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Abstract: In this study, the fuzzy discreet exponential
distribution is studied. The general forms of fuzzy mean,
fuzzy variance and fuzzy moment generating function of
it are found.

INTRODUCTION

The uncertainty and vagueness are considered
important problems in the branches of science. These
problems are called of fuzzy problems. By Zadeh™
concept of a fuzzy set (vague set). By Zadeh!® gave the
notion of fuzzy probability. By Bracquemond and
Gaudoin® introduced the discrete exponential
distribution. In this study, we study the fuzzy discrete
exponential distribution.

MATERIALS AND METHODS

Preliminaries: In this section, some concepts about the
fuzzy set, fuzzy number, triangular fuzzy number, fuzzy
probability, fuzzy mean, fuzzy variance, fuzzy moment
generating function and discrete exponential distribution
are given.

Definition 1: A fuzzy set B of a nonempty set X is
membership function Bgs:X—[0,1] where [0, 1] means
real numbers between 0 and 1 (including 0, 1)1,

Definition 2: Let B be a fuzzy set of X, then the
set{x e X:B5(x)>0} iscalled the supportof B and denoted
by S(B) .

Definition 3: Let ac[0, 1]. The a-cut of a fuzzy set B of
X'is the set Blo] = {x e X|B(x)> a}[” .

Definition 4: LetB be a fuzzy set on the set of real
numbers satisfying there!“:

¢ All the a-cuts of B are not empty for ac[0, 1]

e All the a-cuts of B are closed intervals of
R

S(B) is bounded

Then, B is called an fuzzy number.

Definition 5: A triangular fuzzy number B can be
defined as a triple (c,, c,, ¢5). Its membership function is
defined as®:
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BE(X) =

Definition 6: The a-cuts of a triangular fuzzy number B
is the interva B(a) =[(c,-c,)atc,, -(c,-¢,) a+c,], for all
ae[0, 1],

Definition 7: Let B = (¢, C,, C;). Then B is said a
positive triangular fuzzy number if ¢>0 for all i =1,
2, 34,

Remark: All the triangular fuzzy numbers in this study
considered a positive triangular fuzzy numbers.

Definition 8: Suppose B = {y,, ..., Y, } be a subset of a set
Y ={v,, ..., Yn} have a discrete (finitely) fuzzy probability

distribution P({y\}) = &, 0<a;<1,1<i<m, the a-cut of the
fuzzy probability is given by

P(B)al={Y) s )

for ae[0,1] and o; is fuzzy number where, S is the
statement "o, eq,[a], 1<i<m, D" a =1"

Definition 9: The fuzzy mean is defined by its a-cuts”!":
o] = {7, yaIs| @)

for ac[0, 1] and o is a fuzzy number where s is the
statement "a egfo], 1<i<m, Y " a =1".

Definition 10: Buckley!, the fuzzy variance is defined by
its a-cuts as:

o’fo]= (T 0w lsk=Yyal (@3

for ae[0, 1] and o is a fuzzy number where, S is the
statement "a €& [a], 1<i<m, Y " a =1"

Definition 11: Let, K be a fuzzy random variable with
fuzzy probability mass function f(k; d) where d is a vector
of m parameters and K, ..., K, is a random sample from f (k; o)

and set Y = K+, ..., +K, then the a-cuts of the fuzzy

moment generating function (M, (1)) is®:

m, (t)[o] = {zetkf(k; gi)\s} if kisad.rv 4

9,is a fuzzy number where, ac[0, 1] and S is
"9, e9[a], 1<i<m",

Definition 12: The discrete exponential probability mass
function is defined as®™.

P(K=k)=(1-e")e™ (5)
fork=0,1, 2, ... and parameter 6>0.

Theorem 1: If k have discrete exponential distribution;
then®!:

M=

RESULTS AND DISCUSSION

In this study, we study the fuzzy discrete exponential
distribution and some properties of its like fuzzy
probability, fuzzy mean, fuzzy variance and fuzzy
moment generating function.

Fuzzy Discrete Exponential distribution (FDE): The
a-cuts of a fuzzy discrete exponential distribution is
given by:

P(K)[o] = {(1-e)e s}

for all ae[0,1], k=0, 1, 2, ... and 6>0. Where S is the
statement 6< 6[a].

Theorem 2: Let 6=(c,c, C,), c,<c,<c, be a fuzzy
triangular number. Then fuzzy probability (B (X)) of
FDE where, k =0 is:

Bﬁ(o)(x) =
0, x<c,
M’ 1,9’01 <X 31*9702
(C1_Cz)
In(1-x)+c, 1-e
(C3—C2)

2 <x<1-e®

0, x>c,
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Proof: Let, 6=(c, ¢,, C,), ¢,<c,<c, be a fuzzy triangular
number, k be random variable has a FDE and ac[0,1].
Then, P(0)[c] = [Py (), Py, ()] where:

Pe (o) = min{(1-e°) e—Ok‘S}
Poz (o) = max{(l_efo) e—Ok‘S}

Since, d(1-e”°) e*/de>0 on PI0] we obtain:

PlO][a] = [1*601(“), 17e92(q)]

Where:

6[o] = [6,(c), 8,(c)] = [a(C, —C;) +¢,, €3~ (€, —C,)]

Hence:

ﬁ(o)[a] _ [1_ efCru(Crcl)’ 1— efcwa(CrCz)]

(6)

From Eqg. 6, then the fuzzy probability mass function of
FDE is:

BB(O)(X) =
0, x<c
In(l—x)+c, e
(Cl_cz)
In1—x)+c, e
(Cs_cz)
0, x>c,

A<x<1l-e™®

2 <x<l-e®

Example 1: Let 6 = (1, 3, 5). Then by Theorem 2 the
Booy(X) of FDE is (Table 1 and Fig. 1):

Bﬁ(o)(x)z
0, x<1

In(1-x)+1 1-
(C1_C2) ’
In(1-x)+5
(ca_cz) Y

et<x<l-¢?
—ed<x<1-¢?

0, x>5

Theorem 3: Let 6= (c,, C,, Cy), C;<C,<C; be a fuzzy
triangular number. Then fuzzy mean B;(x)) of FDE is:

0, x<c,
_ —C3 —Cy
In(x) In(1+x)+c3’ e cx< ®
c,—C, 1-e™® 1-e™
Bﬁ(x) = -c —cl
In(x)-In(l+x)+c, e*= e
, — <X<——
c,—C, 1-e™ 1-e
0, x>c,
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Table 1: Some a-cuts of fuzzy probability of FDE at k = 0
o P(0)[a]
0.1 [0.6988, 0.9917]

02 [0.7534, 0.9899]
0.3 [0.7981, 0.9877]
0.4 [0.8347, 0.9850]
05 [0.8646, 0.9816]
06 [0.8891, 0.9776]
07 [0.9092, 0.9726]
0.8 [0.9257, 0.9666]
1.0
091
0.8 A
0.7 —
L, 06 A
2 05 {1
Z 04 P \
03 p “
0.2 li
0.1 - \
|

0
0.60 065 070 0.75 080 085 090 0.95

Variables

Fig. 1: Bso () and its in Example (1)

Proof: Let 6= (c;, C, C;), C;<C,<c; and ac[0, 1].
Now, to find B:(X). From Eq. 2 and Theorem 1, we
-0

have:
u(a)—{[ € ej/eee[m]}
1-e

where, 6 [o] = [0y(a), 0,(a)] = [0(C,-C;)+Cy, C5-a(C5Cy)].
Hence:

g % () e 0(@)

H(a) = [1_8792(@ }' [l_efeﬂa)} =
e—c3+a(c3—c2) (7)
1—e cara(cacz) !

From Eq. 7, then the fuzzy B:(x) of FDE is:

e’Cr&(CZ*Cﬂ

l-e

cl-a(czc1)

0, x<c
In(x) - In(1+x) +c,
C;—C,
In(x)—In(1+x) +c,
¢, -G

e
" l-e®
e—c2 e—cl

, <X <
l1-e

Bg (X) =

0, x>c,

Example 2: Let 6 = (1, 3, 5). Then by Theorem 3 the
B:(X) of FDE is (Table 2 and Fig. 2):
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Table 2: Some a-cuts of the B,(X) of FDE

Table 3: Some a-cuts of the B,(x) of FDE

o plo] A V[a]
0.1 [0.0083,04310] 0.1 [0.0083, 0.6167]
0.2 [0.0102,0.3273] 0.2 [0.0102, 0.4344]
03 [0.0124,0.2529] 03 [0.0125, 0.3169]
0.4 [0.0152,0.1980] (.4 [0.0154, 0.2372]
05 [0.0187,0.1565] (5 [0.0190, 0.1810]
06 [0.0229,0.1246] (6 [0.0234, 0.1401]
07 [0.0281,0.0998] (7 [0.0288, 0.1097]
0.8 [0.0345,00802) g [0.0357, 0.0866]
1.0
09 o
09f I\
08 08}
0.7 0.7 \
L, 06 , 06
S 05 S o5y
Z 04 > g-g'
03 0zl
0.2 01
0.1 0 ‘ . . . . ‘ RS
o 0 01 02 03 04 05 06 07 08 0910
060 065 070 075 080 085 090 095 100 Variables
Variables Fig. 3: B,(x) and its a-cuts in Example 3
Fig. 2: By(x) and its a-cuts in Example 2
_ [ e (@ g0« }
V[U'] = o ! o =
0, x<1 (1-e")" (1-e™) ®)
In(x)-Inl+x)+5 e* < e g oralee) g oalee
Ba(x) = c,-c,  l-e®  1-¢° (A-errecmy?t (el
* In(x)-In@+x)+1 e? x< et
-2 Tl-e® T T1-et From Eqg. 8 then the fuzzy B,(x) of FDE is:
0, x>5

Theorem 4: Let 6= (c,, C,, C3), C;<C,<C; be a fuzzy
triangular number. Then fuzzy variance (BV(x)) of FDE is:

0, x<c,
Inj 1—( 2 ) |+¢
1+I1+4X 3 e’ca x< e’cz
c,—C "@-e%)? T T (1-e?)?
() = e -y " (-e)
|n[1*(ﬁ)j“ﬁ oc? oot
* , XS
C,—C, (1-e%) 1-e™)
0, x>c,

Proof: Let 8 =(c,,C,, Cy), C;<C,<C;and a0, 1]. Now, to B, (x)

find from Eq. 3 and Theorem 1:

_ e® _

where, 0 [a] = [0,(c), 6,(c)] = [0(C,-C1)+Cy, C-0(C5-C))]-

Hence:

0, x<c,
In 1—(L) +C
Nieax') et e"
c,—C " d-e®)? T T a-e®)?
.00 - = - e
In (1* (ﬁ)j +C; oc et
- ! oz SXS —1y2
c,—C, (1-e%) (1-e™)
0, x>c,

Example 3: Let 6 = (1, 3, 5). Then by Theorem 4 the

B.(x) of FDE is (Table 3 and Fig. 3):
0, x<1

2
In[l—(ﬁ)}ﬁ o

2 " 752S31e73732

B.(x) = ) (1-e7) (1-¢e7)
In(l—(1m))+l o . -

-2 T(l-e®? T T (-e?)?

0, x>5
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1.0
0.9}
0.8 |
0.7 |
0.6
0.5
0.4
0.3/

0.2]

Values

1.00
1.002
1.004
1.006
1.008
1.010
1.012
1.014
1.016
1.018
1.020

Variables

Fig. 4:Fuzzy moment generating function at t = 0.01,
t=0.03and t =0.02

Theorem 5: Let 6 = (c,, C,, C3), C;<C,<C; be a fuzzy
triangular number, then fuzzy moment generating
function Bm,X)) of FDE is:

0, X<c,
In(l—x)—ln(l—xe‘)+03’ e &
C3'C2 1_e_c3+t 1_e»cz+l
Bmk(x) (X) = ¢
In(1-x)-In(1-xe )+c, g et
¢,-C, "lee+t T T et
0, x>c,

Proof: Let 8 = (cy, C,, C3), C,;<C,<C; a€ [0, 1] and O<t<1.
Tofind Bm,X) from Eq. 4 and theorem (1).

1-e

mk(t)[a]:{_—

1_e-9+t

965[&]}

Where 6 [(X,] = [61((1), 62(0,)] = [a(c2_01)+cl, Cg-(l(Cg-Cz)].
Hence:
_ 1_e-ﬂz(u) 1_e-e,(a)
m, (t)[a]=|:1_e-ﬂz(a)ﬂ’ W =
1_e'ca+<1(°3‘°2) 1_e»c1-oc(cz»c1)
l-ec, +“(Cs'02)+t "garelera)nt

So that, the fuzzy Bw,X) of FDE is:

0, x<c,
In(1:x )-In(1xe )+c, g e

<x<
Bﬁwk(l) (X) = C3-Cy

! 1_e-03+t 1-e® +t

- - - t - -
In(1-x)-In(1-xe )+c, g e &
1_e—c1+(

¢,-C, et T

Example 4: Let 6 = (1, 3, 5). Then by theorem (5) the
BrnoX) of FDE is (Fig. 4):

0, x<1

In(1-x )-In (1—xe‘)+5 o o3
2 ' 1M £Xs Lg%
In(1x)-In (1—xet ) +1 g3 ol
-2 ' 13 X< ettt
0 , X>5

N

A

CONCLUSION

In this study, we find the fuzzy discrete
exponential distribution, its mean, variance and its
moment generating function. Therefore, we conform
the work by examples, tables of some a-cuts and
figures.
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