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ABSTRACT
TITLE: Automated EEG Spectrum Analysis System
Marinela C. .Laguna, Master of Science in Biomedical Engineering, 1985

Thesis directed by: Dr. Stanley S. Reisman, Associate Professor,

Department of Electrical Engineering

A computer system has been designed to acquire EEG data from
monkeys and to perform the spectral and statistical analysis. The
system is capable of processing two channels simultaneously, acquire
64 Kbytes of EEG data for each channel on floppy disk, do the spec-
trums and averages of the spectrums, and calculate the histoéran
amplitudes of 13 frequency bands in a range of 0-71.1 Hz.

The software gives the user a lot of choices with respect to
data acquisition and processing. The relative spectral power differ-
ences between 'no-drug" and "drug" experiments give information
about the drug effects on the central nervous system.

The present system is easier to control with respect to previous
similar systems because it is capable of performing the experiments
in an automated manner without any human intervention. Another
guaiity of the system is the simplicity and small space needed.

Being based on software, the system is very flexible and easy to
extend. One of the features of the new system is new procgrams for

the statistical comparisons can be done automatically. Another



feature 1is related to the extension of the system to process 16
channels simultaneously.

Experiments have been performed to validate the system using the
previous system results. Results are presented to show the quality
of the system.

Investigations have been done into other ways of analyzing the
spectral data in order tc improve the system.

The results of this system can be successfully used in classify-

ing new drugs.
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Chapter 1

INTRODUCTION

1.1 Electroencephalography (EEG) signals used in diagnosis and

pharmacology

EEG signals are obtained by placing electrodes on different
parts of the scalp. They reflect the brain activity, but the brain
represents the coordinatory center of all the activities of the body,
so people realize that observing EEG patterns can be very important
in clinical situations. Years before, visual interpreted EEG was
used in the diagnosis of different diseases. However, because of the
Jow signal Tevels and as a result of years of experience, the re-
search people decided to quantify the EEG signals (Quantified Elec-
troencephalography, QEEG) 1in order to obtain more accurate
conclusions with respect to diagnosis. Computerized EEG énalysis was
the next step in this research field. With the computer, the analy-
sis.can be done in time or in frequency giving the possibility to
visualize the powaer of each type of wave, A, 6, Uys Up, 31, 62, in
different clinical cases.

One of the recent studies [2], uses computerized spectral EEG
analysis to compare normal and dyslexic children behavior. This
study and its experimental results are very important not only for
improving the methods of diagnosis in such a disesase, but also fTor
the way that EEG spectrum results have to be considered and correlat-

ed during an experiment.



Three minutes of passive eyes-closed and eyes-open EEG were
recorded before and after 4-5 hours of behavioral tasks in 10-12
year-old boys of normal intelligence and neurological status. Half
were severely reading disabled, half were reading normally. Bilater-
al, central, parietal, and mid-temporal EEG referenced both to vertex
and to linked ears were recorded. The EEG was ;:h'gitized at 256
points/sec. and FFT was done for each second epoch {(after eliminating
the artifacts) with 69 points/sec. Averages of FFT power spectra of
artifact-free 1 sec. epochs for 2-2.5 minutes were computed. Based
on these values, several coefficients were calculated for both normal

and dyslexic children and big differences were found (Fig. 1.1la,

1.1b).
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It was found also that absolute power is as reliable as relative
power and js warranted whenever possible, since the interpretation of
findings based so]ely. upon relative power can be ambiguous (for
exampie, a decrease in re]ativé delta activity may result from
decreased delta activity, increased activity in other bands, with
delta activity unchanged, or some combination of the above). These
findings support the utility of EEG power spectra as a reliable index
of brain functions for studies of normal and Tlearning disabled
children.

Many research people were involved in correlating inter-indivi-
dual variations in EEG activity with intellectual capacity [3].

Since 1933, studies are done in this area and during the years, many



pros and cons have been presented and theoretically argued, relative
to this subject. The reason for the discrepancies might consist in
the heterogeneity of the sample with respect to the intellectual
capacity (IQ), insufficfent or 1inaccurate quantitative evaluation of
EEG -activity (alpha rhythm was predominantly used), heterogeneity
with age (EEG changes with age and will change the correlations with
IQ), inadequacy in measuring intelligence. However, recent studies
[3], demonstrate that age-standardized EEG parameters can be corre-
lated to IQ scores. They are based on some hypotheses:

a) small but consistent relaticnship between EEG at rest and
IQ scores in normal children;

b) large correlations for mildly mentally retarded children;

" ¢) the correlations depend on the maturation of.brain function
(more mature EEG parameters correspond to higher IQ scores)
and are Tlarger in the frequency bands where developmental
change with respect to EEG parameters takes place;

d) the frequency distribution of the EEG activity is more
important to the size of correlations than the topographic
distribution.

Correlations between EEG and IQ scores were computed separately for a
group of normal and a group of mildly mentally retarded children and
the hypotheses were experimentally verified.

The most important conclusion of this study was that the earlier
discrepant results are due to a visual rather than a computerizec
analysis of the EEG. Spectral parameters and their standardization
for age and highly compiex IQ tests were possible only by using the

computer,



One of the other areas of diagnosis where EEG showed to be of a
ot of importance is in finding the mild degree of dementia [4].
Using two groups of elderly patients, one having the disease and a
control normal group, it was found that the theta and beta activity
for those two groups is very different, no difference in alpha and
delta activity, and decreasing in the average mean frequency for

demented subjects, mean frequency for (5-20) Hz interval being

defined as:
20 Hz
Z_ (F(fy x f)
mean freq. (5-20 Hz) = =5 , F(f) = the
20 Hz power sSpectrum.
> F(f)
=5

This type of relationships have to be standardized with the age in
order to be used for diagnosis.

A big problem in medicine was controlling the brain function
before and after the open-heart surgery. Research done with respect
to this problem shows that pre- and post-operative quantitative EEG
(QEEG) give the right information [5]. Fast Fourier Transform (FFT)
was found to be the best method, in comparison with combined period
and amplitude analysis. Correlations between post-operative cerebral
complications and FFT mean frequency were found. The parieto~-occipi-
tal regions appeared to reflect the operative strains more clearly
than the fronto-central regions and generaliy, the correlations EEG -
Brain function before and after open-heart surgery were found to
depend on the type of the cardiac disease.

EEG evaluation is not important only in diagnosis, but also in
pharmacolcgy. The quantitative analysis c¢f human electroencephalo-

grams with a digital computer, known as '"computer-anaiyzed EEGY



(CEEG), 1is one of the most significant advances for the develcpment
of new psychotropic drugs [1]. In recent years, the findings indi-
cate that CEEG profiles are predictive for psychotropic properties of
new compounds. Based on EEG data obtained after administration of
known drugs (drug data base), and using newly developed programs, the
computer is able to classify new drugs into one of the existing
psychotropic drug groups in a fully automated and statistical manner.
The significance of the QEEG was outlined in a series of recent
publications [1]. In a recent report to the President of the United
States, under the heading "Major advances in the past five years in
methodological development" it was reported:
"The QEEG and animal behavioral techniques extrapolated to man
may identify useful drugs for mental illness and distress”.
Other pubiication, "Future directions and developments" reports that:
"For clinical psychopharmacology we would predict...development
of new principles for the design of more specific, less toxic
antipsychotic drugs. The QEEG may become a more generally used
tool in the evaluation of valuable new compounds."
In the report of the Task Force Committee on biocavailability and
bioequivalence of psychotropic drugs of the American College of
Neuropsychopharmacology, it was stated:
"The use of pharmacological end-points to assess bioavailabili-
ty is still in the developmental stage and there is currently
no recognized standard approach, although pharmacodynamic
methods such as QEEG..., which are responsive to the effects of
drug which cross the blood-brain barrier, provide the most
logical opportunity for each development.”
The most 1important method of doing QEEG is CEEG. This method was
successfully used to determine the acute pharmacoiogical effects of
an active psychotropic drug ingredient at the site of drug action

(brain). The quantitative pharmacological EEG (QPEEG) has almost all

the requirements of an "ideal" bioavailability method [1].



In order to define CEEG for psychotropic drug development, it is
good to compare it with ‘“conventional" EEG for clinicdal diagnosis
(1]. Whereas "conventional" EEG is primarily concerned with abnormal
waveforms such as: slow waves (theta or delta), sharp waves, spikes,
spikes and waves, focal abnormalities, and paroxysmal activities, the
CEEG for pharmacology 1is primarily concerned with normal waveforms
and normal frequency (alpha, beta, and faster activities) and ampli-
tude distributions.

The use of the CEEG in psychotropic drug development is justi-
fied: psychotropic drugs (compounds effective in human behavior}
produce changes in human brain function; EEG is the simplest, most
economical and objective method to study the continuous function of
the human brain. The psychotropic drug-induced changes in EEG are
relatively small to evaluate visually: Therefore, it is imminent
that EEG has to be quantified and the most advanced quantifications
are via specific-purpose computers.

There are three most important phases when CEEG is used [1]:

-phase 1, safety clinical pharmacology trials

-phase 2, psychotropic drug studies in humans
-phase 3, preclinical investigations with rats, mice,
guinea pigs, and particularly monkeys, to determine
the central nervous system (CNS) effects of drugs and

to predict their psychotropic properties.
Good results were obtained in recent years by using computerized EEG
within quantitative pharmacclogical EEG, in phase 1, safety clinical
pharmacology trials. Quantitative pharmacological EEG is the process

involving the use of digitized EEG and various statistical procedures



to establish the central effectiveness of a new compound in humans,

which consists of

-quantity of CNS effects

-estimation of the onset and duration of CNS effects

-prediction of dits clinical usefulness (psychotropic
properties) after single oral administration in normal

subjects or patient populations.

The most important questions which can be answered with QEEG are the

following:

1.

Does the drug produce.any significant effects on human brain
function?

What is the minimum CNS-effective dosage?

What is the onset and duration of CNS effects?

Does the drug have significant time and dose-re?ated' CNS-
effects? What are the pharmaco-dynamics of the drug at the CNS
Tevel?

Does the compound have any psychotropic properties for clinical
use?

As a conclusion fer the importance of CEEG, I would like to

enumerate the facts and hypotheses regarding its application in

psychopharmacoliogy:

Facts:

1.

EEG is the only objective method to study the continuous func-
tion of the human brain.

A1l established psychotropic drugs (anxiolytics, antidepres-
sants, psychostimulants, and neurcleptics) produce significant

effects in human brain function.



CEEG is the simplest method to determine the effects of psycho-
tropic drugs on human brain function.

Psychotropic drugs produce significant dose and time related
effects on human brain function, which can be demonstrated by
CEEG.

The same drugs, with similar dosages in the same or even in
different populations, produce similar CEEG profiie (CNS effects
of some drugs are replicable).

Psythotropic drugs with similar pharmacological effects in ani-
mals, produce similar CEEG profiles.

Psychotropic drugs with similar c¢linical (therapeutic) effects
in patients produée similar CEEG profiles. Therapeutical
“unequivalent" compounds (antipsychotics wversus anxiolytics)
produce different CEEG profiles (unequivalent physiological
effects). |

Hypotheses:

1.

There are close correlations between human behavior and EEG
changes.

The physiological "equivalency" as established by the similarity
of the CEEG profiles of a new compound to an established drug,
indicates the therapeutic (psychotropic) "equivalency".

There are close correlations between the CEEG response (CEEG
profiles of an individual to a test dose drug) and the therapeu-
tic efficacy after chronic administration . The more typical
the CEEG profile, the better the therapeutic outcome.

CEEG in pharmacology, in the development of new psychotropic

drugs, is used in the following way: CEEG profiles for all the known
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psycho-active compounds are obtained by using period and spectral
density EEG analysis programs. These profiles represent %rom now on
the data base and they are stored in the computer memory. The same
programs are used to obtain the CEEG profiles of the new compounds.
The data base is then used to be compared with these new profiles.
Correlation statistics is then performed and the new drugs are
classified in one of the well-known categories of psychotropic drugs,
of course with a certain acceptable probability.

Before using a computer system to classify new compounds the
system has to be validated. This is done by taking the well-estab-
lished drugs {well-known) and analyse them, compare with the data
base, then apply the statistics programs to c1assif& them. To give
an example of validation, I would like to speak about the research
center of New York Medical College [1]. Its computer data base
contains the CEEG effects of 85 clinically well-known psychoactive
compounds in 715 male and female volunteer subjects in the age range
of 21 to 25, collected in 79 quantitative pharmaco-EEG studies. The
results of the validation of this computer system is given in Figure
1.2.

As we can see, the probability to classify incorrectly is 0.096
for anxiolytics, 0.2 for antidepressants, 0.058 for psychostimulants,

0.6 for neuroleptics, and 0.166 for overall situation.
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Date Base No. of Correctly Not Incorrectly
Drug Classes Drugs Classified Classified Classified

Anxiolytics 52 45 2 5
Antidepressants 35 17 11 7
Fig. 1.2
Psychostimulants 17 14 2 1 Computer
System
Validation
Neuroleptics 10 3 1 6 . Results
Overall 114 79 16 19

The fact that from 10 neuroleptic drdgs only 3 were correctly
classified, 1 not classified, and 6 incorrectly classified is be-
lieved to be due to the fact that the doses were very low. So even
though the probability of classifying incorrectly, 0.6 is considered
to be big, generally, taking in account that the dose was low and the
sample sizes were only 4 to 6 in a variety of studies, the classifi-
cation of the well-established compounds was considered to be accu-
rate enough.

Certainly, there is no other method available in humans or in
animals, to predict the psychotropic properties of different com-
pounds, after single oral dosages in such a systematic and reliable

manner,
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1.2 The automated EEG spectrum analysis system - generalities

This system is the subject of my thesis which I did at Hoff-
mann-La Roche Inc., Nutley, New Jersey.

The automated EEG spectrum analysis system was designed to
obtain CEEG profiles in the phase of preclinical investigations, with
monkeys (phase 3). Spectral analysis profiles are obtained after the
administration of the drug, they are stored and at the same time,
some spectral parameters are printed out for the user. The system
does not have a data base and it is not used yet to classify drugs
automatically (by highly statistics software) but these features are
not difficult to develop.

To be a Tittle more specific, the automated EEG spectrum analy-
sis system performs on line analysis, simultaneously for 2 channels
(2 mohkeys).

The EEG data (variation in time) is acquired with an Apple II
computer which has a digital oscilloscope in it, providing the user
the EEG pattern as it is recorded. The data is then saved on disk
and will be analyzed immediately or later, this being the choice of
the user and also depending on the type of the experiment. Analysis
of the EEG data consists in performing the FFT, saving spectral data
on disk without erasing the EEG data, averaging every 8 spectrums
(also an average of 64 spectrums can be done) and displaying the
averages on the screen in a band of approximately 70 Hz, calculating
histogram amplitudes, displaying the histogram, calculating pie chart
coefficients and displaying it. Printouts of the histogram and pie

chart are done in order to file the information. The comparison
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between CEEG profiles filed, in order to characterize the psychotrop-
ic properties of the drug is done by the user.

Before the automated EEG spectrum analysis system was designed,
the same experiments were done with the help of another system
designed by Data General Corporation. Both systems consist of 2

stages or 2 main parts: the data acquisition and the data analysis.

For the old system, the data acquisition is performed by storing
the data on line, from the electrodes using a magnetic tape recorder
unit. The recorder is a very big unit equipped with filters and

amplifiers to adjust the signal. The data analysis part contains:

UA14 spectrum analyser, 100Q spectrum averager by Federal Scientific,
a minicomputer and a hard copy unit.

The spectrum analyzer rgceives the EEG signal from the tape

recorder, played Back at a rate 32 times faster than the recording
rate (in order to reduce the data analysis time). The frequency
analysis is set to be done from 0 to 1000 Hz but the actual range,
taking into consideration that the tape was played back faster, will
be 31.25 Hz = 1000/32.

The spectrum analyzer 1inearA analog output is fed inte the

spectrum averager. The average of all the spectrums obtained in a 15

minute period of the experiment (the experiment is practically the
data acquisition stage) is performed. By avgraging, the amplitude of
the deterministic signal is increased with respect to the amplitude
of randomly fluctuating noise, so the signal to noise ratio is
improved.

The computer used to control the operating modes of the spectrum

analyzer and spectrum averager is a Data General "NOVA" computer.



14

For each value of aAspectrum component the computer reads a ten bit
value and for each spectrum gives 400 values, which makes:the resolu-
tion in frequency to be 31.25 Hz/400 = 0.078125 Hz. The 400 values
for the average of the spectrums obtained in the 15 minute experi-
ment, are stored on disk.

The hard copy unit gives a printout of a compressed spectrum for

the 60 minute experiment (4 spectrums, practically 4 averages,
obtained at every 15 minutes in an hour of experiment). Also,
another printout is provided, containfng the percentage of power in
each of the 8 bands of the 31.25 Hz range, for each of the 4 aver-
ages/hour experiment.

The system that makes the subject of my thesis has the same
purpose and works in the following way:

1. The data acquisition part is performed with the help of the

Applescope, digital oscilloscope of the Apple II computer, which
acquires 2 sweeps of data at the same time (2 channels, channel
A and B). Each sweep has a duration of 3.6 sec and is digitized
at a rate of 512 points/sweep. The digitized data is not stored
~directly on disk, but an intermediate 8 Kbytes of memory are
used to hold up to 16 sweeps of data, 8 for each channel (16 x
512 = 8 x 2 x 512 = 8 x 1024 bytes). After the intermediate
memory was entirely used, all of its content is stored on the
data disk drive 2. (There is another disk drive, 1, for the
program disks). The total amount of data stored, at the end of
the acquisition process which lasts for approximately 9 minutes,
is 64 sweeps for each channel, in other words, 2 x 64 x 512

bytes = 64 Kbytes.
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The fact that we have 64 sweeps for each channel at the end
of the experiment is due to the possibility of the old system to
do averages of 64 spectrums (64 spectrums are obtained with the
old system for l15 minutes of experiments). In this way the
systems are made compatible (of course the compatibility is not
achieved only by this, 'but at least the systems do the same
thing when it comes to averaging).

2. The data analysis part is not so complicated as in the old

system. It is formed only by the Apple II computer with the 2

disk drives and an EPSON printer.

For each sweep the computer calculates the FFT using 512
points for a range of frequency of 0-70 Hz.
The resolution in frequency is then 70 Hz/512 = 0.269 Hz.

The result of the-9 minute expgriment was 128 sweeps, 64 for
each channel. The 128 spectrum are obtained in a period of
approximately 40 minutes. Two final averages (each of 64
spectrums) are then obtained (1 for each channel) and displayed
on the screen, also printed out. The following process is the
statistical analysis of the data which lasts about 8 minutes and
consists in doing 2 histograms and 2 pie charts (1 for each
channel).

In order to compare the results of these 2 systems, the new
system was equipped with a supplementary program which takes only
31.25 Hz range from the total 70 Hz range, calculates its total power
and the relative power of the bands between 0 and 31.25 Hz (8 bands).
The new system prints out these relative powers and alsc the relative

powers for the 13 bands included in the 0~70 Hz range.
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Comparing the 2 systems, a few observations have to be made.
The resolution of the new system is not as high as the resolution of
the old one, bﬁt it can sweep 2 channels at the same time (this is
the trade off). In the same time the noise is minimized because the
acquisition of the data is done by software. Another advantage of
the present system is that it does not contain so much expensive
equipment (all the components of the old system are very expensive),
and it does not need a lot of space as the other one. The Apple
computer is used with a maximum efficiency, while the NOVA computer
is used at only a small part of its total capacity (it only coordi-
nates the other system components).

The big tape recorder unit is not needed any more, the data is
stored on disk. However, an ordinary disk can not hold more than 140
Kbytes. 128 Kbytes were necessary for 64 sweeps of data for each
channel (2 x 64 x 512 = 64K) and 64 spectrums for each channel { 2 X
64 x 512 = 64K). This is the situation for 2 channels. If the
application has to be extended to 16 channels, a hard disk 1is
ﬁecessary.

Anothef advantage of the system is that it performs the entire
statistical analysis, total spectfa] power, individual bands power,
relative powers, and draws the histogram and pie chart. The old
system was able to calculate only the total and the individual power,
the rest of the calculations and the drawing being the job of the
user. In addition, the 0-31.25 Hz range was extended to 70 Hz which
provides the opportunity to obtain new effects of some drugs, which,

until now, were not able to be seen.
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From this point of statistical analysis, to the classification
of the new drugs there are other steps which were not a3 yet imple-
mented which are still done by the user. The data base {results of
the experiments with well-establiished drugs) is not available in the
computer but is manually operated by the user. These are the fea-
tures of the system and they can be relatively easily developed
because the main algorithms of manipuiating the EEG information are
already working and the results were found to be compatible with the

results of the Data General Corporation system.
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Chapter 2

DESCRIPTION OF THE SYSTEM

The block diagram of the system is shown in Fig. 2.1. Following
the signal from the electrodes, the system is formed by: filters,

Apple II computer, disk drives, and printer.

2.1 System compcnents

2.1.1 Filters

The system contains two band pass filters, one for each channel.
The bandwidth of the filters is 0.5-110 Hz. The sfgnal coming from
the monkeys has a large d.c. component which makes it impossible to
visualize it on the Apple II computer screen, even though the Apple-
scope offers two resolutions at which the waveform is sampled, and
for each one, five possibilities to compress or expand the current
waveform being displayed from memory. That is why the 0 Hz frequency
is not included in the filter band. After the filters, the EEG

waveform bas no d.c. component and can be visualized.
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2.1.2 Apple 1I Computer

a. Introduction

The Apple II computer was chosen to acquire the EEG
data and to process it because it has the possibility to be used as
both a computer and an oscilloscope. The oscilloscope is called
Applescope.

The Applescope system was fortunately designed as a
low cost alternative to expensive digital storage oscilloscopes. In
addition, the combination of a data acquisition system with a person-
al computer allows waveform manipulation and different kinds of
analysis, which are not available with a digital oscilloscope.

To provide a complete unit for the Apple II computer,
a simple operatipnal software package is provided in PROM on the
digital circuit card. Once the control is transferred to the opera-
tional software, the user is able to manipulate a digital storage
oscilloscope, not by switching on a front panel, but by pressing keys
on the Apple II keyboard. From now on, the digitized waveform points
are stored in the computer RAM memory and are avajlable for the user
who wants to use the entire power of the Apple II. Also, an advanced
software package is available on floppy disk, "SCOPE DRIVER version
1.3", which contains many of the more common data manipulation
routines.

b. Apple II Seen as a Perscnal Computer

b.1 The Main Board

The main board represents the computer itself and
occupies most of the bottem of the computer case. The board contains

about eighty integrated circuits and a lot of other components. A
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general view of the main board is given in Fig. 2.2 in Appendix A.
The most important components of the main board are: the 5eriphera1
connectors, the microprocessor, the ROMs (Read Only Memory) and the
RAMs (Random Access Memory).

b.1.1 Peripheral Connectors

Along the back edge of the Apple's board are situated
eight peripheral connectors. The pinout and the signal description
for the connectors is given in Appendix A. Fig. 2.2. shows which of
these connectors, numbered from 0 to 7, are used. The connectors are

called also slots. They are:

Slot 0: SUPER RAM card
Slot 1: Microbuffer card |
Slot 2: Scope driver digital card
Slot 3: Free
STot 4: Scope driver analog card
Stot 5: Free
Siot 6: Disk drives 1,2 card
Stot 7: Free

The ather connectors on the main board are:
~-Power connector
-USER 1 jumper
-Keyboard connector
-Speaker connector
-Eurapple jumpers

-Game I/0 connector
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-Video output connectors
-Cassette interface jacks
More information about all the connectors is given in Appendix A.

b.1.2 The Microprocessor

In the center of the main board is situated the brain
of the Apple, the 6502 microprocéssor which runs at a rate of
1,023,000 machine cycles/second. The 16 bit address bus offers an
addressing range of 65,536 bytés. It has 56 instructions available
and 13 addressing modes. The description of this microprocessor is
given in Fig. 2.3. The instructions and references to the addressing
modes are given in Appendix B.

b.1.3 The ROMs

Below the microprocessor are six sockets which may be

filled with one to six ROMs containing programs for the Apple, as:

-Apple system monitor

-Apple Autostart monitor

-Apple Integer BASIC

-Applesoft II BASIC

-Apple programmer's aid #1 utility subroutine package
The number of ROM circuits (1 to 6) depends on how many accessories
the computer has. In this system, all 6 ROMs are present.

 ROM organization is given in Fig. 2.4 in Appendix A.

This figure shows that, from page 248 to page 255 (end of the 64
Kbytes of RAM) respectively from $F800 to $FFFF, is placed the
MONITOR ROM or the AUTOSTART MONITOR ROM. The differences between
them are related to editing controls, stop~1ist and the RESET cycle.

Our computer has an AUTOSTART ROM in it and Applesoft BASIC in its



THE MICROPROCESSOR

The 6542 Microprocessor

Madel:  MCS6502/5Y63¢2
Manuflactured by:  MOS Technolog: . Inc.

Synertek

Rockwell
Number of instructions: 56
Addressing modes: 13

Accumulators: 1 (A)
Index registers: 2 (X.Y)

Other registers:

Stack pointer (S)
Processor staius (P)

Stack: 256 byies, fixed
Status flags: N (sign)
C (carry)

V (overflow)

Other flags: | Unterrupt disable)
D (Decimal aritkmetic)
B (Break)
Interrupts: 2 (IRQ. NMD
Resets: 1 (RES)

Addressing range:

Address bus:

21¢ (84K) locaticons

16 bits, paralle!

Data bus: 8 bits, parallel
Bidirectional
Volages:  +5 volis
Power dissipation: .25 watt

Clock frequency:

1.023MHz

Figure 2.3 General Information About the Microprocesser
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ROMs. The Integer BASIC is loaded when necessary in the language
card. This Apple version is called Apple II Plus.

With respect to the ROM programs, the interest, for
the present application, is in Applesoft II BASIC, which is described
in "Apple II BASIC programming manual'.

In order to understand how the present automated
spectrum analysis system was designed, the user should know that the
Apple computer offers two versions of BASIC programming language.

-Integer BASIC-fast BASIC suited for many applicatiens
in education, game playing, and graphics (see Apple II BASIC program-
ming manual).

-Applesoft floating-point BASIC-better suited for most
business and scientific applications.

In Appendix B there is information about the differ-
ences between Applesoft and Integer BASIC and about the two versions
of the Applesoft BASIC: Firmware Applesoft and Cassette Tape
Applesoft.

b.1.4. The RAMs

Going back to Fig 2.2 in Appendix A, we shall now
speak about the RAM (Random Access Memory) memory. Below the ROM
circuits there are three rows of RAM, of eight sockets each. Total-
ly, this area can hold 24 RAM integrated circuits, and in terms of
bytes, up to 49,152 bytes (48K).

Most of the Apple's RAM memory is free to use to store
programs or data, but only when the oscilloscope feature is not used.
When it is used, some parts of the memory are not available any more,

but a Jot of space remains for BASIC programs. With respect to the



25

M/L programs, in this last case, there is not much space avajlable
because of the SCOPE DRIVER program. This occupies a -part of the
space reserved for the M/L. Fig. 2.6 and 2.7 show the RAM organiza-
tion and , respective]yt the system memory map. They are giQen in
Appendix A.

There is a possibility to create more RAM by install-
ing an Apple language card in slot 0, which will create 16K extra RAM
in the following manner: 12K are addressed with the ROM addresses and
the vremaining 4K will be provided by sharing the 4K range
$D000-$DFFF. |

In our case, the language card installed in slot 0 is
called SUPER RAM II. It provides RAM extension and also the possi-
bility to use both Applesoft and Integer BASIC, without switching the
control from the ROMs on‘the firmware card, to the ROMs on the ﬁain
board and reverse. The characteristics of the SUPER RAM II, provided
by R.H. Electronics, are given in Appendix A.

SUPER RAM II works nicely in relation to the Disk
Operating System (DOS). Information about how DOS and SUPER RAM II
work is given in Appendix A.

b.2 The Apple Video Display

The characteristics of the Apple Video Display are
given in Fig. 2.9 in Appendix C.

b.2.1. The video connector allows the connection between the

Apple computer and a closed-circuit video monitor. The video signal
available at this connector is maximum 1V amplitude, adjustable with

a potentiometer. Our computer has a Revision 1 type of main board,
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which means that the video signal is available also on a single
wire-wrap pin, but with 2V maximum in amplitude.

The signal is a NTSC (National Television Standards
Committee) compatible, positive composite color video signal.
However, the computer can be internally modified to generate a video
signal compatible with CCIR standard, which is used in Europe.

b.2.2 Screen Format

If talking with the computer means pressing the keys
on the keyboard, receiving the information from the computer means
reading the screen. The information is displayed on the screen of
the monitor connected to the Apple, in 3 different formats or modes
(Fig. 2.10, Appendix C).

1. Text

2. Low-Resolution Graphics (LRG)

3. High-Resolution Graphics (HRG)
More information about how these three modes can be obtained and how
they work is given in Appendix C.

Apple II computer has, of course, other input/output
features. These special inputs and outputs and .a1so the Apple
computer types are presented at the end of Appendix C.

c. Apple II Seen as an Oscilloscope (Applescope)

c.l System Overview

In order to provide the function of a digité1 oscillo-
scope (Fig. 2.15), two high-speed analog to digital converters,
controlled by the computer, are used. The screen image is obtained
in the mixed text - high resolution graphics mode, text in arder to

display continuously the trace parameters (4 lines at the bottom of
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the screen) and graphics in order to display the digitized input
signal.

The operational software for the Applescope is stored
in a PROM memory in the digital circuit board on slot 2 ($C80C-$CFEC;
2028 bytes, around 2 Kbytes of memory). The operational software
controls the trace parameters according to the keys pressed and
generates the graphics on the monitor display.

There 1is also another software package available to
work with the Applescope, provided on floppy disk and called "Scope
Driver, Version 1.3". Using this disk, we have a data acquisition
system at our fingertips, a very powerful system, capable of analys-
ing the data (signal averaging, digital filtering, frequency spectrum
analysis}, to store it dn disk or to give a hard copy output to the
printer.

The analog and digital card from Fig. 2.15 are ex-
changing information through a 20 pin connector cable. The analog
card containsvfhe analog to digital converters and an 8 bit magnitude
comparator. The digital card contains the circuits to control the
PROM, the logic circuits used for triggering, the circuits to control
the buffer RAM, the sample rate selection and Direct Memory Access

(DMA) circuits.

c.2 Data Acquisition and Display Cycle, Operational Commands

Fig. 2.16 shows the way that the information about
channel selection, sample rate, scale, and also the result at the
converters output circulate between cards during a data acquisition
cycie. After a data acquisition cycle the information is stored in

the memory buffer for display which appears in Fig. 2.16 under the
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name of "1024 x 8 buffer RAM". This buffer is Tlocated at
$1000-$13FF.

Depending on what situation or working mode the user
chooses, the Applescope operational software figures out the neces-

sary hardware and selects it by sending 3, 8 bit, control words (Fig:

2.16, 2.17):
CON1 - to the triggering logic block »}
CON2 - to the post trigger delay counter; on analog card
CON3 - to the sample rate control - on digital
card

After the hardware selection, the operational software
enables the triggering logic block. Then, an interval of time is
a]located for the trigger conditions to be met. In this interval,
the converter results are stored in the 1K buffer RAM for pre=trigger
viewing. In the triggering moment a delay counter is started (called
a delay counter because it is set up to count during a specific
interval of time given by the triggering moment). When the counter
reaches the end of the operation it was set for, it resets the
triggering logic and send an interrupt regquest on the Apple bus. The
interrupt request is necessary because now the buffer RAM.is full of
information and needs to-be read. The operational software reads the
data and displays the signal sweep on the monitor display. This is

the end of a data acquistion and display cycle.
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coNl 8 bit value used for the trigger level comparison
CON2 - Bit 7 High enables greater than threshold trigger
Bit 6 High enables less than threshold trigger
Bit 5 Low disables channel B trigger
Bit 4 Low disables channel A trigger ~
Bi’t 3 Low enables channel A data
Bit 2 Low enables channel B data
Bit 1 o
Bit O Set the memory cycle and post trigger delay
CN3 - Bit 7 Sets the channel B resolution
giz & Sets the chznnei A resolution
Bit S No comnection -t
Bit 4 No connection
Bit 3 ' No connection
Bit 2
Bit 1 Selects the sample Tate clock
Biz 0 .

Figure 2.17 Control Words
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There is a memory buffer for display at $1000-$13FF.

The first 256 bytes of this buffer are displayed, not the entire

Kbyte. The order of events is:

- transfer the program control to Applescope Operational
Software by executing program at location $C200, the start
up vector for our situation (digital card placed in slot
No. 2). This program identifies the slot in which the
digital card is located and enables the ROM from $C800 to
$CFFF (locations of the operational software).

- control the Applescope from keyboard using the operational
commands (see Appendix E) while in command mode.

Once the control was transferred to the operational
software, the Applescope display appears on the monitor as in Fig.
2.18.
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hannel A Fig. 2.18
c—\\&mﬁ%-*" U S :
— i....;....;....;.,..; App]escope
TRace’ /A VOLr/D%gxsaER B At 00 VeraRalY Monitor
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\
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\\ d&ﬁngfﬁam%;%
; Time el
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The trace paramters for both channels are displayed in
the bottom four lines of the display.

The program control can be trasnferred from the
Applescope operational software to the master program by pressing
"RESET".

c.3 Characteristics of the Applescope

A. Sweep Control. There are 2 ways of acquiring

data: single sweep or continuous sweep. The way the scope works in
those two modes is described in the flowchart of Fig. 2.19.

In both sweep modes, the Applescope can work with one
trace or dual trace. When a data acquisition cycle is finished, when
only on trace is used, the result is 1 sweep. of 1024 bytes. When
dual trace is used, the result is 2 sweeps of 512 bytes each, one for
each channel.

" It is important to point out that in the dual trace
mode the data from channel A and B is alternatively stored in RAM,
one sample for A, one for B, until the end of the 512 bytes sweep.
This is equivalent with a sampling rate divided by 2 (with respect to
the single trace mode sampling rate) and is compensated by the
operational software doubling the horizontal scale whenever in dual
trace mode. Fig. 2.20 (Appendix D) shows the memory field with data
in 2's complement notation, after one data acquisition cycle, for

channel A and B.



Fig. 2.19 Flowchart for data acquisition cycle.
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B. Voltage scale. The voltage scale can be modified in

12 steps, first 6 with a resolution of 7.1 mV/step and ihe last 6
with 71 mV¥/step. The possibility to have 2 resolutions is provided
by hardware (see Fig. 2.21, Appendix D).

The vertical scale has 28 pixels (dotsf per division
and 1 step can have 8, 4, 2, or 1 pixels. The vertical expansion
(Fig. 2.22) represents the possibility to expand or compress the
vertical scale by varying the number of steps/division. Vertical
expans%on is provided by the operational software. The voltage

scale, volts/div., is given by correlating the vertical expansion

with the resolution. For example:

vertical expansion is "x8" '
> voltage scale = 7.1 mV/step,
resoiution is 7.1 mV 8 .
sTep _ ?8d1v/step
= 26.8 ™ - 90248 ¥

div. div.

C. Time Scale. The time scale is adjusted by contrailing
both the sampling rate and the horizontal expansion (expanding or
compressing the horizontal scale). To understand what the horizontal
expansion does , it has to be pointed out that the screen offers the
image of the first 256 bytes of the current data content of the
buffer RAM if the horizontal expansion is zero. However, it can vary
between -8 and +8. For negative values we have compression, 256 x 2"
points appear on the screen (n is the value of the horizontal expan-

sion, the absolute value). For positive values we have expansion,
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Vertical
Expansion 28 pigels mmmm———] divi
“x8" 8 pixels -====-- 1 step ~-- 8/28 div./step
fx4" 4 pixels ~=====- 1 step -— 4/28 div./step
x2" 2 pixels =====a- 1 step -—- 2728 div./step
"x1" 1 pixels ======= .1 step —-- 1/28 div./step

Figure 2.22 The vertical

expansion
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256/’2n points appear on the screen. For example, if n = +2, no. of
points = 256/22 = 64 points and if n = -2, no. of points =.256 X 22 =
1024 points.

These examples are illustrated in Figure 2.23.

The horizontal expansion is correlated With the
sampling rate to give the horizontal scale. The sampling rate is
given by hardware, by dividing the 7MHz clock and by software, making
a timing loop. The time scale can be expressed in seconds, millisec-
onds, and microseconds. For time scales greafer than 1 ms, the
sampling rate is always controlled by a software timing loop and the
horizontal expansion is 1 (software data acquisition). For time
scales less than 1 ms, the sampling rate is g%ven by hardware (4
sampling freguencies are combined with the horizontal expansion to

obtain the desired scale - hardware data acquisition).

D.  Trigger Control. The commands referring to triggering

are related to the trigger condition and trigger position. Trigger
position and condition are specified in the second of the four lines
of text (on the bottom of the screen).

The position of the trigger can be at the START,
MIDDLE, or END of the memory buffer for display.

The memory buffer for display has different structures
with respect to the trigger position, depending on the sweep rate.
The 2 different structures, one for sweep rates faster than 1 msec/
div (time < 1 msec/div) and one for sweep rats slower than 1 msec/div

(time > 1 msec/div.), are given in Figure 2.24 (Appendix D).
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The START and the END positions of the trigger are
slightly offset from the actual limits of the display buffér in order
to allow always some amount of pre- and post-trigger viewing without
setting the trigger position in the middle of the signal sweep.
There is another possibility of triggering, by using external signal.
In this case, the trigger position is at the first point in the
buffer.

The display pointer, which appears at the end of line
3 of the text (bottom of screen) is relative to the current trigger
position and is given in the number of sample points (not number of
display points which can be compressed or expanded). Whenever the
trigger position is changed, the relative position of the display
pointer changes, but its absolute position in the display pointer is
the same. '

E. Memory Usage and User Customization

The scope driver programs load from memory locations
$0B50 to $1FFF and from $8000 to $95BF. In addition, both pages of
the text display, both pages of the high resolution graphics and
memory from $6000 to $7FFF are used as working data and display
buffers. Memory from $280 to $37F is used to save all the zero page
memory whenever the SCOPE DRIVER software is being used.

The SCOPE DRIVER options are added to the foundation
program by lcading different modules into SCOPE DRIVER RAM area. If
the module containing the selected option is not loaded, the software
will load the appropriate module from disk when it is first selected.

The option will now be available for continual use until a different
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option module has been joaded. Several SCOPE DRIVER options may be
contained in each module depending on program complexity. .

The machine Tlanguage SCOPE DRIVER programs were
designed to allow for easy access and customization by BASIC program-
mers. The approach that this computer has is to designate a command
memory buffer where keystrokes corresponding to SCOPE DRIVER commands
can be stored. Whenever the command buffer is enabled, the machine
language SCOPE DRIVER programs respond to the command buffer key-
strokes exactly as if they were being input for the keyboard. Once a
signal trace has been characterized, a simple Applesoft BASIC program
may be written to totally automate the data acquisition cycle.

Up to 47 commands steps may be stored in memory for
execution each time the SCOPE DRIVER software is called. By using
these commands to initiate keystrokes from the keyboard, most any
kind of signal trace can be acquired for use by an Applesoft program.
Successive commands from command buffer will be executed until either
the 47th command 1is reached or a disk supervisor command is
encountered.

The raw data from each signal trace is available for
user manipulation and may be read directly from the display buffers.
The data is in 2's complement notation and must be converted before
use in BASIC programs. Appendix E presents another characteristic of
the Applescope, the disk supervisor and gives information about the
disk drives and Disk Operating System (D0S). At the end of this

appendix there is a 1ist with the DOS commands.
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2.1.3 The Printer and the Microbuffer

The printer used in this project was EPSON, MX GRAF-
TRAX PLUS. The information is sent from the computer to the printer
via the microbuffer, the card in slot 1. The printer is used to
obtain the 8 spectrums average for both channels {(or whatever aver-
age), the histogram for a frequency range 0-71.1 Hz and the pie chart
for both channels.

The microbuffer is a very important part of the
printing process. The MICROBUFFER II, used in this project, is an
intelligent Centronics-compatible parallel printer interface for the
Appie I1 and Apple-II Plus computers. The Microbuffer Il has up to
32 Kbytes (16 Kbytes standard) of on-board memory for data buffering
and provides useful text control functions. For user with certain’
"graphics" type printers, ;s the one used, this microbuffer includes
an extensive set of advanced high-resolution graphics dump routines.

Data buffering increases data processing efficiency by
freeing the Apple and the operator from the wait normally experienced
while printing. The Microbuffer II will allow the Apple to print and
process simultaneously. It will accept data as fast as the Apple can
send it (up to the buffer size) and return control of the computer to
the user while it handles the printing. Additional data may be sent
to the Microbuffer II without waiting for previous Jjobs to be
completed.

The Microbuffer 1I contains an intelligent controller,

control software in ROM, and high-speed RAM for data buffering. The
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RAM allows the Microbuffer II to accept data from the Apple at up to
4,000 characters per second to the limit of memory avaiTab{e.

If the amount of printed data is less than the buffer
size, the Apple will complete its dump in a matter of seconds. When
the amount of printed data exceeds the buffer size, the Microbuffer
IT will respond to the Apple as a normal printer interface taking one
Tine at a time. This will result in approximate time savings of nine
minutes for a 80 character per second printer assuming a thru-put of
60 characters per second, when using a 32 Kbytes buffer size. These
time savings will vary with line length. For output that consists of
very short lines, Tike assembler 1listings, the time savings will be
greater because printers take longer to print a line feed and car-
riage return than to print normal characters.

The software in ROM controls all of the functions of
the Microbuffer II and is different for each graphic printer.
Microbuffer 11 is typically shipped wiht EPSON firmware,

More information about how the microbuffer can be used

can be found in its "users manual".
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2.2 System software

2.2.1 Introduction

The frequency analysis of the EEG singal offers
important information about the behavior of the monkeys as effects of
drug administration. But in order to dbtain useful information about
the EEG power distribution in certain frequency bands, an average of
EEG spectrums has to be done. The drug effects can not be obtained
looking at one single spectrum at a time because of many reasons.
One of them relates to the fact that EEG patterns are influenced by
random events as the changing in the animal position. Doing an
éverage of spectrums, these random effects eventually cancel one
another. _

Another reason consists in the fact that the drug
effect appears during a certain interval of time. Analyzing one
single spectrum does not give the cumulative effect of the drug but
just a too small, too big, or no effect. The right effect represents
the average of these effects during a certain interval of time which
is defined by the research experience.

The software is able to control the data acquisition,
the spectral components calculation and the statistical analysis of
the EEG power.

The data is acquired as sweeps of 3.6 second dura-
tions. Then, each sweep spectrum is done using the machine language
modules available from R.C. Electronics Incorporated and, of course,

the facility of having a command buffer which can store up to 47
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commands (to imitate the keyboard). It is important to remember that
the data has to be acquired continuously for at least 10.minutes in
order to obtain some visible effects of the drug. For this reason,
the data has to be first saved, and then, after the experiment is
over, retrieved and processed. Storage capability is needed and is
accomplished by the data disk in drive 2. Another important thing
about timing during the data acquisition process is the duration of
each sweep saving process. Saving on a disk using BASIC statements
takes one to two minutes for each sweep which is a lot if you think
that in those two minutes we loose about 40 sweeps, and may be the
most important ones. In this way the acquisition process is not
effective. We must use an intermediaté storage capability to accumu-
late more sweeps and then to save all of them on a disk. The inter-:
mediate memory used is the Super RAM range $D000-$EFFF and the saving
and retrieving process are executed by rnéchine Tanguage routines.

In my algorithm, I stored the data in the first part of the data
disk and right after that 1 stored the spectrums. The averages of
the spectrums were stored as binary files in the program disk {drive
1) and they can be seen one by one. I tried to acquire as much data
as possible in one experiment. The amount of data is limited,
however, by the capacity of the data disk (drive 2). If the data is
erased after the spectrum is done (replacing data with spectrums) the
possibility to store is greater. I did not choose this variant
because [ considered that the data might be necessary to be visual-
ized, in the case the analysis effects are unusual. The question is,
how many sweeps of data can we store on the disk knowing that space

is necessary for the same amount of spectrums? The computer is set
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to work with both channels, so in this case one sweep, for one
channel, has 512 points. The disk has a capacity of 35 tracks or 560
sectors. Each sector has 256 bytes and 4 blocks of 256 bytes each
represent 1 Kbyte. The disk capacity is then 140 Kbytes.

The intermediate memory has 8'Kbytes and contains 16
sweeps {or spectrums when the spectrums aré done), 8 for each chan-
nel. Because of the disk's capacity, I can save 8 times the interme-
diate memory full of data or spectrums, and I will get 64 Kbytes of
data and 64 Kbytes of spectrums which means 64 sweeps for each
channel and respectively 64 spectrums for each channel. The rest of
the disk (140K - 128K = 12K) is unused for now. The map of the disk
is given in Fig. 2.25. The figure shows also the map of the interme-
diate memory.

When the data is to be processed, a block of 8K is
retrieved at a time. Whatever the process is, saving on disk or
retrieving from disk, it works for 8 Kbytes of memory.

The 8 Kbytes memory block contains information about
both channels. Even if we want to process the data for one channel,
the entire block is retrieved from the disk in the intermediate
memory (Super RAM) and then, other machine language routines do the
averaging, move results in to a memory buffer for display, on the
screen, or at the printer. The same results are moved in another
part of the memory for the statistical analysis.

Because a block of 8K from the disk contains 8 spec-
trums for channel A and 8 spectrums for channel B, averages of 8
spectrums are done for both channels, 8 averages for each channel.

With respect to the average, there are 2 variants of the program:
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Variant 1, which does eight 8 spectrum averages for each channel and
Variant 2, which does a total average for eight 8 spectirum averages
for each channel.

Both variants give the user the choice to process
channel A, or B, or both, to draw a histogram or pie chart.

There is another variant of the program which process-
es the 128 sweeps of data in a fixed way in order for the user to not
have to supervise the computer during the process.

2.2.2 General Flow Chart Description

Whatever variant is used, the main algorithms and the
steps are the same. The general flow chart of the program is given
in Fig. 2.26.

Loading the necessary binary files and doing the
ca]ibration of the Apple oscilloscope are combined with the data
acquisition program on one disk. In this way, every time a new
experiment is beginning, the calibration can be done or just checked.
There is another disk with the processing program which contains the
spectrum components amplitude calculatien, the ave}age execution and
the statistical analysis (this is practically variant 3). For
variant 1 and 2, data acgquisiton is combined with spectrum analysis
in one disk and there is a separate disk for average and statistical
analysis. A1l variants use a third disk, the initialization disk.
This is introduced in the beginning of the experiment in drive 1 in
order to initialize new disks (data disks) in drive 2. Variant 3 is
the most used because the data acquisition is separate from spectrum
analysis and statistical computations. Every time variant 3 runs on

the data acquisition disk, we have a new experiment. Variant 3 has
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the advantage of providing whatever number of experiments are needed,

one after the other (so the drug effects can be obtained), each one

now having its own data disk. Later, the analysis can be done.
2.2.3 Variant 1

The programs included in variant 1 have the possibil-
ity to take daﬁa, do the spectrums, do 8 averages of 8 spectrums
each, save them in the program disk (drive 1), and then use them to
draw a histogram or pie chart. The user has the choice té stop or
not after the spectrums are done and saved on the data disk (drive
2).

The variant 1 program disk contains 20 BASIC programs,
14 machine language routines, 5 binary files available from R.C.
Electronics Incorporated, relative to the Applescope (SCOPE DRIVER
and spectfum analysis) and 2 data files relative to the oscilloscope-
parameters. These 2 files are updated all the time with the new
calibration parameters. The variant 1 flow chart is given in Figure
2.27.

In order to understand how variant 1 works, I have to
discuss each program or at least the most important ones. From the
beginning I would like to point out that all the machine Tanguage
routines with the title ending in "TAB" are related to a saving Qr
retrieving data process (to disk from the intermediate memory, or to
the intermediate memory from the disk). "TAB" means a table which
contains all the information about source and destination for data
transfer. There is only one machine language routine which is the
exception to this rule, the average program (AVELOTAB for channel A

and AVELOTABB for channel B). In this program "TAB" means another
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table, related to some pointers for indexed-indirect addressing.
Another rule that is useful for the programmer to know i5 that there
are similar programs for channel A and B, the programs for channel B
have the same name as the programs for channel A but they end with
g,

AUTODUAL =~ 1loads the binary files necessary to acquire and
process data (scope driver, BPR, spectrum files M4A, M4B, M4C, and
the 2 files with the parameters for the digital oscilloscope, CT and
CS). The program gives a message to the user with respect to the
scope calibration. The Rrogram ends by transferring the control to
the calibration program.

CALIBRATE - calls the SCOPE DRIVER program in order to give the
possibility to the user to check or change the scope parameters and
to make sure that the signals are cohnected correctly to the analog
inputs of the computer. By pressing "CTRL SHIFT P" (disk supervisor
command) on the keyboard, the program automatically saves the scope
parameters (CT and CS files) on disk and then transfers the control
to the data acquisition program not before giving the user the choice
of acquiring data only or acquiring and processing the data immedi-
ately in ALTERNATIVE program.

ALTERNATIVE - loads LOWALLTAB at $300, opens the Super RAM to be
written and loads HIALL.0BJO at $FO00 in Super RAM. Then asks the
user if he wants to continue with processing after the data acquisi-
tion. Depending on the user's answer, the program set or does not
set a variable in Tlocation 20480 and transfers the control to

AUTGDUALL.
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AUTODUAL 1 - gives the user the choice to enter the number of
sweeps that he wants to process. In this program "swéep" means a
block of 1024 bytes of data, the first half for channel A and the
second half for channel B.

As I mentioned in the first paragraph, the maximum
number of data sweeps (512 bytes each) for one channel is 64, for
both channels 128. Speaking in terms of 1024 byte blocks, the
maximum number of blocks is 64. However, the user can enter any
number. For larger numbers an error message 1is generated, for
smaller numbers the program works for 8K of data at a time. For a
multiple of 8 the program does the work in a loop executed as many
times as necessary, for all other cases the number eﬁtered is reduced
to the closest multiple of 8 and the execution is done with the same
algorithm.

The data acquisition is done by the program, not from
the keyboard, by placing all the successivé commands in the command
buffer (47 comﬁands maximum). Once 1K of data is acquired (1 sweep
for channel A and 1 sweep for channel B), the memory buffer for
display has to be saved because another 1K of data will replace it.
Each 1K of data is moved from the memory buffer for display, with
LOWALL machine language, in Super RAM II ($D000). This machine
language routine is placed at decimal 768 ($300) and is executed by
CALL 768. It is used to save 1K at a time as long as the 8K interme-
diate memory buffer, $D000-$EFFF, is not filled. When it is filled,
another machine language, HIALL.OBJO is used to save the 8K of Super
RAM on disk. HIALL.CBJO is placed in Super RAM and not in the Tow

memory, $300-$3FF, reserved for machine language routines because
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when SCOPE DRIVER program is loaded only $300-3360 is free, so there
is no space. HIALL.OBJO executes a saving process so'it needs a
table (see DOS manual) of 21 bytes containing information about the
source and the destination of the process (17 bytes represent input/
output block, IOB and 4 bytes represent the Device Characteristics
Table, DCT). This table contains locations which must be increased
during the execution of the saving (or retrieving) process. If the
table is placed in Super RAM, this means writing memory. At the same
time, execution means reading memory. But Super RAM can not be read
from and written on at the same time (see Chapter 2, section
2.1.2.b), there are 2 different soft switches for these 2 operations
and they can not be on at the same time. Thus, the table has to be
placed in low memory. That is why the LOWALL program, combined with
the -table, TAB, and with location $346 used as counter, are called
LOWALLTAB binary file. HIALL.0BJO is a subroutine of LOWALL. Having
2 binary files instead of one is because low memory is reserved for
machine language and there is not enough space for one big routine.
Figure 2.28a shows how the machine langauge routines
work within AUTODUAL 1 program. Figure 2.28b gives the general steps
for saving or retrieving machine langauge routines and figure 2.28c
represents the detailed flow chart for AUTODUAL 1 program.
SPC - retrieves the data from disk and does the spectrum of each
512 point sweeps of data. The user has the choice to do the spectrum
of a smaller number of sweeps than the one he acquired on disk.
However, the program processes 16 spectrums at a time, 8 for channel
A and 8 for channel B, alternatively. the number is 16 because a 8K

block saved on the disk with HIALL.OBJO contains 16 sweeps, 8 for
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each channel, and is retrieved from the disk wfth the same kind of
program as it was saved. The only difference between -the machine
language routines which save 8K on the disk and retrieve 8K from the
disk is in the input/output block (IOB) part where the byte which
says "writing" in replaced by "reading". Figure 2.29 shows how the
data and spectrums are manipulated by the SPC program. There are 5
machine language routines used by the SPC program.

1. RETTAB is used to retrieve from disk 8K of data, in the
Super RAM buffer ($D000-$EFFF). The routine 1is formed by RET2
program plus I0B/DCT table. This routine works as in Figure 2.28.b
and is placed at $0300.

2. 0OPEN.0OBJO is placed at $032C and is used to open the Super
RAM to be read because there is a routine placed there, SWEEP.0BJO,
which needs to be executed. SWEEP.OBJO is a subroutine of the first
part of OPEN.0OBJO, Tocated between $032C-$0346. The second part of
OPEN.OBJO ($0347) is a subroutine of SWEEP.OBJO. Even if there is
enough space in Super RAM to place this part and to not work with a
subroutine placed in low memory, this can not be done because of the
fact that Super RAM can not be read and written at the same time.
Super RAM has to be read in order to execute SWEEP.OBJO and has to be
written in order to increment pointers because we are dealing with a
Targe amount of data and a fixed pointer can only scan up to 256
bytes. Thus, the pointers have to be modified all the time so they
have to be placed in Tow memory, Super RAM being read at this moment.

3. SWEEP.OBJO moves sweeps, one by one, from Super RAM to

memory buffer for display.
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4.  SAVESPC.0BJO moves spectrums after they are done by SPC
program, one by one, from the memory buffer for display to Super RAM
in the same place where the corresponding data was located.

5. SVTAB saves spectrums from Super RAM on disk in the way
shown in figure 2.28b.

Figure 2.30 gives the detailed flow chart of the SPC
program and shows when and where each machine language routine is
loaded. X, Y, S are variables. X represents the order of the
spectrum in a 16 spectrum block, Y is the order of a 16 sweep or
spectrum block in the 8 blocks, maximum amount of sweeps or spectrums
that this system can work with, and S represents a switch with 2
positions: "1", in case the user wants to take data, do the spec-
trums, and process the information (statistically) and "0" in case
the user wants to stop after -the spectrums aré done. This switch is
set in ALTERNATIVE program.

RETSPC retrieves one 8K block from maximum eight 8K blocks of
spectrum that can be stored in the data disk. the user chooses which
block has to be retrieved. fhe 8K block chosen is retrieved in Super
RAM with RETTAB machine language rout%ne. Depending on the user's
choice, track and sector locations are changed from BASIC, otherwise
the retrieving routine works as in Figure 2.28b. After this process,
the control is transferred to CHOICE program.

CHOICE gives the user the possibility to process channel A, or
channel B, or both of them. If the choice is both channel A and B, a
variable is set to 1, location 168%6. At the end of channel A

processing the variable is tested. If 1, processing continues with
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channel B and the variable is reset to zero so that B is not pro-
cessed more than once. If the choice is channel A or B, the variable
is zero, so that at the end of the processing, when the location
16896 is checked, the process stops. In conclusion, 16896 = 0 which
means "STOP". and 16896 = 1 means to continue with channel B
processing.

When the user chooses channel A or both channels A and B,
AVERAGE 1is the next program, when the user chooses channel B, the
néxt program is AVERAGEB. These 2 programs work in the same way, the
difference between them consists of the source of data, destination
of data, mainly 1in what you process and where you store the result.

AVERAGE does the average of 8 spectrums for channel A, from the
8K block retrieved with RETSPC and saves the average in the program
disk (drive 1) as a binary file called "AVE.8". At the same time,
the program offers the average on the screen and on the printer. The
yser can enter the desired title for the average. If the time counts
and the statistical analysis is more important, the uéer can skip
seeing the average on the screen. He will have it on the printer
anyway, meanwhile the statistical analysis can begin (the printer is
controlled by the microbuffer, so at the same time the computer
microprocessor can do something else).

The detailed flow chart for AVERAGE program is given in Fig.
2.31a.

The machine language routines used by AVERAGE programs are:

1. CLEAR.OBJO is a small routine loaded at $300. It clears
the memcry areas: $4000 - $41FF and $4400 - $45FF. This area has to

be cleared because the result of the sum of the 8 spectrums (2 bytes
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result) is going to be stored here by adding it with the content of
these memory locations. The area $4000-$41FF is dedicated to the Tow
bytes of the 8 spectrums sum and the area $4400-$45FF, to the high
bytes of the sum. The memory map for the results of the 8 spectrums
sum for channel A and B is given in Fig. 2.32a. i

2. AVELOTARB i; placed at $300 and performs a division by 8 of
the results of the 8 spectrums sum. The routine uses 1ndgxed indi-
rect addressing so needs some space in zero page. This space is
obtained by saving zero page to $FF00, in the beginning of the
program and restore it back at the end. The control is transferred
to AVEHI.OBJO subroutine which does the sum of the 8 spectrums. When
returning from subroutine, AVELOTAB performs the division by 8 and
. the 8 spectrums average is obtained. It contains 512 bytes and it is
.stored at $4000. AVELOTAB is the only routine which "TAB" does not
refer to a IOB/DCT table for a saving-retrieving process (same
situation for AVELOTABB). "TAB" relates to the pointers used in the
indexed-indirect addressing (see Fig. 2.32b).

3. AVEHI.OBJO is the routine which does the addition of the 8
spectrums. It is a subroutine of AVELOTAB and is placed at $368,
after the AVELO and the TAB. This routine reads the Super RAM data
(the spectrums retrieved from disk) and performs the addition of 8
spectrums. Every time 2 bytes are added a 2 bytes result is cb-
tained. The sum of the 8 spectrums will then have 1024 bytes, 512
low bytes placed by AVEHI at $4000-$41FF and 512 high bytes placea at
$4400-345FF.

Fig. 2.31.b shows how these Tlast two routines, AVELOTAB and

AVEHI.OBJO work together in order to obtain the average.
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AVERAGEB does the average of 8 spectrums for channel B and saves
the average in the program disk as a binary file called "AVEB.8".
This program does the same thing as AVERAGE program and uses the same
type of machine language routines:

1. CLEARB.OBJO clears the memory areas $4800-49FF and
$4C00-4DFF in order for the 8 spectrum sum to be stored here.

2. AVELOTABB performs the division by 8 and stores the results
at $4800-$49FF. The sum of 8 spectrums is provided to AVELOTABB to
do the division by 8, by the AVEHIB.0BJO.

3. AVEHIB.0OBJO is a subroutine of AVELOTABB and performs the
sum of 8 spectrums. This sum has 1024 bytes. The upper 512 bytes
are placed at $4C00-$4DFF and the lower bytes are placed at
$4800-$49FF.

In conclusion, with respect to the average programs for channel
A and channel B, they are practically the same, but they take data
from different places and store results in different places. The
corresponding machine language routines have to have different names
because they deal with different Tocations.

CHOICE2Z is a small BASIC program which gives the user the
possibility of choosing between having a histogram done or a pie
chart.

CHOICE2B does the same thing as the CHOICE2 program, but for
channel B. Two individual programs are needed to make the choice for
channel A and channel B because different routines have to be ac-
cessed for processing for each channel.

AXIS 1is the program that draws the axis for the histogram,

writes what each axis represents, y axis "% of total power" and x
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2.33) and the title of the histogram.

AXIS-B does the same thing but for channel B. The difference
with respect to "AXIS" is in the title of the histogram and in the
program that the control is transferred to. "AXIS" transfers the
control to "PLOT-A" and "AXIS-B" to "PLOT-B".

PLOT-A calculates the coefficients for the histogram and then
draws it. These coefficients represent the relative spectral power

of each of the thirteen bands, with respect to the total power.

ZPj i=1-13
[%]Ai = x100 j =1-1; 1 = no. of points in each band
sp%, K = 1-256

Pj k = spectral amplitude (1 byte in memory)

Ai = histogram coefficients

The spectral amplitudes Pj,K are squared because the histogram
is related to power, which is proportional with the amplitude
squared.

These amplitudes are the 512 bytes resulted from AVERAGE program
and are situated at $4000 (decimal 16384). Only the first 256 bytes
are the one we are interested in because the other 256 are the mirror
image of the first 256. 1In conclusion, PLOT-A calculates the histo-
gram coefficients for 256 bytes located at $4000. The histcgram is
done for 13 frequency bands.

The spectrums and their average are between 0 and 71.1 Hz. The

bands were chosen by comparing the work done before on these kinds of
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investigation which show: 'small bands in the beginning (2 bands of 2
Hz each) followed by 5 bands of 4 Hz each and, at the end one 8 Hz
band. These form a total band of only 32 Hz. This was the band used
in the previous research. My project does the spectrums in a larger
band, 71.1 Hz. The purpose is to quantify the high frequency changes
and relate them, eventually, to some drug effects. In order to cover
the entire new band, 0-71.1 Hz, I chose to divide it, for the histo-
gram, in 2 small bands of 2 Hz each in the beginning, five 4 Hz bands
and others five 8 Hz bands. O0f course, these numbers are not exactly
the final ones because of the computer resolution.
The real frequency band limits are calculated in the following
way:
256 points (spectrum points)

total frequency band = =71.1 Hz
3.6 seconds (1 sweep interval)

256 points represent 71.1 Hz
X points represent 2 Hz (the smallest band)
256 x 20 256 x 2
X = = = 7.2 points/Hz
71.1 256 .
3.6

But 7.2 is not an integer number. Choosing 7 points/Hz we have: 7
points x“frequency resolution [Hz/points] = number of Hz for the
first two bands.

71.1 Hz

frequency resolution = =0.2 (7) Hz

256 points point

7 points x 0.2 (7} = 1.94 Kz
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Choosing 8 points:
8 points x 0.2 (7) = 2.22 Hz

Taking in consideration thét 1.94 Hz is closer to 2 Hz than 2.22 Hz,
I choose, for the first 2 bands, 7 points/band. With the same
considerations I‘choose, for the next 5 bands, 14 points/band; for
the next 5 bands, 29 points/band; and for the 1last band,
256-[(2x7)+(5x14)+5x29)] = 256-229 = 27 points/band. There are, in
conclusion, 4 numbers of points/band. They are called J, K, T, U.

Jd=7 T=29

K=14 Uu=27

The correspondent frequency intervals are:

{

fJ=f7 = 7 x resolution = 1.94 Hz (first 2 bands)
0.2 (7

fy=f14 = 14 x resolution = 3.(8) Hz (next 5 bands)

fT:fZS = 29 x resolution = 8.05 Hz (next 5 bands)

f=foy = 27 x resolution = 7.5 Hz (last band)

The figure 2.33b shows the ideal and real frequency band limits
and the memory locations where the correspondent points are located.
The number in the “pick up memory locations" column represents the
beginning of the interval. The 256 bytes of spectrum amplitudes are
located at $4000-$40FF. The next location is

$4100 = decimal 16650 = 16384 + 2J + 5K + 5T + U.
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After the histogram coefficients and the frequency limits are
calculated the histogram is done on the screen and the control is
transferred to MICROBUF.

PLOT-B does the same thing PLOT-A does, but picks up the infor-
mation from $4800, decimal 18432.

MICROBUF is accessed after both PLOT-A and PLOT-B programs. It
sends the screen information to the printer. It also checks the
16986 location. If it is 1 (16896 is set in CHOICE program), then
the user chooses to process both channels so the program has to
continue to process channel B after channel A results were seﬁt to
the printer. If it is 0, the ;ser wants only channel A, so the
program caﬁ be stopped after the results for channel A are printed
out.

PLOT-Al calculates the histogram coefficients, the percentage of
the spectral power of each band relative to the total power, in the
same way PLOT-A does. PLOT A-1 does not use these coefficients to
draw a histogram but prepares them to be used in a pie chart drawing.
PLOT-Al transfers the control to PIECHART program.

PLOT-B1 does the same thing PLOT-Al does, but picks up the
information from other locations. The control is then transferred to
PIECHARTB.

PIECHART draws the pie chart and the necessary explanations on
the screen, for channel A. Then checks the location 16986. If it is
"1", the user wants to continue to process channel B. If it is "0",
the process stops, the user chose channel A only.

PIECHARTB draws the pie chart for channel B. This is the

program that ends the processing without any alternative. The
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process can be ended by MICROBUF or PIECHART (see fig. 2.27) but in
these two there is always a chance of continuation, if location 16896
= 1. These are the BASIC and machine Tanguage programs contained in
Variant 1. They offer the user a lot of choices during the process-
ing. That is why the user has to observe everything from the begin-
ning to the end, 1in order to answer the questions of the program.
axis "HZ", writes the numbers for y and x axis divisions (see Fig.
2.33) and the title of the histogram.

AXIS-B does the same thing but for channel B. The difference
with respect to "AXIS" is in the title of the histogram and in the
program that the control is transferred to. "AXIS" transfers the
control to "PLOT-A" and."AXIS-B" to "PLOT-B".

2.2.4 Variant 2

As opposed to Variant 1, Variant 2 can stop the process after
the data is acquired or can do everything, data acquisition, spectrum
analysis, and statistical calculations. Another ne@ thing for this
variant is that it ends up with a 64 spectrum average for each
channel and, again, the histogram or the pie chart can be done. The
general flowchart for Variant 2 is given in fig. 2.34.

The first part of the Variant 2 works the same as Varjant 1.
Beginning with the "CHOICE" prégram things are changed. From here
one, Variant 2 contains the following BASIC programs:

CHOICEL is practically the same program as "CHOICE" from Variant
1, but accesses other programs than CHOICE does. Location 16896 is
set again to zero if the user wants to process only one channel, A or
B, and to 1 if the user wants to process A and B.

A-AVERAGE retrieves the spectrums from the disk, 8 times, 8
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Kbytes of spectrums (all the spectrums from the disk). Then calcu-
lates 8 averages of 8 spectrums each and saves them in-the program
disk, DRIVE1l, with the name "AVE.1", "AVE.2", ., "AVE.8". The
control is then transferred to FINAL-AVE.A.

B-AVERAGE is the analog of A-Average but for channel B. It
transfers the control to FINAL-AVE.B.

FINAL-AVE.A retrieves the 8 averages for channel A from disk and
places them in Super RAM in the right position so the same machine
language routine can be used to average them. A 64 spectrum average
is obtained, called "AVE.AVE.A", at $4000-41FF and it is saved in the
program disk.

The program control is transferred to SEE FIN.AVE.A.

FINAL~AVE.B calculates 64 spectrums for channel B, "AVE.AVE.B",
places it at $4800-$49FF, saves it in the program disk, and than
transfers the control to SEE FIN.AVE.B.

SEE FIN.AVE.A offers the final average for channel A on the

screen and printed out, asks the user to choose between the pie chart
or histogram forms of analyzing this average, and depending on the
choice, accesses, respectively, PLOT-ALl or AXIS.

SEE FIN.AVE.B 1is the analog of SEE FIN.AVE.A, for channel B and

transfers the control to PLOT-B1 or AXISB.

From now on, the statistical analysis is done with the same
programs as for Variant 1. The machine language routines used in
Variant 2 are the same as for the first variant, with small changes

or no change at all.
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2.2.5 Variant 3

Variant 3 of processing fEG signals is practically Variant 2
simplified. Al1 the choices are eliminated in order for the user to
just press the button for START and come and pick up the results from
the printer (which contains all the programs). Variant 3 has 2
program disks, the first contains the data acquisition programs, and
the second one contains the processing (spectral and statistical
analysis) programs. £Every time the first disk is executed, a 9
minute experiment is done and 128 sweeps (64 for each channel) of 512
bytes each are acquired on the data disk (DRIVE 2). Every time the
second disk is executed, after 40 minutes of processing, a 64 spec-
trum average for channeél A and one for channel B are cbtained at the
printer and an alarm goes off to remind the user that the results -are
ready to be pick up and filed.

A1l variants have an "INITIALIZING" disk which is a program disk
used to initialize data disks for the experiments.

Variant 3 was set up to satisfy the user requirements and is the
one most used. All the results obtained for this thesis are the
Variant 3 results.

Figure 2.35 gives a general view of all the disks needed for ail
three variants of processing developed for this thesis.

For Variant 1 and 2, in case the user does not want to acquire
data and process immediately, he can stop the program after the data
acquisition and the spectral analysis are done and ancther disk can

be made to continue with the processing whenever necessary. Each
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variant has 2 disks of programs and needs at the same time the

initializing program. The total number of program disks made for

this thesis was seven (see fig. 2.35).

The 1istings of all the BASIC programs and machine language

routines developed for this thesis are given in Appendix F and G.
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Chapter 3

EXPERIMENTAL RESULTS

3.1 Where is the Hoffmann-La Roche Research situated with respect

to the computerized EEG in pharmacology

This thesis is based on the work and the experiments done at
Hoffmann-La Roche, Nutley, New Jersey. This is a pharmaceutical
company and one of its departments is concerned with the testing of
the drugs using EEG spectral patterns.

As I described in Chapter 1, the EEG spectrum can give important
information about the effects of various drugs on the central nervous
system. The experiments are done on animals and hiumans and the
effects of well-known drugs can be verified in this way.  More than
this, the reséarch groups are trying new compounds, on animals, and
observing the various changes in the EEG spectrums, they can classify
the new drug in one of the categorie; of drugs. To do this, differ-
ent computer systems are used. Chapter 1 descfibes the system used
by the Hoffmann-La Roche company and what it is capable of doing.
The experiments are done in the following manner: a group of monkeys
is used and experiments are done on them before and after the drug

administration (Fig. 3.1).

1° same monkey: a) four 64 EEG spectrums averages are obtained and
the percentage of each band power (there are 8

bands, from 0 to 32 Hz) with respect to the total
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spectral power. All this is done without admin-
istering the drug and it 1is called Control
Experiment.
b) A day after the control experiment, the Drug
' Experiment‘is done and another four 64 spectrums
averages are obtained. The drug experiment is
done for different drug doses. The time interval
between different dose administration is about
one week. The dose increases until the operator
considers that the drug had enough effect on the
monkey. He can check if it was enough effect by
doing in parallel another experiment (the lever
pressing experiment).
2° other monkey: The control and drug experiments, for various
drug doses., are performed for a group of monkeys
in the same way it was described before.

Fach dose result is averaged for the n monkeys used in order to
see the general effect of the drug, at that amount of drug.

These averages are then compared between them and with the
averages obtained from the control experiment and dose related
effacts are obtained. The results are then plotted as in Figure 3.2.
This figure contains three graphs. The 1left one represents the
effect of the drug and contains the results of the lever pressing
experiment which was the subject of another thesis. The second graph
represents the total power for the drug experiment relative to the

total power of the control experiment, in percentage, for different
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drug dose. The '"no-dose" experiment is the one that has 100% power
and represents the control experiment. For this particulér drug, we
can observe that, as the dose increases, the total power increases.
Sometimes, however total power increase does not tell 'too much
because this increase can be due to the increase in the various bands
powers (there are 8 bands). That is why this graph does not give the
complete information about the changes in the EEG spectrum. The
third graph provides additional information. It represents y = f

(frequency) where y is:

_ band power band power (the ratios
Y % Yota power * total power are in
percentages)
control drug

) experiment experiment
In this way the user can easily read due to which band the total

¢

power increases or decreases.

3.2 Validation of the new system, automated EEG spectrum analysis

system

After 1 described how the experiments are carried out at Hoff-
mann-La Roche with the help of the old system, I have to point out
how is the new system used in this research program. The new system
is obtaining the spectrums for the control and drug experiment EEG
patterns for different monkeys and various doses of drug. It does
the 64 spectrums average (or 16 spectrums average), calculates the
percentage of the bands power with respect to the total power (for 13
bands, 8 of them the same as for the old system and another 5 bands,
up to 71.1 Hz) and draws the histogram or the pie chart to make

easier the results interpretation.
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A1l this is done only with the help of the Apple II computer and
the results are obtained on the screen and at the printer: Chapter 1
describes the advantages of using this system with respect to the old
one. However, the new system results have to be validated by compar-
. ing them with the old system results which have been used for seven
years. For this reason, I used my variant 3 program to process the
EEG signal for various drugs and monkeys (signals already processed
with the old system).

The results that I'm going to discuss and compare with the ones
of the old system are related to two drug§, suric]one and halazepam,
each one adéinistered to two monkeys. We have then four cases (see
Fig. 3.3). The results are given in figures 3.4, 3.5, 3.6, 3.7, at
the end of this chapter.

I. The "suriclone" drug dose used was 0.5 mg/kg. The drug number
is 17-9887 and the number of the monkey is 461 (see fig. 3.4.1,
3.4.2.). ‘

First of all, I would 1ike to compare the control experi-
ment results for the new and old system (fig. 3.4.1.a. and
3.4.2.a., 3.4.2.b). The comparison can not be done looking at
the histogram because the frequency band is 0-71.1 Hz and for
the old system is only 0-32 Hz. I designed my program to
calculate the total power for 0-31.3 Hz and the relative bands
power so these numbers can be compared with the results of the
control experiment for the old system. For both systems the
power is concentrated in the first five bands, the EEG spectrum

having a maximum around 4 Hz.
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Looking at the drug experiment results (fig. 3.4.1.b. and
3.4.2.c., 3.4.2.d.), both systems shown an increase o% the last
band power, 23.3-31.3 Hz. Two other aspects have to be ob-
served, which are the difference between the control and drug
experiment for the new system and the old system.

Looking at the control and drug averages for the new system
(fig. 3.4.1.a. and b.), the amplitudes begin to increase once we -
are in alpha region (10-12 Hz). Beginning with the REM zone
(rapid eye movement sleep, 20 Hz) _they increase even more.

Comparing the spectrum averages for control and drug
experiments for the old system (fig. 3.4.2.a. and c.), the
amplitudes are increasing around 10 Hz also and between 20 and
30.Hz. The old systém drug average has, however, very'big
amplitudes for very slow waves 0-2 Hz (the deep sleep region).
These big amplitudes do not appear in the new ‘system results.
In order to explain this we have to compare how the experiments
are carried out with both systems and see if they are totally
compatible.

The drug and control results for the old system represent 1
of 4 possible results obtained at approximately 14-15 minutes
intervals. The old system obtains the averages and also records
on magnetic tape the EEG signal for about one hecur. This EEG
signal is the input for the new system and the probability to
process the same part of the signal is very small. However,

whatever part of the EEG signal recorded is processed, the



Drug Monkey Number

461 (channel B)

Suriclone
514 (channel A) 11
461 (channel B) 1II
Halazepam
680 (channel A) IV

Figure 3.3

Results Qutline

88



89

spectrum has to be almost the same. But, of course, many small

differences can appear depending on which part of the EEG signal

is

processed. I think the big amplitudes for low frequency

couldn't appear, for this reason, in the new system results.

IT.

I1l.

The same drug, same dose was used but with monkey 514 (see fig.
3.5.1. and 3.5.2.).

Looking at the control experiment results for both systems
we can observe that the spectral energy is concentrated in the
theta and delta regions (deep sleep waves) (see fig. 3.5.l.a.
and 3.5.2.a., 3.5.2.b.).

1f, for the control results, in both cases the amplitudes
decrease beginning with 8 Hi, for the drug results, both systems
show a constant (or almost constant) amplitude between 8 and 20
Hz and an increase in amplitude between 20 and 30 Hz (fig.
3.5.1.b. and 3.5.2.c., 3.5.2.d.).

In conclusien, the changes from the control to the drug
experiment results, are around the alpha band (both systems show
a constant amplitude when drug is administered with respect to
the "no-drug" case where this band has Tow amplitude spectrum)
and an increase in amplitude in the drug 20-30 Hz interval is
shown by both systems.

The drug used is "halazepam", the dose is also 0.5 mg/kg and the
experiment is done on the monkey numbered 461 (see fig. 3.6.1
and 3.6.2.). Again, first of all I would 1ike to compare the
control experiment results for these 2 systems (fig. 3.6.1.a.

and 3.6.2.a., 3.6.2.b.). Both of them show a very big activity
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in the low frequency region (0-10 Hz) and then a decrease in the
brain activity.

After the drug is administered (drug experiment results)
the slow waves activity is still significant with respect to the
total-band activity but drops a 1ittle bit. Also, the Tast part

of the spectrum, between 25-30 Hz has Targer amplitudes (fig.

3.6.1.b. and 3.6.2.c.). Both systems show the same thing. For

the drug experiment, a picture of the average is not available,
but the comparison can be done looking at the percentage of the
power in each band, with respect to the entire band.

Same drug, halazepam, was administered to the monkey numbered
680, same dose being used (see fig. 3.7.1. and 3.7.2.).

fhe control experiments for both systems {fig. 3.7.1.a. and
3.7.2.a., 3.7.2.b.) show no activity but in the 0-10 Hz frequen-
cy band. Both drug results show a small increase in the activi-
ty in all bands. In the 0-10 Hz band, the increase 1is more
visible (fig. 3.7.1.b. and 3.7.2.c, 3.7.2.d.).

The histograms obtained for all these cases can not be used
for any of these discussions because they consider the total
band between 0-71.1 Hz. However, they represent a vary easy
method of checking the power distribution in this range. |

The validation of the new system can not be done, of
course, by considering only 4 cases. Practically, all the
well-known drugs, already tested with the old system were tried
again with the new one, using the same EEG patterns from the

magnetic tape which was kept in files. After about 2 months of
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running the new system program on the information from the
magnetic tape, the new system was considered as good, with nice
features and was adopted for the research work. Since this work

was completed, the system has been extended to 16 channels.

3.3 Conclusions

The automated EEG spectrum analysis system was considered to
have the same results as the old system. The difference is that the
new system is very small and almost completely automated, the user
has only to change the data disk when the previous disk is full. The
syétem works with two channels simuitaneously. However, the time
required to acquire and process .the data is almost the same as for
the old system. The advantage consists in having a small computer
system which does everything without the user intervention and which
can be programmed to do whatever statistical calculations are needed.

The system has a few limitations. One of them is that it does
not improve the interval of time for the data acquisition, but I
think this is not so important as the features introduced. Another
Timitation consists in the method of averaging 64 spectrums. The
average is not obtained directly but by averaging 8 averages of 8
spectrums each. This was done because of the small memory space
available and might be responsible for some of the differences
between the systems results. Of course, the system can be enhanced

as follows:
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1. The introduction of a hard disk will avoid changing the data
disk after each experiment and more experiments couid be done
consequently. In this way, the effects produced by the drug
could be better observed.

The possibility of having a hard disk provides 5 lot of
storage place. This convenience gives the idea of building a
drug data base which could serve as a reference in the classifi-
cation of new compounds.

2. The sygtem can be modified to work with 16 channels simultane-
ously. In this way the time problem is solved.

3. The software can be further developed to do all the comparisons
between the control and drug experiments results or between the
dfug results and the data base, to classify automatically new
drugs and to file the information.

With all these features, the system seems to introduce a nice
and convenient method of anatyzing drug effects and classifying new

pharmaceutical compounds.
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FIFTH BAND=4,2529%9728
SIXTH BAND=2. 194757905
SEVENTH BAND=1.01877597
EIGHTH BAND=1.35886527
NINTH BAND=.&82422938

F TENTH BAND=.4923703I5

ELEVENTH BAND=.400&33839
TWELTH BAND=7.38481778
THERTEENTH BAND=,247213801

TOTAL % BEFORE ROUND OFF IS T%=98. 3178&11
% POWER OF THE THIRTEEN BANDS ARE:
Al=11.6

A2=2T. 4"

AZ=37

ﬂ4=7.9

AS5=4,2

M“-.&

A7=1

A8=1.3

AF=. 6

TDTAL 7% POWER IS T%=97

TOTAL POWER OF FIRST 8 BANDS=122478,087
NEW % FOR THE FIRST 8 BANDS ARE:
12.6711712 25.7792793

40, 41464667 8. 6293045
4,.58783784 2.403213315
1.09224234 1.42004504

V. OF TOT.

[
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AVERAGEBR—&4
A

1-
a-

;

i +1 O 1 2 3 L] 5 [ 3

; A 4,00 VOLT/DIV B .400 VOLT/DIV
TRACE A TRIGGER A > START

TIME 00Q,200 Q0O DISPLAY >-Q000L + O
SELECT NUMEER OF POINTS 0312
TOTAL POWER=Z44974
OF FIRST EBAND=4.08970985
OF SECOND EBAND=13.1744907
OF THIRD BAND=18.0735584%
OF FOURTH BAND=11.71823764
OF FIFTH BAND=8.85477824
OF SIXTH BAND=S, 35038183
SEVENTH BAND=9,283146341
OF EIGHTH BAND=17.530S903
OF NINTH BAND=1.55441444
OF TENTH BAND=.45310518%5
OF ELEVENTH BAND=.462394852
OF TWELTH BAND=3.7364257
THERTEENTH BAND=, 1305400357
' TOTAL % BEFORE ROUND OFF IS T%=94.8160211
i % POWER OF THE THIRTEEN BANDS ARE:
. Al=4 : . N
: A2=13.1
! A3=18
Ad4=11.7
- AS=E.8
' =5.3
CAR7=%.2
| AB=17.5
T A9=1.5
s Bl=, g
. B2=.4
P B3=3.7
- Ba=.1
. TOTAL % POWER 1S T#=%4
P YOTAL POWER OF FIRST 8 EANDS=2I1023.596
. NEW % FOR THE FIRST 8 BANDS ARE:
. 6.4142539 14,.00445432
: 19.2427617 - 12.5077951
i 9.40737239 $5.87973274
]

R RN NN NN NRR
a (=)
m n

i 9.83518931 18.708240%
: ‘l[/or TOoT.
i EEGC HISTOGRAM FOR O0~71.1 HZ-CH.B
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AVERAGEA—&4

T- . . . . N

.- - - - - - -

»- . " . . .

Jv*“hin_ - .

-] 01 1 2 3 3§ 5 B 3
A 4.00 VOLT/DIV B .400 VOLT/DIV
TRACE A TRIGGER A >  START
TIME 000.200 000  DISPLAY > 00001 + O

SELECT NUMBER OF POINTS 0512

TOTAL POWER=30828
OF FIRST BAND=18.1717919
OF SECOND BAND=264. 1061373
OF THIRD BRAND=
0OF FOURTH BAND=8. 01519671
OF FIFTH BAND=3,386353173
OF SIXTH BAND=1.839237056
SEVENTH BAND=,9082435214
OF EIGHTH BAND=2,29441347
OF NINTH BAND=1.I5915402
OF TENTH BAND=.95&922279
OF ELEVENTH BAND=.S544959128
OF TWELTH BAND=.827170108
OF THERTEENTH BAND=,42591130%
TOTAL % BEFORE ROUND OFF IS T4=9%9.3554541
% POWER OF THE THIRTEEN BANDS ARE:
Al=18. 1
A2=246
A3->4 5
A4=8
AS=3.3
Aé=1.8
A7=.9
A8=&.3
A9=1 - Z
Bi=,
BA—.S
83—
B4=.4
TQATAL % POWER IS Ti=98
TOTAL POWER OF FIRST 8 BANDS=29884.2857
NEW % FOR THE FIRST 8 BANDS ARE:

NN RN
o
T

18.46713789 26.9242108

35.58947327 8. 232462158

3.40421052 1.B8548421

. 928421082 2.37243158
ZoF TOT.
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AVERAGEA—&4 SURICLDNE  —~DRMG

(3~ 9epF
................... : « s e : .. ; . - : M%I‘L* , Q&",R
- : : : X : :
Lo - - - -
- : X X : : i
; : . i
+1 0 1 2 3 L) L] [ 23
A 4,00 VOLT/DIV B .400 YOLT/DIV
TRACE A TRIGGER A > START

TIME 000.2Q00 900 DISFPLAY > 00001 + O
SELECT NUMBER OF POINTS 03512

TOTAL POWER=58I72

%4 OF FIRST BAND=2.9444471%

% OF SECOND BAND=3. 25900809

%4 OF THIRD BAND=7,02834006

% OF FOURTH BAND=11.1590629

%Z QF FIFTH BAND=8.79?1503538

% OF SIXTH BAND=12.3441547

% OF SEVENTH BAND=25.7072387

% OF EIGHTH BAND=18.3059597

X OF NINTH BAND=1, 8341355346

% OF TENTH BANLD=2.38731333

% OF ELEVENTH BAND=.810042471

% OF TWEL.TH BAND=. 4313545948

% OF THEFTEENTH BAND=, 2204049035
TOTAL % BEFORE ROUND OFF IS5 T%=93.430718
% POWER OF THE THIRTEEN BANDS ARE:
Al=2.9

AZ=3.2

AS=7

Ad=11.1

AS=8.8

AL=12.3

A7=25.7"

AB=138.5

A9=1.8

B1=2.3

p2=.8

B3=

B4=.2

TOTAL % POWER IS T%=95

TOTAL POWER OF FIRST 8 BANDS=G5011.4105
NEW % FOR THE FIRST B BANDS ARE:
3.0782122 3.39664805
7.87016746 11.7821229
9.34078212 13.0558639
27.2793296 19.4634871S

1/ 0F TOT. POWNER
£EC MISTOGCRAM FOR O-71.7 HZ~CH.R

$oddmd

Py

NEFRRYE VRN NRS

bbb ot

fﬂ?!

|

]
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Figure 3.5.1.b. Suriclione drug experiment - new system,

monkey 514
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AVERAGER—&4

—

T-
A

...................................

...................................

...................................

vt oo S |

<1 o 1 2 3 4 5 H 3
A 4,00 VOLT/DIV B .400 VOLT/DIV

TRACE TRIGGER A > START

TIME 000.200 Q0N DISPLAY > 00001 + O

SELECT NUMBER OF POQINTS 03512

TOTAL POWER=176033

7% OF FIRST BAND=19.18958318
7 OF SECOND EBAND=21.4681378
% OF THIRD BAND=24.89446613
% OF FOURTH BAND=10.033346
4 OF FIFTH BAND=4.5110859%
%0F SIXTH BAND=T.72827822

PN N NN

OF SEVENTH BAND=2.43018864

OF EIGHTH EBAND=3.340835087

OF NINTH BAND=1.82579403

OF TENTH BAND=1.098657564

OF ELEVENTH BAMD=.798713878
OF TWELTH BAMD=.761220%07

OF THERTEENTH BAND=.4334982463

"TOTAL % BEFORE ROUND OFF IS T4=96.7160135
%4 POWER OF THE THIRTEEN BANDS ARE:
Al=19.1
A2=21.4
AZ=26.9
A4=10
AC=4.3
AL=Z2.7
Aa7=2.6
AB=3.3
A9=1.8
Pi=1.1
B2=.8
B3=.7
Ba=_3
TOTAL % POWER IS TiA=%94
TOTAL POWER OF FIRST 8 BANDS=147781.453
NEW % FOR THE FIRST 8 BANDS ARE!:

20.03974432 22.432459
28.2229508 10.4918033
4,72171148 3.88196722
2.7278488%5 3.446229508

Figure 3.6.1.a.

¥ OF TOT. POWER
EEGC HISTOGRAM FOR O~T1.1 HZ-CH.B

neanBRFPRONT KBSKFREE
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: : : RALAZEEDTIM - DrLG
........................ et $-6428
. : : : : :
Vo i Mol ch®
I\
-_3‘3 i 2 3 4 5 -3 kd
A 4.00 VOLT/DIV B .400 VOLT/DIV

TRACE A TRIGGER A > START

TIME 000,200 000 DISPLAY > 0001 + O
SELECT NUMBER OF POINTS 0512

TOTAL FOWER=144757

TOTAL 7% BEFORE ROUND OFF IS T%4=95.9780874

FIRST BAND=9.359193&684
SECOND BAND=14.180316
THIRD BAMND=18.S5421085
FOURTH BAND=4.59449975
FIFTH BAND=3.47147044%
SIXTH BAND=ZI.29034175
SEVENTH BAND=2.343%946167
EIGHTH BAND=11.3538454
NINTH BAND=18.3431544
TENTH BAND=4.83707178
ELEVENTH BAND=1,0887211
TWELTH BAND=1.25589781
THERTEENTH RAND=.&844354199

% POWER OF THE THIRTEEN BANDS ARE:

Al=9.5"
AZ=14.1
AZ=18.5

B4=.4

TOTAL %4 POWER IS T¥%=9S

TOTAL POWER OF FIRST 8 BANDS=103444.0446
NEW 7% FOR THE FIRST 8 BANDS ARE:

13.0419075 12,35492464
25.3972988 8.7274104
4.9a22194653 8.393F06358

3.19751445

15.787572=

Figure 3.6.1.b.
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+1 0 1 2 3 ] 5 [3 3
A 4,00 VOLT/DIV B .400 VOLT/DIV
TRACE A TRIGGER A > START

TIME 0Q00.200 0OQ0 DISPLAY > 00001 + Q
SELECT NUMBER OF POINTS @512

TOTAL POWER=184773

OF FIRST BAND=24.3052607

OF SECOND BAND=T4.09735949

OF THIRD BAND=24.206073

OF FOURTH BAND=4.198573548

OF FIFTH BAND=1.92791731

OF SIXTH BAND=2.01895783
SEVENTH BAND=1.11926311
OF EIGHTH BAND=1.4547956%
OF NINTH BAND=.824720134
OF TENTH BAND=.8T54852139
OF ELEVENTH BAND=,70154748%9
OF TWELTH BAND=,3519466409 .
OF THERTEENTH BAND=,334172334
TOTAL % BEFORE ROUND OFF 1S T%=98.756504619
X POWER OF THE THIRTEEN BANDS ARE:
Al=26.3
A2=34.1
A3=24.2
Ad=4.2
AS=1.9
AL=2
A7=1.1
AB=1.4&
A9=.8
R1=.8
B2=.7
B3=.5
B4=.3
TOTAL % POWER 1S T%=98
TOTAL POWER OF FIRST B BANDS=18177.5%93%
NEW 7 FOR THE FIRST 8 BANDS ARE:
27.0167715 33. 0293501
24.8595788 4.31444541
1.98178197 2.054507724
1. 12997904 1.64360587

PENNRMNNRRMNNNERN
o
m

4+ OF TOT. POWER
EZC HISTOGRGM FOR O=T1.1 HZ-CH.R

o wapel
Trdkidg

3.8 1.6 15.% 3.5
1.8 T.? TS5 23 .9

HALAZEPA™M - CONTROL
B-032%

MR, ek

——

IN

55.5 n.a
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A 4,00 VOLT/DIV B .400 VOLT/DIV
TRACE A TRIGGER A2 START
TIME 000,200 000 DISFLAY > 00001 + O

SELECT NUMBER OF POINTS 0512

TAOTAL POWER=30874

OF FIRST BQND=20.2144199
OF SECOND BAND=21,7&45887
OF THIRD BAND=23,22 66632
OF FOURTH BAND=7.18403834
OF FIFTH EAND=4,051953
OF SIXTH BAND=4.409056164
QF SEVENTH BAND=2, 84057783
EIGHTH BAND=35.415356002

OF NINTH BAND=2.394683877

OF TENTH BAND=1.52879444

OF ELEVENTH BAND=, 929584744

OF TWELTH BRAND=.&439879117

OF THERTEENTH BAND=.S246332837
TOTAL % BEFORE ROUND OFF IS Ti=95.3536957
% POWER:-OF THE THIRTEEN BANDS RRE:
Al=20.2
A2=21,7

Au—-&d- 2

A4=7.1
AS=
Ab=4.4
A7=2.8
A8=5.4
AF=2.4
B1=1.5
B2=.9
BZ=.4
B4=.5
TOTAL

WNNPN NP NP P F
]
mn

% POWER IS T%=94

TOTAL POWER OF FIRST 8 BANDS=29231.7&6
NEW % FOR THE FIRST 8 BANDS ARE:
21.3348715 22.9151011

24.5033708 7.4988744

4.2247191 4.85B42497

2.95730337 S.70337079
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APPENDIX A

Information About The System Components




117

How SuperRam Works in Relation to

the Disk Operating System (DOS)

The DOS is available by booting DOS 3.3 disk. The message that
comes on the screen when this disk is booted is:

"DOS VERSION 3.3 | 08/25/80

APPLE II PLUS OR ROMCARD ‘ SYSTEM MASTER

(LOADING INTEGER BASIC INTO LANGUAGE CARD)"
which means that the HELLO program of this disk loads INTEGER BASIC
into the language card (or Super RAM card) automatically. An, image
of the Autostart ROM is also loaded into the Super RAM, providing
reset-to-BASIC, stop-listing, full-escape cursor moves with whatever
version of BASIC is loaded into this card.

Because our computer is an APPLE II‘plus (Revision 1 type of
main board, Autostart ROM, and Applesoft BASIC in ROM on the main
board), once the DOS 3.3 is booted, it acts as an Apple II with
INTEGER BASIC firmware card, except that this version of INTEGER
BASIC will operate with Autostart ROM.

DOS 3.3 software performs automatically the bank switching in
order to expand the RAM from 48K up to 64K. The switching commands
are available for the user to write programs that involve work with
Super RAM II. These commands consist of reading once or twice the
specified location, from BASIC with PEEK command and from M/L with
LDA $XXXX. The specified locations and the effect of reading them

are presented in Fig. 2.8 in this Appendix.



Switey  LOCARTION

- EXTECY

Deoimal | Wexadiaimal

NoRMA R L. wBaNK $¥dooo _-.tm:; e

16256 | $W8o

(4o 2£0)
|

—\6 255 $Hecs|
4oz gD

6 254 E\? Wiy
Qolﬁl}

625% 4 Q03
(4o28a)

!

Sdsat Sy xRorn { C\Qc m.o.am%
‘«\h:a Weike - vﬂm ‘"aur),_gwf““

1

*sﬂuir 0 QoA ROMS . TRwo |

"o ~nBg ALV «\&ih %1&
;\lmk Lrolrle e ShpoL- Rasm ¥

:, %J&N e Loand Roms L ede -
T"”t"‘ Spr Ram T '

1
i

i
l

|

2
i
|
i
i

|
!
!
I
5

M R T o ovweng,
sweatave  ~eads b dais aldaew

Walie = anodly SUgen-Ran T

ATERNATE B  FDOCO-4orer

b 248 $ 08
“12e8)
-1 243 | %eE9
(t2da)
i_
—1624S 1 40ete
(452300 |

‘:utu,@ﬂm'l,
i

Wt~ anodele %J.Yq.mF’n.m T

u,‘u,Rom\ N0 B rmovRe

Subedm Sugenfam T weeile otk

f; aulsalt el vah.a ems, "o Q‘..:
e p20ANE MRAAs WU Wil

srconing. neadn Wik mk—tmw

e om X, 1

* wilh 4Dooo - DFE mermal La ma.“x& L

Figure 2.8 SuperRam II Usage

118



119

The configuration of the Super RAM II does not include any
circuit in F8 socket. The capacity of a socket is 2K. Tﬁe p1acg on
F8 is empty because the monitor ROM is missing from the Super ﬁAM
card (the monitor occupies 2K and is placed bétween $F800 and $FFFF).
But, an image of the Autostart ROM is automatically loaded into Super
RAM II. However, sometimes the 01d Monitor is needed because of the
STEP and TRACE commands available. In this case, the circuit that
contains the Autostart ROM, on the main board (socket F8) can be
changed with an 01d Monitor and its content can be saved as binary
file on disk. Then, using a small BASIC program, the 0ld Monitor can

be loaded into Super RAM II for use.
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i Table 17: ROM Drganization and Usage ]
f: I,;"E I'\‘l'lg\hci.“ 'u']?_’i"‘?:‘_“:: R IR TR ST T T Y L SR v ‘
E Decmal - Hey L Used By:
. W8 SR | . o T T
g 212 sS4 Programmer's Aid #1
L2216 SDB
po229 sSDC Applesoft
i 22 Sif 11
(228 SEd BASIC
P AP) SES Integer BASIC
.23 SEC System Memory Map I
248 Sta Page Number: |
L0244 SF4 Utility Subroutines Decimal  Hex ;
| 248  SFB : - 0 e |
i__ 353 SFC Monitor ROM Autostart ROM by @i | ;
~ i2 582 '
Figure 2.4 ROM Memory Organization j j RAM (48K)
199 SBE
19] SBF
, 192 sCa
193 SCi1
17 (2K)
1198 5Cé
. 1199 8C7
Table 16: RAM Organization and Usage 200 5C8
- ; X 201 SC9 . {
Page Number: , I '
Decimal  Hex Used For: ’ '
I/0 ROM (2K)
@ Sf@ | System Programs . i
1 $81 | System Stack 1 2086 SCE
2 $@2 | GETLN Input Buffer 247 SCF i
3 S83 | Monitor Vector Locations 208 SD# i
& SP4 . M9 D1 ;
5 S@S | Text and Lo-Res Graphics : . . .
6 $86 | Primary Page Storage . . ROM (12K]
i il 254 SFE
3 Sg8 : '
9 $89 | Text and Lo-Res Graphics 255 SFF E
1] SBA | Secondary Page Storage
11 $0B i
FREE ‘
12 s8C Figure 2.7 System Memory
through
k3 S1F
RAM Map
32 %28 | Hi-Res Graphics
| through Primary Page
163 S3F | Storage !
64 S48 Hi-Res Graphics i
through Secondary Page :
R SSIF | Storage !
{46 S6@ f
through !
L19} SBF |

Figure 2.6 RAM Memory Organization
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25 +5V
24 DMAOQUT
23 INTOUT
22 DMA
21 RDY
20 1O STROBE
19 N.C.
18 R/W
17 A15
16 A14
15 A13
14 A12
13 A1l
12 A10
11 A9
10 A3
A7
A6

Al
AQ
/0 SELECT

“hNhNwanoymo

Per (Jheral connecloe ?:w\ogt
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Table 33: Peripheral Connector Signal Description
Pin:  Name: Desenption:

t I/OSELECT This line, normaily high, will become low when
i the microprocessor references page SCa, where
n is the individual slol number. This signal
becomes active during 48 and will drive 10
LSTTL loads®. This signal is not present on

peripheral connecior 8.

2217 AB-AlS The buffered address bus. The address on
these lines becomes valid during @1 and
remains valid through ®9. These lines will
each drive 5 LSTTL lpads®.

18 RIW Buffered Read/Write signal. This becomes
valid at the same time the address bus does,
and goes high during a read cycie and {ow dur-
ing a write. This line can drive up to 2 LSTTL
loads®.

19 SYNC On peripheral connector 7 only, this pin is con-
nected to the video timing generator's SYNC
signal.

20 [/OSTROBE  This line goes low during @ when the address
bus contains an address between SC38§ and
SCFFF. This line will drive 4 LSTTL loads®,

21 RDY The 6582's RDY input. Pulling this line low
during ®1 will halt the microprocessor, with the
address bus holding the address of the current
location being fetched.

22 DPMA Pulling this line low disables the 6582°s address
bus and halts the microprocessor. This line is
held high by a 3K.Q resistor to +Sv.

23 INT OUT Diisy-chained interrupt outpul 1o lower priority
devices, This pin is usually connected to pin 28
{INT IN). .

24 DMA OUT Daisy-chained DMA output to lower priority
devices. This pin is usually connected to pin 22
(DMA IN).

28 +5v +5 volt power supply. 500mA current is avails
able for ail peripheral cards.

2% GND Sysiem electrical ground. .




- Table 33 (cont'd): Peripheral Connectar Signal Description _v‘

Descriplion:

Daisy~chained DMA input from higher priority
devices. Usually connected ta pin 24 (DMA
oum.

Daisy-chained interrupt input from higher
priority devices. Usually connecied o pin 23
(INT OUT).

Non-Maskable Interrupt. When this line is
pulled low the Apple begins an interrupt cycle
and jumps to the interrupt handling routine at
location S3FB.

Interrupt ReQuest. When this line is pulicd
low the Apple begins an interrupt cycle only if
the 65@2's | (Interrupt disuble) fNlag is not sel.
If so, the 6582 will jump to the interrupt han-
dling subroutine whose address is stored in
locations SIFE and S3FF.

When this line is puiled low the microprocessor
begins a RESET cycle (see page 36).

When this line is pulled low, all ROMs on the
Apple board are disabled. This line is heid high
by a 3K resistor to +5v.

~12 volt power supply. Maxmum current is
200mA for ail peripheral boards.

—5 volt power supply. Maximum current is
200mA for all peripherat boards.

On peripheral connecior 7 only, this pin is con-
nected to the 3.5MHz COLOR REFerence sig-
pal of the video generator.

TMHz clock. This line wilt drive 2 LSTTL
loads®.

2MHz asymmetrical clock. This line will drive |
2 LSTTL loads®.

Microprocessor’s phase one clock. This line
wilt drive 2 LSTTL loads®.

This line, when puiled low, disables ail internal
1/0 address decoding®”.

Pin:  Name:

7 DMA IN
26 INTIN
29 Nwil

W RQ

3t REB

» Nd

13 -idv

M -5y

3§  COLOR REF
3% ™

n Q3

n ®1

» USER |
L) >4

4 DEVICE

SELECT

42-49 D§-D7
50 +1

Microprocessor’s phase zero clock. This line
will deive 2 LSTTL loads®. ]

|
This line becomes active {low) on each peri-
pheral connecior when the address bus is hold-:
ing an address berween SC@M and SCOaF,,
where n is the slot number plus S8, Thu nncl
will drive 10 LSTTL louds”.

Buffered bidirectionut data bus. The data nn’
this line becomes vulid 300nS into ®¥¢ on a|
write cycle, and should be stuble no less thanj
100ns before the end ol P8 on a read cycle. |
(fuch duta line cun drive one LSTTY, foud.

+12 volt power supply. This can supply up tu
250ma setal lor wli perizherad sards,
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Table 28: Auxillary Vides Output Connector Signal Descriptions |

= =
Pin  Name Description

B GROUND  System common ground: O volts.

2 VIDEO NTSC ible positive

Black level is '

about .75 voit, white lesel about 2.0 voit, sync tip level is O
volts. Output tevel is not adjustabie. This is not protected

against short circuits,

3 +12v +12 volt power supply.

4 -5v —$ volt line [rom power supply.
> 2 a
o > 2
¥e83

[of[of]o]{a | ——q—Connector

b Pin

Figere 15. Auxillary Vides Output Cannector and Pin.

+5v

10 i6

PBO | 2 i5

PBI | 3 4

PB2 | 4 13

C04d STROBE | 5 12
GCo | 6 11

Gec2 | 7 10

Gnd | 8 9

Figure 16,

Game 1/0 Conaector Plnouts

NC

ANG
ANI1
AN2
AN3
GC3
GC1
NC

TRTaEeave

Photo 8. The USER | Jumper.

Table 29 Guee 1/0 Conneclor Signal Descriptions

“Fin: Name. Description:
I +5v +5 volt power supply. Total current drain on Lhis pin must be
less than 100mA.
14 PBY-PB2 Single-bit (Pushbution) inputs. These are standard T4LS series
TTL inputs,
3 T30 STROBE A general-purpose strobe. This line, normally high, goes fow

during ®8 of 4 read or write Cycle 16 any address from SCM4@
thsough SC@4F. This is a standard 74LS TTL output.

87,1011  GC8-GC3 Game controller inputs. These should exch be connected
through a | 30K Ohm variable rasistor 1o +5v, ‘

1 Gnd System electrical ground.

12-15 ANE-AN3 Annunciator outputs. These are siandard 74LS series TTL out- |

puts and must be buffered if used 1o drive other thun TTL |
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Roy Hicks, Owner

DESIGNER/ELECTRONIC ENGINEER R . H . ELECTRON]CS INC.

M-ANUFACTURING COMPUTER PRODUCTS '

SUPER RAMoI™

FOR YOUR APPLE Il COMPUTER"®

LUG IN SLOT @&

LD PLATED CONTACTS
INCLUDES 5 RAM-ROM OPTIONS

1S IS SOPHISTICATED FIRMWARE
ENJOY THE BEST OF BOTH WORLDS
16K RAM (RANDOM ACCESS MEMORY)
INCLUDES SELECTABLE DIP SWITCH ]
F}(PANDS YOUR 48K APPLE TO 64K OF PROGRAMMABLE MEMORY
E!,IMINATES THE NEED FOR APPLESOFT* OR INTEGER BASIC ROM CARD
ALLOWS YOU TO RUN APPLE'S NEW FORTRAN PACKAGE ALSO PASCAL ‘AND
PILOT—CP/M® - COBOL - INTEGER/BASIC - APPLESOFT/BASIC - VISICALC - DOS 3.3
KEYBOARD CONTROL SELECTION OF RAM OR MOTHER BOARD ROM LANGUAGE
INCLUDES: INSTALLATION INSTRUCTIONS AND APPLICAT:ONS NOTES
THE SOFTWARE DEVELOPED BY VARIOUS VENDCRS FOR YOUR (64K) SHOULD NOW
WORK AS THEY ADVERTISED

THE MOST VERSATILE RAM EXPANSION ON THE MARKET TODAY .

RO} CKET LET'S YOU CREATE YOUR OWN SPECIAL USES—DESIGN YGUR GWN
SOFTWARE PROGRAMS

* LOCKS IN SOFTWARE PROGRAMS SO THEY CANT BE COPIED
UNIQUE 3 YEAR WARRANTY!

“When a better product is made, we’ll be the ones to make itl”

i
1

¢ o

9, 0



Table 9: Annunciator Special Locations

Address:

Ana.  State Decimal Hex
] off 49249 -16296 SCOs8
on 49241 -16295 SCO5%
1 off - 49242 -16294 SCP5A
. on 49243  -16293 SCOsB
2 . off 49244 16292 SC@3C
on 49245 -16291 SC@SD
3 off 49246 -16290 SCOSE
on 49247 -16289 SCOSF
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APPENDIX B

Programming
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Versions of the Applesoft BASIC

Applesoft BASIC is available in two versions:

a. Firmware Applesoft

Comes with the Applesoft in ROM (in the ROM memory on the main
board) or on a Firmware Applesoft card which has to be plugged in slot O.

If the system works with Firmware Applesoft card installed in
slot 0, then there is a possibility to choose between languages using a
switch on this board. Practically there is a language choice, and at the
same time, a choice of the ROMs-on Firmware card for Applesoft, or, on
main board for INTEGER BASIC.

To put the computer in Applesoft, the switch has to be in
upward position, RESET, CTRL B keys have to be pressed and the prompt
character "1" will appear. To put the computer in INTEGER BASIC, the
switch has to be in downward position.

RESET and CTRL B keys have to be pressed and the prompt charac-
ter ">" will appear.

The system can also work with Applesoft and INTEGER BASIC
without switching all the time between them. There is another card, a
language card, that has to be installed in slot 0 and can be Tcaded,
whenever necessary, with INTEGER BASIC.

The Applesoft can be stored in ROM. The language card has
another function also.

It can extend the RAM capacity from 48K to 64K (see RAMs

paragraph). The conclusions can be summarized in the following table:
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Firmware card in Language Card in
Slot O Slot 0
Apptesoft BASIC Switch UP
(The card becomes in ROM

an Applesoft card)

Integer BASIC Switch DOWN Loaded Automatically
(The card becomes by DOS in the
an Integer BASIC language card
card)

b. Cassette Tape Applesoft

2

The Applesoft BASIC is loaded, whenever is needed, from a
cassette tape. |

The system used is a firmware Applesoft version and has the
Applesoft BASIC in the ROM circuits on the main board, being avail-
able when the computer is turned on. The INTEGER BASIC is loaded,
when necessary, from a disk to the language card, placed in slot Q.

The most important advantage of using firmware Applesoft is
that it is placed in ROM so that the entire RAM capacity can be used.
On the contrary, using the cassette tape version, each time the
Applesoft is needed, it has to be Tcaded from the cassette tape,
spending tie and ébout 10K of RAM, which means that, in computers
with small memory, many of the features are not avaiiable because the
correspondent locations in memory are erased when the content of the
tape is loaded.

The memory map given in Fig. 2.5 in this Appendix makes it
easier to understand the difference between the two version of

Applesoft.



Appendix |: Memory Map
MEMORY RANGE DESCRIPTION
8. IFF Program work space; not available to usar.
209. IFF Keyboard character buffer.
309.3FF Available to user for short machine
language programs.
4U0.JFF Screen display area for page ! text or color graphics.
807. 2FFF In cassette tape version, the
APPLESOFT 3ASIC intepreter.
89¢. XXX 1f firmware APPLESOFT (Part number AZB@¥¢9X) inscalled,
user prograa and variablu space, where XXX 1s maximum
RAM memory to be used by APPLESOFT. This is either
total system RAM memory, or less if the user is
reserving part of high memory for machine language
routines or high-resolution screen buffers.
269y, IFFP Firaware APPLESOFT only: high-resolution
graphics display paga l.
3089.XxX Cassette taps APPLESOFT II;
. user program and variables where XXX
is maximum available RAM aemory to be
used by APPLESOFT. This is either total
system RAM memory, or less if the user is
reserving part of high memory for machine
language routines or page 2 high-resolution graphics.
4009, SFFF High~resolution graphics display page 2.
CY#9.CFFF Hardware 1/0 Addresses.
DYU0.DFFF Future ROM expansion.
DYUY.FIFF APPLESOFT I1 Eirmwara veraion, with selact
switch "ON" (up).
EQU9.FIFF APPLE Integer BASIC.
Fuld. FFFY APPLE Systea Mounitor.

Figure 2.5 Applesoft Versions
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6502 MICROPROCESSOR INSTRUCTIONS

ADC

AND
ASL

ace
8Cs
BEQ
8IT

am
BNE
8pPL
BRK
BvC
BvVS
cLC
CLD
<L
cLyY
cMp
cPX
cpPY
DEC
DEX
DEY

€0R

INC
INX
INY
i ld
JSA

Add Memory to Accumulator with
Carry

"AND" Memory with Agccumuialor
Shift Leht One Bit Memory or
Accumutston

Branch on Carry Clear
Branch on Carry Set

Branch on Resuit Zero

Tesi Bits in Memory with
Accumulstor

Branch on Resuit Minus
Branch on Result not Zaro
Branch on Resutt Plus

Force Break

Branch on Overflow Clesr
Branch on Overfiow Sat

Clear Carry Fisg

Crear Decimal Mode

Claar imtarrupt Disable Bit
Ciesr Overfiow Flag

Compare Memcry and Accumwator
Compare Memery and Index X
Compare Memory and index Y
Decrement Memory by One
Decrement Index X by One
Decrement Index Y by One
“Exciusive-Or" Memary with
Accumuiator

Increment Memary by One
increment (ndex X by One
(ncremant Index ¥ by Cne
Jump 16 New Locstion

Jump to New Location Saving
Aetuin Address

LDA
LOX
LDY
LSR

NOP
ORA
PHA
PHP
PLA
PLP

ROL

ROR

an

ATS
sBC

SEC
SED
SEI
STA
STX
sYY -
TAX
TAY
T8X
TXA
TXS
TYA

Load Accumulstor with Memory
Load index X with Memory
Load Index Y with Memory
Shift Right one Bit iIMemory or
Accumulator!

No Qperastion

“CR™ Memory with Accumuliaict

Push Accumulator on Stack

Push Processor Status on Stack
Puil Accumutator from Stack

Pull Processor Status from Stack
Retate Ona Bit Lett (Memory or
Ascumulaton

Rotste One Bit Right tMemory of
Accumytator)

Return irom Interrupt

Return from Subroutine

Subtract Memory from Accumuiator
with Borow

Set Carry Flag

Set Decimal Mode

Set interrupt Disable Status
Stors Accumulator in Memory
Store Inden X in Memary

Store index ¥ In Memory
Transter Accumuisior 10 index X
Transter Accumulator 0 Index Y
Transter Stack Pointer to Indax X
Transler index X to Actumulator
Transler Index X 1o Stack Pointer
Tranater Index Y 10 Accumuisior
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HEX OPERATION CODES

00 - BRX

01 — ORA - ilnawrect, X}
a2 -~ NOP

3 — NOP

o — NOP

08 — ORA — 2er0 Page
06 — ASL «— Zero Page
07 — NOP

08 ~ PHP

08 ~ ORA — immeaiaie
OA — ASL — Accumuistor
08 — NOP

oC — NOP

0D — ORA — Absolute
OE -~ ASL — Absolute
OF — NOP

10— BPL

11 = ORA — (induectt, ¥
12 — NOP

13 — NOP

14— NOP

15 — ORA - Zero Page, X
16 — ASL — Zwio Page, X
17 — NOP

8- CLC

19 — ORA = Abaolute, ¥
1A — NOP

18 -~ NOP

1€ — NOP

10 —~ ORA - Absoiute, X
1€ — ASL — Azuoiute, X
1F — NOP

20—~ JSR

21 —~ AND — iindirect, X0
2 —~ NOP

23 — NOP

24—~ BIT - Zuro Pagge
25 —~ AND — Zuwro Page
26 — AOL ~ Zsro Page
27 — NOP

28 ~ PLP

29 — AND — Immaediaie
2A ~ AOL — Accumuisior
8 ~ NOP

2C€ ~ BIT — Absclae
10 — AND ~= Absoksts
2K ~ ROL — Assoluie

2F — NOP
30 — BM
31 — AND — tinduectl, ¥
32 — NOP
33 — NOP
WM~ NOP

35 ~ AND — Zero Page. X
36 — ROL — Zero Fage. X

37 — NOP
38 —~ SEC
39 — AND — Absalum, ¥
A — NOP
38 — NOP
IC — NOP
3D ~~ AND — Absoiute, X

"3E — ROL — Absolute, X

IF — NOP :
40— ATI

41 — EOR - lindirsct, X!
42 —~ NOP

4 — NOP

44 — NOP

45 — EOR -~ Zero Page
456 — LSR — 2ero Paga
47~ NOP

48 —~ PHA

48 — EOR — immediate
4A — LSA — Accumuiator
48 — NOP

4C — JMP ~ Abtokne
4D — EOR ~ Absolute
4E — LSR — Absolule
AF — NOP

50 — BYC

5% -~ EOR lindirect), ¥
52 — NOP

53 — NOP

54 — NOP

55 — EOR — Zaro Page. X
56 — LSR — Zsra Page, X

57 — NOP
58 — CLI
59 — EOR — Absotule. Y
SA — NOP
58 — NOP
SC — NOP
$0 — EOR — Absciute, X

SE —~ LSR — Absolute, X
53F — NOP

60 — RTS

1 — ADC — (Indusct, X)
82 — NOP

83 ~ NOP

84 — NGOP

85 — ADC — Zeio Page
% — ROR — Zsto Page
&7 ~ NOP

68 — PLA

68 — ADC — immegiata
8A ~ ROR ~ Agcumuistor
$8 - NOP

6C — JMP — indirect

60 — ADC — Absoiule

8E — ROR — Absatute

6F — NOP

70 — BVS

71 = ADC — iinairwc), Y
72 — NOP

73~ NOP

74 — NOP

78 — ADC ~— Zato Page. X
76 — ADR — Zaro Page. X
77 — NOP

78 — SEI

79 —~ ADC — Absdiute, ¥
TA — NOP

78 — NOP

7C — NOP

70 - ADC — Absoluls. X NO
7E — ROR — Absolute. X NO
IF — NOP

80 —~ NOP

81 — STA — Undract, 1
82 — NOP

8 -~ NOP

B4 —5TY — Zeco Page
88 — STA ~— Zava Page
86 — STX — Zaro Page
47 — NOP

848 —~ DEY

3 — NOP

A — TAA

" - NOe

8C — STY — Ansoine
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Appendix M: Differences Between
APPLESOFT and Integer BASIC

DIFFERENCES BETWEEN COMMANDS

These commands are available in APPLESOFT, but not in Integer BASIC:

ATN

CHR § cos

DATA DEF FN

EXP

FLASH FN

GET

HCOLOR HGR

INT INVERSE

LEFTS$ LOG

MID$

NORMAL

ON...GOSUB

POS

READ RECALL

SCALE SHLOAD
STORE

TAN

USR

VAL

WAILT

XDRAW

DRAW

FRE

HGR2 RIMEM: HOME HPLOT

LOMEM:

ON...GOTO ONERR GOTO

RESTORE RESUME RIGHTS ROT

SIN SPC SPEED . SQR STOP
STRS

These commands are available in Integer BASIC, but not in APPLESOFT:

AUTO
DSP
MAN MOD

These are named differently in the languages:

Integer BASIC
CLR

CON

TAB

GOTO XALg+100
COSUB X*i{g+10¢¢
CALL -936

POKE 5¢,127

POKE 54,255

X

1

APPLESOFT
CLEAR
CONT

HTAB (Note: APPLESOFT also has a TAB)
ON X GOTO 199, 110, 120

ON X GOSUB 1999, 1109, 1209

HOME (or CALL =~936)

INVERSE

NORMAL

XX ( X indicates integer variable)

< or ><
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APPENDIX C

The Apple Video Display, Screen Formats,

Other Input/Output Features
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THE APPLE VIDEO DISPLAY

The Apple Video Display
Display type: Memory mapped into system RAM

Display modes: Text, Low-Resolution Graphics,
High-Resolution Graphics

Text capacity: 960 characters (24 lines, 40 columns)
Character type: 5 x 7 dot matrix
Character set:  Upper case ASCII, 64 characters
Character modes: Normal, Inverse, Flashing
Graphics capacity: 1,920 blocks (Low-Resolution)
in a 40 by 48 array
53,760 dots (High-Resolution)
in a 280 by 192 array

Number of colors: 16 (Low-Resolution Graphics)
6 (High-Resolution Graphics)

Figure 2.9
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Figure 2.10 Screen Formats Characteristics
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Screen Formats

The user can set the computer for either one of the three screen
formats: TEXT, LRG, HRG or can work with text mixed with low or high
resolution graphics (when the bottom lines of the display will be
occupied by text). The two graphics modes can not be used
simultaneously.

The 1information displayed on the screen 1is stored in the RAM
memory. One location of memory can hold the image of an object on
the screen, where objects mains: character, 2 colored blocks or a 7
dot line. The TEXT and LRG modes need 1K of RAM to store the infor-
mation, and they share this 1K area. HRG needs 8K of memory. The 1K
and 8K memory areas are called "pages". Each mode has 2 pages, the
primary and the secondary page. The purpose of having 2 pages is to
be able to draw on one page while displaying the other an& doing
animation by flipping pages.

The memory map for the 3 screen formats is given in Figure
2.11.a, It is important to establish:

a. The mixed modes are available in the secondary page.

b.  Mixing graphics modes is not possible.

C. Mixing 2 pages on the same screen is not pessible.

By software, the user can switch on or off the screen format. The
soft switch is activated by referencing (reading from or writing on)
a special memory location. The operation is called "throw" the
switch.

Figure 2.11.b. contains the 8 memory locations used to set the
switches. They work in pairs of 2 in the following manner: when one
memory location is referenced, the correspondent soft switch is "on"

and its companion is "off".
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In order to find the possible combinations for these switches we
start with the fact that we can have text or graphics mode (1 or 0)

(Figure 2.12).

1. For graphics mode we can have all graphics or mixed text
and graphics (2 or 3) and for each of these situations, Tow or high
resolution graphics (6 or 7). More than that, for each of the last
cases, primary (4) or secondary (5) page can be used.

2. For text mode we can follow the same rule in order to have
the maximum number of combinations that can be obtained with 4
two-way switches. But, not all the 8 combinations obtained for text
mode are visible. Knowing that 3 is possible only in graphics mode
(see Apple II reference manual, [7]), the last 4 combinations are
useless. With respect tb the first 4 combinations, 2 things have to
be pointed out:

- 2 is not necessary any more because its companion (3) is

not used.

- if ft‘is text mode, we are not interested in low or high-

resolution graphics, so 6 and 7 are useless.
The conclusion is that for text mode we have only two combinations:
1,4 and 1,5. Totally there are 10 useful combinations {given in the
table of Figure 2.11.c).

The switches can be manipulated from BASIC or M/L and to set a
particular mode, the order in throwing the switches is not important.
However, when one of the graphics mode has to be used, the Tlast
switch of 4 necessary to throw must be the TEXT/GRAPHICS switch, in
order to make invisible all the mode changes and at the end to obtain

the finished picture at once.



Table 4: Video Display Memory Ranges

Begins at: Ends at:
Screen Page Hegx Decimal
Text/Lo-Res Primary S409 - 1024 STFF 2047
. Secondary S809 2048 SBFF 38071
Hi-Res Primary 2000 8192 S$3FFF 16383
“Secondary S4000 16384 SSFFF 24575

Table 5: Screen Soft Swilches

Location:

. escription:
Hex Decimal Descrip

SCO58 49232 16304  Display a GRAPHICS mode.
SCP51 49233 -16383  Display TEXT mode.

SCB52 . 49234 -16392  Display all TEXT or GRAPHICS,

SCO53 49235 -16301 Mix TEXT and a GRAPHICS mode.®

$CB54. 49236 -16308 Display the Primary page (Page 1).

SCB55° 49237 -16299  Display the Secondary page (Page 2).

SCa56 . 49238 -16298  Display LO-RES GRAPHICS mode.*
SCB57 49239 -16297  Display HI-RES GRAPHICS maode.”

Table 6: Screen Mode Combinations

Primary Page Secondary Page

Screen Switches - || Screen Switches

All Text $C054 SCO51 {| All Text SCOs3

SCBS51

All Lo-Res 3CD54 SC@56 || All Lo-Res  SC855
Graphics $CB.2 SCOSL If Graphics SCo52

SCes6
3Cpse

All Hi-Res  $CB54 $C@57 || All Hi-Res SC853
Graphics SCB52 SCO5¢ || Graphics SCos2

s$Cos7
SCosp

Mixed Text SCPS4 SC856 || Mixed Text SC@33
and Lo-Res 3C853 SC850 || and Lo-Res . SC833

SCos6
SCose

Mixed Text SCB54 $CO57 || Mixed Text SC@5%
and Hi-Res  SC@53 SCP50 || and Hi-Res  SC@33

sCes?
SChs0

Figure 2.11
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Table 8: Low-Resolution Graphics Colors

Decimal Hex Color Decimal  Hex Color
9 S8  Black [] S8  Brown
l M Magenta 9 $9  Orange
2 $2  Dark Blue ] SA  Grey2
3 $3 Purple n SB  Pink
4 $4  Dark Green 12 $C  Light Green
5 $S  Greyl 13 SD  Yellow
6 $6  Medium Blue 14 SE  Aquamarine |
7 $7  Light Blue 15 SF  White i
Photo 6. The Apple Character Set.
Table 7. ASCII Screen Characters
Invense Flashing Nocmal
(Conttold (Lawercase}
IDecwnal [ W 1 4 x ». % M2 |z e | e 1% 2w | e e
ter 00 Sie s 536 | s ss0 e 5o | sse 590 | sae s sce  ss | SER  sPe
1w @ P ’ @ P [} @ P [ @ .°p ]
1| A Q ! 1 A Q ! 1 A Q ! 1 A Q ! i
2] B R " 2 B R " 2 B R - 2 B R b 2
| C 5 # 3 C S # 3 o S # 3 C S # 3
s | D T S 4 o] T s 4 D T s 4 D T s 4
sss | E U % 5 E v % S E U % 1 E u % 5.
ot | F v & 6 F v & 6 F v & 6 F v & 6
wm|G6 w © 1|l w 1|6 w[° 1T G WwW|[ 71,
sss | H X { L} H X { 3 H X { 8 H X ( 3
" 1 Y ) 9 I Y ) 9 1 Y | ) 9 1 Y ) 9
wsa| ! Z . : ] FA . : J z | - : 7 z . :
ns| K { + !X [ + .1 K [+ K l +
nse| L \ < L \ \ < L \ | . < L \ . <
| M 1 - =M 1 - =M Tl e M- -
W[ N . s |N = L >N “{. > N 3. >
1ssel O - / ? (o] - / ? o] ot ? 0 _ / *
$5553358538 5853358355332 2832538535553848
emnmtneree SN AN R e RSN ARRARERESARIR2LRS
$408 1824
$489 1152
5500 12890
§588 1488
$608 1536
S680 1664 £
o8 1792 Map of the
$738 1920
$428 1064 L Text  Screen
$4A8 1192
$528 1320
$5A8 1448
$628 1576
$6A3 1784
$728 1832
$7A8 1968
$458 1184
$4D0 1232
5550 1360
$5D¢ 1488
$658 1616
$600 1744
3758 1872 L T
P

eTmAa



32000
52088
52106
$21%0
32104
52230
52300
52338
52028
$20A8
$2128
S21A8
521228
$12A8
52328
S23A8
52850
SHD
s2159
$21D8
32258
$2208
$2158
2D

$409
5480
$500
$58¢

680
5709
§738
3428
$4A8
$528
$5A8
5628
S6A8
5728
S7A8
3450
$4D8
3550
$5D0
5650
S6D9
§750
$700

8192
3329

3576
87
2832

%88
8232
1368
84388
8616
8744
8872

9128
82M
B4pe
8528
8656
8734
8912

9168
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1624 T o

1152

1288
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1536

1664 7 .

1792
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1920

1964

1192 T

1320 n

1448

1576

1704

1832

SEEGEREE RS

1969

1104

1232 T .

1368 ——
1488 .

1616/

1744 Jr I

)]

1872 ¢ ——

}»
Lidl.

2000 ¢ -

Map of the Low-Resolution Graphics
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Map of the High-Resolution Graphics Mode
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Other Input/Output Features

In addition to the video connector, the Apple II computer also has
other input/output features. These are:

Inputs

1. The cassette input, used to "listen" to a cassette tape recording.

In other words, to decode the tones on the tape into data and store

them in memory.

2. Tree one-bit digital inputs which can be connected to whatever other

electronic device or to a push-button. They are related to address-
es 49249, 49250, 49251, ($C061, $C062, $CO63).

3.  Four analog inputs available to connect to 150Kp variable resistors.

Between each input and the +5V power supply, variable resistances
will be created and will be used in timing circuits. (The variation
in resistance will produce changes in the timing characteristics of
the correspondent timing circuit).

With M/L, the changes in timing loops can be sensed and, in
conclusion, the position of the potentiometer at the analog input
can be determined. The memory locations associated with these four
inputs are: 49252-49255 ($C064-$C067) and 49264 ($C070) to reset the
timing circuits.

Outputs:
1. Cassette Qutput, connected to a toggle soft switch on the Apple

board {location 49184, $C020) and alsc to the microphone input of a
cassette tape recorder. By referencing the soft switch location
repeatedly, a tone can be produced and the pitch and duraticn of the
tone can be controlled by software. The characteristics of the tone

recorded on tape represent the encoded information,



145

2. The Speaker, controlled by a toggle soft switch related to address
49200 ($C030).

3. Four "Annunciator” Outputs which can be connected to circuits to

drive speakers, relays, lamps. The way the annunciators soft

switches work is described in Appendix A.

4. Utility Strobe Output, is called $C040 STROBE, it is normally +5V,
but a program can control it to drop it OV for 0.5 usec.

Figure 2.13 gives the general view of the memory Tlocations used for

input/output.
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i Table 10: Input/Output Special Locations
Function: Addr%fcimal Hex Read/Write
Speaker 49200 -16336 SCo3e R

Cassette Qut .| 49184 -16352 SCo20 R
Cassane In 49256 -16238 SC068 R
Annunciaiors® | 49240 -16296 SCes8 R/W
through  through through
49247 -16289 SCasF
Fiag inputs 49249 -16287 SCasl R
49250 -16286 SCB62 R
49251 -16285 SC083 R
Analog Inputs | 49252 -16284 SCd64+ | R
49253 -16283 SCPh65
49254 -16282 SCa66
349255 -16281 SCa67
Analog Cizar | 49264 -16272 SCo70 R/W
Uulity Strobe | 49216 -16329 SCp4d | R

Figure 2.13 Input/OQutput Special Locations

With Respect
to

Yarieties of Apple

System Monitor

01d Monitor

Autostart Monitor

Revision 1 main board

Main Board Revision 0 main board
Operating Applesoft and Integer Applesoft in ROM and Inte-
Software BASIC in a firmware ger BASIC Tloaded whenever
card (slot 0), switch necessary into a language
used to get up one of card (slot 0). Apple II

them

Plus, the one that was used
in the present application.

Figure 2.14 Apple II Varieties
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APPENDIX D

The Applescope
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~3MMAND MODE
s 'space’

& B

4 S "space”
& Z 'space’
A 7T D

A 2 U

3 'space’

9 S "space”’
g 1 *spacsa’
5 2 D

8 72 VU

c

D N

D F

5

T I

T "space"
T D

T U

T S

T M

T E

T A

T B

T >

T <

TR

T X

1[4

left arrow’®
*comma’

M

*right arraow?
rperiod”

/

4

>

*ectrl shft P’
*=ZS5C”
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COMMAND SUMMGRY

Trice cainael A signal only

Trace both channel A aad chasnzl B inout signais

trcles the cnannel A voltage scale each tise the 'saace’ sar is aressed
Ssts the channel & zero voltige to the centar of tns dispiav
Decreasnts the chianel & 22r0 voltaoe each tiee the 'D° kev is presses
incresents the cnanmel A zero valtage each tiae tne "U wev is pracsed
Trace channel § =1cnal anly

trcles the channel 3 voltage scale each time the 'szace’ par is srassud
Sets the channel B z2r3 voltage to the center of the displav

Eacreaents the channel B zero voltace each tise the '0° k2y is prassmd
Incrasents the channel 3 zerd veltape sach Lise tha "V’ key 13 prasssd
CORTINUOUS ~ Cortinuauslv acauire dita until stopagd izwaes rates sioser inan %7 asee/div. @
Enters the [NA aode (Sweep rates slower than ] azscidiv. onlv)

Ezits froo the DMA sade

SINGLE SAEEF - Acouare 2 sinal® sweep wian tragpered

taiers the tise adjustzent sode

Inty the trigger taresngld voltige to zero

Jecresents the trigomr thresncld voltaoe 2ach tias the '3° tev 13 oressed
Incresents the trigoer taresnold valtage sach tise the "U” kev 11 preesed
Sets the trigyer position to the START of the signil tracs

Sets the trigger pasition ta the NIGDLE of the signal .trace

Sets the trigger pasitica to the END of the stgmal trace

Trigger channal &

Trigger changel B

Trigger input sicnal ibove threshald

Trigoer input signal delow thresnold

TRizsEFE) SHEEP - Acguirw 2 new signal trace whenever triccered

Teigger on esternal signal

fove disalay wizdow l=ft cne saaple

Mave display mindow loft 19 saspies

Move display wizdos left 160 sazples

Rove disolay window right cae sasole

Move display window right 10 saaples

fove display wmindow right [00 sieulas

Cosoress the horizontal dispiay basw bv 1/2

Exoand the horizomtal dreplay bass by 2

Access disk supervisor .

Ralt and freeze current data acuisiltios crcle

TIME ADJUSTMENT MODE

'right arrow’®
*left arrow’
>

¢

D
2}
|
L 1 -
]
.

reset”

becreases the swesp rate one siep
Increasss the sweep ratz coe step X
Increases the swesn rate by 10 sezond sieos (Sacsnds tiae scais onlv)

Decreaszs the swesp rate by 10 cacond steps iSsconcs tise scile oaly)

ISK SUPERVISOR .

WIT saving current paraseters and return to tontral lanouage
LOAD data iile from disk (enter File nars after N

SAVE cwrrent data File to disk ienter $ile nase after 7}
Allows inout of aav DGS cossand after the "TCMSND 7° prowst
eturns directly to the costrol lanouage.

patering an invalid insut at any tiee will return the APPLESTUPE to the cossand sade. Prassing “reset’ wails aot in tre
disd tucervisor aodr will destroy all currest files forcing the STGFE DAIVER to be resscted.
WARNING —~ NEVER PRESS "RESET” UNLESS IN DISK SUPIRVISOR.
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S.1 DISPLAY BUFFER MEMORY — Sweep ratas faster than 1 msec./div.

-

SINGLE CHANNEL

DUAL CHANNEL

Start cf buffer memory
Trigger START
External trigger

- v——

Trigger MIDDLE

Trigger END

L !

End af buffer memory

] e~ e

15

Begin CH A data
CH A Trigger START
External trigger

EH A Trigger MIDDLE

CH A Trigger END
End CH A data
Pegin CH B data

CH B Treigger START

CH B Trigger MIDDLE

CH B Trigger END
End CH B data

SINCLE CHANNEL

>5.2 DISPLAY BUGFER MEMORY '~ Sweep rates -1 msec./div. and slowaer

DUAL CHANNEL

Start of buffer memory
External trigger
Jrigger START

. .

- EW looe

Trigger MIDDLE

qor

hd
FQ\\\\
Trigger END

End of buffer memory

$1000
$1000

/"s' .
< 1?10

$1100

$11F0O
$11FF
-$1200
$1210

$1300
@13F0"
S13FF

Begin CH A data
External trigger
CH A Trigger START

CH A Trigger MIDDLE

.

CH A Trigger END
End CH A data
Begin CH B data
GCH B Trigger START

CH B Trigger MIDDLE

CH B Trigger END
End CH B data

-

Figure 2.24 Display Buffer Memory
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APPENDIX E

Applescope Disk Supervisor and

Disk Operating System (DOS)




The disk
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The Disk Supervisor

supervisor is a program written in Applesoft and

handles all of the disk interface functions, including initial

program booting. Once accessed, it provide 4 functions:

1. LOAD ("L"):

2. SAVE ("S"):

3. DISK ("D"):

4. QUIT ("0"):

the previous1y saved display buffer is loaded %nto the
current display buffer.

the current display buffer is saved as a binary file
on the disk.

the screen is changed from mixed graphics with text
into text only and any valid disk command may be
entered. |
represents the exit from the SCOPE DRIVER routine,
after saving the current display parameters and data

buffers.
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Disk Drives and Disk Operating System (DOS)

The disk system used with the Apple II computer as a storage
information unit is called DISK II and contains two disk drives,
DRIVEL used for programs (machine language and BASIC programs) and
DRIVE2 used for data storage. The two disk drives are connected to
"DRIVE1" and "DRIVE2" pins on the card in slot #6.

The DISK II system, unlike the Apple II is a mechanical device,
with motors and moving parts. Therefore it is somewhat more delicate
than the computer and needs more care.

Learning to use the disk and its operating system (Disk Operat-
ing System, DOS) consists of learning a few special instructions,
several of which are straightforward extensions of familiar BASIC
instructions.

The process of adding the DOS cqmmands to the BASIC in the Apple
IT is called booting the disk. The disk may be booted from Integer
BASIC, from Applesoft, or from the Monitor.

In the DISK II system, information is recorded on a diskette in
35 concentric zones or bands, called tracks. These tracks are
numbered from $00, the outermost, through track $22, the innermost.
The disk drive's recording and reading head can be moved in or out to
stop and hover over each of 35 different zones of the spinning
diskettes.

The length of each track is divided intc 16 segments, called
sectors. These sectors are numbered from $0 through $F and up to 256
bytes of information ($100) can be stored in each sector.

To store information on the diskette, DOS first puts 256 bytes

{one sector's worth) of the information in an area of Apple's memory



155

called a2 file buffer. When this file buffer is full, the information
is stored in one sector on the diskette. The DOS fills Aép?e's file
buffer with the next 256 bytes of information and stores that infor-
mation on the diskette.

In general, DOS begins storing a program or text file whenever
it can find an unused sector on the diskette. When that sector is
filled with 1its 265 bytes of information, DOS finds another free
sector, perhaps on another track, and continues to record information
there. This process continues until the entire file has been stored.

To remember which sectors of which tracks contain information
for a particular file, DOS makes up a 1ist of each track and sector
used, as it stores the file. The DOS stares that 1list, called a
track-sector 1list, in another free "sector (or sectors) on the
diskette. c

The file's name, type, length in sectors, and diskette location
of the file's track-sector 1ist are recorded in a special area of
track $11 called the directery. At this time too, the diskette's
track bit map is updated to correctly show which sectors of each

track are currently in use.
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APPENDIX F

BASIC Programs Listing




Variant 1 - Data, Spectrums, Processing

ICATALOG
DISK VOLUME 254

4 004 AUTDDUAL
*A 002 CALIBRATE
*A 00T ALTERNATIVE
*A 00T AUTODUALL
*A 005 SPC
*A 004 RETSFC » — RETTN fu
*A 003 CHOICE
*A 005 AVERAGE
_®A 004 AVERABEB Y
#4002 CHOICEZ
*A 002 CHOICESE v
*A 013 AX1s
*A 013 AXISB
*A 017 PLOT-@ -
*4 CGléd PLOT-B
*A GO MICROBUF
*A 016 PLOT-AL
*A 012 PLOT-21
*6 019 PIECHART
*A 019 PIECHARTE
#*B 0Z1 BPR
*B 022 M4A
*B 018 M4E
*B 023 M4C
B 002 CT
B 002 CS
*B 002 LOWALLTAR
#B 002 HIALL.CEJO
*B 0C2 RETTAR
*E 002 OPEN.ORJIO
#B 002 SAVESFC.CRJIC
*B 002 SWEEF.GBJO
*E 002 SVTAB
*B 02 RETTASL
*B 092 CLEAR.O2JG
*B 002 AVELOTAR
*B 002 AVEHI.CBJO
B GOL AVE.R
*B Q02 CLEARE.OBID
3 005 AVELSTADE
*B 002 AVEHIE.CEJO
B 004 AVEB.Z
#+E 004 MAGICSPACE#

159
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JLOAD RETSPC

NIST

5 D8 = CHRS (&)
10 PRINT 3$"BLOAD RETTABL,D1"
15 HOME : PRINT "YOU CAM D0 8 4VERAGES OF 3 SPECTRUM
20 VTAB 3 INVERSE : PRINT “ANSWER THE FOLLOKING GUE
2% TOR SECOND
*I* FOR THIRD,...": NORMAL

2% VTAB 9: INPUT “WHAT IS THZ ORDER CF THE AVERAGZ THAT YOU WANT T8 D277
30 POKZ 16897,T
I OIFTC > 1 BOTC 4%
40 80TC i30
45 IF T < > 2 GOTO =%
50 GeTS 153
2% IF T < > 3 BOTO &S
50 B0TC 140
&S IF T< > 4 B6TD
70 GETG 155
7S IFT< > s a0
BO GJTO 130
8BS IF T < > & GOTO 9%
90 GOTO 155
95 IF T < > 7 @ATD 103
100 GCTO 160
105 IF T < > 8 GOTC 11%
110 3ATO 145 :
115 HCME : VTAB 8: INVERSE : PRINT "THE NO.OF AVERAGES IS TCO 315 FOR T9% P03
BILITIZS OF T

HIS DISK!": NORMAL
120 FOR D = i TO 2000: NEXT D
125 GATG 13
130 POKE 823,167 GOTQ 170
13% POKE 823.18: GOTO 170
140 POKE 82%,20: GOT3 170
14T POKE B823,22: GOTO 170
180 POKE 823,241 GOTC 170
15% POKE 823,263 50TO 170°
140 PONE 823,28: 30TC 170
14% POXE 823,30: GOTS 170
170 CALL 748
175 PRINT D$“RUN CHMOICE,D1"

~§
2]

8

1L0AD CHOICE

IST

S D% = CHRS (4): HOME

10 PRINT “WHICH CHANNEL DT YOU WANT TO PROCESS (AVERASE,HISTOGRAMT
1S PRINT

20 PRINT "» » b and
2T VTAB L2: PRINT “"PRISZ "1 FOR CHANMEL an

30 VTAB 13: PRINT "PREGSS '2" S0OR CHANMEL 3"

33 VTAB 14! PRINT "PRESS "3" FOR BOTH CHAN. A AND B"
40 POKE 1468%94.9

43 VTAB 181 GET A9: IF VAL (A$) < > 1 THEN BOTC 35
S0 EOTO 8%

35 IF WAL (A3} < > 2 THEN 30TQ &3 N

40 GOTO 7%

&3 IF vaL (a®) < > T THEN GOTO 39

70 GOTOD 9%

75 FRINT D%: PRINT D$"RUN AVERAGES,DL"

80 END

8% PRINT DS: PRINT DS RUM AVERAGE, DL™

PO END -

93 POKE 14874,.1

100 PRINT D%: PRINT D$"RUN AVERASE,DL"
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S D3 = CHRS (4)
10 PRINT D$“BLOAD CLEAR.D3J2,D1": CALL T38: PRINT 38"2.0AD AVELITAB,Di"
1S N = PEEK ¢ - 1425Z)IN = PEEN ( ~ 16257% T dan
PRINT DS*RLOAD AVEHILOETD,O01": CALL 748: TEX
PRINT DS"BESAVE AVE.S,A3Z000,.$200,DL"
PRINT D$"BLAOAD M4A,3.": PRINT D$U“BLOAD &%, Div: SRINT DRYRLIAD M4Z.I10
PRINT C8$“3L0AD BPR.DL": PRINT D8"BLCAD O7,D.": PRINT Ds"BLSAD 035,017
PRINT D$"SLOARD AVE.3,A31000,0L"! POKE 372
PRINT “PRESS A TO NIT 3EZ AVIRAGE": FRINT
BET A$: IF AS = “A" GCTC 93
Y = PEEK (16897): PRINT
PRINT “AVERAGE J MEANS THAT THE 8K BLCCK NO. J CF SPECTRUMS FRIM JI5K IS FR
OCESSED (AVER .

ABE CH.A INFORMATICNI®
&5 PRINT
70 PRINT *TITLE FOR AVERGEE  "¥" ,CH.A"! INPUT “$: PRINT DS"PR&#1i": PRINT CHRS
(14)5T35 CHR$

(200 : PRINT D$“PRiuG”

POKE 13312,209: POKE 1S313,197% POKE 15314, 140
80 POKE 13319,207: POKE 15T14,181: POKE 15317,160
8% POKE 133718,144: POME 19T19.1413 POKE 18325, 1%3: FOHE L1532:,123
93 POKE 15322,209: CALL 3064: POKE 34,0: TEXT : HOM
93 PRINT D$: PRINT DS"RUN CHOICEZ,DL"

AWERABE

EUBEEHLNY

JLDAD AVERAGEB

JLIST

3 D3 = CHRS (4): PRINT 0$"BLOAD CLEARBS.08JO,Di": CALL 748: PRINT DS“2LIAD AVELG
TA3B,0L%: HOME

10 N = PEEK ( ~ 14BN = PEEK ( - 1625 : PRINT DS"BLCAD AVEMIB.OBECI.Di": CA
WL 7eB: TEXT ’

1% PRINT D8$"2SAVE AVEZ.3,AS4300,L8200.01"
PRINT D$"BLOAD MAA,D1": PRINT D®"BLOAD M4B,D!%: PRINT O$"BLOARD MAC,IL"
PRINT L% Bl.OAD BPR.DL": PRINT D#"3LCAD C7T,Di": PRINT D$"BLOAD CS,Di"
PRINT D8"BLOAD AVES.3,A%1000,D1": POKE I7272,1: HOME
PRINT “PRESS A TO NOTr SEE AVERAGE": PRINT “PRES3 QTHER KEY TC SEE AVERA3ZZ"
GET A3: IF As = “a" GOTO 85
Y = PEEK (14897): FRINT
PRINT “AVERAGE J MEANS THAT THE 8K BLOCK NO. J§ 9F SPECTRUMS FROM SISK 1S ==
DCES3SEC (AVER
AGE CH.B INFCRMATIIND "
J5 PRINT
40 PRINT "TITLE FOR AVERAGE "Y' ,CH.B": INPUT T$: PRINT C3“PRRi": PRILT THR®
(1435 T3; CHRS
(20): PRINT D$“PRKI"
4% POKE 18212,2097 POYE 18T12.:9%% POXE 13314,15C
70 POKE 1¥31%5,207: POXT 15314.181: POKE 13317, 180
S PCHE 153173, 144; POKE 15317, 1411 POKZI 133232,18S: POKE 1ST21,:12C
80 POKE 13322,209: CALL 3I04&4: POKE 24.C: TEXT : HIME
83 PRINT D$: PRINT D$"RUN CHOICE2B,D1“ .

BHEEAYHY
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e
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JLOAD CHOYCE2

ILIST

35 D% = CHRS (4)

10 HOME ; INVERSE
NORMAL

15 VTas a:

20 VTAB 93 FRINT “PRESS
23 VTAB 10: GET A3:

30

3T IF VAL (aw) <

40

PRINT L3: PRINT D9"RUN PLOT-AL,D1"

JLCAD CHOICE2S

iLisy

JDs =

10

CHRE (4)

HAQME ¢ INVERSE ?

NORMAL

13
20
23
30
35

. #0

VTAS B2
VTAB 93
VTAE 103
PRINT Da:
IF VAL t(as) <
PRINT De:

GET Amy

PRINT “PRESS ¢

3 PRINT

e
't

> 2 eITo =5

FOR HISTCGRAR"
2 FOR PIECHART®
VAL (A% <
PRINT Ds: PRINT De"RUN AXIS,CL”

"WHAT DO YOU WANT FCR CH.A?

1 8070 IS

PRINT “WHAT DO YSU WANT FOR CH.B87? HISTCGE2AM IR PICCHARTTM:

iF vAaL (as:

> 2 8070 2=

<

PRINT D$"RUN AXISB. D17

>

PRINT Ds"RUN PLOT-B1,D1™

PRINT "PRESS 1| FOR HISTOGRAM"
FRINT “PRE3SS 2 FOR PIECHART™

1
i

3070

P
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Variant 1 - Processing

ICATALDG

DIisk VOLUME 254
®#~ 005 RETERPT b//
*A GO0 CHOICE
#A QOS5 AVERARE
*0 Q04 AVERAGER

*X 002 CHOICER

#A 002 CHOICEZB

#A 213 AXIS

2 013 AXIER

*#A 217 PLAT-A

5 D14 FLOT-B

*A DOZ MICROSUF

%A 014 PLOT-AL

*A QL2 FLOT-B1

*A QL9 PIECHART

*A 019 PIECHARTE
*#B 031 BFR

*B 022 M4A

*+P 018 M4AB

#B 02T M4C

B 002 CT

B Q02 CS

*3 002 RETTABRL

*3 Q02 CLEAR.QBIO
#B 002 AVELDTARE

*#B 002 AVEHI.OEBJO
B 004 AVE.S

*H 002 CLEARRB.OEJOQ
*B 005 AVELOTAES
#B 002 AVEHIE.OQRIO
B 004 AVEE.3

*B 004 MAGICSFACES®



ILSAD RETIPC

1LIsT

5 HOME

1¢ FOR D =0 TG
12 HTAB 3: VTAB
20 HTAB I: VTAB
23 HTAB 4@ VTAR
30 NEXT D: HOFME
I3 DS = CHRs ()

120
10: INVERSE : PRIMY "E E & PROTIZES™NG
11z PRINT " MARINELA LA Ui A —19€% "1 NTMAL

138 PRINT "W AR I ANT 1

40 PRINT Ds"BLOAD RETTABL,DL"

45 HOME @ PRINT
S0 VUTA3 S:
2% FOR SECUND

, “3I* FOR TH
%3 VTAB 9: INPUT
40 POKE 146897,T
&5 IF T <
70 GCTO 160
IS IF T <
80 BOTC 14%
s IF T ¢
%0 GOTO 17O
93 IF T <
100 GOTC 175
108 IF T <
110 GOTD 180
1185 IF T <
120 ‘80T3 18%
125 IF T <
130 GOTO 190
135 IF T <
140 GOTQ 9%
14%  MOME :
BILITIES OF T

INVEREE 3

VTAB 8:

"YOU CAN DC 8 AVERAGES OF 8 SPELTARUMS SOR 240 SHANWEL"
PRINT "ANSWER THE FOLLOWING QUESTION WITE "1™ FOJR FIRST,

IRD, ... "7 NORHAL
"WHAT IS THE CRDER OF THE AVERAGZ THAT YOU WAMNT 70 DOT":T

> 1 @aTa 7S

> 2 BOTO 8%

> 3 6GOTO 9%

> 4 80TT 108
> $ @O0TO 1185
> & GOTQ 125
> 7 GOTD 13%
> B8 BOTO 145

INVERSE : PRINT

HIS DISK!": NORMAL

130
188
160
163
170
175
180
185
190
195
200
203

FOR D = 1 TO
BOTO 4%
PCKE 823, 142
POKE £223,18:
POKE 823,20t
POKE 82%,22:
POKE 827,241
FOKE 823,261
POKS 823,201
POKE 323,20:
CRLL 748
PRINT DS"RUN

2000: NEXT D
GOTC 200
GOTO 220
GOTO 204
GOTR 200
GOTC 200
BOTS 200
80TQ 200
GOTG 200

CHOICE,D1"

“THE ND.OF AVERAZES IS TGO BIG FOR THE PCESI

164
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Variant 2 - Data, Spectrums, Processing

JCATALOG
DISK VOLUME 284

5 D04 AUTODUAL
*A 002 CALIBRATE
*A 00T ALTERNATIVE -— Qiﬁuuﬁt
*4 005 AUTODUALY 2
»0 Q05 SPC
#A 00T CHOICEL
#8002 A-AVERAGE
*8 004 B-AVERAGE
#4 005 FINAL-AVE.AH
#A. 005 FINAL-AVE.B
*A 05 SEE FIN.AVE.A
#A 005 SEE FIN.AVE.E
*#4 013 AXIS
A 013 AXISE
*A 017 PLOT-A
#A Olé FLOT-B
*#A 002 MICROBUF
#4 01& FLOT-AL
*0 012 PLOT-BL
*f 019 FIECHART
#A 019 PIECHARTR
*B 031 BRR
*B 022 Ma4A
*B 018 M4B
B 02T M4C
B 002 CT
B 002 08 ‘ ]
#B 002 LOWALLTAE — &l ‘ww
*B 002 HIALL.DBJU
*B 002 RETTAR
*B 002 OFEN.CBJO = &? 32¢
*B 002 SAVESPC. ORJO
*B 002 SWEER.CRJO
*B 00T SVTAR
*B 002 RETTAEL
*B 002 CLEAR.OCEJIO
*B 002 AVELOTAE
*B 002 AVEHL.G3JO
+B 002 CLEARE.OEZIO
#B 005 AVELOTAES
*B 002 AVEHIE. JBJC
*8 003 MAGICSFACEH#
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SR TAFACY N
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_ILDAD AUTQDUAL
LIsT

S HOME

10
15
20
23

HTAB 3: VTAB 10: INVERSE : PRINT "E E 3 DATA AQUISITION AND PRICESSING®
HTAB J: VTAB i1: PRINT * MARINELA LAGUNMA-1584"1 NORMAL
HTAB &1 VTAB 13: PRIMT "V AR I ANT 2¢

HTAB &: VYTAB 13! FLASH ! PRINT "LOADIN3 BINARY FILES“: NORMAL

30 D = CHR® (&)

I3
49
=3
30
5
&0
&5
70
75
a0
8%
29
95

PRINT D$"3LOAD BPR,D1"
PRINT Ds"BLOAD M4A.D21"

PRINT D$"BLIAD ™M4B,DL™

PRINT DS$"“BLOAD MaC,M1"

PRINT US“BLOAD CT,Di1"

PRINT De"BLOAL CS,Di“

POKE 37375,4: POKE I7272,1

POKE 37373,0

HoME ,

PRINT "DO CALIBRATION OF THE SCORE:"

PRINT “1.ADJUST TIME BASE TO 0.2 SEC/DIV"

PRINT "2.ADJUST SCALE TO 4.0 VOLT/DIV"

PRINT "I.ADIUST DISPLAYS0O001 BY FRESSING M KEV;ADJUST DISFLAY>OCO01 BY PRES

SING < CHAR."

100
103
110
1135
120
123

PRINT “4,.PRESS CTRL SHIFT P TOQ GO OUT FROM CALIBRATICN HMODE"
PRINT "2.I AM READY"

PRINT "PRESS I IF YOU ARE READY"

VTAB (12): BET A%: IF VAL (A®) < > 8 THEN 30TO 113

PRINT D3

PRINT D$“RUN CALIBRATE,D1"

JLOAD CALIBRATE

wnisr

5 D% = CHRS (&)

10
13
20
2%
30
33
40
43

POKE I7272,1

CALL 3044

POKE 37272,

PRINT D$"BSAVE CT,A$9190,L870,D1"
PRINT D$“BSAVE CS,A$1F30,L3$28,D1"
POKE X7272,1

TEXT

PRINT DS$"RUN AUTGDUALL,D1™

J.DAD AUTODUALL

nseTt

3 D8 = CHRS (4)

10
15
20
23
30
33
40
43

HOME : PRINT “THE MAXIMUM NO. OF SWEEPS CAN 3€ 44"
VTAB @: INSUT "TOTAL NO.OF SWEEPS";T

REM T=NO,OF BELOCKS OF 1024 BYTZES

IF T < &5 THEN GOTO 48

HOME @ VTAB B: INVERSE : PRINT “T IS TOD BIG!™: NORMAL
FOR O = { TC 20001 NEXT D3 REM DELAY

30TO 10

FOR Y = 0 TO INT (T / @ = ({T /8 = INT (T / @)
POKE 843,V + 2! POKE 344,0

FOR X = 1 TQ 8

POKE 18312,209: POKE 13313.193

POKE 15314, 154: POKE 15315.211

POKE 1%315,128: POKE T7272,1

CALL 3043

PRINT Ds: POKE 37272,0

CALL 748B: POKE 37272,

NEXT X: NEXT Y: HOMZ : POKE 34,0: POKE 49233,0

PRINT D¥"RUN ZRC,N1"
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Lgap seC

JLIST

S 08 = CHRe (4)
10 HOME @ INPUT “TOTAL NUMBER OF SPECTRUMS":iT .
15 VTAB 8! PRINT “THE MAXIMUM VALUE OF T CAN BE 123"
REM T=NC.OF BLODCKS OF 51T BYTIS

IF T < 129 THEN GOTI 30

HOME : VYTAB 8@ INVERSE 1 PRINT "T I8 TDO BIG!": NCRMAL
FOR D = 1 TO 2000: NEXT D

6072 10

FOR Y = Q TQ INT (T 7/ 1&) = (AT / 1&) = INT (T / 1&2}
PRINT D$“BLOAD RETTAB,DL”

POKE B23.Y # 2! PORE 324,0: CALL 7438

PRINT D$"BLOAD OPEN.QOBJC, D1

PRINT DS“BLOARD SAVESPC.OBJO,D1™
N = PEEK ( - l14253r:N = PEEN ( - L4255

PRINT D$"BLOAD SWEER.OBJ0,D1"

FOR X = Y # 14 TQ (Y + 1) » 16 - 1

CALL 312

POKE 13312,209: POKE 133I13,193

POKE 15313,150: POKE t18315,207
100 POKE 135314,181: POKE 15317,150
103 POKE 15318,141! POKE 15319,211
110 POKE 135320, 19%: POKE 18321,128
115 POKE 37375,4: POKE 372724,1%
120 CALL 3044
122 PRINY Ds: POKE 37272,9
136 CALL 748
135 POKE 3I72732,1: NEXT X
140 PRINT Ds“BLOAD SVTAB,D1"
145 POKE 823,Y # 2 + 14: POKE 824,0: CALL 763
1%0 NEXT Y
155 HOMEZ @ POKE 34,0: POKE 39235,0
140 § = PEEZK (20480)
14% IF 8 < > 1 TREN GDTQ 175
170 PRINT Ds: PRINT OS"RUN CHOICEI,D1®
175 END .

23RBAIBEHBAELEHY

JLOAD A-AVERAGE

3 Ds = CHRa (&)
10 HOME : VTABE 13: INVERSE : PRINT "9 AVERASES,O0F 8 SPFECTRUMS EACH,FOR CHAN.A %
ILL BE DONE N
O AND WILL BE SAVED ON THE DIEK *: NORMAL
FOR Y'= 0 TO 7: PRINT D$“BLOAD RETTABL,D1"
POKE 823.Y # 2 + 14: CalLL 748
PRINT Ds"BLOAD CLEAR.DOBJO,DL*: CALL 7&£3: PRINT D$"BLOAD AVELOTAS,DL™
N m PEEK ( - 16IZ8S):N = PEEK ( — 14285)
PRINT D$“BLOAD AVEHI.OBJO,DL"
CALL 768: TEXT
PRINT DE*BSAVE AVE."Y",A$3000,Ls200 ,D1*
NEXT Y
PRINT D8$"RUN FINAL-AVE.A,DL"

Baszd8u8n

JLOAD B-AVERAGE

ILIST

5 D$ = CHRS (4)
10 HOME : VTAB 1%: INVERBE : PRINT "B AVERAGES,OF 8 SPESTRUMS EACH,FOR THAN.B
TLL BE DONE M
OW AMD WILL BE SAVED ON THE DISK T NORMAL
{S FOR Y = O TD 7: PRINT D#"BLOAD RETTABL,DL™
20 POKE 323,Y « 2 + 143 CALL 748
25 PRINT DS"BLOAD CLEARS.DBJO.D1*: CALL 758: PRINT DS"BLOAD AVELOTABE,.DL"
30 HOME : VTAB 13: INVERSE : PRINT "8 AVERAGES,?F 2 SPECTAUNS EAJH,FCR CHAN.3 b
[LL BE LONE N
OM OND WILL PE SAVED ON THE DISK ": NORMAL
IS M om PESH ( - [62TI)IN = PEEK ( -~ 1&25%)
30 PRINT DSUBLOAD AVTHIB.ORJO.DLY
4% CALL TEDD TEXT
%G PRINT D3"SSAVE AVER. "Y“,AS$4800,L3200,01"
=% MEXT Y
60 PRINT D3"AUM FIMNAL~AVE.H,DL"
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ILOAD FINAL-AVE.A

1LIST

% REM THIS FROGRAM LOADS CH.A AVERAGES IN SUPERRAM II, IN THE RIGHT PCSITION F
ROM THE POINT
OF VUE OF THE M/L AND DOES THE AVERAGE OF 8 AVERACES FCR CH.A
10 D3 = CHRS (4)
15 N = PEEK ( - 16285)iN = PEEK { - 18233)
20 FOR Y =0 TQ 7
25 REM S3248=3DQ00
30 Z = S3243 + Y #+ 1024
3% PRINT D$“ELDAC AVE."Y",A"Z",D1Y
40 REM NCUW,SUPERR&M 11 COHTAING 8 AVERAGES FOR CH.A,FROM $2CQO-3$DIFF, $0400-5T3
FF,30BOO~$D9F . .
F, $DCOO=-4DDFF , SEODO-SELFF, SELQU-EESFF, $EE00-5E7FF , $EZCOC~SEDFF
4%  PRINT Ds"ELOAD CLEAR.CEIO,D1": CALL 748: FRINT DE"BLOAD AVELITAB.D1"
B0 HOME : VTAB 1S: INVERSE 1 PRINT "THE FINAL AVERASE,OF &4 SPECTHUMS,FOR CHAM.
A WILL Bz DOW
E NCW AND WILL BE SAVED ON THE DISK "% NORMAL
55 PRINT D$"BLOAD AVEHI.QBJG,D1™
&0 CALL 74B: TEXT
&5 REM NOUW,THE AVERAGE 9F © AVERASES (EACH QF 8 SPT.OF CH.A,IS LOCATES AT %407
[}
70 PRINT D$"ZSAVE AVE.AVE.A,A%4000,14200,01L"
735 PRINT D3“RUN SEE FIN.AVE.A,DL"

JLOAD FINAL-AVE.B
JLIST

S REM THIS PROGRAM LOADS CH.B AVERAGES IN SUPERRAM II,IN THE RIGHT POSITION FR
OM THE POINT
OF VUE OF THE M/L AND DOES THE AVERASE OF 8 AVERABES FOR CH.B
10 D$ = CHRS (4)
1S N = -FEEF ( - 14255):N = PEGK ( - 14258
20 FORY =0 T0 7
23 REM S3760=%D200
30 X = S3740 + Y * 1024
35 PRINT DE"SLOAD AVER."Y",A"X",D1%
40 REM NOW.EUPERRAM 1L CONTAINS 8 AVERAGIS FOR CH.E,FROM $D205-$DIFF, 5DA0C-sDT
FF,3DAV0~SDBS .
F, $DEQ0~%DFFF, $E200-EIFF , $E4A0~SE7FF , SEANO~$TEFF , $ETOC-SEFFF
45 PRINT Df"ELDAD CLEARE.ORJO,D1%: GALL 768: FRINT D$"BLOAD AVELCTABE,D1”
50 HOME : VTAB 15: INVERSE = FRINT "THE FINAL AVERAGE,OF &4 SPECTRUMS,ZCR CHAN,
B WILL BE DAN - - - . -
£ MON AND WILL BE SAVED QN THE DISK - " NORMAL
S5 REM IN LINE 85,THE HOME STATEMENT IS USED TQ ERASE THE M/L THAT AFFEARS ON
THE SCREEN 8
" LOADING THE BINARY FILE “AVELQTABZ"
60 PRINT D3"ELCAD AVEMIE.ORIG, D1v
&% CALL 768: TEXT . .
70 KEM NOW,THE AVERACE OF 8 AVERAGEE (EACH OF 8 SFC.)OF CH.B,I5 LICATEL AT €383
o
75 PRINT DS"ESAVE AVE.AVE.R,AS4800,L$200,D1"
80 PRINT DS"RUN SEE FIN.AVE.B,D1"



JLOAD €EE FIN.AVE.A

1IsT
5 REM THIS PROGRAM OFFERS THE FINAL AVERAGE FOR CH.A ON THE SCRER

16 0% = CHRS (4): FRINT DS"ELOAD M4A,T1": PRINT DS“BLOAD M4B,D1“: PRINT D ILTA

D ™M4C,D1™

.15 PRINT D$"®LOAD BFR,DL": FRINT D$"BLCAD CT,D1": PRINT DS"BLOADR CS,D1"
' 20 PRINT DS"BLDAD AVE.AVE.A A$L1009,D1"

2% POKE 37272,1: TEXT : HOME : PRINT “"FREZ5S A TOQ NOT SEE AVERAGE"

30 PRINT "PRESS OTHER KEY 7O SEE AVERAIE"

35 GET Af

40 IF A$ = “A" BOTO 8O

4% PRINT

S0 PRINT “TITLE FOR AVERAGZ CF 8 AVERAGES,CH.A"! INPUT Ts: PRINT D3“PRHL": PR

T CHrs (14)3
T$; CHRS (20): PRINT D3“pPRHO"

S5 POKE 15312,Z0%9: POXKE 1331I,193: POME 153714,180
. &0 FOKE 15315,207: PORE 13316,181¢ PORKE L5317, 140
&% POKE 13318,142: PONE 133 POYE 13320, 155
70 POME 13321.128: FORE 15T POKE 37272,
7% CALL 3064: PRINT U=: POKE Z4, 0' TEXT ¢ HDHE
BO HOME : PRINT “WHAT DO YOU WANT FOR CM.A? HISTOGRAM CR PIECHART?"
B85 VTAE 4: PRINT "PRESS !-FOR HISTOERAM"

0 VTAER St P’RII‘JF "PRESS Z~FOR PIECHART!

95 VTAB &: GET As: IF VAL (A%) < > 1 GGTD 105
100 PRINT Ds: F'R!NT DERUN AXIS, DL

105 IF VAL (asy { > 2 GOTO 7S

110 PRINT D$: FRINT Ds"RUN FLOT-AL,DL"

JLDAD SEE FIN.AVE.FE

JLisT

%S REM THIS PROGRAM OFFERS THE FINAL AVIRAGE FOR CH.® QN THE SCREEN
10 D5 = CHR$ (4): PRINT D$"BLOAD M4A,Di": PRINT D$“ELCAD
D MaC.Di™

15 FRINY GE“SLGAD EFR,DL"! FRINT D$”BLCAD CT,Di": PRINT D3"BLORD CS,Dit

20 PRINT D$“ELDAD AVE.AVE.B,AS10Q0,DL"

25 POKE T7IT72.1: TEXT @ HOME @ PRINT "PﬁESS A TO NOT SEE AVERABE"
3¢ PRINT "PRESS OTHER KEY TO SEX AVERAGE

353 GET As .

40 [F A% a "A" GOTO 80

4% PRINT

30 PRINT "TITLE FOR AVERAGE O‘ 8 AVERABESZ,CH.B": INFUT T3: PRINT DSU'PRE¥L%: PRIN

T CHR3 (14)3
T$: CHR® (20): PRIMT D3"PR#O"
SS POVE 1S312,20%0 POKE LSTLIT, 197! POKE 15314, 160
&0 POKE 1ST135,207: POFE 13314,181: PORE 18317,140
&5  FOFE .‘-.& 144, FORE L JT19, 41 POKE 19320,1858
70 POME 1STZL,128: PG‘- :
75 CALL, )064 FRINT D3 : TEXT @ HOME
80 HOME : FRINT "WHAT DL. You WANT FCR Ch.B7? HISTCIGRAM OR FIZCHART?®
8T VTAE 41 PRINT "PRESE 1-FOR HiSTOGSRAM"
0 VTAX St PRIMT "PRESS 2-FOR FIZCHART"
S VTAZ &: GOT As: IF VAL (A%) < > 1 BOTO 108
100 PRINT D¥: PRINT D3¥“RUM AKISB,D1"
105 IF VAL (As$Y < > 2 GOTO 95
110 PRINT D$: PRINT D3"RUN PLOCT~BL,DLv

1L0AD CHOICEL

JLIST

5 D$ = CHRs (4): HOME

10 PRINT "WHICH CHANNEL DO YOU WANT TO PROCESS{AVEFRAGE,HISTIGRAM) 7
135 PRINT

20O FRTNT 10006000 52t 3600 I I H A S MW
25  VTAB 12: PRINT “PRESS 1" FOR CHANNEL A"

30 VTAPF 13: FRINT “PREST “2% FOR CHAMMEL "

3% VTAB 14: PRINT "PRESS "I* FOF BOTH CHAN. A AND B"
40 POFE 14874.0

4% VTal 15: GET A$: [F VAL (A%) ¢ > 1 THEN GOTG I
S0 GOTO 8%

S5 IF vAL {A%) < > 2 THEM GOTO &S

&0 GOTO 75

&% IF vaL tAs) < > 3 THEN GOTO 45

70 BCTd 9%

75 FRINT ©s: SPRINT D&"RUM Z-AVIRAGE,D1"

80  END
85 FRINT D$: PRINT D®"FUM A-AVERAGE.DL"
90  END

S POCE 14a8%94,1
10O PRI ™ AgRe SRTAT NBCRNIN A<AVUTRARF. DY

M2B,D1%: PRINT

LN

Ds"ELCR
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1L0AD AXIS

isT
S D%

15 H

GR

CHR® (4)
10 REM DRAW THE HORIZONTAL AND JERTICAL AXIS OF THE BI03%2Ps

20 HCOLOR= 3

23 HPLOT 15,144 TO 15,0

30 HPLOT 14,1 TO L&,1: HPLOT 13,2 TQ 17,2

35 HRLCT 15,144 TO 279,144

40 HFLGT 277,142 TO 277.1441 HLOT 278,143 TO 278,148

A4S PRINT D$"ELOAD MASICSFACES,N1v

50 FOKE
S SCALE= 1

60 ROT= 0

45 REM A=Y CEMTER UF;E=Y CENTIR DOWN
70 REN

75 REM
80 A = 144:B = 154

8% x

=9

232,0: POKE 233,56

THE CISTANCE BETWEEM THE NUMEERS WHICH MARK THE AXIS Ig 2
DRAK UP NUMEERS

90 FOR N=1TO 8
95 READ §

CRAH 5 AT X.A
105 X = X + &

100

110 IF N < 4 GOTO 12¢

115 IF N = 4 THEN X = 23

120 NEXT N

125 DATA 49,37,439,49,49,14,19,19
130 X = 51

135 FGR N =1 TO 8

140 READ S

145 DRAW S AT X.A

180 2 = X + &

138 IF N < 4 GOTO 183

150 IF N = 4 THEM X = 79

165 NEXT N

170 DATA 12,12,10,17,12,20,10,15

175 X = 122
180 FOR N = 1 70 12

185 READ §

190 DRAW 8 AT X,A

192 % = X + &

200 IF N < 4 EOTO 220

208 IF N = & THEN X = 1€0
21 IF N £ 8 B0To 220

215 IF N = 8 THEN X = 2I5
223 NIAT N

223 DATA 16,12,1¢,14,1%5,13,10,14,17,14,10,17
230 REM  DRAE DOWN NUMGERS
LIS X = 18 .

24C FORI N = L TO 4

245 READ 3

2TL IRAW S AT X,DB

253 X = X + 4

260 MEXT N .

265 DATA  49,12.10,20

270 X = I7
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7S

280
283
290
295
300
J0S
310
3t

20
3zs
3T0
3ZS
340
34%

S0

IEE

3an
35S
379
275
380
1s

383
90
353
409
acs
410
413
420
425
43
335
349
445
450

o
S

FOR N
READ
DRAN
X =X
IF N
IF N
IF N
IF N
NEXT
DATA

=1 T0 12

ZHAUAN+BW
-
@
o
3
o

49,18, 16,18,12,14,10, 16,13, 14,12, 14

X = 191

FOrR N =1 TO 12

X = 2&
FOR N
RE2D
DRAN

X =X
NEXT
DATA
REM

C = 14

X = 13
DIM Y
FOR 1
FEAD

Y(I) =

ar ¥,3
4

4 BATO 379
4 THEN X = 20%
9 GCYC 370
8 THEN X = 264

SN AN+

14,20,10,15,14,1%,10,1%,18,:2,10,12
THE DISTANCE BETWEEN THME LETTIRS WiHiCH GIVE THE ZYPLANATION FIR THE At

JRAKTHZ"ON THE HOMIZONTAL AXIS
p )

=1732

5
5 AT ¥,134

+ 5
N

30,48
MARK THE DIVISICNS ON THE VEATICAL AXIS
4 7 240 :

¢10): DIM Z(10)

=1T0S

S

144 -~ 5§ » C - 27 REM 2 I3 BICAUSE THE M/L WHISH DRAWS THE OHAR. £ONZ

IDERS THZ CFA

4460
445
_7¢
473
482
435
4992
433
Son
5050
g1
13
oI0
gz<
S3C
55

A
3
3
-

=,
=
-
S5
5T
S&
S8

=

]
O
= .
0
0

R. FR

04 THE TOP(IHE CHAR. HAS S VERT. POINTS?

ZCI) = ¥Y(I) + (S % C) / (2 % I}

FRINT
PRIMT
FRINT
MEXT
DATA
FOR 1
DRAW
DR&W
NEXT
FOR I
X =g
FOT N
READ
DRAL
D3AU
X = X
NERT
KNEAT
REM
DATA
REM

“QC="g & C
Py LDy =Y LTS

B ESSETFASS]

1
30,80, 120, 340, 200
=17T05
3 AT X,Y(I)
9 AT X,Z{Ib

1

=1 T0S

=1.7T0 2

.U

S AT %,Y(D

U AT X, 2(D)

+ 4

N

L .

3249,15,49, 17,12, 13,12, 17, 13,37 AMD U=49,13,45,17,12,37,12,15 12,19
49,49, 15, 13.49,49, 19, 17.12,12,13,37, 12,12, 17,15,13,12, 77, 1%

DRAM"Y OF TOT. POWER"QON THE VERTICAL AXIS
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B70 x = 22:¥ = 2
875 DRAW 3 AT X,Y
SeO X X + 8

S35 FOR N =1 TO 2
§90  READ §

395 DRAU § AT X,Y
500 X = X + 5

695 NEXT N

610 DATA 37,28
615 X = X + 3

620 FOR N =1 TO 4
425 READ 3

630 DRAW S AT X,Y
635 X = X + 5

640 NEXT N

&45 DATA 42,37,42,10
650 X = X + 3

455 FORN =1 TO S

&80 READ S

&45 DRAW 3 AT X,Y

&70 X = X + §

475 IF N=3 THEN X = X + 1
&BO  NEXT N

&85 DATA 38,37,45.27,40
493 REM DRAW TITLE OF THE GRaFH
&9% REM THE DISTANCE BETWEEN THE NUMBERS IN THE TITLE I2 5
700 REM THE DISTANCE 3ETWEEN THE WORDE IN THE TITLE IS &
705 REM THEZ DISTANCE BETWEEN THE LETTERS OF THE TITLE IS5 73EXCEPTION IN THE .A
ST PART, "HZ..
LULUWHERE IS S
710 SCALE= 1
7iS X = 90Y = 10
720 FORN =1 T0 3
725 READ 3
730 DRAW S AT X,Y
IS X =X+ 7
740 NEXT N
743 DATA 27,27,29
SO X = X + &
733 FORN=1T029

760 RERD S

765 DRAW S AT X,¥Y

770 X = X + 7

775 NEXT N

780 DATA  30,31,41,42,I7,29,40,23,33
7ES X = X + &

790 FOR N = 17T03
795 READ S
800 DRAW 3 AT X,Y
80 X = X + 7
810 MNEXT M -
815 DATA 28,37,4D
820 X = X + &
828 FOR M = 1 TO 14
820 REND S
S5 DRAW G AT X,V
B4 X 3 X + 5§
845 NEXT N
830 DATA 37,9,13,12.10,12,49,720,48,9,25,30,10,23
B85S FRINT D$"RUN PLOT-A,DL"™



JLCAD AXISB

JLIST

3 D$ = CHR® (4)

10
15

REM DRAW THE HORIZONTAL ANL VERTICAL AXIS OF THZ BIOGRAPH
HER

HCOLOR= 3

HPLOT 15,144 TO 15,0

HPLOT 14,1 TO 1&,1: MPLOT 13,2 T0 17,2

HPLOT 15,134 TO 279,144

HPLOT 277,142 TO 277,135 HPLOT 278,143 TQ 278, 145

PRINT D&"3LOAD MAGICSPACER,DLY

POKE 232,07 POKE 233,96

SCALE= 1

RCT= 0

REM A=Y CENTER UP3B=Y GENTER DOWN

REM THE DISTANCE BETWEEN THE NiUMBERS WHICH MARK THE AXIS IS 4
REM DRAW UF NUMBERS

BO A = 145%:B = 154

X =9
FOR M =1 TQ 8
REAC §
DRAK 3 AT X,A
X = X+ 4
IF N < 4 BOTG 120
IF N = 4 THEN X = 23
NEXT N
DATA 49,37,49,49,49,14,10,19
X = 31
FOR N =1 TO0 8
READ &
DRAW § AT X,A
X = X + 4
IF N < 4 GOTO 1&%
IF N = 4 THEN X = 79
NEXT N
DATA 12,12,10,17,12,20,10,15
X = 122
FOR N = 1 TO 12
READ €
DRAW § AT X,A
X=X+ 8
IF N < 8 GOTC 220
IF N = & THEN X = 180
IF N < 8 GOTO 27
IF N = 8 THEM X = 239
NEXT N

DATA 14,12,10,14,15.18,10,16,17,18,10,17
FEM  DRAW DOWN NUMBERS

X = 18

FOR N = 1 TQ 4

READ S

DRAW S AT X,B

X = X + 4

MEXT N

CATA  47,12,1¢,20

X = 37
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27% FCR N = 1 TQO 12

280 READ 8

23% DRAW S AT X,B

290 X = X + 4

293 IF N < 4 GOTQ T15

300 IF N = 4 THEN X = &5

308 IF N < 8 GOTO 319

310 IF N =8 THEN X = 93

315 NEXT N

320 DATA 49,18,10,18,12,
32T X = 191

33¢ FOR N =1 TO 12

oS READ S

340 DRAR S AT X,B

J45 X =X + 4

350 IF N < 4 5OTD 370

35 IF N = 4 THEN X = 209
340 IF N < B G50T0 370

335 IF N = 8 THEN X = 245
370 NENT N

375 DATA  14,20,10,15,14,
380 REM THE DISTANCE 2ET
IS 13 5

I8S REM

395

405
410

420

425

DRAU

16,10, 14,13,14,10,13

18,19, 14, 18,12,10,12
WEEN THE LETTERS WHICH GIVE THE EXPLANATICN £OR

DRAW'HZ"ON THE MORIZONTAL AXIS
JI90 X = 240
FOx N =1 To 2
400 READ ©

5 AT X,13&6

X =X+8
415 NEXT ¥

DATA
REM

30,48
MARK THE DIVISIO

40 C = 184 7 240
X = 15
DIM Y(1Q): DIM Z(L1O}

435
430
435
a5

45

FOR
REFD

1

5]

=1703

Y(I) = {44 - § » C - 2
IDERS THE CHA

R. FROM THE TGP (JINE CHAR. HAS S5 VERT. F

4L0 2(1) = Y{I) + (8§ * ©)

4573
47¢
475
480
483
450
492
3040
503
S10
s13
S20
b
Belp]
335
sS40
£45
S50
ssS
a0

S63

NS ON THE VERTICAL AXIS

: REM 2 IS BICAUSE THE ML WHITE DRAWS THE OHIR.

D

INTS)Y
S A2+ D)

49,19,17,12,12,13, 37,12, 12, 17,115,143, 12,37.19

PRINT "SxC="S # O

PRINT "Y(1)="¥(1)

PRLWYT “ZII)="Z(1)

NEXT 1

DATA 40,80, 120,140,200

FCr 1 =1 7085

DRAW @ AT X,Y<{I)

DRAW 9 AT-X,Z(I)

NEXT {

FOrR 1 = 1705

X =5

FOR M =1 T0 2

READ S.U

DRAK S AT X, Y(D)

DRAU U AT X,Z(13

Y= X + 4

MEXT ™M

NEXT I

REM

DATA 49,49, 1%,13,49,
DRAW"Y OF TOT.

REM

POWER"ON THE VERTICAL AXIS

HE AX

~maw

QN3

5=49,15,49,17, 12,13, 13,17, 17,37 AMD U=49,13,49,17,12,77,12, 13, 12,19
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573
1=l
585
390
99
b00
605
610
615
&20
625
&20

uts
640
645
650
455
&40
655
&70
&75
&80
685
472G
695
700
705

FOR N = 1 TO 2
READ S

DRAW S AT X,Y
X =X+ 5
NEXT N

DATA 37,28

X =X + 32

FOR M = 1 T0 4
READ 'S

DRAW S AT X,Y
X=X +5

NEXT N

DATA  42,37,42,10

X=X +3

FORN=1T0 3

READ 3

DRAW S AT X,Y .
X =X + 5

IFN =3 THEN X =X + 1
NEXT N

DATA 3B, 37,45,27,40

REM DRAW TITLE OF THE GRAPH

REM THE DISTANCE SETWEEMN THE NUMEZRS IN THE TITLE I8 S

REM THE DISTANCE BETHUEEN THE WORDS IN THE TITLE IS &

REM THE DISTANCE BETWEEN THE LETTERS OF THE TITLE 18 Z3iEXTEFTION

ST PART, "HZ..

710
715
720
725
730
735
740
745
755
75
760
765
770
775
780
785
790
795
300
BOS
819
813
= jal>]

23
820

=S
B84a
843
BEON
8355

.",WHERE IS S

SCALE= 1 ’
X = 9017 = 10

FOR N = 1 70 3

READ 5

DRAW S AT X,V
X=X +7

NEXT N

DATA 27,27,29
X=X +6

FOR N =1 TO 9

READ 8

DRAW S AT X,Y

X =X + 7

MNEXT N

DATA  30,31,41,42,37,09,40.23. 33
X=X+ 6

FOR N =1 TO 3

READ S

DRAK S AT X,Y
X=X+ 7

NEXT i

DATA 28,37,40
X =X + 6

FOR M = 1 TO 14

FEAD §

DR 5 AT X,Y
X=X +3

MNEXT N

DATA  T7,9.18,12.10,12,49,30,43,7,25, 70, 10,24

FRINT L3“RUN FLCT-B, L1

-1
i
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ILQID PLOT-A

JLIST
5 D3 =

1G HTAR 10:

CHR3 (4)

1S REM CALC.
20 3 = 0101 =
25 FOR Y = ¢ TO 255

30 X = PEEK !
IIJP=X~2
40 S = S5 + P
45 NEXT ¥

VTAE Z3:

TOTAL POWER
10G:102 = 103

16384 + Y)

50 PRINT DS'PIHLY
85 FRINT "TOTAL POWER="S
&6 REM J,K,T,U ARE NO.OF RFOINTS FOR THE FRER. INTERVALS OF THE HISTIGRAN
65 READ I,K,T.U

70 DATA 7,14,29,27

INVERSE 3

176

PRINT "PLEASE WAITI": NIRMAL

REM 01 IS FIOR THE % AND C

FOR HIST.AMPLIT.C2.I.

1]

M

)

75 REM CALC. % OF FIRST TW2 BAND

BO N = 0

BS 51 =0

R0 FOR Y1 =0 TO 2 # J

95 X{ = PEEH (148384 + Y1)

100 F1 = X1 ~ 2

105 851 = 81 + P1

110 N = M + ¢

11S IF N < 7 THEN GOTO 130

120 IF N = 7 THEN AL = (81 /7 S) % 01
125 IF N = 8 THEN 81 = O

130 NEXT Y1

135 42 = (81 /7 S) »+ (01

140 PRINT "% OF FIRST BAND="81

145  PRINT "% OF SECOND BAND="AZ2

150 REM CALC.% POWER OF NEXT FIVE BANDS
183 N = 0

140 82 = 0

165 FOR Y2 = 9 TO &9

170 X2 = PEEF (14384 + 2 * J + Y2)
175 P2 = X2 ~ 2

180 82 = 52 + P2

185 N = N + 1

190 IF N < 14 THEM GITO 250

195 IF N = 14 THEN AT = (82 / S) % Ot
200 IF N = 15 THEN 32 = O

205 IF N < 28 THEM 30730 2850

210 IF N = 28 THEN A% = (82 / §' * Ot
215 IF N = 29 THEN 82 = 0

220 IF N £ 42 THEM GOTO 250

225 IF N = 42 THEM &5 = (82 / 3 » Ot
220 IF N = 43 THEHN 32 = Q

23S IF N 0 B THEN BS0TC TG

28¢ IF N = 4 THEN A& = (SZ / S » 01
285 IF N = 57 THEN 82 = O

250 WEXT v2

2WH RT = (82 /7 D) % 01

240 PRINT OF THIRD BAKD="ATZ

265 FRINT AF FOURTH BAND="24

270 FRINT “%

OF FIFTH BAND

=43



78
280
83
290
299
300
30S
310
1S
3IZ0
32s
330
3I5
320
345
IS0
355
360
345
370
378
380
38T
3%a
393
403
403
419
4135
420

430
4335
440
4455
4%0

4%

4560
455
8 +

470
473
430
485
490

800
505
Si0
o118
&30
529

=0
533
S80
54
S50
555
S60

-
SET

5 AL

PRINT “% OF SIATH SaNS=“Ab

PRINT "% OF SEVENTH BAMD="A7

REM CALC. 7% POWER GF MEXT FIVE BANDS
N=20

33 =0

FGR Y3 = O TQ 144

X2 = PEEK (16383 + 2 % J + 5 % K + ¥3)

PI = XT ~ 2
S3 = 53 + P3
No= N+
IF N < 29 ThEM GATO 38T
IF N = 29 THEN AG = (53 / & » 01
IF N = 30 THEN §3 = O
IF N < S& TREX GCTG 285
IF N = 56 THEZM A9 = (83 / 5 » D1
IF N = 57 THEN ST = 0
IF N < 67 THEN GOTD 385
IF N = B7 THEN Bl = (53 / @) = 01
IF N = 87 THEY 83 = O
IF N < 116 THEN 3070 3@3
IF N = 115 THEN B2 = (83 / ) * Ot
IF N o= 117 THEN 83 = 9
NEXT Y3
BT = (S3 7/ S * 0L

PRINT EIGHTH BAMD="AS
FRINT WINTH S4NJ="A9
PRINT "% OF TENTH EAND="EL
PRINT "% OF ELEVENTA B&M
PRINT »% OF TWELTH BAND='BI

REM CALC. % POWER OF LAST BAMD

54 = 0

FOR Y4 = 0 TC 2&

X4 = PEEK (146384 + 2 * 1.+ S # K + 5% T + Y&
F&4 = X4 ~ 2

54 = 54 + =4

NEXT Y4

B3 = (34 7 B) % 133

-
“52

FRINT "% OF THERTEENTH EAND="54
PRINT "TOTAL ! ZEFCRE RGUMD OFF I8 Ti="Al + A2 + A + A4 + AZ + A6 ~ A7 + A
A% + BL +
B2 + B3I + B4
AL = INT (1Al # 02) + 0.05) /7 02
AZ = INT ({A2 # 02} + 0,03) / Q2
AT = INT (AT * 0T) + 0.00) /7 02
A3 = INT ((R4 # 02) + 0.05) /7 02
€= = INT {(RS * 02! -+ 0.03) / 02
= INT ((As % OZ) + 0.053: 7 02
a7 = IMT ((A7 * C2) + 0.C3) / 02
AZ = INT ((AS % 02) + O.03) / 02
A% = INT (A% * 02 + 0.03) / Q2
B = INT (Bt # 02) + 0.03 / 02
B2 = INT (B2 = 02) + 0.u3) / 02
D7 o= INT ((0T » 02) + 0,05 / Q2
B4 = INT {((Ba # 02) + 0.0%) / 2
FRINT *% FOWER OF THE THIRYEEN BAMIS ARED"
PRINT "Al="A1: FRINT "¢ A PRINT "AJ="ATD
FRINT "Af:vAd: FRINT “AS="AT: PRINY "Ad="Ad
PRINT "A7="47: PRINT "AE="0G: PRINT "A7="A"
FRINT “Bi="G1: FRINT "B2="R2! PRINY "BI="EI
FRINT "Da="Zg¢
T% = Al + AZ + AT + A4 + A5 + A4 + A7 + AB + A7 + Bl +« B2 + EI ~ B4
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570
573
530
=87
590
595
&00
&5
s10
615
&2¢
425
&TO
633
&40
645
&50
&55
640
&646%
&7%
&73
&80
4638
&F0
&93
700
703
710
715
720

725

740
745
o0
755
766
-
770
77
780
78S
797
7559
80
805
- 81
618
=]
ges
830
833
8an
&4%
35
853
850
8&E

870
87s
880
B35

PRINT "TOTAL % POWER I8 TU="T%4
PRINT D3“PR#C"

DIM D(20:: DIM A(ZO)

DIM NC20): DIM M(ZQ)

DIM F(20}

REM CALC. NQ.OF HZ/FQINT,"S"

g = 71,12 7 256

PRINT "§="§

REM CALC. NO. OF POINTS/UNIT %, "P*

P = 144 / 280:P = INT (P + 02) + 0.5 7/ 02
REM CALC. FRE@. INTERVALS, "D(I)"

REM F(I) ARE THE FRE2Q. OF THE EMD OF EACH FREQ.
F(oy =J % S

F(1) = 2 % F(O)

F o= F1

FGx I =2 T0 6

F(I) = F + K # §:7F = F(I)

MEXT I

T = F(&)

FOR I = 7 TO 11

F(I) = E + T % §:E = F(I)

NEXT I

F(12) = F(11) + U *» §

*
REM D(I) ARE FRER. INTERVALSZ
DOY = F(Q)
0 = D)

FOR I =1 TO 12

D(I) = F(I) = DiD = F(D)

NEXT I

FOR I =0 TO 12

FRINT "F(I)="F(D)

PRINT 4056050005 5

PRINT "D{(Dy="D(I): NEXT I

REM CALC. AMPLITUDES FOR HISTOSRAM
AlD) = AL » 02:A(1) = AR = 02
A(Z) = AT # D2IA() = A4 = C2
A(4) = AS % 02:A(3) = AL # 02
AlH) = A7 * DAY = AB # 02
A(8) = A9 » 02:4(?) = Bl = 02
AC10) = BZ # 02:A(11) = B3 * 02

A1) = B4 » 02

FOR I =0 TCO 12
D(T) = INT ((D{I) » Q2) + 2.5) /7 02

PRINT "D(1)="D{1r"HZ"

REM CALC. NQ. 0OF POINTS/INTERVAL FOR FRZRD. SCALE

INTERVAL

SUNKIYY

NCI) = D(I) / Sihel) = [INMT NIV % DZ) + .S / 02

PRINT "NOD="M{T) 'FOINTS® .
REM CALC. NO. OF POINTS/4MPLITUBE OF HISTOGRAM B

LOCK, "My

MOI) = P % A(DaM<I) = INT ((MtI) * 02 + .5) / 02

NEXT I

REM DRAW THE HISTOGRAM
Q@ = 153:R = 15

FOR I = 0 TO i2

Ro= R+ N{I): PRINT "R(I}="R
FCR ¥ = O TC M(I)

HPLOT @,t45 - Y TO Q, 144
HPLOT K,144 - Y TO R, i44
NEXT Y

FCR X = 0 TO N(D)

HRPLOT 2,144 « M(I) TO X + @,134 ~ M(I)
NEXT X
Q@ =G + N(D)

NEXT I

PRINT D&"RUN MICROBUF,D1"™
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JLDAD PLOT-B

LIST

S Ds = CHRs (4)

10 HTAB 102 VTAD 23: INVERSE @ PRINT "PLEASE WAIT!": NORMAL

15 REM CALC. TOTAL PCWER

20 § = 2:01 = {Q0:02 = 107 REM Cl 15 FOR THE % AND O IS FOR HIST,.AMFLIT.CALC.
25 FCR ¥ = @ TD 2SS

30 X = PEEK (18432 + V)
I[P =x~2

40 5 =5 + P

A5 MNEXT Y

SC  PRINT DS"PR#1"

S5 PRINT "TOTAL POWER="S

&0 REM J,X,T,U ARE NJ.OF PCINTE FOR THE FREQ. IMTERVALS OF THE RHISTGERAM
&5 READ J.K¥,T,U .

70 DATA 7,14.29,27

7% REM CALC. % OF FIRST TWO BAND3

80 N = 0

8% Sl = O .

90 FOR YL = 0 TQ 2 » J

93 Xi = FEEN (18432 + YL

100 PL = X1 ~ 2

105 51 = 51 + Pt

11N =N+ 1t

115 IF N < 7 THEN GOTD 130

120 IF N = 7 THEN A1 = (51 / S) * 01
125 IF N = 8 THEN 81 = O

130 NEXT Yi

135 A2 = (81 /7 &) * OL

140 PRINT "% OF FIRST BAND="AL

145 FRINT "% OF SECOND 3AND="AZ
150 REM CALC.% POWER OF NEXT FIVE BANDS
SS N =0

160 52 = O

165 FOR Y2 = O YO &9

170 X2 = PEEK (18432 + 2 #+ J + ¥2)
175 F2 = X2 ~ 2

180 S = 52 + P2

185G N =N+ 1

190 IF N £ 14 THEN 5070 20

195 IF N = 14 THEM A3 = (52 / S) % C1

200 IF N = 1S THEK 52 = 4

205 IF N < 28 THEN G0TQ 250

210 IF N = 28 THEN A4 = (82 /7 S) « 01
215 IF K = 29 THEN 82 = 2

220 IF N £ 42 THEN GO0 250

22T IF N = 42 THEN AT = (82 7/ S) » 1

230 IF N = 43 THEN S2 = O :
35 IF N < 36 THEN G070 250

240 IF N = S& THEN A& = (B2 / B) = 01

248 IF M = 57 THENR 82 = Q

XJD MNEXT VR

259 A7 = (ST / §) # 01

2&0  PRTLT "t OF THIED FAND="AT
2&% PRINT “% OF FOURTH BANO="{4
270 PRINT "% OF FIFTH 3AND="AS
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275
280
282
290
293
306
305
310
3135
320
325
330
335
J40
348
IS0
352
3a0
345
370
375
380
I6S
390
393
400
403
410
415
42¢
425
432
435
440
44T
4%
/55
L
45
8 +

547
S5
T35

=2 1]

&S

PRINT "%

TFRINT "% OF SEVENTH BAND="A7
REM CALC. % POWER OF NEXT FIVE BANDS
N =0
53 =0
FOR Y3 = 0 TQ 144
X3 = PEEF (1B432 + 2 # J + 5 # K + ¥YI)
FZ = X3 ~ 2
53 = 83 + P3
N =N+
IF N £ 29 THEN GOTO Z8E
IF N = 29 THEN A8 = (S3 / S) =+ 01
IF N = 30 THEN ST = ©
IF N < 94 THEN GOTG 3BS
IF N =S5 THEN A? = (83 /7 §) % 01
IF N = §7 THEN S = 0
IF N < 87 THEN GOTOD 3BS
IF N = g7 THEN Bt = {(§3 / S) » 0i
IF N = 87 THEN ST = Q
IF N < 114 THEN GOTO 283
IF M = 115 THEN B2 = (83 /7 §; % 01
IF N = 117 THEN 83 = 0
NEXT Y3.
B3 = (S / 5) = Ot
PRINT "% OF EIGHTH BAND="AZ
PRINT “%4 OF NINTH paNg="a¢
FRINT "% OF TENTH EAUG="B1

PRINT "% OF ELEVEN

PRINT "%
RZIM CALC

34 =0

OF SIXTH BAND="A4

TH DAND="82
OF TWELTH BAND="B3
. % FPOWSR OF LAST BAND

FCR Y4 = O TO 26

X4 = PETH (1B832'+ 2 + J + F #x X + 5 # T + v4)

Pa = X4 ~ 2
54 = S5 + Pa

NEXT Y3

4 = (84 7 §) w« 125

PRINT "% OF THER NTH BAND="34
FRINT "TGTAL % BESORE ROUND

A9 + BL +

B2 + B3 + B4

f1 = INT ((Al * 02) + 0.03) 7/ 02
A2 = INT ((A2 % 02) + 0.05) / G2
A3 = INT ((A3 % 02) + 0.08) /7 02
AL = INT {(a4 * 0Z) + 0.05) / 32
A% = INT (&5 * XN + 0.08) / 02
A = INT ((R& * G + Q2,05 /7 02
A7 = INT ((a7 + 02} + 0.0 /7 D2
A8 = INT ({A8 » 02) + 0.05) /7 02
A% = INT ((R9 # C2) + d /7 02
RBL = INT (Bl % 02 + / G2
B2 = INT (B2 # 00) + / 0z
RZ =  INT ((E3 * 03) + / 02
BA = INT ((Ba # G2 + / C2
FRINT "% POWER OF THE THIRTEEN &ANMDE ARE:"

OFF IS T4="Al + AZ + AT + A% + AS + R4 + A7 =

FRINT "ai="Al: PRINV “"A2="A21 FRINT
FRINT "a4="54: PRIMI “AS=“AS:
PRINT “a7s:"A7: PRINT “A8="
FRINT "®1="Ri: PRINT "BI2="BI! FRINT

PRINT “Ba="B4

FRIMT "Aé="A4
FRINT

T4 = Al + A2 + A3 + A4 + AS + A& + A7 + AG + A7 + BL + B2 + B3 + E4
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BaO
8473

87
ars
880
883

181

PRINT "TOTAL % PQWER IS T%="TZ
FRINT DS"FR#G"
DIM D(20): DIM A(20)
DIM DN(2A) T DIM M(Z0)
DIM F (20
REM CALC. NO.OF HZ/FOIWNT,"S"
S = 7i.12 / 28
PRINT "S="S§
REM CALC. NO. OF PRINTS/UNIT %4, "2
P o= 144 / 240:F = INT (P * 02) + .5 / 02
REM CALC. FREG. INTERVALS,"DI{D"
REM £¢1. ARE THE FREQ. GF THE ENL OF ZACH FREQ. INTERVAL
FCOy =5 % 8
F(1) = 2 * F(O)
£ = F1)
FCrR I = 2 70 &
F{I1}) = F « K # §:F = F(1}

NIXT I
£ = Fi&

FOR I = 7 7O 11
FL{I) = E + T % SiE = FL{D)
NEXT I

F(12) = F(l1)y + U+ 8

REM D(I) ARE FREQ. INTERVALS
DL = FU)

D = D)

FOR I =1 TO 12

DiIy = F(I} = D:iD = F(I}

MEXT I

FOR I = 0 TO 12

FRIMT "S<(1)="F(I)

PRINT " #5565 0t et b et %1

PRINT "D(I)="D(I}: NEXT I

REM CALC. AMPLITUDES FOR HISTOBRAM

ACD) = AL » D281 = &2 » 02
A{2) = AT * D2:A(T) = A4 » 02
Ald) = AT + 02:A(S) = A4 » O
Ata) = A7 % 02:6(7) = AR + 02
ALB) = A9 * D2IA(P) = BL * 02

A(lo) = B2 » OZ3A(LL) = BS * 02
AC1Z) = B4 = 02

FOR [ = 0 7Q 12
DIy = INT ((D(I) % 02 + Q.5 / O%

FRINT "DCI)="D{I}"HZ"

REM CALC. NO. OF PDINTS/INTERVAL FOR FREZ. SCALE, "NiII"
MIT; = B/ BIN(I} = INT C(N(I) * 02y + .S} /7 02
PRINT "N(I)="N(0) "BOIMTS"

REM CALC. NO. OF FOINTS/AMPLITUDE OF HISTOGRAM BLOGN, "MD"
MAT) = £ # ACDMII) = INT ((M{I} % O2) + .S) / Q2
MEXT 1

REM DRAW THE HISTUGRAM

o= (SR = 15 B

FOR I = 0 TG 12

R = R + H(D)

FGR Y = 0 TQ MDD

HFLOT C,184 - Y TO @, 146

HFLCT R, 144 - Y TO R, 144

NEXT ¥

FOR X = O T NI

HELET 0,144 - M(I) TO X + 0,144 - M(I}

NEXT X

G =Q + N(I}Y

MEXT I

FRINT D#$"SUN MIDROBUS,D1"



ILDAD PLOT~AL

LIST

3 Ds = CHR$ (4)

10 HOME ¢ [NVERSE 1 PRINT "WAIT FOR THE CALCULATIONG:™:
15 REM CALC. TOTAL POUER

T0§ = 0:C0L = 100:02 = 10: REM 01 IS FOR THE % AND 02 IS FOR ROUND-GFF
25 FCR Y = 0 TO Z83

30 X = PEEK (14384 + Y)

I[P =X~ 2

40 5 =8 + P

45 NEXT Y

50 HOME

60 PRINT “TOTAL POWER="S
&5 REM  J,K,T,U ARE NO.OF POINTS FOR THE FREE.INTERVALS 0F THE HISTCERAM
70 READ J,K,T,U
75 DATA 7,14,29,27
80 REM CPLC. % OF FIRST TWO BANDS
BI N =0 -
90 §1 = 0
95 FOR YL =0 TD 2 # J
100 X1 = PEEE (16384 + YI)
105 F1 = X1 ~ 2
110 §1 = S1 + Pt
115 N = N + 1
120 IF N < 7 THEN GOTO 138
125 IF N = 7 THEN Al = (L / §) # D1
130 IF N = 8 THEN §1 = 0
135 NEXT Vi
140 A2 = (51 7/ G} # O1
145 PRINT "% OF FIRST DAND="A1
12C  PRINT “% OF SECOND BAND="AZ
S5 REM CALC.% POWER OF NEXF FIVE BANDS
166G N = 0
165 62 = O
170 FOR Y2 = 0 TO &9
175 X2 = PEEK (14383 + 2 # J + Y2
180 P2 = X2 ~ 2
185 52 =32 + P2
190 N = N + 1
195 IF N < 14 THEN GOTG 255
200 IF N = 14 THEN A3 = (82 / §) # OL
205 IF N = IS THEN S2 = 0 .
210 IF N < 28 THEN GOT3 235
215 IF N =28 THEN A2 = (52 / ) » O1
220 IF N = 29 THEN §2 = O
225 IF N < 42 THEN 6OTO 295 .
230 IF N = 42 THEN AS = (S2 / §) » D1
235 IF N = 43 THEN B2 = O
240 IF N ¢ S4 THEM GOTJ 2S5
245 [F N = Sa THEN A& = (82 / &) # O1
250 - IF N = §7 THEN S2 = O
25%  NEXT V2 .
260 A7 = (S2 / ) * Ot
285 FRINT "% OF THIRD BAND="AT
270 PRINT "% OF FOURTH BAND="A4

PR I’NT De“PR#L"

NCRMAL
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275 FRINT "% OF FIFTH BAND="A3

280 FPRINT "Z OF SIXTH BAND="Hé

2\S PRINT "% OF SEVENTH BAND="A7

290 REM CALC. % POWER OF NEXT FIVE BANDS

WS N=10

300 53 = 0

30 FOR Y3 = O TO 144

310 X3 = PEEW (14784 + 2 % J + 5 # K + Y3}
~

Z15 P3 = XJ 2

320 §3 = §3 + P3

323 N = N+ 1

330 IF N < 29 THEN GOTO 390

33T IF N = 29 THEN A8 = (&3 / §) + Ol
JI40 IF N = 30 THEHN 8T = 0

343 IF N < 35& THEN GOTO 390

IS0 IF N = 04 THEN A9 = (BT /7 5) = Ot
358 IF N o= S7 THEN G3 = Q ..

I6C IF N < 87 THEN GOTO 390

365 IF N = 87 THEN Bl = (S3 7/ §) # Q1
I70 IF N = g7 THEN 8T = 0

375 IF N < 11& THEN GOTO 390

380 IF N = 11{&6 THEN BZ = (83 7 5) * 01
383 IF N = 117 THEN 8§35 = O

397 NEAT YI

395 BT = (32 / 8 *» M
400 FRINT "% OF EIGHTH BAND="AG
403 PRINT "% OF NINTH BAMD="A?
410 FRINT "% OF TENTH RAND="EL
415 PRINT "% OF ELEVENTH BAND="BZ2
420 PRINMT "% OF TWELTH BAND="RBZ
£25 REM CALC. % POWER OF LAST BAND
43I0 54 = ¢
435 FOR Y4 = O TO 26
440 X& = PEEX (16388 + 2 # J + T * K + J # T + Y4)
445 P4 = X4 ~ 2
450 53 = 5S4 + P4
43S NEXT Y4
4560 B4 = (S4 7 8) » 170
455 PRINT "% OF THERTEENTH BAND="B4 .
470 PRINT “TOTAL % BEFDRE ROUND OFF IS T%="Al + A2 + ATZ + A% + AS + A& + A7 + A
8 + A7 + BL +
2 + BI + B4

475 AL = INT ((A1l * 02) + 0.05) / 02
480 A2 = INT ((AZ » O02) + 0.05) / 02
425 A3 = INT ((AT » T2} + 0.05) / 02
89 A3 = INT ((Aa # O + 0.0% / O
495 A = INT ((ARS * 02} + Q.05 / 02
SO0 A4 = INT ((A& * 0I) + .05 / 02
€05 A7 = INT (A7 # 02) + 0.05) /7 02
T10 a3 = INT ({A§ * 0I) + 0.05 / 02
515 A% = INT ((A9 » 02y + O.,08) / C2
SI0 31 = INT ((81 » Q) + 0.05) / O
25 BZ = INT ((B2 » Q) + Q.05) / 02
O 2T = INT ((RT » O2) + 0.0H /7 02
SIS 34 = INT ((B4 % 02) + 0,05) / 02

530 FRINT "% POWER OF THE THIRTEEM BANDI ARE:"
545 PRINT "Ai="Al: PRINT "A2="A2: PRINT "AZ=¢AZ
550 PRINT "Ad="A4: PRINT "AS="AS: FRINT
S5IT  PRINT "A7="A7: ERINT "AB="AB: PRINT
£40 PRINT "Bi="E1: FRINT "B2="BI: FRINT
565 PRINT "B4="H4
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570 T4 = Al + AZ + AT + B4 + AT + AL + A7 + AB + A9 + BRI + B2 + 33 + B4
E7C FPRINT “TOTAL % POWER IS Tu="T%

T80 FRINT Ds"FRHQ™

S8S DIM S(20): DIM NL2¢): DIM R(20;

S9U S(O) = ALI5(1) = AZIS(I) = ATIS(3) = A4:IG(4) = AGISI{I) = A

B935 Si&) = A7:I3(7) = ABIS(D) = A9:18(3) = BLIS(10) = B2:S11l) = BI:5(12) = A2
600 FOR I = O TO L2:iN{I) = INT (S(I})

&05 RUI) = ((S(I) =~ INT (54I))) + ,Q005) # 02

610 POFE (15899 + I),,N{I): FONE (18912 + I),R(I)

415 NEXT I

620 PRINT D$“RUN PIECHART,D1"

ILCAD MICROBUF

LIsT

5 PRINT CHR$ (4)3"FR¥1"

10 PRINT CHR3 (09);"3E1": FRINT CHR$ (0F)3"GLERY
1S PRINT CHRS (4); "PRaQ"

20 TEXT

25  HOME

I0 € = PEEX (16894

3% IF &< >10070 A4S

40 PCKE 143894,0: PRINT CHR$ (4)"RUN B-AVERAGE,Di"
45  END



L0

wr

ST
10
15
20

25

D PLOT-B1

ST

3 = CHR3 (3)

HOME : INVERSE : PRINT "WAIT FCR THE CALCULATIONS:": NIRMAL

REM CALC. TOTAL FOWER

S = 001 = 1003102 = 10: REM 01 IS FOR THE % AND 82 IS =3R ROUND CFF
FOR Y = 0 TQ 255

X = PEEK (18432 + Y)
Pax~2
S=8+ P

NEXT ¥

HOME

FRINT D$"FR&1

PRINT "TOTAL POWER="S

REM J,K,T,U ARE NO.CF PQINTS FOR THE FREQ. INTERVALS OF THE HISTOGBRAM
READ J.K,T,U

DATA 7,14,29,27

REM CALLC. % OF FIRST‘fHD BANDS

85 N =0

95

100
105
110
113
120
128
130
135
140
1435
150
185
160
1465
170
173
180
185
190
19S5
200
203
210
212
22

223
230
2o
240
285
o5
205
260
265
el

S1 =0
FOR YL =0 T0 2 * J
X1 = PEEX (18432 + Y1)
PL o= X1~ 2
S1 = 51 + PL
No= N+
IF N < 7 THEN GOTO 135
IF N =7 THEN Al = (S1 / §) * Ot
IF N = B THEN S1 = 0
NEXT YL
AZ = (S1 / 5) = 01
FRINT "% OF FIRST BAND="Af
FRINT *% CF SECOND BAND="A2
REM CALC.% POWER OF NEXT FIVZ BARNDS
N =0
32 = 0
FOR Y2 = 0 TO &%
*2 = PEEK (18432 + 2 % J + Y2)
P2 = X2 ~ 2

0]
2 3]
[

L]

n

14 THEM GOTC 2ES

14 THEM AZ = (52 / 8) * O1
135 THEM 852
28 THEN @
29 THEN A4 = (52 / S§) » Q1
29 THEN 82 = D

Az THEN GOTC 255

32 THEM AS = (82 / 8) » 01
4T THEN 82 =

=6 THEM BOTC 285

54 THEN A& = (82 7 S) # OL
57 THEN 82 = 0

re

IF
I
1F
NEXT w2
A7 = (82 v &) + 01
FRINT "% OF THIRD 3AND="AS
FRINT "% DF FOURTH BAND="Al

[T I TP | I PANRE I TP S ]

-
a
ZZZ2LZZIZZEZZZ
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470
8 +

473
430
48T
490
49%
Ao}
S0S
S0
S1%
Sz
523
G330

5
Sa9
540
TTO
£3I5
a0
T4

S70
875
580
=25
590
59
&00
&0
334

&1%
&2

PRINT "% OF FIFTH 2AN
FRIMT "% OF SIXTH BAN

PRINT "% OF SEVENTH BAND="37
REM CALC. % FOWER OF NEXT FIVE BANDS

N =0

€3 = 0

F = 0 TD 144

X3 = PEEN (18472 + 2 #

* 01

* 01

* 01

73 o= X3 ~ 2
T = 83 + F3
M= N+t
IF N < 29 THEN GOTO 350
IF N = 29 THEN A8 = (83 7 §)
IF N = 30 THEN §3 = O
IF N < S& THEM BOTQ 390
IF N = E& THEN A% = (8% 7 S} » Ot
F N = 57 THEN €3 = 0
IF M < 87 THEM CGCGTO I70
IF N = 87 THEN BL = (83 /7 &)
IF N = 87 THEN 82 = ©
IF M < 114 THEN GDTY 390
IF N = {16 THEN B2 = (83 / &
IF N = 117 THEN &% = O
MEXT Y3
BI = (83 7 S) » 01

A3

PRINT "% OF EIGHTH ZAM

PRINT "% OF NINTH RAND="A9
FRINT "3 GF TENTH BAMD="B1
FRINT "% OF ELEVEMTH BAND="T22
PRINT "% OF TWELTH BAND="B3
REM  CALC. % PDWER OF LAST EAND
34 = O

FOR ¥4 = O TO 2&

XS = PEEr (18432 + 2 %

P4 = X& ~ 2
33 = 54 + P4
NEXT v4
G4 = (53 7 S) % 130

PRINT "%

PRINT "TOTAL % BEFCRE
AT + Bl +

E2 + BI + B4
ALl = INT ((Al * C2) +
AZ = INT (A2 * C2) +
AT = INT ((AZ « 02 +
A4 = INT (A2« O3 o+
AS = INT ((AS * 02) +
fa = INT (A& » D2 +
A7 = INT ((A7 * 0Z) +
Ag = INT ({28 » 02) +
AF =  INT (A% =+ 02 «+
2i = INT ((B1 * 02} +
G2 = INT C(BZ » 02 +
BZ = INT ((BI * 02) +
B4 = INT ((B3 » OD) +
SRINT "% PGWER OF THE
FRIMNT “ALl="AL: PRINT "
PRINT "Ad4="A4: PRIMT "
FRIMT "A7="A7. FRINT "
PRINT "B1="31: PRINT "
PRINT "Ed="E4

TA =3 AL + A2 + A3 ¢+ ALl + AF + AS +
FRINT "TOTAL % PONSR IS Tx="T%

TRINT D3 FRao"

CIM 3(20): DIM N(Z:
3(0) = ALIS(1) = AZ:
Sta4) = ATIZ(7) = p8:
FOR I o= 0 TR 12:N(D) =
ALY = ((S(1) =~ INT (3
POKE (15923 + 1) ,K(I)s
NEXT I
FRINT DR$"RUN PIECHARTE

2

J+ S *K+5 =T+ v8)

0.05)
0.0%)
0.05}
.05
0.03)
0,05
0.0
0.05)
0.05)
Q.05
0.085)
0.05)
0.0%)

NSNS NSNS SNSNSNNNN

CF THERTEENTH BAND="B%
ROUND OFF I8 T4="Al + A2 + AT + Ad + AT + R4 + AT + ¢

oz

~

G T K+ YDy

THIFTEZN RBANDS ARE:"
a3="A3
"As=" 35
"Ag="R7
wpI="g2

AZ="azn:
AS="AS:
AB="Ag:

32="H2:

PRINT
PRINT
PRINT
PRIN

2T B2

) = A3:8

N

3 =

= A9IG(?
INT (3
(I} + L0005

Iy

* 02

POKE (146938 + D) ,RALD)

o

A7 + A8 + £ + Bl + B2 + 23 + E4

186



ILOAD PIECHART

LIST

S5 REM

10
13
20
25
30

RA S A0 12 S S b S Ll e Ll b s

REM +«PIECHART BY.CHIANS *

REM

RIM A=18TH,B=2ND%Z.......ETC.

DIM S(Z0y:

FCR 1

35 NII) =
40 R(I} =

a0

IS M o= S(OiL = S K = §{ey
G = §(&¥:IF = S(7)IE = S<B):D

&0
45

8O
83
90
95
100
108
110
g
120
125
130
135
140
145
150
155
140
165
170
175
120
185
170
195
200
205
210
215
220
25
230

-
)

NEXT I

P

0 TO t2
EEK

(16899 +

DIM N(22): DPIM R(20)

n

PEEN (16912 + 1)
A% S¢(1) = NLI) + RUI)

REA PORTICN:#=P
70 F = 13
7% Pt = PiP2 = P

PREINT CHRS$ (4):1"BLOAD

POKE 272.0: FOKE
DIM ACZ0},B8(20),0(2Q),0(20)
DEF FN X(2) = RAD +

DEF FN Y2

HBGR

/10

nH

233498

MATICEPACER"

Cos (2) + XCTR

HCOLOR= 2:8T = .1

XCTR = 70:YCTR = GUIRAD = 45
HRFLOT XCTR, YCTR
FOR Z = 0 TO 4.3 §TEP §7

X = RAD #+ COS (23} + XCTR

Y = RAL « SIN (2} / .85 + YCTR
HPLOT TO X,Y :
NEXT
IF P = 1 THEN 6BOTO 245
IF P = 2 THEN T = A: GOTO 22
IF P =3 THEN T = A + B! GQTO Z20Q
IFP=8THENT = A + B +
IFF =5 THENT =A +3 +C + D!
IFP=&THENT=A+B+LC +D+
IFP=7THEN T=A+ B+ 0 + D0 +
IFP=8THEM T=A + E + C + D +
IFP =9 THEN T = A+ B + C + D+
IFP=(0THEN T=A +B +C+D
IFP =11 THEN T = A + B + C + D
IFP =2 THEN T =4 +B +C +D
IFP =13 THEN T=4A4 +B+8 + D

Z = (AFL + 1) + A(FLY) / 2
RETURN

2 =463 +T / 100:7 = 2 # 1022 =

HFLDT PN X423,

AP) = 2

F=F -1
GATC 149
IF Pl = 13 THEN
IF FL = 12 THEN
IF F1 = 11 THEN
IF Pl = 10 THEN
IF F1 = 9 THEN Z
IF P1 = & THEN 2

= RAD » BIN (Z) / .85

S(3)il = G4 H = S5(D
ISR

= S(19):6 = S(11)1:14 = S{(1D)

+ YCTR

: BOTD 220

FM Y{(Z) TO XCTR,YCTR

(5.3 + ALL3))
(6.3 + ALIZY)
(4.2 + ALLLY)
(6.3 + A(1M)
(&.F + Al /
(6.2 + AEY) /

3876

BOTD 226

E: GOTO 222

& + F: BOTD 220

E + F +.5: BCTQ 250
E+F + & + H: GOTS
+ E+F +G8+H+ I
“E+F+G+H+1
+E+F +68+H+1
+E+F +6+H+1
INT (Dys2 =Z 7 10

/ 2: GOTQ Tto

/ 2% B0T0C F10

/ 2: GOTQ Jio

/ 2 GOTO 310

2: GOTOD Z1e

2: GATo It

226
s0T2 20
+ Ki 8OTH
K ¥ L

220

GJITD 220
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275 IF F1 = 7 THEN Z = (a4.3 + A7)} / 2t GOTG 310

280 IF Pl = & THEN Z = (4.3 + Al&)) 7 2 BGTO It

285 IF PL = S THEN Z = (4,3 + A(S)) / 21 GOTO 310

290 IF Pl = 4 THEN 2 = (4.3 + A4)) / 21 GOTO 310

295 IF PL = 3 THEN Z = (6.3 + A(S)) / 2: GOTO 10

300 IF PL =2 THEN Z = (4.3 + A(2)) / 2t BATD 310

305 GOTO Jeo

310 RAD = RAD / 2 + 10

315 SCALE= 1

320 F1 = 0

325 SL = 23 + Fi

330 DRAW SL AT FN X(Z), FN Y(Z)

335 F1L = FL o+ 1

340 P1 = P1 ~ 1

345 IF P1L = 0 THEN GOTO 340

350 GCSUB 210

355 GOTC 225

360 REM EEG PIECHART

365 ¥ = 151X = 155

370 FOR W =1 703

375 READ §

380 DRAW S AT X,V

385 K = X + T

390 NEXT W

395 X = X + 10

400 FOR V = 1 TO 10

405 READ §

410 DRAW 5 AT X,Y

41S X = X + 5

420 NEXT V

425 REM DATA FOR TITLE

436 DATA 27,27,29,49,49,38,31,27,25,30,23,40,42

435 1F P2 = 13 THEN 500

440 IF P2 = 12 THEN 505

445 IF P2 = 11 THEN 510

450 IF P2 = 10 THEN S1i5

485 IF P2 = 9 THEN 520

450 1F P2 = 8 THEW 525

465 IF P2 = 7 THEN 530

470 IF P2 = & THEN 53

475 IF P2 = 5 THEN 340

480 IF P2 = § THEN 545

483 IF P2 = 3 THEM S30

490 IF P2 = 2 THEM 535

495 IF P2 = 1 THEM S&0

SO0 BL1T) = INT (M / 101:C(13) = INT (M - B(13) * 10):D(I3) = (M - Bil®:
- €13 * 10

SOT BCIZ) = INT (L / 10):C(12) = INT (L = B(12) * 12)iD(ID) = L - BLD)
- €U * 1D :

S10 BQI13 = INT (K / 10):C{11) = INT (K = Bill) # 10):B{il) = (K - 20D
- Gy * 10

515 BU1o) = INT (J / 1O)ICCLC) = INT (J = B{10) ®» 10):D(1@) = tJ - B
- CL0)) * 10

S20 B(S) = INT (I 7 10):C(®) = INT {I - B(?) # 100:D(?) = (I ~ B{?) » 10
TICRY:

SIS BB} = INT H 7 0):C(8) = INT (H - B(B) % 10)iD(3) = (H - B(8) * 10
1% 10

530 B(7Y = INT (G / 169:C(7) = INT (G - BU7) % 101:D(7) = (6 — B¢7) » 10

A . s

s
o

"l ¥ral
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w1ST 500,

- B3

- B

- B(1t)

- BU1IO)

B(%)
B8)
BT
B(&)
BRI
B(4)
BI®
B(2)

30

OO B(1Z) =  INT M/ 10u1C013) INT (M
- Ci13)) # 10 t

S05 B(12) = INT <L /7 1 :C112) INT (.
- C2)) * 10
S10 B(11) = INT (K / tO):CQ11) INT (K
- C{11}) # 10O 2
15 B(10) = INT {(J / tO)icl1n INT (3
- Q) » 10
W20 (P = INT (I 7/ 10r:C(9) = INT (I -
) #+ 10 .

2% B(g) = INT (H / 1O):C{B) = INT (H -
¥y » 10
§I0 B(7) = INT (G /7 10):C(7)y = INT (B -
)) # 10
S3IT BLY = INT (F 7 1) :iC(&) = INT (F -
1) + 10
B3O 3(F) = INT (E /7 10Xi1C(E) = INT (2 -
») » 10
J45 B(4) = INT (D 7/ 10):C(4) = INT (D -
1) * 10
S50 B(3) = INT (C 7/ 10)3QC(3r = INT (C -
¥y % 10
IS BC2)-=  INT (B / 10):iC(2) = INT (B ~
)) % 10
60 3(1) = INT (A /7 LO):C{L) = INT (A -~
) # 10
S45 REM COMPENSATION FOR ROUNDDFF NUMBER
87¢ FOR N =1 T8 P2
S72 DMy = INT (DN} + 0.5
880 NMZXT N
%8S PRINT DE"PRE1Y: PRINT 8(8),C(&H) D@
9¢ FOR I =L TO P2
95 IF B(J) = O THEMN B(I) = 3B
&00  IF C(J1 = O THEN £(J) = 25
405 IF D(J) = O THEM D(J) = 28
&10 NEXT J
61C  PRINT 2(3),C(3}),0(8): PRINT DS"FPRHC"
&20 ¥ = 35
425 REM THE"FOR-NEXT™ STATIMENT IS FROM P2

=G (L2, B=5(11

}a2=8/110), .. .AND,

T HOME
&30

640 X = 143
&47

FOR T = P2 TO { §TEP -1

REM DRAW “"@A=","Bz", "C=,.

oy "M

IN THE DISFLAY OF THE

650 FOGR O = 1 TO 2

435 READ §

&b DFAK S AT X,V

&6 X = X + 4

&70 NEXT Q

&75  REM  THE THREE VARIABLES,B(T),C(T),D(M),
TS GF THE VAL

'S PEOTRE BARTION AREA TN THE FTEFUART

*

* 1Q)ILAL3)

# 103D

* L) ID(LD)

* 10):DLOY

1oy 1D
1))
103:D(7:
10):D L&)
103:D(S)
10):D (8}
101103
10):D(2)

103 :D1)

AND

NOT

WANT

FROM

na

B

Bt

- BL{P) *
- Bi8) »
- BA7) #
- B8 =
- E(3) =
- 35 w
- B{(3) »
- B(Z)

- Bil) %

1 70 F2

FiF

1)

11

*

ARE USEDR TC JISFLAY THE THREE RISI
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CRTIGH CF THE

v
I

ECH

ILIST SES,

485 X = X + 5

&90  DRAW CiT) + L1 AT X,Y

695 X = X + S

700 DRAW 10 AT X,Y

705 X=X + 5

710 DRAW D(T) + 11 AT X,Y

715 X = X + 3

726 DRAW 3 AT X,Y

25 X = X + 10 :
73T0 REM DRAW THE NUMBERS 7O EXPRESS THE FREG. INTIAVAL AND THE UNITS
735 FOR U = t TS 11

749 READ S

745 DRAW § AT X,V

750 X = X + S

755 NEXT U

760 Y = Y + 9

765 NEXT T

770 REH THERZ ARE 13 LINES oF DATA, ONE FOR EACH P
775 DATA  IT,21,89,49,49,37,9,47,12,10,20,30, 48
780 DATA Z4.21,49,:12,10,20,9,37,13,10,19,30,43
76T DATA 25.21,49,14,14,19,9,.49,18,10,18,30, 48
750 DATA 2&,01,49,13,10,i8,7,13,12,10,17,30,48
795 DATA 27,31,1%2,12,10,17.9,12,16,10,14,30,48
800 DA&TA 28,21,12,14,10,14,9,12,26,10,15,3C,48
BOT [ATA 29,21,12,20,10,15,%,13, 14,19, 18,30, 4€
B1C DATA 30,2L.i3,14,30,14,7.14,12,10,14,30,48
615 [CATA 31,21,14,12,10,14,9,14,20,10, 15,350,438
82¢ DATA 32,21,14,20,16,15,9,15,18,10,14,30,48
825 DA™A IT.21,15,18,10,14,5,14,16,10,16,39,43
830 DATA 34,21,16,14,10,16,9,17,14,10,17,30,48
835 DATA 35,21.17,14,10,17,9,18,1%,10,12,30,48
840 FRINT CHR® (4)1"PR4L™

845 FFINT CHRE (0937 "GNGEL®

=0 PRINT CHRS _(4); "PRHQ"

ass  TEX™
Bat  HEWE
84T 5 = FEEM (1689&)
870 IF § < > 1 BOTC B8O
87 FOME 16876,0! PRINT CHRS (4} "RUN B~AVERASE,DL"
880 . END .

1

2
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ILIST S5-300

B ORI A N AN W

R s L]

10 REM #PIZCHART BY.SHIANZ  *
15 REM 5 ¥kasbRdib ki kR o
20 REM A=1Z275%.572ND%.......E7C.
23 DIN i DIM Ri203
30 FOn

be
S5 NIy =
=

(146792 ~ I}

40 A(IY P (16538 + D

45 S(I) = NI + Ry /7 10

3D MEXT I

S5 % = 8i¢ S(YIK = S{231J = §(IN = (41K = S
&0 G = Sté: S{7IIE = 8(A):D = S0 = B{10):B = S5{1.)1A4 = 51D
&5  REM H=p

70 P = L

75 P1L =

80 FPRIN (4) 3 "BLERD MABICEPACEH®

83 POYE 2335.%¢

90 DIM A2 ,BI20QY,C(20: ,D{ZW

93
190
108
11¢
pet
120
128
134
3=
140
1435
15C
1738
160
145
170
175
180
133
190
195
200
203
210
2173
220
223
30
235
289
2473
s
233
240

g

270

QIF FN X{Z) = RAD *» COS (I) + XOTR

DEF N Y¥3iZ) = RAD % SIn (Z) / .85 + YCTR
HGR LCR= 3187 = .1

XCTR = 70:YCTR = @0GIRAD = &9

HPLQT XCTR,YCTR

FOR Z = 0 TO 5.3 STEP BT

X = RAD » CO8 (2) - XCTR

Y = RAD * §INV (Z) / .85 + YCTR

HPLCT T2 X,Y

NEXT

IF P =1 GO0TO 239

IFP =32 T = A: BOTY 220

IFFP =3 P T = A+ B: 3070 220

IF P =3 T=4& + B + C: BOTO 226

IFP =S THEN T = A+ B + 0 + D: 5670 220

IFF =6 THEN T = A+ B+ C+ D + E!@ G0TD 220

IFF =7 7HEN T = 3 + B« C+ 0+ E + F: 6073 22¢
IFP=2THEN T =A+ B +C+ D+ E +F 4+ 'G: GOTO 220
IFP=FTIENT=A+2+C+D+E+F + 6 + H: GCTC 220
IFP=10THEN T=A+ B+ C+D+E+F +6+ 4+ It 50TI 22D
IFP =11 THEN T = A + B+ 0 + D+ E+F +6+H+ I+ J: GLTY 200
IFF=12THEN T=A +D +C +D+E+F +8+H+1T+3 %K
IFF=3THEN T= A+ B+C +D+E+F 8+ +1+2+K=+ 3
Z = (A(PL + 1} + A{FPLY) 7 2 )

RETLURM
T = 6.3+ T /7 1002 = 2 % 1T = INT (2):Z =2 / 10

HFLGT RN X(Z), FN Y{(Z} TO KCTR,YCTR

APy = T

Pmp -1

GATG 143

IF FL = 13 THEN 7 = (6.3 + AULZ))Y /7 20 BOTO 310
IF PL = 12 THEN Z = (6.3 + A(L2): / 2@ GOTA Iin
IF P = 11 THEN T = (6.3 + ALLL)) / 20 €07TT 310
IF P = 10O THEN Z = (4.3 + A1103)Y / 20 GOTO 310
I P1 = 9 THEN Z = (4.3 + &(F)) / Z: 8072 i
IF P1 = 5 THEN Z = (4.7 + A(&)Y) / 2t GOTO 3%

191



275
280
283
290
295
300
363
310
3s
I2a

Zae
325

330
335
80
345
330
TS5
360
T53
370
37%
380
385
390
3935
£0D
£0%
412
415

445
450
425
440
445
470
473
480
485
LY
294

50

IF Pl = 7 THEN Z = (4.3 +
IF PL = & THEN Z = {&.3 +
IF PL = & THEM I = (5.3 +
IF Pl = 4 THEN 7 = [5,3 +
IF P1 = 3 THEN Z = (8.5 +
IF FL = 2 THEN I = (4.3 +
3a7T0 362
RAD = RAD / 2 + 1C
SCALE= 1
FL =0

SL = 23 + F1
DRAW SL AT FN XiZ), FN Y(
FL =F1 + 1
PL =PL - 1
IF P1 = 0 THZM GOTO 3490
803LE 21O
GOTO 325
RENM EZG FIECHART
Y = 1834 = 153
FOR W =1 TG 3
READ §
DRAW S AT X,Y
X=X+3

ALY 7 2k
Al /4 22
ALGY) 7 23
AtaYy /4 2:
RISy /2 28
A2 7 28

2)

CTC TG
BLTO 310
SGT0 10
GDTZ 310
GGTO 310

GGTH 3i0

DATA 27,27,2%,49,49,38,31,27,2%,30,23,20,42

NEXT W
X =X+ 10
FOR W = ¢ TO 10
READ S
DRAW 8 AT X,Y
X =X+3
NEXT V
REM DATA FOR TITLE
IF P2 = L3 THEM S00
IF P2 = 12 THEN SOT
IF P2 = t1 THEN S10
IF P2 = 10-THEN 5i5
IF P2 = 9 THEN 522
IF P2 = 8 THEN 528
IF P2 = 7 THEN 530
IF P2 = & THEN 535
IF F2 = § THEN 340
IF F2 = 4 THEN 340
IF F2 = 3 THEM Z5¢
IF P2 = 2 THEN 855
IF 72 = 1 THEM S&u
BO13) = INT (M /7 L0Y:C(i3)

- B3 % 10

= INT (M ~ BLL3) *

10D LY

M~ 313

* 10
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ILIET S00-480

500 BOLT)Y = INT (M /7 10):C13) = INT (M = B(13) # 10::D13) = M- BT

= C1Z))y = 10

TOS BIZ) = INT (L / 10)IC(12) = INT (L — B(L2) % 1OYIDI12) = (L - B{12:

- Ca2))r = Lo

SI0 BLLL) = INT (K / 10):C(11) = INT (K = B(11} # 1033D4i0) = (K - BIii}

= Cd1y) = Lo

SIS BA10) = INT (J / 100:C{10) = INT {J — B{1OD) * 1J3ID¢10) = {3 - B 1)

- C{13}} = to

520 B?) = INT (I / 1O):C(R) = INT (I - B(?) * 101:0(9) = (I « BR(F)
)} 10

S25 B5(8) = INT (H / 10):C(B) = INT (4 - B(B) * 10}:D(8} = (H - B(D)
¥) = 10

S30 B(?) = INT {5 / 10):C{7) = INT (8 ~ B(7) # 1():1D(7) = (& - B{7)
)y # 10

S35 Bls) = INT (F / L61:C(4) = INT (F — B(&) # 10)104&) = (F -~ B
1} % 10

S4Q B(S) = INT (E /7 10)iC{S) = INT (E - Bi{S) * 10::D{T: = (E - B{D
1) * 19

343 R14) = INT (D / 103:C{3) = INT (D — B4} = 10:D(&} = (D - 2i&)
¥ % 10

S50 B(3) = INT (C 7/ 10103 = INT {C = BIZ) # 10):D{3y = (& - B
3) % 10

ST5 B(2) = INT (B /7 10):C(2) = INT (B - B(2) % (0):0{2} = (B — B{2!
¥) % 10 :

S4¢ Z(LY = INT (A 7 101:C{1Y =~ INT (A - B(1) *» 10):D(l} = (A - B
¥) » 10

563 REM COMFENSATICN FOR ROUNDOFF NUMBER

S75 FOR N = L TO P2

73 DY) = INT (DCM) + 0.5

580 NEXT N

S8 FOR J =1 TO P2

SS90  IF B(J) = 0 THEM B(J) = T
93 1IF CtJ) = O THEN CJ} = 28
£00  IF D(I) = O THEN D{J) = 26

60T NEXT J
610 ¥ = 35
615 REM THI"FCR-NCXT" STATE
=S (12), B=5(11

1,C=81101 ... AND, IN THE
620 HOM
625 E0R T = P TO 4 STEF - 8
630 % = 145
&35 REM  DRAF ¢
640 FOR O = 3 T
645 READ S
50 DRAW § AT X,V
825 X = X + &
b60  MEXT @

wART A" FIRST

R T L

865 REM THE TFREE VARIABLES,®(T),C(T),E(T), ARE USED T2 DISPLAY THE THREE

TS CF THE VAL -

UZ CF THE PORTION AR IN THE PIZCHART
&7C  DRAW 3(TY + L1 AT %,
575 X = X + 9

EA
Y
&80 [CRAW CU(T) + (1 AT X,Y

LOAND NOY FROM L TR FZ,EBT

.-
“

.
o

ye

P

o

i
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ILIST &85,

&8S
&90
&95
700
708
719
713
720
725
730
735
740
745
750
755
740
76T
77¢
77S
7680
78T
750
793
800
805
S10
815
820
825

- B30

8335
849
843
850
855

X=X

DRAW

X=X
rEM
FQR U
READ
AW
X =X
NEXT
Y =y
NEXT
IEM
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
PRINT
PRINT
PRINT
TEXT
MGz
END

+ 5

13 AT X,Y

+ 5

D(T: + 11 AT X,V

+ 5

T AT X,V

+ 10

DRAW THE NUMBERS TO EXPRESSE THE FRZ0.
=1 TQ 11

S

S AT X,Y

+ 5

u

+ 9

T

T
23,21,49,49,49,37,9,49, 12, 10,20, 30,48
24,21,49,12,10,20, 9,49, 14,10,19,30,4%
25,2!,49,14,10,17,9,19,18,10,18,30,48
26,21,49,18,10,18,7,12,17,10,17,30,48
27,21,12,12,10,17,9,12,16,10,16,30,48
23,2:1,12,16,10,14,9,12,20,10, 15, 30, 48
29,21,12,20,10,15,5, 13,14, £0,14,30,48
30,21,13,24,10,14,9, 14,12, 10, 14,30, 28
51,21,14,12,10,14,9,14,20,10,15,70, 48
32,21,14,20,105,15,9,15,18, 16,14,3C, 38
33,21,19,16,10,16,9,14,16,10, 14,3C, 48
38,21,16,18,10,16,9,17,14,10,17,3C, 48
TE5,21,17,14 2 17,9,18,12,10,12,30.48
CHRS (433 "FR3L"

CHR$ (09) 1 "GrDEL"

CHFR$ (4) 3 "FPREQ"

INTERVAL AND THE UNITS

HERE ARE 13T LINES COF DATA, ONE FCR EACH FORTION OF THR PIECTHART
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Before Running

1CATALDG

DIGE VOLUME 254

*
5
*45
*4
*A
*A
*A
*A
*A
*0
*A
*A
*A
*P
*A
*A
*E
*B
*H
*R
B
£25]
*[3
*#E
*B
B
*B
.‘.B
*B
B
*E

004
[a]ule
004
00s
Q05
005
Q0%
L=
0Lz
Q17
016
ooz
015
012
019
019
0z
DE2
018
023
Q02
QO
002
QG
202
DG
[aYe I}
005
Go2
Qo4
[aTar

CHOICEL ¢/
A-AVERAGE
B-AVEROBE
FINAL-AVE. A
FINGL~AVE.R
SEE FIN.AVE.A
SEE FIM.AVE.E
AXIS

AXISE
FLOT-A
FLOT-E
MICROEUF
FLOT-AL
FLOT~B1

R IECHAR

P IECHARTR
BFR

Mas

M4E

M40

cT

RETTAS!
CLEAR . CBJIG
AVELRTAT
AVEHI.GEJO
AVE.S
CLEARE . OBID
AVELDTARS
SVEHIE, ORIO
AVELD. 3
MAGICSFACE#

Variant 2 - Processing

195

After Running

ICATALDG

DISK VOLUME 254

LA
*#A
*A
*A
*A
*#A
*6
*A
*®A
*A
*A
*A
*A
*A
*A
*A
*EB
*B
*EB
*E

B

B
*E
*E
*E
*B
#B
*EB
*B
*B

mooowmoDoooo oD oo m e

004
003
o0q
Q0%
005
aas
[alubi
013
(03 95:1
017
016
002
14
01z
019
a1e
031
022
018
023
002
002
002
[oTwind
002
ooz
002
005
002
Q04
0Q4
Q04
004
oo )
004
04
004
CO4
004
Q04
004
Q04
CGO4
004
OCa
Qa4
[alaT:"
[wlo T

CHOICEL v/
A-AVERAGE
B~AVERAGE
FINAL-AVE. A
FINAL-AVE. B
SEE FIN.AYVE.A
SEE FIN.AVE.ER
AXIS

AXISE

PLOT-A

PLOT-B
MICROBUF
FLOT-AL
FLAOT-B1
PIECHART
PIECHARTR

BFR

Mapn

RETTARIL
CLEAR.OBJC
RVELOTAB
AVEHI.OBJO
CLEARB.CRJIO
AVELOTAER
AVEHIE. O0BJO
MAGICSFACER
AVE. O

AVE. 1

AVE.Z
AVE.T

RVE. 4

AVE.S

AVE. &

AVE.7
AVE.AVE.A

AVER., O

AVEE. 1
AVER. 2
AVEE. T
AVEE. 4
AVEE. S
AVER. &
AVEE.7
AVE, AVE. &



ILOAL CHOICEL

juisy

5 HOME

10 FOR D =0 TO 120 .

15 HTAF 3: VTAB 10: INVERSE @ PRINT "E € 6 PROCESEING

20 ETAR I: VTABR 11! PRINT MARINELA LAGUNA-L984 "
25 HTABE &: VTAB 13! PRINT "WARI ANT 2°

30 NEXT D@ HOME

33 Dt = CHRS (4)

30
45
50
2]
60
&5
70
75
8c
85
90
95
100
105
110
113
129
125

130

PRINT “WHICH CHANNEL DO YOU WANT- T0 FROCESS (AVERAGE, HISTCERAN!?
PRINT
PRINT 8565 088500 60235 H A0 53 A0 BRI W H et ¥
TAR 12! PRINT "PREES "1" FOR CHANNEL A"
VTAZ 13: PRINT "PREES "&" FUR CHANNEL B"
VTAB L4: PRINT "FRESS 3" FOR BOTH CHAN. A AND 3"
POUE 146894.0
YTAL LS: GET A%l IF VAL (A%) < > 1 THEMN GOTO 83
G073 1LS
IF VAL (A%) ¢ > 2 THEN GOTC 75
&070 103
IF VAL (A%) { > 3 THEN GOTG 735
GOYQ 125
CPRINT D$: PRINT C3"RUN B-AVZRAGE,CL™
END
PRIMT D$: PRINT D9"RUM A-QVERAGE,Div
END
PINE 16825,1
FRINT D%: FRINY DIH"RUNM A~AVERAGE,D1"

NGRMAL
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Variant 3 - Data Acquisition

1CATALOG

DIESK VOLUME 284

*A 004
*A 002
* QOI
*B 0T1
*E 022
*B 018
*B 023
B Q02
B Q2
+B 002
*B Q02

AUTODUAL
CALIRRATE
AUTDDUALL
EFR

Ma&

MAaR

M4C

cT

cs
LOWALLTAR
HIALL.OBJO

197



- ILOAD CALIBRATE

LIST

5 Ds = CHRs (4)

i0
15
20
25
30
35
40
45

FOLE J7272,10

CALL T0ad

FOKE T7272,9 3
FRINT DS"BSAVE CT,A$7190,L370,D1"
FRINT DS“BSAVE 0F,As1FE0,LE28, 01"
FOKE 37272.1

TEXT : HOME

PRINT Ds"RUN AUTQDUALL,DL"

ILCAD AUTCDUAL

JLIST

§ HOME

10 HTAS I: VTAB t0: INVERSE : PRINT "2 E 3 DATA AGUISITION

15 HTAB 3: VTAB Li: PRINT MARIMELA LABGBUN?I-1985"T NCGRIMAL
20 HTAS &: VTAB 1Z: FRINT "W AR I ANT 1"

25 HTAB &£: VTAR 135: FLASH : PRINT "LDADINS BINARY FILES": MCRMAL

30 DS = CHR® (4)

FRINT D3"BLOAD EPR,D.L"

PRINT Ds"ELOAD M4A,D1"

FRINT Ds"BLGAD M&B,DL"

PRINT Ds"ELCAD Mag,DL"

PRINT Os"2LOAD CT,CL"

PRINT Ds"BLOAD CS,D1”

FOKE 37275,4: POWE 37272,1

POKE 373735,0

HOME

PRINT DO CALIBRATION OF THE SCOFPE:"
PRINT “L.ADJUST TIME BASE TO 0.2 ZEC/DIVY
PRINT "2.ADJUST SCALE TD 4.0 VOLT/DIV™

FRINT "Z.ADJUST DISFLAYOQCOL BY PRESSIMG M KEY: ADJLST DIBFLAVIOQQ0DL RY PRES

SING < CHAR."™

100
105
110
115
120

125

PRINT "4.PRESS CTRL SHIiFT P TO G0 OUT FROM CALIBRATIIN MOCE"
PRINT "S.1 AM READY"

PRINT "PRESS & IF YOU ARE READY"

VTAER (12): GEYT A% IF VAL (A%$) < > S THEN 60TO 115

FPRINT D8

FPRINT D$"RUN CALIBRATE,DL"

JLOAD AUTQDUAL1

ILIST

S D$ = CHRs (4

10

FRINT De"BLOAD LOWALLTAB,DLY

15 N = PEEK ( - 16255):N = PEZK ( — 16255t PRINT D$"5LO3D HIALL.OSJO,D1¢

100
103

Hi ¢ FRINT "THE MAXIMUM NO. OF SWEEFS CAM BE &3¢
VTRE 3@ INFUT "TOTAL NO.GF SWEEFS"iT .

REM T=NC.OF BLOCKS OF 1024 BYTES

IF T < 65 THEN GOTOC S8

HOME @ VTAE 8: INVERSZ : PRINT "T IS TOU RIG!": NORMAL
FOR O = 1 TO 2000: NEXT D: REM DELAY

GOTO 20

FOR Y = 0 TD INT (T / 8) = (T / 8 = INT (T 7 g
PCI'E 8343Z,Y # 2@ POWE B44,0

FOR X = L 70 @

POFE 15342,209: POKE 15313,197

Par 15314,1%94: PO 15315,211

FOVE 18314, 128: PONT ZI7272,1

CRLL Zsa

FRINT D$: FOKE T?7272,0

CALL 7&8: PORE T7272, '

MELT X: NEXT Y: HGME ; POKE I4,0: PONE 49233, 0

END
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Variant 3 - Data Processing

JCATALGE
DIskK VOLUME 284

*A 005 8PC
*4 004 SFCL
*A 003 A-AVERAGE
*#0 00T FINAL-AVE.A
*A 004 SEE FIM.AVE.A
*#A 013 AXIS
*a 014 PLOT-A
#*#A O00ZF MICROBUF
*A 0G4 B-AVERAGE
*A 00T FINAL-AVE.R
*A 004 SEE FIN.AVE.R
#A Q13 AXISE
*A 014 PLOT-B
*B 031 BFR
*E Q22 M4a
#B 018 M4B
*H Q2T MAC
B 002 CT
B 002 C5
*B 002 RETTAE
*B OO02 OPEN,QBJIO
#R 002 SAVESFL.ORJO
*#R 002 SWEER.DRJID
#B 002 SVTAE
*E 002 RETTAEL
#*B 002 CLEAR.QOQBJO
*B 002 AVELDTAER
*BE Q02 AVEHI.OBRJIO
*B 002 CLEARRB.ORIO
. *B 0035 AVELODTARE
*B 002 AVEHIR.ORJO
*B 004 MAGICSPACER#
004 AVE.Q
004 AVE.L
0048 AVE.2
a4 AVE.S
004 AVE. 4
004 AVE.E
Q04 AVE. &
004 AVE.7
004 AVE.AVE.A
o4 AVEE.O
004 AVER. L
Qa4 AVEER. 2
004 AVER. =
004 AVEBR. 4
Qo4 AVER. T -
004 AVER. &
004 AVER.7
004 AVE.AVE.R

ppomondonoorRoon Yoo



JLoed SPC

wIsT )

S Ds = CHR$ (4)

10 HOME ! VTAB 10: INVERSE ! PRINT “E E @ DATAR PROTESSING

15 VTAB 1t PRINT MARINELA LAGUNA -1934 “: NORMAL
20 HTAB &: VTAB 15: FLASH ! PRINT "LOADING BINARY FILEE": NORMAL

200

25 FRINT DS"BLOAD BPR,DL": PRIMT D3“BLDAD M4A,D1": FRINT Ds$"BLOAD M4B,DL": PRIV

T Ds"DLOAD M4

c,o"
30 PRINT D$"BLOAD CT,D1i": PRINT D&"ELDOAD CS,D1%
35 PRINT Ds“RUN SPC1,DL" .

L0AD SPCL

JLISsT
5 Ds = CHRs {4

10 HOME @ VTA3 10: INVEREE : PRINT “128 SPECTRUMS, 44 FIR EACH CHANMEL,WILL RBE

ONE NOl AND W

ILL BE SAVED ON TNE DATA DISK . “: NORMAL

1S FOR Y = 0 TO 7

20 PRINT D$"BLOAD RETTAE.D1": PCKE 822.Y * 2 PONE 824,0: CALL 748
25 PRINT De"BLOAD OPEN.QBJG,DL1%": PRINT DS"BLOAD SAVISFC.OBIO,DI"
30 N = PEEK ¢ - 14235):N = PEEK ( - 1&285): PRINT Ds"BLOAD SWESF.C3J0,DL"
I5 FOR X = Q TA 18: CALL 812

40 POXE 15312, 209: POKE 15313,193:1 POKE 15314,150: POXKE 15313,207
45 PCOKE 15316,1811 POKE 1ST17,1407 POKE 19318,141! POME 15319,211
%G POKE 185320, 155: FCKE 15321,128: POKE 3I7375,4: PORE I7272,1

55 CALL 3064: PRINT Ds: POKE 3J7272,0: CALL 748

&0 PCEE 37272,13 NEXT X

&5 FRINT D$“DLOAD SVTARE,.DLY

70  POKE B823,Y % 2 + 14! FORE 8324,0: CALL 74B: NEXT Y

75 HOME : POKE 34,01 FONE 49237,9

80 PRINT D#%$: PRIMT DS"RUM A-AVERAGE,DL"

WOAD A~AVERAGE

WIST
S D$s = CHRS (4)

10 HOME ; VYAB 15: INVERSE @ FRINT "8 AVERAGES,.OF 8 SPECTRUMS EACH,FIR CHAN.A &

ILL BE DONE N

OW AND WILL BE SAYED OM THE DIs wi moEMS

15 FOR Y = 0 70 7: PRINT D8"BLOAD RETTASL,D1v

20 PCKE BI3,Y » 2 + il UALL 743 o

25 PRINT D$"BLOAD CLEAR.OBSQ,D1": CALL 768: PRINT DS*BLGAD AVELCTS,Di"
30 N = PEEK ( - L6255 i = PEEN ( ~ 1423%)

35 PRINT D$"BLOAD AVEHI.GBID,Di"

40 CALL 7481 TEXT

4% FRINT DE"ESAVE AVE, "VF.AT3I00,L8250 ,Dtv

50 NEXT Y

55 PRINT D$"RUN FINAL-AVE.A,DL"



ILCAD FINAL-AVE.A

L1sT

5 FEM THIS PROGRAM LOADS CH.A AVERAGES IN SUPERRAM II, IN THE RIGHT PISITION
ROM THE FOINT
OF VUE OF THE M/L AND DCES THE AVERAGE OF B AVERAGES FOR CM.A
10 D = CHRs (4)
15 N = PEEK ( - 14255)iN = PREK ( - 14253)
20 FGR Y =0Q TO 7
25 REM S53I248=$D000
30 7 = 53248 + ¥ * 1024
35 PRINT DE"SLO0AD AVE."Y",A"Z%,D1"
a0 REM NOW,SUPERRAM IT CONTEIMS 8 AVERAGES FOR CH.A,FROM SDGOC—SLLFF, SDAQG-3DI
FF, $D20C—3$09F
F, $DCO0-SDOFF , SEO-$ELFF , $E400~3ESEF, SEBOO—$EFFF , $E2 10~ $ELFT
45 PRINT D$"BLOAD CLEAR.JBJA,Di": CALL 748: PRINT.D$"BLOSD AVELOTAS, D1
50 KaME : UTA3 13: INVERGE : =RINT "TME FINAL AVERAGS,CF &4 SPECTRUNE,SOR CHAML
A WILL BT DON
E NZW AND WILL BE SAVED OM THE DIGK "1 NORM
5T PRINT D$"SLOAD AVEHI,DBJS,L1”
40 CALL 7a8: TEXT
&5 REM NDW,THE AVERAST OF 9 AVERABES(ZACH OF 8 SPC.)OF CH.A, IS LOCATZD AT S8
°
70 PRINT DB73SAVE AVE.AVI. A, AF4000,L&Z00,D1"
75 FRINT DS“RUN SEE FIN.AVE.A,D1"

1LOAD SEE FIN.AVE.A

LIST

% REM THIS PROGRAM OFFERS THE FINAL AVERAGE FCR SH.A CM THE 3ICREEN

10 D5 = CHRS$ (4): PRINT D#"BLOAD M4A,DL": PRINT 08&"BLCAD MAB,D1": FRINT 2s"sLI>
D M4C,DL"

= P&IMT D3"SLOAD BPR.DJL1": PRINT D8"3LOAD CT,D1": PRINT DSYBLDAD CS,2i"

2 FRINT D$"BLOAD AVE.AVE,A,A$1020,D01"

25 PCRE I7272,1: TEXT @ HOME

30 PORE T POKE 1S317,193: FOKE 13314, 1801 POME 1STIS,207

35 PDCE 15318, 181: POKE 153.7,160! POKE LS31B, 144

40 REM FPOKE TITLE CHPRADTERS

S POKE 1ST19,1973: POKE 15330,214: POKE 15321,19737 FOKE
50 POKE 1S323,193: POME 15324,199% POKE 15325,197%7 POKE 157Is,197: FGIE 1G327,3

%5 POKE 15328,182: FOKE 15329,180: POKE 153Z0,1417 FOKE 1353051,1535: PORE 1533%, 0

&0  CALL 3044
6% RRINT D$: POKE 34,0: TEXT : HOME : PDKE 16B954,1: REM LOT. 14894 IE USED TG
ECCSNIZE WHEMN
TO sSTOfF
70 PRINT D$"RUN AXIS, Dt

Bl
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1LOAD RXIS

JLIsT

5 D3 = CHRS (4)

10
135

20

RI
Hi
Hi
Hi
Hi
Hi
M
Pl
P
i

EM DRAW THE AORIZONMTAL AND VERTICAL AXIS OF THE BIOGRAFRH
CR

COLCR= 3

FLOT 15,144 TO 15,0

FLCT 14,1 7O 14,1: HPLOT 13,2 TQ 17,2

PLOT 15,144 TO 279, L44

PLOT 277,142 TO 277, 146: HPLOT 278,143 TO 278,145

RINT Ds"BL0OAD MAGICSFACE#.DL"

OKE 232,0: POKE 233,98

CALE= 1

ROT= Q

R
R
R
A
X
Fi
R

X

X

X

X

X

X

S X

X

EM A=Y CENTER UP:iB=Y CENTER DOWN
Erl THE DISTANCE BSETWESN THE NUMBERS WHICH MARK THZ AXIS I8 &
EM DRAW UP NUMSERS
= 14&:B = 1E4
=9
R N=1TOB
EAD S
DRAW
= X
IF N
IF N
NEXT
DATA 49,37,89,49,49,14,10,19
= 51
FOR N=1TO8
ZAD
DRAW
= X
IF N
IF N
NEXT
DATA 12,12,10,17,12,320,10,15
= 122
FOR N = 1 TO 12
READ
DRAR
= X
IF N
IF N
IF N
IF N
MEXT N
DATA 14,12,1Q0,14,15,18,10,1&,17,14,10,17
REM  DRAW DOWN NUMBERST
= 1% :
FOR N =1 TO &
READ 5 |
DRAW 5 AT X,B
= X + &
NEXT N
CATA  49,12,10,2¢
= 37

AT X,A
5

4 GOTO 120
4 THEN X = 23

ZHA+w

AT X,A

4
4 GATO 145
4 THEN X = 79

ZRA+UN

AT X,A
3

4 GOTO 220
4 THEM X = 180
8 GOTO 220
8 THEN X = 239

WA+ am
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27% FCR N = { TO 12

280 READ S

265 DRAW § AT X, B

290 X = X + 4

295 IF N < 4 GOTO 31%
300 IF N = 4 THEN X = &5
T0S IF N < 8 GOTO 31S
310 IF N = 8 THEN X = 93
J1S NEXT N

320 DATA 49,18,10,18,12,14,10,15,13,14,10,12
325 X = 151
33¢ FOR N = 1 TQ 12

335 READ §

340 DRAW § AT X,B

345 X = X + 4

3=0 IF N < 4 GOTO 370
3B IF N = 4 THEN X = 209
Ieo IF N < B GITQ 372
TLS IF 4 = € THEN X = 246
I7D ONEXT N

ITS DRTI 14,20, 10, 1%, LA, 15,10,14,18,12,1C,:52
Ig0 REM  THE DISTARCE BETWEEN THE LETTERS MHITH GIVE THE EXPLANATION FCR THE &%
1§ IS 3 ' .
TES  REM DRAWYHI"ON THE HCRIZONTAL RXIS

IF0 Y = 2a0

33 FOR N = 1 TO 2

400 READ S

8403 DRAY 3 AT X, 138

410 ¥ = X + 5
415 NEXT N
420  DATA 30,48
425 REM MARK THE DIVISIONS ON THE VERTICAL RXIS
430 C = 144 7 240

4335 X = 1

440 DIM Y{(10}: DIM Z<10}

43 FOR ! =170 S

0 READ 5
#455 Y(I) = 144 - § % C - 2: REM 2 I€ BECAUSE THE M/L WHICH DRAWS THE CHAR. CONS
IDERS THE CHA

R. FROM THE TOP(CNE CHAR., HAS 5 VERT. POINTS:

460 (1) = Y(I) + (S «C) /7 (2% 1)
465 PRINT "S*C="5 % C
470 FPRINT “Y(1)="¥Y(D)
475 PRINT "Z(D)="Zt(I}
4B NEXT I
485 DATA 40,27, (20,160,200
490 FOR | =1 TC 3
495 DRAW 7 AT X, Y(I)
BOO  DRAW 7 AT X, 2L
Z0S MERT I
%10 FCR I =1TQ S
S15 X = S
20 FOR M =1 TO2
52C READ
830 LDRAYW
5IT  DRAW
B30 X = %
543 TIEMT
SO NEAT : .
595 REM  G=49,15,49,19,12,13, 12,17, 13,37 AND U=19,17,49,17,12,37,12. 15,12, 19
563 CATA  49,49,15,13,49,49,19,17, 12,12, 83,37, 12,120,177, 15,13, 12,537,197
S62  REM DRAW"Y% OF TOT. FOWEAR“ON THE VERTICAL AX1S

P2 DC

L EN 4%
X, (0

WHMZ+Culd
R



&%3
700
705

READ G

DRAW S AT X,Y

X =X+95

NEXT N

DATA 37,28
X=X +3

FOR N =170 4

READ §

LRAW 8§ AT X,Y
X=X +5

NEXT N

DATA 42,37,42,10

X=X +3

FOR M = 1 TG 5

REFD B

DRAW S AT X,Y

L =X +S

IFN=3 THEN X = X + |

NEXT N

DATA 38,37,45,27.40

REM DRAW TITLE OF THE GRAFH

REM THE DISTANMCE BETWEEN THE NUMRERS IN THE TITLZE I8 S
REM THE DISTANCE BET N THE WORDS IN THE TITLE IS &
REM THE DISTANCE BETWEEN THE LETTERS OF THE TITLE I8 7;EXCEFTION IN THE L&

ST PART, "HZ..

710
715
720
723
730
735
740
745
7%0
755
740
763
77¢
773
782
785
790
795
8o
803
814
813
824
87
azo

3%
8B40
B4S
B850

=
S35

«M,WHERE 18§ 3
SCALE= 1
X = 90:Y = 10
FOR N =1 TD 2
READ S

DRAW S AT X,Y
X=X+ 7
NEXT N

paATA  27,27,29
X=X + &
FORN=1T09%
REND
DF.AW
X=X
NEXT
DATA 30,Z1,41,42,37,39,40,25,735

X =% + 6

FOR N = 1 TO 2

READ 5

DRAY G AT X,Y

X =X + 7

NEXT N

paATa 28,357,330
X = X + b

FOR N = 1 TO 14

RZAD S

DRAW § AT X,V
X=X +S '

NEXT M

DATA T7.9,18,12,10,12,49,30,48,9,25,30, 12,23
FRIMT D3"JUM PLOV-a&, 0L

AT X, ¥
7

Z+mn
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1LCAD PLOT-A

LIST

S D3 = CHR$s (5)

10

15

HTAB 10: VTAB 23: INVERBE : PRINT "PLEASE WAIT!"I NORMAL
REM CALC. TOTAL POWER

20 S = ¢:01 = 10Q:02 = (02 REM Q1 IS FOR THE % AND 02 1€ FOR MWIST.AMFLIT.CALC.

25

FOR ¥ = 0 TO 285

30 X = PEEK (146384 + Y)

PRINT DS“FR#1"

PRINT : FRINT 3 FRINT "“TOTAL POWER="S

REM J,K.T,U ARE MO.OF PCINTS FOR THE FREQ.INTERVALS CF THE HISTIGRAM
READ J,K.T,U

DATA 7,14,29,27 )

REM CALC. % OF FIRST TWD BANDS

N=0 -

BT 8§t = 0

90

S

100
165
110
115
120
125
130
1335
140
1435
150
195
160
165
170
173
180
183
19¢
199
200
2073
210
213
229
228
230
2335
Z40
245
2S0
255
260
263
279

FOR YL =0 TQ 2 » J
Rl = PREMN (146384 + Y1)
PL = X1 ~ 2

S1 = 8t + P1
N=N=+1
IF N < 7 THEN GOTO 130
IF N = 7 THEN A1 = (81 / 8) % 01
IF N =8 THEN 81 = O

NEXT YL
A2 = (51 / S) % Ot

SRINT "% OF FIRST BAND="Al

PRINT "% OF SECOND BAND="AZ

REM CALC.% POAZER OF NEXT FIVE BANGS
N =0
s2 =0 -

FCR Y2 = O TO &9
X2 = PEEK (14384 + 2 # J + Y2)
P2 = X2.~ 2
52 = 52 + P2
N a N L

IF N 14 THEN GOTOS 230

IF N 14 TREN AT = (82 7/ §) %= O1
IF N 15 THER 82 = 2

IF N 28 THEN €270 2B

IF N 28 THEN A4 = (SI / ) « 0L
IF N 29 THEN 82 = O

IF ™ 42 THEW 8OTE 250

IF N 42 THEN AZ = (82 / §! + 01
IF N 43 THEN 32 = O .
IF N %6 THEN GATO 280

IF N = 86 THEN A& = (82 / &) » 01
IF ™ 57 THEN 62 = 0

NEXT Y2
A7 = (52 / g # Ot

PRINT "% OF THIRD DAMU=“AT

FRIMT “% OF FOURTH BAND="A4
PRINT "% OF FIFTH JiND="R%Z

BRARLNAYE AL NN+



275
280
285
290
WS
300
305
310
315
IZ0
IZ8
330
3I3S
T4q
345
350
ISS
JH0
385
370
3758
Iz
383
390
I5
400
4035
410
415
420
42S
430
435
440
445
A%C
455
4460
4&5
g +

470
475
4683
483

/PO F

455
500

S05 ¢

S10

5i3

S2z0.

=ne

S35
530

-

e

540
543
S50
=
=1
San

=

ERINT %
ERINT "%

CF SIXTH BAND=“A4
OF SEVENTH 3AND="A7

REM CALC. % POJER OF NEXT FIVE BANLS

N = O
ST =0
FOR ¥3 =
X3 = PESWK

PT = XI ~

e TO 143

(16384 + 2 % J + 5
2
PI

THEN GOTD 325

THEN A3 = {83 7 &) #

THEM 33 = 0
THEN GOTOD 38%

S& THEM AT = {83 7 &)

THEN S3 = 0
THEN B0TO 388

THEN Bl = (§3 / &) #

THEN €2 = O
& THEMN GOTC 283

& THEN B2 = {83 / S) # Ci

o

7 THEM 83 Q

S) = 01

DF EI3HTH BAND="R8
OF NIMTH BAND="A?
OF TENTR EBAND="01
OF ELEVENTH BAND="RZ
OF TWELTH BAND="E3

K + ¥3)

o1

Ccl

01

. % POWER OF LAST BAND

0 TO 2W

2

P4

S) # 125

PRINT "% OF THERTEZMTH BAND="B4

83 = 83 +
N =M+ 1
IF N < 29
IF N = 29
IF N = 30
IF N < 54
IF N =
IF N =357
IF N < g7
IF N = 87
IF N = g7
IF N ¢ 11
IF N =12
IF N o= 13
NEXT Y2
BEZ = (83 /
FRINT *%
PRINT "%
PRINT “%
PRINT "%
PRINT "%
REM CALC
‘'S4 = 0
FOR Y4 =
X4 = PEEH
Fqg = X4 ~
54 = G5 +
MNEXT Y4
34 = (854 /
PRINT "TO
A% + Bl +
B2 + BT +
Al = INT
2 = INT
o= INT
A4 = INT
AaS = INT-
a4 = INT
A7 = INT
A3 = INT
A9 = INT
t = INT
= = INT-
S = INT
B4 = INT
PRIMT "%
PRINT Al
PRINT "A

FRINT “A7
FRINT "Bt

FRINT »B+

TY = AL + A2 + A3 + At + AT + Ab + A7 + AS + A7 + Bl + B2 + 3T + B3

TAL % BEFORE ROUMD OFF IS TZ="Al + A2 + A3 + A3 + AT + A& + A7 ~ 3

B4

(Al # 02) + 0.05) /
((AZ # 02) + 0.0%) /
(AT # O2) + 0.0%) 7
t{As + 02) + 0,05 /
(AT * 02) + 9.08) /
(1Ae * 02 + 0.05) /
(A7 * 020 + 0.05) /7
tipg * 02} * 0.05) /
((A? * D2) + 0,05) /
({1 % 02) + 0.0 /
CCEE % 02 + 0.085) /
(B3 o+ 025 + 0,05) /
(R4 * 02 + 0,09 /

{15384 + 2 # J+ 5% K+ 5 %7 + Y4

ROWER OF THE THIRTEEM FANDS ARED"

="At: FRINT “A2="A2:
A3: FRINT "Ag="AS:
=eA7: FRINT "AR="AS:

="Gi: FRINT "BR="D2:
="54

FRINT
PRINT
FRINT

A
A=t AT

PRINT "33="B3
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S7u
8575
G832
583
90
u9S
&00
600G
6190
b1
&20
625
&30
&35
&40
&4T
&59
&E5S
&80
b65
&70
&75
6B
&85
&£90
&7
700
705
710
71S

20
725
730
735

740

750
752
760
7465
770
778
782
7875
7R0
755
a%u
803
8io
Bl3

20

-~
o)

830
-
A

840
843
8350
855
8SO
855

B7a
8735
80
983

PRIMT “TOTAL ¥ POWEIR I8 TU="T%Z
PRINT D2 FREGY
DIM D(Z0r: DIM A(Z0)
OIM NEZRy: DIM M(ZD
DI F{TO
FEM CALC. NO.OF HZ/FOINT,"3"
8 = 71.12 / 284
FRINT "8S="3
REM CALC. NO. OF POINTS/UNIT %Z,"P"
&= 144 / 230:P = INT ({(P % 02) + 0.5 /7 O2
REM CALZ. FREQ. INTERVALS,"D(I)®
REM F(I) ARE THE FRERQ. OF THE END OF EARCH FREG.
T = J % §
() = 2 % F(D)

o= F(1)
FOR I = 2 10 &
F(I) = F + K * SIiF = F(I}
NEXT I
€ = F(&)
FCR I = 7 TQ {1

i) =B + T # I = F{I)

NEXT I
F{12) = F(1L) + U *» § .
|REM DKL) ARE FRER, INTERVALS

DYy = FLQ: .
D= D
FOR [ =1 TO 12

B = F(I) - DiD = F(I}
NEXT 1

FOR I = 0 TO 12

FRINT "F(L)="F(1)

PRINT 1 52853 54 5%60 2 05"

PRINT "D{(I)="D({I): NEXT I

REM CALT. AMPLITUDES FOR HISTOGRAM
A(D) = AL * O2TAL) = AR * ¢

A(Z) = AT % 02:(3) = A4 » 02

Ald) = AS # DRAS) = A6 * 02

Ald) = A7 # O2IA(7) = AB % 02

ALY = A9 # 02:A(9) = Bl * 02

RILO) = B2 % D2UA(11) = B3 » 02
AlLD) = R4 % 02

FOR I = 0 TO 12

(1) = INT {(D{I) # Q27 + ©.5) / Q2
FRINT “D(I)="D(I)"H4Z"

INTERVAL

REM CALC. NO. OF POINTS/INTERVAL FOR FRER. SCALE,"N{II™

MEI) = DCIY 2 SINCT: = IMT ({M{I) # O2) + (5} 7/ O

FRINT "N{I)="N{I)“POINTE"

REM CALC. NO. 07 FOINTS/AMPLITUDE OF HISTOGRAM BLOCY, "MIID"

(L) = F # A(IItH(I} = INT ((M(D) « 0Z) + .52 /
HEXT T

FE!l  DRAW THE HISTCGRAM

g = 151k = 1S5

FOR I = 9 TC 12

R = R + M(I}: PRINT “R(I)="R

FOR Y = Q TO M<D)

HFLOT 0,144 - Y TQ 8,144

AFLOT F,144 - Y TO R, 144

NEXT ¢

FOR X = O TO N(I)

HRLOT Q,:44 = MUI) TC X + @,143 - M)

NEXT X

C = Q + N

NEXT I

FRINT D$"RUN MICROELF,DL1"

oz
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ILOAD MICROBUF
JLIST

S PRINT CHRE (4)3“FR#1"

10
135
20
as
30
33
40
45

PRINT CHRs (09)3“GE"! PRINT CHR$ (09):"EDER"
PRINT CHRE (4);"PR&O"

TEXT

HOME

S = PEEK (14894

IF §< > 1 GOTO 35 .

POKE 148%5,0: PRIMT CHRE (4)"RUM B-AVERAGE,DL"
B3 = CHR3 (7)1 FOR X = t TO 3: PRINT G$%

FOR X1 = 1 TO 2: PRINT @ NEXT X1: FQR Y1 = 1 TO 4: PRINT 6$: NEXT Y1

FOR Y2 = 1 TC 3! PRINT @ NEXT Y21 NEXT X

HOME ¢ HTAR & VTAB 7: PRINT "INSERT ANOTHER DATA DISK (DRIVE )"
HTAR 9: VTAR 5: INVERSE : PRINT "PROCESSING DONS!“: NOEMAL

HTAR &6: VTAR 91 PRINT "RUN ABAIN THE PROGRAM (DRIVE i} BY"

RTAE 27 VTAR 11! FPRINT "PRESSING™

HTABR 1B VTA3 112 INVERSE : PRINT “"PR#&"! NORMAL

END

JLCAD B~AVERACGE

ILIST

5 Ds = CHR$ (4)

10

HOME ¢ VTAR (3 INVERSE : PRINT "8 AVERABEZ, OF 8 SPECTRUMS EACH,FOR CHAN.B Y

ILL BE DONE N

15
20
25
3

aW AND WILL BE SAVED ON THE DIiSk
FOR ¥ = 0 TQ 7: FRINT Ds"BLOAD RETTAREL,DI"
PONE B2T.Y * 2 + 142 CALL 768

"3 NDRMEC

PRINT D$"BLOAD CLEARS.CBJCG,D1": CALL 748 PRINT D$"BLIAD AVILITABRB, DI

HOME : VTAB 13: INVERSEZI @ PRINT "8 AVERAGES,DF B SPECTRUMS EACH,FOR CHANLE W

I1LL SE DONE N

OW AMD WILL BE SAVED ON THE DISK

35 N = PEEF ( — 146ZSE)IN = PEER ( -~ 1428E)

40
45
S0
us

&0

PRINT D$"RLOAD AVEHIB.CEJO,DL"

CALL 748: TEXT .
PRINT D3"“SS4VE AVER."Y",A$4800,L%200,D1"
NEXT ¥

PRINT D$"RUN FIMNAL-AVE.RB,Di"

"o
s

NORMAL
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ILCAD FINAL~AVE.B

L1sT

§ REM THIS PROGRAM LOADS CH.B AVERABES IN SUPERRAM II,IN THE RIGHT FOSITION FR
OM THE POINT

OF VUE OF THE M/L AND DOES THE AVERABE OF 9 AVERABES FOR CH.3
10 D% = CHR3 (4) -
1S N = PEEK ( - 1625%5):N = PEEK ( - 14255)
26 FGR Y = 0 TQ 7
23 REM S3760=3D200
30 X = S3740 + Y # 1024
35 PRINT D$"RI.OAD AVER."Y*,a"X",D1"
40 REM NOW,SUFERRAM I1 CONTAINS 8 AVERAGES FOR CH.E,FROM $D200-3L3IFF,wl4d0-s07
FF, DA00—8DTF

F, $DEOO-$DFFF , $E200-~$ETFF , $E600-2ETFF , SEAD0~2EEFF , $ZECO~SEFTF
45 PRINT Ds”ELOAD CLEARB.ORJO,D1": CALL 7&8: FRINT DS"ELIAD AVELITABE,DI"
SO WOME : VTAE 151 INVER3T : FRINT "THE FINAL AVERASE,OF &4 SPECTARUMS,TCR CHAM.
B WiLL BE DOW

E NCW AND WILL BE SAVED ON THE DISK . " NORMAL
&5 REM IN LINE 4é&,THE HCHE STRTEMENT IS USED TO ERASE THE M/L THAT AFFEARG ON
THE SCREZN BY

LOACING THE BINARY FILE "AVELOTABE"

40  PRINT Ds"BLOAD AVEHIB.O2J0,21"
65 CALL 7&8: TEXT
70 REM NOW,THE AVERAGE OF 8 AVERAGES(EACH OF 8 GPC.)OF CH.B, IS LOCATED AT 483
©
75 PRINT D3"E3ZAVE AVE.AVE. D, A%4800,L%$200,D1"
BO PRIMNT D$"FUN 3EE FIN.AVE.B,Dd1"

JLOAD SEE FIN.AVE.B

JLIsT

S REM THIS PROGRAM OFFERS THE FINAL AVERAGE FOR CH.B ON THE SCREZM

10 Bs = CHR$ (4)! PRINT D$"BLOAD M4A,D1": PRINT Ds"BLOLD MAB,DI"! PRINT Ds"3LOA
D Mac.C1"

1%  PRINT D$"BLCAD BPR,DL": PRINT DS$"BLCAD LT,DL": PRINT DS"BLCAD OF,DLY

20  PRINT D3"8LOAD AVE.AVE.B,AF1000,DL"

25 PORE T7272.1: TEXT : HOME

30 POME 15710,209: POME 157313,1931 PONE 15314.1&0: POKE LE318,207

35 POKE 15716, 1BL: POME 15317,1&0: POYE LSILE, 143

40 REM FOKE TITLE CHARACTIRSG

45 PONE 15019,193: PCKE 1S326,214: POKE 15321,167: POKE 18322,210

%G PONE 15233,193: POKE 15324, 199 POHE 15335, 157! POKE 1SI25,(94: POKE 1ST27,1
73

%%  POKE 153I28,182: POKE 15329,18¢: POKE 1S5330,141: FONE 13331, 1585: POKE 15732.1
28

&0 CALL 2042

&5 PRINT D3: SOKE 34,0: TEXT : HOME

70 FRINT DI RUN AXISB,DL1”
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ILOAD ARISD

JLIST

S DS = CHRS (4)

10 REM DRAY THE HORIZONTAL AND VERTICAL AXIS OF THE BICIRASH
1S HBR

20 HCOLCR= 3

25 HPLOT 15,134 TO 15,0

30 HPLOT 14,1 TO ta&,1: HFLOT 13,2 TO 17,2

35 HWFLOT 12,144 TO 279,144

40 HFLOT 277,142 TD 277,14&: HPLOT 273,143 TO 278,143

45 FRINT D$”BLOAD MAGICSFACER,DL"

%0 POKE 232,0: POKE 233,94

55 SCALE= 1

&0 ROT= 0

&5 REM A=Y CENTER UP;B=Y CENTER DOUM

70 REM THE DISTANCE BETWEEN THE NUMBERS WHICH MARK THE a¥IE IS 4
75 REM DRAW UF NUMBERS

80 A = 144:B = 154

85 X = 9 -

90 FOR N =1 TD B

9% READ S

100 DRAW S AT X,A

105 X = X + 4

110 IF N < 4 6QTC 120
115 IF N = 4 THEN X = 23
120 NEXT N

125 DATA 49,37,49,49,49,14,10,19
130 X = 51 .

133 FORN =1 TO 8

140 READ S

145 DRAW 5 AT X,A

150 X = X + 4

1S5 IF N < 4 GOTD 145

160 IF N = 4 THEN X = 79

185 NEXT N

170 DATA 12,12,10,17,12,20,10,15
175 x = 122

180 FOR M = 1 TO 12

185 RERD S
190 DRAY S AT X,A

195 X = X + 4

200 IF N < 4 GOTG 220

205 IF M = 4§ THEN X = 1@0
210 IF N < § GOTG 220

215 IF N = § THEN X = 239
226 NEXT N

5 DATA  16,12,10,14,15,18,19, 14,17, 14, 10,17
230 REM DRAW DOWN NUMBERS
235 X = 16 . -
206 FOR N =1 T0 4
243 READ §
250 DRAM S AT X,B
22 X = X + 4
260 NENT N :
265 DATA  49,12,10,20
270 X = 37
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275 FCRA N =1 TQ 12

285 REAT B

265 DRAW 8 AT X, X

290 X = X + 4

295 IF N < 4 BOTQ 31S
IGO0 IF N = 4 THEM X = &5
305 IF M < B GOTO 31S
310 IF N = 8 THEN X = 93
315 NEIXT N

320 DATA 49,18,10,18,12,15,10,15,13,14,10,14
323 X = 154

IIO0 FOR N =1 TO 12

3385 RERD

385 IF N
370 NEXT
375 DATA 14,20,10,1%,14,14,10,14,16,12,10,12
280 REM THE DISTANCE BETWEZEM THE LETTERS WHICH GIVE THE EXFLANATICK FOR THE AX
1S 15 S .
385 REH DRAW'HZI"ON THE HORIZONTAL AXIS
390 X = 240
395 FORN= ! TO 2
400 READ §
405 DRaW § AT X,13&
410 X = X + S
415 NEXT N
420 DATA 30,48
425 REM MARK THE DIVISIONS ON THE VERTICAL AXIS
430 C = 144 / 240
435 X = 1S
440 DIM Y(10): DIM Z(10}
445 FOR I =1 TO S
450 READ S
4S5 Y(I) = 1424 — 8 % £ — 2: REN 2 IS BECAUSE THE M/L WHICH DRAWS THE CHAR. CONS
IDERS THE CHA - )
R. FROM THE TOP(ONE CHAR. HAS S VERT. POINTS)
440 ZC(I) = YD) + (8 % §) / (2 # 1)
445 PRINT “SaC="S * C
470 PRINT "Y(I)="Y(I)
475 PRINT "Z(1)="Z1(I)
485 NEYT I
485 DATA  40,80,120, $40, 200
430 FOR I =1 TQ S
495 DRAW 9 AT X,Y{D
TOU DRAW 9 AT X, Z(I)
=05 NEXT I
Tio FOR I =1 70 5
IS X =5

20 FORN =1 TD 2

8 THEM X = 248

5
320 DRAW § AT X,B
345 X = % + 4
3IZo IS N < 4 GOTO 370
355 IF N = 4 THEN X = 209
350 IF N < 8 GOTR 370
=
N

525 FEAD S.U

STG ODRAKR S AT X, YD)
S5 DRAW U AT X, Z(1}

Tan A = X + &

B[4S  NEXT N

TS9O ONEXT I

SES REM  5=49,15,49,19,12,13,13,17,13,37 AND Us=4%,13,49,17,12,37,12,15,12,1°
S&a DATA  49,4%,15,13,49,49,19,17,12,12,13,37,12,12,17,15,13,12,37,19
S6%5 REM  DRAM'Z OF TOT. POUER"CN THE VERTICAL AXIS



570
575
580
o83
390
593
400
505
610
&15
820
&25
630
635
630
645
650
&3S
660
465
&70
675
&80
683
690
695
700
705

READ S
DRAW S AT X,Y
X =X%X+3

NEXT N

DATA 37,28
X =X+3

FOR N = 1 TO 4

READ S

DRAW S AT X,Y

X=X +35

HNEXT N

DATA 4&2,37,42,10

X =X+3

FOR N = 1 TO §

RESD S

DRAW 8 AT X,Y

X =X+ 5

IFN=3 THEN X = X + 1

NEXT N

DATA 38,37,485,27,40

REM DRAW TITLE OF THE GRAPH

REM THE DISTANCE BETWEZEN THE NUYRERS IN THE TITLE 1S &
REM THE DISTANCE BETWEEM THE WORD3 IN THE TITLE IS 6
REM THE DISTANCE BETWEEN THE LETTERS OF THE TITLE IS8 73EXCERTION IN THZ LA

ST PART,"HZ..

710
715
720
723

0
738
740
735
750
755
750
7635
770
775
780
7835
790
795
80
B80S
B1o
81%
8zn
825
830
833
B340
845
850
8ss

" WHERE 1S S

SCALE= 1

X = 90:Y = 10

FOR N =1 TQ 3

READ S

DRAW S AT X,Y

X=X +7

NEXT N

DATA  27,27,29

X =X + &

FOR N = L TQ 9

READ S

DRAW & A

X=X +7

NEXT N

DATA 30,31,41,42,37,39,40,23,3
3

FOR N = L TQ 3

REAT 8

DRAW S AT X,¥

X=X +7

NEXT N

DATA 28,37,40

X=X+ 6 :

FOR N =t TO 14

READ §

DRAW § AT X.Y
X=X +5

NEXT N

DATA 37,9,18,12,10,12,49,30,48,9,2C,
PRINT DE&VRUM PLOT-E.DL"

20,10,24
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JLesD PLOT-B

JLIST

S D3 = [CHRS (4)

10 HTAR 10: VTAB 23: INVERSE @ PRINT "FLEASE WAIT!"I NORHAL

15 REM CALC. TDTAL POWER

20 § = 0:01 = 100102 = 10 REM 01 IS FOR TiHE % AND 02 IS FOQR MIST.AMPLIT.CALS.
25 FOR Y = 0 TO 255

30 X = PEEN (18432 + Y)
ITWrRr=XN2
40 3 = 5 + P
A5 NEXT Y

30  PRINT DS"PRHL"

S5S5 PRINT I FRINT : PRINT "TOTAL PAWER="S

&0 PREM I,K,T,U ARE NO.OF POINTS FOR THE FRER. INTERVALE OF THE HIETOGRA
&% READ J,K,T,U

70 DATA 7,14,2%,27

7% REM CALC. % OF FIRST TWO BANDS

8O N = 0

8y €1 =0

90 FOR YL =0 TC 2 * J

95 X1 = PEEH (18432 + Y1)

100 P1 = X1 "~ 2

105 §: = §1 + P1

110 N =N + 1

115 F N < 7 THEN &OTO 130

120 IF N = 7 THEN A1 = (St 7 §) = 01
125 IFN=8

THEM 31 = O
130 NEXT VYL . N
135 A2 = (81 /7 §) » 01
120 PRIMY "% OF FIRST BAND="Al
145 PRINMY "% OF SECOND BAND="AZ
150 REM CALC.% POWER OF NEXT FIVE BANDS
125 N =0 .
1580 321 = 0
165 FOR Y2 = O TO &%
170 X2 = PEEK (18432 + 2 % J + Y2)
175 P2 = X2 ~ 2
180 S2 = 82 + P2

1865 N = N + 1

199 IF N < 14 THEN B0OTD 280

195 IF N = 14 THEN AT = (82 / §) % O1
207 IF N = 15 THEN 52 = 0

205 IF N < 2B THEN GOTD 280

210 IF M = 28 THEN A& = (S2 / §) * 01
215 IF N = 29 THEM 82 = O

frocd IF N < 42 THENM GOTC 250

225 IF N = 32 THEN @5 = (S2 7 S % C1
230 IF N = 47 THEN 82 = 0O

235 IF N < 54 THEN GGTO 250

240 IF N = 34 THEM Ab = (S2 / §) * 01
245 IF N = 57 THEN S2 = ¢

200 NEXT Y2

2WE A7 = (62 /7 8 » 01

280 PRINT “7 OF THIRD ZAND="AZ
265 FRINT "% OF FOURTH BAND="A3
270 PRINT "% OF FIFTH DAMND="AS



278
2890
289
290
2995
300
305
310
31
320
329
330
333
340
345
350
355
3460
365
370
379
380
3B8S
390
395
400
405
410
4135
420
423
430
435
440
445
459
455
460
485
8 +

470
475
480
485
A9
499
o0
S0D
510
S5
520
525
SI¢

23
S3a
543
250
535
580

565

I“RINT "% 0F SIXTH BAND="a&

PRINT "% OF SEVENTH BAND="A7

REM CALC. % FDWER OF NEXT FIVE EANDS
N =0

8§83 =0

FOR YZ = 0 TO 144

X3 = PEEK (18432 + 2 # J + 5 # K + Y3

P3 = X3 ~ 2
53 = 82 + F3
No=N+ 1
IF N < 29 THEN GOTD 385
IF R = 29 THEN A3 = (83 /7 &)
IF N = 30 THEN 83 = 0
IF N ¢ S5 THEMN GOTO 3895
IF N = 56 THEN A2 = (83 / 9)
IF N = 57 THEN S3 = 0
IF N < 87 THEN GCTO 38S
IF N = §7 THEN Bl = (83 / )
IF N = 87 THEM 82 = O
IF R < 116 THEM GOTO 325
IF N = 114 THEM B2 = (83 / 8) » 01
IF N = 117 THEN 83 = 0
NEXT ¥3

BT = (ST / §) % 01

FRINT "% OF EIGHTH BAMD="A8
PRINT "% OF NINTH SAND="A9
PRINT "% OF TENTH EAND="D1

”*

*

*

PRINT "% OF ELEVEMTH BAND="BRZ

FRINT "% OF TWELTH 3AND="B3

a1

o1

a1

REM CALC. % POWER OF LAST BAND

sS4 = 0
FOR Y4 = 0 TO 24

X4 = PEEK (18472 + 2 #+ J + 3 # K+ 5 % T + Yva)

F4 = X4 ~ 2
S5 = §4 + P4
NEXT V4
B4 = (§3 7 &) * 129

FRIMT "% OF THERTEENTH BAND="34

PRINT "TOTAL % BEFORE ROUND OFF IS T4="A1 + A2 + AT + A4 + A5 + A6 + A7 + A

A9 + 31 +

BZ + BZ + B4

AL = INT ((Al # 02 + 0,05}
A2 = INT ((AZ # 02} + 0,03
D o= INT ((AZ » 02 + 0.05)
A4 = INT (a4 # 02) + 0,03
AT = INT (A5 + 02) + 0.05)
Ak = INT {(A4 % O + 0.00)
7 = INT ((A7 * 0Z) + 0.0%)
A8 = INT ((AG » O2) + 0.0
A% = INT (AT *» 027 + 0.09)
L= INT (Bl # 02) + €.09)
B2 = INT ((BZ # G2) + 0.05)
83 = INT (33 + 02) + 0,03
B4 = INT (B4 » Q2) + Q.03

FRINT "% FOMER OF THE THIRTETN BANDS ARE:"
FRIMNT
PRINT
FRINT
PRINT

PRINT "At="A1: PRINT
PRINT "Ad4="A41 PRINT
FRINT “A7="A7: FRINT
FRINT "BL="BL: FRINT
PRINT "B4="E4

T = Al + A2 + AT + A4 + AS + AL + A7 + AT + A9 + Bl

NSNS NSSSNASSNNSS

oz
oz
o2
o2
az
o2
az
a2
oz

oz
0z

oz

P B2 4+ BT + F
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570
S7S
289
=3z
96
o935
&00
&05
610
619
b2
625
&TO
&6ZT
a4
&4
&50
&ES
-1
b6
&70
&75
&84
&8s
&L
&95
700
705
710
718
720
725
730
735
750
755
750
755
760
7468
770
775
780
78S
790
79%
B3
809
810
817
azo

~er
<%

o0
84aa
847

o0
857
8o
B85S

SRINT "TRTAL % FOWET IS Tu="T%

FRINT DaveER#OY

DIM D(20: DIM A{20)
DIM N(20): DIM Mi22)
DINM FL20)

REM  CALC. ND.OF PZ/pOINT,"S™

5 = 71.12 / 28&
FRINT "3="§

REM CALC. NO. OF POINTS/UNIT %,"Pe

P o= 144 / 220:2 = INT ({P % O2) + ,5) / O3

REM  CALLC, FREG. INTERYVALS,"D(I}"

REM  F(I) ARE THE FREG. OF THE EMD ©F ZACH FREG.

F(O) = J * §

Fil) = 2 « F(O)

F = F{1}

FOR I =270 &

S(I) = F + K #% S1F = F(I)
NEXT I

£ = F(a)

FCR I = 7 70 11

FLI) = E + T # 5:1E = F{(1)
NEXT I

FiZ) = FU) +« U =+ 5§

REM D(I) ARE FRED. INTERVALS

DY = FL)

D = D)

FOR I = 1 TO 12

DLI) = F(I) -~ DiD = F(D
NEXT I

FOR I = 0 TO 12

PRINT “F(D="F{I)

PRINT " S5#0 8kt ok e 40"
FRINT “D{(I)="D{1)z NEXT I
REM CALC. AMFLITUDES FCR

ALD) = AL # Q2:A(1) = A2 »
A(R) = AT * 02:8(3) = AL
A{4) = AS * QZ:1A(5) = A5 *
Als) = A7 % 02:A(7) = A8 *
A(B) = AT * 02:A(F) = Bl *
A(10) = B2 # D2AUA(LL) = B3

ALL2) = B4 * 02

FOR I = 0 TO 12

D(I) = INT ({D(I) # 02 +
PRINT "D(Iy="D(I)"HZ"

HISTOARAM
oz
oz
0z
o2
02

* 02

0.5) / 02

INTERVAL

REM CALC. NO. OF FOINTS/INTERVAL FOR FREG. SCALE, "™
N(I) = DCI) /7 S;NCIY = INT ((NGI) » 02 +.S) 7/ C2

PRINT "N(I)="N(I) 'FOINTS”

NM(I) = P % A(D)sMII) = INT ((M(I) * 0Z) + .5) / 02

NEXT 1

REM DRAW THE HISTOGRAM
0 = 1Sk = 15

FOR I = 0 TO 12

R o= R+ NI}

FOR Y = 0 TO M)

FPLGT 0,144 - ¥ TC G144
HPLGT R, 184 — ¥ TO R, 144
NEXT ¥

FOR ¥ = 4 TQ ML)

HFLOT Q, 144 - H(I} TO X + 0,184 — WD)

REM CALC. NO. OF POIMTS/AMPLITUDE IF HISTOGRAM BLGTH, "MIIM”

215



216

APPENDIX G

Machine Language Routines Listing
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*ELOAD AVEHI.OBJO,A$300 00 01 EF D8 00

*300LLL
0300~ A2 00 LDX  #%00
0302- A0 00 LDY  #%00
3304— Bi 03, LDA  (303),Y
:1.0AD AVEHI - 0506~ 18 cLe
0307- 71 01 ADC  ($01),Y
0309- 91 01 STA  ($01),Y
END OF DATA 030R~ A7 00 LbAa #$00
: 030D~ 71 05 ADC  ($05),Y
L 030F- 91 05 STA  ($05),Y
. 0311~ €8 INY
1 TAER EQU $3&1 0312~ €0 00 CPY #$00
2 HIMEMH EGQU #0004 ggiZ“ gg EE ?:? $0304
3 HIMEML  EQU  $0005 0317-  EQ 02 CPX  #$02
4 SOURCELH EGU  $0004 3312‘ 22 gz ?gg $0324
31R- $04
S SOURCEIL EQU $0003 031D-  E& 02 INC %02
& LOMEMH  EQU  $0002 O31F- E& 06 -+ INC %06
2 LOMEML  EQU  $0001 0321- 4C 6C 03  JMP  $036C
8 povpeii bl 0324- A5 04 LDA  $04
9 START LDX #3500 0326~ €9 ED CMP  #$ED
. 0328- FO 12 BEQ  $033C
10 LDY #300 . o
11 LOOF LDA ($03),Y 03za- A3 04 LDA %04
12 ADD  CLC im- &5 03 fpe  wscs
13 ADC  (%01),Y b= 2 >
12 sTa (o1 v 032F- 85 04 STA %04
15 LDA #2400 0331~ A9 40 LDA  #%40
16 ALC  (H03) ¥ I33- 8502 . _STA  $02
17 STA 05y y - | 0335-. A9 44 LDA  #$44
18 INY ’ 0337- 85 06 8TA  $06
19 CEY  #%G0 | 0339- 4C 48 03 JMP  $0348
: . 033C- A2 00 LDX  #%00
20 BNE - LOOF 0ZZE- BD &1 03 LDA  $0361,X
2; égi 4502 0341~ 95 00 STA  $00,X
P PED END; i 0343~ EB INX
- g ' 0344- EO 07 CPX  #$07
23 e iRt ozae- Do Fe BNE  $033E
22 INC HIMEMH 0348- &0 RTS
. 349- 00 BRK
= igz ggSECEIH S4A- €9 02 CMP #302
28 END1 . 034C- DO D7 BNE  $032%
29 o e 034E- A2 00 LDX 4800
2 0350- BD 00 FF  LDA  $FFOQ,
3 Loa SOURCE1H 0353- 95 00 5TA  $00,X
- 0355~  ES INX
33 222 gggacslH 0354- EO 00 CCPX  #$00
34 358- DO Fé BNE  $035
35 LDA  #%40 I5A- AD 82 CO  LDA  $CO082
36 STA LOMEMH 035D- AD 82 CO  LDA  $C0B2
A S HINEMH 0360~ &0 RTS
' . \ 0361~ 00 . BRK
iz ENDZ ig; ilggT 0362- 00 BRK
2 0363~ 48 PHA
41 ENDLOOF LDA TAE,X 3 P BRI
42 STA  $00,X 3::;* p2 o
a3 INX 0366~ 00 BRK
44 CRX #3507 0367- 4C 04 04 JIMP  $0404
5 ENDL.OOF l
45 g¥§ N 036A- 00 . BRK ‘
46 03ILE- 00 " BRK

038C- 0O . BRE



:LDAD AVEHIE

END OF DATA
_tL

1 TaE EGU
2 HIMEMH EQU

HIMEML EQU
SOURCE1H ERU

3

a

S SOURCEIL EQU
& LOMEMH EQU
7
8
9

LOMEML  EGU

ORG

START LDX

10 LDY
11 LOOF LDA
12 ADD cLc
13 " ADC
14 sTA
15 LDA
14 “R_DC
17 ' 8TA
18 INY
19 CFY
20 BNE
21 INX
22 CFX
.23 BEQ
24 INC
25 INC
26 INC
27 T JMF
- 28 END1 ~ LDA
29 . CMF
30 © BEQ
31 LDA
32 cLc
33 ADC
34 sSTA
35 LDA
36 sTaA
37 LDA
38 §TA
39 JMF
40 END2 DX
~ 41 ENDLOOF - LDA
42 sTA
43 INX
44 CPX
45 BNE
46 RTS

*3a1
F0006

FO00O5
$£0004

0003
FO002
$0001
$03468
#F00
HF00
($03) ,Y

($01) ,Y
(£01) ,Y
#E00

08 , ¥

($05) , Y

BEO0
LOOr

#F02
END1

' BOURCE1H

LOMEMH
HIMEMH
LOOF
SOURCE1H
#EEF
ENDZ

SOURCE1H

#+03
SOURCE1LH
#+%48
LOMERM
#+4C
HIMEMH
START
HFOU
TAE, X
00, X

#F07
ENDLOOF

218

#ELOAD AVEHIE.OBJO,ASZC0 00 1 EF D8 00

*IJOOLLL

[R{elaly
Q30H2-
Q304
OZ06-
QZQ7~
0T09—-
030R-
03 0OD-
[extal
0311~

0312~

0314~
0314~
0317~
0319~
O3 1B~
031D~
0T 1F-
0321~
0324
0326—
oz2g-
03Z2A—.
032C~
032D-
OZZF-

0331~

03I

QIZ5-
QF37-
0339-
[sluminggy
Q3IE~

041~

' 0za3-
0344~

Tde-

0348~

| 0TAC~! _

0349~
034A~

034E~
0350~
0553~
0355~
AT T
0z58-
O35A~
035D~
0Z60~
QZT&t—
0T462-
0346~
03464~
0Z465~
0366~
0267~
0Z6A~
0Z6B—
O36C-

[a]e]
oo

03.

o1

a1.

Q0
05

05

Qu
EE

Q2
07
04
02
06
sC
04

_EF

12
04

03
04

.48
.02

40

04
&8
Q0
é1

00

o7

Fé&

02

.D7.

Q0
00
00

00
Fé
82

a2

04

03

FF

Co
co

04

LDX
LDY
LDA
cLe
ADC
8TA
LDA
ADC
§TA
INY
cry
BNE
INX
CRX
BEQR
INC
INC
INC
JMF
LDA
CMP
BER
LDA
cLC
ADC
8TA
LDA

BTA.

LDA
sTA
JHP
LDX
LDA

STA

INX
CPX
ENE

RTS-

BRK
CHMP
BNE
LDX
LDA
8Ta
INX
CPX
BNE
LDA
LbA
RTS
BRE.
ER}
FHA
BRE,
??7?
BRE
JMF
BRK
BREK
BFRE

#3500
#5500
($03),Y

0O1), Y
($01),Y
HEO0

($05), Y
($05) , Y

HEO0
$0304

#3502
$0324
$04
%02
$06
$0Z40C
$04
#4EF
$033C
$04

#$03
%04
#4448
$02
#$4C
$04
$07348
HS00
$0361, X
£00, X

HE07
$03ZT

#3502
$0325
#3500
$FFOO, X
$00, X

#$00

OIS0
$CcoB2
$COB2

$0304



1LOAD AVELD

END OF DATA

sl

LOMNCUDUN-

WON
RON
OFF
2ERD
LAST

TAB

MOVE

MTAB

Loaor
START
BEG

RETR

ORG
EQU
EQU
EQU
EQU
EQU
EQU
EGU
LDA
LDA
LDX
LDA
STA
INX

BNE

LDA
STA
INX
CPX
BNE
LDA
LbA
JSR
LDY
LDX
CLC
LDA
ROR
8TA
LDA
ROR
STA
INX
CFPX
BNE
ADC
§TA
INY
CFPY
BNE
INC
INC
INC
LDA
cHP
BNE
LDX

- LDA

STA
INX
CPX
BNE
LDA
LDA
RTS

$0300
$C081
$C080O
$C082
F0000
$FFO0
$3468
F361
WON
WON
#F00
ZEROD, X
LAST, X

#3500
MOVE
TAB, X%
£00,X

#¥07
MTAB
RON
RON
HI
#F00
#5000

05),Y
A
{051 ,Y
(01),Y
A
1),y

#3503
BEG
#F00
(01} ,Y

#3500
START
$02
$06
$00
$00
#$02
LOOP
#HEOO
LAST, X
ZERO, X

HFOO
RETR
OFF
OFF

" IBLOAD AVELOTAB,A$30
1CALL~151 rAR300

i *IJOOLLL

o 0300~
C 0303~
. 0304-

0Z08-

TOA-
030D~
Q30E-

; 0310~
; 0312~
i 0315~
¢ 0Z17-

0318-

i 031A-

031C-
Q31F-
0322~
0325~

0327~

¢ Q329

032A-
0320~

- 032D
i 032F-

0331~
03I2~
0334~
0335~
0337~
0339~
0338~
0Z3D~
O3ZE~
0340~

. 0342~

0344~
0346~
0348~
0346~
034C~
034E~
0350~
0353~

- Q35S~

0356~
0ZS8~
035A—
035D~
0350~
0%61~-
0362
0Z63-
0T64~
0365~
03467~
0368-
0Z6A-
036D
034F~-

- Q371

[a A

05

05
01

01

03
FO
00
01

00
ES
02
[o7-}

0o
02

b7

[ale]
00

00

82
82

co
co

FF

Co
co
03

FF

co
co

A

LDA
LDA
LDX
i.DA
STA
INX
CPX
BNE
LDA
STA
INX
CPX
BNE
LDA
LDA
JSR
LDY
LDX
cLc
LDA
ROR
STA
LDA
ROR
8TA
INX
CPX
BNE
ADC
§TA
INY
CPY
BNE
INC
INC
INC
LDA
CMF
BNE
LDX
LDA
STA
INX

ENE
LDA
LDA
RTS
BRK
BRK
RTI
BRE
BNE
?7?
LDX
INC
LDy
BCS
BCS

LER ATAY

$C081
$C0B1
#$00
$00, X
$FF00, X

#$00
$0308
$0361, X
$00, X

#$07
$0312
$C0BO
$C0BO
$03468
#$00
#3800

($05) ,Y

($05) ,Y
($01),Y

($01),Y

#$03
$0329
#3500
($01),Y

#$00
$0327
$02
$04
$00
$00
#$02
$0325
#3500
SFFOC, X
$00, X

#8500

$0350
$C082
sCo082

$03467

#3500
$ACOT, X
$B0, X
$0321
$0323

B

219



#ELOAD AVELOTABE,A$300 €0 01 EF D8 00

*#Z00LLL

0300~
03035~
0306~
0308~
030A~
0Z0D-
O30E-
0310-
0312~
0315~
0317~

18-
031a-
031iC—-
03 LF~
0322~
0325~
0327~
QI29—
03Z2A-
032C~
0320~
O32F~-
0331~
0332~
3=4~
0335~
0337~
Q339
0Z3B—
Q3ZD~-
O33E~
0340~
0342~
0344~
03446~
0348~
0Z4p/~—
034C-
O34E~-
OIS0~
- Q35T—
0355-
0356~
0358-
0ZSA~
038D~
0340-
0361
0362-
Q34H3~
0344~
0365~
0366~
03467~
Q36A—
0Z6E—
0T46C~
046D~
O3LF —

AD
AD
A2
BS
9D
ES
EO
DO

04

co
co

FF

co
co
03

FF

co
co

04

LDA
LDA
LDX
LDA
8TA
INX

©eeX

BNE
LDA

8TA

INX

CPX

BNE

LDA

LDA

JSR
LDy

LDX

cLC
LDA
ROR
STh
LDA
ROR
STA
INX

CPX
BNE
ARC
8TA
INY
Cpy
BNE
INC
INC
INC
LDA
CMP
BNE
LDX
LDA
STA
INX
crX
BNE
LDA
LDA
RTS
BRK
BRK
PHA
BR
7T
BRE
JMF
BRK
BRK
BRE.
ORA
ERK

$C081
$C081
#$00
$00, X
$FFOG, X

#$00
$0308
$03b1, X
$00, X

#$07
$0312
$C0OBO
$C0O80
$07T468
HE0Q0
#E00

($05),Y

($05),Y
($01),Y

($01),Y

#4303
$0329
#$00
($01),Y

#$00
$0327
$02
$04
$00
$00
#3502
$0325
B$00
$FF00, X
$00, X

HE0D
OIS0

$C082
$CO82

0404

(300, %)

220



221

tLOAD SAVESFC

END OF DATA }

sl -
1 BUFF EQU $DOOO
2 SWEEP  EQU  $1000 | %BLOAD SAVESFC.OBJO,A$I00 00 21 EF D A0
3 COUNT EQU $0343
4 RUFFA EQU $03t4
5 SWEEPA EQU #0311 .
& WON EQU $C081 L *IOOLL }
7 OFF EQU $Co8z - R Lba  s#10
g BEG Egg :gfgo ; 8D 11 03 STE  $0T11
12 LDA WON - OZ0R— 2 00 LD¥ HBOO
13 LDX #$00 03IGD- A0 00 LDY #8500
14 LDY #$£00 0307~ BD Q0 10 LDA  $1000,X
15 START  LDA SWEEF,X g;;g: zg oo ko ?;Q FDCOO, X
‘3 ?LQ BUFF, X 0F16— EO 00 CFX #8300
ia CEX  #300 0T18— DO F5 ENE  4030F
0318- EE 11 O3 ING  $03:it
17 BNE  START 0TID- EE 14 O3 ING %0314
20 INC SWEEFA oamo- oo N
§1 iﬁs BUFFA L 03IZI-  Co 02 -~ CRY. #3032
< | o323- DO E BME  $O3Z0F
23 CPY  #%02 | 0TIRE-  AD 82 GO Lha  sCoaR
24 BNE START 0328- AD 82 0o LDA  $C082 P
25 LDA  OFF 0I2B-~ &0 RTS :
28 LDA OFF . | pz2e- 8o . 227 |ow
27 . RTS 032D~  CO AD CFY  #%$aD '
o3zE- 80 P97
:LOAD SWEEF i 0330~ CO 60 CPY  #%40
’ O3ITZ~ B0 RTS
03I~ 01 &0 ORA  ($460, %0
END OF DATA - L 0IIT- 02 PP
L 03To~ 00 .. BRE
L - . L0337~ . 00 BRE
. G338~ 00 BRE
1 BUFF EQU  $DO0O L QII9~ 44 A
T 2 SWEEF EQU #1000 T O3kA- 0T 277
3 BUFFA EQU $FO0b : o0 BEE
4 SWEEFA EQU $FO09 DO QO BNE $OTEE
5 RON ERU  $C080 00 BRE
& ADD EQU #$347 01 Qo ORA  (HOT, X)
7 OFF EGU $C082 s ERE
B " ORB  FFOOC &0 RTS
9 LDX #3200 o1 0O ORA (00,1
10 LDY #3600 ol EF ORA  ($EF,X)
11 START LDA BUFF,X 0Z47—- D8 . .- .CLD
12 . 8TA SWEEP,X |
13 INX ,
14 CPX #3000
15 BNE START
16 MID cLc
17 LDA BUFFA
18 ADC  #%01
19 . STA 353
20 JSR ADD .
21 INY
22 CPY #$02 .
23 BNE START !

24 STOF RTS



: LOAD CLEAR

END OF DATA

sl

r
=]
=

Loor

CONCUIUN

15 ENDL

EQU
ORG
LDY
LDX
LDA
STA
INX
€PX
BNE
INY
cPY
BEQ
INC
JMP
CrY
BEQ

STA
LDA
STA
JMP
RTS

$4000
$300
#4500
#$00
#300
LOW, X

#£00
LDOF

#3502
END1
308
LOor
#+04
END

#+04
$310
#4544
308
LOOF

*ZO0LL

QEO0—~ AR
O302~ AC

OTOH~ EB

OXOB- EO
DEOD~- [ 0]
CIOF - 18
D330~ AD
E13- &9

[aR3

- 80

GELe- 20

*BLIAD CLEAR.ORJO,ASZ00 00 0L EF D 20

*ICOLL

QOG-
O30E~
03I04~
QI0&—
ATOG-
QE0A~

FOC-

L O30E-

Qo0
(a1
[sIn}
D0
00
F3
Q&
53
47
0z

B4

o2
B
32

2

QBCF~-
03i1-
0T13-
CIE14—
0319-
CEiR-
03150~
OTLF-
0322~
QER4-
Q27—

O32A—-

0Z25~-

0Z20-

DG
10

)
fac

OF

QZF

e}
Co

LDX

- LOY

LDA
5TA
INY
Cri
BiNE
cLe
LDA
ADC
874
J88
INY
CFY
BNE

]
S

CPY
ENE
LDA
LD
RT3

7

oo’
GO

[ale)

Q0 40
jole]

Fd

Q2

04

g 03
04 O3
04

QD

[u2:d

10 OF
a4

08 03

04 O3
= CO
82 Co

&0

20 Gl EF DB a0

HEOQ
H#E0O0
EDOD0, K
SLOVO A

RECD
HOT04L

HFOOH
#$01
$035T

$QIT4LT7

HeEDD
SOIOF

LDy
LDX
LD#A
8TA
IMX
CPX
BNE
INY
CPY
BES
INC
JMP
CFY
BED
LDA
STA
LD#&
8SThR
JMF
RTS
?T?
LDA
LDA
RTS
ara

220

#E0D
HEQD
EHO0
S4000, X

SkBO0
HOBCE

HHOD
FOTLE
$ATOHE
$03Z04
HEDL
FOT2RN
HE04
$OTLO
F3 £
S$CEGE
FOICH

HCOE2
00802

CBEG, XD

222



LDAD HIALL

END OF DATA

L

VOO UL UN -

TRACH
SECTOR
DTH
BUFF
SWEEF
COuUNT
BUFFA
SWEEFA
WON
RON
OFF
IOk
I0A
STOREA
RWTS
STAR

DATA

STOF

DRG
EQU
EQU
EGQU
EQU
EQU
EQU
EQu
EQU
EQU
EQU
EQU
EQU
EQU
| ={alN]
EQU
LDA
LDY
JSR
INC
LDA
CMP
BNE
LDX
8TX
Lba
INC
cMP
BNE
BREK
INC
LDA
CHMF
BED
JMF
LDA
STA
STA
LDA

©8TA

RTS

$FO00
$34E
F34C
$350
$D000
$1000
$346
$0314
$0311
$C081
$C080
$coaz
$03
$47
$FO00
$3D9
#10R
#1008
RWTS
SECTOR
#510
SECTOR
DATA
#3500
SECTOR

223

FELOAD HIALL.OBSO,A%300 S0 01 EF DB D0

#320LL0L

D3GO—~
QTGE~
304~
BT~
DTSN~
0ZAC~
QIOF~

s QELL-

i

#544—

LOQZEIC-

TRACKE
TRACH
DATA

DTH
#FFO
DTH
STOR
STAR
#$DO
DTH
BUFFA
H#F00
COUNT

QT135~
0ZF16~-
0318-
QzLR-
31z
alesetaly
NZ3L
QERL -
LE25-

329~

QIEO-
OETE-

T 0TS

[ )

ABTF-
0342
0T 45~
0384
0347
0349
0344~
045~

—
QT40~

QZT40-

034E~

QX

47

D9 <

4C
10

10
QO

44
sB
a5
01

50
FO
50
[
Q0
DO
=a]
14
[#ls]
44
Q0

82

"

&0

Loa
Loy

- JBR

INC
LA
CH=
BNE
LaxX
8T

LDA
ING
CrP
ENE
ERFE
NG
LDA
[yt
BEQ
JME
LoA
5TA
8TA
LDA
STA
RTS
JER
LDA

RTS

BRE

ORA
i
BRI
BRE
BRE

LI
s
BR
BNE

- BR

HHEOT
$E4A7
$OED?
$034C
H#E10
$QI4C
FOE21
#5500
HOZA0
#3544
SOTL4H
$0348

HOTH

HOTIO
HEFO

FOITO
S$OT2E
SFOO0
#£DO

E Tntatel
H0314
H#%00

$03446

HFOLO
$CCER
sC082

(560, X)

BOIDE



tLOAD CLEARB

END OF DATA

L

r
o
=

LOOR

VONCUSHUWUN-

15 END1

F4800
F3I00
#F00
HEOQO
#$£00
LOW, X

HEO0
Loor

BE02
END1
308
Loor
#+04
END

#304
$310
#+4C
$308
LOOF

*E_0AD CLEARB.CEJO 0O 01 EF DY 00

*Z00LL

OZ00-
2...
ORQA—
QTChE—
Q08—
OE0A—
(bt
QTCES
QZ0F—
0Z11~—
0313~
0316—
0319~
Q31—
0Z10-
OZLF~-
03I22-
0524—
0327-

324~
CEZR-

Q0
Q0
(el
0o

ale]
Fé&

oz
04
08
04

oD
04
10
4C
Qg
04

&A

48

Q=

>

Loy
LDX

- LDA

874
INX
CrX
BNE
INY
Cry
BER
ING
JME

BER
LA
STA
LDA
874
JMP
RTS
ORA

H$O0
#$O0
H$HO0
$4800, X

#400
SOTO4

HE02
$0ZLS
HOT0S
$0304
#4504
$0T2A
#E04
FOZLO
HEAL
SO0
SQT04

hsA

224



END OF DATA

1L

VONOCUDWN-

TRACK
SECTOR
DTH
BUFF
SWEEP
COUNT
BUFFA
SWEEFA
Won
RON
OFF
I0B
I0A
STOREA
RWTS
INIT

BEG

START

MID

END

STORE

ORG
EQU
EQU
EQU
EQU
EQU
EQU
EQU
eQuU
EQU
ERU
EQU
EQU
EQ

EQU
EQU
LDA
LDA
LDA
STA
LDY
LDX
LDA

INX
CPX
BER
JMF
INC
INC
INY
CPy
BEQ
Piyise
INC
LDA
CHMpP
BEG
RTS
LDA
LDA
JSR
LDA
LDA
RTS

$300
$34R
$34C
F350
$DOOO
F1000
F3446
$0314
FO0311
£C081
$¥C080
0082
03
+47
FFOOO
£3D9
WON
WON
#F10
SWEEFA
#F00
#¥00

SWEEF,X

BUFF, X

HH00
MID
START
SWEEFA
BUFFA

#¥04
END
START
COUNT
#+08
COUNT
STORE

RON
RON
STOREA
OFF
OFF

*ELOAD LOWALLTAB, A$I00 0O

*IOOLL

QRO

0304~
QE08—
0308~
OZ0OD-
QZOF—
OB132-
Q15—
QZ16—
0318~
0F1o~
031D~

OTRE—

- OERE-

0330~
QEI3-
O3ES~
OIT&E-
Q339 .
(e mtnty
QITF-
042~
OF45-
Q45—
Q47—
OZ49~
GT40-
[ty =1

ao

0z
00
DO
00

Q0

Co
co

03

10
Do

03
0z

0%

L.DA
DA
LDA
STA
LDy
L.D¥
LDA
STA
INK
CrRX
BEZ
JMF
INC
INC
InY
CFY
BEQ
JMF
ING
LD&
CHMP
BEC
RTS

LDé&
JER
LDA
LoA
RTE
BiRL
ORA
rarie
BRI
BRi-
BR
cLI
T
BRI
BME
BRE

$CO8 1
0081
#5510
$OFLL
HEOO
#3000
1000, X
$DO00, X

HEOD
S$0OTLD
$OT0F
$0OE11
®OT L4

#$04

HOTLI
SOTOF
SVT4E
#508

SOTAG
$0ITE

$COB0
BCLA0
SFOOG
$COBY
$C082

($a0, X)

HOITE

225



LOAD RETZ2

END GF DATA

:L

GONOULWN-

ORG
EQU
EQU
EQU
Enu
EQU
EQU
£Qu
EQU
LDA
LDA
LDA
LDY
JSR
INC
INC
LDX
CPX
BNE
LDX
8TX
INC
LDX
CPX
. BEQ
-JMP
LDA
LDA
RTS

0B
10A
RWTS
DTH
TRACK,
SECTOR
WwonN
WOFF

START

upP

NIN

DONE

#RLOAD RETTAR,AHID0 03 0
% Z0L L

OR0o—~
[asieity
QG-
0303~
IO~
QZab-

03L0-

Q320

GR4T -

g1 Co

0 8L CO

-

0=
IC 03
03
aZ

I8 03

Q3

o0

Q0

L.DA
LLa
L.DA
Loy
JER
INE
ING
LEY
CRX
ENE
LDZ
STX
IMC
LD
CFX
BER
JMF
LDA
LDA
RTS
ORrRA
TR
BRI
BRl
B
s
TP
BR
BRE
BRE
ORA
BRi
RT3
[wizds

ORA
CLD

226

1 =

- ¥

£y co

SC0EL

HOT0E
SCO82
BCOED

CB&D, X3

FOTIE

(B00, X

(40, X0
ISEF, ¥)



tLOAD SV2

END OF DATA

H.

CONOrUBAUWUN-

10B
IDA
RWTS
DTH
TRACK
SECTOR
RON
WOFF

START

UF

NIN

DONE

ORG.

EQU
EQU
EQU
EQU
EQU
eay
EQU
EQU
LDA
LDA
LDA
LDY
JSR
INC
INC
LpX
CPX
BNE
LDX
§TX
INC
LDX
CPX
BEG
JMF
LDA
LD&
RTS

*BLOAD SVTAR, ASIAC 00 01 EF DB OO

*IQOLL

300
OT03-
OT0&H—-
QIO8~-

OIZ7~
Q329 -
QFR0C-
O3RF -
O332-
OFET~
Q33T

0334~

OEZA-

[t =0
OFF0-
Q3ZE~
O3IF-
OEAG-
0341~
0342
G343~
QX4 5
OILT -~
0346
Q49—
OX4A-

a0 -

80
Q3
33
ow
R
38
10
3
08
Qo
I8
37
Fa
30
Q=
QL
32
82

&0

oo

Qo0
EF

co
ca

0%
0%

O3

03

3

O3

[#:

o

T

co
(]

LDA
LDA
LDa

- LD

JER
INC
INC
LDX
CR¥
BT
LDX
STX
ING
LDX
CFX
BER
JIMF
L.DA
LDA
RTS
ORA
277
BRE
BRE
BRE
rafard
77
BRE
BNE
BRE
el
BRi
BRI
RTS
ORA
ORA
CLD
RTS
rarard
BRE

O3B0
SOTRT
BOZOE
$COBE
sCOR2

(4, X1

S0ITE

(00, X)
(SEF, X0
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LOAD DFEN

END OF DATA

HIW

NOAAUN

a8

WON
RON
SWEEFHI
OFF
BUFFA
SWEEPA

QFEN

VS0

EQU
EQU
EQU

EQU
Eau
ORG
LDa
DA
JSRrR
LDA
LDA
LDA
STA
LDA
LDA
RTS
LDA
LDA
L.DA
STA
LDA
STA
LDA
LDA
RTS

#BLOAD OPEN.OBIC,ASZCO Q0 0L EF 28 00

#3001

RO~
0305~
0306~
OI09~
[sistoed
O3QF -
0331~

L 0Il4~

Q317-
0ZLA~
O31R-~
OZLE~
0321~
G32E-
D324~
0328~

| 03RE~
| O3ZE-

03T~
Q322
[t
0335
O33h~
0IX7-
me=ig
IR -

03TA-

ATTE~
U3IF-
0Z41-
0342-
QZ43~
QIEAG~
OZ47~
03486~
OTAG~
QT4
Q4B

a0
a0
00
B1

4
&

1
i

0%

-

-l L

g2

31
g1

£

b
[0 L0

Q0
Gé
80
20

&0

o0

Qo

Qo

EF

o
fe]
co

LDa
RTS
LD&
LDA
LD
8TA
L&
STe
LDA
LE#A
RTS
RTEB
OR#
TR
BRI
BRE
BR
277
277
BRE
BNE
ERE
arA
BRI
RTZ
GRA
ara
CLD
RTS
7?7
BEGK
BRI

&£CO80
SCE0
SFOCO
£C0E1
GCORL
H#E10

RO
FCOE2

$Co082

SO05L
STCOB3
#4611

SFCO9
#1400

SFO04
SCOB0
$COBG

(50, X)

SOTIIE

(HOC, X)

($00, X)
($EF LX)
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