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e evolubion of fuzziness and the direction of time

Ve 1. D0ODYLEV

of mathematically and empirically irreversible

-
-

rrocegses 1s studied. For analogy, if you know nothing
svout your old friend, then your uncertainty concerning

stabte naturally increases in the course of time

'z rreversibility that we observe is a feature of

froories that take proper account of the nature and
uvatl

=

lon of observation.' - [8, De 215]

.. rroblem

1= consider the proposition 'There exist lrreversible

{( ne-directional) processes'. The problem of time direction

[

(iato in the fact that this proposition,being empirically
ot o, does not yet have nomological foundations generally
chnovledged [10,0.168——178].Tne point is that the ordinary/
-oab L differential equations of eny physical theory permit
£ . ‘ayversion of the temporal varieble and, hence, can not
L shemselves single out the temporal direction. However, o
ive step seems to have alrecdy been made, by Prigogine.
theso notes let us show another particular approach to

G e oroction. Here is its summary: a class of abstract

tepcyorsible processes, namely the class ol irreversible
Jiowions oJ 'fuzzy'! Cauchy provlems, is introduced; [fox

Laterpeetation and to verify the irreversibility,we refer to

4anoe dynoinical systems our knowledge of the current states

ohoeb 1o marked by some fuzziness (incompleteness), with
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va.s tuzzlnecs increasing as a continuous function of time.
S0 o onerceptive (and reflective) subject comes into being,
971 Lae approach proves to be anthropeclogistic in substance,
A 3

zoinistic in form, but not subjectivistic - for every
cresent man ought to be that subject.

BN ey
o LS TE

te what irreversibility will be studied, let

s
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o dynamical system under constant fuzzy control,

impis lag that the control's current value is perceilved as

P
[

) . n' . .
(o fuzzy point of R ) independent of time and
csvem's dynamics., By'c[T:and\}Mtwe indicate the system's

cuceent states,

dynamical and fuzzy, respectively (initiated
some moment of time). Also, by @u?} uM.‘:we indicate the
Cassineoy (Yradius') Ofb)AT . Then, in the absence of real

will represent our (un)knowledge of :(t ,

creasing like some linear function of T

J. rreliminaries

; . . , h
Lt W be o positive integer. As usual, by P\ we mean

- - . 1 3
n-dimensional Buclidean space. Assuming also that R‘ is

crdluorily ordered, it will be called the temporal axis. Let

. n
:x')\a):LN)'I"é{2 )

1
ToTh, T, Ty €ER T €T, Inz[ru)xﬂﬂ;

O<y<oo O<>\<1; suP{A:A€¢}=O-
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§2 we denote the classical space of non-empty convex
T 3 n/ 3 .

conpacn subsets of R . In partlcular,._Cl is supposed to

¢ouvipped with the Minkowski addition <% , the positive

smetretic and the Hausdorff metric j()> ~- gee [{] Being

ER sticn without the inverse one, lMinkowski's addition
i standard addition.Hausdorff's metric is coordinated
G0 hae Linkowskl addition and positive homothetic.

o family {‘@Lv,A VL} of the parameter A be contained

_Q_ , be uniformly bounded and be non-increasing. e

i

suprlenent 1t by the two members:

Q;or-zr( = Q &v}vz. , SUPPQ = LA) -&varL

n ; .
Lo oone neans closing in R ). I Q,orgbl consists of a
glngoe point, denoted by &racora, 7. , then the resulting
n .
Cemlus will pe treated as a generalized point of R and be

wlied the fuzzey point VL , Witk

&VAVL , wore n . supp ,

ao.a oo scealar-valued function

m_}VLCxD:\WP{A: xe&vAvL}

yelng called 1its A-level set, -ts core, support, and
~:oterlstic function. CI. [9: 5]. In the case when

'Q!L\lz VL = {a E Z):DL} we say of the concentrated point Sx, as

Thie collection of all the fuzzy points will be denoted
M . o0 course, {in - the collection of all éx,— will

ponver intc °m . Led
\)A)QI?)JAH)’SOQW-
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sevns of QL we define o d’” the equality =, the

H

addition <4, the positive homothetic, the

EESEFTCII SR A MGCPLQ\5>(‘)‘) , and the fuzziness -ﬁuzi

\/\*1’-9 <=> &V%\}u\ =&V3—0 VA
&VA (J\H'Q) = ‘emvhj.. + &sz
o, o = vy

5(},@) S;p jC&'VmJ", QQ\/A'O) ,
‘EUT{JA :\S(MFLJ“>‘NPPJ‘>-

1
rotions from R. to Rﬁv, J:L , and qwl will be called

2

I

&

Lo, nulti-valued, and fuzzy, respectively. Let X, be a
i Junctlon, aﬂd_b}. be a ifuzzy one. In the case when

\JUT.E SEK we say of the concentrated function ~x &8 well.
T .

OV R SRt s
Ploe e e L EURR S ) .

unction

T — ﬁu‘nwt

voonamed tne Juzziness ofup . Following [3] and [T],let
roduce for multi-valued functions the differentiation
Ty
J//dt sod bthe definite integ;el.st n.dt. By means of these
o

ares we do tne same for fvzzy functions:

79
6”»:12 © T AT B s

&Vzéft de = §4&sz"t dt

© the sets on the right exist and form the level

siiiles of the fuzzy poinbs under introduction).
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<o ogqudvedient definitions based on the fundamental iden
suatlity can be found in [2], taking [1@] as a guarantee
Dot oauslity.
Ploadly, let 'C() be a Lipschitzian mapping from Rn to
Rm. ol \{)() Irom (W)j’) to (‘}’ﬂ )J’) . In the case when
\P(f\) = S‘P(O‘rawrk\)o we say of the mapping SP<'>as well

e PUGZY wynamics versus reversibility

Lo onotation

%JA:YC\)‘)> JA’CH""JAk\

called the fuzuy Cauchy problem . 1ts
oS ) H

se.dvlon should pe thought of as a differentiable fuzzy

:;;JA. such that
o
VAR AV N AR VAV

Cooecooiutlon whose tne fuzziness increases (strictly, as o
soole o Juaclbion) will be called irreversible.

oposition. 1) The solution of each fuzzy Cauchy problem

! IH and ls unlque on it (and continuously depends
sooouor wrobiem, and can be found by the method of successive
snoccdinetions),

cotution's fuzziness can not decrease,
vhe Lrereversivle solutions exist.
oi. ) Thig lollows from Banach's contraction
v Le over the standard scheme [6, p. 24-——26]; the

soous oiuous Lependence follows from Gronwall's Inequality;
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M :\)+§ => 'FwnJu > fur 9

‘\) 7) if now JA is the solution of <&P>JA)
S Wﬁ)o‘t sriete, and

P :ﬁnmhv Yt ;

. oo fuzziness doeg not decrease;

PO =9e s fr=Sx, + Ty,
oot \(}A' L the solution of (ke )glu)on IH ; taking into

fu (S v p) = bz po
\Gu}} XJA = D’RAV&\/M ,

fuaz M = \t-tH\ funr jo ;
wins o reqguire joé {Sm} because
fus p=0<> meis).

R B RS -~
Loamples puting

T-T,

PUI=p s M=t e, e8],
' ;:,z\)l.'to be tne irreversibl.e golution of <\P \)A ), with

..."'[H

‘CM?}\)AT_—— «RAQ}JJH
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oY

Genie correspondence argumeant in support of reversibility

" eoretical reversibility arises from ... idealizations
+e. Lot zo beyond the possibilities of measurement

wrlcrmed with any finite precision.! - [8, De 21 5:1

—°l—3c RICO NN =x

dx T H
Lzd thne vector Cauchy protlem C‘p,ﬁcu). Its colution is

oo s oo differentiable vector function X suchn that

—%—C—xt= flxd VT

X exists and i3 unique [6, Do 26];

more, Lt permits reversirg in the sense that the

ot function T = X also 1s the solution of
"('C -'T.H) +T,
coucny problem, for instance, of ( -P x )

o~
§

soe case of the fuzzy Ceuchy problem (8 S )we

CN
o

v concentrated Cauchy problem 5(-@ 5 >@5 well,

Loeposivion., The solution of each concentra,ted Cauchy

o Loonoconcentrated function. In fact, when 3 is the
YRR ({3 x ) then 5 1s the solution of 8(\0 o )
) H

.

soiution J‘ of a fuzzy Cauchy problem will be called

coysiose 10 tae fuszy functior. T -» elso is
J \)A‘*(T,—‘CH)-)-'CH

sio eouvion of some {fuzzy Cauchy problem. (Bach reversible

codus oon uns the constant fuzziress, so all the irreversible

i
Ny

Sl ons sare non-reversible. )

soowiiary. The solution of esch concentrated Cauchy

o s o reversible
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S. interpretatior
conc thoughte, let us formulate the following
temporal axis represents the time;
ere exists o subject through the agency ol which
%’(3> seribes o dynamical syotem under fuzziness, with V}A

representing its adnissible fuzzy state and the

Ciatbe fuzzy velocity (more precisely, if\)A represents

fuznzy state of the system, then

ity current dynamical state and velocity, and

L
3

Pp, 9O(x)

entbation, so that Od'abort\)x

T

subjective evaluations of completeness of the last

and &ramhe, &P (\)A)

st completely represent its current dynamical
p J I J

(T

{114
e

e

g veleeity)s the solution of <\P)vyn)1@presents &

SHACTLU

et e e
IERRCRCR (LIS IR NN

v
- RS
N L
o
§
1 i
i
i B

co ot e
PRI B2 &9

cese in the mentioned system; the irreversible
o repregent the irreversible fuzzy processes;

cvery present man ougnt to be that subject.

L CCcod

ing to [4], any proper physical thneory

Vig 5 ex

‘nvolve perceptive subjects as 1ts referents. This

corclude that the fuzzy procegses arce not proper

[ERS,

rocesses. Ln corroboration 1t can be found that

D

pi

hysical theories are 'dynamical' and

ot

Eéé] - but not 'fuzzy'
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