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Abstract. In this work we show how to convert from Sadik sfomm to fuzzy Sadik
transform (FST) and prove some properties of (FBIBp we find fuzzy Sadik transform
of fuzzy derivatives about first, second and thoadler, and we generalized these
formulas to the fuzzy nth- order derivative by ugsistrongly generalized H-
differentiability concepts. use this results toveofuzzy initial value problem FIVP of
first order.
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1. Introduction

One of the most important applications of integrahsforms methods is solving the
differential equations. Many researchers use furaysform to solve fuzzy differential
equations see [5, 6]. A new integral transform,clihig denoted by Sadik transform, was
suggested by Sadik Latif [9], he is find relatioipshetween his transform and many
transforms like Laplace transform, Sumudu transforizaki transform, Kamal
transform, Tarig transform, Laplace- Carson tramafoAboodh transform such that all
these transform are particular cases from Sadilstoam.

In this article, we find fuzzy Sadik transform finst, second and third order of
fuzzy derivative, and generalize these formulaghe fuzzy nth-order derivative and
prove some properties of fuzzy Sadik transform apgly that in fuzzy differential
equation.

2. Basic concepts
We call the set of all real numbers By and the set of all fuzzy numbers on R is
indicated by E.

Definition 1. [11] A fuzzy number is a mapping: R - [0]] with the following

properties:
(@) ¢ is upper semi-continuous,

(b) ¢ is fuzzy convex, i.e. (A0 +(1-2)Y) = min{¢ (0) £ (Y)}
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00,YOR,A0[0,1.
(c) { is normal, i.e..T0, OR for which ¢ (3,) =1.
(d) suppd :{D OR/{(0)> O} is the support of th& , and its closure
cl (supp{ ) is compact

Definition 2. [4] A fuzzy number{ in parametric form is a pa(r{,f) of functions
{(y).{(y) . 0sA<1 which satisfy the following requirements:

1. {(y) is a bounded non-decreasing left continuous fancin (0,1, and right
c_ontinuous at 0.

2. () is a bounded non-increasing left continuous famctin (0,1, and right
continuous at 0.

3. {(y)<l(y), 0sys=1
According to Zadeh's extension principle, the ofieraof addition on E is defined by

(¢ +0)=supmi ¢ () v(0-Y)}
and scalar multiplication of fuzzy numbers given by

(k @Z)(D):{g(mlk)’ k >céwhere O0OR

The Hausdorff distance between fuzzy numbers dived : EXE - [O,+00]
d(¢.0) = sup mat[¢ (»)~u(y)] [ (¥) =7 (1)} where

7=(¢(v).2(¥).w=(u(y).0(y)) OR is utilized in[1].

Definition 3. [8] Let O, YUE . If there existc pUE such thaill +Y = p then pis

called the Hukuhara — difference d and Y and it is denoted b1&Y. The sigr©
always stands for H—difference and.

Definition 4. [1] Letf (0):(a,b) ~ Eandd,0(a,b), we say thaf is strongly
generalized differential afl if there exists an elemef '(DO) UEsuch that :
O h>Osufficiently smal(f (0, +h)ef (J,),0F (O,)Of (3,~h) and the limits
(in metric D)
£(0,) = im f(D0+h)ef(D0)=”m f(0,)ef(0,-h)
h-o* h h-o* h
or

100



Fuzzy Sadik Transform

O h > Osufficiently small(F (O,)ef (J,+h),0F (0,-h)ef (O,) and the limits
(in metric D)
f (Ot (Corh) 1 (O,-h)et (04

—h h-0o' —h

f '(xo)=r!i[rg+

Theorem 1. [3] Letf :R - Ebe a function and dendf (O) :(f_ (D;y),f_(D;y))

for eachyD[O,]] Then

1. If f is the first form, thef (O;y) ancf (O;y) are differentiable functions and
(0)=L (031).T(0)

2. If f is the second form, thf (O;y) ancf (O;)) are differentiable functions and
)= AL ()

Theorem 2. [9] Laplace — Sadik transform duality tlieorem
If (s) is Laplace transform gf(t) andG (v",,ﬁ’) is a Sadik transform df(t) then

G(v”,ﬂ)=viﬂ F(v?) )

3. Fuzzy Sadik transforms
Theorem 3.[10] Letf:R —» F(R)and it is represented l{y‘_a (X),f_a(x)} For any

fixed & 0(0,1) assumé , (x) and f, (x ) are Riemann-integrable on [a, b] for every

b
b >a, and assume there are two posile, andM . such thaﬂf_a (x )‘ dx< M,

b
and ﬂf_(x )‘ dx < M, for everyb>a .Then, F(R)is improper fuzzy Riemann-

integrable on[a,oo) and the improper fuzzy Riemann-integrable is a yummmber.
Furthermore, we have

If (x) dx = zj(x) dx,zT( 3 dx

Definition 5. Fuzzy Sadik transforns defined by
a —- - 1 T SOv?
G(ve.8)=s[ f(O) _V—ﬁl e™" £(0) @

from theorem (3) we get:
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17 —Dv —Dv 17 SsOve ¢
—ﬂl f( dD_—j (O ,V—ﬁj;e f(O
By using definition of Sadlk transform we get:
1 T —Dv
S[f(Gin)]=—F]e™ 1(0
0
— 1 T —Dv
s[f(0:y) _7j f(
0
then,

s[f(@y)]=s[£(O:y)]. § T(3:¥)]
where, f (0) continuous fuzzy — valued function

V is complex variable,
a is any non zero real numbers, and
B is any real number.

Theorem 4. [7] Assume that (O),f '(0),...f "*(0) be continuous fuzzy-valued
functions on[O,OO) and of exponential order and tifat” (D) is piecewise continuous
fuzzy-valued function on [0,e0). Let f ™ (D),f"(0),...f ¢)(0) be i)-
differentiable functions forO<i, <i,...<i ,<n -1and f ) pe (i)-differentiable

function forp # ij ] =1,2,...m, then:
(1) If M is an even number, we have

L(t (@) =p"L(f (@))op™f (0) DnZl pr 9109 (0)

such that

©, if the number of repetitions of thember 2 among, ,.i,,
: is an even number
—, if the number of repetitions of thember 2 among, ,.i,

is an odd number
2. If m is an odd number, we have

{1 (@)=-p (O)e(-p")L(1 @)Y 021 (0).
such that
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©, if the number of repetitions of thember 2 among, ,.i,,
_ is an odd number
—, if the number of repetitions of thember 2 among, ,.i,,

is an even number

Theorem 5. Let f (O),h(O) be continuous fuzzy- valued function and assurae th

a,, a,are constant, then

s[(ao t(@)0(ae NO))]=(ao § (O)])o( 20 § )])

Proof:

s[(ae f(@)0(ae H9)]=5] & [( & ()0 2 )] @
A (aofO) o0 (20 ) @

a1=17je“vaf (O)do O qviﬂj eV HO) @
0 0

(zos[f(@)]))o(ac 9 {O)))

Theorem 6. Letf is continuous fuzzy-value function aIS[f (D):|=G(v”,,6’)
Then,

s[e"o f(0)]= gV -ap)

Proof:

s[e f(m)]:lf & {(0) @

T aD Ove 100 a-0v7 g
V! f( V{e f(0)d
lw - Em —(a—v")D—
_V£ VJ;e f(0) dd
G(v —a,,&’)

Remark 1. Let f (O) be continuous fuzzy-value function §f,0) and x>0,

then,S[ uo f (0) |=uo S| f(0)]
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Proof:

S[uoe f(D)]:%T ™ (uo (1)) cﬂ]z,u%j & {0)d

- s[1(0)]

Theorem 7. assume thatf ’(D) be continuous fuzzy-valued function af (D) the
primitive of f '(0)on [0,), we have:

1. S[f'(0)]=v" g f(0)]e v” f(0) wheref is the first form differentiable

2. S[f'(D)]=—V_ﬁf(O)9(—V") qt f(D)] , where f is the second form

differentiable
Proof: for any arbitrary [0, ]

ves[ f(0)Jev?f(0)=v 9 f(O.§)]|- v*_f(0y), ¥ %‘(D ,y)]— v {oy)
sSI[nEeD (3,p)]=vs[ £(0.y)]- v*1(0.y),

s[f y] v S[ ] v _f(Oy)

ves f(0)]Jev” (o) V)] $ 0]
by linearity of Sadik transform we get

ves[f(0)Jev?i(0)= §[_f(O.p)] [ T(O)])

Sincef is the first form, it follows that

ves[£()Jev 1(0)= § £(0)]

Now we suppose thf isthe second form, for any arbitre yD[O,ZI]

f (O)e(—v”)S[ f(0)]=-v*f(0y)+ V¥ i_f(D,y)] ~V_(0y)+ ¢ B [Oy)]

Slecfie(D y)]=-v*1(0,y)+v

g f
S[F(O)]=v T (0g) v § T
v (e~ H0)]= € FEA] §10)
~*t (0)e(~)s[ F(O)]= Y[ T (O] [ F(OW)]

Sincef is the second form, it follows that
vt (0)e(~v)s[ f(0)]= g f(O)]
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by same way we can get fuzzy Sadik transform ofyfuzerivatives about, second and
three orders respectively :
1. If f f' arefirst form then:

s[f"(0)]=v* g f(O)]e v f(0)e v” f(0)
2. If f isfirst form andf ' second form then:
s[t"(Q)]=-v""f(0)e(-v) § f(0)Je v* (o)
3. If f issecondformanél’ first form then:
s["(0)]=~v""1(0)e(-v) § f(O)]- v* 1(0)
4. If f ,f' aresecond form then:
s[f"(0)]=v* 4 f(O)]e v f(0)- v* f(0)
Now if fuzzy Sadik transform of fuzzy derivativelsaut, third order.
1.0f f ,f',f" are first form then:

s[t"(O)]=v¥d f(O)]e v f(0)e v* f(0e v’ (0
2.1f f'f" arefirst form and second form then:
s[t"(0)]=~v*7t(0)e(-v*) § f(0)]- ¥v* f(0)- v (0
3.If f,f" arefirst form and ' second form then:
s[t"(0)]=~v*7t(0)e(-v*) § f(O)]e ¥v* f(e v (0
4.1f f ,f' are first form and " second form then:
s[t"(0)]=-v**f(0)e(-v*) § f(0)]- V* f(0)o v* '(0)
5.1f f ,f' are second form anfl” first form then:
s[t"(O)]=v¥ 4 f(O)]e v f(0)- v* f(0)- v/ '(0)
6.If f f" aresecondformantl’ first form then:
s[f"(@)]=v¥d f(O)]e v f(0)e v* f(0)- v (0
7.0f f'f" are second form anfd first form then:
s[f"(O)]=v¥d f(O)]e v f(0)- v* (0o v’ (0
8.1f f,f',f" are second form then:

s[f"(0)]=~v**t(0)e(-v*) § f(O)]e v* (0)- v/ (0)

4. Fuzzy Sadik transform for fuzzy nth-order derivaive
Theorem 8.Assume thalt (D),f '(D) ..... f H(D) £ (D) be continuous fuzzy-

valued functions ofi0,) . Letf (i) (0).f (i2) (0),...f (i) (C) be second form
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differentiable functions foD<i, <i,...<i s SN —1andf P pe first form differentiable
function forp # |]. ] =1,2,...¢, then:
(1) If @is an even number, we have

s(f™(0))=v ¢ f(0))o V"7 (o) ©nz:1 VARl Q1 (0

such that

©, if the number of repetitions of tlsecond form differentiableetween; ,..i,
is an even number

-, if the number of repetitns of thesecond form differerdible between ...j,
is anodd number

2. If ¢ is an odd number, we have
(1(0))=~v" "t (0)e(-v<) § 1(D)) e ¥ #(0)
such that

©, if the number otecond form differentiablebetweean |.,.,
is an odd number
-, if the number oSecond form dferentiabé betweean

iS aneven nurber

Proof: we shall prove by using the duality relation beswduzzy Laplace and Sadik
transforms as follows

G (v*.5)=s £(1)] F (p)=L[f (0)]
G,(vo.8)=s[ f”(D)] and  F(p)=L[f"(D)]
From duality relation (1), we have
(v.B)=9 ] = E(V) o

Let mis an even number. Then from theorem 7 wiers an even number, equation (2)
becomes

Gn (Va,ﬂ) =Viﬁ|:vna F(Va)ev(n—l)a f(O) ©nz_1 \/”‘(kﬂ))a f(k) (O):|

j'k‘l

k=

=] LE () lov e (00, v 1 o)

\Y

=vrs[ £ () e £ ()@ 3 Ve 9 (q)

k=1
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Let ¢ is an odd number. Then from theorem 7, equatipbé2omes:
a 1 n-la na = n-(k+l))a K
G, (V ,ﬂ)zv—ﬁ{—v( ) f(O)e(—v )F(W)@Z\} (k+2))ar )(O)}
=t o)) L F(v ﬂ@z e 1) o
:_V(n—l)a—ﬁf (O)e(_vna) Sl:f D ]@Z V( n—~(k+1))a-p f (O)
k=1

Example 1.Consider the following first order FIVP
y'(0)=-y (D)

y(0;y)=a-2,y(0y)= 2-a
We note that:

y(0)=(y(@).7@:))
By using fuzzy Sadik transform for both sides ofi&ipn 3 we get:

s[y(®)]= - o))

Now, we shall solve this example for 2 cases devial:

Case 1.

ves[y()Jev? Y0)= §- 7))

Equation (4) becomes:

v"S[_y(D' )] v’ )(Oy )=~ % {0; y}
VIS WO Y) |- v AN0y) == $TH0Y) ]
Then by solve above eguation we get:

v
s[y(@y)]= ( )a LY A0y)]= (v +1)1—a
By using inverse fuzzy Sadik transform we get:

y(By)=e"(a-1),y(By) =€ (1-a)

Case 2.

~ 7y (0)e(~v) S[ YD)]=-§ «0)]

Equation 5 becomes:

—v‘ﬂV(O'y+\f’S[_)(D :|: %(,Dy}
7 y(0)+ V' § ¥Diy) =~ $7{y)]

Then by solve above equation and using inverseyf8adik transform we get:
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¥ (O;y) =coshO)( +a) y(Od y) = sinf0)(a- )i
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