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13 ABITRACT

K ‘This report discusses the possibility of extracting slesp information from

3 heart rate data. Eight hours of sleep EEG, EOG and electrocardiograms were recorded
on FM magnetic tape for two nights for each of eight subjects. The time in milli-
seconds between heart beats was written on digital magnetic tape. Tae Jata were

k- grouped into records containing 128 ¢onsscutive baaL-to=boat intervals and a large
number of descriptors was cowputed for cach wveccrd. These descriptors for each
record were the mean value, the sample variance, the nine-interval histogram of 2
scores, and a set of Fourier transforms. Analysis of variance was used as a general :
guide to descriptor significance for each subject. The Jiscriminant analysis pro- H
cedure described by Rao and popvularized by Cooley and Lohnes was used to sleep stage
3 slassify heart rate data. Accuracy of tne procedure was determined in terms of

'3 . percent correct classifications, correlation coefficieat of the computerized sleep
pattern with respect to the EEG hand scored pattern, and an empirically derived cost
function.

The results of this study suggest that for a single night of sleep a reasonable :
accuracy of sleep ctagz classification is possivle. However the variability in :
b heart rate from night-to-night for any one individual produces unacceptably poor
= classification results on the second night.
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ABSTRACT

This report discusses the possibility of 2xtracting sleep information
from heart rate data. The recognition of sleep stages or even the ability tc
differentiate sleep from wakefulness using heart rate information alone rather
than the conventional EEG measures could expend the scope of sleep studies.
In many situations where it is desirable to evaluate wakefulness and sleep,
EEG electrodes become unreliable after a few days and the time bandwidth
requirements of recording and transmitting the EEG are excessive.

Eight hours cf sleep EEG, EOG and elecuocardiograms were recorded on
FM magnetic tape for two nights. The method of data collection and sleep
scoring cf the EEG was reported ia detail by Lessard, Ford and Hughes of
the USAF School of Aerospace Medicine {14). Copies of the FM magnetic tapes
containing sleep data for ten subjects were supplied to The University of Texas
Bio-Medical Engineering Labr ratory by the U. S. Air Force School of Aerospace
Medicine.

Double differentiation of the filtered electrocardiogram and threshold logic
units were used to detect the peak ¢f each R-wave. The time in milliseconds
between heart beats was written on digital magnetic tape. The data were
grouped into records containing 128 consecutive beat-to-beat intervals and
eleven descriptors were computed for each record. These descriptors for each

record were the mean value i, the sample variance Sz, and the nine-interval
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histogram of the beat-to-beat R-R intervals. We represented each R-R inter-

val as X1 and the mean value and standard deviation of the 128 R-R intervals

as i and §, respectively; then the standardized valu :or the ithheart beat was

z = 1 (1)

The distribution of Z scores had a mean value of zero and standard deviation
of one. Histogram intervais were one standard deviation wide and the number
of stand;rdized scores falling in each of the nine intervals were used as the
value of the histogram descriptors. Each group of 128 heart intervals had a
different mean value, X and sample standard deviation, S.

The outer intervals of the histogram extended from - to -1~3/4 and + 1~-3/4
to+»,

Analysis of variance was used to determine descriptor significance for
each subject. This procedure tested the null hypothesis for each descriptor.

{n other words, what was the probability that a descriptor mean value for awake
and the five stages of sleep were equal? Our program used an F-test to com-
pute the probability that the ;mean values of the Cescriptors for each stage of
sleep were equal. The hypothesis was rejected if P < .01.

The discriminant 3nalvsis procedure described by Rac (17) ard popularized
by Cooley and Lohnes {7) was used to sleep stage classify heart rate dats.

Approximataly one-half of the first recorded night of sleep for each individual

N T S L S
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was used as a training set in the discriminant analysis procedures. Once the
training set had been obtaired both nights of sleep for the individual were
sleep stzge classified into awake and stage 1, 2, 3, 4, and REL1 sleep.
Accuracy of the procedure was determined in terms of percent correct classifi-
cations, correlation coefficient ¢f the coumputerized sieep pattern with respect
to the EEG hand scored pattern and an empirically derived cost function.

The results of this study suggest that for a single night of sleep a reascn-
able accuracy of sleep stage classification is possible. However the varability
in heart rate from night-to-~night for any one individual produces unacceptably

poor classificatiun resuits on the second night.
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£ ' INTRODUCTION

Extended pzriods of sleep deprivation commonly produces a decrease of
performance capabilities at skilled tasks (4,10,13,18) ir addition to un-

healthy changes in personality profiles {22,23). Indeed, hallucinations

-'_' have been cbserved in laboratory experiments (3). Kleitman (12) reports

that "among the effects of prolonged wakefulness are irritability and mental
disorganization, leading to daydreaming and automatic behavior, occasionally
bordering on temporary insanity." Decreased pe:’‘ormance prevents a person
from meeting the requirements of many military situations which require maxi-
ma) alertness and performance by the on-duty personnel. Berry (4) reports
that fatigue due to inadequate rest interferred with the ability of the astrunauts

to perform tasks in the Apollo VII and VIII missions. Usually the state of alert-

S,
TAF

ress and performanca for an individual is associated with the amount of rest

and sleep hie has obtained.
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Unicrtunately the t :chnical difficulties in obtaining sleep informaticn
have impeded sleep research outside the laboratory. Classically sleep is
evaluated from electroencephalographic data (EEG). The iastability of “he EEG
electrodes over extended periods of time and the lack of an automated process
X fcr evaluation of the EEG has discouragad meaningful regearch of sleep in

militarv situations.

" One possible solution to this prcblern: would be the development of an alternate

source »f sleep information. The sovrce we consider in this report is beat-to-
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beat heart rate. This electrophysiological measurement is more stavle than
the EEG over long periods of time and there is evidence that average heart
rate is infiuenced by sleep. It is the intent of this report to determine the
feasibility of using instantaneous heart rate in an automated process as an

indicator of the sleep-wakefulness cycie.

Statement of Problem

Pilots in flight are not alwa*'s able to report accurately their physical
condition, particularly with sespect to drowsiness-wakefulness, which
affects alertness and operational capability. A simple objective measure of
this condition under operational conditions is desirable. Any solution must
keep the sensory system simrple and must keep the required transmission band-
width small. One possibility is to derive this wakefulness information from
heat-to-beat heart rate data, transmit the heart rate data to ground stations,
and use computer analysis 1o determine sleep stage from heart rate derived
measures.

In a previous report from The University of Texas at Austin (21) we
described the computation of saveral different measures of beat-to-beat heart
rate. We also computed the possible utility of each of these measurements
to a sleep stage classification program. This report examines computer claesi-

ficaton of sleesp stages utilizing the measures described in our previocus report.




Review of Literature
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Since the classical work of Demént and Kleitman (8), the depth and dura-

tion of sleep has been determined by examination of electroencephalographic

Gata. However, the reccrding of a full night of sleep EEG on a strip chart

recorder results in a bulky set of data. Further the visual interpretation of

thece data is a time-consuming task since an individual must manually scan

S 2 S L Lol B Aot g b n Sl sy 0ty b S1 A i,

oy

up to 1,000 feet of <trip chart record! Trained personnel, using well-docu-
mented criteria to score the sleep records, have not produced a consistent 2

procedure for scoring a night of sleep with a guaranteed accurzcy better

YA e &

than 90% (24). Monroe (16) reports inter-rater consistency in scoring sleep
records by different specialists to be only 65 percent., Many inaccuracies
may ke due to the marked degree of subjectivity that must be used in
visually scanning lengthy records, In scme situations such as space flight .
pandawidth, weight considerations and poor electrode techniques suggest
that an alternate signal to the EEG is needed.
Coupling between sleep activity in the hrain and autonomic nervous
system motor activity has been documented by many investigators (5,6,1',15,19).
Snyder {20) reported significant changes (P < .05) in average levels of
blood pressures, respiration and heart rate between stages 1-REM and
stage 2. Data were recorded from twelve subiects for a total of thirty nights,
' There was a 6% average increase in heart rate, a 7% average increase in res-

piratory rate and a 4% average increase in systoiic blood pressure from stage 2

%
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to stage 1-REM. Significant changes (P < .".,j ¢:d not occur between stage 2
and combined stages 3 and 4.

Since the depth of sleep typically produces measurable changes in
autonemic bodily functions. we anticipated that autcnomic activity could
be used to describe depth of sleep. Of the organs under the control of the
Zutonomic nervous system, the heart has one of the richest supplies of both
adrenergic and cholinercic nervz endings. The heart zlso produces an elec~
wical signal that is easy 0 measure {(the electrocardiogram). Mosz of the
information supplied to the heart by the autonomic nervous system is reflecteda
in the instantaneous R to R interval (the beat~by-beat heart rate). Only a
small portion of the autonomic information supplied tc the heart is reflected
in the electrccardiographic wave shar«. Thus the beat-by-beat heart rate
should be a useful measure in determining sleep stages.

In a study by Brooks ( 6) six individuals (three husbands and wives)
were observed for fifty nights of sleep, Brooks found a 10% average increase
in heart rate when the cepth of sleep lessened by ona stage from stages 4 to 3
ot 3to 2. He also found a 13.7% average increase in heart rate with two stage

lessening of sleep {4 to 2 and 3 to 1}. A 21.5% average increase in heart rate

cccurred when sleep level lightened by three stages (from 4 to X or from stage 3

to wakefulness). Brooks concluded that sleep depth was probably reflected
mcre in changes in cardiac cycle length {i.e. instantaneous R to R interval or

beat-by-beat hear: rate} than in the average heart rate values he used.
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Review of Our Past Work

In our previous work, analysis of variance was appliad to several types
of measurements which were obtainad from instantaneous heart rate data.
Significant measures of sample mean value, saniple standard deviation and
histogram were found for both the instantaneous heart rate and the beat-by-
beat interval. Table 1 graphically illustrates the level of significance of
each of these measures for each subject fcr the interval measures. The
level of significance is measured with the F test and indicates the level of
rejection of the hypotheses of equal mean value for each stage of sleep for
the measure under considerztion.

Fourier analysis of the instantaneous heart rate data produced a large
number of variables which were signifinant at thz .001 level. All measures
were made on: ensembles of 128 heart beat intervals (the number of seconds
between cach heart beat). A detailed presentation of the results of this work
is available (21). At the time we wrote this earlier report, it was recognized
that the analysis of variance test did not define the level of separation a
variable might accompiish in multiple class data. However, variables that
are significant at the .C01 level can frequently provide s reasonable starting

point in the search for reliable measures to be used for classification.

Rationale of Present Approach

The data of all test subjects presented to The University of Texas was

classified into one of six stites (or levels) of consclousness. These were

¥
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awake, stage one through four sleep, and stage REM. While these categories
or stazes of consciousness have been considered by manv to be steandard, they
are based primarily on EEG criteria. Physiologically these stages probably
have little direct meaning.

Because of the difficulty of computer classifying six categories, we
attempted to simplify the problem. The deep sleep stages 3 and 4 were com-~
bined into a single stage and stage 1 and REM we:e grouped together. There-
fore the number of consciousness levels was reduced from 6 to 4.

Stace 1 and REM were combined because we felt there vas littie meanringrui
ditference between the two sleep stages. Sleepstage REM is usually scored
whenever Stage 1 EEG is found after the lst sleep cycle. in other words, the
only timne Stage 1 was scored was during the first sleep cycle; aiter that all
Stage 1 EEG was typically scored 2s REM. Agnew (2) concurred in this opinicn,

Similarly, we were unable to find any reason why Stages 3 and 4 should nct
be combined. Typi~=ally in the evaluation of sieep effectiveness, stages 3 :ind
4 are ¢>mbined (2). "

Once the dimensionality of our problem was reduced to four, we sought
to develop a "cost” function to evaluate classification procedure. This was
necessary since it is typically difficult for humans to compare error functinns
of four variables. The we!ghtings suggestad by Agnew (2) stress the importance

of differentiating between awake and sleep.
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A much smaller cost is assigned for making “one" stage errors during sleep.
Table 2 represents the empirically-derived cost matrix.
3 TABLE 2
The cost of classifying stage - - -
Awake{ 1, REM 2 | 3.4
: !
...as Awszke | 0 1 1 l 1
stxqe -~ = 1 !
;.  1,ROM | 1 0 1/4 1/2
3 : } :
2 1 ; 1/4 0 1/4
3,4 1 1/2 /47 0

l i i

A cost per classification is obtained when this cost matrix is multiplied by
a sleep result matrix (or an element-by-element basis - not as matrix multi-
plication is typically parformed) and the elements of this product matrix are
summed then divided by the total number of points considered in the classi-
ficatica matrix.

Note that the greatest cost of errors occurs when an awake epoch is
classified as sleep, or when any sleep epoch is classified as awake. No
cos® i+ accrued for a correct answer and weightings of one-half are charged
for missing the sleep stage by more than one levei. This single numbar cost

value permits effective comparison of the various variables used in the classi-

tication procedvre.
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DISCRIMINANT ANALYSIS

The optimum preccdure for classifying a sample of data with d~-measures

is achieved using the Bayes discriminant fun~tion which requires knowledge

(or estimates) of thc g priori probability of occurrence of each category and

H
3
3
N

the d-dimensional joint density function of the measures for each category.

A non-op*imal, but computationally feasible, approach to classification is
Multiple Discriminant Analvsis. This analysis includes a linear transformation
to reduce the dimensionality of the problem and a Bayes classifier as {llus-

trated in Figure 1

Data X Discriminant Y Bayes Classifierj Classificatior
analysis class » S

L3
d-dimensiocnal | separating
measure vector | transform

CLASSIFICATION PROCEDURE
Figure 1

Often information from an experiment can be divided into a sequence of con-

secative epochs. For each epoch a set of descriptors or measures is computed

that may contain sufficient information for the classification of the epoch.

It is convenient to picture the set of iata for each epoch as a point in an
d-dimensional space whare one point descrihes each epoch. Further 2ssume

the classification asscciated with each of those epochs is known; where

X
k4
=
%
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iisequaltol, 2, 3,...R and R is the total number of classes.

Ancther important representation of the d descriptors is that of a
d-dimensionai vector . Each epoch is represented bv a different vector.
Thus we have the picture of points in a d-dimensional space and their corres~
ponding vector representation X.

The linear transformation of Figure 1 maximizes the distance between
centroids of each category in the Y space while holding the overall variance
constant. The transformation reduces the dimensionality to the minimum
number required to compartmentize the space for the categories under con-
sideration. That is, the dimensionality of Y is the minimum of either (a) dimen-
sions of X, or (b) the number of categories minus one.

The discriminant analysis procedure assumes the joint density function
of Y for each category is narmally distributed. Thus, conditional probability

of group occurrence may be computed according to:

"
Poet

Pl/Y) = ——— i=1i,2,...R

where

n, = is the a priori probability of occurrence of class j

]
f’ is the joint density function for class j evaluated at Y,
-1
\" 43 \?
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M, is the centroid of class j in the Y space

j

Ej is the covariance matrix of Y for class |

Application to Heart Rate Data

The heart rate data was divided into a sequenr 2 of 128 bheat-to-beat
epochs. For each epoch heeart :ate descriptors were computed that were antici-

pated to contain sufficient infcrmation for the determination of sleep stage

during that epoch.

b
3

Vi sy

I FERS

wabn A

e

Zad Wt _nahUSLiRA

T

W

® b e

utlaniltde s A e itk Uy

+ it LA £ W e !

A L A Ml B0 S b v

4B, el

PEeay

LA £ 8 I NS 1

e

fa doI0a

AR, LR AL I b I S, B YA it B W B0 O b o Bk,



12

PROCEDUFE

Data Acquisition

Electroencephalographic and electrocardicgraphic data for this study
were collected on FM magnetic tape at The University of Florida Sleep Labo-
ratory by W. H. Agnew, Jr. under Air Force Contract No. F41509-68-C-0G3.
Ten subjects at The University of Florida were seiected on the basis of good
physical and mental heaith as determined by medical examinatiun and the
Mianesota Multiphasic Perscnality Inventory. Each subject spent at least
three consecutive nights in the laboratory. The first night was used to con-
dition the subjects to the laboratory in order to avoid first night effects ( 1).
Eight hours of sleep EEG, EQCG, and electrocardiograms were recorded on FM
magnetic tape for two nights. The method of data collection and sleep scoring
of the EEG was reported in detail by Lessard, Ford and Hughes of the USAF
School of Aerospace Medicine (14). Copies of the FM magnetic tapes containing
the sleep data were suppliecd to The University of Texas Bio-Medical Engineeting

Laboratory by the U. S. Air Force School of Aerospuce Medicine.

Data Reduction

Double differentiation of the filtered electrocardiogram and threshold logic
units were used to detect the peak of each R-wave. The time in milliseconds
batween heart beats was written on digital magnetic tape. The data were

grouped into records containing 128 consecutive beat-to-beat intervals.

|

‘i L
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A number of descriptors were then computed for each record. Eleven of

the descriptors were the mean value i, the sample variance 82, and the nine
intervals histogram of standardized instantaneous beat-to-beat intervals for
each record, Standardized beat-to-beat intervals were calculated using

equation (1).

2= —g (1)

The R-R interval for each beat was )rl1 and the mean value and standard devi-
ation of the 128 R-R intervals was X and S, respectively. The standardized
instantaneous value for the ith heart beat is Zi' The distribution of Z scores
calculated in this way always has a mean value of zero and standard deviation
of one, Other measurements for the 128 R-R intervals included eleven instan-
taneous heart rate measures analagous to the interval measures and 64 Fourier

Transform measures.

a3

Histogram intervals of one-half standard deviation were selected as
E illustrated in Table 3. The number of standardized scores falling in each

of the nine intervals were used as the value of the histogram descriptors.

A A W

Each group of 128 heart intervals had a different r:ean value, X and sample

TR
B

standard deviation, S. The outer intervals of the histogram extended from

Tag ity

-®to-1-3/4and + 1-3/4 to + >,

Analysis of variance (7,25) was used to determine measure significance for

it Al b

3
i

each subject. This procedure tested the rull hypothesis for each measure.

In other words, what is the probability that a measure's mean value is the

- e e e R T
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TABLE 3 14 3

HEART INTERVAL MEASURES if;;
Measures Description of the Measure %
i Sample Mean Value :Z?
2 Sample Stendurd Deviation g
Histograr Measures (1/2 ¢ Intervals) E

3 e<- 13/40 %
4 -13/4¢ < 2<- 11/4¢ §
5 -11/40 < 2 <- 3/4c :gg
6 - 3/40 < £<~- /40 A
7 - /4o < 2<- 1/ac %
8 1/40 < 2 < 3/40 %
9 2/40 < 2 < 11/40 ’g’f
10 11/40 < 2 < 13/4¢ %
19 13/43 < = i
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same for awake and the five stages of sleep. Ovr prcyram used arn F-test to
compute the probability that the mean values of the descriptors for each stage
of sleep were equal. The hypothesis was rejected if P < .01. The most sig-
nificant measures were selected to be used to train the discrimirnant function.
Detailed results of the analysis of variance procedure are in our previous

report ( 21},

Discriminant Analysis

After descriptors for each epoch of 128 heart beats had been computed,
computer class:fication was performed in the following manner.
(1) Approximately 50% of the first night's epochs were seiected
as training data. The exact number of epochs corresponded to the larger of
either 25% of that class‘s total number of epochs for an individual's two nights

of sleep or ten epochs. Ten epochs represented an arbitrary minimum number

: f samples for estimation of the d-dimensional centroid and covariance matrix

for each class. If the first aight of sleep did not contain the required number

b
(ER T

of epochs then epochs were selected from the second night of sleep. Each

epoch contained a complete set of heart rate, interval and Fourler tansform

ey
A A P e

descriptors.
& (2) Selected subsets of descriptors from the training set weve entered
into the discriminant analysis program which evaluated the class separating

linear transformation X -+ Y and computed mean values and covariance matrices

used in the Baysean conditional probability estimates,

MMMM%WWMWMMMWWMMMGMMMQM»tﬂﬂhmm&mm«mm b A AR T R
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(3) The accuracy of selected subset of descriptors was pretested by ,3
computing the conditional probability P(i/X) for each epoch in the training set *
and comparing the results to the EEG scored sleep stages. ,
(4; The two nights of recorded sleep then were classified by trans- 4
forming the seiected subset of descriptors cne epoch at a time and computing %
the ~onditicnal probability of classification for each epoch. The computer :

classificaticns were recorded on magnetic tape for display and accuracy com-

putations.

A BLaT L S L KA B 0l L%

(5) The comouter classified sleep patterns were plotted on a
CalComp plotter and *he accuracy was determired by
(i2) presentation of an error table and computation

of the percent correctness

(b} computation of the correlation coefficient between the

a7 s IOt R od

H
z
2
3
2
z
3
B
=2
3
S
3
%
3
2
-
B
]

computer scored and EEG scored sleep records
(c) pooling :he data into four classes (i} awake, (ii) 1,

1 1-REM, (iii) 2, and (iv) 3, 4 and evaluating the average

0 W B 0 R T

cost per epoch hased upoi ~ost function presented in

Table 2, page 7.

bl b €, 02 0

A flow graph of the analysis procedure is shown in Figure 2.
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RESULTS

Tha results of this study are pregented in both tabular and graphic
form. Tables 4 through 72 present the tabular data. The even-numbered
tables (4, 6, 8, 10, etc.) centain the results of classifying the first night
of recorded sleep and the odd-numbhered tables contain the results for the
second night of recorded sleep. In most cases, the discriminant algorithm
was trained on data obtained from the first night of recorded sleep. Results
are presented for using both balanced (all classes equally likely) and un-~
balanced (actual frequency of occurrence of each category) a priori  prob-
abilities, TFor the specified sets of descriptors the tabies contain

(1) Accuracy for both six and four category classifications

(2) Average cost per epoch for the night

{(3) Correlation coetficient between EEG hand-scored sleep
heart rate computer-scored sleep.

In these tables, Variable 1 is the mean heat-to-beat interval of the
epoch, Variable 2 is the sample variance of each epoch, ard Variable 3
through 11 are tke interval bistogram values. Table 3, summarizes
the relaticn between variable number and physical beat-to-beat interval
measures. {For any enoch the sum of the histogram measuies is 128).

The variables noted in the tables as "11 Fourier” reprecent 11 of the
best Fourier variables selected by analysis of variance (21). The messure

set "Histcgram and Four” combines the 8 Interval Histogram measures with the

PR ot O Y
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11 Fourier measures.

The conditional probabilities of each sleep stage were calculated
assuming each sleep stage to be equally likely (balanced) ard using a priori
probabilities actually based on the individual subject. The a priori proh-
abilities of each of the sleep levels for each subject is presented in Table 24.

Five measures of merit of the classification procedure are presented for
each combination of measures used and for each set of a priori probabilities.
The percent classification of the first half and the second half of each night

using six sleep categories are presented. In addition, the percent correct

classification using four caltegories is presented. The weighted cost per

epic is listed as a measure oi machine scoring effectiveness. The corre-
lation coefficient given is a rough indication of the sameness in shape between
the hand-scored and machine-scored data.

Tables S through 23 and ail odd-numbered tables in between represent

the results of discriminant classification using a discriminant function trained
on the first night of sleep and used to classify the second night of sleep. The
same variakles and a priori probabilities presented in the preceding even-
numbered table are used in the odd-numbered table., The measures of merit
are the same as those used for the preceding even-numbered tables. Occa-
sionally when insufficient samples were availabie in the first night of data, a
few samples had to be obtained from the second night of sleep to train tha dis-

] criminant function.
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g Safer

é Schmidt

i Farrington
Chinoy
Gildersleeve
Moss
Verick
Nordyke
Phillips

Padula

i

P =

1

1 =
E

TABLE 24

PROBABILITY OF OCCURRENCE, P

.237 .072 .328
.050 . 090 .423
.087 .N87 .434
.088 .088 .377
.082 .082 .418
.095 .103 .465
.076 .076 .431
.088 .088 .368
.109 .099 .446

.G75 . 090 .466

Number of Epochs of Stage
in Trzining Set

.080

.079
.082
.086
.076
.088
.099

.07%

.072
.090
.087
.ngsg
.098
.00C
.91
.158
.093

.0758

Total Number of
Traiaing Epochs

Awaks, 1, 2, 3. 4, and REM

REM
.208
.208
.217
.281
.237

250
.8
.2130
.148

.218
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Tables 25, 26, 27 and 28 represent examples of good results using the
discriminant function procedure.

Tables 25 and 26 represent results obtained from an attempt to classify
the firsi and second nights of subject Chinoy's sleep with variabies 1,2,3,5,7,
9 and 11. A graphical representation of his sleep pattern for the two nights
based on EEG hand-scored records is presented in Figures 3 and 4. The corres-~
ponding heart rate machine scored sleep patterns are shown in Figures 5 and 6.

Tables 27 and 28 give the details of an analysis of the same data using
a combined histogram Fourier analysis measure set. The computer-generated
classification based on these measures is presented in Figure 7 (first night of

recorded sleep) and Figure 8 (second night of recorded sleep).
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TABLE 25

EXAMPLE OF CLASSIFICATION RESULTS FOk FIRST NIGHT OF RECORDED SLEEP

Subject: Chinoy
Variables: 1,2,3,5,7,9,1:
Night: 3 (first recorded night of sleep)
A priori probability: Actual frequency of occurrence
This stagz of sleep..........
: . Awake 1 2 3 4 REM
(e was
‘ classified as Awake | 0 2 0 0 2
1 1 8 2 1 0 a
2 0 ] 66 3 12 6
- 3 0 0 6 1 0 0
4 1 0 2 0 12 )
REM 1 4 5 0 0 56

REDUCED SLEEP MATRIX

This stage of sleep..ccoivennen

Awake {1 ,REM)

[N ]

(3.4

}g was Awake 4 2 2 0
Cassified  .rem 2 72 7 1

0 7 66 15

1

(3,4) 0 8 13

.
sty 9o, B o i A et LSV s e Sl N G e D
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EXAMPLE OF CLASSIFICATION RESULTS FOR SECOND NIGHT CF RECORDED SLEEP

Subject:

Variables:

Night:

A priori probability:

was
classified Awake
as 1
2
3
4
REM
v;.’as Awake
tazisa ssified (1,REM)
2
(3.9

Chinoy

1,2,3,5,7,9,11

4 (second recorded night of sleep)
Actual frequency of occurrence

This stageof sleep...c.vevv. ... -

Awake 1 2 3
5 0 1 0
1 1 3 0
0 2 78 3
| 1 4 1
0 0 7 0
0 1 1 0

REDUCED SLEEP MATRIX

This stage of slzep...cv, ... .
Awake {1,REM) 2
5 5
1 39 4
0 18 78
i 4 11

14

REM

10
16

27

(3,4)

17
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S.age

CHINCY

Night = 3

- Tapes : 24, 30
Stort Time: 0845
End Time: 1647

= n — —
.

34
: 4 - L-——-‘

rTriTr+yrr 11 iyrTirrryyiryeryr vy vryyritere ey

x -~ Marks points of

Time
3 a.zagreement on stage Tic marks = I35 min .

~  Above 3t0ge |
indicotes JLEM,

EEG
SLEEP PATTERNS

Figure 3
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Stage
CHINOY
_‘ Night : 4
Tapss : 31,32
Start Time: 0857
End Time: 1654
0 - . _
1 4 ;{ - ' . .
2-1 Qﬂ H
3 - “ﬂ
4 b—" J

rTrrvity v v vivy

1 — Marks points of
disagreement on stage

—— Above Stage |
indicotes REM.

EEG

TP T T TV VT v VT ey e v by v v

Time
Tic marks =i3 min.

SLEEP PATTERNS

Figure 4
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CHINOY VARIABLES 1,2,3,5,7,9,1
NIGHTY 3

‘ I

T T rTirrryayyryrqyrqvriroyirvrvyyvg

~————Above Stoge ! Time Tic Morks = 15 min .
indicotes R E.M.

CLASSIFICATION OF HEART RATE DATA
INTO SLEEP STAGES

Figure §
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CHINOY VARI{ABLES ,2,3.5.,7,9,I!
_ NIGHT 4

A -

| - —

2 -
L 3-
"'ﬂllTill1lr11|llll!i!llrlrll—l’r‘l_l_!‘l
Above Stage 1 Time Tic Moarks = 15 min.
3 indicates R.EM.
CLASSIFICATION OF HEART RATE DATA

INTO SLEEP STAGES
: Figure 6
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TABLE 27

EXAMPLE OF CLASSIFICATION RESULTS FOR FIRST NIGHT OF RECORDED SLEEP

Subject: Chinoy

Variables: 1, 4-11 and eleven lourie:

Night: 3

A priori probability: Actual frequency of cccurrence
This stage of sleep........... .
E . Awake 1 2 3 4 REM

was
3 classified Awake 4 2 2 1 i
as 1 0 3 5 0 0 3
1 2 0 4 55 3 14 6
: 2 0 0 3 1 1 0
4 1 0 5 0 9 0
REM 2 4 5 0 0 58

REDUCED SLEEP MATRIX
This stage of sleep..... ceeeeven

3 . Awake (1, REM) 2 (3,4)
was Awake 4 3 2
3 classified (1,ReM) 2 68 10 0
2 G 10 55 17
, (3,4 1 0 8 11
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EXAMPLE OF CLASSIFICATION RESULTS FOR SECOND NIGHT OF RECORDED SLEEP

Subject: Chinoy
1, 4~11 and eleven Fourtier

Variables:
Night: 4
A priori probability:

This stage of sleep...

. Awake
was Awake

classified 1

as

REM

. Awake
was Awake

classified (1,REM)

as

2
(3,4

QD O O = = O

TABLE 28

1

o O O b~ O

REDUCED SLEEP MATRIX

e e o0

Actual frequency of occurrence

0O O W O

49

4 REM

1 11
12 17

0 30

This stageof sleep...cvevecenn

9
1
1
0

(1,REM)

3
42
21

¢

2

1
10
74

8

4
&
3
3
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'
v

NIGHT 3

Above Stage |
indicates R.EM

CH INOY VARIABLES: HISTOGRAM AND

FOURIER

Time Tic Morks = 15 min.

CLASSIFICATION OF HEART RATE DATA
INTO SLEEP STAGES

Figure 7
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CHiNOY VARIABLES: HISTOGRAM AND

«—w Above Stcge | Time Tic Moarks = |5 min.
indicates R.EM.

CLASSIFICATION OF HEARY RATE DATA
INTO SLEEP STAGES

Figure 8
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DISCUSSION ’

The overall results of a classification by discriminant analysis
were somewhat discouraging when the second night of data was considered.
As might be expected the unbalanced a priori probabilities consistemly
produced better classification results.

Much of the inability of this algorithm to correctly classify sleep
is rooted in the fact that there was consgiderable amount of iatra-sudject
variation and even intra-night variation in the beat-to-beat heart rate.
Aldredge, et al { 3} has investigated the intra-subject and intra-cycle vari-

ation in the mean heart rate and sample standard deviation of the data used

for this investigation. They examineg the possibility that the mean values
of average heart rate and sample standard deviation mignt not be consistent

throughout a night of sleepr or between two nights of sleep. Undesired

it o

variations in the average and sample standard deviation in heart rate during
a night of sieep were determined by testing the following hypothesis with
analysis of variances for each subject:

Ho: The niean values »f a random variable X for each

stage { are equal for 3%1 cycles of gleep during

a single night of sleep.

o d
i AN Sl

{X is either equal average heart rate or sample standard

Ko
N

. deviaticn, aad I represents either (1 ,REM)}, 2, or (3,4}}.

<
e, Tt B a2 1 rvaa¥ o T e R E A e s e o g




. o o L PR T M ALTIL T T e AT AR
SOLAAL T L L I ”W%

53

Aldredge, et al, concluded that for a single night of sleep the

L e MR R U TR

> above hypothesis could be rejected in most of the cases at ,0001 sig-
nificance level when X represented the average heart rate and I was either

equal to (1,REM) or 2 or (3,4). However, the hypothesis could not be

rejected at the .0001 level for any staye of sleep when the sample stan-
3 dard deviation was tested. A close inspection of the intr-cycle variation
in average heart rate s.uggested that the heart rate during a cycle of slaep
was influenced by the average REM heart rate at the onset of the cycle.
The null hypothesis of equal means for average heart rate values of stage

REM and of stage 2 for any given cycle was rejected in favor of the alter~

nate hypothesis that the mean for REM was greater than the mean for stage

2 at the .05 significance level. Also the alternate hypothesis was accepted
when the mean values of mean averaged heart rate values of stage REM are
greater than that of combined stage REM and combined stages 3 and 4 were
compared with a one tailed t-test at a 5% significance level. A third null

hypothesis which stated that the mean averaged heart rate values of stage 2

wore equal to that of combined stages 3 and 4 could not be rejected.

The peirformance of the Fourier measure and their anility to represent
sleep information was disappointing., With the except n of Megsrs, Paduia
and Moss, tho Fourier measures alone did not improve the cost of sleep
scoring. Whan combined with the histogram measures , five of the sub-

jects nad a slight decrease in cost of classification. Table 29 {llu-

strates the reiative cost of of using histogram: measures, Fourier measures

vy b g
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Subject

COST FOR VARIOUS MLASULES
(8econd Night)

Histogram
Measures

TABLE 29

Fourier
Measures
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Combined Fourier and
Bistcgram Measures

L AN

Chinoy

Safer
Gildersleeve
Padula

Moss
Phillips
Schmidt

Farrington

.12
.39
.19
.30

.35

.25
.50
.20
.27
.19
.23
.31

.25

11
.40
.17
.48
.30
.20

.27
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alone and the combined histogram and Fourier measures.

Examination of the summary tables indicated that all nine histograms
were never used in the same covaraince matrix since the linear dependence
of one histogram variable on the other histogram variables produces a sin-
gular matrix which is non-invertible.

Table 30 considers that advantages of using balanced and urbalanced
a priori probabilities. In terms of our empiricaily-derived cost function, the
non-balanced a priorl probabilities are quite similar. If percent of accuracy
dizgnosad sleep epochs is the criterion, the nun-balanced a priori probabilities
are decidedly superior.
CONCLUSIONS

Result of this research indicates that it is possible to classify heart
rate patterns into sleep stages. However, the results are nat overwhelming,
in spite of the fact that the analysis of variance indicates an optimistic possi-
bility of sleep stage classification ability of these measures. Much of the
difficulty experienced by this algorithm can be attributed to intra-night, intra-
subject variations in mean vaiue as the 90-minutes slaep cycles progress through-
out the night,

Our empirically derived cost function proved to be a useful measure of
the effectiveness of our sieep classification algorithm., We contend that any
measure of merit used to evaiuate a device or procedure should of necessity be

closely related to the original problem, in this case the study of sleeping patterns.
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TABLE 30

EFFECT OF USING A PRIGRI PROBABILITIES :
IN CLASSIFICATICN ALGORITHM
Classification Criteria Number of Classification I uns ;
I Lowest Cost Using Night 1 Night 2 ;
A Priori Probabiiity 14 14
Balanced Probabilities 0 2 §
(1ikeithood ratio) g
No Significant Difference 4 4 2
Between Above Methods 3
II Highest Correlation Using
A Priori Probability 8 4
: Likelihood Ratio 7 7 j
E Nec Difference 4 8 3
II1 Percent Accuracy Using
A Priori Probability 15 13
* Likelihood Ratio o 3
3 No Difference 3 S i‘

b R s e
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We also conc.ude that if it were possible to normalized the heart rate
data so that the inter (90 minutes) sleep cycle variation in mean were less,
then better results would have been obtained. We suggest that if an alternate
algorithm could be deveioped to deteimine the beginning of each 90 minute
sleep cycle, then this algorithin would be able to accurately classity the
data into sleep stages.

Also, if it were possible to extract respiration information from ampli-

tude variations in the QRS complex, this additional variable might improve the

accuracy of the algorithm,
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APPENDIX 60

Modi} -d Discriminant Analysis

The original discriminant anzalysis program is that of Dr. Donald
J. Veldman of The University of Texas at Austin , Department of Educational
Psychology and is well documented in his book Fortran Programming for the
Behavioral Sciences. In addition to his discriminant analysis program, we
have found it helpful to use some of the minor subroutines included in his
work; namely PRTS and PCDS, which are efficient print and punch sub-
routines and CORS which computes means, sigmas, and intercorrelations.
The discriminant program determines a transformation matrix of data from
known groups (sleep stages) which maximizes the distance between centroid
while holding the overall distance between points of data constant. The
dimensionality of the new space is the minimum of (1) the number of
groups minus one, or {2} the number of variables. Basically discriminant
aralysis is a transformation from the data space to a new reduced measure
space.

The classification program of Cooley and Lohnes requires not only
the D-WTS matrix and centroids, but the covariance matrix at each group .
The modifications of the discriminant analysis program for computing the
covariance matrices are described in the follecwing paragraphs.

In loop 35 of the program original SDSCRIM variable sums and
cross products are accumulated fcr all samples of the variables (i.e. all

data pooled regardless of group classification). After storing the sum of
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the score for each group in S and the sum of the cross products in A, a
"within group matrix* is computed and added to W. It is this "within
group matrix” for each group which we desire to use to calculate the dis-
persion matrix (i.e. covariance matrix) for each group. We wish to save
that matrix for each group before it is added with those of the other groups
into matrix W. This is done in the modified version calied JDSCRIM in

line ¢ by saving matrix B in CC which will be added in to W in statement
34. The triangular matrix we wish is now available in B(I.].}; we need to
divide it again by C(M) {[statement d] and fill in the portion below the
diagonal {statement e}. If we wish to calculate and punch the dispersion
matrix for each group 2 minus one is placed in cc 24-25 of the control card.
The matrix B for each group is written onto scratch tape 1 in loop 33, After
the D-WTS are calculated (through statement 60) we have the items necessary
for calculating the reduced space dispersion matrices which will be done in

the subroutine DMG, called after statement 60.

Ly e S e 5




10

15
20

30

k 1]
33
k1]

40

3]

PROGRAM JDISC(INPUT,BUTPUT,PUNCH,TAPEL,TAPEZ)
CALL JDSCRIM

CALL EXIT & END

SUBROUT INE JDSCRIM
ODIMENSION A(70570)2 W(702070)s C(70,70): S(7042%2s T(7Q)s
1 V(70), X(70), Y{(70), 2(70), Q(70), G(25), KF(16), KH(15)
DIHENSION B(70,70),CC(70,70)

NS s 70 8 N2 » 2%

CALL CCCS (KF, NV, NOQ, KW, KT, KEY)
IF(KEYsEQeef) REWIND §

CALL INPUT (1Ds X, 0s KF, NV)

D8 10 1 = 1uNV

DO 10 J = l,NV

CitlaJd) * 0.0

W(lsJd? ? 000

1F (KT «0T¢ C) REWIND 2

D8 3= M = 14NG

READ i85, N, KH

FORMAT (15, 15A5)

PRINT 20, H» Ny KM

SD:HA? (/7 68 GROUP, 12, 18, 10M SUBJECTS¢s» 2X; 15AS)

(M) » N

08 25 | e 1aNV

S{1.M) 9 0,0

D9 28 J s 1:NV

Aldad) » 040

D& 30 1 e 1N

CALL INPUY (IDs X¢ N ¢ M & 1000, KF, NV)

IF (KT «GT¢ 0) WRITE (2) IN) (X(J)s J = §,NV}
D8 30 J s 14NV

$(JaM) & SidaM) ¢ X(J)

DO 30 K 3 JsNV

A{JaK) 9 A(JsK) & X(J) ® X(K)

DO 34 lsg,NVY

08 3a Jel,NY

Cllsy) v C(1ad) ¢ A(l,J)

B(lsJd)e (AllaJd) o S(1,M) ® S(JsM) /G(M))
CC(l,v)e B(l:y)

Bli,u) s B(laJ)/B{M)

B(Jal) B(1sJ)

Wil,Ju) o W{lsyg}) » CCUI,J)

1F (KEYeNEee, ' GO T8 35

D2 33 leg,NY

WRITE (2) (Bflad)aJmiyNy)

CONTINUVE

IN v SUMF(Bs 1a NG, N2)

DO 40 I s goNV

T(1) & SUYMF{S, =1, NG, N{}) /7 TN

Q(3) v C(1,1)

DS 4% [ & $INV

D8 48 J s [,NV

Cil,J) Ctiad) 7 TN o TUI) & T(J}

Ctdsl) o C(lad)

All,J) Cilad) ® IN ¢ W1, )

4ids 1) Atla )

WiJdol)? W(lad)

CALL IMVS (NV, %W, X, ¥, I, N1)
D8 S8 [ = 14NV
D8 50 J o 14NV
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e yivani e Sl
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80 X(J) ® W(l,J)
DO 55 J = 4NV
S8 Wi(lsj) o SCPF(X, As 1» s NVs NY)
NF o MINOI(NG e 1, MV)
CALL AEVS (NV, NF, 0400 Wo A» Vo Xo Y2 Zs» NY)
D3 60 J = {sNF
E » 110 7 SARTI(V(J))
DO 3 1 = {oNV
60 A(l,J) & A(l,J) @ E
IF (kW +EQe 1) CALL PCDS {As NVs N7, SHD WTS, N3)
1F (KW +EQs 1} CALL PRYTS (As NV, NF, SHD WTS, Ni)
JF(KEYeEGe 23 )CALL OMG(A,NVANF,NG,N1)
DO 65 3§ » 1,NV
6% X(1) & SQRTIC(I,I))
CALL AXBS (Ch» A, Wy, NV, NF, NV, N1)
D8 70 1 s 1,NF
70 Y(1) ® SQRY(SCPF(A, W, 1, I, NV, N1})
D8 75 1 ¢ {oNV
D8 75 J = iyNF
75 C(iad) & W(laJ) 7 (X(1) ® Y{J}))
TR » SUMF(Vs s NF, N1}
XL = 140
D8 B0 1 = 1sNF
X{1) = V{1) /7 TR * 1000
XL ¢ XL @ ($¢Q 7/ (140 ¢ V(1}))  SVNeNVEGNeNGOGMOGNel,s0
SS s SORT{(VNew2 ¢ GMee2 o 4¢0) /7 (VNes2Z ¢+ GMea2 ‘e 5,0))
YY » X_®e(140 / SS)
FA VN e GM
FB » ((TN « $40) » (VN ¢ ON) 7/ 240) ® SS e (VN ® GM @ 240) / 240
F o (FB & (10 = YY)} / (1YY @ FA)
P s PRBF(FAy) FBy F)
PRINT 85, XLo FA, FB, F,; P
8S0FBRMAT (/7 18H WILKS LAMBDA ®, F1043 7/ 74 DeFe =, F5e0,
14K ANDy F7,0 /77 10H FeRATI® o, F8e3) SXs 3INP u, F744)
DF = VN o GN
CC = IN « OF / 240
D8 90 1 s {sNF
CS = CC » ALEG(S¢0 ¢ V(1})
DF » DF e 240
P « PRBF(DF, $00Ce0, CS /7 OF)
90 PRINT 985 s X(1}) CS» OF, P
9SOFBRMAT (/ SHORBET, 12, Fi0.2, 184 PCTe VARIANCE //
113K cHI«SQUARE 9, F10e3s 5Xs 6HDeFe oy F5400 5Xs 3IHP w) FIeb)
DO 100 ! « 1sNV
T(1) o T($) & TN
08 100 J = §,NG
100 S(1eJ? v S(30d) /7 G(J)
CALL AXBS (S» A, W, oNCy NF, Nv, N})
CaLL, PRYS ‘Wy NG, NFr SHCENTe, N3)
CALL PCDS (W, NG, NF, SKCENTe, Ni)
CALL PRTS (Cs» NV, NFs 6KCORELe, N1)
DFW ¢ TN « GN
PRINY 105, OGM, DFW
L0SOFORMAT (/7 26M UNIVARIATE FeTESTS: OFB s, F3.0,
18H DOFW s, F6eC ///7 8% VARIABLE FaRAT1E, 6Xp 1P
D8 1315 [ « {uAV
8 ¢ 000
09 110 J & §,NC
110 8 s § ¢ S(1oJ)%s2 & G(J)
CC » T(1)ee2 /7 IN

20
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P o ((B e CC) e DFN) o (LQ(]) o 8) & GM)

P » PRBF(GM) DFW, F)
145 PRINY 120, 1. %» P
120 FORMAT (/ 16, F12¢4;, F§i0ed)

CALL PRYTS (S» NV, NGs 6HG MEAN, Ni)

IF (KY +€Q, Q) GO TO S
REWIND 2 o NY s IN

D8 §130 1 » 1,NY
READ (2) 10s (X(J)s J & $4NV)
D8 125 J ¢ {H)NF
125 Y(J) & SCPPIX, As 1o Jo» NVs N1)
130 CALL SUBS (Y, NF, 2WCS, ID)
98 T8 S 8 RETURN
END

gy
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SUBRAUTINE SDISCRIM ;
ODIMENSION A(70070)s ¥W(70,70)2 C(70270), S(70s25)s T{70}s :
1 V(70), X(70), Y(70), 2(70), Q(70), G(25), KF{16}, KH(13)
DIMENSION B(7C270),CC(70,70)
Ny » 70 8 N2 = 25
S CALL CCDS (KF, NV, NG, KW, KT, XEY)
CALL INPUT (1D, X, Qs KF, NV)
D8 10 I s 1,NV
D8 10 J & 1NV
Ctl,Jt » Q0.0
E 10 W{l,J) = 0,0
b IF (KT +GT, O) REWIND 2
5 DO 38 M & 1{,NG
: READ 15, N, KM
e 15 FORMATY (1S, 15AS)
3 PRINT 20, M2 Ny KN
20 ;?ﬁHAY é/ 6H GROUP, 12, 18, 10H SUBJECTSe,» 2X» {5AS5)
l’ '
08 28 | » 12NV
S{I,M) s 0.0
DO 28 J o 1uNV
25 A{lay) » 040
D0 30 I = )N
CALL INPUT (IDs X, N ¢ M & 1000, KF: NV)
E IF (KT o0Te 0) WRITE (2) 10, (X(J)a J ® {,NV)
3 C8 30 J & §sNV
L StJaM) = S{JaM) ¢ X(J)
= 08 30 K s JyNV
3 3C A(J,K) & A{JoK) * X(J) ® X(K)
3 DO 3z § s {,NV
D8 3% J & IsNV
Ctisy) » Ctlad) ¢ A(lad}
35 W(I,J) & W(l,J) & (A(l,J) « S{1,M) @ S(J,M) /7 G(M))
3 TN s SUMF(Gs 14 NG, N2)
3 ' D8 40 1 = 14NV
E T(1) = SUMF(S, =1, NG, N3) ¢ TN
2 40 Q(1) ® C¢l,1)
00 45 1 = 14NV
DO &% J = [aNV
Ctlag) o CElpd) 7 IN @« T(I) & T{J)
3 CtJdy1) = CtloW
3 A(l,3) o C(l,Jd) ® TN o W(l,J)
. AlJsl) 0 Al g
45 WiJ,1) 8 W(l,J)
CALL INVS (NV, W, X, Y, 3, NY)
b D8 85 I & {sNV
E : DO S50 J » 12NV
= S0 X(J) 9 W(],J)
DO 85 J s {sNV
85 W(l,Jg) = SCPF{X, Ay 14 Jo NV, NY)
NF & MINO(NG @ 1, NV)
CALL AEVS (NV, NF, 00, W, Ap Vv, X, ¥, I, N}
DO 60 J ® {aNF
E s 300 7/ SQRT(V(J))
D8 60 I s gaNV
. 60 A{l,y) ® A(l,J) o E
3 IF (KW +EGe §) CALL PCDS (As NV, NF» SND WTS» N§)
3 IF (KW +EQe 1) CALL PRTS (As NV, NFs SHD WTS, NY)
DB 68 | o f.NV




3
. S X(1) * SORT(C(1,1)3 . :
g y CALL AXBS (C, Ay W; NV, NF, NV, N%) j
3 D8 70 1 = 1aNF ?
3 . 90 Y{1) ® SORT{SCPF(A, Ws 12 12 NV: Ni}) 5
4 P8 75 1 = 1;:: ;
3 08 78 U s ¢ :
E 78 C(3,J) » W(lsed) 7 IXUL) @ YWJ)) !
§ TR = SUMF(Vy 1+ NFs N3) :
E-; X'u L i‘o %
] e xv'xx'ﬁrra * 10040 ;
= ’ ] [ ] 3
% 80 §£x: XL i :3.0 7 (140 & V(1)))  SVNeNVSGNaNGEGMsTNe140 %
: SS » SQRT((VNce#2 o GMes2 o b¢0) / (VNea2 ¢ GMes2 'x S.0)) :
3 YY = XLos(1¢0 /7 SS) :
3 v M

; :3 : (?ra E 140) « (VN ¢ GN) 7 2¢0) ® SS » (VN & GM e 200} / 2+0

F s (FB o (140 ¢ YY)) / {YY & FA}
P s PRBF(FA» th F;B £ p
PRINY 85, XL L Y) » ¥
SSOFOAHIT (;/ SgH WILKS LAMBDA ¢, F10.3 // THW DefFe o, F5:0,
144 AND, F7.0 /4 10W FeRATIB 2, FBe3s» SXs 3WP w, F7e8)
OF = YN + GN
CC o TN « DF /7 240
08 90 1 = 1oNF
€S s CC o ALBG(L40 ¢ V(I)})
OF o DF o 240
P s PRBF(DF, lOO?QCoscsoé D:)
PRINT 955 1» X(i)s CSo ’
ggOFQ;HIT (; SHOROOT, 12, F10e2s 4N PCTe VARIANCE // p E7e4)
113H CH1eSQUARE *» F10e3s 5Xo 6MDeFe o5 F5.0s 5X; 2MP ®, N
D8 100 I « 1,NV
T(1) = T{1) & IN
20,500y ; §‘3? /7 G(Jd)
1 v S(l,
100 giétdkxss (Sa Ap W oNG; NF, NV Ni)
CALL PRYS (Ws NG, NFs SHCENTe, Ni)
CALL PRTS (Cs NVs NF, 6HCORELe, N1)
DFW s TN o g: DFH ‘
PRINTY 105 ) :
1050FBRMAY (/; 26K UNIVARIATE FeTESTS: OFB w F3.0, p %
164 DFN v, ¥6+0 /77 {8 VARIABLE FeRATIS, 68} 1HP) :

M B2 Bk oh N o6 ALV 2 VAR A F A 2 et Skt D D S N

bt 584 St S WM B Y A

D8 315 I & 1NV §
8 s 020 ?
D& 150 J s 1,NG ]

110 8 = B ¢ S{lsJlee2 & 8(J)
CC » T(l)ee2 / TN
s ((B s cC) o« OFWY / 1{0{]) « B) @ QM)
P « PRAF(GM, D:“0P$3

148 PRINT 120, 10 Fo»

{20 FERMAT (/7 16 Fi2:82 F1004) )
CALL PRTS (S2 NV» NG, 6HG MEAN, NY)
IF (K” +EGs 0) GO Y8 8
REWIND 2 CTNY + TN
D8 130 1 = 1N
READ (2} 1D (X(J)s 4 & 4NV}
D8 {25 J s {oNF

125 YiJ) & SCPF{Xs As §» oo NV, Nga

130 CALL 5UBS (Y, NF, 2HDS, 12, N8BS}
Gs 78 3 o RETURN
END
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Subroutine DMG

This 'dispersion matrix generator' subroutine is based on the RSPACE
program of Cooley and Lohnes which requires the input of the discriminant
function weights, vectors of group means and group dispersion matrices, and
outputs centroids of the groups and dispersion of groups in reduced space.
As our DISCRIM program produces centroids, the subroutine is necessary
{or the caiculation of the reduced space dispersion matrices only.

The DWTS are input to the sub-putine in the call using the variable A,
the original space matrices are read within the subroutine from the rewound
¢ ichtapel.

“The r x r dispersion matrix DD _ in the discriminant space for group g

g
may be obtained by pre- and post~multiplying the test space dispersion ma-
trix Dg for the group g by the matrix V containing the discriminant function

(weights) vectors as follows:

1 "

DDg’r,r) =V ir,m)’ Dg*‘m,m)' v’m,r).
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\\V K¥, N KQ_,N'D/

<e6 8

Eefurn

d+ 4.*.'1;_-'.‘

0.0 |

DA{MT(—,J) z0.0

k-2 t<MLJ

oo "
i | DMAT(T,) = D/MTCD)!
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—> 3= 4 L
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DIMENSION V(NDsN) D(70,70)s DMAT(70,70)s DDMAT(70,70)
D%NE:S!QN V(NGAN): D(30+30)» OMAT(30,30),DDMAT(30,30)
PRINT 50s,NVINyKGaND
&0 FORIAT {10Xs6110)
REWIND §
08 2 lsi,)NV
2 PRINY 72(V{laJdlaJdud, )N}
Ce 23 L®isKG
c PRINT §3
13 FERPMAT (10Xs® DISPERSION MATRIX @F INITIAL DATAe)
DO 19 [» 1,NYV
{9 READ 11} (D(1sJ)aJdel, NV}
7 FORMAT (10X 10F1004}
08 20 [si:-N
D8 20 JrisnNV
DMAY(1,J1%040
D8 20 KnisNV
20 DMAT(1,J) & DMAT(I,J} o (V(Ks1)e0{K,Jd}))
00 21 IvisN
D8 25 J*isN
DDHA?(X&J)I&.O
ol .} Ks1aN
21 DDH%%(!::’ o DOMAT(laJ) ¢ (OMAT(I,K)eV(K,J))
FRinY 22
CALL PCDS{DDMAT,NyN;SH DMe2,ND)
0 g:X6° ;,fagﬂkf(! JisJeiaN}
N A X AY ?
gz ‘GRHITCIOx;’ DISPERAION MATRIX OF REDUCED SPACE®)
23 CONYINUE
REWIND §
RETURN % END

q
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g SUBRZUYINE DMG(V. NVa Ns KGs ND)
1
4
-
3
:

E,
3
|
3
2
5
3
prl
3
A
2
i'
B
3
3
<3
b
2
H
3
E
3
a
E
2
b
3
5
E
z
E
3
3
,

LTIy

2434 2 It A 2

oA ARSI AW BB s kLS LR 7k

it | 3 o B s Tl 2

Ll B Db vk AN L e 12 o R AL 0 I 0 R

a
3
e

i
L’
!
h
i
4
{
i
]
kﬂa
F L £ 04, M i ot o WML ekt




E{
i
E
E

CLASSID - TPCLASS

The classification routines described by Cooley and Lohmes in Chapter
seven of their book "Multivariate Procedures for the Behavioral Sciences"
from the basis for the classification of sleep stages in the programs CLASSID
and TPCLASS, The CLASSID program is a direct modification of the CLASSIF
routine. The modified version is compatible with the format of the training set
data produced for the sleep study and produces a summary of the classification
results for each group rather than the output of a record by record classification
as does CLASSIF,

The program TPCLASS is a further axtension of this probabiiity classifi-
cation system, taking as data input, a tape of unordered, ron grouped sleep
measures. The TPCLASS program produces a plotting of the probability clagsi~
fied scores versus the time of each data record. It also provides an accounting
of the probability classified score as compared with the manually classified
stage which is available on the data tape used.

In both programs the subroutine MATINV is that of Cooley and Lohmeas,
a matrix inversion and determinant caiculation by the Gauss-Jordan Method

described in Chapter nine of the above mentioned woik.
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PRCGRAM CLASSlDtXNPUT:OUTPUToTAPEI:TAPsa:PUNCH)
As  TITLE e {2AS
B¢ NB& GROUPS,N8 VAR!ABLES,FIRST GRP NBO,LASY GRP N8O s« §]2
Ce NB SUBJECTS IN EACH GROUP «e 20F4.0
De De WEIGHTS =« FBRMAY 1005
€e CENTROIDS
Vs DISPERSIGEN MATRICES
Ge FORMAT 8F DATA T8 JE CLASSIFIES =e {2A6
He DATA WITH GROUP DIVIDER CARDS ee 215 (NB N GRP 4 N8 ofF GRP;
DIMENSION V(80,20),CENT(20,20), 0G(50,%0), D(20,20,20),RATIE(2C),
LON(20), X(S0}, 015C(20), DIF(20), CHI(20),CHISA(20), P1(20),
2?908(80)r3(50)oKLASS(aoanTAG(EO):16(6)
INTEGER FiiT(24) »XID(1)
DATA(!&(!);1'116?/10“(1X1A50153110H1XA s 10K 2
110HIFSe3,1X 10 s10He (oFhe3e) L10KIN .12} /
DIMENSION (HAME(LR)
1000 FORMAT (1012)
1004 FORMAT (2CF44Q)
1002 FORMAT (SE14e7)
1003 FORMAT (12A%) :
1006 FORMAT (10X2E{4¢7) 3
1008 FORMAT (10Xs7F10e4)
1010 FORMAT(1Xs12A6) 3
$000 READ 1003, INAME
1F(INAME{1)eEQeINAME(2)) STOP
PRINT $010, INAME
KNT « O
REWIND
REWIND 2
READ 1000,)KBaMINA)NZ
s MINO().dey M)
ENCODE (10,2436(3))KG
2 FORMAT (12.8M
PRINT 3.,KG
3 FORMAT {(10XseK3s ;710)
o VECTAR LISTING NO® SLSJECTS IN gACK GROUP
READ 10012 (GN(NN) NNy, KG?
PRINY 31015
1013 FORMAT(EX,e  NUMBER OF SUBJECTS IN EACH GROUPe)
PRINT 1008, (BN(NN))NNs{,KG)
C MATRIX aF D WEIQKTS
N9 12 t oy,M
{2 READ 1008, (V(1.J)s JeisN)
£ MATRIX 87 CENTREIDS
DO {4 Ke 1,KG
1¢ RE, D 1008, (CENT{1.,X), 1 o 1)N}
RESD 1005, (CENT(1,K)aKe],Ka}
DISPERS:ON MATRIX
NG 20 Ks 1,K06
D0 18 1 o 1N
16 READ 100%, (DG(1,J), Jdsi,N )
CALL MATINV:DGsN,B, 0, DETER® )
DO <38 lrisN
DO 18 JoisN
18 D(1,J0K) » DO{}sJ?
20 RATI® (K) ON(Kj/ SORTYF (DETERM)
PRINT 498 ,(RATIQ(KI1,Ke],KQ)
498 FORMAT :iX,® RATI&(K) ¢ JLEY2+4/10E 202)
READ 1003 (FMT(1:,0191,12 )
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D6 200 Li=1,KG
READ 202, NSUBNG,NAGRP
202 FORMAT (315)
PRINT 203,NAGRP,NSUBNG
203 FORMAT(1H1,%GROYP » (5 NUMBER SUBJECTS » *15)
D8 303 MMeNA,NZ

303 KTAG(MM)s MM
PRINT 306:(KTAQ(HH),HHINA1NZ)

304 FORMAT (7%, «GROUP#,1X,16(13,3X))

PRINY 305

305 FORMAT(1Xse 1D  COUNT®)
D8 201 !s fai6

203 XLASS(I) « O
08 30C KK=isNSUBNG
READ FMT ,XIDsa(X{1)s T1si,™)

KNT o KNT ¢ §
08 24 Js1,N
DISC(J) = Qo0
D8 24 [=*1sM

26 DISC{J) = DISCLII+ (X(1)&V(I,J))
D6 31 Kei,¥G
D68 28 Is1,N

28 DIF(]) = DiSC{11eCENT(]sK)
D8 30 JeisN
CHIC(U) = 0,0
DO 30 IsisN

30 CHI(J) = CHIGJIC(DIF(1)eD(3,JsK)}
CHISO(K) = 010
D8 35 IsiaN

31 LHISQIKG » ~41S0(K) « (DIF(I)eCHI(I))
WRITE (1) ~nTaXIDs{CHISG(1):191,KG)

33 P2 = GO
D8 34 K=1,KG
PL1(K) s RATIO(K) ® TXPF(CHISG(K)/240)

34 P2 s P2+PL(X)
D8 34 K=y,KG
36 PRBB(K) = PI(K}/P2
T0P « PRBB(})
KEEP =
D8 50 1~ {,KG
l?(PRSB(!).LY.YeP)GQ T8 50
KEER o !
18P s PROB(!)
50 CONTINUE
KEEP ® HEEP #(NAw})
KLASS( KEEP)} » KLASS(KEEP) ¢
PRINT 16,X1DsKNT, (PREBt]))s]n Gy, TAP,KEEP

300 CONTINUE
PRINT 800sKLASS (NAGR?)

800 FORMAT {10Xs*KLASSINAGR™, s e, 15)
FCTCER = (KLASS (NAGRP)#$9000) /NSUBNG
Patyy 70,PCTCOR

70 FORMAT (10X, *PERCENT CARRECTLY CLASSIFLIED s & F10e%/])

200 CONTINUE
Gd T8 5000
CAL:, EXIT & END

i 2 am e e B o "

R == SRR 26 o S e

S B e oy sl ik e i

ool S o U A it 0 acl i v R

]
)
h
1
A
b
N»
b
A EACK L o et D08 90 il A0 R A L P i b i o A Bk Rl 0




e T T

CLASSTD

READ T17LE
A blond asrd — 5/0/’

‘TEfLT 1
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KNT=D

Ih Pu*{' Feemat c¥
Data Cords Yo be used
‘ EMT

Do ";‘.’.-:_.l —

bbz31 LL £ kG YEND
LL-tit 3 (200

Fn pot Gi oup Tn'HC_
Nagrp = gpevp Memiisti|y
My~ = o, 305JC¢ S

h&luévs

—— ie.\«{ W2 -~
nt Gr;zl;u,: 7ot e 1o Colevlsde ©o A
+ KTAG 32 héod ing wilh Peint 35 3,,7 got.'(("l:’{
arp no. §or esch <‘Z,rulm_/ Ioegidied % )
4 Pr‘o nt )
. K POhY)  p s
[ 2er0 vecter KLASS(NG J -——-——-—‘,‘f,‘,‘;’?‘ Xr X

L ried Coanier A
\}_5.'2_1__.-—- Kk € Nsugrs- o $or gicup 1

Leiat 4o

Print Predol Lities
(PoB) Te7 ¢ KEEP
“;of‘ P.vh <ul)0c1”

A

4 -KeeP- reLpi(pir-g)

DISC, = o

i
Pl = RAYIO, - exponential function of { ~CHIS(,/2)

s KLASS(WP504) l

(Pead ea7,x10, x() 3= 1,1 |
N

I - KKeKK +4 J be: rl done

DISC, = DISC, + X, ' V,, forming s discriminant as factoe score.
DIF, » JISC, — CENT,,

CHI, =0

S:g&crgﬁmr,-n_ (imnide loops aver 2 and y) | (outside loop
- ovee &

Susg.-mm«-mr.-cm. forming the & growp .2 b )

RN+ ,’.
PROJ = P1/P2 forming the & group probability.
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I=1
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SUBRBUTINE MATINVIASN,B,MyDETERM)

DIMENSION IPIVBT(B0)2A(S0s80),B{50,4), INDEX{50,2),PI1VET(S0)
COMMON PIVaT, INDEX,IPIVEY
EQUIVALENZE(IROW, JROW) » ( TCOLUM, JCOLUM) ) (AMAX,) T, SWAP)

CETERM ¢ §.0 i

08 20 JaiusN

IPIVET(J)e0

D8 580 Isi,N

SEARCH FOR PIVET VALUE

40
o5
50
60
70
80
85
90
95
100
105
110

130
140
150
16C
370
200
208
210
220
230
2%0
260
270
3tc
320

330
380
3%o
355
360
370

380
390
400
420
»30
430
433
460
500
530

600
6t
é20

AMAX=Qe0
00 105 J."N
IF(IPIVOT(J)e1360)10%,580
D6 100 Kei,N
IF{IPIVOTI{K)=1)805100,740
IF (ABSF (AMAX) e ABSF {A(JsK)))185,100,100
IRBWsJ
1CeL yMsX
AMAXSA{ J,K)
CONT INUE
CONTINUE
IPIVET(ICOLUM) e IPIVET(ICOLUM) ¢4
INTERCHANGE RBWS T6 PUT P1VOT ELEMENT ON DIAGOMAL
IF(1R0WT1COLUM) 140,260,140
DETERMe o DETERM
08 200 Lei,N
SWAPsA({ IRBW,L)
A(IROW,L)sa(ICOLUM,L)
ACICOCUM,L ) oSWAP
1F(M)260,260,230
SWAP=B({ IROK,L)
B{IROW,L)eB(1COLUNK,L,)
B(ICOLUM,L jo8KAP
INDEX{1s1)wRO¥
INDEX(1,2)sICBLUM
PIVET(I)sA(ICOLUM, ICOLUM)
DETERM“SDETERMePIVAT(])

DIVIDE PIVET ROW BY PIVAT ELEMENY
A{TCOLUM, ICOLUM)#8 40
0O 3%0 Ls§,N
ALICOLUM,L)sA{ICOLUMLI/PIVETI(Y)
1F{M)380,380,360
B(ICOLUM,L)eB(ICOLUM,L)/PIVET ()
REDUCE NaN+PlVBY RgWS
DO 550 LiegaN
IF(L1o1COLUM) 400,550,400
TeA{L1,ICOLUM}
A(L1,1C0LUM) 040
D8 480 Lei,N
ALE,LISACLLAL) @A{ICBLUMAL ) oY
IF(M)%80,8%80, 450
09 500 L»§,M
BILL, L) (L1sLIeB(ICOLUM, )T
CONT INUE
INTERQCKANGE COLUMNE
D8 740 e N
LoNege]
TP (INDEX(Ls1)mINDEX(L,2)2630:730,630

L EEa & TR e iy ST
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630
640
650
660
670
700
708
740
740

JROWe INDEX (Lo 1)
JCBLUMe INDEX (L0 2)
SWAPsA (K)JROW)

ALK, JROW) A (K, CALUM)
A{K,JCBLUM)sSWAP

CANT INUE

CONTINUE

RETURN

END
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I ROGRAH TPCELS({ INPUT,BUTPUY, TAPEL, PUNCH)
cceecte
cceecc
C DATA CARDSe  AeKG,M (372)
Be GNIKG) ee(20F4e0)
Ce DWYS(V(I,J)) (10X)6F 3000}
Oe CENTROIDS (CENT(1.,K)) {10Xs6F10e4)
EeD MAT(DG{1,VJ) ($0Xs7F 504 4)
Fe NV ALSE TITLE  (1%5,6A10}
Ge (IST OF VARIABLES (2X,2013)

(aXeZaZXaXalal

ceceec
cccec
2OMMaN/FP/VMID(300) s NAME(A),TPS(300)»X(300)

DIMENSION TIMES(6),V(22),SCORE(200),TPSTG(200), TAGREE(200),

$LVAR(22) »xX{180),2(%}Y)
REAL MV(33)
ASSIGN S8 TO NNN
CALL XMIT(NNN)
CALL BONPLTI(ALPLET .,  1040,50,50)
1000 KKK & O
PRINT §
§ FORMAT (1M3)
CALL CLASS(MV,SCBRE(1),1,KKK)
8 CONTINUE
1EF ¢« 0 & KNY » O
€UM o 000
€ NUMBER VARIABLES TO8 BE SED (15) e«ANV TITLE YBU WISH
READ 2,NV, (NAME(1)5]94,6)
2 FORMAY (1X,14,6A10)
PRINT 2,NV,{NAME(]))1v1,8)
6 FORMAT (10X, *SEQUENCE OF VARIABLES T8 BE USEDe)
READ S:(LYARL(I's]s1,NV)
5 FORMAT (2X,2013)
PRINT &
PRINT S, (LVAR(])sleg,NV)
706N s
PUNCH 300sNAME
300 FORMAT(MAL0)
PRINY 7
7 FORMAT{1H1,1X,oF1LE BEGINS WITi TKIS RECORDe)
80 CONTINUE
READ (31! NT,TIMES;STAGE,AGREE,V ,DOMEGALTAUsZ
IF(ENDFILE 1) 30,58
11 IF(HN.EQeQ) PRINY 12 » STAGE,AGREE,V »2

12 FORMAT(1X, F5000A15,2X,oPER}ODSe,

12F1003,9F3:0/7 76X, oRATES*;,2F100309F360,/71Xs11F1Ced)
N s N+
KNY o KNT ¢ §
D8 20 Lei,NV
KEEP sLVAR(L)
20 MV{L) ® V(KEED)
08 23 L = 105}
KK s L ¢ 9
2L MVIKK? s Z(L)
X{KNT) s (V(1)/7300040)2328.0¢ SUM
XX{N} ®» X{KNY)
SUM o X{XNT!
SCORE(N)e0.0
CALL CLASS{MV,SBCORE(N),2,KkK)

o T e R e 2o T -..g
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3 32

304
80

53
87
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69

W (Y

TPSTG (N) » STAGE ¢ TAGREE(N} ® AGREE
TPS(KMT} & STAQE

YMID(KNT) & SCORE(N)

GO 18 S0

1EF & JEFey

NRIGKT ¢

DO 33 J s 4N

JIF(SCORE(J)eEQeTPSTO(Y)) NRIAHY ® NRIGHTe}
NCHK ® 10M

1F(SCORE(J)eNEe TPSTALJ)) NCHK s 10M MISSED
CENT INUE
FORMAT(1Xs13,2F10e002(5%XsA20),8XsE23¢3)
RIGHT » NRIGHT & COUNT ¢ N

PERCOR ¢ (RIOHT/CBUNT)#100.0

PRINT 34,1EF,PERCOR

FORMAT(§OX,oFILE #,12,® PERCENT CORRECT s o,F%,2)
PUNCH 301, 1EF,PERCOR
FORMAT({1X,0FJLE®,5,F{0+3)

G0 T8(70,80,70,80),1EF

CONTINUE

CALL PICTURE(KNT)

IFP(IEF+EQes) GO TO 60

SUM ¢ 040

KNT o 0 & GO 78 70

PRINTY X7,1EFsN

FORMAT(1XpoXMIT IN CONTROL,FILE®, I8, RECORD»,S)
PRINT 12,8STAGE,AGREE,V,2

sSToP

38 re 1000

END
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SUBRBUTINE CLASS (XsPICK,1Q0,KNT)
DIMENSION V(80,20),CENT(20,20), D6(%50,%0), C(20220,20)2RATI8(20),
$1GN(20)s X(50), DISC(20), CIF(20), CH!(20)o3(50):!LASS(20);KYAG(20)
2,CH1SQ{20) +PROB(20),P1(20)
3 INTEGER FMT(24)
3 . 1000 FBRMAY (312)
3 1001 FORMAT (20F400)
1002 FORMAY (SEL%+7)
1003 FBRMAT (12A6)
1006 FORMAT (10XsE88¢7)
£005 FORMAT (10X27F10ed)
IF (198+60Q.1) G2 78 100
_ 10 KNT o KNYTe 1
£ D8 24 JeisN
3 DISC{J) & Yed
D8 24 leg,M
4 DISC(J) = DIST(J)e (X(3)evii,yn)
Do 3% Ke1,KG
3 DO 28 feg,N
E 28 DIF(]) e DISC(1}eCENT(1,K)
3 08 30 JeisN
c:x«;:xa 040
E 00 3 alsN
3 30 CHl(g) ¢ CHICJIAIDIF(T1eDtT,deK))
= CHISGIK} © 00
3 DO 3¢ l94,N
3¢ CHISC(K) » CH]ISQIX) ¢ (DIF(1)eCHItY))
3% P2 ¢ 040
D8 34 K#4,KG
ZAVE ¢ EXPF{=CHISQ(K)/240)
PI(K) & RATI® (K) @ ZAVE
3% P2 s P2 +P1(X)
D8 36 Kei,x0
36 PROB(K) = PI(K)/P2
: TOP o PROB(1)
E KEEP o |
£ D8 8o le §,K8
A IF(PROB(1).LT:TOP)A8 1O SO
2 KEEP @] & TOP s PROB(])
%0 CANTINUE
PICK & XEEP 2
RETURN
O IO
M NT»
63 VORHIT %;OXoOEPOCﬂ MBe osias0 P2 0 9,013.5)
RETURN
100 KNT s O
READ 1000s XG, M ,N§
IF{ «NOTeKB)101,80
= 104 N » MINO(KGs1,M)
E PRINT 102,xGyMsNg
02 FORMAT(IX,312)
REWIND
c VSoTeR LISTING NGO SUBJECTS IN EACK GReyP
READ 3003, (GNINN),NNoy,KG)
PRINT 1008, (GN{NN),NNe§,KE)
C MATRIX @F D WEIGKTS
00 12 § si,M
§2 READ 1008, (V{1eJ)y JOlsN)
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=
E

A i et A s

3
R
3
£
E:
3
¥
3

DA A o R A b AR e b bt Al

i et o C ST o o WY L B S v AR 0 e LA L NS Y A 20y

b n L,

Lo

ot WL 18 e TGN, Lt

v thdd et Aoy it

NN FPRPE A

b

]
\
h‘)



o o mv R s Es m mesmemms s v e, e -

1
. oy
LU R s, o et

) C HRATRIX 8F CENTROIDS ‘
3 B8 {4 KXo 1,KG :
3 18 READ 1005, (CENT(1,K}, 1 @ L4N) 3
< Y DISPERSTION MATRIX p
E ) DB 20 Ke {,K0 ;
3 08 16 1 & N ;
A 16 READ 1008, (DGl{isJ)s JsisN} E
5 CALL MATINV(DGsN,B, 0, DETERM ) :
: PRINT 303sDETERM
301 FORNMAT (20X, *DETERMe *,E13.5) E
3 17 CONTINUE :

D8 18 leiuN

D8 18 JeiN

18 D(l,JeK) o DG(1,J)
20 RATIS (K) » GN(K)/ SQRYF (CETERM!
PRINY 495 , (RAYIB(K)sKs{,KG)
495 FORMAT ({X,% RATIO(K) #,10E42+4/10E8244)

ot Bl i AL AR o U W LY B Tl R R b

RETURN
80 CALL ENDPLT o STOP
END

N
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VLVTINE CLASS

0
x PICK 1(,0 K;-r-

T T T T T A TR B e

<A
S NI AL I TR Y] 051'.,, (. « . E
& “‘ I (}Lg‘, ,o/ f 1OF \é_/\ r.:u} 335 ( 1551 'I Glf 4 2
: S S
KNG KNT 4| ‘;
CTpfUT Vord i ‘ - 3
= ‘Wc e PP LS é)_’l L.DC. -0 ;:3
E M= o }.« anta il e oo DISC, = DISC, + X,*V,, forming a discriminant or factor score. E
N - [‘r ST QGiceny? DIF, = DISC, —~ CENT,, 3
Laz:Las f_),..‘:. s AR CHI, = 0
CHI, = CHI, 4+ DIF, D, (inside loops over 3 and y) | (outside loop 3
CHISQ, = » ovec k) E
3 V. ———— CHISQ, = CHISQ, + DIF, - CHI, forming the k group 1* p
3 /\ £X DI EE N ,‘}- P2e0 ?
3 (/((, . z)_, Mooy S Py = RATIO, - exponential function of (~CHISQ,/2)
. Pz = P2 4+ P, 3
./llun:l,\‘,'!_! HSocl>. ‘ PROB = PI,/P2 forming the k group prokability.
* T k=R T Y
CN ectfeor e lic. ¢ 0sdd ﬁgp-’f’k:ii(r);
- .u,n. (Cl zi t’ 't("' (Suu/ !oul \I/ - i
3 Y ~ind ey t/ 01(./5 Dol irI-'-J - PR
3 CENT - madax af Gz ) 001t el Ift’G-L‘“' :
b(‘, ‘(1 15 m‘».o;- nuo’r'u«’ 3 -+ - ’-' - Y E
3 « 0016 LS 3
3 . el velied STUE PR 1 Y
,’ S'ﬁ. C&AL ‘j““‘? b /3\
v ' *\/pké (D Top”
(UlLt M TINL/ s Ocm}u:&. \ %
2 A ubuns» ¢ Mc‘u LG ’;t NN 3
mothey + 5o Deten nuno < !
P no 3
‘ b [Kt E P = I (.——' %;
’ Slete imverse of cachlen g | Top = PEeZix l ;
D 3diamvnsianal il‘;g,g e M 3
'3 matary DI K. | -‘ PICK=KEEP i
| e GAR)/ 52 7eRm ,
1 | k=i RETVRN

E]
£
3




Subroutine Picture

Loops 1 & 2 set up 4 matrix* showing how the computer score of each
record compares with the manual scores read from the tape.
VMID is computer score, TPS is manual score.

Loop 8§ punches (and prints} this matrix of comparison for use in cor-
relation program Correls.

Loop 10 converts the computer score o an appropriate value for plotting
f.e. stage 0 becomes 5, 1is 4, 2is3, 3is 2, 44is 1, and 5 is 0.
Stage 3 or REM scores are converted to a dotted line betweeu
stages O and 1.

The statements from 10 on perform the plotting according to the plot

routines available for the CDC 6600 computer at UT at Austin,

* This {8 a very compact way of saving two scores for each record of

data processed in X(I,]) where X is count of the no of records manuall*-

classified as I, which were computer classified as J.

83
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144

10

17

20

80

81

SUBROUTINE PICTURE (NP)
COMMAN/OP/VYMID (300 ), NAME (4),TPS{300),X(300)
DIMENSION Y(300),1PY(300521SET(646)
D8 § L ¢ §,6

D8 § J o ;6

I1SET(LaV) 2 O

08 2L » t’NP

J o gPS(L) 5 o K = VYMID(L) ¢
1F(J.EQ¢10) GO TO 2

ISET(VaK) o ISET{J)K) ¢ §

CONT {NUE

PRINT 1}

PRINT 76

FORMAT (15X, #MANUALLY SCORED SYTAGEe)
PRINY 77

FORMAT(10X,* O { 2 3 » ] *)
D8 38 J s1,4

JJ ® J ey

PUNCH 99, (ISET(KsJ)}sKel,y6)

FORMAT(613)

PRINT 9,JJs (1SET(K)JIK = 1,6)
FORMAT (4Xs 13+5X26(2004A))

PRINT i1

FORMAT (X2 //)

). ] ] K s 1‘NP

Y(K) 8 402  IPT(K) ® 3

CONTINUE

DB 10 J = §sNP

YMID(J) & ABS(VYMID(J)eS5)

ITLYMID(J) eNE+Q40) GO T8 §0

VMID{J) o 4¢0 & (PT(J) &8 2
COKTINUE

SP s X(NP)/36009)

ENCODE (10470 1XP LX) EP

FERMAT(FSe2,8H KRS, )

ENCODE (10,37, INPINP

FORMAT (15,84 PTS, )

CALL PLY(2400200,03}

X(NPel) 000 S X(NPe2) » 500040
VMID(NPel) ® 0e0 & VMID(NP42) » §.6
CALL LINE(XoVMID,NP,1,0,00

X{J) ® X(J)/ (NP ¢ 2}

CALL PLT(X{J)22062,1PTILN))

PLACE = 0¢Q & ICBDE » of

08 B0 J ¥ {07

CALL SYMBOL(0:¢0sPLACE,D¢14,90000,1CODR)
PLACE o PLACE ¢ 04425

ICODE = I1CODE »i

CONTYINUE

PLACE ¢« 000 # ICODE o of

OO0 83 L & 1,38

CALL STMBOLI{PLACE,0¢000¢18,9,040,1C3DE)
PLACE = PLACE - Oot8

1CODE o 1CODE - 1

CONT INUE

PLACE s «625 8 INTEG » &7

D0 94 K & 5

CALL SYMBOL(e§ed,PLACE,D¢105,INTEQ,O0¢0) 1)

L
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PLACE & PLACE #4625 8 INTEQ = INTEQ o 1§
91 CONTINUE
CALL SYMBBL(®51603055,0e14,13HSLEEP STAGE,30¢0,11)
CALL SYMBOL (2000080000180 IXMAX2040s40)
CALL SYMBOL{440,e860,0038,INP  ,000,10)
CALL SYMBSOL(0e8sc)e50,0e100NAMESO0240)
CALL PLY(0¢0s040,982)
PRINT 20,NPsVMID{NP)
20 FORMAT (30XssPLOT COMPLETEDwoNS POINTSs®,18,¢ LAST PTes o,F1044)
RETURN s END

k4




Program Correls

DO 60 - sto’. in matrix CODE(4, 4) the cost value~ ligted in XCODE(16) of the

data statement. These values indicate the coust of error of the computer

* classification versus the manual classification.
3 100 thru DO 2 read in a classification matrix for one half night of data as pre-
pared by program Tpclass.

DO 6 DO 7 DO 8 reduce the 6 x 6 Tpclass MATRIX to a 4 x 4 matriy by adding

stage 1 to stage SREM and stage 3 to stage 4.

DO 50 Evaluate the € + ‘re score matrix by multiplying each value of the score

matrix by the corresponding vaiue of the cost matrix. Accumulate these

1 products in the variable SUM. If every decision between sleep and
awake were incorrect this sum would be equal to the number of data
records classified.

DO 10 - 20 and 30 resort the 4 x 4 computer rs manuai score matrix into two

vectors of KNT length where KNT is no. of data records ciassified - store
vectors on scratch tape 1 to be read back for intercorrelation analysis.

CALL CORSS (KNT, NV) to perform the Interccrrelation anaiysis. Th:: routine is
a modification of Veldmans' CORS subroutine to the extent that the
data is input through the use of the scratch tape 1.

Print 50 - Print 53 - print sum as total error cost. Cslculate and print error cost

- per data record classified.
DO 81 - Print 82 - The total of the records on the diagonal of the 4 x 4 score matrix
-»; represent correct clagsifcation. The percentage of these correct records

versus the total number classified is calculated ana output.

86
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60

70

S0

3
30
20
10

PROGRAM CORRELS(INPUT,UTPUT,TAREL)
DIMENSION XM(606),ITITLE(S4) »CODE(A,4)
DIMENSION XCODE{14)
DIMENSIAN NAME(S)
DATA(XCBOE (1)9108,16)/7000300300300300000025505:80002500000250
‘:00350;025;ﬁ00/
®

00 60 1 & 120

PO 60 v = L0b

X s K ey

CODE(1,J} s XCODE(K)

CONTINUE

D8 61 K = 1,4

PRINY 82, (CODE(K,L)aLu10A)

FORMAT (1XsaFSe2)

NV ¢ 2

READ {,IFILEL,PCLLITITLE,IFILE2,PC2
FERMAT { 1% /5% 15,F1000/70A10/5%, 15,F10:0)
IFCITITLE(L)EQeITITLEL2) JCALL EX]TY
PRINY 2,1TITLE,IFILES,IFILE2,PLL,PC2
FBRMAT({H],1X,8A10, FILES®,215,2F103)
REWING ¢

98 3 lei,d

READ &, (XM(1sJd)edois6)

FORMAT (6F3.0)

PRINT S,(XM(lpdisdetre)

FORMAT (1Xs6FS40;

D8 &1 ¢ 1,6

XM(3,2) 8 XM(]a2)0XM(1,6)

XA(1,8) o XM{Ipa)oXM(],S)

09 ? J [ 4 1,‘

XM(2,J) & XM(2;J) & XM(6,J)

XM(a,J7) 8 XM{asd) ¢ XM(S,J)

PRINT 70

FORMAY ($1Xs /70 §Xs #REDUCED MATRIXe)
D8 g K s 3,4

PRINT S, (XM{K,L)sL2800)

SUM ¢ 040

o] ] 50 Ie 3,4

o].] 20 Je 1,4

SUM o SUM o (XM({1,J)°CODE(I,J1}

KNT 2 O

00 10 1 « 1,4

€S e 1

08 20 J o §0b

SS ¢ J

Lo XM(I,J)
IF(L.EQe0)CS T8 20
06 3 K » g.L

KNT ¢ UNT o §

WRITE (1) KNT,CS,SS
PRINT 21,XNT,CS,SS
FORMAY (1% 15,2F540)
CONTINUE

CONTINUE

CONTYINUE

RENIND

CALL CORSS (KNT,NV)
PRINT S51,3UM ,XNY
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53

81
80

82

FORMAT (10X,//+10X) sERROR COST = oF10e2,¢ FOR @ 15,% DATA POINTSe®)
COUNT & KNT

CP » SUM / COUNT

PRINY S53.CP

FPORMAT(LOX,¥8R  #,F10¢6,% PER POINT3)

DSUM = 040

D8 81 ! = 144

DSUM » DSUM & XM(1,1)

PRINT 80,J3UM

PORMAT (10X, 770 1GXsF6e2,0 SUM BF POINTS ON D1AJSNALe)
PDSUM & ({DSUM/COUNY)®#10040

PRINT 82,1?DSUM

renngr(xax,o 8R  #,F10e4,® PERCENT ON THE DIAGBNAL®//)
GO 18 100

END
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