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BAYESIAN INFERENCE

X~ 1(:19), 6O, 8 Stochastic Qu.
() a—Priori distribution on ©

X,y ey X, SamPle information

UP(JC[{'I'VI\C’] Of Hle Cl-Pl"l.OY‘; c“sfr”ou“on

T(8]x,-,x,) = UURIULIRY Ve®
a- osin;rio,rin S“(e).p’(eixu"'axn)de

distribution ©
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FUZZY INFORMATION

+ Fuzzy Data

) :UZZy G“PY‘iOFi Knowledge
© Fuzzy Probabilities

* Soft Computing  ECSC



FUZZY DATA

* Environmental Dala
o Recovering Times

* Quality of Life Data
® Migra{ion Data

. Precisfon Measuremen{ Da{a



MEASUREMENT RESULTS

NO{ PYCC;SC wumbers bujc more or [eSS HOV!-'DVCCI'SQ

Ma{hemaﬂcal model : Fuzz\y number x*

Charac{erizing funcjrl'on S()
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C\namcjcerizing Function §(-)

1) 028k <1 VxekR

(7-) SUPPOP{: [g(-)] 1S bounded

(3) VS§e@il the 5-Cut C,
C, = {xeR: §(x) = §} # &

is a closed Interval [08" ]os]
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Lemma: For a Chamcjcerizitf\g fumc’ciom of a fUzzy

number the followmg holds :

S = max {6-11%[3(.)] (X) : 36[0;1]}
VxeR VxeR

Remark: Not all families of nested closed
mtervals [a b ] are the &-cuts

of a 'fUZ_Z\y number.

But the fo“owfmg defim'ﬁom \y;elcls
a fuzz\y number :

600 = sup{ S, 0 se[0;1]} VxeR



NON-PRECISE NUMBERS

¥

X Chamc{erizing Function §(-)
(’1) Supporjc [§(-)J = [aij comPach interval
(2) Al 8-Cuts Cp={xeR: £e) 5]

are non - empty with
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FOR FUZZY DATA 3

Fuzzy valued functions f:M — F(R)
Fo=y" 2 §() VxeM

L]

§- level funcjcions fs(.) and fs(')

definecl by C},H*(X)] = [fs(x), ﬁ(x)] VxeM
V8e(0,1]

For M=R §-level curves (real func“ons)
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FUZZY PROBABILITY DENSITY
Generalized densities f*(-) on R:

) fuzzy function with §-level functions
fS(') and ﬁ(-) im{earable with

STX(X)AX < oo Vgé(Oji]
R

and I olass{cal clemsify f(-) on R Wiﬂ]
_]Ei(x) £ f(x) £ E(x) Vx6R

The fuzzy Proloabl'll‘b/ P*(B) O)C Re®B

s a fuzz\y interval




COMBINED FUZZY SAMPLE

SamPle X S
JONN X0
X Fuzzy Element of Observation Space M
M" - {_)5 = (%, %) ¢ x, ¢ M} Sample Space
x  Fuzzy Element of M" with VCF ()

S(xl’ ey Xy) = Tn (51(x1), ’Sn(xn)) V(xu"" Xn)
x* Combined Fuzzy Sample
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PROBLEMS
Seq{uenjcial upda{ing

Precise a-priori densily

ALTERNATIVE SOLUTION

Based on §-level functions
T, L, 701x)

Is() ) .e..g( ) 2(-*)1 T-rg(’ '—x-*)



LIKELIHOOD FOR FUZZY DATA

*

x  combined fuzzy samPle with v.cf. S(-)

C(0,5") fuzzy volue of the likelihood £(8,x)
wi{h c.f. vle(-) defl'necl by
) sup{ §(x): U8,x) =y} if U7(Uyh) #90 e

Remark : For Prec;se-da{a X the indicalor funcjt;on

of U08.x) 1s obtamned



GENERALIZED BAYES' THEOREM
X“{QVEl CUrves Of 'HIC fUZZ\)I O-POS‘\:ETI'OH. C‘CHSHZ)’

7 (8]x") = LT
T S ; [l"g(e)gs(e; x*) + (9)-[8 (6:x)] d8
©
L.(6, x*
T, (8]x") = _S(B) £

S [TF 9\<)+1r8 ES(Q;X*)]AG

Vie®
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Fuzzy a-posteriori density
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EXAMPLE X ~ Ex } e @=(0,00)
f(x|6) = —EXP{"—} 000)(

Fuzzy a-Priori distribution
() fuzzy gamma density

WS(.) Hpper } §-level curves

% (-) lower
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COMBINED FUZZY SAMPLE

_)_(—* = (XiIXZ/xs) X4>*

vector char.funcjcfon S("°") )
S(x“xz,xs,xq) = min{gi(xi),Sz(xz),Ss(xs),§,, (x,,)}

7, (1)

lrg('l-’i*)

b‘y Sen. dees/ H'leorem
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PREDICTIVE DENSITIES

X~ 1(:[8), 0e® Stochastic Model
T(-) G—Priori densf{y
(X4 -+ ,%)=D data

= w(|D) a-pos{eriori dens”:y

p(:[D)  predictive density

p(x|D) = Sf(xl())-w(GID)dG VxeM,
®



FUZZY PREDICTIVE DENSITY
p'(+| D*)
p’(x|D*) = Sf(x\@)e T (8[D)dl Ve M,
@
,38 = {3(-) densii‘y on ©: 3‘8(0) < 3(9) < 'fs(e) Voe®}
a, = inf { (felg)g®do: g1y}
= Ve (0;1]
bS = suF{ éf(x[e)s(())cle 3() € ’ZS }



he nested family of intervals [a;b] defines

a fuzzy number |o\y the construction lemma:
VY, Ly) = SUF{S'l[as,bSJ(-y) . §e 0, 1]} VyeR
P*(X‘D*) o '\Yx(.)

FOV‘ variable X H'us i.S a fuzzy CIEVISHIVV




p* (x{ | X*)

15



CONCLUSIONS

° FUZZ;HQSS can be descr;bed CJ[UGVI{I'{G{;VGU

o Statistics based on fuzzy informajtion S

Poss;ble: Two diﬁ(erenjc uncertainties
o Kolmogorov's Probqbf[i{y conceP{ has J[o be

36"61‘0“26(3]

o Hylorid qpproach: Fuzz\y and Stochastics



SOFTWARE

* Some Programs

C+ R

-« Under Developmen{::
| SAFD, ECSC at Mieres
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