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Abstract. In this paper, some stability results concerning the functional equation
fRx+y)+ Rz —y) = flz+y)+ flz—y) + f(2z) - 2f(z)

in intuitionistic fuzzy normed spaces are investigated. Also, the intuitionistic fuzzy continuity

of the quadratic and additive functions is defined.

1. INTRODUCTION

The definition of stability in the case of homomorphisms between metric
groups was suggested by a problem posed by S. M. Ulam [9] in 1940. Let
(G1,*) be a group and let (G2, ¢, d) be a metric group with the metric d(.,.).
Given € > 0, does there exist a § > 0, such that if a mapping h : G; — G
satisfies the inequality d(h(x xy), h(z) o h(y)) < § for all z,y € Gy, then there
is a homomorphism H : G; — Gy whit d(h(x),H(z)) < € for all z € G;7?
The concept of stability for functional equation arises when we replace the
functional equation by an inequality which acts as a perturbation of the equa-
tion.

In 1941, D. H. Hyers gave a first affirmative answer to the equation of Ulam
for Banach spacel5].
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Fuzzy set theory is a powerful hand set for modeling uncertainty and vague-
ness in various problems arising in the field of science and engineering. It was
also very useful application in various fields, e. g., population dynamics[1],
computer programming[3], nonlinear operators[4], stability problem [6], etc.

Definition 1.1. A binary operation x* : [0,1] x [0,1] — [0, 1] is said to be
a continuous t- norm if it satisfies the following conditions:
a) * is associative and commutative,
b) * is continuous,
¢) a X b<c¢xdwhenever a < ¢ and b < d for each a,b,c,d € [0,1],
d) ax1=a for all a € [0,1].

Definition 1.2. A binary operation ¢ : [0,1] x [0,1] — [0, 1] is said to be
a continuous t- conorm if it satisfies the following conditions:
a') ¢ is associative and commutative,
b') ¢ is continuous,
d)aob<c¢xdwhenever a < c¢and b <d for each a,b,c,d € [0,1],
d) ao0=aforall aecl0,1].

Definition 1.3. The five- tuple (X, u,v,*,0) is said to be intuitionistic
fuzzy normed spaces if X is a vector space, * is continuous t- norm, ¢ is a
continuous t- conorm, and p, v are fuzzy sets on X x (0,+o0) satisfying the
following conditions, for every x,y € X and s, > 0

(Op(z,t) + vz, t) < 1, (i)p(x,t) > 0, (ii)pu(x,t) = 1 if and only if z =
0, (iw)u(ax,t) = wu(x,t/|a]) for each a # 0, (v)u(z,t) * p(y,s) < wplx +
y,t +s), (vi)u(z,.) : (0,+00) — [0,1] is continuous, (vii) lim;_eo p(x,t) =1
and limy_,o p(z,t) = 0, (viit)v(z,t) < 1, (iz)v(z,t) = 0 if and if x = 0,
(2w, t) = v(z,t/]al) for each a £ 0, (zi)u(z, 1) o pu(y, ) > v{z +y,t +5),
(xid)v(z,...) : (0,400) — [0,1] is continuous, (ziii)lim; e v(z,t) = 0 and
limy o v(z,t) = 1.

For facility we represent the intuitionistic fuzzy normed space by IFNS.

The concepts convergence and Cauchy sequences in intuitionistic fuzzy
normed space are in [8].

Let (X, pu,v,*,0) be an INFS. Then, a sequences X = (xj) is said to
be intuitionistic fuzzy Cauchy sequence if limp_ o p(zr — o, t) = 1 and
limg_yoo V(2 — xp,t) =0 forallt >0 and p=1,2,....

Let (X, u,v,*,0) be an INFS. Then a sequences X = (xj) is said to be
intuitionistic fuzzy convergent to L € X if limyg_,oo u(xx — L,t) = 1 and
limv(zy — L,t) = 0 for all ¢ > 0. In this case we write zp —F" L as k — oo.

Let (X, p,v,%,0) be an INFS. Then (X, pu, v, *,0) is said to be complete if
every intutitionistic fuzzy Cauchy in (X, u, v, *,0) is intiutionistic fuzzy con-
vergent in (X, u, v, *,9).
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In [7], Mohiuddine determined some stability results concerning the Jensen
functional equation 2f((z+vy)/2) = f(z)+ f(y) in intuitionistic fuzzy normed
spaces.

2. MAIN RESULTS

The quadratic functional equation is

Pp(z,y) = fRr+y)+ f2r—y)— flx+y) — f(x—y) —2f(22) + 2f(z) = 0,

where f is a mapping between liner spaces. It is easy to see that a mapping
f: X — Y between liner spaces with f(0) = 0 satisfies the quadratic equation
if only if it is additive[2].

We begin with a generalized Hyers-Ulam-Rassias type theorem in IFNS for
the quadratic functional equation.

Theorem 2.1. Let X be linear space and f be a mapping from X to an
intuitionisic fuzzy Banach space (Y, u,v) such that f(0) = 0. Suppose that ¢
is a function from X to an intuitionistic fuzzy normed space (Z, i, ¢’) such
that

W@y (x,y),t+ s)

)0 1 ((0). ), (2.1)
Y(®p(x,y) t+5) < v

(p(2),1) o (0(y), 5),
for all z,y € X —{0},t > 0 and s > 0. If ¢(2x) = a¢(z) for some real number

a with 0 < |a| < 2, then there exists a unique additive mapping 7' : X — Y
such that T'(x) = lim, e f(2"2)/2™ and we have

>
<

(2—a)t
T)’
(2—a)t
eoa)

w(T'(z) = flz),t) = M(z,
v(T'(z) — f(z),t) < N(z,
where

(JiW(fC’ t) = p(p(x), t/4) ' (p(x/2),/4) = 1 (9(3/2x), ) % 1/ (p(2), )

N(z,t) = V' (p(x), t/4) % V' (p(/2), t/4) % V' (p(3/22), 1) + V' (p(22), 1).

Proof. Without loss of generality, we assume that 0 < o < 2. Putting t = s
in (2.1), we get

(2.2)
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for all x € X and ¢t > 0. By putting y = x,y = 32,y = 4z in (2.2), we get the
inequalities

pu(f(3z) — f(dz) + 3f(x),2t) > p'(p(2),t) (2.3)
v(f(3x) — f(4x) +3f(2),2t) <v'(p(2), 1),
u(f(5z) — fdz) = f(22) + f(z),2t) > ' (@(), 1) * 1’ (0(32), 1), (2.4)
v(f(5z) — f(4x) — f(22) + f(2),2t) < V' (p(2),1) 1/ (p(32)
u(f(6z) — f(5x) + f(32)=3f(2x) + 2f (=), 2t)
> p(p(), 1) p/ (p(42), 1), 25)
v(f(6x) — f(5x) + f(32)—3f(2x) + 2f(x),2t)
< V(p(z),t) oV (p(4),1)

It follows from above inequalities
p(f(6x) — f4z) = f(22),6t) = 1 (p(2), 1) * 1/ (p(32), 1) * ' (p(4), 1),

V(F(62) — F(dz) — 1(22),61) < V' (p(x), 1) o/ (0(32). 1) oV (p(dz) 1), O
Replacing = by /2 in (2.6), we get
u(f(32) — F(22) — f (), 61)
2 W0 G0 e,
v(f(32) — F(22) — f(z), 61) 21)
<V (@51, 1) 0 (930, 1) 0/ (p(22). 1)
Therefore, we infer from (2.3) and (2.7)
u(f(20)—2f (), 81)
> ' (p(x),t) * u’(w(g)ﬁ) * u’(w(%)i) 11 (p(22), 1), »
V(f(20)~2/ (x). 81) (23)
<V (@), 1) oV (p(5), 1) 0/ (9(), 1) 0/ (p(21). 1)
It follows that
p(31(20) — F(@),1)
> 1 (plw), ) * i (030, 1) * (), 1) % i (o22), 5), -
V(5 (2x) — f(a),1)
3z, t t

<V (ple), 7)oV ((3), D) oV (b)) o v (22, 7).
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Define

M (e, 1) = p i (a), ) * 1 o(5), ) * 10, D) b (p(22), ),
Nz, t) = v (pla), ;

By our assumption

t t
M(Z’I),t):M(J},E), N(Ql‘,t):N(LU,a)
Replacing = by 2"z in (2.9), we have
plgeg @) — L p(@"), L) = p(7(2H) — £(2"0). ")

v

M2"z,a"t) = M (z,t),
. . . (2.10)

Ve FH ) = S f(200), Ja™t) = w(FEY) — f(2"), ™)
< N(2"z,a"t) = N(z,t).
Thus, for n > m, we have
1 n 1 m - 1 k
g F(20) =5 f(272), D pafh)
k=m
n—1 n—1
_ L ok 1 k1 1 4
- M(k:m(2k f(2 l’) 2k+1 f(2 * ZL’)), = 2ka ) (211)
n—1 1
> H M(Qk f(ZkJ:) - Wf( k+1x)7 ?O‘kt)
k=m
Z l‘7t),
1 1 n—1
V(an(2nx)_27mf(2mx)a kzzm 2kakt)
= 1, 1 by o 1 g
= V(kzzm(2k f(2%) ok+1 f(2"2)), /;1 ?OK ) (2.12)
n—1 1
< H V(2k f(Qkx) - Wf( kJrlx)a ?akt)
k=m
S (.T,t),
where

n n
Haj:al*aQ*...*an, Haj:aloago...oan.
j=1 j=1
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Let € > 0 and 6 > 0 be given. Since lim,,_,oo M (z,t) = 1 and limy_, o, N(z,t) =
0, then there exists ty > 0 such that M (x,tg) > 1 — e and N(x,ty) < e. Since
S0 0 @ty /28 < oo, then there exists N € N such that Y.7=) a¥te/2F < 4,
for all n > m > N. It follows that

[y

3

e ) = G (210,0) > e f2) = 5 27), 3 e
k=
Z M(.fU,to) > 1—6,
n—1
V(Q%f@"x) - Qme(me%(S) < V(anf(2nl') o 27mf(2mx')’k: %akto)

< Nz, tg) <€

This shows that {%f@”x)} is cauchy sequence in (Y, u,v). Since (Y, u,v) is
complete, {5 f(2"2)} converges to T'(z). Moreover, if we put m = 0 in (2.11)
and(2.12), we get

1 okt
o f(2M2) = f(2), ) o) 2 M(z,1),
- (2.13)
1 n — oft
v(gn f(22) = f(I),k:O o5) = N(@,1).

Now ,we will show that T is additive. Let z,y € X. Then

p(@r (). 8) = p(T(2 ) — o F(2" (20 +9), 5)

S (T2 = y) = 5 f(2 (20— ), 2) % il fEa +0) = T(@ + ), 7)

1 t 2 t

* e F(2"(w — ) = Tw — ), £) % o S (27 (20) — 2T (22), 1)
p(T(x) - Q%f@%) U % P22+ )+ o S (22— )

g f@ ) — 5 Q@ — ) — oL F2N) + o f(270), 2,

(2.14)



Stability of quadratic functional equation in intuitionistic fuzzy normed space 329
and by using (2.1), we have
1 1 1
o F(2" 2 +y)) + 5 F(2° (20 —y)) = 5. f(2(z +y))

on - 5
B Q%f(Qn(x —v) - %f(zn(m)) + anf@nx)v ;) > ' (p(2"x), 17:1 ) (2.15)

Letting n — oo in (2.14) and (2.15), we get

wTRe+y)+T2x —y)—T(x+y) —T(x—y) —2T12x)+ 2T (z),t) =1,
similarly, we obtain

v(TQ2x+y)+TQ2x —y) —T(x+y) — T(x —y) — 2T (2x) + 2T (z),t) = 0,

for all z,y € X and ¢t > 0. This means that T satisfies the quadratic equation,
so it is additive.

Now we approximate the difference between f and T in intuitionistic fuzzy
sense. By (2.13), we have

1 t 1 t

w(T(z) — f(z),t) = w(T(z) - 27f(2"95)a 5) *M(27f(2"$) — f(z), 5)
t 2— o)t
> (s e ) = M S5
and
W(T(z) — f(2),8) < v(T(x) Q%f@”:c), %) « u(zinf(znx) ~ f), g)
t 2— o)t
<N g Ve

for every x € X,t > 0 and sufficiently large n. To prove the uniqueness of T,
assume that 7" be another additive mapping from X into Y, which satisfies
the required inequality. Then

pT (@) = T (@),6) > wl(T(x) = f@), 5) *u(T (1) = (@), 7)
> M(x, (2 —Sa)t)7
and
AT () = T'(2),) < w(T (@)~ f(2), 5) o n(T'(@) = f(z), 7)
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for all x € X,t > 0. Therefore by the additivity of 7" and T’ ', we have:

/ / 2"(2 —
p(IT() T (2).0) = w(T(2") - T (2%, 2°0) > Mz, 2o 2))
and
/ / 2M(2 —
UT () ~ T (2).8) = (T (2") ~ T (20, 2°0) < N (e, S0y,
«
for all z € X,t >0 and n € N. Since 0 < a < 2 and lim,,_,(2)" = 00, we get
22 — 2"(2 —
lim M (z, M) =1, lim N(z, u) =0.
n—00 Sam n—00 Sam
Therefore u(T(z)—T (x),t) = 1 and v(T(z)—T"(z),t) =0 for all z € X,t > 0.
Hence T'(xz) = T'(x) for all z € X. O
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