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PR: The package of programs - to apply algorithms of pattern
recognition.

The authors used it mainly for recognition of earthquake-prone
areas [i, 2] and the research in the problem of earthquake pre-
diction [3]. However there is a wide variety of other applicati-
ons (for example [#])).

Concerning applications of the package for earthquake predic-
tion studies the authors have to emphasize that all methods of
prediction, so far suggested, are yet ilnsufficiently tested
indeed. The actual forward prediction can be made so far on
experimental basis only and the users are advised to dis-
claim any liabllity for the consequences of the actions, based
on their predictions. Accordingly the authors disclaim the lia-
bility for any consequences of the use of these programs. Let us
remind also, that the concrete prediction of a strong earthquake
has to be released only by a qualified scilentific body to the
proper authorities ( see for example the code, establlshed under
the auspices of UNESCO and 1UGQ ).

Initial data - obJecis of recognition specified as vectors
with real or binary components.
All programs work in an interactive mode, The necessary input
data are requested by consecutive questions flashed on display.
Followlng are:
{1) The general 1list of programs.
{11} For each program:
- the purpose of the program;
- the list of questions of the dialogue with
possible answers and the responce of the program
to each answer;
- an example of printout.

General list of programs.

1. CODM
2. CORA
3. HAH
4. vOT

Dlscretizes parameters and codes objects as
binary vectors.

Applies the pattern recognition aigoritinm
"CORA-3" or 1ts modification "subclasses™
to vectors with binary components

Applies the pattern recognitlion algorithm
"HAMMING’s RULE*" to vectors with binary
components.

Applies the recognition ruile obtained by
“CORA-3" algorithm to classify new objects by
voting,

Before using the programs CORA and HAM, the user has
to get acquainted with algorithms. Their descriptions
can be found: for CORA - 1in [1] ; for HAM -1n [2, #].

WARNING., The estimation of significance of pattern
recognition results requires numerical tests.
Examples of logical tests can be found iIn (i}, of
statistical tests - in ([2].

TO USERS. The pacKage is modified and expanded from
time to time according t¢ the experience of its appli-

cations.

Any suggestions or information on results obtained
will be Kindly appreciated. Please send both to Depart-
ment of Computational Geophysics, Institute of the Phy-
s1¢s of the Earth, Ac. Sci. USSR, B. GruzinsKkaya, 10,

Hoscow

123810, USSR.
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This information can be used in further runs of the program
the program can create a file ( REMi FILE ) on a daisk with

coding of objects, 1ldentification of classes and subclasses,

Program CODM.

PURPOSE. ‘The program is used for!:

- jndication of the class (and subclass) for objects;
- discretization of parameters and consiruction of
histograms;
- binary coding.
There are three classes: the first and the second classes
are used in learning, the third class - only for voting.
I1f necessary sublasses in the first class can be formed.
Histograms of parameters can be constructed separately for
each class of objects. The program compares the histograms
of a parameter for all classes. In particular, 1f the hys-

names of objects and parameters. This file is used in prog-

rams CORA and HAHM.
To print histograms

and coding the program can create a

file on & disk., The name of this file is cod.pri. It
can be printed by a sultable command of an operating

system,

QUESTIONS OF THE DIALOGUE.

tograms for the first and the second ciasses are sufficlient- Question. H Answer and responce of the program.

1y different, the parameter is promising for pattern recog- === 0 s-=ss-oro-o-ssesossses T L L L L EL L L L LR bt
nition. To generate the histogram the thresholds for daiscre- 1. profile? : ¥ - the information from the FROFILE
tization of the parameter has to be specified. These thres- H with the flashed name will be used;
holds can be entered in or calculated automatically; (p-1) ' n - no information from any FROFILE
tnresholds divide the range of the parametier into p intervals. L will be used;

For automatlc calculatlon of thresholds you have to speclfy p. ;& - goes to stop;

The thresholds calculated automatically place almost the same : the name of the PROFILE with informati-
number of objects 1nto each interval, : on to be used ( the extension of the

There is also a possibility to construct a table ( "table- H name has to be .cod ).
histogram” ) with distribution of objects according to values H
of the parameter. The range of the parameter 1is divided by 2. remdQ file? : y - the REMO FILE with the flashed nama
thresholds with a constant step, 1.e. 1nto equal intervals. H will be used;

For each interval the table lists the names of objects wiih i1 & - goes to stop;
the values of the parameter within this interval. : the name of the REMO FILE to be used
Objects can be coded as vectors with binary components H ( the extension of the name has to
{ using the thresholds for discretization of parameters ). : be . pat }.
There are two methods of coding: 1-method and s-method. Let :
x{1) < xX{(2) < ... ¢ X(p-1) be the thresholds for discreti- 3. number of classes: : new number of classes - the program re-
zation, x(0) and x(p) be the bounds of the parameter’s range. N. new number? H peats q. 3 with the flashed new
1f the value of the parameter 1s x, and X(J-1) < X <: X{(J), H aumber of classes { N ),
{ 1<z J <= p ), then the parameter value is coded as s / - goes further.
o 0 ... Q 1 o ... o] 0 - in 1-method, :
o 0 ... [+] 1 1 ... 1 - in s-method, 4, number of classes? : number of classes,
1 2... 1-1 3 3+ ... P-1 P :

The program CODM reads information on values of para- 5. file with informa- : y - information about learning sets from
meters of objects from file { REMO FILE ), created by the tion about classes? ! the PROFILE with the flashed name
program PAR. It also can use information about the sets H will be used;
used for learning from the other file, created by the same : n - new information about learning sets
program. ' will be entered from the terminal;

The program can store on a disK in PROFILE the following : the name of the flle, created by the

information: the name of the used REMO FILE; the class of
each object; subclasses of the first class; the thresholds
of discretization and the method of coding for each parameter.

program PAR with information about
learning sets ( the extension of the
name has to be .oat ).




6. new class for the
object: NAME?

'
fl
.
.
.

7. new classes for all:

objects?

8. next correction?

v
v
]
1
.

.
Il
H
'
i

9. do you want to work:

with subclasses in
1 class?

10. number of
subclasses?

14, number of obJects
in N subclass?

i2. name of M object
of N subclass?

13. 4o you want to
change N sub-
class?

14, do you want to
change subclasses?
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the

Y -

n -

the

the

n -

number of subclasses -

/ -

number of the class for the object
with the flashed name { NAME ) ( num-
ber of classes + 1, 1f the object
will not be used ).

for each object the new class number
has to be indicated;

the number of the class will be
changed for no objects;

name of the object which class will
be changed.

name of the object which class number
will be changed;

the number of the class will be
changed for no object.

subclasses in the first class will
ba formed;

there will be no subclasses in the
first class.

the program re-
Peats q. 10 with the flashed number
of subclasses;

goes further.

nunmber of objects in the subclass with

the flashed number {( N ) - the program
repeats q. 11 with the flashed number
of objects;

goes further.

name of next object of the gsubclass
with the flashed number ( N ).

the composition of the subclass
with the flashed number ( N )
will be changed;

the subclass with the flashed
number will not be changed.

all subclasses will be changed,
goes to q. 10;

the subclasses flashed before q. 14
will not be changed.

15. with what
parameter do you
want to work?y

16, N parameter NAME?

17. number of
intervals?

18. values of
thresholds?

19. 1is distribution
gooad?

20. do you want to

.
.
H
.
H

print distiribution?:

21. do you want to
code this
parameter?

22, any corrections?

aBa

n -

number of intervals to divide the parameter’'s

name of the parameter for which
discretlzation or coding

will be determined;

the end of discretization and coding
of parameters, goes to q. 22,

the thresholds of discretization

for the parameter with the flashed
number ( H ) and name {( NAME ) will
be calculated automatically, goes to
q. 1T,

the thresholds of discretization

for this parameter will be entered in,
goes to q. 18;

the table-histogram will be constructed
for this parameter, goes to q. 27;
this parameter will be coded by

using its previous discretization,
goes to q. 21;

goes to q. 15,

range.

values of the thresholds for
division of the parameter’s range and
/ atter the last value.

goes to q. 204
goes to q. 16,

information on thias distribution
will be written in the file for
printing;

information on this distribution
will not be written in the file for
printing.

the parameter will be coded by
L-method;

the parameter will be coded by
s-method;

the parameter will not be coded.

name of parameter - goes to q. i65;
goes to q. 23.

-

———
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23.

24,

25,

26,

27.

26,

29.

do you want to
write information
in profile?

aoc you want to
print coding?

do you want to
create file with
coding?

4o you want to
type coding?

step of table?

number of objects
in ta11l?

what do you want
to do with this
table?

-T-

y - the PROFILE with the flashed name
will be created;

n - a new PROFILE will not be created;

e - goes to stop;

the name of the PROFILE to be created
{ the extension of the name has to
be , cod }.

¥y - coding of the objects will be
written in the file for printing;

n - coding will be not writing in
the file for printing.

the name of REMi FILE which will Dbe
created ( the extension of the
name has to be .rat };

n - REMi FILE will not be created.

¥ - the coding of the objects will be
flashed;
n - the coding will not be flashed.

the value of the step between
thresholds of the table-histogram.

the pumber of objects in the first and
. the l1ast intervals of the table-
histogram.

n - goes to q. 16;

P - the table will be written in the

f1le for printing;

v - construction of new table with
new step or number of objects 1in
tail, goes to q. 27T.

EXAMPFLE OF PRINTOUT.

thresholds for 1| parameter! £
obtained by a-method; rem¢ flle: ex25. pat
T. 50 24, 50
class : undefined
1{a) 2. ( 40. %) e, { #0. %) 1. ( 20. %) o, ( 0.%)
2(b) ¢+ 3.(60.%) O ( 0.%) 2.( 40.%} 0. ( 0, %)
(e} @ 1.t 20.%) 2. #40.%) 2. ( 40.%) 0. ({ 0.%)

100

thresholds for 2 parameter: [}
obtained by h-method; remQ file: ex25%5. pat
2. 00
class : undefined
1(a) : 2. ( 40.%4) 3.( 80, %) 0. ( 0.%)
2{b) : 4. ( 80. %) 1.{ 20.%2) O.( 0. %)
3{c) : 4. { 80. %) 1. ( 20. %)y O, ( 0. %)

100 :

90

80 bc

T3

60 a
50

40 : a

30 :

20 be
10 ¢




2 parameter: g£; step:= 0. 50; igr: O; remO flle: exZb6. pat
i 1 class . 2 class i 3 class
P ) L e E L L L e bbb
H Ml MT : M3 M5 M5 Mit
; M1 MT : M9 Mi14 Miz Mt3 :
BT R e e LR Lt b
H M2 M8 : MiB : Mi B
3, 00===mrm—————r M eEmmm e e o demsmsssssene———
: Mi0 H : :
4, 00--~-—mmmmmmm e eememees e oo ————ea

thresholds for parameters with min and max

{ parameter: £; method of coding:s
-5. Q00O 7. 600 24, 50 50. 00
2 parameter: g; method of coding:1i
1. 800 2. 000 4, Q01

vectors of class |

f: g
2 4
1. M1 1 §:3 O:
2. H2 0 1:0 {:
3. M7T O 1:1 O
i, H8 O 0:0 1:
5. MiO 1 1:0 %
vectors of class 2
i, M3 0 0:1 Q:
2. M5 1 1:1 O:
3. M9 1 1:1 O:
4, Hi4 © 0:1 O:
5. His 1 1:0 1:
vectors for recognition
1 M4 O 0:0 1%:
. M6 1 1:1 O:
3. Mii O 1:1 O:
4, Miz O 1:1 O:
5. M13 O 0:% O:
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COMMENTS TO EXAMPLE OF PRINTOUT. The printout contains

the following:

--The histogram for the parameter f. The thresholds were
calculated automatically. Symbol "a* idicates points of
the hystogram for learning objects of the first class,
symbol *b* - for learning objects of the second class,
symbol "c¢* - for objects of the third class. Number of
intervals to divide the parameter’s range equals to 3,

--The histogram for the parameter g. Number of intervals
to divide the parameter’s range equals to 2. The thres-
hold 2. was entered in.

~-The table-histogram for the parameter g. Step of the
table squals to 0.5 . Number of objects in tail ( igr )
equals to O .

--The coding of the objects, The parameter f was coded by
s-method, the parameter ¢ - by i-method.

Values of parameters were the same as in the table in the

exerclse 25,

P

-
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Program CORA.

PURPOSE. The program 1is used for application of the
pattern recognition algorithm “CORA-3" [3) or 1its mo-
dification »SUBCLASSES®" (1] te objects which are hinary
vectors.

puring one run of the program several variants can be cal-
culated. variants can have the following differences: values
o thresholds for characteristic traits of the first and the
second classes; composition of the learning sets of the first
and second classes; components of vectors which are used;
mode of work ; Kind of output.

The modes of work are:

- only learning;

- learning with test excluding ( T-E ) of
objects;

- learning with T-E of parameters;

T-E of objects is additional calculation of ni2 variants,
where ni2:max(ni,n2), ni and n2 are numbers of objects in
the learning sets of the first and the second classes res-
pectively. In the f£irst of these variants the first object
from the iearning set of the first class and the first ob-
ject from the jearning set of the second class are excluded
from the learning; in the second variant the pair of the
first objects is returned and the pair of the second ob-
Jects 13 exXcluded, and so oOn. After the last object of the
Jesser learning set the objects from the greater learning
set only are excluded one by one, When the program deals
with subclasses, instead of separate objects of the first
class the subclasses are excluded one by one in T-E of
objects.

T-E of parameters 13 an additional calculation of m
varlants, where m 1s the pumber of parameters used 1n the
variant. In each of these variants the parameters of the
main varjant are excluded one at a time.

1£ T-E of objects 1s made, the first 1s the main variant
and then niz T-E variants are computed.

1f T-E of parameters 1is made, the first is the main
variant and then m T-E variants are computed

The program uses the file ( REMt FILE ) with the co-
ding of objects and other information which 13 created
by the program CODM. 'The program can write information
on c¢ondaitions of each variant in a file on a disk
{ PROFILE ) and read informaticn from this file,

The selected characteristic traits can be written in the
file on a 4disk to use them for classification of new
objects by the program YOT.

2.

3.

4.

5,

12~

The program c¢an create on a disk a file for printing with
the name cor, pri. This file can De printed by a suitable com-

mand of an operating system

QUESTIONS OF THE DIALOGUE.

Question. : Answer and responce of the program.

information from the PROFILE with

the flashed name will Dbe used;

n - information from any PROFILE will
not be used;

tne name of the PROFILE which will be

used { the extension of the name

nas to be , Kat ).

profile?

-
]

this file 1s
absent; repeate?

Y - goes to 9. 1
goes to 4. 3;
n - goes to sStop.

]
[}

name of remi file? Y - the REMi FILE with the flashed name
will be used;
goes to stop;
the name of the REMi FILE which will
H be used ( the extension of the name

nave to be .rat ).

=1
1

the maximum number of tratts which
can be selected for each class (1t
is necessary for memory distribu-
tion ).

max number of
tralts (mnt)?

do you want to

Yy - goes to d. &
change mnt? n

- goes to q. 6.




6.

T.

any change?

1! thresholds for

learning?

8.

change learning

sets of objects or
parameters?

9.

2: pumbers of ob-

Jects of 1 class

wnich will not take

part in learning?

10,

2:{ numbers of ob-

Jects of 2 class

which will not take

Part in learning?

11,

3: numbers of
components which
will not be usedq?
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Y - goes to q, T;

n - goes to q. T;

e - goes to stop;

W - runs the variant with conditions
which were flashed before q. 6;

1 - goes to q. T

2 - goes to q. 9;

3 - goes to q. 11};

4 - goes to q. 12;

& - goes to q. 13;

6 - goes to q. 14;

T - goes to q. 15;

& - goes to q. 16;

9 - goes to q. 1T.

values of selection and contradiction
thresholds for traits of the
first class { Ki, Kit ) and the
second class ( k2, k2t ).

Y - goes to q. 9;

n - goes to q. 12;

¥ - runs the variant;

¢ or an integer from i to 9 - see the
answers to q. 6.

o/ - all objects of the first

class will take part in the learning;

the numbears of objects of the first
class which will not take part
in the learning in this varlant,
and / after the last number.

O/ - all objects of the second class
will take part in the learning;

the numbers of objects of the second
class which will neot take part in
the learning 1n this variant, and
/ after the last number.

0/ - all components of vectors will be
used in this variant;

the numbers of the components which
will not be used in this variant,
and / after the last number,

12, 4: out: coding?

13, 5: out: table of
voting?

14, 6: out: lattices
of traits;
traits?

15. T7: mode; t-e of
objects t-e of
rarameters?

16. 8: type,print
results?

I e o P

w
]

a
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-~ the output for this variant will
contain the coding of objects;

- the cutput for this variant will not
contain the coding;

- runs the varlant;

or an integer from i1 to 9 - see the
answers to 4. 6,

- the ocutput for this variant will
contain 2-dimensional table of
voting;

- the output for this variant will not
contain 2-dimensional table of
voting;

- runs the variant; .

or an integer irom i to 9 - see the
anawers to q. 6,

1, a2 -
if ai:=y, the output for this vari-
ant will contain the lattices of
the traits; if ai:n, the output
will not contain the lattices of
the traits; 1f a2:y, the output
will contaln the images of the
traits; if a2:n, the ocutput wil)
not contain the images of the
trailts.

1, a2 ~
1f ai:=y, T-E of objects will be made
for this variant; 1f ai:n,
T-E of objects will not be made; 1f
a2:=y, T-E of parameters will he
made; 1f a2:n, T-E of parameters
will not be madge.

1,a2 -
1f ai:=y, the output for this variant
will be flashed; 1f ai:n, the
output will not be flashed; 1f a2:y,
the output for this variant wil]l be
printed; 1f a2:=n, the output will
not be printed,

P

R

==



17, 9@

18. any corrections?

19. O.

profile?

K ?

o £ 3%

.
v
.
H

-

Y-

n -

the

a -

the conditions of this variant will
De written in the PROFILE with the
flashed name,;

the conditlons of this variant will
not be written in a PROFILE;

name of the PROFILE in which the
conditions of this variant will be
written ( the extension of the name
has to be ,Kat ).

goes to 4. T
runs the variant;
runs the varilant;

or an integer from { to 9 - see the

answers to q. 6.

goes to the voting; a threshold
for c¢lassification ( delta )

can be chosen { the objectis

for wnich the difference of votes
for the first and the second classes
is greater or equal to delta are
classified ax the objects of the
first class );

goes to the voting; delta will be
equal to 03

goes to redefinition of thresholds
for traits selection { q. T )i
this variant 1s 1gnored, goes

to q. 23;

the selected characteriatic traits
will be written in the file on a
d1isk,

1COMMENT. This question 1s asKed after
1selection of traits; before it the
spumbers of selected iraits of the
;f1rst class ( pi } and of the second
:class ( p2 ) are flashed. The number
10of components in binary vectors ( 1 },

i the numbers of objects in the learning
:sets of the first ( ni1 ) and the second
:( n2 ) class ana of the examinating on-

1 jects
1K1,

{ n3 ), the values of thresholds

Kit, K2, K2t, the value of mnt ana

ithe successional number of the variant
[ in ) are also flashed.

-16-
20. do you want to : n - characteristic traits will not be
write traits on H written on 4aisK;
aisk? the name of the file for writting of
characteristic traits ( the exten-
sion of the name has to be . fat ).
21. delta?

22, change delta?

23. next variant?

COMMENT. questions 21 and 22 are

L]

L 4
1 n

asked only in the case, when the answer
t

q. 19 is 4.

: the value of the threshold delta,

- goes to q. 2%;
- choice of delta 1s finisheq, goes
further.

- goes to q. 63
- goes to stop after the output of
voting results.

EXAMPLE OF PRINTOUT.

data from ex25%. rat

max number of
1: Ki= 2,Kit=
2: numbers of

numbers of
3: pumbers of

trajts{mnt):
1, K2: 2,K2t:
objects of 1
objects of 2

20

i

class, which will not take part 1n learning-
class, which will not taKe part in learning-

components which will not be used-
4-6: ocutput -4&: coding; 5:

7: mode of work: learning;
8: type-y; print-y
9: profile-ex25, Kat

]

1. ML 1
2. M2 ©
3. M7 O
4. M&6 ©
5. Mi10 i
contr: 2

-0 e e = Y
Q Q= O
e

table of voting; 6: traits and lattices of
traits;

vectors of class |




O F W e

n =
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vectors of class 2

M3 0 0:t{ O;
M5 1 1:1 O
Mg 1 1:1 O: k4 8
Mi4 O 0O:1 O: 2 L]
Mi15 1 1:0 1 1 £t 11
class 1
contr: 3 3 4 1 1. 33 1 H 1:
2. 2t 0 0 1 H
vectors for recognition class 2
1. 1: 2 [*H H
Hi O 0:0 1: 2. 1: 2 1 : 0
H6 1 1:1 O: number
Mi1 O 1:1 O: of votes : number of votes for i claas
Mi2 O 1:1 O: for 2 class: o | S g
Mi3 0 0O:1% H L e i ke
contr: § 3 4 1§ 1 :n Mi:n MB8: :
HES H3: M4 H
i variant i - H5: H H
' - H9 : H
2 traits of class 1§ HE ¢ T H H
: H6; : :
o H M13: :
11111 11111 L e el el el
11111 Q HY MT:n M2:
o4, H, & 3: 1 ~1-11 LS | H e M10O: H
1; 8, 1, 2 2! 0 ~ifj=-w  ewee- : - M1S: H
H : Mi11: H
2 traits of class 2 H H Mi2: H
O
11141 144141 15 15 15 15 4S5 8 6 1 4]
11114
o 2, 2, 2 1.2 ~--1~ i--1-

6;, 1, 1, 4 i: 2 1=--~- “1fi~-~

PR
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var, no. 1 - the "tattice" of the trait for the

KiiK2 e: a objects from the first class ( the 1-th element
Kit:k2t 1: 1 of the lattice 1s "1", if the i-th

pi1:pe e 2 object of the first class has the trait,
del. ;nic 0; 8 otherwise 1t 1is "-" );

- the lattice of the trait for the

voting (¢lass 1) objects from the second class,
Above the lattices for objects of the first
1. M1 O: 1 class two lines are printed; the i-th element of the
2. M2 27 0O+ first line 1s "i1*, if the 1-th object of the
3, M7 v 2 first class takKes part in the learning otherwise 1t 1is
i, M8 1: 1+ "0o"; in the second line symbol "!{* marks objects of the
5. Hio HE 2 first class which are the last objects in subclasses.
voting {(class 2) Above the lattices for the objects of the second class
one line is printed; 1t shows what objects take part
M3 0: 1 in the learning
2. M5 HE --The images of the traits.
3. H9 . | --The 2-dimensional table of voting for the variant
i, Mi4 . | The names of the objects from the Ffirst class are
5. M15 1: O+ marked by ‘w’ and the objects of the second class - by e,
~-The results of voting. In the title the number of the
voting for new objectis variant, the values of thresholds for iratts selection 1n
this variant, numbers of the traits selected for the first
1. M4y 1: 1+ ( pt ) and the second ( p2 } class, the value of the
2. H6 0: 1 the thresnold delta and number ( nic ) of objects which
3. Mi1l 1: O+ are classified as the objects of the first class are
4. Mi2 1: 0O+ printed for each variant. Under the title two columns for
Mi13 o 1 ' each variant are printed; 1in the left column there are
numbers of the traits of the first class which the objects
COMMENTS TO EXAMFLE OF PRINTOUT. The printout contains nave: 1in the right column - numpers of the traits of
the following: the second class which the objects have. 1f the ob-
--The conditions of the variant ( answers to questions ject 13 classified as the object of the first
T-17 ). class the results of voting are marKed by "+". If some
--The coding of the objacts. object from the first or from the second classes did not
-—The lattices of the traits of the first and the second take part in the learning the results of voting are marked
classes, For each trailt in one line the following by "x".

information is printed:

- the number of the trait;

- number 4xdi+2%Ad2+Ad3, where 41, 42, 43 are the
values of three components of vectors which
form the trait;

- the numbers of the components which form the
trait;

- number of objects from the first class
which have the trait;

- after ":* number of objlects from the
second class which have the trait;
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Program HAM. QUESTIONS OF THE DIALOGUE
PURPOSE. The program 13 used for application of the pat- Question. : Answer and responce of the program.
tern recognition algorithm “HAMMING’'s RULE" [2, 4) to ob- = —==-=c-c-c----o-—o----- et e A i
Jects which are vectors with binary components. 1. profile? Y - information from the PROFILE with

The learning in this algorithm consists of calculation
of a Kernel. Two values ci(1} and c2(1) are calculated
for each used component ( 1 is the number of the component )

the flashed name wlll be read;
n - no information from any PROFILE
will be read;
the name of the PROFILE which will be
cl(i)=(ni(i)+1)/{ni+2) ; c2(i1)=(n2(d)+1)/(n2+2) . ; read ( the extension of the name
has to be .nat }).

Here ni iz the number of objects of the first class In the

learning, ni{i) shows how many of them posess i in the 1-th 2, this file 1s
component; n2 and n2(i) are similar numbers for objects of absent; repeate?
the second class. The Kernel is the vector

goes to q. 1;
- goes to q. 3;
n - goes to stop.

o«
]

K< K(1),K(2),...,K{1) », 3. name of remi file? Y - the REMi1 FILE with the flashed name
will be useq;

n - goes to sStop;

: the name of the REMi FILE which will

be used ( the extension ¢f the name

has to be .rat }.

k(1) = 1 1f ct(1)=>c2(1); H{1) = O if ci(r)<ca(})

Here 1 18 the number of used components,
Votling 1% calculation of the Hamming’'szs distance between
each object and the Kernel

£ 05
]

4, any change? - goes to q. 5;

goes to q. 12;

- goes to stop;

- runs the variant
with conditions which are flashed
before q. 4;

- goes to q. 6;

- goes to q. 8;

- goes to q. 9;

goes to q. 10;

- goes to q. 11;

- goes to q. 12.

r{jiz=wi{i)sabs(x{J, 1)-K{1))+w(2)nabs(x(], 2)-K{(&))+...+

+w{l)wabs(x(J, 1)-K{l)).

Here ) 1s the number of the oblect, wil) 13 the glven
weight for the i-th used component which is a real number
between O and { which i1s a multiple of 0.1, X{J,1) is the
value of the i-th used component of the jJj-th vector.

The objects are classified as the objects of the first
class 1f r(j) 1s less or equal to chosen threshold dejlta.

The organization of calculations in the program 1s the
same as in the program CORA. The program reads the coding H

s mr == mm es me wa

L= I R
1

of objects and other necessary information from 5. change learning i1y -~ goes to q. 6;

REMi FILE, c¢reated by the program CODM, The program can sets of objects or : n - goos to q. 9;

write information on conditions of a variant in its parameters? i W - runs the varlant;

PROFILE and read this information. The program can cre- i e or an integer from ! to & - see the

ate on a disKk a file with the name ham pri for printing. H answers to q. 4,

This file can be printed by a suitable command of an ope- H

rating system 6. 1: numbers of : 0/ - all learning objects of the first
objects of 1 class class will take part 1n the learning;
wnich will not take : the numbers of objects of
part in learning? : the first c¢lass which will not take

: part in the learning in this vari-
H ant, and / after the last number.

a——

P

S



T,

i

numbers of

objects of 2 class

which will not taKe

part Ln learning?

10,

i,

i2.

2

components

numbers of
wnich

will not be used?

3

L Y

out: coding?

mode: t-e of

objects; t-e& of
parameters?

5:

type, print

results?

6

profile?
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o/ - all objects of the second
class will take part in the learning;
the numbers of objects of
the second class which will not take
part Lln the learning in this vari-
ant, and ;7 after the last number.

0/ - all components of vectors will be
used in this variant;

the numbers of the components which
will be not used in this varlant,
and / after the last number.

y - the output for this variant will
contain the coding of objects;

n - the output for this variant will
not contain the coding;

w - runs the variant;

e or an integer from i to & - see the
answers to q. 4.

ai,ag -
if ai:y, T-E of objects will be made
for this variant; if ai=n, T-E of
of objects will not be made; if
a2:y, T-E of parameters will Dbe
made; if a2:n, T-E of parameters
will not be made,

ai, a2 -
if ai:-y, the output for this variant
will be flashed; 1f aizn, the
output will not be flashed; 1f a2:Y,
the output for this variant will be
printed; 1f a2:n, the output will
not be printed.

y - the conditions of this variant will
pe written in the PROFILE with the
flashed name;

n - the conditions of this variant will
not be written in a PROFILE;

the name of the PROFILE in which the
conditions of this variant will be
written { the extension of the name
has to be .hat ).

13, any corrections?

14, do you want to

change welghts?

15, new values of
weights for
components used?

{6, Aelta?

1T. change delta?

18, next variant?

19, number of question
for correction?

-2~

Y - goes to q. 5;

n - runs the variant;

w - runs the varlant;

& or an integer from i to & - see the
answers to 4. 4,

o
]

all weights will be equal to {;
a2 - weights will be calculated by
the formula: w(l):=0. i»
sentier(abs{ct{i)-c2(1)) /(0. 4n
!m?x(abs{cl(1)-02(1))))*0.5) :

h - new values of weights have to be
punched in, goes t0 q. I5;

n - the flashed values of weights will
used in the voting.

: COMMENT. Before this question the values

:0f ci{1)m100%, c2(L)}#100%, the compo-

:nents of the Xernel and old values of

iwelghts are flashed.

e se we am e

.
H

: the values of welghts, but only for
components used in this variant.

the value of the threshold for classi-
fication - delta,

¥ - goes to q. 16;

¢holice of delta is made, goes
further.

y - goes to q. 19;

=
1

n - goes to stop after output of the voting

results.

an integer from i to & - see the
answers to q. M.
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EXAMFPLE OF PRINTOUT. i variant
data from ex25. rat names H H
i: pumbers of objects of 1th class which will not take part in learning- of H H :
numbers of objects of 2ih class which will not take part in learning- parameters : H
2: numbers of components which will not be used- H :
3: output - coding I 5 H H
4: mode of work learning; t-e of parameters = me----m— o Mssemmssss—ms—-—=-
5. type-y; Pprint-y number of comp.: 1 2 : 3 4
6: profile-ex25s. hat Zof t in 1 cl.: 43 Ti; 43 S5T:
Z of 4 1n 2 cl.: &7 B7: 71 29:
vectors of class 1 kernel : O 1 : 0 |
H H welghts of comp. :1.0 1.0 1,0 1,0
: ' 2 variant
£ :g names : : H
2 4 of : H H
1, ML 1 1:1 O: parameters ! H :
. M2 0 1:0 1: H H :
3. MT © 1:1 O: HE HE :
4, M8 o OQ:0Q &: | mm e edaMemsmesmsmsme=—-o--sa-amaes—o-
5, HiO 1 1;0 : number of comp.: 1 2 3 L
of 1 in 1 ¢l.: © 0. 43 5T:
contr: 2 4 2 3 Z of 1 In 2 c¢l,: [¢] 0: TI 29:
vectors of class 2 Kernel : 1 0 1
1, M3 © 0:1 O: weights of comp.:1.0 1.0 1,0 1.0
. M5 1 1:4i O:
3. M9 1 4:1 O: 3 variant
4, Mi4 O 0:31 O:
5. Hi5 1 1:0 1 names H : H
of H H H
contr: 3 3 4 1 parameters : H
vectors for recognition : f HE H
1. M4 O 0:i0 1: number of comp. : 1 2 : 3 48 :
2. M6 1 1:1 H s of 1 1tn 1 cl,: 43 Ti; [¢] [+
3. M1y 0O 1:1 O Z of 1 1n 2 ¢cl.: 57 67: O (=}
4, M2 O 1:1 O: Kernel : © 1 H
b. M13 O O:4 O: . e e e e e c e —csstm———a ==

weights of comp. :1.0 1.0 1.0 1.0
contr: 1 3 4 1§

v g
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variant i 2 3
delta 2. 00 1. 00 1. 00
nic 8 5 15
voting (class 1)
M1 3. 00 2. 00 1, 00+
M2 Q.00+ ©.00+ 0,00+
MT 2.00+ 2.00 0. 00+
M5 1.00+ 0,00+ 1.00+
MiO 1. 00+ 0.00+ .00+
voting (class 2)
M3 3. 00 2. 00 1, 00+
M5 3. 00 2. 00 1. 00+
M9 3, 00 2.00 1. 00+
Mig 3,00 2. 00 1. 00+
M1S 1,00+ 0,00+ 1,00+
voting for new objects
M4 1, 00+ 0,00+ 1.00+
L] 3, 00 2. 00 1. 00+
M1 2,00+ 2.00 Q. 00+
Mt2 2,00+ 2,00 0, G0+
M13 3. 00 2. 00 1. 00+

COMMENTS TO EXAMPLE OF PRINTQUT. The printout contains

the followlng:

--The conditlions of the first variant ( answers to questions
5-12 }; the mode of work is learning and T-E of parameters.
~--The coding of the objects,

--The Karnels for the first variant and for the vari-

ants in the T-E of parameters. The values of ci{i)wi00%,
c2{1)ni00% and weights are printed with the iernels.

--The voting results which contain the Hamming’'s dis-

tances from the corresponding Kernels to objects, The

title contains the number of the variant, the value of

the threshold delta and number ( ni¢ ) of the objects

which are classified as the objects of the first class

{ distances for these objects are marked by "+"). The
distances for objects from the first and second classes which
do not take part in the learning for this varlant are marked
by "u",

Program VOT.

2.
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PURPOSE. The program is used for voting, applied to new
objects. Voting 1s made by characteristic traits obtained
by program CORA and written on a disk.

The program uses the file ( REMi FILE } with the co-
ding of new objects anda other information which is cre-

ated hy the program CODM.

It also uses the file created

py the program CORA with characteristic traits.
The program can create on a disk a file for printing

with the name vot.pri.

This file can be printed by 2

suitable command of an operating system.

QUESTIONS OF THE DIALOGQUE.

Guestion.

type, print
results?

name of file with
traits?

name of file with
objects?

numpbers of
variants, which
traits you want to
use for voting?t

Answer and responce of the program

the

& -
the

the

1f aizy, the voting will be flashed;
1f ai-n, the voting will not be
flashed; if a2:y the voting will be
written in the file for printing

{ vot.pri ); 1f a2:n the voting will
not be written in the file for
printing.

goes to stop;

name of the file created by the
program CORA with characteristic
tralts ( the extension of the name
has to be , fat ).

goes to stop;

name of the REM1 FILE with c¢oding
of objects to be voted { the exten-
sion of the name has to be .rat ).

115t of sequantial numbers of sets
of charateristic traits, which
will be used for voting with /
after the last number {( the list
has to contain not mere than

18 numbers ).

goes to stop.
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EXAMFLE OF PRINTOUT. References.
voting of objects from file: ex25. rat 1. Gelfand, I. M., Guberman, Sh.A., Kelllszs-Borok,V.I., Knopoff, L.,
features from file: ex25. fat Press,F., Ranzman, I.Ya.,, Rotwain, I.H. and Sadovsky,A. M.,
var. no. 1 1976, Pattern recognition applied to earthquake eplcenters
Ki:k2 a2: 2 in California. Phys. Earth Planet. Inter., 1i: 227-283
Kit:kat 1: 1 2. Gvishiani,A.D., EosoboXov,V.G,, 1981. On foundations of the
pl:p2 2: & pattern recognition resuits applied Lo earthquakKe-prone
areas. Proceedings of Ac., Sci. USSR. Physics of the Earth,
voting (class 1) 2: 21-36.

3. Gabrielov,A. M., Dmitrieva, Q. E., Keilis-Borok,v.1. et al.

1. MiI O: 1 Algorithms of long-term earthquakes’ prediction. Preprint.

2 M2 2: 0 Institute of the Physics of the Earth Ac. Sci. USSR, Hoscow,
3 HT 1: O 19486.

4, M8 HE | 4, Keilis-Borok,Vv.I., Lichtman,A.J,, 1981. Pattern recognition
5, Mi0 1: © applied to presidential elections in the United States, 1860-

1980: role of integral social, economic and political traits.

voting (class 2) Proceedings of US Mational Ac. Sci., V. 78, {i: 7230-T234.
6. M3 0O: i
T. M5 O: ¢
8. M9 0O: 1@
9. Mig O: 1
10. Mi15 t: O
voting for new objectis
i1, M f1: 1
12. M6 0: 1
13, Mit i: ©
14, Hi2 1: ©
15, Hi13 o: 1

COMMENTS TO EXAMPLE OF PRINTOUT. The coding of objects
and the traits are the same as in the example of print-
out of the program CORA represented above

e =

B

e



