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This study considered the developnent of an aÍd to sleep classifica-

tÍon system, and dÍscussed a method v¡hÍch used the clinícian as feedback

to the classifÍcation process. ThÍs scheme allowed the the clinÍcÍan to

effect the heurístic process of sleep classÍficatÍon, while allowÍng the

computer to reduce the effort expended in the classífication of líke

segments.

The use of inexpensive mÍcroprocessing hardware for sleep signal

spectral estimatíon r,ras consÍdered, and a scheme using digÍtal filters

Ímplemented with Intel 2920s v¡as developed. The estimation subsystem was

Ínterfaced wíth a Motorola EXORcÍsor microcomputer for real-time data

collection, and the collected esÈímates transferred to an Amdahl main-

frame computer for post-analysis.

ABSTRACT

Prelíminary studíes showed a gross correlation between the extract.ed

spectral estÍmates and the rnanually classified sleep record. The spec-

tral estímates, as sampled once a second, qrere found to be non-statÍon-

ary wÍthin manually classified sleep stage segments. The use of spec-

tral averaging vras consÍdered, and found to sinplify the correlatÍon

between the spectral estimates and the manual classificatÍon for normal

sleep. For abnormal sleep, however, it r^ras found Èhat such averaging

could blur the correlatÍon.
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l.l

The analysis and evaluatíon of human sleep has become a valuable aid

in the diagnosis and treatment of sleep related dÍsorders, and Ís widely

used today. The UnÍted States Food and Drug Admínistration, for example,

requires that sleep studies be used Ín the evaluation of all new hypnot-

íc,s and sedatives [1]. The evaluation of sleep is also very useful ín

the ínvestÍgatíon and assessment of sleep related dÍsorders. InsomnÍa,

narcolepsy, chroníc hypersomnÍa, obstructÍve sleep apnea, sudden infant

death syndrome, and many oÈher dÍsorders have been studied with sleep

evaluatíon Ilr2r3]. It has been speculated that wÍth increasing under-

standÍng and related technical advances, the evaluatÍon of sleep can be-

come a standard clínical procedure It].

BACKGROI]ND

Chapter I

ÏNTRODUCTION

Although sleep has been ÍnvestigaËed scientifically for more than I00

years, most activity has occured in the past 25 years. The evaluation of

sleep state is based primarÍ1y on the electroencephalogram (EEG), the

electrooculogram (EOG), and the electromyogram (EMG). There have been

nany studies v¡hich have examined these sÍgnals as they occur durÍng

sleep, and these studies have led to a set of commonly accepted stan-

dards and rules for classifying sleep Ilr4]. These rules defíne the

sleep stages numbered 1 through 4, as well as Lhe rapid eye movement

(REM) and awake sleep stages. Traditionally, the sleep record ís divÍded
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Ínto fÍxed (tíme) length segments or epochs, and the record is staged or

scored on an epoch-by-epoch,asís. ThÍs scoring is made prÍrnarÍly on t.he

basÍs of the spectral dístríbutÍon of the waveforms wíthin each epoch.

In one of the largest sleep studíes conducted, the rules for scoríng

sleep r¡/ere exercised through the classifÍcatíon of over 6000 recordings

of sleep perÍods for several hundreds of patienËs t1]. These and other

studíes have revealed that the sÍgna1s observed durÍng s1eep, whÍle

characterÍstÍc to the rules of scoring, are quite variable with each pa-

tÍent t5]. Even the signals observed wíthin one sleep session can vary

sÍgnÍficantly. The variability of these signals can arÍse from a variety

of physiologícal differences as a function of patÍent age and state, as

well as monitoring problems in electrode contact and noíse.

The value of sleep evaluation as a c1ínica1 technique Ís offset by

the labour-intensíty and tediousness of the manual scoring of sleep sig-

nals recorded on paper. This labour-intensíty represents a signÍfÍcant

barrier in the investígatÍon of sleep related dÍsorders. The classífi-

cation of a severely disturbed (8 hour) sleep record can requíre up to

one man-v¿eek of effort. There have been many attempts Èo automate the

scoring of sleep signal records 1617 ,Br9r 10 ,II,I2r l3r 14] . Such automa-

tion is desírable to reduce the labour-intensíty of the activÍty as well

as to reduce the varÍabílity of ínterpretation fron clinicÍan to clini-

cian I 15] . The autonation of the sleep signal classifícation process ís

diffÍcult, however, and pasË attempts have achíeved only lÍmited success

and marginal acceptance tiS1.

Most attempts at automated sleep sÍgna1 classifícation have focused

on the use of large main-frane computers and analog signal processÍng
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equípnent ín the actívÍty of classÍfyíng normal sleep. A number of fac-

tors have contrj-buted to the 1iníted success of these attempts. Classi-

fÍcatíon of sleep ís based prÍmarily on the spectral dÍstrÍbution ob-

served in the sleep sÍgnals t4]. This irnplíes that the frequency spec-

tru¡n of these signals must be estÍmated. In the past, such estímation

was feasíb1e only wÍth delicate and expensive analog hardware or porrer-

fu1 maÍn-frame computers. The large costs assocíated with such schemes

have been a sÍgnífícant factor limitíng their adoption. These costs are

droppÍng, however, as recent developments in microelec-tronics have made

ínexpensíve dÍgita1 irnplernentations of spectral estimation hardv/are pos-

sible.

A more seríous problem has been that. of developíng a system v¡hich ís

capable of accommodating the hígh varíabílity r,¡hich ís present in sig-

nals observed durÍng sleep. This problem is símilar to that of speech

recognítion. In both problerns, it ís dÍfficult Èo construct a system

which Ís able to classífy observed signals at a gÍven noment of time for

a broad class of subjects. The clínicían's evaluatíon of a sleep record

Ís based on a wíde range of experience and understanding of signal con-

sídered. Often the clínician urust scan back and forth through a sleep

record Ín order Èo locate representatíve segments of each sleep stage.

These representatíve segments are used as reference points in the rela-

tíonal classifÍcation of the record. tr{hen a partícular segment of a pa-

tient's record Ís classífied, it is desÍred that'símílar'segments be

classified in the same l¡¡ay throughout the rec-ord. The term'sÍ¡oilar'ím-

plies similarÍty Ín the most general sense; that is, a generalized rne-

tríc consÍ.dering the syntactic or context relatÍons of the segment. Tt

-3-



has been observed that the clÍnician frequently devíates from the rÍgid-

Iy defíned scorÍng rules for reasonable but poorl oefíned reasons ttS1.

The heuristíc roethods used by clinicÍans are díffícult to descrÍbe.

Most att.empts at autonatíc sleep staging, however, have pursued a search

for a simple, causal nodel for sleep classifÍcation. In other words,

they have attenpted to classify the sleep record wÍth no perceptíon of

the record as a whole, or input from the clÍnicían l7l. This ímp1Íes

that Ëhese studÍes have attempted to have the computer replÍcate the ac-

tivÍty of the clinicían wÍth less ínformatÍon than the clinÍeÍan re-

quires. It can be argued that with the current stat.e of Èechnology and

understanding of s1eep, it Ís not possíble to replícate the entÍre ac-

tivÍty of the clinicÍan 1,71.

Another signifÍcant 1imÍtation of t.hese studÍes Ís that they have fo-

cused on the classificatíon of norroal s1eep. Normal, healthy sleep has

the characteristÍc that sleep stage transitions typically occur over ex-

tended time intervals. As a result, mosÈ studies have based their clas-

síficatÍon scheme on a fixed-length epoch rule. The entire night's re-

cord is divided into fÍxed length periods with only one decisÍon or

classifÍcation made over each interval. Epoch lengths of 30 seconds to 2

mÍnutes have commonly been used. It has been found that patients wíth

sleep disorders can demonstrate cyclic dísruptions or periodicÍties Ín

theÍr sleep patterns. These changes can occur as frequently as every l5

seconds. For such patíents, the applícation of a fixed-length epoch rule

nay prohibÍt the identÍfication of brief sleep segments. An investigator

may wish to relate sleep to some oÈher physÍoIogical variable (respira-

tion, for example). If the resolution of the sleep classification Ís
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much less than the tíme constant assocÍated wíth the other physÍo1ogícal

variable, the correlation of the two functíons may be lost. While past

studies have achieved controlled successes on fíxed healthy patient

groups, the dírect applÍcability of the r^rork to a broad class of pa-

tients ís questíonable.

T.2 OBJECTIVES OF STUDY

The approach to sleep sÍgna1 classÍfÍcation consÍdered in thÍs study

is Ëhe use of the computer to assíst the clinícían in the process of

classÍfyíng sleep. As in past studies, the computer r^rÍ11 be used to ex-

tract features from the signals which are presently used to stage sleep.

Then, however, the clÍnician wíll be used to ídenÈífy examplary segments

to the computer for líke classífícatÍon. Tn this way, the experÍence of

Èhe clinícÍan is used to effect the heurístic process of sleep signal

classification, and the strength of the computer ís used to reduce the

effort expended in the classífication of repeated segments.

The method under study represents a significant departure from past

attempts ín the use of computers for sleep classifÍcation ín that the

experience of the clinícían is used as feedback to the system. Sínc.e ÍË

Ís desíred that lÍke record segments be classifíed in a like manner, and

sínce sleep patterns tend to repeat themselves in cyclÍc patterns, the

use of such a computer-aíded sysÈem should provÍde a reliable method

which reduces the labour-intensity of classifying normal and abnormal

sleep records. The varíabi1Íty of the sleep record will be accommodated,

as only 1íke segments wÍl1 be classÍfied alíke. If rhere is a high de-

gree of varÍabilíty wíthín a given patient's record, the clinician will

-5-



have to ídentify more examplary segments Ín order to classÍfy the re-

cord. If a patient presents a record which has no repetitíous segment

and hÍgh varÍabilíty, the systern will effectÍvely reduce to the manual

classifÍcation ¡nethod commonly used now. Areas of the record which the

system has been unable to classify wÍth the provided defÍnítíons can be

related to the clÍnícían for further claríficatÍon.

Beyond t.he specific application of sleep sÍgna1 classífÍcaËíon, this

nethod represents a powerful approach for a wide varÍety of problems ín-

volvíng extended duratíon signal characterization and feature extrac-

t ion.

The

t.

objectíves of this study are to:

Study the dígital signal processÍng requíred to effect sleep sig-

nal spectral estímation;

Evaluate the use of recent low-cost microprocessor hardware for

the task of such estÍmatíon;

Develop an interface between such estimatÍon hardware and an ex-

,>

3.

istÍng microcomputer;

SÈudy the systematíc procedures for evaluating

classifÍcatíon sysËeur; and

Conduct a prelÍminary evaluatíon of the correla

characterizations of the sleep sígna1s and t.he

fied sleep record.

4.

5.

an aid to sleep

Èion between the

manually classi-
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2.r

Sleep sígnal classifÍcation rul-es comuronly used Èoday are based prÍ-

narÍly on the sc.orÍng criterÍa establÍshed by Dement and K1eítman Ín

1957 [16]. These rules were reaffírmed by the U.S. Department of Health

Ín the Rechtschaffen and Kales (1968) standardizatíon manual for sleep

scoring t4]. These studies reflect the firmly established fact that

sleep Ís not a homogeneous state, and that sleep stages follow faírly

orderly cyclÍc patterns t4l. Sleep can be subdÍvided into trro broad

classes of REM (rapíd eye movement) and non-REM sleep. Non-REM sleep ís

further subdÍvided into sleep stages numbered 1 through 4, or as awake

sleep. These definitÍons are based on characterÍstícs observed ín the

electroencephalograrn (S¡C), the electromyogram (EMG) and the electroocu-

logram (EOG). The EEG sÍgnal electrodes are commonly applied ar posi-

tions C4/Al and or C3/A2 according to the ínternatÍonal 10-20 placemenr

systexo tt7]. IÈ ís often desirable to record 2 channels of EEG, havÍng

one as a backup Ín case a pair of electrodes cease to functÍon or exhib-

Ít excessíve amounts of artífact. The EOG is derived from electrodes

placed around the eyes, and the EMG is often taken from an electrode

placed under the chin. These sígnals are generally recorded wíth a po-

lygraphic recorder r,¡ith a minÍmum paper speed of 10 urm/second, and a

mininum sensítívity of approximately 5 mÍcrovolts per nm. The classífi-

CHARACTERISTIC FEATT]RES AND RULES

Chapter II

SLEEP CLASSIFICATION METHODS
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cation of sleep ís based primarÍly on the speetral dístríbutÍon of the

EEG wÍthín established bands as a function of time [4]. The spectral

bands which are considered most important are the low (0.25 to 2.0 Hz)

and nixed (2.0 to 7.0 Hz) frequency bands. The appearance of sleep spín-

dles (rhythmÍc bursts of at least 0.5 second duratíon in the 12 to 14 Hz

range) and K complexes (we11 delineated negatÍve sharp waves whích are

immedíate1y followed by a positive component t4]) are also considereC

signifÍcant. The EOG is commonly considered only wíthin the band of 2.0

to 10.0 Hz, and the EMG is considered primarÍ1y frorn the perspective of

average signal por¡rer.

Just after a patÍent has fallen asleep, the EEG actÍvíty Ís quÍte

similar to Ëhat present when the patÍent Ís awake. This perÍod repïe-

sents the híghest neurological state during sleep, and is referred to as

awake sleep. The awake sleep stage has the EEG characteristic of predo-

minately high frequency activÍty wíth some 1ow amplitude, míxed frequen-

cy activity. Most of a night ís spent ín non-REM sleep, wÍth some inter-

mixed perÍods of REM s1eep. Duríng REM sleep, the EEG activity reflects

a fa|rry'lÍght' level of sleep (stage 1), yet there is only a low am-

Plitude EMG in conjunctíon wÍth episodic rapid eye movenents (REMs). nfU

appears to correspond wÍth a 'deep'level of sleep Ín that there ís 1it-

t1e EMG activity, whÍ1e the EEG actÍvity corresponds vrith that of light

s1eep. As a result, REM sleep is sometimes referred to as paradoxical

s1eep, and is commonly thought to be associated with dreaming. sleep

stages I and 2 can be grouped as nÍxed frequency sleep, and represent

'light' sleep. sleep stages 3 and 4 can be grouped as slow wave sleep,

and 'represent 'deep' s1eep. stage I is defined as an interval of rela-

-8-



tívely 1ow ampliËude, urixed frequency EEG wíth absolute absence of REMs,

K complexes, or spíndles. Stage 2 ís defíned as relatively low anplÍ-

tude, níxed frequency EEG background with the occurence of sleep spin-

dles and/or K complexes. If more than 3 mÍnutes of stage 2 sleep pass

without a sleep spíndle or K complex, the classifícatíon defaults back

to stage 1. Stage 3 Ís defíned by an EEG segment Ín whÍch at Teast 207.

but not more than 502 of the epoch consÍsts of predomÍnaËely 1ow fre-

quency actívity. Stage 4 Ís defíned by an EEG segment in whích more

than 50% of the epoeh consists of prímarÍly slow frequency actívÍty. It

Ís often diffÍcult to differentíate between stages 3 and 4, and they

are, therefore, sometÍmes classifÍed together as slow wave sleep.

Norrnal sleep patËern dÍstrÍbutions vary dependent on factors such as

as patient age and sex [1]. Sleep patterns can also be altered by a va-

ríety of clinÍcal dísorders. An example of a disorder which can alter

sleep ís sleep apnea syndrome 1,21. Sleep apnea ís a dísruptÍon of res-

piratÍon where breathing Ís diminished or stops for períods exceedÍng 10

seconds. Duríng such events, the oxygen content of the patíent.'s blood

may drop. Events of this nature are typícally termínated wíth an arous-

a1, although the patient is generally not ar^7are of the event. Frequent

disruptíons of sleep rnay lead to varíety of symptons or dÍsorders, and

can have a signífÍcant Ímpact on the patient 1,21.

-9-



2.2 MANUAL CLASSIFICATION METHODS

The most commonly accepted method for sleep signal classifÍcatíon is

a m¡nua1 revier^r of the polygraphíc recordíng. TradÍÈÍonally, the entire

nÍght's record is dÍvíded into fixed-length sections or epochs. Epoch

lengths of 30 seconds to 2 minutes have comnonly been used. Classifica-

tion Ís based on the visually observed waveforms averaged over each ep-

och ínterval. A síng1e classifÍcatíon is made for each epoch, and the

record is classífíed on an epoch-by-epoch basis. The clinÍcian will of-

ten scan Èhrough the entíre record in order to 'calibrate' for the scor-

íng, and must often refer Èo other portÍons of the record in order to

classify a partÍcular epoch. For the classifícatÍon of abnormal sleep,

a varíable length epoch urethod has been used t18]. I^IÍth thÍs scheme,

sleep stage transitions are identified wherever they rnay occur (with a

minimum epoch length of 15 seconds). This method allows a more accurate

trackÍng of dÍsturbed sleep patterns. The classificatÍon daËa is then

commonly entered into a computer for further analysÍs. The classÍfic-a-

tion data has, for example, been correlaÈed r^rith respÍration variables

concurrently recorded during sleep tte1.

2.3 AUTOMATED CLASSIFICATION ATTEMPTS

There have been many attempts to automate the classifícatÍon of sleep

sÍgnal records. These atÈempts have used a variety of signal processing

techniques, ¿rncl have consídered nany different decÍsion algorÍthm meth-

ods. In general, these attempts have focused on tryíng to achieve total

autonation of the sleep classification process. In a revÍev¡ of atlempts

to automate sleep classÍfícation [15], ít r,7as noted that most studies
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that have achíeved some satisfactory results have had much ín common.

These systems have, Ín general, used REM detectors to dÍscrÍminate stage

I from REM, and have tried to establish some algorithrn to mínic the heu-

ristÍc decision naking of a clinÍcian on the basis of some wave features

extracted from the EEG. The El"lG, although valuable according to the Re-

chtschaffen standards, has often not been considered as Ít has been

found to be unrelíable [15].

Direct aroplitude analysÍs, spectral analysis, trialsh expansÍons, and

period analysís have all been considered ín the problem of sleep classi-

fication [20,2Ir22f. Although different studies have used wÍdely varied

signal processÍng techniques and ímplementations, the more advanced at-

tempts have achieved approximately the same level of controlled success.

Frequently used methods for the wave feature extraction have been band-

pass fÍItering, fast FourÍer transforms (FFTs), matched filterÍng or

correlatÍon detectÍon, zero crossing and pítch period detectíon, or the

use of hybríd rrave-form detection cÍrcuÍËry. The most frequently used

techníque for the wave feature extractÍon has been bandpass fÍ1terÍng.

The filters have, in the past, commonly been inplernented with analog

cÍrcuitry. The lov¡ frequency nature of the passbands has made such

equÍpment dífficult and costly to ímplement. Many other studÍes have re-

corded the entire sleep record and have conduc,ted post-analysis FFT

studÍes. There has been much study of the detection of sleep spÍnd1es,

K complexes,

123r24r25126r27 r28r29r30r31]. K-complexes are frequently not considered

as they are poorly defÍned and dÍffÍcult to detect in both manual and

corlputer-aided analysis. REMs are very valuable in distÍnguishÍng be-

and rapid eye movements

- 11 -
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tl^reen stage I and REM, and sleep spindles are also generally consÍåered.

Overall, the prÍmary factor consj.dered ín sleep classification ís the

amplÍtude of the EEG wÍthin spectral bands as dístrÍbuted over Èime.

Independent of the wave features extracted, the first study to accu-

rately classífy all stages of sleep T¡tas a scherne which incorporated pat-

tern recognition [15]. The early work wíth pattern recognition vras

eriticized because it could not accommodate a patÍent group v¡Íth a large

variance in age r^¡ithout changing the recognitíon scheme. Also, these

systems often consumed very large amounts of expensíve computer tine to

effect the wave feature extractíon and pattern recognitÍon. Pattern rec-

ognítíon is a field whÍch has received rnuch study of 1ate, however, and

hol<ls promÍse Ín Íts applicatíon to a number of areas ínc1udÍng sleep

classífÍcatÍon 1716r32l. Many of the other studies whích achieved some

success used decÍsíon tree algoríthms to try to dírectly rnímíc the ac-

tivity of the clinician. These studíes were frustrated by the very heu-

ristÍc nature of manual sleep c-lassifícation, and as a result achieved

success only within confÍned patient groups.
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The general method consídered Ín thís study is one of havíng the com-

puter aid the clínician in the classíficatÍon of s1eep. The computer ís

used to extract the vlave features whj-ch are consÍdered sígnÍficant in

the classificatíon of s1eep, and the clinicían identifies to the system

exarnplary segments of the sleep stages. In this way, the experÍence of

the clinician ís used to effect the heuristic process of sleep classifí-

catíon, and the computer is used to reduce the effort expended ín the

classÍficatíon of like segments. I^Ihen a partícular segment of a sleep

record is classified, ít is desÍred that líke segments be classÍfied ín

a like manner. SÍnce sleep patterns tend to repeat themselves duríng Ëhe

course of a night, a system whic.h could Ídentífy repeated segments could

reduce the labour-Íntensity of the actívíty. This ís especially true for

the classificatíon of disturbed sleep ín that, for patients wíth such

disorders, the frequency of sleep stage transitÍons is greatly in-

creased. In a more general sense, this method represents a povTerful ap-

proach for a wide varíety of problems involvÍ-ng extended duratíon signal

characterízat ion and classif ication.

Chapter III

PROPOSED METHOD

The conjecture of this approach is supported by much of the r¡ork done

on automated sleep classÍfication. Gath and Bar-on [7] studied a system

which extracted linear predíctÍve coding (LPC) coeffÍcÍents for the EEG,

EOG, and EMG during sleep in order to characterize the entÍre nights ac-
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tivíty. The spectrum of the signals was then estímated on the basis of

the LPC coefficients, and a scheme usÍng fuzzy set theory was used to

classify the sleep (fuzzy set theory is closely related to pattern rec-

ognítíon). This work reinforced the conjecture that the average spectrum

presented Ín the EEG is 'somewhat' stationary durÍng sleep. The terrn

'somewhat.' ín thís case Ínp1íes that the average spectrum is constant

for some time, although varying over longer time intervals. In fact,

thís work suggested that the transÍtÍons in the average sÍgna1 spectrums

vlere quÍte distínct, and that an B-hour recordíng could be reduced to

about 3500 record segments with somewhat constant average spectral char-

acteristics. Bourne t6] has extensively studíed the use of syntactic

Pattern recognÍtÍon for sleep classÍfícatÍon, and has had promisÍng re-

su1ts.

The prÍmary reasons for consíderíng a feature extraction/pattern rec-

ognition scheme are because the characterÍstÍcs observed during sleep

vary greatly between patíents, and because the classifícation process

effected by the clÍnícían is so heurístic. Thís is not to crÍtícÍze clí-

nicians for theÍr inability Èo describe eornpletely the process which

Ëhey effect. An analogy might be that an individual, on hearing two dis-

tinct pieces of music, is clearly able to dístinguísh between them a1-

though generally unable to say exactly why. What is implied is that the

human brain is an extremely capable processÍng element whÍch is able to

conduct very heuristÍc decÍsÍon rnakíng. Given the heuristíc nature of

the sleep classíficatíon process, and the fact that repeated attempts to

establísh decÍsÍon-tree líke structures to model the process have

achieved only margínal success, a generalízed pattern recognítion scheme
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which bases the classífícatÍon on ÍdentÍfÍed examplary segments seems

lÍke an appropríate avenue for considerar.-.i. The consÍderation of hígh-

ly varíable, dÍsturbed sleep records further intensífÍes the need to

move away fron a fíxed-modeI approach.

Some of the studies which have considered patÈern recognition have

been found to be very intensive Ín theír computer usage. These costs

have limited their use. The ever increasing complexÍty and dropping

costs of microprocessÍng hardware provide strong motivation for their

use in problens 1íke sleep classificatÍon. Recent developrnents in mi-

croelect.ronics have 1ed Èo microprocessors well suited for use ín signal

processing. The Intel 2920 ís an example of such a microprocessor [33].

The use of such mÍcroprocessíng hardware for Èhe task of sleep classÍfÍ-

cation rnay lead to the development of an ÍnexpensÍve labour-savÍng aid.

Therefore, this study has considered the use of inexpensive microproces-

sor hardware for sleep sÍgnal classification.
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4.1

Analog signals are those whích are conÈÍnuous as a function of time.

Dígita1 sígnal processing ís the general subject assocíated with sarnpled

sÍgnals which are represented numerícally. samplÍng a signal and pro-

cessing it numerically has a number of advanËages over processing a sÍg-

nal- wíth analog components. Nurnerícal processÍng is frequently accom-

plished rvith a digítal computer. This fact implies that there is a high

degree of flexibÍ1Íty in the processing whích can be accomplished by ad-

justing software algorithms. Achievíng such flexibÍ1Íty wÍth analog

hardware is, Ín general, not economícally feasÍble. I,lhen an analog cÍr-

cuít is specifíed, the components with whÍch it Ís constructed are only

approximatÍons of the values desíred. Thís implies that precise analog

circuíts require fine tuning after the components particular to the cir-

cuit have been ínstal-led. Also, after the components have been Ínstalled

and fíne tuned, the circuit functÍon can drift as the analog components

age and change ín characteristics. ThÍs drift may requÍ-re that the cír-

cuít be periodically fine tuned to reestablish its functÍon. Indepen-

dent of the approximation and dríft problems, it may be díffÍcult to fa-

brÍcate the components required in an analog circuít. Thís problen is

often true when working with 1ow frequency sÍgnals. A1so, rrhenever an

analog sígna1 is processed, there ís almost always some noise added to

INTRODUCTION TO DIGITAL SIGNAL PROCESSING

SLEEP SIGNAI PROCESSING

Chapter IV
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it. SystematÍc and expensive desígn and fabrícatÍon procedures can mín-

imize (although not eliminate) these problems.

DÍgital sígnal processing does not solve the problems identifÍed wÍth

analog processing, but rather replaces them wÍth probleurs that can some-

tÍmes be more easily addressed. In general, digital components r.¡hích are

stable and drÍft free can be fabrícated quÍte accurately and repeatably.

A1so, functíons which may be difficult to írnplement with analog compo-

nents are often straíghtforward vrith digíta1 signal processing techni-

ques.Once a signal is sampled, there is no additÍve electrícal noíse

since the processing occurs t.hrough numerical operatÍons. Like most

things ín life, however, there are t.radeoffs to counter the benefÍts re-

alízed ín usíng digital signal processÍng technÍques. Today, most dÍgi-

tal signal processing hardware inplementatíons are more costly than

their analog counterparts (unless very delÍcate, noise immune, or low

frequency analog circuíts are requÍred). In place of additÍve electrical

noise ín processíng a signal, finite register quantÍzatíon error, round

off and truncatíon errors, and register overflow errors introduce noÍse

Ínto the signal. Also, the cost of the dígital hardware system Íncreases

sharply Íf real-time high frequency signal processing Ís required.

Therefore, dígÍta1 sÍgna1 processing Ís not an automatic choÍce over iËs

analog counterpart.

-17-



4.2 CONSIDERATIONS IN SAMPLING A SIGNAL

Sarnplíng a signal, or establíshíng a digítal representation for the

value of a signal at a speeífÍc moment ín tíme, is generally accom-

plished wÍth an analog to digital (A/D) converter. Sj-nce A/D converters

requíre a fínite time to perform such a conversÍon, an analog sarnple and

hold círcuit ís often used as a buffer between the Ínput sígnal and the

A/D c-onverter. This cÍrcuit acquíres the value of the contÍnuous sÍgna1

at the moment of sarnplÍng, and holds the value constant while the A/D

conversion is completed. The dígÍta1 signal processing algoríthm whÍch

is applied to such a sampled sÍgna1 depends on what processing funct.Íon

ís desired. üIhatever algoríthn, the functÍon of the process is ímple-

mented through a sequence of numerícal processes, ín general operatÍng

on the sampled or quantized input. SÍnce the process ís effected through

numerícal operations, a dÍgital computer ís ídeally suíted for the im-

plementation of such algorÍthms. The processíng of such an input sÍgnal

may occur while the sígna1 is occuríng (in real-time), or the sÍgnal

samples may be stored for later processÍng.

The type of result whích is obtaíned from a digítal sígna1 processing

algorithn depends on the algorithm beíng performed. The results uray be

processed further by other algorÍthms, or the result of the algorithrn

uay be a strean of digital values which correspond to a Èransform of the

analog input sÍgnal. It may, therefore, be desired to reconstruct an an-

alog output sígna1 from such a stream. ThÍs functíon is accomplÍshed

with a digital to analog (D/A) converter. A D/A converter produces an

analog output whích ís proportíona1, at a given Doment, to the digital

value whÍch is supplíed Èo ít.
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The samplÍng of a contínuous sÍgna1 affects the frequency domaín

characteristíc or spec.trum of that sÍgnal, dependíng on the relationship

of the samplíng rate to the híghest spectral component of the sÍgna1.

Intuitively, it seems reasonable that if a signal is varying I0 times a

second, sampling the signal once a second will not 'capture' the infor-

matíon ín the signal. The Nyquíst relation states Ëhat, for an ínfínÍte

duratÍon signal, sampling at twice the frequency of the hÍghest spectral

comPonent of the ínput signal will result ín a complete capture of the

informatíon contaíned in the sígnal. SarnplÍng at rates below the Nyquíst

rate results ín aliasíng distortion or noise. Thís relationshíp Ís best

explained by a díagram. rn Fig.4.I, it can be seen that the spectrum of

the sarnpled signal is thaE of its analog counterpart, except that the

spectrum repeats itself or is folded by the saurplÍng frequency. rf a

samplíng frequency of less than two tímes the highest spectral c-omponent

of the input sígnal is used, aliasíng noíse is added into the sanpled

spectrum. In practíce, samplíng rates well in excess of twíce the high-

est component are used. BandlÍrníting lowpass or anti-a1iasíng filters

are often used to bandlÍmit the input signal and ensure a minimum of

aliasing noÍse.

Since the contínuous signal is represenÈed by dígital values of fi-

nÍte length, quantizatÍon noise Ís also íntroduced. rf an N bít repre-

sentation ís used, 2N values can be represented. If a sÍgna1 varÍatÍon

snaller than l/(ZN) of the input signal range occurs, the variation wíll

go 'unnoted'. This problem manifests itself as addÍtive quantizatÍon

noise which is a function of the number of bits of resolutíon used.
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Figure 4.1: Spectrurn aliasÍng with decreasing sampling frequency

Taken from Intel Corp., 2920 Analog Signal Processor
Design Handbook. Santa Clara' 1980.
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If an analog output ís required from a dígÍtal sysËem, this is accom-

plíshed with a D/A converter. The output of such a system remains con-

stant until a nerÁr output is available. At that time, the output jumps t.o

the new outpuÈ value. These jurnps Íntroduce high frequency components

into Èhe output. A lowpass reconstruction filter is often used to smooth

the ouÈput waveform.

4.3 SPECTRAI, AMPLITUDE ESTIMATION FOR EEG AND

The first step in any system whÍch is to

classifÍcatÍon process is the consíderatÍon of

mation. The most frequently used rnethod for such estímatÍon has been an-

alog bandpass filteríng. The low frequenc-y nature of these signals,

however, makes analog solutíons difficult and costly to implement. As a

result, varíous dÍgital sígna1 processÍng techníques have been attempted

with varying degrees of success. Pitch period detectíon algorithms have

been used, and are based on a tíme douain analysÍs of a rvavefor¡o. The

algoríthro detects the rise or fall of a sÍgnal, thereby deterrnining when

peaks and troughs have occured. Wíth the tirne between peaks and troughs

and the difference between the peak and the trough, a crude estÍmate of

the aurplitude spectrum Ís made. These algoriËhms are desirable because

of theír sinplícity, but have had only limited success when applíed to

the problen of EEG aurplitude spectrum estimatíon. Fast FourÍer trans-

forms and l,'lalsh transforms have been applied to the problem, and both

have achÍeved good success. BeÈween the two methods, FFTs are more com-

monly accepted and used. Linear predÍctive coding has been used as a

method of characterizing the EEG and EOG in real-tÍme, with Fourier

EOG

aÍd in the sleep sígnal

spectral amplitude esti-
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transform techniques applied ín post-analysís to evaluate the spec-trum.

CorrelatÍon technÍques for spectral estimation of sleep sígnals have not

commonly been used, although recent publicatíons on spectral analysís

have advocated their use t341.

The decision on which method to use in an ímplementation for the

specËral arnplÍtude estimation ís influenced by several factors. A sig-

nificant factor steerÍng any such practícal decisíon ís the cost of the

solution. Many of the attempÈs at this problem have been based in large

and well funded laboratories which have been able to afford main-frame

computers dedicated in real-time to the problem. Less expensive but

sti1l costly solutÍons have been to store all the samples from an entire

night's sleep and analyze the sÍgna1s after the fact. Thís alternative

is costly ín that a large capacity of bulk storage Í.s required for the

samples (at least 1.5 Megabytes formatted per EEG track).

Microprocessor based solutions are comparatively inexpensíve. Most

ínexpensÍve microprocessors, however, have Ínstruction sets and word

sízes whÍch are not well suited for dÍgital signal processing applica-

tions. As a result, the use of mÍcroprocessors for real-tÍme digíta1

signal processing can be dÍfficult. More advanced configuratíons of

general purPose microprocessors can be used, but recent advances have

also been roade ín the developnenÈ of microprocessors which are oriented

towards digital signal processing. The Int.el 2920 is such a devíce, as

it contaÍns analog multiplexers, sample and hold circuitry, an A/D con-

verter, random access memory (RAM), a programmable permanent memory

(EPROM), a D/A converter, and output dernultiplexer and hold circuítry on

one integrated circuit (IC). The 2920 is able to implement a shift and
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add/subtract ín one instructíon, and is able to conduct paralle1 digital

-nd analog operations. All internal regísters are 24 bÍts wíde, with a 9

bít bípolar A/D and D/A converters. This síngle chíp sÍgnal processor Ís

quite suitable for real-tÍme sígnal processing. Real-tíme signal pro-

cessing reduces the need for a bulk sËorage devÍce to save the samples,

thereby signíficantly reducing the cost of Èhe systern.

Given the attempt to try to reduce the cost of the system through

real-tíme sÍgna1 processing with the Intel 2920, it Ís nessesary to re-

view the processing requirements of the varíous algorithrnic alterna-

tives. The fast Fourier transform is an algorÍthm which performs a time

domain to frequency domain transformatÍon. Gíven a set of time donain

saroples, thís algoríthm provides a transformatÍon to a set of values

which correspond to estímates of the frequency domaín characteristícs

presented ín the tíme domain samples. The results of thís algorithm are,

in general, complex values which estímate the magnítude and phase of the

spectral components. The larger the set of sarnples taken in such a cal-

culatÍon, the better the resolutÍon or spacing between Ehe values calcu-

lated ín the frequency domain. The FFT , however, is subject to a phe-

nomenon known as windowing. Briefly, there is dístortÍon Ín the

calculated spectrum r,rhich results from the fact that the input signal

has not been consídered for an Ínfinite time. Any real FFT algorithm Ís

of fínite size, and Eherefore windowíng dístortion is always present in

the calculated specËrum. Advanced techniques can be applÍed to reduce

this problem, although it can not be totally removed. The FFT Ís also

quÍte processíng ÍntensÍve. In order to perform the FFT, a large number

of cornplex arithmetic calculatíons, and enough memory to store at least
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the samples for the FFT and the results are requíred. Although tt,e 2920

is lirnite: rn the amount of avaí1able memory, and does not Ímplement

complex arÍthrnetic very easily, it Ís well suited for dígÍtal filterÍng.

DigÍta1 fÍlÈering is a technique whÍch facÍlitates a dígítal approxima-

Èion of an analog fílter. Primaríly for thís reason, together wíth the

experience in EEG analysís based on spectral estirnatÍon wíthín bands,

dígita1 fíltering r¡as chosen as the method for the spectral estimation.

4.4 SPECTRAL ESTIMATION USING DIGITAL FTLTERS

The scheme used to estimate the amplítude spectrum of the EEC using

digital fíLters can be descríbed as follows. A set of bandpass filters

ís used to separate out the spectral bands of interest from the inc.oming

EEG and EOG signals. The bands which have been found to be of signífi-

cance are: 0.25 to 2.0 Hz, 2.0 to 7.0 Hz, and 12 to 14 Hz for the EEG,

and 2.0 to 10.0 Hz ín the EOG. In order to establish reasonably narror^r

passbands, fourth order Butterworth bandpass filters r^rere chosen to pass

the segments of interest. Since the passbands all exist above dc, the dc

component of each of the output waveforrns should equal zeÍo. The output

from each of the bandpass fílters Ís then passed through a full wave

rectÍfier. The output of the fu1l wave rectifíer is then passed through

a 1ow pass filter wit,h a break frequency very near dc. The effect of the

scheme is that the output of the low pass fÍlÈer Ís a value whÍch corre-

sponds to the dc or average in the rectÍfj-ed bandpass signal. A block

diagram of thís process Ís shov¡¡ Ín Fig. 4.2. In an attempt to minimíze

the rípple from the rectÍfied bandpass in the 1ow pass fÍlter output,

break frequencies for the lov¡ pass fílters v¡ere chosen at least a factor
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Reclifier

of l0 less than the lower break freguency of

second order Butterworth lowpass fí1ters were

ple in the output.

Figure 4.2: Process block diagram

4.5 FILTER DESIGN CONSIDERATIONS

Low Pass

Fi lte r

Infinite-Impulse Response (IIR) digital filters are those whÍch whÍch

have a response of Ínfinite duratíon to an Ímpulse input. An IIR filter

has a transfer funcËion, H(z), of the forrn:

Spectral
Ampl itude
Estimate
Within
Band

. N N-l N-2

H( z )= lq1--l-1i=r--i-:zo=r--i-:::-l-1ry
z + aIz * ^2. + ... + aN

where all the a's are not zeto. IIR filters are desirable because they

provide good transfer characterístícs frorn a comparatÍve1y sirnple struc-

ture. The feedback Ín these structures, however, introduc.e the possibÍl-

íty of the filter being unstable. The desÍgn of the digítal filter is

generally accomplished through a transformation of an analog filter de-

sign. The design objectÍve is to arrÍve at a filter design which meets

not only the specífÍcatlons, but is also stable, causal, and is sirnple

enough to be realízed wlth available hardware.
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Specíficatíon of a fílter can ínclude anplítude and phase

characterístÍcs, as well as trar:,j::.:nt performance specÍfÍcatÍons. There

are basically three types of transformation methods which can be used to

transform an analog filter desÍgn to a digital desígn. Each of these

methods has specÍfÍcations whÍch are ensured Ín the dÍgital desÍgn. The

impulse-ÍnvarÍant and step-Ínvariant nethods ensure that the resulting

dígital filter wÍll have the same irnpulse or step transíent performance

as Èheír analog counterparts. Amplítude and/or phase characterÍstics are

usually sacrÍfÍced for these results. The thírd common method is the

bilinear transform method. This method provÍdes a filter which approxi-

mates the amplitude characterÍstic of its analog counterpart quite we11.

For thís reason, the bílínear technÍque was chosen for the design of the

bandpass and lowpass fílters.

The bÍlinear transform method maps the left-half of the s-plane into

the interior of the unít circle of the z-plane. The jw axis of the s-

plane is mapped onto the lzl=I cÍrcle of the z-plane. For a stable fi1-

ter in the z-plane, all poles must reside insíde the unit circle. Since

all the poles of a stable analog fílter reside in the left-half of the

s-plane, the digÍtal filÈer obtaíned by the bi1Ínear transformation of a

stable analog filter is always stable. This mapping ís obtained by sub-

stitutÍng z=(l+s)/(l-s). Since an infinÍte space is mapped Ínto a fínite

space, the napping cannot be linear. The analog frequencíes are there-

fore prewarped r,¡ith Ëhe tan function E = tan(wT/2) where T is the sam-

p1íng period of Èhe dígital filter. The derívatÍons of the dígÍta1 fil*

ter designs are included in the Appendix.
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The choice of samplÍng rate ís based on many factors. If the sampling

rate Ís chosen too low, sígnÍfícant ali; rng noise can be introduced

into the spectrum. To counter this problem, a sampling rate nuch higher

than the highest critÍcal frequency is desirable. The sarnpling rate,

hor¡ever, also affects the positions of the poles of the filter on the

z-plane. This can be seen Ín FÍg. 4.3. For the example of the 12-14 Hz

bandpass filter (4th order ButterworËh), Ít can be seen that as the sam-

pling raÈe íncreases, the poles are in general shÍfted towards the lzl=1

circle. Since the lzl=I círcle represents the lÍrnit of stabilÍty, the

sensítivity of the system is Íncreased as the poles approach that limít.

Any real digÍtal filter can only approximate a desígned sysËen to a fÍ-

nÍte accuracy. As the poles approach the lzl=7 1Ímit, the possibility of

the approxímation resÍding outsíde that límit Íncreases. For each of the

fÍlters used ín thís study, the dÍfficulty of realízíng each pole was

consÍdered. The tradeof f s betr,reen sarnplíng rate, pole sensÍtÍvÍty and

scalíng were considered somewhat heurÍstically, and the resultíng sam-

plíng rates are shor^rn in Tab1e 4.1. Complete data on fí1ter coeffÍcÍents

and scaling are íncluded in the Appendix.

-27-



+-------- --------+
I Fí1ter CharacËeristics (Butterworth): Operating Rate I

+-------- --------f
I I/4 2.0 Hz 4th order bandpass
I .025 Hz 2nd order lowpass
I 2.0 7.0 Hz 4th order bandpass
I 0.2 Hz 2nd order lowpass
I 2.0 - 10.0 Hz 4tt, order bandpass
I 12.0 - 14.0 Hz 4th order bandpass
I 1.0 Hz 2nd order lowpass

Filter characterÍstícs and operaËing rates

Irl
+-------- --------f

TABLE 4.1

50 Hz
12.5 Hz
50 Hz

50 Hz
50 Hz
200 Hz
200 Hz
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4.6 IMPLEI"ÍENTATION CONSTDERATIONS

The design considered in the previous sectíon must be inplemented

trith a structure of arÍthmetíc operations and delays. The implementatÍon

is best described with a block diagram. These block díagrams use delays,

nultíplÍers, and adders. Transfer functÍons are most often realized in

blocks of fÍrst or second order sectÍons, sínce higher order sections

are quÍte sensitive to parameter variations. Direct or canonical-forms

are two common realízation methods. The poles associated wíth the fil-

ters are neither close to the lzl=O point or the Im(z)=6 lÍne. Given

this fact, and the fact that there âre complex conjugate poles, Chen

t35] recommends the use of paralle1 (second order) canonical-form real-r-

zatior^ b1oc.ks. This choice Ís based on a comparison of the sensítívíty

of the poles, the number of aríthrnetic operatÍons required, and the

flexíbí1íty to realíze complex conjugate poles with each form. The

Èransfer functíons for the filters are:

K (z-I)(z+1)
Bandpass z H(z)= -ã----

z'-Az+B
,

K(z' + 2z +l)
Lowpass : H(z)=

These transfer functÍons can

ín Fig . 4.4.

t2*^Lpz*bet

(z-I) (z+I)

,2-c"*D

be realízed wÍth

(4.2)

the block structure seen

( 4.3)
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4.7 INTRODUCTION TO THE 2920 SIGNAL PROCESSOR

The Intel 2920 sígnal processor is a mj-croprocessor designed for síg-

nal processing. The devÍee contains on a single chip: a 9 bit bipolar

A/D converter wíth a 4 channel ruultÍplexer and sample & hold, a D/A con-

verter with 8 demultíplexed output channels with sample & ho1ds, a 25

bít aríthmetíc 1ogíc unir, 40 - 24 bit dual port RAM locatÍons, r92 - 24

bít progran (nenOU) memory locations, a shífter unít, and an instruction

set whÍch is designed for doing digÍtal signal processing. Each instruc-

tÍon has an arithmetic and an analog part. AríthmetÍc and analog pro-

cesses are conducted in para11el. An arithmetic shíft and add/subtract

can be implernented with one ÍnstructÍon. No internal bus signals are

available, and Èhe device ís sÍmp1y supplied wíth input signals, po\^rer,

and a crystal. A diagram of the architecture of the device is shoç¡n in

Fig.4.5.
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Figure 4.5: 2920 bTock diagram

Taken from Intel Corp., 2920 Analog Signal Processor
DesÍgn Handbook. Santa Clara, 1980.
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4.8 2920 PROGRAM DEVELOPMENT

The 2920 ís programmed via an EPROM rvhich resídes Ín the device.

Thís Ímplies that an EPROM programming circuit must be available to pro-

gram a 2920. A1so, tlne 2920 instructíons are 24 bÍts long and comprÍsed

of 5 operands. The bÍt string is also junbled before ít is programmed

inËo the device. The effectíve result is Èhat an assembler is essential

Èo the develoPment of 2920 code. The assembly/programmíng function can

be purchased from Intel Ín t\.ro forms. The best solution is to buy an In-

te1 development system. This optíon, however, costs approxímately

$50'000. A second alternaËíve is to purchase a dedicated development

board from rntel for a cost of approxÍrnately $1 1400. (The university of

Manitoba has purchased such a board). This board Ís, however, somewhat

unrelíable and less than optimal Ín terms of ease of use. Therefore, Mr.

Andy hleÍrich and I desÍgned and irnplemented a 2920 assembler and pro-

grammer for the Motorola EXORcísor laboratory computer. Prograroming is

accornplished through a programmer board ínserted in the EXORcisor sysËem

bus. The assembler was developed in Motorola MpL t:01 (a pL/l-líke com-

píler which cornpiles to 6800 assembly urnemonics), is 940 lÍnes 1ong, and

operates in the EXORcisor. It allows free format entry of 2920 programs,

l¡ith full error díagnostics and error recovery during assembly and pro-

gramning. Programs are entered and edíted with the EXORcisor editor, and

are stored on floppy disk. An interface between Èhe EXORcisor and a

Heath Hl4 printer was also developed, to allo\r paper copy of disk fÍ1es.

A listÍng of the assembler source code is included ín the AppendÍx.
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4.9 FILTER PERFoRMANCE CoNSIDERATIoNS

The coefficients for the dígita1 fílters hrere calculated wÍth a

FORTRAN Program whÍch is included Ín the Appendix. Ttre 2920 is able ro

nultÍp1y \^rith shifts and adds/subtracts, and therefore a sígn digit can-

onÍc forn breakdovm of each of the coefficÍents was also evaluated by

Èhe Program. TLre 2920 used ín this inplementation ¡vas supplied r.rÍth a

5.0 MHz crystal. The 2920 requires 4 crystal cycles/ instructÍ.on, and

Èherefore a maximum length progran of 192 Ínstructions results in a sam-

pling rate of approximately 6.5 kHz (assuming only one sample ís per-

formed per progran pass). et this samplÍng rate Èhe poles of the digital

fÍlters are very sensÍtÍve and difficult to realÍze. Therefore, a sub-

nultiple samplíng scheme lras Ímplernented. The submultíp1e sampling

scheme is based on software counters and condÍtional delays. The calcu-

lations for all the filters are conducted at a rate of 6.5 k]F.z, wíth de-

lays effected only when certain software condÍtíons have been met wÍth

the counters. Through thÍs scheme, software adjustable operating rates

Í/ere establíshed to effect each of the desíred operating raÈes. The ín-

t.erested reader can refer to Intel's design handbook t33].

Antí-alÍasing fílters vlere not irnplemented as the EEG and EOG signals

avaílable for this processing vrere already bandlimÍted. The outputs of

the digÍtal fílters vlere transferred Èo a second computer digÍta1ly, and

therefore, reconstruction filters were not consídered.

Overflow and scaling consideratÍons vrere addressed as follows. Given

a tealízation of a structure v¡íth a given machine, iÈ Ís a nontrÍvíal

problem to establÍsh whÍch (bandlírníted) ínput sequences wí11 result ín

the highest probabilíty of overflow [37r38]. In order to deternÍne some
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estímate of appropriate scalíng factors, the 2920 operatÍons were simu-

lated on tr: Arndahl computer ín FORTRAN. PracÈicing saturatÍon arÍth-

metic as effected by the 2920, a full scale ínput sj-gnal at the center

frequency of each bandpass segment r¡ras passed through each of the fÍlter

setups. After operating each of the fílters long enough to settle down,

several cycles of Ëhe input waveform were passed to determÍne if over-

flows were occuring anywhere in the structure. If overflows did occur,

the appropríate scalÍng factor was reduced by a por,/er of 2 and the pro-

cess repeated. In this wayr a set of scaling factors was determined

which provided a reasonable, though not optímal, use of the implementa-

tÍon hardr¡/are. A listing of Èhe simulatÍon sof tware Ís included in the

Appendix.

4.IO FILTER TESTING PROCEDTIRES

Each of the fí1ter setups was tested wÍth sinusoÍdal signals, wíth

the outputs from the filters converted to analog by the 2920. The low

frequency nature of the fÍlters allowed for accurate paper plotting of

the output. The performance of each of the setups was measured with

sÈandard frequency response techniques. This was accomplished by apply-

íng a sínusoÍdal input and measurÍng Èhe amplÍtude of the output. The

fÍlters v¡ere found to perform very we11, and the spectral aurplitude

characteristics for each of the fíIters matched that theoretÍcally pre-

dícted almost exactly. ThÍs 1eve1 of performance can be attributed, for

the most part, to the large word (data) path províded by the 2920. As

mentioned earlier, the 2920 provides a 9 bít A/D conversion, and uses/

stores 24 bÍts for all calc.ulatÍons. A1so, all calculations are conduc.t-
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5.1 SYSTEM OVERVIEI,I

In order to ímplement the proposed aÍd for sleep classíficatíon, it

ís necessary to collect the spectral estÍmates extracted durÍng the re-

cordíng, and to store them for post-analysis. To accomplish this task,

Ít is necessary to Ínterface the 2920s to a second conputer or íntelli-

gent storage system. I^iith the extracted features stored, the post-pro-

cessíng can be conducted by the data collection processor, or the data

can be transmitted to a more suitable computer.

WÍthin the conf ínes of this study, the objectÍves r^lere to ÍnvestÍgate

the proposed method, and to study the use of ínexpensive microprocessÍ-ng

hardware for the spectral estimation. Given those objectíves and the

budget constraints of the project, a system hardware scheme was devÍsed

usÍng avaÍ1able equipment. For these reasons, the 2920s were Ínterfaced

to a Motorola EXORcÍsor laboratory microcomputer, and the collected data

was transmitted to an Andahl V7 maÍn-frame computer. The EXORcisor ís a

6800 based mÍcrocomputer with 56 Kbytes of RÁ¡{, 2 floppy disk dríves,

paralle1 and serial Ínterface ports, and a dísk operating system (l,loto-

rola EXORdisk rr MDOS). The Amdahl ís a large computer whích supports

many onlÍne users, and has a Versatec graphics plotter attached to it.

The EXORcisor does not use a dedÍcated floppy disk control device,

and therefore the 6800 processor itself controls all dÍsk operation ac-

Chapter V

TEST SYSTEI'IS AND PROCEDURNS
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tivities. Thís fact, conbíned wíth the tí¡oe requíred to conduct floppy

disk activities, iuply that the 6800 nay be Jccupíed for periods of up

to several seconds ín a dísk read or wrÍte. SÍnce it r.ras desÍred to sam-

ple the spectral estímates frorn the 2920s many tímes wíthín the briefest

sleep stage inÈerval (approximately 15 seconds), a samplíng rate was

chosen to be I Hz. Given this desÍred samplÍng rate, it was not possible

to conduct disk operations in real-time wÍÈhout missing some sample

times. Therefore, it r^Ias decided to collect daÈa only to the IÍmit of

the EXORc-ísor's RA-luI storage capacÍty, wÍth storage on disk after collec-

tion. The colleeted data was then transmÍtted Èo the Andahl through an

RS-232 asynchronous communicatÍons 1Ínk for post-analysis. A system data

flow diagram of thís confíguration can be seen in Fig. 5.1.
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5.2 ?9Z}/EXOF(CTSOR INTERFACE

5.2.I Transfer Method

A 2920 Ís capable of producÍng analog or dígital output from any of

its I output Iínes. Sínce the outputs of the spectral estímation algor-

ithns ín the 2920s are numerÍcal, it was decÍded to transfer the esti-

mates dígita11y. Because of the architecture of the 2920 and the fact

than several estirnates had to be transfered out of each 2920, it was de-

cíded to transfer the estÍmates out of the 2920s serÍally. A parallel

rather than serial Ínterface to the EXORcisor was chosen Ín an attempt

to maintain as universal as possible an Ínterface. SerÍa1 Ín, parallel

out shift registers (74164) were used to construct thÍs interface. Be-

cause a submultiple sampling rate was used to effect the requíred filter

sampling rates, a number of effectively wasted program passes vrere spent

between actual filter ÍÈerations. These program passes r.rere used to

transfer out the bits of the digítal spectral estimates. It was decided

to pass an 8 bit (twos complement) spectral estimate, and therefore B

successÍve program passes were used to shift out the values. The 2920 ís

capable of generatíng an end of program pulse (EOP) through the use of

the EOP instruction. The EOP pulse was, therefore, used to control the

shífting of the registers. Sínce it was desired to have the shÍft regis-

ters stop shÍfting after the I passes, a control output was produced by

the 2920 (through software timers) to enable the shífting for only I

program passes. Software tÍmers in the 2920 were also used to establish

one second Íntervals, and the operations of the filters vTere arranged so

that no nev¡ fílter output values were determÍned within the 8 program

pass period. The shift control signal was also used to trígger an in-
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terrupt ín the EXORcísor, thereby signallíng that a read of the estímate

values should occur.

5.2.2 Interface Problems

There r^rere a number of problems encountered Ín developíng this inter-

face. The two most serÍous problems stemmed from glitches which v/ere

present Ín the 2920 output signals. The first of these problems was that

the EOP pulse generated by the 2920 contained 2 spikes, each dÍstínct

enough to trÍgger a TTL gate input. Thís waveform can be seen in Fíg.

5.2. The second problem was related to the control signal used to ena-

b1e the shifting. A digital output of the 2920 was used to produce a 1o-

gÍca1 one, under software control, for the requÍred I program pass peri-

od. ThÍs implÍes, given the architecture of the 2920, that the output

T.zas successively 'rewrÍÈten' wÍth each program pass. The successíve

writÍng of a logical one wíth a 2920 Ís corrupted wÍth a glitch, also

large enough to trÍgger a TTL gate input. Thís waveform can be seen in

Fig. 5.3.

These problems were addressed as follows. The end of program pulse

r¡/as used to trigger a rnonostable rnultivÍbrator (one-shot ) circuit

(74L522I) in order to generate the desíred síng1e pu1se. This círcuit

eras not affec.ted by the second spike of the pu1se. The control lÍne was

deglítched through the use of a CMOS NOR gate, and a resÍstor-capacÍtor

pair. A CMOS logic gate input threshold voltage ís 50"/" of its supply

voltage. SÍnce the gate draws very little current, a resístor-capacÍtor

paír can be arranged to ensure that one of the gate ínput lines does not

reach the threshold voltage unless a change in the input voltage occurs
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Figure 5.2: 2920 Enð of progran pulse waveform

Fígure 5.3: 2920 successive logÍc I output waveform
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for longer than a selected tÍrne. Tn

effectively deglítched. Complete

2920/EXORCísor Ínterface and the 2920

pendíx.

5.2.3 2920/EXORcisor Synchronizatíon

sínce Èhree 2920s were used to accomplish the sÍgna1 processing, syn-

chronizatÍon betrreen the devíces and the EXORcisor had to be consídered.

First of all, it qras desired that the 2920s all have their estÍmates

shífted into their shift regísters synchronously. In order to accom-

plish t.hÍs, one 2920 was chosen as the master. The end of progran pín on

th'e 2920 can act as an input or output, and so the EOp generated by the

master 2920 (used t.o control the shÍft registers) was also used to syn*

chroníze the program passes of the 2920s. If the EOP lines of two 2920s

are tÍed together, the devíces wÍ1l be assured to be operating wÍthin 6

program steps of eac.h other (the dífference arises from the fac,t that

the 2920 prefeÈches Ínstructions in order to increase its operating

rate). 0n powerup, therefore, the 2920s wÍll all be synchronÍzed after

the master 2920 reaches Íts end of progran Ínstruction the fírst time.

rn order to synchronÍze the software timers ín each of the 2920s, a

start control signal vlas generated usÍng a CMOS NOR gate and a resÍstor-

capaciËor pair. This cÍrcuit provÍded a signal r¿hich remained hígh for

several seconds after powerup, and then went low for the remaÍnder of

the powered on period. This signal, taken as Ínput by each of the 2920s,

provided a means of synchronizíng all the softr.rare tÍmers. The 2920s aI7

derived dtteir clocks from a common circuit, and therefore all operated

thís way, the

circuÍt

programs are

ê

control lÍne can be

diagrams for the

included in the ap-
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ín complete synchronÍsm. The ínterface and synchronizatÍon scheme is

general enough to accomodate any number of 2920s, and additÍonal ele-

ments can simply be added to the structure in parallel.

5.2.4 EXORcisor Data Acquísítion

In order to accommodate the acquisítÍon of the parallel data from the

2920/slnift regísters, four Motorola 6821 parallel ínterface adapters

(PIAs) were used. Thís scheme provided parallel access to I bytes of Ín-

put. The outputs of the shÍft registers were simply connected to the

PÏAs. A clock was added to the EXORcísor Ín order to a1low correlation

of the recorded informatÍon to the manually classifÍed sleep record. A

Motorola 6840 programrnable timer was used to accomplÍsh thís function.

As menÈioned earlier, the choÍce of realÍzation structure for the ím-

plementaËion of a dÍgital filter Ís based on many factors. The form cho-

sen in thÍs study was based on recommendations suggested by chen I35].

One of the consideratíons in such a decísion ís whether the filter

structure will always return, from a given state, to a stable zero out-

put for a contÍnuous zero input. For a stable filter design, the struc-

ture suggested by Chen assures that the ímplementation will always be

stable, given an inítial state of zero in all the filter delays and a

bandlimited Ínput sÍgnal. Recent studies have shown, however, that

these structures may lead to unstable filters gÍven a completely random

initíal state [39140]. The rremory in the 2920 ís in a random srate on

por¡rerup. GÍven Èhe architecture of the 2920, iÈ ís not possible to ef-

fect a zero inítial state for all the fÍlter delays l¡Íthout sacrificing

many Program ÍnsEructÍon steps. It was decided, therefore, to Ímplement
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the fílters without establishÍng an ínitial zero state. The possiblÍty

of havÍng an unstable structure was realized only late ín the study, as

only a few of the many possíble inítial random states of the 2920 i-ead

to unstable conditíons. llhile the recent studíes of thÍs ínstability

have suggested structures less susceptíble to the problern, they v/ere not

írnplenented in thÍs study. To accomodate the problem, therefore, a pro-

gram was developed for the EXORcísor to display the 2920 outputs. This

routine, which Ís Íncluded in the appendíx, allows the user to see the

outputs of the 2920s once a second. I^Ihen no signals are being applÍed to

the 2920s, the outputs should equal zero. After the 2920s are powered

onr tiure ís requÍred for the outputs of the filters to stabilíze to zero

(gÍven the inítial random state). Should a structure become unstable,

the output rrrill not settle to zero. If this occurs, the 2920s can be

powered down for a monent, and a dÍfferent random state wÍ1I be estab-

lished in the 2920 RAM on powerup. rn practíce, it was found thaÈ the

filters were almost always stable, and that a single powerdown/up gener-

ally cleared any problem which might be present. rn order to stop the

display process, the user simply enters any key on the keyboard.

5.3 EXORCISOR/¡MAM TNTERFACE

The ínterface between the EXORcísor and the Amdahl was implemented ín

the following manner. A program was developed for the EXORcísor to allow

it to look like an j.ntellÍgent termína1 to the Amdahl. The user inítÍ-

ates the terminal emulation program (Íncluded in Èhe Appendíx), and re-

ceives a prompt from the program. The user can then logicatly establlsh

communications between the EXORcisor system terminal and the Amdahl
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through the use of an asynchronous communications interface adapter

(ACIA) card ín the EXORcísor bus. The EXORcísor program passes the rnes-

sages between the two ports until an escape character ís sent from the

user's termínal. At that time, the EXORcisor progran sends the user a

prompt, and allows the user to either go back 'on 1íne', upload an EXOR-

císor fÍle, or end the procedure.

In order to conduct machine to machine communícations, there must not

exist the possíbility of one machÍne sendíng ínformation to the other

more quickly than the second can ac-comodate. Most 1arge, multi-user sys-

tems, however, are managed by eomplex operaËing systems and activity

schedulers, and have diffíc.ulty assuring that absolutely no data 'over-

runs'wíll occur with their onIíne users. This can present problems for

the user of a microprocessing system who vríshes to transfer data to the

maín-frame. The UnÍversity of Manitoba Conputer Centre has addressed

thís problerq in the followíng manner. The terminal control program oper-

atíng in their Arndahl maín-frame síte has been rnodífíed Èo allow the

user to specífy a character whích ís to be sent to the users termínal

just before input will be accepted. Thís feature, when used within a

very lÍnited range of main-frame actÍvitíes, will assure that data

over-runs will not occur for a sÍngle burst of input of up to 150 char-

acters followed by a carriage return. The user then has to wait until

the Andahl responds with the specified character before the nexÈ burst

can be sent. The soft\^zare operating ín the Arndahl which Ís acceptíng the

incorníng data, however, must noË provide any inpuË pronptÍng (ie.1íne

numbers), or the assurance ís lost. Also, the user should dísable Ëhe

message receÍve capabÍlÍty of the useríd ín order to assure that nothíng
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disrupts the data transfer. For the UniversÍËy of Manítoba Amdahl site,

tÌ can be accomplished (with the IÍANTES monitor system) by locatíng to

the fÍle in which the data Ís to be placed, and entering. 't profÍle

noopmsgs nointercom;t terminal wrÍte(xon);Í la sup noí'. The data can

then be sent in the manner descrÍbed. Thís scheme ís effected by the

termÍnal emulatÍon routine operatÍng Ín the EXORcÍsor. If the EXORcÍsor

waíts for the starÈ charact.er frorn the Arndahl for more than 10 seconds,

the routine assumes that there has been a breakdov¡n in communlcatíons

and terminates the procedure. (In practice it has been found that, when

the Arndahl Ís heavily loaded, this períod can be exceeded even though

communÍcatÍons have not broken down). The EXORcisor routine provídes a

line count as the lines are being sent, and logíca1ly reconnects the

user terminal to the Andahl when the upload has been completed. (For the

MANTES user, the the following should then be entered to reset the user-

id: 't termínal nowrite;t profile oprnsgs Íntercom').

5.4 SYSTEM TESTING

The system I,Jas tested Ín the following manner. As mentíoned earlier,

the fílter perforuances l,rere tested with standard frequency response

techníques. The digital transfer scheme r¡as test.ed with a 2920 and the

EXORcísor programmed to sÍrnply sample an Ínput signal, transfer the dÍ-

gital sample to the EXORcisor, and store the sarnple on the EXORcÍsor

disk. Sinusoidal and dc test patterns were captured Ín thÍs manner.

These Patterns were then transfered frour the EXORcisor to the Arndahl,

and llere plotted on the Versatec plotter. The actual filÈer programs

with the digital Ínterface scheme were also checked by running the pow-
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er-on routÍne ín the EXORcísor, and observing Èhe spectral estimates as

passed from l'.¿ 2920s. Various frequencies and aurplitudes of a sinusoí-

da1 input were applÍed in this test.

For evaluatíon purposes, 2 hours of sleep sÍgnals (2 EEG and an EOG)

qlere recorded rvith a Hewlett Packard 3960 FM instrumentatÍon Ëape re-

corder. These sígnals were also plotted wit.h a polygraphic recorder for

manual classificatÍon. The beginnÍng of the recorded signal was ÍdentÍ-

fÍed with a synchronization mark to a1low correl-ation wÍth the manually

cl-assíf Íed sleep record.

5.5 OPERATION OVERVIEId

rn order Èo process a gíven sleep signal recording, the followÍng

procedure is used. FindÍng the synchronizatÍon mark on the tape is ae-

complished with a Hewlett Packard 7402A strip chart recorder. I^lÍth tíme

zeto of. the recording established, the 2920s are powered on and allowed

to stabilíze. This is checked wÍth the power-on routine, as explained

earlíer. hlhen the fílters are stable, the povrer-on routÍne Ís termÍnaÈed

by enteríng any key on the system termÍnal.

RecordÍng of the spectral characteristÍcs is conducted as follows.

The user ínítiates the record program ín the EXORcisor (ttre program

listÍng is íncluded in the Appendíx). The record command is appended

wÍth Ëhe name of an EXORcísor dísk file into which the recorded data is

to be stored. The routíne checks for dÍsk space and opens the fÍle. The

routÍne then prornpts the user and waits for a carrÍage reËurn to syn-

chronize tÍme zero. The user then starts the tape recorder and enters a

carriage return at the same time. The real-tíne clock in the EXORcisor
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is zeroed when the carríage return is receÍved, and the interrupt from

the 2920s is enabled. Tt ¡' ¡jXORcÍsor is then interrupted once a second by

the 2920s to read the current spectral estimates. The 2920s shift theír

most current estimates into the shíft registers just before the inter-

rupt, and the shift regÍsters remaÍn'frozen'until just before the next

interval arrives. The EXORcísor routine compares the values read with

those last recorded, and determínes if any of the newly read values díf-

fer beyond a threshold froro those corresponding in the last record Íter-

ation. The dÍfference allowed ís adjustable for each of the estimates.

If a dífference is exceeded, the newly read values are added to the l-ist

of recorded values, and appended by the current reading of the clock.

These values are then taken as the comparíson values. ThÍs scheme ef-

fects some data compression in Ëhat no new entrÍes are added Èo the list

of recorded values if the incoming estímates are the same wíthín the

thresholds. The recording process is teruinated if eíther the end of the

EXORc.isor RAM is reached, or the user enters any key on the sysÈem con-

so1e. At that time, the recorded hexadecíma1 val-ues are written Ínto

the specÍfied dísk fÍle. While the recordÍng ís in progress, the current

number of records l{rÍtt.en Ínto the list is dÍsplayed on the system c.on-

sole.

Before the collected estímates can be transfered to the Amdahl, they

must be converted into ASCII character images of the hexadecíma1 values.

It is also desirable t.o have the tímes of the recordí'irg tr:ansitÍons

placed Ín the frame of reference of the polygraphic recordÍng (for com-

parision with the rnanually classífied record). ttre polygraphíc recordÍng

paper Ís numbered, wÍth one page corresponding to 30 seconds of record-
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íng. The l'lAP routine, whích ís run ín the EXoRcisor, ís used to accom-

plísh these functÍons (program is : ,,.j-ruded in the Appendíx). This rou-

tine prompts the user for the ínput hex file name, an outpuË file name ,

the startÍng page number of the recording, and the offset of the sÈart-

ing pulse (ín seconds) from the start of the page. The recorded values

(2s complement I bit) are converted to an ASCII image of signed base 10

integers (rangÍng between -128 and +r27), with one line used for each

recorded transÍtion. The mapped image of the estÍmates Ís then transmit-

ted to the Amdahl with the scheme descrÍbed earlier.
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The descrÍbed system was used to estimate the spectrum for a patient

exhibiting normal and abnorraal sleep waveforms. The sensitÍvity ín de-

tectíng changes in the incorning spectral estÍmates was set at any change

beyond the least signÍficant bÍt of an estímate. With thís sensitivity

to change, a 90 minute recordíng was possible before a memory 1Ímit of

25 Kbytes of data r¡ras reached Ín the EXORcÍsor. The record which r¡ras

chosen provided examples of sleep stages I through 4, and of awake

sleep. Approxiruately 60 mÍnutes Ínto the recording, the patÍent began a

period of frequently aroused or dÍsturbed sleep. The EOG channel, al--

though processed and recorded, r¡ras not consídered in the preliminary

evaluation of the recorded estÍmates. Líkewise, the 12 to I4 Hz band es-

timate used to detect sleep spindles was noÈ considered in thís study.

The prírnary concern ín thís prelimÍnary evaluatíon r,ras lhe correlation

between the observed spectral estÍmates in the low and míxed bands, and

the manually classifíed sleep record.

The dírect plot of these estímates, as recorded at the end of each

one second Ínterval over approximately the first 36 minutes, can be seen

in Fig. 6.1. The classífÍcations of the record, as determíned manua11y,

have been superímposed on the plot. (The manual classificatíon was done

without the clinicían seeing the recorded spectral estimates). It can

be observed that the spectrum does noÈ appear very staËÍonary over that

RESULTS AND DISCUSSION

Chapter VI
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ínterval, although general trends can be seen to correlate fairly well

with the rnanually classifÍed rec-ord. The c1ínícían appl--es some averag-

íng when rnanually assessing the plotted sleep signals. Tt ís also clear,

from FÍg. 6.1, that ít would be diffÍcult to establísh a pattern recog-

nÍtion scheme able to accomodate the detail presented in a long sleep

segment wÍthout some averaging. In an attempt to establish what averag-

íng or epoch Ínterval would be most suÍtable for the classification of

normal and abnormal sleep, varíous epoch rules were applied to the re-

corded estimates. Plots of the spectral estírnates wíth the applicatíon

of 5,10, 30, and 60 second epoch rules can be seen ín Figs. 6.21 6.3,

6.4, and 6.5. The program generating these plots is included in the Ap-

pendíx. From these ploÈs it can be seen that the spectral estimates be-

come less varÍable when consídered wíth a longer averaging períod. Past

studíes have commonly used epoch averagíng períods of 30 to 60 seconds.

These plots show that, r+ith such an averaging períod, there Ís a dis-

tinct gross correlatíon between the spec-tral estimates and the manually

classífied sleep stage. The 30 and 60 second epoch rule plots show how

past studíes have been able to use simple level detectors to establÍsh

sleep stage. The exact threshold levels to be applied, however, can vary

even wÍthin a single recordÍng.

The diffículty Ín the applÍcatíon of a longer averaging period aríses

rvhen sleep stage transitions occur ín faír1y rapid successÍon. An exam-

ple of this problem can be seen in Fig. 4.5, where a 10 second epoch

rule has been applíed to a later portíon of the same patient's record.

During this period, the patíent s/ent through a number of sleep stages ín

a short tÍme. The correlatÍon between the superímposed manual classÍfi-
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cation and the specÈral estimates is not at all clear. Past studies

have justífied the use of long averaging periods with the fact that':t¡r-

mal sleep patterns see changes which occur only over long tirne inter-

va1s. The use of such an averagÍng rule rnay affect the abí1ity of a sys-

t.em to identify a brÍef sleep segment. Tf a brief averagÍng rule ís used

however, the spectral estímates are not statÍonary. The close depen-

dence on chosing an averaging period of 30 to 60 seconds ín order to ob-

serve a stationary specËrum has not been reported and was somewhat unex-

pect ed .

It appearsr therefore, that a tradeoff must occur in the use of an

averaging period. For a gíven pattern recognÍtion scheme, the use of a

short averaging period will require the consÍderatÍon of a large amount

of detail in the classific.ation of a normal, lengthy sleep stage inter-

val. The applicatÍon of a long averaging Ínterval, however, may prevent

the ídentífícatíon of a brief sleep stage segment (the averaging implíed

by the step responses of the filters estÍmatÍng the spectrum may prevent

such an identíficatÍon). The evaluation of thís problern must be inte-

grated Ínto a study consíderíng a specific. pattern recognition scheme.

A variable averagíng technÍque make be an avenue for consideratÍon.
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Thís study has focused on the developmenË of a compuÈer-aíded method

for sleep signal classification, and has considered the use of ínexpen-

síve microprocessÍng hardware for the task of sleep signal spectral es-

timatíon. It r¡/as f ound that, f or normal s1eep, the spectral estÍmates

evaluated by the developed system correlated welI wíth the manually

classified sleep record. These estimates (as sampled once a second) were

found to be non-statÍonary wíthin the manually classÍfied sleep stage

segments, although a gross correlation between the estÍmates and the

manual classÍfícation was stíl1 apparent. The applicatÍon of averaging

to the spectral estÍmates \^ras examíned, and ít was found that the aver-

aged spectral estÍmates became progressívely more statÍonary wÍth ín-

creasing averaging perÍod. ThÍs averaging siroplified the correlation be-

te/een the manual classifications and the spectral estÍmates. An

abnorrnal sleep record was also examined, and it was found that the ap-

plÍcatíon of even a brief averagíng perÍod could blur the correlatíon

between the manual classifícatíon and the spectral estímates. This dif-

fÍculty arose because disturbed sleep can present frequent sleep stage

transÍtíons. Tt appears, therefore, that a tradeoff must occur Ín the

use of such an averagÍng or epoch rule.

CONCLUSÏONS AND RECOMMENDATIONS

Chapter VII

As a result of thís work, ít ís recommended that the use of syntactÍc

pattern recognÍtion for sleep sígnal classifÍcation be evaluated Ín a
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scheüe using the clínícían as feedback to the system. ThÍs study wíll

have to evaluate, for the specífic reeognítion scheme, Ëhe use of a

spectral averagÍng perÍod. The use of a variable averaging perÍod may

be an avenue for consíderation. Recent advances in pattern recognítion,

coupled with the approach developed in thÍs studyr mây lead to an inex-

pensíve scheme to aid Ín the classifícation of normal and abnormal

s1eep. In order to conduct thÍs study, a clinical evaluatÍon of the

scheme will be required. rt is strongly suggested that a líbrary of re-

corded and manually classified sleep rec,ords be established for this

Purpose. Such a lÍbrary wí1l be invaluable to any further study of thÍs

subject.

Beyond the specific application considered, the developed rnethod rep-

resents a general approach ¡.¡hich should be applícable to a number of

problems involving extended duration sígna1 charac.terÍzation and cl-assí-

ficatÍon.
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Appendix A

FILTER DERIVATIONS

BANDPASS FILTER

,l = upper cutoff frequency [Hz]

,Z = lower cutoff frequency IHzl

f = sanpling frequency llrl.zl

L _ 
cos[(t¡l +12) 2t/2(f)lþ=ry (4.1)

h - cos[r,rr(2n)/f J

0r = 

- 

(4.2)sin lor, (Zn ) /f ]

Design a Butterworth Lowpass (2nd order) wlth cuÈoff at ¡¡

H(s) second order Butterworth with cutoff (A.3)
s2+Es+L normalized

Kr 
second order But.terwork L.p. with cutof f (4.4)

s2 1{Tõs+o2 at;
H(s)

Kr= G;ãfnñÐ

,-
r¡here: mt, m2 = -tfz '> x / lltlt>z - 4;2 (A.6)

2
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TRANSFORMATION: Analog lowpass to dÍgital bandpass

H(z) =

g = z2 -"2]'2 -+ L (A.7 )z'-L

H(z) =

,22-zhz+l _ nl) ,22-zhz+r _ rn2)

| { zz -zn+t) - rn I Q2 - Ð l. I Qz -ztrz+r) -n2 (zz - t ) ]

KQz-1¡2

z2-r

f {t-rt)rz - 2h + (nt+r)].1(L-m2)22 - Zhz + (n2+1)]

Kez-¡¡2(*,i)(#)

KQz4'¡2

z2-l

| "' - (fh), * (Er-"/ l' l,' - (#) " + (-ï#) l

Kt(z-I)(z+I)(z-L)(z+l) r^ r,\(z-st)Qrcz)(z-cs ) (z-cr,* ) *^' LL l

(-\.8 )

wherei c1 rçt2 =

a3 ra4 =

Poles c1 & c3 and a,2 & a4 are complex conjugates

csr,æ

(A. e)

(A. 10 )

(A.11)

(A.13)

(4. 14 )
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BANDPASS FILTER TRANSFER FITNCTION:

H(z) = r --.'-
z¿ - (e¡-lca)z * a¡ca z2 - (a2+c4)z * o,2cr4

K(z-I)(z+I) (z-I)(z+I)

cutoff frequency = op ÍHz)

sanpling frequency = fs [Hzl

LOW PASS FILTER

fi(") = - *2 (4.t7)
(9)z + l'4I4 s * I sz + lTx s * x2x

BILINEARTRANSFORM: s = #

x2
=

\zrr, +'/2x(fr)+"2

* (z+t)z

orp = tr"ffi = x (A.16)

(A.1s)

G-Ðz +/2x (z-r)(z+I) +x2(z+L)2

x2 (z+r) (z+1 )

(z-I)(z-I) + {T x (z-I)(z+l) + x2(z+L)(z+1)

(4.I8)

(A.19)

(a. zo¡
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(22-zz+I) + {Tx k2-D + x2(22+22+r)

xz (22+22+r)

(x2ilT x+I)22 + (2;x2 -2)z + (xz-/T x+7)

x2

- T;ñ;Í'' Q2+22+r)

*2 ç72+22+r)

) . 2x2-2 x2- /2 x+r
LÍ-

(x2+l2 x+t) x24T x*I

K(22+22+t)

where: q

z2+o,z+B

2x2-2

(e.zz¡

x2 + lT x * I

x2 - {2 x + rß-

(A.23 )

x2 = y'2 x * I

(e.z+)

(A.2s)

(A.26)

(A.27 )
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SOFTWARE LISTINGS

- 71 -



$
c
c
c
c
c
c
c
c
c

JOB UATFIV REIÞIER, NOEXT

tt**rr*tt*:l*xrr***xfltxtl**ttl*)f,txx*r**x**t*rß**t:Ít*rf***r**t(***Ì)t**x
T

' 
PROCRAM TO CALCULATE BÂNDPASS NND LOI'P'ISS FILT

A f¡ND EXPERIMENTJ¡LLY EVALUÂTE SCALING FÂCTORS TO
r POh¡ER OF 2 TO âVOID S'ITURATTONS IN THE FTLTER
It

I
2
3
+
5
6
7
a
I

l0
11
72
13
1¡Ì
1s
16
t-l
18
19

¡lll)ùXXtxxÌr**ttt*txxtr*)Í¡t*tÌ*r¡(*l****trX*X***XXf***¡ilt*tt)t)ßt**t*)ßr

REAL h'1 ,V'2,F, U'P, FS, fI , B, C, D, ALP, BET, FIN, K1, K2, K3
INTEGER N, T
READ, N
DO 999 I.1, N

READ, h'2, TdI , F, VP, FS, Ff N
CALL BâND( V,'1, T'2 , F , A, A, C, D)
CALL LOI'( ldP, FS, ALP, BET ) .C,\LL SCÂLE(A, B, C, D, F, ALP, BET, FS, FIN, K1, K2, K3, KI})PRINT +O1, IFIX( I<1 )
PRINT +02, TFIX( K2 )
PRINT +03, IFIX( K3 )
PRINT ¡}O+, K+

+01 FoRHnT(' ','K1 .2*,' ',!3)
+02 FORM,¡T('','R2.2*r',13)
+03 FORMIIT(",'K3.2rx',I3)
+oT FoRMrtT(' ','LARGEST OBSERvEO OUTpUT . .,F9. ?)999 CONTINUE

ST OP
ENO

c
c
c
c
c
c
c
c
c

*tt*lt,lxlx****l**¡l**tÌ*)l*:Íxt*)ß*x*)t***)i***x)**x**xt******xx****x*x
rx

20 SUBROUTINE BNND(VL,W2,F,A, B,C,D)2I COMPLEX M1, M2, TEtrtp?, TEMP3, ALp]' , AL?Z, ,ìLp3, ,ìLp,r22 REAL W1 ,V'2,DTG, H, PI,F,TEIJIP O, TEMPl, Â, B, C, D23 PRINT 1OO
2+ 100 FoRMÂT('1')
25 PÍIINT, 'B/¡NOP'ISS FrLT ER'26 PRINT IO1,U2
27 101 FOTIMAT(' ','LOtârER CUTOFF FREoUENCY r ',F9.S)
2A PRINT 102, U1
29 102 FORMAT(' ', 'UPpER CUTOFF FREOUENCy - . ,Fg. S)30 PRTNT 103, F
31 103 FORI4/ìT( ' ', 'SAMPLINC FREOUENCY . ', F6. t )32 PI.3.1.1159265¡r
33 TEMP0.((Wl.+W2)r82*PL)/(2*F)
3¡¡ TEHP]-.((tt1 -W?-)*.?rP.T.)/(2.*F)
35 H.(CoS(TEÌ.tpo))/(COS(TEMP.I))
36 TEMP0.(w),x?xpI)/F
37 DTE'(H-(cos(TEMp0)))/<SIN(TEMpo))
3A TEMP0.(soRT(2. O))xDIc
39 TEMP1. ( TEMPoxxA ) - ( +x ( DIGxxz))
+0 TEi.1P3.CMPLX(TEMP1,0. o)tf1 M1¡((-TEMp0)+CSORT(TEMp3)>/". O

'¡2 H2'((-TEMP0)-CSORT(TEMp3)>/2. o
+3 TEMPz.(z)iH)/(]--MI)ti+ TEMp3. (TEMpAx*2)_ ( +t( ( 1+Ml' ) /C]-_ Mt ) ) )T5 ALP1.(TEMP2+CSORT(TEMP3))/?.. oï6 ALP2.(TEMp2-CSoRT(TEMp3))/2. O+7 TEMP2. ( ?)rt-t) / (].-l,t?)
tA T Et'íP3. (TEtqpz** A ) - ( +; ( ( 1+MZ ) / <L-Mz) ) )+9 âLp3. ( TEMp2+CSORÍ ( TEMp3 > ) /2. O50 ALP+.(rEÌAP?-CSoRT(TEMp3))/". g
51 TEMPo.REôL(fiLPl.)
SZ TEMP1.rtlMAG(ÂLp1)
53 A.-(z*rEMpo)
5+ B.(TEllPox|ßz)+(TEMplr*2)
55 PRINT 1 O+, A
56 10¡+ FORII^T('0','Â. ',FIO.7)
57 TEMPg. - Â
5A CÂLL SIGN( TEMP9)
59 PRINT 1 05, B
60 10.5 FORMTIT('0', 'B . ',F7O.7)
61 TEMPg.B
6? CALL SIGN(TEMP9)
63 TEMPO.RE'IL(ÂLP2)
6ç TEliPl.¡AIttAc(ALPA)
65 Cr-(2*TEMP0)
66 D. ( T EMP 0a r A ) + ( T EMPl';*2 )
67 PRrNT 106,C
6a 106 FORt/r^T('0"'C. 

"F70-7>69 TEMPg. - C
70 CNLL SICN( TEMPg)
7I PRTNT 1O7, D
7? 107 FORr'r^T('0"'D . -,FLO.7)
73 TEMPg'D
7+ cÂLL 5r6N(fEVtP9)
75 RETURT,¡
76 END

:f PROGRAM TO COMPUTE THE COEFFTCTENTS
13 BUTTERh,ORTH DTGITAL B'ìNDPfiSS FILTER
x llNrlLOG LOlrrPrì5S T O DIcf TrlL B^NOpÂSS
x
****¡(*t*t¡t*l)ßx*xrlt*********xx*)t)¡xxrx**x)tx***x*x**x)**x)***xrt*x**x

*
trR COEFFT CI ENT S )r

THE ÀIEAREST ,ß

C'lLCUL,ìTIONfi *
rt

FOR A FOURTI.I OROER T
USING THE BILINEAR *

ME'f HOD. ,r
*
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c
c
c
c
c
c
c

77
7A
79
a0
a1 9
82
a3
8+
a5
a6
a7
a8
a9 1
90
91
92
93
9ç
95
96
97
9A
99
100 2
101
102 l0
103
10+
105
106 3 0
707
10a
109
110
111

c
c
L

c
I
I
L
L

t*rxlr*f8)**l*rt**t**r**t***r*xlÍnlriit*****r**:t*xt:tttÍtr***xx***:ß*
l¡¡
* SUBROUTTNE TO LIST THE STCN DIGTT CANONIC FORM OF,ì NUT,ITJER **¡¡
*x*txttllltttlttt*ltx¡t*,lrt*t**lxr,l**rf*l**xx****i*tß*tx******rt***x

SUBROUTTNE STGN( 
'¡)RErlLxS TABLE(16|), DrFF, DIFF1, DrFF2

INTEGER L J, NUlrl( 16)
PRINT 9, A
FORMAT('O" 'SIGN DIGIT BRENKDOT'N OF 

" 
F11. 7)

NUM(1).2
TABLE(1).+. o
f'1
DO 1 J'2,16

TÂBLE( J).TABLE( J_ I )rO. s
Nulr,t( J ).I
I.I-1

COt\¡T I NUE
DIFF¡,I
T'I-ITLE( D'¡BS( DTFF) . GT.r.16

IdHILE(TABLE(I) . LT.I-r-1
ENO lrrFlf L Ë
IF(r . EO. 16) cO TO 2
DIFFl.DÂBS(TABLE(I) - DÂBS(DrFF))
DLFF2.DnBS(TAÊlLE(I+1) - DABS(DIFF) )
IF( OIFFZ . LT. DrFFl ) f.f+1

IF(DIFF . GT. O) THEN DO
PRINT 1 O, NUM( T )
FORMAT(' 

"5X,'ADD 
2 TO THE POWER 

"13)DIFF.OIFF-TnBLE(L)
ELSE DO

PRTNT 3O, NUM( I )
FORMAT(' 

"5X,'SUBTRACTDfFF.TÂBLE( I )+DIFF
END IF

END UHILE
RtrT UR I.¡
END

.0001) Do

D/IBS( DTFF) ) DO

*****l*r*xt*Ì**x**tt***l(:ß**¡(xI()ßt*x**t,r.*****,**,*x***x*xr(***x*****)tx,ü*
¡ß PROGRAM TO C'ILCULATE THE COEFFTCIENTS FOR Â SECOND ORDER *
x BUTTETìh,OßTH LOb,PASS SECoND ORDER SECTION x,ß *,

112 SUBROUTINE LOhI( V'P, FS, ÂLP, BET )
1I3 REÂL X, ALP, BET, PI, FS, hIP, TEMP
11+ PRINT,'
115 PRINT, 'LOIJPfI 56 FTLTER'
116 PRfNT 20O, l.rP
7L7 2OO FORI4IìT ( ' 

" 
'BREAK FREOUENCY

IIA PRINT 2OI, FS
119 zOL FORMAT ( ' 

" 
'SAMPLE FREOUENCY

l2o PI'3. 1+159
tzl X. ( wP x 2r(P I ) / ( ?xFS)
L?? X'Tnt!(X)
I23 TEMp.t+(1. +1¡+*X)+(X*xZ)
72+ ALP. ( (2*(xx'?)>-2> /rE¡4P
125 PRTNT 2O2, ALP
a26 zOZ FORMÂT('o', 'ALPHA . ' , F7O.7)
727 TEMP1.-^LP
124 CALL SIGN( TEMP1 )
IZ9 BET.(1_(1. +1+*X)+(X*)iZ))/TEMp
130 PRINT 203, BET
131 2O3 Fglì,MtlT('0','BETA ' ',F7O.7)
132 TEMP1. BET
133 CALL SIGN( TEMP1 )
13+ RETURN
I35 END

2 TO Tr-tE POWER .,13)

c
c l ¡ * * r * l l tß x t * t * * * )f * x x * * rl * x * t x r )ß * * r * x x,t * * x ,r * rß * * )* x x * * * x r x x t ¡( x * * * x.t * xc**
C T PROGR'IM TO EXPERIMENTALLY EVALÙNTE THE SC'ILING FACTORS; *
C ¡r ßEOUIRtrD 7O IìVOTD OVERFLOI'S (S'ITURATIONS) IN T'-IE B^¡JDPAfìS X
C T LOHPNSg; FILTER SETS. THE SCALING FACTORS ARE EVALUA''ED TO THtr lr
C r NETIREST Pgt4rER OF 2 htllICH RESULTS IN NO SATUR^TIO¡J. *
Ct*
c t ,Í * r i * * * r * t * t * I X * X * f * X :f * t ¡t ,Í * x r :f t * r t * x x * t * * * * * * * * I * x I * x * * * * x x r x x B )ß

c
136

L37
134
139
1$0
1+l
r+2
1+3
1+T
1+5
1+6
t+7 1
1TA
1rt9
150

- 
" 

Fl0. ï)
. 

" 
F10. +)

EUBROUTTNE SC,ìLE( A, B, C, D, FREA, 
'ìLP, 

tsET, FS, FREOIN,*RI, K2, K3. K+ )
REAL A , B, C, D, D1, D2, D3, D}, FREOIN, FREO, X
RE'IL INCREM, K1 , K2, R3, K+, DX, DY, ALP, BET
INTEGER NHAX, N, T, CNTL, L'IST, CNTLl, NUM, NUMEND
K1.1
K2'1
K3.1
NüNX. I FIX( FREO/FREOTN)
f NCREtl. ( 2r3. 1tr1 59) /NMAX
NUMEND.IFIX(FREO/FS)
CNTLl.l
N.O
X. O
NUM. O

D1- 0
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151
152
153
15+
15s
156
157
15A
1s9
160

161 10
162
163
16+
165

D2,0
D3. O
D+. O
DX.0
OY' 0
CNT L. O
LAST-:.OTNMAX
K*. 0
Do 10 I.1, LAST

CALL CYCLE(CNTL, Â, B, C, O, K]., T<2, K3,DL,D2, D3, DIT,¡ .N, X, NMAX, TNCREM, NUM, NUMEND, DX, DY, ALP, BET, X+)
CONT I NUE
CNTL'CNTLl
Krr.0

166
1Ë7
16A
169 20
170
171
7't?
173 99
17+
L7s
776
t77
17a
179 9A
lAO
141
1A2
1a3
1A+
1A5 97
146
1A7
1AA
149
190
191 96
792
193

Do 20 I.1, L^ST
CNLL CYCLE(CNTL, A, B, C, D, K1,K2,K3,IT N, X, NMAX, INCREM, NUM, NUI,tEND, DX, DY,
IF (CNTL . EO. 99) GO TO 99
IF (CNTL . EO. 9A) EO TO 9A
rF (CNTL . EA. 97) GO TO 97

CONT I NUE
CNTLl'cNTL1+1
IF (CNTL1 . EA.
GOTOl.
K1.K1-1
rF (K]' . EO. -1+) THEN DO

PRINT,'K1 SC'ILING POWER LESS TH'ìN 2**-1I¡'
tro To 96

END TF
GOTOl
K2. R2- I
IF (K2 . EA. -1+) THEN DO

PRINT, 'K2 SCALINü POUER LESS THAN 2XX-1+'
GO TO 96

END IF
GOTOl.
K3.K3-1
IF (K3 . EO. -1+) THEN DO

PRTNT,'K3 SCALTNG POIdER LESS THAN 2*X-1¡}
GO TO 96

END IF
co To 1
PRINT,'SC,ìLING ABORTED'
RET URN
EN T)

l}) RETURN

c
c lt¡t(**txI*I*I***'.XX*X**XÍ*******xI)ß*x*x**rf*It*******xx)k*xxx**:f'l*)Í*c* *
C * SUBROUTINE TO SIMUL'ìTE A DELAV ITERÂTION OF THE DICITAL FILTERSXc*i
c

SUBROUTINE CYCLE(CNTL, A, B, C, D, K1, K2, K3, D7, D?, D3, O'},f N, X, NMôX, f NCRE14, NUM, NUMEI.JD, DX, DY, ALP, BET,I<'T)
INTEGER CNTL, NMAX, N, NU14, NUMEND

19+

195
196
I37
194
199
200
201
20?
203
20ï
205
2fJ6
207
204
209
2LO
27L
212
2L3
21+
275
2LE
2r7
21A
2r9
22f)
22L
222
2?3
22+
225
226
227
22A
2?9
230
231
?32
233
23+
235
236
237
23a
239
2+O

D1, D2, D3, DT,
ALP, BET, K+)

REIIL A,B,C, D, VÂL,K7,K2, K3, Kï,OI,D2,D3,D+,
REAL TEMP7, TEI4P?, TEMP3, TEMP+, TEMP5, DX, DY,vAL.SIN(X)
N'N+l
X.X+INCREM

rF (N,EO. NM'IX) THEN DO
N.0
X.0

END IF
TEMP1.D1'rÂ
fF (TEr,lP]' .G'l . 1) TEMP1.1
IF (TE¡IP1 . LT. .1) TEMP1.-1
T EMP?. D2X B
f F ( TEMP2 . GT. 1) TEtrP2.1
IF (TEllPU .LT. -7.) TEI4P?-.-7
TEMP3 - ( . TEMPl )+ ( - T EMf,2 )
IF (TEMPJ . cT. 1) TEMP3.1
lF (1 EMP3 . LT. -1) TEMP3--1
TEMP+r ( VÂL*( 2. 0*'|l<l ) ), TEMP3
JF ( TEt'|Ptr . ET. 1) TEMP+.1
IF (TEMPlf . LT. -1) TEt'lP¡i.-1
T E MP 5' T EI,1P.¡ - D2
IF (TEMP5 . ET. 1) TEMP5.1
fF ( TEMPS . LT. -1 ) TEMP5. -1
IF (CNTL . EO. 1) THEN DO

IF (,IBS(TEÀIP1) .GE. 1) CNTL'99
IF (AAS(TEMP2) .GE. 1) CNTL.99
f F (r¡ÊlS( TEMP3) - CE. 1) CNTL.99
fF (ABS(TEMPT) . GE. 1) CNTL.99
IF (ABS(TEMPS) .GE. 1) CNTL.99

END IF
D2-D].
D1'T EMP+
TEMPI. D3rC
rF (TEMP1 .GT. 1 ) TEMP1.1
IF (TEMP1 . L'Í. .1) TEMP1"1
TEMP2'DïID
IF (TEMP2.GT. I ) TEMP2.1
IF (TEMP2 . LT. -1) TEMr,2.-1
TEMP3. ( - TEMPl' )+(.TEMP2 )
IF (TEMP3.GT. I ) TEMP3.1
f F (TEMP3 . LT. -1) TEÈ1P3.-1
TEMP+. ( TEMPST( 2. OXf K2) )+TEMP3
IF (TEMP+.GT. I ) TEMP+.1
TF (TEMP+ .LT- -1) TEMPIT.-1
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2+1
2+2
2¡f3
2++
2T5
2¡t6
2t¡7
2+A
2+9
?50
e51
252
253
25+
255
256
?s7
25a
259
2trO
2AI
26?
263
26Ll
2F¡5
266
267
26A
269
270
27 I
272
273
27+
27s
276
277
274
279
2eo
2A1
2A2
2a3
2A+

TEMPS¡TEMP.ù-D¡+
IF (TEMP.5.CT. I ) TEMps-1
IF (TEMPS . LT. -1) TElrPs.-1
IF (CNTL . EO. 2) THEN DO

IF (ABS(TEHPI) . GE. 1) CNTL-9a
IF (AAS(TEMPZ) .EE. 1) CNTL"gA
IF (ABS(TEMP3) . ËE. 1) CNTL.ga
IF (ABS(TEMP+) . GE. 1) CNTL.gA
IF (,lBs( IEMPs) . GE. 1) cNTL. ga

END TF
Dti. D3
D3. T EtlP Ì
NUM. NUM+ 1
IF ( NUM . EO. NUIIEND) THEN DO

NUI'1.0
TEMPl.. AL PrDX
IF (TEMP1 .cT. 1 ) TEMPl.l
IF (TE|4Pl . LT. -1) TEMP1.-1
TEMP2.BET*DY
fF (TEMP2.cT. I ) TEMP2.1
fF (TEHPz . LT. -1) TEMP2.-1
TEhIP3. ( - TEMPl' ) + ( - T EMP2 )
IF (TEMP3.GT. 1 ) TEMP3.1
IF (TEMP3 . LT. -1) TEMf,3.-1
TEI'lP5.ABs(TEMPS)
TEMP+. ( TEMPS*( 2. OX*K3 ) )+TEMP3
IF (TEMP+.cT. 1 ) TEMP+.1
IF (TEMP+ . LT. -1) TEMPT--1
TEMP5. ( DXx2 ) +DY+TEMP+
IF (TEMP5.GT, I ) TEMP5.1
IF (TEMP5.LT. -1) TEMP5"-1
DY. DX
DX- TEMP+
IF (CNTL . EO. 3) THEN

rF (ABS(TEMP1) . GE.
IF (ABS(TEI'IP2) .GE.
IF (ABS(TEMP3) . CE.
IF (ABS(TEMP+) . GE.
IF (ABS(TEMf'5) .CE.

END TF
IF ( K+ . LT. TEMPS) K+.

END TF
RET URN
END

$ENT RY

BANDP'ISS FILl ER
LOhrtrR CUToFF FREOUENcY . 0.2500o
UPPER CUToFF FREOUENCY ' 2.0000o
SAMPLTNG FREOUENCY ' 50. O
A . -1.9565290
STGN DItrIT BREAKDOh/N OF 1.95A5290

NDD 2 TO T}IE POWER 1
SUBT¡I'ICT 21O lHE POV,¡ER -5
SUBTRÍ¡CT 2 TO THE PO$/ER -7
SUATRÂCT 2 TO THE POWEII - 9
SUBTRÂCT 2 TO THE POWtrR -11B ¡ 0. 9597065

SIGN DICIT BREAKDOUN OF 0.9597065
NDD 2 TO T}IE POþJER O

SUBTRACT 2 TO THE POh¡ER -5
SUBTRACT 2 TO THE POI'trR .7
SUBTRACT 2 TO THE PO¡'rER -1O
SUBTRfiCT 2 TO THE POrr/ER -12

C ' -1.7174T50
srcN DICIT BREfiKDOLN OF 1.717A+50

ADD 2 TO THE POI{ER 1
SUBTRÂCT 2 TO THE POT'ER -2
SUBTRf¡CT 2 TO THE POþ/ER -5
SUBTRACT 2 TO THE POI./ER -10

D ¡ O. 763+901
STGN DIGIT BREÂKDOWN OF O.763'r901

ADD 2 TO THE POl.rER O
SUBTR/ICT 2 TO lHE POI},ER -2
ADD 2 TO THE POUER -6
SUBTR,ìCT 2 TO THE POWER -9
SUBTRnCT 2 TO THE POr'rER -13

LOTJPÂSS FTLTER
BREAK FREOUENCY . O. O25O
SAMPLE FREOUENCY ' 12. SOOO
ALPHÂ . -J..9A2?32o

DO
1 ) CNTL.97
1 ) CNT L.97
1) CNTL.97
1 ) CNTL.97
1) CNTL.9?
TEMPS

SIGN DTGIT BREAKDOVt,N OF
ADD 2 TO THE POWER
SUBTRACT 2 1O fHÊ.
SUB'fRfiCT 2 TO THE
SUBTR^CT 2 TO THE

BETô . 0.9423446
SIGN DTGIT BREAKDOWN OF

ADD 2 TO THE POV'IER
SUBTRACT 2 TO THE
SUBTRÂCT 2 TO THE

K1.2*x -9
¡2.!x* _1
K3.2*x - 1 1

t.9a?2320
1

POntrR -6
POþ/ER -9
POhTER - 12

0.9423486
o

POnER - 6
PO|ER - I
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LARCEST OBSERVED OUTPUT
BANDPASS FILTER
L OI'ER CUT OFF FREOUENCY
UPPER CUTOFF FREOUENCY
SAMPLING FREGIUENCY ¡
A. -1.7O93rllO
SIGN DICTT BREAKOO9,|N OF

ADD 2 TO THE POhIER
SUBTRACT 2 TO THE
SUBTRÂCT 2 TO THE
SUBTRACT 2 TO THE
SUBTRACT 2 TO THE
ôDD 2 TO THE POT9ER
âDD 2 TO Tl'lE POtitER

B . g.7Al27Ë2
SIGN DIGIT BREfIKDOTdN OF

ADD 2 TO THE POlrrER
SUBTRACT 2 TO THE
ADD 2 TO THE POT,IER

C . -1.04O9290
SIGN DT6IT BREÂKDOh'N OF

ADD 2 TO THE POV'ER
ADD 2 TO THE POWER
ADD 2 TO THE POV',ER
ADD 2 To THE Poù,¡ER
ADD 2 TO THE PO}.,ER
SUBTR,ICT 2 TO TI-IE

D . O.5243649
SIGN DIGIT BRE'IKDOTJN OF

ADD 2 TO THE POtr¡ER
ADD 2 TO THE POUER
SUBTRACT 2 TO THE
SURTR,ìCT 2 ÏO THE

. o. 542+640
. 2.00000. 7. 00000
50. o

l. 7093+l O

1
POTCER -2
POI+,ER - 5
POLJER -7
POnER -9

-12
-13

o. 78127F'?
o

POhTER -2
-5
1. O409290
o

-T
-6
-9

-10
POhTER - 13

o.524364+
-1
-5

POþ'ER - 9
POI¿rER - 10

LO¡rrPASS FILTER
BREÂK FREOUENCY
SAMPLE FREOUENCY.
f¡LPHtt r -1. 96+¡+67O
SIGN DIGIT BREAKDOWN OF

ADD 2 TO THE POI.'ER
SUBTRACT 2 TO THE
SUATRACT 2 TO THE
SUBTRACT 2 TO THE
ADD 2 TO THE POV',ER

BETA . 0. 9650474
SfGN DIGIT BRErìKDOl.rN gF

ADD 2 TO TllE POlttER
SUEITRACT 2 TO THE
SUBTRNCT 2 TO THE
ADO 2 TO THE PO9,,ER

K1r2t* -tl
K2- ?*.* O
¡3.2*x_12
LARGEST OBSERVED OUTPUT
BANDPÂSS FILTER

0.2000
50. oo00

LOh'ER CUTOFF FREOUENCY -
UPPER CUTOFF FREAUENCY ,
SAMPLIN6 FREAUEI'JCY . 2OO.

1.96+tf 670
1

POlrrER - 5
PO'.rER - A
POrrtER - 11

-13
0. 9650474
0

POþ.,ER - 5
PO|ER - A

- 12.

A ¡ -1. a1+9230
SIGN DIOIT BREAKDOI'N OF

ÂDD 2 TO Tl-lE PO¡'JER
SUBTRfICT 2 TO THE
SUBTRfICT 2 TO THE
ADD 2 TO THE pOt¡ER
ADD 2 TO THE POVJER

B . 0.9s47363
6IGN DICIT BREAKDOVJN OF

ADD 2 TO THE POVIER
SUBTRACT 2 TO THE
SUBTRACT 2 TO THE
SUBTRACT 2 TO THE
SUBTRÂCT 2 TO THE

C ¡ -I.776369fl
6IGN DICIT BREAKDOT'/N OF

ADO 2 TO THE POT'ER
SUATRACT 2 'IO lHE
ADD 2 TO TI.¡E POIJER
SUBTRÍ¡CT 2 TO THE
SUBTRACT 2 TO THE

D r o.95+3562gTGN DICIT BTIEAKDOUN OF
ADD 21'O THE POUER
SUBTRACT 2 TO THE
SUBTRACT 2 TO THE
ßOD 2 TO THE POhIER
ADD 2 TO THE POtrrER

o.9679914
12.00000
1¡+.00000
o

1. A1+9230
1

POTdER - 3
POlrrER - +

-9
-11

o. 9547363
o

POh,ER - 5
POþ,ER -7
PO\{ER .9
PO|ER -12

L 7763f¡90
1

POWER -?
-5

POlrrER - A
POVTER - 10

o.95rr3562
0

POWER - 5
POlf',ER - 6

-10
-12

LOK'PASS FILTER
BREÂK FREOUENCY T 1.
SÂMPLE FREOUENCV . 2OO.
ALPH^ . -1.955s46o
STõN DIGIT BREAKDOVJN OF

ADD 2 TO THE POV'ER
SUBTRACT 2 TO THE
SUATRACT 2 TO TI-IE
ADD 2 TO THE POI'ER
AOD 2 TO THE POUER

BETA - 0. 9565516
SIGN DIGIT BREAKDOTtTN OF

AOD 2 TO THE POTJER

0000
0000

1.9555460
I

POb,lER .5
POWER -6

-9
-11

o. 9565516
o

-7 6-



SUBT R,I CT
SUBTRIICT
âDD 2 TO
SUBT R'¡ CT

K1.2** - 7
K2.2*tr -S
K3.2xr-10
LARGEST OBSERVED OUTPUT
BANDP'ISS FIL TER
LOttER CUToFF FREOUENcY r
UPPER CUToFF FREoUENcY .
SrìMPLING FREoUENCY. 50A . -1.67014:.0
STGN DTtrIT BREAKDOWN OF

ÂDD 2 TO THE POhIER
SUBTRACT 2 TO THE
SUATRACT 2 TO THE
SUBTRACT 2 TO THE
SUBTRACT 2 TO THE
ADD 2 TO 'f HE POI'ER

B ¡ 0.739035A
SIGN DICTT BREAKDOI'N OF

ADD 2 TO THE POWER

2 TO THE POti,ER - S
2 TO TFIE PO9,ER -6
THE POI'ER -A
2 TO THE POT'ER -11

ADD 2 TO THE POII|ER
SUBTRACT 2 TO THE
SUBÏRÂCT 2 TO THE
ÂDD 2 TO THE POWER
SUBTRACT 2 TO THE

C . -0.5517s35
STGN DTçIT BRE,IKDOWN OF

ADD 2 TO THE PO|TER
ADD 2 TO THE POI'ER
SUBTRÂCT 2 TO THE
SUBTRACT 2 TO THE
ADD 2 TO THE POhIER

D. O.3+1+2+2
SI GN DI CT T BRE,ì KDOWN OF

ADD 2 TO THE POt'JER
ADD 2 TO THE POWER
ADD 2 TO THE POr./ER
SURTRACT 2 TO THE
SUNTRNCT 2 TO THE
ADO 2 TO THE POT'ER

o.5799301
2. 00000

10. o0000
o

1. 670181 0
I

PglrrER -z
POwER -+
POWER - 6
P OrdER - 9

-12
0.739035A

-1
-2

POI¡rER -7
POWER - A

-10
POnER - 1 2

LOh'PNSS FTLTER
BREAK FREOUENCV . o. 2OO o
S^tlPLE FREoUENCV . 50.0000
ALPHÂ . -1.96++670
SICN DIcIT BREAKDOTTN OF 1.96tÌ¡i670

ADD 2 TO THE PO TER 1
5UBÏßACT 2 TO THE POI.,,ER - 5
SUATRf¡CT 2 TO THE POh'ER -A
SUBTRfICT 2 TO THE POI'ER - 11
ADO 2 TO THE POhIER -13

o.5517535
-1
-+

POl.rER -7
POwER - A

-10
0.3,r1t2l}2

-z
-+
-5

POWER - 9
POWËR - 11

-13

BET^ . 0. 965oA7A
SIGN DTGIT BREAKDOV,'N OF

ADD 2 TO THE POV,ER
SUBTRNCT 2 TO THE
SUBTRÂCT 2 TO TIIE
ADD 2 TO THE POtTER

K1'2x* - 3
K2.2** O
K3.2x* _ 72
LARGEST OBSERVED OUTPUT

o.9650A7A
0

P OU.,ER - 5
POWER - A

-t¿

- 0.90a6537
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t**rß*lrrtt**lI*ll¡ttr*lt*,l*tttr**xrtltrl)ß**x)ft**r¡frrr)i*t*rlx)Ì)ß**
I*
r PROGRNM OPER¡¡TING TN 2920 NUMBER 1- EEG TÂI(EN ßS TNPUT ATX
A A RfITE OF 6. S KHZ, h¡TTH BANDPA5S/FbI RECT/LOWPASS FILTERS f
T OPERATING AT 2OO, 50, & T2. S HZ. THIS 2920 

'IL50 
PRODUCES *

I THE SHIFT CONTROL PULSE I'HICH PERMITS THE SFITFT TN OF THEX
r SERTAL DfITA. TI{IS SHTFT PULSE OCCURS ONCE A SECOND, :T{

r PERÈIITTINC Â BURST OF SHTFTS CONTROLLED BY THE EOP PULSE. f
I THE 8 MOST SIGNTFICANT BITS OF Â VÂLUE âRE SI.IIFTED. *
AA
t**tr**r**:i)**)t**x)fx*x*!l*¡*trrrt***x)t*)t**)i)txt*t)¡x***)tÍ*xtr)tr**x
LDÂ DÂR
LDA tdORKJ.
sua hroRKl.
SUEI t'ORK]'
SUB UORK]'
SUB UORK1
LDrl tr,ORK2
SUB IJORK2
SUB WORKz
suB h¡oRK2
SUB hIORK2
L Drl bTORKJ
SUB t'ORK3
LDA FIFTY
LDA ONE
SUB DAR
SUB WORK3
SUB I¡|ORK3
LDA T9ORKTT
SUB I'ORKIT
ADD TdORK+
SUB lrrORK+
suB h,of{K+
SUB WORK].
ADD h/OfIK1
LD,l WORK2
AOD OAR
SUB lô,ORKa
SUB WORK3
ADD l.rORK3
LDA WORK+
SUB h¡ORK+
L DA þ,,ORK2
suB tr9RK2
SUB lrrOR K2
5UB T'ORK2

ABA }.,ORK2
LDA WORK+
SUB I{OR K+
SUB T¡|OR K+
suB wof'rK2

LDÂ UORK+
ADD h'Of{t<,f

A DD }'OR I<¡f
LD'I CNTL

KP?
F1 DJ-
FI D1
F1 D]'
Fl Dl
FI Dl
Fl D2
FT D2
FT D2
F ID2
F1 02
FI D3
F1 03
KP+
KP3
D'I R
Fl' D3
F]. D3
Fl DI}
F1D¡f
FlDrl
F1 D+
F]' D+
hroR K2
EEG
UOR K1
KM2
FID2
YJOtì t<+
t oRr<2
VJORK3
Fl D+
F2 D1
F2 Dl.
F?OL
F2 D1

t oRKrr
F2D2
F2D2
F2D?-
¡}|ORKÎ

UOR K2
F2 D1

F2D2
|<M7

LOI
RO5
R07
RO9
R11
RO0
RO5
R07
R10
R12
L01
R02

R05
Rl0
RO0
R02
R06
R09
Rl3
R09

R00

R01

L 01
RO6
RO9
Rl2
R11
R00
R06
R09

L O1

rNl'
IN1
INT
INJ'
INl
TN].
rNl
IN1

LOAD Df¡R h¡TTI.I F5,/T} FOR DIGITAL TNPUT
OF CONTROL SIGNAL TO SYNCH TIMERS;
ALSO, O.25 TO 2.O HZ BfiNDP/tSS 'iì' crtLc-
ULATION. THE 0.25 TO 2. O HZ fTLTER IS
OPER'ITTNG AT 50 HZ.

O.25 TO 2. O HZ BIINDPASS 'B' CÂLCULÂTTON

SAMPLE DONE-ALLOT{ TO SETTLE
CNVRT BIT 3 TO DETERMINE TF 1 OR O

0.25 TO 2.tJ HZ BANDPÂSS 'C' CÂLCULfiTTON
cvT3¡

t
CND3; RESET 50 HZ TIMER rF CNTL LINE .'1'
CND3; RESET I HZ TIMtrR rF CNIL LINE='1'

; CLEAR DAR FOR EEG1. A/D COI,JVERSìION
rNO ; SAMPLE EEGl
INO ,INO ; O.25 TO 2.O HZ BrìNDptlSS 'D' CttLCULÂTrON
rt'Jo ;INO ,rN0 ,INO,
IN0 ; 0.25 TO 2. 0 HZ BfiNDpASS C,lLCUL^TIoN

; ÂDD IN EEG SAMPLE 14ULT BY K1
cvTs, BP cÂLcuLATrON, STÂRT A/D COrüVERSION
cND6; A,/O FIXUP - 2.92O PRORLEM

sUB FTFTY KP1
sUB Tb/OHUND KPl
SUB TUELVE KP1
LDA EEG Df¡R
LD'I DAR FTFTY
LDA F1D2 F.¡.D1
L DA F1Dl tr¡OR K1
LDÂ F1D+ F1D3
LDÂ F1D3 UORK3
ADD ONE KM1
LDA DÂR TWELVE
LDA F2D2 F?.DI
LDI¡ F2D1 þ/ORKz
LDfI F2OUT $'ORK+
LDA TT'ELVE KP¡I
LDA DIIR ONE
L DfI EI GHT KMA
LDA TEMPz F?OUT
LDA TEMP6 F6OUT
LDA ONE KP3
LDA D¡IR ETÍ;HT
ADD ETCHT KPl
LDA CNTL KP7
LDA D'¡R CNTL
LDA WORK1 F3D1
SUB IIORK]. F3D1
suB tdo¡{r<1 F3D1
6UB h'ORK1 F3D1
âDD IJORK1 F3D1
L D,I CNT L KIIT
LDA DAR TEHPz
LOA CNTL RP7
LOA TEMPz DI¡R
LDA D'IR CI,ITL
LDÂ WORKz F3D?
ADD 9'ORK3 F3D3
ÂDD TdORKS F3D3
ADD }JORK3 F3O3
ADD ¡'ORK3 F3D3
SUB I'ORK3 F3D3

cvlTi

t
cvT6j

t
cvT s;
NOP ;

cvT +;

BP C/ìLCULATIOI,I
BP C'¡LCULATTON
,ìDD RESULT OF FIRST SECTIOI.I
BP CÂLCULÂTION
BP CfiLCULI¡TION
LOV/PÂS5 FILTER FOR 0.25-2. O

CALCULÂTION

cvT3j LP CALCUL^TIOÎ.J
cNDfr; A/D FIXUP - ?920 PROBLET.t

, LP Cr¡LCULTtTION
cvT2t LP CÂLCULATIOI.I
cNo¡r; A/D F1XVP - 2920 PROBLEM

; LP CtTLCULITTION

,ìDD TN RECT BP OUTPUT 14ULT BY K3. BET'T' C'¡LCULÂTTOI'¡

R05
R05
R07

cvT]',
CNDI};

i
cvT 0,

j

t

CNDS,;
C¡JDS,
CNDS,
CNDS;
CNDS,

!jET DEF'¡ULT FOR DICTTÂL OUTPU-T->O
A,/D FTXUP - 292O PIìOBLEM
DECREMENT 5O HZ TIMER

OECREMENT 20O HZ TIMER
DECREMENT T2, S HZ TIMER
SAVE THE A/D COI,,¡VERTED EEG]. S,IMPLE
LO'1D 5O HZ TTMER FOR CONDTTTOI,JAL DtrL'\Yfj
COÌ.JDITIONAL DEL'IY
CONDTTTONfIL DEL'IY
CONDfTIONAL ÞEL^Y
CONDITIONAL DELNY
DECREMEI'¡T 1HZ TIMER
LOfID 1'¿.5 HZ TTMER FOR CONDTTIONAL DfI.AYs

RO+

MULT BY I<2

HZ BP 'ALPlr^'

CNDS; CONDTTION/IL DELAY
CNT'S, CONDITIONAL DELAY
CNDSJ CONDITTON'IL DELAY
CNDs; RESET L?. S HZ TIMER

; LOAD 1 HZ TIMER FOR SHTFT CONTROL
CNDS; RESET THE COUN-f A TT MEP FOR SHI FT T I,JG
CNDS; CÂTCH FILTER OUTPUTS FOfì ( DEsTRUCTTVE)
cNDS; SHIFT OUT OF VTtLUES (50 t-tz IN SyrJclt)
CND5, RESET ]. HZ TIIlER

; LOAD COUNT a TI¡tER TO SET COTJTROL OUTpUI
cNDS; 'DECRET'tENT' COUNT A TIMt:-R
CNDSJ SET CONTROL OUTPUT HIGH TF IN COUNTDOI'N

; LOAD CONTROL IN DÂR FOR OUTPUT
, 2. O TO 7. O HZ Br¡NDp,l5S FILTER .r¡. CêLC

i
ouT7, sHIFT CONTROL OUTPUl
ouTT; sr{IFT CONTROL OUTPUT

L O1
RO2
R05
Rfr9
R12

R01

R00
RO+
RO6
RD9
R].0
Rl3

CND].;

OUT 6;

SET OEFJIULT DICITÂL OUTPUT TO 'O'
LOrlD CôPTURED OUTPUT FOR SEfIf/TL OUTPUT
SEND OUT BIT 1 (LENST SItr OF UPPER A ATTS
SAVE BACK SHTFTED VÂLUE FOR NEXT SI-ITFT
LOAD D'IR T'ITH CONTIIOL V'ILUE FOR OUTPUT
BNNDPfISS FILTER 'B' CÂLCULATTON
AND BANDP'ISS FILTER 'C' CNLCULfITION
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LDA It,ORK+
NDD ¡'ORK+
SUB },lORK¡T
SUB I.'ORK+
SUB },lORK1
LDÂ CNTL
LDA DAR
LDA CNTL
LOA TEHP6
LDA D¡ I
ADD b'' - .. I
5UB V'.,f{K2
LDÂ HORK2
SUB T'ORK3
ADD þ,lORK3
L DA tr¡ORK¡È
SUB WORK+
LDA T'ORK2
SUB UORK2
EUB tr,ORK2
sua t oRK2
ADD þ.,ORK2
ABA TdORK2
LDA WORK+
SUB TdORK+
SUB {r¡ORK+
,lDD lrrORK+
SUB trtORKz
L DA I'ORKT}
AOD I'ORKï
AOD V'ORK+
LD,ì DAR
LOÂ F3D2
LD'I F3D1
LOA F3D+
L D/I F3 D3
L DfI FITD2
LDA F+Dl
LOA FTOUT
LDA FIFTY
L DÂ Cl,JT L
LDA DÂR
L DfI C I.JT L
LOA F+OUT
LDA DAR
Lrrfì broRK-1
SUB UORKl
sjUB VJOf{ K1
ADD TdORKI
ADD lr/OllK].
LD^ h'oRt(2
SUB UORK2
SUB I'ORK2
SUB t+¡ORl<2
5UB IdORK2
LDÂ lrrORK3
SUEr trotìK3

^DD 
hroRr<3

suB tdoRl<3
suB wotìK3
L DA TJORK+
SUB TJORK+
SUB UORKI}
A DD UORKI}
NDD HORK+
SUB TJORK].
ßoD ttotaKl
LDÂ T.'ORI<2
SUB I.,ORK2
SUB UORK3
A DD h'ORK3
LDA WORK.}
SUB UORK+
LDA h,ORI<2
SUB T,,ORK2
SUB hllORK2
EDD UORK2
NDD HORK2
ABÂ t{OP.K2
LDA t'ORK+
sua hrot?K+
SUB WORK+
ADD UORKç
sUB LORK+
SUB UORKz
LDA T'ORK+
ADD IJORK+
ADD UORK+
LOÂ DAR
LDÂ F5D2
LDA F5D1
LDÂ F5D¡}
LDA F5D3
LOA F6D2
LDA F6D1
LDA F6OUT

F3 D+
F3 D+
F3 D+
F3 D'T
t,ofil<2
K¡T 7
TEMP6
KP7
DÂR
CNT L
EEC
F3 D2
l¡lORl<1
l{oRK+
ttoR K 2
ItoR K3
F3 D+
F+D1
F+D1
F +D1
F.} D1
F +D1
h,oRl<rl
FITD2
F +D2
F+D2
F+D2
ttoRl<¿l
þroR Ke
ti¡¡Dl
F+D2
FIFTY
F3 DI
trrORK1.
F3D3
t{oR r<3
F+O1
KJORK2
l¡oR t< +
KPlT
KlnT
F+ OUT
KP7
DAR
CNT L
F 5D1
F5D1
F 5D1
F5D1
F5D1
F SD?-
F 5D2
F 5D2
F 5D2
F 5Þ2
F5D3
F5D3
F 5D3
F -5D3
F 5D3
F 5D+
F 5D+
F 5D+
F.5DIT
FSDII
}JORK2
EEtr
tto t? t( I
F5D2
uon Krt
troR K 2
t'roR K3
F5DT
F6D1
F 6D1
F6D1
F6D1
F6D1
hroR K+
F ÈD2
FÉD2
F 6D2
F Írî>2
F F>D2
UORK+
t{otìt<2
F6D1
F €,02
T T'OHUND
F5D1
trORl<1
F5D3
tdoR K3
F 6D1
uoR K2
troRKlr

RD1
R05
RO9
R10

CNDl
R01

R0+

OUT +
ROO OUTT

L n1
R05
R0a
R11
Rl.3
R12
R00
R05
R0a
Rl2

L 01
ROO

BÂIJDPASS FTLTER'D' CALCULATION

21O 7 HZ AMP ESTIIì,.I/¡TToN oUTPUT *xx'(
BP CALCULÂTTON
SET DEFÂULT DIGIT'IL OUTPUT TO 'O'
LOAD C'¡PTURED OUTPUT FOR SERIAL OUTPUT
SEND OUT EIIT I (LEA5T 5IG OF UPPER A BITS
SAVE BACK SHIFTED VIILUE FOR NEXT SIIIFT
LOIID DÂR T'ITH COI,JTROL VALUE FOR OUTPU'f
ADD IN EtrG SÂMPLE MULT BY KI
BP C'ILCULATIOI,J
BP CALCULATION
I2 TO 1I} HZ AMP ESTIMIITION OUTPUT X*XX
,IDD FIRST SECTTON OUTPUT MULT BY K2
BP CALCULATION
BP CALCUL'ITTON
?. - 7 l-rz BPlFhr RECT/ LOnPASS 'ALPHn' CÂLC

ôDD RECT BP OUTPUT 14ULT BY K3
LOWPÂSS FILTER'BETA' CfILCUL^TTON

C NDS;
CND5,
CNDS;
C NDS;
CNDS;
cNo5,
CNDS;
C ND5,

LP CALCULATION
LP CALCULATION
LP CALCULATIO}J
LP CIILCULATIO¡J
LOAD 5O HZ fTMER FOR CONDITIONT¡L DEL'IYS
CONDITfONAL DELÂY
CONDTTIONAL DELÂY
CONDITIONI¡L DELf\Y
CONDITIONAL DELAV
COÌüDITIONfIL DELAY
CONDITIONÂL DELAY
CONDITIONAL DELAV
REsET 50 HZ TII4ER
SET DEFAULT DlGTTIIL OUTPUT TO 'O'
LOI¡D C'¡PTURED OUT f'UT FOR SERIAL OUTPUT
SEND OUT BIT 1 (LEÂST STC OF UPPER A BITS
SAVE B'ICK SHIFTEO VNLUE FOR NËXT SHTFT
LOI¡D D'IR UT'IH CONTROL VfILUE FOR OUTPUT
12 ÏO L+ HZ BÂNDPAs;S FIL'TER 'A' CALC

CNDl'
R01

L 01
R03
R 0,r
R09
R11
RO0
R05
R07
R09
R12
L 01
R02
R 05
ROA
R10
ROO
R05
R06
R10
R12

R07

OUT 5;
OUT 5;

t

i

t

i

t

t

BANDPASS FILTER 'B

BÂNDPNSS FILTER

t
R05 i

t

L 01 t
R05 t
R06 i
ROg i
Rl1 t
R10 )
R00 t
R05 t
PO6 i
Roa i
R11 i

B'INDPÂSS FILÏEfì 'D' CALCUL^TION

BP CÂLCULATTON
NDD TN EEC1 S'¡NIPLE MULT BY K1
BP CALCULATIO¡J
BP Cf¡LCULfITIO¡J
BP CALCULATTON
ADD FTRST SECTTOI.J OUTPUT MULT
BP CALCUL,ìTION
BP CALCULATION
L2 - l+ r'lz BPlRECT /LOWPnf.'S 'fiL

CÂLCUL^TTOI'J

C' C'ILCULÂTION

LD'ì Th'OHUND KP1

¡ LP CrìLCULnTIOt,J
; LP C,ILCULATION

LO1 ; LP CÂLCUL^TrON
ROO ¡ LP C,lLCULAIION

; LOllD zUO ltZ TIMER FOR CONDTTION^L DELnYS
CNDS; CONDfTION'IL DELAY
CNDS, COIJDITIONAL DËLAY
CIJDS; CONDITION'IL OELAY
cNDS, CONDItIoNÂL DELÂV
CNDS; CONDITIONAL DEL'1Y
cNDS; CONDITIONÂL DELfTY
cNDS, CONDITTONfiL DEL^V
EOP ; SItrNrlL END OF PfìOcfìrtM (PREFETCHED + fN!ìT)
CNDS; RESET 20O HZ TII4ER
N,OP ¡
NOP i
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*
PROGRAM OPERfITING IN 292O NUÈTBER 2- EEG T'IKEN AS TNPUT AT*
A RfI]E OF 6. S KHZ, UITH B'ìNDPASS/FT.¡ RECT,/LOWPÍISS FILTERS X
OPERÂTTNG AT 2OO, 50, A 12. S HZ. THI5 2920 USES THE *
SHTFÏ CONTROL PULSE WHICH IS PROVIDtrD BY 2920 NUMIJER 1. *
THIS SHTFT PULSE OCCURS ONCE N SECOND, PERMITTING fI BURSTX
OF 5I{IFT5 CONTROLLED BY THE EOP PULSE. THE A MOST SIGNIF X
BITS OF A VALUE ARE SHIFIED. THf 29205 

'\RE 
ALL siYNCËD *

UTTII â CONTROL .'.'IPUT AND KJIT}I T}IETR EOPS TIED TOGETHER. *
,l

t lf * I X * t t )t t X r t X * X .'.r ;.( t I t,f, * * )ß * )t ri * X I X * )* X * t )l * * * * * )t * ;t X I * * * X * )ß rt X )t * * l(
LDA DfiR KPZ ¡ LOÂD OrìR ITITH FS/+ FoR DIGITAL rNPUT
LDÂ VroRK]. FlD]. LO1 rN1 ; OF CONTROL SrGN^L TO SvNCH irUEnS
suB rJoRKl FlDl R05 rNl ¡ ÂLSO, 0. 25 To 2. O HZ BÂNDpfiSS . A. CÂLC-
SUB hfORKl FlD1 RD7 fNl ; ULnTION. THE 0.25 TO 2. O HZ FTLTER Is
SUA vroRKl FIDJ. R09 IN1 ; OPERÂTrNG rtT 50 HZ.
SUE¡ rrrORKl Fl. Dl. R1l I Nl iLDA trORKz FlD2 R00 INI ; 0. ?5 TO 2. O HZ B^NDp^SS 'Et. CALCULTTTIONsuB uoRKz F1D2 ROs rNl ,SUB h¡oRKA F1D2 R 07 I N1 isuB rdoRK2 F1D2 R10 , S^MPLE DONE-ALLOh! TO StrTTLEsuB TroRKz F1D2 R12 CVT3, CNVRT BIT 3 TO DETERMTNE IF I OR OLDr¡ b¡oRK3 F1D3 L01 , o. ?5 To 2. o Hz B^NDPttss 'c' c^LcuLttTroNSUB trrORK3 F1D3 R OA iLDA FIFTY KP+ CND3; RESET 50 Hz TIMER IF CNTL LTNE ¡'1.
LDA ONE KP3 CND3; RESET 1 HZ TIMER IF CNTL LINE.'1'SUB Df¡R DAR CLEÂR DÂR FOR EEG1 

'ìlD 
CONVERSTONsuB vJoRK3 F1D3 ROs rNo ! snuelr eecr

SUB V'ORK3 F1D3 R1O fNO,
LDA t'JoRK+ FID+ R00 INO r O. 25 TO 2. O HZ BANDPÍISS 'D' CÂLCULÂTrot!
SUB lrroftK+ FlD+ R02 fNO tnDD lrtORK'|. FlDrr R06 fNO ,SUB UORK+ F1D¡f ROg INO;
sUB VI,ORK+ F1D+ R13 INO ¡SUB tr,ORKl |¡TORKA INO ; O.25 TO 2. O HZ El,l NDPASS CtlLCULÂTf ON
ADD T,IORKI EEC ROg ; ADD IN EEG SAMPLE MULT BY K]'LO/l UORI<2 ItORKJ. CVTS; BP CÂLCULItTIOI'J, 5T^RT A,/D CONvERSION
ADD D^R KMz R00 CND6j tt./O FIXUP - 2920 PROBLEMsuB t{oRKz F].Dz ¡ BP CÂLCULT|TIO|.J
SUB lrroRK3 UORK+ ; BP CÂLCULí|TIOI,J
,lDD ttoRK3 tr'oRKz R01 cvTTj ADD RESULT oF FrRST sEcTrotJ t4uLT By KaLDA UORI(+ [{ORK.J , Bp C'¡LCULÂTION
SUB h'ORK.f FIO¡} , BP C'¡LCULATION
LDÂ htORk2 FZD:. L 01 CVT6; LOI.JPrlSS FILTER FOR 0. 25-?. O HZ BP 'ÂLPt-tft'suB troRKz F2D1 R06 i C|\LCULÍI'IION
SUB ttORK2 FZDL R09 |

SUB }''ORK2
AB,l ttoRk?_
L DÂ T.'ORK+
5UB tì¡ORKrf
SUB l,9OR l<+
SUB þJOfIK2

LDA brORl<r¡
NDD WORK¡}

ADD UORK+
LOA CNTL

FzDI
ItoRKrl
F2D2
F2D2
F2D2
tJoRl<rr

þ/oR K2
F2D7

F2D2
Kt17

SUB FIFTY KPl. ROs isUB Th,OHUNO KPl R05 CVT 0;
SUB ThtELvE KP1 R07 iLDI¡ EEG DAR
LD^ DÂR FIFTY iLOA F1D2 Fl D1 CNDS;
LDÂ F1D1 ¡dORK1 CNDS;
LDÂ F1D'} F1D3 CNDS,
LDA F1D3 I.'ORI<3 CNDS;
ADD ONE KMI RO¡T CNDS;
LDfi DÂR Tl.rELvE iLD,ì F2O2 F2D7 CNDS,
LDA F2D1 IJORKz CNDS;
LDA FzOUT þ,ORK'} CNDS;
LDA TIJELVE KT'+ CNDS¡
LDÂ DÁR ONE
LDA EI6HT KMA CNDS;
LDÂ TEMP2 F?OUT CNDS;
LDf¡ TEMP6 F6OUT CNDS;
LDA ONE KP3 CNDS;
LDA D'IR EIGHT ,ADD EIGHT KPI CNDS,
LDA WORK]. F3O1 LO1 ,suB HORK1 F3D1 ROz isuB woRK]. F3D1 R05 ,SUB }I|ORKI F3D1 ROg iâDD troRKl F3D1 R12 iLD/r D^R TEMP2 iLDA CNTL l(P? CNDI;
LDÍI TEI'IPz D'ìR RO1 ,LDA D,Iß CNTL iLOA WORK2 F3D2 R00 ¿suB vJonKe F3D2- ROz ,,ìDO rroRK2 F3D2 R05 iLDA I'ORK3 F3D3 ROO OUT6;
ôDD WORK3 F3O3 RO+ OUT6,
ADD I'ORK3 F3D3 RO6 ,âDD hlORK3 F3O3 ROg iADD HORK3 F3D3 Rt 0 ,

NOP ,R12 CVT.5;
R11 J ADD TN RECT BP OUTPUT I4ULT BY K3
R00 cvT+r'BETA' CfiLcuLnTIoN
R06 tR09 icvT3; LP CÂLCULnTTON

cND¡l¡ A/O FIXUP - 29?_0 PROBLEM
, LP C^LCULÂTION

LO1 CVT2; LP CÂLCULnTIO¡J
cND+, A/D FIXUP - 2920 PROBLEM

; LP CÂLCULÂTIOI{
CVT1,
CNDT;

SET DEFAULT FOR DTCITAL OUTPUT.> O
A/D FTXUP . 2920 PROALEI.t
DECREI.lENT SO HZ TIMER

DECRE14EI,JT zOO HZ TTI,lI,R
DECREI4ENT L2. S HZ TI14ER
S'IVE THE A/D COI.IVERTED EEGl SÂI.Jf'LE
Lo^D 50 HZ lIl¿lER FoR CoNDITToNAL DEL^vs
CONDITTOI,JfIL DELAY
CONDfTIOl,,lfrL DtrL^Y
COIJDITIONÂL DEL/IY
COI'JDITTON'IL DtrLÂY
DECREMENT 1 I-IZ TTI.'ER
LOAD 12.5 HZ TTHER FOR CONDTTIONÂL DELIìY5
COND]TTONAL OEL^Y
COIJOTTTONAL DEL/IY
CONDITIONAL DELAY
RESET L2.5 IIZ TIMER
LOÂD 1 HZ TTMER FOR SHTFT CONTROL
RESET THE COUNT A TTMER FOR SI-ITFTTNC
CATCH FILTER OUTPUTS FOR (DESìTRUCTlVE)
sHIFT OUT OF VnLUES (50 t1Z rN SyNClt)
RtrsET 1 HZ TIMER
LOAD COUNT A TIMER TO S!:T CONTROL OUTPUT. DECREMENT' COUNT 8 TII,,IIiÍI
2. O 1O 7. O HZ B'INDPASS FTLTER 'A' CrlLC

LOAD C,ìPTURED OUT PUT FOR SERIfIL OUT PUT
SEND OUT BTT 1 (LE'¡5T STG OF UPPER N BITS
SAT/E EIICK 51IIf.-TED VT¡LUtr FOR NËXT STIiF'f
LOAD D,ìR I'ITH CONTROL VALUE FOR OUff'UT
B,INDPNSS FTLTER 'B' CALCULATION

.25 TO ? HZ AÈIP ESTIMÂTIO¡J OUTPUT TXXX
AND BANDP,lSS FILTER 'C' CÂLCULÂTION
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SUB WORK3
LD,I Ir,ORK¡T
ADD WORK+
SUB }'ORK+
SUB h,¡ORK+
SUËI WORKl.
LDA CNTL
LDA DAR
LDA CNTL
LDrl TETIP6
LDA DIIR
ADD }'ORK1
LDA }'ORK2
suB rdoRK2
suB woRK3
ADD I,IORK3
LDÂ tr,ORK¡ì
SUB 9'ORK+
L DÂ þ'ORK2
SUB UORK2
SUB UORK2
SUB WORK2
AÐD ¡'ORKz
A BA tr,OR K2
L D,I T9ORK+
SUB t^,ORK+
SUB ¡'ORK+
ADD þ,lORK+
5UB WORr(2
LDA hrORK+
ADD Ir,OfIK¡}
ADD It,ORKIT
LDA DAR
LDA F3D2
LDA F3D]'
L DA F3 DIf
L DII F3 D3
LDA F+02
LDA F+D1
LDA F+OUT
LOf¡ FTFTY
LDÂ CNTL
LDA DÂR
LDA CNTL
LOA F+OUT
LDfi DÂR
LDA 9JORKl
SUB T'ORK1
SUB UORI<1
ADD UORK].
ADD It,ORK1
LDÂ T'ORK2
suB tdoRK2
5UB T.JORK2
SUB UORK2
SUB T'OPK2
LD¡l t'rOllK3
suB trofrK3
A DD bIORK3
SUB T{ORK3
SUB UOP.I<3
L DfI 9'ORKIT
suB ttofìK+
SUB T'ORK+
ADD I'ORK+
A DD T'ORK+
suB rroRr<1
ADD 9,ORKl.
LDft woÍtK2
SUB TJORK2
SUB T/ORK3
ADD lrrORK3
LD'I UORK'¡
SUB h'ORK+
L DA I'ORK2
5UB T'ORK2
5UB h'ORK2
ÂDD þ'ORK2
ADD l,r¡ORK2
ABA þ'ORK2
LDA þ'ORK+
SUB I'ORK'}
SUB WORK+
ADD UORKT
6UB UORK+
5UB þ'ORK2
LDA T'ORK+
ADD I'ORK+
ÂoD ttoRK,r
LDA DAR
LDr¡ F5D2
LDA F5D1
LDA F5D+
LDA F5D3
LOA F6D2
LDA F6O1
LDA F6OUT
L DA T }lloHUND

F3D3
F3DIT
F3DIT
F3DT}
F3 Dt}
¡,ORK2
KM7
TEMP6
KP7
DÂR
CNT L
EEG
lroRr<1
F3 D2
ItoRK't
$,ORK2
woRt<3
F3 Dl}
F+ Dl
F+ DI
F+D1
F+ Dl.
F+D1
IJORKlT
F+ D2
FI}D2
FT}D2
F+D2
VJOR K+
t{oRK2
F+D1
F+D2
FIFTY
F3 DT
WOR KI
F3 D3
t{oR K3
FI}D1
UOR K2
troRK+
KPI}
K¡,17
Fï OUT
KP7
DAR
CNT L
F 5D1
F5D1
F-5D1
F5D1
F501
F 5Ð2
F 5D2
F 5D2
F5t 2
F 5D2
F5D3
F5D3
F5D3
F 5D3
F5D3
F 5DÌ
F50+
F.5DI}
F 5Dï
FSDI}
UON K2
EEC
fr¡ORK1
F5D2
Ìro R t<+
UOR K2
ttoR K 3
FSDrr
F6D1
F6D1
F6Dl'
F6D1
F 6D1
UOR K+
F 6D2
F6D2
F6D2
F6D2
F 6D2
troR K +
rdoRK2
F6D1
F6D2
T hJOHUND
F5D1
UOR K1
FSD3
t{oRK3
F6D1
UORK2
tr¡ORKï
KP1

R13
L01
R05
RO9
Rl.0

cNo1';
RO1 i

RO+ t

i
OUT +;

ROO OUT+;

t
L 01 tRos tROA tR3.l' tR13 tR12 tRoo tR05 tROA iR12 t

iL01 ,Roo t

CNDS;
CNDS;
C NDS;
C NDS,
C NDS;
C NOS;
CNDS;
cNos,

iCND1 ìR01 t

BANL'PASS FILTER 'D' C,ILCULATION

2 'T O 7 HZ ÂMP ESTTMATION OUTPUT *XX*
BP CALCULÂ-TIO}J
SET DEFÂUL'T OIGTTAL OUTPUT TO 'O'
LOÂD CAPTURËD OUTPUT FOR SERINL OUTPUT
SEND OUÏ BTT 1 (LEAST STG OF UPPER N BTTS
SI¡VE BÂCK SI-IIFÏED VÂLUE FOR NEXT SHIFT
LOAD DÂR T'ITI-I CONÏROL VALUE FOR OUTPUT
IIDD IN EEC SIIMPLE MULT BY Kl
BP CALCULATION
BP CALCULATTON
12 TO I+ HZ A14P ESTTMATTON OUTPUT TXX}
ADD FIRST SECTION OUTPUT MULT BY K2
BP CALCUL/ITION
BP CALCULATfOI.T
2 - 7 HZ BP /Flr, RECT/ LOt{PrìSS 'rìLPHrt' C^Lc

ADO RECT BP OUTPUT MULT BY K3
LOHPNSS FILTER'BETII' C'ILCULATTON

LP CALCULfITION
LP CALCULATION
LP CALCULÂTION
LP C,ILCULÂTIOI,¡
LOAD 5O HZ TIMER FOR CONDTTION,lL DEL,1 YS
CONOITTONAL DELAY
CONDITIONfIL DEL'IY
CONDITION'IL DtrLNY
CONDITIOTJAL DELÂY
CONDTTTONf¡L DEI-AY
CONDITIONAL DELAY
CONDTTIONAL DELÂY
RESET 50 HZ TIMER
SET OEFAULT DIüTTAL OUTPUT TO 'O'
LOAO CÂPTURED OUTPUT FOR SERfNL OUTPUT
SEND OUT BTT ]. ( LEÂST STC OF UTJPER A BITS
SÂVE BACK SHTFTED VIILUE FOR NEXT SHTFT
LO.lD D^R TTJITH CONTP.oL VnLUl: FOR OU'ÍPUT
12 TO \tt HZ RANDT'^9iS FILTER 'f¡' CItLCL01

R03
R0+
RO9
Rl1
R00
R05
RO7
RO9
R12
L01
R02
RO5
R0a
R10
R00
R05
RO6
R10
R12

R07

R05

OUT 5,
OUT 5;

BANDPIISS FILT ER

BANDPASS FTLTER 'C

BÂNDPASS FILTER 'D' CALCULÂTTO¡I

B' CALCUL,ITION

LO1
R05
R06
RO9
R11
R10
RO0
R05
RO6
ROa
R]'1

BP CALCUL'ìTTOt'¡
ÂDD IN EEG], SAI.JPLE MULT BY I(1
BP C,lLCULNTION
RP CALCUL'lTION
BP C'ILCULATIOIJ
ADD FIRST SECT ION OUTPUT }.IULT BY K2
BP CALCULÀTIOI,J
BP CALCUL'ITIOI,I
\? - tt¡ Hz BP /!ÌECT /LOþJprtSS 'rtLpl-t^' CllLC

ADD TN THE FVJ RECTIFTEO MULT RY K3
'BETA' C¡ILCUI.'ITION

CñLCULfiTIOt'J

L O1
R00

LP CALCULATION
LP CALCUL'¡TTON
LP CT¡LCULAÏION
LP CfILCULÂTIOI.J
LOAO 2OO HZ TII'IER FOR CONDITTON'TL DEL¡IVS
CONDITIONÍIL DEL/IY
CONDI TTONAL DtrLAY
CONDITIONfIL DEL'IY
CONDITTONAL DELfIY
CONDITlON'¡L DELAY
CONDTÏIONAL OELÂV
CONDIT IONfIL DELfIY
RESET 2OO HZ TIMER
NOPS FOR REMAINOER OF
FULL I92 PROGR^M STEPS
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cNDSj
CND:J,
CNDS;
CND5,
CNDS;
CNDS,
CND5,;
cNos;
NOP ;
NOP ;



*t*)È***x*)¡Í**x**rx,ß*t,t*rirt*rxff***lx**x*)Í***xxt*t*x*)*x,tx*xn****,
f PROGRÂM OPERATING TN 2920 NUMBER 3. EOE TAKEN AS TNPUT AT)f
r A RrITE OF 6. S KHZ, tITH AANDPÂ9j5/Ftrr RECT,/LOtdPl¡SS Ff LTER *
r OPERIITING AT 50 HZ. THIS 2920 USES THE SIIIFT CONTROL !ß

r PULSE h'I-!ICTT IS PROVIDED BY 2920 NUI.IEIER 1. *
'T T}IIS SHIFT PULSE OCCURS ONCE Tì SECOND. PERI4ITTING N BURSTX
r OF S}IIF'fS CONTROLLEO BY THE EOP PULSE. THE A MOST STüNIF *
r BITS OF A V'ILUE ÂRE SHTFTED. f'-lE 29?OS ARE 

'TLL 
5YNCtrD T

* I'ITI-I A CONTROL INPUT AND UTTH THEIR EOPS TTED TOGETI.IER. ***
t * * )t * * ,l t * t f )t ,ß X X X * * * X * * )ß )i * ,f * ,ß tf X ;ß li X * X * X t , . X X * X * * ,r lt * * X X * * X X X X *
LOA DAR KP? , LOIIO li..rt ITITH FS/¡Ì FOfì Df GITTIL f NPUT
LDA ItoRK!' F1D1 L01 fN1 ; OF ÇONTRoL SIcNrlL To SYNCI-l lrMERs
suR hroRl<l. F]'D]' R02 rNl. ; ALSO, 2.0 TO lo t-¡Z B'lNDPASS 'Â' CrlLC-
suB þroRKl FlDl R0ï INt , ULnTTON. THE 2.0 TO 1O HZ FTLTER IS
suB woRl<l FtD]. R06 IN1 ¡ OPERÂTING 

^T 
50 HZ.

suB troRK1 FlDl R 09 r Nl ò

ADD WOfrK1 FlDr. R12 INl ,LDA lrrORK2 FlD2 R01 INI ; 2.0 TO 10 HZ RtINDPItSS 'B' CALCULnTf OtJ
ADD tdORKz F1D2 R02 INI tsuB uoRr<z FlDz RO7 , SAMPLE DONE-ALLOì' TO SETTLE
sUB hroRK2 FlnZ Roa CVT3; CNVRT BIT 3 TO DEfERMrl,¡E fF ]. OR 0
ADO UTORKZ F702 R10 ,SUB },lORKz F1D2 RTz iLDÂ FIFTV
LDÂ ONE
SUB DAR
L OA h¡ORK3
ADD lJORI(3
5UB ç',ORK3
SUB lrrORK3
ADD tJORK3
LDf¡ I'ORK+
ADD I'ORKT
ADD TJORK+
suB ItoRt<rt
SUß IIORK+
ADD D¡IR
ADD þ¡ORK+
SUB UORKl
ADD $Onr<1
L DA T'ORK2
5UB WOftK2
SUB h'ORK3
ADD ¡.rORK3
LD'\ WORKIT
5UB lrrOfìKr¡
L Drl ¡rrORK2
5Ug woRK2
5UA WORK2
5UB UOfìK2
âOD VJORK2
ABS TdORK¡}

ADD I'ORK2
LO^ þrOfil(,t

SUR lr/ORK+
SUB lrrORl<+

ADD h'ORKI}
SUB I'OR K2
L DA UORKIT
A OD Il,OR K1.
ADD UORKI}
LDA EOG
LDN CNTL
SUB FIFTY
LDA D'IR
LDA F1 02
LON F1D1
L D'¡ F1D+
LDA F:.D3
ADD ONE
LDA F?O?.
LOÂ F2D1
LDA F2OUT
LDN FIFT V
LDf¡ DÂR
LDÂ EIGIIT
LDA ONE
LDA O'IR
ADD ETGHT
LDA DAR
LD,ì CNTL
LD'I F2OUT
LOÂ DAR

SUA UORK2
NDD HORK2
LDfI I',ORK3

Kf''l
KP3
DfI R
FI D3
FI D3
Fl D3
FI D3
Fl D3
Fl DI¡
FI D¡}
F1 D+
FJ'D'}
Fl DII
KM2
Fl D+
tJot{K2
EOG
ltOR K 1
Fl D2
wofìKrt
noR K2
troR K3
Fl DIT
F201
FzDL
F?DL
FzDI
F2DL
UORK+

ttoRK'f
F 2D2

F2D2
FzDZ

F?D2
t oRt<+
9,lORK2
FzDI
F2D?-
D'I R
Kt47
KP1
FIFTY
F1 D1
tr¡OR K1
Fl D3
¡toRt<3
KM1
F 2D1
troRl<2
TJORKlI
KP+
ONE
KMA
KP3
EI GHT
KP1
F2 OUT
KP7
D,I R
CNT L

F 3D2
F3D2
F3D3

R01
R0+
R07
R0a
Rl0
RO2
ROrr
RO5
R09
R11
R00
Rl3
R03

R00

L01
R05
ROa
R11
R13

CND3, RESET 5O HZ TTMER rF cNTL LINE . '1'
CND3, IIESET L HZ lIMER rF CNTL L:rNE.'1'

, cLEÂR DÂR FOR EOG 
^,/O 

CONVERSION
INO ; SNMPLE EOG, B'\NDPASS 'C' CÂLCULATION
IN0 i
INO ;
INO ,rNo ;
INO ; BÂNDP'IS5'D' CALCULATION
INO ,
INO ;

cvT s;
cNDf'j

t
cvl't t

t
cvl6t

i
CVT 5;

i
CVTtr¡

t

ST,IRT A/D CONVERSTO¡J
A,/O FT.XUP - 29?O PROBLEM

BP CALCULNTION
ADD IN 5f¡MPLE MULT BY K1
BP CIlLCULÂTTOI'J
BP CALCULATTON
BP C'ILCULfITTOI,J
IIDO RESULT OF FIRST SECTIOTJ MULT BY K2
BP CÂLCULNTION
BP C'ILCULATIOI.J
LOV',PA5S FTLTER'ALPH/I' CALCULATION

cvT3; FULL n^VE RECTTFy THE Bp OUTpUT
cND,l; 

^/O 
FIXUP - 2920 PRORLtrt.l

Rt? ; ADD IN SECOND SECTION MULT By K3
ROO CVT2.; LOV/P¡t5S FTLTER 'BEl^' C^t-CULnTIOtJ

cNDfr; 
^/f, 

FIXUP - 2920 PttoBLEt4
R05 ì
RO8 CVTl,

clJD+ j A /D FÍXVP - 292 0 PROBL EM
R12 icvf 0; LP c^LcuLÂTrotl

; LP CÂLCULATION
L01 ; LP C^LCULnTION

; LP CÂLCULT¡TIOÎ.J
; sr¡vE THE ,l,/O CONVERTED Ecc SftMpLE
; sET DEFÂULT FO¡ì DIçr'rÂL OUTpUT - > 0

ROs ; DECREMENT SO HZ TII4ER
; LOÂD SO HZ TIMER FOtt CONDTTIO¡J^L DELÂyS

cNDS, CONDTTTON'TL DEL^V
CNDS; CONDTTIONf¡L DELAV
cNDS; CONOITIOT,^L DELrìV
cNDS, CONDTTION/¡L DtrLAY

RO.T CND5, DECRtrMENT 1HZ TII4ER
clJDs; coNDI'TIoNrìL DELnY
CNDS; CO?.IDITIONNL DELÂY
cNos; co¡TDITIoNnL DEL^Y
CNDS; RESET THE 50 HZ TIMtrR

, LOAD ! HZ I IMER FOR $HÏFT CONIROL
cNDS; RESET TlrE COUNT A TrtrER FOR St-trF'frNC
CNDS; RE:;ET 1 HZ TTMETI

; LOÂD COUNT A TrMER
CNDS, DECREMËNT COUI,JT A TIMEfI

; LOfID LP OUTPUT FOR SHIFTOUT
CND1; SET OUT BIT l(LEnsT 5IG oF UPPER A BrTS)

R01 ¡ s^vtr B^cK SHTFTED vrtLuE Fof{ NEXT sHrFT
¡ LOAD DÂR ¡tITll COr,lTRoL VTILUE FOR OU'fl'UT

NOP ;NOP ;
R02 t
R05 i
ROO OUT6;

NOP t
OUT 6;
ouT 6j
NOP i
NOP ¡

.25 TO 2 HZ AI,IP ESTIT.IÂTION OUTPUT *XXX

2. O TO 1O HZ AMP ESTIMÂTION OUTPUT **X*

NOPS FOR REMÂTNDER OF FULL T9?-
PROGRÂ14 STEPS
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//RETMER JOB
/,DAO0 VPLOT
/,/ EXEC FORTHCLE, USERLIB'.SYS2. VPLOTLIB'
//FORT.5VS1N DD T
c t * * * x ,ß )l * x * * * ri :t * t I I ri ,l * * t t t x * * ï * Ì t t rt t I ¡t x I ¡* * a * * t :f x x x )l t rt )t * !t )ß x ,t x rß x ,f n
C*t(
C I PROGRAM TO APPLY A GTVEN EPOCH RULE ( ADJUSTfiBLE LENGTI-I ) AND )*
C * PLOT THE RESULTING IHNGE ON T}¡E VERSÍ¡TEC PLOTTER I
cll*
c * t t l r x * * x * * * ¡ß * r * r x f Í * t t I )l ri t * * * x ü * * x t * Í x * r x :* )r x 

'l 
t - T t * * * x * x * 

'i 
* * !r )*

IIJÏEEER TBUF(+OOO), INDEX, INDEXI, N. NOW, LAST
REIIL INCR, EPOCH, AVERI, AvER2, AVER3
REllL Bpr"tl. ( 3000). PAGE( 30o0 ), SECS( 3000 ), TrME( 3000 ). pc5
REAL DUMMV, LARGE, Y, X, BPLJ.(3OOO), BP}I1(3OOO), BPL, BPM, BPI.I

61 FORr{nT(F+. 0, +(Fs. 0))
BPL. 0
BPM.0
BPH.0
INDEX. l

1 REr¡D(5,61,END.10) PACE(INDEX),SEC5(INDEX),BPL1(fNDEX),
I BPMl ( f NDEX), BPFIl ( TNDEX)

TIME( INDEx ). P^GE( INDEx) + ( SECS( INDEX) /3o. O )
rF(ßPL1(TNDEX) . GT. BPL) BPL.BPLl(INDEX)
IF(BPM].(INDEx) . GT. BPM) BPM.BPMl(INDL-x)
rF(BPH1(INDEX) . CT. BPH) BPH.BPHl(INDEX)
r NDEX " I NDEX+ 1

GO TO 1
1O LAST.INDEX-1

Do 20 fNDEx.l, LAST
BPL 1 ( r NDEX ) . BP L 1( I NDEX ) /BPL
BP Ml ( I NDtrX ) . BPMl ( I NDEx ) /rJPM
BP H1 ( I NDEX ) . BP lJl. ( I NDEX ) / BPlt

20 CONT T NUE
N- o
AvER1. 0
ÂvER2. 0
AvER3. 0
f NCR.10.0,/30.0
PC5. PrìEE( L AST ) - PrIGE( 1 ) +1
PGS.0. 25xPcS
CALL SIZE(P6S)
CfILL PLOTS(IBUF, +OOO)
EPoCI-l' T I l,tE ( 1 ) +I NCR
DO 6 f NDEX'1, LÂs'r

N. N+1
AVER1. AVtrR1+BPLl ( INDEX )
AVER2. ÂVER2+BPMl ( I NDEX )
âVER3. AVER3+tsPHl. ( INDEX )
IF( TIME( INOEX) . LT. EPOCH) GO TO 6

AvERI.AVERl/N
nVER2.l¡VER2,/N
AVER3. nvER3 /N
DO 5 INDtrX1.1, N

NOW. f NDEX-INI)EXI+1
BPLl ( Not/).^vErì1
BPÈ11(Novr).^vEtl,2
BP¡11( I'JOw ). 

^vER3S CONT I NUE
N.0
ÂVER1.0
nvER2.0
evER3= 0
EPOCH. EPOCII+INCR

CONT I NUE
Y.l. O/r'. O
X.+. o
cÂLL PLOT(O.0, -PCS, -3)
cf¡LL PLOT(O. 0, 0. 5, -3)
TIME( LAST+1 ). PrIGE( 1 )
aPMl(L^ST+1).0.0
TIHII(Lrì5T+2¡.¡
BPLl(LÂ5T+2)¡Y
CALL nXIS(0. 0,O. O,'O.?S -tO 2. 0"11,+. 0,90. 0, 0. o,y)
cAt_L nxIS( 0. 0, o. o,'TIME(PncE) 

" 
-10, PCS, 0. 0, PAGE(r ), x)

CALL LINtr(TIME, BPL1, LAST,1, O, O)
cÂLL PLOT( 0. 0, +.1, -3)
BPMl(LAST+1).0.0
BPtrl(LÂST+2).Y
CALL 

^XrS(0.0,O.D, 
'2. O TO 7.O 

"10,+.0,90.0,0.0,y)CALL LINE(TIME, BPI4I, LNST, L, O, O)
cÂLL PLOT(0. 0, tÌ. 1, -3)
BPHl(Lf¡ST+1).0.0
BPHr(Lfl5T+?)'0. s
cÂLL AXIs( 0. o, o. o, .12 T o 1rr' , a, ?,. a, 90. D, 0. 0, 0. 5)CALL LINE( TIME, BPH1, LAST, 1, O, O )CALL PLOT((PGS++. 0), 0. 0, 999)
6T OP
ENO/*

/ /ao. Ff 01F001 DD DSN.n&FTOlFOOl, UNTT.SVSnÂ, SpACE. (CyL, ( 2,2)),/ / DtSP. ( NEsr, PASs)
/ /GO. vHoRK DD DSN. aavUoRK, UNf T. SySDn, SprìCE. ( CyL, Cz, Z)>,
/ /GO. SYST N DD DSN.JREIMER. PLoT. DATA, voL ¡ sER. USERO2,// DCB. (LRECL.AO, BLKSTZE.6OsO), UNIT.SYSDÂ, DI5P.(OLD, KEEP)
/ / EXEC vPLOT, COND. ( 0. NE)

DISP"(NET', PASS)
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rl*ltlf:fi*xl*ll*tl)t**tßxtl*t**tÍx**)ß**,fx***t**I**t*:Ìx)t*xx***xrr*txxxx***
I
X PROGR,ìM TO ôLLOT' THE EXORCTSOR TO APPE'ìRr TERMTNÂL TO T}IE AHD'IHL COMPUTER
tx
tltxxtx¡ill*x¡tx*)t)t)lt*)l:*tÍt**rÍxxt*:tx*rtr*****t*tx*rt**x*xx:t*,Ë,ßI*x**x**x
OO]'O TERM:
OO2O PROC OPTTONS(MAIN)
ODSO $ NAM TERM
00+0 DcL
0050
0060
oo70
o0ao
o090
010 0
0110
o120
o13 0
o1+o
01s 0
o160
0170
olao
019 0
0200
o210
o220

1 roca,
2 5TÂTUS BIN( 1 ),
2 ¡1ODE BIN(1),
2 BUFFP BIN( 2 ),
2 BUFFS BlN( E ),
2 BUFFE BIN( 2 ),
2 TYPE CFIAR(2),
2 UNIT CHAR(1),
2 NÂME CH,IR( ¿J),
2 SUF CHAR(2),
2 DUMO BTN( 2 ),
2 FORMAT BIN( 1 ),
2 DUM1 BIN(3),
2 DUMz BIN(2).
2 ALLOC BIN( 2 ),
2 SEcTS BIl.J(2),
2 SECTE BIN( 2 ),
2 SECTP ArN(2)

O23O DCL TNPUT CHAR( A)
O2+O DCL DUMMY CHAR ( 1 )0250 DcL INPUTl' CH^R( 13 )O26O DCL INDEXI BTN( 1 )O27O DCL PRMPT CFIrlR(12) INrT('EXoRCIsOR..>')
02ao DcL EOTCH CHÂR(1) INIT(g+)
O29O DCL CMDT CHAR(A) INIT('ONLTNE')
O3OO DCL CMD2 CHAR(A) INIT('END')
o3lo ocL crdD3 cHÂR(a) INIT(.UpLOÂD')
o32O DCL Ct'ros CHAR( a) rNIT ( . HELp' )
033 O DCL BUFFER CHÂR( 6O )O3+O DCL BUFEND CHfIR(1) INIT($D)
O35O DECL'TRE

*
IìS ¡ìN f NT ELLf GEI'¡I *

*

0360
o370
O3AO DCL LAST BIN( ? )
0390 DCL HOLD CH^R(2)
0+fJo DcL sEcT0 CItAR(256)
0ç10 DcL sEcTl CHAR(256)
0ï2o DcL sECT2 CHÂt¡( 256)
0ï3D DCL SEcT3 Ct-tAft(256)
0++0 DcL sEcT¡l cHAR(256)
0¡r50 DcL sEcTS CHÂR(256)
0+60 DCL SECTS CHf¡R( 256)
D+70 DCL SECTT CHÂR ( 2s6 )
0+a0 DcL sEcTa cHrìfì(256)
0+90 DcL sECT9 CHAR( 256)
OSOO DCL INDEX BTI,J(1)
O51O DCL PACKl BI¡J( 2 )
O5;] D DCL P^CK2 BIN( 2 )
O53D DCL 1 OUTT,

1 BUF,
2 BUFF(T33) CHAR(1)

05+0
o55D
0560
O57O DCL FEED CHÂR ( 1 ) INTT ( sc )0540 DcL LINtr cHftR(1) fNrT(:ßrr)
0590 DCL LCU CHrtR( 1 ) INIT( $75)0F,00 DcL cNTT CH^R(1) rNIT(sl.rt )
061 O DCL CNTO CHÂR( 1 ) INIT ( 911 )
062 0 DCL ESCP CHÂR ( 1 ) rNIT ( f1U )
O63O DCL CNTO CHÂR( 1 ) TNIT( +OF)
D6+O DCL CNTN CIlAR(1) INÏT($DE)

2 XX7 CHAR(19) IIJTT('ENTER N'¡ME OF FILE'),
2 X)(E CHÂR(I5) II,JIT(' TO BE UPLOfIÞED'),
2 XXg CHNR(1) INIT($D)

0650 DCL
0660 DCL
OtrTO DCL
06a0 DcL
o690 DCL
070 0 DcL
0?1 0 DcL
0720 DCL
073 0 DCL
07+ 0 DCL
0750 DCL
07î,o DcL
o770 DcL
07ao DcL
0790 DcL
080 0 DcL
0a1 0 DcL
042 0 DcL
0a3 0 DcL

HOLDO BTN(1)
HOLD]. BIN(2)
HOL D2 CH'IR ( 1
NUM BTN( 1 )
ot\,E cHfiR(1)
L NUM BIN( 2 )
COUNT2 BIIt( 2
LAT CH3 BTN( 2
LATCHz BIN( 2
CNTL3 BIN( 1 )
CNTL2 BIN( 1 )
CNTLl BTN( 1 )
TIME BIN(2)
TERI,'CT BIN( 1)
TERlrlTR BtN( I )
c^tìDcT BI N( 1 )
CARDTR BTN( T )
sTrìTË ArN(1)

0arÌ 0
0¡J50
0at;0
0a70
0¡l¿0
OT¿9O
o90 0
0910
o920
093 0
09¡l 0

DCL

DEF *EO3C
DEF SEO3E
nEF str03c
DEF SEO3A
DEF +E039
DEF sE03n
DEF $FCF'l
DEF $FCF5
DEF $E000
DEF SEOOl.

1 OUT6,
2 XXlO CHAR(1A) TNTT('SENDTNG
2 XX11 CHrtR(1) rNI'r(t0'!)

7 0uT7,
2 XX12 CH,lR( rr ),
2 Xx:j.f, CHAR(1) rNrT(t0a),
2 XXIrr CHAR(1) INrT($08),
2 XXIS CH'IR(1) rNIT(t0a),
2 XXl6 CHAR(1) rNIT($0a),
2 xXl.7 cHAR(1) INIT(:f0+)

CARDCT.3
TERMCT.3 |

RECOtTO
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0950 C¡IRDCT¡3+9
096O TERMCT.$¡Ì9
O9?O COMMND:
O9AO CÂLL DSPLY<, , ÂDDR(BUFEND))
O99O $ LDX APRMPT
r000 $ scÂLL .DSPLz
1O1O CALL KEYTN<.8. ADDR(INPUT)> GIVTNG<, NUM>
1O2O IF NUit EO O THEN GO IO IIELP
1 0 f, O PÂ cl<1. fiDDR ( r NPUT )
10t}0 PttcKt.PAcKt+NUH
IOSO DO $HTLE NUM LE 7
1 060 PAcKI - > ONE. ' '
1070 PrlCK]..PltCKl+l
1 OAO NUM. NUM+ I
1 O9O END
11OO TF INPUT EO CMD1 THEN GO TO ONLTNI11O IF INPUT EO CMDz THEN GO TO ENDER.1I2O IF INPUT EO CMD3 THEN GO TO UPLOÂD
1130 TF INPUT EO C¡tIO5 THEN GO TO I.IELPl1$o BUFFER"ERRoR, ENTER "HELp" FOR ltELp'1150 cÂLL DrìPLY<, , 

^DDR(BUFFER)>1160 EO TO COI4MND
l17o HELP: BUFFER.'SUPPORTED coMMANDS ARE: 'IlAO CALL DSPLY<,, ADDR(BUFFER)>
1190 BUFFER.'oNLfNE END UPLorìD'1200 CALL DSPLY(,, 

^DDR(BUFFER)>I21O GO TO COMMND
1220 ONLIN:
1230 BUFFER'.trOTNG ONLTNE THROUGH ,ICI,I cÂRo'
12¡}O CALL DSPLY<,, ADDR(BUFFER)>
1250 BUFFER. . ENTER ..ESC.' TO END ONLINE.
1260 CALL DSPLY <, , ADDR( BUFFER ) >
I?.7O STÂTE-O
1280 TOP:
1290 CÂLL TERMTI,J
I3OO IF NUM EO O THEN CO TO CONT1
1310 IF ONE EO ESCP THEN GO TO COMMND
1320 CALL CNRDOU
1330 CONT]': Ct¡LL CÂRDfN
I31}O IF NUM EO O THEN GO TO TOP
13SO IF ONE EO CNTN THEN STnTE'1
1360 IF OI,JE EO CNTO THEN ST'ITE. O
T37O IF STATE EO ]. THEI,J GO TO TOP
I3EO C,\LL TERMOU
1390 co To ToP
1¡r0 0 ENDER: CrILL MDOS
I$10 UPLOAO:
1+20 AUFFER. oUT+
1T3O CALL DSPLY <, , ADOfI( BUFFER) >
1ï+0 INPUT]'"
1+50 CALL KEYTN<, 1¡}, ADDR( INPUTl ) > GTVING <, NUM}1+60 IF NUM EO O TI'IEN GO TO 

'.JOGO1ï70 DUI4MY"','
lTAO S LDX ÛDU14MY
1.i90 s sTX PllcK1
15o0 P,lCK2.ÂÞDR(UNfT)
151O s LDX sP^CK_1
152o s SCALL .PFN^¡l
1530 s STfiB ST^TUS
15+ O IF 5T AT U!ì NE O

1550 THEN OO
1560 ST^TUS.7
f57O GO TO ERRUP
15AO END
1 59 0 I'IODE. 1
160o TYPE.'Dl<'
1610 $ LDX ¡TIOCB
1620 s SCÂLL .RESRV
1630 IF sTÂTUS NE O THEN CO TO ERRUP
16+0 BUFFS. ÂDoR(AUFF)
1650 BUFFE . 132+BUFFS
1660 FORM^T . 5
1670 ALLOC . O
1640 SECTS . ADDR( SECT 0 )
1590 58CT8.2559+5ECT5
1700 $ LDX rrOCB
1710 S SCfiLL . OPEN
772fJ IF sTATUS NE O THEN EO TO ERRUP
173 O CALL TERI.IIN
17T O CALL CÂRDIN
1750 f LDX ¡OUT6
1760 $ SCÂLL .DSPLZ
7.7'lO LNUM.1
1780 GO9:
1790 XX1 2. LNUM
lA00 LNUM.LNUM+1
1801 EOX:
1A10 s LDX 8IOCB
1A20 t scÂLL .ctrTRC
1A3O IF STÂTUS NE O T}IEN GO TO CLOSE
1A'i0 * LDx aou'rz
1A5O :È SC,lL L . DspL Z
1n6O GOlO: DO lNDEX.]. TO 149
1 A7 O ONE' BUFF ( I NDEx )1471 IF ONE EO BUFEND AND INDEX EO 1 THEN CO TOlAAO C^LL CnRDOU
1A9O IF ONE EO BUFEND THEN GO TO ENDRC19OO END
1910 ENORC: CALL INSYS
I92O IF NUM EO 1O1 THEN GO TO CLOSE
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1930 GO TO GO9
19TO CLOSE:
195O CI¡LL DSPLY<, , ADDR(BUFEND))
1960 * LDX àIOCB
19?O $ SCÂLL .CLOSE
19AO IF STATUS NE O THEN GO TO ERRUP
1990 + LDX ¡IOCB
2O00 $ scÂLL .RELE5
2O1O IF STATUS NE O THEN GO TO ERRUP
2020 rF NUÈr EO 101 THEN GO 'IO NOGO
203O BUFFER.'UPLO^D CoMPLETED'
2OI+O CALL DSPLV (, , ADDR( BUFFER) >

2os0 STATE.0
2O6O CALL CARDlN
2O7O CALL TERMIN
20Ao ONE"BUFEND
2 090 cfiLL cfiRDou
?1OO GO TO TOP
2110 ERRUP:
2120 S CLRB
2130 $ LDX ¡rOCB
21+O $ SCf¡LL .MDERR
215O NOGO: BUFFER.'UPLOfiD ABORTED'
E16O C,1LL DSPLY <, , IIDDR( tsUFFER) >

2L7O GO TO TOP
21AO END
2190 TERMIN: PROC
22OO$LDAATERMCT
2210 t ASR A
2?20 + E,CC ENDTRT.T
2230$LDÂATERT4TR
221|0$sTnAoNE
2250 NUM.I
22f'0 RETURN
2270 ENDTRM: NUM.0
22AO RETURN
2290 END
2300 CAIIDOU: PROC
2310sLDÂ^ONE
232O sïRÂNS1 LDn B CARDC'r
2330$BITB¡rOzH
23rr0 $ BEo TR^Nfì1
2350sSTnAcftRDTR
?360 RET URN
2370 ENO
2380 CÂRDfN: PROC
2390$LDÂACARDCT
2ï0o S ASR ,l
2+10 s BCC ENDCRD
2+2OîLDAACÍIRDTR
2T30 $ sTn Â O|JE
2++o NUM.1
2I}50 RETURN
2*60 ENDCr{D: NUM.0
2+7O RETURN
2+AO ENf)
2*90 TERI'lOU: PROC
25OO:F LDÂ 

'I 
ONE

251O $TRI\NS2 LD,I B TERI4CT
2S2OlBrTBs02H
2530:¡ BEO TR^!'JS2
25l}O$STAÂTERMTR
255O RET URN
2560 END
2S7O TNSYS: PRoC
2540 LfiTCH3.6O2A2
2590 LÂTcl-12.65535
26O0 CNTL3T $A3
2610 Ct,JTL2¡:Ì01
26?O cl'JTL1.$o0
263O PAcKl'. coUNT2
26+0 TIt4E.0
2650 INDEX1.1
2660 BUFFER.' '
2670 DO I'HILE TII4tr LE 1O
2fJA0 C'ILL CARDI'N
2690 IF NUM NE O THEI.J DO
27OO IF ONE EG CN'TO THEN CO TO GO1
27l-O INDEX]..INDEXl+1
27?,O IF INDEX1 EA f'0 THEN GO TO GO2
2730 EtlD
27+O TIME.65535-CoUNT2
2750 END
276O Go?: RUFFER. 'COMMUNICATTONS TIMEOUT'
2'I7O CÂLL DSPLY<, , ADDR(BUFF-ER)>
?7aO NuM. l. 01
2790 RETURN
2AOO COl: NUM= 0
2A1 O RET URN
2A2O END
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t*rt;x:t***tt*,lt*)fX**x***I**x**l*X*fr**xxlX**)t***x**XXtx*****ix**)ß**x
t
*
*
t

t
PROGRÂM TO IIAP THE RECORDED SPECTR/IL CHAR.iCTERIsTICS TO THE *
FRAME OF RqFERENCE OF THE POLYGRÍIPHIC PAPER RICORDING FOR 

'ICORRELATION IVITH THE MÂNUÍILLY CLASSIFIED RECORD X¡i;
***trlx*x*xfxx*)i,ß******xt*I:ß)ß)f*t*x****xr*x*xx*x***xt**xt*x*x,t*ll)ßx*x
OOlO CONVRT:
OO2O PROC OPTTONS( MArN)0030 3 N^M CONVRT
00ï0 DcL
0050
0060 2 STfiTus BIN(1),
0 070 2 MODE BrN( 1 ),OOAO 2 BUFFP BrN(2),OO9O 2 BUFFS BIN(z),O:'OO 2 BUFFE EIIN(2),o11O 2 TYPE CHrtR(2),0120 2 FILE,
0130 3 UNIT CHAR(1),01ï0 3 NrlME CHÂR(A),
0150 3 SUt: cHAR(2),
0160 2 DUMO BIN( 2 ),017O 2 FORMÂT BIN( 1 ),01e0 2 DUt41 BIr.r( 3 ),OI90 2 DUMz BTN( ? ),0200 2 ALLOC BIN( 2),0210 2 SECTS BIN(z),
0220 2 SECTE BrN(2),
O23O ? SECTP BIN(2)
O2+O DCL 1 TFILtr,
02s0 2 TUTJÌT CH'IR( 1),0260 2 TNÂME CH,IR( a ),o?70 ?- TsuF cHt¡R( 2 )O2AO DCL DUI'IMY CHAR( 1)0290 DCL INPU'f ]. CH'lR( 13 )O3OO DCL BUFFER CHÂR(+O)
O31O DCL NUFEND CHÂR(1 ) rNfT($D)0320 DCL SECT0 cl-t,lR(2s6)
0330 ocL sEcTl. CH^R( 256)
03+0 DcL sECT2 CHÂR( 2s6)
0350 DCL SECT3 CH'tn( 2s6)
0360 ocL sEcT+ cHAR(256)
0370 DCL SECTS CHÂn( 256)
0380 DCL SECT6 CHÂR( 256)0390 DCL SECTT CHÂR( 256)
0+00 DcL strCTA CH^R( 25(l)0rr10 DcL sEcTS cHr¡R(?56)
0¡¡20 DcL SECTI0 CHAft(256)
0ï30 DCL SECT11 CH^R( 256)0çrro DcL sEcTl2 CHllR (25F,)
0+50 DcL sEcT13 CH/tfì (25r,)
0+60 DcL sEcT]'+ CHAR( 256 )0T7O DCL SECTtS CHr¡R(25fr)
0,r80 DcL sEcTlf, cHllR(256)
0+90 DcL sEcT17 CH^R( 256)0500 DcL sEcTlB CHrtI?(?5t,)
0510 DcL sEcT19 Ct.tÂR(25f,)
0520 DCL P^cE 13IN( 2)0530 DCL SECS AIN( I )O5+0 DCL NOrrrV^L BIN(2)
O55O DCL NUMl BIN(1)
0560 DCL NUld2 BrN( 1)
0570 DcL NUr410 BrN( I )OSAO DCL INDEX1 BIN( 1 )0590 DCL Pt¡cK1 ßIr.J( 2 )0600 DcL PÂCK2 ArN(2)
06I O DCL ONE SIGNED BIN( 1 )O62O DCL POINT BIN( ? )O63O DCL POTNT]. BIN( 2 )06¡r0 DcL BUFFI(2S6)
o650 DCL Nurfr UI I,l( 1 )O66O DCL INDEXz BrN( 1 )O67O DCL BUFOUT CHAII(I}5) rNIT(' ')
06ao DcL HoLD CH^R( + )0690 DCL PfrCllÂX BIf\t(2)
OTOO DCL PIIGMII,J BT',J( 2 )
071 O DCL PNGRtrF BTN( 2 )072O DCL NOCOC BItJ( 1)
O73o BUFFER.'ENTER rNPUT Htry. FILE NÂ¡tE'
O7T}O CfILL DfìPLY<, , ADDR(BUFFER)>
fJ750 Il.lPUT1. '
O76O CJìLL KEYTN<,13, 

'ìDDR(INPUTl)> 
GIVr¡,JG<, NUI,I>

0770 rF NUM EO O THEr,r tro To Noco
O7A0 DUMMY.','
0790 $ LDX aDuÀil'ty
oaoo $ sTX PncK1
Oa1 0 Pncl<?. ADDR ( T Ff L E )oaz0 $ LDx ¡PÂct(l
O¡}3O $ SCALL .PFNÂM
08¡r0 s 5T^A NUM
OASO TF NUM NE O
0Af;0 THEN OO
OA?O ST^TUS( 1 ).2OAEO GO TO ERRUP
OA9O END
O9OO FTLE(1).TFILE
0910 TYPE(1).'DK'
092 0 TVPE( 2 ). 'DK'
O930 MoDE(r).1
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Ogrto HOOE(2).2'
0950 s LDX srOCB
o96O s SCnLL .RESRV
O97O IF STATUS(I) Ntr O THEN CO TO ERRUP
D9AO BUFFS(I). ADDR(BUFF1 )O99O BUFFS( 2 )'ADDÍI ( BUFOUT )
10oo BUFFE( I ).255+BUFFS( I )
1010 BUFFE( ? )'+++BUFF-S( U )I O2O FORMÂT ( 1 ).3
1030 FoRMAT(e).5
l0+O ALLoc(1)'0
1O50 nLLoc(2).2O0
lo6O sECTS(1).ADDR(SECT0)
107O SECTS(2).rlDDR(sECT10)
1Oa0 SECTE(1).2559+sEcT5(1)
109o SECTE(2).2559+SECTS(2)
11D0 $ LDX rrOCB
l11O $ SCÂLL .OPEN
1120 fF STATUS(I) NE O THEN GO TO ERRUP
113O BUFFER. . ENTER OUTPUT FTLE NÂT4E'
11TO CALL DSPLY<, , ADDR(BUFFER)>
1150 INPUTl."
1160 CnLL KEYIN<,13, ADDR(rNpUTl)) GIVTNG<, NUM)
1I7O IF NUM EO O THEN CO TO NOCO
11AO DUMMV", '
1190 $ LDX ÛDUMMY
12OO $ STX PACK].
121O PÂCI<2. ADOR ( TFIL E )
I??O * LDX ûP^CKI
1230 $ SCALL .PFNAM
12ï0$STÂBNUM
1250 IF NUM NE O THEN DO
1260 ST^TUÍi(1).7
1270 GO TO EIIRUP
12AO END
1290 FILE(2)'TFfLE
13O0 S LDX sfOCB+37
131o :; SCnLL . RESRV
1320 TF STATUS(2) NE O THEN DO
133o STnTUS(1)'STltTUS(2)
13+O GO TO ERRUP
1350 END
1360 $ LDX SIOCB+37
1370 $ SCALL .OPEN
13AO TF ST,ITUS( 2 ) NE O THEN DO
1390 5TôTU5(1).5TATUS(2)
1I' O O GO TO ERIIUP
1+t o ENO
1 rrA 0 PtlCK]-. ADDR ( BUFOUT )
1T30 INDEX2.1
1++0 Nococ- 0
1rÌ50 NO|¿JVAL.0
1+60 NUll1O.0
1T70 NUt'í1, o
1+AO BUFFER. . ENTER ST,¡RTING PACE 

'''1IT9O CIILL DSPLY<, , 
'ìDDR(AUfiFËR)>15OO CALL KEYIN<,3, 

'IDDR(INPUTl 
)> GIVING<, NUM>

151 0 IF NUl,l EO 0 THEN cO To NoGO
152 0 PAcK1. Â DDR ( I Nt' uT 1 )
1530 DO VTIJILE l,JUl.l GE 1
15TO CNLL HEXIN
1550 IF NOGOC EO 1 THEN GO TO NOCO
1560 END
LS.IO PAGE.NOTr|VAL
154 O NO{rVÂ L' 0
1590 BUFFER.'ENTER STfiRTING sEc ON PAGE'
16OO CIILL DSPLY<, , ADDR(BUFFETì)>

1620 IF NUM EO O THEN GO TO NOGO
163o PACKl.,ADOR(INPUTl)
16IT0 DO UHTLE NUM GE 1
1f,50 CALL HEXIN
1660 IF NOGOC EO 1 THEN GO TO NOEO
L670 END
1640 SECS. NOtdvr¡L
1690 PÂCMIN. O
1700 PAGMflx.30-sECS
171 0 PAGREF.PfICÞtr¡X
1720 LOOP:
173g POINT]'.ÂDDR(BUFF1)
17+O $ LDX rrIOCB
1750 I SCnLL .GETRC
1760 IF STfITUS(1) EA 9 THEN GO TO CLOSE
L77O IF ST'ITUs(1) NE O THEN CO TO ERRUP
17AO CALL ASCII
T79O IF INDEX1 NE O THEN GO TO ERRUP
!a00 Go To LooP
1810 CLOSE:
1A2O IF INDEX2 NE I THEN DO
1430 $ LDX tfocB+3?
1A+O $ .5CÂLL .PUTRC
1A5O IF STÂTUS(z) NE O THEN DO
18€ro 6TâTus(1)'STttTUS(2)
1A7O GO TO ERRUP
1AAO END
1A9O END
1900 * LDX ûIOCB
1910 s scnLL .CLOSE
1920 TF STATUS(1) NE O T}IEN GO TO ERRUP
1930 $ LDX IIOCB
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19tlO + SC^LL . RELEs
1950 IF STIITUS(1) NE O ÎHEN GO TO ERRUP
1960:f LDx TIOCB+37
L97O g SCALL .cLosE
1980 TF STATUS(2) NE O THEN DO
199o ST^TUS(1).STnTUS(2)
2OOO GO TO ERRUP
?O1O END
2020 + LDX afOCB+37
203O $ sCALL .RELES
2O+O TF ST'ìTUS(2) NE O THEN DO
20so ST nT US( I ). ST nTUs( 2 )
2060 GO fO ERRUP
2O7O END
20AO BUFFER.'CONvERSION COMPLETE'
2O9O C,ILL DSPLY<, , ADDR(BUFFER)>
2100 crtLL MDOS
21IO ERRUP:
2120 t CLRB
2130 $ LDX afOCB
21+0 $ SC'lLL .MDF:RR
2150 NOCo: EIUFFER.'CONVERT 

^BoRTED'2160 CfILL DSPLY<, , ADDR(BUFFER)>
21,70 CÂLL MDOS
21AO END
2190 fiSCII: PROC
?2OO DO POINTTPOINT]. TO BUFFP(1)
227O IF TNDEX2 EO l' THEN DO
2220 NUM1 . PoI NT - > NUM1
223O INDEx2.LNDEX2+l
22+O GO TO COIJT1
22SO END
22T,0 TF INDEXz EO 2 THEN DO
227 O NUM2'P OI NT - > NUM2
?.2AO IF NUMz GT 15O NND NUM1 NE NUM1 O THEN NUI41 . NUhllO
22'Jo NUl41O " NuMl
23o0 P^cK2.ADDR(NUM1)
231O PltCK2. PACK2- ) PnCK2
2320 DO WHILE PIICK2 GT PAGM^X
2330 P^GE.Pí|CE+1
23 r| 0 P ll GMfl X. Pfì Ghtr¡ X+ 3 0
23S0 PÂGMIt'l.Pfi6MÂz-30
2360 END
?37O PACI<z.PACK2-P,IGMIN
23aO IF t'fìGMÂX EO PÂCREF THEN PflcK2'PrlCK2+SECS
2390 PACK1- ) HoLD.P^cE
2+og PrlcKt.PAcKl+5
2rr10 PACKl - > I-IOLD'P 

^CK??'t?o PrìCK1.PncK1+s
2+3 0 I 1'¡DEX2. I l,JDExz + 1
2++0 GO TO CONT1
21¡50 END
2+60 Pr¡CK1 - > l'loLD. POf NT - > ONE
?tr-fO P^cK1. PACKl.+5
2+Ao INOEX2.INDEX2+1
?+9O II.' INDËX2 EO 10 THEN DO
2500 PncK].'tlOOR(BUf:oUT )
2510 fNDEX2.1
25?0 ç LDX 3IOCB+37
2530 $ SCí¡LL.PUTfIC
25rr0 BUFoUT.'
2550 IF STIITUS(z) NE O THEN DO
?s6O STrlTuS( 1).STttTUs( 2)
2S7o INDEX1.99
25AO RET URN
2S9O END
2600 END
261 0 CONT 1:
2620 EiJD
2t'39 IlJDEX1.0
26'1 0 RtrT UfìN
2{059 END
266O HEXIN: PROC
2t>70 PtrcK2.NOlì¡VrrL
26A0 Oo fNDEx1"1 To 9
2690 NOWVtt L . NOttVfi L + P A CKz
27OO END
27 ] O DUMMY'Pfi CK1- > DUMMY
27?OXLDÍIADUI4MY
2730 s SC^LL -NUMD
27+0 $ BCS NO
2750 t STrì fi NUl.l1
2760 NOr¡'rVrtL.NOWVÂL + NUlll
277o PAcKI'PAcK1+1
27AO NUM.NUM-1
2790 RETURN
280O NO: NOGOC"I
2A1 O RET URN
2A2O END
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'I
PROGRAITI TO CONTRoL THE RECORDING OF THE SPECTRIIL ESTrM'tlEs *
GENERATED BY THE 29205 x

*
t**,ß**x*xr**I**tß)i**tlxx*,lrtfi*t)l:ß*txt'l*tt)lxxrßrit**'*txxxx*)tx*r***xrx*x
0O1O RECORD: PRoC OPTIONS(tlÂIN)
O02O T Nf¡M RECORD
0030 DcL I IOCB,
0 0rl 0
0050
o060
oo70
0080
0 090
0100
O11O 2 NÂME CHÂR( A),0120 2 suF
013 0
ol+0
0150
o160
0170
01ao
o190
0200

2 STrlTUS BrN( 1),
2 MODE BIN( 1 ),
2 BUFFP BIN( 2),
2 BUFFS BIN( 2 ),
2 BUFFE BTN( 2 ),
2 TYPE CHfiR( 2 ) TNTT ( 'DK' ),
2 UNTT CH^R( 1 ),

o210 DCL 1 BUFF0(100),
o220
O23O DCL CNTL BIN( 1 )
O2+O DCL TROST L'IBEL INIT(INOAT'I)
025O DCL SECTOR BIN( 12a)
O26O DCL BUFFER CI'IAR( IrO )
O27O DCL BUFEND ClI'ìR(1) TNTT($D)
0240 DcL 1 ouT,

2 DUMO BIN( 2 ),
2 FORMAT BI N( 1 ) ,
2 DUr.t1 BrN( 3 ),
2 DUMz BIN(2),
2 

'ILLOC 
BIN(?),

2 SECTS BIN( 2 ) ,
2 SECTE BIN( 2 ),
2 5ECTP BIN( 2)

0290
03 0 0
0310

cHr¡R(2),

0320 DCL 1 BrìCt<,

2 BUFFl ( 256 ) BIN( 1 )

0330
03T0
0350
0360
0370
0340

2 PRTl CHfiR(22) I-NIT('TR^NSfTIoNS DETECTED: '),
2 PRT2 CHNR( 5),
2 PRT3 CHAR(1) rNIT(s0¡i)

0390 2 PRT0 CH'¡R(1) INrT(10'1 )O+OO DCL INPUT CH'IR(1)
o+10 DcL PÂCK1 BrN(2)
O+20 DCL PÂCK2 BIN( 2 )
0+3 0 ocL INDEX]- Brt,l( 1 )

2 PRT+ CHAR(1) rNrT($OA),
2 Prì,T5 CHÂR(1) INrT(s0a),
2 PRT6 CHt¡R(1) rNIT( $Oa),2 PRTT CH'lR(1) rNIT($0¡J),
2 PRTA CH^R( 1) rNIT ( $o¿J),
2 PRT9 CHr¡r{(5),

0+rr 0 DcL NUt4
O+50 DCL NUM1 STtrNEO BTN( 1 )
0¡f60 DcL or'JE
0+70 ocL PAsT(7) BItJ(1)
0+8o DcL NOvr( 7) BIl,J( 1)
0+90 DcL sENSE(7) SIcNEr) AIN(1 )05o0 DcL PoINT3 BrN(r:)
051O DCL Tf{ÂNS BfN(2)
O5?O DCL DTFF SIGI,JtrD BTN(1)
O53O DCL XX SIGNEO BTN( 1 )
OSIfO DCL YY
O55O DCL Z2 SIGNED BIN( 1 )O56O DCL POTNT BTN( 2 )
O57O DCL POTNTO BTN(2
OSAO DCL POII.JTl BTN( 2
O59O DCL POINT2 BTN( 2
060o DcL couNTz aIN( 2
061 O DCL LÂT CH3 RIN( 2
o620 DCL LAfCt-r2 BIN(2
0f,3 O DCL CNTL3 BTN( 1

BÏN( 1 )

cHAR( 1 )

055 0 DCL CNTL2 BIN( 1 )
0650 DCL CNTL]- BIN(1)
O66O DCL TERMCT BIN(1)
O67O DCL TE'tIITR BIN(1)
O6AO DCL PIÂ1AD BIN( 1 )
O69O DCL PIN].AC BIN( 1 )
OTOO DCL PIfilBD BIN( 1)
0710 DCL PTA].AC BIt'l( 1)

STGNED AIN( 1 )

07?O DCL PIII2^D BIN( 1)
0730 DCL PIrì2fiC BIN( 1)
O7+O DCL PTA?BD EJIN( 1)
O75O DCL PIÂ2BC BTN( 1 )
0760 DCL PIn3¡lD BrN(1)
o770 DCL PIA3r¡C BrN( 1)
OTAO DCL PI'I3BD BTN( 1
0790 DCL Prn3ßC BIN(1
oa00 DcL PI^,ÌÂD BrN( 1

DEF tEO3C
DEF TEO3E
DEF *E03C
DEF $EO3A
DEF $E 039
DtrF SEO3A
DEF sFCFrr
DEF $FCF5
DEF +E010
DEF sE01L
DEF $EO12
DEF *8013
oEF sE02O
DtrF $tro21
DEF $E022
DEF *E023
DEF *EO3O
DEF sE031
oEF sEO32
DËF $E033
DEF +EO3+
DEF 

'E035DEF SEO36
DEF $E037

OAlO DCL PIA'TÂC RIN(I
oa20 DcL FInrlRCr BIN( 1)
OA30 DCL PIfi'rBC BfN(1)
OA+O $ LDX CBUFP$
o¿350 * Slx PACKl
0460 PÂCK2.ADDR( UrJf T )0a7o $ Lox SPACKI
OAAO 8 SCÂLL ,PFNAHo¿90ssTABST,ITUS
B9OO IF STATUS GT 1 TFTEN DO
091 0 STATUS. T
O92O GO TO ERR
093 O END
09't0 PI^1AD.O
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O9s0 PInIBD'O
O96o PIJr?ÂD. O
O97O PIÂ2uD. O
O9AO PIA3nD. O
0990 PIA3BD. O
1O00 PIrì+AO. O
1 01 O PfA+BD. D
102o PIA]'AC.+
103o PIAlBc.+
1O+0 PTA2AC.+
1O5o .:,,,2nC.+
I 060 ,' ;n3rtc. +
l07O PIA3BC.+
10¿}0 PIATAc.+
1O90 PfA¡lBC.+
11OO tt*¡,qçT_+O3
11r 0 TERMCT'r+9
1120 $ LDX IROST
1l3O $ STX IRO$UV
11+0 HODE.2
115o BUFFS.ADDR(BUFF0)
1 1 6 O BUFFE. 99+ BUF FS
1170 FORMTTT - 3
1la0 ALLoc.10o
1190 SECTS.ADDR(SECTOR)
120O SECTE.127+SECTS
1210 $ LDX ¡IOCB
1220 $ SCÂLL .RESRV
1230 IF sTATUS NE O THEN GO TO ERR
12tlO $ LDX t¡IOCB
1250 $ sC^LL .OPtrN
1260 IF STNTUS hIE O THEN GO TO ERR
L27 O P OI NT 1' ADDII ( BUFF O )
1240 POIN-r2.PoINT1+25599
1290 CNTL'0
13oo TR^Ns.0
1310 POINTO.ADDR(PAST)
13?0 Do INDEXl.1 To 7
1330 POINT0->NU¡4-o
13+O POINT0.POIN'rO+1
13SO END
1360 SENSE(1)-3
1370 SENSE(2)"3
13Ao SENSE( 3 )'3
1390 SEN:ìE(T).3
1+00 SENSE(5)'3
1+10 SENSE(6)'3
1+20 SENSE(7).25
1+30 BUFFER.'ONcE RECORDINC HAS BEGUN, '
1ï{O CALL DSPLY<,, ADDR(BUFFER)>
1.}50 BUFFER. 'ENTER ESC TO TERMIN^Ttr'
1+6O CALL DSPLY <, , NDDR( BU'iFtrR ) >

1+7O EJUFFER. . RETURN TO 5f fIRT RECORDTNG'
1+AO C'ILL DSPLY<,, fIODR([3UFFER)>
1+9OSLDAB¡rO0H
1500:! LDX 1rINPUT
1510 s ScALL .KEYfN
1S2O LfiTCH3.602n2
153o LÂTcl-12.655r5
tS¡r0 4"1¡3,+a3
lsso a"r¡2.901
1sÍ,0 CNTL1.$0o
ISlO PÂCK¡'COUNT2
15ao PRT2.0
1590 $ LDX 1îOUT
1600 $ 5CÂLL .DSPLZ
1Ê1O PIr¡1nC"12
1620 LOOP:
1630SLDÂATERMCT
16r1 0sASR^
1650 $ BCC NOrfJ
1660 Pltl 1Âc.+
167o BUFFEP"'
16AO CALL DSPLY<, , ADDR(BUFFER))
1690 GO TO OUTREO
1700 NoIN: IF ÇNTL NE O THEN GO TO OUTNorrt
171 0 CO TO LOOP
1720 gUTNOW: PItl].llC'+
I73O BUÍ:FER'' .

17¡TO CALL DSPLY<, , ADDR(BUFFER)>
1750 BUFFER" MEMoRY LIMrT REÂCH¡:-D'
176O çALL DSPLV<,, ADDR(BUFFER)>
l77o OUTREo: ÉtuFFER.'RECORDTNG TERMINATED'

'7AO 
CALL DSPLY<, , âDDR(BUFFER)>

).?fJO P oI l'¡T o . BUF FS
1AOO DO ¡IHILE BUFFE LE POINTI
1A1O $ LDX tIOCB
1A20 s SCnLL .PUTRC
1A3O IF sTÂTUS NE O THEN CO TO ERR
141}0 RUFFS.BUFFS+100
1a5o BUFFE.BUFFS'|99
IA60 END
1A7O IF BUFFE NE POINT1 THEN DO
1sA0 BUf--Ff:. PorlJT].
1490 * LDX ÛIOCB
l90o ¡ SCnLL .PUTRc
1910 IF STATUS NE O THEN EO TO ERR
1920 END
193O t LDX ¡¡IOCB
19'i0 * scALL .CLOSE
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1950 TF STATUS NE O THEN EO TO ERR
1960 $ LDX I¡IOCB
197O 3 SCñLL .RELES
19SO IF STATUS NE O THEN GO TO ERR
1990 cALL IrDOS
2OOO ERR:
2O1O $ CLRB
2020 $ LDX IIOCB
203O $ SCALL .MDERR
20,Ìo c^LL MOOS
2O5O END
2O6O INDÂTA: PROC
2O7O POII'¡T.ADDR(r\,Orrr)
2oao POfNT0.ÂDDF.(P/¡5T)
2090 PofNT3.ADDR(SENSE)
21D O NOI¡I( 1 ) 'PI Al AD
211O Noþr(2)'PIAlBD
2!2o NOtd( 3 ).PIrlil^D
213 o Notd( + ). PIA2RD
21+0 NoU(5).PIrì3fiD
2150 Nott(6).PIA3AD
2160 NOH( 7 )'PIAtrf¡D
2I7o Do INOEXI.L TO 7
21Ao Xx.POINT-)NUM1
2190 YY.POINT0->NUttl
22Oo ZZ'POTNT3->NUMI
22IO DIFF.0
?2?O IF xx cT YY THEN DIFF,XX-YY
2230 IF YY GT XX THEN DIFF.YV-XX
22+O IF DTFF GE ZZ THEN GO TO CIIANGE
22SO POfNT.POINT+1
22t'O POINT0.POINT0+l
227O POINT3.POINT3+1
22AO END
2290 $ RTr
2300 CHANGE: POfNT.ADDR(NOr.r)
2310 POTNT0.ADDR(P^ST)
2320 P OI NT1- > P n Cl<1. 6553 5 - COUNT 2
233O POIl.lT1.POfNl1+2
23+O DO TNDEXI.T TO 7
2350 PoINT0->NUtr.POrNT->1.lUtt
2360 POINT]'->NUM.POTNT->NUI.I
237O POINT,POINT+1
2340 POINT0.POINT0+l
2390 POINTl.POINT]-+1
2+OO END
2T}1O TRANS.TRANS+1
?+?O PRT 9. T R ft N!3
2rr3o $ LDX aBÂCK
2'i+O $ SCl\LL .DSPLZ
2+SO PrlcKl.POINT2-POINT]-
2+60 TF P'ICK1 LT 9 THEN CNTL.1
2T7O $ RTr
2rr80 END
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tf)lt:i**l*x*trxx)ßxx**r***xx**:t)t**,ßrr)r***x*)Í*)ß***)t,f)ßx*xrxx:rxf:t*)r**¡fx
¡;
* PROGRAM TO VERIFY CORRECT OPERATION OF 292OS ON POVJERUP ir-t
t***x*x*xx*il*txxrt**Ì*xt*!lx*rx*|f*,Í)fi*x*xxt,fxxrtxxlx,rxx*rrit*t**:f*r;
O010 POtIER: PRoC OpTIONS(M,lrN)
OO2O $ NÂM PovJEROO3O DCL IROST LABEL TNTT(INDATÂ)oo+D DCL OUT CHtrR( t5)OOSO DCL OUTENO CHAR(1) rNIT/.D)OO6O DCL INDEX1 AIN( 1 )OOTO DCL NUM1 STGNED BrN(..,o0a0 DcL ONEI cHAR( 5)
o 0e0 DcL NOn( 7 ) BrN( r )
O1 O O DCL POrNT BIN( 2 )O1I O DCL POINTl BIN( 2 )O12D DCL TERMCT BIN(1) DEF SFCFTO13O DCL TERI,.lTR BIN( 1) DEF $FCF5o1+0 ocL PIA]'/rD AIN( 1 ) DEF $EO1 Oo15O DCL PIÂ1ÂC BrN( 1 ) DEF iCOrr0160 DCL Pr,l1BD AIN( 1 ) DEF ieOrzo17O DCL PTAlBC BrN( 1 ) DEF ieor¡01a0 DcL PIrt2^D BrN( 1) DEF ieOaoo19O DCL PrÂ2,lC BIN( 1) DEF sEfr2tO2OO DCL PTA2BD BIN( 1 ) DEF $EO2Eo210 DCL Prn2BC BrN(1) DEF sEO23o22O DCL PIrì3fiD BIN( 1) DEF tEo3 o0230 DCL PIA3/|C BIN(1) DEF *E031o2ïo DcL PIf¡3BD BIN( 1 ) DEF tEo32o250 DCL PIlt3Bc BIN(1) DEF $E033O26O DCL PIAI+'ID BIN( 1) DEF $EO3tfo27O DCL PrA+^C BIN(r) DEF sE035O2BO DCL PI'II}RD BIN(I) DEF TEO35O29O DCL PTñ+BC BIN(1) DEF 1E037O30o PrAl'lD.0
031 0 PTA1.BD'0
032o PrÂ2llD. O
0330 PrÂ?EtD.0
O3rlO PIâ3Atl.0
o350 PIA3EtDT 0
036o PIfl+^D" 0
O37O PIfi'lBD. O
0340 Prn1'nc¡î
0f,9o PIAlBc.Í
o+o0 Pr,lzttc,ï
0+10 PIAABc.+
0rf2O PI^3flC.rf
0+30 PIÂ3r3C.t
O++O PfA+ÂC. +
0+50 PIA+BC.+
0rr6o 't'to¡t'ç1.403
o+79 TERMCT-+rf9
O+40 OUT. '
0+90 $ LDX IROST
0s0o s sTx IRa:fuv
O51O Pfô1^C.12
0520 LOOP:
o530+LDn^TERMCT
o5,Ì0 $ nsR A
0550 + BcC LooP
0560 PIÂ1ÂC.+
os70 cfiLL üDOS
O5AO END
059O INDÂTÂ: PROC
O60o PoINT.ADOR( Notr)
0610 Notr(1),PIfi1ÂD
O620 No\t(2).PIA1BD
0630 NOtt(3).PIA2ÂD
06+ o NOw( + ). PIôABD
0650 No\t( 5).PIfi3AD
O66o NOU( 6).PIlt3BD
0670 NOtt(7)'PIA'trtD
O6¿o POINTl'ÂDDn(oUT)
0690 Do INDEX1"1 TO ?O70O PoINTI->oNEl.pOrNT->NUr,t1
071 0 POTNTl ' pOINTt +s
072O POINT.PoINT+1
073 O END
O7+O CÂLL DSPLY<, , ADDR( OUT ) >o75O $ RTI
O76O END
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ll)¡*rt**tttftllÍ)ß,Ì*lt*)rr¡*:tt*x,l*)t*)ßlxx,ß*xtt****x***x**x*)ß*t*x**¡(x**tßt
t
r PROGR,T}4 TO ASSEMBLE 2920 PROCRAMSr¡
l*ltt)ßx*x**x)ßx*t*l*,lrf**xxllÌrtxt*ltx***x**tT*)Í*'Ì)ßx*x)Ì*xx)i*****x**xx
O01O 452920: PRoC OPTIoNS(HAIN) /x MnTNLINE RoUTINE */o0a0 + NnM ASz9Ao /* x/0030 DECL,ìRE /* t/oD+o I rocB(3), ,/a FrLE t/o coNTRoL BLOCKS */OO5O 2 STATUS BIN (1), lT REI URN CODE */DO6O 2 IIODE BIN ( 1), ./X TNPUT. OUTPUT, OR UPD,ITE X lIOOTO 2 BUFFP ATN (2), /X RECORD BUFFER POIN'TER X/
OOAO 2 BUFFS BTN (2), ./r RECORD BUFFER STÂRT ADDÍì */OO9O 2 BUFFE BIN (2), /T RECORD BUFFER END I¡DDREsÍ; *,/
OIOO 2 TYPE CHAR(z), /*, DEVACE TYPE .1 /O11O 2 FTLE, /* FTLE NAME gTRUCTURE X/O12O 3 UNIT CH,IR( 1 ), /T LOCTCAL UNTT NUMBER * /O13O 3 NNHE CH'ìR(A), /T FTLE NAME */o1¡ÌO 3 SUF CHÂR(z), /t FILE SUFFIX xl0150 2 DUMo RrN ( e ), ,/* RESEÍÌVED x /0160 2 FORMTìT BIN (1), /x BrN, ASCrr, OR ASCII COTJV */0170 e DUÈrl. BIN (5), ,/x RESERVED */O1AO 2 ALLOC BIN (2), /* ALLOCATTON INCREMENT */OI9O 2 SECTS BIN ( 2), /X SECT OR BUFFER S1ART ADDR X/O?OO 2 SECTE BIN (2), / * SECTOR BUFFER END ÍIDDRESS X/
O2I O ? SECTP BIN ( 2) ,/r SECTOR BUFFER POINT ER X /
022 O DECLARE /* X /O23O 1 TFTLE, / X TEMP FILE N^I,IE STRUCTURE X /O2+O 2 TUNIT CHAR(1), /* LOtrICIIL UNII NUMBER X/o25O 2 TNAHE CH^R( A), /x FILE Nnt4E t /0260 2 TSUF CH^R( 2) /X FTLE SUFFIX X /0270 DECLf|RE /x x/O2AO 1 CNTL, /* ASSEMALY CONTROL */O29O 2 PRINT BrN (1), /* LTSTING PRI,NT CONTROL X/0300 2 OBJECT BTN (1), ,/x oBJr-cT FILE CoNTROL x/O3IO 2 PACEL BIN (1 ), /* PAIJE LENtrTH CONTROL X/O32O 2 TNST BIN (1) INIT(O), ,/* EPROM fNsTÍ¡UCTION COUI,JTER I/O33O 2 LINE BIN (1), /* LISTTNC LI¡JE COUI,JTER X/O3t}O 2 PACE BIN (1) INIT(1), /X P^GE COUNTER X/0350 2 ERROR BIN (1) rt¡rT(o), ¿/x ERROR COUt.J.f x/O3GO 2 RTRN BIN ( 1), ,/* RETURT.J CODC * /O37O 2 KTND BIN (1), /X TYPE OF TOI<EN DECODED */03n0 2 RTRNT BIN (1), ,/x ToKEN pÂRSER RETUTì¡.J COOtr x/0390 2 VAR BIN ( 1) rNrT ( O ), ,/x syMBoL T'|rrLE poIN.r Ef{ x /O'}OO 2 STÂTE BIN (1), lX STATE TNDICATOR X/O+1O E ENDYET BIN (1) /* SCAIJ REMíITNDER OF RECOND? X/
O+2O DCL BUFFER CHÂN(7A) /T RECOND 1/O AVFFER ',ç/0+30 DcL BUFEND CH/¡R(1) rNIT(:rD) /* CR MAt?r<r:R ,t/0++0 DCL BUFEOT CH,IR(1) fNIt(:tr¡i) ,/* EOt CH^Rí¡CTER */o+5o DCL SECT1 CHAR(12a) ,/x INPUT FILE SECTOR BUFFER */0+6O DCL SECT2 CH^R(256) /x LT-STINC FILE SECTOR BUFf:ER x,/0+7o DcL sEcT3 CH^fì(124) /* crJJÍ|CÎ FILE SfCtOR BUFf:Eiì x/
O+AO DCL P,IRSEI BTN (2) /* IJIDos PÂRSER BUFFER */OI'9O DCL PARSEz BIN ( 2 ) ./X MOOS PARS;EP BUFFER * /0500 DcL EPROl4p ArN (2) />t EpÍ10ì4 Po:LNTER r./
o51 0 DECLARE /* x /052 0 1 EPROtl( 192 ) , / )ß EPROM MEMORV SpnCE * /O53O 2 fìËGEl BIN(l), ,/X MOST SIGNIFICÂNT ßYTE *,1O5I}O 2 SECEz BIN(].), /* MIDDLE BYTtr. X/O55O 2 SECES BTN(I > / X LEÂST SICNIFTCÂNT BYTE \ /0560 DECLARE /* x /O57O 1 BUFFO, / X ORJECT FILE r /O STRUCTURÍ: * /05ao 2 SEG1 BIN(I), /* f.losT SIcNIFIcrrt,JT BUTË x/0590 2 5Ec2 BIN( 1 ), /x HTDoLE nvT E * /0600 2 SEG3 BIN(1) /X LE'IST SICIJTFICÍII,JT BYTE X/061O DCL R^MIJ^M (¡r0) cHÂR(a) rt,JIT(. ') /* R^t4 SYMBOL TÂRLE x/O62O OCL ENDRÂM CH'IR(1) INIT($D)
0630 DCL II,JOEXI BIN ( 1) ,/* CENERAL UTTLITY COUNTER * /06I}0 DCL INDEXE BIN (1) /,ß GENtrR,1L UTILITV COUNTtrR I/0650 DCL TNDEXS BIN (1) /X GENERfIL U'fILITY COUI,JTEß T/0660 DCL NUM BIN (1) ,/ri ctrNEfìftL uTrLrTy B:f'r.J(l) x/0670 DCL BUFF( A0 ) CH^R( 1) ./* trËtJER^L CHÂR try 1 ETUFTEß ,t /06A0 DCL BUFFI CH'¡R(BO) ,/* ITIPUT FILE BUFFER T/O69D DCL BUFFL CHÂR( 132) /* LISTING FILE T /O BLJFFEÍI T /0700 DcL Lf¡sT BIN (2) /x EENERAL UTTLITV PO]:I,JTER x/O71O DCL ONE CH'IR(l) /X GtrNERfIL UIILITY CI-IÂR X/O72O DECLIIRE /*, x /0730 1 FOUR, / x FOUR CHrtR STRUCTURE * /07¡t0 2 FOURX (t) CHÂR(I) ,,/r ADDRESSABLE By ONE */0750 DECLARE /x x/07€t0 1 HEÂDER, /X ASìSEMRLER TITI.ES X /O77D 2 CPTo Ct-lAR(1) INÌT($C), /* Forlti. FEED ctjÂRf\cTtrR t/OTAO 2 HEADI, /I TOP OF PÂCE MESSAcE */O79O 3 CPT1 CHAR(31) INIT('MDOS 2920 

'ISSEMBLER 
VER 1. OO'),oaoo 3 cPrzo cHÂR(12) INIT(' . ),OA10 3 CPT21 CH^R(S),oa20 3 cPT22 CHÂR(1) INIT(..'),OA30 3 CPTA3 CHAR(A),OA5-0 3 CPTzrl CH^R(1) INfT(.:.),OA50 3 CP12_S CHr¡R(t),0A60 3 CPT26 CHÂR( 16) fNIT ( ' , ),o87O 3 cPT3 cHÂR( 5) INIT ( . PncE ' ),oaao 3 CPT+ cHArì( 2 ),oago 3 çPTS cltAR(1) INIT($D)0900 DECLARE /* * /0910 1 HE^D2 ,/* sEcoND LINE OF HEAOER * /O92O 2 CPTI+ CHôR( 2?) INIT ( 'LOC OBJECT SOURCE STETEMENI ' ),093o 2 CpTtS çHÂR(1) INIT(sD),09+0 e cPT16 CHAR(1) INrT(sD)o95O DECLARE. /* */
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.. rru. ,. f u. . .¿a.,. ru. ,.ou. ,.00u. ,. To-t. ,.zo't. ..Eru. ..¿ru. ,.rTU. 056T '.0TU.'.6OU.'.fro¿l .'.LOU.'.gOU.'.SOU.'.{rOU.'.EOU.,.-¿OU...fOU. Ot6T ,.¿oN3.'.90N3.'.50N3.'.+ON3.'.fCN3.'.¿ON3.'.TONJ...OON3. oE6T , .r-L^?. ,.9I^3. '.51^3. '.{'1^3. .. El^J. '.Zl^J. '.Tl^3. ,. Ol^3. oz6r '.LLno.'.91nO.',.SInO.',.+rno.',.ElnO.',.¿lno.,.rtno.,.olno. o16r ,.5ClN3...St^3.'.¿A3...dON.'.tNI.'.ZNI.'.rNr.,.oNr. 006! ,.vo't.,.oou.,.ans.,.vav.,.sEv.,.t¡tI'ì.,.oNu.,.uox.)lINr 068r /* SSOOfdO lO 3'1AVL *'/ ({')UVHO (¿ft) 3OO3ctO 1OO O?Af /x x/ (T) Uvr{C IUVHJ ¿ OLaT /* */ .(T) uuH3 ¿uuHJ z oget /* t,/ ,(f) UuH3 EUUHJ Z ossT /* t/ ,(T) UvH3 tì¿tVH3 ? 0{rBT /* x/ ,(Il UUt{3 SUUH3 Z OEAi /* ¡lvH3 -tf¡vcrilrfi¡3rg tsoN */ '(r) uvH3 guuHc z O¿ar / x 3-lav5s3uoqv uvH3 lNo 

^g 
r/ .xv3u8 r o raT /t */ 3UV-ìC3O oOAf /x IIE s-.t r/ (T) rrã olIA Z, o.ÞLf /* */ ,(T) tIA r-rrg Z oa¿I. /x */ ,(T) tIB ZIIE Z OLLr /* 4/ ,(T) IrA EIIA Z Og¿t /* x/ .(r) IIE¡ .t, lIE e OSL]I /* */ ,(T) l-IA SIIA ¿ oû¿t /x .*/ ,(r) lIA 91IA Z oË¿r /* LÍA sH */ '(T) LIE LLLA Z o¿Lf /* rIa 

^a 
3-ìEVSS3UOQV 3LAFJ */ .dnlrg T OT¿T /*, */ 3UVì33O OO¿r t/* lOO3 ljft{S r,/ (f) IIA ES Z O69f /x -)qo? ¿o */ ,cT) lIA O-l z oagr /* )ooa ¿o .a/ ,(T) IIE| 11 ¿ oLgT /x aQOS ¿O */ '(T) II8 U.l ¿ o99r /* oNvuldo o-t3rj NorlvNrLsSo t/ '(r) lrg oEt z o59T /x 3003 IJTHS */ '(r) IIA 05 z o1,97 /* 3003 tjr{s */ ,(I) lIB IS Z oEgr /*. 3ct0c ljr{s */ ,(r) tIEt zs ¿ o¿:-:r /x ot¡vu3do o-l3rj NorluNrLsaQ x/ '(T) rra +,El z 0r9r /8 (ltlvU3.JO q'llf J 33HnOS ,(/ ,( T) IIA SU Z OO9T /* oNvu3clo o-l 3IJ NOIlvNrtsSCJ 8/ ,(T) IIE| SA ¿ 065r /* oNvèJfdo o-lflj lcunos x/ ,(r) lIa ov z oasT /x of,,¡vljldo o-t3IJ I.¡oIIUNIIS]O r/ '(T) lIa ¿a z , o¿57 /x oNvu3do qtSIl :J3unos *,/ ,( T) IIa EV ¿ o95r /x oNv¡ilc,o o'lfrj NoltuNlLsfo r/ ,(T) IIA fA z oSsr /* c¡Jvic3do o-t3ll 33unos x,/ '(T) rIa .|rv z o{,57 /* SQOa O/T */ '(T) IIA TjJOV Z ofST / * or{uuSdo cr-lf rl :¡3è'nos x./ , ( r ) lla ru z o¿9r /* OfJvU:ldo olSIJ NorlvNrISlO */ ,(r) IIE TEt Z 0rsr /* o¡.¡vutdo o-t3IJ 33UnOS X(,/ '(f) IIE ZV Z oo5T /* 3003 0/t */ ,(T) 1Ig O)tou z 06rT /* 3(J03 0/T. */ ,(r) rla T)tcu z oa+T /* 3003 0/l */ ,(T) tIa zxov z 0å{rr /x 3003 0 /T */ ,cr) 1IA 0lov z 09+T /x r3nu15 NOrrJnulsNI lrEr \ë */ ,dol r 05+T / * */ f uv-loio ot+T /x T i\a 3'ìBVSS3ÞJOOV *,/ (T)UVH3 (g) Nt)tol ? oEtT /*, 3unl3nuls N3)ol x/ ,v¡¿3xol r o¿tT /* */ 3UU-133q OrüT ( rf ) lrNI ( t )uuH3 rTl.{3 ¿ 0oàT .(ot)t INr (T)uvH3 0rldf z o6Er ,(oc)IINI (r)r¡vH3 LL¿} ¿ oBEr '( .0 0 'r uf 

^ 
u3-¡BI,¡3SSV OZ6¿ SOOþ|. ) tINI ( 08 )UVH3 91d3 Z oLEt / * */,N33UJS T 09fT / x */ luu-I33o OSET

(T)NIA XEnS -t3(J o+fT ( I )NIE XSEU ']CO Of ET
( T )NIA XHr-ì -13Ct 0¿Er (T)t¡IA XONV -t30 0TET (r)Nra (?)xl^3 -13Ct ooET ( T )NIA ( ¿ )AnsNof 13(l 06eT (T)NIA (¿)J.nouvc¡ -.t3q oa¿T (.3h¡uN uv^ oI-tu^Nr :uoLtu3 r.. ).t-INI (oà)uuHf grss3ht -t3(r o¿¿T (.o3140'¡lv IoN no3-ctN3 :uouu3 ¡r. )rrNI (ot)uvH3 5rss39t 'lcq o9¿t (.C¡Sn UV^ 0{r NVHI fUOhl :UOtiUS r.)lINf (O+)UUH3 {ìfSS3t^l 't3O OS¿T ( .0u loN llIHs Hrrfi ¡.lI't :uot u3 x. ) IINI ( od )uuHf Erss3r{ 'l3(r o.rì¿T ( .lsSa sv uvo a flns/oN3 :uouu3 *. )lrNr (o+ )uvH3 ¿TSS3l¡¡ '13(t oE¿r (.:iEv HIIÊt O3Sn oNO :UoUU3 s. )rINf (0+t)UUHO TTSS3T¡t -ì3O O¿ZT (.¡^¡I-l Hlfól oJSn oNJ :UOUU3 r. )IINI (0+)UUH3 OrsS3t{ 'l3g OTZT (.cNv HrIfi oSsn oN3 ;uouuf r. )rrNr (0ù)uuH3 6ss3ht -ì30 o0zT ( . 1s3A SV UUO HlrA 1^3 :UOUU3 r. ) lINr ( Ot )uuHf a5s3þt '13(t o6rr c.uns oNoc uf lJv l^3 :uouu3 r. )lrNI (0t)uuH3 ¿s53r¡t -.t3(t oaTT (.1^J Ultlu r^c :ètouu3 *.)lINr (O{)¡tVH3 9SS3ht -130 o¿Tf (.ts3o su uvo uStJv I^3 :uouu3 *.)IINI (0{r)uvHc 5ss3t{ -t3o 09Tr (.ans o¡¡o3 a3IJU Ino :uouu3 *. )J. INr (0+)uuH3 tSs3r{ -ì3Ct oSTT ( . rs30 su uvo u3tJU lno :uouu3 r. ) rrNr ( 0ù )uvH3 ESS3W 't30 0àTr (.xvlN^s ol.lv^NI :uoàtu3 f . )J.INr (o{t)uvHJ ¿SS3r{ l3o olTr (.uvH3 I Ul^O tr¡3XOt :UOUUf r. )tINI (O.h)uvH3 TSSSht -130 0¿TI /t ¿a *./ (Ot)tINI (T)UVH3 tðdoN3 ã or¡r /* suouu3 Jo u3a9¡nN r/ ,(E)uuHc ludwnN z oorT

/.* suouu3 -rvror':$¡3ssu ;å'o*3olÏ'= ruror' )rrNr (tr)duH3 t93ìlroT r 3331 /x x/ 3Uv.t33O O¿OT /i uc/o33.'lNrt */ (ot)lrNr (T)¡lvHO rd u ogor /t Iicvd :.5s3ht r/ .(o{r)uvH3 od ¿ osor /t lunl3nUts 3fvs53¡{ -rvd3N33 i/ 'JISS3I{ T 0{,0f /* */ 3UVì33O OIOT /* 3tBUrUV^ 3r^A E 
^lr-tr 

Ln */ (E)NtE 3f UHI .13(¡ 0¿or /t lNlr{3lvLs 33uno5 03r1ddns */ (oa)uuH3 tsNrNr ã oror /t xl ,(. . )rrNr (T)uuHc ÊTrda È ooo¡ /* 3f,v<ls (x3H) NOrrCnursNI x/ ,(. . )lINf (9)uvH3 -tLsNr È ogeo /* t/ /t ¡¡oflu3o'ì Auow3ht *,/ ,(Ê)UvH3 JO-I ã s¿SO /x l]3Hs 3Nr-ì rndlno lvufN39 */ ,tno I 0-6õ



1960'Rs',.R6',.R?','Ra','R9',.L2',.L1','KM1., jxma.,'KM3',
1970 'KM¡t" 'KMs" 'KM6" 'KM7" .KMA., .Kp0" .Kpl.,.]<pz 

" 
'Kp3'.

19AO 'Kp+., 'Kps" 'Kp6" 'Kp7" .OAR" .EOU., .END')
1990 DCL CODE (A7) BIN (1) ,/* opcoDE BrT STRINGS x/
2000 INIT( o, t, z,3, +, 5, 6,7, O, +, L L2,16, 20, ?+,2A,1, 5, 9, L3, 77, 

"_L,25,2010 29,2.6, 10,1rr,1A, 22,2A,30,3,7,7r,15, 19, 23,27,31, 0, t, ?,3,2020 ¡ù,5.6,7, A,9,1D,11, L2,13,11r,15,15, D,1,2,3, +,5.6,7, n, 13,1+,2030 63,62,61,60,59,5A, 57,5Ë, rr8, ¡19,50, Sl, 52,53,5T,55, +o, o, 0)
20.1 0 DcL coDET (A7) BIN (1) ,/r opcoDE TypES */
20so INrT(1,1,1, t, L,1,1,1, S, S, s, s,5, s,5, s, s, s, s, s, s, s, s, s,.
2060 5,5,5, s,5, s.5,5,5,5, s,5, S,5, T, T, +, ï,.r, T, +, +, +, +, ,

2079 +, +, rt, ¡t,.i, ï, +, ¡t, +, T, +,+,t¡, ¡t, *, rt, 3, 3,3, 3,3.3,3,3, s,3,20ao 3, 3, 3, 3, 3, 3,2,6, Ê>
2O9O DCL CBUFP BIN (2) /* MOOS COMMNND LINE POTNTER X/
21OO DCL OFFSET BTN (2) ,/X OFFSET FOR IOCB */
2T1O DCL INAME CHÂR(A) /* DEFAULT F]LE NÂME HOI-D X/
2I2O DCL IUNIT CHAR(1) /* DEFÂULT FTLE UNIT HOLD */2130 DECODE: ./f DECODE COMMÂND INPUT */e1+0 DfiROUT(1).0
2150 DARoUT ( 2 ). 0
2160 CoNSUB( 1 )' 0
2I7o CoNSUB(?).o
21Ao CvTX(1)-O
2190 CvTX(2)'O
22OO ANDX.0
22ID LIMX.0
2220 PRINT.O /T SET DEFÂULTS: No LTSTIIJG */2230 ABSx.0
22+0 SUUX" O

22sO oRJECT' 0 /x t,ro OBJECT CoUE * /2260 P^GEL.62 /* Pr¡GELENCTTJ.GG LINES r/
227D TUIJIT' . O. /* INPUT FILE DEFAULT Ui,JIT O */
2?AO TSUF.'S^' ,/r INpUT Ff Lf: SUf:FIx 'SÂ' */
2290 $ LDX CBU':P* /x LotlD MDO:] POI|JTER */
23OO $ STX CBUFP ,/x S,IVE FoR MPL */2310 L^ST.CBUFP /* |,OINT TO CURÍìENT MDOS END */
2320 LOOP: fF LtIST-)ONE EA BUFEND THEN GO TO CONTO
2330 LASTTLAST+I ./* TNCREMENT Ei,JD oF L]NE ctJTR x,/
23+O GO TO LOOP ,/x ,tND REPE^T CHECI( x/2350 CONTo: PARSEI.CBUFP /t poT.tJT TO STnRT OF COMMÂI.JD */2360 PARSEz.NDDR(TFILE) /* sET UP FILtr N'I',1Ë CNTL RLI< */237o +. LDX 8PÂRSE1 /r LOÊ'O X trrITH nDOt? OF CNTL B */
23AO 4 SC/¡LL . PFN^M /x p^RsE OUT NnMt:- x/2390 $ STn B INDEXz /* sÎ oRE RETURT,J CODtr x/2+OO TF TNDEXz LE 1 THEN GO TO CON'Í 7 /* OF OK, COÍJTTIJUE */
2+10 INDEX1'7 /*.ELSE: SET EÍìROR STÂTE ,r/
2.t2.O GO TO ERR1 /* At,ro Mop up-E¡,JD x/
2T30 coNTl: FILE(1)-TFTLE /x MovE TEHP rì'rRucr ro roca */
2+TO CPT?L.TNAI4E /x M?VE INPUT Ntrt,1tr TO pficE HDR|+./2+50 CPTz3.TSUF /x t,l)v: It.JpUT NÂME TO pficE HDRX/2+60 CPTzs.TUI.JIT /X MOVE INPUT UNT.Í To PÍìGE HDRr/2+7O TNAME=TNÂME /* SAVE DTIFÍIULT FTLE NÂME */2+a0 IUI{IT'TUNI'I /)r Sf|Vtr Dt-:F^UL'f UNIT NUHBER x/2+9O PAR5E1.PÂRSE1+1 /x TIovE PoINTEIì To NËxT cHnIì */
25OO TYPE(l).'DK' / x DEVTCE TYPE DISK */
2510 TVPE(2).'DI(' /* x/2S2o TYPE(3).'DI<' /'t x/2530 t,loDE(l)'l ,/* INPUT Ff LE: OLD FILE INPUT \i/25+0 tloDE(z).z /* L!.E;TING FILE: N¡-:n FÌL:E o]'tpur./2550 MODE(3)'Z ,/* oBJEct FrLE: NEt, FILE ourpvÍ'¡/2ST,O BUFFS(1)-,IDDR(BUFFT) /x PoIN.r To STÂRT oF RECoIID */2S7O BUFFS(2).ADDR(IJUFFL) /x T/o BUFFERS x/25Ao BUFFS(3).,l DDR(EPRoI4) /* n/2S9O EPROMP.ÂODR( EPROII) / )T SAvE sTAnT ÂDDRESs oF EPRoI4If /?GOO BUFFE( 1)'BUFFs( 1)+79 /,1 POIì,IT TO END OF RECOÍID * /2610 BUFFE(2)'BUFFS(2)+131 /* L/O BUFFERS x/
26?0 BUFFE(3).BUFFS(3)+71 /* */2630 FORM,¡T( 1),5 /* Àç;CII FILES x /26tt0 FORM,¡T(2).5 //* x/
2650 FORM^T(3)"3 /x x/
?660 SECTS(1),ÂDDR(SECT1) lr pOrNT To START oF SEctoR x/
2670 SECTS(2).ADrrR(SECT2> lx L/o BUFFERS */
26ao SECTS(3).ÂDDR(5ECT3) /* */
2690 SECTE(1).SECTS(1)+127 /* poINT TO END OF SECTOR x/
2700 SECTE(2).SECTS(2)+255 /* !./o BUFFERS x/
27LO SECTE( 3 )'sECl S( 3 )+127 /x x /27?O ALLOC(1)'o ./* No NEH sp/rcE REoUTRED x/
?739 ALLOc(z).loo /x Loo SECTORS FOp. LISTINC x/
27+O ALLOC(3)'].O /* 10 sEcToRs FoR OBJECT CODtr x/
2750 t LDX ¡rOCB /x LoÂo rocB 

^DoRESS 
FOR SCnLLx/27ÉO i, sCÂLL . RESRV /* RESERVE DISI( : INPUT FILE */

2770 IF 5T'ìTU5(1) NE O THEN DO /* TF ERIìOR TN RESERVING, 5I'I X/
27AO INDEX1-5TÍITU5(1) /* ERROR COOE AND çO TO ERrìO¡t x,/
2790 GO TO ERRI /* ROUTfNE x/
2400 END /x */
2a1O î LDX afOCB ./x PoINT TO INPUT rocg x/
2A2O T SCALL .OPEN /* OPEN TNPUT FTLE */
2A3O IF STATUS(I) NE O THEN DO /} TF trRROR OPENTNG, SET ERRORX/28¡i0 TNDEXI-STATUS(1) /t CODE At¡D co TO ERROft x/
zBlto CO TO ERRz ./,r ROUTINE */
2460 END /* x /2a70 LOOP].: DO þ/HfLE PrìRSEl LT LAST /* SCfiN OPTIOI,¡5 fN COt4MrtND LJ Nù./2A8O IF P'¡RSEI.)ONE EO' 'THEN DO /I TF Â ELANI<, PASS OVEÍI X,/
2A9O P,ìRSEI.PARSE1+7 /' TNCREMENT PO]NTER */
29OO GO TO LOOP1 /* AND REPEAT sC'IN */
291 0 END /*, * /292O IF PARSEI-> ONE EO'O'THEN DO /* TF OPTION TS OBJEC'T FILE 8/e93O INOEX3.3 /f PROC: INOIC^TE OaJECT FILET,/29+0 OFFSET.TTI /t SET IOCB OFFSET */2950 TsuF.'LX' /* SEI OEF^ULT FILE TYPE x,/
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2960 CALL OPTIoN GrvrNC<oBJEcT, , > /r PRoCESS OPTfoNS */
2970 CO TO (LOOPI' ERR, ERRT), RTRN /r cHEcK RETURN coDE */
29aO END ,/* EI,JD OBJECT FILE pROCESSfNc f./
2990 IF Pí¡RSE1-t ONE Eo'L'THEN Do /x LISTING FILE OpTIoN ? t/
3OOO INDEX3"2 ./'T TNDIC'ITE PRINT FILE I/
3010 OFFSET.3? /* SÊ.r IocB oFFSET */
3o2O TSUF. 'lìL' ./* sET DEF¡|ULT FILE TypE * /
3O3O CALL OPTTON GIVING <PRINT, , > ./X PROCtrsS OPTTONS * /
3OIIO EO TO (LOOPI, ERR, ERTTT), RTR',J /* CHECI< RETURN CODE /
3O5O END ,/X END PRINT FILE PROCESS;TNG ../
3060 GO TO ERR /* 7F NOT O, L, CR, OR ' '-ERRo,r x/
3O7f' END ./X END b'FITLE X/
30ao Go To coNTz lx lF oRoppED THRouclt UTHILE -ot<* /
3090 ERR: BUFFER.'rll fNv^LID OPTIONS rrr(' /x SET MESSAGE FOtl OPTIONS NOIx/
3IOO CÂLL DSPLY<, , ADDR(BUFFER)> ./X UNDERSTOOD AND DISjPLÂY 'I/3110 INDEXI.O /X sll MSC NUMBER FOR MOERR X/
3120 ERRT: fF OBJECT NE 1 THEN cO TO ERRS /* IÍ. OBJECT FILE NoT oPEhJED i/
3130 S LDX |¡IOCB+7¡Ì lr POINT TO OBJECT fOCB */
31'1 0 t sc^LL . clogjE ./* nND cLoSE FILE 8/
3150 $ LDX rrOCR+7ï /* polN'r TO oBJECT IOCB */
3160 $ SCALL . RtrLEs ./X RELEÂSE FTLE Û./
3170 ERRS: IF PRINT NE I THEN GO TO ERR3 /* IF No PRfNT FILE - BVP,lss x/
3140 $ LDX 3IOCB+37 ,¿¡r ELSE : POINT TO PRII',J f IO9B x /
3190 :f SC^LL . CLOgiE ./r CLOSE PRINÍ FILE * /
3?OO $ LDX AIOCB+37 /i POTNT TO PRINT TOCB */
3210 $ SCALL . RELES ,/' RELEASE FILE X /
3220 ERR3' /* ENTRY TO CLOSE INPUT FILE */
3230 $ LDX AIOCB /* POTNT TO INPUI FILE IOCB X/
32TO $ SCÂLL . CLOSE ,/X AÌJD CLOSE FTLÍ: X /
3250 ERRZI / * ENTRY POINT TO RELES INPUT x,/
3260 $ LDX IIOCA ./X POTNT TO INPUT FILE TOCß */
3270 $ SCALL , RELES ,/X 

'ìND 
RELEÍISE * /

32aO ERRI: STATUS(1).]NDEX1 ,/r LOÂD ERRoR CoDE t/
3290 TF ST'ìTUS(1) EA O TFIEN CÂLL MDOS /* T.F NO I/IDERR ERROR - STOP X/
33OO $ CLRB /X CLE^R ACCB FOR MOERR */
3310 $ LDX ¡'TOCB /* POT.NT TO RETURN CODE */
3320 $ SCÍ¡LL .MDERR /* DtspLAy ERftofì MEssncE x/
3330 CrìLL MOOS /x AND STOP pnocEssrNc * /
33¡10 CONT2: /x CONTINUÂTIOI'J POr¡Jr */
3350 $ LDX ¡lSçREtrN /X LO'ID X I'IT}I START OF MESSACX,/
3360 s SCÂLL DSPLZ / * llt,JD DrspLrly oN coNsoLE ,t/
3370 58tr1¡'+O /X SE-r DEFÂULT EPROI,,I V'ILUES X/
33aO 5trG2.:t00 /* */
3390 sEC3'*EF /* x /
3tr00 Do lNDtrxl.l TO 192 /* * /
3+10 EPROM( INOEX1 )'BUFFO /x * /
3ï20 END /*. #/
3IT3O CNLL TOPPG /x PRTNT TOP PAGE HE'IDING x/
3+ïO IF RTRI'J NE O THEN GO TO ERRT /* fF T./O PROISLËM-MOPUf'&EI!D X/
3¡t50 LOOP2; ./* x /
3'160 SEG1.$rro /x sET oEFnuLT oßJEcT coDE */
3ï70 SËCz. $00 ,t* x /
3rl80 sEG3'$EF /x x/
3ï90 ENoYE'r.o ,tx lJoT END oF REcoRD YE'r */
3500 ST,¡TE.L lx SET STÂRTING ST^'rE */
3510 RTRNT.I /* CLEnfì REÏulltJ CODI: r /
3520 PÂIISE1.¡IDDR(ToP) /x Potl{r To Top oF BrT STRUC */
3530 PÂRSE1->NUt4.SEcl' /x S^vE Þt:FfiULT IN t3IT STtluc'f */
3-5310 P^rìSE1'P^RSE1+1 /* INCREMEIJT POINTER x/
3550 P^RSEr->NUM.SEG2 /x s^VE DEFnULT IN BIT STRUCT x/
3560 Pf|RSEI.PARSEI+1 ./x INCREMENT PoftJTEP x/
3570 PARSEI-)NUI4.SEG3 /* siAVE DEFÂULT TN BIT S-TRUCT X,/
354 0 D^ R OUT ( 2 ) . D^ROu'I ( 1 )
3590 Df¡ROUT ( 1). O

3600 CoNSUB( 2) -CONSUB(1 )
361 0 coNsUB( 1 ). 0
3620 cvTx(2).CvTx(l )
363 o cvTx( 1 ). o
36+ O ,¡NDX. 0
36so LIMX.0
3660 $ LDX 

'IOCR /* poÌN'r IocB'fo lt¡puT FILE x/
3670 fT SCNI-L . GETRC ,/* ,IND GET NEXT I¡JPU.Í RECoIID */
3640 ABsx" 0
369o 5UBx. o
37OO IF STATUS(1) EO O THEN CO TO CON'I3 /* TF NO PROBLEM. COIJTTI\'UE X/
3710 IF ST'ITUS(1) EO 9 THE]J GO TO EOF /* TF END OF FILE DETECTED- X/
37?O INDEX1¡5TATU5(I ) /* TF NEITHER- OTHEÍ{ ERRoR x/
3730 BUFFER''ERßOR TN REÂDINç INPUT FILE. /* OTSPLÍIY MESfìNGtr */
37+0 CÂLL DSPLY <, , ÂDDR( ÉIUFFER ) > /* Å /
3750 GO TO ERRT ./X ÍI¡JD GO TO MOP UP ROUTTNtr * /
3760 CO'.JT3: /* CONTINUE t /
3770 P,IR5Ë1.ADDR(BUFFI) /X POIN.T TO START OF RECoRD */
37AO TNINST.BUÍ:FT /* ¡,1OVE SOURCE ST^TEME¡JT FoR L* /
3790 IF PARSEI->ONE EO 'T' THEN GO TO COMMND
3A0O NUM.P^RSEI-)NUM /x S^vE CHnR TO CHECT< FOR LINE*/
3A1O IF NU''I GE ÞA ÂND NUM LE 57 T}|EN DO /'+: TF FIRST CHI¡R Â NUI4ERIC */
3a?O LOOP9: PARSEI.PtlRSEl+L /* CHECI< NEXT CHAR^CTER x/
3A3O ONE.P^RSEI->ONE /* cE-f NEXT CH^RT|CTER x,/
3f]+O IF ONE EO' 'THEN GO TO COT.¡T5 /' TI: SPACE, END OF LTNtr NUI¿NEX,/
3A5O IF ONE EO BUFEND THEN trO lO EOR /* 7F CR FOUND, EI,JD Or Rf coRt) * /
3BF'f, GO TO LOOPg /X fF NEIÍHER, CONTTNUE TO LO X/
3e7 O END / *. E¡tD Of- LI NE NUMRI R Cl.tI:CK x /
3AAO CO TO LOOP3 /* TF NO LINE NUI.IEJERS COIJTTNUEX/
389O COI'JTS: PrìRSE1-PARSE1+1 /* POINT TO FfrlST CHÂR 

^FTEÍI 
Lx/

3910 trO TO (EOR, CNLPRO, CÂLPRO, CALPRO, EORF, C'¡LPRO, EORF), RTRNT
392O CÂLPRO: CÍ¡LL PROCES ,/x PROCESS TOKEN * /
3930 TF ST'¡TE EO A IHEN GO TO EORF /* LOCIC ERROR, SKIP RETINTNDERX,/
39'TO TF ENDVET EO l THEN CO TO EOR /* TF CR 

'IT 
END, E¡JD OF RECORDX,/

3950 TF ENDYET EO 2 THEN t;0 TO EORF /X SKTP RES'¡ OIi RECORD * /
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3960 GO TO LOoP3 /* GET NEXT TOKEN */
397O COMMND: IF PARSE1 - > ONE EA BUFEND THEN GO TO EORC ,/X SC'IN TO END OF C¡N* /39AO PARSE1.PAR5E1+1 /* MovE PoINTER To NEXT CFIAR */
3990 GO TO COMMND ,/'r REPEÂT * /+0OO EORC: LOC-' ' ,/* SEI COI4MÂND PORTION TO BLfiNx/Ir010 INSTL.' . /* xl¡tO2O RTRNT. 0 /* x /IO3O GO TO CONT¡} /* MOVE TO PRINT TO OUTPUT */
+OITO EORF: IF PARsEl->ONE EO BUFEND THEN Go To EoR+O5O PARSE1¡PARTìE1+1 /* SKTP ovER coMMNT AT END oF x/+060 GO TO EORF /X RECORD- THEN ENO OF RECORD r,/.tO70 EOR: /,r END OF RECOnD * /+0Ao PARSE2.TìDDR(TOP) lu cET,|DORESS OF BIT STRUCT t/¡}O9O NUI4"PARSEz->NUM /* GET MS EIGHT,BIIS oF sTRUcTx,/+10o $ LDA A NUM ./* F|EX-A5CLI OF MS NIBBLE */+110 $ JSR CNVERIT| /* ,t /T12O S STA A CHARS /I STORE RESULT */+130 $ LDA 

'I 
NUM /* HEX- ÂSCII OF LS NTRBLE X/¡r1+0 $ JsR CNVERL /* * /¡1150 $ 5T^ f¡ cH^Rs /* sToRE RESULT ,t /+160 PARSE2.PARSE?+! / )ß POINT TO NEXT HEX IN BrT x/+170 NUTITP,IRSEz->NUM /* GET NEXI EIGHT BITs oF STRI)ß,/¡}lCO $ LO'I A NUI4 /* HEy.-Í¡SCTI OF M5 NIBBLE ,/+l9o $ JsR cNVERlt /t * /+?00 $ sTA A cHt¡Rrr /* sroRE RESUL-| x/+2IO $ LOII A NUM /* HE.X- ASCII OF LS NTBRLE T/¡i22O $ JsR CNVERL /* x/+230 S STA A CHAR3 /* STORE RESUL'Í */+2+O P'IRSEz.P'IRSEz+L /1 GET NEXT EIGHT BITs oF sTRlx,/+250 NUM. PrlRSEz- > NUM /x r /+260 $ LDA A NUM /* HEX-ASCII OF MS NTBELE X/+?70 $ JSR CNVER!4 /* x /+2AO $ STA A CH'¡Rz /* STORE RESULT */

+30O:l JSR CNVEPL /* x/ï31O $ sTÂ A CHflRI /* S.IORE RESULT )4/+320 INSTL.BREÂ,< /* T'RTTE HEx-AscII oaJtrcT x/+33O LOC'TNST /x INSTRUCTToN coUI.JT To oUT \,/T}3+O TNST'INST+I lX INCREMENT TNSTRUCTION T'TI:. X/+35O IF TNST EA I93 THEN DO.}36O BUFFER¡ . ASSEMBLV ABORTED'
T37O CALL OSPLY <, , ADDR( E'UFFER ) >
+340 BUFFER.'ÞIORE THAN 192 IlúSTRUCTIONS'
+390 C'¡LL DSPLY<, , ADOR(BUFFER))
+r1 00 Go To EoF
ïï 1 t¡ Et,lD
ï+20 PARSE2.ADDR(TOP) /x PoIIJT To ToP oF BIT sTRUcT x,/I++30 BUFFO.PARSE2->BUFFO /* LoAD ovER BIT sT'ìIIJG */++.TO EPROMP->BU':FO.BUFFO /* coPY 3 aVTEs rNTo EPRoM I/+ï50 EPROMP.EPRO}4P+3 /X INCPEMENT POII,JTER FOR NEXT */*T6o coNT¡+: LINE'LINE+1 /x TNCREMENT LINE couNTER x /++7O ININST.BUFFI /x tn'v1 INpUTTED fNSTRUCTTOI,J ß/++AO IF PR]NT EO ]. TI.IEN DO /* I.F F]LE LISTI',JE REOUESTI:D T/T+90 BUFFL.OUT /x MOVÊ OUT TO RECOIID BUFFER x,/ï5OO BUFFE(2).BUFFS(2)+(PÂRSE1.,¡DDR(BUFFT))+11 /* SE.T ENo PoII,JT T./+5r 0 CALL trRf Ttr (1, , > / x HRITE LINE r. /+52O fF RTRN NE O THEN GO TO ERRT ,/X TF I/O PROBLEM-MOPUPAF:',JD */+53O END /*. x/+5I}O TF PRINT EA 2 THEN CALL DSPLV<, , ÂDDR(OUT)>T55O PÂûER: /r* f F END OF p^GE * /+560 TF LINE GT PAGEL THEN DO /X X/T57O CALL TOPPC lX WRT.TE PAGE HEADER ,T /+5AO IF RTRN NE O THEN GO TO ERRT /X lF I/O ERROR-MOPUP&END X/+530 END /x Et,tD oF P'|oE BREí¡K * /+600 IF RTRNT GE 7 THEN DO /X TF ERROR IN ASStrMI]LY X,/+610 LINE'LINE+? /* rNcREÞtEr'¡T LINE coutJTER x/+620 RTRNT. O lx 9LEAR STATE T/+630 IF PRTNT EO 1 THEN DO /* TF FTLE LITìTTNG T/T6T0 BUFFL'MESSCE lx t¡i?vE MESS^GE TO RECOTìD BUFF*./¡}650 BUFFE(2).BUFFS(2)++1 /* Sq_lt END POINTER }/T660 CALL WR]TE<1,¡}670 IF RTRN NE O THEN CO TO E'IR7 /* IF I/O PIIOBLEM-MOPUPNEND */T6A0 END /t. * /T69O IF PRINT EO 2 THEN CALL DSPLY <, , ADDR( IIESSGE) >+7OO TF LTNE GT PÂGEL THEN Go To P,IGER /x IF PAoE BREAK REoUIRED-Go */+710 END ./* END OF RTRN-¡ 6T A IF */+72O GO TO LOOPz /X PI.CR UP NEXT II.JPUT RECORD X /T73 0 EOr:: /x 

^LL 
RECORDS OF I¡JpU f DONE * /+7ïO NUI,,IPRT.ERROR /* SÂVE TO CH^R NUMBER OF Efì,fìfìjr./b75O C,|LL DSPLY<, , ADDR(TOTALS)> lX DT!;PLAY NUÀ1EIER OF EÍIIIS 'I/+760 IF PRTNT EO l THEI.J DO /* TF FILE LISTfNG *,/+77O BUFFL'TOTALS lT MovE ERIìofìs ME55 To BUFFL */+7AO BUFFE(2).BUFFS(2)+1¿' /T,SET END oF IiIEsSf¡GE PoINI1--R,T/+79O CALL h,RTTE<1,, > /X T.'RITE MESS^CE TO FILE X/+AOO IF RTRN NE O THEN GO TO ERRT /* IF PROBLEMS, MOPUP&EI.JD X,I+AIO PARSEI.ADDR(RÂIINAM)tlaeo BUFFE(2).BUFFS(A)+A1

+A3O DO INDEXI.I TO ¡r
+A¡f O BUFFL ¡ P A RSEl - > BUFFER
+a50 GALL $rRrTE<1,, >

+8É;O XF RTRN NE O THEN GO TO ERNT¡1470 P^RSEl. PÂRSEl+80¡laa 0 END
+ago t LDX ¡IOCB+37 lx poINT TO LISTTiJC IOCB */.'gDD $ SC^LL . CLOSE /* cLosE LrsTrNc FILE */T91O IF STATUS(z) NE 0 THEN DO /r IF I/O PnOALEM-MOPUPAEND */+92o INDEXI.ST¡ìTUS(2) /* S^vE ERR6R cootr x/¡'930 PRf NT.o ./r OON'T TRy CLosIlJc ncÂrN */+9+0 GO TO ERRT lt AND GO TO MOPUP */+950 END /* x /
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+9É0 t LDX rÏocB+3?
+970 $ SCALL .RELES
+9AO IF STATUS(z) NE O THEN DO
+990 INDEXI.STÍITUs(?)
5000 PRINT.o
5010 co To ERRT
5O2O END
503 O END
SO+O TF OBJECT EO 1TI-IEN DO
5050 DO INDEX1.1 To A
SO6O CALL WRITE<0,
SOTO TF RTRN NE O THEN GO TO ERRT.50AO BUFFS( 3 ). BUFFS( 3)+72
S090 BUFFE(3)'BUFFS(3)+21
51OO END
511 0 S L DX sf OCB+ 7t|
s12O s ScALL .CLOSE
S13O IF STATUS( 3 ) NE O THEN DO51+O INDEXI.STATUS(3)
5150 OBJECT- 0
5160 GO TO ERRT
5170 END
.51A0 S LDX tfOCB+?¡+
5190 s scr¡LL .RELES
52OO IF STÂTUS(3) NE O TI.IEN DO521o INDEXI.STf¡TUS(J)
5??O OBJECT. O
52f,O GO TO ERRT
52+ O END
5250 END
5260 * LOX ûIOCA
5'¿7O i SC^LL .cLosE
52AO IF ST'¡TUs( 1) NE O THEN DO5290 fNDEXl. STÂTUS( 1 )53OO GO TO ERR1
53T O END
5320 $ LDX 

'IOCB5330 t SCTtLL .RELES
53+O IF STrlTUS(1) NE 0 Tt-tEN DO5350 INt)EX1'ST,lTUs(1)
5360 GO TO ERR1
5370 END
5340 Cr¡LL MDOS
5390 END
5+OO $CNVERM ANO A IOFOH
.5*1O $ LSR A
5+2D $ Lsfì A
5+30 t Lsfì f¡
5T+0 * LSR fi
5rr50$ÂDDAû90H
5+60 $ DÂrt
5+70 :D ADC A 3.r 0H
5+AO :$ DAfi
5'r9O $ RTS
5500 scNvERL nND A f¡0FH
551. O + 

^DD 
lt $90il

5520 t D,lfi
553 0 $ ÂDC 

'r 
ûï 0H

5-5+O $ Dn,|
5550 $ RTS
556O PÂRSE: PROC
5570 LErrDl:
55AO IF PARSE1 - ) ONE EO THEN DOSS9O PtìRSE1= PÂRSE1+ 15600 co To LE^DI
561 O END
562O TOKENA.'
5630 INDEX3.0
56tO SCrìN: Ol'tE.Pr¡RSE1->ONE
5650 IF ONE EG AUFEND THE¡J DO5€,60 IF TNDEX3 EO O IHEN DO5670 RTRNT.I
56A0 RËTURN
5690 END
57oo RTRNT.2
5710 EtúDVET.1
S72O GO TO SEÂRCH
5730 END
57+0 IF ONE EO '; ' THEN DO5750 rF TNOEX3 EO O THEN DO57ç'O RTRNTTS
5771J RETURN
57AO END
579O RTRNT. T
SA0 O ENDYET.2
SA1O GO TO SEARCH
5A2O END
5u30 IF oNE EO ':' THEN DO
5BI} O RT RNT ¡ 3
5A5O P^n:;tr1. pr¡RSE1+ 15A60 TF INDEX3 EO O THEN DOSgTD RTRNT - 7
Saao ERROR.ERROR+1
5a9o P0'HESSa
590 O END
591 O RETURN
s920 ENO
5930 IF ONE EO 

". 
oR oNE EO59¡}O THEN DO

5950 IF INDEX3 EQ O
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/r
/t/*/*/*/*/*
/x/*/*/*/r/r/*
/t
/x/*
/x
,/*
/x
/x
/x
/x/*
/x
/x/*
/x
/x
/x/*
/x
/x
/x
/x/*/*
/t
/x
/x/*
/x
/x/*
/x/*
/8
/x
/x/*
/t
/x
/x

POTNT TO LTSTTNC IOCB X/
RELEÂSE FILE */
ÍF T/O PROBLEM-MOPUP&END X/
srlvtr ERROR CODE */
DON'T TRY RtrLEÂSINC 

'IGÂTN 
X/

tro To HoP uP */r/
x/

rF FILE OBJECT */
WRTTE OUT EPROM I/
wRITE OUT RECORO I/
IF T/O PROBLEM.MOPUP&END */
,ìDJUST POINTERS FOR NEXT X /
RECORD * /
CONTINUE DO * /
POINT TO OBJECT TOCB X/
CLOSE FÏLE */
TF I/O PROBLEM-MOPUP&END */
sAvE ERROR CODE */
DON'T TRY TO CLOSE AGIITN X/
60 TO MOPUP */*/
POINT TO OBJECT TOCB */
RELEASE FILE X/
IF PROBLEMS-1..'OPUP & END */
SÂVE ERROR CODE */
OON'T TRY RtrLEASING A6AIN */
GO TO MOP UP X/*/

r/
POINT TO TNPUT TOCB */
CLOSE TNPUI FILE * /
TF I/O PROT3LEII-MOPUP&END */
sÂvE ERRO'ì CODE x /
GO TO MOP UP */

x/
POINT 'TO INPUT IOCB * /
I¡ND RELEASE INPUT FTLE X/
f.F T/O PROBLEM-MOPUP&EI'ID */
s,tvE EftRoR cof)E x/
AhJD GO TO MOP UP X/*/
PÂ55 CONTROL BÂCK TO I4DOS X /
END OF MNIN PROC * /
HtrX-ASCTT OF MS NTBBLE */
SHIFT M5 NIBBLE TO LS NIE,tlL*/

/* RElURN TO MÂTNLTNE
/XHEX-ASCII OF LS NTRELE/*
/x
/x/*/*
/x/*
,l*
/x/*
/x/*/*
/i/x
/x
/x/*/*/*/*
/x/*/*/*
/x
/*
/r
/t/*
/t
/t/*/*
/x
/x/*
/x/*/*/*
/x/*

RtrTUflN TO HAfl'JLI¡JE
TOKEI'J PARSER tIOUTTNE
REMOVE LENDING SP'¡CES
IF A ALÂNI<-IGNO,.E
INCREMT:-l'JT POINTER
AND REPE'¡T SCÂI'J

ASSIGN CURRENT TOKEN BLÂNI< X,/
ZEPO CURREI'JT CIIÂRÂCTER COUN*,/
5IN6LE OUT CUf{I{ENT CI-IÂRCTERX,/
IF Â Cn */
,IND TOKEN LENCTH EO O I /
sET RETURN çODI:, CR I.JO TOI<EN.Å/
,IND RETURN TO MIIIN T'ROCRAM X,/*/
OTHERWTSE, SET RETURN COOtr X,/
DOI'J'T SEÂRCH RECORD ANY MORX,/
fitüD sEARct-t Fotì of,coI)tr */

u/
IF 

'I 
COMME¡.IT DELII,IITER */

AND ZERO LENGTH TOI<EN X/
SET RTIìNT COOE */
AND RETURN FOR NEX I RtrCORD X,/

ù/
OTHERWTSE, 5ET RETURN CODÊ */
PII$S OVER REMATNDER OF RtrCOX,/
AND LOO¡< FOR OPCODI: X /*/

x/
x/*/
x/*/
x/
x,/*/*/
t/*/
x/
x/
x/
x/*/*/*/*/
x/

rF LABEL DELTMTTER
NOfiM'ILLY, IGNORE LAL]EL
POINT TO NEXT CHAfì FOIl PARSX,/
rF ZERO LENI;TH, 5YN'TÂX f:R¡iOI<\ /
ZERO L ENCT H SYNl AX ERROT.I * /
INCREMENI ERIìOft COU¡JTER
sET MESS'¡GE I /u/
RETURN TO 

'IAINLINE, 
NEXT TOI<X/*/

fF NoRMÂL rTELIMfTER */
THEN CHECK FOR ZEIìO LENGlII X/
IF SO, SYNT IIX ERROR * /

*/
x/

*/



s96o rHEN Do /r sET RETURN coDE AND RETURN x/S97O RTRNT.Z /* - * /59aO ERROR. ERROR+I /* INCREMENT ERÍìOR COUIIT * /.5990 P 0'MESSiz /r SET MESSTIGE t /60 o o RETURN /* RET URN FOR NEXT T 9KEN * /6010 END /t tl6020 RTRNT'6 lx Ê.LSE, NoRMAL RETURN CODE */6030 PñRSEI.PÂRSEI+I /r pOINT TO NEXT CH^R FOR pARSx,/60rto cO TO SEÍ|RCH ./x nND SErìRCH FOR OpCOOE * /6050 END - /,t * /6060 rNDEx3.rNDEx3+l /x r_F NoNE oF rigovE, vrtLro c+nx'/6070 IF rNDEx3 cT s Tt-tEN Do /* tF Too r,tnNy cHÂR IN ToKEñ */60A0 RTRNT.T /* SET RETURhI CoOE t/6090 ERRoR-ERRoR+I lx TNCREMENT ERRoR couNT */
6110 RETUR|,J /* t/6120 END /* */Ê130 TOKEN(TNDEXS).ONE /x ASSIGN VALID cHôR To ToKEN x761Þ0 PARSEI.PARSEI+I /* INCRE'IENT PARSE POINTER I/6150 GO TO SCÂN ,/r( nND CoNTINUE SCIìN x/6160 SEÂRCH:
6170 IF INDEX3 LE + THEN OO /* T.F POSSIBLE INSTRUCTION */61A0 PÂRSE2.ÂDDR(TOKEN'1) /X POINT TO TOKEN DECOOED */6190 FOUR.PÂRSE2->FOUR /x sAvE FIRST + rN ri LoNc sTRUx/6200 DO INDEXz.I To a? ./x scÂN TNSTRUCTIoI,J TÂBLE ,I/6210 IF oPCODE(INDEX2) EO FOUR /* ÎF TOKET{ 

^ND 
INSTRUCTIo¡J lilE22O TI.IEN DO /* rHEN sET FLñGS AND RETURN */6230 I<TND.CoDET(TNDEXZ) /* INDEX fN INDEXA */62+0 RETURN /* * /6250 END /x END rF */6260 END /x CoNTINUE Do */6270 END /,ß END LE ri rF t/62AO PARSE?.,ìDDR(ToKENf¡)

6290 KTND" /T TF NoT INsTRUcTIoN-vARrÂÙLtr*,/6300 NUM.PARSE2->NUM /* GE.r FrRsT cHf¡R oF ÏoKEN x/6310 IF NUI/i GE F¡5 
^t\¡D 

NUM LE 90 THEN GO TO OK99 /x IF Cl{nR ALPHA */6320 ERROR¡ERROR+I ¡x IF FIRST NOT ,ìLpHn,ERROI{ */6330 P0. MESS1 6 ¡ * LO^D ERROR MEfìSnCE * /63+0 RTRNT.T /I RELÂY MESS-EIìIr T/6350 RETURN /X AND RETURN ] O MAIIüLINE * /6360 OK99 - /* */6379 IF VAR EO O THEN DO /* CH:èCK rF NO VARS USED YET )K/6340 RntdNArl(1)'ToKENr¡ /x sAvE Tor<Et,¡ As v^RrÂBLE N^r4Ex,/6390 vAR.1 - /r strT R,lMNÂt,{ port\¡TER x//6+00 INDEX2.I' /x s1]. PoINTER To FrRsT vAR */
6¡f20 END /x x,t6T30 ELSE DO /X ELSE LOOK FOÍI NAI4E I1,I TÂBLEX,/6+T0 DO INDEX?.I TO vAR /x Loots. THRoUGI.I NÂMEs IN TnBLEx,/6+50 TF RfIIII,JAM(INDtrXz) EO TOKE'.IA THEN RETURN /I FOUIJD NN}4E X/6ï60 END _ / X INDEX TO RÍII,JNÂI.I IN INDEXz ,X /6+70 TF VÂR EO 'f O THtrN DO /* CIIECK rF TAËJLE FULL I /69A0 ERRoR.ERROR+7 lx NErr, NAME AND TÂRLtr FULL_ERÌ.*/6+90 P0.MESS1'| /x fNCRtrM ERR cOUr.jTEr{8LOAD HES*/6500 RTRI',IT.7 /* RI RN coDE To SI(IP REIITêERR,: /651 0 RETURN /* AND CO nÂCt< TO MÂIiüLINE */f,5?o END /x Et,tD vr¡R Eo +o IF a /6530 vf¡R-vAR+l /* lF NO Ettft, NI:w NÂME FOI{ rh}x./65+0 rNDr:x2. rNDExz+ t / * porNT To v/lRrrrBL F_ x /6550 PÂ'ISE2.'ìDDR(RAITNAM) /X CALCUL'ITE ÂDDRESS FOR TOI<ENX,/656D PrlR!;Ez.(PÂRSEz+(8)*VAR))-a ,/x OFFSE.T It,J ß^MNAM */E579 PARSEz-)TOI<EN^'TOl<Et,J^ t/* S]|ORE TOkENtt IN RÂMN'|¡| t/65A0 RETURN /* RETURN TO Ii|NTNLINE T /6-590 E''JD /X ENO V,IR EO O ELSJE DO CL AUSEX /6600 END /X END OF PIIRSE PROC X/6610 l/RITE: PROC <WTVPE,6620 DCL ItTypE BIN( 1 ) / x LTSTL,JC Otì OBJECT pfrRH )i /6630 RTRN. /* sEr NoRt.tr¡L RETuflt,J coDE x,/66tr0 fF WTYPE EO I .t* IF LISTINC F1LE !,rRI.rE x/6650 THEN OO /* THEN pUT OUT RECoRD x/6660 $ LDX srOCB+37 /r poINT rOCfJ TO LISTTNE FILE:*,/6670 t SCÂLL . PUTRC /x V!,RITE RECORD TO DfS¡<ETT1. */66A0 IF STATUS^(z) NE O ,I X rF PROBLEMS b'RITTI.JG * /6690 TIIEN DO ,/' THEN DISPLAV IíESSÂGE */670o BUFFf:R.. LISTIT¡c FILE pROBLEM.
6710 CALL DSPLY<, , ADDR(AUFFER)> /* X/E'72O INDEXI.STnTUS(2) /* SAVE RETURN CODE FOR ¡,1DF_!¿R x/6730 RTRN.I /* sET RETURN coDtr ,x,/67t0 END /x x/6750 RETURN /* A¡,,D RETURN X/67f'O END lx */G77D ELSE Do /* E-Lstr oaJEcr FÌLE x/67ao t LDx ¡¡IoCB+i.tl /t polN1 IocB To oBJEcT FILE *,/6790 T SC,ìLL . PUTRC /X AND URITE OUT RECOI{O */6400 fF STATUS(3) NE O lx IF pRoBLEM, DISpLrrV MEssÂGE,r/6A10 THEN ÐO /* - x/6A20 BUFFER.'OBJECT FILE PRORLEM' -/X 

I/6a3o CALL DSPLV<, , ADDR(BUFFÈR') /I x/68+ 0 rNDExt.StrtTUS( 3 ) /* 9 avE RETURN CODE FoÍt MDE1í1 ,t /6a5o RTRN'7 1r sET RETUTìN coDE x/€i1360 END-. /* */68-10 RETURI.J
6aao ENo - 

i* 
ÂND RETURN ',t/

6A90 END tr */
690 0 Ot'Tf ON: PROC /* OpTL ON pROCtrSSf Nc ROUTI NE x tl6e10 RrRN. /* sEr DEF^uai-RElijü¡l cooE x/É92o TUNIT.IUNTT /r sET DEFÂu¡i üIii"ruur¡Llsn */6930 TNÂME'IÎ,¡AME ./* SET DEFÀuLi Èile runr¡e * /69'10 PARSEI.PARSEI+I /* porNT ró-ñexi-èiinn */6950 Pr¡RSE2.P,ìRSE1+1 /* polr,rT To ê-rrÂn ÀË1ER */

-1 00-



6960 IF PARSE1->ONE EO'.'AND P^RSEz->oNE Eo'8'
É97O T}IEN DO /* TF CONSOLE TNDICATED THEN */
6940 PARSEI-PARSEI+5 /* ÈlovE PoINTER PÂsT.zrcN AND tßl
6990 RETURN(2,
?000 END /x t/
7010 IF PÍ¡RSEI->ONE EA'.' /* SPECIFIED FILE NIIME */
7O2O THEN DO /* PFNAM FILE NNIiIE *,/
7O3O PARSE1 - > ONE.' , ' ./* SET CURRENT CHIIR ÂS DEL * /
7OI}O PARSE2.ADDR(TFTLE) /T SET PFNAM CONTROL BLOCK */
7050 S LDX ¡rPnRSEl /* POINT TO CNTL BLOCK */
7U6O $ SCÂLL , PFNAM /* P'¡RSE NAME X/
7O7O $ ST'¡ B INDtrXz lX SI ORE RETURN CODE */
TOAO TF INDEXz LE 1 /* 

',F 
N'IME OK .. I /

7O9O THEN DO /* THEN LO'ID NAME INO TOCB */
71OO PAR5E1.PAR5E1+1 /* INCREMENT CH,IR POI,NTEÍI * /
7110 EO TO OI<O /* íIND ATTEMPT TO RESERVAOPEN )T,/
'f r20 END lx * /
7130 ELSE DO /* fF N'¡ME NOT OK * /
71I}O RTRN.z /X SET RETURN CODE }/
?150 RETURN< O,
7160 END /* x/
7I7O END /r END . IF CL¡IUSE x /
7140 OKo: FILE(INDEX3)'TFILE lx Lo/lD DECODED FILE NrlME */
?19o $ LDX srOCB ,t* t /
?2OO S STX PARSE? lX AND STORE FOR Mf'L */
7279 PARSE2'P,IRSEz+OFFSET /* CALCLÂTE RELfITIVE,¡DDRESS X/
7220 t LDX Pí¡RSE? /,ß PoINT TO IOCB x/
7230 + SCALL . RESRV /X RESERVE FILE */
72+O IF STÍITUS(TNDEX3) NE O /* IF AN ERIIOR OCCURED TN RESEX,/
7250 THEN DO ,/X THEN SET RET URN CODE$ * /
72tO INDEXI.STATUS(fNDEX3> /t SÂvE ST^TUS coOE */
7279 RTRN.3 /x SET RETURN CoOE */
72AO RET URN < 0,
7290 END /* * /
73OO $ LDX PARSE? / X SET TOCB FOR OPEN X/
7310 * SCTTLL . OPEN ./x OPEN FILE x /
7320 IF STATUS(INDEX3) NE O lX IF ERROR IN OPENTNG FTLE X,/
7330 THEN DO ,/* THEN RELES TOCB ÂND INOP UÍ' X/
73'10 IIJDEXITSTTITUS(fNDEX3) l¡r SÂVtr STnTUS x/
7350 $ LDX PrìRStr? / x POINT TO IOCB * /
7360 $ SC'ILL . RELES ./I RELEÂSE FTLÊ. X,/
7370 RTRN.3 /x SET RETURI,J coDE *./
73AO RETURN<0,
7390 END /* x/
7+00 RETURN(1,
7rr1o END ,/x Et\,D oF OPTTON PÍìOC * /
7+2O 1 OPPG: PROC /* PR]NT P¡ìcE HE^DER x/
7f30 CPTII'PAGE ltß PAAE NUÌ4BER TO HEADETì t/
7IT+O P¡ìGE.PAGE+T /* TNCREMENT P'¡CE COU'.JTER X/
7+50 LINE'3 /:T 5ÊT LINE COUI'JTE'{ */
7+60 RTRN'O / * CLET|R RETURT',| CODE *,1
7+7O IF PRINT EO 1 THEN DO /* fF LISTII'¡G FILE RÍ:OUESTED * /
7+8o BUFFL.HE'¡DER /x HEnDER TO REcoRD BUFFER */
7T9o BUFFE(2)'BUFFS(2)+79 /* SEI END oF REcoRO PoINTER */
7500 CÂLL nRITE(1,
7510 IF RTRN NE O THEN CO TO EI.JDTOP /X T.F I/O PfIOBLE14 - MOPUP/END'1./
7S?O BUFFL.HEÍ|D2 ,t* ELSE trtflITE SI:COND LIIIE HDft,Í,/
753o BUFFE(2).BUFFS(2)+29 /x SET END oF REcor.lD PoTl'ITER '4/
75rr0 C^LL [{RITE<1, t Þ /*. ltllll E RECORO TO Ff LE */
7550 IF RTR¡J NE O THEN GO TO ENDTOP /X T.F I,/O PROBLEM-MOPUI' & E¡JD *./
7560 EI'JD /* * /
7570 IF PRINT EO 2 THEI'¡ Do /tt !.F LISTING To CONSOLE ,t/
75AO CÂLL DSPLV<, , ADDR(BUFFL)> /* DTSPLAY FTRST LII\IE */
759O CALL DSPLY(, , ÂDDR(HEA02)) /* DISPLAY SECOND LINE X/
7600 BUFFER.' ' /* nDvllNCE RLfil.Jl< I-INE */
7610 CALL DSPLY <, , ADDR( BUFFER) > /T X /I
7620 END /Y. */
?63O ENDTOP: /x */
76+0 RETURN ,/T RETURN TO MÂTNL]NE X/
7650 END ,/'T END OF TOPPG PROC X /
7660 PROCES: PROC /* STÂTE M^cHrNE, LoCJC PRoc r/
76?O Pf¡fÌsE2TADDR(BITUP) lX CET POfNTER TO ATT 9JISE BYT)T/
76A0 IF KIND Eo O THEN NUM.INDEX2-1 /* IF v^R, USE BÂSE O /TDDRESS:i,/
7690 ELSE NUM"CODE(IßJDEX2) /* ELSE GEr BrT CODE *1
77OO PARSE2.>NUM.NUI.I /* LOAD ADDR/RITS TO BTTUP ,I/
77TO IF KIND EO 6 THEN GO TO NOhISUP /* OUf FOR NOTJSUPPOÍ{TED COOE */
77?0 EO TO (5T1, ST2,5T3, ST+, Sl 5,5T6, STnERR), STATE
7730 ST1: IF RTRNT EO 3 THEN DO /* IF L^BEL, NO CODE HRITTETJ | /
77+O STATE-? I * MovE TO STTTTE 2 x /
7750 GO TO ENDSTA / * RETURN TO M'ITNLTNË T/
7760 END lx * /
7770 IF KINO EA 1 THEN GC TO âRTTH lX AF 

'ìRITH 
OP COOE, PROCESS */

77AO IF KIND EA 5 THEN GO TO IOCODE /* T.F f/O CODE, PROCESS X/
7790 CO TO STAERR lX O1 HER!'TSE, SYNT'IX ERROR */
780O ST2: IF KfND EO 1 THEN cO TO rìRITH lx lF 

^RITH 
oP CoDE, PRoCESS x/

7A1O IF KTND EO 5 THEN GO TO IOCODE /* T.F I,/O CODE, PROCESS X /
7A2O EO TO sTÂERR /* OT HERI'IsE, SYNTIIX ERRON X /
7830 ST3: fF KIND EA O THEN cO TO VÂRDES ,/x VARIABLE tls Â DEfìTrl.JATIoN x/
7A+O IF KIND EA 2 THEIJ GO TO DÂRDES /* OAR 

'ìS 
DESTINATION I/

TASO GO TO STIìERR /* OTHERT",ISE, SY',JTÍ¡X ERRO¡Ì */
?86O 6Tr}: IF KIND EA O THEN GO TO vÂRSoU /x VÂRIAULE AS soURcE */
7E7O IF KTND EO 2 THEN CO TO DARSOU lX T'AR AS THE SOURCE */
TEAO IF KIND EA 3 THEN GO TO COT'¡XXX /* CONSTANT AS SOURCE T /
7A9D CO TO STITERR /* OIHERVJISE, SVNTAX ERPOR */
7900 ST5: fF KIND EO 5 THEN CO TO IOCODE lx L/o CODE, PRocESs x/
?91 0 rF KrND EO + THEN GO TO SI-IXXX lt SHr-F-r CODE' PROCE!;s */
792o Go ro srtlERR ln orHERwrsE' sYNTÂx ERRoR */
?93o 5T6; IF KINO EO 5 THEN CO TO fOCoDE lx L/o cgDE, PROCESS */
79+o STAERR: ERROR'ERROR+I /r INCREMENT ERRoR COUNTER */
7950 P0'HES52 /* Lo^D ERRoR MEssÂGE */
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7960 PNÍ9O: STATE'A /* INDIçATE ERR9R TO M^1NL¡NE :ß/
7970 RTRI\¡ï"7 /x */
79n0 RETURN /x RETURN T o |,|ÂINLTNE u /l
7990 ARITH: STATE'3 / x SET NEU 5T¡ t E coDE */
4000 IF INDEXA EO 2 THEN nNDXrl
8O10 fF INDEX2 EA 3 THEN LIMX.I
a020 IF fNDEXZ EO + THEN ÂBSX.1
ao3o fF INDExe EA 6 THEN SUBX.I
a0+o LO.0
AoSo L1.O

060 L2.0
4070 IF BIT0 EO 1 THEN LO.l
A0A0 IF BITI Ee 1 THEN L1.1
8090 IF BrT2 EA I THEN L2.1
8110 IOCODE: STATE.T /x SET NEtr, STATE CODE */
8120 IF INDEXz EO 16 THEN GO TO PNT97
A13O TF INDEXz CE 33 AND INDEXz LE +O THEN DO
81¡rO PNT97: IF SUBX NE l' Tl-lEN cO TO PNTgA
4150 GO TO PNT96
AI 6O END
4170 GO TO PNT99
8180 PNT96: CONl;Ut3(1).1
A19O IF D,ìROUT ( 1 ) EO 1 THEN DO
82OO ERROR.ERROR+1
821 o P 0. MES51 2
8220 CO TO PNT90
A23O END
82*O GO TO PNT99
8250 PNT98: rF nl'¡Ox EO l THEN DO
4260 ERRoR. ElìROR+1
A27O I PO.t'lESSg
a2a0 co To PNT90
4290 ENO
A3OO IF LIMX EO 1 THEN DO
431 0 ERRoR.ERRoR+1
432 0 P o. MESSl 0
4330 tro To PNT90
a3ço ENO
A35O IF ABSX EO 1 THEN DO
A36O ERROR. ERROR+1
4370 Po.MEs511
83¿0 GO TO PNT90
A39O END
a$oo P|JT99: IF INDEX2 Eo 15 THEN cO TO PNT100
8I}10 IF INDEXz çE 25 f¡ND INOEXa LE 32 TIJEN DO
8T2O PNTl0O: CVTX(1).1
A+3O IF DÂROUT(z) EO 1 THEN DO
STrlO ERROR. ERtìgR+1
Aï50 P0.ME555
8+60 GO TO PNT90
8+7O END
A+8O IF CVTX(z) EO 1 THEN DO
8+90 ERROIì. ERROR+1
4500 Po.MESS(;
a5r0 co To PNT90
452 O END
453 0 IF CONSUB( 2 ) EG 1 TllEt,l Do
A5+O ERROR'ERROR{ 1
A55o PO.MtrSs7
4560 GO TO PNT90
A57O END
ASAO IF D,lROUT(1) EO 1 TI.IEN DO
E'59O ERROR.ERROR+1
a6o0 Po'MESSA
A610 GO TO PNT:'O
A62g END
863 0 ENU
86IT0 IF INDEXz EE 17 AND INDtrXz LE 2+ THEN DO
8650 IF DIIROUT(2) EO l THEN DO
466 0 ERR oR. ERR OR.l 1
8670 P0'MES53
a6ao Go To PNT90
A690 END
ATOO IF CONSUB(z) EO 1 THEN DO
A7:.0 ERRO'I¡ ERROR+1
A72O Po.MESS+
4730 GO TO PNT90
87+O END
A75O END
876o ADFO.0
A77O ADFI.O /x */
A7A0 ADKo. O /t * /
4790 ÂOK1. O /x t /
8A0o nDKz. O lx */
AA1O IF BIT0 EA 1 THEN ADF0.1
8A2O IF BIT1 EA 1 THtrN ADFl.l
AA3O IF BTT2 EO 1 THEN ,ìDKO'1
88+O TF BIT3 EO 1 THEN ADKl.l
SASO TF BTT¡T EO 1 THÊ:N 

'ìDK2'18A60 GO TO ENTJSTA / * RETURN TO MAINLINE */
8e70 Df¡RDES: /* r /
AaaO DttROUT(l).1 //* FLAÊ D^R AS DE!] IN CURREI'JT x,/
8490 VARDES: ETATE.Ii / * SET NEH STrtTtr CODE */
8900 E|0. O /* Cop V IN BIT ADDRESS */
4910 B1.O lx */
4920 El2.0 /* */
A93O B3-O /* */
89+O B+.0 li */
89SO 85. O /* * /
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8960 IF BTTO EO 1 THEN BO'1
8970 IF BTT1 EA 1 THEN B1-1
89aO IF BIT2 EO 1 THEN B2.l
8990 TF BIT3 EO 1 THEN B3-1
9000 IF BIT+ Ea 1 THEN B+-1
9O1O IF BITS EO 1 THEN El5.1
9O2O GO TO ENDSTA
9O3O DARSOU:
90$o VtrRSou:
9050 CoNY STATE.S
906D 

'ìr 
¿

9070 Âi. O
9oa0 A2.O
9090 A3. O
91oD A+.0
911 0 A5'O
9120 IF BITO EA 1 THEN AO.1
9130 TF BTT1 EO 1 THEN Â1.1
91+O IF BIT2 EO 1 THEN A2.1
9150 IF BTT3 EO 1T¡-IEN Â3'1
9160 IF BI'rt EO 1 THEN ,t+.1
9170 IF BTT5 EO 1 THEN A5.1
91a0 co'fo END:tT/t
9190 5l-IXXX: STf¡TE.6
92OfJ TF LTMX EO I AND CODE(I¡.JDEX2)
9210 ERtìoR'ERROR+1
9?2O P 0. MEssl 3
9230 GO TO PN'f90
92'|0 END
925o S0.0
9?6o 51.0
9?7o 52.0
92ao 53.0
9290 IF BITO EO l. THEN SIJ.19300 IF BIT1 Eo 1 THEN 51.19310 IF BrT2 Eo 1 THEN SA'1
9320 IF BITS EG 1 THEN S3.1
9330 GO TO ENDST,ì
93T0 NONSUP: ERROR.ERROR+1
935 0 P o. MEssl 5
9360 STnTE.a
9370 RTRNT - 7
93P,0 RETURN
939D ENDSTA: RETURN
9+O O END

/*/*
/x/*/*/*/*/r/*/*

RETURN TO HJTTNLTNE

SET NEId ST'ITE CODE
COPY TN BIT 

'IDDRESS

/* RETURN ÏO I'l¡ TNLINE
/x SE.T NE{â, STt¡TE CODE

NE $OF THEN DO

/X COPY IN SHIFT BIT CODE
/x
/x
/t

*/*/*/*/
*,/
x/
x/
x/*/*/

/*
/x/*/*/*/*
/x

*/
NON-SUPPORTED TNSTRUCTTON .Å/

*/
FL'IG PROBLEM TO M/ìINLINE ,I/*/
RETURN TO MÂINLTNE */*/

x/
x/

x/*/*/
*,/
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Appendíx C

CIRCUIT DIAGRAMS
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Analog
Recordi

INTERRUPT

2920-1

(Master)

EXORc isor

I

I

I

I

REAL
T IME
CLOCK

Amdahl

SHIFT
REGISTERS

SYSTEM CONFIGURATION
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ALL CLOCK LOGIC
SUPPLIED WITH GRND &

Clock for 292os

_Tl^-ffixrAL1
_5v 

*\LD,----xrAL2
: 

T'o

L M439
10k

Reference Voltage

SHIFT

3.9 k

CONTROL

15k

MASTER
EOP

MOS

IVREF

7 4221

Sh¡ft Control

SHIFT
R EG ISTER

100 p
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CMOS.--l--\ 1 5k

svffiL--P--'^^'-r<lfrooî- f' .n-:- ISynch Start :
5V

5V

CLOCK
INPUT

5V

+
I
+

L

i

)

Sh¡ft Register

OUT PUTS
TO PlAs

AN A LOG

OUT 3
OUT4
OUT 5

GRND
OUT 6

OUTT

-5V

goop - vREj_f;;

2920 Run Socket

-l¡, lOK

' loK

- 1,0q -

I L-- <rr
LJ"\H w v

_L

¿

1000u


