORS’ 020545
OROOE’ P4Z540
0DOB7’ DZBSLE
QD10 PE10T4
o011’ 10252

0R012 DEIDTL
P13 004521
DOBL4® DTLST4
OBO1S BI1E1T
Q0R1E’ 027611
POR17’ 125005
PDOZ0’ BODLED
. B@RRL BZ4SIT
PBOZE 124400

RV’ 021000
RBD24’ BI453L
2025 101700
BBBET 1EZT420
oLR27' BL4ASYL
BOAZO’ DI4ASZ5
oBo31 021000
PVBEZ 1EZ420
BB’ ABASDR
0DaZL’ 151408
QBRI 123424
POVIE’ BAD7ES
VODZ7’ BBDLES

20040 B24520

bR41” B21000
PoB4AZ BT4S1T
DRR4AS" 101708
2oR4s’ 1ET4LZD
ONB4T’ BDALLEL
BoR4LE’ BTL4SOT
o047’ 021000
2oRSe’ 16T420
BBz FTXMT

~a wa o

NEXT:

DATAB:

NEXTO:

« TITLE FTXMT
« ENT TXMT

«EXTD .CPYL.,.FRET

+EXTN DATL RFLG TFLG MFLG TDAT RDAT STAT CODE

CTXTM 1
- DUSR ULM=34
. NREL.

JSR @.CPYL
STA I, 8RVI
NIOS ULM
SKPBZ ULM
JMP .-t

LDA @, RTSON
DOB @, ULM
LDA 0. 5YN
STQ @, a. TDAT
LDA @, 5L

bOA @, ULM
SuUBZL 2.0
DOC @, ULM
JBR TCHAR+1
LDA 3, GAVI
LDA 2, -1ES: 3
LbA 1,8-1E7,3
MOV 1,1, SNR
JMP DATAER -
LDA 1, CONL
NEG 1,1

¥
)

Lo 8.6,z
LDA 3y MASK
Movs B, 2
ANDZ 3,2
JER TCHAR
LDA F. MASK
LbR @, 0. 2
ANDZ I 0
JER- TCHAR
INC 2, 2
INCZ 1,1,8ZR
JMP NEXT
JMP FINMISH

DA 1, M3

o w8 wa [T we wo we

LbA 8.0, 2
LDA 3 MASK
MoOvVS 2,0
ANDZ &, @
JSR TCHAR
LDA 3, MAGK
LbA 8,8, 2
ANDZ 3, @

MO S UE MO B UB NP MO uE uE e WP MR uE WD B B un ME MO B

MB UG UZ N MB NS us NS MB WG WD ws wo

ME us MF w0 48 we w0 w0

GET EM

SAVE IT BOY
INITIALISE IT

WAIT

NOW

RTB="1?

SET

GET A SYNC CHAR
STORE IT

SET LINE

DONE

+1

LINE=0ON

WAIT TILL SYNC CHAR SENT
RESTORE ACC 3
ADDRESS OF ARRAY 0. K.
GET CONTROL
CONTROL/DATA . ?

DATA BLOK

CONTROL. BLOCK LENGTH
2's

GET A WORD
377

GET HI BYTE
ISOLATED
OUTPUT THE BYTE
377

GET WORD
LOW BYTE
OUTPUT IT
UP POINTER
DONE YET ?
SEND NEXT
YES SO GO

DATA BLOCK FORMAT

THREE WORDS (~3)

FIRST THREE WORDS TRANSPARENTLY

GET WORD

377

TOP BYTE

GET BYTE

SEND IT

377

GET WORD
GET BOTTOM BYTE



POLS1 BD4LED
Qee52 151400
D053 125484
PS4 DDBT7ES

POBSS’ BRE4TZS
@esSe’ 125220
QeBS7 125400
QBER’ 124407
28261’ D21000
2enes’ D447 3
2OREZ’ 1813200
PBREAL’ 1EZ420
QBDES’ B3I44EE
POVEE’ 1624235
QBvE7’ BBLLLL
20070’ DBLLLZ
22071’ 021208
o772’ DILLED
aeB73 162428
QBB74? @34457
ABO75" 162425
VD76’ BBA4LTS
ouB77 BRL4LIL
00120’ 151400
Qo101 125424
Q0102 200757

Qo107 12652

20104’ 125400
Q0105 124220
01 0E 021020
Q0107 OT4LLE
P0110' 101700
@R111’ 1ET4Z0
20112 QB4LTL
QB113’ Q3LLLE
20114’ 021000
20115 1ET420
20116 0B4L1S
0117’ 151400
Q0120 125424
2121’ PBO7ES

QBL2ET B22423

PB123" 101605

20124° BRB77E

ROL2D BEBL2L

0126 DELDTAL

Qo127 102400

20120° PEZDTL

P11 034417

Q0132 22c002%
0BBZT  FTXMT

TRRIL.:

NEXTz2:

FIMIGH:

- LDA

NE “z -

JSR TCHAR
INC =, 2

INC 1.1,SZR
JMP NEXT®

6 w0 s

LDA 1, 8. DATL
MOVZR 1,1
INC 1,1

NEG 1.1

LDA @, 0,2

2, MASK
MOVS @, @
ANDZ 3, @

LDA 3, DLE
SUBZ# 3, @ SNR
JSR TCHAR
JSR TCHAR
LDA @, 0, 2
LDA 3. MASK
ANDZ 3, @

LDA 3 DLE
SUBZ# 3, 0 SNR
JSR TCHAR
JSR TCHAR
ING 2, 2

INCZ 1,1,8ZR
JMP MEXT1

SuBZL. 151
ING 1.1

COMZ 1.1

LDA 3,0, 2
LDA 3, MASK
MOVS 8, @
ANDZ Z. B
JER TCHAR
LDA 3, MASK
LDA'2, @, 2
ANDZ %, 0
JSR TCHAR
INC 252
INCZ 1., 1,5ZR
JMP NEXTZ
¥

;5 DONE NOW
LDA
mMov
JMP
LDA
DOA
SUB
poc
LDR
JESR

@, 8. TFLG
@, @ SNR
FINISH

@ SL

@ ULM
2.0

8, ULM

Z, 5AVE
@. FRET

s
’
.
1
9
1
.
?

@S WG WD ME I ND UG WS UMD MU ME M w0 M0 W0 MO MO M ME WD wg e

NP uB MB w@ uP un MO

B uo NE w3 w3

N0 wo ws ws uo

OUTPUT IT
UP POINTER
DONE 3 ?
NOT YET

NOW THE DATA PART OF THE BLOCK

DATA LENGTH
WORD PDINTER
+1 FOR CRC
0. K.

GET A WORD
37

GET HI BYTE
ISOLATE IT
DLE ?

WELL .
SEND IT
SEND IT

GET WORD
377

ISOLATE IT
DLE ?

WELL ?

PUT 2 IN
SEND IT
BUMP POINTER
DONE YET ?
NEXT

FINALLY THE TRAILER

GENERATE +1

177776
GET WORD
377 '
TOP

BET IT
ZAP

377

GET BYTE

0K

BUMP POINTER
DONE ?

NO !

SET LINE
SET IT
+@

TURN SECTION OFF

BET I BARCK



00133 BL241T
. BD134’ 054410
20135 BIEL1D
0B13E’ 175005
00137’ 00D77E
00140 176420
0141’ 0SELBL
00142 DILLDZ
Q0143 001400
20144’ BOOOOD
0145 077777
@B14E’ B77777
Q0147 077777
00150’ BRODTD
20151 0BZO21
20152’ ORODZE
Q0153 0OROZD
20154’ DODRLZ:
00155 BOO3I77
P015E’ 622000
02157’ CODOLE
PRLED 177775
PO1E1" 100003
- QOB4  FTXMT
CODE 077777 X
CONL. POB154"
DATAE  0ODQ4LE’

_ DATL QOBLLT® X
DLE 000153
FINIS 002122’
M3 0001ED’
MASK 0o01S5

" MFLG 077777 X
NEXT  0000z3’
NEXTO  D00B41’
NEXTL  ODODEL’
NEXTZ 000106’
RDAT Q77777 X
RFLG Q77777 X
RTSON  Q@D1E1°
SAVI POR15E’
SAVIZ  DDO144’
SL 000151’
STAT 077777 X
SYN 000152
TCHAR 00133’
TDAT 00O14E" X
TEMP POD1SE

_ TEN e00157"
TFLG POO14S" X
TRAIL  QOOBSS’
TXMT 0oRo01°
.CPYL  QO0DOB1%X
.DATL 000147
.FRET  ODZOOZ$X
.TDAT  BOO14LE’
LTFLG 000145

End of Listinsg

TCHAR:

SAVIZ:
L TFLG:
. TDAT:
.DRTL:
SAVI:
Sl
SYN:
DLE:
CONL ¢
MASK:
TEMP:
TEN:
M
RTSON:

§
3 BASIC TX ROUTINE

@, a. TDAT

3. BAVIZ

3y a. TFLG

MOV 3, 3, 5NR

JMP -2

SuBZ 3.3

STA 3,a. TFLG

LDR 3, BAV3IZ

JMP 3,3 5

“e ¥ wo

DATA RELUIRED

@
TFLG
TDART
DATL
%)

21
26
20
1z
377
2

1z
10000
. END

ND

NP ME WS wE wE uE ub ws

STORE CHAR
SAVE & )
GONE YET ?
? .

NO 8D WAIT
CLERAR FLAG
STORE IT
RETURN



@001 FRXMT

200001
alrijril R

0000’ BELBSD S
oY1’ BBV SAVTE:
QvBAZ B77777 .DRARAY:

DODOZ ROEODLERXMT ¢
2O0BL’ 54775

s w8 we

22205’ 020504
Qo00RE’ 204
D7’ BTIE1S
POD1IO’ BSZT72
peDiL’ BEOLT7T
QeO12’ BELIDZL
20213 10252
o014’ PEZDZ4
B0B1E 126420
QOD1E’ DALLEE
Qo117 B4L4LET -
QR0 BLLLED
D2D21’ 0ALLEL
QOBa2’ BLALES
PRV B4LLEE
Q0B24 BBLAET7 NEXT:
QOS5 181300
D002E" 8410200
QRO27’ BBLLEL

ulrltRr A
P01 123022
DOD3IL’ 416000
QROZ3IT 151400
POOIL’ BR4445
ROIS 020451

020IE 1BE53E
2OO37 0BRLB4L
02B4D DLLLLD
@202 FRXMT

« TITLE FRXMT

< ENT RXMT

«EXTD .CPYL,.FRET

«EXTD CRC .
+EXTN RFLG TFLG MFLG TDAT RDAT STAT
«EXTN CODE DATL DARRAY :
- TXTHM 1

« DUSR ULM=Z4

- MREL

]
DARARY

RECEIVE PROGRAM ERROR RETURNS ARE :-

0=DATA BLOCK WITH NO ERRORS
1=DATA RBLOCK WITH BURST ERROR
2=CONTROL BLOCK ACK

J=CONTROL BLOCK NAK

4=CONTROL BLOCK ENR

S5=6YNC CHARRCTERS
&=UNDEFINED CONTROL SERUENCE

3 ~z uB %3 wE we w

S w8 w6 «O e wn

7=TIMEOUT .
JER @. CPYL 5 FORTRAN .. YEUGH
STA 3, 5RV3 i BAVE ACC =
NIDS ULM $ INIT ULM
SKPBZ ULM 5 WAIT TILL
JMP . -1 3 DONE
LDR @, RTSOFF i RTS="@
DOB B3, ULM i SET IT AND ULM=0ON
LpA 2,-185, 3 i GET ARRAY ADDRESS
TR 2, a. DARARY i STORE IT FOR CRC
LDA @, 8L 3 SYNC LINE
DOA 8. ULM 3 SET IT
SURZt @, @ i+l
pocC @, UM 3 LINE IS OM
SUBZ 1,1 7 GENERATE +@
8TAR. 1.8TATIL 3 8TATUS
STA 1, START, 7 START=0
STA 1, ERROR 7 ERROR=8
8TA 1,END 5 END =0
STA .1, LASTD 3 LRSTD=@
8TA 1, TEMPQ 3 COUNTER=0
JSR RCHAR i BGET A CHAR
MOVS @.0 i TDP BYTE
5TR 8,8, 2 i 5TORE IT
JSR RCHAR i GET A CHAR
LbA 1.8, 2 i GET LAST VALUE
RDDZ 1.8 $. ADD IN NEW
S5TA 8,8, 2 3 8TORE IT
INC & 2 i BUMP POINTER
LDA 1., TEMPO 3 CURRENT NO.
L.DR @, MAX ¥ MAX ALLOWED
- SUBZLH¥ 0, 1,8NC 5 FULL ?
JMP FINIGH
L.DA 1,END i DONE ?



oDR41T 125025
BRLZ 2DD7E2
RRALE BDLRLLS
oBRLL’ BEL1DT4
20045 102420
20246 DEZDZAL

DOR4AT7 B2OL3S
20REY’ 121824
QOLS1’ BOBLZ]

ROOSZ’ 126520
POESI’ B2RLIE
RBOS4’ 101825
QDRSS BDDL1S
POBSE’ 122420
0PBS7’ 122450
DOBED’ RLZ4TZ
POPEL’ 101205
DOBEZ’ DODL 1D
PROET’ 126420
POREL’ BOESTS
POBES’ 0573
POOEE’ D24LLI1E
POOE7’ 101024
POB70’ BZ4561
POB71’ DALLLT

D@7 24412
POO7Z BTAT7DE

L OB@74 DLTELE
BOO7S’ BIELLS

BBO7E’ 125220
Qo777 B47E1L1
20100’ 0VECDE$

20101 DDODVD
0010:’ DRZELE
22193 0DE22DD
02124 2RR220D

02105 0ZCV2O

20106’ COB7EL
281027’ CETORE
V2110’ DEBER
201117 120021
021L12° R77777

28113 BS4532
221147 176420
0115 BI4531
DO1IE’ BT4544
@117 545

PR120’ PR4ASOZ
RB121" 176420
PB122 POES2L

BB0Z  FRXMT

FINISH:

-

FINi:

TEMP®:
START:
ERRQOR:
STATL:
END: .
MAX s
LASTD:
Gl
RTSOFF
. DATL.:

RCHAR:

MOVZ 1.1,SNR
JMP NEXT

LDA 0. SL

DOR @, ULM
SURZ @, 0

DOC @, ULM

LDR @, 8TATL
MOVZ @, @, SZR
JMP FINt

SUBZL 1.1
LLDA @, TEMPO
MOVZ 8.0, SNR
JMP FIN1
SURZ 1,0
SURZ 1,0

STA @, d. DATL
MOV @, @, SNR
JMP FIN1
SUBZ 1.1

JSR @. CRC
LDR @.a. CODE
LDA 1,57ATL
MovZ 8,8, SZR
LDA 1.At

STA 1, 8TATL

LDbA 1,8TATL
LDA 3, SAVZE
STQ iv 8‘1557 3
LCA 1.@. DATL

MOVZR 1.1
8TA 1, 8-167. 3
JER &. FRET
;s S0OME DATR
2

@

()

4]

2

se0.

]

20

180031

DATL

[
1

$ BASIC RX ROUTINE

8TH I, SAVIZ
SuUpz 3,3

STA 3, TEMP
LDA 3, DELY
STR 3, TEMPL
JSR TIMEL
SUBZ 2, 3

8TA 3, d.RFLG

48 WG wp w5 we ua

“g up ws

WY MD WD NE NP ME WS MR D NI u3 MG NS uE uE up

-8 us M0 WP uE w0 wg

ME MO WE M8 un us up

WELL ?
Loop

SYNC LINE
SET IT

+2

GET STATUS

SHOULD. BE ZERO
GOT-A-CONTROL BLOCK (FORGET CRC)

+1

NO DOF WORDS GOT
ND. OF WORDS=0 ?

YES !
NO. -1

NO. OF WORDS —1i

S8ECTION = OFF

(RYTES-2>

STORE IT FOR CRC -

‘NO OF BYTES=Q

NO. =0

ZERD 1 FOR CRC CALC

DO IT

GET RESULT
STRTUS
CODE=@ ?

NDO 80 CRC ERROR
RESTORE STRTUS

GET STRTUS
GET RCC 2
STORE STATUS
NO. OF RYTES
NO. DF WORDS
STORE IT

RETURN 70D FORTRAN

GENERATE +8
TIMER
DELAY=200
TIMER
TIMEQUT
ZERD FLAG
CLERR FLAG



PA123° B22521
BO124° BI451E
P@125' 1824734
20126 DORLRE
BO127' 034768
POLZO’ 175004
0131 ODVLEE
PR132’ B1O73S
PR133 DOOLED

PO134 D34752 NODLE:

L1135 173825
Q0136 DBDLSS
B137’ 176420
PB148’ BS4747

P01 41’ Q2447

P14 1224325
POL4T PODLET
PR144° 024471
@145 122475
PB14E’ BODLZS
2R147' 024467
@150 122475
PB151' BRR4LET
@B152’ B244ET
P0153" 122435
08154’ DDRLZET
PB1S5’ BZ44ED
BO15E 122438
QR157’ 00D623
DD1ED’ B244E1
PB1E1T 122470
PRLIEZ' DOBLZT

POILEZT 24473
DB1E4L’ B44720
PB1IEDS’ BDDLGZS

@EB1EE"B1Q@714
D21E7’ 121002
Qo170 0RA7L4

20171’ 0810714
20172’ 101003
PO173T BBB4L1S

@B174° 824461
BO17S 447D
PO17E" 30041

PB177' B24453
DOzO BLATRS
00ze1’ BDDLDT

PB4 FRXMT

STX1:

ETX1:

SYN1L:

ACK1:

LDA @, &. RDAT
LDA & DLE
SUBZ# 3,0, SZR
JMp NODLE

LDAR &, LASTD
MoV 3, %, 5ZR
JMP ONDLE

I18Z LASTD

Jup EXIT1

7

LDA 3, LASTD

MOVZ 3, 35, GNR .

JMP EXITI
SUBZ 3,3

5TA 3, LASTD
LDA 1, 87X
SUBZ# 1,8, S5NR
JMP 8TX1

LDA 1L, ETX

SUBZ# 1,0, SNR

JMP ETX1

LDR 1, 8YN
SUBZ# 1, @, SNR
JMP SYN1

LDA 1, ACK
SUBZ# 1,8, SNR
JMP ACK1

LDA 1, NAK
SUBZ# 1. @, SNR
JMP NAK1

LPA 1, ENG
SUBZ# 1,0, 5NR
JMP ENQ1

“«s wo «a

LDA 1.AE
STA 1,5TAT1
JMP EXIT

WO NI VS MR uE NE ND WS e

AR WS MR ME NF ¥E G0 W ME NF NT MDD NC MR N B

NG NE uE wn un

~e

ERROR UNDEFINED

-z un us

GET DATA
DLE

I8 IT ?
NO !

LAST ONE A DLE ?

WELL ?

YES !

NO 80 SET IT
LEAVE

WAS LAST ONE A DLE

WELL ?

WRIT FOR IT !
+2

CLEAR DLE FLAG

START OF TEXT ?

?
YES !
END OF TEXT ?
2]
YES
SYNC
oK
zAp
ACK
WELL
i ACK
NAK ?
WELL
0K
ENG?
WELL
YES

CONTROL CHARS
ERROR CODE &

STORE IT
GONE )

3 CONTROL CHARACTER SECTION

START
2.0
-RCHAR+1

END
2.0
EXIT

1,R5
1, 8TATL
EXIT

1, AZ
1, STAT1
EXIT

-«
k]

e ~B us us ~n -

“s um

START COLLECTING CHARACTERS

GET ANOTHER
FINISH

oK

ERROR CDDE. S
0. K.

LEAVE

ERROR CODE 2

0. K.
LEAVE



pR2OZT 024451
PRZDZT BLLTDY
22204 DBBLDA

POZOS’ 024447
POZ0E’ DLLETE
P0Z07’ 000401

20210 @344E5
BBz2117 010870
Q=12 021400

QD213 DR4GET
RB214" 125024
20218 CB@77E
PBZ1E" DBOETE

Q0217 176420
PB2z22' BS4ERT
20z21 OBET3

POZZZ 026421
QD223 125004
DDZZ4” 001400
0RZ2S BlLa4zt
PR=22E" OB774
D227 014420
oDZ20’ BBB7 7
202317 B2442E
- BR2I D44ESE
P33 VDOE1D

DO=34T DDYVODZ
QRZIT DORIDE
bOZ3E DRRBZE
BOZ37 DOBBRE
RAZ4AD 0DDBES
00241° 20OB2BS
PRZLZT QORDZD
POZAZ Q77777
Bozan’ 77777
20245 0ODROG
PRz4E" DBBODD
PR=47’ DDDDBY
20250 bBOROS
2Rz51’ 0231
20252’ 022D
oB:SE QRE2OZ
B0=34° dREABAL
2RSS’ 0DERYS
RD2EET DRVDYRE
PB:57’ BBRD7
PozEDR 077777

NAK1:
ENQ1:
EXIT:

EXITtz

ONDLES

TIMEL:

5TX:
ETX:
SYN:
ACK:
NAK:
ENQe
DLE:

. RFLG?
. RDAT:
SAVZEZ:
TEMP:
TEMPL:
FIVE:
Al:
Az:
AZ:
R4:
AS:
AE:
A7: )
.CODE:

BoLe1 260DBTs. CRC:

BOZEL’ QBOBAD
o80S  FRXMT

DEL1:

LDA 1, A3
STR 1,8TAT1
JMP EXIT

LDA 1, A4
8TR 1, 8TAT1
JMP EXIT

LDA 3, B5AVI3
ISZ TEMPD
JMP 8.3

5 .
LDA 1, 8START

MOVZ 1,1,5ZR
JMP EXIT
JMP RCHAR+1

SURZ 3,3
STR 3., LASTD
JMP RCHAR+1

[
?

LDA 1.a. RFLG
MOV 1.1.,5ZR
JMP 8,3

DEZ TEMP

JMP TIMEL
DSZ TEMP1
JMP TIMEL
LDA 1, A7

S5TA 1.85TATL
JMP FINISH

s

DATA

w3 LI T R (] BY we e
m

NP HN=UIBE E;

CODE
CRC
42

« END

3 TEST AND TIME

- v ue (PR VY

s ww o

e us

s ue

w0 ws um

ERROR CODE 3
0. K.
LERVE

ERROR CODE 4
0. K.
LEAVE

GET 3 BRAK
COUNTER
LEAVE

HAVE WE STARTED YET ?
WELL ?

YES S0 LEAVE

NO 80 GET ANOTHER

CLEAR DLE FLAG
DONE
GET ANOTHER CHRRALCTER

ROUTINE

NE MBS WS uB N ue uE WP uE us

GET THE FLAG

I8 IT @

ND SO NORMAL RETURN
TIMER

0. K.

ERROR CODE 7
STATUS=TIMEDUT
EXIT: ‘



2od1  TRERD

oaao1 -

200y’ BBO150

150

2001’ DOEBDI$READL:

oBOET @216 1
DOBYE R4BLLT
. BB@B4° B2443E
oBoas’ 123020
2000RE’ BS544ET
PBBa7' 101120
20B1B° B24433
oLl 2OEDLY
0oBLL’ B15SYOZ
2BB1IZ’ 101001

oBB14” 152420
0015’ BSB4Z2

oBBiE" 125232
03177 125400
ROD2B” BL44ET
2pDz1 101220
OBz’ 13522

200z3 117020

POD24’ DS4422
PROZS’ B24415
DDR2E’ BBEALZT
POR27’ BTLAL1T
20BID’ B22420
20031 B41400

- BBz’ 175400
20033 6241l
00Rz4L’ 041400
2BREST 0I4404
DOB3E’ DIR41l
POBI7’ 853612
20240’ RBERDLE

PRo4AL’ 02DDRD
0042’ BOBDRI
oBR4T’ COBEZD
apB4s’ B1BDBT
220z TRERD
0RO4S’ 2DLVLOY
QEDAE’ DDTDDO
20047’ QURDDY
oDvSd’ BTT7TY
0051’ 2ODVDIS
DORSE BDDBOO
VR@BSE” PELSL’
DOD4RD

SAVI:
THR:s
NBYTE:
ENDIT:

DATL:
NEWL =
ECODE s
.CODE:
.CRC:
DARAY:
WORK =

upZ 2,2

ws (1) we wo wx

STA 2, ECDDE

MOVZR# 1,1, 85ZC
INC 1,1

STA 1, DATL
MOVZIR 8,0
MOVZIR 1, 3

ADDZ B.3

STA
LDA
JBR
LDR
LbA
8TR

3y NEWL
1, THR
a. CRC
I NEWL
0, &. CODE
2,8,3

INC 3,3

LDA @, ENDIT
STA 0.0,3

LDA 3, 8AVI
LDR 2, ECODE
STA 2, a-1E6,3
JSR d@.FRET

3 DATA
)

420.
12002Z 3

o

]

2

CODE

CRC

@

.+l

.BLK 400
« END

.
’

e

“E NF B ww M8 ud

s us ue

“s ue s

MR M B U uE G ue

3 CALLED BY READL<DATA RRRAY, WORK ARRAY, ERROR)
« TITLE TREADL-
. ENT DATL
«ENT READL
- EXTN CODE
«ENT WORK DARRAY
+EXTD .CPYL,.FRET
« EXTD CRC
LTXTHM 8
- NREL
JSR a. CPYL
. LDA @, -187,3 $§ THE ARRAY ADDX
8TR @, DARAY $ FOR CRC '
LDA 1, THR $ BET +3
ADDZ 1,8 5 FIRST FREE LOCATION IN ARRAY
8TA &, BAVI '$ SAVE ACCSE
MOVIL @.0 § GENERATE RYTE PDINTER
LDA 1,NBYTE 3 NO. DF BYTES TO RERD
. BYETH s CALL RDOS
.RDS 2 $ GET LINE
MoV @, 8, 8KP 3 ERROR ?

IF ERROR THE NEXT INSTRUCTION IS SKIPPED

FDRCE IER=0
STORE ERROR CODE FOR LATER

ObD NO. OF BYTES ?
YES 80 MAKE EVEN
STORE BYTE COUNT
GET WORD POINTER
GET NO. OF WORDS
NEXT FREE LOCATION

SAVE NEXT FREE LOCATION FOR LATER
OFFBET TO CALC CRC

CALE CRC

GET ADDRESS BACK

GET CRC

STORE IT

RESERVE 1 WORD FOR CRC
ETX

STORE ETX

GET Z

GET ERROR CODE

STORE ERROR CODE
RETURN

. DLE.ETX.



@OPL FSETU
: .TITLE FSETUP
. NREL
200001 LTXTM 1
.ENT SETUP INt
.EXTN AIN1
' .EXTD .CPYL .FRET
2000R’ 0POD1D 10

0204 . DUSR ULM=34
Qo021 PREVRISSETUP:  JSR a. CPYL
ROOBZ BS44TT 8TA 3, SAVE 3 BAVE 2
B00E 152400 SUB 2,2 3 CLERR ERROR
DBYBLT @536 STR 2 a-1687,3 i =0
Q0005 02044 LDA @.UDEV - s DEVICE Z4
POROE’ Q24443 LDA 1, IN1 3 DCI
oBRR7 2OSD17 . . 5YS5THM 5 CALL RDOS
oRBia’ 21007 . IDEF s CALL IDEF
QD@11 QUBLES JMP ERROR 5 ERROR ?
PBY1Z BEDLIZ4 NRET: NIOS ULM 3 SBETUP
20013 020420 L.LbA @, 5L 5 LINE NO.
QOB14T 24420 LDA 1,LC 3 CHARARCTERISTICS
DBO1IS’ BIBLED LDA 2, SYN 3 8YNC CHAR
PBOIE’ B24LZ0 LDA 3, MCS s MODEM CONTROL
BRB17 BEISTAL SKPBZ ULM 3 WRIT
Q0020 0RB777 JMP . -1 3 0K
POBz1 BE1634 poA 9, LM '
PBOZ2 P74 . poC 1, ULM
PDBZE B73034 pocC =, ULM
PRBZ4’ B7EBZL poB 3, ULM 3 DONE
D25 D442 i LDA 1,DLE 3 DATA LINK
PODZE" RE7DT4 DOC 1. ULM 5 BETIT
BRB27' 101400 INC 0.0 5 TX SECTION
oB0IO’ DE1BZAL DDA @, UM 3 SET SECTIDN
euB31' B730Z4 poc 2, ULM i SET S5YNC
P03 BE7RZE4 poC 1, ULM « 3 SET DLE
ORI D234 NIOC UM 3 ONLINE
BRz4’ 04405 LDA 3, SAVI 3 GET 3
YROSS’ DDEBDLG JSR a. FRET 3 RETURN

ERROR RDUTINE

“3 %€ B

PBY3IE’ 04407 ERROR: LDA 3, 8AVS

ooBz7' B52611 | STA 2, a-167, 3
RoR4D’ DRB752 JMP NRET

i

i DATA
B4l DRYBDD SAVE: ]

20042 BDDZRB MASK: 200

Vo243 DODOZD SL 20
200447 181020 LOC: 181030
POD4S’ D4DBEE SYM: 4BR2E
PoB4E’ 100001 MCS: 100001
RBR47T 140020 DLE: 140020

oGSO’ DODBIL UDEV: 4

INTERRUFT DEVICE TABLE FDOR RDOS

“e e we

20051’ DOBOS2 INL .+l
PPBSZ’ DDYDAD @

Q022 FSETU A ,
POOS POOZ00 200 : '
PODS4L’ B77777 AINL

5 END

° a3

END



Qod1  FISER

il Ry
DBOD BSLLZS
PBDYL BSRLET
200YL DEBLZAL
2eRvs 1GL2as
oRRRL’ BRB4LT
PBOAS BE24Z4L
oPORE’ 1831222
o7’ Z0RLR7
PoV1D’ BLAVLES
QoB11’ BE1IEZAL
o1z D4BAZD
BRI 102520
DRD14T BLOLEZ
22015 OBB41T

00D1E° BARLES
PBB17 10252

DoVZD’ VABLLT
BR021 BERZTL
DERZZ’ BOV4LDE

BPBZ3 BEOLZZY
BOR2L’ RLBL1TS
0BOz5’ BE2BI4
PBOLE" 1025

Q0BL7’ 04b41l

DROZY’ VZ2BLBA
RR031 BZ44B4
P2VI2’ 126400
DBB3IZT B77777

DoRz4” BOOVOD
Po0Z5’ ORIV
PRRZE’ 000200
20827 0DIRY
BOGLD’ BDRORD
2241’ RDBLBO
0B’ EDDROY
DB4E DBV

AINL:

MSERV:

TEERV:

FINIGH:

5AV::
SAVE:
RFLG:
MFLG:
TFLG:
TDAT ¢
RDAT:
STAT:

. TITLE FISERV
» NREL

SEXTN . UIEX

« ENT AINI

» ENT TFLG RFLB MFLG TDAT RDAT STAT

. DUBR ULM=34
STR 3, BAVI
STR Z, 8AVZ
DIA @, ULM

- MOVZR 0,0, 5ZC

JMP TEERV

DIC B, ULM
MOVIR 0.8, SZIC
JMP MBERV

5TA @, STAT
DIBC @, ULM
8TA @. RDAT
SUBZL 2.0

STR @, RFLG
JMP FINIGH

sTR 8. 85TAT
SuBZL 0.2
STA B, MFLG
NIOC ULM

JMP FINISH

1
"

'NIOC ULM
‘LDA @, TDAT

DOB @, ULM
SURZL 8.0
5TA @, TFLG

9
o

LDA 2, 5AVZ
LDR Z.5RAV3
SUE 1,1

« UIEX

P OSSR E e e

END

“g up ¥ un N3 WO uE WD M3 NE W8 NME N8 M3 WE NE D

e w3 wo

- us

NB us uE wE

GET LINE/SECTION
TX/RX ? ‘
TX .
RX/MDDEM ?

RX

MODEM

SAVE STATUS
GET DRTA
STORE IT
INTERRUPT=1
0K :
END

SAVE STATUS

+1

INTERRUPT=1
CLEAR INTERRUPT
END :

CLEAR INTERRUPT
GET TX DATA
TRANSMIT IT

+1

INTERRUPT=1

GET 2
AND 3

FORCE NO RE-SCHEDULIN

EXIT



PoB1 FCRC

00DDDL

0oV’ BS45D1
BooB1° BI2512
ROz 133020
00RA= PZESLL
2oL’ BZESDT
1411410 IR T
PR3 124400
22007’ 021000
- 0010 B414020
BRBL1" 151400
DROLZT 175400
0@13T 125404
avvLL PBD77E
2Bu1S’ 102420
PEAlE’ 041400

PBB17 B22470
oveze’ 101220
PBV21" BADLEL
P22 101120
OB 101120
0R0z4 101120

CRC:

COPRY:

PROZS 101120

BOBZE B4BLED

PROZ7 BIELES
QODID’ 54457
aRBI1 BIA4LGE
002 BT1400
PR 151122
eLRz4s’ BDLALARE
PORZES 851403
BROZIE DBLLES
DoBZE7 B144a7
RoBLD CBRT7T71
o041’ BORLLS
P0B4Z 51400
PBBLZE BBLLZD
QBRLLT BILLTT
0245’ 21400
BRR4LET 22ubbl
QBB47 131000
oRBso’ 11352
PBOS1’ 187020
22052 146400
YR@: FCRC

LpPl:

DVD:

~o ug uo

« TITLE FCRC

. ENT CRC CODE
«EXTN DATL DARAY
« EXTD .CPYL,.FRET
« TXTH 1

« NREL

® 0w

STA 3, SAVI
LDA 2, 8. DARAY
ADDZ 1,2

LDA 3, &. WORK
LDR 1,&.DATL
MOVZR 1.1

NEG 1.1

LDA @, 0,2

STA 0.8, 3

INC 2,2
INC %, 3

INC 1.1,8ZR
JMP COPY
SUBZ 2.0
STR 0,8, 3

MD NP MZ wE uB @€ WS wE w88 N

e wa wg <o

50 FAR 50 GOOD

2 <o -

LDA @ 8. DATL
MOVIR @,0
5TA B, NWDS
MOVZL @.08
MOVIL 2.8
MOVZIL 8.0
MOVZIL 9.0
STA @, NBITS

NS dE WD we uE WD 9B

-

LDA 3. 8. WORK
STA 3, ARRAY
LDA &, ARRAY
LbA 2, 8,3
MovzL 2,2, 82ZC
JMP DVD

ST 20,3
JER 8HL

DSZ NBITG
JMP LP1

JMP FINISH
s7A 2,8, 3
JER SHL

LDA 3, ARRAY
LDA @, 0.3
LDR 1, POLY
MOV 1.2 |
ANDZL @, 2
ADD @.1

SUB 2,1

ME dB M3 WD M WP MO WD MO MG D NE NE NE up NG

e

CRC CHECK SERQUENCE
CALLED FROM RERDL

WORK

ON ENTRY ACC1=ARRAY OFFSET TO CALC CRC

SAVE 3
BET DATA ARRAY
START OF DATA
TEMP ARRAY

DATA LENGTH(EVEN NO.

NO. OF WORDS
28

GET WORD
STDRE IT

INC COUNTER
INC COUNTER.
COUNT

NEXT WORD

+@

ZERO LAST WORD

NO OF WORD
NO OF WORDS
oK

+Z

EIAY

#E

*#16

N@. OF BITS

GET a. WORK ARRAY
STORE FOR LATER

GET IT BACK
GET-A~-WORD
OK

DIVIDE BY GENERATOR POLY

RESTORE WORD
LEFT

RUN QUT OF BITS ?

NDO SO CONTINUE
END IT ALL

'"RESTORE WORD

SHIFT LEFT

GET POINTER BACK

GET WORD
POLYNOMIAL

EX-0OR DONE .



0OOEE BLUSLDO ° STA 1,0,.3
oS4’ 014432 DSZ NBITS
0BS5S’ BBUTS4L JMP LP1

REPLACE ARRAY CONTENTS
RUN DUT OF RITS ?
SHIFT QGQIN

“s o wp

3 80 WE HAVE DONE NOW

POBSE’ BT4425 FINISH: LDAR 3, ARRAY 5 GET ARRAY
2evS7’ 021408 LDA 0.8, 3 3 CRC SERUENCE
PPOER’ DF442Y LDA 3, SAV3 '3 GET RETURN
POREL’ DABLZED §TA @, CODE 7 FOR OTHER ASSEMBLER RDUTINES
VBOE:’ OD140G JMP 8,3 5 RETURN+
DOOEZLD54417 SHL: STA I, 58AVIE i SAVE RETURN ADDRESS
PDREL’ BZ441T7 - LDR 3, ARRAY. 3 POINTER
PROES’ 175400 _ ING 3,3 5 o+l
QBREE” 02417 L.DA 2, NWDS $ NO. OF WORDS
PORET BIBLLS STA 2, TEMP i TEMP STORAGE
BRB7Y 021400 NEXT: LDA @, 2,3 5 GET WORD
PoB717 101122 MOVZL @,@,8ZC 3 SHIFT LEFT
ooB7Z BL1777 . 162 -1, 3 3 INC PREVIOUS WORD -
ava7z B4 1400 5TA B, 0,3 5 REPLACE WORD
0RQ74° 175400 ING 3,3 § POINTER+1
DoB75 L14LBY DSZ TEMP 3 DONE YET
PoO7E’ BRB772 JHMP NEXT
0BB77’ BILLDD LDA 3, 8AVI3 5 RETURN
0100’ 001400 JMP 2,3 3 ZAP
3 DATA
20101’ 2000DD SAVI: o
D1z DDODBB SAVII: @
02103’ DOOVDOD ARRAY: '@
PO104° 22D0VO TEMP: @
20105’ pODRBYD NWDS: L}
001906 2DBBBB NERITS: @

00107' 077777 .DATL: .DATL
20110’ 2DV THREE: 3
20111’ 222028 CODE: 2
D11z’ 0104t POLY: 10041
@R113' 077777 .DARAY: DARAY
BB114* 077777 .WORK:. WORK
: . END

@003 FCRC :
ARRAY 00103’

CODE poanitt’

cCopPyY 200007’

CRC 200000’

DARAY QoR113T X

DATL Q0B107’ X

bvD 20042
FINIS 2oaBsE’
LP1 2oBB=1L

NBITS o1’
NEXT oRd7e’
NWDS pEoies”

. POLY gediix?

SAVI ooo1i01”
SAVIZ ze2102
SHL P2VBES?
TEMP RODLDGT
THREE oopii®
WORK PB4 X
.CPYL PeeDD1 X
. DARA 0aD11E
«DATL @22107°
. FRET rebuluallrps: 34
« WORK povita
End of Listing



Appendix 4

Micronova System Software




XDRLOK:

Q4572 DDOLDS
PLE7I 042102
BAS74" RUELLT
QLE7S’ BBRIDD

Q4S7E’ BRLAZSY ROBLOK:

Q45777 O7S4D1 DELOK:
DLERD' B7 14D,

DLEDL’ BTLRES-
BLEDZ’ 175400

@4EDT D2LLEE~
D4ERG’ 1246LDT

B4ERS’ 102400

D4EDE’ OET1LD CVALS:
QLED7’ BESLDY

@LELIQ BEL4DL

QLELL’ B7S4TT

QLE1Z’ BOELTD

Q4E1T £2DBT1

B4ELL BTSED]

R4E1S BELIEQL

P4G 16" 255681
Due1?7 BELEAR
@452@’0“"4]”

B ‘7|

§ darkirhivhidhbobishiskiob: FESEL TR EPVERUSTURPYEERT RPV LY PATEY S TV HEUIES SPUME RN ER AR S R epy sty »:;}:;}:»‘::}:m.\}:a:

s+ READ A BLOK DF DRTA FR
BREE TE S SR I R SR SR IR RENRE SR AR SR KR T O 2t S SE RE SRR AN SR BE AR S S B RE TSR VRS 2 L A

. TXT (@) (5 DELD*

MRUN
PSHA &
PSHA Z
LDA 7, DVALS
INC 2,3

LBA 1, NVALS
NEG 1.1

5uR @, 2
DORE @, 48
PSHA 1

PSHA @

PERA =

JGR GARWAIT
i

PORA 3

POPA @

POPA 1
SKPBZ 40
JHP DEtl

DIp &, 40
ST 2,0, 3
ING 5,3

INC @, 0

ING L) 1, 8ZR
JMpP CVaLD
I ST

POPH 3

JME D, 3

PSHA T

%

POGHA @

LD &, PCUND
FER aXToUT
".‘ T Dr‘\ 13 e

Vi
eoeh 0
lnkloliied
ke oant
M OVALS
'IIT

"
?

M SLOW A-D'S *

SEND ADDX TO I/FACE

;BAVE ALL

-8 we uv

[P

B uR. MDD 4R wa wO uE uE

g MILLISEC.
THE DELAY
RESTORE ALL

DELAY

WAIT TILL DONE
“NOT DONE

GET CONVERTED VALUS
STORE 1T

BUMP GARRAY POINTER
BUMP RDDRESS

BUMP DOUNT &

REPERT

FINTOH

EAVZ T OND 2

RESTORE T OND D



GZIE’("L'i 4 @7‘4
@4bEs" B3k
B4aEEe7’ 126
BLE7E D204
Pae71’ 2iel
Q4L72E LBES

DLE7E Q2042
C4E74 101208
B4E735 244l

SUBZLE 1,°
JMP RANGE .
LDAR 3, &@DLAUT
SuBZL% = 1, 8ZC
JMP RENGE

MOVE @, @

LbA 1,0177

R R o

. e alat N
5 OTAVT RCDY R

7 H.JD-“»ES\: ':""
[ It
s e
07 VLS

(oY alE R ol nd s
COUNT Fu

ATA BRSE

i

GET DHI@ EQPE
MEASURED (MIN ?

VAL UE

YES 60 XFER'
SWAP BYTES BRCK
GET MABK

B4L7E’ 107428 ANDZ 8, 1 IGOLATE © BITS
2 LDR @, 02 CONSTANT=Z
LA S, D1AUT DATA BARGE PDINTER
ADDZ @, = OFFSET TO NZXT VALUE

R47ECZ GS4LEL

8TA 2, DIAUT STORE IT
B47RI’ BIED: LDA 3, adD1RUT GET DATA BASE HI VALUE
Q4704 1TESIE suUBZL# 1,3, 8ZC JHMP IF ¢ MAaK
D475 BAGLLE JMP RANGE DUTESIDE RANGE

R47e6’ IR
Q4707 L6ETIEE
4710’ BB24L 2
B4a711’ BILBE2

LDA Z, 801AUT
SUBZL# 3,1, 57C
JMP RANGE

LDR Z,D1AUT

ME S U NE N N MO NE MB WA M uE D ME w2 ¥ ur ME M 48 a4 NS wR NE we

GET MIN vVALUE
QUTSIDE RAMGE
YES S0 TAKE QCTION

GET DATA BASE VALUE

FRDM DATA BASE

P47 BLALlh LbA @, 02 OFFSET
V4713 117028 ADDZ @, = POINTER TO NEXT VALUE
D4714° QTLCLE STA-Z% DIAUT STORE 1IT o
BL715 BLOLEE~" DEZ CUNT DECREMENT COUNTER
Q4718 BDAT4H4 JMP MCLUP NEXT
DL717' Q71681 pOPA 2
B4720 07SECL POPA 3 7 LEAVE
4721’ BBL4ED JMP B, 3F 3 BYE
HE S 20 o o o :
V4722 QT4ABLL RANGE:  LDA I, DLIAUT i DATA BASE VALUE .
o g JSR @2, 3 $ ZoRAGLRGGALL L PlLL.. ER T MERN CRASH
B4724" QRBO77 JMP -5 ;G0 HOME NOW :

; ISR EE I B X3 Hb OB o SRS S 2 S RE BE S TR S SH S HE R SE S REY RE SEUSE SH B Sh SE SE SR SR

3 CONSTANTS NEEDED BY THIS RDOUTINE
P9z SABRE ' '

; o sdaohiode B SR SR S SRR R ST SR SF o R REC ST AT O3 ST EES TR R O B SRR EEY B 2R e X S A ]
Q4725 QRPI7Y7 DL77: 377
B472E CoDRR: Dz 2

+ BB3IT  BAEBRE



XAFERS
Q4727 BLOBA
@B4720 B54106
Q477517 BAESEE
Bo77e BOREoA
PLTEE ORLBLE BXFERS
D474 BEBI71-XFERS
B4735 BEL2EEG
POa7EE QRBL7 2~
B47E7 BEZ2RED
D474l D217 5~
B4741" BEI1ED
@474y BEEI6H
GBATLETRRBTTT
R4a744° BB LDD
Ba7L5Y 177776 XCOU:

= D234 SABRE

YRR SDXIV KR RRE RERE h i A o S SRR ah Sk T P NN SRV R Pk 2L cE KR ob xbe oo
22 COMPUTER-COMPUTER XFER PROGRAM — *
R R P R SE KR Sk e T JOCDY PR T REVRPYRE XY SR TR YPY SPULRU R B S ST H X 8 RIS R S S R S
CTXT @) o) XFER"

XDEOMP
LDA 8, ADXS
pOAC 3,60

- LDA @, MADX

DOR @, 60
LDA @, NWDS
DOCS B, &0
8KPBZ &0
IJMP o -1
JMP B, 3

]
&

B M3 NS 9B ag T

~B we Nu3

MICRO NOVA ADDRESS
BET IT
NOVA 2 ADDRESS
SET IT
NO OF WORDS
SET AND RUN
DONE 72
NO
LEAVE



DL7LE' DODVBS

DL74L7 DEDLVE

PL7SD DaBS 1

R4751 DODERD

LTS BTLTET
BL7ST QTSLD]

Q4754 07 14D

D4L7SS B2R177~
DL75E’ DRLSES
4757 127020
QLTED BLBSTE
Q47EL 020T20
QL7ED BLOSZOD
RL7ET REOSE

PLTEL B4D1EE-
PLTES’ BZDS2T
R47EE’ DLOIET~
R47ET O2BI 74~
L4770 BLOLT -
4771 B4DLIT71~
Q4772 102200
Q4773 DLD17T-
D4774 DRESDL

RLT7S DZLBIE-
BL477E’ BOESDE
Q4777 O2ODII-
25082’ 10645
PSCY1’ BOBLDE
PS0BE’ QBVLLE
SO0 B141EE~
Q5004 RZO77D
@S00S’ 02250
QS00E’ BLDILEE-
QS207’ 014167
2S010’ PCO764L

PSb11’ 02050

PoRIZ BLDLLS-
RS213 BRESBY

PSP14’ PRELTD

0015 B2O215

QSB1E’ B24LSLY

0sSB17’ B2RATL

25020’ 1
P5021" B2BLLY

PSRz 191222

DSQZ7 DIVLZL

RSOZ4T 101222

BoSD=5 BRELE]L

2s0ze’ 101222

QSB27 B4

RS’ 161222

PS831’ BV=176~
BSBTL BRELEL

A@35 SABRE

4 mem
Lol

XKPFAIL:

BPFAIL:
PFAIL:

NWVAL 2

TRYAG:

PF1:

WRITE:

DA

-6TA

3 dsbobsknpaiabibabdbobotopsb ol gopobb shraprrpishoopibishobesb bbb i spesisgs
i4 POWER FAIL AUTO RESTART (PFARTI *#
§ bbbk bopiobish bbb oloprb ok bk bbb R b BEE S RE TH R R ST
LTIXT "D (5) PFALY

XXFER

PSHA I

PEHA 2

LDR @.KAPCHW
LDA 1, UURUN
abDZz 1.8

STR @, NGD
LDA @, MIN7
5TA 8. PFLAG
LDR @, PLWAIT
TR @, CUNT
LDA @, P2WAIT
85TA. 2. CUNT1
LDA 8. PNAVE
STR @, MADX
STR @, ADX3
ADC 0. 2

STR @, NWES
JGR o XFER
LDA 1, NAVE
JER d. XFER
2. NAVE
SUBZ# @, 1, 5NR
JMP TRYRAG
JMP TXB1

DSZ CUNT

JMP NWVAL
LDA @, PLWAIT
B, CUNT
CUNT1
NWvVAL

nsz
JHP

IADDRESS OF NOVA POWERFRIL
;DO DA A

s GENARERTE JMP a@KAPOW
FOTORE IT

iMINUS 7

iNUMBER OF ATTEMPTS
SWAIT LOOP 1
;COUNTER 1

FWRIT LOOP 2
iCOUNTER 2

s AVERAGES

iMICRDO ADD

$AGAIN

i-1

i NUMBER OF WORDS
sCET IT )
yNUMBER OF AVERAGES
sWORD AGAIN

JCET IT

i SAME

$AGAIN

i GO MAM GO

$DEC COUNET 1

$AND AGARIN

PWAIT ONE

$STORE

sTRIED ENOUGH ?

iND

TO START

$ NC CHANGE IN AVERAGE S0 LDOK AT LOC NOVA

" LDA @, NENG

STA 8, MICRO
JER aMIC3
JER- AWARIA
20215

JER NOVDM

JMP MEMDEM
MOVZR @, @, 520
JMP WAITE
MOVZR @. 9, SZC
JMP TXST
MOVZR @, 0, 5ZC
JSR @AEMES
MOVZR @, 8, 5ZC
JMP TXS1
MOVZR ©. 8, SZC
JMP '3, MON

JER aWARIA

FENGUIRE STARTUS
.8TORE IT

$SEND IT

sWAIT FOR 2@ SECONDS

"3GET LOC NOVA FROM NOVA

SNOT SET

I8 BIT 18 SET ?
$YES

ALREADY THERE ?
$YES S0 GO LOOKING
FEDT ?

YES TELL LEICESTER

$ RUNNING ?

3 YES

5 WAITIN 7

SYES RETURN TOD MONITOR
FWAIT B. 5 SECONDS



© > PBYE

SO A0D24E
REDI4L° DILETO
D505 0BB77S
PopTeE 101220
BoE7 1012k
@E04D’ BRRLBT
@541 11222
PEB4LL BRELLG
QSQ4R 181228
Qs5BLL RBRARA
DEDLT 101222
QoLe’ BD217E~
ASRLT7 BREATE TXST:
PSSR @7LEDL TXS1:
Q051 075501
ASRS2’ BBLLDO

PovS3 810427 MEMDEM:
Qo054 DEBLBE
Q5055 B0B4LD
5058 102400 MEML:
RER57’ 101240
Q5SREY’ 121400
BS0EL BLRI71~
DSPES’ 101420
DSRED BABLT7 -
@pooest 10252
@Skes’ 121120
BSOEE’ B4BL72-
2307 026411
25679’ 102008
AsSB71° B4BL71L -
@2S072’ 20417
PSB73 B4BL7Z-
BSo74 122000
@507’ BABI7I-
VSB7E’ MRELDE
@Sp77' BRD7LIZ

P5180° B24734° ~XFER:
51017177771 MINT7:
25192 B2020B PFLAG:
251037 2Dz000 UURUN:
Q51047 BO22RE° WAIA:
PB5105 BS774° ATXLK:
Q5105 2BE1EDS AEMES:
Qo107 B2ORRY PLWRAIT:
D511@" 2232227 PZWAIT:
P5111" 835112 CGO:
25112 220200 NGO
B5113T @R5S72" MICe:
B51147 1CD18D NENG:
SAEBRE

24E

JER NOVDM

JMP WAITE
MOVZR 2.0
MOVZR 0, @, SZC
IMP TXST
MOVZIR @, @, SIC
JSR BAEMES
MOVZR @, 2, SZC
JMP TXS1
MOVZR @, 8, SZC

JMP @, MON

JBR aRTXLK
POPA 2
POPA 3
JMP @, X

sOET IT
iNDT READY S0 WAIT

i READY
TYES
;7 EOT ?

S YES

7 RUNNING ?

$YES

SWRAITING

$YES RETURN TO MONITOR
s LOOK

3BYE BYE BARY

$THIS BIT DMAS MEMORY TD NOVA

I8Z PFLAG
JMP MEM1
JMP SFAIL
SUB @.8
MOVOR @.0
INC @, 0
STR @, ADXZ
INC @, 02
STA @, NWDS
EUBZL 8.8
MOVIL 2.0
STA @. MADX
JSR d. XFER
ADC 8. 0
5TA 0, ADXE
LDA @, C60D
STA 9. MADX

ADC 0.0

STA @, NWDS
JSR a. XFER
JMP PF1

$TRIED 7 TIMES ?

$TRY AGARIN
$FAILED TEKK THE WORLD
]
3 100000
1100001 :
sNOVA ADDRESS -
sNUMBER OF WORDS
s§TDRE
1

MICRONOVA ADDRESS
DD THE XFER

-1

NOVR ADDRESS

LOC DOF TRANSFER
MICRD "ADDRESS

“Me wB ME &0 uo WP WE ud e

1
-

;STORE
;DO IT
SBACK AGAIN -

§ shiodrshisivbiabichrabifbas bt o sk berke b s b o sh b b S b shop b b s e b b sp b s op
i# BITS AND PIECES NEEDED HERE #
ot o o S Sh S o G stk E o b b o R R R S O o OB e S O o S S SR S SR R S 5

XFER
~7

4

2000
WAIT
TXLDOK
EOTMES
0

7

o+

m .
MICDMA
120108



HE S 2B s R o o SR S e SRR SRR AR SRR AR o S S S o Sl R R R R
3 JUMP HERE WHEN CANNDT START
§ bbb sbobidotobobogobobobobibidotopodob ok bubab okobilopob ook

‘@5115’ PEA4VE SFAIL: LDA B, FMES $ADD OF MESSAGE
B5116° B24440 LDA 1,FLEN FLENGTH ‘
25117 BRELADT JSR aBTYa PRINT IT

PSL2® @DRL7E~ JMP &. MON §RETURN TO MONITOR

@5121 @OBIE2 BPUA4 S PUSH

@512 CQOELLE’ BTY4: CTYPE

BS123° BL2E0YFMES? «Hlk2 _
«TXT "FAILED ON POWER RESTART PLEASE INFORM LEICESTER

05124° 4101 : '

05125 844514

@5128° 42504

@5127 Gzil?

25129’ 847040

05121’ 050117

@513 B5IE05

25132 851048

251347 B351 185

@5125° B515:

09138 RLARSZE:

@5137' PS2R4E

o140 BSB114

Q51417 242501

25142 @51505

@5142" o211

@5144° B47106

R5145° Q47522

95146" 846441

05147 QLELDS ' .

25150 BL45DE . .

@5151° O42523

P5152° 252108 .

Q5152 0531040

-@5154° BRELLE

25155° VOO

P3156° BARLER FLEN: 5.

» P97 SABRE-



. XNOVD @
‘B5157 2DUROS
BS1EQ DLT7117
P5161" 052104
25162 DOV

5 sHobshobobibiskodobobipobali ot o Sobdob otk b R oo
sTHIS ROUTINE READS NOVA FROM NOVA

«TXT (@) (5)NOVD"

@51 65 @Da7LE BNDVD:  XPFAIL

P5164 B75401 NOVDM:  PSHA 3 '

PS1E5 071401 PSHA 2 $8AVE ACCS
PS1EE D2R4TE LDA @, BNDOVA sADDRESS OF NDVA
BS1E7 Q4RI 7E~ STR B, MADX s UNDOVA ADD
05178 040171~ 5TA B, ADXZ $NOVA 7 ADD
P5171 192000 ADC @, 0 31 '
PS172 DLBLY S~ 5TA @, NWDS 31 WORD
R5173 ROETOS JER @. XFER sDO IT
P5174 PZBLLG~ LDA @, NOvA sOET IT
P5175 1B111E MOVL# @, @, SNC  $8ET ?
05176’ 220617 JMP XNV $ HOME
05177 RE14OL POHA @ $BAVE IT
05200’ 102400 SUB 0.0 30

D501 DLDBLLE~ 5TA @, NOVA 3 STORE IT
PS202 PIRLLE 1L.DA @, BNOVA s ADDRESS
Q5205 10B40D NEG 2.0

05204 1BELDD CoM 2,0 $5UB -1
PS20S Br4aL14 LDA 1, TNTT ; 100000
5206 1272020 ADDZ 1.0 $ADD

PSZD7 PLGLT7 L~ STA @, ADXZ sMICRO ADD
25210 BOEETD JSR 8. XFER s DD IT

5211 061ED1 POPA @ RESTORE @

25212 071601 poPA 2 ';RESTDBE ACCS
R5213 075601 POPA 3 . ¢
@5214° BD1401 JMP 1,3 $ HOME

PS215' Q71601 XNVi: POPR Z

@516’ 0756081 FOPA Z

25217 O14ED JMP 8, 3 $HOME |

25220 2BB14E-BENOVA:  NOVA

PS221” 12000 TNTTY:

102000

+ @038 SRERE
R e ek S S o R R R SR R e SR RE O s b ot i A e o SR R :-l;: w b ook bt shiob s opeof
s ACTION TO BE TAKEN ON ERROR VOLTAGES . Atk
HIE SE o ot S0 Bt b b S S b i o o SR Sh R 3B o S v eh R B o o AR b S R R R BT AR SR B R S bl B O
XACT1s . TXT “(B) (4YARCTL" o
Q5222 DBoRA T . . '
QS22 p4YS03F
@o224° OS2EEL
@5225 WLRELE

PSZ2E BUS1S7 RACTL:  XNOVD
@S&27’ 875481 ACTL: PGHA 3
RSZI0 871481 PSHA 2
P52ELT 0RBL2R LDA B, 052 5 STAR
! JER a. C0z20 s COUT
" B52IZT 071601 poPA 2
@oEZ4 B75ER] poPA 3
Qo255 001480 JMP @, F
XACTZ2:  TXT "L@) () ACTZ"
REZIE DRDRRAL
Q5237 B4DTOE
@SZ4D’ BSZD5E
RS=41° REBEDD
Q9242 P@SZ2Z BACTEZ:  XACTL .
Q524 Q754B1 ACTZ: PGHA 32 ) !
RI244 714501 PGHA 2
Qo245 Q2DLB7 LDA 0,053 3+
QSZ4E CRELRS JSR a. COzZD i COuT
@SZ47’ Q71621 paPR
@oEET B7EE0! POPR 3
RS251 601400 JMP @3



H »-»-a-»‘»-»wf-w»-wm»~+-w+-»-»~w~»-»-9-»»}-4-**>r»-ﬁ->+->e-a+'»~»->+~w~r>+~>t-»-*»-*~r»-~r+-
sa WHAT WE NEED HERE IS NOT MUCH 1!111tid o
FIR xh S cb RE AR LR o T B < S ST TR AP RE S TRt b S o o oR SE i o O e s SR SR v b O R o B O o
@52E: ’ﬁDiaki’ Cozb: CouT
QST ARBPS: Q52: 52
@B5254° QCOLCD 0S3E: 198
» Q099 SAERE

7 Hestotidobatbidapib dopdipiohsobank ol shidobobibibobisbohishih Hoksophop

s# BUBBLE MEMORY PROGRAMS *h
§% M. B. NIDS 20 TRKEE THE AB LINE HI *
$ NIOC =P TAKES THE A@ LINE LO o
§ob DOA WILL SEND A WRITE' PULSE *
HRE DIA WILL LATCH THE READ DATR *
§ ok DIC WILL READ THE DATA *

3 dsbbabobotaobidilidbobodoputobpilobidofiapobbiobidobopobibiatopidobolopisbog
XRBURB: . TXT " (@) () RPAG"

@525 BeRDAS

B525E 851120

Q5257 Q4SE7

QTZED’ 0DDZDY .

AozE61 PVSETE BREUB:  XACTZ
CPS2E2T 875401 RBUB: POHA 3

BSZRIT 071401 . PSHA 2

B52E4T BT44EL LDA 3, NIBYTE i ND OF BYTES TO READ’
-BSZES 174400 NEG &3 7 1 2’8

PS2eE" DIVLET © LDA Z, BUBUF 3 BUBBLE BUFFER

Q35267 QSR222 5TA 2, DIAUT i BTORE AT AUTO INC LOCN
BS=272 Q20456 L.DA @.BUBR 3 BUBBLE READ COMMAND

05 71 PEGLIZO ' NIOS 20 § AB=HI

@5272' E1D20 DOA B, 20 3 WRITE DATA AB=LOD

5273 BEDZZ0 NIDC =0 '

P5274' DEDLZD NXBTE: NIDS 2B 3 RD=HI v

R5275" DEBLED DIn @, 20 3 RERD DATA TO LATCH AG=LO
RASZ7E” DERZZG NIOC 20 . : '
BS277 DEL42G - .DIC @,20 $ GET DATA

@Sz0D’ 101223 MOVZR @, @, SNC 3 BRIP IF FIFD HAS DATA
@5201° BO77 JMP NXBTE i READ STATUS AGAIN
502 VEDLEZD DIR 0.20 $ READ DATA

BS3I8% PEZLZD DIC 0,20 $ INTOD MACHINE

QSZ04 BLZBZE2 STA @, 8D1AUT ~ 3 RUTD INC

@53a5° 175424 ING & 3. 8IR ;3 FINISHED ?

3206 bRD7EE JMP -NXBTE s GET NEXT

BSZO7T 071601 . POPA 2 5 0K

Qo210 B7SEBL POPR 3 5 DONE

05311 021400 JMP @, 3

+ @1@@ SAERE



$ obspshecbreobtob s MR R M sk ab spe kb hob bbb shob ok bbb e bk o b ops b
4 THE MAIN MICRONOVA RUN ROUTINE #
o3 AbshokoRagpishiob bibiboRob bbbt bt bap bk b s b bbb b s bR R sk bR R

XMMAIN:
P5453 BRDOD4L
PS454” B4ETE0 1
PS4 044516
BS455° 0722000

P5457° @OTE1Z BMMAIN: XWBUR

540’ DEOZ77 MMAIN:  INTDS

054617 101009 MOV @. 2 3 WAIT TILL ION= DFF
Q548D DZOZDL- LDA @, MSKD ;7 MASK OUT

PELEZ BEZGTT DOB @, CPU 7 ALL OFF

0S4847 1B1U20 Mov @,@ 3 WAIT TILL MSK OUT
PS4ETT B2DLDS~ LDA & INT1 5 GET ADDRESS
@S4EE° 176520 SUBZL 33 3 BENERATE +1

Q5467 B4 1400 STRA 0,8, 3 i STORE IT

@547@° BE@LIZT4 INITL: NIOS ULM 5 INITIALIGE ULM
Q5471 0zQZE1- LbA 8. 5L s SYND LINE

Q5472 Q24202 LDA 1,LE $ CHARACTERISTICS
@54737 BT~ LDA Z. SYN 3 S8YNC CHAR

B5474° BEZST4 SKPBZ ULM 3 INIT DONE ?

Q5475 2BA777

US4 75 061074 DOA @, ULM 3 SET LINE :

0S477" BE70E4 DOC 1, ULM s SET CHARACTERISTICS

PSSO D734 DOC Z» ULM ; SET CHARS

P5501° 101420 INC 7.0 '3 SET TX SECTION

@SS02 BE 1034 DOA @ ULM s DONE

PS50 D7T034 DOC 2. ULM 3 SET SYNC -

P5S0L B24LST LDA 1,MOFF $MODEM DFF -

05505 DE7034 DOC 1, ULM JSEND IT
s INTEN

P5S0E" 102400 SUB @, @ s +0

R5S07 DLUZRE~ STA @, EOM END DF MESSAGE

B5510° BLOZ07- STR @, LEM END OF MESSAGE

BSS11° 101400 INC @0 +1

05512 BLO21E~ STA @, SINK SET SINK=ON

05512 ozR011~ LDA 8. STORE GET PDINTER TO BUFFER
P5514° BLBRDL - TR @, WE FOR WORD ROUTINE
BoS15 102400 < BUE 2.0 +@

B551E° 242025~ STA @, ERR ERRORS=0FF

B5517’ 2e442 JGR a. PFAIL POWER FAIL

B552@” BREATT LUPN:
@551 RBEATY
RES22 BRALE7Z

Qo352 101002 MOV @, 8 s DUMMY

@B55247 RRE72E JSR aANVDM sYES READ NOVA STATUS
@SSES 200414 JMP LP1 sNOTHING TO REPUORT

QoTee’ 1thi1zzz MOVIR 8.8 520 IS IT STARTING ?
Q5527 BRBL17 JMP LPT 5 YEE

PE53@ 10122z MOVZIR 9,8, 8IC FARDUT TO SART DEDUENCE ?
@55Z1 gaas JMP LP4 3 YES

5532 101 MOVZR @, 0, SZC y EOT 77

RESZI BR2ELLT JER aAREOM 5YES TELL LEICSTER
RE5T4T 1122 MOVZIR 8. 0.5ZC SRUNNING ?

@5525 QBBYE? JHP LUPN FWAST OF TIME

PE536° 121282
DEE37 UDE17E~

2182 SRBRE

RS540 ZOATED . JMpP LUPN sNEITHER EACK AGARIN
V55417 2TZELG LPL: SKPDN TTI i CHAR FROM TERMINAL ?
QE3542" BBBVEE JMP LUPN $NO BRCK AGAIN
QSSAZ’Ub@b¢Q pDIAC @ TTI $GET CHAR -

S48’ 2TELLD
Q5545’3u“1/u~

@5S48’ 224412 LPE: LDA 3, LPEE sRETURN ADDRESS FROM PFAIL
BES4T7T Q75428 PSHA = 30N STACK
SOEDT BV 14y pPSHA & sPUSHH ACC 2
Q3581 ghLawt JMP Q. +1 360 TO PRI
BS5E1T 08D WAITE sWAIT FOCR EOT FIND
D555 2RADT LDA' JER aL4d i TXLODK ROUTINE-
SILTH GOV LL Jhe LUPN BACK AGARIN
ASLES? TTLY LA TXLOOK
TUIRET BOSERY LPIE: LUPN

« TXT (@) <{4)MRINY

CJIMP -1 5 WELL

JER &. DELOK
JER @. DCOMP
JER DKDMA

MOVZIR B. 8. 520
JMP & MOM

JER aRWREAD
JMP @. MON

WB ME uB. MR B WO N3 WD w3 MD NE

COMPARE

sTIME TD DMA ?

SWRITING ?

$ ERR SHOULD NOT BE HERE

$PRINT RERDY
$YES MONITOR

GET BLOK OF DATA FROM SLDW A-D'S

¢



5 et abeodiideodobobodobitobobibibiopobiob ok bbb RSB T X R ST SRS P S AR IR
*  $% BUBBLE WRITE PAGE COMMAND *
RIS S E MU SRR CETPL CRV AR B U2 R o o B ER R SRR AR o8 T SE A SR e S R O
. XWBUB: . TXT "“<(@) {5 WPRAG"
@5Z12 VDBMAS
REF1L3 BS3IS26
053147 BaRSnY
B5Z15° DONOBO
@516 BUSESS BWBUB:  XRBUR
@B5317° 975401 WBUE: PBHA 3

SEZ0° 071401 PSHA 2 . '
Q5T BTA427 LDA 3, NIBYTE $ NO OF BYTES=G4=1 PAGE
BSIL2 174402 NEG 2,5 5 2°6
BE3CE BIQLZE LDA 2, RURUF 5 BUFFER -

RBoEz4’ BSRBZZ STR 2, DIRUT 5 AUTO INC 1

Q5225 02D4=2 LDA B, BUBW . 5 BUBBLE WRITE COMMAND
@SEZE REDLZD NIQS 20 3 AB=HI

QoEE7 BE1DED ‘ pDoA &, 208 s WRITE DATA AD=LD
DUETO PEDZER NIDC 28

B5ET1 D212 NYBTE: NIOS 20 3 AB=HI

BSEIL BEDLED DIA 8,20 s GET STRTUS

RN NIQC =B ’ :

B B DIC @&, =B $ INTO MACHINE
BIIEE 1B122E MOVZR @, @, 8NC $ FIFO READY ?
QoITE’ BDRY7S JMP NYBTE 3 NO 80 WARIT
QEEI7 B2Lez2 LBAR @.abiR/UT 5 GET A DATUM
5540 261020 poA @, 2e s WRITE IT
B5341° 175404 INC 3%, 3,8ZR 5 FINISHED ?

Q5242 BERTEY JMP NYBTE 5 NO .

BSZ243° 271631 POPA 2 $ FINISH

@544 B7SEBL POPA 3

DST45' 201480 ’ JMP ©.3
HE 2 3 O »:w:&::-}:»:r}:»:#:»:#:s):»::0:3{:»:»:»:ﬂ-za»: b o8 587 o8 S R R R Y
;# BUEBLE COMMANDS ETC. #*
§ shepeshiabisheobop bbb shisgibobodeab i opohspops sk kb ok i o

REE4E DODRZZ BURBR: 22 . .

D5Z47 00B22E BUBW: 23
RSESY’ 020120 NIRYTE: 100
@521’ BOSE5 L BUBUF:
: ooe120 .BLK B4,
Q545 BOS1E4T ANVDM:  NOVDM

+ 0101 SABRE



B5557" DB4ST77 . DBLOK:

0SSEQ’ 0B4ES2T . DCOMP:

D5561"@R47S3 . PFATIL:

BSS6L’ BO61ES” AEDM:

PS5E3 820001 MOFF:

V5564 DOEZ0S’ AWREAD:
» 0102 BRBRE

XMICD:

A55ES’ 002006
BSSEE" BAEST L
B3567’ 041504
BE570° 6DOOLA
@55717 025452 BMICD:
BS572' 075401 MICDMA:
D5573' 071401
B5574° 620416 .
@5575 040172
85576 100400
@5577° 100000
@560 b24ail
ASEBL’ 123020
PSEDZ BLBLT71-
ASEDRZ’ 102000
PSeB4° OLBL 73~
25605’ 00ES0E
@560E" 071601
@s5e07’ 872601
85610 001400
256117 10DBGB TENTT:
P5612’ OBV14S-BRO:

+ @184 SABRE -

3 dmaeobdokdniokpoboolgololdndok folopeR okobobidnkidobidotoRobado
34 THINGS NEEDED FOR THIS ONE O.K. *
§ shbbskobiduds gl dototob doboiek okok ot sholio skt % 3
DBLOK

DCOMP

PFAIL

EQOTHES

20001 $MODEM OFF

WREAD

b )i'ni’-»7’W7%37?-’):*’Wﬁ*:>\‘r=’#:’P->}=>k*#*$**»m:ﬂ=#=******
3THIS ROUTINE DMAS LOC MICRO TO NOVA
§ apoopiodob dopobodeshodib peotol shofobobib bbb sbodobbobol ok

- TXT " (@) (EYMICD"

AMMAIN

pSHA 3

PsHA 2 : $SAVE ACCS
LDA @&, BRO . $MICRO RDD’
STR @, MADX $STORE IT
‘NEG 2,0

coM 2.0 36UB- 1

LDA 1, TENTT $100200

ADDZ 1,8 $ADD

5TA B, ADX3 $NDVA  ADDRESS
apc @, 92 -1 :
STA O, NWDS 51 WOR D TRANSDER
JSR JZXFER DO IT

POPR 2

poOPR 3 $RESTORE ACCS
JMP @, 3 §HOME

100000

MICRO



A5613° D0DODE
56147 852111
05615 DAESDL
8SE1E’ 20D
QS617 BASSES?
B56:0" 073401
B5E21T 071401
BSE2L B2D4LT70
PSE23° 100400
A5E24° BLBL 73~
QoELS 02001 4-
25e26" 121408

PSEe27 ARl 72~
B5E3I0’ 4171~
85631 DDE4LEZ

EJET"’®34A57
D563 0T0B14—
DE5634° B2B4S]

D5E3S B4BLST

OSEIET B25002
B5E37' 121000
BEELD’ 127120
BSE41 107120
PSE4Z BZ1001
P5E4Z 107020
DEE4L4’ BLSLDD
05645 174400
@564E° 174000
PSE477 151400
@SESY’ 151400
B5E51° B1B4ES
PEE52’ BDO7EL
@5633 151400
PSES4T 2S00
PSE55" 121000
ASE5SE" 127120
PEES7 107120

XTIMD:

BTIMDs
TIMDMA:

TIMLOP:

PSEED’ 21001 -

BSEEL’ 107020
PSEEZ 1D2520
DSEEX 24424
25654’1 2400
QSEES’ 1BE43S
PSEEE’ 000410
PSEE7 BE 1401
BoE78 021400
0SEe71 112020
BSE72 175400
PSE72 BE1601

2105 SABRE

pecAy:

§ sheabiateapiateshialobole gk sbs bk R b bk kb s bbb kbR b Rk
$THIS ROUTINE DMAS THE CURRENT TIME AND
$PUTS IT INTOD MICRD NOVA
e S
« TXT “(0)(S)TIMD"

XMICD

PEHA 3

PEHA 2 $SAVE ACCS

LbR @, TTF sNUMBER OF WORDS TO DMA
NEG 2.0 ;3 26 COMP

STA @, NWDS 3 STORE IT

LDA @, TBUF 3ADDRESS BUFFER
INC 9.8 .3+l

STR B. MADX $MICRD ADD

STR @.ADX3 iNOVA ADDRESS
JSR QZXFER $ DMA

3 CONVERT TD RELA TIME
LDA 3, PSTRI1
LDA 2, TBUF

$POINTER TD PUT SECONDS
sPOINTER TO STORE

LDAR B.MIN4 $MINUS 4 COUNTER DHM S
STA @, DPONT iSTORE IT

LoA 1. 2,2 $GET TENS

MoV 1.0

ADDZL 1,1

ADDZL B, 1 $MULT BY 10

LDA @ 1,2 : sGET UNITS

ADDZ 6.1 sGET TOTAL

STRA 1.6, 3 $AND STORE

NEG 3+ 3 . .

coM 3,3 36UB -1

ING 2.2 '

ING 2,2 $INC POINTER

I18Z DPONT s DONE

JMP TIMLOP ‘ $NO

ING 2,2 $RIGHT PLACE FOR MONTH
LDA-1:2:2 3YES GET 1@ MONTHS
MOV 1.8

ADDZL 1,1

ADDZL B. 1 sk 18

LDA B, 1,2 FUNITS

ADDZ @, 1 $OET RESULT

SUBZL 2.0 $GEN +1

LDA 3. MTAB $POINTER TO MONTH TABLE
SUB 2.2 JACC NUMBER OF DAYS = @
SUBZ# @, 1, 5NR sFINISHED LOOKING ?

JMP CDONE : 3YES

PEHA @ FAWAY

LA 8.8, 3 FNUMBER OF DAYS IN MONTH
ADDZ @, 2 SADD IN

ING 3,3 $INC POINTER

POPA B

$RESTORE POINTER



% 0187 SABRE

SE74° 101400 INC 0,0 sNEXT MONTH

DSET7S DOR770 ¢ JMP DCAY sBACK AGIAN

@SE76" 034412 CDONE:  LDA 3, PSTOR $POINTER

95677 B21400 LDA 8.8, 3 :NUMBER OF DAYS IN CURRENT MONTH

P5700° 143020 ADDZ 2.0 38DD

05701 041400 STA 8,0, 3 $STORE IT

0S702 071601 poPA 2 ‘

R5707% 075601 POPA 3 +RESTORE

a5704° 001400 JMP @, 3 s HOME

PS705° 177776 MING4:  —4 :

05706’ POVVVD DPONT: @

PS707' Q02573 MTAB:  MTHTB+1

B5710° 0OD1B1~PSTOR: DVALS+12.

P5711° BODLD4~PSTRL: DVALS+15.

V5712 0ORBLL TTF: 14

PS71% BD47I4 ZXFER:  XFER

+ BiDE SABRE ‘

»h»«»mmwkm*m&*m» sfebe bbb bbbk ok o b o oh: o o} eohife e
$THIS ROUTINE CHECKS TO SEE IF TIME 10 Dmn
T T

P5714 054427 DKDMA: STA 3, OKRET sUSUAL

25715 00470 JSR TIMDMA IGET TIME

PS71E° BEAT72 LDbA 3, PSTOR sADDRESS OF TIME

05717’ 020071~ LDA B, INTTIM $INT TIME :

05720 101220 MOVZR 0.0 sDIVIDE BY 2

05721 105000 MOV @, 1 s % 10

05722 103120 ADDZL @. 0 :

BS727 122120 ADDZL 1.0

R5724° 031403 DK1s LDA 2,3, 3 - 3GET SECONDS

PS725' 142415 SUB# 2, By SNR sEQUAL ?

05726 000412 JMP NOWF $YES

05727 024071~ LDA 1, INTTIM $INT TIME

57307 171000 MOV 1,2

B57311 127120 ADDZL 1.1 :

Q57321 147120 ADDZL 2.1 3 % 10

BS733 123020 ADDZ 1. @ $ADD

US734° 024410 LDA 1,8IXTY 160

05735 106032 ADCZHE 0, 1, szc $SKIP IF )= EO

RS73E° DOBTES JMP DK1 :TRY AGARIN

D5737 0D24D4L JMP @OKRET iNOT THIS TIME BYE

PS74@° OD441Z NOWF:  JGR DMVALS DO IT

05741 DILLDE LDR 3, OKRET $RETURN ADDRESS +1

P5742' 001401 JMP 1,3 s HOME

@574 QODDOO OKRET: @ .

DS744° QDDOTL SIXTY: 60.



, > 0109 SAERE

§ rhuodeobibeodddteobobodogedub bbb sk sbobopol bbbk ebpobbop
$THIS NON SUBRDUTINE LOOKS AT TX COMING ON
3 Arogobobodopobobodipobopob heopibobespobobibeobsbobob sk b obbobekakeobsh foRoR ok o

P5774° B54511 TXLOOK: STA 3, AAAR sRETURN ADD
05775 BOESOE JER alWRIT 35 SECONDS WAIT
05778’ BOZ750 3750

@5777° 20507 JSR aXBLOK $READ SLOW AD
CeuRA” BTBBES- LDA Z,DVALS $POINTER

PEOB1 BIESB2 LDA 3, aRDBST sMAX MIN POINTERS
BEOD:’ BL1001 Lo @,1, 2 i 24VOLTS STATUS
QE2B3 025404 LDA 1,4, 3 sMAX VALUE
PE004° BZ 1405 Lpa 2,5, 3 iMIN VALUE
PEDBS BRASOZ JER COMP1 s COMPARE

‘PE0BRE 21004 LpA 0,4, 2 iDRIVER AIR FLOW
QECB7 025454 LDA 1,34, 3 $tMAX VALUE
0610’ BZ1425 LDA 2, 38,3 sMIN VALUE

0EA11 DD4LLTYE JGR COMPL s COMPARE

D12’ DZ21005 LDA @, 5, 2 $13 VOLTS MON
BEBLZ BG40 LDA 1,44,3 $MAX

PEQIL’ BZ21445 _ LDA 2,45, 3 TMIN

QED1S BBALTZ JSR COMP1L sCOMPRRE

REQIE’ 21096 LDA ©,E6. 2 $SENSE INHIBIT
PED17’ 101200 MOVS ©,0 iGWAP

BED20 825450 LDA 1,50.2 iMAX

PERZL’ DZ1451 LDA 2,51.3 sMIN

Q622 BRLLES JER COMPL sCOMPARE .
PEGLZ 021010 LbA 6,18, 2 ;PA AIR FLOW
BEQZ24’ 101300 MOVS @, 9 ;SWAP

PEQZE’ 825470 LDA 1,78, 3 sMAX

DEDZE 831471 . LDR 2, 71,3 iMIN

PED27’ DALED JER COMP1L iCOMPARE

ED3I0’ 021010 LDA @, 10, 2 iAUTO ?

QeRZL 825474 LDA 1,74, 3% yMAax

6032 0F1475 LDR. 2,75, 3 $MIN

6033 BB4L4LSL JER COMP1 iCOMPARE

PEGZL 021011 LbA B, 11,2 $RX POWER SUPPLY
QER3S 101700 MOVS 0.0

PEDZTE’ BZS520 LDA 1,100,3 sMAX

Qe0x7 031501 LDR 2,101,3 IMINM

RER4D’ BBLLLT JER COMP1 1COMPARE

06041 QDELLZ JSR aMWAIT

REDLL 114061 114861

26043’ BDELLS - JEBR @XxBLOK $GET NEW BLOCK

NOW CHECK DRIVER EHT HEATER DITTO PR

“n wp wp

26044 DEBOES~ : LDA Z, DVALS $POINTERRS
BeR4S BIELZT LDA I, @ADRST

PEQ46” 021003 - LbA B, 2 iDRIVER EHT
6047 181300 MoV 0, @ ;SWap
BEBSD’ L5420 LDA 1,28,3 iMAX

E@S1T 0T 1421 Lbp 2, 21,3 IMIN

QEBSZ’ @D44LTS JSR COMP1 sCOMPARE
RS 1004 LDA @ 4,2 tDRIVER HERTERS
REBSLT 101380 - MOVS @2, 0 1SWAP
PE@SS’ 025430 - LDA 1,320, 3 sMAX -
QEDSE’ BT1431 LbA 2,31, 3 TMIN

Bi1® SABRE



] »:»-.»:w:»:»:w.»:m»:»:»:»:m»:»:»:»M:m»M:»4»-»:»:w:*-»c»:»:»:»:»m:»:»’:*»mnﬁ**»:*:m
$THIS ROUTINE DMAS VOLTAGES AND TIMES
$STORED IN DVALS TO THE NOVA
3 brnodididedisbabipiabiahiohobiap bk sh bbb el b o spi bt
~ XDMVAL: . TXT "<& (&) DMVA" :
@S745’ 0DRROE
BS746° B4211D
@5747' 053101
05750’ oA
Q5751 DDSELE BDMV:e XTIMD
D575 75401 DMVALS: PSHA 3

OS753 071401 PSHA 2 $BAVE ACCS
P5754° 020417 : LDA @, D4@ $NUMEBER OF WORDS
85755 RAB173~ STA 8, NWDS $STORE

95756 B20RES- LDA @, DVALS $START ADDRESS
R5757' 101400 : INC 2.0 o _

@5760 PLBL 72~ STA 8, MADX $MICRD ADDRESS
BS761 100400 ' NEG @, 0

BS7E2 100BOO coM 0.0 $8UB 1

D57E3 ORLESE LDA 1, TENTT 100000

05764 127020 ADDZ 1.@ $ADD

BS765° 04D171~ STA 0, ADX3Z . $8TORE NOVA
@S7E6° DOELDS - JSR &PXXFER $ XFER

P5767 671501 . POPA 2

@5770’ B7S601 “POPA 3

R5771° 001400 JMP B, 3 3 HOME '
@5772 DOALTI4L PXXFER: XFER

@5773° 177740 D40z ~4@
+ Q108 SABRE '



6145 BB14DB INFORM:

PE146" 075481 CTYPE:

OE147" 071401

061507 125005

961517 DBVLDY

gE152 BLDOG3-

V6153 152520

061547 POELDT7 CMORE:

06155 VBELRT

PE156" 14E4D4

DE1S7 BDB775

PE160° 07 1E@1 CNOT:

OE16LT 75601

PE1EZ° BD140D0

PE1EZ DBRDS1 ABY3:

PELIE4° @D1421 ACD3:
+ @114 SAERE

BE1ES’ @S4417 EOQOTMES:
QE1EE’ OB4TLS

@E167’ B20405

QE170’ 024403

06171 DBLTSES

06172 00176~

RE172 BDVO1S MESLE:
PE174" Q14Z7 2" MESEQOT :

QEL175 BREALLZ
QEL7ET BLL2S17
BE177 852040
PEZBY” B4E1L17
BeEZB1’ 252516
BEZ0Z7 R4AZB1S
PEZOZ’ 0OSODD
DEZO4 DRODBY GGGGE:

@E2@ST BS4777 WRERD:
PEZOE® B2B4BS

REZQ7 B24411

26210’ BR4TIE

BEZ211° QZ4773

REZ12 DB1400D

BEZ13 P1ALSA" REDMES:

PEZ14’ 051105

215’ 040504

QEZ1E’ 054415

PEZ17' DOSZAD

QEZZ0" BOO07
> D115 OSABRE

REDLEN:

$ dokispododihisbobopobiabopibaboiotobobob dodibofobbobbobiobb sobdobiopogo ook

§ sbsaleapadropubeabubipbobo okodobistobsbolip ook bbobiabuopop stpabiakopolop ok ok ok b
3 THIS ROOUTINE IMFORMS LEICSTER WHAT IS HAP

9 alestobupspobistolobdshbshobbolaabobsholok bbb Sk ok ko op bbb}
JMP 8,3 SHOME

Fesobihioop

THIS ROUTINE PRINTS OQUT THE N CHA#
POINTED TO BY ARCC 1 AND AT ADD
PDINTED TD BY RCC @ *

o s we

PSHA 3 $SAVE RETURN ADDRESS
PSHA 2 $AND ACC 2

MOV 1,1, 5NR sZERD LENGTH

JMP CNOT 1 YES

STA @, GSTART
SURZL 2.2
JSR QARY3
JSR aACo3
SUB 2, 1,85ZR

$tSTORE BYTE POINTER
iGENERATE +1

sGET A BYTE

iPRINT IT

s DONE

JMP CMORE ;OBVIOUSLY NO

POPA 2 $REGTORE ACC 2

POPA 3 $ACC 3

JHP~8, 3 sHOME IS WHERE ACC 3 IS
BYTE

couT

'$**$*&*#m*mm&mmmm*mm&**mm*****m&*m**m:mw*#*m***wmwm**

THIS HAPPENS WHEN EOT FOUND

we 46 W

Foobiofeshiopiopinpiop

STA 3, BGGO sRETURN ADDRESS
JSR TXFF 1GWITCH OFF TX
LDR 0, MESEDT yADD OF MESSAGE
LDA 1, MESLE 3 LENGTH

JSR CTYPE tPRINT'IT

JMP 8. MON + MONITOR

15

o 1wz

LTXT "(15) (12) EOT FDUND(LS) (120"
i}

3 seppupipignpihahodiipopodiibiopibishobibidodobiobisedobiprpishioop

3 TYPE RERDY *

9 rafebopobiatsdobobibopoofok ofolotobbotobobibi el apabobbopobok

STA 3, G666 sRETURN ADDRESS
LDA B, REDMES sMESRAGE ADD
LDA 1, REDLEN $LENGTH

JSR CTYPE SPRINT IT

LDA 3, GGGH :

JMP 2,3 $HOME

o P12

. TXT "READY (1S {1y "

7



» 0111

+ 0112

+ 8113

BeEWS7’ BDALTD
26060’ 021006
REBEL’ 025454
BEDEZ’ AT1455
QEDET’ BRLLZA
DEVELT B21007
BEOES’ BE5464
PEQEE’ BZ1465
PEDE7 BDLLED

BEB70 OBE4ALTS
PE@71’ 7E145
REB7Z BRELLL
QED73’ DEBAES-
@074’ BIG4ALID
@eB73’ 021085
GERYE 101202
QERB77 825440

CRELRD BZ1441

PE101’ BDA4LDE

6102 00240

@613 BDLz0E MWATT:
PE104T BLB7ES ADRST:
06105’ BDUBDE ARARA:
QE10E’ BR4S77 XBLOK:
SPRBRE.

V6147’ 854415 COMP1:
06112 024415
RE111" 162400
PE112Y 1BESIZ
26113 VOVLDE
BE114 162532
ZE115" 00BLBD4L
QE116’ OTEV7EE COMPZ:
Q6117 6Z0ES—
P6120° PR24BL
@B121° 0Q4612 TXERR:
6122 OB4LZE
BELZT QD77 E

26124 00RLRY COMRET

@E125T 0BRIY7 T177:
SAEBRE

XTXFF:
261 28" DR2DO4
PE127' 852120
06120 84106
PEL1Z1 020000
PE1Z2T BDS745E BTXFF:
BE1Z3 875401 TXFF:
@134 B71401
RE135’ D2@LB7
PE1ZE" BABL4S~
Q6137 BOE4L24
P6148° B716061
061417 B75ED1
Q6142 621400
BBE1L 43 BBS572 AMIC:
51447 102040 TXF1:
SABRE

COMP1L sCOMPARE

JER

LDA 8. 6,2 tPA HEATER
LDA 1,54, 3 iMAX

LDR &, 85,3 $MIN

JSR COMP1- iCOMPARE
LpA @, 7.2 iPAR HEATER
LDA 1,E4,3 iMAX

LDA Z,E5, 3 $MIN

JGR COMP1 ; COMPARE

$FURTHER WIAT FOR POWER

JER aMWAIT

78145 $90 SECONDS

JSR @XBLOK INEXT BLOCK
LDA 2, DVALS sPOINTERS
LDA 3%, aADBST . :
' ;POWER OUT

LDR 8,5 2

MOVS 6.0 $5WAP

LDA 1,40,3 sMAX

LDR 2,41, 3 $MIN

JER COMP1 sCOMPARE
JMP a@fRAA $BACK  HOME
WAIT

DBST

(%]

DELOK

§ wrootobabishiadoibobodishdolesh bbb et abobisbotiob shobtbobdobod
3 COMPARE ROUTINE
s 5 e ot o B Sh b o 28 0 O 8 e bt oh ob s e b b b b B o SR R B BE O

5TA 3, COMRET
LbA 2. T177

AND 2.0

SUBZL% @, 1,85ZC
JMP TXERR
SUBZL# 2,8, 8ZC
JMP TXERR

"LDA 3, dRADEST

LDA 2, DVALS
JMP @COMRET-
JSR TXFF
JSR INFORM
JMP COMP2

@

7

sHOME ADDRESS
sMASK :
$GET BOTTOM & BITS
? ) MAX

YES

¢ MIN ?

iYES ¢

sRESTORE POINTERS

~e we s

$RETURN

SOFF WITH TX

3
?
]
?
[}
1
]
1

« TXT

XDMVAL
PSHA 3
PEHA 2
LDA @, TXF1
8TA @, MICRO
JSR @AMIC
POPA 2
PORPA 3

JMP 8,3
MICDMA
100048

FEE T O SR S T o B RE SR

THIS ROUTINE SWITCHES TX OFF

(@) (4) TXFF"

STHING TO STORE
$STORE IT
i DD IT ’



vePBLR .BLK 4B
PO12E-GDD01 1L NVALS: 11 .
Z0127-B4DT7ES DRASE:  DEST DATA BASE START

00130-002EBD PMGAP: @
20131245000 POWER: 45000
001I2-000C0B DOPPLER: @
DR122-DREBOB PARAY: @
Q0124000008 DARAY: @
QO135-2oE0D PSAM: 2

o

(%]

NBEAM+PGAP=POINT OFFSET IN DOPPLER ARRAY
START OF RAW POWER DATA )

START OF DOPPLER ARRAY

START OF SUMMED POWER RRRAY

START OF SUMMED DOPPLER ARRAY

NO. OF RAW POWER SAMPLES=NEEAM+:NRANG

NO. OF RAW DOPPLER SAMPLES=PSAM+PMGAP
NO. OF DOUBLE PREC. NOS IM ARRAY=DSAM+2
FFR-SEQU ' :

20126020008 DSAM:
201 Z7-DEDDOG DSAMI:
20140-200000 MODE: B

NME ME N WD MT YE ME ME w8 NP MO uE we we

PR141-177000 BLENG: 1779200 LENGTH OF TAPE BUFFER
2B0142-B72600 BTAPE: 72000 TAPE BUFFER
Q0143040000 PULSE: 4QODO WHERE THE PULSE SHAPE IS
00144-0204DD PLENG: 400

LENGTH OF PULSE BUFFER
OD145-2C0Z20 MICRD: O _ '
BR14E-BEDD2B NOVE: )

DBL47-CDRO0D MNGN: [}
DR150-00ReDS MXGN: 5

Q0151020000 MAX1L: pe sty

20152-022008 MINY: patutnlui

QB153-020010 RXP: 182 i RX PULSE=RIT4

D12E- SABRE

201 54-000020 TXP: 20 3 TX PULSE=BITS (BIT1i-3=AMPGN)
2R155-D02BLD SXP: 4@ 3 SENSE INHIBIT = BIT E

221 56—-000054 PNUM: 44, s ELEMENTS IN PARAMETER ARRAY

$ Botopnpiopibobobobibish opiipspbibobobobob bobsbobobobobop sk b bbb bR R
3+ MISCELLANEDUS VARIABLES USED : *
§ ebabbeaiolopsopolotobopaboopbotop dofotok ot kbbbt ool

20157-02DRED WR1: S@ i TAPE WRITE COMMAND
Q01E0-0BRRED EDF1: 6@

00161-000210 REWD: 16 3 REWIND

@01 E2-20B0BY RBLK: o $ RERD .
PRLEI-2B000G EOF: 4} i END OF FILE FLAG
PR164-BBBO1L YRS: 14 $ CLBCK END ADDRESS
DO1ES-20001E8 S58: 16 i CLOCK START/STOP ADDRESS
2R1EE-UEDDOB CUNT: @ 3 COUNTER
Q0167-200020 CUNT1L: @ 3 COUNTER 1

o1 70-00REBY TYPE: ] 3 TYPE OF PLOT
20171-600200 RADXI: g

201 72-00RDT2O® MADX: 2

281 73-060020 NWDS: @

D01 74-220832-PNAVE: NAVE

201 75-B3256F MCSTK:  LASTLOC+24000
Q0176-BB172E, MON: . BEGIN

DR177-220200-KAPDW: . +1

BO2R0-DA4RBS:’ FAILP H
OR2B1-D2BB=2O SL: 20
Q2De-101022 LC: 101220
Q020Z-02R0D@ ERRN: 2 .
DR2QL~177577 MSKO: 177377
PBO205-DVELLTE INTL: INT
BO-RE~-BROCOD EOM: o

POWER FRIL ADDRESS FOR NOVA .3

De=07-282000 LLEM: 2 .
RE210-D4E22E SYN: 48226 .
Z0211-2B202E SYNL: 26

Poz12-BozaRe Sva: 2
BOL1Z-CED220 SVi: ]
0B214-DBRARY SVI: a2
BRL15-8DaRse SVI: B
DOS1E6-B20000 SINK: 2
DO217-200Rk0d JOBT: a
20:220-B20000 JOBR: )
1) ~GESS5L44E"ENDEF B
. -B222BB CBUF: @2
—-BBOBDL NSYND: 4

4

#2+1 D00 ) : ‘




§ Aeabedobiobobodododobobobisbiobobabistioiodobolaabobinb ok ok ook

% LASTLY ZERD PAGE *
' 3 Seobepiobipobobobab hododobobobib ddopioieadogiobodobbobobopojobabibiig
QESE3 DRESEL’ LASTL.OC: L1 ’
035000 « BLK 35000
. ZREL.

DLBL2-20BDBD WRE @
0oRRB1-200000 WE: %]
DRLOZ2-0BRB0B START: 0
DoNOE-20BR2D GSTART: O
20D04—-00DDYD STRTE: @
QoRO5-DOBORYD ERR: ]
QUDRE-PRELZE DL - XTXFF
QOBD7-B2EZET TRELE:  LASTLOC+17500
QEB10-2000000 TPOINT: @ :
R2ESE3 B=LASTLOC+Z2000

QPD11-PSST4E"STOREY  B=*2
N2012-001 760" NGNZRD: OPSTK

+ B125 SRBRE

H »}:4:»:»:#:#:%:»:.\}:5-}:*:{»:»}:s}::}::}:»z:{:;}:»:»z)}:»::}:*ﬁ::}:»:»:»}::}:»f:a:»}:#:»:»:
$# THE FAMDUS RADAR PARAMERERS . Tk

VoD 1X-BA3E7S YERR: 1981,
Q0D 1 4~00001 4-TEUF : .

ulrlulu s CBLK 14
0001 -00BRO: INTTIM: 2
DOVT2-00BERD NAVE: 1]
PODII-DBOOSS TXPOW: 4%,
DODO=4-0DPDIE AWIDL: 18,
@OVI5-177324 DOUB: 177324
QOBIG-PRODES NRANG: 50.
POBI7-171270 SDLY: 3408,
CPOYLB-177EZ4 GDLY: 177534
00R41-DBDO1ID NBEAM: 18
OUDLZ-DRODDS CCWAN: S,
DOBLZ-2DDOOD AMPGN: B
QOBLL4-D0D14L AMPRT:  10@.
PORDA4AS—-ADBBLS-PLOC .

«TXT “NORMAL OPERATION FROM WICK *

TX POWER ?

PULSE WIDTH

DOUBLE PULSE SEPARATION
ND. DF RANGES

PRE~RUN WRIT (3.4 MSEC)
INTER-SAMPLE GAP
ND. OF BEAMS=8

CCW BEAM ?2?

AMP GAIN .

AMP RISE TIME

‘S MO W8 MO N0 WE M0 M3 wo w8

BORAE~-RLT7117
20B47-051115
LOBE5V-V4D51 4
PoBS1-020117
200520352105 |,
2eREz-P51101
aersS4-p52111
DOBS5~-B47S1E
2eDSE-D20LRE
oeDsS7-051117
PeBED-B4GLLD
2RBE1-B53511
0OBEE~-B41513
0OBEI-220200 :
BOBE4-Q0DBDE PGRAP: 3 ;5 SAMPLES IN GEP
BODES-BRBOES-DVALE: . $ ADDRESS OF ERRDR CODES



40089
4ol

AR

LT
L4GERL
L4BUDS
Lh_.;\l &
adada7
42510
apmi g
4812
L4BNLE
48@14
L4EBLS
42716
apni7
Fakulrapsiri]
L2021
amkhh
L4BneE
424
LARES
R
LR
LBDZEG

4eoEL’

L A4RDIE
LBRET
LBAZ4L
GLPPES
4PBEG
L4RBAx7
LRALD
LPidid
L4z
ATy
L4uohh
LPGLS
LRpLL,
L@BL7
T ARRED
4zZnsi
AZGSL
LRYVSE
&@@5&
LEOES
4056
4BBS7
49060
LEOGL
LBDEZ
LRBES
L2054
LDDEDS
gize

B4 BYad
Lazaot
22201
ubrdrilviu gy
Lorzdil
Dilrajrlrilu N
DoBoe1
altaliulii B
2azz2ol
BZ0B01
Za2001
Bzueal
Zo2enl
B22Ra1
paltltilu gl
222001
hiagrluing)
22001
220001
alrlrlriagy
Zzogal
022031
ilulrlup]
B2LeB1
ROBRO1L
lrjultitipy
rdrjrltlisp
DaRRGL
nlrdrpulnl
200149
i)
bpozza
Ro224D
rdradres o]
20D
ZoOZ1o
WMBZTQ
PBRIZ4
EE%EED

D R L o S

[y
)
8

148
208

T
ala

248
=E0
A% 1)

210

]
P
ey
-.Ja...A
e
Sl
'T""

DAL 3B3E

RVAZLD
boBILL
RRBEISD
S RAR
PRBI56
P21
DBDIEL
DOBZET
lilpored
PROETS
RRRBETT
BzRI77
RBBI7?
DRBET?
Dowz77
SABRE

34@
Lk
*..'\Jw

e
S39%

\.-'uJB
I61

&4

IE87

F72

373
377
577
77
377
377

. LOC 40000



OOEES-00RI2S-EBUF &
DOVBDS

ROR=1
Rzl BBBRDD PRUTO:
22 Dneed9 DIAUT:
S EoRkes. DRAUT:
BeBia QULSEET DR
Zagdes ensSAS?7 MMAIN-1
+ B127 GSABRE

) 3 eprdobipobibobopobdopoob ndoobibobob sl ol bp pnpippopopshpopobi sk

y# CLOCK BUFFER FOR CURRENT TIME L
7 Sobodobobididopognbobigodobopoobniobololoiotolohoabopolopaok ok e
.BLK §

[ 52 31 oE SR RS REYIE T TSRS TP SR S SE SF SR S SE AE PR A A o A SR B R S o S s
34 RUTO INCREMENT LOCARTIONS *
3 ke >¥ [ SET SRV EE ERY KR RV ERA RYS RPN ERTEE SV SR VR BRI 330 EPERR0 X< 33133V 337 TE SRR SR KR X8 28T 53 23Y B oF 1
LLOC 21 5 OK 80 THE AUTO INCS OK

a .

3

@

LASTLOC

; ADRESS OF MICRONOVA JMP & ON POWER FRIL

B b b b o o SR B SE 25 1 TR s (i ok o5 oF TH SR EERET BEP TR BFEE R0 KO B B SFS E B S R S S 5 o S0 o e
s+ NOW WE CAN DEFINE THEE PULSE SHAPE S
HE T S5 S b b Sh o i o R SR St b o o o o o B 2 ol o soopifrdnaprabrdospiabi b sk b s e vprnpr oy



LODEE BRBTT7T7
4BOE7 QRBETT
4pR7o B2BIT7
4PD71 BBOTTT7
40072 BOOIT77
4LOD7T . BOD3IT7
L LDRTL BRDITT
4bnB7s BRRI7Y7
4076 RRVET?
LBB77 OQBI77
40100 BDB3I77
4p101 BBOI77
40102 DRYE?T7
LRBI0T DDBI7T7
42104 BABITT
42105 @ADIT77
4B1GE BTO3I77
4p107 QBOZE77
4p11B 020377
40111 ©ABI7Y7
4piiz POVI7T7
4B11% DOVI77
4p116 POR3I7Y
40115 0D@IT7
4D11E RUBT7T7
4117 80B3I77
42120 BROI77
4Bz 200377
48122 pOB377
4D123 VBDI77
40124 BOO3I77
40125 eRBI7T7
40126 BB0377
40127 020377
40130 0DDIT77

4B131 BDRI77 3

4B13z 80377
48133 @00I77

40174 @BBI77T 3

40135 QOBI77
4136 BDBIT7
40137 €OBI77
4BLLD BOBITT
40141 BBOITT
4014Z QOBI77
49143 0DBITT
4144 TDOITT
49145 2OBI7T
4014E DEBITT
40147 BBDI7T
. 40150 ©DO3I77
40151 BIOIT7
48152 BOOIT7
4D1ST BOBIT7
40154 QORITY
40155 0OBI77
4D15E 0OQIT7
40157 QBDIT7
4LD1ED 0DDI7S
9123 SABRE

377
77
377
377
377
377
377
377
377
377
377
377
377
377
377
377
377
377
I75

40161
4B1EZ
4R1ET
40164
4D1ES
| 4D1EE
48167
40170
42171
4017z
40173
40174
48175
49176
40177
40200
‘40201
4QZ0%
40203
4BZO4
40205
4DZ0E
. 4oz07
4DZ10
40211
40212
40213
40214
40215
40216
40217
4DZZD
4Rz
40z22
©4pE2T
40224
40225
4OZZE
4RZ27
40230
4D231
4B232
4DZII
4OZ34
40235
4O23E
4DZ3I7
40260
40241
4RZLT
4026T
40244
4DZLS
4DZGE
4Rz47
40250
4851
40252
40353

DBV3I73I
PBY3I71
0DEE7
RRBIES
QUBZIEX
BUBIEL
(u]ultkierd
220z

AR
820751
poDT47
pEOTLS
DOB3I4Z
‘epezal
i uNY
R2OEZS
eDB3=s
BBOIE2
2DAZZE
s} R
oBvIZO
2B2z15

20BILS.

pBz11
0BOZI0E
RN
2oozo1
oRe27E
eBOZ73
oenz71
QUBZEE
alrafr e
02020
0BS5S
oRRZ52
200247
229244
200240
208236
(rlrig. e
Q0O2ZE
eBOZ2D
0po210
ulule ]t}
220170
22G1ED
200150
202140
000102
200120
200110
600100
jululurdli
e2o0el
OB
2022340
200232
002200
200000

#1380 SAERE

LB2S4
40ZSS.
40256
L0257
LOZED

- 4DZE1
LOZER
LDZET

202000
ulujuluiilh)
200000
rjatnulaluln;
iralalululo]
200202
ulnislnly]
000009
POBIE0

+ B131 SABRE

373

371
367
IES
363
I6t

35

355
353
351
47
345
343
34

337

335

33
332
i)

Al

33
3z

315
313
J11
3Be
JQ3

01 -

276
273
271
266
263
260
255
252
247
264
240

236

232

226 .

e
s

210

Se

z0

SRR B8

.BLK Zop

.



4B7E5
4D7Ee6
4B7e7
aB770
4@771
L7777z
ap77zE
4@774
4A7T7s
4077E
LB777
41260
41221

41002
4199z
41004
41085
41008
41207
41010
41011

411z
41215
41914

41015
419016

41917

41220 20

41221
4122
41023
41024
41025
41026
41027
41070
a1m31
410732
41873
41834
41@35
41236
41037
41040
41041
4104z
41043
a1ad
41945
41048
4i@47
41050
41051
41052
BLIEZ

ulra ] i i)
BLO7ER . DBST:
Q=77 377
tidulriulngoln]
QBE227ACTI

@DE243 ACTZ

eOOI77 377
200000 0O
BOSZET ACTL
PBS24T ACTZ
eoOI77 377
oUDZOD 96
POSZE7' ACT
PUSZLE ACTR
0BRI77 I77
UR00D 2O
POSZ27YACTL

eRSZ43 ACTZ

BRBET7 377
ooy 0B
QQSCLV’QCTI
05243 ACT2
eBwI77 377
20008 @0
PASE27 ACTL
B5243" ACT2
QBQI77 I77
200000 o8
S227ACT1L
205243 ACTZ2
oBRI77 377
200000 7Y
BBSE27 ACTL
BU5243" ACT2
BBRz77 377
00VPVe 7a
PRSZE7ACTL
@@SZAS’QCTQ
BBRE7T7T 377
00e0oe 20
BBS2Z7ACTL
BB3243 ACT2
0RvI77 377
200000 08
V05227 ACT1
PO5243 ACTZ2
QRAZ77 377
dulradlialn ]
BOSZZ7 ACTL
PRI243 ACT2
boRI7T7 377
m@mwmm o6
BO5227 ACT1
05243 ACTZ2
BBRET7 377

SABRE

FR e &k o8 0 SRR SRR R TR )-#ﬂ‘f’f#i—’f#’l#*}####‘hiﬁ)**

i# ERROR CODE DATE RASE
,»»»»44»4»#&»»»»w»w»*###mm***m*m*m$*m**m

« BLK

h+1

Z01

1103
41854
41055
41056
41037
41060 @
4iBel
41@e
41083
41084
41QES
L1QEE
4L1BET

41072 @RS
C 41071
72 QOBI7T 377

41
41@73
41874
41275
41876
41077
41100 @
41101
41102
41183
41104

411085 20

4110S
41107
41110 @
41111
atilz
41113
41114

41115 085

ailie

41117

411z

41121

41122
41123

41124 8BS

41155
41126
41127
41130
41131
41132
4113%
41134
41133
41136
41137
41149
41141
41142
41143
41144
41145

I 002000 09

PB5227" ACTL
PAS24T ACTZ
PaBE77? 377
o2OO0d Q0
@SE27"ACTY
POSZL4Z ACTZ2

2 enes7Y 377

220000 00
eBS227" ACTL

BDS243 ACTZ

QRRE77 77
200000 @2
227TACTL
@543 ACTZ2

Pozo22 20
P@52E7' ACT
PBS2LZ ALT2
o0Raz77? 377
P20000 a0

2@5227" ACTL.

PES24Z ACT2
PORI77 377
230002 . @9
PBSZ27' ACTL
S243'ACTZ2
RBRZ77? 377
@200 00
5227 ACTL
PBS243' ACT2
PRD377 377
222000 @2
2R5227' ACTL
263 ACT2
oR@3I77 377
200000 00
205227 ACT1
B@5243' ACTZ2

2v0z77 377

2000090 00

POSZ43 ACT2
Q0BI77 377
200000 00
RO5ZZ7' ACTL
POS243 ACT2
QBD377 377
mmmamm a0
PO5227Y ACT1
DO5Z63' ACT2
2077 377
200000 0B
BOS227' ACT

BOSZ43T ACT2

QBRZ77 377
020008 08
BRSZ27’ ACTL

PBS243 ACTZ
P13% SABRE

22T RCTL.

s



41145
*o41147
41188
41151
41152
4115%
41154
41155
41156
41157
41160
4lict
41162
41163
41164
41165

pRRE77 I77
2R2o00 00
@BE227 ACTL
BBSZAT ACTZ
RRRE77 77
labatrlulrgg i)
epsza? ACT
PESzA ACTZ
BROI77? 77
220020 0O
2e5z27" ACTL
pRSz4E ACTZ
voOI77 3I77
EZhoobo 0B
PRSZZ7TACTL
PRS243T ACTZ

D176 . END BEGIN

sROUTINE TO SEND INFO TO THE RX AND TX ‘
SREFORMATTING THE GAIN INFO TO THE RERUIRED VALUSE
MOV

B4SE1 111000 SETGN: @,z ;DUPLICQTE AMPGN VALUE

@eSEL’ 102080 coM 2.8 s COMPLEMENT

BADEIT 224754 LDA 1, 8EVEN sGET MASK

BLSEL 127400 AND 1.0 sGET GAIN BITS @-2
B4SES 124000 CoOM 1.1 sCOMPLEMENT MASK

B4SEE 147400 AND 251 7ADD IN REST

RLEET 122000 FDD 1.0 $REFORM THE WHOLE WORD
RLaS70’ 2T04LL LOC @, 44 sOK SEND IT

R4S71’ PRILLDD JMP By 3

JBYE BYE BLACKRBIRD
+ Q030 SABRE ' .



Appendix 5

Communications Software




* QBS1

P1771’ pRBOA4L
B1772 BLESEE
1773 B51118
B1774° 20OR2G

01775 601705 BMERI:

XM

5]

RI

B1776° 875401 MSRI:

@1777' 871401
2000’ 20131~
020061’ 160400
0z002’ 102000
02203 BLBD:L
2004’ B2B1 35~
0205’ P4BSTS
220bE’ DZ4

=7
N

RzzR7 DZBSE4 PPLUP:

Dz012 OZEDLY
22011’ 123400
02012’ 146700
P2@13 151132
R2B14° 150400
0zB15T 1251352
0z01iET 120701
020177 121200
Dz2B20’ 145020
V20217 873301
B2z’ 131020
D2@23 07 Z%D)
D024’ BZ1400
PzB2S 147022
Qz0zE" 011401
Pz2027° RASLDD
Q20707 175408
92031 175400
Bz@32 014548
P20II 2BA734
D2034° 07 1EDL
PzO3I5 B75EH1
92036’ 61420

SABRE

CLTXT

;$$*$$*$$**m*#*$*******$$****************$******$$****$$'
3¢ 0. K. S0 NDW WE HAVE A RESIDENT LOADER/DEEBUGGER/
3# COMPILER/RSSEMBLER/ INTERPRETER

s+ 80 FOR NOW WE HAVE THE SITE PROGRAMS

CAS

18)

~n

-z

NEGS 1,8, SKP YES S0 MAKE +VE AND IN FORM -~Y

" (@) (4) MSRI"
XLEFT
PSHA 3
PSHA 2
LDA @, POWER $ THE ADDRESS OF THE POWER ARRAY
NEG @ B 3 ARRANGE . POWER ADDRESS-1
COM @, 8 5 FOR FIRST RAUTOD INC
STR B, PAUTO ; STORE AT POWER AUTO INC ADDRES
LDA @, PSAM , 3 LDAD ND. OF POWER SAMPLES
STA @, COUNT ; STORE FOR LATER :
LDA 3, PARAY 3 ADDRESS OF POWER ARRAY
LDA 2, MASK 3 177400
LDA 1,aPAUTD ; GET FIRST WORD
AND 152 3 GET X-—
SUBS .1 s GET Y-
MOVZL# 22, SZC ; TEST X ( ©@
NEG 2, 2 3 YES SD MAKE +VE
MOVZL# 1, 1,5ZC 1 TESTY ( 0
MOVS 1, @ $ NO BUT GENERRTE —Y ANYWAY
MOV 2 1 s MOVE X- TO ACC 1
MUL i ACC@=X#X ACCl= -V
MOV 1,2 i GET READY FOR. YsY

MUL : ACC1=YRY+X*%X

GET CONTENTS OF CURRENT PRRAY
ADD IM CURRENT AND CHECK OVEZRF

LA 2,0,3
ADDZ Z.1.SZC

187 1,3 : YES S0 INC HIGH ORDER OF DOUEL
85TRA 1, @3 3 RE-STORE NEW VALUE

INC 33 3 INC ADDX PDINTER

INC 3,3 3 TWICE FOR DOUBLE PRECISION

DSZ COUNT 3 COUNT DOWN ‘

JMP PPLUP ; REPEAT LODOP

POPA 2 3 RETURN

POPA 3 : © 3 OuK.

JMP 8, 3 ;s EXIT

? .



B2@X7’ DRER0L
B4R DLESDS
DEB41 DLESER
D204 BDREY

QE@4T GD1T7L BMCMP:
DZD44’ 075401 MCMP:

P2045° 271401
DeR4E” B241T u—
D2B4T7 B44T:
EE@SB’DE&!SE—
2351 124400
2@z 124200
B2@37 @442z
D2054° 20120~
B2@S5 122000
BzOSE’ BLOBLZZ
Pz057 BT41Z4~

Q2REV' 02451% MDLUP:

02361 131202
P2@eL QEZDEZ
REBEZ 187420
R2BE4L” 122702
BZRES D4ABSLO
DZAEE” B4LLS0E
QzBET7 BLZBE3
02070’ 117400
PzB71 142740
Dz2072 BS0504
R2@73 LDEDA
oz@747 125112
0z@75 124480
0z076” 151112
02@877’ 158460
02109’ 072301
Bz101° 1754802
22102 190422
0z19% 101020
02104’ BZBLT L
2105 151112
02105 158480
Q21077125112
Bz211@" 124468
22111 Q73701
B21127 175403
B2117 197001
221147 10ELDB
B211%° 128112
22116 0DBLBS
Q2117221776
Pz120’ 1070z2
21217011777

" BBS:  SAERE

22122 00D4B4L
P13 221776
Q21247 107021
B2123 B1G777

:3}:)}:&::}:»::k»:){:»:*a:»:#:»:»::{::;}:*;{:»z»:»:*)}::}:.4:){»::9-::}:*:-}::{:)}:){:#:#:#:#:5}:»:&:9}:*»}:**
i+ COMPLEX PRODUCT OF 2 DATA ARRAYS PGAP *
i# I8 THE TIME SLICE BETWEEN THE DOUBLE PULSE
3# THE RESULTANT ARRAY DARAY 15 IN THE FORM *
i# REAL (LOW) REARL (HIY IMAG C(LOWY IMAG (HI) =
3 Aokshobshopshish it kbbb R ok s sk b ok o ’P’P#'#'&'#'#’#‘#‘*4‘?'*‘"»'#'»’

« TXT "“<@) <4)MCMP™

XMSRI

PSHA 3
PGHA 2

LDA 1, PESAM

- STA 1, COUNT

LDA 1, DDPPLER
NEG 1,1

ComM 1,1

STA 1, DIAUT
LDA @, PMGAP

ADD 1.9

STA @, DZAUT
LDA 3. DARAY
LDA 1, MASK
MOV 1,2

LDA @, @DiAUT
AND B, 1

SUES 1, @

STA @ Y1

. BTA 1,Xt1

LDA @, @DZAUT
AND @, 2

SURDS 2. @

STA 2, X2

STR 0. YZ
MOVL#% 1,1, SZC
NEGC 1,1
MOVL# 2,2, SZC
NEGC 2,2

MUL

INC 3. 3,SZC
NEGZ @, 0, SIC
MOVZ @, @

LDA 2, Y1

MOVL# 2.2, 8ZC .

NEGC 2,2
MOVL# 1,1,5ZC
NEGE 1,1

MUL

INC &, 3, 8NC
ADDh @, 1, 5KP
SUB 2.1

MOVLE 1. 1,8ZC
JMP NEG1 '
LbR @,-2,3
ADDZ @, 1, S8ZC
167 -1, 3

JMP POS1

LDQ @1 "...1 ».'
ADDZ @, 1, SNC
DSZ ~1:3

MO ND NT ME MU M uE ME WB NE UD NS NF MBS UE NP WD ME WS MB WD MF NG ¥P WI U NE WS NS WS ME B WD uE NP ua wE w

[P RRVT I )

“e

N1 ue we ue

SAVE ACCS FOR LATER
NO. DF DOPPLER SAMPLES
SAVE FOR LATER
ADDRESS OF DOPPLER ARRAY START
GENERATE DOPPLER-1

0. K.

AUTD INC LOCN 1

PULSE GAP .
FORM DFFSET INTO ARRAY
AUTO INC LOCN 2
DUTPUT ARRAY

177400
ACC1=ACCZ=177400

GET FIRST XiYi
GENERATE X1~

GENERATE Y1~

TEMPORARY LOCATION
DITTD

GET FIRST Xzvz
GENERATE XZ-

GENERATE YZ- CARRY=0
TEMPORARY LOCATION
DITTO

X{1 <@ ?

YEP SD NEGATE

Xz (@ 2

YEP SO NEGATE ALSO
ACC@=X1*X2 ACC1=YZ- ACCZ=XI—

~INC OUTPUT ADDRESS + TEST CARR

MAKE IT +VE

FORCE. CARRY=0

RECOVER Y1-

Yi (@7

YES S0 MRKE +VE’

Yz <@a?

YEG 80 MAKE +VE

ACCO=Y1+YZ2 ACCi=X1+X2

TEST CARRY OF MUL AND INC OUTP
ACC1=X1%X2+YinY2 ’

TEST CARRY OF RABOVE

CARRY=1 SD NEGRTE

GET REAL LOWER (-2) SINCE INC,
ADD IN NEW VRLUE

OVERFLOW SO ADD IN +1i TO HIGH

JMP +VE OK
GET REAL LOWER -
ADD IN

OVER 50.SUBTRACT 1 TO HIGH ORD



02126 R4ST7TE
Bz127' 1010206
B213D Q24445
@131t 129112
021327 124460
B21337 B2 bﬂuv
D” "4’1&1-%

mﬁi‘“’@i‘u

0‘155’®_1778
Bz157' 17022
B21EB 811777
Dz21E1° 0D2LQAL
P2IE2’ 021778
R21e3° 107222
02164’ 015777
D21E5’ B4STTE
P2iee’ Di4a412
B21E€7° 0DOE7!
02170’ 373801
02171’ 275801
Bz172' 821400

B21737 177429
BQT?&’@@@@E@
2175 QbORAB
2176 0OTOD0
22177 000BDY

Q2z20Q’ PPRERY COUNT:
+ D@53

SABRE

POS1:

NEGE:

POSZ:

MASK s,

X1z
Yi:

~.
o=

vz

s# VARIABLES USED RY THESE BABIES
i e e e S RS

177408

STR 1,-2,3 $ STORE RESULT

MOVZ 2,0 5 CARRY=0

LpA 1.VY1 s GET Yi-

MOVLE 1,1, 52C 5 BIoGN Yi-

NEGC 1,1 H N‘-‘GQHM~ O% nEGATE

L)Q L,X’ R &

ING 5 5, 820 H D TES

NEGZ G, o, 520 b

MIVE 8. 3
5 YEQ B0 ~EGaTE - :
5 ACCE=X2wYD ACTi=YisX2

NGO, 3810 3OINDG RDBDX o+ TEET CARRY

ADD 2y 1, GKP 3 OFORM X1aVZAYLleXz

SUe 3.1 3 DITTO

MOovVLs 1,1, GZC 3 TEST CRARRY OF RESULT

JMP NEGZ2 s IF —-VE NEGATE

LA 8, -2, 32 5 IMRG LOWER

ADDZ 8, 1,8ZC 5 OVER ?

I8z -1, 3 5 S S0 BUMP HIGH ORDER

JMP POSZ

LDA @, -2, 3 $ IMAG LOWER

ADDZ @, 1,5NC 3 UNDER ?

D8Z —-1,3 $ DECREMENT HIGH DRDER.

STA 1,-2,3 ¥ SAVE IT

. D8Z COUNT 5 FINISHED ?

JMP MDLUP 5 ND S0 CRRRY ON

POPA 2 5 RECOVER ACCS

POPA 3. y DK

JMP 2,3 5 BYE

et 28 o £ 2 SE s ab o S il ok o S g g o st B o o T 2 o st S 2R R T R o A S

*:



XWRIT:
2201 020B24
Q2202 51501
R22QT CLLZ24
B2204° LD2OTD
R22B3’ PAZREY BWALT:
2208 075401 WAIT:
2207 8214020
2z211 120400
@z22117 105080
B2ei2 28411 WLUP:S
D221 10400
@z214° 101404
B221e BER777
R22167 125404
D221 A2ATTIE
222l 975601
P22 921401

DEEE QROZ7E . POIE:
2LET EO1000 CWAIT:
+ PS4 SAERE

PRI B
175132
PR
o SLGG

175270
L7480
OZZED DLETET
RZEE1 B14717
ZZEDT 2Z@7EL
BZZET BT1E01
@IIELT B7SEDL
2ZES BO14DE
4 PSS SABRE

§ bbb spesbe o shrobiobe b s ok b hob bbb bk sk b sbabishpiob Bob bbb sk
s SIMPLE WAIT ROUTINE FOR N MILLI SECS #
HESEUE S BT I SR T R BRI A R SR S L PR S S i s e st st
TXT A2 (4YWRIT™

]

XMCMP

PGRA 3 $ SAVE ACC3

LDR @.83. = 3 GET SECS

NEG @, 0 3 NEGRTE IT-

MOV @, 1 3 SAVE FOR LATER
LDA @, CWAIT s 1 MS WRIT '

NEG 2,0 3 NEGATE

INC @, @, SZR 3 OVER ?

JMP L -1 3 NO

INC 1,1,8ZR 3 ND. OF MSECS up ?
JHMP WLUP i NO f!!

- POPAR 3

JMP 1,3 . 5 LEAVE

$ dopudkigok :{:»}:.\f:»:ﬂ-:a:»:ﬁ:»:»:&:;f:»:.\}:»:#n}:»::-}:*&: B S SRR S ST R S

i# NEEDED FOR THIS ONE WE HAVE..... #

7 Aobitobopie ki dr bbb debopipudobidettabi bt dapi bR bbbk i obispop b sk

POP . : :
1000

HE S S o8 SR R R SR SR RE S SRR SR N 2 S Xb o b ot o o pb o SR SRR 8 I X b S SR Rh I cE o ch
i+ AVERAGING FOR DATA ARRARY WHOSE ADDX
¢ I5 DN THE PROVEREIAL STACK 11! A
HEEE S R T SRS SE SRR SRTERE ER0 e SRA SIS S IR NV IR Y AR SRR B 10 o 3% ob1 Sty okt TR 2Fe 2
L TXT AR (4 AVER®

KWAIT

POHA T 3 SAVE T

LDE @, 80,7 3 CET ADDRESS
NCG @, T ; FORM ADDX-1
oM @, 2 I

STE O, DLIAUT 1 oAUTD TNn g
ST& ©, DRAUT T OAYTD ING T
LDA @ 31,7 3 CUT OCOuNT
STR @, COUNT 1 OK SAVE IT
PCRA T _
LDR 2, NAVE PONUMDTR OF OVIRAGIO
COE L, EDIAUT 3 LOWIR YELF
LR @, E0iadT HEER RS
MOVLE @, B, ONC s UPPER ( @
JMD p9ng Toyna on -
COM I, 3 :

Pt O
ooM 2,8

!\\’EB 1: 11 SNR LI ) .
ING 2,0 DUMP UPRER I L TR MARKE 4VE D
DIv FORM Fi

MOVZLE T, 5.6 BN

NED 1.1, 8K YES

wovzZLE 5, T, BIC WS IT REAT
cow I, 7 RECET

5TA 1, @DzRUT STORZ 7

D&EZ COUnt | FUNTORE

NE B ME NS uB MK wE MDD MR an

JMP ALUP
poPA 2
POPA 3
JMP 2,3

NO !

Q
Qi



XCTIM:

SZEET DR20OL -

@ZZE7’ V41524
@2270 Q44LSLS
P2271° B2TOLD

Q272 D22 BCTIM:  XAVE

@zz73 07141 CTIM: PSHA =2

Q2274 B7S40Y PESHA T °

B2275 BZ0164~ LDA 2, YRS YEARS ADDRESS
2276 020@14-REDD: LDA @, TRUF GET TIME BUFFER

BZ2277 BLEDED

LI 23 S SE TS SR R PP TR R AR 2 I SR R S *:#::+:4:.+: s sapabioh
i+ GETS CURRENT TIME AND STORES EE
3 serbobibekistopobobisobuiiabobobidobob bobbobb bobuk ok ek * gt

TXT "M@ 4 CTIMY

STA @, DIAUT

AUTO INC RDDX

R2Z0W DTLALZY C LDA Z FTN s 15 FOR EMPTY BUS
2301 10252 SURZL 0,0 5 GENERATE +1
B2I02 BEZERLD . bOT @&, 40 $ SET READ MODE
RZ2EI03 181400 REEDL: INC @,0 3 SET ADDX=2
2204° DEBLLD NIOS 40 $ SET IT GOING DONE SET BY ICPLS
R2Z05 BEL1Z40 - DDAP @, 40 i SEND ADDRESS '
B2ZRE" DELSLD SKPBZ 40  WAIT TO READ
QzZ07 BoB777 JMP -1 5 WAITING
2310 BESLLD DIB 1,40 $ READ DATA
s PR N N 1 TR A 1 B STA 1,a2D1AUT 3 STORE IT ,
B2312° 136435 SUBZ# 1,7, BNR 5 CHECK FOR 15 oo
BzI13 OBB7ES JMP REDO t RE-READ ALL THE BITS
D234 1424754 SURZ# 2,0, S8ZR § FINISHED ?
B2715 BBR7EE JMP REED1 5 NOT YET
P2316" Q75601 POPA 32 3 EXIT
B2Z17 71601 POPR 2 3 OK
B2320° 221400 JMP @, X s GO

§ Asrbeodeshtisfoiabiaishiabishobiabesheobeabi i sk bbb peabbibabiof bbb st g

s RITS NEDED FDR THE OLD CLOCK H

. § Bopebodeabubohipaiobopotolobioiiobstobtob b ol obobigobshi ook g
@2321 BDRBL7 FTN: 17 *
> QB3E

SABRE , '



§ shshnbabishbisb oo shoR o R R sk A bbb b
i GRARS CURRENT TIME AND GETS END

4 TIME

W

; b0 B E3T BE SR S R REY SR SRR IR NRY SRS SR S 2 5K O KRV LPY SEVCEY SE ERY XRY BBV BV P A S8 ST Y

XETIM: JTXT L@ G ETIM®

D232 BLBOBL

B2IT23T VL2520

Q2524 DALSLS

Q2325 B2GRBY

@LI2ET B222EE BETIM:  XCTIM

@BRIT27 B75481 ETIM: . PBHA &

B23TA@T 0714081 PEHA &

BEESI Z@A?ﬁ" JER CTIM GET CURRENT TIME EXACTLY

QZ:QD’@Ahu 3
B2341" BE2RR

Q2352 147020 ADDZ -2 1 ADD IN INCREMENT
Qz= A’iu 480 - 8UB &2 FLLAG INC FOR HOURS
D2I5S 220423 LDA @, TEN 10

BZIEET 1224734 SUBRZ# 1.0, 5ZR MINS=10

R2I57 DLRLDZ JMP . +3 BY-PASS

D266 151400 INC 2,2 FLLAG INC

P2Ze1’ 126420 suB 1,1 ZERD MINS

P22 RAERLT STA. 1, aDZAUT STORE IT

B2IET BZEB22 LDA 1,a@D1RUT TENS OF MINS
@238&’147@2@ ADDZ Z, 1 ADD IN INC

P2ZES’ 152400 gsuUR 2,2 INC HOURS

Q23667 13E4Z4

LDA @, TBUF
5TA @, D1AUT
LDA @, ERUF
STAR @, D2AUT
LDA 1, INTTIM

‘LDA 0, aD1AuUT

STA @, dDZAUT

LDA @, abinuT

- BUBZ# 1, % 8ZR

NME wE NE ME ME NB NS ME ME NP US N W MO WE WP UR ME WP Ws VB NME MO ME VP NS SF MDD WD WS B G wE 4 ME wu uE ue

SET POINTERS
AUTO INC 1

END BUFFER TIME

AUTD INC 2

INTEGRATION TIME (IN TENS OF §

GET SECS

ND CHANGE HERE

TENS OF SECS

V2342 107020 ADDZ @. 1 ADD TO INT TIME
D234 BELL34L LDA 3, SIXGEC €

23447 152409 sup 2,2 NO OF MINS TO RADD NEXT
Q2745 126032 RDCZ# 1.3, 8ZC Y =672

D2THE’ GBRLBE JMP . +3 BY-PASS |

D247 151400 INC 2,: - INCREMENT "MINS -

P2ESD’ 1EELLZD SUBZ 3.1 LEBS B0 SECS

B2I51 BLEDZE 5TA 1,aDXAUT STORE IT

V2252 PrEB2 LDA 1, aDLAUT GET MINS

HDOUR EBUNDARY ?

B23E7 B2BLDT JMP . +3 NO SO BYPRASS
D2E70 151420 INC :12 YES S50 FLAG EOF
Q2371 126400 SuB 1, 1. ZERD TENS OF MINS
B2Z72 RLEBET STA 1, aDhQUT STORE IT
D273 BIDLET - 5TA 2, EOF BAVE POTENTIAL END OF FILE
B23Z74° 71601 POPA & LEAVE
R2375 B75E01 POPA 3 BYE
Q2378 201400 JMP @, 3 AND GO
RS S b S o S i o ch i o SR SR b S R S B S FEE SR 2200 B SRR HVEE AP R R T
s+ BITS ANDA PIECES NEEDED HERE ok

7 Hessleaoabopiiopch shishsoheshroprabeabishrabinbeope i oht ptope bbb bbb b b i oppepofeobt ’
Q2377 BRCROL SIXSEC: &
Dz420' DR TEN: 2
* PBS7 SAEBRE



+ 0053

XTiup:
Q2401 2DORB4A
D242 B52111
@240 BI252
02404’ PRBOOG
B2405 DOEZZE BXTIP:
Q2406 075421 TIUP:
224@7 BBLEEL
L2410’ 220014
2411 DLBOZZ
BR12 020225~
D2417F D4DD2E
@2414 QzB414
Q2415 B4DIEE-
D24 18 @26022 NEWT:
2417 0%
B242@" 122424
D421 OBLDS
2422 014166~
PRAZZT QDR77E
Q2424 B75601
D245 001401
D2428 B7SEB1
@z2427 0B1400

NOTUP:

R2430" 004 CLUP:
B2431° QBBLELT . PU3L:
SABRE

3 dbekobishdobiopbobabbdupis o b sebedrioRop o bibokopskopsbok
$# FLAGS CURRENT TIME PERIOD *
3 dodtabobrbotishipiopbobobdespisprabobid b obishiabop bbbk bbbk

<TXT "0 (4) TIUPY

XETIM

PSHA &

JSR CTIM $ GET TIME NOW !'!
LDA @, TRUF 5 GET TIME BUFFER
STA @, D1AUT ; AUTD INC 1§

LDA O, ERUF 3 EBND BUFFER

STA @, DZRUT: i AUTO INC 2 :
LbA @, CLUP 3 COUNT LDOP=4
STA B, CUNT $ STORE IT

LDA 1,aDiAUT 5 GET CURRENT BECS
LDA @, aDzAUT 3 BET END SECS
SUBZ# 1,8, SZR ;3 BAME" ?

JMP NOTUP $ NO 80 NMOT YET
DEZ CUNT s COUNT UP ?

JMP NEWT 5 NEXT TIME .

POPR 3 s TIME IS WP

JMP 1,3 -3 80 LEAVE

POPR 3 § GET REARDY

JMP @, 3 5 LEAVE

§ shokstiopetbobob ok bbbk bbb ook spoRob b bbb b bl
s# FEW THINGS NEEDED HERE OK *

9 destopoddolobipobibobiotobi ok otoliobodapopisobiiob b bbb bk
4
PUSH



Q24722 QUOGaL
02073 B52101
B24Z4° DSO10S
2475 020000
P243E DB24DYT
D24Z=7 B75401
CR2L4D B71401
2441 D2B14Z-
D2442 10D4LROD
244> 120000
Qza44’ BLDBRL
Q2445 BZEBL G-
Q2446 B24522
Q2447 122020
Q2450 Q4DEES
2451 B2B15E~
Q2452 B24325
D2453° 122020
B2454° 101200
L2485 D420z
D2456° B22D01 3~
L2457 1901200
BR4ED D4ZR22
D24E1 DI4D1 4~
B24E2 B21412
2463 B25413
2464 DZDSRS
B24ED B73Z01
Bz4EE' BI4LSBS
B24677 182520
Q2470 152408
A2471 106435
D247z oBBLIB
2473 BE14DL
B2474° D21400
Q2475 113020
Q2478 175400
@z477° BELEDY
2560 191400
P2E501" 0PB770
2250z 071401

<

XTAPE:

GTAPE:
TRAPE:

CDAY:

CDFIN:

Q=53 034014~ .

Bz304° 221407
D503 025410
R250E DIDLET
D207 07301
22510’ 2E1E01
Q2511 187020
Q2512 125720
B2513 D4aEBZZ
m2514’mz1am5
D2515 25406
B2S 15’873301
=517 125769
Q2520 DAEBEZ
2853 BABRE

. LDA

5 Rk obibisbobobidoh bbb obobiobisbi ok sbobb b ok stk b bbbk
% GENERATES THE TAPE DATA ARRAY £l
§ biodrbodobudoboboboob bbb ol bbbk sbibobobob obsbobobofepipobobobok

« TXT

XTIUP

PSHA 3

PEHA 2

LDR @, BTAPE
NEG @, @

coM o, @
STA - @, DIAUT
LDR @, TEUF
LDR 1, TOFF
ADDZ 1,0

STA @, DZAUT
LDR @, PNUM
LDA 1,SIXCP
ADDZ 1.0
MOVS @, @
STA @, @D1AUT
LDA @ YEAR
MOVS @, @
STA
LDA 3, TBUF
LDA o, 3
L-DQ 1 1 ~AT \-'
LDR 2, TPOLE
MUL

LDA 3, MTHTB
SUBZL ©,0
SUE 2,2
SUBZ# @, 1, SNR
JMP CDFIN
PSHA O

ea 0.0.3

ADDZ °. 2

INC 3.3

pOPA @

INC 2.0

JMP CDAY
PEHA =
LDA 3, TBUF
LbA @, 7,3
tbr 1,10, 3
2, TPOLE
MUL

POPA O

ADDZ @, 1
MOVS 1,1

STA 1,aD1AUT
tbA @,5.3
LDA 1:6.3
MUL

MOVS 1,1

STR 1,aDlAUT

@, aDipuT

(@) (4) TRPE"

wh NS U w0 us WE W un

TAPE BUFFER DUTPUT QRRQY
ARRAY LDC-1
DONE
AUTO INC %
PARAMETER ARRAY LOCATION
OFFSET :
SuUM
AUTD INC Z
s GET NUMBER OF PARARMETER
SNUMBER & TIME +NPARRM
$RADD TO GET TOTAL |
shihofinge :»:»:»:*:}:»:a}:'4:&:»:&:a:»:»:a:x}:»::{-:#:#:
DUMMY
YEAR
Arapigopiadobeobrabobinbisoinh bobbobibibpebobisbobok
STORE IT
TIME !}
MONTHS
X1a
TEN POLE TUDDR
DECIMAL MONTHS IN ACCH
MONTH TARBLE
+1
ACCUMULATED DAYS=0
FINISHED ?
DONE )
SAVEIT
GET-A-MONTH
ACCUMULATE
-INC POINTER
GET COUNTER
+1
CARRY DN '
SAVE FOR LATER
TIME BUFFER
DAYS
X1@
TEN POLE !
ACC1=DAYS OF CURRENT MONTH
GET PREVIOUS DAYS
DAYS TODTAL
sheapespishisb bbbk bk ke bk ok biobib bbbl
AND STORE IT
HRS
"X10
DONE
HE o bt o B o8 o o O Sk ol ap o S A et 2 o ST A T
STORE IT



P2521 021407

DE524Y 1557
PESES PLEOEE
DESCE P21401
PR527 O2S402
D250 B73701
P2531 125700
Q2532 PLEDEZ
Q25T 020156~
P57 1004D0
PE5IS DZED2T
PESIET 125700
BE537 0402
DES4Q" 1014B4
BR541 QOB774
DESLZ B2O1ET~
P54 165000
DESLL’ D2D135—
D2545' POLLID
BR54E° DEO1T4-
PZS547' 105000
PSSR BB TS5—
PIS51 OBLL0BL
BES52 O7 1601
PZ553 A7SE01L
DS54 G0140D
P2555' 100400
PZ55E" 124400
RZ5S7 124000
QZS5ED’ DLLDZT
PZS61' BZE0ZT
P25EZ 125700
D25E7 D4ERZZ
PZ5E4Y 101404
DIZSES 0BO774
D2SEE’ 001400

PZSE7 BRRZ7S’
BRS70’ eR2014
@571 el
2572 QEzETE
R2573 2RDEREY
N2574" B20BZ4L
@A2575 BBBRZ7
2578 DBBOZEE
2577 BR2AET
22600 300836
Az2601° 2BOBE7
2602 2BRRZT
2607 BDDOIE
D264’ DBOIY
P2605" 292036
Dz2E0E’ RO
QZe07’ BRROBE

+ 006l SABRE

. LDA B,3: F

MB NP UE Wl MR ME ME ME ME MR U B ¥P NS NT 48w

M2 N8 wB w8 an ww

“wo we

-8

M3 NS NI uE NR e we NS s N

-

MINS

Xi@

DONE

shivhisshihi b sk podopiestob bbb bbb bk
8TORE IT

8ECS

Xie

DONE ,
sesprapiobispeobiobiob bbb i b shob ool sb e ob sh e ohs
STORE :

GET NO.

2’8

GET FIRST PRRAMETER

STORE IT
FINISHED ?

LOGP

AVERAGED POWER ARRAY
SAVE IT

POWER SAMPLES
TRANSFER -
DOPPLER ARRAY
SAVE IT

DOPPLER SAMPLES
TRANSFER-

RETURN ,
G0 ’

NO. OF TRANSFERS
POINTER-1

DONE IT

AUTO INC 2

GET CHAR

bk bbb shopeadiabs shiadobt bbbt bbb bbb
STORE IT

DONE - ?

NO 't

YES 50 RETURN

§ Bobhsobidupadubisiohishniibotobibipihodnbi o pob bbb ogeobi g
s# BITS NEEDED FOR TARPER *
3 Repbiabibodihoobiobiobeodoshisti bbb o s ab b o oo b b o shi b e

LDA 1,4,3
MUL
MOVS 1,1
STA 1,@D1AUT
LDA 0.1, 3
LDAR 1,2, 3
MUL
MOVS 1,1
STA 1, aDiAUT
LDA @, PNUM
NEG 0.0

Li: LDA 1, aD2AUT
MOVS 1,1
STA 1,@D1AUT
INC @, @, SZR
JMP L1
LDR @, PRRAY
MOV @1
LDA ©. PSAM
JSR X1ER
LDAR @, DARAY
MOV @, 1
LDA 0, PSAM
JSR X1ER
POPA 2
POPA 3
JMP @, 3.

X1ER:  NEG 0,8
NEG 1.1
COM 1,1
STA 1. DZAUT

Lo LDA 1,8DZAUT
MOVS 1,1
STA 1, @D1AUT
INC ©,,SZR
JMP L2 . -
JMP @, 3

. POZ2:  POP

TOFF: 14

TPOLE: 12

MTHTB: . +1

Ti.

28,

=1.

z0.

1.

z0.

=1,

1.

0.

31,

z0.

Zi.

SIXCP: §

sTIME +NPARM



HESE S TRE T S ST S IR i o 26 3 SR S SR R S SRR R ST S S TR
t+ ARCTANGENTS OF ARRAY DF COMPLEX *
$# NUMBERS +180=77770 -1E88=100010 #*
HE cE S o BEE SR SR A O SRR A R A S L S SR R S S 2

XATAN:
2610 0ROBAG
2611 R4RSZ
2612 B4BS1E
D2E13° 2B2D0G

» TXT (@) {4) ATAN"

26147 BRL4ATZ BATAN:  XTAPE

2615’ 073481 ATAN: PSHA 3 3 BAVE 3
2616 71401 PSHA 2 $ AND 2 .
O2E17 028134~ LDA ©, DARRY ; DOPPLER ARRAY PDINTER
DREZD B4R STA @, D1AUT s AUTD 1
Qz2e21 R4BBRT STR @, DZAUT i RUTD &
B2E22 014022 DSZ DiRUT s —1
PREZ3 014027 DSZ DZAUT i -1
Q2624° D2B1ZE~ LDA 8, DEAM ;5 DOPPLER SAMPLES
D2E2S Q4BIEE- STA @, CUNT i STORE IM COUNTER
B2E2E B2202e LUPL: LDA @.aD1AUT 3 READ REAL PART
Q2E27 D2EDZZ LDA 1,aDiAuT i READ IMAG PART,
D250 0R44LAT JSR ATANL i CALC ARCTAN
B2EZ1 DLAERZT STA 1, aD2AUT i RE-S5TORE IT
P2ZEZ2 D1416E- DSZ CUNT 3 DECREMENT COUNTER
B2633 DRB77E JMP LUP1 $ NOT FINISHED
B2634° 971601 POPA 2 $ LEAVE
R2E3I5’ 975601 POPA 3 5 ! .
B2636° 001400 JMP 0,3

?
 ATAN SUBROUTINE D.G. SPECIAL

B2EZ7 873401 ATANLI: PSHA 3 3} SAVE 3
BzE4D° 71401 PSHA 2 i 5AVE 2
26417 181132 MOVZLH ©,83,5ZC s REAL < B ?
DzeA2 ODOD41L JMP XNEG i YES !
P24 125132 MOVZL# 1,1,8ZC 35 IMAG (B ?
D2e447 2DOLBS JMP YNEG i YES !

Rze45 BD4LZE JSR ANGLE ; CALC ANGLE

Q2646 0DBLE2 JMP EX1 5 LEAVE
RBZB4LT7 124420 YNEG: NEG 1,1 5 25 OF IMAG PART
D2E5SD’ BRLLZS JSR ANGLE s CALC ANGLE
BzES1LY 1244088 NEG 1,1 i NEGATE RGAIN
BZe52 200416 JMp EX1 $ EXIT

@2E53 160400 XNEG: - NEG 3,0 3 NEGATE REAL PART
B2ES4T 123112 | MoOvVL# 1,1.85ZC 3 IMARG NEGATIVE .
Q2E55 220406 JMP XYNEG s IF BOTH NEG DO BOTH
PZESE’ BRA4LS JSR ANGLE 3 CALC ANGLE

2E57 121000 MOV 1,8 3 MOVE ANGLE
QZEER” DZ44ET LDA 1, MXANG 5 MAX ANGLE=180
RIEE1T 126400 SUB @.1 i 180-ANGLE
B2EEZ BR2LIE JMP EX1 3 LERVE
BZEEZ 124400 XYNEG: NEG 1,1t § NEGATE IMAG PART
BZEE4” BDALBT JSR ANGLE 3 GET ANGLE
BZEEDS’ B2045E LDA @, MXANG 3 MAX ANGLE
DLEEE’ 100400 NEG 2.0 : } NEGATE MAXANG
QZEET7 1870028 ADD @, 1 ;3 —1BB+ANGLE

D678 B71ED1 EX1: pOPA 2

2671 D75E01 poPa 3

- B@EL SABRE
D272 201400 JMP 8.3 5 LEAVE



» DPEZ

BZE73 075401
DRE74’ D7 1401
B2E75 186414
- BZE7E’ BBBLRE
RZE77 24446
2700 D2DLLD
@271 176440
Bz722 824445

B2703 10651,

D704 BEDLDA
B2705 Bi04LR
Q2706 131120
B=707 00DLOT
P27107 111120
B2711* 121000

C@PE712 126440

BE713 873101
DE714 BIDLTL
P2715' 155220
BZ716’ BERLTGL
Q2717 113200
BZ720 021000
N2721 122513
Bz7or 172401
D2723 175000
@724 175224
B2725 pOB77E
QZ726 D244T4
Bz727 132400
BI7TD B2LLIE
@m2731 192400
2732 B7I301
B2733° 014414
B273L BOBLDA
2735 121000
B2736 624405
BE7E7 10ELDD
D274’ B71ED1L
B2741 B7SED]
AZ2742 BD14DQ

D745 Q77770
B2744° BE7774
@z745° L7776
w2748 BOBLITT
QL7477 CORCOD
B2750" 2DB1IO0

B2751 @2Q27S".

02752 ROZ7SE
SAERE

ANGLE:

NEX@:

LUP:

BYE1:

MXBMNG:
ANG9D:
ANGLS:
ENGOS:
FLGL:
0120:
POZL:
TRL:

~p

5 SUBRODUTINE ANGLE

?

PSHA
PSHA
SuUB# @, 1, 5ZR
JMP NEX@

LDA 1, ANG4S
JMP BYE1L

sSuUBO 3, 3

STA 3, FLG1
SUBL# @,1,8ZC
JMP NEX1

167 FLG1
MOVZL 1,2

JMP NEXZ
MOVZIL @, 2
MOV 1.0

SUBD 1,1

DIV

LbA 2,018
MOVZIR 2, 3

LDA &, 7BL

ADD @, 2

LDQ (Z): lZ)1 o
SUBL#
SUB 7 .::.1 Q}\P
RDD (k) L

MOVZR 2, 3. 5IR
JMP LLUP

LDA 1, TBL

SuUB 1.2

LDA 1, ANGBS
SuB 0,0

MUL
D5Z
Jmp
MOV
LDA 1, ANGSB
SUB 0,1
POPA 2

POPR 3

Jup @, 3

| SR}

FLG1
BYE1L
1.0

1, @, SN

ME S ND NP ME WS uE VR MB e uE

e ug us

aP ME WD WL MO M NP wME NE MY Mp M8 A8 M &8 M ME W8 N

ws ut

0. K.
REAL=IMRG ?
NO !

45 DEGREES =
LERVE
ACC3E=CARRY=0
FLAG IMRG{REAL
CHECK IMAG(REAL
YES !

IMAG) REAL !
PREPRRE TO DIVIDE

17776

NORMALISE DATRA

FOR DIVISION
RCC1=CARRY=0

DIVIDE

100

4l

TAN TRABLE

POINT ROUGHLY HALF WAY DOWN
GET TABLE VALUE DOF ATAN
TQN()TRBLE VAL UE

LESS .

GREATER

HALVE TAEBLE STEP

NEXT COMPARISON

TABLE POINTER

2+ANGLE IN DEGREES

@.5 DEGREES = 133 OCTAL
CLERAR ACCB

CARLC ANGLE

ANGLE) 45 ?

NO

@=I7774

92 DEGREES -~ ANGLE

$ shoabeshobodoh shouboduiiopobishobipb obibopanbobobiabsoshbe b ologob ook
s# BITS NEEDED FOR ATAN ROUTINE - #*
STV EDS CP EP TR D SR CI PR FRU VARt CPU AT SR EEEIEE T LRt B SR TP S IR S T EY RN EN O CR TP T

77772
37774
17776
133

@

100
POP
TEL



P2753 BRBLZE 2
Q2754 0B1074 5

2755 @D1EER
Q=756 202170
D2757 Q22627
2760’ 0DIZES

R2761’ BOE724 2

DZ7E2 BDATET, 22

DZ7E3 BBSREE 2

DE7E4LT DDS4LEZ
P2785° COELILZT
B276E BDESEL
P2767 007225
Dz770" RO7EEY
Bz771 BIOTTE
Q2772018775
2773011441
RB2774° 812106
V2775’ B12553
Bz776" BIZ2E2
Bz777 B13IE7Y
0Z00D’ 814341
@201 01501
Z002 B1S4ES
D223 BI614D
BzZob4’ BIEELS
2005 017273
PX0BE’ B1775%
RTOD7’ BZBL4TZ
018" 021114
Bzv11 02157

BIBL3 B :
BIDL1L° D234402
DZY1S’ Q24133
DIO1E’ B24627
QIBL7’ D252
DI0=D PIEREE
@z 026523
PID2L PLVERE
BB D773
RIO24” BIBLLZ
IR2T BT115T
PZ02E" BI1EET
BIBZ7’ BE2L05
IO OTI12E
B2RQE1T OTIESD
DIOIL BILZTS
QEBIIT 0E5125
DIOZ4’ 0ZSEE0
BIVTE BI64L1S
02038 BZ715E
REBI7 BET7721
BZo4LD’ DLDLTD
BI241° 041241
PBEZ  SABRE

15280.
15828,
1598%.
16337,
16E9€.
17857,



DEOLZ BAZBL7 17423,
QIG4AT BA2S77 17791,
QIoaa’ DAISES 1B183.
PIB4LT B44135T 18339,
DIBLE’ B44T74E 1E91E.
BZR47 RATE4S 19301,

05D BAE3IS0D 196EE.
@INS1T BA7IED 22038.
BIP52 BLTTTE 204735,
BI@ET BEYe1E 2BB7S5.
DIVE4L° 051437 21279.
RBIRSST Bo2270 21eEE.
BZESET BETIZE 22102.
DIBI7 BSE770 22520.
DIRERT BS5AE4Q 22944,
PIPEL @55518 23373, -
QEBEZ2’ BSE3I77 2I807.
BIEe3 B57288 Z4Z46.
RIOE4L’ DEDLIEL 24E92.
BIBES BE1BEY 25143,
BZOEER’ REZODD 25E20.
RIOE7’ 02728 2E0E4.
‘DIP7D DEIELE ZESI4.
QID71° BE4ERT 27011,
RI@Q72 BESELT7 27495.
B2R7I REESZ2 E7986.
RZA74° BET7SD4 2B4E4.
BIU7S' 07B478 28990,
2276’ Q71500 29504.

IRB77 B7E511 3BOZS.
PEL2D B72534 IBE5SE.
BI1L@L’B74567 210935,
D102 B75EZE Z1E642.
RI103 076710 I2200.
RTIB4* 77777 32767,
BELRS 77777 2767,
RITiQe 877777 3IZ7ET.

2107077777 I2TET.

ILI@ V77777 IR7E7.
P31117 Q77777 32767,

IV Q77777 IETET.

+ DBE4 SABRE



HE b 0 2 StsE SR S St S o SR IR SR TETER YRR SPE SE R SE A S AT BT B R
s+ TAPE WRITE ROUNTINE FROM TBUF #
FIECt sh s ot ob o CE o o SR B RE SR SR RE ERERY S SRR SR B R S A S B S S S L

B3145" 220204
23148’ OS2

PI1L47° 851111
B2150° 052020

BA151 @@Z1Z1"BTWRIT: XBLK
1527075401 TWRIT: PBHA 3 ,
B3155 eEkazz DiA @, 22 SGET STATUS WORD
BI154" 024434 LDA 1, EOFF sGEYT EDF MASK
R3155° 167414 - AND# @, 1, 8ZR SEOT ?
2156 B4 JMP QEDTL $EOT FOUND JMP TO ROUTIME FOR DEALING WI -
RBI157 D14z~ LDR @, BTAPE i ADDREES

@I1E0’ BED22 DOB @, 22 5 LOADED

BI1E17 B20156~ LDA @. PNUM 3 PARAMETER LENGTH
RI1EZ B24L2T LDA 1, 8IXPC 3 TIME+NPARM
B31637 122020 ADDZ 1,0 $ADD TO GET TOTAL
@3164° B24155~ LbA 1, PSAM 5 POWER SAMPLES
81657 1B7020 ADDZ @, 1 3 OK '
B31EE" DZDIZES— LDR @&, PSAM ;5 DOPPLER SAMPLES
BILE7 123620 ADDZ 1.0 5 OK. ' .
@3178 102408 NEG 8.0 3 2" 5=LENGTH

93171’ Badi4si- STA @, BLENG 5 SAVE IT

B2172 BEZD2Z poc @, zz s LOADED

03173 D=D157 - -LDA B, WR1 3 WRITE COMMAND
BI174 BELLZR DOAS @, 22 5 DONE !

BI175 BZO1E3~ LDA @, EOF i END OF FILE FLAG
DI176° 101005 MOV 8. @, 5NR 5 EOF?
#3177’ b0OLDT7 JMP . +7 3 NO

2200 102600 Sue @, @ ‘3 ZERD IT

3201 06DIEZ- STA @, EOF 5 DONE :

DIZ02’ 020160 LDA @, EQF1 5 COMMAND
Q220 NEI522 SKPBZ 22 3 WRIT FOR TAPE
BZz04 6777 JMP . -1 5 OK

82205 @e1122 DORS @, 22 3 WRITE EOF

@2=Pe’ B75E01 POPR 3

03207 21420 JMP 8,3

BZ2z10’ 201000 EOFF: 1008 .

BX211° OZBZYE SIXPC: & NPARM+TIME

@321 20372 EOTL: EOTR

+ BBE7 SRAEBRE

XTWRIT:

« TXT (@) {42 TWRIT"



XPSET:

03117 ODODO4
B3I114° SBIZT
OI11S DAESE4
03116’ DZDOOD
B3117' BOZE1D
03120 875401
@31%1° P2OB37-
@152 DEZDLT
B3I 23 020040~
BI124° PE104T

I1ES 020148
D3ILZE DEIBLT

0I127° B7SEQ1

07130’ 001400

+ QOES SAERE

3131’ 0020B4
BI13R4lltL
PI133R4A7S1
P3134° C0DO2O
@315 003113
RI13E Q2400
BI137 DEZRLY
@3140° 82421
31417 100400
142 DEIDLL
27147 pED14]
@Z144° 2142
+ @B&E SRBRE

BPSET:
PSET:

XBLK: .

BBLK:
BLOK:

XATAN

PSHA 3

LDA @,8DLY
DOB 0,43
LDA @, GDLY
DDA 3,43
LDA -@, MODE
pocC @, 43
POPA 3
JMP 2,3

A ME ME uE uE G8 NE we g

$# PULSE INITIALISATION ROUTINE
i g2 S8 R o B 2R B 2 SR ) o o b Bk b ol ch ob SR SR S R S B O b ok i o
- TXT "L (4> PSET"

SAVE I RS ALWAYS
PRE-SAMPLE DELAY
LOADED

INTER—SQMPLE.GRP.DELRY

LOADED

*

FFT-SEQUENTIAL SCAN

LODADED
LEAVE
BYE

§ shakskotobstotobibob dkstopk sk kb obshstobshobokskesbob ok bbb
7 GRAB A BLOK OF THE DATA *
3 bopotobdidiobdotobbobtolobobiobi kbbb ook b bbbk

«TXT

XPSET

DA 2,80.3

DOE 0. 41
LDR 2,31,3
NEG @, 0
DoOC 8,41
NIOS 41
JMP. 2,3

(@) (4) BLOK"

B uR B ue uE uRr uE

ADDRESS
LOADED
NO. OF WORDS



b 2 ob S 8BRS E R N S S PR SRR RE B R A 2 RS S S I S SR N R N R R R T
i+ RE-ALLOCATES ARRAY STORAGE FOR *
« % THE AURDORAL RADAR PROGRAMS #
7 oshbopipobbobobis kb rdop kool doboobob obobobai ob bk ok bkobok

+ BOEE

XSTORE:

U32 3 220004
3 14’@5152&
Eqki 'RL7S2L
@Zz1E’ 00DLOR
B3217' 003145 BSTORE
B2z 102400 STi:
32217071401
RIZ22 024R4 Y-
@223 00T E—
S2a B73381

3237 @ dihu—
BzZz4@” 107020
Q32417 125400

BIZ4Z Q44132
0IZ4T" D1 TE~
03244° 101402
03245 107020
03246 044133~
0IZ47 BZO1I5-
@IZSO’ 101120
B3IZ51° 101400
PIZ5Z? 101400
PI2537 107020
@IZ54" B44L1T4-
@3255° 101120
QT=SE’ 101400
@I 2577 101400
OTZED’ 107020
QIZE1’ QLs1LZ-
IZED' OZPITT-
@IZE3’ 101120
QZZEL’ B4B1T7- -
3265 102628
IZEE’ 122572
@IZE7’ BDE176~
@7270° 071EQ1
PITZ71° 01400
SABRE

« TXT " (@) <4)STOR"

XTWRIT

SUB 9,0
PSHA =

LDA 1, NEERM
LDA =, NRANG
MUL
5TR
LDA
LDA
5UB
MuUL
LbR @, PSAM
ADDZ 1.0

S5TA @.DSAM
sSTA 1. PMGAP
LDA @, POWER
LDA 1, PSAM
ADDZ @.1

INC 1.1

STA 1, DOPPLER
LDA 0. DSAM
INC 2.8

ADDZ @, 1

8TA 1, PARAY
LDA @, PSAM
MDVIL 0.0

INC 2.0

INC 2.0

ADDZ @. 1

1, PSAM
1, PGAP
2, NBERM
0, 0

STAR 1, DARAY

MOVZIL 2.0
INC 2.0

INC 2.8
ADDZ B.1
STR 1, BTAPE

. LDR @, P5ARM

MOVZIL ©.@

5TA @,DEARMIL
SUBZR 8.0
SUBZL#& 1,@,85ZC
JMP a. MON

POPA 2

JMP @.3

NE ME NE R dE N6 uE NE un I

oe a8 up uwp

-8 NE we um us

NE UE NE ME UR ME uE NB WGP uUR uE uE NE

e GE ME VR uE ME wn uE el

CLEAR @
SAVE ACC 2

BEAMS

RANGES

SAMPLES

NO. OF POWER SQMPLES
SAMPLES IN DP GAP

NO OF BEAMS

ZERD ACCO

POWER SAMPLES

ADD IN EXTRA NEEDED
DOPPLER SAMPLES
STORE NBEAM+PGAP
POWER ARRAY START
NO OF PDWER SAMPLES

OFFSET TO DODPPLER RRRQY

+1 TO CHECK
START OF DOPPLER RRRRY
DOPPLER SAMPLES
+1 TO CHECK
START OF POWER
POWER ARRRY
POWER SAMPLES

*2 FOR DOUBLE PRECISION

+1
+2 TOD CHECK
START OF DOPPLER
DONE ,
*4 FOR QUAD PRECISION
+1

+2 TOD CHECK
START OF TAPE
TAPE BUFFER
POWER SAMPLE NO.
By

FOR AVERAGING DOPPLER RRRQY

IXXXXX

TOO MUCH ?
MONITOR
RESTORE ACC 2
OK



@327% DbDRBA
I273E PLATELE
BI27L BALGLIE.
BIRT75T BD2RDE
@IL76Y BBI2LE
@277 075401
BIZ00 071401
BIZ01 G2013E-
BITOZ 108408
EESBE’iBZBZ@
I04LT LD

XGNCK:

EGNCK:
GNCK:

DTWBS’D 23155

ﬁfiwb’EQBIEb—
BIZO7’ BI0LS
BTE10 02B1T
Tli’i@i@i@
BIT12 D2ERE2
@BIT1IT 122912
QQ1A’ED®422
83315 106513
O3T16" 181040
@Z317’ 014166~
BIT2Q POV T
DIT2L 101002
@IZzz poR411
37”7’9 D@hJ
I204° B4
m?”’c’173a2m
II26T 020150~
BIZ27 142435
B30’ BBDLAS
8331’ B1OBLZE-

@I 1010680
2 ' Q71601
Qaz A’B?SEEI
RIZIH’ EBIQEB
@336’ BTBAE-
2 7’@"441@

PITL0 173420

GNLUP:

EXTX:

DNGN:

BIZ41 D01 47—

@42 14245
QIZT4Z 077D

. 4 BJ.LDI-L\_.
BIZTLE 121280
@ILI4E 0BR7ES
RIZ47° BBZDBY

+ BOES SABRE

TXM?

MOV

3 stoRshobobsoab bbbl shishboopeobesk bk sht shobu b e obeob sk bt b bt s shi o

i GARIN MODIFYING PRDGRAM

§ sesopobtobstokehbhsh b okt bop shpokopshskaoh ok bbbk
" (@) (4) GNCK"

 TXT

XSTORE

PSHA &

PGHA o

LDA O, PARAY
NEG 3.0 :
oM ©. 0

STA @, DLIAUT
LDA 0. PSAM
STA @y CUNT
LpA 2, MAX1
LDA @, MINL
MOVZ @, 0
LDA 1,aD1AUT

SUBL# 1.,2,5IC

JMP DNGN
SUBL# @, 1, SNC
MOVO @, @

DSZ CUNT

JMP GNLUP

@, @, S2C
EXTX

LDR Z, AMPGN
LDA 3, TXM
ANDZ 3,2

LDAR @, MXGN
SUBZ# 2, @, SNR

JMp

JMP EXTX

ISZ AMPGN
MOV 0,9
PCPA 2
POPR 3
JMP 0,3
LDA 2, AMPGN
LPA 3, TXM
ANDZ %, 2
LDA @, MNGN
JMP EXTX
DSZ AMPOMN
MoV 2.0
JMP EXTX

7

-

ue

ME N ME ME ue NE WS

~uF us ws

“a

~e

NS e NF ME uF N e NT MB NB uA WP NS uS

ME uB us S uE uS uA NS e uR

SAVE ACCS

POWER ARRAY START ADDRESS

ADDX=ADDX-1
DONE

AUTD INC 1
POWER SAMPLES
COUNTER

MAX

MIN

CARRY=0

GET FIRST VQLUE
Y MRX?

YES SO DOWN GARIN

{MIN?
NO S0 SET CARRY
COUNT=CDUNT~—1
REFEAT

CHECK SOMEWHERE GAIN (MIN

EXIT
AMPGAIN
MASK TX CONTROL
oK
MIN ATTENUATIDN
REACHED IT ?
YES

+1 UP THE GRIN
JUST IN CASE
RETURN

EXIT

GET AMP GAIN -
MASK TX CONTROL
0K
CHECK IF GAIN =
WELL ?
ATTN=MRX
—1 DOWN THE GRIN

DuUMMY

EXIT



XPSER:
JI50T BRLBDA

DTS 5L

272" BPSED:

DVELD

I SB oF: 3 SR S SE SRR R S0 I RE YR SR SR S o S S S e
s BET UP THE PULSE SHRPES
FRRRE G S 2h b S RE o8 2 B o OE BE R T e i
« TXT M (4 pEZQ"

i L2V S Y] >}:>}:>{i:»:>+: st

[SERR SN B &7

VAaLuL
IT 4+ MDA
FOR MEXT VALLE
FINIGHE

SET
AL

LEAVE

NIOD 4o

POPA T
JMP @,

L R Yy T L T e N I LYY



SRITET BG4l
WEET7 BBESLT
234235 102004 El4:

2E4L COLE0ETELS:

Ba7i  GARBRE

I T (]
OTE . NOVA
JER @ELS
S678
JMP d.+1
TX9
1 2OBR4
WARIT

ERRESIRREN D S5 S0 HEN ) FEE SR B T30S 347 17 H

TELL MICRO

- SWARIT 3 SECONS

IWHILE MICRD PICKS

sSWITCH TX OFF

THIS UF



s
m::cb’1c1~~J
BISB7’ COVLDT
03510’ B2B4T7S
PI511’ BABLLE-
BIS512" B71E66L
D3IS51T B7SEDL
BI5147 001402
@I515" 101223 TXOFF:
03I51E’ 220770

BI517' QT4177-TXS
03520 22 Baam
OIS2LT 04148
015'*’92@ma3~

FINZ:

L'jﬁE&EE
Q:chS’QEEBAA

S2E’ BEBZ4G
UZSE?'EEQiAS*DFFLDP:
Q’ET@’iﬂiizf

D”c"”1~54E@
B3532 DL414S~
@35Z4 101222
D325 20LB4
PITZE BE14BY
DIS37’ BBELTS
BS540’ DELEDBL
@541 101223
RIS42 B2DLDL
QIS4 Q51401
B3544° DBE4LEL

ZS543' BE1EDL .
@I54E 1B122E Nglz:
DI547 B6ROLRA
BIS50’ 051401
P3I551 BOLAZS
0@7” SBERE
D355 RE1E@L
BITEI’ 181227 NEXT:
PISS4’ DBRALBE :

AR sl 7l LU B
D55’ 101223 NEX4:
@Z5S7 6LRLAR2
PITER’ 125000
RBISEL 191222 NEXS:
PI552 BOL7LS
@ISeZT 161223
L4 5&’muw7a’

Z565 02B4z

ZSEE’BADIQS—'

IDET7 BED7LE
@QIS70 34177 -NEXE:
@IS71 0=2B4L Y
BIT72 B4 14T
BIS7E B340
03 74 BBG177 ATREW:

579 GT42LE ATREIAD:
Z g?E’E““?SS’HPbku

NE11l:

Z# Dy BIR
I¥D CLKAD
LEA 0,88
DOPI\../ 2 LIB

D

MOVIR J721,'C
JM” o

LDA 8, NET1

STA @, NOVA
POPA =

POPR =

JMP 8,3

MOVZIR @, @, SNC
JMP FIN1

LDR Z, KRPOW
LDA @, CYCLE
€TR 0,0,
LDA @, AMPGN
LDA 1, TXP

SURZ 1.0

DOC O, 44

NIDC 44

LDA 3, MICRO
MOVZL# @, @, SNC
JMP OFFLOP
SUE 1.1
STA 1, MICRO
MOVZR 0.@.5
JMP NELL

‘PEHA O

JGR @ATREW
POPA O

MOVZR @, &, 5NC
JMP NEZZ

PSHA @

JS5R @ATREAD
POPA O

MOVIR 0, 3, SNC
JMP NEXZ

PSHA @

JER IAPSER

POPA @

MOVZR @, @, SNC
JMP NEX4

JMP MEXE
MOVZIR @, @, SNC
JMP NEXS

MoV 1,14

MOVZR @, 8, SZC
JMP OFFLOP

MOVZR @» @, SNC

OFFLOP

@, NETZ

@, NOVA
OFFLOP :
Zr KAPOW

0, MRR1
2.0, =

o). MR1

JMpP
LDA
STR
JmMpP
LDA
LDA
5TA
JMp
TREW
TREAD
PSER

ME M A NE e es

NC

..’\C :LL:\
CFINIERED R
NT B0 9TT NSXT
STAART ADDRESS
StRD IT
B“NCTQ—E +1

START CLOCK

pi;.' R RN

YRS

Rt B n kel v\ ol ot sl S Ton)
SENMEUTRT GTOTUS

STl MICRD
; DO IT

[

7.

u il

4 ¢
7

'3 LERVE

318 IT 7X OFF 2
SYES

SGET POWER ON ADDESE
SWANT TO CYCLE WHEN START

$8TORE IT

s INTERFACE COMMAND

3TX PULSE

s REMOVE

SEEND IT

$1STDP PULSES

sGET COMMAND
sTEST IT
sNOT SET

50 '

;CLEAR REQUEST

SREWIND TAPE

IND .

5STORE O

$REWIND TAPE

SRESTORE ACC @

SREAD A BLOCK ?

sNO

;8AVE ACC

SRERD 1T

FRESTORE

IRESET PULSE

iNO

cER ?

;DD IT

JRESTORE ACC @
$REETRAT PROGRAM ?
FND

'YES EBYE

TRESET CLOEK ?

IND

sDUMMY FOR
3TX OFF 72
IND
TENGUIRE
SND UNKNOWN
sTELL MICRD
iBTORE .
FAND AGAIN

THE MMOME

IREGET POWER UP ADDRESHS
GO MAM GO



. XCOpiM:
D340 DRRDDL
03403 041517
AI404T BAESLS
DITLBS’ BEO2BR
B34BE’ BRIZSH BCOMM:
QZAR7B75401 COMM:
B23410° 871401
@3411’ B2D145-
BI412 126400
BIL13 DLL1LE~
34147 181223
D415 BEBAL L
B3416’ Q61401
Q417 BIESEE
03420 CEESEL
03421 G24161~
QILZ2 QE5122
BIL2I QEZSZE
D344 BBD777
Q3425 DELEDL
Q3426 101223 NOTREW:
BZ4Z7 BRB4L Y
BI4Z0” 04142~
@I4751 DEEDZE
BI4TE Azat4ad -
PILTI BV
BIATL DRLIEZ-
RI4TT BESIZ:
DI4TE’ BEIGED
D3ILT7° 2777
2440 1R@122T NREAD:
3. ABELBL
2351601

DA

FIE 221 5 chi ik o o6 2t 5 B 230 cbe bR RE SRR A SRR B R R R b B S T S B R O S A

e
3k
s
Ry
3
s
L d
-
3% Q =
Y

TXT MDY (4) COMM™

XPSER

PSHA =

PSHA 2

LDA @ MICRO
SUB 1,1

5TA 1, MICRD

MOVZR' @ @, SNC

JMP NOTREW
PSHA @

JER ARWEDF
JSR GAWEDF
LDA 1. REWD
DOAS 1,22
SKPBZ 22
JMP . -1
POPA B
MOVZR @, @, SNO
JMP NREAD
1, BTAPE
1,22

1, BLENG

DOB
LDA
boc 1.22
LDA 1, RBLK
paAs 1,22
SKPRZ
JMP.. -1
MOVIR @, @, SNC
JMP NPLEBE
PSHA D

JER PBELR

soea
MOVZR

o

P e o
&y Oy G0

JMP O RY
MOVZR O, & ENG
JMp TXOEE
SUBZ
anes

P
o

e

“s w3 -t NB uE W uE uE -

~ us

MR 43 uE N uE W NE UP uB MR M8 ME w8

s uw

aE us wd ue ue

IOGIND

THE ALLOCATICN OF BITS IS AS BELOW #*

15=REWIND THE TAPE UNIT

14=READ A BLOCK FROM THE TRAPE
I=RESET THE PULSE SEQUENCE
12=RESTART THE PROGRAM FROM @& BECS
11=8ET THE CLDCK TO NEW TIME

1@=TX OFF COMMAND

STATUS WORD

SAVE ACC3

COMMUNICATIONS WORD
+0
CLEAR REQUEST

" REWIND ?

NO
SAVE ACC @

DOUBLE EOF
REWIND
DONE
WAIT |

RESTORE ACC @

READ A BLOCK?

NO

TAPE BUFFER START
SET IT

BUFFER LENGTH
SET IT

READ EBLOCK

DO -IT
BLSY ?
YES
RESET
NO

PULSE. SHAPE

DO IT
RESTORE COMMAND WORD

R

ZBTART. PREGRAM

o nne

GING RDDXH
1T T &
WL T e

WAIT

GTORT/ETOY DRDREDS

(AR 3e Tadantmd wd
Mund s il

»

¥EEXEXFFE



RIE7S 127120
DIETE’ 175400
PIE77 12522

QZ700 VO77E
PZ701 020505
DI7@2 11642
PZ707% 0BBLED
@E704 175255

© DI70T B4BSRT

706" Q24507
DI707° 174405
710 DDALLE
@711 125220

BE712 175404

Q3713 BDB77E

714 QT44LT74
BI715° 054502
B371€’ 024500
Q3717 DZUSD2
C@3I720 121220
@3721 11EDEZ
Q3722 B4t L
B3I723 BL4L74
B3I724 DOBLDZ

@3725 0RBAZT

B3I726" 151400
@3727° 151400
P73 151400

I731 162400

Q"?”'@D@?E?

@377 871401
I7247 DESLDL
3735 661481

03776 111000

Q3737 024452

RI740 102400

03741’ B73301

R3742° 121000

@374 Q3ID4SS

@3744° 1173020
3745 071042

@I74E' BE1EDL

@3747 PESED

@3I750" 07 1E01

@I7S1’ 072042

P3I752° 127000

@3I753 0OR74LE

@3I754" 125120

@3755 034437

@3I75E’ V20470

@3757' 116404

@37E0° 00R4DT

@3761" BS4LIT

@I7EZ’ DOO7IZ

BI7ET OIVLTE
I7E47 DTLLZD

@3I7ET’ 177020

@3I7EE’ PIVLIT

@I7E7’ D1443S

0B7€ SAERE

PI770" BOVEET

PI7717 BLLALTT

@I772’ QRDLRS
T773 1B1240

@I774° V61042

@3775' 07SED1

@I77E" OD1402

OI777’ @204

Q4DOO’ BR4LEE

04021’ BIB4D4

B4DAZ’ 147TBD

P4ODT’ BRTETY

RINT:

PLO:

SIZE:

SIzZ:

FTES:
FTEST:

ADDZL 1,1
INC 2,3

JMP L -2

LDA @, THREE
SUEZ @, 3, SNC
JMP NSAM
MOVZR 3, %, SZC
STA © FLAG
LDA 1,P

NEG 3, 3y SNR
JMP FTEST
MOVZR 1, 1
INC 3, 2, SZR
IMP . -2

LDA I, FIVEL
STA T, DEPTH
LDA 3 W

LDA 2. YC
MOVZR 1, @
ADCZ# @ I» SZC
JMP SIZ

DSZ DEPTH
JMP . +2

IMP FTES

INC & 2

INC & 2

MOVZL 1,1
LDA 3, FLAG
LDA @, THREE
SUB 0, 3% 8ZIR
JMP L +3

8TA 3, FLAG
JMP PLO

LoA 2, YC
LDA Z, TONE
ADDZ 5, 2

STA 2, YC
DSZ RING

JMP RLOOP

. D8Z CBREAM

IMP . +5
MOVOR @, @
DDA @ 42
POPA 3

JMP 2, 3
LDA 0, YS
LDA 1, XS
LDA 2, SONE
ADD 2 1
JMP BLUP

MY NE 4B ME MDD R MR NS B NG MD wE M ME NP e ME w8 Al MY NE us O

-. ue um

we

-s

-n

s wa us ue

s

—e

NS MR WE MB uB WP 40 ME uE M2 ue NT we ua

PUT BRCK
FOND N WHERE

oK

CHECK VALUE
SKIP IF N GE
ND PDINTS

N BECDMES N/2

SAVE IT

P=ND OF PDINTS 1%+5=£35

haN=G
KEEP DIVIDING BY 2

-
-~

NEGRTE FDR COUNTER

TEST

GAP SPARCING
CALCULATE GAP
KEEP GOING

DEPTH OF ERCH SAMPLE PAD

FOR LATER

WIDTH OF PAD=13Z

GET Y VALUE
GAP SPACING/Z2
KIP IF DX GE
QUTPUT VALUES
HELP

TO FLAG TEST

1%

ADD & TO Y VALUE

oK
DX~13

SAVE CURRENT Y VALUE

SAVE ACC1
SAVE @

SET up

[

TO MULTIPLY
DONE

MOVE OFFSET TO ACCO

XVALUE
X+OFFSET
OUTPUT
RESTORE @
RESTORE 1
RESTORE 2

DX+GS

FLAG TEST

WAS SAMPLE UNEVEN PDNER DF

CURRENT Y
21

Y INC

3 DUTPUT Y VALUE

RESTORE Y CURRENT

GENERATE 1XXXXX
TO SWITCH BEAM OFF

FOR BLUP

&1
ADD IN



@z u77’l@4"r=‘
BIeO’ ODI527”
DFERL 0BLZSE’

BIEOZ PRARSE
DIEDZ 77777

D604 BRR2D2

D3RS’ 16D0D1LY
BI60E 102020

+ Q@074  SARRE

BIEDT DDIIRE .,

PDIE10’ BBTLRL

PIE11T 858114

BI612 047824

BAE1E BOCoes

BIE14 DBZTAD’
BIE1S 0754081

RIELE® 1BZE2D

RBIEL7 2204

NIe2D BBEVEY

BIEZ1T pBrole

QI622 1024008

PIEZE EZDAD

mvsha PRE7EE

BIEZT 021020

BIEEE” 75681

QIEZ7’ 075401

BIeI0’ 20170
BIEZ1T D2413T~
P3IET2 101204

PDIEZE 024134~
BIL34 0I0041 -
@AI6I5 147200

BIETE BL4S7d

@BIEZ7 QSBE71

UIZ64D’ D2SLED

BI641T B21403

DIBLE BLLSSE

BIE4T QL4857

DIE44T RLADSES

@GI6435" BLBSES

DIB4AE’ B240ZE—
CO3ELT DLLSES

@355@’@1&555

DIES1 B2ass

@3552’@44555
AIESTT 182420
BIES4” DE4S5E

BIEST 02420
DIE5E” DIBGAl-
ATEST7 1570062
AZeED B54547
IEELY 176400
BIse: BIB170~
BIEET 151005
DICELT BERALZ
@IeRS 125112
PIEEE’ 124401
DIER7’ BT452
BIE7®’ 125200
JE7L BEo5e2
BI&72 167452

A Ry
.)E LoD gacnd

@-E?A’Q@@dE?
PB75  SARLERE

. MR1i:s
CyCLE:
AWEDF &
MRR1:
ADMASK:
OMAN:
NSTL:
NETZ:

WAITA:
KPLOT

BPLDT:
PLOTH

BLUP:

RLOOP:

ADD

‘,‘ spiapisbeafrduabrabiobiabsbidabi bbb b bbb obobb s bbb b o
s# BITS NEEDED BY THIE ONE s
FIE b eh 25 o7 o 2 S SERE S S SN RE RN S o SR S S S S X S ot o B R B 0 o N R

MLUPRY
OFFLOP
WEOF
FAILP
TN
2
100210
100020

§ aobitdadebidob shdobodunbiatobiahdobiobish spospeapiaprapeoabe bbb shiodishisbisheod:
s THE PLOTVING PRUOGRAM *
HELSE S8 SR S o8 JE o TR SR T RE SR SE Sh Y S S S S SR SR SRR SR RE R Y PR A

WAIT
« TXT

XCOMM
PGHA 3
SUBZR 0.0
DOB @, 4%
JSR 8. WAIT4
10
SUB 2,8
DOR 0, 42
JER 8. WAITA
1POD
POPA 3
PSHA 3
LDA @, TYPE
LDA 1, PARAY
MOV @, B, SZR
LDA 1, DARAY
LDA =, NBEAM
1
1, INADD
=, CBEAM
1,8, 3
B 1.3
1, XC
1. X8
@, YC
2, YS
1+ NRANG
1, BINS
INADD
1, INADD
1, CADD
0.0
%, CADD
1,03

', NEEAM

o
£y

M,CQDD
MyTYPE
MOV 2, 2, GMR
JMP RINT
MOVL# 1,1, 8ZC
MNEG 1,1, 8KP
LbA % 8IX1
MOVE 1,1

LDA 2, AMASK
AND 2, 1
MOVZR# 1, 1,5NR
JMP NEAM

85TR
5TA
LoA
LDA
8TA
sTha
5TR
sTA
LDA
5Th
Dsz
LDA
STR
guR
LbA
LGA
LbA 2
ADD
8TA
sur
LDA

NI wB MO NS MR NP N us uB WP

MB NS ME U0 B NB NE ME WD G0 NE MO U8 &8 GBS0 ME WD M0 N

"L (4% PLOT®

~3 “E uo wm

w8 w3 um

R Y A LI LR LI L N L Ve ppery

SAVE ACC &
GENERATE 1XXXXX
ERASE SCREEN
BLANKING DELRY

ZERD
BLANK ’

WAIT

ELANKED

GET PDINTER BACK

AND RESTORE IT

GET TYPE OF PLOT
INTENSITY

@=INTENSITY 1=DOPPLER
DOPPLER

ND. DF BEAMS IN SYSTEM

ADDRESS IM ARRARY OF FIRST SAMPLE
SAVE START RDDRESS
CURRENT BEAM

PATTERN START ADDRESS
GET Y BTART ADDX

SAVE X CURRENT

SAVE X START

SAVE Y CURRENT

SAVE Y BTAR

NO. OF RANGES

TEMPORARY STDRAGE
DECREMENT YTART ADDRESS
START ADDX~-1

STORE AT CURRENT ADDRESS
ACCR=RANGE LOOP
ACCZ=START RDDREES

LOAD SAMPLE

ND. OF BERAMS

ADDX OF NEXT SAMPLE
STORE AT CURRENT ADDRESS
ACEC3=0.

CHECK THE TYPE

TEST FOR VELDOCITY OR INTENSITY
INTENSITY SAMPLES

CHECK IF VELOCITY IS +VE
MRKE IT +VE .

FOR THE PLDT

SWAP THE BYTES

TO MAGK THE BOTTOM BYTE IE 377
MASK IT

TEST FDR OUT OF RANGE
YES &0 ND-SAMPLES



HE 28 S SEETRE BE R R BRSO TR SO RS S Sh 26 S8 2 R SRR R AR R SN S SR
s THINGS NEEDED BY THIS RDUTINE
. § bbb bbb nbaobabubolopil bbb ok bR b b bbb b
D424’ BOBRZD TONE: 16.
D4BR5 DRR144 SONE: 100,
P4DDE DOBVDE THREE: 3
B4DR7° Q02204 FOR: 4
D4P1IG’ ODR2BS FIVEL: §
Q411 BZROOE SIX1i: &
D4B12 DEELDD SW: 64008
BLaBLE ORDTF77 AMASK: 377
D414 220200 FLAG: ]
24015 220101, P: 101
D4DIE’ DOERLIS W: }

15
Q417 0DPBRB DEPTH: @
Q42D DRDRDY XC: a}
Q4Dz1 O2DDBY YT 2
QLDZD DOT2ROY XS i}
B4R:3 QDEDRD YG: o
Q424 DRDRBY BINS: s}
R4pzS’ BDZARB SFIVE: 24008
PLDZE’ QBUDBY INADD: @
QLDz7 DDBOBD CADD: 2}
B4DIB’ QZDDYBD CBERAM: O

+ D@77 GABRE

§ serotokshgobobolobbstobsobtibab ok shobisbokib ol tofopishppsh

i# POWER FAIL PROTECT ROUTINE Lk
s+ THIS CODE WILL BE EXECUTED .AS *
4 POWER IS FRAILING i!t! *

HE Rkt S o 20 e o o 6 o 0 St s St Sh ik S e e S i b i T 2 i
XFAIL: L TXT "(@) {4)FRIL"
Q4BZE1LT OBRRD4L
B4DZ2 24101
B4RIE 44514
D44 BDO2R2
Q43 DZEIA BFARIL:  XPLOT

D4QTEE PE@Z41 FAIL: NIOC 41 STOP THE DATA CHANNEL

D4BT7 020411 LDA 8, URUN 3 ADDREZSS OF THE POWER FRIL ENTRY
BARLR B24177- LDA 1, KAPOW i ADDRESS OF PFAIL
4G4t 125020 ADDZ 1.0 3 FORM INSTRUCTION JMP @
BLARLE 174D SUR 3,3 ! GUB &, 2 =) LOCATION @
Q44T B4 14020 8TA 2.8, 3 s PUT JMP @ 328 INTOD LOC @
D444 1D244D SURD ©@,@ $GENERTE O '
D44 BLAL4LS- 5T 0, MICRO
4245 BLOL4E~ STR 8, NOVA : ' oo C
B4Ra7’ 2BA7E7 . JMP FRIL 5 CONTINUE UNTIL DIE
) 3 shispoobooprabeabe bbb opobesbr b desbobebobn st bbb b abeoabogib bbbk
3% ONLY ONE THING NEEDED HEREE #

Q45D BBZ02B URUN: el )i
R4@51’ D24BSE FRIL: FAIL
+ D@72 SABRE




3 Ahiubiispiopon ;: ERTRE SRR I cf oki <8 cR ki ok sh a st s b SR 2
sFAILP THIS ROUTINE I8 EXECURED ON POWER UP
R o6 SR S O S OH O R B TR R e B S o Bl T B S B R E

R4DSZ’ B2B777 FAILP: LDA ©,FAIL $POWER FAIL ROUTINE
DLOSI 176520 BURZL % 3 $+1 : .
DLDSLT 41400 5TA @, 0, = $STORE IT

B4aRss’ 020175~ LDA @, MCSTK H

D4BEE" PE10DL ‘MTEP O

B4RS7 10220 ADC 2.0 3-1

GLoER® BEZBTY DOE @, CPU $MASK ALL DEVICES
B4ZEL' 1D1028 MoV 2.0

D4REL BEDLTY INTEN

B4OEE 102440 SUEO ©,0 . i@

B4aBEL BADLLS— ~ 8TA @, MICRD

R4DES BZBLBS LDA 8. NM

B4RER’ D4DLLE~ STA @:NOVA sPUT IN NOVA

Q4DE7’ DDLLDL JS5R SEAR $5EARCH TAPE

24070 V2601 JMP d. +1 $5TART RUNNING

24071 BO4ZES? MLUP1 .

Q472 120001 NM: 100001

+ 0B79 SABRE



D473 BS544EE SEARR:
RAB74T 12400
D473 BLBLES
B4A7E’ BEZSZZ
R4B77 PORT77
D410T BBLAS1T SEX:
D41@1° BRLSES
D413 2DB77E
D4103" BEZB77
D41034” OZ44ED
24185 Q2B357
24186’ BLASST
4107 BZQ142~
24110 151408
@4111° 621000 SELOP:
G411z 101200
04112 D4L1400
Q41147 151408
04115 175400
B4116® 010547
Q4117 0BD772
P41z 02B44B SEZ:
B41217 04D44LL
B4122 D447 L
D412 DBLSLT
D41Z4" BRDI7E
D41235 GIDLZL
B4126® BI447%3
BL127 DEDBITS
D41 30 B4DSIS
B4131° 030142 |
Q4122 151480
BL1T3 Q21000 SELOL:
D4134 101300
B4135 041400
@413 151408
B4137° 175400
B414D° BLASES
B4141° 2BB772
D414z RLSLT
. BALLAT BDDTSS
B41447 10252
D4145 DBLLTY
P414E OB4S1D SE4:
P2y SAERE
R4147 DZ4412
24150 201400
D4151° @2OSD4L BLT:
@415 101124
B415T P0B77Z
QL1S4 Q2248
04155 182080
@4156" BR4LLZE
B4157 @BR7EY

3 otsoboiubdetob obobobi ok sk bR bbb shoboR b b kbbb ok opspoeb
$SEARCH
3 THIS ROUTINE SEARCHES THROUGH THE TRPE LDOKING
$FOR THE END OF DATA BEFORE THE POWER FAILEED

i

"1
2
3

W3 M MO w3 uE wa WE uE wo

STA
SUB
STR
BKP
JMpP
JSR
JBR
JMP

8

4 CONDITIONS HAVE BEEN USED TO DEFINE WHERE THIS

_FIND INCONSITANT TIME

BLANK TAPE

EDT

4 10 CONSERUTIVE ERRORS

WHEN THIS CONDITION IS SATISFIED THE TAPE

3, SRET
©.0 :
@, EFLAG
BZ 22
.1
TREAD
ERTEP
SEz

HARLT

LDA
LDA
STR
LDA

INC

LDA
MOV
sTA

INC

INC
isz
JHMP
LDA
5TA

JSR

JSR
JMp
JMpP
LDA
LDA
STA
LoAa

INC 2

LDA
MOV
5TA
INC
INC
1 §=¥4
JMP
JER
JMP
SUR
J5R
JSR

LDA
JMP
LDA

MOVZL @, 3,5ZR

JMp
LDA
ComM
JER
JMP

3, PBLOCK
@, MINS
2, TCOT
2: BTAPE

o, m
o

2.0,z
S 0.0
2,8,3
&2
3 3
TCOT
SEL.OP
2, MINLO
2, EFLAG
TRERD
ERTEP
n—'2
BLT
3, CBLOCK
@, MINS
@, TCOT
"2, BTAPE
m’ ,2
S 8.0
2,8, 3

TCOT
SELOL
TIMCH
SES
L B, 2
BCKS
WEOF

3, 8RET
2,3
@, BLANK

SE4
@ MINLO
. 0
BCKS
GE4

IS BRCK SPACED AND AN EOF IS WRITTEN

$RETURN ADDRESS
38
sCLEAR EFLAG

- SWAIT TILL TAPE IS READY

$READ FIRST BLOK
sCHECK FOR ERROR

;TRY AGARIN

FHELP trivirine .
$GTART OF PREVIOUS BLOCK
5-9 .
;STORE COUNTER

sSTART OF BUFFER
sPOINT TO YEAR

5GET NUMBER

;SWAP BYTES

58TORE IT

$INC POINTERS
s INCREMEMNT PDINTERS
AGARIN

$STORE .~-12 IN EFLAG
$READ ELOCK
ANY ERRORS
sTRY. AGAIN
iNOT BERMIE
sADD OF CURRENT BLOCK
sCOUNTER -5

- 38TORE IT

$BUFFER ADDRESS
sPOINTER TO TIME
$GET TIME

sSWAP BYTES
$STORE IT

sINC PDINTER

s DONE :

IND

sCHECK TIME

$NOT THERE YET.
SDONE
sBACKSPACE 1 BLOCK
SWRITE EOF

SRETURN ADDRESS
FHOME

sBLANK TRAPE
SELANK TRPE FOUND
YES

sNO OF ERORRS

3 COMPLEMENT

s BARCKSPACE
SHOME



D4160* 177766 MINIO: -10.
D41E1" 0DODRO SRET:
PLI1EZ BRDOY EFLAG:
Q4163 0B4ALELAT CBLOCK: . +1
V4L1B4LT 2BODDD
4165 BRELDD
D4IEE’ BRDDBD
@41E7 2ODOOD
Q4170 BEORDO
P4171 004172 PBLOCK: . +1
4172 DO
84173 00000
241747 B20DDO
B4175" DOOEOD
QU175 DODDLO
+ @PE1 - SAEBRE

sSgeNe 898

[SESRSRSR S

3 shhAnhdduobbotoph Aok pobbabobohopobobobiob oo
3 REWIND THE TAPE
7 bbbk bbb bbbk abnkdolobofobn ook

R4177 D:2B1E1-TREW: LDA B, REWD s COMMAND WORD
24209 D112 DOAS @, 22 DO IT

B4zR1” AETSZ2 SKPBZ z= SWAIT

D4zee CBB777 JMP . -1 ' sTILL DONE

BLZRT 2D14LOY JMP 2.3 © $HOME
+ BOEZ SAEBRE :

3 shanbobioboobb ok sl ook b boboshibrobibodige
s BACKSPACE NUMBER OF RECORD IN ACC B
. . 3 shdaibitobotopobiobibababobab dobol oioboiobiboboik
D4azB4° 100DOB BCKS: CoM @, 2 52 COMPLEMENT

24205 BETOZZ DoC @, 22 : $8END IT

DLZEE B2044T LbA B, BSP ~ °  SGET IT

D4R DELLZER2 DOAS @, 22 sDO IT

T@4AZ1O BEZISZE SKPBZ 22

@411 BRR77Y JMP . -1 sWAIT TILL DONE
D412 621400 JMP @.3 IBYE

+ BBEZ SAERE



BG4Z12 DZ4AESL
D413 DIRESE

§ shosdsaatiatook bbbkt bbbkt skt shakobubobsp b ob '
$ERROR THIS ROUTINE EHECKS FOR ANY ERRORS
sEITHER BLANK TAPE EOF EOT DR DTHER

s RETURNS

~E v u8 ez

@ ON EDF DR ERRDR <10
1 BLANK TAPE OR 10 ERRORS
2 ND ERRORS

3 bakebiabib drbobbobiopobiabi pobdshioidebobiok

LDA 3, CBLOCK
LDA &y PBLOCK

D4ZER P24TET7 ERTEP:  LDA 1, BLANK BLANK TRPE INDICATOR-
PDLczE7 125222 MOVZR 1, 1.8ZC 37
4270 0B140D1L JMP 1,3 3YES
@G4z71" 101113 MOVL#E 8, 8, SNC iANY ERROR
BLET72 BDL4D2 JMP 2,3 5 NO
R4V BRL414 LbA 1,E0THM $GET EOT MADK
Baz74 107414 AND# @. 1, SZR - y EDT
B4z75" 802413 JMP aEQTL SEOT ROUTINE
BL4TT7E’ 12522 MOVZIR 1,1 $EOF MASK
Ruaz77° 1074614 AND# @, 1. 5ZR sEOF ?
B4I0D’ DB1426 JMP @, 2 $YES »
Q41T 125250 MOVZR 1.1 sBOT MASK
Q4o 107414 " AND# @, 1, 8ZR 5 BOT ? ) '
B4 2B14D2 JMP 2,3 $YES NORMAL RETURN A 2?7727
B4324° B1OESE ISZ EFLAG s INCREMEMNT COUNTER
Q4ZD5 BB14DO JMP @, 3 " $TRY RGAIN
@4Z0e’ pR1BR1 JMP 1,2 SFOQUND IT
R4TE7’ DD1EGDB EOTM: 1008
R4Z1Q BRIE7Z2 EOTL: EOTR
+ DUEE BABRE
B e e B
iTIME CHECK THIS ROUTINE CHECKS CURRENT TIME
5 WITH PREVIOUS TIME
;s IF CURRENT <(PREVIOUS THEN END OF DATA
) HECEE 33 2 2 2 St o B ek S R S 2 e
B4311 054435 TIMCH:  STA 3, TIMRET $RETURN ADDREES

s CURRENT BLOCK
$ PREVIQUS BL.OCK

R4Z14° 020750 LDA @. MINS sCOUNTER

D415 B4B758 5TA @, TCOT 5STORE IT

B4=1E’ 21400 TLOOP: LDA 8.0,3 $GET CURRENT TIME
Q4517 25000 LbA 1,2, 2 $PREVIOUS TIME.

@4Zz0 1RE4TE SUBZ# @, 1, 5ZIC 315 CURRENT ) PREVIOS
R4Z21 DDBLEL JMP TL1 $ND ' ' .
@427 22DLBT “JMP TEXIT SYES

QaZ2IT 1BE414 TLL: SUp# @, 1,85ZR CURRENT =PREVIDUS

B4IZ4” ODBLED JMP FOUND $NO THEREFORE C(P
BLE25’ 1754008 INC &, &
 R4TZE” 151400 INC 2,8 $ INCREMEMNTPDINTERS
D427 Q18736 I5Z TCOT sDDNE ?
DLEZED DBRBT7EE JMP TLOOP 3 NO
B4ZTZL 020735 TEXIT: LDA ByMINS i—9
B4ZIZT QAQ7TE 5TA @, TCOT s COUNTER
DLESE BEABTD LbAa 3, CBLOCK s CURRENT

B4ZI4 BIDEZS

LDA 2, PRLOCK

iADDRESE OF PREVIOUS

Q4= 021460 TLOPL: LDRA 2,8, 3 3GET CURRENT TIME

BLEEE" DL1TER STA 8.8, 2 5PUT IN PREVIOUS
. BATZT 175408 INC 3,32 ) "

RAZLY 151420 INC 02 $INC PDINTERS

DLZa1’ B1E724 I8Z TCOT sDONE 2 :

DLI4Z 2DO7T7E JMP TLOPI 5 ND

R4aT4T BODLRT JMP @TIMRET s HOME

R4Z44° BLLLEBE

FOUND:

LDA E, TIMRET

Q44T RP140Y JMP 1,3
R4Z4E 3DRETD TIMRET: O
Q447 185332 ND: 100002

+ BUWE7 SABRE

$FOUND INCON TIME.

. et Bt T



D4213T B54437 TREAD:

Daz14 102448
BL215° BLRLLD
B4zie 024142~
B4z17 BEEBZ:
D422@ B24LZ4
Qa221° QE7822
QA2 D416~
PasZ2 BESLIZE
BaZELT BRELET
D423 VB1758
B4Z2E® BEISE2
BLz27 BTDLG4A

H »+:»:»:»:»:»:»:»:#:w:»:»:»:#: b I S SR o B AL B S R
3 ROUTINE READ THIS ROUTINE READ A BLOCK FROM
$THE TAPE AND CHECKS FOR BLANK TAPE

5 STATUS WORD IS RETURNED IN ACC @
HIE o2 2 S5 38 b o 58 B0 20 RE R RE 2 OF RE R S A R b o b R o S o o

STA 3, TRRET
SURO 2.0
SThR @, BLANK
LDA 1, BTAPE
pop 1,22
LDA 1,BBL
Doc 1,22
LDA 1,RBLK
poRs 1,22
JER aWRI1
1750

SKPBZ 2=
JMP WAIZ

$RETURN ADDRESS

30 ,
$CLEAR BLANK TAPE INDICTOR
sBUFFER

SSEND IT

sND OF WORDS
FEEND IT

s READ COMMAND
$BEND IT

i1 SECOND WRIT

s DONE
s ND

@ OEB4ZE STATUS: DIA @, 22
1024421 STATL: LDA 3, TRRET .
' 201408 JMP 0.3 s HOME

$0ET STATUS WORD

' QBELZD WAIZ: JER akWAll s SSECONS
T R11510 11619
L TREISER « SKPRZ 22 sDONE ?
V42T’ DRBLDZE JMP WAIZ $ NO
DLZZ7 BBBTT JMP STATUS - 5DONE
B4Z4D 126020 WAIZ: ApcC 1.1 - 5=l
Q424617 QET7ZZZ pocc 1,22 $8TOP TAPE

BLz4az v2a4B7 LDA 1, BSP sBACK COMMAND

BL247 BESLEZ poas 1,22 DD IT

B4z447 BETSZEZ SKPRZ 2Z

az4s 20DR777 JMP . -1 $WAIT TILL DNE

BLZ4ET 126520 SURZL 1,1 51

BLz4T7 DL4LLDE STA 1, BLANK $6ET BLANK TAPE MARKER
@4azse’ 200761 JMP S§TAT1 sBYE

04251 BROLLD BEP: 40
Q4252 BDBCO2 TRRET: @ :
BLZ5E DBZEBET WATL: WAIT .
Q4z54' 176256 BBL: . —-BSD.
D4255° 02002 BLANK: @

+ @@84 SABRE

.

3 WRITE EOF .
. B 28 B SRS S SRR Sb i S B S o cf o B oR o P ot b o e
DLZSE’ BEOIED-KEDF = LA 0, EOF1
PLEE7 BR1LEE Dpas @, 22
BLZED’ BEISZ2 , SKPBZ 2&
B4aze1’ 2BB777 JMP . -1 SWARIT TILL DONE
QLZE2 201400 JMP @, 3 iBYE
Q4ZEE DR4OTE L FAIL:  FAIL
RUZE4 177773 MING: -3
Q4ZES’ 202220 TCOT: 2
+ RBES SABRE

$SEND EOF COMMAND



BLAZE Q24145
Qa4TEe” 125132
BL4ZT BOESLS
Q444D 126628
Ba441’ Q2BLES-
DasLaz 165420
RA44L4E DABREE
Q4444 102400
BLaL4s” 124400
DL44E” Q42022
44477 125484
Ba4a5h 222778
P4451T BABDEI2-

D44L52' DETSLT MLUPZ:

BLLSZ 208777
Pa4E4° BER244
B4455 2RO~
B4LLSE® BEZBLL
RL4LS7 BEDL4L
PL4ED’ DREALER
L4861 DODLEE-
DLLEZ BODIZE-

RLLES D2DDEE-
BLLEL O24474
BLLES 1BE414
D4 4ER” DRDLDE
BL4ETT DEBDALAL~
B4a479 B24155-
V44717 122420
4472 DLDBL I~
B4L4LT73 VDLLEE

LbA 1, MICRO
MOVZIL# 1,1,8ZC
JER @.COM%

SURZR 1,1

LDA 8. PARAY
SUBZ 8.1
STA @, DIAUT
SUEBD 2.8
NEG 1.1 :
5TA B, aD1iRUT
ING 1. 1,8ZR
JMP -2

STA B, NAVE
SKPERZ 41
JMP . -1
NIOC 44

t.DA @, DOUR -
DOB 0. 44
NIOS 44

JER &.BLOK
DOPPLER
DSAM

S MB UD ME ND NS N N NE uE ME UN uE WE NR NS ME ME GE B 8 NO

MICRONDVA STATUS
ENFORCED WRIT ?

PROCESSOR/PROCESSOR COMMUNICATIONS

GENERATE 1020200
POWER START

DIFFERENCE IS CLERRED

AUTD INC LOCN 1
RCCO=CARRY=0
NEGATE COUNT
CLEAR

DONE ?

NOT YET

SET COUNT=0
DONE ?

WAIT

CLEAR PULSER
DOUBLE PULSE
CALL INTERFACE
START PULSE
GET DATA IN
DOPPLER DATA

NO. OF DOPPLER SAMPLES

;5 NOW WE TRKE TX SENGE LOW

LDA @, NAVE

"LDA 1, NTEST

SUB&# @, 1,5ZR -
JMP MLUPE
LDR @, AMPGN
Lpa 1,8XP

- SUBZ 1.0

STA @, AMPGN
JER SETGN

} NOW IT HAS BEE

sNUMBER OF AVERAGES
s8TART AFTER NUMBER

sERUAL

sNO CONTINUE |
$GET IT
SEENSE THING
;REMOVE SXP

Do 1IT
DONE

e s us ws T oud us

Q4474 Bobaas MLUPZ:  JSR @ MSRI DO POWER CALCULATIONS

RLa7sS’ B6E54 1 SKPBZ 41 FINISHED ?

BaL7e’ BOA777 JMP oL -1 WAIT FOR NOW !!

BL477 BERZ44 NIOC 44 CLERAR PULSER

4500’ TBLTE LDA 0. MINUY © 3 BET -5 DVER £OME PROBLEM
mauw1’m5 044 DOE B, 44 " 3 TELL PULSER : .
R4ASDZ’ DEBL 4L NIOS 44 i START PULSE

QLSYZ BBEATY JSR @. BLOK 3 GET DATA IN

4504’ 20OLE1 - POWER 3 POWER DATA

4505 0BODLE PSAM 3 NO. DOF POWER SAMPLES

D450 DDELTE JSR @.MCMP $ DOPPLER CALC

PLSAT7 BLOLEE~ ISZ NAVE 3 INC AVERAGE COUNT.

Q4510 BDELZEE JSR'd. TIUP s TIME UP ?

4511 BOB741 JMP MLUPZR s NO O S

B4S1% DOELTE JSR . ETIM 3 GET NEXT =ZxD TIcd

QAJl”’QLli
BaL 147 0

.’v. ng‘»‘r._

o /e
g
'}

a7

7 NOW WE TAKE SINSEZ
S LDA &, XD

LD 1, A¥OON
AoDz L, &
STR D, AMPEN

JOGR G “GR

o
-')&.42"4' '{

TOYY oy i eT
WD e YL

e Ny
i

e
£

~T s wE




Q4750° BD2RDAL
R4I51° BAESZE
D435 B52516
R4Z5E 202000

PLZE54 BBATE1 BRUN:
@455 B2R70E MLUPL:

R4ZEE" 176520
PAZE7T 241400
DLTED B2B175~
G4ZE1LT 061001
B4ZEST 102000
Q4TET DEZRTT
R4IE4 101000
R4TES DERLTT7
P4ZER’ DEVZAT
B4ZE7T DLB7ERD
D4I70’ DADLLE~
Q4717 102440
Q4=72' BRLSET

D4IT7Z DDESEL
@4374° 01 1EG1
Q4375 BOESSS
RL278° BRESSY
P47 B2DISE-
RL4BB BEZRLL
QuanL’ p2B154~
4402 BL4155~
RLADT 127020
D44D4L° BLDDALE-
Ra4aBs’ BB4LESL
2440E" DOESS1
@447 2ODIVD
Q44i1®’ BRESLT
24411 DE2COD
D441z’ BOES4S
441z 100200

Q4414 BRESZET7 MLUPL:

Q4415 QTLQL4—
RLA1E’ B2 1402
Q44177 101004
RLLZD’ QORT74L
QL4E17 D214D1
QL4ZZ 101004
Q44T QDUTT L
Q4424 BDESZD
QL4ES BEDBE7~
RL4ZE’ BEZDLT
RLLZT DI0DLO-
BLATD 51043
DBLATL 020140~
RLATZ BETBLT

844”*’82824"—RUN=

BL4TSL BB
pass SQER_

MRUN:

: L h o3 230 SR T RET P RR R RETCRUSES SEVERSEE: o) 127 53, T3 YRR 2B TR A3 2RT ST BB AR BB SRV R IE BRI S
3o MRIN PROCEDURE RUN ROUTINE *

.TXT “(B)(&)MRUN"

XFRIL )
LbA 0. .FAIL 3 POWER FRIL ROUTINE
sSURIL 3,3 5 GENERATE +1
5TA 6,0, 3 5 STORE ADDRESS FOR INTERRUPT
LDA B, MCSTK
MTGP @ :
ADC B@.8 - 3 GET -1
DOB @,CPU 3 MSKD ALL DEVICES
MOV 3.0 3 WAIT
INTEN ;7 ENABLE ALL INTERRUPTS FOR PFAIL
NIOC 41 $ RESTART INTERFACE
LDA @, ND ,TELL MICRO
STA @.NCVA STORE
SUBD @, 0 ,GENERQTE a
JSR SETGN 3SEND TX COMMAND LOW SO IT WILL

sCORRECTLY RESTART IF TX PULSE HIGH
JSR @. WAIS : :
11661 ,DELRY FOR VOLTRGE RISE

JSR @.8T1 H QLLDCRTE STDRRGE
JSR a. PSER 3 PULEE SEGUENCE
LDA @, RXP 5 PULSE RX
DOC O, 44 T OK
LDR 8, TXP $ PULSE TX
" LDA 1, 5XP 3 SENSE INHIBIT
ADDZ 1.0 5 TX=1 BENSE=1 .
STA @, AMPGN 5 AMPGAIN=BITS1-3Z, RXP=BIT4, TXP=BITS, SXP=
JSR BETGMN $SEND IT ’
JER . WARIS $ WAIT=ES SECCS
@2 N
JER-a. WAIS 5 WAIT=65 SECS
7]
JER . WAIS 5 WRIT=3B SECS
120000 .
JSR @.CTIM 5 GET CURRENT TIME
LDA 3, TBUF y GET TIME BUFFER
LDA @,2,3 s TENS OF SECS
Mav 2, 0, SZR ;5 =0 ?
JMP MLUP4 3 NO 80 WAIT
LDA 0, 1,3 v 3 SECS
MOV @.0, SZR 3. =@ ?
JMP MLUP4 i ND S50 WAIT
JSR @.ETIM 3 GET END TIME
L.DA 0, SDLY 3 PRE-SAMPLE DELRY
DOB @, 4% 5 SEND TO SAMPLE INTERFACE
LLDA 8.,06DLY 3 IMTER SAMPLE GAP DELAY
BoR 9,43 5 SEND TO SAMPLE INTERFRCE
LDA 2,MODE 3 FFT-SEQUENTIAL
DOC @, 4% 3 SEND TO SAMPLE INTERFACE
LDA @, AMPGN 5 RECEIVER BGAIN
JER SETGN H '

SET GAIN



~
“/\ *,' '.-.'-U? -

LIVENE 7
L LRI MBRI

MCMP
BLOK
CTIM
ETIM
AVE

R VRE
BEIIE" . BLOKS
07273 CTIM:

“"r }'h. l

| JE SN SR Y

TEGLLY
f” (] Cf‘; [i ':':
‘34 RTAYi
Utm“c’"7 . AVE:
Ganss - TTUP:
DLELTY TORLT 7’=TQPE=
DLEERT 2RSS . ATAN:
4S5 BAZTIEZ . THRITE
PLET POERED 6T
BLTTE QD277  GNEK:
Q4S54T BBE4DT L COML s
aL SES'E@T"QS’ PSEDR:
DLEDET YT . PLOT:
@4557’@@‘“@6’.Nﬁf5
ZLOLE ZREO1@ NTEST:

TRPE
ATAN

5T1
GNECK
ComMMm
PSER
PLOT
WAIT
1@

5 s
SRR D

TIUP -

e ey e

s ks

TWRITE

RORRTET Ui TR S E NE RIRIROR S SR XA RP R FRV
T”lkr‘ BOTDID 0L
R SEe SR Hat SR R FES TR TR RE S8 LE 1Y K1 Sk Sh R HE 14




READL

SAV3E:

. TARY:

THR:

NBYTE
ENDIT
DATL:
NEWL :
ECODE
. CODE
.CRC:
DARARY
WORK:

TARY:

RARY:

5 CALLED BY READL(DATA ARRAY. WORK ARRAY, ERROR)

1

- TITLE TRERDL
. ENT TARY RARY
. ENT DATL

- ENT RERDL ECODE

. EXTN CODE

« ENT WORK DARAY
. EXTD CRC

. TXTM 1

- NREL

LDA @, a. TARY
STA @, DARAY
LDA 1, THR
ADDZ 1,0

gsTA 2, GAVE
MOVZIL B, 0
LDA 1,NBYTE
. SYSTH

- RDS 2

MOV @, 8, SKP

T IR

SuUBZ 2,2

STA 2, ECODE”

MOVZR# 1,1.,5ZC
INC 1.1

8TA 1, DATL
MOVZR @. 0
MOVZR 1,3

ADDZ @, 3

LDR @, ENDIT
8TA 0.0, 3
LDA 3, SAVI
JMP @, 3

DATA °

S =~ N
[ ] D
ge 3
5. <

2

CODE -

CrRC

%

-+l

. BLK 10006
«+1

139z2E
13828
100@2

. BLK 1000
«H

. BLK 1202
« END

-8 MR N ME NP s 9B ME u

°
?

-

“E §B ws we

e ws

v N ws ue

ARRAY ADDREGS

FOR CRC

GET +3 . .

FIRST FREE LDCATION IN ARRAY
SAVE ACC2

GENERATE BYTE POINTER

NO. OF BYTES TO REARD

CALL RDOS
GET LINE .
3 ERROR ?

IF ERROR THE NEXT INSTRUCTION IS SKIPPED
. FORCE IER=0D '

STORE ERRDOR CODE FOR LATER

ODD ND. OF BYTES ?
YES SO MAKE EVEN
STORE BYTE COUNT
GET WORD POINTER
GET NO. OF WORDS
NEXT FREE LOCATION

ETX

STORE ETX
GET 3
RETURN

z i «DLE.ETX.



. PART:
RTHOM:
SAVE:
TXMT:

MEXT:

DATAE:

DOR

" NEG

TITLE FTXMT
ENT TXMT

« EXTN DATL RFLG
. EXTN TARY PART

.ENT CONTR

. TXTM. 1

.DUSR ULM=34
. NREL '
PART

100007

o .

STA 3, SAVI
NIOC 35

{ DA @, RTSON
@ ULM

By SYN

0, 8. TDAT
LDA @, 5L

DOA @, ULM
SUBZL @ 0
DOC @, ULM
JSR TCHAR+1
LDA 3. SAVE
LDA
LDA
MOV
JIMP
LDA

L.DA
8TA

1, CONTR
1,1, 8ZR
DATAR
1, CONL
1,1

?
s

LDA 8.8, 2
LDA 3, MABK
MOVE @.0
AMDZ 3,8
JER TCHAR
LpA 3, MASK
LDbA 8.8, 2
ANDZ =, 0
JSR TCHAR
ING & 2
INCZ 1,1,8ZR
JMP NEXT
JMP FINISH

*

2, o TARY

w8 WB ME Sa MB B NE ME ME W NE UP ME wE B

TFLG MFLG TDAT RDAT STAT CODE

~w wB g

W8 NP uS NE uB 9F ME Wl s uF MB N us

SAVE IT BOY

CLEAR CRC

RTG=" 1"

SET |

GET A SYNC CHAR
STORE IT

SET LINE

DONE

+1 -

LINE=0N

WAIT TILL SYNC CHAR SENT
RESTORE ACC 3

ARRAY ADDRESS
CONTROL BLOCK
CONTROL/DATA 2

DATA ELOK

CONTROL BLOCK LENGTH
28

GET A WORD
377

GET HI BYTE
ISOLATED
OUTPUT THE BYTE
77

GET WORD
LOW BYTE
ouUTPUT IT
UP PDINTER
DONE YET ?
SEND NEXT
YES S0 GD

; DATA BLOCK FORMAT

LDA 1, M3

»
k4

THREE WORDS (-3)

;7 FIRST THREE WORDS TRANSPARENTLY



NEXT®:

TRAIL:

MEXTL 2

NEXTZ:

. LDA 0, @, 2

LDA 3, MASK
MOVE @, 8
ANDZ .08
JER TCHAR
LDA I, MASK
LbA @,0,2
FNDZ 3,0
JER TCHAR
INC 2,2
INC 1, 1,8ZR
JMP NEXT®

~E WE W

LDA 1,d. DATL
MOVZIR 1,1
NEG 1,1
SUBRZ @.0

87A @, ad. PART
LbA 8.0, 2
LDA 3, MASK
MOVS ©.0
ANDZ 5, 0

LDA Z. DLE
SUBZ# I, @, SNR
JSR TCHAR
JER TCHAR
LDA @, 3,2
LDA I, MAGK
ANDZ 3.8
L.DA 3, DLE
SUBZ# 3,8, 8NR
JSR TCHAR
JSR TCHAR

INC 2y 2

INCZ 1, 1:5ZR
JMP NEXT1

-

s ug

SUBZL 1.1

NEGZ 1+1
LA 8.8, 2
LDA I, MASK
MOVS @, 8
ANDZ 3,0
JER TCHAR
LDA 3, MASK
LDA @, 8,2
ANDZ % @
J8R TCHAR
INC 2,2
INCZ 1y 1,8ZR
JMP NEXT2

[ JIRVYY

NE VB ME uS ME MT MZ ME M s uE ue

~R NE g

ME wE NB Gt MNP ME N8 WU ME NP Gl MU ME NS GF NS Me JOF

M3 ¥ MY MG we uD e we

M-y N A8 WG ae

GET WORD
7
TOP BYTE
GET BYTE
SEND IT
277

GET WORD
GET EOTTOM BYTE
QUTPUT IT
UP POINTER
DONE 3 ?
NOT YET

NOW THE DATA PART OF THE BLOCK

DATA LENGTH
WORD PDINTER
0. K. :

GET A WORD -
w77

GET HI BYTE
ISOLATE IT
DLE ?

WELL

SEND IT

SEND IT

GET WORD

377

ISOLATE IT
DLE 7.

WELL ?

PUT 2 IN
SEND IT

BUMP PDINTER
DONE YET ?
NEXT ‘

FINALLY THE TRAILER

GENERATE +1
177776

GET WORD
377

TOP

GET IT

LAP

377

GET BYTE

OK

BUMP POINTER
DONE 7

NO !

THE HARDWARE CRC CHECK



CRC:

NEXTS:

FINIGH:

- JMP

TCHAR:

SAVI3s
. TFLGE
. TDAT:
- DATL:
. TARY:
CONTR:
SL.: '
SYN:
DLE:
CONL =
MASK:
TEMP:
TEN:

Ta
.

.

SUEZL 1.1
INC 1,1

INC 1,1

NEGZ 1.1

LDA @, 8. PART
STA @, TEMP
LDA 3, MASK
MOVS 0, 0
ANDZ 3, 0

LDA 3, DLE

SUBZ# =, 0, BNR

JSR TCHAR
JER TCHAR

LDR @, TEMP

LDA 3, MASK
BNDZ 3,0

LDA 3, DLE
SUBZ# % @ SNR
JER TCHAR

“JSR TCHAR

INC 1,1,5ZR
JMP NEXT3

7 DONE NOW

LDA
MOV
JMpP
L.DA
boA
suUB
poc
LDA

@, a. TFLG
@, @, SNR
FINIGH
@, 8L
@, ULM
2.0

@, ULM
2, BAVE

0,3

k]

S5TR 0.3. TDAT
8TA 3, BAVI3Z

LDA 3,8. TFLG
MOV 3, 32 BNR

JMP -2

SUBZ 3,3

STA 3. 8. TFLG

LDA 3, BAV3Z-
JHMP 8+ 3

-3 8 o

]

- TFLG

TDAT
DATL
TARY
@

21
26
=0
iz
377
2
iz
-3

« END

Yl MBS GE MDD ME up a8 T N VB M3 MB wE wMe ¥NE uP wl R Gy

DATA REQUIRED

g ue

LA R T ST L

+1

2'8 0OF NO.

GET CRC
STORE IT
377 0.K.
SWAP
AND IT
DLE. CHAR
ZAP IT
0. K.

AT LEAST
GET WORD
377
GET-A-BY
DLE ?

?

EXTRA DL
AT LEAT
COUNTER
NEXT ONE

SET LINE
SET IT
+0

TURN SEC
GET 3 BR

i BASIC TX ROUTINE

' VT

NE LB dE MB Me W

MND

FOR LATER

AGRIN
TE
E I
ONE

PLEASE

TION OFF
CK

ETORE CHAR
SAVE 3
GONE YET ?
I)

NO S0 WAIT
CLEAR FLAG
STORE IT

"RETURN

OF WORDS TO DO



- TITLE MAIN :
EXTD SETUP TXMT RXMT READL TEOE TENG®
»EXTD TACK TNAK TDUM
LEXTN ERR1 STAT1 ECODE CONTR
- EXTN TEMPS ‘ .
. EXTN DARAY TARY RARY
«TXTHM 1
. « NREL
‘MEZ2: L oLtlaE2 . ‘
. TXT "TYPE 1 FOR TRANSMIT @ FOR RECEIVE <(12) (15"
MSZ: « +1H2
« TXT "CONMNECT PROBLEMS (12X (1S
MS4 s . FI2 ,
« TXT "FINISHED D.K. {12 (15"
TOUT: o+l ]

| - TXT "$TTD"
CTIND L41sZ
. TXT “$TTI"
FILE:  .+1%2
. TXT "INPUT"

FOUT: . +l2
. TXT "QUTPUT"
8TART: LDA @, TOUT *
SUB 1.1
. SYSTM
. OPEN 1
JMP 8. ERROR
LDA @.TIN
SUE 1,1
. SYSTM
LOPEN 27
JMP @.ERROR
LoA @, FOUT
SuUB 1,1
. SYSTM
. OPEN 2
JMP @. ERROR
LDA B, FILE
SUB 1,1
- SYSTM
.OPEN 4
JMP Q. ERROR

¥
B

MESS1: LDA B8, M52

OPEN $TTO
MASK=0
CALL RDOS
OPEN 1
ERROR
OPEN $TTI

NP NF ME ME a8 N e

OPEN TX FILE

~%

~g

OPEN RX FILE

MESSAGE *TX=1 RX=@’

. SYSTM ; CALL RDOS
. WRL 1 : WRITE IT
JMP @. ERROR : OK

. SYSTM s GET REPLY
. GCHAR ;s OK

JMP &. ERROR ; ERROR
LDA 1, ONE ; ONE ?

SUEZs 1, @, SNR ?



RXMODE:

BAK1:

BAKZ:

PO

Ji:

Pi:

JMP TXMODE
LDA 1, ZEROD
SUEZ# 1, 0, SZR
JMP MESS1
JSR @. SETUP
LDA @, 8. ERR1
MOVZ - @, Bs SZR
JMP @, ERROR
LDA @, CNUM
STA @ COUNT
JSR . RXMT
LDA @, &. NEW
LDA 1,04
SUEZ# @ 1, SNR
JMP PR

1SZ COUNT
JMP BAKZ

LDA @, MS3

. SYSTM

JWRL 1
JMP @. ERROR
. SYSTH

. RTN

. RTN

JER 8. TEN®
JMP BAK1

JSR @. TACK
JER @. RXMT
LDA @, ad. NEW
LDAR 1. R4
SURBZ# 1,8, 5ZR
JHP P1

LDA 1, LAST
MOV 1, 1,5ZR
JMP Jio
JER @. TNAK =
JMP P@+1

JSR a. TACK
JMP P@+1

LpA 1,A1
SUBZ# 1,8, 8ZR
JMP P2

JER . TNAK
SUBZ 0.0

8§7TR 2, LAST
JMP P@+1
MOVZ @, 8, SZR
JMP P33

LbA 1,8. TEMPS
LDAR @ a. RARY
MOVZIL B.0

« SYETM

. WRS 4

JMP @. ERROR
SUBZL. 9.0
874 @, LAST
JMP PD

L]
1

- e

~G

~a

~a2

~g

ME WS W8 B wE uB

NP VT JD ME WG e ME wB MB ME ye

ME MO M8 MO ME w8 MD W0 ME MR wa ME uP M MDD M7 ME MO N8 v

NB ME WS ~wE wR &7 we

TRANSMIT MODE
@a-?

?

MESSAGE

CALL SETUP
SETUP ERROR
NO ERROR ?
ERROR

COUNT NUMBER
STORE IT

CALL RECEIVE
GET REPLY

ENG ?

WELL ?

NO !

DONE YET ?

ND S0 DO AGAIN
FINISH MESSAGE
RDOS

TELL EM

AP IT

DIE

SEND ENRUIRE

GO BACK -

SEND ACK

GET REPLY

GOT IT, NOW WHAT ?
ENG -2 '
WELL ?

OVER

WHAT WAS THE LAST ONE ? .

@=MAK 1=QRCK
NEGATIVE
POSITIVE

i AND BACK AGARIN

HMMM
BLOCK IN ERROR %
NOT YET ANYWAY
NEGATIVE ACK
)
LAST=NAK '

3 BACK AGAIN

GOOD BLDCK 2
MNEGRTIVE '
NO OF BYTES .
RECEIVE ARRAY
BYTE POINTER
GET THE DATA ON DISK
DONE

ERRDOR ?

+1

LAST = D.K.
BACK FOR MORE



P4&

TXMODE:

TXAG:

NEXTB:

o
g

NEXTA:

- JSR

LDA 1,A5

SUBZ# 1,0.8ZR
JHMP P4

JER d@. TRCK
LDR @, a.MS3

. SYSTM

WRL 1

JMP. @. ERROR

. SYSTM

JSR 8. TENG
IMP P@+1

JSR 8. SETUP
LDA O, a. ERR1
MOVZ @, @, SZR
JMP 3. ERROR
LDA @, CNUM
STA @, COUNT
JSR 3. TENR,
JSR 8. RXMT
LDA @, 3. NEW
LDA 1.AZ
SUEZ# 1, 0. SNR

JMP NEXTB

I18Z COUNT
JMP TXAG
LDA 8, a. ME3
. SYSTM

- WRL 1

JMP d@. ERRDR
. BYSTM

« RTN

« RTN

“B NE aE

JSR . READL

LDA - @, a. ECODE

LDA 1,RE
SUBZ# 1,0, SZR
JMP Tz

ISZ FIN-

JMP NEXTA
MOVZ @, @, SZR
JHP &. ERROR
JER &. TDUM
JSR @. TDUM

@. TDUM

O S AT

e A 3 ME MT “ES ue ¥D

-n

“a

B UE MB UE ME uUB MNB ME uE uE GE GE ar uB

- e an e

"
4

END 0" THE LINE

CEOR

Lo}

DONT RECOGNISE IT
CONFIRM IT

DONE

RDOS

0. K.

DERD

SEND ENG BLOCK
7 MORE

CALL SETUP

SETUP ERROR

NO ERROR ?

ERROR

ERROR COUNT

STORE IT

ENRUIRY BLOCK

RECEIVER

GET RECEIVER STATUS

STATUS 2

IS IT

CONTINUE

COUNT=0 ?

NO 5D AGAIN

MEGSAGE

CALL RDOS

SENT IT

DONE

DEAD NOW

GET A LINE
GET CODE

& .
WELL ?
APPARENTLY NOT
SIGNAL DONE
CONT INUE

® PERHAPS ?
FUNNY ERROR !

LIT ey sd/Mkt 8



JYR a. | DUM

JSR. @. ThuM WIERD MAN !

SUBZL 0,0 +1

5TA 8, a. CONTR DATA BLOCK :

JSR a. TXMT G0.. GO... B0 sceaas

GET THE REPLY

NEXTC: JSR a.RXMT
' OK SO0 THARTS THE REPLY

L.DA 0, a. NEW

LDR 1, A2 2°?

SUBZ# @, 1, BZR WELL ?

JHMP 01 NEGARDRY RUBBER DUCK
LDA 1, FIN END OF EBLOCK ?

MOV "1, 1, BNR END ?

JMP NEXTE GET THE NEXT BLOCK

NS up MO 4O W8 MR MO M) uE MU O up M

JMP THEENMD ZAP. A. ROONY

7
o

Otz LDA i, A% NAK (TDO YOU TOO)

SUBZ# 1,@,SZR 5 WELL ?
JMP 0z : ND ! -
JMP NEXTA i TX AGAIN 0. K.
. 023 LDA 1, A4 : ENG
SUBZ# 1,8:SZR 3 WELL ?
JMP D3 i ND ! :
JMP NEXTA : TX RGAIN AND AGAIN AND AGAIN AND AGAIN
033 JSR 3. TEN® $ SUMMUT UP *ERE
JMP NEXTC 't WAIT FOR REPLY
THEEND: JSR @. TEOB s END OF BLOCK MUN
JSR 8. RXMT : GET REPLY
LDA @, &. M54 i GET END MESSAGE
. SYSTM % BEND IT |
WRL 1 i REPLY
JMP 8. ERROR 1 ERROR
. SYSTM i IGNORE IT ANYWAY O.K.
.RTN : BYE BYE
. RTN i BAG SOME 7'S THERE BOY

ERRDOR: .S5YSTM

. ERTN KILL IT

~-e



. MB35

. M54

. ERROR:
. TEMPS:
. DARAY:
. TNAK =
o TACK:
. TENG 2
. TARY:
. RORY:
. SETUP:
o TXMT®
« RXMT 2
. READL. s
. TDUM:
. TEOR:
- ERR1:
. NEW:

. ECODE:
. CONTR:®
ONE 2
ZERO:
CNUM:
COUNT 2
FIN:
LAST:
Ale

Tew
P

AZ:

A4 =

- AS:

AE:

ME3
M54
ERROR
TEMPE
DARAY
TNAK
TACK
TENG®
TARY
RARY
SETUP
TXMT
RXMT
READL

- TDUM

TEOE
ERR1
STATL
ECODE

CONTR

E1
60 :
177772

(/]

2
2
1
z
3
4
bo]
&

END START



TDUM:

SAVIE
TEMP:
. TARY:
. TXMT:
. CONTR:
WORK:®

. TITLE TDUM
LEXTD TXMT

.ENT TDUM
.EXTN TARY CONTR
STXTM 1

. NREL.
STA 3, SAV3
LDA @, WORK
LDA 2, .TARY
LDA I, &. TRRY
5TA 3, TEMP
STA @, 0, 2

SUB @.0

STR @, @. CONTR
JSR 2. TXMT
LDA I, TEMP
LDA Z,.TARY
STA 3,0, 2
LDA 3, BAVE
JHMP @, 3

[ S PR

TARY
TXMT
CONTR

. +1

. BLK 50
. END

WB WT MF ME W8 MB NE ST NG ap we NS

~3

ELANK ARRAY

ARRAY ADDRESS ADDRESS
ACTUAL ADDRESS

STORE IT o
ALTER ADDRESS TO WORK AREA
CONTROL ELOCK
DONE
TRANSMIT
BET ADDX BACK
ADDRESS

PUT IT BACK
RETURN

BYE



[ ¥} 4

AIN1:

MBERV :

TSERV:

FINISH:

CRC:

T BAVZ:

SAVI:
RFL.G:
MFL.G:
TFLG:
TDAT:
RDAT:
STAT:

PRRT:
SYN:

.TITLE FISERV
.NREL
LEXTN .UIEX
.ENT PART
.ENT AINL

.ENT TFLG RFLG MFLG TDAT RDRT STAT

-DUSR ULM=34
STA 3, B8AVI
ETA 2, SAVE
DIA @, ULM
MOVZR @, @, SIC
JMP TSERV
DIC B, ULM
MOVIR @, @, SZC
JMP MSERV
STA @, STAT
DIEC @, ULM
STA ©,RDAT
LDAR 3, SYN
SUEZ# 3.0, SZR
JSR CRC
SUBZL 0,0
STA @, RFLG
JMP FINISH
STR 0, STAT
SUBZL @, 0
STA @, MFLG
NIOC ULM

JMP FINISH
NIOC ULM

LDA @, TDAT
DOE @, ULM
LDA 3, SYN
SUEZ# 3,0, SIR
JSR CRC
SUBZL @, 0
STA 0. TFLG
LDA Z.SAvZ
LDA 3, SAV3
SUB 1.1
JUIEX -
LDA @, PART
DOES @, 35
SKPEZ 35

JMP -1

DIBC .35
STA @, PART
JMP 8,3

DATA

B OSSO CE O v w

D
m

- END

ME S &0 P ME wB S4B us

uf ME we w3 wn hl‘l ~

ME UE U MR NE ME. N8 NE NS uE wB NE

s us

us

-y uw s uw

“p N8 us

GET LINE/SECTION

TX/RX ?

TX :
RX/MODEM ?
RX

MODEM
| SAVE STATUS
GET DATA
STORE IT
SYNC

o 2

CALC CRC
INTERRUPT=1
oK

END

BAVE STATUS

+3

INTERRUPT=1
CLEAR INTERRUPT
END

CLEAR INTERRUPT
GET TX DATA
TRANSMIT IT
SYNC

?

CALC CRC

+1

INTERRUPT=1

GET 2
AND 3

FORCE NO RE-SCHEDULING

EXIT

GET PARTIAL
START

BUSY ?

WAIT

GET NEW ONE
STORE IT
RETURN



ERVI:

. PART:

. RARY:

RXMT= -

NEXT:

~TITLE FRXMT

« ENT RXMT

LEXTN RFLG TFLG MFLG TDAT RDAT
«ENT TEMPE

ENT STAT1 WORDS
 EXTN PART

« EXTN RARY

« TXTM 1

. DUSR ULM=3

- NREL

2

PART

RARY

RECEIVE PROGRAM ERROR RETURNS ARE :-

B=DATH BLOCK WITH NO ERRORS
1=DATA BLOCK WITH BURST ERROR
2=COMTROL BLOCK RACK '
Z=CONTROL BLOCK NARK
4=CONTROL BLOCK ENG

I=5YNC CHARACTERS
&=UNDEFINED CONTROL SERUENCE
7=TIMEDUT

B WMB Gl ME B NE NE NE NE M8 M i W

STA 3, 8RV3

GET ADDRESS:

i 7 BAVE ACC 3
NIOC 35 3 CLEAR CRC
LDA B, RTSOFF i RTS="®
DOE @, ULM i SET IT AND ULM=0N
LDA @, 8L 7 SYNC LINE
DoA @, ULM 7 BET IT
SUBZL ©,@ i o+l ’
poc @, uULM 5 LINE IS ON
SUBZ 1.1 3 GENERATE +8
STA 1.5TAT1 5 8TATUS
5TA 1, START i START=0
STR 1,ERROR 7 ERROR=D
8TA 1.END 5 END =0
8TA 1,LASTD i LASTD=9
87TA 1,a.PART ;7 CLEAR CRC PARTIAL
STA 1, TEMPD ;3 COUNTER=0

LDA Z.d. RARY

J8R RCHAR

3 GET R CHAR
MOVS 0.8 y TOP BYTE
STA 0. 8,2 s STORE IT
JER RCHAR y GET A CHAR
LDR 1,8, 2 3y GET LAST VALUE
ADDZ 1,0 s ADD IN NEW
STR 3,0, 2 i 8TORE IT
INC 22 3 BUMP POINTER
LDA 1, TEMPO ;3 CURRENT NO.
LDA @, MAX 7 MRX ALLOWED
SUBZL# ©,1,5NC 5 FULL ?
JMP FINZ
LDA 1,END s DONE ?

s LOOP

JMP NEXT

s CRC NOW



FINISH:

FINL:

FINZ:

WORDS :
TEMPO
START ¢
ERROR:
STATYL *
END:
MAX 2
LASTD:
Sz
RTSOFF:
TPART:
TEMPS

s .
LDA 8, d. PART
STA @, TPART
JSR RCHAR
MOvs @, 0

STA 0.0, 2

'SR RCHAR
LDA 1,0, 2
ADDZ 1,0

8TA 0.0, 2

?

i ENDIT ALL

NMZ ME A S NP N8 N MDD NE

LDR 8.5L
DOA 2, ULM
SURZ @.0
pDoc 8, uULMm

T
™y

o3 B

~d a8

SUBZL 1.1

LDA ©. TEMPD
SURZ 1,0

SUBZ 1.0

LDA 3, STATL
MOV 3, % SZR
JMP FIN1

STA @, TEMPS
LDA @ TPART
LDA 1,0,2
SUBZ. 3, & '
SUEZ# 1, @, SZR
INC 3,3 |
STA 3, STAT1

ME M8 M8 MB GE NE M MuB 9P 0 M8 uME a@ A8

1,5TATL
LDA 3,SAVE
LDA 1, TEMPS
MOVZR 1.1
STA 1, WORDS
JMP 2,3

LDA

a8 NE df M7 23 up

BLOCK TOO LONG

LA I

LDA @, Al
STA B, STATI
JMP FINISH

NE NE NP

SOME DATA

BASIC RX ROUTINE

GET PARTIAL .

STORE FOR LATER
GET NEXT BYTE

HI BYTE
STORE IT

GET NEXT ONE
GET LAST ONE
ADD IN NEW

STORE WHOLE ONE

SYNC LINE
SET IT
+0

SECTION = OFF

+1

NO OF WORDS GOT

ND. —-1

NO. OF WORDS
GET STATUS

e ?

END IT
STORE IT

GET CRC

GET CRC

o+

SAME ?
+1 '
STORE IT

GET GTATUS
GET ACC 3
NO. OF BYTES
NO. OF WORDS
STORE IT ‘
RETURN

ERROR
DONE
END

-1 (BYTEG-2)



RCHAR: STA 3, SAVIZ

BURZ 35,3 GENERATE +0

STA 3, TEMP 3 TIMER

LDbA 2, DEL1 i DELAY=200
ouTA I, TEMPL i TIMER

JER TIME1L 5 TIMEOUT
SURZ 3, 3 5 ZERD FLAG
5TA 3.d.RFLG ; CLEAR FLARG
LDPA B,ad.RDAT ;3 GET DRTA

LDA 3, DLE ;7 DLE

SUEBZ# 3, 3. 8ZR 3 IS IT ?

JMP NODLE 7 NO !

LDA 2, LLASTD ;7 LAST ONE R DLE ?
MOV 2, 3. GZR 7 WELL ?

JMP ONDLE i YES ! ,
ISZ LASTD 3 NO SO SET IT
CJIMPOEXIT1 ;7 LEAVE

b
[

NODLE: LDA 3,LASTD WAS LAST ONE A DLE

-~

MOVZ 3, 3, SNR : WELL 2

JMP EXITI s WAIT FOR IT !
SUBZ 3, % ;D .

STA 3, LASTD 5 CLEAR DLE FLAG
LDA 1,S5TX ; START OF TEXT ?
SUBZ# 1,@.8NR 5 ? .
JMP S8TX1 : YES !

LDA 1,ETX ; END OF TEXT ?
SUBZ# 1,8, SNR 5 ?

JMP ETX1 1 YES

LDA 1, SYN 5 SYNC

SUBZ# 1,@,SNR 3 DK

JMP SYN1 s ZAP

LDA 1,ACK ;. ACK

SUBZ# 1,@,8NR 3 WELL

JMP ACK1 3 ACK
LDA 1.NAK ; NAK ?

SUEBZ& 1.8, SNR 5 WELL

JMP NAK1 3 0K

LDA 1,ENG s ENG?

SURZ# 1,2, 8NR 3 WELL

JMP ENG1 ; YES

; ERROR UNDEFINED CONTROL CHARS
LDA 1,08 : ERROR CODE &
STA 1,STATL s GTORE IT

JMP EXIT : GONE

k4

; CONTROL CHARACTER SECTION

"

5TX1: ISZ START

~-n

START COLLECTING CHARACTERS

MOV B, 0
SUBZ @, 8 s +0
STA @, . PART : CLEAR CRC

JMP RCHAR+1 GET ANOTHER
ETX1: 1SZ END : FINISH
MOV 2,0 '

JMP EXIT -OK

3

SYNi: LDA 1,A5
STA 1, STATL
JMP EXIT

ERRDR CODE 3
OO }(H
LERVE

~g NS an



'A¢K1é
NﬁKl:
ENGL 2
EXIT:

EXITL:

DNDLE:

TIMEL:

8TX:
ETX:
SYN:
ACK:
NAK:
ENGs
PLES

« RFLG:
. RDAT =
SAVEZ:
TEMP:
TEMP1 #
FIVE:
Ais
A4
A5:
fEs
R7:
DEL1:

F ONOURUN= IS S

?
LDA
S5TA

JMP

; ’

LDA
aTA
JMP

. LDA

T

Cwuds

- JMP

LDA
Isz
JMP

LDA

MOVZ 1.1,8ZR

JMp
JMP
H
SUBZ
STA
JMP

2 8 &

9

LbA
MOV
JMpP
D&Z
JHP
DEZ
JMP
LbA
8TA
JMP

DA

(4]

NOART M R v e s
) m

P a s
o T
DI
- 3

END

1, A2
1, 5TATL
EXIT

1, A3
1, 5TAT1
EXIT

1, A4
1, STAT1
EXIT

7. SAVII
TEMPD
2,3

1, START

EXIT
RCHAR+1

- -y
=T

I LABTD

RCHAR+1

TEST AND TIME

1,a. RFLG
1, 1,SZR

2,3
TEMP
TIME1
TEMP1
TIMEL
1, A7

1, 8TAT1
FINISH

TA

B uE ¥E w0 NE ua s “E us s N8 ws wd N2 en we

T T I

ERRDR CODE 2
0.K. .
LEAVE

ERROR CODE 3

- 00K,

LEAVE

ERROR CODE &
0. K.
LEAVE

GET 3 BAK
COUNTER
LERVE

HAVE WE STARTED YET ?
WELL ?
YES S0 LEAVE

NO S0 GET ANOTHER

CLEAR DLE FLAG
DONE .
GET ANOTHER CHARACTER

ROUTINE

N3 ST NI QR N NG NT uR a8 WO

GET THE FLAG
s IT@ -

ND SO NORMAL RETURN
TIMER

0.K. -

TIMER

0. K. |

ERROR CODE 7
STATUS=TIMEOUT
EXIT



SETUP:

NRET$

ERROR:

SAV3:
MASK:
SL:

SYN:
MCS:
DLE:
ERR1:
UDEV:

INL:

.TITLE FSETUP
. NREL .
CTXTM 1

.ENT SETUP IN1
.ENT ERR1
LEXTN AINL
.DUSR ULM=34
STA 3.5AV3
SUB 2

STA 2 ERR1
LDA @, UDEV
LDA 1, INi
.SYSTM

. IDEF

JMP ERROR
NIDS ULM
LDA @\ SL

LDA 1,LC

LDAR Z,SYN
LDR 3,MCS
SKPBZ ULM.
JMP , ~1

DOA @, ULM
DOC 1,ULM
DOC 2, ULM
DOB 3» ULM
LDA 1, DLE
DOC 1, ULM
INC 2,0

DOA @, ULM
DOC 2, ULM
DOC 1,ULM
NIOC ULM

LDA 3, SAV3
JMP 2,3

H

s ERROR ROUTINE
H
LDA 3:8AV3
STA 2, ERR1
JMP NRET

DATA

O vo we us

200 .
20

101020
4RBZ6
120201
140020

S

¢ v w w4
+
fus

DN
()
A =
-

END

®  wa ws uz

END

-e a2

@8 GE «wd a9 we

SAVE I
CLEAR ERROR
=0 .
DEVICE 34
DCI

CALL RDOS
CALL IDEF

w8 W0 Y0 <o WS WE w3 uB

W8 WE WE ME WO WO UG Wk W

)

ERROR ?

SETUP

LINE NO.
CHARACTERISTICS
SYNC CHAR

MODEM CONTROL
WAIT:

OK

DONE

DATA LINK
SETIT

TX SECTION
SET SECTION
SET SYNC
SET DLE
ONLINE

GET 3

INTERRUPT DEVICE TRBLE FOR RDDS‘
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