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EXERCISES

te pattern recogniticn of earthquake
prone areas.
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Exepelises o patbern recogniblon of carbhounie poone ances T cir QRIS

Note: Decisive part of pabttern recognition is a set of numerical

We seek bo disecriminate objects where epicenfers with M 2 1,
tests of the relianility of results.

[

way and may not be situated. Suppose we define objects as an inter-
After you leave this workshop questions uay be esddressed .
sectionsof +the axes of linegments.
te Drs. A.D.Gvishiani, A.A.3oloviev or E.Ya. Rantsman (Institute
: ’ i o Trercise: Identify such objects on the scheme of lineaments
of Physics of The Barth, B.Grouzinskaya 10, Moscow 123242 USSR). -
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Pig, 1. 1, 2, 3 = lincaments; 1 - of the firast rank; 2 - of the second

rank; 3 - of the third rank; 4 - epicenters of earthquakes with

M M.
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CLASS D

CLasS X

CLASS X:

TI. DIVISION CF CBJECTS FOR LEARNING

Intersections near which (within distance R1) known

epicentres with M 2 MO are situated

Intersecticns near whieh (within distance R2) ne known
eplcentres with M > M, - 8§ ave situated . (8 =0 - 0.2)
Intersections which cannot be with certainty assigned to
D, nor to N, (for example, because of uncertainty in some .

epicenters).

Identify on Fig.1 the objects of Classes DO,NO and X for
R“l = 25 km, RE =50 kn, %= 0,
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III. MEASUREMENT OfF THE PARAMATERS

Exercise: Determine for intersections on Fig.1 twe parameters:

r — the distance to the closest lineament of the first

rank;

n — the nuaber of lineaments, forming the intersections.
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IV. DISCRETIZATICON OF PARAMETRS

The values of each paramebter x lie within certain range

{x,y %p). We divide this range into k intervals by points %,

1= 1,2,000 k=1,
¥l

¥
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X, K Ey oees X g X = Xp

Discretization neans to consider not the value of the para-—
meter but only the interval it belongs.

Usually we divide the renge into two intervals {("large™ and
"small"™ values) or into three intervals ("large", "medium", and
"emall® values).

The purpose of discretization is to find such intervals
where cbjects of one class cccur more cften than objects of another

P% ~ % oi objects of clanss D in the i~th interval,

o
Pﬁ - % of objects of class ﬂo in the i-th interval,

Diseretization is= satisfacvory, iT

i i -
Pt - Ty > 5%
st least for scme i.
Cbjective diperetizabicon: Bach interval has adout egqual number

of all the cobjects together (or of the objects DO and Nv
1.

i et i i s .
Exerciges Gount?D 5 PN for parsmeters r and n frow exercise I1I.
For »r & = %, RS Sk, T, = 40km
For n: k=2, n =2,
Exercise: Find the Doundaries of intervals for objective discreti-

zation ¢f the same parameters. For r»  take k=3 and all

niscts. For o on take u=2 and objects Do and N only.
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V. CODING OF PARAMETERS

Suppose a value of parameter belongs tc 1-th interval,

¥4 < X € x50 Two ways of coding are the following:

i= | 2 -1 1 14 =1 k

I - coding: © 0 see O 1 0 vee 0 0 (k digits)
3 -~ coding: 0O C ... 0 1 T wee 1 (k1 digits)

Exorcise: The following table shows the value of three parameters

(ayb,c)
Sequence Value of parameters
number of object a b c
1 ~-10 3 2,5
2 5 7 -y
3 -2 & -3
4 0 17 10
5 4 2 i
Discretization is the following:
Parameter k Xy
a 2 O.5
3 4,5, 10
c 3 o , 5

Wirite the code of each object with I-coding for parameter a,
8 - coding for parameters b and ¢ H
another version -~ £ - coding for parameters a and ¢y I ~ coding

for parameter b,
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VI . DEFINITION OF THE TRAIT IN ALGORITHM CORA-3

The trait is represented by the matrix

i, i, 15
A=
qu ESE S;5
i’l’ iE' 13 - infegers, 1% i,I < izﬁ- i3$_- 1,
1 - 1length of the binary code of the objects,
Eﬁ - Qor 1.

Object with the code (Cd; , Ly, vuuy coe), o%-: 0 or 1
has the trait 4 if
(-40':’ = bﬂ. 3

For example the trait

Wi, S, Wi,= 83

1 3 4

c 1 C

means that the first and the fourth digits in the code of the
object are C and the third digit is 1

Exercise: (Consider objects

{0 1 0 11 ) and
(1 1 0 11 )

find, whether they have the trait [ 1 2 4
o 1 1



V1T, CHARAUIERISIIC TRALITS

Denote:
Kq(A) ~ the number of objectsof class D, which have the
trait A

Ke(A) — the number of objectsof class N, which have the trais

A

A 1s a characteristic trait of class D
("D - frait") if
KAz Ky,

E, ()€K, .
A is a characteristic trait of class N
("N - trait") if

L) 2 K, K ()€K

Exercises Given are the object of two classes:

Class D, Class N,
17110 0010
0110 0111
1111 00CO0O0
17100 0C01
1101 0400
1000

Find all D - traits end N - traits for K;=3, &;=1, Ky=3, £,=0

VIII. EQUIVALENT AND WEAKER TRAIDS

Consider two "D~SrTaits'.

Denotg:

S,E - thg set ol objects of class D which has the first trait.

8. —the set of objects of class DO which has the second trait.

2
The traits are equivalent 1f S, and 5, coincide.
The first trait is weaker than the second if S, is
a subget of S,.

Definition for I — traits is similar.

Exercise: Consider all characteristic traits from exercise VII .

Eliminate all weaker traits., Leave cmly one trait from each

group of equivalent traits.
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IZ. BRECOGNITION IN CCORA-3 ("VOTING™)

Bach object has some number o, of "D-traits" and some number

Dy of "N-traits"; by and oy are 2 0. The object is recognized

as D if o, -ng 2 A, or
as N if oy - <A .
Here A 18 a given constant

Exercises Consider the characteristic traits left in the exerciseVll.
Divide the objects from exercise VII into classes D and N,
assuming A = O,

Note: It may be more reliables
to assign to K only the object with ay - ng € A- S

and

to leave unassigned the objects with A > nyne > A - 5

N ? D
} t ~—» {(n; - ny)

I3
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X, HAMJING ALGORITHM

in previous exercises. EKernel is a binary vector of the
same length; each component of this vector is "typical"
for class D

Demote:
qD(iIO) the number of objects of class D which have al; =0,
qD(iI‘l) the number of objects of class D, which have ¢J!=1,
qN(iIO) the number of objects of class N, which have ), =0,
an(i}1) the number of objects of class N, which have wj=1.

Let us consider each component in turn. Count relative number
of objects which have this component equal to 1 among cleas 'Do
g Citt)
Cpg(iio)wf,ncl: 1)

oLy (i) =
and gmong class N,

Iw (L14)
In(Lin+g (i) ?

1,2,...,1-

Ly (L11)

i

Kernel of class D K = (), kyy =eo k) is defined as follows:

1, ifd\'b(i—“))ohv(ii‘l))
v {0. seolpy (LMY <oy (1),

Exercise: Pind the kKermel for the following learning materigl

Class b, ClassNo
01101 10110
10010 11001
01001 170100
01011 00000

170000

1
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EOJJ_&: It mnay be more reliable to eliminate the par'ameters for XI. HADIING ATCORTTHL ("Voting" and recognition)

which
Hemming's distance from an object to the kernel of class D is

gy (LI -sly (LIN] < &, 4

< .
[ Q,_x?alﬁl\a”k»‘-
where & is a small constant. L
Here 13; - are the weights of components.

Objeet is recognized as an obJect of class D,if, JD < R

or

es an object of class N,if 55'5 R

Exerciges Compute the disvance between the kernel and all objects
from exercise ¥. Find the value of R which will assign to
¢lass D all objects Do' #ith this R divide the objects No

inte D and N classes.
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2) for pr: Ty = 0 rq = 2¢ km X. K= (0 1, 0y 4, 1

for n: Ly = 2

XI. p
o 101100 2) 1100 01 b, 2 D
010114 0 01¢ 11 3 b
100111 1 010 4 4 D
100000 1 001 00 0 D
N 4 N

011101 0 100 01 °
P D
VI. {01011) has, (11011) has not 5 N
VII. D - traits: M1 4112 223 204 5 D
11, 111, 111, 110 N X
N - traits: 112 113 222 223 ooy
R=3

00, 000 000 , OO0 y 000

VIII. D -~ traita: 111 223 224
111, 1M1, 110

¥ - traits: 113 222

000 , ©OC

IX.
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