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THAE PRUBLEM
A SEISMIC REGICN IS CONSIDERZD.
- EXAMPLES OF AREAS, WHERE EPICENTERS OF
STRONG (M 2 N ) EARTHQUAKES:
ARE KNOWN - CLASS D ("DANGEROUS™)
ARE NOT KNOWN - CLASS N,
DESCRIPTION CF EACH AREA TS AISO GIVEN -
GEOPHYSICAL, GECLOGICAL AND GECMCRPHOLOGICAL
PARAMETERS .
THE GOAL - to RECOGNIZE THE AREAS, WIZRE
EPICENTERS (F STROKG BARTHQUAKES

MAY BE SITUATED ~ CLASS D

MAY NOT BE SITUATED- CLASS N,

N, MAY INCLUDE D, BECAUSE IN SOME AREAS
M M, MAY BE POSSIBLE, THOUGH YET UNKNOWN-
THAT IS WHY CUR PROBLEM HAS ARISEN,

D, MAY INCLUDE N DUE TO TEE ERRORS IN
CATALOG (IF EPICENTERS AND/OR LAGNITUDE).

TEE RUIE CF RECOGNITICN IS OF EQUAL INDEPENDENT

CORSBQUTTVE STAGES

1.

THE CHOICE OF REGION AKND THRESHCLD MO

(VE ARE LOCKING FOR AREAS WHERE EPICENTERS WITH
M= MO KAY BE SITUATED)

SELECTION CF AREAS ("CBJECTS OF RECOGNITICN™)
WEASUREMENT OF PARAMETERS FOR EACH OBJECT. THE
SET CF FARAMATERS REPRESENTS THE ANSWERS TC A
QUESTIONATRE; WQUBESTIONS ARE THE S4lE FOR ALL
OBJECTS; ANSWER3, OBVIOUSLY, MAY DIFFER.
SBLECTICN OF LEARNING MATERIAL: EXAMPLES CF
AREAS WHERE EPICENTERS WITH M =2 M, ARE KNOWN
(CLass Do) OR ARE NOT KNOWN (CLASS No).

DISCERETIZATION AND CODING OF PARAMETERS.
43 A RESULT EACH OBJECT IS DESCRIBED BY

THE QUESTIONAIRE)

PATTERN RECOGNITION:

a} CONSTRUCTION OF THE RECCGNITION RULE,

t) DIVISION OF ALL OBJECTS INTO D and N CLASSES,
NUMERICAL TESTS ON ADDITTCNAL INFORMATION.
TRANSFER OF CRITERIA 170 ANOTHER REGION.

TEST ON RANDOMIZED DATA.



STAGE [: REGICHK AWND THWSSHCLD MO

GEZNERAL BASIS - NEOTECTONTCS AND SEIS.ITC!TY

SIZE CF THE REGION DEPENDS ON M_: THOUSANLE KM ¥OR

M, = 8, HUNDREDS KMFR Y = &

REGION SHOULD B. LARGE ENOUGH TO INCLUDE AT LEAST

15~20 AREAS D AND AT LEAST AS MANY AREAS M.

DATA: A SET OF MAPS — TOPOGRAPHY; TECTONICS:
NEOTEGTONTGS; GRAVITY ANOMALIRS; GZOTOGY ETC.
SCALE 1:5 mln FOR M=8, 1:2,5 mln FOR = 7,

1:1 min FOR M = 6

CATATOGS OF BARTHQUAKRES — ALT AVAILABLE,

SLUAGE Dy GHdECTS i HelUhawDiuh.

JHEY ARE DETERAINED ON:

HORPHOSTRUCTURAL 3CHEME;

T UNAVAILARLE ~ CN THE SCHEUE OF LAJOR FAULTS.

OBJRCDS MAY BE CF THE FOLLOWING TYPES:

BISJUNCTIVE ENODS -~ STRUCTURES DEVELOFPED AT THE

INTERSECTION OF LINEAMENTS (THEIR WATN FEATURE IS
MOSATC STRUCTURE AND DEVELOPHENT).

PARAUETERS ARE MEASURED WITHIN THE KNOTS
IF DISJUNCTIVE KNOTS ARE NOT DETERMINED -

INTERSECTIONS CF LINEAMENTS OR FAULTS
PARAMETERS ARE MBASURED IN THE CIRCLES, HAVING

THE CENTERS IN THE INTERSECTIONS.

POINTS ON LINEAMENTS OR FAULTS

PARAMETERS ARE MEASURED IN SIMILAR CIRCLES .

OTHER TYPES OF CBJECTS WERE ALSO CONSIDERED.
AREAS OF ONLY ONE TYFPE SHOULD BE CONSIDERED SIMUL-~
TANECUSLY. CBJECTS MAY COVER NOT THE WHOLE REGION.

FRESUMPTICN: EPICENTER WITH M 2 MDMUST BE BITUATED
ONLY WITHIN SOME OBJECTS.

THTS SHOULD BE TESTED: THIS MAY BE TRUE ONLY
WITH SUFFICIENTLY LARGE ¥, OR NOT AT ALL. IN THE LAST
CASE THE CHCICE OF OBJECTS SHOULD 3E CHANGED.
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STAGE Z: PARAM Avp LOCKING 1O LIVISIUN W =DiLd N,

Wb VaRIETY G

CUR GOAYL IS

PHEE G- USTNG TRARNTNG MATERIAL TO ¥IND - HOW TO RECO-
SHILH CBIECTS D osnd M
ALY, T0OAPPLY T418 RULE TO ALL OBRJECTS.

ANGER TG OHTATH RANDCH RECOSWITION WILL
INCREASE.

ASTONTSHINGLY LIMITED SET OF DATA JAFPPENED TO BE
SUFRTCLIENT: IHC0DPATIO ANOMALLRS O TOPLORAPHY AND YOI~
QANISK BTC, THIS IS BECAUSE THESE DALA REFTECT A WIDS
ST OF STRIICTCURAT AMD DYTNAJICAL DHARACTORIBTICS OF THRE

THUSEPHERE

THE USH OF OTHER DATA {NUU ALl AT & TIME) IS A
WORTHYHILE TiSK.
STAGE 4: LEARNING KATERTAL
CLASS D¢ CBIRCIS UWAVING XNOWN ZPICIKTERS WITH M 2 M

WITITN DIATANCE R,.

CLAsa K,: OBJECTS TAVING NO ENCWN ZPICENTERS WiTH

2, -5 WITIIH DISTANCE

CLaABS Xt

IM CPHER WORDS & &

TOOF ALL QBJBCUS W T3 4

FRICAT DIVIDED 1050

AR T AT CITRARMT N QU TTA T VA o
WON—-THNTERSEITING SUBSE M



STAGE 5: DISCRETIZATION AND CCDIKG,

THE VALUES OF BACH PARAMZTER X LIE WITHIN Chivall winds

(XO, XT}. WE DIVIDE THIS RANGE INTQ Lk TiLuRVALS RY

POINDS ;3 i = 1,2, s ked.

" 4 y + f P 2.
' -+ : ; ; -~
*o *4 Tp ere Epog o= 5y

DIGCRETIZATION MEAMS TC CCHSIDER &SUT PUS VALUR CF

THE PARAMETER BUT ONLY THE THTERVALD ¥FEHI IT SoLONGES.
USUALLY WE DIVIDE THE RANGE THTO IWC

("LARGE"™ AND "S¥ATLY VALUES) CR TPDO THAZR T 0051478
("LARGE", "MEDLUM® and "SWALL" VALUZS).

THE PURPCGSE OF DISCRETIZATION =5 W W10 3.0CH
INTERVALS WHERE OBJECTS OF ONE JLASS GCOUD LCkD
OPTEN THAN OBJECTS OF ANOTHER CLASS.

DENCTE: Fh - % CF OBJBCTS OF CLASS D, il OHZ it
INTERVAL,
By - % OF UBJECIS CF CLASS ¥ IN UP% i-tn
THIERVAL

.
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DISCRETTZATION 15 SATISTACTORY, IF
SHR S
e - B> 15%
DQUAL HUABER OF ALL 2R3
OBJECIS TCGETHER (OR OF THE OBJECTS I A8D I

POGETHER)

il

DATA-FITIED DIZURNTIZATION: TO FIND THE INTHRVALS,
¥HERE THE ABOVE CONDITION IS SATISFIED.
LEWARY OF TOO LARGE |FL - PL| - IT MAY OCCUR
B CHAWCE, BUT WILL STRONGIY AND UNDULY INSTUENCE THE

RESULTS; DBEDMER SIIIFT x, TO GET SOME MIXING.

SCUE PARAMBTERG MAY PE_INTAGERS: SEVERAL INTEGERS MAY BE

REASONABLE DTSGRETIZATICR ]P% - ri! < 0%  TOR ALL 1.
Inio PARAMETER,

BYT MAY BE USEFUL AT LATER STAGES — IN COMBINATION

WIPH OTHER PARAIETERS,

IF NO SATISFACTORY DISCRETIZATION IS OBTAINED FOR AT

LEAST 7-10 PARAVETERS - CHANGE LEARNTNG MATERTATL.

CODING

e

SUPPOSE 4 VALUE OF A PARANMSETER BELONGS T0 1-th

THTERVAL, X4 < <€ Ky TWO WAYS OF CODING ARE
THE FCIILCWING:
i= 1 z 1-1 1 141 k-1 Kk
I-codings 0 0O ..e O 1 O ean 0 0 (k digits)
B-coding: 0 w.e. 01 T s 1 (k~1 digits)



SLTAUE €3 PAT:

T3t T ey
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1. CORA-3 ALGORITHM (C)

THE ATGORITHM CONSISTE CF TWO STEPS:
SELECTION CF CHARACTERISTIC 1RATTS (LEARVING)
AND  VOTING

LEARNIHG. THE TRAIT IS REPRESENTED BY THE BMATRIX

J'..1 12 i5

A=8¢ 82 85
igy iy iy - INTEGERS, 12 i, £i,¢ iz €1,
1 = IENGTH OF THE BINARY CODE OF TUE OBJECTS,

$§= 0 or 1.

OBJECT WITH THE CODE (caq,cce, ...,cﬁE), €3, = 0 or 1
HAS THE TRAIT A IF

C&);“:.gi_ , @i,= Sa ,C’Qiszgs -

FOR EXANFLE THE TRAIT

MEANS THAT THE FIRST AND TEE FOURTH DIGITS IN THE CODE

OF THE OBJECT ARE 0O AND TEE THIRD DIGIT I8 1.

DENOIE:

Kq(A) - THE NUMBER OF OBJECT OF CLASS Do WHICH HAS THE
TRAIT A

KE(A) - THE NUMBER OF OBJECT OF QLASS N, WHICH HAS THE
TRAIT A,

A I8 A CHAHACTERISTIC DRALT oF Gosso D
("D - TRAIT"} IF
K, (8) 2 Ky K,(A) € K,
A TS A CHARACTERISTIC TRAIT CF CLASS N
("N - THATITM) IF

~t
K(8) 2 K, E (8 € K
11 g
CONSTDER TWC "D — TRAITS".

HERE K K, and K, ARE A PRTORT CONSTANS.
DENOTE:

8, ~ A SUT OF CBJECTS OF CLASS D, WHICH HAS THE

FIRST TRATT.
- 4 SET OF OBJECTS OF CLASS D, WHICH HAS THE
SECOND TRAIT.

TEE TRATTS ARE EQUIVALENT IF 8, AND S, COINCIDE,

TIE FIRST TRAIT IS WEAKER THAN THE SECOND IF S,
IS A SUBSET OF 5.

DEFINITION FCR § - TRATIS IS SIMILAR.

THE RESULT OF LEARNING IS SELECTION OF CHARACTERIS-
TIC TRAITS

WITHOUT WEAKER TRAITS AND

WITH ONLY ONE TRATT FROM EACH GROUP OF EQUIVALENT
TRAITS.,

10



- - P foore pat e wreoreq - - - _ g oo e ee e e i
JOTTIHG.  SACH CRIECT ilas SULE ULRER ap O "L—TRAT I e siAeniiios Roarlne Con L)

AND SOME NUEBER ny of "N-TRAITS"; np and ny CORSISTS OF THC SIMILAR STZPS - DETERWINATION OF
ARE > 0. THE OBJBCT IS RECOGNIZED AS: A KERWEL (LEARNING) AND VOTING.
Dif np ~nmp> A, LUARNING. BACH OBJBGT IS A BINARY VEGTCR. KERNEL IS 4
Nif ny~ong < A . BINARY VECTOR OF THE SAME LENGTH; BACH COl-
HERE A IS A GIVEN CONSTANT PONENT OF THIS VECTOR IS "TIYPICAL" FOR CLaSS D.
NOTE: IT MAY BY MORE RELIABLE: DENOTE:

TO ASSIGN TC N ONLY THE CBJECTS WITH njyng £ OA- § ap{i| 0) THE NUMBER OF OBJECTS OF CLASS D, WHICH

i)

and HAVE €3 = 0O,

qp(i | 4)  THE NUMBER OF OBJECTS OF CLASS D, WHICH

TO LEAVE UNASSIGNED THE OBJECTS WITH A> -y > A-8
HAVE CO; = 1,

? s
", F D (ng = 1) q(i| ©) THE NUMBER OF OBJECTS OF CLASS N_ WHICH
A-8 A D N 0
THE CLASSIFICATION DEPENDS ON THE CHOICE OF 5 HAVE €O = 0,
PARMBTERS: Ky, K, K, E, anda & | qy(i}41) THE NUMBER OF OBJECTS CLASS N, WHICH HAVE
;=1

LET US CONSIDER EACH COMPONENT IN TURN. COUNT
RELATTVE NUMBER OF COBJECTS WHICH HAVE THIS COMPCNENT
EQUAL TO 1 AMONG CLASS Do.

&D(i{ 1) - q‘D(it 1)
qD(il 0) + QD(it 1)

5

AMONG CLASS N o

ap(il 1)

ap(i10) + qu(i 1 1)

H

SQEER D

i =1y 2, eew g La

KERNEL OF CLASS D K = (K, Ky oae, K) IS
DEFINED AS FOLLOWS:
1, it pG )l | 1,
0, ifd p D<A 1)

H 12



NOTLE: IT MAY P7W KOHE ZRLTARLE %0 =]

\TE THE PARAITSIERS
FOR WHICH
| olocif oy —olys | ni<E
WHERE & I8 A SMATL CONSTANT,
VOTING. HAMMING's DISTANCE FRCH AN CBJECT TO THE KERNEL
OF CLASS D IS

HERE ’P{ ARE THE WEIGHTS OF CCMPONENTS
WEIGHT Pt‘_ CAN BE ANY NUMBEZR RENWEEN O and 4
IN PARTICULAR (BUT HCT WECHESSARILY) I CAN BE
CAICULATED AS:

FL - Mmax lOCD(l ! ’]) -O(N(i{ ’I),

1<£1i%l

OBJEGT IS RMCOGNIZED, AS AN GRJEGT
OF CLASS D Ir j’D <k
OF CLASS N LFJD > R

GENERAL COMLENTS TO ALGORITHMS C AND H

CLASSIFICATICN DESERVES WUMERICAL TEST IF:
MAJORITY COF OBJRCTS B, IS RECOGNIZED AS D,
iDL . ADANA . 1 DA(D ORI
I L ¥ | o uw_ |
IS KOT TOO LARGE (SAY p ’ ﬁ; IS AN A PRIORI GOWSTANT)

{1Is THE NUMBER OF OBJECTS IN A SET.

ADDITIONAL CONDITION: ONLY ¥&W OBJEGIS HAVE
CLOSE TO R (FOR ALGORITHN H) OR ny~ ny CIOSE 70 A
(FOR ATGORITHM C), THE RECOGNITION RULE ALSO HAS TO MAKE
SOME PHYSICAL SENSE; EUT DO NOT IMPOSE ON IT AL COMMON
SBELIBVES « PREPARE T0O ACCEPT THE UNEXPECTED.
ALGORITEM [ I3 SINPLER AND SHOULD BE TRIED FIRST.
STARILITY OF THE RESULTS SHOULD BE TESTED BY VARIA-
TTIONS CF COMPUTATIONAT, PARANETERS
R and P, (i =1,2, ess, 1) for ALGORTTHM H,
%, E;, K,y &, acd 4 TOR ALGORITHI C.
O TWE CHOICE OF X, ?ﬂ, K, ond K,: THEY SHOULD
LEAD TO A COMPARABLE NUMBER OF D — and N — TRATTS
(7 - 45 BACH).
TF MO SATTSFACTORY CLASSIFICATION 13 OBTATNED,
ONE AN 787 TO CHANGE: DISCRETIZATION (AND ACCORDINGLY
CODING); OR LEARNTNG WATERIAL; OR QUESTIONAIRE; OR
DEFIHITICN OF (BJECTS,
BUT WACH CRANGD INCREASES THE DANGER OF RANDOM

DIVISICH ANTy ACCCHDINGLY WILL DEMAND HORE NUMERICAL TESTS.



STAGE 7+ NULMERICAL TESTS

THE TESTS INCLUDE 3CUE VARIATION CF THE OBJECTS,

QUESTICNAIRE, NUMERICAL PARAMETERS EPBC.

THE TEST 1S PCSITIVE TP THE RESULTS OF RECOGHITION

ARE STARLE TC THESE VARTATICHS

i)

11}

iii)

iv)

SCME USUAL TESTS:
BELIMINATION OF CBJECLS FROGM D, anmd N, - ONE AT

A PIME, PFORMAL CRITERIA CF STABILITY -~ SMALL

Mp + My HERE m

CHANGE CF THE RATIO %P., cr ) N
Q

o o

AND M SHOW HOW MaIY OBJEGTS CF Do and No RESFH0-
TIVELY CHANGE THE CLASSIVICADION AFTER THEY WERE
ELIMINATED FROM LEARNING,

LEARNING CN THm 8URLHELS CF THE CBTAINED S¥TS D

and Ne

EH (BARTHQUAKE HISTORY): TRANSFER FROM DO to NO

THE OBJECTS WIHICH CORUESFOND TC THE LAST STRONG
EBARTHGUARE AND HAVS MO OTHER STRONG EARTHBQUAKES INSIDE;

THEN TO THE TWC LAST EARTEGUAKES elc

CHANGE OF THE QUESTIONAIRE,IN PARTICULAR ELIMINA-
TTON CF SBACH QUESTION I TURMN.

USEFUL BYAMPIES OF NUNIFRICAL TWST CAKN BE FOUND

in[ﬂ].

SPAGE &: TRANSI®ER OF CRITERIA TO ANOTHRR REGION
THE TEST CONSISTS COF APPLICATION OF EXACTLY TH}#AME RECOGNITION HULES
TO ANOTHER PREGION, STAGES I-SFAVE TO BE MADE FOR THIS REGION INDEPENDEMILY.

HOWEVER THI CHARACTERISTIC TRAITS SHOULD BE APPLIED WITHOUT ANY CHANGES,

STAGE 9;  TERST ON  RANDOMIZED DATA

WHILE MAKING BANDOMIZATION I'T SHOULD BE KFPT IN MIND THAT PARAMETERS
MAY Bf DICTRIBUTED N‘ON—HOFAT%ENTOUSLY and/or MAY BE CORRELATED. ONE OF THE
WAYS 'TO ALLOW FOR THIS FACT IS TO RANDOMIZE ONLY THE DISTRIBUTION OF OBJEGTS

BETWFEN Do ANT) No'

VARNING; ALL THESE TESTS ILLUSTRATE — HOW RELIABLE ARE THE RESULTS OF THE
PATTERN RECOGNITION, HOWEVER THEY DO NOT FROVIDE A PROOF IN THE STRICT
STATISTICAL SENSE, SINCE THE LEARNING MATERTAL (THE CATALOG OF STRONG
EARTHQUAKES) IS ALWAYS SMALL; THE DANGER OF SELFDECEPTION IS NOT COMPLETELY
ELIMINATED, THAT IS WHY THE DESION AND IMPLEMENTATION OF NEW TESTS SHOULD BE
PURSUED. STILL THESE TESTS ARE THE BEST AVAILABLE BASE FOR DECISION-MAKING
(NOT SPEARING OF A FINAL PROOF ON FUTURE EARTHGUAKES, WHICH MAY TAKE MANY
YHARS).

TeST OF MITURE HISTORY,

THE HISTORY IS LONGEST TOR ‘PHE CENTTAL ASTA, WHIGH WAS STUDIED FIRST

{THF RESULTS WERE PURLISHSD IN 1972). SINCE THAT TIME 4 TARTHGUAXES WITH

M2 Iv'!o (¥ = 6.5) HAD OCCURET [N THE REGION. THY UPICENTERS OF ALL THESE

EARTHQUAKES ARE STTUATED WITHIN THY OBJECTS FRECOGNIZED AS B; TWO OF THESE
OBJECTS DID HOT BELOHG TO DO {i.e. STRONG EARTHQUAKES HAVE BWEN UNKNOWN

THERE. BEIQRE),



