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Abstract

EKG data compression techniques were investigated for

potential real time implementation on an 8 bit Motorola 6800

microprocessor. Research indicated entropy reduction

transform techniques such as the Fast Fourier Transform and

the discrete Karhunen-Loeve Transform were not feasible for

implementation on the 6800. Two redundancy reduction (RR)

techniques (TOLAN and DOWER) utilizing 2nd order difference

operations in conjunction with variable length encoding were

studied in detail. One such RR technique (TOLAN) was fully

implemented and tested with ''in vivo'' EKG data. Analysis

revealed compression ratios ranging from 1.25:1 to 2.26:1.

Investigation of the poor performance of the compression

algorithm showed significant degradation of the 2nd order

difference ' 'decorrelator' ' due to a noisy collection

environment. It was concluded that real time EKG data

compression is feasible on the 6800 but that time compression

techniques which store a zero value sequence counter versus

the value of zero are not efficient in a high noise

environment.
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ANALYSIS AND PFRIOIANCI: FVAI UATION

OF: ELLCTROCARDI OGIA I DATA CO'II'uv;SSION TECIiNI OUYS

I. Introduction

BackAround

Currently the USAF School of Aerospace Medicine

(USAFSAM) is rece iving more than thirty thousand

electrocardiogram (EKG) data records a year from Air Force

flight personnel worldwide. This data is presently recorded

on paper strip charts for immediate medical analysis and

long term storage (via microfilm).

Advances in computerized biomedical analysis has

generated a need for digitized storage of the EKG waveform

to allow computerized interpretation and comparison of

present and past cardiographic data. As computerized

diagnosis becomes more accurate, a long term digital record

of historical EKG data will enable the cardiology staff at

USAFSAM to identify developing heart disease before it

becomes a danger to a flight crew member or his fellow

crewman.

Data cojpression of the sampled EKG has been an area of

active research since the late nineteen sixties. References

(1) , (7) , (12) ,(26) ,(28) , (29) .(32) ,(33) , and (35) are

representative of the research efforts performed in the last

ten years . The reasons for compressing EKG data are

twofold: 1) digita" storage costs are rapidly approaching
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analog storage costs and ; 2) increased use of computer

aided diagnosis requires large digital data bases.

In the past, EKG data compression has generally been

performed at a central computer facility. The data is

normally collected in a physician's office or clinic and

transmitted in an analog format over a standard telephone

link to the central computer. The data is then digitized

and input to a computer for diagnosis and storage (in

compressed form).

With the current advances in microprocessor technology,

sAmp1.in and comflression at the collection site is now a

viable alternative. State of the art digital communication

systems can operate at 9600 bits per second over the

standard 3 kilohertz (KIz) bandwidth telephone channel.

With error detection and correction protocols (Ref 27), high

fidelity digital transmission of the compr essed EKG to the

central processing center appears to be the wave of the

future (Ref 21:253-254).

The Department of Defense (DOD) is currently installing

a computerized EKG interpretation system at centralized US

military medical centers worldwide. To collect and transmit

this EKG data, remote medical clinics will use a commercial

EKG ''cart'' containing a Motorola 6800 microprocessor.

This EKG cart performs internal data compression, record

formatting, and error protective ''channel'' encoding for

dijital transmission to the central medical center.

As an independent study, USAFSAM has sponsored this
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thesis to ir. vestigate the general field of microprocessor

based 1'KC data cor.I'res':eon. '[ he results cf this study rc

to be used for comp -rison against the data compression

achieved in the DOD system and to create a measurement

baseline to evaluate future microcomputer based EKG data

compression systems.

Problem

The problem addressed by this thesis was the analysis

of currently available EKG data compression algorithms for

implementation in a microprocessor based computational

enviroment. Additionally, a performance measure was to be

developed by which differing EKG data compression techniques

could be compared.

In this thesis, an EKG Data Acquistion and Analysis

System (EKG-DAAS) was constructed. The EKG-DAAS collects 3

leads of an amplified EKG (i.e., Analog/Digital (A/D)

dynamic range =± 5 volts), and samples the data at a

operator controlled rate between 300-700 hertz. Data is

digitized at 12 bit precision and subsequently rounded to 8

bits for uniform truncation error performance (Ref

24:413-418).

The EKG-DAAS hardware was developed around a Motorola

Exorc iser microcomputer (6800 microprocessor) with

associated A/D converter, disk memory,computer terminal, and



hard copy printer. The EKG-DAAS hardware is controlled via

a software program ca11e !F!(;-!-t.C . r.E:;-EXI.C is an asse- v

1AR.gRA11 program which performs terminal, printer, and disk

input/output (I/O) operations as well as providing a

supporting structure for the data compression and analysis

software. Because of the lack of a high order language

(e.g. FORTRAN,PASCAL,etc.) and the desire for maximum

program execution speed, all programming done in this thesis

is in assembly language. This has proven to be a major

limitation.

Only one EKG data compression algorithm was completed

and implemented on the EKG-DAAS. ''In vivo'' EKG data was

taken, however, and EKG data compression performance

analyzed.

General Ap.oach

To accomplish the objectives in the problem statement,

the literature was first searched for EKG compression

algorithms whose implementation and execution on a 6800

microprocessor was considered feasible. As a result of this

literature search and private correspondence (Ref 11 and

31), two compression routines were found. These two EKG

data compression algorithms will hereafter be referred to as

the Tolan and Dower methods (Ref 31,12).

With the Tolan and Dower algorithms identified,

construction of the EKG-DAAS was begun by assembling the

data acquistion subsystem. This data acquistion system

4



ccnsists of an Analog/Digital converter and a interrupt

si ' ing clock. The A/D was calibrated and coding of the

EKG-EXEC software started. Sev 'ral months of effort

resulted in the EKG-EXEC software and programming of the

Tolan compression algorithm initiated. Upon completion of

the Tolan compression routines, the Dower algorithm was

analyzed but not implemented.

Based on the results of the Tol an compression

algorithm, a performance measure was formulated which

compares achieved compre ss ion against an approximate maximum

coRmpression computed from the data statistics. The Dower

compression algorithm was analyzed for similarity with the

Tolan technique and an estimated performance figure

calculated with respect to the compression measure or

''metric''

Sequence of Presentation

Chapter 2 begins the thesis development with a general

survey of the field of data compression. Data compression

is shown to be divided into two subclasses (Entropy

Reduction and Redundancy Reduction) and each subclass is

defined. Several EKG compression techniques found in the

literature were included in the ER category. These ER

techniques were described and their performance advantages

and limitations analyzed. Chapter 2 proceeds by describing

redundancy reduction and several RR electrocardiogram

compression algorithms are also analyzed. Chapter 2

- - i



concludes with the determination that implementation of the

identified ER compression routines would require progra-r , r.p

efforts beyond the scope of this thesis. Hence this thesis

is limited to redundancy reduction compression.

Chapter 3 describes, in detail, the Tolan and Dower

redundancy reduction algorithms whose implementation on the

Exorciser was considered feasible. The Tolan algorithm is

described first followed by a discussion of the Dower

method. Two other EKG compression techniques, discovered

during the research of this thesis, are also summarized.

Chapter 4 rev iews the hardware and software

configuration of the EKG-DAAS. The hardware system is

described first and the specifications of the Exorciser

microcomputer,A/D converter, and I/O peripherals are

presented. Following the hardware description, the EKG-EXEC

program is documented and the software design philosphy

examined. Finally the Tolan compression module is

discussed.

Chapter 5 outlines the results obtained using the

EKG-DAAS with the Tolan algorithm. A detailed description

of the experimental setup is presented along with a

discussion of the p.er formance parameters measured by

EKG-EXEC. Finally a performance metric is described and the

Tolan compression results compared against this metric.

Chapter five ends with an analysis of how well the Dower

compression technique would have performed against the

performance metric. Chapter 6 concludes the thesis and

6



presents reconmendiations for future study.

This thesis cont ain- f ive appendices. Appendix A

surveys basic electrocardiolo.gy and is recommended to

readers unfamiliar with this subject. Appendix B is a

tutorial on Information and CodinA Theory and is likewise

recommended to those readers unfamiliar with this field.

Appendix C contains a listing of the EKG-EXEC assembly

language software as well as one BASIC prcgram used on the

Exorciser for data analysis. Appendix D contains data

printouts of the data taken in the data collection

experiment. Appendix E presents photocopies of the

specification sheets for the equipment used in this thesis.

With the sequence of presention outlined, attention now

turns to the theoretical section of this thesis. The first

subject is data compression theory.
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II. Data Compression and the EKG

Data compression is an operation in which data from an

information source is ''simplified'' or ''filtered '' in a

manner that produces an approximation of the original with

at most some predefined amount of distortion. Some form of I
data compression is usually necessary when storage

limitations, bandwidth requirements, or transmission channel

capacity prohibit operation on the original data.

In general, data compression can be divided into two

types of operations (Ref 10:4). The first operation, called

entropy reduction (ER) , is an irreversible transformation

which reduces or compresses the data by mapping a source

into an approximation of itself with a lower entropy rate.

Sampling is an example of such a transformation. The second

operation, known as redundancy reduction (RR) compresses the

sampled data train by reducing, or eliminating, the

redundancy existing in digital sequence. Since the

redundant components of the data train contain no

information about the source, RR is an ''exact'' data

compression operation.

This chapter discusses data compression as it has been

applied to the electrocardiogram (EKG). Two types of data

compression strategies prevail. The first strategy involves

two (or more) ER operations on the EKG data and attempts to

compress the data by filter inj selected components of

discrete transforms . Because ER operations are

irreversible, this type of data compression is sometimes



re 'crred to as ''inexact'' compression. The second stategy

px:' rr:s data compression by reducing the redundancy present

in the sampled EKG data train. This redundancy arises from

two causes : 1) neighboring signal samples are not

statistically independent and ; 2) the quantized signals

amplitudes do not occur with equal probability.

Because of the speed limitations of the Motorola

Exorciser microcomputer used in this thesis, only redundancy

reduction algorithms were tested. This chapter, therefore,

is intended as a review of the work that has been done in

EKG data compression to allow comparison with the results

obtained by this author.

EntropX Reduction

As is known from information theory (Ref 19), entropy

fH(X) I is defined as a measure of the ''randomness'' or

''uncertainty'' of an information source. If the symbols

emitted by the source are statistically independent, then

the source is said to be ''memoryless'' and entropy is given

by the equation:

N

- p i log2  p (bits) (1)

i=l

where pi represents the probability of occurrence of the ith

symbol and N is the number of distinct symbols output by the

source. For those ''symbols'' in a data set which occur

9



with zero probability, the term p ilog2 p is defined equal to

Immediately obvious from Eq.(l) is the observation that

H(X) is defined on a discrete probability distribution. In

fact, Shannon (Ref 30) defined the entropy of a continuous

source as equal to positive inf inity. Thus an ER

transformation must, in some manner, '' discretize'' a

continuous waveform into a countable set of components and

attach some probability to the elements of the set.

Sajp ling. The clearest example of this ' 'discretization''

is sampling, obviously the most important operation

necessary for digital signal processing. In sampling, an

electrical circuit (such as an Analog-to-Digital (A/D)

converter) periodically meas~ires the value of a signal x(t)

and records the data as a numeric (usually binary) number.

If the signal is sampled at least twice the highest

frequency component of x(t) , and the duration of the

sampling operation is long enough that ''aliasing'' effects

(Ref 36:68-72) of ''windowing'' are negligible, then all of

the ''frequency domain'' components of interest in x(t) will

be preserved. Physical constraints, however, limit the

accuracy of the amplitude measurement to some finite

precision. Amplitude information residing below the

sensitivity of the A/D converter is irretrievably lost.

As an example, let the A/D converter digitize to 8

bits. With 8 levels there are 256 possible outputs, each

with a certain probability of occurrence. If the continuous

10



waveform fed to the A/P is the output of a stationary

stochastic prcc ess with uni form statistics, then each1

numeric value will occur with probability of 1/256 (assuming

the source max/min deviation > the A/D dynamic range).

Assuming sample-to-sample independence, the source entropy

is then calculated as

H(X (1/256)log 2256 = 8. (2)

256

Entropy has been ' 'reduced' ' from + - to 8. If the

stochastic source has ''less random'' statistics (like

gaussian), entropy would be reduced even futher.

All of the EKG compression routines discussed in this

thesis are implemented on digital computers, hence the ER

operation of sampling is always performed. In ''inexact''

EKG data compression, the next operation is another ER

mapping in which the sample sequence is transformed into an

alternate domain and filtered.

Orthojonal EApansions and Filtering. A bandlimited waveform

x(t) can be expanded (over a given interval T) as a linear

combination of orthonormal basis functions 0 (t) (Ref
n

36:20-21) . That is

11



x t)= a n 0(3)

n=O

The functions 0 (t), as n=O 1.. , are defined as
n

orthonormal if

f (t) (t) dt = 1 , i=k

T (4)

=0 otherwise

Ahe orthonormal set (0 (t)) is called complete (C .O. N.)
n

if, for any given e> 0, there exists an N and a finite

expansion

N-1

x(t)= ) a 0 (t) (5)

n=0

such that

f 2
f x(t)-x(t) [ dt < a 6

T

Given a complete, orthonormal set (0 (t)] , thenn
representation of any physical, noise-limited signal (over a

prescribed interval T) is possible with a finite set of

weighting coefficients ao a1 ,...aN - .

12



If k (k(N) terms in Eq.(5) are selectively suppressed

(i.e., a 0 ,a 1 . =0) , then the signal x(t) is said to 1c0 1 k

filtered of those components and a comreKssed representation

of x(t) is produced.

EKG Filtering RComRression. A great deal of work

( 1),( 2),(26) ,(33),(35),(21) has been done in attempting to

''compress'' EKG data by storing, or transmitting, selective

components of an orthonormal expansion. This type of

compression strategy is complicated by the complex

characteristics of the EKG waveform. Foremost are the

limitations imposed due to the ' 'nonstationarity'' or

variability of the EKG source, both within any given

waveform and the general population as a whole.

.. .... -[ .... ../ ....... .. . .... ....... ....... . . .. . . ...... .

...... i .. I

: : : : : .. .. ; : :/ . . : . . . . . .. . .. . . . ! . .. i t... . . . [

Fig 1. Typical EKG waveform with arrythmia,

During an EKG collection, the heart rate of the person

undergoing testing can vary. This variation, or arrythmia,

requires that a suitable reference point be established on

13



the P-QRS-T complex (Fig 1) around which the orthogonal

e\ , • sion can be performed. Without this reference, the

data falling within an expansion interval T (based purely on

a constant At ) will appear to be ''almost'' random. If the

''filtering'' used to effect compression is based on an

expected waveform within the transform window, improper

registration will cause severe degradation in compression

efficiency. The above situation is known as the ' 'epoch''

problem and is discussed by Womble (Ref 35:703).

Assuming that the expansion interval is aligned

properly on some feature of the EKG (e.g. R wave), then the

problem of variable P, QRS, and T complexes must be

considered.

If the individual under test has a heart disease, then

in many cases the P,QRS,and T segments of that person's EKG

may vary significantly from the population ''norm''. Again,

if the compression filtering is based on an assumed, or

0 'normal ' ' waveform, then significant reduction in

compression efficiency can be expected.

These problems, among others, require that the EKG

''filtering'' compressor be robust enough to handle the

variations possible within the waveform. With these

l imitations in mind, discussion will now proceed to

compression transforms.

Transforms. Two maj or types of discrete filtering

compression strategies, as applied to EKGs, will now be

discussed. These are the Fast Fourier Transform (FFT) and

14



the discrete Karhunen-LoevL Transform (DKLT) . These two

t , , : ;ques are representative of current research into E ;

filtering compression and will serve as good basepoints

against which to compare the redundancy reduction

compression techniques outlined in chapter 3.

Fast Fourier Transform. The fast Fourier transform is

a computationally efficient algorithm for calculating the

discrete Fourier transform (DFT). The following discussion

involves the DFT, but calculation by the FFT is implied.

Data compression using the DFT is achieved by zonal

filterinj in which ''zones'' of the transform sequence are

selectively discarded. Usually these zones are defined by a

''cutoff frequency'' f and only those components less thanc

or equal to f are saved. Data reconstruction is performedc

by computing the inverse DFT (FFT) on the filtered sequence

and replacing the filtered components with zeroes. Using

the symmetry relationships described in Oppenheim and

Shaffer (Ref 24:103-105), then the transform sequence for

N=8 is:

X(O) R(O) + jlm(0)
X(l) R(l) + jlm(l)
X(2) R(2) + jim(2)

X(k) = X(3) R(3) + jlm(3) (7)
X(4) R(4) + jIm(4)
X(5) R(3) - jim(3)
X(6) R(2) - jIm(2)
X(7) R(1) - jim( )

where R is the real part, Im the imaginary part of the

complex number X, and j=-17

Zonal filtering takes advantage of the symmetry in Eq.

15



(7) by saving those positive frequency components less than

or equal to a certain cutoff frequency f . IF f ;ere
C c

chosen as equal to X(2), then only X(0) ,X(l), and X(2) would

be saved. On reconstruction, X(3) ,X(4),and X(5) would be

set equal to zero (i.e. they have been filtered out) while

X(6) and X(7) would be recreated from X(l) and X(2) using

symmetry. The inverse DFT (FFT) now produces a ''filtered''

approximation of x(n).

EKG data compression via filtered FFT spectra has been

studied by Womble (Ref 35) and the TRW corporation (Ref

33) . In both studies the distortion criterion used in

establishing fc was visible reproducibility with no

detectable distortion.

In the TRW study, compression ratios (defined as bits

in : bits out) from 2:1 to as high as 17:1 were obtained

using zonal filtering. The high compression ratios were

measured using highly rhythmic EKGs taken from an individual

(an astronaut) in a low noise environment. This

extraordinary compression ratio is far from ''normal '',

however. WombIe (Ref 35) has shown that, on the average,

40-80 terms of a 512 sample FFT (sampled at 500 11z) are

necessary to reproduce the EKG with acceptable visual

distortion. Since the FFT requires storage of 2 numbers per

term (real and imaginary components) then, in general, FFT

zonal filtering compression ratios of 5:1 to 3:1 are more

common.

The FFT is often used iii digital signal processing

16



because of its speed and representation in the frequency

d, ':'. As wi I be seen f ro. t e data in chapter 5,

compression ratios of 5 : 1 are usually higher than those

obtainable by redundancy reduction techniques. Even so, the

FFT is not the ''optimal'' transform for representing a

sample sequence.

Discrete Karhunen-Loeve Transform. Because all of the

filtering compression techniques are ER transformations,

distortion upon reconstruction is inevitable. One would

like a performance measure against which this distortion

could be evaluated.

One common measure of performance is the mean square

error defined by the equation:

e(M)=Ef( X - ) 2  (8)

where E is the statistical expectation operator, X is a

discrete signal composed of N sample values, and X is the

estimate of X via some orthogonal coordinate system. Given

that a representation of X is desired with less than N

components, Ahmed and Rao (Ref 2:200-203) have shown that

the DKLT is the optimum transform to minimize mean square

error .

The DKLT can be de s cr ibed as follows: Let the

orthonormal transform matrix [TI be defined Ps

[T]' = ) 2 ., . .. 0 N {[T]'=[T] transpose) (9)

17
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a ii are N dimensional , real value(' basis vectors. If C n c C

c. t - f(,rri vector Y can be created by

Y = IT] X (1C)

where X =[x x ... x ]; Y =[ y... y]. Since the O are- 12 N - Y1 Y2 YN i

or thonormal, then

N

X =Y0 + Y20 +'" "+Y 0 y n0 (i)
1 1 22 N N= Lnn

i=1

The goal is to optimally represent X by a subset {y 1 'Y 2

. y ) where M < N. If the remaining N-M terms are
M

represented by the constants b , then an estimate X is
1

defined such that

M N

- + b i (12)

i=l i=M+1

An error vector, AX is now created where

N

AX =( X - )= (Y-b (13)

i=M+l

Now the mean square error defined in Eq.(8) can be redefined

18



as

e(M.)=E{(AX )'(AX )

N N

i=M+l j=M+1

N

= 2 E((yi-b.) 2 }  (14)

i=M+l

Ahmed and Rao (Ref 2:202) show that by minimizing Eq.(14)

N

e(M) = E(( X - X )( x- x )}I f) (15)
- i

where X is the mean of X.

The expectation in Eq. (15) is recognized as the

covariance of X , hence Eq. (15) becomes

N

e(M) 01. ( , [K ]10 (16)
I x

i=M+l

where [K I is the covariance matrix of X.
x

By minimizing Eq. (16) 1 Ahmed and Rao (Ref 2:200-205)
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sn ', that the othornormal funct i ons 0 ecome the

fu n ctio ns of the ccv r aance matrix [; and the mzn
x

square error becomes

N

e(M)= X (17)

where the X. are the eigenvalues of [K ]. By expanding X
I x

with the eigenfunct ions corresponding to the M largest

eigenvalue s, then X is filtered of N-M components with

minimum mean square error. This is the discrete

Karhunen-Loeve transform.

The DKLT has been studied by Ahmed (Ref 1) and Womble

(Ref 35). Both studies compared the performance of EKG data

compression using the DKLT against other orthogonal

transforms.

Ahmed's tests utilized canine EKGs and clearly showed

the optimality (in the ''mean square sense'') of the DKLT.

Ahmed, however, deemed the DKLT to be too complex for

practical implementation, and proceeded with the development

of EKG compression strategies using suboptimal transforms.

The details of these suboptimal expansions will not be given

here, but the reader is referrenced to Ahmed's paper (Ref

1).

Womble, on the otherhand, demonstrated that the DKLT is

not to difficult to implement. In his experiments, Womble
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t c o-k 3 lead vectorcardiogram (VCG) data (see appendix A),

b r'-'ifter referred to as X,Y,Z, and first transformed the

data into a different, orthogonal coordinate system

(U,V,W). The transformation was determined by solving for

the eigenvalues of the 3 X 3 matrix:

N Xil
S = 1/N Y Y( i X(i) ,(i),Z(i) (18)

i=l V(i

where N was chosen equal to 200 and X(i),Y(i),Z(i) are the

X,Y,Z components of the VCG in the Frank (Ref 14) coordinate

system.

Next an '9'average'', or mean, heartbeat was calculated

using 900 patients and the data (in the eigenvector

coordinate system) was subtracted from the mean forming a

''patient'' vector p. The vector p is defined as

u(1-u (1)
u(2)-um(m

u(N)-u (N)
V( 1)-Vm()
v(2)-v m ( 2 )

= m (19)

v(N)-v (N)
Z(2)-Zm(2)

m

z(N)-z (N)~m

This patient vector p is expanded using the eigenfunctions
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of the matrix

N

L = 1/N (p)(p)' (20)
g. 1 1

i=l

where N is now a large number of patients being ''averaged''

(up to 300 reported in Ref 33). The eigenvectors of this

tremendous matrix are calculated (once for all time), and

then I (M <( 200) are used to expand the data vector p.

The above approach has allowed accurate representation

of EKG sample sequences, properly aligned on the heartbeat,

with an M=20 DKLT coefficients per lead per second (Ref

35) . At Womble' s sample rate of 250 liz, this represents a

compression ratio of over 12 : 1 . With the most significant

eigenfunctions stored from the solution of Eq. (20), then

the compression of digitized EKG data by filtering the DKLT

expansion on p is approaching feasibility on a

microcomputer.

The preceeding discussion was intended as a basic

tutorial on some of the entropy reducing (ER)

transformations currently under test for EKG data

compression. As stated earlier, ER operations are

IIinexact* because some ''information'' is always

discardL '. By discarding data efficiently, zonal filtering

can achieve compression ratios larger than those obtained

using the redundancy reduction techniques implemented in

this thesis.
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Redundanc Reduction

Redundancy reduction is an operation which performs

data compression by indentifying and removing the redundant

components of a digital sequence. This redundancy exists

for two reasons : 1) the sample points are not statistically

independent and ; 2) the quantized amplitude values of the

sample train do not occur with equal probability. The

redundant components of the data sequence carry no

'information'' (see appendix B), hence their removal does

not affect the ''message'' content of the data.

This section of chapter two discusses redundancy

reduction (RR) operations which have been applied to the

EKG. This is done because the compression algorithms

examined in this thesis are of the RR type, and the

background given here will aid in the descriptions given in

chapter three.

Data Entropy

FDecorrelator Encoder

Fig 2. Typical EKG Redundancy Reduction Data Compressor.

The sampled EKG contains redundancy resulting from both
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sampl e- t o- samp l e cor r el ation and unequal ampl itude

r r cbabil it;. As is ii lIIstratcd by Figure 2, each of tl,'t-c

r redundancy components can be reduced by a different

operator.

The decorrelator, as inferred by its title, transforms

the data in a manner which decorrelates the data stream.

The decorrela ted residual sequence is then efficiently

compressed by means of the entropy encoder.

To reduce the rendundancy arising from intersample

correlation, two basic approaches are used. The .irst

approach utilizes linear predictor/interpolators (Ref 28,33)

to produce an information bearing ' 'residual '' sequence.

The second method generates the residual sequence by taking

successive differences on the data stream. As will be

shown, these residual sequences carry all of the source

information with minimum intersample redundancy. The

predictor/interpolator method is discussed first.

Predictors and Intervolators. A predictor estimates the

next sample value of a sequence (i.e. x ) based on a linearn

combination of k past samples. That is

k

S1 n a x (21)

i=l

where a are coefficients chosen to minimize the mean square

error ae= E(X-)- between the sample sequence X n and the
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predicted sequence Xn An error , or residual, sequence e n

can then be formed where

e =X -X (22)
n n n

thus

X =X +e (23)
n n n

Conceptually, this technique decomposes a sample value

into a part which is correlated with k past sample values

(i.e. the redundant component) and a part which is

uncorrelated with them. Linear mean square estimation

theory (Ref 24:385-430) shows that the uncorrelated part (e

may be retained alone with no loss of information.

In their research in EKG data compression, Ruttimann

and Pipberger (Ref 28:616) prove that since Efe n=0, then

2
the mean square error a e is equal to the variance of en

With a second order predictor (k=2), Ruttimann and Pipberger

2 2
have demonstrated a variance reduction (cr,/e) of over 25

1. This reduction in variance implies that the EKG residual

sequence e is much more tightly clustered around a givenn

mean than is the original sequence X . This clustering, asn

will be discussed later, enhances data compression by means

of entropy ,or source encodinj.

In an analogous way, interpolators estimate a value of

x . In the case oi the interpolator, however, the estimate

25



of x consists of a linear combination of past and futuren

samples. That is

k m

I = a • + b z (24)
n ai n-i i n+i

i=l i=l

where k past and m future values are used. As with the

predictor, the coefficients a. and b are again chosen to1 j

minimize the mean square error. As was the case with the

second order predictor, Ruttiman and Pipberger (Ref 28:617)

have found that a second order interpolator (k=l,m=l) yields

EKG residual sequences e with the most significant variancen

reductions (greater than 31 : 1).

EKG data compression utilizing predictors/interpolators

have been studied by the TRW Corporation (Ref 33) , as well

as Rut timann and Pipberger (Ref 28) . In both cases,

predictors/interpolators of order 2 seem to prevail. As is

shown by the two groups above, second order systems have the

smal lest residual sequence variance hence are most ameanable

to entropy encoding. An alternate approach used to reduce

inter sample redundancy is by means of difference

operations.

Difference Reduction. In difference reduction, the residual

sequence is formed by taking successive differcenLvs of the

sample data train. Because there is no multipl icat ion (as

i Eq. (24)), the difference operation is inh ercnt ly a
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simpler procedure than is prediction or interpolation.

11:i - . rence sequences, however, are not optimized vitl.

respect to mean square error and less ''efficient' '

redundancy reduction (decorrelation) occurs.

An example of an EKG difference reduction compressor is

illustrated in Figure 3. This technique was implemented by

Cox and Ripley (Ref 7) and tested against a data base of 45

patients. Figure 4 shows that Cox and Ripley's second

difference decorrelator produced a sharply peaked relative

frequency distribution. This ''peakedness'' or clustering

of the residual sequence permits efficeicnt entropy

encoding. A variant of the difference reduction above is

time compression.

Time Comprression. EKG time compression, as implemented

by DowerBerghofer, and Stewart (Ref 12,29), uses a second

order difference reduction but instead of keeping the value

of zero (the most common) , a run leng&th counter (At) is

kept . This run length counter measures the number of

repetitive A2X sequence terms equal to zero. By saving

(then encoding) only those A 2 X#O,and the At between the

nonzero second differences, data compression can be

realized.

Time compression is the method that has been

implemented and studied extensively by this author. Chapter

3 discusses two different RR compression algorithms which

both use second order time compression for the

decorrelator. For now, dicussion is focused on the second
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odition identified in Figure 2, the~ entropy, encodtr.

Fi g 3. Second Orde r Dif fe rence Ope ra tor (from Ref I:336).

$oil

SWUPU WCILD

Fig 4. Relative Frequency of 2nd Order Difference Operator
(Ref 7:336)



Pntro~y Encoding. Entropy, or source, encoding operates on

t :c rer'aining redundancy i n the residuial seqiiencc c
1i

resulting from unequal source symbol probability. flow well e

can be compressed is given by Shannon's noisless sourcen

codinL theorem (Ref 30) which states that the average number

of binary symbols per source output can be made to approach

the entropy of the source and no less. Unfortunately, the

EKG ''source'' has memory, hence the entropy of this source

will be less than that which would be calculated from

Eq. (1). In general, the true value of a nonstationary,

memory source is difficult (or impossible) to calculate.

To circumvent this ''memory'' problem, the assumption

is made in the literature (Ref 29,12, 7,35) that the

''uncorrelated'' nature of the residual sequence

C approaches independence, hence the entropy of e as
n n

calculated by Eq. (1) is a good bound on the possible

compression. Since the variance of en is sharply peaked

around zero, entropy encoding via variable length coding

(VLC) appears attractive.

In variable length coding, those values of en which

occur most often are assigned the shortest code words (i.e.

fewest code symbols per source symbol). As example, assume

that both the source symbol alphabet and the code alphabet

are binary. The values in the sequence en are the res'tlt of

algebraic operations on fixed lenglth numeric sarple values

and are hence fixed length binary numbers (e.g. L=F) . The

variable length coder maps these fixed length numeric values
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(binary) into uniquely decodable (UD) binary code words

,h se b i t l eng t h is a funct ion of the f rc c (uc nc c f

occurrence of the values in e
n

Coding theory (Ref 19: 237-248) shows that, in

principle, it is possible to have variable length codes with

an averatge bit length ( I ) equal to the entropy of source.

Hence with the right VLC, a compression ratio of L/ I is

achievable.

A common VLC used in EKG data compression research (Ref

7,28) is the Huffman code. Huffman, in 1952, developcd ?.

algorithm (Ref 16) for generating the optimal UD code

(assuming stationary, memoryless source). This code is in a

class of UD codes called prefix codes in which no code word

is the prefix of any other. Unfortunately, a codeword must

be assigned to every possible symbol which occurs,

regardless of how infrequently. This means that although

the average code word bit length approaches the entropy of

the source, the longest code word can be substantially

larger. In a straight Huffman code, these ' 'long'' code

words can induce severe problems due to ''buffer overflow''

(Ref 17).

For practical implementation in EKG data compression,

Ruttimann and Pipberger (Ref 28) and Cox and Ripley (Ref 7)

constructed a modified Huffman code. In this modified code,

the residual sequence source words are partitioned into a

frequent set and an infrequent set (known as ''else'') . A

Huffman code was then formed with all of the residual words
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in the first set plus a special code word used as a prefix

for an y source word from the infrequent set. The prefix,

when it occurs, is fol lowed by a fixed length suffix which

contains the value of the infrequent source word. The

probability that ''else'' will occur must be kept smal l

enough to mantain the efficiency of the truncated Hluffman

code .

Using the modified Iluf fman code in conjunction with a

second order interpolator, Ruttimann and Pipberger (Ref 28)

have a ttairned compression ratios as high as 9 : 1. To get

this ratio, however, significant digital signal processing

was performed on the ''raw'' 8 bit data. This preprocessing

involved digital filtering for noise reduction and Lagrance

interpolation/decimation to produce an effective 200 !lz

sample rate. Nonetheless, this represents a significant

approach to the compression ratios attainable by the

discrete Karhunen-Loeve transform mentioned previously.

Although optimal, Huffman codes are not the only VLC

used in EKG data compression. Two different codes will be

described in chapter three, one of which (Dower code) may

possibly be ''more optimal'' than Huffman in the comp2ression

of _tuantized EKGs.

Summary

This chapter has reviewed the theory of data

compression and how this theory has been apr] ied to the

electrocardiogram. It was shown that data corpres,.ion could
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bc --irtitioned into two types of operations: 1) entropy

r . , irnv transformations which map a d ata source i. to an

approximation of itself with a lower entropy rate and ; 2)

redundancy reduction operations which compress by removing

redundancy resulting from sample-to-sample dependence and

unequal source symbol probabilities.

The f irs t operation was appl ied to the EKG via

''filtering'' of orthogonal expansions of the digitized

EKG. Filtering transforms, especially the discrete

Karhunen-Loeve transform, were shown to be very efficient

' Icompressors'' if the loss of the filtered components were

tolerable. If this loss was not acceptable, then redundancy

reduction operations are used.

In redundancy reduction techniques, the EKG is first

processed by passing the dig it iz ed a'- ta through a

decorrelator which reduced the redundant component caused by

source symbol dependence. This decorrelator could be

implemented with predictor/interpolators or difference

operations. Next the data is encoded via entropy encoding

operations, usually utilizing variable length codes. It was

finally shown that a second order interpolator, followed by

an ''optimal'' Huffman encoder could achieve compression

ratios which approach those obtained by the discr et

Karhunen-Loeve transform. Both of these last two

techniques, however, require substantial computational

overhead.
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Ill. Tolan and Dower EKG Compression Technigues

Two EKG data conpression algorithms are studied in

detail in this chapter. The first compression technique,

hereafter referred to as the Tolan method, was conceived by

Dr. Gil TolanMC from the USAF School of Aerospace Medicine

(USAFSAM), Brooks AFB, Texas. The second compression

approach, referred to as the Dower method, was developed by

Mr. Roger Dower and Mr. Dave Berghofer from Shaug.nessy

Hospital, Vancouver, B.C., Canada. Both of the EKG

compression procedures are redundancy reduction operations

using time compression for decorrelation and variable length

codes for entropy encoding.

This author had originally intended to implement and

test both the Tolan algorithm and the Dower algorithm on the

Motorola microcomputer (See Chapter 4). Unfortunately,

difficulties with hardware failures and insufficient

software tools (i.e., a high order language) prevented

implementation of the Dower algorithm. Nonetheless, this

chapter compares the design of both the Tolan and the Dower

algorithms and illustrates their differences as well as

their similarities. Based on the results of the Tolan

compression approach (chapter 5) , this comparison will

illustrate the potential performance of the Dower

compression sta tegy in a real time microcomputer

enviroment. Before continuing with the Dower and Tolan

algorithm descriptions, a short digression will be made.

In both the Tolan and The Dower compressors, a second
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difference operation is used to produce an information

c, aril-v s equ e nce with rctv u cc, compvn c n t- t c -cor-pon : t

dependence. Why the second difference operation results in

the lowest correlation is a question for closer scrunity.

(a)

(b)

Fig 5. Nonstationary waveforms with random level and slope.

(From ref 6:91)
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F~ig 6. EKG waveform with moving average slope.
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A nonstationarl process (like the EKe,) exhibits a wide

ar p Iitude distribution due to the random ''wander'' of t.c

waveform as shown in Figure 6. This wander, or ''moving

average'', can be induced by patient variation, EKG

apparatus drift, or both. Time series analysis (Ref 6)

shows that a nonstationary process which has sample

functions which are ''locally stationary'' or homogenous

(Figure 5) can be represented by a process model which calls

for the d'th difference of the .2 rocess to be stationary.

The proof of this assertion is given by Box and Jenkins (Ref

6: 85-125) .

If the nonstationary process sample sequence (time

series) exhibits a random level as illustrated in Figure 5a,

then a first difference operation will remove this ''moving

averageI' and force the resulting difference sequence to be

centered around zero. If the waveform exhibits a random

slope, as shown in Figure 5b, then a second difference

operation will remove this quadratic ''bias' ' with a

corresponding reduction in amplitude distribution variance

(Figure 7.) Comparison of Figures 5 and 6 shows that an EKG

trace can ''look'' similar to the example in Figure 5b.

From the theory of stochastic processes (Ref

9:330-331), it is known that the expected value of a sample

mean obtained by sampling a wide-sense stationary random

process along a sample function in time is equal to the

constant mean value of that random process.
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[I

Sample function with quadratic bias components.

Sample function after second difference operation.

Fig 7. Simulated variance reduction via second differencing.
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In addition, the variance of the sample mean is inversely

p r r tin-.l to the number of samples taken when the sarples

are pairwise uncorrelated. Another fact about widesense

stationary processes is that their autocorrelation functions

are dependent only on the time difference between

observation of the sample sequence and that R(t I  -t 2 ) < R(O)

f or t 1- t2 k0. S in ce the second difference is the first

''difference'' which can be modelled as coming from a

''stationary'' process, and the maximimum correlation occurs

for zero time difference, then the correlation must be

reduced for adjacent sequence values in the second

difference operation.

This hueristic argument is far from complete and does

not explain why the third difference exhibits worse behavior

than the second difference. The EKG waveform is a romplx

function from a complex source and higher order effects

could begin to dominate with the third difference

operation. iuther analysis of this anomaly is left for

future study.

The remainder of this chapter is organized in the

following manner. First the Tolan lgorithm is described,

followed by a description of the Dower procedure. Next a

short synopsis will be made of three other EKG data

compression algorithms uncovered during the research of this

thesis .
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Tolan EKG Data Compressor

The Tolan EKG data compression algorithm is a

redundancy reduction procedure which processes a three lead

EKG (VCG) and produces a compressed, digital output. This

digital output sequence could subsequently be channel

encoded for ''errorless'' transmisson (Ref 27 and Appendix

B) or stored for later retrieval and reconstruction.

As was the case for the RR techniques described in

chapter 2, the Tolan compressor is subdivided into a data

decorrelator and an entropy encoder. The decorrelator is

discussed first.

Tolan Decorrelator. The Tolan decorrelator is a second

order difference reduction operation which utilizes a time

comrnression approach to form a decorrelated output

sequence. A second order system was chosen based on the

experimental results of Dower and Berghofer (Ref 12) and Cox

and Ripley (Ref 7) which showed maximum compression gain

with a second order difference operation. The Tolan

decorrelator works on a three lead EKG (VCG) signal set,

assumed to be sampled at a constant rate . Thc data

compression is achieved in real time between successive

samples.

The Tolan decorrelator algorithm is defined in 'igure

8. Close examination of the algorithm in rigure 9 reveals

that the second difference data is stored only if : 1) any

of the three A 2  values are nonzero or ; 2) if the At counter
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records more than 127 repetitive cases where 1Z _ = 2y

1 w a s c h o s e i d u e t o t l h h J r . I) 1 V . , L

be tween the leads of an FKG ( i.e. when one cad is

changing, so are the others) . The capacity of the time

counter in rule 2 was arbitrarily chosen to be sufficient to

record the long quiescent periods which occur in the FKG

(see Figure 1) and short enough to be efficiently stored.

Step 12 of the Tolan algorithm in Figure 8 calls the

variable length encoding subroutine (Figure 10) which

encodes the A2 terms calculated by the second difference

decorrelator. This encoding procedure is the next subject

to be discussed.

Tolan Entropy Encoder. The Tolan code is an uniquely

decodable variable length code which stores the A2  values as

a contiguous sequence of binary l's. The length of this

''run'' of binary l's is equal to the magnitude of the A2

term. To delineate between the ''runs'', binary O's are used

as codeword delimiters. Since the second difference has

both negative and positive value s, a sign bit (0 for

positive, 1 for negative) immediately follows the 0 bit

2 2 2
delimiter. The three values A xA y,A z are encoded and

stored sequentially followed by a delimited, 7 bit, uncoded

At value. A A value of zero is indicated by 3 successive 0

bits.

40



i : .\x=O, A%1:0O, Az=O, At=l

2: x(i)=(a/d ch 0) ,y(i)=(a/d ch 1) ,z(i)=(a/d ch 2)

3: mem(O)=x(i) ,mem(1)=y(i),mem(2)=z(i)

4: Z(i+I)=x(i)+Ax, (i+l)=y(i)+Ay, 7(i~l)=z(i)+Az

5: if ready for next sample then GOTO 6 else GOTO 5

6: i=i+l,x(i)=(a/d ch 0),y(i)=(a/d ch 1),z(i)=(a/d ch 2)

7: A x=x(i)-V(i), A2y=y(i)-Y(i), A 2 z=z(i)-i(i)

8: if A 2 xf0 or A 2 y#0 or Az#0 then COTO 11 else COTO 9

9: At=At + 1

10: if At < 127 then GOTO 4 else GOTO 12

1: Ax=Ax + A 2 x, Ay=Ay + A 2y, Az=Az + A 2z

12: go subroutine coder (A x,A y,A 2z ,At]

13: if memory is full then STOP else GOTO 14

14: At=I

15: GOTO 4

where

x(i),y(i),z(i)- sampled, 8 bit precision, EKG data

AxAy,Az - first difference {Ax(n)=x(n)-x(n-1)1

Aa 2  22
xAy,A z second difference (A x(n)=Ax(n)-Ax(n-1))

At time difference between nonzero A 2  values

i(i+I),(i+l) , (i+ )-- next predicted data points

Fig 8. Tolan Collection and Decorrelation Algorithm.
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To Ian Cot'c Trec . To Ian ('odc
1 0 0

0: 0 0
1 0 4

error: 1 0
1 0 3

1 0 1 0

1 0 2
-1: 1 1 0

0 0 1
2: 0 1 1 0

0
e r ror -2: 1 1 1 0

1 0 -1 3: 01 11 0

1 0 -2 -3: 1 1 1 1 0

1 0 -3 4: 0 1 1 1 1 0

1 0

Fig 9. Tolan Code and Code Tree (8 smallest codewords).

As an example of Tolan encoding ,let A 2 x=3 A 2 y=-, A2

z=0, At=13. With these values, then the code string generated

is:

D S V V V D S V D S D T T T T T T T D

0 0 1 1 1 0 1 1 0 0 0 0 0 0 1 1 0 1 0

where

D = Delimiter bit

S = Sign bit

V = Value bit

T = Time bit

Examination of the above sequence shows that the A2
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codewords are prefix codes as shown in the tree diagram of

T . . To decode the eqttehe c, rrtctly, coc v1r, it is

imperative that codeword synchronization be maintained in

order to determine when the coded A values end and the

uncoded, 7 bit At variable starts. This loss of

synchronization is detected by the ''error'' state shown in

the code tree of Figure 8. The decoder which implements the

code tree in Figure 9 will not be discussed here but is

listed in Appendix C.

In contrast with the lluffman code (see chapter 2 and

Ref 16) and the Dower code to be discussed, the Tolan code

is not constructed using the apriori knot,'ledge of the source

word (i . k2 2
word (i.e. A x,A y,A 2 z) relative frequency of occurrence.

This means that the Tolan code will only produce bit
A2

compression (bits out/bits in/< 1) if the A values are

sharpLy peaked around a mean of zero such that few code

words exceed the 8 bit, fixed length value of the A terms.

As will be shown in chapter 5, the second order difference

decorrelator does produce such a sharply peaked relative

distribution.

The algorithm which implements the Tolan variable

length coder is shown in Figure 10. This algorithm works in

conjunction with the Tolan decorrelator in Fgure 8.
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I. entry (A
2 x, 2.\

"

2: cnt *- 0

3: reset current memory bit, increment bit pointers

4: if end of memory,set eom flag and RETURN else GOTO 5

5: cnt 4- cnt + 1

6: if cnt=l then tvar *- A X
2

7: if cnt=2 then tvar *- A y

8: if cnt=3 then tvar - A 2 z

9: if cnt > 4 then GCOTO 18 else GOTO 10

10: if tvar > 0 then GOTO 11 else GOTO 12

11: reset memory bit, increment bit counters and GOTO 13

12: set memory bit, increment bit counters

13: if end of memory,set corn flag and RETURN else GOTO 14

14: if tvar=0 then GOTO 5 else GOTO 15

15: set memory bit, increment bit counters

16: if end of memory,set eom flag and RETURN else GOTO 17

17: tvar *- tvar - 1 and GOTO 14

17: store 7 bit At counter to memory, update bit pointers

18: if end of memory,set com flag and RETURN else RETURN

Fig 10. Tolan Variable Length Encoder 1 Agorithm.
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0: S'I--' OFJ 1011 IA'iI ATA (DIT Ifi iO AD I)LX~ij'l\IIGN

1 : FIAG--W1'=iff=DX1=DY 1=DZI =DX2>DY 2D1Y2 =D)D)y!m))z~crr-

2: If sample interrupt detected then GOTO 3 else GO'IU 2

3: X(n) 4- A/D C11 0, Y(n) <- A/D C11 1, Y(n) 4-- A/D C11 2

4: ClNT a(NT + 1

5: If CNT =1 then COTlO 6 else COTO 7

6: X(n-1) 4-- X(n), Y(n-1) <- Yin), 7(n-1l) <- Z(n) a~id 60OT 2

7: If (NT =2 then COTO 8 else COTO 13

8: DXI <-- X(n)-X(n--l) DY1 <-- Y(n)-Y(n-l),X/1 <-- Z(n)-Z(n-l) JIT 4- DTr+l

9: If DX1l'O OR DYlk-O OR DZl1{) OR DT > 127 then GOTO 11 else COTO 10

10: CM' 4-- 1 and GOTO 2

11: TDT <- DYT-63, X(n-2) 4- X(n-1) , Y(n-2) 4-- Y(n-l) , Z(n-2) 4-- Z(n-l)

12: X(n-l) 4-- X(n), Y(n-1) <-- Y(n), Z(n-1) 4-- Z(n) DUT --0 and COTO 2

13: DX2 4- X(n)-X(n-l),DY2 4-- Y(n)-Y(n-1),DY12 - Z(n)-Z(n-1),IJ' 4- D1T+1

14: If DX2k0 OR I)Y2#0 OR DZ2#0- OR DTl > 127 then GOTIO 16 else COTO 15

15: CN'' - 2 and C0OT) 2

16: DDX 4-DX2-DX1, DDY 4-- DY2-DY1, DI)Z 4-- DZ2-PZ1

17: If InnX! ) 63 then GOTO 18 else GOTO 21

18: DMX(n)=.25(n-l)+.75X(n)

DUNIX(n-)=.25X(n-2.)+.5X~n-1)+.25X(n)

DMX(n-2)=.75X(n-2) +.2SX (n-i)

19: X(n) 4-- DUMLX(n) , X~n-1) 4-- DUAMX(n-1) , X(n-2) <- DLTMX(n-2)

20: DX1=X(n-1)-X(n-2), DX2=X(n)-X(n-1) and G0Th 16

Fig 11-a, Dlower Collection and Decorrelation Algorithm.
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2:if II)!)Y > 63 ther, C(Y U 22 else COIT) 25

22: D1)!MY(n)=.25Y(n-l) +.75Y (n)

DIMY(n-)=.25Y(n-2) +.5Y(n-l) -i.25Y(n)

DUMY(n-2) =.75Y(n-2) +.25Y(n-1)

23: Y (n) 4- DIIMY (n) , Y (n-1) <- DUIY (n-1) , Y (n-2) <- DUIY (n-2)

24: DY1=Y(n-l)-Y(n-2), DY2=Y(n)-Y(n-1) and GOTO 16

25: If IDDZI > 63 then 6010 26 else COTOI 29

26: DUrZ(n)=.25Z(n-l)+.75Z(n)

DUMIZ(n-l)=.25Z(n-2)'.5Z(n-1)+.25Z(n)

DU~rZ(n-2) =.75Z(n-2) +.25Z(n-1)

27: Z(n) <- DUMZ/(n) , Z(n-1) <- DUMZ(n-1) , 7(n-2) <- DUIrZ(n-2)

28: DZ1=Z(n-1)-Z(n-2), 1YZ2=Z(n)-Z(n-1) an6 G0TM 16

29: If FLAGT=0 then GOlT) 30 else GOTO 31

30: VLC <- (0:DXl,I)Y1,DZl)

31: VLC 4-- (TLl):DDX,DDY,DDZ)

32: If ?NIIN1RY FULL then STOP else GOTU 33

33: X(n-2) 4- X(n-1), Y(n-2) <- Y(n-1), Z(n-2) 4-- Z(n-1)

34: X(n-1) <-- X(n), Y(n-1) 4- Y(n), Z(n-1) <- Z(n)

35: TUlT -(- IT-63, FLAG=1 and G0TO 2

Fig 11-b. Power Collection and Pecorrelation Algorithm.
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r ) K Data Co mP r e ssor

, he ) ower EK G compression techniquc, 1 i I c t he To I

method, is a redundancy reduction procedure. The Dower

compressor combines a zero order time comp ression operation

with a second order difference reduction transformation to

produce a decorrel a ted residual frame sequence. This

residual frame sequence is then compressed by a specially

tailored variable length code whose average codeword bit

length approaches the entropy bound without the buffer

overflow problem encountered with the ''optimal'' Iuffman

code.

Individual

Data Table s,k,y Difference ,C "ediaBase GenerationS'- Decorrelator j[,ei

Second Compression Compressed
Difference Variable Data

and Tables Sequence
Delta t

Histograms

Fig 12. Dower EKG Data Compression System.
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Dower De corre 1 a t or. The Dower data collection and

c I .LIati0n operaticn (Figure 11) begins with a zero or .r

time compression process where only those EKG sample values

(x,y,z) which differ from the previous sample (Ax or Ay or

Az#O) are saved along with a run length conter At. This

operation produces a sequence of data frames (At: x,y,z) .

Follow ing the creation of the data frames, a second

difference with respect to frame number is performed

generating a sequence of second order difference frames

(At: Afx,Afy,Afz).

The Dower algorithm operates on 8 bit data, hence there

are 256 potential source symbols for each lead. When second

differences are taken, the range increases to 1024

potential A symbols. By experimental evidence, Dower and
I

Berghofer (Ref 12) have found that 0 ±63A values are

sufficient to reproduce all but the fastest EKG artifacts

(e.g.,pacemaker spikes). The variable length encoder,

therefore, is designed to expect 127 source symbols (values)

and no more. To insure the A 2  dynamic range of 0±63 is not

exceeded, the A2  values are limited by a preprocessor shown

in steps 18-26 of Figure 11 . This preprocessor is

iterative, and irreversably modifies the three sample points

which produced the IA 2 1 > 63 until the A 2  value falls within

the encoder range. With care taken to record the necessary

initial conditions (first x,y,z and first Ax,Ay,Az),this

second difference frame sequence now contains all the

significant information in the original sample sequence with
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reduced interframe correlation.

TIte rn. echb a r i f t e c. i r 0ecor c! ii t or arc I c st

i llus t r a ted by an example. Figure 13 shows three

hypothetical sample sequences. By applying the rules in the

preceeding paragraph, a set of zero order data frames

(At:x,y,z) is formed. That is:

(0:0,-1,2) ,(0: 1,1,1) ,(0:3,2,3) ,(0:4,3,1) ,(3:3,1,-3) ,(0:1,0-1),

(0:-1,-1,-2), (0:-2,-2,-1) ,(4:-3,1,-1)

To complete the correlation reduction process, the

second difference with respect to frame number must now b

performed. This results in the set of second differenc

frames(At: x,Afy,Afz) shown below.

(0:0,-1,2),(0:1,2,-1)1(0:1,-1,3),(0:-1,0,0),(3:-2,-3,-2j,

(0:-1,1,6) ,(0:0,0,-3) ,(0:1,0,2) ,(4:0,4,-1)

The data sets preceeding the verticle bar are the inital

conditions necessary for reconstruction. The first data set

is the first zero order time compression sample frame. The

second frame is the first difference between the first two

zero order data frames.
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CH ANNEl, X WAVIIFOP"

1 2

t0 I I I I I I I
_1 0 1 2 3 4 5 6 7 9 10 11 12 13

-3

-4

CHANNEL Y WAVEFORM

V 4

S-3
-4

CHANNEL Z WAVEFORMv 4
s o  0 1 I 1 3I 6 *. I I*.9-.. I- 0....1 "-.*1 2-* t

-4

X=0 1 3 4 4 4 3 1 -1 -2 -3 -3 -3 -3

Y=-1 1 2 3 3 3 1 0 -1 1 1 1 1 1

Z= 2 1 3 1 1 1 -3 -1 -2 -1 -1 -1 -1 -1

Fig 13. Three hypothetical sample sequences.
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Dower Entro yy Encoder. The Dower entropy encoder also uses

Sa riabIe Iv tength co0e s f ,r -h c second staPe of the I !G d a

compressor. The Dower code, however, is significantly

different than the prefix code used in the Tolan compression

method.

As was mentioned pr ev ious l y, the Dower VLC is

configured for 127 source symbols (8 bit A2 values). Unlike

the Tolan code, however, the Dower VLC does not perform a

1:1 mapping between a single source symbol and a single code

symb o 1 .
2

In the Dower coder, the source symbols (A 1 i) are mapped

onto the state space of a 14 bit accumulator (A) . This

state space is partitioned into symbol regions R i which are

assigned according to the probability of occurrence of the

source symbols. The size (I Rilj) of the symbol region R i

is given by the relation

2

hJR; = ds i  = Si+l-Si = Pr(Ai)16384 (24)

where s" is the initial state of R i  and si+l is the initial

state of Ri+ 1  . The initial state, s i  , is also determined

by symbol probability. The symbol regions R. corresponding1

to thos symbols which occur least often are assigned to the

low end of the state space range such that if:

) (A 2 2 2

Pr(A k ) > Pr(A n ) > Pr(Am )  > Pr(Aj)

then
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I IRkII > I IRn II > I IR, I I > I IRj II

and

s k  > s n  > s m  > sj

This relationship is illustrated in Figure 14. For those

P-R.t~ tiaI symbols Ai which do no occur, 1 state is always

assigned.

R . Rm Rn Rk

s. s s n s
$( ~m n __ _ _ _ _ _ _ __ _ _ _ _ _ _ _

0 16384

Fig 14. Example of State Space Partition for 4 Symbols.

The physical configuration of the Dower encoder is

shown in Figure 15 . As can be seen from Figure 15, the

memory storage buffer for the encoded data is contiguous

with accumulator and all accumulator bit shifts (right or

left) also shift tlhe entire memory buffer. Right shifting

operations always shift a binary 0 into the most siFnificant

bit (MSB) of A.
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14 Bit Accumulator Memory Storage Buffer

0-9 1 1 0 1 o000 1 1 1 0- 1 1 0 01 1 1 1001...

Fig 15. Dower Encoder Accumulator-Memory Buffer Interface.

A source symbol A i is encoded by adding the value s i to

the current contents of the accumulator. If the value in
14

the accumulator is such that Si+A >_ 2 ,then an arithmetic

overflow condition would occur with a corresponding loss of

data. To insure this overflow does not occur, the

accumulator is first right shifted k i  times into memory.

The value k i is the maximum number of right shifts which

would ever be nece s sary and can be found from the

inequality:

2 
1 4  < ki(

i+l-s i )  < 2 (25)

The k i  values are tabulated in Table I for various values of

ds=si+ s i  This right shifting diminishes the value in

the accumulator (i.e., divides A by 2 per right shift) until

the value in A can be safely mapped into a region R. The

initial state, s i  can now be added to A without overflow

occuring.

In some instances, the maximum shift k. would not be
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necessary (i.e., k i  -1 right shifts would still prevent

oe'. urf low) . 'o de C ter: iC e r,. n t i s , it u tic n cc urs, a t1 i

variable Yi is defined where

1 4 -k i~
Yi = ds-2 (26)

reperesents the excess states by which ds exceeds tt'e next

lowest integral power of 2.

Table I

Dower Code Variables Per Accumulator Partition Size

Partition k y
Size

ds=l 14 0
1<ds<4 13 ds-2
4<ds<8 12 ds-4
8<ds<12 11 ds-8

16<ds<32 10 ds-16
32<ds(64 9 ds-32
64<ds<128 8 ds-64

128<ds<256 7 ds-128
256<ds<512 6 ds-256
512<ds<1024 5 ds-512
1024<ds<204, 4 ds-1024
2048<ds <4096 3 ds-2048
4096<ds <8192 2 ds-4096
8192<ds<16384 1 ds-8192

If the value in A < Yi after the initial k i  shifts,

then one too many right shifts occured. A is thee left

shifted once and s i  added to A without fear of overflow. If

A I Yi then a full k i  right shifts were required. To insure

maximum efficiency in the next encoding, hov:cvcr, the

position of the accumulator in state space map should be
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riiht justified within the current symbol region. This

r i ' t j us a t fication is obtaincd by addinr yi , si t A

whenever A >_ Yi

By use of the variable Yi maximum efficiency in the

number of right shifts (i.e. information bits stored to

memory) can be obtained. Dower and Berghofer (Ref 12)

assert that, on the average, the number of right shifts per

2
source symbo 1(A.) will approach quite closely to the value

2
-logiPr(A i ) which is the self information ' 'content' ' of

the A2 value (see appendix B).

The algorithm which implements he Dower encoder is

shown in Figure 15. This algorithm assumes that the

2 2 2
variable tables for Afx,Afy,Afz and At have been calculated

from the second difference histograms.

The Dower decoding operation is just the inverse of the

encoding process. For decoding, the current state of the

accumulator is mapped into the state space table of the

.EMKr n f a e a ia l (A , 2 2 2current frame variable(AtAx,Afy,Afz). Once the correct

region Ri,is determined, then s i  is subtracted from A. If A

< 2 Y i  then one right shift is performed followed by k i  left

shifts. If A > 2y i  , then yi is subtracted from A followed

by k i  left shifts. For a more detailed example of the Power

encoding/decoding operation, the reader is referred to Dower

and Berghofer (Ref 12).

Although conceptually more difficult than the Tolan

VLC, the algorithmic structure of the Dower entropy encoder

is only slightly more complex. As was shown above, the
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Douer VLC can be implemented solely with shifting and table

1 ool: up operations. The Dower method does, however, rcquiiL

that code tables (Si,ki,y i ) be constructed prior to the

encoding process.

1: Entry (At,AfX,AfY,AfZ)

2: IF this is the first frame stored then Acc+-O else 6TO 3

3: DDVAR k- Atjk- k(At),s-- s(At),y-<- (At)

4: RIGrl' S11111' Acc k times

5: IF Ace < y then GOTO 8 else GOTo 6

6: LEMT SIIII'T Ace once

7: Ace -- Ace + s and GOTO 9

8: Ace - Ace + s + y

9: IF memory is full, then SET eom flag and RETURN else G60T 10

10: IF DDVAR=At then GOTh 11 else 60T 12

1 2 2 2
11: DDVAR <-Afx ,k *- k(AfX) ,s -- s(AfX) ,y <- y(AfX ) and GYlM 4

12: IF DOVAR=Af x then G0TO 13 else COTO 14

2 2 2 213: DDVAR - - k(AfY) ,s <- s(AfY) ,y <- y(AfY ) and 60TO 4

14: IF DDVAR=Afy then GOT( 15 else RE1IRN

2 2 2 2
15: DDVAR <- AfZ ,k <- k(AfZ) ,s <- s(AfZ) ,y - y(AfZ ) and G0T 4

Fig 16. Dower VIC algorithm.
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Tolan versus Dower

The similarites and diffcrences bet een t1,e "Tolan a

Dower EKG compression techniques are now discussed. The

decorrelators are compared first.

Both the Dower and the Tolan decorrelators use a sceond

difference technique where time comjp r e ss ion is used to

eliminate the storing of the most common A value of zero.

The Tolan algorithm, however, continuously calculates the

second difference and applies these differences to the Tolan

VLC. If a long ''run' ' of A 2  =0 values occur, the Tolan

encoder overflows at At=128. This run counter overflow

forces a storage ''dump'' to the VLC with a resultant loss

in efficiency.

The Dower decorrelator approaches time compression

slightly differently. In the Dower algorithm, only those

sample points where the EKG data was changing (i.e.,

Ax.or.Ay.or.Az#0) are saved forming data frames. A second

difference with respect to frame number is performed and
2

the Af s  and At arc fed to the VLC. Although this frarie

methodology appears more efficient than the Tolan technique,

the Dower decorrelator is still constrained by a maximum At

of 127 (i.e., maximum Dower VLC code range). On the basis

of this analysis, is appears that both the Tolan and the

Dower decorrelators have similar performance.

Since the Tolan and Dower decorrelators appcar about

equally efficient, the real compression payoff is in the

variable length encoders. In the Tolan VIC, cotc -r,,,rds as
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long as 1024 -2 bits are feasible. These long codewords

I, e, ! c uir i f a:tn ext rcnrl. v e V re ar' fast ''s Cike

e.g. a pacemaker pulse) appeared in the data. In the

population as a whole, spikes of this magnitude occur very

infrequently. Neve r thele ss, the Tol an compression

efficiency will degrade seriously in an enviroment where

''impulsive'' artifacts appear.

The Dower VLC is designed to minimize sensitivity to

impulses. Tn the Dower system, the VLC is configured such

that the lonjge t codeword (i.e., the number of right shifts

to memory) is 14 bits. Extremely large signal spikes are

numerically filtered to reduce their second difference

within the 0± 63 range. Such drastic limiting action would

occur infrequently, however, and not seriously affect the

reproduction of the EKG.

As an example of their performance , let a second

difference of 45 be encountered by both the Tolan and Dower

encoders. The Tolan VLC would require 47 bits to encode

this data. The exact codeword size of the Dower routine is
2

dependent on the A =45 probabil ity of occurrence.

Nonetheless, the ''codeword'' is always < 14 bits long ; an

obvious increase in efficiency over 47 bits.

A calculation of the performance differential between

the Tolan and Dewer routines will be estimated in chapter 5.

For now it is su f f ic i ent to say that the D we r Y'K G

compressor outperforms the Tolan method. A sh ort s Nn p s

will now be made of two other FIK G cor presi,,n e sI t ,11f111 %
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ic rC , pAtcr _F__ ;'_ C rc,7-rcs c, rs "

Two other FKG compression techniques werc discovered by

this author. The first is referred to as the Turning Point

Method and is discussed in reference 32. The second method

is currently in use by M arque t t e Electronics for data

compression in a commercial EKG ''cart''. The Turning Point

technique is presented first.

Turnin Point Algor ithm. The turnirg point algorithm is, by

de f ini t ion, a 2 : da ta compressor where one of two

consecqutive sample points is discarded. The algorithm

which determines which sample point is discarded is as

follows. The first sample point is stored and assigned as

the reference point (XO) The next two consecqutive points

become X 1  and X 2  With 3 sample points there are 8

''paterns'' or combinations which reflect the 'trends'' in

data (see Figure 17). The Turning Point algorithm stores

the circled point (Figure 17) which becomes the ne w

reference point X. The point not circled (X, or Xz) is

discarded. The next two points are sampled, their values

are assigned to Xi and X2 , and the process repeated.
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Fig 17. Turning Point Patternls (from. Ref 32:6.61).
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It c an be shov:n ( Ref 32 :6 . 5 9-6.65) t i a t

if ( -X _ Xl)*(Xl - Xo) ( 0 X0  X,

if (X 2  - Xi)*(X1  - Xo) > 0 Xo =X

hence the sign of the product of consecqut i ve f irs t

differences determines the signigicant' ' point to be

saved.

The advantage of the Turning Point compressor is speed

of execution. Execution of this algorithm on even the

slowest microprocessor would pose no problem at all. The

disadvantages of the turning point routine are numerous,

however. First the routine discards data so that

reconstruction of the original sample sequence is not

possible. In this regard, the Turning Point algorithm falls

in the class of Entropy Reducing (ER) techniques as was

discussed in chapter 2. Second no attempt is made to use the

probabilistic distribution of the EKG to enhance data

compression as is done with the Tolan and Dower routines.

This obviously leads to inefficiency. Finally, this routine

only produces a 2:1 compression ratio; incredibly poor in

relation to the other techniques already discussed in this

thesis. Only where the simplest technique is necessary,

would the Turning Point technique be beneficial.

Marj uette Algorithm. The Marquette algorithm was developed

by Marquette Electronics, Milwaukee, Wisconsin. This

similar to the Dower and Tolan algorithms in that variable

length encoding is used to compr c ss the out put of a
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''difference'' decorrelator.

In cont r ast to tie Dower and Tolan technique s, ti-

Marque tte compressor only calculates the first difference

for input into the VLC. The Marquette variable length

encoder stores the first difference data as 1 ,3 ,5 ,or 7

nibbles where a nibble is defined as 4 bits. These nibble

codes are arranged as follows:

Range of Difference Code Length in Nibbles

(-7 ,7) 1

(-127 ,127) 3

(-2047 ,2047) 5

(-327 67,327 67) 7

To encode the first differences, and delineate between code

words, the following rules apply:

1) Differences must be coded on the smallest
possible range, and a t t empt s to encode a
difference of +5, for example, using more than 1
nibble will result in a decoding error.

2) Single nibble codes are difference plus 8. A
nibble value of zero does not occur.

3) Three nibble codes start with a single zero
nibble. The remaining two nibbles are obtained as
follows:

(1) Positive Differences +8

(2) Negative Differences +7

4) Five nibble codes start with two zero nibbles.
The remaining three nibbles are obt a incd as
follows:

(1) Positive Differences +128
(2) Negative Differences +127

5) Seven nibble codes start with th re zcro
nibbles. The remaining four nibbles are obtaincd
as follows:
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(1) Positive Differences +2048
(2) Negative Differences +2047

6) The sequence of nibbles in a code starts with
the zero flag nibbles (if any) followed by the
most signif icant through least significant
nibble .

The above set of encoding rules were obtained from Mr. Tom

Divers, Marquette Electronics project engineer (Ref 11).

From their own analysis. Marquette has shown (Ref 11)

that at a 250 lIz sampling rate, 89.1 percent of the first

differences fall within the ± 7 range with 99.8 percent

falling within a ± 127 range . Marquette reports that at an

A/D precision of 10 bits, an average of 4 .89 bits/sample

(across the total EKG population) is obtained with their

compression routine.

The Marquette EKG compression appears to work well,

even with a first order difference correlation reducer. The

Marquette variable length encoder , however, is tailored to

the 8 bit ASCII data communications enviroment and is not

'optimum'' in any sense. The Marque tt VLC does perform

''exact'' redundancy reduction entropy compression with

sufficient e f f ic iency to make this encoding schcme

commercially viable.

Chapter III Summary.

This chapter has looked in detail at two 1iKG data

compression techniques which perform ' 'exact '' redundancy

reduction. The Tolan routine, which was implcmcntcd by this

author (see chapters 4 and 5) decorreleted the sample
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sequence data by performing a second order time compression

operat ion. The residual seque nct result inF f rotr ti I'

decorrelator was ''compressed'' by a uniquely decodable

variable length code which was shown to be ' 'suboptimal 

with respect to the ''optimal'' luffman code.

The Dower compression technique al .o performed a second

difference operation, but preceeded the second order

' 'differencer' ' by a zero order time compressor. The Dower

zero order time compressor produced a sequence of ' 'data

frames'' which in turn were converted to a sequence of

second order difference frames with respect to framc

number. Since the Dower VLC limited the At time compression

counter to a maximum of 127 (as did the Tolan VLC), input

symbols, the Dower and Tolan decorrelators were considered

to perform equally well. The Dower entropy encoder was also

shown to be a variable length coding operation but not a

''prefix'' code as was the Tolan VLC. The Dower VLC maps

decorrelator ''symbols'' into the ''state space'' of 14 bit

accumulator which encodes data by adding the initial address

of a symbol's state space region to the accumulator. To

prevent accumulator overflow, the accumulator data is

shifted out to a memory storage buffer. The ''number of

shifts'' necessary to prevent accumulator overflow represent

the codeword size and it was shown that the Dower VLC

approached the ''entropy'' bound of the decorrelvtcd input

sequence.

The chapter was concluded by a synopsis of Iwo other
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EKG copression techniques. The first of thesc two, the

Turrning Poirt al goritbm, was shown to be of r. a i P inaI u

because it is not an ''exact ' te-hnique and produces

compression of only 2:1. The second technique, however,was

the Marquette compression system and it was shown to produce

acceptable compression worthly of commercial application.

From the available algorithms, the Dower compression

technique has the capacity to produce the best 'exact''

compression of any of the techniques studied in this

chapter. An interesting experiment would be the combining

of the second order interpolator (discussed in chapter 2)

u sed by Rut timan and Pipberger (Ref 28) and the variable

length encoder used by Dower (Ref 12). This combination

should prove to be very powerful and effective and is left

for futher study.

The next chapter in this thesis discusses the

configuration of the EKG Data Acquistion and Analvsis Syst r'

assembled by this author to test the Tolan EKG compression

algorithr.
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IV. EKG-i)ata Acquisition and Analysis System

The EKG-Data Acquisition and Analysis System (EKG-DAAS)

was assembled for this thesis as the testbed on which

experimental EKG data could be acquired, compressed,

analyzed,stored, and reconstructed. The EKG-DAAS dcsign can

be separated into the categories of hardware and software.

The hardware is discussed first.

EKG-DAAS Hardware.

The EKG-DAAS was constructed around the Motorola

Exorciser microcomputer (appendix E) which uses a 6800

microprocessor for its central processing unit (CPU). In

the EKG-DAAS, the Exorciser is configured with 32 kilobytes

(K) of read/write (RAM) memory and 16 K of read only memory

(RO ) . In addition, the Exorciser was equiped with the

EXBUG debuging module which allowed interactive program

debugging with preselectable software breakpoints, execution

tracing modes, and CPU register display.

To provide extended memory, a M1idwe st Scientific

Instruments (!IS1) FD-8 Disk Memory unit was interfaced to

the Exorciser and provides approximately 290 K of online

user memory. The FD-8 is accessed by a MSI Disk Operating

System (DOS) and communicates with the CPU via a MEX6820

Input/Output Module instal led in the Fxorci ser chassis.
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Terminal input/output (I/O) is accomplished by means of a

1 (_.. a r c. S 22 2 s c r i a ! t.r 1 C 1 t 11 c J s S .- L % t elec t

baud rate from 11 0 to 9600 baud. In the E:G -DAAS

configuration, the Exorciser serial ''port'' was connected

in parallel with a leathkit 11-14 dot matrix line printer for

program listings and data printouts.

Data I/O was accomplished by means of a Sinetrac

ST-6800 Analog/Digital-Digital/Analog (A/D-D-A) converter

module which samples and digitizes analog data to 12 bit

precision. The ST-6800 has the capability of sampling 32

distinct analog channels (A/D) as well as output 2 channels

(D/A) with simple memory addressed LDA (load) and STA

(store) instructions. For the EKG-DAAS, the ST-6800 was

setup for ± 5 volt, 2 's compliment data and ias addresseJ

(A/D ch 0) at E400 Hexadecimal (H1ex) . The internal

configuration of the Exorciser as used in the FKG-DAAS is

illustrated in Figure 18.

To uniformly sample the EKG input data via the ST-680

required the use of an external interrupt tLiner as is shown

in Figure 19. This timer allowed data sampling rates

between 300 and 700 Hertz but for the duration of this

research was set, and cal ibr ated, at 500 11er t z. The

interrupt was interfaced to the Exorciser via an intclrupt

line on the ST-6800.

Considerable problems arose in this thcsis due to

hardware problems associated with the FD-S Disk Memory. The

original configuration of the EKG-I)AAS used two FD--S systems
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A/ D-D/ A

02FD-8

o~~* Disk Meor

Fig 18. r1DORCISER Component Module Layout (From Ref 22).

b ut one failed about midway through the software

development. Th is failure caused a major rewritec of the

t h es is s of t wa re a nd de st ro y ed s e ve ra I wceek s o f work.

AlIt h o ugh the FKG-DAAS can now o per a te in a onec d is k

e nv ir o n men t, c on s ide ra blIe ' 'manhandl ing' ' of t he d at a

d is k et tes i s ncc e ssa ry.
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EXORCI SER

EKGJ Air

INTERRUP~T FD -
TIER I S 1,

Fig 19. EKG-DAAS Hardware Configuration

Further information concerning the Exorciser'~s hardware

capability can be obtained in appendix E and reference 22.

Attention is now turned to the EKG-DAAS software.

EKG-DAAS Software.

T he EKG-DAAS software was written in 6800 assembly

language and controls all aspects of terminal, disL mcrnory,

and A/I)-DIA operation. The ERG-I)AAS programs coni st of

approximately 4300 lines of assembly language and are listed

in appendix C.

The software used in the. FKG-DAAS was written in 6800
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assembly language for two reasons: 1) no higlh order languafe

2) speed imitations imposed by the thesis requirement for

online, real time EKG data compression made it imperative

that the compression programs run as fast as possible. The

laborious task of writing and testing assembly language

slowed software development to the point where only one EKG

data compression/reconstruction routine (Tol an) was

completed.

The EKG-DAAS software is integrally tied to the MSI DOS

(Ref 23). All disk I/O operations initiated by the EIK(;-DAAS

routines flow through the MSI-DOS and hence the DOS must be

''live'' somewhere in memory. To insure that the DOS

routines are always available, the DOS was disassembled and

relocated in high memory ROM (C400 flex).

The basic flow of EKG-DAAS pr ogr am control is

illustrated in Figure 20. The EKG-DAAS software is broken

into overlaved modules which are called into memory and

executed by EKG-EXEC and DISPLAY. The basic memory map and

overlay structure is illustrated in Figure 21.

A s can be seen in Figure 21 , extensive memory

management was required in order to allow a sufficiently

large memory buffer for the EKG data. As confi,!ured in

Figure 21, the EKG-DAAS could col lect 11.6 se conds of

uncompressed (3 leads,8 bits/lead,500 samples /see) EKG

data. For compression with the Tolan algorithm, a maximum

of 26 .2 seconds o f da t a (TA1359PA, appendix D) was
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-- E X BUG

-- DOS

0 MI3AS I C

(=--- )ENTROPY

I EKG-EXEC
N, 0 C PR SI F- rI LI)P
1(- S A 1FI L

<-iTOLA '

I -FI LIIDR

1( )SAVFIL

-VACANT COMPRESSION ROUTINES

(=--)DISPLAYT ~ PR STAT
P ) FO U T
F DFPJT

-_ 1DEC PR S
)- TAR EC

1 -) VACANT R7COS

DOS ....... Disk Operating System
EXBUG ..... Debug MIonitor Program
H11ASIC .... :Todified ISJ BASIC Interpreter
EKG-EXEC..EKG-DAAS Executive Program

NOCP S .... Data Collection Without Compression

TOLAN ..... Data Collection Vith Compression (Tolan algor)
DISPLAY...Data Output '1odule

PRSTAT .... Statistic Printout Driver
PDFPIRT .... Amplitude Histogram Printout Driver
PDFOIT....Amplitude Histogram Oscilliscope Display Driver
DECPRS .... Reconstruction and Display .lodule
TAREC ..... TOLAN Reconstruction and Display (Cscilliscope)

Fig 20 EKG-DAAS Software Control FlowgrapL.

71



Address .!enory Software Overlays

0000
0100

0500 1 1 .. DISPI.AY

Iii ~ C 0 PR S
.TOI, A

1. DI CPRS

PRSTAT
I1DO0 0

2400 EKG-EXEC

3000 _. DISK OPERATI NG SYSTE'M

3200 .DOS VARIABLE BUFFER

3400 . .,BASIC
3500 . MEMORY FILE I1EADEP

3700 . CII X HISTOG RAM

3900 CHI Y 1ISTOG,

3100 . .CII Z 1ISTOGRA"I

3C00 D .DELTA TI:E M I STOGRAIM

8000 j..BASIC .. FKG DATA BIElT!'
PRGfIS

C400
DO00 F. E ,O? O!P!10 11, A TI G; S YSTI

1O00

FC 00 X I 3 .EXP(; DE7j1G(G'GER

Fig 21. KG-I)AAS Overl ay St ruct ure and c:i or
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c o I 1 e c t e d

defined, this chapter will now examine the components of the

EKG-DAAS software in more detail. In the next section of

this chapter, a software module will be described along with

a simplified flowchart of that module's operation.
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F1: G- F X F--EXE.C is the exect uive command module which

,', t he xe t"L: 1 i , i t1c C.- .. , U,.. c.I l I

input of a command number, EK(G-EXEC loads the appropriate

overlay routine into the program work buffe5  (0100-1ll00 lex)

and then passes control to that overlay. The above command

and control operation is illustrated in Figure 22.

In addition to the command ' 'handler'', EKG-EXEC

contains the utility subroutines FILITDR, SAVFI1., 1IXASC.

OVRLAY, and PIDFPRT. These subroutines are described as

follows:

FIL1TDR. FI1I!DR clears the memory data buffer,

initial izes the statistics buffer variables, and

queries the console for data such as

FILENAIE, SUBJECT,DATE, etc.

SAVFIL. SAVFIL reads the filename in the memory

buffer header and then writes the memory file to

disk. Disk I/O is passed through EOS

subroutines .

IIXASC. This subroutine converts hexadecimal data

to ASCII for display on the terminal and p- -.ter
devices.

OVRLAY. OVRLAY is the routine which actual ly

performs the overlay function. After an overlay

is loaded into memory, OVRLAY jumps progi am

control to the overlay program.

PDFPRT. PDFIPRT prints the amplitude distribution

to the terminal device (printer) . Although

resident in EKC-EXEC, PDIPPT is cal led only by the

DISP..AY module.
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NOCPRS. NOCPRS is a data acquisition module in which the

I -- ' G wav e f or m i s samp l ed and s t o r ed without da t a

compression. The data is rounded to 8 bits from 12 bits.

The reason for this rounding is explained in chapter 5.

This module was constructed for two reasons 1)

uncompressed data was considered ujeful for doing

expe r iment a 1 studies on potential data compression

techniques implemented after the original data collection

session and ; 2) this module was the structure around which

the Tolan (and potentially other) compression routines were

built. The basic operation of NOCPRS is illustrated in

Figure 23.

As is seen in Figure 23, NOCPRS does more than just

sample the EKG. Statistical parameters are collected and

updated during an EKG data collection. These parameters are

used to measure the real time performance of the compression

(no compression) software. A detailed description of these

measurement parameters is described in chapter 5.
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Fig 23. NOCPRS Functional Flowchart.
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DI SP, AY. DI SP, AY is a command module similar in

c,:.:, rt. Ct i cn to I'!,t,- I I-C. I) 1SPIAY coi troi s the da t a ut t

module s which display the sampled EK G data and data

statistics to two output devices. The first device is the

terminal (pr in t er) and the se co nd device is an

oscilloscope. The basic command structure of DISPILAY is

shown in Figure 24. DISPLAY is broken into 5 working

submodules. These modules are described as follows:

PRSTAT. This submodule reads the memory file
header (3C00-3D00 Hex), formats the statistical
data found there, and prints this data to the
terminal (pr int er) . The sta tiscal data in
appendix D was generated by P!RSTAT.

PDFPRT. This submodule priats the memory file
histogram tables to the tcrminal (printer) .
PDFPRT output is also listed in appendix D.

P DFOUT. PDFOT7T scans a user selected lead
histogram (X,Y,Z) and formats the data for display
to an oscilloscope. The data is output via D/A ch
0. An example of PDFOUT output is found in Figure
31 in chapter 5.

DECPRS. The DECPRS module scans the memory file
header and identifies the compression technique
which was used to encode the data in memory. The
appropriate dccom, 1rcss ion algorithm is then
selected and the data decoded and output on D/A
channel 0.

LOAD. LOAD initiates a data file load from disk
memory to RAM. This load is performed by FOS
routines called by load.
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101 AN. The TOLAN module is the ''heart'' of the EKG-DAAS

it c , i: r"orms the act ual data conprcssio: on the sar-pI -d

EK . As was described in chapter 3, the TOLAN algorithm

first performs a second difference time compression

operation followed by a variable length encoder. The

operation of the TOLAN compression module is shown in Figure

25.

To detect sample clock (or CPU clock) drift, time

calibration operations are performed prior to and after the

data collection run. Other statistical data parameters are

al so col lected allowing post collection measurement of

compression performance.
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Summary

This chapter has presented an overview of the complex

software which makes up the EKG-I)AAS. The reader is

referred to the program listings in appendix C for a more

thorough description of the program operation.

The software structure in the EKG-DAAS was written in a

''Top Down'' manner and all attempts have been made to

document the operation of each routine. Since assembly

language is difficult to read, this chapter was written to

assist the reader in understanding the basic structure of

the EKG-DAAS. The next chapter presents the results of the

EKG experiment where data was collected, analyzed, and

compressed by the EKG-DAAS.
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V. Fxperimental Procedure, Data Analysis, and Results

This chapter presents the results of an EKG collection

experiment where ''in vivo'' EKG data was taken from test

subjects in real time. Data was taken and stored in both

compressed and uncompressed formats for later analysis and

reconstruction.

Chapter 5 is organized as follows. First the

''experimental'' setup is described along with a description

of the EKG equipment, collection enviroment, and subject

personnel . Next the pa r ame te r s used to determine

compression performance are defined followed by the analysis

and results of the experimental data. Finally, the chapter

concludes with a comparison between the results obtained

using the Tolan compression algorithnm and the estimated

performance of the Dower technique. Discussion now turns to

the experimental procedure.

Fxperimental Procedure

The data was taken from a set of nine fellow students

during a laboratory course on elect rocardiograms. The

equipment used to produce the EKG was the model DR -1 2

r e s e a r c h r e c o r d c r b u i 1 t b y : 1 e c t r o n i c s f o r 'c di c i n e,

Inc. (see appendix ) . The DR-12 is a vintagte medical

recording system built in the late 1950's and is constructed

with vacuum tube amplification circuitry.

The personnel used for test subjcct were all Air Force
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officers in good physical health. No test subjects with

.," i : ! c r t di S ' " .C, I'. t '. t ' I , Tr i f c ,: t :

variations between subjects was noted (Fig 27-29). Output

of the DR-12 was limited to one EKG signal which could be

switched to any of the 6 ' ' limb leads'' (Ref 13:29-34) by

controls on the DR-12. The electrodes of the EKG were

appIi ed to the wrists of the test subjects and in some

cases, not all, an electrode jelly was applied to reduce

skin-electrode resistance.

Since the EKG-Data Acquisition and Analysis System

(EKG-DAAS) was configured for a 3 lead system, the X,Y,Z

inputs were connected in common and the single signal

available from the DR-11 applied to this connection. A

Brush Instruments Mark II recorder and a Tektronics Model

46 5 Oscilloscope were used as analog output devices

(Appendix E) . The display instruments werr connected in

common with the AID inputs as is shown in Figure 26.

Prior to the data recording session, the A/D was

calibrated in accordance with the operating manual (Ref 8).

The A/D was configured for a dynamic range of of -5 .000

vol t s t o +4.9976 vol t s with 2 ' s complement binary

representation.

The actual data collection proceeded as fol o,.,. Fiirst

the subject was connected to the DR-12 and the ar,;, it,,de of

the resulting EKC, signal adjusted to fall with In the A/D

dynamic range. A t e s t run of a l l six 1 i b leads

(I, II, III ,AVL, AVR, AVF) was then taken (without ,t orae by
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from the DR-12 so the 3 A/D Model 465

inputs were placed in coramon. Oscilliscope

Fig 26. Experimental Data Collection Setup.

EKG-DAAS) and the lead with the least ''noisy' ' signal was

selected. EKG-T)AAS was then executed and a data collection

made without compression. This uncompressed data collection

was followed as soon as possible with another ''run'' in

which the To] an compression algorithm was enabled.

Fol low ing both data col lec t i on s (un compr e s sed and

compressed) , the raw data traces from the Brush recorder

were annotated with the time and subject and f ilcd " r later

data comparison with the reconstructed waveform.

Tbe data was stored on ''floppy'' diskcI t es and

processed post co l lect ion for the entropy and maN imurn2

compression statistics. Before the results ot these data
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co 11 ec t i on s are pr e sent ed, the compression c m suremc .t

FKG Compression Measurer-ent Parameters

To permit determination of compression performance, a

set of statistical parameters was calculated and saved

during each data collect ion. These statistical parameters

are described as follows:

Nu mber of S.u;mip_ Ics .. This statistic was saved to

determine the total number of bits that were input
to the compression stages. The total n urher of
bits were cal cul ated by (8 bit s/sample)*

3 leads)*(num of samples/lead).

2nd Difference Frecouencv of Occurence. Four
frequencies of occurre-ncc tables were -pt ",-ith
double precision binary coa'nters. ]:ollow.inP, the
data col lect ions, these , 2x,A vA z,.At historaM

tables were input to a fBASIC program (E'F G', I'Y)
where the entropy of second difference 'sources

was calculated.

Total Iai t ing Loo2p Counts 1) r in g Col le tion. A

c o un t i n g l o o p , a s e s t a bl i sh cd i n t h I (),.AN
compres sion module which al lov;ed (e termina tion o1
the percent of the sampl ing period used for the
compression and statistics calculations. One
circuit of this count i n loop takes 46 machine
cycles of the 6800 microprocessor. A co :nt of the

total number of Ioop cycles compl t ed foll,II, r.e
the sampi ing/compression interrupts is kept in the

collection statistics buffer.

M aximum loon Count Per TnterruTt. To offs t the
i n a c c u r a c v w I i ch wou Id d e v e 1 o p i f t he i t e' ru T
clock pc r iod ch anced be twe en runs (,r i .

master clock in the E xorciser drifted),
count cal ibrat ion was nerforned im rd at r

a n d a f t c r e a c h c o I 1 e c t i o n r n . b is c ifI i .I ;a

was accompI ished by performinL 2 56 se,,ue rI I
i n t e r r u p t s w i t h n o i n t e r r u p t p r o c c s s i , L L 7 t
r e turn-- f r o m- int e r rup t . The before an a , c T

cal ibration counts were then avera r o d t
maximum Icop counts per interrupt ealcIC t d.

T ime E ffi cic ncv of the comprs i n p' r.1ti V. ,-
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then calculated from the equation:

T.E.=(l-(Total loop Count/((Num of Samples)*(!,ax Cnt))))*lO

Channel Maximums and Minimums. The channel
maximums and minimums were retained to allow
determination if the analog inputs exceeded the
A/D dynamic range.

Number of Memory Bits Available. This number was
constant and was determined by the amount of
Read/Write (RAM) memory available for data
storage. For the current configuration of the
Exorciser and the EKG-EXEC program this was 139248
bits (17406 bytes).

Number of Bits Available to Variable Lengt h
Coder. This counter measured the number of bits
out of the data decor r ela t or and allowed
calculation of the decorrelator's compression
ratio (bits out/bits in).

Number of Bits Used to Store Channel X,Y,Z. These
counters measured the number of bits used to store
the data from the three input leads. This count
is the number of code bits out of the variable
length encoder.

Number of Bits Used to Store Time. This counter
was identical to the channel counters above but
measured the number of code bits used to store
the At run counts.

Total Compression Ratio Achieved. This figure was
calculated post collection by dividing the total
code bits stored by the total R/W memory bits
available.

The statistical data defined above was compiled by the

EKG-EXEC program and is printed by the DISPLAY software

module as illustrated in appendix D.
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Data Analysis and Results

To determine the compression efficiency of a redundancy

reduction EKG compression algorithm is, in general, a

dif f icult job to accomplish. The reasons for this

difficulty are: 1) the sampled EKG data sequence contains

significant correlation (memory) between sample values

making calculation of the absolute bound of the entroXpy

extremely difficult (Ref 34:479-489) and ; 2) the techniques

used for both the data decorrelator and entropy encoder vary

significantly from algorithm to algorithm.

In this thesis, as is done in the literature (Ref

7,12,28) , the assumption is made that the output of the

decorrelator is ''almost decorrelated''. Decorrelated is

not I 'independent ' (unless the source was statistically

gaussian) , but it is assumed that true entropy of the 2nd

difference sequence approaches the value which would be

calculated by Eq.(l) (reproduced below).

A entropy - -Pilog p (27)

(P. is the probability of the i'th second difference).I

This second difference entropy can then be used as an upper

bound on the potential entropy encoding compression of the

Tolan redundancy reduction technique.

The A 2  entropy values tabulated in Table IT were

calculated by Eq.(27). To calculate the afl roximate limit

on the entropy encoder's comp ression ratio, the uncompressed

data word length of 8 bits was divided by the 'lowest' '
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v e r c c ode w or 0 i . e t h] 2 r. d d i f f e -: e n c e entropy). A

look at Table II shows that the entropy encoder compression

ratio varied between 58% and 71% of this entropy bound.

Since the Tolan variable length code is suboptimal, a lower

efficiency is expected. Nevertheless, the Tolan entropy

encoder performed more-or-less consistently across the data

set. This last observation would imply that the data

decorrelator influences the overall compression ratio more

Table II
Experimental Data Summary

Subject 2'nd Maximum Achieved Percent Percent Achieved
Id Difference Compression 2nd of !'ax of Sample Total

Entropy Possible Difference Encoder Interval Conprs
(Approx) Compression Conprs

TA1545T 3.2801 2.42 1 1.55 1 64. Or 93 .9% 1.36 . 1

TA1548T 3.0171 2.63 1 1.61 1 61.2% 91.4% 1.50 : 1

T 559B 3.016 2.64 1 1.72 1 65.1% 93 O, 1.53 : 1

A511S 3.323 2.39 1 1.65 1 69.0b 94. 0,% 1.43 1

TA1520B 2.601 3.06 : 1 1.81 : 1 59.1% 90.9% 1.72 1

M1448L 2.930 2.72 :1 1.73: 1 63.6% 90.6qi 1.60: 1

439S 3.267 2.43 : 1 1.63 : 1 67.1% 93.4% 1.43 : 1

A1359P 2.487 3.22 : 1 1.88 : 1 58.3% 77.8% 2.26 : 1

A1413L 3.783 2.10 : 1 1.50 1 71.4% 95.4% 1.25 : 1

than the entropy encoder.

As was described in chapter 3, the Tol an data

decorrelator uses time compression in conjinction with a 2nd
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r di tr icc operation. The Tolan time compression technique

makes the assumption that the second difference value of

zero occurs so frequently that the encoding of 0 would be

less efficient than the storing of a zero value run

counter. In the experimental situation in this thesis,

signal noise was quite evident in the EKG traces (Fig 29)

The sharp ''spikes'' induced by noise are accentuated by the
A2

second difference operation, hence a A 0 was a common

occurrence. This forced the storage of a lot of 7 bit time

counters.

In 8 out of the 9 compression runs made, the frequent

storage of time counts actually caused the Tolan data

decorrelator to produce neqative compression (i.e. more

bits out than went in). Since the entropy encoder was

producing a larger positive compression ratio, the overall

compression figure remained positive. The effect of this

operation is graphically illustrated in Figure 30.

A look at the original and reconstructed EKG traces

(Fig 27-29) in conjunction with the data in Table II, shows

that as the ''noise'' level increased on the signal the

compression became progressively worse. Since it was

concluded that the entropy encoder performed approximately

the same across the data set, the degradation in total

compression must be due, in large degree, to the degradation

in the Tolan time compression data decorrelator

performance.

A clear effect of the noise is illustrated in Figure
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Fig 30 . Tolan Compression Ratio Breakdown.
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. . r rm I'igurc 1 , it can 1, c sccr. that as the 'I'iois ''

1eve 1 increased the variance of the 2nd difference

distribution became increasingly larger. As the

distribution became less peaked, the efficiency of the

variable length encoder decreased with a subsequent loss in

achieved compression ratio.

The nonzero component at Al = 0 in Figure 31 can be

explained as follows. The decision was made early in the

design of the EKG-DAAS that 8 bit data would be used versus

9 or 10 as recommended by the American Heart Association

(Ref 3). This decision was made to simplfy the software

(i.e. single precision could be used). Since the A/D

converter has 12 bit resolution, the sample was rounded to 8

bits for uniform error distribution (Ref 24:424-432) .

Unfortunately because of this rounding action, small

differences in the least signif ica t bits of the A/D

converter may have affected the rounding operation. Sincc

the A/D cannot sample all three channel simultaneously, the

probabil ity that a '' noisy' ' signal will change the least

significant bit (or bits) is high. With a rounding

operation, these changes may ripple to affect the least

significant bit of the 8 bit data.

At most this effect would only cause a chain-e in the

least significant bit of the 8 bit rounded values. This

would cause, however, the second differences between of

channel X, Y, Z to be different even though they w erc

connected in common. As was described in chapter 3, any of
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te three leads with a non zero second difference fcrct l e

storage of all three data points. Hence many zeros data

points were stored because of 2nd difference asymmetry which

would not have occurred had the 12 bit A/D data been

truncated instead of rounded.

This fact undoubtably affected the overall coapression

efficiency of the Tolan algorithm. Nonetheless, the

distribution in Figure 31 would not have changed (except the

zero value count) significantly and noise would still have

broadened the 2nd difference distribution.

Tolan and Dower Performance Comparison

As has been reiterated several times in the text of

this thesis, the author's original intention was to

implement both the Dower and the Tolan algorithms for

experimental test and comparison. Since time did not permit

the Dower implementation, an experimental comparison was not

possible.

As an attempt to compare the results of the Dower and

Tolan compression routines, the results quoted from the

papers by Dower,Berghofer, and Stewart (Ref 12,29) will be

used. Dower states that his state space -ariable lcnFth

encode r approaches the entropy bound of tl c second

difference source 'with about 1.65% wastage'' (I'ef 12:3).

This value is significatly higher than the arpro:xirately 30%

''wa s t age '' observed with the Tolan varial Ic I engt h

encoder.
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Assuming similar o L t oti oas of the second differc:ncc

time compression (in this author's ''noisy'' enviroment),

the Dower decorrel ator is expected to have neqative

compression. With the Tolan and Dower decorrelators assumed

''equal'', then the real gain of the Dower technique over

the Tolan approach is in the VI.C.

Assuming the Dower entropy encoder approached closely

to the entropy bound, it can be extrapolated that the Dower

algorithm would have achieved a maximum compression of

approximately (1.2)*(3.22)=3.86:l for the ''best'' EKG in

Table II and Figure 30. The worst compression ratio would

have been (.84)*(2.l)=1.76*1 for the worst (noisest) EKG.

Chapter 5 Surmary

This chapter began with a description of the EKG

collection experiment. Although the EKG apparatus was

limited to one channel, sucessful collection and compression

of EKG data was performed. Analysis of the data revealed

that time compression is inefficient in a ' 'noisy' '

enviroment and that ''rounding'' of the 12 bit A/D samples

in conjunction with placing all three sample lead in common

accentuated the degradation caused by the time compression

data decorrelator. Nonetheless, the Tolan algorithm did

achieve an overall positive data compression figure but

significantly lower than the 9:1 ratio achieved by Ruttiman

and Pipberger (Ref 28) or the avera&ge value of 7.3:1

reported by Stewart, Berghofer, and Dower (Ref 29). Final ly
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it %as heuristically shown that if the Dower compression

algorithm lived up to the statements by Dower, then a

compression ratio gain of 3.86:1 to 2.26:1 could have been

achieved with the Dower EKG data compression technique .

This thesis will now proceed to provide conclusions and

recommendations
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VI. Summary. Conclusions, and Recommendations

Summary RA fonclusions

T h is t he s is h as i nv es t iga t ed thbe f ielId o f

electrocardiogram data compression with the objective of

evaluating compression algorithms on a 6800 microprocessor

based computer system. Accomplishment of this goal required

the construction of the EKG-Data Acquisition and Analysis

System utilizing the Motorola Exorciser microcomputer.

To determine those EKG compression algorithms which had

potential for Exorciser implementation, a literature search

was made to locate EKG data compression techniques. In

addition to the literature search, personal correspondence

(Ref 11,31) yielded several EKG compression algorithms. The

results of this research is presented in chapter 2.

Since thesis requirements dictated the need for an

online, real time data compression algorithm, only the

fastest EKG compressors could be considered. Two routines

were selected for detailed analysis and inplementation.

These two compression algorithms (Tol an and Dower) were

discussed at length in chapter 3.

It was deduced from the methodology of the two data

compression techniques that the Dower algorithn would

perform better than the Tolan procedure. To te-;t this
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algorithm implemented. The implementation of the E}:G-DAAS

is documented in chapter 4.

Time constraints prohibited completion of the Dower

compression algorithm, but data was sucessfully compxesssed,

analyzed, and decompressed with the Tolan algorithm. The

results of this analysis are presented in chapter 5.

The conclusions of this research effort are as

follows. First, EKG data compression can be accomplished in

real time by a microprocessor based computer system. The

Exorciser is a slow microcomputer (1 MHz cycle time) yet it

was still possible to implement the Tolan algorithm with a

500 1Iz sample rate. The second conclusion is that signal

noise can dramatically affect the efficiency of the EKG

routines in the same class as the Tolan algorithm. The

expense and implementation difficulties of prefiltering,low

electromagnetic noise environment, and proper EKG lead

attachment are well worth the gain in compression achieved.

Finally, a software project of this magnitude should not be

attempted totally in assembly language. Although assembly

language offers the greatest flexibil ity and speed,

algorithm implementation and debugging efforts are

enormous. A high order language would have al Iowed this

author to complete his original thesis objectives.
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Several recommendations are offered for further study

in microcomputer based EKG data compression. First,

implementation of the EKG compression algorithms using a 16

bit microprocessor (e.g. 6 111z Intel 8086) would permit an

order of magnitude improvcment in speed of execution.

Hardware multiply and divide along with 16 bit arithmetic

registers would permit easy implementation of the Dower

algorithm and would even make use of the Transform

compressors (i.e. FFT) feasible. Second, futher study is

needed on determination of decorrelator inefficiency on the

overall data compression. A large study of different

decorrelators such as 1, 2, 3 difference operations with and

without time compression is needed. Next, an EKG

compression algorithm implemented using the Ruttiman and

Pipberger 2nd order interpolator (Ref 28) for the

decorrelator along with the Dower variable length encoder

(Ref 12) should be built. This combination should prove to

be very efficient. Finally, programming and experimental

testing should be done on a full scale microcomputer

development system, complete with a high order lanruage,

A/D-D/A capability, and flexible disk file manipulation

software. Such a system is the Zilog MCZ1/25 microcomputer

resident here at A.F.I.T.
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A endix A

The Electrocardioram

Introduction

The electrocardiogram (or EKG) is a record of the

electrical activity of the heart as measured from the body

surface. The magnitude, shape,and timing of the electrical

potentials generated by the heart reveal a great deal of

information concerning the health of the cardiac system.

This appendix will describe how the electrical signals from

the heart are generated, how the cardiac cycle is

coordinated and controlled, and finally how the "KG can be

used as a diagnostic tool.

The Physiology and Electricial Characteristics

of the Heart

The heart (Fig. A1) is an organ about the size of a

fist with four main pumping chambers and a specialized

electrical conduction system. At the top are two thin

walled pumps called the atrium which prime the main pumps of

the heart, the ventricles. The ventricles are sItarated by

a thick wall of muscle tissue called the septum. 11lood from

the right ventricle goes to the lungs and blo,.,! from the

left ventricle goes to the rest of the body.
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Fig Al. The Heart Cross-Section (From Ref 20:291).

During the resting state between contractions, the

cells of the heart are ' 'polarized'' with an electrical

potential existing between the inside (-) and the outside

(+) of the ceil. This potential is generated by an ionic

gradient across the cellular membrane and is normally

maintained for approximately .2 to .4 of a second before

spontaneous ''depolarization'' occurs. Depolarization

(caused by an inrush of sodiun ions into the cell) induces

the cell to contract for approximately 1/4 of a second.

Because a 1 heart cells contain specialized conducting

fibers, the depolarization of one cel l initiates the

depolarization of neighboring cells and a ''wave of

excitation'' sweeps across the myocardium (heart) at a rate
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ol' about 1 meter per second.

Th e voltages measured at t1ie ho.y surface arc t 1.c

superposition of thousands of heart cells depolarizing (or

polarizing) as the wave of excitement flows through the

myocardium. Early work by Wilson (Ref 20:292) showed that

the heart could be represented by an equivalent electrical

dipole whose vector orientation sweeps through a closed loop

during one cardiac cycle. In simple terms, as the wave of

excitement flows toward a positive skin electrode, a

positive slope is generated on the EKG record representing

the projection of the heart vector onto the axis of the EKG

lead.

To observe this sweeping dipole vect r, 'il son

developed the 12 lead EKG system in almost univerisal use

today. This system (Fig. A2) attempts to measure the heart

vector from a variety of vantage points in hope of determing

the actual direction of propagation of the wave of

excitement. Unfortunately, the leads of the Wilson system

are not orthogoal and reconstruction of the actual heart

vector orientation and amplitude is difficult. To overcome

this problem, Frank (Ref 14:737-749) developed the vector

cardiogram which combines 7 leads in a summing network to

produce three orthogonal components of the heart vector.

Frank VCG systems are popular in heart diagnosis and

research because all of the information is contained in

three leads of data versus 12.
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The Card iac Cycle

For effective pumping action, the heart muscle must

contract in a controlled, coordinated way. This means that

t he s t im uIa t ing w a ve o f e xc it a t ion m u st f oIIo w :i well1

defined conduction path to allow the heart to contract in

the most e f f ic ient' m a n ncr. I n ' 'normal'I he ar t s, th e

c o nt r a ction secq u en ce becg in s i n t he r ig ht atrium where



spec ial ccelis in an area known as the Sino-Atrium (SA) iode

s ontani, ously depolarize faster than the rest of the heart

tissue . The SA node hence initiates a wave of excitation

which covers the atrium in about 80 milliseconds. This

atrial contraction produces the electrical signal called the

P wave (Fig. A3) on a typical EKG record.

The wave of excitation started by the SA node then

reaches another special ized receptor known as the 

Atrial-Ventricular (AV) node. Here connecting fibers delay

the excitation impulse for about 50 milliseconds to allow

the ventricles to fill with blood. After the 50 millisecond

delay, the excitation signal is relayed to special

conducting fibers in the septum known as the Bundlc of His.

These conducting fibers rapidily (30 ms) transmit the

excitation wave to the interior (endocardiuni) wall of the

ventricles where the wavefront propagates radially to the

outer wall (epicardium) in another 30 milliseconds. The

ventricular wave of excitation produces the QRS waveform

complex seen on the EKG.

Following the ventricular contraction, the muscle cells

of the ventricles r epol ar iz e over a pericd of 100

mil liseconds. No muscular action is occuring but the EKG

responds to this electrical activity and the T wave is noted

on the EKG record. Atrial repolarizaticn occurs juring the

QRS hence it is generally invisible on the EKG.

112



!T

_ 2,

P

Fig A3. Typical EKG Wyaveform (From Ref 20)

Finally the heart rests for approximately .2 of a

second and the cycle starts again. The above cardiac cycle

is typical of a healthy heart. Disease, however, can effect

this sequence dramatically.

Heart Disease and the EKG

The variety of ailments which plauge the human heart

are numerous and no attempt will made to describe the

spectrum of diseases possible. There are, however, several

common heart defects which routine EKG analysis usually

detect s. These include premature co.itractions (Atrial and

Ventricle), bundle branch blocks, hypertrophy, and

infarction.

Premature Contractions. Premature contractions are caused

by the spontaneous depolarization of heart tissue outside of

the SA node. This depolarization initiates a wave of

exc i t eme nt causing the atrium,or more riot abl y, the
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vent r ic le s t o contract out of rhy t1. m with their normraI

c clc. Poi rt s wherc t-i s unschcduled'' dcp l a Iz ti,"

occurs are cal led ectopic foci and can arise because of

infarct damage (to be disscussed later) ,coronary heart

discase producing oxygen starvation and a number of other

causes. Premature Ventricular Contractions (PVC's) are

highly visible on the EKG record. Normally the ventricles

contract simultaneously and the voltage vectors generated

tend to cancel keeping the ORS amplitude relatively small.

A PVC, however, causes depolarization of one ventricle

before the other generating an unbalanced, hence larger,

voltage output.

Bundle Branch Blocks. A bundle branch block is caused by a

block of the impulse of the right or left Bundle Branch.

This causes a delay in the transmission of the stimulation

impulse to ventricle blocked and forces the two ventricles

to contract at slightly different times. This difference in

ventrical contraction time shows up on the EKG as a double

humped ORS.

_lype~rtroph. Hypertrophy is an enlargment of one section of

the heart muscle tissue. This enlargment affects the

duration and strength of the wave of excitement and is

visible on the EKG record as a diphasic trace if atrial

hypertrophy is present. If ventricular hypertrophy exists,

the QRS amplitudes are much larger than normal due to the

fact that more tissue is depolarizing.
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In'. -ct ion. M ocardial infarction is an i jur. t o the hc;jrt

t I1 c Csed by an (, ccIusion of a cr, n:rv : rt.r y. An arc q

of the heart is then without a blood supply and often

permanent damage occurs. This heart disease is often the

one most commonly called a ''heart attack'' and, as is well

known, is many times fatal . If a person survives the

orginal ''attack'', then this permanent damage shows up in

the EKG as a change in the (RS and T waves. This change

occurs because the infarcted tissue no longer responds to

the excitation wave and the wave moves around, not through,

the damaged tissue.

Summary.

This appendix has briefly examined the physiology of

the heart and discussed how the myocardial tissue generates

the electrical fields measured by the electrocardiogram.

Though EKG analysis has been practiced for fifty years,

intense research continues in improving EKG diagnosis.

Dramatic improvement in computer aided EKG analysis and

better understanding of the electro-physiology of the heart

is leading to improved cardiac health care worldwide.

The heart diseases discussed above are only a small

subset of the problems which can afflict the human heart.

Should the reader desire a more thourgh background on heart

physiology and cardiac disease, Dubin's book (Ref 13) is

highly recommended. This programmed text carefully leads

the reader through EKG analysis and is easily read. For a
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riorc firm background on the electro-physics of the heart,

rt i c I iclc by :IclFcc and Baulc (Re cf. 20) provides a ,

tutorial review on EKG history and research.
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Appendix V3

Fundamentals of Information Theory

Introduction

In 1948, Claude Shannon published a classic paper (Ref

3 0 : 37 9-42 3 ) t i t 1 e d ' ' A Ma t h e m a t i c a I Theory of

Communication'' in which he laid the foundation of modern

information theory. Shannon used his ''information theory''

to describe, mathematically, the interrelationships between

the components of a ''typical'' communication system as

illustrated in Figure B-1.

EOEN DR,SO [j ENOE

Ld

ENCODER

CHANNEL

USER~---LSOURE __CHANNEL

Y, DEODR DECODE R

DECODER

Fig B-1. The communication system model (From P, ci 4).

This appendix is written as a basic tutorial on

information theory, and is intended to acquaint the reader

117



with the terminology used in describing the data compression

techniques in chapters 2 and 3. The appendix iegins ith a

review of the information source, proceeds to a discussion

of the transmission channel and Shannon's rate distortion

theory, and concludes with a description of the system

encoder/decoder.

Information Source

For his initial analysis, Shannon proposed modelling

the information source as a discrete stochastic process

whose output is governed by known statistics. As pointed

out by Davisson and Gray (Ref 10: 2-4), the discrete-time

model was commonly used for any or all of the following

reasons: (1) digital communication links have become common

place ; (2) a continuous time process can be modelled as

discrete by sampling, orthogonal function expansion, or

waveform segmentation; (3) greater simplicity.

The source is characterized by a finite set of possible

outcomes known as its alphabet A. The occurrence of a

particular alphabet symbol is governed by probabilistic

descriptors (i.e. probability density functions) and it is

assumed that the source produces only one symbol from the

alphabet every T seconds. Hence the information sourcc% has

a symbol rate of R,=lIT5  symbols per second.

The next question of interest is how much information

is conveyed by the occurrence of a given source synbol? If X

is a discrete random variable occurring at time t, and x is
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an element of A, then the random variable self information

c, c: e cfined. Th at is

I(x)=-log p{X=x} (B.1)

where p[X=x) is the probability that X=x.

According to this description, the less probable an event

is, the more information is conveyed when it occurs. The

base of the logarithm is unspecified, but in this thesis it

is assumed to be base 2. Hence the occurrence of symbol x

reveals I(x) bits of information.

The amount of information received per observation is

of inter e- t, but one would 1 ike a measure of the

''uncertainty'' or ''randomness'' of the source. If the

stochastic process defining the source is considered

stationary (a pretentious assumption but one generally made)

then the output of the source is a sequence of random

variables with identical probabilistic descriptors. The

probabilistic descriptor will be defined as fu} and could

represent the moments of the random variable or its

probability density function (PDF). If, in addition, the

source is considered ergodic, then statistical averagcs

equal time averages and calculation of the set ful is

greatly simplified.

Given that the discrete process is ergodic, or at least

stationary, then the source output at an) time is described

by the random variable X with range A fx(l) ,x(2) . .... x(n)) .

The measure of the ''uncertainty'' or ' ' ranuonness'' is
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dcf in d as ! he entrov of the source and is given by the

tion

n

p log2p (B.2)

i=1

where p is the probability of occurence of the discrete
i

value x If p =0, then the term log I/p. is definedii I

equal to 0 (i.e. no contribution to the entropy). Should

the range A be of infinite e xtent (i.e. a continuous

source), then the above series may not converge nor would

p(x) necessarily be defined. In this case, H(X) is defined

as positive infinity.

As example (Ref 19:15), let X represent the outcome of

a single roll of a fair die. Then A={1,2,3,4,5,61 and p i

=1/6 for each i. Here II(X)= 1/6 1og26 = 2.58 bits.

6
In the above example, the statistics governing the

occurrence of a given outcome were uniform. This represents

the ''most random'' case with a resultant maximum of the

entropy function. Should the die be ''loaded'', then the

predicted outcome is ''less random'' and hence the value of

1(X) would be reduced.

The next important component in Shannon's communication

model is the transmission channel.
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Transmission Channel

The transmission channel is al so assumed to be a

discrete time, finite alphabet device which accepts and

transmitts to the receiver one symbol in a finite alphabet B

each T c  seconds. The alphabet B is often binary, hence the

dimension of the symbol space (defined as ,11B11) is 2 and

B=[0,11. The transmission rate of the channel is defined as

R =1/T channel symbols (bits if binary) per second. If the

output of the source process is defined as {X} , and the

channel is ' 'noisy' ', then the received syriblol Y} might

not equal the transmitted symbol [X). A noiseless channel

transmit t s symbols with no error in which case (X}={Y.

r - ---

OuIpulsinpt) i 3

Y

Fig B-2. A discrete memoryless channel (From Pef 19:19)

For simplicity, let the channel be model led as a
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probabil ity which relates the chance that a given output y

was the result of a given input x. If the input to the

channel is a random variable X, and the output is a random

variable Y, then a quantity called conditional _entropy can

be defined. The equation defining conditional entropy is:

n n

l(xIY) = p(x,y) log2 1
2 pUIl (B3.3)

x=1 y=l

For a given pair X,Y of random variables, II(XIY) represents

the amount of uncertainty remaning about X after Y has been

observed.

Now since 11(X) represents the uncertainty about X

before X is known and HI(X1Y) represents the uncertainty

after, the difference If(X)-I](XIY) must represent the amount

of information provided about X by Y. This quantity is

called the mutual information between X and Y, and is

denoted by

I (X;Y) II(X)-1I(X IY) (B.4)

With the above definitions in hand, the most important

quantity of a communications channel can be descr ibed; that

quantity is the channel capac ity. Channel ca, acitv is
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defined as the maximum amount of information, per unit of

time, which carn be 'r el iably' ' tran sm it t ed over t c

channel. That is

C=max{I(X;Y)l (B.6)

Channel capacity is closely related to another important

parameter of a communication system known as the

rate-distortion function.

Rate-Distortion. Shannon postulated the existence of a

mathematical distortion measure, d(X,Y) , to measure the

distortion or loss resulting if a source symbol X is

reproduced as Y. Unfortunately this abstract distortion

measure is difficult to quantify. As stated by Bcrger (Ref

4:6), ''the unavailablity of a distortion measure that is

both physically meaningful and analytically tractable

constitutes one of the major obstacles to progress in

(communication) system design.''

Assuming one has such a distortion measure, then

associated with most source-user pairs is a function R(D)

called the rate distortion function. The rate distortion is

important in that it gives the designer a mathematical tool

to measure the amount of distortion that can be expected for

a given transmission rate. A communication system can

achieve a given fidelity D if and only if the capacity C

exceeds R(D). Hence R(D) is the effective rate at which the
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source produces information subject to the constraint t at

:' t r t 0 I I . " 1 1" . i t ,,r tI i n T~i I P

L r

I R DO

I~~1-- 0,,,o, - -

Fig B-3. A typical rate distortion function (From Ref 4:7).

The simplest source-user pair is a discrete memoryless

source (DMS) and a single letter fidelity criteria. The D.IS

produces statistically independent, identically distributed,

discrete random variables. Assuming a single letter

fidel ity criterion, every time the system presents the

letter y to the user when the source output was actually x,

a nonne ga t i ve penalty p (x , y) is de t e rmined. The

rate-distortion function for the above case is plotted in

Figure B-3 . As can be seen from the Figure, R(O) is equal

to M(X). This last result leads to Shannon's fa .i o , c lhinn eI

coding theorem which states that if the symbol rate is less

than the channel capacity, it is possible to transmit with

perfect f idel ity. That is, if the entropy of the source,
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C1(.), is lcss than or ctquaI to the channel capacity C, then

t r av r i- w i : Lr r ' I,:

result is not without cost, however. To reduce the source

entropy (as seen by the channel) requires coding. Encoder

In most circumstances, the output of the information

source is not suitable for direct input into the channel.

To match the source to the channel, much like matching

impedances in circuit theory, is the iob of the encoder.

The encoder incoporates all of the functions which

process the source data for transmission over the

communication channel . Thi s inc l udc s coding,

analog-to-digital conversion, and modulation. In order to

transmit without loss, integers K and L must exist such that

KTsz-LTc. This guarantees that the received sequence [Y) has

the same symbol rate as the transmitted sequence [X}.

As illustrated in Figure R-l, the endoder is divided

into two functional subunits. The first of these subunits

is the source encoder.

Source Encoder. Source encoding is the operation by which

the source output is mapped into an alterate symbol set with

the goal of reducing source seqnence dependence (i.e.

reduce redundancy) . Source coding is the transforr:ation in

which data compression occurs.

The first source codes, as conceived by Shannon, were

block codes where blocks of source symbols were mapped into

a single representative channel symbol. This type of
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encoding is sirple, but efficient only if the source repeats

v i ,r C 0n "I! t I C t1 . 8S 1c:r.CL' o ,v ot S t 1 s jfzl cci -r

basis. Another type of source coding is variable length

coding.

In variable leng th codes, those source symbols which

occur most frequently are assigned the shortest channel

codevords.

One of the most popular variable length codes in use was

original ly proposed by luffman (Ref 16:31-34) in the early

f i f t i e s. This code is in a class known as uniu e1y

decodable (UD) codes. UD codes imply that the codewords,

regardless of length, are unique sequences. Hence decoding

is instantaneous upon codeword reception(i.e. the decoding

does not depend upon reception of the next codeword).

McEliece has shown (Ref 19:244-245) that the Iuffman code is

gptimal in the class of UD source codes.

Many techniques for source coding are available.

Chapter 2 of this thesis discusses some approaches used in

''compressing'' electrocardiogram waveforms.

The otuput of the source coder is generally a sequence

of discrete symbols (i.e. binary 110) suitable for futher

processing by the channel coder.

Channel Encoder. Shannon proved that if the rar-e of the

source, as seen by the channel, is less than t'.e channel

capacity C, then ''noiseless'' or error free transrission is

theoretically possible. The goal of channel encoder is to

combat channel noise to achieve a probability of error (Pc)
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w!; ich approaches zero.

CIt,- rnel enceo(ers f!1 1ov a rcduct ;o n of Pc by scI cct iv yc 1

reinserting redundancy which has been removed by the source

coder. This redundancy allows error detection, and with the

proper codes, error correction by the decoder. Ifow close

the Pe approaches zero is purely a function of the effort

(and money!) spent on channel coding.

A common channel coding technique is the use of

parity'' bits in digital communication. With parity

checking, a bit (or bits) is added to the source word which

represents the number (odd or even) of ''ones' ' in the

word. For example, if odd parity is defined and the source

word is 1100101 then a single parity bit of 0 implies an

even number of ones (110010110).

Parity checking in the example above will detect a

single bit error in transmission. A more powerful technique

is Hamming codes.

The Hamming code is in a large class of codes known as

linear codes. Hamming not only detects errors in

transmission, but will correct errors to a certain level.

This correction is accomplished by multiplying the received

codeword by a matrix known as the syndrome. In the case of

Hamming codes, the output from this transformation is the

bit position in error.

Decoder

As would be expected, the decoder is thc inverse
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operation which outputs an estimate of the data input to the

r. ',to .r d L r i s :I :- ' .t ( 1 1 ": "'.11 I . - C C ; ,

the source decoder. The channel decoder uses the redundancy

added by the channel encoder to perform error checking

and/or correctio The source decoder takes the ''correct''

data output from the channel decoder and ''decompresses's

the data to produce an estimate of the information source.

Information theory has shown that if enough time,

complexity, and money is spent on channel encoding, and the

information rate is below the channel capacity, then ''error

free'' transmission is possible.

Conclusion

This appendix has been a very brief summary of a very

large field of study. The key words underlined throughout

this text are terminology which appear in the !heory

chapters (2 and 3) of the thesis . For a more thorough,

mathematical treatment of the fields of Info-,'ation Theory

and Coding, the reader is encouraged to refer to the

textbooks by McEliece (Ref 19) and Berger (Ref 4). The IEEE

Press and Benchmark book (Ref 10) is an execellent source

for a survey of the key papers in the field of Data

Compression.
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Appenldix C

This appendix contains the 6800 assembly language

source programs oLi' the EKG-DAAS.
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2GC,-I!XEC- 8

000
,-,,(,:)[ ,* Dp ry.' -: , 

.. ,,.v. t2'(,_. C. ... ._

[',!0,: . * ALICOI : ,'.. . T'?, 'R 'V.:,)

00070 * VERSION 1.8
00080 * VERSION DATE 2 O' 80
00090 *
00100 *
00110 * PROGRAM DESCRIPTION
00120 *
00130 * THIS PROGPAM IS T!HE EXECUTIVE RCUTTIE 'vIllCl
00140 * CONTROLS THE FXORCISER LEG DATA ACOUISITIC.:I
00150 * SYSTEM. THIS ROtlfIE CMLS OVLRLAYED PRCICPAMS
00160 * WHICH PEFOPJI DATA COLLE]IO, 1PRESSION, DRIcE
00170 * AND RECNS!RUCTION3.
00180 * THIS SOr,:;,ARE IS S, SUPPOF P THFSIS RESEARCH
00190 * TO IDEITIFY T1E NOST EFFICIIEXT EING DATA (fl.PREqS-
00200 * ION AICORITHMf IN T11E TEST SET.
00210*
00220 * COYlMAD OPTIONS
00230 *
00240 * 0=STORAGE WITH1OUT CO,1PRESSIOU (10 BIT)
00250 *
00260 * 1=0MIPRESS ITH TALOR TOLAN-A
00270 *
00280 * 2=COIMPRESS WITH ALGOR TOLAN-B
00290 *
00300 * 3=MCPRESS WI11 ALGOR DOJTER
00310 *
00320 4=COMPRESS WITT! ALCOR 211D ORDER INTEI)L
00330 *
00340 * 5=( IPRESS WITH ALCOR 7ThrNPT
00350 *

00360 * 6=DISPLAY COLLECTED DATA & STATS
00370 *
00380 * 7=JUMP PROGRAM CONTROL TO DOS
00390 *
00400 * 8=JUMP PROGRAM CONTROL TO EXBUG
00410 *
00420 * 9=LOAD & EXECUTE OTIER OVERLAYS
00430 *

00440 * S=SAVE CUR HEM FILE TO DISK
00450 *

00460 * START OF PRcCRAl.
00470 *

00480 *
00490 IDO OR $1DOO PROGRA1M START IfC\T,r:
00500 *
00510 OPT 0 ASSB OIPT TO CREATH ( 1 LE
00520 OPT NOG A5SB OPT TO SU iCC I,, 1
00530 *
00540 *

00550 * LABLE DECLARATIONS
00560 *
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00r-p0 *-

00610 CA36 KEYD m-,u $CA36 EQS. K,"YPD I>~U 'IT:B
00620 FOCO EXRUG Mu $FOOO EXPEUG. DMBUG, i77111-1 PT'
00630 2800 DOS MU $2F00 DOS. DOS 11=1-Y T
006 40 C7 513 1-RITE0 EnU $C7513 EOS. CURPASJ)BFE
00650 CC 87 CLRPAS [Xu SCC 97 EQS. CLP. PASR.7RD 1.1 1 1
00660 C7C8 DRIVE EQu ;C7C8 EOSIO. DSK DRIW SEL~Er1
00670 C803 RLIB m)u $C803 EOSIO.
00680 C807 IB mOU $C M7 EOSIO.
00690 CE52 LOAD2 m-u $C E52 EQS. IAD PR(GU RPOTI17
00700 CBDA DOS'T2 EOu $CBDA FOS. AlLT FCOS Ei'-,' LOC
00710 E055 BYTE EXQU $E055 MIlEBU-LG. GET T) HEX DIG FEDl T7
00720*
00730 *DATA BUFFERS
00740*
00750 3066 NANE mQu 03066 N."i!! BUFF!' 1r- iuiirl I/o
00760 3060 TEN',PXJ MU $3060 TlU'l 2 BYTE SffX)R 1JFFY
00770 3062 MTI PX2 MU $3062 THIP 2 BYTE S'ORP BRT1P
00780 3058 STARTX~ LOU 308 LO-TEST ADDR)'' US!m I', !PC!.!
00790 305A U-NDX Tu $305A HIGHEST ADDP USM I', PROM'
00800 305C mOx m(u 5305C START EXE:CUTE hD
00810 001B PROCX EQU $001r) DISK I/O ERR VEC(, ADDR
00820 0008 PJ4EDN mu $0008
00830 3002 fliDBUF EOU S33002 PUJP MhADDR OF LASTP CHAR Ill
00840 3400 HDRSTR mKu $3400 ST111T OF 117:1 FTIE MY., q7C7rR
00850 3004 PUFR mOu $3004 KEYEDF INPUT PUFFER S-TR-T
00860 3057 TIYPE mu $3057 7ZPE OF PILE FOR T/0
00970 1C96 ST-1V %7E U $1096 TEI'.P STACT, CAVE PTT
00880 1098 CMT= FnU SIC919 C()!,-TPRESSIC-l TP BUTFFR
00890 1C9A Cc(-'KT mut $1C9A GYE P'RA P IT OULTER
00900 1C9B NA~mPPR LO'U $lC9B XE ITRFOR C('NSCLE 1/10
00910 1C9D VECSApV mOu $1CODT IRO VTC SAPNP7, E
00920 1C9r OLAYGO mu~t slC9F OVT1JAY EXECUTE FLr-G
00930 1CAO 1f0F1Xc FECU SICAO PR,7FAr LOAD VS LNTCiTT7 FI2I-
00940 iCAl F11rATLc ENI $lcA1 FITLDE SUP ADD)R PA'SS PLY
00950 1CA3 SAVIILC mnU S1OAI3 s"AVEFL, S7B1 A"DE PlAs PUlP
00960 iCA5 I W's 1, c mu SI115 iIK S C SUB 3 APT) PA'SS PUP
00970 1CA7 IMnUP mOu $1CA7 lwSKA$C Pf,'\N~IATR VI
00980 1CA9 PDPLrC EQU SlCA9 POFPT U', POl PASS7 -UF
00990 iC.AB OVEC ECQu $1QAB OVEJAY SUB l 7EP 1§RF
01000 iCAI) OVPIUF EOU 'SiCAD gpX/PAY I TE'C

01010 3490 tLOCrC DQU $3400 7,T.1- QII lkrPS 1 1-: TT
01020 3494 S:1217111 [pr 53494 N(o> CFO SAPI M;, 'I
01030 3496 LPCAL MOU $3496 "'117 OF' CAL LGOPST)" j':

01040 3497 MAXZ mVu $3497 f AX %7LU IN Ci1 7
01050 3498 rAxzl r mu $3498 DX-, OP rlix<vii V11 i: Cl!
01060 349A MIN!,Z muL ';34 "A NIrL VLU1 IN C! I
01070 349B MTNZiIO mCu $349'l 1X CF NIL vr"M VT t : CTI
01080 349D IjAXY F'( I S'19D r nx VIII INl. ('1 y
01090 349E MAXYLO m)u S349E 1kM o )i r 1A vi.u I,, ci
01100 34M0 MINY muJ S34A0 Mill VIfl IN C! i Y
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01110 34,7d IPYL q- S12%! I'll' Villr~: 011 1-.,
03120 3 4A.3 MAXX FAN S34A3 MAiNX VI.u INll Cil X
cli3C' 3 '.\4 1xY~ i S2 A4 ilx i.7.

13-,\ "1? A61 3. i? C
01150 3 4A7 m'mINXW mu $34A TfC OF MIl VILU I'! GB X
01160 34A9 Mr-T,'IIT mul $34A9 1.11rc OF Y!ITS AV Ica ST'lo
01170 3 4AC DTABIT Mu U S34AC NUN 0? O BITS USN D TiO D;z UA
01.180O 34B0 XB1TS Mu $34D0 N bi OF BITS [IF-1) O S'10 X
01190 34B3 YI3ITS IDCu $34B33 NIP 1 Ol PI TS 1111D T O S'l y
01200 3 4B6 Z BITS EmU $34D36 NM OF BITS USED TO "10 7
01 210 3409 TIIITS mu $3 4B9 NU1 OF BITS EASED TO S'13 Ti"-':
01220 3 41C ACELCT mOU $3413C 4 BITS FED TO VART Ll_ CODEDP
01220 34C2 W\SSAV EOU $3 4C2 SAVE LCOC FOR vrU S3620
01240 3460 mAXMIII mu $3460 STMRT O1" PNAX,Pr.? ACII PUFF
01250 3 4C3 ENTPPY SQUJ $34C3 START OF P-TROPY MIaLE IN AfE'C
01260 3C00 SECZRO MU S,3COO SEC 0 OF'ME FILE
01270 0019 SAVD( m.lu $0019 IP LCC TO SAVE 1!,DlEX REC '
012P0 3500 XPDF mQu $3500 rTC OF X PDE UF E
01290 3700 YPDF MU $1,700 1X)T1 0? y FDE r7FilER,!
01300 3900 ZiDF MU $3900 wc Ol? 2 PDF !BUPER
01310 3B00 TPDF mOu $3 B0O LOC OF TINE PDF PUPPER
01320 8000 BUFFND EQU $6000 F2Ml OF 'IEn" BF
01330*
01340 *H-ARDIARE ADDRESSES
01350
01360 E500 DACzRO 1DU $E500 DAC 0 ADDRESS
01370 ES02 DACO .1 IPUE SE502 D :THIS RGVUTI-E IS PT EXCUTIVET
01 460 *CgITPOLLER OF THE EMG DATA AGO SYS
01470*
014SO
01490 iDOG OF START S EI STOP I()SSIPLE MM1T a' RETSET
01500 iDOl CE 4000 LDX #$4000
01510 1D04 FE F500 sIX DACZP~O CLE DACS & SET SEL 1 111GB
01520 11D07 F E5 02 SIX DACO.NE
01530 1DOA CE 214A LDX fFIIU)R
01540 IDOD F 1CMl SIX FILI{LC PUT FILIIDR ADDR IN PASS BUFF
01550 iDIO 136 3620 LDA A S3620
01560 1D13 B37 34C2 STA A RASSAV SAVE CE[TRRE3T 4$3620 I". BUE EQ
01570 1D16 CE 20 PE LDX 4fSAVPEL
01580 1D19 FE 1CA3 STX SAVLC PUT SAVPPL, AuDD1 IN PAS S P'U7
01590 iDIC CE 23MB IDX "41XASC
01600 iDlE FE 1CA5 STI flIAS1,C PUT BXXSC ABBEP IN PASS !DEAF
01610 ID22 CE 22 C2 TDX #PDFPRT
01620 ID25 PTF1CA9 SIX PDFPLC PUT PDFPPT 1RY D PASSq II
01630 11328 CF 12067 IDX f#OVELAY
01640 ID2P, FE iCAB SIrx 9i OLI/jC PUT C7VPJAY ADD:' 1- Y-,"".
01650 1D2R CE 1D300 LDX f"START
01660 1D31 F 2FO3 I IX)S+1
011670 11334 7 F IC9F CLE OU\YGO CL' ~RA X
01680 11337 7F ICAO CLIP [GnULm (iF TAT U)AD) I'Il
01690 1D3A 4F' CLP A
01700 1D3B BD C7C8 JSR DRIVE INSURE EXEC TYO ?"P0
01710 1D3E B3D 11'6F 3SR QIDIN PR(IlfP & CVT P1>C
01720 11341 Cl 30 CMP B #1'0 is cl"'M2)~c ASI?
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C1736 11D43 26 09 BNE [Y_,CMl 1.i0. (ifrhPU01 !':T(>
Me7P. 113A5 CF IDC7 ILDX #?',Ocpp 1f),1D OVERLAY NAM

01770 lIME Cl 31 EX.CMl C" P B ~f1
017 F0 1D350 26 09 EVNE ED(Cfl2
01790 11D52 CE iDGE LDX MI"1OM
01800 1D55 FF iCAD STX OVWPBU
01810 1D358 7 E 2067 JHP YVRLAY
01820 11351 Cl 32 EXCM12 CIP B #'2
01830 11351 26 09 Fill: 0(013
01840 lD5F CE 11317 IDX TOA2
01850 11362 FF id) STX OVPTBUFI
01860 1D365 7E 2067 im4p OVRLAY
01870 1D6 8 Cl 33 FD<CIB1 ClIP B #'3
01880 1136A 26 09 311 EXCr 4
01890 1136C CE 1EDF LDX #DO.-TR
01900 1D6P F I CAD STX ovREIJE
01910 11D72 7F 2067 imp OVPL) AY
01920 1D75 Cl 34 FXCIM4 CIP B3 #'4
01930 1ID77 26 09 ME EXCI 15
01940 1D379 CE 1DE6 LDX I'1NTER
01950 1D7C FFE 1CTD STIX OVPII
01960 1D7E 7E 2067 JIM OVFEJAY
01970 11382 Cl 35 rI-'(ClM5 ClIP R" ' 5
01980 11384 26 09 BNE LYC14.6
01990 11386 CE iDEE LDX 11TC TRr
02000 11389 FE 1CPD STX" OVI"UW,
0201 0 iD8C 7E 2067 JM"P OVPlA)Y
02020 iD8P Cl 36 D<C.',16 GIP B3 '6
02030 1D391 26 09 E D 7,17
02040 11393 CE 1DF6 1DX9 DI1P
02050 1D96 FE iGA\D S'DX OVEIPUP
02060 11399 7F 2067 Jmp OVBL1\Y
02070 1139C Cl 37 FYXCM7 0, P B i'7
020P0 1D9E 26 09 P14E EXCIM8
02090 1hAO CE /nFCD LDX ff$ 2Bc
02100 113A3 FF 2801 DiX S+1
02110 1 DA 6 7F 2800O jr~m DOS
02120 113A9 Cl 38 r:CM01 ClIP B # 18
02130 1DAAB 26( 03 ENE FDC9
02140 1D 7F 13000 imp FMPUG
02150 11313 Cl 39 D-.Cfll9 Q1 I B 1119
02160 1 F2"2 26 09 PE" EYCIIs
02170 11313,4 CE- I 1T TDX (JC
02180 11317 FD CAR7 M7FIR CUTPTJ
02190 iDPA 7E CPDA Jrl P DnsTM2
02200 1131313 Cl '-3 1 -NC. Lr (? 11 #'S
02210 113131 2r, 03 FiNE FYCFZ.D
02220 1 DCI MD 20 F JSP SAVC.PL
02230 IDC'l 7E I130 DOO f:T!D X:"p P IMT
02240
02250 ThC7 4E3 1"nCTR P1 CC /NOCPPq*/
022650 1IET r, 4 ITMLAN1 F3CC /1AN1JA*/-
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0," 3107 54 TI R: ,2 PC C /I)~I
02?. 5-'' 1DM 44 Da MER FCC /DCyWTR*/

-, trl , 2R -cc 1r:' 7, -7 , /
4 T'J7

02310 1DF6 44 DISPL, FCC /DISPLAY*/
02320 iEEE 1A OVUISG FCB SlA
02330 1DFF 45 FCC /EN1TER "PUN FILNAIE"' TO) LOAD & EXECUT
02340 1E325 4F FCC /OVERLAY "FILENAMIE".!
02350 1E38 ODDA 13DB $ODOA
02360 lE3A 28 FCC / (1,ATRNRG: OVERLAY MUST FIT BTEEN/
02370 1E5D 30 FCC /0100-1400)/
02380 1E67 0D0A 13DB $OD0A,$ODOA,$003F-,$2004
02390*
02400 I ND ElI(G-EXEC
02410
02420 *FNCION :ClMDIN
02430 *INPTIS (REG) :UTIE
02440 *OUTPUTS (PEG) :1
02450 *CALLS :OUrJTU1T,l~TYPD0
02460 *DESTROY/JS :ALL PEGS
02470 *PURPO(SE :TO PRINT PRCGIPI' tESSAGE MND READ CO..MAND
02480 *FROM2 CCSOLE.
02490*
02500 1E6F CE 1E7F C14DIN LDX #CNMSG WOAD OUT PPR

02510 1E72 BD CA8F J S3R OUT cp
02520 1E75 BD CA36 JSR KEYI3D3
02530 1E78 FE 3002 LDX EN D BUF SET PET TOX LAST CHAR ENTERED

02550 lE7C 136 00 LDA B3 0,X
02560 1E7E 39 RI'S
02570*
02580 15713 IA07 Cr'DMSG 13DB $1A07,$ODOA,$OAOA,SOAOA,$OA OA
02590 1E89 45 FCC /EKG DATA ACQUISITIOA SYST711
02600 113A4 ODOA FDB $ODOA,$ODOA
02610 1EA8 43 FCC /1CIMND OPIOINS:/
02620 1EB18 ODOA 13DB $ODOA,$ODOA
02630 l EBC 44 FCC /DATA ACOUISITION/
02640 113CC ODGA 13DB $ODOA,$ODOA
02650 irnO 20 FCC / 0=SIX)RAGE I-JIT11 NO 00i'PRESSION/
02660 1 EEL, ODOA 13DB $ODOA
02670 1EFO 20 FCC / 1=CC-l MESSICN VIA TIOLAN ALC-ORTIhI A
02680 11314 GDOA FDB $ODOA
02690 11316 20 FCC / 2=(YIYIPREl-SSI0M VIA 7OLAN AIGOPJ'fl~iIl B
02700 1133A OD0A 13DB $ODOA
02710 1F'3C 20 FCC / 3CNRSINVIA -10.TER AlkCRIhM/
02720 11355 ODOA 13DB $ODOA
02730 11360 2 0 FCC / 4-rnN13-RMSSION VIA 21ND ORDER IL'TERPL,
02740 1IF89 ODOA 13DB $ODDA
02750 113013 20 FCC / 5=COy1PBFESSION VIA TUT:CINGC POINT ADG
02760 11313 ODOA 13DB $ODOACDGA
02770 135 44 FCC /DATA DISPLAY/
02780 113(7I ODOA 13DB $ODOAODOA
02790 1 F("') 20 FCC / 6=PR1INT DATA STATISTICS OR/
02800 11311 44 FCC /DISPIAY DATA/'
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IK1 iF1D CDOA ,BB $ODOA,,ODCA
02820 IFFI 50 FCC /PROGMRA INTOL/
02P3 ?000 0")Nt" m SCDOA,,PDOA
C , -100, 20 c / 7= '-_ - ) ,,,,
02850 2014 ODOA FDB $ODOA
02860 2016 20 FCC / 8=REFTPN TO KXBUG/
02870 2028 ODOA FDB $ODOA
02880 202A 20 FCC / 9=IAD & EXECU'E USER U}rT-ERED OVERL
02890 2050 ODOA FDB $ODOA,$ODOA
02900 2054 45 FCC /ENTER CON1ID NOW=/
02910 2066 04 FCB 4
02920 *
02930 * END CMDIN
02940 *
02950
02960 *FUN- IO :CVPLAY
02970 *INP~LjS (Pro) ;X
02980 *OUTPUTS'] (PEG) :11'1
02990 *CALLS :CLISt., UJ'.MJER1AY AT 0,X
03000 *DESTROYS :ALL ,_GI ,'2ED

* 03010 *PURPOSE :qO LOAD AID E1iU EXECUTE OVERLAYS
03020 * ASSOCIAIh WITil ElO-EEC &
03030 * SPECIFIED BY THE INPUT Cul.,AND.
03040 *
03050 *
03060 *
03070 2067 ED 20E1 OV.RLAY JSR CLPRNAM CLR NAIE BUFFER
03080 206A BD CC87 JSR CLRJ'AS CLEAR PASS,'OPJ DUFFER
03090 206D CE 3C66 LDX #NAME PUT DOS FILU,-N&E BUF IN NMP.PIF
03100 2070 FF 1C913 STI NN.IIPrR
03110 2073 FE ICAD LDX OVRPJUF POINT X TO OVRpl yL'AYE
03120 2076 ED 20EF JSR PUT!.;h. PIT CVEIAY NJ EN NL.E
03130 2079 86 22 IDA A #$22 DEFINE FILE TYPE
03140 207B 37 3057 SrA A TYPE
03150 207E BD CE52 JSR LOAD2 LOAD FILE 1O 1T 7) TO BY STE
03160 2081 86 AA IDA A #$AA SET UP CONPARE FOR OVJR1LAY FCN
03170 2083 B1 1C9F CMP A OLAYGO IS FLAG TRUE?
03180 2086 27 05 BEQ OVRR S YES. TREIT COlELny A. SU Ui
03190 2088 8E A049 LDS #$A049 NO. TREAT CUPLAY 7\1 APS JMl1P
03200 20813 GE 00 JMP 0,X JU1IP TO O.ERLAY
03210 208D 39 OVPfRTS RTS
03220 *
03230 *M E OVRLAY
03240 *
03250 *
03260 *FUNCTI :SAVEFL
03270 *INPUTS (PG) :NC iE
03280 *OUTPUrT (REG) :NC(YE
03290 *CALS CLPAS,DRIVELSLB, VETEO, C' 'UT
03300 *DESTROYS :ALL REGIS'lERS
03310 *PURPOSE :TO SAVE 1FEG DATA FITLS PEI"DTNG ]'
03320 *IN RF1ORY LCATIONS 3A00-7FEP CN ET,':. I::' S ">i IS
03330 * PICKED OFF OF FILE hiEA'ER AT Il) 3,u.-3,'.
03340 *
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EEG-IX-8

03 1 20fP ' P ] SAV.L ItV (-, IW C1 j '. ,T'F'r'IM I

033 ' 2093 FD 41" P C_'.U ;'1. .'".
03390 2095 B6 3620 IDA A 3620 CIT "- I"I/,(C P'l' SAW f' C ,',.
03400 2098 B7 34C2 7TA A IWFAV SAVE 1N 1!" i",FT
03410 209 ' CE 2141 i X , SET UP PMR TO FPT "A1
03420 209E FF 1C9B .IK L;:.P]R
03430 20A1 CE 3402 ILDX E.) Mfl +2 I]TN't' X T() i.' !I . DATA
03440 20A4 f0 49 !,SR aPl? , VT, . FIIX. IN "'.T'. p_

03450 20A6 86 22 IDA A -S22 SET 'IOP F FINL
03460 20A8 B7 3057 STA A TYPE
03470 20AB CE 3400 LDX #fIDR!Z'R IA)PD PUFFER SW'ART
03480 20AP FE 3058 SIX STNAPTX
03490 20B1 CE 7FPF LDX #BIIF[,,D-1 LOD BU7FER 1lD
03500 20M PF 305A SITI LN:DX
03510 2017 CE 2800 IDX 4, .800 WAD If;O ADDR-SS
03520 20P F 305C ICrx Cwx
03530 20) DF IB SiX PQkCrx
03540 20PF PD CC87 JSR CPAS CLR PAS ,RD PFFER
03550 20C2 CE 2119 LDX "D .M.iSG
03560 20C5 PD G\,F JSR OUT7.1CR
03570 20C8 PD F055 JSR BYTE
03580 20CP PD C7C8 JSR DRIV, SELECT DRIVE 01 FOR ]DRL
03590 20CE BD C807 JR S, LIB
03600 20DI DE 08 LDX FdEMH
03610 20DI D C75B JSR WRITE0 VPRITE BUFFER TO DISK
03620 20D6 4F CLR A
03630 20D7 DD C7C8 JSR DRIVE RESET I), VE RACE TO 0

03640 20DA CE 2123 LDX ' , L' _"(E ITr\

03650 20DD PD CA87 JSR OITPUT
03660 20C0 39 RTS
03670 *
03680 20E1 CE 3C66 CL ;A. LDX ..N IT ,T,) AI TF!' P%
03690 20E4 C6 08 CLNA0 TDA ,A S8 SET 'UP (U;. Cfr!T'?
03700 20E6 86 20 IDA A 4S20 ASCII SPACE
03710 20P8 A7 00 CTLf A1 STA A 0,X FILL R'L1 BF 11,717iT .. C'.S

03720 20FA 08 INX
03730 20ET3 EA DEC B
03740 20FC 26 FA BNE CIRIAI
03750 20EE 39 RTS
03760 *

03770 20EF F 1C96 PV'7ThAM S'S ,ST7SAV SAVE STAPS T X'
03780 20F2 7F 1C9A CIY1 COUT C 0IE , '
03790 20P5 35 TXS ":VhP"!'r" 'i', .

03800 201'6 CE 30, IDX "IAT. PICK UP t(:, - , .. .... .. ..

03810 201'9 C6 08 IDA B 8 SET 17P 1D"' ' I:' '-

03820 201 B 32 TY7 I', T 11 , A RTII, C ', I ;: Q I T

03830 20rC li1 04 CIP A iLrf04 IS E,' 4?
03840 20FF 27 15 PK,'0 Fl M.IA2 YES. RAMP F.DNP
038')0 2100 A7 00 17FA A 0,X O. CNiYi} CPJ T:"
03860 2102 0 INX
03870 2103 FP 3Or, 0 SI"X TFIhI S;A%q' D..
03880 2106 FE 1C9B I )X NA,,,7",, U) " C ,I' ',.
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038:W 2109 A7 00 STA A O,X STolI: I.N r:N'.S
03000 ,210B 08 NX INR FOINT'ER

C_ u 211 3060 U&' '0ULr]i R32;']C., ]xu; PEG
03930 2112 5A DEC B
03940 2113 26 F6 PNE JTM'A1 8 CMARS YET?
03950 2115 FF 1C96 PU71A2 LDS STKSAV YES. PESTORE STACK
03960 2118 39 RI'S
03970 *

039M 2119 ODOA DRM.ISG FDB $ODOA
03990 211B 44 FCC /DRIVE? /
04000 212? 04 FCB 4
04010 2123 IA07 CATW.SG FDB $lA07,$ODOA,$ODOA
04020 2129 44 FCC /DATA SAVD ON DISK FILE /
04030 2141 0008 ' ,INSG R B 8
04040 2149 04 FCB 4
04050 *
04060 * FND SAVEFL
04070 *
04080 *
04090 *FUNC7'IO :FII,}IDR
04100 *INPUTS (PEG) :NONE
04110 *(jJ{JPUT S (REG) :NC :E
04120 *CALLS " ..UTP.T, " K O
04130 *DES'IPfOYS :ALL R T3,IT.TRS
04140 *PURJPOSE :TO T-IT DATA .l 1:PE ll: ACMUhNT
04150 * DATA (NAf.,DATE,TI::-,Tc) A'D CL]'NP FO2 NEZ,
04160 * DATA STOAGE.
04170 *
041 80 214A RD 21D7 FIIIIP JSP CLRBU PILL DATA BUT IFTO "11
04190 214D ill 21C9 JSR CLRSZC FILL 'EM 17I '7; SEC 3-100 'IT , A
04200 2150 5D 2 2 JSP PDFCLRO 1NITILT." COL' 1P
04210 2153 FE 1C08 LDX CPR'I"-P PICK UP C.. T 1 E
04220 2156 PF 3,100 S7x HIDRS] T STR IN 117AE SECC
04230 2159 C 21175 LDX #NAN7-S CUT MFi'
04240 215C BD C'A\ JSR cvr:.CI, "N, FILE P....l,?"
04250 215 F 1PD A36 JaSR KEYI1DO
04260 212 C6 02 LDA B #$02 EADE.R $TOP OFTSFT
04270 216,1 M 41 RSR T XTS' I- P111717,,.7, SC
04280 2166 ,7 PSit B SAVE NET!XT AvAl, 3;I) Ik)C
04290 2167 C- 2 2 0 LDX i>s "
04300 216A PD CW. JSR (JU.C] "TEST SIlU-CJP ID?"
04310 216) PD ©7A.J6 jSR KIlYPDo
04320 2170 33 PUL B RI.VE STOP C.......
04330 2171 D 35 RSR TXTh
04340 217{ 17 P B
04350 2174 Cl: ?217 [,X ',RA7 ' 5-3
04360 2177 I'D (J' ' S p C] "COLIVTCvO:] EtPIT'" "

04370 217A 1, r 6 JSR KFYPDO
04,F-0 217D 33 P tL R
04390 217f: MD 28 "IW =
04400 2180 37 P5f0 .,
04410 21 P1 C.E 2247 IX DA'.2
04420 218 4 P.D CAFi' ,SP. (1.CI. "DATE (05 ,N), PC)."
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- ,7 PD CA -;6 JSR KFE/PD
0,1,,,l0 21 PA 33 PUL B

:..B

04470 218E CE 225E LDX #TIr 71S
04480 2191 BD CA8F JSR WIWCR "TIME (1420)?"
04490 2194 BD CA36 JSR KEYBD0
04500 2197 33 PUL B
04510 2198 8D 0E BSR TXTSTR
04520 219A 37 PSH B
04530 219B CE 2270 LDX #CON7TIS
04540 219E BD Q'\F JSR OUICR "CCi1Th (NA: 80)?"

04550 21A ED CA36 JSR KEYBDO
04560 2]A4 33 PUL B
04570 21A5 8D 01 BSR TXTSTR
04580 21A7 39 RTS
04590 *
04600 21A8 BP IC96 TXTTR STS STKSAV SAVE STACK
04610 2]AB 8E 3003 LDS #BUFFFIZ-1 1-0: '.T M lVD-1 P '%77PEP,
04620 2]AE CE 3400 LDX #1HDP1STR\ IT 110 V'}T P,
04630 21B1 4F CLR A SET A TO ZERO
04640 21B2 4C TXTSTI INC A
04650 21B3 08 INX
04660 21P4 11 CBA IS A = OFr-SET?
04670 21B5 2D B FLT TXTST1 -0. KEEP IN ,_ -:,C
04680 21P7 32 TX TS T2 P JL A YES. GET MPR Frn2 STACK
04690 2118 81 04 C.IP A #$04 IS IT 4
04700 211A 27 06 BD TXTRTh YES. FD TE-T ,P7VT7'2

04710 21[<C A7 00 STA A 0,X NO. STORE CliAR PN IEADER
04720 21T 5C INC B
04730 21F P 08 INX
04740 2]CO 20 F5 FRA TXTST2
04750 21C2 A7 00 TXTRTN STA A 0,X
04760 21C4 5C IC B
04770 21C5 BE 1C96 LDS SPKSAV RESTORE CTACK
04780 21C8 39 RaS
04790 21C9 CE 3400 CLPSEC LDX !'ITDRST I()IN I TO DATA BUF STM\T
04800 21CC 86 20 LDA A #$20 ASCII SPACE
04810 21CE A7 00 CLPSEI STA A 0,X STO)RE SPACE
04820 21D0 08 INX
04830 21D] FU 3500 CPX #XPDP IS SECTOR SPACED?
04840 21M, 26 F8 WIE CLRSEI CJUTNT " ZRO?
04850 21D6 39 RTS NO. I}lN
04860 *
04870 21D7 CE 3400 CLUPBUF LDX I4tFRSMr RM!T>T TO DATA MUE
04880 21DA 06 00 IDA A #00 ASCII IJULLI,
04890 21DC A7 00 CLREU1 fTA A 0,X ST'OIRE NUI,
04900 21DE 08 IN-.-)
04910 21DP 8C 8000 CPX 0BUFID IS 1CTDFX RE AT FD?
04920 21E2 26 F8 PTE CLP U1 NO. I'FEP GOINC
04930 21F4 39 RTS YES. REM'fUN
04940 *
04950 211:5 ODOA N!AEMS FDT3 $0DOA,SODOA
04960 21E9 4E FCC /NNIE DATA FILE PTlEASE? /
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04970 2200 04 FC0

05, vu 221L G;4 EC
05010 221P CDOA FAT1Y.S EDB SODOA,SODOA
05020 2223 43 FCC /COLIECTIO,1 SMPLING PATE (500 HZ)? /
05030 2246 04 FCB 4
05040 2247 ODOA DATENIS FD5 $ODOA,$ODOA
05050 224B 44 FCC /DATE (05 JUL 80)? /
05060 225D 04 FCB 4
05070 225E 0DOA TI-121S FPB $ODOArSO!OA
05080 2262 54 FCC /TI.7 (1423)? /
05090 226F 04 FCB 4
05100 2270 ODOA COINS FDB $0DOA,$0ODOA
05110 2274 43 FCC /C1Th'FTS (.AX=8C)? /
05120 227 04 FCB 4
05130 *
05140 * END PILHDR
05150 *
05160 *FUNCTION : PDECLR
05170 *INPUT (RMF) :NONE
05180 *OUTPUTS (REG) :NIME
05190 *CALLS :NOTEOING
05200 *DESTROY.S :A,B,X,CC
05210 *PURPOSE :TO DIITIALIZE STKPTISTIC VAR & CLEAR
05220 * PDF BUFFERS
05230 *
05240 228.8 4 PDFCLR CLR A FILL PAoVX1 BUFF Olll 0
05250 2289 CE 3490 LDX LooPCT I
05260 228C A7 00 PDFCLO 1A A 0,X
05270 220E 08 INX
05280 228F 8C 34C3 CPX #ITRPY FILL WITh 0 UP 'i E-,' , TPY 1,U?
05290 2292 26 F8 pONE PDFCLO
05300 2294 CE 021F LDX #S021F STORE MAX POSSIPLE BITS IN rE
05310 2297 F6 FO LDA A $F0
05320 2299 FF 34A9 STX EMBIT
05330 229C B7 34A3 STA A Mr.BIT+2
05340 229F 4F CLR A
05350 221,0 CE 3500 LDX fXPDF N0,7 CLR PDF BUF AREA
05360 220 A7 00 P'DFCL1 STA A 0,X
05370 22A5 08 INX
05380 22A6 PC 3C00 CPX #SECzllO
05390 22A9 26 F8 hNE PFCL1
05400 22,Al, 86 F0 ILA A #$0 NJ SET UP INITIAL & 'ITN.S
05410 22M) C6 7F LDA B #S 7F
05420 22AF P,7 3497 ST]A A NJ\XZ
05430 2202 B7 349D STA A NAY
05440 2213, D7 34A3 STA A l. NXX
05450 2218 F7 349A STA B MINZ
05460 2200 F7 34,0 STA B MIP,7Y
05470 22Bi: F7 34A6 STA B MINX
05480 22C1 39 RIS
05490 *
05500 * F2D PDFC '

139



06(VC 2327 PT, 19 1X S; &. l r ' "
06060 2)29 A6 00 LDA A 0,X LDA rl';B BYTE G' PDE V,U

b,, ''C"] §" : 3CD ] LI>2 :flF -

06090 2330 FE 1CA7 SlTX IIXBUF
06100 2333 ID 23DB JSR MD(ASC MO1V & SUi t.SB IN ASC STR
06110 2336 17 TBA
06120 2337 CE 23CF LDX #PDF!IS5+2
06130 233A FF ]CA7 Srx HXBUF
06140 233D BD 23DB JSR IXASC WTV & STOPUE LSB IN ASC STR
06150 2340 CE 23 FB LDX #PDP!HS3
06160 2343 BD CA867 JSR OJTPUT PRINT STRING
06170 2346 32 PUL A RETRIEV XgU INDEX
0610 2347 DE 19 LDX SAVEX RETRIEC CUR PDF ADDR
06190 2349 39 RTS
06200 *
06210 234A IAOC PDFSI FDB $1AOC,SODCA,$0AOA, SOAOA,$OAOA
06220 2354 3A FCC /:FILE /
06230 235A 0008 PDF 7.1 PY.B 8
06240 2362 ODOA FDB SODOA,$ODOA
06250 2366 43 FCC /C!ANNEL /
06260 236E 0001 PDENS2 P MB 1
06270 236F 20 FCC / APLIT'DE DISTRIBUTICN/
0620 2386 ODOA FDB $ODOA,$ODOA
06290 23 FA 44 FCC /DATA VALUE/
06300 2394 20 FCC / NU3ER 0 OCCtPCES/
06310 231F,6 ODOA FDB SODOA,$CDOA
06320 23EA 04 FCB 4
06330 232.B 20 PDP S3 FCC / /
06340 23BF 0002 PDFMS4 R'M 2
06350 23C1 2E FCC /............
06360 23CD 0004 PDMs5 P B 4
06370 23DI 20 FCC / (HEX)/
06380 23D7 04 FCB 4
06390 23D8 0D23 PDE.NS6 FDB S 0D23
06400 23DA 04 FCB 4
06410 *
06420 *
06430 * END PDFPRT
06440 *
06450 *FUNCT ION :rDT,_NAC
06460 *INPUIS (P!,-) :A,X,DLTI FOR CaTV,LC OF ASC STOR
06470 *OUiTPUS(PJvr) :7NC1
06480 *CALIS :NOlVING
06490 *DES7P2OYS : A, CC
06500 *RPfURjSE :T O 1VET 1 BiTE 0' Dil{X DATA
06510 * INTO 2 BYTES OF ASCII
06520 *
06530 *
06540 23DB FE 1CA7 HXASC IDX HXBUF
06550 23DE 36 PSH A SAVE DTA M ST
06560 23DP 44 LSR A SHIFT TOP 4 FI 7 !( 4
06570 2310 44 [SR A
06580 23EI 44 SR A
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05550 *GJTUT rr2) :(
0 556 0 *CALL.S :CYITQl!T
05570 *DESTyCR\ F ( ) :7I,D,X,CC
055M0 *PU~RPOSE T 1'j() P:UE' !' u E~~7T
05590 *DATA W"'PIL1W DURIU'G DATA cL~rO~
05600
05610 22C2 CE 23 5A PDFERT LDX 4-DP1AM FMT ('iRp pfIL fNp!?T, r 1.
05620 72C5 FF IC95 STX NXA IP-R
05630 22~C8 CE 34D2 lD% i*DRTh'+2
05640 22C1 RD 20rT aS M W'
056 50 2 2CF C E 234A LDX PDFMvS1 TOAD tMSG rPOIN.TER
05660 22D1 P0$ -5 8 DA A it x
05670 22D3 B7 23 6 STA A FDFENS2 STOP ?'FCII X TO '13C
0 560F-0 22.D6 I'D C7;7 07' UkT c?7L X'A> l ITN17D?
05690 22D9 CE 3500 LDx -'z2Dl' mull-'':u X 1-7 ETA
05700 2 25 83 c 7P LDA A 4,q7 F l'JT OD-31TYJ?
05710 22DP MD 25 RSR PDFPRI PRTVT X E !i" DTA
05720 22[:n CE 23,1A IMX #PDIS1 I 9 ASCII Y '10 11R G
05730 22E13 D'S 59 IDA A 1 V-
05740 22 F5 B7 236G.8- STA A PD!-NS2
05750 2281,31 ED", GA7 JSR cCMUT
05760 2212D CE 3700 LDX 4PYPDF POINT TO Y DE UJA
05770 22581 &5 7F LDA A : 7F
057 F0 22F0 [ID 13 PECR PDFPPR1
05790 22812 CE' 23,!A LDX T'PD FllS 1
05800 2 2J' Ff6 5A IDA A 17
05810 228177 B7 23681 STA A P08122
050)20 22F'A BD CA81 rJSR WITUT
05830 22P00 CC 3500 IDX ilrZ1'DrE
05840 2300 86) 7F LDA A # $7F
05850 2302 ID 01 BSR V-DFFPR
05860 2304 39 RTS
05870*
0 5800 2305 4C PDEPPJ INC A
05890 23 06 01 7F C71P A #7 P 256 VlfUTS PT,-'D YE?
05900 2300 27 07 ML~ FD02R2 YES. 17
05910 2 301 \ D 231B lispR PR'IVLW NO IRN VLUVTO W)C'NSCUE
05920 230D 08 IN~X
05930 230r1 OP00l
05940 2301' 20 ['4 PRA PDEERJ PRITEXT VIl
05950 2311 Pr)-'" 3 L2008122 581 8170
05900 2334 CE' 231.8 I1,0 PD 18
05970 2317 1-)ClD1- SAO RO 9171GR

05900 231A 39 RTIS
05990*

06000 231P, 36 PIRTJL PS11 A SAWF V7PI1E T'T)7 I'.
06010 23W CDl' 19 STh AVX SA= s IFC TX ir T D 17)
06020 231IT-, CII 230181 LI'Ml1Y IK12 E~ '

06030 2321 :'F WAUI HXUI
06040 2324 MD 23MN JS R ITYAC CCG V VII ID> TO . . T
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06590 23E2 44 IfR A
06600 23F3 MD 08 PSR ITN < F muv Svtr'' BSE TO AC

"' :, \.'! (7 (3 Vq ?' 0>S'' ?} 2,! .U r '

6 0 23rE7 32 DU' A
06630 23E8 MD 03 BSR MTOAS ON LO: 4 'in ASC
06640 231A A7 01 STA A 1,X STR IN ALPH STRING
06650 23EC 39 mTS
06660 *

06670 23ED 84 0F IXTOAS AND A SP0F C OR 70P 4 BITS
06680 23EF 81 CA GIP A #$0A IS NU7, GE !lEX A?
06690 23F1 2C 03 FBGE MDTOA1 YES. EPNICBt & AD BIAS OF 37
06700 23F3 M) 30 ADD A ($3S0 NO. ADD BIAS 0F30 & RET
06710 23F5 39 RTs
06720 23F6 D 37 HXTOAI ADD A #$37
06730 23F8 39
06740 *

06750 * END HXASC
06760 *

06770 * END OF EKG-EXFC RCUTIN[S
06780 *

06790 END
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oolr

0007 0 * VERSION :1.5
000W *1 VERSION DATE :4 NOV 80
00090*
00100
00110*
00120 *PROGRAM DESCRIPTION
00130*
00] 40 * TS PROSMI-2 DISPLAYS Till S!TISTIICAL DA,'TA
0015C * OP I-KI[I) URiNG TPE Co-IL'CTION C' P'N :YG
00160 *RECORDII'O. ThlE USER HAIS SED.hRAT, N1071 S OF D7
00170 *OUTPUT AN'D 1\1Y AE LITED~l '-11 CC-1:' S'Tn l
0010 *l BEO1 fflIS pRCGFN AL.TSO RDCShjAI1
00190 * DEN~SITY ~ FUNCTIN 1PDF PLlfR CY T DATA m~:~
00200 * ON CHANNY:.L, X ,Y,G)R Z VIA D,"A 7-,-,TRS T LTN DATA
00210 * (PDF) IS DISI-lAYELD ON- 7AND CLCILLISCCP-?.
00220 *IN ADDITION, rpp' - CCNL2Y":D s vmALUJ-'S ECiR
00230 *AND DISPLAY OF PREM,:ICULLY Cl-ACTED DATA ON4 "TIE
00240 *OSCIlLIcSCOPE. TilE RC SZ UC1RCUTT NES AR:,E
00250 *OVEPLAYED OVER 71E 1:: STATISTICS (PPSTAT)
00260 *ROUTINES.

00270*
00280 * OtMMAND OPTIONS
00290*
00300 * 0= RETURNl TO 177C-E)'EC
00310 * 1= PRINT CURFR,"T 1>NOY PILE STATISTICS
00320 * 2= PRITNT PDF / NPI~hTDE T/-ES
00330 * 3= DISPMAY XPDE' O-4 ]!IF CLLSO
00340 * 4= DISPLAY YPDJ? ON, 'TUE OSCILLISCOE-
00350 * 5= DISPLAY ZPDF11 ON "mr' C7CIL1,T. I"l-"!
00360 * 6= PRfl]OONSUCT & DISPLAY OH X OIN
00370 *THE OSCILLISCn:PE
00380 * 7= RECONScTR\UCT & DISPLAY CH4 Y ON
00390 *THE OSCILLISOOPE
00400 * 8= RECONSTRUCT & D)TSPL 7\Y Cli 2
00410 *THE OSCIL~lISCORN0
00420 * 9-- LOAD MEN'ORY FILE FROM DISK,
00430*
00440***************************

00450
00460*
00470 *START OF DISPL
00480*
00490 ********************, *****

00500*
00510 0100 ORG $0100 FROMAM ORIGI
00520*
00530 OTr 0 ASSE OPT. 1,1ST A55131YI,
00540 OPT NOG ASSB OPT. S3UPPRVESS PCC LIST
00550*
00560
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*o)" LABEL DPCSIPOX

00610*
00620 CAWF OUJICR LOU SCA LP EPcVlkX?.c~2.7 5 7

00630 CA36 KEBDO L MJ ',CA 36 LRU2.P?/J!~'.
00640 iDOG STA RT R1)U $DOO EK- 7~ . PKi''>
006 50 CCAO fVAfMM TO S I ,CCA0 OCTS G!"T FILE:.%IK
00660 C803 RLIB LOU $C803 ER~).S' PUA /
00670 2800 DOS mu $2600 DOS.~ r j

00680s C43C READO mVu T43C EPRaTYOs. ILT\ DISIF P~rITI'F
006910 FO55 BY'TE mru $--055 rIIKBLC'. JUP-L!'P 2 I'D', DIG !-P,",'
00700 C7C8 DRIVE m)U $,C7C 8 ErP.Q0)I0. T2LA TDI",'
00710 0500 PRE-TAT EQU SO0500 PRIUNT mOLLEC P7W CtU'IME
00720*
00730 *DATA BUFFERS
00740*
00741 0020 omrILPV 1-'(U ',0020 CUIPIZ-17L DI'SIJQ'WTOR VO DlEcPP
00750 3400 HDRSTR E0U S3400 :M1 1PILE MDP.ADD
08760 3500 XPDF MU $3500 Lcc 0)-l CUi X PIT FF
00770 3700 YPDF LOU $3700 LOC 0.1 C11 Y TPF DLPI
00780 3900 "IPDF m-Iu S3 9110 LOC OF Ca-i Z PTDF BUTUI
00790 FFF8 IROVEC LU sFFEG 31CC 07 17,T VECICR ADDRE~lSS
00200 1C9D VI7CSAV' FLOU $1C9D T-FIP ThQVEC,( ST , Tf(,
00810 3002 oh DBUipF )U $30 U \,'IIh 1DD 014 LAST" CRAIT0
00820 lC96 ST:SAV mu ;1296 TF:IP STACK I 2G2 LYE
00830 0019 MAIO EU $0019 T11P i:hy m , 'C+I:rFFi
00840 OOOA EML'MJ- LO U $000A E"M. 'TYKU APCRE FOR DIEEl I/G
00850 001B PIRCCX FQU $001B3 ERR-T VU.C PDD)
00860 1C9F OLAYfCO D U S1C9F OVIY 1'OD" Plpc'
00870 3057 TYPE EOU $305'7 FILE T P PEEP
00080 1CA9 PDPPLC ICU $1CA9 PDFPRT A) PzA SS M I'PE R
00890 iCAB3 OVLLc DOU $iCAB-T OVRL'AY ADD) PASpUFF
0090 0 iGAD OVPFEUr- EQU $1071D OVP11LAY PAAMIUTI QUE
00910*
00920 f f1AMlARE ADDRESSES
00930*
00940 E500 DAC ZRO EQU $r,500 D/A CQTJVER'7FPTER Z ERO
00950 E400 I'D)CZRO LO U SMOG0 PVD COIVLRTM 71E1O
00960*
00970
00980 *FIR\ICIION :DISPL
00990 *INPUjrpq (PMG) : lC N 1'
01000 *OUTPUT rME) :CI
01010 *cLS: 0-7 il, KEYIPJD
01020 *DLSTIhC)YS : A,!',CC, X
01030 *PURPOYSE :DISYL IS 771" F(~ XIEC I
01040 *COHI\.'D INPUT !{PW 71 T
01050 *DIRE)CTING XEV1OROF 71'! ' 1 0
01060 IONS.
01070*
01080 *

01090 0100 CE 0300 DISEPI, IPr)X #DISqPL
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DISPLA-5

01100 0103 FF 2P01 S1X D05+I
Mi 1 0 01 06 CE 025B LDX #DISP,-1S

"-7" % ( . I"I"" r " < r • , .. , . ,

01130 01[LC -D Q36 j- . , J,
01140 010P FE 3002 LDX ENDBUF SET UP IN DATA BUF PODITFTR
01150 0112 09 DEX
01160 0113 E6 00 IDA B 0,X GET LAST CHAR INPUT FRU-1 TFPJ.-
01170 0115 C1 30 CIP B #'0 WAS IT 0?
01180 0117 26 03 BNE DISPLI NO. CHEK IF I
01190 0119 7E IDOO JMP START YES. RET TO EKG-EXEC
01200 011C C1 31 DISPLI C.IP B #1 ',AS CONMIWD 1?
01210 O11E 26 0C BNE DISPL2 NO. CI!EEC IF 2
01220 0120 CE 01E4 LDX #PRSNAN GET "PRSTAT*" TO S.ND TO OVPJ,
01230 0123 FF ICAD STX OVR1UF STORE "PRESTAT" TO OVPLAZ RUFF
u1240 0126 7F 1C9F CLR OLAYGO RESTE OLAYCO FLAG
01250 0129 7E 04D6 JMP OVRLAY
01260 012C C1 32 DISPL2 CIP B #'2 WTAS CO1,1iAN1D 2?
01270 012E 26 OF BNE DISPL3 NO. C1EK( IF 3
01280 0130 D 04DB JSR PDFPRT PRINT PDF AMPLIPJDE TABLFS
01290 0133 CE 0463 LOX #DISMS1
01300 0136 BD CASF JSR OJMIRCR "PRESS R='WUN"
01310 0139 BD CA36 JSR KEYBDO
01320 013C 7E 0100 Jl-lP DISPL
01330 013F C1 33 DISPL3 C11P B #'3 WAS COr19TD 3?
01340 0141 26 OF BNE DISPL4 NO. CH,ECTK 4
01350 0143 CE 3500 LDX #XPDF GET ADDRESS OF X PDF DPATA
01360 0146 BD 0470 JSR MAXSCN SCAN PDF & FIND SHIFT NECESSA
01370 TO ALLIC' OUTPUT OF rD- VIA 12
01380 0149 BD 04A0 JSR PDFTRN TRANSFER X PDF 'JO 1,701"" BUFFER
01390 014C BD 04BA JSR SCALE SCALE WORK BUFFFR BY SHIFT ER
01400 014F 7E 01F4 J-4P PDFOUT Nall DISPIAY X PDF TO OSCOPE.
01410 0152 C1 34 DISPL4 MlP B #'4 WAS CO.'1MAID 4?
01420 0154 26 OF BNE DISPL5 NO. CHEC1\ 5
01430 0156 CE 3700 LDX #YPDF GET ADDRESS OF Y PDF DATA
01440 0159 BD 0470 JSR MAXSCN
01450 015C BD 04A0 JSR PDFTRN
01460 015F BD O4BA JSR SCALE
01470 0162 7E 01F4 JNP PDFOIUT
01480 01.65 C1 35 DISPL5 CIP B '5 WAS COgMAND 5?
01490 0167 26 OF ENE DISPL6 NO. RET & PRINT CONH.TD PRCR1P
01500 0169 CE 3900 LDX #ZPDF
01510 016C BD 0470 JSR MAXSCN
01520 016F BD 04A0 JSR PDPTPR
01530 0172 PD 04DA JSR SCALE
01540 0175 7E 01F4 JMP PDFOUT
01550 0178 C1 36 DISPL6 CMP B '6
01560 017A 26 OF BNE DISPL7
01561 017C 7F 0020 CLR CTINLBF SET CINT DESIA'XN' YF (7'1 ","
01570 017F 7F IC9F CLR OLAYGO
01580 0182 CE 1lEC IDX #DECPS LOAD & RUTN DECPS F'-"-.
01590 0185 FF ICAD STX OVRBUF STORE "DECFS" '0 o1:,,1. BIFF
01600 0188 7E 04D6 JP OVPLAY
01610 018P C1 37 DISPL7 CiP1 B #'7
01620 01D 26 10 LNE DISPL8
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C1621 01 EV F6 01 1.D A FT~i C11-1, D T7.17-: PE C1 V
01622 0191 97 20 STA A CfillBP

01650 0199 FF XAD STX1 OVPEUi' rl IDLiS~rQOia u
01660 01 9C 7E 0 4D6 iH1p OS/LAY
01670 01 9F Cl 38 DISPL8 CM1P B3 #'8
01680 OlAl 26 10 MIE DISPL9
01681l 01P3 86 02 LDA A #2 SET CHNL DESIGIATOR FOR C11 Z
01682 01A5 97 20 STA A CHNLBP
01690 01A7 7F 1C9F MLR OLAYCO
01700 O1AA CE GlEC LDX #DECPRS LO0AD & RUN DECPRS ROUT=N
01710 01AD lIT iCADJ STX OVRBUP STORE "DECPRS" TO OVRLAY BUFF
01720 01r.0 7E 04D6 imp OVJ\'TY
01730 01M3 Cl 39 DISPL9 (2-P B #'9
01740 01P5 26 2A BNE QCERR
01750 01F,7 86 22 LDA A #$22 SET UP FILE 17YPE FOR L OAD
01760 01B39 B37 3057 STA A TYPE
01770 01130 CE 02eC LDX 41111Ni'AG "ETER FlLl77,-?
01780 01FF ED Q' t P JSR OWl,!\cR
00 01C2 RD CO JSR MAKCM
01800 01C5 ED C803 JSR PLIB
01810 01C8 CE FFFF LDX #$FFFF
01820 01013 DF 0A STX EIIEN 11

*01830 01CD CE 2800 LDX #DOS
01840 01DO DF 1B3 STh PRCGX
01850 01D2 CE 3400 LD)X 91IDRSTR PUT ADDR TO LOAD III INDEX
01860 01D5 ED 0430 JSR RE0D
01870 O1D8 CE. 04S6 LDX #FILENS
01880 01DB BD CUM JSR OU7Y1CR

*01890 01DEB D CA 36 JSR KEYBDO
01900 OlEl 7E 0100 CT~jER JT.lP DSP

01910*

01920 01E4 50 PPSNIAM FCC /PP.ST-AT* /
01930 01OE)C 44 DECERS FCC /DECPRS* /
01960*
01970 01F4 86 AA PDPO(T IDA A ASAA SET ThNTERUj! DONE TEST Fl-AG
01980 01P6 B7 0248 EMA A D9,'T
01990 01F9 GE PDFCXJ1 CLI CLE-AR TNI'Vi !\Sl FMR STO)P
02000 OlFA 7F 024.B CLR KM7Tr1 CLE PUFFER PI T Q V VP?
02010 01FD FE F7178 LDX IROVLEC G 1 T CTTY)'CCO
02020 0200 FF 1C9D sTX~ VETC2A SIAVE-4 1; ' 12"ll il;U,7VI'yj

02030 0203 CE 0240 LDX 4 S9AOP WOAD tDRl ?S~1GlT
02040 0206 FF FFF8 S~h IROEC
02050 0209 CE 07FF LD S 0$7 FP SF D I X 1MS PU SJ EF, C-)!Q2
02060 020C F 1:500 MT DAC/"YO
02070 020P CE 3200 LD-TX ''3200 GET STMRT OFD 07 E'!1
02080 0212 7C 024;3 MPDCU2 IN.C YOU FLU1 UIP I'M CC71]'
02090 0215 27 02, B1X M1~3 ASW-)OlE11 tl BFl V 1,1
02100 0217 A6 00 1,DA A G,X NO. CPT f!SB BYTE C? l- 1. V P
02110 0219) 1:6 01 IAB I ,X GET LSEE
02) 20 02111,137 ['500 STA A DAC7PO SIZID TO F/A OY7V
02130 0 21 E P7 F,7,01 "7A B DACZIUO+l 11 SLD TO P/A CCV!
02140 0221- GO IM rmC I INDXFD ADIiFS
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C 2150 0 222 OH LX

0? 1(10 0 223 20 rnD BRA PDIXMI 12 120 y (2IATh:

02100 0228 27 02 PTF PDMI 4 YES. FXIT DiSl'f1.(K
02200 0221\ 20 CD PRA PD)IOU,1 7O :TL ll-I> Dl,-'IP.Y
02210 022C Or PDMU 4 SPI
02220 022D CE 4000 [DX #$4000 RET7 1f-: A' Cn=-
02230 0230 FE E5CO m1 DAC7PO
02240 0233 57 E400 STrA A 1PJDC Z P0 RESEFT ST6 000 INT FLIP FLO)P
02250 0236 01 NOP
02260 0237 FE' 1C9D LDX VECSAV GET MC~ INT VEC T-)P!-E
02270 02'A FP FEF8X S l ROVEC 1RTT ,AC -N .7 VTC B
02280 023D 7E 0100 JMP DISOL RET & PRINT CO.' *7t11D L[V
02290*
02300 0240 711 0248 CTIR DEE ITST CLENTZ M)NF, TEST FLN7,
02310 0243 B7 E400 S-rA A PDCZPO CLELAD, r£,Thirjo IN 171,1P FLfOP
02320 0246 01 MOP
02330 0247 30R 1ETI REINJPN POW Y:T.1~ 7J2 D F1
02340 0248 C (C 0l D7 'JST PEYE 1 INTR DYTE ThT FllkP
02350 0249 0001 SHPC IT pEY B 1 aU ir h 1-1, 01?: sOF SH 12 P1
02360 0 24A 00(11 r MNT PAP 1UI I UPTO J OX)OT 256 ""Tu.
02370 024P 0001 VUTNT ROB1 1 Tj CDUNTOFR
02380*
02390 024C 45 NArU-'SG FCC /ESTMl
02400 0252 04 EICB 4
02410 0253 44 DIMVEEG FCC /DRIVF?/
02420 025A 04 FCB 4
02430*
02440 0250 1A07 DI S PTS FDB'1 S1AO?,$OCOD, M\AO)cV,SOAOA, SOACA
02450 0267 CDOA ED3 $ODOA
02460 0269 44 FCC /DATA DPLY
02470 0275 ODOA FDI3 $ODOA,.$OD)OA
02480 0279 43 FCC /CO.-IYAND OP'TQ>S)://
02490 0289 ODOA FDB $ODOA,SODOA
02500 020D 20 FCC /O 0Fhff \DIG-MXLC 1
02510 0 27.6 ODOA FDTI3 SODOA,$ODCA
02520 0 2Ai. 20 FCC / 1=F011Y1 OJRFJL !-PLORY V'ILE ETA
02530 02D5 ODOA FB $ODOA,$nDOA
02540 02D29 20 FCC / 2=Hom;T ODEP TNIThD JwflT

02550 02PA ODOA EBB $ODOA,$ODOA
02560 02FE 20 FCC / 3 DTSPLAY (C11 X DE MNCCIL
02570 0325 ODOA EBB $ODOA,$ODOA
02580 0329 20 FCC / 4-D1SPLATY CiI Y PDB .>- O TAS
02590 0350 ODOA FIT SODOA,S ODOA
02600 0354 20 F CC / ~ IP~YCI! Z iDP ~
02610 037B ODOA ED'O $O0DOA, $0DOA
02620 037F 20 FCC / (6=P,., mC~ & !DISI ::
02630 03A4 4P FCC /OSCIn 1. xi
02640 03T'0 ODGA EBB $ODOA, o.DflA
02650 030F4 20 nC / WJX2hC"&D?1c'
02660 03D9 4F FCC /ckPC T 1.Ipt
02670 03F:5 ODOA FDR $ODO.A, "-01)(
0 2680O 03F9 20 FCC / -P1" ~ =*'rC 1 7C i & FZ -:I' f
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'. 90 04CE 4- FCC , L- ,
02700 041A ODOA FDB $ODOA,$ODOA

... . " :<C C ' ( . . ....... ',,'~" !TTV' v,." ,  DT Y/
!! T

L'. wI

02730 0443 45 FCC /MTLR cOlV"J,D ,CA:=/
02740 0455 04 FCB 4
02750 0456 46 FILENIS FCC /FILE LOADED. /
02760 0463 50 DISPS1 FCC /PRESS R'URN /
02770 046F 04 FCB 4
02780 *

02790 *
02800 *FUNCTION :MAXSCN
02810 *INPUTS (REG) :X
02820 *OUTPUTS :SHIFT REQUIRED IN SHMF-T
02 830 *CALLS :NOTHI.G
02840 *DESTROYS :A,B,CC
02850 *PRUPOSE :THIS RWXUTI.E SOXE.S THE PDF DUFFER PO
02860 * TO BY X 7uND) P-t7'-P 71" E S I:IKuE
02870 * SHIFT RIGH S - ,,, TO 9"0BEI'G W7E
02880 * AMPLITUDE CCJ7}.+3 IY.WN TO 11 PITS M,
02890 * FOR OUTPUT FRCi ThE ST6e00 D/A (UNVE
02900 *

02910 *
02920 0470 DP 19 rlAXSCl' STY SAVEX SAVE PDF ADDR IN. X
02930 0472 09 DEX ADJUST X FOR PROPER IN-DEXED L
02940 0473 09 DEX
02950 0474 7F 0249 CLR SHFCNT
02960 0477 7F 024A CLR t.ACIT
02970 047A 7C 024A MAXSCI 11"C !XC1,UT 256 BYTES SCA -' ND YET?
02980 047D 27 IF BEQ ,-XSC4 YES. EXIT WITH CORl'C SIF?
02990 047F 08 RIX NO. INC X & LOOK AT NEXT 2 BY
03000 0430 08 INX
03010 0481d AG 00 LDA A 0,X GET !,'EB BYTE OF VALUE
03020 0483 81 08 CQ.P A #08 IS IT LESS Th!.1 8?
03030 04P5 2D F3 BLT M.AXSCI YES. NO SHIPT NIECESS, GO 04EC
03040 0487 5F CLR B NO. SET UP COUNTE}
03050 0488 OC CLC INSURE CARRY CLEANT,
03060 0489 5C MAXSC2 INC B NCtX SHIFT U',TPIL rlSB 1 BIT HIT
03070 04A 48 ASL A
03080 04 M- 25 02 BCS MAXSC3 CARPY SET?
03090 04I1 20 'A BRA .AXSC2 NO. KEEP -1I11iTING TF1P?
03100 04 EF 17 '.SC3 TBA YES. 1I-T SifjTI' cOtli' Ill A
03110 0493 86 06 IDA A #6 GET MAX SHIji'

03120 0492 10 SBA AND GET DIFF,-PPP'C
03130 0493 Fl 0249 C'P A S170T IS SHI,, IF j' 0 ' I T11"' MI

03140 0496 2F E2 BLE tAXSCi. YES. I :r"-' I'C
03150 0498 17 0249 STA A SIi'CN,7T NO. SAVE , i'
03160 049P 20 DID pA MAXSC1 b' CO CETUE. .I'T <Ti

03170 04 911' DE 19 MAXSC4 LDX SAVEX RETPILVE INPUT X
03180 049F 39 RTS
03190 *
03200 *
03210 *FUNCFYON :PDF-rRN
03220 *INPUTS :X
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D ISP1,A--5

03230 *OUTPUTS :NOE
032,O *CALLS :NOMWING

{ *DFSqlOYS :A,CC

03260 *PURPOSE :THIS RCTTIE ?DPRSIRS ,.Y I'D .
03270 * POINTED TO BY X INTO A WORK BUFFER
03280 * AREA AT 3200-33FF.
03290 *
03300 *
03310 04A0 DF 19 PDFTRN SMX SAVFX SAVE INDEX I Tt:1P BUFFER
03320 04A2 BF 1C96 STS STKSAV SAVE STACK MI-IITR
03330 04A5 35 TXS SET UP STACK M'R BUFF T21A SF
03340 04A6 CE 3200 LDX #S3200 POINT TO WORK FUFF STARv,T
03350 04A9 8C 3400 PDFTR1 CPX #$3400 DONE TRA;SFERRCG YET?
03360 04AC 27 06 BFIm PDFTR2 YES. RET
03370 04AE 32 PUL A NO. GET NEXT BYTE
03380 04AF A7 00 STA A 0,X STORE IN WORK BUFFER
03390 041 08 INX
03400 04132 20 F5 BRA PDFTR1 00 GET NEXT BYTE TO TPO7,\. 1SPE.R
03410 0434 Dr 19 PDFTR2 LDJY SAVEX RETRIEVE FTTRY X
03420 0436 BE 1C96 LIDS STKSAV RETRIEVE STACK PiTR
03430 0439 39 RTS
03440 *
03450 *
03460 *FUNCTION :SCALE
03470 *INPU'S :DATA IN !ORK BUFFER
03480 *OUTPUS :DATA IN WORcK BUFFER SCALED BY SIIFPCNT
03490 *CALLS :NOT[IING
03500 *DESTROYS :A,B,CC
03510 *PURPOSE :7IIS RCJTINE SC&XI-S W.qE PDF DATA IN
03520 * TIE WORK BUFFER (3200-33FP) FY '1HP
03530 * MOU CALCULATED !BY 'A. 0 r0 YAPL
03540 * THE ST6P00 D/A CGAVKRTR i T (>6
03550 * A POSITIVE VOLTT Di,, ;RTIC'.,L 1O
03560 * THE FR3Q CY O1F (C. ,IC ' E7.'(£,1
03570 * OF THE POSSIBLE 256 AlLThIW'1DE V1AES
03580 *
03590 *
03600 04PA DF 19 SCALE ST X SAVEX SAVE FTIVRY X
03610 04P3C CE 3200 LDX #$3200 LOAD WOR], EUFFER START ABPRES
03620 04DF 5F C rR B
03630 04C0 PZ 0249 SCALE I DA A SITFCE'7T PICK UP SCALE SIFTI'] COUNT
03640 04C3 27 OE BE SCALE4 IF SETE,,T = 0, NO SCOVIE(C NEC
03650 04C5 27 07 SCALE2 PLD SCALE3 IS SINC"T = 0?
03660 04C7 67 00 ASP 0,X NO. SCALE DATA !XDMTiP TO BY
03670 04C9 66 01 ROR 1,X
03680 04CB 4A DEC A
03690 04CC 20 F7 BRA SCALE2 CO SHIFT V,.E mA- :
03700 04CE 08 SCALE3 INX INCRFn"Alf OP'i'' .ATA FO
03710 04CF 08 INX
03720 04D0 5C INC B 256 2 BYTE WORDS s'U] '1) YFT?
03730 04D1 26 LD BNE SCALE] NO. KEEP L(T1
03740 04D3 DE 19 SCALE4 T.DX SAVEX RETii.IEVI E:T'.1Y Y
03750 04D5 39 RTS
03760 *
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17.

*FUNCio'N :OVPLI\Y
037 F0 *INPUITS :X

03810 *DESTROYS :LL JFX

03820 *PURPOSE :ThIS IS A VECTOR P UTT'T 'M CALL CPLY

03830 * EKG-EXEC TO LOAD R UTRES FOR D,'I. CVTION.
03 840 *
03850 04D6 FE 1J3 OVPLAY LDX OVRLLC

0386X0 04D9 6L 00 JMP 0,X
03870 *
03080 04DB FE 1CA9 PDFPRT L/DX PDFPLC

03890 04DE 6E 00 JmP 0,X
03900 *
03910
03920 *
03930 * D OF OVEIRLAY DISPLAY ROaTDThES
03940 *
03950
03960 *

03970 IND
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t.M.

00070 * VEIRSION 19
000&0 * VERSION DATE 2 CT 80
00090*
00100 IT
00110 IT
00120 * PROCRN11 DES01RIPTION
00130 IT
00140 * THIS RCXITTNE, WilYLADED AN'D EXECUTED, TAKE:,S
00150 * THE STAWhS DATA CT--J-R-lYTY PRESEIT N T!E
00160 * MEMORY FILLE ADER SECTOR !AND PRIRTE7- MIS DATA)
00170 * TO ThE CO",SOLE. 7!li RCUTI"E CAN BE CALLED
00180 * INEDIAIh FLII'i A D.7TA ORUCT'C2Q
00190 * AFTER A lPREVIOUSl Y QYJLLECIED DATA FILE HNS FEEEN
00200 * LOADED INTO N.El"ORY PRCy1 DISK.
00210*
00220*
00230*
00240*
00250 *START OF PRSTAT
00260*
00270*
00280*
002900 0500 ORG $0500 OVERLAY STA-RT ADDRESS
00300*
00310 OPT 0 ASSD OPT-GFN 0,90 )FlIT,
00320 OPT NOG ADSB OPT-SUPPRESS FCC LIST
00330*
00340*
00350*
00360 *LABLE DESCRIPINS
00370*
00380 SUPPT SUBROIJTTNE ADDRESSES
00390*
00400 CA8F OU71GR EMU $CASF EPIMEDS. ALAN! STREC jTO 0771,

00410 CA36 KEYrDDO EQu- *$CA36 ErpRC!Tr)YS. AlEH'l STIMIC IN P
00420 1DOO START EQU $lDoo FEG-EXEC. So!-'r EC\-7'XU C S7 'RT
00430 2800 DOS DOU $2F-00 DOS ERROR VEMTOR, USED-1 FOR 3Ml
00440*
00450 *DATA BUFFERS
00460*
00470 ICAO L-OF'LG ECK S1CAO ICAD WFR.C-hE21*YC T T FAG
00480 iCA5 HYPASIC LQU S1 C' 5 F'AfSC APD1 IP/VF IFFR\
00490 1CA7 I lBEJ l F mu SICA7 !YANSC PiJY'IF lP'
00500 1C96 STKSAV MU silC9 TF-1I? STACK Pti!F BUFFER
00510 3400 IUJRSTRP EQU S3NOi MUM~l IE III,, :p S-EAFT
00520 3490 LLXJOPCI' FQ1 S3 4 ci TPOTE CAL 1/{CPS I]YL.C I,.'UAIT
00530 3494 SAIMITO Tu S3494 NUNl OF SJY"iFF TtliS
00540 3496 LPCAL m) U $3496 NTll1 CIF CAT, I inPS PER 1INT
00550 3497 MAXZ FQU $3497 MAXT VEl CHI Z
00560 3498 MAXZLO ID)U $3498 LOCATION 0N' MAX VIII IN ClI
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C-7, 0 349A IY 'I ". T:_ S3 4 9, P 'i v
005.00 34913 ! INZLO BYJ) ';3 49P I kyTI101 OF 1!1: VilI III C11 z

00610 3 4A0 I INY EXU $34A0 ,Ili: muivL L'C;
00620 34A1 aINYLo mu 53 4A1 1AXATION O ',!j7, Viii IN C-i Y
00630 3 4A3 11XX EOu $3 4A3 MAX Vii IN C11 X1
00640 3 4A4 I1AXXLO m u $34A4 IL(J\-TiON OF' iNAN VLU r, CHI X
00650 3 4A6 NIINX Eu $3 4A6 MtiNi Viii IN CIl x
00660 3 4A7 I.IN\10 lxu S 3 4A7 IDATION C? .1 m I,,' CH x
00670 3 4A9 YTIT MU -$3 4A9 NUN "1 Fi 1IITS AVAIPNI UUE 0

00680 3 4AC IXAI3IT Mu $J'34AC I MUM i 11F BIS UIS> T 5'm W IIA
006 90 34130 XrlT's OU !334B30 iTUN! OF 1 T1S.13 i D 110 : I
00700 34B3 YBITS mu~ $34B33 N1l7. OF i I I S [ i71D To0 £N Yr~f
007 10 3 4B6 BITS Lu YU 34B56 U,', OF BIpT S U"' li "'DO S -1 ,7\ 'z' ET
00720 34B39 TB ITS muI $341V9 NUN, OF BIT'S V5UU O YI 711-7
00730 3 413C ACELCTI' mu $34BC -1t BITS lIDJ TO V,-: ETl"' CODIhP
00740 3 4C2 PASSAV m, u S 3 4C2 SAVF EN L(_c s FwWo vvui NIIC
00750 3 4C3 U1 IlyR I LOUT -34C3 S!rP T OF -7 Ymm? I T "
00760 3460 M!AXIN ECU $3460 START 0F1.'FjX,NI1N AS1CI DAT.A
00770*
0070
00790 *FUNCTT'ON : PRSTAT
00800 *INPTS (REG) :NCGNF
00810 *OrJ1T-r{-S (RDSC):F
00820 *CALLS :UPJ,~S
00830 *DEST'I'OYS (P=X) A, -,CC, X
00840 *PURPOSE :TO LIST STAWhS INPONU,1.jATTO FRC I Dr
00850 *COLLEC71ION FILE TOT'M :L
00EY00*
00870*
00800 0500 86 08 PRSTAT LDA A lu0 CIR tlSG7 FIELDS IN ST CCUT'U?
00890 0502 CE 0A66 LDX tNAYE
00900 0505 10 0 930 JSR, NSGCLR
00910 0508 P,6 3 5 LDA A 053
00920 050A CE 0A8C LDX 11tSURJ
00930 0 50D BED 0 930 JSR TISGCLR
00940 0510 R-) OA L-DA A I# 0
00950 0512 CF7 OADF LDX ""RATE
00960 0515 1PD 0930 JSR NS,-GCLR
00970 0518 F6 14 LDA A 4020
009051OSA C E 01307 LDX JIDIT
00990 0521D BD 0930 IISR IMSGGLR
01000 0520 133 08 LDA A it8
01010 0 52''2 CE 01339 LDX O T INE
01020 0525 P-D 0930 JS R NISGCLR
01030 0520 D53 19 LDA A 025
01040 052A CE 013SF LDX 40'PLPE
01050 052D PD 0930 JSR 1 MSCCLR
01060 0530 W) 35 IDA A tat53
01070 0532 CE% 0F29 TDX OCifINT

010C0 0535 1-7 0930 JSR rNSGCLR
01090 0530 F"3 08 IDA A #8
01100 053A CE; 01396 LDX #XLNT
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0)11C Q3DBP 0930 j8 s SCCI

01150 C"-,, 4D 8 W RSC M

011C 0A CF OPFA LA~ ..

01170O (j- I D 09 J F1 IsC CI
0110 054D E 13 08 UA A #

01100 09 ClE OC2C I'M 01 h

012-00 0 _n, PD 0930 M)1 HP, c

01.l2O 033 -5PF 08 FDA A ~
012'20 0 5',A Cy' CCE LDX ;~KP

01230 0 5 B-" 51) 093 JR RO

0l),l' 023 r," 0 S6A C 8
03)250 (16 rClE ODiI IP c'P

01260 0A% 1-D C '0 isk rISM2

01270 0:-, t" 0 5 DxA
01280 0~ 7"A 1CD7
01290 0',') D T) ('c 3W R Y.

01300 0)57 0 P 5LY
01310 0772 CE 0'913 1'0

01120 0 57 5 1"D 0930 JSR McLE!

01330 C0 LL03 UD A

01340 D~\ ~Ix *A0P

01350 F~D" 'C 23 ECI
01360 0700 ') 0 IDA A 0

01370 0nC 0i MIX 0f1'

013N0 05(50 F6 00 LDIA A 0

01400 OSM,' C: 01 P11M C~lX

0)410 (15M 7PDJ () " 0 1 Sp SCF

01420 oss 5 ;16 08 ' ulPA A\ 8

01430 073)) 2- CO 093 I DX !Wr

01440 OSV 5 D 97,FT09 30 3WP nrcC1

011.50 0590( j8 09p LDA A ~
01460 05 0A C" 1) 1 pX ~N
01e70 03 - T) 0930 1jz' F mlp

0140 el A W' 0n.10P0 p MA A ~
01490 O51P CT Co x 9AYI2';
0)5-00 1"D f 0 9 (1

01510 OSA 57p 09 DA A ~
01520 0 5; CE 'S .X~ i~

01530 0%'n F'DI 0C'0 p 2 72

01540 0500PP 02 T VA A ?

015o1'~C 9'77i~~2>
01I"60 0o0 F) pc5 '1,! Cc c

0157007sC p'1Qy 'SLA .11EO20

015F.o0 ose''l F[ Ff 11,

01900 0,)- I '36I

01610 0'4 C.' '.213

01620 o32' )' C2'

01640 > ( ' 'IX 
*



"E >00 I).X ~ P
016(,0 C;5 -)3 RD 0 93C JSR MEGW- T

016N0 C5E,) Ci: Cr29 LJDX :;CO'"Nl
01700 0 5DE BD 093C JER INSGIT
01710 0 52'2 P E 3 40 LDX E LTZPY G'KT rrjOr 07 :'iTT' GPY IKITER
01720 0 5 1'5 W 2 020 CiEX 'Ir$202C C111 IF :r7s CiALc ED
0172-l0 05178 27 03 Brm PRSTCO No. C IRE 5 (IGrC;
01740 05 E7\ 7 E 06A4 JE"P PESPC YES. GETI ASCII S hCr PG ED

01750 051D CE 0OSEDl PRSTOO LP DE -Nl E'JC I
01760 0520 PF 0C)5D) ST% FP A1.C
01770 05Fr3 CF Cr96 LDX X?!
01780 05P6 1D 093C JSR r SG PUT
01790 05E9 CL 0OSED LDX l L:TCLp,
01800 0OSEC Pr 095rD MIN FRIJ'.Lcc
01810 0 5FF CE 0 528S IXE 4Y EN T
01820 0602 PD 093C JSR tIL-UT
01800 0605 CE; OC5D 52X 11(71
01040 0608 PF 093 ST) 5 T) t/C
01850 C6OP CE GE1FA LDX zZL T
01860 C502" P3D 093C iSP~ PlSGCT
01870 0611 CE 0 SOED LDX Y&I
01880 0614 PFC 095D STEI FPJ*7A--C
01890 0617 CE OCCC LD)X # Tr I.T
01900 06 1A 11D 0 93C 3SR t USC)UT
0.1910 061D CU 0 52FT LDX DlPII R
01920 0620 PF 097D S 7' ERU'LC
01930 0523 CE VCCE- LE~X 1JXI
01940 06 26 PD M9C JSR IESGEUTl
01950 0629 CE 05213 LDX tLN71CLP
01960 06 2C rP 0 5 D STEX FREL:CC
01970 06 2F CE OD11 ID CJth
01980 0632 10 093C JSR ISISGIIJT
01990 0635 CE C52D LDX ' "TL R
02000 0'38 FP 0 9 SD STE FIR Tfc
02010 063hC 13 c n)57 IME ~ FEF
02020 063E BD C''C JSR rS G 7111T
02030 0641 CE 0571 LDX ilFTIUic R,
02040 0644 FE 095 D STEl FR; LC
020-50 0647 CE CD')9 LDX i8TIE.rTo
02060 0,)4 A PD 09-C JEP !'S CDT
02070 064D CE' 1~ TDX EAI
02080 0650 FF 0 953 DS I-x 1,1:', rC.
02090 06'--3 CE CECTS LLDX CO5f
02100 06 56 PD 093C JEC-lR C, ,1211
02110 0050 C' 0 i-D ID p "'
02120 0 6 C FEF CES9 S7E ES I *Lc,
02130 06,31 CP Nrr.vP LD-X #N-I,2v
02140 0662' PD 093C JSR iEcl rV'"I
02150 0665 CF 0 C!-D LDX l"'1
02160 006 E PPC -! STX FR: UPC
02170 Or) 6P C 0' 2" I'M -p'Th
0218 06I65i: PD pi 53Ic. JSR E~sG-TlilP
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C2] c 06 71 C- CYD LiK, T'zUW*,
0?'nn p 7, V'. fiOD ?TX. F.R"LOC

02230 0]57D CE 091:D I DX ElUIlR
02240 06 Fl F'COD S7X Fl'!-k,
02250 0 rM C -' 01:93 mx< AI"'
02260 066 PD 093C JSR MsGP_,l
02270 0629 C, 091 D LDX #LNT(LP,
02280 C61)C FF OC5D STX FRPMll-C
02290 0617?: CU 0EC5 LDX ! AAXZ
02300 0692 ED 093C JSR KSGPUT
02310 0695 CE 09FD LDX ENTR
02320 0698 FF' 09SD STX FPJUCC
02330 069F CE 0E "7 LDX #AMINZ
02340 069E BD 093C JSR MSGMIJT
02350 06AI 7E 070A JMP PPRZAI
02360 06A4 CE 34C3 PRSTAO mX %7XTPY GET ADDRESS OF )!TRPY BUFFER
02370 06A7 F F 095D STE F7X rCC
02380 06AA CE 0D96 LDX #XE,]T NCW PRiNT APPROPRIATE DAT TO
02390 06AD BD 093C JSR MSG JT
02400 06r CE OC8 LDX #Y=qT
02410 06 P3 BD 093C JSR 'SGPJT
02420 06 F6 CE 0FFA LDX #ZPNT
02430 06 P9 FD 093C JSR NSGPUT
02440 O6DC CE OC2C LDX #TT
02450 06F PD 093C JSR MSGPUT
02460 06C2 CE OCCE LDX 41'16tXCPR
02470 06C5 FD 093C JSR SGPUT
0240 06C8 CE OD1I LDX #CPMACH
02490 06CB ID 093C JSR NMSGpJT
02500 06CE CIE 0D57 iX 1CPT
02510 06D1 DD 093C JSR r-SGPUT
02520 06D4 CE 0D99 LDX tTI1E'F
02530 06D7 FD 093C ISR USC-PUT
02540 06DA CE ODD LDX VCOLDUR

02550 O6PD DD 093C JSR MSGrUT
02560 06170 CE 3460 LDX NO"; N ET ADD 151EF. ASCI I ,
02570 06 E3 FF 09)5D STX, FRPILDC
02580 061F6 CE .OD-,D IDX AN]AXX
02590 06U9 PD 093C JSR .SGPUT
02600 06EC CE 0172P LDX iAfl'INX
02610 06 17 PD 03C JSR YSGt!T
02620 06P2 CE 0lFr)I LDX 4ANJv.bj
02630 06,F5 PD 093C JSR Nf. G-ET
02640 060F8 CF 0E93 LDX if jI1-!
02650 06.'R DD 093C JSR Y(I, 'T
02660 0917 OF' 0F'75 LDX ANAXZ
02670 0701 FD 093C JSR 1,SGaUT
02680 0704 CU 015F7 f DX 4ANINZ
02690 0707 ED 093C iSP R SCPIT
02700 070A Fi 3400 Pi'.ST,,' IDX 111RE,'R7M E D[7CC'N' ""CtE1is'S>. l PUT
02710 070D C 41743 CX "I.4E43 (NC) ...
02720 0710 26 08 P1:; PRSTA2 !'O
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cy:~ T-: IP: -Cy'
027,T) 071:) 88 0, ,5D STX lliN1.fX?~

0 2 7 7t F.(6 L ~j K P k: N Q

0270) 071P C P 0 9C-2 lUOx P10A YE.S. W'TNTi 10 0U tLc3
0 27 (D0 07 22 IT G95D STX F1NNI11c
02 00 0725 20 35 PPA PRSTA7
02810 0727 8C 5442 rls=t3 C PX ,$5442 (T11) 1 riAN-B?
32820 07 2A 26 08 UPIE PPRSTI4 "O

02P30 072C CE C 0 CA LDX "'TOMI YES. POIT TO 10OLA-B MG
02840 07 2P P F 095D STX ERM ,-LOX
02850 0732 20 26 8 pvA PRSETA7
02860 0734 RC 444F PPSTA4 C -X rS444F (s)IJ?
02870 0737 26 06 ENE PRSTA5 NO
02880 0739 CE 0 OD2 LDX #DCUP YES. -POINT TO DCUER 'u'SG
02890 07 3C 88' 095D S-1A FRMJLOC
02900 0738 20 1 B FRA PRSTA7
02910 0741 X~ 5450 PESA5 C DX ~5 4 0 (TB) ThTEjj 7G PIriET?
02920 0744 26 08 BEE PRSTA6 NO.
02930 07416 CE 09D8 LDX frMhP TPT YES. PI1TNT M0 TURIN1G WINT M
02940 0749 PPF 0951) STX FRTDC
02950 D7 4C 20 OE EPA PIRSTA7
0 2 960 07 ZE 8C 494E TP.STA6 CPX # 449 4E (T7) 2ND 0.1DER INTl7',XL7rR?

02970 07351 27 03 EEO lpESTNhI Y!S TYZPE IS RITCOG>I"77D. 02:2:1
02980 073 3 7E 0 95 F JElP RO NO. 7T 'O RlaC F 11((E1?1). F,: R
02990 0756 CE 0986 P PR2T6 1 LDX j!NTP
03000 0759 IT 095D SITX F8RM1cc
03010 075C CE CBE PFRSTA7 TDX ~T YEF 1I'7 ~T NS 1h'1PEIN 111 !Ec
03020 07S 57 D 093C JESR t1SCI7T
03030 0762 CE 0A1 2 LDX DSLCN(CC -7' TO STA7-*SC PAicE 1
03040 0765 CA C8F JSR CU7?1,CR A; TE: FAlCE, 1
03030 07 68 P'D C\3 6 JSR KEYBDO
03060 076D CF OCCE LOM flTD11*.S 2 :P Ml ~SAT PAGET 2
03070 076E T DG CA-LI JSR W(XO [..NDP J PRINT PACE7 2
03080 0771, PD-, C,\36 GER 11LplDo
03090 0774 CE,7 0"CE4 IP 14NUNSM -c IP-2 PI CK U N N YT 8O SEP5,M
03100 0777 PDC 3 495 1 DA A SA'; TO±1 CO: 2u2; M0 AI T TR
0311.0 077P, RD 0955 JSE. IYP iy20 OUiJTNT TE
03120 077D C!' GIT2 LODX NS
03130 070 DC '' 3-49 4 LDA A SAN-1,:O
03140 07023 I'D 0935 JSR MXASC
03150 07 06 C!" -100 9JlOX I#NLNIPS PICK [lP VE'j, 0i" CA '2c"
03160 078 )9 Br 3 49 Ef DA A LPCAL & ST In 1 (XDT 7 SEEING
03170 07B P I D 0953- 7 J dS HXIASC
03180 07 87 CE 106 0 LODX #U)TOCIT+6 PICK\ UP 102, Ur? CM7N
03190 0792 D6 34 93 EPA A LC)PCT+3 C, VN 10 -.II1-%N
03200 0795 PD 0955 lisp hK7SC '10 WU'K'LT STRING
03210 0798 CE l051 ' IDM 49TTh4
03220 072 13 A 3492 LDA A LOOPCr+2
03230 070 lI' D 095 5 JSR ILXSC
03240 07AI CF7 105C LDX 4'TOhUP+2
03250 07 A .1 DCk 3491 LDA A LOCP+1
03260 07A7 PD 0955 J SR XAS C
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03270 07AA CF ]1 05A LDX f#TghLt P
.......... .. ' . . I A A I(, CP0-

03i&;u Uii CE lC 3  L. 1,7X " '1 -' iU_ ' .. ( C 1

03310 07 6 P 34A-3 LDA A MAXX Coll TO ASCII , Sq IN
03320 C71%9 ID 0 !55 JSR fEASC TO OJTIPUT STRIN.G
03330 075C CE 1CEl LDX #' XNAXLO+2
033-0 07 P"' P6 34A5 LDA A MAXXLO+1
03350 07C2 PD 0953 JSR HXASC
03360 07C5 CE ICDp LDX ,Y21NXLO

03370 07C8 P6 34:A4 LDA A MAXIO
033 1) 07CB ED 0955 JSR IXASC
03390 07CP CE C':'2 LDX #XMIN,- PICK UP 1IN VLU C.l CH X
03400 07D1 P,6 3,11',6 LDA A MDIX CONV TO ASCII & STORE IN
03410 07D4 IPD 0955 JSR XWSC OUTPUT STRING
03420 07D7 CE 112 LD, 1D C1,O4M2
03430 07 DA 16 3.4A IDA A HITXLO+1
03440 07V) I D C95 jSR HXASC
03450 07,() CE 11CC LDX #XllINL7O
03460 07L3 P6 3.A7 MPA A MINXLO
03470 07F6 PD 0955 jSR IDMASC
03480 07r9 CE .1IF' LDX 4.-NA> 1 PiCE UP t,!AX VLU ON CH Y
03490 07 EC B6 349D LDA A AYN CON TO ASCI I & STOME IN
03500 07 FP BD 0955 JSR HXAsC OJTPUT STPI'!G
03510 07F2 CE 11313 LDX #Y.AXLO+2
03520 07F5 P6 349? LDA A YAXYLO+I
03530 07F8 PD 0 955 JSR ASC
03540 07FB CE- 1139 DX #rYUiAXLO
03550 07FE 36 349 LDA A tXYLO
03560 0801 PD 0955 JSR I-wAsC
03570 0804 CE 114C LDX #YMITNI PICK UP ,IN VLU 9,' C Y
0358,0 0807 P6 34A0 LDA A MINY C0N\ TO ASCII & SIORE MN
03590 0OA BD 0955 JSR HXAMSC UTEUT STRING
03600 0C0D CE 1168 LDX :YI I I +2
03610 0810 P16 3AA2 LDA A MINhLO+I
03620 0813 RD 0955 JSR If(ASC
03630 0816 CE 1166 IDX 4Y ITO
03640 0819 P6 34A1 PDA A MINYLO
03650 081C 1D 0955 JSR IDAqC
03660 081F CE 1179 LDX #ZNk"A,>M PICK UP NAX VLU 91 CH Z
03670 0822 B6 3497 LDA A MXZ COk' TO ASCII & STORE IN
03680 0825 PD 0955 JSR HYASC OUITUT STRIN.G
03690 0828 CE 1195 LDX ZP.AXLO+2
03700 082B P6 3499 LDA A MAXZ L+I
03710 082E BD 0955 JSR iWIXSC
03720 0831 CE 1193 IDX 1Z IAXIO
03730 0834 56 3498 LDA A rlPXZIo
03740 0837 PD 0935 JSR I2XYAC
03750 083A CE 11A6 MX #Z!-It411,l PICK UP r' VLU N Ci Z
03760 083D 6 349A LDA A MINZ COTV W CII$ S'tORE IN
03770 0840 BD 0(955 JSR fXJ\sC OUPUT STRING
03780 0843 CE ].]C2 LDX #ZrmIILO+2
03790 0846 P6 349C ,DA A MNZIf+l
0300 0849 ID 0955 JSR IIJ SC
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03810 084C CF 11C0 IX I'L 1/)
03 20 084F F6 349}% IDA A MDIZI)

03850 0858 B6 34N3 LDA A NINIB-I+2 AVATIANE FOR DATA UiOR
03860 085B BD 0955 JSR IDMASC , CYOV TO J.SCII & S']R
03870 085E CE 120C LDX #AVAIT+2 TI.N (U1PUT SqPRG
03880 0861 B6 34AA LDA A M Il B]T+1
03890 0864 BD 0955 JSR HXASC
03900 0F67 CE 120A LDX "AVA13IT
03910 086A D6 34A9 LDA A 1MEM3IT
03920 086D BD 0955 JSP HXASC
03930 0870 CE 124B LDX tTCPBIT+6
03940 0873 F-6 34BF LDA A ACELCP+3
03950 0876 BD 0955 JSR HXASC
03960 0879 C 1249 LDX #ITCPB1T+4
03970 0C7C B6 345E LDA A ACELC]P+2
03980 087F BD 0955 JSR ff)U SC
03990 0882 CE 1247 LDX #1CPBIT+2
04000 0885 B6 34ED LDA A ACELC]'+1
04010 0888 BD 0955 JSR I DASC
04020 088£ CE 1245 LDX #TCPBIT
04030 088. B6 34BC LDA A ACELCT
04040 0891 BD 0955 JSR I{DsC
04050 0894 CE 127P LDX #TTIP_+6 PIC! UP .*.i OF BITS
04060 0897 P6 34AF LDA A DTABIT+3 ACII7JL STOLID
04070 089A BD 0955 JSR IXWSC BECAUSE C" D,;,A
04080 089D CE 3 271 IEX # TO'MTT+4 CCP'!7 .FTSsIT'1, CcrIV TO
04090 08A0 8 6 34-AE LDA A EII'ABITi2 PSCII & S'1CLE ]q
04100 08A3 PD 0955 JSR HXIASC OJTPUT STRING
04110 OBA6 CF 1271 LDX q TrI +2
04120 08A9 6 3t1,D LA A DTP'BIT+1
04130 0 AC 1D 0955 JSR I-IASC
04140 0812 CE 1279 LDX frTff1RIT
04150 08B2 P6 34AC LDA A DT!DIT
04160 0B5 PD 0955 JSR HXASC
04170 08B8 CE I 2B7 LDX iXBI 1-I+4 PICK UP NID OP 1ITx
04100 OBB F6 3472 LDA A XBITS+2 ACI1IALLY STCIJ)D 1FOiR

04190 08BE PD 0955 JSR ITXASC DATA IN C!;I-X'EL X,
04200 08C1 CE 127,5 LhX -4XFIq.1-+2 (:'.V 9r, NDCII &
04210 08C4 P6 34B1 LDA A XBITS1 STO",] '1O .,J'r'"7' SIT.r.G1 "
04220 08C7 ED 0955 JSR HXASC
04230 O8CA CE 12B3 IDX ;XBIVh.I
04240 08CD B6 34 B0 LDA A XBITS
04250 08D0 ED 0955 JSR HXASC
04260 08D3 CE 12F LDX fYIThM±;4 PICK UP ; ( !7 T.
04270 08DY F6 34r5 LDA A YPI3S+2 ACAI.Y "WTL , 'O
04280 0R)9 1D 0955 JSR fu-A13C DA'A P! Cvr:,:* I ,
04290 08PLC CE 12 M JIX #Y] P1I+2 CO:'V 71 - N: CII &
04300 O F B6 3454 IDA A YFIM± S']wO TN +1 O'7VT,

04310 0802 PD 0955 ,]SR IIYASC
04320 08 5 CT: IO TDX f-YP1FTh,,1
04330 0818 NPG 340.3 IDA A YITT
04340 0 8M I'D , 55 JSR I XPSC
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04350 00;- C, 1327 L..X 42E1Th.4 P.
04360 08FI P6 3408 LDA A ZBITS+2 ACTULLY ST'Pl 'YR

¢<7 "J r ""-7 1., -" ... . ,C a7 . ._3*' " D C.?. ,v ' . .....

04390 08FA B6 34B7 LDA A ZBITS+ STORE IN OUTPUT STIfI-G
04400 0OFD BD 0955 JSR fDASC
04410 0900 CE 1323 LDX #ZBI'TM
04420 0903 P6 34B6 LDA A ZBITS
04430 0906 BD 0955 JSR HXASC
04440 0909 CE 136D LDX #TBI2',T+4 PICK UP N7I OF 1BITS
04450 090C B6 34BB IDA A TBITS+2 ACIUALLY STOM]-D POP
04460 090F BD 0955 JSR IMASC TIN.E (OR O'1ER PARANLYER)
04470 0912 CE 136B LDX #TBIaTM+2 0W '10 ASCII &
04480 0915 R6 34PA LDA A TBITS+I STORE I= OUT'1PUT STRING
04490 0918 BD 0955 JSR HXASC
04500 091B CE 1369 uiX !TBIrTr.I
04510 091E B6 34B9 LDA A TPIIS
04520 0921 FD 0955 JSR FXACC
04530 0924 CE 0F89 LDX #COSTAT GET CUTPUT STRING ADM
04540 0927 BD CA8F JSR OUiqCR & SEND T O3NSOLE
04550 092A BD CA36 JSR KEYBDO WAIT FOR TERI! INqPUT
04560 092D 7E 2800 JNP DOS JUMP BACK TO GALLNG ROUT=NE
04570 *
04580 *FUNC: SGCLR

04590 *INPJTS: A (# OF SPACES TO CLR),X (LOC TO PUT SPACES
04600 *OUTPUTS: ASCII $20 TO ME AT X
0461.0 *CALLS: NOTHING
04620 *DESTRCYS: A,B,CC
04630 *PURPOSE: ThIS ROUTINE CL]RS 'ThE -'SG BITFFFR E CI TIME
04640 * PRSAT IS CALLED FOR NMF' INFO OFF OF TP', ME.i DATA
04650 *
04660 0930 4C MSGCLR INC A INC C0-UTER
04670 0931 C6 20 LDA B f$20 ASCII SPACE
04680 0933 4A MSGCL1 DEC A
04690 0934 27 05 BEQ MlSGCI,2 IS BUFFER CLPID?
04700 0936 L7 00 STA B 0,X NO. KEEP LOOPIN'G
04710 0938 08 mlx
04720 0939 20 F8 PRA MSGCL1
04730 093B 39 MSGCL2 MI'S
04740 *
04750 * END OF MSGCLR
04760 *
04770
04780 *
04790 *FUNC: r.SGRIT
04800 *INPUT: X (ADDP MINER DATA T FR-LXC CQTVG)
04810 *OUTPUTS: ASCII DATA '10 AEDR I-N X
04820 *CALLS: i,MOW !IIG
04830 *DESTROYS: A,X,CC
04840 *PURYOSE: 'MIS !,LTrNES qRANSFiRE ASCII TFNT
04850 * FROM fTrl FILE IIDR '0 STAT ,G. ILU"FFR
04860 *
04870 093C BF IC96 MSG'PT STS STKSAV SAVE -JRI.,, ... C ,,,
04880 093F BE 095D IDS FPI,)C G1T i(V 0." DATA [P.'? ".
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04. Z 0J42 34 DES
04900 09 t3 32 MSGI1 PUL Ac"i4;qO' CT'A A 4 YD OF -eQ?

U-'.. o ."7 1" FiQ H'5cG72 ?2: -..

04930 0948 A7 00 STA A 0,X NO. PUT CHAR IN UlSG
04940 094A 08 INX
04950 094B 20 F6 BRA MSGpU1
04960 094D 31 MSGFV2 INS UPDATE STK WITh NEXT TPR-FR L
04970 094E BP 095D STS FR4LOC STR BACK IN FPJLOC
04980 0951 BE 1C96 LDS STKSAV PICK UP ENTRY STACK PTR
04990 0954 39 RTS
05000 *

05010 * END MSGPUT
05020 *
05030
05040 *
05050 *FUNC: fTXASC
05060 *INPUTS:A,X (DATA TO BE COA'D,7DDR 'TO STORE ASCII 0
05070 *CALLS: FISASC RWTIN3 IN EKG-EXEC
05080 *DISTROYS: A,X,CC
05090 *PURPOSE: THIS IS A PTILOC PASS RCUTINE TO PICK UP
05100 * ADDRO OF }]XASC IN FNG-EXEC ANXD JUMP TO IT
05110 *
05120 0955 FF 1CA7 HXASC STX FlXBUP SAVE X IN PARlAN"ATER BUFFEM
05130 0958 FE ICA5 LDX HXMSLC GET DER 01 CO'A RaITE IN E
05140 095B 6E 00 JalP 0,X JUMiP TO IT
05150 *

05160 * END OF HXASC
05170 *
05180
05190 *
05200 095D 0002 FPJ.ILOC RMB 2 DATA FROM LOC FOR .SGPJT
05210 *
05220 095F CE 096B ERROR LDX #ERISG
05230 0962 BD CASF JSR W TINCR
05240 0965 BD CA36 JSR KEYPDO
05250 0968 7E IDO JMP START
05260 *
05270 096B 0707 ERENS1G FDB $0707,$ODOA
05280 096F 4D FCC /MEHORY FILE mOrIPRESSION 'YE /
05290 09PC 4E FCC /NOT RECXTNIZED. PRESS REMUJRN/
05300 09A8 04 FCB 4
05310 *
05320 *************************** *******************
05330 * END PRSTAT
05340
05350 *
05360 ************************************************
05370 *
05380 * OUTPUT STRIN G TO LIST TO CONSOLE
05390 *
05400
05410 *
05420 09A9 4E NOOX'P FCC /NO (IMIESSION PER'OPIED/
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PRSTAT- 9

05430 09C1 04 F4CB 4
0 1' T 9C2 54 'IOLI\ FCC /T(0I.N:-A,/

0'C r ~ F( 4
054G60 ""CA 54 TmL3 FCC /Q~4
05470 09D1 04 PCB 4
0 5 4 0 09D2 44 W17R FCC /DO.-IFIV
05490 09D7 04 FCB 4
05500 09D8 54 TUP-NPT FCC /TUhJRNING FDINT/
05510 09E5 04 IFCB 4
05520 09E6 32 IN'TER FCC /2ND ORDEPR: MNTERIQMTCV
05530 09PC 04 PCB 4
05540 09FD 43 I314TCLR FCC /CALCU1-?'TIONl NOTP BAIJDE!
05550 DAli 04 FICB 4
05560 0A12 1A07 MPDRNSG FDB -,1 A07,S$0C0DS00A$0CA rQ~ ,fA
05570 OA1E 3A FCC /:EKG SIVIPLE COLLILC'iC>, '-/ATL-"ijQ
05500 OA3F 20 FCC / :PAGE I/
05590 0A48 ODOA EBDB SODOA,$ODOA
05600 OA4C 46 FCC /FIuT-AP:..... .. .. ....
05610 0A66 0008 NXE PNM 8
05620 WAE ODOA P1)1 $CDOA,$ODOA
05630 0A72 53 FCC /SUMWECT... .. .. .. ...
05640 WAC 0035 SUBJ PI 1 53
05650 OAC1 CDOAN EBB $ODOA,$ODOA
05660 OAC5 53 FCC /SAThING RATE... .. ...
05670 OAt)? OOOA RATE PMl B 10
05680 OAE9 ODOA FDB $0DOA,$OD0A
05690 OAED 44 FCC /DATE OF COLLFCrICIl. . /
05700 01307 0014 DATE RUM 20
05710 01311 ODGA EBB $ODOA,$ODOA
05720 0131? 54 FCC /TIME OF COLLEC'P10N . ...
05730 01B39 0008 T T-IF RVIR 8
05740 01B41 ODOA EBB $ODOA,$ODOA
05750 01345 43 FCC /COBMPRESSION U-sD. .. ...
05760 013S 0019 WTPE R11B3 25
05770 01B78 ODOA FDB, $ODOA,'SOD0A
05780 0R7 C 43 FCC /CliINEL X P17TROPY . .. .
05790 01B96 0006 M IT P\:MB 8
05800 01391 20 Fcc / 13i TS/
05810 OBA ODOA FDR $0D0A, ",Olr)A
05820 0PA 43 FCC /CI]NKNEL, TI 1:MOPY . . . ./

05830 0FCS 0008 YDNT PP,,- 8
05P,40 0BD0 20 FCC / ,I Ts /
05850 01;FDC ODCA FDR1 $01)M, $SotA
05060 01310 4 3 FCC /lxvz~:' ~7
05870 VIFA 000R ZLE1T NFY1 8
05800 0C02 20 FCC / BITs /

05890 OCO?" CDOA FP5 SOM3A, $010A
05900 OC12 54 FCC /o'PAL o~l:v~~x
05910 OC2C 0008 7TUIT H-13 8
05920 0C34 20 FCC / BITS/
0 593 0 CC40 CIDGA P1)1 OUOA, MIDCA
05940 0C44 50 FCC /p1?LsFq V2 r) yyYc T.,: Iu~ Cv
0s55 OCA 04 PCB) 4
05960 0C6P 17,07 HDMS2 PD11 $1A07,$030A
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PRS'7AT- 9

C5970 OC6F 45 FCC /EKG SXUA OK'C?.N21X1211'
( l P7O n20 FyC / 2/

G6 G ;0 GC1C1 C~ I -L.

06010 OCB2 ODOA FDB $0DOA

06020 OC54 52 FCC /RATIO 1PDSSIP.LE.. .. ...

06030 OCCE 0008 MAXCP?- P2-3 8

060400OCD6 20 FCC / :1 I

06050 0C02 OCA FDI3 $0D0A

06060 0CIM 43 FCC /C01mYESSION RATIO!

06070 0CI175- COA FOB $ODOA
0600 0(7 O7 41 FICC /ACHIEVM .. .. .. .. ...
06090 0011 0008 CPPACH I ! 8
06100 0D19 20 FCC /:
06110 0025 ODOA FDB $ODOA

06120 0D27 41 FCC /ACHIEVED mOPTR!7SSION~/

06130 003B OCOA FOB $ODOA
06140 0030 45 FCC /EFFICIFICY.... .. .. ...
061.50 0D57 0005 CPiTF R1.MB 5
06160 OD5C 20 FCC / % or 1m1I'MMum/
06170 0060) OD O., FDB $ODOA
06180 0060) 43 FCC /COMPRESSION TTI'F/'

06190 0070T GDOA FOB $ODOA
06200 0070 45 FICC /EFFICINCY 013TT'FRD...
06210 0099 0005 11PTIFF.' R: IF 5
06220 009F 20 FICC / % p srw 'iVL

06230 001: J) CDOA FOB SODOA,SOD0A
06240 0001 43 FCC /COLIL'iQU UBrlN ..

06250 00C5 0005 C01 SDUR PC3 5I
06260 0000 20 FCC / SECONDs
06270 0000 CDOA FOB $OOA, SOGA

06 20 000D3 43 FICC C1XLIx 1~1J
06290 0020 0008 AMAXX E-p0 8
06300 0L05 20 FCC / voi::2 /
06310 0L11 9300A FOB $0D0A,"OD0A
06320 0 E15 j FCC /CANIX Mu:M

06330 01:2F 0003 NM1NllX FJ, : 8
06340 00-37 20 FVC / %7co'i- /
06350 004A3 nDOA Fil SODOA,$000OA/
06360 00'A7 43 FCC /C11/::211. Y 11AX1IT1.1. .. ...

06370 0001 0008 MYY IYB 8
0630 0 IT 1) 20 FCC /VO /

06390 0075 OA 0_DB $ODOA,$0D0A
06400 01779 43 FCC /AKLY OhMN....
06410 01793 000,8 1. :iy I%,: T 0
06420 01:90 2 0 FCC ,'VO1T/

06 *30 00/P7 0 D 0A 1711- $OD0A, OD0

06440 0O YP 43 FCC /C12h~z rz'Ir
066450 01(c5 0000 WP.Vlz 1213 8
06 460 0 [('[ 20 PFCC / mO'-1-
06470 011)9 (ThOA IFOBl $01)OA, $ODOA

064MJ 011)1) 43 1C /C1x;Vc Z UhNM .. /

06)4 90 0 THF7 ('0 08 t*2TZ 1 11'.7

06500 OT 20 FlCC /VolrN
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06f5] 01 00[ CDOA "P73 SODOA,, DOA
06 20 0WCIF 43 FCC /CO ; NTs ........ /

06550 0[.62 50 FCC /PRESS RL]IN' FOR PACE 3 O STATISTIC
06,60 01680 04 .CB 4
06570 019 1A07 COSTAT FD5 $1 P.07 ,0C0D, 0 AA, -..,,0.0A,0AOA
06580 0F195 45 FCC /i-:KG SA\'IIF CXJ!,i8'1C"X ;:'.,I1Cs. PA
06590 0F 0ODA FDB $ODOA cQI."

06600 01'!' P  20 FCC / Nl.% 1 i F .C' '" ...L.'s TTKI',; /
06610 CID8 20 FCC /(S."t:O) /
06620 0FF? 0004 Rt:'h;'P I'I 4
06630 0FL6 20 FCC / (HE'Xv)!
06640 OPC ODOA FOB O0DOA CJII/'

~ nr'r:I ~ rv'r / J*"T'" (.q) cY9 ;1 T,,06650 OPEL 20 F'XCC /b&4 ,© fLPHk

06660 100" 20 1'CC / INTERIP (Il"©L): /
06670 1019 0002 .r Si;'B 2
06680 MIMP 20 IVC / (IFX)
06690 1021 Ci",i., FOB $D0A CI VLI:
06700 1023 20 PCC / TIUTAL WAITD:G LX CO[)Vjis D..ING./
06710 1044 20 FCC / COLLECTION ( PCC)= /
06720 105A 0008 MULUIP "'13 8
06730 1062 20 FCC / (fX)!
06740 1068 CDOA FDB $ODOA
06750 106A 54 FCC /TIM EFFICID:CY (1-(I OPCT" (5-Al.ThO
06760 1097 2-A FCC /*100/
06770 109B MOA FDI3 $ODOA,$ODOA
06780 109 4-3 FCC /CIIANNEL .AXIM.U>1S LIM M",.

06790 1013C ODOA FDB $0DOA
06800 10PE 20 FCC / XIIAX= /
06810 IOC5 0002 X,'AeM 0I1 2
06820 ]0C7 20 FCC / (HEX) AT SL,',T IP N P,1' / I
06830 10b)P 0004 XI'CAXLO F.1B 4
06840 103 20 FCC / (IVEX)/
06850 10E9 ODOA FDB $ODOA
06860 10813 20 FCc / XMNTR /
06870 101)2 0002 XI.,TNr.I1 .13 2
06880 10I4 20 FCC / (iIEX) AT SA.TF NUMO, /
06890 110C 0004 YXnIILO 81"3 4
06900 1110 20 F'vC / (IHEX,)/
06910 1116 ODOA FDB $ODOA
06920 1118 20 FCC / x',o- /
06930 111P 0002 YMNC2,l P 13 2
06940 1121 20 FICC / (HEX) AT SA'ThE .N7 h5T ./
06950 1139 0004 YIXAO 0, 111 4
06%0 113D 20 FCC / (HE,)/
06970 1143 COA FD13 $ODOA
06980 1145 20 FCC / YNh /
06990 114C 0002 ". .I 0P, 2
07000 114?,' 20 PCC / (HEX) AT SAIMl N[UIt:R /
07010 1166 0004 'YMNILO 0213 4
07020 116A 20 FCC / (!HEX)!
07030 1170 0omC0, EDO SODOA
07040 1172 20 FCC / ZMAX-/
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07050 1179 0002 ZYAX2M PJB 2

~~ -~ 
FCC whx'v)/~ '~l3

070 W0 1197 20 BC / (iiX)/

07090 11D ODOA FDB $00A

07100 110>' 20 FCC / Z4I: /
07110 IA6 0002 Z1INNMI"3 (E A

07120 11A8 20 FCC / (FEX) AT SAMPLE NUMB[R /

07130 lIC0 0004 ZMINLO H1-B 4

07140 IIC4 20 FCC / (HEX)/

07150 IICA ODDA FDB $ODOA,$0DOA
07160 lICE 43 FCC /COmPRESSION STATISTICS:/

07170 liE5 ODOA FDB $0DOAB
07180 1187 20 FCC / NUMER OF MNORY BITS /

07190 11FE 41 FCC /AVAI. J\BLE /

07200 120A 0006 AVABIT MB 6

07210 1210 20 FCC / (HEX)

07220 1216 ODOA FDB $0DOA
07230 1218 20 FCC / UK]3YER OF BITS AVAIL'TLE/
07240 1231 20 FCC / TO V/M< LEN CODER = /
07250 1245 0008 FCrBIT PM3 8
07260 124D 20 FCC / (HEX)!
07270 1253 2DA FDB $ODOA
07280 1255 20 FCC / TcOjiM, NUMBE OF DATA BITS/

07290 126F 20 FCC / 8IOPJIJ = /

07300 1279 0008 TOTSIT 8MB 8

07310 1281 20 FCC / (HEX)!

07320 12.87 ODOA EB-B $ODOA

07330 1289 20 FCC / f.,R O1. BITS US!D TO/

07340 12A0 20 FCC / ST-RE CrIA>.ZL X /

07350 1223 0006 XTI"<F. RMB 6

07360 12P,9 20 FCC / (i X)!

07370 121T 0DOA FDB $ODOA

0730 12C1 20 FCC / NL'-_p 812 O 0 ITS 115MB -O!

07390 12D8 20 FCC / 510MB C1AX:,L L Y /

07400 12312 00C6 yBI'INml 113 6

07410 12P] 20 FCC / (HEX)!

07420 12F7 ODOA FDB $ODOA

07430 12F9 20 FCC / NU,,] O F" BITS US7,D '/

07440 1310 20 FCC / STORE C,,NEE 7 = /
07450 1323 0006 ZBI'7IN. RB 6

07460 1329 20 FCC / (1!EX)/

07470 132P ODOA MB $CDOA
07480 1331 20 FCC / NUMpE OF wiTS USED TO/

07490 1348 20 FCC / , "01: 02CT:, ,J,'

07500 1362 45 FCC /EtEF /
67510 1369 00P6 ThITh:Z 8.1,2 6

07520 136r- 20 2CC / (MEX)/

07530 1375 DDOA FDB $ODOA

07540 1377 43 FCC /ccO1,,, P"2O T7?T;1. /

07550 1391 44 FCC /DIA PATS S'tQ'."

07560 13AA 42 1.CC /BI'1S N'A1.I. i

07570 13P8 ODBA FDIB $ODOA,.02

07580 1311C 50 FCC / " V'XM
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PRSTAi\'- 9

07590 13CA 04 FCB 4
07600*

C * EX D 0M'PRTA
07620*
07630 END
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NcCPRS-7

00030 ~i**~~

00060 * AU"IIOR CAPT. NEI, T1U:SLTD
00070 * VERSION 1.7
000F10 * VERSiON" DATE 3 OCT 0
00090*
00100************************O
00110*
001 20 ) OVEFMAY PESOTPITION
00130*
001 40 * TIS OVLJUAY '111FS HI FL\KG DATWA VIA ",!'
00150 *A/fl T(VTPR§ R S'101KFS 7ML P BIT ?.l()'"]N7 DA
00 16* VALUTES 1"--'0 "E"ORY L~AIN CO7"' :PF
00170 71 %hE ,Y, Z CU:2S I!-,' ;JPT AD KN
001 Fk"* SL)JFI7,\TINLY 'NkYTN "'CO %-00 DNcRLGV
00190*
)0200 ***i******************k~*

00210 i,*

00220*
00230 *START OF NCRS
00240*
00250************************i***
00260*
00270 0100 0iS $0100 OVERAY~ START AllDIKIISS
002W0
00290 OPT 0 ASEB OPT-CT' CiQ0 FIii:
00300 OPT NOG ASSB O-PT- S, EPOLJSs i'IT , c LI
00310*
00320
00330*
00340 *LAMLE DECIAPTIO-S
00350*
00360 *SUPPrr c7!P(-U1TTNF Al: ELI,
00370*
003 W0 CA E7 a I'T'T 1 YY', S-C7 FR yP IT)f. N/\EDU S i Cyh l') 0:S
00350 CA Pl c( C'( :D O YK' l2 (NS [Y :Ny 01
00400 CAY% "I T Ic0 500.20 ""Mh11 o>::PK7):
00410 CA36 P121M Do SuKK, _ >uxw 6N"
00420 1D00 sio CA' X3' 8M 0-L2C.SiJ.i0-~
00430*
00440 *DATA BU PI- LS
00450*
00460 3400 1 5v& '7R imM, 1 3400 DATA -7'.1 T2 ''' -T

00470 F'PI' 11.QW D) F'38p8''"
004 F; 1C')6 TAVF0 $19 2'2
00490 1C98 ci'przpP mu S1098 0E
00500 3002 VIJDBUP I PL] S3002 AK
00510 1c9f) VLCSAV E(U S IC 1c 9' 1) C''''
00520 lOAl 1I1.11 HEX 101 i 1I1101IPT
00530 1('A3 SAVIlOI F-0' I 1A SYI
00540 341,0 "nolCT I~/ 35 PPX
005',0 3494 T~i: r2' 5349 Av (), '

00560 30~6 1JYU 1-Yf S4 C AVO 1) NXi,'
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005-C 3497 J%\ Z 1fli! 4 97 '1117 "J Ci' c

00610 3 49'I' MJ,:Y IV)I s3491 M ,AX 7L 1 1 : C!
ol06 'L0 3491: M 'ICk) i 1 ' 1 3 9I Q :wx %1IL T;C: iv: c y
00630 34A0 M I Ec'2 _3 4t'l IN V4LU P C
00640 3 4AI rM YI:o 1,0 1-3 '1:0- VU3>; Iu cc: C!
00650 3 410 'AX 131x $ 343 MA 12.X ViLl IN C: x
00660 3 4A4 $AYO>31 3 4 "!-1 IL LOC i 'l : Cy X
00670 34A\6 E:\ 3 43) S iA "3'I VlU C, .
006 W 3 4A7 MiXY.I'G !C< S34A7 I"P VII IL u C l (71!
00690 3 4AC lilTi Iu c" 1 3. C, I'* ] 3t( (7 'u 3f
00700 341. A 11i p3)1 D33 ~ U1-

00710 3 4P3 B YIITf ~ S 2 1 r3 P L4
0 07 20 3 476 z1% B,!T 1 )U S 3 1%
00730 3419 TB1sT-17 TF 7-)1 'TI-

00740 3 4'-C ACETCl 31 3 ,~ ~ -c
00750 3600 XPD,"! 1 1 _ S 3 600 0 VI:
00760 3600 YPP3UM' EVA, S31,00 0 VI T V 7
00770 3A00 Z MD13M ET, U $32'r30 0 kruC7 7
00780 3B00 TPDF 133) S313,00 0 1371 Ij C 17i3 117- 1, -1!

00790 3C00 SECZJ~o [3)1 $3C(",,')7c v .:v V
0000
00010 * HAPJYJrLPf, 1 ADEADRIL
00820*
00830 E400 ADCZIKO MuT "IF n 0 IC, CMT
00840 E40 I ALCYh 70D-'l SF40 Eli 03..T 77
00850 E500 DACZPO [3)1)O $F3500 DA'C Cilii,::>
00060*
00870*
00880 *FJT(I N :>CPS
00890 1-\1Yi :,P!3 1. '0 p? 1-"Y

00900 *OyUp'lpcT !DV'A 'i C) 1 i
00910 *CALLjS :C)TUTPU7'.,r:3 (TINC
00920 *KYDA~LV'

00930 *DESTPG;S :ALI,1!
00940 *PUPOCI :'X ('1311(1 3 C.-.. .. c7
00950 *DATEA MID STORLM rPc>'
00960*
00970*
009 80 01,0(101 orOCPRsSET1
00990 01.13l C-1 0 2'33 IDRX ST
01000 01 134 21D C/li' JSR C1'7 IC I(>~
01010 0107 JP (.7P3\1 (Plul 3) 13! i T

01020 0] CA FE -3002 1,DM 'II
01030 0101 09" DEX
01040 031313 V6 00 1D Bv R0,X
01050 0110 cl I ,IR 9 l i l ,1 1." FC
01060 0312 27 G0I rl1) !"'~ \ 1 TI 3'> 'U"' 1
01070 0114 7!3 113310 JM1" sTAWl'l P71' ljm 17U -I
010M3 0117 C;: 4:413 ~1C1 d)I -,'4!,4 VI 1T 77 Q 13 V(M
01 090 0]1] I 1 C 3 ( IT (T: "';*
01100 0111) PT) (VA IMP F 117I. UP 113.1P AT !'11YT
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N.0- i -p=

01110 0120 C>: 0235 I'x io..s

01140 0129 CF 3C00,"',iCvcO 1777 ,SECo-, IfIL,,.. .. . __ I.
01150 012C P0 0230 S Eh UFlPIR S'I" F.U t' ly
01160 0121?e 0 03 LDA A .-3 PICK, UP (?O"U','L77!. P' 'qJ; Q
01170 0131 F37 0227 SI'A A CALC:T ST'.]X 1'\: PT-:
0110 0134 PE F r-8 Mx IRQVLC Pic" u0' CL'-1'. 1-" ( f,
01190 0137 FP 1C9D SONX VECSAV SA\T P,, I

01200 013A CII 0"11' TM'QL'\L LOX a " .. T. .. '1 CR
01210 013D F"' "PFF STX IROV.EC TT ,
012?0 01A0 35 00 LDA A #0 ,1:IT cOY'< '" '. r-'

01230 07"2 0',7 0212 S"!TA A 1'MTTT S'COE 17 DCT'', T'VI'
012410 0145 Cz:( 0,, 0 0 00 CLIEPR IX019 al"71P11ER
01250 0141 Fl' 022C STX IPOQf T
01260 01 P !F 221 S 1hQCYI12
01270 01,0. 'IF r r0 SON,, DACR O ..... TNT 1.0 CICOIT

01280 0151 30 09 P. SPTD1 FRA Th (.1..T_::; -,.?P
01290 *
01300 **************************************, **
01310 *
01320 * BASIC TIMI,'NG If)D F-O LFFICIV2CN' TpST
01330 

*

01340 ************* ******************* ************
01350 *
01360 0153 01 SPI"OP MOP DOLAY TO .. I(
01370 0154 01 .MOP IT TARF73 3M) I
01360 0155 02. M'\OP IlTl, 7 Li':T ,_P.';' ' ] ' " 4
013c0 0156 01 NOP OF ''F I/Y, C?7'>
01400 0157 01 MOP Ot, 0" ... ' 

,

01410 015F 01 MOP IIIC-1 2 1 . -

01420 0159 7r 0150 JrP SP003 13 %) coo4P
01430 015C 01: SPOO CLI PPEP/,E 0(73 TUWI'
01440 015D 30 OAI STOP , OI..... 0 .7..
01450 015 0E O S 1004 CLI

01460 015F FE 022E IX IRQC.,lT+2 RrE]T'ED 131 .... !]OIC (017i7
01470 0162 0 lX
0140 0163 F' 022E STX IRQCT-7+2 SAVF IT
01490 0166 D,' >,,:' BNE SLrP -  CO .T CO.E F00'( 0000?
01500 016 F: 022C LDX IRCPIT YOS. I-C IA']T:S 31'4
01510 0161 00 INX
01520 016C FF 022-S I TO SAV' ('aiCO
01530 016F 176 0232 A1003 1 DC; A 0K71T IS DONE TEST SA 'IS11'1FD?
01540 0172 H'] 00 CYP A i;0
01550 0174 26 E8 F7 SF04 NO. KEEP LOOPIT:G
01560 *
01570
01580 *
01590 * END BASIC TIMING 100P FOR FFP TEST
01600 *
01610 *********************************A******4' k#+4-k*

01620 *
01630 0176 OF SET PT.VFMT 2",0 ,M) , V''
01640 0177 Co 4000 IDX #,,4000 PC(7 or' xo :7 c ,, ::"
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'Ar '2~I' '' IZ]S1, A N.)CI( (S0 ,>3. 3 ' C

016000 010 F,!7 3E SPDCrE IS "I':2 3'' ( 3 71 <
01700 01 F- 0 2 17 1 DA A CP.LCI NO. C U '71'
01710 01 P1 0' 2lPA~ 1S2 C(7?P N 2
01720 0 1 22 PiE iiA!FfAV NO. PF 1-,'~*1 CC' ~Yr
01730 0 1 F" FE 0,21 +2 C " YES . SV i~YLO i'72
0 174110 OI)0 FE 0 - 2, STX7y CQllf 17
0 17 50 0193 C' C33 6D SNTh'~ E inO, 1"T ''i)kN i

01760 011-5 FE F!E iiI( Dv LC
01770 019 9 D0 Nt IDPA A frN CEA S-T UP Ii~
01.780 0 19 P7 0232 M1'A A DC"IS

101790 019, CE 000 LE 4 CLF? OO ' 0330 a AN D S,'h 1171 O
01 S000 , CIT FE 022C STX "K 1

01810 MOA-1 F7 022 ,E SSN 2V'
010P20 0' A?" FEF 394 srx C:
0113 0 OllAA FE GOC0 S'IN EB.C 0 *r'C' IIITl'.2
01840 Cll/E 20 i33. PPA Si-"-cl (3 /iCV 1h371
01850 011,P FE 022C PASA cP EC :,f si,'r>7E ou
01860 01112 FE 349 S1CO iK LOO' (7f
01870 011315 F E 022E hE)X I r l C'. -, .

0100. HD].E0 FE 34,'92 SiXI ImDC3'Cli
01 890 01713 71: 013 lEEX~ Ti-1 . C' F C1''- I E'""2~C
01900 0 11 FTO CL52. EYIVE LEA' A CA C I11 (4
01910 OlCi F-P 0 2? FP A1
01920 01C-1 F.? 0 229)SPA A QMT2--1 K
019)30 0307 T? CI V1, ACCIC'' P-7"
01940 010k D 02-- ABC A 1% C.' r

01950 0O-CD 137 02C ST1A A CIT ,D ~
01960G' iD, 77 02S CP L DL 2 '-'
01970 01D3 70 622 P13 2:, 9~

0 1 9 090 O IPO 7 7 CO 2P 0E ~ ~ Q / '

02000 0 1E 706 022'--,')±1l~ I.

0201o011OlE? P, DEC( A
02020 01 ) 2 6 1T 8P C?(i 0c' 1,jTVQ

02030 01-11 IN (U D I ~l K K

02040 01 '1 F7' STA C, 7.f FT 2 l' '>

02050 010-7 D5 3 0 '7 12 A Un>7 !'1 -4 1'7;'. >3 VIC37
02060 010 1"9 :7 ' STA A AI T~ ' 3 12 i 1' ~3CY
02070 01 ED DO) I'--'I'A A FfP 1171 2
02080 0F? R7 : ST-A A , F kC(-
02090 0 17 F-) '9'I 133A r I

02100 01 P6 l7 D. 73 A A i,(*'l( IC
02110 011F9 3 C '' DA A EJ"~
02120 011f1 -17 34. STA A Aic
02130 01FPFl- IF 1 'PLX V(C I TS F'EE13 E'O
021 40 0202 1'I' F' ( SY( 13
02150 0205 (7 " G3)12 IPX i3 (
02160 0.300P 12C 1313 (hKI Y flPCC'TiE.
02170 02?T 1'-3 (Y,C 331 FFc1 IT A1 3'121'
0 21 RO0 020P? F1L: 300 o) z-f FX134pE2
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G ,I ",0 0211 0i9 DILX
02200 0212 F6 00 f WA 13 O,X

02230 0218 I'D 0515 JSR SAVEI'L1 Yr'S. SAVE 0.',' Dl_ 15!1Y
022.10 021P CY 0381E~ LDX 41srxYE
02250 02118 PD CA Pl JSR C'7Qc'
0 22L60 0?21 1 D CA,2 C JSR EYPID
0227 0 0224 7 ED01 DO'] Ex X ,*P STARTl J UMP BACK TO G-72
02280

02290 0227 0001 CP J 'IT I~ 1 T B I MT CAT, lO)OP M7i
02300 0228 0 0 02 CNJM. I 1-' 2 AVG'D O'Lf'> V CO I
02310 02 2t\ 0002 QcKP N R T- 2 T111P PUP 00> PI (X, '-(:
02320 022C 0004 T~r Y1RM 4 T4 71 bP0K:
02330 0230 0002 U1~Y P"B'1 2 BUFFLR POITE T7 CYVP ' 7'VL
02340 0 2 32 0001 FV'XTET FIPB 1 EGQE TEST. 1'11I BOR FU LL
02350
0 23 60 0233 11-07 STR.PSG ED5 'S1IAO7
02370 0 23 5 54 Fcc lb :17 ' 'C' "!'f/

02380O 0251 49 FCC /'I!)-!' %1hSTh DATA Jm
023 90 0 2GF OCA M1B $ODOA
02400 0271. 4E FCC /No DATA1 cMo.7RESSIcu./

02410 0 285 GOA 0DB $ODO, SCIDA
02420 028 9 44A FICC /DO YCCJ ILIS"P 'M0 EXECUIE 1115/
02430 022\5 4D FCC /OUE(Y OR NU)
02440 02D4 04 PCB 4
02450 0 2 1'5 1lA IRQNSG FC13 $1A
02460 OPLO ' 49 FCC /INSULPII Sv7 I K'l TIJD FM D=, CE
02470 02D4 52 1FCC /RFAD'! /
0240 0 O2DA CTOA FDOB SOD OA, S0D 0-A, ODOA
02490 0 2 1-0" 50 FCC 7E5S's L T7~COE UEP1P
02500 0302 29 FCC / F2NBII: 8?1I0i./
02510 013. 04 FCB 4
02520 0 312 1A07 SAVN1'SG FDO7) $ SA07
02530 0314 53 FCC MS~hN IM TIAPTM. Pi.P7SZEN
02540 03314 40 FCC /!,I iP:1 F-!',] -I-CP.
02550 03,'.C COCA FDM $ODOA .SODOAi ,S[;D)A
0256') 03>2 44 FCC /DO YOU ISP .7 'r":( S7X'T 'IIIS DTA 07/':A
02570 03)73 44 PCC /D1SK (Y OR 1'4j
02580 C,3 W1 041 FCB 4
02590 03 (:1 20 SD1rlE VCC / plRESS JIE,
02600 03871 041 FCB 4
02610*
02620
02630 DNCS
02640 *************~*****.*''

02650
02660*
02670 *]',,cTIN :sAPIOx

0,) MI.k' :S'IU"S 1'"l PEEs
02690 C >Pl~f.Um1WAP E
02700*QJ, :P'NG
027] 0 *p~p:1lLp~y s~Jv.. 1 ' i.
02720 * 0(3811; m,.L Vw 0:)0D'L(~:.i7
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:cIS-7

02730 * CAdCUL!'YV5 'S M] vpl.:,:OF 1I'?S :':',:

-2: "*+ Er ].... ?X" 2?YS' :" E' PR~ PD
0560 *

02770 *
02780 03 8F 0001 S.FUF m1113 1 TUIP SHIIFT PEFEP
02790 0390 0001 T-1PAI : ',, 1 TMIP R.E2, P.P CII 0
02800 0391 0001 T F-.1 HR 1 T-.IP £1343, LS C 0
02810 0392 0001 TFI'lPA2 P£3 1 TUIP REG, -EE Cl 1
02E20 0393 0001 TE:ID22 R 3 1 TE.IP RG, LS 3 CT I

02830 0394 0001 T-ZIPA3 F"M 1 T. 1,P RL2, C-1 C112
02840 0395 0001 Tl-741I33 R:.L3 1 T£1,1P PEG, LS1 Ci 2
02850 *
02860 0396 FE 3494 SA1,LE LDX SA=IMO GET CUR SNAIPLT. COUJNf
02870 0399 0S Imx

02S00 039A FP ,494 STX SINFNO
02890 039D BF 1C96 STS STK\SAV SAVE STAC, PRT
02900 03A0 FE 320 LDS $32P0 r1:IT1NT/E S%.2( TN E: jTD REMI
02910 03-3 CE £400 LDX #ATJCZI C 1Q'7 'TSE A/D -0 S- c T0V
02920 03A6 A7 00 STA A 0,X FOR MLX'9IE 0
02930 03A8 01 NOP
02940 03A9 A6 00 LDA A 0,X
02950 03AB F6 01 LDA B 1,X
02960 037D P 7 0390 STA A T:IIPAI
02970 030 37 03391 STA B TE.1PBI
02980 0303 0 9 INX T
02990 03B4 08 Im T

03000 03D5 A7 00 STA A 0,X NO,'l PULSE A/D FOR M,7V
03010 0317 0] NOP aN ClIrSTIE 1
03020 03B8 A6 00 LDA A 0,X
03030 03Da E6 01 LDA B I x
03040 03PC 137 0392 STA A 'T0IPA2
03050 03FF F7 0393 STA B TEIM-32
03060 03C2 08 INX
03070 03C3 00 FTX
03080 03C4 A7 00 STA A 0,X N(kq PULSE A/D FOR 0.NV
03090 03C6 01 NOP CM CHNR]L.L 2
03100 03C7 AG 00 LDA A 0,X
03110 03C9 F6 01 LA B ].,X
03120 03CB [17 0394 STA A TP IPA3
03130 03CE P7 0395 cTlA B T071"B3
03140 03D1 CE 0390 iPX M TEE.ll
03150 03D4 1,6 00 S?,V,7PII TPA A 0,X
03160 03D6 16 01 LDA B I,X
03170 03D3 47 NR A NOki SHIFTP 2 .E rLY 7 ,
03180 03D9 56 ROR B 4 [USITIO'4S TO .. "(7
03190 03DA 47 ASP, A 12 BIT TO 8 BIT 7.: :
03200 03D 56 POR B
03210 03DC 47 ASR A
03220 03MD 56 ROR B
03230 03DE 47 ASR A
03240 03DP 56 POR B
03250 03170 F7 0391 STA B SHPUF SAVE , .i'T ,E", CF. [QlP

03260 037 3 363 00 IDA A 40 ['21) AEI) C A J7 (K'1' I1 i,-
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0,270 03E5 F,9 0 3"F ADC A SI Y LilI- R:IXIIU ; : P U C I2U
01280 0318 36 PSH A SAV VLU IN STACK TR'UCGFAR1'ILY

03310 03EB 8C 03-6 CXIX #TEP1A3+2 CuPY:L Z RMUED TO 8 Bill
03320 03FE 26 E4 BNE SAMPLI NO. GO SL'PL* I:'FT CIIAXEL
03330 03F0 32 PUL A GET Z DATA
03340 03EI FE 0230 LDX BUFPTR PICK UP CUP :Tl1 FILE PTR
03350 03F4 A7 02 STA A 2,X SAVE DATA M Vv<li FiTE
03360 03F6 FE 3494 LDX SMRIPO GET CUR SAMTLI cOUNT
03370 03F9 BI 3497 C'P A 1.'LXZ IS CUR Z rFX OVE S.S 1 1 1ET?
03380 03FC 2F 06 BLE SPZRM NO. CO CK£ FOR PCVI
03390 03FE B7 3497 STA A NIAXZ YES. KEEP CUP VIU
03400 0401 FF 3493 STX M AN ZT1 KEEP CUR SUKPLL NUN
03410 0404 B1 349A SPZNIN DICP A NINZ IS CUR Z MI1! (,L." S17 i F : SET?
03420 0407 2C 06 BE SP Y _X NO. CO C :EC V. FR YNX
03430 0409 7 349A STA A MIRIZ YES. KEEP 7R EU
03440 040C rF 349B ST- MINZLO KEEP CUR S7<':,E t _

03450 040F 32 SPrI\X% FUL A GET CUR Y DATA
03460 0410 FE 0230 LDX BUFJPIR PICK UP CUR liT i"' FILE PER
03470 0413 A7 01 STA A 1,X SAVE DATA TO I.TlK. F.'_"lE
03480 0415 FE 3494 LDX SANIRNO GET CUP, SAl'NULE Ckj"T1'
03490 0418 Bl 349D CMP A ,AXY IS CUR Y Vi' Ov KF I' /LE SET
03500 041B 2F 06 BLE SPTMIN NO. CO CFL'K I'OR l]l,!
03510 041D B7 349D STA A ARY YES. KFEP CUR Y Vu!
03520 0420 FF 349E ST MAXYLO KEEP CUR Si'.uTh 'U'7
03530 0423 B1 34A0 SPYLel CMP A t1,Y IS CUR Y I OER $XTU SET?
03540 0,426 2C 06 FE3c SPY 7X NO. GO (7El FOR x 'lAX
03550 0428 B7 34A0 STA A T' YES. KEP CUR Y VI,U

03560 042B F 34A1 STX MINRYLO KEEP' CUR rS bE I, " 7

03570 042E 32 SPXN-AX PUL A GET C1R X DATA
03580 042F FE 0230 IDX BUFTER PICK UP C1,P ' F 1. rY _
03590 0432 A7 00 STA A 0,X SAVE DATA 1o "E* 1.'ILI:
03600 0434 FE 3'94 LDX SAMP!0 GET CUL I ClC- '2
03610 0437 B1 34,3 ClP A MANX IS CUP X 1<7 OV' S;:P.UiXL SET-?
03620 043A 2F 06 BLE SPXNil NO. CM CEICi X i-l?,]
03630 043C B7 34A3 STA A MAXX YES. K'ELP CUR N %7LU

03640 043F FE 34A' STX =L \KXLO LEEP CUR S.' - il vu'
03650 0442 R1 34A6 SPX:<.IN CNP A KIN IS CUR " N,. C 7

;7R C'ET,17

03660 0445 2C 06 F{E KTEYI)F NO. EXIT 1L"XKTL N
03670 0447 P7 34A6 STA A fN111 YES. KEE' CUL iN Vi U
03680 044A F 34A7 STX MLNE.qC) KEEP CUIR S E C -l.T
03690 044D 0C E1OE CLC DONE 1'ITi] rlA & . NC1
03700 044E ff) 18 DA A *24 UPDATIE ACAL DAT 'iT S' )D
0371.0 0450 C6 00 LDA B #0
03720 0452 SB 34AF ADD A DTA3IT+3
03730 0455 57 34,P STA A MYPIIT+3

03740 0458 6 00 LDA A #0
03750 045A F9 341f ADC B DTMIT+2
03760 04 D F7 3 ,AE- SPA B 1ABIT+2
03770 0460 C6 00 DA B I0
03780 0462 P9 3470 ADC A UPDTNIT+4
03790 0465 f;7 34AD 'TA A IYEfTJIT+l
03800 0468 F9 34AC ALC P FfIARIT T
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03810 0,16B P7 34AC STA B ljABIT
03M?0 0,16E 86 08 IDA A 48 NCV' UIDATE XTT,'YBIT, 7BIT 03
U E'< (' , 5 3' 'p! , : : " < . . ' :
US3-10 0.§.2 }3 3-2 .N i) A 7,: ,-' ,. . .. .. h '. ,.

03850 0475 B7 34B2 (,I'A A XBITS+2
03B60 0478 B7 34B5 STA A YBITS+2
03870 0478 B7 34138 STA A ZBITS4-2
03880 047E 86 00 LDA A #0
03890 0480 F9 3431 ADC B XBITS+1
03900 0483 F7 3481 STA B XBITS+1
03910 04%6 F7 3434 STA B YBITS+1 I
03920 0489 F7 34B7 STA B ZBI'IS+l
03930 0402 B9 34B0 ADC A YBITS
03940 0487 B7 3480 STA A XBITS
03950 0492 B7 34B3 STA A YBITS
03960 0495 B7 3486 E:TA A ZBIT S
03970 0498 7F 34DB CLR TBITS+2
03980 0493 7F 34"DA J.R 113ITS+1
03990 049E 7F 34B9 CLR TBITS
04000 04Ad 34 DES NC, IOINT STACK BACK TO DATA
04010 04A2 34 DES
04020 04A3 34 DES
04030 04A4 32 UJL A GET Z DATA
04040 04A5 CE 3A00 lI)X #ZPDF
04050 04A8 BD 04D2 JSR PDFSWZ UPDATE Z PDF BIN COUNTE
04060 04A 32 1IPL A GET Y DATA
04070 04AC CE 3'00 LDX #YPD-7E.M
04080 04Af BD 04D2 JSR PD17STR UPDATE Y PDF BIN CON TM
04090 0482 32 WUL A
04100 04B3 CE 3600 LDX #XPDFN
04110 04P6 BD 04D2 JSR PDFST
04120 0459 FE 0230 TDX BUFI]TR NQ. GET & UPDASE rM UL.F TY]
04130 04BC 08 INX
04140 04D 08 INX
04150 04ZE 08 INX
04160 04BF FF 0230 MIX BUFVPR
04170 04C2 BE IC96 LDS STKSAV RETPM..!7,KY STAC!" P'OI,-TIBE
04180 04C5 8C 7PFE CPX #S7FFE IS r:EM tl}, FYIil?
04190 04C8 26 03 Ee SAI-TI NO. RET F7,"W8 1'1 , & SFli' AC
04200 04CA 7F 0232 CLR DXTST YES. LTTi VULL "L-G
04210 04CD 38 SA"RTI PII
04220 *
04230 4CE 0002 T7173DV. I ,MB 2 THI ,P WORIG B UITFE. ,
04240 04D0 0002 TI'1PST IB. 2 TFl IP STACiK SAVE ''
04250 *
04260 04D2 BF 04D0 DPSTR 815 T1I1P-T SA,7' STAVCK P]'T
04270 04D5 FF 04CE MIX TE1PDE Sl-.!*%T PP]F I'T,
04280 04D8 16 TAB SAVE iNPUT DATFA VT,
04290 041)9 BD 04CF ADD A 91711'-] ECU CAGTJ[F' N,
04300 04D2 87 04C STA A TlPD.+I R! r11fp . '
04310 04D P6 00 IDA A #0
04320 0411 C5 M RIT B #sPo IS 11E DATA VWll TT

04330 0413 28 05 rFXII PDFST'] YES. EUC r.*S v Y
04340 04E5 B9 04CE ADC A T11,lI NO. ADD U]'i'l C,:V'- "-
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04350 04E8 20 03 MA PDFST2 M:ND STORE
0 4760 04FA 112 04CF PDFSTI SKC A TI1,P VLU IS TJRG. SEC

0.St 04:u 17 l
04390 04F1 BB 04CF ADD A TE.iPDP+I FOR PROPER 70DR CALCUITATIOl
04400 04F4 137 04CF STA A TFZ4,PDF+1
04410 04F7 86 00 LDA A #0
04420 04F9 C5 80 BIT B IF$80 IS ThE DATA NEC?
04430 04FB 2B 05 BMI PDFS73 YES. SEC rSB VS iEC
04440 04FD 139 04CE TDC A T'IPDF NO. /ADD WIT GMlLEY L.1B BYTE
04450 0500 20 03 EPA PDFST4 AN D STO.RE
04460 0502 B2 04CE PDFST3 SBC A TE'1F VLU IS NEG. SU1 1,1Th Cl\!Y
04470 0505 B7 04R PCFST4 STA A TIIPDF MD ST'C E
04480 0508 FE 04CE LDX TE21PDF N L,'L,)D C/.C DDR FOR INDE!X
04490 0503 Al 00 LDS 0,X GRAB \IU IN CALC ADDR
04500 050D 31 iNS INCRElT IT
04510 050E AF 00 S7I 0,X AND STORE IT BACE ri3 P.UFFER
04520 0510 BE 04D0 LDS TtIPSRT RECOVER STAE FILTER
04530 051-3 17 TBA RECOVE, ORICINL DATA
04540 0514 39 RTS
04550 *
04560 *FUNC: EXEC JUMPS
04570 *INPUTS: ACCU ,JATORS
04580 *OUTPUTS: NCNE
04590 *CALLS: SAVEFL,FILBT-R (EKG-EXEC) VIA ADDR BUI'FERS
04600 *DESTROYS: X,A,B,CC
04610 *PURPOSE: TO JE71P TO DESIRED RCLTIES VIA RI-Jf0 ADDR
04620 *

04630 0515 FE 1CA3 SAVEFL LDX SAVELC GET .I3DR OF SAVIPIl,
04640 0518 6E 00 JMP 0,X JUl1P TO SAV'TEIL
04650 *
04660 051A FE ICAl FILTOR LDX FILHlLC GET A.DBE OF FII, C
04670 051D 6E 00 JmP 0,X JUF7P TO StAJLFL
04680 *
04690 *********************************************L ****
04700 * END SANFE
04710
04720 *
04730 *
04740 *FUNCT ION :CAT,]I7T
04750 *INPU q (PTG) :N iE
04760 *OUTPUT'IS (I) :NONE
04770 *CALIS :NO hIf.
04780 *DESTROYS (PD):'CF (PFTTNR>TIYV I VTI!')

04790 *PU Rj/ SE :TI ls FICXT ]'I j2 7"Th FO R (]1 : '

04800 * TilE AX N :Pr I ,( W .5

04810 * DURA,, N P0 ''-' p 'vici:. F IS
04820 * ROUTINE ULDATI S W. I Y 1*71-' Fl FG i\-D
04830 * RESE l ThU EghECO TNT FIP WEhC2 &
04840 * TIE IE'UPES.
04850 *

0460 051F 7C 0232 CMINT INC I.hT CEUT'71 IS "T' ,
04F70 0522 F,7 F400 STI'A A ADC71PO CR 7, 80 II'T l',1'
04880 0525 01 NOp
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045F99 0326 3B RTI
04'N), *

04930 *******************************$**iit,****A **t******
04940 *
04950 *
04960 *******************************i*********i *******
04970 *
0J4930 * END OF NCFRS CVFRLAY PGJTTNES
04990 *

05000**************************0501005020 END
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0ULU G Alj,C i: CAPT. 'd]
00070 *VERSION 1.8
000p0 VEP.SION DATE :22 OCT' 80
00090*
00100**************************

00110*

00130*

00140 *THIS OVERLAY SAIMPLES 711E FYG DATA VIAh
00150 *A/D CONVERTERS, P.CUTKD1S ThE D)ATA TO_ 8 BI=h,
00160 *AIND qlIL CU~IFRESSES TIIE DATA VIA. 'TIF 7iWX,,:,-A
00170 *ALGO0RIT111I. WHE C011PRFSSID DATA IS .".CRIM S 1iPD iN
00180 *MEIMORY DATA FILE PROM 300-7FFF.
00190*
00200 ***************** ********

00210*
00220 *START OF TOL7AN-A

L 00230*
00240**************************
00250
00260 0100 ORG $0100 JJE-PAY ST7kRT A'DDRESS
00270*
00220 OPT 0 ASMI OPT-GLT 01U FILE
00290 OPT NO ASSB OPP-SUPPRESS FULL FCC LI
00300*
00310
00320*
00330 *LADLE DECLAPATIONS
00340
00350 *SUPPORT SU]3RCIT111E ADDRESSES
00360*
00370 CA 87 OUTPUT D)U <,CA 87 EPRCUYDS. ALPHl MTrCG TO CriTh,
00300 CA8F cuJTh-CR u .$CA 8F EP>CiS. A1,17 STP1N,NO,!' QClIF
00390 CA2C ITEYPD L'QU SCA\2C ECECS. (XYlhC'TF T'SK"Y ! P07',l
00400 CA36 KEYBDO T-MCU C3 6 EPRCRLY)S. ('r:l:IPU.N ?
00410 1DOO START K)-U $lDOO EKG-EX>EC. FIL I J T ECUTIUF:
00420*
00430 *DATA BUPFFRS
00440*
00450 3400 1IR!T rmjq-',1) $3400 DATA MW DRY F'R 11ILADER
00400 F'FP8 TFO F.n t Y:u Sll. 1TEPV1V \'11 In
00470 1C96 lMihAV I,, F19 -TC P11E li,'12
004R) IC98 C 1 RTh _'P KU lco cc'iC98111'l, N11,(")C 11.rr 'C'
0041)0 3002 I~Yi l $3000 IhLi~
00500 1CD LC-V '() D IlED '.TI'l(, C, ' 1'

00520 1CA3 1AEI LQIJ lc3 SAI'1 1;ll
00530 3400 J ffPcp PO~ 1,1j 3490 lc~Pi.:1'171( lXY('
005)40 3494 SpAM'IT,7o mlE S34 94 uIT'F"R ci'lT : 1 ,
001)50 3 496 iyi ~ 96 AV1 D- 1i~* 1,49 A, 11 0
oor~o 3497 lPljy K EoU $3497 MMX Vlii )',' CIf Z

176



GO- 3498 r ZLO !Uf $1 .! 9 17 i v1 L Cc i C!! I
007.: 3/OA MINZ FU S3., 9A 11HIN ViU I C11 "

.3

006.0 349E r.1AXYL , [OU $349E 1 MX VLU IOC II CH Y
00620 34A0 fINY EQU $34A0 M.r ' VLU IN CII Y
00630 34A1 mmINYLO ) U '34A1 1E1 VIJ LOC l C1 Y
00640 34A3 MAXX FOU $34A3 r,%NX VLU TN CH X
00650 34A4 =AXXO mU $34A4 M.tAX f'LU. L- IN CH X
00660 34A6 MINX EQU $34A6 M]TH VLU DIN C1I X
00670 34A7 MINXLO mqu S34A7 NIH VLU ILX INM CH X
00600 34AC LDPAIT OU $34AC HUi OF BITS US1D TO S17 DTA
00690 34B0 XBITS mQU $34B0 HUM OF Bils USEL" TO s5)p x
00700 34B3 YBITS .OU $34133 NUJN1 OF BITS U=Y) 0 ST'I Y
00710 34136 ZBITS MU $3 B6 NU OF BITS UF!)D TO S-S,,. Z
00720 34B9 TBITS tlU $34B9 IUj OF P Vt% USiiD TO S'1.7 T
00730 34BC ACELCT MU $3413C # BITS FED 0 VAR L!2 CODE
00740 3600 XPDIEN MU $3600 0 VLU lQC OF X PDF
00750 3800 YPDFM! EmU $3800 0 VLU Yiji OF Y PDF
00760 3A00 ZPDF4 EQU $3A00 0 VLU ]f' OF Z PD?
00770 3D,00 TPDF EmU S3BOO 0 VAL L(-' OF TIME VPR HIST
00780 3C00 SECZRO EQU $3C00 DATA STORE ADDY START
00790 *
00800 * HARI,ARE ADDRE.SSES
008]0 *
00820 E400 ADCZRO EmU $.M,00 "07C CII"'NIUL ZERO
00830 E404 C-1-'i0 mQU -4 04 TiE ' '
00840 E500 DACZRO mOQU $E500 DAC CIIAM;li ZERO
00850 *
00060 *

00870 *FUNCTION : TOILAN-A
0080 *INPUTS :STATUS ...... 1 F EG-E F C
00890 *OUTPUTS :DATA TO DISIM
00900 *CALLS :OUTPUT, Fil IDI, ,EYED, U.5 Q3
00910 * KEYBDO,SAVEFL, .... -T
00920 *DESTROYS :ALL IEIS'-EPI
00930 *PUPFOSE :T0 (O COIIIC 3 (31A.TS OF EK(;
00940 * DATA MID oE Th'IO MIIORY,
00950 *

00960 *
00970 0100 OF TOLM1NA SEI
00980 0101 CE 0252 IDX V;SqLMSG
00990 0104 PD CAF JSR UT'fR "TIS YTIOi1 r SMPLFS .
01000 0107 ED \2C J SR KEY7D CET 1,,X0L ,:(I I ',T ',,'IPEE ,,}
01010 010A FE 3002 LDX 7ID.U,
01020 O1D 09 DEX
01030 OlO1E E6 0,0 IDA B 0,X
01040 0110 C1 59 CIP B t 'Y IS IP' fT YES?
01050 0112 27 03 1O AH] YES. V'p I'x r'T;rr ' Tlis ;ms'
01060 0114 7E 1Do0 J:P STLT O. -:T': 1 :( ;-
01070 0117 CE 5441 T)L!A l IJX $ 441 FAG 1 P1 >0v17 i; 1 '. J'! (TA)
010P0 OIlA F'" 1C98 S7 CT)'YP
01090 0])1 I'd) 0232' JSR I'ii,1,AR SET UP DATA 111'IIIYI ,

01100 0120 C-'E 02T.9 IDX ::]RCEDG
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Oli 0123 BD CAOF JSR C;ilep "IN5Lc::E SV1k7!\PC, F"; I...
011 T 26 BD CY'36 JSR KEYP.O

6:7 ;;C7' 2'",C0 'IOLJqC i,:: ~ :yy,2:C i" '?IIL __ . Ci:!F"'
'

dll , <_ .l 02' u+: L".J'lf'h' C,

01150 012F 86 04 LDA A #4 PICNK UP F(2PP. IOR TI:.3 CAD
01160 0131 B7 0245 STA A CALG T STORE IN BUFFf r
01170 0134 86 80 IDA A #$0 INITIALIZE BIT -(0I1TF TOD LEI'
01180 0136 B7 03C7 STA A BIT'R
01190 0139 4V CLR A INIT CO.PRESS VPR
01200 013A B7 0251 STA A FIRST CLEAR FIRST SIV.1hLE FLAG
01210 013D B7 03BC STA A XSLOPE
01220 0140 B7 03BD STA A YSLOPE
01230 0143 B7 0313E STA A ZSLOPE
01240 0146 FE PFF8 LDX IRQVEC PICK UP CUPPH, IRQ VECTOR
01250 0149 FP IC9D STX VECSAV SAVE r. ,BUFER
01260 014C CE 06AE TtIMCL LDX tALINT GET IN R VECOR ADDE FOR C.L

01270 014F FF FF138 STiX IRQVEC PiT N VLCTO, ADDRESS
01280 0152 86 00 IDA A #0 1%ITT COUC7FIT- FOR 2 6 TE-ST LOG
01290 0154 B7 0250 STA A IX)NPST SiOR" I E(TT DLULY:R
01300 0157 CE 0000 LDX #0 CLEAR L(XOP C.CIOER
01310 015A FF 024A S117 IRQCUT
01320 015D Fr 024C STIX IRQGT-2
01330 0160 FF E500 STx DACZPO PULSE .,T LEA CIRCUIT
01340 0163 20 09 BRA Si<O1 BRA TOYCUr]c IDOP
01350 *
01360 ********************* *******************x****
01370 *
01380 * BASIC TIMING LOOP FOR EFFICIMTCY TEST
01390 *
01400
01410 *
01420 0165 01 SPLOOP NOP DE]AY TO EXTOl TIE.D7
01430 03.66 01 NOP IT TAKES TO EDECUTE ThE
01440 0167 01 NOP a7CRI1,T O BYTES 3&4
01450 0168 01 MOP OF ThE LOOP M1,1UTE2
01460 0169 01 NOP WllI COURT CARRIFS 0
01470 016A 01 NOP HIGH 2 r" 0 4 i?j
01480 01613 7E 0181 XiP S03 JMP TO W,TI-U L(cOpI
01490 016 OE Sr01 CI PREPARE FOP I'll ,iR 2T
01500 016F 3F WAI STOP ,,OCESSO, & LAIT
01510 0170 OE SPD004 CLI
01520 0171 FE 0240C I -Y IPOCUIT+2 RLT'M .Pm IN.T,IC CP TT
01530 0174 OR INX
01540 0175 LL 024C STX 1hirUT' 2 S\ 7IT
01550 0178 26 F. 3 SJ7,OO 1.11,11, . 0 00?
01560 017A FE 02,1A LDX IPOC7,T .. YES. INC E ...1.S&
01570 017D 08 ImX
015[n 017E F. 02 zA STE ILOcii SAVE rn ulv
01590 01,l I. 0250 SI-CF03 I.DA A MUTYP IS j'17T8 S,,T'r ,'F1D?
01600 0]84 81 00 CM P A ! 0
01610 0116 26 i-8 III Tg St-004 NO. KEEP 102, .
01620 *

01630 ***********************************. .*+*i*
01640 *
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01KG* ED I 3AL1IC T 1:. 1( 'ClPI'- ..P .....

016 "0 018 OF' SE1 PRDQT SER TO~ !MRE INTER
01700 01 8 9 CE 4000 LDX "'S4000 PIC], UP INTE p OFF -17d

01710 01 X PF E500 STX DACZPO DISPELE m r'R PC T'1M
01720 01 8F B7 E400 STA A MC Z KO (ThE EThOOG0 LT FLIP FLOP
01730 01 92 01 NOP
01740 0193 7A 02415 DEC CALC7,T DEC TINIE CAL TLOOPCXJT
01750 0196 27 4F BnQ SPDONE IS COUN.T 3? YES, cGO SpJUE DATA
01760 019P B36 0245 LDA A CALGCKT NO. CGET COUTJ

01770 01 93 81 03 CMP A # 3 IS COUNT 3?
01780 01 9D 26 25 PINE MAMhEP NO0. CO To1 rfIAL h SqPE LOOp
01790 019F FE 02,C LDX IROGMT+2 YES. SAVE TIMEF, LOO01 COU11E,

01-00 01A2 FP 0248SX LOI
01810 01A-5 CE 03C8 LIX tSAM'PLE Na PUT SAMPLE ADDR III IRQViC
01820 01A8 FC PFF8 S IROVIrC
01830 01113 86 00 IDA A # 5;0 SET UP MIITSJ.'
01840 0l11'D B7 0250 STA A WD)TST
01850 OlBO 7 F 0251 CLR FIRST RESET FIRST SEMP FLG
01860 01B3 CE 0000 LDX I0 CLEI Loop CCJNT PND SAMPLE_ CCXI
01870 01 B6 Fr' 02-A STX IROM.LT
01880 01B,9 Fr' 02eC STX IRQ1,T+2
01890 0 1-1, FF 3494 PX SAJIRhO
01900 OlDE-! PF E500 SMh DACZRO 1IT AFDLE TIMER: TRTP'7'S
01910 01C2 20 AA. EPA spool COt ' AIT FMR I!U'TE]J)1!'7
01920 01C4 81 02 rARhSP MIP A i2 IS OTC11' 2?
01930 01C6 26 10 M~E PARSAV7 NO. qA%;r kT)hlpp E
01940 01C8 06 55 LDA A 4$55 SET FIRST FLAGC
01950 0l(A 137 0251 STA A FIRST
01960 01CD B7 0250 ETA A DONTST SET POND7T FOr SMP COL.LEC
01970 OlDO CF 0000 LDX #0 EflIADTE INTE CLCK
01980 01D3 FFE 500 M~ DACZPO
01990 01DG 20 96 ERA SE(XD1 CO UAIT FOR WEPY
02000 01D7S1 FE 024A PARSAV 1DX I ROC T SAVET LOOP11 COUNT
02010 01Dl PFP 3!4(90 STXA TOPCI
02020 OlDE FE 02ZC LDX IROC J11+2
02030 0151 PP 3492 STXr LOOPC-P+2
02040 0l1 7E 01IC jM"p TTiMCAT GO L'XIMCE --, ?NOT'ER ']PITPE CV,
02050 0157 BG 02,'9 S FDON E TPA A CALCX2!'l±A~Mi IE(d 1,1*725
02060 OlEA BE1 0 2,'D ADD A IPCIC2VP ADD Fr:; 17 '
02070 03,11) 8'7 02,7 STA A C1J,7PC "11 MC2I E !Ni F!E
020FO0 1lF0 B6 02418 T J V\ A C'J\LNJE pICE '~ 'Ip C FV-
02090 01F3 1,9 02-'C AIEC A 1! -0(' ' 4 2 ADD C -:. ('PY
02100 01F6 M7 024'6 1T A 1~ "0 5': 1-.wy
02110 01F9 77 0 2, *A N(;R Q\ALZP1O DIVTI'' Z", 2 '1

021 20 011KI 76 C2.' PlRE l GLI Ii41 Ol
02130 01FF 06 0 1) IDA A '! P SET 1P11, f7Ifl
02140 020], 77 024r) IA$F PM CA111,71 DIV11 ."Z (
02150 0204 76 0 247 ROE CALEVG+1 O~ 1,SU/ I:vE E
02160 0207 4A DEC A
02170 02 08P 26 F7 PN.E CAS1 T' 8 1YM1-'E Y17T?
02180 CJ20A P 60247 MDA A CA~L1':O)Q PICE Y E ii 7M

179



'IOL.P - 8

02i.10 020D2 B7 343 FI A A LI'OM, IP> 1>12 '
0?7 02-10 PDr 0598~l- JSR LUPA CP >o.: CRAP I (T T"" 'I 2 V

OL2Zj0 U216 i-T 1' D9~l h
02230 0219 CE 0336 LDX SiWV'-G
02240 0 21C BD1 CA tBF JSR CIJMNMC "SA.T P2 c 7-1 2PIJfl' .;'-'
02250 021F BD1 CJ\2C JSR =EYED C' SAVE DlECTlV'C'
02260 0222 FE 3002 LDX ENDDUF
02270 0225 09 DEX
02280 0226 E6 00 LDP, B 0,X

02290 0228 Cl 59 GIP B # 'Y IS DZICISION)' %PS?

02310 022C BD1 0240 JSR SAVEFEl YES. S;AV71E '11E IL!E a" DIS!,'
02320 02 2W C': 03A4 LDX # S XXU;E
02330 0232 BD CAWF JSR OU 7 hCR
02340 0235 PD CJ\2C JER KEYPED
02350 0238 7E 1DOO EDUJMP J I, STATI JUDD BACK TO EETC-LVLC
02360*
02370 *FlJMC: RELOC JL'?
02380 *INPUrls: A
02390 *OUTPUTS- NUIL
02400 *CALLS: FILl iDE, SAVEFL(EGDC QThS
02410 *DE;TPDOYS: A ,P,CC,X
02420 *PLIPMSE :THIlS RIEX'P11E V'AiiTYS WLUAT FF' RELOCA
02430 *IqITfilcaT C:OREY 0,- CEAhNG E- C-'.LS TO Fl'G-lN>('.
02440*
02450 023B. FE iCA1 F I I ff)R LD)X FILIILO CE II2 RS
02460 023E 6E 0.0 JMP 0,X JUMP TO IT
02470*
02480 0240 FE 1CA\3 SPAT/EFL LDX SlAVTh!C GIFT S/WEPT ADDRESS
02490 0243 68- 00 itrlR OX JUMP To IT
02500
02510 0245 0001 CALCCTl PJ D 1 TEST CATL U L C OZY7 72'
02520 0246 0002 CAL'ZRO' P171 2 AVG'D CAL ADYECXTCi
02530 0248 0002 cAlUT-J4 P1 U 2 T1NP BUP M{ ' (N'F M 2.T (:J
02540 024A 0004 IK,,(CCT P111) 4 T57 1 INTRIzI~~ YT' "I'l 0 ,i
02550 02,T 0002 Fl::-T 12M 1 2 13D1'EER 1& ' (Y"'~~"
02560 0250 0001 mC TTT 8511 1C~ ~l LiX 172~ Tel' 1: I

02570 0251) 0001 FIR'ST FY13 1 FIRST [/2 8fFIlG
02580* h- "'

02590 0252 1A07 MRI"S G FDM $11,07
02600 0254 54 FCC /Tils D'
02610 0270 49 FCC /TilFVi' NTT1) PArc/; UN
02620 02PA ODOA FDB $ODGA
02630 028C 43 Fcc /CRRSC IP[;U'T7
02640 0 2A9 ODOtA\ 813 SODiOA, $01201
02650 027D 44 FCC /W yca' 1171:D inI1--~
02660 02C9 412 FCC /NIIE(Y o'-)'
02670 0 2J) 8 04 FMB 4
02680 021)9 1lA I QMs G -cp, "lip
02690 OIDA 49 Fcc /181 IC. ['DP "'

02700 02FR 5)2 FICC /OE!
02710 021:1 ODOA f11 $(IoDO,O rOA0r2
02720 03 04 5 0 FICC /832: l'~;2'D<Cm'
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0 27 -2 0 3 26( 20 i~7 / VLc ~1'h
02P70 0i 335 04 FCB 4

02770 0357 .FCC /WF7I' :oi
02780 030F ODGA FIDIB SD 0D0A,S00A
0 27 I0 0375 44 FCC /Do YOUl To7f-sH Ir I W m__ DT? os
02800 03% 44 FICC /DISK (Y OR 11)/
02810 031A3 04 FCB 4
02020 0 3 t"- 20 SDONE FCC / PR\Ess RPJrI--/
02830 03BI 04 FVB 4
02840*
02850*
02860 END3 TOLAN-A
02870*
02880
02890 *FUNCT~ION :StAlPL11E
02900 *IPpJS; -STA'IUS FIFOO7RS
02910 *OX3PPUJ' :C .150 RUXZ DATA 4-- 1- Ei RU!'?
02920 *CALJLS :0P7
02930 *PUPOSE :711TS P&X'Th2 1 7-;1L0 ?F FTV, LENDS,
02940 * RWNDMS il TE VA L U ES 1'0 8 PilS >RC 12)
02950 * CATCLIPS M.7, 02B1S7'~
02960 *ETC., ANSD SAVES 71',:c E P~l',VI ADLXYA
02970 *TO DATA rEl-i FILE.
029F0
02990*
03000 03102 0001 S I FRF; U OP 1 TE11P S II FF LiT E R.
0303 0 03M3 0001 T11 IP1P I B 1 TETIP pRof, r./si- o! 0
03020 03'',A04 00C,1 7-f i l I 1- 1 Tlup E,17C 0
03030 037 8- 0001 T1 7~_17\2 1 TP P R , S CN 1
03040 0 37 i I'0C) 1 11-:~ 07 3 1 TIZIP FIEC , LS Cl 1 '
93 0 5 0 0307 0001 TlE'77-0 ! -. ' 1 TED--P 0>,~ 01, 2
00 3 G03 0 31 /1 ' ", 1,P TEIP LM0 0 Ci 2
03070 0 3P9 0001 YPJ'T p"3 1 TE2,P X CO D'A P(<-F
03080 0 3 iA 0001 lrlv P PA 3 I " 1 TUIP Y CP POTT 017
03 090 0 30 0001 7PAMOP I T 1 T1ThP Z CiI A F, i
031.00 0 31 PC 0001 \7 ~1 1STl 01FF X1 (Il 1 "(:-±+)
03110 0310D 0('0 ~1 l 1 1ST DIMF' Y(V"'1
03120 0 3D 070O01 7sC' '>' 1 . I1ST DII'0 Z (' ) -iV
03130 03)1'!., 000(1 %'',7 T'~' 0 1 LxPF;C"I) V/S X
03140 WiCO 0001 r, 13- 1 13(PLECi'ID VA T Y7 I
03150 OM~ 0001 B b 3 LXPF C!U V1 M U"7
033 60 03C2 0001 XF1JV-cC2L 1-770 1 DIFF X (;'.'+I "

03370 0303 0001 YA.CCEL V0 1 DJ1'F' 'o:)-:

03100O 03C4j 0001 1"CI 7 1~ DIE 4 (i ).
03190 0 3 c (, 001. SCUE. 7 1l 0 1 1 HAvE.; J Io' 57
03200 03C60 0103 1 c~ 0/70ll 1: Till Io < ~
0323 0 03C7 0001 lDI'P7!? P0:0 1 BIT lI):4*TFE-(, .5 ' :'
03220*
03230 03(1 131 3494 u Tmsi XP S Ai m n ('1UT CUR 27>(7
03240 03CR 0n I Ox

03260 030CF :-' lox MY! I.:m~ Too1 3



I D C'AilL LT'' (' "'

03320 03170 P 03F79 IDA AXDATA
03330 0 331 PA7 G00 STA A 0,X
03340 0317 08 DmXI
03350 03174 F76 0 3 17A IDA A YDATA
03360 03E79 A?,- 00 STA A 0,X
03370 0317l OP INX
03 300 03FC( F76 03171 LDA A ZDATA
03390 0371 A 7 00 STA A 0,X
03400 03N7 08 mNX
03410 038F2 FF1 024E SlrD BUFPTR UPDATE i'!F " 17U7,
03420 03F5 D33 55 IDA A #$55 SET STRIUS & FIIRST F'!IG
03430 0 31F7 M/7 03C53 STA A STIRFLC
034,'0 03W' 137 0251 9,1A A. FIRST
03450 03FD1 26 08 LEA A 1#8 UPDATE 'K,Y,Z B3IT C7h*S 17M n:
03460 03FFPPB- 37 34 T STA A XMlTS-1±2
03470 0402 1M37 34 ll5 S'TA A Y17IS-1-
03400 0405 137 34B38 STA A ZFRP±+2
03490 0 40 F, 7F 02170 CLR Lr>W? Q11Ili I DYIQilsT FLAG roR1 1 s!RPLT
03500 04013 PE1 1C176 LDS STK1SiV
03510 0401E 313, RTI
03520 0401 7 D1 03(C5 00,lPIS '1ST SM ,Lr-l 1571 ATA JUST PEE13 £C13' ?
03530 0412 27 05 BD C'I11 "C. KEEP G'f 11177 T'"-7
03540 0414 F,6 01 IDA A #1 YES, SET TI:'l COlUT 910 1
03550 04160 17 0--CC STA A 1011?
03560 0419'J 13P6 03T79 C(17138 IDA A '% \A 7 x NVI U
03570 041C P51 031 C D A 'A'ST017?7 xT ( 1, 1 2
03500 0411 13:'57 03F? 7F STA A Y17XP (3RI N ''- VAL (7] X' >(1+1)
03590 0422 F,6 03,. IDA A YWA A 1" 115F"V
03600 04125 BB1 03',11) ADD A YSLOPB' "DD'I (Yi f) " )
03610 0428 537 03(70 SI A 7ER C-i-L1-r (1)

03620 0 4 21P 1-5 033 Il-) DA A ZATA GE CLVC1 zX 211 I-;.,'
03630 04'2F7 D3B 031717 ADj:D A =,L1:'7 ADD -2) 1
03640 0-131 D37 03(71 L'IA A 27EX (0 '77 '"TF(T- V13 V7 C -- 4

03650 0 43 4 1713 05(7) C8 JSR SIVMPLO ': C ) C'' E"",;.7-1'I

M 0660 01137 PA 0 (3790 MA A XPA.TA o. jrn Dv~ -L X' 7'(
03670 0471'A FG 0 6317 "P SU A Y7'-13)
036 M 04313 B? 03C2 STA A XA7(7II1, 1C 1 -(F T I:

03690 04 F3 0 3W TDA A YDPA'iA DI Y) G. () y(
03700 0 4 '3, n7 03(70 S71 AT YFX
03730 04,16 B37 03C3 STA A Y:AC(711, '".7,7;' T13'

03720 0449 T76 0311 -'A !PIPA 7 F, 3 qC1j7~-i(7
03730 044C 13 0 0 3(C71 ElD A 1171
03740 0 4,17 137 03(74 8FA A V, ,.C C I WV?-" I7 I "I V.OL

03750 0452 1?,(- 03(7C2 IDA A Y\711
03760 04155 26 21 1711 CO7h13 :o* I 1- j . 1'j j-,"7'T~T I 1 A
03770 047 T 4') 03C3 IPAA T N.S: '1 1"! i'ifl Id14, I1'7
037 U)0 045-7, 26 1 C137 (1172
03790 04, 1' C 2' hIA A YAKYO 7
03000 0470.' --6 11L7l lkI

1 R2



C;3 (l0 016 1 156 0386 LI\ A I C7: IID:0
nl- -)n < TC IUA

0 3 8"0 0.469 P)7 03C6 STA A 18 ? No. n-,\c IC'1i' & _

0 3 P C0 0,1CC 713 0385 CLR MTPLC R-S F T I PAVE JUST 0STRLD !VDS
03 E70 0165' 86 55 IDA A : 55
038M 0471 137 0 250 STYA A XD2'I'; KFEEP E(2 E TE ST SET
0 3b90 0474 13E 1C96 ITS STK7SAV RE137131EV TC
03900 0477 3B3 RTI
03910*
03920 0478 CE 3 410 CO'lPR2 113K #X13ITSE UPDATE X BIT C '11
03'30 04713 136, 03C2 ID!A A XACO7L
03040 04713 BD 0 568 3513 BITC,"I
0950 0481 CE 3600 LDRX :#XTDY UPTE9 C~i X 13131 07 OCCUR IlliS
03960 0 4 C4 N6 0 C 2 LDA A XJ\CCL
03970 0487 PD 066B3 s R pDFsTR7
039C 04 PA F13t 038c2 L.DA A X22887!,,
0 39c'90 0 42- F36 038C2 LL)DA A XACC 1,

04000 04190 BB1 03FC ADD A XSLOP:E CiLC & X.Y 2(-)-7(-)
0401C 0493 B37 035C8 STA A XSLOIC
04020 0496 CE 3 4133 LDX 4#YBITS UPDATE Y BIT CITE-
0400 0499 136 0383 IDA A YAlCCE:L
04046 0 49C BD 056 8 isR 1I T '
04050 04913 CE-_ 3 01,9 IDX 1-IYM1DI UPDATE (CO Y FE'R197O C CC,:PR HIS
04060 OAA2 136 03C3 IDA A YACCEL
04070 0 4A'5 PD C;L.6F JSR PDF'STR
040W 0 4A t,0r6 03C3 LDA A YACCE7
04090 0473 P 5 038 C3 IDA A YACCZL.
04100 0471, PB313 I'D ADD A YSLOPE (278 & SV (-)YN2
04110 04171. D7 n3iD STA A YSLC:T _'

04120 041 17,4 C" 347D6 LKX 4 Z Ti S UPDATE Z FBIT CITE
04130 0 4137 U038 C4 LEA A ZAtV7CCEL

04140 0 41A lID 0 -_68 JSR Piq'TVU'I'
04150 0O41P1 CE 00 LADX .-DI PAT 1 IEF 07 80<H
04160 OL'80 G) C24 IDA A ZA CCEL
04170 0483j PD C (66 T51 13013577
04160 0486 P36 0 38C.1, UA A 4"ACCIL
04190 04~C9 7) (084 IDA A 1'70871
04200 0488 O-P 3F7 ADD A ZSLOT7 8P2C SA7E 271 2(12
04210 0 4CF P)7 0713, STA A 287
04220 0'1D2 C; 31B L7)K Ill;y~ 1 7(S30; UIXIDAT 711:3 CI 7?

04230 0 41 5 '4) 0 6 DA A 86
04240 0,'D7 I'D .20 7" 'PR l 1E17p
04250 04' 6 (PC? 0t P7 3 1 j,' A -2781. 17 P C78:,

04 2750 04 0" 12. I: ~ l A-,I 1P. O"S,7 uPT
04270 0,1-0P V' CK 3 1I P,87(7 1 .1c 7, -

04290 0,1, 1-0 ("'C4 I A ?APC(-CL- PT C,

0431f, 04' P6 03C C-I ISO C77 C

04320 04C' -on T1 di )

043 O 481'2> 1-1 ) 0 1*ji1 JC 1, ~ P, 1' "'

W~~~ ~ ~ 4G )SP3
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DEC 80 M D TOWNSEND
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04350 04F8 79 03CG RC ICT ROL 7 BIT ICIT TIO IOSITIO
04360 04FBl 86 08 LDA A #8 SET Q4TER FOR TII- STORE LOOP
04370 04FD 4A COi PR4 DEC A DECRT2M-IT IOX C? r/
043&0 04F 27 OF BE-Q CflPFri6 TIl Sq=JD YLT?
04390 0500 79 03C6 ROL ICQT NO. ROTATE TIME WORD ONCE LEF
04400 0503 25 05 BCS OYAPR5 1 IN CARRY?
04410 0505 BD 055A JSR RESET NO. PJT 0 IN MlM FILE
04420 0508 20 F3 BRA COMPR4
04430 050A BD 0534 COMPR5 JSR SET YES. PUT 1 IN MEM FILE
04440 050D 20 EE BRA O(1XPR4
04450 050F 86 55 COMPR6 IDA A #$55
04460 0511 B7 03C5 STA A STRFLG NO' SET "I HAVE JUST STORED"
04470 0514 B7 0250 STA A DONTST SET DONTST FLAG
04480 0517 BE IC96 LDS STKSAV
04490 051A 3B RTI
04500 *
04510 051B BD 055A COMSTR JSR RESET PUT 0 IN MEM FILE FOR DELIM
04520 051E 4D TST A NCIV TEST STATUS OF A
04530 051F 2A 06 BPL COMST1 IS IT +?
04540 0521 40 NEG A NO. GET 2'S COMP FOR M,
04550 0522 BD 0534 JSR SET NO. STORE 1 FOR SIGN BIT
04560 0525 20 03 BRA COMST2
04570 0527 BD 055A C9-IST1 JSR RESET YES. STORE 0 FOR SIGN BIT
04580 052A 4D COST2 TST A N(OW C2,I Da-' & STORE DATA
04590 052B 27 06 BEQ COMST3 CNT 0?
04600 052D BD 0534 JSR SET NO. STORE 1 TO Ml FILE
04610 0530 4A DEC A DEC CNTR
04620 0531 20 F7 BRA COMST2
04630 0533 39 COMST3 RTS
04640 *
04650 *
04660 *FUNC: SET
04670 *INPUTS: BUFPTR,BITFTR
04680 *OUTPUTS: BIT SET PT'ED TO BY ABOVE
046 90 *CALLS: NOTHING
04700 *DESTROYS: B,X,CC
04710 *PURPOSE: THIS ROUTINE SETS THE BIT POTNTED TO
04720 * BY BITPTR & BUFPTR AND TlhiEN UPDATES TIESE COUTIERS
04730 *
04740 0534 FE 024E SET LDX BUFPTR GET CUR VM WORD FOR DATA STO
04750 0537 F6 03C7 IDA B BITPTR GET BIT IN THAT WORD TO BE SE
04760 053A EA 00 ORA B 0,X SET THE BIT
04770 053C E7 00 STA B 0,X SAVE IN IEM FILE
04780 053E CC SETO CLC CLR CARRY FOR PROPER LEFT ROT
04790 053F 76 03C7 ROR BITiTR ROLL BITPTR OCE RIC,72
04800 0542 24 15 BCC SETRTS WAS BITPTR DC ',T "M !I'" BIT?
04810 0544 76 03C7 ROR BITPIR YES. IN BUFPTR $ SET 5 ITI R T
04820 0547 08 INX
04830 0548 FF 024E STX BUFPTR
04840 054B F6 024E IDA B BUFPTR
04850 054E Cl 80 CMIP B #$80
04860 0550 26 07 ENE SETRTS
04870 0552 7F 0250 CLR IXX'NTST YES. STOP DATA COLLEC & RTI
04880 0555 BE 1C96 LDS STKSAV
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0 4 1 ,' 558 3B RTI
04900 0559 39 SETRTS

_ *FU'C: F'F':T
04930 *INPUTS: BUFPTR,BITPJ7R
04940 *OUTPUTS: BIT RESET IN 4Ml FILE Pr'ED TO BY ABOVE
04950 *CALLS: NO'iING
04960 *DESTROYS: B,X,CC
04970 *PURPOSE: THIS ROUTINE RESETS THE BIT IN THE lMFILE
04980 * POINTED TO BY BUFP1R & BITPIR & UPDATES THESE COUN
04990 *
05000 055A FE 024E RESET LDX BUFPTR
05010 055D F6 03C7 IDA B BITPIR
05020 0560 53 COM B
05030 0561 E4 00 AND B 0,X RESET BIT IN M.EM WORD
05040 0563 E7 00 STA B 0,X SAVE BIT IN4 MEM FILE
05050 0565 7E 053E JMP SETO UPDATE CNTR'S AND CK IF MEM F
05060 *
05070 *FUNC: BITCNT
05080 *INPUTS: ACCEL VLU IN A, BIT C24TR IN X
05090 *OUTPUTS: UPDATED BIT UJNhT
05100 *CALLS:NOTING
05110 *DESTROYS:A,B,CC
05120 *PURPOSE: THIS ROUTINE I]C 3 BYTE BIT COUNTER WITH
05130 * NUMBER OF BIT USED TO STORE X,Y,Z,& TIME.
05140 *
05150 0568 2A 01 BIT2q'T BPL BITCN1 IS ACCEL +
05160 056A 40 NEG A NO. GET ABS VLU
05170 056B 4C BITsI INC A ADD 1 FOR DELIM 0 BIT
05180 056C 4C INC A ADD 1 FOR SIGN BIT
05190 056D C6 00 LDA B #0 RESET B WIM11OUT AFFECTING CAR
05200 056F AB 02 ADD A 2,X INC LSB BYTE OF COUNT PTED TO
05210 0571 A7 02 STA A 2,X
05220 0573 86 00 LDA A #0
05230 0575 E9 01 ADC B 1,X
05240 0577 E7 01 STA B 1,X
05250 0579 C6 08 IDA B #8 NaW UP COUNT OF ACTUAL DATA B
05260 057B A9 00 ADC A 0,X
05270 057D A7 00 STA A 0,X
05280 057F 86 00 LDA A #0
05290 05fI FB 34BF ADD B ACELCT+3 NO. INC ACELCT OUNT
05300 0584 F7 34BF STA B ACELCT+3
05310 0587 C6 00 LDA B #0
05320 0589 B9 34BE ADC A ACELC]T+2
05330 058C 17 34BE STA A ACELCT+2
05340 058F 86 00 LDA A #0
05350 0591 F9 34BD ADC B ACELCT+I
05360 0594 F7 34BD STA B ACELCT+1
05370 0597 B9 34BC ADC A ACELCT
05380 059A B7 34BC STA A ACELCT
05390 059D 39 BITRTS RTS
05400 *
05410 *FUNC: DTACNT
05420 *INPUTS: NUM ON SMPLS COLLECTED
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05430 *OUTP UlS: BIhIT-TO SIPLS*24
05440 *CALL: NO.TVhING
o ,!,n *DES"J'ROS, : A,PXCC
05460 *PURPOSE: To CALC NU OF BITS SjoRED DURI*1G CCLLLCI
05470 *

05480 059E FE 3494 IYTACNT LDX SANM1TO
05490 05A1 86 18 DTACNI LDA A #24
05500 05A3 C6 00 IDA B #0
05510 05A5 BB 34AF ADD A DTABIT+3
05520 05A8 B7 34AF STA A DTABIT+3
05530 05AB 86 00 IDA A #0
05540 05AD F9 34AE ADC B DTABIT+2
05550 05BO F7 34AE STA B DTABIT+2
05560 05B3 C6 00 WDA B #0
05570 05B5 B9 34AD ADC A DTABIT+I
05580 05B8 137 34AD STA A DTABIT+I
05590 05BB F9 34AC ADC B DTABIT
05600 05BE F7 34AC STA B DTABIT
05610 05CI 09 DEX
05620 05C2 8C 0000 CPX #0
05630 05C5 26 DA BNE DTACN1
05640 05C7 39 RTS
05650 *
05660 *FUNC: SAMPLO
05670 *INPUTS: DATA VIA A/D CONV
05680 *OUTPUTS: RCUJNDED DATA T0 XYTA,YDTA, ZDTA
05690 *CALLS:PDFSTR (UPDATE PDF H ISTZRtA'S)
05700 *DESTROYS:A, B,X,CC
05710 *PURPOSE: THIS ROUTINES SAMLES TIIE A/D AND %1IT
05720 * ROUNDS THE DATA TO 8 BITS FRt1 12. THE DATA
05730 * IS PLACED IN XDTA,YTA,ZDTA AD IHE COLLEC
05740 * STAT ARE UPDATED.
05750 *
05760 05C8 CE E400 SAIPLO LDX #ADCZRO NCt PULSE A/D TO START CONV
05770 05CB A7 00 STA A 0,X ON CHANNEL 0
05780 05CD 01 NOP
05790 05CE A6 00 IDA A 0,X
05800 05D0 E6 01 IDA B 1,X
05810 05D2 B7 03B3 STA A T"MPAI
05820 05D5 F7 03B4 STA B TEMPB1
05830 05D8 08 INX
05840 05D9 08 INX
05850 05DA A7 00 STA A 0,X NCW PULSE A/D TO CONV
05860 05DC 01 NOP ON CHANNEL 1
05870 05DD A6 00 LDA A 0,X
05880 05DF E6 01 IDA B 1,X
05890 05El B7 03B5 STA A TEMPA2
05900 05E4 F7 03B STA B TEIPB2
05910 05E7 08 INX
05920 05E8 08 INX
05930 05E9 A7 00 STA A 0,X NCaq PULSE A/D TO CON\'
05940 05EB 01 NOP ON CH 2
05950 05EC A6 00 IDA A 0,X
05960 05EE E6 01 IDA B I,X
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C5970 05F0 17 031R7 STA A TEMPA3
05980 05F3 F7 03B,8 STA B TE7IPB3
05 ,'O 05F6 CE 03P3 IDX #TElPA1
06000 05F9 P.6 00 SAPL IDA A 0,X
06010 05FB E6 01 LDA B I,X
06020 05FD 47 ASR A 12 BIT TO 8 BIT RCUNDED CONV
06030 05FE 56 ROR B
06040 05FF 47 ASR A
06050 0600 56 ROR B
06060 0601 47 ASR A
06070 0602 56 ROR B
06080 0603 47 ASR A
06090 0604 56 ROR B
06100 0605 F7 03B2 STA B SHFBUF SAVE 8 BIT RESULT OF SHIFT
06110 0608 86 00 IDA A #0 AND ADD CARRY OUT OF LAST
06120 060A B9 03B2 ADC A SHFBUF SHIFT RO[IIDiNG UP OR IXW'N
06130 060D 36 PSH A SAVE TO MEI FILE BUFFER VIA S
06140 060E 08 INX
06150 060F 08 LIX
06160 0610 8C 03E9 CPX #TEMPA3+2 CHANNEL Z ROLTEDED TO 8 DITS
06170 0613 26 E4 BNE SAMPLI NO. GO SAZIPLE NEXT CHAhNEL
06180 0615 32 IUL A GET Z DATA
06190 0616 B7 03BB STA A ZDATA
06200 0619 FE 3494 LDX SAMPNO GET CUR SAMPLE COUN1T
06210 061C Bi 3497 CMP A MAXZ IS CUR Z t4AX Ov'E SAMPLE SET?
06220 061F 2F 06 BLE SPZMIN NO. GO CHECK FOR Ih]
06230 0621 B7 3497 STA A MAXZ YES. KEEP CUR VLU
06240 0624 FF 3498 STX MAXZLO KEEP CUR SA IPLE NUM
06250 0627 B1 349A SPZMIN Cl-P A MIUTZ IS CUR Z MIN OVER SA,ILE SET?
06260 062A 2C 06 BGE SPYMAX NO. GO CHECK FOR Y ;MAX
06270 062C B7 349A STA A MINZ YES. KEEP CUR VLU
06280 062F FF 349B STX MINZLO KEEP CUR SAMNPLE NUIPN
06290 0632 32 SPYMAX PUL A GET CUR Y DATA
06300 0633 B7 03BA STA A YDATA
06310 0636 B1 349D CMP A MAXY IS CUR Y MAX OVER SAMPLE SET
06320 0639 2F 06 BLE SPYMIN NO. GO CHEK FOR MIN
06330 063B B7 349D STA A MAXY YES. KEEP CUR Y VLU
06340 063E FF 349E STX MAXYLO KEEP CUR SAMPLE NU!M
06350 0641 B1 34A0 SPYMIN aiP A MINY IS CUR Y MIN OVER SAMNIPLE SFT?
06360 0644 2C 06 DGE SPIIAX NO. GO CHEK FOR X .AX
06370 0646 B7 34A0 STA A MINY YES. KEEP CUR Y VLU
06380 0649 FF 34A1 STX MINYLO KEEP CUR SAMPLE NU-M
06390 064C 32 SPXIAX PUL A GET CUR X DATA
06400 064D B7 03B9 STA A XDATA
06410 0650 B1 34A3 CMP A .AXX IS CUR X MAX OVER S,7,LE SET?
06420 0653 2F 06 BLE SPXNIN NO. GO CHECI X !
06430 0655 B7 34A3 STA A MAXX YES. KEEP CUP X Vi,
06440 0658 FF 34A4 STX MNXXLO KEEP CUR SAMPLE VlU
06450 065B Bi 34A6 SPXMIN CP A MINX IS CUR X PIN OV-R S,.' .1i,E SET?1
06460 065E 2C 06 BGE MMDONE NO. EXIT M!AX,Ml UFT':\',

06470 0660 B7 34A6 STA A MINX YES. KEEP CUR X VIM
06480 0663 FF 34A7 S1X MINXLO KEEP CUR SAMPLE C011,Cl'
06490 0666 39 MMDONE RTS
06500 *
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06510 0667 0002 TE,IPDF PJ.23 2 TEM4P W7ORKING BUFFER
06520 0669 0002 TMPST RM 2 TE-IP STACK SAVF BUFFLR
06;,0 *
06540 066B BF 0669 PDFSTR STS TE11PST SAVE STACK IRM
06550 066E FF 0667 STX TEU4FF SAVE PDF PR
06560 0671 16 TAB
06570 0672 BB 0668 ADD A TEZIPDF+I N0'1 CALCULATE ADDRESS IN INC
06580 0675 B7 0668 STA A TE IPDF+I IN THE PDF MEM BUFF
06590 0678 86 00 LDA A #0
06600 067A C5 80 BIT B #$80 IS M]E DATA VLU NEG
06610 067C 2B 05 BMI PDFST1 YES. SBC MSB VS ADC
06620 067E B9 0667 ADC A TEMPDF NO. ADC MSB
06630 0681 20 03 BRA PDFST2 AND STORE
06640 0683 B2 0667 PDFST1 SBC A TENPDF VLU IS NEG. SBC
06650 0686 B7 0667 PDFST2 STA A TEMPIDF AND STORE
06660 0689 17 TEA RECOVER VLU AND ADD (SUB) AGA
06670 06PA BB 0668 ADD A TF.IPDF+I FOR PROPER ADDR CALC
06680 068D B7 0668 STA A TEIPDF+I
06690 0690 86 00 LDA A #0
06700 0692 C5 80 BIT B #$80 IS VLU NEG?
06710 0694 2B 05 BMI PDFST3 YES. SBC MSB VS ADC MSB
06720 0696 B9 0667 ADC A TEZIPDF NO. ADC MSB
06730 0699 20 03 BRA PDFST4
06740 069B B2 0667 PDFST3 SBC A TEIIPDF VLU IS NEG. SBC
06750 069E B7 0667 PDFST4 STA A T3,IFDF AND STORE
06760 06A1 FE 0667 LDX TFDIPDF NO OAD CALC ADDR FOR INDEX
06770 06A4 AE 00 LDS 0,X GRAB VLU IN CALC ADDR
06780 06A6 31 INS INC IT
06790 06A7 AF 00 STS 0,X AND STORE IT BACK i BUFFER
06800 06A9 BE 0669 LDS TL)APST RXYVER STACK POINTER
0681.0 06AC 17 TBA
06820 06AD 39 RTS
06830 *
06840 *FUNC: CALINT
06850 *INPUTS : NONE
06860 *OUTPUTS: NONE
06870 *CALLS: NOTHING
06880 *DESTROYS :NO REG (INTR HANDLER)
06890 *PURPOSE: THIS RUTINE IS USED FOR CALIBRATING
06900 * THE MAX NU11BER OF LOOPS POSSIBLE DURING
06910 * AN INTERRUPT PERIOD. THIS ROUTINE UPDATES THE
06920 * DONTST FLAG AND RESET THE ST6800 INT FLIP FLOP
06930 * AND THIN RETURNS.
06940 *
06950 06AE 7C 0250 CALINT INC DONTST INCREMENT DONE TFShT FT AG
06960 06B1 B7 E400 STA A ADCZRO CLR ST6800 INTR FLIP 1-OP
06970 06B4 01 NOP
06980 06B5 3B RTI
06990 *
07000 * END OF TOLAN-A OVERLAY ROUTINES
07010 *
07020 END
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000.00 *

00010 * PROGRAM NANE: DECPPS
C: f..* AUIl!0: CAPT. PTEL I-1,-D
0CCQu * WVRSION 1.3
00070 * VERSION DATE : 29 NOV 80
00080*

00090
00100 *
00110 * PROGRAM DESCRIPTION
00120 *
00130 * THIS PROGRAM PERFORIS THE DECI'4PRESSION OPERATI
00140 * ON THE DATA COMPRESSED BY THE TOLAN-A,TOLAN-B,m'lE
00150 * ETC. THE ROUTINE ASSUJ'ES THAT THE DATA IS I 112-'10
00160 * AND READS THE OMRESSION TYPE FRC(,I THE ,,.,OP/Y FIL
00170 * BUFFER HEADER. AFTER PRCIPT TO THE TEP4INAL, THIS
00180 * PROGRAM BEXINS DECOMPRESSION ATD OUTPUTS ThE DECO1M
00190 * DATA TO AN ANALOG DISPLAY DEVICE (IE OSCILLISOOXPE)
00200 * D/A ONVERTER 0. THE RCUTINE REQUIRES AN IN TEJRPUP
00210 * CLOCK VIA THE A/D BOARD (ST6C00) AND IHE ASS1U41PTIO
00220 * IS MADE THAT THE INTERRUPT CLOCK FREQUF:CY IS ADJU
00230 * TO THE SAMPLE RATE AT WHICH 71E DATA WAS TAKEN.
00240 *
00250
00260 *
00270 * START OP DECPRS
00280 *
00290
00300 *
00310 0500 ORG $0500 PROGRAM ORIGIN
00320 *
00330 OPT 0 ASSE OPT. LIST ASST-BLY
00340 OPT NOG ASSB OPT. SUPRESS FCC LIST
00350 *
00360
00370 *
0C380 * LABLE DESCRIPTIONS
00390 *
00400 * SUJPPORT SUBROUTINES
00410 *
00420 CA8F OUNCR EQU $CA8F EPRCtDOS. OUTPUT STRING
00430 CA2C KEYBDO EQU $CA2C EPROM.O)S. INPUT ALPH STRING
00440 0100 DISPLA E)QU $0100 EKG-EXEC. TER[MINAL ITFC DRIV
00450 *
00460 * DATA BUFFERS
00470 *
00480 0020 CHNLBF EQU $0020 CHNL SELECT FLG FRM DISPLAY
00490 3C00 XINIT EQU $3COG INITIAL (7OND CH X
00500 3C01 YINIT EX)U S3CO1 INITIAL COND CH Y
00510 3C02 ZINIT EXU $3C02 INITIAL (X)ND CH Z
00520 3002 E14DBUF £QtU $3002 END-OF-S'lRING FRfI TEPM INPUT
00530 FFF8 IRQVEC EQU $FFF8 MASKABLE INTR JMP VECTOR ADDR
00540 3400 HDRSTR SQU $3400 MEM FILE HEADER ADDR
00550 3C00 SECZRO EQU $3C00 DATA START LOCATION
00560 *
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Co C0 * HAR ARE ADDRESSFq
O5fX *I

c.!;: ' E5CO DAC7PO LfrT' U00 D/A C, 0
00,1. L460 ADCZ.O DU"-' $E400 V/D C! 0
00610 *
00620 *
00630 *FUNCTION: DECPRS
00640 *INPUTS CHNL SENLECT VIA CHNLBF
00650 *OUTPUTS: DECRPRSED DATA VA D/A
00660 *CALLS : OUJHCR,KEYBDO,DISPLAY
00670 *DESTROYS (REG) : A,B,X,CC
00680 *PURPOSE : THIS IS MHE SET UP PCUTD7E WHICH INITIALI
00690 * THE PROGRAM CONSTANTS AND, DETER1?INES 1-qfv1T TYPE OF
00700 * CO4PRESSION WAS USED, AND ENABLES RECON~IMRUCPION
00710 * INTERUPPTS.
00720 *
00730 0500 OF DECPRS SEI
00740 0501 FE 3400 LDX HDRSTR GET CPRS 'TYPE FROM MEM FILE
00750 0504 FF 0538 STX NO(Y>11 SR CPR lYPE IN ERROR MSG
00760 0507 8C 5441 CIX #$5441 IS IT '1OJN-A?
00770 050A 27 61 BEC TADECP YES. CO DECPRS IT.
00780 050C CE 0518 LDX #NO'ItE NO. CPRS RCUTINE NOT DONE
00790 OSOF BD CA8F JSR OUMICR PRIN T FRROR MSG & RETPURN
00800 0512 BD CA2C JSR KEYBDO
00810 0515 7E 0100 JMP DISPLA R.'=PN TO DISPLIAY RCUTINE
00820 *
00830 0518 lA07 NOTENE FDB $1A07,$ODOA
00840 051C 44 FCC /DECMIPRESSION FOR FILE TYPE /
00850 0538 0002 NOV'lI' P?4B 2
00860 053A 20 FCC / NOT YET IMPLE0MFTED./
00870 054F ODOA FDB $ODOA,$ODOA
00880 0553 50 FCC /PRESS MNY KEY TO CONTINUE/
00890 056C 04 FCB 4
00900 *
00910 056D 96 20 TADECP LDA A CHllLBF GET IHICH CHANNEL TO BE DECPR
00920 056F 81 00 CMP A #0 IS IT CHNL X?
00930 0571 26 07 TADECO BNE TADECI NO. CHECK IF Y.
00940 0573 C6 58 LDA B #'X PUT ASCII X IN ERROP SG
00950 0575 F7 0846 STA B CIn%C
00960 0578 20 10 BRA TADEC3
00970 057A 81 01 TADECI CMP A #1 IS IT CH Y?
00980 057C 26 07 ENE TADEC2 NO. MIST BE Z.
00990 057E C6 59 IDA B #'Y PUT ASCII Y IN ERROR MSG
01000 0580 F7 0846 STA B CHNASC
01010 0583 20 05 BRA TADEC3
01020 0585 C6 5A TADEC2 IDA B # 'Z PUT ASCII Z IN ERROR MSG
01030 0587 F7 0846 STA B CNASC
01040 058A CE 0811 TADEC3 LDX fGC 'M!G GET FRa!PI MSG LC._C
01050 058D BD CA8F JSR CUTNCR Nal PRINT PRCM4PT
01060 0590 BD CA2C JSR KEYBDO
01070 0593 FE 3002 LDX ENDBUF GET ANSHER FRO4 TE MINAL
ooeo 0596 09 DEX
01090 0597 E6 00 LDA B 0,X
01100 0599 Cl 4E CMP B #'N WAS IT NO?
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C1110 059B 26 03 BLrE TADEC4 YES. EXIT RCJT'INE
01120 0591 7E 0100 JMP DISPLA

f 40 C5i 3 IF U!61 SPX W11'la\
01150 05A6 86 80 LDA A #$80 INITIALIZE BITPTR TO LEFT BIT
01160 05A8 B7 0613 STA A BITRI'R
01170 05AB 7F 0617 CLR XSLOPE INIT SLOPES TO ZERO (2ND INIT
01180 05AE 7F 0618 CLR YSLOPE
01190 05B1 7F 0619 CLR ZSLOPE
01200 05B4 B6 3C00 IDA A XINIT GET FIRST INIT C0ND
0121.0 05B7 B7 0614 STA A XDTA & PUT IN DATA BUF
01220 05BA B6 3C01 IDA A YINIT
01230 05BD B7 0615 STA A YDTA
01240 05CO B6 3C02 DA A ZINIT
01250 05C3 B7 0616 STA A ZDTA
01260 05C6 7F 0629 CLR TARFLG CLR DECPRSION FLG
01270 05C9 7F 061A CLR DELT INIT TI.' CINITER
012P0 05CC FE FFF8 LDX IROVEC PICK UP CURRn,]T rNT VEC
01290 05Cr FF 061D STX VECSAV SAVE IT IN TNiP BUFFER
01300 05D2 CE 062F LDX #TARE>N PUT NEW INT \TEC IN
01310 05D5 FF FFF8 STX IRQVEC
01320 05D8 86 AA DA A #$AA SET DONTST FLAG
01330 05DA B7 062A STA A DONTST
01340 05DD CE 0000 LDX #0
01350 05E0 FF E500 SIX DACZRO SEID ENABLE PLS TO INT CIPCUI
01360 *

01370 05E3 OE TAINTR CLI ENABLE CPU FOR RECONS INTR'S
01380 05E4 B6 062A LDA A DONTST CHECK IF DECPRS DCgZE
01390 05E7 81 00 CMP A #0 DONE YET?
01400 05E9 26 F8 BNE TAI\R NO. KEEP LOOPING
01410 05EB OF SEI INSURE INTR DISABLE
01420 05EC CE 0878 LDX #GOAGIN PRINT GO AGAIN fNlEG
01430 05EF BD CAF JSR C(UYNCR "ENTER WONTINUATION COr.iAD"
01440 05F2 BD CA2C JSR KEYBDO
01450 05F5 FE 3002 LDX ENDBUF NCH GET OJNMANrD
01460 05F8 09 DEX
01470 05F9 E6 00 LDA B 0,X
01480 05FB 17 TBA PUT IT IN A
01490 05FC 90 28 SUB A $28 TRANSOI-i X TO 0
01500 05FE 97 20 STA A CHNLBF PUT IN CI{RL FLAG
01510 0600 F7 0646 STA B CtINASC PUT ASCII IN ERROR MSG
01520 0603 Cl 58 CMP B #'X WAS IT .LT. 'X?
01530 0605 21) 07 BLT TADEC5 YES. EXIT ROUTINE
01540 0607 Cl 5A CilP B #'Z WAS CI. ,iD .GT. 'Z ?
01550 0609 2E 03 BGT TADEC5 YES. EXIT RUJTINE
01560 060B 7E 05A0 JMP TADEC4 NO. GO FXECUTE DLCY1hT Z,GAIN
01570 060E 7E 0100 TADEC5 JMP DISPLA REItN TO DISPLAY
01580 *
01590
01600 * END DECPRS INIT R(VTINE
01610
01620 *
01630 *

01640 * PARAMETER BUFFER

191



DECI RS-3

01650 *
01.660 0611 0002 PFIPR R.B 2 a:RRINT 1,11 FMLE WORD POTNT

0il; &, 06K L,{. &I .\.> , :" 1.; C x ...

01690 0615 0001 YOTA R.B 1 CH Y DATA BUG
01700 0616 0001 ZDTA l-1B 1 CU Z DATA BUF
01710 0617 0001 XSLOPE RIPU. 1 Cu1 X 1ST DIFF BUFFER
01720 0618 0001 YSLOPE RPxB 1 CH Y IST DIFF BUF
01730 0619 0001 ZSLOPE EMS 1 CH Z 1ST DIFF
01740 061A 0001 DELT P.IB 1 TIME COIMPRESSION RUN LEN' BUFF
01750 061B 0001 VAUE P1113 1 DATA RET BUF P:}N GE'iVLU
01760 061C 0001 CN, P'B 1 COUNTER IN GETIM
01770 061D 0002 VECSAV RMB 2 IRQ VECTOR SAVEN BU
01780 061F 0001 BITVLU I-.3 1 BIT SET/PESET FLAiG FR i GETEI
01790 0620 0001 SIGN RI3 1 SIGN BIT ON DECODED DATA
01800 0621 0001 XACCEL EB 1 UNCODED CH X ACCIL DATA
01810 0622 0001 XT P4P R:. 1 TFIP BUP USED IN DECERS
01820 0623 0001 YACCEL F.ER 1 UNCODED CH Y ACCEL ..A
01130 0624 0001 YTIP P, 1 TaiP BUF USED rY DECEKS
01840 0625 0001 ZACCEL PER 1 UNCODED Cl Z ACCEL DATA
01850 0626 0001 ZTFNP P113 1 TEMP BUF USED IN DECEPS
01860 0627 0002 WOEKMF RI-IB 2 TIP WORKING IUFFERP
01870 0629 0001 TARPLG END - FLG USED IN DECERS ALCORITHi
01880 062A 0001 ECNTST ltP.1B 1 FLC USED q 0 EXIT r- IR LOC?
01890 062B 0002 DAMLUF R:I1 2 D/A COI OUTPUT BUFFER
01900 062D 0002 STKSAV P1.13 2 TEM4P STACK SAVE BUFFER
01910 *
01920 *FUN(TION : TARE01
01930 *1IPUTS : BUFFER VALUTS
01940 *OUTPUTS : D/A VALUES VIA ST-6800
01950 *CALLS : GE VLU,GETTIM,CUTDA
01960 *DESTROYS A,B,X,CC
01970 *PURPOSE : THIS IS THTE I'TET-3T SERVICE ROUINE TEI
01980 * PERFORMS RECONSTUCTION CC THE T)LAM-A FINCODED DAT
01990 * FILE IN MEMORY. THE DATA IS DECODED AN$D OUTPUT ON
02000 * D/A (ST6 800) CH 0.
02010 *
02020
02030 *
02040 062F B7 E400 TiE(IN ST A ADCZRO ACK INTR. RESET INE FF ON ST
02050 0632 01 NOP
02060 0633 BF 062D STS STKSAV SAVE ---TRY STACK FOR RTh
02070 0636 F6 0846 LDA A CHNASC CIECK ClIN7L SELCT, CU'-PUT CUR
02080 0639 81 58 CIP A it'X IS CHfNNL SELECT X ?
02090 063B 26 08 ENE TARECI NO. C1K IF Y
02100 063D B6 0614 LDA A XITA YES. GET CUR ,YJTA VAi '
02110 0640 PD 0796 JSR CUTDA OUTPUT VALUE VIA P/ )'
02120 0643 20 12 BRA TARE22
02130 0645 81 59 TARECI CMP A V'Y IS CMNN, SELECT Y ?
02140 0647 26 08 BNE TAREC2 NO. MUST bE Z
02150 0649 F6 0615 IDA A YDTA GET CUR YUTA VALUE.
02160 064C PD 07%9 JSR OUTDA OUTPUT Y VALUE VIA D/'.', C11 0
02170 064F 20 06 BRA TARE22
02180 0651 E16 0616 TAREC2 LDA A ZDTA GET CUR ZTYTA VALUE.
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02190 0654 BD 07 6 JSR C7TDA OUri2'UT Z V '-IE VIA D/A CH 0
02200 0657 B6 0629 TARE22 IDA A TARTFLG WAS LAST DATA PTF EX'MR O-)iLATED

02230 0655E 86 58 LDA A #'X PUT ASCII X IN GE'IVLU ERROR N
02240 0660 B7 OA3D STA A GVFLCH
02250 0663 BD 0700 JSR GE'IVLU N(X'l GO GET NEXT XACCEL VALUE
02260 0666 B6 061B LDA A VALUE AND PUT XACCEL
02270 0669 B7 0621 STA A XACCEL
02280 066C B7 0622 STA A XTE74P SAVE XACCEL IN TIP BUFF
02290 066F 86 59 iDA A #'Y PUT 'Y IN GLIVL ERRZOR MSG
02300 0671 B7 OA3D STA A OVFLCfl
02310 0674 BD 0700 JSR GCEvLU GET YACCEL DTA
02320 0677 B6 061B IDA A VALUE
02330 067A B7 0623 STA A YACCEL PUT IN YACCEL VAR
02340 067D B7 0624 STA A YTEMP PUT IN YACCEL TENP VA.R
02350 0680 66 5A IDA A #'Z PUT 'Z IN GE'XLU ERROR MSG
02360 0682 B7 OA3D STA A OVFLCl!
02370 0685 BD 0700 JSR CLE VLU GET ZlACCKIL DATA
02380 0688 B7 0625 STA A ZACCEL PUT MN ZACCEL V.P.R
02390 06813 B7 0626 STA A ZTEIP PUT IN ZACCEL TF.NP VART
02400 068E BD 075E JSR GETTIM Na T GET TI. rOPRESSION 1UN L
02410 0691 7F 0629 TAREC3 CLR TlARFLG RESET FLAGS
02420 0694 7A 061A DEC DELT NCU CK IF RUN LEI: O',TLY 1
02430 0697 27 09 B13) TAREC4 YES. ACCEL V r% NOT ZERO
02440 0699 7F 0621 CLR XACCEL ACCEL WAS ZO SO CLR X-Y-ZACC
02450 069C 7F 0623 CLR YACCEL
02460 069F 7F 0625 C.R ZACCEL
02470 06A2 6 0617 TAREC4 IDA A XSLOPE Na' GET LAST SLOPE
02480 06A5 BB 0621 ADD A XACCEL & CALC NEi SLOPE WITH ACCEL
02490 06A8 B37 0617 STA A XSLOPE
02500 06AB B6 0618 IDA A YSLOPE
02510 06AE BB 0623 ADD A YACCEL
02520 061I B7 0618 STA A YSLOPE
02530 0634 136 0619 IDA A ZSLOPF
02540 06B7 BB 0625 ADD A ZACCEL
02550 06BA B7 0619 STA A ZSLOPE
02560 06BD B6 0614 IDA A XBTA Naq CALC DATA VALUE USING S-O
02570 06C0 BB 0617 ADD A XSLOPE
02580 06C3 B7 0614 STA A XDTA
02590 06C6 36 0615 IDA A YIDITA
02600 06C9 B13 0618 ADD A YSLOPE
02610 06CC 17 C615 STA A I=TA
02620 06CF B6 0616 LDA A ZITA
02650 06D8 B6 061A IDA A DELT WAS RUN LEN .. 2 7- ?
02660 06DB 27 22 BEQ TARRTI IF YES, DONT GET 1T-1 PIL
02670 06DD 81 01 ClMP A #1 JUST EXTIOPCLIi P l:"'> TL .1
02680 06DF 27 07 BMQ TAREC5 DELTA IS REDUCED TO) I
02690 06El 86 37 DA A #55 SET TARFL1
02700 06E3 E7 0629 STA A TARFLG
02710 06E6 20 17 BRA TARRTI
02720 06EP B6 0622 TAREC5 IDA A XTEIP RETRIEVE ACCEL VLUS P::EVIOUL,
02730 06F 3 B7 0621 STA A XACCEL
02740 06EE B6 0624 IDA A YTFl.1P
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0,270 06F1 P7 C623 STA A YACC'L
02760 06F4 P6 0626 LDA A ZT1P
02770 0OFT 7 062T 77.C'
C27, 2 C5"': 1 5 :I: A T,." -L'
02790 06PC B7 0629 STA A TARFLG
02800 06PF 3B TARRTI RTI
02810 *
02820 ****************************************************
02830 * END OF INTEI RRIP PPNDLR
02840
02850 *
02860 * SUBROUTINES
02870 *
02880 *
02890 *FUNCTION : GEIVLU
02900 *INPU'jS : BUFP*R,BITPTR,SIGN BUFFER S
02910 *OUTPUTS :VALUT- PUFFER
02920 *CALLS : GET5IT
02930 *DESTROYS A,X,CC
02940 *PURTSE :I!IS RCTINE SCAU'7S "C'RY STATDh AT TOI
02950 * DEFINED BY BUFFRI,BIPTI [ND GT7S ACCEL VALUT,. PF
02960 * AND BITPTR ARE UPDATED.
02970 *
02980 *

02990 0700 7F 061B GE'TVLU CLR VALUE INjRE VALUF IS C7,T AR ON STAR
03000 0703 ED 07ED JSR GETBIT GET LELI, ITKiR BIT
03010 0706 £6 061F IDA A BI1MLU
03020 0709 81 00 CllP A #0 IS DELIT, BIT =0 ?
03030 070B 27 06 BDQ GETVL1 YES. GET NE>:T BIT
03040 070D CE 097D LDX #SYNCNS NO. SVK',C FPJ)OR HIS OCOJEED. F
03050 0710 7E 07F5 JNP ERROR
03060 0713 7F 0620 C-EIVL1 CI? SIGN TIN:SURE SIC\ CLR
03070 0716 ED 07DD JSR GETMIT GET SIGIN PIT
03080 0719 B6 OGlF LDA A BITVLU
03090 071C 81 CO CNP A #0 IS ACCEL lOS?
03100 071E 27 03 BEQ GEIL2 YES. LFAVE SIGN CLP
03110 0720 73 0620 C9O1 SIGN NO. SET SIGN FLAG
03120 0723 BD 0TED GE'IVL2 JSR GETEIT GET FIRST CODE BIT
03130 0726 M 061F LDA A BIqVLU
03140 0729 26 11 P IE GEIVL4
03150 072B FE 6611 CE'ivL3 LDX EUFPTR E!ID OF VAlUE DEODE. PACK UP
03160 072E 78 0613 ASL BITPTR FOR nRPCT' PSITICNIFNGQ FOR N
03170 0731 24 2A BCC GEIVJ,6 VALUE FETI0C
03180 0733 79 0613 ROL BITIr'M
03190 0736 09 DEX
03200 0737 FF 0611 STX BUPPTR
03210 073A 20 21 BPA GETVI,6
03220 073C 7C 051B G7IVL4 INC VALUE NUI PAST ELTN & STO>-. NQI CO
03230 073F 2A 06 BPL GEIVL5 BITS. IS CDL .O1RD > 27 ?
03240 0741 CE 09FB LDX #OVFI-IS YES. CVLRlCV t1AS CCC, "1:-). PR
03250 0744 7E 07F5 JP ERROR
03260 0747 ED 07FD GEWL 5 JSR GEITIT NaI GET DATA VNU . E>ITS
03270 074A B6 061F LDA A BI'Vl,U
03280 074D 81 00 CP A #0 DELIM DETFCTWM YET?
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02 2. u7,F 26 M BEE GEWL4 NO. KT " 
-ICH]R:G BiTS

033C0 0751 MG 0620 LDA A SIY7 YES. GET SIGN tWD ALJUST C,,T

02.11.....,: .," 27 K,: £,,_LfvL,,3"  SICE: (.. VJul2 GC'? .§ K'r :j .'

03330 075% 70 061B NEG VALUE SIGN 1. TAKE 2'S COiP, AIJ PT
03340 075B 20 CE BRA GE1VL3
03350 075D 39 GE1VL6 RTS
03360 *
03370 ***************************************************
03380 * END OF SUBRCTUTINE GE -'VU

03390
03400 *

03410 *
03420 *FUNCTION : GE'ITIM
03430 *INPUTS BITVLU (CURR BIT VALUE PT'FD TO)
03440 *OUT BPUq.<3 PELT (CURRP1dIT TIE 0CN)
03450 *CALLS : GETBIT, ER,-OR
03460 *DESTROYS : A,X,CC RT"-h-
03470 *PURPOSE : THIS RCUI'f:l, iii -. CALLD AEPR 3 G7EiLU
03480 * REThRNIS i1hE VALUE Ol TE]E h'l-: LEEG'Ll TIM' CCU'TFR I
03490 * VARIA3LE DELT.
03500 *
03510 *

03520 075E BD 07DD GETTI1.- JSR GFTIT GUT DELIM BIT
03530 0761 E6 06IF LDA A BIq.7 LU
03540 0764 81 00 C.P A #0 IS BIT 0?
03550 0766 27 06 BEQ GETTII YES. PROPER DELI . CONTINUE
03560 0768 CE 09UT LDX #SY\NCTI NO. MY:C ER3ROR. PRINT & ERR 0
03570 07613 7E 07F5 JUP EROR
03580 076E 7F C6IA G Il CLR DELT INSURE TI= =IT INITIALlY CLR
03590 0771 86 07 IDA A #7 INIT CNT IOR 7 BIT TIM.]
03600 0773 37 061C STA A CIT
03610 0776 ED 0717 GEiTI2 JSR GPT'IT GET DELTA T DIT
03620 0779 B6 061F LDA A BITVLU
03630 077C BA 061A OPA A DELT SET LSB BIT ACCORD TO T BIT
03640 077F B7 061A STA A DELT
03650 0702 78 061A ASL DELT SHIPI DELT FOR M"ET BIT
03660 0785 7A 061C DEC C T DONE WITH TI'E YT?
03670 0788 26 EC BNE GEPI2 NO. KEEP FET-IKG TI, BITS
03680 07CA BG 061A LDA A DELT YES. GET TlE VALUE
03690 078D 26 06 BNE GETT13 IS TI'D C:T 0 ?
03700 078F CE OA3F MX tTIrKPJ YES. ERROR. =RE2 P11 q MSG
03710 0792 7E 0715 JMiP ERROR MID EUERKOR OFF
03720 0795 39 CETTI3 RTS
03730 *

03740
03750 * END GErlrIr SUERcU'TINE
03760 **************************************************
03770 *
03780 *
03790 *FUNCTION OUTDA
03800 *INUTS: DATA VAJTA 'O BE D/A'FD IN ACC A
03810 *OUTPUTS : VALUE IN ACC A VIA D/A Ci, 0
03820 *CALLS : NOhIING
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03F30 *DESTl'OyS : B,CC _

CV ~l*pRT~rQ; THIS P\O"i'TP.7 (VT iU'TS 71,1E DNT 7 T'-

03860* TRA[--1S:SiC:% '11:1, b BIT WVJdtl I--,m
03870 *TO FORM MhE 12 PIT OPLRN.D PRnUIR'M BY 111F
03880 *D/A (S186 K)0)
03890*
03900*
03910 0796 36 CUTDA PSH A SAVE VLU IN\ A ACC
03920 0797 B7 062C STA A DABUF+1 PUT VALUE IN 13/A OUT~ BUFF
03930 079A 7r' 062B GLR DABUF CLR t*SB BYTE 0F D/lA 0-. PulF
03940 07MD 78 062C ASL DABUF+l LL=i SHIFT 2 13YTE 13/A \~0D
03950 07A0 79 0 621 ROL DABUF FOR, G'VEPSION OF 8 PIT
03960 07A3 78 062C ASL DABUF+1 VALUE rTO 12 BIT
03970 07A6 79 06213 ROL DABUF
03980 07A9 78 C-62C ASL DABUF-+1
039910 O7PC 79 0623 ROL DABUF
04000 O7PAF 78 062C ASL DAI3UF+1
04010 078D2 79 0623 ROL DANBUF
04020 07 PG FE 06 2B LDX DABUF 1, LB -EX VII'll 12 BIT VLU
04030 07B8 FP E500 Sri% DACZRO MI~D OUTTUT -ir) D,'A
04040 07 BB 32 WT'L A REPIRIEV ENY A ACC VLUM
04050 07 F' 39 S
04060
04070
04080 M ED SUBRCUTLNE CU'71)A
04090
04100*
04110*
04120 *FMJCTnION : GETEIT
04130 *flNPUU : BUFP-TR,BIrTP2R TL"TERS
041 40 *OUPTS'j BI IVLU, EONUST FLAGCS
04150 *CALLS5 :NOTHNG
04160 *DESTROYS :PA,CC
04170 *IPJ()SE Th71IS RCUTEE CHECKS THE STA'TE OF: THE BIT
04180 * POITED TO BY 13 rUFP'rR,BITPrR P 1iP AD SETS -Mr,
04190 * THE BIIIVLU FLAG ACCOPMI:GLY. THIS RC'TE HC
04200 * FOR MID OF KEMORY 1P'-D FOR(5S DXIT OF RECOESTUC7IO
04210 * RQJTINES IF EOMI IS DETE(-rED.
04220*
04230
04240 0731D 7F 061F GETBIT CLR BITIU INSURE' BIWIT,U START\S RUSET
04250 07C0 FE 0611 LDX BUTFPrPR G.ET7 17M 1,,OPD POINTER
04260 070 F6 0613 IDA B DITPPR (3,ET BIT 1X)TM.L7 r, ",.,.T 1IM I
04270 07C6 E5 00 BIT B 0,X CHECKa IF BIT Sim
04280 07C8 27 03 Bl;t) GDTBI1 NO IT l,.AS RS T  KJ IJ
04290 07CA 7C 0611' JI C BITVLU YErS. PIT VS ET. S. 7MIJ
04300 07CD3 74 0613 GEMT1i ISR BITlyil NO.7 P'P OhgINmf:S
04310 07D30 24 22 BCC G E TlETE
04320 07D2 76 0613 ROR BITI'
04330 07D35 08 ItqX
04340 07D36 PP 0611 sFX BUFPTR
04350 071D9 F6 0611 LDA B BUFPTR ClIECK FOR It,') OF TPyI\
04360 07DC~ Cl W0 CMP B 0t$80
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C430 U7DE 26 14 ENE GTRTS NO. COulITIUE
04? 0 07E0 OF SEI NGI TURN OFF INTR AND RET

P . -C.O Dj/C OO
04410 07E7 FE 061D LDX VECSAV
04420 07EA FF FFF8 SICX IRQVEC
04430 07ED 7F 062A CLR DOlTT YFS. CLR EXY.TST FLAG ATD RTI
04440 07F0 BE 062D LDS STKSAV RETRIEVE INTR STACK MlR
04450 07F3 3B RTI
04460 07F4 39 GETRTS RTS
04470 *
04480
04490 * END OF SUBROUTINE GETBIT
04500
04510 *
04520 *
04530 *FUNCTION : ERROR
04540 *INPUIS : E'SSAGE STR1NG POITD '.'O BY INDX RFG
04550 *OUTPUTS :ERROR U SS&T i'7 (X'?SCLE DEVICE
04560 *CALLS : OU l:CR,lI,'T.D,DISPLA
04570 *DESTROYS A,B,X,CC
04580 *PURPOSE :THIS R(QJTL'",E PRIhTS ERROR MESSAGFS UPON
04590 * ERROR DETECTION BY The DLCOIPnRBSSION ROUTINES.
04600 *
04610 *
04620 07F5 BD CA8F ERROR JSR OVEhCR
04630 07F8 CE 09DF LDX #ANYNY GET XNYR-EY %!SSI\ZE
04640 07FB, BD CA8F JSR OCT1 CR PRINT "TO CONTINUE PRESS ANY
04650 07FE BD CA2C JSR KEYBDO
04660 0801 OF SEI Nal CLR INTR CONDITION
04670 0802 CE 4000 LDX #$4000 X'D REThRN rio DISPLAY
04680 0805 FF E500 sTX DACZPO
04690 0808 FE 061D LDX VECSAV RETRIEV IRQ VEC ADDR
04700 080B FF FFF8 STX IPQVEC
04710 080E 7E 0100 Ji4P DISPLA RE.R!N TO "DISPLAY"
04720 *
04730
04740 * U7) ERROR PlNDLING ROUTINE
04750
04760 *
04770 * MESSAGE STRINGS
04780 *
04790 0811 IAOD G(IISG FDB $lAOD,$0i,07
04800 0815 44 FCC /DE0,,.1PREFS,,ION QVEPJY/
04810 082A ODOA FDB $ODOA,$ODOA
04820 082E 43 FCC /CURnNRT CllhNNEL FLAG IS /
04830 0846 0001 CiHASC RHB 1
04840 0847 ODOA FDB $ODOA,$ODOA
04850 084B 44 FCC /DO YOU WISH TO EXECUTE THIS MODULE
04860 0877 04 FCB 4
04870 0878 0DOA GOAGIN FDB $ODOA,$OA07
04880 087C 44 FCC /DECOMPRESSION AND DISPLAY COriiLETE/
04890 089E ODOA FDB $ODOA,$ODOA
04900 08A2 45 FCC /ENTFR CONTINUATION COM.IAND/
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C4!L 03' C ODOA FDB $ODOA
049?0 0,POE 20 FCC / X=DISPUAY CHANNEL X ON D-A CHP.NE-, ) (''. 1,\ FI-TB ,CDOA

--.5., .7 20 PcC: / (D'1-1v i.*,:', Y D-.., C;!I...Zi

04950 090E ODOA FDB $ODOA
04960 0910 20 FCC / Z=DISPLAY CIANF N Z OIN D-A GIA}NI,
04970 0937 0DOA FDB $ODOA,$ODOA
04980 093B 41 FCC /ANY OThER KEY RETIPS W,7rPOL TO "DI
04990 0966 ODOA FDB $0DOA,$0DOA
05000 096A 45 FCC /ENTER CO,1MMND Ncx;=/
05010 097C 04 FCB 4
05020 097D lA07 SYNCMS FDB $1A07,$ODOA
05030 0981 53 FCC /SYNC ERROR DETECTED BY TOLAN-A DECOD
05040 09A7 ODOA FDB $ODOA
05050 09A9 04 FCB 4
05060 09AA 1A07 SYNCTI FDB $1A07,$ODOA
05070 09AE 53 FCC /SYNC ERROR DETECTED BY /
05080 09C5 54 FCC /TOLAN-A DURIG TIME FEWTi/
05090 09DE 04 FCB 4
05100 09DF ODOA ANYKL'Y FDB $ODOA
05110 09E. 54 FCC /TO CNTINUE PRESS AY KEY/
05120 09FA 04 FCB 4
05130 09FB 1A07 CVFLMS FDB $1A07,$0DOA
05140 09FF 41 FCC /ACCEL V/LUE OVERFLGI DETECT'D BY TOL
05150 OA2F 0DOA FDB $ODOA
05160 0A31 20 FCC / IN CILNNEL /
05170 OA3D 0001 QVFLCH RP1B 1
05180 OA3E 04 FCB 4
05190 OA3F 1A07 TI,23PR FDB $IA07,$ODOA
05200 0A43 54 FCC /TITE (IMNT ERROR DETECTED BY TOLU.-A
05210 0A6F ODOA FDB $ODOA
05220 0A71 54 FCC /TIME GiT (DELT)=0/'
05230 0A82 04 FCB 4

05240 *
05250
05260 *
05270 * END OF DECPRS GERLAY ROUTNES
05260 *

05290
05300 *

05310 END
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ENTROPY

0100 REM ***************************************

C_.z "'._t2 LM'C LM7T>,Cx: CALC T kf7:,' 7:r'{''2.,.

0130 REM *
0140 REM ***************************************
0150 REM *
0160 REM * THIS PROGRAM READS THE FREQUENCY
0170 REM * OF OCCURENCE DATA IN MEMORY FROM AN
0180 REM * EKG DATA COLLECTION AND CALCULATES
0190 REM * THE ENTROPY OF THE X,Y,AND Z DATA
0200 REM * SOURCES. THE CALCULATED ENTROPY IS
0210 REM * STORED BACK IN THE MEMORY FILE HEADER
0220 REM * IN ASCII. THIS HEADER CAN THEN BE
0230 REM * INSERTED INTO THE DISK FILE USING
0240 RE4 * MINIDOS.
0250 REM *
0260 REM ***************************************
0270 REM
0280 DIM D(255) ,N$(8) ,T(255) ,M9(6) ,T$(3)
0290 STRING= 8
0291 DIGITS= 4
0292 T$(1)="X"
0293 T$(2)="Y"
0294 T$(3)="Z"
0295 LINE= 80
0296 L7=6
0297 E1=13507

0313 REM
0325 REM **********************************************
0326 REM * NOW GET FILENAME FROM MEMORY & PRINT IT
0327 REM **********************************************
0328 REM
0330 FOR I=l TO 8
0340 J=13313+I
0350 N$(I)=CHR$(PEEK(J))
0360 A$=A$+N$(I)
0370 NEXT I
0372 P$=CHR$(12)
0373 PRINT P$
0374 PRINT
0375 PRINT
0376 PRINT
0377 PRINT
0378 PRINT
0380 PRINT
0385 PRINT "EKG ENTROPY CALCULATION"
0386 PRINT
0387 PRINT
0390 PRINT "FILENAME .............. ";A$
0400 PRINT
0401 PRINT
0402 GOSUB 1696
0403 GOSUB 1900
0404 IF G$ = "S" THEN GO TO 1120
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ENTROPY

C410 REM
0411 REM ***********************************************

.' El=:T FIL'," ixF LT:' ' ; :< c] 'I
0 413 ,.: * 13 E56=$3620 (:1.:) . ;L:: L,;.3 C. LA7, . i_.,D
0414 REM * 13567=34FF (HEX)=XPDF BUFFER-I
0415 REM * 14079=36FF (HEX)=PDPF BUFFER-I
0416 REM * 14591=38FF (HEX)=ZPDP BUFFER-I
0417 REM * 13500=34BC (HEX)=BASSAV. MEM BUF FOR $3620 DATA SAVE
0419 REM ***********************************************
0420 REM
0421 REM
0424 REM
0425 REM *************************************************
0426 REM * NOW GET VLU IN BASSAV & STR TO $3620 (HEX)
0427 REM *************************************************
0428 REM
0429 B=13856
0430 CI=I
0432 N=PEEK (13500)
0433 POKE( B,N)
0435 FOR 1=1 TO IL55
0436 T(I)=0
0437 NEXT I
0438 T9=0
0439 S2=0
0440 S=0
0441 REM
0442 REM ************
0443 REM * NOW BEGIN LOOP TO CALC X,Y,Z & TOTAL ENTROPY
0444 REM *************************************************
0445 REM
0450 IF Cl <> 1 THEN GO TO 480
0460 K=13567
0480 IF Cl <> 2 THEN GO TO 510
0490 K=14079
0510 IF Cl <> 3 THEN GO TO 540
0520 K=14591
0540 IF Cl>= 4 THEN GO TO 800
0542 REM
0543 REM ******************************************************
0544 REM * GET 2 BYTE PDF DATA & MERGE INTO FLTING POINT NUMBER
0545 REM *****************************************************
0546 REM
0550 FOR I=1 TO 509 STEP 2
0560 f=(I+1)/2
0570 D(M) =256*PEEK (I+K) +PEEK (I+K+1)
0572 T(M) =T(M) +D(M)
0590 S=D(M)+S
0592 S2=D(M)+S2
0600 NEXT I
0605 D9=256*PEEK (K+511)+PEEK (K4512)
0606 S=S+D9
0607 T9=T9+D9
0608 $2=S2+D9
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ENTRlOPY

C610 E=O
0612 REM
06613 F.E! - * * * *'* * ** ** *** * ** ** ** * .* * ** * * * * ** -**A 4 1** **

0614 REM.I * NOW CALcULATE] Pl'OBABILITY O' GCC "' C rc , . "I',

0615 REM * VLU'S FROM NUM OF OCCURENCES. THEN CALC ENTROPY SUM.
0616 REM ******************************************************
0617 REM
0620 FOR I=l TO 255
0630 D(I)=D(I)/S
0640 IF D(I)=0 THEN GO TO 660
0650 E=E+(D(I)*(- (LOG(D(I))/.693147) ))
0660 NEXT I
0663 D9=D9/S
0664 IF D9=0 THEN GO TO 666
0665 E=E+(D9*(-(LOG(D9)/.693147)))
0666 IF E=0 THEN GOTO 672
0667 C2=8/E
0668 GOTO 683
0672 C2=1
0673 GOTO 680
0674 REM
0675 REM ******************************************************
0676 REM * PRINT RESULTS OF CALC TO TERMINAL (PRINTER).
0677 REM *****************************************************
0678 REM
0680 PRINT
0681 PRINT "MAXIMUM COMPRESSION FOR CHANNEL ";T$(CI) ;" IS INFINITE"
0682 GOTO 690
0683 PRINT
0684 PRINT "MAX COMPRESSION RATIO FOR CHANNEL ";T$(CI);" IS ";C2;" ; 1"
0690 PRINT
0700 PRINT "EKG LEAD ";T$(CI);" ENTROPY = ";E;" BITS."
0710 PRINT
0712 REM
0712 REM **********************************************************
0714 REM * NOW CONVERT CALCULATED ENTROPY TO ASCII & rTORE BACK
0715 REM * IN MEMORY BUFFER
0716 REM *********************************************************
0717 REM
0720 LET E$=STR$(E)
0740 GOSUB 1750
0785 CI=CI+I
0790 GOTO 440
0800 REM
0801 REM *******************************************************
0802 REM * WITH X,Y,Z ENTROPY CALCULATED, NOW CALC.UWTE TO'A.',
0803 REM * COMBINED ENTRCPY BY ADDING X,Y,Z BTNC C)L:;s & DTVTDLIG
0804 REM * BY TOTAL SAMPLE COUNT
0805 REM **************************************************** *
0806 REM
0807 E5=0
0810 FOR I=l TO 255
0820 T(I)=T(I)/S2
0822 IF T(I)=0 ThEN GO TO 840
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ENTROPY

0830 E5=E5+(T(1)*(-(LOG(T(I))/.693147)))
0840 NEXT I

Vc 2 IF T =0 'L!N 0,) '-C- 6-,
0860 E5=E5+(T9*(-(LOG(T9)/.693147)))
0870 C3=8/E5
0872 REM
0873 REM ******************************************************
0874 REM * PRINT COMBINED ENTROPY TO TERM & STR RESULT IN MEN BUFFER
0875 REM *******************************************************
0876 REM
0880 PRINT
0890 PRINT "MAX COMPRESSION RATIO FOR 3 LEAD EKG SYSTEM ";C3;" 1"
0910 PRINT
0920 PRINT "3 LEAD EKG SOURCE ENTROPY = ";E5;" BITS."
0930 PRINT
0940 LET E$=STR$(E5)
0950 GOSUB 1750
1000 LET E$=STR$(C3)
1005 GOSUB 1750
1010 REM
1020 REM **********************************************
1030 REM * NOW GET OTHER STATISTICAL VARIABLES &
1040 REM * CALCULATE CHANNEL r.IAX,MINS,COHPRESS1ON RATIO
1050 REM * OBTAINED, AN D COM.,PRESSION TIME EFFICIENCY
1060 REM **********************************************
1070 REM
1080 REM **********************************************
1082 REM * START WITH ACHIEVED COMPRESSION RATIO. THEN
1090 REM * PRINT THE TIME COM1PRESSION EFFICIENCY. TlIS IS
1091 REM * THE PERCENTAGE OF THE TIME AVALIABLE TPAT 'W7AS USED
1092 REM * TO COLLECT,COMPRESS, & CALCULATE STAT VA\,RIABLES.
1100 REM **********************************************
1110 REM
1120 DIGITS= 4
1130 L7=6
1140 M4=PEEK(13483)+PEEK(13482)*256+PEEK(134EI)*256*256
1150 D4=PEEK(13487)+PEEK(13486)*256+PEEK(13485)*256*256
1160 D4=PEEI" (13484) *256*256*256+D4
1170 C4=D4/M4
1180 LET E$=STR$(C4)
1190 GOSUB 1750
1200 PRINT
1201 PRINT "COMPRESSION RATIO ACHIEVED = ";C4;" : 1"
1210 IF G$="S" THEN GOTO 1260
1211 REM
1212 REM **********:****************************;.*,*.
1213 REM * CALCULATE OVERALL COMPRESSION EFFICIENCY
1214 REM ******************************************* ****
1215 REM
1216 DIGITS= 1
1217 C6=((C4-1)/(C3-1))*100
1218 PRINT
1219 PRINT "ACHIEVED COMPRESSION EFFICIENCY = ";C6;" %"
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ENTROPY

1220 LET E$=STR$(C6)

1221 1,7=4

1222 cOSUB 1750
1229 REM
1230 REM ************************************************
1240 REM * NOW CALCULATE COMPRESSION TIME EFFECIENCY
1250 REM *********************************************
1252 REM
1260 S4=PEEK(13461)+PEEK(13460)*256
1262 L4=PEEK(13462)
1264 L5=PEEK(13459)+PEEK(13458)*256+PEEK(13457)*256*256
1266 L5=PEEK(13456)*256*256*256+L5
1270 T4=(i-(L5/(L4*S4)))*100
1272 DIGITS= 1
1274 L7=4
1276 LET E$=STR$(T4)
1278 GOSUB 1750
1280 PRINT
1282 PRINT "COLLECTION TIME EFFICIENCY ";T4;" %'
1284 PRINT
1290 REM
1291 REM *************************************************
1292 REM * CALCULATE COLLECTION DURATION
1293 REM **************************************************

1294 REM
1295 T6=S4/S8
1296 PRINT
1297 PRINT "COLLECTION DURATION = ";T6;" SECONDS"
1298 PRINT "AT A SAMPLE RATE OF ";S8;" HZ"
1299 LET E$=STR$(T6)
1300 GOSUB 1750
1301 REM
1302 REM ***********************************************
1310 REM * RETRIEVE DATA MAX & MINS & CALC VOLTS
1320 REM *************************************************
1330 REM
1339 DIGITS= 5
1340 FOR I=6 TO 1 STEP -1
1350 M9(I)=PEEK(13460+I*3)
1360 IF M9(I) > 127 THEN GOTO 1390
1370 M9(I) =M9(I)*.0390625
1380 GOTO 1400
1390 M9(I)=-(10-M9(I) *.0390625)
1400 NEXT I
1401 E1=13408
1402 FOR 14=5 TO 1 STEP -2
1403 LET E$=STR$(M9(I4))
1404 L7=7
1405 GOSUB 1750
1406 13=I4+1
1407 LET E$=STR$(M9(I3))
1408 GOSUB 1750
1409 NEXT 14
1410 REM
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ENTROPY

1420 REM *************************************************
14.0 PF, * NOW PRINT MAX & MINS TO TERM (PRINTER)

1450 REM
1460 PRINT
1470 FOR I=l TO 6 STEP 2
1480 PRINT
1490 PRINT "CHANNEL ";T$((I+1)/2);" MINIMUM = ";M9(7-I);" VOLTS."
1500 PRINT
1510 PRINT "CHANNEL ";T$((I+1)/2);" MAXIMUM = ";M9(6-I);" VOLTS."
1520 PRINT
1530 NEXT I
1540 REM
1550 REM ************************************************
1560 REM * FINISH WITH A PRINT OF NUM OF BITS USED TO
1570 REM * STORE X,Y,Z IN MEM WITH THIS COMPRESSION TYPE
1580 REM ************************************************
1590 REM
1600 X3=PEEK(13490)+PEEK(13489)*256+PEEK(13488)*256*256
1610 Y3=PEEK(13493)+PEEK(13492)*256+PEEK(13491)*256*256
1620 Z3=PEEK(13496) +PEEK(13495)*256+PEEK(13494)*256*256
1630 T3=PEEK(13499)+PEEK(13498)*256+PEEK(13497)*256*256
1632 DIGITS= 0
1640 PRINT
1650 PRINT "NUMBER OF BITS USED TO STORE CHANNEL X =";X3
1652 PRINT
1660 PRINT "NUMBER OF BITS USED TO STORE CHANNEL Y =";Y3
1662 PRINT
1670 PRINT "NUMBER OF BITS USED TO STORE CHANNEL Z =";Z3
1672 PRINT
1680 PRINT "NUMBER OF BITS USED TO STORE TIME =";T3
1682 PRINT
1683 PRINT
1690 GOTO 2000
1691 REM
1692 REM *************************************************
1693 REM * SUB TO PRINT OUT COMPRESSION TYPE
1694 REM *************************************************
1695 REM
1696 H=PEEK(13312)*256+PEK(13313)
1697 IF H=20035 THEN HS(1)="NOT COMP"
1698 IF H=20035 THEN H$(2)="RESSED
1699 IF H=21569 THEN H$(1)="TOLAN A"
1700 IF H=21569 THEN H$(2)="
1701 IF H=21570 THEN H$(1)="TOLAN B "
1702 IF H=21570 THEN H$(2)="
1703 IF 11=17487 THEN H$ (1) ="DOWER "
1704 IF H=17487 THEN H$(2)="
1705 IF H=21584 THEN HS (1) ="TURNING "

1706 IF H=21584 THEN H$(2)="POINT "
1707 IF H=18766 THEN H$(1)="2ND ORD "
1708 IF H=18766 THEN H$(2)="INTERPOL"
1709 PRINT "COMPRESSION USED ...... ;}]$(1) 15(2)
1710 PRINT
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ENT 1, y

1711 RETURN
17 T' 'T'

1732 REM * SUBROUT=hE 70 WRITE ASCII -,'.TA I, ES '.0 M:li
1733 REM * LOCATION POINTED TO BY El. WILL WRITE 8 CHAR
1734 REM * STRINGS TO MEMORY.
1739 REM **********************************************
1740 REM
1750 FOR I=l TO L7
1760 F$=MID$(E$,I,L7)
1770 F=ASC(F$)
1780 POKE( EI,F)
1781 El=E1+1
1790 NEXT I
1800 POKE( E1,4)
1801 El=E1+1
1810 RETURN
1820 REM
1830 REM ********************************************
1840 REM * SUBROUTINE TO PROMPT COMMAND FOR SHORT RUN OR LONG
1850 REM * RUN. SHORT DOES NOT CALCULATE ENTROPY OR COMPRESSION
1860 REM * RATIOS.
1870 REM *******************************************************
1880 REM
1900 PRINT
1910 PRINT "ENTER S FOR SHORT RUN (NO ENTROPY CALCULATED)"
1920 PRINT "ENTER L FOR LONG RUN (WITH ENTROPY CALCULATED)"
1930 INPUT G$
1932 PRINT "ENTER COLLECTION SAMPLE RATE (IE. 500)"
1934 INPUT 0$
1935 S8=VAL(O$)
1940 RETURN
1950 REM
1960 REM **************************************************
1970 REM * END OF ENTROPY CALCULATION PROGRAM
1980 REM ***************************************************
1990 REM
2000 PRINT
2010 PRINT
2020 PRINT "ENTROPY CALCULATION & STATISTICS PRINTOUT COMPLETE"
2030 END
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Appendix D

This appendix contain~s a li,,tircj of tlc! Clata co;cu!:

by the TOLAN-A8 module for the thesis experiment.
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EKG SAMPIE COLLECTION STATISTICS : PAGE 1
FIr PNAMF ... ......... TA1359PA

C . . . . . . . . . . PAI, ' '1,,
SArMPLING RATE. .......... 500 H!Z
DATE OF COLLECTION .... 23 OCT 80
TIME OF COLLECTION .... 1359
COIPRESSION USED ..... ... TOLAN-A
CHANNEL X ENTROPY .... 2.4871 BITS
CHANNEL Y ENTROPY .. .. 2.4751 BITS
CHANNEL Z ENTROPY .... 2.4217 BITS
TOTAL SOURCE ENTROPY. . 2.4796 BITS
PRESS RETURN FOR PAGE 2 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS : PAGE 2
APPROX MAX COMPRESSION
RATIO POSSIBLE ........ .3.2263 : 1
COMPRESSION RATIO
ACHIEVED ........... .2.2595 : 1
ACHIEVED COriPRESSION
EFFICIENCY ... ...... .56.5 % OF MAXIMUM
COMPRESSION TITlE
EFFICIENCY OBTAINED . . 77.8 % SMP INTERVAL
COLLECTION DURATION . . 26.2 SECONDS
CHANNEL X MAXIMUM .... 2.50000 VOLTS
CHANNEL X MINIMUM .... -0.1171 VOLTS
CHANNEL Y MAXI 1U: 1. . . . . .. 2.50000 VOLTS
CHANNEL Y MINIMUMl .... -0.1171 VOLTS
CHANNEL Z MAXIMUM ...... 2.50000 VOLTS
CHANNEL Z MINIMUM . -0.1562 VOLTS
COMMENTS .......... X,Y, Z IN COMMON LEAD 1
PRESS RETURN FOR PAGE 3 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS: PAGE 3
NUMBER OF SAMPLES TAKEN (SAMPNO)= 3336 (HEX)
MAXIMUM LOOP COUNT PER INTERRUPT (LPCAL)= 27 (HEX)
TOTAL WAITING LOOP COUNTS DURING COLLECTION (LOOPCT)= 0001B9DB (HEX)
TIME EFFICIENCY = (1-(LOOPCT%(SAMPNO*LPCAL)))*100
CHANNEL MAXIMUMS AND MINIMUMS
XMAX= 40 (HEX) AT SANPLE NUMBER ODA7 (HEX)
XMIN= FD (HEX) AT SAMPLE NURBER 0171 (HEX)
YMAX= 40 (HEX) AT SAlMPLE NUMTER ODA7 (HEX)
YMIN= FD (MEX) AT SAMPLE NI'IMER 0171 (HEX)
ZMAX= 40 (0EX) AT SAMPLE NU,BER ODA7 (HEX)
ZMIN= FC (IE:) AT SAIPLF NUIEER 0171 (HEX)
COMPRESSION STAT1S'11CS:
NUMBER O MENORY BITS AVAILABLE = 021FF, (HEX)
NUMBER OF BITS AVAILAIBLE TO VAR LEN CODER = 000 0 00 (HEX)
TOTAL NUMBER O' DATA BITS STORED = 000<1(C7D1 (IEN)
NUMBER OF BITS USED TO S'iORE CHANNEL N= 006652 (Ol"F,)
NUMBER OF BITS USED TO STORE CHANNEL Y = 0066AS (FiX)
NUMBER OF BITS USED TO STORE CHIANNEL Z = 006160 (1I' [)
NUMBER OF BITS USED TO STORE TIN1E OR OT'R PfI ," = 01000 (EX
COMPRESSION RATIO = TOTAL DATA BITS STORED IR I, V 'T AVA, IABLE
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FILE TA1359PA
c MlPL TUDr DTZTPTPU m TON

80 . . .. ......000 (" -Li)

81 ............ 000 (HEX)

82 ............ 0000 (HEX)
83 ............ 0000 (HEX)
84 ............ 0000 (HEX)

8 5 ............ 0000 (HEX)
86 ............ 00 (HEX)

867 ............ 0000 (HEX)

88 ............ 0000 (HEX)

89 ............ 0000 (HEX)

8A ............ 0000 (HEX)

8B ............ 0000 (HEX)
8BC ............ 0000 (HEX)

8D ............ 0000 (HEX)

8E ............ 0000 (HEX)

8E ............ 0000 (HEX)

90 ............ 0000 (HEX)
91 ............ 0000 (HEX)

92 ............ 0000 (HEX)

93 ............ 0000 (HEX)

94 ............ 0000 (HEX)

95 ............ 0000 (HEX)

96 ............ 0000 (HEX)

97 ............ 0000 (HEX)

98 ............ 0000 (HEX)

99 ............ 0000 (HEX)

9A ............ 0000 (HEX)

9B ............ 0000 (HEX)

9C ............ 0000 (HEX)

9D ............ 0000 (HEX)

9E ............ 0000 (HEX)

9F ............ 0000 (HEX)

AO ............ 0000 (fIEX)

A l ............ 0000 (HEX)

A2 ............ 0000 (HEX)

A3 ............ 0000 (HEX)

A4 ....... 0000 (EEX)

A5 ............ 0000 (HEX)

A6 ............ 0000 (HEX)

A7 ............ 0000 (HEX)

A8 ............ 0000 (HEX)

A9 ............ 0000 (HEX)

AA ............ 0000 (HEX)

AB ............ 0000 (HEX)

AC ...... ..... 0000 (HEX)

AD ............ 0000 (HEX)

AE ............ 0000 (HEX)

AF ............ 0000 ("EX)

BO ............ 0000 (HEX)

B0 ............ 0000 (HEX)

B2 ............ 0000 (HEX)
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B3 ............ 0000 (hEX)
B4 ....... .0000 (HEX)
I,15 . .. .. .. .. . .. o e 0 r P 1 11.

G ............ 0000 (1 E X)

B7 ............ 0000 (HEX)
B8 ............ 0000 (HEX)
B9 ............ 0000 (HEX)
BA ............ o00 (HEX)
BB ...........000 (HEX)
BC ............ 0000 (HEX)
BD .......... 0000 (t]EX)
BE ............ 0000 (I:EX)
BF .......... 0000 (HEX)
CO ............ 0000 (HIEX)
Cl ............ 0000 (HEX)
C2 ............ .0000 (HIEX)
C3 ............ .0000 ( HEX)
C4 ............ .0000 (EV")
C5 ............ 0000 (HEX)
C6 ............ 0000 (HEX)
C7 ............ .0000 (HEX)
C8............ 0000 (HEEX)
C9 ............ 0000 (HEX)
CA ............ 0000 (HEX)
CB ............ 0000 (HEX)
CC ............. 0000 (HEX)
CD ............. 0000 (HEX)

CE ............ o000 (EX)
CF ............ 0000 (HEX)
DO ............ 0000 (HEX)

Dl ............ 0000 (HEX)
D2 ............ 0000 (HEX)
D3 ............ 0000 (HEX)
D4 ............ 0000 (HEX)
D5 ............ 0000 (HEX)

D6 ............ 0000 (HEX)
D7 ............ 0000 (HEX)
D8 ............. 0000 (HE)
D9 ............ 0000 (HEX)
DA ............. 0000 (HEX)
DB ............ 0000 (HEX)
DC ............ 0000 (HEX)
DD ............ 0000 (HEX)
DE ............ 0000 (HEX)
DF ............ 0000 (HEX)
EO ............ 0000 (HEx)
El ............ 0000 (HEX)
E2 ............ 0000 (HEX)
E3 ............ 0000 (HEX)
E4 ............ 0000 (HEX)
E5 ............ 0000 (HEX)
E6 ............ 0000 (HEX)

E7 ............ 0000 (HEX)
E8 ............ 0000 (HEX)
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E9 ............ 0000 EX
FA ............ (000 1EX
FlB ............ ,
L ............ O (
ED ............ 00 0 0  (HEX)
EF ............ 00 0 0  (IEX)
FF ............ 0000 (.EX)

FO ............ 0000 (EX)
Fl ............ 0000 (HEX)

F2 ............ 0001 (HEX)
F3 ............ 0001 HEX)
F4 ........ ... 0003 (HEX)
F5 ............ OOOC (HEX)
F6 ............ 0012 (HEX)
F7 ........... 0016 (EX
F8 ............ 000F (EX)
F9 ............ 0 (00: HEX)
PA ............ 000E (I ! )

FB ............ 000 (HEX)
FC ............ oo1B (iEX
FD ............ 004D (IEX)
FE ............ 0260 (HEX)
FF ............ 0961 (HEX)
00 ............ 06A2 (HEX)
01 ............. 09A5 (HEX)
02 ............ 024A (EX)

03 ............ 005F EEX
04 ............ 0027 (PEX)
05 ............ 0011 (HEX)

06 ............ 0003 (lEX)
07 ............ 0008 ( HEX)
08 ............ 0008 HEX)
09............. 0004 (lEX)
OA ............ 0001 (HEX)
OB ............ 0001 (HEX)
oC ............ 0006 (iEX)

OD ............ 0003 (HEX)
OE ............ 0003 (HEX)
OF ............ 000A (HEX)
10 ............ 0009 (I]EX)

II............ 0000 (HEX)
12 ............ 0003 (HEX)
13 ............ 0002 (HEX)
14 ....... .... 0000 (HEX)
15 ............ 0000 (HEX)

16 ............ 0000 (lIEX)
17 ............ 0000 (HEX)
18 ............ 0000 (VEX)
19 ............ 0000 (HEX)
1A ............ 0000 (HEX)
1B ............ 0000 (HEX)
IC ............ 0000 (HEX)
ID............ 0000 (HEX)
IE ............ 0000 (IEX)
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IF ............ 0000 (HEX)
20 ............ u0 r , CEX)
21.0...0 0 0 ( i.LIX)
2 2 ............ 0000 (lX.,)
23 ............ 0000 (I HE'X)
24 ............ 0000 (HEX)
25 ............ 0000 (}iEX)
26 ............ 0000 (iEX)
27 ............ 0000 (1EX)
29 ............ 0000 (HiEX)
28 ............ 0000 (iHEX)
2A ............ 0000 (H11EX)
2B ............ 0000 (HEX)
2C ............ 0000 (HEX)
2D ............ 0000 (HEX)
2E ............ 0000 (HIEX)
2F ............ 0000 (1EX)
30 ............ 0000 (fH*'E":)
31 ............ 0000 (HE)'
32 ............ 0000 (flEX)
33 ............ 0000 (HEX)
34 ............. 0000 (HEX)
35 ............ 0000 (HEX)
36 ............ 0000 (HEX)
37 ............ 0000 (HEX)
38 ............ 0000 (HEX)
39 ............ 0000 (HEX)
3A ............ 0000 (HEX)
3B ............ 0000 (HEX)
3C ............ 0000 (HEX)
3D ............ 0000 (HEX)
3E ............ 0000 (HEX)
3F ............ 0000 (HEX)
40 ............ 0000 (HEX)
41 ............ 0000 (HEX)
42 ............ 0000 (HEX)
43 ............ 0000 (HEX)
44 ............ 0000 (HEX)
45 ............ 0000 (HEX)
46.............0000 (HEX)
4 7 ........... 0000 (HEX)
48 ............ 0000 (HEX)
49 .......... o.0000 (HEX)
4A ............ 0000 (HEX)

4B............ 0000 (HEX)
4C ... ........ 0000 (HEX)
4D ............ 0000 (HEX)
4E............ 0000 (HEX)
4F ............ 0000 (HEX)
50 ............ 0000 (HEX)
5 1 ............ 0000 (HEX)
52o...... ..... 0000 (HEX)
53 ............ 0000 (IiEX)
54 ............ 0000 (HEX)
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55 ............ 0000 (tHEX )
56 ............ 0000 (HEX)
57 ............ 000 (!: X)
58 ........ .... ooc (:-i )
59 ............ 0000 (HEX)

5A .0000 (HEX)
5B ............ 0000 (HEX)

5c ............ 0000 (;HEX)

5D ............ 0000 (HEX)

5E ............ 0000 (HEX)

5F ............ 0000 (HEX)

60 ............ 0000 (HEX)

61 ............ 0000 (H1EX)
62 ............ 0000 (EEX)

63 ............ 0000 (HEX)

64 ............ 0000 (HEX)

65 ............ 0000 (HEX)
66 ............ 0000 (HEX)
67 ............ 0000 (HEX)
68 ............ 0000 (HEX)
69 ............ 0000 (HEX)
6A .. . .... 0000 (HEX)
6B ............ 0000 (HEX)

6C ............ 0000 (HErX)
6D ............ 0000 (HEX)
6E ............ 0000 (HEX)
6F .... ....... 0000 (HEX)
70 ............ 0000 (H1EX)
71 ............ 0000 (HEX)

72 ............ 0000 (HEX)

73 ............ 0000 (VEX)
74 ............ 0000 ( HEX)
75 ............ 0000 (HEX)
76............0000 (FIEX)
77 ............ 0000 (HEX)
78 ............ 0000 (HEX)
79 ............ 0000 (EEX)
7A ............ 0000 (H1EX)
7B ............ 0000 (HEX)

7C ............ 0000 (HEX)
7D ............ 0000 (HEX)
7E ............ 0000 ( flEX )

7F ............ 0000 (HEX)
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EKG SAMPLE COLLECTION STATISTICS : PAGE 1
FILENAME ... ......... .. TA1413LU
, ECT ... ........ LUTZ

1,11 I , RATE . . .. . 500 H]Z
DATE OF COLLECTION. . . . 23 OCT 80
TIME OF COLLECTION. . ... 1413
COMPRESSION USED ..... ... TOLAN-A
CHANNEL X ENTROPY . ... 3.7826 BITS
CHANNEL Y ENTROPY . ... 3.7950 BITS
CHANNEL Z ENTROPY . ... 3.8149 BITS
TOTAL SOURCE ENTROPY .. 3.8028 BITS
PRESS RETURN FOR PAGE 2 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS : PAGE 2
APPROX MAX COMPRESSION
RATIO POSSIBLE ...... 2.1036 : 1
COMPRESSION RATIO
ACHIEVED ........... .1.2519 : 1
ACHIEVED CO:IPRESSION
EFFICIENCY. 22.8 % OF MAXIM',UM
COMPRESSION T'IIE
EFFICIENCY OBTAINED . . 95.4 % SMP INTERVAL
COLLECTION DURATION . . . 14.5 SECONDS
CHANNEL X MAXIlU,l . ... 1.79687 VOLTS
CHANNEL x ..iIMU.... -1 .0156 VOLTS
CHANNEL Y MAXI';UM . . 1 .75781 VOL-IS
CHANNEL Y MINIMUMl . ... -1.0156 VOL-'S
CHANNEL Z NAXIMUM . ... 1.75781 VOLTS
CHANNEL 7 MINIMUM .. . -1.0156 VOLTS
COMMENTS .... ........ X,Y,z IN COMM.ON. LEAD 1
PRESS RETURN FOR PAGE 3 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS: PAGE 3
NUMBER OF SAMIPLES TAKEN (SAMP:NO)= !C60 (HEX)
MAXIMUM LOOP COUNT PER INTERRUPT (LPCAL)= 27 (1!,,)
TOTAL WAITING LOOP COUNTS DURIN G COLLECTION (LOOPCT)= 000031E3 (NEN)
TIME EFFICIENCY = (1-(LOOPCT%(SA", IpnO*IPCAL)))*100
CHANNEL MAXIMUMS AND MINIMUMS
XMAX= 2E (HEX) AT SAMPLE NUIBER 0E7F (PEX)
XMIN= E6 (HEX) AT SAMPLE NUrIBER 11C4 (1!EX)
YMAX= 2D (HEX) AT SAMPLE NUIBER 0-7F (H-EX)
YMIN= E6 (HEX) AT SAMPLE NIMBER 11C4 (FEX)
ZMAX= 2D (HEX) AT SAMiPLE NUlBER OE7F (HEX)
ZMIN= E6 (HEX) AT SAIPLE NUIBER 11C4 (HEX)
COMPRESSION STATISTICS:
NUMBER OF MEMORY BITS AVAIIPBLE = 021FFO (HEX)
NUMBER OF BITS AVAILABLE TO VAR LEN CODER = 000324 (,1(X)
TOTAL NUMBER OF DATA BITS STORED = 0002A900 (FEX)
NUMBER OF BITS USED TO STORE CHANNEL X = 0077E6 (V \)
NUMBER OF BITS USED TO STORE CHANNEL Y = 0077F8 i
NUMBER OF BITS USED TO STORE CHANNEL Z = 00764C (I': X)
NUMBER OF BITS USED TO STORE TIME OR OTHER PAP.,',2' OCCASO (HE:X)
COMPRESSION RATIO TOTAL DATA BITS STORED P1i,; T'i' , AVAlIAHIEl
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FILE TA1413LU
CH,111NEL X AMPLITUDE DISTRIBUTION
D.' A VALUE " [P OF' OCCU}E.,CES

80 ........... 0000 (HEX)
81 ............ 0000 (HEX)
82 ............ 0000 (HEX)
83 .......... 0000 (HEX)
84 ............ 0000 (HEX)
85 ............ 0000 (HEX)
86 . ..... . 0000 (HEX)
87 ............ 0000 (HEX)
88 ............ 0000 (HEX)
89 ............ 0000 (HEX)

8A ............ 0000 (HEX)
8B ............ 0000 (HEX)
8C ............ 0000 (HEX)
8D .......... 0000 (HEX)
8E ............ 0000 (HEX)
8F ............ 0000 (HEX)
90 ............ 0000 (HEX)
91 ............ 0000 (-11EX)
92 ............ 0000 (HEX)

93 ............ 0000 (HEX)
94 ............ 0000 (H1EX)
95 ............ 0000 (HEX)
96 ............ 0000 (HEX)
97 ........... 0000 (H]EX)
98 ............ 0000 (HEX)
99 ............ 0000 (HEX)
9A ............. 0000 (HEX)
9B ............ 0000 (HEX)
9C ............ 0000 (HEX)
9D ............ 0000 (HEX)
9E ............ 0000 (HEX)
9F ............ 0000 (HEX)
AO ............ 0000 (HEX)
Al ............ 0000 (HEX)
A2 ............ 0000 (IEX)
A3 ............ 0000 (HEX)
A4 ............ 0000 (HEX)
A5 ............ 0000 (HEX)
A6 ............ 0000 (HEX)
A7 ............ 0000 (H1EX)
A8 ............ 0000 (HEX)
A9 ............ 0000 (HEX)
AA ............ 0000 (HEX)
AB ............ 0000 (HEX)
AC ............ 0000 (HEX)
AD ............ 0000 (HEX)
AE ............ 0000 (HEX)
AP ............ 0000 (HEX)
B0 ............ 0000 (HEX:x)
B1 ............ 0000 (flEX)
B2 ............ 0000 (HEX)
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B3 .... %..0000 (HEX)
B4 ......0000 (HEXM)

F." ... ... . .0000 (lix)
B 6.. . ... * 0000 (11E1X)
B7 ........... . .0000 (HEX)
B8............. 0000 (HEX)
B9 ............. 0000 (HEX)
BA............0000 (HEX)
BB....... 0000 (HEX)

BC ...... ... .. .0000 (HEX)
BD............. 0000 (HEX)
BE............. 0000 (HEX)
BF... .. 0000 (HEX)

CO.......... 0000 (HEX)
Cl ............ 0000 (HEX)
C2 . ......... 0000 (HEX)
C3............ 0000 (HEX)
C4............ 0000(EX
C5 ....... * .... .0000 (EXl)

C6............. 0000 (FIEX)
C7 . ......... 0000 (HEX)

C8 ............ .0000 (HEX)
C9 . .. .. . * ... .0000 (HEX)
CA.......... 0000 (HEX)
CB............. 0000 (HEX)
cc............ 0000 (H-EX)
CD ........ .. .. .0000 (HEX)

CE............. 0000 (HEX)
CF............. 0000 (HEX,)
DO............. 0000 (HEX)
Dl ....... .. ... .0000 (HEX)
D2............. 0000 (HEX)
D3.............0000o (HEX)
D4. ... .. .. ..... .0000 (HEX)
D5...........0000OO (HEX)
D6............. 0000 (HEX)
D7. .......... 0000 (HEix)
D8.o . ....... O00 (HEX)

D9. . ........ 0000 (HEX)

DA. ......... 0000 (HEX)

DB ...... ........ 0000 (H]EX)
DC .......... 0000 (HEX)
DD............. 0000 ( HEX)
DE..o . .... .. 0000 (HEX)
DF.. . .... ... 0000 (H]EX)

EO. .......... 00O00 (HE,,X)

El......... .... 0000 (HEX)
E2. . . ....... 0000 (HEX)
E3 .. ..... . .0000 (H1EX)
E4.o ......... 0000 (HE1-x)3

E5............o.0000 (HIEX)
E6 . .. .. .. . .... .0000 (HEX)
E7 . ... . .. . .... .0000 (.HE:X)
E8. .... .... 0000 (H1EX)
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E9 .... ....... 0000 (EX)
A . ... .... 0001 (fiFY)
...... ..... o e :L :

E . ... .0000 ( YX)
EE. ... 0000 (hIEX)
ED ..... ..... 0000 (HEX)

EE ............ 0000 (HEX)

EF ............ 0001 (HEX)

FO ............ 0000 (HEX)

Fl ............ 0000 (HEX)

F2. ...... ..0001 (HEX)

F3 .... o ... . ... 0006 (HEX)

F4 ............. 0007 (HEX)
F5 .......... 0012 (HEX)

F6........ ... 0012 (HEX)
F7 ............ 0022 (HEX)

F8........... .0035 (HEX)

F9............ 0050 (HEX)

FA ............ 0082 (VEX)
FB ............. 0 CC (HEX)

FC............. 0136 (HEX)

FF............ 0109 (HEX)

FE ............. 02EF (HEX)

FF ............ 0300 (HEX)

0 .......... 0164 (HEX)

0 1 ........... 040A (HEX)

02 ............ 0132 (EEX)

03 ........... oOOE4 (HIEX)

04 .... ....... 0132 (HEX)
05 ........... 00AD (HEX)

06.. ......... 006B (HEX)

07 .......o.... . .0058 (HEX)
08 .......... .0041 (H1EX)

09 ............ 001F (HEX)
0A........0015 (HlEX)

OB.. .. .... 0013 (HEX)

OC. . . AOOOC (HEX)

OD 00..........OOOA (HEX)

Oe........ .0002 (HEX)
iF........0002 (H;EX)
10 .......... .0000 (H1EX)

11 ........... 0000 ("4EX)
12....... ... 0001 (HEX)
13 ............ 0000 (HEX)

14....... ..... 0000 (HEX)

15 ............ 0000 (HIEX)

16 ............ 0000 (HEX)
17 .......... 00001 (HEX)

18......... ... 0000 (IHEX)
1A....... ... 0000 (H1EX)

lA .......... oo0000 (IEX)
lB............. 0000 (HEX)
IC............0000 (HIEX)

1. ............. 0000 (H1EX)

lE........ oOOO OI 000(EX)
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IF .......... 0000 (HEX)

:0 ..... .... . 0 C( 
21 ........ ....... .. )

22......... .0000 (HEX)
23 ............ 0000 (HEX)

24 ......... .. 0000 (HEX)

25 ............ 0000 (HEX)

26 .......... . 0000 (HEX)

27 ............ 0000 (HEX)

28 ...........0000 (HEX)

29 ............ 0000 (HEX)
2A ............ 0000 (HEX)

2B ............ 0000 (HEX)

2C ............ 0000 (HEX)

2D ............ 0000 (HEX)

2E ............ 0000 (HEX)

2F..... ...... 0000 (HEX)
30 ............ 0000 (HEX)

3 1 ............ 0000 (HEX)
32 ............ 0000 (HEX)

33 ............ 0000 (HEX)

34 ............ 0000 (HEX)

35 ............ 0000 (HEX)
36 ........ . ... 0000 (HEX)
37 ............. 0000 (HEX)

3 8 ............ 0000 (HEX)

39 ........... 0000 (HEX)
3A. ...... .... 0000 (HEX)

3B ........... 0000 (HEX)
3C............ 0000 (HEX)

3D ........... .0000 (HEX)

3E ............ 0000 (HEX)

3F ........ o ... 0000 (HEX)

40 ............ 0000 (IHEX)

41 ............ 0000 (HEX)

42 ............ 0000 (HEX)

43..o... o ..... 0000 (HEX)

44............ 0000 (HEX)

45............. 0000 (HEX)

46............0000 (HEX)

47 ............ 0000 (HEX)

48 ........ o ... 0000 (HEX)

49 ............ 0000 (HEX)

4A ............ 0000 (flEX)

4B.o.......... .0000 (HEX)

4C ...... .... O OO (HEX)

4D............ .0000 (HEX)
4E ............ 0000 (HEX)

4 ............ 0000 (HEX)

50 ............ 0000 (HEX)
51 ............ 0000 (HEX)

52............ 0000 (HEX)
53 ............ 0000 (HEX)
54 ............ 0000 (HEX)
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55 .......... 0000 (HEX)
56 ............ 0000 (HEX)
r ............ o C 0 ('* ' "

............. 0 0 ( G

59 ............ 0000 (lEX)

5A .......... 0000 (hEX)

5B ............ 0000 (HEX)
5C ............ 0000 (HEX)
5D ............ 0000 (HEX)

5E ............ 0000 (HEX)

5F ............ 0000 (HEX)
60 .......... 0000 (HEX)
61 ...... ... . 0000 (HEX)
62 ............ 0000 ( HEX)
63 ........... 0000 (HEX)

64 ........ . . . .0000 (

65 ............ 0000 (HEX)
66 ............ 0000 ( HEX)
67 ............ 0000 (1EX)

68 ............ 0000 (1EX)
69 ............ 0000 (HEX)

6A ............ 0000 (HEX)

6B ............ 0000 (HEX)
6C ............ 0000 (HEX)
61 ............ . 0000 (HEX)
6t ............ 0000 (HEX)
6F ............ 0000 (HEX)
70 ............ 0000 (HEX)

7 1 ............ 0000 (HEX)

72 ..*....... 0000 (HlEX)
73 ............ 0000 (H11X)
74 ............ 0000 HEX)
75 ....... 0000 (HEX)
76 ............ 0000 (IEX)
77 ............ 0000 (HEX)
78.............0000 (HEX)
79 ............ 0000 HEX)
7A ............ 0000 HEX)
7B ............ 0000 ( )

7C ............ 0000 (HEX)

7D ............ 0000 (EX)
7 E............ 0000 (HEX)
7F ............ 0000 (HEX)
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ERG SAMPLE COLLECTION STATISTICS : PAGE 1
FTT FNA!F . TA1448L

SA I'L,,G h E .... ..* )0 :
DA-TE OF COLLECTION. . . . 23 OCT 80
TIME OF COLLECTION. . . . 1449
COMPRESSION USED ..... ... TOLAN-A
CHANNEL X ENTROPY . . . . 2.9299 BITS
CHANNEL Y ENTROPY . . . . 2.9243 BITS
CHANNEL Z ENTROPY . . . . 2.9564 BITS
TOTAL SOURCE ENTROPY. . . 2.9436 BITS
PRESS RETURN FOR PAGE 2 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS : PAGE 2
APPROX MAX COMPRESSION
RATIO POSSIBLE ........ .. 2.7176 : 1
COMPRESSION RATIO
ACHIEVED ..... ......... 1.6008 : 1
ACHIEVED CO:IPPESSION
EFFICIENCY ... ...... .34.9 % OF MAXIMUIM
COMPRESSION TIME
EFFICIENCY OBTAIN ED . . . 90.6 % SMP INTERVAL
COLLECTION DURATION . . 18.5 SECONDS
CHANNEL X MAXIMUM .... 1.79687 VOLTS
CHANNEL X MINIMUM . -0.7421 VOLTS
CHANNEL Y MAXI MUM . 1 .7 96 07 VOLTS
CHANNEL Y MINIMUl . -0.7421 VOLTS
CHANNEL Z MAXIMUM .... 1.79687 VOLTS
CHANNEL Z MINIMUM . -0.7812 VOLTS
COMMENTS ........... X,Y,Z IN corMMON. LEAD 1
PRESS RETURN FOR PAGE 3 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS: PAGE 3
NUMBER OF SAMPLES TAKEN (SAUPPO) = 2448 (PEX)
MAXIMUM LOOP COUNT PER INT ERRUPT (LPCAT)= 27 (HIEX)
TOTAL WAITING LOOP COUN;T' DURING COLLAECTIO!' (IOOPCT)= 0000245C (fHEX)
TIME EFFICIENCY = (1-(LOOPCT% (SAMFNO*LPCAL)))*I00
CHANNEL MAXIMUMS AND PIM-,itUNS
XMAX= 2E (HEX) AT SAMPL INU,!R 0DOA (1EX)
XMIN= ED (VEX) AT SAMPL" ,FUEI'P.h R IDOA (EEX)
YMAX= 2E (HEX) AT SAMNI, r NUMBER DOA (HEX)
YMIN= ED (HEX) AT SAMP1.P NU'B ER 1DOA (!EX)
ZMAX= 2E (HEX) AT Si\MPli' NUiBER 0DOA (1EX)
ZMIN= EC (H1EX) AT SAMPLE NUMBER IDA (IIEX)
COMPRESSION STATISTICS:
NUMBER OF MEM'ORY PITS AV.\ILALE = 02lFr0 (HEX)
NUMBER OF BITS AVAiLA!BLY 2,0 VAR IEN CODER 0007i EN'
TOTAL lUIBEP OF DAT, PIi'S STORED = 000366C0 (I. )
NUMBER OF B ITS USED TO StORE CHANE, X = 006 9AA .iN)
NUMBER OF BITS USED TO CRE CHI/ANNEL Y = 00693E (''
NUMBER OF BITS USED TO c,'Xi'E CiANNELI 7 006739 (i
NUMBER OF B ITS USED TO :TEH TINE OR OTH!ER ' I,' it 0011EB98 ( HEX)
COMPRESS ION PATIO = TOTAL DATA BITS STORLD pER< HEM PAT AVALIAbLE
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FILE TA1448L
CHANNEL X AMPLITUDE DISTRIBUTION

............. ~ (

81 ............ 0000 o(IX)
82 ............ 0000 (HEX)
83 ............ 0000 (l E::)
84 ............ 0000 (HEX)
85 ............ ooo (hiEX)
86 ............ 0000 (HEX)
87 ............ 0000 (H1EX)
88 ............. 0000 (HEX)

89 ............ 0000 (HEX)
8A ............ 0000 (HEX)
8B ............. 0000 (HEX)

8C ............ 0000 (HEX)
8D ............ 0000 (HEX)
8E ............ 0000 ('EX)
8F ............. 0000 ( EX)
90 ............ 0000 (H;EX)

91............ 0000 (HEX)
92 ............ 0000 (HEX)
93 ............ 0000 (IHEX)
94 ............ 0000 (1HEX)
95 ............ 0000 (HEX)

96 ............ 0000 (H1EX)
97 .............. 0000 (flEX)
98 ........... 0000 (HEX)
99 ............ 0000 (HEX)
9A ............ 0000 (IHEX)
9B ............ 0000 (IIEX)
9C .............. 0000 (VEX)
9D ............ 0000 (HEX)

9E ............. 0000 (lEX)
9E ............ 0000 (HEX)
AO ............ 0000 (HEX)
Al ............ 0000 (HEX)
A2 ............ 0000 (HEX)

A3 ............ 0000 (H1EX)

A4 ............ 0000 (EEX)
A5 ............ 0000 (FEX)

A6............. 0000 (HEX)
A7 ............ 0000 (HEX)
A8 ............. 0000 (IIEX)
A9 ............ 0000 (1EX)
AA ............ 0000 (iEX)
AB ............ 0000 (HE, )
AC ............ 0000 (HEX)
AD ............ 0000 (IHEX)

AE ............ 0000 (HEX)
AF ............ 0000 (HIEX)
BO ............ 0000 ( 1EX)131............. 0000 (flEX)
B 1 ............ 0000 ( I]

B2 ............ 0000 (HEX)
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B3 ............ 0000 (HEX)
14 ............ 0000 (IEX)
.:'.. . . . . . . . . . . 0 '. . .
[, . . . . . . .. .. . . (I (lo . ..

B7 ............ 0000 (HEX)

B8 ............ 0000 (HEX)
B9 ............ 0000 (HEX)

BA ............ 0000 (HEX)
BB ............ 0000 (HEX)

BC ............ 0000 (HEX)

BD ............ 0000 (HEX)
BE ............ 0000 (EEX)

BF ............ 0000 (HEX)
CO ............ 0000 (HEX)

Cl ............ 0000 (HEX)

C2 ............ 0000 (IEX)
C3 ............ 0000 (HEX)
C4 ............ 0000 (HEX)

C5 ............ 0000 (HEX)

C6 ............ 0000 (HEX)
C7 ............ 0000 (IFX)
C8 ............ 0000 (HEX)
C9 ............ 0000 (HEX)
CA ............ 0000 (HEX)

CB ............ 0000 (HEX)
CC ............. 0000 (HEX)

CD ............. 0000 (1EX)

CE ............ 0000 (HEX)

CF ............ 0000 (.E.)
DO ............ 0000 (HEX)

Dl ............ 0000 (HEX)
D2 ............ o (oEo X)
D3 ............ 0000 (HEX
D4 ............ 0000 (HEX)
D5 ............ 0000 (HEX)
D6 ............ 0000 (HX
D7 ............ 0000 (IEX)

D8 ............ 0000 (HEX)
D9 ............ 0000 (HEX)
DA ............ 0000 (FEX)
DB ............ 0000 (EX)
DC ............ 0000 (HEX)
DD ............ 0000 (HEX)
DE ............ 0000 (IEX)
DF ............ 0000 (H]X)
EO ............ 0000 (LEX)
El ............ 0000 (TEX)

E2 ............ 0000 (HEX)

E3 ............ 0000 (HEX)
E4 ............ 0000 (HEX)
E5 ............ 0000 (HEX)
E6 ............ 0000 (HEX)
E7 ............ 0000 (HEX)
E8 ............ 0000 (1lEX)
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1 3 9. .0000(H)
FA ..... ...... 0000 (HEX)............ .o o .....

;.i, ..... ... .6000 . ..

FED .. .. ........ 0000 (I )O . . ...... 0000 (EEX)

Fl ............ 0000 (IIEN)

1............. 0000 (H!IX)

F2 ..... :...... 0000 (HEX)

F3 . 0000 (HE..)

S. ...... 0000 (HEX)
F4 ..... .... .0000 (HIEX)

F4 ............ 0002 (HFX)

F8 ............ 0003 ( EX )

F6............ 0007 (HEX)

FA ............ 000 (EX)

FB ............ 003 (HEX)

FC ............ 0007 (HlEX)

FD............ 0180 (HEY

FB ............ 003P7 (HEX)

FF ............ 06A2 (HEX)

00 ............ 030D (HEX)

. ....... 0714 (HEX)

EF.........0F2 (HEX)

03 ... . .... 08A (HEX)

04. . ....... 008A (HEX)

05... .002A (HEX)

0. ....... 0013 (HEX)

06............ 0013 (EX)

07 ............ 0002 (HEX)

09 ............ 0002 (HEX)

09............ 02 (I; X)

OA ........... 0002 (HEX)

OB ............ 0000 
(HEX)

oc ............ 0000 (0E0)

OD .......... o0000 (HEX)

0E............. 0000 (LE.X)

0£.. ..... ....... 0000 (1,EX)

10 ............. 0000 
(lEX)

13 ............ 0000 o ( EX)

12.............. 0000 
(1HEX)

13 ............ 000 (HEX)

14 ............ 0000 
(HEX)

15........... 0 0000 (HEX)

16........... 0000 
(HEX)

17............. 
0000 (EX)

18............. 0000 (HEx)

1]. ........... 0000 (1EX)

iB ............ 0 000 (HEX)

ID ............. 0000 (hEX)

ID ............ 0000 (HEX)

1£........ 0000 (HE1x)
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1F .......0000 (RE1,X)

23 .0 .. 0000 (11EX)
24 ... 0 (ROOOHEX)
25 ......0000 (REFX)

26...... ....... 0000 (HEX)
27............. 0000 (REX)
28 .. .. .. .. .. ...0000 (RE11X)
29 ...... .... 000 (EX)
2A .. .. .. .. .. ...0000(E)
2B............ 0000 (R'EX)
2C .. .. .. .. .. ...000 (E)
2D............. 0000 (RX
2F .. .. .. .. .. ...0000 (REX)-
2F............. 0000 (RELX)

H30 .. .. .. .. .. ...0000 ( PFX)
31 .. .. .. .. .. ... 0000 ( 1!EX)':
32............. 0000 FAEX)
33 .. .. .. .. .. ...0000 (E7LX)
34 .. .. .. .. .. ...0000 (R EX)1
35.......... o-0000 (R1EX)
36............. 0000 (R"EX)
37 .. .. .. .. .. ... 0000 (R EX:)I
38 .. .. .. .. .. ... 0000 (R EX)
39..... ... o.....0000 (R1Ex)
3A............. 0000 (LEX)
3B .. .. .. .. .. .. 0000 (RIiEX)
3C.............00O00 (IIEX)
3D............. 0000 (REX")
3 E.. .. .. .. .. ... 0000 (EE)
3F............. 0000 (REX)
40 .. .. .. .. ... 0000 (R)
41 .. .. .. .. .. ... 0000 ( H EX)
42............. 0000 (PEX)
43 .. .. .. .. .. ... 0000 (RI-;E 11)
44............. 0000 (REX)
45...........-0000 (R1EX)
46............. 0000 (F VEX )
47........... -. 0000 (hEX)
48........... .0000 (R1EX)
49............. 0000 (EEX1)
4A............. 0000 (RETX)
4B............. 0000 (:EX:)
4C............. 0000 (RIEX)
4D............. 0000 (R1EX)
4E............. 0000 (REXID)
4F........... .0000 (REX)
50............. 0000 (RIEX)
51............. 0000 (EX)
52.............0 0 00 (RElX)
53............. 0000 HREX)
54o...........0000 (111X)
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55....0000 (1HE,,)
56...... .0000 (HEFX)

5. 00....000 (HEX)

5B. . . . . . 0000 (11EX)

59 ....... 0000 (1113>

5D .......0000 (H1EX)

5C............ 0000 (H1EX)
5F............ 0000 ( IlEX )
60............. 0000 (HEX:')

60............. 0000 (HEM)4
SF .. .. .. .. .. ...0000 ( HEX)
63).. .. .. .. .. ...0000 (HIEX)
62............. 0000 (HlEX)
63............. 0000 (HEX)
64 ...... .. .. ... 0000 (HfEX)
65............. 0000 (IEX)
66............. 0000 (HEX)

67............. 0000 (HE;TX)
68.............000C (H-EX)
69............. 0000 (HEX)
6C............. 0000 (HEX)

6D............. 0000 (HEX)
6C............. 0000 (HEX)
6D............. 0000 (HEX)
6E............. 0000 (HEX)
71 ............. 0000 (HEX11,:)
70.............0000O (HEX)
71............. 0000 (H1EX)
72............. 0000 (HEX)

73............00O00 (HEFX)

764....... ....... 0000 (HEX)
75............. 0000 (EEX)
76o............ 0000 (HEX)
77............. 0000 (H'EX')

78 ........ ...... 0000 (H.EX)
79............. 0000 (H1EM)
7C............o.0000 (HEM)
7B............. 0000 (HEX)

7C............. 0000 (HEX)
7FD....... ...... 0000 (HEX)

224



EKG SANPLE COlLECTION STATISTICS : PAGE 1
FILFp72,NP E.. ...... . TA 54 5T

DATE OF COLLECTION. . . . 23 OCT 80
TIME OF COLLECTION .... 1546
COMPRESSION USED ..... ... TOLAN-A
Cl]ANNEL X ENTROPY .. .. 3.2801 BITS
CHANNEL Y EITROPY .... 3.2716 BITS
CHANNEL Z ENTROPY . ... 3.3188 BITS
TOTAL SOURCE ENTROPY.. . 3.3026 BITS
PRESS RETURN FOR PAGE 2 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS : PAGE 2
APPROX MAX COMPRESSION
RATIO POSSIBLE ........ .. 2.4223 : 1
COMPRESSION RATIO
ACHIEVED.. ......... ... 1.3617 : 1
ACHIEVED CO:PRESSIOTI
EFFICIENCY ........... ... 25.4 % OF MAXIVUM
COMPRESSION TINE
EFFICIE11CY OBTAINED . . . 93.9 % SMP INTERVAL
COLLECTION DURATION 15.8 SECONDS
CHANNEL X MAXIMUM .... 3.59375 VOLTS
CHANNEL X MI' IMU: .... -1.4453 VOLTS
CHANNEL Y MAXIrU. ..... 3.59375 VOLTS
CHANNEL Y mIN IMUM1 -1.4453 VOL "IS

CHAINEL Z MAXIMU .... 3.55468 VOLTS
CHA NINEL Z , NIUM .... -1.4453 VOLTS
COMMENTS......... X,Y,Z, IN COMMON,, LEAD 1
PRESS RETURN FOR PAGE 3 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS: PAGE 3
NUMBER OF SAMPLES TAYEN (SA!EPNO)= IEDD (HEX)
MAXIMUM LOOP COUNT PER IN7TERRUPT (LPCAL)= 26 (PEX)
TOTAL tAITING LOOP COUNTS DURINCG COLLECTION (IOOPCT)= 0000470E (HEX)
TIME EFFICIENCY = (I-(LOOPCT%(SAMPNO*LPCAL)))*I00
CHANNEL MAXlI*;UMS AN;D MIINIlUM'S
XMAX= 5C (flEX) AT SAPIPLE NUM1BER 03DD (HEX)
XMIN= DB (VEX) AT SAMPLE NUM1BER 145D (HEX)
YMAX= 5C (H]EX) AT SAiPLE NUMBER 03DD (IX)
YMIM= DB (HEX) AT SAMBLE NIUMB' ER 14 5D (HEX)
ZMAX= 5B (HEX) AT SPr lPLE NUBER 03DD ( E X)
ZMIN= DB (HEX) AT SAM*PLE NUMBER 145D ('EX)
COMPRESSION STATIS: T ICS.:
NUMBER OF MEP.'-Y ll.ITS AVAILABLF = 021FF0 ('EX)
NUMBER OF BITS AVAiLABLE TO VAR LIEN CODER = 0003. ' (VEX)
TOTAL NUMBE. OF DATA BITS STORED = 0002E4B8 (E>,)v
NUMBER OF BITS USED TO STC- E CHATNEL, X = 0071 DE (])
NUMBER OF BTTS US FD TO S TE CHNEL Y = 007199 (7>.)
NUMBER OF BITS USED TO STRE CIIAN'NNL I = 00701-1 ()
NUMBER OF BITS USED TO STOPE TINrE OR OTIE, PARAET: , = 00D220 (HT7X)
COMPRESSION RATIO = TOTAL DATA BIiS STORED PER rErB I iS AVA1, 1AB,:
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EK~G SA:PL r: COL LECT ION ",TAT I T 'I U,'5 v
F 11 FN N A ... .... TAI 54 FiT

DATE OF COLLECTION . . . . 2 3 OCT 80
TIME OF CDLII CT ION . . . 548
COMPRESSION USED .. .... TOLA!%.-A
CHANNEL X ENTROPY .3 .0171 BITS
CHANNEL Y EN'J ROPY .... 3 .0114 BITS
CHANNEL Z ENTROPY ... 3 .0373 BITS
TOTAL 'SO',RCE- ENTROPY ... 3 .0355 BiTls
PRESS RETURN FOR PAGE 2 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS :PAGE 2
APPROX MAX CDMPRESSION
RATIO POSSIBLE......2.6354 : 1
COIMPRESSION RATI;
ACHIEVED. ......... 1.4998 : 1
ACHIEVI) COMPRESSION
EFFICIENCY...........30.5 %OF MAX:IMUM
COMPRESSION lTIE
EFFICILNCY OBTAINED ... 91.4 SMP INTERVAL
COLLECTION DURATION ... 17.4 SECONDS
CHIIANNE\ HL X MAIU . . 2.77343 VOLTIS
CHANNEL X M.1,INIMUM1 . . . -1.3671 VOLTS
CHANNEL Y MAX I cUM . ... 2.73437 VOLT-S
CHANNEL Y m IN IMIuMr . . -1.3671 VOL"TS
CHANNEL Z MAN 1 ,tIMM . . 2.73437 VOLTIS
CHANNEL Z M I NIMUM . -1 .367) VOLTS
CO0rMM elET TS. ........... X ,Y, Z IN COMMtON, LEAD AVTL
PRESS RETURN FOR PAGE 3 OF STATISTICS

EKG SAMPLE COLL.ECTIONI STATISTICS: PAGE 3
NUMBER OF SAM1PLE.S TAKEN C SAME1MO)= - 1FE (f VE-X)
m~XimruE ,oop COUN,1T PEIR IN'TERRUPT (LPCAL) = 27 (MEX)
TOTAL tWIAITIX, LOOP 'COUTNTS DURIN'G COLLECTION (I-OOPCT) 00007134 (ME-N)
TIME EFFICIENCY= (1-(LOOP,-CT% (S-AMPMOC*LPCAL) ) ) 100
CHANNEL MAXIMUMIS AND IMIM~'-U,:,S
XMAX= 47 (11EX) AT SAM"PLE,1- NUMB -PER OA9E (VEX)
XMIN= DD (1EX) AT SAMPLE N,1UMB DER 14"17 (HI-N)
YMAX= 46 ( EEX1) AT S AMPI17L FNUMBE'LR 0 9 5A(E)
YMIN= DD C HEX) AT S AM iP L E MU1MBLEQ 1 47(H)
ZMAX= 46 (lIE:N) AT S AMNP LE F E £ " rA (FEN)
ZMIN= DD (PEX) AT SAML NUM1 )1,F IBEI-IR 14,47 EX)
COMPRESSION STATISTICS!
NUMBER OF 1MM1OR1Y BITS AV11AILABLE 021 FF0 (HEX)
NUMBER OF BITS AVAIiA5BLE TO VANI) 1LMI CODER = 00 0367 1 N
TOTAL NUMBER OF DAT]A BITS STOP IED =0003 ?NDO ('X
NUM4BER OF BITS USE*FD TO STOREI- ClME N 006F LEN (
NUMBER OF BITS USFI) TO STORE C71i1'MNEL, Y =006 ESO (
NUMBER OF BITS USED 'O1 TO0 CIAMNFL, 7 006PN 1 P
NUMBER OP BITS U S ED TO ",TORE TI ME OR Dl!VER PAPA I- 0(;1Th4FB (!IEX)
COMPRESSION RATIO TUTAL DATA B'ITS STREEL~:1 j AAL TAL
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COLLECTION SAT]STC. ,  PAGI 1
'' : .... * TAI 559B

a ~ . ... , , . . .. . .. 50(] c' 9

DATE OF COLI,LECTION. . . . 23 OCT 80
TIME OF COI,,FCTION. ... 1 559
COi P.\FSS ION USED . TOLAN-A
CHANN,L X ENT,OPY . . . . 3.0165 BITS
CHAN'NEL Y ENTROPY . . . . 3 .0038 BITiS
CHANNEL, Z ENROPY . . . . 3 .0261 BITS
TOTAL SOURCE F!NTROP". . . 3.0233 BITS
PRESS RETURN POR PAGE 2 OF STATISTICS=

EG SAM.PLrE COTTECTION STATISTICS : PAGE 2
APPROX MAX COMPRESSION
RATIO POSSILI... ..... .. 2.6460 : 1
COMIPPESSION RATI(
ACHIEVED ... ......... . 1.5280 : 1
ACHIEVE) CONIFT\ZSSION]
EFFICII]NCY .......... 32.0 % OF MAXIfU:!
COMPRESSION TINE
EFFICIEMCY OBTAIN]F 93.0 % S!l INTERVAL
COLLECTION DUPATIOM 17.7 SECON.DS
CHANNEL X MAXIT-U' ... . 2.92 V1) v c,TS
CHANNEL X MINJIUM' . . . 0.1953 1.VO',TS
CHANNEL Y MAXIMUL! .... 2.89062 VOLTS
CHANNEL Y MINIIUM .... 0.19531 VOLTS
CHANNEL Z MAX~tiUN .... 2.89062 VOLTS
CHANNEl, Z MINI UMI .... 0.15625 VOLTS
COMNENTS .... ......... X,Y,Z I1' COMM-",ON, LAD 1
PRESS RETURN FOR PAGE 3 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS: PAGE 3
NUMBER OF SAMPLES TAL:EN (SAMPNO) 22A2 (RE,)
MAXIMUM LOOP COUNT PER INTERRUPT (LOCAL) 26 (flEX)
TOTAL t;AITI7G LOOP COUNTS DURIM: COLLECTION (I.OOPCT)= 000051;11- (}HEX)
TIME EFFICIECY (1-(LOOPCT0 . ( SANNMO*LPCAL)))*100
CHANNEL MAXI NUNS A D INI1UNS
XMAX= 4B ( flEX) AT SAMPF-1LE 1 "11, IER 1'A2 (FEX)
XMIN= 05 (11EX) AT c2\MPLE N \, IP 00F D (1EM')
YMAX= 4A (VEX) AT SAIPLE MC:1:FR I A2 ( !.'X
YMIN= 05 (HEX) AT SAMP, E 1 ; 005( (1: >:)
ZMAX= 4A (ElEX) AT SAPILE HM 'i !A 2 (!H Y)
ZMIN= 04 (HEX) AT SA,,PM L U :I I 1 , 5 0E1)
COMPRESSION STATISTICS:
NUMBER OF MEMORY ITS AVA fIAM,!' = 0211FF0 (F!:)
NUMBER OF BITS AVAfLAELL" TO VAR II C(,I!Z = 0303A7 0 (1l1X)
TOTAL NUlMBER OF DATA BITS STORED 00'13F30 ( FF5
NUMBER OF BTTS USED TO S iRE CPA',.-L N 00611:5 (11:;X)
NUMBER OF BITS US]FD TO STORE CL[, Y 006AC9 (-FFX)
NUMBER OF BITS USED TO 570O1: C FN::, Z= 006 FF7 (F.)
NUMBER OF 11 S USIMD TO SiOP E T:iE OR 07!REPAI,,,FTI - 00IFqEo (11EX)
COMPRESSION IRATIO = TOTAL, DATA BITS STOP;D PEP, ME BITS AVALlA.LI,:
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:EKG SAMP,'LE COLILECTION STATISTICS : PAGE 1
F T LNMF ... . ... . . TA1 1 I S

SAi.,PL I >G RATE .O :2.
DATE OF COLLECTION. . 1.. 1511
TIME OF COLLECTION. . . . 1511
COMPRESSION USED ..... ... TOLAN-A
CHANNEL X ENTROPY . 3.3255 BITS
CHANNEL Y ENTPOPY . 3.3341 BITS
CHANNEL Z ENTROPY .... 3.3560 BITS
TOTAL SOURCE ENTROPY.. . 3.3457 BITS
PRESS RETURN FOR PAGE 2 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS : PAGE 2
APPROX MAX COMPRESSION

RATIO POSSIBLE ........ .2.3911 : I
COMPRESSION RATIO
ACHIEVED. .......... 1.4319 : 1
ACHIEVED COMPRESSION
EFFICIENCY ... ...... .31.0 OF MAXIMUM
COMPRESSION TIM!E
EFFICIENCY OBTINED . 94.0 0 SMP INTERVAL
COLLECTION DURATION . . . 16.6 SECONDS
CHANNEL X MAXIMUM .... 1.32812 VOLTS
CHANNEL X MINIMU, . -2.0703 VOLTS
CHANNEL Y MAXIMUM .... 1.32812 VOLTS
CHANNEL Y MINIU .. -2.0703 VOLTS
CHANNEL Z MAXIU ... 1.32812 VOLTS
CHANNEL Z MINIUM . -2.0703 VOLTS
COMMENTS........ ........ . X,Y,Z IN COMMfON. LEAD AVL
PRESS RETURN FOR PAGE 3 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS: PAGE 3
NUMBER OF SAMPLES TAKEN (SA,!P'O'= 2074 (!HFX)
MAXIMUM LOOP COUNT PER INTERRUPT (LPC7\L) 27 (1E].)
TOTAL WAITING LOOP COUNTS DURI'G COLLECTION (IOErCT)= 00004ADC (KEX)
TIME EFFICIENCY = (1-(LCOPCTh (SAMP .O*LPCAL) ) )*100
CHANNEL MAXIMUMS AND INIM'UMIS
XMAX= 22 (HEX) AT SAMPLE NUBER 1171 (IEIX)
XMIN= CB (HEX) AT SAMPLE NUMBE R 021D (XEY)
YMAX= 22 (HEX) AT SAMIPLE NUMEII R 1423 (Kf X)
YMIN= CE (H1EX) AT SAM'PLE NUMI1ER 021)) (1, '.X)
ZMAX= 22 (HEX) AT S;\: PL 1UMPER 1423 (,!E:)
ZMIN= CB (1EX) AT SPLE NUMB 00E8 (EEX)
COMPRESSION STATIST]CS:
NUMBER OF HlEt!OR:' T-ITS AVAILABLE = 021F.1 (HEX)
NUMBER OF BITS AVALABLIF TO V., LEN COD , = 0003 f ( X)
TOTAL NUMBER OF DATA BITS STORED 00(3GAE0 (A YIX)
NUMBER OF BITS USED TO STOPE CHA1NN,""EL , 007 17A (
NUMBER OF BITS USED TO STO!TE C1Y.N, Y =0071"1) (1
NUMBER OF BITS US ED TO STOP CH F N El - 00"'1 , '
NUMBER OF 13ITS USED TO STOR, T, :,, O, O'iU 'AN.."" 001 V000 (11X)
COMPRESSION RATIO = TOTAL DATA BITS STOW''D Puil M',E AVALI7.MAL
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EKG SAMPLE COLLECTION STATISTICS : PAGE 1
F L EANAMM ......... TA1 52{OB

D 'ThING EA-1L 500 uz
DATE OF COLLECTION . ... 23 OCT 80
TIME OF COLLFCTIDN . ... 1520
COMPRESSION USED ..... ... TOLAN-A
CHANNEL X ENTPUOPY . ... 2.6012 BITS
CHANNEL Y EN'TROPY . ... 2.5808 BITS
CHANNEL Z ENTROPY . . . . 2.6229 BITS
TOTAL SOURCE EATROPY . 2.6104 BITS
PRESS RETURN FOR PAGE 2 OF STATISTICS=

ERG SAMPLE COLLFCTION STATISTICS : PAGE 2
APPROX MAX COMIPRESSION
RATIO POSSIBLE ......... 3.0645 1
COMPRESSION RATIO
ACFTEVED ..... .... .. 1.7247 1
ACHlIEVE) CO"PRESS;ION
EFFICIENCY. . . ...... .35.1 OF MAXI.UM',.
COMPRESSION TINE
EFFICIENCY OBTAIN7D . . . 90.9 % SMP INTERVAL
COLLECTION DURATION . . . 20.0 SECONDS
CHANNEL X MAXIMUM . . . . 2.07031 VOLTS
CHANNEL X MVIMU. -0.5468 VOLTS
CHANNEL Y MAXIMM . . . . 2.07031 VOLTS
CHlANNEL Y 11INI:; .... -0.5468 VOLTS
CHANNEL L MAXIU' !'I . . . . 2.07031 \TCLTS
CHANNEL Z '1NIIUM . . . -0.5468 VCLTrS
COMMENTS ......... X,Y,Z IN COMON. LEA D 2
PRESS RETURN FOR PAGE 3 OF STI.T1STICS=

EKG SAMPLE COLLECTION STATTSTICS: PAGE 3
NUMBER OF SAMPLES TAKEN (SAlVI-'O)- 2717 (HEM)
MAXIMUM LOOP COUNT PER INTEDPfl'- (LCAL)= 27 (HEX)
TOTAL WAITI47G LOOP COUNTS DIJPK'G COLLECTION (LOOPCT)= 00008A6D (HEX)
TIME EFFICIENCY = (1- (LODUCT (SAMPO*LPCAL) ) )00
CHANNEL MAXI NUNS AND - _ NUNS
XMAX= 35 (HEX) AT SAiPLE N'UBE IF 9E (HEX)
XMIN= F2 (HEX) AT SAMPLE P UBER 0AG 3 (IEX)
YMAX= 35 (HUX) AT SAM:PLE NU D1;R 1 F91, (HEX)
YMIN= F2 ( FE-) AT S A :PLE ..L'! i<P r
ZMAX= 35 (11EX) AT SAMiPLE NUM1B]R IIF9E (lE%)
ZMIM= P2 (HEX) AT SAMPLF NUMBER 054B (PEX)
COMPRESSIOn' STA"' T )ITCS:
NUjBER Op MEMOr- P7TS AVAILABIA? 021PP0 (1 ,':)
NUMBFAR OF FITS AVTWILPI? ro V.N T. O) Dj) 'P ' C (F!l X)
TOTAL %NUMBER OF DATA I-.TS STOT:.D = C, (,'
NUMBER OF BITS USED TO I'TO:, ('HAM.E. N =
NUMIBI:P OF BIT , US?:! 'C, STO .:E CIM . Y = fl,(( ,
NUMtR, OF BITS 'EF 'tO STORE: CHA'Nl ? - -', .
NUMP, ER 0" lITS HUED STOP! TI:M ( (Y'E" ' ". (0!C (VIE0)
CO'P:t';SS IO'J PATIO = TOr?,1 DATA BITS 'TG1Ii, ,'" A .L , A
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EKG SAMPLE COLLECTION STATIS'ICS PACE 1
FILENAME ......... TA1439ST

.r . . . . . . . .. . STROUP
LA::i'LE( C ,TE .500 !IZ
DATE OF COLLECTION. 23 OCT 80
TIME OF COLLECTION .... 1439
COMPRESSION USED ..... ... TOLAN-A
CHANNEL X ENTROPY . 3.2669 BITS
CHANNEL Y ENTROPY .. .. 3.2756 BITS
CHANNEL Z ENTROPY .... 3.3094 BITS
TOTAL SOURCE ENTROPY . 3.2912 BITS
PRESS RETURN FOR PAGE Z OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS : PAGE 2
APPROX MAX COMPRESSION
RATIO POSSIBLE ........ .2.4307 1
COMPRESSION RATIO
ACHIEVED ............ ... 1.4314 1
ACHIEVED COMPRESSION
EFFICIENCY ... ..... .30.1 % OF MAXIMUM
COMPRESSION TIME
EFFICIENCY OBTAINED . . . 93.4 % SMP INTERVAL
COLLECTION DURATION . . . 16.6 SECONDS
CHANNEL X MAXIMUM .. .. 3.35937 VOLTS
CHANNEL X MINIMUM . -0.5468 VOLTS
CHANNEL Y MAXIMUM .... 3.35937 VOLTS
CHANNEL Y MINIMUM .... -0.5468 VOLTS
CHANNEL Z MAXMUM . 3 .35937 VOLTS
CHANNEL Z MINIUM .. .. -0.5859 VOLTS
COMMENTS ... ......... .. X,Y,Z IN CON, MOM. LEAD 1
PRESS RETURN FOR PAGE 3 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS: PAGE 3
NUMBER OF SArMPLES TAKEN (SAMPNO)= 2071 (NEX)
MAXIMUM LOOP COUNT PER IN:TERRUPT (I.T'CAL)- 27 (IELMx)
TOTAL WAITING LOOP COUNTS DURING COLLECTION (LOOPCT)= 0000526C (HEX)
TIME EFFICIENCY = (1-(LCOPCT- (SAr.IPNO*LPCAL)))*I00
CHANNEL MAXIMtUriS ANID MINIMUNS
XMAX= 56 (fHEX) AT SAMPLE :NUDER, 14.72 (11P-)
XMIN= F2 (HEX) AT SAMPLE U,R 1 N5A (}!EX
YMAX= 56 (HEM) AT SAMPLE NUMI.BEP 1472 (hEX
YMIN= F2 (HEX) AT SANPLE NUME pnID 8 ( I EX
ZMAX= 56 (HEX) AT SAMPLF NUMBER 1472 (IX)
ZMIN= Pl (HEX) AT SAM,1PLE NUN ',: 1 ESA (HEX)
COMPRESSION STATISTI CS:
NUMBER OF MEMORY BITS .VAIL,\BLE = O21FFO (1Ut'X
NUMBLR OF IJTS AVAILABLE" TO VAR LFN CODER = (-."' iEN)
TOTAL NUM1BFR1 OF DATA BITS STORP:D = 0003 ',,, (P
NUMBER OF BITS USED TO STCRE C-A:NNL - 0061Ei' (,.
NUMBER OF BITS U!S', D TO STOI'E CHANNEL Y = 0(i(CC EE (i
NUMBER OF BITS USED TO STOPE CIAN.NEL " = C(! ,.
NUMBER OF BITS USED TO S TONE TIME OR On Hlr , , OII (,EX)
COMPRESSION RATIO = TOTAL DATA BITS STORED,) 1': :. . AVAT,l7..!I.E
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Appendix E

This appendix contains a photocopy of the

specifications for the pertinent equipment used in this

thesis.
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DR-S RESEARCH RECORDER
MONITOR

The IModel DR-S Resea'rch Recorde-r is dcsi:n~ed to unerate from a 00O-1~
volt, 60 11z line. Power consumptio)n is :c:.out '.(0 %vatts. I'hl( cir-cut is
protected by a 10 a i iere circuit h rcaler w, hich is inco)rporatedl ill thce pjower
ON-OFF ,zwitch on thu camera pane i.

It is essential for Safety arnd to mninimize GO) Ilz interference in the tracings
that the Resuiare Ri(-t'oi'cer he connected to a g-ood ",,,round"'. A third wire
is brought out at the power DILI- for this p)urp)ose. A "'ood' "'grOUnd' Can usu~ally
be obtained at a cold wvatcr pipe.

The instrument combines -is mainy as ei,.ht amplifiers with a cathiodec ray
tube recording camera ald ;vxo cathode ray tube monitors The Milltiu':ICe.
monitor displays any nuinier of ?raictS Up to eih.The sinle nioiito:'
display,.s mwO one Of toe-. t racS en 'lar?,e( or re u cccl in s ioU. ItL is also ued
for the presentation of lo.s uc-i as *!A %yCetUrC:1rn c)canl1 or t"A' ll fl ,
compliance and l Inz res is: Once- liops, and fnr cbaiancillzr: :u cam

iers . All pheno m a canl be aMni tored c01nt: anOn s l. lyi cii l (is O. it
will, merely- 1Lv rnrn ins a switch. The dic-:o] a on tl :e e at ide cx: *ttd illa
camera canl he idlaical to tuat onl ucituer t1e 111t~ ae ueort'(' sc 41',IL
trace tube. 1rt is therL, ure possicile to l~ct<ro cie -aa cc2sO

loops. Inl actula- l)tierationl, s-iZe aoilustmenk-1tS n11 drlaia' m~~rn'

are made hy obs cvin, !,.e mnonit) r screen)s wVithout rec-ordil . ThUs . lioe C:tll ac T

runs for only, shorL intervals.

The multitrace tid)e- has cal': one learn, hilt lecaus7e i n)ifct re cro!nCe. .

to it throughJ an (lc~r(niu S'%Vttil !Oe~tic '. a1 ra*' ()1 ;. - I, c., I!
possilel to di ,!lnv :is a' : -a; *1U . -:1I11,11 trace '. ini-ti'.t, 'us V.

rapidly fr-om oInC tim Icc t(I ttlU ' nx, With I'l nhcn: 1i:! o . ii 0 t

place huiicag tict ':tw ii 1W1{1 . Lthus, ~h( Is '- 1. o l

time, althollcil !!wii iii2 lmprcs.I~j ofa Olwl, Aia o:aiia . \....
to makpc l~cS-ihI' lt. 11)1. ti'tijUltt mai ill-J ii4i s ctd '2 '~~i-c

the numbf.r of channels 1 :spl1:iveci.
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SWI71P switch deterninvus the speed at Muh ch the tracts c acreF th.

screen. The prope r sctw-, , depcrids on Ira. "L111 lrLl A- f t . a Pte T
inhe.Nine, :nonitor! , aiz :ire av....c 2. i 10,25 75, 1 w0.

The MUjjITITPflACF OIr permits the displav Of Up, to Ci-;ht Chiannels
at one time. The pusaitns of the indiv idual ,rac-cs 12. UIa MUi'i'trac' tUNe
are controlled by the CEFN TER :mob on the indun dual chano . Each of the
traces can hie positined aricwnere on the screen sqw.:ri mned on other
traces, or can be moved off screen in either direction it it is not buin-i used.
The amplide of the traces on the multiiraCe screen %dii Ic-nnd upon the
setting of the AMPLITUDE controls on the individ~ual am'plifiers.

The CIHAN\ .'S switch detcrmirnes the number of amplifiers that v.1 be~ disolavd.
The mult itrace presentation is the resuir of an- chnnnel ew=cre tv:.cn, 'v::Ose
basic frequency is *> K 10z. In the i-, postvion , eacti aro~Iir \v:1 bc sampled,
equally 6, U0 times second, o~r LverY 101 :cuonrl In the "5 -p3 rus
channels 1, 2 and 3 are sampied at 12, 00 O nes s j.'n r ever. N)3 microseconds.
Channels -4 and 5 are sampluc at the normal U, cno K-- !-,i d 6,nil , and
axe not dispacd at all. lPlacinanWe multtrace svWite a: 1-6 %%,ll S:amnle ehalrmels
1 and 2 at the 12, (h0) rate and 3, 4, 5 andl 6 nr toe norma 6, 000 rare. Channeis 7and
8 wil not appear on the mutce SCrOLti. A-\ntpiiers provlndm fast rise time
phenomena, such as heart sounlds action and nLerve potenll: as. sni1d I~ c .

_____positions 1, 2 and 3 to take advanza, e of the fastei' sainplill; rate and to 11inlizie
( the dotting effect.

When the St*BTliACT SELECTPI Svitch"." is n the 0)'1?n poimo 1 , h unt -in
baseline, iarad iCut a., su l'aet i,.nct~ns are 1110 lurat Ac. ±urn vc iltot

BASEIAN will a !low ', ILllt in has eline' to ac 251io to:n.cmto scii r.wt h
POSITION control. A\ t vent MA:\RK- 1 ut.t aind a Li. (P2r ::v2': i:Irun a cue :2t

position) are providedl. To disp lay% eiLhe r ha scim in or ar a,,,n '1.1--, 1 -1

switch must be in 1- , since base line ot rm ient trace rcaPaCC 0=0 -ai. When
BASE LDV I.or GRADIE1.NT im awnI 0 is oelemeWd cznanwl- anVV ra YnHi v i 20 he caln

A PH FSSFR F CRA.\MP&ENT in Vw I 151)l~d on the multi:race svcvpenwA oc
with the two press arel;. Tnc adjustnmont procedulre is as follows:

1) Attach prcs sure transducers to arnssure a tirrif : alo kh1Wt n

to warul upJ, 1bala11C(e lihe 1-t iI --s POs :1 at traces tt' a.2
fromn which Itoasureat alts mre to i:e mladne Lqai11to :...
(See SGA-SGM Ins 21z",UCit oS)

2) Turn the SUB8TRA*CT SE LECT"!? -witek to OH.\ V)1NT.
trace %Q1 no"I\ he substuti for tii. trac, ani uts posauli

by the baselinme PO' SI TION coin i.

3) Turn ll01'/IoNT*\ SIZE andi SUB~TACT SI/F1 to i'ottatriedo
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4) ; ctthe channel to be subtracted from with the I hr oual switch-
the channel to be subtracted with the Subtract switch.

5) 'Ll LC' 10e~V i >~ tilhel' j ~ 'I~L A

pressure channels. There are now 3 or 4 lines superiimaused i.e. , 2
pressure amplifiers, the difference trace (rmrdie t)tftpticiially
a baseline, which can be a baseline, marker trace, or any unused pressure
amnplifier.

6)' Turn the 1-/- switch to -

7) Turn 11ORI1ZONTAL SIZE] slowly clockw,.ise:, note in which dlirection
trace moves. If it mnoves upwards, turn lIORIZONT1A U CIETl-CE1 co)unter-
clockWise to rena rn trace to its nr innal. 1isii'. lu neIiORIZUNTXL
SIZE fully aic..teni readi nest llOIiZONTAL. CENTER. if necessary
When the center is epti nallv adiumtd , turn inz t)R 7 ( NTA L SIRE EsnmI
not affect the. posit ion of trace. Ri urn Tu A 11 to co ~ i"'cat

procedure wvith SUBTHACT SIZE and CENTER e2 ntrois, rcturnira; SIZE to
zero after obtaining balance.

8) Turn CALIBRATE control on pres;sure a!nIolifio r which was selected
by HORIZONTA\L SWVITCHl so Wltt V5 a ~moe an rox natcl ivull

screen; adjust JIORIZONTAL SIZE: u=! =duwt mc conca e witi th'e
pressure trace. Remove the CALIBRATEi, f umrom, thne )rcssulre

anTMpler and bul Wiesw iM return to thleir OriLJ1nal pu-SitiOns.

9) Turn the CALIBRATE on that nAMPilir selectedi by SUBTRACT swaich unt :

the pressure trace moves approxinnmte e lll screen. Adust SUBTRACT11

SIZE until lines are superimosd. Return CALIBRATE switch to zero
and both lines wRI return to their oritajl positons.

10) The ''Gradient'' trace will now represent the sum of the two pres cus.
To obser-ve the rainturn ihe -;v,-,,tchi to -. Readijust ~ain
POSITION, if necessary.

For the H and V sections of SUBTRACT SELECT(AR swvitch, see loops.

SIN~GLE TRACIP M TT ir tscntat ion is 00 rinml 1, tse FUNCTION sw;Lca
Any jndividuil :YQ~- unnjil na vc oInv MX~> TON svydce is in thc
SWVEEP posii. Turn the V12i VICAI. r.....e ti) tueenax numo~kr
representing the desirtd an;Ollt a r. 11I :. c- =0'1- :qWInIni!r Ns Vn-<U On

multitrace s rue'n . The Imsitu Wn 0-o I!. I- e ( tri c L%'c:n ie ci Cell CO Ii)'. tuet

CENTER contril ( n tne crn, or iv V R jICA 1. CENI'i.R ci nith. TeII
amplitude on the screen is ::~ne:A y tW VRICALIZE 17; ntrul and can he
2 1/2 times the k4l:~~~t' thi, eurrvs7ponhinm trace2 on the niulitrace tube, or it

23;
A4



can be reduced as low as zero amaIi h . Vhn tho SI 7. coait ml i' a'ticr

(completely cutreic.:e)tiac CE NT Ii 1 n I~ro will 1niv c no ejfu t-'. 11

trace is 11'r'e than1 1"''1 mliid-s cn. ( 1/ mZE u full,: ruwrreoc-izvis()

Turninl, t'he SIZEK coi atrol m o~~ enay move traco cit screen.2 Note: ini V.

direct ion it ImfoVcs (U00 or dtown) andc return trace to screen VitAMV1 TCALI CE ETIE K
control. If trace mrovecs upnward, turn CENTER counterciouliwis:e; if trace moves

downward, turn CENTER cloc 'avise.

The BALANCE position of the FUNCTION switch will displaiy aI lissajols fi, ure,

which is used as mn aid in bajancinga- transceucer in - pressure amplifier.

Turn VERTICAL selector switch to pressure anamlifier (withi transducer c-rncctc'd)

to be balanced. The horizontal decflection reusxn a tasucrer ;ttui

voltage, the vertical represents eL-. outpu1Lt Veltta'e tram: t transa(UcerLf'U:

a pressure amplif ier.

The vertical SIZE anti CENTER controls do not h-ave( an: ffo-ct ;in th]AIANCl
position. When the triinsducer is bmroul i'ls: hamaw me ret' ill not iyr. any;

output voltage,' and the Eissajous lpres-cntation wil e a zraiJit horizontal line.

In LOOPS pozition, the VERTICAL selector sw.itchi >elccfs the cianrde to he

presented on tlit- vertiical aLxi, ano, tie vertical 11K ZE CEl:NTI otrl are

used to adjust ver:tical 'am11Iu ldO and osiion

The HORIZONTAL sw itch selects the channel to he presciited on the o(:;:.a

axis, and the horizontlal SIZE -andol T o rt arc 19 :!"11:- to.....
amplitude and Mciin hnteiOiOlL(r\.iC ~57 ~--*
is turned to mini mumncutrco~ie the CE ETEK"l c'tris lil ; "

effect. A dlot should ann e ar at I'lld-Z, -ee. I i' it is mor 1 '_' L2o' mt- il -1fO

adjust screw.driver controls he~uv. VEI'MCAIL CENTER7) or 11{Z TL57V

until dot is at midl-screen.

Advance HORI1ZONTAL SIZE c10c!',ase and -idiust 11IETXOTAI UTI

to its originalJ p)05 ition nea-r in i-cr'er. 11rcipc: li~ut'et oc rente1 r 2(

when it is pos s ii d to turn uiot' -in <17. V from Ct:'''' (I I'a eC Irco~et

maximum coiva i u a ''tw'at-iinaxa.ie ma

the same withi the VfE'C\ 1i KTlATwt:&- euntr<'*:c i

to minimumcotceok.i

The If or V pos itiorsr of SIUBTRACT S IFTLECT SImal it 111 dI''

the signals fromi t-wo (11i1o t. aa isra

loops. This is espciallyv u :eful w:un aau;;In.*..-

For exampIle: Let US spoeIt 1S erelt -,.-

1IOlIZONTA\Ts.v, nseet the anm))i~ier to 1 sitIat

SUBTRACT sel1C(tor s%;,itcn* iS -d t §(le~c('. J'

is turnc'l to~ -- Thie <T'1"'1iiAC1 SI',1>CP V :irtt::'

The SUBTRACTF. SE/V an-I ('1-Ll r2V i ' r 1

tal amiplitudric an,, Ico~i i naIit'Sf 'a,.:''.7~

controls. Sece instruictions o loLittn 1 '1a:ae'iTC1 :,("i lIlla' .
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Tining and direction markin,, can be introduced to ilhe h1,) atterns l)v turnin .
the camera selector to I)( T! a:nd C:n ; 12: a ; ri2 , "'I.,,. rn:t.. ,!"d

when plhoto ,':iphin- ioop. Camera tiLnin should be in . 004 or 02 to properlv

display LC,,'I-IL. loops; or . 00. for VCG.

PMB9/69

ELECTRONICS for M7DICTNE. Inc., 30 Vir-,inia Rd. V, 'ite Plain.s, N.Y.

238A n2 3_8



MON TOIR

MOI)FI. Dl.-12

T -2 recordcr is a modified vc,5 ion of the Dl,- . The DP-S intruction

p i u .- .. , i , iU , . n i t o r n i a t i u n c u v c ' s t h e o [)p r. l A .L i u L. u. s t- , 1 . .

The amplifiers in the DR-12 are numbered from I throuig 12. Ten of these, 1-10,
starting from the top, are located on the left side of the rLcorder: numbers 11 and
12 are located beneath the monitor panel. The ei-hi (lidsplavable channels of the
recorder are lettered from A throuzh H1 with a dial type s. witch supplied for each
channel which permits an% of the 12 amplifiers to be selected on any of the -, channels.
Since it is possible to select the same amplifier on more than one channel, the user

should be certain that each of the dials is set to a different number or- the same trace
will appear on the screen more taan once.

1

ch n esm r rq e t h i th otI.-S Th ICtIO CS t hi''1 CIS-

C1

- .:

•- ...... -.... .

PA... -q.. - --- ,,

The A-E , A-F, A-It sw itch on the monitor pan I can be i t_, to si ! Ie two or three
channels mo re frequentlyv tha n the otile r's. TIhe, electronic switchin rate is 4" ,

. o))

lIz/second; ench ot ta ,, (/anneli is saIniplcd 6, (0 ) tilo's per sec)nId w %cn tc swit..

is in the A-Il 1 .ositior A-I. po ition, A, fl, in( C are .4nanm)ecd

12,000 times/ stcon ,e chaninels ) and V, are -ailnphcd 6,00) times second. ()nlv
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5 channels are operative in this position. In the A-F position, channels A and 1r
are sampled 12, 000 timessecond while ch:mmels C. 1). F and ire, snlci :. nrI
ti, ct o Icc: . :"er2tion .-. ... 

be samplhd at these h :.tr 1'3qte, IW selectm:1 them ,on mn.,I .-\ r I

SUBTRACT SELECTOR switch marked BASEiLINE, GRADIENT, OFF, II and V, when
positioned on B-\SELINE or GRADIENT, will remove channel II (A-., A-F, A-if switch
must be on A-I1) from displa- on muliitrace sereen and retil:ic, it with a baseline
or gradient trace. With switch in A\SE I .INI'. the c5I!'I(oN tentrol, below the
switch, can be used to set the hascine to any dC>XCd i0'lit. A :..\RK n)ush button
and remote MARK Jack canu be used as an event Ari:or .! Aand. loot switch c-n be
patched into MARK Ijack, to mark events from a reotie )o)nt. PlI:cin svitch on
GRADIENT position viii permit the dis lav of .7:,di,,nt s ushi na u .n radlcat at mp-
lifier (POSITION control is the same as for basclizl(.). "P.c -um)t,'i<.tion is donc
horizontally. See section on "sul~r-ction" in DR- Tiltru:t ns. The 1I 11d V :D>,- I: on

of the SUBTRACT SEL,CY- swnitch, elnIt SUit-Ixet un oil victr .e reen, e.T 'er
vertically or horizontally in the OFF position, subtract or Gi-\I)ILI'NTS and !,SE'LINE
are inoperative. See DR-8 instructions.

PMB
9/69

ELECTRONICS for 'MEDICINE, Inc., 30 Virginia Road, White Plains, N.Y.
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S IN L:FT lC S E F 1,

MODEL ST-6800

A/D-D/A PERIPHERAL SYSTEMS

INSTRUCTION MANUAL

Part No. 58-12140-25

JANUARY 1979
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S T- 6,.,9
M68-DhI 7

SPECTFIC' "!ATI .,S

DATA ACQUISITION SECTION

S pe C f i cat ions

Typical @ +251C, dynamic conditions, unless otherwise specified.

Analog Inputs

Number of Channels 32 Single-ended or 16 differential

Channel Expansion Up to 128 single ended or 112 diferer~tda
using ADC-Slave Expmder Cards ( Aod21 ST-K.

Full Scale Input Ranges 0 to +5 Volts ADX)

0 to +10 Volts
-5 to +5 Volts
-10 to +10 Volts

Current Input Channel Range 4-20 mA type

(8 Channels)

Common Mode Range +10 Volts

Input Overvoltage +35 Volts Max. continuous

Input Impedance 100 Megohms differential or to ground

Input Bias Current 3nA typ., lOrA max.

Input Capacitance 5pF, OFF CHANNEL, 100 pF ON CHbN7;'_'L
to ground

Performance

Accuracy @ +25C Within +0.025% of input range

Resolution 12 Binary bits (I part in 4096)

Nonlinearity +1/2 LSB maximum

Differential non-linearity +1/2 LSB maximum

Gain Error Adjustable to zero

Offset or Zero Error Adjustable to zero

Gain Temperature Drift (Bipolar) Within +10 ppm of " "C

Zero Temperature Drift (Unipolar) Within +5 ppm of FS' . mEx.

Common Mode Rejection 70 dB min, DC to 1 k'I" wi th 1 unb11,1'

Power Supply Rejection 100 dB to +5V bu';
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ST-6800

M68-DH1705

Dvnamic Characteristics

Typical Data Transfer

I/O Period (Total) 36 microseconds

Throughput Period 20 microseconds

Acquisition Time 8 microseconds

A/D Conversion 'ime 12 microseconds

Aperture Time 100 nanoseconds

Sample/Hold Switch .01% Max.

Feedthrough

MUX Crosstalk from OFF Channels .007% @ 1 kHz, Rs 1K

Output Coding Straight Binary (nipl. ur)e
Offset Binar- (-iCpoiar) l d
2's Complement (Bipolar) ,,

Output Format 2-Byte group elCctrical 1'.' C:::Jat ibli ,',
Motorola's EXOR, i r id , A I u-
Sign extension is jumper on ct.d ,n a;
12 thru 15 for 2's co m ,- ! iu ,t:.

12 thru 15 are lkyji, zero lor all ot Uv.r

units.

Channel Addressing Random channel addresfInp, mav bc startt-!
by external inte--rupt inplit or Ov.r't

operation or b\ in tornaI pr oiram contro,.

BTL;e Addrc i,-, Prewired by PC Board ii::p rs ,r r' : 1
base addresses.

Data Distribution Section (D/A Analog Outputs)

Number of Channels 2(Expandable only by st and-.,,, cr,
Boards.)Resolution 12 Bits

F,!ll Scale Output 0 to +5 Volts

Voltage Ranges 0 to +10 Volts
-5 to +5 Volts
-10 to +In Volts

Input Coding Strai ght g nary (Ilniptlii
Offset flinar- ( ipol )
2's Complement (,ipol ar)

Output Impedance .05 ohm

Output Current 4-5 mA rin
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ST -62,2
M68-DHn 705

Non linearity + 1/2 LSB, maximum

Differential Nonlinearity + 1/2 LSh, maximum

Gain Error Adjuttable to zero using pot. for each

channel

Offset or Zero Error Adjustable to zero using pot for L-azC'

channel

Gain Temperature Drift +20 ppm of output/°C

Zero Temperature Drift (Unipolar output) +5 ppm of FS.-/°C

Offset Teperature Drift (Bipolar output) +10 ppm of FS'-/ 0 C

Settling Tine (20V change) 4 microseconds to + 1/2 LSB

Slew Rate 20V/usec

Power 6upply Rejection +0.02 ' of FSR per 1" variation

Power Consuyjdjon

1.2 ampstyptcal 0 +5 vdc supplied from MPU bus connector. On-board DC to DC Conuvert

supplies +15 vdc to linear circuits.

Phv', ! C a I

Operating Tmniporature R.-ange 00 to +70'C

Storage Temperature Range -250 C to +850 C

Card Size 9.75"W x 5.75"i x .062"D
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General Information

Sp e cif ic at ions

Sensitivity. .. .. .. .. .. .. .. . .. . .. . .. . .. . ...... 10 nijilivolts per ch,,it lit.- nm.
Full scale deflcti i-, frrm 'h t rt :t- 200 :i!v~

Sensitivity steps .. .. .. .. .. .. .. ... ... ... . . ....... . 0 . 0... ........ 5, 1, 2. 5 ani d 10 cIt s rw r
chart line (ran. l:iiniun attenuator I r1 AIth

balanced input.

IMeasurement cano._,e

Single-ended input (5 micoih) . .. .. .. .. .. ....... 010 volt to 400 volts

jBalanced input (10 nicui) . .. .. .. .. .. .. ............. olt to 400 volts. sidr. to 4ido. Hivih

off-;?I'ouill at ally V"'n-orst:i<I() vr
chart hln SwI.itch F" upm o t'- 500 v'~~olts oo

Common1 Mode rejectior. .. .. .. .. .. ... ... ... .... Better tHun 1000 to 1, att enuitoc Fset in. 01

Zero line stability .. .. .. .. .. .. .. .. . .. . .. . ...... Less than, 1 4 (hairt 1no mnm) p-c r* 1oLr. T, L. lri-i
over eiht honur 1- rind not more than 1 2 !1.1.1line (1nu11.

Noise. .. .. .. .. .. .. .I. .. . .. . .. . .. . ... ....... Not notircablo ,it chairt with shorted input.

'I Frequvncy response... . . . . . . . . . . . . . . . . . . . . . . . .... h c''dtpJ ~~~~~~~volt~w n .'o l. .. . I:

of a inoin A 10 1w w cp,

Ntaxinioun amplitude .. .. .. .. .. .. .. .. ... ... ...... 40 hioe (tmii .k-'- 4: "I 4 '

10 linefs (111m A-k-t .. . T,, I



General Information

Spec if ic at i 01-1

per, Bia . .. .. .. .. .. .. ... ... ... ... ... ....... Permits posit ioflifl7 ofp on elia r 20 hr
lines (nmii. Ff f fct I'.e fr l, ' wl-tn e or
balance! input.

ii Trace linearity .. .. .. .. .. .. .. .. .. ... ... ... ..... D. C. within 2"T, full chart -. iith,
A. C. wvithinl 3 full eci,a,-t vwiiih, a'iv fre 1uf~'
within limits of ma1.ximum :npiw.h l~ti
writingl.

Trace width .. .. .. .. .. .. .. ... ... . .. . .. . ...... O.OOC with Modixel PA ?22- 31 pen.

VWritimg method. .. .. .. .. .. .. .. ... ... . .. . ...... Electric stvlus.

/3 Number of recording channuls . .... .. .. .. .. .. . ..... 2

Nunmber of event chaiui'ls. .. .. .. .. .. .. .. . .. . ..... 1 actuated byv itc rnal s,.kitrh.
1 actuated hv'xi n#. sxitch.

Channel width .. .. .. .. .. .. .. .. . .. . ... ... ...... 40 mim (40 dlivis ionis).

.3 Chart Supply. .. .. .. .. .. .. .. .. . .. . .. . ... ...... 150 fbet

rl Chart speeds. .. .. .. .. .. .. . .. . .. . .. . .. . ...... 1. 5, 25, and 25 : n 1) r e

Chart speed reitulation .. .. .. .. .. .. .. .. . ... ...... Synchronous n~r,!har. ILrvct di 1"".
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General Information

Specifications

Operating Temperature range, ambient ............... O C to 55oC.

3
Power requirements ...... ........................ 105-125 volts, 60 cps, 135 watts at 115 volts.

Transistors ........ .............................. 1-5651 and 2-5C87

Tubes ......... .................................. 1-6BW4, 2-12B4A, 2-12AT7, 2-12AX7

Input terminals

, Front (signal) ....... ........................... Bindin. posts.

Rear (event Marker) ...... ..................... Bindin!g posts.

)
Supplies

DESCRIPTION PIMIbl AI HI NO,

I
j Cha-t Paptr, 2 channtl RA 2922-22

." Electric Styli (4) RA 2822-31
a

Gram Gage Assernbly 227416-91,

I Pen Mountin lo TI 12 (7
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C II AP TE ir" 1 0 P1: 1. !7"EC 7 CTO:

1- I INTRODUCTION

The NIS~tL(cNESS DT IIc. is a, Istcm Ill., proL'Jlr .onthe IIM. 111 prtI'll ti NittYLl

dcoeiopmn 1 001 tolU'~d kitt,; tW ' i !c\lloptilit1t N10N,010I L\ )1\..'cL II \t. i \(J I ,e

and the usor'N ii'trn~c buitt mouiwtte ~U I

Microcotttpliel oInh Ii i'IQ te\~ e H 1-2 EXORciser FEATURES
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operations in Conjunction with variablc length cncodjnci wer

revealed compression ratios ranging from 1.25:] to 2.26:1.
Investigation of the poor pcrformance of the compression
aliorithm showed sianificant d(eg rac(tion of the 2nd order
difference "decorrelator" due to a noisy collection
environment. It was concluded that real time EFC; data
compression is feasible on the 6 P00 but that time
compression technictues wnich store a zero value sequence
counter versus the value of zero are not efficient in a high
noise environment.
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