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ABSTRACT

A survey of the problem of the selection of measurements is

presented. The Mahalanobis distance is introc~iced as a selection

cri terion , and approached from an algebraic point of view. A new method

for updating the inverse of a pos itive defini te matrix is derived , and

applied to the selection problem. Two interactive procedures are

developed and used in experiments with the classic problem of Fisher,

_with high-resolution radar images, and with aircraft photographs.

Moments are used as features in the last two experiments.
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( NOTATION AND T~~MS

x (lower case underlined letter) : column vector

transpose of x

I I~.I 1 2 ( x •x) : natura]. 2—norm of x

mean vector of the i—th class

A ( upper case ‘underlined letter) : matrix

AT : transpose of A

I~I : determinant of A

inverse of A

covariance matrix of the i—th

class

P : complex Fourier matrix

Hermitean transpose of ~~
‘

i— th class (a set of patterns )

p( x) : probability density function

of x

p(
~ /w~

) : conditiona]. probability density

function of x given w .~

rj  C x) . : average loss incurred by classifying

x in class

Unless otherwise specified , a].]. nunthers , vectors , and matrices are

rca]., and all matrices are square .

The terms “measurement” and “component ” are used interchangeably;

lik ewise , the terms “pattern” and “(measurement ) vector ” are substituted

indifferently for one another.
I i
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viii

As used in the text, a principal submatrix of a matrix A is a

matrix of dimension inferior or equal to the dimension of A , and the

diagonal elements of which are diagonal elements of A.

C
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CHAPTER 1

INTRODUCTION

The recognition of patterns is a basic act of human life, indeed,

of animal life. The duplication of this activity in a machine has been

the object of numerous studies, and the number of publications deal ing

with this problem has been steadily increasing over the past decade.

Three stages can be distinguished in a typical pattern recognition

process: feature extraction, measurement selection , and measurement

classification. This study attempts to provide a new solution to the

second problem, the selection of measurements. Since no stage can be

examined independently of the others, consideration is given to the

other two problems as well , but only in the measure where they influence

decision processes in the selection problem. Various authors have

extensively surveyed the field of pattern recognition ([14], (19], (23]).

A detailed review of contributions to the subject can be found in an

article by Das Gupta [9).

1
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CHAPTER 2

SELECTION OF MEASUREMENTS

2.1. Desirability of a Selection

The question might arise as to why a selection of measurements is

desirable. As answers to this question are of obvious importance in the

design of a selection scheme, some are presented below.

First, not all the measurements are necessarily useful to classifi-

cation. Indeed, if the distribution of a measurement is the same for

all pattern classes, that measurement is useless for the purpose of

discrimination. Though this can be avoided by a careful design of the

feature extraction scheme, a priori information about the data to be

classified may be insufficient, or the features may be too difficult

to interpret (as in the case discussed in Chapter 5).

Secondly, an excess of measurements can cause difficulties during

a training process. As only a limited set of patterns—the training

set—is available during training, the number of measurements can reach

or exceed the number of training samples . This results in a classifier

being Sensitive to the separation of sample patterns instead of to the

distributions the latter should represent. In the particular case of

a linear decision function, this corresponds to the fact that, if the

patterns are well-distributed (i.e., in general position) , there exists

a linear dichotomy separating any two given distinct subsets of the

training set (21 , pp. 58-60]. As an enlargement of the training set is

not always possible, it may be necessary to reduce the number of

measurements .

2
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A third answer is economy. Processing a large number of measurements

is costly in terms of computation time , storage memory, and communication

channels. Likewise, performing the measurements might require expensive

sensors and exert a perturbing, if not disrupting, influence on the

process to be measured. Thus it is desirable that the number of measure-

ments be limited to the minimum necessary to insure proper classification.

In fact, one is often forced to trade low error rates for reduced number

of measurements.

2.2. Selection Criteria and Methods

In order to carry out a selection procedure, some criterion of

choice is needed. In general, given a set of N measurements, a subset

of N1 (N 1 < N) measurements will be chosen such that no other subset

yields better results, according to some definition of a “good result.”

This problem is often constrained by the condition that the chosen

subset does not contain more than a given limit number of measurements.

The selection procedure depends on the definition of a “good subset”

• which , in turn, often depends on the type of classifier to be ultimately

used. Consequently, there exists a variety of criteria, each resulting

in a different selection procedure. Some of these are examined below .

The optimal strategy can be defined as that incurring the minimum

loss. This is the basis of the Bayes strategy, widely used in pattern

classification (21 , Chapter 4]. When such a classifier is to be used ,

the selection criterion is naturally derived from it. Therefore, a

subset of measurements will be said to be better than, and will

consequently be preferred to, another subset if the average loss
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associated with its choice is less than that associated with the choice

of the other subset. The average loss incurred when classifying a

pattern can be expressed as follows. Let M denote the number of classes,

be the set of all patterns pertaining to class i, and x be an unknown

measurement vector; finally, let L.. denote the loss incurred when

• classifying a pattern of class i into class j. Then the average loss

associated with the classification of a pattern into class j is given

by:

r.(x) = 
~ 

L . .  p(w1/x) (2.2-1)

and the classification strategy is to assign x to class j if r~ (x)

< r
1(x), for all i different from j. The 

~~ 
coefficients can usually

be taken as :

L. . = 1 — d. . ( 2 . 2 — 2 )
1] 13

where CS . . is the Kronecker function; (2.2-1) then reduces to:

r~(x) = 

~~ i=l 
(1 -

= 1 - 

(x) p(x/w.)p(w.) (2.2-3)

where use has been made of Bayes ’ formula. When used for classification,
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‘r.(x) can be simplified by dropping the terms independent from the class

index. Thus (2.2-3) finally becomes:

r (x) = - p ( x / c ) p ( ) (2.2-4)

it is noted , however, that the assumption of (2.2-2) cannot always be

made. As an example, consider a medical application where the classifier

attempts to distinguish healthy persons from unhealthy ones. Clearly,

the loss associated with the classification of an ill subject as healthy

is much hi gher than that associated with the reverse case. In such

cases , equation (2.2-1) must be retained in sp ite of its higher

complexity.

The problem encountered in implementing a Bayes classifier is the

estimation of the probability density functions , p (w~) and p(x/w~).

This problem becomes even worse in a selection process as the measurement

vector, x, is then of variable dimensionality. Indeed , the problem is,

in most cases, intractable. However, solutions exist in the case of

some special distributions, in particular normal and Poisson distribu-

tions [1). It will be recalled that a normal, or Gaussian , process is

entirely characterized by its mean and covariance matrix (i.e., by

statistical moments of the first and second order). Let rn be the mean

vector and C the covariance matrix; then the probability density function

of a normal distribution is given by:

p(x) = 2(l~)
nh1s’2 

~c I 1I2 exp { ~! ~ - rn)T C~~ Cx - rn) } (2.2-5)
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where Id denotes the determinant of C. When this is substituted in

(2.2-4), and af ter some manipulations, the following decision function

is obtained (21, p. 121]:

d.(x) = Lu p (~~) - ~~
. Ln Id - 1 - )T ~~

l 
Cx - rn.) (2.2-6)

• where the mean vector and covariance matrix have been indexed to indicate

their relation to class j. Both the mean vector and the covariance

matrix can be easily estimated from a training set; the class probability

can be derived by observation of sample data. Thus the Bayes decision

rule can be implemented for normal pattern distribution with a minimum

of complexity (see (2], (9)). The probability of misclassification,

however, remains a highly complex function, unless more restrictions are

imposed [7].

Thus, most investigations in the field of measurement selection

based on Bayes’ probability of error have assumed normal distributions

with equal covariance matrices—in which case the decision functions

are linear [21 , p. 121).

A second type of criterion is based upon the results of information

theory and tends to minimize the correlation between components in order

to minimize the redundancy of the measurements. This can be achieved

in two ways. The first is not properly a selection procedure but

rather a reduction of dimensionality and uses the Karhunen -Loève

expansion to decorrelate the components of the measurement vector. The

result is a rotation in the measurement space; the new components ,

linear combinations of the originals , can then be selected on an



7

individual basis. The second approach is sequential and, starting with

an arbitrary choice, selects at each step the component least correlated

with those already chosen.

The third major category includes distance criteria. Measurements

are selected which maximize some type of distance between the classes

of patterns. In order of increasing complexity , the following measures

are comonly used: Euclidean distance, Mahalanobis distance, and

Bhattacharyya distance. Given two patterns, x and ~~~, the Euclidean

distance is given by:

dE(x,L) = - )T( - (2.2-7)

Given a class characterized by its mean vector, rn1, and covariance

matrix, C2 , the Mahalanobis distance from the pattern x to the class i

is given (17] by:

dM ( )  = - )T ~~l 
~~ - r n . )  (2.2-8)

This is recognized as the square root •~f the exponent of the normal

probability density function of (2.2-5). Finally,  given two classes given by

their probability density functions, p1(x) and p2(x) , the Bhattacharyya

distance between the classes is defined as:

dB(pl, ~~ 
= -Lu 

~
j’ ~~~~~ p2(i)

’ d~ (2.2-9)
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This is a measure of divergence between the two distributions , p1 and 

8

p2; the integral can be interpreted as giving the cosine of the “angle”

between the distributions [19].

These three measures have different properties and do not measure

distances between the same objects. Each, however , is a special case

of the next. The Bhattacharyya distance is the most efficient criterion

of the three for selection. Unfortunately, it requires, as ~~ Bayes’

criterion, the estimation of the density functions. In the case of

normal distributions, it reduces to the Mahalanobis distance, which is

more tractable. Finally, when the covariance matrix is the identity

matrix, the Mahalanobis distance degenerates into the Euclidean distance.

Other, more specialized criteria have been proposed to fulfill

particular requirements. All of these criteria result, in practice , in

selections that are better—in terms of classification performance—than

trivial random selections.

This study proposes the use of the Mahalanobis distance as a

selection criterion for several reasons that are noted in the following

section.

2.3. Mahalanobis Distance as a Criterion

Considered as a distance measure , the Mahalanobis distance presents

numerous advantages. First, it is a true metric in real space; that is,

it is positive (or zero, which correctly implies that the two considered

vectors are identical), and it obeys the triangle inequality. Moreover,

this m~asure stays invariant under general nonsingular linear transforma-

tions (6], whereas the Euclidean distance, for instance, is invariant

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - •-
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only under unitary transformations (i.e., rotations). In particular,

this makes scaling unnecessary, as it would not affect the measure.

(Scaling might be necessary, however , for computational reasons.)

Finally, as a consequence of the above, it is seen that the Mahalanobis

distance measure has a “built-in” scaling which weighs the Euclidean

distance by the set variance along the axis of measure. This is

important in two respects. First, measures taken in disproportioned

units are considered only as relative variations and thus rescaled.

More significantly, the spread of the sets is taken into account, as

illustrated in Figure la and lb. In these fi gures , the three mean points

are at fixed Euclidean distances of each other. Consequently, according

to a Euclidean measure, the pattern P would be said to be closer to the

mean M1 in both cases. It is apparent, however , that a Mahalanobis •
measure would result in two different conclusions, in accordance with

intuitive reasoning.

(a) ‘~‘ (b)

Figure 1. Illustration of the role of spread in distance measurement.

L ~ _ _ _ _  
~~~~
_

~~~~~~~~~~~~~
_ • _

~~~~~~~~~~~~~~~~
, ——~~~~
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Thus the use of second statistical moments allows a refinement of

the notion of distance. Though higher order statistical moments could

be used (for non-Gaussian data), as is the case with the Bhattacharyya

distance, the second-degree approximation of the Mahalanobis distance

constitutes a satisfactory description of the situation in most cases.

Selection procedures usually involve several classes of patterns.

The problem is how to characterize interclass distances with Mahalanobis

distances. Let each class be described by its mean rn~ and covariance

matrix C.. Then the distance between classes i and j can be measured—3.

in two ways, in terms of their respective means and covariance matrices.

T —li d . .  = t i  (m . - m .)  C. (m. - m.)
I 13 

~4 -. 3 ~~ (2.3-1)

I ii T — l
~~ d~ 

~. 

= V Qa~ 
- ;) £~ 

-

Depending on the spread of the classes, these two measures can be

considerably different, as illustrated in Figure 2. A better characteri-

zation of the interclass distance would be the average of the two

measures, that is, the double of the distance from the median of the 

Figure 2. Mahalanobis distance between two classes.

• • • .•



__________________________________________  ___________________ -

11

segment rn1 rn~ (in terms of Mahalanobis distance) to either class. A

rapid calculation shows this to be the harmonic mean of the two distances:

d. . aver. = 2 d. .d. ./(d.. + d..) (2.3-2)
13 31 13 31 13

Thus, as would be expected, the average of the two distances is closer

to the smaller of the two.

For more than two classes, however, the case is more complex. The

average interclass distance should possess a property similar to the

harmonic mean of equation (2.3-2) so that excessively large distances

do not completely override smaller ones. There are, for N classes ,

N•(N-l)/2 interclass distances (or N•(N-l) if measured as in equation

(2.3-1)). There is no point in using (2.3-2) anymore; rather, two

possibilities are left. The first is almost simplistic and involves

taking the arithmetic mean of the N (N-l) distances computed as in

(2.3-1). The second approach is a generalization of the Mahalanobis

distance to the multiclass case, yielding a unique measure of average

class separation, based upon scatter matrices introduced by Wilks (see

[1], [6]).

Let w~, i=1, ... , M , denote M classes , each comprised of N~ vectors

of measurements; then define :

in. - F~
!;-. 

~ x mean vectors
i

= Z (.~. - ) (  - ) T within-class scatter matrices
xcw .

Ii j (
~~ 

— 2 .

___ ___ ____ ____________  ___ —A



_ _ _ _ _ _ _

12

M
W = W. total within-class scatter matrix

i— i

= .Z N.rn.nl~T between-classes scatter matrix
~~= 1

(2.3-3)

W is also referred to as the pooled covariance matrix [10]. Finally,

define the fo llowing measure :

d2 
= tr (W~~ 8) (2.3-4)

where tr denotes the trace of the matrix. This measure is the natural

extension of the Mahalanobis distance to a multiclass case. This is

more easily understood by noting that (2.3-4) can be rewritten as

follows :

M
d2 tr (W~~ 8) = tr(W~~ • Z N.m.m.T)

M M
= tr ( Z  N . W 1

~rn~rn~
T) = ~ N~tr (w~ 

T)
11

which finally yields:

d2 = ~ 
N
~
m
~
T W~~rn~ (2. 3-5)

The analogy of (2.3-5) with the Mahalanobis distance defined in (2.2-8)

is evident.

• ---—_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The selection of measurements according to the criterion of maximum

interclass distance then requires the evaluation of either (2 .3-I) or

(2.3-5) for each subset of components; this in turn necessitates the

updating of the inverse matrix C~ (or ~~~
_ ]

) as rows and column s are

added to, or deleted from, C~ (or W). Thus an algebraic study of the

Mahalanobis distance seems appropriate.



——..-_—

• cHAPTER 3

ALGEBRAIC APPROACH TO THE MAHALANOBIS DISTANCE

• 3.1. Updating the Inverse of a Positive-Definite
Matrix

As mentioned in the previous chapter, the selection of measurements

• using the interciass Mahalanobis distance as a criterion involves the

computation of the inverse of various submatrices of the covariance

matrix. As the inversion of a matrix is a lengthy process, some kind

of recursiveness would be desirable; this would have the further

advantage of providing some insight into the selection problem.

The properties of the covariance matrix simplify the problem

considerably. The sample covariance matrix may be computed by using

the following definition [21 , pp. 137-139):

C - ~
. 

~~ (x. - m)(x. - rn)T (3.1-1)
i— 1

where in denotes the mean of the set and x . ,  i=l , ..., N , are the

patterns in the set . (This is the so-called maximum likelihood

estimator.) Thus the sample covariance matrix is guaranteed to be

real symm e tric and positive semidefinite (since any matrix of the type

A.AT is positive semidefinite and since the sum of positive semidefinite

matrices is a semidefinite matrix [5], (18]). The true covariance

matrix is known to be positive definite (1]; the sample covariance

matrix is guaranteed to be so under certain conditions (1], [8].

14
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Positive def inite matrices possess a number of interesting properties;

those of interest to the present discussion are enumerated below :

-a- The inverse of a positive definite matrix exists and is

itself positive definite

-b- Any principal submatrix of a positive definite matrix is

itself positive definite; in particular ~ll diagonal

elements are real positive

-c- A positive-definite matrix possesses a Cholesky decomposi-

tion; i.e., there exists a lower triangular matrix L, with

real elements (positive on the diagonal) such that the

product L.LT is equal to the matrix in question.

(3.1-2)

Demonstrations of these various properties can be found in most books

on linear algebra [5], [18], [22].

Propert y (3.1-2-b-) guarantees that submatrices of the covariance

matrix will also give rise to positive definite quadratic forms. This

proves the statement made in the previous chapter (section 2.3) about

the metric property of the Mahalanobis distance .

Of particular interest is the fact that the inverse of a positive-

definite matrix can be easily updated when either a rank-one matrix is

added to the positive definite matrix [4] or a row and a column (or

several rows and several columns) are added to the original positive

definite matrix , as demonstrated below .
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Let C and be positive definite matrices of dimension ii and k

respectively, and such that is a principal submatrix of C. Without

loss of generality, ~~ can be taken as the upper left-hand principal

submatrix. Let C~~ and denote the inverse of C and ~~ respectively,

and let C~~ be partitioned in a manner analogous to C:

- k —  1C = , C~ = (3.1-3)

xT y 
— 

vT w

By property (3.12-a-b) Y and W are positive definite and possess inverses,

and respectively. X and V are k x (n-k) rectangular matrices.

By definition, C’C 1 
- 

~~~~~

. This can be rewritten as follows:

= (3.1-4)

xT y I v T w 0 I
— L — — —n-k

which yields three matrix equations in three unknowns, U, V, and W (a

fourth equation is redundant).

+ x.vT = i

~~ •V + X•W - o  (3.1-5)

+

-
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Mul tiplying the first two equations by on the left, and the third by

on the left yields:

+ c~~.x .v” =

V + C-1 X W  = 0 (3.1-6)

w + ~~~~~~~~ =

Finally,  using the second equation in the third and in the first , and

since W is known to exist and to be positive definite , the fo llowing

solution is obtained:

(C - tx. ’ xTy l 
= ~~ + (~~ l x ) w ( ~~

l x) T

v c-1. x w  (3.1-7)

= -

In particular , if k = n-l , X and V reduce to the vectors x and V and

Y and W reduce to the scalars a and 8 so that :

rc ~x 1 1 U
C = I — I , C — (3.1-8)
— —

and the system (3. 1-7) reduces to the following :

—— - .-- —-•- •-

~

--——

~ 

.•~~~—_ .—------- ---,~~~---“_  
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• = c..1 
+

= B C ~~~x (3.1-9)

B = l/ (a - XT.c*x)

The system (3.1-9) provides a fast and efficient method for updating the

inverse of a positive-definite matrix when the latter is augmented by

one row and one column. Moreover, if no a priori knowledge can be

assumed about the augmented matrix , the value of B provides all the

necessary information: if B is positive , the matrix is positive

definite; if B is infinite, the matrix is positive semnidefinite singular;

if B is negative , the matrix is indefinite.

Both (3.1-7) and (3.1-9) can easily be applied to quadratic forms.

Let in be an nxl vector and a kxl vector formed with the k first

components (again this is assumed without loss of generality as the

value of a quadratic form does not depend on the arrangement of the

components). Thus:

= I (3.1-10)
in—n-k

Now the quadratic form rnT C~~m can be rewritten:

L ~~~~~~~~~~~~~~~~ - -
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T -l r T  T 1 11
~~ !!V L~ 

mn-kj [
~ 

j [
~

= m 1’. U ~~U, + 2 ni~
’
V m  + mT 

~ . (3.1-li)
—K — —K —K — —ii- k —n-k — —n-k

Making use of (3.1-7) and writing the Cholesky decomposition of W:

W L•L~ , (3.1-il) becomes:

T - l  T - l  T T T -1 T -1 T
!B. •

~~ 
= !~k S.k ~k 

+ !!! n-k i~~ . 
~ n-k 

+ •X).L L •( C •X )

T -i T
- 2~~~~C~ ~~~ ~n .k

which reduces to:

T - l  T - 1  T T - l  T T 2
!!i ~~ . ~ 

= !~k~~4( ~k 
+ 

~~ (!~k~~.k ~ 
- !!~ _k~ 

11 2 (3.1-12)

Denoting by d~ the quadratic form rnT.C
_l

.rn and by d~ the quadratic form

(3.1-12) can be reformulated as:

d~ = d~ + an-k 
(3.1 -13)

The reduction to the case k = n-i is straightforward . Let ~i be the last

component of rn. Then, using the notation of (3.1-9), the equation (3.1-12)

reduces to:

T -l T -l T -l 2rn ~~ = ~k •C 
~~~ 

+ 3•~~~~~~~ 
.x - ~i) (3.1-14)

_ _ _ _ _ _ _ _ _ _ _  —
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To the knowledge of the author , equat ions (3.1-12) and (3.1-14)

represent a new result, together with the systems (3.1-7) and (3.1-9).

Equations (3.1-12) and (3.1-14) are particularly significant in relation

with the selection problem : they show that positive definite quadratic

forms, the Mahalanobis distance (squared) in particular, increase

onotoii~T?aThuiiTh~~_d~mp~~e are dedjthusthe~~roc~s sof salecUn9-.—-

a subset of components can only decrease the separation between the

classes). Moreover, these equations provide a way to compute the change

in distance associated with the addition of components withou t actually

computing the new inverse matrix , thus obviously saving time in a

selection process. Finally, once a selection is accomplished, the

inverse matrix can be rapidly updated .

The matrix equations (3.1-4) have been solved for an updating in

the direction of increased dimension. Though this is likely to be the

most commonly encountered situation, it is also desirable to derive

solutions for an updating in the direction of decreased dimension. Thus

must be expressed in terms of Li, V. and W. This is presented only

for the case of k = n-i , as it is of more practical interest than the

general case. Two of the three equations are rewritten for k = n-i:

T
I ~

~-k~~~ 
8 x =  0

Multi plying both on the left by yields :

— —-~~~--~~- ~~~—.~~~~~~ _ -—•-- ..~~~~~~ -—  ——-
~~ -- -—-- — -~-..--——_ - 
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-1 T -l
(U+~~~~.x.v •~~~~

Substituting the second equation into the first, the following expression

is obtained for C ’:

= - ~~~~~~~ (3.1-15)

This result can readily be applied to the evaluation of the quadratic

form—where now ~~ is desired—as follows. From (3.1-14):

T -1 T -l T -l 2
~~
.C ~~~ = rn •C •rn - 8(~~~ç~ x - ii)

Using the above results, this becomes :

T -1 T -l T I  2
~~
.C ~~ = rn ~ - 8

~
-
~ r - 11)

which can be rewritten as:

= rnT.C~~,rn - .
~
. (~~•v + Bu)

2 (3.1-16)

• Equations (3.1-15) and (3.1-16) are the counterpart of system (3. 1-9)

and equation (3.1-14) . All the remarks mad e above concerning the

• advantages of the latter also hold for the “downward” updating procedurs.

Thus these results allow for an overall simplification of the computa-

tions involved in a selection process. 

—- -—- --•---- —-—• -.-- — — . . .-
~-— -- • • .. •---- - ..- • - --------- .._ -•-—------—- --—----——
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As the incorporation of all measurements results in the maximum

distance, a computation of this upper bound may be desirable. This

requires the evaluation of ~~; as the value of the upper bound should

be avai lable at the beginning of the selection process , a stepwise

computation of C~~ is not efficient. Several methods exist for the

direct calculation of the inverse of a positive-definite matrix (6],

[22]. Once this inverse is obtained , however , the computation of

inverse submatrices might not be necessary, as a corresponding submatrix

of C 1 could directly be used. This possibility, developed below ,

presents the particularity that it makes a distance computed with k

measurements, k < N, dependent on all initially available N measurements,

with the risk of distorting the distance measure by biasing it towards

nonexistent measurements.

Using this measure is equivalent to setting rn k = 0 in (3.1-12),

thus the equation becomes :

= d~ + lI (~ .~
i.X.L)TII ~ (3.1-17)

and , in the case where k = n-i :

d;
2 
- d~ + B(~~~~~~x)

2 (3.1-18)

These equations show the new measure, d;
2
~ to be always larger than the

equivalent measure, d~, which uses the true inverse of ~~~~~~. Therefore,

this new measure presents a double advantage: better separation and a

single inverse matrix computation . It is noted, however, that this 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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computation may not always be possible, for reasons of computation time,

storage memory, and rounding errors .

Unfortunately, this new measure does not increasE m0nQtoniç a~~~~~~~~~
new components are added. Indeed, using the notation of (3. 1-12), the

relationship between the distances computed with n and with k components

is as fol lows :

d 2 
= d

k
2 

+ !!~n_k~~
21 

~!!~k 
+ 

~~ n-k~ 
(3.1-19)

and , in the case where k = n-i :

d 2 
= dk

2 
+ u.(2.vT.~~ + 8•u) (3.1-20)

Thus added components may actually decrease the total distance and the

maximum value is no longer necessarily reached by using all components.

This measure then appears as less representative of the actual situation

than the other; nevertheless, its computational advantages way outweigh

this problem.

3.2. Geometric Interpretation

The results of the previous section can be better understood through

the use of a geometric representation. In order to appreciate the full

meaning of the latter, a few remarks are necess ary .

Yt is known from matrix theory [18] that the quadric of equation:

XT.A.x a constant (3.2-1) 

~~~~~~~~~~~~~~~~~~~~ --_ ~~~~~~~
_- — - . . —-~~— —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -•~~~—
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where A is positive def inite, represents an el lipsoid. Moreover, the

problem of minimizing J ~x J 1 2 
subject to the condition (3.2-1) is

equivalent to that of maximizing XT.A.x subject to the condition

a constant [18, p. 405]. Finally, it is noted that, if =

the variance in the direction of x is given by:

l/a2(C,x) = XT.C l.,T.x (3.2-2)

This ratio is known as the Rayleigh quotient. Thus the two problems

mentioned above are equivalent to maximizing the Rayleigh quotient, or

minimizing the variance, along all axes.

This allows a geometric arrangement for interpreting the Mahalanobis

distance : the quadric (3.2-1) is drawn for an arbitrary value of the

constant , and a line segment drawn from the unknown vector to the mean
.

of the class (this is the support of the vector x used above). The

Mahalanobis distance is then directly proportional to the ratio of the

Euclidean distance between the unknown vector and the mean of the class

(i.e., VX
T.x) to the radius of the quadric in this direction. (If the

quadric is drawn for a constant value of 1, this radius is the standard

deviation of the set in this direction, and the Mahalanob is distance

is directly equal to the ratio defined above.) This is illustrated in

• Figure 3. By using this representation, it becomes possible to

illustrate geometrically the results of section 3.1.

L ’. -
~~~~~~ 

•
-
~~~~~~~~~~~~~ -~~~~~~~- - —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — ——~~~~~~~ -— ~~~~~~~ - • —-
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P

dM (Mr) a MP/MR

Figure 3. Illustration of the Mahalanobis distance.

First, consider Figure 4. The point M is the mean of the class,

and the point P is the unknown pattern. The coordinates of these two

points on both axes are denoted by a subscript x or y. The Mahalanobis

distance using both x and y components is proportional to dE (M,P)/ dE (M,I ) ;

using only the x component, the distance is proportional to dg (M
~
,P
~
)/

dE (Mx,Ix),  where is not, in general, the x-coordinate of I. Since

is always situated between and the projection of I on the x axis,

elementary geometry insures that the measure using both components is

always larger than that using only the x component. (Similar reasoning

can be held for the y component.) Equality occurs when the principal

axes of the ellipsoid are parallel to the coordinate axes and MP is

along one of the axes (i.e., ~~ is diagonal and x has only one nonzero

component).

Then consider Figure 5. As the otigina l covariance matrix is kept,

the result is that the original quadric , not its projection, is used as

a measure of spread. Clearly, the ratio dE (M ,PX)/d E (M ,1 ) is always

larger than, or equal to , the ratio dE (Mx,Px)/dE (Mx,Ix); the same remark

holds for measures along the y-axis. It is noted that the ratio

is even larger than the ratio dE(P,M) /dE (M.I) ,

_ _ _ _ _ _ _ _ _ _ _  —~~~——---- —--  • • --~~~~
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y
P

Figure 4. Illustration of the first type of dimensionality reduction.

Figure 5. Illustration of the second type of dimensionality reduction.

~~~~~~~
I 

_ _ _ _ _ _ _ _ _ _ _ _- -  ~~~~~~~~~~~~~~~ .- -- -- I— - - ~~ . .  - -. .- — .--
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meaning that the maximum of this second type of measure is not reached

when using both components, but when using the x component alone.

However , in a multiclass case, an increased distance does not

imply better classification performance, at least when using classifiers

of the minimum distance type. This is due to the fact that only ratios

change; the actual information available constantly decreases when

components are removed.



CHAPTER 4

S

INTERACTIVE SELECT ION PROCEDURE

• 4.1. Optimal and Suboptimal Searches

The problem of selecting the “best” subset of components is a search

problem. That is to say, it requires the evaluation of each possible

subset against the chosen criterion and then the choice of the most

satisfactory subset . However , for a set of N measurements , there are

non empty subsets; thus the number of possible subsets gets rapidly

out of hand. Even when the choice is limited to subsets of, say , k

components, there still are [~J 
possible subsets. To appreciate the

size of these numbers, let N = 50 and k = 20; then 2N_ 1 is of the order

of lO~~ and f~) 
of the order of iol3. These are clearly forbidding

numbers; thus an exhaustive search is, for all practical purposes,

impossible.

An attractive solution is the stepwise search, in which, at the

k-th step, that of the remaining N-k components which , when added to

the k already selected , yields the best subset of k+l , is selected .

To obtain k components, this method will require N + (N-i) + ... + (N-k)

= N(k+l) - 1 - 4 k(k+3) searches. For the previous example, this yields

819 searches, which is well within feasible values. Unfortunately, such

an approach does not, in general, yield the optimal solution. This is

a typical feature of multivariate problems , where the interdependence

of the various parameters requires that all of them be considered

together. In the particular case where the variables are statistically

28
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independent, a stepwise procedure will yield the optimal solution;

otherwise , nothing can be said about the value of the selected subset.

(This is true for the selection problem, but not for the feature

ordering problem—as encountered in sequential pattern recognition—

in which case some optimality properties can be demonstrated (13]).

Nevertheless, stepwise procedures (also called sequential procedures)

constitute the only tools available for deterministic selections.

A sequential selection procedur e can start at both ends; that is,

it can either add the next best, or delete the next poorest, measurement .

These two methods are referred to as forward and backward sequential

searches. Stopping criteria must be provided for automated search

procedures to avoid ending with a trivial selection (all components or

none at all). Such criteria are chosen in accordance with the selection

strategy to determine the significance of prospective new measurements.

Equipped with well-chosen criteria, sequential methods will find

suboptimal solutions.

All selection procedures, however, are based on statistical

• strategies. The structural information which may be available is not

taken into consideration. Other choice criteria, such as cost of

measurement, sensitivity to noise, or reliability of individual measure-

ments, are difficult to incorporate, despite some efforts in the field

of dynamic programming. In general, the above-mentioned information,

structural in particular, cannot very well be fed to computers. Human

interpretation is necessary at this level; this is the rationale behind

interactive procedures.

—.-—

~
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Therefore, it seems desirable to develop a procedure which provides

a human user with all the facilities of automated search methods and

accepts human input to direct the use of searches.

4.2. Computational Problems

As stressed before, the computation of the inverse matrix, C4, is a

delicate task when the dimension of C is large. This problem is further

complicated by the requirement that C4 be positive definite despite the

rounding errors. Unfortunately, sample covariance matrices are often

ill-conditioned , due to the lack of sample vectors. (In this respect,

W—as defined by (2.3-3)—Is likely to present a better behavior.)

The best way to minimize rounding errors is to use the Cholesky

decomposition; this decomposition is very stable from a numerical point

of view. The quadratic form can then be rewritten:

d2 a ~~~~~~~ = xT(L.LT)~
l 

= I I  (IY) 4,x J l~ 
(4.2-1)

which can also be written :

2 2 Td = 
~ 2 ~ = x (4.2-2)

As I. is lower triangular, L can be immediately found by back-substitution

This method has the added advantage of insuring that the quadratic form

will be nonnegative. Unfortunately, it is extremely difficult to

introduce a recurrence (of the type developed in section 3.1) in these

formulas .
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It is noted, however, that the updating procedure summ arized by

equations (3.1-9) is very stable and presents the advantage of determining

if the updated inverse is positive definite (thanks to the test on the

value of 8). Thus the selection process will not be more sensitive to

the condition of the covariance matrices than direct inversion procedures.

Inverting the matrices directly might still be desirable; since the

estimation of the distance requires more operations using (4.2-2) than

by straight matrix multiplication using the inverse matrix, computation

time might be reduced by using inverses. In such a case, it usually

proves better to invert the triangular matrix , LT, than the original

matrix ([6J,(22]). (This can be related to the fact that the condition

number of C is the square of that of LT.) Nevertheless , negative va lues

might be obtained when computing distances. L~hen using these distances

for classification , however, the problem is lessened since the error

introduced in the measure is approximately constant and thus, within

reasonable limits, should not change the classification .

4.3. Set-Up of the Procedures

Several procedures have been programmed to implement interactive

sequential selection, making use of the results of sections 2.3 and

3.1. Both measures of average interciass distance—as discussed in

section 2.3—can be used; it was felt that the arithmetic average of

all interclass distances could prove usefu l as, with the sam e set-up ,

selection criteria could be directed towards various subsets of these

distances (an unrealizable option while using the generalized measure).

____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Programs were designed to use the updating procedures described in

section 3.1. An additional procedure, using the arithmetic mean

criterion and working with the large inverse matrices , was prograruned,

to be used with sets of reduced dimension. All procedures can perform

forward and backward sequential searches—though the backward search

can only start from the point reached by the forward search. Variable

thresholds are used as stopping criteria, either in absolute or in

relative value. When using the arithmetic mean criterion, weights can

be assigned to specific distances in order to bias the search; moreover,

the search can be directed to try to isolate a specific class or to use

only the distance between a specified pair of classes.

The results of the selection are judged by attempting to classify

the training patterns (with and without a j ackknife ) and patterns

generated by slight modifications to the training set. It will be

recalled that the jackknife procedure consists of leaving some patterns

out of the training set, classifying them with the selection obtained by

using the diminished training set, and repeating the procedure until all

patterns have been used. In the absence of real data, the jackknife

method allows a more realistic estimation of the performance of a

recognition system; however, it is a time-consuming procedure.

The classifier used was chosen to be well suited to the selection

criteria, simple (since the purpose of the experiments was selection

and not classification), and still able to produce good results. An

obvious choice was the minimum distance classifier (using the

Mahalanobis distance), which assigns a pattern to the class—represented

by its mean—closest to it.

• -,, • -  -- -• - —• - •- • ---,• - -  ~~~~~
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The programs were written in FORTRAN V and run on the DEC-system 10

computer of the University of Tennessee, with an allocation of 65 k words

of main memory.
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CHAPTER 5

MOMENT S AS FEATURES

As mentioned in chapter i, feature extraction is the first stage

in a pattern recognition process. Thus, in order to test the selection

procedures developed in this study on real data, some method of feature

extraction must be chosen. In the absence of any information concerning

the data, global feature descriptors are more desirable than local ones;

also, some properties of invariance to several types of perturbation

should be found in any good feature descriptor.

Moments satisfy all these requirements. They have been extensively

used in classical mechanics and statistics, and several researchers have

used them for pattern recognition purposes ([11], [16]). It will be

recalled that the moment of order p of a discrete function f(x) over a

finite interval is defined by:

m = ~ x~.f(x) (5-1)

where the summation is taken over all x in the interval. This is easily

extended to n-dimensional moments as follows. The p1p2 ... pn_th moment
(of order p1 + p2 + ... + p )  of the function f(x 1, x2, ... x~) is

defined as:

p p  p

~ 
...

~~~ 

= Z ~~ 
... ~~ x1

’ x2
2 ... x~~~f(x 1,x2 , . . .  x~) (5-2)

1 2  n x1 x2 x

34
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M. K. Hu (16] has noted that two-dimensional moments of a continuous

function—the summations are then replaced by integrals—will , under

some finiteness assumptions , uniquely determine the function itself and,

vice versa, the function uniquely determines the sequence of moments .

In a discrete case , it is logical to assume that only a finite set of

moments is necessary to represent a function over a finite interval.

The following proof is due to Barrero [3] and restricted, for simplici ty,

to a one-dimensional case.

Let the discrete function f of a discrete variable x1 be defined

over the interval 1. = 1, ... , N; this function can then be represented

in vector form as follows :

f = (f(x 1) f(x 2 ) ... f(x~)]T (5 3)

Let the sequence of moments of order p, p = 0 , ... , N - 1, also be

represented by a vector:

in = (m0 (F) m 1(F) ... mN l (F)l (5 4)

Then a matrix X can be defined such that:

= !. (5-5)

and this matrix reads as follows :

• • — ---— ---- -. -• .. •- •~~~~-•—-—.———-— • - -. .- • - -  ~~~~~~~~~~~~~~~~~~~~~ A
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0x1 . . . x1 . . . xN
1 1 1x . . . x. . . . x1 N

(5-6)

N-i N-l N-i
X

1 
. . . X • • • X

N

If x1 ~ x
3

, i j& j , this matrix is nonsingular (its determinant is known

in matrix algebra as a Vandermonde determinant [5], [18)). Thus it has

an inverse, X4, and the transformation can be reversed :

= ~(l (5-7)

which proves that N moments are sufficient to represent uniquely N

samples of a discrete function. It is further noted that the use of x

in the above equations implies only that x be a single-valued function

of the index i. This allows the use of various functions in order, for

instance, to reduce the computational problems arising with high order

moments, or to pick out specific regions in the interval.

Invariant properties of moments are easily developed. The following

moments, called central moments , are invariant under translation:

— ~ (x - ~~.f(x) , x in the interval (5-8)

where (a m1/m0) corresponds to the center of mass of the function .

In order to achieve invariance to size, these moments are normalized

as follows : 
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n = ~~~~~~~~ 
+ 1)

In particular, n0 = l , = 0.

It can be further demonstrated [16] that the theory of algebraic

invariants is applicable to moments , so that combinations of moments can

be developed that are invariant under general linear (nonsingular)

transformations.

Some moments are well known throughout the technical literature.

The moment of order zero is the sum of all values of the function in the

interval and thus represents the “mass” of the function. The noncentral

moments of order one are related to the center of mass; the moments of

order two are related to the principal components (central moments of

order two express variances and covariances). Finally, moments of order

three are associated with the skewness of the function and moments of

order four with its kurtosis.

Thus moments appear as useful global feature descriptors; they are

easily combined to form invariants; with the use of an appropriate index

function, they can be made to extract local features. Finally, the

computational problems associated with moments of large orders can be

overcome by scaling methods or by choosing an index function with a

reduced dynamic range (it is noted, however , that this last procedure

i~ likely to diminish the discriminan t power of the moments , and to

make the matrix in (5-6) ill-conditioned).
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CHAPTER 6

EXPERIMENTAL RESULTS

6.1. Iris Data

The first application example is based on the classic taxonomy

problem presented by Fisher [12). This problem involves three species

of Iris, namely I. setosa, I. versicolor, and I. virginica, on which

four measurements have been performed : sepal length , sepal width , petal

length, and petal width . The class of I. setosa is known to be linearly

separable from the two others, which present considerable overlap. This

is obviously a rather simple case, which can be investigated by exhaus-

tive search; this, and the fact that numerous researchers have studied

the problem from various points of view , make the Iris data a useful

basis of comparison.

Fisher’s ori ginal data consist of fifty sets of measurements—fifty

patterns—per class. Tests were run without jackknife procedure, using

both criteria presented in section 2.3. The additional procedure using

the complete inverse matrices was also used , since the small number of

measurements would not allow severe distortions of the measure. For

comparison purposes, exhaustive classification tests were run, us ing

both the “true” inverse covariance matrix (i.e., the inverse of the

reduced covariance matrix) and the inverse matrix subsets. First, a

classification test was run using all four measurements to establish

a basis for comparison. The resulting classification matrix is shown

38
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in Table 1. It corresponds to a total misclassification rate of

2 percent. Using a similar classifier, the BMD program , P7M [10],

presents the same error percentage, where a method based on density

estimation (6) resulted in a perfect score.

Table 1. Iris classification matrix using all measurements.

from: to: I. setosa I. versicolor I. virginica

I. setosa 50 0 0
I. versicolor 0 47 3
I. virginica 0 0 50

The selection program based on the large inverse matrices was then

run using both forward and backward sequential procedures; these always

converged to the same result. Thus sub ets of three, two, and one

measurements were determined, which resulted in misclassification rates

of 2, 3-1/3, and 4-2/3 percent respectively. The classification matrices

for these selections are shown in Table 2, where the measurements have

been numbered for commodity (1: sepal length, 2: sepal width, 3: petal

length, 4: petal width).

The exhaustive classification tests using the large inverse matrices

showed all selections to be indeed optimal. A second subset of three

measurements and a second subset of two measurements demonstrated the

same error percentage as the selected subsets, but none better could be

found. It is interesting to note that twelve of the fourteen possible

~
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Table 2. Iris classification matrices (I) using (a) measurements
2, 3, 4; (b) measurements 3, 4; (c) measurement 3.

from: to: I. setosa I. versicolor I. virginica

(a) Measurements 2, 3, 4

• I. setosa 50 0 0
I. versicolor 0 48 2
I. virginica 0 1 49

(b) Measurements 3, 4

I. setosa 50 0 0
I. versicolor 0 47 3
I. virginica 0 2 48

(c) Measurement 3

I. setosa 50 0 0
I. versicolor 0 46 4
I. virg inica 0 3 47

_
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subsets correctly classified all patterns of the first class; only the

first or the second measure taken alone resulted in a few errors for

this class (while the same subsets completely confused I. versicolor and

I. virginica). The classification results are summarized in Table 3.

Table 3. Error rates associated with Iris measurement subsets (I).

Subset Error Rate Subset Error Rate

1,2 18 2 ,3 4—2 / 3
1,3 3-1/3 2 ,4 4—2 / 3
1,4 8 3,4 3-1/3

1,2,3 4 1 28
1,2,4 8 2 38
1,3,4 2 3 4-2/3
2,3,4 2 4 5—1/3

The same procedure was repeated with the other two procedures, which

use the updating method to compute the “true” inverse at each step. The

generalized distance criterion led to rather poor selections (with 4,

4, and 28 percent of error respectively), while the arithmetic mean

criterion resulted in the optimal selection for each subset dimension.

Classification matrices are shown in Table 4, and the exhaustive

classification results summarized in Table 5. It is noted that a better

classification was achieved by using three measurements than by using

all four of them. The comparison between the two approaches (subsets of

the large inverse matrix versus “true” inverse matrix) confirms what

has been said in section 3.1: the classification results are better
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Table 4. Iris classification matrices (II) using (a) measurements
1, 3, 4; (b) measurements 3, 4; (c) measurement 4.

from: to: I. setosa I. versicolor I. virginica

(a) Measurements 1, 3, 4

I. setosa 50 0 0
I. versicolor 0 48 2
I. virginica 0 0 50

(b) Measurements 3 , 4

I. setosa 50 0 0
I. versicolor 0 47 3
I. virginica 0 1 49

(c) Measurement 4

I. Setosa 50 0 0
I . versicolor 0 48 2
I. virginica 0 4 46

4 
—- ••

~~~~~~

, ~~~~~-
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Table 5. Error rates associated with Iris measurement subsets (II).

Subset Error Rate Subset Error Rate

1,2 19—1/3 2,3 4
• 1,3 4 2,4 5—1/3

1,4 3—1/3 3,4 2—2/3

1,2,3 4 1 28
• 1,2,4 4-2/3 2 44-2/3

1,3,4 1-1/3 3 4—2/3
2,3,4 3-1/3 4 4

with the “true” inverse. Moreover, the selection operated by one method

is not optimal when used with the other method . Both methods, however ,

achieved optimal solutions; while this cannot be expected to remain

true for more complex problems, it is a proof that sequential procedures

are able to choose better-than-average subsets.

6.2. Radar Returns of Aircraft

In this experiment, eight different aircraft were used, four

American planes and four Russian planes. These aircraft had been selected

for a previous investigation (15] because they form four more or less

similar pairs: two large transports, two light bireactor transports,

two large fighters, and two small fighters. A list of the eight planes

with their wingspan is given in Table 6.

The radar returns were carefully simulated by M. Harris [15), using

model airplanes. As used in the following experiments , a radar image

consists of a set of reflection points, characterized by their coordinates

on a 512 by 512 grid, around which electromagnetic scatter is simulated

~~~~
-

l
-

~~~~~~~~~-~~~~—--_.. • • ,~~~• ~~~~~~~~~~~~~~ -~~~~~-~~~~• • _
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Table 6. Aircraft used in the experiments with radar returns.

Name Type Nationality Wingspan

Mikoyan MIG-2l Fighter USSR 7.15 m
• McDonnell-Douglas A4M Fighter USA 8.38 in

Mikoyan MIG-25 Fighter USSR 12.19 in
General Dynamics FB-lllA Fighter USA 19.20 in
Tupolev TU-22 Transport USSR 27.70 in
Boeing 737 Transport USA 28.35 in
Antonov AN-22 Transport USSR 64.39 in
Lockheed C-SA Transport USA 67.88 in

by generating a cluster of points with a two-dimensional Gaussian random

generator. Typical images have from five to fifteen reflection points,

each with a cluster of twenty to fifty points; one such image is shown

in Figure 6.

Sixty-four patterns were generated for each class, for a total of

512 different images. The patterns correspond to about thirty different

positions of each aircraft, each pattern thus obtained being used twice

with the random generator. Figures 7 and 8 illustrate some of the

patterns thus generated for the FB-lllA and the B-737.

Central moments were used to describe the images. Thirty-three

moments were computed , namely all moments of order two to order seven,

using a reduced index described by the function:

x — 1 + i/(512 l0 2
) , i = 1, ..., 512 (6.2—1)

The moments were all divided by m00, the zero-th order moment, but were

not normalized since invariance to size was not desired. In fact, the 

—. —— • • •-~~~• . - -—— —~~~~~~~ —.... • • • • - • A
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Fi gure 6. Typical simulated radar image.
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Figure 7. Sample patterns of the FB-lllA class.
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size of the airplanes is a very important factor in this type of

recognition problem. As radars usually provide range information, or

even automatic scaling, the size can be taken into account irrespective

of the distance at which the plane is flying. These experiments assume

an automatic prescaling so that images are all of correct proportions.

The scaling can also be accomplished with the moments themselves: the

gyration radius of an image (i.e., 
~~~ 

+ 

~2O ) is known to be inversely

proportional to the distance between the object and the imaging device

and can thus be used together with the range information to scale the

other moments [11].

Three series of experiments were conducted. In the first series,

all eight airplanes were used, whereas the second and the third series

dealt with the fighters and the transports respectively. As a preliminary

step, classification tests were run using all, thirty-three moments. The

results were surprisingly good: only 6 out of the 512 patterns were

misclassified , yielding an error rate of 1.17 percent. The classification

matrix for this experiment is shown in Table 7. It is noted that there

was not any confusion between fighters and transports.

Jackknife procedures resulted in an overall error rate of 2.9

percent (fifteen errors). Since the difference between both results

was so small , and because jackknife classification required much more

time than normal classification , the j ackknife procedure was abandoned

for the rest of the experiments. It is felt that the comparison between

the performances of two subsets is as valid with normal evaluation

methods as with jackknife procedures.
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Table 7. Aircraft classification matrix using all 33 moments.

from: to: MIG21 A4M MIG2S FBlll TU22 B737 AN22 C5A

MIG21 63 1
A4M 1 63
MIG2S 64
FBlllA 3 61

TU22 64
B737 1 63
AN22 64
CSA 64

The first test was designed to evaluate the usefulness of the large

inverse matrix method as applied to high-dimensional data. A selection

of 11 components was obtained using the arithmetic mean criterion, which

yielded a catastrophic error rate of 80.2 percent. Directing the

selection to use the smallest distance only as criterion , the result

improved to 76.4 percent of error. Using the “true” inverse covariance

matrix of each subset for classification diminished the error rates to

64.5 and 51.8 percent respectively. Most patterns were classified as

CSA , i.e., attributed to the class which had the largest spread. Other

selections confirmed these results, clearly showing the inapplicability

of this procedure to high-dimensional data.

Random selections of 11 components were then performed and

classification tests run to obtain a mean value of performance with

which to compare the results of the first two selection procedures.

For the classification among eight airplanes, an avera ge error rate of

40 percent was observed , while the two-class fighter-transport 

—_ —-----—— - • . —--V ... —— ~ 
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classification was correct 90 percent of the time. Both selection

procedures were then used ; both selected the same subset, for which

classification tests showed an error rate of 17.2 percent for the eight-

class problem and 2.7 percent for the two-class problem. The classifi-

cation matrix for this experiment is given in Table 8.

Table 8. Aircraft classification matrix using 11 selected moments.

from: to: MIG21 A4M M1G25 FB111A TU22 8737 AN22 C5A

MIG21 37 13 14
A4M 3 50 11
MIG25 2 53 1 7 1
FBlllA 12 46 1 5

TU22 52 8 4
B737 5 58 1
AN22 64
C5A 64

Various other subsets were selected using these two procedures; for

each selected subset, several other subsets were randomly chosen (with

the same number of components) to provide a basis for comparison. Some

of these results are summarized in Table 9. It is noted that the

selected subset always allowed much more accurate classifications. A

secon d impor tant feature is the re lationsh ip between the number of

selected components and the error rate; Figure 9 illustrates this

relationsh ip. The curve presents two thresholds, between which the

increase in performance is very slow; thus a practical pattern recognition

system would use either a dozen measurements or all of them.

±__~~~_ ___ • _ . • _ _ ___ _ _—_ 
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Table 9. Classification results for various subsets .

Selected Subset Random Subset
Number of Error Rate Error Rate
Components 8-class 2-class 8-class 2-class

1 62.6 31.2 81. 50.
3 38.3 16.7 70. 32.
5 37.1 15.2 54. 28.
9 16.1 6.5 45. 16.
11 17.2 2.7 40. 10.
18 18.1 3. 27. 7.
23 12.7 3.1 21. 6.

error rate (%)
80

70

A60 A : 8-class problem

50 0 : 2-class problem

40
A A

30 0

20 A0 0 A A

A10 number of
0 components

0 0 0 
AI I I

1 3 5 9 11 18 23 33

Figure 9. Relationship between the number of selected components
and the error rate.
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The second series of experiments used only the four fighters, since

the distinction between fighters and transports seemed well-defined. Two

selections were obtained, one of nine , and one of eighteen components.

In agreement with the curve of Figure 9, the selection of nine measure-

ments yielded slightly better results (9 percent versus 9.4 percent of

error). Classification matrices are shown in Table 10. It is noted

that the first seven moments selected were the same as those selected

for the 8-class problem. (The same seven moments will also be the first

selected in the next series of experiments.)

Table 10. Fighter aircraft classification matrices using (a) nine
selected moments and (b) eighteen selected moments.

from: to: MIG21 A4M MIG25 FB111A MIG21 A4M MIG2S FB111A

MIG21 45 7 12 ‘7 7 10
A4M 63 1 1 61 2
MIG2S 1 63 1 63
FB111A 2 62 3 61

The last series of tests was a repetition of the second, this time

using the four transports. As expected, there were less misclassifications

with these planes as the selected subsets resulted in error rates of 4.7

and 7.8 percent for nine and eighteen components respectively. The

class ifica tion matrices are shown in Tab le 11 .

These three series of experiments have shown both the discriminating

power of moments and of the minimum Mahalanobis-distance classifier and

the usefulness of sequential search procedures. Selected subsets

-• • .• • -- • •--- --- • . • -.- - -.--— .-_ .~~~~~~~~~-- . .- - - - - ---
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Table 11. Transport aircraft classification matrices using (a) nine
selected moments and (b) eighteen selected moments.

from: to: TU22 B737 AN22 C5A TU22 B737 AN22 CSA

TU22 55 8 1 57 7
B737 1 62 1 13 51
AN22 63 1 64
CSA 64 64

resulted in two to three times less rnisclassifications than equivalent

subsets chosen at random. Moreover, the selection allowed a reduction

of a factor three in the number of measurements for a decrease in

performance of about 10 percent only.

6.3. Photographs of Aircraft

In this experiment, a series of four pictures was taken for each of

four different toy aircraft. All four planes were fighters: the A4M

“Skyhawk ,” the Fl04, the A7D “Corsair,” and the Mirage Fl. Each

photograph represents a plane in a different position. Typical photo-

graphs are shown in Figure 10. The pictures were digitized in a grid

of 128 by 128 points, usin g 256 levels of gray. Each picture was then

numer ically ro tated 90, 180, and 270 degrees, and symmetrized around

both vertical and horizontal axes, to yield a total of twenty-four images

per airplane.

Six moment invariants were used to describe these pictures. (The

choice of such a small number of features was based on the fact that

photographs convey a large amount of information about aircraft—much 

• • • . - • • • . . . • •-•-~~~~-—— • • .  —•• . • . - - •-.- 
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(a) A4M “Skyhawk” (b) F104

Cc) A7D “Corsair” (d) Mirage Fl

Figure 10. Sample photographs of the four aircraft. 
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more, for ins tance, than radar returns.) These invariants were derived

from the central normalized moments of order two and three using formulas

developed by M. K. Hu [16], and adopting a normalization by the gyration

radius introduced by Dudani [11]. These invariants can be shown to

remain unchanged under general linear transformations.

In terms of the central normalized momen ts , the invariants can be

expressed as follows :

= ~~‘~2O - ‘
~02~ 
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The last invariant, I6~ 
is taken in abso lute va lue , since it changes

sign under improper transformations.

The computed invariants differed only in the fourth significant

digit; such accuracy is due to the absence of digitizing errors in the

rotation s and symme tries, and cannot be expected for more general

transformations. This result shows, however , that moment invariants can

be easily and accurately computed.

Preliminary classification tests were run using all six measurements:

they yielded a perfect score of 96 correct classifications. Both proce-

dures were then used to select subsets of one, two, three, and four

components, which were compared against randomly selected subsets. All

subsets of four components were found to result in perfect classification,

thereby confirming the assertion made above concerning the informational

content of a photograph.

Subsets of three components as selected by both procedures yielded

error rates of 31 percent and 17 percent. Typical random subsets resulted

in an error rate of 25 percent ; one subset, however , gave rise to a

perfect classification (first three components). This exemplifies the

fact that sequential methods do not insure an optimal solution ; indeed

some selections might be worse than trivial random ones, as was the

case with the above-mentioned subset of three components.

While search ing for subsets of two components, it was noticed that

the interclass distance measure fell sharply between three and two

components. Thus, such subsets were not expected to result in satisfac-

tory performances. Indeed , classification tests demonstrated an error

_ _
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rate of 44 and 50 percent for both selected subsets , and 60 percent for

random selections.

The usefulness of interactive procedures was demonstrated by the

discovery of the optimal subse t of three compon ents: this happened

while trying to keep the simplest invariants, and directing the searches

in consequence. It is also noted that, in this experiment as in the V

other two, the selection procedure based on the arithmetic mean criterion

outperformed that based on the Wilks ’ measure criterion, although it V

required more time and more attention from the user.

L
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CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

The development of two types of sequential feature selection

procedures has been presented along with a new inverse matrix updating

V 
algorithm. These procedures have been applied to three different

classification prob lems , two of which make use of moments as pattern

features.

The first experiment demonstrated the ability of the procedures

to find suboptimum—even optimum—measurement subsets. The second

experiment verified this property by comparing the selected subsets

with randomly chosen ones; it also evidenced the discriminatory power

of moments. The third experunent demonstrated the invariant properties

of moments and proved the usefulness of interactive procedures.

Further experiments should be performed using known structural

information as features, in order to determine the extent to which

the interactive capabilities of the procedures improve the selection.

Research should also be carried on to reduce the computational errors,

especially to establish bounds on the final resulting errors as related

to the condition of the covariance matrix.
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APPENDIX A

CIRCULANT MATRICES AND THE MAHALANOBIS DISTANCE

Circulant matrices have been used in digital image processing [141

to reduce the computational work involved in image restoration. A

circulant matrix is such that any of its rows is obtained by a circular

shift of the previous row (considering the last row as being before the

first) :

C0 C1 ... CN_ l
CN 1  C0 ... C~~2

C = C~~2 CN_ l ... C~~3 - 
(A-l)

C1 C2 ... C0

These matrices have the remarkable property that they can be diagonalized

by a two-dimensional Fourier transformation:

C F~~~A F  (A-2)

where F denotes the forward Fourier transformation matrix. As Fourier

matrices are unitary , F~~ = F
H 
(where denotes the Herinitean transpose

of F), and equation (A-2) becomes: V

(A-3)
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V Thus the inverse of C, C~~, can be written:

C~
l FH A l F (A-4)

Introducing this in the expression of a quadratic form yields:

= mT.F~.A
_]
.F.m = (F.m)H.A~~.F.m (A-5)

It is noted that F r n  is the two-dimensional forward Fourier transform

of rn; moreover , each diagonal element of A is the one-dimensional

backward transform of the corresponding row of C (5). The computation

of the quadratic form thus requ ires a series of Fourier transformations

—which can be rapidly performed by an FFT algorithm — and a vector

innerproduct, instead of a matrix inversion and a matrix multiplication

followed by a vector innerproduct. As there exist dedicated hardware

circuits to compute fast Fourier transforms, the gain in computation

time over a conventional method can be quite substantial.

However, this approach is not suitable for recursive computations

such as used in the procedures developed in this thesis. Moreover, it

appears unlikely that covariance matrices present a circulant structure,

as this would reduce the number of different elements of the matrix

to N/2.

V V ~~~~~ V V ~~~~~~V~~~~~~~~~~~~~~~~~~~~ V1VIT
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APPENDIX B

PROGRAM DESCRIPTIONS

There are four basic programs. Two of these perform the selection,

one is used to invert the appropriate covariance submatrices, and the

last classifies the training set using the inverses previously computed.

Another program computes the covariance matrices and mean vectors from

the training sets; still other programs are used in conjunction with

each experiment to prepare training samples. Each program is described

in some detail in the following pages. The order in which programs are

surveyed corresponds to the order in which they are used in practice,

from the preparation of sample patterns to the classification test.

It must be kept in mind that these programs have been written for a

36-bit machine with a limited allocation of main memory (65k words).

It is finally noted that the execution times given for each program

are only indicative, since they are highly dependent on the amount of

data to be processed .

B.l .  Program PATGEN .FOR

This program is used to generate simu lated radar patterns . It

reads (from a specified disk file) a specified number of images; each

image is a list of coordinate pairs , locating reflection points on a

512 by 512 grid, and ending with a terminator pair. Each image is then

syminetrized around vertical and horizontal axes, and around the first

bisector, to yield three more images. A random number generator is

65 
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used to generate scatter points around each reflection point; the number

of scatter points is specified by the user. (The final number may be

somewhat smaller, due to the elimination of identical pairs.) The

resulting patterns are written to a specified disk file; each pattern

is a list of coordinate pairs ending with a terminator. A typical

application used 8 original images , each formed of about a dozen

reflection points, to generate 64 patterns (as each image is used twice

with the random number generator); each pattern consisted of about a

thousand coordinate pairs; the CPU time—including the user dialogue—

was around 40 seconds (the length is mainly due to the elimination of V

redundant coordinate pairs). The Gaussian generator is one-dimensional, V

giving rise to spherical clusters of scatter points around each

reflection point.

B.2. Program MOMENT.FOR

This program is used to compute moments from simulated radar

patterns. It processes several classes at once. Each class is repre-

sented by a disk file in which radar patterns of an aircraft are stored

(as created by the program PATGEN.FOR). Central moments are computed ,

up to a specified order, and normalized by the zero-th order moment.

The index function used in the computation is X = 1 + I/(5l2•a), where

the constant ~ is specified by the user. When all moments have been

computed for a given class , they are written to a specified disk file;

each moment vector (i.e., the moments of a pattern) is written in turn,

beginning with the low order moments, and varying the order in the

. . V . V~~~~~~~~~ V . - V -VV V±1V~~~~~~~~~~~~~~~~~~~ V . - V~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~~~~~~~~~~ V V V ~~~~~~~~~~~~~~~~~
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second coordinate faster than that in the first coordinate. A typical

V 
application involved 8 classes of 64 patterns each, using moments up to

order 7 (i.e., 33 moments) and required a l i t t le  less than 2 minutes

of CPU time.

B.3. Program MOMINV.FOR

This program is used to compute six general moment invariants from

digitized pictures. Each picture is a 128 by 128 array of integers in 
V

the range 0-255. Four integers are stored in each word in the disk

files. The program reads a specified number of pictures, each from a

different disk file. Pictures are read in column by column; after each

new column has been read , a call is made to a routine, written in

DEC-10 assembler code, to unpack the 4 bytes. Each picture is then

rotated 90, 180, and 270 degrees , and symmetrized around both vertical

and horizontal axes (all of these operations are performed by simple

reordering of the picture elements), to yield 5 new pictures . Central

normalized moments of order two and three are then computed for each

picture, and combined to form the six invariants described in section

6.3. For reasons of storage space, each picture is processed individually

and written to disk; this output file is unique and contains 6 moment

vectors for each original picture. A typical application used 4

original pictures to yield 24 vectors of six invariants, and required

a little more than four minutes of CPU time. (This stems from the

necessity of processing 1282 = 16384 items of data for each picture.)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ...
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B.4. Program STAT.FOR

This program is used to compute the statistics of a training set,

that is, the set mean vector and covariance matrix. Several sets can

be processed at once. A set consists of a number of pattern vectors

written without separation in a disk file. The program will read a set

in main memory , compute—in double precision—its mean vector and

covariance matrix, and write them in a specified disk file (one for each

class). The mean vector is written first, followed by the covariance

matrix, in full storage. The double precision is useful in reducing

the rounding errors when inverting the covariance matrix. A typical

application involved 8 classes, each with 64 patterns of 33 components,

to yield 8 mean vectors and 33 by 33 covariance matrices , using less

than a minute of CPU time (including user dialogue).

B.5. Program INVERT.FOR

This program is used to compute the inverse of selected covariance

submatrices. Several classes can be processed at once ; a class is

represented by a disk file where class mean vector and covariance matrix

are stored in double precision (as created by the program STAT.FOR).

The user specifies the components to be used ; only the corresponding

submatrix is then inverted. The inversion routine uses a triangular

decomposition with a column search procedure , as developed by J. K.

Bryant (61, in order to minimize the rounding errors. When the submatrix

of a class is inverted, the subset of the mean vector and the inverse

submatrix are written—in single precision—to a specified file (one

-- ~~~~~~~~--~~~~~~~~~~~~~~ -V .- -- -- - -V - -. --- ----~~~~~ -V . . . .
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per class). A message is issued if a matrix is found to be singular.

No messages are printed if the inverse is detected as not positive-

definite; the FORTRAN run-time library, however , will issue a warning

stating an attempt to take the square root of a negative number. A

typical application used 8 classes of 33 components and required less

than 20 seconds of CPU time.

B.6. Program CL.ASS.FOR

This program is used to run classification tests. The user must

specify a number of classes and give, for each class , the name of the

disk file containing the training samples, the number of these samples,

and the name of the disk file containing the inverse covariance (sub)

matrix to be used. There exist two versions of the program: the first,

CL.ASSI.FOR, requires that the number of components to be used be equal

to the dimension of the inverse matrix, while the second, CLASS2.FOR,

uses a submatrix of the inverse covariance matrix if the number of

components to be used is less than the dimension of the inverse matrix.

Both programs use only the components that the user specifies. The 
- 

V

Mahalanobis distances from each training sample to each class are

computed and stored in main memory. The computations, for reasons of

storage space, are performed on a class per class basis: the mean

vector and inverse covariance matrix of a class are read, and all

training samples processed with this class. The programs print an

extensive list, class per class, of all distances , with the result of

the classification in the margin; in addition, the number of correctly

_ _ _ _ _ _ _ _ _  _ _  _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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and incorrectly classified patterns is printed for each class. A

typical application involved 8 classes of 64 training patterns each ;

using all 33 components resulted in a CPU time occupation of a little

more than two minutes. The program CLASS1.FOR is intended to be used

with the selection programs SELEC1.FO R and SELEC2 .FOR , while the program

CLASS2.FOR should be used in conjunction with the selection program

SELEC3.FOR.

V B.7. Program SELEC1.FOR

This program is used to select subsets of measurements using Wilks ’

matrices and the generalized Mahalanobis interclass distance measure as

selection criterion. To initialize the program, the user must specify

the number of classes , the total number of components , and , for each

class, the name of the file where the mean vector and covariance matrix

are stored (as created by the program STAT.FOR) and the number of

patterns used to compute these statistics. The program read s , and

stores in main memory, all mean vectors, and adds all covariance matrices

(weighed by the number of patterns used to compute them) into a single

matrix, the total within-class scatter matrix. Once the initialization

is complete, the user has a choice of eleven commands at his disposition, V

namely:

1. Reject all components (partial initialization) .

2. Add a specified component.

3. Reject a specified component.

4. Select the next best component(s) (unless its contribution

is below the current threshold-to-select).

_ _ _ _ _ _ _ _ _ _ _ _ _  ____  ~~-V •~V _ V V V~~ — __
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5. Reject the next poorest component(s) (unless its contribution

is above the current threshold-to-reject).

6. Set the threshold-to-select to a specified value (in percent

of the total interclass distance measure).

7. Set the threshold-to-reject to a specified value .

8. Print a separation line (to isolate particular sections of

the printed output) .

9. Type (to the user ’s terminal ) the current status ( i .e . ,  number

of selected components, value of the interclass distance

measure , and both threshold values) .

10. Print the status.

11. End of program (return to the monitor).

Each selection, or rejection, is indicated to the user , together V

with the contribution of the component in cause; this information is

also printed. It is thus possible to request a complete feature ordering

by starting with no components and requesting the maximum number of

steps on the fourth command. Each selection, or rejection is immediately

followed by an updating of the interclass distance measure and of the

current inverse matrix.

Using 65k words of main memory, this program can deal with problems

involving several dozens classes and up to eighty components. Apart

from the initialization, which may require a few seconds of CPU time,

no command takes more than a tenth of a second of CPU time.
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B.8. Program SELEC2.FOR

This program is used to select subsets of measurements using the

mean of all interclass distances as selection criterion. To initialize

the program, the user must specify the number of classes , the total

number of components , and, for each class , the name of the file where

the mean vector and covariance matrix are stored (as created by the

program STAT.FOR) and the name of the file to which the selected subset’s

mean vector and inverse covariance matrix are to be written. The program

reads , and stores in main memory, all mean vectors and covariance

matrices. Once the initialization is complete , the user has a choice

of twenty-one commands at his disposition, namely:

1. Print a separation line (to isolate particular sections of

the printed output).

2. Reject all components, reset all weights to one (partial

initialization).

3. Add a specified component.

4. Reject a specified component .

S. Select the next best component(s) , using the average of all

weighted interclass distances as criterion (unless the result-

ing contribution is below the current threshold-to-select).

6. Reject the next poorest component(s), using the same criterion

as under S (unless the resulting contribution is above the

current threshold-to-reject).

7. Select the next best component(s), using the average of the

weighted distances from a specified class to all others as

V ~~~~~~~~ V V V  V V V V V V ~~V~~~- V V . - V~~~V V
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criterion (unless the resulting contribution is below the

current threshold-to-select).

8. Reject the next poorest component(s), using the same criterion

as under 7 (unless the resulting contribution is above the

current threshold-to-reject).

V 9. Select the next best component(s) , using the distance from

one specified class to another specified class as criterion

(unless the resulting contribution is below the current

threshold-to-select).

10. Reject the next poorest component(s), using the same criterion

as under 9 (unless the resulting contribution is above the

current threshold-to-reject).

11. Type (to the user’s terminal) the distances between two

specified classes. V

12. Type (to the user’s terminal) the list of all selected

components.

13. Type (to the user’s terminal) the current short status (i.e.,

the number of selected components, the unweighted average

interclass distance, its standard deviation, the minimum

interclass distance, and both threshold values).

14. Print the current short status, plus the list of all selected

components.

15. Print the current short status, plus the list of all selected V

components, plus the list of all interclass distances and

their respective weights.
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16. Set the threshold-to-select to a specified value (an absolute

measure).

V 
17. Set the threshold-to-reject to a specified value.

18. Assign a specified weight to the distance from a specified

class to another specified class.

19. Type (to the user’s terminal) the weight of the distance

from a specified class to another specified class.

20. Type (to the user’s terminal) the minimum interclass distance—

in harmonic mean—and both class numbers.

21. Write (to the disk files specified during the initialization)

the current inverse covariance matrices to disk and return
V 

to the monitor (end of program).

Each selection, or rejection, is indicated to the user, together with

the weighted contribution of the component in cause; this information is

also printed. Each selection, or rejection, is immediately followed by

an updating of all interciass distances and all current inverse matrices.

Using 65k words of main memory, this program can deal with problems

involving, for instance, eight classes of 33 components. Apart from the

initialization, which may require a few seconds of CPU time, no command

takes more than a tenth of a second of CPU time.

B.9. Program SELEC3 .FOR

This program is used to select subsets of measurements using the

mean of all interclass distances as selection criterion . It is basically

identical to the program SELEC2 .FOR , except that it uses subsets of
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inverse matrices in the computations. In consequence, it requires as

input one file per class, where the mean vector and invers e covariance

matrix are stored (as created by the program INVERT .FOR) . For more

details, the listing of the program should be consulted. 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ V V V V V V  V .
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MA IN. PAT GEN.FOR FORTRA N ¶ 1 . E( 51 3 )  /KI 28—J uL—77 17:30 PAGE 1

- - 00001 C
V 
- — V 00002 C THIS PROGRAM W ILL REAO FROM A O LS K FILE A NUMBER OF

- V V V~ 00003 C IMAGES AS CHARACTERIZED ~Y A L IST OF COORDINATE PAIRS
V 00004 C AND GENEHAT E 7 OT~iER SETS bY SY MM ET RIZAT ION AROUND

00005 C VA RIOUS AXES. THEN SCATTER POIi’iTS W ILL bE GENERATED
V 00006 C AROUND EACH COORDIr ~A TE PAIN (a ,4EFLEAION POINT);

00007 C NSC POINTS W ILL FORM THE SCATTEM , IN A CIRCULAR NORMAL
-..~ 00008 C DISTRIBUTION A ,~OuNO THE REFLEXION POINT ( HOWEVER.

00009 C SOME POINTS MAY ~E OELET ED IF Tr~~y OCCUR AT THE SAME
- .  00010 C LOCATI ON A S PH~ V IOLSLY GENERA TtL ) POINTS.

00011 C
000 12 PROGRA M PATGE N
00013 PARAMETER N IM4Gs12 ,NCD~ 3O ,NMAA z7Q
00014 C -
00015 C N IMAG IS THE MAXIM UM NUM~ ER OF INPUT IMAGES
00018 C MCD IS THE MAX IMUM NUM BE R OF I” ~UT COORO INAT E PAIRS
00017 C NNAA IS THE M A X IMU M NUMaEN OF SCA TTER POINTS V

00018 C
00019 INTEGER IM( 1~ 200O ,1:8 ,1:2)
00020 C
00021 C IN CONTAINS TMt . COORDINATE PAIN S
00022 C
00023 DOUBLE PRECISI ON FIN.FOUT
00024 C
00025 TYPE 100 ASK FUN INPUT FILENAME
00026 ACCEPT 200,FIN
00027 1 TYPE 101 ASK FUN NUMBER OF IMAGES
00028 ACCEPT 201 ,NIM

- , 00029 IF (NIM .LE. 0 .OR. HIM •GT. N IMAG ) GO TO 1
V 00030 2 . TYPE 103 ASK FU’~ NUMBER OF SC. PTS

00031 ACCEPT 201.NSc
V 

00032 IF (NSC .LE. 0 •OR . NSC .GT. NM AA) GO TO 2
— 00033 TYPE 102 ASK FUN OUTPUT FILENAME

00034 ACCEPT 200.FOuT
00035 OPEi’. (MODEZIAS C II’ ,U NIT S2O ,DEVI CEZ ’DSK ’,FILE.FI N )

- 00036 OPEN (MODE lA SC II I ,UNITz21 ,OEVLCEz’OSK ’,FILE~ FOUT)
00037 C
00036 C BOTH INPUT AND OUTPUT FILES ARE NOW OPEN
00039 C

- - - 00040 IX ~ 0
00041 IY ~ 0 FOR RaNDOM NUMBER GENERATOR
00042 DO VU I~~1~ NIs GENERAL LOOP FOR IMAGES
00043 J z Q

V V 00044 5 .J J 1  NEXT COORDINATE PAIR
00045 IF (J .G1. NCO) STOP ‘C R R 0 H’
00046 READ (20.202) (IM(~~,1,K).Kz1,Z) READ IN A PAIR

- - - : 00047 C
00048 C NOW wE CREATE 7 OTHER PA IR S
00049 C
00050 IM(J ,2~ 1) ~ —IM ( J ,1 ,1)
00051 IM(J,2 ,2) ~ •IM(J ,1 ,2) SYMI4. AROUND Y—AAI S
00052 tW(J ,3 ,L ) = •IM( ,a ,L ,1)
00053 IM(.J ,3,2) ~ — ZMLJ.j .2)  SYMM . AROUND A—AXIS V
00054 IM(J,4,1) z •IM(J.L ,2)
00055 IM (J ,4,2) ~ •1M J,1,1) SYMM . AROUN D iST ~L5~ CTOR

V 00056 IML),5 ,1) ~ •IM(J.1.2)

L .
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PATGEN PATGEN.FOR FORTRAN V . 5 ( 5 1 5)  /KI 26—JUL —77 17:30 PAGE 1—1

00057 114(4,5.2) a .IM(J ,1,1)
- 

00058 114(4.6.1) a .114(4.1.1)
V 

- 
. 00059 ZM(4.6.2) ~ —I M (J.1.2)

V 
V ~~~~~ 

- 
00060 L M(4.7.1 )  z —114 (4 ,1.1)

V~ 00061 114(4,7,2) a .IM(J ,1,2)
.
~~~~~ 00062 114(4 .8 .1)  a .IM(4.1.1)

V:V V~ 00 063 IN(4 ,8 ,2)  a .114(4,1,2)
00064 IF CIM (4 ~ 1~~I) .NE, 254 eANO . IM(J ,1,2) .NE. 256) GO TO S

V ~ V - 00065 C
V V VV 00066 C 256.256 IS THE TERMINATOR PAIR

V 00067 C
00068 NCP a 4—1 NUMBER OF COORDINATE PAIRS REAO
00069 00 VO 11.1.8 LOOP UN THE EIGHT SETS
00070 INO a NCP POINTS TO THE LAST PAIR WRITTEN

V 00071 DO 80 4aI,NCP LOOP FOR SCATTER AROUND EACH PT
00072 NA a IM (4 ,II ,1)
00073 NY a IM (J ,II,2)
00074 00 bO Ka1 ,N SC GENERA TE NSC SCATTER POINTS
00075 - CALL SCA T (IA ,IY .NX ,NY ,N P4X ,NNY) NEW PAIR IN NNX ,NNY
000 76 DO ~0 Lal,INO CHECK FOR EXIST. OF SAME PAIR

V - 00077 IF (NNX .E0. I M( L ,Z I , 1)  .ANO. NNY .EQ. IM L,t I ,2~~ GO TO 80
00078 C
00079 C IF THE PAIR ALREADY EXISTS. IT IS IGNORED

V 00080 C
0008 1 80 CONTINUE

. 00082 C
- . 00063 C THE NEW PA IR IS VALID ,  SO WRITE IT

00084 C
0008 5 INO a INO .1
00086 IM(INO,II,1) a NNA

VV , 00087 IM (IND ,tI ,2 ) a NNY
00088 80 CONTINUE
00089 C
00090 C A SEPARATOR PAIR W !~ L NOW ~E AUOED

- 
. 00091 C

00052 INO — INO .1
00093 IM (INO ,II ,1) a 256
00094 IM (INO .II.2) a 256
00095 C V

00096 C THE IMAGE IS NOW CCMPLETE AND CAN ~E WRITTE N TO OI$K
00097 C
00098 wRITE (21,203) ((IM (K ,II ,L ),L 1 ,2) ,K— 1 ,INO )
00099 90 CONTINUE NEXT IMAGE

- 00100 CLOSE (UNITa20 ,OEV ICE. ’D5K ’ ,FIL~aFIN)
00101 CI..OSE (UNIT 2L ,OCV ICE ’OSK ’,FI L8.SFOUT)

V V V 
00102 STOP

. 00103 C
00104 C END OF PROG RA M
00105 C
00106 C FORMAT BLOCK
00107 C
00108 100 FORMAT (/// ,T1U, ’TYPC IN INPUT FILENAME : 1 ,5 )

00109 101 FORMAT (T 10. ’ TYP ~. IN NUM~~EN OF IMA GES IN FILE : ‘.5)
00110 102 FORMAT (T10. ’T’IPE IN OUTPUT FILC.NA $E : ‘,~~)
00111 103 FORMAT (110, ’TY~E Ii. NIJMBEM OF SCATTER POINTS ‘.1)
00112 C
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PA TOEN PATGEN .FOR FORTRA N v.5 515 /(1 26—JUL—77 17:30 PAGE 1—2

00113 200 FORMAT ~A 1O)
- • . .  00114 201 FORMAT (12)

V V 00115 202 FORMAT (21)
V 

00116 203 FORMA T (14, ’,’,I 4)
00117 C
00118 END

- 

V

. SUBPROGRAMS CALLED

SCAT

SCALARS AND ARRAYS ~~‘ N~~ tA rLICIT DEFINITIO N — ‘%‘ NOT REFERENCED

I 2 •NX 3 •NCP 4 •r4I14 5
FOUl 6 FIN 10 •J 12 .50007 13 .S0006 14

- .S0005 15 •S0004  16 •NNA 17 .50003 20 •II 21
•$Q~~~~ 22 .5 0001 23 .5 0 0 0 0  2’ •IND 25 •IY 26

V .,
~~~j

V 
•~ 27 •I 30 •NSC 31 •NNY 32 IN 33

76433

- 
:- - TEMPORAR IES

P*TGEN NO ERRORS DETECTED

-1

k— I V~~~~~~~~~
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MAI M . PATGEN.FOR FORTRAN V.5(515) /1(1 26—JUL—77 17:30 PAGE 1

V 00001 C
- 

V 
V 

00002 C
00003 C

• . 00004 SUBROUTINE SCAT (IX ,IY ,NX ,NY ,NNA ,NNY)
V 00005 C

V -
~~ 00006 C NT IM IS THE NUMBER OF RANDOM VaN. SUMMED TO GET A NORMAL

-: V V V 00007 C DISTRIBUTION
00008 C

- - - 00009 INTEGER IX.Iy ,t4X ,NY ,NNX ,NNY
00010 - SD — 2.5
00011 SLIM a 3. 5D
00012 10 CALL GAUSS (IX,IY ,SD ,OUM )

V 00013 C
00014 C DU N IS NORMA L , WIT H ZERO MEAN AND STAND. 0EV. OF SO
00015 C
00016 IF (ABS (DUU ) .GT. SLIM) GO TO 10
00017 NNX a NX. IFIX (OUM)
00018 20 CALL GAUSS (IX.1Y ,SD ,OUM )

- 00019 . IF (ABS (DUM ) .01. SLIM) GO TO 20 KEEP d~~TH1N 3 ST. DCV.
V 00020 NNY a NY. IFIX (DUM )

00021 RETURN
00022 C

V .
~, 

- 00023 C ENO OF ROUTINE
V

V
~~~~. 

V V~ 000 24 C
00025 END

SUBP ROGRAMS CALLED

- GAUSS
IFIX . ABS.

SCALARS ANO ARRAYS “ “  140 EAr L1CIT DEFIN1TIO~ — N%1 NOT REFERENCED

NY 1 ‘SO 2 ‘SLIM 3 NA NN& 5
‘OW’ 6 IY 7 NN Y 10 IX 11

TEM PORAR ICS

.A0016 12

SCAT NO ERRORS DETECTED 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ -- -~~~~~
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MA IN , PATGEN.FOR FORTRAN V. 51515 ) /1(1 26—Jul.—77 17:30 PAGE 1

00001 V C
00002 C
00003 C

V 
V 

V V 
00004 SUBROUTINE GAUSS( IX ,IY ,SO ,OUN )

V 
~~~~~~~ 

00005 REAL 50.0014
V~~ VV 00006 INTEGER Ih.IY

00007 DUN a 0.
V 

00008 00 10 IDUMaI,1Z
00009 DUN a DUM .RAN (IX ,IY )— 0 .5
00010 10 CONTINUE
00011 DUN a SD’DUM
00012 RETURN

V 
00013 ENO

SUBPROGR AMS CALLED

- . - RAN

SCALARS ANC ARRAYS “•‘• NO EXPLICIT DEFINI TION — “9” NOT REFERENCED

-: -
~~~ •IOuM 2 .50000 3 DUN 4 IY S

IX 6
- 

- 
TEMPORARIES

•A0016 7

GAUSS NO ERRORS DETECTED
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MA IN. MOMENT.POR FORTRAN v.5 51~~ /1(1 26—JUL—77 17:30 PAGE 1

00001 C
V 00002 C THIS PROGRAM COMPUTES CENTRAL MOMENTS OF CENTRAL

V V
• 

V 
V 00003 C IMAGES PERTAINING TO THE SAME CLASS

00004 C ALL MOMENTS OF ORDER 2 TO NRO — NRO IS USER SPECIFIED —
V ~~~V V - . 00005 C ARE COMPUTED AND SCALED BY THE ~ERO—T H ORDER MOMENT

00006 C THE MOMENT vECTORS REPRESENTATIVE OF EACH IMAGE ARL
00007 C THEN WRITTE N IN A SPECIFIED FILE

— 
- V -. 

00008 C THE IMAGES ARE FOUND IN A SPECIFIED FILE ON DISKV - 00009 C AN IMAGE IS A LIST OF COOROINA TL PAIRS , FINISHING
00010 C BY THE PAIR (256,256)
00011 C
00012 PROGRAM MOMENT
00013 PARAMETER N IMAG SIOO ,N ORO IZ ,NMAA 9L,NCLASSa2O
00014 C
00015 C N IMa G IS THE MUXIMLM NUMBER OF IMAG ES THAT CAN BE
00016 C PROCESSED AT ONE TIME
00017 C NORD IS THE $A XIM UM ORDER UF MOMENT THAT CAN BE COMPUTED
00018 C (THE NUMBER OF MOMENTS OF ORDER (a NORD IS GIVEN BY

V 
- 

00019 C NMA X a (NORO .1)’ (NCRD.2)/2
V 

- 
5 V V 00020 C

V 
00021 REAL M OM(1 :P.MAA.1:MIM A G)

V V • 00022 INTEGER 114 (1 :1000 ,1:2)
V 00023 DOOdLE PRECISION FIN (1 :NCLAS S),FOUT(1 :NCLA SS)

- V . 00024 C
00025 C MOM WILL CONTAIN THE MOMENTS OF ALL PATTERNS OF
00026 C A CLASS. IN WILL BE USED AS TE’AMORARY STORAGE FOR
00027 C AN IMAGE. FIN AND FOUT CONTA iN THE INPUT AND OUTPUTV 

- 00028 C FILENAMES FOR ALL CLASSES
00029 C
00030 1 TYPE 100 ASK FUN NUMBER OF CLASSES
00031 ACCEPT 200.NCL
00032 IF (NCL .LE. 0 .OR. NCL .GT. NCLASS ) GO TO 1
00033 2 TYPE 101 ASK FO~ NUMBER OF IMAGES
00024 ACCEPT 200,NLM
00035 IF (NIH .LE. 0 .OR . N IM .GT. N LM AG) GO TO 2
00036 3 TYPE 102 ASIC FUR MA X ORDER OF MOMENTS
00037 ACCEPT 200.14.10
00038 IF CNRO .LT. 0 .OR. NRD .GT. PE.MD) GO TO 3
00039 TYPE 103 ASK FUN CONSTAN T IN INDEX FUNCTION
00040 ACCEPT 203.CST ANY REAL VALU E IS ACCEPTABLE
00041 NTOT — (NRD’1)’(NRO .2)/2—3
00042 CST — CST’512.
00043 C
00044 C NUMERICAL INPUT CHECKED
00045 C
00046 00 10 Ial,NCI..
00047 TYP( 104.! ASK FUN INPUT FILENAME
00048 ACCEPT 201 ,FIN (I)
00049 TYPE LO S asi~ FUN OUTPUT FILEN AME
00050 ACCEPT 20L.FOUT(I)
00051 10 CONTINUE
00 052 C
000S3 C DIALOGUE FIN ISHED
00054 C
00055 30 90 Z.1.NCL GENERAL LOOP FOR CLASSES
000Sb OPEN (MODEa *A$CI1 I ,U jlZTa21 ,OEV j~..E.ID5 K’ ,FILEaF1N (I))

- - -~~~~- - - - - - -
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MOMENT MOMENI.FOR FORTRAN V . 5 ( 5 15 )  /KI 26—JUL—77 17:30 PAGE 1—1 V

V - •

V 
:

V~ 00057 C- 
- . 00058 C THE INPUT FILE FOR THE 1111 CLASS IS NOW OPEN

V V 
• 

V 00059 C
- - . 00060 DO B5 Ja l ,NIM LOOP FOR IMAGES IN A CLASS

V 

- V~V V~~~ 00061 K a 0
V 00062 IS IC a K.1 NEXT COORDINATE PAIR

V ~ V~~~~~; 00063 IF (K ,GT. 1000) 00 TO 95 ERROR V

00064 REAL ) (21.202) (IM(K ,L) .Lal ,2) READ A COORDINATE PAIR
V . 00085 IF (IMIK,1) .NE. 256 .ANO . IM (K.2) .NE. 256) GO TO 15 V

:— ~~~:- 00066 C
—
~.- - 00067 C 256,256 IS TilE TERMINATOR PAIR

- 00068 C
00069 NCP a K—I NUMBEN OF COORD INA TE PAIRS
00070 C
00071 C THE PROGRAM W ILL NOW COMPUTE THE CENTRAL MOMENTS OF THE

V 00072 C IMAGE STORED IN IM.
• - 

- 
V 00073 C THE INDEX FUNCTION IS DUE TO A. BARRERO

00074 C
- . 00075 V AAV a 0.

• - - 00076 YA V a 0.
V 

V . : 00 077 00 20 Ka i,NCP
00078 ATNP a IM (IC,1)’253 V

00079 YTMP a LM (K.2).255
- 

00080 XAV — *AV .(1..*’MP ,CST),FLOAT (NCP)
00081 YAV — YAV. (1 ..YTMP ,CST)/FLQAT (NCP)
00082 20 CONTINUE

V V ~ 

• 
• 000e3 C

- - V 00084 C THIS LOOP M S  COM PUTED THE COOI4UINATES OF THE CENTER OF GRAVITY
000e5 C
00088 M N O
00087 DO •0 K 2,NRO
00088 00 80 N1aQ ,g
00089 MM a MN.)
00090 P42 a K—N I.
00091 C
00092 C Ni AND (42 AW E THE TaO EXPONENTS FOR THE INOICES
00093 C
0009. MOM ( NN,j) • 3.
00095 00 40 N 1,NCP
00096 A S IMIM.1 .255
00097 1 a IN(M.2) .2SS
00090 A S 1..A/C$T— XAV
00099 Y — 1.•Y /C ST—YA v
00 100 HOM(NN.4) U

00 101 00 CONTINUE
00102 C
00%o3 C ALL MOMENTS OF AN IMAGE AV E MOW BUN COMPUTED

V 
00104 C SO PROCESS NEXT IMA GE
00103 C
00106 05 CONT INUE
00107 C
00108 C £LL MOMENT S OF A CLASS HAVE NOa BEEN COMPUTED
00109 C THEY WILl,. St INITTIN TO FILE *~O THE NEAT CLASS V
00110 C •CL&. BE
00111 C
00112 CLOSE (UN ITS2I ,OEVI CEa IOSK ’ ,FILESFI N(I))

V - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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MOMENT MOMENT.FOR FORT RAN V.5 515) 1K! 26—JUL—77 17:30 PAGE 1—2 V

00113 OPEN (MOOE aIBI NA R Y I ,U N ITa2 0 ,OEVI CEa~OSK~ ,FILE FOUT (I))
00114 wRITE (20.203) ((MCM(IC ,L ) ,Ka1 ,NIOT) ,La1 ,NIM)
00115 CLOSE (U N ITa2O ,DEV ICEa ’OSK ’,FIL taFOUT(I))

- 00116 90 CONTINUE
00117 C
00118 C ALL CLASSES PROCESSED : END OF PROGRAM

- V 
- - ~~~ 00119 C

- ~
-
. • 00120 STOP

• r ”’ .- 00121 CV -~r 00122 95 TYPE 150V 
00123 STOP ERROR

V 
00)24 C

- 00125 C FORMAT BLOCK
00126 C
00127 100 FORMAT C/// .T1O ,’TH!5 PROGRAM W ILL COMPUTE THE CENTRAL
00128 1 MOMENTS ’ ./,TLO , ’OF A IMAGE. THIS WILL BE DONE

V 00129 2 FOR EACH SPECIFIED cLAss , ’,,,rlo, ’Up TO THE SPECIFIEDV 
0013 0 3 NUMBER OF IMAGES PER CLASS.’,I,TlO. ’PLEASE ANSWER

- 00131 4 T u E  FOLLO W ING QUESTIONS , FINLSnI NG BY CpC .’ ,// . T lO ,
00132 S’TYPE IN NUMBER OF CLASSES ‘‘9)
00133 101 FORMAT (T10. ’TYPE IN NUMBER OF IMAGES PER CLASS :

V~~~~~~~~~ •V 
00134 102 FORMAT (T10, ’TYPE IN MAXIMUM ORDER OF MOMENTS :
00135 103 FORMAT (T10, ’T’rPE IN THE INDEX CONSTANT (REAL 0) : ‘ .1)

V 
~~~ .r ~ ~ . 00136 104 FORMAT (T1O , ’TYPE IN INPUT FILENAME FOR CLASS’ ,13,’ : ‘.9)VS 00137 105 FORMAT (T10, ’TYPE. IN OUTPUT FILt.NAMC FOR THIS CLASS :

:- 00138 C
00139 150 FORMAT (//,T20, ’E P P 0 R . ‘.1/)

~~~~~~~~~~~~~~~~~~ 00140 C V V
V 

00141 200 FORMAT (13)
- 00142 201 FORMAT (*10)

00143 202 FORMAT (21)
00144 203 FORMAT (E14.7)
00145 C

- 00146 C END OF FORMAT BLOCK
- ~ . 00147 C AND END OF PHOGRAM

V 00148 C
00)49 END

V~~~ 
SUBPROGRAMS CALLED

• 
V FLOAT.

SCALARS A ND ARRAYS “•“ (40 EXPLICIT DEFINITION — “9” NOT REFERENCED
V 

•NTOT 1 ‘NI 2 ‘K 3 •NCL 4 NCP- •NRO 6 •CST 7 ‘1 10 •YTMP 11 •NLM 12
- - FOOT 13 FIN 63 ‘N 133 ‘1 134 .S0007 135

- .S000 b 136 .s000S 137 .50004 140 ‘YAV 14) .50003 142
.50002 143 .S0001 144 .S0000 145 MOM 146 X 21762

•XTMP 21763 .50011 2176. .50010 21765 •L 21766 •I 21767
114 21770 •XAV 25710 •N2 25711 ‘NM 25712 

V V VVV V V V V V V V V V ~~~~~~~~~ ~~~~~~~ V V V V V V ~~~~~~~~~~~~ V V V V V V V V V V V_ V .V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~~~ V~~~~~~~~~~~~~~~~~~~
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MOMENT MOMENT .FOR FORTRAN V.5(515) /r.1 a6—JUL—TT 17:30 PAGE 1—3

V TEMPORARIES 
V

V 

:~- .00000 26102 .00001 26103

MOMENT NO ERRORS DETECTED 
V
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MA IN. MO M INV.FO R FOR TRAN ~‘.5(515) 1K! 27 JUL 77 11:57 PAGE 1

00001 C
00002 C THIS PRC.,RAp~ CUMPUTES THE SIX MUMENT INVARIANTS OF SECONDV 00003 C AND THIRD O.’OEH FRCM A SERIES JF PICTURES FOUND Ir. SPEC!—

V • .
~~~~ 00004 C FlED FILES , AND WR ITES IrIEM TO M SMECIFIED FILE.

00005 C THE PICTUMES SHOOLU ALL R~~ TAI’. TO THE SAME CLASS.
V - ~~~~~~~~~~~ 

00006 C THE FIR ST I M~ IAN T (GYRATI ON RM O IUS ) 15 uSED TO SCALE
00007 C THE ~EAT S1*, AND IS NOT wN1 TT~M TO DISK .

V 
~

• 
V V 

00006 C TruE LAST Il~vAR1A.~T IS W R ITTEN IN A 6SOLUTE V ALUE. A S
V V - - V 

00009 C IT CuAr4G~ S SIGN UNDER I”RRUPER TRAMSFORMAT7~ P4.V V 
00010 C aN IMAGE IS AN A MMAY OF P4UMBEM3 STORED ON K IN
00011 C ‘~ACKEO (~. d YT E~ RE~ aORO ) FORM . THE ROUTINE UPIPAC C
00012 C (aR !TTEN IN aSSEMB LER ) IS uSEU 10 UNPACK THE WOR Ds
000)3 C
00014 ~RO GRA4 MOMIr.V
00013 PARAMETER rl~.IMs 12 8 ,NOMa32.NPIC2i6 ,NMAAa100
00016 C
00017 C NOIM IS TruE MAA IMUM SIZE OF A PICTURE
00018 C ND” — NOIHI4

.:• 00019 C - ,4PLC IS THE MAA !N UM NUMBER OF PICTUR ES PER CLASS (AR B ITRAR Y)
00020 C ;4MAAaNP IC’6 IS THE TOTAL NUMBER OF PICTURES PRUCESSED

V V 00021 C (AS S NEW PICTu HES ARE GENER*T~~~ BY ROT ATIO N AND SYMMETRY
00022 C FROM EACN O I3LN *L PICTURE )
00023 C V

00024 CO WMDN PIC (1 :NOIM ,1 :ND IM ),PIC2 tL:NOLM ,I :NOIM )
• 00025 CO~4t4ON INVu :b ,1 :NRA X ) V

00026 INT~~,ER ~EC :NOIM ) .INP(1 :NDru
V 

- 
V •~~S 00027 INTEGE R RIC.RI(.2

00028 REAL Div
00029 DOu~LE PREC LSI U r~ D (1 :NPI C ),DUJl
00030 C 

-

V 
V 00031 C ‘~IC CO’4T~ INS Tr,~ P~ CTu jlE TO E ~MOCE5SED

00032 C R!C.~ IS TE~ P0Ru~if STORAGE uSED ~OR ROTATiNG PICTURES
00033 C INP AND VE C A~ E USED IN CON.JUNCTIOII WITH UNPACK
00024 C INV CC~’lT..IN5 Tru E I NV A ~~IA P4T S *5 (-OLUMN VECTO RS
00035 C 0 CUNTA INS tru E I4P LT (P ICTU ruE)  rILENAMES
00036 C 000T CUN1aIa S Tu~~ CuIPUT (INVARiANTS ) FILENAME
00037 C
00038 1 TYPE 100 ASK F~ ru • UP PICTURES
00039 ACCE~ T 2O 0,~~~C
00040 IF NPC .LE. 0 •OR. NRC .01. ~ii~LC ) GO TO 1
00041 2 TYPE 101 AS K F~~( SIZE OF PICTURES

V 
00042 ACC ERT 200.i’~SZ
00043 IF (HSZ .Lt. 0 •CR . NSZ •GT . N~j~~M) GO TO 2
00044 00 10 Ial”4Pc
00045 TYPE 102 .1 AS IC Furu INPUT FILENAME
00046 ACCtRT 2u1 .CcI
00041 10 CONTINUE
00048 TYPE 1u3 aSK FuN OUTPUT FILENAME
00049 ACCEPT 201.t;QU1
00050 C -

00051 C Ir.I TXA~ I~ aT IUN FINISHED
00052 C
00053 ‘~T OT a
00054 —
00055 00 70 ~a t ,r~.’C GENERat. LOOP FOR PICTURES
00056 UPEt. (..,O a I Ia A V 3C u ,~ N TTa2 (.UEVILE u D5K u ,FILEaO (K ))

V_ -V ~~~~~~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~ V _ V  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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M OM INV .IOM INV.FOR F0RTR~~i v.5(515) /KI 27—JUL—77 11:57 PAGE 1—1

00057 C
V V 00058 C TruE INPUT FILENAME IS OPEN

V 

~-2i~- 00059 C DATA W ILl. 8t READ COLUMN 8Y COLU.4N, AND IMMEDIATELY
00080 C UNPACKED

~~~~~~~~~~ 
V 00061 C

00 25 J—1.PiSZ LOOP THROUGH THE COLUMN S V

V . V V1~~~S V  00083 REAO (20) tI ’4P (I),Iat ,NZ)
00084 CALL UNPA CK (i4Z ,INP ,VEC ) UNPACKS IMP INTO 9CC
00065 00 25 IaL ,NS Z

- 00068 25 ~tC2(I..J) a VE C ( I )
00067 C

V 
- 00068 C THE ENTI~4E PICTURE r.AS NOW BEE~I READ

V 
V - 00069 C AND UNPA CKED

- 00070 C
-- 00071 CLOSE (URITa ~ u ,C ,EV ICEa uOSK ~~,FIL~.aD (K))

00072 C 
V

00073 KK a
0007k C

V 

V.~~ 00075 C THE FIRST PICTURE L~SE0 IS THE ONI GIN 4L
V 00078 C

00077 00 30 1 1,NSZ
V 

V V 00078 00 30 4* i,RSZ
:~‘.E 00079 30 P1CC! ,. .)) ~ P ICZ(I..J )

-~~~ 00080 CALL ’ COMHU ’ESZ ,KK ) COMPUTE INVAR IAN TS
00081 C
00082 C THE SECOND PICTURE USED IS THE URIGI NAL ROTaTED 90 DEGREES
00083 C CLOCKWI SE

- 

V 
V 00084 C

oooes ~c i~ a
V 00006 00 40 Iai ,NSL

00087 II a ‘45Z•j—L SY MMET R IZE AROUND Y—AX IS V
000 8w 00 ~O Ja L ,NSZ
00089
00090 40 ~IC (I..J) a .1C2(.J,II)
00091 CALL cOP~P (N5~~,.(Jc )
00092 C
00093 C THE THIRD PICTu RE LSEO IS TruE .JHIGINAL ROTATED 90 OEGPIEES
0009. C ANT I CLUCAa ISE.
00095 C
00096 KK a KP~.L
00057 00 ~0 Ia1 ,NSZ
00098 DO sO J.1.NSZ V

00099 JJ — ‘ISZ.l—J S~~. ETRIZE AROUN D A—AXIS
00100 50 P!C (I.J) a PIC2 ( J.J,I)
00101 CALL CO$P (N5~ ,KK) COI’PUTE 1NVA RIA NT ~ V

00102 C
00)03 C THE FOURTH ~XCTU HE USED IS T~ E ORI~~IN*L ROTATED 180 DEGREES H
00104 C 

V

00105 KK a KK. 1
00106 IJO oO Iai’P ,SZ V

00107 II a P432•1—L
00108 uO 60
ooio’# J,J a
00110 wO f r IC ( I ,J )  — L C ~~(II,..~J)

V 00111 CALL CUM ~~(~~SZ ,Ktc :
00112 C

- V - ~~~--  
~~~-a- -- — -.- ——— ~——  -• - - .

~~~~~~~~~~~
V
’

~~~~~~~~~~~~ V V V V V ~~~~~~~~~~ 

~~~~~~~ 

V~~~~ V V~~~~~~~~~~~ V~~~~ V~~~~ VV
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MOM INV MOMI(4V. FPR ~ORT ruL ~-. V .~~(515) /KI 27—JUL—77 11:57 PAGE 1—2

00 113 C Tilt FIFTri PICTURt LSED IS TruE ONIGINAL SYMMETRIZED AROUND
00114 C TuE ‘(—AXIS
00115 C

- . - 00116 ~K a KK ’ l
00117 00 83 1 1,NSZ

V •~~~ 
V~~ V 00118 II a NSZ.1—I

- 
: - :  

. 00119 00 63 JaL ,Ns Z
V 
- V 00120 63 ~!C(I.J) a P IC2(II,J)

- ‘~~ 00121 CALL COM P NS~~,KK)- . V 00122 C
00123 C THE SIATr u A ;’iO LAST PICTU RE u~ E~.i iS THE ORiGINAL

V 00124 C SY!4~t1RIZED ARuUNO THE A —A X IS
• 00125 C

a
V 

00127 00 ~~o 1 1.NSZ
- . 00128 )O ~~-

. 00129 .JJ a N SZ—1— .j
-.- 00130 66 P IC ( 1 ,J )  a

- - : 00131 CALL Cof r p( Niz , K~~:00132 C
00133 C THIS ORIGINAL ~ ICTIj RE HAS NOw ~~ EN ENTIRELY PROCESSED

- 00134 C Tru E 44E.A T PICTUruE w ILL 8E USED -

V V V -: ~~V~~~~~~;- 00135 C
V :~- 00136 70 CONTINUE

00137 C
00138 C ALL PICTURES HAVE GEE I PROCESS~ uV 

‘.
~~~~~~~ 00139 C TuE INVARI A N TS WILL BE WR ITTEN TO DISK

00140 C
V 

- V V 00141 oRE-i (MOO€a .~~INA RY’ ,U NITa20.UEV iCEa ’DSK u ,PtLEaOO UT )
- 00142 sPITE (Z0.2o2) ((I1 ~1 C I ,J3 ,ja1 ,o ),Ja 1 ,NT O T)

00143 CLOSE (UNI Ta2U ,UEV ICEa ’OSP ’ ,FI LtaUOUTJ
00144 C

V - 
. 00145 C ~.Ow THE INVA RIARTS w ILL wE PRINTED

00146 C IN 6 CULU4r.S OF ~ P.UMBERS
00147 C
00 148 OCi ~.0 Ka L , NRu.
00149 K’( a b’(K—l) . l .
00150 PRINT 20~ SEPARATOR
00 151 PPINT 3 , ( ( I Nv ( I , .JaKK,IuK.~~J , Ia L,6 )
00152 ‘~0 CON TINUE

- 00153 C
00154 C Er~’J OF ROUTIiE
00153 C

- 00156 ~TQP 
V V

00157 C
00158 C

- - . 00159 C FORMAT 8LOCK
00 160 C
00161 100 FORMAT (///,T1U. ’THIS PR0G~ AM COMPUTES 6 MOMENT INVAR 1A N T S

V 00162 i FROM’ ,/ ,T 10, ’S?ECIFIED PICTuR ~ S O F A CLASS. ’ ,/ / ,T 10,
00163 2’E TER NU~~ ER OF PICTURES IN CLASS : ‘ .9)
00164 101 FORMAT (T10, ’ENTER C1aE~4S1UN o~ P ICTURES : ‘ .9)
00 165 102 FOR.IAT (T10 . ’ENTER Ir41’UT FIL~ :i4i4E rUR PICTU RE ,13, ’ :
00166 103 FO .’MAT (T1O. ’ENTtH CU TPuJ T FILENaME
00187 C
00 168 200 FO RM AT ( 13 )

- — V V VV V - -  _ •_ _ S~~~e~~- r_ ._ VV _ _~ _ V V V _ V _  

~~~~~~~~~~~ V - V V~~~~V ~~~~~~~~~~~~~ V~~~~~ V V V V~~~ V V~~~ -V
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“O’I INV IOMINV. FOR ~ORTRA.~t V.:(SL5) / K1 27—JUL—77 11:57 PAGE 1—3

- 

00 169 201 F0~ MAT ( a10
00170 202 FOM’IAT (El’.?)

- - 00171 203 FORMAT (o(’

- 
. - 00172 204 ~OHMA T (///)

-~ V~~~V 
00173 C

- 00174 C END UP POMMAr GLOCK
-: ~~~ 00175 C AND END OF PRO GRAM
- 00176 C

V ~~~
. 001.77 END

- 
-
~ . COMMON 8LOCKS

/.COMM ./C+101130
PlC .0 PICZ •‘0000 Div .lu000u

V 
- 

- SUBPROGRAMS CALLED

COMP UNPACK

SCALARS ANO AP RA’Y S “ ‘  NO tM~LICIT OEFINITIO,’l — “ 9” NOT REFERENCED

.50020 1 •Ju g IM P 3 DOuT 43 NTOT 45V 

- . 46 
- 

•‘4S2 .~7 •NPC ~O ‘J 51 .50007 52
.S0006 53 .50005 ~5 D 5o .S0004 116V 

111 .50303 1.20 .50002 121 VEC 122 .50001 322
- - 

-
~ .S0000 323 .~~0017 324 .50016 32~ .50015 326 •50014 327

.50013 330 .50012 331 .5001 1 332 .50010 333 I 334
V 

~~ - •NZ 335 .50025 336 .50024 337 .50023 340 .S0022 341
-~ .S0021 342

TEMPORARIES

.00000 444 .0000 1 w45

MOMINV NO ERRORS DETEcTED 

___
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V 
V M A IN. M OM INV. FOR FUR TRAi ’i V.5(5 1st /KI 27—JUL—77 11:57 PAGE 1

— 00001 C V
V 

- 00002 C
V 00003 C

00004 SU8MOUTIPiE CUHR (iSZ ,KK )
~~~~~~ 00005 PARAM ETE R ND jHa1~~~,NDMa32 ,N~.1Ca~ 6 ,N HAX aLOU

~-::.-~H~~ 00006 C

~ 
00007 C THIS ROUTINE COMPUTES Tru E ~1X iUME’iT INVARIANTS AND

V V .~~~~~V 00008 C .‘RITES TruEM TO TruE A RRAY IruV
V 

~~~ 00009 C
000 10 COMMON P I C (j : p 4 w I M , j : N O j W ) , R I C 2 ( I : N & I M , 1 : N U I M )
00011 COMMON INV (I:b,1:NHAX)
00012 IN TEGER PIC ,RIC~ ,KK ,N SZ
00013 REAL 1kv

- - 00014 V M OU a 0.
V 00015 V MO I a 0.

- ~
. . 

V 
u0016 v M 10 — 0. INITIALiZE NON CENTRAL MOM ENTS OF ORDER

- 
- 00017 00 10 Ial ,N SZ

- 00018 DO 10 ,J z I,NS~
V - .,~~ 00019 . ~M~~Q a V M 0 C . M j C ( I,~~)

V
. 00020 V M O1 a VMCj 1•FL UA T ( . .J~~PIC(I,J)

V 00021 10 VMI( , a VM10 .FLCj aT ( I)~~PIC(I,u)
.1 00022 A A V — v1410/vMU u

V 

- 
~~~~~~~~~~~~ 00023 YAV a VMOL /vMO u TO FIND THE CENTER OF GRAVITY 

V

~~
-
~~~~~

‘- .
~

- 00024 C
- 00025 C •-iOM THE SEVEN HOMEbTS OF ORDER 2 AND 3 WIL 1.~ GE COMPUTED

V ~~~~~~~~~~~~~~~ 00026 C -V 
• - 00027 vM 2u a 0.

00028 V M I1 a 0.
- ~~~~

. .:: 0O02’~ 0. V

00030 VM3U a C. V
-

~ ~~ 00031 vM 2j ~ U. VV 
00 032 a 0 .

. 00033 vM 03 a 0 .  INITIALIZE
00034 00 ~u Ia1 ,ruSZ
0003 5 FIN a FLt.,AT(j)—X ~ V Ct~NTRAL INDEX 

V

00036 DO 20 J a1,Pi~~~
0003 7 FUN — PLOAT(u) — ’rA V CENTRAL INDEX
00038 V M2J a vacU .F~ NwF IN*PI~~( I , . j ) / ( V M O O ~ VM 0Ot
~~~39 VM 1I a vM1l .FIru•FJru.pIc (I..J)/cvMOo .vMoO)
00040 vM02 a vMv2 .FUN•FJr,.°IC(1,~~)/ (VMO 0~ VMO0) V• 00041 VM3 O — VM30 .FIN~ FIN~ FIN•PIC (1,O)/CVMOU•~2.S)00042 vM2~ V I42l .F IN4 FIru •FJI-i•P I C ( j , U i / ( V M O Q • ~~2.5)
00043 vM12 — V~u 1 2.p Ir~•FJM aF JN•W IC ( L . .J J / ( V M 0 0 •~ 2 .5 t
00044 20 dM03 — YM03 .FJN~ F.J\~ FJNøPIC (i,.J)/(VN0O •*2.5)
00045 uYR a V~~~0 .VMU 2 GY RAT iON RADIUS
00046 C
00047 C •‘uOw COMPUTE Trut sIA INV A R IANTS
00040 C
00049 INV(1 ,KK) a ..•(IMlle.2). ((V42 ,—VMO2) ’42)
000 50 iNV ( 1,u ( t~ ) a I NV ( 1 , K K ) / ( G Y R • ’ 2 )
00051 INV 2,KK) a
00052 INv (2,~ K l a LNv (2 , )/ (GYR ~~~J) 

V

00053 !N~~(3.~~~) a (I , M L 2.V l 4J 3 )* w ~~~) .C ( d M 2 1.V M O3 )• *2)

00054 I’ IVU.Kr..) —
00055 INV(4,AK) a (vq3D ~ 3.4V~,1~~).(VMJu .VM12)5 (((VM3O .VML2)••2)
00058 t—3. ((VP~21.,M uj)~~~2)) • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V

_______ - 
- 
- V V - - - ~V — V ~~ V V_ --

~~~ 
V • V V :  

- • V V V V V V
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COMP MOMINV.FOR - u~O Pl ruaru  v . 5 ( 5 1 S t  /i~1 27—JUL—77 11:57 PAGE 1— 1

V 00057 2(3. ((VM30.vM12)• 2)— (vM21.V4u3)•.2))
V V~~~V V ~~~ 00058 INV (’s,KK) a INv (4,I~<),qGYR..o )

- V V 

~~Q~~59 1kv 5,1c K a 4.~~V M11~~(g H 3Q .vM12 )~~ (Ve l21 .9M Q33 • (VM2O VMO 2 )
00060 1 (((VM30 .V M1 ~~) •2)— ( C VM2 1 .V~903)~~~Z))

~ 0006 1 L NV ( 5 . K K )  a L N V ( s , K K ) / ( 0 Y R 4)
00062 lNVto.KIc ) a (3.~~v M21— V MOJ ) • ( V M iU .VM 12 )~~( ( ( V M 3 O .V M 12)..2)

~~~~~~~~~~~~~~ 00063 1—3. ((VM21 .VMV 3 )’ 2 1) — (v M3 O ’3.~~V M 1 2) ’ (V P121.V M03)~~00084 2(3 .~~( (V M J 0 .V M 12 ) . ’ 2 ) — ( ( V M 2 1 .V M ~ 3)* .2 ) )
:1 - 00065 INV I8 , KK )  a c S ( L NV ( 6 . , ( u C ) ) / ( O Y N ’6)

- - - - 00066 C
- 00067 C ALL 1NVMRIAr.T5 ArIV E NOW SEEN COMPUTED

V : 00068 C TruE PIOUTINE IS FINISHED
00089 C

- 00070 METUIIN
- 

~~~ 
— 

~~ - 00071 ENfl

- 
- 

COMMON BLOCKS

V -:i:’ . /.COMM ./ (.10113o)
V V~~~~~.; PlC .0 RICZ *40000 INV .130000

- -

~-~~-
~

: 
SUBPROGRA M S CALLED

FLOAT. A8S.

V :. 
-

~~~~ SCALAR S AND AP~ A Y S “s” MO £AP ’LZCIT DEFINITIO,~ — .~~
.. NOT REFERENCED

- S- -
~ •VM O 3 1 •VM2O 2 •V M02 3 FJN 4 P,SZ 5V 

- •VM 3O 6 *VW O1 7 •GYR 10 ‘FIN 11 •VM12 12
“ dM00 13 • u  14. 15 •YAV lo .S0003 17
“ dM 11 20 - .S0002 21 .50001 22 .50000 23 VMIO 24
‘1 25 • V 4 ~~1 ~o •XA V  27

V TE MPO RA RIES

.40016 30

COMP ruO ERRURS DETECTEO

- _ V V V VV ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ VV V~~~~~~~~ ~I
I_______
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TITLE PACKER. ROUTINE TO PACK ANtI UNPACK 9 dli bYTES
SU8TTI. <1)4~ MAY 17, 1977

flIOMAS HANOLEN
$ PHYSICS DEPT.
3 UNIVERSITY OF TENN.

KNOKVILJ..E TE~ffi. 37916

USAG E
I CALL. PACK(N,tN~ IQUT)f ..’ ’~~ . I PACKS 4’N 9 GIT BYTES FROM 4M  uORDS OF lOUT

INTO N WORDS OF IN

I CALL. UNPACK (N,IN,IOUT)
UNPACKS 4N  9 ~IT CYTES FROM N WORDS OF IN

I INTO 4’N WORDS OF lOUT

Lao
Øz j
Ca2
D~ 3

~~~~~~ ~~ii

PIXEL POINT 9,(d) I ~YT~ POINTER TO GET 9 GIT .dYTE

~~~ P1*1: Z I TEMP STORAGE
I
ENTRY UNPACK, PACK

• SETUP: MOVN A ,~~(16) I GET NEGATIVE OF P.UM8E~ OF WORDS TO PROCESS
,.JUMPE A,RET 3 IF ZERO NOTHING 10 00
INULI A,4 I GET NUMSEM OF 8YTES TO PROCESS
HRLM A,C 3 SET UP FOR LUOP
MOVE! pI,N1(16) I GET AODR~ SS OF PACKEEC ARRAY
HRR L C,#~~(L 6) I GET AO~)RESS Or UNPACKED ARR~ Y
MOVE A,PIXEL GET GYTE POIi~&TER
MOVEM A,PIX1 I SAVE IT
SETZM A 3 ZERO INTERME~JLATE STORADE
.JUMPE O,L00P2 $ IF AC 0 NOT 1~RO E ARE UNPACKING

LOOPI: ILCG A .PIX1 GET ELEMENT
MOVEM A. (C) I STORE IT

$ 
AOBJN C,LOOPI I ARE THERE MOM~

RET: POPJ P, 3 RETURN

UNPACK : SETOM 0 I SET FLAG FOR UNPACKING
• ~JRST SETUP I PROCEED

PACK : SETZM 0 3 SET FLAG FOR PACKING
JRST SETUP 3 PROCEED

LOOPZ: MOVE A,(C) I GET ELEMENT
IOPG A,PIX1 I PACK IT AWAY
AOa,.JN C.LOOP2 I SEE IF ANY MUME
jAST RET I r~o MORE. RETUM~4

END

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -~~~~~~~~~~ •-~~~-
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MAIN. STAT.FOR FORTRAN V.5(515) /KI 26~~JUL—77 17:30 PAGE 1

00001 C
00002 C THIS PROGR AM WILL READ FROM SPECIFIED DIS K FILES

• 00003 C THE PATTERN VECTORS OF SEVERAL CLASSES AND COMPUTE THEIR
: ~~~~~ 00004 C MEAN AND COVA RIAN CE MATRIX

00005 C THESE WILL IN TURN ~E WRITTEN TU SPECIFIED FILES00006 C INPUT IS IN SINGLE PRECISION, UUTPUT IN DOUBLE
• ‘~:~~~~~~ 00007 C

00008 PROGRAM STAT
00009 PARAMETER NCLASSa2o,NIHAG.1oo,NCOMp~91
00010 C
00011 C NCLASS IS THE MAX IMUM NUMBER OF CLASSES THAT CAN bE
00012 C PROCESSED AT ONCE
00013 C NIMAG IS THE MAXIM(J M NUMBER OF IMAGES IN THE TRAINING

• 00014 C SET FOR A GIVEN CLASS
00015 C NCOMP IS THE MAX IMUM NUMBER OF COMPONENTS PER PATTERN

• 00016 C VECTOR
00017 C
00018 REAL VEC (1:NCOMP,1:NIMAG )
oooi~ DOUBLE PRECISION MEaNc1 :P1~w4P),CQV (l:NCOMP,1:NCOMP )

~~~~~ 00020 DOUdLE PRECISION FP.1 (1:NCLASS),FN2 (1:NCLASS)
00021 INTEGER NI(1:NCLASS)
00022 C• : 00023 C VEC WILL CONTAIN THE PATTERN VtCTORS — AS COL. VECT,—
00024 C MEAN WILL CONTAIN THE MEAN VECtOR AND CCV THE COVARIANCE
00025 C MATRIX

• -
~~ 00026 C FNI WILL CONTAIN THE FILENAMES FOR TIlE DATA INPUT

00027 C FN2 WILL CONTAIN THE FILENAMES FOR THE DATA OUTPUT
00028 C
00029 1 TYPE 100 ASK FOR • OF CLASSES.
00030 ACCEPT 200,NCL GET IT
00031 IF (NCL .LE. 0 .o~. NCL .GT. NCI.ASS) GO TO 100032 2 TYPE 101 ASIc FOR PlUMBER OF COMP.

• 00033 ACCEPT 200,NC
00034 IF (NC .LE. 0 .Ui~. NC .GT. NCOMI’ ) GO TO 2
0003 5 C
00036 C ALL ANSWERS AR~~ CORRECT
00037 C
00038 DO 5 Izt,NCL
00039 TYPE 102.! ASK FOR FILENAME
00040 ACCEPT 201.FNI(I)
00041 4 TYPE 103 ASk FOR NUMBER or IMAG.
00042 ACCEPT 200.PsIU)
00043 IF ‘Nit!) •LE. 1 .OR. H1C 1 .GT. ‘(IMAG ) GO TO ~
00044 TYPE 104 ASIc FOR OUTPUT FILENAME
00045 ACCEPT 201,FP42(I)
00046 ~ CONTINUE
00047 C
00048 ~ THE FILENAMES ARE KNOW N Tp,E PIIOGRAM W ILL NOW
00049 C DEAL W IT H EACH CLASS IN TURN
000 50 C
000 51 00 30 L~ 1.NCI.
00052 OPEN (MOOE..~~!NA RY’ ,UN!T*2O,QE~~1CEu’O$Ic $ ,FILE.FN1(L))
00053 READ (2 0 .2 0 2 )  ( ( V E C ( I . J ) , I g l , N C ~~,~J l , N Z ( L I )
00054 CLOSE (UNITa2O,OEVICE*’OSK ’ ,FII.A.FNI (LI)
0005$ C
00056 C THE DATA FO,~ CLASS L .~AVE bEEN (EAD IN
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STAT STAT.FOR FORTRAN V.5 515 /K1 26— JUL—77 17:30 PAGE 1—1

00057 C TIlE PROGRAM wILL NOW COMPUTE THE MEAN
• • 00058 C

00059 TN a P11( L)
— 00060 00 10 Ia1.NC

• • 00061 MEAN(I) a 0.
• 

• 00062 00 10 .Jal,NI (L)
00063 10 NCAN(1) * MEAN (I).VEC (I,J)/TN
00064 C• 00065 C THE PROGRAM WILL NO. COMPUTE TME COVARIANCE MATRIX

• 
• 00066 C -

- 00067 DO 25 Ial,NC
00068 DO 25 ,JaI,NC
00069 COV(I..J) a 0.
00070 DO 20 Kal,NI(L)
00071 20 COV(I...4) a COV (I,,J).(VEC(I,K)~~M~AN (I)).(VEC(J,K)—
00072 1MCAN (~J) )/TN
00073 25 COV LI.L) a COV (I.J)

- 00074 C
00075 C. TitE DATA WILL NOW BE wRITTEN TO DISK

• 
- .~ : 00076 C

00077 OPEN (MOOE5’BINARY’ .UNIT.20,OEVICEa’OSK’,FILEaFN2(Lfl
- 00078 C wRITE MEAN VECTOR

• 00079 wRITE (20.203) (MEAP4(I),1a1,NC)
• ~~~~~ 00010 C WRITE COy. MATRIX

00081 •RITE (20.203) ((CCV (I,J),Ja1,NC),Ia1,NC )
• • . • : .  00082 CLOSE tUM1 T~ 2O,DVJ1CEa’OSK’,FIL~~FN2(L))• 00013 30 CONTINUE NEXT CLASS

• 00084 STOP ALL CLASSES PROCESSED
• 

• 00085 C
• 00086 C FORMAT BLOCK

• 00087 C
00088 100 FORMAT (///,T10. ’THIS PROGR AM .ILL COMPUTE THE MEAN
00089 1 AND THE COVARIANCE’ ,/,TlU,’MATKIX OF SPECIFIED CLAS
00090 2SES.’,/,TlO.’SEVERAL PAR AMETEP (~ ARE NEEDED. ANSIER THE
00091 3 QUESTIONS.’,/,TlO.’FINISPiING óY A CR.’.//.TlO.
00092 4’ENTER NUMWER OF CLASSES
00093 101 FORMAT (T10.’ENTER NUMeER OF C~ MPONENTS : ‘,$)
00094 102 FORMAT (Tl0, ’EPITER INPUT FILENAME FOR CLASS ’.I3.’ : ‘,S)
00095 103 FORMAT (T10, ’ENTER NUMBER OF IMAGES IN THIS CLASS : ‘ ,S)
00096 104 FORMAT (T1O, ’~ NTER OUTPUT FILEFtAME FOR THIS CLASS 1 ,5)
00097 C
00098 aoo FORMAT (13)
00099 201 FORMAT (AlO )

• 00100 202 FORMAT (C14.7)
00101 203 FORMAT (022.15)
00102 C

• • 00103 C END OF FORMAT WLOCK ANt) END OF PROGRAM
• 00104 •

C
OO1OS END

sUaPRoGRAMS CALLED

- , - - - • - - •~~-~~~~~ ~~~~~- • — -• •—--
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STAT 5TAT.FOR FORTR AN V.5(515) /KI 26—JUL—77 17:30 PAGE 1—2

SCALARS AND ARRAYS “s” NO EXPLICIT DEFINITION — “5” NOT REFERENCED

MEAN 1 ‘K 267 •NCL 270 FN1 271 •i 341
- - :. ,~ 

. . •S0007 342 •S0006 343 .50005 34~ .50004 345 •S0003 346
. .50002 347 VEC 350 .50001 22164 COy 22165 .50000 62447

• . • •~~~- : . FN2 62450 •S0013 62520 .50012 62521 .50011 oBsaz .S0010 62523
• ‘L 62524 ‘1 62525 NI 62526 ‘TN 62552 ‘NC 62553

-
. TEMPORARIES

• 
.. 

.
. 

• .00000 62706 .00001 62707

• 
. STAT NO ERRORS DETECTED

~~~~~~~~~~~~~~~~~~
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MAIN. INVERT.FOR FORTRAN V.5(515) /KI 26—JUL—77 17:31 PAGE 1

00001 PROGRAM INVERT
00002 C

• ::“- 00003 C THIS PROGRAM WILL READ ON DISK THE COVARIANCE MATRICES
-~~~~. 00004 C COMPUTE THEIR INVERSES AND WRITE THEM BACK ON DISK

00005 C THE USER SPECIFIES THE NAMES OF ALL. FILES, THE NtJMWER
~-r 00006 C OF MATRICES, THEIR DIMENSION, AND THE COMPONENTS TO BE USED

00007 C EACH COVARIANCE MATRIX IS PRECEDED BY THE MEAN
00008 C VECTOR OF THE CLASS. WHICH IS ALSO WRITTEN IN FIRST

~~ 00009 C POSITION IN THE INVERSE FILE
00010 C INPUT IS IN DOUBLE PRECISION, o UTPUT IN SINGLE

. :-~ 00011 C
00012 PARAMETER NCLASSaSO,NCOMPz9I
00013 COMMON C1 (1:NCOMP,1:NCOMP)

-
• 00014 DOUBLE PRECISION D1U:NCLASS ),t)~~ 1:NCLASS

00015 REAL VMEAN (1 NCDMP)
• -

~ 00016 DOUBLE PRECISION C1.DVAL
• 

• 
-
• 

- 00017 INTEGER SING.INO (1:NCOMP)
00018 DATA IND/NCOMP O/

• ~~~~ 00019 C
‘ 00020 C Dl AND 02 wILL CONTAIN THE NAMt.3 OF TilE FILES

- ;~~~~ —: 00021 C
00022 1 TYPE 100

‘ ~ 00023 ACCEPT 200,NCL GET NUMBER OF CLASSES
~~~~~~~~~~~ 00024 IF (NCL .LE. 0 •OR. NCL .GT. NCLASS) GO TO I

• 00025 2 7YPE 101

~~~ 00026 ACCEPT 200,NSZ . GET NUMBER OF COMPONENTS
00027 IF (NSZ •LE. 0 .OP.. NSZ .GT. NCUMP) GO TO B
00028 DO 10 Ial,NCL

- 00029 TYPE 102.1
- - 00030 ACCEPT 201,01(1) GET COV. MAT. FILENAME

• • 
• 00031 TYPE 103

• 
- • 

00032 ACCEPT 201,C2(I) GET INV. MAT. FILENAME
• • - • : 00033 10 CONTINUE

• • 00034 TYPE 105 ASK FOR ALL COMP. ?
00035 ACCEPT 200,NYN

• 00036 IF (NYPI .E~~. 1) GO TO 12
• 00037 TYPE 106 COMP. INTRODUCED ONE BY ONE

• 00038 11 TYPE 107 ASK FOR COMP #
- 00039 ACCEPT 200.Nd

00040 IF (NB •EQ. 0) GO TO 14
00041 IF 6MB •LE. 0 .OR. NB •GT. NSZ) GO TO 11
00042 INO(NB) a 1 SELECT COMP.
00043 00 TO 11 NEXT

• 00044 C
00045 12 DO 13 Ia1,NSZ

• - ‘~~~~~ 00046 13 INOU) a 1 SELECT ALL. COMP.
00047 PISZA a NSZ
00048 C

• 00049 C
• 00050 14 DO 20 Kal.NCL

00051 OPEN(MOOEa’8INARY’,UNITW2O,OEVICEa’DSK ’,FILE.O1(K))
00052 1 .0
00053 DO 16 Ja1.NSZ
00054 READ (20,203),OVAL
0005S IF (INO(J) .E0. 0) GO TO 16
00056 I a
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INVERT INVERT.FOR FORTRAN v.5 515 /KI 26—JuL.—77 17:31 PAGE 1—1

00057 VMEA N (I) * OVAL
• • 00058 16 CONTINUE

• • 00059 C
00060 C READ THE MEAN VECTOR

• -
• 

- 
.
~~~ 00061 C
~~~

- 00062 II a 0
• ~~~~~~~~~~~~~~~~~~~~~~~ 00063 DO 15 I.1,NSZ

00064 IF (INO(I) .ME. 0) IIaII.1 TIllS COL. WILL WE STORED
• • ‘

~3 00065 JJ • 0
00066 C
00087 C II AND .JJ ARE THE ROW AND COLUMN INDEX IN Cl• 00068 C

• 00069 DO 15 J~ 1,P4SZ00070 IF (INO (JJ .ME. 0) JJ.,J.J.~ THIS ROW WILL BE STORED
00071 READ (20,203 ,DVAL READ IN ONE ELEMENT
00072 IF (IND(I) .EQ. 0 .OR. IND(J) .EQ. 0) GO TO 15
00073 C1(JJ.II) a OVAL STORE ELEMENT

• 
-
~~~ , 00074 15 CONTINUE

• 
• 

- 00075 - NSZA • II SIZE OF MATRIX
00076 C

:~~ 00077 C READ THE COVARIANCE MATRIX
• - -. -‘~j6 00078 C

• ~~ • 
— • 

~~~~~ 
00079 CL.OSE (UNITa2O,DEVICEatDSK ’,FILEaDlIK))

• ~~~~~~~~~~~~~~~~~~ 00080 CALL INV(NSZA,SING) INVERT THE MATRIX Cl
• ~~~~~

- 00081 IF (SING .E~. 13 GC TO 50
00082 C
00083 C THE MATqIX WAS NONZSINGULAR, SO THE PROGRAM PROCEEDS
00084 C

• 00085 OPEN(MOOEa’GINARY’,UNITRaO,DEVLCE.’OSK ’,FILEaDZ(K))
00086 WRITE (20.2021 (VMEAN(I),IsL,NSZA)

• .-~ 00087 C
00088 C WRITE MEAN vECTOR 6 UNCHANUED

• 
• 00089 C

00090 wRITE (20.202) ((C1(I,,J),Ia1,NSZA),J.1,NSZA)
• 00091 C

• 00092 C WRITE INVERSE MATRIX
00093 C
00094 CLOSE (UNITaBO,OEVICE—’OSK ’ ,FILE~D2(Icfl00095 20 CONTINUE
00096 STOP
00097 C
00098 C END OF NORMAL PATH
00099 C
00100 50 TYPE 104,i( THE Ic—TM MAT. IS SINGULAR
00101 STOP
OUIOZ C
00103 C END OF SINGULAR PATti
00104 C THE PROGRAM IS ABORTED wITti AN ERROR MESSAGE
00105 C
00106 C
00107 C FOR MAT BLOCK
00106 C
00109 100 FORMAT (///,T5. ’THIS PROGRAM COMPUTES THE INVERSES OF
00110 1 COVARIANCE ’,/,T5,’MATRICES A~ FOUND IN SPECIFIED
00111 2 FILES,’,/,T5,’ANO WRITES THEM TO SPECIFIED FILES.’,
00112 3/,TS’’PLEASE ANSWER THE FOLLOWING QUESTIONS, FINISHING 

•—- — -  •~~~~~- —•--— -~~~~• --~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • •
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INVERT INVERT.FOR FORTR AN V.S(515 lId 26—JUL—77 17:31 PAGE 1—~

• -. • 00113 4 5’! A CR.’,//,TlO,’ENTER NUMBER OF MATRICES 0 ‘ .5)
- -.- 00114 101 FORMAT (Tl0. ’ENTER DIMENSION OF MATRICES : ‘ ,S)

00115 102 FORMAT (T10,’ENTER FILENAME OF COVARIANCE MATRIX $1 .13,
• - 00116 1’ ‘,S)

00117 103 FORMAT (T10.’Et TER FILENAME FOI4 ITS INVERSE : ‘.1)
00118 104 FORMAT (//.T10. ’THE ’.I3,’TH MATRIX IS SINGULAR ‘.1/)- 

- . 00119 105 FORMAT (T10,’DO YOU WA NT ALL CUMP. (YESuI/NO.0) 0
• 00120 106 FORMAT (T10, ’TYPE IN DESIRED COMP. INDICES ONE BY ONE.’,

00121 1/.T10,’W PIEN FINISHED , TYPE A £ERO.’,/)
• • : - ~~~ 00122 107 FORMAT (T10, ’TYPE IN COMP. • : ‘,$~00123 C

00124 200 FORMAT (13)
• • 00125 201 FORMAT (A10)

- 00126 202 FORMAT (E14.7)
• 00127 203 FORMAT (022.15)

0012W C
- 00129 C END OF PROGRAM

• 00130 C

• 

• 00131 • END

• COMMON BLOCKS

/.COMM./(.40262)
Cl .0

SUBPROGRAMS CALLED

SCALARS AND ARRAYS N~~~Ii NO EXPLICIT DEFINITION — “5” NOT REFERENCED

SING 1 •JJ a ‘NB 3 ‘1 4 •NCL 5
‘#652* 6 •NSZ 7 D2 10 OVAL. 154 •J 156

- .50007 1$? .50006 160 01 161 .S0005 325 .50004 326
•II 327 .S0003 330 .50002 331 .50001 332 .50000 333
IND 334 .S0010 46? •NYN 470 ‘I 471 VMEAN 672

TEMPORARIES

.00000 1027 .00001 103u

INVERT NO ERRORS DETECTED
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MA IN. INVERT.FOR FORTRAN V.5(515) /1(1 26—JUL—77 17:31 PAGE 1

- 00001 C
00002 SU8ROUTINE INV (NSZ,SING)

• 00003 PARAMETER NCOMPa91,NKa4200
00006 C

• • • . -b-- - 00005 C NI a NCOMP’(NCOMP.1)/2
00006 C

-~ 00007 COMMON C1(1;NCQMP,IOPICOMP)
• 

~~~~;~
- 00008 DOUbLE PRECISION Cl

~--~~~ 00009 DOUBLE PRECISION A (l:NIc),R(1:NK)
00010 C

• 00011 DO 100 .Jal,NSZ
• 

- 
- 00012 4.) * NSZ’(J— l) .J

• 00013 TEMP • 0.
00014 IF (4 .EQ. 1) GO TC 6

- 
•
~ 00015 DO S M 1 . I—1

- :  00016 JM a NSZ’(J—l).M
- 

- . 00017 5 TEMP a TEMP.R(JM)’W2
~~} 00018 6 TEMPB a C1(,J,J)—TEMP

~~~~~~~~~~~~~ 00019 R(4.j) • SQRT (TEMP2)
~~~~~~ 00020 IF (R(44) .EQ. 0.) GO TO 150 SINGULAR

• ~~~~~~~~~ 00021 *644) a 1./R(JJ)
• ~~~~~~~~~~~~ 00022 00 55 I.J’l,NSZ

• 00023 14 a NSZ’(I—L).J• 00024 TEMP • 0.
- 00025 IF (4 .EQ. 1) GO TO 55

• • • 
• 00026 00 50 M.1,4—1

00027 IM • NSZ’(I—l).P(
- • 

00028 JM a PISZ’(J—l).M
• - 00029 50 TEMP a TEMP.R (JM)’R(IM)

• 00030 55 R (IJ) • A(J.J)’(Cl(I,.J)—TEMP)
• 00031 C

00032 IF (4 .E0. 1) GO TO 100
00033 DO 80 L.2,J
00034 K a 4—L.1
00035 41 a NSZ’(J—l).K
00038 TEMP a 0.
00037 00 75 MaK,4—1
00038 .JN • NSZ•(J—l).M
00039 MIc a NSZ•(M—1).f(
00040 75 TEMP a TEMP.R(JM)** MK)
00041 80 *641) a —A (JJ)•TEMP
00042 100 CONTINUE
00043 C
00044 DO 110 Ja1.NSZ

• - • 00045 00 110 Ial.4• 00046 C1(J.I) • 0.
• . • •~~ 00047 00 105 Ka4.NSZ

00048 II • NSZ•(K—1).I
00049 14 •
00050 105 C1(J.I) • C1(J,d).A (KI)’*(K.J)
00051 110 C1(I.J) • C1(J,I;
00052 SING a 0
00053 RETURN
00054 C
00055 150 SING a
00056 RETURN

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ - • — ••--—--~~ — •rn_~— — -----~---
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INV £NVERT.FOR FORTRAN V.5(515) /11 26—JUL—77 17:31 PAGE 1—

00057 C
-•  • • -y 00058 END

COMMON BLOCKS

• 
~~~~~~~~~~~~~~~~~~~~~ /.COMM./ (•40262)

Cl .0

- - - 

• • . • • SUBPROGRAMS CALLED 
-

-
, 

• 
• • 

— SORT.

- 
-
. SCALARS AND ARRAYS “ PlO EXPLICIT 0EFINITIOf~ — “5” NOT REFERENCED

• • - 
- ‘SING 1 ‘44 2 ‘1 3 •NSZ 4 •TEMPZ S

• -:-. - •IJ 6 ‘N 7 ‘4 10 .50007 11 •JM 12
- 

-• 
-- - . .S0006 13 .S0005 14 .S0004 15 .S0003 16 A 1?

• .S0002 20337 .50001 20340 .50000 20341 •I(.J 20342 ‘TEMP 20343
20344 .50010 40664 ‘I. 60665 .10000 40666 ‘I 40667

~~~~ ‘Ml 40670 elM 40671 ‘41 40672 ‘II 40673
— 

-‘ — TEMPORARIES

.A001b 40674

• 
-

• 
• - •- ~- -. DIV NO ERRORS DETECTED

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
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MAIN. CLASSI.FOR FORTRAN V.5(515) /1(1 26—JUL—77 17:42 PAGE 1

- 

• • 

00001 C
- • - • 00002 C THIS PROGRAM WILL CLASSIFY DIFFERENT PATTERNS

00003 C BY USING THE MINIM (aM—OISTANCE DECISION CRITERION
00004 C THE DISTANCE MEASURE USED IS Tr.E MAIIALANOBIS DISTANCE

• ,. 00005 C WITH EACH CLASS BEING CHARACTERIZED BY A MEAN VECTOR
- 

- • • •~~~~~~~
-
~ 00006 C AND AN INVERSE COVARIANCE MATR IA ( OR A PRINCIPAL

00007 C SUBMATRIX OF rrsE LATTER IF HOC ALL COMPONENTS ARE
- 

~~~‘ 00008 C USED ).
00009 C THE USER MUST SUPPLY THE NUMBEP OF CLASSES. THE HAlES 3F

• - 00010 C TIlE FILES WHERE THE P~ TTERNS .%NO THE 3TATISTICS ~P.E TO00011 C BE FOUND, AND THE US OF THE CO’IMOPIEPITS TO BE USED
00012 C EACH SET OF PAT7ERNS C ONE PER CLASS ) IS STORED IN A
00013 C DIFFERENT FILE, AND THE NUMBER OF PATTERNS IN THE FILES

• 00014 C MUST BE SUPPLIED TOO.
00015 C THE TRAINING PATTERNS WILL USUALLY BC OF LARGER

• 
- 00016 C DIMENSION THAN THE INVERSE COVA$IANCE MATRICES, BUT

00017 C THE SELECTED COMPONENTS ONLY WILL BE USED
00018 C

~
- 00019 C- THIS PROGRAM IS NOT INTENDED T~ PERFORM AS A CLASSIFIER.
- 00020 C OUT ONLY TO BE USEI) IN TIlE VERI. ICATION OF EXPERIMENTAL

- • • • 00021 C DATA O8T4INEU hiTti THE SELECTION PROGRAMS.
• 00022 C

• 
• 

- - 00023 C THE OUT’UT IS A EXTENSIVE LIST OF THE DISTANCES ( FROM
00026 C EACH PATTERN TO EACH CLASS I AHU THE CL.ASSIFICLIION

• 00025 C NUMBER. A LIST OF CORRECT AND INCORRECT CLASSIFICATIONS
• • 00026 C IS ALSO PRINTED, WITH A PERCENT ESTIMATE.

- • 00027 C
- 00028 PROGR AM CLASS1

00029 PARAMETER NCLASSaIO,NIMAGaIOO,NCOMPa9L
00030 C
00031 C THESE PARAMETERS ONLY DEFINE URPER BOUNOS
00032 C
00033 REAL MEAN (l:NCOMP),C (1:NCDMP,l:NCOMP),v(j:NCOMP,1:NIMAG)
00034 - REAL OIST (1:NCLASS,L:NCLASS,l:rlLMAG)
00035 DOUBLE PRECISION 01U:NCLASS),~~~(1:NCLASS)00036 INTEGER IND(1:NCOMP ) .NIM (1:NCLA5S)
00037 DATA INO/NCOMP.O/
00 038 C
00039 C H WILL CONTAIN A CLASS’ MEAN

• 00040 C C WILL CONTAIN A CLASS’ INVERSE CDV. MATRIX
00041 C 01ST WILL CONTAIN ALL COMPUTED DISTANCES
00042 C V WILL CONTAIN THE PATTERNS OF THE CLASS IN CONSIDERATION
00043 C NIH WILL CONTAIN THE NUMBER OF PATTERNS IN EACH SET
00044 C Dl WILL CONTAIN THE NAMES OF THE PATTERN FILES
00045 C 02 WILL CONTAIN THE NAMES OF THE STATISTICS FILES
00046 C IND WILL FL*G THE COMPONENTS USED FOR CLASSIFICATION
00047 C
00048 TYPE 99 MESSAGE TO USER
00049 1 TYPE 100 ASK FOR CLASS NUMBER
00050 ACCEPT 200.NCL
00051 IF (NCL .LE. 0 •OR . NCL .07. NCLASS) GO TO 1
00052 2 TYP( 101 ASK FOR COMPONENT NUMBER
00053 ACCEPT 200.NCO
00054 IF (NCO .LE. 0 .OR. MCD .GT. NCOMP ) GO TO 2
00055 9 TYPE 109 ASK FOR DIM. OF INV.
00056 ACCEPT 200.NOM

— - - ___________ •
~~~ • •~~•
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CLASS1 CLASSI.FOR FORTRAN V.5(515) /1! 26—JUL—77 17:42 PAGE 1—

- • 00051 IF (NON .LE. 0 .OR. NOM .GT. NCOMP) GO TO 9
- 00058 C

00059 C FIRST TWO PARAMETERS CHECKED
• - 00060 C

• - • 
- 

• 
- 00061 00 15 lwL,NCL

• • • 
• 00062 TYPE 103.1 ASK FOR 1ST FILENAME

• 
~~~~~~~~~~ 00063 ACCEPT 201.01(I)

• 00064 TYPE 104 ASK FOR 2ND FILENAME
• 

-- 
00065 ACCEPT 201.02 (I)
00066 14 TYPE 102 ASIc FOR COMPONENTS U
00067 ACCEPT 200 ,NIM(I)
00068 IF NIMU) .LE. 0 •OR. NINU .37. NIMAG ) GO TO 14
00069 15 CONTINUE

• 
- 00070 C

00071 C ALL FILENAMES HAVE P10w BEEN TYRED IN
00072 C LAST OF ALL. THE SELECTED COMPONENTS NUMBERS WILL

- 00073 C BE REOUESTED
- 00074 C

• • 00075 TYPE 105 ALL COMPONENTS SELECTED ?
00076 ACCEPT 200.NYN

• - 00077 IF (NYN .EQ. 0) GO TO 25 IF NOT. ASK FOR SELECTION
-~ 

• 00078 DO 20 Ial,NCO OTHERWISE. SELECT THEM ALL
• 

—~~ 00079 20 INO(I) a I
-; 00080 GO TO 35 AND CONTINUE
!. . 00081 C

-
~~~~~~~~~~ - - - 00082 25 TYPE 106 MODE OF SELECTION

• 
• • 0008 3 30 TYPE 107 ASIc FOR A NUMBER

• • 
• 

• 
• 00084 ACCEPT 200,NMB

• 00085 IF (NMB .LT. 0 .OR. P1MB .07. MCD) 30 TO 30 ERROR
00086 IF (NMB .EO. 0) GO TO 35 END OF INPUT
00087 IND(NMB ) a P1MB SELECT COMPONENT
00088 GO TO 30 NEXT
00089 C
00090 C NOW ALL. INPUT PARAMETERS HAVE UEEN OBTAINED, THE
00091 C PROGRAM WILL START COMPUTING Tr E DISTANCES
00092 C
00093 NMB a 0

• 00094 35 DO 60 Kal,NCO
00095 IF (INOCK) .NE. 0) NMSaPIMB.j

- 00096 40 CONTINUE
00097 IF (NMB .ME . NON ) STOP ‘E R ~ 0 R’
00098 00 80 Ka1,NCL LARGEST LOOP
00099 OPEN (HODEaIdINARYI ,UNjTa20,OEVICEa~D5I(’,FILEaO2 (K))
00100 C

• 00101 C THE PROGRAM WILL NOW READ IN TuE MEAN AND INV. CDV.
00102 C MATRIX OF CLASS I

• • 00103 C
00104 READ (20.202) (MEAN I).Ia1,NOM)
00105 READ (20,202) ((C(I.J),Jal.NDM).I.1.NOM)
00106 CLOSE (UNITa2O,OEVICEa ’OSK’ ,FILE*OZtK))
00107 C
00108 C NOW THE PROGRAM ENTERS A SECONUARY LOOP THAT WILL
00109 C LOOI THROUGH THE CLASS PATTERNS. CLASS PER CLASS
00110 C
00111 DO 80 LaL,NC).
00112 OPEN (MODEa’BINARY’ ,UNZTI2O,OEVICE*’OSK ’,FILEaDI (L))

•••~~ - . •~~~~ —~~•~~~~~~~
•-

~~~~~~~~~~~ ~~~~~~~~
- • -  

-_ _—__

•

____~--- -•“- - •  -—• • • - • •  -••-- • • • • — - 
_z~J•d
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- 

- : - ~ 00113 P11MM a NIM (L)
• ~~~~~~~~~~~~ - • 00114 READ (20~ 2OZ) C (V(I,J) ,Ial,NCO) ,Ja1,NINM)
• •~~~~~~~~ -:~ - 00115 C
• - Y-~Y~-\ . 00116 C PlOW THE SET OF TRAINING PATTERNS OF CLASS L HAS BEEN

00117 C READ IN. THE DISTANCES WILL BE COMPUTED
~~~~~~~~~~~~~ 00118 C

• • 
~~~~~~~~~~~~~~~~~~ 

00119 DO 80 Mal,NIM (L)
00120 C
00121 C THE DISTANCE FROM PATTERN N OF CLASS L TO CLASS IC

• • - • i -
~ 

- 00122 C WILL NOW BE COMPUTED
.- 00123 C

00124 II a 0
• - 

00125 00 75 N.1.NCO
• 

- 00126 IF (IND(N) .E0. 0) GO TO 75 SKIP UNSELECTED COMP.
- • :• 00127 II * 11.1

• -~~~ --~~~ 00128 44*0
00129 C

• 00130 C II AND 44 ARE THE INDICES IN C AND MEAN
00131 C.

t~~ 00132 PROD a 0. TEMPORARY
00133 00 70 NNa1,NcO

t. — -  00134 IF (IND (NN) ED. 0) GO TO 70
• • :~~~~ -~~-~~~

-- 00135 44 a 44.1
• • - -:~~~~~~ 00136 PROD a PROD.C (LI,J4)•(MEAN(JJ)—V(NN,M))

• 
- ~~~~~~~~~~~~~~~~ 00137 70 CONTINUE

•~~~~: 00138 OIST(K.L,M) DISTCK,L.MJ.PROO’(MEAN (lI)—V(N,M))

~~~~~ 
00139 75 CONTINUE

- 
~~~~~~~~~~~ 00 140 C

• 00141 C NOW THE DISTANCE IS COMPUTED
-• 

• 00142 C SO GO ON TO COMPUTE THE OTHERS
• 00143 C

• - 00144 80 CONTINUE
• 00145 C

00146 C ALL DISTANCES NAVE NOW BEEN COHHUTED AND ARE
-• 

• 
00147 C STORED IN THE ARRAY 01ST

- :-:- 00148 C THEY WILL BE PRINTED AND EXAMINED FOR CLASSIFICATION
- • 00149 C ON A CLASS PER CLASS bASIS

-• -- •
• 00150 C

• - 00151 DO 90 Lal.NCL
00152 TYPE 150.L TYPE SOURCE CLASS NUMBER• 00153 PRINT 150.L

• 00154 PRINT 153
• 00155 NCORR a 0
-

~ 

•
: - • 00158 00 87 Mal,NIN (L) EXAMINE EACH COMP.

- - • 00157 VMIN a OIST (1.L .M)
• 

- 
0015W IMIN a 1 INIT. CLASSIFIER

-
• 

• ‘ 00159 DO 85 K~ 1.NCL CLASSIF. LOOP
- - 00160 IF (VHDl .LE. DIST(K.L.M)) GO TO 85

00161 VMIN a OIST(1 (.L.M)
00182 114tH a PC FO’JND A SMALLER
00163 d5 CONTINL E
0316’ C
00165 C THE PATTERP~ IS CLASSIFIED IN CLASS I (SNALLEST 01ST.)00166 C
00167 IF (jOh N .EQ. LI NCORR.NCORR•1

- 

-: 

•

~~~~~~~~

•- -

~~~ 

• - - • - •  •

~~ ~~~

-- - •-

;

.

-
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- 

00169 C ADJUST CLASS. COUNT
00170 C

• 

• 
• 00171 PRINT 151,I~ Iil,(DIST(I,L,~4),Ia1,NCLI P141147 !NFO

00172 87 CONTINUE NEXT COMP.
00173 NFALS a NIM L)—NCORR GET NUMBER OF ERRORS
00174 NIMW a NIM (L)

- 

~~~~-~~•: 
• 00175 PER a 100.’FLOAT(NCORR)/FLOAT (rIIMM) SUCCESS PERC.

- 
I •; •L•. 00176 TYPE 152,NCCRR.NFALS,PER TYPE INFO

~~~~ 
00177 PRINT 152,NCORR,NFALS,PER

• • ~~ - 00178 30 CONTINUE NEXT CLASS
00179 C
00180 C END OF PROGRAM -

• ooiei C
• - 00182 C

• - 00183 C FORMAT BLOCK
- 00184 C

• 
• 00185 99 FORMAT (//,T1O, ’THIS PROGRAM WILL CLASSIFY YOUR TRAINING

00186 1 PATTERNS ’,/,Tl O,’USING A MINIMUM DISTANCE CLASSIFIER’,
• • • 00187 • 2/,T10,’SOME INFORMATION IS RE~aUIRED; ANSWER QUESTIONS.

- • - 00188 3 FINISHING BY CR’.//)
~~~~~~~~ 00189 100 FORMAT (T10,’ENTER NUMBER OF CLASSES : ‘,5)

~~~ 00190 101 FORMAT (T10,’ENTER TOTAL NUMWEM OF COMPONENTS ‘,S)
‘:~~~~. 00191 102 FORMAT (T10,’ENTER NUMaER OF PATTERNS IN THIS SET ‘,S)• •;~

-
~ 

00192 103 FORMAT (Tl0, ’ENTER FILENAME OF TRAINING SET OF CLASS ’.
• 00193 113.’ 1

00194 104 FORMAT (T10, ’ENTER FILENAME OF INV. COV. MATRIX I ‘.5)• 00195 105 FORMA T (T10, ’DO YOU WANT TO USE ALL COMe. (YESa1,
00 196 INOaO) 7 •.S)

- - ~~~ 00197 106 FORMAT (T1O, ’TYPE IN TIlE DESIRED COMPONENTS NUMBERS,• • .4~ 00198 • 1 ONE AT A TIME.’,/,TlO.’WHEN FINISHED. TYPE A ZERO.’./)
• - - ~ 00199 107 FORMAT (T10, ’TYPE CORP. I : ‘ .5)

00200 109 FORMAT (T10, ’TYPE IN DIMENSION OF INV. MATRIX : ‘ .5)
• 
•;. 00201 C• 00202 150 FORMAT (///,T30,’RESULTS FOR CLASS’,I3,//)

00203 153 FORMAT (T2,’CLASSIF.:’.20X.’DISTANCES TO CLASSES:’,,,
• 002U~ 2710.’ CLASS 1 CLASS a CLASS 3 CLASS 4 CLASS

-• 
• 00205 3 5 CLASS 6 CLASS 7 CLASS 8 CLASS 9

00206 4 CLASS 10’.//)
-• 00207 151 FORMAT (T3,I3,2X,10(E1Q.3,2X))

• - 00208 152 FORMAT (/,T10. ’——NUMBER OF CORMECT CLASSIF. :‘,13,/,
• 00209 1710.’ NUMBER OF ERRONEOUS CLASSIF. :‘,I3,/,T10.

• • 00210 2’ PERCENTAGE OF SUCCESS i’ ,FlO.S,/)
- • 00211 C

• 00212 200 FORMAT (13)
00213 201 ~ORMAT (AlO)

• 00214 202 FORMAT (E14.7)
- • 00215 C

00216 C END OF FORMAT BLOCK
• 00217 C AND END OF PROGRAM

00218 C
• 00219 END

SUBPROGRAMS CALLED

• FLOAT.

_ _  ~~~~~~~~~—---- - • • ~~~~~~~~~ • - --~~~~
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- 
SCALARS AND ARRAYS “ NO EXPLICIT DEFINITION — “%“ NOT REFERENCED

.50020 1 •NC~ 2 ‘44 3 MEAN 4 •N 137

- 
• - ‘1 140 •NCL 141 •PROD 142 •NF ALS 143 ‘NON 144

• • ‘IMIN 145 02 146 NIH 172 V 204 •M 22020
‘4 22021 .S0007 22022 .S0006 22023 Dl 22024 .50005 22050
‘NIMN 2205 1 .S0004 22052 ‘II 22053 •S0003 22054 .S0002 22055

• 01ST 22056 .S0001 45476 .50000 45477 •NMB 45500 .50017 45501
INO 45502 .50016 45635 .50015 45836 .S0014 45637 .50013 45640
.50012 45641 .50011 4564a .sooto 45043 ‘PER 45644 •L 45645

•P,YN 45644 •I 45647 •YMIN \45650 C 45651 •NCORR 86002
‘MN 66003

TEMPORARIES

.00000 66326 .00001 66327

- • CL.ASS1 NO ERRORS DETECTED

~~ S 
-~~~~~~ 

• -~~~~ 
-- — -  --• • — - - •~~~

- -
~~~~

• - • —•—-
~~~--- ~~~~

—•~~~~~~~ 
• -~~~~ 

_ _ _ _
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• 00001 C
00002 C THIS PROGRAM WILL CLASSIFY DIFFERENT PATTERNS

• 00003 C BY USiNG THE MINIMUM—DISTANCE O~ CIS1ON CRITERION
- • - 00004 C THE DISTANCE MEASURE USED IS TruE MAHALANOBIS DISTANCE
• :~ ~~~~~ . .

- 00005 C WITH EACH CLASS bEING CHARACTERIZED WY A MEAN VECTOR
-• 00006 C AND AN INVERSE CUVAR IANCE MATRIX ( OR A PRINCIPAL

• - 00007 C SUBMATRIX OF THE LATTER IF NOT ALL. COMPONENTS ARE
• ~ 00008 C USED ).

• 
• - - 

• - 
~
- 00009 C THE USER MUST SUPPLY THE NUMbER OF CLASSES. THE NAMES OF

• 00010 C THE FILES WHERE THE PATTERNS ArID THE STATISTICS ARE TO
• • 

- 
00011 C BE FOUNO, AND THE US OF THE COMI”ONENTS TO BE USED

• - 00012 C EACH SET OF PATTERNS C ONE PER CLASS ) IS STORED IN A
00013 C DIFFERENT FILE, AND THE NUMBER OF PATTERNS IN TilE FILES

• 00014 C MUST BE SUPPLIED TOO.
00015 C• 00016 C THIS PROGRAM IS NOT INTENDED TO PERFORM AS A CLASSIFIER.
00017 C BUT ONLY TO WE USED IN THE VERiFICATION OF EXPERIMENTAL

- • 
• 00018 C DATA OBTAINED WITH THE SELECTION PROGRAMS.

, - - 
• 00019 C

• :.~~~~~ .
: 00020 C THE OUTPUT IS A EXTENSIVE LIST OF THE DISTANCES ( FROM

00021 C EACH PATTERN TO EACH CLASS I AND THE CLASSIFICATION
~~~~ 00022 C NUMIER. A LIST OF CORRECT AND INCORRECT CLASSIFICATIONS

00023 C IS ALSO PRINTED , WITH A PERCENT ESTIMATE.
00024 C

• oooas PROGRA M CLA$S2
• 000 26 PARAMETER NCLASSZZO.NIMAOa64,I*CU$Pa91

• • 00021 C
• 00028 C THESE PARAMETERS ONLY DEFINE URPER BOUNDS

• • 00029 C
- ~: 

00030 REAL MEANCI:NCOMP)),C(1:NCOMP,1 PICOMP).V (1:NCONP,1:NIMAG)
00031 REAL DIST (1:NCLASS,1:NCLASS,t:NIMAG )

• • 00032 DOUBLE PRECISION OL (i:NCLASS),O2CIUICLASS)
• 00033 INTEGER INO (1:NCOMP),NIM (i:NCLASS)

00034 DATA INO/NCOMP’O/
00035 C
00036 C M WILL CONTAIN A CLASS’  MEAN
00037 C C WILL CONTAIN A CLASS’ INVERSE CDV . MATRIX
00038 C 01ST WILL CONTAIN ALL COMPUTED IJISTANCES
00039 C V WILL CONTAIN TilE PATTERNS OF THE CLASS IN CONSIDERATION
00040 C HIM WILL CONTAIN THE NUMbER OF MATTERNS IN EACH SET
00041 C Dl WILL CONTAIN THE NAMES OF TruE PATTERN FILES
00042 C 02 wILL CONTAIN TIlE NAMES OF Tilt STATISTICS FILES
00043 C IND WILl. FLAG THE COMPONENTS USED FOR CLASSIFICATION
00044 C
00045 TYPE 99 MESSAGE TO USER
00046 1 TYPE 100 ASK FOR CLASS NUMBER

• • 00047 ACCEPT 200~NCL• 00048 IF (NCL .LC. 0 .OR. NCL .37. N~LASS) GO TO I
00049 2 TYPE 101 ASIC FOR COMPONENT NUMBER
00050 ACCEPT 200.NCO
00051 IF (MCD .LE. 0 .OR. PICO .01. NCQMP) GO TO 2
00052 9 TYPE 109 ASK FOR DIM. OF INV .
00053 ACCEPT 200.HOM
00054 IF (NOM .LE . 0 .OR . NON .67. NCOMP) GO TO 9
00055 C
00056 C FIRST TWO PARAMETERS CHECKED

- • ••
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00057 C
• 

•~~
- ;~

•
- 00058 DO 15 1a1,NCL

00059 TYPE 103.1 ASK FOR 1ST FILENAME• 
,~~- • 00060 aCCEPT 201,01(1)

• • : 00061 TYPE 104 ASK FOR 2ND FILENAME
• 00062 ACCEPT 201.02(1)

• • 
- 00063 14 TYPE 102 ASK FOR COMPONENTS I
00064 ACCEPT 200,NIMC!

• 
• 00065 IF (NIM (I) .LE. 0 .OR . NIMU) .OT. NIMAG ) GO.TQ 14

- 00066 15 CONTINUE -

00067 C
00068 C ALL FILENAMES HAVE NOW BEEN TYP~D IN

• 
- 

- 00069 C LAST OF ALL. THE SELECTED COMPONENTS NUMBERS WILL
• • 00070 C WE REQUESTED

00071 C
00072 TYPE 105 ALL COMPONENTS SELECTED 7
00073 ACCEPT 200INYN

• 00074 IF (NYN .EQ. 0) GO TO 25 IF NOT, ASIC FOR SELECTION

- • 00075 - DO 20 IaL .NCO OTHERWISE. SELECT THEN ALL
• - 00076 20 INO (l) a I

00077 GO TO 35 AND CONTINUE
- 
~-~~: 

- 

~~~~ 00078 C
• • •~~~~~ 00079 25 TYPE 106 MODE OF SELECTION

00080 30 TYPE 107 ASK FOR A NUMBER

- 
• 00081 ACCEPT 200,NMB

• -~~: 
00082 IF (NMB .LT. 0 .OR. NMB .GT. NCO) GO TO 30 ERROR

• ‘~- . 
• 00083 IF (P1MB .E0. 01 60 TO 35 END OF INPUT

- • 
• 00084 INO(NNB) a 14MB • SELECT COMPONENT

00085 GO TO 30 NEXT
- 00080 C

• 00087 C NOW ALL INPUT PARAMETERS NAVE WtEN OBTAINED, THE
00088 C PROGRAM WILL START COMPUTING TilE DISTANCES

• 00089 C
00090 35 DO 80 Kal,NCL LARGEST LOOP
00091 OPEN (MOOE .$BINARY . ,UNITa2O,DEVLCE*’DSK ’,FILE.OZ (K))
00092 C
00093 C THE PROGRAM uILL NOW READ IN TruE MEAN AND INV . CDV.
00094 C MATRIX OF CLASS I

- 00095 C
00096 READ (20.202) (MEAN (I),I.L,NOM)
00097 READ (20.202) ((CCI,J).Ja1.NDM),1a1,NOM)

• 00098 CLOSE (UNITa20,OEVICEa~DSK ’,FILEaD2(K))
00099 C
00100 C NOW THE PROGRAM ENTERS A SECONDaRY LOOP THAT WILL

- 00101 C LOOK THROUGH THE CLASS PATTERNS. CLASS PER CLASS
• 00102 C

00103 DO 80 Ls1,NCL
• • 00104 OPEN 1$OOEaPBINARY’ ,UNITa2O,DEVLCEU’OSK ’,FILEaOI (L))

00105 NIMM a NIM (L)
00106 READ (20,202) ((Y(I.J),1a1,NCO) ,Jal.NIMM)
00107 C
00106 C NOW THE SET OF TRAINING P*TTER~WS OF CLASS L HAS BEEN
00109 C READ IN. THE DISTANCES WILL BE COMPUTED
00110 C
00111 00 80 M•1,NIM(L)
00112 C 

•
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- 
• 00113 C THE DISTANCE FROM PATTERN M OF CLASS L TO CLASS K

• 
• 

• 
- 00114 C •ILL NO. BE COMPUTED

00115 C
•~ 00116 00 75 Na1,NCQ

00117 IF (INO(N) .EQ. 0) GO TO 75 SKIP UNSELECTED COMP.
00118 PROD a 0. TEMPORARY
00119 DO 70 N14a1,NCQ
00120 IF (IND (NN) .EQ. 0) GO TO 70

• — -~~~;~~~~ 00121 PROD • PROD.CCN,NN)’(MEAN (NN)—V (NN.M))

• ~~Y~ - 1 00122 70 CONTINUE
• 

-
~~~~

-‘ 00123 DIST(K.L,M) a DIST(K.L,M).PROD’(MEAN(N) V(N,M))
• 

- 

-
• 00124 75 CONTINUE

00125 C
00126 C NOW THE DISTANCE IS COMPUTED

• 
• • 00127 C SO GO ON TO COMPUTE THE OTHERS

00128 C
• . •

• 00129 80 CONTINUE
00130 C

• 00131 C ALL DISTANCES HAVE NOW BEEN COMP~UTED AND ARE
•:~~•~~~- . 00132 C STORED IN THE ARRAY 01ST

• 
- • .  - 00133 C THEY WILL BE PRINTED AND EXAMINED FOR CLASSIFICATION

00134 C ON A CLASS PER CLASS BASIS
,~ 00135 C

~~ 00136 00 90 Lal.NCL
- -

~~-:~i~
- 00137 TYPE 1SO.L TYPE SOURCE CLASS NUMBER

~~~~~~~~~~~~~~~~ 00138 PRINT 150.L

~~~~~~~~~~~~~~~ 00139 PRINT 153
-~~. 00140 NCORR a 0

-• • 00141 DO 87 Ma1,NIM (L) EXAMINE EACH COMP .
• - -:; 00142 VMIrI • DIST(1.L.M)

- - 
• 00143 tHIN a 1 INIT. CLASSIFIER

• 00144 00 85 Kal.NCL CLASSIF. LOOP
00145 IF (VMIN .LE. DIST (K,L,M)) GO TO 85

• 00146 VMIN a OIST (K,L.M)
00147 IMIN a K FOUND A SMALLER

• 00148 85 CONTINUE
• • 00149 C

• 00150 C THE PATTERN IS CLASSIFIED IN CLASS K (SMALLEST DIST.

- 
00151 C

• • - -  00152 IF (IMIN .EQ. LI NCORRaNCORR.1
00153 C

• 00154 C ADJUST CLASS. COUNT
• 00155 C

• - 00156 PRINT 151,II’IN,(DIST(I,L,M).I*1.NCL) PRINT *NFO
• 00157 87 CONTINUE - NEXT COMP.

- • • • 
• ooiss NFALS a NIM (L)—NCORR GET NUMBER OF ERRORS

- • • - : 00159 NIMM a NIM(L)
- 00160 PER a 100.’FLOAT (NCORR)/FLUAT (NIMM) SUCCESS PERC.

-- - i. 00161 TYPE 152,NCCRR,NFALS .PER TYPE INFO
00162 PRINT 152,NCORR.NFALS,PER
00163 90 CONTINUE NEXT CLASS
00164 C
00165 C END OF PROGRAM
00168 C
00167 C
00168 C FORMAT BLOCK

~~. L •_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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• 00189 C
00170 99 FORMAT (/~ .T10,’THIS PROGRAM WILL CLASSIFY YOUR TRAINLNG• 

: 00171 1 PATTERNS’,/.TlO.’USING A MINIMUM DISTANCE CLASSIFIER ’.
• 00172 2/,T1O,’SOME INFORMATION IS REiJUIRED ; ANSWER QUESTIONS.

— 
• 

• : . 00173 3 FINISHING BY CR’.//)
00174 100 FORMAT (T10. ’ENTER NUMBER OF CLASSES : ‘.5)

• • 

• ~ii 00175 101 FORMAT (T10. ’ENTER TOTAL NUMBER OF COMPONENTS 1 ~~~S)
- • 00176 102 FORMAT (T10,’ENTER NUMBER OF PATTERNS IN THIS SET : ‘ .5)

• • 
• 00177 103 FORMAT (T10,’ENTER FILENAME OF TRAINING SET OF CLASS’,

• 00178 113.’ ‘.5)
• •- 00179 104 FORMAT (T10, ’ENTER FILENAME OF INV . CDV. MATRIX :

- 
-• 00180 105 FORMAT (T10, ’OO YOU WANT TO USE ALL CORP. (YESSL,

00181 INOSOI ? ‘.S)
- 00182 106 FORMAT (T1O, ’TYPE IN THE DESIR~ O COMPONENTS NUMBEMS,

00183 1 ONE AT A TINE.’,~~,T10.’Wr$EN FINISMED, TYPE A ZERO.’./)
• • 00184 107 FORMAT (T10,’TYPE COMP. P :

00185 109 FORMAT (T10,’TYP( 1P4 DIMENSION OF DIVe MATRIX
~ j  OC iBo C

00187 150 FORMAT (///.T30,’RESULTS FOR CLA5S’,I3,//)
:-~:;~~ 00188 153 FORMAT (T2,’CLASSIF.:’,20X,’DISTANCES IC CLASSES:’,,,

•. 00189 ZTIO,’ CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS
00190 3 5 CLASS 6 CLASS 7 CLASS 8 CLASS 9
00191 4 CLASS 10’.//)

.
~~~
‘ 
~ 00192 151 FOR MAT (T3,I3,2X,1Q(E10.3,2X))

00193 152 FORMAT (/,T10,’——NU MBER OF CORRECT CLASSIF. :‘,13,/,
• 

• 
00194 1710,’ NUMBER OF ERRONEOUS CLASSIF. :‘,I3./.T10,

• • 00195 2’ PERCENTAGE OF SUCCESS ‘~ F10.5,/)
00196 C
00197 200 FORMAT (13)
00198 201 FORMAT (AlO)
00199 202 FORMAT (E14.7)

• 00200 C
00201 C ENO OF FORMAT BLOCK

- • ~~ 00202 C AND ENO OF PROGRAM
• - 00203 C

- 
•‘ 00204 END

SUBPROGR AMS CALLED

FLOAT.

- SCALARS AND ARRAYS “ NO EXPLICIT DEFINITION — “%“ NOT REFERENCED

•NCQ 1 MEAN 2 ‘N 135 ‘1 136 NCL 137
• • • 

• 
‘PROD 140 NFAL.5 141 ‘MOM 142 ININ 143 02 144
NIH 170 V 202 •M 13502 •J 13503 .S0007 13504

• .S0006 13505 Dl 13506 .S0005 13532 •NIMM 13533 .50004 13S34
• 

- 
.S0003 13535 .S0002 13536 01ST 13537 .S0001 30137 .S0000 30140• ‘P1MB 30141 .S001T 30142 DID 30143 .50016 30276 .50015 30277
.50014 30300 .S0013 30301 .S0012 30302 .50011 30303 .S0010 30304
‘PER 3030S •L 30306 •NYN 30307 ‘I 30310 ‘VNIN 30311
C 30312 •NCORR 50443 •NN 50444 

-•~~~- - —-•-- -~~~~~ -- • • - • —-- ~~-•
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- • TEMPORARIES

- .00000 50767 .00001 50770

- 

• 
- 
‘ :~ • CLASS2 NO ERRORS DETECTED

S • ••— ——————-- —
• -- • -~~~~ - - - - - -~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~~~ 0011 PU I~ 1i~ D TO ~ D•C .- -

in

-• • 
THERE ARE 11 COMMANDS AVAILA8LE

— 1— PARTIAL INITIALIZATION (REJECT ALL COMPONENTS)
• • — 2— SELECT SPECIFiED COMPONENT

— 3— REJECT SPECIFIED COMPONENT
• • • - — 4— SELECT THE NEXT BEST COMPOr.~ NflS) —FOR A SPECIFIED NUMbER

• OF STEPS— UNLESS THE CONTRIRUTION IS GtLUW THE THRESHOLD—
• - . TO—SELECT

• -~ •~ — 5— REJECT THE NEXT POOREST COMPONENT (S) —FUR A 3PECIFIEO NUMBER
OF STEPS— UNLESS THE CONTRIBUTION IS 8~LOW THE THRESHOLD—- 

-
~ TO—REJECT• — 6— SET THE THRESHOLD—TO—SELECT (REAL VALU E)

— 7— SET THE THRESHOLD—TO—R EJECT (REAL VALU E)
• — 8— PRINT A LINE OF SEPARATION

— 
— 9— TYPE STATUS TO TruE USER’S TERMINAL

• - — 10— PRINT STATUS
• —11— END OF PROGRAM

- 

•

~~~~~~~~~ 

• 

~~~~~~~~~~~~~

• • 
••

~~

•

~~~~~~~

•.
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• 00001 C
1 00002 C THIS PROGRAM USES .ZLKS •‘4AT.~1CE TO ~EPRE5ENT A

• 
•

• - 00003 C • P4ULTICLASS PATTE RN RECOGNITION ~ROBLEM .ITH• 
• • .1.. - 00004 C THE FIRST T~ D STATISTICAL MOMENTS
• 00005 C THE SELECTION (uF CCMPONE~eT 5 IS IJUNE ACCORUING

• - -  - -~~~~• 00006 C TO THE FOLLOWI NG CRITERIA
• • 

• • —~ -- -: -~ 00007 C AT ANY STAGE , IF SC ASP~EU, REJELT THE COMPONENT• 00008 C WIT H THE SMALLEST C TRIHuT IO’~. UNLESS TruIS CUN
• • 00009 C TRIBUTION IS AbOVE A SPECIFLEU T HRESHOLD—TO— REMOV E

000 10 C AT ANY STAGE , IF SC ASIC ED’ ADO litE COMPOruENT
000 11 C WIT H THE LARGEST CONT RIoUTIU N . UNLESS THIS CON—
00012 C TRISUTION IS ~ELO~ A S~ ECIFIED T HHESMULD—TO —AD O
00013 C

• 000 14 C THE COMMA NOS ALSO ALLOW TO ADD UN * REJECT A SPECiFIED
• 000 15 C COMPONENT, TO PRINT (~R TY PE a ~“IEF STATUS.

00016 C THE SEARCH IS INIT IaTEu FOK A 3MECLFIED NUM,ER OF STEPS
00017 C• 00 018 PROGRAM SELEC1

• 000 19 - PARAM ETER ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• • • 000 20

• - --- 00021 C
• • t~~~~- 00022 C THESE PARAMETERS DEFINE UPPER ~UuNDS ON T .E NUMBER

000 23 C OF COMPONENTS ANO THE NUMb~~R OF CLASSES
• • -

- - 00024 C
000 25 COMMON WI ( L :NCQw P, i :UCQW PI ,w2 (~~~NCQMP, 1:NC0MP)

• : - 00026 COMMON W ( 1 :NCOM P ,i:NC LA5S ),CONI ( 1:NCO MP )
- 00027 COMc4ON I~ O(t ;HCOMP) ,NMB( 1:NCLA ~~~)

- • 000 28 DOUbLE PRECISION FN ( 1:NCLA SS ) .— , 1 ,W2 , M
• • 00029 REAL CONT

- - 00030 INTEGER I,1eD,MM~
• 

- 
•- 00031 DATA INC/NCCMP.0/,CONT/NCOMP~ 0/

• 000 32 C
00033 C ~1 WILL CONTAIN T’~~ POOL ED cuvu~~IANc! MAT R IX

• • 00034 C 02 WILL CONTA IN THE V A R I A ~ Lt. INVERSE OF I
- 000 35 C H .ILL CONTAIN TilE “EAs VECT OR OF EACH CLASS

• 000 36 C DID w ILL KEEn TRMCE OF Tre E ~rL~ CTEU COMPONENTS
00037 C CON T W iLL STORE TilE INOIIIUUML CONTR I~ UT ION OF
000 38 C EACri CUfrPONENT
00039 C NMB w ILL CONTAIN THE NU”,EH OF ~ATT ERNS iN EACH CLASS
000s0 C FN W ILL STORE Tre E NAM ES OF TilE LOVAR IA NCE HA IR. FILES
0004 1 C
0004 2 TY°E 100 M~ SSA G E TO USER
0004 3 1 TY~-E 131 ASK FOR NUMbER OF CLASSES
00044 ACC EPT 23O~ NCL
0004 5 IF (NCL .LE. 0 •uru. NCL •(,T. N~ L*SS) GO TO 1
00046 2 TYPE 102 A~~ FUR NUMBER OF COMP .
00047 ACCEPT 200~ HCO
00048 IF (MCD .LE. 0 .UR. MCD .81. N~ UM~~ GO TO a
00049 C
00050 C dOT~4 ANSeEpS CNECKEO
00051 C
00052 DO 10 Ial,NCL
00053 TYPE 103.1 A~~ FILENAME OF 1—T ru MAIN .

00054 ACCEPT 2u1.F.’~c~~00055 5 TY~ E 10’ AS K F OM Hu”BER OF EM. IN CLASS
000S e ACC EPT 200. NM,( I)
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SELEC1 SELECI.FOR FORT IAN v .5 (5 ) 5 )  / KI ~7—j uL—77 1-31:50 PAGE 1—1

-
~~ 00057 IF (NM9(I) .LE. 0 .OP . NMb ( 1) .~~T. rt IMAG ) GO TO 5

• 00058 10 CONTINUE
• 00059 C

000*0 C ~ARAMETERS INPUT FINiSHED

• • -
- 

- 
- . - 

• : 00061 C

~~~~~~~~~~~~~ 
00062 C THE PROGHAM wILL NO. GE~ THE il *110 4 MATRICES

• 000*3 C AND INITIaLIZE THE wZ P~a T Rj A
00064 C

• 
-

- • 00065 DO 15 I.1,NCQ
00066 DO 15 Jai.NCU

• 
• 

• 00067 15 .1(1.0) ~ 0.
00068 C
00069 DO 30 K.t,NCL

- 
• 00070 OPEN (MOUEw1 ~~IPeAHY ’,UMLT*2U.uEVLCEa’0~K’,FILE.rN~~c))

00071 lEAD (20,202) (M(I,K),Ia1,iwCU) HEA D IN K TP( MEA . V ECTOR
00072 REAo (~~0.202 ((w2 (I,o),I.1,NC~ ),J~ i.NCO)

~~~~~—~
--- -~~

• • • • 00073 C
00074 C • THIS TEHPQAARY STORaGE IS uSED It) ‘~WO,àkES~~IVE L r FORM .1

• •~~~~~. 00075 C
• 00076 00 ~U I’l’NCO

• • -• 
- • • -H ~. 00077 00 20 J’l.NCO

- 
~~~~~ 00078 20 11(1,0) ~ ~1(I,0).W2(I.J)’NM~~(K~

~~1 00079 C
- 

• -
~~ 

00080 C THE PROCESS IS REPEATED FOR wL~ CLASSES• —
~~~~

-
~

• . oooai c
• • •~ 00082 CLOSE IUNII.20,DEVICEa ’OSK’ .FIL~.aF.(K))• 

~~~
- ‘ - 00083 30 CONTINUE

• 00084 C• ~: 00065 DO 35 Isl.NCO
• 00086 00 35 Js1,P4CO

00087 35 w2 (I.J) • 0.
- - 

• 00088 C
00089 TA • 0.

• • 00090 TB z 0. INITINI.IZE THRESHOLDS
00091 WAL • 0. Ir~ITI4i- IZE wLLKS ’  MEASURE
00092 C
00093 C TilE INTIALIZATION IS NOW Cu4I’L~.lE00094 C THE PROGRAM ENTERS TrE COMMA~0 LOOP
00095 C

• • 00096 TYPE 105 MtSSAu~ TO USER
00097 50 TYPE 1(16 A~~f( Fta$ COMMAND
00098 ACCEPT 2U0,NCM GET II

• 
• 

00099 IF (NCM •LE. 0 .OR . 14CM .T. 1~~
) es) TO 10

- 
00100 C

• 
- • 

- 00101 C THE COMMAND IS VALID , SO EAtCUT~
00102 C
00103 GO TO (1300.11OO,12QO,130O .140~ .i5Ou,1630,170O,
00104 11300.1900,2u0U)ptCv NUMERICAL SwITCH AS C3MM*Is) INTE~
00105 C
00108 C
00107 C FIRST CCMMaNO : ~E...ECT ALL CiuM—~.~iwENTS
00108 C
00109 1000 00 100S I.1,NCO
00110 INO I) • 0
00111 00 1~1fl5 u~ t.HCu
00112 1005 ~2(I.J) a 3• 

- - ~~• -—- - ----- -- — -- _ - - —--•-—-•--•--- • •----~~~~~~~~~~
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SELEC1 SELECI.FOP FORTRAN V.5 (515) /KI ~7—JUL—77 IV:,O PAGE 1—2

- - - - 00113 HAL a ci.
00114 GO 10 50 wEA l CIJMP.AND
00115 C

- •~ • • 00116 C
-; 

• 
00117 C SECUND COMMAND : A CO A Sr ’E CI F L r . - I J  COMPONENT

• 
• ~~ 1 - ~ ;:-— - 00118 C

• • • 00119 1100 TY~E 107 ASK FUR COMPOr~EiV T a
- • - 00120 ACCEPT 200,NCM

00121 IF (NCM .LE. 0 •OR. NCM .01. NCU) GO TO 1100
- 00122 IF UNO (NCM ) .ME. 0) GO TO 115V ALREADY £AISTIN~i• 

•
• 00123 C

00124 C COMPONENT MUM~~ER VA LID
• 00125 C

• 0012b INO (NCM ) a MCM
• 00127 CALL DISTUP (r.CM,r4CC,NCL,WAi.) UPDATE IILKS’ MEASURE

• 00128 CALL XNVI~P (NCM,MCO,P~CL) u.’DATE INVERSE NMTPIX
00129 GO TO 50 NEAT COMMANO

- - - - 00130 C -

• • ~ -~- - . 00131 1150 TYPE 150 CUMPONENT ALPEAJY SELECTED
• 00132 GO TO ~O NEAT CO At~O

00133 C
~~~- . 00134 C

::-‘~
- 00135 C THIRD COMMAND

• 00136 C
• 

•::- - . 
• 00137 1200 TYPE 108 ASi( FOiw COMPO oEH I a
• 00138 ACCEPT Z00.NCM

- - 00139 IF INCH .LE. 0 .OR . ‘4CM .81. N~~t J )  GO TO 1~~00
00140 IF (ZNO (MCM I .E0. 0) 60 TO 125 J ALREADY REJECTEU

- ;  00141 C
00142 C COMPONEN T NUMbER VAL ID

• 00143 C
00144 IND (NCM ) • 0
00 145 CALL O LST ON UwCM. - --s ,MCL.wwc..) UROATE WLLKS ’ MEASURE
00 146 CALL INV ON (NCR ,NCO. NC L) UnD*TE INVERSE M A T R I X
00147 GO TO SO NEAT COMMAND
00148 C
00149 1250 TYPE 151 ALREADY NEJECTEU
00150 GO TO 50
00151 C

• 00152 C
00153 C FOURTH COMMAND : SELECT TruE ~sEAT BEST COMPONENT
00154 C
00135 1300 TYPE 109 ASK FOR NUMBER 0’ sTEPS
00136 aCCEPT 200.NSTE0
00157 IF (NSTEP .LE. (1 .CR. ‘ISTEP •GT. lICO) GO TO 1300

• -: - 00158 LIO 1350 L21,NSTEP
• • 00139 CALL UPCON(NCO.IVCL) GET CONTRISUTIONS

00160 CALL MAX (NCO,’c) RETURNS INDEX IN K
00161 IF (1< .EQ. 0) GO IC 1390 ALL COM~~. ALR EAD~ SEL.
00162 RATIO a 0.
00163 IF HAL .E0. .~.1 OC 10 1320
00164 reAT IU • 100.•CQNT N /W AL
00165 IF (RATIO .LT. lu) GO TO 137u TrIHESHOLO reEACHEU
00186 1320 1140(K) a 1< HOD COMPUNENT
0(1167 TYPE lbO.K.w..TIO
00168 PRiNT 1b0,K.~ *Ti J INFORMA TION

• • -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A
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SELEC1 SELEC1.FQR FORTRAN V .5 (515) /NI ~7—JUL— 77 1,;SO PAGE 1—3

00169 CALL DIETU? (K,,wCU,NCL .qAL ) UPDATE WLL KS’ M~ ASDI~00170 CALL INVUP (K,ttCO,NCL) UPDATE Ir.VERSE RA TRIA
00171 1350 CONTINUE NfXT STEP
00172 60 TO 50 NEXT COMMAND

• 
• 00173 C
• 00174 1370 TYPE 152 TNRESHOLej—T0—AOD REACHED

- 
- 

00175 PRItIT 152
• 

• 00176 00 TO 50 NEAT COMMAND
00177 C
00178 1390 TYPE 1,4

- • 
00179 PRINT 15’ ER~ 0R. ALL C3MP. SEL.

• - - 00160 GO TO 50 NEAT COMMAND
00181 C
00182 C
00163 C FIFTH COMMAND : NE JECT NEAT .OilsT COM~ UNENT00184 C
00185 1400 TYPE 1O~’ A SK FOre NURGErI OF STEPS

• • 
00186 - ACCEPT 200.NSTEP
00167 IF (NSTEP .t.E. 0 .CR. ‘4STEP .01. NCO) ~aO TO 1400
00 188 00 1.~5O Lz l ,reSTEP
00189 CALL CNCON UwCO,NCL GET CUr TNIbUTICINS
00190 CALL MLItINCO ,K ) RETURNS INDEX IN K

- 
•
‘ -~ •. 00191 IF (K .EQ. 0) ~O TC 1’90 ALL COMe. A LREAUY REJECTED

00192 RATIO S 100. CONT (c)/wAL
00193 IF (RATIO •GT. TI) GO TO 1470 TM~ ESruOLD—TO—REJECT REACHED

- • 
• •. 00194 INO (ci S 3 REJECT CUMPON~ NT00195 TYPE 1b1,K,RaTIU

00196 PR P4T 1~~1,K.~ ATIU INFORMATION
• 00197 CALL 0ISTDN(lc ,,wCo,hCL,~i*L) UPUaTE w IL’cS’  ME4SURE

00196 CALL INVDN K,NCO,NCL UPDATE INVERSE MAT RIX
00199 1450 CONTINUE NEAT STEP
00200 GO TO 50 NEXT COMI-,*NO• 0020) C
00202 1470 TY~ E 1s3 THPE3MCLD—TO.,tEJ~ CT tEACIIED
00203 ~R!NT 153
00204 GO TO 50 NEXT COMMAND

J 00205 C
00206 1490 TYPE 1s1
00207 PRI1tT iSs ERROR, ALL COMe. REJECTED
00208 GO TO 50 NEAT COMMAND
00209 C
00210 C
00211 C SIXTH COMMA ND : sET THRESP,ULLI—TU—AUO

• 00212 C
00213 1500 TYPE 113 ASK FOR THRESe-cOLjj—TQ—AUi)
00214 •CCE°T 2~a3.T&

• 00215 )F (TA .LT. 0.) GO TO ilDu
00216 tit ) TO S~ NEAT COMMANO
00217 C
00218 C
00219 C SEVE-iT i COMMet~4iJ : SET T~MtSreUL.J—TO—PEJECT
00220 C
00221 1600 T’r~~ l ii ASK FUR TMRESreULJ—TO —R~ J~ CT00222 ~ CCE P T 2v.~.T R
00223 IF CT; •LT. 0.) c,C TO lbOO
00 224 0 T~ SO NEAT CC 4’4ANt~

L — -  • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ • •_ - •_  — ----24
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SELEC1 SELECI.FOR FORT u*.w V.5(515) /KI 27—JUL—77 1~~:so RAGE 1—.

00225 C
- ~~• 00226 C

— - . 00 227 C EIGruTH COMMaND : PRINT A LINE uF SEPARAT iO N
•
~~~~~ 00228 C

- .:— ~ 00229 1700 PRINT 170 PRINT A SEPARATION LINE
- 

• • •~~~- 00230 00 TO 50 NEAT COMMAND
• • -~ - 00231 C

00232 C
• 00233 C NI’ITr$ COMMAND : TYPE STATUS

- • 00234 C
• 00235 1800 148 • 0

- 
• 00236 00 1805 I l.NCU

• • 00237 iF (INO (I) .ruE . 01 .~~z P48 .1
00 238 1805 CONTINUE

~~~~~~~ 00239 TYPE 1~ 2,N8,aML,TA,TP• 00240 CALL SN~~(NCO) JUSTIFY NUNdERS OF SEL.
00241 CUMP. TO TIlE LEFT OF CONT
00242 TYPE 1~ 3’(CCNT (I),Iz1,~ 8)• 00243 

- 
TYPE 1o4• 00244 GO TO 50 NEXT CONruAND

00245 C
• • 

: 
• 

00246 C
00247 C TENTH COMMAND : PRINT STATUS

• • 00248 C
• - 00249 1 0 0  ‘48 a 0

• • • • • -• - - 00250 00 13105 I~~1.NCO
00251 IF (INU(i) .NE. 0) NbaNd+1
00252 1905 CONTINUE
00253 RRINT 182,Ne,WAL,TA,TR

• - 0025’ CALL SNG (NCO )
• 

• 00255 PRi~4T 163,(CONT (I),Iz1,N,~)
00256 PRIsT 171

• 00257 60 TO 50 NEAT COMMAND
00258 C

• 00259 C
00260 C ELEVENTH CO— .IAND : END OF R’tOG~ MM
00261 C
00282 2000 STOP ‘NORMAL ENDING ’
00263 C
00264 C
00265 C FORMAT SLOCK
00288 C
00267 100 FORMAT (///.TiQ.’Tt.tS ?RUGMAM aLLL HELP YUQ SELECT MEA
00268 1SUREMENTS. ’,/,TlO, ’PLEASE uNSa~ R TruE FOLLOwINI ~iuESTL
00269 2CN$, FINISMING ÔY CR .’, / /)
00270 101 FORMAT (T10.’ENTER PUM~ ER OF CLMSSES :
00271 102 FORMAT (T10.’ENTEP N’JMSEN OF Cu IPOi’l. :
00272 103 FORMAT (T10. ’ENTER FILEN AM~ FON CLi,SS’,13,’ :
00273 104 FORMAT (710, ’ENTER i t)F IMAGES ~~ THIS CLASS :
0027’ 10! FORMAT (/,T1U, ’T-IE I’4ITIAL~~ZATAUN IS NO. FINISHED. YOU
00275 1 ENTER THE CUM MANC LOu~~.’,//)
00276 106 F0R~aAT (TiO. ’€cwTER rO~ R COMMaND U—il ) : ‘.1)
00277 107 FORMAT (T10, ’EHTE R a OF COMR . ru bE ADDED : ‘.5)
00278 108 FORMAT (TL0. ’€ruTER • ~~ COr-l~ . lv 8~ RE JECTED :
00279 105 FORMAT (Tj3, ’Er,T .R ‘ OF STEPS Iv ~~ PEHFOM MEO :
00280 110 FONMAT (TiQ. ’Ei’,TE R THpl~~S r1vL1j—TJ aLJij (Ir~ ~~i :

~ _L___ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~
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• SELEC1 SELECI.FOR FORTRAN V . 5 ( 5 1 5)  / KI ~7—~JUL—77 i,:so PAti E i—S

• 00281 111 FORMAT (TiO. ’EruTER I £SiIOLD—TJ—RE,JECT (IN ~) • ,~~ )
• -

~ •~ 00282 C
~~--~~~~~~~~~

- 00283 iSO FORMAT (T1O . ’CQM PONE’4I ALREADY SELECTED ‘,/)
00284 151 FORMAT (T1O, ’CUMPONE’4T ALRtAUY NEJECTED ‘./)
00 285 152 FORMAT (T i O , ’T p1RE5pOL~ — Ttj —AUt ) R~ AC MED ‘,/)

• 
• :-

~~~~~:--‘ 00286 153 FORMAT (T1O. ’T,1RESI-ICLD—TO—REJE~.1 REACHED ‘ ./ )
- • -;~~~~~~~ -‘- :~~~~ 00287 154 FORMAT (Tlu, SALL CCMPONENTS ALR~~A OY SELECTED’,/)

• 
• : - ~~~~

- 00288 155 FORMAT (TiO. ’ALL CCWPO NENT, MLR~ AOY REJECTED’,/)
- 00269 C

• 00290 160 FORMAT (T10, ’TiiE SELECTED COiIPUCIENT IS NUMOER’,13,
00291 L/.T15,’WITR A CONTRI5UTIO4~ OF ‘,E9.2,’ ~~‘./)- 
00292 161 FORMAT (TiO. ’THE REjECTED COMPU wENT I S  NIJMOER’ ,13,
00293 i/,115,’wITu A Dj:’4INUTION uF ‘,c~31.2,’ % ‘ ,/)
00294 162 FORMAT (Il0. ’Tr,E PRESENT NUM~ E~ UF COMPO NENTS IS’ ’13.

• 00295 1/,110,’TME INTEJ4CLASS DISTA~1Cc. MEuSURE 15 ‘,E1l.a~ /,00296 2T1U .’TME T, pcE~~cULC— TO—AOu Is ‘‘ELi.../.
00297 3TLO .’THE T~~ E5HULC—T 0—REJ~~.T is

- 00298 —TiO, ’TsE SELECTED COM PONENTS ‘~~E :‘ ,/)- 
• 00299 163 FORMAT ( i O ( a - 4 , F3 . 0 ) )

- - 00300 164 FORMAT I/C
- 00301 C

• 
• -• 00302 170 FORreaT (/,~ U(’~~’),/)

• - 
• 00303 171 FORMAT (II)

- 00304 C
• • 00305 200 FORsuT (13) ’

• • 00306 201 FORMAT (410)
00307 202 FORMAT (022.15)
00308 203 FORMAT (r~~.3)
00309 C
00310 C END OF FORMA T bLOC~00311 C
00312 ENO

COP’MON SLaCKS

/.COMM./ (..4156)
WI .0 •2 17402 H •~ 7(,0’~ CONT •a3734 IND •44033
NMB .44132

SUBPROGRAMS CALLED

MIN UPCON DISTUP M4~ UNCON DISTON
• 

• 
INVON INVUP SN’4

• 

• 
SCALARS AND ARRAYS “~~~“ NC EXp’LICIT UEFINITLO-~ 

— “ A ”  NOT REFERENCED

.S0020 1 •NCu 2 •T~ •N~ 4 5
NCL S TR 7 •Ti. lu RATIO ii NCM 12
•W AL 13 0 14 .50007 15 .50008 lo .~~UO0S 17
.S0004 20 .50003 21 .50002 22 .SO0~i1 2J .50000 ~ 4

.50011 25 FN 2e .So f li~ 7~ .5001. 77 .SUO 1a 100

.S0013 101 •So012 102 .500 11  i0J .,cj O iO 10’ L loS
•NSTEP 106 1u7 .5302 !  l1J .50021 111

• •  —- - - - • — -- - - - - -• • -•-—- — - - • • -- - - -- • .-“-—
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• SELEC1 SELEC1.FOR FO RT RA N V.5(515) /KI 27—JUL—77 L~~:53 PAGE i—ó

• - •~~: TEMPORARIES

.00000 532 •~ OO01 533

SELEC) NO ERRORs DETECTED

• • • • 

~~

• •

~~~~~~~~

-

~~~~~~~~~~~~~~~
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~~~~~~
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-: MAIN. SELECI.FOR FvRTreM~ V.5(515) /K1 27—JUL—77 1V :bO PAGE 1

• 
• • 

• 00001 C
00002 C

• 
- 

. -
~~~:~

- 00003 C
• 

-
• - • :: 00004 SUBROUTINE ~M.c P4CO,x

• 00005 PARAMETER NCOMPSO3,NCLAS3S2U,NLMAGS100
- :~ - 

~-:1: 
• 00006 C

~‘-~~~~-~~ 00007 COMMON .1(1:HCuMP,1:NcOMR,,R~~(1:NCOMP,1:NCO’4P)• 
~~~~~~~ 00008 COMMON M(1~ NCOMP,1~~ CLASS),CONTt1 :NCOMP )

• 
• • 

00009 COMMON INO (1:NC0MP ,NM~~~i:MCLA ss• - 00010 0008LE PRECISION W1,W2 ,M
• • 00011 ‘Z’L ClINT

• 00012 INTEGER INO.NMd
• • 00013 C

• • . .  
•
• 00014 K a 0

• • • 00015 VMA A a —i.E.26
• 00016 00 10 Ial,NCO

• 00017 IF (IND(I) .ME. 0) GO TO 10 ONLY UNSEL. CORP .
- • 00018 - IF (VMAA .GE . CONT U) )  Oo TO lo SEARC H A L*RGER

00019 K • I
• • - ~~‘- • 00020 V N A A  ~~ CONI C!) • FQ~ruD A LARGER

00021 10 CONTINUE
• 

• - 00022 RETURN
• 00023 EMu

• COMMON BLOCKS

• :
• /.COMM ./ (.44 156)

• W i  .0 w2 •l7.u2 ~i .37004 CO’~T •~ 373~ INU .44033
• 

- 
P4MB •44132

• 
- 

~~• 
• SUBPROGRAMS CALLED

SCALARS A ND A R R A Y S  “ “  NO EAMLICIT 0EFIN1T1O~ — “%“ NOT REFERENCED 
-

NCO 1 •VMA X 2 3 .S0000 4 ~1

TEMPORARIES

• - 

• 
MAX NO ERRORS DETECTED
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-

- - MAIN. SELECI.FOR FORTRAN v.!515 /KI 27—JuL-77 1,:So RAGE 1

• 
- -

• 00001 C
- • .

- • 

- 
00002 C

- 
-
~~~. 00003 C

00004 SU~P(OUTINE MIP4 (NCO,K)
•~~~

:-
~~~~~~~~~

-
~~~~~~~~ oooos PAR*M(T~K NcUMR~o3,sCLASSa~ U,NLMAG*1OO

‘- .~ ;-~~~;;1~ -’~ 00006 C
~~
‘ 00007 COMMON .1(1 NCQ~P,1 ‘ICOMP),a2(i NCOMP,1 NCOMP)

- ‘~~ 00008 COMMON s(1:NCOMP ,1:MCLASSJ,CO’4T (l :MCOMP)
- 00009 COMMON IMD(1:NCOMP),NM8 (1:MCLASS)

00010 000iLE PhE.CI5IDN a1 ,W2 ,$
• •

• 
- - 

•
~~. 00011 NEAL CONT

- • 
• : 00012 INTEGER 1MO,NMF4

-
~~ 00013 C

00014 K 2 3
• • 

• • • 00015 VM IN a
::-~ 00016 DO 10 Ia1,Nc ~

- •- - 
• • • 

- 00017 IF (INO (L) .~ Ca. 0) 60 TO 10 ONLY UNSEL. COP4P.
00018 - IF (VP41N .LE. CONIC!)) GO TO 10 SEAPCru A SMALLER

‘
~~~~‘~~

-
~ 00019 K • I

• • ~- - ~~~ 00020 VMt~4 ~ CONTU) FOUND A SMALLER
- ‘

~~~~~ 00021 10 CONTINUE
• - . •~~~~~~ 00022 RETuRN

• - • 
- 00023 END

: . - COMMON BLOCKS
-• • 

- 
-
~~~~ /.COMM ./ .44156)

- It .0 .2 .1740k N .37004 CONT •...3734 INO •44 033
• NM$ •44132

- 

• • • 

- • 
SUBPROGRAMS CALLED

SCALARS ANO ARRAYS ‘ “  ~O EAMLICIT DEFIru1T1O~ 
— “A”  NOT NEFEruENCED

•NCO 1 •‘( 2 .50000 3 •I 4 •VMIN S

TEMPORARIES

- 
~~~

- -
~
-
~: -

~~~~ MIN NO ERPORs DETECTED

I
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- MAIN. SELEC1.FOR FORTRaN v.5(515) /KL 27—JUL—Ti 1’. S0 GAGE 1

00001 C
• 

• 00002 C
- • 00003 C

• - 00006 Su~ROUTINE S~~~tNCQ )• • 

• - - -
~~ 00005 PARAMETER NCOMR*~3,NCLASSaZQ,NLMAG2L0Q

• •~~~
- :-~ • 00006 C

- - • 
• 

-
• - •• 00007 COMMON .1(1:NCDMP,i:NCOMP),a~~tL H4CQsP,t:,4CO$P)

• 
- 00008 COMMON M() :NCUMP,i :p,CLASS),CUMT( 1:NCOMP)

00009 COMMON INL& (1:NCO$P),Nu~~(i:NCL.4ss)• 00010 D000LE PRECISION I1.W2,N
• 00011 REAL CONT

• - 00012 INTEGER INO.M’4~
- • 00013 C

00014 00 5 I’1.NCC
• - • 00015 5 CONIC!) z 0,

00016 J 2 3
• 

• - - • 00017 DO 10 L~~1’NCQ
• 

- 00018 - IF (LNO(L) .EQ. fl GO TO 16
00019 J • J.L
00020 CONT(.J) I I

• - 
- 00021 10 CONTINUE

~~~~~~~‘- 00022 RETuRN
-
• 00023 END MUM~EMs PACKED TO TrsE LEFT

COMMON BLOCKS

• /.COMM ./(.44158)
Ii .0 .2 •174UZ H .370u6 CONT .43734 IND .44033
N$9 .44132

SUBPROGRAMS CALLED

SCALARS AND 4P.~A Y5 “ “  NO EA RLICIT DEFINIT ID. — “%“ NCT REFERENCED

•NCO 1 .50001 3 .S0000 4 5

TEMPORARIES

SNB HO ERRORS OF.TECTED
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MAj N.  SELEC1.FOR FORTR,ER V.5(515) /KI 27—JUL—77 1~~:.o PAGE 1

- 

• 

- 00001 C
• • 00002 C• 00003 C

• • 
• : 00004 SU’IROUTI.iE UPCUN(NCD,NCL)

• 
- - ~~~~~~~~~~ 00005 PARAMETER NCUMPIb3.NCLASS3~ O,NiMAGa100

0000 6 C• 
~~~~~~~~ 00007 COMMON .1(1$NCUMM,1:NCUMP),w2 (A PICQMP,1:NCOMPI

00008 COMMON M(1;NCOMP,i:NCLASS),00NT (1:NCOMP)
- • :-~

-
~~ 

00009 COMMON IND (i:NCOMP ),NMGC1 :NCLASS)
00010 OOU~LE PRECISION #1,~ 2.M- • - 

• 00011 REAL CONT
00012 INTEGER 1NO .NM~

- -• • 00013 DOU~LE PRECISION TEMP.UETA,L (1 NCOMP)

- 0001’ C
• 

- 00015 DO s Ial.NCO
00016 5 COCITII ) • 0.
00017 C
00018 • 00 100 Kai,NCQ GENERAL LOOP FOR CORP.
00019 C

- 00020 C IRS! LOOP NILL COMPUTE IRE INDIVIDUAL CONTRIBUTION OF
- 00021 C EACM UMSELECTC.L) C0 ’°ONEMT

• 
: - ~~~~~~~~ 00022 C

• 00023 IF (IND(K) •NE. v > GO TO iou ONLY UNSEL. CON?.
00024 C
00025 C COMPUTE TpiE VECTOR PRODUCT ~~~~~.L(K)

- - 00026 C
- 

- 00027 DO 20 Ial.NCO
• - 00028 Z(I) a 0.

• 00029 IF (IND (i) .EQ. 0) (10 TO 2u ORLY SEL. COMP.
00030 DO 20 Jzi,NCD
00031 IF (INO(J) .c.U. 0) GO TO 20
00032 Z (IC a Z(I).,2CI,J)~~W1 (J,K)
00033 20 CONTINUE
00034 C

• 00035 C FOR,4 TRE SCALAR ?RCDUCT Z~ w(K)
00036 C
00037 T E:4P a Q.
00038 00 •0 Ia1,NCO
00039 IF (IND(i) .Eo. 0) GO TO ~iU ONLY SEL. CORP.
00040 TEMP a TEMP.Z(I)•w1(K.I)
00041 30 CONTINUE
00042 iETA I •1(K,K)—IEMP
00043 C

• 00044 C TEST FOR POSITIVE DEFINITENESS
00045 C

-
— 00046 IF (oETA .01. 0.) GC TO 150 ERROR . NOT POS.De,r.

00047 TYPE 200 SQ TYPE A
00048 200 FOM..AT (T10. ’WA NNING NO 4URE ~OS.OEF.’,/)00049 C
00050 C COMPvT~ IRE CO’~TRI~ LTION ALL MEj~MS MUST ~E TA KEN INTO
00051 C ACCOUNT
00052 C
00053 iSO DO so Lal,NCL
00054 C
00055 C FOMM IME SCgLAM PRCOOCT ~(L) Z
0005e C

- • - - - -- - •—
~~
-— -- -~~~~~~~

•- -• • -~~~~~
••-

~~~~~~~~~~
--- • - •  -~~~~~~

•
~~~~~~
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UPCON SELEC).FOR FO4T~ AN V.5(515) /tc z 27—JUL—77 1’,50 PAGE i—i

• • - :• - 00057 TE~iP a 0.
- • 

- • 
• 

00058 00 l~O Iai.MCO
- 00059 IF (P40(I) .E~. U) GO TO 4u ONLY SEL. COMM.

-
• 

-
~ - 00060 TEMP a T ENP.Z ( j)*pq( I ,L)

- 00061 40 CONTINUE
00062 • TE 4P a (TEMP—M (K,L))..2- - - - . - 00063 C
00064 C MOM uDI) ThIS M~ AN•S CONTR. TQ ThE RUNNING VALUE- 00065 C

.2 00066 C o N r ( K )  a CONTK .KMBCU .TEMP/.c .TA
00067 50 CONTINUE NEXT MEAN
00068 C

• 00069 100 CONTINUE r4E.~I COMPONENT00070
- 00 071 C

00072 ENI)

COMMON BLOCKS

~ /.COMW / (..41~ b~• $1 •o .~ •17402 N •370u4 CONT •43734 INO •44033
NN9 .44132

- 

-:~
- -. SUBPROGRAM! CALLED

SCALARS ANO ARRAYS “•“ NO EXPLICIT DEFIr~~TI0.~ — “s” NOT REFERENCED

•NCO 1 Z 2 BET A 200 202 NCL 203
204 •S000b ~U5 .50005 21Cc .30004 207 .50003 210

.S0002 211 .50001 212 .50000 21J TEMP 21’ •L 216
217

TEMPORARIES

.A0016 230

URCON NO ERRORS OETE~ TEO



RA LZ

MAIN. SELEC1.FOR FORTRAN v.5 (515) /KI 27—JUL—77 1v:So PAGE 1

00001 C
00002 C
00003 C
00004 5U~R0UTIP4E ONCON NCO,NCL)

• 00005 PARAMETER NCQMP .103,P,CLASSS2O,NIMAGALOO
- 

• - 

- 
00006 C

• 
- •  

•
• 

00007 COMMON u1 (1:NCUMP,i:NCQMP ),VZ (LNCOMP.1 :NCOMP )
• 00008 COMMON M11 :NCUM? ,1:pCL ASS),00NT (1:r.COMP)

00009 COMMON INU(1:NCOMD),NM .l (1:NCLaSS)
- 

00010 DOUGLE PRECISION w1,W2,~
00011 REAL CONT

- 00012 INTEGER IND.NM8
00013 D0U~LE PRECISI ON TE ’0
00014 C
00015 00 ~ Iat.MCC00016 5 CONT (I) a 0.

- 
• • 00017 C

• • - 00018 00 iOO K~ 1.NC0 GENER*4_ LOOP FOR CORP.
• : • :  - 00019 C

• 00020 C IRIS LOOP ~ZLL CONFUTE IRE INDIVIDUAL CONTRIBUTION OF
• • • . - 00021 C EACti SEL. CORP. TO THE ~ZLiCS’ Mt ASUWE

00022 C
• • 00023 IF (P40(K) .EQ. 0) GO TO luG ONLY SELECTED CORP.

• 00024 C
• - 

• - - - 
00025 C COMPUTE THE C0NTRI~ UTION; ALL MtANS MUST ~E TA.(E”4 INTO• 

• - 00026 C ACCOUNT
-

- • — 00027 C
00028 00 ,~) Lai,NCL
00029 C
00030 C FORM ThE SCALAPC PRCDUCT MC L ) ME(Ic )
00 031 C
00032 TEMP a 0.
00033 DO MU Ial.NCI)
00034 IF UNDU .EQ. 0) GO TO 40 Or4LY SEL. COMM .
00035 IF U .E~. ~~ ~O IC 40 SIcIP THIS INDEX
00036 TEMP • T~ MP.s(I,L)*.2(I,K)00037 ~0 CONTINUE
00038 - TEMM a
00039 CO4t (K) • CU’4T(,u.TEMP•RM~~C L)/-E (K,K)00040 50 COri1INUE
00041 C
00042 C THE CO~ TRIBt~TION OF IRE KaTP~ C~~ P. IS ~CW COMPUTED
00043 C
00044 100 CO’4TIN.,E NEAT COMPONENT

- 00045 C
- 

00046 METURN
00047

COMMON BLOCKS

/.COMM./ ( •4415b)
Ii .0 —2 •i7.u~ 1 .37004 CONT .i.373a L~4IJ .4.033
P4MB .‘413?

• • • - ~~~~~~~~~~~~~~~~~~~~~~ •-— ~~~ - - •  - -—~~~~~~~~~-- •~~~• --
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DNCON SELECI.FOR FORTr.AN V . 5 ( 5 1 5 )  1K! 27—JUL—77 A,:su P.(1E i—i

-

• 
- 

- 

-
- 

- 

• ~. SUBPROGRAMS CALLED

- :-~ -~~~~~~ 
- - -

~~~

~~ SCALARS AND ARRAYS “s” NO EAPLICIT OEFINITIO~ — “s” NOT REFERENC~D

~ NC0 1 ‘K NCL ~ .s0003 4 .S00u2 ,
~~~ .S0001 6 .S0000 7 TEMP 10 L 12 13

• •
• •

• • • :‘ TEMPORAR IES

• •~~~~~ DNCON NO R0R~ DETECTED

: 4
I

k~ • L~~~~
-
~ ~~~~~~~~~~~~~ • •~~~~~~~~~~ •~~~~~~-• — - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ _— - -___  - •• - -  • • -•
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- 
MAIN. SELECI.FOR FORTRAN v.5 515) /KI 7—JUL—77 14:50 PAGE 1

~~~~ 00001 C
00002 C

- - - 00003 C
• 

• 

~~1-~~~ 00004 SU~wOUT !NE DISTUP (K.NCO.rJCL,.A L)
• 

- 
• -

~~~~ .~~~~~~~~- 00005 PARAMETE~, NCUMP Q3,NCL4SSI2U,r4LM4Ga100
-~~~ -: :~ - -- 00006 C

00007 COMMON 11(1 NCQMP,i MCOM0),I~~(a NCUMP,1 NCOMP)
,I 00008 COMMON M ( 1  NCOMP,1 p .rLASS ),C0p41 (1 IVCONP)

• •:-~~ : - ~ 
- • 00009 COMMON !NOC1:NCOMP),NM,3 (L :NCLAsS)

• 
• 

00010 DOUdLE PRECISIUN w1,W2,M
• - 00011 REAL CONT• 

:.. 
- 

00012 INTEGER INO,NMW
00013 DOU~LE PRECISION TEMP ,3ETA,Z (1:NCOMP)

• ~
• • 00014 C

— - . - 00015 C CO WuTE THE VELTOR PRODUCT a4’aL(K)
00016 C

• - • 00017 00 20 IaI,NCU
00018 • 2(I) a 0.

~~r 00019 IF (P40(I) .E~. 0) GO TO 20 ONLY SEL COMP.
00020 IF U .Eo. K) GO TO 20

- :.~~~~~- 
- -

~~
- 

- 00021 00 20 JaL,NCO• 
~~•~~~J-~~ 00022 IF (INo(J) .EQ. 0) GO TO 20

~~~~~~~~~~~~~~ 00023 IF (J .E(~. K) GO IC 20
~~~~~~~~ 00024 Z(Z) • Z(I).w2(L,J)~~W1CJ,K)
~~~~~~~ 00025 20 CONTINUE

~~~~~~~~~ 00026 C
;- -~~~ 00027 C FORM ThE SCaL~~ PRODUCT Z’uCK)

- - -~~~~:- : 00028 C
00029 TEMP • 0.

- 00030 DO 30 Iai,NCO
• 00031 IF (P40(t) .Q. o GO TO 30 ONLY SEL. CORP.

00032 IF (I .EQ. ~) 
~i0 IC 30• • • • 00033 TEMP a TEMP.Z(L)•WL (t ,K)

• 00034 30 CO.4IINUE
00035 BETa a
00036 C
00037 C TEST FOP ?O!IILVt CEFI’IITE”,ESS

- 00038 C
- • 00039 IF (BETA .GI. a. GO TO 150 ERROR . 4uI P0S.UtF.

• • 00040 TYPE 200 Si) TYPE A MARRING
• ~~

- 00041 200 FORMAT (TiO, ’M,RNp~ : MO MORE MOS.i)EF.’ ,/)
- 

- - • 00042 C
• • 00043 C COMPUTE THE CONTRIBUTION ; uLL ~EA”*S MUST ÔE TAKEw 1Mb
- 

- I - 00044 C • ACCOUNT
-: -

~ - 00045 C
- • 0004k 150 00 50 La1.NCL

• -
~ 

• 
00047 C
00048 C FORM ThE SCALAN PRODUCT •ICL) Z
00049 C -

• 00050 TEMP a 0.
00051 00 .0 I~~1, NCO
00052 IF (P40(I) .EG. 0 GO TO 40 ONLY SEL. COMP.
00053 IF (I .Ei). ~~ ~,O IC 40
00054 TEMP a TEMP.L I)GMC I,L
00055 40 CONTINUE
00056 TEMP a

L ‘ ~~~~~~~~~~ ~~~~~~ • •~~~~ -- - -- -— • - —-- ~~~ — --~~~~~~~~~~~~~~
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- 

DISTUP SELECI.FOR FORTRa’~ V.5 1515) /1( 1 7—JUL—77 L’,:So PAGE 1—1

- 00057 C
~~~~~~ - - 00058 C ROW 400 THIS REAR’!  CONIR. TO IRE RUNNING VALUE

• 
- 

- :~~ . 
~~~~~~~~~ 00059 C

-- : - . 00060 dAL a WAL .NMe ( L)MTE MP/BETA
• ~~~~~~~ 00061 50 CONTINUE NEAT MEAN

•~~~ 00062 C
• 

- - 
- :  00063 RETURN

- . ~~~
- 00064 C -

- 

~~~~~~~ 

00065 END

• 

-

~~

. 
• 

COMMON BLOC KS

/.COMN./(.44 i56)
• .1 .0 w2 .i7.u2 H .37004 CONT •43734 P40 44033

• 
- 

-

- - 
NMB •44132

SUBP ROGR AM S . CALLED

.~~~~~ SCALARS AND A RRAYS “~~~~‘ NO EXPLICIT OEFINITLO .~ — 
~~~~ NGT REFERENCED

•NCO I Z 3 dETA 200 202 •NCL 203
•uAL 204 •J 205 .!0O0~ 206 .50003 207 .S0002 210

:.~ ‘ .S000L 211 .50000 312 TEsP 213 •L 315 1 216
- 

•

.

- 

- . - TEMPORARIES

- -

. 

-. ‘ .10016 227

- 
- 

DISTUP NO RRORS DETECTED

________ —— •~~~ ~~~~~~~~-— ~~ - — • ~~-- -~~~ — •
~~~~~~ -- • -
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MA IN. SELEC).FOR FORT~ A,~ V .~~(515) /KI 27—JUL—77 1~~C50 PAGE 1

- . 00001 C
00002 C

- 0000J C
- 

•- 000~~ SUBROUTINE DZSTDP4 (K.NCO,NCL,WAL)
• 

- 
:I-;~~~ - - -~~

- 00005 PAI4I,)4ETER NCOMP283.NCLASSS2Q,NLMAG 100
00006 C

:$:
~~~H
.
~:~~

•: 00007 COMMON w1 (1;NCUMP,I:NCOMP),a2(1 NCUMP,1;NCOMP)
- 

• •~~~~~~~
.

•~~~‘ 00O6~ COMMON M (1:NCOMP,1:NCLA5S),CQNI (1:NCOMP)
- • 

~~ 00009 COMMON INU(1:NCOMP),>4N~~(t:NCLASS)
- ~~ 00010 UO1J~ LE PRECISION wI,W2,M

00011 REAL CURT
• 00012 INTEGER IN0,NM~- • 000 13 DOU8LE PRECISION TEMP

• - 
- 000 14 C

• - - 00015 C
• • • • 00016 C COMPUTE TRE CONT.~I2uTION; ALL REAN~ MUST BE TAKEN INTO

- ~~~~~~~~ 00017 C ICCOUNT

~ 0001W C
00019 DO 50 Lal,NCL

~~~~~~~~~~
-“ 00020 C

~~~ 00021 C FORM THE SCALAR PRCDUCT M (L) W2 (K)
• - 

~~~~~~~~~~~~ 00022 C
• ~~~~~~ 00023 TE~P — 0.

~~~~~~~~~~~~~ 00024 00 40 Ial.NCU
•~~~~ ;:- 00025 IF (tROlL) .EQ. 0) GO TO .0 ONLY SEL. CORP.

00026 IF (I .EO. K) ~~O TO 40 - SKIP THIS INDEX
00027 TEMP a IEMP.M I.L •.2ct,I~0002M 40 CONTINUE

~-2- . ’~~ 00029 TEMP a (TEHP.4~~(K,K)~~4(K.L))**g -

00030 MAL a .AL—TE aRM L)/H2 (~~,~c)
• 
: - 00031 50 CONTINUE

• : -
- 

- 00032 C
• - 00033 C IRE MEASURE 13 t4J~ UPDAT EIj

0Q03~ C
- - 00035 RETuRN

- -~ 00036

COMMON BLOCKS

• - /.COMM ./(.44156)
ML •0 .2 •174v2 H .37004 CONT .43734 INI) .44033

- ~:- NM9 •44132

- : ~• - SUBPROGRAMS CALLED

SCALARS ANC AP~~A Y S  “ “  40 EA~ L1CIT OEFINITIO4 — “~~~“ NOT REFEREI,C30

•RCO I 2 •NCL ~ ‘IAL 4 .50001 5
.50000 6 TEMP 7 L 11 ‘1 1~

L
• •
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OISION SELEC1 .FOR ~ORTsAN V.5(515) /~~1 27—JUL—77 i~~:5o PAGE 1—1

• 
-
~ •- :: TEMPORARIES

DISTON NO ERRORS DETECTED

- - : - - -

~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
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~~~~
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• MAIN. SELECI. Fi)R FORT RAN v.!(Slc) flU 27—JUL—77 14:50 PAGE 1

- •. 
- - 00001 C

00002 C
- 00003 C

0000. SU’~kOUIINE 1~ VUP (K.NCO,NCL)
- 

• 00005 PARAMETER NCQMPZ63 ,NCLASS 12Q ,NLMA (ja lQ O
• - - - 00006 C

• •~~~~~- - 
- 

00007 COMMON . 1( 1 : NC O M P , 1 : N C O M P) ,~~2 C ~~~NCOMP,1 :NCOsP)
- 

00008 COMMON M(1:r.C014P.1:NCLASS),CONT (1:NCOMP)
• 00009 COMMON IND (1:NCOMP ) ,NM~~(1:l4CL A~ a)• 00010 OOU6LE PRECISION WL,W2,u

00011 REAL CONT
00012 INTEGER INO,NMW
00013 000WLE PRECISION Z (Lu .iCOHP ,~ ElA ,TEMP

• 00014 C
00015 C
00016 C COMPuTE THE VEC TOR PRODUCT .2 4 1 ( K )

-
• 00017 C

• - - 00018 DO 10 IaL ,NC0
00019 Z(I) • 0.

- 
- 00020 IF (P40(I) .EU. U) GO TO 10

- , 00021 IF (I .E.. K )  GO TO 10
- 00022 00 10 J al, NCO

• 00023 IF UND(J) .E(o. 0) GO TO AU
-~ •

~~~~ 00024 IF .J .Eu. K) 00 IC 10
•: 

-:~ 00025 Z(L) • 2(I)•.2(I,J)’Wl (J,K)
- 

- 00026 10 CONTINUE
- -- -, - 00027 C

00028 C FORM IRE SCALAK PRCDUCT Z~ w (K)
00029 C
00030 TE~4P a 0.
00031 00 30 Ial.NCO
00032 IF (I~9O(I) .EO. 0) GO TO 3000033 IF (I .EQ. K) GO IC 30
0003. TE4P a TEMP.Z(I) *1 (I,K)
00035 30 CONTINUE
00036 ~ET * • . 1 ( K , K ) — T E M P
00037 C
00038 C TEST FUR PO5IT Iv E~ CEFINITEi~ESS
00039 C
00040 IF (BETA .01. 0.) GO TO iSo ERROR , NOT POSITIVE—OEFLNITE
00041 TYØE 200 SO TYPE A MARN ING
00042 200 FURMMT (T10, ’aARRING : NO MO~ E MO5.QEF. ’,/ )
00 043 C
0004. 150 a2(K.K) a 1./WETA

- 
- 00045 00 ~0 taj,NCO• 00046 IF IP4U(I) .E0. 0) GO TO 40

• 
~~~- 00047 IF (I .E~. K)  00 TO 40

00048 .2(I,K) a —Z (I)/WET*
00049 ~2(K.I) •A2 (I,K)
00050 ‘0 CONTINUE
00051 C
00052 C THE NEa ROW AN D THE NE~ COLuMN OF THE INVERSE RaVE
u005J C ~EEt’~ UPO*TED. THE CLO BOD Y *LL~ NOW W E UPOATED .
0005. C
00055 00 ~U Ial,NCU
00056 IF (1~iu(1 ) ~~~~ a )  00 TO ~u

~~~• -~~~~-- • - - - • — —-----—• -• -—----—------• - --•- • -~ --- -- —
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INVUP - SELECI.FJR FORTHAR 0.5(515) /aL 27—JUL—77 19:50 PAGE 1—1

- 

- - - 
• 00057 IF (I .EU. ‘C) i,U TC 50

00058 JO ~0 J I,NCO
- - 00059 IF (INU~ J) .LU. 0) GO TO ~u— 

- • 00060 IF (J •Eu. a) GO IC So
- - f ~ 

- 00061 .2l1.J) a .Z ( I , J ) .Z ( I ) aZ ( J ) / ~~ET A
- • 00082 .2(J.t) • 42(I,J)

• 
- - .

~~ u0i163 50 CONTINUE
0006. RETURN
00065 C

- •  - 00066 END

- COMMON BLOCKS

/.CCMM ./ (•44156)
.0 .2 •17.02 4 •37uv. CURT .~ 3734 11.0 .4.043

-

• 
- P4MW .44132

SUBPROGRAMS CALLED

- •
--

- • -~~:~ SCALA RS AN D A R R A (S  “~~~~‘ NO EAPLICIT OCF 1i’~~TI O-4 — “*“ NOT REFERENCED
• -- 2. •NCO 1 Z 2 BETA 20u •K 202 INCL

203 .50005  2u4 •S~ OO4 20. .50003 206 .50002 207
- 

— .S0001 210 .S0000 211 TE~° 21~ I 214
- 

TEMPORARIES

.A0016 22S

INVUP NO ERRORS DETECTED

L •~~~~~~~~~~~~~~~~~~ • •  ~~~• • •~~~~~~~~.
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MA IN .  SELECZ.FOR FORTRAN V.~~(~~15) ~~~~ 27 .jUL—77 A,;So PAGE 1

- - 
- • 00001 C

- - 
- 00002 C

- • -- 00003 C
- .- 00004 SUWROUTINE INVON (K,RCO,NCL)

- - 
- 00005 PARAMETER P4COMMa63,P.CLASSa2U,NI.IAGalOO

• - -~ 
- 

- • - 00006 C
-
~~ •-• • -~ 

- 00007 COMMON w1(1:NCQMP .1:NCQMP),w2(L NCUMP,1:NCOMP)
00008 COMMON M(1:,l.COMP,1:NCL A5S),CvNr (1:NCQMP)
00009 COMMON INDU;NCOr4P ) ,NM8 (1:NCLA .~ )
00010 OO~J~LE PRECISION WL.W2,M
00011 REAL CON )
00012 INTEGER INO,r4148
00013 C
00014 00 20 1a1,NCO
00015 IF (INO (I) .EO. 0) GO TO 2u
00016 IF (I .EQ. K) ~O TC 20
00017 00 20 J I,NCO
00018 IF (P40(J) .~0. U) GO TO 20- - - 00019 

- 
IF (J .EQ. K) GO TC 20

• - 

• 
00020 . 2(I ~~J 1 a

• 
- :~~- 00021 a2Lj,I) • .2( I’J )

- - - . 00022 20 CONTINUE
- 00023 C

0002’ C NOW TME MAIM dUDY CF THE INV~ R~t ~.S BEEN UPOATEU
• :-~ 00025 C THE EXCESS ..Ua AND COLUMN W~ LL ~E LEROED• 00026 C

• 00027 00 30 1 1,NCO
- 00028 ~2(I.’(

i a 0.
00029 30 H2 (K,t) a 0.
00030 RETURN
00031 END

COMMON BLOCKS

- /.COMN ./(.4415b)
.1 .0 .2 •17.u2 ri .37004 CORT .43734 P40 •44033
P4MW .44132

SUBPROGR AMS CALLED

SCALARS AND ARRAYS “s” NO EXPLICIT DEFINITLO.~ — “i” NCT REFERENCEU

- • •NCO 1 •K 2 *NCL J 3 .S0004 4
• .30001 5 .Su000 6 •1 7

TEMPORAR IES

1~~VON r.O E~ wQ~ S DETECTED
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• 
- THERE ARE 21 COMMANDS AVA ILABLE

— 1— PRINT A LINE OF SEPARATION
• 

• 
- - 

- — 2— PARTIAL INITIALIZATION (REJECT ALL COMRUNENTS , RESET ALL iEIGHTS)
• 

- 
• :— . - : . - - — 3— SELECT SPECIFIED COMPONENT

- • :. 
- - — 4 REJECT SPECIFIED COMPONENT

— 5— SELECT NEXT BEST COMPONENT(S) USING THE WEIGHTED AVERAGE
•~~~ : - -

~~
- OF ALL INTEIRCLASS DISTANCES AS CRITERION; THIS IS DONE

• 
- 

• ;- ‘,- 
~
- - FOR THE SPECIFIED NUMBER OF STEPS. UNLESS ThE CONTRIBUTION

IS BELOW THE THRESHOLD-TO—SELECT
— 6— REJECT THE NEXT POOREST COM PONENT(S) U~~ING THE SAME CRITERION

-- :  - -~~~ AS ABOVE. THIS IS DONE FOR THE SPECIFIED NUMBER OF STEPS.

• UNLESS THE CONTRIBUTION IS ABOVE THE THRESHOLO—TO—REJECI
- , - -• — 7— SELECT THE NEXT BEST COMPONENT IS) USING THE WEIGHTED AVERAGE

- 

• - OF ALL INTENCLASS DISTANCES RELATIVE TO A SPECIFIED CLASS
• 

-• AS CRITERION; THIS IS DONE FOR THE SPECIFIED NUMBER OF STEPS
UNLESS THE CONTRLBUTLQN IS BELOW THE T ESHOLD—TO SELECT

- — 8— REJECT THE NEXT POOREST C0M~ 0NENT(SI U3LNG THE SAME CRITEwION
-~ - AS ABOVE . THIS IS DONE FOR THE SPECIFI(o NUMBER OF STEPS,

• 
- UNLESS THE CONTRIWUTION IS BELQa THE THRESHOLD—TO—REJECT

• 
.- — 9— SELECT THE NEXT BEST COMPONENT(S) USING ThE DISTANCE BETItEN

TWO -SPECIFIED CLASSES AS CRITERION. THIS IS OONE FOR THE
- 

- - - Y SPECIFIED NUMBER OF STEPS, UNLESS THE CONTRIBUTION IS BELOW
- - THE THRESHOLD—TO—SELECT

-; 
~~~~~~~ 

—1 0— REJECT ThE NEXT POOREST COMPONENT(S) USING THE SAME CRITERION
AS ABOVE. THIS IS DONE FOR THE SPECIFItO NUMBER OF STEPS,

• - ~
• UNLESS THE CONTRIBUTION IS ABOVE THE TvIi4ES)tOLD—TO—RE JECT

- • -
~~~~~

. •~ —11— TYPE TO THE USER’S TERMINAL THE QISTANCtS BETWEEN TWO SPECIFIED
- 

•
~ CLASSES

—12— TYPE TO THE USER’S TERMINAL THE LIST OI~ THE SELECTED
- ~~• COMPONENTS

—13— TYPE TO THE USER’S TERMINAL THE SHORT STATUS
(I.E. NUMBER OF SELECTED CCMPONENTSs AVtRAGE UNWEIGP4IEQ
INTERCLASS DISTANCE AND ITS STANDARD OEVIAT ION , MINIMUM

• DISTANCE AND ITS PAIR OF CLASSES , AND 60TH THHESHOLDS
14 PRINT THE SHORT STATUS, PLUS THE LiST oF THE SELECTED COMPONENTS

- —15— PRINT THE SHORT STATUS, THE LIST OF THE SELECTED COMPONENTS,
AND ThE LIST OF ALL INTERCLASS DISTANCES WITH THEIR WEIGHTS

—16— SET THRESHOLD—TO—SELECT (A  REAL VALUE)
—17— SET THRESHOLD—TO—REJECT (A REAL VALUE )
—1 8— aSSIGN WEIGHT (A REAL VALUE ) TO THE DISTANCE BETWEEN A

- SPECIFIED PAIR OF CLASSES
- —19— TYPE TO THE USER’S TERM INAL THE WEIGHT ASSIGNED TO THE OZ~~TANCE- - BETWEEN A SPECIFIED PAIR OF CLASSES

—20— TYPE TO THE USER’S TERMINAL THE MINIMUM INTERCLASS DISTANCE
AND ITS PAIR OF CLASSES

—21— CR0 OF PROGRAM (SAVE CURRENT INVERSE CUVA RIANC E MATRICES
ON DISK )

- -
~~~~~~~~

-- - - -  
~~~~~~~~~ -- - - •~~~ -- ~~~~---- - -~~~-— - • -~~~~-
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00001 C
00002 C THIS PROGR Aw IS DESIGNED TO PROVIDE INTERACTIVE

- -  -: - ~~~ 00003 C SELECTION OF FEATURES (a COMMON~NTS) FOR A PATTERN
~~~~~~ 00004 C RECOGNITION SYSTEM

-
. 

-
• ~~~~~~~~ 00008 C THE INPUT TO THE PROGRAM CONSISTS OF A SET OF FILES,

- - .~~~~
‘
~~~~~ ‘~ 

00006 C EACH OF 1111CR CONTAINS A MEAN VECTOR AND A
- 
-:
~~-~~ 

00007 C COVARIANCE MATRIX (AS PRODUCED. TYPICALLY. BY THE 
~~~~ 00008 C ROUTINE SIAT.FOR). THE USER MUST SUPPLY THE NUMBER

-:~~~~~ 00009 C OF ThESE FILES~ THE DIMENSION OF TIRE MATRICES, AS WELL
-- 

-•  00010 C AS THE NAMES OF TIRE FILES.
- 

-
- 

- - 00011 C THEN ONE HAS A SET OF 21 COMMANDS AT HIS DISPOSITION, 
00012 C NUMBERED FROM 1 TO 21. A COMMAND IS SELECTED BY TYPING

-  00013 C IN ITS CODE NUMBER . SOME COMMANDS REQUIRE ADDITIONAL
•
•~ • 00014 C INFORMATION. THAT WILL BE RE~UESTEO FROM THE USER AS

00015 C NECESSARY.
00016 C -

~- 00017 PROGRAM SELEC2
00018 PARAMETER NCLASSa8,NCOMPW33,NOISTa56

- 
• 

~~~~~~~~~~~~~~ 00019 C-
- 

• - - 00020 C -

: - ~~‘-~~;-: 00021 COMMON C1(1:NCOMP,1;NCOMP,1:NCLASS),C2(1:NCOMP,t:NCOMP,1:NCLASS)
00022 COMMON INO(1 :NCOMP),M(1:NCOMP.1:NCLASS),OIST (1:NDIST)

~~~~~~ 00023 COMMON CONTI~~;NCOMP),W~ IGhIT(1:NUIST),Z(1:P4CONP,
~~~~~~~~~~~~~~~~~ 00024 REAL CONT,OIST,WEIGMT -

‘
~~~~~. 00025 INTEGER INO

• - - : : - -
- 

- ‘ -
~ . 000Zb DOUBLE PRECISION C1.C2,M,2

00027 DOUBLE PRECISION Oc1:NCLASS),02(1:NCLASS)
00028 C

~- :- - - 
00029 C THE ARRAY 0 CONTAINS THE NAME OF THE FILES

- - - . 
- - 00030 C - Cl CONTAINS IslE COVA PIANCE MATRICES OF ALL CLASSES

00031 C CZ CONTAINS THE CURRENT INVERSE COVAR IANCE MATRICES
- 

- -- - 00032 C M CONTAINS THE MEAN VECTORS OF ALL CLASSES
- 1 -  00033 C CONT IS USED TO STORE THE INDIVIDUAL CONTRIBUTION OF

- - 00034 C EACH COMPONENT TO THE TOTAL DISTANCE
- 00035 C WEIGHT CONTAINS THE WEIGHT ASSIGNED TO EACH INTERCLASS DISTANCE

00036 C 01ST CONTAINS ALL LNTERCLASS DISTANCES
00037 C P40 KEEPS TRACE OF THE SELECTED COMPONENTS.
00038 C (A ZERO MEANS THAT THE COMPONErST IS NOT SELECTED’
00039 C ANY OTHER VALUE MEANS THAT THE COMPONENT IS SELECTED
00040 C

- 00041 1 TYPE 100
- 00042 ACCEPT 200.NC). GET NUMBER OF CLASSES

- 00043 IF (NCL .GI. NCLASS .OR. NCL .LE. 0) eo To t
00044 2 TYPE 101

- 00045 ACCEPT 200,NCO GET NUMBER OF C0MPON.
- - -  00046 IF (NCO .OT. NCOMP .OR. NCQ .LE. 0) GO TO 2

00047 00 10 1s1~ NCL• 00046 TYPE 102,1
- 

- 00049 ACCEPT 201,0(1) GET FILENAME OF CLASS I
00050 TYPE 118
00051 ACCEPT 201,02 (I) GET OUTPUT FILENAME
00052 C
00053 C 02 WILl. dE USED AT THE END OF THE PROGRAM. TO WRITE
00054 C TiRE COMPUTED COVARIANCE INVERSES TO DISK
00055 C
00056 10 CONTINUE

- • • -  —~ - -  -— - •
~~

•-•-
~~

-- -— - -
~~~~~~~~ 

- —
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• SELEC2 SELEC2.FOR FORTRAN 0.5(515) /KI 2—AUG—77 14:43 PAGE 1—1

00057 00 15 I~~1.NCL
• 

- 00058 OPEN (MOOEWIBINARyI ,UNITa2O,OEVICE..OSK I .FILEaO (I))
• 00059 READ (20,202) (N(J,I),J.L,NCO)

00060 C READ IN MEAN VECTOR
00061 READ (20.202) ((C1(J,k,I),Ja1,NCO),Kal,NCO)

- - 

- 
00062 C READ IN COV. MATRIX

~~— •-: - -
- 00063 15- CONTINUE

00064 C - -

00065 C Tills LOOP HAS READ THE MEAN VECTORS AND INVERSE
00066 C COVARIANCE MATRICES IN THE ARRAY C
00067 C
00068 TR a 0.
00069 - 

TA — 0. - INITIALIZE THRESH. TO 0
• 00070 NOIS a NCL~ (NCL—1)

00071 TYPE 103 END OF INITIALIZATION
00072 GO TO 1100 RESET ALL
00073 C

- 
- •~ 00074 C THE INITIALIZATtON IS NOW FINISHED, AND THE PROGRAM 

- -00075 C • ENTERS THE COMMAN D LOOP
- 

- - 00076 C
• 

- • 00077 20 TYPE 104 ASK FOR COMMAND
00078 ACCEPT 200.PsCM GET IT

• 
- - - T- 00079 IF (NCM .LE. 0 .OR . P4CM .GT. 21) GO TO 20

00080 GO TO (1000,1100,1200,1300V1400,1500,1600,
00081 11700.1800. 1900,2000,2100,2200,2300,2400,

• 00082 22500,2600,2700,2800,2900,3000)NCM
00083 C
00084 C TillS IS THE •COMMAI.O INTERPRETER’ USING A SIMPLE
00085 C NUMERICAL SWITCH TO SELECT A DESTINATION LABEL
00086 C
00087 C
00088 C FOR MA T BLOC K
00089 C
00090 100 FORMAT (///,T5,’THIS PROGRAM WILL HELP YOU SELECT THE
00091 1 BEST COMPQNENT5.’,/,IS,’SOME PARAMETERS ARE NEEDED.
00092 2 ANSWER THE FOLLOmING QUESTIONS,’,/,TS,’FINISHING BY
00093 3 CR.’,//,TlO,’CNTER • OF CLAS~ES ‘3)
00094 101 FORMAT (T1O. ’ENTER TOTAL * OF COMPONENTS ‘.5)
00095 102 FORMAT (T1Q, ’ENTER FILENAME FQR CLASS I’,I3.• : ‘.5)
00096 103 FORMAT (/,T5. ’THE INITIALIZATION IS COMPLETE. YOU NOW
00097 1 ENTER THE COMMAND LOOP.’,/,TS’’IHE 21 COMMANDS ARE
00098 2 LISTED IN TIRE INSTRUCTION NOTICE. ’,/// )
00099 104 FORMAT (/,T1Q, ’TYPE IN YOUR COMMAND CODE (1—21) ‘3)
00100 118 FORMAT IT1O,’ENTER OUTPUT FILENAME FOR TIllS CLASS ‘.5)
00101 C
00102 200 FORMAT (13)
00103 201 FORMAT (AlO)
00104 202 FORMAT (022.15) -

0010! C -
00106 C END OF FORMAT BLOCK
00107 C
00108 C
00109 C FIRST COMMAND
00110 C
00111 1000 PRINT 139 PRINT A LINE OF SEPARATION
00112 00 TO 20 NEAT COMMAND 
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00113 C
00114 C SECOND CONMANO
00115 C -

: 00118 1100 DO 1110 Za1 ,NCO
- 00117 1110 P40(I) • 0 DELETE AL). COMPONENTS

• 00118 00 1120 1 1.NDIS 
~~~

-. 00119 wCIGsT (I) — 1. RESET eEIGM TS 10 1.
- - 

- - 
-: , ,~~. 00120 1120 DISTIl) • 0.

- 00121 00 1130 Kal .NCL
• • 

- 00122 00 1130 1a1,NCO
00123 00 1130 Ja1,NCO
00124 1130 C2(I.J.K) — 0. RESET ALL CURRENT INVERSES

• 
- 00125 GO TO 20 NEXT COMMAND 

- 
00126 C
00127 C Th IRD COMMAND
00128 C -

• 00129 1200 TYPE 110
• 00130 ACCEPT 200.1 GET COMPONENT SPECIFIC.

• 
-  

- 
- 00131 IF Cl .61. NCO .OR. I .LE. 0) ~.iO TO 1200

• - ;~~~. 00132 IF (INOII) .NE. 0) GO TO 1210
• - 00133 C

00134 C THE INPUT HAS MOW BEEN THOROUGHLY CHECKED
00135 C

~~~~ 00136 P40(I) • I ADD SPECIFIED COMP .
00137 • CALL OIS-TUP(I,NCO,NCL ) UPDATE DISTANCES

- - - 00138 CALL INVUP(I,NCO,NCL) UPDATE INVERSES
-: - 00139 00 70 ~~0 NEAT COMMAND

00140 C
-- -

- 00141 1210 TYPE 132 CONe. ALREADY SELECTED
00142 GO TO 20
00143 C
00144 C - FOURTh COMMAND

- 00145 C
00146 1300 TYPE 111 -

00147 ACCEPT 200,1 • GET COMPONENT SPECIFIC.
- 00148 IF (I •GT. NCO .OR. I .LE. 0) GO TO 1300

00149 IF (IND (I) .EQ. 0) GO TO 1310
00150 C
00151 C CHECK FINISHED -

00152 C
00153 INO(I) - 0 DELETE SPECIF. COMPON.
00154 CALL DISTON (I,NCO,PsCL) UPDATE DISTANCES
00155 CALL INVDN(I,NCO,NCL) UPDATE INVERSES -

00156 60 TO 20 NEAT COMMAND
00157 C -
00158 1310 TYPE 133 COMP. ALREADY DELETED

- 
— 00159 GO TO 20

00160 C -

00161 C FIFTh COMMAND -

00162 C
00183 1400 TYPE 117 ASK FOR * OF STEPS
00164 ACCEPT 200.NST
00165 IF (NST .LE. 0 .OR. NST .61. MCD) GO TO 1400
00166 00 1460 MM I.NSI LOOP THROUGH • OF STEPS
00167 00 1410 Is1,NCDMP
00168 1410 CONT II) — 0. CLEAR CONTRIB.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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00169 IT a 0. - TO AVERAGE CONIR.
- - - 00170 DO 1450 Ka1,NCL

00171 DO 1450 L~ L.NCL
00172 IF (K .EQ. LI GO TO 1450
00173 CALL UP0AT1(NC0,NCL,K.L.~ T) UPDATE COMP. CONTRIB.

- - 
~• %FTNDIM L1NE 00173 POSSIBLE 00 INDEX MODIFICATION INSIDE LOOP

-
- -~ - 

- • %FTNOIM L1NE 00173 POSSIBLE 00 INDEX MODIFICATION INSIDE LOOP
-~ - - - 00174 1450 CONTINUE NEXT CLASS

00175 C
00176 C TIRE CONTRIBUTION OF EACH UNSEL~CTED COMPONENT TO
00177 C TIRE AVERAGE INTERCLASS DISTANCE HAS NOW BEEN COMPUTED
00178 C THE LARGEST ‘CONTRIBUTOR ’ WILl. BE SELECTED
00179 C

- 00150 CALL NAA (I,NCO) RETURNS INDEX OF LARGEST IN I
00181 IF (I .EQ. 0) GO TO 1480 ALL ALREADY SELECTED
00182 CONIR a CONTU)/wI

• 00183 IF (CONTR .1.1. TA) GO TO 1470 BELOw THRESHOL—TO—SELECT
• 00184 INO(I) • I SELECT COMPONENT
- 00185 - TYPE 120.I.CONTR

- - • :~ 00186 PRINT 120.I.CONTR INFORMATION OUTPUT
-

• ~~~~~~~~~~ 00187 CALL DISTUP(I,NCO,NCL) UPDATE DISTANCES
- - - - 

00188 CALL INVUP (I,NCO,NCL) UPDATE INVERSES
- - - 00189 1460 CONTINUE NEXT STEP

00190 GO TO 20 NEXT COMMAND
00191 C
00192 1470 TYPE 136 -

00193 PRINT 13W BELOW THRESIIOL—TO—SELECT
00194 GO TO 20
00195 C
00196 1480 TYPE 134 ALL ALREADY SELECTED

• 00197 PRINT 134
00198 GO TO 20
00199 C
00200 C SIXTH COMMAND
00201 C
00202 1500 TYPE 117 ASK FOR a OF STEPS
00203 ACCEPT 200.NST -

00204 IF INST .LE. 0 .QR. NST .61. NCO) 60 10 1500
00205 DO 1560 MMa1,NST LOOP THROUGH ALL STEPS
00206 00 1510 I 1.NCOP4P
00207 1510 CONTU) • 0. RESET CONTRIB.
00208 .7 • 0.
00209 DO 1550 Ka1.NCI.
00210 DO 1550 L•1.NCL
00211 IF (K .E0. LI GO TO 1550

• - ‘ 00212 CALL UPQAT2 (NCO-,NCL,K,L,wT) UPDATE COMP. CONTRIB .
%FTNOZM LZrRE:00212 POSSIBLE DO INDEX MODIFICATION INSIDE LOOP
%FTNOIN LINEIOOZ12 POSSIBLE DO INDEX MODIFICAI~ ON INSIDE LOOP
00213 1550 CONT INUE
00214 C

• 00215 C THE CONTRIBUTION OF EACH SELECTED COMPONENT TO
00216 C TIRE AVERAGE INTERCLASS DISTANCE HAS NOW BEEN COMPUTED
00217 C TIRE SMALLEST ‘CONTRIBUTOR ’ WILL BE REJECTED
0021$ C
00219 CALL MIN (I,NCO) THE INDEX OF SMALLEST IN I
00220 IF U .EQ. 0) 00 TO 1580 ALL ALREADY REJECTED 

- -~~~~~~ - - • - 
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• 00221 CONTR z CONT (I)/wT
00222 IF (CO NTR .GT. TR) GO TO 1570 ABOVE THRESIIOLD—T0—REJECT
00223 INO (I) a 0 REJECT COMPONENT

- - 00224 TYPE 1Zl,I,CONTR
- - 

- - - - 00225 PRINT 121.I,CONTR • INFORMATION OUTPUT
00226 CALL DISTDN (I,I’RCO,t’,CL) UPOATE DISTANCES

- - 
- -: -- .- -~~~

- - 00227 CALL IMVON (I,MCO,NCL ) UPDATE INVERSES
- .. 00228 1560 CONTINUE NEXT STEP

• - - - 00229 00 TO 20 NEXT COMMAND
00230 C 

-

00231 1570 TYPE 137 ABOVE THRESHOLD—TO—REJECT
• 00232 PRINT 137

00233 GO TO ao
00234 C
00235 1580 TYPE 135
00236 PRINT 135 ALL COMP. ALREADY REJECTED

•~ 00237 GO TO 20
- 00238 C -

00239 C SEVENTH COMMAND
00240 C

- 00241 1600 TYPE 117 - ASK FOR • OF STEPS
- 

- 
- -  00242 ACCEPT 200.NST

• 00243 IF (NST .LE. 0 .OR. N$T •GT. MCD) GO TO 1600
- - - • 00244 1605 TYPE 112 ASK FOR CLASS I

- 
- 

- 00245 ACCEPT 200,K
00246 IF (IC .LE. 0 .OR. K .61. NCL) 00 TO 1605
00247 00 1660 MNuZØ4ST LOOP THROUGH ALL STEPS

:- 00248 00 1610 I.L,NCOMP
- 00249 1610 CONTCI ) • 0. RESET CONTRIB.

• • 
- 00250 wT • 0.

- 
• 00251 00 1650 Lx1.NCL LOOP TO COMPUTE 01ST.

00252 IF L .EQ. K) GO TO 1650 - SKIP CLASS ITSELF
00253 CALL UPDATI (NCO.NCL,K ,L,WT) - UPDATE COMP , CONTRIB.
OF1NOIM LINE 00253 POSSIBLE DO INDEX MODIFICATION INSIDE LOOP
00254 1650 CONTINUE NEAT CLASS
00255 C
00256 C THIS LOOP 11*5 COMP~ TED TIRE CONTRIBUTION OF EACH
00257 C UNSELECTED COMPONENT TO THE TOTM. INTERCLASS DISTANCE
0025$ C NOW TIRE LARGEST ‘CONTRIBUTOR ’ WILL BE SELECTED -

00259 C
00260 CALL MAX (I,NCO) RETURNS THE INDEX IN I
00261 IF (I .EQ. 0) GO TO 1480 ALL COMP. ALREADY SEL.
00262 CONIR a C O N T ( I / T  AVERAGE CONTRIBUTION
00283 IF (CONTR .LT. TA) GO TO 1470 IS IT BELOW THRESHOLD 7
00284 IND(I) • I NO. SO ADO COMPONENT
00265 TYPE 120.I-.CONTR OUTPUT DATA
00286 PRINT 120.I,CONTR
00287 CALL DISTUP(I,NCO,r,CL)
00268 CALL INVUP (I,NCO,NCL ) UPDATE INVERSES
00289 1660 CONTINUE NEAT STEP
00270 GO TO 20 NEXT COMMAND

• 00271 C
- 00272 C EIGHTH COMMAND
00273 C
00274 1700 TYPE 117 ASK FOK I OF STEPS

- 
00275 ACCEPT 2O0.~ ST 

- - -~~~~- - ~~ --- • • • -
~~~~~~~~~~~~~~~~~~

. ---------~~~~~—- •-~~~~~~ - - -~~~~~-
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- -
~~ 00276 IF INST .LE. 0 .OR. NST .GT. MCD) GO TO 1700 

00277 1705 TYPE 112 ASK FOR CLASS I
- 

- : 00278 ACCEPT 200,K 
00279 IF (K .LE. 0 .OR. K .GT. NCL) (10 TO 1705

~~
-  00280 00 1760 MM l,NST LOOP THROUGH AL). STEPS

- ~~~~ 00281 DO 1710 Ia1.NCOMP 
:~

-.-::~:;~ 00282 1710 CONT(I) a 0. RESET CONTRIB.
00283 wT a O.

- - • -  00284 DO 1750 Lal,NCL
- -  00265 IF CL .EQ. K) (10 TO 1750 SKIP CLs~SS ITSELF 

00286 CALL UPOATZ (NCO,NCL,IC,L,NT) UPDATES COMP. CONTRIB.
- - - - OFINOIM LINE:00266 POSSIBLE DO INDEX MODIFICATION INSIDE LOOP

- —  00287 1750 CONTINUE NEXT CLASS
• 

- - 
. :~ 00288 C

- -~ 00289 C THIS LOOP HAS COMPI~TED THE CONTHIBUTION OF EACH SELECTED
- •  00290 C COMPONENT TO THE TOTAL INTERCLASS DISTANCE. TIRE SMALLEST

• 
- - : ~ -  00291 C ‘CONTRIBUTOR ’ aILL P40W BE DETERMINED AND REJECTED

-  00292 C
- • -  00293 • CALL P4IN(I,MCO) RETURNS INDEX IN I

•~~-~ 00294 IF U .EQ. 0) GO TO 1580 ERROR 
00295 CONTR • CONT(I)/WT AVERAGE CONTRIBUTION

- • 
- -

~~~ - - ~~ • 00296 IF (CONTR .GT. TR) GO TO 1570 IS IT ABOVE THRESHOLD ?
-~~~~~;~~ 00297 INO(I) • 0 NO, SO REJECT COMP.

- - 
- 

~~~~~~~~ 00298 TYPE 121.I,CONTR DISPLAY INFORMATION
- —

. r - ~
-
~

- 00299 PRINT 121,I,CONTR - -

- - ~~~~~- - -
~ 00300 CALL OISTDN (I,NCO,NCL) UPDATE DISTANCES- 

- 
- -

• -~~ • 
- 

00301 CALL 1W40t4U,NCO,PRCL) UPDATE INVERSES
- • - 00302 1760 CONTINUE NEXT STEP

• 00303 GO TO 20 NEXT COMMAND
00304 C
00305 C

- • 
• 

- 00306 C NINTH COMMAND
00307 C

- - - 00308 1800 TYPE 117 ASK FOR $ OF STEPS
- 00309 ACCEPT 200,NST -

- 00310 IF INST .LE. 0 .OR . NSI .GT. MCD) GO TO 1600
- 00311 1805 TYPE 113

- 00312 ACCEPT 203.K.L GET CLASS MS
00313 IF (K .GT. NCL •OR . L •GT. NCL .OR.

• 00314 1 K .LE. 0 •OR. L .LE. 0) GO TO 1805
00315 IF (K .EQ. Li GO 10 2060
00316 DO 1560 MN.1.NST LOOP THROUGH ALL STEPS
00317 00 1810 Ia1,NCOMP

r - 00315 1810 CONTII) • 0~ RESET CONTR.
00319 WT a 0.

- - -~~~• - 00320 CALL UPOAT1(NCO,NCL,K,L,WT) UPDATE COMP. CONTRIB.
- 

- - - -
~ 00321 CALL MAX (I.NCO)

- 00322 IF U •EQ. 0) 1,0 TO 1480
00323 COPRTR • CONT (I)/wT
00324 IF (CONIR •LE. TA) GO TO 1470 BELOW THRESHOLD—TO—SELECT
00325 ZNOU) • I SELECT COMPONENT
00328 TYPE 120,I,COP4TR -

00327 PRINT 120.I,CDNTR
0032$ CALL DISTUP(I.NCO,MCL)
00329 CALL IN’.UP(I,NCO,NCL) UPDATE INVERSES
00330 1860 CONTINUE NEAT STEP 

--~~----- ~~- • - -~~~•- --— -_____
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- 00331 GO TO 20 NEAT CONNANO
- 11332 C -

• - - - 
- 00333 C TENTH COMMANO

-; -~ 50334 C
- - : ,~ 00333 1900 TYPE 117 ASK FOR NUMBER OF STEPS

~~~~~~~ 50336 ACCEPT 200.$ST
• 0133? IF INST •Li. 0 .OR . WIT .GT. NCU SO TO 1900

- 
~~~~~~~~~~~ 0033$ 1905 TYPE 113

00339 ACCEPT 203.K,I. SET CLASS IS
• ~~~~~~~~ 11340 • IF (K .IT. NC). .OR. L .81. NCL .OR.

• 11341 2 K .(E. 0 .OM. L .LE. 0) GO TO 1909
- - 0034 2 IF (K .EQ. LI GO TO 2060

11343 00 1 90  MMU1.NST LOOP THROUGH ALL STEPS
• 01344 DO 1910 IU1.NCW’P

08349 1910 CONTU • 0. RESET CONTR .
11346 iT — 0.

• . - 01347 CALL U OATZ(NCO,NCL,K,L,IT) UPOATE COMP. CONTRIB .
~~~~L. 0034$ CAu.. N!h(I,$CO)

00349 IF (I .CG. 0) GO TC 1580 ALL REJECTED
- - 11390 - COWTR • CONTU)/wT

- ~~~~ 00351 IF COI4TR .01. TR GO TO 1570 ABOVE THRESHOLD—TO—REJECT
- 

- 
:~ -~~ — 00352 INC II) • 0 REJECT COMPONENT

08393 TYP( 121.I,CONTR -

11314 PRINT 121,I,CONTR
-
- - • . 00395 CALl. DISTON (I,NCO ,NCL)

- 
-:- - - - 00356 CALL INVDN (I,NCO,NCL)

• 
- - 00357 1960 CONTINUE • NEXT STEP

- 
- . 0035$ 00 TO 20 NEXT COMMAND

-

~~ 

•
. 0035-9 C

- - - • 00360 C ELEVENTH CONMANO •

- - 
- 

- 00361 C
00362 2000 TYPE 113

- • 
- - 00363 ACCEPT 203,K,L GET CLASS IS

- 00364 IF (K .01. NCL •OR . L .01. NCL •OR.
- 00365 1 K •LE. 0 .OR. L •LE. 0) 60 TO 2000

00366 IF (K .E0. L) GO TO 2060
00367 MORO1 • (NCL—1) 1K— 1) .L— 1 -

-
. 0036$ - NORO2 • (NCL—1)’(L—l).K—L INOEX IS IN 01ST

- 

- 
- 00369 IF (K .01. L) NORO1 NORO1 .1

- 00370 IF (K .LT. I.) NORD2.NORO2•1
- - -T 00371 HMS • 0.

- 
— 

- - - - 
- 

00372 IF (OIST (NORO1) .EQ. 0. .ANO. OIST (NORO2) .E0. 0.) GO TO aoio
- 00373 PINS • 4.•QIST (NORO1)~~OI5I(NORO2)/

- 
- - • . 00374 1((SQRT (DIST URORD1)).SQRT (DIST (N0ROZ)))~~~2)- 

- - - - 00375 C
- - 

-
~

T -  - 
- 00376 C NORD 1 ~ 2 ARE THE QISPLACEMENTS IN THE ARRAY C (01ST.)

- - -- --. - - 
- 00377 C INS STANDS FOR IRAR~ ONIC MEAN SWUARE- - -

~-~~ - 
- 

- 0037$ C
- 

- 
— 00379 2010 TYPE 122,K,L,K,OIST NOROL),L,OLST (NORO2),MMS

- 
00380 GO TO 20 NEXT COMMAND

- 00381 C
00382 2060 TYPE 123 ERROR MESSAGE
00383 60 TO 20
00384 C
00385 C TWELFTH COMMAND
00386 C

________ --- - - ‘
~~~~~~~~~~~~~~~ - • - ~~— - -
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-
_ 

• 00387 2100 TYPE 124
- 

- - 
- 

• 00388 CALL PACK (NCO ,J)
00389 TYPE 125 ,(CONT (I),I~~1.J) TYPE SELECTED COMP . IS

~~~~~~~ 00390 TYPE 130
- : - - - 00391 GO TO 20 - NEXT- COMMANO

- - ~~ ~ 00392 C
-• 

• 
• 

~~~ ~~~
- 00393 C THIRTEENTH CUNMA PRO 

-

00394 C
-

- - 00395 2200 - CALL PARAM (NCO,NCL,NOIS.NSB,VMIN,AVER,SD,I.J)
- - - -~~ -: ~ 00396 TYPE 126,NSB,AVER,SD,VNIN,I,J,TA,TR SHORT STATUS

00397 GO TO 20 NEXT COM MAND
- - 00398 C

- 00399 C FOURTEENTH COMMAND
- 

- -~ 
- 00400 C

- 
- 

- .. -~~~ 00401 2300 CALL PARAM (NCO,NCL,NOIS,NSB,VNIN .AVER .S0,1,J)
- • 00402 PRINT 126,NSB,AV ER.SD,VM IN,I,J ,TA ,IR SHORT STATUS

- 
-  00403 - PRINT 127
-

-  00404 CALL PACK(NCJ,J) 
~; 00405 PRINT 125,(CONI(I),Ial,J) LIST OF SEL. COP4P.

:  00406 PRINT 130
. -~- -~~ - -t 00407 GO TO 20 NEXT COMMAND

• 
~~~~~~~~~~~ 00408 C -

-f- a 00409 C FIFTEENTM COMMAND
- 

~-  00410 C
00411 2400 CALL PARAM (NCO,NCL,NOIS,NSB,VMLN,AVER,SD,I,J)

: 00412 PRINT 126,NsW,A0ER,SO,vMIN,I,J,TA,TR SHORT STATUS
- 

- 
~~~~~~~ 00413 PRINT 127 

-

-

- 
-
~~~~~ 00414 CALL PACK (NCO.J)
~~-± ~ 00415 PRINT 125, (CONTC I) ,Ia1 ,J) LIST OF SEL. COMP. - _ -

- 
- - - 1- - ~~~ 00416 PRINT 130

• - : 00417 PRINT 128
• 00418 K O
• 00419 C 

-

00420 C THE PROGRAM WILL NOW PRINT ALL INTERCLASS DISTANCES,
• 00421 C ORDERED BY CLASS

• - -  00422 C
00423 00 2410 !—1.NCL
00424 00 2410 Jzl,NCL
00425 IF (1 sEQ . .~) GO TO 2410 NOT A POSSIBLE DISTANCE
00426 MORO L a (NCL—1)•(I—1).J—1
0042? IF (I .61. J) NORD1aNORO1.1 
00428 IF (K .ME. 0) 00 TO 2405 151 OR 2ND PRINT COLUMN

- - • .  00429 K a l  
-

- 
- 

- -
~ 00430 PRINT 131 1ST COLUMN

- - :.~ 00431 PRINT 129,I,J.)I5r(NOROI) ,.EIGeITLNORD1)
- - - 

- _  ~  00432 30 TO 2410
- - ~ - -

~~~~~  00433 C  
00434 2405 K a 0 ZNO COLUMN

-
-  00435 PRINT 129,I,J ,OIST(NOROI) ,WE IGPIT (NO RO1) 

00436 C
00437 2410 CONTINUE
00438 PRINT 130
00439 GO TO 20 NEXT COMMAND
00440 C
00441 C SIXTEENTH COMMAND - -

• 00442 C

~~~~~~ _ 
I
-— -~~~~~~~~~ - — ---- ~~~ -~~ —~~~~~~~~ -- • — - -
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00443 2500 TYPE 114 ASK FOR THRESHOLD—TO—ADO
00444 ACCEPT 204,TA• 00445 00 10 20
00446 C

-; 00447 C - SEVENTEENTH COMMAND

~
- 00448 C

00449 2600 TYPE 115 ASK FOR THRESHOLD—TO—REJECT
~~

.-  00450 ACCEPT 204.TR
.~~. 00491 GO TO 20

00452 C
- - 

00453 C EIGHTEENTH COMMAND
H 00454 C

00455 2700 TYPE 116 ASIC FOR CLASS IS,WEIGHT
00456 ACCEPT 205,I,J.IGHI
00457 IF (I •LE. 0 .OR. 1 .GT. NCL .0W .
00458 1 J .LE. 0 .OR. ,i .01. MCLI GO TO 2700

- 00459 IF (I .EQ. J) GO TO 2060
- - 00460 NOROI — (NCL— L)~~(I— 1) .J—1
— 

00461 - IF (I .61. J) NORO1aNORD1 .1
— 

• . - 00462 WE IGbITC NORO1 ) — 10)11
- -

- 

• 00463 30 TO 20
- - •- 00464 C -: - 00465 C - NINETEENTH COMMAND

- - - 00466 C
•-: 

- • : 00461 2800 TYPE 113 ASK FOR CLASS •~- -z 0046$ ACCEPT 203~ I~ J- - 
00469 IF II .LE. 0 .UR. I .31. NCL sUM . -

00470 1 J .LE. 0 .OR. J .GT, NCL) GO 10 2800 -
- 

00471 IF (I .EQ. J) GO IC 2060
- - 00472 NORDI — (NCL—1)•II—1).J—1

00473 IF (I .31, J) $ORQIaNORO1 .1
00474 TYPE 138,WEIGHT (NORO1) - TYPE WEIGHT FOR THESE CLASSES

: 0047S GO TO 20
00476 C
00477 C TWENTIETH COMMAND
00478 C
00479 2900 CALL PARAN NCO,NCL,NDIS,NSB,VMIN.AVER,SO,I,J)
00480 TYPE 140,vMIN,I,J MINIMUM DISTANCE
00481 GO TO 20
00482 C
00483 C TWENTY— FIRST COMMAND
004e4 C
00485 3000 00 3010 Ial,NCL LOOP TO WRITE INVERSE MATRICES
00486 OPEN (MODEa’~~INARY’,UNITa20,0EVLCEa’0SK ’,FILEaQ2(I))00487 00 3003 J 1,NCO

- 00488 IF (INO(J) .EQ. 0) GO 10 3003 ON).Y SEL. COMP. ARE WRITTEN
00489 - WRITE (20,206),M(J,I) WRITE MEAN VECTOR
00490 3003 CONTINUE
00491 DO 3006 Jal,p4CO
00492 IF IIND (J) .EQ. 0) GO TO 3006

• 00493 DO 3006 K*1,NCO
00494 IF (IND(IC) .EQ. 0) GO TO 300b ONLY SEL. COMP. ARE WRITTEN
00495 WRITE (20,206),C2(J,K,I) WHITE INVERSE MATRIX
00496 3006 CONTINUE
00497 C
00498 C TIRE I—TIR CLASS ’ MEAN vECTOR ANi) INVERSE CDV . MATRIX

_ _  _  _  -~~~~~~~~~~~~~~~
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00499 C )IAOE NOW BEEN WRITT EN TO DISK
• T 00500 C

- 00501 CLOSE (UNITS2O,OEVICEa’OSK ’,FILEXO2 (I))
- - - 00502 3010 CONTINUE NEXT CLASS

- ‘
~~ 00503 C 

- - 00504 C ALL INVERSE COy. MATRICES HAVE bEEr. SAVED ON DISK
- - 

-:- 00505 C
- - - 00506 STOP END OF PROGRAM

:- - 00507 C
- - - 00508 C

- • 00509 C FORMAT BLOCK
00510 C

- 00511 110 FORMAT (T 10. ’TY PE IN THE I OF TIRE COMP. TO BE ADDED : ‘ ,S)
- 00512 111 FORMAT (T10, ’TYPE IN THE I OF IPIE COMP. TO BE DELETED ‘IS)

00513 112 FORMAT (T 10, ’TY PE IN CLASS • : ‘.5)
- 00514 113 FORMAT (T1O, ’TYPE IN 30TH CLASS MUMSERS, SEP. BY A COMMA : ‘ ,S)

00515 114 FORMAT (T10,’TYPE IN THRESHOLD—TO—SELECT : ‘,S)
00516 115 FORMAT (T10, ’TYPE IN THRESHOLD—TO—REJECT : • ,S)
00517 116- FORMAT (T10,’TYPE IN BOTH CLASS •S ~ WEIGHT, SEP.

•-~~~. 00518 1 BY A COMMA : ‘ ,SI
~~~~~~~~~~~~ 

00519 117 FORMAT (.T1O,’TYPE IN * OF STEPS : ‘,$)
- - ~~~~ T 00520 C

- 

~~~ 00521 120 FORMAT (T 10, ’TPIE SELECTED COMP. IS I’,13, ’, WITH A
00322 1 CUNTR. OF ‘.Ell.A,/
00523 121 FORMAT (T1O, ’THE REJECTED COMP. IS $‘,13,’, WHICH 4*0 A

• 00524 1 CONTR. OF •.E11.4./)
— 00525 122 FORMAT (T10, ’TrsE DIS TA NCES BETWEEN CLASS’,13,’ AND CLASS’

- - 00526 1.13.’ ARE :‘,/,IlO. ’——REL. TO CLASS ’,13, ’ : ‘,E11.4,/,
•~. 00527 2T10,’——REL.. TO CLASS’,I 3, ’ 1 ‘,E1L .4,/,T10.

- 
- 00528 J ’——MA RMON IC MEAN SCUARE : •,Ei1.4,/) -

-
- - 00529 123 FORMAT (T10, ’CLASS iS MUST BE JIFFERENT ‘.1)

00530 124 FORM..T (T1 0,’TiE FCLLOWING C0M,~ONENTS ARE SELECTED :‘)
- 00531 125 FORp,AT (/,10(3X,F4.0))

00332 126 FORMAT TlO, ’Tp,E PRESENT STATU~ IS :‘./,TlO,
00533 1’—— NUMBER OF ~ELECTED CONPONEsITS :‘,I4,/,TLO,00534 2’——AVERAGE INTERCLASS DISTANCE : ‘,E1L.4./,T10.
00535 3’ WITH A STANDARD 0EV. OF : ‘,E11.4./,T10.

- 
00536 4’——lIRE MINIMUM HM$ DISTANCE IS : ‘ ,E11.4./,T10,
00537 5’ BETWEEN CLASSES ’sI3,’ AND’’13,/,T10,
0053$ 6’——THE THRESHOLD—TO—ADO I~ ‘,E11.4,/,T10.
00539 7’ THE THRESHOLD—TO—REJECT IS ‘,E11.4,/)
00940 127 - FORMAT (Ti0, ’TNE SELECTED COMPUNENTS ARE ~ ‘)
00541 128 F0RNAr (‘,Tlo,’THE INTERCLASS ~eISTANCES ARE :‘,~ /,T10.00542 121’FROM * TO~ DIST ANCE : uEII,,4T:

- 00543 129 FORMAT (4X.I3.3x,I3,2x,EjI.4,2A,F6.3,3*,5)
00544 130 FOR MAT (II)
00545 131 FORMAT (~~,I7~ 3)
00546 132 FORMAT (/,T10,’TPIIS COMPONENT IS ALREADY SELECTED ‘.1)
00547 133 FOR MAT (/,flO,’Tp(IS COMPONENT Ia ALREADY REJECTED ‘ill
00548 134 FORMAT (/ ,T 1O , ’ERROP : ALL COMMUNENTS ALREADY SELECTED
00549 1 ‘,/)
00550 135 FORMAT (/,T1O, ’ERROR : ALL COM’1ONENTS ALREADY REJECTED
00551 1 ‘./)
00552 136 FOR MAT (/,T1Q , ’CQNTR IB. BELOW rnRESMOLD—To—AOo ‘.1)
00553 137 FORMAT (/‘TlO, ’CONTRIB . AbOVE TPIRESPIOLD—TQ—REJECT •1/)
00554 138 FORMAT (/,T10, ’TsE mE IG IRT IS :

I ~~~~~~~~~~~~~~~ ~ — - - - -  - - -- --—---•---— - - - -  - - f l -~’ ---~- - - - • - - - - _---- - — - - -_ -— — - - — -
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-

• 
- 00555 139 FORMAT t/,?2(”)./)

~~~ - 
- 00556 140 FORMAT (T10, ’TIE MINIMUM IIMS DISTANCE IS : ‘.E11.4./,

- 
~~~~~~~~~~~ 00557 1T10,’BEThEEN CLASSES’,I3.’ ANu ’,I3,/)

• - ~~~~~~~~~~~~ 00558 C
~~ • - ‘ 

~~559 203 FORMAT (21) -

• -~
-; 00560 204 FORMAT (F10.5)

- 
- - - 

~ T - ~ 00561 205 FORMAT (21,F8.3)
- -  

- - , -~~. 00562 206 FORMAT (El A.?) 
-

- 
- 

- • 00563 C
00564 C END OF FORM*T BLOCK

- H 
- - 

- 00565 C AND END OF PROGRAM

- 
00566 END

COMMON BLOCKS

- /.COMM./(.105444) -: Cl .0 C2 .42020 INO •10404U H •104101 01ST .105121
• ‘- CONT .105211 wEIGHT .105252 Z •10534~

• ~~~ r SUBPROGR AMS CALLED - -

MIN SORT. DISTUP - MAX DISTDN INVDN
INVUP UPOATI UPDATE PACK PARAM -

- - 
- - 

SCALARS AND ARR AYS “‘a’ NO EXi~LICIT OEFINITION — •‘%‘• NCT REFERENCED

- -
- .S0020 1 •NCO 2 •NOROL 3 •S0 4 .S0037 5

.50036 6 .S0035 7 •S0034 10 .50033 11 .S0032 12
- - • •K 13 .S0031 14 •50030 15 •NCL 16 •TR 17

- •TA 20 .S0044 21 .50043 22 .S0042 23 .50041 24
02 25 .50040 45 •WG)1T 46 •HMS 47 •NQIS 50

- 
•NCM 51 •NM 52 •J 53 .50007 54 .50006 55
.S000S 56 0 57 •NSB 77 .S0004 leo •r ST 101
.S0003 102 .S0002 103 -.50001 104 .S0000 105 *V ER 106
.50017 107 .50016 110 .50015 111 .50014 112 .SOOI3 113
•S0012 114 .50011 115 .50010 116 t. 117 •NOROZ 120
•WT 121 •I 122 •VMIN 123 .SOO2T 124 .S0026 125
.S0025 126 .S0024 127 .S0023 130 .50022 131 .50021 132
•CONTR 133

TEMPORAR IES

.00000 1061 .00001 1062 

- RFTNWRN SELEC2 NO FATAL ERRORS AND 6 wARNINGS

_______________ - — - - — - • r flrr ~~~~ z-rfl~~~ v c~~~r~~~~~
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- • - - 00001 C
• 00002 C

- 
- 

-
~ •. 00003 C

- • 
- 00004 SUBROUTINE MAX(I ,NCOI

- • 
- - 00005 PARAMETER NCL,AS5aB,P.COMP*33,NOIST.5b

— -~~~ - ‘ :- - - 00006 COMMON C1(1:NCOI4P,1:NCOMP,1:NCLj~SS),C2WNCOMP,1:NCOMP,1:NCLAS5)
-:: . -H - 00007 COMMON IND (1:NCOMP).N(1:NCUMP,L:MCLASS),OIST(1:NDIST)

- -
•~~ 

-
~~~~

: - - - -
~~~~

‘- 00008 COMMON CONT ( 1 NCOMP) ,WEI GHT ( 1:NDIST),Z ( 1:NCOM P )
- - 

- - - 00009 REAL CONT, DIST,W EIGI4 T
• - - :-. - - - 00010 INTEGER INO

- - - 00011 DOUBLE PRECISION C1,C2,M,Z
: 00012 l a O

00013 VMAX a —t.E26 -

- 00014 00 10 J 1.NCO
00015 IF d M01)) .ME. 0) GO TO 10 ONLY UNSEL. COMP.

- 00016 IF (VMAX 5GE. CONT Lfl ) GO TO lu TEST FOR MAX.
00017 I a ,J
000 18 V MA* CONT (J) FOUND A LARGER
000 19 10 CONTINUE
00020 RETURN
00021 

- 
END 

- 

- 
-

- 
- 

- 
COMMON BLOCKS

- - - “ ~ /.CONM./(.10S444)
- - Cl .0 C2 •42020 INC •104040 N .104101 01ST .105121

- 

- 
- 

CONT .105211 WEIGHT •105252 Z •l0S34~

SUBPROGR AMS CALLED

SCALARS AND ARRAYS “•“ NO EXPLICIT DEFINITIO’4 — “5” NOT REFERENCED

•NCO 1 •VMAX 2 J 3 - .S0000 4 ‘1 5

TEMPORARIES

MAX NO ERRORS DETECTED 

— ~~~~~~~~ ~~~~~~~~ - - - — - -- --
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- 00001 C
- 

-
- -: 

- 

~~ 00002 C 
- - -: 00003 C

•
~~ • 

~~~~~~~~~~~~ 00004 SUBROUTINE MIN (I.NCO)
— - - ~~~~- ~~ 00005 PARAMETER NCLA5S 8,NCOMPZ33,NDISTuSb

00006 COMMON C1 (1 NCOMP,1 NCOMP,1 NCLASS),C2 (1 p4cosP,1:r4coNP,1:Nc)~Ass)00001 COMMON IND(1 NCOMP~ ,M(1 NCDMP,1 NCLASS),DISTC1ZNOIST)
00008 COMMON CONT(1 NCOMP),UEIGHT (1:NDIST),Z(1 NCONP)
00009 REAL CONT,OIST,WEIGIRT

-~~~~~~~~ : -  00010 INTEGER IND
- 00011 DOUBLE PRECISION C1,C2,M.Z 

- 
-

- 
~-: :- 00012 1 * 0
~ - 

- 00013 VMIN a 1.E.26
- 

- - 

- 

- 
00014 00 10 Ja1,NCO

- ~
- . 00015 IF (IPIO(J) .EQ. 0) GO TO 10 ONLY SE ... CONP.

- 
- - 

00016 IF VMIN .LE. CONT (J ) )  GO TO 1U TEST FOR HIM,
00017 I a J

- - 
~~

-
~~~; 00018 VMIN a CONT (J) FOUND A LARGER

~~- , -  00019 10 - CONTINUE 
~~~~ 
.4~~ 00020 RETURN

00021 END

COMMON BLOCKS

• ~~~~~ /.COMN./ (.105444) 
-

--

•~~~
‘

• 
- 

Cl .0 CE •42020 INC .104040 M .104101 01ST •105121
- - - - .~~~~~~~~~ CONT .105211 WEIGHT •105252 ~ .105342

SUBPROGRAMS CALLED

- 
- . SCALARS ANO ARRAYS “ “  NO EXPLICIT DEFINITION — “s” NOT REFERENCED

- 

- - 
- •NCO 1 •J 2 - 

.50000 3 •1 4 •VMIN S

-
- - TEMPORARIES

- 
-
- 

MIN P.O ERRORS DETECTED 
- 

- 
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- - 00001 C
- 00002 C

- 
- - 00003 C

- 
•• 

- 00004 SUBROUTINE PARAM (NCO.NC)_,NOIS,NS8,VMIN,AVER,5D,L,MM)
- - -  00005 PARAMETER NCLA55a8,NCOMPa33,NOL~ Ta54

~~~~~~~~~~~~~~ • . 00006 COMMON C1(1:NCOMP,1:NCOMP,1:NCLASS),C2(1:NCOMP,1:NCONP,1:NCLASS)
~ -:~ -- 00007 COMMON INO(1:$CQMP),M(1:NCQMP,1:NCLASS),OIST(1:NOIST)

- 
:. -

~
- COMMON CONT (1:NCQMP),WEIGIIT (1:NUIST),Z(1:NCQMP)

- - .-~ 00009 REAL CONT,DIST,WEIGNT
- 

- : — 
- 00010 INTEGER INO

- - 00011 DOUBLE PRECISION C1,C2,M,Z
- -

- 00012 C
• 

- 00013 C THIS ROUTINE WILL COUNT THE NUMbER OF SEL. COMPOM.
- 

- 00014 C AND COMPUTE THt AVERA GE INTERCLASS DISTANCE. ITS
- - ~

- 00015 C STANDARD DEVIATION AND ITS MINIMUM PART.
- - 00016 C

- 00017 NSB a 0
-

- 00018 DO 10 Ka1,NCO
- - - H 00019 - IF (IND(K) .ME. 0) NSBaNSB.1

~~~~~~~~~~ 00020 10 CONTINUE
- - -

~ -- : - ~ ~~ 00021 AVER a 0.
00022 L 1

- -~~~~~-H~~ 00023 MM.2
- z -  00024 VN!N a I.E26
- L -  : -  00025 00 20 Kal.NDIS -

- - 00026 AVER a AVER.OIST (K),(NCL•(NCL—1))
-z 00027 I a (K 1)/(NCL—1).1

00028 J a K—(NCL—1)~~(I—1)- 
-~~~~ - 00029 IF (J .GE. I) ,JaJ .L

-
, - - 00030 NOROZ — (NCL—1)•(4—1).I—1

- 00031 IF (J .GT. I) NORD2ZNORD2.1
- 00032 P4MS a 0.

- 
- 00033 IF (DIST (K) .EQ. 0. .ANO . OIST(P.0R02) .EQ. 0.) GO TO IS

- 00034 INS a 4.’DIST ( K) ’OIST( r IORD2 )/
- 

- 00035 L( ( SQRT (O IST K .SQRT (OIST NORU~~~~)..2
00036- 15 IF (V NIN .LE. INS) GO TO Eu
00037 VMIr. a )IMS

• 00038 L a !
00039 N M a J

• 00040 20 CONTINUE
- 00041 50 a 0.

000~2 DO 30 1 1.NOIS
00043 30 SD — SO .(( DIST ( I)— &VER) . .2 )/ (NCL .(NCL— 1))
00044 50 a SQRT($))

- - 00045 RETURN
- ~ - 

- 
00046 END

- 

- 
COMMON BLOCKS

/.CONM./ (.105444)
Cl .0 CE •42020 INC .10404) M •104101 0151 •105121
CONT .105211 WEIGHT •10525~ Z .10S34~

_ _ _  _ _ _ _ _ _  
-~~~~~~~~~ - -~~~~~~~- -—
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- ~ SUBPROGR AMS CALLED
- 

-- 
~ SORT.

-H -:- - SCALARS AND ARRAYS “•~ NO EXPLICIT DEFINITION — “s” NOT REFERENCED

- 
- 

•NCO 1 •SO 2 3 •NCL 4 MNS 5
•P.DIS 6 7 •NM 10 •N~ B 11 .S0002 12
.S0001 13 .S0000 14 •AVER 15 L lb •NORD2 17

- 1 20 •VMIN 21

• TEMPOR*R~ES

.A0016 22 .00000 23 .00001 ~4

- PARAM NO ERRORS DETECTED

• - i -  -

ii i: :::
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00001 C -
00002 C
00003 C

- - 00004 SUBROUTINE UPOATZ(NCO,NCL,K.L,WT)
- — 

- 00005 PARAMETER NCLASSaB,NCOMP.33,NOIST.56
00006 COMMON C1U:NCOMP,1:NCONP,1:NCLASS ),C2U:NCOMP,1 NCOMP,l:NCLASS)
00007 COMMON IND (1;NCOMP),M(1:MCOMP,I NCLASS),OIST (1:NDIST)

: -  00008 COMMON CONT( 1:NCOM P),W EIGMT ( l :NOIST ) ,Z( l :NCOMP)
• :. : - - 00009 REAL CONT ,DIST ,UEIGHT

00010 INTEGER IND
00011 DOUBLE PRECISION C1,C2,M.Z,TEMP 

-

00012 C
00013 C THIS ROUTINE WILL COMPUTE THE CUNTRIBUTION OF SELECTED
00014 • C COMPONENTS, ONE STEP AT A TIME (ADDING ONE CONTRIbUTION
00015 C EVERY TIME IT’S CALLED)
00016 C
00017 NORO a (NCL—L )•(K—1).L—1
0001$ IF (K .31. L) NOROsNORO.1
00019 - WT a WT • WEIGHT(NORO)
000 20 DO 100 N—1 ,NCO GENERAL LOOP FOR COMP.
00021 C
00022 C
00023 C THIS LOOP WILL COMPUTE TIRE INDIVIDUAL CONTRIBUTION OF
00024 C EACH SEL. COMPONENT
00025 C
00026 IF (INDINI .EQ. 0) GO TO 100 

-

00027 C FROM THE SCALA R PRODUCT M ( K )— N( L )  ~ C2IN,K)
0002$ C
00029 TEMP — 0.
00030 00 40 Is1,NCO -

00031 IF CINO( I .EQ. 0) GO TO 40
00032 IF (I .EQ. N) .0 TO 40 SKIP THIS INOEX
00033 TEMP a TEMP.(M(I.K)—M(I,L))•C211,N,K)
00034 40 CONTINUE
00035 TEMP • (TEMP.C~~(r~,r~,K).(pq (N.K)—N (N,L)))a•2
00038 CONT (N) CONT (N) .TEMP4WEIGPST (NURD)/C2(N,N,K)
00037 C
00038 C THE CONTRIBUTION OF THE N T H  CUMPONENT IS NOi~ COMPUT ED
00039 C
00040 100 CONTINUE
00041 RETURN
00042 ENO

COMMON BLOC KS

/.COMM./(.105444)
Cl .0 C2 •42020 INC .104040 N .104101 01ST •105121
CONT .109211 WEIGHT •105252 Z .105342

SUBPROGRAMS CALLED

V 
- - _ _  -
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- -  - ~ SCALARS AND ARRAYS “a” NO EXPLICIT 0EFINITIOI~ — “5” NOT REFERENCED
-
. - - •NCC 1 •N 2 3 •NCL 4 •NORO S

- - - 
;~~~~ 

.50001 6 .S0000 7 TEMP 10 L 12 •l 13
- 

- ‘ - ~ •WT 14

- z~- TEMPORARIES

- 
- 

- 
-: UPDAT2 NO ERRORS DETECTED

- C -  

______ - — —--
~~~~~~~~~

- - -  — - — ,- -—-———- - - - -  —-—-- — — — - ——- —-

_ _  -—~~~
- - --~~~~~~ - - -—--~~~~~~~~ --—~~~~~~~~~~~~~~ - - -~~~~~~~~~ -- •
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- 00001 C
- i -:~~ 00002 C 

00003 C
- -

- 
- - — • 00004 SUBROUTINE UPOAT L(NCO,NCL,K,L,IT)

- 
- - -  - 

-
‘ 00005 PARAMETER NCLASS 8,NCOMPa33,NOIST Sb

•-: ::-H • 00006 COMMON C1WNCOMP,1:MCONP,I:NCLASS),C2U:NCO 4P,1:NCOMP,1:NCLASS)
:-~  00007 COMMON IND(1 NCOMP ),M(1:NCOMP,I NCLAS5),DLST(1:NOI5T)

00008 COMMON CONT (1:P4COMP),WEIGHT (1sNDIST),Z (l:NCOMP)
.• 

-  
~~~

- - -  00009 REAL CONT,DIST,WEIGIRT
-

- -: 
-

-   00010 INTEGER INO -
- 00011 DOUBLE PRECISION C1,C2,M,Z,8ETA,TEMP

•
~ - •

• 00012 C
- - - -: 00013 C THIS ROUTINE WILL COMPUTE THE CUNTRIBUTION OF UNSELECTED

-
- 00014 C COMPONENTS, ONE STEP AT A TIME (ADDING ONE CONTRIbUTION

- 00015 C EVERY TIME IT’S CALLED )
- - • 00016 C

- 00017 NORO a (NCL—L)•(ic—1).L—1
- 00018 IF (K .GT. Li NOROaNORO.l -

-  - 00019 • WT a MT • WEIGHT (NORD)
- - - 

- - 
00020 00 100 Na1,NCO GENERAL LOOP FOR COMP. 

• :- 00021 C -
- 

- : - 00022 C THIS LOOP COMPUTES THE INDIVIDUAL CONTR. OF EACH UNSEL.
- ; z ~_

- 00023 C COMP.
- ~~ 

-
~ 00024 C - 

-~~~ 00025 IF (INO (N) .NE. 0) GO TO leO
- - 00026 C -

- - - ‘ -  - 00027 C COMPUTE TIRE VECTOR PRODUCT C2(K) C1(M.K)
- - - -H - 

- 00028 C
00029 DO 20 1 1.NCO

- - - : - - 00030 Z(I) — 0.
- 

-  - 00031 IF (INO (I) .EO. 0) GO TO 2fl
-  - 00032 00 20 J 1.NCO

00033 IF (INO (J) .EQ. 0) GO TO 20
00034 Z(I) a 2(I).C2(I,J,K).C1(J,N,K)
00035 20 CONTINUE
00036 C
00037 C FORM THE SCALAR PRODUCT
00038 C
00039 TEMP a 0.
00040 DO 30 I’l.NCO

- 00041 IF CIPIO (I) .EQ. 0) GO TO 30
00042 TEMP TEMP • Z(I)’Cl(N,I.K)
0004 3 30 CONTINUE

- 00044 BETA a C1(N.N,K)—TEMP
- 

00045 C
- - - 

- 00046 C TEST FOR POSIT IV E—OEFINITENES$
• - . - 00047 C

• 
- 00048 IF (BET A .Gi. 0.) GO TO 150 ERROR NOT P05. DEF.

- - - - 00049 TYPE 200
0005 0 200 FORMAT (T 10, ’W AR M ING : NO MORE POS .—OEF . ‘.1)
00051 C
00052 C COMPUTE N0* TIRE COl~TRIBUTION
00053 C
00054 C FORM TIRE SCALAM PRODUCT M (K) M(L) • Z
00055 C

- 00056 150 TEMP a 0.

P - _______________________
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- -
- - 

- 

00057 00 40 Ial,NCO
- - 00058 IF (INO (I) .EQ. 0) GO TO 40

• • 00059 TEMP a TEMP • Z(I)~~(d4 (I,K)—M(I.L))
- • 

- 
• -~~~ 00060 40 CONTINUE

• 
- -  • -: 00061 TEMP a (TEMP—(M(N,K —H(N,L))).•~

- - • - 
- 

~~
-;-

~~~~H 00062 C

~~~~~~ 0*063 C NOW *00 THIS CONTR. TO THE RUNNING VALUE
~~~~~~ -~~~~~~:~~~~~~~ - 00064 C

~~~~~~~ 
00065 CONT (N) a CONT(N) • WEIGHT(NORU)•TEHP/BETA

- - 
- 

-H~~~ . 00066 100 CONTINUE NEXT COMPONENT
- 00067 RETURN

- 
- - - -

- 
00068 ENO

• 
• 

COMMON BLOCKS

/.COMM./(.105444)
- Cl .0 C2 .42020 INO .104041 M .104101 01ST •105121

CONT .105211 WEIGHT .105252 Z 10534~

SUBPROGRA MS CALLED

- 
- 

: — . - -
~~~ SCALARS AND ARRA YS ‘.“ NO E*RLICIT DEFINITION — ~%N NOT REFERENCED

- - 
~

- - .~ - ~ - ‘MCD 1 •N 2 BETA 3 ‘K 5 •NCL 6
- : ‘NORO 7 ‘1 10 .50004 11 .50003 12 .S0002 13

- 
- •50001 14 .50000 15 TEMP 16 •L 20 ‘I 21

- 
- 
‘MT 22 -

- -
- 

~-

• 

TEMPORARIES

•A0 016 33

UPOAT1 NO ERRORS DETECTED

— _______________________ _______- 
r—  - - -  - • — — • --  —-

~~~~~~~

~~~~~~ -~~~~~~ - • • -~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~ • 
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AIM. SELEC2.FOR FORTR AN V.5(515). /1(1 2—AUG—77 
- 

14 :43  PAGE 1

-- 

~a001 C -
• - 

• • 
0002 C

- 0003 C - - -

0004 SUBROUTINE PACIc ( NCO,J) 
-

- • - : - 0005 PARAMETER NCLASSaB,NCOMPZ33,NOI5Ta5G 
-
~~~~~~~ - - 0006 COMMON Cl(1:NCOMP,1;NCOMP,1:NCLA$5),C2(l:p4CO14p,1.:P4COMP,1:$CLA$5)

0007 COMMON IND u NCOMP),M(1:NCOMP,L NCLASS),OIST (L NOIST)
~.- !ooooe COMMON CONT (1~ NCOMP),wEIGHT(1:N0IST),Z (l:$CQMp)-- i- -:-40009 REAL CONT,DIST,WEIGi-tT

• - - 00010 INTEGER END
:

1
ooou DOUBLE PRECISION Cl,C2,M,Z -

00012 C
- 00013 C THIS ROUTINE WILL •COMPACTIFYI THE ARRAY CONY, I.E.

00014 C WILL JUSTIFY IT TO TIRE BEGINNING
00015 C

~00016 00 5 Ial.NCOMP
00017 5 CONT (I) a 0.

-
- 00018 4 a 0 

-- 
:::-i000l9 00 10 Ial,NCO
~O0020 - IF (IND(1) .EO. 0) GO TO 10 SKIP UNSEL. COMP.

- p0021 4 a 4.1- -
00022 CONT (J) a I

-
- ~ ~~~~~~~~~ 10 CONTINUE

- 
-?~~00024 RETURN

00025 (NO

~ - - - . -H-~ COMNON BLOCKS
S :- -

- ~~j/.COMN./(.105444)
- - - . -~~t1 .0 C2 •42020 INC •104040 N .104101 01ST .105121

- ‘CONT .105211 WEIGHT •105252 £ .105342 - -

- - 

~UBPROGRANS CALLED

- CALARS AND ARRAYS W NO EXPLICIT DEFINITION — “%“ NOT REFERENCED

~NCO 1 ‘4 2 .50001 3 .S0000 4 •1 S

T(NPORAR IES

- - ‘ACK NO ERRORS DETECTED

_ _ _  
• -

Ilh_ -L_ _ -- --~ —- — — ~~~~~~~~~~~~ r------ --- --— • ~~~~~
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00001 SUBROUTINE OISTUP (K,NCO.NCL)
- 00002 PARAMETER NCLASSSB,NCOMPa33,t4OLSTaSG

-
- 00003 COMMON C1 (1:NCOMP,l:NCOMP,l:NCLASS),C2 (l:p4COMP,1:NCQMP,1:NCLASS)

H-. 00004 COMMON INO(l:NCOMP),M(1:NCOMP,L NCLASS),OIST (l:NOIST)
-

- H- - - 00005 COMMON CONT(1:NCOMP),WEIGHT(l:NUIST),Z(1:NCOMP)
- - - 00006 REAL CONT,OIST,WEIGI$T

- 
— 00007 INTEGER INO

-
- 

~~
- .:.- - ---: -  - 0000$ DOUBLE PRECISION C1,C2.M,Z,BETA,TEMP

- - 
-
- 00009 C

- 

- 
-~~ 00010 DO 300 IIaL,NCL

- H - 00011 00 300 J4 1,NCL -

-
• 

- 
- 00012 IF (II sEQ. 44) GO TO 300 LOOP THROUGH ALL DISTANCES
00013 NORO a (NCL—1)’(II—I).JJ—l
00014 IF (II .GT. 44) NORDaNORD.1 INOEX IN 01ST

- 
- 00015 C -

- . 00016 C COMPUTE THE VECTOR PROOUCT C2 (ZI)’CI (II,K)
- 00017 C

- 00018 DO 20 Ia1,NCO
- - 

- 00019 Z(I) a 0.
• - •: H- 00020 IF (INO (I) •EQ. 0) GO TO 20 ONLY SEL. COMP.

- 
- 

- - - 
- 00021 IF (I .EQ. K) GO TO 20

- - H  -
~ 00022 00 20 JaI,NCO

-
• :~~~~ -~~~~ 

00023 IF (!NO(4) .EQ. 0) 00 TO 20
- - - - -~ 

-
- - 00024 IF (4 .EQ. K) GO TO 20

•~:~~ 00025 Z ( I )  a Z(I).C2(I.J.II) .C1(J,ac.II)
---

~~ - . 00026 20 CONTINUE
~~~~~~~~~~~ 00027 C • -

-

• 

- 
- : 00028 C FORM THE SCALAR PROOUCT Z’Cl(K.LI)

-‘ - 00029 C • 
-

- 00030 TEMP a 0. 
-

- 
- 00031 DO 30 Ial,NCO

• - 00032 IF (INO (I) .EQ. 0) GO- TO 30 ONLY SEL. COMP.
- 00033 IF (I .EQ. K) GO TO 30
00034 TEMP a TEMP.Z(I)’Cl(t,K,Il)
00035 30 CONTINUE
00036 BETA a C1 (K.K.II)—TEMP
00037 C
00038 C TEST FOR POSITIVE DEFINITENESS
00039 C
00040 - IF (BETA .GT. 0.) GO TO 150 ERROR, NOT POS.OEF.
00041 TYPE 200 SO TYPE A WARNING
00042 200 FORMAT (T10,’WARNIt~G NO MORE PO$.OEF.’,/)
00043 C
00044 C FORM THE SCALAM PROOUCT M(L)’Z
00045 C
00046 150 TEMP • 0.
-00047 00 40 1 1,NCO

- -0004$ IF (INOVI ) .EQ. 0) GO TO 40 ONLY SEL. COMP.
00049 IF (I .LQ. Mi GO TO 40
00050 TEMP — TENP.Z(I)’(M (I,II)—M (I,JJ))
00051 40 CONTINUE
00052 TEMP a (TEMP—(M(K.II)—M (K,JJ)))”2
00053 C
00054 C MUM *00 THIS CONTR. TO THE PRE~Ep*T VALUE
00055 C
00056 O!ST(NORO) a DIST ( P.ORO ).TE M P/B ETA

L _ _ _ _ _  _ _ _ _ _ _ _
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00057 300 CONTINUE NEXT CLASSES
- - 

- 00056 C 
-

- ~— 
- 

- 

~
-. 00059 RETURN

• -~ 
- - 00060 C

- 
~ - 

~~ 00081 END

• 
: - - • - -~H COMMON BLOCKS

- /.COMM./(.105444)
H- Cl .0 C2 .42020 INO •104040 N •104101 01ST .105121

CONT •L05211 iEIGHT ‘105252 Z .10534~

- SUBPROGRAMS CALLED

-: 
•~~ - SCALARS AND ARRAYS “ “  NO EXPLICIT DEFINITION — “%‘~ NOT REFERENCED

- 
- 
: 

- •NCO 1 .44 2 BETA 3 ‘K 5 •NCI. 6
- -‘NORO 1 ‘1 - 10 .50005 11 .50004 12 .S0003 13

- II 14 .50002 15 .S0001 16 .S0000 17 TEMP 20
- .: ~ ‘1 22 

-

- 
- ~~

- : TEMPORARIES

• 
- - - 

~~~
- •A 0016 33

- 
- 

OISTUP NO ERRORS DETECTED 
-

L ‘ ~~~~~~~~ ~~~~~.. 
—.- - - — — - •——-. --~~~-.~ •:~~: : f f —- -•-——- - — - ——- --- ——
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00001 C
00002 C
00003 C
00004 SUBROUTINE DISTDN (K,NCO.NCL)
00005 PARAMETER NCLASSa8.NCOMP 33,NOLSTaS6

- - 00006 COMMON C1(l:NCQMP,1:NCOI4P.1:NCLASS),C2c1:NCONP,1:NCOMP,1;NCLASS)
: - ~~ 

- _ 00007 COMMON IND (1:NCOMP),M(1:NCOMP,I NCLASS),DIST(1:NOISTI
- - - :  00008 COMMON CONT (1:1sCOMP),WEIGHT(t:NOIST),ZU:NCONP)

00009 REAL CONT.DIST.WEIGNT- 
00010 INTEGER INO - -

• 00011 DOUBLE PRECISION Cl,C2,M,Z,TEMP
00012 C
00013 00 300 IIa1,NCI.
00014 00 300 JJ aL,NCL
00015 IF (II .EQ. 44) GO TO 300 LOOP THROUGH ALL 01ST.

- -  
00016 NORO a

- 00017 IF (It .GT. 44) NOROaNORO.l
- 00018 C 

-

- - 
- 00019 C FORM THE SCALAR PRODUCT M (II)—~~(4J 1 • C2(K.IIJ

00020 C - -

- 00021 TEMP a 0.
- 00022 DO 40 I.t.NCO - 

-

0023 IF (INUCI) .EQ. 0) GO TO 40 ONLY SEL. COMP.
S.~- - 00024 IF, (I .EQ. K) GO TO 40 SKIP THIS INDEX
‘
~~~~

- - 00025 TEMP a TENP’(M(I,II)—M(I,44))’C2(I,K,II)
- -. 00026 40 CONTiNUE

- T 00027 TEMP a (TENP.C2(K.K,II)’(M(K,II)—M(K,JJ)))’.2
00028 C
00029 C NOW SUBTRACT THIS CONTR. FROM TIRE PRESENT VALUE
00030 C -

00031 OIST (NORO) a OIST (NCRO — TENP/C2(K,K,II)
00032 300 CONTINUE NEXT CLASSES
00033 C
00034 C THE MEASURE IS NOW UPDATED
00035 C
00036 RETURN
00037 ENO

COMMON BLOCKS

/.COMN./(’105444) -

Cl ‘0 C2 .42020 INC .1040.0 N .10*101 01ST .105121
CONT •105211 WEIGHT .105252 Z .105 34~

- 
- 

- 
. SUBPROGRAMS CALLED

SCALARS AND ARRAYS “‘“ NO EXPLICIT DEFINITION — “5” NOT REFERENCED

•NCO 1 ‘44 2 •~ 3 ‘MCI. 4 •NQRO s
‘II 6 .50002 7 .S0001 10 .30000 11 TEMP 12
‘1 14

- - 
—---— --- —-—-- - —- • ---~~~~~~~~

-- --— ----- -_--
~~~~~~

-----
~
------ -----—— • - •-
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OISTON SELEC2.FOR FORTRAN V.5 (515) /KI 2—AUG—77 14:43 PAGE 1—1

.

.
- - . ,- 

• TEMPORARIES

DISTON NO ERRORS DETECTED

•  

—--

~

--- -- • ---- -- —- --— - -— - - - - - -- - 

- 

-
~~~~~~~

- — 
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MAIN. SELEC2.EOR FORTRAN v.5(515) /KI 2—AUG—77 14:43 PAGE 1 

- 
- 00001 C

-~~ - - -  00002 C
-
~~  - 00003 C
- ~ - ., I~ ; - 00004 SUBROUTINE 1NVUP(K,NCO.NCL)

-: - -40005 PARAMETER NCLASSSB,NCONP=33,NOISTa5G -
- -

- - 
- - - - • - -

~~~,, 00006 C
00007 C

- H ~~ 0000$ COMMON C1(1:NCOMP,1:NCONP,1:NCLASS),C2 (1:NCOMP.1:NCOMP.L:NCLASS)
00009 COMMON INO(1:NCOMp),M(1:f4C0p,P,l:NCLASS),OIST(1:$OIST)

- 
-
- 

- 
- 
- 

:H-~~ 00010 COMMON CONTI1:NCOMP),WEIG$T(1:HUIST),Z(1:NCOMP)
00011 REAL CONT,015T.WEIGHT

- - ‘
~ ~:~~

- 
- 

00012 INTEGER IND
- -  

- 00013 DOUBLE PRECISION C1,C2,M,Z,8ETA,TEMP S
‘H~ 

;- 00014 C
- S 

- 
-

- - 00015 00 300 I!~~1,NCt. GO THROUGH ALL CLASSES
:- - • -

- 00016 C
- 

- - . 00017 C COMPUTE THE VECTOR PRODUCT C2(II)’Cl (K,Zt)
- 

- - - -
- 00018 C

- 

H- 00019 00 10 Ial,NCO
- - 00020 - Z(I) a 0,

00021 IF (INO (E) .EQ. 0) GO TO 10
-
~ 00022 IF (I .EQ. K) GO TO 10- 

~.r H H. 00023 00 10 JaL,NCO
- - 

~-i:: ~~~ 00024 IF (INO(J) .EQ. 0) 60 TO 10
- 

- - - 
- 00025 IF (4 .EQ, K) GO TO 10

• - - 
- 00026 ZtI) a 211) •C2C1,,J,1I)’CltJ,lC,II)

- - :--
~

- 00027 10 CONTINUE
00028 C

- - -: 00029 C FORM THE SCALAM PRODUCT Z’C1(K~ II)
- -

- 00030 C
- - ;‘~f~ 00031 TEMP a 0.

- - 00032 DO 30 Ia1,NCO
- 

- - -00033 IF UNO(I) .EQ. 0) GO TO 30
- 00034 IF (I .EQ. K) GO TO 30

- 00035 TEMP a TEMP.Z(I)’Cl(I,K,II)
- 00036 30 CONTINUE
00037 BETA Cl (K,K.II)—TEMP
00038 C
00039 C TEST FOR POSETIVE—OEFIN!TENE5S
00040 C
00041 IF (8ETA .GT. 0.) GO TO 150 ERROR, NOT POSITIVE—OEFINLTE

- - 00042 TYPE 200 SO TYPE A WARNING
- - 

00043 200 FORMAT (T10, ’WARNING : NO MORE MOS.OEF.’,/) -

- - 00044 C
- 00045 150 C2 (K,K,II) a 1./BETA

- 00046 . DO 40 Ial,NCO .
00047 IF (INOII) .EQ. 0) GO TO 40

- 
-

- - . 40048 IF (I sEQ. K) GO TO 40
- 00049 C2(j,KiII) a Z(-I)/BETA

- 00050 C2(K,L,II) a C2(I,M,LI)
0005 1 40 CONTINUE
00052 C
00053 C THE NEW ROW AND THE NEW COLUMN OF THE INVERSE HAVE
00054 C BEEN UPDATED. THE OLD dODY WILL NOW BE UPDATED.
00055 C
00056 DO 50 Ia1.NCO

5—— ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ , .~~~~~~~ .
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00057 IF (INCh ) .EQ. 0) GO TO 50
00058 IF (I .EQ. K) GO TO So

- - 00059 00 50 JaI.NCO
“S 00060 • IF (INO (5J) .ZQ. 0) GO TO 50

— 00061 IF (4 .EQ. K) GO TO So
00082 C2(I.~i~ II) a C2(I,4,II)’Z(I)’ZIsJ)/BETA

- . 00063 C2(J.I.II) C2(I,J,fI)
- :  

-~~~~ 00084 50 CONTINUE
00065 C -

- 00066 C -THE lI—TM INVERSE HAS NOW BEEN UPDATED
-c .. 00067 C -

00068 300 CONTINUE NEXT INVERSE
00069 RETURN

- . - . 00070 C
- - - 

- 
00071 END

COMMON BLOCKS
-

- /.CONM./(.10544,)
- - - - - -~~~ - 

~~- Cl .0 C2 ‘42020 INC .104040 N .104101 01ST ‘105121
~~~~~~~~~~ CQNT .105211 WEIGHT .105252 Z .105342

~~~~~~ SUBPROGRAMS CALLED
’

SCALARS AND ARRAYS “ NO EXPLICIT DEFINITION — “5” NOT REFERENCED

‘MCD 1 BETA 2 ‘K 4 ‘MC). 5 ‘4 6
.S0006 7 .50005 10 .S0004 11 .S0003 12 ‘II 13
.50002 14 .S0001 15 .S0000 16 TEMP 17 ‘I 21

TEMPORARIES

.A0016 32 -

INVUP NO ERRORS DETECTED

~~ - ---~~~~~~~~~~~~~~~~~~~~ 
_i__ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - -  ----- 5- -—- - - -  - - - • - - • --- - -------
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- - - 00001 C ‘ 
-

- - . - . 00002 C
- 

~~~ 00003 C
00004 SUBROUTINE INVON(K,NCO.NCL)

- QQQQ5 PARAMETER NCLASSa8.NCOMPa33,NOISTaSb
- - - 00006 C

- 
- 

- - 00007 C
- 

~~~ ‘ -- . ~~~- - . - 00008 COMMON C1(1;NCOMP,1:NCOMP,1:NCLASS),C2 (1:NCOMP,1:NCO 4P,1:NCLASS)-
- .:s 00009 COMMON INO(1:NCOMP),M (1:NCOMP,1 NCLASS),DIST(1:NOIST)

- 
::-: 00010 COMMON CONT (t:NCOMP),WEIGHT (1:NOIST)oZc1:NCONP)

- 
~~~~ 00011 REAL. CONT,OIST,WEIGIRT

- -- - 00012 INTEGER IND
- - 00013 DOUBLE PRECISION C1,C2,M,Z

1
5-

00014 C
- 00015 DO 300 IIa1.NCL LOOP THROUGH ALL INVERSES

-
~~~.. 

00016 CS - 
00017 00 20 1s1,NCO -
00018 IF (IND (I) .EQ. 0) 00 TO 20

- - 00019 . IF (I .EQ. K) GO TO 20 -

- - . - 00020 . 00 20 ,JaI,NCO
-~~~~~~~~~‘ -~~~~- - 00021 IF (INO (4) .EQ. 0) GO TO 20

- 00022 IF (4 .EQ. K) GO TO 20
-

• 
— - - 00023 C2(I,4,II) a C2(I,4,II)—C2(I,K,II)’C2(4,K,II)/C2(K,K,II)

5 
- - 00024 CZ(4.I,II) -a C2(I,4,II)

- 00025 20 CONTINUE
• 00026 C

• 00027 - C MOW TilE MAIN BODY OF THE INVERSE HAS BEEN UPDATED
00028 C THE EXCESS ROW AND COLUMN WILL BE ZEROED
000-29 C

- 00030 - DO 30 IaI,t4CO
- 
00031 C2(1,K.II) a 0.

- 00032 30 C2 (K.I,II) • 0.
00033 C
00034 C THE Il—T N INVERSE HAS NOW BEEN UPDATED
00035 C
00036 300 CONTINUE NEXT INVERSES

- 00037 RETUR N
00038 ~.NO

COMMON BLOCKS

/.COMM./ (.105444J
Cl .0 C2 ‘42020 IND .104040 N ‘104101 01ST ‘105121
C0NT ‘105211 WEIGHT ‘105252 Z .105342

— 
- - SUBPROGRAMS CALLED

SCALARS AND ARRAYS ‘•“ NO EXPLICIT DEFINITION — “5” NOT REFERENCED

‘NCO 1 ‘K 2 ‘MCI. 3 ‘4 4 .50003 S
‘II 6- .S0002 7 .S0001 10 .S0000 11 ‘1 12

_ _ _ _  • ~~~~~~~~ — -5-- - -  - • -~• --- S~-- 5 - - _ _
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- 

- 

- 
- 

- 
TEMPORARIES

- H- .00000 13 .00001 14

I - 
IN VON NB ERRORS DETECTED

~~~ ---
,
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00001 C
- 00002 C THIS PkOGR4~ 1 a JESIGNED TO ~RJv~ i)~ INTERACT IVE

• - 00003 C SELECTION OF FEATURE! a CU U-~~I~T3) FUM A R4TTER.~
00004 C RECOGNITION SYSTEM

- 

- .
~~-I : 00005 C ThE INPUT TO THE P~’CGRa ’ CuNiI~~TS OF A SET OF FIL~ 5.‘

~*~~$ 00006 C EACH OF I4ICH CONTAINS A MEAN ~c.CTu~ AND MN INVERSE
~~~~~~~~~~~~ 00007 C COVAHIANCE fr*THIX (AS P~ OQUC~ O’ TYPICALLY , BY THE

00008 C ROUTINE 1NvEMT.FQ~ ). THE US~R ,AUST SOPWLY TIRE NUM~EH
,
~~ 

— 00009 C OF THESE FILES. THE OI~ Ef4SIUN U~ Tnt MATRICES, AS ~~LL-
j .- - - . 00010 C AS THE NAMES OF TIRE FILES.

00011 C THEN ONE HAS A SET CF 20 Cu-IMA wS AT illS UISROSITIu$,
-

‘ 
~~
‘ 00012 C tlUM~EREO FR CP4 1 TO 20. A CUMHA.~ IJ t~ SELECTED sf TYPIi~j— - 

- ~ : ‘ . -
- 

- 00013 C IN ITS CODE MUM~ Ek. SOME Cu,4MA~ uS HEOUI~ E ADDITION AL
;- 0001’ C INFORMATION . m A T  ~ ILL ~E H UC.~ TEO Ff Qi’ rrsE JSEH AS

- - ‘
5 - 00015 C NECESSARY.

• - 00016 C
- 00017 PROGRA M SELEC3

5 
- 

- -.‘ 00018 PAMAMETEK NCLA~5s20,NCOMp~a9j,NJIMa37QOQ
- ‘ 

- H- 00019 C -
-~~~~~~

- S
~~ -~ 00020 C THESE PARAMETERS DEFINE UPHER 31JUN05 OP. THE NUMB~~

:~~~ - -
~~~~~

-
-
~~~ 00021 C OF COM*~ONENTS AND CLASSES, duT ~O NOT INFLUE~iCE T~.r~~~ 5- - 00022 C STORAGE Sp’AC~ ALLOC A TIO N

H- 00023 C
- - 00024 CO~’MON Ch1:NOIi ~)

‘- 00025 COMMON IHO(1:NCOMP) -

00026 REAL C
- :, - ‘ :. 00027 INTEGEK INO

: ‘  ‘ - ‘  00028 OOIJ~LE PRECISIO~4 OU NCLASS)
- 

- - 00029 DATA INO/NCCMP~ U/,C/NO I~ ’O./
- 00030 C

- 00031 C THE A RMA Y 0 CO.~TMI P’5S THE NAME ~iP TIRE FILES
00032 C THE * RRAY C IS AI LCCATEO Ii-. ~U.4CTIUN uF ThE uS~ R ’~
00033 C A~ i.ER~ . LI sILL CC NTAIN , IN T~~L5 4k~~ER, THE -4LAN AtIO

- 
00034 C IF1VEMSE CUV .IHIMNCE I~A- TRIX oF E~~ H ~~~~~~ THE PME3é.i~T
00035 C VALOE JF THE LSITERCLASS sJt~~TAN~ c.~~, ANÜ l r’E CONTMLDiJTI -Jr~000 36 C OF EAC M COMUON~ NT IC TiE INTERCLAS~ OIST ANC~S.
00037 C THE MATRIcES ANE SlOP-ED ROa ~Y MQ~~~. THE D1STANCE~ AIRE

i 00028 C STOKED BETWEEN INDICES NJI ~~D ~u~ ’ TIRE IEIGHTS
00039 C ~ET~.EE’~l NOE.1 ~~~ NDE.~4O AN’I) Ti~ CUNTHIdUTIOI’dS
00040 C ~ET~€EN NDE.NO.1 AND NCE
00041 C INO icEEPS TRAC . (iF T”4~ SELECTEIJ COMPONENTS.
0004 2 C (A hERO MEA KS T HAT ThE COMMiJNE~~1 IS NOT SELECTELa ,

- 
-
. 00043 C A NY OThER VALUES MEAN THAT ThE CQp,RQN~ NT 15 SELECTEW- 

- 00044 C
-: 00045 1 TY~~ 1u0

- ‘-~~ 00046 ACCE’~T 2uO~ NCL GET NUMBER OF CLM~~ ES
~~ 00047 IF (NCL .GT. NCLASS .OR. ~CL .it. 0) GO TO 1

00048 2 T’vP~ 101
00049 ~CC~~’T 200.KCO GET ‘~uMB~ R OF CUMPON.
00050 IF (NCO •i,T. NC3MR .O.~. NCU •L.. 0) 00 TO 2
00051 ~C a NCO•(NCQ.1)

- 00052 r,Ø • NCL’ (NCL—L)
00053 MCE •
00054 IF ct ~CE •GT. ~UtM) -~O TO 1
00055 DO Lu I’t~~’~CL
000 56 TY~~ 1u2~~I
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- 00057 ACCEPT 201,0(I) GET FILENAME OF CLASS I- : -
. 00056 10 CO*.TINUE

- - 00059 00 15 Iaj.NCL
- - 

, :.~~ 00060 OPEN (MODEa•BIl,A MY’.UNITa ,OE~~jCEaI’~S~~
I ,FILE.Q(I))

• - .  .H-.~ 
0006 1 MS • (1—1)’NC’l

- 00062 rIEA~ (20.202) (C(J).Ja ,1S,PlS-NC~—1)‘
- :

~ 

~~
- ~~ 00063 C MEALI IN MEAN VECTOR 

‘
~~~~~~~~~~~ : 00064 MS a I’NC

‘ H - 00065 MEAl) (20.202) (C (J),JaN5.Nçij ,M~ )- - 00066 C MEAl) IN INvERSt COV . ~4TR1A
00067 15 COi’.TLNUE

- 00068 C 
- ~- 00069 C THIS LOOP HAS ~EAD TIRE ME5., vEC1UMS AN~ INVERSE

- ~~
‘ ‘  00070 C COVARI ANCE “ATNIC ES I’4 TnE MHW ..Y C

- - 
00071 C 

- - 00072 “(01 a M5.~- 
• - ~- 00073 ~0t~ a- - .  00074 TM a 0.

- .  — ‘  - -~ -::~; 
00075 - TA a 0. INITIALIZE T$RESr’. TO 0

- 
-‘ 

~~~
‘ ‘ :• -

~~~~~~ 00076 00 £7 l•NOE.1,NDE.NO 
~~~~~~~~ 00077 17 CC I) a luI;I4LIZE ALL atIUMTS TO 1

00078 TYPt 103 END OF I”sITIALI~ ATI0’e
-  

~, :~
5-: 00079 C 
-c’. 00080 C THE INITIALIIATION IS RO~ F1NI~ nED, AND TME PROG..~~4- • 

- -- 00081 C ENTEKS THE CQMr4.~ND LOOP
- - -

~~~- 00082 C -
- . 

-
- ‘ - - 00083 20 TY PE 104 A~~K FOR COMMAND

- - oooe~ ACC EPT 200.~.Ci4 G1.T IT
- - oooes IF (NCM .LE. 0 .UR. MC’4 •GT. 2-j i G~ Tu ~o

- 000ab GO TO U0O0.11uO,1230,L3Ou ,LWOu, 15wU.1~ 0O,
- 00087 11 7u0. 1800,1 00.2000 .2100.~~~OO .~ 3U(, ,2~ u0.-

- 00088 22S00.2600.Z70V.2~ Ufl .2~ Oifl I.CM
- 00089 C
- 00090 C THIS IS ThE ‘CO”MANC INTE~’H,~tTc.H’ USING A SIM~LE

00091 C NUMERICAL S*ITC$ TC SELECT A 3T 1~.AT I OP~ LA~~EL
- 00092 C

. .
‘ 00093 C

- 0009’ C FOR~ * T BLOCK
- 00095 C

00096 100 FOMMAT (///.T5, ’Ti415 ~MO4H~ m •Ll.L nELfr YOU SELECT ThE
00097 1 aEST ~~~~~~~~~~~~~~~~~~~~~~~~ PARMMETEMS ARE Nt.~0ED.00098 - 4N~~W~.P* TIRE FOLi..O~ ING QUESTiO’-.~ ,’,/,T5.’*l’ (ISnIN6 ~Y00099 3 CH.’ ,// ,T 10, IEr’4TE R • OF CL~~S3~.S :

- - 00100 101 FORMAT (T10, ’ENTER TOTAL ‘ OF .iiNPtjNENTS : 1 , 5 )

- - - 00101 102 FORMAT (T10. ’ECITr.R 7!LENAME F0r CLASS *‘.13,’ : ‘.5)- -

- 00102 103 FORMAT (/.T5 .’TIRE I’~.ITI ALI~ *TLJ ,~ La COMP’LtTE. YOU NOw• - 00103 1 Er~TER ThE COt~~w~eC LOO° .’,/ .T3 . ’TIIE 20 CUI.MANl)S AR E
- - ‘ - 00104 2 L.ISTED IN TIRE IN~ T°UCTIUN r~vI

’ICE.’.///)
00 105 104 FORMaT (/ . T L- J ,’T YP E IN VQUi, I.O~~-lANJ COUE (1—20) : ‘,~~)

00106 C
00107 200 FORMAT (13)
00108 201 FUR’-.AT (41 0)
00109 202 FORMAT (LU..P
00110 C
00111 C EN) OF FO R MA r  dLUCK - -

00112 C

_ _ _ _  -- ~~~~~~~~ -- - -
~~~~~~~~ --- ~~~~- .-- -—- — -  ---—- - - —-
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- 

— - 

00113 C
H-’ 

- 
0011’ C FIRST COMMANJ

~~ - - .: -~ - 00115 C
•
~~~

- 00116 1000 00 1310 Ial,NCO 
- H- .  00117 1010 INUCI ) a I AuO ALL COMPONENTS

:~~~~~ . - -~~-i: 00118 GO TO 3000 UFOATE DISTANCES
•H-- -~ 00119 C 

-:~~
- 00120 C SECOND COMMAND

‘H- . 
- 00121 C

- - - 00122 1100 00 1110 Ial.NCU
-. - 00123 1110 INO(I) a 0 DELETE ALL COMPONENTS

- 
- 00124 00 1120 IaNCI,NOE

- 
• - 00125 1120 CC1 • 0.

• - 
- 

- 
— 00126 bO TO 20 NEXT COMMAND

- :-
~.- -:-. 00127 C

- : 1  00128 C THIHO COMMANO

~~
- - 0012Q C

--H - 
00130 1200 TYPE 110
00131 ACCEPT 200.1 GET COMPONENT SPECIFIC.

- 00132 IF U .GT. NCO .OR. I .LE. 0) jO TO 120u
00133 IF CINU(L) .NE. LI) GO TO 121u

- 
-H--H-,~J~ 

00134 C
- H-- 00135 C TIRE INPUT HA S NO.. SEEN TIRDHUQGHL( CHECKED

- - :-~ 
- 00136 C

-
~~~ ~~

- 00137 INO(I) a AuD SPECIFIED COuP .

~
- - - 

~~~~ 
- 00138 GO TO 4000 uPOATt DISTANCES
- 00139 C

- _ . -- 00140 1210 TYPE 132 CW~P. ALREAO~ SE t ECT~.D
-  

- 
00141 .~O TO ~0

-
. - 00142 C

- - 00143 C FO.JRTW C0$M..,,O

- 00144 C
00145 1300 TYP5 111
00146 ACCE KT 2C3.I  ~ET CO~ °ONEMT SPECIFIC.
00 147 IF U .GT. \CO •i)~~. I •LE. C)) ujO TO 1300
00148 IF (INO(1) .~~~. 0) 00 TO 1~~L u
00149 C
00150 C CHECK FINISHED
00151 C -

- 00152 rNO w a DELETE SPECIF. CUNHOM.
- 00153 GO TO 5000 UPDATE DISTANCES

00154 C
00155 1310 T Y ~ E 133 CO(~~. ALREADY DELETEl)

• 00156 40 TO ao
- - - : 00157 C

00158 C FIFTh COMMAND
00159 C
00160 1400 (iO 1,10 IaNuE..,U.1,,’.CE
00161 1410 C C I )  a 0.

S - 00162 eT a 0. T. AVERA-IE CONTH .
00163 00 1,50 Kal.i.CL.A
00164 00 1.50 La$.L,r4CL
00165 ~~~~ Uf~O4T1(NC0,,~lUI.NOC ,i~~,NCL.A,L,wT) os OAT~ CGs4R . CC.VTRIB .
9F7M0t14 LINE :001o5 PUSSI~~LE ~~ t ’iOEx MO3IFLC4T~ JN INSIDE LoOP
SFTNO!M LI~ E 001~ 5 POS$L~~.E ~,O I .oE. N0 FjCAT4~U,’~ 1P.SIO~ LOOK
00 166 1..!’) C3.~T INuE NEAT CLASS

_ _  -~~ 
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- 
- 

- 
00167 C

- 
- - - ~~

- 00168 C TIRE CONTRI8LTIOrI OF EaCH UN$EL A.TED COMPO.’(ENT TO
- 00169 C TIRE AVE RAG E LWTERCLASS O15TMNCt~ MAS NOW SEER COMPUTED

:-
~~~: 00170 C THE LARGEST ‘CONTRIBUTOR ’ WILL dE $ELECTEO

- • H--~
- 0 0 1 7 1  C

- 
- - - :-

~~
-
~~~~~ 00172 (~O TO 1670 USE PART OF OTHEM ROUT.

- ,  ~~~ -~~~~~~~ • ;  00173  C
- - ~~~~~-4~~ 00174 C SIXTH COMMAND
- - 

- ~~~~~~~~~~~~~~ 00175 C
;~~~~~ 

00176 1500 00 IslO IZNOE.P.iJ.1,NCE
00177 1510 CCI) a 0.

- 00178 ..T a 0.
- •: 

- 00179 00 1550 Ka1.NCL—1
- - - 

: -  00180 00 1550 LZK.L,u CL
-

- 

- 

~~
- 00181 CALL UPOAT2(NCU,NOI, NOE,ND ,NCL.I~,L ,AT I  UPDAT E CORP . CON TRIB.- 

- • SFTNDIM LINE:001,1 ROSSISLE cia INDEX ~1OOIFLC AT~ V I 1NSIDE LOOP
-~ H- -

- %FTNOIM LINE:O01o1 HOSSI3LE 00 INDEX MOOLFLCA TIUN INSIDE LOOP
- 
‘ -~~~~~~~ 00182 1550 CONTINUE

H- :- ‘- ~~~~~~~~ 
00183 C -

- -
~~-~~~~~~~~~~~ -~ 00184 C TIRE CONTRIBUTION OF EACH SELEC I~ i) CONPONENT TO

• ~~~~~~~~~~~~~~~~ 00185 C T~sE AVERAGE LNTERCLASS OISTANC~ 1145 NOw 3EEN COMPUTED
- ~~~~~ 00188 C Tuit SMALLEST ‘COC4TP.IBUTOM’ WILi. ~C PIEJECTED

:- - -~~~~~ -~~~~
‘
~~ 00187 C

00188 GO Tv 1770 USE PART OF OTHtR ROUT.
- 

- - 00189 C -

- 
- - 00190 C SEVENTH COMMAND

- - 
-
~~~~ 00191 C -

~~~~ 00192 1600 DO 1610 IWNOE .NO.1,NCE
-; ‘—

• H- 00193 1610 CCI) a 0.
- -: 0019’ ~T a 0.- 

- - 00195 1620 TYPE 112 ASIc FOR CLASS
- 00196 ACCEPT 200.ic GET IT

- 

- 00197 IF (Ic .GT. MCL .OR . K .LE. 3) ~u TO 1b23
00198 00 1b50 La1.HCL LOOP TC COMPUTE oIST.
00199 IF CL .Eu. K (iO IC 1650 SKiP CLA~ S ITStLF
00200 CALL UPDAT1(NCO,c,DI,NOE .~ 0.I~CLPrs,L,~~T) UPDATE CONK . CONTRIR.

- — - -  9FTNOIM LIp .E:00200 POSSI~ LE DO I-~UE4 MQ3IFICMT~ 1JN INSIDE LOOP
00201 1650 CONTINUE NEAT CLASS

- 00202 C
- 00203 C THIS LOOP P165 cOMPLIED TN:. CUNI”I~ UTIUN OF EACn

- - 00204 C UNSELECTED COMPONEN T TO TM . TOTUL INTENCLASS OLSIaMCt
- 00205 C NOW THE LARc-E ST ‘C~ MT~ I8UTvH ’ ~~LL 8E SELECTED
- 00206 C

- 00207 1670 CALL MAXt I,NCO,N,)t,ND) RETURNS Ti,E INUtA IN I
00208 IF (I .EQ. 3) GO IC lódO

- : 
- 

~
- ‘ 00209 J a NOE.ND.Z

- ~~ 00210 CONT R a C (J /WT AVERAG~ COMTRI8UIION‘
~~~ 00211 IF (CO NTN .LT. T*) C-3 TO loaU I~ IT ~ELO.. TIIRES,IOLI,) 7

00212 ThOU) a I NO. Su 400 COMPONENT
00213 TYPE 120,I,CQNTP OUTPUT 0414
00214 GO TO 4000 UPoATE DISTANCES
00215 C
00216 1680 TYPE 134 CCMKMN.j £RRO4
00217 C
00218 C v ERY LI,cELY , ALL C C O ~(€.’.~~ sE~~ A LPIERoY SELECTELI

H- 00219 C
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00220 GO TO 20
- 00221 C

00222 1690 TYPE 136 .ELO.. THRESHOLD—TO—ADO
•~H - H -~ 00223 GO TO 20

~~~~~~~~~ 00224 C
~~~~~~~~~~~~~~~~ 00225 C EIGHTH COMMAND

‘~~ ~— 00228 C
‘;~~~~~~~~~ 00221 1700 DO 1710 IaNOE.ND.1,NCE

-
~~~~ ‘

~ 00228 1710 C C I )  a 0.
00229 wT a 0.

H- .-
~~

- - 00230 1720 TYPE 112 ASK FuR CLASS a
H -- 00231 ACCEPT 200 , c  GET IT

- - : 00232 IF (K .GT. IRCL •OR . K .LE. 0) uu 10 1720
00233 DO 1750 LaI.NCL

- 
- 

00234 IF CL .EQ. K )  GO IC 1730 SKIP CLASS ITSELF
-: 00235 CALL UP0AT2 Cu,NDI .N0E,i~O,NCL,”~.L,wT) UPDATES CON?. CUNTREB.

• - : . -: ~FTNDIM LINE OO23S POSSIÔL! DO INDEX MQ3IFICATLUN iNSIDE LOD~
- 

- H-* 00236 1750 CONTINuE NEA T CLM~~5
-~~~~~~~- -~~~ :~~ 00237 C

~~~‘‘~~~• 00238 C THIS LOOP P1*5 COMPUTED TsE CON (’*IBUTION O~ EACpi SELECTED
- - -  - - ..H-:•~ 00239 C COMPONENT IC THE TCTAL I 4IERCLa~~ DISTANCE. THE SMALLESTH-A 00240 C ‘CONTRIBUTO R’ aILL NO~ BE DETEMMINED AND KEJECTED

~~~~ 
-
~~ 00241 C

:~ ~
- -~~• 30242 1770 CALL MIN(I,NCQ,NQE,P.O) RETUHIRS INDEX IN I

-~~Y 00243 IF (I .EQ. 0) 60 IC 1750 ERROR
- -: 00244 J • NDE.ND.~- H--: 00245 CONTR • C(J)/WT AVERAGt CONTRIbUTION

00246 IF (CONTR .GT. Ti~ GO TO 1T~ O IS IT A8OVE THRESHOLD 7
00247 INOCI) a NO. SO REJECT COMP.

-
•  00248 TYPE 121.I,CONTS DISPLAY INFORMA TION

-: 00249 GO TO 5000 UKOATE DISTANCES
- •~; 00250 C
- - 00251 1780 TYPE 135 COMMAND ERIROR

- - 00252 C
- - 00253 C VERY LIKELY, ALL CCKPOMENTS WEPI:. ALREADY PtEJECTEO

00254 C
00255 60 TO 20
00256 C

- 00257 1790 TYPE 137 A Ô UV E  THRES-CULD—TU—REJECT
00258 GO TO 20

- - - 00259 C
- 00260 C NINTH COMMAND

00261 C
- 00262 1800 DO 1810 IaNCE.N0.1,;.CE

H- 00263 1810 C CI) a 0.
- -- - 00264 aT • 0.

- 00265 1120 TYPE 113
00 266 ACCE PT ã03,W .L ~ET CLa~~ .500267 IF (IC .GT. ‘~CL .01.. L .GT. NCL •QR . -

- 00268 1 iC .LE. 0 .OR. L •LE. 0 .,O T... lbeO
00289 IF (K .EJ. L)  oO T. 20o0
00270 CALL U ? C M T 1( ~~CU, .1QI .~4 OE, ’~I1J ,s’sC L~~’%,L,W T)  vPDATE CORP. CCNTRI8.
00271 .0 TO 1670 SELECT COMPONENT
00272 C
00273 C TEi-iTpi C0MMa ,~3
00274 C

- — - ------ - -- --- - -••- -- ---—
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- .~~ - 00275 1900 00 1910 ISNOE.lO.1,NCE
- - 

- - 00276 1910 CCI) a 0. 
- 00277 aT a 0.

00278 1920 TY~C 113
-
~~ • ;~~~~~

--
~ 

00279 ACCtP T 203.PI.L GET CLASS uS
- 

~- -  
~~~~~~ 00280 IF CIc .87. NCL •OK. L .Gt. NCL .UR.

00281 2 IC .LE. U .OR. L .LE. 0) ~O T~ 1920
~ 00282 IF tIC .EQ. LI ~O IC 2060

- - •‘-~~-~ — 00263 CALL UPOwT2tNCO ,~IDI.N0E.I~D,NCL,rs,L,*T) UPDATE Cu’4? . CONTRIB.
~~

- - -  00284 GO TO 1770 DESELECT COMPONENT
00285 C

- 00286 C ELEVENTH COHNAND
- - 00287 C

00288 2000 TY?E. 113
00289 ACCEPT 2Q3,K.L - GET CLASS •5
00290 IF (s( •GT. NCL •OR. L .61. I.CL .OR .
00291 1 K .LE. 0 •3IR. L .LE. 3) 60 1.-s 20u0

- ;- 00292 IF (K .80. L) GO IC 20b0
~~~~~~~~ 002 93 - NOROZ • (NCL—1) (K—1 ).L—1+rsLII— 1

- 
H--~~~ 0029’ NORO2 a (N L—1) (L-I).-Ic—1~ ’.OI—i INDEX .5 IN 01ST

- 
-

- - -
~ 

- • 00295 IF (K .GT. LI NQAU1aNORO1W I
- :~~

-
~~ ‘~~~ 00296 IF (K .LT. LI NORO2aNORQ2 .1

_ •• :-~~~~~ -- 00297 MMS • 3.
•—:~ 00298 IF (C(NO~ O1) .c.3. U. •AND . C(N’J”02) .Eo. 0.) GO TO 2010

00299 uiMS = 4.~ C (NORO1) CCN0RU2)/C (a’~MT (CtsvORD1)).5~sRT CC (NORO2)))’~2)- - 
00300 C

- 
-
~~~~~~. 00301 C rsORu l & 2 ARE THE CISPLACEMENT, IN TIRE ~RPIAY C COI ST . )

00302 C ~sMs STANDS ;oP MARS’ONIC glEaN S~ UMRE‘
~~ - ‘ 00303 C -

- -  00304 2010 TYPE 122,K,L,IC,C (NCRC1-1),L,C(NO~~~~),RWS— 00305 GO TO 20 NEAT COMMAND
- - - 00306 C

00307 2060 TYPE 123 ERROR MESSAGE
- 00306 60 TO 20

00309 C
00310 C TWELFTH COMKANL
00311 C
00312 2100 TYPE 12’

1 00313 CALL ?ACM U.CO.NCE,I%CE.NU.J
00314 TYPE 125,(CcII,IapsciE.NO.L,NDE.Nu.J) TYPE SEL:.CTED COMP. aS

I 00315 TYPE 1~ O
0O3A 6 GD ro 20 NEAT COMMAND
00317 C

- 00318 C TNIMTEENTN COMMAND
00319 C
00320 2200 CALL PARAH (NCO,NCL,NG,vOI,HDE,.~~o,vHIN,AV~R,SO,1,J)
00321 T Y~E 126,NSd,AvER ,SC .VMIN ,Z,J,TM,TN ~)IQRT STATUS
00322 GO TO 20 NC.AT COMMAND
00323 C
00324 C FOUNTEENTFI CO:4MANO
00329 C
00328 2300 CALL ~ANAMCNCQ,NCL,ND .MOI .P E,o~Sw.VMtN,4VEP,SO, I .o)

- 00327 PRl~ T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SHORT STATUS
00328 PRI,~T 127

- 00329 CALL PAC~~CNC3,,lCt,NCE,NO..J)

- 
00330 ~~ I-uT 1 , (C c I ) . Is , % ~~~.-1D•I,’,JE•’o. ..) LIST OF 3EL. COMP.
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-  
00331 Pw1;IT 130

• - -   00332 ~O TO 20 NEXT COIIMAND
- 

• 00333 C
- 

- 
H-~~~~~~~

-
~~~

’- - 00334 C F1FTEEIRTn CCRMANU
:- 00335 C

-
~~~- -H- H-~;.- 00338 2400 CALL PARAM(IRCD,NCL,NO,NOj.NDE,.-s ,VMIN .AVLR,SO,I,J)

- - - 
~~~~~ ~~

-
~~~

-‘ 00337 ~RIsvT 12o,NS8,av~ R,S0,VMIN,I,J ,IA ,TR SHORT STATUS
- T - 

00338 PRINT 127
-
~ . 00339 CALL P*CK(UCO,NCE,NOE,NO,J)
~~- 00340 -*1i~T 12~ ,(C (I).IaMCE.ND.1,huE.ND.J) LIST OF SEC . COMP.- 

- 00341 ?W INT 130
- - - 00342 ~wINT 128

- 00343 K 2 U
00344 C
00345 C T11E KRO~-RAM WILL NCw PRINT ALL LITERCLASS DISTANCES,
00344 C ORDERED ~~Y CL A~~S
0034? C

- 
00348 Os) 2~ 10 Ial,NC L

: - - 00349 - DO 2410 Jai.NCL
• ~~- 00390 IF CI .EU. , j)  GO IC 2’1-3 NOT A POSSIdLE UISTAr’ICE
-- ,— 00351 NOR)1 a (NCL—1) (I—1).J—1.f1OI— ~
7~~ :

t 00352 IF (1 .61. ~) NOPIO1aP4OROL .j00353 10rW2 • NOROI.r-,O•
~~~ .: 00354 IF (IC .~‘E. 0 GO IC 2405 1sT OR 2ND PRINT COLUMN

-
~~~~

-
~~~ 00355 I c * 1  -

- - - -f- H- 00356 ~RINT 131 1ST COLUMN
00357 PNThT 129,I,J.CCNOP1O1),CC~,URU2)- - 00358 60 10 24 1u
00359 C
00360 2405 K * ~~~

- . . 00381 p r ~.It,1 129,I,O,C(40R011,C (NOMC2) 
- 2~O COLUM H

00362 C
00363 ZA lu CONTINUE
00364 ~ML~ T 130
00365 GO TO 2fl NEAT COMMAND
0036A C
00367 C SIXTEENTH COMMAND
00368 C
00369 2500 TYPE 114 ASK FOR THRESHOLD—TO--ADO -
00370 AC EPT 20W.T4
00371 ,O TO 20
00372 ~
00373 C SE~ EP4TEENTP1 CCJIIKANC
00374 C

-
- 00375 2600 TYPE 115 ASIc FOR TH9~ SnOLQ—TO—RE,jECT

- - -~ - 00378 ACCEPT 2Ci4,T..
00377 GO TO ~000378 C
00379 C EIGNTEEN TM COr IMMesO
00380 C
00381 2100 Tf~~t lb ASK FOR CLASS s~ ,aEIGp’T
00322 ~CCr.- T  2u~~.t.o.00353 IF C I .Li. 0 .~ R. I .~~T. IsCL .OM .

- 003M4 1 J •L~ . U .o~~. 0 .~~T. ~4CL) 30 ‘U 2700
0038 9 IF (I .E- . ~.) G~ IC ?0S()
O03~6 ‘~0NL5 1 a ~~~~~~~~~~~~~~~~~~~~~~~~~~~

____ — 5 - - - 5 - ---~- - -~~~~~~-—--— --—--- 5-
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- 
- 00387 •vORU2 • (NCL—1)~~CJ— 1 .I—L.NuI—i•rlD 

- - - - 
00368 IF (1 .61. .) NOHD1aNORD1 .1

- 
- . -~: 

- 00389 IF (1 •LT. 0) NORO2 NOR02+1
- ,~~~~~~. 00390 C (’suRDl) a ~ 

- 0039 1 C (NORD21 a a
H- ~~ - ‘ 00352 RO TO 20

- 00393 C
-• 00394 C NINETEENTH COI4M8r~O

~~~~395 C
-~~~ - 00396 2800 TYPE 113 ASK FOR CLASS .5

•  -
- - 00397 ACC&T 203.1.0

00398 IF (I •LE. 0 .UR . I •GT. NCL .u~ .
00399 1 J .LE. 0 .OR. o .61. NCL) GO Is) 2800
00400 ‘IF CI .E(4. 0) GO IC 20,0
00401 I4OsuX a (NCL i)’~Cj—l ).J— 1.NUL—~ *rIO— 00402 IF U .GT. 0) sORUIaNORO1.1

-~ 00403 TYPE 138.C(~ OW~ 1 I TYPE •EIOHT F R  TRESE CLASSES
- 

- 00404 60 TO 20
00405 C

- 
- 

• 
00406 C TWENTIETH CCMM1vHu

H-. -
- 00407 C

00408 29u0 STOP ENU OF PROGRAM

~~~- :- - 00409 C
00410 C DISTANCE UPC4TI~-~ (ALL CU,4I~OI4ENTS)

- 00411 C DONE BY EVALUATI,’,G ALL ~~~~~~~~~ FORMS COMPLETELY
00412 C

- - 00413 3000 00 3103 I~~1.NCL—100414 00 3100 JaI.L,NCL
- 004 15 NORUL a
- 00416 C4QRu2 • CMCL—1 )~~(J—1).I—j.~.uI—L

- 00417 IF CI .61. — )  ~OMD1uN0RD1 .L

— 
00418 D (I .LT. 0) NUMD2aNORD~ .100419 C(~4QHD1) a j .

00~ 20 C (NUIID~ ) • G.
00421 C
00422 C 0131 IS INITIALIZED A T ZERu
00423 C
0042’ 00 3100 Nz1.~sCO00425 ØROIJ Z a 0.
00426 PM002 • 0.
00427 00 3050 La1.~,CQ
00428 11 • NC~~(I—L .,c’~~CC.L00425 12 a
00430 Li a P4C (1—I .i.

- - 00431 L2 • NC’(J— l) .L
• - • -~ 

- 00432 PROD I • PROD1.C (I1).(C (L1)—C (L~ 1)
•
~ 00433 P60u2 a PPOO2.C (I2)•(C (L1)—C (L.~’) ACC. ,~AMT. P’~UO.00434 3090 CONTIPIuE

00435 Li a
00436 L2 • NC’CJ—L).sc
00437 C (40M01) a C u R u 1 . r jD1e C (L~ )~~C L2’
0043d C (NURO2) a C ORD2).P~ OD2 C (L~ )—C t L2))
00439 C
00440 C aCCuMULATES ~APITIAL SUMS
0044 1 C

00442 3100 Co .SrINUE
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- 
~~

-. 00443 uO TO 20 NEAT C O M M A N D

- - - 

- -- - - -
~~~ 

- 
00444 C -

00445 C DISTANCE UPOATIN (I IS jNU~~A Or AuDED COMPONENT)
- 

~~~~~~~~~~~~~ 
00446 C DOs~. RY MOOII.G THE NErn COMPONE-sT’S CDNTRI~~JTION$ TO THE

— H- 00447 C PREvIOUS OISTANCES (AS FOUr-.U I-’ THE ARRAY 01ST)
~~~~~5-

- 00448 C
- 

- H-- -~~:~~ - 00449 4000 00 .100 Jal,NCL—1
- - ‘ -~~~~~~~~~

; 00450 00 4100 ,caJ .1,NCL
- 

- 
~~~ 00451 CALL TE (NCU,IRCL,’cC1,I,J,K,NOr (iJl,NO302.PROO1.PROU2)

- 
- IFTPdDIM LINE :o0-~S1 rOSSIBLE 00 INDEX MOOIFLCATi.VN LNSIUE LOOP —

- - - 
-H- 9FTP4DIM LIP,E:0Oi~~,L ?OSSIHLE 00 INDEX MOOIFLCUTIUPs l iSIDE LOOP

00452 11 a ~4C’tJ—1).1 
- 00453 12 a

H- . 00454 Li a NC (J—i).1 (NC3•1)
- 

• - 
- 

00455 L2 z NC~~CK— Is .~~~(NCC.1)00456 C(~1OMD1) •C(~s0 1)~~(C (I1)—C (I~~i)’(PRCa01.C (L1)~
- -~ H-• 00457 i (C(11)—C (12))I

-~•~~- - ~ .. 00458 • C( .~ORO2) a C (NURO2).(C (IL)—CCt~~
) )
~~(PROO2.C(L2)~

~~~~~~~~~~~~~~~~~~ 00459 L ( C (I 1)— C ( I2 )) )

~~~~~~ ~~~~~~ 00460 .100 CONTINUE

~~~~~~~ 00461 GO 10 20 NEAT COMi-sANO
~ ~~~~ 00462 C

00463 C DISTANCE IJPCAT1NG (I IS INs~EA D~ ~ILLETED CUMPONtNT)
~~~~ 00464 C DONE BY SURTRALTINC THE KE5jECT~ IJ COMPONENT’S C0NTMI~ UTION

~~~~~ 00465 C FRCJ 4 THE PREVIOUS CISTAN~ tS C A S  FOUND iN A RRAY 01ST)
::-~~~~- : -  00466 C
--~ •~~~H- 00461 5000 00 ~100. 0Z1.NCL 1

00468 -30 5100 IcaJ.1.PICL
- :- - ~~ - 00469 CALL IEMP(NCO,NCL. I,1,J,Ic,NOMIJ1,I uI.102,.’MO01,Pk002)

- - - 

- 
- SFTNO!M LINE:o0.69 I~OSSIdLE 00 INU~~

( MOOIFICMTLUN INSIDE LOOP
• 

- tFTNOIM LIME :0dA~ 9 POSSIbLE 00 t- ”OE % ;iO-jIFICATiOM INSIUE LOOP
- H-- , 00470 11 a

- 
H- 00471 12 a

• - . 00472 Li S PIC*(J—1).Z*(NCO.t)
- 

00473 L • NC•(K—LI .1 (PsCC.1)
- 00474 C(.4UwOi~ ‘C (NUPDL)— (C (I1)—C (Ic))•(PROD1.C(L1)’

- 
- 00475 1(cczl)—c (:’)))

-: - 00476 C(10w02) •CC.sURu2 )— (CCIj)—C (Ig) (PI1OO2eC(L~ )•
H- - - 00477 L(CtII)—C (12W

- •  - 
- 

- - 00475 5100 CONTINUE
- 

- 
- - 00479 GO TO 20 NEXT COMMAND

- 00440 C
• - 

- 

- 
- - 00421 C

- - 
•~ 

- -: 
~~- ;  004e2 C FORMAT OLOCIC

— 00443 C
- • H-’-~ :‘~ 00484 11 0 FORMAT (T10. ’T? PE IN THE • UP IriE COMP . ru 8E As)LI~O : ‘.5)

00485 LII FOR MAT (ll3. ’IY~ E LI TrtF. • uF 1N2. COØP. TO BE oEL~ TED
- - - 00486 112 FORMAT (TL3.’TY~t IP~ CLASS a : ‘,S)

00427 113 FURaiT CTiU, ’Tt~ t IP, soTi CLA S3 WUMiEMS . ~&• bY A COMMA :
00488 11, FUMI4AT CT10. ’T~~ E IP. THQESOLu Iu—~QO00429 115 F0~ Ma T (T I Q . ’T Y ~ E I~s TM~~ SMoLD Isj a~ oEC T : ‘.11
00490 116 fO-~~~T CT1 ’i .’T1~ E I~ a~ 7r. CLAS~ ~~ a ~tIs~riT. SEP.
00491 1 ~ Y A COMM . : ‘sI)
00492 ‘
00493 120 UIIMAT (Tl4.’Tp~E SEL~~ 1E-..a c~ -~°. is .‘.Ij,’. RITP’ A
00494 1 CUNTR . OF •.EL1.’,./)

- - --5-- ----~~ 
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00495 121 FOMMAT (T10. ’TiiE REJECTED CORP. IS a’,13,’, dRICJI lAO A
• - 00496 1 CQNTR. OF ‘.Eli.k./)

- 
:- - -• 00497 122 FO4,~AT (T1O.’T~iE DISTANCES bElacEr-s CLASS ’,13,’ ANU CLASS’
- 00498 1.13.’ AM E  :‘,/,T10,’—REL. TO CLASS’,13,’ ‘,E11.a,/.
- 

~~~~~~~~~ 00499 2T10,’——IIEL. TO CLASS ’,IJ,’ : ‘‘E11.4./.T10,-

• - - 00500 3’——HARMONIC MEAN SCUARE : ‘.Ebi.4./)
- , -

- 
00501 123 FORMAT (T10. ’CL.ASS WS MUST ~E o~FFERENT 1 , / )

00902 124 FORMAT (T10, ’Tpi E FOLLOWI NG CUMI~tINENTS ARE SELECTED :‘- 
00503 125 FORMAT (/.iU(3A.~ 4.0)

- - 00504 126 FORMAT (T10. ’TMt PRESENT STATUS 15 :‘,/,T~ 0,
00505 1’——NUMBER OF SELECTEO COMMOPsE -

~IS :‘,14,,,T10,- . 00506 2’~~~*VEMAGE INTEr~CLASS DISTAIsCE : ‘,E11.4,/.T10,
00507 3’ aIIM A ST*NuA~ C 3EV. OF :
00508 ~‘ —T HE MINIMUM nMS DISTANCE 1-~ : ‘,E11.4./.T10.

- 
• 0050R 5’ dE1ac~EN CLASSES’.I3.’ ar~O’,Ij,/,Tl 0,

00510 o’ —TME Tl-si.ESMULD—TO—AU0 IS :
- 00511 7’ ThE THr~~SrIuL0—TC—~ EJECT IS :

• 
:-~~~ -~ 00512 127 FORMAT (Ti0. ’T~iE SELECTEIJ CO,a-PU,4ENTS ARE :‘j

00513 122 FORM*T (/,T10. ’TrIE INTEPCLASS uASTAs4C~ 5 ARE :‘.//.T10.
- H-: - -

~~
-

~~~ 00514 12 ,FDOM : T0~ DISTANCE : wEi,,HT:

~ H- 00515 124 FOMMAT (aX.I3,3X.j3,2X.El1. l~,2s,Fb.3,3X,5)
• 

- 
- - 

•~~ ~~~~~~~~ 00S1~ 130 FORM A T ( I I )
- 

- 
- - - 00517 131 FQH,aAT (/,T7.S)

00518 132 FORMAT C/,T1v,~~TiI5 COMPON~NT Is ALREA DY SELECTED ‘,/)

- 
- -

~ 00519 133 FORMAT (/,T10. ’T~lIS COM PONENT IS ALREADY WEJECTEt) ‘.1)
- - — -  00520 134 FORMAT /,T1O,IEMRCR ALL CUMP O,sE,sTS ALIItAUY SELECTED

- - -- - - 00521 1 ‘.1)
- - 

- 00522 135 FOrsMAT (/ . T t . 3.’EisRCR : ALL Cu4’~vNE.lTS ALM~ ADY RE.0~.CTED- H- 00523 1 ‘,/)

- 
0052’ 136 F ORM A T  (/,T10.’CQNTPIS. ~~E LOW  Tr’PESHOLU—TO—AOO ‘.1)

:- - - 00525 137 FONMAT (/,T1O, ’CONTAIB . ~~~uVE 1MMESHOLD—TtJ—PEJECT I ..’)

H- 00526 136 FORMAT (/,Tiu, ’TME AEIGM T IS : ‘,Fb.3,/) -

00527 C
- 00 528 203 FOMMAT (21)

00529 204 FORMAT (F10.S)
00530 203 FORMAT (~~I,F~~.j)
00531 C
00532 C ENu OF FOrsMAT ~L0CK

• - 00533 C aND EN,J OP PMOUPut-~
00534 EN’)

- 

COMMON BLOCKS

- 
- - 

/.COMP’./ .110343)
- .

- C .0 PlO •lI OZiu

SUBPROGR AM S CA LLED

MIN SORT. P-SAX u.’DaTl UPUIIT2 TEMM
PACK P A R A M  

~~~~~~~ - - - - - - - ~~ - - ~~ ~~~~~~~-~~~~~~~-- - -~~~~-~~~~-—- -
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- -: 
- 

SCALARS AND ARRAYS “ NO ~APL1CIT DEFINIT1O.~ — S~ %U NGT REFERENCED

:~  •10013 1 .S0020 2 .10012 .10011 4 ‘MCD 5 
•N0PO~ 6 .10010 7 ‘SO 10 11 ‘MOE 12

- 
.- -

~~ 
- :-:~~- . .50037 13 ‘MS 14 .s0038 15 .S0035 lo .SO03~ 17

.S0033 20 .S0032 21 ‘1 22 .50031 2a ‘MDI 24- :  
H- ~~

- . .50030 2! •NCL go ‘1— 27 ‘T4 30 ‘-sCE 31
- - 

- 

H - -  •50040 32 Nfl5 33 ‘MS 34 ‘NCM JB J 38
- - - .S0007 37 .50006 40 .50005 ~l 0 42 ‘-S 8 112

- •50004 113 .50003 114 .30002 u s  .s0001 116 .S0000 117
-

- ~ ‘L2 120 •I2 121 ‘A~ER 124 .50017 123 .S0016 124
- -‘ 

— : .50015 125 .Iu007 126 .50014 127 Piu 130 .10008 131
- .50013 132 .10005 133 .50012 13. •PK002 135 •I0Ou. 1~ 6- .50011 137 •Li 140 .10003 141 .30010 1.2 L 143

.10002 144 ‘11 1*~ .10001 I’.~ ‘NOKu2 147 ‘w T

.10000 151 ‘1 152 VW IN 15~ •~~QQg7 1~ 4 .sOOZb 1s5
- - .S0025 156 ‘NC 157 .10017 L~~o .30024 161 .IOOlo 182

- - H- .50023 163 .10015 164 .50022 1a~ ‘MMDCI 1o6 .I00i~ 167
50021 170 •CD -~TR 171

~ TEMPORARIES

•00000 1050 .3u001 1051 -

H- 
- 

- - 
- 

~FTNURN SELEC3 NO FATAL ERRORS AND 10 SMRNINGS

‘—- ---5---— — — ----.~~~
——-- - ——-- - - - - --- - - ----— - - -- — ------- - -—-— - -—-- 5-- — - ---

~~
- - - - --- - - - - - - — 5 - —
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- 00001 C
00002 C
00003 C

- 00004 SU~M0UTINE V (I,NCO.NOE,Nu)
- - 

- -  - - 
- 

H- 00005 ~ARMMETER NCL.~$3a 20.Nc3MRaV1,NQ1MaJ7O00
- :  - 

- H- 
-~~ 

00006 CO 4MUN C (1:NDIM)
- 

-
~~~~ 00007 COMMON INDC1 NLOMP)

- - - - -:-~~~~~ 0000~ WEAL C
E :  00009 INIEGER IRC

- 
- - 00010 1 • 0

- - 00011 VMAA a
-

- 00012 00 10 Jz1.NCQ
00013 IF (INu (~~) .-~E. 0) GO TO lo ONLY UNScL. CORP.
00014 ~ •
00015 IF (VM ~~A .Dt . (‘c)) GO TO 13 TEST FOR Mf,~~•
000i~ 1 2 J

- - - 00017 VMAA a C (~~) FOUND A LARG ER
- 0001M 10 CONTINUE

- 

~‘- H-~~ 00019 -

- - • 00020 EN’)

COMMO N 8LOCKS

~~~~~~~~ 
/.C0MM ./C.11u3~ 3)

— 
-- 

C •0 triO •11021u

- SU5~ ROGRAM5 CALLEU

- SCALARS ANC A PMMYS “ riO EAM L1CLT OEF I~.IT1O1 — ‘•%“ CT REFERENCED

‘NCO 1 ‘NUE ~ •VM A X 3 ‘Ic 4 ~J S
.50000 8 ‘MD 7 ‘1 10

TEMPORARIES

- MAX NC ER-sOPS DETECTEC

_ _ _ _  
14a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — —5---—-— — — --—5-—- —5--
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- . 00001 C
- ~r -  - - 00002 C

- 00003 C
oooo~ SU~PIOUTII’E -‘IN (I,Ncc,NDE,N-u)

- - - ~-~~~: 
00005 PARAMETE -s NCL455s20.NCOMP:..i,NUL4a47000

- H-~~ 
00006 COMMON C (1:MOIM )
00007 COMMoN IIiDC1 :P-sCOMP
00008 REAL C

- 
- 00009 INTEGER INO

00010 1 z 0
- 00011 VM IrI a

00012 DO 10 J 1.i’.CO
00013 IF (IP-’O (J) .EU. 0) GO TO LU ONLY SEL. COMM .

- 00014 Ic =
00015 IF vMIN •LE. C K H  GO iu i~ TEST FOR ‘l IP-I.

- 00018 I • .1
00017 VM !M a C(~

() FOUND A LARGER
- - 00018 10 CONTINUE
T:. 00019 RETURN
H- 00020 ENO -

- H-- : -  COMMON SLOCKS

- 
- 

/.COMM./(.11O343)
T 

- 
C .0 IllU •11321u

• - - - SUBPROGRAMS CALLED -

- SCALARS ANC ,.PRuYS “‘ NO EXPLICIT DEFII41T13-. — “~~~“ Nd REFERENCED

- ‘MCO I ‘MOE ~ ‘K J •J 4 .S0000 5
‘NO 8 ‘1 7 •V~~I J lv

TEMPORARIES

MIN NO ~RRCsRS DETECTED

- - - 5 - 5  - 5-- -— 5 - - — - -- --- 5--- -----5-—-- - r n -- -_ _
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00001 C 

~~~~~
-  00002 C

-H - - H - - ~~ 00003 C
- ~ - : 00004 SU~MOUTINE PARAM (NCO,NCL,Nu,NOLP-NOE,NS8,VMIN,4v~ R,SO,L,M)-

~~~ 
- : -~~ - - - 

00005 PARAMETER NCLASSa2O,NCOMP=~~j ,tiJiM 3700U
- H- -    00006 COM M O N  C (1:riOIM)

- -:H- H 00007 COMMON INO(1;NCOMP)
- - 

- 
- - -~~

-
~~

-. 00008 REAL C
- -  0’1u09 1NTES3E~ INC 

000 10 C -

- ~  
000 11 C Th IS ROUTINE WILL COUNT TilE ~iUMoER OF SEL. COMMON. 
00012 C ARC COMPUTE TilE AV ERAGE INTEMCLMSS DISTANCE, ITS 

-H 00013 C STANDARD DEVIAT ION AND ITS MINIMUM PART.
•  00014 C

- - - 

~~~ 00015 NSd a 0
- 

- - - -  00016 00 10 Ka1,NCO
—   00011 IF (INO (K) .NE. Oh NS8=NS~ .1

- -   000 18 10 CONTINUE 
00019 - AVER a 0.

~~~~~~ ‘~~~~~~
- -. 00020 L a 1

00021 N a 2
- 

-‘ 00022 ~i4tri a 1.E2o
— -_ C 00023 00 20 KZNOI,NOE

- •-i ~ 00024 AVER • AVER .C(K)/NQ
00025 J a (‘1—NO ! 

-- - :  00026 I a (J—1)/(NCL—1)’1 -

- . 00027 4 a J—(NCL—l ’( I— l
-  00028 IF (4 •Gt. I) 424.j - 

-
~~~ 

00029 N0H02 a (NCL—1)’(J—I).I—l.NDt—i 
- - H- ,-T 00030 IF (4 .GT. I) NORO2aNOROZ.j  

00031 $MS a 0.
- 

- - : 00032 IF (C(K) .EQ. 0. .4P40. C (NORU2) .EQ. 0.) G~ ro is
00033 lIMS a 4.’C(K)’C (NORO2)/((SQRT (C (K))’SQRT (C (NORO2)))”2) 
00034 15 IF (VMIN .LE. PINS) GO TO 20
00035 VMIN a PINS 
00036 L a !
00037 M * J
00038 20 CONTINUE
00039 SD a 0.
00040 00 30 IaNOC,NUE

•  00041 30 SD a SD’((C(j)—AVER)”2)/Ni.i 
00042 50 a SURT ( 5O)
00043 RETURN

- 00044 END

- 5 - ;  

- 

- COMMON BLOCKS
- :  -- - 

- - /.CONM ./(’110343)
- 

C ‘0 INU ‘110210

- SUBPROGRAMS CALLED

SORT.

- 
_
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ‘ S — ——-———--
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FROM OO1~Y FURNL~1iHL) TO L~~ -

176

- 

- PARIM SELEC3.FOR FORTRA 4 v .3(cLS) 1K! 27 10L 77 20:09 PAGE 1—1

SCALARS AND ARRAYS “ NO EXMLLCXT DEFINITLOi — “%“ NOT REFERENCED

- H- - 
- - ~NCO 1 ‘SO 2 •NOE 3 ‘K 4 ‘NOl s

- : - 
•NCL 6 ‘PINS - 7 •N 10 ~4 11 •NS8 12

- -
- - .80002 13 .S0001 14 .50000 15 ‘AVE R to ‘NO 17

20 NOPID2 21 22 ‘VMIN 23
-
- - TEMPORARIES 

-

- - .aOOlô 24 .00000 25 .00001 28
- 

-- - 
-

~ PARAM P.O ERRORS DETECTED

- -

- -._ & • - _

5
’

5~~

____  4-- - -5--— -- -  
- 

- - - — _—e- - _-- -_ t .  — - - --- - - - - - - - -5- - -  --

IL 
-- -5 -_-- --- -- ---- —~~~~~~~~~~
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- - FROM COPY FURNISHED TO DDC

177

MAIN. SELEC3.FOR FORTRAN v.5(515 /K! 27—JUL—77 20:09 PAGE 1

00001 C
- - 

- 00002 C
- 00003 C

- -- -‘- 00004 SUBROUTINE UP0AT2(NCO,NQI,l,DE,.~...,NCL,K,L,wT )
H-- 

~~ H-- -. - -  00005 PARAMETER NCLA5Sa20,NCDMMa’~1,NJLMa37OUO
00006 COMMON C (1:N0Ih

- ‘- ‘H-H--~ 
00007 COMMON IND (1:NCOMP

- - - :- -: ~ - 00008 NEAL C
-T

~~ - : - -:. 00009 INTEGER [RD
- -

- 
- H- H-. — 00010 C

- - - H - -  - 00011 C THIS ROUTINE MILL COM~UTE ThE ~UNTN I9UT!ON OF SELECTED
- 

- 

- 
- 

- 00012 C COMPONENTS, ONE STE O AT A TIRE (ADDING ONE CONTRIdUTION
- - 00013 C EVERY TIME IT ’S CALLED )

- 00014 C
000 15 MC a NCO’(NCO’ lJ

- 00016 NORD a (NCL—l)’(K—1).L—l.NO1—l’~ t)
00017 IF (K .GT. L) NORO NORD.1

• 00018 ~ T a WT’2.’C(NURO
- - - . 00019 00 100 Ia1,NCO

- 
- H- -  00020 IF (!NO(1) .E0. 0) GO TO 100 ONLY SEL. COMP.

- - 

• 00021 PROD a 0.
- : -  00022 00 50 J’1,NC3

~H-
’-
~
:H-- 00023 IF (4 .EQ. I) GO TC SO

-
- - - 

~~~~~- :-.L 00024 IF IINO(J) .EQ. 0) GO TO 50 USE ONLY SEL. COMP.
~~

‘
~~~~ --.-y~ ’ 00025 41 a

H- — ~~ - 00026 32 a NC’(L—I ).J
- -.- :-.-~~~ 00027 Il a

-:~! 00026 12 a NC’(L—l) .I’NCO.J
-H- 00029 PROD — PNOD’2’(C(,J[)—C(42))•(C(jl)’C(12))

00030 50 CONTINUE
- - 

- 00031 41 ~ MC’(K—L).I
- 

- - - 000 32 .32 a NC’ ( L—j ) . [
00033 11 a NC’(K—t)4L’(NCO.[)
00034 12 a
00035 N a NOE.N0’[
00036 C (M) a C(M) .C (NORO)’(C (41)—C(J4) )‘(PROO’(C([1).C(12))’
00037 1(C(J1)—C(J2)))
00038 100 CONTINUE
00039 RETURN -

00040 ENI)

COMMON BLOCKS
- /.COMN./C’110343)

- C ‘0 INO •11021u

- 
- 

-- SUBPROGRAMS CALLED

---- —5 - _ - _ _ -- --_-•,- --~~~~~- - - _ _ _ _

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _  
_ _
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ThIS PAGE IS BEST QUALITY PRLCTICA3L~
FROM OOPX FURMISHED TO DDC .

5.
, 

178

UPOAT2 SELEC3.FOR FORTRAN V . 5 T 5 1 5)  /1( 1 27—JUL—77 20:09 PAGE 1—1

- - SCALARS AND ARRAYS “• NO EXMLICIT 0EFINLT1O,~. — •‘~~~“ NOT REFERENCW

- - ~~:— - ‘~CO 1 ‘MOE 2 ‘K 3 ‘MDI 4 ‘NCL ~- 
~ ‘PROD 6 ‘MO NO 7 •JZ 10 •M 11 J1 12

- H - -  ‘4 13 .S0001 14 .50000 15 18 ‘ND 1~120 ‘11 21 ‘1 22 ‘MT 23 ‘NC 24

- — 
-

- - 
TEMPORARIES

- - -- UPOAT2 NO ERRORS DETECTED 

_ 5 _ _ 5 -

_ 

—~~~~~-- - - -5~~~~~~—~~~~~~~~~~ - — —~~~~~ - -——
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M A I N .  SELEC3.FOR F OR TRAN  v.5 515) /K! 27—JUL—77 20:09 PAGE 1

- 

- 

- 
00001 C

- - : -  - - - - 00002 C
-

- 
- - 00003 C

-~~~~ 00004 SUBROUTINE UPOAT1(NCO,NOI,NOE,RD,NCL .K,L,WT)
‘
~

- ‘ -‘
~~ 

- 00005 PARAMETER NCLASSa2O,NCUMMaVI,N01M 37000
- 00006 COMMON C 1:NUIM)
- 
00007 COMMON INO(1:NCOMP )

- - - - -H-~~- ; -  H - -  - 00008 REAL C -

- 
- 

-~- 
- 00009 INTEGER INO

- 
--  - 00010 C

- 00011 C THIS ROUTINE WILL COMPUTE ThE CUNTRIdUTION OF UN~ELECTEO
00012 C COMPONENTS. ONE. STEP AT A TIRE (ADDING ONE CONTRL~ uT~ ON
00013 C EVERY TIME IT’S CALLED)

- 00014 C
- 00015 NC a NCO’ (NCO’I)
U016 NOMO a
00017 IF (K .GT. L) NORO NORO .L
00018 wT a WT.2.’C(NORO)

- - - - - 00019 00 100 Izt.NCO
-
- 

- 
- 00020 IF (IND(!) .ME. O GO TO 100 ONLY UNSEL. COMP.

— - ; 00021 PROD a 0.
-
~~~~~~

- - - 00022 00 50 J.1,NCO

- H-~~~- 00023 IF (INO(J) .EQ. 0) GO TO 50 USE ONLY SEL. COMM . 
- - -- 00024 .31 a NC’( K—1) ’4

- 00025 42 a 
- 00026 Ii a

- 
- -  00027 12 — NC’ L—l)’I’NCC.J

- - 00028 - PRO0 a PROD,2.(C(JL)~~c(J2)).(C (L1).C (12))- 
00029 50 CONTINUE
00030 .31 —
00031 .32 a NC’(L—l)’[
00032 Ii a NC’(K— [)’l’ (pdCQ.l)
00033 12 • P4C’(L—1)•I.(NCO.l)
00034 il a NDE’NO.L
00035 C (N) a C(M).C(N0R0 ’(C (Jl)—C (J~ ))’PROO. C (I1 .C (L2) •
00036
00037 100 CONTINUE
00038 RETURN
00039 END -

I COMMON BLOC KS

/.COMM./(.110343)
C ‘0 INO ‘110210

SUBPROGR AMS CALLED

SCALARS AN D ARRAYS “ NO LAMLICIT OEPINLTIOsI — “%“ NOT REFERENCED

•NCO 1 ‘ND~. 2 ‘K .3 ‘P40 1 4 ‘NCL 5
‘PROD 6 ‘NORO 7 ‘42 10 ‘N 11 ‘JI 12

—5—-—- -

-—5-- - -5--—-_——-- -5
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- 

- UPOATI SELEC3.FOR FORTRAN v.5(5)5) 1K! ~T—JuL—7T 20:09 PAGE 1—1

- 
- 

- .- ‘4 13 .50001 14 

- 

.50000 15 ‘12 16 ‘NO 17
- -• 

~
‘ -- ‘t. 20 ‘11 21 ‘1 22 ‘MT 23 ‘NC 24

- - - 
-

- 
TEMPORARIES 

-

-  

- 

- 
-

- 

-
~ UPOAT 1 NO ERRORS DETECTED

I~ - — 
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- 

MAIN. SELEC3.FOR FORTRAN V.5(515) /K! 27—JUL—77 20:09 PAGE 1

- 00001 C
- 

- - 

- - 
-~~ 00002 C

- - : 
- 00003 C

00004 SUBROUTINE PACK (NCO .NCE,tiDE,s’1Q,.J)
-~~~ - - - 00005 PARAMETER NCLASSa2O,NCOMP29I,N.jIMa37000

- 
•
~~~~~.

- 00006 COMMON CU :NOLM) 

~~ 0000? COMMON INO(1:NCOMP ) 
-
~~~~~~ 

-: 00008 REAL C
- - ‘H- 00009 INTEGER INO

- -
~ 00010 C

00011 C THIS ROUTINE WILL ‘COMPACTIFY’ r.-,E ARRAY CONT, I.E.
00012 C WILL JUSTIFY IT TO THE BEGINNING
00013 C
00014 00 5 1 N0E.N0’I,NCE
00015 5 CII) a 0.

- 00016 .1 a 0
- 00017 00 10 Ial,NCO

00018 IF (XND (I) .EQ. 0) GO TO 10 SKIP UPISEL. COMP.
- - 00019 .3 — .3+1

- -~ ~~~~ 00020 K a NOE’N0.4
- - - 00021 C(K) — £

- 00022 10 CONTINUE
- 

~~
- 00023 RETUR N

- 
00024 END

- 

COMMON BLOCKS
- 

- 

~ - /.COMM./(’110343) 
-

- C .0 1140 ‘110210

SUBPROGR AMS CALLED

SCALARS AND ARRAYS “ “  NO EAPLICIT DEFINITIOiI — “S” NOT REFERENI )

‘MCD 1 ‘MOE 2 ‘K 3 - ‘NCE 4 ‘4 $
.S0001 6 .50000 7 ‘NO 10 .10000 11 I 12

TEMPORARIES

PACK NO (PROPS DETECTED

— — - — — - - 
5- -; ;
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MAIN. SELEC3.FOR FORTRAN V.5(515) /K! 27—JUL—77 20:09 PAGE 1

- 

- 
-
~ 

-
- 00001 C

- - - - —.-: - 
- 00002 C

- -:-~~ :- - 
- 000 03 C

-H -_J~~~.:- 00004 SU~ROUTINE TEMP (NCO,NCL,NOL,I,.J.Ic,NORO1,NORQ2,PNOD1,pp002)H-- _.~-H-H-. 00005 PARAMETER NCLASS 2O,NCOMP 91,NULMa37000
~~~‘-~~~ 00006 COMMON Cli NOIM)

- 
~ : 

~~ H 
00007 COMMON INO (1:NCONP ) 

- Z ~~~:~~ 00008 REAL C
- 
: - ;  -~~~ -

‘ 00009 INTEGER INO
- - H 00010 C

-- . - 
- - :  00011 C THIS ROUTINE r,- L-~S iITr$ TH~ COMMUTATION DF COMPUNtNTS- 

- -
~~~~ ---  00012 C CONTRIBUTIONS

- -  00013 C
— 

- 
- -  00014 MC a NCO’(NCO.l)

- -~~  00015 NOROI a
- 

— H -H -- H 00016 NORD2 a (NCL—1)’(K—1).J—1.N(~j—J.
- 

- - 
~~~~ 00017 IF (4 .GT. K) N0.4Q1—PIORO1’1

- - 
-
- - 

- : 00018 IF 14 .LT. K) M0R02—’40H02.1 
00019 - PRODI a o.

- 
- 

- 
.:- ~~~ 00020 PROO2 a 0.

H- .-;~~~~~)~~
-
~ 00021 00 10 L*t.NCO -

—~~~ rY 00022 IF (INO(L) .EQ. 0) GO TO 10 ONLY SEL. COMP.
- 00023 If IL .EQ. 1) GO TO 10 SKIP THIS INOEX

- - ~~
- - 00024 11 a NC’(J—1)’L

— - 00025 12 — NC’ (K—l)’L
- - - . - 00026 41 a NC’(J—L).I’NCO.L

- 
- 

-
~ 00021 12 — NC’(K—l).I’NCO.L.

-
- 00028 - PROO1 a PROO1’2’IC(t1)—C (I~~))’C(J1)

- 
: •0029 PROU2 a PROO2’2’(C (It)—C(IZ))’C (42)

- 

- 00030 10 CONTINUE
00031 RETURN
00032 ENO

COMMON BLOCKS

/ . C O M N . / ( . 1 10 3 4 3)
- C ‘0 INO .110210 

-

- 
SUBPROGRAMS CALLED

- 
- - 

S CALARS A N D  A R R A Y S  “ NO E~PL1CIT DEFINITION — “i” NOT REFERENCED

H-H- 
- ‘MCD 1 --- ‘NOROl-- 2 ‘K 3 ‘NO! 4 ‘NCL S

‘42 6 ‘41 7 ‘4 10 - — .5-0000 11 ‘1.2 12- ‘PROO2 13 ‘1 14 ‘11 15 •NOROZ 16 ‘1 11
‘NC 20 ‘PROOl 21

_ _ _ _ _  _ _ _ _  --- ----------—-~~~~~-~~~~~~ - - -~~~~~~~ -~~~~~~~~~
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- TEMP SELEC3.FOR FORTRAN V. 5(5 15)  1K! 27—JUL—77 20:09 PAGE J~— 1

- 

- 
~~~ TEMPORARIES 

-

- 
- - ~~~ TEMP NO ERRORS OETECTED

• -

- - -.

-~.w-- -

- ;‘ :

~~ - ___
,

_ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - ---5-- - ;— ----5--- - - ----- —-5— - - —-5- - - - --- — — - -- —----- -— 5-- - ——-- ---5_---—--5------•--5-’- ---—------- - — -~~~
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SAMPLE PROGRAM PRINTOUT 
-

(Th THE PROBLEM USED IS THE RADAR RETURN CLASSIFICATION PROBLEM,
- I.E.. 8 CLASSES. 33 INITIAL MEASUREMENTS. THE CLASSES ARE NUMBERED

-
- 

FROM 1 TO B AS FOLLOWS *
- 

H- 1. — CSA ‘GALAXY ’
-
. - --

~ 2 Af4’ 22
H - -  3—8737

4 — TU—22
- 

H - - . S — — FB1I1A
— - - 6 — MIG—iS

- - 
- 7 — A4M ‘SKYHAWK ’

B —— (416—21
THE FIRST TWO PAGES ARE A PRINTOUT OP THE PROGRAM SEL EC2.FOR

USED TO OBTAIN A FEATURE ORDERING. WEIGHTS LARGER THAN ONE WERE
ASSIGNED TO THE DISTANCES BETWEEN PAIRED AIRCRAFT, AS SHOWN IN THE
STATUS PRINTOUT.

- - ThE NEXT 16 PAGES ARE TWO PRINTOUTS OF TH( PROGRAM CLASSI.FOR
- - I.E., CLASSIFICATION RESULTS. THE FIRST B PAGES SHOW THE RESULTS

- 
- 

- 
-~ 

OBTAINED WITH THE FIRST 24 COMPONENTS AS LISTED- ABOVE, WHILE THE NEXT
H-- $ PAGES SHOW ThE RESULTS OBTAINED WITH ALL COMPONENTS.

H--: ‘ THE CLASSIFICATION RESULTS ARE SHOWN CLASS PER CLASS, THE COLUMNS
- ‘H- 

-
- 

- LISTING THE DISTANCES FROM ONE SAMPLE IN THE CLASS TO ALL CLASSES; THE
NUMBER IN THE FIRST COLUMN IS THE CLASSIFICATION, I.E., THE NUMBER

- - OF THE CLASS TO WHICH THE PATTERN Of THIS LINE IS ASSIGNED.

_ _ _  _  --- 
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................ .. ... ••••• .....•..• .........• ,, •....... ,.. .. ....•.. ....

THE SELECTED COMP. IS * 25, WITH A CONTR . OF 0.L1ZSE.07

THE SELECTED COMP. IS I 12’ WITH A CONTR . OF 0.LSZSE’08

THE SELECTED C3~P. IS I 3, WITH A CONTM. OF O.6236E.08

THE SELECTED COMP. IS 8 19. W ITH A CONTR. OF 0.2170E’08

T4E SELECTED COMA . IS 8 $, WITH A CONTR. OF 0.4155E’Q$

THE SELECTED COMP. Is I I. WITH A COP4TR. Of O.8343E’O$

THE SELECTED COMP. ~$ 0 ~3. W ITH A CONTR. OF 0.1864E’08

THE SELECTED COMM. IS • 10. W ITH A CONTR. Of 0.7905E’05

THE SELECTED COMP. IS I 21. WITH A COI4TR. OF O.7917E’Oa

THE SELECTED COMP . IS • 33. W ITH A CONTR . OF 0.1835E.08

THE SELECTED COMM. IS s 25. WITH A CONTR. OF 0.1061E’08

THE SELECTED COMM. IS • 4. WITH £ COP4TR. OF 0,3463E ’08

THE SELECTED COMM. IS 0 15. W ITh A CONTR. OF O.l3iBE’Oa

THE SELECTED COMM. IS ‘ 30, WITH A CONTR. Of 0.6060C’08

THE SELECTED COMP. IS 8 13, WITH £ CONTR. OF O.4205E.08

THE SELECTED COMP. IS S 28. WITH A COP4TR. OF 0.4050E’O$

THE SELECTED COMM. IS 0 6. WITH A CONTR. OF 0.22B$E’08

THE SELECTED COMP. U 0 31, WITH A COP~TR. OF 0.1SQSE•O8

THE SELECTED COMM. IS * 16. WITH -A COP4TR. OF 0.ZOBOE’09

THE SELECTED COMM. I! I 22. WITH A COP4TR. OF 0.1846E’13

THE SELECTED COMM. IS 4 11. W ITH £ CONTR . OF 0.4105E’09

THE SELECTED COP P. IS I 1$. WITH A CONTR , OF 0.2616E~ O9

THE SELECTED COMP, IS I 5. W ITH A COP4TR. OF 0.3SSaE’o9

THE SELECTED CO*1P. IS I 7, W ITH A CONTR. OF 0.9961E’Q$

THf SELECTED COMM . IS 0 29, WITH A CONTR . Of 0.1333E’09

THE SELECTED COMP. IS 0 24. WITH A COP4TR. OF 0.2’$6E.09

THE SELECTED COMM. IS 5 14, WITH A CONTR . OF 0.521$E’09

THE SELECTED COMM. IS • 27. W ITH A COPiTR . Of 0.4455E’O9

THE SELECTED COMM. IS a ~7, WITH A CQNTW . Of 0.9215(’09

THE SELECTED COMM. IS I 32. WITH A CONTR . OF 0.6931t’09

THE SELECTED COMM . 15 0 20. WITH A CONTR . OF 0.5235C.O9

THE SELECTED COMM. IS 0 9’ WITH A CONTR . OF 0.3439E•10

THE SELECTED COMM . IS I 2. W ITH A CONTR . OF 0.3333E.09

— --5— -—- - —--- - - — —— — 5 -—  - - - — - -- -— -~~~~~~~~~~—-- --- — - - - - —— -
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THE PDESENT STATUS IS
—N*JMSER OF SELECTED COMPONENTS : 33
—aVERAGE INTERCLASS DISTANCE : 0.9995E’ll

W I T H A STANOARO 0EV . OF : O.6lSdE.IZ
—THE MINIMUM H$S DISTANCE IS : 0.425’E.02
BETWEEN CLASSES 3 AND S

——THE THRES$OL,O—TO—*OD IS : 0.0000E.OO
THE T4-4PESi4OLO—TO—RE.JECT tS : 0.000OF~.0O

THE SELECTED COMMONFNTS ARE

1. 2. 3. 4. 5. 6. 7. B. 9. 10.
11. 12. 13. 1’. 15. 16. 17. 18. 19. 20.
21. 22. 23. 24. 25. 26. 27. 28. 29. 30.
31. 32. 33.

THE INT EPCLASS DISTANCES ARE :

FRCM: TO: DISTANCE: WEIG HT: FROM: TO: DISTANCE : W EIG HT :

1 2 0.1165E’03 10.000 1 3 0.1358E’03 1.000
1 4 0.9441E.02 1.000 1 5 0.14$1E’03 1.000
1 6 0.1618E.03 1.000 1 7 0.1336E.03 1.000
1 B 0.1887E.03 1.000 2 ). 0.SISSE.05 10.000
2 3 0.2101E.03 1.000 2 4 O.4084E’03 1.000
2 5 0.2726E.03 1.000 2 6 0.3152E’03 1.000
2 7 0.3894E.03 1.000 2 B 0.3976E.03 1.000
3 1 O.1380E.09 1.000 3 2 0.1395E’07 1.000
3 4 o.2789E.o7 20.000 3 5 0.1154E.02 1.000
3 6 0.9180E.02 1.000 3 7 0.3619E.03 1.000
3 8 0.4524E.03 1.000 1 0.3395E’OS 1.000
4 2 0,1160E.O4 1.000 3 0.1114E.03 20.000
4 5 0.1864E.02 1.000 ~ 6 0.1586E’03 1.000
4 7 0.5982E.03 1.000 • B 0.7189E.03 1.000

1 0.2312E.1O 1.000 S 2 0.1454E’OR 1.000
5 3 0.6629E—O4 1.000 S ‘ 0.3006E.08 1.000
5 6 0.2421E.O2 99.000 5 7 0.1302E’03 1.000
S B 0.1320E.03 1.000 6 1 0.3137t.10 1.000
6 2 0.6990E.O$ 1.000 6 3 0.1391E’OS 1.000
S ~ 0. 1699E.09 1.000 5 0.9196E’03 ~~.ooo
6 1 0.2637E.02 1.000 6 B 0.1632E.02 1.000
1 1 0.5857E’12 1.000 7 2 0.7286E .10 1.000
7 3 0.4721E.07 1.000 7 4 0.18$4E.11 1.000
7 5 0.3255E.06 1.000 7 

- - - 6 0.3506E’O8 - 1.000
1 8 0.2788E.02 99.000 3 1 0.4624E’13 1.000
8 2 0.1271E.12 1.000 3 0.8545E.07 1.000
a ~ 0.22$3E.12 1.000 8 5 0.6167E.07 1.000
8 6 0.2872E.06 1.000 5 7 0.1862E’03 99.000

.,.,... ... ......... ... ,ø., ........4 .. ,. ...... ..•. ...... .,. .,. .... ..... .
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A RECURSIVE PROCEDURE FOR UPDATING QUADRATIC FORMS AND ITS APPL——ETC (U).
JAN 78 R C GONZALEZ. B M MORET N0001’4 75 C 05145

UNCLASSIFIED ONR—CR215— 2B8 3F NL

lii i I
END

H 78



RESULTS FOR CLASS L 188

OLST AIsCES TO CLAS~~ S:
CLASS 1 CLASS 2 CLASS 3 CLASS ~ CLASS S CLASS 6 CLASS 7 CLASS 3

1 o.127E.02 o.133E.o6 O.i33E.03 Q.3~~E•O5 O.~ 32E’O9 O.5oS~ .LO O.943E.1Z O.16OE.13
1 O.135E.02 O.143E.Oe O.5~ 4E.O6 ~~~~~~~~~ O.S62E.09 3.48$E•1O O.592E’IZ O.LTOE.13
I O.202E.O2 J.7e3E.O! O.130E.09 O.3~~7E.OS O.~~ 6E•O9 O.’~’dE•1O O.541E.12 3.126E.13
1 O.1!6~ .02 U.124~ .O~ O.65” E.08 O.3”’€.’)5 O.394E—09 O.323E.1O O.120E.13 G.604E.L3
1 O.ISSE.02 O.LIOE.06 O.5!IE.03 O.3~ 1E-O5 O.373E•0’~ O.338E.tO O.103E.13 Q.383E.13
I O~ 157E.O2 Q.988E.O5 O.1s~E.O9 O.37~~ .O5 O.56thE.09 0.361E’lO O.642E.12 O.1I6~ .I3
1 O.149E.432 O.276E•06 O.408E.08 O.4)LE.05 O.437E.09 O.724~ .IO 0.ZOSE’13 O.Zb9E.13
1 O~ 163E.O2 O.302E 06 O.3~ 7E~.O3 O.4J5~ ’O5 O.511E•09 O.777E.tO O.209E.13 O.258E.13
1 O.311E.02 O.551E.06 O.148E.LQ O.IIJE.07 O.201E.11 O.951E•11 O.997E.13 O.9$9E.14
1 O.4~ SE.O2 u.113E.07 O.LIaE.1O ~~~~~~~~~ O.860E.1O O.340E.11 O.114E.14 o.931E.14
1 O.292E.02 O.502E’06 O.133E.IO O.3T~E.U7 O.157E•l1 O.~ 69E.11 O.956E.13 O 103E.I5
1 O.323E.02 O.4LbE~ O6 O.TISP.09 Q.43~~ .O5 O.1~ 8E.11 O.349E•l1 O.Z11E.14 O.’66E•14
1 O.3!3E.02 O.813~~ O6 3. 1434E.IU U.6~~ E.O5 O.1SaE~ I1 O.608E•ll O.280E.l4 O.621E’14
1 O.310E.02 O.587E—06 O.143E.tO U.4VE.O7 Q.183E~ LL 3.63~E.lL O.112E.14 O.l28E~ 15
1 o.395E.oa ~.723E.06 o.T3SE .oq O.2~ 4E.O7 O.563E.1O ‘3.236E~ L L O.733E.13 O.542E.14
1 O.329E.02 O.53tE~ O~ O.1!SE’1’) ~.1L~~~.O7 O.2I1E~ 11 O.102E.12 O.102C.14 O.1O’E.15
I O.246~~ O2 o.107E.07 u.1!aE.IQ O.1~ ’E.Ob O.148E.l1 O.721E.IG O.ZITE.14 O.295E.14
1 O.267E.02 u.1S1E.O7 O.ul3E .1O O.1’.~E.Q6 O.981C~ 1O O.750E.1O O.Z48E.14 O.391E.14
1 Q.320E.02 O.202E.O7 O.27!E.IQ O.2~~E.Q6 O.Z75E~ L1 O.134E.11 O.411E.14 O.538C.14
I O.349E.02 O.202E.07 O.176E.1O O.7d~E.O5 O .LLTE’11 O.198E•11 ~.S43E.I4 O.488E.14
I O.303E.02 O.164E’O7 O.148E.1O O.6L~ E.US O.973E.1O O.152E.11 O.440E.14 ~.4O2E.14
1 O.262E.02 o.163E.O7 O.22eE.1O O.1d~E.O6 O.23SE~ 11 O.ILZE•11 O.348E.14 O.446~ .14

~ O.36~E.Q2 Q.193E.07 O.225E.1O O.1øUC.Ob O.130E.11 O.9ZSE.1O O.321E.14 O.503E.16
1 O.2!3E.02 1.810C.06 O.128E.1O O.1~ 1~~.Oo O.127E.11 G.6ITE.1O O.178E.14 O.23~E.L4
1 O.3OO~ .O2 O.435E.06 O.~ 41~~.O9 O.1b~E.O6 O.168E.11 O.669E.t1 O.987E.13 O.94ZE.14
1 O.340E.OZ O.714C .06 O.737E.09 O.ÔJOE.O5 O.184E.11 O.154C•LZ O.1OZE.14 O.362E.14
1 O.336E.02 O.457E.06 O.Z~

q
~ .L~3 G.Z~’~.O6 O.227E~ 11 O.216E•12 O.128E~ I4 O.380E.14

I O.430E.02 O.s4ac.06 G.8OqE ~ a O.27’SC.07 O.21O~~’L1 O.739E~ 11 O.141E.14 O.214E.15
I O.416E.02 o.z6qE.oe O.573E.oq O.leJ€.07 O.126E.11 O.511E•11 O.870E.13 O.130E.1S
1 O.3!4E~ O2 O.SLZE.Ob O.262C’13 O.ITIE•uo O.244E.ll Q.2.39E’1Z O.131E.14 O.~~14E.141 O.293E.OZ u.750E.06 O.346E.O~ U.S”~~

.O5 3.I97~ .L1 O.1b4E~ 12 O.117E•14 O.3~4E.14
i O.280E.02 O.603E.06 O.639E’09 O.3u~~~.U6 O.21?E.11 O.83~E•1l O.131E•14 O.125C.15
1 2.136E.02 O.564E.04 O.~~ 3E’O7 Q.1i~E.o5 O.54~E.~~3 o.L QaE.Lo *.750E’12 O.744E.12
1 O.1~ 2E.O2 O.F13E.04 O.226E.O’~ O.l.~’E.OS O.154C.09 O.202E.1O O.173E.13 O.1bSE.13
1 o.2e9E.oa O.IOOE•05 O.4L~3EeO~ O.t~~1E.o5 O.2’9E.05 O.3LSE~ O9 O.IOOE•13 O.920E—12
1 O.219E.02 ).1G1E.O~ O.301E.08 O.lo’E.OS O.1ZOE.09 O.~ 4tE~ O9 O.479E.12 O.LOSE.13
1 O.253E’02 o.laa€.05 O.1~ PE.O~ Q.1~ 4E.OS O.1L1E’09 O.72OE~ O9 O.7O3~ .12 O.127E.13
1 O.253E.02 O. 0bE—O’ O.308E408 O.L*’~E.OS O.37~ E.Q9 O.315E’09 o.130E.Ia ~J.1O6E.l3
1 O.121E.02 ~.5O8E.O4 O.I36E.O~ O. ’E~~35 O.~~1i~~.O8 O.141E’tO Q.1~33E~ 13 O.9~ OC.I2
I ).126€.02 O.680E.04 O.158E.Od U.L~~?t•~35, ~.lOlE.Q9 ~.L53E’tO 3.12~E.L3 O.LZTE.L3
1 O.141€.02 O.~ 63 E.O5 O.126E.09 O.9d61.OS O.~~12E.O9 O.169E.tO O.121E~ 13 O.645E.13
I O.ZITE.02 O.732E.05 O.200E.09 O.5’1E~ OS O.240E.1O O.416~ .1O 3.199E.13 3.657E.13
1 O.248E.02 O.1Q2E.O~ 1.121E.09 O .’~t.OS O.~ O9C~Q9 O.315E’tO O.133E•13 O.667E.13
I O.222E~ O2 u.IYTE.a6 3.13.3E.09 O.S1’~E~ O5 O.137E.1O 3.L 35E~ 11 Q.701E.13 O.7~ 1E.13
I O.l52E~ O2 O.14?E.06 O.1~ 6~ .C9 .4~ ’E’ O.108E.1O O.ó72E.1O O.529E.13 ).6u35C.13
I Q.2!4E~ O2 U.6baE.~ S O.d42E . Oâ ~.3LLE. OS O.525E.09 O.22~ E.1O O.865E.12 O.479(.13
1 O.t!2E.02 ~3.44~e~.OS O.LILE.G4 G. lJE~ Q.14ÔE.1O O.30?E’lO O .LGOE .13 O. 424E.13
I O.I54E~O2 O.S 7E•OS O.350C.Od G.6~ ?C•QS O..92E .09 O.134E.1O G.879E.IZ o.~ o3E.L3I O.17~(’O2 G.S21E~ O~ O.432E.08 O .tOe~ ’Q5 Q.L1SE.1o G.480E’09 G.123E.13 G.155E.13
1 O.183E.O2 O.5 0t.03 O.213’.O3 U.3~oC.O~ G.252E•09 O.131E.IO O.437E.12 O.134E.13
1 O.t!9t~ O2 0.572E.OS ~).6*4E.O3 Q.3~ TE’O4 . O.102E.IO . G,64d~ .O9 O.122E~ 13 O.194C.13
1 O.244E.02 3.6dZE•O! O .IOQE .Oq u.23 ~~ ’O5 O.5’~E.O9 O.147E.1O O.116E.13 O.109E.13
I O.Z11E.OZ O.329E.~~ O.3 1C.03 O.2~~C.OS o.2ezE~o9 ~).22dE.LO O.301E.12 O.49~E.12
1 hIe3E.02 O.106E.06 O.137E.05 Q.’39E~ O~ O.LTTE .1e O~.9~dE.O9 O.245E~~13 O.339E.13
1 O.161E.02 O.’6OE.O~ O.t7tE .O~ O.120C.O’S O.321E~ Q9 O.14U.1o O.~ 49E~ 12 O.171E.13
1 O.190E.02 O.323E•05 O.397E.08 O.1~°~ -OS O.LISE .LO O.58L~~.O

q O.I19E~ l3 O.194€.13
1 O.17?E.02 3.574E•OS O.635E.03 ~.L’~°E~ uS O.339E.09 O.134( .1O O.8~6(.L2 O.391E.13
1 l.203E.02 G.333E•O5 O.o63€.Od ~~~~~~~~~ O.113E.t O O.ZZLE.IO O.674~ .12 o.~ 54E.l3
1 Q.135E•02 ~.376E•~~ 3.6O1E.~ a O.3~ eE.Q5 O.317E•O~ ~~~~~~~~~ 3.6OlE~~I2 Q.332E.L.3
I O.133E.02 ~.93OE•O! ~~~~~~~~~ O.1~~Q~~’O! 3.b501 09 O,7SOE .LO O.]T7 E.13 O .4~ 7E.L3
i o.2i~~~.O2 Q.1S’€•06 O.130E.09 u .2l.~E.O5 O.1O’E.13 O .IOIE•I1 O.616C’13 O.680E.13
I G.ll~C.O2 ).87t~~.O5 O.112E.O ).‘3JE.O5 O.~ 8OE.O9 O .LO~ (•IO O.11OC.13 O.4~ TE.1i
1 ).2C6E.02 O.’42E•O! O.1LSE.09 J.4.$’E.OS O.ISOE.IQ 3,200C.IO ).127E’13 O.396E.13
I G. dL.OZ O.453E•OS ~~~~~~~~~ J.127E.O5 Q.347t.09 O.14*C.LO O.7O2E~ L2 O.353E.13
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~tSULTS Fo~ CLASS 4

CLASS~F.: DZSTA1~C!S T’) CLAS~c~$:CLASS ~ CLASS 2 CLA SS I C~~~ S 4 CLASS 5 CLASS 6 CLASS 7 CLASS 8

2 O.SOIE.02 O.~LS4€•O2 ~).LL7~ .’36 Q.9~~~~~O3 Q.292E.O7 O.LOSC .Q8 G.283E.tO O.6bOE.LQ
2 O.794E.02 O.1TOE.02 O.L21E.Ob O.I3LE .Q4 Q.300E.07 Q.920E.07 G.267E.tO O.572~ .IO
2 o.978E.02 ø.335E~O2 3.2~ dE.Ob 3.7’~~~ O3 O.544E.07 o.337E.07 o.aso~ .io O.56~3E.1O2 O.619E.02 O.334~.’i2 O.3eOE.O6 O.27UE.04 3.126E.O7 O.242E.08 O.386€.~ O O.1O1~~.I1
2 O.551E.O2 O.362E.02 O.515E.06 Q.2 .~o€ .O4 O.188E’07 O.~~ 4E.O8 O.370t.1O O .LOOC .11
2 O.1GYE.03 O.26LE.~I2 O.205F.Oi Q.9 UU~ .u3 ).‘~58~~.O7 Q.~ 9~E.O7 O.203E.1O O.485E.1O
2 o.aoe(~ Q2 o.1~ 3E~o2 O.1L8E.06 O .1J.~E~O4 3.217E.07 O.9O3~ .O7 O.325~ .1O O.692E.1O
2 O.854E.02 O.149E.02 O.I36E.06 Q.3’at.03 O.385E.O7 O.100E.08 O.298€.1O O.665E.lO
2 O.194~.O3 O.4I1~~ O2 O.364E.Q7 O.82~E.O4 O.675E.O8 O.3t5~ .O9 O.387C.11 O.68O~ .122 O.166E.03 Q.421~~.O 2 O.2?~~~.o7 ~~~~~~~~~~ O.344E.O8 Q.454~ .O9 O.216t.11. O.118E.12
2 O.16 E.03 O.27~3E.O2 O.6OO~ .O7 O.60UE.04 O.645E.08 O.627E.09 O.ZSIE•L1 Q.323E.L2
2 O.1lOE~ O3 O.24S~~ O2 O.233E~ O7 O.1~ Q~ .OS O.bSQE.08 O.27~C.O9 O.361~~.11 O.68O~~.12
2 ø.186E.03 3 331E.02 O.2!9E.J7 O.Lo4E.05 O.732E.U8 O.297E.09 O.396E~ 11 O.S1OE.12
2 O.180C’03 O.34dE•02 O.74q~ .O7 O.7~~E~O4 O.T91C.08 O.T6aE.09 O.338E.U O.397E.12
2 O.157E.03 U.266E•02 3.28L~ .O7 U.dt4E.u~ O.2S3C~ Qd O.320E•09 O.166~ .L1 O.164C.12
2 O.210E.03 O.3O5~ .O2 O.27Z~ .o7 O.8~~ E~ O4 O.573~ .Oô O.24~E.O9 O.300E.U O.535E.t2
S O.382E.02 Q.ZOOE•02 O.114E.06 O.2147E.03 O.LT1C.O7 O.336E.07 O.3OO~ .LO O.449C.1O
2 O.471E.02 O.217~

.O2 O.134~ .O6 O.2~oE~ O3 O.STtE.06 O.1b1~ .O7 O.459E.1O O.773E•LO
S O.848E.02 O.127E•02 O.1ISE.06 O.3~ b~ .O3 O.Z3OE.O7 O.127E.07 O.288E•~ O O.209E.LO
2 O.546E.O2 Q.220E•02 O.141E.4 6 O.1~~7~~ O3 O.530E.Oe O.357E.07 O.2~ OE.IO O.262E.IO
2 O.562~ .O2 O.321E.02 O.39aE~ o6 O.233E~ O3 O.213E.07 O.ZOSE.O7 O.462~ •LO O.606€.1O
2 G.$S7~ .O2 O.13~ C.O2 O. 14T~ .O6 Q. 3?7~ .Q3 O.290E.07 O.1b6€.O7 O..)9S~ .1O O.331E.IO
2 O.465E.O2 i),17Q~ .O2 O.8~2~ .O5 O.Z7QE.03 O.41LE.06 O.t49E.07 O.S86E~ 1O O.SOOC.tO
2 O.373E~ O2 O.114C.OZ O.415C .oS Q.2~ 2E’o3 O.676E.06 O.206E’O7 O.23T~.Lo O.344~.1O2 O.275E.03 O.348E.02 O.876~.O7 O.1.~~t.O5 O.282E.09 O.977E•09 O.324E.L2 O.236C.L3
2 O.156E.03 O.468E~O2 0.1071.08 0.1Q~1.05 0.2211.09 0.1871.10 0.2451.12 0.6401.12
2 0.6271.02 O.37!E•02 0.3721.08 0.271~ .05 0.2701.09 0.3061.10 0.3111.12 0.6331.12
S 0.2631.03 0.2541.02 0.7491.07 0.33 .04 0.1921.09 0.6081.09 0.).381.12 0.2121.13
2 0.2691.03 0.3681.02 0.9281.07 O.2~2E.04 0.2271.09 0.7501.09 0.1571.12 0.2S51.13
2 0.6551.02 0.3601.02 0.3471.08 3.2’.41.0S 0.2521.09 0.2821.10 0.273E~ 12 0.5801.12
2 0.2061.03 0.4251.02 0.8011.07 G.12~E.05 0.1771.09 0.15LE•t0 0.181E~ 12 0.5151.12
2 0.2771.03 0.3S1E•02 0.8211-07 0.1~ 2E.o5 O.a741.09 0.9771.09 0.2881.12 0.2391.13
S 0.553E~02 O.1711 02 h1351 06 0.62o1.03 0.6101.07 0.7901.07 0.5741.10 0.5571.10
2 0.9811.02 0.2831.02 0.8701.05 0.6~~ E.03 0.1151.08 0.1371.08 0.4101.10 0.7081.10
2 0.4691.02 0.2961.02 o.5e81.o6 o.37~E.o4 0.2111.07 0.3811.08 0.5191.10 0.6901.10
S 0.6571.02 0.3041.02 0.4511.06 0.3311.04 0.1831.07 0.3051.08 0.4081.10 0.5981.10
2 0.9541.02 0.3541.02 3.6991.05 0.7.41.03 0.9511.07 0.1421.08 0.3411.10 o.io~ e.ii2 0.6671.02 0.1921.02 3.1061.06 v.10~ E.03 0.4681.07 0.757E•07 0.2291•10 0.4531.10
2 0.5771.02 0.2351.02 0.1281.06 0.6.ol.03 0.497E•07 0.5701.07 0.2201-10 0.4431.10
2 0.6441.02 0.160E~ 02 0.3711.05 0.~~Ls€.u3 0.3481.06 0.4051•06 0.4751.09 0.1.2E~~10
2 0.5551.02 0.130E~ 02 0.~ 57E.0S 0.3~~1.03 0.9421.06 0.3381.06 0.2171•10 0.2341.10
2 0.6471.02 0.129E~ 02 3.3721.05 0.4311.03 0.2271.Oa 0.3151.06 0.1011.10 0.2241.10
2 0.8561.02 J.2361’02 3.4281.05 3.12’E.03 0.2981.06 0.5501.07 0.4001.10 0.3301.10
2 0.8661.02 0.2501.02 0.4681.05 0.1i5€.03 0.330E.0~ 0.6021.07 0.4331.10 0.3581.10
2 0.6121.02 3.9491.01 3.4431.05 3.3~~1.03 0.2891.06 0.4091.06 0.8521.09 0.2131.10
2 0.5701.02 0.1401.02 0.3~.8C.05 0.4231.03 0.6801.06 0.2801.06 0.1481.10 0.1641.10
2 0.6321.02 0.1671~ 02 0.4061.05 U.3~~E.03 0.4001.06 0.4251.06 0.4321.09 0.1371.10
2 0.675~ .02 0.1651.02 0.3551.05 0.8321.03 0.4631.06 0.2211.06 0.6151.09 0.7631.09
2 0.I09C~ 02 0.2721.32 0.5171.05 0.9~ TE.tJ3 0.2781.06 0.4961.06 3.8611.09 0.2151.10
2 0.5731.02 0.1321.02 0.~ 05E.0S 0.773E.03 0.4611.06 0.4161.06 0.4971.09 0.1201.10
2 0.1011.03 0.160C~ 0S 0.6511.05 0.53’E.03 0.3331.06 0.650E~06 0.9201.09 0.9301.09
2 0.9361.02 0.1411.02 0.6761.05 0.5~ t1.03 0.4031.06 0.6601.06 0.6321.09 0.7031.09
2 0.5961.02 0.1401 02 0.6431.05 0.8~4C.03 0.5861.06 0.’TIE•06 3.6291.09 0.1471.10
2 0.8101.02 3.21SE~ 02 3.5611.05 0.84~1.O3 0.1741.06 0.4181.06 0.3801.09 0.1351.10
2 0.6691.02 0.140E~ O2 0.4451.05 0.8271.03 0.5821.06 0.2771.06 0.8591.09 0.1031.10
5 0.5101.02 0.2191.02 0.9971.05 0.24~€ .Q3 0.1691•07 0.b5’1.06 0.4111.10 0.4751•L0
2 3.5161.02 0.2125.02 0.7~21.o5 0.lo 7E.03 0.3531.06 0.35~1•06 0.200E.t0 0.4171.10
2 0.6901’02 3.1251.02 0.5~6E.0S ).1~’E.O3 0. 681•06 0.’395•06 0.231E~ 10 3.2861.10
2 0.4951.02 0.2?71•32 G.L6’~E.06 U.Lj al .03 0.1721•07 0.8531.06 0.710E•10 0.3931.10
2 0.4921.02 0.2531.02 3.1675.06 0.9~~ E.i2 0.1681.07 o.6431•06 3.6991.10 0.5191.10
2 0.4571-02 0.1*11.02 0.1311.06 0.LL~(.’33 0.1661.07 0.b1dC•06 0.4451•L0 0.3131•10
2 0.4871.02 0.2371.02 3.9825.05 0.1~~1.03 0.4661.06 0.4131.06 0.2711.10 0.5271.10
2 3.4911.02 3.1941’32 0.8225.05 0.1”3~..03 0.1’t1•07 0.5361.06 0.3561.10 0.4091.10

—P,UMIEQ OF CORRECT CLASSIF. 6*
~~~~~~~~ OF 5R.’O~ COUS CLASSIF . 0
~1~CV4TA01 OF SUCCESS : 130.0000U



- - ~~~~~~~~~~~~~~ - — .~—-

~ESULT$ FOR CLaSS 3

190
.~ ASS 1F.1 OLST& ’~CES TO CLAS~~ S:

CLASS 1 CLASS 2 CLASS 3 CL.~SS 4 CLASS 5 CLASS 6 C1.ASS 7 CLASS S

3 0.6811.02 0.139t’03 0.1761.02 0.5*41.03 0.1255 05 0.1401.06 0.4301.09 0.3521.09
3 0.6855.02 0.1071.02 0.1731.02 0.5*01.03 0.1585.05 0.16I(’Oó 0.5141.09 0.4061.09
3 3.6555.02 ‘3.8415.02 0.5795.02 0.6331.03 0.2851•0S 0.1351.05 0.3221.09 0.5291.09
3 0.5485.02 0.5585.05 0.3555.02 u.6135.03 0.114(•0S 0.3061.04 0.2331.09 0.3031.09
3 0.5321.02 0.8821.02 0.3035.02 0.60*1.03 0.7291.04 0.3261.04 0.1421.09 0.2071.09
3 0.6925.02 0.8375.02 0.278’..OS 0.6101.03 0.2625-05 0.1271.05 0.2981.09 0.2131.09
3 0.6751.02 0.1061—03 0.2041.02 0.5J61•s33 0.1691.05 0.1781.06 0.5391.09 0.4255.09
3 0.6851.02 3.1075.04 1.1525.02 0.3*21.03 0.1475-US 0.1511406 0.4841.09 0.3831.09
3 0.7491.02 0.1411.03 0.2861.02 o.5s~ €—oa 0.1071.05 0.1641-06 0.3601.08 0.3671.09
3 0.6761.02 ‘3.1465.03 0.4551.02 0.6.31•03 0.1481.08 0.9651.05 0.7351.08 0.5271.09
3 0.7545.02 O.1451•03 0.3665.05 3.7721.03 0.1291.05 0.1421406 0.3921.08 0.6351.09
3 0.9181.02 0.2821.03 3.3111.02 0.S’3E.03 0.1141.05 0.1811.06 0.7561.08 0.2361.09
3 0.8621.02 0.2521.03 0.4525.02 0.3881.03 0.1381.05 0.2081.06 0.8681.08 0.2571.09
3 0.7421.02 3.1401.03 0.5955.02 3.7j 85.U3 0.1125.05 0.1241.06 0.3425.08 0.5455.09
3 0.7035.02 0.1471•33 0.3465.02 0.7*71.03 0.1261.06 0.7411.05 0.5951.08 0.4131.09
3 0.7661.02 0.1598.03 3.37*5.02 0.6841.03 0.1361.05 0.2221.06 0.4281.08 0.4505.09
3 0.4981.02 0.7981.02 0.2575.02 3.8431.02 0.7285.04 0.4341.04 0.9471.08 0.1191.09
3 0.4995.02 0.8271•02 0.2545.02 0.97”1.02 0.’885-04 0.4321’04 0.1021.09 0.1785.04
3 0.5715.02 0.1151—03 0.3151.02 0.78U5.02 0.1015.05 0.4941.04 0.1295.09 0.1525.09
3 0.5691.02 0.1151.03 0.2695.02 3.4~~E.02 0.1075-05 3.5235.04 0.1491•09 0.1211.09
3 0.5811.02 0.1131.03 0.2895.02 0.3*35.35 0.1485—05 0.6431.04 0.2041.09 0.1621.09
3 0.561E 02 0.ISIE•03 0.2215.02 0.50(11.02 0.6545-04 0.3235.04 0.9431.08 0.1095.04
3 0.4811.02 3.8731.02 0.2241.02 0.5375.05 0.3515.04 0.b061 .04 0.6255.08 0.1221.09
3 0.4581.02 0.8281.02 0.2511.02 0.7421.02 0.6241.04 0.3751.04 0.5711.08 0.1095.09
3 0.6885-02 0.1751.03 0.3545.02 0.3731.03 0.3525—03 0.700C.0~ 0.2585.07 0.2261.08
3 0.6355.02 3.1421.03 0.2305.02 0.3821.03 0.1975.05 0.8135.04 0.5871.07 0.2865.08
3 0.6475.02 0.1451•03 0.2955.02 0.33.1.33 0.3545.03 3.5765.04 0.4515.07 0.4415.08
3 0.6885.02 0.2155 03 O.226’.02 0.2*31.03 0.9625-03 0.1085.05 0.2961.07 0.7641.07
3 0.7045.02 0.2255.03 0.2901.02 0.2ó’E.03 0.1195-04 0.1241.05 0.3575.07 0.9751.07
3 0.6365.02 0.1471.03 0.2325.02 0.2765.03 0.3205.03 0.6235.04 0.3885.07 0.*721.08
3 0.6575.02 0.1461.03 0.3435.02 0.4~25.03 0.1931.05 0.8021.04 0.5181.07 0.2161.08
3 0.6725.02 0.1785.03 0.2565.02 0.2875.03 0.2255.03 0.9671.04 0.2611.07 0.2721.08
3 0.4595.02 0.1065.03 0.1095.02 (1.4301.02 0.7175.05 0.2355.03 0.3505.06 0.7305.06
3 0.5065.02 0.111E 03 0.1415.02 0.4925.02 0.1098.03 0.2905.03 0.3295-06 0.8905.06
3 0.5415.02 0.1225.03 0.2575.02 0.63*1.02 0.2945.03 0.6935.03 0.6865.06 0.1305.07
3 0.5441.02 0.1451.03 0.3251.02 0.8)25.02 0.5991.03 0.2155.04 0.1125.07 0.1265.07
3 0.5421.02 0.1361.03 0.29’5e02 U.du9E.02 0.2955.03 0.2191.04 0.1405.07 0.1365.07
3 0.3455.02 0.1295-03 0.2055.02 u.3~’41-02 0.1895-03 0.5835.03 0.4895.06 0.1071.07
3 0.5005.02 0.1095—03 0.1025.02 0.3,J1.02 0.7885.02 0.1921.03 0.2615.06 0.8041.06
3 0.4575.02 0.1065.03 0.1155.05 U.3’75~ 02 0.6151.02 0.2291.03 0.5945.06 0.7975.06

• 3 0.5515.02 0.1305.03 0.157 1.02 0.3325.02 0.1635.03 0.2981.03 3.6195.04 0.3255.04
4 0.5465.02 0.1611—03 0.2165.02 0.2155.02 0.3435.03 3.1835—03 0.1595.05 0.5115.05
3 3.5251.02 0.1141.03 0.1235.02 0.30~ E—02 0.2075.03 0..665.03 0.3291.05 0.3975.05
3 0.5385.02 0.1285.03 0.1505.02 0.2,75 02 0.1051.03 0.3495.03 0.6485.04 0.2115.05
3 0.5315.02 0.1205.03 0.1355.02 3.5~0E.05 0.1025.03 0.3645.03 0.4535.04 0.1735.05
3 0.5265.02 0.1185-03 0.1365.02 3.51*5.05 0.2011.03 0.3981.03 0.3695.05 0.3505.05
4 0.5685-02 0.1655.03 0.2315.02 0.2175.02 0.3415.03 0.172E~ 03 0.1035.03 0.4065.05
3 o.ssac .os ‘3.1371—03 0.1535.02 0.2d~ 1.02 0.1711.03 0.2875.03 0.5625.04 0.3751.04

• 3 0.5145.02 0.9281’02 0.1461.02 Q.1 7~ C.02 0.1235.04 0.9805.03 0.2185.08 0.2435.08
• 4 0.5111.02 0.1211-03 0.2285.02 0.1.05.02 0.6865.03 0.4225.03 0.1195.08 0.2005.08

3 0.5065.02 0.9045•02 0.1255.02 0.1*65.02 0.1755.04 0.9675.03 0.2125.08 0.2275.08
4 0.5325.02 0.1025.03 0.1871.02 0.1.~86.O2 0.3435.04 0.1105 04 0.2875.08 0.2121.08
4 0.5355.02 0. 1055-03 0.1555.02 0.1~ ’E.O2 0.3415.04 0.1255.0’ 0.2865.08 0.2125.08
3 0.5045.02 0.8775.02 0.1805.02 0.1991.02 0.1525.04 0.105E.Oè 0.1845.08 0.1955-08
4 0.5121-02 0.1151 03 0.1955.02 0.9341.01 0.7925.03 0.4741.03 0.1475.08 0.2425.05
3 0.5195.02 0.5535—02 0.1545.02 v.to11’05 0.8905.03 0.8815.03 0.1741•0S 0.1961.08
3 0.5805.02 0.1385.03 0.5471-02 0.6*15.02 0.9975.03 0.1341.04 0.1415.05 0.3548.08
3 0.5785.05 0.1495.03 0.2151-02 0.3331.32 0.5935.03 0.7065.04 0.1095•08 0.2771.08
3 0.5035-02 0.1095.03 0.2565.02 0.4i’€•02 0.8475.03 0.1315-04 0.1201.08 0.3375.0*
3 0.6265.02 0.1695.02 0.255 C’ .02 0.6*11.02 0.9985.03 0.2311-05 3.5315—08 0.4125.08
3 0.6275.02 0.1785.33 0.5955.02 0.9375.02 3.4775.03 0.1545.05 •0.1735-08 0.2401.08
3 0.5041.02 0.1065.03 0.2835.02 0.4545.02 0.3625.03 0.3495.04 0.5785.07 0.3181.08
3 0.5715.02 0.1465.03 0.2071-02 3.5*05.02 0.5725-03 0.4505.04 0.1435.08 0,2545.04
3 0.5815.02 0.1*25— 03 0.2711.02 3.3*35.05 0.1275.04 0.o141.03 0.2175.08 0.3931.08
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19].
.LASSIF. : DISTANCES TO CLAS5~ 5:

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS S CLASS 6 CLASS 7 CLASS 8

4 0.4775.02 0.5845.03 0.9295.06 0.1~ 2E.05 0.1635.08 0.1168.09 0.1825.12 0.1505.12
4 0.5165.02 0.4475.03 0.4125.06 O.1o,5.02 0.1475.08 0.1075.09 0 .1675—12 0.1385.12
4 0.8375.02 0.5445-03 0.2305.07 0.2335.02 0.2331.08 0.3045.08 0.1485.12 0.1215.12
4 0.3505-02 0.5335.03 0.1795.07 0.25.5.02 0.1285.08 0.7145.07 0.5705—11 0.8411.11
4 0.3865.02 u.502E’03 0.1711.07 0.2.35.02 0.1215—08 0.6845.07 0.5515.11 0.8145.11
4 0.8591.02 0.4785.03 0.2111-07 0.2855.02 o.z1;s.ea 0.2775.08 0.1405.12 0.1145.12

~ 0.4755.02 0.5005-03 0.8085.06 0.1(25.02 0.1455.08 0.1055.09 0.1631.12 0.1345.12
4 0.4351.02 0.5281—03 0.8521.06 0.1 (15.02 0.1495.08 0.1075.09 0.1655—12 0.1365.12
4 0.1035.03 0.7365.03 0.204E.08 0.3*05.02 0.2595.09 0.2815.10 0.1295.12 0.1211.13
4 0.9335.02 0.8845.04 ‘.57E.0S 0.3165.02 0.3375.09 0.9271.09 0.3035.12 0.2525.13
4 0.2045.03 0.9015.03 0.9615.01 O.3~7E.O2 0.2425.09 0.1025.10 0.2145.12 0.3001.13
4 0.1895.03 0.8545.03 0.9305.07 0.3755.02 0.2305-09 0.2225.10 0.1925.12 0.5665.12
e 0.1801.03 0.6935.03 0.8525-07 0.2.95.02 0.2115.09 0.2131-10 0.1655.12 0.5221-12
4 0.199E.03 0.8565.03 0.8555.01 0.38g5.35 0.2325.09 0.9795.09 0.2055•12 0.2875—13

• 4 0.8855.02 3.e485.04 0.1545.08 0.3’io5.05 0.32(5.09 0.9085.09 0.2935•12 0.2435.13
• 4 0.1125.03 0.8855-03 3.159’.08 0.4555.02 0.2565-09 0.2775—10 0.1305—12 0.1265.13

4 0.5175.02 0.2495.04 0.9335.07 0.1*25.02 0.1061-09 o.3o7E~ oa 0.2601—12 0.3285-12
4 0.3565.02 0.1735.04 0.6775.07 0.1*75.02 0.*535.08 0.2635.08 0.1761.12 0.2615.12
4 0.6925.02 0.1711.04 0.7755.07 0.2195.02 0.9245.08 0.3355.08 0.2331.12 0.2911.12
4 0.6575.02 0.3065.04 0.9335.07 u.2~*E.02 0.8295.08 0.1235•09 0.4821.12 0.4025.12
4 0.6515—02 0.3565-04 0.1031.08 0.2(~5.02 0.9035.08 0.1355-09 0.5225-12 0.4375.12
4 0.6695.02 0.1285.04 0.5445.07 0.2JUE.02 0.6475.08 0.2355.08 0.164E•12 0.2045.12
e 0.3585.02 3.1955-04 0,7405.07 0.1’7E-02 0.3245.08 0.3075.08 0.2065.12 0.3055—12
4 0.5565-02 0.1925.04 0.8145.07 0.20*5.02 0.9475.05 0.3475.08 0.2375.12 0.299E-12
4 3.1505-03 0.444E.0* 0.1615.08 0.lT~(.~32 0.5865—09 3.2275.10 0.4405.12 0.5735.13
4 0.1385-03 0.4785.04 0.1595.01 0.3845.02 0.4465 09 0.545E•10 0.2455.12 0.1305.13
4 0.1015.03 3.2271—04 0.6045.06 0.*L~ E.02 0.5905.09 0.6825.10 0.3211.12 0.1545.13
4 0.1625.03 0.5065.04 0.1865.03 u.t~~ E•02 0.6775.09 0.2625.10 0.5095.12 0.6645.13
4 0.1655.03 0.3805.04 0.1845.08 0.22*5.02 0.586E’09 0.2295.10 0.430(12 0.5945.13

• 4 0.9795—02 0.2191.04 0.5965.08 0.3765.05 0.5895.09 0.6815—10 0.3135-12 0.155E.13
4 0.1755.03 0.4375.04 0.2415.08 3.39g5.05 0.5365 09 0.6o35-10 0.2985-12 0.1895.13
4 0.1725.03 3.4295.04 3.1795-08 0.1*~E.02 0.6425.09 0.2511.10 0.4905.12 0.6455.13
4 0.5345.02 0.1165-03 0.2731.02 0.1305.02 0.7235-02 0.1465.03 0.7365.06 0.1955.07
4 0.5375.02 0.1235.03 0.2235.02 0.1025-02 0.6655 02 0.1161-03 0.6405-06 0.2165.07
~ 0.5095.02 0.1055-03 0.1785.02 Q.1~~ 5-32 0.1495.03 0.2255-03 0.6075.06 0.2195.07
4 0.5465-02 0.1345.03 3.3025-02 0.21.5.32 0.2755-03 0.2395.04 0.3175-07 0.2715.07
4 0.5455.02 0.1395.03 0.3115.02 0.2)85.02 0.2375.03 0.3611.04 0.5065.07 0.4255.07
4 0.5095.02 0.1035.03 0.1615.02 0.1~ dE•02 3.1455.03 0.2865.03 0.9485.06 0.3305.07
4 0.5335.02 0.1145-03 0.1835.02 0.12vE.02 0.8235.02 0.1265—03 0.6445-06 0.2235.07
4 0.5605.02 0.1165-03 0.2565.02 0.1275.02 0.7005.02 0.1301-03 0.7375.06 0.2545.07
4 0.5255.02 0.2885-03 0.1435.07 ~j.2’45-u2 0.1875-08 0.6535.07 0.5205.11 0.8355.11
4 0.4591.02 0.1935.02 0.1155.07 0.2275.02 3.8135.07 0.*o25•01 0.3855.11 0.5865.11
4 0.5265.02 0.2355-03 0.1175.07 0.2*85.02 0.1535-08 0.3045.07 3.4425.11 3.5411.11
* 0.5665-02 0.2725.03 3.1635.07 3.23~5-02 0.1665.08 0.1958.08 0.1835-12 0.8518.1!
4 0.5785.02 0.2555.03 0.1555.01 0.3u35.02 0.1615—08 0.1855-08 0.9935.11 0.5235—11
4 0.5345.02 0.2345•0! 3.1045.07 0.2’~8.02 0.1395.08 0.4651.07 0.3971—11 3.’571.11
4 0.4505.02 0.1751.03 0.1145.07 3.23*5.02 0.7755.07 Q.*’1E.07 0.3715.11 0.5671—11
4 0.5015.05 0.21*8.03 0,1055.07 0.2.05.02 0.1*5E•08 0.4735.07 0.*115•11 0.5025.11
4 0.7101.02 0.5348.04 0.1735.09 0.1,95.02 0.1935.09 0.7381.08 0.4661.12 0.5555.12
4 0.4365—02 0.5525.04 0.1415.08 0.1285.02 0.1075.09 0.6215.08 0.3755.12 0.5875.12
4 0.5145.02 0.4275.04 0.1335.08 0.1175.02 0.1465.09 0.5645-08 0.3445.12 0.4385.12
4 0.1565.02 3.6275.04 3.1715.08 3.2—75.02 0.1495.09 0.2285•09 0.8635•12 0.7221.12
4 0.5515.02 3.7175.0* 0.18O~ .O8 0.3~~ 5.02 0.1565—09 0.2425.09 0.8965’12 0.7515.12
4 0.5955.02 3.3925-0. 0.1425.38 0.12*5.02 0.1605.09 0.6065.08 0.3581.12 0.4915.12
4 0.4515.02 0.3915.04 3.1335.08 3.13,5.02 0.8885.08 0.5155.08 0.3305.12 0.4905—12
4 0.8951.02 0.3415.0* 3.1235.08 0.1ou5.02 0.1385.09 0.5225.08 0.3405.12 0.4295—12
~ 0.4105.02 0.5975.04 0.1805.09 u.11oe.02 0.1205—09 o.iooc—oe 3.4305.12 0.6375.12
4 0.6701.02 0.8515.04 •_ 0.27l5f08~~~~).2t3C.02 0.2955.09 0.115E•09 0.6565.12 0.5765.12
4 0.e7U-02 3.6775.04 0.2035.08 0.1375.02 0.1355.09 0.7865.08 0.4821.12 0.7155.12
4 0.6575.05 0.1~ 3E-05 3.5575.o7 0.31*1.02 0.1225.09 0.8018.09 0.1135.13 0.9515.12
4 0.6305.02 0.1365 0! 0.1115.08 0.35.5.02 0.1525-09 0.1015—10 0.142E•13 0.1191.13
4 0.4791.02 3.6935-0. 0.2005.08 0.1’45.02 0.1335-09 0.7761.08 0.*701-12 0.8941.12
* 0.6521.02 0.8845.0* 0.2795.08 0.24~E.0g O.3055•09 0.1191.09 0.7131.12 0.9075.12
4 0.3921.02 3.7331.0* 0.2075.08 i.2~~E.u2 3.1375-09 3.6028.05 0.4*11•12 0.7125.12

——NUNRER OF CORRECT CLASSIF. 64
~UNUC5 OF ERRONEOUS CLASSIt. 0
PC~ CtNTAGC OF SUCC ESS 100.00000

L I •~~~~~~~~~~~•



• RESULTS FOR CLASS 3

• 192
• 

~LaSStF.: OISTM~sCE5 TO CLAS~ES:
CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 CLASS 6 CLASS 7 CLASS S

5 0.4995-02 0.9261-02 0.1705.03 0.2875.02 0.1435.02 0.5265.03 0.1685.07 0.1335.07
5 0.4575.02 0.8925.02 0.1415.03 0.34JE-02 0.1675.02 0.3785-03 0.1655-07 0.1335.07
5 0.5655.02 0.1225.03 0.3515.03 0.4925-02 0.2855.02 0.4185.03 0.9935.06 0.4605.06
5 0.4935.02 3.9551-02 0.2645.03 0.3135.02 0.2425-02 0.3645.03 0.6425-06 0.7485.06
5 0.4915.02 0.9385.02 0.3*45.03 ~.“3E-o~ 0.2565—02 0.3495.03 0.9255.06 0.1045.07
5 0.5625.02 0.1235.03 0.3455.03 0.4935.02 0.2735.02 0.6305.03 0.7865-06 0.3395.34
5 0.4945—02 0.8835.02 0.1811.03 0.3’U5•02 0.1735-02 0.~ 355•03 0.2765.07 0.2145.07

4 5 0.4995-02 0.9085.02 0.1545.03 0.2885.02 0.1565-02 3..705.03 0.2545.07 0.1965.07
• 5 0.6488.02 0.1655.03 0.1515.03 0.3’~65.03 0.3515—02 0.2395.04 0.2495.07 0.2265.08

5 0.5615.02 0.8045.02 0.2045.03 0.3165.03 0.3061.02 0.2945.06 0.1735.07 0.1475.08
5 0.6855.02 0.2195.03 0.1995.03 0.3005.03 0.3235—02 0.1755.04 0.3005.07 0.1855.08
5 0.8045.02 0.2225.03 0.1255.03 U.1.a-3E.03 0.3495.02 0.207E.O~ 0.7885.07 0.1445.08
5 0.7895.02 0.2185.03 0.1085—33 0.1*35.03 0.3505.02 0.1.95.04 0.5635.07 0.9915.07
5 0.6965.02 0.2255.03 0.1595.03 0.3175-03 0.3165.02 0.1675.04 0.3035.07 0.1855.08
5 0.5715.02 0.793E•02 0.2435.33 O.3.75.Q3 0..315-02 0.3135 .04 0.2281•07 0.1975.08
5 0.6295.02 0.1845.33 0.1795.03 0.3—’.E.03 0.2985.02 0.1395.04 0.1515.07 0.1385.08
5 0.5425.02 0.1535-03 0.2211.03 0.1535.03 0.1855.02 0.1385.03 0.2835.07 0.2475-07
5 3.5545.02 0.1105.03 0.2315.03 0.1311.03 0.2205.02 0.1415.03 0.2265.07 0.3725.07
5 0.5875.02 0.2015.03 0.2425-03 0.1)35.03 0.2455.02 0.1975.03 0.2375.07 0.2245.07
5 0.6065.02 0.1715.03 0.1575.03 0.6—15.02 0.2685.02 0.1215.03 0.3365.07 0.2125.07
5 0.6155.02 0.1725.03 0.2465-03 0.7295.32 0.2725-02 0.1745.03 0.5025-07 0.3155.07
5 0.5895.02 0.1995-03 0.2355.03 0.1185.03 0.2335.02 0.2035.03 0.2665-07 0.2535.07
5 0.5475.02 0.1305-03 0.3125.03 0.9815.02 0.2365.02 0.1415’03 0.1365.07 0.2065.07
5 0.5375.02 0.1495.03 0.2615.03 0.1~ iE.03 0.2605.02 0.1675.03 0.3285.07 0.3135.07
5 0.7205.02 0.2825.03 0.1825.03 0.35(15.03 0.2465.02 0.2155•05 0.6335.07 0.1325.09
5 0.7455.02 0.2025.03 0.3175.03 0.3225.03 0.Z9~E.02 0.4065-05 0.3035.07 0.2515.08
5 0.6385.02 0.1455.03 0.4205.03 0.3725.03 0.3735.02 0.384E~ 05 0.5365.07 0.3385.08
5 0.7145.02 0.2575—03 0.t~ 55-03 0.33*5.03 0.1535-02 0.2385-05 0.6725.07 0.1411.09
5 0.7165.02 0.2565—03 0.1535.03 0.3385.03 0.2965.02 0.2555-05 0.7445.07 0.1585.09
5 0.6555-02 0.1465.03 0.4455.03 0.4875.03 0.4015.02 0.4095.05 0.6135.07 0.3665.08
5 0.7605.02 o.20a5.o3 0.3415.03 0.3~~5.03 0.3545.02 0.4855.05 0.3595.07 0.2725.08
5 0.7205.02 0.2*25—03 0.1665.03 0.3315.03 0.2395.02 0.2348.03 0.6525.07 0.1315.09
5 0.6145.02 0.1585.03 0.1555.03 0.1335.03 0.1515—02 G.1795•03 0.1485.05 0.3435.05
5 0.6075.02 0.1605.03 0.1325—03 0.11*5.03 0.1655.02 0.1715.03 0.1325.05 0.4565.05
5 0.5515.02 3.1475-03 0.9085-02 0.1375.03 0.3135-02 0.2875.03 0.b19E.03 0.9305.05
5 0.5765.02 0.1705-03 0.1555.03 0.t~~ 5-03 0.2645-02 0.6165.03 0.1035-06 0.6545.05
5 0.5795.02 0.1705.03 0.1805.03 0.1*95.03 3.2835.02 0.6175—03 0.4985.05 0.3975.05
5 0.5925.02 0.1455.03 3.1125.03 0.1”E.03 3.2805—02 0.3135—03 0.4405-05 0.8585—05
5 0.6205.32 0.1595.33 ~.1761.03 3.1.35.03 0.1505.02 0.1755—03 0.1385.05 0.3775.05
5 0.6235.02 0.1585—03 0.1825-03 0.1*15.03 0.1665-02 0.176E 03 0.1375.05 0.3065.05
5 0.5785.02 0.~ 88E-02 0.1305.03 0.1f~5-03 0.1941-02 0.1675-03 0.6155.07 0.8695.07
5 0.5685.02 0.1415-03 0.2325.03 0.1*25.03 0.2515.02 0.1355.03 0.8405-07 0.7975.07
5 0.5695-02 0.8865.02 3.1545.03 3.1805.03 0.1375.02 0.1318.03 0.5755.07 0.7855.07
5 0.5685.02 0.1025-03 0.1185.03 0.9.25.02 0.1725.02 0.1985—04 0.1915—08 0.1365.06
5 0.5875.02 0.9955•02 0.1*45.03 0.9315.02 0.3785.02 3.3095.04 0.2775-08 0.1975.08
5 0.5615.02 0.5835.02 0.1455.03 3.1~~~~.33 0.1615.02 0.1115-03 3.5675.07 0.7745.07
5 0.5605.02 0.1355.03 0.1825.03 0.1315.03 0.2475-02 0.1385.03 0.6895-07 0.6598.07
S 0.5795.02 0.1015.03 0.1225.03 3.L~~t8.03 0.1125—02 0.2035 03 0.5115.07 0.7265.07
S 0.5715.02 0.1045.03 0.29.5.03 0.1~ 35.03 0.1255.02 0.9645-02 0.4605.07 0.6445.07
5 0.5575.02 0.1685.03 0.2255.03 0.1225.33 0.1685.02 0.7755—02 0.4555.07 0.4425—07
5 0.5575.02 0.1045.03 0.26.5.03 0.13.5-03 0.1925.02 0.1375.03 0.3435.07 0.4805.07
5 0.5185.02 3.1105-03 u.9155.02 0.5035.02 0.2545.02 0.7565.03 0.1125.08 0.7845.07
5 0.5535.02 3.1055-03 0.5585.02 0.5*85.02 3.2025.02 0.L455.0~ 0.1505—08 0.1065—08
5 0.5595.02 0.1045.02 3.3035.03 0.1~ O5-03 0.2125.02 0.1795.03 0.3555.07 0.5045-07
5 0.5565.02 0.1585-03 0.2295.03 0.1185.03 0.136E.02 0.8225-02 0.3755—07 0.3365.07
5 0.3655.02 0.1025-03 0.2901.03 0.1’~C.03 U.13SE.02 0.6575.02 0.4455.07 0.6055.07
5 0.6055-02 0.1905-03 0.2435.32 0.2~~5.03 0.1985.02 0.5485.02 0.4015.07 0.3825.07
1 0.6725-02 0.1425-03 0.9.75.02 0.2255.03 0.1475 02 0.4515.02 0.3205.07 0.4775.07
5 0.6008.02 3.1515-03 3.24~5.03 0.23*5.03 3.1635.02 0.’I4E.02 0.3595-07 0.3685.07
5 0.6515—02 0.1555.03 0.1165.03 0.1.35.33 0.2885•02 0.3*55-02 0.5055.07 0.5105.07
5 0.6525.02 0.19!E•03 0.1345.03 0.1J75.03 0.2945.02 0.4305-02 0.6935-07 0.5605.07
5 0.6015.02 3.1795-03 0.2385-33 0.2J15—03 0.1615.02 0.’S9C’0~ 3.3505.07 0.3305.01
5 0.6105.02 0.1355-03 3.5755.02 0.2e•8.03 3.2115.02 0.4335.02 0.*175•07 0.6095.07
5 3.6125-02 0.1765.03 0.2735.03 0.21’t.03 0.2125.02 0.5235.02 0.4675-07 0.4505.07

— —NUNPER OF CORR5CT CLASSIF. 4.
NU~UCR OF ERRONEOUS CLaSS IF. ‘3
I (RCENT*35 OF SUCCESS : 100.0O0~u



REsULTS ~~~ CLASS s

193
CLASSIF.: O1STAr~C55 TO CLAS ,cS:

CLASS 1 CLASS 2 CLASS 3 C~ ASS 4 CLASS 5 CLASS 6 CLASS 7 CLASS 8

6 0.5895.02 0.1285.03 0.5645.02 0.6345.02 0.1265.03 0.1895.02 0.2615•07 0.1665.07
6 3.5878.02 0.I3OE•03 0.5535.02 0.6~*E.02 0.1415.03 0.1715.02 0.1765.07 0.1205.07
6 0.6081.02 0.1715—03 0.6775.02 0.5.’o5-U5 0.2025—03 0.2751—02 0.1005.07 0.5805.06
6 0.3675.02 0.1235.03 0.8645.02 0.8~oE•02 0.7255.02 0.2365.02 0.4785.06 0.6225.06
6 0.5655.02 0.1295-03 0.7125.02 0.6~ ’5.02 0.8515.02 0.2185.02 3.3155.06 0.4095.06
6 0.6125-02 0.1725.03 0.9375.02 0.5005.02 0.2425.03 0.2925.02 0.1015.07 0.5685.06
6 0.5148.02 0.1318.03 0.1!55’.02 3.6418.02 3.1368.03 0.1758.02 0.1648.07 0.1128.07

• 6 0.3175.02 u.1275•03 0.5525.02 0.6655.05 0.1175.03 0.2855-02 0.2705.07 0.1o75.07
• 6 0.5701.02 0.1881.03 0.1811-03 0.1145-03 0.1395.03 0.2955 02 0.2301~06 0.2205.07

6 0.5965*02 0.1375-03 0.1805.03 0.1215.03 0.1115.04 0,3085.02 0.3295.06 0.1885.07
6 0.5815.02 0.1825.03 0.1845.03 0.8*.5.05 0.9785.02 O.304E.02 0.8915.05 0.2165.07
6 0.6515.02 0.1785.03 0.2065.03 0.1L~ 5.O3 0.7785.03 0.3745-02 0.3255-06 0.1525.07
6 0.6375.02 0.1735•03 0.2235.03 ‘3.1185.03 0.6075.33 0.3115.02 0.1725.06 0.~69E.066 0.5845—02 0.1805.03 0.1665.03 0.9~u5.O2 0.9335.02 0.2765.02 0.9825.05 0.2335.07
6 0.5185.02 0.1395.03 0.1685.03 0.1345.03 0.1305.04 0.3385-02 0.3615.06 0.2035.07
6 0.3685.02 0.1645.03 0.2035.03 0.1145.03 0.1765—03 0.3335.02 042715•06 0.2595.07
6 0.5445.02 0.1635•02 0.5495-02 0.*2J5.05 0.2525.03 0.1835.02 0.661E•OS 0.1875.07
6 0.5585.02 3.1505.33 0.1075.03 0.1315.03 0.4765.03 0.3325.02 0.5975.05 0.5615.06

• 6 0.5545.02 0.1415.03 0.1205.03 0.71*5.02 0.3405.03 0.3295.02 0.1705.06 0.1091.07
— 6 0.5725.02 0.1685.03 0.7065.02 0.4,65.02 0.2375.03 0.1745.02 0.7065.05 0.1965.07

6 0.5805.02 ~.L 7SE 03 0.8415.02 0.b’35.02 0.3435.03 0.4775.02 0.1685.06 0.4485.07
• 6 0.5565.02 0.1415.03 0.1295.03 0.7415.02 0.3345.03 0.3135’02 0.1515.06 0.9655.06
• 6 0.5995.02 o.1525.03 0.1085.03 0.9~~1’02 0.4665.03 0.2885.02 0.5415.05 0.4945.06
• 6 0.5495.02 3.1645.03 0.4’8E.02 3.4275•02 0.2305•03 0.1515.02 0.6945.05 0.1895.07

6 0.5925.02 0.1925.03 0.2145.03 0.1515.03 0.1915.02 0.1895.02 0.1365.07 0.1185.07
• _ 8 0.6375.02 0.1645.03 0.3175.02 0.12*5.03 0.3185.02 0.2S3E~ 02 0.4815.06 0.6585.06

6 0.5515.02 0. 1935.03 0.1985.03 0.1605.03 0.2925.02 0.1665.02 0.134E•07 0.1175.07
6 0.6165.02 0.1985.03 0.1165.03 0.11.5.03 0.6495.05 0.2265.02 0.1165.07 0.8805.06
6 0.6155.02 0.2065.03 0.1645.03 0.9305•02 0.1095.03 0.3135.02 0.1265.07 0.6881.06
6 0.5905.02 0.1935.03 0.1755.03 0.1J3E~ Q3 0.3705.02 0.1865.02 0,7345.06 0.6175.06
5 0.6361.02 0.1645.03 0.7665.02 0.1315.03 0.2955.02 0.2965-02 0.4925.06 0.6665.06
8 0.5895-02 0.1945.03 0.2025.03 0.13g5.03 0.2225.02 0.1635.02 0.9085-06 0.7575.06
6 0.7175.02 0.1651.03 0.3485.03 0.3825.03 0.5275.02 0.9425.01 0.5205-02 0.1165.03
4 0.7115.02 0.1855.03 0.3225.03 0.5325.03 0.5445.02 0.9615.01 0.4555.02 0.1025.03
6 0.7065.02 0.1645-03 0.2575.03 0.5395.03 0.5385.02 0.14)5.02 0.5425.02 0.3655.02
6 0.6775.02 0.1835.03 0.3925.03 0.50*5.03 0.8045.02 0.3055-02 0.1765-03 0.8905.02
6 0.6715-02 0.1615.03 3.3735.03 0.5715.03 3.8285.02 0.2865.02 0.1835•03 0.1275.03
6 0.7085.02 0.1855.33 0.3035.03 0.5515.03 0.5275.02 0.1475.02 0.4925.02 0.7655.02
6 0.7095.02 0.1865’03 0.3165.03 0.5~ 35-03 0.5595.02 0.1085.02 0.4498.02 0.1145.03
6 0.7135.02 3.1555—03 0.3255.03 0.5615.03 0.5405.05 3.9841-01 0.5195.02 0.1255.03
6 0.6225.02 0.1785.03 0.2105.03 0.3345.03 0.2635.02 0,1435-02 0.1455.07 0.1255.0?
6 0.6165.02 0.1245-03 0.9415.02 0.3385.03 0.5285.02 0.2805.02 3.1325-07 0.1805.07
6 0.6305.02 0.1795.03 0.2671.03 3.3625.33 0.26.35.02 0.1525.02 0.1425.07 0.1255.07
6 3.8455 .02 0.1885.03 3.1095.03 0.2255.03 0.4885.02 3.3015.02 0.2165 07 0.1215.07
6 3.6755.02 0.1845.03 0.1275-03 0.2s45•03 0.4295.02 0.22*5—02 0.2715-07 0.1565.07
6 0.6295.02 3.1775.03 0.2801.03 0.3*85.03 0.2085.02 0.1305.02 0.187E~ O7 0,1675.07
6 0.6865.02 ‘3.1285-03 3.9345.02 0.33*5.03 0.4095.02 0.2265.02 0.1035.07 0.1435.07
6 0.8275.02 0.1745-03 0.28*5.03 0.3415.03 0.2295.02 0.1185-02 0.1455.07 0.1275.07
6 0.6115.02 0.1*65.03 0.3175.03 0.3.àsE.03 0.1055.03 0.1695.02 0.1015.07 0.7745.07
6 0.6745.02 0.9745.02 0.1525.03 0.3755.03 3.1015.03 0.2995.02 0.7755.07 0.1108.08
6 0.6085.02 0.1555.03 0.2555.03 0.31.5.03 0.1115.03 0.2585.02 Q.953(.07 0.9335.07
8 0.7085.02 0.1765.03 0.1175.03 0.1985.03 0.3775.03 0.2905.02 0.1725.08 0.1135.08
6 0.7125.02 0.1745.03 0.1315.03 0.21’€.03 0.3845.33 0.3175.02 0.1675—08 0.1115.08
6 0.6065.02 0.1555-03 0.2835.03 0.3355.03 0.6475.02 0.2205.02 0.8575.07 0.8255.37
6 0.8635.02 0.1015.03 0.1455.03 0.3*’E.03 3.8995.02 0.2725.02 0.6045.07 0.8845.07
6 0.6115.02 3.1825.03 0.3525.03 0.3785.03 0.2025.03 0.32’1.02 0.9805.07 0.9795.07
6 0.6095.02 0.1708.03 0.2961-03 0.31*5.03 0..475 .02 0.1605.02 0.6625.07 0.6235.07
• 0.6*95.02 0.1045.03 0.1325.03 0.32~E.03 0.1145-03 0.2375.02 0.5285 07 0.7095.07
8 0.5515.02 0.1635.03 0.2745.03 0.3381.03 3.2735.02 0.2125-02 3.6108.07 3.5595.07
8 0.1075.02 3.1915.03 0.1365.03 0.1J~E.O3 0.1)35.03 0.2845.02 0.8215.07 0.4775.07
6 0.7305.02 0.1865.0] 0.145E.03 0.1.71.03 0.1905.03 0.3505—02 0.1435408 0.8675.07
6 0.6005.02 0.1625.03 0.2d3~ -03 ‘3.3145.03 0.3435.02 0.1895.02 0.6775.07 0.6285.07
* 0.6755.02 0.1035.03 0.1475.03 0.3~ U5.O3 0.1225-03 0.3055.02 0.6775.07 0.9175.07
6 0.6165.02 3.1685.03 0.3325.03 0.3025.Q3 0.8085.02 0.2275-02 0.9485.07 0.9065.07

—$UM~CQ OF CORRECT CLASSIF. 63
NUW~CR OF ERRONEOUS CLASS!’. 1 1
•ERCE’sTaOC OF SUCCESS 98.43750



• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

RESULTS FOR CLASS F

19~CLASSIF.: OISTar*CES TO CLAS.SS:
CLASS 1 CLASS 2 CLASS 3 CLMSS 4 CLASS 5 CLASS 6 CLASS 7 CLASS S

• 7 0.6165.02 0.1435.03 0.1555.03 0.3*55.03 0.8165.02 0.1135-03 0.2785.02 0.4175.02
7 0.6165.02 0.1445.03 3.1541.03 3.3*25.03 0.7825.02 3.i11E~03 0.1595.02 3.2885.02
7 0.6375.02 3.1605.33 0.2015.03 3.3s95.03 0.7945.02 0.9115-02 0.2095.02 0.4325-02
7 0.6551-02 3.1415.03 0.1445.03 0.3065.03 0.5415.02 0..291-02 0.1725.02 0.4935.02
7 0.6571.02 0.1475-03 3.1—05.03 0.3OvE.03 0.6085.02 Q.497E~02 0.1875.02 0.5625.02
7 0.6365.02 0.1615•03 3.2005.03 0.3’o5.03 0.8345.02 0.1055 03 0.2215.02 0.4485.02
7 0.6188.02 0.1445—03 0.1*15.03 0.3*75.03 0.8155.02 0.1145 03 0.1545•02 0.3731.02
7 • 0.6215.02 0.1*35•03 0.1445 .03 0.3095.03 0.7955.02 0.L105’03 0.156E•02 0.4115.02
7 0.6301.02 0.1625—03 0.2135.03 0.3005.q3 0.7735.02 0.8555.02 0.2985.05 0.1055.03
7 0.6395.02 0.1415.03 0.2325.03 0.2~ó5.Q3 0.9205.02 0.4481.02 0.3035.02 0.7155.02
7 0.6295.02 0.1625~03 0.2135.03 0.30~5.43 0.7781.02 0.1271.03 0.3061-02 0.1581.03
7 0.6425.02 0.1*15-03 0.2795.03 0.3175.03 0.7785.02 0.1131.03 0.3505.02 0.1945.03
7 0.6335.02 0.1595.03 0.2665.03 0.2165.03 0.7345.02 0.9755.02 0.2945.02 0.7$45•Q2

• 7 0.6361.02 0.1605.03 0.2305.03 0.3335.03 0.8605.02 0.1035.03 0.2915—02 0.6955.02
7 0.6451.02 3.1455.03 0.2415.01 0.3335.03 0.9315.02 0.5585.02 0.3345-02 0.2091.03
7 0.6381.02 0.1625-03 0.2345.03 3.33(15.03 0.7045.02 0.9665.02 0.325E~ 02 0.1735.03

• 
• 
7 0.6665.02 0.1685.03 0.1805.03 0.4451.03 0.1045.03 0.1385.03 0.2815.02 0.9265.02
7 0.6895.02 0.1455-03 0.208F.03 u.’o45.03 0.8675.02 0.8085.02 0.4865.02 0.1585.03
7 0.8695.02 0.1758.03 0.1775-03 0.4355.03 0.1165.03 0.1305.03 0.2615.02 0.4485.05
7 0.6631.02 0.168E~ 03 0.2805.03 0.6375-03 0.8905.02 0.1135.03 0.4465.02 0.7455•02
7 0.6615.02 0.1688.03 0.2795.03 0.4*05.03 0.8275.02 0.9661.02 0.1861.02 0.5061.02
7 0.6725.02 0.1745.03 0.1855.03 0.4~45.03 0.1075•03 0.1155.03 0.2141.02 0.4051•Q2
7 0.6841.02 0.1475.03 0.1965.03 0.4~ 45.03 0.7165.02 0.5915.02 0.2281.02 0.5091.02
7 0.6735.02 0.1655.03 0.1565.03 0.40~5•03 0.9415.02 0.1141.03 0.2955.02 0.6851.05
7 0.7085.02 0.1591.03 0.4155.03 0.6015.03 0.5215.02 0.2585.02 0.1205.02 0.5101.02
7 0.7085.02 0.1585.03 0.4085.03 0.6635.03 0.5205.02 0.2315.02 0.1091.02 0.3971.02
7 0.7065.02 0.1585.03 0.3535-03 0.6—05.u3 0.4835.02 0.2165.02 0.1165.02 0.3195.02
6 0.7095.02 ‘3.1585.03 0.3805.03 3.6485.03 0.4575.02 0.1385-02 0.2865.02 0.2085.02
6 0.7091.02 0.1585.03 0.3855.03 0.6—75.03 0.4545.02 0.1295.02 0.2671.02 0.2331.02
7 0.7095.02 0.1565.03 0.4031.03 0.6055 .03 0.5095.02 0.2148.02 0.1291.02 0.33OE~Q2
7 0.7095.02 3.1585.03 0.4005.03 0.6~*5.03 0.*825.02 0.1991•02 0.8415.01 0.3065.02
7 0.7055.02 0.1561.03 0.3975.03 0.6*55.03 0.4995.02 0.2455.02 0.1005.02 0.4845.02
7 0.6411.02 0.1805.03 0.2.75.03 0.2065.03 0.7825.02 0.2935.03 0.3065.02 0.1175.05
7 0.6625.02 0.1645.03 0.3105.03 0.27(15.03 0.2105.03 0.3375.03 0.3275.02 0.2585.04
7 0.5955.02 0.1375.03 0.1955.03 0.2941.03 0.1255-03 0.5165.03 0.3945.02 0.1205.04
7 0.5995.02 0.1831.03 0.1925.03 0.2115.03 0.1185.03 0.2355.03 0.4931.02 0.4731.04
7 0.6135.02 0.1725.03 0.2505.03 O.2~’1Ee03 0.1165—03 0.2245.03 0.5715.02 0.1735.05
7 0.5525.02 0.1385.03 0.1855.03 0.2335.03 0.1511.03 0.5535-03 0.4725.02 0.2585.04
7 0.6615.02 0.1885.03 0.294F.03 0.25*5.03 0.2155.03 0.3435-03 0.3565.02 0.2741.04
7 0.6435.02 0.1795.03 0.2455.03 0.2135.03 0.7435.02 0.2845.03 0.3691.02 0.9265.04
6 0.7005.02 0.1635.03 0.2815.03 0.51.~5-03 0.5065.02 0.1355.02 0.3265.02 0.1225.03
6 0.6585.02 0.1655.03 0.257c.03 3.5oc5.03 0.5*85.02 0.1315•02 0.2035.02 0.1175.03
6 0.7015.02 0.1865.03 3.2755.03 0.50’5.03 0.5725.02 0.127E~02 0.2075.02 0.1495.03
7 0.6615-02 3.1595.03 0.3355.03 0.SduE.03 0.9565.02 0.5115.02 0.2961.02 0.4035.03
7 0.6441.02 0.1551.03 0.3’5C.03 0..3s1.03 0.~ 685•02 0.1605.02 0.2385.02 0.3295.03
6 0.7005.02 0.1845•03 0.2195.03 0.50.35.03 0.56*5.02 0.1185•02 0.248E•02 0.1315.03
6 0.70*5.02 0.1851•03 o.2a25.o3 0.5335.Q3 0.e195.02 0.1205.02 0.1881—02 0.9*35.02
6 0.6935.02 0.1o65~ O3 0.2545.03 0.~ d~5.03 0.5631•02 0.1555•02 0.2345.02 3.1275.03
7 0.6801—02 0.1701.03 0.2175.03 0.4*75-03 0.7931•02 0.b145•02 3.214E•02 0.1341.02
7 0.6881-02 u.1518.03 0.2045.03 0.4*4a5.’33 0.5745-02 0.3075.02 ‘3.1535-02 0.1081.03
7 0.6715.02 0.1641.03 0.1555.03 0.4o35.03 0.1781.02 0.9031.02 0.1775.02 0.9921.02
7 0.6831.02 0.1665.02 0.2855.03 0.4081.03 0.8125.02 0.7811.02 0.1711-02 0.3021.02
7 0.6585.02 0.1675.03 0.2745.03 0.4.15.03. 0.8585.05 0.8085.02 0.1l$E•02 0.3231.02
7 0.6751.02 0.1651.03 0.1995.03 0.4~25.03 0.7595.02 0.8245.02 0.1665.02 0.9531.02
7 0.6881.02 0.1531.03 3.2105.03 0.4~21.03 0.6055.02 0.473E~02 0.1555 02 0.6591.02
7 0.6795.02 0.1715—03 0.2095.03 0.65*C.o3 0.8685.02 0.6581—02 0.2025.02 0.7371.02
7 0.6835.02 0.1635.02 0.2251.03 0.4.71.03 0.5915-02 0.2921.02 0.1085-02 0.6901.02
7 0.6795.02 o.1575•03 0.1985.03 0.4341.03 0..901.02 0.1871•02 0.1575.02 0.7451.02
7 0.6785.02 0.1*35.03 0.2135.03 3.*sO5.03 0.8015-02 0.3131.02 0.1161.02 0.9691.02
7 0.6545.02 ‘3.1601.03 0.2765.03 0.4701.03 0.7225-02 0.St91~O2 0.1051.02 0.3555.02
7 0.6585.02 0.1801•03 0.2855.03 0.6F~ 5e~ 3 0.6901-02 0..325•02 0.2261•02 0.5381.02
7 0.6831.02 0.1835•33 3.2315.03 0..765.03 0.5601-02 0.28*5-02 0.1215.02 0.7765.02
7 0.6825.02 G.1S6E~ O3 0.2101.03 0.’s21.03 0..698.02 0.18’5.02 3.1175.02 0.3315.02
7 0.6121.02 0.1825.03 0.2275.03 0.—o.1.03 0.5945.02 3.3171•02 0.1055.02 0.7081.02

——#UN~CR OF CORIECT CLASSIF. : 56
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~E5ULTS FOR CLASS 0

195
~LA5S1F .: O1STM~CES TO CLASSSS

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS S CLASS 6 CLASS 7 CLASS 8

8 0.6245.02 3.1481.03 0.1825.03 0.3’75.03 0.9035.02 0.8505.02 0.5225.02 0.2025.02
6 0.629 5.02 0.1455.03 0.1555.03 0.41.1.03 0.1525.02 3.7645.02 0.5925.02 0.2321.02
8 0.6365.02 0.1625.03 0.2115.03 0.3*01.03 0.0635.02 0.8561.02 0.5235.02 0.2465.02

• 8 0.6481.02 0,1315.03 0.1455.03 0.3735.(13 0.5931.02 0.4045.02 0.3511.02 0.3071.02
8 0.6665.02 0.1531.0.3 0.1.05.03 0.3*55.03 0.5715.02 0.3771.02 0.4161.02 0.2515.02
8 0.6431.02 0.1825.03 0.2295.03 0.3’~55.03 0.8365.02 0.8701.02 3.5575.02 0.2551.02
8 0.6265.02 u.1*75.03 0.1875.03 0.4095.03 0.9165.02 0.8975—02 0.8035.02 0.1541.02
a 0.6255.02 0.1*81.03 0.1845.03 0.4081.03 0.9055.02 0.8668.02 0.6881.02 0.2161.02
7 0.6475.02 0.1831.03 0.2665.03 0.3845.03 0.6075.02 0.6255.02 0.2395.02 0.3585.02
• 0.6405.02 0.1501.03 0.3025.03 0.3775.03 0.7545.02 0,4461.02 0.3755.02 0.3815.02
8 0.6421.02 0.1581.03 0.2495.03 0.31.5.03 0.5125.02 0.1331-02 0.4781.02 0.2775.02
8 0.6565.02 0 1815.03 0.3335.03 0.3115.03 0.8625.02 0.9015.02 0.3775.02 0.3005.02

• 8 0.6541.02 3.1821.03 0.3285.03 0.3755.03 3.6041.02 0.7685.02 0.3161.02 0.2811.02• 8 0.6395.02 3.1575.03 0.2465.03 0,3~ 7E.03 0.6135.02 0.7975.02 0.8085.02 0.3435.02
7 0.6515.02 0.1505.03 0.2885.03 0.3~ 4€ .03 0.7875.02 0.4195.02 0.3525.02 0.3761.02
7 0.6425.02 0.1625.03 0.2495.03 0.3335.03 0.6855.02 0.5705.02 0.2495.02 0.3561.02
8 0.6771.02 0.1155.03 0.1895.03 0.4395.03 0.1235.03 0.1141.03 0.3381.02 0.2875.05
7 0.6561.02 0.1561—03 0.2155.03 0.4.05.03 o.7a1E.02 0.5395.02 0.2425.02 0.2531.02
8 0.6775.02 0.1781.03 0.1865.03 0.4.31.03 0.1171.03 0.1165.03 0.2955.02 0.2085.02
6 0.6 535.02 0.1715.03 0.2975.03 0.6395.03 0.9771.02 3.9695-02 0.8811.02 0.2595.02
8 0.6591.02 0.1711.03 0.3135.03 . U.4s*E.03 0.9615.02 0.1005.03 0.9565.02 0.2425.02
8 0.6801.02 0.1755.03 0.1915.03 0.4~ 75.Q3 0.113E.03 0.5821.02 0.3905.02 0.2275.02
5 0.6951.02 0.1555.03 0.2155.03 3,44*5.33 0,8075.02 U.*Q5E.05 0.3025.02 0.2015.02
8 0.6795.02 0.1741.03 0.1915.03 0.4—11.03 0.1255.03 0.1095-03 0.4315.02 0.2155.02
8 0.6595.02 0.1o8E.03 0.4015.03 0.4*51.03 0.3065.02 0.6905.02 0,9185.02 0.3065.02
• 0.6835.02 0.1815.03 0.4051.03 0.’oJS.03 0.1691.02 0.9425.02 0.3985.02 0.2805.02
8 0.6625.02 0.1491-03 0.3495.03 0.o#b5.03 0.4945.02 0.121E~ O3 0.1175.03 0.4675.05
1 0.6711.02 0.1635.03 0.3635.03 0.4415.03 0.3965.02 0.4715.02 0.2785.02 0.2095.02
8 0.6635—02 0.1*31.03 0.3405.03 0.4—91.03 0.6215.02 0.6185.05 0.3491.02 0.3335.02
0 0.6611.02 O.14~5.33 0.3395.03 0.69 15.03 0.5011-02 0.1091.03 0.1755.03 0.3735.02
7 0.6575.02 0.1635-03 0.4255.03 0.51o5.03 0.7435—02 0.7801.02 0.3581.02 0.4505.02
5 0.6775.02 0.1675.03 0.3835.03 0.4355.03 0.3045.05 0.8281.05 0.1211.03 0.3635.02
5 0.7365.02 0.1625.03 0.5395.03 0.7645.03 0.5665.02 0.1945.02 0.2175-05 0.1051.02
8 0.7395.02 0.1625.03 0.5125.03 ~.7745.Q3 0.5565.02 0.1905.02 0.2271.02 0.9945.01

• 8 0.7385.02 0.1635.03 0.5155.03 0.7105.03 0.5521.02 0.2501.05 0.3191.02 0.1385.02
8 0.7401.02 0.1835.03 0.5235.03 0.77*5.03 0.5535.02 0.2195.02 0.3725.02 0.1215.02
8 0.7375.02 0.1625.03 0.5095.03 0.78*5.03 0.5385.02 0.1925.02 0.3635.02 0.1395.02
• 0.7415.02 0.1631.03 0.5165.03 0.7725.33 0.5255-02 0.ZS4E.02 0.3295.02 0.2175.02
8 0.7365.02 0.1625.03 0.5035.03 3.1.95.03 0.5435-02 0.1755.02 0.2255.02 0,9545.01
$ 0.7381.02 0.1625.3.3 0.5131.03 0.7755.33 0.3655.02 3.1975-05 0.2225.02 0.1175.02
8 0.7025.02 0.1761.03 0.2615.03 0.5.45.03 0.1835.02 0.6951.05 0.3051.02 0.5265.02
5 0.7181.05 0.1561.03 0.2755.03 0.5375.03 0.8705—02 0.7301.02 0.4575.02 0.2815.02
8 0.7025.02 0.1781.03 0.2625.03 0.5~ 75.03 3.8085.05 0.7071.05 0.2615-02 0.1161.02
8 0.6841.02 0.1741.03 0.3825.03 0.5.15.03 0.9815-02 0.121E•03 0.4325.05 0.1915.02
5 0.6765.02 0.1755.03 0.3605.03 0.54’5.03 0.1055.03 0.1321-03 0.37e5.O2 0.2151.02
8 0.7065.02 3.1745.03 0.2775-03 3.5*41.03 0.7365.05 0.6215.02 0.2795.02 0.1195.02
I 0.7251.02 0.1545.03 0.3035.03 . 0.5711.03 • 0.~ 995.02 3.82’1.02 0.4835.05 - 

0.1551.02
8 0.7085.05 0.1765.03 0.2915.03 0.5*15.03 0.?155•O2 0.6555.05 3.3235.02 0.1585.02

• 8 0.6515.02 3.1705.03 0.2805.03 o.5~6C.0j 0.5141.05 0.4335.05 0.1165.03 0.3115.02
I 0.7081.02 0.1535.03 0.2655.03 0.5325.03 0.5445.02 0.3255.02 0.9141.02 0.2335.02
6 0.4925.02 0.1651.02 0.2555.03 0.5495.03 0.4075-02 0.3765-02 0.8045.02 0.2341.02
0 0.6035.02 0.1681.03 0.3395.03 0.5’~1.03 0.4035.02 0.6675.05 0.3325.03 0.4661.02
8 0.6845.02 0.1645.03 0.3525.03 0.5*45.03 0.7665.02 0.5435.02 0.9825.02 0.2105.02
$ 3.6475.02 0.1695.03 0.2785.03 0.3.15.03 0.4615-02 0.3205—02 0.1541.03 0.25’1.02
0 0.7105.02 3.1541.03 0.2735.03 0.5.15.03 0.5191—02 0.3005.02 0.1065.03 0.2815.02
• 0.4675.02 0.1695.03 0.2765.03 0.5*35.03 0.4625 .02 0.2911.02 0.3515.02 0.2285.02
O 0.7245.05 0.1561.03 0.3015.03 0.5045.03 0.7795.05 0.6755.02 0.5835.02 0.1811.02
5 0.7005.02 3.1755•03 0.2565.03 U.5~’3(.O3 0.80.1-02 0.5875.02 0.3131.02 0.1955.02
• 0.7185.02 3.1575.03 0.2745.03 0.5’’t.03 0.6915-02 Q.’*35.02 0.a035.02 0.1495.02
• 0.6641.02 0.1535.03 0.3285.03 0.5~5E.03 0.1225.03 3.5781.05 0.2075.03 0.2941.02
• 0.6585.02 0.1541.03 0.3095.03 0.50,5.03 3.~ 241.03 0.633E•02 0.1695.03 0.2*01-02
• 0.7195.02 0.1561.03 0.5735.03 0.5~55.03 3.7835.02 0.6041.02 3.5295.02 0.1581-02
• 0.6995.02 0.1761-03 0.2605.03 0.5395.03 0.7985.02 0 .6995—02 0.2735.02 0.1261.02
• 0.7185.02 0.1575.03 0.2741.33 3.5385.03 3.7215.02 0.5541.02 0.4701.02 0.1491.02

—— NUMIER OF CORRECT CLASSIF. : 5~NIJMR(P OF ERRONEOUS CLASSI’ . 8

-~ 
PERCENTAGS 0! SUCCESS :



~1SULTS FOR CLASS 1 196

• CLASSIF. O1STA~.CES TO CLAS~5S:CLASS 1 CLASS 2 CLASS 3 CLMSS 4 CLASS 5 CLA SS 6 CLASS 7 CLASS 8

1 0.1501.02 0.3855-06 0.8525.08 0.9405.05 0.2385.10 0.8481.10 0.2785.13 0.3735.13
• 1 0.2151.02 0.3155.06 0.1525.05 0.1i’~1.06 0.2615.10 0.1011.11 0.1871.13 0.1475.14
• 1 0.315E—02 0.5701.06 3.4685.09 0.2975.06 0 .4635—10 0.42.1•11 0.4581.13 0.7775.13

1 0.2451.02 0.2005.06 0.1075.09 0.1191—06 0.1665—10 0.1035.11 0.251E.13 0.1091.14
1 0.2475.02 0.1765.06 0.9535.08 0.1415.06 0.1705.10 3.104€•11 0.2315.13 0.9671.13
1 0.2675.02 0.6031.06 0.4651.09 3.3945.06 0.5715-10 0.3925.11 0.4305.13 0.8995.13
1 0.1715.02 0.5995.04 0.1281.09 0.9765.05 3.3505.10 0.1455•11 0.6755.13 0.4085.13
1 0.2385.02 0.5525.06 0.9561.08 0.1011.Oo 3.2411.10 0.1051.11 0.5621.13 0.8951.13
1 0.4225.02 0.3465.0? 0.1201.11 0.232~ .07 0.1991.12 0.3751.12 0.2095.15 0.2065.15

• 1 0.6151.02 0.5201-07 0.4295.10 0.1711.08 0.3375.12 0.2315.13 0.2281.15 0.7055.15
1 0.3395.02 0.3991-07 0.5541.10 0.1.61.08 0.7251.11 0.7305.12 0.1055.15 0.6275.15
1 0.3825.02 0.3161.07 0.3615.10 0.2731.07 0.1211.12 0.6.81.12 0.5935.14 0.1541.15
1 0.4441.02 0.4775.07 0.5895.10 0.3915.07 0.1635.12 0.1015-13 0.7391’14 0.2025.15
1 0.3595.02 3.4705.07 0.6725.10 0.1761.08 0.9155.11 0.9465.12 0.1225.15 0.5811.15
1 0.6041.02 0.3031.07 0.2395.10 0.1111.08 0.2241-12 0.1301•13 0.1615.15 0.3751.15
1 0.4251.02 0.3425.07 0.1255.11 0.24*5.07 0.2075-12 3.3975 12 0~ 217E.15 0.2165.15
1 0.3635.02 0.2891.07 0.2575.10 0.2o31.07 0.3111-11 0.1355.12 0.7211.14 0.6001.1.
1 0.3925.02 0.2o85.07 0.4541.10 U.1~~0E.07 0.5195.11 0.2361.11 0.8525.14 0.8545.16
1 0.3641.02 0.3525.07 0.7215.10 0.11~ E.07 0.1025.12 3.3291—11 0.1115 15 0.1031.15
1 0.3995.02 0.9201.07 0.1035.11 o.1781.07 0.*’1E.L1 0.2335.12 0.1961.15 0.2241.15
1 0.3565.02 0.8375.07 0.9975.10 0.1901.07 0.4075.11 0.2741•12 0.1745.15 0.2471.15
1 0.2951-02 0.2925.07 0.6145.10 0.9705.06 0.8685-11 0.2755.11 0.9861.14 0.9251.14
1 0 .4525— 02 0.3405.07 0.5401.10 0.1*55.07 0.6131.11 0.3111.11 0.9611•16 0.9751—14
1 0.3021.02 0.2311—01 0.2265.10 0.1921.07 0.2735.11 0.1265.12 0.6841.14 0.5571.14
1 0.4661.02 0.2445.0? 0.1205.11 0.7291.06 0.1015.12 0.1251.13 0.1085.15 0.1041.16
1 0.3931.02 0.3345.07 0.1125.11 0.4005.06 0.7835.11 0,9605.12 0.5905.14 0.6751.14
1 0.4915.02 o.9515—07 0.1915.11 0.7091.06 0.1151.12 0.1155.13 0.6225.16 0.1055.15
1 0.5761—02 0.3051.07 3.1275.11 0.8345.07 0.2151.12 0.2441.13 0.1265.15 0.1491.16
1 0.5505.02 0.2195.07 0.7~ 7E.10 0.SuUE.07 0.1141.12 0.1375.13 0.7285.14 0.867E.1S
1 0.4935.02 0.1075.08 0.2095.11 0.8305.06 0.1121•12 0.1205.13 0.7135-14 0.1075.15

• 1 0.3605.02 0.3578.07 0.1135.11 0.4131.06 0.8235.11 0.9895•12 0.5861.14 0.9165.16
1 0.4525.02 0.3255—0 1 0.1505.11 0.12*1.07 0.1395.12 0.1655 13 0.1365.15 0.1315.16
1 0.2315.02 0.1105.09 0.2195.08 0.7951.05 0.404 5— 09 0. 4305.10 0.2055.13 0.1335.13
1 0.2091.02 0.176E•05 0.8495.08 0.9515—05 0.6105.09 0.1021•11 0.4761.13 0.3011.13
1 0.3365.02 0.3191-05 0.1225.09 0.6995.05 0.2635.10 0. 8335.10 0.2781.13 0.2011.13
1 0.3231.02 0.6445.05 0.3435.08 0.5*75.05 0.9145.09 0. 4801.10 0.1551.13 0.1981.13
1 0.3955.02 0.4601.05 3.3025.01 0.6005.05 0.9215.09 0.8955.10 0.1775-13 0.2751.13
1 0.3161.02 0.2055.09 0.1545.09 0.5.31-05 0. 18 55— 10 0.1021—10 0.3135.13 0.1515.13
1 0.1751.02 0.1285.01 0.4355.08 0.1031.06 0.4605.09 0. 7035—10 3.3115.13 0.1725.13
1 0.1441.02 0.1465.05 0.5225.08 0.1o 5.06 0.5335.09 0.9105.10 0.3575.13 0.2405.13
1 0.2$8E.02 0.2325.06 0.3165.05 0.9125.06 3.1105.11 0.1151—12 0.204 1—14 0.3881.16
1 0.3351.32 3.2211.06 0.8795.09 0.1875.06 0.1805.11 0.1591•11 0.1755.14 0.1481.14
1 0.2785.02 0.2251.08 0.6561.09 0.2945-06 0.8915.10 0.1881-11 0.1635.14 0.1281.14
1 0.3485.02 0.1155.07 3.1751.13 3.3 41—07 0.1385.11 0.2551.12 0.5005.14 0.1385.15
1 0.2925.02 0.9571—06 0.1435.10 0.2~ o5-07 0.1211.11 0.22 1E—12 0.4005.14 0.1155.15
1 0.2795.02 0.1451.06 0.4715.09 0.2975.06 0.8015.10 0.1371•11 0.1185.14 0.9175.13
1 0.2691.02 0.1315.08 0.5585.39 0.1255.06 0.1191.11 0.1141•11 0.1141.14 0.9575.13
1 0.2461.02 0.1555.06 0.5355.09 0.60 5.06 0.9145.10 0.9215•11 0.1621.14 0.2965.14
1 0.2525.02 0.1398.04 0.1255.09 0.9725.05 0..295.1O 0.1625.10 0.2301.13 0.4565-13

• I o.a981.oz 0.1148.06 0.5725.08 0.4.95.05 0.1915.10 0.3571-10 0.1625.13 0.2381.13
1 0.2775.02 0.9811-05 

- 
0.1371.09 0.3798.05 0.2331-10 0.2891.10 0.2011.13 0.2921.13

1 0.3025-02 0.3165.06 0.3*25.09 
• 
0.8705.06 0.7535-10 0.3615.11 3.3491.13 0,1285.16

1 0.2725.02 0.1885.06 0.2545.09 0.77*5.06 0.6341-10 0.5211.11 0.6055—13 0.1791-14
1 0.2955.02 3.1721-06 0.2755.05 0.4255.05 0.4225.10 0.3755-10 0.3895.13 0.4865.13
1 0.2501.02 0.9565-05 0.6395.08 v.3~45.05 0.2605.10 0.3855-10 0.1551-13 0.2341.13
1 0.3055.02 0.1305.06 0.1355.09 0.1391—06 0.5561.10 0.1415—11 0.3325.13 o.ao8E.13
1 0.2365-02 0.1165.06 0.2305.09 0.6’~1.05 0.2665.18 0.1295-11 0.5175.13 0.6591.13
1 0.3075.02 0.1341.06 0.1175.09 0.1*85.06 0.4191.10 0.1721.11 0.3021.13 0.15’5.14
1 0.2525.02 0.0425-0! 0.1465.09 0.2—15.04 0.o3’E.10 0.8041.11 0.9225.13 0.2005.14
1 0.3435.32 3.5471-08 0.6845.09 3.2.45.06 0.1858.10 0.0151—11 0.8605.13 0.1.45.16
1 0.3505.02 0.6.05-06 0.9755-09 3.3*~(.36 0.3785.10 3.9061.11 0.1385.14 0.2395-14
1 0.2245.02 3.1.85.00 0.5255.09 0.3.05.06 0.8555.10 0.8491-11 0.1315.14 0.2741.14
1 0.2741.05 0 . 1555— 06 0.2351.09 0.1045.06 0..805.1~ 0.2015.11 0,4465.13 0.1475.14

• 1 0.2215.02 0.93’1.05 0.2385.09 0.6.w8.05 0.2025-10 0.1241-11 0.5715-13 0.6675.13

—N$JMq(R OF CORRECT CLASSIF. : 64
NUNSER OF ERRONEOUS CLASSIF. : 0
PERCENTAGS OF SUCC5SS 100.00000
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~5SULTS FOR CLASS 2

197
OISTAN CSS TO CLAS~~ S:CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 CLASS 6 CLASS 7 CLASS S

2 0.1538.03 3.1705.05 3.1065-07 0.2L15-04 0.2215.08 0.8745.08 0.1185—12 0.1115.12
• 2 0.1931—03 0.2105.02 0.5145.06 0.2375.0. 0.2015.08 0.7875.08 0.1101.12 0.99.5.11

2 0.3175—03 0.4361.02 0.3725.07 0.2s15.04 0.7635.08 0.4085-09 0.2415.12 0.1745.12
• 5 0.1075-03 0.4535.02 0.4585.07 0.b~’5.04 0.3995.08 0.7015—09 0.8475.11 0.7131.12
• 2 0.1125.03 0.4275-02 0.4745.07 0.5d4E.04 0.3865.08 0.6755.09 0.8935.11 0.6735.12

2 0.3361-03 0.3415-02 0.2925.07 0.2145.04 0.5685.08 0.3075.09 0.1765.12 0.1355.12• 2 0.1905—03 0.2365—02 o.e735.oo 0.2205.0. 0.1851—08 0.6001-08 0.IOIE.12 0.8235.11
5 0.2095.03 0.2075.02 0.1245.01 0.1971.04 0.2505-08 0.1095.09 0.1325—12 0.1205.12

• 2 0.7121-03 0.5225.02 0.2341.08 0.1875.05 0.2521.09 0.2985.10 0.2281.12 0.3141.13
2 0.1105-04 0.5615.02 0.3775.08 0.2381.05 0.3695.09 0.361E•10 0.3695.12 0.4025.12
2 0.9015.03 0.3061.02 0.4695.08 0.1495-05 0.3395-09 0.2585.10 0.4291-12 0.5775.12
2 0.4991.03 0.4005.02 0.4335.08 0.2*01.09 0.2291-09 0.3325.10 0.3415.12 0.6475•13
2 0.486E.03 0.4835.02 0.4645.08 0.2iCE.05 0.2485.09 0 .3365.10 0.3541—12 0.4765.13• 2 0.9035403 0.3825.02 0.5551.08 0.1.15.05 0.4235.09 0.3215.10 0.5205.12 0.7185.12

• 2 0.1105-0’ 0.5.65—02 0.3075.08 O.3u35.05 0.3575.09 0.299E•10 0.3211.12 0.3915.12
2 0.7431.03 0.3805—02 0.2541.06 0.1~ 05.05 0.2011.09 0.2555-10 0.1855.12 0.2965-13

• 2 0.9211—02 0.3305•02 0.2355.06 0.9~05.03 0.5985-07 0.1401.08 0.3141.11 0.2875.11
2 0.1378.03 0.2765-02 0.3575.06 O.6’o€—03 0.6735.07 0.1858.08 0.2835-11 0.2035.11
2 0.2795.03 0.2 95—02 0.6735.06 0.1045.04 0.1545.08 0.2205.08 0.4161.11 0.1901.11
2 0.1595.03 0.2711.02 0.6691.08 0.8115.03 0.6185.07 0.7245.08 0.1395.11 0.9081.11
2 0.1855.03 0.3965.02 0.1855.07 0.1125.04 0.132E.08 0.8325.08 0.3431.11 o.13a5.12
2 0.2355.03 0.2395-02 0.8065.06 a.1015—0’ 0.1875.08 0.2081.08 0.4515.11 0.2125.11
2 0.1241.03 0.2095.02 0.2325.06 0.4995.03 0.3905.07 0.1085-08 0.2161.11 0.1401•11
2 0.8435.02 0.2525.02 0.1065.08 0.7.35.03 0.3085.07 0.5525—07 0.1971.11 0.1845.11
2 0.8451.03 0.5491—02 o.e41E.o3 0.2u1E.0~ 0.1625.10 0.114E•11 0.1315.13 0.9421.13
2 0.9035.03 0.5705.02 0.7725.08 0.3291.05 0.8855.09 0.6231.10 0.1245-13 0.2915.13
2 0.6495.03 0.5005.02 0.1365.09 0.227E.06 0.2565.10 0.1361.11 0.2505.13 0.6831.13

• 
• 

2 0.6611.03 0.4’11•02 0.4955.08 0.6881.06 0.1375.10 0.9875—10 0.8211.12 0.7711.13
2 0.6555.03 0.4805.02 0.5585.08 0.6315.04 0.1625—10 0.1225.11 0.9585.12 0.9395.13

• 2 0.6075.03 0.4891.02 0.1295.09 0.1.88E.06 0.2365.10 0.1241.11 0.2055—13 0.5625.13
2 0.9551.03 0.541E•02 0.6241.08 0.3345.05 0.5301.09 0.4825-10 0.9811.12 0.2721.13
2 0.3235.03 0.4865-02 0.9135.05 0.23~~ .05 0.1511.10 0.1301.11 0.1335.13 0.1145.16
2 0.2951.03 0.1141.02 0.3525.07 0.2335.04 0.7455-08 0.222E•09 0.3215.12 0.2505.12
2 0.3101.03 0.1085.02 0.4475.07 0.2.25.0. 0.8315.08 0,2485.09 0.3525.12 0.2895.12
2 0.2601.03 0.3391-02 0.5555.07 0.6255.04 0.1725.09 0.1351.09 0.4665.12 0.3751 12
2 0.2121.03 0.4145-02 0.1425.08 0.1’95.05 0.1455.09 0.2321.10 0.2585.12 0.1885.13
2 0.2381.03 0.3’45•02 0.1121.08 0.1375—05 0.1141-09 0.1805—10 0.5105.12 0.1541.13
2 0.2431.03 0.4365-02 0.5465.07 0.7415.04 0.1735.09 0.9525.09 0.5165.12 0.4385.12
2 0.3335.03 0.2565-02 0.4205.07 0.2.75.0. 0.7285.08 0.2215-09 0.3055—12 0.2541.12
2 0.2695.03 0.3105.02 0.3185.07 0.2*ot.3* 0.6045.08 0.1855—09 0.2641—12 0.1991.12
2 0.1525.03 0.2775-02 0.6991.05 0.7.~C.03 0.1191.07 0.250E~07 0.2155-10 0.4055.10
2 0.1345.03 0.2465-02 0.8325.05 0.6145.03 0.2125.07 0.1115.07 0.3295—10 0.2905.10
2 0.2395.03 0.2275.02 0.5115.05 0.72*5.03 0.1285.07 0.2211.07 0.2435.10 0.3141.10
2 3.3015.03 0.2735.02 0.9085.05 0.’795.03 0.1315.07 0.1895.08 0.1231—11 0.653E.10
2 0.3045.03 0.2885.02 0.9515.05 3.*145.03 0.1385.07 0.2005-08 0.1325.11 0.7001—10
2 0.2261-03 0.1898.02 0.7625.05 0.6.95.03 0.1755.07 0.2435.07 0.2375.10 0.3061.10
2 0.1391.03 0.2731-02 0.4115.05 0.67.5-03 0.1615.07 0.7035.06 0.2151.10 0.1981.10
2 0.1485.03 0.2755•02 0.7625.05 0.7915.03 0.1385.07 0.2781.01 0.2075.10 0.4161.10
2 0.2115.03 0.2525.02 0.8555.05 0.1.55.0. 0.8465.06 0.7941•06 0.1641.10 0.2351.10
2 0.2565.03 0.3241-02 0.1151.06 0.1385.04 0.1505.01 0.6665-07 0.2995.10 0.4891.10
2 0.1495.03 0.252E.*2 0.1095.06 Q.1.u5.04 0.1345.07 0.~~29E.07 0.2015.10 0.4545.10
2 0.2505.03 0.3231—02 0.2455.06 Q.1~~ 1.04 0.2405.07 0.5061.07 0.2565.10 0.6195.10
2 0.2391.03 0.2425-02 0.5095.06 0.1145.04 0.1735.07 0.6*41.07 0.2235.10 0.7291-10
2 0.1581.03 0.2355.02 0.1225 .06 0.1815.04 0.1855.07 0.5915.07 0.2095.10 0.5755.10
2 0.2431.03 0.2575—02 0.8175.05 0.1135.0. 0.1215—07 0.3745.07 0.1591—10 0.3341.10
2 0.2135.03 o.21e1-02 0.1055.08 0.1175.0. 0.1045.07 0.1041—07 0.1941.10 0.2715—10
2 0.1051.03 0.2421.02 0.1475.06 3.6~ 71.03 0.3755-07 0.2621.07 3.6285-10 0.6355.10
2 0.1905.03 0.2575-02 0.9255.05 0.3*.5.03 0.1o’1.07 0.1295 07 0.5095.10 0.6441.10
2 0.1201.03 0.2555-02 0.1535.06 0..7uE.03 0.4045.01 0.1135-07 0.5455.10 0.4485.10
2 0.1555.03 0.2945 02 0.5115.06 0.SLiE.03 0.o375.07 0.2841.07 0.1855•11 0.1515.11
2 0.1561.03 0.28.1—02 0.5295.36 0,4*95.03 0.o125—07 0.3315.07 0.1865.11 0.1675.11
2 0.1091.03 0.2095.02 3.2411.06 0.3~o5.03 0.o045 .07 0.1621-07 0.9225.10 0.3031.10
2 0.1771’03 0.3021—02 0.1251.06 0.3L~ 5.O3 0.20.31.07 Q.1755•*7 0.6451.10 0.7985.10
2 0.9635.02 0.2~58.02 3.1685.08 U.5—~5.03 0.3125-01 0.2161-07 0.5375.10 0.5351-10

——8U~0EQ OF COWQCCT CLASSIF. 64
P,UMRCR OF 5RRCN5~~ 5 CLAS5t~~. 0
PERCENTAGE OF SUCCESS : 100.30000
-—



RISULTS FOR CLASS ~

198
.~.ASS1F.: DISTANCES TO CLAS3S$:

CLA SS 1 CLA SS 2 CL~ SS 3 CLASS ‘ CLASS 5 CLASS 6 CLASS 7 CLASS 8

3 0.1735.03 0.1375-03 0.3885.02 U.8o~5.Q3 0.3595-05 3.2625.06 0.1175.10 0.5808.09
3 0.1705.03 3.1391.03 0.2581.02 O.32~5-03 0.’TSE—OS 0.329E•06 0.1315-10 0.7085—09
3 0.1755.03 0.2235-03 0.3115.02 0.1075.04 0.1495.06 0,5408.05 0.7555.00 0.3505.09
3 0.1475.03 u.1598.03 3.4485.02 0.1095.04 0.3085.05 0.8225-05 0,4505.09 0.4471.09
3 0.1395-03 0.1405.03 0.3775.02 0.9*35.03 0.2095.05 0,4021.05 0.3185-09 0.3121.00
3 0.1751.03 0.2181—03 0.3405.32 3.1’J~ €-04 0.1435.06 0.1905-05 0.7015.09 0.3445.09
3 0.1535.03 0.1395.03 0.4505-02 0.dT’5.0J  0..751-OS 0.3411.06 0.1415.10 0.6925.09
3 0.1655.03 0.1365.03 0.2975.02 0.8125.03 0.4455.05 0.3105.06 0.1245.10 0.6685.09
3 0.3335.03 0.7145.01 0.4275.02 0.1911.04 0.1141.06 0.5961.06 0.5801.09 0.7401.09
3 0.3535.03 0.4275.03 0.5205.02 0.4445.06 0.3455.07 0,7645.07 0.1675.10 0.5415.10
3 0.4075.03 0.4875.03 0.3985.02 O.at8g.Q~ 0.4815.05 0.4325.06 0.2195.09 0.2365.10
3 0.5021.03 0.7525-03 0.4165.02 0.3935.06 0.2165—06 0.1431 07 0.2325.09 0.6941.09
3 0.4415.03 0.7021.03 0.5425.02 0.3115.04 0.2885.06 0.1755.07 0.2615.09 0.7691.09
3 0.3915.03 0.~ 48E—03 0.2955.02 0.2015.04 0.4925•05 0.3305.06 0.1875.09 0.1915.10

• 3 0.3901—03 0.4415.03 0.4e25.02 0.50*5.0. 0.2795.07 0.5541.07 0.1215.10 0.4265.10
3 0.3395.03 0.7785.03 0.4505.02 u.2~ iE.04 0.1395.08 0.8071.06 0.7001.05 0.9035.09
3 0.1135.03 0.1465.0.3 3.3345.02 u.l325.03 0.2015.05 0.20.5-05 0.2045.09 0.22.5.09
3 0.1475.03 u.13$E•03 0.41.5.02 0.1.95.03 0.2955.05 0.2095-05 0.2945.09 0.2731-09• 3 0.1505.03 0.2365-03 0.’205.02 0.13~5.03 0.5125’05 0.1855-05 0.3505.09 0.2955.09
3 0.2055.63 u.2895.03 0.3375.02 0.1745—03 0.3085.05 0.2501.05 0.4655.05 0.5565.09
3 0.2125.03 • 0.2055-03 0.4115.02 0.1095.03 0.4365.05 0.3655-05 0.6171—09 0.6481-09
3 0.1335—03 0.2395.03 0.2941.02 0.9021.02 0.3245.05 0.1215.05 0.2505.05 0.2105.05
3 0.1385.03 0.1575-03 0.3785.02 0.8005.02 0.2225.05 0.2495—05 0.2225.09 0.1051-09
3 0.1111.03 0.1531.03 0.3035.02 0.1405.03 0.1671—05 0.1801.05 0.1845.09 0.2055.09
3 0.2355.03 o.e225-o3 1.38!.5 .02 0.1105.0. 0.2555.04 o..ees.os 0.2865.08 0.4571.08
3 0.2115.03 0.5515—03 0.3205.02 0.1.25.04 0.4565.06 0.6745.06 0.1265-09 0.6121.09
3 0.2565.03 .0.4135.03 0.3475.02 0.8795.oa 0.1565-04 0.1101.05 0.9191.07 0.1825.09
3 0.2245-03 0.4425.03 0.2755.02 0.9005.03 0.4725.04 0.5055.05 0.8711.07 0.1885.08
3 0.2465.03 0.4575.03 3.3455.02 0.1u15.0. Q..145 .04 0.5905.05 0.1055.08 0.2375.08

• 3 0.2345.03 0.4095.03 0.2525.02 0.6495.03 0.1215.04 0.1431-05 0.8505.07 0.2131-09
3 0.2401-03 0.6075.03 0.3785.02 0.2JiE.04 0.4295.06 0.5875.06 0.1145—09 0.5555.39
3 0.2085.03 0.7345—03 0.2895.02 0.8U*~ .03 0.2935—04 0.5785.05 0.3365.08 0.5345.08
3 0.1411.03 0.2165—03 0.1465.02 0.71,15.02 0.1815—03 0.1145.04 0.1131.08 0.9615.07
3 0.1455.03 0.2415-03 0.1975.02 3.d~ 95.02 0.2935.03 0.1165.0. 0.1455.08 0.1245.05
3 0.1485.03 0.3381.03 0.3045.02 0.527~~.Q~ 0.2095.04 0.2775.0. 0.2965.08 0.2231.08
3 0.1805.03 0.4335.33 0.4185.02 0.23*5.03 0.1115.0’ 0.5095.04 0.1385-08 0.1175.09
3 0.1765.33 0.4505-03 0.3095.02 0.2125.03 0.1065.04 0.9955.0. 0.1335.08 0.1135.09
3 0.1515.03 0.3265-03 0.2795.02 0.61*5.02 0.1385.04 0.2205.0. 0.2385—08 0.1721.08
3 0.1375.03 0.2245-03 0.1535.02 0.737~~.02 0.2745-03 0.7505-03 0.1051.08 0.9355.07
3 0.1375-03 0.2095-03 0.1515.02 0.7*95.02 0.1685-03 0.1191.0~ 0.1035.08 0.8935.07
3 0.1755-03 0.4085-03 0.2575.02 0.1i45.03 Q..625.03 0.3035-0. 0.4425.05 0.2805.08
3 0.1445.03 0.2785.03 0.2765.02 0.1375.03 0.1135.04 0.5975—03 0.9825.05 0.5005.06
3 0.1575.03 0.3515-03 0.2235.02 Q.9 15.02 0.5275-03 0.5175—04 0.1031.06 0.5855-06
3 0.1311— 03 0.2315-03 0.2745.02 0.8175.02 0.3485.03 0.6465.03 0.4635-05 0.1255.08
3 0.1285—03 0.2255-03 0.2445.02 0.6305.05 0.2721’03 0.8321-03 0.4591-05 0.1225-06
3 0.1545.03 0.3425.03 0.2165.02 0.T9L~ .U2 0.1415-03 0..975.04 0.1135.06 0.5.35.06
3 0.1481.03 0.2895-03 0.2965.02 0.1015.03 0.1125—0. 0.7975.03 0.8201.05 0.4195.06
3 0.1761.03 0.3945-03 0.2485.02 0.9.95-02 0.5915.03 0.2821.04 0.4885.05 0.2435.06
3 0.1565-03 3.1575.03 0.2455.02 0.1o95—03 0.2085.04 0.2895.04 0.3231.08 0.2825.08
3 0.1341.03 0.2435-03 0.2458.02 0.7205.05 0.181E.04 0.3585-04 0.2641.45 0.3295.08
3 0.1221.03 0.2065-03 0.2425.02 3.65*5-02 0.3535.04 0.2645.04 0.3591-03 0.3715.08
3 0.1365.03 0.2805-03 0.3215.02 0.19*5.03 0.1695.05 0.5955.04 0.6805.08 0.3345.08
3 0.1375.03 3.2905-33 3.3075-02 0.1015.33 0.1565—05 0.5815—04 0.6811.08 0.3~ 2E.083 0.1211—03 0.2031-03 0.2635.02 Q.6i25.02 0.3645.04 0.2525-04 0.3131-08 0.331~ .08
3 0.1365.03 0.25’5.03 0.2385.02 0.4F~ 5— 02 0.2255-04 0.3325.04 0.3115.08 0.3895.08
3 0.1595-03 0.1641-03 0.2245.02 0.1025.03 0.1’25.0~ 0.2471—04 0.2535-08 0.2275-06
3 0.1631.03 0.4115-03 0.3305.02 0.3~~’5—0 3 0 .324 1—04 0. 4278.04 0 .3255—08 0,5055.08
3 0.2465.03 0.2465-01 0.3275.02 0.2o6€.03 3.1335-04 0.1205-05 0.3685-08 0.’03E-08
3 0.2175-03 3.3315 33 0.32.5.32 0.2015.03 0.27’1-04 3.3995-04 0.3855-08 0.’281.08
3 0.2435-03 0.’71E-03 0.4355-02 3.4~~5.03 0.3615.04 0.3225•05 0.1241-09 0.1381-09
3 0.2515.03 0.4905—02 0.4375—02 3.53*5.03 3.i.75.0~ 0.2005.05 0.3285.08 3.2225.09
3 0.2095-03 0.3595-43 0.3’8E.02 0.2205.03 3.3495.04 O.1125 05 0.4075.08 3..56€.38
3 0.2315.03 0.2325-03 3.2285—02 0.1~~o1.03 3.1215.04 0.810E~ O4 0.3468.38 0.3451.03
3 0.1661.03 0.’775-03 0.3145-02 0.4191.03 0.3975.04 0.8845-04 0.5361-08 0.77 5.08

-—oiUM!CR Or COP1RICI CLASSIF. 84
NUMRE8 OF 5R~ CN5OUS CLASSIF.
~ERCE~iT*G5 CF SUCCISS 100.00030



~1SULTS FOR CLASS ‘

CLASSEF.: OISTANCES TO CL.AS.5C.S;
199

CLASS 1 CLASS 2 CLASS 3 CL*SS 4 CL’SS S CLASS 6 CLASS 7 CLASS 8

4 0.8771.02 0.2365.04 0.4725.07 0.23*5.02 0.4795.08 0.2385.09 0.4675.12 0.2395-12
4 0.1005.03 0.2005.0. 0.4085.07 0.2445.02 0..365.08 3.2165.09 0.4245.12 0.2235.12
4 0.2961.03 0.5715•04 0.7555-07 0.3115.02 0.9755.08 0.8845-06 0.3555-12 0.1555.12
4 0.1275-03 0.1465-04 0.2405.07 0.33*5-02 0.2545.03 0.9505-06 0.1145-12 0.1245.12
4 0.1241.03 0.1405.0, 0.2185.07 0.3125.02 0.2411—08 0.9365.08 0.1125—12 0.1205.12
~ 0.2985.03 0.2375-04 0.6495.07 0.3*55.02 0.9205.08 0.8245.38 0.3385.12 0.1735.12
. 0.8705.02 0.2031.0. 0.4125.07 0.2(45-02 0.4235.08 0.2115.09 0.4181.12 0.2135.12
4 0.7705.02 0.2065.0’ 0.4225.07 0.3775.02 0.4465.08 0.2205-09 0.4155.12 0.2265.12
4 0.2495.03 0.5411.04 0.2205.09 0.44u5.02 0.1675.10 0.1445—11 0.2165—13 0.2585.13
4 0.2225.03 0.9735—05 0.1105.05 0.4115.02 0.1665.11 0.8485.11 0.5455.13 3.3205.14
4 0.4415.03 0.9195.04 0.1375.09 0.5235.02 0.2145-10 0.2655-11 0.1955.13 0.2135.1’
4 0.8895.03 0.4395.04 0.IZSE.09 0.40*5.02 0.1495-10 3.1975—11 0.7755.12 0.1415.13
4 0.8365.03 0.3471—0’ 0.1235.09 0.32~€-02 0.1325.10 0.1825.11 0.7565.12 0.1245.13
4 0.4325.03 0.8535.04 0.1245.09 0.5045.02 0.2075—10 0.2575—11 0.1875—13 0.2125-14
4 0.2095.03 0.9455.03 0.1085.09 0.40’5.02 0.1625-11 0.8265.11 0.5335—13 0,3125.14
4 0.2795.03 0.3995.04 0.2125.09 0.4025.02 0.1715—10 0.1391—11 0.2255.13 0.2685.13
4 0.1295.03 0.4045.34 0.1651.08 0.2705-02 0.2355-09 0.2785-09 0.4295.12 0.4065.12
4 0.1295.03 0.4445.04 0.1025.08 0.4305.02 0.1125.09 0.2185-09 0.3305-12 0.3745.12
4 0.1195.03 0.3145-04 0.1545.08 0.31*5.02 0.2385-09 0.1585.09 0.3915.12 0.30’5.12
4 0.2355i03 0.1425*05 0.3415.00 0.3,05.02 0.3005.09 0.2495.09 0.1215-13 0.6275.12
4 3.2385.03 0.1815.05 0.3775.08 0.3905.02 0.3255.09 0.2751.09 0.1315.13 0.6845.12
4 0.1155.03 0.2405-0. 0.1075—08 0.3125.02 0.1665.09 0.1095.09 0.2755.12 0.2705.12
4 0.1425.03 0.4755.04 0.1145.08 0.3’7E-02 0.1225-09 0.2325-09 0.3885.12 0.4361.12
4 0.1445.03 0.3355.04 0.1415.06 0.3325.02 0.2035.09 0.2601-09 0.3095-12 0.3675.12
4 0.3911.03 0.3095-05 0.4605.09 0.2125.02 0.5715—10 0.7245-11 0.4865-13 0.5645.14
4 0.8395.03 0.2265.05 0.4065.09 0.5~~5.02 0.2725.10 0.3941-11 0.2915-13 0.2885.13
4 0.3085.03 0.1135—08 0.6465.09 0.4415.02 0.2545—10 0.4465.11 0.2475.13 0.3465.13
4 0.4335.03 0.3535-05 0.5305.09 0.2795.02 0.o605.10 0.0365-11 0.5615-13 0.6521.14
4 0.4385.03 0.2785-05 0.4465.05 0.3771.02 0.5765-10 0.7235•11 0.4825.13 0.5641.14
4 0.3065.03 0.1118.06 0.8415.09 0.4305.02 0.2605.10 0.4395—11 0.2585-13 0.3545—13
4 0.1075.04 0.2135—05 0.4855.09 0.5775.02 0.3265—10 0.4781•11 0.3585—13 0.3545—13
4 0.4405.03 0.3075.05 O,4535.3q 0.2145~ 02 0.6275.10 0.7925.11 0.5305-13 0.6105.14
4 0.1555.03 0.2005.03 0.7855.02 0.1355.02 0.6005.03 0.4275.03 0.7805-07 0.7365.01
4 0.1525-03 0.2165•03 0.7855.02 3.I’J5-02 0.o065.03 0.3895—03 0.6495.07 0.7045.07
* 0.1325—03 3.2051.01 0.5545-02 0.2235.02 0.5015.03 3.—425-03 0.1975.08 0.1135—03
4 0.1505.03 0.3415•03 0.1055.03 0.2fl.E-02 0.1125.04 0.5o3E•Q~ 0.1055-08 0.6985.08

0.1515.03 0.3395—03 0.1155.03 0.3u85.02 0.1225—0* 0.1335 05 0.1445—06 0.76”E.08
4 0.1315-03 0.2045-02 0.4705.02 0.3345-02 O.”5-03 0.1035.04 0.2785-08 0.1745—08
4 0.1535-03 0.2065.03 0.5085.02 0.l~ oE.32 0.9755.03 0.3825-03 0.7385-07 0.8065.07
4 0.1575—03 0.2285-03 0.7815.02 0.19’5-04 0.7185-03 0.3405-03 0.8355.07 0.8725.07
4 0.8525-02 0.5535-03 0.2405.07 0,3.35.02 0.3805.08 0.5535 03 0.3835-11 0.7775—11
4 0.1755-03 0.4365-01 0.1845.07 0.2.15.02 0.2355-08 0.3065—08 0.7365—11 0.8351-11
4 0.1155.03 0.4605-03 0.2495—OT 0.3145.02 0.4375-08 0.2235•08 0.7735-11 0.7505.11
4 0.1651-03 0.1065.04 0.6231.07 0.2905.02 0.5945.08 0.3945.08 3.2635-12 0.1431.12
* 0.1855.03 0.9385.03 0.5565.07 0.33*5.02 3.5775-08 0.3715-08 0.2545-12 0.1381.12
4 0.1225-03 0.4525—03 0.2335.07 0.2~ 7E•02 0.4125.08 0.2025-08 0.7075.11 0.6865.11
4 0.1745.03 0. 401 5-03 0.17’5-07 0.3121.02 0.2255.08 0.5875.08 0.7095.11 0.8075-11
4 0.8285—02 0.’34E•02 0.1141.07 0.2725.02 0.2945.08 0.3905•08 0.6831.11 0.6031.11
4 0.1405.03 0.7895-04 0.3035-08 0.3..1-02 0.4315.09 0.5315-09 0.7675-12 0.7275.12
4 0.1965.03 0.1055—05 0.2295-06 0.1(65.02 0.2155.09 0.7475 09 0.7385-12 0.8005—12
4 0.1195.03 0.4665-04. 0.2475.08 0.2~J1.02 0.3545.09 0.3265-0; 0.5675-12 0.5575.12
4 0.2821-03 0.2825—OS 0.6005.08 0.34*1.02 0.5645-09 0..oZE— 09 0.2115-13 0.1115-13
4 0.2871.03 0.2965-C! 0.o255.46 3..odE.02 0.*035.09 0.53 5 09 0.2175-13 0.1165.13
4 0.1245-03 0.6295-04 0.2865.04 0.3115.02 0.3855-09 0.34.5-09 0.6388.12 0.6235.12
4 0.2051.03 0.77’5-04 0.1925-06 3.3415-o2 0.1945.09 0.5385-09 3.6305-12 0.6985.12
4 0.1365-03 0.5445-0. 0.2175.08 3.2.45.02 0.3115-09 0.3605-09 0.5575-12 0.5295-12
4 0.1725.03 0.1185-05 3.2565.08 a.2”5.02 0.2481-09 0..b.38.09 0.8471.12 0.9165.12
‘ 0.1535-03 0.1345.0! 3.~ 865.08 _ .0.2.25.02 _ 3.o865-09 

- •  
0.7395.09 0.1135—1 3 0.1091.13

4 0.2285.03 O.L44€.0~ 3.2505•’3o 0.2,vS.Qê 3.2805-09 0.9245.09 0.9415-12 0.1325.13
0.1855.03 3.2868.0! 0.43~35.08 0.3’—€ .u2 0.3555-05 0.1625—10 0.2901-13 0.1125.13

4 0.1545-03 0.3435-05 0.5425.05 Q.’495-02 0...465 0’3 0.2041.10 0.3625 13 0.1915.13
4 0.2241.03 0.1295.05 0.2~~75.08 0.2’7E.02 3.2755.05 0.9205—09 3.9215-12 0.1005.13
‘ 0.1435.33 0.1345—05 3.5105.38 Q.2*u(.02 0.7225.09 0.7291.09 0.1175-13 0.1141.13
4 0.1855-03 0.142!-3 ‘.293’- 33 0.3-35—02 u.2758.09 0.1055—10 0.9635.12 0.1035.13

——NUM81~ OF C0~IPCCT CLASSIF. :
NUMRE9 OF ERRONEOUS CLASS!’. :
PIRCENTAGE OF SUCCISS : 100.000U~
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RESULTS F014 CLASS ‘

200
.ASSIF.: 01STA~,C5S TO CLA S~~ S

CLASS 1 CLASS 2 CLASS 3 CLAIS 4 CLASS S CLASS S CLASS 1 CLASS 8

5 0.1225.03 0.1915.03 0.5085-03 0.1495.33 0.1645.02 0.1085.04 0.4395—07 0.2375.07
5 0.1225.03 0.1925.03 0.4595.03 u.1’05.03 0.2215.05 0.1201-04 0.4311.07 0.2565.01• 5 0.1821.03 0.3’05.03 0.8005.03 3.1~25.03 0.*188.02 0.3785.04 0.4421.07 0.9’91.06
5 0.1515-03 0.3205.03 3.4425.03 0.7.~5.32 0.2805.02 0.5405.04 0.1545.07 0.3151.07
5 0.1471.03 0.3005.03 0.5525.03 0.l’i25.03 0.2715.32 0.5191.04 0.2155.07 0.3555.07
5 0.1575.03 0.3295—03 0.8275.03 0.IJuS.03 0.3705-02 0.3635.04 0.3431.07 0.5881.06
S 0.1L9€.0~3 0.1735.03 0.5375.03 0.1~ 01.03 0.2425-02 0.11*5.0’ 0.7145.07 0.4085.07
5 0.1205-03 0.1725.03 0.4515-33 0.lolS.03 0.1895.02 0.1115—04 0.6725.07 0.3165.07
5 0.2295—03 0.3875.03 0.*085.03 0.1175.04 0.4395.02 0.1425.05 0.1145.08 0.6045.08

• 5 0.2195.03 0.2535.03 0.4165.03 0.1045.04 0.4615.02 0.9775.04 0.2181.08 0.2385.08
5 0.2585.03 0.5355.03 0.5775.03 0.9065.03 0.*125.02 0.7401.0* 0.3165.08 0.3765.08
5 0.3485.03 0.6421-02 0.7855.03 0.2175.04 0.4141.02 0.1775.05 0.3865.Oa 0.1555.09
5 0.3405—03 0.6755-03 0.7335.03 0.2195.0* 0.4311.02 0.1595.05 0.2781.08 0.1065.09
5 o.26e5.o3 0.5505.03 0.6145.03 0.1035.04 0.4205-02 0.7915.04 0.3115.08 0.3775.08
5 0.2285.03 0.2525.03 0.~~155.Q3 0.1105.04 0.4865.02 0.1031.05 0.2975.08 0.3175.08
S 0.2181.03 0.3845.03 0.3785.03 0.1145.04 3.’345—02 0.1225.05 0.6515.07 0.3*35.08

• 5 0.1185.03 0.2345-03 0.4425.03 0.3.35.03 0.2685.02 0.3561-03 0.4605.07 0.3985.07
5 0.1655.03 0.2315.03 0.2585.03 0.2315.03 0.3581.02 0.3905.03 0.5965.07 0.5535.07
S 0.1685-03 0.3125.03 0.3645.03 0.1905-03 0.2675.02 0.5061.03 0.5715.07 0.4471.07
5 0.2001.03 0.5115.03 0.8105.03 Q.1~ o5-03 0.3595.02 0.5425.03 0.9295.07 0.8005.07
5 0.2185—03 0.5195.03 0.1385.04 0.2195.03 0.3255.02 0.8295.03 0.1375.08 0.1105.06

• S 0.1675-03 0.3115—03 0.3555—33 0.2135’03 3.2575—02 0.5105—03 0.6425.07 0.5025.07
• 5 0.1855.03 3.2415-03 0.3725.03 0.1155-03 0.3135-02 0.6225.03 0.3185.07 0.2055.07

5 0.1165—03 0.2215.03 0.5135.03 0.3935.03 0.3215.02 0.5435.03 0.5431-07 0.4915.07
5 0.2455.03 0.3775.03 0.9325.03 0.6205.03 0.4325.02 0.1105.06 0.3555.38 0.8575.00
5 0.2405.03 0.3815-03 0.1395.04 0.4005.03 0.4505.02 0.1645.06 0.4535.08 0.5115.08• 5 0.1445—03 0.8005—03 0.2345-0. 0.5915.03 0.5315-02 3.2075.06 0.3S15 08 0.6475.08
5 0.2411—03 0.6355-33 0.9785.03 0.5.45.03 0.3095.02 0.1405.06 0.3795.08 0.0125.09
5 0.2365-03 0.3785-03 0.9035.03 0.6168.03 0.4145-02 0.1415.06 0.3065-03 0.9825.09
9 0.1475-03 0.8555-03 o.23a5.04 0.6715.03 0.S’08.Q2 0.2145.06 0.3775.08 0,7505.09

• 5 0.2505.03 0.3725-03 0.1605.0’ 0.54~ 5.03 0.4845.02 0.2031.06 0.4945.08 0.5601.48
5 0.2515-03 0.8605.03 0.1085-04 0.50*5.03 0.3815-02 0.1381.06 0.3941.08 0.8951.09
5 0.1785.03 0.1735-03 0.4695.03 Q.23~ E.03 0.1565-02 0.7195.03 0.3585•06 0.4685.06
5 0.1735.03 3.3875.03 0.4525—03 Q.1”5-03 0.2765.42 3.6301—03 0.3435-06 0.3665.06

• 5 0.1815.03 0.3365-03 0.3535-03 v.2225.03 0.3’05-02 0.2925.04 0.1295-01 0.1195.37
• 5 0.1905-03 0.8315.03 0.2545.03 3.1735.03 0.3085-02 0.o455.04 0.6121.06 0.4261.07

5 0.1845.03 0.6395—03 0.2525.03 U.1405.03 0.3315.02 0.7’0E.04 0.4025.06 0.3345.07
5 0.1885.03 0.3945.03 0.4015.03 0.2635.03 0.3028.02 0.2455.04 0.1075.07 0.9785.06
5 0.1305.03 0.3825.03 0.*TOE-03 0.2275.03 0.1575-02 0.7035.03 0.3705.08 0.4595.06
5 0.1831.03 0.3585.03 0.5105.03 0.2375.03 0.2565.02 0.7435.03 0.2755.06 0.3445.06
5 0.1865.03 0.3345—03 0.2235.03 0.2”5—33 0.3305—02 0.3515—03 0.2075.08 0.1635.08
5 0.1395.03 0.2085.03 0.3458.03 0.3095.03 0.2875.02 0.4745—03 0.1365—08 0,1075.08
5 0,1815—03 0.2715—03 0.2505.03 0.3~ 75.03 o.2325-02 0.3465.03 0.1105—08 0.1071.08
5 0.1355—03 0.2285—03 ‘3.5785.03 0.23~5.03 0.3715.02 0.9235-04 0.5775.08 0.2551.08
5 0.1445.03 0.2115-03 0.7505.03 0.21 5-03 3.5045-02 0.2115—05 0.8855-08 0.4635.08
5 0.1795.03 0.2771-03 0.3135.33 0.3915-03 0.2715-02 0.2575.03 0.1095-08 0.1045—08
5 0.1395-03 0.2145—03 3.2655.03 0.2.95-03 0.2905-02 0..765.03 0.1165•08 0.9195.07
5 0.1865.03 0.3345.03 0.20!~.Q3 0.2411.03 0.2825-02 0.36*5-03 0.1895.03 0.1’45.08
5 0.1885.03 0.2775.03 0.4185.03 0.3335.03 0.3345—02 0.1875.03 0.9145.07 0.8135.07
5 0.1201.03 0.1925.03 0.3595.03 0.2445.03 0.2445.02 0.2825—03 0.6931.07 0.5015-07
5 0.1641.03 0.3161.03 0.3915.33 0.2.25.03 0.2585-02 0.5565.03 0.1285.08 0.9455.07
5 0.1271.03 0.2015.03 0.3825.03 0.2.o5.03 0.36*5.02 0.3291.04 0.2685—08 0.2575.08
5 0.1255—03 0.1975.03 0.3315.03 0.2611.03 0.4675.02 0.S68E-0~ 0.3585-08 0.3485.08
5 0.1655.03 0.3225-03 0 4545.33 0.2705.03 0.2795—02 0.8015.03 0.1465.08 0.1065.08
5 0.1221-03 0.2055-03 0.3825.03 0.2*95.03 0.2111.02 0.2815-03 0.5475.07 0.4095.07
5 0.1841-03 0.2855.03 0.4405.03 0.39.5.03 0.2615.02 0.1135-03 0.8575.07 0.8195.01
5 0.1405.03 0.3015-03 0.*!15.03 0.4’e5.03 0.2815.02 0.8915—02 0.6365.07 0.5335.07
5 0.2275.03 0.33’5-03 0.414~ .O3 0.3.05-03 0.2915-02 0.1171.03 0.6971.07 0.6545.07
5 0.1671.03 0.2755—03 0.4165.03 0.4405.33 0.2295-02 0.2935-03 0.7775.01 0.o105.07
5 0.2105-03 0.’201— 03 0.9855.03 0.2,15-03 0.3045.02 0.2775.03 0.2105.04 0.1215.08
5 0.2105— 03 0.4205—03 0.1105.04 0.2405.03 0.3275.02 0.3675.03 0.2305—08 0.1271.08
5 0.1681.03 0.2785.03 0.4035.33 0.40~ 5.03 0.2055.02 0.2845.03 0.6945—07 0.5441.07
5 0.2265.03 0.3105.03 0.2365.03 0.4~95.03 0.3195.02 0.1215.03 0.8791-07 0.a391.07
5 0.1425.03 0.3035-03 0.,535.03 3.Si~5.O3 0.3311.02 0.8345—02 3.7455.07 0.6105.37

— ——NUM6CQ OF CORRECT CL~ S51F. 6*
NUM6ER OF ERRCNEOUS CLASSIF , : 0
RCRCEMTAGC OF S’iCcESS 100.000130
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‘ ESULTS FO~ CLASS .
20].

• LASSIF. OLSTM.CES TO CLAS~5S:
CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS S CLASS 6 CLASS 1 CLASS 8

6 0.1345-03 0.2345-03 0.1755.03 0.2ov5.03 0.3965-03 0.4715— 02 0.6155.07 0.3381.07
• 6 0.1365.03 u.2355.o3 0.1725.03 o.21*5.33 0.4845-03 0.’501-02 0.4825.01 0.1951.07

8 0.1845.03 0.”2L’03 0.2065.03 0.1178.33 0.~~77E—03 0.3825-02 0.2281-07 0.5081.06
6 0.1801—03 0.3865.01 0.1525.03 0.1~~15.03 0.1205.03 0.30’5.02 0.1255.07 0.9465.06
6 0.1805—03 0.3865.03 0.1205.03 0.1275.03 0.9481.02 0.3265—02 0.7535.06 0.5945.06
6 0.1825.03 0.4385-03 0.2825.03 G.1’95.03 0.5505.03 0.3835.02 0.2231-07 0.9925.06
6 0.1375.03 0.2461.03 0.1795.03 0.2~oE.03 0.4605.03 0.2245-02 0.4381.07 0.1935.07
6 0.1351.03 7.2375.03 .3.1125.03 0.2115.03 0.3715-03 0.3385.02 0.7081-07 0.3305.01
6 0.2745—03 0.5781—03 0.3025.03 0.7915.03 0.1625.04 0.3285•05 0.2765-07 0.4161.01
6 0.2125.43 O.668E~03 0.8435.03 0.11,1.04 0.5495-04 0.3445.02 0.5701.01 0.2125.08
6 0.2045—03 0.7231.03 0.4345.03 0.1251—04 0.2215-04 0.3405’02 0.2825.06 0.7461.01
6 0.3101-03 0.5935.03 0.6085.03 0.2095.04 0.5715.04 0.5771-02 0.1415.07 0.4335.0?
6 0.2885 03 0.5555.03 0.o145.33 0.1015.04 0.4595.04 0.5435 02 0.7725.06 0.2411.07
6 0.1985.03 0.7025.03 0.4115— 03 0.1155.04 0.2065.04 0.3035-02 0.3205.06 0.8345.07
6 0.2181.03 0.6855.03 O.835F.03 0.1295 .0. 0.1015-05 0.3785.02 0.e305.07 0.2405-08
6 0.2775.03 0.6031-03 3.3255.03 0.3~~ 5-03 0.1565-04 0.36’C—02 0.3155.07 0.4915.07

• 6 0.2035.03 0.7465-03 0.1775.03 0.6*138.03 0.1365.04 0.2525-02 0.2435.06 0.1035-08
• 6 0.2185-03 0.3155-03 0.4945.03 0.8415.03 0.25*5.0’ 0.3431-02 0.5061-06 0.1045-07

• 6 0.2001.03 0.6571—03 0.bSSE.03 0.31~E.03 0.7465.03 0.3701.02 0.9065-06 0.2295—07
6 0.2075.03 0.7548.03 0.1995-03 0.6a45.03 0.1215.04 0.2*01-02 0.30*5-06 0.1155—08
6 0.2111.03 0.8255-03 0.1865.03 3.7405.03 0.1565.04 0.57o5•02 0.6898.06 0.2595.06
6 0.1915.03 0.6505.03 0.7075.03 0.3715.03 0.7315.03 0.3605-02 0.1861-06 0.5025-07
6 0,2195.03 0.3245-03 0.4345.03 0.8305.03 0.2865-04 0.3055-02 0.7055-08 0.9225.06
6 0.2011.03 0.1181.03 0.1815.03 0.5.05—03 0.1161—04 0.2141—02 0.3015—06 0.1115.08
6 0.1431—03 0.3015.03 0.4175.03 0.39~5.03 0.5365-02 0.3175.02 0.2005—07 0.1*61.07

• 6 0.2141.03 0.3171-03 0.1201.03 0.2715-03 0.2065.03 0.3285-02 0.9711.06 0.8491.06
6 0.1681.03 0.2865.03 0.3345.03 0.2135.03 0.6615.05 0.2655-02 0.240€ 07 0.1775.01
6 0.1811.03 0.4551—03 0.5565.03 0.1005.03 0.2801.03 0.2595.02 0.3935.07 0.2121.01
8 0.1145.03 0.4575.0.3 0.6105.03 0.11.5.03 3.3595.03 0.3405.02 0.3121—07 0.1615.07

• 6 0.1721.03 0.2595.03 0.3005.03 0.23*1.03 0.8751—02 0.3045-02 0.1411.07 0.1035.07
6 0.2081.03 0.3141-03 0.1185.03 0.1995—03 0.1555.03 0.3495-02 0.9765.06 0.5815.06

• 6 0.1435.03 0.3345-03 0.4051.33 0.33*5.03 0.1185.02 0.3405.02 0.1305.07 0.9251.06
6 0.2025.03 0.’11E.33 0.6205.03 3.8.01.03 0.1265.03 0.1331—02 0.1135—03 0.2531—03• 6 0.1995.03 0.4075.03 0.5535-03 0.1~~ 5—U3 0.1225.03 0.1721-02 0.1255.03 0.3041.03
6 0.1995.03 0.’115-03 0.5395.03 0.7oo5.03 0.21.5-03 3.3065-02 0.1535-03 0.4195.03
6 0.1871-03 0.’555.03 0.5771.03 0.8J~5.03 0.2955-03 0.3305.02 0.4991.03 0.4171.03
8 0.1855.03 0.4495.03 0.5445.03 0.8465.03 0.2795-03 0.3135-02 3.5425.03 0.4.95.03
6 0.2001.03 0.4091.03 0.5355.03 0.9~45.03 0.2195.03 0.2931.02 ‘~~1555.03 0.3*55.03
6 0.2015.03 0.4025—03 0.5615.03 3.7*05.03 0.1415.03 0.1o15-02 0.1161.03 0.2985.03
6 0.2011.03 0.4131.03 0.5525.03 Q.8~~E.03 0.1201-03 0.1545-02 0.1295.03 0.3035.43
8 0.1455.03 0.2925.03 3.4445.33 0.5008.03 O..34€.02 0.3325-32 0.2115-01 0.1531.07
6 0.220E—03 0.3555—33 0.2*25.03 0.5215.03 0.1205—03 0.3211—02 0.2575.01 0.2185-0?
4 0.1641.03 0.2055-03 0.*225.03 0.5*55.03 0.4585—02 0.3021—32 0.2501.07 0.1845.07
6 0.2215.03 0.’021.’33 0.63*5.03 0.3..05—03 0.1585-03 0.3591-02 0.5405.01 0.2645 .07
8 0.2255.03 0.o785-03 0.6495.03 0.39.5.03 .3.8195.02 3.2621-02 0.6715-07 0.3025—07
6 0.1631-03 0.2855-33 0.4*01.03 3.4145.03 0.3”5—02 0.272E-02 0.3301-07 0.2475.07
6 0.2185.03 0.3581-03 0.2901.03 0.51’5-03 0.9055-02 0.2485-02 0.2071—07 0.1905—07
6 0.1475.03 0.2915.03 3..865 .03 0.o&oE-03 0.3685-02 0.2625-02 0.2155—07 0.1601.07

• 4 0.1381.03 0.2515.02 0.4575—03 3.59*5.03 0.2331-03 0.2291.05 0.1225.08 0.9391.07
8 0.2145.03 0.3621.03 0.3545.03 0.5.s8.03 0.4065-03 0.34’1-0Z 0.1531.38 0.1515.01
6 0.1365.03 0.2325-03 0.4225.03 0.6i~ E.u3 0..911-03 0.3731-02 0.17*8.08 0.1351.05
6 0.2555.03 0.’335-03 0.6105.03 3.33o5.Q3 0.1351.0* 0.3125-02 0.*455-08 0.2395-08
6 0.2581.03 0.’411.03 3.6*85.03 0.3*15-03 0.13*5-0* 0.325E-02 0.4345.04 0.2415-01
8 0.1365.03 0.2285-03 0.4105.03 0.50~5.03 0.3005.03 0.2605-02 0.1575-08 0.12*1-08
6 0.2125.03 0.3*25-01 0.3415.03 0.5~ L5-33 0.4895.03 0.3635•02 0.1275-08 0.1231-08
6 0.1375-03 0.2645-03 0..865.03 0.6..E.0.3 0..525-03 0.~ 6*8.02 0.1575.08 0.1295.08
6 0.1421-03 0.2435.03 0.4135.33 0.5*85.33 0.1035.03 0.2775-02 0.9961-07 0.7811.07
6 0.2065-03 0.4135— 03 0.2615-03 0.5345.03 0.35’5 03 0.3775.02 0.1371.08 0.1121-05
6 0.1241—03 0.2225•O3 0.4355.03 3.5*75.33 0.7335-02 0.3055-02 0.5695.07 0.6285-0’
4 0.2445-03 0.’825-03 0.1025-0* 0.6175.03 0.1315-04 0.~~72E 02 0.1938.08 0.8731-07
6 0.2405—43 0.’765—03 3.1155.0’ 0.41*8.133 0.2635.0’ 3.5281 02 0.3361•08 3.1521.08
6 0.1255-03 0.2265-03 0.4*25.03 0.41’5.33 0.7535-02 0.2791-02 0.9681-07 0.7031-07
6 0.2075.03 0.4095-03 0.2935—03 0.5~o1.03 0.3455-03 0.4578.02 0.1805-08 0.1451.08
6 0.1*25-03 0.2431-03 0.’.8i1.03 0.4.3E.~3 0.1495 03 0.3165.02 0.14.1’0ê 0.1115.05——~UM65P OF CORRECT CLASSIF. *4

P~UM4ER OF ERRONEOLS Lo50t’, 0
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P~ESULTS FOR CLASS 7

CLASSIF.: OISTAt,CES TO CLASS~ S: 202
CLASS 1 CLASS 2 CLA SS 3 CL.ISS ~ CLASS S CLASS 8 CLASS 7 CLASS S

7 0 .1565—03 0.3’5E—03 0.244’-03 0.5045.03 0.3~ SE.03 0.2611-03 0 .5335— 02 0.8185.02
7 0.1515-03 0.3535.03 0.2405.03 3.5~ o5.03 0.2995.03 0.2375-03 0.3175-02 0.2095.03
7 0.1805.03 0. 4 125—03 0.3115.03 0.5335.03 0.3125-03 0 .3305— 03 0 .3855—32 0.7101—02
7 0.1591.03 0.4015-03 3 .22 75-03 0.5275.33 0.1295.03 0.1555.03 3.2045.02 0.7431.02
7 0.1911.03 0.40 15—03 0.2235.03 3.51b5.33 0.1295—03 3 .2065— 03 0.3145.02 0.4905.02
7 0.1815.03 0.4195-03 3.3145.03 • o.S~ oE-03 3.3245.03 0.3465-03 0.2855.02 0.6831.42
7 0.1585.03 0.3585-03 0.2545.03 3.S’.~~E.33 0.3245.03 0.2705.03 0.1925.02 0.7385.02

• 7 0.1595-03 0.3595-03 0.2525.03 Q.5l~ 5.0J 0.2995-03 0.2365.03 0.2335.02 0.9631-02
7 0.2275.03 0.’565—03 3.4455.03 0.7.375.03 0.1375.04 0.4805.03 0.3225.02 0.1195.03
7 0.1825—03 0.5515-03 0.7805.03 0.7~ uE.G3 0.1135.04 0.6418.03 0.5265—02 0.2431—03
7 0.1745.03 0.5495.03 0.5885.03 0.7085.03 0.6745.03 0.4821.03 0.3371-02 0.4105.03
7 0.2225.03 0 .406 5—03 0.4981.03 0.93~ E.O3 0.1085.04 0.5465.03 0.4725.02 0.3685-03
7 0.22 15—03 0.4231.03 0.4781.03 0.9355.03 0.1135.04 0.8501.03 0.4701.02 0.1045.03
7 0.1755.03 3.5265-03 0.6055-03 0.7175.03 0.6775.03 0.3821.03 0.3661.02 0.3335.03
7 0.1811.03 0.5345•03 0.1955.03 0.7171.33 0.1045-04 0.7415.03 0.5455.02 0.8155-03
7 0.2245.03 0.4585—03 0.,725.03 Q.7~ 45.03 0.1255.0* 0. 4155.03 0.3485.02 0.23*5-03
7 0.1755.03 0.3725—03 0.3165.03 Q.6oo5.03 0.2775.03 0.3185.03 0.3531.02 0.3395.03
7 0.203 1—03 u.3871-03 0.*031.03 0.6815.03 0.2025.03 3.1235.03 0.3151.02 0.2475-03
7 0.1895.03 0.3615-03 0.2791.03 0.6445.03 0.5425-03 0.2431.03 0.3261-02 0.4661.02
7 0.1545.03 3.4645-03 0.4635.03 0.61*5.03 0.3621.03 0.3421.03 0.4821.02 0.1991.03
7 0.1905.03 0. 456 5—03 0.4635.03 0.6345.33 0.3555—03 0.3301.03 0.3225.02 0.1475—03
7 0.1915—03 0.3641—03 0.2e11.o3 0.6375-03 0.5115—03 0.2131-03 0.2715.02 0.1965.02
7 0.2021-03 0.3835-03 0.3835-03 0.oo1E.03 0.1805-03 0.*18E.03 0.3671.02 0.1395.03
7 0.1775.03 0.3755—03 0.3505-03 0.69*5.03 0.2735.03 0.2688.03 0.3575-02 0.2915—03
7 0.1945.03 0.4235.03 0.6735.03 0.9335—03 0.2075.03 0.9665—02 0.1345-02 0.8555-02
7 0.1935.03 0.4221.03 0.6565.03 0.9o*E.03 0.2025.03 0.462E—02 0.1Z0( 02 0.7235.02
7 0.1945-03 0.41~ E-03 0.6395-03 0.9355.33 0.1945.03 0.4265-02 0.1671.02 0.8915.02
7 0.1971-03 0.4175.03 0.8085.03 0.5425-03 0.1665.03 0.3995—02 0.3071.02 0.3905.02
7 0.1971-03 0.4215.03 O.613’.03 0.9415.03 0.1595-03 0.3255-02 ‘.2831.02 0.5615-02
7 0.1945-03 0.4195.03 0.~ 5*5.03 0.9995.03 0.2025-03 0.1361.02 0..$41.02 0.8365-02
7 0.1965-03 0.4235-03 0.6475.03 0.9*~5.03 0.1855—03 0.7451-02 0.972E.01 0.5501.02
7 0.1931.03 0.4155—03 0.6355.03 0.9345.33 0.1941—03 0.9175—02 3.1625.02 0.6945-02

• 7 0.2031.03 0.6755.03 0.46.5 .03 0.5115-03 0.3271.03 0.4645.03 3.3715.02 0.5345.05
7 0.2175-03 0.3275-03 0.9335.03 0.6.~5-03 0.1315-04 0.910E.03 0.4695—02 0.3425-04
7 0.1975.03 0.5215.03 0.5*21.03 0.5d.~8.03 0.4181.03 0.2915-04 0.3521.02 0.3221.04
7 0.1725—03 0.3445-03 0.3815.03 0.44.35.03 0.*201.03 0.3565-03 0.5655.02 0.1505—05
7 0.1771.03 0.5935.03 3.4445.03 0.49J5 03 0.3511-03 0.3181—03 0.5875-02 0.5561-05

• 7 0.1955—03 u.5295.03 0.5335.03 0.4715-03 0.3935.03 0.3141-04 0.5771—02 0.6605.0*
7 0.2155.03 0.32~5-03 0.5575.03 0.o335-03 0.1345.04 0.9461.03 0.4845.02 3,3555.34
7 0~2048.03 0.6558.03 0.4515.03 0.S’J*8.03 0.2965.03 0.*795.03 0.4295-02 0.4535.05
7 0.1275.03 0.4305-03 0.5575.03 3.7~05-03 0.2695.33 0.1011-03 0.4055.32 0.8911.03
7 0.2145.03 0.3895-03 0.4105.03 0.7.45-03 0.4015.03 0.9175.02 0.2135-32 0.1875.03
7 0.2131-03 0.37’5.03 0.4755.03 0.7~45.03 0.2895.03 0.1045.03 3.3081-02 0.2865.03
7 0.1755—03 u.’315-03 0.6185.03 0.7.*8.03 0.~~101-03 0.4611.03 0.3825—02 0.3941-04
1 0.1755-03 0.4215-03 0.6235.03 0.7*75-03 0.3135.03 0.4395—03 0.2915.02 0.2931-0’
7 0.2141-03 0.3755-03 0.4725.03 o.7.3E-33 0.3085.03 0.1151-03 0.2941-02 0.2*05-03
7 0.2131.03 0.3955-03 0.4905-03 3.79g5.03 0.3225—03 0.6971-02 0.2431.02 0.1995-03
7 0.1941-03 0.4295-03 0.5525.03 0.7.5—03 0.2925-03 0.1375—03 0.3035-02 0.8715.03
7 0.1e35-03 0.3815-13 0.3525.03 0.6’5C•03 0.2505-03 0.1705.03 0.2631.02 0.9971—02
7 0.2081-03 0.3991.03 0.3355-03 0.6395.u3 0.1501.03 0.2785.03 0.2375.02 0.1531.03
7 0.1868.03 0.3501.03 0.3235.03 0.68~E—03 0.3761.03 0.1315-03 0.1991.02 0.1561.03
7 0.1855—03 0.4251 03 0.4705.03 0.6*.8.03 0.3191.03 0.2435.03 0.2761.02 0.2161—03
7 0.1945—03 0,4265—03 0..515 .03 j.64.E-03 0.J41E—03 0.2991.03 0.3085—02 0.3851-03
7 0.1981—03 0.3535.03 0.3315.03 3.70135.03 0.3865.03 0.1195-03 0.2901-02 0.1445—03
7 0.2055-03 0.4025-03 0.3485.03 0.6.~€.03 0.1675.03 0.’085.03 0.2551.02 0.1241-03
7 0.1535-03 3.3815-03 3.3765.03 o.o1T5—03 0.2595.03 0.1871.03 0.2921-02 0.9241-02
7 0.1931.03 0.3591.03 0.4125.03 0.6*45.33 3.2’IE.03 0.8635-02 3.2265.32 0.1541-03
7 0.1915-03 0.4235-03 0.3505.03 0.6301.03 0.1131•03 0..e’5-02 0.2711.02 0.1131-03
7 0.1425— 03 0.3795 03 0.4345.03 0.6/.5.03 3.2175.03 3.9845.32 0.2265-02 0.2441.03
7 0.1995-03 0.4188.03 0.4155.03 0.720t-03 3.3395-03 0.1605.03 0.2921—02 0.1d31.03
7 0.1871.03 0.4265-03 0.4205.03 u.72e5-03 0.3085—03 0.11*5•03 3.4411.02 0.211E.03
7 0.1281-03 0.3775.03 0.4455.03 0.7,3.5.03 0.2145-03 0.8355—02 0.2351.02 0.1561—03
7 0.1525.03 0.4245-03 0.3735.03 0.6.75.03 0.1205.03 0.5605.02 3.2975.02 0.7535.32
7 0.1935.03 0.3595-u3 0.4025.03 0.6*.E.03 0.2565.03 0.8868.02 0.1931.05 0.1358.03
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RESULT! FOR CLASS ~

CLASSIF.: OISTAP.CES TO CLAS~~ S: 
203

CLASS 1 CLASS 2 CLASS 3 CLMSS 4 CLASS 5 CLASS I CLASS 7 CLASS 8

2 0.1595.03 0.3695.03 o.2e45—03 0.5115.03 0.3665-03 0.2005—03 0.1045—03 0.2581.02
8 0.1621.03 0.3785.03 0.3025.03 0.6415.03 0.3575-03 0.1775-03 0.1665.03 0.4255.02
8 0.1741— 03 0.4175—02 0.3305.03 3.5905.03 7.3495.03 0.2755.03 0.1321.03 0.3135.02
8 0.1931—03 0.3975—03 0.2425.03 0.5*15.03 0.1305.03 0.1975-03 0.5135.02 0.3495.02
8 0.1931.03 0.3931—03 0.2515.03 0.5315.03 0.1355.03 0.1895-03 0.6825.02 0.2915.02
8 0.1205.03 0.4155-03 0.3605.03 0.5925.03 0.3545—03 3.3001-03 0.1935—03 0.3591.02
8 0.1595.03 0.3*15—03 0.2971-03 0.0341.03 0.3831.33 0.2455.03 0.1265.03 0.3038.02
e 0.1585.03 0.3631-03 0.5895.03 0.6305.03 0.3825-03 0.2145.03 0.1235.03 0.4015.02
8 0.2295.03 0.4475-03 0.4535.03 0.8,345.03 0.1115-0* 0.3795-03 0.5325—02 0.4545.02
e 0.1855—03 0.5488.03 0.8225.03 0.7715.03 0.9325—03 0.6845.03 0.1731.03 0.4345.02
• 0.1735-03 0.5221-03 0.8525.03 0.7545.03 0.7965.03 0.3731.03 0.1145.03 0.3621.02
8 0.2271.03 0.4125-03 0.5941.03 0.9*45.03 0.9665.03 0.4665.03 0.6681.02 0.3235.02
8 0.2235.03 0.4141.03 0.5335.03 0.9275.03 0.9101.03 0.4121.03 0.4421.05 0.3935.02
2 0.1731.03 0.5255.03 0.6*85.03 0.7*35.03 0.8851-03 0.*16E.03 3.2085.03 0.4601.02
8 0.1851.03 0.5615.03 0.83*5.03 0.7765.03 0.1115.04 0.8125-03 0.2991.03 0.4315.02
8 0.2335.03 0.4505.03 0.4335.03 0.8115.03 0.1285.04 0.4395.03 0.8175.02 0.4291.02
8 o.1e71.o3 0.3615.03 0.3241.03 0.6~4E.03 0.*355.03 0.2731-03 0.1035-03 0.3165.02
8 0.2015.03 0.4135-03 0.4411.03 0.632E.03 0.1575-03 0.2575-03 0.1195-03 0.3321—02
8 0.1295.03 0.3705.03 0.3475.03 0.bo35.03 0.4765.03 0.2581-03 0.1145.03 0.2751.02
8 0.1891.03 0.4645.03 0.4455.03 0.6.375.03 0.*01E-03 0.2115.03 0.1261.03 0.3235.02
8 0.1915.03 0.4661.03 0.4685.03 0.6.65.03 0.’045.03 0.2275-03 0.1501.03 0.2785.02
a 0.1271.03 0.3725.03 0.3545.03 0.6~ 75.03 0.4715.03 0.1925.03 0.8441.02 0.3021-02
8 0.2011.03 0.4125.03 0.44*5.03 0.6405.33 0.1655.03 0.3315-03 0.1375.03 0.2425.02
8 0.1875.03 0.3665—03 0.3385.03 0.b.~E-03 0.4005.03 0.2655-03 0.1015—03 0.2945.02
8 0.1975-03 0.5635-03 0.7495.03 0.76*5.03 0.3175-03 0.2511—03 0.3491.03 0.4751.02
5 0.2245-03 0.3825-03 0.6985.03 0.9d9E.~ 0.6535.03 0.3435—03 0.1581—03 0.4345.02
e 0.2085-03 o.’sss.oa 0.5215.03 0.8.45.03 0.2865-03 0.8015.03 0.3681.03 0.5665.02
8 0.1805.03 0.5135.03 0.7005.03 0.1905.03 0.3895.03 0.1915.03 0.7965-02 0.2725.02
8 0.1791.03 0.5235.03 0.6675.03 0.7195.133 0.4021.03 0.2235-03 0.7365—02 0.4441.02
8 0.2081.03 0.4555.03 0.5055.03 0.83~E-03 0.2865.03 0.7555-03 0.6295-03 0.5351.05
8 0.2215.03 0.3765.03 0.7395.03 0.92*5.03 0.5298.03 0.2491—03 0.7581—02 0.5435.02
2 0.1965—03 0.5845-03 0.7525.03 0.7o7t.03 0.4355.03 0.3541•03 0.6031.03 0.5295.02
8 0.2025-03 0.4385.03 0.8415.03 0.11u5.0* 0.2071.03 0.4765.02 0.7621.02 0.1321.02
8 0.2031.03 0.4385.03 0.5475.03 0.1115.04 0.2025.03 0.4305—02 0.6895.02 0.1215.02
5 0.2045.03 0.4405.03 0.8455.03 0.1115.0. 0.2051-03 0.6318.02 0.7315.02 0.2341.02
S 0.2065-03 3.4535.03 0.8255.03 0.1111.04 0.1911—03 0.531E.02 0.9115.02 0.1955—02
8 0.2065-03 0.4525.03 0.5035.03 0.1u95-04 0.1855-03 0.4825.05 0.7265.02 0.1965.02
8 0.2065.03 0.4415.03 0.8465.03 0.1115-04 0.1955—03 0.o185-02 0.6555.02 0.3075—02
4 0.2035.03 0.6375.03 0.8205.03 0.1,391.04 0.1865.03 0.4045-02 0.9245.02 0.1475—02
8 0.2035.03 0.4355.03 0.8495.03 0.1115.04 0.2055-03 0.4451-02 0.6825.02 0.1551.02
• 0.1291—03 0.3925.03 0.4645.03 0.8141-03 0.2535-03 o.2a95.03 0.7675.02 0.3395.02
8 0.2135.03 0.4115— 03 0.5295.03 0.77*5.03 0.1925.03 0.4105.03 0.9855.02 0.3635-02
8 0.1575.03 0.3795.03 0.o385.03 0.óu4E.03 0.3475.03 0.1725-03 0.5885.02 0.2025.02
8 0.1575.03 0.4641.03 0.6165.03 0.7*.5.03 0.4315.03 0.3595.03 0.1385—03 0.29.5.02
2 0.1545-03 3.4625.03 0.5905.03 0.7*j5.03 0.4645-03 0.4205.03 0.1575.03 0.2085.02
8 0.1575.03 0.3845.03 0.4625.03 0.8295.03 0.3085-03 0.1585-03 0.8695.02 0.2365.02
• 0.2165.03 0.6165-03 0.5745.03 0.5275-03 0.2125.03 0.3965.03 0.1181.03 0.1991.02
8 0.1915.03 0.3945.03 

- -  
0.4965.03 0.8.75-03 0.2401.03 0.2651.03 O.735E—02 

- 
0.2545.02

8 0.1275.03 0.3145.33 0.6441.03 0.77*5-03 0.1835-03 0.1501-03 0.2255.03 0.3815.02
9 0.2085-03 0.4125.03 0.*725.03 0.7615.03 0.1571.03 0.1811—03 0.2615-03 0.2541.02
8 0.1915.03 0.3645.03 0..*45.03 0.7791.03 0.2235.03 0,o73E-02 0.1401.03 0.2835.02
• 0.1965.03 0.4455-03 0.5465.03 0.1.15 .03 0.3365.03 0.2231.03 0.7601.03 0.5515-02
• 0.1955.03 0.4415.03 0.5531.03 O.8~ o5—03 0.3171.03 0.1855—03 0.2215.03 0.3695.02
a 0.1931.03 0.3735—03 0..665.03 0.bo9€.03 0.2081-03 0.3565—02 0.2321.03 0.3371.02

• 8 0.2085.03 0.4125.03 0.4ee~ .o3 0.7795.03 0.1565.03 0.1665—03 0.2565—03 0.3395.0*
e 0.1905.03 0.3795.03 0.4781.03 0.7*65.03 0.1685.03 0.9875.02 0.9385.02 0.3115.02
2 0.2055.03 0.4425.03 0.6141.03 0.82*1.03 0.2805—03 0.1185.03 0.5845.03 0.3155-02
• 0.1995—03 0.3741.03 0.4225.03 0.7*01.03 0.3525—03 0.1485-03 0.9315-02 0.3065.02
• 0.2145-03 o.40a1.o3 0.4925.03 o.oouE-03 0.1921.03 0.2635—03 0.1705.03 0.2438.02
8 0.1685.03 0.4145.03 0.5295.03 0.loJ5—0~ 0..535.03 0.1235.03 3.7185.03 0.3335.02
5 0.1661-03 0.’125-03 0.5005.03 0.82.5.03 0.5131-03 0.1381-03 0.6178.03 0.3215-02
8 0.2145-03 0.4105.03 0.4555.03 0.7945.03 0.1905.03 0.2881-03 0.3565—03 0.3365—02
8 0.1591—03 0.3735.03 0.4145.03 0.7*55.03 0.3881—03 0.1915.03 0.1225.03 0.2661.02
• 0.2031.03 0.~ 39E.03 0.5765.03 0.7811.03 0.2345.03 0.1825—03 0.4575.03 0.3255.02
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