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In many practical applications of learning systems

to problems of pattern recognition it has been realized

and explicitly noted in the literature that linear discri-

minations are inadequate. On the other hand, it has also

been noted that very little is known about the training

of non-linear systems.

A reasonable compromise between linearity and high

complexity is what is called a 'committee machine,' i.e.

a collection of linear systems each performing a linear

threshold function (subject to adaptation) with an overall

element (as the majority rule) to e:.:press the final

diagnosis.

In this paper we will present a system of algorithms

which effectively locates a committee machine which uses

majority or veto logic. The algorithms are error-correction

techniques, which in general perform as many adjustments

in training as known algorithms, but with the added feature
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that in some cases the algorithms will allow the machine

to misjudge some samples which are deemed to be noisy or

otherwise abnormal without implementing, in relation to

these samples, significant change in the committee members.

Experimental results are presented using artificially

generated data in 2-space, hand-printed letters A and R

(Munson), disconnected-connected 3 x 3 arrays, absence-

presence of the code 1101, and 3 x 3 quasi-randomly

generated arrays (Michalski).
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TEEMAL, AN ADAPTIVE TRAINING PROCEDURE FOR A
TWO LAYER SYSTEM OF LINEAR THRESHOLD ELEMENTS

I. INTRODUCTION

This paper concerns itself with a system of linear

discriminant functions (hyperplanes) which have two states

corresponding to the classes in the two-class problem.

Each function is given equal weight and the state of the

system is determined by a pre-set percentage of the states

of the functions called the logic of the system, i.e. the

system judges a pattern to belong to a category if at

least 'p' percent of the functions judge it so.

In our development of an adaptive, error-correction

technique for locating such a system, we are aware of the

following observations of Nilsson [15].

"A disadvantage results from the fact that
error correction rules never allow an error in
pattern classification without making some
adjustment in the discriminant functions. In
many pattern classification tasks, it may be
necessary to tolerate some small number of
classification errors in the training set in
order to classify related patterns with small
probability of error."

Another problem that has been noted is the difficulty

of an algorithm running through cyclic states or remaining

stationary in some configuration, a static state. This

has been evident when the data is presented to the

algorithm in cyclic form [16] and particularly when the

data consists of a small training set [4].
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To overcome these handicaps we have devised a system

of algorithms which by constant transfer of control from

one to the other avoids static and cyclic states. Further

by use of a new and effective error-correction criterion

we have obtained an algorithm which allows for some errors

in training, i.e. samples which the algorithm considers to

be noisy or otherwise abnormal. In such cases the

algorithm will not perform any adjustment of the discrimi-

nant functions.

This system provides the committee a great freedom of

movement in the training phase, and yet the process arrives

at solutions which are quite stable and represent a near

optimal configuration for the given parameters, i.e. the

number of functions and logic. Although this paper is

totally devoted to systems with hyperplanes as their

discriminant functions and judged on the percentage basis,

it is invisioned that some of the basic ideas of error-

correction may be extended to train other systems of

discriminant functions.



II. BASIC CONCEPTS

1. Patcern Representation.

In describing patterns for the pattern recognition

problem, a set of (n-1)-measurements is taken to charac-

terize each pattern to be classified. These measurements

are represented as a (n-1)-dimensional vector with binary,

integral, or real components depending on the manner in

which the measurements are taken. In addition each of

the (n-1)-dimensional pattern vectors is augmented by an

additional dimension with the corresponding component

equal to one. Thus a pattern vector X is written,

X = (x x x 1).11 2" n-1'

In this paper we will deal with sets of patterns

which can be classified into two distinct categories.

It is assumed therefore, that the measurements taken are

so discriminatory that two patterns represented by the

same vector belong to the same category. Thus let S

be the set of patterns to be classified, let A be the

set of patterns belonging to category 1, and let B

those belonging to category 2. The sets A, B, and S

are related as follows,

AUB=S and AnB= 0.

3



2. A Threshold Locigal Unit.

We define a simple, automatic linear classifier.

Let W = (141, w2, wn) be a vector in n-space.

Then the set of all vectors X = (xl, x2, ..., xn) such

that,

x.w. = 07, 11
i=1

defines a hyperplane in n-space through the origin.

This hyperplane divides the space into two parts, corres-

ponding to the positive and negative sides of the hyper-

plane. The vectors belonging to the hyperplane are

arbitrarily assigned to the negative side.

Then if for all vectors X c A,

XW = .. > 07, x1w1
i=1

and if for all vectors X e B,

XW = x.w. < 0
1

i=1

the classes A and B are linearly separable and in

fact are separated by the hyperplane defined by the vector

W. We call this vector defining the hyperplane a weight

vector.

4



Consider the schematic diagram of figure 1.1.

w1

pattern weight
vector vector

figure 1.1

The summer forms the vector inner product of the

vectors X and W. The threshold compares this inner

product with the real number called the threshold. The

response is a binary output, +1 or -1, corresponding

to the case of the inner product being greater than the

threshold or less than or equal to the threshold. The

representation of the data in n-space has been designed

so that we can always use the threshold of zero. Thus

we can express the response, r, of figure 1.1 as follows,

r = sgn X.W.

\i=1
1 lj

5
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where,

+1, for y > 0
sgn(y) =

L-1, for y < 0 .

This type of linear classifier is commonly called a

Threshold Logical Unit, TLU [15].

3. The Committee Machine.

Suppose there are K Threshold Logical Units which

have corresponding weight vectors, Wk, and responses,

rk'
for k = 1, 2, ..., K. We can consider the output

responses rk, as components of a (K+1)-dimensional

vector with the (K+1) component, rK+1, equal 1.

Thus we have the vector R = (r1, r2, rK, 1).

Using another weight vector U = (ul, u2, uK+1),

we can build another TLU as shown in figure 1.2.

figure 1.2

6



7

This second layer of the two layer network again has

a response of +1 or -1. A two layer system of this

type is commonly called a committee machine [10], [15],

[16]. The weight vectors Wk'
are called the committee

members. Each component, uk of the weight vector U,

represents the importance or influence of each committee

member, Wk, in creating the final response of the

machine for a pattern vector X.

In a committee machine there are two sets of parameters

namely the components of the weight vectors Wk and U.

In the machines we shall consider for practical use the

weights wi,k of Wk's are allowed to range over the

real numbers. The weights of U, uk, will be restricted

as follows,

uk = 1, for k = 1, 2, K and -K < uK+1 < K. (2.1)

Thus each committee member in our machines will have equal

voting power, with the integer, uK+1'
determining the

logic of the machine.

In general committee machines of this type are said

to use plurality logic, i.e. a committee votes correctly

on a pattern if a certain percentage of the members vote

correctly. There are two values for uK+1 that have

received special attention in the past.

Majority Logic. K is odd and uK+1 = 0. The

committee votes correctly on a given pattern if and only

if a simple majority of the committee members do.



Veto Logic. uK+1 = -(K-1). For X c A all the

committee members vote correctly. For X e B at least

one committee member votes correctly, i.e. any committee

member has veto power.

8



III. COMMITTEE MACHINES AND CLASSIFICATION

1. Existence of a Majority Solution.

Besides the adjustable parameters of a committee

machine, namely the components of the weight vectors Wk

and U, there are two other characteristics of a given

machine that greatly effects its capability to solve a

two class problem. They are the value of K, the number

of committee members in the structure of the machine, and

uK+1'
the component of U that determines the logic of

the machine. We would like to know the relationship

between the size of a machine and its logic so that we

could choose the most effective combination in solving a

given practical problem. First we present an existence

theorem.

Theorem 1.1. Given two sets of patterns corres-

ponding to two categories with no pattern belonging to

both categories. Then there exists a committee using

the majority logic that partitions the space so that the

categories are separated without error.

Proof. See [l] and [10].

The proof in [l] is a constructive one which also

provides a method of locating the various committee

members. But as usual a method resulting from a

9
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constructive proof is not a very efficient way of

performing the task. In particular the size of the

machine resulting from the use of this method may be as

large as the number of original patterns to be classified.

2. Conjectures on the Size and Logic of Committee Solutions.

For a given logic obviously there can be many machines

each of a different size which solve a given classifica-

tion problem. Since 1( is a finite positive integer

there is a machine of smallest size. If then we have a

machine of minimum size using logic L1 and a machine of

minimum size using logic L2, will the minimum be the

same for both? Some conjectures have been made which

provide a partial answer to this question. We present

the following made by Kaylor [10] with some discussion.

Let the patterns be represented, as noted above, by

n-dimensional vectors with binary components. Let K*

be minimum number of committee members required by any

general solution committee, i.e. the components of U

may be real. Let K' be the minimum number of committee

members required by any general solution with uK4.1 = 0.

Conjecture 1. There is a committee voting by

majority logic of size K*.



Conjecture 2. There is a committee machine voting

by plurality logic of size K*.

Conjecture 3. There is a committee machine voting

by majority logic of size K'.

Conjecture 3 has been proven true for N = 2 and

for K' = 3 and N arbitrary. In the proofs given in

[4] by Kaylor there is no need for the assumption which

requires the components of the pattern vector to be

binary. Thus we may be led to assume that the conjectures

may be true for real components as well as binary.

Conjecture 1 is false if the pattern vectors are

allowed to have real components.

Proof. Consider the following counter example. Let

set A be the points in two space just inside the inscribed

circle of triangle A of figure 3.1. Let set B be the

points just outside the circumscribed circle of the same

triangle A. The lines formed by the three sides of the

triangle form a boundary between the sets A and B.

If we consider the sides of the lines where the inscribed

circle is located as the positive side, then sets A and

B are effectively separated by the lines, (hyperplanes

in 2-space), using veto logic. Note that three is the

minimum number of lines that will separate set A from B.

11



figure 3.1

But no three-line committee will produce a solution using

the majority logic. Q.E.D.

In view of the above we highly suspect that Conjecture

1 is not true for binary components either. However, it

is our belief that Conjectures 2 and 3 are true for

pattern vectors having real or binary components.

12



In creating a system for finding the individual

committee members we would prefer a system which lends

itself to application for machines using any of the logic

systems, majority, plurality, or veto, since we maintain

that these machines perform the job of general machines

of the same size.

13



IV. EXISTING ALGORITHM FOR LOCATING COMMITTEE MACHINES

1. Error Correction Techniques.

Most of the methods used for locating a solution

committee use error correction techniques. This is an

iterative procedure whereby the pattern vectors are

presented to the committee one by one. As each pattern

is considered by the committee a vote is taken. If the

committee already votes correctly for the pattern under

consideration no change in the committee is made. If,

however, the committee is in error, i.e. it judges the

pattern to belong to the wrong class, some correction

(adjustment) is made in one or more of the committee

members. The members chosen for this adjustment are

usually those whose vote can be most easily changed to

a correct vote. Corrections are made by adding a multiple

of the pattern vector to the weight vector.

The main advantage of this technique is that the

machine looks at one pattern at a time without using any

information from the remaining pattern vectors, except

as these have already exerted their influence on the

machine when they in turn were under consideration by

the committee.

14



2. Algorithms for Committees of Size 1.

The simplest committee machine that we can have is

the one consisting of just one committee member. Much

investigation and study has already been done concerning

this case. We would like to present some of the results

here as a goal for development of machines of larger size.

An Algorithm. Suppose we have pattern vectors

X. c A U B, where A and B are linearly separable.

Let Sx
be a training sequence, i.e. the order in which

the patterns are to be presented to the machine, with

Sx=(XX2' "..)whereX1.eS. This sequenceX2,
.'

is arbitrary, the only requirement is that each pattern

vector X. E S occur infinitely many times in the

sequence.

Let S be the sequence of weight vectors with

Wi...) where W1
is arbitrary.

If X. is the ith vector of the training sequence
1

Sx
then,

= W. if X.W. > 0 and X. e A,
Wi+1 1 1 1 1

if X.-W. < 0 and X. E B,1 1 1

otherwise

or

Wi+1 = W. + c.X. if X.-W. < 0 and X. e A,
1 1 1 1 1 - 1

15



or

W. = W. - c.X. if X.W. > 0 and X. e B.
1+1 1 11 1 1 1

Theorem 4.1. Let sets A and B be linearly

separable categories of pattern vectors in n-space. Let

SW be the weight vector sequence generated by any valid

training sequence. Sx using the error correction procedure

of the algorithm above with ci = 1 for all i and
W1

arbitrary. Then for some finite index
0

W. = W.+1 = W. =
0 10+2

is a solution vector.

Proof. This theorem has been proved by various

people in sundry ways [2], [3], [13], [14], [15], [17],

and [19].

The hypothesis of the theorem stipulating that,

c. = 1 for all i, is not a necessary condition for

convergence of the algorithm. In practical cases the

following values have been used successfully and their

convergence proven.

c. = 1 for all i (Theorem 4.1)
1

c. = 1/11X.11, i.e. add or subtract a unit vector

from W.

c. pW..X./X..X. where 0 < p < 2.
1 1 1 1

16
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Theoretically the ci's may range over a considerably

larger set. Block [6] proved that the process will con-

verge if the ci's satisfy the following,

03

c,divergesandthec.'s are bounded.
1 1

i=1

In practical problems encountered in real life the

hypothesis of linear separability is often not satisfied.

The question is, if this is the case what can be said

about the convergence of the algorithm above. Obviously

no solution is possible, but a result conjectured by

Nilsson [15] and proved by Efron [9] states that the

weight vector will not grow indefinitely, more precisely

it is bounded. This assurance is a great help in training

machines of large size, but it also can be a limiting

factor.

3. An Algorithm for Locating a Machine of Size >1.

The following method for training a committee machine

of arbitrary size using the majority logic was first

proposed by Ridgway [18] and then implemented into the

hardware of a learning machine, MINOS II, by Brain et al.

[4] and [5], at Stanford Research Institute. According

to the authors the machine performed creditably well but

suffered from two deficiencies, to wit, (1) for the most



where

i
= (ri riR

1, 2' r(, 1)

1 if X.- > 0

-1 if X.-Wk < 0
forX.6Sx and

k= 1, ..., K.

Let U be the logic vector, U = (ul, u2, uK, 0),

where uk = 1, for k = 1, 2, ..., K.

Then if X. is the ith element of
Sx

and

X. c A, and if

18

part there was a marked difference in the percentage error

in the training and the test set, with the training per-

centage of error always significantly lower than in the

test data, and (2) the algorithm had a tendency to get

trapped in cyclic or static states. Both of these problems

were attributed to the fact that the set was too small.

The Algorithm. Let Sx
be a training sequence of

the sets A and B, with Sx = (X1, X21 ..., Xi, ...)

where X. eAUB and each X. appears infinitely often

in the sequence.

Let Sw
be the weight vector sequences,

k k k
Sk = (W1, W2' ...) where W1 is arbitrary for k = 1, 2,

K and K is the number of weight vectors in the

machine.

Let Ri be the response vector,

(4.1)



Iti-I.J>0,1et=1"7.for k = 1, 2, ..., K,Wk
1

but if

R-1J < 0,
x

then adjust the Wk's according to the following rule.

i
Let N. = IR 'UI and arrange the weight vectors

1

1 2
such that W.-X. < W.-X. << W.-X.. Let

1

ko
= (K - 1)/2.

Now let

. 'W. + c.X. for k = k k0+1, ... k.+(N.+1)/2
WI+1 1 11 0' 0 u

and

= W otherwise.
Wi+1

Suppose )(.1 is the
th

element of S)c and X.1

If

11-1J<011etIATI=W.for k = 1, 2, ..., K,
x 1+1 1

but if

Rx-U
> 0,

kadjust the W's according to the following rule.

Let N. = Rx-LI and rearrange the weight vectors such

1 2
that W.-X. < W.-X. < < W.-X. and let k = (K-1)/2.1 1 1 1 1 1 0

19



Now let,

k = W -c.X. for k = k k -1, k - (N.+1)/2
Wi+1 1 11 0' 0 0

and

20

W. = W. otherwise.
1+1

The adjustment criterion of the above algorithm can

be stated very briefly. If the machine already votes

correctly by the majority logic nothing is done. If,

however, the machine votes-incorrectly then a number of

hyperplanes are chosen to be adjusted. The hyperplanes

closest to the pattern vector under consideration are

chosen such that the-number of original correct votes

plus the number of hyperplanes just adjusted would be

just sufficient to achieve a simple majority.

Another algorithm for training committee machines

having veto logic, which is very similar to the preceding

algorithm and also due to Ridgway [18], adjusts hyperplanes

according to the following rule. If Xi 6 A and the

machine votes correctly nothing is done. If the machine

votes incorrectly then all the hyperplanes which are

wrong are adjusted. If Xi 6 B and the machine votes

correctly nothing is done. If the machine votes incor-

rectly then the one hyperplane which is closest to the

pattern vector under consideration is adjusted.
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As indicated earlier both of these algorithms have

been used with some success in training committee machines.

The major difficulties they encounter will be lessened by

our new process of training which we now describe.



V. TEEMAL - A NEW METHOD FOR LOCATING A COMMITTEE

1. Preliminary Remarks.

This method will consist of three main parts.

A process for replacing one of the hyperplanes.

An algorithm for adjusting an individual hyper-

plane.

An algorithm for adjusting all the hyperplanes.

In the design of our method all three processes are

used successively with critera of time and success deter-

mining the transfer from one to the other.

As it has been pointed out the difficulties in

training committee machines have been, (i) the tendency

of the machines to get trapped in static or cyclic states,

and (ii) the disparity in the percentage of errors in the

training set versus that in the test set. These phenomena

have been attributed to the use of too small a number of

training samples. We believe, however, that the problems

are not that simple, but that the nasty, complex, problems

of prejudice and misplaced samples in training must be

faced.

A limited, for linear machines only, attempt has

been made in allowing misplaced samples in training by

Duda and Singleton [8]. The adjustment criterion used

never allowed errors without making some sort of correction,

22



but rather attempted to minimize the effect of misplaced

samples by an averaging technique of intermediate stages

of learning.

Thus a major attempt has been made in the present

method to allow for errors, i.e. misplaced or excessively

noisy samples which may exert undue influence in the

development of the machine by providing misleading and

prejudicial information to the training algorithms. In

addition, the error correction critera were designed in

such a way .that the machine could bail itself out of

static or cyclic states-, or better., never get trapped

at all.

2. CREATE - A Method of Creating a New Hyperplane.

Suppose we have a committee machine, CK,L,
under

training which consists of K-hyperplanes and these vote

according to the logic, L. The process, CREATE, replaces

one of the weight vectors defining a hyperplane, say Wk.

Let
Ia

be the number of elements in set A and
Ib

be the number of elements in set B. Let Rx
be the

response vector in 4.1 with rk = 0. Let

U = (1, 1, ..., 1, uK+1) be the logic vector and without

loss of generality we assume (K + uK+1) is an odd

integer. Let Sa = Sb = 0 be vectors in n-space.

23



and

Consider X. 6 A, for i = 1, 2, ..., Ia.
1

If RiU > 0

let Sa = Sa andn=0 .

If Ri-U < 0

1

let na = IRx.U1 + 1 and Sa = Sa + n.X. .11

Consider
X.1

6 B, for i = 1, 2, ..., Ib.

If RU < 0

let St) = sb and n = 0.

If Ri-U > 0

let ni? R-17 + 1 and Sb = Sb + n.X.
X

.
1 1 1

Now let

Ia

Na = n. anda
Sa = Sa/Na

1
1=1

Ib

Nb = IP and Sb = Sb/Nb .

1=1

Thus we have formed two vectors which represent

weighted centers of mass for some or all the elements of

24



a
A and B respectively. The weight factors, n. and

1

attribute to each vector in A U B some measure of

importance, the importance being the need for the new

committee member to vote correctly on the particular

pattern vector.

Given the vectors thus formed with,

a a a a
S = (s

,

l' 2' s ) and
b b bs = (s , s
1 2' sni

we define the vector, Wk =
k k

(141, w2, wk), as follows.

a
Let la. :3. -- E3. for i = 1, 2, ..., n-1,

and

Wn
b2

(si)
a2

(s.)

25

i=1 i=1

-- -
Thus if we denote by X

wk sa and Sb- as

vectors in the original non-augmented (n-1)-space, then

the hyperplane defined by the equation Wk *X = wk is

the perpendicular bisector of the line connecting the

-
vectors Sa and Sb-.

3. ALCONONE - An Algorithm for Adjusting One Hyperplane.

The hyperplane generated by CREATE is usually far

from being the best hyperplane possible to cure the errors

of the machine at time it is generated. It is, however,
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a good beginning, as an initial vector for our error-

correction algorithm, in particular it is far superior

to the random selection of an arbitrary vector.

In order to make maximum use of the discriminating.

power of the newly .created hyperplane, then, it is useful

to adjust it slightly .so. that pattern vectors just barely

on the wrong side have a change of being accepted on the

correct side... Yet, we do not want to adjust the hyper-

plane excessively in an attempt to have this one hyper-

plane assume too much responsibility in separating the

two categories. If we consider a new hyperplane as a

line in figure 5.1, a 'good' position this hyperplane to

move, as a committee member, would be between clusters

A and B1 as line Ll. We call such areas, 'areas of

local separability.' The adjusting algorithm should not

concern itself too much with the patterns in the cluster

B2'
which are at some distance from the hyperplane.

Straight forward use of existing algorithms, whether

fixed or variable increment, would result in locating the

hyperplane in the position of line L2 in figure 5.1,

cutting through all the cluster areas. Mengert has

suggested a way of giving weights to the pattern vectors

to achieve a similar result [ll].

The algorithm, ALCONONE, by its continuous function

increment adjustment seeks out areas of local separability

and is tolerant of errors, even a significant number.



figure 5.1
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ap + d2
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The Algorithm. Let
Sx

be a training sequence for

the sets A and B, with Sx = (X1, X2, ..., Xi, ...)

where X. E A B and each X. appears infinitely often
1 1

in the sequence.

Let SW be a weight vector sequence, with

Sw = (W1, W2, ...) and
04111* = 1'

where H.M* is the

Euclidean norm of the first (n-1) elements of a vector

in n-space.

Let
Rx

be the response vector in 4.1 and U be

the logic vector described in 2.1.

Let. X- be the ith element in
Sx.1

If X. E .A U B1

and RU> 0 or W.X. > 0,
X 1 1

let Wi+1 = Wi;

if X.c
1

and Rx
< 0 and W.X. < 0,1 1

let Wi+1 = Wi + f(di)Xi/11Xill;

if X. E B,
1

and
Rx < 0 or W.X. < 0,1 1

let Wi+1 = Wi;

if X. c B,
1

and RU> 0 and W.X. > 0,11
letWi+1 = W. f(d.)X./11X.11,

1

awhere d.1
Wi.Xi and f(d) = 8 +



do
<IX-Wl.

29

The parameters f3, and p of the function f

play the following roles:

i. '$' determines the infimum of the function.

lim f(d) = $.
d+00

p' determines the maximum of the function.

1
f(0) = + .

'a' plays a very important and delicate role

in determining the precise amount of adjustment to be

implemented by the algorithm. If regulates the rate of

decrease of the monotone, decreasing function f.

In practice since we are always working with finite

sets, $ = 0. It has been made part of the function for

the theoretical considerations. 'p' on the otherhand

had a value of around 10.

From experiments we found a good value for a should

satisfy the following. Let W- be the weight vector

corresponding to the hyperplane which is the perpendicular

bisector of the line joining the centers of mass of A

and B, with 11W-H = 1. Let
'a

be the number of

elements in A and
Ib

the number of elements in B.

Letd0=5ccp.IfXcAUB,letN,be the number
u0

of pattern vectors X such that,



Then pick a such that

.02(1a + Ib) < Nd < .05(1a + Ib).
0

In other words Nd
should be more than 2 % of

0

the total number of pattern vectors but less than 5 %.

It should be noted that this algorithm satisfies

the generalization of Theorem 4.1 [3]. Thus if the two

classes are linearly separable this algorithm will converge

to a solution. We feel this is an important additional

feature since we may be concerned with subsets of A and

B which may well be linearly separable. A graph of the

function is given in figure 5.2.

Methods for Adjusting All Committee Members Simultaneously

We present two algorithms here for adjusting all the

committee members simultaneously. The first uses the

continuous function technique just described for adjusting

a single committee member.

4. Algorithm I, ALCONTY.

Let Sx
be a training sequence Sx = (X1, X2, ...)

and Sk be the weight vector sequences,

30

k k k H km

Sw = (W1, W2' ...) where k = 1, 2, 3, ..., K and
11141

= 1.
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Let Rx
be the response vector

R1= (ri
x ri2 riK' 1)l' "

if x. .wk > 0i 1
where rk - for X. 6 Sx

.

1
if X.-14k < 0

1

Let U be the logic vector

U = (ul, u2, uK, uK4.1)

where uk
= 1, for k = 1, 2, 3, ..., K and

-K < uK+1
< K.

Let X. be the ith element in the training sequence
1

Sx
and X. A.

1

Then if:

Rx-U > 0

let=. W, k = 1, 2, ..., K.
W1+1 1

If:

RiU < 0
x

Let Ia. := IR. + f(d)X. for all k = 1, 2, ..., K
1+1 1 1 1

and d. < 0,
1

where,

k a
d. = Wk.-X. and f(d) = +
1 1 1 ap + d2
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If X. is the ith element of S and X. c B,
X1 1

then:

if R -U < 0
x

Let W. = W, k = 1, 2, ... K.
1+1 1

But if Rx-U > 0

Let W. = W. - f(d.)X. for k = 1, 2, ..., K
1+1 1

and d. > 0,1

wherethefunctionfaruldare as above.
1

Evaluation of Algorithm I

Algorithm I, ALCONTY, has all the desired character-

istics described for the continuous function adjusting

algorithm, ALCONONE. This algorithm has proved effective

in locating a committee and performs as well as the

algorithm due to Ridgway described in Chapter IV. But

to achieve these results some delicate variance was needed

on the parameters a, (3, and P of the function f.

Also it was necessary to maintain the norm of the weight

vectors Wk near equality, in our case 1114kII* 1- To

overcome these handicaps we have devised Algorithm II,

ALVARY, which has all the good characteristics of ALCONTY

without the described sensitivity.
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5. ALVARY - A Second Algorithm for Adjusting All Hyperplanes.

Our second algorithm for adjusting all the committee

members simultaneously uses a 'closeness' criterion, but

in a very different fashion.

Let Sx
and Sw

be the pattern sequence and the

weight vector sequence respectively. Without loss of

generality we restrict the component, UK+1'
of the

vector U such that (K + uK+1) is an odd integer. Let

Pa
and Pb

be rational numbers of the form 1/N.

Suppose
X.

is the ith element of Sx and
X. A.1

If RU > 0

letW+1 for k = 1, 2, ..., K,1

ifRi*U<Oarld0<c1/d < Pax

let= . + cX/11X.11WI+1 3.

andWi+1 = W. otherwise

for k = 1, 2, ..., K,

where 0 < c < 2, dk = W.-X
i'

and d d., k = 1, 2, ..., K.

d.<0



Suppose on the other hand Xi is the ith element

of Sx and X. c B.

If R < 0
x

let= for k = 1, 2, ..., K,
W1+1

if Ri.0 > 0 and 0 < di/d < Pb

letWi+1 = W. - cX1 1./11X.11

and= otherwise for k = 1, 2, ..., K,
WI+1

t 1431-Xi,where 0 < c < 2, d =

and d = k = 1, 2, ..., K.

Qualitative Analysis of ALVARY

The criterion for adjusting used in the algorithm

ALVARY depends on the closeness of the pattern vectors to

hyperplanes. The dependence, however, is relative to the

distances of the pattern vectors from the hyperplanes.

This allows for great flexibility in the number of com-

mittee members to be adjusted at a particular step in an

iteration, as well as in the choice of the particular

members to be adjusted. This is in contrast to previous

rules which possess fixed and rigid critera for adjusting.
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We will summarize here what we feel are effective

and original properties for an error-correction technique.

Property 1. There may be no adjustment of any

hyperplane even though the machine votes incorrectly on

a given pattern vector.

Example. Let CKL be a committee machine with
,

K = 5 and L is the majority logic, i.e. the component

uK+1 of the vector U is 0. Let Pa = Pb = 4.

Suppose CK,L votes incorrectly on the pattern X and

d
d2'

and
d3

are the distances of X from the exactly

three incorrect voting hyperplanes. For simplicity we

assume that d1 < d2 < d3 < 0. Let d = d1 + d2 + d3.

Then d1/d <

implies 4d1 < d1 + d2 + d3

implies d1 < (d2 - d1) + (d3 - d1). (5.1)

Thus there will be an adjustment only if d1 is

less than the sum of the differences of (d1, d2) and

(d1,d3),Ifthed.'s are nearly equal there will be

no adjustment.

Property 2. If all the hyperplanes are close to the

pattern vector, X, there is greater probability that

there will be some adjustment than if they were all far

away.
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We note equation (5.1) above. If d1 is small it

is more likely that the right hand sum will be greater

than dl. The degree of variance possible in the di's

without adjustment occurring decreases as the di's

decrease.

Property 3. .If there is any adjustment, one or

more of the hyperplanes closest to the pattern vector

will be adjusted.

Property 4. If more than one hyperplane needs to

have its vote changed for the machine to vote correctly,

then usually more than one hyperplane will be adjusted.

Property 5. If one of the hyperplanes is at a

great distance from the pattern vector in relation to

the others then all the closer hyperplanes will be adjusted.

We note again (5.1). If d3 > 3d2 > 3d1 then both

hyperplanes corresponding to d1 and d2 will be adjusted.

In evaluating the properties just described, Property

1 proves to be very advantageous and is unique for error

correcting techniques. Until now no error correcting

method allowed for errors in the machine without making

some adjustment of the hyperplanes [15]. As noted in

Property 2 the probability of no adjustment occurs when

the distances from the pattern vector to the hyperplanes
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which vote incorrectly are large. These large distances

would indicate, especially in the more advanced stages of

learning, that the pattern vector in question is perhaps

isolated or a rather degenerate and noisy case of an

element in the given class. In either case, we do not

wish for such a pattern vector to have any influence in

locating the committee machine.

Property 3 assures us that the algorithm still

corrects hyperplanes which are closest to being correct

and easiest to change to a proper voting posture.

Property 4 follows.the accepted practice that the

more hyperplanes there are that vote wrong the greater

the need for adjusting more hyperplanes.

In Property 5 we have a very interesting and profitable

characteristic. For example if we have a pattern vector

close to two hyperplanes and relatively far away from the

other wrong hyperplanes, and we are to adjust a single

committee member, to choose the closest one is a quite

arbitrary discision since there is a very small difference

between the two close hyperplanes. ALVARY will adjust

both of them in this case. Precisely which one would have

been better to adjust will be determined by future adjust-

ments needed for other pattern vectors. The algorithm by

its action implicitly chooses which hyperplane should

have been adjusted. This added degree of freedom allows the

algorithm to adapt itself to various classification problems.
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6. TEEMAL, The Method of Locating the Machine.

Using the algorithms above we will now put them

together in a process for finding a committee machine to

solve a general two class problem.

INITIALIZE

Create kth weight vector,

Use ALCONONE on kth weight vector for
Is

iterations,

for k = 1, 2, ... K.

k = 0.

Step I

Call ALVARY.

If no adjusting on iteration go to Step II.

If no errors Stop.

After
1g

iterations go to Step II.

Step II

k = k + 1.

If k > K, k = 1.

If k < K, k = k.

Create kth weight vector.

Use ALCONONE on kth weight vector for
Is

iterations.

Go to Step I.



Further Elaboration.

Initialization. As stated each weight vector is

created and then adjusted successively until the proper

number is obtained. As each weight vector is created and

adjusted a record is kept of how each one of them votes

on each particular pattern vector.

As the algorithm proceeds in making the decisions

whether to adjust-or-not-, a check is made of the voting

record of the existing weight vectors. If this record

for a particular pattern is already sufficient to achieve

a correct vote according to the logic, L, of the machine

CK,L,
then no adjustment is performed, even though the

weight vector-under consideration may be voting incorrectly

on the pattern vector-. Thus only the pattern vectors

needing a correct vote from-this weight vector will be

considered for possible-adjusting.

The-single adjusting algorithm is controlled by an

integer parameter, Is, which determines the number of

iterations the algorithm shall perform each time it is

used.

Step I. In general the adjusting algorithm runs

until there -is no longer any improvement in the machine.

To implement this criterion an integer parameter, I ,

is given the machine. It is at the end of a cycle of
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I -iterations that a decision is made whether there is

any improvement decrease in errors. If there is a decrease

in the errors made by the machine another cycle of I -
g

iterations is performed.

If, however, there has been no decrease in the

number of errors after a particular cycle of I -iterations

then the algorithm stops and returns. to Step II in the

state that has been best so far. This state is either

the condition of the weight vectors before starting the

latest cycle of iterations, or the state before iterations

of this cycle that has had the fewest adjustments. The

state chosen is the-one-that makes the fewer errors.

The-algorithm-also stops if there is no adjustment

during some- particular iteration.

Step II. In Step II each weight vector is replaced

successively from 1 to K. A number of critera have

been tested to determine which of the weight vectors to

replace. These were such as, the weight vector adjusted

most during the previous cycle of Step I, the vector

adjusted the least, or the vector making the most errors

as a linear machine, committee of one. For the most part

these critera led to cyclic or static states in which the

same individual vectors were being replaced. The para-

meters and critera used for creating and adjusting a weight

vector are the same as those used in the initialization stage.



A number of check points exists in the process which

terminate the algorithm as soon as no errors are made by

the machine CK,L
being located.
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VI. EXPERIMENTAL RESULTS

The above method, TEEMAL, of alternating algorithms

and procedures has been applied to various kinds of two-

class problems. We present a- number here which. involve

different facets and difficulties in classification.

1. Artificially Generated Data in 2-Space.

First we present an example of the performance of

the algorithm, ALCONONE, for adjusting a single hyper-

plane.

Suppose we have the set of letters "a" and "b"

located in 2-space according to figure 6.1, with the a's

belonging to class A and the b's belonging to class B.

The line, hyperplane- H1 the figure 6.1 is the

perpendicular bisector of the-line connecting the centers

of mass of the classes A and B.

The parameters of the function f of ALCONONE are

set as follows, 8 = 0, a = 0.01, and p = 8. The

position of the hyperplane, Hp, after each iteration

(one iteration equals one pass through the data) is

indicated by the lines H1, H2, ..., H9 in figure 6.1.

ALCONONE was allowed to run for a total of_fifty iterations,

but there was no significant change in the position of

the lines after the second iteration. This position is
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considered to be a very effective one for a member of

some committee machine.

As a means of comparison the fixed increment error-

correction algorithm of page (16) was also run with

c = 0.1. The hyperplane wandered from the initial posi-

tion of H figure 6.2, through the positions H1, H2'

... H9. These are the positions after each iteration as

in ALCONONE. The algorithm ran through another 50

iterations with the same scattered positioning of the

hyperplane, never reaching anything resembling a stable

or 'good' position.

A Committee Solution

Consider now the set of a's in set A and the set

of b's in set B in figure 6.3. Obviously there is no

linear separation possible, and in addition, there is

no committee solution for a committee machine of size

less than five. Our experiment attempts to separate

these two sets, A and B, with a committee machine

CK,L, where K = 5 and L = the majority logic.

We will compare the performance of Stage I, the

algorithm ALVARY with the algorithm due to Ridgway des-

cribed in Chapter IV using the majority logic. In both

algorithms the coefficient of adjustment, c, was equal

to .1/114. For ALVARY, Pa = Pb = 1/5.
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CASE 1:

Both algorithms were given the following vectors

generated by the initializing stage.

Wi = (-0.8250, -0.5650, .3005)

W2 = (.7861, .6181, 1.1804)

W3 - (-0.7597, 0.6503, -1:8173)

W4 = (.4602, -0.8878, 4.0328)

W5 (-0.0411, .9992, -0.0646)

The intersection of the hyperplanes, determined by

these weight vectors, with the plane, z = 1, is pictured

in figure 6.3. These hyperplanes form a partial solution

making 37 errors.

and

no

Ridgway's algorithm given the same starting position

for the weight vectors after 24 seconds, 32 iterations,

47

The algorithm ALVARY after 13 seconds, 22 iterations,

471 adjustments located a set of hyperplanes making

errors defined by the following weight vectors.

W1 = (-0.9951, -0.0989, -0.3379)

W2 = (.8693, -0.4943, 7.4013)

W3 = (-0.1402, -0.9901, -7.3710)

W4 = (.5721, -0.8202, 3.7841)

W5 = (.0249, .9997, -0.7574)
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Both of these solutions have the hyperplanes located

in relatively the same positions as seen from figures

6.4 and 6.5.

CASE II:

vectors

The hyperplanes determined by these weight vectors

form a partial solution making 61 errors.

49

The two algorithms were given another set of weight

generated by the initializing stage as follows:

W1 = (-0.9994, -0.0344, -0.6268)

W2 = (.8941, -0.4478, 2.5590)

W3 = (-0.8319, .5549, 2.3090)

W4 = (.8632, -0.5049, 3.5920)

W5 = (-0.9687, -0.2481, -1.4796)

and 379 adjustments located the following weight vectors

which vote correctly on all the elements of the two sets.

W1 = (-0.9176, -0.1133, -0.3488)

W2 = (.2011, -0.0625, 1,5045)

W3 = (-0.1111, -0.3216, -1.9526)

W4 = (.6477, -0.8826, 4.0033)

W5 = (.0114, .6163, -0.5318).
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Ridgway's algorithm found a complete solution after

23 seconds, 30 iterations, and 282 adjustments. The

As noted by these results ALVARY performs as

well as Ridgway's algorithm with the advantage of being

faster since the decision making process of ALVARY in

determining precisely which weight vectors to adjust is

simpler. In addition, the fact that ALVARY makes more

adjustments in locating the complete solution is an

52

The algorithm ALVARY after 14 seconds, 31 iterations,

and 364 adjustments located a complete solution as follows:

weight vectors are as follows:

W1 = (-1.2218, -0.0836, -0.5711)

W2 = ( .4598, -0.6101, 2.6213)

W3 = (-0.8731, 1.4919, 1.7126)

W4 =

w5=

( .3918,

.0417,

-0.2472,

-0.1619,

3.6811)

-1.6506).

W =
1

(-0.9899, -0.1418, -0.4509)

W2 = ( .5633, -0.8262, 4.0524)

W3 = (-0.1214, .9926, .1975)

W4 = ( .8503, -0.5263, 7.0637)

W5 = (-0.0927, -0.9957, -7.5338).



advantage since this is part of the decision making

process, as noted in property 4 of ALVARY.

A Partial Solution

Given the sets A and B in figure 6.6, which are

the same as in figure 6.3 except that one of the elements

of set A has been .removed, indicated by qD and has

been replaced by an element of set B, indicated by b'.

Thus there is no committee machine possible which will

separate the two classes. There is, however, the partial

solution which makes just the one error on the element

belonging to both classes. We now investigate the

behavior of TEEMAL and Ridgway's algorithm in their

attempts to locate a solution.

The initial stage located the following weight

The committee defined by these weight vectors makes

34 errors as indicated in figure 6.6.

53

vectors.

W1 =

w2 =

(-0.8059,

( .9670,

-0.5921,

.2548,

-0.5213)

2.9075)

W3 = (-0.6464, -0.7630, -1.0230)

W4 = ( .8732, -0.4873, 5.8161)

W5 = ( .4388, .8986, -1.5830)
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For Stage I we set I = 10 and c = .1/11Xill.

Pe = Pb = 1/5. For Stage II the algorithm ALCONONE has

parameters (3 = 0, ci. = .01, and p = 8, and Is = 3.

After obtaining control in Stage I, ALVARY located

the committee in the position of the lines indicated in

figure 6.7 which The weightmakes one error. vectors are,

It took 20 iterations for ALVARY to reach this state

and since there was no more improvement in the voting

record it transferred control to Stage II. This process

was repeated four times, i.e. weight vectors W1, W2, W3,

and 1414 were all successively recreated and adjusted.

Each time ALVARY gave control to Stage II the machine

CK,L was in a position that never made more than two

errors, and on transfer from Stage II to Stage I the

committee made an average of four errors. On receiving

control the fifth time ALVARY reached a state where it

no longer made any adjustments on the committee. The

weight vectors of this state are as follows,

55

W1 = (-0.9895, -0.1443, -0.5481)

W2 =

W5 =

( .9253,

(-0.0567,

.4038,

( .0733,

-0.3793,

-0.9984,

-0.9148,

.9973,

6.9520)

-6.9201)

5.3044)

-1.0009)
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W = (-0.9986, -0.0534, -0.8200)
1

W2 = ( .8735, -0.4968, 7.4098)

W3 = (-0.1483, -0.4868, -7.0432)

W4 = ( .5092, -0.8606, 4.1149)

W5 = (-0.0587, .9983, -0.8871).

The only error made by this committee is the

ambiguous one. We note that the distances dl, d2, and

d3
in figure 6.8 are relatively equal and relatively

large according to Property 2 of ALVARY.

In contrast Ridgway's algorithm with the same starting

position reached the state of one error after 60 iterations.

In further iterations the weight vectors migrated through

positions which made from one to five errors.

We thus arrive at the following conclusions:

TEEMAL is stable and is not effected signi-

ficantly by noisy or abnormal samples.

The process CREATE and the algorithm ALCONONE

choose a very good weight vector.

Since in most practical cases we would not

expect to have a possible complete solution, the process

TEEMAL will prove more effective than previous known

algorithms.
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locate a committee, CK,LI
with K = 5 and L equal

59

2. Hand-printed Letters A and R.

Our next example uses real data which consists of

two hand-printed letters of the alphabet, A and R.

The data used was generated by Munson, Stanford Univer-

sity, and consists of the hand-printed characters on a

24 x 24 grid. Thus each sample is represented by a

576-dimensional vector with binary components. Since

use of all the components would envolve a considerable

amount of computer time, which was not available for us,

a reduction of the number of variables was deemed necessary.

The program ABIOSOFOS, a general learning program of

E. Gagliardo, learned to discriminate A from R on this

same data. In so doing it created a formula using 27 of

the original variables. The ones chosen are indicated on

a 24 x 24 grid in figure 6.9 and are as follows: variables

36, 82, 89, 151, 157, 180, 184, 207, 223, 224, 231, 247,

283, 299, 300, 302, 304, 305, 307, 325, 326, 328, 329,

330, 352, 353, 354. These variables were used in the

same order to form vectors in 28-dimensional space with

the 28th component always equal one as usual. The 240

samples used for training are listed in Appendix I,

Samples Set I, plus 27 samples of each A and R used

for testing.

With the data in this form TEEMAL was directed to
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to the majority logic. After the initial stage, CK,L

was made up of the weight vectors listed in Appendix I,

Vector-Set I, which made 15 errors on the training data.

On transferring control to Stage I, ALVARY with

parameters Pa = Pb = 1/5 and c = .01/11Xill trained

for 34 iterations after which CKL was made up of the

weight vectors listed in Appendix I, Vector Set II,

which made 0 errors on the training samples and 7 errors

on the 54 test samples.

The same .configuration of CK, after the initialI

stage was used as a starting position for Ridgway's

algorithm. With the coefficient of adjustment,

c =- .014X.H, the same as for ALVARY, after 36 iterations

the algorithm located a machine which made 0 errors on

the training set and 8- errors on the test set. The

weight vectors for this CK,L are listed in Appendix I,

Vector Set III.

To further illustrate TEEMAL's performance on this

data another selection of variables, again due to ABIOSOFOS

of E. Gagliardo, was used. In this case the number chosen

was 19 as indicated on the grid of figure 6.10 and are

enumerated as follows: variables 33, 83, 127, 177, 223,

245, 275, 283, 285, 304, 306, 327, 329, 339, 354, 363,

401, 410, 568. A list of the 240 training samples and

the 54 test samples are listed in Appendix I, Sample Set II.
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figure 6.10 The 19 Variables Selected by ABIOSOFOS
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After the initial stage of TEEMAL CKIL made 17 errors

on the training data. A list of the weight vectors of

CK,L
at this stage is given in Appendix I, Vector-Set IV.

Then with parameters k3 = 0, a = p = 8, Is = 1,

1=10,1).a=pb=1/5,andc=.01/0C4 TEEMAL trans-

ferred control between Stage I and Stage II five times.

On two occasions TEEMAL transferred control to Stage II

because no adjustments were made on a particular iteration

of ALVARY. This was the case even though CK,L made

from 13 to 15 errors on the training samples. At the end

of these five transfers CK,L made 15 errors on the

training data and 8 errors on the test data. The weight

vectors of this CKL are listed in Appendix I, Vector-

Set V.

Again the same initial position of CK,L was

presented to Ridgway's algorithm with c = .01/1IX1k.

After 30 iterations CK,L
made 8 errors on the training

data and 8 errors on the test data. It's weight vectors

are listed in Appendix I, Vector-Set VI.

On changing the parameters Pa and Pb of ALVARY

such that both were larger, ALVARY performed more adjust-

ments and located a machine which made as few as 7 errors

on the training data. When these same machines were used

on the test data they made at least 8 and some times more

errors. We thus conclude that this further learning, as



in the case of Ridgway's algorithm, is not discovering

new, general characteristics but rather singular, prejudi-

cial ones.

3. Disconnected-connected 4 x 4 Arrays.

Given a 4 x 4 array of squares with each array

containing seven black squares. An array will be called

disconnected if the seven black squares are neither

face-wise nor corner-wise connected. A disconnected

array will be represented by a 17-dimensional vector with

binary components, a 1 standing for a black square, with

the 17th component equal to 1 for all samples. Thus a

pattern vector representing a disconnected array would

be the following.

x= = (1,1,0,1,1,0,0,0,1,0,0,0,1,1,0,0,1)

An array will be called connected if the seven black

squares are all face-wise connected. Thus a pattern

vector representing a connected array would be the

following.
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x= = (0,1,0,0,0,1,1,0,0,0,1,1,0,1,1,0,1)

65

This data was randomly generated by E. Gagliardo.

In the experiment we-have used 240 samples for the training

set and an for- a test set. A listing of the

pattern vectors is given-in Appendix II, Sample-Set I.

The initial stage of TEEMAL located a committee

machine..0KL with K = 5 and L equal to the majority
,

logic-, which made 35 errors on the training set. The

weight vectors for this committee are listed in Appendix

II, Vector-Set I.

With parameters 8 = 0, a = .001, p = 8, Pa = Pb =

1/5, c = .014X1 I = 1, and I = 10 TEEMAL was

allowed to run until-it had gone from Stage I to Stage II

five times. i.e. each weight vector was hired and rehired

once. At this CK,L
made 23 errors on the training data

and 47 errors on the test data. That is approximately

10 and 20 percent respectively. The weight vectors of

this machine are listed in Appendix II, Vector-Set II.

Ridgway's algorithm was given the configuration of

weight vectors listed in Appendix II, Vector-Set III
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which make 33 errors on the training set. After 80

iterations the algorithm was trapped in a static position

which make 24 errors on the training set and 70 on the

test set, or 10 and 30 per cent respectively. The vectors

involved in this machine are listed in Appendix II,

Vector-Set IV.

From the above then we can see an improvement in

TEEMAL in locating a committee machine. (i) TEEMAL did

not get involved in a trapped state. (ii) The discre-

pancy in the percentage of errors in training and test

sets has been significantly reduced.

4. Absence-presence of Code 1101.

In this experiment the pattern vectors will consist

of strings of ten binary digits. An element will belong

to Class A if it does not contain the code 1101 in

sequence'. If it possesses the code somewhere in the string

then the element will belong to Class B. We have 120

samples of Class A and B for training and an equal number

for testing. A listing of both sets is given in Appendix

III, Sample-Set As usual the 11th component is always

equal to 1.

The initial stage of TEEMAL created a machine CK,L

with K = 5 and L equal to the majority logic which

made 79 errors on the training data. The weight vectors



of this committee are listed in Appendix II, Vector-

Set I.

Then with the parameters 8 = 0, a = .001, p = 8,

Pa=131)=1/5,c=.02AX4, Is = 10, and I = 10 TEEMAL

proceeded to use Stage I and Stage II five times, again

each weight vector being regenerated once. At this point

CK,L
made 18 errors on the training data and 69 on the

test data, or 8 and 29 percent respectively. The weight

vectors of this machine are listed in Appendix III,

Vector-Set II.

The same initial configuration was also given as a

starting position for Ridgway's algorithm with

c = After 150 iterations the machine settled

in a trapped state which consisted of the weight vectors

listed in Appendix III, Vector-Set III. This state made

22 errors on the training samples and 97 on the test

samples, or 9 and 40 percent respectively.

Again we note the improvement in the performance of

TEEMAL in the two areas of major concern.

5. 3 x 3 Arrays of Michalski.

Our next experiment involved the data due to

Michalski [12]. The data consists of 3 x 3 arrays with

entries belonging to the integers mod 4. There is a

slight change in the data that we are using and that found
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in the paper of Michalski. The 5th element of F1 is

(2,2,2,2,2,2,2,2,2,1) and the 9th element of F° is

(0,0,0,1,0,1,3,0,3,1) written as 10-dimensional vectors

with the 10th component equal to 1. Thus we have the

following sets of vectors:
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(0,2,0,3,0,3,1,3,1,1) (2,1,1,1,1,0,3,1,2,1)

(2,1,3,0,3,0,2,1,2,1) (1,0,1,0,0,1,0,0,1,1)

(1,2,1,2,2,2,0,2,0,1) (2,3,3,2,3,3,3,3,2,1)

(1,3,1,2,3,2,1,2,0,1) (3,0,3,0,3,0,3,2,3,1)

(2,2,2,2,2,2,2,2,2,1) (2,0,3,1,2,1,2,1,3,1)

(1,3,3,1,2,2,0,2,3,1) (0,3,0,3,3,3,0,3,0,1)

(1,0,2,0,2,3,2,3,3,1) (1,2,0,2,2,2,0,2,1,1)

(1,1,2,1,2,2,2,3,2,1) (1,1,1,1,1,1,1,1,1,1)

(0,1,3,1 2,3,2,2,2,1) (0,0,0,1,0,1,3,0,3,1)

(1,0,2,0,2,3,2,1,3,1) (0,0,0,0,0,0,0,0,0,1)

(3,2,3,0,3,2,1,0,3,1) (1,0,0,0,3,0. 0,0,1,1)

(2,2,3,1,3,1,1,0,3,1) (1,1,0,1,0,0,0,3,3,1)

(1,3,2,0 3,2,1,1,3,1) (0,1,1,3,0,3,0,0,0,1)

(2 2 2 0,2,3,1,0,2,1) (1,1,1,0,0,0,3,0,3,1)

(3,2,3,2,3,2,0,1,0,1) (0,0,3,0,1,1,0,0,3,1)

(2,2,2,1,2,2,0,1,0,1) (3,2,1,2,2,3,3,3,2,1)

(3,2 1 2 3,0,1,1,1,1) (2,3,2,3,0,3,0,3,2,1)

(1,2,3,1,1,3,1,0,1,1) (3,1,1,0,3,1,0,3,1,1)

(2,3,24,2,2,1,1,0,1) (3,1,3,1,0,0,3,1,3,1)

(3,2,3,2,1,0,1,0,1,1) (2,1,1,1,2,0,2,0,2,1)
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TEEMAL was now directed to locate a committee machine

CK,L
with K = 3 and L the veto logic. It discovered

the following weight vectors which serve as a complete

solution to the problem.

W1 = (.0912, .5826, .3854, .0126, .4216, .5325,

-0.0762, .1672, -0.0926, -2.6298)

W2 = (-0.2417, .2321, .5447, -0.2471, -0.3392,

.0323, .1207, -0.6274, .0754, 1,8668)

W3 = (-0.5446, .2322, .2269, -0.4616, -0.0196,

.0851, -0.1846, -0.5823, -0.0642, 2.7856).

Finally using the five variables selected by the algorithm

of Michalski, (shown in figure 9 of [12]) namely the

variables 3, 4, 5, 6, 7, of the vectors described above,

TEEMAL located another machine of the same size and logic.

Its weight vectors are as follows,

W1 = (.3484, .5156, .3684, .5360, .4357, -2.5125)

W2 = (.3559, -0.4058, .1056, .1210, .8264, .1162)

W3 = (-0.1561, -0.1754, .1243, .2166, -0.9394, 2.0255).
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APPENDICES

These appendices contain the computer output consisting

of the data and weight vectors used in the learning experi-

ments described in this paper. All the samples are written

as row vectors with binary components. The weight vectors

are written as row vectors with real components.

72



T
n

cn
T

i
`4'n

cr,
,A

4-4 C
M

1.? a
4.-i vi -14

C
.;-Z

,1.4 v4 ..q4 rA
,4

4-A
C

J C
l

1-1 7'4 -r4
4 V

A
A

T
A

 C
l

vi
v4 q4 74

c:
,4 ,4

Y
n

'5-1.
r4

*41 C
7,

c,"
T

4 -44
v4ci

,c--;

,74
-4

a
T

1
T

4
441

rr;03:::!.-11..i01..13(i0:.J'J)13t031:",:201
0:Ll!HU-iiil.tiii51000,Ciii:IciCt:2U.I.
Llic,1,:::2:4,1.1.,:'.A.01(i961.15ecec,94:!:*),
5 r.1.1. 7i 0 0 ti 0 C g 1_ 1 1 ea a 01.1. ii; 0 i.' .1_., f33 i

(i,i;)1031311.11..01.10CO3j10e=1501...-12'.,,
I:. 7..;1 1., ti)2 t) I.. C,1. :t. G11.1, GOO 1,10 ti 00 "2',

01,011:311.11:1Aalln0,10.1:,:'i r.3:T6)L't'!,

CH:l..L601110116i0090!IGg1r3001
r11.9 ;30 i) JJ, .t 3 .1. . .. rP4160 Clj: rJ ,r..1A ri 0 Ci il C J..

iii t;.!. 01_..ir:.411,1eGoo0Ci3C0130'.i10:!.
'1.11,10,:6fillLIO00:.i.0000,:ifiOU'',
iii.r.;`,1:111,010,1 t:O.:s;D: :,',0e:U0, :300.01,
r,IC01::.t41.1j110i11.1_1.001..`Li`,131):i_
11:i.1 J1iiii13.i tiC 3i7!tie PUCz(ra,:i_
i 1 :- .1 o a 31...-, :.': 1 o i. c .:., i a 1,. A . . o i: u (3 r; 1.,

-..! 1 1 ,, 1 311 0 -! i 71 41 n-;! in (J1 i -I: ri 1 01 n n n

0010fLIAGOtta01.1.i1-11u3 ]1ji.i1i-i1
001011,0LICC:IfiliatIO1.1
00000.01iG1100i1A11.0
ilif71001,0.U011.1111IC
i1t)1U010L1,101,111'ili1
00i1001,00010,11.1:
06001/,1,1001.051.11110
00001.1.01C(IXUViiiiiC
0010(1011601,060i11iU
fiElifilr3110.0101111001C
00:ii.0e0110D10-101:LU0G
31001011,0iit)1111,1lic
00001111.00i0013G1t;c,
2.00513:1 t0611000011,E
15 RS ^: ri fl r- 4 4 4 r4

0.1u01101106,1f_e9al :`_,0f.17.);,1001
01.n1, Cili1101.1.JrAfqri.,, Oft'0.601
11. 0 I, I I. C 1 1 1::i,' .

ii__11:600 Li 1 i, i. 03 CN 01
01..,'it7.11i.i 10010 aii.060
001',3,.:!...000.31001,1.0000000 .0003'i
01,'.0i13000.1.3tlen1:t.6fia000
Orli,. 1! 0111 il. 0 011:trifitli0000601
00 0 ill 1. 03 i 0 011.1000ii00Cln

1011110110010e000106000001.
030ii0016tia01101001006:31.
01001i; 11/01/9110 U '0 CtiPZ C,11, D 1
01.0.101t01_11.011b06i0F.10000iJ61
00611 01.1.111. 111;01110000000
01. 10Ciiitillil,111,09g!,1,00C0001
:A 1 9 i i. i . L. I .L 1 Q it ',A1013: b 3 Ll t_i:, -;1109:i.

-11.ils::!3,`;CO.:',Cr.).'_111..C1::+:i3VA0f5Cii 01
ri101C,..1i11.100001;000000A(1:A
0 1000 0 t 001.100000 COO 00 b Oerj 31
CiThl..(F:U;i1,111.00111'.13111.001.100
0111ii3011.111.01111101aV00I
06 100311111.01110j100030,Ii
01006 ...11t7.016110000110333 01

11 U U ., 1LA, La tl .:.., .,.: ,.. L. ,J, u J.

00j.0i1i0a1 t3tCi:i100eliC15(31.
0 1.0i11100100i11110C111.011%51
flet1011.11C17.100111,1.1,51:i-t11,111
1130P11.1061.:IdOOOVU01.11i1.1,ii:
t,13:017;:11 -,I.:(101001,1, EJ 1 'L -ci tilli t:11 1.

',.1(1 .11 000010 G 1 i f_ li, 1, u 00 :!..000 00
CI i.-1, it C 2 0011; 11.1j1.11 :1, C:1504,_.

0 (.': 101.100 n Cili 1.111,0111. ilit i
Oth30LUODUCC.1...1,0jLi.C1.1,1.1,P11,11i
c , i711,30000.011.11.1.1.;:i...1,i1.1.iiiii
',161.011001,100011.1.fil011.11,151, i
6E101-alto 010.01..i1til.111.111.01
0.6001.10303G,CC1.11:1,11_,
000011,010010C11,12,10111,11111.i
01)0013.160:1.COti01,111.1115,1,
1110011.10.3c3111:3i31111.1.L11,11i1C31

000 itO 10 1.110.11.::.1:1ZJ'/,-11111!,1
069 11 it 0 .11,.:..,i ' 11. CO0'11901 0.. i

100011i].3:'1-:;:3:j1..J1fl01101:00T,CG(',1
1100110(i 1 I '.11. 010505.1, ...7.31
1 0331101V,j1),-)11. 1itil,1.111.11
0.00011A1G51.00110110011101101
0000111103.1,001A011300/101.131
LIG301111CO:LOU1J111001.1 irJ11,11

!).."raini r,c- .0 a

A L.Gc R

t1i.Li.I1ii-Viri:':.1..11.,1
Ll .11 L.L1.i H

161
Cd'i. 1.

K-..!;71

111..J LI t Ct.!. H

L. L. !

u1 r.J1t' " 011.11 11. 1:

! r ..,""

1 .1 4;

i 1. 1. . I_4 1 . . -11 L 11.

. ,
L

. ; .

1. !

P.)31.61:

' I t. 11 tIL .. 2_ 1,2 1_ I 3 J.J 7, I L

1.'
H 1; L'

i 4.11 . ,

.!..!

1.: it... ..!.

4- 1?,-+..
2 - 7.

3 ; L L.

"

13



11P11.L00.060.00G0001
01011300.0000013043051.
1

101..11013131t13cio13351
110 it:10410110001631

2-t:1,1110003111.11101
11010001.101300013r31.
1101130r313.106.01100G1

o o 13 013131301

1.i0113301306011300f
131.1100(10 13i)131313091

-ui.oloccie3utu:,Doe6-oi
0110136010a0a130

0101396.013000e313qoril
1100113Ci0M110013031313l
JA.01a.00ir.:100!:160001
2,DC1i1J:IP:19.10firA0001
100;3-T..19301_1C 0113C Li./

001iDin11000000:1
100061.101 01.1.1,Glici

u 4 an ri'n rt.

101

0111)001.013.0000%i110110C3i10(300001 01A11.100100100000003909C0001
0030110001000011.1100011001001 011010011111101/;01101,16000r.01
1201,1111001011001.14 C 00/10/11 ::!1101,11:11110a2111000110000.061
10001.111.0010Pli1.110.1C11.:1.1.1.11 . 0112.1i?[-1.0CliT10Z11,0001:1113V,'_OVil
0.0110.11160V1001100130Cti112111 110g1101 o ago 0111c0G110009.001
L10101113000,001111,19:1t111111 0101,0;1;001)10105.111.5(32110001.2fli
012;601:tiOGOath3111iGOli11fill ,:V10.1031131.1.11101:109GIICOVOUCIL,
01001100111.101t11105.1,000ii001 . 01 r20&01)11JA, 01.1100010000.0301
0012011,11.G.01.001,1110=2061 00.10,01 i312,111.0111001010.0V.1000Clui.10001
i 1.0uiG0lG1i001.1.11.11.1111111011 0101.031.1.10i1OVIIC001.00030901
01.2011.013010.1i0011nfal0:La0014. ..010110011101.01/00C330OCOD.U01
,L0'Q0001 i01100000i10(3011-11111, 01/02/1,1, 0111)1,1100 Cileo 012500001_

0010i0 ,90:0U0i11111111.111:1.11.1. 0e10iii1011111.09111.0001102.0001i
O 0i20).v.) ileti.iiiitifli.ii 1101 00112 loGfiii 1101,..100ol0o000001
01.1.0000C1216031.0001,0.001.111-1.01, 1 -.111.300 .. ii (3 1(3 G-100001100000CLt
11G/.051.1.111i100.111U,;00010131.-. el' .1001110311610001000D10001001
C:)Cli11014.0-1111,11.1.1006111411, 1110360613000011.1 0011.1,00110-1
0e003111.106001510111,1/1111111.11',1,4C101.E.1101C11.002O10EICOI00J
00001 iGiC:010i11111LsOali501,(1C1 ' 6 GUrji..voictunciticcolicoococi

';
:.'7

_ . ! ,; .11! 7',;;; .1',
+.121.

' "I :I. .1 '

,s;7.3Y.1_
,,6;;;,,

..1

I.:, L:7; 1

6." . I.

:61

:', ..' 1 4 '

U. U1, 1, 11 '

' ", I _

i

'.1_ r.

.017_611,1 IA',
;

"..J.1.30
U . "..21:1_1/ J.61. 41..SH Cy33,..;,201,.

I
U

1.H.1
.r

7,, .

' C

., '

".
I

;111, '

,4 ':,.1

1 100t,l.Q.;.j..11_035tn.000110.111 .111
Clinetar1):i.3,01':L.1360111,3.;:itli,
(100011.1rg3000011111,V,1.U,01.191
OCU1.11.11.01011:1111,31ill.C.071.
03161101.001.3,3;.',0011V,..01.1011C-1
1131.1130111.1.0.1.110CLiiii3CCOO C'
113011.00110130301060011100100,
11 31 1100.110iC.1.110001-1100:",C31.
0010 0 0110 tl 1(P,:U.900:103.111 60-11
"Ir.30-ol,iiimilltiallitaitot
000001,10000o0tioo0-11.t1.1
cac-iilticio,aai000iii0o01
0310001103100ll03.Cniii3010 i
'..0,301.:',..110n103un0100001.0o'luol
0ol001:1000111.:1.1:110r1.101003
36:101'11.1.7.:010,1. .0001.00301
061030.06001.10100110.31.:i.i11.501,
00c0ri;.,.1.11001011. ,Li111.1.113001
O 0 0 0 11 1100101111i11,1,3.11.111.11.
.TVIVICii 00)Ci111111111111111,1
006 001303)00!".:01.0J0n1.00 ,3301

1.3.1_3 0 Fi 1 1 1 1

1;',I'n1i.til
7111001.1.03.
010:1: al,
111103:i.1.1:1
1111:011.911.,
0101.301111
0°,LC.1:11;001.111.

1113,1.001111
1111030011.
niliAocicrn
GO 100011,_.0
ZC..i1.01,ing
,r:tr.1 It.3 ') Uth 1.._

6011301AV.
00100.11100
1:10001.131.LA
C 1 i',co in :__1 C

001011,013o
iiIir,thiC1
aCOG A. r.i 0 1.11



00/01/1101 t01.1.11.i111111 0ii.01 117100(11.iliC1.11)0.00000130001
031G1.100001J0,..000011.01301.1111.1. OS1u1ia00600011A 03009090OP 01
0rilf)iiG130C1'01.1,C11.L.i1e15,..::... 0 0101013011011.1.1.1110113 .000 3001
3000a 01000001-i1i 1.1 111,
liCt.1030011.01,1A1,1001U313110.111

00-10000051,00112. 110101001300.1,
it OC.1301C1:11001.11.30001J_00,00C1

1010000G000CilACO310301jAfilt 110601001i11010,0110000001 -
1110010.011(1,11,1i.1,1.1.010111%.01 Ill10h611211.102:116CO110ee00131
00001001:',10000,f±100t3t1c Ili? 11-01.00-1.11.1,A1 fl, it P.. 000.1.f 0.130 V 01

o iv o tomomiu-A lin a ille: ciiai OltrliCiiV,:f_i,11:0500.1Q000Jr.0:.1.
61:000100 11:3 10 oilciavcionooci !I 1.00 1J:0 V. 11. 1 2. 00000131313 0 C U13110 01

unn1ll20131.110l1tti11iii 060613013.1 0111. .

aeionioccvacluoiAou,.thili 1)61,13112A 10 11.1 G1110 0) i 009,D-0061
aoict-iiitioltq,-ffintiliAtecii 1 3 in i7436N-1110112,14--i'li3D0011.1-..
goir, o a e co 0..ttlili....u.11.1,1:101 131.00010110161006000C(013130001.
1361.00 a 00 0.00012,1111.11.11,101.1,1, 1 1:3C1Cti2.13313102.1 10 13i16rid06131
00100.0 f.:0P,03101 .01..1 11 I ,ii,a. 1030061.12.10-3EL.,1CM110000001
00,00:3_.1.C3GC1.301113601.1001101 IC1r,000W,1CrP)111.2;102.1.2...1.0111.1
0001.60 03CIuLZ:00300 0.01300001, ...1. b 06.:0166.ii:100,:laiiii1 0 ill 001i2061.
1.12,0110i111.1130011100111.111 1161 U 6.111i1011.1.00_11,001,0 01

1 di_
:H s. !

t r
iLLL

,
_t.

.

.
I

....f.L1C,--1111.13.1 4.11.1.0

311,1

1.2111: -U.

11 :.";

1 1

.
i

i1Z1 rj'11 ..1:. 1_1'111.
1',;21.1J31113... .'_

,1.17,:4711.'111.1-1 .
LJ'11:k '

1

S .

t:

"..L L1_11.1111....1.1.1.1.1_11 ;

1.1.07; :.;c:C1.10 "Al 'jig.;
lu 1;2..0 '

' Lai 1.112..!7:1L,:i. :11' I

'.1.1.[1111jijilju[3.1.1....1.1...71-
J11:i_13.11J1

.

I ..i.11. i
.11 jj. .

:" 104 n idC. "
I ' 11 r . :711";

1.11
-1..1,13-

C . . H7/.1

: L ; u

'

. t

":_l a.f, u ,1., ,,1 i,):.,. 1:.1-: .:', i.L'a,:.Lil..1001.10ll.U1..cei
1...1....i.: 2,2':.i.10-1011...C300.31UrJOUOC.1

111110 :t1._1 C:),0;_,:.',..11100110001.1.00fijili
1,:l...0CLU;.11,.1 Cis!-.1.1::.:.:ii:.i_lliG11.10(107:.100./,'_ii',G.1

601.00011 CfJ 1001,1011C00i01101
CO1CCiiiI1001Clithithithiti
0.01.131111'03(1-0E.0.U12.001.1:HR5A01.
OUICillocio ol_ .1, i co. co_ I. a

301o1.10..00o0011.11.100C1O.1.
00DI1i101,.ILL15,0,floofi0joffi1i1i
1 ;:ii00000600011:WA11101.1..0111,
00 :_ 0 i 1 "001Y. 02 .` ,1:111110 11 11,1. 111
001011000000111.1111U01LOill
000111 1.,00i01,1101020(110,01,0%
firm ilia touorijAisiC1.11,11i11/1,
0000iii100iDC1q01130.1.011.01

'i30 _IAI,G1,001.001U01100.[Lo.olitl.
110120010 , J:tli.,011,11100.31..0.11.1
100C11110110001.70. lOi101,01111
101011O10UILili1i1l0i10-(111.Cit
irlfl0110f,00.106101,1,10ill,101131

0c.f.)00. 110,910011100i10003000001.
J...1.1 :',1 Cr 01 01 Q.11 C 2 U 1 90 J 0 ciaol
ic:.. _:ricaltoco,c, otac coo 000000001
cQ00031..11.1.,it00J,1e30 t03U01
11,10001.1.01012..1.1i111100000C1
11.-1i o a ra...11 i 1: 0 ii.,110C1.00in 1
103-i3e000i1100111000-06.00001.
1.01100o0110icilii000000 0001
111000111111i0fi0 0001 CT 00.0;'.; Di.
11 ...1001.1_1ki109118001 1,0011001
01EviliCt111101011C0001065,30Q1.
11.111101,11.11,1031.f.EA itii3011&:1

05 f:j, 004. 1 i Pi 000 Q f,' 00 C. 07, 0 r.1A CI G 1
ii 11.t0111.1.1101100 00000 K0001.
11301301111.1011,1000.100000001
1.11100.11:111101.1001.000:30001
thl..1 J1111.110110 000130000G01



i.:,,i1,1:11,11 ii..2.Z.J.f).i.1.1-1.1.1.U.L1Uu:Ju,',.-Lu,Qt.suu:
L G-1.1!_.1.1,ii I '3,i11.1111110-161:1.16001.1.,0650001

I I ill.: ii1.00. 1.1.001,G0i15.13t':itl..0(1i,C01
ilit1010;31. i0.1111
111.D00001 11..liej;:;'001,1bi.. ..11,_1,1,ilil!..10001
,1.1.1. Ccl I n 1 ii110011...j....1.1.AAAIr!,t921L1..1t0110:

L0153.131:111109

1t
0 li:1.1.1-11
like 1. igt.
ocQ.te.;..12,
11-.....1.11i1,
ill ?::!.._:uoi._
11.11,111iill,tilit
11.1fLi11
-1 :Z11.3001
11101 -;',3.1
111.0ALlii
Ili 1113.1
71:1 U 00 it 01

0110..1
11,1'.11.il

11;!,-11-1,

I, .."...1,P Gill. r.:'..15 D. ail 1 0001310 .V300 01

Ii1i)f.r.11.100170131000011001.001
1.-1,1;r,111 01.0.011,10f7,-31GC C OCA 01

;. JlitY,11;i1.11.--_,C.A0.100000001
Cf'3,1:1000.11.1..01.1.1fiL100;"*.iliCO'U01
iliCi1.01.10101.100111cr001,106000el -
0f3.1.61:11.10i11.01111101.101,111
. -.0, :f..,011,0 LI e:310 illlt:10.3, iL 1 ri an o I
001,011,'A00i311.,!i1..11.1.t1,C11101.
.0Lij,On01,1,1101i0.9.001,6-5000001
7:11.1C;Cit'Ltr:1101.1:::.11,CaCiftif/00t)001
r:1:cj fi £1 1 13 0 0110 ocno 40, in 00 D 'I
1.1f3G0U101.101.1.01111,11i111111101
.illAL101.11111 eliii 3 Crae 10000001
1.0.1.100111ii00000 OCCV09.6000t.

- f...101211-1,11J0100i3.4.,r,l1:1131.iUti0000::.
1,:.11.0-iiillagiiiffiGQ-1.10200001
00L'Lt; It,11001.'A r)01,10L101.1,C 000031

. . ... - .. , ... , v , _, ... ... , :. A .2 -A .2 A 2..2 .1 ./i r IN (1 .1 4., , t, , , ft 1, r, 4

111 C1.10',, BEU,Cali'l1II0091..001110001001
1.1.1.1,11.1. CatI6Gdlit;110U1..110001,000.0,CW,
ill4..1.111 0010::,1A.1..01..1.:10101U0011000000,..

111.1,i191.'.,

:CI 0 la C

00m01

'3:

4

76

i 1...1 . I 7-t

11.)P! !!..!!!.

.1, !:!,a

(F.; a . !TT! H.1.: :s!!...! 1 i !

t 1 '; ":

!1,.!..:.1.1-1,!;-1.11".!,....,...!:1
11.11

.:10;1 I L:31.2!L! !r-,.!

I:114_1!3 !_11.11;'1. 1'0
-

LILL,:
ji I iUi 116'1 3.1.ii. '

,

.1_

'LH_iUI.. : a: !ai
"

21117 ' '

].11.61.1."4 J_L.11111.
.1i.

1 1.1.

000011.1.1C9,00i1C1131
51J'HaGi111.1)01,001001.1'0:
Ej0001ll._i0010iiiitol
ilt153011011000010

.1.100j0.11.1110101.1,11
.0CiCagiliCiOint3iiiii0i
W010311000 0A01.111131
. C 111019.', 0 (7. i 001 .11 ill, 1
0010i 10 001 g00100100 o
01-oUtli00 C31000 Ilk.1..L01
ii0011010i11000J;1109
. .1,10i31100L1 00nii01(}0 0 - .
00001 iriC6001,:toi
0030111101101111101,
0010001000000i1 niac
1-000.1A11. 110111.0i13

: 0010111'1 'k: V.!,0.01Ci all
110-)1 A.01. CiiU EiG ttiO 0
001311110DigG1111101
0011-ii1005006t=ii..,011,0

, 0(010113000001.41, 3.: ill

S -



276
Ob44

7:01.0,Ut;29 -3.0512rA
trZT,3 41?6S,91. -0.0-?Za6/-
429S .26';6;-'8

2f! 6i2E

rj071 -0.2G3e.53 A.95n4-
0,84 -0.21306? -C,23264
5513 -0.063736 -0.071006
5264 .30566'; .125542 -5.0-(7,77a3
361U .269403 ,Z2.71-26 t?91,-(19
8245 -5.45G120

626G -0,13C;d9 .217651
60,3 -0.097et41 7-@.1.78390 -0.154780
TtCg .13igq -0.2i721-tc -C. C2613
5675 .133L1-34. .00994

03004'Z7 025.2i95
6264 -Gt2aaol

t

U 3

27E1

6
0

ca
t,

tm
,,,

 4
4 

r.
."

,e
i7

V
t.,

=
=

C
O

 1
!-

-,
C

O
 !

..&

wk. I ." 1. 1.1. 1.J 'VT 4

-60q3C28 ..99842 -0.3!-.591S4 .(
.08St5 -0,11A,716 -117360

-b,1
-0-1tEsi":4F ,Q.3eiA19

-0.;2.7088'?
-0451-iC36

-0.18226 .162(,EP3
.02C-A4C -(1.1137'616 ,01:69:Le
,i65186 .Z94i-,9!; .1376',9 -0,1

--0O561.14
-0:19248 17ai 61

-0.37?75

-01703.
61106

-0.1871,
-.U.A:tri'771t,

,e4
t.0

4,'jr cr
6,1 os8

vt-
.45

J3

)94:3I t
.',20561:,
LE$51787
:1'... ?2.. 3F,

I3F:a3!-:

4074 S E
13296';

Z.L 

ar-z7r.7'' '.e):L7:?. n ..f.: DIC:::: 12'.:;IL7:' 
Li- 

c. EITI! - ,..Z.i_qr 7-. a'.2__ci-V :..-5.1::.:1-:- 1-1.2+72-:-'0- 
5.:Tt .'i--er- i :T .:.-",2.-113ifl'.- +if-',/fill.:'- 

41c.:(726'.' 
_ 

.7. 
-c. 

. 

''' --i.: - - 
si, T 2. 

. 

't ' " - i. 
. 

't- 
- z( - 

- 

- T (L. ' 

T 

If 2'71-. 
-; 1_6E: ' 

- 
ZA-.41f/tr° ro c_ 2 `3 Lrj, 2 r 

Y2T 670::1 '0- 9 , 

-(=). 

I.LE.L2-Z" E.c C Tc'' 2 2 0 1 

- 
:",!. 

' 7 '" 

1. 1-"(322.' 

CL'' 

:'6LT.cf.rw7-- 

Y, 2 %7 
, 

S9*3-r,'"...:.'"-- 
c_:9a(R.c.'.", (17:7S-':,' '.-.Sc:.:."72 ..6ic.:?C..,1.2"0 cTt "D. 

2.A. L -=.-#1 V 1: 
- (--,F.?..L2, ' i'-_-:6+7 

- .-7g Li :31'14-tV C -P.../TI01"-. 
9L,".-.ii17' `,. I.:: lei; 7",3- (c_2b:11° :-..i."qc'22. 1-..ii._c '''''.., 

912.C11'7 cc,c2.° 
Lt7':io':- -- -'-: 4,,-,,-..,,,:T' :,-...1.:7;) 

t?f,..")- 1-ic. '. '.-1° _.1 
f_-:7.: " 

S :I. ' .., 9 T-2, ' c.)".j. a' 1."' ; '' 2L4'...:-, ..:- __(_-;1-1:Tri 6 +1 c" - 

' 

. 

,!::61 
, 

" +7 r.T. 4- !-.' - , ,...6 :, -.;, " .-42_-- '1,9:: t 2 d .--2 ": 

bL...' f r. c, 
....):1. 1 ' Cr,. -t. 

z 
i'..i 1 ° 1.).:JT,1_1:,:1''' 

J- :. 1 .6 l.", - ' " itiGLS'r, '11 ti--2,1 ':.r, ' 2.66c,c.,.! 
,,I r 1 -... 9 ',..; c...?".....3 '.. C:c-, :, 0)7: ; t_f! `,..';' ,...7 '; ST"' 91 .c7,:::,,_') ' - r.? 

1237,2,9r 4.0 -1

217'347
- 0 7 43- 2 sT.,



5U2 2 -J26FiFa
5206
715e -trcJ CC:
L716. .'0.16E725

o.2LAgEt

3G2E -3.061U76
.2jf.9bk

32:31
.065-e83

-

(70.18617(r
-(.).,370072

.-T)367.a2i+
7C21-1.-75'70-

t k

444t, e A

'

022869i.

1-6A7P.111
019176

-0i31631,3

.037691.
*-191984

E343

.1877t3.-

2'2L2'

'4. 05096.3

ootn
4t3C063(.4

..--00101e,71t,

-01.16570
.0782E2
L ti

. 2645
0.67685V

4

2439 g_
"*.ilggt:11.9

7';

,C71

65 71 -0.06836.

-0.336766

:

237:L: 4

4- ( I 'L...

3.32-fTili
' :!.. ,, 2 4 4

6 2 tf- '

.72 1 5 u. .329'37
1

J I ; 2
2 .)'7/9 12 3

9199
2 .5 67

9A

21_11
u '"? -.: 'e.1572'43

i 9,31+
i 47 ---;:,19'..a937.

13 953 .575C5'2

!317-3

L. .

, 2 3 22
Li:.

:51 3 .

"

3

"-'

3 Try.

',J.?

2.:5?-11

1.

,0:.
5

4,-93

!

.!4

737,311

,

'184

"1)77 .

Ir'1.4

-
V.."' 1-C3

-.37) I 'Li 55
:9 ;-

?t i.371 -0.76?567 .1qc411
.000690 8Si Q'11

-0.051.62 ,J.L?[12. c54_ O7
- .2t516 ,T_77?7,5 -0.0E870

..?,i693E) ,205:S62

.16745: -f;.75Y661

-6.209342 -,117-03 -0.J93Q04, .19507c:
-11,000.kT2' -0..A89Z9 1'25 -OQ3

.,i25262 ,1251ea

.289045 .2;":50

-0.0407F -Z1,15329E1 -0.06F799 .i1774,5
-a.20649S -U.22744 ,071.0651

-0.254g5 .189iO4 .01528
.3CC813 A29930 .140.1'14 .07621.
.64391 .7155E7 ,248914 G314. 7

--001C144.54

-

7 8

-U .2.082,33
4 1 5(1 0 3

034E'31i

171G88

-326772

'
."+".

irectorSet-,
'

22302a

062,29

U8143



. '' - -0..'L -0,,11:33STi a .`
P.ti1377

.,,... * 2 ? 3 3 4:2. -3 I 0 3:1 3814.
. ,,,:. .4,, " . -

. . -t1,16q.,31'9 -40255513
'''-',,,--

-. ,L+=i .,..12rq1(7. ..28526k
.-.. 0, - ;:-..- i.i n (.- ,, i ,,, 7.1 F,,-. n 14). , 7 a '-' 0 4. A '',) n

. ' 10 . .. N- ' )11,, :- . II , 3.5 , ',., , . 4. t.,, ... ,-. ,

2 4 f:, ,-.1, 6 1 -4tfi.8a24G
,,. ..

.

*

14744g '-0.n3:.862
e

^ 2613C..5,
e ors ' -0.213741-

- 2 71 9 e ?

C11761 .1- _

oo
-4 N

i
L

O
 C

r, T
,1 T

4
c4

t.

(ID
 O

N

15465:

036G46
88J166

-0046114
-0.1.82469
.-0762755

302a

.
I.?

65

0

-A
C

a 
4,

(A
i

(.
,,A

,P
 +

.0
vn

 c
z,

(7
1,

 C
O

 C
P 

ill
 C

D
C

4
C

n
I.

..,
.

(.
4

tn

I
;

I
4

F!
,j

L
74

.
C

5
cL

D
 C

l r
im

r,
4

w
4,

"
.

G
.,

0
,

0
c1

4
C

D
 0

 N
I 

C
I

tO
;''

!,
-.

cp
 C

7
T

v
,,,

,
N

 r
v

',,
.!

tr
...

.

t.-
-4

,-
 W

 (
-A

Z
 C

D
C

A
 C

3 
,-

, (
P 

(:
,,4

C
D

C
D

 u
0 

",
+

,J
,C

r,
,

C
'7

,
C

Z
4 

0 
0 

4:
"

-N
I

.iN
N

-.
.(

-:
, -

4 
C

.
0%

N
I

,.n
 C

IO
 Q

)

-

,, -1 , '

.':.1' '"( '
a .: - , .

-9435919A
-C1.1036.W1 32;

'36.E.:33 .05'337'8 -0).22'
8401c: - 4 41

62613c)

C 1. 7) FS F.,

-0.2G731

,C13

-C.027ht6 4023916 ,40
.294fAii 4j97649

330 -0.06&I,C3 40.
,Q1

-0417933,-i!'

ItSbb4
t

.;

,227: f - 3+
5 i

.

. 3 4 2t:.5

3, '1+49
JJ35

r .1.

371.731
7. 1

'

1'. 2 3 9:"1-5

f

'

J

!J ?C') 6 i1 1O+
7.; r :]1+4

, 33'713 - - :234

79

".'

. 23c3.;5
: '._ :'',. i,f

. :,'3.7 .T..,

'''t c : ri '14
' . -;'.3cti

. Cr...... "

.3- ' _,_?

.._;.37 '

I- '' ..'..3..-'

-0.,7'7e.i'
, .:.22-.35

..227' h.,
-- '.71.23

-- s 2.1.1 Lill3 27c, S9 --.) :3.;5 .2 S.7..2.;.15 .

!...:7,2! I 35 -..) .1' i ' I .6:33 . ' '.

-.0.2427f.',8

-0.0850734
C;77'3

.1.91,,,29'77

..i74920

;7 --tor Set, III

-0..07162-
-0,0780.7

7t,57733

.24396,73
0'4'449120

1444 4

''-r.)*170.659,

.0. .183199

, -

9 ici371i3
i'Ll6"194S1

--'3.06062S
.123991

.2'558'7;2
7 c.; 4 6

..:e135364
-0.21306' -0.222E4r

-0,D610011
0.7723

'04 ,22"-12'8,plf .291D92

.".
.,186075

"-C.O./3067
.-. 6.28

*3CC737 -L2372.16

r
-0.CeS065 4/07112

_ 6

,oe7485
.p1.17,14:34, .4.3142

.U861e5



Cl. .:11. ',) i.. Lt! C IV) OD fi 00001.

3;11i1.1000001.01!1001
Ol1ti±100CO301010001
0014";,C!31.00001;J0001,.001
1:01-1101UU00,030000001.
10..j,01013`.YOJ;301O0001
'301110:i.0000U3bEC 0001.
01,1110150001.0 U.20.01.

0100101000E3 d060101
0191030000b000000001
10110 010000000,00001,1
i.0 CO n10600000633601
0001001.100100036.31
061t1013,10003',00300I
01CLi1.30010:10003001
01313010000300`,_)03 0021:
110113106303 CG(100001
1111 iOUA60050000001
616.1.01;i:iQ06311Z;00ALOCII

I

0090301101111 0VAC'J.I.
0160e c.ijoil,Ci01G1,1;01
.3 CI C 0 n 1.1001 13'..L 0.101(i ;; 1
0101GC000106302101
01,21.11.1Cii1150!61001
uoic..iillitSittli:00i.OUi
011010b1OCA:.010101,001
010i001r1 :::.-.31,1C001tlill.
C00003'113C10100000:Vit
9000ODOJC1011_13CialE1
0000U01C:001010101CCI
0001300010010113101061
31010010Cli11Qt(i1CCO,
Ou000010101131010C1
0 ;.,, 0 0001: 13 01.2 tA CI P C 10 E I

613.Ei300! .113GOGOC1
0000130100113i00,30011
L 000 GC 10 1331.110000001
nnr,nr.n-ir:-$11inin1orii

71:

.;'...

0111inf30001.30000000:
!L1111r110600000i30000:
0/ Col :1.1. 005G 0000 teis:
'711 VI 00 :, 0 C ;i' 0000C 0 E 01,,,,' i

L11 00001,00001)001)000
GC 00001.00600000 1)..0
1;100001.0100,00000000:
3101.001C00:.100WMI.
U011,01.11000000000100:
0116111000010000100:
010(;001000000000:',_,CiCil
Cillit)19Ci10000,5t;e0E
0111.1,0i0.9001030U100!
01/13/01 050000 ,913101)C.
010011110J0C,00000:
111100.1.50000U0CIFA.:
.21017.0111.;C1)1)0NIU1)000
0011131-00-101000010.:
012.1_11110010501Ati
.0001iriii300000U000,..'r
C10011100000±1000000:

0001)0000CJ,Diltfil.C!1C31

00000011,00,1,11.7!101,:..01

CULIOU0i00i01.0036j001
03000010C111.100iV:',00i

0E00Ert..301i/1H00301
0000000-:,,,0010001001
01.0000 ,1011.1.101.01.001

0300'.:011011 iinClUil
00000.010011.1001001
00000CIOCiaLlOir3301
00000010C10:',,1010101.
00010010011110001001.
01.0111C13C11,11.000001
000110.010C1titi3O11,1.001
000009C9Licitaorovo,u
02000010000.16V1.1001
11011C0060020:1... .-11,131

01.010010C101.10i01001
, 01003 11013110301001,
o0CC33 .00100150i51.001
[!0C010C1,01130G1C01

TT. ca

Letter:F, A

.;I
'1 -ij .'- ......1.!:._ 3

.7 '..' _: '

12; .j.i.,,."..t..1.11.1.__3c.:Tri ,- :.:.;

7.'7 11q..,.1.:illr..;,. Lib]l. I !!,71

....ji.:2C..i:'il..1:....,;.-. .L
n 1....Y.,; ' '1. '- °I _. .1.

.., ...1....ii. it::,...:16:1.I. ir; . ..; :. C .:.:'. I'l

'1.;jr. ,13f11.-0.1'31.A'113. I 11._ i'... 1.13 :L ' 1 '7 Tt. -I j ' _: 1 ci t'l i r3. :13. .1..

,:i',;Ji?...:- j- :,-i..
.:0...1..' ,:'.:1,..7.'1,..: 1.

, ., .. ,.... a .
. ....: ..._!:..) ' .1.. . I , I

12 -H ...,).1;1..1.---..1 ...1
.

:;.!71:,i'llli... .'.. '',. Ii...;::,.!': ', .1 .1,_:...,1
-, '.';.-,-.L:t;'.:r.:^.: P.,,,i f.:J.j:37.

C L-1.*J-:,...3"11.1.i..1.:t.:..3;. il
- ' ;1' 1..i...-1..1.....:... 31. ',.::!..3,..: .!.cf.::...L,'.:r..,:ii_

Cr..i H Li...,..1.33.f_-,-i;:)..'.:-.11. Th...1-',7..i .' -:...11,..

-,11.11.:-V:,-,.:Z.1 [.. '..,r.;`: 7.'7.,....:.. ,-..': ... ......,1::.

;::: ._. :-..' it.:..111.1..,.'. :' ..1. 4. .i....:1..., L icH.:1.,.r.:'f',..3.111

:.;.:...;'...

". '',. 7 .:

'. ....:114'...i'lj- ' il
..2i....1 Li ..-.1,. . Lii

-I., 01. A.,_ ..i...i- '

J... 1' I

C. .,.,1'....H '2.:2, :-: n':331.
' i _. '_. .:;
....i.:. '

- !.;."1_12.:0;1.1.1!.'-_:- 3:31_
,..i. i : i... 1 . 11 : - ... 1

'1' ':.1 : L r. i 1. 'i -_ '.. . ,, .1 _7,..... -.:: '.'..1.7.i ;.;.'...: ILJ ili
.3 _ : L' ;_ . , ' - ...2.. Jul :. .4 ; "_-1

: :' Li ''.` ;.., ' fl... -.11,1_3 3,01.:)...._ .: H,;:-010'

; , 6 .... - I. 1 ;.; ;.......11...,;H3tf: 1u. 0:1:
,....,...T.:,

' "

.i-!. :.
:,:j

,... 1 '" ' '.1.: . :.: 1
'. !: Jii.:

H...i..i.,f,L,...',.: ..

-_ : :: ..: 1,. .-.., 1_ ; . ..:_ '", .:: .7-1 . -: 1 :

, !

73 :

:3- ' 73 ": t:3 -.:3 .1. I. ... L.: L 4.3.3
I.L.-... ..

'
Cc!

:. .._..f.1.11.., .7. :1..i1
uC"Or;C1d1.'1., .J.3 'Ai.

.,:.,_).1...:.
1.C.:, 1.-:.:.

.-.

H..'.,

. A!

:'.,

,..

, ': J!..i 1.

; 5 Gl..!..

-........1-r.i.:12'7:1^.._ 3 -, .,-', i : .,i- , ! : .: 3 _,:.! 1 .1! 1

:1 ,..,:-.",--.1i.11:, .;:_:,1',
-',.._.1. ....,. s ,...., !I :.'j, .' .- :31

; :a i.a.-,y1 -,..?- 53 . t. I: I.

f:e t,.. t.c-r s 7.-



C1010003c.-1031101111t,0,"
100110i00001.6030Di.i01..

. '30000010011.:ArOtiV;t1:,
0.00.0301:161.1110000301.
CoariHicelitiO0p .1. on 1

utinvz!ourlioiotoloi
010100000301303011
113110,30600130300001.
C10000011.110i0101c4001
0000001.1,010110001.00.1
0000.00011,11310100i
0003001.3:2:61:001303e0vi
00000000010100301001.
0003000001635,360001
0000D019613110000'O6:f
000.N001.00101690Q000i
900.000.1 00101.100001
OD0GO13A.C1110dOG30C1.
030000110111.1.01.30001
3031001k.71,11,11010iU01,
000000 O000100300001

UUltra.U11.JUIJUIJULJUIP.-31.101- r.

ti Gralliglric1.0C,C U Oen [Pi al
.,.

010:1",10106j093119000.
.0t11.101000V0011000-00ic
0101631Ctie010Cd)00[jA . :. ...,

01riliglOni't 01 fiNleinai q....;

3o0c10cov00060otic61-,;,.
illuoiripoopuociociticroci -,.,., ', ,'

i10 00000061- ' '-t
1

6116110:1060000,0U1cs'Ul
.1140101,Q06000600000I
0100DC100000060011 01,
olciocup000loouotori.
0001ici10000c10006000i
1.121010.10g00000000.001,..
.101010100031001010111,
.10UGOJ160-1.0:100001031- ,-
9111:i_CMILICOG00030001
pop1oo1Quo0000eu906l

t dr

e

. e

A 4 ,

,

' 0000q0G00110100GGOOL11.,7
p000o0160i0!_.J900i601 .

'00000.011C11010101cui ,4-

010C001931.1010tOt061
000960/UninD101531 %,

- 00000010.11itiGini01-t
00001016100000.3i
0161i0tn0G001311:13G.i
COOOG0101.0.0i0GOK1001
01.01COVAii1)_,000000t

10101.001000U000000601,
01010u0001t110101001

..013900011iiij'101j11130,1
" 010119iiillAI30D1001

31naiG00101000i00,
-, (iii iii1if1CUCJQCC1

00iC1UliC1alO1G1001 fl_
: 000a110101-?,th1910:1621,),

opowniutiial000000t74
7th,. 47 --.-

.

14. 'Ye

1.J . T.1

0

" - ,,1.,.L
,:.11.713 .1

1

.2 d .1 j HLIH..11.

;1.

, jii
'73 L,

" 1
' (.1 .1.

I -IC..., :11,1.11.1 . _ cL.."; 3

J1,1

L U... J. 1t1z. Lt.; ; I:

..,. 111: .1 (.!.1.1.1.-LLuJt
1,01 r'131

Ij
c.L301

:*. I 1 . , 011. :

a.

_-!_J
;

tui
16..11

14....F331
H1.11.,-11

'

31.

t31(:10000:,Q1100001,
11.::1:ITG09,00e00331

:4,1",:luatitt_i.1:100r200.1.
f..0..:1'3J1CiC001.300DO0Ci
1 Li..1.1,:;1.0500:.L0900131:,,1
Ilii..1.32_0Ci011OC,0100,1
111.11013COCOA00131031,

161.01.C00,A30011003i
1.0111,910H100000000 ili
* -3111.31.3r!,303il3030,00.1
011P1,j'013G000e,3P00001.

- 00.00f101.00 800000000 1
005000130GC900000Ciri
0101.A.Glae000000e0C0i.
0111191600003000Q001
33C11(.119.008,,-;00000011
00ELI:16:LOCO0000000001
01803rJ1000000i30001t)1,
Ofirja.1331.00GO0GCUE1011i.
1710111131(.if'...ii_81.1000iDli
901.0..101.,:2'..Lu:A)110.0011,,DithA

'1

A



CJ o oEl 0 ci

oflaaaoliCAALliA01-1,
00e000111.11i1P0i0i60:1
0003001 (3100100.01001
30cie0001Cili101.0
030003 .(3(3:1ii3C:i0i
0001 eo00c1ol11,',Icr,o031
0o00301, ,Y; i; 31
0001100 Ceit 0i010101.1
01003911011010i000+11

C ii CI 0 10 Cit 11G1
90C,'DCial.:,0110/..01,0100i
00;00301101 (11110000001
000C1301,9C1.111;,11M101.1
.01,000010C:1001.0(3010
0100g01011011.G101,001
P,10101fli1i')01000100!1_
01000010 ,1011..0-1D10-,
P1000001610100001001
CiPLOOiCietillOOG

,.,

C:11. 1 ',1'1'30. a 60 G

C2....1.1.610(1 110101000001

Ci.0:'190000i)00.C(1001
1:J;110ciloc300D.G0,01,0Q1
0C iA0010 d COD 000 01.

.0011..;;'1003000000109:i.

1il0i0100101.000C1C01
1c1e1.ccipoocioiLictA

1012,10010&10006901.
UI) C 00 t; 0000, r,`CI 01.

C1i11.61,00C. Oi6IY0,0t
01.1111100CHOOD0001001
1(2.1.11.1:1"J000100001001
0.010111.0t100000000031
lOilllige,C0C0Ci0001P1

010011000GC00.DC 0001

n4.'F 4 nnnc;,,,-,:lonnli
0nti001iciiilw3uluu,k:
03o0coti00ia131001
ouonoiultii0101001,
oocoocuifiii.loletcni
oicritocaiM1,010100,:L
0101,001111if1101.01001
01,..i10q,-3,011.00110001
0101012000101 i 0101001.
010.1.10n30101. 10301.0n
13101.10'1000000000 061.
000 31.1.011A10101011
OH 00 LLOC11.01,01.0103.
00U00011Cth10.t 00001,.
00000 ri13 t111110501C141
0000501 1, lil 1 101010 01

O0003010C11110100601
0000001f100g1.000-0UOCI.
901. ..' . 01 '.i,, . i; t:: (j U 0 1 :',1 .1 '7: i :-:,

11011.03001.0110101031.

OPC000100
OC31:101tC
ULIO1V7.:'JOG

010100400
0101010`;:
131141G10
1.1.101.C10C

01101100C
1.1.C1110.f:

. 000000'10E
il0010:110(
01010
11011000(
10 W.1...1.0(

100113i CA
1601;)110(
11000113f
Iii(111.10

2

'r

of :10

';41 vir

LC fa,

Qa0CIC.10000.1.
11000111Caul
10001100 GU01
30101,00i
60000000C1,
61,100N/P1001
CO3 031001

)ociii0)0:100001
lorjo6C13Ceir:g01
i10.1030e1001
Ir.J.COD00000Gi
)15100G00:15i
l010000D00P01
1Cie(0:10001i 001
:I00000001Vii

0l1e100D01,

001 LI 33010011

)1CP.:11.11

J 111..

;;:, 1

,

; $ 1 1:3

r 7.;

. $3 0 ti I
I 22.

iirj-41.:
".;

A I I_ .

HL''' 11: 11

jt..7C7
L' 1

) 1

:121 ..7"3-33$];$ ...,"71

,

).1.-1. .; -":.
$

.7.2 .1

u'u l" 'II_

,_1.11.7.L.A3-...ir.,61.1. 331.

7; -313..11,:ij

t C; -I ,

1 .:Li IL., ) .11
Or 3°..

::;

82

(.

U.

_ " u

1. 1

.1
j.12.L1U1i1i, )21

Ui
_

._.1. _111
,4,1.-; A

111 ;
I ,

r: )$
L 1.1 1. 'A 4_

.;



r: - ',:4 ,: 11 f 1 T s t D:,/ t

01:,;.1111.U1.1t111.3 I, I U

1:1.01100 ill 1 0 at.) / 1 .14i-1,

!!.

101111-A0010i1010i(2Q1.
inillauOrAceourActec-1.%oioi3oloouloo5ocult "
ileitmiciecoocsommi

0000001i01.S..i,.. ..C1i3U1

C.[,'0.003iii01.11.1.5'1010,

00000C:).,ICili101. 15.c.:i1

PUU-000100tcl.i)63,J0001
OCOUdGiC33.110P0i3Vio
100000109i.C11.09000n.

I

"i.:.
_ . 1.1.11.HO' :11

.1 L..

4

'i.11
1

11

.011.
1.

)111

' _ . .

._Iii.

ijU L lj 11
s, )1.

33

-0°-060D10.0100100Qt041 fl"; Or.,11otioliutitouuliul
"- :,z --,, 00GOVpiC010finOlni '.,, - 1;coloa:,nocluon5opoi'-L, cooricatociefiogetoll 2 or:51a'1.c000i3co0Oci3i.

-- 10111U)i001G001G100i -- A 01C101001,61,10.300- 0
EL. 01C1.1.000.,,11,110/01.0.1.i . --4.-, ,r,;;09,7,C1101111C3C).'0I301_

0 0 0 P.b, C, i 0 6 1 Ci 11 n CCU G C i 4 '1._ 1 0 JO 1'0 1 0 1.1 /,', i Ci 3 0 1, IA 1
,.

Ot.310S10C1111D001011 04 it 01111111000,0000009001
r PPO6OnilltOilD1D01 * ', f,1 21G10010000000BUIN01.

' --- - .:0000601G0ei9i1D1OU001 I _SI, airoogincloogoociaLiaii
,i,i; .,i,.. 'oici0.ti1a3o0oi -9-0110010111i17000001
;:71,,. 01001)010111U0101 11011010001.,000000011

.4t: 0101G001100PligiC000i . .101C101A0t000n0,0000i
, . 000000i001111000001 J00000100Cui00U00001

03000000C1110000J00i- 0i0100100C000000000i
000C0C10Ci111010000i 60013000r:OG2GO0uG901

- -i 013106100111i0i0100 OliliOlMa10001A001
01U001)501A0,C10100-1, ,- :-01.1.0(,13,900000GOOGO!,

.

0601001001301060001JUJ,010,1,0010P1111.0101.°01
- , 03000C10010110003011 iil.tiAltmloamonctul

U000001100ii1010i0[11. . 11101310Ci0bI0000,..J
00006',92.1Cill10.1.3..1.001 '- ' 1101uO1310100001001

. ...,



-0.,OCE,830 .:!33025 32_ c :3

-3. 01341?i, -9.153681 -c,.:. 329,750
-0.(1951i3 -0,1.3922'4 -3. 248FAO

:235
3288
)t.:72

77

-0.238339
C'..:T,.7'1.&C)

. 0A 25
. C 63F 7'4

'1338 --:; ,1 -73706
,c.i480.S0

.-., 969 ,,93S5:30

0.3073147
.404734
# 2 i4' 5

-C. 2257,362

3312
.31.7S1.5
.2&475

- 30 t1 2 QS

;9766 . 3.77437
V -1).551in:7

:3651 -0,13:18C.R.
'.-1;736,6 .1694

i , I': 2 r', !, CI '7 C ,,, r, r:

.233f397 -, 32635'e;
0 3,-61.0E,33

. 465 3 11 11 3 I. 1 6

-0..LA.,175,
-302,088C

. ?22 937 4, :1:15368
.. 0 C7 1,7 .7.

,-04051290 1761.25 -0 I. 27561U
-i8561, -0,277002 ,058463

LcIt
52,7

.1.?"32
3971

..-1.731+5..:4-Z,

3J 27

31 .

33

( 2

92.32-.5

. L fl 22
.0-1.1 -373

3''t '."-?.792:3- .

.6JU 277J33
. ,R77-4 5 1_3

7 0-L(' :5 . 1.19 7+ 3 .

3 :17'r
H5-I

F.:54

84

1L.166828
-0 .152471 -0, tJ143:

,129t095 ..4291.15
',006931

0 8531.0 . t 6 593- `wi

-0.112471 " -I) .0691749
.07 r;

.

-0412:i69.(3

t.0315,t7

d.115816
- G.125 C2

.-57'685
"Is

G.27923
,27066
.435046
,u3onw5

C.161072
,05C433g
.103121
,11.,;758

0;.261542

.20621.



rf .2... . 1 f+ ..:.r.3

1.0.,8 .411'3
Cir o

1). 2.F.E1
i.122,'Cl
.4191
.0C,SC

r S t

S3070 .302181
1.9k.26 0 --[1.37431,
3101.7 0.253374 -0.115509

:.1,16?670
0. Ci'.=7701.

2772g3
0.02:1,872

-0.016i4E, .295413 .1
-{:1 027325 --1103,051 ,,!)

-0.043918 -).1/67:,6 -0.2

-342F., S174 -^1.36F,05f.
15633 C+307E, 3984,7E

7 / 440:: 7;2( H."3 . Li ,T01..,,OZ 242 .?7E.
E, 4r.int31, 27:.:_59?-

814-0.J.E.ii:(,128
-0t09F:89

ak,7ULIE
-ri.04666;,;

-6.209E7c 0.21g)::
0.5....49cj2G 0.060

.261870 .368
.td,,03-36.37 . ? 25-7

.61e4,I4
-0 0/-1-952:7,

Q

C3I
--0c2ig-016A?

,05i3E5
q.250221 .234581

0,.5d7295
3.i2!5110

."2'3,1,561 --1L,301121E ,3c.,8E44.5 017F::93;= ,,aat347

V.1(2 to V

29/ S37.1. .7%. ---7uJ75
7:7

?.. Y:,74 323.t
?2 ' )c.;47

7-3-1

-j.L90:.;!. r.:1

j
:7 3

3 :33
2'47)

-

C 57;
'.;

Thu ...I

25

ti 0

92

5.,k,

10
30

G 439.73
-3.00678,5

,. 0Z.',..2056

-CV, 253? n:3
01;36fi

-04001374f'
03';3

4.11 U67
02475-77

2:t1i579

-c 3237
033'7.1134
24'5820



16E4625 3.3172E,4
1:46e8C. ,,38E05.57'e

(12-,,:e.3
33C 0.24027C

- ' 0 0 6 ei 3P a1.261,7 , 1_,..532:43

- 04, 0. CI 3.10, 5 -P4174093 -04029750
-04C9591T': -341'7.963E', -0.245860

21.328S 3263. 2
-0,E40.633

2:6465.7' -0,1i3118
.. 2.2n, e

7,1i7i ..:1.,

E-; 1 7 CI 7i ...

C I '3 5 2 .

41759 , 2 35 77'.:-.

208d0 '-3.D79,37,'-';
37,71, 3 1 6 4...

82561 "O.Lf.,,c1L;.,.-

, -...,..-.),, .
7i73

'26i3051. .
058467

213605

23385i
C,

p -6.55`,=,'/:19
-011.1T8C9

. ...22168.-9

277: -r-4

C2 ... (0-1
'

j
2G

571.c),
I I ?

'

"6' ,!.; ":

-I -.0

' e 1 -1J

-.C. t., 2177-, m A

5.(7`.:1;

. 7., 1:-1.):::-.i
.,.'1.7'.7-. ..--;

.1S.'r,r1:':,
-,:)_''.'..;, '7

1..:57.37.5 ''.'')

.13,-.:3S1.
-' ,.73L'o'F')
.-.- ?_:).1/44 '

--J,?--..-..:1.
. Cl'.., ')..-',..;

,, ?1,',1
.. ,-..-.:,_''

-{'..., t37[21:-....;

-9.15b64:,3
0.1.52417

.14:3f. 947 .4
0.01781-.7 .16.9144 0

7fec, Se0



0001101./ 030011-
11000101.1.00i01.!
c31010111U5i1t
iiiGHOC1,01:121.
iiii100(1021CilL31
I VI. 01 CO 01 0 i 000
C011102A100111'10'
.1.100ii0tOnilti
0011-TE 01,1,1 PC0))0
1.1.01113 00000i
01_100LOCiii_Call
00',511.0LC1Cii.iQG
10011000 -Li.i. 141
0110000000fLil,f1
4 '..! A 114 4.; ,li. r:.r1,11,1..u.1..1,.u14,4_.),t,m. to k_, u 4..&,.

1.1V61.01A10Ci006-1.1:
60.11.0.11.V1_6001i10,0.
ii.10.151J0:11.01G091:
'60e.1010. .`.1:.,900J.110

1CX 0;0 Oil
901.1:)_oriinlo. ..oliac,,,

01111311Q01001.100
1:13ef11,1301.000111
000.101Iiiiii01C09'1
1=0DeliC301.11000.11
Utt..90..t10:11)7,i11:CV
il0C0-1,73i.11 101 Oiil
0 fl 818 0 t.1.1.1.101M 001
ic(301,1.1,N01:_iüriLt'S
0 1001111100901351
tilifill,100011000UJ
CI C10111 U ii a 0 810
3100111111.11.80C1.
07:0 0D01.1,11100110)
00011.105011101,.ii1
001.0C17.11011101001
tl: 0, 0 Y :L'j.'. 0 :';.A=0, 01 CI

011i00liA11000 e:
til.0110.0110000091
000G.1000111011L0:
111.311191000000E
009011b911001.1101
01:00C011.0011011.-Li
0111.12111360100110i
0C100CC10111.01.13.:1

U I. ul ,;it0u 01010i
01111J1.8000001.0*1
I00,11ii000F10,100
V300-1.00.1110iit0011
10011010i 0001001r.
1000E,'0rkli1:t11001
0100000111.10Cill
CL11.10i1D0100.0101
0100.0101V30:1'LiiL
.1.0100010010110i,1
010iG00013010.11:i
0011001001011'311.

4, 4, - 4 fl fl n rt4 I
L, 1 U :J j.. U 1 ,..c J 1 13 S.:, U J-

11010.C100C1C,.1.01,
OiEr4'1.0 00 OfJ)1011
11.01:00100110001
0010C1C1U010.,.1.1.

/

2\1'

Sar.-17-31r----Set I cJxiiq Data

Disconnected

1.

rJ111t1:11_,1`2......1.!31
11 O. 191CL, 11'

,111 J1 3L1

11.11[7171_ ;c:.; .r1U1

311
1

-.1. .1311

01:i: Y16, )1a.. .4i.

3 :11i1...J1C1.:J11.1.J'il.
11_1J C11LJ't

--1117:-1.1.11:1-1.1..3l'ul..

." ',I La.. 171.'7.-. 1
311111_13,3111J. t .L;11..1.

-11

II. 1 1. '1

110 J Ii-
j

L.,.

1t:,1131
.1 f37'..-,17

87

51 il 01 il V0110_91001
1,.. C i J. °ilia-J.1 0 -0 0 V3 :k
01.001.11.101.1.00aetli
00003110111ini0ti
G0100110131.11L001151
al000llui.liouicEL
600011-113111/C01.01
0C:1 et:lit 04,1000001
OCOfit10.1.01010111-4.i
CCO0.01000:10iiii11
001i0001011100011
00010111000100111,
111.101C-A10000001
iiiiluiaccaL9Deoir,
it00i.1.1010U11001
ilni-Anflptlininrint



1ouule11uu-1liul.1
1.001001,1.1001100Cil
111001.00.000010111
01.110010CV901.1011
10011100100100011
00011031110010,311

uultsuvuului.111-1.11]
DeliligilendlAtlill
031.10U011:111.0.0101
1.1014i10010103CJC1
1011001,1C1d1J000:i
111011.000.010101,11
1030061G1:100111E
000001,9it1C)1,11.01iA
00001310113011011
13931.01J9001.101111
011100ii.C100G001::
ti01001.1000100111,1
191i00afli:.11101110:1

LIE00001111,110100
L1tOC.11.000110010
0.1.10C1101.1fiL0100
OC3O1100/11,1001e
0C1.0111i110cocn9
690096:1 :11.110 Oil
!:0000ffilulA111.10
00160011011.10(10i
0C010111ijailLIG10
111.00.1t1.0100O5C0
01111.1i000iCCO':10
1090111i311CCUt O. U
f310J11001,1101000

O1f;611911C,'01,101
GiC.10CD11U1.1.1301Ci
010U1111.0011000

'11 L 7, .

.1 l; I J j 1. .t 1 i
I.- .1 7.2 - ..c!.

:

-
I .

'

I

,..

I 1 -; L,
. 4

. . 1 -1 1_ . .

7: '2
n .

.; J
" .1 L

1
' I

_
'

..1, I

1 L

,L; 7

1 ç.I . I I.

rk. 1_ - -
.

" I

4

88

Plii.1100P1,1000P)1
0130001A-01190011,41
001Vitiii040000ilefi
1.1001111001n(I'40
01..V10111110!)-11UtTil
11C1,3110C,T1A301,(1101
0630C1011.11-00.1
001)001:0()1111,0iii1i.
Ci.01.1001i911!5.0010:i
OC100/10,00-11110.11;
00100111.00111011.01

01001i1.0010Gilil 0'
000003:61.11.11Cli.Ocii
01001,111,0101000(ri
01.1111.1.0.0111001101
n4.4 n nn -{ ru II qi .4 Al ri ro 1 al

0001.0311.v1101111,
-10090:01191.1.01.111,C1
0r11.0000.1.0011.1,0,. ..

1011.001:!..000.0010:t
1.1.101101,6E10010a0l
011113113ono9.011
i1ail.10,1[3i0010Ci::
0i00112P011:01i1),0il.
ii0100001,01.1.1011C1.
1111.1d0061.:1.61130011
1011.1,.3000O10101,01
i1iG00i0l0G016111
00C11101000,01,3111
i fili010110,:i3C,'11.01.1.
0101010300011111
116100C1010001.011.
111.01G1.1G00300010i
01/1./101. :000.1E:1
110010001101013G1
til.001101100011001
31,:i13000011.0101.':.11.

Ce0131L 1.1ti:ELTI

Z, 3 0 II i 01111
111'.101::11.3f0,fACOO:k

01 e 4



1UUtPAIIJ1.1112111017
000i0 IV:H:1. OiCia tii
1.01103100110j0A.:1
1011000oc101ouliA
i1oloaoc1otrilie01
10000011'i 1):1011, ;ill :.
i 01117010010 10 01
110011.110000011011
0011010100001j:11:i
11011n1 Cl.00000J.1
00010 .':i.00:1_, C01 . _:.:L Sil
0110011.1010DOGJ11

...,,. J. u Li 4. ..i. .41. .L. p u .., u q u; u 4.

0100010Clia 01111)1
1.110110051000:1001
010C10100010-111.1
0 Ci0001011)113t'liCri
0000111,100(11.00111
0GI1Z.00i11 1100001
11101.01DOEJ.0001,111
01,110101010F01ll 01

u10001-11100001
110C4C11111.00C11_061
001011.1..1101000011
0101111010100001
01100100111001001
Li1001.1.100.11,Q.0011 ill
G00OC101111,1D.10til
C00010101i1.i opt%
a 01001.11.001001101
011 CGO1001,11001,01

21101110001010001
0000111011C001011

100Gf.;010111C3110J
00010100Cii1J1101
1010J011C11100(i0l
00000111001i1e1O1

LC

i :

7t

;

'11

89

0 ,:i 11 fI 3 111 C 1 Li U 0 1 0 ';

1teell..0i3C100iO31
001,30.00i1.11.1_1.20i,
..',.100.1.11.10006U0101
ni13001011.001.10(1.,
670101G1000i100iit
0-0,..1.i1-,,,1Cie0130l0ui

OCOCIi1353111,,:ilt10.1
0003`;30011311':.D11
0111 C C :110011.1 CCOU
307.10, COlio 01101

11:1110t3510000:id

,7111001.1 C 01109 "i3J

11101100110060q0j

00110 11:1,10Ci,11.1
01:006,1,i,11A,11013D3I

o C 00 11 :0111.090C
01100.1.1. 0 011.0.00:
61100-11P011130U10
UcC11O0O0
O 001110 `1,1.111.0.0 00

U0.0000011iiii:1011.
31110C1A00'it.110010'J
00100i1000119111
001111_11!.iii0100001
.4 4 es r. 4 a 4 1 a :In.-an:Iran,

a 1.130909111,1110011,1
01000(i0l_CiOiCi_.1.1

1.:Ii0001:31,Dii),Cil
0003.101.1060t0171,11
0111.00f3tiou.A.Gooi
1:1101DiOi0GDO3101
011.010iC001,010Lti -
11101,0001.1010001ii
000G1i311300113,01
100i1.11000.1,00001,
i0010.1.11j19005011
115i0IGDO1.1.01.30:01
1000ii.0C10011.01i
ii1)01C100b0fi.1-1.0,:11.1.



LI 1 z' .1,1rJ (.111.:LU U u

10.001ii..rA010001Ai
LIC010:tliii101.0115:
11,10910161110006:
01i000i11..9100111C:
31i1.01[11000)10001:
1:11A10.1 J1000 1000',
00 11 100I I1
1i1110011.1000purr

C0Ci1i.37,101131.1.10

01 13110i1061.0:iii
0.1.0.16001100001.11.1
10i01C000001.11101,
001210U /000111C11
11310noi10010uro1
11.1.:LoliCOLi0131.19.1
11110.000C10001k01
10001_001_101 i 10001
10.001D1:110C1IA101
011001nCOC4111.1 I

1

U UV 1 U UU 1U-Lt..1 1 LA . I . 1

iii.1001,VID011.000
00000 G1 J000,.,111
010101.0iii5001

0A:3301 C1311,1n1.n
00010111.100e,

c)0001.11:131U..
010001.1i010103.0
0rJ1011101.010001
OE:00111 ).,,1,-.11A111(.
011001001111E00
[1100 Li 111.0011.00:1
t9f:1CliltliifiG(11,C
0n0C1.1.1.100111.01.1
01'.. .0C11.111001.10:,
ri 10/3./1C 01 001
CC1611G1.11:01,0
011.01111200finGd
5 r,:a PC0.11i1.1.0011

01,11AGLOU3G.U1111.1.
0001110 tir3tii0 gall
0cci10ii.i0100t.3ti
i010.01001101000lt
016100taintilD00i.
1.Cir1,01A:,IfOrJU30111,

ootilenclioi.eigi
10001::.1LL0C100..011.

OCIC11191.r.:10010101
1.1C00001C1,1001.611
010101.1 [IC00111001
1C11.Q010i:10001,90'1,
1.1010103t.101130101_
101..0001111.0C1.0001
te001100031110i01
00160111.101,31)11011
010311000010 i)1.11
01)10011.11.0001)11
01Cii.1.0000110011.

j_ . 14. L._.

SarctpilLf-- -Set I r_1';!3-t_ Data

90

110.000i0001.1001
1.010.50111501001.11
lilit0010000igocl
ir,i00030.6.:;_,911l1.1.1
001,10003=0331'L0t1,1
1,10010003.000.1_1011
GO0100te1EY11Alil
iliilValCIDOON1.1
111003611.060101
01.11i0i30.0001.010,1
laillaeal,00101')03

' .',1.1:i..1:-j1 ir)L122,, 1 C
or.?1,.`,1...1.11.f)5(11,:(
77,0,-Joll.,310:t1.1601:E
0 -1.,:i 1..11r: 1 ..'i .1,..1.10i0f1 CL,1

'1.1017J.0561.1...r,.0,V4:1 f.

CiG01.101,1,0'itlf.
Zi90'.ii117:£01:ior,o(
00i ,`.0101,J.:i.1,T0201t1F,
0100.1C19.1.4J_1.0n0
001R10.1.01a.leititi(
00:11Ji1.0t0101,Y-1i'



1or.,kolooef1001111
0601,13011.11.1100;2101
1C001..1.05111101-1601
0010001001101
1.11.0011.0001306i3ri
0M5-1.1i0011001001
11001110i1000101

01011 101. 1, U 000 at
00000110,1W.aiiAl

1.001.1,utli110Cii:11.
01,0001-1011,160:1091

C 000 11
C1011110i101.746C0

0000111.04'010-01.1.1
000.91.1th00Ct10
QIJ 31000101ii
011101010100010
110010C1.111,11000D-,1

n rn 4 -I S ft rt 4

Li NI t,.,1, c 0, ii

LI i 0 1:

COIPiCi.Gt
45 U I.; .1...L..,' ..,. ki, IL, 1

1.1.153191,560.3au,ot
C01000.1D1011Jil.3-:ir.
ViUilLtilliCCO31001
10021-1.100.1.10Pi.pi
f:iiii 00111.0109:1;1,11_,
1100U1 plaiti-O0101
Oi`JiGrAlliti0A1001,_
9A01.100.0111.0130it'i
Gait 0132.0111071091
31D01110W01000iiA,
00000601i . .i 1 1 I fci.
11C095V,J51./,1701.11-Ai,.
00i10001.001D.L.0111.
00ii L Oil C Ci00111
.1,11.110100000.00C,1

31.1...1C:0591TUL iii IA
110t1A80181101001
,t(ai 0 CIGi JO_ 0 ci otoati
000i1.01tCUIUJ-0-1
I 6 L101 i.C1- .,,CijA Cotr.o,

91.01.068Clii,Del
11,13010ii10GOUf,,011
e.01C1001:0:Liteuol,
1.0103010101.00011
0011±110008010tO`i
iUiV0000-tM_,00'0/1.1
300.0.:L L .2: '1.100G (1! 'Jj_, li,

Q2 tO .1A,1 i,11.01i 1,9001101:00001011
C11,. :):i3O07:11.60i1,0L
i,, t.'00 3(rfll. i 1, 1 f,'L jouoi.
0Oatil0C. 110000i
101 00010 CW1,0101.5t
911:0110001010101

6101Lit3C1L:.4il
1:]0100.111:'.0C't

-;1111A'PLIL
1.7_!4.31071

1017'00C:111
10011170rLiliJii.

0011n00CJI.11.
1.11010i1.-:11

i10C"1j11t1u1

010111t111
1003U. L.11',CLj1_11

311111010!L,1!i
310101uL,1'031-11
10t0Obl0G11011
LL71C1121n4O1t:W.a.
It Ji0C
4'11J061. 12to,
11111100,10,--Al
1U611P101L.14-1

L1,010q0L;C11.111...11
1.1,79011!--1131311
10131131101';.30M
10001.1, 3JLi
11t1i :i ii: 31

101035111"" 'Li
n P3111111: fl3311
003L11110-1J!]1
ni13(;11-2(1nn. .1)11
-J.0101 Ulle,i.

1fLJt11i41J 1i
r.1110011i14u3iii

10IP07,1,At1.1131101
L

-11".A1U1

.V..1

_0i.i 31U
3: ;3i.:1JiiC1iCii

1C.111:3.11.Lr
CI .101111

44 ;1.01

r

I.,:

L

L4 3'CUl.
's ..11.17juo

1l1 tLL23iJJ 1.11.
1 I.

L1111..1L,J11.11

3'.:71.01 Li' (31601100.1.

1_6031.

310L .013'211

I:ICC." Li 13..;

2011031.0,110011:

:..1111.1v1lt2_03 C01
!...1111A11CAOJC73601
1Lt0lii.:1! J1i01.11

31J,11.1r1C1

9:1

CCO3211111,1601090
2000;L-111.061.1,040i
DitiCtiU010.00,00

/040e0101001.1.01/
0.:Ulti0nf311P,101.3'.1
1.0610Ui1117)0001M:0.
U:19-K:i0;10001110011,
1T11_1001A1C000:101.t
/1010100 C1301.191.
iifl 000Vi0":11f),Cili
10511.100000Xle101
11nt0001-len013,11,
0 01iI,30010e10 1L110 ':
1110101130000001i
000innaCilfliii:lipi,
toterioituocioniti
13 ,,,on tilt') cl toonti co i

ottiilv.onciinuol,
11 i two 9 u. a ao e; iillL,



ii1.0001000

100010011,1

1-01300001110.ijolli
01i1009103i010-101
101C001000G112111_1,
10001110110001,011.1:-,

00011010G00111Ccii
101-101090001011111
0101000:101,0010-,111
1101.0301101001;0111
1.C1.111C000131i0Cal
1010iG01001011011

; ii .01001010001.0101
(11,A1G1[101:0019Citil
111C0010100,01,001
301,C1A.G01001101..31
10101.0011.100001.0i
0100100103101.,liel
opi.oloolr,icrcAlii.i..7
11911..c)0 1601A01061
(1i000:1i1105'101a11,

i.C6f1110011t GO011il
300i01-101f2ii111130.1.
LiOCcili..110001013qi:1;
le00111000.1.100101
1 F.. 0113 1 .)... 11109 0 Li, 0 Ei
L10 03100011 :i_ 00 i 0 .1
J010g1...,1,101.01.',Ati.:;
310(111,00011yiti.jecit
3¶31 in 0.1,1. ti 1. Cille
',i:':A,01_11.13jitii....0001.1.,
30110t-fit.l..i).i.)cim
:10030010001,1:UL.1
3C130131001.1.0011111
30130.0111tAl.1i
3 C :'._. 5_ 311.1110 Ci ,9:: 0011
ii.1111C001 0U003 01
1111,C 011001CCU001

1110.11306100
iC00100,:i111110CJ

:fl1J11GI
:1. t 11U311131

_ ,031
0311,i13,;

J1L0- i4.! 1.1:161nul1.c-ji
)1'01

C1.13: . :1111.11

f1-1n,41-l41:4i :1

CI:.0.34.111i1JJ.. 16:ii

1_ _LC .:11 I
ur .1.',JZ:L.

tt ;f_11

11..:: .11
1:

1 L.: ;i11...

0011 i100100101.06i
1000E(.11,00i0,7,1.01,

61103101.1.00: c i r.h1.0J.,
toiol000 01 E 1.011 ri i
001.01001C09,11.1.001
Ii001001110000ti",L
O1Cid1001101001,101.
0110101065.101,0t1
10201101.0001V,>11
00011011.00D a 1 I.0.'i..1
11 r-v, fl-,! n n c rt n ,, 13 i tl i i

°'

1101'MI
65Ult5:
tic_1210!
D10600
iti,V)il.
.j, C 0 - -i 9 .

11.1_,QCTIO

1,CC1 ti 0
1 0 11,1 C '
CO.0111
1,fiLtM{1,0.
0100E,A
OCOliri
1 il Et 1100
OttG[10
11.00ue
00 1 0 fl 11

U0001
Otlifige
1. 0 L'iC :1.1_,

1.0'.0, Jut

J 101.060 1 t",10 c.I ii0 IA
113iCiG0010i,100011
lailGO60110:_'i17)0,01.
iji101.000(301,51..011:.
1.01.i0Ci010001G1,
oc,i11.-11,0i.10i1.900:,
110C1.1:9111000011
0i0.1.010P1..00V111.01...
1110ia30.C100511
:iO31160rj10j.ii1.301.



.:,-E:ea.8o ,Q31,4,,2.

-0.39722.=?.: 72

-C.4049SE
h?.. 7903'i .25.5.6,

. t7 16 - 9 1, 3 3

i 2 2 2. 2 5 t:
C.267Y. 0 1-",'

o

U .02698c,

, 3 1 :3 87 ' ,.2 8 2

0 Cf 1:73'.50 :-C.CE36t
.6 2 87 7'33 ,. 41158

-G.40139
-0..0'32466

.277211
-C-C17084

U

P

a
t,

C
"

cc
P41

fr.)-

4,rt
vi

.1)
'N

I
r!

L
:o

o

t=
f)

,:21
\

fin

Vc.-)o'c.oi7-Set

93

,268347
-.7' -5 443 -6..356635

r_7.4 :"1 q04422

..7")'.J"JE, ..,
. J ', ';! _.) ei - ';.' .. L, .HI-.., 1 7 .:::.'38:::,1.2 i.M979;

-I .::`7223 - .3-1)7f ) -,..., r .4') 6 _....2::6-137 -1.375354
! -.... ?. 53 , ...1.. :115 ,3!.7)3.-1'.3 , .36263 -0.(.:7(.29711..

C23 .., 7e: 5897

Ti7't5(98 .,123915
5 -95 34 -3.325419

.7 _ .1...22114

., . 853

47,37,

-LP-,
::12; 187

-_. '..;,-5' '5
,i1[3" "._..:

1..:(.447-iJif, ?6 ,.'i7:5251

-'I...36 -1-3 . 5".554 L:11:..-32

7.',1 '3445 )

)6 )...)...)231 2C-3.053 - ,1,-.397
3 - 9 -(.1.':.,.1=1.52 SI 93,6

-C.3I_25b2

.329C-L-.5 U LI

-9.319C13 -3.29593
-0.320577 14285E

.43617':,t ,4Y-77,78C

-IJ.53g15'
20.086
14 913:



2i:63.04,'''. .1+0148.8
1,2 >:05-1...,i , ---il. 040602
39? i:53. - ,4"2, ,,i a a I 56

-.,-'c-

-J1,256531.
-=0, 0447876

t l'LFA25

li. 6 0 5 0-4 .- ,..; .

3 k E. c), 0 7 .
4-3751.1-;:' U.

IT.- :.?11' 0 - 
1..5i:.:,2*;,-. .- 

709.itr;e'0- 

Di11.4-:27.4..T1- 

;T:4/9D 

373560 .---0.10.t'Z5b9 --Clw27.7:122 , 332. ;?8
Gils:48L140 ,-3i961.2 0,00052

i,-.00E313 .374F581Z3k65

17712'0
6902, -0.4,Ft7-630

-Li.:354Y.:`=e: -0.3552'33

,979887

--71LIC25
31970 3313'..1

422J9
,202.0.51 0 2 3:7 V,

VPC:tC.17 ;I:

2i 5

"

94

;3L76
0- 363753
04:3521'30

r -..)1 9

2 3 2 f--3 0.3' 75iii

0; 53..
',-737-
i2 J+2":-..-;

30" 1.'
0,

4;a5

e"._. 21435 . Li. 63/4'0'.

.523i12 -'_14 ::.(2c)65 13 '.7-',!+.4
.7

0 I r 9 =

? 0. 3 3 2E15 .; . 1

.1 f 0 6 3:3 ?

0 27,1 t.,-851:37.

''. 0 * '. ) S- 4 '-1 1,73=_:8'.: " 25',._...,' 3, 2.171: :2 4- -i-'22,....1+

-1.1 31+69'37
. C3771.5
. 33:-..."327

-3i -- i:-..12

'.1.-±..":04/-)5

-; P. --

::.c-0: ?
0 71r,-1/43' 2
0 ;:,

-rr-4' 7327,
_37436 5

0 1.7-3+21-1- C79i:i !

2E1;7599 ,1';'CcA 2773',6
2354.'12 CH.TY:31)253 - f:592.c;

.1.3653 e C326.-56

. ; 2 :,5, I 1 a

0.33077
.26144.,



. P 551,7.9
697E;;:1_,.

.01.1e01.8

4,
1=

4!
--

-
cc

,
.4

r,

co cw
.

41

313'2 E--, 6

CO:f:,3C14.

61:17 8d

:7
, E,7, 3o

sc tor - e t

f).00 86 r..';.75:12z1
e 12865

`i6 ,564035 , ;''Ji,.11Y,5

--t),,2-64.:,,t.7

,09068

U,ti9B41
4 i:i. 4 7 7' 2 j

Voctor-S }. I

,3271,13

53

47649
36

. .::7,58.73:1. 0,
2 a.7) 31. = 1 !

09j3f33 .a43395
34'J 55 ".i Ti .. 0:314Z6.

s5:3_5

-Q.447724 iioril.105

cJ337'.

Y(0.1.2
.254262 3071:22

24'26.55

.75223)
(J.381335

J.'5c5151

.:1;92095
Ycl.;4'5

.1.37.:b7
:,63353

1.379?7c,

. . 554

.3547'69

.,C9 '
01.??7il
.2134r3

133
- 1.2317.0 (3E C3 .340UF,3 ,,1447e.i

122.71.1,: .1241i32 06?96FIL-,:
.7.b478 e08,g,!73 . Cp. '3a Z 7 i



.
A

.
3

318116

-U4.285440
72599

a c ,

-Ot G51 879

5 5
3 :Tz 2 2 7 .1

B2. L., 7 IS 7

!-3:3 713:34,3
202642

'6.56'97 -3. iFT,7187

.&7851, , 348 2 L

-fk 183080
27106;3

U 3C 0 53 6 0,$3476
,,1835.73 .445103c:

a 7 ,31.63FE

-f,11.25(

c.5

:j00578C4
, '1-37 '77,(1 05 '6?

J ..:',,! 3

.j
9,25446

0372e..9q .165724

2'51574
6072W55 2

0'675J. 19 3,19:24
.257619

1 22j11
'Ll64 (.7

G08)1.: +1 ,:-;:"])-,. --).:.:.:.;

176 )4 0Z-, -J853 . -,... i ,; --,, r'-i'3..1'17
:.1._3 il 03:: 7,,31 , ' 1

:-.?A489 J,2.1+7

1959'3? L,19(3
)-+1+ L ;1 '423 -(3+

::2994 U,271461 , 2f 6?57
) 2, 237 165891

+5
,

- -t-h.r3F91i4

0

0.271 -0 _68771:3

.7

1

1 -.) :3 8 I::

-

, 7221'.

"

:
c 1

vs

0.671497
6 =.-..,.1

0 8 73.

7 5
3 9.

5 2 a 7

3 a 6 (!-F,

.34Z771



0(1111110CH
03111.001001
0111100011.1.
111.00010/Cft,1
1011100iUA
0011001
001011.1i001
00091001111
L0000011.1ii
191.00010.001
1100001,CLirii
0011,103-1111,
IA0 :al:001101
03111100011
311:L1103011
00011111101

0 U_.11.101111
00111t0100 1
1010i)110101.
OC1i.C11C1C1
010110 i X01. :"
110/0101001

:',C)13001t0j.,
0111 0 0C001
011 01.600101
0011.0100061
011. 1010101
100r110.1011
00011101101
VU10111Ciii.
10/:C0110101
1001:i0.1,1011
11010010001
viairAiloi
0011.010Co01.
1110.1.0100 rji
:i,i10101 Ciii
0011101 ;_1(31.
00/1./01 COI-A
000111.011.11

111000100111

11100001C0i
115.11000601
1013100G011

00101110001

A2VENDI;:. TIT

SamDia-Set I Traininc,! Data

Code Absent Code Present

9%

kU.1.

Oki 0.1_10,..-..'101)1.
1.3001t1.911.01
10012;011C :i..01
1 (316 C51. 1 L ',4',.t)i.

CC C 01.1.1 C111
0001.0311a11
ii.01.01,01001
litiliDUilil
.6C110-;-031.Cli
Ci.i0i0CCial
1.1101000 g 1.1
C 1 i1.010 tli 00f,
0C11131011til

Code P.re

4
-



1.00011CO1
0000001011i
010 1,000111
001N7oilrioi
001100000C1
100:U.111001
10U1.0,0 -1.0n1
1001016thl
:-.013100110:1
100111 '2.1.001
101011i1.001
1010000thi
3000.11111
10105.001101
1011.00001,01
1.001011101
00000thill
10101001101
00030010001
111-1,1000 0.1

01100000011
11.000101101
0003001 111.
01111000101
:)01.01.111C01
00/11/0H11
C0000101 11.
i001.G.101101
000001i1101
11.1.11000001
10111001,C1A
0910100th:I
01110C1001.1
O110001,00i1
01'110000011
01110000111
11113:10011i
ii iii) 00111
liCG1111;01
0i001000C11

1.21.J.U.1plUtill
'fililaiThlui
00111,0101AM
oalitaiLlt1J
000'31'10.11,11
001.11:10110i
H JD glit ill
OU(10001101,
110i1000001
Clilf aiaalal
C31.101.00C101,
A1.011000001
00:1_41010C1.01
01:L0115itial
1116100a:3E1i
01110100001
001:11-101C101
001.011.01 Ail.
00111101.001

.4. 0 .1.

- - r

; II

98

0110100Z,101

.'.P1.6014.1:,-9.
ObuCCUCcit

11 '::i 1

ilai 1J:dr] ,fi



,111:1101.01
17%1111.01-.C.J11.
iA115111011
1101000.11111_
3.1011U1'PA.1.1
0011.6161
00110111031

001,011.1
001.10.0111.01

-LD

101001t1C10i

001C0011011
11.01.11:0E004.
C000,9i1U.11.

11101.006.n1
011010.1t3101
COil 1,0 1 r! CHI
II

-4

0(1801.`iCill'A
ts10.1100i001
U011.01,Q02i0.1

i- It
C115irJO'01C.1
00 'II ,O., i LI .ci. t,1

011 3, i 01
1301CtiOlitlj
,::, M) U',.1.010Q1
001001,011:1
,000,02.i0-LI:t1

90100110101
10100611011
ii0C1.:4CO330J
1113113oto:,..1
lioi It 13 7.! a 1.1 i
licliilocu.1
01101.1013U

. 2 24,

0010100000

Ei: 0 11 0 1

i") 10 0 0 :1

I j11.11.4.)061
1:1111_1 .1
13111 LJ.1111

1111at )1101
1 101.1.

011i:vit.101

.111,t11" '0 1
1U.:11117.! 1.1

11111003111
11111.0n7.111
C1111:13.;C'1111;rjj
110', 12.31..C1.1
1.01GSLJ1101
,;1.11.1C32C21

Cr.11)11111,.:31
11111

1-1.71cicuoll

:1.9001.1:1.1001

COO H L

21'1
1C111: 31

.11._: nt
r, 0 juljt

'L In 1 ur.,_11.
.11_111 1

L

.1.1.1.;2:H.: 1
_L

;

.; t 1
L

JiL 1.1
-1.3i:a

. ,i1 : 10.1
I- Lt ti 1

:117:1331u31
I L.1-113G1
1, 4.10111..C1
GC

1.'11.1."_:
1 'ICY) ...;

! L

I1. 1tYd!i
101

-111 ".i.t..)01.
'

_11:111'
:

0

I Li.' LO

1.1131_0C11.
_

,11111:.

311 ij
C.1.1" 1.

1.0
1 '4. u)L1

(. L.'.

4.1. .

99

:i. i 1 2, .. 1 Li H) 1
1.1 0 gi C t

111.110.
:',. 0 1 ,-.,',_ i 0 0 i2 IL. 1,1

t.01.110(1(111,
1U1000101A1
1 f.i `,. 1.. D. 00 .1_ 1, 0 i

il 1, 0 001 (,'i i 1_ 0 t

0 01 1 2. 5 C 1 i z.,;,,, i

1:100.1.1U1
:b.0 noo0i011
4 ,1 =ril , 4 ,., ".5, 1r, .-:, n
.1.-1,L-16..i... .UU4) Lid:.



- C4"1111n401
001f)11.11.31-1_1

Jail 0011011
-110i1010011
liCtC1001

CO U 0 .5.11, , _.,. 9 6 .1

0ril.ii.0011.
OitilVA0,0_:
--, i L.:-5,. :, .. 1 0 0 G 0 -I

1930, 01,C10:i
i Cl ti_.9 _JLO5'ilt)i

iCnO rx i 1..
0 0 Cl 1. Q 1";-_.11 0 i

0 .11.1.,1t0 ..0(11:1

OP,O.1:Li.ini,j1
8' 0 .- , 10 U Cl 0 Cl Cl i

0 ii 11, 1 0

ii10120G001

,P, - S et. 1 T e

0, 1,111;;L 0 OA. 0 1.

0iii0Ci0611
loi30-10i10/
fC1C=0.31.0eiZic.
1 0 G 10 0 0 11 0 1.
fl 41 i.,71 .,,I, /I ,ii ,6 ,, in n A

k,'I ,. J. I, . t, ,J, .V ,, LO .

1,0MatOUlDlil..
il.POliii:!,V,
ii71,010G.010t
OC:,..g10110i.01,
.GL' AlO'ail
0 C li.'.' 1, CO:tiii
1011in51,1,i1
,..' :' .1C: 0 :It CIA 1 1
101U010101i
1.U1.0i0100i,
10161015i1
13 i0 01,Ulj..11

C V: i.- 0 !.! 1 1 ti 1 1 1

Ciii.CCii. Clii
lt 61.1.00-1201
105,01.1.1J1011
i) C 1.11A 0 1. f3 0 . i

li 0 01.101.1:1
01 Dl 0 01
1.1-21ottial,i,
Oili.eii()R01.
C1101.40001).1.
1.11,Cli.i000Ci
0,1%ioticon
17-1:jetcolici,
ti Icilo tin ,14i.

Q011.0 00i
elii`OQI.:;LUI,IL
110.1,MIA.01
000011,0i11
lAiC0111:01.1

10011111.11
11c3013 J1

V3111!1311

JCI..11.t71111.1
C.11.1000A.1
3t11110L1C1
1C11001 )11_

Ji1JUGO1101
g031011:.

:1111110:,71
00111.j.71:11

PLii.ViVt
01111

1A[1.01-1
31'.111 ",! I

010;1rill'31
1.!1:';JC10:!11

(100J11.106i
3641000A1

17131:1tI1r1
0!)13171u1
1,1111011
' J101,101111

01131ie1l
161U_C.LV.

Sample- I Te6t.Data

1.401
31.1:; 11

11i11.3113I..1

1.11;11.511-il
Li01

31..lill-30) Li
:21101J1.1'.;11

G11:11r1 101
CL4.01.

!.1.1 L.-
1_11

11g.'.
Lki . `_1.1 L1

`2, ..1

:.:- '1.01 .1 01
1.0101101L11.

.I.1 u .

1..1fi'.'31"
Cu11111'Ln L

11111:
0:11 .11.`1,101..3 L

. 1 1.1..111

100



(3 U 0 u Ill :_q. - - - f,

GO-00,110i. -
100DiCiel,

t0111101.0 -II
111..1 I CIAA ill

;"3'. 01.1.011gCii
i01012 C103
1:1000,11Clit
DOODC1110JA
in00:j11.1.01:-
i.010001.1011
5610111111
i ii LiAT jeJAL. i t
!Li J,010 :.-91..1
t.9 C110 I 0 'i 01
(311 ViL.131.I.1
M110:,L.000.1.A
111U1000001

1. . i 0 tit:1:1.611
ItIttalt10001.
11 ." J._.0,1_1i1N,
1:K011UOJACi
On 911..1.1311
OP OU001,10 il
je .,:i ft 4 4 4 1, !".. '.: 4 4

1101 r.'L 0 Ci '1_'.
1 i (100)1011) i
11.111V.11.11
0101.1t11.011
0001`'i,n1r3.11
10110.J.0thi
CO:..1'.01:000:1
11.010110011
11101001,71.1
00 011
C11.010.1k1101
09:00011101.1

10Ci011
'.1LOP103
101000J,ililit0

ol000iJ;)-1.11

7:101r.ji rj.
311JC1.011 .1

100111.1.1C:1 r .2

311 1j1(.
U1C1Ort 10C1. ..1..G1111
111002'21j .1.0111311011
1309611111._ ill . LA.lu .1
06003i11111
101L,101.11
01C10101; 11
1..;101E101C11
001..."C1111 11:A1.1.119.11
1aJniul7,111 iLi;O31

.11.11111 1-1.1.2.1r.1111'.1
1 ,1.1, "r311.
16111111'01 Dr)61111'.:.1.1

01.103!

011 ,J00J111.
11i11111111
101..11i1..11'11 f";:-L:.;d1.L1L1Cil

I C J1Clur11..
'111
L1

V". .60J111.
GrAl .1. rJ011tIl]1Li1. .O' uijOl-10.11lu4.1
11 110r":11

/31'.-1t11.
1 .

" J. uilLiic :1
1 P. 1j1111.1 1 '.1ti 'L6 i 1

101

C 1 11 0 i.L. 0 1 1 f. 0 j

9:101.oilOGOO)
iilf3.10.01,011J
'ii,. tied 0 FL) 11 ..1, i 11

U 9 a ti V: 1 ft 'I. 1 j... 2

j, 0 -.11 II I Cg 2, 0 1 .-J

VLLr-A130901`,
Citell.,;001011
Z W11001:1,1:=
1 G 0 11 1. fs3 1, 0 il, 1

4) OU 0 :.k. i 1 i i JJ
101.10C101iL1'..:
jc.(11i:'ifLtiG(V,1
fLijel.',,tili:101



0100110IJA
UAlf710YA

00:UeljAll
L.31.01101
x-,G(,GiUAA

001thi0,91
tii1111V)1
011.A0C1)

uaaJialnl

1311 CIDC001.
000 Zi,VJ1,71,1
112101611i1
0MO1....1-01111
ii91111.01011
Oit_.01.001.11:1
101 i,C- 11.01:1
C011,0100011
n 03 n ol, :_i:151.,i1
1.10t01.91001
voiociAiettli
oaiimitc-111,1
DO U311=tt3:t101:

N
-i

w
i

44 r4 4-4
5-4

c
f

*4 1-4
C

;-1.
14

r4
(71

ics
:n

C
."7

,4
c;,

f7,7. C
Z

,T
A

.e7M
C

M
 -,JA

v.=
r. _`D

C
7.1

q?
,4-4

C
L

)
cc)

.Z
T

J rfo
4 C

L
.' C

D
C

:2 *4 C
n C

Z
,

,y1
C

a
C

a ,74
T

i
=

3 C
Z

C
Z

$
v-41 C

n
C

_Jt11-4
c.)

-4 /-4
cia

C
Z

Y
°Y

i
.

47) ,T
4

CCOL0910i15,
ioil_100101',
t s,.'l (7, 01.0 ii...11 i

elilifiF5LVP.1::
t. IA .-,L U0000::( ..:
0:11:1000i00i.',
co ImCc.-1001:
Mt01.0Af30!
11001.01i10.1
it31010C101.:.
11:000:.,,,b0..i0`.

151.00C.L.111
10101; J.0C211
0.30:1; 11111

C11: 031.0E11
1 u ii0111,.11.11
C

71211133 nil:.
10-1110;7:1121
olner-i 3110i
1r_ or.) 1e3i. e
1 r.0 ''.13C11
302.00C.:11:"11.

0i 10'6',i(-11;01
C 101i 31:-1
110L11110C11.
11.101 A._ ._11
11111_..1111.1.
1.1131011111
lit;71011J1

601,i'd211.111
201i10001111

"110 u 1.1

1)9i13
0 031111111

31061: 1112.
'L:1131.1.

111j3.101U11
31j. 'uCUti
11.11309901-1
C;iCJJ10011

o h11. Ci 221
1122 .0i1I01
LI.11C _ n1,7,

1.771

.C111
_ :1_1..1..

I 3 -1_,?!--Lti
.11'

C

ji1110,L1
il`i1J1Clur,1
011.0011
f,T1110121:..1
PI 11 itCi J31

1:.u11.1E111.

0011,011111
'1111i-11

1 ' u3111..;.1
"Th011 C ".11.; A

C10 CL ,11.1
Y;.

1.4;1
11. 1,120.i.311
1. C4106.1
11U11320C1..._
i1010301:--:

,,011C1.1
101.101101

11'101111 Li
J-311011.

Cnc1011 L101
111113111.

20 .011311:I

.4.31!LLI'LLL
1101.10

102



I ,

f

a3.15.46 i82Z.'50
Al; NJ, fl 7.;

ntP;
0

D
J

L
O

.

,T

C
rg.,

C
71

5 t389k, F; .._.. 63 C.: .0

:1 ,7,7? 96,3,-,7 392,35 - C, a 9 7 t E.,

_s

-0427034:
2P-3

-5 . 1E,67.b7f
.07E1.027 ,3172:3L

aa91
3E, 4,3

450?

0 t? C! 11 6

t. 2 7 '3 C

13 8 (I; 56

'M 7

.11"i
: s't

%tett SOK"- Se t-
..

IVectoLS,,It 1

0411504 -0,t1556
;.1."1_,'-3959 --t) 1436:1 -:(.,1,,=7,332 -0.2166

-9.1.23.(55

103

.45HL,95
-6.553492

.235.391

-102922,..1. 43 -3.18 ii22
.-,379455

.6-(15679
-0.4943C2

.0786W
JC.H351.:',

, 7

15b7r)7 -00C9?287
,J5i516

.5",..3519 5C8'745 .U11417 ..1-44:104 .0957]1
^ 4 1..43 )7(:5 21837 -.3 15-744

-U. 3.13.1..!7

-6.557544 .11.328
.428? 35 0 E22.53 .033T.0



Vec 17.0.1f-SF:t II

104

-G.51543C U2 7i ' -12..30.7585
-0,, 641C a3 -6.241045 3, 8944 .092935

.777529

-U(:11341_8 -1.J166 -3.283 "i5
.562631 .53371.6 -J.325.256 .1562:-D4 -0. :98503

-0, C9509.3

(.J93267 )28417 53039 .1-39240
33 -i.693417 -0.25315 -9.045335 .251,342

i'3230

,Li.i:38:73 -0.572941. 4r:1939 .11.2856 ,199654
2,,95i35 .245929 -(:!. 0(.3793 .421910 -3.U7-3985

.0:4750 .7423.4 .03522 .134559 -0.069!1:5
.429323 .064305 ..:5C3993 -3o908 -0.0(3 ;'-!.-1
420416

-0 3
_



3 7 7 5 4.-4-.

'1E8 28.5

:
.

-

5-03519
,819/..
02'.5,93

1 so 75
(I 7 f-,1 2 PI

0.282931 , 7 r
t 4 u u

.-00t2F9g6, -Gi °nut:
-C.077867 -000757Lph

1.1 .4 3 .1.t. i fi':, -P,7,':7,0343 -..f.i,3811.22
:?.i9507i --4Cit.6-35 .02S.4:5

3 ' ' 61:35 6 A i .32 :13 ''.. 0, . 032 " . E:7

30+3i:7 .4-.P7235 . .(L,111.50'C:

e:c t.,..-)L. -S a t. II:

-

105

.,765791.
.C2r.',357

Vec --S _211 III

S".

: -3, 4714.5i32 .C.3.323:7 j92_767
11,2-2L'31.3 .1., :21' 3477235

. 5 1.-

li?.5936
f+ 8 - L: 692 '35 -1)7 3 75 71:14

75 --i.:377544+ 2 .2. 51-',73 .38235::
.'12?_?53 , 2_

)27J:.73

..)37 .-)57!
ri 5 5 3 5 ' n n 0, O2c2.z.1..

... Hu/56

0,14 "?'90 -a.2.1291.
0,378492 .,020357

,36.rA9.1
-




