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Sample Simulation (1)
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F(x) univers ~N(u=3,c=1)

f(x) f

f(x)

Gaussian
normal distribution

0,1

|
2,0 3,0 40 6,0 X

Generating of samples with 100 sample elements
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Sample Simulation (1)

Institute for Static and Dynamics of Structures

F(x) universe ~N(u=3,0=1)
sampling
X5 eees X, 40,000 samples of size n = 100
1st assumption 2nd assumption 3rd assumption
F(x; 0) normal distr. log. normal distr. Gumbel distr.
estimation estimation estimation
6, 40,000 x p1iy, G2 40,000 x i, G2 40,000 x a, b
computation computation computation
E[X], 40,000 x E[X], 40,000 x E[X], 40,000 x E[X],
Var[X], q,, Var[X], q,, Var[X], q,, Var[X], q,,
approximation approximation approximation
K} distributions of distributions of distributions of
E[X], Var[X], q, E[X], Var[X], q, E[X], Var[X], q,
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Sample Simulation (4)
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Distribution of mean values Distribution of variances

3,0
2,0
1,0

34 0 1,(\2,0 3,0

= normal distribution

Y

exact mean value exact variance

logarithnic normal distribution

Gumbel distribution

result: assumed type of distribution function
Influences the uncertain description
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Sample Simulation (2)
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distribution of the quantiles

quantiles of the theoretically exact normal distribution
normal distribution: log. normal distribution
Qo5 = 4.6449 9= 5.3263 Gumbel distribution

A f(qg.95) A 1(dg99)
3.0 + 3.0 T

1.5 + 1.5 +

N

0.0 I |

> 0.0 L\

| |
| |
4.6449 5 6 7 Qo5 5.3263 6 8 10 qq 4

>
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Test a sample of randomness
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tensile strenght of glass filament yarn NEG-ARG 620-01

significance

1600 - results of non-parametric tests 'sve!
1400 - distribution function |test 1-a
1200 -~ run test 0.987
test of
* e observation : 1.000
1000 - homogeneity
—— moving average
800 | |
0 S0 100
1.0 - logarithmic normal
0.8 distribution
0.6 -
0.4 - .
3-parametric KS test 0.805
0.2 Weibull distribution |2 test 0.906
0.0 \ | | 2-parametric KS test 0.760
1000 1200 1400 1600 Weibull distribution |y test 0.753

good-of-fitness tests: no unique assessment !!
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Institute for Static and Dynamics of Structures

Conclusion:

Not in all cases sample possesses
unique determinable random properties.
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Fuzzy random variables (1)
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space of the random elementary events

elementary event o,

/@y number

— X(®5) € F(R) set of all
fuzzy numbers in R

/ fuzzy realization of the

fuzzy random variable X

~

X := Q> F(Rv)

xcX=R!

space of the one-dimensional realizations
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Fuzzy random variables (2)
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“a

.

N
L]
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0.0 = TUteel |

N
N
.....
~~~~~
N N .
...........
"

| if for all x(c,) holds: x(,) € X(®,)
""""" then: x constitute
an original of X

Ll
'
",

N
N
.
N
.....
.
L9
“a
N

x(®,): realization of an ordinary
random variable X x cX=RI

x(®,) € x(©,) Each original constitute

an ordinary random variable X

originals may be described by - <

robalitity distribution functions X := fuzzy set of all originals
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Fuzzy random variables (3)

Institute for Static and Dynamics of Structures

e.g. Gumbel: F(x) = exp(- eXp(- s - (x- §2)))

o-level A F(x) A
Fq(Xi)

-
w(F(xy) 1.0 0.0

fuzzy bunch
parameter vector

bunch of probability distribution functions =

fuzzy probability distribution function F(x)
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Fuzzy random variables (4)
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numerical handling with a-discretization
in the space of the fuzzy bunch parameters A uGs,)

Qljectory/ originD

< i
wE@E) 1T uF(sy)

o)L (s, |

F(s,x)=1F(s,.X), u{F(s,.X
5= P50 (s, W(F(s,5x)) =n(s,) = ¥ ae(0:1]
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Uncertainty Models
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Randomness Fuzzy Randomness Fuzziness

special case 3 special case
fuzzy random variable X

random variable X ' fuzzy variable X
 L(F(x))

flafes =2 J4+— — 5 ——
super ordinate
0 iy uncertainty 0 o
X X
model
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1 Motivation
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Fuzzy random functions (1)
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given: set of fuzzy random variables ;((!, ®)
witht={r,0}, <time, 0 ={0,,0,,0,} spatial coordinates

Definition: A fuzzy random function i(;) is the
set of fuzzy random variables X(t, ®)

Xt)={X(t,0)[teT,0cQ}
X(t) :=T X Q5 F(R)

special cases: @ no randomness: )2(1) - X(t) fuzzy function
@ no fuzziness: i(g) -~ X(®) random function

@ for fixed 7 : i(!) = i(ﬁ) fuzzy random field

Slide 16



Fuzzy random functions (2)
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Realizations of a one-dimensional fuzzy random function

xe XcR' 1
H(x(t)
Fuzzy functions
te T
0, f--
O, f
oe Q)
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Fuzzy random fields (1)
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fuzzy random field fuzzy random variable in P,(0,, 0,,)

X(0)={X(0;)0; € BS R X(0,,0,): @ TF(R) ={X| X R

112

fuzzy random variable realization of 55(911, 0,,)

realization of the O = X
fuzzy random field x 4
= fuzzy function
ik
i ——
—
0.0 1.0 p(x,)
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Fuzzy random fields (2)
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representation with fuzzy bunch parameters §s: i(ﬂ) = X(s, 9)

H(s) A Sq € Sa F(x(0) A Xq(ﬂl) € Xq(9y) F(x(6,))A Xq(QZ) € Xu(9,)
1.0 1 S 1.0 1 1.0t
ot —— > P;
P17

>
S

0.0 0.0

realization of one original
(of the fuzzy random field)
= real valued field

Slide 19



Fuzzy random fields (3)
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point discretization of fuzzy random fields

e.g. midpoint method

o o o ]
o o o o

] o ] o o o
) o ] ) ] o
o <] o ] o <]
) ] o ] o o
o o o o o o
o o o o o o
] o ) ] o o
) ] o ] o o

o ] o o
] o ] o
) o ] o
o <] o o
) o o ]
o o o o
o o ] ]
o o o o
] o ) o
) o o ]

result: set of fuzzy random variables in R"
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Fuzzy Stochastic Sampling (1)

Institute for Static and Dynamics of Structures

FOOA X({t) —
1.0 F—————= = N
////E’F mapping
// //
7 4 fuzzy stochastic sampling
0]

.0 4 » X

fuzzy analysis

stochastic analysis AR
results

l analysis

algorithmically or numerically
Monte-Carlo simulation formulated mathematical model

o-level optimization
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Fuzzy Stochastic Sampling (2)
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Space of fuzzy bunch parameters

Fuzzy random functions 5, ~

f*ei(z)=F(§,Qi)=F(Si,§,Qi)~ L | —) |

i == 1 (XX ] S §
N Y| | Sp; ny

| @
Il
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Fuzzy Stochastic Sampling (2)
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Space of fuzzy bunch parameters

Fuzzy random functions 5, ~
Fei (x) = F(Xa@i) — F(S 9299i)

i= 1, s P1 S

l
ml oo e

| =P | 1
Fuzzy functions [ S, |
X(8;) = x(5;,6) ) | | )
i= 1,...,p2 sz

| @
Il
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Fuzzy Stochastic Sampling (2)
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Space of fuzzy bunch parameters

Fuzzy random functions

Fei (X) — F(Xa@i) — F(Sl 9299i)

i = 1, ""pl

Fuzzy functions

X(6;) =x(5,9;)

i - 1,...,p2

Random functions

FOi x)= F(Xa@i) = F(§1 9§9Qi) ‘
i - 1, ...,p3

5

| @

722

ny +1

ml e e e

ng+nj
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Fuzzy Stochastic Sampling (2)
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Space of fuzzy bunch parameters

Fuzzy random functions

Fo, () = F(x,8,) =F(3,,%,6,)
i=1,...,p;

Fuzzy functions

X(6;) = x(5;,9;)

i=1,...,p,

Random functions

FOi (X) = F(Xaﬁi) = F(§1 9§9Qi)

i = 1, ...,p3
Dependencies

ky. (L12) =ky(5,Ly)
i= 1,...,p4

>

5

| @

~

$1

Snl

722

ny +1
Slll +Il2

slll +Il2 +1

Snl +n2 +n3
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Fuzzy Stochastic Sampling (3)

Institute for Static and Dynamics of Structures

Fuzzy analysis in space of the fuzzy bunch parameters

A
1+
o1 Sl,a
LS L 6-m1,u € Zml o
A l,a
1 | 61 o = 21,0(.
oaT Snl K
a-level optimization
S
n o
A gk,u € Sk,a 0 A
1+ 11 1+t
1 g ¢ o 0 1
o k,o (04 " o n
G1,(}1. /\Gml,u
> > >
- Sk (- 1 b Om,
Sk’a Zl,cm Eml,(x

Slide 27




Fuzzy Stochastic Sampling (4)
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Mapping

gl,a
Elements
S
sn1 S
gk,u

Input space

AF .00

FL.09, ..., Epl,a(x)

Output space I':\La(z), I'fqua(z)
AF. .2

FLa@s Py @ = 9(FLa 09, By o 00)

Monte-Carlo simulation with
deterministic fundamental solution

Elements
c

Q>

my o
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m mathematical samples with n elements Histogram
for every result variable z

B estimation of parameters of the samples ——

(expected value, variance) | P2, 1(2)

l estimation of quantils of the samples —_—
irical distributi | WWHWW I
B empirical distribution function L/ L Ba iy
Z

B tests for different types of theoretical 5 ZZ D
probability distribution functions — T
estimation of parameters

>
Z

n

s, :\/Z(ZK—Z)-pk

n

A
Bunch parameters ¢ <
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Fuzzy Stochastic Sampling (4)
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Mapping

Input space IE;,“(X), 'F\pl,a(x)

Output space I':\La(z), I'fqua(z)

A Fl,(l(x) AI:l,(x‘(z)
gl,u Fl,a(z) 61
ya
Elements 102, Fg 0 (2) = g(Fl’a(X)""’Fpl’a(X)) Elements
S Monte-Carlo simulation with S
deterministic fundamental solution
Sr o
Fqua(Z) O-ml,u
gk,u
ya
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Fuzzy Stochastic Sampling (4)
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Mapping

Input space IE;,“(X), 'F\pl,a(x)

Output space I':\La(z), I'fqua(z)

AF . (X) AF .
1
gl,a 61,
E (2),....F. (2= ('If x),....F x)
Elements 1'“( ) Ch’a( ) 9 1,00( ) pl,a( ) Elements
S Monte-Carlo simulation with S
deterministic fundamental solution
Sr o
6-m1,u
gk,u
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FSS — Example (1)
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Computation of a fuzzy stochastic integral
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FSS — Example (2)
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Fuzzy random variables

(=)

g 3.5 g 2.5 1 105 11 115 12
*

fuzzy logarithmic normal distribution

m.= 10
o = <0.25, 0.5, 0.65>
Xo = 5.0

=]

1.6

1.6

1.4

4 42 44 468 4.5 3 52 34 368 3.8
s

fuzzy Weibull distribution
mg= <4.9, 5.0, 5.2>
or= 0.2

Xo = 4.0
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FSS — Example (3)
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Fuzzy variables

n@@) A
1L

|

0 ‘ | ‘ |
0.48 0.5 0.52 a

nonlinear membership function

® bunch parameters are subdivided into 5 a-level
® 20 optimization steps on each a-level = number of samples
® 10 000 elements per sample - yields one trajectory
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FSS — Example (4)
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Empirical fuzzy probability distribution function

F(I)
1.0/
/ ==
\ /- .-
0.8 \ /
L(E(D) S
‘ he F(I)
boos R /\ A"
1+ p y KMZI
0.2 / \ - h=0
/ .
[ .
0=k = -
150 200 250 300 I
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FSS — Example (5)
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Fuzzy bunch parameter of the fuzzy stochastic integraIT

wEMDA
1 .

0 e

Fuzzy expected value E(I) “(OI)A Fuzzy standard deviation O

1

| | | he = 0

195

200 205 210 215 Eg 0 20 40 60 80 o
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