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' »Abstra‘ct'

The requirehents, design, and performace of'a
microprocessor based data acquisit?on anAWv;ensmission
system ‘are described. This system is é&‘e and digitize
a number¥ of low frequency analog’ glgnﬁih:d&dﬁ@b transmit
.th1s information to a t1me shared ma1n frame "computer.
Features of the data acquisition process 1nclude the
.concurrent sampling of 8 signals, each-at a rate of ?O
hertz, an 8 channe! digital filter, and a selectable&
resamplinc rate. Features of”the transmission procesg
include a large nonvolatile data buffer, in the form‘of a

bubb1e memory , and a handshak1ng mechan1sm whereby data can

be re11ab1y sent to the main frame computer Concurrent data

'.'acqu1s1t1on and transmlss1on m1n1m1zes ‘the time: between data

ecqu1s1tlon and data,analys1s. The system is intended to a1d
biomedical research. Consequent]y;.there is an emphasis on

reliability and convenient operation.
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¢ - |1. Motivatfon

- The development of a data acquxs1t1on and transmission
_system has been nnt1vated by a need to record and ana1yse
act1v1ty within the gastro1ntest1na1 tract or w1th1n tissues
taken from that~tract By closely. observ1ng the d1fferent
'types of activity and the conditions under which that
act1v1ty occurs, 1ns1ght 1nto ‘the mechan1sms -and funct1ons
vof ‘the gastro1ntest1na1 tract may be obtaxned Some of the
act1v1t1es that are being stu§1ed are var1at1ons in |
electrical potent1als. pressures displacements, and forces.

In the human gastrointestinal traét d1fferent1al as
‘well as absolute measyrements of electrlcal potent1a1
whithin groups of cells can be made by piercing small
electrodes through the inner gastrointestinal 1ayer of
t1ssue,\the mucosa. Pressures can be measured by monitoring
the amount, of pressure required to Keep fluid f]owtng slowly
out the end of a tube placed where the mea8urement is to be
made. Measurements of d1splacement can be made in an1mals by
mount1ng transducers on the stomach or bowels. The
electr1ca1 potent1a]_w1th1n 1nd1v1dua1'cells can be observed
'by taking tissue samples and probing a parttcu]ar type of
‘ce]l with an'electrotyte filled glass microelectrode.
Measurements of Forcesfgeneretedvby a piece of tissue can
also be made through the use of strain gauges} |

'Before the'signels from the vartous trénsducers can be
used, they must be cbnditioned. Thispis done by setecting

‘gains and cut off frequencies of amplifiers and filters in



available biomedical equipment. The signals then can be
plotted, stored'on analog magnetic tape,. or othefwise
monitored.

| It is not sufficienf to record only the conditioned
signals from a number of transdchrs. Dgscriptive
information must be recorded specifying the condition of the
subject, when and’how drpgs have been administered, the.t{me
and date data were recorded, .the transducers and calibration
points used, wheréathe‘trangaﬁcer$~weré élaced, ary speéia]
-equipment used, and so on. Data can easily become
heaningless if thé bfecise conditions under which it was.

gathéréd'are not described. as thqrbugh]y.as possible.

To'gain insight into the processes invoived in
gastrointestinal hotility,‘the_different types'of activities
monﬁtored may be analysed. One way of reducing the»volumesi
of data that can be acquired ié to use the Fourier transform
and to study the resulting frequency spectra. Correlatibné
between,theiactivities monitored are élso-sought, éuch as
the relationship between the electrical éctivity atltwo,'
]ocatiqns or the relationship. between pressure waves ahd’
eiectrical activity at the same location. Other possible
He]ationships being invéstigated are how the aétivities
within the gastrointestinalvtract or'its tissues vary under
thebinfluences of certain d%ugs or other conditions.
As this research,ié being carried out at the University

of Alberta?,it is fe]f‘that the above type of data analysis

should be done on the University’'s powerful compUter system,

Y



based en the Amdahl1 470V/8 computer operating under the
Michigan Terminal System (MTS), rather than on a dedicated‘ :
minicemputer system. Some advantages would Se the |
availability of‘extensive softwane support inciuding
subroutine libraries, a number of1highﬁlevei 1anguages,'a
powerful file editor, and access to resources such as disk
space magnetic tape drive units, and graphics p]otting
devices. Also, hardware, operating system and some;software
maintenance are prov1ded for. Using the University.s
computer 1s also convenient as there are a nUmber of
communication lines and terminais across campus providing
access to the resonreesfof this system.

But the eueetion arises as to how the signals from the
transducers and the.descriptive information are to be
transmitted to the large time sharedtcomputervsystem}'It is
the function of the data,acquiaition and tnansmission system
~described in this thesis to sample the eenditionedianalog |
§ignais'and te transmit this digitiied iniermation as weli
as'any amount of descriptive infermation, to the computer
system. This must be done:in a quick, reiiab]e, and

« convenient way.
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II. Reguirements

The requirements of the data acquisition and
trahsmisgion system are to perform its function of signal
sampling and data transmission with ré]iability,
c0nvehience,'efficiency,iand.with asvmuch fiexibility as
possible. As the system is to be used in a biomedical
laboratory environment, it must be easy to operate, a]]oving
the user to more fully concentrate on other aspects of h?b
f'L}ésearch; The system must be robust td allow for 6perator
g erqofs,_for vibrations or mechanical shock, and for minimal

serVic{ng in the futuré; Reliable data acquiéition and
‘transmiSSion‘are impdrfant as lbst data may be di%ficu]t or
-impossible'to regenerate. itvis desirable that the system be
as fiexible as possible, to maximize its possible i
r applications éhd give the user some freédom or control in

the operation"qf the system.

In terms of function, the position of the data
acquisition-ahd transmission systém in re]atipn to its
'environméntiis indicated by the block diagram in Figure /

/

"II.1. In order to perform its function, the'System must //

/

contain a number -of devices and processes as shown ih Figure

1.2
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A,'Microcomputer . .
, A central device in the system is required to control.
and execute the Functioné’of sampling, processing, and
transmission. The use of a microcomputer allows this device.
to be dedicated to these functions with its design failored '
té meet'pabt1001ar objecfivesanhe microcomputer can bg
constructed and its componénts can be sefected'to achieve a
resistance to abusé. a reduced need for‘maihtenance,'and a
high degree df—reliabi]ity. Software can be written with a
particular function in“mind_to provide efficiency and can be
structured to}provide reiiability and to ailow for futuFe
changes. A data acquisition and transmission gystem‘based on

a dedicated microcomputer would be éasier to opérate and

less cosf]y to obtain and'maintain than a miniéohputeribased

" system or a general purpose commercial data acquisition- and
. = A '

transmission system.

B. Data Acquisition PfoceéS‘ B é,

+In the fype of research.desc%ibed, two types of data
must be écquired.iDne type bf data may be called sampled
data ané'cénsisys'of a series of samp]ed data points from
the gignais of interest. The other type of data may be
ca]]ed.descriptive'data and consistgﬁof a precisé

description of the conditions under which the first type of

‘data was aéquired. Descriptive data must be acquired and
‘entered -into the system by the operator. It is the funétion

‘of the data acquisition proéess tb,obtain-sampTed data.

&



Biomedical data acquisition equi nt is used(;o
condition the signals from the transduc rs. Thisvequipmqpt
is always adjusted to produce ah output within the plus and
minus two volt range. This is the range r\quired for |
plotting thjs'data on a chart recorder. 1\This equipment can
be adjusted to have a bandwidth 1imited to(less than 20
hertz. As a consequence, each outpUt signal of this
equipment,"whjch is the sum of the signal related to a
‘particular activity'undef invegtigation plus any noise )

picked up, would Havevfrequency components below 20 her;z.

o These conditioned signals are the ones sampled by the data:

acquisition phbéess.

.To avoid di;tortion, it is sufficient that the data
aéqUisition process have'a fixed input range ofﬁplus and
miﬁus two and a half volts énd that.the initial sampling
vfrequency be at 1éast 40 hertz. Depending on the particular
activity being monitored, a signal derived from the
gastrointestina] tract containé a maximum ftequency
component,‘thatiis of any significanée,vbéfweeh .5 and 3
hertz. As é‘result, fhe déta'aCQuisition prbcéss’should have
a variable resamplihg rate of about two to ten_hértz: Whén a
lTower resampling-rate is sufficienf, the volﬁme of data
acquired can be greatfy reduced by allowing the user to

select a lower resampling frequency.

'In our case} the Beckmann Type R Dyhograph Recorder is used
to provide signal conditioning and chart recording for 8
channels. ' , _ '



Since this resampled data, (also refered to as sampled
data). will later be analysed uéing the Fourier.tragsform.
it is importént that its frequency spectra are not
distorted. In order to avoid aliasing, prior to resampling .
data should be"filtered to remove the‘appropriate higher
freguency cdmponents enteréd either byvthe signal or by
noise. . ‘ v - \

For our purpose, it would be sufficient if the data
acquisition'proce$s could sample up to efght of the
conditioned analog signals concurrently with a resolution~of
12 bits. .

C. Transmission Process - v

The transmission process is the mechanism by"Which the
vdescripfive data and the sampled data are sent to the
Uniyérsity’s Amdahl computer system operating under the
Michigan Terminal System. Asbmost of the data will consist
of sampled data, the transmissionlbf sampled data shou1d 
occur as fast as possible and should be concurrent with the .
déta acquisition process. This wbuld mfnimize the time the
user mdst wait béfore this data is availéb]e for analysis.
There must also be a means by which the user can enter andif
transmit descriptive‘data. The‘entry and transmission of »
descriptive data must nof interfere with the,tranSmission'of
sampled data. |

As. a large volume of data will be sent to a time shared

SR



computer system, a handshaking mechanism 2 is required to
ensure that the transmission process sends data only when’
the computer §ystem.is réady to accept it. Without proper
handshaking, data may be iost.

The means by which the time shared computer system can
receive and store the two data types should be as economical
and yet as flexible as. possible. Also, any programs used to
analyse the data must be able to d%fferentiate between the

two data types.

D. Data Buffer
When a s1gn1f1cant amount of data is to be transmitted

- to a t1me shared computer system, it is difficult if not
impossible to pred1ct exact]y'when that system is ready to
accept this data. The .rate at which data may be transmitted

to such a system is a,functfon of how heavily the system is
'5~1oaded, and this loading is usually dynamic and'somewhat
unpredictable. There is no guarantee that data mayvbe.
”V"transmitted when it is ,acquired or as fast as it is

acquired. If the University’s computer system should go W
8 down, it hay'even_beaa few hours before the system comes up

agagn allowing transmiSsion fe resume. To overcdﬁe these

prob]ems,.a data buffer is requiped}within the data'

2 HandshaKing has been defined as a mechanism whereby a
sending device indicates the availibility of.data and the.
receiving device indicates the receipt of this data and/or a
readiness to accept it.

‘Lance A. Leventhal, 6809 Assembly Language Programming
Dsborne/McGraw-Hill Berkeley, 1981, p. 12-5
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acquisition and transmission system to hold data until it
can be transmitted. | |

The flex1b111ty of the data acquisition and
transm1ss1on system 1ncreases with the size of its data
-buffer. I1f the rate of data acquisition is greater than the
‘rate of data transmission, then the farger the data buffer,
the greater the‘time interval before thg data buffer is
filled to capacity and data acquisition must stop.
Similarily, if the time interval over which data is to be
sampled is fixed, then the larger the data befer,‘the
larger the alloWable difference between the rates of data
'acqu1s1t1on and data transmission. |
. Further flex1b111ty can be provided if the buffer is a
‘nonvolat1le memory'gev1ce. This device would retain any
untransmitted-daté %f A.C. power must be removed from the
data acquisit;on and tréhsmission system. It should bé noted
that all mentidned aspects of the data buffer that improve
flex1b111ty also 1mprove rel1ab1]1ty by reduc1ng the chance
of data loss.

‘Some other qualities‘of'the data buffer that must be
considered are read and write access times, data transfer
times, 3 read and write error probabilities, mean fime
between failures and serv1c1ng, as well as sens1t1v1ty to -

characteristics of the physical environment such as

3 See Section 1IV.D
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\

mechanical shock or electromagnetic radiation. *

E. Control

A control device in the data acquisition and
transmission system is required to allow the user to
‘manipulate the operation of the data acqufsition process,
the transmission‘process and the data buffer. As this device
is the jnterface between the user and the system, it should
prevent the-user from making incompatible requests, provide
some guidance whenvthe user makes an error, and prov{de an
acknowledgement when a request is grantedf

Keys, uSed'to-cbntrol system operation, and a display,
used to indicate system status, can be4mounted on the front
panel of the microcomputerf‘This WOUId allow for quick and |

simple system control.

F. Other. Devices

| Other devices required in the data_acquisifion and
transmission system*arevé monitor and a seﬁ of fest ~
routines. The monitor will be u§ed to handle keyboard
éntries and driye the display. It should also provide a
means to monitor, étopf and start program execution as~an
aid'tO'system development. This system dévelopment portioh
-of the monitor.should be enabled only during development or
testing. to prevent interference with the acquisition or

4 See Section III.D
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ensure that each device or process in the system is
functioning properly. These routines may be executed using
thé monitor during system development or at any time the

-
Bl

system's operation is to be checked.



II1. Specifications
Once the general functions and requirements of the data
acquisition and transmission system have been considered,
one can éelect or specify the major -components or operations

necessary to realize those requirements.

A.’Microcomputer

As a dedicated microcomputer system is required, a
microcomputer based on the Motorola MC6800 ﬁicroprocessor
was chosen: This choice was based on the support available
at the time system development began. The most significant
factor in making this c%oice was the availability of a cross
assembtgr. Other consjderations were the availability of
MCSBOd,based system cémponents and a familiarity with the
device. Had the appropriate cross-assembler been available,
one bf the more powerful microprocessors, such as the
Motorola MC6809 or the Intel iAPX 86 would have been a
‘better alternative, as in a single processor system, if a
processor with higher»performance is used, the system would
also be capable of greafer performance. Perhaps the high

performance of the MC68000 would have justified the added

cost and effort required for its implementation.

B. Data Acquisition Process
As outlined by the requirements, the operations that
must be performeq within the data acquisition process are

initia]'sampling,-fi]tering, and resampling. As it is alsd

13
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required to sample up to eight signals concurrently,
proqramminq‘ia simplified and execution time reduced if each
of the operations of sampling, filtering, and resamplfng
always handle data from all eight input signals at once.
Initial Sampling

To be compatible with the 20 hertz bandwidth of the
signals being sampled, a 40 hertz initia) sampling frequency
was selected. One advantage of using this sampling frequency
is that any 60 hertz noise picked up in the analog circuits
from the power lines would, because of aliasing, appear as a
20 hertz signal after sampling. This is quite convenient as
the low pass digital filter described next provides the
greatest attenuation at 20 hertz.
Digital Filter

The initia]ly sampled data must be digitally filtered
in real time to attenuate all f:equencies within the
bandwidth of the input signals that are above one half the
resampling frequency. To accomplish this a low pass filter
must be used with a cut off frequency slightly below one
half the resampling frequency to account for the filter’'s
roll off. If the resampling frequency is changed, the cut
off frequency must also be changed accordingly by selecting
the appropriate set of filter coefficients. This should be
done automatically when the resampling frequency is
selected. A fourth order low pass Butterworth digital filter
algorithm provides sufficient attenuation and a sufficiently

sharp roll aoff. As the numerical computation required by a
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‘digita] filter uséé a significant amount of microproée#sing ‘
"time the algorlthm is 1mplemented using fixed point
arithmetic in order. to speed up process1ng |
Resampling o - v

The output of the da;a acquisition process is the
“filtered and resamp led dg%a The user is allowed to .choose a
two, four.'e1ght or ten her tz resampling rate-. In add1t1on
to produc1ng sets of eight data po1nts, one for each s1gna1
sampled the resampling. process prov1des more 1nfcrmat1on
andia'means of reliability checking by noting the time each

set of samples was taken. One could then check if any |
'samp1es were missing or out of sequence The usér can dlso.
assoc1ate flags or markers to certain samp]es to 1nd1cate

spec1a1 po1nts in time, which is usefu]

€. Transmission Process

As shown in Figure III.1; the transmuss1on medium used-
to- commun1cate to the Un1vers1ty s Amdah] 470V/8 based
system is a dedicated four wire telephone,11ne, one of many
such.. lines cénnect}ng‘termina] pofnts on campus td the |
vcomputing facilities. The microcomputer system is connected
to this line through an asyﬁchronous serial communications
‘ﬁntérface adapter, (the MC8850 ACIA, a microcomputer
peripheral device), and RS232 buffers to produce a standard

ser1a1 data interface.
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Figure III,J'Connection to the MTS System

This interface will connect the'microcoﬁputeb to a video
—disblay terminal (VDT) and the terminal to a modem. The
hodem adapts the serial dataHtransmfssidn from RS232 to the
fSigna] médu]atign used on the four wire 1iné. The serial
| data is coded in ASCII and is transmitted at 9600 baud with
‘even parity and one stop bit The front end commun%caiions
processor and the terminal ‘both operate in the full duplex
mode. This means that an ASCII chdracter sent by the /
micﬁocomputer will be received and retransmitted by the
t%rminal.to be'received by the Amdéh1 system’s frohf end.
Upon being received‘by the front end, the‘chahaclen will be
sent back, (echoed), to be received by the terminal. The |
character is then displayed on the terminal and sent back to

the microcomputer. Under the -assumption that the <»
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trdnsmission_medium is reliable and”ih order to save
processor time, the microcomputer ignores the eharacters
echoed back to it. : ’

The handehaking method, used to ensure that “the front
end is able to receive data fromtthe microeomputer is
1mp1emented by, act1vat1ng the paper tape input mode ‘in the
front end and by the transmission 1nterface software in the
mlcrocomputer system. When this. mode is activated in the
front-end en ASCII "DC1" control character is sent by the
front end to the m1crocomputer indicating that the front end
is ready to receive a string of dharacters. The transmission
software will then send a.line of sampled data to the Amdaht
system. When the froht end is ready,to receive'another
string of characters, another "DC1f character is_sent to the
- microcomputer. ‘ o

The terminat displays all ASCII characters that
or1g1nate from elther the m1crocomputer or the Amdah1
" system, (except contro] characters) and serves as a anitor'
1nd1cat1ng how transm1ss1on is proceed1ng When the
m1crocomputer has no information to transmit, say before
data acquisitiOn has begun or efter all acquired data has
been transgitted, the terminal can be used by the operator
 to enteh and transmit any type or amount offdescriptive
.intohmatipn. Minor restrictions must be imposed on. the
. format of the descriptive dat;.entered solthat‘programs can
distinguish it from sampled data. Also, lines of descriptive

data should not be 1ongeh'than lines of sampled data so that
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data can be efficiently stored on magnetic'tape. In this
way, tnanshission of descriptive dataAis cbmpatibié With'the
paper tapé fnput mode and does'not interfere with the
franémissioh of sampled data. The descriptiYe dafa enteréd
_ahd echoed back to the microqémputer‘is ignbred.

A1l data transmitted to the Amdahl system is placed in
a data file on disk.'de ways in which'thfs can be'dpne‘aré
thrdugh‘lhe use of the MTS $COPY command or by running 'a
program which'reads data reCéived from the microcompufer and
places it into the file. The program used to receive this 
data may be Writteh to execﬁté,'when.requestéd, séy by a -
flag, a certain typéAof analysié on any data already
received. The results of this analysis éould.be transmftted
_back to the terminal, another device in seﬁiesfbetweeﬁ the-
modem and the microcompufer, or a device connected to
another:]inevfrom the Amdahl computer ‘system. Although a
Fortran program was written to receive data and place it in
a fi]e,»this typé oﬁ;gnéTysis has not yet been implemented,
but wou]d‘be compatible to tHe transmissionkaOCess as

deScribedf

- D. Dafa Buf fer

The‘device selected to implement the data buffer is. the
. Intei 7110 one megabit bubble memory. This nonvolatile high
density memory device Eequires no seEVicing, has a long life

expectancy, and is tolerant of mechanical shock and
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vibration. 5 Intel Corporation appears determined to make
the 7110 as reliable as poss1b1e The 7110 1s magnetlca44y
sh1e1ded to protect it from external magnet1c f1e1ds

Samples undergo qual1ty assurance tests at each stage in the
product1on of the- dev1ce¢2fne devices produced undergo
product testing and samples are taken for 11fe tests and
re11ab111ty stress tests Stress test1ngv1ncludes eXposure
to steam, hum1d1ty; 150 degree Centigrade temperatures,
shock, vibration, and temperature cycling. |

The hardware required to incorporate thevbubble memory

‘w1th1n a m1crocomputer system is rapidly deve]oped by

bta1n1ng the BPK 72 Bubble Memory Prototype K1t from Intel
which provides the necessary inter face devices and
documentation.‘The‘711O tntertacevdeyices include a
- controller chip, coil driver and pu]se generator circuitry,
.and a serial data formatter ‘and sense - ampl1f1er chip. The
support devices control the operat1on of the bubb]e memory’er
hardware 1nclud1ng power up, power down, ~1n1t1a11zat1on, 7
locating pages of-data stored in the bubble memory , writing
and reading data to and from the bubble memory, and
automatic error detection and correction of data read from
the bUbble memory device. The controtter chip controls the
operat1on of most of the other devxdes and 1nterfaces the _
bubble memory hardware to the rest of the m1crocomputer
4system The m1crocomputer on]y has to supply instructions to

sJohn E. Davis, "The 7110, a One Megabit Magnet1c Bubble
Memory", Re11ab111ty Report 22, Intel Corporation, Santa,
Clara, September 1979 '
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the cbntrd]ler chip, check its status. and be capable o !’//W
transferr1ng data to or from it up to a specific max1mu;§
rate. When automatic error detection and correction 1s<X
enabled, read and write error rates have been.calcu]ated by
Intel Maghefics Incorporated ae'being one.bit:in)10 to the
power of 16 bits and one bit inv10'to the power'qf 20 bits
respect1ve]y 6 A singfeycontrol]er chip may handle One,‘

.two, four, or eight bubble memory devices simultaneously.

E. Control

A ‘number of control funct1ons are prov1ded to a]]ow the
user to spec1fy or man1pu1ate the operation of ‘the data
acquisition and transmission system. The operator is ableifo
stop and start‘the pfdcesses_of data acquisition and data
fransmission.lHe is able to select a-fesampling frequency, a
filter cdt‘off.frequency,,and'the userthhe MTS $COPY
.>'commandﬁor the usejof a special prbgnam to reCeive,'store,
and process the transmitted dafa. The user is able fo clear
any datalin’the bubble memory data buffer or indicate that
this data is to be retained duringxpowef down. Control
functions aJlow'theIOperatdrdto Calibrate‘sampledvdata, to
attach-a flag or a marker to a sampTe andvto set a real
time clock in the m1crocomputer system so that the t1me when
samples are taken can be noted. As a conven1ence a functjon
is available to autdmatlcally sign the user on to the MTS

— - - = - e = - = = - -

sJohn E. Davis, "The 7110, a One Megabit Magnet1c Bubble
Memory" , Re11ab111ty Report 22, Intel Corporation, Santa
Clara, September 1979 :
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' operating system,

F. Other Devices

J The system development functions perfdrmedsby the
monitor are to start brogram éxecution at a given location,
to stop program execution, to display and alldw for the
aiteration'of.the cbntents of any of the micboprocessor’s
registers, to display and ai]ow fér the aTtératidn of
successfve memory locations, to set a breakpoint, to move a
 block of data, and to execute,simpTe bubble-memory control
functiéns.'These functfons are intended. to éid software and
hardware develophent and allow for the execution of test
routines. _ ‘

The test routihes‘are used to check tﬁe operation of

hardWaré and software modulesiwithih the microcbmputer
’ sysfem; Test routines have been writfen'to pérform the
functions of testing raridom access memory,'checking the
display hardware and software; testing the transmission of
data, testing the writing and reading of largéivo]umés of
~data to and from thejbubble memory hardware and Software |

systém, and tesfing the data acquisition process.

-l



IV. Implementation
In the design of a system, after one has specified the
ma jor compdnents and procesSes.that must work.togetﬁeh to
perfobm the required fﬁnctions. one can devise ways in which
/these componeﬁts and processes aré‘to be implemented within

the system.

VA. Microcombdter_System | .

| As a‘dédicated microCoﬁputer based oh’the Motorola
M¢6800 micrdpﬁocessor was specifiea,_a Motorola M68MMO1A
 Monoboard,Microcomputer‘was obtained tQ speéd up system
development. The Monoboard Microcomputer is a single pfinted
circuit boand which provides the one‘megahertz version of -
the MCSBOO microprocessor, one kilobyte of static random
access memory (RAM), sockéts for read.only memdry (ROM), an
R$232.asyhchr6nousiserial commuhicatidns pbrt {(using the
MCSééO'ACIA),.and an inteffacé to a microcomputer system
‘bus. | - _' |

The other microcomputer system circuitry has been

"~ implemented on Mofbrdla MEX6BWW wire wrap boards and has
ubeen wire wrapped to provide high componeht densities, rapid
construction, and a means to modify circuitry. Three such
wire wrép boérds have been developed and each is interfaced
to the microcbmputer system bus. One‘board provides data
acquisition éircuitry'and a real fime‘c]ock'(the MC6840
PTM). Another board‘provides aimultiplier circuit

(interfaced through MC6821 PIA’s) and the bubble memory

22
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hardware. A third board provides extra random access memory,

extra read only memory, an address trap for the monitor, a
programmable timer (PTM), address decode circuitry, and an
interface (PKDI)Vto a Keypad and display board. The Keypad
and display circuitry has been wire wrapped on a Eingle
epoxy-glass Vector (reg1stered trade mark) board mounted
behind the front panel of the microcomputer system

A block diagram of the m1crocomputer system s
e]ectron1cs is shown in Figure IV.1. This is the hardware
necessary to execute the various processes within the data -
acquisition and trahsmission system. | ’

The m1crocomputer system chass1s forms a card cage into
wh1ch the Monoboard M1crocomputer and the w1re wrap boards
can be plugged to maKe contact w1th the mrcroeomputer system
bus. Provisions‘have been made for mounting the front panel,
a back pane] a eommercial power supply, and a printed
c1rcu1t voltage regulator board that has been developed Thef
complete assembly slides inside a small Hammond (trade mark)
eabinet.‘ |

As the microcomputer must perform a number of processes .
conCurrent]y, a means df contrd]]ing the, execution of |
softwarefmodules is required. An intebrupt control scheme is
sufficient, and is also eff1c1ent 1n terms of processor
‘time, although the use of a multitasking operating system
: wou]d Tikely be more flexible. With this interrupt controjﬂ?ﬁf
scheme, hardware is used to drive software. When the V

hardware associated with a certain process requires
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servicing, it‘generates an interrupt requestf/A segment of
code is executed to determine the source of the interrupt.
This segment of code polls the interrupt sources in the
order of their priority, higher priority interrupts firstj
As soon as an interrupt source‘is'located, the appropriate
service routines are executed. If another sourée generates
an interrupt request at the the same time or at a later |
time, it will bé serviced as soon as the service routines

executing first allow further interrupts.

B. Data Acquisition Process

The data vaUisition process is driven by‘an interrupt
from a programmable timer module that occurs at a rate of 40
‘hertz. This interrupt source is the second highest priority
in the microcomputeﬁ system and provides the initial
sémp]ing frequency. The data acquisition process is executed
by a segment of code which calls a sampling routine-named
SAMP, cai]s a filter routﬁhe'called FILT, and then resampiés
~ the acduired data. Routines are tﬁénbcgﬁled to form a line |
of data and store this line in the bubble memory system.
Initial Sampling |

. The eight analog signals to be sampled by the data

acquisition process_enter the”microcomputer system via a
>p1Ug on the back panel and are bufféred with operational
amplifiers set to gain of -4. As shown in Figure IV.2, these
bufféred signals enter an analog mdltip]exer, (mux)*® thaf

.connects one of them at a time to a sample and hold devicef.'
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Figure IV.2 Implementation of Initial Sampling

This device will sample the signal and tHen\maingain the
sampled voltage level while'an ;nalog'to\digital convertef
(4/D) translates the voltage level into a 12 bit digital
value. An MC6821 PIA parallel input and output device h
-outputs éontro] signals for the multiplexor, the sample and
hold devicef‘and the anélog td digita]vconvertér and)al]ows
the 12 bit digital value to be read. |

To obtain its input, tﬁe sampling routine controls the
data acqu{sition hardware and reads the 12\bit'digi;ized
sample through the parallel input output dévice. The output
of the sampljng routine is a block of eight words, one word
for each signa1‘sampled.AEach word consists of a 12 bit
 digital sample which is padded bx,extending the sémpie’s

most significant bit by two extra bits and by adding ten
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zero least significant bits. This is done to make the
initially sampled dq&a compatible with the fixed point
arithmetic used in the digital filter algorithm and allows
the vélues obtained to be increased by a factor of four
without causing an'overflow.
Digital Filter

An eight.channél fourth order ldw pass Butterworth
digital filter has been implemented using fixed'point
arithmetic. The assembly language source code has been
written for one channel and then duplicated with the
appropriate changes for the other channé]s to allow the code
to be;wfittenbin a form that executes as fast as possible.
As Figure IV.3 shows, the fourth order transfer funct{dn has
been rea]iged using a cascade of two second order transfer
functions. 7

A Fortran program has been written (see Appendix C) to
compute the filter coefficients A0 to D2 for a given
samp]ing period and cut off frequency. Expressions for ithese
coefficients have been derived from the normalized fourth
order analog low pass Butterworth transfer function by using

the bilinear transformation,

_____..__...-_____-_-.

7 A cascade of second order functions reduces coeff1c1ent
sensitivity problems

H.T. Nagle Jr.,-V.P. Nelson, "Digital Filter Imp]ementat1on
on 16-Bit Microcomputers", Micro, IEEE Computer Society,
Vol. 1, No. 1, Feb. 1981, pp. 23-41
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a. Filter Structure

Y(z) Qo +07'+ 0,7t Co* 27+ 272

S(z) I+ bz + bz I +dz'+ d22

b. Transfer Function

W=20 O = O+We(BI+l) where

0=Pp P = P+WeB2 AQ = ag

Y = Q Y = Y+W#CO Al = g, Bl = -1 -b,
Q =R Q = Q+WsC! A2 = a, B2 = -b,
R =P=0 (zero) R =R+ WC2 CO = co - '
W = W+ S$AQ Cl =¢ DI =-1-4d,
O = O + S#A| . Q = Q+ Y#(Di+l) c2 =c, D2 = -d,

P .= P+ S#A2 * R+ Y#D2 “

c. Fortran Code

-

Figure IV.3 Digital Filter Implementation
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-

'to arrive at a low pass digital filter prototype. ¢ Then the

/

low pass to low pass transformation,

y 2'-q , ) S ~sin( _.e_’lg_ei) .

7> — az ©p +0 '
1-az , ' sin( —5—=) .
where Oy 2 tor'(- we)

w.=1 rad/sec
©c* 2nT(desired

cut off frequency)
T = sampling period

'was used to arrive at the final digital filter transfer
funcfion having unity gain for a D.C. input.
In the fixed point arithmeticrused, constants musf have

a magnitude of less.thaq unityg Butlthe>low.pass digital
filter transfer function has the constants b1 and di with
magni tudes between -1 and -2 . To overcome this, B1 and DI
are used as defined iﬁ the figure. ' o

F To speed up numerica] computatith a 16 bit by 16 bit
,haﬁdware multiplier chip, the TRW MPY-16HJ, is used to
perform multiplication. The routines, MF21 and MF22, which
control this mu1tip1€cation,’mQ]tipfy the data in two.
arbitrary memory locations and add the re;ult to a third

location, hence the structure of the Fortran code. The

8 This procedure is recommended in the literature.
Harry Y-F. Lam, Analog and Digital Filters: Design and
Realization, Prentice-Hall, Englewood Cliffs, 1979,
pp. 543-558 - 5 :



hultipiier chip provides a 32 bit product and it was found

that the characteristics of the digital filter improve

greét]y if the addftions of all products are carried out

using 24 bit precision.

t

The sets of filter coefficiehts.used'are given in

30

Tablellv:1f The peculiar cut off freguencies were chosen to

produce a set of coefficients that can be rounded to 16 bit

fixed point format without significantly changing the filter

transfer function’ s pole and zero locations in the Z-plane.

L

Table IV.1 The Sets of Filter Coefficients

A FILTER COEFFICIENTS
FILTER CUT OFF | RESAMPLING| e cipar HEXADECIMAL

| FREQUENCY] RATE A.B c.D ‘A, B c.0
A0, CO ; {(HERTZ) {HERTZ) .002136 002045 | 0046 0043
Al ,Cl ) 004272 004089 | oo08C . 0086
a2.,c2| 02 .600 2 .002136 .002045 | 0046 0043
Bt ,DI | 921806 .831848 7601 BATA
B2 ,D2 -.93048] -840027 | 88E6 947A
AD,CO .008606 007843 OliA 0101
Ai ,ClI 017212 015686 0234 0202
A2 ,C2 04 1.225 4 -.008606 007843 OllA 0101
B! ,DI 829224 668335 6A24 558C
82 .02 -.863617 -699707 | 9175 A670
AD,CO 031982 027161 | o04l8 0374
Al ,CI _ 063965 05432] 0830 06F4
a2.c2| os 2.450 8 031982 027161 o418 037A
81 ,DI 620850 376343 4F 78 302¢C
|82 .02 -~ 748748  -484955 A029 CIED
A0,CO 0482i8 039764 062C 0517
arLct| S 096435 079529 ocss OAZE
A2 ,C2] OA 3.0627 10 048218 039764  062C 0517
Bl ,DI 506256 242004 40CD 1EFA
82,02 -699127 -.40103I A683 CCAB
Resampling

Resampling is accomplished simply by counting a

specified number of sampling process executions and taking
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. the output of the eight chahné1 aigital filter ‘every time:
this number is reached.;After résampl{ng, a 24 byte line of
data is formed which consists of the eight output words of
the.filter nounded to 16 bits, a 16 bitléheck sum which is
the sum of these 8 wordé, the time the resample was taken in
hOurs, minuteé, and seconds, a 6ne pyte fiag or marker, and
front and end line fﬁamihg bytes. The‘cubrent time fs
obtained from a programmable tiﬁer module, while the flag or

marker is entered by the user via a control function. The

Tine of data is then stored within the bubble memory system.

C. Transmission Process |
| u A general description of the transmission_process,
{ncludfng'the hardware and the entry of descriptive data
required by-the operatpr, has already beeﬁ presented.? This
secfion‘will_dgfcribe the implementation of parts of the -
transmisSion'précess.in more detail.

Transmission Intérface Rout ines |

, The franém%ssion process within the microcomputer,
system is controlied so that, logically speakihg, a line of
charaCterS'is transmit ted at a time. There.are;two tf%es_of
lines that can be sent to the MTS sy%&gm, instruction or:
control lines which request some act¥g6, and data lines
which-must be stored by the MTS system. Consequent 1y there
are two sets of rputinés to éffect this trapsmission. The

9See Section III.C
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instructions while the roufines STX2, TX2, and RX2 are used
to transmit data. As the two.sets of tranemission interface -
routines have the same structure, only the structure '° !
_of the first set is shown in Figure IV.4. Both sets of

.routines receive and transm1t characters through the same

'asynchronous communications 1nterface adapter the M06850

ACIA, and only one set may be act1ve at any one time.

DRIVING PROCESS

? LI’NE

STX1

ENABLE ENABLE

T
a
TRANSMIT _J - ' RECEIVE
INTERRUPT _ ‘ INTERRUPT
' TX1 « /Xl :
o . ok o

J CHARACTER

leNEf

r—--

) c“cm\m\c‘rea
! CHARACTER
cnnmc-rzr&

Figure IV.4 Structure of the Transmission

Interface Routines

B T T

10 See the following for an explanat1on of program

structure. .
Judith C. Enos and R.L. Van Tilburg, "Tutorial Series - 5:

Software>Design”", Computer, IEEE Computer Society, Vol. 14,

No. 2, Feb. 1881, pp. 61-83
t1Glenford J. Myers, Composite/Structured Design,” Van

Nostrand Reinhold, New York, 1978
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To send an‘instruction or a data line} the driving
process will call STX1 or STX2 and provide a string of
characters to be transmitted. STX1 or:STX2 will then p]aceh
this 1€né in a small buffer and enable the ACIA interrupts. ¢
Interrupts from the ACIA_occur whenever jt can transmit a
character or when it has just received awcharacter. Upon the
interrupt request,'a_IX or RX routine is called to transmit
or receive a character The ACIA 1nterrupt is given the
ah1ghest pr1or1ty within the m1crocomputer system to reduce
its 1atency time '2 so that no characters to be received byv‘
the system are lost. Wh11e one line is belng transm1tted 2
number of other lines may be placed w1th1n the appropr1ate
buffer by call1ng STX1 or STX2.

STXt1 and 1ts assoc1ated routines are used to transm1t
lines without the use of any spec1f1c acknowledgement or
handshakjng scheme be1ng\used to ingicate that_MTS has
received the line and is ready for %next line. The
calling process must ensure that the MTS system is capable
of accepting another‘]inev The rout1ne RX1 prov1des a means
of doing th1s by rece1v1ng all characters sent to the
microcomputer by the MTS system and plac1ng any special
characters received in the 1ocat1on RXD. When the calling
process sees that the appropriate character is in the
locatfon RXD, the next line may be sent. The routine TX1

'2 Latency time has been defined as the time from when a
device generates and interrupt request and the time when
that device is serviced.

G. Jack Lipovski, Microcomputer Interfacing Lex1ngton Books.'
D.C. Heath & Company, 1980, p. 11 ‘
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transmits all the data in BUF1 until this buffer is empty.
Thjs set of routines is ca]led by processes sueh as the |
,function‘to sighoh to the MTS system ahd the ﬁdutine»to
transmit-aksetbof commahds to start or stop the transmission
of sampled data. |

STX2 and its associated routines are used to transmit

samp led data with the paper tape. input handshak1ng feature‘
using the ASCII control character, "DC1". The calling

'proceSS»must only sUpply data lines while these routines‘_‘
' handle the handshaking procedure with the front end
. cohmunications‘processor of the MTS system so that no lines.
df data are transmitted at the wrong time. When STX?2 places
data ih'BUFZ; the:buffer asSoeiated with these rqutines, it
enables the ACIA transmission‘intenrupt. Driven by the ACIA
transmissjon ihterhupt requests, . TX2 takes ASCIIicharaeters>
from BUF2 and transmfts them until a comp]ete line is sent.
'nAfter a complete data line is transmitted, TX2 disables the
ACIA transmission 1nterrupt and enables the ACIA rece1ve g
data 1nterrupt When the front end commun1cat1ons processor
sends a "DC1" character to indicate it is eeady to receiye
-another line, the RX?‘routine will enable the ACIA :
transmission fnterrupt and disable the ACIA receive data
interrupt. This causes the transmission of the next Tine é?
'.data to begin. While,the.transmission of a data line is
taking p]ace, STX2 may belealled a number of times to place

a number of data lines in BUF2.
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As the terminal and the front end communicat ions
processor'of the MTS system are in the full duplex mode, any
character sent by the microcomputer’sysfem is echoed back to
it. This.provides a means for the transmission interface
routines to check if that character has passed through the
transmission'hardware unaltered. But in order to save
 processor time and speed up the transmission process, this
checking is not done: The assumptfon is made that the
transmission of AéCII characters to the MTS system is
'_ totally re11ab1e

,Transm1ss1on Process Dr1ver

The process used to drive thebtransmission.of sampleo
data is abmainline routine.'Being the lowest priority
process within thevmicrocomputer system, it is interrupteds
. uby all other processes; This process‘is started when the
user requests thé transmission of sampled daterand is
term1nated when this transm1ss1on is completed or when the
user requests this process to stop Dur1ng this process,
STX2 is called to transmit each Tine of sampled data. A
flowchart of this process is shown in Figure V.5,

Data Format

The dafa acquisition and transmission system organizes
and controls data flow as lines of data. The data
acquisition prOCess produces lines of deta containing a
sample of each of fhe}eight filtered input signa]s,_a check
sum, the time these samples where taken, and‘a flag or

- marKker byte. These lines are stored in the data buffer until
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Figure IV.5 The Transmission Process Driver
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the traﬁsmission process removes them from the buffer, /
conver ts tHem’to ASCII, and transmits them. These lines of
data are then received by the MTS system and stored in a
file on disk. Figure IV.6 shows an example of a small amount
of datd stored in a disk file.

<Lines’of descriptive data that have been entered from
the terminal when the transmission driver was invthe waiting
state all begin with a "1" in the first column provided the
line is within a block of descriptive data. The other
characters in these lines are arbitrary, but the line should
not be longer than 45’characters. Blocks of descriptive data
may contain any number of lines but must bebprebéded by a
line containihg only a "1" and should be followed by a 1iné
of descriptive data having a zero ob.a blank in the first
column. | - -

;Lines of sampled data always start withba biank. The
,fd]]owiog 32 characters are t @‘éamp]es‘of the éight input
signalsAcoded in hexadeCimal ﬁ;rm. The first four chahacters
represent the fjrst sample, thg next'fouf the second sam&le.
and so on. Following the samples are four characters which
represent a check sum which is the sum of the brevious 8
§amp1es formed by unsigned-16 bit fi* int additfon. The
following 6 characters represent:the f1me the line of
“samp led data was taken. Hours, minutes, andFSeconds are
- represented by two decimal characters eacH. The last two
éharactens are the flag or marker byte and is coded in

hexadecimal.
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This byte is used

sample or the time the sample was taken. During

transmission, each line is followed by an ASCII carriage
return character. Each line of sampled data appears on the

terminal in the above format when it is transmitted.

1
)
]
1
1
1
1)

IV.6 Example of the Data Format

to indicate something special. about the

A TESY Bl1BNMAL
CHANNEL ' CALIBRATRED AY 1.9080 v aAND
- . 9008 vOLTS .
A .2 MI. SOUARE WAVE QETWEEN THE ABOVE
LeveLs ’
2 WMERYZX RESAMPLING PARGUENCY UBED

000200020003000300030004000100030018101888C ¢
6CCIOCANOCDIOCAROCAROCEIOCRAGCASASEIIO1 718D
00000000 oo 10303170
coo ° ocedo L) 010303200
00010601000200010001000100020001000410203200
©0020001000100010001000100030001000110203300

©00100020600300020002000300030002001410203300

©188016201880180018201840184018500A0810203400
OPEPONAIONCA0NALO0BAR0IS 10PN 200444A7A10203400
OE170DFDORIIODPEODFDOROBOEODEDPET03010203800
.D|IOC’DOO!IOC'IO:FDODGADDDIC:F!I.’T|d2°3l°0
OCSFOCAROCODOCA40CA90CRAOCES0OCAIETAR10203800
©COCOPFIOCIPOBEFOBFSOCO00COI0BFOSPF 110203800

040304CA040804CT04CBO4CEOACPOACE268C10203700

PRDCFEDFFEDBFEDPFEDEFERDOFEDDPEDFFEECID203700
FPOSFPEBFFOOPFRAFFEAFFEEFFSAFFAEZES 110203800
00840083008800630083008400830084031010202800
°°l2°°l|°°ll°°‘°°°‘l9°l|°0l]°°lID)O.‘O’O:'OO
OS87 0622089008 TF06820800058008280343010203000
©DS20DSCOONZ0DEODENODTIODTSCDSISRA10204000
QDS70DTFOOASODTE0DTFODOCODBEODTEECAI10204000
OCE80C800CTIOCAAOCSO00CHCOCRDOCAAS2C810204100
OCA40CEFOCSIOCES0CAZOCTAOCTCOCENEINCIO204100
©78F07830T800T8007880TELOTE007813C4410204200
FPPOIPFCPFFOIPPOOPPDOFFDIFFDIFFO2PES710204200
FEUEPRRFF EROPREUPPRRPPREPPFERPPEFIFTTT10204300
©0AB0044004000470048004300480048024110204300
©03000380039003000380034003A003801CH10204400
©O324030H032003DDOIOPOIL203EIOIONIFOCIO204400
GCINOCL 170CIBOC 100C 170C210C220COFEOPI 10204800
OROIOCOENOR 1300 ACDE'BODFI0ODPS0DEISPFACI0204800

OCSEOCTFOCASOCTEOCS00CACOCADOCTINAAEI10204500

QC7‘0:lloClIOCIIbCllOt?OOC’:OCI'I!ltio?o‘loo
OAQOOSFOOACDOBESOIFOOIFAOIFBONRS4FrBA10204700
O18801385018C018801870184014401870C4410204700
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Routines have beén developed to read the data formatted

in this way from a data file and to calibrate any sampied
data read. A program using these routines (see Appendix C)

has pfoduced the output shown in Figure IV.7 from the data

in Figure IV.6.
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PRINTOUT FRAGM BATA FlLE TRAST]

FROM LINE N
TC LINE 1000000
2] 02 . e "a “aee . L1 FLAC TImE LINE NuMBER
voLTs voLTS voLYs . voLTS voiLTs voLTs

A THST SI1GNAL
CHANNEL T CALIBRATED AT 1.000 v AND
- 0008 VYDLTS
A 2w SOUARE WAVE BETWEEN THE ABOVE
LEVELS
2 MHERYI RESAMPLING FREQUENCY USED

-0 . 0008 -0 0003 © 0000 «0.0003 ¢ o0ocC ©.0000 (3] 10:1§ 33 1o
t 0000 o w1 t 002a ° P88l o e © 887 b 10 17T 18 1
-0 vo18 -0.0008 EX--1-1-1 ] ~0.0009 -0 o008 -0 . 000N Fo to 210 31 12
-© o001% -0 0008 -0 0009 -0 ov0o0B -0.0008 -0 0009 o0 10.20 32 13
-0 0012 -0.000% -0 0003 -0 0008 -0 0001 -0 0008 00 10 .20 32 A
“0 0009 -0 0008 © . 0000 ~0. 0008 ©.0000 ~0.0008 00 10:20 3] ts
-0.0008 -0 0003 © o000 ~0.0003 o 0000 -0 0003 (14 10:20 1) . 18
©.1030 o 1024 ©. 1033 0. 1018 9 1030 o 108 o0 10.20 34 ™"
Q 732 o Y288 o 7338 o Tfa0 0. 7283 © 7280 (14 10:20 34 IR Y )
1.1042 1.0038% 1 1064 1.0020 1.0884 . t.of vy o0 10.20 " 3% 1
1.0281 1 0183 1.0272 t. 018 1. 0188 1.0V31 Qo 10 20 . 238 20
o el ©.080) ©.9713 c.0887 0. 8820 c. 9884 o0 10:-20 3% ~ 21
© 843 © 93as o.9ass o 8328 0. 0388 T 0 8331 o0 10:20 3¢ : 22
©.3771 ©.3738 o 378 ©0.372% e ©.21783 ©.3732 00 10:20:37 .23
- o0Bi0 -0 . oas2 ~0 o808 ~0.0892 ~0.0888 -0 . 0892 (.14 10.20.1317 2
-0 OATS ~0 Ossa -0 0470 -0 oas” ~0. 0487 -Q.0484 oo 10.20:38 2%
Cc 0291 0 0284 © o300 0o 0284 0 084 ©.0297 o0 1Q:20:38 24
© o8 0. 0287 © 0291 o 0284 o 0227 Q.0287 [ 2 10 20 .39 27
© %5132 ©. 80823 ° s14) ©.8073 0. 8104 ©.507Ts (1 10.20:1)9 28
1. 0B8S 1.0482 1 osos 1.0471 1 0829 1.0488 oo 10:20 40 29
1.0880 1 0880 1. 06898 1 0829 1.08%0 v o828 o0 10:.20 40 30
©.8712 ©.9824 o 273 0 9808 © o884 ©.9808 ©o 10:.20 &) It
©.9307 0.8718 o .9829 o 9897 o 87RS ©c.8700 o0 10:20 a1t 32
o 8817 ©. 5888 ©.8938 o.8Sa88, 0. 8898 0. 8582 00 10:20 42 33
-0 0188 ~0 0188 -0 0183 ~0. 0188 ~0.0t80 -0 . 0180 [ 1) 10 210 42 : 3
-® O8%S -9 .08822 -0 0sas -0 Opa3 -0 0842 -0 0817 90 10.20 43 .38
¢ 03209 e o211 ® 024 © 0208 o 021 © 021y 00 1© 20 43 s

Figure IV.7 Print OQut .of Example Data File

D. Bubble Memdry System

To incorporate the bubble memory Kit selected into the
microcomputer system required some extra hardware. A 4
megahertz 50% duty cycle squaré wave sigﬁal éouhce was
required as well as some logic to mgke the interrupt
featufeé of the Intel bubble memory contro]leﬁ chip
compatible with the interrupt mechanisms of the Motorola
based_microprdcessor system.

To create a‘bubble memory system, a soffware package
was developed to drive the bubble memory hardware. Thevv
nature of this bubble memory sysfem is that of a 1aége
nonvolatile first in first out data buffer. It-was fntended

that the software packabe be as easy to use as possible and
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that its internal operation be transparent to the user or
the calling routines. -~

MUch of the internal control of theAsoftware package is
based on interrupt mechanisms rather than on poiling )
mechanisms. Interrupts are used to control the bubble memory
system to minimize the share of the microprocessor’s time
that must be spent in executing bubble memory system
routines. Interrupts from the bubble memory céntroller chi;’):‘~
‘are’éiven the third highest priority in the microprocessor
'system and an attempt has been made to minimize the
execution time of progrém,éeghents which do not allow
fur ther interrupts. The interrupt mechanisms used within the
bubble memory syétem must allow for an ACIA interrupt
"1atency time not greater than one millisecond. This is
required/to prevent the loss of control characters being
received by the transmission process. | “

A number of specifications'and constraints have been
imposed on the’software used to implement the bubble memory
systém. A1l data transferred to or from the bubbie memory
hardware must pass through a small 40 byte first in first
out data buffer within the cohtro]ler chip. When this buf fer
‘'is half full, a data request interrupt is generated by»the
contro]ier chip.VWhen data is being transfebred, the
microcomputer system must be able to provide for a maximum
averéged transfer rate of 12.5 Kilobyfes per secqnd. If the
40 bytg buffer should overfill or become empty during a |

transfer, this operation will fail. The bubble memory system
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has been set up for a page size of 64 bytes. Data transfers
to or from.the bubble mempory device must be in complete
pages. The maximum access timé to any page within the bubble
meﬁory device is 81 milliseconds.

" The struéture of the bubble memory system software is
shown in Figure IV.8. : ﬂ

When a line of data is to be stored in the bubble
memory system, the bubble memory system input routine, BMSI,
is called. This routine takes“the line of data and places it
in the bubble memory input buffer, BMIB, located in random
‘access memory. When a complete page of data has been
entered, BMSI enables the bubble control interrupt from the .
controler chip and indicatesithat a page write request has
been made.

When the bubble controller chip becomes idle, é bubble
controt interrupt occurs and the bubble control interrupt
hand]er,”BCIH, sees the write request and calls BMWS which
starts the transfer of a page to the bubble controtler chip.
The start of this transfer involves sending a write
instruction with parameters indicating which page in the
bubble memory device is to be overwritten and sending the
first 14 bytes of. the page to the cdntroller chip. The

bubble data request’ interrupt is then enabled.
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CALLING PROCESS
7 ! : Y "t
LINE . LINE
, OF DATA or oaYa
BMWF BMSE BMS! BMSO SPTP BMSU BMSD
Qo 9 " - ¢ 9 o

BUBBLE
. conTROL| |—
INTERRUPT (ENABLE)

BCIH

DATA
REQUEST
INTERRUPT

(’»;}

BOIH

f LINE
OF DATA

LINE
OF DATA%

STATUS
l PAGE

STATUS

PAGE /D /

BUBBLE MEMORY
HARDWARE

Figure [V.8 Structure of the Bubble Memory System Sof tware

Whenever the bubble controller chip requires more data,
a data réquest interrupt occurs which activates the data
request'interrubt handler, BDIH. BDIH wil]rsee’that a write
process is active and will'cayl BMW which will transfer

another ten byteé of data to the bubble controller chip.
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This wlll continue until'64‘data bytes have been transferred
and the writing of a paqe is complete, after which BDIH will
disable the data request tnterrupt

After the wr1t1ng of a page is complete the'bubble
controller chip becomes idle which generates a bubble
control interrupt. BCIH then senses that the page write is
complete and calls the bubble memory wr1te end rout1ne,
BMWE which updates the status of the data in the bubble
memory device. ?f BCIH then sees that there are no
,additional read or write requests, it will then disable tne
bubble control interrubt.'

When a line of data is to be removed from the bubble
- memory system, the bubble memory system output routine,
BMSO, is called. If BMSO sees that there is not enough data
in the bubble memory output buffer, BMOB, to make up a line,
a read request is made and the bubble control interrupt from
_the controller chip is enabled.

When the bubble controller chip becomes idle, a bubble
control lnterrupt occurs. This activateskBCIH whloh sees the
read request and calls the bubble memory‘read start routine,
BMRS. BMRS starts the reading of a page of data from the
bubble memory system by sending a read instruction along

with the address of the page to be read. The data request

. :
~.interrupt from the controller chip is then enabled.

T
*
A

When the bubble controller chip has read enough-ﬁﬂia o
from the bubble memory dev1ce a data request 1nterrupt ’

ﬂoccurs which activates BDIH. BDIH will see that a read
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process is active and'wiil call BMR which will transfer ten
bytes from the cohtrollér chip to BMOB. This continues until
the transfer of 64 bytes is complete énd 14 bytes remain fh'
the controller’s small buffer. These 14 bytes are |
insufficient to cause a data request interrupt{ but as the
reading of a page is complete, the bubble ?ontroller chip
becphes idle ahd a bubble confrol interrupt is generated. -

.Upon the bubble control ihterrﬁpt, BCIH senses thatythe
reading of a page is complete and calls the bubble memory
‘read end rOutine,»BMRE.'This routine trahéfers the last 14
byfes from:the controller chip to the B&OBq;nd updates'the
status Qf the data in the bubble memory device{ If BCIH then
sees that there.are no additional read or write réquests, it
will then disable the bubble control 1nterruﬁt and the data
requesf interrupt.

o During,or after the transfer of a page of data to the
bubble mémory hardWare, if BCIH senses that the bubble
controller chip has detected an,er;or, fhe page read orv

‘ wfite opefgtion is résfarted and the érror is logged. After

the successful completion of a page transfer, if BCIH

déte¢}5~a page read or write requeét) a new page transfer is

started.

4 The bubb]e ﬁemory system stért up and shut down
routines, BMSU and BMSD, are used to recall and store the
status of the bubbie me%ory system in tﬁevbubble memory

device itself. This status consists of the address of the

next page to be written, the address of the next page to be



read, a flag to indicate whether the bubble memory system is
empty, not empty, or filled to capecity} and a count of all
the possible bubble memory system errors. This status is
always stored at a fixed location intthe bubble memory
device called ‘the status page. In addition te recalling the
bubble memory status, BMSU a]so initializes the bubble
memory system after power up by sending the appropr1ate
1nstruct1ons and information to the contro]]er chip. BMSU is
executed automat1ca1]y when the m1crocomputer s power is
turned on. BMSD is executed when the operator of the data
acqu1s1t1on and transmission system requests, Just before
the power is turned off, that data in the bubble memory
system is to be retained. |
The bubble memor§ write finish routine, BMWF, may be

called to comp]ete;ény partially filled page in BMIB and
then stert‘the write page process so that ehy data remainih;
in BMIB may be stored in the bubble memory device. The save
partially trensmitted page houtine, SPTP, is used to alter
the bubble memory system statps to effectively save within
the bubble mehory device any data that has been read into -
BMOB but not yet transhittedﬂby the transmission process.
The bubble memOfy system empty routine, BMSE, ‘may be called
to set the status Q% the bubble memory system to 1nd1cate
that there is no data 1n the bubble memory system,

effectively eﬁptying it
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A\\ E. Control

As described earlier, the operator of the data
acquisftienvand transmigsion system can control this. system
through a set of kKeys on the microcomputer’s front panel.
The operater can monitor the operation of this system usihg
the display mounted on the front panel of the microcomputer

and the terminal.

In terms of operat1on;gﬁhe’ﬂata acquisition and
transmission system can be in one of four states, as shown
by the system contro] state d1agram in F1gure IV.9. At any
one time the system may be idle, acqu1r1ng data,"
transmitting data, or both acquiring data and transmitting

data The change from one state to anether'occurs when the

. uest for the appropriate control function is granted or
‘f certa1n conditions occur within the data acquisition and
,ﬂitransm1ss1on system. The system operator makes such a
;request by depressing a eontr@]~funct1on Key on the front
"panel. If that particular function is allowed, the request
is granted causing the execution of the control function end
posetb]y resulting in a change in the system’s state.
Conditions within ‘the system'that will produce a change of
state are when the buble memory becomes filled to capacity
causing'data acquisition totstop and when it takes Iongeﬁ
tharm five minutes to tbénshit a line of data causing data

transmission to stop.
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Figure IV.9 System Control State Diagram

A segment of code has been written to handle each \

control function request. -As the state dia
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gram shows, some\\

47

CAL ;;’,’»

POWER

UpP
d 516

TS

.cL8
SEL
CAL
SAVE

|

\

A

. control functions can be executed only iF the system is in

particular states. In order to execute certain control

functions, it may be necessary to execute other control

functions first or to change the system's state. In such

circumstances, an abbreviated message .is displayed on the

front panel.‘Otherwise, if the operator Eequests a control

function that is not allowed, "Error" is displayed. No

‘control function can be executed while another is active.

After a control function is executed, some type of
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~acknowledgement is éVentually displayed. In the state ‘
diagram,.a po{nt beforevfhg control function lable fndicates
that it is a second function associated with a function key
~on the front panel. |
~ The SS (start sampling) function sets the filter output

to zero, sets the flag or marker byte to "F0" to mark the
;.first sample after sampling was .started, and theﬁ/starts the
data acquisition process'by enabling a 40 hert? interrupt
from a programmable timer chip. This function is not
executed if the SEL function was not executed alfeady, if
the bubble memory deViCé is filled td»capacity, or if fhe
data acquisition process is.already active. The
~acknowledgement that this function was executed is a
flashing "S" in the display. :

Thé .HS (halt sampling) function stops the data
acquisition-process By disabling the 40 hertz’t{mer
- interrupt. This'function will not be executed if the data
acquisition process is hot active. The execution of‘this
function isxaéknowledged when the "S"lstops flashjng in the
display. |
The TX (transmif) functfon stafts the process of

sampled‘dafa tfansmission by activating the main 1iné
transmiésion driver routine.  This function will be execﬁted
- only éf the SEL function has a]reédy been executed and the
transmission process is not already'active. THe-eXecution:of
this function is acknowledged by the abpearancelof "SEndinG”

in the.display and "$COPY *SQURCE* TO R(*L+1)" or "R_PROCESS
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6=R(*L+1)" on the terminal.

The .noTx (no transmission) function indicates to the
transmission drtver that the process of sampled data
transmission isrto stop. This function is not executed if
samp led data thensmisston is not active. The execution of
this function is qpknoledged.when no new lines except "END
OF FILE® appear oh the terminal.

‘ The SEL (select) funct1on is used to specify which set
of d1g1ta1 f11ter coeff1c1ents are to be used, which
resamp]1ng frequency is to be used and wh1ch mechanism, a
copy command or a program,  is to be used by the MTS system
to receive data and plaee it in a file. This function can be
executedaonly while the data acquisition\andﬁtrensmission-
system is idle. Details on the use and the acknowledgment of
this function and the remaining functions are given in the
operator’s manual in Appendix‘A.

| The .END function is used norma]]y when theeuser Wtshes‘
. to stop the acquisition‘of data. This function’ ha]ts the
data acquws1t1on process and then a1lows the transm1ss1on of
data tO»cont1nue until all the sampled data stored 1n the |
bubble memory system is transmitted. When the bubble memory
system becomes empty, the transm1ss1on ;rocess is stopped.
Th1s function is executed on]y if the transmission process
is active.

| The CAL (celtbrate) fdhetion is us. r entering

catibration points as part ofvthe,sampled data so that after

transmission the routines which analyse or read this data
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can calibrate it. Each fnput channel can be calibrated at
two pofnts to allow for a change in gain and an offset -so
that the data\may represent 'the original activity monitored
in the appropriate units. Each calibration point entry will
appear as a line of Sampled data which is autpmatically
marked by a flag fndicating it is to be used for caiibration.
information.‘The‘flags "C1" to "C8" are used to indicate the
first ca]ibrafion(points of channels 1 to 8, while the,flags
“D1" te "D8" are used to mark the seeond calibration points.
The origihal sigqal levels, which these points represent,
can be Specified when the boﬁtines to read the sampled data
from a file are executed. The calibration function cannof‘be
executed when the data acquisition process is apfiVe.

The Flag function is used to set a, flag o: marker in
the next line of sampled data to indicate a special point in
time og‘some\event or stage in Ihe.acquisifion of data. It

is not meaningful to execute this function if the data
acquisition process is not aetive. The flags'"FOF, "C1“ to
-"C8", and"D1" to "D8" cannot be entered. |

The .TS (time set) function is used to set the 24 hour

clock used by the data acquisition process-to determine the
time when each sampled data line is generated. This function
cannot be executed thle the transmission process is active
as the same clock is used to determine how long it takes to
trehsmit a line of data. » ' S oA

- The .SIG (signeﬁ) function is used to signon ngthe MTS

system. This function is normally the first one requested
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after power up and can be executed only if the data
acduisition and transmiésion sysfem is idle.

The SAVE function is used to save the status of the
bubble ‘memory system in the bubble memory system status
page. This allows any .untransmitted data within the Qata
acquisition and transmission system to be retained after the
powér is turned off and to be-availahle for transmission’
after the power fs turned on again. This function will be
execﬁted only if the data écquisition and transmission
system ;s idle.

Thé .CLB (clear bubble system) function is used to set
the status of the bubble memory system to indicate that
ihere is no data in this system; Effectively all data is

removed from this.system. This function can only be executed

when the data acquisition and transmission system is idle.

F. Other Devices

The microcohpUter system monitor is interrupt driven
from a progranmablé‘Keyboard display interface, the Intel
8279 PKDI. The moni%or is fhe Towest prfdrity ihterfupt
driven soffware module in the microcomputer system. The PKDI
drives eight seven segment light emitting diode character
| displays and scans and debounces a keypad mountéd on the
front panel. A small random access memory'in the PKDI holds
the character pattern to be displayed by the light emitting
diodes, while a small first in first out buffer maintains a

record of unprocessed Key closures.
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When a Key closure is detected, the PKDI generates an
interrupt which will be serviced by the monitor. If a
numeric Key is depressed, the appropriate numeral is written
‘into the display and the execution of the interrupted
‘routine resumes. If one of the éontrol function Kkeys
described in the previous séétion is depressed, the
appﬁppriate module to process a control function Eequest is
executed and,‘independently of whether or not the confrol
function.itself is ;xeéuted, eventua]ly’the exéchion of the
interrupted progranming will resume. If one of the monitor
system development function Keys is depressed, the
appropriate function is exchted_providing that section of
the monitor has been enabled by a switch mounted on the
mitﬁbcomputer’s chassis. Execution of the program |
interrupted by a system development function will usua]]yv
not resume. By disabling this section of the monitbrn
aécidenta] termination of the data acquisition or
transmission processes can be avoided.

As the syStem development section of the monitor is
interﬁupt driven, the'executibn of a program can be
monitored or controlled by accessing?the machine state 13
which'is placed on the compufer system’s stack ‘when an
interrupt’request is granted. This allows the contents of

any of the processor’s registers, at the point where a

'3 The machine state has been defined as the contents of all
the processor’s registers.

G. Jack Lipovski, Microcomputer Interfacing, Lexington
Books, D.C. Heath & Company, Lexington, 1980, p. 9
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program was interrupted, to be dispTayéd or altered by the
execution of the appropriate function.\]he breakpoint
function and the function that allows the execution of
single program steps are implemented using én address trap.
When é valfd‘address appears on the address bus which’}s the
~same as that stored in a 16 bit latch, a nonmaskable |
interrypt is generated which stops the execution of the
program and causes the execution of one of the monitor
development functfons. A more detailed dégcriptidn of these
functions is contained in the microcomputer sof tware ]iéting
in Appendix B, ROM2. |

The test routines have been written as main line
programs, that is, they are not written as subroutines. Some
of these routines have been written so that after a
successful executioﬁ they start executing again. Under these
condﬁtions, a particular test can be run indeffnite1y. When
a test routine detects a failure or ?n error, it’displays an
error messagé and usually stops executing; These routines
are usually stored in the same section of read only memory
as the routines they test and are described more fuliy in

the software listing in Appendix B.



V. Performance

In this section the performance of the final
impiementation of the data acquisition and transmission
systém is described. After implementation, if the
performance of a particular design does not fulfill its
requirements, one must try an alternate implémentation or
decide on a new set of specifications. If the requirements
of a design cahnot.be met by alternate implementations or
changes in the specifications, then the requirements must be

~

relaxed.

A. Microcomputer System

ATl hardware components in the microcomputer sy:
have been tested directly or ihdirect]y and in the f
désign, no malfunctions have been détectgd. Wherever
pbssib]e{ hardware components have been tesfed before being
~used within tHe'System. During system deve lopment, some
causes of hardware problems were incorrect wiring, one
component was incorrectly 1nsérted-into its socket, and
others required sufficient péwer supply decoupling. The
Intel 8279 programmable Keyboard display interface and the
Intel 7220-1 bubble memory controller chip behaved -
erratically after transients on the A.C; power ]ines._This
problem was solved by providing additional bower supp ly
decoupling right across the appropriate pins of these chips -
and by providing A.C.'powerliné éonditioning. No errors have

-been detected in. the operation of ény'individual/hardware

54
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component in the system, including the processor, when
implemented properly.

A1l software was tested thoroughly during and after its
development and was carefully modified until it per formed
its function as required. As software was well structured,

software changes were easy to make.

© B. Data Acquisition Process

Initial Sampling )

The programmable timer that generates the 40 hertz
“interrupt to drive -the data acquisition process also
generates a 1 hertz signa} to drive the 24 hour clock used
by the data acquisition system. This'clcck loses about 1

- second in 8 houré which means that the interrupt request
frequency.is 40 hertz less .003 % . A maximum latency tjme
of 1.3 milliseconds for this interrupt would occur if it

.coincided with the start of a bubble memory system page

write and a transmission interrupt request. Under these‘

" cond1t1ons, before the sampling routine will have completed

its executlon a bubble control interrupt, two bubb]e data
:‘request interrupts, and three transmission interrupts' may
occur. Although this event rarely occurs, 1t means that each 

1n1t1a] data sample is taken within an 8 % range of the’?f'

_samp11ng period. This error as we]] as its rate of occuhdhce
can be reduced by ha]t1ng the transm1ss1on process
In the data acqu1s1t1on circuitry, the most serﬁéﬁs -

cross talk occurs between adjacent channgls becausefﬁhéj’
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sample and hold device has a fixed slew rafé (dependént on .
the holding capacitor). This cross talk Qag‘&eagured uanr}
worst case conditions for all 8 input'cﬁanne}s. Aiﬁkiﬁbuté
were set a 2.3 volts except one channel wh{ch wes allowed to
float causihg the associated operatioﬁal amplifier 0utpgt to
go to about -15 volts. The measured crosstalk was equivaient
to .02 % of the 5 volt input range’which is the magnitude of
the analog to digital converter’s least significant bit.

The data acquisition circuitry providés a resolution of
1.2 millivolts which is the equivalent input magnifude of
ghe analog to digital converter’'s least significant bit.
When the calibration feature of the data acquisitionlsyStem
is used, voltages are recorded within .1 % of full scale.

Wheékall inputs are grounded, noise levels are at the
most the magnitude of the least significant bit of the
analog to digital converter and are attenuated by the

digital filter.

Digital Filter
;%@; A1l sets éf digital filter coefficients provide low
pass éharacteristics with the approbriate cut off
Frequencies. When used in the digital filter implementatioh,
these coefficients provide bettér than 50 dB attenuation of
the Nyquist frequency, 20 hertz, and the A.C. power lTine
frequency, 60 hertz, which folds onto the Nyquist frequency.
In response to a step inbut,'any one of the sets of

coefficients used in the filter produces an 11 % overshoot

and a 2 % settling time of seven resampling periods.

-
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C. Transmission frocess
The rate at which sampled data éan be transmitted from

the data acquisition and;tranSmission‘éystem to the
UniVersity of A]berfa's Amdah1 470V/8 based computer systém,
operating und;:\MTS,'depends on thé loading of both systems.
The maximum‘possible'rate of data transmission to the MTS
system increases as the 1dading on that system'is redchd.
The microcomputer based data acqufgition and transmission
system can accommodate a.higher transmission rate of data
‘étored in the bubble meméry system if the data acquisition
process fs inactive. Lines of sampled data can be |
.fransmitted‘ét a rate of over four lines a second when both
systems are\heaVle 1oaded and up to a rate of over ten
lines a second when both systems are lightly loaded.

| As explained earlier, if the raterof défé écquisition
is greater than the average rate of_data_transmiséion, the'
maximum period of time data can be acquired,” without ‘the
loss of data, depends on the dﬁfference between these two
rates and;the size of the data buffer. If the resahpiing
rate 1s“two hertz or.foub hertz, the rate of data B
acquisition isMiéss than the average rate of data-
. transmission. As long as the Amdahl system remains up and as
1569 as the transmission\process - mains active;“data
aquisitic - v continue indefinitely while at the mOSf only
a fewvlfnes of data will accumulate in the bubble memory
system. If the resamplingkrate is eight hertz and the

transmission process remains active, depending on the
: _ .
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loading on the Amdahl system, the data acquisition pbocess
may continue for at least 25 minutes-and up to two or three
TN '

i) the

sl .
¥ may continue

hours before data acquistion must be haltegt

resampling rate 'is ten hertz,‘datg acqui s 4%
for at least 14 minutes and up td anihgur and a half. If the
data acquisition process is periodically hdlted, say to
avoid the acquisition of meaningless or redundant data, the
réquirements imposed on the tfansmission process and the
data bUffef will be greatly reduced.

g5 As described earlier, the process in the MTS system
which receives the transmitted data and places it in a disk |
fileVmay be an MTS copy pﬁocess or a Fortran program. Both
brocesses.appear’to provide about the same rate of data
transmission,‘although the use of Fortranbis about twice as

" expensive. When the qutfan program is active,Aany type of
data or comments may be;sent back to the terminal without
affecting the transmisgﬁoh process, other than iﬁtroduqing a
delay.~ | »

Whether the data acquisition process is active or not,
transmissionbcan be sfartéd or stopped any number of times
wi thout affecting the;acqufsition process or losing any data
in transmission. | |

In the transmiésioh of abbut one line in 20,000 it
appears the "DCY" character is lost in the transmissibﬁ from.
the front end of the Amdahl] computer systemutp,the
mecroccmputeh system. This séemsﬁto be.ﬁhé ré§u1t of anv

b 3 - "‘V‘-‘ ‘. r
excessive receive data interrupt latency time associated
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with the transmission processt When the “DC1" character Yis
tost, the transmission process is stopped and~}his is
’ detected'by'the transmission process driver..dhe minute
.after a 1ine of data has been transmitted; if still no "DC1"
character is received, the thanSmissien process driver
" routine will send é null line, (a carriage return
character); to the front end énd transmission then resumes.
When such a. situation occure,.no sampled data is tost in
transmiseion but a minute’s worth.of data must be allowed to
accumulate in 'the bubble- memory ‘system. |
Dur1ng the time the data acqu1s1t1on and transm1ss1on
system was being tested and developed, the on]y time any
data was lost or a]tered ‘was when the transm1ss1on of this
data coincided w1th A.C. power line surges or trans1ents.
The loss of this data was due to the introduction of barity
errors'by the effects of the power line transiente on the
electronics within the'modem er the té&minal This problem
can be overcome by the use of an A.C. powerléﬂe cond1t1on1ng»

/ﬁ—fh
device.

D. Bubble Memory System | \ >

~ When implemented with a 71t0 one megabit device, the
bubble memoryfeystem can hold up to 5453 1ihes of sampled
data. At a two hertz-resampling frequehcy this is equivalent
to 45 minutes of data, while at a ten hertz resampling
frequencyethiﬁ is equiva]ent.to nine hinutes of data. Data

read or writq errors in the bubble memory system have not
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been detected during system development, tes;jng, or use.

Data can be transferred to or from th ubble memory
system faster if it is transferred in oﬁly one direction at
a time. This is because the bubble memory access time is
greatly heduced When]consecutiVe pages are accessed which

»

would be the case if, say, a number of pageé where read' from

the system.

E. Control

The data acquisition and trahsmiésion system’s_ control
functions make bpefation of the system quite easy. Any
control function that may‘unexpectédly interfere with one of

the processes in that system cannot be executed when that

_process. is active.

F. Other Devices _

The monitor is sufficient for running and finding
errors in most routines or brograms; There are a few
prob]ems,‘though, when it is used to steb through interrupt
driven routines or programél The test'routines appear to be
sufficient in testing all the devices and processes within
the microcomputer system, | |
G. System Timing g
| Within the data acqﬁisition'and trahsmission system,
aléhough a numbef bf processes are said to operate '

concurrently, the single pbocessor in thé syétem cah be

60
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executing ohly one process at any one time. A11'thé

processes within the system compete for the processor’s time

through the intérrupt control mechanisms, and if for some
reason, the'proceséor doés not have enough time, the

exeCution of some processes will not be completed. The

_execution times of critical routines within the system are

given in Table V.1.

Table V.1 Routine Execution Times

ROUTINE EXECUTION TIME
- in milliseconds
SAMP 9
FILT v 14.5
RESAMLING i) _ 1.0 N
i) 2.0 :
BMSI . ' {.680
BMWS ) 741
BMW - : 438 .
BMWE : .048
BMSO |.268
BMRS - 151
. BMR ‘ 453
" BMRE R ' .694
TxX2 . .095
RX2 ' 056

As the sampling and filter routines are executed every
25 millisecond .sampling period, (a rate of 40 hertz), and

since their execution requires 15.4 milliseconds, this
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leaVés 9.6 milliseconds out of every 25 milliseconds for the
execution of all other processes implemented within the
microcomputer system. The resampling‘process‘wi]] consume
aboutvone mii]isecond of the processor’s time on the
resample preparing a line of éamp]ed data from the filter
output, and will consume about two mi]]jseconds in one of
the ﬁext sampling pehiOds storihgvthis line in- the bubble
memory sysfem.

Tﬁe timing of the transmission process dr}ver is not
critical 'as this process has the Towgst priority i% the
1microcombuter syétem and executes*&n]y when the proCesspr
fias “"spare” time. But the transmission of a line of data
obiained'by:this process is given fhe highest priority inv
the system due to the priority given to the ACIA interruptg.

As the rate of data transmission is 9600 baud, and as the

© TX2 routine requires about 95 microseconds to transmit a

character, at the most.2.5‘mi]1iseconds out of a sampling
.period may be used in>data transmission; (The receive
section of the ACIA is mostly idle.)

- The timing of the readihg and writingjof a pagé within
the bubble memory system is shown in'Figufé V.1. The
routines BMSI and BMSO allow interrupts for the most part,
and in turn’activaté'their subofdinate routines which do not
allow interrupts while théy are executing. The figure shows
how execution of the bubble memory system rout ines préceeds
if BMSO is called to réquest the reqping of a page while the

| process of writing a page of data within the

-~
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system is already underway. Shaded areas indicate the time

interrupts are not allowed.

~1

’ BMH . BMSOJ
1/0 »
ROUTINE - E: '

INTERNAL
ROUTINES .-
\ J //‘\
Sy BMW BMRS
BMWE )
0O TO 8 msec. 7.5 msec™ O TO 8
msec.
SEEANGE ~
3.0 msec. USED 3.1 msec. USED
FOR PAGE WRIiTE FOR PAGE READ

* AVERAGE PAGE TRANSFER TIME
WITHIN BUBBLE MEMORY HARDWARE .

Figure V.1 Read and Write Page Timing

When BMSI is called, as the bubble controller chip is
idle, the page write process is immediatly started and 14
bytes are transferredvto the eontroller; Afte{\the address
of the page to be written is accessed in the bubb]e memofy
deviee, the transfer of 64 bytes from the controller chip to
the other bubble memory hardware will take place in abouf

7.5 milliseconds. '4 Although the BMSO routine may be called

|

while the page write process is still active, the bubble

memory read rout1nes do not s@prt execut1on until the page
14The average bit transfer rate from the controller chip to
the formatter and sense.amplifier chip is 68 Kilobits/sec.
BPK 72 Bubble Memory Prototype Kit User’s Manual, Intel
Corporation, Santa Clara, 1980,® Order Number 121685—002,'
p. 1-5 ’* . d

-

i
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-write process is successfully comq'ited. After the page read

has been started and the page to be read is accessed in the

bubble memory device, 64 bytes will be transferred to the

controller in about 7.5 milliseconds.

‘ Figure V.2 shows the processor time used by interrupt

driven routines during two consecutive sampling periods.

During the first sampling period the transmission of a line

AN : ,
of sampled data is completed. In the second sampling period,

the sampling and filter routines require 15.4 milliseconds,

as usual, and it happens that the resampling process -

requires 2 milliseconds.

25 msec. ‘ 25 msec.

o - D

cranswisson LI LU LLLL LTI
Tx2 RXx2
DATA
ACQUISITION 1] 1
FiLT RESAMPLE i) FiLY RESAMPLE ii)

SAMP SAMP “
INTERNAL
BUBBLE

WRITE READ

ROUTINES

TOTAL TIME USED BY
INTERRUPT DRIVEN
ROUTINES

Figure V.2 System Timing

_ PROCESSOR TIME

USED IN SECOND
SAMPLE PERIOD

1

17.4 msec.

6.1 msec.

23.5 msec.
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There is also a transfer'of two pages '% of data in the
bubble memory system consuming 6.1 milliseconds. Three page
transfers will not occur within one sampling beriod as at
least 8 sampling periods are required to gather enough data
to generate a page write request. '® Transmission of data is
not concurrent with the reading of a page of data as the
transmission process driver waits until a line (or page) is
transmi tted before obtaining the next line (or page) .
Although the chance of the above situation occurring is
small, the processor in the second 25“milli§econd period
executes 23.5 milliseconds of interrupt driven code. This
leaves 1.5 milliseconds before.the next sampling period
begins. An extra 2 0 milliseconds of execution time can be
obtained, 1f necessary, by delaying the execut1on of the
resamp]jng code until the latter part offthe next sampling-
period. This is done by using a global variable to indicate
if the resampling code should be executing. If for some N
reason up to 3.5 milliseconds of extra execution time (of
“interrupt driven routines) is needed in the.second sampling
period, then the execution of the.resampling code would be
interrupted by the data acquisition process. As the status
of the resampling code is saved in a global var1ab1e the

15 Within a samp11ng period there may be a page read and a
page write.

16Each resampling generates 24 bytes of data. There are: 64
bytes of data in a page. A resample is obtained, at the
most, every fourth samp11ng period. If 16 bytes remain in
BMIB after the previous page write, then after 2 resamples,
a new page write request will be generated.

/
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executjon of this code may resume after execution of the
digibal—f11ter algorithm in the next one or two\&ampling
periods.

It is clear that the fesources of the micrOprdcessor,
mainTy its execution time, are being taxed to the limit. For
the two hertz resampling rate, at least 40 sampling periods
separate any two page write requests. As.data can be
transmitted only as fast as it can be agquired, at least 40
sampling periods must pass between page reads-.and the
transmission grivef is mostly waiting. On the other hand,
for {ﬁ? ten hertz resampling-rate, much more processor time
is spent transmitting data énd tbansferrfng data within the
bubble memory'system. It would seem that concurrent data
acquisition, at a ten hertz resampling rate, and sampled
data transmission would be the maximum load the data
acquisition andstransmiSSion system can handle, although a.

13.3 hertz resampiing rate may be possible.



VI. Applications

As explainéd earlier, the function of the data
acquisition and transmission system is to sample and to
transmit to the University’'s Amdahl computer system data
from low frequency éigna]s of biological origin. This is to
be done in such a way so that the frequency spectra of the
orfginal signals may be analysed. To demonstrate this
function, electrical activity and movements in the wall of
‘the transverse colon of a dog were made in vivo. The changes
in the frequency épectra obtained verst time are ploted in
Figuhe VI.1 and Figure VI.2. One can see a dominant
frequency component at 4 cycles pér minute. As a comparison,
Figure VI.3 shows the same ana]ysfg of an artificiq]ly
generated triangular Qave that slowly ranges from about 1
cycle per minute to 6 cycles per mihute. ’ _ v

Besides acquiring data from low frequency.biological
signals, the data acquisition and transmission system can be
used to sample and transmit any signals which .can be
conditioned to have a maximum frequency component of 20
hertz, a maximum signal range between plué and minus 2.5
volts, and where the highest frequency component of interest
is under 4 hertz. Thfs data may be transmitted to any
computer system which\will accept ASCII characters through
an asynchronous- serial communications port and which can
implement the handshaking protocol described using the ASCII

“DC1" control character.
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Although a sélection of four resampling frequencies is
provided, each associated with a parficular filter cut off
frequency, ofher cut off frequencies and lower resampling
frequencies‘can be. provided by simp}y_extending a table in
the microcomputer system source code. This would give the
system more f]exibility for samp]ihg slowly varying signal§.

If the digital filter is not required, through minor
software changes and a larger'bubblermemory system page
_ size, higher initial sampling frequencies ‘can bé provided.
Even higher initial sampling rates may be provided if the
transmission process is idle while the data acquisit{on
' process is active,

As developed, the data acquisition and transmission

- system hés enough flexibility to allow data acquisition to

<
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proceed concurrently with the analysis of data already |
transmitted to the MTS’sys;me The analysgsis wou{d bé done by
a program Operating under MTS and would be controlled in.one
of two ways. One wayd§o achieve this analysis would be to
run a program that reéds the data'transmitted by the data
acquisition and transmission system and places this data in
a disk file. When this program detects a particulalr fl;g'in
a line.of sampled data, it will do an analysis of the data
it has already received. Another way to achieve this would ‘
be to use the MTS $COPY command to receive the data and
place it in a file. When the user wishes to analyse any data
already transmif?éd( he can halt the transmission process
and runva‘proéram‘toﬂperform the data analysis. In either
case, while the énélggis is being performed, data
transmission . will be delayed and acquired data will
accumulgte'invthe bubble memory sytem. The results of such
an ahalysis may be sent back over the original line to be
output on the'tegmihal, or a device in series with it, or

may be sent vié another line to an dutput device such as a

graphics qutter.



VII. Refinements and Improvements

' Although the data acquisition ano transmission system
can perform its function re]%ab]y, changes can be made in
the design to further tmprove its performance Some of the
'poss1b1e changes mentioned in this section will’ be minor
affect1ng only the implementation of certain devipes or
processes. -Other Changes would”requireyelterations”in the
overall design of the system. | _ o

Minor system changes wou 1d include‘improvingfthe

‘digital filter, tncreasing the‘capacity of the bubble memory
systemp and imp}ementing an automatic power up microlomputer -
‘system test. The characteristtcs of the‘digita]‘filter can
be imprOVed maih]y.the stop band attenuation by using a 24
by 24 bit mu]t1p11er chip rather than a 16 by 16 b1t chip.
'Thws would “involve some changes 'to hardware and changes to
two subrout1nes mhe capac1ty of the bubble memory system
can be dcdbled quadrupled or octupled by add1ng one,
three or seven more 7110 bubble memory devices and their
assoc1ated 1nterface c1rcu1ts Such a- change would |
: essent1a11y be a hardware change 38 only a few constants
would have to be changed in the bubble memory system‘ |
software package A m1crocomputer sytem power up test cou]d
be 1mp1emented with on]y\software changes in the pOwer up:
reset.procedure_andtthe_test1ng_rout1nesf The testing
rout ines wouﬁd~have to be rewritten‘as a ;umber of
subroutInes, each test1ng a part1cu1ar dev1cefor process qin s

the m1crocomputer system Each rout1ne wou 1d return contro]

T



to the reset procedure if the test was successful, or
”provide an error‘message and'perhaps enter a monitor system '
'development funct1on if the test failed. ‘

A change wh1ch would simplify the bubble memory system |
- software, would allow for a greater page size, would greatly
reduce the processor time spent servicing the bubble memory
system, and would reduce bubble memory page read and write

»
t1mes wou]d be the use of a d1rect memory access (DMA) g§

LY

‘controller to transfer data between random access memory and
the bubb]e memory controller chip. This added performance
would be gained at the expense of requiring some extra
hardware to implement DMA control, o
One way to improve the overall performance of the data

acquisition and transmission'system would be to use a more
power ful m1croprocessor To use the features of a more o
' powerful processor%would at least requ1re s1gn¥f1cant
changes in the source code, 1# one can manage to avoid
rewriting all the code Changes in the structure of the
software may even be requ1red and depending on the processor
:chosen hardware changes may also ‘be requ1red

| Finally the performance of the data.acqu1sition and
transmission system would be increased the most by an
"overall system‘design change. If a system with,two
- microprocessors were deve loped, the first processor could
handle déta aquisitton, inc1uding samp]ing, ft]tering, and -
resamp11ng, while the second would contro] data buffer1ng f 5@,

and data transm1ss1on



In‘th1s design, the f1rst mtcroprocessor could be one
of the hore powerful processors to speed up the execution of
the d1g1ta1 filter algorithm and thereby allow a greater
sys}em input. bandw1dth The use of a hardware mu1t1pl1er may
still be advantqgeous. As this processor would only have to
service an interrupt oocurring at the rate of the initial
sampling frequency, samples would be taken at'intervals of
precisely the selected sample period. |

Vi
/

| The second processor in this design would nog/have to
be"as powerfu] as its funct1on would be one of- cootro]
rather than computatgon Th1s processor would take the
. resampled data from the first processor, store and retrieve
the data” in a bubble memory system with the aid of e DMA!
controller, and then, whenever possible, transmit the data '
- to the 1arger computer system. Th1s seoond processor would:
have plenty of time to interface to the system operator and
veveggrespond to or hendle any information received from the

main frame computer system.

L 4
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Appendix A -- Operator’s Manua 1
General Function !

The function of the data aqu1s1t1on and transm1ss1on
system is t6 sample, digitize, and transmit data
simultaneously from 8 low frequency analog signals. The
system has a large nonvolatile data buffer to store data .
until it can be transmitted. A1l 8 inputs are filtered and
then ‘'sampled at the same rate, but a 2, 4, '8, or 10 hertz
rate may be selected. This sampled data is transmitted to
the University of Alberta’s Amdahl computer operating under
the Michigan Terminal System, (MTS). ,

. The data acquisition and transmission system can be
~controlled from its front panel a representation of which
is shown in Fig. 1. There is a sw1tch to turn on.the power‘
and a light to indicate that power 4is on. There,ds a°
keyboard and a 7 segment LED display to be uslwhpy*ﬁﬁ;‘a

system operator. The keys are divided into th;,
~first group is used for data entry only, theg@gl‘ d

used to control the data acquisition and tra ¥y 2A e O
system, -and the third group was used to deve]‘qup-'“System
and can be used to'test the sy¥tmpns:! ‘
system development keys are &¥d d by a switch mounted on
the chassis inside the syste} X poperation of these key is
explained by the source cod&w&ﬁa tfa in Appendix B. The
display is used to indicate i gt
the status is of ‘an active com??'

8 a rotary switch used to connect the line from a modem
tevIne system or to an external device such as a graph1cs
terminal. ~

.:\C')’ 7 S T
% |oaEE8885

SS Flag | CLR

. ons, s lewmf O |V [ 213
TR .
o caL | Tx |save | sEL
EXTERNAL—)  /~——MICRO C|.si6 fnora [Eno e | 4 | S | €| 7
F
@ stop[strT[Fwo | ° 1 8 | 9 | A | B
MODEM _ . - ‘
CONNECTION TRANILIST [scan} V8 L C | D | E | F ‘

g,gF'ig. /. FRONT PANEL

The 8 analog inputs to the data acquisition and
transmission system enter through an RS232 type plug mounted
on the back panel represented in Fig. 2 The pinouts for
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this connection are shown in Fig. 3. These 8 inputs are not
isolated, but are buffered through operational amplifiers.
The signals on theése inputs should remain within +- 2.5. .
volts of the A.C. powerline ground and must remain within +-
15 volts. The signals must contajn no frequency components
‘above 20 hertz if they are to be accuratly represented by
the sampled data. Transmission occurs through an RS232
standard asynchronous serial communications port mounted as
-an RS232 plug on the back panel. 7 bit ASCII code is
transmitted at 9600 baud with even parity and one stop bit.
This RS232 port, marked "MODEM", should be connected to a
dumb terminal and the terminal should be connected to a line
from the computer via a modem. The terminal will allow
transmission to be monitored andWill allow descriptive data
to be entered. Also mounted on the back panel 'is an RS$232
plug marked "EXTERNAL" which can be used to connect an
extermal device to the modem via the rotary switch mounted
on the front panel. .

5 o NUMBER
2 O 2
———0 5
3 o—— a
. . &.‘;&_o 16 6
. 0. 17
FAN ' L °* o / o—— &8
SPARE PR o—2 |
. I ————07 19 3
. r-—-—a—o 20 5
XTERNA : 0 2
E ENLDD o o—2L __ ?Z”wt{
, i (o) : *;
FUSE M ODEM T o Rt
© (24 AR I-N'r]AkEs ‘ : ‘ o ©°
o . . , o R§232 PLUG
(o}
~ . ' (o]
. J [o]
POWER l , ANALOG -
CORD INPUTS & -
Fig. 2. 8sacx PaNEL Fig. 3. ANALOG INPUT BiNS

o~

As data is acquired at a fixed rate and is transmitted
to a time shared computer system, 5\bubble memory system is
used to implement the required data buffer. Depending on . the
rate-of data acquisition and the loading of the University’s
computer, data acquisition may proceed uninterrupted for a
certain length of time before the data buffer is filled to
capacity. The values shown in Tdble 1 have been determined
assuming that the data buffer is empty at the start of the
‘data acquisition process. As the data buffer is a S
nonvolatile memory device, data may be retained while the
power is tuned off.. B
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N

Taoble /. MAXIMUM PERIOD OF UNINTERRUPTED
o . DATA ACQUIS/TION -

SAMPLING RATE (Hz.) 2 4 8 10

™ NO TRANSMISSION 454 min, 22.7 min. 1.4 min, 9.1 min.
OVER OVER
: HEAVY INDEFINITE . INDEFINITE 22  min. 14 min.
LOADING OF )
AMDAHL COMPUTER
LIGHT {NDEFINITE INDEFINITE 2 t0 3 hr. 1.5 hr.

¥ A

Function Keys ‘ : . :

The following is a description of the function keys
used to operate the data acquisition and transmission
system. - L '

(.) This Key is to be depressed before a function key

~in order to select the second function associated
with the function Key. On a. function key, the
lable for the first function is always printed on
the upper half of the key. The lable for the
second function is printed on the lower half and
the lable always begins with a point. The first
time this key is depres:z: a point appears in the
display indicating a sec .+ function request has
been made. If this key ' «epressed a second time,
the point disapears and & second,function
request is cancelled. i

3

(CLR) . Clear. -This function is used to clear the display.
, It also clears the data registers described next.;
It can also be used to exit the system control
- functions that request the entry of data, name ly
(CAL),(SEL), and (.CLB]. ‘

(.ETR) Enter. This function is used to enter data into
two 16 bit data registers. These registers are
used only by the system development functions and

“have no effect on the operation of the data
acquisition and transmission system.;_ :
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.CLB)
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Signon. This fuction can be used to signon to the
University’s computer with the 1.D. and password
stored as ASCII. code in locations BF7A and BF82 of
ROM8. After the keys, (.),(.SIG), have been
depressed, "SiG" is d1sp1ayed and the signon
procedure commences. The signon procedure can be
watched from the terminal and when the signon s
complete, \'SiGnkd.on" is displayed. The signon
procedure Eons1sts of a number of steps and each
step is reexecuted until successfuly completed. If
it becomes apparent that this procedure is not
working, the procedure can be halted by entering
(.),(.SIG) and "SiG. FAIL" will appear. One may
then restart the procedure by entering (.),(.SiG)
again.

This'function will not be executed if the data
acquisition process, the transmission process, or

‘another function is already active. In this case

“Error" is displayed. "TrY.LATEr" is displayed if
the user must only wait until the remaining data
in the. bubble memory is transmitted, (in this case
he should be signed on already anyway)

Time Set. This function is used to set the 24 hour
clock assoc1ated with the data acquisition
process. The time is entered in decimal form where .
the hours must be less than 23 and the minutes and
seconds less than 59. The required keystrokes,
enter the time 22: 01 05, are as follows.

Keystrokes: display:
(CLR) X !
(2),(2) "22 "
(0), (1) "2201 !
(0),(5) *220105 "
(), (T

S) "220105Ts"

After the above Keystrokes, "TS" is d1splayed 1f
the clock was successfuly set, otherwjyse the
display is cleared. "Error" is displayed if the:
user tries to execute this function while the
transmission process or '‘another function is
active. "TrY.LATEr" is- d1splayed if the user only
has to wait until the remaining data in the bubble ,

_memory system is transmitted (and when

transmission will stop automat1ca11y)

Clear Bubble. When this ‘function is executed the
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1
i\

bubble memory system is effectively emptied. The
required Keystrokes are as follows.

Keystrokes: display:
(.),(.CLB) “MT. B.S? "
(A), (1) - "B.S. MT "

o

After "MT. B.S?" is displayed, the bubble memory
system will be emptied only if the confirmation
"A1" is entered. When "B.S. MT" is displayed, the
system has been emptied. - :

"Error" is displayed if the data acquisition
process, the transmisson process, or another
function is active. "TrY.LATEr" is displayed if
the transmission process will stop after the
remaini data in the bubble memory is -

transmitted. : .

This function effectively empties the bubble
memory system by setting the system’s status flags
‘to indicate that it is empty. No data in the -
.bubble memory device is altered until the data
acquisition process is started or until the (SAVE)
function is used. : '

Select. This function is used to specify the rate
at which data is sampled, the cut off frequency of
the filter, whether or not the bubble memory
system is to be used, and the process used by MTS
to receive data and place it in a file on disk. To
execute this function for the first time after
power up, the following Keystrokes are used.

keystrokes: display:
(SEL) "SEL. o .
(x), (y) "SEL. 10-4" %

-

The next time ‘this function is exchted, the o~
- following keystrokes are required.

Keystrokes:_' display:
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“rESEL? "
" SEL n

x >Wn

—_—T

- -

K -

w

m
.~

—_

o

-3

"rESEL?" indicates the user is to enter the
confirmation, "At", before a reselection is made.
“SEL." indicates that the user is to enter the
selection code, "xy" (two data Keystrokes). "SEL.
10 4" indicates that the selection function has
executed successfuly. The effect of the selecton
code, "xy", is as follows.

et
o

Value Effect:
of x :
0 An:MT§7$COPY command is used to transfer

data to file R. The bubble memory system
is-used as a data buffer. The filter has
a cut off frequency 2 specified by the

" u

second digit, "y

1 -The (compiléd) progr'ém, PROC‘ run

under MTS to place data in a file.
(Logical unit 5=*sourcex, 6=R, see
Appendix C.) The bubble memory system is
used as a data buffer. The filter has a
cut off frequency as specified by "y".

B The $COPY command is used. The bubble
memory system is used as a data buffer,
The digital filter coefficients are set
so the filter is effectively bypassed.

E The $COPY command is used. The bubble

' memory system is bypassed. The filter
‘has a cut off frequency as specified by
"y". This selection and the next are
used to test the data acquisition :
process. If the terminal is set in the o
half duplex mode and RAM location 002t
is set to "F with the system development .
functions data will be displayed on the:
terminal without the use of a connection
to MTS. ' :
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F The $COPY command is used. The bubble
, memory system is bypassed. The filter is
bypassed as in selection "B".

Value Effect:
of y : :
2 A two hertz sampling rate is selected.

If not bypassed, the filter provides a
cut off frequency of .6 hertz.

4 A four hertz sémp]ing rate is selected.
If not bypassed, the filter provides a
cut off frequency of 1.225 hertz.

8 An eight hertz sampling rate is
selected. If not bypassed, the filter
provides a cut off frequency of 2.45
‘hertz. .

A : A ten hertz sampling rate is selected\
If not bypassed, the filter provides a
cut off fregquency of 3.0627 hertz. ‘

\

If a selection code other than one of the 20
possible combinations of the above is entered,
"Error" is displayed. (The process to be used bw
MTS to receive data may have been changed!)
"Error" is displayed if the data acquisition
process,.  the transmission process, or another
function are active. "TrY.LATEr" is displayed if
the user only has to wait until remaining data in
the bubble memory has been transmitted.

Transmit. This function is used to start the
transmission process. The user simply depresses
the (TX) Kkey. "COPY *SOURCE* TO R(*L+1)" or "R ‘
PROCESS 6=R(*L+1)" will appear on the terminal if.
a connection has been made to MTS. When .
transmission is ready to be@in, "SEndinG" is '
displayed. At this point, descriptive data may be
entered into, the file R. (See 'Typical

Operation’ .)- . '

- ’ ! : -f

"USE SEL" is displayed if the user must first
execute the (SEL) function. "Error" is displayed
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if the transmission process is already actively
transmitting data or if another function is
active. "B.S5. MT" is displayed when the . -
transmission process is active but cannot transmi.t
anything because the bubble memory system is
empty. This function can be executed while the
data acquisition process is active.

(.noTx)  No Transmission. This function is used to stop the
transmission of data to MTS. The required
Keystrokes are (.),(.noTx). When transmission is
stopped, the terminal will beep and "END OF FILE"
and "* TRANSMISSION STOPPED *" will appear on the
terminal. -

This function is effective only while data is
actually being transmitted. If the transmission

. process is active but waiting for more data,
(evident by no new lines of data appearing on the
terminal or when (TX) produces "B.S5. MT"), the
(.END) function should be used. "Error" is
displayed if the user tries to execute this
function while another function is active.

(CAL) ‘Calibrate. This function is used to enter

- calibration points into the sampled data so that
acquired data may later be calibrated by programs
running under MTS. (See'the subroutines of program
PRNTD in Appendix C.) The required keystrokes are
as follows. o : '

SN

Keystrokes: display:
(CAL) "CAL. . "

ix), (y) "CAL. 10 4"

I-4

~"CAL." indicates that the user is to enter the
calibration code, "xy" (two data keystrokes).
After the calibration is complete, (wait a few
seconds), "CAL. 10 4" is displayed.

.. For each channel, tHeTQSer should enter. two
R calibration’points to allow. for a change in gain
. and an offset. "C" is entered for "x" to specify .

X
that the first calibration point is to be entered
for a channel, while "D" is entered for the second
calibration point. "y" may be the digits "1" to
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"8" to specify one of the etght channels.

For example, if channel 5 is used to monitor a

signal derived from a pressufre transducer, this

channel can be calibrated at 0 cmH20 and 100
cmH20. First the user subjects the pressure

g pressure and then
enters (CAL),(C),(5). He then should wait until
"CAL. 10 4" appears in the display. To enter the
second calibration level, the user subjects the
transducer to 100 cmH20 of pressure and enters
(CAL),(D),(5). Later, when a program is run to
analyse the data transmitted to MTS, the program
will ask the user what the calibration levels
were. (The channels calibrated and the levels they
were calibrated at should be entered by the user
into the data file as descriptive data.) NOTE:
Ad justments should not be made on any equipment
used to condition the input signal for a
particular channel once that channel has been
calibrated.

"Error"” is displayed if the calibration code
entered is not within the range "C1" to "C8" or
"D1" to "D8". "Error" is also displayed if the
user tries to execute (CAL) while another function
is active. "USE .HS" is displayed if the user must
use the (.HS) function first to stop the data
acquisition process. "USE SEL" is displayed if the
user must first use the (SEL) function.

Start Sampling. This function is used to/start the
data acquisition process. After the (SS), Key is
depressed, an "S" will flash in the display at one

half the sampling frequency.

{

"Error" is displayed if another function is
already active. "USE SEL" is displayed if the.
(SEL). function must be used first. "B.M.S5.FULL" is
displayed if the data acquisition process is not
allowed to start because the bubble memory system
is filled to capacity. Using this function while
the data acquisition process is already halted has
no effect. The first line of-sampled data, taken

_after’ (SS) is used, is marked with the flag "F0".

Halt Sampling. This function is used to stop the
data acquisition process. After the (.) and the
(.HS) Kkeys are depressed, the "S" will stop



(Flag)

-
(LEND) }

ER o | s
flashing in the display indicating that samgling:
has stopped. - ‘ T N

“Error" is dﬁsplayed‘if another function is
already active. Using.this function after sampling
has already stopped has no effect. N

Flag. This function is used to set a flag or
marker byte in the next 1line of sampled data sto

© indicate something special about that' sample or

the time it was taken. Flags may also be used to
communicate something to a program. To enter the .
flag "45" the following Keystrokes are used.

Keystrokes: display:
(CLR) - Lo s " ..

- (4),(5) "45 oo
(Flag)/ "4545 s "

c

The "S" continues to flash in the display as the
execution of this function is meaningful only if

~ the data acquisition process is active. "45" is

displayed a second time to indicate that the flag . |
has been properly entered, otherwise "00" would be
displayed. ' : : S

Flags which cannot be entered are "FF", "R0", "C1"’
to "C8", and "D1" to "D8". It is meaningless to
enter the flag "00". "Error" is displayed if
another function is active. -

End. This function is normally used at the end of
the data acquisition session. 1t stops the data
acquisition process and allows the transmission of
sampled data to continue, (if it is active), until
the bubble memory system is empty. After this
function is executed, once the bubble memory
system is empty, the transmission process is
automatically stopped. This function can also be
used to stop transmission while that process is
waiting for data to be entered into the bubble
memory system, ( ie. when the data acquisition.
process is inactive.) : '

il

When the keys (.) and (.END) are depressed, the
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"S" stops flashing in the display if the data
» -acquisition process was active. An "E" appears in’
- the'display indicating this function has executed.
Ongce all data in the bubble memory system has been
' transmitted and transmission has been stoped,
("$END OF FILE" appears on-the terminal), "End".
appears in the display. E _

-

. . i . - - ‘ ] )
;'Eror" is disp]ayed/i?—;;g}her function is -
dve. "TrY TX.SA" is displayed if the : (

transmission process is not active indicating that
the user has. two options; the user should use the _

* (TX) function or he should use the (SAVE) - - L
function. ‘ R .

~ B
~
~

{SAVE) Save. :This function is used. to save the current
. status of the-data in.the bubble memory system.
This status is stored in the bubble memory system
status page located within the bubble memory’
itself. The function is used just before power
down and allows any data in the bubble memory to
be available again after power up. The function .is-
executed by depressing the (SAVE) key. After the
status has been saved, "SAVEd" is displayed.
# :
“Error" ‘is displayed if another function is’
already active. This function can be executed only
if the data acquisition process and the B
transmission process are not active.""USE .HS" is
displayed.if the user must first use the (-HS)
- function. "USE .noTX" is displayed if the user -
-~ must first used the (.noTx) function.

~

‘The following is a example of how to opefate’the,data‘,

Typical Operation . -

~acquisition and transmission system under typical
conditions. : .

+

)

.'keyStroKes:"di§p}ay:‘ comments:
tirn power | ’ ' ’
On ) . - ) . [1) " . .

- turn on - 7 Wait until terminal is warmed

. terminal. " ! up and "rEAdY" is displayed.

"rEAdY " Rotary switch should be set on
- MICRO and thumbweel of modem ‘
set on "19", . o



(TX)

“rEAJY

n . "
'

1] 09 1n

» L1} 0932 B

"093225 )
“093225TS "

"MT. BS? "

"MT. BS?Aft"
0|'B.s. MT n

" SELA- . u;
“SEL.0O4 "

"SEL. 10 4*

"SEndinG "

Signon to MTS.
Wait for -this display.

Clear
Enter
Enter
Enter

Set current time.‘

bubble.

TEmpty

‘Select 4 Hz.
with $COPY.

display.
hours.
minutes.
seconds.

*
'

" Wait for MTS header.

-"SIG, .n
"SiGnEd.oq"'

- resample -

4

1
Start Transmission.. .

b

At this point any amount of descriptive information
may be entered into the file R from the terminal.
‘The first line entered must contain only a "1" in

the first column. A11 the following lines ‘of descriptive

data, (except the last line); must start with a “1" in
the first column and should contain fewer than 46
The last linme of descriptive data must

characters.

have a zero or

Keystrdkes;

"display:

. . ;l CA L . "
"CAL.CH "
“CAL. 10. 4"
"CAL. 7"
"“CAL.C5 !
"CAL. 10 4"
5 S 11}

comments:

‘a blanK as, its first character,(in the.
first column). ‘ )

Subject transducer of Ch. 5
to first calibration level.
Enter first calibration

level.

‘Wait for this display.
Subject transducer of Ch. .5
to second calibration level.
Enter second calibration

level,

+

Ch."5 is now calibrated.
- Any other channels should

Clear

display.

. be calibrated at this point.

Start data acquisitiOn.i
The transmission of sampled
" data can be monitored from

the terminal.
the display.

L 5"

flashes in

&
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(.HS) /" S "  Sampling may be halted to
R , avoid the acquisition of i
v : meaningless or redundant data.

This reduces the amount of - |

- data that is transmitted and
accumulatced in file R and may
save space in the bubble memory.
When transmission stops, more
descriptive data may be
entered at the terminal.

(SS) U o ‘Restart data acquisition,
Nl S ‘n , - . * /Q ‘ . .
)
(CLR) " " . S
(1),(0) "10 - S ". Enter a flag. :
(Flag) - "1010 " The flag will eventually
. , . . appear in the last two.
- - characters of a line when it
. is displayed on the terminal.
(:),(.END) "E " . Stop the data acquisition
o S . process. : -
"WAIT "B "o Wait until remainder of data
‘ ' : P in bubble is transmitted. ‘
"End - " _ All data is now transmitted.
. © R ﬂTransmission has stopped.
( SAVE,) "SAVEd " Recommended to log any possible

bubble memory system errors.

Save data in file R. o

Sign off on terminal. Type in "SIG(RETURN)".

Turn off modem. o o . . :

- Turn off power to the data acquisition and transmission
- system. ' o Co - 7 '
Turn off terminal.

Special Modes of Operation . o

~ As shown in Table 1, data may be acquired for some time
while the transmission process is not active. This allows
the data acquisition and. transmission system to operate in
"special" modes. After a large amount of data has been
transmitted the user- may be running short of disk file space
on his MTS account. Provided there is still enough space in
the bubble memory to store a few minutes worth of sampled
data, the user may stop -the transmission process while
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allowing the data acquisition process to continue. Then the

‘user can use the terminal to run MTS programs to place the
data in file R on magnetic tape. (See MTS reference = -
material.) (One page of disk file spate will hold about 70
lines of sampled data or 17.5 seconds of data sampled at a
rate of 4 hertz.) S T | '

s After any amount of data has been transmitted to MTS,
the user may stop the transmission process and analyse this
data. This analysis would be done*by'a program run under MTS

~ from the terminal and may be.done while the data acquisition
process is still active. The results of the analysis may be
transmitted back to the terminal, a device in series with,

-~ it, or a device connected to another line from the Amdahl
computer. ‘ ' : :

v As the user may use a program called PROCESS, running
under MTS,” to receive data transmitted by the data ' ;
acquisition system;, flags may be used to cause the program
to perform some. type of analysis. , :

“Under ‘certain circumstances, the user may choose, or .~
~may be forced, to acquire an amount of data first and then
transmit it at a later time. (For example, MTS may not be

‘operating.) After the data acquisition process is halted,
using the (SAVE) function will allow data to be retained in

- the bubble memory ‘without power. Later when MTS comes up, .-
this data may be transmitted. Provided that the (SAVE) or
the (SS) functions are not used again after or during the
time this data is transmitted, the data may be transmitted
again each time after the power is turned on to the data ', -

acquisition and transmission system.

- Problems o , o L e

Occasionally, a few problems arise in the operation of
the data acquisition and transmission system. ]
- If the automatic signon function does not work the user
should try to signon to MTS manually from the terminal. B
Remember the address BF7A in ROM8 (EPROM #8) must be the

. location of a valid user-1.D. coded as 4 bytes of ASCII.
'‘Also address BF82 must be the location of the appropriate
pass word coded as 6 bytes of ASCII. The terminal must be-
set for the full duplex mode, 9600 baud, 1 stop bit, and
even parity. .

_ Once the user has signed on, if the.(TX) function does
not appear to work, it is because the user has not created
the file, R. If this is the case, the user should abort the

. (TX) function by entering «|.noTx),at the keypad -and then
“enter the command, "CRE R{RET )", at the terminal.

When data is tra itted, jA is always added to the end
of file R, after whatever the fille R may already contain. It
is the user’s responsibil4 take the data transmitted to
file R and store it somewhere in an organized way (on
magnetic tape) before the next data acquisition session

. begins.

4

'3
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T Durlng the use of thg data acquisition and transmission
system, A power line transients may cause the generation ‘
of faulty characters, parity errors, and attention
~interrupts in the transmission of data to MTS. These
transients may also cause a failure in the bubble memory
system. The transients can be removed through the use of the
appropriate power line conditioning equipment. Parity errors
result in the loss of lines of sampled data. Attention
interrupts alsos cause ‘the transmission process to stop.

~ Transmission may be restarted by entering (.),(no%¥x) to

abort the current transmission process and then (TX) to
restart transmission. If the bubble memory should fail,
check the bubble memory. boot”loop, (enable the system
development functions and see the "BPK 72 Bubble Memory -
Prototype Kit User’'s Manual" for instructions.) The second :
subroutine stdred in ROM5 may be used to rewr1te the boot

loop .
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Appendix’B -- Microcomputer Software Listing

M68SAM is the property of Motorola Spd, Inct.

E N IR R R B

8400

8401
8402
8403
8404
8405

8406 -

8407
*

*
*

*
8800
8801
8C00
*
*x b

* PROGRAMMABLE KEYBOARD
*

8001

8001

8000

8000
*

*
*

.
0000

0001
0002

0004.

0005

0006 -
0007
- 0008

0008
000A

- 000B

Copyright 1974 by
) . ‘
Motorola M6800 Cross. jfs‘

orola Inc.

‘ﬁr Release 1.1

i s My
NAM \ ROM1 ’/\,{ DS IC “sw;izm "ROUTINES
Al S
'SOURCE FILE LABELS v
!
|
PIA LABELS |
DRA EQU $8400-" -
CRA  EQU $8401 _ 1
DRB EQU $8402 1 o
CRB » EQU $8403 > PIA #1 & #2 '
DRC EQU $8404 I o -
CRC EQU $8405 I
DRD . EQU $8406 1
CRD . EQU $8407 -
LATCH LABELS. | SN74L5273 )
TRH  EQU $8800 - ADDRESS TRAP LABELS
TRL EQU $8801
LCON CEQU $8COO -

PKDICR EQU $8001
PKDISR EQU 58001

FLFO

EQU

$8000

DISRAM‘EQU”$8000

,\'w .

MONITOR GLOBAL VARIABLES AND FLAGS

READEN
STFLG

ENTRYC.
ENTRY 1
ENTRY2
ENTRY3
ENTRY4
ENTRY5
ENTRY6
ENTRY?
ENTRY8

EQU

EQU
EQU-

EQU
EQU
EQU
EQU
EQU
EQU

EQU

EQU

$0000

$0001

$0002
$0004
$0005
$0006
$0007

[ B A |

$0008-

$0008

'$000A

$0008

CONTROL "LATCH

_DISPLAY INTERFACE (18279-5)

CO“TROL REGISTER; WRITE ONLY
STATUS REGISTER; READ ONLY
KEYBOARD INPUT" RAM -READ ONLY
DISPLAY RAM; READ/WRITE

READ ENABLE
STACK FLAG
ENTRY COUNTER

ENTRIES VIA ENTR FUNCTION

91-



000C
000D
000F
0010
0011

0012

* ¥ ¥ % %

F400
F402
F404
F406

F408
.

x*

*

* -
FBFO
FBF3

F7EQ
FBFQ
*

LYSTC
IXRV
GOTOFE
MONFLG
SECFLG
LEDNO

LINKAGE

IERR
ISTX1
ISTX2
ISABX
I'LABX

TRAP
STOP
RM3RST
PKDIRS

2

EQU $000C

EQU $000D,E -X REG. STORAGE, M. L. ONLY
EQU $000F - GO TO FUNCTION ENABLE FLAG
IND. M.L.

EQU $0010
EQU $0011
EQU $001%

LI

1

IND. 2ND KEYBRD. FTN. SELECTED

STOPPED BY MONITOR

# OF LED TO BE WRITTEN NEXT
FIRST LED# )

TABLE ENTRIES FOR SWI

EQU $F400
EQU $F402
EQU $F404
EQU $F406
EQU $F408

EQU $FBFO
EQU $FBF3
EQU $F7ES
EQU $FBFS

=0

ROUTINES

hag b,

JUMP TABLE ENTRIES'FDR ROUTINES

*****************************************************

*
*
*
x*

FCO00

FCOO0
FCO1
FC04
FCO7
FCO08
FCO9
FCOA

FCOB

FCOE
FC11
FC13
FC14
FC16
FC19
FC1C
FC1F
FC22

FC24

FC26

FC28 °

i,

MONITOR

PROGRAMS
ORG

GENERAL SYSTEM RESET

8E O3FF
BD FDF6

RESET NOP
LDS
JSR
FCB

JSR
LDX
RSL1 CLR
DEX
BNE
INC
INC
JMP
RM1RST LDX
STX
LDA
LDA
JSR

$FCO0

#$03FF - SET STACK PTR.
CNPIA1 - CONFIGUR PIA’'S 1 & 2
$FF,$FF,$FF,$FF - ALL OUTPUTS-

R

PKDIRS - CONFIGURE PKDI
- CLEAR RAM $00 TO $20

#3%0
0,X

RSL

020

1

READEN -
GOTOFE -DISABLE NO-BEBUG "GOTO"
'RM3RST - CONTINUE WITH RESET

#DS

Av
B

PTST
IXRV
IXRV
IXRV+1
WRITE4

ENABLE KEYBOARD

g2
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"FC2B 7C 0010 INC MONFLG - IND MON.ACTIVE ,M.L.NOT
FC2E OE CLI ENABLE INTERRUPTS
- FC2F 3E RESWAI WAI 5 /
FC30 20 FD BRA RESWAL .
.FC32 01 - NOP -~ ( .
" * END OF RESET = \
R e T R R *
* PROGRAMS TO TEST HARDWARE )
*, , .
* | PIA Ligr PROGRAM
N ‘
x - ENTERED AFTER RESET IF A BRANCH IS NOT INSERTED
* - GENEWATES A 1 HZ SQUARE WAVE ON PIA 1 & 2 QUTPUTS
* - AN INFINITE LOOP
*
FC33 53 PIATST COM B
‘ FC34 F7 8400 STA B DRA - STORE B IN PIA OUTPUTS
| FC37 F7 8402 STA B DRB
| FC3A F7 8404 STA B DRC
FC3D F7 8406 STA B DRD |
FC40 BD FE2E , JSR  DELAY2 |
FC43 00F9 FDB $O0F9 - DELAY .5 SEC "y
FC45 20 EC | BRA PIATST |
* END *
¥
* NMI TEST PROGRAM ,
* - 2 HZ SQUARWAVE AT PIA OUTPUTS
* - 10 CYCLES, ( 5 SEC. )
* - INTERUPT MASK CLEARED
* ' .
FC47 01 © NMITST NOP
FC48 C6 14 : LDA B #20 - 20 ITERATIONS
43 NMIL1 COM A .o
C4B 8D 24 | BSR OUTPUT
Fc4n 36 PSH A o
F 4E\BD FE2E JSR  ~ DELAY2
11007C FDB*  $007C - DELAY .25 SEC.
FC53 82 PUL A ** A AS BEFORE
FC54 5A , - DEC B :
'FC55 26 F3 BNE ° NMIL1 o -
FC57 32, . PUL A ** - A IS MAIN CCR
'FC58 84 EF "~ AND A #%11101111 - CLEAR INT. MASK
FC5A 36 PSH A ** -  MAIN CCR O.K.
FC5B 01 NOP
FC5C 3B g - RTI
* END =
" |
x IRQ TEST PROGRAM ‘
* - 4 HZ SQUARE WAVE AT PIA OUTPUTS
* - 20 CYCLES, ( 5 sec; )
%k |
FC5D 01 ~IRQTST NOP \ o :
* FC5E C6 28 LDA B ‘#40. . - 40 ITERATIONS

FC60 86 FO ' ~LDA A #$FO



FC62
FC63
FC65
FC66
FC69
FC68B
FC6C
FCeD
FC6F
FC70

*
*

. #

*

43

8D 0C
36
BD FEZ2E
003E"
32

5A

26 F3
01

38
END =

IRQL1

COM A

BSR OUTPUT

PSH A >

JSR DELAY2 '

FDB $003E - .125 SEC. DELAY
PUL A >k

DEC B

BNE IRQL1

NOP

RTI

PIA OUTPUT SUBROUTINE : '
- ALL PORTS ON PIA 1 & -2 ASSUMED TO BE QUTPUTS.

*

FC71 B7 8400 OQUTPUT STA A DRA - DATA IN ACC.A IS 0O/P
FC74 B7 8402 /‘STA A DRB

FC77 B7 8404 STA A DRC

FC7A B7 8406 STA A DRD

FC7D 39 : -~ RTS ¢

* . END =

- u |

* PROGRAM TO TEST THE LATCHES AND THE ADDRESS TRAP

* - LATCHES SET TO "“1" FOR .5 SEC. AND "0" FOR

* .25 SEC. FOR 20. CYCLES '

% - ADDRESS TRAP PRODUCES A NMI

’*x

FC7E C6 14  LATTST LDA B #$14 - 20 ITERATIONS

FC80 01 NOP -RESERVED FOR "CLI"
FC81 CE FFFF LATTL1 LDX #SFFFF

FC84 86 FF - LDA A #$FF -
FC86 FF 8800 STX TRH - SET TRAP ADDRESS
FC89 B7 8CO0 STA A LCON - SET CONTROL LATCH
FC8C BD FEZ2E JSR ~ DELAY2

FC8F OOF9 FDB $00F9 - DELAY FOR .5 SEC.
FC31 7F 8800 CLR TRH - CLEAR LATCHES
FC94 7F 8801 CLR TRL -

FC97 7F 8CO0 CLR LCON

FCSA BD FEZ2E JSR DELAY2

FCID 007C FDB $007C - DELAY .25 SEC.
FCOF 5A DEC B

FCAO 26 DF BNE LATTL 1

FCA2 CE FCAE . LDX #LATAT

FCAS FF 8800 STX TRH -SET TRAP FOR ADD. "LATA1"
FCA8 86 01 LDA. A  #$01 : .
FCAA B7 8C00 STA A LCON - ENABLE TRAP(EN. NMI)
. FCAD 5A DEC B :

FCAE 5A LATA1 DEC B - WHERE NMI OCCURS.
FCAF 5A : DEC B '

FCBO 20 cC ~ BRA LATTST

* END  =* <

x*

* PROGRAM TO TEST THE DISPLAY

% - CHECKS THE "ERROR" ROUTINE VIA A SWI

94



CHECKS THE DISPLAY

95

\

BY DISPLAYING A TEST TABLE
SUBROUTINES, "BITODS","READ4",

- DISPLAY “ERROR"
0, IERR \

#DATTBL -(X)=ADD. OF TEST-TABLE
B #$10 - 16 ITERATIONS

B * ok
CLDISP - CHECK DISPLAY,TABLE
A 1,X - GET DISPLAY PATTERN

- COPY A TO B
IXRY <k k
DTSR 1
DELAY2
$O1FF - 2 SEC DELAY
IXRV kK
B * %k
B.
DSPTL 1 .
CLDISP - GET READY FOR NEXT
DELAY2
. $02FF - DELAY OF 1.5 SEC.
A - TEST DISPLAY ROUTINES
A * %
BITODS - A TO DISP. IN A,B
DTSR1 - FILL DISP. WITH A,B
DELAY2
$01FF 1. SEC. DELAY
A
READ4 4 BYTES FROM DISP.

RESULT IN A,B AS BINARY

-
* - CHECKS THE DISPLAY
*  DSTOBI
* Il

FCB2 3F DSPTST SWI

FCB3 0000 © - FDB

FCBS F400

FCB7 CE FF60 LDX

FCBA C6 10 LDA

FCBC 01 NOP

FCBD 01 NOP

FCBE 01 NOP

FCBF 37 DSPTL1 PSH

FCCO BD FE42 JSR

FCC3 A6 01 LDA

FCC5 16 TAB

FCC6 08 INX

FCC7 08 INX

FCC8 08 INX

FCC9 DF 0D STX

FCCB BD FF2E JSR

FCCE BD FE2E JSR

FCD1 O1FF FDB

FCD3 DE 0D LDX

FCD5 33 PUL

FCDB 5A DEC

FCD7 26 EB BNE

FCD9 BD FEA42 JSR

FCDC BD FE2E JSR

FCDF 02FF FDB
*

FCE1 4F CLR

FCE2 36 DSPTL2 PSH

FCE3 BD FEEA JSR

FCE6 BD FF2E JSR

FCEQ BD FE2E JSR

FCEC O1FF FDB

FCEE 4F CLR

FCEF BD FE91- JSR
*

FCF2 30 TSX

FCF3 A1 00 CMP

FCF5 27.08 BEQ

FCF7 CE FDOB LDX

FCFA BD FF47 JSR

FCFD BD FE2E JSR

FDOO O03FF FDB

FDO2 BD FE42.DSPTS! USR

FDO5 32 | PUL

FDO6 4A DEC

FDO7 26 D9 BNE

FDO9 20 A7 BRA
* END * .

FDOB 12 READ4E FCB

A 0,X - VALUE UNCHANGED

DSPTSH - SKIP IF "YES"
#READ4E .
DTSR2 - DISPLAY "ERROR"
DELAY2
. $03FF - - DELAY 2 SEC

CLDISP = READY TO CONTINUE

A * %

A - N
DSPTL2
DSPTST
$12

%00010010 R



FDOC 7A FCB
FDOD 77 FCB
FDOE 1F FCB
FDOF 27 - FCB
'FD10 00 FCB
FD11 7A FCB
FD12 92 FCB

£

ax

- PROGRAM TO TEST RAM

* - WHEN AN ERROR OCCURS,

W

*  THE DATA RETREIVED.

*x

FD13 CE FD81 RTST  LDX
FD16 BD FF47 JSR
FDt9 86 FF LDA A
FD1B CE 17FF LDX

* ,

FD1E 6F 00 RTSTL1 CLR
FD20 A7 00 STA A
FD22 EB 00 g LDA B
FD24 C1 FF CMP B
FD26 27 07 ‘BEQ
FD28 BD FDE2 JSR
FD2B 01 NOP
FD2C 3E WAI
FD2D 20 E4 BRA
FD2F 6F 00 RTSTSt CLR
FD31 6D 00 TST
FD33 27 0A BEQ
FD35 4F° CLR A
FD36 E6 00 LDA B
FD38 BD FDE2 JSR
FD3B 01 NOP
FD3C 3E WA
FD3D 20 D4 BRA
FD3F 09 RTSTS2 DEX
FD40 26 DC BNE

*

FD42 CE. 17FE RTST2 - LDX
FD45 EF 00  RTSTL2 STX
FD47 09 DEX
FD48 09 DEX
FD49 26 FA BNE
FD4B CE 17FE LDX
FD4E AC 00  RTSTL3 CPX
FD50 27 1D BEQ
FD52 A6 00 LDA
FD54 E6 01 .. LDA
FD56 BD FDE2 JSR
FD59 86 63 LDA
FDSB B7 8001 STA
FDSE F6 8000 LDA

$7A
$77
$1F
$27
$00
$7A
$92

HTOTPm

%10010010 R.

THE FAULTY ADDRESS IS SENT
TO THE DISPLAY RAM ALONG WITH THE DATA STORED AND

#RAMTEST o
DTSR2 - DISPLAY "RAMTEST"
#$FF - DATA TO BE STORED
#$1TFF - STARTING LOCATION
0,X - CLEAR RAM LOCATION
0,X - CHANGE 0'S TO 1*S
0,X - RECALL
#$FF - RECALLED VALUE 0.K.?
RTSTSY - SKIP IF YES
DSPXAB- DISP. LOC., X & A,B
-~ STOP
RTST
0,X - CHANGE 1S TO 0'S
0.X - ALL 0'S?
RTSTS2 - SKIP IF YES
- A = VALUE STORED
0,X - B = FAULTY VALUE
DSPXAB - DISP. LOC.,X & A,B
- STOP
RTST
- DECREMENT RAM LOC.
RTSTL 1
#$17FE - LOC. OF 2ND TEST.
0,X - STORE EVERY SECOND
LOC. IN THAT LOC.
- DECREMENT 'LOC. BY 2
RTSTL2
#$17FE - LOCATION OF TEST
0,X - CHECK
RTSTS3 - SKIP IF 0O.K
0,X - GET 1ST BYTE OF ERR.
1,X = GET 2ND BYTE OF ERR.
DSPXAB -DISP. LOC.,X & ERR.
#$63 - READ DISP. RAM 3
PKDICR  WITHOUT AUTOINC.
DISRAM - DISPLAY CODE IN B

96



02

FD61 CA 80 v ORA B #%80 - ADD DECIMAL POINT
FD63 86 83 LDA A #8383 - DISP. NEW CODE
FD65 B7 8001 STA A PKDICR
FD68 F7 8000. STA B DISRAM
FDEB 01 NOP
FDBC 3E : WAI - STOP
FD6D 20 D3 BRA RTST2
FOB6F 09 RTSTS3 DEX - DEC. LOC. OF TEST
FD70 09 DEX
FD71 26 DB BNE RTSTL3
-
FD73 CE FD8S9 LDX #RAM104 - DISPLAY “"RAM 10-4"
FD76 BD FF47 JSR DTSR2
FD79 BD FE2E JSR DELAY2
FD7C O7FF FDB $07FF - DELAY 4 SEC
FD7E 7E FD13 . JMP RTST
s END = *
*®
FDB81 12 RAMTES FCB $12 %00010010 R
FDB2 77 FCB $77 ¥01110111 A
FD83 16 FCB $16 ¥00010110 N
FD84 86 FCB $86 %¥10000110
FD85 45 FCB $45 %¥0100010Y 7
FD86 7A FCB ~$7A ¥01111010 E
FD87 6E FCB $6E ¥01101110 S
FD88 45 FCB $45 %01000101 T
* .
FDBY 12 RAM104 FCB  $12 ¥00010010 R
FD8A 77 FCB $77 - %¥01110111 A
FRBB 16 FCB $16 %¥00010110 N
FDBC 86 FCB $86 %10000110
FD8D 00 FCB $00 BL ANK
FDBE 05 FCB $05 %¥00000101 1
FDBF FD FCB $FD 11111101 0.
FDSO 27 FCB $27 %¥00100111 4
*
T e, e m e e e T TP L *
*
x  SUBROUTINES ‘
* N
* . : _
FD91  DSPSN EQU = DISPLAY SIGN
X
* - DISPLAYS A "-" IF N IN CCR IS SET
* - ALSO DISPLAYS A "0" IN SAME LED IF V IS SET
* - CHANGES A,B .
*
FDI1 07 TPA - STORE CCR
FD92 2B 03 BMI  DSPSNT
FD94 5F CLR B - NO NEGATIVE
" FD95 20 02 BRA  DSPSN2
"FD97 C6 02 ~ DSPSN1 LDA B #8302 o~
FD99 06 DSPSN2 TAP - RESTORE CCR *
FDSA 28 BVC DSPSN3

97



FDIC

- FDAT1
'FDA2
_**
*
*

* O* * ¥

*

FDA3.

FDAS
FDA7

" FDAS

FDAB
FDAE
FDBO
FDB2
FDBS
FDB8

ok

X XK X X ¥ ¥

*

FDBS

FDBA

FDBC

FDBE

FDCO

FDC3

FDC6
*

FDC8
FDCA
*

FDCC
FDCD
FDCF
FDD2
FDD5
- FDD7
FDDS
FDDB

CA 1E
06

39
END  *x

FDA3

SPECIFIED BY ACC:. B
CHANGES A,B, CCR

C4 07
86 60
1B :
B7 8001

DRA B #$1E . - OVERFLOW
FDSE F7 86bo DSPSN3 STA B DISRAM - WRITE SIGN

TAP|
RTS

DSPDP.  EQU =
DISPLAYS A DECIMAL POINT AFTER THE CHARACTER

- AND

B6 8000

8A 80
CB 90 .
F7 8001
B7 8000
39

END  *» ™

FDBS

FLSH

LDA
ABA
STA
LDA
ORA
ADD
STA
STA

-RTS

EQU

B
A

> WWr > >

- RESTORE CCR

DiSPLAY DECIMAL POINT

#3507 - DISRAM LOC. READ

#$60 - - NO AUTOINCREMENT

« ,PKDICR ; ' '
'DISRAM - GET ORIGIONAL CHAR.
#$80 - ADD DECIMAL POQOINT

#%10010000 - AUTOINC. WRITE
PKDICR - REPLACE CHAR.
DISRAM )

* . FLASH

- CAN BE USED TO FLASH AN LED WITH AN

ARBITRARY CHARACTER

- CALLING SEQUENCE:

JMP

EE 00
86 60
AB 01

B7 8001

F6 8000
26 04

E6 00
20 01

SF

88 FO
B7 8001

F7 8000
96 12
84 07
8B 90
B7 8001

FLSH

FLSHS1
FLSHS2

TSX
LDX

LDA
ADD
STA

LDA
BNE

LDA
BRA

CLR
EOR
STA
STA
LDA

- AND

ADD

STA

@ > > >

> >OP>D>Ww

- FCB_ (DISPLAY PATTERN), (LED #, 0 TO 7 )
- CHANGES'A,B,CCR,X - |

30

X PTS. TO RETURN VECTOR

- 0,X X IS RETURN LOCATION

#$60
1,X ADD LED# TO READ INST.
PKDICR - ‘ ’
DISRAM READ PATTERN '

. FLSHSH BRANCH IF NOT CLEAR

0,X. IF LED WAS CLEAR, SET IT
FLSHS2

IF LED WAS SET, CLEAR IT
#$F0 CHANGE READ TO WRITE
PKDICR '

DISRAM WRITE PATTERN
LEDNO GET .# OF LED TO BE
#$07 WRITTEN INTO NEXT
#3890

PKDICR - READY TO WRITE
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FDDE 31 INS

FDDF 31 . INS . ADJUST STACK
FDEO G6E 02 JMP 2, X RETURN
*  79USEC. -
** END *=* .
* o : ‘
* 7 o . ] ' '
%* DSPXAB: - DISPLAY X, A, AND B,
* - DISPLAYS THE CONTENTS OF A,B, AND X
* - CHANGES A,B, AND X .
*
FDE2.36 = 'DSPXAB PSH A " *x  CONTENTS OF A
FDE3 37 - L PSH B **x*x CONTENTS OF B
FDE4 BD FEA42 g JSR CLDISP - PREP. FOR WRITE
FDE7 DF 0D STX. IXRV '
FDE9 86 0D |  LDA A IXRV - A = XH
FDEB D6 OE - " LDA B IXRV+i - B = XL _
FDED BD FEFB N - JSR WRITE4 _
FDFO 33 ~. PUL B ‘ *xx RESTORE B
“FDF1 32 PUL A . *%x RESTORE A
FDF2 BD FEFB . JSR WRITE4 - DISPLAY ERROR
FDF5 39 ° - RTS ' ' ' '
* END =
3
E 3
* _ :
* - CONFIGURE PIA’'S 1 & 2
* - QUTPUTS OF PIA*S 1 & 2 CONFIGURED AS DESIGNATED
* BY THE 4 BYTE FCB AFTER “dJSR CNPIATt" .
* " = NO PIA- IRQ CAPABILITY
* -CALLED AS FOLLOWS JSR CNPIAT
* , FCB $XX,$XX, $XX, $XX
* _ NEXT INSTRUCTION
* - CHANGES X,A
* : .
FDF6 7F 8401 CNPIA1 CLR .CRA - ACCESS TO DDR'S
FDFS ' 7F 8403 CLR CRB oo ,
FDFC 7F 8405 -~ - - CLR CRC
FDFF "7F 8407 - CLR CRD
FE02 .30 : TSX - (X)= RETURN ADD.LOC. -
FEO3 EE 00 LDX 0,X (X)= RETURN ADD.(FCB)
FEOS A6 00 LDA A O0,X - FIRST DDR VALUE )
FEO7 B7 8400 STA A DRA
FEOA A6 Of - LDA A 1,X
FEOC B7 8402 STA A DRB
FEQF A6 02 ' LDA A 2,X
FE11 B7 8404 STA A DRC
FE14 A6 03 . LDA A 3,X
FE16 B7 8406 ’ STA A DRD
FE1S 86 04 ; LDA A #%04 - IRQ'S DIS.,DATA REG.
RE1B B7 8401 STA A CRA ACCESS
FE1E B7 8403 STA A CRB
FE21 B7 8405 " STA A CRC
FE24 B7 8407 STA A CRD.



FE27

 FESF

100

B7 8407. -  STA A CRD

FE2A 32 , PUL A - - DECREMENI_SP BY TWO
FE2B 32 -~ PUL A o - |
FE2C 6E 04 ~ JMP 4.X - RETURN TO 4+RET.ADD.
* END = . . o ‘ v
* .
* ‘ i - ,
* - A TIME DELAY PROGRAM
* - CALLED VIA JSR DELAYZ2
* . FDB $"DELAY FACTDR"
* NEXT INSTRUCTION
* - TIME DELAY = (38 + 2058(DELAY FACTOR)})TCYCLE
* - EG) .5 SEC= 5 EE 5 S0 DF=2.5 EE 2=%$00F9
* -~ CHANGES A,X,CCR
* : :
FE2E 30. DELAY2 TSX . RETURN ADDRESS LOCATION
FE2F. EE 00 LDX 0,X RETURN ADDRESS,(FDB LOC)
- FE31 EE 00 . LDX 0,X VALUE AT RETURN ADDRESS
FE33 4F ~DLL1 CLR A - LOOP1, FDB ITERATIONS
FE34 4A DLL2 DEC A --NESTED LO0P2 256 ITER.
FE35 01 _ NOP . - DELAY
FE36 26 FC : BNE - DLL2
FE38 09 - DEX -
"FE39 26 F8 BNE DLL1,
FE3B 30 TSX . RETURN ADDRESS LOCATION
FE3C EE 00 - DX - 0,X RETURN ADDRESS .
FE3E 32 PUL A .~ INC. STACK BY TWO
FE3F 32 PUL A =
FE40 6E 02 : JMP 2,X - RETURN
* END = - ,
*
* . . - _
* PROGRAM TO CLEAR THE DISPLAY RAM
* - BLANKS THE DISPLAY
* - CHANGES REGISTERS A,B,CCR
* - CLEARS FIFD STATUS IN PKDI
* - CLEARS SECFLG AS THE SECOND FUNCTION
* LED IS ALSO CLEARED
*
FE42 86 00 - CLDISP LDA A #%00 8 BBIT CHAR DISP.,L.ENT.
FE44 B7 8001 STA A PKDICR ENCODED SCAN KEYBD.
FE4T7 86 3F LDA A #$3F PRDGRAM CLOCK; 32.3KHZ
FE49.B7 8001 ; STA A PKDICR
FE4C C6 08 LDA B = #%$08 - 8 ITERATIONS
FE4E 86 80 LDA A #$80 - WRITE TO BYTE 0
FES0 B7 8001 CLDPL1 STA A PKDICR WITHOUT AUTOINCREMENT
FES3 7F 8000 CLR 'DISRAM
‘FES6 4C - INC A
FES57 BA ' DEC B :
FES8 26 F6 BNE CLDPL1
"FESA 86 90 , LDA A #%$80 - WRITE TO BYTE 0
FESC B7 8001 STA A PKDICR - WITH AUTOINCREMENT
7F 0011 CLR SECFLG -
FE62 T7F 0012 . CLR LEDNO - NEXT WRITE TO LED#O



FE65 39

******'****
1

*

FEB6
FEBS
FEGB
FEBD
FEBF
FE70
FE71
FE72
FE73
FE75
FE76
FE77
FE78
- FETA

*

X R XX K X oK %
]

FE78B
FE7C
FE7E
FE8BO
FEB1

FEB2
FEB3.

FE84
FE85
FE86
FEB7
FE88

FE89
FESB

 FESC

FESE
FESF
FE90

END

USES

*

192 USEC. .

"DATTBL"

RTS

DISPLAY TO BINARY SUBROUTINE
TO CONVERT A DISPLAY PATTERN BYTE IN
A TO A BINARY NIBBLE,( LOWER NIBBLE ), '

IN ACC. A.

IF THE HEX DIGIT DISPLAY PATTERN IS NOT FOUND
THE CARRY ‘FLAG IS SET. OTHERWISE IT IS CLEARED.
B,X ARE CHANGED A MAY BE CHANGED.

FFB0 DSBISR LDX

CE
C6
At
27

10
01
08

08 .

08

08
5A
26
0D
39
0cC
AB
39
END

F6

02

DSBIL 1

RS

AFND

"LDA
Cmp
BEQ

INX
INX

INX

DEC

BNE
SEC

CLC
LDA

RTS-

B
A

#DATTBL LOC. OF DATTA TABLE

#$10

"1, X

AFND

DSBIL1

16 HEX DIGITS

INC. TO NEXT PATTERN

-PATTERN NOT FDUND

CARRY SET '

y - DISPLAY PATTERN FOUND
2,X - LOAD BINARY NIBBLE,
: CARRY. CLEAR :

DISPLAY PATTERN TO BINARY CONVESION PROGRAM
CONVERTS TWO BYTES OF DISPLAY CODE IN A,B
INTO ONE BYTE OF BINARY CODE STORED IN ACC. A .

"A,B

MOST,LEAST SIGNIFICANT CHARACTER PATTERN

AN IMPROPER DISPLAY PATTERN SETS THE CARRY

OTHERWISE THE CARRY IS CLEARED.

37
8D
24
33
39
48
48
48

E8
02

DB

01

DSTOBI PSH.B

DSBIS1

BSR
BCC

- PUL

RTS
ASL
ASL

ASL"

ASL

PUL

PSH
TBA
BSR

PUL
BCC -

~RTS
ABA -

DSBIS2

RTS

>»PTrrrr>» W

DSBISR

DSBIS1

DSBISR
DSBIS2

xx - GET 2ND CHAR.

*%x OND CHAR.

- A TO BINARY NIB.
- SKIP IF A FOUND

~ A FAULTY «

101

/

/

MAKE BINARY NIBBLE

HIGH NIB.

*%* UPPER NIBBLE
- 2ND CHAR.

xx*x  UPPER NIBBLE .

- 2ND CHAR. FOUND?

- - NOT FOUND 1

‘ADD UPPER TO LOWER

CARRY CLEAR

TO NIB..
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* END =

* ' -

" ; ‘ :

* SUBROUTINE TO READ .,FOUR HEX. CHARACTERS

~* - READS THE FIRST 4 DISPLAY PATTERN BYTES IN

* THE DISPLAY RAM STARTING FROM THE LED WNO. IN A

*  AND CONVERTS THEM TO THEIR TWO BYTE BINARY

*  VALUE STORED IN ACC A,B.

* - USES SUBROUTINES DSTOBI AND DSBISR :

* - CARRY IS CLEAR IF DISPLAY PATTERNS READ WERE FOUND
.* - CHANGES X,A,B -

* - (MSB,LSB) = (A,B)

*

FES1 8B 70 READ4 ADD A #%01110000 ’

FESQ3 B7 800t STA A PKDICR - PREP. TO READ
FEQ6 B6 8000 LDA A DISRAM - READ FIRST CHAR.
FEQS F6 B00O LDA B - DISRAM - READ 2ND CHAR.

FESC BD FE7B JSR DSTOBI - CONVERT CHARS.

FEQF 25 10 . BCS RD4RTS - RETURN IF NO GDOD
FEA1 36 “PSH A ** - STORE MSB

FEA2 B6 80000 ~ LDA A DISRAM - READ 3RD CHARACTER
FEAS F6 8000 ~ LDA.B DISRAM - READ 4TH CHARACTER
FEA8 BD FE7B JSR DSTOBI - CONVERT CHARS.
FEAB 24 02 ' BCC RD4S1 - SKIP IF NO GOOD
FEAD 32 . PUL A ; - *x RESTORE STACK
FEAE 39° RTS . © - RETURN '

FEAF 16 RD4S1 TAB. ~ - TRANSFER LSB 70 B
FEBO 32 PUL A ** MOST SIGNIFICANT BYTE
FEB1 39 RD4RTS RTS ’

*% END .** ‘

* ,

o SUBROUTINE T0 READ TWO HEX CHARACTERS

* - READS THE: FIRST 2 DISPLAY PATTERN BYTES IN ‘THE

* DISPLAY RAM STARTING FROM THE LED ND IN A AND™

* CONVERTS THEM TO THEIR - -

* ONE ,BYTE BINARY VALUE STORED IN ACC A

* - USES SUBROUTINES DSTOBI' AND DSBISR

~* - CARRY IS CLEAR IF DISPLAY PATTERNS READ WERE FOUND

* - CHANGES X,A,B:

* - (MSB, LSB) = (A,B)

%k ' '

FEB2 8B 70 READ2 ADD A %01110000 " :

FEB4 B7 8001 STA A- PKDICR - PREPARE TO READ
FEB7 B6 8000 LDA A DISRAM - READ FIRST CHAR.
FEBA F6 8000 LDA B DISRAM - READ 2ND CHAR.
FEBD BD FE7B. JSR DSTOBI - CONVERT CHARS
FECO 39 , ’ RTS ‘

* .

*%  END ' *x S s

* - : ) o \ _ R ’ ,

E 3 .

FEC1  RDWL  EQU * 'READ WITH LIMIT

¥ o o ' ' : -
* - READS A BYTE FORM THE DISPLAY RAM
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CONVERTS IT TO A HEX NIBBLE IN LOWER NIBBLE OF A

IF DISP. PATTERN NOT FOUND OR HEX VALUE TOO LARGE,
WE INS, INS, RTI:
ASSOCIATED WITH KEYBORD FUNCTIONS
CALLING SEQUENCE:
JSR RDWL _ ;
FCB (UPPER LIMIT OF HEX CHARACTER)
B6 8000 LDA A DISRAM  GET CHARACTER
BD FE66 JSR DSBISR  CHANGE TO HEX
30  TSX .~ X PTS. TO RET.VEC.
EE 00 LDX.  0,X X IS RETURN VECTOR,
31 INS o LOC. OF UPPER LIM.
31 : INS ADJUST STACK
25 06 BCS ° RDWLX1G EXIT IF NOT FOUND
= A1 00 CMP A 0, X .
2E 02 . BGT  'RDWLX!  EXIT IF TOO LARGE
6E 01 NP1 X RETURN ) ,
BD FE42 RDWLX1 JSR CLDISP N
3B RTI GO BACK TO _MAIN
CEND  %x : e
SUBROUTINE FOR THE BINARY TO DISPLAY PROGRAM '
USES DATTBL TO FIND THE HEX. DISPLAY PATTERN FOR’
A BINARY NIBBLE STORED IN BITS. 3 T0 0 OF ACC. A
CHANGES X,A,B ‘
DISPALY PATTERN STORED IN ACC B
CE FFB0 BIDSSR LDX  #DATTBL LOC. OF DATA TABLE
cé6 10 'LDA B #$10 - 16 POSSIBLE VALUES
A1 020 BIDSL1 CMP A 2. X .- COMPARE A WITH TABLE
27 06 - BEQ . BFNDQ, BRANCH WHEN FOUND
08 S INXK ,
08 o INX - GO TO NEXT VALUE
08 INX , ,
54 .~ DEC B .
26 %6 BNE - BIDSL1
E6 01 ~ BFND ~ LDA B. 1;X - PATTERN IN B
END * i

©

BINARY TO DISPLAY PATTERN CONVERSION PROGRAM
CONVERTS A BINARY BYTE STORED IN ACC. A INTO
~TWO BYTES OF HEX. DISP. PATTERN STORED IN A,B :
THE MOST SIGNIFICANT CHARACTER IS STORED IN A -
USES SUBROUTINE BIDSSR, AND TABLE DATTBL ' _—
CHANGES X, A, B



FEEA
FEEB
FEED
FEEE
FEEF
FEFO
FEF1
FEF3
FEF4
FEF5
FEF7

M

¥ * % ¥ ¥ ¥ ¥ MM
- M

>0

*

FEFB

FEFF
FFO02
FFO05
FFO06
FFO09

-
m
-
(@]

- FFOC
" FFOF

FF11
FF13
FF15

* ¥
*

- F

KO K X X X X

LI N |

-
-n
—_
(o]

FF19

FFIF
FF21
FF23
FF25

* %k

-n
-n
—
(@

END |

- BITODS PSH

FO

OF
DF

AND
LSR
LSR
LSR
LSR
BSR
PUL
PSH
AND
BSR
PUL
RTS

»r O >D>D>D>ID

*

#$FO -

- S
BIDSSR
#SOF
BIDSS

PROGRAM TO WRITE FOUR HEX. CH

REQUIRES A TWO BYTE BINARY VALUE STORED IN A,B
(MSB,LSB) = (A,B) ,
USES BITODS -
CHANGES X,A,B

37
BD
B7

END}

FEEA .

8000 .
-8000

FEEA

8000

8000

12
04
12

*k

WRITE4 PSH
JSR
STA

STA -

PUL
JSR
STA
STA

LDA
ADD
STA
RTS

BITODS

DISRAM .
DISRAM

~ BITODS .

DISRAM
DISRAM
LEDNO
#$04

- LEDNO

. ! 104

* STORE THE WHDLE BYTE
OBTAIN HIGHER NIBBLE

HIFT HIGHER NIB. DOWN
- MS\CHAR. IN B

** WHOLE BINARY BYTE

** MOST SIG. CHAR.

- OBTAIN LOWER NIB. .

- LEAST SIG. CHAR.IN B

** MOST SIG: CHAR.IN A

S

)

AR. INTO THE DISPLAY

~ #x - STORE LSB

- (A) TO PATTERN. -

- DISPLAY 1ST CHAR.
- DISPLAY 2ND CHAR.
x* - RECALL LSB

- (A) TO PATTERN

- DISPLAY 3RD CHAR.
- DISPLAY  4TH CHAR.

“ - UPDATE.LEDNO

PROGRAM 10 WRITE TWO HEX CHAR INTD THE DISPLAY
REQUIRES A ONE BYTE BINARY VALUE STORED IN A
USES BITODS ” e
CHANGES X, A, B

WRITE2 JSR

FEEA

STA.
STA
LDA-

ADD
STA
RTS

> P>

(A) TO PATTERN

BITODS -

DISRAM - DISPLAY 1ST CHAR.
. DISRAM - DISPLAY 2ND CHAR.

LEDNO - _ - UPDATE LEDNO

#%$02 7 -

LEDNO



 .FF26
N

o ok e 3k A o ok A A ok Ik K

%k

* % ¥ ¥ *

105

WRITEO EQU *  WRITE ZERO

* - PREPARES THE PKDI FOR A WRITE WITH AUTOINCREMENT
* TO THE LED,SPECIFIED BY A .
* - CHANGES A, CCR ° A
- .
FF26 84 OF AND A #$0F - FORM A WRITE INSTRUCTION
FF28 8B 90 ADD A #$90 " WITH AUTOINC.
FF2A B7 8001 ~ STA A "PKDICR. SEND TO PKDI
FF2D 39 RTS :
* -
xx  END %%
*k
E 3
* DISPLAY TEST SUBROUTINE 1
* - STORES ACC. A,B ALTERNATLY IN THE. DISPLAY RAM
%k B
FF2E B7 8000 DTSR1 STA A DISRAM
FF31 F7 8000 STA B DISRAM
FF34 B7 8000 - . STA A DISRAM
FF37 F7 8000 STA B DISRAM
FF3A B7 8000 - . - STA A DISRAM
FF3D F7 8000 STA B DISRAM
FF40 B7 8000 STA A - DISRAM
FF43 F7 8000 STA B DISRAM
FF46 39 . RTS
* END *
* .
*
* DISPLAY TEST SUBROUTINE 2
* - STORES AN EIGHT BYTE PATTERN TABLE IN THE DISPLAY
* - THE LOCATION OF THE FIRST BYTE IN THE TABLE MUST
*  BE STORED IN X BERFORE CALLING THIS SUBROUTINE 1
* - CHANGES A,B,X \ -
k. .
FF47 BD FE42 DTSR2 JSR CLDISP - S
FF4A C6 08 LDA B #$08 - 8 BYTES DISPALYED
FF4C A6 00 DTSR2L LDA A 0,X - GET PATTERN BYTE
~ FF4E B7 8000 STA A DISRAM .
FF51 08 _INX
" FF52 5A - - DEC- B
FF53 26 F7 = BNE DTSR2L
FF55 39 RTS
* END  * .
. 4
* .
FF60 ORG--. ~ $FFB0

DATTA TABLE
ASSOCIATES DATA ENTRY KEY CODES WITH 16 HEX.
"DISPLAY PATTERNS AND THEIR BINARY VALUES.



*
FF60
FF61
FF62
FF63
FF64
FFB5
FF66
FFET
FF68
FF69
FFG6A
FF6B

*®

.FFBC

FFED
FF6E
FF6F
FF70
FF71

FE72

FF73

- FF74

FF75
FF76

FF77.

* .
FF78
FF79
FF7A
FF7B
FF7C
FF7D
FF7E
FF7F
FF80
FF81

- FF82
FF83
*

' FF84

FF85
FF86
FF87
FF88
FF89
FF8A
FF8B
FF8C
FF8D
FF8E
FF8F

1B DATTBL
7D
00
1A
05
01
19
5B
02
18
4F
03

13
27
04

12

6E
05
11
TE
06
10
43
07 .

0B
7F
08
0A
67
09

09
77

0A
08
3E
0B

03
78
0C
02
1F .
0D
01

TA

OE }
00
72 -

OF

FCB
FCB
FCB

FCB

FCB

FCB

FCB.
FCB
FCB
FCB -
FCB .

FCB

FCB

FCB

FCB

FCB

KEY DISP BI.
CODE PAT NO.

$18,$7D, $00

$14,$05,$01

$19, $58,$02 -

$18, $4F,%03

$13,%$27,%$04

$12, $6E, $05

$11,$7E,$06

$10, $45, %07

508, $7F , $08

1$04,$67,509

$09,$77,$04

" $08, $3E,$08

>

$03,9%78,3%0C

- $02,%$1F,3%0D

$01,9%7A, $0E

$00,$72, $0F

Il
Il
Il
Il

11

11

I

Il

Il

I

11

Il

11

I1

I1

Il

11

Il

BINARY

DISP.PAT.

01111101
00000101
01011011

01001111

00100111

01101110

01111110

01000101

O1111111

01100111

01110111

00111110

01111000

00011111

01111010

01110010

106
KEY
CODE
033 , . *®
032

031

030

023
022
021

020

013

012
011

010

003
002
001

000



107

END * .

‘\ .
\
***************\**********_***************************

@

GENERAL LINTERRUPT MEMORY ASSIGNMENT .
- INTERRUPT VECTORS CAN BE CHANGED EITHER FROM THE

SOURCE CODE THROUGH THE "EQU" STATEMENTS ,

OR IN EPROM AT LOCATIONS $FFF8 TO $FFFF

SWIVEC - THE SWI HANDLER
- SENDS CONTROL DIRECTLY TO THE SWI ROUTINE

SPECIFYED IN THE CALLING SEQUENCE
- CALLING SEQUENCE: SWI

FDB (2 BYTES DATA),
(SWI ROUTINE MNEMONIC)
' NEXT INSTRUCTION '

- FOR A LIST OF SWI MNEMONICS SEE SWITBL AT $F400
- CHANGES NO REGISTERS IN MAIN EXCEPT PC WHICH IS

SET TO THE LOCATION OF "NEXT INSTRUCTION"
- RTI CAN BE USE TO CONTINUE IN MAIN

***********************

FFS0 30 SWIVEC TSX ADD. OF TOP OF STACK
FF31 A6 05 LDA"A 5,X INCREMENT RETURN ADD.
FFS3 E6 06 LDA B 6,X BY 4 SO WE CAN USE RTI
FF95 CB 04 ADD B #$04

FF97 89 00 ~ ADC A #300

FF98 A7 05 STA A 5,X
FFSB E7 06 STA-B- 6,X

FFOD EE 05 LDX - 5,X X=NEW RETURN ADDRESS
FFOF 09 DEX , ' _
FFAO 09 ) DEX X=LOCATION OF SWI NEM.
FFA1 EE 00 LDX . 0,X X=LOC. OF SWI ROUT.ADD.
FFA3 EE 00 - LDX 0,X X=SWI ROUTINE ADDRESS
FFAS5 B6E 00 JMP 0,X JUMP TO SWI ROUTINE

* 70USEC.

**  END  xx
ok
SN | .

FFBB ORG  S$FFBB

4 ok o ok ok ok ok ok ok ok K oK : a ~

*

* ) '

* JUMP SUBROUTINE LINKAGE TABLE

*

* - ALLOWS SUBROUTINES TO CHANGE LOCATION

* - WITHIN.A ROM

* - ALLOWS EACH ,ROM- TO BE ASSEMBLED INDIPENDANTLY
FFBB 7E FF26 ~JMP WRITEO

- FFBE 7E_FDB9 JMP FLSH
FFC1. 7E FEB2 JMP READ2

FFC4 7E FF16 JMP. WRITEZ2

<



FFC7
FFCA
FFCD

FFDO

FFD3
FFD6
FFD9
FFDC
FFDF
FFE2
FFES5
FFES8
FFEB
FFEE
FFF1
FFF4

R

*
FFF8
FFF8
FFFA
FFFC
FFFE

*

7E FEC1
7E FD91
7E FDA3
78 FE42
7E FF2E
7E FF47
7E FEG66
7E FEDS8
7E FDE2
7E FE7B
7E FEEA
78 FEQ1
7E FEFB
7E FDF6
7E FE2E
7E FCH1F

INTERRUPT

F800
FBFO
FC00

F800
FF90
FBFO
FCOO0

VDSPSN
VDSPDP
VCLDSP
VDTSR1
VDTSR2
VDSBI

VBIDS

VDPAXB
VDSTBI
VBITDS

VREAD4"

VWRIT4
VCNP 1
VDEL2
VRMRST

- IRQVEC
NMIVEC
RSTVEC

JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP

JMP

JMP
JMP
JMP
JMP
JMP
JMP

VECTORS

EQU

EQU

EQU

ORG

FDB

END

ROWL \
DSPSN
DSPDP
CLDISP
DTSR1
DTSR2
DSBISR
BIDSSR
DSPXAB
DSTOBI
BITODS
READA4
WRITEA4
CNPIA1
DELAY2
RM{RST

$F800
TRAP
RESET

SFFF8 |

IRQVEC,SWIVEC.NMiVEC,RSTVEC

108
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ME6BSAM is the property of Motorola Spd, Inc.
Copyright 1974 by Motorola Inq‘

Motorola M6800 Cross Assemblér, Release ).1

LK I K B 3

-
8800

8801
8C00
*

L3
8001
8001

- 8000 °
8000
voo!

*
*

%k
0000

0001
0002

0004
0005
0006
0007
0008
0009
000A
0008
000C
000D
000F
0010

NAM ROM2

SOURCE FILE LABELS

MONITOR A

LATCH LABELS. ( SN74LS273 )

TRH EQU $8800 - ADDRESS TRAP LABELS
TRL EQU $8801

LCON

TIMER ADDRESSES

EQU $8C00 - CONTROL LATCH

( MC6840 )

TSTATR EQU $7C01 - STATUS REGISTER; READ ONLY. -

ACIA ADDRESSES ( MC6850 )
ACI1SR EQU $8408 -

PROGRAMMABLE KEYBOARD

PKDICR

PKDISR
FIFO

“DISRAM

MONITOR
READEN

STFLG
ENTRYC

ENTRY 1"

ENTRY2
ENTRY3
ENTRY4
ENTRY5
ENTRY6
ENTRY7
~ENTRYS8
.LISTC
IXRV
GOTOFE
MONF LG

EQU $8001
EQU $8001

EQU $8000

EQU $8000

=} 1 1 1

STATUS REGISTER

DISPLAY INTERFACE (}8279-5)

CONTROL REGISTER;WRITE ONLY
STATUS REGISTER;READ ONLY
KEYBOARD INPUT RAM;READ ONLY
DISPLAY RAM; READ/WRITE

GLOBAL‘VARIABLES AND FLAGS

EQU $0000
EQU $0001
EQU $0002
EQU $0004
EQU $0005
EQU $0006
EQU $0007
EQU $0008
EQU $0009
EQU $000A
EQU $000B
EQU $000C
EQU $000D,
EQU $000F
EQU. $0010

E

READ ENABLE

STOP FLAG

ENTRY COUNTER

ENTRIES VIA ENTR FUNCTION

-X REG. STORAGE,MAIN LINES
GO TO FUNCTION ENABLE FLAG

IND. M.L. STOPED BY MONITOR

-



0011
0012
*

* * #

»
FFDO
FFD3
FFD6
FFDSY
FFDC

FFDF -

FFE2
FFES
FFES8
FFEB
FFEE
FFF1

F7E0 .

F7E3
F7EC
FF60
F3D3
*

SECFLG EQU $0011 - IND. 2ND KEYBRD. FTN. SEL.

LEDNO

SUBROU

"~ CLDISP
DTSR1
DTSR2
DSBISR
BIDSSR
DSPXAB
DSTOBI
BITODS
READ4
WRITE4
CNPIA1
DELAY2
BITOAS
TX1CHS
ACIH

DATTBL

PTMH

EQU

TINE

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU

EQU

$0012 - LED TO BE WRITTEN INTO NEXT
( FIRST LED# = 0 )

Y

LABLES

$FFDO °
$FFD3
$FFD6
$FFDY
$FFDC
$FFDF
$FFE2
$FFES
$FFE8
$FFEB
$FFEE
$FFF1
$F7E0
$F7E3
$F7EC
$FF60
$F3D3

)
x TABLES FOR BMC INTERRUPTS

*
- B7EOQ
B7E3
ACO4
*

%
*

*
F7EB
BFE2
E7E2
E7D9
BFDS
BFDC
E7ES8

BFD6 -
*

*
*

*
F400
F402

FA04-

F406
F408
*x

BDIH
BCIH
BICS

EQU
EQU
EQU

$B7EO
$B7E3
$AC04 -BUBBLE INT. CONTROL/STATUS

LABLES FOR KEYBOARD ROUTINES

ERROR
SSPL
FLAG
BDB-
SAVE
X

- CAL
SEL

L INKAGE

IERR
ISTX1
ISTX2
ISABX
- ILABX

EQU.

EQU
EQU
EQU
EQU
EQU
EQU
EQU

$F7EB
$BFE2
$E7E2
$E7DY
$BFDS
$BFDC
$ETES
$BFD6

TABLE ENTRIES FOR SWI ROUTINES

EQU
EQU
- EQU
EQU
EQU

$F400

$F 402 ‘
$F404 |
$F406

$F408

3 3 3k ok ok 3k ok oK %k 3k ok K K ok e ok ok Aok K ok e ok A 3k K ok ok 3K ok K 3K 3K 3k 3k Sk 3k K % 3 ok 3k ok 3k o oK ok X ok kK

10



L L R |

F800

Y

* FE % X @
'

*

F800
F803
F805

*
F808
F80B
F80D
F810
F813
F815
F817
F81A
F8i1C
FB1F
F820
F822
F825
F828
F828B
F82E
F82F
F831

F833
F835
F838

*

F83B
F83D
F83E
F83F
F84 1
F843
F845
F848
*

F849
F848
F84E
F851
F852
F854
F855
F856

ORG $FB0OO

INPUT , THE IRQ POLLING ROUTINE
CHECKS TIMER,PKDI ,BMC,AND ACIA STATUS REGISTERS
FOR THE SOURCE OF THE INTERRUPT
TIMER HAS HIGHEST PRIORITY,ACIA’S NEXT,THEN PKDI
IF NEITHER OF THESE CAUSED THE INTERRUPT,
“INT ERR" IS DISPLAYED

B6 7CO1 INPUT LDA A TSTATR - READ TIMER STATUS

2A 03 BPL IRQSO0 - JUMP ON TIMER INT.
TE F3D3 JMP PTMH

*
B6 8408 IRQS00 LDA A ACI1SR - TEST STATUS OF ACIA

2A 03 BPL IRQS1 - JUMP ON ACIA INT.
7E F7EC JMP ACIH
F6 8001 IRQST LDA B PKDISR - READ PKDI STATUS
C5 07 BIT B #%07 - CHECK FOR PKDI INT.
26 18 BNE 1RQS2
B6 ACO4 LDA A BICS CHECK FOR BMC DATA INT.
2A 03 BPL IRQS3 SKIP IF NOT
7€ B7EOQ JMP BDIH GO TO BMC DATA HANDLER
48 IRQS3 ASL A CHECK FOR BMC COMMAND INT.
2A 03 BPL IRQS4 SKIP IF NOT
7E B7E3 JMP BCIH GO TO BMC HANDLER
BD FBC4 IRQS4 USR PKDIRS
CE FBBC LDX #INTERR
BD FFD6 JSR DTSR2
3B RTI
C5 00 IRQS2 BIT B #$00 -TEST FIFOSR
27 08 BEQ IRQSS5 - NO ERROR
Cb C2 ERROR3 LDA B #$C2 - CLEAR FIFD STATUS
F7 800t STA B PKDICR
TE FT7E6 JMP ERROR
*
C4 07 IRQS5 AND B #$07 - # BYTES IN FIFO

01 NOP

01 NOP ‘
96 00 LDA A READEN - TEST READ ENABLE
26 06 BNE KEYIN
C6 C2 LDA B  #%11000010 - CLEAR FIFO
F7 8001 STA B PKDICR
3B RTI
%
86 40 KEYIN LDA A #%40 - IRQ MASK SET
B7 8001 STA A PKDICR ,
B6 8000 KYINL1 LDA A FIFO - READ LAST VALUE
5A DEC B IN FIFO
26 FA BNE KYINL1
36 PSH A ** - STORE KEYCODE TWICE
36 : PSH A * kK
84 38. AND A #%38



F858) 81

F85& 2D

F85C 7E

FB5F 81

F861 32

F862 2C
*

F864 84
F866 81
F868 32
F869 2D

. F86B 4D

'F86C 2B
- FB6E 81
FB870 26

" F872 TE

F875 3B
: *

F876 C6
F878 CE
FB7B AT
FB7D 27
F87F 08
F880 08
F881 08
F882 5A
F883 26

- F885 20

F887 EE
F889 6E
%

F88B 84
" F88D 81

FB88F 32

F890 2D -

F892 84
F894 CE
F897 C6
F899 A1

F89B- 27
" F89D 08

F8SE 08
F89F 08
FBAO 5A
FBA1 26
FBA3 7E
FBAG6 EE
FBA8 6E
.

FBAA 84
FBAC CE

F8AF C6

F8B1 Af
F8B3 27

20
03
F7E6
10

27
*

07
04

" KYINS4 LDA

FTNFND LDX [
JMP .

CMP A

BLT

. JMP
KYINS1 CMP A
- PUL A

BGE-

AND

CMP

PUL

BLT

. TST

BMI

CMP

BNE

JMP

KYIRTI RTI

.03

LDX
DBL 1 Cmp
BEQ
“INX
INX
INX
DEC
BNE

b=

los]

'ERROR2 BRA
" DBFND  LDX

JMP

KYINS2 AND A
CMP A
PUL A
BLT
AND A
LDX
LDA B
FINLY CMP A
. BEQ

INX

INX
INX
DEC
BNE
JMP

KYINS3 AND A

LDX

DATAL1 CMP A
: BEQ

» > >

o

(9]

—

112

S

#$20 - TEST ROW BITS
KYINS1 S |
ERROR - INVALID KEY ENTRY"
#$10 g
**x: - RESTORE o
KYINS2 - FTN. OR DATA KEY? -
#$07 - DEBUG OR DATA KEY?
#$04

*x - RESTORE KEYCODE
KYINS3 - BRANCH IF DATA KEY

- DEBUG KEY, BRANCH IF
KYINS4 ENABLED, (CNTL/STB=1).
#$0C I :
KYIRTI | o
GOTOF GO TO FTN. ENABLED?

#DBTBL
0,X
DBFND

#$08 - B = # OF DEBUG KEYS

DBL 1 : b
ERROR3 .

~1,X ¢« - GET DEBUG.FTN. ADD.
0,X - GO TO DEBUG FUNCTION

#3507  FUNCTION OR DATA KEY?
#$04 | |
~** - RESJORE KEYCODE
KYINS3 BRANCH IF A DATA KEY
#$3F - FTN. KEY, INDEPENDANT
#FTNTBL OF CNTL/STB & SHIFT

#8508 - B = # OF FTIN. KEYS

0,x -
FTNFND

FTNL1

ERROR

' 1,X - GET FUNCTION ADDRESS

0,X - JUMP TO FUNCTION.

#$3F DATA KEYS INDEPENDANT
#DATTBL OF CNTL/STB & SHIFT
#$10 - B = # OF DATA KEYS
0,X : ‘

DATEND
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-
F8B5 08 - INX
F8B6 08 INX
. F8B7 08 . ' INX
F8B8 5A DEC B =
FB8B9 26 FB6 BNE DATALY
F8BB 7E F7E6 JMP. ERROR
FBBE A6 01 DATFND LDA A 1,X - A = DISPLAY PATTERN
F8CO B7 8000 STA A DISRAM DIPLAY & STORE DIGIT
F8C3 7C 0012 ‘ INC ~ LEDNO # OF LED WRITTEN NEXT
F8C6 3B _ - RTI ' ‘ .
* * ~
* : . . < : .
* STOP - DEBUG SUBROUTINE - : )
* - STOPS MAIN OR NMI ROUTINES,( IF CLI ) o /
* - DISPLAYS NEXT QP. CODE AND ADDRESS - :
* -~ WAITS FOR NEXT KEY ENTRY, ( IRQ )
* - ALL REGISTERS CAN BE SCANNED )
* - JF STRT IS DEPRESSED, PROGRAM CONTINUES AS BEFORE
* - TO CHANGE OP CODE OR A BYTE OF DATA DEPRESS .TWO #
* KEYS AND ONE OF "STOP,STRT,LIST,SCAN,OR FWD"
® ,
F8C7 BD ‘F952 STOP JSR ALT - ALTER OP CODE.
F8CA BD FSQ3F ( JSR STADY
F8CD BD FFDO - JSR-  CLDISP
F8DO 30 CTSX N
F8D1 A6 05 LDA A 5,X - A = (PCRETURN)H
F8D3 E6 06 LDA B 6,X - B = (PCRETURN)L
F8D5 BD FFEB JSR . WRITE4 - DISPLAY RETURN ADD.
F8D8 30 : TSX : '
F8DS EE 05 - LDX 5,X - RETURN ADDRESS IN X
F8DB A6 00 LbA A 0,X - DATA AT RET. ADD.
F8DD BD FFEDS JSR BITODS - DISPLAY DATA
F8EOQ B7 8000 . STA A DISRAM
FB8E3 F7 8000 STA B DISRAM
* *
FBEG 86 01 LDA A #3%01 ’
FBE8 97 01 . STA A STFLG INDICATE RT] ON STACK
FBEA 7F 000C CLR LISTC - USED TO EXIT "SCAN"
F8ED 7C 0010 INC MONFLG - IND. MAIN STOPED
FBFO OE - CLI ' - ALLOW INTERRUPTS
F8F1 3E STOPL WAI - STOP
F8F2 20 FD BRA . STOPL - WAIT
* END * : :
* .
*
* BRKP . - DEBUG SUBROUTINE
* - "BREAK POINT" SETS THE ADDRESS TRAP AT THE
* PREVIOUSLY ENTERED ADDRESS.
* - WHEN THE OP CODE AT THIS ADDRESS IS EXECUTED,
*.  THE NMI ROUTINE IS ENTERD,WHICH PREPARES FOR
*+  AND ENTERS THE STOP ROUTINE. "
* - CAN BE USED TO STOP PROGRAM FLOW
* - ENABLES THE ADDRESS TRAP :
* - JF THE BREAK POINT ADDRESS WAS NOT PRDPERLY KEYED

Sy

{



* IN,ERROR IS FLASHED

F8F4 96 11

BRKP.  LDA A
F8F6 27 06 BEQ
* . ; '
F8F8 BD FAE1 JSR
F8FB 7E E7D9. JNMP
FBFE BD FO3F BRKPSO JSR
FO01. 4F CLR A
F902 BD FFES JSR
F905 24 0C . BCC.
F907 3F SWI
F308 0000 FDB
FS0A F400 ,
F90C BD, FFF1 JSR
FOOF 01FQ FDB.
FS11 20.B4 ‘BRA
F913 B7 8800 BRKPS1 STA
F916 F7 8801 STA
F919 86 01 LDA,
F91B B7 8C00 STA
FO1E 97 01 STA
F920 86 94 LDA
F922 B7 8001 STA
F925 4F CLR
F926.C6 45 LDA
F928.B7 8000 STA
F92B F7 8000 STA
FO2E 86 12 LDA
F930 C6 EE LDA
F932 B7 8000 - STA
 F935 F7 8000 STA
F938 7C 0010 INC
F93B OF CLI
F93C 3E BRKPL WAI
F93D 20 FD BRA
* *
* 1
*  DEBUG SUBROUTINE
* - IF THE MPU WAS IN
*  THEN THIS PROGRAM
*
*
* - WHILE IN MAIN
*
F93F 96 01  STADJ LDA A
F941 26 01 BNE
F943 39 ‘ RTS
F944 30 -STADUS 15X
F945 EE 00 v
F947 86 09 =~ . LDA-A
F949 31 STADJL INS -
FO4A 4A.

DEC A

STFLG

UJ]>U'J]>WI>CDI>I>I>I>I>)>UJI>

‘MONFLG

AND THE STOP 1S ENTERED.

- SKIP IF -2ND FIN.
NOT SELECTED

SECFLG”
BRKPSO

SCNDSR

BDB - GO -TO 2ND. FUNCTION

"STADY

READ4

BRKPS1 - IF ENTRY 0.K.,' SKIP

0, IERR

DELAY2

- $01F9

STOP
TRH
TRL
#$01
LCON

- STORE TRAP ADDRESS

- ENABLE ADDRESS TRAP
- SET STOP FLAG

#$94

PKDICR

#%01000101
DISRAM '
DISRAM -

#%00010010
#%11101110

DISRAM

DISRAM o
- IND.

BRKPL

"STACK ADJUST*

THE WAI MODE AND STFLG WAS SET
, REMOUVES THE RETURN FROM INT.
- VIRS, (POINTING TO THE DEBUG PROG.),FORM THE STACK
SO THE NEXT RTI WILL SEND CONTROL BACK TO MAIN"
STFLG

= $00 . *v
STFLG - TEST STFLG
STADJS - .
0,X - X = RETURN ADDRESS
#3509 - INC. STACK PTR BY 9

WRITE "TRS"--TRAP SET

MAIN STOPPED

114
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F94B 26 FC BNE STADJL

F94D 7F 0001  “ CLR  STFLG
F950 6E 00 - 1JMP  0,X
* END =« ‘
*
+  DEBUG SUBROUTINE "ALTER"
+ - USED TO ALTER ONE BYTE OF OP CODE OF DATA. :
* - FIRST TESTS TO SEE IF AN ALTERATION WAS REQUESTED
*  BY CHECKING IF TWO EXTRA DATA BYTES WERE ADDED
*  TO THE STOP MODE FORMAT IN THE DISPLAY.

*

- DISPLAY RAM BYTES 6,7 BOTH MUST B PROPER DISPLAY
CODE BEFORE SUBROUTINE WILL ALTER.
*

F952 96 01 ALT LDA A STFLG T
F954 27 1D . BEQ ALTRTS MUST BE IN STOP MODE

*

F356 96 0C “LDA A LISTC _ L
F958 26 19.. - BNE - ALTRTS " MUST NOT BE IN LIST
FO5A 86 76 LDA A  #$76 - PREPARE TO READ
FO5C B7 8001 - STA-A PKDICR STARTING AT BYTE 6
FO5F B6 8000 . LDA A DISRAM - READ BYTE 6
F862 27 OF : BEQ ALTRTS
- F964 F6 8000 "LDA B DISRAM
FO67 27 OA . BEQ - ALTRTS S '
F969 BD FFE2 - 'JSR DSTOBI - - NEW BINARY DATA
- F96C 25 05 . .. BCS ALTRTS : ' '
FO96E 30 - : TSX - _ - 2ND IRQ FROM MAIN
FO6F EE OE - DX 14X - ADD. OF OPCODE/DATA
F971 ‘A7 00 STA A 0,X% ‘ STORE DATA AT ADD
F973 .39 . ALTRTS RTS : IN MAIN
* END * . ‘
*
* ‘ . ,
* "START" - - DEBUG SUBROUTINE :
* - "START" STARTS THE MPU RUNNING FROM WHERE IT WAS
*  STOPPED,  (USUALLY MAIN.) :
* - IF OP CODE ‘OR DATA IS TO BE CHANGED BY INSERTING
* 2 DIGITS AFTER THE STOP MODE FORMAT,ALT WILL DO
* *- CLEARS STFLG,CLEARS DISPLAY,READY TD WRITE DISP.
* - ALT MDDE'MUST BE ENTERED AFTER STOP,DISC,GOTO,
*

"TRAN, OR-FWD . IE.) WHILE IN A WAI.
Sk ' : v
FS74 7F 0010 STRT CLR MONFLG - IND. MAIN RUNNING

FQ77 96 01 LDA A .STFLG (MONITOR INACTIVE)
F879 27 0C : BEQ STTRTI - RTI IF NOT IN STOP
F97B BD F952 ~ JSR ALT. - - ALTER OP CODE/DATA
FO7E BD F93F JSR - STADJ | ‘ '
F981 BD FFDO JSR CLDISP
F884 7F 000C CLR . LISTC:
F387 3B STTRTI RTI - BACK TO MAIN

* - END = : : .

*
*

* GOTO - DEBUG SUBROUT INE
* - SETS PROGRAM COUNTER 70 dUST ENTERED ADDRESS
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* X * ¥

*

F98C BD

'F98F 25

FS91 30
FG92 A7

F994 ET
-F996 7E

" ENTER:

7

CLR

F93F GOTO
FFEB-

05

05"

06
F8C7 GOTUS1

* % END * %

*
*
*
-k
*

*

'F399 96
- F99B 27

F98D 3B

FOSE 4F -

FOSF BD
FOA2 30
FOA3 A7
FSAS E7

FOA7 7F

FOAA 7E

. GOTOF

DATA
GOTO
- ENTERS STOP MODE TO DISPLAY. PC & DPCDDE OR DATA
. - CAN BE USED TO STOP PROGRAM FLOW

F988 BD-
F98B- 4F

- FUNGTION: KEY ..
- ADD. ENTERED INTO DISPLAY
- FUNCTION KEY

JSR
CLR A
JSR
BCS
TSX
STA A
STA B
JMP

STADJY

READ4 -f,ADDREss IN A,B

- GOTOS1 - IF ERROR,SKIP

5,X . TRANSFER ADD.T0 RETURN
6,X VECTOR»IN STACK

- STOP

DISABLED DEBUG VERSION OF "GOTO"

- SENDS CONTROL TO THE 16 BIT VECTOR
- "IN THE DISPLAY RAM
- DOES NOT STOP THE MPU .

- ENTERED VIA A PKDI INTERRUPT

OF GOTOF
01 !

GBTOFS
FFES - ’
05

06
0010
FACA

ok END  *x%

*

- EN

* kX ¥

* *

*

FQAD 96

- FOAF 81
F9B1 2D

FOB3 7F

F9B6 7F
F9BY 4F -

FSBA BD
FO9BD DE

- FOBF A7

FOC1 E7

" F9C3 08

FAC4 08
FOC5 DF
FOC7 A6

FI9CS E6

LDA A
BEQ -
RTI

CLR A

JSR
TSX

STA A

STA B
CLR

UMP

CLR1.

GOTOFE
GOTOFS SKIP IF. GOTOF ENABLED

READ4 STORE ADDRESS‘IN A,B
'STORE ADD.

5,X IN RETURN

6,X  VECTOR ON STACK

MONFLG IND. MAIN RUNNING
CLR DISP.,

FIFO,

TR - GENERAL FUNCTION

03 - ENTR
04 .

06 s
0002 -
0003

ENTRS1
FFE8 -
.02
04 .
05 -

02
02
03 .

"LDA A

CMP A
BLT
CLR
CLR

CLR A

JSR

S N 0) S
STA A

STA B
INX
INX

:STX

LDA A
LDA B

- USED TO ENTER 16 BYTE DATA FROM DISPLAY
- .CONVERTS THE FIRST 4 LED. DISP.

THEM AS 16 BITS AT ENTRY1,ENTRY2,ENTRY3,AND ENTRY4
- ENTRYC CONTAINS # OF PREVIOUS ENTRY BYTES
- DOES NOT STOP PROGRAM FLOW, USES RTI

CONTENTS & STORES

ENTRYC+1
- #%04
_ENTRSt - IF 2 NUM ALREADY
ENTRYC ~ ENTERED, OVERWRITE
~ENTRYC+1
READ4 - - STORE DATA IN A,B

116

RTI

ENTRYC X=OFFSET FORM ENTRY1!\

ENTRY1,X
ENTRY1+1 X

ENTRYC

ENTRY1-2,X

ENTRY1-1,X
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- F9CB BD FFEB USR  WRITE4

. FO9CE 86 S0 Coe ‘LDA A #%10010000
-F9D0 B7 8001 ~STA A PKDICR =
F3D3 3B . RTI
**x END ** - = '
* - :
* N
* LIST - DEBUG SUBROUTINE
* - ENTERED VIA AN INTERRUPT FROM KEYBOARD |
* - USED. TO DISPLAY REGISTERS AFTER MPU WAS STOPED
* . lE) AFTER STOP,DISC,GOTO, TRANS,OR FWD
* - DOES NOT STOP MPU _
~* - DISPLAYS ACC. A ’
* = USED WITH SCAN TO DISPLAY & ALTER REGISTERS
* - CAN ALTER THE DISPLAYED OPCODE OR DATA

.

. FOD4 96 01 . LIST °~ LDA A STFLG IN STOP MODE?

FSD6 26 01 - BNE LISTS1 - BRANCH IF SO

FOD8 3B ' RTI ‘ - EXIT IF NOT.
.FSDS BD F952 LISTS1 JSR ALT - REPLACE OPCODE/DATA
FODC 86 01 .. LDA A #$01 " '

FSDE 97 OC - STA A LISTC
*, CDNTRDL FLOWS INTO SCAN

’ SCAN - - DEBUG SUBROUTINE -
- SYSTEM MUST BE IN STOP MODE OR WE RTI ~
MODEt - USED AFTER LIST TO-DISPLAY OTHER MPU REG.
© . (LISTC>0, LISTC DETERMINES WHICH REG. IS
~ DISPLAYED AND WHICH IS ALTERED )
- ALTERS A REGISTER, DISPLAYS NEXT REE*W
INCREMENTS LISTC, THEN.EXECUTES WAI
- DISPLAY FORMAT : IITIRRBB
I=REGISTER IDENTIFIER '
‘R=DATA TO BE PLACED IN REGISTER
B=BLANK -
USED ONCE IN STOP MODE TO DISP AND CHANGE
SUCCESSIVE QPCODES OR DATA AT LOCATION . .
POINTED TO BY THE PROGRAM COUNTER IN MAIN.
- ALTERS DATA, DISPLAYS DATA IN NEXT LOC.
- INCREMENTS PROGRAM COUNTER IN MAIN. :
- DISPLAY FORMAT: LLLLDDCC - S
L=LOC. OF DATA = PROG. CNTR. VALUE IN MAIN
A D=DATA IN LOCATION
~ C=DATA ENTERED TO BE STORED IN LOCATIDN

INIT. LIST COUNTER

MODE 2

PSRRI 2 B R RS TS I N R R .

FOEQ 96 0C SCAN LDA‘A LISTC - TEST IF IN LIST

FOE2 27 54 ' BEQ SMODE2 - BRANCH IF NOT

* - - IN LIST MODE, GET LIST COUNTER
.FSE4 CE F9F2 LDX #SCANT - X = LOC. OF TABLE
FOE7 4A SCANL1 DEC A" .~ GET ROUTINE ADDRESS
FOEB 27 04 BEQ  SCANS1 o
FSEA 08 ‘ S INX

-FOEB 08 - INX



FOEC

FOEE
FOFO

FIF2
FOF4

- FOF6

FOF8
FOFA
%*

*
FOFC
FOFE
- FAQO

- FAQ2

FAO3

FAOS
* .
- FAOT:

F.AQ0S

. FAOB

FAOC
-FAOE
*

FA10
FA12
FA14
FA15
FA17

FA19
~FA1B
-FA1D

- FAIE

FA21
FA24
FA27
FA28
FA2A
FA2B
FA2D
*

- FA2F
FA32
FA35

*

. *~‘
FA38

" FA3B

FA3E
- FA3F

FA41

FA43.

20 F9

EE 00  SCANS{
6E 00

FOFC  SCANT
FOFE

FAO7

FA10 -

FA19

20 5F . DISPA -

8D 4E - DISPB

25 03
30

A7 09 ' ‘
20 56  DISPBS

80 45 DISPC

25 03
30 A

A7 08

20 4D DISPCS

8D 3C  DISPI
25 03 . .

30
A7 07 '
20 44  DISPIS

8D 33  DISPPC
25 12

36

B6 8000

F6 8000

BD FFE2

33

25 05

3 .
E7 0A
A7 0B,

7F *000C DSPPCS
BD FO3F
7E F8C7

BD F952 SMODE2

BD FQ3F

A6 05
E6 06
CB 01

BRA
LDX

JMP

FDB

BRA

BSR
BCS

TSX

STA
BRA

BSR
BCS
TSX
STA
BRA

BSR
BCS
TSX
STA

BRA -

BSR
BCS

~PSH

LDA
LDA
JSR
PUL

BCS
TSX .

STA

STA

CLR
JSR
JMP

JSR .

JSR
TSX

LDA
‘LDA

ADD

T oo
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SCANL 1. -
0,X - .GET RIGHT RDUTINE
' O,X - JUMP TO ROUTINE

DISPA,DISPB,DISPC,DISPI,DISPPC

. DSPR BRANCH TO ROUTINE

. SCRDDS - READ VALUE OF A
 DISPBS :
- CHANGE ONLY IF 0.K.
Ao9,x -
DSPR - DISPLAY B FROM MAIN
 SCRDDS - READ DISPLAYED B A
DISPCS
~ CHANGE ONLY IF NO ERRDR
A 8,X
DSPR - DISPLAY C FROM MAIN
SCRDDS - READ DISPLAYED c
DISPIS
- CNG. ONLY IF NO ERROR
A T7X }
'DSPR - DISPLAY I FORM MAIN -
SCRDDS - READ DISPLAYED
DSPPCS
A - *x - PUSH IXRH .
A DISRAM
B DISRAM - GET IXRL FROM DISP
DSTOBI |
B x* - PULL IXRH -
DSPPCS - BRANCH IF ERROR
10,X - STORE.IXRH -
11,X - STORE IXRL
LISTC SET LISTC,NOT IN LIST
STADJ - ADJUST STACK
STOP - JUMP TO STOP MPU
ALT- . ~ ALTER OP CODE/DATA
STADJ - | |
A 5,X INC. PROG. CTR. IN MAIN
B 6.X I
B #$01



FA45
FA47
FA49
FA4B

% %k

FA4E
FA50
FAS3
FA56
FAS9
FASC

%%

FA5D

FASF
FAG2

‘FAB4
FAB7.

FAGS8

FABA

FABB

FABC

FABD

- FABE

FAGF

FA70

FA71

- FA73
FA75

FA78
FATA

- FATD -

FATF
. FA82
FA84.

FA87

FA8Y

FA8B
FA8C
FASE
FASO

FAS1
- FAS3

FAS5
FASE
FA98
FAQA
FASB

- FA9D

89 00

A7
E7
7TE

END

86
B7
B6
F6
BD
39

END

05

06

F8C7

74

8001
8000
8000
FFE2

90

0C
FBAO

08

F4
01

8000°

09

19

08 .

14

07
OF -

OA

% %k

SCRDDS'

* %k

DSPR -
8001

DSPRL 1

DSPRFD

6UTA
OUTB -
0UTC
ouTI -
FFES

ADC
STA-

JMP

LDA
STA

LDA
LDA
JSR
RTS

LDA
STA
LDA
LDX

-DEC

BEQ
INX
INX
INX
INX

o> >

INX

CINX

INX .

- BRA
LDA .

STA
LDA
STA
LDA
STA
LDA
STA
LDX

JMP

LDA

BRA

TSX

LDA"

BRA

TSX

LDA
BRA
TSX
LDA
JSR

TSX

D> >

> >

S S 2 S

119

#$74 "SCAN . DISPLAY READ"
PKDICR
DISRAM READ STARTING AT LED4

DISRAM - READ 2 DIGITS >

DSTOBI - CONVERT TO BINARY ./

#$80 "DISPLAY REGISTER"

' PKDICR WRITE IN DISP.BYTE 0

LISTC LISTC DETERMINES REG.

#DSPRTB
B - FIND REG.I.D.PATTERN
" DSPRFD ,
; FCB- LISTC VALUE  0,X
;. A ) 1,X
1 : 2, X
> FCB 4 BYTE PATTERN 3,X -
oo . . . . 4, X
*; FDB BRANCH VECTOR . 5,X
. 6, X
DSPRLT . - :
1, X - DISPLAY REG. I1.D..
DISRAM E o
2, X
DISRAM
3, X
DISRAM
4, X
‘DISRAM R
5, X - GET JUMP VECTOR
0,X - JUMP TO DISP. REG.
9,X - LOAD "A"(FROM MAIN)
DSPREX - DISPLAY REGISTER
8, X . - LDAD "B"
DSPREX \ '
7L X - LOAD "CCR"
- DSPREX '
10, X - LDAD "IH"

'BITODS
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*
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B7 8000 STA A DISRAM - DISPLAY IH
FAA3 F7 8000 . STA B DISRAM
"FAAG 30 TSX
FAA7 A6 0B LDA A 11,X - LOAD "1IL"™
FAAS BD FFE5 DSPREX JSR = BITODS CNG. BINARY TO DISP.
FAAC B7 8000 STA A DISRAM - DISP. REG. VALUE
FAAF F7 8000 - STA B DISRAM o
FAB2 7C 000C - - INC LISTC
FABS 86 94 LDA A #$94 - READY TO WRITE QOVER
FAB7 B7 8001 STA A PKDICR THE DISPLAYED VALUE
FABA BD FO3F JSR STADJ. ;
FABD 7C 0001 INC ~ 'STFLG - INDICATE STOPED
FACO OE . CLI - ENABLE SYSTEM INT.
FACt- 3E . SCNWAT WAI ' - WAIT FOR DATA
FAC2 20 FD BRA 'SCNWAI i SR
*%x%k  END * %k %k
%k
*
* CLR1 - "CLEAR", KEYBOARD ACTIVATED FUNCTION
* RECONFIGURES THE PKDI
* - CLEARS DISPLAY RAM AND KEYBDARD FIFO
* - CLEARS DATA ENTRY REGISTERS, ENTRYI
* - ALLOWS THE DISPLAY RAM TO BE WRITTEN INTO
* STARTING AT BYTE 0
. % . .
FAC4 96 11 CLR1 LDA A SECFLG ,
FAC6 27 06 BEQ - CLR1S1-- SKIP IF CLEAR
* _ . )
‘FAC8* BD FAE1 - JSR “SCNDSR
FACB 7E FQAD JMP "ENTR
FAGE BD FBC4 CLR1S1_JSR PKDIRS - RESET PKDI e
- FAD1 CE 0002 LDX #ENTRYC , . .
FAD4 6F 00 * CLR1L1 CLR 0,X - CLEAR ENTRY LOC.
- FADG 08 . ‘ INX o
FAD7 8C 000D - CPX #LISTC+1
FADA 26 F8 BNE CLR1L1
FADC 3B RTI
* % END *x%- -
FADD SCND  EQU *  SECOND o
% .
* - A GENERAL FUNCTION, ( KEYBOARD ACTIVATED )
* USED TO SELECT THE LOWER FUNCTION ON DUAL PURPOSE
* FUNCTION KEYS »
* IF SECFLG IS CLEAR, IT IS SET AND A DECIMAL POINT
* IS DISPLAYED IN LED # 6
* IF SECFLG IS SET, IT IS CLEARED AND THE DECIMAL:
* POINT IS REMOVED FORM LED # 6
: *
" FADD BD FAE{ dSR SCNDSR
FAEO 3B . RTI : _

END *x*
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X

FAE1 - SCNDSR EQU = SECOND SUBROUTINE
. ,
* - PERFORMS THE FUNCTION OF "SECOND"

;T;JEHANGES CCR,A.B j
*®k
FAET 86 67 LDA A #8367 PREPARE TO READ LED #7

A
FAE3 B7 8001 STA A PKDICR
FAEG F6 8000 : LDA B° DISRAM ° READ LED #7
"FAES 96 11 LDA A SECFLG  TEST SECFLG
. FAEB 26 07 ' BNE SCNDS1 BRANCH IF SET
* “ :
FAED 7C 0011 INC SECFLG  CLEAR SO SET IT
FAFO CA 80 ORA B #$80 SET D.P. ON LED #7
- FAF2 20 05 - BRA SCNDS2 , '
* :
FAF4 7F 0011 SCNDS1 CLR SECFLG ~ SET SO CLEAR I7
FAF7 C4 7F ~AND B #S$7F CLEAR D.P.ON LED #7
Tk .
FAFQ 86 87  SCNDS2 LDA A #$87 WRITE NEW CHARACTER
- FAFB B7 8001 STA A PKDICR IN LED #7
- FAFE F7 8000 STA B DISRAM
FBO1 96 12 - LDA A LEDNO
FBO3 84 OF AND A #$0F
FBOS 8B 30 . ADD A #8390 : o
FBO7 B7 8001 ©  STA A PKDICR  GET.READY TO WRITE
FBOA 39 RTS - .
%K o
**% END  *x%
N :
*
* TRAP - DEBUG SUBROUTINE
* ADDRESS VECTORED TO WHEN A NMI IS GENERATED
* FROM THE ADDRESS TRAP
* - ALWAYS ENTERS STOP ROUTINE
* 5 DISABLES ADDRESS TRAP

%

FBOB 7F 8C00 TRAP  CLR : LCON

FBOE 96 01 - LDA A STFLG
FB10 27 06 BEQ  TRAPEX : :
FB12 BD F93F JSR STADJ - REMOVE RTI VECTORS
FB15 7C 0001 INC -~ STFLG
FB18 7E F8C7 TRAPEX JMP  STOP
**x END  ** '
*
*
* RS . ‘
* FWD - DEBUG SUBROUTINE : |
* - ALLOWS THE NEXT OP. CODE TO BE EXECUTED, THEN
*  STOPS CPU FOR DISP. OF NEXT OP.CODE IN STOP MODE.
* - STORES PC IN THE ADD. TRAP AND ENABLES THE TRAP
~* - PC = ADDRESS OF NEXT INSTRUCTIGN TO BE EXECUTED
* - THEN JUMPS TO STRT
* - WHEN OP.CODE AT THAT ADD. IS FETCHED, NMI OCCURRS
* - CAN ALTER OPCODE BEFORE EXECUTION, IF IN RAM
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* - CAN BE USED TO ENTER STOP MODE VIA A NMI

*

FB1B BD
FB1E BD
FB21 30
FB22 EE
FB24 FF
FB27 86
FB29 B7
FB2C BD
FB2F 7F
FB32 3B

* %k E

E 3

*

* TR

* ¥

LK R R IR N A 2

FB33 96
FB35 81
FB37 26
FB3S 4F
FB3A BD
FB3D 97
FB3F D7
FB41 97

FB43 D7 (
FB45 DE

- FB47 AB
‘FB49 DE
'FB4B A7

F952
FO3F

05
8800
01
8C00
FFDO
000C

ND

AN -
- MOVES DATA FROM ONE LOCATION TO ANOTHER
- ENTRY FROM KEYBOARD :

CLR

FB4D 08

FB4E DF
FB50 DE
FB52 9C
FB54 27
FB56 08
FB57 DF
FB59 20
FB58 BD
FB5E 30
FB5F 96
FB61 D6
FB63 A7
FB65 E7

% K

FWD

JSR
JSR
TSX
LDX
STX
LDA
STA
JSR
CLR
RTI

"TRANSLATE"

A
A

ALT - CHANGE OPCODE
STADU - ADJUST STACK

5,X - X = PC FROM MAIN

TRH TRAP ADD.= PC FROM M%JN )
#$01

LCON - ENABLE TRAP

CLDISP

LISTC

- BACK TO MAIN

- DEBUG SUBROUTINE

( CLR FUNCTION KEY )

o1

ENTRYC

TRAN

LDA
CMP
BNE
CLR
JSR
STA
STA
STA

+ STA

TRANL 1

TRANRT

LDX
LDA
LDX
STA
INX
STX
LDX
CPX
BEQ
INX
STX
BRA

JSR

TSX
LDA
LDA
STA

- STA

» » WrI> > I

> >

ADDRESS OF START LOCATION OF DATA
ENTER FUNCTION KEY )
ADDRESS-OF LAST LOCATION OF DATA

ADDRESS OF FIRST LOCATION OF DESTINATION #

ENTRYC+1

#304 . o
TRANS1 - ENRTYC MUST. BE ‘4
READA - DISPLAYED RESS
ENTRY5 -

ENTRYS - DESTINATION ADDRESS
ENTRY7  STORED TWICE
ENTRYS

ENTRY1 - SOURCE LOCATION
0,X n -
ENTRY5 - DESTINATION

0, X |

ENTRY5

ENTRY1  ( SOURCE LOCATION )
ENTRY3  ( END _ LOCATION )
_TRANRT - RETURN IF SAME
ENTRY 1

TRANL 1

STADY

ENTRY7 - DEST. LOC.., (FIRST)
ENTRYS

5 X

STORED IN PC OF MAIN
6, X , '



FB67 7F 0002
FB6A 7F 0003

CLR
CLR

FBED 7E FBC7 TRANS1 JMP

e 2
*

END

Kk

ENTRYC
ENTRYC+1
STQP

o

*******************************#********************

*
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* TABLES
* .
*  DBTBL - "DEBUG TABLE"
* - ASSICIATES BEBUG ROUTINE ADDRESSES WITH KEYCDDES
* - FORMAT FCB KEYCODE
* FDB ROUTINE ADDRESS
*
"FB70 8F DBTBL FCB $8F
FB71 FBC7 FDB STOP
FB73 8E FCB $8E
FB74 FQ974 FDB STRT:
FB76 8D " FCB $8D
FB77 FB1B FDB FWD
FB79 8C FCB_ . $8C
FB7A F988 FDB" . GOTO
FB7C 87 FCB ~ $87
FB7D FB33 FDB TRAN
FB7F 86 FCB $86
FB8BO F9D4 FDB ' LIST
FB82 85 FCB $85
FB83 F9EQ FDB SCAN ‘
FB85 84 FCB $84 N
FB8G F8F4 FDB BRKP '
*x END * ¥k - .
*k
* FTNTBL - "FUNCTION TABLE" '
* - FUNCTION ROUTINE ADDRESSES MAPPED ONTO KEYCODES\»
F888 1F FTNTBL FCB $1F
FB89 FADD FDB SCND
FB8B 1E FCB $1E
FB8C BFE2 " FDB SSPL
FBBE 1D - FCB $1D
' FB8F ET7E2 FDB FLAG
FB91 1C FCB $1C
- FB92 FAC4 FDB CLR1
FB94 17 FCB $17
FBY5. E7ES FDB CAL
FB97 16 FCB $16 ; =
FB98 BFDC FDB TX |
FBOA 15 FCB $15-
FB9B. BFDY FDB SAVE
FBID 14 FCB $14
FBYE BFD6 - FDB SEL
*k
*  DSPRTB - "DISPLAY REGISTER TABLE"

*ASSOCIATES THE VALUE OF LISTC WITH. THE REGISTER I.D.

—/’
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*PATTERN AND THE LOCATION OF FURTHER REGISTER DISPLAY
*INSTRUCTIONS.

*FORMAT FCB LISTC VALUE
* FCB 4 BYTE DISPLAY PATTERN
* | FDB  BRANCH VECTOR
»
FBAO 01 DSPRTB FCB 1
FBAL 77 FCB $77,$80,%00,%00 "
FBA2 80
FBA3 00
FBA4 00 '
FBAS FA8B FDB OUTA
FBA7 02 . FCB 2 v
FBAB 3t FCB $3E,$80,%00,%00
FBAS 80
FBAA 00
FBAB 00
FBAC FAS0 FDB ouTB
FBAE 03 FCB 3
. FBAF 1A FCB $1A,$14,%$12,$80
“-FBBO 1A -
FBB1 12 v
FBB2 80 ‘ ,
FBB3 FAS5 ‘ .FDB ouTC
FBBS 04 FCB 4 '
FBB6 05 FCB $05,%$12,%$80,%00
FBB7 12
FBB8 80
FBBS 00 .
FBBA FASA FDB OUTI
* %k END * % .
* . ‘ .
* INTERR - "INTERRUPT ERROR" .
* - DISPLAY PATTERN FOR AN INTERRUPT ERROR MESSAGE
£ -
FBBC 05 INTERR FCB $05 1 N
FBBD 16 ' FCB $16 N
FBBE 45 FCB $45 T
*FBBF 80 , FCB $80,0
FBCO .00
FBC1 7A . FCB $7A E
FBC2 12 FCB $12,%12 RR
FBC3 12 B -
* Kk END * *

*

FBC4 PKDIRS EQU * PROGRAMMABLE KEYBOARD DISPLAY
* ' INTERFACE RESET

RECONFIGURES THE PKDI ( INTEL 8279 )
CLEARS THE DISPLAY RAM

CLEARS THE KEYBOARD FIFO

PREPARES TO WRITE TO LED O

]

LR X X ¥ X K
|



FBC4 86 00 LDA A
FBC6 B7 8001 STA A
FBCY 86 3F LDA A
FBCB B7 8001 STA A
FBCE 7F 0012 CLR
FBD1 7F 0011 CLR
FBD4 86 D3 . LDA A
FBD6 B7 8001 STA A

*
FBD9 B6 8001 PKDIRL LDA A
FBDC 2B FB BMI
FBDE 86 90 LDA A
FBEO B7 8001 STA A
FBE3 39 RTS

4

* % END ==

»

E 3
FBFO ORG

o ke ok Ak e koK K kK

*

* JUMP DEBUG ROUTINE
& *
FBFO 7E FBOB VTRAP
FBF3 7E F8C7 VSTOQOP
FBF6 7E FAE1
FBF9 7E FBCA4
. END

JMP
JMP
JMP
JMP

125

#$00 8 CHAR. DISP.,LEFT ENT.
PKDICR ENCODED SCAN KEYBD.
#$3F PROG. CLOCK; 32.3KHZ
PKDICR

LEDNO LED O WRITTEN TO NEXT

SECFLG  2ND FTN. NOT SEL.
#%X11010011 CLEAR DISP. RAM
PKDICR & FIFO, RESYNCHRONIZE
PKDISR WAIT UNTIL READY TO
PKDIRL WRITE TO DISPLAY RAM
#$90 GET READY TO WRITE
PKDICR T0 LED O

$FBFO
LINKAGE TABLE

TRAP

STOP

SCNDSR

PKDIRS



ROM3

&

MB68SAM is the property of Motorola Spd, Inc.

o

Copyright 1874 by Motorola Inc.

Motorola M6800 Cross Assembler, Release 1.
ACIA AND SWI ROUTINES
SOURCE FILE LABELS |

I I

*

8408
8408
8409
8409
*

Tk,

S
. '8001
8001 -
8000
8600

o000
0010

VYV'IFFD@’

FFD3
FFD6

 FFDS
“FFDC
- FFDF.
FFE2 .-
FFE5"

FFC

FFC4 -
‘FFE8 -

. FFEB

FFEE-

FFF1

FF60

F3EB

F3EE
F3ES |

NAM

ACIA ADDRESSES

ROM3

L ACIICR EQU $8408
™ ACT1SR EQU $8408
ACI1TX EQU $8409
ACI1RX EQU $8409

'PROGRAMMABLE KEYBOARD

PKDICR EQU $8001
PKDISR EQU $8001
EQU

FIFO

$8000

DISRAM:EQU $8000

N

MC6850 )

CONTROL REGISTER
STATUS REGISTER
TRANSMIT DATA REGISTER
RECEIVE DATA REGISTER

DISPLAY'INTERFACE (18279 5)
'CONTROL REGISTER:WRITE ONLY

STATUS = REGISTER;READ ONLY
KEYBOARD INPUT. RAM REA NLY
DISPLAY RAM; READ/WRITE

MONITOR GLOBAL VARIABLES‘ﬂND FLAGS

IXRV
NMONFLG

EQU
'EQU

1~SUBRDUTINE

CLDISP
DTSR1
DTSR2
 DSBISR
BIDSSR
. DSPXAB
DSTOBI
BITODS
READ2
 WRITE2
READ4
WRITE4
CNPIAT
. DELAY2
DATTBL
CKSM
GTXB-
TMHB

EQUE
EQU
EQU
EQU

EQU
EQU

EQU

EQU
EQU

EQU

EQU

EQU
EQU

EQU
EQU

"EQU

EQU

-EQU

$OOOD E - X REG. STORAGE MAIN LINES

$OO1O = IND. MAIN STOPED BY MONITOR

LABLE

$FFDO
$FFD3

$FFD6

S

$FFD9:

$FFDC
$FFDF
$FFE2
$FFES

$FFC4

$FFEB
$FFEE
$FFF1
$FFE0
$F3EB

$F3EE
$F3ES

$FFC1
$FFES8

126



0020 0001 TXCMP RMB

127
F3F4  MDTI - EQU $F3F4 -~ | ot
B7EC ~ TNDB  EQU $B7EC
* .

*

*+  SPECIAL JUMP TABLE ENTRIES

% -
FBFO  TRAP  EQU $FBFO
FBF3 . STOP EQU $FBF3 |
FFF4 ~ RMT1RST EQU $FFF4 - RESET TO ROM1
F3DO  RM4RST EQU $F3DO
VARIABLES TO BE USED ONLY BY ROM3

0013 : ORG $0013 o : o

* ¥ *

0013 0001 BBUF1 RMB
0014 0001 EBUF1 . RMB
0015 0001 BUF1SR RMB
0016 0002 BBUF2 RMB
0018 0002 BBUF2T RMB
001A 0002 EBUF2 RMB
001C 0002 EBUF2T RMB
 001E 0001 BUF2SR RMB
001F 0001 TX2FLG RMB

BUF2 STAT;$02 FULL
R $01 MT, $OO NEITHER

- NO ACKNDWLEDGE FLAG .
- IND. FRONT END OF MTS READY

0021 0004 NAFLG RMB
0022 0001 DCIFLG RMB
2 |

0023 0002 TXPTR RMB
00250002 RXPTR ~ RMB
0027 0002 TX2CSK RME

-POINTERS TO RX AND TX ROUTINES
- X STORAGE FOR TX2CHS

NN N

* OTHER VARIABLES USED BY ROM 3

*
0040 - ORG $004O
0040-0002 BSILP, RMB

- -0042 0001 FLGC RMB

2
1
0043 0002 - RMB 2
0045 0002 RMB 2
0047 0002 TXBLKP RMB 2

1

‘ - POINTER TO TXBLK
0049 0001 RXD  RMB |

- RX DATA

* ‘ CONSTANTS USED BY - ROM3

sk
0700 BUF1  EQU $700
1000 © BUF2  EQU $1000
1800 BUF2ST EQU $1800
0490 - Y EQU $0490
0560 TXBLK EQU $0560
0650 BSIL  EQU $0650
0630 '8SoL  EQU $0690

*

LOCATION OF BUFFER #2

STOP FOR BUF2, 2K BUFFER.
LOC. OF HEX BLOCK TO BE TXED
TX BLOCK LOCATION

BMS INPUT LINE

BMS OUTPUT LINE

[ R |
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****************************************************

F400 : ORG $F400

& k2K K K ke sk ok A ok ok ok Kk

* . o ‘
*  SWI ROUTINE ADDRESS TABLE
* : o
* SWI  ROUTINE ~ COMMENTS
*FUNCTION ADDRESS

*MNENONIC

* . v
F400 F412 IERR  FDB ERROR DISPLAY "ERROR"
F402 FAC3 ISTX1 FDB STX1 TRANSMIT OR-STORE BYTE |
F404 F5B4 ISTX2 FDB STX2. STORE BLK. TO BE TRANSMITTED
 F406 F496 ISABX -FDB SABX  STORE "A" AT LOC. B+X
F408 FA9E ILABX FDB LABX LOAD "A* WITH (LOC.B,X)
FA0A F478 IABTX FDB ABTX ADD B TO X |
F40C F463 IAITX FDB AITX ADD IMMEDIATE TO X
FA0E F678 IRX2 FDB RX2 ~ RECLEVE A CHAR. FROM ACIA
F410 F73D IPSHX FDB PSHX PUSH X ONTO STACK o

*

N :
* PROGRAM TO DISPLAY “ERROR"
* - DISPLAYS "ERROR" FOR 2 SEC.
* - THEN- CLEARS THE DISPLAY RAM
* - 'USES RTI AS A RETURN -
* ' N
F412 01~ ERROR NOP . ' ‘ o oo
F413 CE F423 - . LDX #ERRORT - X=LOC. OF "ERROR"
F416- BD FFD6 JSR DTSR2 = - DISPLAY "ERROR"
F419 BD FFF1 - JSR - DELAY2 Lo :
F41C \3FF FDB $03FF . - DELAY 2 SEC.
F41E BD FFDQ "JSR . CLDISP
 F421 01 NOP »
.F422 3B . “RTI
END - * C :
F423'7A ERRORT FCB. $7A E. %¥01111010 v
F424 12 . FCB $12,%$12 R,R %00010010
- F425 12 . R A
F426 1E FCB = $1E 0 %00011110
F427 12 FCB $12,0,0,0 R, 3MBLANKS
F428 00 ' ' ' ’ ;
F429 00 ' o
F42A 00 | e
*  END % ;%? 1

' .
F42B RM3RST EQU * RESET FOR ROUTINES IN ROM3
.

F42B 86 03 ~ LDA A #$o3

F42D B7 8408 . STA A ACI1CR ™MASTER RESET THE ACIA
F430 CE 0013 LDX #BBUF 1

F433 6F 00 R3RSL1{ CLR o X - - CLEAR VARIABLES
F435 08 INX

F436 8C 004A CPX~ #TXBLKP+3

RN
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F439 26 F8 - BNE R3RSL1 St

* . .
F438 7C. 0015 CINC BUFSR - INDICATE BUF1 EMPTY
F43E_7C 001E INC  BUF2SR - INDICATE BUF2 EMPTY
F441"CE 1000 ~ LDX #BUF 2
F444 DF 16 STX ~ BBUF2 - INIT. BUF2 POINTERS
F446 DF 1A~ STX  EBUF2
F448 TE F3DO JMP . RM4RST GO TO RESET FOR ROM4

xx  END %

* .

' F44B AC IH EQU * ASYNCHRONOUS COMMUNICATIONS INTERRUPT

4 HANDLER
* - HANDLES INTERRUPTS FROM THE ACIA, (MC6850)
* - IF ‘IR’ AND 'RDRE’ ARE SET, USE RXPTR TO GO
* TO A RX ROUTINE . |
* - IF ' IR’ AND 'TDRE' ARE SET, USE TXPTR TO GO
* TO A TX ROUTINE
+ - RDRF MUST BE CHECKED FIRST AS RX INT. IS ALWAYS
~*  ENABLED WHILE TX INT. MAY BE DISABLED EVEN
*- THOUGH TDRE MAY BE SET-
* - ACIH ASSUMES DATA' CARRIER DETECT INTERRUPTS
* DO NO OCCUR
* - OVERFLOWS ARE “HANDLED AS RECEIVES
* - FRAMING ERRORS ARE CLEARED AND IGNORED.
* - ACI1SR IN "A" UPON ENTRY L |
k3 .
F44B 85 01 ‘ BIT A #%01 DO WE HAVE AN RX? 4
F44D 27 0C . BEQ ACIHS1 {ok
F44F 85 10 BLT A #$10 b .
F451 26 04 BNE = ACIHX1 BRANCH IF SO |
* .
F453 DE 25 LDX  RXPTR - ASSUME READY TO RX
 F455 6E 00 JMP 0,X GO- TO RX ROUTINE
> ,
FA57 B6 8409 ACIHX1 LDA A ACITRX  CLEAR RX INTERRUPT
FASA 3B . RTI ’ EXIT
* .
'F45B 85 02 :ACIHS1 BIT A #$02 TEST IF WE CAN X
F45D 27 F8 BEQ ~ ACIHX1- EXIT IF NOT |
FASF DE 23 LDX~  TXPTR = GO .TO TX ROUTINE
F461 BE 00 . JMP 0,X . ,
%k
“*x END  x*

*
*-

F463 AITX VEQU ok ADD IMMIDIATE T0 X .

- ADDS CONSTANT DATA TO X(MAIN)
= CHANGES ONLY X IN MAIN

* ¥ ¥

a

: F463 30 f TSX X PTS. TO TOP OF STACK

<
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XL(MAIN)

. F493

FA64 E6 LDAB 4,X B =
F466 A6 03 LDA A 3,X A = XH(MAIN)
F468 EE 05 LDX 5,X X = RETURN TO MAIN
"F46A 09 DEX o o
"F46B 09 DEX ‘ 4
F46C 09 DE X :
F46D 09 DEX X = LOC. OF DATA
FA6E EB 01 ADD B 1,X ADD L. BYTE TO X®MAIN)
F470 AS 00 ADC A -0,X ADD H. BYTE TO X(MAIN) -
F472 30 TSX X PTS. TO STACK TOP
. F473 AT 03 "STA A 3,X STORE SUM IN X{MAIN)
F475 E7 04 STA'B 4, X |
F477 3B . RTI
,** END - ,
F478 ABTX  EQU * . ADD B TO X
. , 3 ,
* - ADDS ACC. B(MAIN) TO ACC X(MAIN)
* - CHANGES DNLY X IN MAIN B
: A\ : -
F478 30 : TSX X PTS. TO STACK TOP
FA79 AB 01 EgA A 1,X A(CURRENT) =B (MAIN)
F47B AB 04 - ADD A 4, X ADD X (LOW BYTE MAIN)
F47D 24 02 BCE  ABTXS1 CHECK FOR CARRY
F47F 6C 03 INC.  3,X  PROP. CARRY . - |
F481 A7 04 ABTXST STA'A 4,X REPLACE X(L.B. MAIN)
F483 3B RTI V. = L
** END #*% S\
o \
T | | \ - ;
* SWISR1 - SOFTWARE 1NT§§RUPT SUBROUTINE ONE
*
* - PLACES X(FROM MAIN)+BLFROM MAIN) INTO X(CURRENT)
* - X MUST POINT TO TOP OF RETURN VECTORS TO MAIN :
* - CHANGES NOTHING IN MAIN\
* - CHANGES X,B(CURRENT)
* . .
F484 36 . SWISR1 PSH A *k* STORE A
F485 A6 03 ~LDA'A 3,X \ A = XHIGH FROM MAIN
F487 E6 04 LDA B 4,X B = XLOW FROM MAIN
" F489 EB 01 . ADD B 1,X \B=XLOW(MAIN)+B(MAIN)
F48B 83 00 -~ ADC A #$oo RROPAGATE CARRY
F48D 37 - PSH B~
FASE 36 PSH A * s\oRE X+B FROM MAIN
Fagr 30 TSX X 'c TOP OF STACK
F490 EE 00 LDX  0,X. X = X+B FROM MAIN
F492 31 INS o
31 INS ** REMOVE JUNK FROM STACK
F494 32 PUL A x*% RES ORE A
F495° 39 RTS o
*k END, * %k



SABX ‘—rSTORE ACC. A AT

'F4B7 C4

139

* B,X.
*
* - STORES A(MAIN) AT LOCATION B+X(MAIN)
* - CHANGES NO REGISTERS IN MAIN
* . - CHANGES CURRENT A,B, X
*. - CALLING SEQUENCE: SWI -
% : FDB 0, ISABX
. K 3 R .
~ F496 30 SABX  TSX X = TOP OF STACK
F497 A6 02 : LDA A - 2,X° - A(CURRENT) = A(MAIN) .
'F499 8D E9 BSR SWISR1 . . ,
F49B A7 00 STA A 0, x STORE AT B+X(MAIN)
F49D 3B RTI o
* ok %k END k) % -
.*» '
* LABX - LOAD ACC. A FROM B,X
* .
* - LOADS A(MAIN) WITH CONTENTS DF LOCATION B+X (MAIN)
* - CHANGES A IN MAIN :
* - CHANGES CURRENT A,B,X
* - CALLING SEQUENCE: sw1
* ' . ’ 'FDB 0, ILABX
* o . . o
F49E 30 LABX  TSX C X.= TOP OF STACK
F49F 8D E3 " BSR SWISRt X = B+X(FROM MAIN)
F4A1 A6 00 LDA A 0,X LOAD FROM B+X(MAIN)
F4A3 30 TSX X =.TOP OF-STACK
‘F4A4 A7 02 STA A 2,X PLACE IN A(MAIN)
"F4A6 3B , RTI o v o
) *%  END %%
. , -
.
* BITOAS - BINARY TO ASCII ROUTINE
*
x - SUBROUTINE TQ CONVERT THE BINARY CONTENTS OF A
* TO INTO TWO ASCII CHARACTERS IN ACC. A AND B
* - RESULT OF HIGH NIBBLE IN A , LOW IN B
* - CHANGES ONLY A, B, CCR )
* .
. F4A7 36 BITOAS PSH A~ *%xx STORE BYTE i
- F4A8 44 - "LSR A
F4AS 44 LSR A SHIFT HIGH NIBBLE LOW
FAAA 44 LSR A | .
F4AB 44 “LSR A
F4AC 81 09 CMP A ‘#$09
F4AE 2F 04 BLE BIASS1 BRANCH IF .LE. $09
. % . R
- F4BO 8B 37 ADD A #$37 CONVERT TO ASCII :
- F4B2 20 02 - "BRA BIASS2 HIGH CHARACTER IN A
T _ ‘ o
F4B4 8B 30 BIASS1 ADD A #%$30 CONVERT TO ASCII
F4B6 33 BIASS2 PUL B **x* ORIGIONAL BYTE
OF ~AND B #$0F .

BET LOWER NIBBLE



F4B9 C1 09

F4F1 F406

#3509

BIASS3 BRANCH IF .LE. $09
#$37  LOW CHARACTER IN B

#$30 LOW CHARACTER IN B

TRANSMIT 1

- TRANSMITS THE BYTE IN ACC. A THROUGH ACIA #1
- IF THE BYTE CANNOT BE TRANSMITTED . IMMEDIATLY,
IT IS STORED IN A FIFO BUFFER CALLED BUF1 o
IN BUF1 WILL BE TXED BY ROUTINE TXt
WHENEVER AN INTERRUPT FROM ACIA - IND. IT IS READY

- THE STATUS OF BUF1 IS IND. BY BITS 0 1 'OF’BUF1SR :

1 IFF BUF1 IS EMPTY, (MT)
1 IFF BUF1 IS FULL

LDX -

Wwr

B

B

- DOES NDT CHANGE ANY REGISTERS IN-MAIN

X = TOP OF STACK

2, X A = A FROM MAIN
BUF 1SR TEST BIT O IF BUF1 MT

#$01
STX1S1 BRANCH IF NOT MT

#$A9 BUF1 MT

ACI1CR SET ACI1CR FOR
"ENABLED TX AND RX INT.

CLOCK- {9600 BAUD) ,EVEN PARITY

CMP
F4BB 2F 03 * BLE
*F4BD CB 37 ADD
F4BF. 39 RTS
*
- F4C0 CB 30 BIASSB ADD
F4c2 39 RTS
x  47USEC.
%% END %%
.
. , SR
* STX1 - SWI ROUTINE:
¥k
* - ENTERED VIA A SWI
*
*
%*
* - THE CHAR..
*
*  TO TRANSMIT
E 3
* IT O
*  BIT. 1
*
*
F4C3 30 STX1 ~ TSX
- F4C4 A6 02 - LDA
- _.F4ce D6 15 LDA.
“F4C8 C5 0t BIT
F4CA 27 1D BEQ
e _ .
" F4CC C6 AQ : LDA.
F4CE F7 B408 STA
* .
* _ 1/16
* » » " EVEN
F4D1 7F 0020 CLR
F4D4 CE F535
F4D7 DF 23 - - STX
F4DS CE F509 - LDX
F4DC DF. 25 . STX
F4DE F6 8408 LDA
F4E1 C5 02 BIT
- F4E3 27 04 BEQ
* o
" F4E5 B7 8409 STA
FAE8 3B  RTI
| * .
FAEQ D6 14  STX1S1 LDA
FAEB CE 0700 LDX
FAEE 3F SWI
FA4EF 0000 FDB

PARITY,7 BITS, 1 STOP

TXCMP _IND. TX INT. ENABLED
#TX1. INIT.PTRS. TO TX AND

- TXPTR RX ROUTINES
-~ #RX1 ’ '
. RXPTR

ACI1SR AFTER SLIGHT DELAY,
#302 1S TDRE HIGH? ‘
STX1S1 BRANCH IF NOT READY

ACI1TX TX CONTENTS OF A

132

: : o £ '
EBUF1 STORE AT END OF BUF1=

#BUF1 1E) AT EBUF1+BUF1~

0, ISABX



FAF3
FAF4
FAFG

FAFQ

F4FB

*
F4FD
F4FF
F501
F504
F507

% %

*,*******

*

. F509
- F50C
F50E

~ F510
F512°
F514
F516

F518

F51A

F51C"

FS1E
*

F520

F522

F524

F526

"F528

F52A
*

F52C
T ox

F52E

% %k

F52F

¥ K X X ¥

5C - INC B - :
D7 14 . STA B EBUF1 INCREMENT EBUF1
7F 0015 ~CLR  BUF1SR BUF1 NOT EMPTY
D1 13 CMP B BBUF1 TEST IF EBUF 1=BBUF1
26 47 BNE - TX1S1 BRANCH IF NOT FULL
86 02 | LDA A #$02 EBUF1=BBUF1 SO FULL
97 15 | STA A BUF1SR* SET BIT 1 OF BUF 1SR
CE F7AD - 'LDX - . #BUFTBL-DISP. "BUFFER FULL"
BD FFD6 - JSR  DTSR2 ,
20 3B - BRA  TX1S{
END  *x -
F509  RX1 EQU = " RECEIVE 1
- STORES IN RXD THE ASCII CHARACTERS
LISTED BELOW IN THIER PRIORITY GROUPS
- CHARACTERS IN HIGHER PRIORITY -GROUPS CAN
OVER WRITE THOSE IN LOWER GROUPS
- CHARACTERS IN THE SAME GROUP DO NOT
'OVER WRITE - | |
RIGHEST ("DC1"," ","2"), ("%",">"),("#") LOWEST
B6 8409 . LDA A ACITRX CLEAR RX INTERRUPT
81 11 CMP A #$11  SKIP IF "DC1" RXED
27 1C A BEQ  RXiX2 . '
81 5D ~ CMP A" #$5D  SKIP IF " " RXED
27 18 - BEQ  RX1x2 . o
81 3F - -~ CMP A #$3F  SKIP IF "?" RXED
27 14 BEQ  RX1X2
D6 49" | LDA'B RXD o
27 04 . BEQ  RXIS1  SKIP IF RXD CLEAR
C1 23" (CMP B #$23  EXIT IF "#" NOT RXED
26 OF BNE  RX1X1
81 25  RX1S1 CMP A #$25  SKIP IF "%" RXED
27 08 BEQ  RX1X2 |
81 23 ~ CMP A #$23 °  SKIP IF "#" RXED
27 04 BEQ RX1X2 -
81 3E . CMP A #$3E :
26 02 . BNE  RX1X1  EXIT IF ">" NOT RXED
97 49  RX1X2 STA A RXD SET RXD
3B - RX1X1 RTI .
END *x% » v
0006 RMB 6
TX1 TRANSMIT ONE
- ENTERED VIA AN INTERRUPT GENERATED BY ACIA #1
- WILL TRANSMIT A BYTE AT-A TIME FROM BUF1 UNTIL

o~

133
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-

* TDRE IN ACIA #1 GOES HIGH OR UNTIL BUF1 ‘IS EMPTY

. F57D 5A

* - SEE STX1
* - DOES NOT CHANGE ANY REGISTERS IN MAIN
F535 D6 15  TX1 LDA B BUF1SR BIT 0 IND.IF BUF1 MT
F537 C5 01. - BIT B #$01
F539 27 09 'BEQ TX1S1  BRANCH IF NOT EMPTY
F53B 86 C9 LDA A #$C9 BUF 1 MT SET RTS HIGH,
F53D BY 8408 STA A ACIiICR
F540 7C 0020 INC TXCMP IND. TX INT. DISABLED
F543 3B ' RTI | ‘ '
]
F544 F6 8408 TX1S1 LDA B ACIiSR TEST TDRE OF ACIA
F547 C5 02 BIT B #%$02 =
F549 26 01 BNE TX1S2 “BRANCH IF HIGH
F54B 3B RTI | LOW, CANNOT TX
F54C D6 13  TX1S2 1LDA B BBUF1 WE CAN TX A BYTE
F54E CE 0700 LDX #BUF1  FROM BBUF 1+BUF 1
F551 3F SWI
F552 0000 FDB 0, ILABX
F554 F408 . ,
F556 B7 8409 STA A ACIITX TRANSMIT
F559 5C INC B INC.FRONT OF BUF1
F55A D7 13 STA B BBUF1
F55C 7F 0015 CLR - BUF1SR BUF1 NOT FULL |
F55F D1 14 CMP B EBUF1  TEST IF BUF1 EMPTY
F561 26 E1 BNE TX1S1  NOT MT,TRY NEXT BYTE
F563 86 01 ~ LDA A #%$01 BUF1 MT,SET BIT 0
YF565 97 15 - STA A BUFISR
F567 3B RTI RTS HIGH AND TX INT. WILL
x+ END ** BE DISABLED ON NEXT INT. WHEN TDRE 1S HIGH
* TX1TST - TRANSMIT 1 'TEST PROGRAM
%* . : v . : )
* - GENERATES STRINGS OF 400 OF THE SAME CHARACTER
* . PRECEDED BY A BLANK AND FOLLOWED BY RETURN
* - GENERATES STRINGS OF THE CHAR. FROM "0" TO "F"
* - NUMBER OF TIMES THIS IS TO BE REPEATED MUST BE
‘% STORED IN.LOC. IXRV AS A TWO BYTE NUMBER
*
F568 86 OF  TXITST LDA A #$0F STARTING CHARACTER
F56A 36 TXTL2 PSH A - *x* STORE NIBBLE
- F56B 36 PSH A **  TWICE
F56C 86 20 LDA A #$20 ASCII FOR A SPACE
. F56E 3F SWI .~ TRANSMIT THIS BYTE
F56F 0000 FDB 0, ISTX1 -
F571 F402 k . )
‘F573 32 PUL A~ %% - GET NIBBLE.
F574 8B 30 ADD A #$30. - MAKE AN ASCII CHAR.
F576 C6 30 LDA B #%$30 48 ITERATIONS ,
F578 3F CTXTL1  SWI . TRANSMIT THE BYTE
F579 0000 FDB 0,ISTX1 , :
F57B F402 : '
DEC B
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FS7E 26
Sk

F580 CE
F583 BD
F586 BD

F8

F788
F5A5
FFF1

F589 0O0FF

F588 32

F58C 4A

F58D 2A
*

F58F DE

F591 09

F592 DF

F594 26
*

F5386 CE
F5389 BD
F59C CE
F53F BD
F5A2 3E
F5A3 20

*

* R K ¥ K ¥ X ¥ X ¥ X
1

%

FHAB A6

F5A7 81

F5A9 27

'FSAB 3F
F5AC 0000
FS5AE F402

F5B0 08
F5B1 20
*

' F5B3 39

** END

*

| F584

* - A SWI ROUTINE TO TRANSFER THE ASCII CHARACTERS
* IN TXBLK 7O BUF2 SO THEY CAN BE TRANSMITTED.
% - STORES CHAR. UPTO AND INCLUDING THE FIRST “CR"

*%  END

DB

0D

0D
D2

F7A5

FFD6
F780
F5A5

FD

TX1CHS
- TRANSMITS A CHARACTER STRING THROUGH

LOC. OF FIRST CHAR.
TO BE TRANSMITTED

00
04
08

F2

STX2

* %k

& %k

BNE

LDX
JSR
JSR

PUL
DEC
BPL

LDX
DEX
STX
BNE

LDX

JSR

LDX

- JSR
TXTWAL WAI
BRA

TXTLA

F#ENDLIN

TX1CHS
DELAY2
$OOFF

& Xk *
TXTL2
IXRV

IXRV
TX1TST

#ENDTBL
DTSR2

#EQF TBL
TX1CHS

TXTWAI

TRANSMIT END OF LINE
- WAIT .5 SEC.

RESTORE NIBBLE

GET X ITERATION VALUE

DO AGAIN IF NOT IXRV

D

ISPLAY END

TX. "SENDOFFILE"

STOP '
WAIT FOR DATA ENTRY

- TRANSMIT A CHARACTER STRING

ACIA  #1 .
WHEN-CALLED WE REQUIRE X =

- CHANGES REGISTERS
- HAS NO TIME DELAY TO ALLOW FOR TRANSMISSION,
OTHER PROGRAMMMING MUST MAKE SURE THE BUFFER
DOES NOT OVERFLOW

TX1CHS LDA
CMP
BEQ

SW1

A
A

FDB

INX
BRA

TXCSX  RTS

EQU *

AL X

0,X
#$04
TXCSX

0, ISTX1

TX1CHS

X =

CHARACTER TO BE TX.

IF CHAR. = 4. EXIT

TRANSMIT BYTE

LOC. OF NEXT

SWI TRANSMIT TWO
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#*

Fo5B4
F5B5
F5B7
F5B9
*

F5BB
F5BD
F5BF
F5C2
F5C4
F5C5
F5C7

F5C9,

F5CB
F5CC
F5CF
F5D1
FSD4
F5D6
F5D8

F5DA
F5DC
F5DE
F5EQ
F5E2
F5E4

FSEG .

F5E8
F5EA
F5ED
F5FO
F5F 1
F5F3
F5F5

F5F7
) *
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- ENABLES THE TX2 ROUTINE, UPDATES BUF2SR

- WHEN BUF2 BECOMES FULL, “BUF. FULL" IS DISPLAYED
" "AND WE RTI WITH CARRY SET
*IF BUF2 WAS EMPTY,
*THEN -BUF2SR 1S CLEARED . =
-1F RXPTR .NE. RX2 ' :
-THEN .TXPTR AND RXPTR ARE SET TO TX2 AND RX2
.RX FLAGS ARE CLEARED
.TXCMP IS CLEARED AND TXINT IS ENABLED
“ELSE IF DC1FLG OR NAFLG IS SET
THEN TXCMP IS CLEARED AND TXINT IS ENABLED
FI
©-F1
*F I -
- CHANGES ONLY.CCR IN MAIN c SET IF BUF2 FULL,
C CLEARED OTHERWISE
OE CLI ALLOW FOR INTERRUPTS
96 1E LDA A BUF2SR | .
81 02 CMP A #$02  TEST IF BUF2 IS FULL
27 2B BEQ  STX2x1 IF IT IS, EXIT
DE 1A 'LDX  'EBUF2 INIT. END OF -BUF2 PTR.
DF 1C STX EBUF2T ,
CE 0560 LDX - #TXBLK X PTS. TO TXBLK
AB 00  STX2L1 LDA A “0,X GET CHARACTERS TO TX
08 : INX ~
DF 47 STX TXBLKP :
DE 1C LDX EBUF2T STORE CHAR.IN BUF2
A7 00 STA A 0, X
08 INX
8C 1800 CPX #BUF2ST INC. END BUFFER PTR.
26 03 ‘BNE STX2S2
CE 1000 LDX #BUF 2
DF 1C  STX252 STX EBUF2T
3C 16 CPX BBUF2 CHECK IF BUF2 FULL
26 1E BNE ~ .5TX2S3 BRANCH IF NOT FULL
81 0D CMP A  #$0D  WAS "CR" JUST STORED
26 08 BNE STX2X1 SKIP IF NOT
DF 1A STX EBUF2 UPDATE EBUF2 (TX)
86 02 LDA A #$02  INDICATE BUF2 FULL
97 1E STA A. BUF2SR :
20 1C BRA STX2X2 EXIT
86 02 = STX2X1 LDA A #$02 .
97 1E - STA A BUF2SR INDICATE BUF2 FULL
CE F7AD LDX #BUF TBL '
BD FFD6 JSR DTSR2 DISPLAY "BUF. FULL"
30 TSX
A6 00 LDA A 0,X SET CARRY IN RETURN
84 01 ORA A #$01. ( AS DATA NOT TXED )
A7 00 STA A 0,X -
3B RTI



F5F8 DE 47 STX2S83 LDX TXBLKP
FS5FA 81 0D CMP A #$0D : ,
F5FC 26 C4 BNE STX2L1 BRANCH CHAR.WASN'T CR
*
FS5FE DE 1C LDX EBUF2T UPDATE EBUF2 POINTER
F600 DF 1A STX EBUF2 ‘
F602 30 STX2X2 TSX
F603 A6 00 LDA A 0,X CLEAR CARRY IN RETURN
F605 84 FE : AND A #S$FE ( AS DATA WAS. TXED d
F607 A7 00 STA A 0,X =
F609 01 NOP
F60A 96 1E ‘ ‘LDA A BUF2SR
F60C 81 01 \ CMP A  #$01  TEST IF EMPTY
F60E 26 29 BNE STX2X SKIP IF NOT
* . .
F610 7F 001E CLR BUF2SR BUF2 IS NO LONGER MT
F613 CE F678 LDX #RX2
F616 9C 25 CPX RXPTR ~CHECK IF RX2/TX2 ACT.
F618 26 0A BNE STX2S0 SKIP IF NOT
F61A 96 22 LDA A DCI1FLG CHECK IF "DC1" RXED
F61C 26 13. BNE STX2SA SKIP IF TRUE
F6I1E 96 21 - LDA A NAFLG CHECK IF IN NA MODE
F620 26 OF BNE STX2SA SKIP IF TRUE -
F622 20 15 BRA STX2X DO NOT ENABLE TXINT
F624 DF 25 STX2S0 STX RXPTR SET RX,TX POINTERS
F626 CE F63A LDX #TX2 :
F629 DF 23 STX TXPTR
F62B B6 8408 ‘ LDA A ACI1SR CLEAR RX FLAGS
F62E B6 8409 LDA A ACI{IRX -
F631 86 29 STX2SA LDA A #$28  TX ONLY,7BITS,EV.PAR.
F633 B7 8408 - STA A ACICR (1/16)CLOCK, 1STOP BIT
F636 7F 0020 CLR -~ TXCMP IGNORE ACKNOWLEDGE
F639 3B STX2X RTI ' UNTIL LINE TXED
* '3385USEC. FOR 47 CHAR
* Xk END ¥k
* ,
* L
F63A - TX2 EQU *  TRANSMIT -TWO
*K
* - A HALF DUPLEX TRANSMIT ROUTINE TO TRANSMIT A
* SAMPLE BLOCK,{ MAX NO. OF ASCII CHARACTERS
*  DETERMINTED BY THE SIZE OF TXBLK ) -
* - ASSUMES DATA IN ASCII '
* - USES "CR" TO INDICATE END OF BLOCK
* - WHEN BUF2 BECOMES EMPTY, BIT 0 IN BUF2SR 1S SET
* TXINT IS DISABLED, AND TX2CMP IS SET
.* = IF WE ARE NOT IN NO ACKNOWLEDGE MODE, -
* AND THE LAST CHARACTER IN A STRING WAS TXED,
* TXINT - IS DISABLED AND TX2CMP IS SET ,
*
F63A 96 1E . LDA A BUF 2SR :
F63C 81 01 - CMP A #%0t1 IS BUF2 EMPTY?

F63E 27 29 ' BEQ TX2X2 EXIT IF MT
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BEQ

BUF2SR BUF2 CANNOT BE FULL

F640 7F 001E CLR ‘
F643 DE 16 LDX . BBUF2 GET NEXT CHAR. TO TX
F645 A6 00 LDA A 0,X :
F647 B7 8409 STA A ACI1TX TX CHAR.

F64A 08 : INX ,

F64B 8C 1800 CPX #BUF 28T :

F64E 26 03 BNE TX251 INCREMENT POINTER

F650 CE 1000 LDX #BUF 2 : :

653 DF 16  TX2S1 STX BBUF2 SAVE POINTER
655 9C 1A CPX EBUF2 CHECK IF EMPTY

/F657 27 09 BEQ TX2X1 EXIT IF EMPTY
* .

F659 D6 21 LDA B NAFLG ARE WE IN NA MODE?

F65B 26 1A BNE TX2X3 EXIT IF SO
* .

F65D 81 0D CMP A #$0D  CHECK IF"CR"WAS TXED

F65F 27 08 BEQ TX2X2 EXIT IF IT WAS
%k R

F661 3B RTI
* :

' F662 86 01 TX2X1 LDA A #$01 - '
F664 97 1E - STA A BUF2SR INDICATE BUF2 EMPTY
F666 7F 0022 CLR DC1FLG IND.WAITING FOR "DC1"
F669 B6 8408 TX2X2 LDA A .ACI1SR CLEAR RX INT. FLG.
F66C B6 8409 LDA A ACI1RX AND RX REGISTER -
F66F 86 C9 LDA A #$C9S ‘
F671 B7 8408 STA A ACI1CR DISABLE TX, ENA. RX
F674 7C 0020 INC ~ TXCMP ENABLE RX ROUTINE

* :

F677 3B TX2X3 RTI o K
* 95USEC./TX AVE., 2.3MSEC. MAX. DURING .025 SEC.
*x  END *x% o ,

* R
* .

F678 . RX2 EQU * RECEIVE TWO
* , ‘

* - THE HALF DUPLEX RECEIVE ROUT. ASSOCIATED WITH TX2
* - FOR' ®PTIP=0ON ( IE. NAFLG CLEAR ) :

* - IF "DC1" IS RXED WHILE BUF2 NOT MT AND TXCMP SET,
*  THEN TX INT. IS ENABLED AND TXCMP IS CLEARED

* - IF "DC1" IS RXED WHILE BUF2 IS EMPTY, DCIFLG

* IS SET SO STX2 CAN ENABLE TXINT

* - OTHERWISE JUST THE RX INTERRUPT 1S CLEARED

* .

F678 B6 8409 LDA A ACI1RX CLEARS INTERRUPT
* :

F67B 81 11 CMP A #$11 CHECK FOR "DC1"

F67D 26 1F BNE RX2X1 "EXIT IF NOT

F67F 96 1E LDA A BUF2SR CHECK IF BUF2 EMPTY

F681 81 01 - CMP A #$01

F683 27 11 BEQ -RX2S1 SKIP IF EMPTY

F685 96 20 LDA A TXCMP  CHECK IF TX COMPLETE

F687 27 15 - RX2X1 EXIT IF IT IS NOT
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F689 96
F68B 26

i

F68D 86
F68F B7

F692 7F

F695 3B
*

F6396 7C
F639 86
F69B B7
F69E 3B

* K
*

*
F69F
*

*

* X ¥ X »

*

FB9F 36
- F6A0 37
FBA1 7C
F6A4 CE

F6A7 BD.F

F6AA D6
FBAC C1
FEAE 26
F6BO 7F

- F6B3 33

F6B4 5D
F6B5 26
F6B7 7C
F6BA 32
F6BB CE
FEBE 36
FEBF A7
F6C1 08
F6C2 8C
F6C5 26
*

F6C7 CE

F6CA BD.

F6CD BD
F6D0 BD
F6D3 96
F6D5 B7
F6D8 7F
F6DB CE

END

21
D5

29
8408
0020

0022 RX2St
49
8408

* ¥

TX2TST EQU =

TX2TL

TX2TS1
TX2TLO

TX2TL1

04A8
F8

0490
F3F4
F3EB
F3ES
42

0666
0042
0651

RX2X1

LDA
BNE

LDA
STA
CLR
RTI

INC
LDA
STA
RTI

P >

> >

NAFLG
TX2X1

#$29
ACI1CR
TXCMP

DC1FLG
#$49
ACI1CR
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CHECK IF IN NA MODE
EXIT IF WE ARE

ENA.TX,DISA. %X, 7BITS,
1STOP,EV.PAR. .(1/16)
INDICATE TXING

EXIT

DISABLE TX AND RX

EXIT

TRANSMIT TWO TEST

PSk
PSH=-
INC
LDX
JSR
LDA
Cmp
BNE
CLR
PUL
TST

BNE

INC
PUL
LDX
PSH
STA
INX
CPX
BNE

LDX
JSR
JSR
JSR

LDA

STA
CLR
LDX

Pl
LY

- A MAINLINE ROUTINE TO TEST THE TX2 ROUTINES
- USE MONITOR TO SET

1) IXRV

FIRST

{o!

TO # OF ITERATIONS

II) ACC. A TO DESIRED PART OF

ITERATION

g' ) ACC. B FOR ACKN. MODE,

> >

> >

CLR.

&

L& 3
% %

AFLG
#PTIPON
TX2CHS
BUF2SR
#$01
TX2TL
NAFLG

o* %k

TX2TS1
NAFLG

% % %k

#Y

% % %k

0,X

#Y+$18
TX2TL1

#Y
MDT1
CK'SM
TMHB
FLGC
BSIL+22
FLGC

 #BSIL+1

B FOR NO ACK. MODE )

STORE B,A
ENTER NA MODE

TX "%PTIP=0ON’

WAIT UNTIL BUF2 MT
GET OUT OF NA MODE
RESTORE B-

SET NAFLG IF CLEAR
RESTORE A

GET LOC.OF *BLOCK
STORE A

GENERATE TEST BLOCK

24 SAMPLE BYTES.

MOVE Y 7O BSIL (16)
CHECK SUM, (2 BYTES)
ADD 3 TIME BYTES

ADD FLAG CHARACTER
(22 HEX. BYTES TOTAL)

MOVE TO OUTPUT LINE



F6DE
F6E 1
F6E2
 FBEA4
FBE6
 FBES
F6EB
- FBEC
F6ED
F6FO
F6F3
F6F5

~ F6F6
F6F7
.

FBFQ
FBFB
FBFC

FBFE
.

F700

F702

F704
*x

F706

F709
F70C
F70F
F712
F715
“F718
F71B
F71C

%* %k
*

%*
F71E

* -

¥ X X ¥ ¥ %

*

FT1E

F720
FY23
*

F725
F727
F729
FA2A
F72C
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BD F3EE JSR  GTXB  GEN.TXBLK(48 BYTES)

3F SWI A .
0000 FDB.  0,ISTX2 TRANSMIT TXBLK
F404 ‘ ‘ ) S
86 90 . LDA A #$90. - WRITE'TO 0 WITH AUTO.
B7 8001 STA- A PKDICR v
32 - BUL A ‘**x RESTORE A
36 . . PSH A **x  STORE A .
BD FFC4 “JSR WRITE2 DISPLAY DATA TXED
BD FFF1 JSR - DELAY2 WAIT .5 SEC. ‘
Q0FF ~ FDB $00FF -
32 . PUL A **x*x RESTORE A
4h ~ DEC A _ -
26 C2 BNE  TX2TLO LOOP IF ‘A NOT ZERO
DE @D . LDX IXRV
09 DEX , B
F ob | STX IXRV .
26 BB BNE TX2TLO LOOP IF IXRY NL! O
96 1E TX2TL2 LDA A BUF2SR WAIT UNTIL EJF2 MT
81 01 . CMP A #$01
26 FA BNE = TX2TL2
7C 0021 - INC. NAFLG -
CE F780 ~LDX #EOFTBL . TX “$ENDFILE"
BD F71E JSR TX2CHS ' o
"CE F798 "~ LDX #PTIPOF TX %PTIP=OFF
BD F71E JSR . TXICHS -
CE F7A5- LDX.  #ENDTBL DISPLAY "END"
BD FFD6 JSR DTSR2 - ,
3E TX2WAI WAI . STOP
20 FD BRA~  TX2WAI ALLOW FOR DATA ENTRY .
END % : ~
TX2CHS EQU * TRANSMIT TWO CHARACTER STRING
- ALLOWS FOR THE TRANSMITIONS OF AN ARBITRARY
CHARACTER STRINGS COMPATABLE TO TX2
- MAX. CHAR. NUMBER SET BY SIZE OF TXBLK
- -$0D IE) “CR" IS LAST CHARACTER IN LINE
- (X) ON ENTRY IS LOC. OF CHAR. STRING
- CHANGES A,CCR,X - 7
DF 27 4 STX TX2CSX
'CE 0560 . LDX #TXBLK
DF 47 : STX TXBLKP

DE 27  TX2CSL LDX TX2CSX ko

08 °° LDA A 0,X  GET CHARKETER =
08 INX : LHARA |
DF 27 STX  TX2CSX

DE 47 : LDX - TXBLKP™
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F72E A7 00 ~ STA A 0,X  STORE CHAR. IN TXBLK

F730 08 , INX -
F731 DF 47 ‘ STX - TXBLKP
F733 81 0D CMP A #%0D WAS CHARACTER "CR"?
F735 26 EE ; BNE TX2CSL LOOP 1IF NOT
F737 3F SWI - o S
- F738 0000 FDB 0,ISTX2  TRANSMIT BLOCK
F73A F404 : ‘
F73C 38 RTS
*  END *x

*
_F73D PSHX EQU * PUSH x'

* - A" SWI DRIVEN ROUTINE TO PUSH X ONTO THE STACK )
Tk - CHANGES NDTHING (EXCEPT SP) IN CALLING CONTEXT

F73D 34 DES . MAKE PLACE FOR X ON STACK
F73E 34 . DES =~ CURRENT X PTS. TO RETURN :
F73F 30 : - TSX CONTEXT S S
F74O A6 02 LDA A 2,%  SHIFT RETURN CONTEXT
F742 A7 00 ~ STA A 0,X UP BY 2.BYTES
"F744 A6 03 LDA A 3,X :
F746 A7 01 . STA A 1,X
F748 A6 04 . . - LDA A 4,X
F74A A7 02 . STA A 2,X
F74C A6 05 . - “ LDA A 5,X
F74E A7 03 STA A 3,X
F750 A6 06 : LDA A 6,X
F752 A7 04 -~ STA A - 4,X
F754 A6 07 LDA A T7,X
F756 A7 05 STA A 5,X 4
F758 A6 08 LDA A 8,X
F75A A7 06 , " STA A 6,X )
F75C A 03 o LDA A 3,X PLACE X{(MAIN) ON STACK
F75E E6 04 — LDA. B 4,X :
F760 A7 07 . STA A 7,X
" F762 E7 08 - - STA B 8,X
_ F764 3B : RTI EXIT
. _

% 121 USEC.
%% END  *%

*

* ) . .
F765 CLBUF2 EQU * CLEAR BUF2
- :

* —‘A SUBROUTINE TO\EMPTY BUF2, THE TRANSMISSION
* BUFFER USED BY TX2, - ‘ . K
* - CHANGES BUF2SR, BBUF2 EBUF2,A,B,X

*

F765 07 TPA SAVE INT. MASK - ¥




F766 OF -
F767 CE
F76A DF

F76C DF
F76E CB
F770 D7
F772 06

F773 38
. *

Ckk F
*
*

o
F780
*

*
F780 5B
F781 0D
F782 0A
F783 5B

1000 . - LDX
1A ~STX- .
16 : STX
o1 LDA B
1E STA B
. TAP -
, RTS
ND % %
TABLES
"ORG
END OF FILE STRING.

“EOFTBL FCB

F784 0D

F785 0A
F786 00

F787 00
o ‘

*
F7

F788 0D
F789 0A

+ END OF LINE STRING
88  ENDLIN EQU

SEI -
. #BUF2
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ki

DISABLE STX2,TX2

EBUF2 . RESET BUF2 POINTERS
BBUF2 . N :
#$01 - _INDICATE BUF2 EMPTY
BUF2SR . :

" RESTORE INT. MASK:
$F780

$5B,%$0D, $0A, $5B,$0D,$0A,0,0

*

FCB $0D, $04, $7F $O4 - "CR",

F78A 7F

F78B 04

- F78C 25

F78D 50
F78E 54
- F78F 49
F790 50
F791 3D
F792 4F
F793 4E
F794 0D
F795 0A
F796 TF

"LF" DEL" END* OF STRING

PTIPON FCC " %PTIP=0ON’

* FCB $OD $OA $7F,$04 - “"ECR"

F797 04 |
F798 25. PTI@OF FCC ' %PTIP=OFF'

F799 59

. -F79A 54
+F79B 48

F79C 50
F79D “3D,
F79E 4F
F79F 46
F7A0 46

F7A1 OD

. . N . | CgI}' ,
FCB .$0D,$0A,$7F,$04 - "CRY)

LF" “DEL" ,END OF STRING
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F7A42 OA' ‘ o CMLF"

END

,"DEL" ,END- OF STRING
F7A3 7F S |
" F7A4 04 |
*
* TKBLE TO DISPLAY ' END’ |
%* - . -
F7A5 7A ENDTBL FCB - %01111010 E
F7A6 16 FCB %00010110 N
F7A7 1F FCB -~ -%00011111 D
F7A8 00 FCB 0,0,0,0,0 BLANKS
F7A9 00 |
F7AA 00
F7AB 00
F7AC 00 , |
* et :
*  TABLE TO BD¥&PLAY-,. ' BUFFER FULL'
. LAY
F7AD 00 BUFTBL FCB - 0,0 2 ‘BLANKS
F7AE 00 o
F7AF BE . FCB %10111110 B, -
F7B0 00 FCB 0 BLANK.
F7B1 72 FCB %01110010 F
 F7B2 3D FCB-  %00111101 U
F7B3 38 FCB .~ %00111000 L
F784 38 FCB %00111000 L
. , ,
* ) -
F7E0 | ORG $F7EO
% o kK A ok ok o Ak ok ok
%
N .
* JUMP TABLE
" .
F7EQ 7E F4A7 VBITAS JMP~  BITOAS
F7E3 7E F5A5 VTXCHS JMP TX1CHS.
F7E6 7E F412 VERROR JMP ERROR
F7E9 7E F42B VRMRST JMP RM3RST
F7EC 7E F44B VACIH JMP  ACIH
F7EF 00 FCB 0,0,0
F7F0 00 /
F7F1 00 . |
F7F2 7E F765 JMP  CLBUF2
F7F5 7E F71 VTX2CS JMP TX2CHS
F7F8 7E F568 JMP TX1TST
F7FB 7E FB9F JUMP -

TX2TST
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ROM4

MEBSAM .is the property of Motorola Spd, Inc.
Copyright 1974 by Motorola Inc. ‘

Motorola M6800 Cross Assemb]er, Release 1.1 -

NAM ~  ROM4 SAMPLING AND MULTIPLICATION ROUTINES
*
*  SOURCE FILE LABELS
*
¥ PIA LABELS
* I .
' 8000. DRE EQU $3000 -
9001 CRE EQU $9001
8002 DRF - EQU $3002 B
9003 - ‘CRF  EQU  $9003 > PIA #3
* .
* ‘ ) V ' ; R
* TIMER ADDRESSES ( MC6840 )

*
7C06  TL3H  EQU $7C06
- 7C04  TL2H  EQU $7C04

7C02  TL1H  EQU $7C02
7C00-  CR3  EQU $7C00
7C01-  CR2  EQU $7COf
7C00  CR1 _ EQU $7C00 .
7€01  ISTATR EQU $7CO1 - # 4 STATUS REG.;READ ONLY.

9406 - TLEH  EQU $9406 - TIMER # 2 LATCHES |

9404  TL5H  EQU $9404 o

9402°  TL4H  EQU $9402 | |

9400  CR6  EQU $9300 - # 2.CONTRG@*REG.;WRITE ONLY. |

9401  CR5  EQU $9401 . S

9400  CR4  EQU $9400 - . - s
9401 TSTR2 EQU $9401 - # 2 STATUS REG.;READ ONLY. |
T .

“

TIMER # 1 LATCHES

# 1 CONTROL REG.;WRITE ONLY.

*

* PROGR. KEYBD. DISPL. INTERFACE ADDR. ( 18279-5 )- : \\
* ) , .

CONTROL REGISTER;WRITE ONLY
~STATUS REGISTER;READ ONLY
KEYBOARD . INPUT RAM;READ ONLY
DISPLAY RAM; READ/WRITE

8001 - PKDICR EQU $8001
8001 - PKDISR EQU $8001
8000  FIFO  EQU $8000
8000 DISRAM EQU $8000

*

*

x MULTIPLIER ADDRESSES '
*

“A400  MCR- EQU $A400 - MULTIPLIER CONTROL REGISTER
* MCR :
* BIT 7(TCY /TCX / RS /RND /TRIL/TRIM/CLKY/CLKX)BIT 0
* I
* TRIL TRIM ACTIVE LOW

A000 LPDRH EQU $A000 - HIGH BYTE . -



A0O1

A002

A0O3 .
A004
A005 -

 AD06

A007 -

- A800
A801
A802
A803

0004

0005
0006
0007
0008

0009 -

000A
000B
0000

0010
0011

X X % ¥

LPDRL

LPCRH
LPCRL
UPDRH
UPDRL
UPCRH
UPCRL
. MIDRH
MIDRL
MICRH
MICRL

MONITO

ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
IXRV

~ MONFL

SECFL

SUBRO

" FFCA

FFCA

FFCD
FFDO
FFD3 -
FFD6
FFD9

FFDC

FFDF
FFE2
FFE5
F7EQ
FFCT

FFES8

FFEB

'FFEE

~ FFBE

FFF1
FF60.
FBF6
FFC7
EFDO

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

$A001
$A002
$A003
$A004
$A005

$A006

$A007
$A800
$A801
$A802
$A803

LOW BYTE
HIGH CONT.

LOW CONT.

HIGH BYTE

LOW BYTE

HIGH CONT.

LOW CONT.
HIGH BYTE
LOW BYTE

HIGH CONT.
-LOW CONT.

REG.
REG.-

REG.

REG.

REG.

REG.

R GLOBAL VARIABLES AND FLAGS
- ENTRIES VIA ENTR

1 EQU
2 EQU"
3 EQU
4 EQU
5 EQU
6 EQU
7 EQU
8 EQU
EQU
G EQU
G EQU

UTINE.

DSPSN
DSPDP

- _CLDISP
. DTSR1

DTSR2

-DSBISR

BIDSSR

- DSPXAB

DSTOBI
BITODS
BITOAS
READ2

"WRITE2

READ4
WRITE4
CNPIA{
DELAY2

DATTBL

SCNDSR
RDWL
FILT

FLSH

$0004
$0005
$0006
$0007
$0008
$0009
$000A
$0008B
$000D
$0010
$0011

LABLES
EQU
EQU
EQU
EQU
EQU
EQU
EQU :
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

 E

R N N RV RV N I BV IR,
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LOWER MULT.
PIA #4

UPPER MULT.

PIA #5

MULT. INPUTS -
PIA #6

FUNCT ION

-X REG. STORAGE, MAIN LINES
IND. MAINLINE STOPED BY MONITOR
IND. 2ND KEYBD.

C$FFCA
$FFCD

$FFDO

‘$FFD3

$FFD6
$FFDY
$FFDC
$FFDF
$FFED
$FFES
$F7E0
$FFECT
$FFC4
$FFE8
$FFEB
SFFEE
$FFF1
$FF60
$FBF6
$FFCT
$EFDO

- $FFBE

FNT. SEL.
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SPECIAL JUMP TABLE ENTRIES

FBFO TRAP =~ EQU $FBFO ' .
FBF3  STOP- EQU =~ $FBF3 e :
FFF4 RMIRST EQU  $FFF4 - RESET TO ROM1
EQ00 RMBRST EQU - $EO000 o

BFDO SPP1 EQU '$BFDO

" BFD3 SPLP2 EQU = $BFD3

LR

*
0400
04390
0560
0650

Tk

E721 . CALP EQU ~ $E721

LINKAGE TABLE ENTRIES FOR SWI. ROUTINES

F400 - — IERR ~—EQU~  $F400 ~—
F402  ISTX1 EQU  $F402

F404 ISTX2 EQU "$F404

F406 ISABX EQU = $F406 -

- F408 ILABX 'EQU $F408

F40A - . IABTX EQU  $F40A
F40C  IAITX EQU  $F40C
VARIABLES USED ONLY BY ROM 4

, - ‘ORG $0032 -~
0002 .- .SPLVEC. RMB '

T MAIN
0001  ROFF  RMB INT
0002  IXRVI1 RMB INT ~

0002  IXRVM RMB
0002  MDTIX RMB
0002  GTXBX RMB-

TWO BYTE STORGE FOR MULT..
X STORAGE FOR MDTI
X STORAGE USED BY GTXB

RIRIRORNY — RO

" OTHER VARIABLES USED BY ROM 4

' ' ORG $0040
0002 BSILP RMB 2 °

0001  FLGC RMB 1

0002 RMB 2

0002 RMB 2
2

0002  TXBLKP RMB .

 CONSTANTS USED BY ROMS3. B
S EQU $0400 - LOCATION OF SAMPLE BLOCK

Y EQU $0490 - FI! iR QUTPUT
- TXBLK EQU $0560 - TX :*. K LOCATION
BSIL EQU $0650 - BMS :° ‘UT LINE

0690 BSOL  EQU $0691 - BMS OUTPUT LINE

*****************************************************

*
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F000 ORG - . $F000
3 2k 3k K 3k ok Ak 2k Xk _
* .
x S
- F000  RM4RST EQU * ROM .4 RESET
*x
% - CONFIGUERS PIA ON A/D BOARD
* - SETS UP PROGRAMMABLE TIMERS #1 AND #2
*
FO00 7F 8001  CLR CRE . .CONFIGURE PIA PORTS E,F
FO03 7F 8003 CLR  CRF 'GET ACCESS TO DDR’S
FOOB 7F 9002 CLR DRF DRF IS AN INPUT
FO09 86 07 LDA A #$07 A ’
-FO0B-B7-9000 STA A—DRE—~--3 LSB'S OF DRE ARE OUTPUTS "
FOOE 86 2C LDA A #$2C  ENABLE DRF,DRE, {USEC PULSE
FO10 B7 9001 . STA A CRE  FROM CE2 BY READ ON DRE
FO13 B7 9003 STA A- CRF ~ FROM CF2 BY WRITE TO DRF
*
* PROGRAMMABLE TIMER # 2 SETUP
* - Q6 FOR HOURS ‘
*. - Q5 FOR MINUTES.
* - Q4 FOR SECONDS , :
* IRQ (DIS/EN)ABLED 0/1- ~----- ALL CONTINUOUS MODE
* ALL OUTS. ENABLED---- I [ ------ (N/ML) MODE
* I11 Il ----- (PHI2/EXT.CLK. )
* TID 111 ' BIT 0:
* CR6 = $90 = %10010000--------- 'NO DIV. BY 8
* CR5 = $95 = %10010101-=------- WRITE(CR3/CR1) -
* CR4 = $94 = %10010100---~----- -(OP. /HALT ) TIMER
* - ‘ .
~* T6=24 HR. =24Q5 (N+1)=24 . N= TLGH = $0017 ,
* 15260 MIN.=60Q4 “(M+1)(L+1)=(6)(10) M,L=TL5H=$0509
* T4z60 SEC.=60Q1 - (M+1)(L+1)=(6)(10) M,L=TL4H=$0509
. \
FO16 CE~0017 PTMSET LDX #$0017
FO19 FF 9406 STX TLBH
FO1C CE 0509 LDX #$0509
FO1F FF 9404 STX TL5H
F022 FF 9402 STX TL4H
F025 86 94 LDA A #$94
F027 B7 9400 STA A CR6
.F027 B7 9400 STA A CR6
FO2A 86 95 LDA A #$95
FO2C B7 9401 STA A CR5
~FO2F 86 94 LDA A #$94
FO31 B7 9400 STA A CR4
. . , -
* PROGRAMMABLE TIMER # 1 SETUP .
* - Q1 = 1.HZ, Q2 = 50 HZ, Q3 = QOOdﬁf
* - Q1 FOR TIME COUNTERS ‘
* - Q2 FOR SAMPLE FREQ.
* - Q3 FOR 200 BAUD RATE 7O HP PLOTTER
*  IRQ (DIS/EN)ABLED 0/1- ----- ALL CONTINUOUS MODE
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FO034

- FO37”
FO3A

FO3D
F040
F043
F046
F048
F04B
F04D
FO050

'F052

F055
- FO057
FO5A
FO5D
FO60
FO63
F066
F069

FOBC

FOGF
FO72
FO75
FO78
FO78B
FO7E
"FO81
*

FO84

* ¥ ¥ ¥ ¥ *

%k

ALL OUTPUTS ENABLED----
CR3 = $92 =
CR2 = $D7 =

"CR1 = $90 =

T3=.005SEC. = 5000

T2=.0250SEC.=.25,000; (

T1=1 SEC = 20073

CE 09C3 LDX
FF 7C06 STX
CE F963 LDX
FF 7C04 STX
CE 0063 . LDX
FF 7C02 STX
86 92 LDA
B7 7C00- STA
86 97 LDA
B7 7CO01 STA
86 90 LDA
B7 7C00 - STA
C6 CC LDA
F7 A400 STA
CE 0000 LDX
FF AB02 STX
FF A006 STX
FF A002 STX
FF AQ04 STX
FF ACOO STX
CE FFFF LDX
FF A800 STX
CE 0404 LDX
FF AQ06 STX
CE 0606 LDX
FF A802 STX
CE 3404 LDX
FF AQO02 STX
7E E000 JMP
~ END **

F087 PTMH EQU
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II I ------ (N/ML) MODE

111 IT ----- (PHI2/EXT.CLK.)
I1I I1I BIT 0:
10010010--~------ NO DIV. BY 8
11010111-==------ WRITE (CR3/CR1)
10010000~ =------- (OPERATE /HALT)
+1)=2500 :* N = TL3H = $09C3
+1) (L+1)=(250)(100);
M,L=TL2H=$F963 - ,
N+1)=100 ; N = TL1H = $0063
#$09C3

TL3H
#$F963  SET CLK.2 TO 40 HZ.
TL2H | |
#$0063

CTL1H
#$92

_ CR3

#$97  DISABLE CLK.2 INT.
CR2
#$90
CR1

#$CC  MULT. CIRCUIT RESET
MCR DIS. MULT. TRIST. BUF.
#$0000 CONFIG. PIA'S #4,#5, #6

‘MICRH

UPCRH

LPCRH

UPDRH  #5 IS AN INPUT
LPDRH  #4 IS AN INPUT
#SFFFF

MIDRH  #6 IS AN OUTPUT
#$0404 \ |

~UPCRH

#$0606  CONFIGURE INT. INPUTS

"~ MICRH

#$3404

LPCRH ENABLE MULT. INPUTS

RM6RST GO TO ROM 6 RESET

PROGRAMMABLE TIMER HANDLER

- CHECKS FOR PROPER TIMER INTERRUPT

- COMPARES SPLVEC WITH SPLTE1 TO SEE IF WE ARE
IN -THE SAMPLE TEST MODE.

- IF MONFLG IS SET,

- OTHERWISE CONT.

F087 B6 7CO1

LDA

TIMER INT. IS CLEARED AND WE RTI

A

PASSES TO SAMPLE PROCESS DRIVER
TSTATR  GET PTM #1 STATUS



FOBA
FO8C
*

FOBE
FO91
F094
F0S7

E 3

F098
FO9B
FO9D
FOAQ
FOA2
 FOAS

FOAS8
FOAA
FOAD
FOBO

FOB2.

FOBA4
*

FOB6
E3

FOBY
%k

% %k

FOBC

X K K K X ¥ ¥ *

FOCS8

FOCB.
FOCC
*

FOCD
FOCF
FOD1
FOD2
FOD3
FOD6

*
FOD8
FODA
FODC
N 5

%* %
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85 02 BIT A #%$02 TEST FOR CLK.2 INT.
26 0A BNE PTMHS 1 BRANCH IF WE DO
FE 7C06 LDX TL3H : .
FE 7C04 LDX TL2H CLEAR ALL POSSIBLE )
FE 7C02 LDX TL1H TIMER INTERRUPTS
3B PTMHX1 RTI
FE 7C04 PTMHS1 LDX TL2H ~ CLEAR INT. FROM CLK.2
DE 32 LDX SPLVEC ~
8C BFD3 CPX - #SPLP2 SKIP IF SAMPLE
26 03 BNE PTMHS2 PROC. 2 NOT ACTIVE
7€ BFD3 JMP SPLP2 GOTO SAMPLE PROC. 2.
8C E721-PTMHS2 CPX #CALP SKIP IF CAL.
26 03 |, BNE PTMHS3 INACTIVE
7E E721 3 JMP CALP GO TO CAL. PROC.
8C F1ED PTMHS3 CPX #SPLTE1 CHECK IF IN TEST MD.
26 07 BNE SPLPDF BRANCH IF NOT
96 10 LDA A MONFLG ‘ .
26 E1 BNE  PTMHX1 EXIT IF M.L. STOPED
7E F1ED JMP SPLTE1 JUMP TO SAMPLE TEST
7E BFDO SPLPDF JMP SPP1 DEFLT. TO SAMP. PROC.t
END  **
000cC RMB 12
FOC8  CKSM EQU * CHECK SUM

- SUBROUTINE TO CALCULATE THE CHECK SUM FOR 8

TWO BYTE SAMPLES IN BSIL AND STORE IT IN
BSIL(17,18)

- USES 16 BIT ADDITION i

- CHANGES A,B,CCR,X

- ASSUMES THE FIRST BYTE OF BSIL IS RESERVED
CE 0651 LDX #BSIL+1 3 GET LOC. OF BLOCK
4F CLR A . 2
5F CLR B - 2/7
EB Ot CKSML1 ADD B 1,X S GENERATE CHECK SUM
AS 00 ADC A 0,X 5
08- INX 4
08 © INX ‘ 4
8C 0661 CPX #BSIL+17 3 ADD FIRST 16 BYTES
26 F5 BNE CKSML1  4/25%8=200
A7 00 STA A 0,X 6 SUM IN LOC. 17,18
E7 01 STA B N©X 6 ;
39 ’ RTS ‘ 5/17
224 USEC. - : '

END  *=
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FODD
FODF
FOE t
FOE4
FOE7
FOEQ
FOEB
FOED
FOEE
FOFO
"FOF3
FOF5
FOF7
FOF8
FOFA
FOFB
FOFD
F100

-
F102
F104
F106

*

% %

mmm
N
OWwI

¥ OOO ¥ # ¥ # ¥ ¥ ¥ ¥ *
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GTXB  EQU * GENERATE TX BLOCK
CONVERTS THE 22 HEX BYTES AT LOCATION (X)

INTO 44 ASCII BYTES IN TXBLK

1 i ] ot 1 ]

DF 3
86 2
B7 0
CE O
DF 4
DE 3
A6 0

DF 3
BD F
DE ‘4
A7 0
E7 0
DF 4
8C 0
26 E
86 0
A7 0

END

F107

.DF 3

CE 0
DF 4

ADDS 6 ASCII TIME BYTES TO THE ABOVE ]
ADDS 4 OPTIONAL CHARACTER FLAGS TO THE ABOVE

ADDS A CARRIGE RETURN, "CR", TO THE ABOVE

ASSUMES THE FIRST BYTE OF BSIL IS RESERVED
CHANGES A,B,X ) N
INPUTS : (X)  LOCATION OF 22 HEX DATA BYTES
OUTPUTS: TXBLK LOCATION OF 48 BYTE ASCII BLOCK

B STX  GTXBX SAVE LOC. OF DATA
0 LDA ‘A #$20 FIRST CHAR. A BLANK
560 STA A TXBLK |
561 LDX  #TXBLK+1 ,
7 STX TXBLKP  TXBLK POINTER
B GTXBL2 LDX  GTXBX  GET LOC. OF DATA
0 LDA A O,X CONV. BLOCK TO ASCII
INX
B STX  GTXBX .
7EQ - JSR BITOAS CONV. MS BYTE TO ASCII
7 LDX TXBLKP
0 STA A 0O,X *
INX |
0 STA B 0,X
. INX

7 . STX TXBLKP
58D CPX  #TXBLK+45. GENERATE 45 CHAR.
7 - BNE  GTXBL2 V
D ~ LDA A #$0D GEN. CARRIGE RETURN
0 STA A 0,X . .( 46 CHAR. TOTAL )

| RTS S

* %
MDTI EQU  * _  MOVE DATA TO INPUT

TAKES THE 3 BYTE WORD FILTER OUTPUTS IN Y
AND ROUNDS THEM UP TO 2 BYTES AND MOVES THEM
T0 BSIL, THE BUBBLE SYSTEM_INPUT LINE
ASSUMES THE FIRST BYTE OF BSIL IS RESERVED
INPUTS : (X) - LOCATION OF 3 BYTE DATA
OUTPUTS: BSIL - LOCATION OF 2 BYTE DATA
CHANGES A,B,CCR,X '

g STX MDTIX 5. SAVE LOC. OF DATA

651 LDX . #BSIL+1 3 -SET POINTER TO

0 STX BSILP 5/13 BSIL LOCATION
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DE 39 MDTIL1 LDX MDTIX - 4 GET LOC. OF FILT OUT
A8°.00 "LDA A 0,X 5
08 | INX 4
E6 00 LDA B 0,X 5 GET LSB
08 INX 4
60 00 - TST  0,X 7 ROUNDOFF ?
2A 04 BPL MDTIS1 4
CB 01 ADD B #$01 1 ROUND UP
89 00 ADC A #$00 1
08 MDTIS1 INX 4
DF 39 STX MDTIX 5 Y BLOCK POINTER
DE 40 LDX BSILP = 4
‘A7 00 STA A 0,X 6
08 : INX ‘ 4
E7 00 - STA B . 0,X . B
08 INX 4
DF 40  STX BSILP 5 DO UNTIL 16
8C 0661 CPX #BSIL+17 3 BYTES PRODUCED
26 DE BNE MDTIL1  4/80%8=640
39 o RTS 5/5

.658 MSEC. . ‘

END =*x .
F131 TMHB EQU * TIMER * BYTES

- THIS'ROUTINE STORES THE CURRENT Tiotb, HH.MM.SS
AS HEX BYTES AND STORES IT IN LOCATIONS
BSIL+19 TO BSIL+21

- CHANGES CCR,A,B,X

36 ‘ PSH A*xx MAKE SPACE FOR HH.MM.SS
36 PSH Axx _
36 PSH A* |
BD F144 JSR TMSR GET HH.MM.SS
32 - PUL A* LOAD SS
B7 0665 STA A BSIL+2t STORE .SS
32 PUL Axx LOAD MM ~
B7 0664 STA A BSIL+20 STORE MM
32 PUL A***x LOAD HH '
B7 0663 STA A BSIL+19 STORE HH
39 ' RTS ‘
159USEC.
END ko
F144 TMSR EQU * TIMER SUBROUTINE

- THIS ROUTINE TAKES THE 3 COUNTER VALUES IN
PTM # 2 WHICH REPRESENT HRS. MIN. & SEC.
AND PRODUCES 3 HEX BYTES

- THESE THREE BYTES ARE PLACED ON THE STACK SO
THE CALLING. ROUTINE CAN PULL THEM OFF
IN'THE FOLLOWING ORDER: SS,MM,HH
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- CHANGES CCR,A,B,X

- SUBROUTINE TO PLACE A BLOCK OF 8 24
AT LOCATION S ( ONLY 12 BITS SI@NIF‘IC NT. )
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30 TSX X PTS. TO RETURN VEC. ON STACK
4F CLR A
F6 9406 : LDA B TL6H READ COUNTER 6
c6 17 ‘LDA B #%$17 IGNORE TOP BYTE

FO 9407 SUB B TLBH+1  HOURS IN B®AS HEX
Cc5 10 BIT B #%$10 CONVERT B TO BCD
27 02 BEQ TMHBS 1 g
86 16 LDA A #$16 ADD 16 TO A
C4 OF TMHBS1 AND B #$0F MASK OFF HIGH NIBBLE
C1 OA TMHBL1 CMP B #$0A . B MUST BE .LT. $0A
2D 06 BLT TMHBS2  SKIP IF TRUE
5A : DEC B '
8B 01 - ADD A #$01

19 DAA
20 F6 BRA TMHBL 1 4

1B - TMHBS2 ABA SUM BCD IN A

19 ) DAA
A7 04 - STA A 4,X STORE HH
86 05 LDA A #$05
C6 09 LDA B #$09
BO 9404 SUB A TLS5H GET UPPER DIGIT OF MIN.
FO 9405 SUB B . TL5H+1 GET LOWER DIG. OF MIN,
48 _ ASL A o
48 ASL A PLACE UPPER DIG/ IN
48 ASL A UPPER NIBBLE -

48 o ASL A

1B ABA FORM MINUTES IN A.
‘A7 03 STA A 3,X ~ STORE MM .
86 05 LDA A #$05
C6 09 - LDA B #%09

BO- 9402 SUB A TLAH GET UPPER DIGLT, OF SEC
FO 9403 SUB B TLAH+1 GET LOWER DIG. OF SEC ‘
48 < ASL A ,
48 - ASL A - PLACE UPPER DIGIT IN
48 _ASL A UPPER NIBBLE 3

48 ASL A :

1B ABA FORM SECONDS IN A

A7 02 STA A 2,X STORE SS =

39 o RTS 7 K3

105 SEC ;

END_ * % _‘ —

| L")
F187 SAMP  EQU * SAMPLE .
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R S
hLE
e

+2.5V=$1FFCO0 ,

0400

- SAMPL1
9000
9000

9002
08

00
00

00

14

00  SAMPS{

00

FC
00

00

00

9002 SAMPS2
38000

00

00

08

C6

00

- FC

00

00
01

LDX
CLR

PSH

STA

LDA
NOP
STA
BNE

CPX
CPX
CPX
BRA

LDA
DEX
LDA
COM
COM
ASR
ROR
AND
STA
INX
STA
INX
CLR
INX

LDA
LDA
STA
INX
STA
PUL
INC

CMP

BNE

LDA
DEX
COM
COM
ASR

ROR.

AND
STA
INX
STA
CLR
RTS

o] >POO>m@E>r @

W POT>@O> W

0.0V=$000000 , -2.5V=$E00000

B

B
B
A

B

#S

ot

* STORE INPUT 1ID.

START WITH INPUT #1

L]

DRE SELECT ANALOG LNPUT
DRE ACTIVATE SAMLE/HOLD
2 DELAY

DRF 5 ACT. HOLD,A/D BUSEC.
SAMPS1 4 BR. IF NOT 1ST SAMP.

0,X
0,X 18 DELAY FOR 26 USEC.
0,X

‘SAMPS2 4

[seResHusRoo] > o >

0,X 5 GET PREV. SAMPLE LSB
4

0,X 5 MSB
5 :
2 COPMLEMENT SAMPLE
2

2 SH.LOW AND PROP. SIGN
#$FC -2 CLEAR LOW 2 BITS

STORE SAMPLE

CLEAR LOW BYTE

o
>
AIbOLD

DRF GET HIGH BITS OF SAMPLE
DRE »GET Low BITS,ACT. SAMPLE

0,X .
STORE BITS
O,X
#$08 DO UNTIL 8 SAMPLES READ
SAMPL1

0,X CONVERT LAST SAMPLE

COPMLEMENT SAMPLE

RO

SHIFT LOW,PROP.SIGN
c 2 CLEAR LOW 2 BITS
6

F
X
4 STORE SAMPLE
X - 6 ,
X 7 CLEAR THIRD BYTE

153
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F211 79

LA
S Uau

*x  ~ND %%
* -
* ,
F1D§ SPLT  EQU * SAMPLE TEST
*
* - PROGRAM TO TEST SAMPLE ROUTINE ‘
* - CONFIGURES CLK.2 TO INTERRUPT AT SAMPLING FREQ
* < SETS SPLVEC TO SPLTET
* - USES THE SAMP ROUTINE TO CREATE A +- 2 5V DVM
* - INPUT CHANNEL SELECTED BY USING MONITOR TO STORE
*  THE CHANNEL NO. IN ACC..
* :
F1D6 CE F1ED LoXx- #SPLTE1 STORE SAMP TEST LOC.
Fi1D8 DF 32 STX  SPLVEC  IN SPLVEC
F1DB 86. C7 LDA A #3C7 ENABLE CLK.2 AND INT.
Fi1DD B7 7CO1 STA A° CR2 :
F1EQ0 BD FFDO - JSR . CLDISP CLEAR DISPLAY ’
FtE3 86 01 LDA A #8071 USE CH.#1 AS DEFAULT
F1E§\3E SPLTWA WAL M.L. LOOP FOR ‘INTS.:
F1E6 20 FD BRA -~ SPLTWA ' '
FIE8 7F 7CO1 CLR CR2 MONITOR USED TQ STDP -
F1EB 20 F8 BRA SPLTWA DEPRESS STOP, SCAN, SCAN,
x ; ‘ STRT
. F1ED SPLTE1 EQU = INTERRUPT SAMPLE TEST ROUTINE
F1ED. BD F187 JSR -~ SAMP DBTAIN SAMPLE BLOCK
F1FO 30 TSX
F1F1-E6 02 LDA B 2 X GET CHAN # FROM
"F1F3 5A DEC B ACC. A(MAIN)
FIF4 17 TBA .
F1F5 58 ASL B OBTAIN DISPLACEMENT OF
F1IF6 1B ABA - SAMPLE (MULT. BY 3)
FIF7 16 TAB . : :
F1F8 CE 0400 LDX #S
F1FB 3F SWI ' ’
F1FC- 0000 FDB 0,IABTX ‘ADD DISPLACEMENT
- F1FE F40A SAMPLE BLOCK LOC.
F200 A6 00 -~ LDA A 0,X o -
F202 E6 01 . LDA B 1,X GET SAMPLE MSB,LSB
F204 7F 0034 CLR . ROFF - o
# SAMPLE IS TO BE MULT. BY 2.50122 = %10.100000000 1
-k AFTER DIVIDING BY 4 . .
F207 47 ASR / : co
F208 56 ROR - E BIV. BY 2.0
©2r9 87 35 STA A IXRVI1
5 D7 36 STA B IXRVI1+1 STORE IN 2 BYTE LoC.
raoD 47 ASR A
F20E 56 ROR B GET ORIGIONAL SAMPLE
F20F 47 ASR A ,
F210 56 ROR B ' MULT BY 0.5
0034 ROL ROFF

- STORE LOW BIT-IN ROFF
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£214
F216
F218
F21A
F21C

F21E

F21F
F22 1
F224

F225

F228
F229

- F22B

F22C

. F22E

F230

 F232

F234

F235"

F236
F239
F23C

"F23E
*

F240
F243
F244
F245

F246

F247

F24A

F24B
F24C
F24F
F250
F251

F254

F256

F259

% *k

FOoR O K K X X X ¥

DB 36
99 35
97 35
D7 36
E6 00

24 03
7¢ 0034

2B 03

F25A -

SPLTSH

79 0034

SPLTS2
SPLTS3

LDA
ADD
ADC
ASL
ROL

JINC

ASR ¥
ADD
ADC .

"SR

PSH
PSH
TPA
PSH

JSR

PUL
TAP
JSR

- PUL

H2DC

PUL
JSR

LDA
JSR
RTI.

| EQU

B ,IXRVI1+1‘A
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B IXRVIt+1
A IXRVI1 FORM 2.5 TIMES SAMPLE
A IXRVI1

QRIG, HIGH SAMP. BYTE <
BOMULT . BY 2EXP(-10)

ROFF B
B- PROP. SIGN OF B THROUGH A
SPLTS2. '

SPLTS3
A #SFF
B IXRVI1+1 GENERATE 2.50122
A IXRVI1 TIMES SAMPLE
B ' DIVIDE BY 2EXP(11)

A - BY PLACING M.S. NIB.IN

ROFF. TOP NIBBLE OF ACC. A
ROFF

B ROFF ADD ROUNDOFF BITS

A #%$00 FINAL HEX RESULT IN A B

H2DC CONV. A,B HEX TO BCD
A*** STORE BCD MSB -
Bx*  STORE BCD LSB.

A*  SYORE CCR -
. CLDISP  CLEAR DISPLAY
A* -~ RESTORE CCR ,

DSPSN  “DISPLAY SIGN
Bx+  RESTORE BCD SAMPLE -

A x
WRITEA4 DISPLAY SAMPLE

B #%$01 _ :
DSPDP PLACE DEC. PT. IN
CHAR. #1

% HEX TWO TO DECIMAL

- CHANGES TWO BYTES OF TWO’S COMPLEMENT INTO

TWO BYTES OF UNSIGNED BCD ASSUMING NIBBLE

16EXP (0)

IS THE TOP NIBBLE IN ACC. A

- THE N BIT OF CCR WILL BE SET IF HEX WAS NEGATIVE

- THE V VIT OF CCR WILL BE SET IF AN OVERFLOW
OCCURED DURING THE CONVERSION .

-"HIGH BYTES IN A, L

- CHANGES A, B X CCR

E JN

F25A

36

PSH

ow BYTES IN B

Ax1x-5, X STDRE SIGN OF HEX NUM



F25B
F25C
*

FO5E

F25F
F261

F263
%
F265

F266°

F267

F269

F26A

F26B

F26C
*

F26D

F26E

F270
F272
%

F274
F276
F278
F279
F27B
F27D
F27F
F281
F282

Fogd

F286
F287
F288
F289
,F28A

F28C
F28E
F290

. F281

F293
F295
F297
F298
F29A
F298B
B

F29D

F29F
F2A1
*

4D

BA
82

53

43

2B

37
36
C6
37
S5F
37
37

30
E6
Cc4
27

A6

8B

19
A7
AB
89
A7
5A
26

E6

07

00

78

50

04

02
24

02

01

00

01
FO

04

54

54
54
54
27

AB

19
A7
AB

19
A7
S5A
26

EG
c4
27

10

H2DCS 1

TST

BPRL
~ DEC

SBC

. COM

COM

BMI

PSH
PSH

LDA

"~ PSH

"H2DCL 1

H2DCS2

"CLR

PSH

PSH.

TSX
LDA

AND

BEQ

LDA
ADD
DAA

STA

LDA
ADC
STA
DEC

BNE

LDA
LSR

LSR

LSR
LSR

" BEQ

H2DCL2

| H2DCS3

LDA

ADD
DAA
STA
LDA
ADC
DAA
STA
DEC

BNE

LDA
AND
BEQ
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A .%W' '
H2DCS1 BRANCH LF SIGN PLUS

W v ‘
#$00 CNG. TO POSITIVE
UNSIGNED HEX

H2DCX 1 IF STILL NEG.,WE HAVE
OVERFLOW, EXIT (*1x)
B*2x 4(X 'STORE UNSIGNED LSB

>oPr»m

Ax3% 34 X - MSB
B #%$50 FOR ROUND OFF
Bx4x 2:X (0.000XX)
B CLEAR SPACE ON STACK FOR BCD
Bx5x 1% © MB  (0.0XX )
Bx6* 0, X ~ HB  (X.X )
B 4,X " GET LSB OF SAMPLE
B #$0F - GET LOW NIBBLE®

- H2DCS2  SKIP IF ZERO
A 2,X GET LB
A #%$24 CONV. LOW NIB. OF LSB
A 2,X
A 1,X : .
A #$00 MAX. VALUE = 0.00410
A 1,X :
B

H2DCL1 DO UNTIL LOW NIB. 0

B 4,X GET LSB

B ?%

B ,

B GET HIGH NIB. IN LOW

B @8, POSITION
H2DCS3 -

A 2,X CONV. HIGH NIB. OF LSB

A #$91 | -

A 2,X

A1, X -

A #3503 SR

MAX. VALUE = 0.06275

A 1,X |

B
H20CL2

B 3,X  GET MSB

B #$0F  GET LOW NIBBLE
H2DCS4



F2A3
F2A5
F2A7
F2A8
"~ F2AA
F2AC
F2AE
F2AF
F2B1
" F2B3
F2B5
F2B6
F2B8
F2B9
*

F2BB
F2BD
F2BF
F2C1
F2C2
F2C4
F2C5
F2C7
F2C9
- F2CB
F2CD-
F2CF
F2D0
F2D2

- F2D3

F2D5
F2D6
F2D7
F2D8
F2D9
. F2DA
F2DB
F2DC

*

F2DD
F2DE
F2DF
~ F2EO

* X

F2E1

* K ¥ ¥ ¥ %
1
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A6 02  H2DCL3 LDA

A 2,X

g8 50 ADD A #$50

19 'DAA “

A7 02 STA A 2,X ;

A6 01 - LDAA 1,X

89 62 ‘ ADC A  #$62

19 DAA

A7 01~ STA A 1,X

A6 00 LDA A 0,X

89 00 ©© ADC A #$00 S - .

19 DAA MAX. VALUE = 1.00025

A7 00 "~ STA A O,X R -

5A . DEC B . .

26 E8 . . BNE  H2DCL3

A6 03  H2DCS4 LDA A 3,X  GET MSB

84 FO AND A #$FO . GET HIGH NIBBLE

AB 00 ADD A 0,X o .
19 - DAA MAX. VALUE = 9.00025

A7 00 COSTA A 0,% o

07 TPA °  SAVE CARRY

6D 05 . TST . 5,x -

2B 04 BMI  H2DCSS BRANCH IF MINUS

84 F7 - AND A #$F7  CLEAR N BIT

20 02 - BRA  H2DCS6 ' ‘

8A 08 H2DCS5 ORA A #$08  SET N BIT

06 H2DCS6 TAP RESTORE CCR

24 03 ~ BCC . H2DCST R

0B SEV SET V IF C SET

20 01 BRA  H2DCS8

0A H2DCS7 CLV CLEAR V IF C CLEAR

32, 'H2DCS8 PUL A%B* BCD AB IN A

33 PUL B*5x* BCD LB IN B

31 INS 4% ‘

31 ~INS  *3%

31 . INS 2% o

31 - INS *1% ADUUST STACK

39 | _RTS |

32 H2DCX1 PUL A* 1% 'RESTORE SIGN

4D TST A CLEAR OR SET N BIT
0B v  SEV SET ‘OVERFLOW BIT

39 RTS » | :
END  *x
MF21 EQU * MULTIPLY FRACTIONAL '2'S COMPLEMENT 1
THIS ROUTINE MULTIPLIES 2 16 BIT FIXED POINT
'NUMBERS TO PRODUCE A 16 BIT FIXED POINT PRODUCT
ASSUMES THE MULTIPLIED NUMBERS, X AND Y, ARE IN. -
FRACTIONAL 2'S COMPLEMENT NOTATION AND PRODUCES A
ROUNDED OFF FRACTIONAL 2'S COMPLEMENT PRODUCT, P.
IT ASSUMES X IS A 24 BIT NUMBER AND
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'ROUNDS IT T0 16 BITS

- IT THEN ADDS THE PRODUCT TO- THE CONTENTS OF THE
LOCATION WHERE THE PRODUCT IS TO BE STORED

- THE LOCATION OF X, Y, AND THE LOCATION WHERE P IS.
TO BE STORED ARE DEFINED IN THE SUBROUTINE CALL
‘AS FOLLOWS :

JSR MF21
FDB X,¥,P
( NEXT INSTRUCTION )

- ROUTINE USES THE TRW/MPY-16HJ MULTIPLIER CHIP
AND (*DOES NOT ALLOW FOR INTERRUPTS AS IT*)IS NDT
"REENTRANT AND IN NOT CONCURRENT WITH MF22

- CHANGES A,B,X,CCR (*DOES NOT CHANGE CCRx*)

TPA 2 STORE CCR )=
SEI - 2/4 DISABLE INTERRUTPS )=

F2E1 30 | TS 4 X PTS. TO RET. 'VEC.
F2E2 EE 00 LDX  0,X 6 X IS RETURN LOC.
F2E4 DF 37 STX  IXRVM 5 - STORE RETURN LOC.

*

F2E6'EE‘6@ - LDX 0,X 6 X IS MULTIPLICAND LOC.
- F2E8 E6 02 -~ LDA' B 2,X 5 CHECK FOR OVERFLOW
F2EA 2A 05 BPL MF21S14

.

F2EC EE 00 DX - 0,X 6 .
F2EE 08 , INX 4 - N
F2EF 20 02 ~ BRA  MF21S2 4 o

F2F1 EE 00 MF21S1 LDX 0,Xx 86 XIS MULTIPLICAND
F2F3 FF ABOO MF21S2 STX MIDRH 6 INUTPUT - X

LR B B R 2R 5. 20 IR 3R BE BE R NE S )

' F2F6 C6 CD LDA B #$CD 2
- F2F8 F7 A400 ©~ . STA B MCR 5/53 CLOCK IN X
" 2 v

F2FB DE 37 LDX  IXRVM 4 X IS THE RET. LOC.
F2FD EE 02 LDX. 2,X 6 X IS MULTILPIER LOC.
FOFF EE 00 LDX  0,X 6 X IS MULTLIPLIER
F301 FF A800 STX  MIDRH 6 INPUT MULTIPLIER, Y
F304 C6 CE LDA- B #$CE 2 CLOCK IN Y
F306 F7 A400 STAB MCR 5
F309 C6 3C (LDA B #33C 2 DISABLE MULT. INPUT
F30B F7 A0O2 STA B LPCRH 5

- F30E C6 CO LDA B #3C0 2 ENABLE BOTH MULT. o/p
F310 F7 A400 ~ STAB MCR  5/43

* : .

F313 DE 37 LDX  IXRVM 4 X IS RET. LOC. -
F315 EE 04 LDX  4,X 6 X IS LOC. OF PROD., P
F317 F6 .A001 LDA B LPDRL 4 GET LOWEST BIT
F31A 58 , ASL B 2
F31B F6 A000 LDA B LPDRH 4
F31E 59 "ROL B~ 2 REMOVE RED. SIGN BIT,
F31F EB 02 ADD' B 2,X 5 ADD LOW BIT
F321 E7 02 STA'B 2,X. 6 ADD HIGH PROD. TO
F323 E6 01 | LDA B

1,X 5 CONTENTS OF PROD.LOC.
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F325 F9 A005 ADC UPDRL 4 ADD LOW BYTE OF HIGH

B
F328 E7 01 STA B 1,X 6 MULT. QUTPUT
F32A E6 00 ‘ LDA B 0,X 5 '
F32C F9 A004 ADC B UPDRH 4 ADD HIGH BYTE.
" F32F E7 00 STA B 0,X 6/ 63
* ' ‘ | , ‘ ,
F331 C6 CC - LDA B #$CC 2 DISABLE MULT. 0Q/PS
F333 F7 A400 STA B MCR 5 . o
F336 C6 34 LDA B #%$34 2 ENABLE MULT. INPUT
- F338 F7 A002 . STA B LPCRH 5
F33B 31 - INS -4 ADJUST STACK
F33C 31 : INS 4 AS RTS NOT USED
F33D DE 37 » LDX. IXRVM 4 X IS RET. LOC. -
- *(TAP 2 . RESTORE CCR: )=
F33F 6E 06 ‘JMP 6,X 4/32 RETURN -
*
* TIME 189USEC.
* ~ B80(183USEC.) = 15.12MSEC.
~ *xx  END o *x% '

* - , . ‘ '
* ) .
F341 MF22 EQU * MULTIPLY FRACTIONAL 2'S§S COMPLEMENT 2

- THIS ROUTINEbMULTIPLIES 2 16 BIT FIXED POINT
NUMBERS TO PRODUCE A 16 BIT FIXED POINT PRODUCT .
- ASSUMES THE MULTIPLIED NUMBERS, X AND Y, ARE IN

ROUNDED OFF FRACTIONAL 2’S COMPLEMENT PRQDUCT, P.
* IT ALSO ASSUMES X HAS ALREADY BEEN LATCHED INTO
THE MULTIPLIER CHIP
- 1T THEN ADDS THE PRODUCT TO THE CONTENTS OF THE
LOCATION WHERE THE PRODUCT IS TO BE STROED
- THE LOCATION OF 'Y AND THE LOCATION WHERE P IS
TO BE STORED ARE. DEFINED IN THE SUBROUTINE CALL
~AS FOLLOWS : '
JSR MF21
FDB Y,P
. ( NEXT INSTRUCTION )
- THIS ROUTINE USES THE TRW/ MPY-16HJ MULTIPLIER
CHIP AND (=*DOES NOT ALLOW FOR INTERRUPTS AS IT*)
- IS NOT REENTRANT NOR CONCURRENT WITH MF21
- CHANGES A,B,X,CCR (*DOES NOT CHANGE CCR*)

******************'*****

{ TPA 2 STORE CCR )
( SEI 2/4 DISABLE INTERRUTPS ) *
* .
F341 30 . TSX 4 X PTS.TO RETURN VEC.
F342 EE 00 - LDX . 0,X 6 X IS RETURN LOC. e
F344 DF 37 STX ~ -IXRVM 5 STORE RETURN LOC.
* K
F346 EE 00 LDX  0,X- 6 X IS MULT. LOC.
F348 EE 00 : LDX 10, X 6 X IS MULTLIPLIER
F34A FF ABOO STX 'MIDRH 6 INPUT MULTIPLIER,Y
F34D C6 CE’ LDA B g%@CE ;2" ,

FRACTIONAL 2'S COMPLEMENT NOTATION AND PRODUCES A
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F34F F7 A400 STAB MCR 5
F352 C6 3C _LDA B #$3C 2 DISABLE MULT. INPUT
F354 F7 A002 STA B LPCRH 5
F357 C6 CO LDA B #$CO 2 ENABLE BOTH MULT.O/P
F359 F7 A400 ~ STA B MCR 5/54 |
%* F P o . .
F35C DE 8%/ LDX IXRVM 4 X IS RET. LOC.
F35E EE O | LDX 2,X 6 X IS LOC. OF PROD.,P
F360 F6 A0OT LDA B LPDRL 4 CHECK FOR ROUNDOFF
F363 58 , ASL B 2 GET LOWEST BIT
F364 F6 A00O LDA B LPDRH 4
F367 59 ROL B 2 REMOVE RED.SIGN BIT,
F368 EB 02 ADD B 2,X 5 APP. LOWEST BIT
F36A E7 02 STA B 2,X 6 ADD TO CONTENTS
F36C E6 01 LDA B 1,X 5 OF PROD.'LOC.
F36E -F9 A0Q5 ADC B UPDRL 4 ADD LOW BYT
F371 E7 01 STA B* 1,X 6 OF UPPER MULT Q/P
F373 E6 00 -~ LbAB 0,X 5 | ‘
F375 F9 A004 ADC B. UPDRH 4 ADD HIGH BYTE
F378 E7.00 STA°B 0,X 6/ 63
.
F37A C6 CC LDA B #$CC .2 DISABLE MULT. O/P
F37C F7 A400 . "STA B. MCR 5
F37F C6 34 LDA'B #%$34 -2 ENABLE MULT. INPUT
F381 F7 A002 STA B LPCRH 5 _ . :
F384 31 INS = 4 ADJUST STACK:
F385 31 'INS -4 AS RTS NOT USED
F386 DE 37 LDX IXRVM-4 X IS RET. LOC.
*( TAP | 2  RESTORE CCR )* o
F388 6E 04 UMP~ 4,X  4/32 RETURN
* . g
* TIME - - 147usec
* 80(147USEC ) = 11.76MSEC.
Sk K END * %
*
. - e . | _
F3D0 | ORG  $F3DO 3 .
% oK ok 2k k2 A 3K ok Xk Xk . K .
%
*  JUMP TABLE | |
* 1
F3D0O 7E F000  UMP RM4RST
F3D3 7E F087 JMP PTMH
F3D6 7E F187 JMP  SAMP , |
F3D9.7E F25A JMP H2DC '\
F3DC 7E F1D6 JMP SPLT
F3DF 7E F2E1 JMP MF 21
F3E2 00 . FgB  0,0,0 |
F3E3 00 LT | : T
F3E4 00 | - L
F3ES 7E F131 JMP TMHB ™
"F3E8 7E F341 JMP - NMF22
F3EB 7E FOC8 JMB CKSM

F3EE 7E FODD JMP GTXB"

-
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F3F1 7& F144 JMP MSR
F3F4 7E F107 JMP DTI :
END ‘
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M68SAM is the property of Motorola Spd, Inc.
- Copyright 1874 by Motorola Inc..

Motorola M6800 Cross Assembler, Release 1.1

‘DIGITAL FILTER ROUTINE .
AND BUBBLE MEMORY BOOTLOOP WRITE ROUTINE

NAM .

*

* * * *

* % X ¥

* X X %

ROM5

SUBROUTINE LABLES

FFCA
FFCD
FFDO
FFD3
FFDG6
FFD9Y
FFDC
FFDF
FFE2
FFES

"F7EOQ

FFC1,
FFC4
FFES8
FFEB
FFEE
FFF1
FF60

FBF6

FFC7
FFBE
F3F 1

F3DF

F3E8
F7E3

F7F5

LABLES FOR KEYBOARD

F7EG

LINKAGE TABLE{
F400

F402
F404
F406

F408 -

F40A

DSPSN

. DSPDP

CLDISP
DTSR 1
DTSR2

- DSBISR

BIDSSR
DSPXAB
DSTOBI
BITODS

BITOAS
- READZ2

WRITEZ
READ4

WRITE4
CNPIA1

DELAY2:

DATTBL
SCNDSR

- RDWL

FLSH
TMSR
MF 21
MF 22

- TX1CHS

TX2CHS

ERROR

‘TERR

ISTX1
I[STX2

- ISABX

ILABX
IABTX

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
-EQU

EQU
EQU

EQU

EQU

EQU

EQU
EQU
EQU

EQU

$FFCA

$FFCD

$FFDO

$FFD3

$FFD6

$FFDY

$FFDC

$FFDF -

$FFE2 : B ' o
$FFES L -
$F7EO : .
$FFC1

SFFCA

$FFE8

$FFEB

$FFEE

$FFF1

$FFB0

$FBF6

$FFC7

$FFBE

~ $F3F1

$F 3DF
$F3E8
$F7E3
$FT7ES

ROUTINES

$FT7E6

ENTRIES FOR SWI ROUTINES .'-

EQU
EQU
EQU
EQU
EQU
EQU

$F400
$F402

- $F404

$F406
$F408
$F40A



LR BN 2 23X 2 3

* K K * X *

* ¥ ¥ ¥

*
*
*
*

"~ ACOO0
ACO1
*

*
*

F40C

IAITX EQU
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$F40C

VARIABLES USED ONLY BY ROM5

INTERMIDIATE FILTER DATA ARRAYS

0418

0430

0448
0460

0478

W EQU
0 EQU
P EQU
Q EQU
R EQU

$0418
$0430
$0448
$0460
$0478

OTHER VARIABLES USED BY ROM 5

Q490
400

COEF

04B8
04C8
04D8
04ES8
04F8
0508
0518
0528
0538

0548 -

Y EQU

S EQU
FICIENT ARRAYS
AO EQU
A1 ~ EQU
A2 EQU
B1 EQU
B2 EQU
co . EQU
C1 EQU
c2  EQU
DI . EQU

D2 EQU

$0490
$0400

$04B8
$04C8

. $04D8

$04E8
$04F8
$0508
$0518
$0528

-$0538

$0548

BUBBLE MEMORY SYSTEM LOCATIONS

B
B

CDR EQU $ACOO
CSR EQU $ACO1

BUB. CONTROLER DATA REG.
BUB. CONT. STATUS REG.

2k 3 ok 3k K ok A 3k ok %k oK vk ok ok %k ok 3k A ok Ak ok %k K ok ke ok ok K %k K 3K ok 5K 5 Xk X ok K 3k XK %k %k kK K

*
E800

ORG

2k 2 2 3k 3k ok de 3k ok Kk A Kk 5k

*
*

* ¥ ¥ ¥

E800

FILT  EQU

$£800

* - FILTER

- 4TH ORDER DIGITAL FILTER ROUTINE IMPLEMENTED

USING 2° 2ND ORDER
( SEE IEEE MICRO

2D FILTERS
FEB. 1981 P. 410 )



* ¥ ¥

E800
E803
EB06
EB09
EB0C
EBOF
E812
E815

EBT8

E81B
E81E
E821

E824°

E827
E82A
EB2D
E830
EB33
E836
EB38

E83C

EB3F
E842
E845
E848

E84B

EB4E
E851

E854

E857
EB5A
E8B5D
E860
E863
EB66
E869
E86C
EB6F
EB72
EB75
E878
EB7B
EB7E
EB81
E884
£E887
EB8A
E88D
E890
E833

- SEE PSEUDOCODE AND FILTER SPECS.

- - CHANGES CCR, A, B, X

- THIS ROUTINE IS NON-REENTRANT

0430
0418
- 0432
041A
0448
0430
044A

0432

0460
0490
0462
0492
0478
0460
047A
0462
0433
041B
0435
041D
0448
0433
044D
0435
0463

~0483

0465
0495
-0478B
0463
047D
0465
0436
041E
0438
0420
044E
0436
0450
0438
0466
0496
0468
0438

047E.

0466
0480
0468
0439
0421

LDX
STk

LDA'B

STA
LDX

STX
LDA
STA
LDX
STX
LDA
STA
LDX
STX
LDA
STA
LDX.
STX
LDA
STA
LDX
STX
LDA
STA
LDX
STX
LDA
STA
LDX
STX
LDA
STA
LDX
STX
LDA
STA
LDX.
STX
LDA
STA
LDX

S STX

LDA
STA
LDX
STX
LDA
STA
LDX
STX

B

‘mw oo oo oo W o D @

[seRw s

oo o o

o w

0+0
w+0
0+0+2
W+0+2
P+0
0+0
P+0+2
0+0+2
Q+0
Y+0
Q+0+2
Y+0+2
R+0
Q+0
R+0+2
Q+0+2
0+3
W+3

0#3+2

W+3+2
P+3
0+3
P+3+2
0+3+2
Q+3

Y+3

Q+3+2

Y+3+2

R+3

Q+3

R+3+2
Q+3+2
0+6
W+6
0+6+2
W+6+2
P+6
0+6
P+6+2
0+6+2
Q+6

Y+6
Q+6+2

Y+6+2
R+6
Q+6
R+6+2
Q+6+2
0+9
W+9

W

"
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E896

£E899
EB9C
EBIF
EBA2
EBAS
EBA8
EBAB

ESAE

£8B1
E8B4
EBB7
E8BA
E8BD
E8CO
EBC3
E8CH
E8CS
EBCC
EBCF
EBD2

E8DS -

E8D8
E8DB
ESDE
ESE 1
ESE4
ESE7
ESEA
ESED
ESFO
E8F3
ESF6
ESFQ
E8FC
ESFF
EG02
E905
E908

ES0B.

EQOE
E911
E914
ES17
EQ1A
E91D
E920
£E923
EQ26
£E92

EQ2C
EQ2F
E932
EQ35

0438

0423.

0451
0439
0453
0438
0469
0499
0468
0498
0481
0469
0483
0468
043C
0424
043E
0426
0454
043C
0456
043E
046C

. 049C

046E
049E
0484
046C
0486
046E
043F
0427
0441
0429

0457 -

043F
0459
0441

046F

0489F
0471
04A1
0487
046F
0489
0471
0442
042A
0444

042C -

045A

0442
045C

0444

LDA

LDX
STX

\STA
LDX

STX

LDA
STA
LDX
STX
LDA
STA
LDX
STX
LDA
STA
LDX
STX

LDA-

STA
“LDX
STX
LDA
‘STA
LDX
STX
LDA
STA

LDX

STX

LDA

STA
LDX

STX

LDA
STA

- LDX
~STX
DA
STA
LDX
STX
LDA
STA
LDX
STX
LDA
STA
LDX
 STX
' —LDA
STA

(oo Roe)

o

0+9+2

W+g+2
P+9
0+9
P+9+2
0+9+2

- Q+9

Y+9
Q+9+2
Y49+2
R+9
Q+9
R+9+2
Q+9+2.
0+12
W+12
0+12+2
W+12+2
P+12 =
0+12
P+12+2

0+12+2 .
T Q+12

Y+12

Q+12+2,'

Y+12+42
R+12
Q+12
R+12+2

Q+12+2

0+15
W+15
0+15+2
W+15+2
P+15
0+15

P+15+2
0+15+2

Q+15
Y+15

Q+15+2

Y+15+2
R+15
Q+15

R+15+2
. Q+15+2

0+18
W+18

0+18+2
W+18+2

p+18
0+18

- P+18+2

0+18+2
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0472

04A2 .

0474
04A4
048A

0472

048C
0474
0445
042D
0447
042F
045D

0445

045F
0447

0475
0445
0477 |

O04A7
048D
0475
048F
0477
0000

0448
044A

0478

047A

044B

044D
0478
047D
044E
0450
047E

0480

045 1
0453
0481
0483
0454
0456
0484
0486
0457
0459
0487
0489
045A

045C

048A
048C

B
B

&

a W @ 09} 03} v} o o w

W O W O W Low

Q+18
Y+18
Q+18+2
Y+18+2
R+18

Q+18

R+18+2
Q+18+2
0+21
W+21
0+21+2
W+21+2
P+21
0+21
P+21+2
0+21+2
Q+21
Y+21
Q+21+2
Y+21+2
R+21
Q+21
R+21+2
Q+21+2
#$0000

P+0 -
P+0+2
R+0
R+0+2
P+3
P+3+2
R+3
R+3+2
P+6
P+6+2
R+6

R+6+2

P+9
P+9+2
R+9
R+9+2
pP+12
P+12+2
R+12
R+12+2

. P+15

P+15+2

- R+15
R+15+2.

P+18
P+18+2

- R+18

R+18+2

b> s B « - « i « B v

T A '

O

-« B BN < - - . P

]

— — —_ - - =
e TN IR, BE'S, B ¢ B O

e
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E9D8 FF 045D STX P+21 P = 21
E9DB F7 045F 4STA B P+21+2 ,
E9DE FF 048D = “87TX R+21 4 R = 21
EQE1 F7 048F STA B R+21+2

o

E9E4 BD F3DF JSR MF2 { W = W+ SxAQ
EQE7 0400 - FDB S+0,A0+0,W+0
EQEQ 04B8 ®
E9EB 0418 ‘
E9ED BD F3E8 JSR MF22 0 = 0+ S*Af
E9F0 04C8 FDB A1+0,0+0
E9F2 0430
E9F4 BD F3E8 JSR MF22 P = P + S*A2
E9F7 04D8 FDB A2+0,P+0

+EQFQ 0448

*

E9FB BD F3DF" ~ JSR MF 2 1 0 = 0+ Wx(Bt1+1)
E9FE 0418 FDB W+0,B1+0,0+0
EAOO 04ES

“EA02 0430 .
EAO4 F6 041A LDA B W+0+2
EAO7 FB 0432 ADD B 0+0+2
EAOA F7 0432 STA B« 0+0+2
EAOD F6& 0419: LDA B W+0+1
EA10 F9-0431 : ADC B 0+0+1
EA13 B6 0418 « LDA A W+0
EA16 B9 0430 ADC A 0+0
EA1S B7 0430 STA A 0+0
EAIC F7°0431 STA B 0+0+1 |
EAIF BD F3E8 JSR MF22 P = P + WxB2
EA22- 04F8 FDB B2+0,P+0
EA24 0448 , s

"EA26 BD F3E8 JSR : MF22 Y = Y + WxCO
EAZ9 0508. @ - FDB C0+0,Y+0

~ EA2B 0480 - |

- EA2DBD: F3E8 - JSR MF22 Q = Q + WxCt
EA30 0518 FDB  -C1+0,Q+0 -
EA32. 0460 .
EA34 BD F3E8 JSR MF22 R = R + WxC2
'EA37 0528 FDB C2+0,R+0

. EA39.0478 :
. * .
EA3B BD ‘F3DF - JSR MF2 1 Q = Q + Y*(D1+1)
EA3E 0490 ~ FDB Y+0,D1+0,Q+0
EA40 0538 ; ; |
EA42 0460 ‘
EA44 F6 0492 LDA B Y+0+2 ,
EA47 FB 0462 ADD B Q+0+2
EA4A F7.0462 STA B Q+0+2

. EA4D.F6 0491 LDA B Y+0+1

EA50 F9 0461 ADC B Q+0+1

- EA53 B6 0490 LDA A Y+0
EA56 B9 0460 ADC A Q+0
EA59 B7 0460 STA A Q+0

P
’



s

" EABC F7 0461
EASF BD F3E8
- EA62 0548 _
EAG4 0478
) %k

EA66 BD ﬁSDF
'EA69 0403,

EA6B 04BA

EABD 041B -
. EA6F BD F3E8
" EA72 -04CA

EAZ4 0433

EA76 BD F3E8

EA79 04DA
EA7B. 0448
*

EA7D BD F3DF

EAB0 041B
EAB2 O4EA
EAB4 0433
EAB6 FB 041D
EA8S FB 0435
EABC F7 0435

. EA8F F6 041C

EAQS2 FS-0434
EASS5 B6 041B

EAS8 B9 0433

EASB B7 0433

. EASE F7 0434
EAA1 BD F3ES8

EAA4 O4FA"
EAAE 0448
EAAS BD F3EB
EAAB 0504
EAAD 0493

EAAF BD F3E8

EAB2 051A -
EAB4 0463

__EAB6 BD F3E8
EABS 0524

EABB 0478
E 3

EABD BD F3DF

EACO 0483
EAC2 053A
EAC4 0463.

EACE F6 0495 -

EACS FB 0465
EACC F7 0465

EACF F6 0494 °
" EAD2 FQ 0464
'EADS" B6& 0493

. 'EAD8 B9 0463 -
EADB B7 0463

)

5 JSR
FDB

'STA
© JSR

FDB

JSR
FDB

JSR

B

FDB

JSR

FDB

LDA

W >>WWomw

Q+0+1
MF 22 R
D2+0,R+0

=

MF21 W=W

5+3,A0+2  W+3.

MF22 =
A1+2,0+3
MF22 . P
A2+2,P+3

"
o

1
e

ME21 0 =0 ,

W+3,B1+2,0+3

W+3+2 ,
0+3+2
0+3+2
W+3+1
0+3+1
W+3

.0+3

0+3

‘50+3+1 ‘
“MF22 . P 3
B2¥2,P+3

COMF22 oy

C0+2,Y+3

MF22 Q.
€1+2,Q+3

MF22 © R
C2+2,R+3

. "
).

1
e

0 ‘wﬂ

"
e

"
.o

n ..
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s
S*Af;.
S*Aég»

Wk (B1+1)

WxB2
WxCO
WxC1 -

WkC2

~

MF21 Q= 'Q + Y*(D1+1)

Y+3,D1+2,Q+3 °

Y+3+2

- Q+3+2

Q+3+2
Y+3+1 -

C Q+3+1
S Y+3

Q+3

. Q+3



EADE

EAE1

EAE4

EAEGB
*

EAE8
EAEB
'EAED
EAEF
EAF 1
EAF4
EAF6'
EAF8
EAFB
. EAFD
EAF

EAFF

EBO2
-EBO4

EBO6

EB08*

EBOB
EBOE
~EB11
EB14.
EB17

© EB1A-

‘EB1D

EB20 |

£B23
EB26
EB2S
EB2A

" EB2D

"EB2F
EB31
"EB34
EB36
EB38
EB3B
EB3D
*

EB3F
EB42
. EB44
. EB46
- EB48
EB4B
EB4E
EB51°
"~ EB54
- EB5S7
EBSA
EBSD

F9

F7 0464
BD F3ES8

054A
0478

BD F3DF

0406
04BC
041E

BD F3E8

04CC
0436

BD F3E8

04DC
044E

BD F3DF
041E

04EC

0436
F6 0420
FB 0438
10438
041F
0437
041E

0436
0437

BD F3E8

04FC! . .".

044E 5, .
BD F3ES
050C
0496
BD F3E8
051C
0466
BD F3E8
052¢C
047E

BD F3DF
0496
053C"
0466
F6 0498
FB
F7
F6

0468
0497

B6
BS
B7-

0496

0436 . -

0468

0467

0466
0486

STA B. Q+3+1. :
JSR ~ MF22 R = R
FDB  'D2+2,R+3
) Y
JSR ME21 W= W
. FDB S+6,A0+4, W+6
. | .
JSR MF22 0 = 0
FDB A1+4 . 0+6
JSR MF22 - P = p
FDB A2+4 P+6
JUSR  MF21 0 =0
FDB ° W+6,B1+4,0+6
| ) , -
LDA B W+6+2
ADD B 0+6+2
STA B 0+6+2
LDA B - W+B+1
ADC B 0+6+1
LDA A W+6
ADC A 0+6
STA A 0+6
STA B 0+6+1
JSR MF22. P = P
FDB, . 'B2+4,P+6
. ﬁ?ugR CoMF22 Ty TE oy
’ FDB . C0f4,Y+6
WJSR - MF22 Q= Q
FDB  C1+4,Q+6
CUSR MF22 R = R
FDB C2+4,R+6
JSR  MF21. Q= Q
“FDB  Y+6,D1+4,Q+6
LDA B Y+6+2
ADD B Q+6+2
. STA B Q+6+2
LDA-B  Y+B+1
ADC B Q+6+1
CLDA A Y+ .
ADC A Q46 -
STA A Q+6

+
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Y*D2
S*xAQ

S*A 1

- S*A2

5

W;TB1+ﬁﬁ%f;f

WxB2,,

W*C0
WxC1

WxC2

Y*(D1+1)

J,.‘;.i*?



/
EB60 F7 0467 -
BD F3ES8

EB63
EB66
EB68

L 3

EBBA
EB6D
EBBF
EB71
EB73
EB76

~EB78

EB7A

EB7D

EB7F
*

EB81
EB84
-EB8B

EBB8
EB8BA-

EB8D
EBS0
EBY3
EBY6
EB99
EBSC
EBSF

EBA2

EBAS
EBAS
EBAA
EBAC
EBAF
EBB 1
EBB3

EBBE -

EBB8
EBBA
EBBD
EBBF
*

EBCH

EBC4

~ " EBC6

EBC8

- EBCA
EBCD-
EBDO

EBD3
EBDB

 EBDY
EBDC

EBDF

054C
047E

BD F3DF

0409
04BE .
0421

BD F3ES8
O4CE
0439 .
BD F3ES8
04DE
0451

BD F3DF

0421

04EE

0439

F6 0423
FB 043B
F7 043B
F6 0422
FS 043A
B6. 0421
B9 0438

‘B7 0439

F7 043A

‘BD F3ES8

04FE
0451

¢

BD F3E8.

050E
0499

BD F3E8

051E
0469
BD F3E8
052E
0481

BD F3DF
0499

.053E

0469
F6 0498
FB-0468
F7 0468
F6 049A
FS 046A
B6 0499
B9 0469
B7 0469

STA

- JSR
FDB-

FDB
JSR
FDB

JSR
FDB

B

JSR

JSR

FDB

LDA

ADD

STA
LDA
ADC
LDA
ADC

STA

STA
JSR

FDB -

JSR
FDB

" JSR
" FDB

JSR
FDB

JSR
"FDB

LDA
ADD
STA
LDA
ADC

LDA

ADC

STA

(ool -0 N0 s Ne e Ro s Ruskos)

> mmwwom

Q+6+1
MF22
D2+4,R+6

MF21

S+9,A0+6

MF22
A1+6,0+9

MF22

A2+6,P+9

-MF21
- W+3,B1+6

W+G+2

- 0+9+2

0+9+2

WG+ T

0+9+1
W+9 '

0+3

0+8
0+9+1
MF22
B2+6,P+9

MF22

C0+6,Y+9

MF22
C1+6,Q+9

MF22 «
C2+6,R+9
MF2 1
Y+9,D1+6

'

Y+9+2

Q+9+2

Q+9+2
Y4941
Q+9+1

Y+9 .
Q+9
Q+g o

0

R =

W =

, W+S

P

,0+9

P

Y

Q

R

Q =

P +

Q +

R +

0
+

Q+9
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WxB2
WxCO
WxC1

WxC2

Y (D1+1)



EBE2
EBES
EBES8
EBEA
*

EBEC
EBEF
EBF1
EBF3

- EBF5

EBF8
- EBFA
EBFC
EBFF
ECO1

*

. ECO03

EC06
ECO8
ECOA
ECOC
ECOF
EC12
EC15
EC18
EC1B
EC1E
EC21
EC24

EC27"

"~ EC2A
EC2C
EC2E
EC31
EC33
EC35

EC38

EC3A
EC3C
EC3F

ECA1
: *

EC43
ECA6

EC48

EC4A
ECAC
EGAF
EC52
EC55
EC58
EC5B
EC5SE
ECE1

F7 046A
BD F3E8
054t
0481

BD F3DF
040C

* 04C0

0424 -
BD F3E8
04D0
043C
BD F3E8
04E0
0454

BD F3DF
0424 -
04F0
043C .
F6 0426
FB -043E
F7 043E
F6 0425
FS 043D

‘B6 0424
B9 043C

B7" 043C
F7 043D

BD F3ES8
0500

BD F3E&//

0454

0510
049C
BD F3E8
0520
046C

BD F3E
0530
0484

BD F3DF
049C
0540
046C .

F6 049E

FB 046E
F7 O46E
F6 049D

F9 046D

B6 049C
B9 046C

B7 046C

. JSR

STA

t

Q+12

STA B Q+9+1¢
JSR . MF22 R = R
FDB  D2+6,R+3
JSR MF21 W= W
FDB  §+12,A0+8,W+12
MF 22 0'=0
FDB  A1+8,0+12
"USR  MF22 P =P
FDB  A2+48,P+12
CJUSR NF21 0=0
FDB ~ W+12,B1+8,0+12
B' W+12+2 .
B 0+12+2 .
B .0+12+2
B W+12+1
B 0+12+1
A W+i2
A 0O+12
A 0+12
B 0+12+1 |
JSR  MF22 P=p
FDB  B2+8,P+12
JSR MF22 Y = Y
FDB  CO+8,Y+12
JSR MF 22 Q=20
FDB  C1+48,Q+12
JSR -~ MF22 R = R
FDB  C2+8,R+12
JSR MF21 Q= Q 4
FDB = Y+12,D1+8, Q+12
LDA B YY+12+2 -
ADD B Q+12+2
STA B Q+12+2
LDA'B Y+12+1 =
-ADC B Q+12+1
LDA A Y+12
ADC A Q+12
A
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- Y*D2

S*AQ

S*A1

SxA2

Wx{(B1+1)

W*B2
WxCO
WxC1

WxC2

Y*(D1+1)
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¥
F7 046D STA B Q+12+1
BD F3ES. JSR MF22 R = R + Y*D2
0550 FDB D2+8,R+12
0484 , , _ |
BD F3DF "JSR MF21 W = W+ S*AQ
‘040F - ~ FDB S+15,A0+10,W+15
04C2 R
0427 : o
BD F3E8 JSR MF22 0 =.0 + S*Al
"04D2 FDB A1+10,0+15 s
043F ° , - . v
BD F3ES8 - JSR MF22 = P = P + S*A2
04E2 . FDB-  A2+10,P+15. -
. 0457 | -
BD F3DF , JSR MF21 £% 0 = 0 + Wx(B1+1)
0427 FDB W+15,B%%10,0+15
04F2 , ,
43F . L
6 0423 =~ LDA B W+i5+2
FB 0441 , .. ADD B 0+15+2
4 F7 0441 % STA B 0+15+2° o ,
F6 0428 “LDA B W+15+1 g oY
~ECOA FS 0440 - »ADC.B 0+15+1 ' » o
"ECSD B6 0427 . LDA A W15 ’ :
"ECAQ0 B9 043F . ADC A 0+15 &
ECA3 B7 043F © v STA A 0+15, ,
ECA6 F7 0440 STA B 0+15+1 . L
ECAS BD F3ES8 - JSR- - MF22 P =P + WeB2 .,
ECAC 0502 : FDB B2+10,P+15. .
- ECAE 0457 . :
ECBO BD F3E8 JSR ~ MF22 Y = Y-+ WxCO
ECB3 0512. " FDB CO0+10,Y+15
- ECB5 049F . - . - '
ECB7 BD F3ES8 JSR MF22 Q = Q + WxCt
"~ ECBA 0522 - FDB C1+10,Q+15 o
. ECBC 046F ‘ .
- ECBE BD F3ES8 JSR™ ~ MF22 R'= R + WxC2
ECC1 0532 FDB;  C2+10,R+15
ECC3 0487 : v , :
* . IS
ECC5 BD F3DF JSR MF2 1 Q = Q + Yx(D1+1)
ECC8 049F FDB Y+15,D1+10,Q+15
ECCA 0542 o S '
'ECCC 046F L
" ECCE F6 04A1 LDA B Y+15+2
ECD1 FB 0471 - ADD B - Q+15+2
ECD4. F7 0471 STA B Q+15%2
ECD7 F6 04A0 LDA B Y+15+1"
ECDA F9 0470. <~ ADC B Q+15+1
ECDD- B6 049F LDA A "Y+15 .
ECE0 B9 046F - ADC A Q+15

"ECE3 B7 046F STA A Q+15



&

ECE6 F7 0470
ECES BD F3E8
ECEC 0552
ECEE 0487

E

ECFO BD F3DF
‘ECF3 0442

ECF5 04C4
ECF7 042A
ECFS BD F3ES8
ECFC 04D4
ECFE 0442

EDOO BD F3ES8
~EDO3 04E4

EDO5 045A
*

EDO7 BD_F3DF
EDOA 043A
EDOC 04F4 °

“EDOE 0442
045¢C

ED10 P65
ED13 FB 0444
ED16 F7 0444

- ED19 F6 042B
ED1C FQ 0443

ED1F B6 042A
ED22 B9 0442

- ED25 B7 0442

ED28 F7 0443
ED2B BD F3ES8
ED2E 0504
ED30 045A -
ED32 BD F3ES8
ED35 0514
ED37 04A2
ED39 BD F3ES8
ED3C 0524
ED3E 0472
ED40 BD F3ES8
_ED43. 0534
E045~048A

ED47‘BD F 3DF
ED4A 04A2
ED4C 0544

ED4E 0472

ED50 F6 04A4
ED53°FB 0474
ED56 F7 0dg4
ED59 F6 04%3
ED5C F9.0473
EDSF B6 0442
ED62 BY 0472
ED65 B7 0472

STA
JSR
FDB

FDB

‘JSR
~FDB_

JSR

" FDB

JSR

FDB

JSR
FDB

LDA
ADD

¢ STA
LDA .
ADC
- LDA
ADC
STA:

B

JSR

-

P oEomom

Q+15+1 4

MF22 R
D2+10,R+15
MF21 "
S+18,A0+12
MF 22 0
A1+12,0+18
MF22 P

ME 22 P

B2+12,P+18
e oS
CO+1; Y+18
- MF22- Q
C1+12,Q+18
MF22 R
C2+12,R+18
MF21  © .Q
Y+18,D1+12
Y+18+2
Q+18+2
Q+18+2
Y+18+1
Q+18+1
Y+18
Q+18

Q+18

€

= R+ YxD2

= W + S*AQ

,W+18

0 + S*Af

P = P + S*xA2 7
A2+12,P+18 2 N

E]
o
+

W*B2 "

wWxCO

1"
—
+

1"
O
+

W*¢1

WxC2-

H
o
+

Q + Y*(D1+1)i
,Q+18

Tl
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ED6B F7 0473

. ED6B

EDGE
ED70
*

ED72
ED75

'ED77

ED79
ED7B
ED7E

EDBO

ED82

ED85

ED87
*

 EDBY

EDBC
EDBE
ED9O
ED92
EDS5

~EDS8

- ED9B

EDYE
EDA1
EDA4
EDA7
EDAA
EDAD
EDBO
EDB2
EDB4

- EDB7

EDBY
EDBB
EDBE
EDCO
EDC2
EDCS
EDC7

it

EDCS
EDCC

EDCE

- EDDO

EDD2
EDDS

‘EDDB

EDDB

- EDDE

EDE1

'EDEA4

EDE7

BD

F3E8

0554 .
048A

BD

0415

F3DF

04C6
042D

BD

04D6

F3E8

0445

BD
04E6

045D

BD

F3DF -

042D
04F6
0445

F6
FB
F7

F&

FQ
B6
BS
B7
F7
BD

042F
0447
0447

042E .

0446

042D -
0445

0445

0446
F3E8
0506 .

045D

BD

F3E8

0516
04A5

BD

F3E8

0526

0475

BD

F3E8

0536
048D

BD
.04A5

F 3DF

0546
0475

F6
FB
F7
F6
FS
B6

BS

B7

04A7
0477
0477
04AB
0476
04A5
0475
0475

F3E8

" ADC

o

STA B

JSR

- FDB

JSR
FDB

JSR.

FDB

JSR &

FDB °

JSR

- FDB

LDA
ADD
STA
LDA
ADC
LDA

STA
STA
JSR
FDB

JSR
FDB

JSR
FDB

JSR

WD OWmEEEm

FDB

JSR
FDB:

LDA
ADD
STA
LDA

‘ADC

LDA
ADC
STA

"MF22 0O

P> oowd

Q+18+1 |
MF22 R =R+
D2+12,R+18

MF 24 W= W+

CS+21, A0+14 ,W+21

=0 +

A1+14,0+21

MF22 P =P +
A2+14,P+21
- MF21 0 =0+
W+21,B1+14,0+21
W+21+20
0+21+2

0+21+2%

W+21+1

O+21+1

W+21

0+21

0+21 .

O+21+1 :
MF22 P =P +
- B2+14,P+21

MF22 Y = v+
CO+14,Y+21 ,
MF22 Q = Q +
Ci+14,Q+21

MF22 R =R +
C2+14,R+21

MF21 Q = Q +

Y421 ,D1+14,Q+21

Y+21+2
Q+21+2
Q+21+2
Y+21+1

- Q+21+1

Y+21
Q+21
Q+21
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Y*D2
S*AOV.

S*AT

S%A2

Wx(B1+1)

WeCO

WxC2

Y*(D1+1)



. EDEA F7 0476,
" EDED BD F3E8
EDFO 0556
EDF2 048D

b

EDF4

E3
* %k
*

39

15.457 M SEC.

~END

*
EDF5

*

&

s
oid

EDF5

EDF7.

EDFA

EDFD

EDFF
*

EEOQ

EE03

EE06

EE09

"EE0B
*

EEOD

~ EEOF

EE12

EE15

EE17
*

EE19
EE1B
EE1E

Eoxx % %

¥R K R R K K F K K X K K K X ¥

THIS ROUTINE -IS 'USED

- -IN TABLE
- WILL NOT WORK ,
THE "BPK - 72 USER’'S MANUAL"

Xk %k

WBL

STA

FDB

RTS

“"BLTAB",

B

EQU * WRITE

Q+21+1
MF22

<4

R = R + Y*D2

- D2+14 ,R+21

.BOOT LOOP ROUTINE

TO REWRITE THE BOOT LOOP
IN THE BUBBLE MEMORY SYSTEM
IF THE BOOT LOOP DOES NOT CONTAIN THE DATA
THE BUBBLE MEMORY SYSTEM

EXPLAINS WHAT

FUNCTIONS MUST BE EXECUTED IN ORDER.TO CHECK

THE DATA IN THE BOOT LOOP.

THESES  FUNCTIONS

ARE DESCRIBED IN ROM& AND ARE EXECUTED VIA THE
DEBUG SECTION OF THE MONITOR.
THE DATA IN THE BOOT LOOP CAN BE ERRONEOUSLY

- CHANGED ONLY IF THE BMC CHIP GOES "BEZIRK"

DUE TO NOISE ON THE POWER SUPPLY LINES.

THIS ROUTINE REQUIRES NO INPUTS,

PRODUCES NO

OUTPUTS, AND CAN BE EXECUTED USING THE “SXVM"

ROUTINE IN ROM7 IF THE
MONITOR IS ENABLED

DEBUG

-

SECTION OF THE

THE EXECUTION OF THIS ROUTINE IS SUCCESSFUL
THE KEY STROKE SEQUENCE,"

IF
(o)™,

86
B7

B6.

81
26

86

B7
B6
81
26

86

B7

B6

81
26

86

B7
86

19
ACO 1

ACO1 WBLL1
40

F9

1E

ACO1
ACO1 WBLL2
40 .

F9

1D,
ACO1

40
F9

08B
ACO1
01

LDA
CMP
BNE

LDA
STA
LDA

- CMP
BNE-

LDA

. STA
ACO1 WBLL3'

LDA
CMP
BNE

LDA-
* STA

LDA

PRODUCES THE

‘LDA" £
'STA

L
A
A
A

g = = > 2 > D> >

D>

(.),(.BDB),(0),"

DISPLAY "BOO 40 "

519 SEND "ABORT"
5CSR ‘ ,

i{CSR WAIT FOR

#$40 f*OP. COMPLETE"
WBLL1 i

#$1E SEND "PURGE"

BCSR .
BCSR - WAIT FOR :
#$40 "OP. COMPLETE" -
WBLL2

#$1D SEND "FIFQ RESET"
BCSR -

BCSR WAIT FOR

#$40 "OP. COMPLETE"
WBLL3 »

4508 WRITE TO BMC REG.
BCSR |

#$01

BLR LSB

175



EE20 B7

EE23 86
EE25 B7
EE28 86
EE2A B7
EE2D 86
EE2F B7
EE32 86
EE34 B7
EE37 0Ot
EE38 01
EE39 01

*
EE3A C6

EE3C 86.

EE3E B7-

EE41 HA

EE42 28

EE44 86
EE46 B7

28
FF
AC00

CFA

16
ACO1

EE49 BB. ACO1

EE4C 81.
EE4E 26%

*
EES50 CE
EE53 C6
EES5 A6
EES7 B7
EES5A 08
EESB H5A
EESC 26
*

EESE 86
EEGO B7

EE63 39

*
*

** END

Ay

F§

EE64

29

00

ACOO

F7
17

ACO1

EEG4

* ¥ OH X ¥

'EE64 FF
EEG5 FF
EE66 FF
EE67 E7
EE6B FF
EE6S DF

‘STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA
NOP

 NOP
NOP

LDA.

LDA
WBLL4 STA
‘BNE

LDA
STA
LDA
CMpP
BNE
LDX
LDA
LDA
STA

WBLLS -

WBLLE

INX

DEC
s BNE

LDA
STA

RTS

* %k

BLTAB EQU

FCB

DEC

> > > o>

o >rm

> >

S 3 59

BCDR
#$10
BCDR
#$10
BCDR
#$00
BCDR
#$00
BCDR

#40
#SFF

BCDR
WBLL4

#$16
BCSR

-BCSR

#$40
WBLL5

#BLTAB
#41
0,X
BCDR

WBLLG

#$17
BCSR

*

SEND

BLR MSB
ER

AR LSB
AR MSB

WRITE $FF 40 TIMES

TO FIFO

SEND "WRITE BOOT
LOOP REGISTER"
WAIT FOR |
"OP. COMPLETE"

WRITE BOOT LOOQP
DATA AND- A ZERO
BYTE TO FIFO

"WRITE BOOT
LOOP" -

RETURN

- BOOT LOOP TABLE

- THIS TABLE CONTAINS THE DATA THAK’SHDULD
BE STORED WITHIN THE BOOT LOOP

- THIS DATA IS ALSO PRINTED ON THE PACKAGE
OF THE BUBBLE MEMORY DEVICE :

$FF,$FF,$FF,$E7, $FF ,$OF , $FD, SFF -
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EEGA FD
EE6GB FF
EE6C TF
EE6D F7
EEGE DF
EE6F DD
EE70 EF
EE71 FF
EE72 FF
EE73 FF

“EE74 FF

EE75 FF
EE76 FF
EE77 OF
EE78 FF
EE79 FF
EE7A FF
EE7B EF
EE7C FE
EE7D FF ]
EE7E EF /
EE7F BF
EESO FF
EE81 FF
EE82 F7
EE83 FF
EE84 EF
EE85 FF
EE86 FF
EE87 FF
EE88 EB
EE8S 77
EE8A 35

- EE8B 57

EEBC 00

* X K %

FCB

FCB

FCB

FCB

§7F,$F7,$DF,$DD, $EF, $FF , SFF , SFF

$FF,$FF,$FF,$0F, $FF,$FF, $FF, $EF

$FE,SFF,$EF, $BF, SFF,SFF, §F7, $FF

$EF,$FF,$FF,$FF, $EB,$77,$35,$57

FCB $00

JUMP TABLE FOR ROM 5

ok 2k 3k o e %k 5k 3k ok 3K 3k ok 3 ok 3k 3 %k 5k %K >k %k 3 ¥ ¥ o %k K %

*
EFDO
EFDO 7E EB00
EFD3 7& EDF5

ORG $EFDO
JMP - FILT

JMP WBL
END '

-
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M6BSAM is the property of Motorola Spd, Inc.
Copyright 1874 by Motorola Inc. -

Motorola M6800 Cross Assembler, Release 1.1

* * *

* .
ACO1

AC00
0058
005A
006F
0057
0055
005%
001E
07FD
0650

~0091

¥

*
*
*

7C06 .

7C04
7C02
7C00
7C01
7C00
7CO1
9406
9404
9402
9400
9401
9400
9401
*

*

NAM

BUBBLE 'MEMORY

BCSR
BCDR
BMOBS
BMIBS
BMOBC .
BMRA
BMWA
BSS
BUF2SR
BMSA
BSIL
BSOLF

ROM6

EQU $ACO1
EQU $ACO0
EQU $005B
EQU $005A
EQU $006F
EQU $0057
EQU .$0055
EQU §0059
EQU $001E
EQU $O7FD

EQU $0650

EQU $0091

TIMER ADDRESSES

TL3H
TL2H
TL1H
CR3
CR2
CR1
TSTATR
TLBH
TL5H
- TL4H
CR6
CR5
CR4
TSTR2

EQU $7C06
EQU $7C04
EQU $7C02
EQU $7C00
EQU $7C01

.EQU $7C00

EQU $7CO01
EQU $9406
EQU $9404

. EQU $9402

EQU $9400
EQU $9401
EQU $9400
EQU $9401

* PROGRAMMABLE KEYBOARD

*

8001
8001
8000

- 8000

%

R

PKDICR
PKDISR
FIFO

DISRAM

EQU $8001
EQL! $8001
FQU $8C00
=QU $8000

SUBROUTINE LABLES

" MISSALANEQUS ROUTINES

CONTROLLER ADDRESSES

- BUBBLE CONTROL/STATUS REG.
- BUBBLE CONTROLER DATA REG.

MC6840 ) '

TIMER # 1 LATCHES

# 1 CONTROL REG.;WRITE ONLY.

# 1 STATUS REG.:READ ONLY.
TIMER # 2 LATCHES

# 2 CONTROL REG.;WRITE ONLY.

# 2 STATUS REG.;READ ONLY.

DISPLAY INTERFACE (18279-5)

CONTROL REGISTER;WRITE ONLY
STATUS REGISTER:READ ONLY
'KEYBOARD INPUT RAM;READ ONLY
DISPLAY RAM: READ/WRITE

1 ] I
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FFCA  DSPSN EQU $FFCA

FFCD  DSPDP EQU $FFCD

FFDO  CLDISP EQU $FFDO

FFD6  DTSR2 EQU $FFD6

FFDF DSPXAB EQU $FFDF

FFE2  DSTOBI EQU $FFE2

FFCH1 READ2 EQU $FFC1

FFBB  WRITEO EQU $FFBB

FFC4  WRITE2 EQU $FFC4

FFE8 .READ4 EQU $FFES8 ‘ -

FFEB  WRITE4 EQU $FFEB ,

FFF 1 DELAY2 EQU S$FFF1

FBF6 SCNDSR EQU $FBF6

FFC7 RDWL  EQU $FFC7

" FFBE FLSH EQU $FFBE

F3F1 TMSR  EQU $F3F1

F3DF MF21  EQU $F3DF

F3E8  MF22  EQU $F3E8

F7E3 TX1CHS EQU $F7E3

F7F5 TX2CHS EQU $F7FS

B7E6  BMSI  EQU $B7E6

F3D6 SAMP  EQU $F3D6

F3ES TMHB  EQU $F3ES

F3EB  CKSM  EQU $F3EB |

F3EE GTXB  EQU $F3EE : |
EFDO FILT  EQU $EFDO | , \
F3F4  MDTI  EQU $F3F4 \
. |

*

x+  LABLES FOR KEYBOARD ROUTINES

E 3 o .
F7EQ ERROR EQU $F7E6 \
BFDF SIG EQU $BFDF '

Tk ,

*  OTHER LABLES | B
3 * X _ _
BBO0  RMBRST EQU $B800 | : ~
* ) ) . .o

* LINKAGE TABLE ENTRIES FOR SWI ROUTINES

*)

F400 IERR ~ EQU $F400

F402 ISTX1 EQU $F402

F404 ISTX2 EQU $F404

F406 - . ISABX EQU $F406

F408  ILABX EQU $F408

F40A ~ TABTX EQU $F40A

F40C  IAITX EQU $F40C

F40E IRX2 - EQU $F40E . -

F410  IPSHX EQU $F410 : \
* . R . . '

* MONITOR GLOBAL VARIABLES AND FLAGS
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3
0000 READEN EQU $0000 - READ ENABLE
0004 ENTRY1 EQU $0004 - ENTRIES VIA ENTR FUNCTION
0005 ENTRY2 EQU $0005 )
- 0006 ENTRY3 EQU $0006
0007 ENTRY4 EQU $0007 '
0008 ENTRYS EQU $0008 T
0008 ENTRY6 EQU $0009
000A ENTRY7 EQU $000A
0008 ENTRY8 EQU $000B ‘
000D IXRV ~ EQU $000D,E X REG. STORAGE', MAIN LINES
0010 MONFLG EQU $0010 - IND. MAIN STOPED BY MONITOR
0011 SECFLG EQU $0011 - IND. 2ND KEYBRD. FTN. SEL.
0012 LEDNO EQU $0012 - LED TO BE WRITTEN NEXT .
* INTO NEXT, (FIRST LED = #0)

* .
* : -
* RAM LOCATIONS USED ONLY BY ROM6 /
* . .

004A ORG $004A

0600 FIFOI EQU $0600 - FIFO INPUT STORAGE

0628 FIFOO EQU $0628 - FIFO OUTPUT STORAGE
* ) -

* OFMER VARIABLES USED BY ROM 6

%*
0042 - ORG $0042
0042 0001 "FLGC RMB 1
0043 0002 ‘ RMB 2
0045 0004 RMB 4

0048 0001  RXD  RMB 1
0560  TXBLK EQU $0560
0430 ¥ EQU $0480
0400 S EQU $0400
0086  SYST  EQU $0086
0088  SELFLG EQU $008B,
0088  FTNFLG EQU $0089

. 0032  SPLVEC EQU $0032

0085  SPLCRS EQU $0085
0087  MLAC  EQU $0087

* X ¥ ¥

LOCATIONS OF SOME TABLES USED BY ROMS

*
F780 EOFTBL EQU $F780

F78C PTIPON EQU $F78C

~/F798 - PTIPOF EQU $F798 = =
ENDTBL "EQU. $F7A5 -~

F423 ERRORT EQU $F423

BF58 DUSEHS EQU $BF58

BF28 DUSEL EQU $BF28

BF20 . DBMSFL EQU $BF20 a
"E740 . D104TB EQU $E740:
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el

*

* ‘ .

* SOME CONSTANTS USED BY ROM. §

* o - E o
0080 FRFR  EQU $80 : ~
0081 FREN EQU $81 o .

s : :

*
o o0 200 oK 3 o ok 3 oK o ol N ok 3K K oK 3k ok o S ok K ok oK K i o ok ok R R o o e ok K
. * N .

EO0OO ORG $E000
* A o 3 ke 3K 3k oK 2 ok oK ko oK
*
*
*
. * . ' ¢ .
E00C RMERST EQU * ROM & RESET
*«
* , . '
EQ00 7E B80O JMP RMBRST
E003 CE E777 RMBWAI LDX #RDYTBL
EO06 BD FFD6 JSR DTSR2
.- E009 OE ‘ - CLI :
" EQOA 3E RSTWAI WAI '
EOOB 20 FD - BRA RSTWAI STOP IN A WAIT LOOP
*%  END *x : S
‘%
* ol
EQOD TIMT - EQU - = TIMER TEST
* : , ‘ B
* - A MAINLINE ROUTINE TO TEST THE TIME CLOCK, PTM #2 .
* - DISPLAYS THE TIME EVERY .1 SEC. ;
* - TIME IS DISPLAYED AS HHMMSS
~* - AN INFINITE LOOP | j -
* , .
EOOD 36 TIMTLY1 PSH A " xxx ° MAKE SPACE
EOOE 36 PSH A * % FOR TIME BYTES
EOOF 36 PSH A R
EQ10 BD F3F1 JSR" . TMSR GET HH,MM,SS |
- E013 BD FFDO JSR cLDISP . / |
E0O16 86 04 . LDA A #%04
EQ18 BD FFBB JSR . - WRITEO B
EOIB 32 ‘ , PUL A - * LOAD SS
EQ1C BD FFC4. ~ JSR WRITE2 DISPLAY SS
EQ1F 4F .. CLR A ~ '
E020 BD FFBB JSR WRITEO o
E023 33 PUL B ** .| QAD MM
E024 32 ~ PUL A  *xx 0AD HH
E025 BD -FFEB JSR WRITE4 = DISPLAY HH,MM
£028 C6 01 LDA B #$01 e
EO2A BD FFCD JSR ~ DSPDP HH,DEC. POINT,MM
EQ02D C6 03 LDA B #%03 ‘

.EQ2F BD FFCD - JSR DSPDP MM,DEC. POINT;SS
. _EO032 BD FFF1 ' JSR DELAYZ '
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E035 0032 | FDB  $0032 ,
E037 20 D4 BRA  TIMTL1 | -
*

xx END *# |
T U

EO39 MF21T. EQU * MULT. FRACTIONAL 2'S COMP. #1 TEST
- ROUTINE TO TEST ROUTINE MF21

*

*

* - "ENTR" FUNCTION IS USED TO ENTER X AND Y, THE :
*  FRACTIONAL 2'S COMPLEMENT NUMBERS TO BE MULTIPLIED
* - ENTER 1)ADDRESS OF TEST ROUTINE,2)"GOTO",3)"STRT"
* AND THE 16 BIT PRODUCT IS DISPLAYED

* - A MAINLINE ROUTINE, . GHANGES IXRV

* : . .

"EO039 CE 0000 . LDX #$0000 CLEAR PRODUCT .LOC.
EQO3C DF-09 : STX ENTRY6
EO3E 7F 000B CLR ENTRYS8 - >
EOC41 DE 06 LDX ENTRY3 SHIFT MULTIPLIER

- E043 DF 07 RS ENTRY4 DOWN’

- EO045 gF 0006 CLR . ENTRY3 MULT. CONTENTS OF
E048 BD F3DF - - JSR "MF21 ENTRY1,ENTRY3 .
EO4B 0004 v FDB ENTRY1,ENTRY4 ,ENTRY6
EO4D 0007 .. _

EO4F 0008 o _ g '
EO51 BD FFDO JSR CLDISP PROD. IN ENTRYG6
E054 986 09 LDA A ENTRY6  DISPLAY PRODUCT
E0S6 D6 QA LDA B ENTRY7
E058 BD FFEB s JSR WRITE4
EO5B 896 0B LDA A ENTRYS8
EOSD BD FFC4 | JSR WRITE2
EOB0 7C 0010 INC MONF LG IND. MONITOR ACTIVE
E063 3E MF21TW WAI - STOP :
E064 20 FD - . BRA MF21TwW : .
* : .
* % END * % -
E3 A
.

E066 MF22T EQU * MULT. FRACTIONAL 2°S COMP. #2 TEST

* - ROUTINE TO TEST ROUTINE MF22 v

* - "ENTR" FUNCTION IS USED TO ENTER Y, -THE

* FRACTIONAL 2'S COMPLEMENT NUMBER TO BE MULTIPLIED

* WITH X ALREADY ENTERED INTO MULT. CHIP USING MF21T

* - ENTER 1)ADDRESS OF TEST ROUTINE, 2)"GOTO"'3)"STRT"

* AND THE 16 BIT PRODUCT IS DISPLAYED

* A MAINLINE ROGTINE, CHANGES IXRV,

* .
E066 CE 0000 LDX ~ #$0000 CLEAR PRODUCT LOC.
EO06S DF 09 Y STX ENTRYH MULT. CONTENTS OF X
EQ6B 7F 000B - CLR ENTRY8 i -
EOBE 7F 0006 CLR ENTRY3 -

EO71 BD F3ES8 JSR MF22 ~ WITH ENTRY 1 -
E074 0004 ‘FDB ENTRY1,ENTRY6 PROD. IN IXRV

&

LA



EQ76
E078
"EQ7B

. EO7D

EQ7F
E082
E084
E087

. EO8A"

EOBB

* %k

EO8D

* * ¥ X ¥

EOBD
EO8E
EO8F
E090
E0Q3
E0S6
E0S9
EOSB
EO9E
EOA1
EQA4

E0AG.
EOA7.

EOAS
'S

%k %k

EOAQ

*

A K K K K XK K K K X ¥
1

"END

0009

BD FFDO
96°.09

D6 -0A

BD
96
BD-
7C
3E
20°

0B
FFC4

FD-

% ¥

CFOF

CHANGES

07

36
OE
CE F780

FFEB

0010

MF22TW
BRA

EQU

A, X

BD F7E3

BD FFF1
00F9

CE F798
BD F7E3

BD FFF1

0030

.32

06
39

END

SPTP EQU ¥

ok

. JSR -
LDA
LDA B
JSR
_LDA

JSR
INC
WAI

*

TPA
P SH-

CLI
LDX
JSR
JSR
FDB
LDX
JSR

JSR

FDB
PUL
TAP

RTS.

CLDISP

LENTRY6

ENTRY7
WRITE4
ENTRYS
WRITE2
MONF LG

DISPLAY PRODUCT

MFQQTW”/—élQP

p—

*MONITOR ACTIVE

COPY/FORTRAN OF P

A SUBROUTINE\TO STOP THE TRANSMISSION OF DATA’
TO A COPY OR FORTRAN PROCESS IN MTS ‘
DISABLES TX2,RX2 BY‘ENABLING TX1,RX1

**x*x SAVE INT:
#EQFTBL

TX1CHS
DELAY2
$00F9 -
#PTIPOF
TX1CHS

DELAY2

$0030

*** RESTORE INT.

; s

MASK

ALLOW FOR TX INTS,"
STOP COPY/FORT
USE TX1,RX1

DELAY

(SE

MTS TERMINAL USERS

GUIDE)

MASK

-

SAVE PARTIALLY TRANSMITTED PAGES

THIS ROUTINE IS CALLED AFTER TRANSMISSION IS
STOPED SO THAT ANY PARTIALLY .TRANSMITTED PAGE
WILL BE SAVED IN THE BMS SO NO DATA IS LOS¥ -
AFTER THIS ROUTINE IS RUN AND TRANSMISSION

IS STARTED AGAIN, ONE OR TWO LINES MAY BE
TRANSMITTED A SECDND TIME
DOES NOT ALLOW INTERRUPTS AS THE STATUS OF THE BMS
IS NOT TO CHANGE DURING EXECUTION:
TO BE USED AS-PART OF A MAINLINE SO AS TO NOT
AFFECT ANY INTERRUPT DRIVEN, TIME CRITICAL PROCESS
( CONTAINS A WAIT LOOP )
NOT TO BE USED 'CONCURRENTLY WITH OR BEFDRE "BMSO"
AS "BMSO" MAY REMOVE THE PAGE JUST SAVED

.5 SEC_FOR TX,
EXIT PTIP MODE .

E

~
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@
*
'

- INPUTS : BMOBS BMOBC,BUF2SR, BMWA, BMRA B$S,BMIBS
OUTPUTS: V IN CCR = SET IF DATA WAS4LOST

*
I

* - CHANGES V IN CCR,BMRA,BSS,BMOBS
* : S
EOAS 07 TPA . : .
- EOAA 36 - PSH- A . *%%x SAVE INT. MASK
EOAB OE . CLI S - ALLOW FOR BMS INTS.
L% ’
EQOAC D6 5B  SPTPL1 LDA B BMOBS ' L
EOAE 2B FC BMI SPTPL1 WAIT UNTIL READ IDLE
* : ‘
EOBO OF ' SEI DO NOT ALLOW INT.
EOB1 7F 0058 CLR = BMOBS CLEAR ANY READ REQ.
EOB4 4F o CLR A . .~ #-OF NON TXED BYTES
EOBS D6 91 LDA B BSOLF ADD # BYTES 1IN BSOL
EOB7 27 02 : BEQ - SPTPSO- SKIP IF ,ZERO
EOBS 8B 18 -~ ADD A #24 ‘ B
EOBB D6 1E SPTPSO‘LDA B. BUF2SR- - '
EOBD C1 01 CMP B #$01 . » ' &
EOBF 27 02 ‘ - BEQ SPTPS1 . SKIP IF BUF2 EMPTY ‘
EOC1 8B 18 . ADD A #24 1 LINE NOT TXED
EOC3 9B 6F SPTPS1 ADD A BMOBC ~ GET TOTAL # OF BYTES
EOC5'26 04 - 'BNE SPTPS2°  SOME DATA NOT TXED?
‘EOC7 32 SPTPX1 'PUL A *k ;
EOC8 06 \ TAP -RESTORE INT. MASK
- EOCY9 0A CLvV - - IND. NO DATA LOST
EOCA 39 ' RTS " :
* , o
EOCB 36 - SPTPS2 PSH A | ** SAVE # OF BYTES .
EOCC BD EOF4 ; JSR - SPSR - TRY TO SAVE A PAGE
EOCF 32 . PUL A *% RESTORE # OF BYTES
EODO 29 09 | BVS. SPTPXF EXIT IF PG NOT SVD.
EOD2 80 40 J SUB A #64 EXIT IF A PAGE OR
EOD4- 2F F1 ‘ . BLE SPTPX1 LESS NOT TXED
* o : .
EOD6 BD EOF4 JSR SPSR SAVE ANOTHER PAGE?
EODQ 28 EC : - BVC SPTPX1 EXLT IF SAVED
\ EODB CE E738 SPTPXF LDX #DDATAL DISPLAY "DATA.LST"
EODE 86 07 LDA A #307 - :
- EOEO 5F CLR B ‘
~EOE1 BD E5D8- JSR DSCT (
- EOE4 32 , - PUL A . Kk '
EOES 06 TAP - RESTORE INT. MASK
- EOE6 0B , SEV INDICATE DATA LOST
“EOE7 39 ‘ RTS : : ’
*x @
*x END *x% ' : 3
EOE8 000C .+ RMB 12
* C

* . .
EOF4 SPSR EQU = SAVE PAGE SUBROUTINE
*



¥ ¥ X ¥ OF K ¥ X X

*

EOF4 D6
EOF6 C5
EOF8 27
. BOFA C8
EOFC 'C5 AD
EOFE 27 10

,* CASE .1
* . -
E100 57
E102 03
E104- 07FD
E107 '
- E108 55
- E10A 3A
57

5A
AQ
34
AQ

E10C
CE10E
"E10F
* N
CASE2
57

03
.07FD

57

TOP>POOBN OMUOro~NIh~NO

NN [ N I O P G G G |

CASE 3

2E D6 59
30 2B 14

*
*
1
1
1
1
1
1
1
1
1
*
1
1
1
1
1
1
1
*
*
*
1
1
132 DE 57

E
E
E

*

07FD-

%

THIS ROUTINE IS CALLED BY "SPTP"
THE PAGE IN THE BMS -THAT WAS MOST RECENTLY
READ ( PAGE # BMRA-1 )
INPUTS :
OUTPUTS: V IN.CCR SET IF A PAGE WAS NOT SAVED

BMRA, BMWA, BSS , BMIBS
BMWA, BSS

CHANGES B, X,CCR
ASSUMES THE READ PROCESS IS NOT ACTIVE
( CASE 4 NOT POSSIBLE )

BMIBS

LDA B .
BIT B #SA0 IF
-~ BEQ
~ EOR B #3A0
BIT B #$A0 IF
BEQ ,SPSRC2 -
*  WRITE
LDX  BMRA
BNE  SPSRSA4
- LDX . #BMSA
SPSRS4 QEX B
CPX  .BMWA
BEQ  SPSRXF
STX - BMRA
CLV
RTS

185

TO SAVE

WRITE NOT ACT. AND

SPSRC3.NOT REQ.,GO TQ CASE 3

WRITE ACT. AND REQ
GO TO CASE 2

ACTIVE BUT NOT REQUESTED

BMS FULL :
IF BMRA-1=BMWA
DEC. WITH WRAP
ARQUND

EXIT IF BMS FULL
SAVE PAGE ”
INDICATE PAGE SAVED

‘ WRITE ACTIVE AND REQUESTED

SPSRC2 LDX- BMRA
BNE . SPSRS1
LDX #BMSA
SPSRS1 DEX | '
" BNE SPSRS2
~ LDX #BMSA
SPSRS2 DEX -
CPX BMWA
BEQ SPSRXF
LDX"  BMRA
BNE SPSRS3
~ LDX  #BMSA
SPSRS3 DEX
STX  BMRA
CLV '
RTS

'SPSRC3 LDA B BSS

BMI
DX

SPSRXF
BMRA

WRITE NOT ACTIVE AND

BMS FULL :
IF BMRA-2=BMWA e

DEC. WITH WRAP

AROUND -

EXIT IF BMS FULL

DEC BMRA BY 1.
WITH W.A]

IND. PAGE SAVED

NOT REQUESTED.

(BSS UP TO DATE)

"EXIT IF BMS FULL

DEC BMRA BY 1
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26
CE
09
DF

8C

26
C6

D7
0A

39

0B
39

03

07FD
SPSRS5

57
55
04
0A

END.
000C

UPON EXIT : X
. CARRY BIT IS (CLEAR/SET) IF 1.D.

CHANGES X,CCR

. E154

00

oD

00

08,

FC

EF

M

* %k

[

UPON ENTRY: X

BNE
LDX
DEX
STX
CPX

BNE

- LDA

SPSRSE

SPSRXF

FDID

A
B

FDIDL1

FDIDL2
o

IDFND

FDIDX1

STA
CLV
RTS

B

B

SEV

RTS

RMB

EQU

SUBROUTINE TO FIND THE LOCATION OF THE I.D.
OF AN ENTRY IN A LOOKUP TABLE -

SPSRS5

#BMSA
BMRA

BMWA

" SPSRS6

#10
BSS

- 12

*
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. .

WITH W.A.

L

UPDATE BSS ‘.
. SKIP IF BMS NOT FULL
INDICATE BMS FULL®

~ 'IND." PAGE SAVED

~IND. PAGE NOT SAVED

FIND 1I. D.

" LOCATION OF TABLE

I.D. OF ENTRY IN TABLE

_BYTES/ENTRY IN TABLE

LOCATION OF FOUND ENTRY 1.D.

- (IS/IS NOT)

PSH
CMP
BEQ
LDA

COoM |

BEQ

B
A
B
B

ww

0,X
IDFND
0,X

FDIDX1

FDIDL2
FBIDL1

FOUND

**x* SAVE B,BYTES/ENTRY
CHECK IF I.D. FOUND
~ BRANCH IF FOUND °
CHECK FOR ENDOFTBL.
IE) §FF
"EXIT IF ENDOFTABLE

**x% RESTORE- BYTES/ENTRY
**x SAVE # BYTES/ENTRY
- INC. TO NEXT ENTRY.

TEST NEXT ENTRY

***% RESTORE STACK
IND. ENTRY FOUND
RETURN '

** RESTORE STACK
IND. ENTRY NOT FOUND
RETURN

»



*
E16C

*

—_— RN KR KK KRR KK KRR
!

[o20 e/

>
oOmoO

b md b ok A A R A kA W -
OO I~I~J~I~I~I~3 =3
WAMOO >0 ~JOIR —

MMMMMMM MMMmMmMm MOmMmMmmAmmmAmm mmmm
00 lo )
moo o

O W W W WW
B WN -0

*

—t —r P
oo
®wr o

GTBT

EQU

L

*

GET BYTE

A_éOBROUTINE TO GET A BYTE FORM THE DISPLAY -
WHICH THE USER ENTERS FROM THE KEYBOARD

READS AND RETURNS THE FIRST AVAILABLE HEXADECIMAL

BYTE ENTERED IN THE SPECIFIED LOCATION

INPUTS :,

LEDNO =

FOLLOWING LED

HEX BYTE, ENTERED

# OF LED WHERE THE BYTE IS TO
. BE ENTERED (NOT TO BE ZEROQ)
THE DISPLAY PATTERN IN'THAT AND THE

QUTPUTS: A =

C IN CCR SET' IF BYTE ENTRY ABORTED AS

- CHANGES C IN CCR,

THE DISPTAY:-WAS CLEARED AND
CLEAR IF A BYTE PROPERLY ENTERED
A,B,X,LEDNO

ALLOWS INTERRUPTS WITHIN ROUTINE

07

36 -

96 12
36

OF
BD FFF1
0030

OF

96 12
27 OF
FFC1

ocC
12

E7

* %

FFBB.

TPA

- PSH A

GTBTL1

LDA A
PSH A

CLI
JSR. .

'FDB

GTBTX2

SEl #
LDA A
BEQ
PUL A
PSH A
JSR
BCC
LDA A
JSR
BRA

PUL A

" PUL A

TAP
SEC

~ RTS

GTBTX1

TAB

PUL A
PUL A
TAP
TBA
CLC
RTS

kL3

LEDNO

% %k

DELAY2

$0030

LEDNO -
GTBTX2

%* %¥

SAVE INT.

A

MASK

SAVE.LOC. OF BYTE
ALLOW FOR INT.

WAIT

FOR ENTRY
DO NOT ALLOW INT,

.1 SEC.

EXIT IF DISP

*x*k )
TRY TO READ BYTE
EXIT IF ENTERED

WRITE TO NEXT LED

READ2

- GTBTX1

LEDNO
WRITEO
GTBTL1

%* ¥
* ok k

* %
* %k %k

DO UNTIL BYTE READ:

. CLR.

REMOVE BYTE LOC.
RESTORE INT.

IND .

SAVE A
REMOVE BYTE LOC.
RESTORE INT.

" RESTORE A

IND.

MASK
ENTRY ABORTED

MASK

BYTE ENTERED

187
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FLAG EQU * FLAG

KEYBOARD.-ACTIVATED FUNCTION

THE FIRST TWO CHARACTERS ENTERED INTO THE
DISPLAY WILL BE CHANGED INTO A HEX BYTE AND
STORED IN FLGC PROVIDED THE HEX BYTE READ-

1S ALLOWED f
THE NEW VALUE, OF FLGC WILL BE DISPLAYED " YHE
NEXT TWO CHARACTERS IN THE DISPLA{ ,
FLGC WILL BE ATTATCHED TO THE & Hf NEXT
RESAMPLED BLOCK AND TXED AND Sﬁﬂ E Néﬁﬁ

- THE SAMPLING DATA

96 89  LDA A FTNFLG

27 07 BEQ ~ FLAGSO

CE F423 LDX - #ERRORT  DISP.: "ERROR",EXIT
BD FFD6 JSR DTSR2  'IF OTHER FTN.ACTIVE
3B RTI - :

96 11  FLAGSO LDA A SECFLG IS SECFLG SET?

27 06 _BEQ FLAGSY  SKIP IF NOT SET

BD FBF6 JSR  SCNDSR B

7E E109 JMP . TIME . GO TO TIME IF SET
96 42  FLAGS! LDA A FLGC EXIT IF FLGC NOT CLR,
26 11 BNE FLAGXT ~ (NOT TXED YET)

BD FFCT1, CUSR READ2  GET 1ST BYTE IN DISP.
25 0C BCS FLAGX1  EXIT IF .ERROR

'CE E1C6 - LpX #FLGTBL  GET FLAG TABLE

ce6 0t LDA B #$01 . . | -

BD E154 . JSR FDID - IF BYTE FOUND

24 02 . . BCC"  FLAGX1  THEN EXIT

97 42 ~ STA A - FLGC’  STORE VALID BYTE

96 42  FLAGX1 LDA A FLGC  GET FLGC FOR VARIFY
BD FFC4 JSR WRITE2 - DISPLAY FLGC .

3B. - RTI EXIT

END *x* | -

FLGTBL EQU *  FLAG TABLE

TABLE OF FLAGS NOT ALLOWED
ONE BYTE / ENTRY .

C1 FCB $C1,$C2,$C3,8C4, $C5,8C6,$C7,$C8  1ST, 2ND
c2 : |

C3
Cc4
C5
C6
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E1CC
E1CD
E1CE
EI1CF
E1DO
E1D1
E1D2
E1D3
E1D4
E1D5
E1D6
E1D7
E1D8

E1D9

*

lws
w

DB

)

mmmMmmmm mAm mm

*—L—A—L—L—L—L—L*—L.—A_&*—L—L*******************’**‘*

mmmim mmo
OO M WO o

mmm
- MO
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C7 N

c8 A

D1 FCB $D1,$D2,$D3,$D4,$D5,$D6,$D7,$D8 CAL. FLAGS
D2

D3

D4

D5 |

D6 - |

D7 c : )
D8 -

FO FCB $F0,$00 "FIRST SAMPLE,NO FLAG

00 o

FF FCB §FF "END OF TABLE'

TIME EQU * TIME .

KEYBOARD ACTIVATED FUNCTION
USED TO SET THE TIME COUNTERS IN PTM #2
USES THE BCD DATA DISPLAYED IN THE FIRST
6 LED'S OF THE DISPLAY TO SET THE COUNTERS .
INPUT : - THE FIRST PAIR OF LED’S ARE TO
DISPLAY HOURS, THE NEXT PAIR
MINUTES, AND THE NEXT PAIR
SECONDS
OUTPUT: - "TS" IS DISPLAYED IN THE LAST
‘ PAIR OF LED'S IF THE TIMER WAS SET
" - THE DISPLAY IS CLEARED IF THE
JIMER WAS NOT SET
THE TIMER IS NOT SET UNDER THE FDLLOWING
CONDITIONS:
- THE FIRST PAIR GREATER THAN "23"
- EITHER OF THE NEXT TWO PAIRS
GREATER THAN "58" OR IF THEY
CONTAIN A "9"
( THE PTM WILL NOT OPERATE
PROPERLY IF SET TO 59 MINUTES

| OR SECONDS |

96 87 . LDA A MLAC

27 07 BEQ . TIMESO

CE F423 LDX #ERRORT  DISP."ERROR", EXIT
BD FFD6 JSR DTSR2 IF WE ARE TXING

3B RTI

86 70 TIMESO LDA A #$70 = READ DISP.LOC. 0
B7 8001 STA A PKDICR  WITH AUTOINCREMENT
BD FFC7 JSR RDWL GET 1ST CHAR.

02 ~ FCB $02 MUST BE .LE. 2

97 04 . STA A ENTRY1 y .

81 02 CMP A #%02 TEST 1ST CHAR.

26 06 BNE TIMES1 © GET 2ND CHAR.



FFC7

FFC7

05
FFC7

06

FFC7

07
FFC7

08
FFC7

09
04
02
04

14
08

01
04

0A
01

TIMEST
TIMES2

JSR
FCB
BRA

JSR
FCB
STA
JSR

- FCB

TIMES3

TIMES4
TIMESS

STA
JSR
FCB
STA
JSR

FCB -

STA
JSR
FCB
STA

LDA
CMP
BNE

LDA

BRA

CMP
BNE

LDA -

BRA

CLR
ADD

LDA
STA
LDA

-STA

LDA
STA
CLR
LDA
SBA
STA
LDA
LDA
SUB
SUB
STA
STA
LDA

P> > @

'‘PWPP®>O> > p =

180

RDWL 1ST CHAR. WAS 2
$03 NEXT MUST BE .LE. 3
TIMES2

RDWL 1S{ CHAR. WAS 0 OR 1
$09 NEXT MUST BE'.LE. 9
ENTRY2 '
RDWL

$05
ENTRY3
RDWL ;
$08
ENTRY4
RDWL
$05
ENTRY5
RDWL
$08
ENTRYE

' %

L]

- ENTRY 1 1ST CHAR. TO HEX

#$02
TIMES3 | )

20

#$14 B
TIMESS

#$01
TIMES4

#$0A B = 10
TIMESS -
.
# OF HOURS

;
ENTRY2 B
#$84 ENABLE INIT.ON WRITE TO

‘CR4 TIMER LATCHES,Q4 IN M,L

é$84 WRITE TO CR6,Q5 IN M,L

RS

#$80 NO 1/8 CLK,Q6 IN N MODE
CR6 ,

TL6H STORE TIME IN LATCHES
#$17

TLBH+1
#$05
#$09
ENTRY3

CENTRY4

TL5H
TL5H+1
#%05



E254

E256

E258

E25A

E25D
*

E260

£262

E265

E267

E26A

E26C
*>

E26F

£272

E275

E278

E278B
*

E27E
E280

E283"

£E285

£287

E28A

E28D

E28F

.E292
*

ok >k

*
E2393

*******************
!

C6 09 LDA B #$09
90 08 SUB A ENTRY5

DO 09 SUB B ENTRYG

B7 9402 STA A TL4H

F7 9403 STA B TLAH+1

86 90 LDA A #$90 DISABLE CNTR INIT. ON
B7 9400 STA A CR6_  WRITE TO TIMER LATCHES
86 95 LDA A #$95 WRITE TO CR4

B7 9401 STA A" CR5

86 94 LDA A #$94

B7 9400 STA A CR4

CE 0017 ~ LDX  #$0017  SET TIMER LATCHES
FF 9406 STX + TLBH FOR PROPER OVERFLOW
CE 0509 LDX  #$0509 |

FF 9404 STX  TLSH

FF 9402 STX  TL4H

86 96 LDA A  #$96 WRITE TO LED #6

B7 8001 STA A PKDICR |

86 45 LDA A #$45 DISPLAY. "TS."

C6 EE LDA B #$EE

B7. 8000 STA A DISRAM

F7 8000 STA B DISRAM

86 90. LDA A ¥$90 WRITE TO LED #0

B7 8001 STA A PKDICR ’

3B RTI EXIT .

END **

CAL EQU * CALIBRATE

A KEYBOARD FUNCTION TO GET A SAMPLE

BLOCK WHERE THE INPUTS TQ ONE OF THE
CHANNELS IS A REFERENCE LEVEL

USED TO CALIBRATE THE DATA GATHERED

A ONE BYTE CODE MUST BE ENTERED TO
SRECIFY THE CHANNEL NUMBER AND WHETHER

A ZERO OR HIGH LEVEL REFERENCE INPUT

IS BEING USED

$C1 TO $CB INDICATE A ZERD INPUT REFERENCE
LEVEL ON ONE OF CHANNELS 1 TO 8 ,
$D01 TO $D8 INDICATE A HIGH INPUT REFERENCE
LEVEL :
TAKES A NUMBER OF SAMPLES AND FILTERS THEM
S0 AN AVERAGE IS OBTAINED AND THE D.C.

- GAIN OF THE FILTER SELECTED IS ACCOUNTED
- FOR : : .
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E293
£295
*

E297
E29A
*

£E29D

E29F

E2A1

E2A3

E2A5
*

E2A7
E2AA

E2AD
*

E2AE
E2BO
3

E2B2

E2B5

E2B8
*

E2BS
E2BC
E2BF
E2C2
E2C4

E2C5
*

E2C8

E2CB

E2CD

E2D0

E2D2

E2D5
*

E2D7

- E2DA

E2DD
E2EO
%

E2E1
E2E3
E2ES

E2E8’

E2EA
E2ED
E2EF
E2F 1
E2F3
E2F5
E2F7
E2FA

11
06

FBF6
BFDF

89

36

86
FO
07

BF58
FFD6

CALSt

CALS2

" CALS3

CALXE

CALX1

CALS4

LDA
BEQ

JSR
JMP

LDA
BNE
LDA
BIT
BEQ

LDX
JSR
RTI

LDA
BNE

LDX
JSR
RTI

INC

JSR

LDX
LDA
CLR
JSR

JSR
BCS
LDX
LDA
JSR

BCC.

LDX
JSR
CLR
RTI

STA
LDA
LDX
LDA
JSR
BCS

- LDX

STX
LDX
STX

- LDX
STX

> >

Qo >

SECFLG
CALST

SCNDSR
SIG

FINFLG
CALXE
SYST
#$FO0
CALS2

#DUSEHS
DTSRZ2
SELFLG
CALS3
#DUSEL
DTSR2

FTNFLG
CLDISP
#DCALT
#$03

DSCT
GTBT

CALX1

#CALTBL
#$01
FDID
CALS4

#ERRORT

DTSR2
FTNFLG

FLGC

CHECK IF 2ND FTN.
SELECTED

GO TO 2ND FUNCTION

EXIT IF FTN> ACTIVE

CONTINUE IF
NOT SAMPLING

DISP."USE .HS" TO
PROMPT USER TO STOP
SAMPLING

CONTINUE IF FILTER
WAS SELECTED

DISP."USE SEL" AS
FILTER NOT SELECTED

IND. A FTN. ACTIVE

DISPLAY "CAL." TO
PROMPT USER TO ENTER
CALIBRATION CODE -

GET ONE BYTE CODE
EXIT IF DISP.CLRED.
GET CODE TABLE
WITH 1 BYTE / ENTRY
FIND THE CODE
CONTINUE IF FOUND

DISPLAY "ERROR"
IND.FTN.  NOT ACTIVE

SAVE CODE AS FLAG

SPLCRS GET SAMPLE CNTR RESET

#CSNTBL
#3$03
FDID

- CALXE

1, X

ENTRY7
SPLVEC
ENTRYS
#VCALP
SPLVEC

GET SAMPLE # TABLE
3 BYTES / ENTRY
FIND LOC.OF RESET
EXIT IF NOT FOUND
SAVE # OF SAMPLES

-TO BE TAKEN

SAVE VECTOR TO
SAMPLE PROCESS
ACTIVATE CAL.
PROCESS
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ERFC
E2FF
E301
£302
E305
E307
E309
E30C
*

E30D

*

i

1}

* X X X % X % %

*
£30D
E30E
E311

*

E312
*

£E315

E317

£E318

E31A
3

E31C
*

E31D
E31F
E322
E324
£326
£329
E32C
E32F
E332
E334
E337
*

E33A

E33C

E33F

E341
*

£344
£346
E349

E34C

CE 0400 LDX #5

6F 00 CALLt CLR 0,x
08 INX

8C ggAG CPX #Y+22
26 BNE CALL1
86 D7 LDA A #$D7
B7 7CO01 STA A CR2
3B RTI

CALP EQU * CALIBRATION PROCESS

ENTERED UPON TIMER INTERRUPT (
GETS A NUMBER OF SAMPLES AND FI
THEM -

AFTER THE LAST SAMPLE THE CALIB
CODE IS ADDED TO THE SAMPLE -BLO
A FLAG CHARACTER AND THE LINE O
I'S STORED IN THE BMS

OE cLI

BD F3D6 JSR  SAMP

01 NOP

BD EFDO JSR FILT

DE 0A LDX  ENTRY?
09 DEX

DF 0A STX  ENTRY7
27 01 BEQ  CALPST
3B RTI

86 97  CALPS! LDA A #$97

B7 7CO1 STA A CR2

DE' 08 LDX  ENTRY5
DF 32 STX  SPLVEC
CE 0490 LDX  #Y

BD F3F4 JSR  MDTI

BD F3EB JSR  CKSM

BD F3E5 USR  TMHB

96 42 LDA A FLGC

B7 0666 STA A BSIL+22
7F 0042 CLR  FLGC

86 80 LDA A #FRFR FR
B7 0650 STA A BSIL

86 81 LDA A #FREN
B7 0667 STA A BSIL+23
C6 18 CALPL1 LDA B #24 ‘
CE 0650 LDX  #BSIL
BD B7E6 JSR  BMSI

28 0A BVC

CALPS2 S

193

CLEAR FILTER DATA

ENABLE TIMER INT.
( CLK #2 )

CLK #2 )
LTERS

RATION
CK AS
F DATA

ALLOW FOR INT.
OBTAIN SAMPLE BLK.

FILTER,S IN,Y 0OUT
DEC. SAMPLE COUNT

CONTINUE IF THIS IS
THE LAST SAMPLE

DISABLE CLK2,PTM1
INTERRUPT

RESTORE VECTOR TO
SAMPLE PROCESS

MOVE OUTPUT TO BSIL
( 16 BYTES )

APPEND CHECK SUM(2)
ADD TIME (3 BYTES)

ADD 1 FLAG BYTE

AME THE SAMP.BLOCK

# OF BYTES IN BSIL

STORE LINE IN BMS
KIP IF BMS NOT FULL



»
£34t CE BF20
E351 FFD6
£354 ?0089
E357

»

E358 27 EA
L

E35A 8D FFDO
E350 CE E380
E360 86 03
362 5F

£363 BD E5D8
E366 CE E740
E369 86 04
E368 C6 04
E36D BD E5D8
E370 7F 0089
E373 3B

*

* % END * &
E374 000C
»*

"CALPS2

*

£380 DCALT EQU =
*

E380 78

E381 77

E382 B8
*

2

" ‘
E383 CALTBL EQU =

»

- FORMAT

* X ¥ *

b 3
E383 C1
E384 C2
E385 C3
E386 C4
E387 C5
E388 Cb6
E389 C7
E38A C8

*

FCB

LDX
JSR
CLR
RTI

BEQ
JSR

- LDX

LDA
CLR
JSR
LDX
LDA
LDA
JSR
CLR
RTI

RMB

DISPLAY

FCB
FCB
FCB

#OBMSFL  DISPLAY
DTSR2
FINFLG  IND.FIN.
CALPL!  RETRY IF
CLDISP
#DCALT  DISPLAY
#%03
DSCT
#D104TB  DISPLAY
#$04
#3304
DSCT
FINFLG  IND. FTN.
12

‘CALIBRATE
$78 “c
$77 “ A"
$B88 "L

CALIBRATION TABLE

FCB ' ( CALIBRATION CODE

ZERO REFERENCE LEVELS, CANNELS 1 T0 8
$C1,$C2,$C3,3C4,%$C5,%C6,9C7, $C8

* HIGH REFERENCE LEVELS, CANNELS 1 71O 8

%
E38B D1
E38C D2
E38D D3
E38E D4
E38F D5

FCB

194

"BMS FULL"
INACYLYE

NOT STORED

uCAL.N

“10 4"

INACTIVE

$D1,%D2,9D3,%D4,%D5,%$D6,%$D7,$D8

“
™
3



E390
E391
E392
E393
*

*
E394

* X X %

*

- E394
E395
E 3

E397
E398
*

- E39A
E398B
*

E33D
E3SE
*

E3AQ

E3A1

* Ok K X X K X T> K K X

*

E3A1
E3A4
E3AB
E3AQ
*

. E3AC

E3AD
E3BO
E3B2
E3B3
E3B5
*

E3B7

. E3B9

E3BC
E3BF

_ ® - - 195

D6

D 7 | , d.“ ‘ . ,
D& . i .
FE FCB  §FF " END OF TABLE "
CSNTBL EQU * CALIBRATION SAMPLE NUMBER TABLE
- FORMAT: - :
FCB ( SAMPLE COUNTER RESET VALUE )
EDB ( # OF SAMPLES FILTERED FOR
CALIBRATION )
14 " FCB 20 2 HZ. RESAMPLE
0100 FDB 256 |
oA FCB 10 4 HZ. RESAMPLE
00FA " FDB 250 A
05 . FCB 5 8 HZ. RESAMPLE
0087 FDB 135 |
04 FCB 4 10 HZ. RESAMPLE
008F FDB  $8F -
FE.© © FCB  SFF " END OF TABLE °
8DB  EQU BUBBLE MEMORY DEBUG 'ROUTINES
- ENTRY PIONT TO A SET OF ROUTINES TO CHECK
THE BUBBLE MEMORY SYSTEM
- TO EXECUTE ONZ OF THE PROGRAMS ENTER:
« , .BDB , X . X
WERE XX IS THE 1.D. OF THE DESIRED ROUTINE-

BD FFDO USR  CLDISP  CLR DISPLAY, LEDNO
86 3E LDA A #$3E DISPLAY "B"
B7 8000 STA A DISRAM
7C 0012 INC  LEDNO -
OF BDBL1 CLI ALLOW INTERRUPTS -
BD, FFF{ JSR  DELAY2  DELAY .1 SEC
10030 FDB  $0030 |
OF ‘SEI DO NOT ALLOW INT.
96 12 - LDA A LEDNO  DISPLAY CLEARED?
27 29 . .BEQ " BDBXT EXIT IF SO
86 .71 LDA A #$71 READ BYTE1 OF DISRAM
B7 8001 . STA A PKDICR  WITH AUTO INCREMENT
B6 8000 LDA A DISRAM |

B DISRAM  GET NEXT TWO BYTES

F6 8000 LDA



E3C2 BD FFE2 | -~ JSR - DSTOBI  CONVERT TO HEX

E3C5 24 08 BCC*  BDBS1 SKIP IF ROUTINE #
E3C7 86 90 'LDA A #%$90 WRITE TO DISRAM -
E3CY9 9B 12 ADD A LEDNO ( PROPER BYTE )
E3CB B7 8001 . STA A PKDICR '
‘E3CE 20 DC . BRA BDBL 1 WAIT FOR ENTRY
EBDO CE E4EE BDBS1 LDX #BDBTBL ”TABLE OF BDB ROUT.
'E3D3 C6 03 LDA B #$03 3 BYTES / ENTRY
E3D5 BD E154 . JSR FDID FIND LOC. OF #
E3D8 24 02 BCC BDBFND ~ BRANCH IF’ FOUND
E3DA 20 C5 BRA BDB RESTART, # :NOT FOUND
* : .
E3DC EE 01 BDBFND LDX - 1,X GET BDB ROUTINE LOC.
E3DE AD 00 JSR 0,x JUMP TO ROUTINE
* T
E3E0 3B - BDBX1 RTI EXIT
* :

—
[

* .
E3E1 RBCS EQU = READ BUBBLE CONTROLER STATUS
*

* - READS AND DISPLAYS THE STATUS REGISTER

* "OF THE BUBBLE MEMORY CONTROLLER -

*
E3E1 86 94 LDA:- A #%94 - WRITE TO . :
E3E3 B7 800t STA A PKDICR DISRAM BYTE 4
E3E6 B6 ACOf ‘ LDA A BCSR BUB.CNTRL.STAT.REG.
E3ES BD FFC4 ) JSR WRITE2 DISPLAY STATUS
E3EC C6 06 ) LDA B #%06 - INDICATE READY TO
E3EE D7 12 . STA B LEDNO WRITE TO BYTE 6
E3FO 39 - RTS ‘ EXIT

**  END * %k

*

*
E3F1 WRX1 EQU * WRITE REGISTERS VERSION X1

B 3

- WRITES 7220 REGISTERS B THROUGH F WITH

»*
* VALUES SUITABLE TO DEBUG THE BM SYSTEM
* - ONLY HALF A BUBBLE IS SELECTED SO THAT
* DATA MAY BE TRANSFERED WITHOUT PROGRAM
* TIMING ERRORS
* - X1 : B = %01 - 1 PAGE TRANSFERS
* C = $00 - SELECT 1FSA CHANNEL,1/2 BUB. -
* D = $08 - LOW FREQ.,50KHZ FIELD 4MHZ CLK
* E = $00 - PAGE 0, START ADDRESS $000 '
.* F = $00 - SELECT FIRST BUBBLE
E3F1 86 0B LDA A - #$0B READY TO WRITE T0 B
E3F3 B7 ACO1 STA A BLCSR (WITH AUTO® INCREMENT)
E3F6 86 01 © LDA A #$01
E3F8 B7 ACO0 STA A BCDR
E3FB 86 00 LDA A #%00
E3FD B7. AC0O0 o STA A BCDR
E400 86 08 LDA A #$%08
A

E402 B7 ACOO ' STA BCDR
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E405 86 00 ~LDA A #%00
£E407 B7 ACOO STA A BCDR
E40A 86 00 - LDA A #%00
E40C B7 ACOO . STA A BCDR o
- E40F 20 53 BRA BDBCX 1 GO TO COMMON EXIT 1
* - . o, .

* _ : . .
E411 WRX2 EQU * WRITE REGISTERS VERSION X2

*

+ - SAME AS WRX1 EXCEPT A WHOLE BUBBLE, (2 FSA CH.),
* 1S SELECTED
'+ - USED TO DEBUG WRITE/READ BOOTLOOP REGISTERS,.
*  CHECK FOR MISSING SEEDS, ECT.
* - X2 : B = $01 - 1 PAGE TRANSFERS
o C = $10 ™2 FSA CHANNELS,WHOLE BUBBLE
* D = $08 - LOW FREQ.,50KHZ FIELD 4MHZ CLK.
* E = $00 - PAGE 0,START ADD.= $000 ,
x F = $00 - SELECT FIRST BUBBLE :
b3
E411 86 0B " LDA A’ #$0B° READY TO WRITE T0O B
E413 B7 ACO1 STA' A BCSR {WITH AUTOINCREMENT)
E416 86 0f . LDA'A  #$01 ‘
'E418 B7 AC00° STA A BCDR
E41B 86 10 LDA A #$10
"E41D B7 ACO0 STA A BCDR
E420 86 08 = - - LDA A #308
E422 B7 ACO0 STA A - BCDR
 E425 86 00 LDA A  #300
" E427 B7 ACO0 STA A BCDR
. E42A 86 00 LDA A  #$00
E42C B7 ACO0 STA A BCDR |
E42F 20 33 BRA  BDBCX1 GO TO COMMON EXIT 1
* N -

*

E431 WRFF EQU * WRITE THE FIFO

*

* - WRITES 40 BYTES FROM FIFOI(RAM) TO THE 7220 FIFO

E431 CE 0600 LDX- #FIFOI LOC. OF FIFO INPUT‘
- E434 A6 00  WRFFL1 LDA A 0,X ‘GET BYTE .
E436 B7 ACOO STA A~ BCDR ~ WRITE TO DATA REG.
E439 08 INX GO TO NEXT BYTE
E43A 8C 0628 CPX #FIFOI+40 ALL BYTES WRITTEN?
E43D 26 F5 BNE - WRFFL1 LOOP IF NOT _
E43F 20 23 : BRA BDBCX 1 GO TO COMMON EXIT 1
x :
* : . . .
E441 RDFF EQU * READ FIFO
* - READS-40 BYTES FROM BMC FIFO AND SOTRES
* THEM IN FIFOO

*

E44TOCE 0628 LDX #FIFOO LOC. OF FIFO OUTPUT
- E444 B6 ACOO0 RDFFL1 LDA A BCDR BYTE FROM DATA REG.
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E447 A7 00
E448 08
‘E44A BC 0650
- E44D 26 F5
E44F 20 13

-

x .
E4571 -

*

*'— ENTERS A _TEST

£451 CE 0600
E454 4F -
E455 CB AA
E457 A7 00
E459 4C

E45A 08

E48B E7 00
E&QEE: 53
E45E 08

E45F 8C 0628
E462 26 F3
E464 BD FFDO
E467 39

*

r
E468 VFFD EQU *

*

(FIFOI,

* K X X ¥ X X X

£468 CE 0600
E46B A 00
E46D A1 28
E46F 26 15
E471 08
E472 8C 0628
E475 26 F4

%k

E477 CE E740 VFFDX2

E47A- BD FFD6
E47D 86 90
E47F B7 8001
E482 7F 0012
E485 39

*

E486 DF 0A
E488 E6 28

"GFED

GFFDL 1

BDBCX 1

STA A

INX
CPX
BNE
BRA

EQU

188

0,X STORE BYTE IN FIFOO
#FIFOO+40 IF ALL BYTES READ? -

RDFFL1 LOOP IF NOT
BDBCX 1 GO TO COMMON EXIT 1

*. GENERATE FIFO DATA

PATTERN OF 40 BYTES INTO FIFOI

LDX
CLR
LDA
STA
INC

INX
- STA

COM
INX

CPX -

BNE
JSR
RTS

o w I> > o>

X),(FIFOO, X)

VFFDLT

VFFDR1

VFFDX1

VFFDE 1

LDX
LDA
CMP
BNE
INX
CPX
BNE

LDX

JSR

LDA
STA

CLR~

RTS

STX

DA
p

#FIFOI  LOC. OF FIFD INPUT
#SAA GENERATE A

- 0,X SERIES OF PAIRS

FIRST OF EACH PAIR
, - COUNTS ' ,

0,X SECOND OF EACH PAIR -
' ALTERNATES BETWEEN

- $AA AND $55
#FIFOI+40 ALL GENERATED?
GFFDL1 LOOP IF NOT
CLDISP  COMMON BDB EXIT 1

VERIFY FIFO DATA ' ‘ ‘

- COMPARES CONSECUTIVE BYTES OF FIFOI WITH
CORESPONDING BYTES IN FIFOO

- IF THE TWO BUFFERS ARE THE SAME, "10 4" IS DISP..
AND WE ARE READY TO WRITE TO.LED #0

- IF A"PAIR OF BYTES DO NOT AGREE, THE LOC. IN
FIFOI IS DISPLAYED TOGETHER WITH THE PAIR

- TO EXIT WHEN THERE ARE ERRORS, CLEAR DISPLAY
'#FIFOI FIFOI,FIFOO ADJACENT

0,X GET INPUT BYTE ,
40,X - COMPARE WITH OUTPUT
VFFDE1 BRANCH IF NOT "SAME

#FIFOI+40 ALL ﬁAIRS.TESTED?

VFFDL1 ~ LOOP IF NOT

#D104TB  GET "10 4" TABLE
DTSR2 - DISPLAY "10 4"

#$90 READY TO WRITE LEDO
PKDICR ' :
LEDNO A

' EXIT

ENTRY7 SAVE X
40, X GET OUTPUT BYTE

/



E48A
¥

E48D
EA8E
E491"
E493
E494
E496
E439
E49C
. *
EAQE
E4AD
*
E4A2
EA4A5
EAAT-
o

P

E4AS
*

E4AS
E4AB
.

E4AD
E4AF
%k

*

E4B1

E4B3
*

E4B5
'E4B7
’ %

-E4B9
" E4BB
*
3%
E4BD
*

E4BD
E4BF '
%

BD FFDF

JSR
OE VFFDL2 CLI
BD FFF1 JSR
0030 FDB
OF SEI
86 60 LDA
B7 8001 STA
B6 8000 LDA
27 DF BEQ
96 11 LDA
27 EB BEQ
BD FFDO JSR
DE 0OA LDX

c8”

20

MBLRW EQU * MASK BOOT

86
20

10
3A

E4AD

86
20

11
36

E4B1

86

20

86
20

CINIT

READ

12

32

"E4B5

13
2E

E4BS

86

20

14

2A

WBLR

86
20

16
26

WRITE

'RDSK

CEQU =

> > >

BRA

BRA

LDA
~ BRA

>

DSPXAB

DELAY2
© $0030

#$60
'PKDICR
DISRAM

SECFLG
VFFDL2

CLDISP

ENTRY7
VFFDR1

LDA A . #$10
~ BRA BDBCX2

EQU *

LDA A #$11

BRA BDBCX2

EQU *

LDA A  #$12

BRA BDBCX2

EQU, *

LDA. A #%$13

BRA BDBCX2

EQU =

LDA A #$14

- BDBCX2

VFFDXT .

CLDISP.,DISP. X,A,B
'ALLOW INTERRUPTS

DELAY FOR .1 SEC.

DO NOT ALLOW INT:
_ DISRAM READ

READ BYTE O
GO TO EXIT IF CLEAR

2ND FTN. KEY?

LOOP FOREVER IF NOT

RESTORE X
RETURN TO LOOP 1

LOOP REGISTER WRITE

 INITIALIZE

READ

WRITE

READ SEEK

'WRITE BOOT LOOP REGISTER

4$16°
BDBCX?2
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 E4CH

*

E4C1

E4C3
*

E4C5
E4C7
*

*
- EA4CS
. E4CB
[

*
E4CD
E4CF

*

E4D1
E4AD3
*

*
E4D5

E4D7
. *

*

E4DS

E4DB
*

" E4DD
E4DF
E 3

E4E1

E4E3
S

86 17
20 22

E4CS
86 18

20 1E

E4CS

86 19
20 1A

E4CD -

86 1A
20 16

E4D 1
86 1B
20 12

E4D5

86 1C

20 OE

E4D9
86 1D

20 0A -

E4DD

86 1E
20 06

E4E1

WRBL.

RFSAS

ABORT

WRSK

RDBL

RDCD EQU

FFRST
" PURGE

SWRST

86 1F -

20 02

EQU
LDA A
BRA
EQU
LDA A
BRA

EQU

LDA A

BRA

EQU

LDA A
BRA

EQU

LDA A
BRA

LDA A
BRA

EQU
LDA A

BRA

EQU

LDA A
BRA

EQU

LDA A

‘BRA

200

* _ WRITE BOOT LOOP

#$17
BDBCX2
x . READ FSA STATUS
#$18
BDBCX2
* ABORT
#$19 .
BDBCXZ
* - WRITE SEEK
#$ 1A -
BDBCX2
* . READ BOOT LOOP
#$1B -
BDBCX2
'READ CORRECTED DATA
#$1C
BDBCX2
x  « FIFD RESET

#$1D -
BDBCX2

"* . PURGE

#$1E
BDBCX2

* SOF TWARE RESET
#$1F

BDBCX2



E4E5

EAET

EAEA

E4ED
*

* %

*
E4EE
*

*
E4EE
E4EF

- E4F1

E4F2

E4F 4

E4F5
E4F7
"E4F8

E4F AN

E4FB
E4FD
E4FE
- E500
E501
E503
E504
E506
E507
E509
E50A
E50C
E50D

ESOF
E510"

E512
E513
E515
E516
E518
E519
- E51B
E51C
ES1E
ES1F
E521
E522
E524
E525

EAE5  RBLR

EQU
6 15 - LDA A
. ACO1 BDBCX2 STA A

BD FFDO JUSR

33 ~ RTS
END  #%

BDBTBL EQU *

|
|

~READ BOOT LODP REGISTER

#$15

BCSR

WRITE COMMAND TO BMC

CLDISP
. EXIT \

BUBBLE DEBUG TABLE

- TABLE OF BDB ROUTINE NUMBERS.LOCATI@NS

AND NAMES

00 " FCB
E3E1 FDB
01 - FCB
E3F 1 FDB
02 FCB
E4 1 FDB
03 FCB
E431 FDB
04 o FCB
E441 FDB
05 FCB
E451 ~ FDB
06 " FCB
E468 - FDB
07 FCB
E4A9 ~ FDB
08  _FCB
E4AD FDB
09 FCB
E4B1 - FDB
0A FCB
E4B5. FDB
08B , FCB
E4B9 | FDB
0C . . FCB
E4BD . FDB
oo _FCB
EACT ~ 'FDB
OF B FCB
E4C5 FDB
00 FCB
E4C9 FDB
10 FCB
E4CD FDB
11 FCB
E4D1 . FDB
12 . FCB
E4D5

FDB

$00
RBCS
$01
WRX1
$02
WRX2
$03
WRFF
$04
RDFF

- $05

GFFD
$06
VFFD
$07

" MBLRW

$08
INIT

-$08

READ
$0A
WRITE
$0B
RDSK
$0C
WBLR
$0D
WRBL
$0E -
RFSAS
$00
ABORT
$10
WRSK
$11 -
RDBL
$12

- RDCD

‘READ BMC STATUS

WRITE REG.VERSION X1

WRITE REG.VERSION X2

WRITE FIFO
READ FIFOQ
GENERATE FIFO DATA-
VERIFY FIFO DATA
MASK BOOT
LOOP REG.WRITE
INITIALIZE
READ ”

WRITE

»READ SEEK

WRITE BOOT LOOP REG.

WRITE BOOT LOOP
'READ FSA STATUS

ABORT (NOT TO BE
USED WITH 7220BRD)

WRITE SEEK

READ BOOT LOOP
" READ CORRECTED DATA
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*****

E527 13

E528 E4D9

E52A 14
E52B E4DD

E52D 15
ES2E E4E1
ES30 16
E531. E4E5
ES33 20

E534 E546

E536 23

. E537 E53A

E5393FF

E53A WRX3DB EQU *

FCB
FDB
FCB
FDB
FCB
FDB
FCB
FDB
FCB
FDB
FCB
FDB

. FCB.

o o

$13 -
FFRST
$14
PURGE
$15
SWRST

- $16

RBLR

- $20

BCXT
§23
WRX3DB
SFF

FIFO RESET
PURGE

SOFTWARE RESET

READ BOOT LOOP REG.
COMMAND EXECUTION TIME
WRITE REG.VER.3

"END OF TABLE"

WRX3 WITH BUBBLE DEBUG

* - ALLOWS WRX3 TO BE EXECUTED AS A BDB COMMAND

~* - BUBBLE MEMORY CHIP #1 PAGE TO BE ACCESSED IS

* PLACED IN ENTRY1 AS AN INPUT

ES3A 96 04
E53C D6 05
ES3E 37
E53F 36
E540 BD
E543 31
E544 31
E545 39
*

** END

*

*
E546 BCXT EQU =
- DISPLAYS THE TIME

*

BMS

¥ X ¥ ¥

*

*

E546 BD
E549 5F
E54A 86 02
E54C CE

ESFO

*

(

FFDO

E5C7

E54F BD ESD8

E552 BD

ES557 TE
’ %

E16C
ES55 24 03
i

ESC2

|

LDA
LDA
PSH
PSH
JSR
INS
INS
"RTS

*

BUBBLE

A
B
B
A

ENTRY1.
ENTRY2"

* ¢ ok
* %k
WRX3
* %K
* %k

PUSH ‘ADDRESS LSB
_ PUSH ADDRESS M5B

REMOVE ADDRESS
FORM STACK

COMMAND EXECUTION TIME

REQUIRED TO EXECUTE 'CERTAIN

BUBBLE MEMORY SYSTEM )

IIBT n

JSR
B

CLR
"~ LDA
LDX
- JSR

THOSE LISTED IN BCXTT
- UPON ENTRY, IS DISPLAYED,WHERE AFTER THE
BDB COMMAND CODE 1S TO BE ENTERED :
- AFTER THE COMMAND IS SENT TO BMC AND AFTER

- BMC IS NO LONGER BUSY,.ELAPSED TIME IS DISPLAYED

A

JSR

BCC
JMP

CLDISP

f#soz
A#DBTTBL

DSCT

GTBT
BCXTS1

BCXTW

COMMANDS

STARTING WITH 1ST,

NAMLY

WRITE 2 LED’S

WITH

GET COMMAND CODE
SKIP IF ENTERED

GO TO WAIT LOOP

IIBTII
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ES55A
E55D
E560
E562
E565
*

E567

E56A

E56C

E56F

E571
&

E573
E574
E576
E578
E57A
*

E57D
ES7F
E581
E582
E584
E586
E588
E589
E58B
E58D
E58F
E590
E582
E594
E597
. E599
E59B

*

E58D
E59E
ES5AQ
E5A3
"EBA6
%k

E5A8
E5AB
E5AD
ESAF
‘E5B2
ESB4
E5B7
E5BS
- E5BC

ESBF
Sk

E5C2

0000
E5C9
01
E154
DF

'E4EE

BCXTSt INC
LDX
LDA

JSR

BCS

LDX
LDA
JSR
LDX
LDA

CLR
STA
STA
STA
STA

BCXTL2 LDA
ADD
DAA
STA
LDA
ADC
DAA
STA
LDA
ADC
DAA
BVS
STA
LDA
BIT
BEQ
BRA

BCXTTO CLR
LDA
LDX
JSR
BRA

BCXTS2 JSR
LDA

LDA

JSR

~ LDA

JSR

LDA

JSR

LDA

JSR

BCXTW CLR

> > > > > > > > > W w >

o o>

> » » WX

203

'READEN  ALLOW KEYBRD ENTRIES

#BCXTT TIMABLE COMMANDS
#301 1 BYTE / ENTRY

FDID FIND CODE IN TABLE .
BCXT RESTART IF NOT FOUND

#BDBTBL BDB COMMANDS

#%$03
FDID FIND CODE IN TABLE
1,X  GET LOC.COMM. ROUTINE
1.X GET COMMAND
INIT.COUNTER BYTES
ENTRYS
ENTRY?
ENTRY6 ;
BCSR START EXECUTION
ENTRY8S 3  INC. COUNTER
#$5 1 2
2 USE BCD ARITH.
ENTRYS 4
ENTRY7 = 3
#$00 2
2
ENTRY7 4
ENTRY6 3
#$00 2
2 ;
BCXTTO 4 EXIT ON OVERFLOW
ENTRY6 4
BCSR 4
#$80 2 SKIP IF EXECUTION

BCXTS2 4 COMPLETE
BCXTL2 4/51 DO UNTIL IT IS

STARTING AT 1ST LED

#$05 °° DISPLAY 5 CHARACTERS
#DTOFT  TO IND. OVERFLOW .
DSCT DISPLAY

BCKTW GO TO WALT LOOP
CLDISP

ENTRY6  DISPLAY EXECUTLON
ENTRY7  TIME '
WRITE4

ENTRY8

WRITE2

#$05 AFTER LAST DIGIT
DSPDP PLACE DECIMAL POINT
BCSR DISPLAY BMC STATUS

WRITE2

PREPARE TO WRITE



E5C3 BD
E5C6 39
L3

*

FFBB

E5C7

E5C7 3E
E5C8 45

E5C9 BCXTT EQU *

E5C9 0B

E5CA 10

E5CB 13
ESCC 15
E5CD OE
ES5CE 14
ESCF 08
ESDO FF
ESD1 FF
E5D2 FF
*

* .
ESD3 DTOFT EQU =

ESD3 C5

ES5D4 00

. ES5D5 FD

E5SD6 00

ES5D7 F2
*

E'3
% %
*

¥k
ESD8 DSCT-EQU

%

LK I I K

*
ESD8 C4
ESDA CA
E5SDC F7
ESDF C4

*

ESE1 36
ESE2 AB
ES5E4 B7
ESE7 5C
ESE8 08

END

INPUTS :

- OUTPUTS:
CHANGES

OF

90
8001

OF

00
8000

* %k

DBTTBL

*

I

X
A
B
B
X,

DSCTLA1

JSR
RTS

EQU
FCB
FCB

TABLE

FCB-
FCB
FCB

FCB

FCB

OF

204

WRITEO  TO 1ST LED
EXIT
* DISPLAY "BT" TABLE
$3E "B
$45, "y X
ALLOWABLE BCXT COMMANDS
$0B READ SEEK
$10 WRITE SEEK
$13 FIFO RESET
$15 SOFTWARE RESET
$0E READ FSA STATUS
$14 PURGE
$08 INITIALIZE:
"END OF TABLE"

SFF,$FF,§FF

$C5
0
$FD
0
$F2

DISPLAY TIMER OVER FLOW TABLE

" T 1)
n O . (1)
" F . n

DISPLAY CHARACTER TABLE

ROUTINE TO DISPLAY A TABLE OF CHARACTERS
IN THE LED’S

LOCATION OF TABLE '
NO OF CHARACTERS TO BE. DISPLAYED
NO. OF FIRST LED TO BE WRITTEN TO

( FIRST LED =

)

NO. OF NEXT LED TO BE WRITTEN

AND
ORA
STA

AND

PSH
LDA
STA
INC
INX

T I>rr > oo o ow o

A,B,CCR,LEDNO

#$0F
#$90
PKDICR
#$0F

¥ % %k
0, X
DISRAM

#

-

WRITE WITH
AUTOINCREMENT TO
LOC. SPECIFIED BY B
REMOVE INSTRUCTION

CHAR. TO BE WRITTEN

" DISPLAY CHAR.

NEXT LED .
NEXT TABLE LOCATION
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ESE9 32 PUL A >k K \
ESEA 4A DEC A ' ONE LESS CHAR.
ESEB 26 F4 BNE DSCTL 1 DO UNTIL NONE LEFT
*x )
ESED D7 12 STA B LEDNO NEXT LED WRITTEN
ESEF 39 RTS
b3
* %k END * %k

*

ESFO WRX3 EQU = WRITE REGISTERS VERSION 3

* - A ROUTINE TO WRITE BMC REGISTERS IN PREPERATION
*  FOR A COMMAND
* - REGISTER SET UP:(SEE BUBBLE SYSTEM DOCUMENTATION)
* BLR=$1001,2 FSA CH., 1 PAGE/BUBBLE DATA TRANSFER
* ER =$41 NO PARITY INT., ERROR INTERRUPTS ONLY ON
* TIMING AND UNCORR. ERR., COMMAND INT.
* BOOTLOOP MASKED,MFBTR LOW;NO DMA
* AR =%000005SS,$SS , SELECT BUBBLE CHIP #1 ONLY,
* S,S SELECTES DESIRED PAGE
*  RAC=$00 ,POINTS TO FIFI ON EXIT
* - INPUTS:- ADDRESS OF PAGE TO BE ACCESSED(TWO BYTES)
* IS TO BE PUSHED ON STACK BEFORE ENTERY -
* - NO QUTPUTS
* - CHANGES A,X,CCR )
* . :
ESF0 86 0B ’ LDA A #$0B
ESF2 B7 ACO1 -STA A BCSR ‘
ESF5 86 01 LDA A #$01 WRITE BLR LSB
ESF7 B7 ACO0 STA A BCDR
ESFA 86 10 - LDA A #$10 WRITE BLR MSB
ESFC B7 ACOO STA A BCDR '
ESFF 86 41 LDA A+ #$41 WRITE ER
E601 B7 ACOO0 STA A BCDR
E604 30 : TSX .
E605 A6 03 ' LDA A 3,X GET ADDRESS LSB
E607 B7 ACOO 'STA A BCDR WRITE ADDRESS LSB
E60A A6 02 LDA A 2,X . GET ADD. MSB
E60C 84 07 AND A #$07 SEL. ONLY MAG.BUB.#1
E60E B7 ACOO0 STA A BCDR WRITE MSB
E611 39 ~RTS
* , ‘
*%  END  *x%

*
*

E612 WRX4 EQU = WRITE REGISTERS VERSION 4

* .
* - A ROUTINE TO WRITE BMC REGISTERS IN
PREPERATION FOR A READ COMMAND
- REGISTER SET UP:(SEE BUBBLE SYSTEM DOCUMENTATION)
BLR=$1001,2 FSA CH., 1 PAGE/BUBBLE DATA TRANSFER
ER =$43, NO PARITY INT. ERROR INTERRUPTS ONLY ON
TIMING AND UNCORR. ERR., COMMAND INT.,

* ¥

* ¥ ¥



*
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BOOTLOOP MASKED,MFBTR HIGH,ND DMA
AR=%00000SSS,$SS , SELECT BUBBLE CHIP #1 ONLY,

S,S SELECTES DESIRED PAGE

RAC=$00 , POINTS TO FIFI ON EXIT '

- INPUTS:- ADDRESS OF PAGE TO BE ACCESSED(TWO BYTES)
IS TO BE PUSHED ON STACK BEFORE ENTERY

X

*

*

x

*

*

* - NO QUTPUTS

* - CHANGES A,X,CCR

*
E612 86 OB LDA
E614 B7 ACO1 STA
E617 86 01 LDA
E619 B7 ACO0O0 STA
E6IC 86 10 LDA
E61E B7 ACOO’ - STA
E621 86 49 LDA
E623 B7 AC00 STA

- E626 30 TSX

E627 A6 03 LDA
E629 B7 ACOO ‘ STA
EB62C A6 02 LDA
EB2E 84 07 -AND
E630 B7 ACOO . STA
E633 39 RTS

*

* %k END & K

%k

*)

* TABLES
E721 ‘ ORG

% 3k 3 % % o ¥k ok ok A Xk

*
E721 7E E30D VCALP JMP
*

*
- E724
E724
E726
E728
E72A
E72C
E72E
E730
E732
E734
E736

*

*
E738
*k

E738
E739

- E73A

D=5 = = 2 ~ 4 ~ 4 P>

#$0B

BCSR
#$01
BCDR
#3$10
BCDR
#$49
BCDR

3, X
BCDR
2,X
#$07
BCDR

$E721

CALP

WRITE BLR LSB. -
WRITE BLR MSB
WRITE ER

GET ADDRESS LSB
‘WRITE ADDRESS LSB
GET ADD. MSB
SEL.ONLY MAG.BUB. #1
WRITE MSB

FILTA EQU * FILTER A , LPF, T=.025SEC, FC=3.1 HZ.
FDB $062C, $0C58,3$062C, $40CD, $A683

062C
0C58
062C
40CD
A683
0517
O0A2E

0517

1EFA
CCAB

DDATAL EQU =

1F
77
45

FDB $0517,$0A2E,$0517,$1EFA, $CCAB

FCB $1F
FCB $77

FCB $45

L1 D "
n A n
L] T "

DISPLAY "DATA LOST"



E738B
E73C
E73D
E73E
E73F
*

E 3
E740
E740
E741
E742
E743
E744
E745
E746
E747

*

*
E748
E749
E74A

E74B

E74C
E74D
E74E
E74F
E750
E751
E752
E753

E754 ¢

E755
E756
E757
E758
E759
E75A
E758
E75C
E75D
E75E
E75F
E760
E761

E762
- E7683

E764

E765 -

E766
E767
E768
E769
E76A
E76B

F7
38
6E
C5
00

D104TB EQU =

05
7D
00
27
00
00
00
00

FCB
FCB
FCB
FCB
FCB

FCB

FORTON FCC

FCB

$F7 "AL"
) $38 uLu
$6E "s*
$C5 Tt
$00 1] 1]

f

DISPLAY "10 4" TABLE
$05,%$7D,0,$27,0,0,0,0

"R PROCESS B=zR(*L+1)"

$0D, $04

COPYON FCC " COPY *SOURCE* TO R(*L+1)’

[t
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E76C
E76D
E76E
E76F
E770
E771
E772
E773
E774
E775
E776
€777

E778 7

E779

E77A .

E778B
E77C
E77D
E77E

*
E7T7F
ETTF
E781
E783
E785
£E787
E789
E78B
£E78D
E78F
E791

*

£E793
E793
E7395
E797
£799
E798B
E79D
E79F
E7AT
E7A3
E7AS
b3

E7A7
E7A7

E7AQ

E7AB
E7AD
E7AF
E7B1

FILT2 EQU =

0046
008C
0046
7601
B8E6
0043
0086
0043
BATA
947A

FILT4 EQU =

011A
0234
011A
6A24
9175
0101
0202
0101
558C
AB70

FILT8 EQU =

0418
0830
0418
4F78
A029
037A

FCB

RDYTBL FCB

FDB

FDB

FDB

FDB

FDB

FDB

$0D, %04

%0001
X0111
X0 111
%0001
%0010
0,0,0 38

00
10
0t
1
1

FCB
FCB
FCB
FCB
FCB

—_———oo

1
!
!
!
1
FILTER 2 LPF, T=.

$0046,$008C, $0046 .

$0043,%0086,3%0043,

FILTER 4 , LPF, T=.
$011A,%0234,%01 14,

$0101,$0202,$0101,

FILTER 8 , LPF, T=.
$0418,%0830,%0418,

$037A,306F4,%0374,

208

ANKS

025SEC, FC=
$7601,$88E6

. BHZ

$6A7A,$9474

025SEC, FC=1.2HZ
$6424,%9175

$558C, $A670

025SEC, FC=2.4HZ
$4F78,$A029 '

$302C, $C1ED



" E7B3 06F4

\
SIS
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E7B5 037A = =

'E7B7 302C »

 E7BS C1ED .
%

E7BB FILTBP EQU *  COEFFECIENTS FOR FILTER BYPASS
E7BB 7FFF FDB $7FFF,$0000,%$0000,$8000, $0000
E7BD 0000 ' :

E7BF 0000

_ E7C1 8000

E7C3 0000 - » |
E7C5 7FFF  FDB ~ $7FFF,$0000,%$0000,$8000,$0000
E7C7 0000 ' X ; -

E7CS 0000
E7CB 8000
© E7CD 0000
S | i
* o
* ROM6 JUMP TABLE
* )
E7D0 ORG $E7DO
* .
E7D0 7E E16C . JMP GTBT
E7D3 TE E5F0 JMP WRX3
E7D6 7E E5D8 JMP  DSCT
E7D9 7E E3Af JMP BDB
E7DC 7E EQAS JMP  SPTP
E7DF 7E E08D JMP CFOF
E7E2 7E E196 “JMP FLAG
E7E5 7E E154 JMP  FDID
E7E8 7E E293 JMP - CAL
E7EB '7E E612 JMP WRX4

END
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ME8SAM is the property of Motoro]a Spd, Inc.

Copyright. 1974 by Motorola Inc.

Motorola M6800 Cross Assembler, Release 1.1

* ¥ ¥ ® %

*

ACO4
ACO1
ACO0
07FD

¥ % % ¥

S
0D
fam?
@

<

2
*

<
)

0055
0055
0057
. 0058

*
-005A
*

*01***

Xx
0058
.

¥
005C
005E
0060

. 0061

0062
0064
0066
0068

"~ 0069

0068
006D
006F
0070
0071

0001 BMIBWR RMB

0002 BMOBB RMB

NAM- ROM7 BUBBLE MEMGORY SYSTEM ROUTINES

BUBBLE MEMORY CONTROLLER ADDRESSES

BICS EQU $AC04 - BUBBLE INTERRUPT CONTROL/STATUS
BCSR EQU $ACO1 - BUBBLE CONTROL/STATUS REGISTER
BCDR EQU $ACO0 - BUBBLE CONTROLER DATA REGISTER
BMSA EQU $07FD - ADDRESS OF BMS STATUS PAGE
(HIGHEST PAGE, #2045) -

LI N R |

- BMC POWER FAIL OUTPUT ({ CBZ DN PIA #4 )

LPCRL EQU $A003 - .LOW CONTRDL REG. f

VARiABLES USED ONLY BY ROM 7
ORG $0055

0002 BMWA RMB 2 BUBBLE MEMORY WRITE (PAGE) ADD.

0002 BMRA RMB 2 BUBBLE MEMORY READ (PAGE) ADD.

0001 BSS RMB 1 BUBBLE SYSTEM STATUS $00 EMPTY,
: $10 FULL, $01 NOT EMPTY

0001 BMIBS RMB 1 BUBBLE MEMORY INPUT BUFFER STATUS
BIT 7=1 WRITE ACTIVE-BIT 6=1 WRITE '

, STARTED,BIT 5=1 WRITE REQUESTED

0001 BMOBS RMB 1 BUBBLE MEMORY OUTPUT BUFFER STATUS
AS ABOVE BUT FOR READ,READ ACTIVE AND
READ REQUESTED -ARE MUTUALLY EXCLUSIVE

0002 BMSIX RMB: STORAGE LOC. FOR X IN ROUTINES

0002 BMSOX RMB BMSI, BMSO :

BMIB WRITE REQUEST

INPUT COUNTER

END PTR. TO BMIB

BEGINNING PTR. TO BMIB

0001 BMIBC RMB
0002 BMIBE RMB
0002 BMIBB RMB
Q002 BMIBBT RMB
0001 BMWC  RMB
0002 BMOBE RMB
0002 BMOBET RMB

BMIB WRITE COUNTER
END TO BMOB

BEGINNING PTR. TO BMOB
0001 BMOBC RMB 1 BMOB COUNTER (# BYTES IN' BMOB)
0001 BMOBCT RMB '

0001 BMRC RMB

BUBBLE MEMORY READ COUNTER

s



" 0072 0001 BMSIB RMB 1
0073 0001 BSIE1 RMB
0074 0001 BCPUE1 RMB 1

0800
08CO

- 08CO

0940
0650
0690
: *

*
*

* .
0940

*
0940
0941
0942

10943
03844
0945
0946
0947
0948
0949
034A
0948
084C
094D
084E
094F

0850
+0952
0954
0955
- 0956
. 0958
095A
0958

¥*, % % ¥

0000
0004
0005
0006

0007

00

BMIB EQU

$0800

1
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BMS INPUT BYTE
BMS INIT. ERRORS SINCE POWER UP
BMS PWR.UP ERRORS SINCE PWR. UP

BUBBLE MEMORY INPUT BUFFER

BMIBST EQU BMIB+192 BMIB STQP (182 BYTES)

BMOB EQU BMIBST

BUBBLE MEMORY QOUTPUT BUFFE?

BMOBST EQU BMOB+128 BMOB STOP (128 BYTES)

BSIL  EQU
BSOL  EQU

$0650
$0690

BUBBLE SYSTEM INPUT LINE (64 B)
BUBBLE SYSTEM OUTPUT LINE(64 B)

BMS ERROR COUNTERS

0001 FNEW
0001 FNER
0001 BSIE
0001 BCPU
0001 BCIH
0001 BCIH
0001 BCIH
0001 BDIH.
0001 WOFE
0001 WTE

0001 WCE

0001 WUCE
0001 ROFE
0001 RTE

0001 RCE
0001 RUCE -

ORG «  $0940
RMB 1 ~ FIFO NOT EMPTY ON WRITE
RMB 1 FIFO NOT EMPTY ON READ
RMB 1  BUBBLE SYSTEM INITIALIZATION
E RMB 1  BUBBLE CONTROLLER POWER UP
E1 RMB 1 | -
E2 RMB 1  BCIH. ERRORS
E3 RMB 1 |
E4 RMB 1 BDIH ERROR
RMB 1 WRITE OP. FAIL
RMB 1  WRITE TIMING.
RMB 1  WRITE CORRECTABLE ERROR
RMB 1. WRITE UNCORRECTABLE ERROR
RMB 1  READ OP. FAIL.
RMB 1  READ TIMING
RMB 1  READ CORRECTABLE ERROR
RMB 1 . READ UNCORRECTABLE ERROR

TEST ROUTINE COUNTERS

0002 WPC
0002 WSC.
0001 WLC
0001 WBC
0002 RPC
0002 RSC
0001 RLC
0001 RBC

MONITOR

READEN
ENTRY 1
ENTRY2
ENTRY3
ENTRY4
ENTRYS

RMB
RMB
RMB
RMB
RMB
RMB
RMB
RMB

GLOBAL

EQU
-EQU
EQU
EQU
EQU
EQU

WRITE PAGE COUNTER
WRITE SEQUENCE COUNTER
WRITE LINE COUNTER
WRITE BYTE COUNTER
READ PAGE COUNTER
READ- SEQUENCE COUNTER
READ LINE COUNTER

READ BYTE COUNTER

VARIABLES AND FLAGS

$0000 - READ ENABLE

$0004 - ENTRIES VIA ENTR FUNCTIDN
$0005

$0006

$0007

$0008



ENTRYG EQU
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$0009 *

0009
000A  ENTRY7 EQU  $000A
000B . ENTRY8 EQU  $000B
000D  IXRV EQU  $000D,E X REG. STORAGE.MAIN LINES
0012  LEDNO EQU  $0012 THE # OF THE LED TO BE
* © WRITTEN INTO NEXT
*k .
* - LINKAGE TABLE ENTRIES FOR SWI ROUTINES
* ‘
FA0C - IAITX EQU = $F40C
F40E IRX2 EQU  $F40E
F410  IPSHX EQU"  $F410
* .
* .
* SUBROUTINE LABLES
*
FFCA  DSPSN EQU  $FFCA
FFCD  DSPDP EQU  $FFCD
FFDO  CLDISP EQU  $FFDO
FFD6  DTSR2 EQU  $FFD6
FFDF  DSPXAB EQU  $FFDF
FFC1  READ2 EQU  $FFCH
FFBB  WRITEO EQU  $FFBB
FFC4  WRITE2 EQU  $FFC4
'FFE8  READ4 EQU  $FFE8
FFEB  WRITE4 EQU  $FFEB
FFF1  DELAY2 EQU  $FFF1 - |
FBF6  SCNDSR EQU  $FBF6 -
FFC7 ° RDWL EQU  $FFC7
FFBE  FLSH EQU . SFFBE
F3F 1 TMSR  EQU.  $F3F1
CE7D3 WRX3 EQU  $E7D3
E7EB - WRX4 EQU  S$EVEB
E7D6  DSCT EQU  $E7D6
 BFE5S  SYIDWL EQU  $BFES5
N _
* ) .
*  SOME TABLES USED BY ROM 7
* .
T E777  RDYTBL EQU  $E777
CE740  D104TB EQU  $E740
*
. |
* . CONSTANTS USED BY ROM7
0080  FRFR EQU  $80
0081 FREN EQU . = $81
%* .
*
*
BOOO ORG  $B00O
k2 3k ok 2Kk %k K %k %k kK )

¥ -

* .
BOOO RM7RST .EQU *

RESET FOR ROM 7 (. THE BMS )
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*
* - TO BE USED AFTER POWERUP
* - IF POWER IS ALREADY UP AND RESET IS EXECUTED
*° ALL ENTERED INTO BMS IS EFFECTIVLY LOST SINCE THE —
* LAST TIME BMSD WAS RUN AS THE BMS STATUS-IS RESET
* - BMC IS GIVEN A POWER FAIL PULSE UNTIL OP.COMPLETE
Sk STATUS IS RETURNED
* ( USES CB2. ON PIA #4 (LPCRL) TO POWERFAIL BMC )
* -« INITIALIZES BMS STATUS BY RESTORING BSS,BMWA,BMRA
* TO THEIR VALUES BEFORE BMSD WAS RUN
*
BOOO 86 FF LDA A #$FF
B002 97 73 STA A. BSIE1 INIT.BMS INIT.ERR.CTR
B004 87 74 . - STA A BCPUE1 INIT.BMS PWR.UP ERR.CTR
B006 OE . CLI = ENABLE INTERRUPTS FOR MONITOR
* : .
B0O07 C6 34 RM7RL1 LDA B #%$34 .
BO09 F7 A003 v STA B LPCRL SEND PWR FAIL TO BMC
BOOC BD FFF1 JSR DELAY2
BOOF 0200 ' FDB  $0200 DELAY 1 SEC.
BO11 C6 04 LDA B  #%04 : ~
BO13 F7 AO0Q03 STA B . LPCRL SEND POWER OK TO BMC*
~B016 BD FFF1 " JSR DELAYZ2 ' .
"B019 0400 -, FDB $0400 DELAY 2 SEC.
BO1B 7F ACOt CLR BCSR  WRITE TO A BMC REG.
* REQ. FOR STATUS READ AFTER POWER UP
BO1E B6 ACO1 LDA A BCSR '
B021t 84 FD AND A #S$FD IGNORE PARITY ERRORS
B023 81 40 U CMP A #%40 DO UNTIL OP. COMPLETE
B025 27 05 BEQ - RM7RS1 SKIP IF COMPLETE
B027 7A 0074 DEC BCPUE1 LOG POWER UP ERROR
B02A 20 DB BRA "RM7RL1 '
* , : -

B02C BD B4F6 RM7RS1 JSR BMSU START UP BMS
* .o :

BO2F CE E777 ALDX - #RDYTBL ‘ o

B032 BD FFD6 JSR DTSR2 DISPLAY "READY"
* - ‘

B0O35 7E BFES - o JMP SYIDWL SYSTEM IDLE LOOP
* . ' .

-'** END **

,'8038 000C RMB - 12

BO44 BCIH EQU * BUBBLE COMMAND INTERRUPT HANDLER

"SERVICES INTERRUPTS FROM THE BMC REQUESTING THE -
NEXT COMMAND, (BMC NOT BUSY) -

SERVICES AND LOGS COMMAND EXECUTION ERRORS

HAS LOWER PRIORITY THAN BDIH

ASSUMES™ THE BMC IS NOT BUSY

8044 BG6 ACOf : LDA A BCSR £ IS STATUS OF BMC
B047 88 40 EOR A - #%$40 OP. COMPLETE,NO FAIL,
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B04S 85 7C- - BIT A #$7C NO T.ERROR,NO READ E.

B0O4B 27 03 BEQ BCIHSO SKIP IF TRUE
B04D 7E BOB2 JMP BCIHSE JUMP TO ERROR SERVICE
E'3
B0O50 96 5A . BCIHSO LDA A BMIBS CHECK FOR WRITE ACTIVE
B052 2A 2F BPL. ~BCIHSR SKIP IF NOT ACTIVE
- * .
B054 85 40 BIT A #$40 WRITE STARTED? _
- B056 26 04 BNE BCIHC2 GO TO CASE 2 IF SO .
%k
BO58 BCIHC1 EQU * CASE 1, WRITE ACTIVE BUT NOT STARTED
x* : N,
B058 BD B227 JSR - BMWS START WRITE PROCESS
BO5B 3B RTI ' EXIT
Mt o .
BO5C BCIHC2 EQU * ~ CASE 2 , WRITE ACITIVE AND STARTED.
* ( WRITE SHOULD BE COMPLETE ) o
BO5C BD B29F JSR BMWE END WRITE PROCESS
' BOSF 96 5B , LDA A BMOBS CHECK FOR READ REQ.
BO61 27 0B . - BEQ BCIHS4  SKIP IF NONE
B063 86 80 LDA A #%$80 IND. READ ACTIVE,NOT
BO65 97 5B . . STA A BMOBS  STARTED OR REQUESTED
B0B7 96 5A LDA A BMIBS.  WRITE NOT ACT.NOT ST.
B0O69 84 3F AND A #$3F DO NOT ALTER REQUEST
BO6B 97 5A .- STA A BMIBS BIT , o
. B0O6D 3B RTI EXIT
. , | , .
BOBE 96 5A  BCIHS4 LDA A BMIBS WRITE REQUEST?
BO70 85 20 BIT A #$20 '
B072 27 05 - BEQ BCIHSS  SKIP IF NONE
B074 86 80 . LDA A~ #$80 INDICATE WRITE ACT.
BO76 97 5A STA A BMIBS NOT STARTED, NO REQ.
BO78 3B : RTI EXIT - -
E 3

BO79 7F 005A BCIHS5 CLR BMiBS WRITE NOT ACT.NOT ST.

BO7C 86 00 LDA ‘A #$00 NO REQ;DISABLE BMC .INT.
BO7E B7 ACO4 STA A BICS
BO81 3B v RTI EXIT
* .
BO82 96 5B  BCIHSR LDA A BMOBS  CHECK FOR READ ACT.
BO84 2A 23 BPL . BCIHC5 DO CASE 5 IF NOT -
BO86 85 40 "BIT A #$40 = READ STARTED?
B0O88 26 04 BNE BCIHC4 .DO CASE 4 IF STARTED
* . g .
BO8SA BCIHC3 EQU * CASE 3 , READ ACTIVE BUT NOT STARTED
BOSA BD B31E JSR BMRS START READ PROCESS
BOSD 3B RTI EXIT
* : : ' :
BOSE BCIHC4 EQU * CASE 4 , READ ACTIVE AND STARTED
* - , (READ SHOULD BE COMPLETE)
BOSE BD B386 JSR BMRE  END READ PROCESS
BO91 7F 0058 CLR BMOBS IND. READ INACT,UNREQ.
BO94 96 5A LDA A BMIBS  WRITE REQUESTED?

BO96 85 CO BIT A #%$C0O IF WRITE ACT.OR ST.



B098

BOSA

BO39C
ok

BOSE

BOAO

BOA2
*

BOA3
BOAS

BOAS .
*

BOAS
BOAS
BOAC

BOAE |

BOB 1

) %*

BOB2
*

X*.
BOB2
BOB4
BOB6
BOB8

BOBA

BOBC

BOBE

BOC1
*

BOC3
- BOCS
BOC7
BOCA
BOCC
BOCE
BODO
BOD3

*

BOD6

- BOD9

BODB

BODE
*

BODF
BODF
BOE2

BOE4.
BOEG.

BOES8

" "BOEA

BOED
BOEF
BOF 1
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26 -OF BNE ~ BCIHC5 . DO CASE 5 (LOGIC E)
85 20 BIT A #$20  CHECK FOR WRITE REQ.
27 05 BEQ  BCIHS9  SKIP IF NO REQUEST
86 80 LDA A #$80  IND.WRITE ACT,NOT ST.
97 5A 'STA A BMIBS  NO REQUEST
38 - -~ RTI CEXIT j
86 00 BCIHSY LDA A #$00 DISABLE BMC INT.
B7 ACO4 STA A BICS
3B v RTI EXIT
BCIHC5 EQU *  CASE 5 , BCIH LOGIC ERROR
7A 0944 DEC - BCIHE! = LOG ERROR
86 00 LDA A #$00
B7 ACO4 STA A BICS:  DISABLE BMC INT.
3B RTI | EXIT
BCIHSE EQU * SOME -BMC COMMAND EXECUTION ERROR
(A COMMAND JUST COMPLETED OR A NEW
L COMMAND TO BE SENT) .
88 08 EOR A #$08 CHECK FOR OP COMP.
85 7¢C BIT A #$7C CORR.ERR., NO OTHERS
27 0B BEQ  BCIHSN  SKIP IF TRUE
88 0C EOR A #$0C OP. COMP.,UNCORR.
85 7C BIT A #$7C - AND NO OTHER ERRORS?
26 21 - BNE  BCIHSA  SKIP IF NOT TRUE
7TA 094F DEC  RUCE LOG UCORR. ERROR
20 10 BRA  BCIHSC -
D6 58 BCIHSN LDA B BMOBS ~ CHECK IF READ ACTIVE
2A 05 BPL ~ BCIHSB  SKIP IF NOT
7A 094E DEC ~ RCE ~ LOG A READ CORR.ER.
20 07 . BRA  BCIHSC ~ .
D6 5A . BCIHSB LDA B BMIBS = CHECK IF WRITE ACT.
2A 06 BPL  BCIHLE  SKIP IF NOT. o
7A 094A ~ DEC  WCE LOG WRITE CORR.ERR.
7E BO50 BCIHSC UMP  BCIHSO LGOK FOR NEXT COMMAND
7A 0945 BCIHLE DEC  BCIHE2
86 00 LDA A  #800 |
B7 ACO4 STA A BICS DISABLE BMC INT.
3B RTI - EXIT
BCIHSA EQU *  OP. FAIL OR OP. TERMINATED
B6 ACOT LDA A BCSR- GET BMC STATUS
D6 5A LDA B BMIBS ~ CHECK IF WRITE ACT.
2A 27 . . BPL  BCIHSD SKIP IF NOT -
85 20 - BIT A" #$20 * CHECK FOR OP. FAIL
27 05 BEQ  BCIHSI
7A 0948 'DEC  WOFE.
8D 50 BSR  BCIHDF DIS. FAIL
85 10 - BCIHSI BIT A "#$10.  CHECK FOR TIMING ERR.
27

05  "BEQ  BCIHSF
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fi

7A 0949 DEC .- WTE

8D 47 BSR BCIHDF  DIS. FAIL'

85 08 BCIHSF BIT A #%08 CHECK FOR CORR. ERR.
27 05 BEQ BCIHSG '

7A 0944 DEC WCE

8D 3E . BSR BCIHDF = DIS. FAIL

85 04 BCIHSG BIT A #$04 CHECK FOR UNCORR.ERR.
27 05 BEQ BCIHSH _
7A 094B DEC - WUCE

8D 35 BSR BCIHDF  DIS. FAIL

7E B058 BCIHSH uMmP BCIHC RESTART WRITE PROCESS
D6 5B BCIHSD LDA B BMOBS CHECK IF READ ACTIVE

2A 25 ~ BPL  BCIHX1 IF NOT EXIT
85 20 CBIT A #$20 CHECK FOR OP. FAIL

27 05 BEQ  BCIHSU -
7A 094C DEC  ROFE

8D 25 ~ BSR BCIHDF  DIS. FAIL

85 10  BCIHSU BIT A #$10 CHECK FOR TIMING ERR.
27 05 BEQ - BCIHSK |

7A 094D DEC  RTE |

8D 1C BSR  BCIHDF  DIS. FAIL

85 08  BCIHSK BIT A #$08  CHECK FOR CORR.ERR.
27 03 . BEQ  BCIHSL | ,
7A 094E DEC  RCE

85 04  BCIHSL BIT A #$04 CHECK FOR UNCORR.ERR.
27.05 BEQ  BCIHSM

/7A 094F - DEC  RUCE .

8D 0C BSR  BCIHDF  DIS. FAIL

7E BOBA BCIHSM- UMP BCIHC3. RESTART READ PROCESS
7A 0946 BCIHX1 DEC ~ BCIHE3 LOG LOGIC ERROR #3

86 00 LDA A #$00 NEITHER RD.NOR WRT.ACT.
B7 AC04 ' STA A BICS DISABLE BMC INT.
38 ~ RTI | | ) |
B13F BCIHDF EQU = BMS FAILURE W
CE B146 LDX #BSFTBL GET DISPLAY PATTERN
BD FFD6 JSR DTSR2 -DISPLAY "B.S. FAIL"
END  =*x

BSFTBL EQU * BMS FAILURE MESSAGE TABLE

3E FCB $3E "B."
EE FCB $EE 'S
00 - FCB $00 L
72 ‘ FCB $72 "B
77 . FCB $77 . nAu
05 , FCB "$05 : qu
38 FCB 438 K
00 : FCB $00 v

END - *x%



*

N .

B14E BDIH EQU * BUBBLE DATA INTERRUPT HANDLER |
N | |
* - SERVICES DATA REQUEST INTERRUPTS FORM THE BMC

*
B14E
B150
B152
B154
B'156
B159

*

B15A
B15C
B15E
"B160
B162
8165

8166
B169
B168B
B16E
2K

% %
*
B16F
*
B175

*

R N IR IR IR T R N S R SR

D6 5A° LDA
C4 CO AND
C8 CO0 EOR
26 04 " BNE
BD B286 JSR
3B RTI
D6 5B  BDIHS1 LDA
C4 CO AND
'c8 CO EOR
26 04 ©  BNE
BD B354 JSR
3B RTI
7A 0947 BDIHLE DEC
86 0 LDA
B7 ACO4 STA
3B " RTI
END  *x
0006 RMB

B
B
B

o o

> >

BMIBS
#$CO
#$C0O
BDIHS1
BMW

BMOBS
#$CO
#$C0
BDIHLE
BMR

BDIHE4
#$01

BICS

6

* - WHEN ENABLED HAS HIGHER PRIORIJY THAN BCIH

CHECK IF WRITE
ACTIVE AND STARTED

SKIP IF NOT
WRITE PART OF A PAGE
EXIT

CHECK IF . READ ACTIVE
AND STARTED

SKIP IF NOT, {LOGIC E)
READ PART OF A PAGE
EXIT

LOG'ERROR

DISABLE BMC DATA INT.
EXIT

BMSI EQU * BUBBLE MEMORY SYSTEM INPUT

- THE ROUTINE USED TO INPUT DATA INTO THE BMS
WHERE THE BMS IS USED AS A LARGE FIFO -

TAKES 64 OR FEWER DATA BYTES FROM AN ARBITRARY
LOCATION AND PLACES THEM IN BMIB (BUBBLE,

MEMORY INPUT BUFFER)

ACTIVATES THE WRITE PROCESS OR SETS A WRITE
REQUEST WHEN ANOTHER COMPLETE PAGE HAS ALREADY
BEEN ENTERED INTO BMIB
IF THE WRITE PROCESS IS ALREADY ACIVATED AS
WELL AS REQUESTED, (BMIB CONTAINS AT MOST

2 PAGES),NO DATA WILL BE TRANSFERED TO BMIB

ONCE THE WRITE PROCESS IS ACTIVE, DATA IS
WRITTEN INTO THE BMS A PAGE AT A TIME, (64 BYTES)
NOT A REENTRANT ROUTINE BUT ALLOWS INTERRUPTS

FOR THE MOST PART,

(

RX,TX,BMR,BMW )

INPUTS : B = # OF DATA BYTES TO BE INPUT TO BMS
X = LOCATION OF FIRST DATA BYTE
BSS,BMIBS,BMOBS,BMIBE,BMIBC, BMWA, BMRA
OUTPUTS: V BIT IN CCR=SET IF BMS FULL,CLEAR OTHWS.
Z BIT IN CCR=SET IF NO DATA TRANSFERED
AND CLEAR IF TRANSFERED
BMIBS BMIBE,BMIBC
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-

- CHANGES A,B,X,CCR,BMIBS,BMIBE, BMIBC BMIB,BMIBWR
- MAY BE IMMEDIATLY FOLLOWED BY THE BMS ROUT INE
VIA AN INTERRUPT

B175 DF

B177
B179
B17B
B17D
B17F
B18t
*

B183
B185
B187
B189
B18B
B18D
B18E

B191-

B193
B196
B198
B19A
%k

B19C
B19E
B1AQ
B1A2
B1A4
B1AB
B1A7
‘B1AA
B1AC
B1AF
B1BO
B1B3
B1B5
B1B8
B1BA
X

B1BC

B1BE

B1BF
X

B1CO

B1C2
*

B1C3
B1C5
B1C7
B1C8

.

B1CA

2B
96
88

85

27
96

86

27
7F

5C
59

00
40
F9
F6
0060

BMSISA

BMSIS1

BMSISB

BMSISC

 BMSIXF

- BMSIXN

BMSIS?

STX
LDA
BMI

"LDA

EOR
BIT
BEQ

LDA
EOR
BIT
BNE
LDX
INX
CPX
BNE
LDX
CPX
BEQ
BRA

LDA
EOR
BIT
BNE
LDX

INX

CPX
BNE
LDX
INX
CPX
BNE
LDX
CPX
BNE

LDA
SEV
RTS

LDA
RTS

CMP

BHI -

TST
BEQ

CLR

> >

> > >

> > >

BMSI X SAVE LOC. OF INPUT
BSS CHECK IF BMS FULL
BMSIXF EXIT IF FULL

BMIBS

#$20 (IF)WRITE REQ.BUT. NOT ACT.
#$A0 (THEN)EXIT AS WE CANT HAVE
BMSIXN  TWO WRITE REQUESTS

BMIBS  BMS BECOMING FULL?:
#280 (IF)NO WRITE REQ.BUT ACT.
#$A0

"BMSISH

BMwA . (THEN)BMS FULL IF
BMWA + 1 = BMRA

#BMSA

BMSISA INC. WITH WRAP'ARQUND’

#%$0000 "

BMRA :

BMSIXF EXIT IF FULL

BMSIS2 o

BMIBS (IF)WRITE REQ. AND ACT.

#$A0 ; .

#$A0

BMSIS2 A

BMWA (THEN) ‘BMS FULL IF

BMWA + 2 = BMRA

~#BMSA INC. WITH WRAP AROUND

BMSISB -

#$0000 |
#BMSA  INC. WITH WRAP ARDUND

BMSISC
#$0000

BMRA | J
BMSIXN  SKIP IF NOT FULL

#$00 SET Z FOR NO TRANSFER
SET V FOR BMS FULL
EXIT FOR BMS FULL

. #%$00 Z=1 FOR NO TRANS.,V=0

FOR BMS NOT FULL,EXIT

#64 CHECK IF B .GT. 64

BMSIXN  EXIT IF SO
CHECK IF B = 0

BMSIXN EXIT IF SO '

BMIBWR



DE 5C  BMSILT
A6 00 -
DF 5C

DE 62 .
A7 00 ;o
8C 08CO
26 03/

CE 0800

DF 62 BMSISD
7A 0061

5A BMSISE

96 5A  BMSIS3

86 80 BMSISA4

32 BMSIX2
86 OF  BMSIX1

END  =*x
000C

LDX
LDA
INX
STX
LDX
STA
INX
CPX
BNE
LDX
STX
DEC
BNE
INC
LDA
STA
DEC
BNE

LDA
BEQ
TPA
PSH
SEI
LDA

BPL

LDA
STA

BRA

LDA
BPL
ORA
STA
BRA

LDA
STA
LDA
STA

PUL
TAP
LDA

RTS
FOR 22 BYTES INPUT,

RMB

o > >

> > > >

- =

> >

1
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BMSIX DATA TRANSFER LOOP
0,X GET BYTE

BMSIX . SAVE LOC. OF NEXT

BMIBE AT END OF BMIB
0,X STORE BYTE

#BMIBST INC. END LOC. WITH
BMSISD  WRAP ARQOUND

#BMIB .

BMIBE ’ '

BMIBC ANOTHER BYTE ENTERED
BMSISE

BMIBWR IND. A PAGE ENTRD
#64 RESET INPUT

BMIBC BUFFER COUNTER

BMSILT DO UNTIL ALL TRANS.

BMIBWR A WRITE REQUEST?
BMSIX1 EXIT, (A PAGE NOT ENTRD)

SAVE CCR
*** DO NOT ALLOW INT. AS
FLAGS MUST BE CURRENT
BMOBS CHECK IF READ ACTIVE

BMSIS3  SKIP IF NOT

#$20 IND. WRITE REQ.,
BMIBS NOT- ACT.,NOT STARTED
BMSIX2 EXIT

BMIBS  CHECK IF WRITE ACT.
BMSIS4 . SKIP IF NOT

#%$20 INDICATE WRITE REQ.
BMIBS

BMSIX2 EXIT

#$80 - IND.WRITE ACTIVE

BMIBS NO REQ.,NOT STARTED
#$01

BICS ~ ENABLE BMC INT.ONLY

*+x RESTORE INT. MASK

#$0F SET v=0(BMS NOT FULL)
: Z=0(DATA TRANSFERED)

.680 MSEC

12

BMWS EQU - * BUBBLE MEMORY WRITE START



¥ ¥ ¥ X X X % X

*

B227
B229
*

B22B
B22D
B22F
- B231

B233

B234
B235
B238
B239
B23A
B23C
B23F
B241
B243
B245
B247
B249
B24B
*

B24E
-B251
B253
B255
B258
B25A
B25D
*

*
*
% %
*

- PARTLY FILLS FIFO WITH DATA
- STARTS THE WRITE PROCESS(THE TRANSFER OF
A PAGE OF DATA TO THE BMS)

1 1 H ¥ t

INPUTS
86 01 LDA
97 59 STA:
DE 64 LDX
‘DF 66 STX
86 55 LDA
D6 56 LDA
37 PSH
36 PSH
BD E7D3 JSR
31 INS
31 INS .
86 1D LDA
B7 ACO1 STA
86 40 . LDA
97 68 STA
96 5A LDA
8A CO ORA
87. 54 STA
86 03 LDA
B7 ACO04 STA
F& ACOT BMWSL1 LDA
2B FB : BMI
86 13 LDA
B7 ACO1 STA
Cé OE LDA
BD B25E JSR
39 RTS
.741 MSEC.
END * %

ENABLES THE BMC DATA INTERRUPT (PIA #6-B)
INITIALIZES BMIBBT, BMWC

SETS BMIBS TO INDICATE WRITE STARTED
BMWA,BSS,BMIBB,BMIBS

OUTPUTS: BMIBBT,BMWC,BMIBS

A #%01 IND. BMS NOT MT
A BSS AS WRITE STARTED

BMIBB INITIALIZED TEMPORARY
BMIBBT BEG.BUF.PTR.

A BMWA

B BMWA+1

B ~ xxx PLACE BMWA ON STACK

A %
WRX3 WRITE BMC REGISTERS

E 3 3
) *x*x RESTORE STACK

A #$1D SEND FIFO RESET

A BCSR COMMAND

A #64 - CINITIALIZE # OF

A BMWC BYTES YET IN PAGE

A BMIBS

A #$CO - INDICATE WRITE

A BMIBS STARTED AND ACT.

A #%$03 ENABLE BMS DATA INT.

A BICS ALSO

B BCSR WAIT UNTIL BMC NOT BUSY
BMWSL 1 )

A #$13 SEND WRITE COMMAND .

A BCSR

B #14 - TRANSFER 14 BYTES
TBBF FROM BMIB TO FIFO

(FIFD MT IN 1.12 MSEC.)

1
i
|

- |
: 825E TBBF EQU * TRANSFER BYTES FROM BMIB Td FIFO

- TRANSFERS A VARIABLE NUMBER OF BYTES AROM BMIB
TO THE BMC FIFO (UNTIL A PAGE IN TRANSFERED)
B = NO. OF BYTES TO BE TRANS.

LI N B A ]

- INPUTS :

-. OUTPUTS:

B,BMIBBT,

BMIBBT -

BMWC -
Z IN CCR

TEMPORARY POINTER TO BEGINNING
OF DATA IN BMIB

# OF BYTES YET IN PAGE

- CLR. IF.A COMPLETE PAGE TRANS
BMWC *- UPDATED

220



* - CHANGES A,B,X,CCR

*
B25E 96
B260 2E
B262 86
B264 39

%*

B265 DE
B267 A6
B269 B7
B26C 08
B26D 8C
B270 26
B272 CE
B275 7A
B278 26
B27A DF
B27C 86
B27E 39
B27F 5A
B280 26

.

B282 DF

B284 4F

B285 39
*

* FOR 10 BYTES,

68
03
OF

66  TBBFSO
00 TBBFL

ACO0

08CO
03
0800
0068
05,
66
OF

ES
66

% % END A %k

*

*
B286

*

6

%

*  BMC FIFO

* - DISABLES BMC DATA
8286 C6 0A - LDA
B288 BD B25E JSR
B28B 27 05 ~ BEQ
B28D 86 0t . LDA
828F B7 ACO4 . STA
8292 39 BMWX1 RTS

* .438 MSEC.

E 3 .

*% END %

o
B293 000C RMB

D%

BMW EQU =

- DRIVEN BY BDIH
- TRANSFERS A NUMBER OF DATA BYTES FROM BMIB T0

" B29F BMWE EQU *
*

TBBFS 1

LDA
BGT
LDA
RTS

LDX
LDA
STA
INX
CPX

BNE

LDX
DEC
BNE
STX

- LDA
TBBFS2

RTS
DEC
BNE

STX
CLR
RTS

.416

A BMWC PAGE COMPLETE?
TBBFSO.  SKIP IF NOT
A #$0F ™ IND. PAGE COMPLETE
RETURN
BWIBBT 4/4 LOC. OF NEXT BYTE
A 0,X 5 GET BYTE
A BCDR - 5 TRANS. BYTE
4
#BMIBST 3 INC. PTR. WITH
TBBFS1 4  WRAP AROUND
#BMIB 3
BMWC 6 A PAGE TRANSFERED?
TBBFS2 4 SKIP IF NOT
BMIBBT
A #S$OF Z=0 IF PAGE TRANS.
B 2 DO UNTIL B
TBBFL1 4/40 -
BMIBBT 5 LOC. OF NEXT BYTE
A 2 Z=1 IF PG.NOT TRANS.
5/12
MSEC.:FOR 14,

BUBBLE MEMORY WRITE

INT.WHEN PAGE- TRANSFER COMPLETE

B

A
A

#10

TBBF
BMWX 1
#$01
BICS

12

TRANSFER 10 BYTES
FROM BMIB TO FIFOQ
EXIT IF PG.NOT TRANS.

.576 MSEC

221

DISABLE BMC DATA INT.

BUBBLE MEMORY WRITE END

* - THIS ROUTINE IS ENTERED TO END THE SUCESSFUL



* F # ¥

E ]

WRITING OF A PAGE TO THE BMS
THE BMIB BEGINNING POINTER 1S UPDATED AND WELL
AS THE NEXT PAGE LOCATION TO BE WRITTEN TO

BSS IS ADJUSTED TO IND

B29F DE
B2A1 DF
B2A3 DE
B2A5 08

B2A6
B2A9
B2AB
B2AE
*

B2BO
B2B2
B2B4
B2B6
B2B8
E

B2B9
B2BB

B2BD
*

E

k-

*

*
B2BE BMSO EQU =

F ok R R R K X R F K X X ¥ K ¥ X X ¥

*

8C
26
CE
DF

gC
26
86
97
39

86
97
39

66
64
55

07FD
03
0000
55

01

LDX
STX
LDX
INX
CPX
BNE
LDX
BMWEST STX

CPX
BNE

LDA A
STA A

RTS

BMWES2 LDA A
STA A

RTS

48 USEC.
**”“END *k

BMI
BMI

BBT UPDATE BMIBB
BB

... BMS NOT EMPTY OR BMS FULL

BMWA INC.NEXT WRITE PAGE #
WITH WRAP AROUND
#BMSA
BMWES 1
#$0000
BMWA
BMRA CHECK IF BMS FULL
BMWE S2 SKIP IF NOT
#$80 INDICATE BMS FULL
BSS
EXIT
#$01
BSS IND. BMS NOT EMPTY

EXIT

BUBBLE MEMORY SYSTEM OUTPUT

THIS ROUTINE IS USED TO READ DATA FROM THE BMS
WHEN CONFIGURED AS A LARGE FIFO BUFFER
TAKES A SPECIFIED NUMBER OF DATA BYTES FROM

BMOB BUBBLE MEMORY QUTPUT BUFFER)

INTANY LOCATION
THIS ROUTINE REMOVES DATA FROM BMOB ONLY WHEN
READ IS NOT ACTIVE AND NOT REQUESTED SO BMOBC

(INDICATING THE NUMBER OF BYTES IN BMIB)

ERRONEQUSLY UPDATED(SEE BCIH CASE 4)

INPUTS :

OUTPUTS:

B2BE 5D
B2BF 26 01

B2C1
*

39

BMOB, BMOBS,BMIBS,BMIBB, BMOBC

C(IN CCR)=
Z('IN CCR)=

V(IN CCR)=1 IF BMS MT (NO DATA TRANS.
1 IF READ IS ACT.
0 IF DATA WAS PROPERLY TRANS.

’ BMOBC, BMOBB, BMOBS
NOT REENTRANT BUT ALLOWS RX,TX,BMR,BMW INTERRUPTS
FOR® THE MOST PART

TST B
BNE
RTS

BMSOS1

L=

CHECK IF B = 0

SKIP IF NOT,

1(NO DATA),
C= O(READ NOT ACT.

AND PLACES IT

IS NOT

B = NO. OF BYTES TO BE TRANSFERED
X = LOC. WHERE BYTES ARE TO BE PLACED

)

0(BMS NOT MT),

)

-

(NO DATA TRANS.
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B2C2

. B2c4

B2C6
B2C8

B2C9
B2CA

"B2CC
B2CE
B2DO
B2D1
. *
.B2D2
B2D4
%

B2D6
B2D8
B2DA

B2DC .

B2DD
B2EOQ
B2E2
B2ES

B2E7

B2ES
B2EB

© B2EC

B2EF
B2FO0
*

B2F2
B2F4

B2F5
* . .

B2F6
B2F6
B2F7
B2F8
b 3

" B2FS
B2FB

B2FD’

B2FF
B301
B302
B303

B304

B306
*

- B307
B309
B30B

B30C -

B30D

C1
23

0C

40  BMSOSH

J

e

5B BMS0S2

6F BMSOSO
20 ’

5€ BMSOL 1

6D

00
0940

03

08CO

6D  BMSOS3
5E -

00

006F
E4
OF
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, 15)
CMP B  #64 CHECK IF. B .LE. 64
BLS BMSOS2  SKIP IF SO

LDA A #0 V=0,C=0,

CLC o Z=1

RTS

LDA A BMOBS READ REQ:.OR ACTIVE?
BEQ BMSOSO SKIP IF NOT

LDA A #$%00 V=0,Z=1(NO DATA TRANS.)
SEC C=1(READ ACT.OR REQ.)

CMP B BMOBC ENOUGH DATA IN BMOB?
BHI  BMSOSD  SKIP IF NOT ENOUGH

STX BMSOX SAVE STORAGE LOC.
LDX BMOBB BEGIN LOC. OF ‘BMOB
LDA A 0,X GET DATA BYTE

CPX #BMOBST ~ INC. LOC. TO NEXT
BNE BMSOS3. WITH WRAP AROUND

~ RTS

BMSOSD EQU  *

Q7
36
OF

00

59 BMS0S4

05

LDX #BMOB
STX BMOBB -

" LDX BMSOX GET STORAGE LOC.

STA A 0,X STORE BYTE

INX )

DEC BMOBC ONE LESS IN BMOB,
DEC B ONE LESS TO TRANSFER
BNE BMSOL!? DO UNTIL B = 0

LDA A #$0F - ~¥z0,Z= 0(DATA TRANS.)
CLC : C=0(READ NOT ACTIVE)

GET MORE DATA FROM BMg

TPA GET CCR

PSH A **% SAVE CCR{INT. MASK)
SEI DO NOT ALLOW INT.
EDA A BMIBS WRITE ACTIVE?

' BPL BMSOS4  SKIP IF NOT

LDA A #$20 ° IND. A READ REQUEST
STA A BMOBS ‘

PUL A. ek RESTORE-CCR(INT MASK )
TAP

SEC - =1(READ ACT.OR REQ.)
LDA A #$00 V=0(BMS NOT MT)

RTS =1(NO DATA TRANS.) -
LDA A BSS CKECK BMS STATUS

. BNE BMSOS6 ' SKIP IF BMS NOT EMPTY
PUL A **% RESTORE CCR({INT. MASK)
TAP

.CLR A C=0(READ NOT ACT.OR REQ.)



e

*
%k

B31E BMRS EQU =

*
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B30E 0B SEV. Z=1(NO DATA TRANS.),V=1(BMS MT)
B30F 39 _ RTS . ‘ :
* : ‘ .
B310 86 80 BMSOS6 LDA A #$80 IND.READ ACT. , NOT STARTED,
B312 97 5B - STA A BMOBS NO REQUEST -
B314 86 0t LDA A #8301 ENABLE BMC INTERRUPT
B316 B7 ACO4 STA A BICS
B319 32 - PUL A ***% RESTOR CCR, INT. MASK
B31A 06 TAP
~ B31B 4F CLR A V=0(BMS NOT .MT),Z=1(NO TRANS.)
B31C 0D SEC C=1(READ ACT. OR REQ.)
B31D 39 RTS :
* “
* FOR 22 BYTES INPUT, 1.268 MSEC.
* .
*% . END * %

BUBBLE MEMORY READ START‘

* - THES ROUTINE STARTS THE BMS, READ PROCESS WHERE
* A _PAGE OF DATA IS REMOVED
* - IT ACTIVATES THE DATA TRANSFER READ ROUTINES BY
*  INDICATING READ HAS STARTED AND ENABLING THE
*  BMC DATA REQUEST INTERRUPT
+ - INPUTS : BSRA,BCSR(BMC STATUS)
* - OUTPUTS: BMOBS, BMRC
* - DRIVEN BY BCIH
"
"B31E DE 69 LDX  BMOBE  INIT.TEMP.BUF.END PTR.
B320 DF 6B STX  BMOBET o
B322 96 6F LDA A BMOBC  INIT.TEMP.BUF.COUNTER
B324 97 70 STA A BMOBCT e
B326 96 57 LDA A BMRA  BMS READ PAGE ADDRESS
B328 D6 58 LDA B BMRA+1  ( 2 BYTES )
B32A 37 PSH B #*x PLACE ON STACK
B32B 36 PSH A *x
B32C BD E7EB JSR  WRX4 WRITE REG. FOR READ
B32F 31 INS ** RESTORE STACK
B330 31 INS wxk
B331 86 1D LDA A #$1D FIFO RESET COMMAND
 B333 B7 ACOf STA A BCSR i
B336 86 40 LDA A #64 INIT. READ CO!NTER
© B338 97 71 STA A BMRC
B33A 86 CO LDA A #$CO  IND.- READ STARTED,ACT.
B33C 97 58 STA A BMOBS  BUT NOT REQUESTED
B33E 86 03 LDA A  #$03 ENABLE BMC DATA REQ.
B340 B7 ACO4 STA A BICS INTERRUPT AS WELL
L3 . .
B343 F6 ACO1 BMRSL1 LDA B BCSR *
B346 2B FB BMI ~ BMRSL1  WAIT UNTIL NOT BUSY
B348 86 12 LDA A #$12  SEND READ COMMAND
B34A B7 ACO1 STA A BCSR
B34D 39 RTS
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*

o * . 151 MSEC.

E 3

* % 'END * kK

L% , ,'
B34E 0006 RMB 6

B354 BMR EQU = BUBBLE MEMORY READ

*

- THIS ROUTINE IS DRIVEN BY A REQUEST FOR DATA
INTERRUPT, FROM THE BMC

* - TRANSFERS 10 BYTES FROM THE BMC FIFO TO THE BMOB

*

*

B354 C6 OA LDA B #10 -
B356 BD B35A © JSR TBFB TRANS. BYTES FIFO T0
B359 39 : RTS " BUFFER .

* W

* .453 MSEC.

%k .

**% END *xx

*

* 4 .
B35A TBFB EQU * TRANSFER BYTES FROM FIFO TO BMOB

* . )

* - THIS ROUTINE TRANSFERS A VARIABLE NUMBER OF BYTES
* FROM THE BMC FIFO TO BMOB WHILE MAINTAINING THE
* APPROPRIATE FLAGS AND COUNTERS
* - INPUTS : B = NO OF BYTES TO BE TRANSFERED
* - BMOBET,BMRC,BMOBCT
* - QUTPUTS: Z IN CCR 0 IF A COMPLETE PAGE JUST TRANS.
* BMOBET ,BMRC, BMOBCT
* - CHANGES-A,B,X,CCR
*
B35A 96 71 LDA A BMRC EXIT,PAGE ALREADY TRANS.
B35C 2E 03 . BGT TBFBSO. - SKIP IF NOT
B35E 86 OF * LDA A #$0F IND. PAGE TRANS.
B360 39 RTS- '

* :
- B361 DE 6B TBFBSO LDX BMOBET 4/4 GET TEMP.END PTR.
. * P

B363 B6 AC00 TBFBL1 LDA BCDR. 4 GET BYTE.FORM FIFO

A
B366 A7 00 STA A 0,X 6 STORE IN BUFFER 8
B368 08 o INX | 4 INC. PTR. WITH
B369 8C 0940 CPX  #BMOBST 3 WRAP, AROUND
B36C 26 03 BNE  TBFBS1 = 4  B»
B36E CE 08CO LDX  #BMOB 3
B371 7C 0070 TBFBS1 INC  BMOBCT  6.-IND. ONE MORE BYTE
B374 7A 0071 DEC  BMRC 6 ONE LESS IN TRANS.
B377 26 05 BNE  TBFBS2 4 SKIP, TRANS.NOT COMP.
B379 DF 6B ~ STX  BMOBET. (5) -
B37B 86 OF LDA A #$OF  (2) z=0(PG TRANS.cCOMP.)
B37D 39 - RTS (5)

* .
B37E 5A " TBFBS2 DEC B 2~
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837F 26 E2 BNE ~ TBFBL1  4/43 DO UNTIL B=0
3381 DF 68 STX  BMOBET 5 UPDATE END PTR.
B383 86 00 LDA A #$00 2 Z=1(PG.TRANS.NOT
B385 39 RTS 5/12  COMPLETE)

*

+ FOR 10 BYTES, .446 MSEC.: FOR 14, .618 MSEC.
*%  END  *x

* .

N .
B386 . BMRE EQU'* BUBBLE MEMORY READ END

*

* - ROUTINE TO END THE READ PROCESS :

* - TRANSFERS THE LAST 14 BYTES FROM FIFO TO BMOB

* TO COMPLETE THE READING OF A PAGE

* = CALLED BY THE BMS INT. HANDLER ROUTINE (BCIH)

*  ON THE SUCESSFUL COMPLETION OF A READ COMMAND

* - UPDATES BMOBET AND THE ADDRESS OF THE NEXT

* PAGE TO.BE READ FROM THE BMS

* - SETS BSS TO INDICATE BMS NOT EMPTY OR BMS EMPTY

*
B386 C6 OE ' LDA B .#14 TRANS. REMAINING BYTES
B388 BD B35A , JSR - TBFB ’
B38B 86 01 LDA A #$01 - DISABLE BMC DATA INT.
B38D B7 AC04 STA A ‘BICS

* :
B3390 DE 6B LDX BMOBET - UPDATE, BMOBE
B392 DF 69 STX, BMOBE
B394 96 70 LDA" A BMOBCT UPDATE # OF BYTES
B396 97 6F STA A BMOBC t ‘

* " 4 ;’ ’

- B398 DE 57 LDX  BMRA INC. BMS READ PAGERSP

B3%A 08 ' - INX . ADDRESS WITH. WRAP
B39B 8C 07FD CPX #BMSA AROUND ‘
B3SE 26 03 BNE BMRES 1 .
B3A0 CE 0000 LDX . #3%0000
B3A3 DF 57  BMRES1 STX =~ BMRA A
B3A5 9C 55 - CPX ~ BMWA CHECK IF BMS EMPTY
B3A7 26 04 BNE BMRES2 SKIP IF NOT
B3AS 7F 0059 ' CLR BSS INDICATE BMS EMPTY
BBAC 39 RTS - , :
BSAD 86 01 BMRES2 LDA A #$01 IND. BMS NOT EMPTY
B3AF 87 589 STA A BSS
B3B1 33 - RTS

*

x .694 MSEC

%

**  END %%

* ‘ .

' B3B2 0006 RMB 6 |

* :
B3B8 BMIBI EQU = BUBBLE MEMORY INPUT BUFFER »
Sx . INITIALIZATION



* * ¥

*

B3B8 7F
B3BB CE
'B3BE DF
B3CO DF
B3C2 DF
B3C4 86

B3C6 97

B3C8 39
*

E 3.3
*

END .

005A
0800
64

66

62
40
61

*
B3CS BMOBI

*

*® %

EQU =

CLR
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- SETS ALL COUNTERS AND POINTERS TO INDICATE
BMIB IS EMPTY

BMIBS  WRITE NOT ACT.OR REQ.
LDX  #BMIB | |
STX  BMIBB  SET PTRS. TO BEGINING
STX  BMIBBT  OF BUFFER
STX  BMIBE = /
LDA A #64. SET CTR TO # BYTES
STA-A- BMIBC  ENTERED

“RTS

BUBBLE MEMORY QUTPUT ‘BUFFER
INITIALIZATION

*
* ' .

* - SETS ALL POINTERS AND COUNTERS TO INDICATE BMOB
* IS EMPTY

*

B3C9 7F
B3CC CE
B3CF DF
B3D1 DF
B3D3 DF

- B3D5 7F
B3D8 7F

B3DB 39
%

* %

0058B

08C0O
6D
69
6B
006F
0070

END = **

B3DC 0006
*

.
B3E2 BMWF EQU x

*

XX ¥ X ¥

*

B3E2 96

B3E4 81

B3E6 27
*

B3E8 96

"B3EA 88

B3EC 85

B3EE 27
*

BMWFL 1

CLR
LDX
STX
STX
STX
CLR

CLR
RTS

RMB

LDA
CMP
BEQ

LDA
EOR
BIT

‘BEQ

A
A

> > >

-BMOBC

BMOBS READ NOT ACT.,NOT REQ.
#BMOB  INIT. POINTERS
BMOBB -
BMOBE |
BMOBE T . '

NO DATA IN BUFFER
BMOBCT »

BUBBLE MEMORY WRITE FINISH

- WRITES THE REMAINING BYTES OF BMIB INTO THE
BMS BY COMPLETING THE PAGE IN BMIB WITH FRAME
FRONT AND FRAME END BYTES
- THIS ROUTINE DOES NOT EXIT UNTIL ALL PAGES IN BMIB
ARE TRANSFERED, (BMIB EMPTY), OR UNTIL BMS IS FULL:
- THIS ROUTINE REQUIRES THAT INTERRUPTS ARE ENABLED

BMIBC ~ PAGE PART IN BMIB
#64 | ~ |

BMWFXL  TO EXIT LOOP IF NOT

BMIBS  WAIT UNTIL NO WRITE

#$A0 AND WRITE REQUESTED

#$A0 |

BMWFL 1
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B3F0 CE 0650 LDX #BSIL CLEAR TWO BYTES IN LINE
B3F3 86 00 -LDA A #0
B3F5 €6 00 -~ LDA B #0
B3F7 A7 00 BMWFL3 STA A 0,X
B3F9 08 z ~INX
B3FA E7 00 STA B.O,X
B3FC 08 INX
B3FD 8C 0652 CPX #BSIL+2 2 BYTES IN LINE
B400 26 F5 - BNE BMWFL3
* : ‘
B402 CE 0650 BMWFL2 LDX ' #BSIL LOCATION OF INPUT
B405 C6 02 LDA B #2 STORE 2 BYTES
B407 BD B175 JSR BMSI IN BMS
B40A 29 06 BVS . BMWFXL  SKIP IF BMS FULL
B40C 96 61 : LDA A BMIBC
B40E 81 3F CMP A #63 DO UNTIL A COMPLETE
B410 2D FO ~ BLT BMWFL2  PAGE ENTERED
8412 96 5A  BMWFXL LDA A BMIBS WAIT UNTIL WRITE NOT
B414 26 FC ‘ BNE BMWFXL - ACT.,NOT REQ.
B416 BD B3B8 JSR ‘BMIBI CLEAR BMIB
B419 39 RTS EXIT
* :
% END  **

*
*

B41A‘BMSE EQU * BUBBLE MEMORY SYSTEM EMPTY

* - A ROUTINE TO SET ALL POINTERS, COUNTERS,AND
*  STATUS REGISTERS TO INDICATE THE BMS IS EMPTY

*

B41A BD B3B8 ~ JUSR, BMIBI INIT. (CLEAR) BMIB

B41D BD B3CS JSR BMOBI INIT. (CLEAR) BMOB
B420 7F 0059 CLR BSS IND. BMS EMPTY
-B423 CE 0000 LDX #%$0000
B426 DF 55 . STX BMWA ZERO BMS WRITE PAGE ADD,
B428 DF 57 . STX BMRA ZERO BMS READ PAGE ADD.
B42A 39 . RTS ' : '

%k %k END * %

* K : 7

-

B42B BMSEE EQU * BUBBLE MEMORY SYSTEM ERROR ERASE
* B - . .

= SETS ALL BMS ERROR COUNTERS. TO INDICATE

NO ERRORS HAVE OCCURED

- ASSUMES THE LIST OF ERROR COUNTERS STARTS WITH

FNEW AND ENDS WITH RUCE

- ASSUMES COUNTERS ARE SET TO $FF FOR NO ERRORS

B42B 86 FF - LDA A #SFF
B42D CE 0940 LDX #FNEW
* .

X ¥ * % ¥ %
1

B430 A7 00 BMSEEL STA A "0,X CLEAR ERROR COUNTER



B432 08
B433 8C 0850
B436 26 F8
B438 39 -

*

~ %% END **l

B439 0006
‘ *. .

*
B43F BMSD

*

IR EEEEEE
' 1

*

B43F CE 0800
B442 96 55
B444 A7 00
B446 08

B447 96 56
B449 A7 00
B44B 08

B44C 96 57
B44E A7 00
'B450 08
B451 96 58
B453 A7 00
B455 08

B456 96 59
B458 A7 00 -
B45A 08

X

B45B 3F

B45C 0000
B45E F410
B460 CE 0940
B463 3F

- B464 .0000
B466 -F410
B468 CE 0850
B46B 3F

B46C 0000
B46E F410
B470 BD B4CA
B473 31 .
B474 31

B475 31

B476 31

EQU =

INX

CPX

BNE
RTS

RMB

LDX
LDA
STA
INX
LDA
STA
INX

LDA

STA
INX
LDA

_STA

INX
LDA
STA
INX

SWI
FDB

LDX

SWI

FDB

LDX
SWI
FDB

- * JSR -

INS
INS
INS
INS

‘TNDB
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#RUCE+1 DO UNTIL ALL CLEARED

BMSEEL

#BMIB
BMWA
0,X

BMWA + 1
0, X
BMRA
0,X
BMRA+1
0,X
BSS
0,X

'BUBBLE MEMORY SYSTEM -SHUTDOWN

- SAVES THE STATE OF THE BMS -~

- WRITES THE FIRST 64 BYTES OF BMIB INTO PAGE
. 2045 OF THE BMS (FOR DEBUG)
- THE FIRST OF THOSE BYTES ARE BMWA,BMRA,BSS

THE NEXT BYTES ARE ALL THE ERROR COUNTERS .

- THE REMAINING BYTES CAN BE ANY PATTERN ENTERED
VIA THE MONITOR
- ASSUMES THE ERROR COUNTERS START WITH FNEW AND
END WITH RUCE

DEST. OF BMS STATUS
MOVE BMWA

MOVE BMRA

- MOVE BSS

*6* PLACE DEST. OF

0, IPSHX
#FNEW

* 4 *
0, IPSHX
#RUCE+1

* D %
0,IPSHX

* 2%

* ] *

ERR.BLOCK ON STACK

PLACE START LOCATION
ON STACK

"PLACE STOP LOC.

" TRANSFER ERROR BLOCK

REMOVE JUNK FROM STACK



B477
B478
: *

B479
B47C
B47D
B47F
B481
B484
B485
B486
B488
- B48B
B48E
B490
B493
B435
B497
B499

*

B49C
B49F

B4A1
B4A3
B4AB
B4A8
B4AA
B4AC
B4AF
B4BO
B4B3
B4B5
*

% %k

B4B6

B4B8
*

B4BB
B4BE
'B4CO
B4C2
B4C4
B4C7
B4CS
*

b 3 T

B4CA-

31
31

CE
3F

O07FD

0000
F410

BD
3t

END

E7D3

0068
EE

* %k

BMSDL 1

BMSDL4

BMSDL2

- RTS ~

AN ALTERNATIVE
BMSDL4 ONWARDS

C6b

BD

B6
85
27

18
B25E

ACO4
20

TNDB

BMSDL3

BMSD X2

EQU =*

INS
INS

LDX
SWI
FDB

JSR

INS
INS
LDA
STA

LDA
BMI

JSR
LDA
STA
LDA
STA

LDA
BPL

LDX
LDA
BIT
BEQ
LDA
STA

>

w > > >

> > o w

INX

DEC
BNE

FOR

LDA

JSR

LDA
BIT

BEQ

LDA
JSR
BEQ

RTS:
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* 6 *

#BMSA ADD. OF BMS STATUS PAGE
. *¥2% IS TO PLACED ON STACK
O IPSHX

WRX3 . WRITE BMC REGISTERS

*2* RESTORE STACK

#$1D  SEND FIFO RESET COMMAND

BCSR

BCSR - WAIT UNTIL BMC NOT BUSY
BMSDL 1

BMIBI RESET BMIB POINTERS
#64 TRANSFER PAGE(64 BYTES)
BMWC

#$13 SEND WRITE COMMAND
BCSR

- BCSR

BMSDL 4 WAIT UNTIL BU%Y

BMIBBT  REMAINDER OF PAGE
BCSR K
#$01 - LOOP UNTIL DATA

BMSDL2  CAN BE ENTERED

0, X GET DATA

BCDR PLACE DATA IN FIFO

BMWC DO UNTIL PAGE

BMSDL2  TRANSFER COMPLETE
EXIT

THE CODE FROM

#24 TRANSFER 24 BYTES T0 FIFO
TBBF )

BICS

#$20 :

BMSDL 3 WAIT FOR DATA REQ.
#20 TRANSFER 20 BYTES
TBBF . FROM BMIB TO FIFO
BMSDL3 . DO UNTIL PAGE TRANS.

RETURN

TRANSFER DATA BLOCK



* ¥ ¥ ¥ ¥

* ¥

*
B4CA

- B4CB

B4CD
BACF
B4DO
B4D2
%k

B4D4
B4D5
B4D7
B4DS
B4DB
B4DD
B4DF
*

 BAET
BAE 3
BAES
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A SUBROUNTINE TO MOVE A DATA BLOCK

T

HE DESTINATION AND THE LOCATIONS OF THE FIRST BYTE

AND THE 'STOP BYTE(LAST BYTE + 1) OF THE DATA TO BE
MOVED ARE PUSHED ON STACK IN THAT ORDER(2 BYTES EACH)
A REENTRANT SUBROUNTINE AS LONG AS DESTINATIONS DO
NOT OVERLAP

B4E7

B4ES
B4EB
*

-B4ED
B4EF
B4F 1

B4F3
*

B4F5
*

*
*
* %
*

30 TNDBL1 TSX |

EE 04 ‘ LDX  4,X LOC. OF BYTE TO BE MQOVED
A6 00 LDA A 0,X GET BYTE -

30 ‘ TSX .
EE 06 | LDX ~ 6,X GET DESTINATION
A7 00 STA A 0,X MOVE BYTE

30 *OTSX : INC.DESTINATION
A6 06 LDA A B,X

E6 07 ~LDA B 7,X

CB 01 ADD B #$01

89 00 ADC A #$00

A7 06 STA A 6,X

E7 07  STA B 7,X

AB 04 LDA A 4,X INC.LOC.OF BYTE TO BE
E6 05 . LDA B 5,X MOVED

CB 01 | ADD B #$01

89 00 ADC A  #$00

A7 04 STA A 4,X

E7 05 STA B 5,X

A1 02 ~ CMP A 2,X BLOCK TRANS.COMPLETE?
26 D9 BNE TNDBL 1

E1 03 CMP B 3, X DO UNTIL

26 D5 | BNE TNDBL1 . STOP BYTE REACHED
39 RTS )‘ EXIT

FOR 22 BYTES, 2.359 MSEC.
END  #* o

. :
B4F6 BMSU  EQU * BUBBLE MEMORY SYSTEM START UP

*

LI B B B

*

INITIALIZES THE BMS, AS IF JUST AFTER POWER U
EMPTIES FIFO IN BMC CHIP
SENDS BMC INITIALIZE COMMAND ‘
READS THE BMS STATUS PAGE AND PLACES IT IN BMIB
‘RESTORES BMWA,BMRA,BSS TO THEIR VALUES BEFORE
BMSD (SHUTDOWN) WAS RUN ,

CLEARS (INITIALIZES) BMIB,BMOB

CAN BE USED TO TEST THE BMS

B4F6 B6 ACO1 BMSUL1 LDA A BCSR BMC NOT BUSY?



B4FQ
B4FB

*
B4FD
B500
B502
B504
B507

*

B509
B50A
B50B
B50C
BSOF
B510
B511
B513
B516
B519
B51B
BS1D
B51F
B521
B523
B526

- B528

B52B
*

B52D
B530
B531
B533
' B535

B538
B539
B53A
B53D
B53F
B541
B543

*

-B546
B548
B54B
B54D
B550

. B552

B553
B556
*

B558

B558B
B55D

B560-

CE
3F

80
F9

ACO1

E7D3

11
ACO 1
ACO1
80

DC

07FD BMSUS2

0000
F410

BD
31

31.

CE
86
97
86
B7

E7D3

08C0
40

BMSUL3

BMSUL5

BMSUL 4

BMSUS3

BMSULG

BIT
BNE

LDA
BIT
BEQ
LDA
BRA

CLR
PSH
PSH
JSR
INS
INS
LDA
STA
LDA
BIT
BNE
EOR
BIT
BEQ
DEC
BNE
JSR
BRA

LDX
SWI
FDB

JSR

INS,

INS
LDX
LDA
STA
LDA
STA

LDA
BIT
BEQ

"LDA

STA
INX
DEC
BNE

LDX
STX
LDX
STX

D= =5 =

o o o > >

> > losRusl > > > >
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#$80 , : -
BMSUL1- WAIT UNTIL NOT BUSY
BCSR CHECK IF FIFO EMPTY
#3501 ‘

BMSUL5  SKIP IF EMPTY
BCDR REMOVE A BYTE FROM FIFO
BMSUL3 DO UNTIL EMPTY

SELECT BM% PAGE 'ZERO

% X% %
¥k .
WRX3 WRITE BMC REGISTERS
* % :
xxx GET JUNK OFF STACK
#$11 |
BCSR SEND BMC INIT. COMMAND
BCSR

#$80 WAIT UNTIL
BMSUL4 = BMC NOT BUSY
#$40 INIT. FAILURE?
#$7C

BMSUS2 SKIP- IF NO FAILURE
BSIE1 ~LOG INITIALIZATION
BMSUS3 ' ERROR
BCIHDF DISPLAY "B.S. FAIL"
BMSULS DO UNTIL INIT. OK

#BMSA . BMS STATUS PAGE ADD.
x2% ON STACK -

0. IPSHX ‘- |
WRX3  WRITE BMC REGISTERS

- *2*% RESTORE STACK
#BMOB DEST.OF PG TO BE READ

#64 # BYTES IN PAGE
BMRC |

#$12 SEND READ COMMAND
BCSR

'BCSR

#$01 WAIT UNTIL
BMSUL6  DATA AVAILABLE
BCDR .  GET DATA BYTE
0,X  STORE DATA

BMRC DO UNTIL

BMSUL6 A PAGE IS READ
- BMOB RESTORE BMWA
BMWA

BMOB+2  RESTORE BMRA

BMRA

S,



B562
'B565
*
B567
B56A

B568

B56D
+ B56F
B572
B573
B575
B577
B57A
B578B
B57D
BS7F

B582

B583
B584
B585
B586
B587
sk

B588
B58A
B58B
B58E
B591
B593
B594
B5387
*
B59A
B59D
B5AD
.
* %k
*.
*
B5A1

*

¥ OH K KR K X X K

BSA1
B5A3
BSA5

B6 08C4
97 59

CE 0940
3F

0000
F410

CE 08C5
3F
10000
F410
CE 08D5
3F

0000
F410

BD B4CA
31

31

31

74
0943
0943
73

0942
0942

B3B8
B3CSY
END

*

SXVM

LDA.

STA

LDX
SWI
FDB

LDX
SWI
FDB

LDX
SWI
FDB

JSR
INS
INS
INS
INS
INS

A

A

INS

LDA
INC

ADD -

STA
LDA
INC
ADD
STA
JSR
JSR

RTS

*

[ovJovRuciosRusRusiusNos)

BMOB+4

BSS" RESTORE BSS

#FNEW PUSH DEST.OF ERROR

* 6% BLOCK

0, IPSHX ‘

#BMOB+5 PUSH START OF ERROR
| * 4% BLOCK

0, IPSHX

#BMOB+1+5+RUCE-FNEW
*2*PUSH END LOC. OF ERROR BLOCK
0, IPSHX

TNDB TRANSFER ERROR BLOCK
*D % | q
*4x RESTORE STACK
* 6%

BCPUE 1 UPDATE BCPUE

BCPUE -
'BCPUE
BSIE 1

BSIE
BSIE

BMIBI INIT.
BMOB I

UPDATE BSIE

{

‘BMS 1/0 BUFFERS
EXIT

a

EQU * SUBROUTINE EXECUTION VIA MONITOR

- THIS ROUTINE ALLOWS THE MONITOR TO EXECUTE ANY

- SUBROU
- USE:

TINE

~ PRESS "."
. ENTER

. “PRESS
- AFTER EXECUTION A DECIMAL POINT IS

(ENDING IN RTS)
. PRESS
ENTER

"CLR"

SUBROUTINE LOCATION
"ENTR"

LOCATION OF THIS ROUTINE
"GO TO":, “"STRT"

DISPLAYED AND A WAIT LOOP IS ENTERED

DE 04
AD 00
0E

LDX
'JSR
CL1

ENTRY 1 LOC. OF SUBROUTINE
0,X EXECUTE SUBROUTINE
FOR MONITOR

ALLOW INT.



BS5A6 86 01 LDA
BSA8 97 00 STA
BSAA 5F : CLR
B5AB BD FFCD JSR
BOAE 4F CLR
BS5AF BD FFBB JSR
B5B2 3E SXVML1 WAI
BSB3 20 FD © BRA
* .
* %k END *x
3
%
B5B5 BWPT  EQU =*
*x*
*
*
* OF 16 BYTES EACH
%*
*
* SEQUENCE
% - INPUTS : WPC,WSC
* - OUTPUTS: V(CCR)
* WSC
* - CHANGES A,B,X,CCR
*
BS5BS 86 04 LDA
B5B7 B7 0954 STA
*
-B5BA 86 07 BWPTL3 LDA
B5BC B7 0955 STA
BS5BF FE 0950 LDX
‘B5C2 FF 0650 STX
BSC5 CE 0652 - LDX
B5C8 B6 0952 LDA
B5CB F6 0953 LDA
‘B5CE C€B 01 ADD
B5D0 89 00 ADC
*
B5D2 A7 00 BWPTL1 STA
B5D4 08 INX
B5D5 E7 00 STA
B5D7 08 INX
B5D8 CB 01 ADD
- B5DA 89 00 ADC
- B5DC 7A 0955 DEC
B5DF 26 F1 BNE
*
BSE1 B7 0852 STA
B5E4 F7 09853 - STA
B5E7 CE 0650 BWPTL2 LDX
B5EA C6 10 LDA
BS5EC BD B175 JSR
BSEF 29 08 BVS
B5F1 27 F4 BEQ

> @ > >

> > > >

> o [0} > > 00w >
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#$01

READEN ALLOW KEYBOARD ENTRIES °
IN FIRST LED DISPLAY

DSPDP - DECIMAL -POINT

PREPARE"TO WRITE
WRITEO TO FIRST LED
SXVML 1 WAIT LOOP

BUBBLE WRITE PAGE TEST

- A RQUTINE USED TO TEST WRITING INTO THE BMS
- WRITES A PAGE CONSISTING OF 4 LINES :

- EACH LINE CONSISTSQOF THE PAGE NUMBER (2 BYTES)
FOLLOWED BY 7 VALUES OF A 2 BYTE INCREMENTING

SET IF BMS FULL(CLEAR OTHERWISE)

#$04

WLC # LINES TO BE WRITTEN

#$07 # SEQUENCE COUNTS/LINE
wBC

WPC ‘
BSIL START LINE WITH PAGE #
#BSIL+2

WsC GET SEQUENCE COUNT
WSC+1

#$01 INCREMENT

“#%00 «

0,X ADD COUNT TO LINE
0,X

#$0 1 INC. SEQ. COUNT

#%00 _

WBC .

BWPTL1 DO UNTIL LINE OK

WSC ‘UPDATE WSC

WSC+1 0
#BSIL - LOC. OF INPUT DATA
#16 "NO. OF BYTES

BMS I INPUT DATA TO BMS
BWPTX1  EXIT IF BMS FULL
BWPTL2  REPETE,LINE NOT INPUT



*
B5F3 7A 0954 DEC
B5F6 26 C2 - BNE
ax
B5F8 0A CLV
B5F9 39 BWPTX1 RTS
*
* %k END * %
B5FA 0006 RMB
" \

»*»

*

\

WLC
BWPTL3

6
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DO UNTIL
ALL LINES WRITTEN

JIND. BMS NOT FULL

EXIT

* ’
B600 BSWT EQU * BUBBLE SYSTEM WRITE TEST
*
- WRITES THE NUMBER OF PAGES IN ENTRY1 INTO THE BMS

* - EACH PAGE CONSISTS OF 64 BYTES (SEE BWPT)
* - IF THE BMS DOES NOT BECOME FULL, BSTX IS EXECUTED

*
B600 96 59
B602 2B 2B BMI
* . /
B604 CE 0000 LDX
B607 FF 0950 © STX
B60A FF 0952 STX
B60D BD B42B JSR
. *
B610 BD B5B5 BSWTL1 JSR
B613 29 1A BVS
* K
B615 BD FFDO . JUSR
B618 B6 0950 LDA
B61B F6 0951 LDA
B61E BD FFEB " JSR
B621 FE 0950 LDX
B624 08 CINX
B625 FF 0950 STX
B628 9C 04 . CPX
B62A 26 E4 BNE
Bee .
B62C 7E B77A JMP
%k
€x*
*
* .
'B62F 86 04 BTXF  LDA
B631 C6 04 LDA
B633 CE B63C . LDX
B636 BD E7D6 JSR
B639 7E B7AC UMP
: !
. *
B63C
B63C 00 FCB
B63D BE FCB

B63E EE FCB

LDA A

BSS
BTXF

#$0000
WPC

BMSEE

BWPT
BTXE

CLDISP

WPC
WPC+1
WRITE4
WPC

WPC

ENTRY1
"BSWTL 1

BSTX

#4

#4
#DBSFT
DSCT
BSTW

0 .
$BE
$EE

EXIT IF BMS FULL

_CLEAR WRITE PG COUNT
- WSC CLEAR WRITE SEQ.COUNT

ERASE BMS ERRORS
WRITE A PAGE TO BMS
EXIT IF BMS FULL
DISP.WRITE PG COUNT
INCREMENT

DO UNTIL

PAGE COUNT=END PAGE
EXIT '

4 CHARACTERS
STARTING IN LED #4
ARE TO BE WRITTEN
WITH " B.S.F. "
STQP '

DBSFT EQU * DISPLAY BUBBLE SYSTEM FULL TABLE:

lIB- L1}
IIS. L]



B63F F2
*

*

B640 0006
*
B646 BSRT

*

¥ X X X ¥ X * X ¥ ¥

*

B646
B648
B64A
B64D
B650
B653
*

B656
B659
B658B
B65E
B66 1
B664
B667
B66A
B66B
B66E
B670

*

B672
*

*
B675
B677
B679
B67C
B67F
*

* %k

B682
B682
B683
B684
B685
*

FCB

RMB

$F2

6

EQU * BUBBLE SYSTEM READ TEST

READS THE NUMBER OF PAGES STORED IN ENTRY

FROM THE BMS

CHECKS TO SEE IF THE DATA READ IS THE SAME AS
THAT WRITTEN BY BSWT, (CALLS BRPT)
AFTER EACH SUCCESSFUL PAGE READ THE PAGE
NUMBER IS DISPLAYED
IF AN ERROR IS|DETECTED IN THE DATA READ, "RD. ER."

IS DISPLAYED AND THE PROGRAM STOPS

IF THERE ARE NO READ ERRORS, CONTROL PASSES TO
THE BSTX STUB.

96
27
CE
FF
FF
BD

END

59
2B
0000
0956
0958
B42B

B68C BSRTL 1

1A

FFDO
0956
0957
FFEB
0956

0956
04
E4

B77A

04
04
B682
E7D6
B7AC

BTXE

* %k

LDA A

LDA B
LDX
JSR
JMP.

BSS

BTXE

#$0000

EXIT IF BMS EMPTY

RPC  CLEAR READ PAGE COUNT
RSC  CLEAX.

BRPT
BTXE
CLDISP

EAD SEQ. COUNT

BMSEE ERASE" BYS ERRORS

RPC DISPLAY PAGE NUMBER

RPC+1

. WRITE4

RPC INC.

RPC
ENTRY 1
BSRTL 1

BSTX

#4

#4
#DBSEMT
DSCT
BSTW

READ PAGE NUMBER

DO UNTIL

EXIT

4 CHARACTERS

STARTING AT LED #4

ARE "B.S.E."

STOP

DBSEMT EQU * DISPLAY BUBBLE SYSTEM EMPTY TABLE

FCB
FCB
FCB
FCB

0

$BE
$EE
$FA

" B . 11
"S.
“E.

236

PAGE COUNT=END PAGE #



RMB

LDA

#$04 4 CHARACTERS,
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B686 0006 6,
*
B68C BRPT  EQU * BUBBLE READ PAGE TEST
*
* - A SUBROUTINE TO BE USED TO TEST READING
* THE BMS .
* - READS A PAGE OF 4 LINES OF 16 BYTES EACH AND
* CHECKS TO MAKE SURE EACH LINE IS AS WRITTEN BY BWPT
~* - ON THE FIRST OCCURANCE OF AN ERROR WE STOP AND ‘
% "RD.ER."™ IS DISPLAYED
*
B68C 86 04 LDA A #%04 INIT. # OF LINES IN PG
B68E B7 095A STA A RLC
* .
B691 CE 0690 BRPTL1 LDX #BSOL .GET A LINE FROM BMS
B634 C6 10 LDy B #16° 16 BYTES LONG
B696 BD B2BE JSR BMSO .
'B699 238 3B . “BVS BRPTX1 RETURN IF BMS EMPTY
B69B 27 F4 BEQ BRPTL1 DO UNTIL DATA TRANS.
*
B69D C6 07 LDA B . #$07 INIT. # OF SEQ.COUNTS
B6SF F7 095B STA B RBC, - TO BE CHECKED
B6A2 ¥YE 0690 LDX BSOL .CHECK PAGE COUNT
B6AS BC 0956 CPX RPC - .
B6A8 26 2D BNE BRPTXE EXIT IF NOT SAME
B6AA B6 0958 LDA A RSC. INC. SEQUENCE COUNT
B6AD F6 0859 LDA B RSC+1 ‘
B6B0O CB 01 ADD B #%$01 -
. B6B2 89 00 ADC A #%00. ,
B6B4 CE 0692 LDX #BSOL+2  LOC.OF SEQ. COUNTS .
*)
B6B7 A1 00 BRPTL2 CMP A OKX ' CHECK SEQ. COUNTS
B6BS 26 . 1C : BNE - BRPTXE EXIT IF NOT SAME
B6BB 08 INX . o
B6BC E1 00 CMP B 0,X
BEBE 26 17 - " BNE BRPTXE EXIT IF NOT SAME
B6CO 08 INX | |
B6C1 CB 01 ADD B - #%01 INC. SEQ. COUNT
B6C3 89 00 ADC A #%$00
B6CS5 7A 095B DEC RBC ‘
BSCB 26 ED - BNE BRPTL2 DO UNTIL LINE CHECKED
vBSCA B7 0958 STA A" RSC UPDATE RSC
B6CD F7 0959 STA B RSC+t
B6DO 7A -0385A DEC RLC DO UNTIL
B6D3 26 BC BNE BRPTL1 ALL LINES CHECKED,
x* - . . .
B6D5 0A S CLV IND. BMS NOT EMPTY
B6D6 39 BRPTX1. RTS ~
* . .
* : .
B6D7 31 BRPTXE INS BMS EMPTY EXIT,REMQVE
. BeD8 31 INS SUBROUTINE RETURN ON STACK
B6D9 .86 04 A :
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B6DB D6 12 - LDA B LEDNO IN NEXT LEDS,
B6DD CE B6E6 LDX #RTETBL FROM READ TEST ERROR
B6EQO BD E7D6 - JSR DSCT TABLE ARE DISPLAYED
B6E3 3E BRPTEW WAI o WAIT (STOP)
B6E4 20 FD BRA BRPTEW
. -
*%  END  *x*
*
B6EG RTETBL EQU READ TEST ERROR TABLE
BBEG 12. FCB $12 "R"
B6E7 9F FCB $9F "D
B6E8 7A FCB $7A “E"
B6E9 92 ' FCB $92 "R."
% ) .
B6GEA 0003 RMB 3

* .
B6ED BRWT EQU * BUBBLE READ WRITE TEST

*

* - WRITES TWO PAGES AND READ A PAGE UNTIL BMS FULL
*  THEN READS TWO PAGES AND WRITES A PAGE UNTIL
*  BMS EMPTY ‘ ‘
* - USES BWPT AND BRPT FOR WRITING AND READING PAGES
B6ED BD B41A JSR ~  BMSE EMPTY BMS
B6F0 BD B42B JSR BMSEE ERASE BMS ERRORS
B6F3 CE 0000 LDX #$0000 ' _
B6F6 FF 0950 - STX WPC - CLEAR READ AND WRITE
B6F9 FF 0956 STX RPC PAGE AND SEQUENCE
B6FC FF 0952 STX ~ WSC COUNTERS
B6FF FF 0958 STX RSC
*
* WRITE UNTIL BMS FULL
* : . ‘
B702 BD B5B5 BRWTW - JSR BWPT WRITE A PAGE -
B705 29 2B "BVS - BRWTR SKIP IF BMS FULL
B707 FE 0950 . LDX wpe V.
B70A 08 " INX ' : INC. WPC
B70B FF 0950 - STX WPC v
B70E BD BSBS = - JSR . BWPT WRITE A PAGE
B711 .29 1F o BVS BRWTR SKIP IF BMS FULL
B713 FE 0950 LDX WPC - '
.B716 08 INX : INC. WPC
B717 FF 0950 STX WPC '
B71A BD BB8C JSR BRPT READ A PAGE
"B71D BD FFDO JSR ~ CLDISP  DISPLAY RPC
B720. B6 0956 "LDA A RPC
"B723 F6 0957. LDA B RPC+1
B726 BD FFEB JSR WRITE4
B729 FE 0956 © LDX RPC
B72C 08 © 0 INXC _INC. RPC
B72D FF 0956 STX RPC
B730 20 DO BRA BRWTW DO UNTIL BMS FULL
* .

* READ UNTIL BMS EMPTY

\_?'



: *
B732
'B734

B737
B738
B739
B73B
B73E
B741

B743

B746
B749
B74C
B74F

B752.

B753
B756

B7598.

B75B
B75E

-B761

B764
B767
B76A
B768B
B76E

- B771
B774-

B775
B778
*

’ *
B77A
B77C

B77E
B780
*

B782

B785
B787

B789

B78B

B78C

B78F
*

B791

B793

B796

- B7BS

B79A
B79D

- B7A0
<ok

08 BRWTR “LDA A

0952
BRWTL3

FC

0852

B68C BRWTRL
37

FFDO

03956

0957 -

FFEB

0856 -

0956

.B68C

1F

FFDO
0956
0957

FFEB
10956

0956
B5B5
0950

0950
C4

B77A  BSTX

96

26

96

26

SA BSTXL2

0940

FF

00 BSTAL 1
17

0950.

FB

03
FFCD
04 ¢

.04 J
LBX

E740
E7D6
0A

LDX
DEX
DEC
BNE
STX
JSR
BVS
JSR
LDA

"LDA

JSR
LDX
INX

JSR
BVS
JSR
LDA
LDA
JSR

LDX

i STX.

INX.

STX

JSR

LDX
INX
STX

BRA .

EQU
LDA

BNE -

LDA
BNE
LDX

LDA
Cmp

BNE -
- INX

CPX

BNE

LDAEB:

LDA

JSR
BRA

14

CJSR w

LDA B

A

BSTW GO TO WAIT
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#308 ADJUST SEQ. COUNT
WSC AS A LINE WAS NOT
WRITTEN ON BMS FULL
BRWTL3
WSC ,
BRPT - READ A PAGE
BSTX - EXIT IF BMS EMPTY
CLDISP  DISPLAY RPC
RPC .. '
RPC+1 ™
WRITE4
RPC
INC. RPC
RPC |
BRPT ~ READ A PAGE
BSTX EXIT IF BMS EMPTY
CLDISP  DISPLAY RPC
RPC |
RPC# 1
WRITE4
RPC
o CINC. RPC
RPC
BWPT WRITE A PAGE
WPC o
INC. WPC
WPC

BRWTRL DO UNTIL BMS EMPTY
*  BMS TEST EXIT |

BMIBS WAIT UNTIL BMS INACT.
BSTXL2 (WRITE NOT ACTIVE)

BMOBS S
BSTXL2 (READ NOT ACTIVE)

 #FNEW -LOC.OF BMS ERROR LIST

#SFF VALUE IF NOT ERRORS
0, X - "CHECK FOR ANY ERROR
BSTXS1~ SKIP IF ERROR

#RUCE +1 DO UNTIL LAST ERROR

- BSTXL1  COUNTER CHECKED
#3  AFTER CHARACTER

DSPDP - DISPLAY DECIMAL PIONT
#4 -

#4 ‘ E S
#D104TB  DISPLAY. "10 4"
DSCT

AT
dy e

W
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B7A2 86 04 BSTXS1 LDA A #4 4 CHARACTERS

‘B7A4 C6 04 LDA B #4 STARTING AT LED 4
B7A6 CE B7AF LDX #DBSERT FROM BUB.SYST.ERR.TBL.
B7AS BD E7D6 JSR DSCT ARE DISPLAYED("B.S.ER.") .
* : ’
B7AC 3E BSTW  WAI WAIT (STOP)
B7AD 20 FD BRA BSTW
x _ .
**x END **
* /
B7AF DBSERT EQU * DISPLAY BUBBLE SYSTEM ERROR TABLE
B7AF BE _ FCB $BE "B."
B7B0 EE FCB $EE "S."
B7B1 7A o - FCB $7A

B7B2 92 FCB $92 -
* B

E3

* A

* JUMP TABLE FOR ROM 7
* : .
D

B7DD | ORG "  $B7DD
*

B7DD 7E B41A " JMP  BMSE

B7EQ 7E B14E ~JUMP BDIH

B7E3 7E B044 JMP  BCIH
JMP  BMSI
JMP BMSO-
JMP  TNDB
JMP  BMWF
JMP ~ BMSD
JMP BMSU
JMP  BMIBI

JMP BMOBI
END .
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ROM8

M6B8SAM is the property of Motorola Spd, Inc.
Copyright 1974 by Motorola Inc. = .

Motorola M6800 Cross Assembler, Release 1.1

NAM ROM8 SAMPLE PROCESSING, STORAGE, AND CONTROL

*
%
*
*  TIMER ADDRESSES ( MC6840 )
% ‘ .

7C01 - CR2  EQU  $7COf
* .
*

0080 v ORG $0080

- 0080 0002 FILTPR RMB 2 PNTR TO SET OF FILTER COEFF.
0082 0002 COEFPR RMB 2 PNTR TO FILT.COEFFICIENT ARRAY
0084 0001 SPLC RMB t THE SAMPLE COUNTER
0085 000t SPLCRS RMB 1 THE RESET VALUE OF THAT COUNTER
0086 0001 SYST RMB 1 THE SYSTEM STATUS REGISTER :

* : $00 => NOT SAMPLING,TRANSMISSION NOT ACTIVE
* "$0F => NOT SAMPLING,TRANSMISSION ACTIVE .
* $FO0 => SAMPLING, TRANSMISSION NOT ACTIVE

* $FF => SAMPLING, TRANSMISSION ACTIVE :
0087 0001 MLAC. RMB 1 .NE. $00 WHEN MAINLINE ACTIVE
0088 0001 MLST RMB 1 .EQ. $FF WHEN MAIN TO BE STOPED
00839 0001 FTNFLG RMB 1 .NE. $00 WHEN A FUNCTION ACTIVE
008A 0001 SIGFLG RMB 1 .NE. $00 WHEN "SIG" IS ACTIVE ‘
008B 0001 SELFLG RMB 1 .NE. $00 WHEN FILTER SELECTED !
008C 0001 BSILF RMB 1 OXXXXXX1T WHEN BSIL USED,BMSI IDLE

* ‘ »IXXXXXXX WHEN BSIL USED,BMSI BUSY o |

*  %00000000 WHEN BSIL NOT USED AND - g \
* : BMSI IDLE ' \
008D 0002 EPLFX1 RMB 2 X -REGISTER STORAGE LOCATIONS
008F 0002 EPLFX2 RMB 2 USED BY ROUTINE "EPLF" ,
0091 0001 BSOLF RMB 1 .EQ. $00 IFF BSIL NOT USED .
0092 0002 TPVEC RMB 2 VECTOR TO TRANS. PROCCESS o \\\
*. .
*
* - OTHER VARIABLES USED BY ROMS8
* .

0430 Y EQU . $0430

0400 S EQU $0400

* ¥

COEFFICIENT ARRAYS :

04B8 AO ~  EQU $0488
04C8 Al EQU -$04C8
04D8 A2 EQU $04D8
04E8- B1 EQU ~ $04E8
04F8 B2 EQU $04F8

0508 co EQU $0508



0518
0528

. 0538

* ® *

0000
0004
0005
0006
0007
0008
0009
000A
000B
000D
0010
0011
0012
%

*
0080

- 0081

B0OO

*

* K *

0548
0015
001E
0022
0032
0059
0650
0690
0049
0042

C1
C2
D1
D2
BUF
BUF
DC1
SPL
BSS
BSI
BSO
RXD
FLG
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EQU $0518

EQU  $0528
EQU  $0538
EQU  $0548

1SR EQU $0015
2SR EQU $001E
FLG EQU $0022
VEC EQU $0032

- EQU $0059 -
L EQU $0650
L EQU $0690

EQU $0049
C EQU $0042

BUBBLE SYSTEM STATUS
BMS INPUT LINE

BMS OUTPUT LINE.
RECIEVED BYTE (ASCII)
FLAG CHAR. (1 BYTE HEX)

I N R B |

MONITOR GLOBAL VARIABLES AND FLAGS

READEN
ENTRY 1
ENTRY2
ENTRY3
ENTRY4
ENTRYS5
ENTRY6
ENTRY7
ENTRY8
IXRV

MONFLG
SECFLG
LEDNO

EQU.
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

$0000
$0004
$0005

-$0006

$0007
$0008

- READ ENABLE
- ENTRIES VIA ENTR FUNCTION

$00083

$000A

'$0008

$000D
$0010
$0011
$0012

+E - X REG.STORAGE, MAIN LINES ONLY
- INDICATES MAINLINE STOPED

-.IND. 2ND KEYBOARD FTN. SELECTED
- THE # .OF THE LED TO BE WRITTEN
INTO NEXT, (FIRST LED = #0)

CONSTANTS USED BY ROMS8

FRFR
FREN

E
E

QU
QU

RM7RST EQU

SDME\>KBLES USED BY ROMS8

F7A5.
F423
E740
F780
E75D
E748
F78C
E738
F798

E77F

E793

E7A7

END
ERR
D10
EOF
cop
FOR
PTI
DDA
PTI

FIL
FIL
FIL

$80 - DATA BLOCK FRAME FRONT

$81 - DATA BLOCK FRAME END
$B00O - ROM7 RESET VECTOR

2

TBL EQU $F7A5
ORT EQU $F423
4TB EQU $E740
TBL EQU $F780
YON EQU $E75D
TON EQU $E748
PON EQU $F78C

TAL E

QU $E£738

POF EQU $F798.

T2 E

QU $E7TF

T4 EQU $E793

T8 E

QU $ETA7



* ¥ ® *

¥ ¥ X ¥

E724
E7BB

FILTA
FILTBP

EQU
EQU

SUBROUTINES USED BY

FFCA
FFCD
FFDO
FFD6
FFDF
FFCH
FFBB
FFC4
FFE8
FFEB
FFF1

~ FBF6

FFBE
F3F 1
F7E3

" F7F5
F3D6
F3ES
F3EB

- F3EE

'EFDO
F3F4
B7EF
E7DF
E7D0
B7DD

E7D6
E7ES
F7F2
B7EQ
E7DC
B7F2
B7E6
B7FB

L INKAGE

F400
F402
F404
F406
F408
F40A
F40C
F40E

F410

DSPSN
DSPDP

CLDISP

DTSR2
DSPXAB
READ2
WRITEOQ
WRITE2

READ4

WRITE4
DELAY2
SCNDSR
FLSH
TMSR
TX1CHS
TX2CHS
SAMP
TMHB
CKSM
GT.XB
FILT
MDTI
BMWF
CFOF
GTBT
BMSE
DSCT
FDID -
CLBUF2
BMSO
SPTP
BMSD
BMSI
BMOBI

TABLE ENTRIES FOR SWI ROUTINES) ,

IERR

ISTXA
ISTX2
ISABX
ILABX
IABTX
IAITX
IRX2

IPSHX

EQU
EQU

EQU

EQU

EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU

EQU
EQU
EQU
EQU
EQU

EQU

EQU
EQU
EQU

EQU "

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU

- EQU

EQU
EQU

EQU

EQU

$E724
$E7BB

ROM8

$FFCA
$FFCD
$FFDO
"$FFD6
$FFDF
$FFC1
$FFBB
$FFC4
$FFES
$FFEB
$FFF1
$FBF6
$FFBE
$F3F 1
$F7E3
$F7F5
$F3D6
$F3ED
$F3EB
$F3EE
$EFDO
$F3F4
$B7EF
$E7DF
$E7DO-
$87DD
. $E7D6
$E7ES
$F7F2
$B7EQ
$E7DC
$B7F2
$B7E6
$B7FB

$F400
$F402
$F404
$F406
$F408
$F40A
$F40C
$F40E
$F410

243
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*
2k 2k 2k 3K 3 K 2k 2k 2k Ak 3 o ok dk 3k Ak Ak K e o ok Ak ok A 3k ke 3 A 3k 3k A kK Kk oK ok ok ok Xk kK Ak Xk

%*
B80O ORG $8800
ok ok ok ok ok ok ok o ok K %k ,
* . ‘ : o
* :
%
*
B80O . RMBRST EQU * ROM 8 RESET
* ) .
B80O 7F 0042 CLR ~ FLGC
*
B803 CE 0080 LDX #FILTPR  CLEAR ROM8 FLAGS
B806 6F 00  RM8RL1 CLR 0,X S
B808 08 INX
B809 8C 0094 CPX . #TPVEC+2
BBOC 26 F8 BNE RMBRL 1
* .
B8OE 7t B0OO JMP RM7RST GO TO ROM 7 RESET
%
**x  END *%
N :
. | . . ,
B811 F2SU  EQU * FILTER #2 SET UP
* : :
* - STUB TO BE ENTERED WITH MONITOR TO SET
* FILTER COEFFICIENTS TO THOSE OF ANY FILTER
* - BEFORE STUB IS RUN, THE LOCATION OF THE -
* FILTER COEFFICIENTS ARE PLACED IN ENTRY1 USING
* THE ENTER FUNCTION
* . .
B811 C6 Q7 - LDA B #%07 ‘DO ALL 8 CHANNELS
B813 DE 04  F2SUL1 LDX ENTRY1 =~ TRANSFER FILTER
B815 BD BB8A7 JSR TFCF COEFFICIENTS . -
B818 5A DEC B
B81S 2A F8 BPL F2SUL 1
B81B 7t BCFO JMP SYIDWL GO TO WAIT LOOP
** END - *x% : :

* . ' .
B81E SPLP2 EQU = SAMPLING PROCESS 2
- :
* - USED FOR TESTING, DOES NOT USE THE BMS

* AS A BUFFER .

* . .
B8B1E OE CLI ALLOW INTERRUPTS
B81F BD F3D6 JSR SAMP - OBTAIN SAMPLE BLOCK
'B822 01 NOP ~ IN S (.SMSEC)

* s . s
B823 BD EFDO JSR FILT FILTER,QUTPUT Y (15 SEC%E.

* .
B826 7A 0084 DEC. SPLC DEC. SAMPLE COUNTER

B829 26 28 ~ BNE  SPLPXT IF NOT ZERO, EXIT



B86D
*

26
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SPLCRS RESET THE SAMPLE CNTR

SPLC
#Y MOVE DATA TO
MDTI ~  INPUT (.656 MSEC)

CKSM  APP.CHECK SUM(.241 MSEC.)
TMHB ADD TIME, (3 HEX),

FLGC (.159 MSEC.)
BSIL+22  ADD FLAG BYTE(1 HEX)
FLGC

#BSIL+1 GENERATE
GTXB TX BLOCK (2.5 MSEC.)

THE TX BLOCK(3.4MSEC FOR SWI) -
0,ISTX2 +(2.1MSEC. FOR TXx2)

FLSH -~ FLASH AN "S" ON DISP.
$6E,$06 ( 66 USEC )
*  START SAMPLING

STARTS THE SAMPLING PRDCESS BY
ENABLING THE TIMER INTERRUPT (CLK2 TIMER #1)

BNE

FTNFLG CONTINUE IF A FTN.
SSPLSO NOT ACTIVE

#ERRORT - DISPLAY "ERROR"
DTSR2

SECFLG CHECK FOR 2ND FTN.
SSPLS1

SCNDSR‘
HSPL

SYST ALREADY SAMPLING?
#S$F 0 _
SSPLX1  EXIT IF SO

B82B 96 85 LDA A
882D 97 84 STA A
882F CE 0490 LDX
'B832 BD F3F4 JSR
*
B835 BD F3EB JSR
*
B838 BD F3E5 JSR
* .
B83B 96 42 LDA A
B83D B7 0666 STA A
B840 7F 0042 CLR
N .
B843 CE 0651 LDX
B846 BD F3EE JSR
o :
B849 3F SWI TX
B84A 0000 FDB
B84C F404
*.
B84E BD FFBE JSR -
B851 BE " FCB,
8852 06
8853 3B SPLPX1 RTI
* % END * %
.
% o
B854 SSPL  EQU
*
* 4 - KEYBOARD ACTIVATED FUNCTION
* - CLEARS FILTER DATA
* -
*
b3
B854 96 89 LDA A
B856 27 07 - BEQ
* I
B858 CE F423 LDX
B85B BD FFD6 JSR
B8SE 3B RT1I
* .
'B85F 96 11  SSPLSO LDA A
B864p 27 06 BEQ
*
B863 BD FBF6 . JSR
B866 7E BS8DA JMP
*
B869 96 86  SSPLS1 LDA A
B86B 85 FOQ BIT A
37



B86F

B871

B873

B876

B879
*

B87A

‘B87C
B87E

B88 1

B884
E'3

B885

B887
B883
B88C
B88E
B88F
B892
B894
*

B897
B899
B8YB
B8ID
BBAD
BBA2
B8AS
B8AG
* %
b 3

*
B8A7

»*

* %

A

* ¥ ¥

*
- B8A7
B8AB
BBAA

B8AD
*

BBAF
B8B1

B8B3 .

B8B4
B8B6
k3

B8B8
B8BY
B8BB

96 59
2A 07
CE BF20
BD FFD6

96 8B
26 07
CE BF28
BD FFD6

96 85
97 84
CE 0400
6F 00

8C 04A6
26 F8
7F 008C

86 FO
87 42
86 D7
B7 7CO1
D6 86
CA FO
D7 86

END *x

SSPLS2

SSPLS3

SSPLL1

LDA
BPL
LDX
JSR
RTI

LDA
BNE
LDX
JSR

RTI.

LDA
STA
LDX
CLR
INX
CPX
BNE

CLR

SSPLX1

LDA
STA
LDA
STA
LDA
ORA
STA
RTI
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BSS SKIP IF BMS FULL
SSPLS2

#DBMSFL DISPLAY "B.M.S.FULL"
DTSR2

SELFLG SKIP IF FILT.SEL.MADE
SSPLS3

#DUSEL DISPLAY "USE SEL" SO
DTSR2 = USER MAKES SELECTION

SPLCRS  RESET SAMPLE COUNTER
SPLC ‘

#S CLEAR FILTER DATA
0,X .
#Y+22
SSPLLT ' _ : .
BSILF IND.BSIL NOT IN USE
#$FO0 FLAG THE NEXT SAMPLE
FLGC AS THE FIRST SAMPLE
#$D7 START SAMPLING,
CR2 ENABLE CLK #2 INT.
SYST IND.SAMPLE PROCESS
#$FO ACTIVE :
SYST

EXIT

TFCF EQU * TRANSFER FILTER COEFFICIENTS

ASSUMES

SSUMES

B
X

ELEMENT IN THE

DF 80
CE 04B8
DF 82

DE 80
A6 00

DF 80
DE 82

TFCFL1

CHANNEL # | “ :
LOCATION OF 10 2 BYTE FILTER COEFF.
TRANSFERS THE FILTER COEFFICIENTS TO THE APPROPRIATE

10 COEFFICIENT ARRAYS IN RAM

ASL
STX
LDX
STX

LDX
LDA
INX
STX

LDX

 SWI

FDB

B

A

CHANGES A,X,CCR,CLEARS B BIT 7

. B=B*2=CANNEL # = 2
FILTPR STORE FILTER LOC.
#A0

COEFPR  INITIALIZE COEF.PTR.

FILTPR
0,X TRANSFER FIRST BYTE

FILTPR STORE FILT.COEF.LOC.
COEFPR .

0, ISABX STORE A AT B+X
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DE 80 LDX FILTPR

A 00 LDA A 0,X

08 INX o

DF 80 STX FILTPR v -
DE 82 LDX COEFPR

08 INX

3F o SWI - |
0000 FDB 0,ISABX  STORE A AT B+X )
F406 o .
3F COSWI ADD OFFSET TO
000F " _FDB $000F ,IAITX NEXT ARRAY

F40C |

DF 82 STX  COEFPR

8C 0558 CPX #D2+16 ALL COEF. DONE?

26 D7 BNE TECFLY1  LOOP IF NOT DONE

54 LSR B RESTORE B

39 RTS :

END  **

HSPL  EQU * HALT SAMPLING

THIS ROUTINE STOPS  THE SAMPLING PROCESS
SAMPLING CAN BE CONTINUED WITH THE SSPL FUNCTION
THIS IS A KEYBOARD ACTIVATED FUNCTION

96 86 LDA A SYST

85 FO BIT A #$F0 EXIT

27 09 .BEQ HSPLX1 IF NOT SAMPLING
84 OF AND A #$0F

97 86 STA A SYST - IND.NOT SAMPLING
86 97 : LDA A #$97 DISABLE CLK2,TIMER #1
B7 7CO01 STA A CR2 INTERRUPT

3B HSPLX1 RTI :

END =%

END EQU = END

A KEYBOARD ACTIVATED FUNCTION

MAY STOP THE SAMPLING PROCESS

INDICATES TO THE MAINLINE THAT THE DATA SENDING
PROCESS IS TO BE".STOPED AFTER THE BMS IS EMPTY

96 86 - LDA A SYST CONTINUE IF
85 OF BIT A #$0F DATA IS BEING SENT



*

* %

B916

BS18

BS1A

BS1D

B920
*

B921
B923
B925
B928.

- B928B
*

B32C

BS2E

B330

B333
¥

B934
 B936
B938
BS3B
B93E
B94 1
8944
B946
B947

26 07
CE BF30
BD .FFDB

7F 0086
86 97

B7 7C01
7C 0089

BD B7EF
BD FFDO

9"CE F7A5
8501
5F

BD E7D6
7F 0088

3B
END *x*

B316

ENDS1

ENDX A

SIG

BNE
LDX
JSR
RTI

- CLR

LDA A
STA A
INC
CLI
JSR

JSR
LDX
LDA A
CLR B
JSR
CLR

RTI

EQU

248

ENDS1

#DTTXSA DISPLAY "TRY TX.SA."

DTSR2 TO IND."TX" OR "SEND"
SHOULD BE USQED

SYST IND.MAIN TO STOP ON BMS MT

#8397 DISABLE CLK2,TIMER #2

CR2 INTERRPUT -

FTNFLG IND. FUNCTION ACTIVE
ALLOW FOR BMS INT.

BMWF WRITE LAST PG TQ BMS

CLDISP
#ENDTBL .
#$01 DISPLAY "E"

DSCT

FTNFLG

«  SIGNON

- A KEYBOARD ACTIVATED FUCTION USED TO
SIGNON TO THE MTS SYSTEM

96 86
27 07
CE F423
BD FFD6

96 87

27 07
CE BF50
BD FFD6

96 8A
27 04
7F 008A

86 89

7C 008A
7C 0089
BD FFDO
CE BSFO
86 03

BD E7D6

SIGXE

SIGS1

SIGS2

SIGS3

LDA A
BEQ
LDX
JSR
RTI

LDA A
BEQ
LDX
JSR
RTI

LDA A
BEQ
CLR
RTI

LDA A
BNE
INC
INC
JSR
LDX
LDA A
CLR B
JSR

SYST SKIP IF

SIGS1 SYSTEM APPEARS IDLE
#ERRORT DISPLAY "ERROR" AS"
DTSR2 SYSTEM MUST BE IDLE

MLAC SKIF IF

SIGS2 MAINLINE INACTIVE
#DTRLTR DISPLAY "TRY.LATER"
DTSR2 AS MAIN STILL ACTIVE

SIGFLG SKIP IF

SIGS3 "SIG" NOT ACTIVE

SIGFLG INDICATE"SIG"TO STOP

FTNFLG EXIT

SIGXE IF ANOTHER FTN ACT.
SIGFLG IND."SIG" AND FTN ACT.
FINFLG .

CLDISP '
#DSIGON DISPLAY "SIG"
#$03

DSCT



B34A
*

B94B

 BY4E
BY5 1

B954
*

B956
B959
B95B
B95D
BY5F
B96 1
B962
B964
B967
B96Y
BI6A
*

B96C
BI6F
B972
B975
B977
B97A

B97C
B

B97E

B981

B984

B987
*

B988

B98B

B98E

B991

B994
%k

B995
B998
E

B99A

B939D,

BSAOQ

B9A2

BOA4
*

B9AG
BOAS

"~ BYAC

BOAF
BB 1
B9B3
 B9B5

OE

TF
CE
BD
C6

BD

0049
BIF8
F7E3
16

FFF1

00F9

96
81
27

4D.

26
7D

27

5A
26

49
5D
27

36
008A
15

EA
BAOB

F7E3
FFFT

00F9

008A

02

cD
BAO3

FFD6
0089

BAFO

FFD6

008A
0089

0003

20

7F
BD

B1 -

0049
FFF1

00FQ

96
26

SIGL2

SIGL1

S1GX2

SIGX1

SIGLZ2B
SIGS4

SIGL4

CLI
CLR

- LDX

JSR
LDA B

JSR
FDB
LDA A
CMP A
BEQ
TST A
BNE
TST
BEQ
DEC B
BNE-

LDX
JSR
JSR
FDB
TST
BEQ
BRA

LDX
JSR
CLR
RTI

LDX
JSR
CLR
CLR
RTI

RMB
BRA

CLR
JSR
FDB
LDA A~

BNE_~

LDX
JSR
TST
BEQ
LDA A
CMP A
BNE

RXD
#LTTBL
TX1CHS
#$16

DELAY2
$00F9
RXD
#$5D
SIGX1

SIGS4
SIGFLG
SIGX2

SIGL1

#MMBR
TX1CHS
DRLAY2
$00F9
SIGFLG
SIGX2

'SIGL2

#DSIGFT
DTSR2
FTNFLG

#DSIGON
DTSR2
SIGFLG
FTNFLG:

3
SIGLZ

RXD .
DELAY2
$00F9"
RXD
SIGS4

#SIGID
TX1CHS.
SIGFLG
SIGX2
RXD
#$3F

SIGL4

ALLOW FOR TX INT.

CHECK IF SIGNED ON,

SEND “"$LIST T*

WAIT 8 SEC. MAX.

WAIT .5 SEC

IF "]" WAS RXED,

THEN SIGNON OK,EXIT
IF A CHAR.RXED, THEN
MODEM UP,NOT’ SIGNED ON
EXIT IF"SIG"IS TO STOP
LOOP UNTIL 8 SEC. UP

SEND "MODEM MUST BE
READY’ BEL' "

WAIT .5 SEC

EXIT IF"SIG"TO STOP
DO UNTIL MODEM UP

DISPLAY "SIG. FAIL"
IND.FTN NOT ACTIVE

-DISPLAY "SIGNED.ON"

IND."SIG" AND FTN
NOT ACTIVE

WAIT .5 SEC.

WAIT UNTIL
NO CHAR. RXED

SEND "SIG IDID"

EXIT IF"SIG"TO STOP

WAIT FOR FIRST "?"
) R
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BSB7

B3BA

B3BD

BIBF

BSC1

B3C3
»

B9C5
B9C8
B9CB
BICE
BID 1
BID3
BAD5

*

B3D7
B3DA
BSDC
BYDE
BYEO
BYE2
BSES
BOE7
BSEA
BOEB
BYED

* Xk

*
BOFO
*

BYF O
BIF 1
_BOFD
BYF 3
‘BOF4
BYFS
" BYF6

- B9F7

' *

- % .
BOF8
*

BOF8
BYF9
BYFA
BOFB
BIFC
.. B9FD
BYFE
BOFF
BAOO

7F 0049
CE BF82
BD F7E3
70 008A
27 AB

DSIGON

6E -
04
7¢
16
A%,
9F
1E
16

LTTBL

24
4C
49
53
54
20
54
0D
0A

SIGL7

SIGL6

SIGLS8

EQU *

EQU *

CLR
TST
BEQ
LDA
CMP
BNE

CLR
LDX
JSR
TST
BEQ
LDA
BEQ

JSR
FDB
LDA

CMP

BEQ

TST-

BEQ
CLR
TST
BNE
JMP

DISPLAY SIGNED

FCB
FCB
FCB
FCB
FCB
FCB
FCB
FCB

FCC

FCB

RXD
SIGFLG
SIGX2
RXD
#$3F
SIGLS

RXD
#PASSWD
TX1CHS
SIGFLG -
SIGX2
RXD
SIGL6

DELAY2
$01F2
RXD
#$3F
SIGL7
SIGFLG
SIGX2
RXD

SIGL8
SIGL2

$6E
504
$7C
$16
$74
$9F
S1E
$16

LIST T
"$LIST T’

EXIT IF"SIG"TO STOP

WAIT FOR NEXT

SEND PASSWORD

EXIT IF"SIG"TO STOP
WAIT FOR NEXT CHAR.

DELAY 1.SEC.

[F A "?7" RXED,

THEN RETX PASSWORD
EXIT IF"SIG"TO STOP
DO UNTIL

NO CHAR.
TEST IF SIGNED ON

o
=z

Z200mMZO W

= x =

40D, $0A, $7F, $04

RXED

" ?n
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BAO1 7F
BAO2 04
%

*
BAO3 DSIGFT EQU = DISPLAY SIGNON FAIL
* : :

BAO3 6E FCB $6E . "s"
BAO4 04 FCB  $04 "1
BAOS FC . FCB  S$FC G
BAO6 00 ~ FCB $00 v
BAO7 72 FCB  $72 “E
BAO8 77 FCB  $77 A
BAO9 04 FCB  $04 "1
BAOA 38 . FCB - $38 L
. \

BAOB~  MMBR  EQU =

*
BAOB 07 FCB  $07 "BEL"
BAOC 20 FCC ' ** MODEM MUST BE "READY" =’
BAOD 2A | : | L
BAOE 2A
BAOF 20
BA10 20
BA11 4D
BA12 4F
BA13. 44
BA14 45 . | .
BA15 4D - : ,
BA16 20 | |

- BA17 20

BA18 4D
BA1S 55"
BA1A 53-
BA1B 54

- BA1C 20

BA1D 20
BATE 42

BA1F 45

BA20 20

BA21 22

BA22 52

BA23 45

BA24 41

BA25 44

BA26 59

BA27 22

BA28 20

‘BA29 2A

BA2A 2A

BA2B 07 ' FCB $07  "BEL" s

'BA2C 0D FCB $0D, $0A,$7F,$04 -

BA2D 0A . ‘
BA2E 7F ’ :
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BA2F 04 ‘
* . - . i
BA30 CLBS EQU * CLEAR BUBBLE SYSTEM

* - A KEYBOARD ACTIVATED FUNCTION o
* ~ ALLOWS THE BUBBLE SYSTEM TO BE EMPTI@D F R
* THE KEYBOARD ¥ )
* - AFTER THIS ROUTINE IS RUN,. "SAVE" SOUL BSAReRUN
* BEFORE POWERDOWN TO SAVE THE NEW STATUS ¥ THE
* BMS CONTENTS '
.
BA30 96 86 LDA A SYST EXIT .
BA32 27 07 BEQ. CLBSS1. IF SYSTEM NOT IDLE
BA34 CE F423 CLBSXE LDX #ERRORT  DISPLAY "ERROR" AS
BA37 BD FFD6 JSR DTSR2 ~ SYSTEM MUST BE IDLE
BA3A 3B : RTI - A
* .
BA3B 96 87  CLBSS1 LDA A MLAC SKIP IF
BA3D 27 07 ~ BEQ CLBSS2  MAINLINE NOT- ACTIVE
BA3F BF 50 LDX - #DTRLTR DISPLAY"TRY.LATER"AS
BA42 @9 FFDE JSR DTSR2 MAINLINE STILL ACT:
BA45 3B © o RTI C
* :
BA46 96 89. CLBSS2 LDA A "FTNFLG - EXIT IF A
BA48 26 EA ' BNE  CLBSXE  FUNCTION ACTIVE
BA4A 7C 0088 INC - FTNFLG  IND. FUNCTION ACTIVE
BA4D BD FFDO JSR-  CLDISP : '
BA50 GE BA83 LDX = - #DMTBS  DISPLAY "MT.BS?"
BA53 86 06 / LDA A #$08 o
BA55 5F - "CLR B ‘
BA56 .BD E7D6 JSR. 7 DSCT ’ o
BA5S OE - CLI | ‘ ALLOW FOR TX GINT.
BASA CE BAS8S : LDX +  #BSMT SEND "BUBBLE SYSTEM .
BASD BD F7E3 JSR TX1CHS TO BE EMPTIED??'BEL'"
* : L .
BAGO BD E7DO ~JSR: GTBT GET CONFIRMATION
BA63 25 11 - BCS ~ CLBSXA EXIT IF NONE
BABS 81 At , CMP A  #$A1 :
BAB7 26 0D - BNE CLBSXA EXIT IF:- NOT CONFIRMED
* i ' :
BA63 BD B7DD JSR BMSE - EMPTY BMS
BA6C CE BF48 LDX #DBSMT ~ DISPLAY "B.S. MT."
BA6F BD FFD6 JSR DTSR2 _ ‘
BA72 7F 0089 CLR FTNFLG ~ IND. FETN NOT ACTIVE
BA75 3B RTI i
% . X . .
BA76 BD FFDO CLBSXA JSR CLDISP  "CLBS" ABORT EXIT:
BA79 7F 0089 CLR FTNFLG ~ IND. FTN NOT ACTIVE
BA7C 3B RTI ' o
*
**k  END, k%

BA7D 0806 RMB 6
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BAB3 DMTBS EQU = DISPLAY "EMPTY BUBBLE SYSTEM?"
* ‘ . o .

BAB3 16 FCB $16 "M : ,
BAB4 06 . FCB  $06 - o
' BAB5 C5 FCB  $C5 ST
BA86 BE FCB  $BE “B."

BAB7 EE . FCB  SEE 'S, " .

BABS 53 FCB $53 7"

%

* v ‘ ’ . B
BA8Y BSMT EQU = "’ BEL'BUBBLE SYSTEM TO BE EMPTIED' BEL'"
*

BABY 07 FCB  $07 "BEL"
BABA 42 FCC°  'BUBBLE SYSTEM TO BE EMPTIED ?7°
BA8B 55 o
BABC 42
BABD 42
BABE 4C .
BABF 45
BASO 20
BA91 53
BA92 59
BA93 53
BA94 54
BA95 45
BA96 4D
BAS7 20
BA98 54
BA99 4F
BASA 20
BASB 42
BA9C 45
BASD 20 s
BAQE 45 | N
BA9F 4D : | - |
BAAO 50 . JUR
BAA1 54 . o &%
BAA2 49 .
BAA3 45
- BAA4 44
BAAS 20 . - ‘ |
BAAG 3F » - : -
BAA7 3F : o o
BAA8 07 FCB $07 "BEL" | ,
'BAA9 OD FCB $0D,$0A,$7F,$04 "CR","LF","DEL",ENDOFSTRING
BAAA 0A - |
BAAB 7F
BAAC 04
*

*
) * ] :
- BAAD SEL EQU # - SELECT
Cx C .
% - A KEYBOARD ACTIVATED FUNCTION



X ¥ ¥ *

BAAD
BAAF
*

BAB 1
BABA4
*

BAB7

BARS.
BAB
BABE

BAC 1
*

BAC2

BAC4

BAC6

BACY

BACC
%

BACD
BACF
*

BAD 1
BAD4
BAD6
£ 3

BADS
BADB
BADE

BAEO

BAE 1

BAE4
BAE7 .

BAES
BAEB
*

BAED
BAFOQ

BAF3'

BAFS
BAF6
 BAF9
"BAFC
*

BAFE
BBOO
BB02

BB04 !

BB06
BBO8
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- USED TO GET A ONE BYTE CODE FRDM THE USER
TO SELECT A TRANSMISSION PROCESS, A SAMPLE

PROCESS, A SAMPLE FREQUENCY,

~FET OF FILTER COEFFICIANTS

11
06

FBF6

BA30

86
07
F423
FFD6

SELSH1
SELXE

SELS2

SELS3

SELS4

LDA A
BEQ

JSR
JMP

LDA A

BEQ

LDX

JSR
RTI

LDA A
BEQ

- LDX

JSR
RTI

LDA A
BNE

CINC

LDA A
BEQ

JSR
LDX
LDA A
CLR B
JSR
JSR
BCS

CMP A

BNE

JSR
LDX
LDA A
CLR B
JSR

“JSR

BCS
BIT A

- BEQ

BIT A
BNE
AND A
LDX

SECFLG -

SELST
SCNDSR

- CLBS

SYST
SELS?

- #ERRORT

DTSR2

MLAC

SELS3
#DTRLTR
DTSR2

FTNFLG
SELXE

FTNFLG
SELFLG
SELS4

- CLDISP

#DRESEL
#$06

DSCT
GTBT
SELXT
#OAT
SELX2

CLDISP

#DRESEL+2

#$03
DSCT

AND A

SKIP IF NOT 2ND FTN

SECOND FTN. SELECTED

EXIT ”
IF SYSTEM NOT IDLE
DISPLAY "ERROR"

CONTINUE IF

MAINLINE NOT ACTIVE
DISPLAY"TRY.LATER"AS
MAINLINE STILL ACTIVE

EXIT IF FTN. ACTIVE
IND. A FTN. ACTIVE
SKIP IF

SEL.NOT YET MADE

DISPLAY "RESEL?" TO

- TO ASK FOR
- RESEL. CONFIRMATION

GET A BYTE FROM USER
EXIT IF DISPLAY CLEAR

EXIT IF NOT CONFIRMED

DISPLAY “SEL."

GTBT GET SELECTION CODE
SELX1 EXIT IF DISPLAY CLEAR

#$10 IF THE FIRST NIB.IS 1,
SELS6 THE FORTRAN PROCESS WAS

“#$E0

SELSE
#$0F
#FORTON

SELECTED
CLEAR FIRST NIBBLE



BBOB
BBOD
BB10

*\
BBi2
BB 15
BB17
BB 1A

. BB1C
BB1F
BB22
BB25
BB28

*

8B29
' BB2B
- BB2D

BB2F.

BB31
BB33
BB35
BB37
BB39
BB3B
BB3D

BB40.

BB41
*

BB43
BB46

20 03
CE E75D SELS6
DF 92  SELS7

CE BB6C

E6 01  SELS5

DE 0A  SELLT

BD FFDO SELX2

_7F 0089 SELX1

END  *x
0006.

SELTBL EQU =x*-

BRA

LDX

STX
LDX

LDA-
JSR

BCC
LDX
JSR
CLR
CLR
RTI

LDA
STA
STX
LDX
STX
LDX
LDX

STX

LDA
LDX
JSR
DEC
BPL

JSR

LDX -

LDA

. CLR
. JSR
- LDX

LDA
LDA
JSR
LDA
STA
BRA

JSR
CLR
RTI

.RMB

D >

Ww wr

SELS7
#COPYON
TPVEC"

#SELTBL
#$06
FDID
SELS5
#ERRORT
DTSR2
FTNFLG
SELFLG

1,X
SPLCRS

ENTRY7

4,Xx
SPLVEC
ENTRY7
2,X
ENTRY7
#$07
ENTRY7
TFCF

SELL1

 CLDISP

#DRESEL
#$03

DSCT
#D1047B
#$04

- #$04
~DSCT

#$OF

SELFLG

SELX1

CLDISP
FTNFLG
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OTHERWISE
THE CQOPY PROCESS
WAS SELECTED
GET SELECTION TABLE
SET # BYTES/ENTRY
FIND LOC.OF SEL.CODE
SKIP IF CODE FOUND
DISPLAY "ERROR"
IND.FTN. NOT ACTIVE -
IND. NO SEL. MADE
SET SAMPLE CNTR RESET
SET VECTOR TO
SAMPLE ROUTINE
SAVE LOC. FILT.COEF.
STARTING WITH CH. 7
SET COEFF. FOR A CH.

DO FOR ALbL CHANNELS

+2  DISPLAY "SEL."
AND DISPLAY "10 4"

INDICATE A SEL. MADE

IND. FTN NOT ACTIVE

SELECTION TABLE

A TABLE OF ONE .BYTE SELECTI”N CODES AND
THEIR 'ASSOCIATED RESAMPLE - -:

QUENCIES,

-FILTER COEFFICIANTS, AND SAMPLE PROCESSES



LA N S

BB6C

BB6D

BB6E

BB70
*

BB72

BB73

BB74

BB76
*

BB78

BB79

BB7A

BB7C
*

BB7E

BB7F

BB8O

BB82
%

BB84

BB85

BB86
BB88
*

BB8A

BB8B

BB8C
BB8E
%k

BBAO
BB9 1
BB92
BB94
*

BB36
BB97
BB98
BBSA
* .
BBSC
"BBSD

BBOE
BBAO
*

BBA2
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TABLE FORMAT: ( 6 BYTES / ENTRY )

FCB (ONE HEX BYTE SELECTION CODE)

« FCB (RESAMPLE COUNT => FREQUENCY)

FDB (LOCATION OF FILTER COEFFICIANTS)

"FDB (LOCATION OF SAMPLE PROCESS ROUTINE)

THE RESAMPLE COUNT ASSUMES AN INITIAL

+ SAMPLE FREQUENCY OF 340 HZ.

02
14

BFDO

04
0A
E793
BFDO

08
05

BFDO

0A
04
E724
BFDO

B2
14
E7BB
BFDO

B4
0A
E7BB
BFDO

B8
05

E7BB
BFDO

BA

04
E7BB
BFDO

E2
14
E77F
BFD3

E4

E7TF

E7TA7

|

FCB $02

FCB 20 2 HZ. RESAMPLE

FDB FILT2 .6 HZ. CUT OFF

FDB SPP1V. DEFAULT SAMPLE PROCESS
FCB $04

FCB 10 4 HZ. RESAMPLE

FDB FILT4 1.2 HZ. CUT OFF
FDB SPP1V  DEFAULT SAMPLE PROCESS

FCB $08 .
FCB 5 8 HZ. RESAMPLE
FDB - FILTS8 2.4 HZ. CUT OFF
FDB SPP1V DEFAULT SAMPLE PROCESS

FCB  $0A o

FCB 4 10 HZ. RESAMPLE.

FDB  FILTA 3.1 HZ. CUT OFF

FDB ~ SPP1V DEFAULT SAMPLE PROCESS

FCB $B2
FCB 20 2 HZ. RESAMPLE
FDB FILTBP BYPASS FILTER
. FDB SPP1V  DEFAULT. SAMPLE PROCESS

FCB $B84

FCB 10 4 HZ. RESAMPLE

FDB FILTBP BYPASS FILTER

FDB SPP1V  DEFAULT SAMPLE PROCESS

FCB $B8 .

FCB 05 8 HZ. RESAMPLE

FDB  FILTBP BYPASS FILTER

FDB SPP1V  DEFAULT SAMPLE PROCESS

FCB $BA ,

FCB 4 10 HZ. RESAMPLE

FDB FILTBP BYPASS FILTER

FDB SPP1V DEFAULT SAMPLE PROCESS .

q

FCB $E2 :
- FCB 20 2 HZ. RESAMPLE
- FDB FILT2 .6 HZ. CUTOFF

FDB SPLP2V  BMS BY PASS
FCB $E4

-




BBD2
*

B

%k
BD3

* ¥ K

OA
E793
BFD3

ES
05
E7A7
BFD3

EA
04
E724
BFD3

F2
14
E7BB
BFD3

F4
0A

F8
05
E7BB
BFD3

FA
04

-E7BB

BFD3
FF

DRESEL EQU =

53

Tx

E7BB
BED3

EQU *

FCB

10 4 HZ. RESAMPLE
FDB  FILT4 1.2 HZ. CUTOFF
FDB ~  SPLP2V  BMS BY PASS
FCB - $EB '
FCB 05 8 HZ. RESAMPLE
FEB.  FILT8 2.4 HZ. CUT OFF
PRB  SPLP2V  BMS BY PASS
FCB  $EA
FCB 4 10 HZ. RESAMPLE
FDB FILTA 3.1 HZ. CUT OFF
FDB SPLP2V  BMS BY PASS
FCB  $F2 -
FCB 20 - 2 HZ. RESAMPLE
 FDB FILTBP  BYPASS FILTER
FDB ~ SPLP2V  BMS BY PASS
FCB  $F4 .
FCB 10 4 HZ. RESAMPLE
FDB  FILTBP  BYPASS FILTER
FDB - SPLP2V  BMS BY PASS -
FCB  $F8 g
FCB 05 8 HZ. RESAMPLE
FDB FILTBP  BYPASS FILTER
FDB ~ SPLP2V  BMS BY PASS
FCB  $FA |
FCB 4 10 HZ. RESAMPLE
FDB.  FILTBP  BYPASS FILTER
FDB - SPLP2V  BMS BY PASS
FCB $FF " END OF TABLE "
,
DISPLAY "RESELECT?"
FCB  $12 "R"
FCB . §74 "E"
FCB  $6E "S"
FCB  $7A "E"
FCB ~ $B8 "Lt
FCB  $53 "o
TRANSMIT i

A KEYBOARD ACTIVATED FUNCTION TO START
THE MAIN LINE PROCESS WHICH READS DATA FROM

-

_ THE BMS AND TRANSMITS IT TO THE"MTS SYSTEM

R
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%
BBD3
BBD5

- BBD7

BBDS
*

BBDB
" BBDE
*

BBE 1
BBE3
BBES
BBES

" BBEB
*

BBEC
BBEE
BBFO
BBF2
BBF 4
BBF6
BBF8
BBF A
BBFD
BCOO
*
BCO1
BCO4
BCO7
*

BCOS

BCOA -

BCOC
BCOF
BC12
*
BC13
BC15
BC17
BC19
B

* %

*
BC1A

*

¥ X X R X * X ¥

BF48
FFD6

F423
FFD6

87
BF50
FFD6

86
8A OF
86

%* %

END

TXSO

TXS5

TXXE

TXS3

TXS4

RTI

LDA
BNE
LDA
BEQ

JSR
JMP

LDA

- BNE

LDX
JSR
RTI

LDA
BIT
BEQ
BIT

-BNE

LDA
BNE

- LDX

JSR
RTI

LDX
JSR
RTI

LDA

- BEQ

LDX
JSR

LDA
ORA
STA
RTI

W > >

> > >

FTNFLG
TXXE
SECFLG
TXSO

SCNDSR
NOTX

SELFLG
TXS5
#DUSEL
DTSR2

SYST
#$0F
TXS3
#3FO
TXXE®
BSS
TXXE
#DBSMT

DTSR2

#ERRORT

DTSR2

-MLAC

TXS4
#DTRLTR
DTSR2

SYST
#$0F
SYST
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EX IF
A mCTIDN ACTIVE
CHECK -IF 2ND FTN

SELECTED
GO TO 2ND FUNCTION
EXIT IF TX. PROCESS

WAS NOT SELECTED -
DISPLAY "USE SEL"

SKIP IF

.* THE SYSTEM IS NOT

ALREADY SENDING DATA
EXIT IF SAMPLING

EXIT IF BMS NOT EMPTY
DISPLAY “B.S. MT."

DISPLAY "ERROR"

SKIP IT MAIN

LINE NOT ACTIVE
DISPLAY "TRY.LATER"
AS MAINLINE IS BUSY
( "END" WAS RUN.)

IND. TRANSMISSION
IS TO START

SDBM EQU * SEND DATA FROM BUBBLE, MAINLINE

THE MAIN LINE ROUTINE WHICH READS LINES FROM
THE BMS AND TRANSMITS THEM TO THE MTS SYSTEM
AN_INFINITE LOOP WHICH EXITS TO A WAIT LOOP
( THE SYSTEM IDLE STATE ) ON THE FOLLOWING
CONDITIONS '
1) BMS IS EMPTY AND SYST IS CLEAR

2)
3)

WHEN "MLST"=$FF .
IF IT TAKES TOO LONG TO TRANSMIT A | -



¥ K F X ¥ OH ¥ ¥

*

BC1A

BCi1C

BC1E

BC21

BC23
*

BC24

BC27

BC2A
*

BC2D
%k

-BC2D
BC2F
*

BC31
BC34
BC36

BC39
* B

BC3B

BC3D

BC3F

BC42

BC44

- BC46
*

BC48
*

BC4A

BC4C

BC4E

BC51

BCS3

BC55
*

BC58
BC5A

'BC5B -

BC5C
BC5D
BC5E
BCSF
BC62
E 3

4)
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LINE TO THE MTS SYSTEM ( BUF2 DOES
NOT EMPTY )
IF THERE ARE 3 CONSECUTIVE FRAMING

ERRORS IN READING A LINE FROM THE BMS

- THIS IS THE LOWEST PRIORITY PROCESS IN THE SYSTEM

AND IS INTERRUPTED BY ALL OTHERS

86
97
7F
g7
Ot

BD
CE
BD

FF
87
0088
22

BD78
BF 38
FFD6

SDBML

96
26

F3F 1

EQU =*

SDBML 1

SDBMSO

SDBMS 1
SDBMS4

SDBMSA
SDBML3

LDA
STA
CLR
STA
CLI

JSR
LDX
JSR

LDA
BNE

LDX
LDA
JSR
BVC

LDA

BNE

A
A

A

A

JdMP -

LDA
BEQ

BRA

BEQ

LDA
STA

JSR.

BVS
BNE

JMP

LDA
PSH
DES
DES

. DES

SEI
JSR
CLI

B
B

- MAINLINE LOOP ENTRY LOCATION

#$FF
MLAC
MLST
DCIFLG

#DSNDG
DTSR2

BSOLF
SDBMS4

#BSOL
#24
BMSO
SDBMS 1

SYST
SDBMSO
SDBMX 1
BSS
SDBML 1
SDBML

SDBML

#$0F
BSOLF

EPLF
SDBML ]
SDBMSA
SDBMX2

#305

%* ok %k

*HG*
*MG*
* SG*

TMSR -

IND. MAINLINE ACTIVE

CLEAR MAIN STOP REQ.
IND: READY T0 TX
ALLOW FOR INTERRUPTS

* CFON  START COPY/FORT IN MTS

DISPLAY "SENDING"

BEGINNING OF THE MAIN LINE LOOP

SKIP IF THE “LINE IN
BSOL IS NOT TXED

LOCATION OF LINE

# OF BYTES IN LINE
GET A LINE FORM BMS
SKIP IF BMS NOT MT

EXIT IF SYST CLEAR

4

WAIT UNTIL

BMS NOT EMPTY

THEN TRY TO GET
ANOTHER LINE
RETRY 'IF NOT RECIEVED

IND. BSOL USED
PROPER LINE FRAMING?
WAIT IF BMS EMPTY

EXIT IF LINE NOT
FRAMED

SAVE # OF TIME 0OUTS

"GET CURRENT TIME



BC63
BC65
BC67
BC69
BC6B
BC6D
BC6F
BC70
BC7 1
BC72
BC73
BC75
BC77
BC7A
*

BC7C
BC7D

BC7E -

BC7F
BC80
BC81
BC83
BC84
BC87
BC8A
BC8D
*

BC8F
BCY2
BCS5
BC96
BC98
BCSA
E 3

BCID

BCYE

BCA1
*

BCAZ2
BCA4
BCAG6
BCA8
BCAA
‘BCAD

BCAF

‘BCB1
BCB3
BCB5
BCB6
BCB7
BCBS
BCB9

*

BCBC

96 88  SDBML2 LDA
81 FF CMP
27 06 BEQ
96 22 LDA
26 22 BNE
20 06 BRA
31 SDBMXA INS
31 INS
31 INS
31 INS
20 51 - BRA
86 01  SDBMS3 LDA
BD BEA3 JSR
28 E7 BVC
31 INS
31 INS
31 INS
33 PUL
5A 5 DEC
27 43 " BEQ
37 PSH
7C 0022 INC’
CE BF72 "LDX
BD F7F5 JSR
20 CC BRA
CE 0691 SDBMS2 LDX
BD F3EE . JSR
3F SWI
0000 FDB
F404 |

7F 0091 CLR
OF SEI
BD F3F1 “JSR
0E cLI
96 88  SDBML4 LDA
81 FF CMP
27 C7 _BEQ
86 05 " LDA
BD BEA3 JSR
29 C0 BVS
96 1E LDA
81 01 CMP
26 ED BNE
31 CINS
31 INS
31 INS
31 INS
7E BC2D JMP
CE BF68 SDBMX2 LDX

A
A

MLST
#SFF
SDBMXA
DC1FLG
SDBMS2
SDBMS3
*SG*
*MGx*
*HG*
o % %
SDBMX3
#%01
TESR
SDBML2

*SG*
*MG*
*HG*

%k ok

SDBMX3
: * 3k %k
DC1FLG
#ENDLIN.
TX2CHS
SDBML3
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EXIT IF MAIN LINE
IS TO BE STOPED
SKIP IF WE CAN
TRANSMIT

SKIP EXIT

CHECK FOR 1 MIN.
TIME OUT |
LOOP IF NO TIME OUT

ONE LESS TIME OUT
EXIT IF NO MORE

IND. READY TO TX

SEND END OF LINE
DO UNTIL

NO MORE TIME QUTS

#BSOL+1 CHANGE LINE TO ASCII

GTXB
0,ISTX2
BSOLF

TMSR

MLST
#SFF
SDBMXA
#$05
TESR
SDBMXA
BUF2SR
#3$01
SDBML4

*SG*
*MG*
*HG*

* %k Xk

SDBML
#DF

TRANSMIT LINE

IND. BSOL NOT USED

- GET CURRENT TIME

EXIT IF MAIN LINE
IS TO BE STOPPED

EXIT IF 5 MIN.
HAVE EXPIRED

WAIT UNTIL BUF2 EMPTY

GET NEXT LINE
DISPLAY "F"
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BCBF 86 01 LDA A #$01 FOR FRAMING ERROR
BCC1 C6 07 LDA B #%07

BCC3 BD E7D6 JSR DSCT

¥ .

BCC6 BD FFF1 SDBMX3 JSR DELAY2 SO MTS IS READY FOR ™
BCCY 02FF FDB $02FF NEXT LINE,WAIT 1.5SEC.
BCCB 96 86 . LDA A SYST  IND. NOT TRANSMITTING
BCCD 84 FO - AND A #$FO

BCCF 97 86 STA A SYST

BCDt BD E7DF JSR CFOF  DISABLE TX2,COPY/FORT
BCD4 CE BDO7 LDX #TXSTBL SEND "* TRANSMISSION
BCD7 BD F7E3 JSR TX1CHS STOPED ='BEL'"

BCDA 7F 0087 CLR MLAC IND. MAIN NOT ACTIVE
BCDD 20 11 BRA SYIDWL  TO SYSTEM IDLE LOQP
* o

BCDOF BD FFF1 SDBMX1 JSR DELAY2 SO TX OF PREVIOUS LINE
BCE2 01F2 FDB $01F2 .~ IS DONE,WAIT 1 SEC.
BCE4 BD E7DF JSR CFOF  DISABLE TX2,COPY/FORT
BCE7 CE F7A5 LDX #ENDTBL DISPLAY "END"

BCEA BD FFD6 - JUSR -~ DTSR2 .

BCED 7F 0087 CLR MLAC IND. MAIN NOT ACTIVE
* ' .

BCFO 01 SYIDWL NOP SYSTEM IDLE WAIT LOOP
BCF1 01 NOP v

BCF2 0f NOP
BCF3 01 ~ NOP - :
BCF4 96 86 LDA A~ SYST CHECK IF TRANSMISSION
BCF6 88 OF EOR A #$0OF IS TO START
BCF8 85 OF ‘BIT A #$0F

BCFA 0f NOP
BCFB 01 NOP
BCFC 26 F2 BNE ~ SYIDWL LOOP UNTIL IT IS

. .
BCFE 7E BC1A . JMP SDBM . START TRANSMISSION

* ’ -

%*

**x END *x
BDO1 0006 RMB 6

%

* P
BDO7 TXSTBL EQU = TRANMISSION STOPED ( TABLE )
* N

BDO7 07 FCB  $07 "BEL"
BDO8 20 FCC ' * TRANSMISSION STOPED *
BDO9 24

BDOA . 20

BDOB 54

BDOC 52

BDOD 41

BDOE 4E

BDOF 53

BD10 4D

BD11 49

BD12 53



BD13
BD14
BD15
BD16
BD17
BD18
BD19
BD1A
BD1B
BD1C
BD1D
BD1E
BD1F
BD20
BD2 1
BD22
BD23
BD24
*

*
BD25

*

3

¥ O ¥ ¥ ¥ ¥ % H X F X X ¥ %X ¥
f

25

BD27
BD2A
BD2C
BD2E
BD30
Bo2

BD34.

BD36
BD38
*

BD39
BD3A
BD3C
BD3E
BD41

BD43

262

07 FCB $07,$0D, $0A,$7F, $04

OD " IlBELII'“CR”'HLF‘N’IIDELII'END

EPLF EQU * ENSURE PROPER LINE FRAMING

‘THIS SUBROUTINE ENSURES THAT THE 24 BYTE LINE

IN BSOL STARTS WITH FRFR AND .ENDS WITH FREN
IF THE LINE IS NOT FRAMED, DATA WILL BE READ
FROM THE BMS UNTIL A PROPER LINE IS PRODUCED
( UPTO A MAXIMUM NUMBER OF BMS READS )
INPUTS: BSOL CONTENTS

DATA FROM BMS
OUTPUTS:Z IN CCR CLEAR IF THE LINE IN BSOL IS

PROPERLY FRAMED

V. IN CCR SET IF BMS EMPTY (LINE NOT FRAMED)
CHANGES A,B,X,CCR, CONTENTS OF BSOL MAY CHANGE
BMS STATUS MAY CHANGE

C6 04 LDA B #%04 MAX. # REFRAMES

CE 0690 EPLFL4 LDX  #BSOL

A6 00 LDA A 0,X - IF FRONT END NOT -

81 80 CMP A #FRFR FRAMED, THEN GO FIND
26 09 BNE EPLFFF FRONT END FRAME

A6 17 LDA A 23,X IF BACK END NOT FRMD.-
81 81 ‘ CMP A #FREN THEN FIND ANOTHER

26 03 BNE EPLFFF  FRONT END FRAME

86 OF LDA A #$0F Z=0,V=0(LINE FRAMED)
39 - RTS :

5A EPLFFF DEC B ANOTHER FR. ATTEMPT
27 3A ' BEQ EPLFXE EXIT IF TOO MANY REFR.
86 80 : LDA A #FRFR PREPARE TO FIND

CE. 0690 ; LDX #BSOL THE FRAME FRONT

DF 8D STX EPLF X1 5

08 EPLFL1T INX GET NEXT BYTE



BD44

BD47

BD4g

BD4B
*

BD4D
BD4F
BD50
BD52
BD54
BD56
BD57
BD59
BD5B
BD5SE
*

BD60O
BD62
BD63
BD65
BD67
BD69
BD6C
BD6D
BD6F
BD70
BD71
*

BD72
*

BD74
SRR

BD76
BD77
*

* %

BD78

*

R EEEEERERE:

BD78
BD73
BD7A

4F
38

END

00  EPLFL2

8F EPLFS1
EPLFL3
90

8E
8D
B7EQ

03

EE  EPLFS?
B1
" EPLFXE

Xk %

CFON EQU =

- A SUBROUTINE TO ACTIVATE OR START THE COPY
OF FORTRAN PROCESS IN MTS

07
36
OE

CHANGES A, X

CPX
BEQ
CMP
BNE

LDA
INX
STX
LDX,
STA
INX
STX
LDX
CPX
BNE

STX
PSH
LDA

- SUB

LDX
JSR
PUL
BVC
CLR
SEV
RTS

BEQ

- BRA

CLR
RTS

#BSOL+24
EPLFS1

A 0,X
EPLFL1

A 0,X

EPLFX2
EPLFX1
A 0,X

EPLFX1 .
EPLFX2
#BS0L+24
EPLFL2

EPLFX2
B * ok %
B EPLFX2+1
B EPLFX1+1
EPLFX1
BMSO

*B o o %

"EPLFS2

EPLFL3
EPLFL4
A Z=1

COPY/FORTRAN ON

T AR b
ST ’

SKIP IF

NO FRFR IN LINE
DO UNTIL )
FRAME FRONT FOUND

GET BYTE

SAVE NEXT BYTE LOC.
MOVE BYTE UP

DO UNTIL FIRST
PART OF LINE
MOVED UP

SAVE # RETRIES LEFT
# BYTES MISSING
IN LINE

GET REST OF LINE
RESTORE # RETRIES
SKIP IF BMS NOT MT
Z=1(LINE NOT FRAMED)
V=1 (BMS EMPTY)

RETRY,DATA NOT READ
DO UNTIL LINE FRAMED

,V=0(LINE NOT FRAMED)

INPUTS : RXD - SPECIAL CHARACTERS RECIEVED
FROM MTS ( SEE "RX1" )

MLST - EXECUTION STOPS IF SET TO $FF
TPVEC - LOC. OF ASCII STRING TO '
REQUEST TRANSMISSION TO MTS

OUTPUTS: ONLY TO MTS SYSTEM

TPA
PSH
CLI

A * ok %

SAVE INT. MASK
ALLOW INT. FOR TX



BD78
'BD7E
BD80
BD83
8DB5
“gbss
BD8A
BD8D
BDS0
BD92
BDY5
BDQ7
BD99
BD9B
BDID
BDOF
BDA 1
BDA3

- BDA4

BDAB
*

BDAS
BDAB
BDAD
BDBO
BDB3
BDB6
BDB8
BDBA
BDBC
BDBE
BDCO
*<
BDC2
BDC3
BDC4
*

% %

BDCS
*

*
BDCB
*

* -

*
BDCB
BDCD
BDCF
BDD 1
BDD3

*

% %k

END

. \ﬂyg\\‘ .
o

¥

7F
DE
8C
27
8C
27
CE
BD F7E3
C6 50
BD FFF1
0030

96 /88
81 FF
27\25
86 '49 .
81 3E
27 05
5A

26 EC
00 D3

92

BO FFF1

00F9

7F
CE
BD
96
81
27
96
81
26

32
06
39

0049
F78C
F7£3
88
FF
06
49

11
F4

* %

0006

NOTX

CFONSO
CFONL 1

CFONS1

CFONL3

. CHP

CFONX

0049 CFONL2 CLR

LDX
CPX
BEQ
CPX
BEQ
LDX
JSR
LDA
JSR
FDB
LDA
CMP
BEQ
LDA
CMP
BEQ
DEC
BNE
BRA

JSR

'FDB.
CLR
“LDX

JSR

LDA

CMP
BEQ

LDA
BNE

PUL

TAP

CRTS

EQU * .

RMB

B

w > > > >

RXD
TPVEC
#COPYON
CFONSO 7,

#FORTON

CFONSO
#FORTON
X1CHS
¥80
DELAY2
$0030
MLST
#SFF
CFONX
RXD
#$3E

_ CFONS

CFONL 1
CFONL2

DELAY2
$00F9
RXD

- #PTIPON

TX1CHS
MLST
#SFF
CFONX
RXD
#3711
CFONL3

264
%
GET TX. REQ. VECTOR
CHECK VECTOR g
o

IF VECTOR IN ERROR,
USE FORTRAN PROCESS
SEND TRANSMIT REQ.

~TIME OUT IN 8 SEC.

DELAY FOR .1 SEC.
EXIT IF

MAINLINE TO STOP
SKIP IF ">" IS RXED
DO UNTIL

TIMEOUT OR ">

D.UN.MAIN STOP OR">"

DELAY FOR .5 SEC.

SEND “%PTIP=ON"

EXIT IF
MAIN TO.BE STOPED
WAIT UNTIL

"DC1" IS RXED

*** RESTORE INT. MASK

NO TRANSMISSION

A KEYBOARD FUNCTION TO STOP THE ‘MAINLINE WHICH
TRANSMITS DATA FROM THE BMS THE THE MTS SYSTEM

96 87
27 04
86 FF
97 88
3B

END

* Xk

NOT XX 1

LDA
BEQ
LDA
STA
RTI

A

A
A

MLAC
NOTXX 1
#SFF
MLST

EXIT IF MAINLINE
ALREADY INACTIVE
IND. MAIN IS TO STOP



BDD4

*********‘*****{*******‘*

. BDD4
BDD6
*

BDDS '

»BDDB

BDDE
BDEO
- BDE2

*

- BDE4
BDE7
BDEA

'BDEB

BDED
* -

BDEF
BDF2

BDFS
N BDFS

BDF8
*

BDFA

BDFD
. BEOO
*

BEO1

SAVE

2865

EQU * SAVE

A KEYBOARD ACTIVATED FUNCTION TO SAVE THE.

STATUS
PAGE OF

OF DATA IN THE BMS IN NONVOLATILE STATUS |
THE BMS -

THIS ROUTINE MUST BE EXECUTED BEFORE POWER DOWN

IF THE

STATE OF THE DATA IN THE BMS IS TO BE THE

SAME AGAIN AFTER POWER UP

IF THIS
THEN:
1)

2).

*
*

3)

*
*

11
FBFE
BBEA
86
07
BF58
87.
07
BF60

TRANSMIT ),

ROUTINE. IS NOT RUN BEFORE PDWERDOWN

IF. NO DATA WAS TRANSFERED TO OR FRDM THE

BMS ( IF WE DIDN’T SAMPLE OR TRANSMIT )

THEN IT MAKES NO DIFFERENCE .

IF° DATA WAS ONLY READ FROM THE BMS, ( WE
THEN ON POWER UP, IT WOULD BE

THE SAME AS IF NO DATA- WAS READ -l

IF DATA WAS ONLY WRITTEN TO THE BMS, ( WE

SAMPLE ) ,THEN AFTER POWER UP IT WILL APPEAR

THAT NO DATA WAS WRITTEN

IF DATA WAS WRITTEN AND READ FROM THE BMS, (WE

SAMPLE AND TRANSMIT), THEN AFTER POWER UP’

FFD6

THE INTEGRITY OF ANY DATA THAT APPEARS TO BE-
IN THE BMS CANNUT BE GUARANTEED -

FFD6

CHECK IF 2ND FTN

‘(DA A SECFLG
BEQ  SAVESO  SELECTED
“JSR . SCNDSR -

JMP - END GO'TO 2ND FUNCTION ~

" SAVESO-LDA A SYST . |
BIT .A #$FO0 : o
BEQ ~ SAVEST = SKIP IF NOT SAMPLING
LDX  #DUSEHS DISPLAY"USE .HS"TO
JSR  DTSR2  PROMPT USER TO HALT
RT1 . SAMPLING

SAVES1 LDA A MLAC  .SKIP'IF
© BEQ  SAVES2  MAIN NOT ACTIVE
LDX  #DUSENT DISPLAY "USE NO TX"
CJSR DTSR2, ' TO PROMPT USER T0O

RTI © STOP TRANSMISSION

' SAVES2 LDA A) FINFLG  SKIP IF A =

- BEQ ~ SAVES3 FUNCTION NOT ACTIVE
LDX - #ERRORT DISPLAY "ERROR" AS -
JSR .- DTSR2 A FTN ALREADY ACTIVE

SAVES3 JSR . CLDISP .



BEO4
BEO7
BEQ9Y
BEQOA
BEOD
BE10
BE11
BE14
BE17

 BE1A

BE1D

- BE20

BE23

- BE26

@ BE30 -

~BE29
- -

%
BE2A
%
*

BE30
*

BE31
BE32

BE33

BE 34

BE35
BE36 .

BE37
*

.
BE38
e

*

.* .
BE38
BE39

b 3

BE3C
*k

BE3F
BE42

*

*

*
BE44
BE46
BE48
BE4A

BE4C
BE4E

- BEST

BES4

-BE30

02

E7D6
0089

E7DC
B7EF

B7F2

BE30
FFD6
F7F2
0091
0089

* %k

0006

DSAVED EQU =*

SPP1

- THE MAJOR |

Ok
BD

BD

7A
27

F3D6

EFDO

0084
28 .

LDX
LDA

CLR"

JSR
INC
CLI

A

B .

JSR

JSR
JSR

LDX

JSR
JSR
CLR
CLR

RTI

FCB
FCB
FCB

FCB-

FCB
FCB

n
A2

A -
SAMBLE PROCESS,

RMB

" #DSAVED
#$02

DSCT -~
FTNFLG

SPTP
BMWF
BMSD
#DSAVED
DTSR2
CLBUF2
BSOLF
FTNFLG °

6

DISPLAY "SAVED"

/

DISPLAY IISAII

IND. FUNCTION ACTIVE
ALLOW FOR BMS INT.
SAVE PART.TXED PAGE
SAVE DATA IN BMIB
SAVE STATE OF BMS'
DISPLAY "SAVED"

CLEAR TX BUFFER

IND. BSOL EMPTY
IND. FTN NOT ACT.

i

n Sll

$6E

$77 At

$33 HV"

$7A IIEII‘

$1F ‘ llDIl

0,0,0 "
-ONE

AND DEFAULT ) SAMPLE PROCESS

" CLI
JSR

JSR

“DEC
. BEQ

SAMP
FILT

spLC
SPP1S1.

ALLOW INTERRUPTS
OBTAIN SAMPLE BLOCK

" FILTER SAMPLE,Y OUT

RESAMPLE DATA _
SKIP,SAMPLE SELECTED -

STORE PREVIOUSLY 'PREPARED DATA BLOCK

LDA

- BLE

LDA
STA
LDA
LDX

A

W > >

JSR -

BVC

BSILF
SPP1X1.

#$FO

BSILF
#24
#BSIL
BMSI

EXIT IF

BSIL MT OR BMSI BUSY
IND. BSIL USED AND

- BMSI BUSY —
- # OF BYTES IN BSIL

TRY STORING LINE

SPP1S2° SKIP IF BMS NOT FULL
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* . o .
BES6. 7F 008C CLR BSILF . IND.BSIL MT,BMSI IDLE
BES9 CE BF20 LDX - #DBMSFL DISPLAY "BMS FULL"
BE5SC BD' FFD6 . JSR SR2 - . o
BESF 7E B8DA ™ UMP PL ©  HALT SAMPLING,EXIT

B L% ’ :

" BEB2 2704 SPP1s2 BEQ SPP1X2 EXIT,DATA NOT STORED
BEG4 7FM008C CLR BSILF  IND.BSIL MT,BMSI IDLE
BE67 3B SPP1Xx1 RTI
BE68 73 oosc SPP1X2 COM  BSILF  IND. BSIL USED AND
BE6B 3B - CRTI . BMSI IDLE

* . . :

BE6C SPP1S1 EQU *-  PREPARE SAMPLE BLOCK

L3 . .

- BEGC 96 85 . .. . DA A SPLCRS )

'BEGE 97 84 2 STA A SPLC RESET SAMPLE COUNTER
BE70 96 8C LDA A BSILF ’ -
BE72" 27 07 " BEQ SPP1S3  SKIP, BSIL NOT/FULL

; . .

BE74 Ck. E738 LBX  #DDATAL DISPLAY"DATA.LST"AS
BE77 BD FFD6 * USR . DTSR2 THIS SAMPLE WAS LosT

'BE7A 3B RTI - ‘

* .

BE7B CE 0490 SPP1S53 DX #Y MDVE FILTER DUTPYT 10 BSIL
BE7E BD F3F4 JSR MDTI ( 16 BYTES )

BE81 BD F3EB.  JSR CKSM APP.CHECK SUM(2 BYTES)
BE84 BD F3ES JSR . TMHB ADD TIME ( 3 BYTES )ﬁ;~

 BE87 96 42 " LDA A FLGC (A
BEBY B7 0666  STA A’ BSIL+22  ADD 1 FLAG BYTE * .
BESC 7F 0042 CLR- = FLGC o @
BESF 86 8 * LDA A #FRFR FRAME SAMPLE BLoek: ©
BE91 B7; %@50 STA A BSIL - ,

. BE94 86 _ LDA A -#FREN L ’;t;

- BE96 B7 0667 . STA A ~BSIL+23
BE99 .86 OF LDA A #$OF ~ IND. BSIL USED,

BE9B 87 8C STA A BSILF BMSI 1D ,
BESD BD FFBE - JSR FLSH - FLASH AN "s” S IN

~ BEAO 6E FCB $6E,306 LED #6

. BEA1 06 | ' .

BEA2 3B RTI

* | ( 24 HEX BYTES"TDTAL ).

** END  *x . S '

o o* : , : DE

* i — o .
BEA3 TESR EQU * TIME EXPIRED SUBRDUTINE

- - A.SUBROUTINE TO DETECT IF THE v
CURRENT TIME 1S BEOND AT LEAST A
CERTAIN NUMBER OF MINUTES PAST A
GIVEN" TIME
- INPUTS HG ®1,X  BCD VALUES o
' MG 10,X ° (. 3 BYTES )
SG  9,X . PUSHED ONTQ- THE

E R K X ¥ X %



R EEEEEEER

BEA3
BEA4
BEAS
BEAG
BEA7
BEAS
BEAS
BEAA
BEAB

*

BEAC
BEAE
BEBO
BEB2

BEB4

BEB6
BEBS8

 BEB9
~ BEBB

BEBC
BEBE
BECO

BEC2

BEC4
BECGH
BEC7
BECS
BECB
BECC
* .

BECE
,BECF
*

BED2
BED3
BEDS
BED7
BEDS
BEDB
BEDD
BEDF
*

BEE 1
BEE3
BEES

268

STACK BEFORE THIS ROUTINE IS
CALLED ) REPRESENTING A GIVEN TIME

ACC A - BCD VALUE OF AN
OFFSET OF 0 TO 10 MINUTES

- QUTPUTS: V IN CCR SET ONLY IF THE

CURRENT TIME IS PAST THE GIVEN
TIME PLUS THE OFF SET

- CHANGES A,B,X, V IN CCR

05

F3F1

00

01 -
05

02.
06

10
02
04

DES *HO* 6,X SPACE ON STACK
PSH A *MO* 5,X FOR OFFSET TIME
?Ei - *S0*  4,X (TIME OUT TIME)
PSH A~ =*x 3,X AND TO SAVE CCR
DES *HC* 2, X
DES *MCx 1,X AND CURRENT TIME
DES - *SC* 0, X
TSX X PTS.TO ABOVE STACK
LDA A FORM OFF SET TIME
STA A MOVE UP HOURS
LDA A MOVE UP SECONDS
STA A . ,
LDA A ADD MINUTES
ADD A ‘
DAA
CMP A CHECK FOR 60 MIN.
cLC . - | -
BLT T SKIP IF NO ROLL OVER
ADD A #9A ROLL OVER [SETS CARRY)
TESRS2 STA A /gﬁx SAVE MINUTES -

LDA A~ 6, X ADD CARRY TO HOURS
ADC A /#$00 ‘ ,
DAA -/ _ »

CMP N #$24 ROLL OVER ON 24 HRS.
BNE TESRS3

CLR | |

TESRS3 STA % 6,X SAVE HRS.

SEI DO _NOT ALLOW INTS. TO

JSR TMSR  GET CURRENT TIME
TSX X PTS. TO STACK

LDA A 0,X SUB. OFF SET TIME FROM
SUB A 4 X CURRENT TIME, SECONDS.
LDA A 1,X MINUTES

SBC.-A 5,x° ,

LDA A 2,X -HOURS

SBC A 86,X A CARRY INDICATES
BCS TESRX1 TIME NOT EXPIRED

LDA A 2,X IF CURRENT TIME NOT
CMP A #$23 NOT 23 HRS. WE HAVE

BNE - TESRX2 OVER FLOW (0v.)



BEE7

BEEQ
*

BEEB
BEED

BEEF
*

BEF 1
BEF3
BEFS

BEF6 .

BEF7
BEF8
BEFQ
BEFA
BEFB
BEFC
BEFD
*

* %k

*
*

BF20
%*

BF20
*k

BF20
BF21
BF22
BF23
BF24
BF25
BF 26
BF27

BF28

BF28
BF 29
BF2A
BF 2B
"BF2C
-BF2D

BF2E

BF 2F
*x .

* -
BF30
X

BF 30
BF 31

WWWwWwWwwww

06
06

03
02

04

03
FD

TABLES .

DBMSFL EQU =

DUSEL:

DTTXSA EQU =

LDA A

BEQ

LDA A

ORA
BRA

X1 LDA

AND
TAP
INS
INS
INS
INS
INS
INS
INS

RTS

ORG
" DISPLAY

FCB
FCB
FCB
FCB
FCB

FCB

FCB
FCB

 DISPLAY

FCB
FCB
FCB
FCB
FCB

FCB

FCB

'FCB

-DISPLAY

FCB

“FCB

R 269
6,X  IF OFF SET TIME O HRS.
TESRX1 WE DO NOT HAVE OV.

3, X SET V IN RETURN

#302 . ( TIME EXPIRED )
TESRX

3;X  CLEAR V IN RETURN
#$FD  ( NO TIME OVERFLOW )

RESTORE CCR({INT.MASK)
* SC*

*MC*
*HC*
koK ok
*SO*
*MO* &
*HO* : R
~
BUBBLE MEM SYST. FU@L
$BE‘J "B."
- $16 . "M,
$86 L1
$EE "S., "
$72 , IIFII
$1C S
$38 IILII
$38 nLn
USE SELECT
$BD nl'}n
$6E st
$7A "E"
$00 o
$6E nSn
$7A NEII
$38 . ‘ IILII
$00

TRY TX OR SAVE

$45 nTn )
$12 uRu
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BF32 2F FCB $2F "y
BF33 00 FCB -$00 "o
BF34 45 “FCB $45 "T
BF35 B5 . FCB . $B5 "X
BF36 6E FCB $6E "S"
BF37 F7 FCB $F7 AL
*

BF38 DSNDG EQU * DISPLAY SENDING
*

BF38 BE FCB  $6E g
BF33 7A FCB $7A - “E"
BF3A 16 | FCB  $16 "N"
BF3B 1F FCB $1F D"
BF3C 04 FCB  $04 "1
BF3D 16 FCB ~ $16 - “N"
BF3E 7C FCB  $7C G
BF3F 00 FCB  $00 v
L%k Wi
* ‘ o "";, Wi o » :“ i
BF40 DNOTRS EQU * DLSPLAY. NO TRAN%&*@@%@@ B oY
BF40 16 FCB  §16 % @%
BF41 QE. FCB  $9E % %ﬁ»
- BF42 45 FCB  $45 [/'@9gket
BF43 12 \ FCB  $12 ‘

BF44 77 FCB $77 Pl .
BF45 - © FCB $16 "N*

BF46 - FCB $EE "S."

BF47 FCB $00 v

* .

* : )
BF48 DBSMT EQU = DISPLAY BUBBLE SYSTEM EMPTYﬁgaﬁ
. R

BF48 BE FCB  $BE "B."
BF49 EE v FCB  $EE .S
BF4A 00 . FCB $00 non
BF4B 16 FCB 16 "M
BF4C 06 FCB  $06 ‘
BF4D 45 FCB $45 "Te
BF4E 00 . . . ..FCB  $00 N
BF4F 00 T PReB g0

* , : .

* . '
BF50 DTRLTR EQU * DISPLAY TRY LATER

* . . .
BF50 45 FCB $45...  "T"

BF51 12 - _FCB . $12 “R"
BF52 AF - FCB ,. $AF - YL
BF53 38 FCB $38 N
BF54 77 FCB ¥ §77 "A"
BF55 45 ‘ FCB $45 T
BF56 7A ' FCB $7A N

BF57 12 . FCB  §12 "R"



*
BF58
%*

BF58
BF59
BF5A

'BF5B’
BF5C
BF5D.
BFSE

 BF5F

»*

*
BF60 DUSENT EQU *
*

BF60
BF6 1
BF62
BF63
BF64
BF65
BF66
BF67
*

*
BF68
*

BF69
BF69
BFBA
BF6B
BF6C
BF6D
BF6E
BFG6F
BF70
BF71
- BF72
BF73
BF74
BF75
*

E'3
BF76
. BF76
BF77
BF78 .
§F79.
- BE7A
- BF7E
BF7F

DUSEHS EQU * DISPLAY USE HALT SAMPLING

3D
6E
TA
80
37
6E
00
00

3D

FCB
FCB
FCB
FCB
FCB
FCB
FCB

FCB

FCB
FCB
FCB
FCB
FCB
FCB
FCB
FCB

DF  EQU

DISPLAY-

FCB

o e

$3D
$6E
$7A
$80
$37
$6E
$00

$00

USE

$3D
$6E

$7A
- $80

$16
$9E
$45
$35

*

$72

n U "
H S H
n E H
“ H n
" S "

NO TRANBMISSION
' IIU‘II

IISII

IIEII

) s . Nll '

DISPLAY *F"
‘Il F "

ECHOFF EQU.* ECHO OFF ( FOR HALF DUPLEX )
' YECHO=OFF’

25
45
43
48
4F
3D
4F
46
46
0D
0
7F
04

FCC.

N

ENDLIN FCB

$0D,

SIGID EQU = SIGNON ID

53"
49
47
20
0004
0D
0A

FCC

FCB

$0A,$7F, %04

3

'S1G

RMB 4 LEAVE SPACE FOR ID IN EPROM
' $0D,

$0A;$7F,$04
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&

BF80

BF81
*

*

BF82
*

BF82
BF 88

- BF89

BF 8A
BF 8B
*

*

*
.BFDO
*

BFDO

- BFD3
* ‘BFDG

BFDS
BFDC
BFDF
BFE2

" BFES

272

7F
04

£
PASSWD EQU * PASSWORD

0006 RMB 6 LEAVE SPACE FOR PASSWORD IN EPROM
0D FCB $0D, $0A,$7F, $04

0A

TF

04

JUMP TABLE FOR ROM 8
ORG $BFDO

7E BE38 SPRIV JMP  SPPf
7E B81E SPLP2V UMP  SPLP2

7E BAAD JMP SEL

7t BDD4 . JMP SAVE
78 BBD3- JMP TX

7E BY16 JMP SIG

7E B854 JMP - SSPL
7€ BCFO JMP - SYIDWL

END



Appendix C -- ‘Fortr‘an Support

eleeleleieielieieinieivieie

OO0 OO0

SPRNTD

FILE SPRNTD

A PROGRAM TO PRINT NUMERICAL DATA IN SECTIONS
OF A DATA FILE GENERATED BY THE: DATA AQUISITION
SYSTEM

TO COMPILE TYPE:
R *FORTG SCARDS=SPRNTD SPUNCH=PRNTD T=10
( REQUITED ONLY ONCE IF PRNTD IS SAVED )

TO RUN TYPE:

"R PRNTD 1=(DATA FILE NAME [6=0UTPUT DEVICE NAME] 7=30

[OPTIONAL]

CALL PRNTD ~
STOP S
END f

SUBROUTINE PRNTD

A SUBROUTINE TO PRINT OUT NUMERICAL DATA
FROM ANY PART OF A FILE GENERATED BY THE MICRO
BASED DATA ACQUISIIION SYSTEM.

NDATA - NUMERICAL DATA ( SAMPLE )

CDATA - CHARACTER DATA _

TDATA - DATA TYPE, ONE OF THE ABOVE

FLAG - SOME INFORMATION ABOUT THE DATA LINE

TIME- A VECTOR INDICATING WHEN THE SAMPLE
WAS TAKEN. THE FIRST ELEMENT IS HOURS,
THE NEXT IS MINUTES,THE LAST IS SECONDS

HVCL1,2 - HEXADECIMAL INPUT VALUES OF CALIBRATION

VELS
AVCL1,2 - ADJUSTED (PROPER NUMERIC) VALUES OF .
CALIBRATION LEVELS o

CHTP - INDICATES THE TYPE OF EACH CHANNEL

CAL - INDICATES THE CALIBRATIDN STATUS OF EACH
CHANNEL

ISTART, IEND, ILINEN - FIRST,LAST,AND NEXT LINES

' TO BE READ IN FILE

REAL NDATA(8),AVCL1(

8),AvCL2(8),D '
© INTEGER=2 TDATA, HVCL1(8) HV”L2(8) FLAG(2),CHTP(8),
* CAL(8) ,TIME(B) .
INTEGER ILINEN, ISTART,IE
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OO0

OO0

OO0

* ¥ ¥ *

10

*
*
*

11

1010
12

*k

13.
1020

1030
14

1040

1 -
1190

17

274

LOGICAL*1 CDATA(80), STRING(G).CHAR

(4;9)
/IMI'I 14 IMI ,III,IC/ ,‘III&I I'ILI'IMI
/L/ IVI III'I I’III'IOI’IVI'IH/,IMI'ILI,
IOI.,121'IEI'ITI'ILI,IOI'ITI'ISI,/TI'I I* - .
I.I’I I,ISI'I 'l /"/ // :
DETERMINE WHAT DATA IS TO BE READ
WRITE(5,9)
FORMAT (' OENTER FILE NAME. (BA1)")

READ (548) STRING .
FORMAT (BA1)

REWIND 1

ISTART=1

ILINEN=1

IEND=1000000

WRITE(5,10) ‘

FORMAT (' OPRESS "RETURN" IF YOU WISH TO PRINT THE /
COMPLETE FILE.'/

ENTER 1 IF - YOU WISH TO PRINT ONLY /

PART OF THE FILE. (I1)')

READ(5,11) 1
FORMAT(I1)
IF(I.EQ.0) GO TO 1100
WRITE(5,12)
FORMAT (' OENTER FIRST LINE TO BE PRINTED’/

' WITH A DECIMAL POINT BEHIND I1T. (F9.0)")
READ(5,13) D ,
FORMAT (FS.0)
I[F(D)1010,1010, 1020
ISTART=D ' ‘
WRITE(5,7J ISTART :
FORMAT (" ' ,110) ‘ '
WRITE(5, 14) :

FORMAT ( OENTER LAST LINE TO BE PRINTED / '
‘ ' WITH A DECIMAL POINT BEHIND IT. (F9.0)")
READ(5,13)- D

IF(D)TO3O 1030, 1040

IEND=D

WRITE(5,7) IEND

GET CHANNEL TYPES AND CALIBRATION POINTS

DO 1190 I=1,8
CALL PRERD(HVCL1,HVCL2,AVCL1,AVCL2,1I,CHTP,CAL)

PRINT DATA FILE SPECS. ‘ :

WRITE(6,17) STRING .
FORMAT(' 1 PRINTOUT FROM DATA FILE ' ,6A1)

"WRITE(6,18) ISTART,IEND

18

FORMAT (‘0 FROM LINE ', 17/ S
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* * 7O LINE ',I7)
WRITE(6,15)
15 FORMAT (' 0’ ,5X,’ #1',10X,” #2' ,10X,' #3',10X,’ #4' , 10X,
* ' #5' 10X, #6' , 10X, #7' ,10X.' #8' 6X,
* 'FLAG' ,4X,' TIME  LINE NUMBER )
WRITE(6,16) ((CHAR(CHTP(1),4),J=1,9),1=1,8)
16 FORMAT(" ', 8(1X,9A1,2X),2X, 221//17}
c
C NOW PRINT DATA
C
c
C ASSUME NUMERIC DATA
TDATA= 1
1200 CALL RDCAL(HVCL1,HVCL2,AVCL1,AVCL2,CAL, ISTART,
x TEND, ILINEN,NDATA,CDATA, TDATA, FLAG . TIME)
IF(TDATA.LT.1) GO TO 1300
GO TO (1220, 1250, 1220), TDATA
GO TO 1300 |
1220 WRITE(B,13) NDATA.FLAG,TIME,ILINEN -
19 FORMAT (Y ',8(F10.4,2X),2X,221,4X,2(12,":"),12,112)
GO TO 1200
C
C ASSUME CHARACTER DATA
1250 WRITE(6,20) CDATA -
20 FORMAT ('~ ' 80A1)
1260 CALL RDCAL(HVCL1t,HVCL2,AVCL1,AVCL2,CAL, ISTART, '
* IEND, ILINEN,NDATA,CDATA, TDATA, FLAG, TI
WRITE(6,20) "CDATA

IF(TDATA) 1300, 1300,1270 »ﬁ
1270 GO TO (1200,1260,1200),TDATA, o

GO TO 1300
c |
C IS ANYTING ELSE IN FILE TO BE PRINTED?
c - |
1300 WRITE(5,21) .
21 FORMAT (‘' OPRESS "RETURN" IF NO OTHER DATA IN'/
* ' FILE IS TO BE PRINTED.'/
¥ ' ENTER 1 TO PRINT OTHER DATA'/
* ro IN THIS FILE.’)
READ(5,11) I
1F(1)1350, 1350, 1000
1350 RETURN
END
C
C
C

SUBROUTINE PRERD(HVCL1,HVCL2,AVCLT,AVCL2,CHNO,
* |  CHTP,CAL)

THIS ROUTINE PREPARES TC READ 2ATA FROM A
PARTICULAR CHANNEL IN A DATA FILE GENERATED BY THE
MICRO DATA ACQUISITION S/STEM BY SPECIFYING

THE CHANNEL TYPE AND CALIBRATION POINTS

000000
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C HVCL1,2 - HEXADECIMAL INPUT VALUES OF CALIBRATION
C LEVEL
C AVCL1,C - ADJUSTED(PROPER NUMERICAL)VALUES OF
C THOSE CALIBRATION LEVELS
C CHNO - THE NUMBER OF THE CHANNEL TO BE PREPARED
C CHTP - INDICATES THE TYPE OF EACH CHANNEL
C CAL - INDICATES THE CALIBRATION STATUS OF EACH
C CHANNEL
¢
INTEGER*2 HVCL1(8),HVCL2(8), CHND CHTP(8),CAL(8),
REAL AVCL1(8), AVCL2(8) ' ,
LOGICAL*1 MV(13)/ I’ ’N,vl Iv’MlllllylLlIII’v"Vlvlolv
* . ‘ IL/,IT/,ISI,, //'
* CMH20( )/ I, INl,l I,l I,/C’,IM,,’ I,I_I,IHI'.
* 12/,101’1 l’l //, .
* 4MM(13)//I/'/N/,I I'IMI'III,ILI'III,IMI,IEI,
* ITI’I I'IRI'ISI/,
* BB(13)/I I'I Iil I’vl ’vl Ivl I!’ Irl I'I Iv
* .t 1,/ /'/ /’/ I/
C
C GET TYPE OF CHANNEL
C

1010 WRITE(5,12) CHNO .
12 FORMAT(‘ OFOR CHANNEL #',11/ .
./ ENTER THE CANNEL TYPE. (I1)'/

“~ 1 FOR ELECTRICAL DATA’/ \
‘2 FOR PRESSURE DATA'/ \
.3 FOR DISPLACEMENT DATA'/
‘4 FOR GENERAL DATA’)

READ(5, 11)CHTP (CHNO) ‘

11 FORMAT(1

IF(CHTP(CHNO)) 1010, 1010, 1015
1015 1=CHTP(CHNO)

GO 10 (1100, 1200 1300, 1400)

GO TO 1010

ASSIGN CALIBRATION VALUES W

LI N R N

N—

OOOO0

ELECTRICAL CALIBRATION DATA (IN MILIVOLTS)
1100 HVCL1(CHNO)=0 ’

HVCL2(CHND)=-(8188*.1/2.5 + .5)

AVCL1(CHNO)=0.0

AVCL2(CHND)=-100

CALL CDFLT(HVCL1,HVCL2, AVCL1 AVCL2 MV, CHNO)

GO TO 1800

C .

» C<y- . PRESSURE CALIBRATION DATA (IN CM H20)

1200 HVCI»1 (CHNO ) =0 \
HVCL2(CHNO)=8188*.1/2. 5 + .5 , '
AVCL1(CHNO)=0.0 : : :
AVCL2(CHNO)=100 ‘ )
CALL CDFLT(HVCL1,HVCL2, AVCL1,AVCL2, CMH2D CHNO)

"GO TO 1800 :
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C DISPLACEMENT DATA (IN MILIMETERS)
1300 HVCL 1(CHNO)=0 ,
HVCL2(CHNO)=8188%.1/2.5 + .5
AVCL 1(CHNO)=0.0
AVCL2(CHNO) =5
CALL CDFLT(HVCL1,HVCL2,AVCL1,AVCL2,MM,CHNO)
GO TO 1800 ‘
C
C GENERAL CALIBRATION(OUTPUT SAME VOLTAGE AS ANALOG INPUT)
1400 HVCL1(CHNO)=0
HVCL2 (CHNO)=8188/2.5 + .5
AVCL 1(CHNO)=0.0
AVCL2(CHNO)= 1.0
CALL CDFLT(HVCL1,HVCL2,AVCL1,AVCL2,BB,CHNO)

c
C INDICATE THIS CHANNEL INITIALLY CALIBRATED _ —
1800 CAL (CHNO) =
RETURN
END
C
C
, SUBROUTINE CDFLT(HVCL1,HVCL2,AVCL1,AVCL2,CF,CN)
. J |
C ASKS IF DEFALT CALIBRATION POINTS ARE TO BE CHANGED
c
C MNPUTS ONLY:
C CF - CHARACTER FIELD, EXPLAINING UNITS
C CN - CHANNEL NUMBER qN QUESTION
INTEGER*2 CN
LOGICAL*1 CF(13)
C
c INPUTS AND OUTPUTS | )
C HVCL1,2 - HEXADICIMAL VALUES OF CALIBRATION LEVELS
C °  AVCL1.2 - ADJUSTED(PROPER NUMERICAL)VALUES OF SAME
INTEGER*2 HVCL1(8),HVCL2(8)
REAL AVCL1(8),AVCL2(8)
C | .
c INTERNAL ONLY
INTEGER INST
c ' : |
100 WRITE(5,10) CN,HVCL1(CN),AVCL1(CN) CF,
x | HVCL2(CN) ' AVCL2(CN) .CF
10 FORMAT-('0 THE C?LIBRATION POINTS FOR CHANNEL #' , 11/
* ' ARE '
x ©*,5X,24," 1IN HEX., FOR ' ,F10.4,2X, 13A1/
* r o 'Bx'z4 "IN HEX FOR ' ,F10.4,2X,13A1/
g * . OENTER: (11) . -
B % . 4 “"RETURN" FDR ,NO CHANGE' /.

t TO CHANGE CALIBRATION LEVELS'/
2 TO CHANGE THE HEX. INPUT VALUES')

X
A
i’»;

< TREAD(5, 1) InsT \
11 FORMAT(11)
~ ST) 100,200,110 - «

IF (TN



C

C

4

2178

110 GO TO (120,130),INST | "

GO TO 100

- 120 WRITE(5,12) CF

12 FORMAT (' OENTER FIRST CALIBRATION LEVEL ', 13A1/

*

" (F10.4)") r
READ(5,13) AVCL1(CN) o

13 FORMAT(F10.4)

WRITE(5,14) CF

14 FORMAT(‘ OENTER SECOND CALIBRATION LEVEL ' ,13A1/

*

“ (F10.4)" )

READ(5,13) AVCL2(CN)

GO TO 100

130 WRITE(5,15)
15 FORMAT (" OENTER HEXADECIMAL INPUT VALUE FOR'/

*

- " FIRST CALIBRATION LEVEL, (Z4)’)
READ(5,16) HVCL1(CN)

16 FORMAT(Z4)

WRITE(5,17)

17 FORMAT (‘' OENTER HEXADECIMAL INPUT VALUE FOR'/

*

* SECOND CALIBRATION LEVEL, (Z4)')
READ(5,16) HVCL2(CN)
WRITE(5,18) CN,CN

18 FORMAT(' 0 IF-A "C',I1,”" OR A DL, FLAG /

200

* X ¥ ¥ x

* 1S ENCOUNTERED IN THE DATA FILE,THEN THE FIRST’/
' OR SECOND HEX. INPUT VALUE WILL BE CHANGED.'/
' THESE FLAGS ARE ENTERED INTO THE DATA FILE’/
' BY USEING THE CALIBRATE FUNCTION, ("CAL"),’/
' _ON_THE MICRO BASED DATA ACQUISITION SYSTEM.')
GO TO 100 |
RETURN 4
END

SUBROUTINE INCAL (HVCL1,HVCL2,AVCL1,AVCL2,CAL)

THIS -SUBROUTINE INITIALIZES THE CALIBRATION
POINTS OF ALL CHANNELS SO "RDCAL" CAN RUN
EVEN IF THE CHANNELS MAY NOT:' BE CALIBRATED

INTERNAL ONLY:
INTEGER I :

QUTPUTS ONLY: - : ( '

HVCL1,2 - HEX. VALUES OF TWO CALIBRATION POINTS
FOR EACH CHANNEL

AVCL1,2 - ADJUSTED(PROPER NUMERICAL)VALUE OF SAME

“CAL --INDICATES THE STATUS OF CALIBRATION

OF - EACH CHANNEL (SET TO INITIALIZED ONLY)

INTEGER*2 HVCL1(8),HVCL2(8),CAL(8)

REAL AVCL1(8).AVCL2(8)
DO 100 I=1,8 '
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OOOOOO0OO0OO0O0N

100 CAL(¢

— OO
e s

SUBROUTINE RDCAL(HVCL1 HVCL2,AVCLt,AVCL2,CAL, ISTART,
* IEND ILINEN NDATA CDATA TDATA FLAG TIME

THIS ROUTINE READ DATA FROM A FILE GENERATED BY THE
. MICRO BASED DATA ACQUISITION SYSTEM. NUMERICAL DATA

IS CALIBRATED FOR EACH CHANNEL BY-THE USE OF TwWO
- CALIBRATION -POINTS. CHARACTER DATA IS UNCHANGED

INPUTS ONLY: J
AVCL1,2 -+ ACTUAL (PROPER NUMERICAL)VALUES DF THE
CALIBRATION POINTS

ISTART,IEND - START AND END LINE NUMBERS IN FILE

. ~OF DATA TO BE READ
REAL AVCL1(8) AVCL2(8)
INTEGER ISTART IEND

INPUTS AND OUTPUTS:
HVCL1,2 - HEXADECIMAL INPUT VALUES OF THE CALIBRATION
. POINTS .
CAL - JINDICATES THE CALIBRATION STATUS OF. EACH
CHANNEL

ILINEN - THE NEXT LINE TO BE READ IN FILE
TDATA

0 IF NO MORE DATA IN FILE (NO OUTPUT) -

1 IF NEXT LINE IS NUMERIC (SAMPLE) DATA

2 IF NEXT AND CURRENT LINES ARE CHARACGER DATA

3 IF NEXT LINE IS NUMERIC DATA AND THE

, CURRENT LINE IS CALIBRATION DATA

IF ON ENTRY WE ARE EXPECTING A CHARACTER LINE
WE CAN ONLY OUTPUT A CHARACTER LINE.

TF ON ENTRY WE ARE EXPECTING A NUMERIC LINE ‘
THEN ON OUTPUT, IF TDATA=1,3 WE ARE OUTPUTTING
A NUMERIC L'INE, OR IF TDATA=2 WE ARE DUTPUTTING
A CHARACTER LINE

ANY CHARACTER DATA ENTERED INTO THE FILE SHOULD
BE PRECEDED WITH A BLANK LINE THAT ONLY .
CONTAINS A HEXADECIMAL DIGIT OTHER THAN 0
IN THE FIRST COLUMN. ANY LINES OF CHARACTER DATA

.SHOULD HAVE A HEXADICIMAL CHARACTER OTHER THAN

0 IN THE FIRST COLUMN. THE LAST LINE OF A
NUMBER OF» CHARACTER LINES MUST CONTAIN A 0
OR A BLANK IN THE FIRST COLUMN. v
’ :
1 THIS IS AN EXAMPLE -OF A CHARACTER DATA’
1 BLOCK THAT CAN OCCUR ANYWHERE, IN THE DATA

279
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0000000

%

TO000O0O000

OO0

00 00 O

— ek ek

0

*

FILE. A NORMAL LINE -CONTAINS A HEXADECIMAL
CHARACTER OTHER THAN ZERO IN THE FIRST
COLUMN WHICH IS NOT PASSED AS DATA FROM
THIS ROUTINE. THE LAST. LINE MUST CONTAIN

A ZERO OR A BLANK IN THE FIRST COLUMN. . -

FIRST COLUMN IN FILE

,INTEGER*Z HVCL1(8) HVCL2(8) CA/LBi*lDATA S

INTEGER ILINEN

UUTPUTS ONLY: . ' '
NDATA - CALIBRATED NUMERIC DATA
FLAG - SOME INFORMATION ABOUT THE DATA

- TIME - VECTOR OF THE HOUR, MINUTE AND SECDND

THE SAMRLE ‘WAS TAKEN

CDATA - CHARACTER DATA,M
REAL NDATA(8) . B

"

800

1900
1000

10

INTEGER*2 FLAG(2
LOGICAL*1 CDATA(

), TIME(3)
807, LANK/'u /

INTERNAL ONLY:

S

- "SAMPLE DATA VECTOR (HEX.) L

CC - INDICATES 'IF-A LINE IS CARACTER DATA
INTEGER*2' S(8),CC, I :
REAL B,D,M .

LOGICAL*1 CHAR(80) |
" DO 800 I=1,8 | i

NDATA(1)=0.0

DO 900 I=1,80 .
CDATA(I)=BLANK

IF (ILINEN.GE . ISTARTé'GO/Tdf1200 ‘

. SCAN PREVIDUS LINES FOR CALIBRATION DATA |
- IF{TDATA. EQ. 2) GO TO 1100

READ NUMERIC ‘DATA

READ(1,10,END=1900) CC,S,TIME, FLAG

FDRMAT(Z1 8Z4,4X,312, 221)
ILINEN= ILINEN+1"

IF(CC.NE.O) GO TO 1090

TDATA=1

IF(FLAG(1) .NE,12) GO TO 1050 ’
IF(FLAG(2),LT.1 .OR. FLAG(2).GT. 8) GO TO 1000

HVCL1(FLAG(2))=

IF(CAL(FLAG(2)).EQ.0) CAL(FLAG(2 ))

. IF(CAL(FLAG(2)) ))
.GO TO 1000

S(FLAG(2))

.EQ.2) CAL(FLAG(2

280
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1050

OO0 O OO0

1200

. 281

IF(FLAG(1).NE. 13) GO T0 1000

IF(FLAG(2).LT.1 .OR. FLAG(2).GT. &)‘GO 10 1000
HVCL2(FLAG(2)) S(FLAG(2)) :
IF(CALTFLAG(2)).EQ.0) CAL(FLAG(2
IF(CAL(FLAG(2)). Eo 1) CAL(FLAG(
GO TO 1000 ., - .

INDICATE CHARACTER DATA - S
TDATA=2 . o
GO TO 1000 | -

READ CHARACTER DATA

2))=2 .-
2))=3 . |

READ(1,11,END=1900) CC,CHAR

FORMAT(Z1,80A1)
ILINEN‘ILINEN+1

IF (CC.NE.0)" GO TD 11090 R
TDATA=1- | ‘ | .
GO TO 1000 .

OUTPUT A LINE OF DATA |
IF(ILINEN GT.IEND) GO TO 1900 .

IF (TDATA.NE2) GO TQ 1250

WE ARE EXPECTING CHARACTER DATA
READ(1,11,END=1900) CC, CDATA-

" ILINEN= ILINEN+1
-TDATA=2

IF(CC.EQ.0) TDATA=1\

1260

1270

RETURN

WE ARE EXPECTING NUMERIC DATA .
READ(1,10,END=1900) CC,S,TIME,FLAG
ILINEN=ILINEN+1 . )
IF(CC.EQ.0) GO TO 1260

TDATA=2 '

RETURN

CHECK FOR CALIBRATION DATA
TDATA 1
F(FLAG(1)..NE.12) GO TO 1270

‘IF(FLAG(Q) LT. 1 .OR. FLAG(2).GT.8)- GO T0 1280

HVCL1(FLAG(2)) S(FLAG(2))

TDATA=3

GO TO 1280

IF(FLAG(1).NE.13) GO TO 1280 - ~ - =~ "
IF(FLAG(2).LT.1 .OR. FLAG(2).GT.8) GO 70 1280,
HVCL2(FLAG(2))=S({FLAG(2)) . o
TDATA=3

CALIBRATE ALL CHANNELS



1280

a0o

DO 1290 1=1,8 - ;o

D=HVCL2(I)-HVCL1(TI) °
B=(HVCL2(I)*AVCL1(I) HVCL1(I)*AVCL2(I))/D
M=(AVCL2(I)-AVCL1(1))/D
1290 NDATA(I)=M*S(I)+B ,
* RETURN : I .
Ex;T FOR NO MORE DATA FROM FILE °
1900 TDATA=0 _
, RETURN
END ~
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SPROCESS

C
C
C

13
C600
600

300

17
310
18

200

FORTG  FILE: SPROCESS
CALLING SEQUENCE: R PROCESS 6=(STORAGE FILE) 1= 30
INPUTS FROM LOGICAL UNIT 5=*SQURCE* - :
INTEGER*2 S1,52,$3,54,55,56,57,58, CHAR(4) ,C$
LOGICAL*1 H(2) ,M(2).S(2),FFTF/. FALSE /
LOGICAL*T CMNT/.FALSE./ ~
LOGICAL*1 STRING(80) -
OTHER VARIABLES
"INTEGER*2 F/'F'/,CCS
REAL FFTM(8,256)
OUTPUTS
QUTPUT TO RAW DATA FILE ON LU. 6
FFTM, AND DATA TQ L.U. 7
WRITE(5, 15)
FORMAT(/ >>" ) e
GO TO 500 S
WRITE(5,14)
FORMAT(/ RR')
READ(5, 10, END=200) CMNT,S1,52,53,54,55,56,57, s8,

* ' CS,H,M, S CHAR

FORMAT(Z 1,924, 6A1 4A1)
CMNT=.NOT . CMNT :
IF( CMNT ) GO TO 150

GO TO 300 '
WRITE(6,11) S1,52,83, S4,55,5S6, S7 S8,CS,H,M, S, CHAR .
FORMAT(” , 824,74, 6A1 4A7)

ADD THE 16 BYTES REP. BY $1,...,58 TO CALULATE 'THE

. CHECK SUM VALUE, CCS.

CCS=S1+52+53+54+55+56+57+58
IF ( CHAR(4) .EQ. F ) FFTF=.TRUE.

- IF. (CS.EQ. CCS) GO TO 600

WRITE(6,13) CS,CCS -7 : : b
FORMAT (- ERROR ~ CS TXED=',Z4, CS COMP=',Z4)

GO 70 500 . .
WRITE(7, 16) $1,52,53,54,55,56,57,58,H,M,S,CHAR
FORMAT (" ', 816, 1X 2(2A1 Ry ) 2A1 1X 4A1)
GO TO 100 : ‘
WRITE (6, 17)
FORMAT (7 1" )

READ(S, 18, END—QOO) CMNT, STRING
FORMA%(Z1 ,80A1)

WRITEY6, 18) CMNT,STRING
IF( CMNT ) GO TO 310

GO TO 100

STOP ..

END



SDFIL

0000000000000

11

12

13

*

) Lo
»

FORTRAN PROGRAM- TO CALCULATE DIGITAL FILTER

COEFFICIANTS FOR A 4TH ORDER '‘LOW PASS BUTTERWORTH

RESULTING FILTER : :H(Z) = H1(z)H2(2)
| - AO*Z*Z + A1xZ + AR
H1(Z) v 2 =mmmmmmmmmemmomo ool
. Z*Z  + B1*Z + B2
. | ©' CO*Z*Z + C1*Z + C2
H2(Z) = m-mmmmmmmcmcmmemmee o

Z¥Z  4aD1%Z + D2

REAL*B AAA , BBB, ALPHA THETAP THETAC ALPHA2, THETAF .
REAL*8 AAO.AA1,AA2, BBO,BB1,BB2

REAL*8 AO, A1 A2 BO,B1, B2 CO ¢1,C2,00,D1,D2,RB1, RB2

RD1 RD2
REAL*8 T, T2 RESP*4(300)
INTEGER*2 IAO IA1, IA2 IB1, IBZ ICO IC1 IC2,1p1, ID2
COMPLEX*16 R1,R2

. INTEGER W,0, P Q,R,Y,SS

INTEGER*2 S N(300) IRESP (300)
AAA= . 76536686D 00

BBB=.184775907D 01

WRITE(6,10) . ‘
;FORMAI(’O ENTER SAMPLE PERIOD, T , IN"SECONDS'Y
' (F10.8)") ’
READ(S5,11) T
FORMAT(F10.6) - - B
WRITE(6,11) T .
WRITE(6,.12).
FORMAT(" 0 %NTER)C?T OFF FREQUENCY IN HERTZ /
d F9.4)" )
READ(5, 13) THETAF : BN
FORMAT(F9.4) ,

WRITE(6,11) THETAF
THETAC=THETAF %23 1415926540 OO*T
THETAP= 2*DATAN(T/2) '

T2=T*T

*

AAD=4 + 2%AAA*T + T2
AA1=2xT2 - 8

AA2=4 - 2*xAAA*T + T2
BB0=4 + 2*BBB*T + T2
BB1=AA1

BB2=4 - 2xBBB*T + T2

ALPHA=DSIN((THETAP-THETAC)/2)/
DSIN({THETAP+THETAC)/2)
ALPHA2=ALPHA*ALPHA - | S

BO=AAO - ALPHA*AAT + ALPHA2%AA2 -
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D0=8B0 - ALPHA*BB1 + ALPHA2*BB2

AO T2*( 1 - 2*ALPHA + ALPHA2 )

CA1=T2%( 2%ALPHA2 - AxALPHA + 2 )

A2=T2*( 1 - 2*xALPHA + ALPHA2 )

B1‘( -2*ALPHA*AAD + (ALPHA2+1)*MA1 - 2*ALPHA*AA2)/BO
B2= ALPH&Z*AAO - ALPHA*AA1 +AA2 \

s E . ’y »
. C0=A0/DO | : ,“Jkg";? "
C1=A1/D0 Dl R T or g
C2=A2/D0 : T “ﬂ‘w‘?{'
A1=A1/BO
A9=A0/BO L o |
A2=A2/B0

Di=(- 2*ALPHA*BBOw+ (ALPHA2+1)*BB1 - 2*ALPHA*BB2) /D0
-D2=( ALPHA2+BBO - ALPHA*BB1 +BB2 )/DO

CHECK FOR UNITY D C. GAIN OF H1(Z) AND H2(Z)

- BO=(A0+A1+A2)/(1.+4B1+B2)

DO0=(CO+C1+C2)/(1.+D1+D2)

-.WRITE(6,14) A0,A1,A2,B1,B2,B0 ‘
FDRMAT(’O AO= ' ,D13.6," - A1=',D13.6," A2=' ,D13.6/
' B1= ',D13.6," B2='.D13.6/
ﬁﬁ * D.C. GAIN = ',D13.6) -

“WRITE(6,15) CO,C1,C2, 01 D2,DO0 ,
FORMAT (' 0 CO= ',D13.6,’ « Ci=',D13.8," C2=’' ,D13.6/
* " -D1= ’,D13.6," D2=',D13.6/ :
* ‘" D.C. GAIN = ' ,D13.6) :

TAO=HF IX (SNGL (AQ*2%*15, +.5))

IA1=HFIX(SNGL (A1*2*%15 + 5))

TA2=HF IX(SNGL (A2*2*%15,+,5))

IB1=HFIX{SNGL ((-1.-B1)*32768. +,5))

IB2=HFTX(SNGL (-B2%32768.-.5) )
ICO=HFIX (SNGL (CO*2%*15.+.5)) /-

IC1=HFIX(SNGL (C1*2*%15,+.5))

IC2=HFIX(SNGL (C2*2**15 .+ .5))) . ‘
ID1=HFIX(SNGL ((-1. -D1)*32768 +.5))

I1D2=HF IX(SNGL (-D2%32768.-.5) ) :

WRITE(B, 16) IAU,IA1,IA2,IB1,IB2ﬁ v
WRITE(6,17) ICO,ICt1,IC2,ID1,ID2" . o
FORMAT (‘0. AO= / ,Z4," - A1="' 74" A2= 1,74/
* ' -1-Bi= " .74, -B2= Z4)

FORMAT ("0 CO="" 24 o Cl= z4 Y C2= ' ,74/
* * <1-Di= z4 ©D2= 1, 74)

WRITE(6, 18)

FORMAT('0 ZEROS AT :’)

WRITE(7,21) '

FORMAT{’' 0’ /' 004004’ )

CALL QRTSB(AO,A1 £2,R1,R2)

~ WRITE(6,19) R1,R2
‘FORMAT (" " ,F1

1.6,” J' F11.8) -
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A

WRITE(7,22)\R1,R2
FORMAT(F12.7)

CALL QRTS8(c0,C1,C2,R1,R2)
WRITE(§,19) R1,R2
WRITE(],22) R1,R2

WRITE {'6, 20)

FORMAT ('O POLES AT :') |

CALL QRTS8(1.D 00,B1,B2,R1,R2) "

WRITE(6,19) R1,R2

WRITE(7,22) R1,R2 »

CALL QRTS8(1.D 00,D1,D2,R1,R2)

WRITE(6,19) R1,R2

WRITE(7,22) R1,R2

FMAX=10.*xIF IX(SNGL(DLOG10(THETAF*10)+ 9D" 00) ) *
FMIN=10.**IFIX (SNGL(DLOG10(THETAF/10)-.9D 00)} «
WRITE(7 ,22) FMIN,FMAX, T A

FORMAT (' SIMULATION DF THE STEFP RESPONCE’)
IF( S.EQ.0 ) STOP

AQ=IA0/2%%15,

At=IA1/2%%15,

A2=1A2/2%%15. | S
B1=1B1/32768. S

B2=1B2/32768. -
CO=1C0/2%*15, .
C1=1C1)2%*15,

C3=1C2/2%%15. |

D1=1D1/32768. o

D2=1D2/32768.

CHECK FOR UNITY D.C. GAIN OF H1(Z) AND H2(Z)
BO=(AQ+A1+A2)/(-B1-B2)
DO=(C0+C1+C2)/(-D1-D2)

WRITE(6,14) AO,A1,A2,B1,B2,B0

WRITE(6,15) €0,C1,C2,D1,D2,D0

g

1,A2,R1,R2)
R2 ‘
R2 |
1c2,R1,R2)

- - O- - >

RBJ;-(1+B1)

. RB2:-B2

RD1=-(1+D1)
RD2=-D2

WRITE(6,20)

CALL QRTSB(1.D 00,RBT,RB2;R1,R2) |
WRITE(6,19) R1,R2 . | N

'WRITE(8,22) R1,R2
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CALL QRTS8(1.D 00,RD1,RD2,R1,R2)

WRITE(6,19) R1,R2

WRITE(8,22) R1,R2

FMAX=10.**IF IX{SNGL (DLOG10(THETAF*10)+.9D 00))
FMIN=10. **IFIX(SNGL(DLOG10\{HETAF/109~ 9D 00))
WRITE(8,22) FMIN,FMAX,T .
WRITE(8,21) | ;

WRITE(6,26) :
FORMAT(' ' ,8X,’ ENTER MAGNITUDE OF STEP IN HEX,(Z4)')
READ(Si | :

H Ot NI\JI\)
U’QD

ONN T - -

Ouwunuun

300 I=1,300

VOVO<OE OCTXOUVO
N nn
COXVO VO

CALL IMULT(SS,AQ,w)

‘CALL IMULT(SS,A1,0)

CALL IMULT(SS,A2,P)

CALL IMULT(w,B1,0)
0=0+W

CALL IMULT(wW,B2,P)
CALL IMULT(W,CO,Y)
CALL IMULT(W,C1,Q) -
CALL IMULT(W,C2,R)

CALL IMULT(Y,D1,Q)
Q=Q+Y -

- CALL IMULT(Y D2,R)

N(I)=
IRESP( )=Y/2%%8

- RESP(I)=Y/RS

WRITE(6,24)((IRESP(1),RESP(1)),I=1,300)
FORMAT(' ,2(28,3X,F9.4,5X))

GO TO 400

END .

SUBROUTINE QRTS8(A,B,C,R1,R2)

DUBBLE PRECISION ROOTS OF A QUADRATIC
COMPLEX*16 R1,R2

REAL*8 A,B,C, R A2



50

100

200

R1=DCMPLX(0.0D 00,0.0D 00)
R2=R1

R=B*B-4xA=C

IF( A .NE. 0.0D 00 ) GO TO 50
ONLY ONE ROOT.
R1=DCMPLX(-C/B,0.0D 00)

GO TO 200

A2=2.0D 00*A

IF( R .LT. 0.0D 00 ) GO TO 100
ROOTS ARE REAL
R1=DCMPLX((-B+DSQRT(R))/A2,0.0D 00)
R2=DCMPLX((-B-DSQRT(R))/A2,0.0D 00)
GO TO 200

ROOTS ARE COMPLEX ~ :
R1=DCMPLX(-B/A2,DSQRT(-R)/A2)
R2=DCMPLX(-B/A2,-DSQRT(-R)/A2)
RETURN ,

END '

SUBROUTINE IMULT(II,M,10)
INTEGER 11,10

REAL*8 M,R

R=M*11

IF (R) 10,20,30
10=10+R-0.0

RETURN

10=10+R+.5

RE TURN

END
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Appendix D -- Schematic Diagrams

‘ .

The schematic diagram for Board 1 of the microcomputer
system can be found in the manual, ME68MMO1A/1A2 Monoboard

Microcomputer Micromodule 1A/1A2, (by Motorola Incorporated,
Phoenix, May 1978). The only alteration on this board is
that a jumper was installed to set the ACIA for a baud rate

" of 9400. (See manual.)
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