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In attempting to classify a medical patient into one of several
possible disease categories, various types of factors are customarily
employed. Among such factors are the followings

(1) Subjective questions with "Yes" or "ot or "Undecided"
answers. These can be quantified by using +1 for "Yos",
_1 for "No", and 0 (zero) for "Undecided",

(2) Subjective assessments of medical expertiss

(3) Objective measurements, such as temperature, blood pressure,
blood cell counts, EKG's «

(4) sSpecial stimulus responses, such as reactions to allergens
or antigens.

(5) A list of sympltoms
(6) Fictorial criteria, such as X-Rayse
Eech factor, defined by a quantitative measure of its level, has a
particular distribution of possible values, ;;e., a range of values, for
each particular disease. The milti-dimensional set of all factors under

study will then possess a certain type of multi-variate distribution

function, which is uniquely gefined for each particular disease.
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Bullefin GEQMETRIC REPRESENTATION OF DISEASES
i Each disease can be represented as a multi-dimensional manifold

in the multi-dimensional factor space, with each factor measured along
along its own coordinats axis, The multi-dimensional manifold for a
particular disease will represent the total range of values possible

for all the N factors as they are involved in that disease,

Furthermore, the multi-dimensional manifold representing a disease will
have a specific centroid whose coordinates are the average values of

the N factors as they are involved in that diseases Also, each factor
in 2 disease will have a specific variance peculiar to that factor as it
is involved in the population of patients with that disease, Thus, we
can picture the N -Dimensional factor space as containing a collection

of K-Dimensional manifolds ( some of which may bs intersecting each other),
with each manifold representing a specific disease with a specific csntroid
and a specific variance for each factor in the N-dimensional factor Space.

This is simply illustrated for a three dimensional factor space with four

diseases in FIGURE 1 »
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CLASSIFYING A NEW PATIENT INTO A DISEASE CATEGCRY

A new medical patient will be represented by a set of N coordinates
X 5 % 13 s % & B % XN) , where X; 1is the measured value of factor
i1 for the patient, Since the factor space is N-dimensional, there are
N coordinates. Thus, the coordinate set ( X, ) I X.j, o WG XN) for
a new patient is geometrically represented as a single point in the faclor
space containing the several N-dimensional manifolds which represent the
several disease possibilities under consideration. The following question
then arises: "which disease does the patient who is represented by the
point (Xl, s X3’ « o 0 XN) have T ¥ To answer this gquestion we
mathematically construct a WGRAVITY MODEL" in which we define the "FRCE
OF GRAVITY" exerted by.each disease manifold on.a UNIT MASS at the point

Je  This "FORCE OF GRAVITY" exerted by a disease

(Xl, s Xj’ e s s 3 Xf
manifold on a unit mass at (Xl, X5 13, R XN) is represented by the
FROBABILITY that the point {Kl, %55 K3, # % A § XN) could belong to the

N-dimensional distribution represented by that disease manifold,  Thus,

the greatest force of gravity , i.e., the greatest pull on the unit mass

at (Xi’ Xy X‘j’ ¥ 5wy XN)_)would be exerted by the diseasfa manifold for

which (X5 X5Xgs o o o s X,) bas the GREATEST BELONGING FPROBABILITY.
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Tr= patient whose N factors are (Xl, XZ, Xj, ¢« o s g XN) would thus be
diagnosed to have that disease for which the belonging probability of the

point (Xl, X, 13, o o oy XN) is the greatest, The belonging probability

of (Xl, X5 X3 s o 8 o 3 Xﬁ) to any perticular disease can be calculated

by using the centroid and factor variances of the particular disease manifold,
together with the "DISTANCE"™ from the disease manifold's centroid to the

point (Xl’ XZ’ XB’ PR . XN) representing the patient, Using the centroid
and faector variances of each disease manifold, it is possible to caleulate

the FROBABILITY COF BEING AS FAR AWAY AS (Xi, XZ’ X3, « s e g XN) from each
disease centroid. That disease yielding the greatest probability of containing
(X1 s Xps X3’ e » o 3 Xy) in its manifold will then be selected as the patient's
disease according to this ¥PROBABILISTIC GRAVITY MODEL® » In some cases

it may be that the patient has none of the diseases in our selected list

(when all the probabilities are very small) , while in other cases the patient

rmay have several of the selected diseases simultaneouslyo
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CALCULATING THE STANDARDIZED GRAVITATIONAL DISTANCE FRCM A PATIENT!'S
POINT (Xys X5 xj, 5 5 W p XN) TO THE CENTROID OF A DISEASE MANIFOLD

Consider the geometric representation of a disease manifold and a patient

as shown in FIGURE 2

DISEASE FANIFOLD

CENTROID OF DISEASE MANIFGLD

(s My Mgy 00 0y My)

GRAVITATIONAL
DISTANCE
P

FROM ©0 TO

34
Ay oy I . (Xlsx-ztxjs-tO:XN)
PATIENT

FIGURE 2

Iet the centroid (Point O ) of the disease manifold be (Mi, Mi; Ms, . e ’Mﬁ)’

where M = Ave., of Factor Xl for the diseass
Mé = Ave, of Factor X2 for the disease
‘ : . ) :
HN = Ave. of Factor Xy for the disease

Furthermore, let
= Variance of Factor 11 for the disease

Variance of Factor Xz
) = - : .
Variance of Facter X for the disease

§ £

for the disease

1

EqN‘ 'NC\Q Hq\b
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Now, let

B >

Standardized Gravitational Distance between (Mi’ MZ’ ...,MN)

and (Xl,X_z, ece g XN)-

,..,
YEe

If the disease manifold is represented as a multivariate normal distribution

Then define >

P

A
of N dindepsndent factors, then the probability P of a patient being at least

as far away from the diseases manifold's centroid as (KI,XZ,... ,KN) is

A A
P = i - vNﬂ.( Z)
where A
VI’ 1( Z ) = (I41)-DIMENSIONAL VOLUME under an N-VARTATE NCRMAL
o+ DISTRIBUTION to & radius % 2
e = \/ g(xi - 1)
in the K-Dimensional space spamned by the N factorse
A
Since V..(2 ) is a positive number between 0 and 1 , it follows

N+l

A A
that the probability P is a maximum for that disease for which 2 is 2

minimum in the collection of diseases being considered.
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METRIC CRITERION FCR DISZASE SELECTION FOR A PATTENT

The FROBABILISTIC GRAVITATIONAL FORCE between the disease manifold of
FIGURE 2 and a unit mass at the patient's point P 1is

A A
P = i - v .(2)

where A ¢ r 2
D - v E (xi - I“i)
¢= o—i

is the STANDARDIZED GRAVITATIONAL DISTAICE between the disease manifold's

centroid and the patient's point. ( See foot note below.)

A
Since, as stated earlier, the maxirmm P  corresponds to the minimum

1; , it follows that a minimum ‘g (i.eey a minimum standardized gravitational
distance) can be used as our criterion for the disease selected to correspond
to the patient located at (Xi’ Xys 0 0 0 XN). This type of diagnosis
(selecting the disesse with the minimum 2 ) is what is known as "METRIC
DIAGHNO-IS" « It amounts to the same thing as "PROBABILISTIC GRAVITATIONAL
FCRCE DIAGROSIS".

The advantage of using '2 is that we need not get involved with the
methematical complications of the (41 )-Dimensional Volume under an He

. A
Dimensional Distribution Function, knowing full well that a smaller Z

must always produce a greater M"GRAVITATIORAL PULL" on a unit mass at (Xi,Xz,...,XN).

-
e e e o & e e e T e e g = il il
i

o — A :
NOTE: In general, Z turns out to be the SQUARE ROOT OF TWICE TEE POLAR
ENIRCPY for independent factorse
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CALCULATING THE ACTUAL PROBABILISTIC GRAVITATIONAL
FORCE FCR NORMALLY DISTRIBUTED INDEPENDENT FACTCRS

The actual probability that a patient as far out as (xi,xz,... " XN)
s or farther, belongs to a disease manifold with centroid at (Ml’Mé"°°’ Mﬁ)
o + @
and with factor variances of ( 0—1-’ 0_2; e o o g G_I—\I ) is
A2
Z
2N
o INCOMPIETE [ (E }
P = 1 2 0

I3

where
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GENERAL FCRMUIATION WITH CCRRELATICNS

Any Non-Hormal factors in the N -Space must be NCORIMALIZED in order
to make normal probability theory valid. Furthermore, suppose the complste

CORRELATION MATRIX of the NORMALIZED FACTCRS is

1?21000-.061@1

?_1—1 C‘l,_z Q e & [ -] C_l.__N
A 4 pra
-1 . El-a ?22_ o L] =3 L 3 L] GZN
R — P s V)
L] + = L]
e ° 5 [
™
'] @ ®
™~
N
clN C_Z_N & ° L] & -] ?ﬂ_
a “a A

where £\ is the value off the DETERMINANT OF R , and the C, 3 's

are CO-FACTCORS.

We define the POLAR EFTROPY of a patient's vector (xi, Xp3 o o o s XN)

A
to be E = +wrTW ., uhere

W' is the row vector (zi sZys o o o s ZN) ard W 1is the column

vector z s and Z; = i = M
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In more conventional symbolism, the POLAR ENTROPY of point (X1 ’XZ’""XN)

cah be expressed as

ALl DISTIvET Pa\RS (t:,d)

N
2 Z’
E»\ ,;gcii (4 + 2 e Cij %4 24

2 A

Then , the BELONGING PROBABILITY of a2 vector with as much POLAR ENTROPY

(or more) as (Kl,XZ, ess sXy) to a disease manifold with centroid at

= z

- 2
(Ml’ Mz,...., MN) and factor variances ( 0__1 . O; 5 m e e O; )

is given by %
[IHCOI»”PLETE 17 ( = }
B 2.

A
P = 4 = i
r(¥)
5
-]
N
-1 X
= 1 %2 e dX

N
[(3)
A
This amazingly simple and general formula is nol Jjust an approximation,

but is theoretically exact !,



