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1.1 I(x) = [Ii(x),I2(x)] (- o + )
€ (- oo, + ), I(x) (= o + )
IPDI(x)* p(x) € I(x),
s.t.[:p(x)dx= 1,
I(x) (= o0, + o) ’
1.1 I(x)

[:11(x)dx <1, [:Iz(x)dx > 1

1.2 I(x)= (I(x),L(x,t),Ulx,t)) (- o0 + )

20,x € (- oo, + 00), I(x) (= %+ o

* ©1999.09 03; ©2000.04 26
(1947—) ,

861

IPD

[y

I(x) 20, «x
IPD ,
[y [(x)
FPD
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FPDI(x ) VAE[O, 1], 1x(x) ) I(x) (- oo+ oo
. FPD .
1.2 FPDI(x) kerl(x)
1.3 Yo J(x) (= oo+ o 110 I3

F(x)= 0(E< x) -
[ poayipr) €10y)v €= oov o [ piyjay - 1} (1)
3 ) . D& F(x) I(x)

2 : )-
14 Yo (x) (- ek e D&

F(x)= Q(&< x)= U Nix), (2)

AEJO, 1]

Fr(x) £ Ox&< ) =
{fmp(y)dylp(y) €END\y),y €(- o + ) f:ﬂy}dy: 1}
- > FD . & F(x) I(y)
g ( ).

: m N(x) Tx)
Fla)= 0(&< x)= [ _700)dy
(1),

Fa)= 0(&< x)= [ _00)dy

(2, T .
1.3 & 1D , Mx) F(x) , W) =
[pl(x),pz(x)], x E (_ oo, + 00) [lj7

F(x) = [M[f iy, 1- j:mpz(y)dy],mm[l_ [, [sz(y)dy]}-
3)
F(x) = [F (x).F*(x)].

F(x) = max“ vy 1= ﬂ?z(y)dy] :
foopl(y)dy+ J:wpz(y)dy 21

max[prl(y)dy, 1- J:wpz(y)dy]z prl(y)dy-
Wy)= [pi(y)p2Ay)]
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[ ma <t [ pmars [ pimay <

J: pi(y)dy S1- [wpl(y)dy <J: pa(y )dy*
w(z) = [ Imtn) + stoa(v) - pi(r)1dy
h(0) <1- prl(y)dy Sh(l)e
h(z) , 20
h(z) = 1- foopl(y)dy
J: [pi(y)+ zo(p2(y) = pi(y))]dy+ [wpl(y)dy =1L (0<z0<1r
p(y) € My),

pily), y Sx
pi(y)+ zo(pa(y)= pi(y)). y 2x

_[wpl(y)dy € F(x) (4)
V[wp(y)dy € F(x),

y Sxo p(y) 2pi(y),
pr(y)dy >pr1(y)dy, (5)

p(y) =

F(x) = fmpl(y)dy = m%[[mpl(y)dy, - _r pz(y)dy] :
_[wpl(y)dy+ f paly)dy <1

max[prl(y)dy, 1- J:ojvz(y)dy] = 1- J:oopz(y)dy'
Wy)= [pi(y)p2Ay)]

oo

[ Sty 21 [ patwsay+ [ Toatysay 21
1- foopz(y)dy <£mpz(y)dy Si- prl(y)dy’

W(z)= 1- [m[pn(w z(p2(y) = pi(y)) ] dy

(1) <pr2(y)dy SH(0)
W) . 20

W= [ paty)dy.
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[oo[pl(y)+ zo(pa(y)= pify))]dy+ [wpz(y) dy= 1, (0 <z <1),
P(y) € Ty,

) 2 zo(pa(y) = pa(y)). y Sx
P ey y Zx
fw[pl(y)+ z0(p2(y) = pi(y))]dy € F(x),
1- _r pa(y)dy = [w[pl(yﬂ so(pa(y) = pily))]dy € F(x)e (6)
v [wp(y)dy € F(x)
p(y)  p(y) Spay)
fmp(y)dw r p(y)dy=1
= et <= [ Sy = [ sy, (7)

F(x)=1- Jj_o;z(y)dy= maX[_rwpl(y)d% 1- I:?z(y)dy] .
F(x)= maXU Luy)dy, 1- .Eoopz(y)dy]' (8)

F'(x) = min[l— fpl(y)d% _rwpz(y)dy] .

1.5 & 1ID , (%) ,x € (- oo + 00),A:{961<€<

o) = 0 <8< ) = [Tmy)ay (9)
A

1.6 & FD , T(x) ,x € (= oo + oo),A:{xl<E_,<

o) = 0 <E< ) = [Tmyidy = U a0ua) (10)
A

o) = [y

1.4 & . T(x) F(x) » W) =

[Pl(x)’PZ(x)]» x E (_ oo, + oo) s
Q({xl SE< ay ) = [maX[J.ZZPI(Y)d% 1- flwm(y)dy— J:wpz(y)dy},

min{.ETPZ(y)d% - f]wpl(y)dy— Jzzwpl(y)dyﬂ . (11)
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1. 3,

2.1 3 ,
Wx) = [pi(x), pa(x)].x € (= oo + o)

Jtool x| [pix), pafn)]de < oo

& ( )
EE = fwxﬂ(x)dx={fwxp(x)dxlp(x)Eﬂ(x),.rwp(x)dxz 1}.
22 & 7
I(x)= (I(x),L(x, 1), U(x,1)), x € (= oo+ o)
VAE/O 1],
[:|x| I(x)dx < oo,
& ( )

EE= .[ooxn(x)dx = AE[L(JU)‘E}‘%

E$ éf:xﬂ)\(x)dx‘

2.1 & D , Tx)= [pi(x), poAx)].x € [a,b]
hi, ha € [a, b],s. t.

J.z}’z(x)dx+ J:lpl(x)dx = 1, J.z})1(x)dx+ J:2p2(x)dx = 1e

0= Jpaodvs [pioa

f(y)
Wx)= [pi(x),pa(x)]
7 b b
fla)= [pisiw <uron = [paa >0,
Ih1 €[a, b],s.t.f(h1) =1 J.z})z(x)dx+ J:pl(x)dx: 1.
h
3 hze[a,b],s.t.LjU1(x)dx+ J:pz(x)dxz 1°
2.2 & ID , Tx)= [pi(x),p2Ax)], x € [a,b]
ha € [a, b]

h

h
j}n(x)dx+ J:pl(x)dxz L| pix)de + J:pz(x)dxz 1,

(12)

(13)

(14)

, hi,
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h b h
EE = [I 1xpz(x)dx+ Jx]n(x)dx, J._xpl(x)dx+

h

EE= [EE,EE],

J.Z})z(x)dx+ rlp1(x)dx: I, p(x) :{

h

0
Vpr(x)dx € E§

J.hxp(x)dx = J‘zlxp(x)dx + J:pr(x)dx =

a

pa(x),
pi(x),

lew(x)dx - E'x[pz(x) - p(x)]dx+

J:lx[P(x)— pi(x)]dx + lexpl(x)dx _

h

[ xtptor - mespjas= [stpata - pa))

J:lxpz(x)dx + J:lxpl(x)dx] .

(*F

Ja
b

b

*h
| 'tpa(x) = plx)jdus | [pa(x) = p(x)]de = 0

J,xlp (x) = pr(x)] dx - J:éc[pz(x) - p(x)]dx 2

b

i xpz(x)dx] .

a Sx Shy

hy <x

l})z(x)d“ J:lpl(x)dx = 1, J:lp(x)dx+ J:lp(x)dxz 1,

b h
hi) [p(x)= pi(x)]de - hlL‘[pz(x)— p(x)] de =

h b
- hl{fa‘[pz(x)— p(x)]dv+ | [pi(x)- p(x)]dx}= 0,

b

(] h]
'[xp(x)dx >J‘axp2(x)dx+ \ a1 x)dx,

a

EE = jz'xpz(x)d“ J;blxpl(x)dx'

b

EE = szpl(x)dx+ szpz(x)dx‘

h

3.1 & ID

,T[(x): [pl(x)7p2(x)]=x E (_ oo, + 00)

(15)

(16)
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E(Y)

Dg

(o]

[ { R T Y e v
J-t:max{[x— Jt:xpl(x)(]x] 2’ [x— £:x])2(x)dx] z}pz(x)dx] < oo

( )
f:[x— J :x“(x)dx] R
fw - J.i:xp(x)dx] P x)dx | p(x) € ﬂ(x),[:p(x)dx = 1} (17)
3.1 D ,
D&= _:xzﬂ(x)dx— [r:xﬂ(x)dx}z:

{[:xzp(x)dx— [[ :%p(x)dx] 2| p(x) € Tx), f:p(x)dx - 1}. (18)

3.2 & FD JI(x)= (I(x),L(x,1), Ux,t)),x € (- o, + )

o o 2
[ [x— .[oox[m(x),pz(x)]dx [pi(x),p2(x)]dx =

D§

JEE , VAE/O 1]

.\ oo oo 2
{Iw[x— fwxp(x)dx} p(x)de | plx) € wx)}< o,

2
D& = 'r [x-'f xﬂ(x)dx] Tr(x)dx:m%l]mxé (19)
) 2
Di§ L& fw[x— ‘[ooxﬂx(x)dx] T« ) dxe
32 DE

DE= f:xzﬂ(x;dx— “ an(x)dx}z.

oo oo 2
J(p(x)) = [mxzp(x)dx_ [f wxp(x)dx]
Tx) = [pi(x),pa(x)],x € (= o0+ o)

(FOP):
) © 2

max(min) J(p(x)) = [wxzp(x)dx— [f wxp(x)dx] ; ()

s.top(x) €D(p(x)). (21)

D(p(x)): {p(x) | pi(x) Sp(x) Spa(x), pr(x)dx = 1} (2)

Dip(x))  J(p(x))

(1) D(p(x)) ;
(i) J(p(x))  D(p(x))
(i) J(p(x)) F
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(1v) 8J(p(x), h(x)) = ‘[ooxzh(x)dx— 2£ ooxp(x)dx‘[ooxh(x)dx h(x)

(V) cfa.b] Ip(x) Il = may 1 p(x) 1, J(p(x))

2],
(FOP)
(FOP) . (FOP) [a, b]
(FOP) :

b2 b 2
min/(p(x)) = pr(x)dx— [ axp(x)dx] ,

(B)

b
s.t. p(x) € D(p(x)):{p(x) | pi(x) Sp(x) <pz(x),£p(x)dx = 1} (A)

T = {a: X0, X1, -3 Xn = b} [a, b] )
pi(x)+ N(pa(x) - pi(x)),  xo Sx Say,

. pi(x)+ X(p2(x) - pi(x)), x1 S Say,
p (x)=

pi(x)+ M(pa(x)= pi(x)), a1 Sx Sap,
(FOP) (FOP[ n]):

min J(p(x)) = I;J-j ’[pi(x)+ Npa(x)— pi(x))]dx -
{Z[ w[pi(x) + Mpalx) - pl(x))]dx] ,

s. 1. i_zl:.[:i[pl(x)+ Mpax) = pi(x))]de = 1,
0SANSLi= 1,2 «un
(FOP[ n]):

min .](p(-x)) = lZIJ:L_ xzpl(x)d_x+ LZ]:}\‘J:’_ xZ(pz(x)_ pl(x))dx_
D n . 5

st Zl‘ljiipl(x)dﬂ Z‘)*.[ (pa(x) = pifx))de = 1,
0SNKL i= L2 yne

o .xi 2 o ‘i 2

a= " pix)de, b= | pax) - pifx))dv,

(%

¢ = xi wi(x)dx, di = .['[ x(p2(x)= pi(x))dx,

(%

“= .xip‘(x)dxa fi= r (p2(x) = pi(x))dx,
(FOP[ n]):

(%)

(%)

(27)

(8)
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n n

min J(p(x)) = [;ai+ i;bi}\;— [;,;CH_ Lzldi)\] 2, (29)

st et Xfin=1  0<x<1
i=1 i=1

s l = 17 25 ) ne® (:K))
N,i= 1,2 -.un , . mi®
T x T, = {az X0, X1, =+y Xky Xp Xkt 1, *+3 Xp = b} s
s m2, mi 2 ma*
s m >mz > .. >mi > ... >0, {m} , m*
[pi(x), pa(x)] P (x) (n~ o), J(p(x))
. om (FOP[ n]) y
(FOP) .
[ ]
(1] , ) [M]. , 1995, 45—62.
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Mathematic Description About Random Variable
With Fuzzy Density Function(RVFDF)

LU Enling, ZHONG You ming
( Department of Engineering Mechanics, Chongqing University, Chongging 400044, P R China)

Abstract: The random variable with fuzzy probability caused by fuzziness of probability density func-
tion was studied. The basic concepts/ definitions and calculating methods of the interval/ fuzzy proba-
bility density function, the random variable with fuzzy density function( RVFDF) and its distribution

function, mathematical expedation and variance are given and some theorems related to the RVFDF
are proved.

Key words: fuzy set; random variable; numerical character



