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Fuzzy comparison of numbers.

In many cases, regular linear measure of superiority of one number over another is too rough. So
it is appropriate to normalize this measure. The normalized comparison of two numbers allows
conjugating it with other comparisons using fuzzy logic operations.

Definition 1. Fuzzy comparison #{a. &} of real numbers a and & measures the degree of

superiority of a over & on a sign-alternating interval [-1,1]:
i, b) = mes(a < b) € —1.1].

. . . : 2
From a formal point of view any function f{g. &) on B* = [—1,1] can be used as fuzzy
comparison if it grows up as b and down as a with additional boundary conditions:

Ya Um,.s, f(a &) =11 and ¥b lim, ., fla b) = F1, ¥a: fla.a) =0

Hereinafter we will use the so-called Minkowski comparisons #i, (@, &) = i

mwith?}“‘ 18

These comparisons are defined only for nonnegative a and b. Thus further on 7 @. &) denotes
any of n, (a, k).

Fuzzy comparison of numerical sequence with a number.

LetA={0 = a, = @, = ' = ayJ, 5> ¢ and n(a, &) is a fuzzy comparison as defined above.
There are different versions of #(A, &) and n( &, 4) which expand n to compare 4 with b and

vice versa. In this work we used three different structures:
1. Binary structure:

Ei‘ﬂ Eﬂtr h‘j

Zon(ba)

n(A,b) = & [-1,1]

==

n(b,A) = € [—1.1]

2. Gravitation-based structure [gr A= E—:L :

Er.rz (A.B) = nlgr 4.B) € [-1.1]
w(bA) =nlh gr4) € [-1,1]
3. o-structure:
The argument for maximality of b over med A is the sum ¢*(4,5) = Tk — a™):

a* €Aha’ b

The argument for minimality of b over mied 4 is the sum of ¢~ (4, &) = Z(a™ — &):

a- €EAAa” > b

So the measure of maximality of b mod A is the degree of maximality of @ (4, &) over
g~ (4.B) compared with n. The measure of minimality of b in mod 4 is the degree of

maximality of &~ (4, &) over & 7(4,5) compared with n:



n(4,B) = n(e~(4,B),a7(4,B)}
n(k,A) = n(e*(4,B),67(4,B)}
It is naturally enough to assume that if a property is expressed in the [—1,1] scale, then hitting
[¥2. 1] ([@, %3]} means it’s extremely strong (extremely weak) manifestation. Similarly, hitting
[—1,—%] ([—%:.0]) interval means strong (weak) absence of such property.
Definition 2. Following described logic, let’s call @ € R from numerical sequence A:

1. Strong (weak) maximum, if n{d,a) € [¥2, 1] ([0,%]).

2. Strong (weak) minimum, if #:(A4, @) € [—1,—%] ([—*,0]).
Functional extremality measures.
Let T is a finite set and f is a nonnegative function defined on T. Fuzzy comparison of f(z} at
any point & € T with full image Imf = {(£).f € T} allows us to declare fuzzy abnormality
measures mes max f(r) and mes min F(£). These measures characterize degree of maximality
and minimality of the function f at the point t respectively:
mes mazx F(£) = n(Imf, £()}
mes min F(t) = n(f(t), ImfF)
Dynamic relief and dynamic extremality measures.
LetT = Eﬁx*, T_f_;],t ELIET ]- is subset of nodes on a uniform two-dimensional grid from

R?(x,¥). Dynamic relief F on T is sequence of mappings T 5 R*: F={f)5,.
Conjunction on k& = 1 .. K at any node t of mes maz f,(£] measures allows to introduce integral
measure of relief maximality:
Z¥=, mes max £ (£}
K
Quite similarly integral measure of relief minimality is defined on F in t node:

mes max F(L) =

ZE ., mesmin £, ()
K
Simulation of the dynamic relief.
This simulation test site was developed as part of the project and allows to model two-
dimensional time series for the discrete time model. Let’s introduce the concept of cycle k, as an

mes min F(t) =

element of discrete time. During this cycle model changes all of its properties not more than
once.
Definition 3. ¥ — the frequency of system changes. This value allows to associate discrete time,

which model operates, with absolute time: ¥dT = Ak — number of cycles, that system lived
through during time interval Azr. K = Ek,}ffj_ — the set of cycles that model lived through, where
Z — the absolute lifetime of the system.

The system creates dynamic relief F, that provides correlation between two-dimensional set of
observed points Ty, and field of intensities f; (£} € [@.L], that changes in time ¥ € K,

F = {f1. Field of intensities f (£} is determines as the sum &, (] = awf (£ + wf (1) +af(t).
e (£) — the minimum intensity in the point ¢ € T, w¥(#) — stochastic component of the intensity

in t and @ (%) — induced intensity in t of the so-called singular points:



1 =1
Fie () =& (£), U 2, (2) € (0,1)
0 =
Definition 4. v+ = (£} - function defined on & = T, called the perturbation of intensity, if the
following conditions. It is called the perturbation of intensity, if the following conditions are
realized:
1. rit) € [01], vtE S
2. lUm,._gs(r) = €, on the boundary of definition region perturbation attenuates.
3. There is a unique point ¢ & §, where the function that describes the perturbation, riches
the maximum value. Then ¢ will be called the epicenter of the disturbance.
5= D(r) — the vicinity of the point ¢, that is characterized by the following values w — the
width, h — the height and a — the tilt angle. Currently, the model allows to simulate rectangular

and elliptical vicinity.
The stochastic component of intensity.
¥, €T Elwifi is the stochastic component of the field of intensities, which is formed as the

conjunction of N, € [1,) perturbation with random characteristics.

R, = ET,P;-;‘":_ is the multitude of all stochastic perturbations brought into system per cycle k. The
intensity of each #; is bounded from above by an adjustable parameter Agw® € [0,1]. Thus, if #, is
the epicenter of 7, then =3 (,} = &af.

Perturbation + € R, can be positively {»*) or negatively (#") defined. If = »* (r =+, then it
increases (decreases) the intensity in the area that corresponds the prototype S.

There are ¥, randomly defined disturbances born in every cycle & € K. These disturbances

overlap each other and form a changing picture. In this way this overlay imitate presence of
"memory" in the modeled stochastic process.

The component of the induced intensity.

The singular point g_» » is the disturbance that exists during M cycles. Characteristics of this

disturbance depend on time k. M is the lifetime of a singular point.
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Figure 1. Demonstration of the polygon operation — a monotonic increase of a singular point

during four cycles.
Conclusion
The essence of the work is the analysis of the dynamic relief F = {£,(t).k = [1..&]}, modeled

by the polygon through measures of maximality (mes mas F(£) } and minimality
Emes min F( tj} that express in the vague way relevant extremality in the knot t of the relief F

throughout its development.
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Heuyerkue cpaBHeHUs1 YUCeJI.

Bo MHorux cinyuasix oOblyHasi IMHEHHAs Mepa MPEeBOCXOJICTBA OJIHOTO YMCia Hall APYTUM B BHJIE
UX Pa3HOCTH OKa3blBae€TCs CIUIIKOM TpyOoil U 1erecooOpa3HO HCHOJIB30BaHUE €€
«HOPMHPOBKW». HopMupoOBaHHOE TpENCTaBICHHE CPAaBHEHUS IBYX UYWCEN JaeT BO3MOXKHOCTH
COTPSATATh €ro MPH MOMOIIH OTepaIHii HEYETKOM JJOTUKHU C IPYTUMHU TAKUMU CPABHEHUSIMHU.
Omnpenenenne 1. Heuerkoe cpaBuenue wla, B Ha NelCTBUTENBHBIX YUCIaX & U & U3MepseT B

3HAaKOIEpPEMEHHOM miKaie orpe3ka [—1,1] crenens npeBocxoacTBa a Hax b:

tt(a, &) = mes(a = &) € [-1.1].

C dopmanbHOW TOYKM 3pEHUS, POJIb HEYETKOTO CPABHEHHUS MOXXET WUrpaTh Jtob0as (QyHKIus
Fla,B), R? 5 [=1,1] Bospacraromas mo b wu yOblBaOmas MO @& C JONOJHUTEILHBIMH
TpaHn4HbIME  ycnoBuamu:  Wa Umg . flab)l=21 n ¥blm,_ ., fla bl =F1, ¥Ya
fla,a)l = 0.

B nanpHeiimiem Mbl OyJaeM HMCHONB30BaTh, TaK Ha3bIBAEMOE CpaBHEHHE MUHKOBCKOTO

n, (@ &) =

obpazom Hike e, &) 0003HaYaeT kakoe-m1bo #, (@, &).

ﬁ_— ¢ ¥ # 0, ompenencHHbIC TONBKO JUIsI HEOTPHULATENBHBIX a W b. Takum

HeueTkoe cpaBHEeHUe YUCIOBO COBOKYITHOCTH € YHCJIOM.
IMycts A={0=a, 2@, = ~Zayy, &>0 u nla ¥ — ompelescHHOE BBIIIE HEYETKOE

cpasHenne. CyiecTByOT pasHble BapuanTtsl #(d, &) u nlkb, 4) pacmmpenns n 10 cpaBHeHus A ¢
bumu b ¢ A. B paboTe uCroip30BaIlCh TPU €T0 KOHCTPYKITHH:

1. bunHapHasi KOHCTPYKIHSA:

n(ﬂ,h}ﬁf“LﬂE [-1,1]
£ Tt rn:f)
n(k.A) —T [—1.1]

2. I'paBuTaniioHHasi KOHCTPYKIHUS, T1€ [gr A= T‘ :
(4, B) = n(gra.k) = [-1.1]
ﬁikr-d-:[ = “(krEh‘-” '4:[ s [_1.-1]
3. O-KOHCTPYKIIHS.
JloBogoM 3a MakcuManbHOCTh b 1o meod A Oyner cymma a*(4,E)= I(k—a*):

@t €dla” = b
JloBOZIOM 3a MUHHMMAIBHOCTE b mo A Oymer cymma o~ (4B = Ela™ — &)
a- €EAAa” =2 b



Torna Mepa MakCUManbHOCTH b 1o med A ecTh cTemeHb npenmymecta @ (4,&) Han
g~ (A. &) Ha OCHOBaHMHU CPaBHEHHUS M M MEpPa MUHUMAJIBLHOCTU b 110 med A ecTh CTeneHb
npeumyinectsa @~ (4,&) nan @ *(4,%) Ha oOcHOBaHUM CpaBHEHHS f:
n(A, b)Y = u(e~(4,B),a* (4,5))
n(l, A) = n(e*(4,B),6~(4,B) )
COBepIIEHHO €CTECTBEHHO CUMTATh, YTO €CJIM HEKOTOPOE CBOMCTBO BHIPAXKEHO B mikane [—1,.1],
To momamanue B orpe3ok [¥5, 1] ([X.%]) osmavaer cumnbHO 9KcTpemanbHOE  (Ci1a00
OKCTPEMAJIBHOE) €ro IPOsBJIEHHE. AHAJIOTHYHO monagaHue B oTpe3ok |=L.—%+5] i|—2. 0]}

O3HavyaeT CWIbHOE (c1ab0e) OTCYTCTBHUE TAKOTO CBOMCTRA.

Omnpenenenune 2. Cienys 3Toi J0ruke, Ha30BeM uncio @ € E 1 4nciI0BOM COBOKYIHOCTH A:
1. CunbHo (cna6o) makcumanbabiM, ecan (4, @) € [¥,1] ([9,%]) .
2. CunbHo (cn1abo) MuHUMaIbHBIM, ecn (A, a) € [—1,—%] ([—%5.0]).

@DyHKIHMOHAJIBHBIE MePbI IKCTPEMAJIbLHOCTH.
IMycte T — KOHEYWHOE MHOXKECTBO M f — HeoTpuuarenbHas ¢(yHkums Ha HeM. Heuerkoe

cpasuenue F(t) B mo0oil Touke £ ET co Bcem oOpasom Imf = {[f(E),.f €T} dynxkuus f
NPMBOAMT K HEYETKAM MEpaM  aHOMANbHOCTH mes max f(t] u  mes min F(£),
XapaKTEpU3YIOLIMMH COOTBETCTBEHHO CTENEHb MAKCUMAIbHOCTH U MUHMMAJIEHOCTH (GyHKIMH f
B TOUKE t:

mes max S0 — a(linf, £(0)

mes min F(t) = n(F(t), Imf)

JAnnamuuyeckuii pejibed U JTUHAMUYECKHE MePbI IKCTPEMAJIbHOCTH.

Ilycte T = Ec:rw}’f},t €L} E _F]- — MOJAMHO’KECTBO y3JIOB B PAaBHOMEPHOU JIBYMEpPHOH CETKE Ha

mwiockocty B*(x, v). JMHAMHYeCKUM penbedom F Ha T Oyaem CUUTATh MOCIEIOBATEIHHOCTH

otobpaxenuii T BR.p= (e,
Coenunenne mo BceM k =71..K B y3ne t Mep MakCHUMaIbHOCTH mes max f.(t] naer
BO3MOXKHOCTb T'OBOPUTH 00 WHTETPaIbHOM Mepe MaKCUMAlIbHOCTH peiabeda F B t Ha
NPOTSHKEHMH BCETO0 BPEMEHM M MNPHUBOAMT K JMHAMUYECKOH MEPE MAaKCUMAIbHOCTH
mes max F(t):
Ei=y mos maz £ (£)

K
COBEpILIEHHO aHAJIOTUYHO ONpENENIIETCs Mepa MUHUManbHocTH Mes mdn F(t) penseda F B

mes max F(t) =

y3ie t:

Zi=, mes min £, (¢)
K
MoaenupoBaHue TMHAMHYECKOI0 pesbeda.
PazpaGoTannelii, B pamkax pabOThl, WMHUTALMOHHBIA IOJUIOH IO3BOJSET MOJECIUPOBAThH

mes min F(t) =

JIByMEPHBIC BPEMEHHBIC PSJIBI IS AUCKPETHOM MOJIe)IH BpeMeH!. BBeieM moHsTHE TakTa K, Kak

3JIEMEHTa JUCKPETHOTO BPEMEHH B paMKaX KOTOPOTO MOJICIbh M3MEHSIET BCE CBOM CBOWMCTBA HE
0oJiee 0THOTO pasa.



Onpenenenne 3. y — 4acToTa M3MEHEHMs CHCTEMBI. J[aHHAs BEIMYMHA IO3BOJISET CBA3ATH
JIUCKPETHOE BPEMsi, KOTOPBIM ONEPHPYET MOJIENb, C BpEMEHEM a0COIOTHRIM: FAT = Ak — 4KCIIO
TaKTOB, TPOXKUTHIX CHCTEMOM 3a OTPE30K BpeMeHH AT, K = f.%,,}f_zﬂ_ — MHOKECTBO TaKTOB
MPOKUTBIX MOJIEIIBIO, T Z — a0COIIOTHOE BPEMSI JKU3HU CHCTEMBI.

CucremMa peaiusyeT MOCTPOCHUE JIUHAMHUYECKOTO peiibeda F, COMOCTaBISIOIIEE JIBYMEPHOMY
MHOKECTBY HaOIIFOHaeMBIX TOUYEK T, MOJIE HHTEHCUBHOCTEN f3, () € [0,1], u3Mensromeecs Bo
Bpemenn k €K, F ={f.}. Pemsed wunrencusHoctu fi.(£) ompemensercs CcyMMOi
I (1) = af(£) + af(£) + of (). w¥(f) — MuUHMManbHAs MHTEHCHBHOCTD B Touke £ € T, wf (t)
— CTOXACTHYCCKAsi KOMIIOHEHTA MHTCHCUBHOCTU B T M @/ (¥) — HaBeJCHHAs HHTCHCHBHOCTb B t

OT, TaK Ha3bIBAEMBIX, OCOOBIX TOYEK:
1 =1
Fi(t) =12, (£), U Z,(£) € (0,1)
0 =
Onpenenenve 4. 1= f.(t] — dynxuus, onpenenennas Ha § € T, Ha3bIBAETCS BO3MYIIECHUEM

HWHTCHCUBHOCTH, CCJIM BBIMNOJIHCHBI CIICAYIOIINUC YCIIOBUSA:
1. rit) € [01], ¥tE S,

2. lm._z5(r) = 0, Ha rpanuuE 06IaCTU ONPENENEHNS BO3MYILEHHE 3aTyXaeT.
3. CymecTByeT eIWHCTBEHHas TOuKa £ € §, rje (yHKIUsS ONKCHIBAIOMAS BO3MYIICHHE
MMeeT MaKCUMalbHOe 3HaueHue. Jlanee ¢+ OyJeM Ha3bIBaTh SMHUIEHTPOM BO3MYLICHHS.
5 = D(r) — OKPeCTHOCTh TOUKH t , XapaKTepH3yeMas CIeIyIOIIMH BeJIMYMHAME W — OIUPHHA,
— BBICOTAa W @ — YroJ HakjioHa. B HacTosiee BpeMs cUCTeMa MO3BOJIIET MOJEIUPOBATH

MPSAMOYTOJIBHYIO WIIH SJUIMIITHYECKYI0 OKPECTHOCTH.
CroxacTnyeckass KOMIIOHEHTAa HHTCHCMBHOCTH.
¥t, €T Hw;‘,i — CTOXacTUYecKas KOMIIOHEHTa MOJs MHTEHCHUBHOCTEH, KoTopas (opmupyercs,

KaK KOHBIOHKIUSA u3 Ny, € [1, %] BO3MYIEHNH CO CITydailHBIMU XapaKTepUCTUKAMH.

R, = Ert}f:;"l — MHOXECTBO BCEX CTOXAaCTUYECKUX BO3MYIIEHUH NPHUBHECEHHBIX B CUCTEMY 32
TakT K. VIHTEHCHBHOCTH KaXIOTO T; OTrpaHHYEHAa CBEpXy, PEryJIUpyEeMBbIM IapaMeTpoM
Saf € [0,1]. Takum 06pa3soM, €Ciu t, — SIULEHTP T, TO T, (&) = safl.

Bosmyuienue 7 € R, MOXeT ObITh MOIOKHUTENBHO (177} U OTPULATENHHO ()} ONpPEIeICHHBIM.
Ecmu r=v] (r=+7), To oH yBenuuuBaeT (YMCHbIIACT) HHTCHCUBHOCTH B OONACTH
COOTBETCTBYIOILEH poobpasy S.

B xaxnom takre k € K poxxmaercs N, ciy4aiiHO ONpEACICHHBIX BO3MYILIECHHH, KOTOPhIC

HaKJIaJbIBAIOTCS IPYT HA JIpyra U 00pa3yloT U3MEHsIoNIyocsa KapTuHy. Takum oOpasom
HAJIO’KEHUSI UMUTHPYS HAJTUYHE «IaMSTH» B MOJCIHPYEMOM CTOXACTUYECKOM IPOIIECCe.
KoMnoHneHTa HaBeIeHHOH HHTEHCHBHOCTH.

Oco0as Touka §;** — BOSMYIIICHHE CYIIECTBYIOIICE Ha MPOTHKCHUH U3 M TakToB,

XapaKTePUCTUKH KOTOPOTO 3aBUCST OT BpeMeHHU k. M — BpeMst )KU3HU 0COOON TOUKH.



v &

k, k, k, k,

Pucynok 1. Jlemoncmpayus pabomul noaueoHa — MOHOMOHHOE 803PACHAHUE 0CODOU MOYKU HA
NPOMAACEHUU Yemblpex maxKmoes .
BriBoabI

CyTbI0 pabOTBI SIBISCTCS aHAIN3 IWHAMUYECKOro peibeda F = {f. (1), k= [1..K]},

CMOJIETMPOBAHHOTO C HCTIONb30BAHMEM TIOJIUTOHA, YEPE3 MEPHI MAKCUMAILHOCTH
(mea ma F(£) } 1 Musuvansroctn (mes min F(&) | BeIpaxaromiye HEYETKHM CIIOCOO0M

COOTBETCTBYIOIIYIO 3KCTPEMAIBHOCTD B y3Ji€ t penbeda F Ha BCeM NPOTSHKEHUU €r0 pa3BUTHSL.



