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1. Introduction and preliminaries

The starting point of studying the stability of functional equations seems to be the
famous talk of Ulam [20] in 1940, in which he discussed a number of important unsolved
problems. Among those was the question concerning the stability of group homomor-
phisms.

Given a group G1, a metric group Gy with the metric d(.,.) and a positive number e,
does there exists a & > 0 such that if f : G1 — Gy satisfies d(f(x.y), f(x)f(y)) < for
all x,y € G, then a homomorphism ¢ : Gi — G9 exists with d(f(z),¢(z)) < e, for all
r € Gy.

The first partial answer to Ulam question was given by Hyers [15] in the case of Cauchy
equation in Banach spaces. Later, the result of Hyers was significantly generalized by
Rassias [19] and Gavruta [13]. Since then, the stability problems of several functional
equations have been extensively investigated.
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We say a functional equation is hyperstable if any function f satisfying the equation
approximately (in some sense) must be actually solutions to it. It seems that the first
hyperstability result was published in [5] and concerned the ring homomorphisms. How-
ever, the term hyperstability has been used for the first time in [17]. Quite often the
hyperstability is confused with superstability which admits bounded functions. The next
definition more precisely describes the notion of hyperstability (B4 to mean “the family
of all functions mapping from a nonempty set A into a nonempty set B”).

Definition 1.1 Let X be a nonempty set, (Y,d) be a metric space, e € RY" and Fi, Fo
be operators mapping from a nonempty set D C YX into YX". We say that the operator
equation

Fro(zr, ... xn) = Fap(z1, ...y xpn), (z1,...,2, € X) (1)

is e-hyperstable provided that every g € D which satisfies

d(Freo(xiy ... xn), Favo(x1, ..., xn)) <e(x1,...,20), (T1,...,25 € X)
fulfills the equation (1).

For information concerning the notion of hyperstability we refer to the survey paper
[12]. Numerous papers on this subject have been published and we refer to [1-4, 6—
8, 14, 17, 18].

Throughout this paper, N stands for the set of all positive integers, Ny := NU{0}, Ny,
the set of integers > mg, Ry := [0,00) and we use the notation Xy for the set X \ {0}.

Let us recall (see, for instance, [16]) some basic definitions and facts concerning non-
Archimedean normed spaces.

Definition 1.2 By a non-Archimedean field we mean a field K equipped with a function

(valuation) |- | : K — [0, 00) such that for all r, s € K, the following conditions hold:
(1) |r] =0 if and only if r = 0,
(2) [rs] = |r[ls],

(3) |r+ s| < max {|r|,|s|}.
The pair (K, |.|) is called a valued field.

In any non-Archimedean field we have |1| = | — 1| =1 and |n| < 1 for n € Ny. In any
field K the function | - | : K — R4 given by
| = 0,z=0,
11,z #0,

is a valuation which is called trivial, but the most important examples of non-
Archimedean fields are p-adic numbers which have gained the interest of physicists for
their research in some problems coming from quantum physics, p-adic strings and super
strings.

Definition 1.3 Let X be a vector space over a scalar field K with a non-Archimedean
non-trivial valuation |-|. A function || ||, : X — R is a non-Archimedean norm valuation
if it satisfies the following conditions:

(1) ||z|l« = 0 if and only if z = 0,

(2) [lralls = Ir =]« (r e K,z € X),
(3) The strong triangle inequality (ultrametric); namely



Y. Aribou et al. / J. Linear. Topological. Algebra. 08(02) (2019) 97-104. 99

&+ gl < max {z]l, [yll. } for all z,y € X.

Then (X, - ||«) is called a non-Archimedean normed space or an ultrametric normed
space.

Definition 1.4 Let {z,} be a sequence in a non-Archimedean normed space X.

(1) A sequence{x,}>°; in a non-Archimedean space is a Cauchy sequence iff the
sequence {Tp4+1 — Tp}oo, converges to zero;

(2) The sequence {x,} is said to be convergent if, there exists x € X such that, for
any ¢ > 0, there is a positive integer N such that ||z, — z|[« < ¢, for all n > N.
Then the point x € X is called the limit of the sequence {z,}, which is denoted

by lim x, = x;
n—oo

(3) If every Cauchy sequence in X converges, then the non-Archimedean normed
space X is called a non-Archimedean Banach space or an ultrametric Banach
space.

Let X, Y be normed spaces. A function f : X — Y is Cubic provided it satisfies the
functional equation

fRrx+y)+f2x—y)=2f(z+y)+2f(x —y) +12f(x) forall z,yc X, (2)

and we can say that f : X — Y is Cubic on Xy if it satisfies (2) for all z,y € Xy such
that t+y #0, 2 —y #0,2x4+y # 0 and 2z — y # 0.

In this paper, we present some hyperstability results for the equation (2) in ultra-
metric Banach spaces using the fixed point method derived from [4, 7, 9]. The obtained
results generalize the existing ones in [2]. Before proceeding to the main results, we state
Theorem 1.5 which is useful for our purpose. To present it, we introduce three following
hypotheses:

(H1) X is a nonempty set, Y is an ultrametric Banach space over a non-Archimedean
field, f1,..., fx : X — X and Ly, ..., Ly : X — R are given.
(H2) T :YX — Y ¥ is an operator satisfying the inequality

|Te@) ~ Tui@)

< max {M(@Hf(fi(ﬂ?)) - M(fi(fb“))H*} JepeyX zeX.

1<k

(H3) A:R¥ — R is a linear operator defined by

Ad(z) == maxi<ick {LA:L‘)(S(L(:E)) } LOERY, e X

Thanks to a result due to Brzdek and Cieplinski [11, re2], we state an analogue of the fixed
point theorem [10, Theorem 1] in ultrametric spaces. We use it to assert the existence of
a unique fixed point of operator 7 : YX — Y X,

Theorem 1.5 Let hypotheses (H1)-(H3) be valid and functions ¢ : X — Ry and
¢ : X — Y fulfill conditions || T¢(z) — ¢(z)||« < e(z) and lim A"e(x) =0 for z € X.
n—oo

Then there exists a unique fixed point ¢ € Y~ of T with [|¢(2)—1(z) |+ < sup,ey, A"e(z)
for x € X. Moreover ¢(x) := lim, o T"p(z) for x € X.
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2. Main results

In this section, we use Theorem 1.5 as a basic tool to prove the hyperstability results
of the cubic functional equation in ultrametric Banach spaces. In the rest of the paper
{an}n is a sequence of real numbers such that lim, o o, = 0. Moreover, we always
assume that the characteristic of K is not 2 (i.e., 2 # 0).

Theorem 2.1 Let X be a real linear space and (Y, | - ||«) be an ultrametric Banach
space. Assume that the ¢ : X x X — [0,400) be a function fulfils the conditions

Jm o max {o(anbhchde. abchdy) | =0 3)
and
nlggo i+j1$1]?ﬁ:n {cp(af:rlbfncfndlma:, af}lb{%cﬁld%amx)} =0 (4)
for all z,y € Xy and for sufficiently large integers m, where a,, = H% , b =
%,cm = 1*% and d,, = 2au;, + 1. Assume that f: X — Y satisfies
[f e +y)+ FQ2z —y) = 2f(x+y) = 2f(z —y) = 12f(2) ]|, < ¢(z,y) (5)

for all x,y € Xp. Then f is cubic on Xj.

Proof. Replacing y by o,z and x by 1+2a’":1: in (5), where oy, € R, we have

H12f (1 +20‘mx> Yy (H;’O""a:) Yy <1 _20‘%) — F(2am + 1)z) — f(x)

14+ ap,
2

< o T, ),
which implies

H12f(amx) + 2f(bmx) + 2f(6m$) - f(dm$) - f('r)H* < QD(amJ), Oémx) (6)

for all z € Xq, where a,, = O‘*"TH Define operators Ty, : YX0 — YXo and A, : Ri{" —
R by

T () = 126 (ama) + 26 (bnz) + 26 (cm) — E(dpmz), €€ Y™, x € Xy,
Apd(2) = max { §(am) , 3(bmz), §(cma) ,8(dmr)} & € R, 2 € X,
and write
em(x) == plamz, amz), = € Xo. (7)
It is easily seen that A,, has the form described in (H3) with k& = 4, fi(x) = anx,

fo(z) = bz, f3(z) = cmz , fa(z) = dnx and Li(z) = La(z) = L3(x) = La(z) = 1.
Further, (6) can be written in the form [|7,, f(x) — f(2)[/+ < em(z) for z € Xo. Moreover,
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for every &, u € YX0, 2 € X

|Tntt@) = Tt

- H 126 (amx) + 26 () + 26 (ema) — E(dma) — 120(am) — 2(bma) — 2u(em) + p(dme)
< max {|(6 - m(amx>H , H<s - u)(bmmH*, (€ = m)em)| | € = ) (dma)| }
= max{ | = m(r@)|_. €= w(r@)|_ | €= m @) .| €]}

So, (H2) is valid. By using the mathematical induction, we will show that for all n € Ny
and for each z € X, we have

*

)= g (ol bt btens))

where a,, = 2= From (7), we obtain that (8) holds for n = 0. Next, we will assume
that (8) holds for n = k, where k € N. Then we have

Afnﬂem(x) =A,, (Aﬁlem(aj)) = max {Afnam(amx), Aﬁlem(bmx), Afnsm(cmx), Afnam(dma:)}

= max { max {gp(aﬁ%&c]ﬁndlmaz, ai;flb%@cﬁ@dfﬂamx) },
itjtkti=n

s (e (o o e, a0 )
i+j+k+l=n

max
i+j+k+l=n

+1p gl k+1l
{ (ﬁn bl cEHdl x al b cFrld amx>},
i+1pj 41 i 3§ k gl+1
max c dx.al Vo dT o x)}}
Z+]+k+l n{ (m m r'mUm-m-'m m

m
z+g+Il?le it ( i &k dloxa
This shows that (8) holds for n = k+ 1. Now, we can conclude that the equality (8) holds

for all n € Ny. From (4) and (8), we obtain lim A"e,,(z) = 0 for all x € X,. Hence,
n—oo

according to Theorem 1.5, there exists a unique solution C,, : Xg — Y of the equation

Cn(z) = 12C, (amz) + 2Ch, (bpx) + 2Ch, (cmz) — Cp (dmx) (9)

such that

| f(x) — Cp(2)]|« < sup { max {go(aif[lb%cfndﬁnx, aﬁ'nbfncﬁldfnamaO}} (10)

neNy Lititk+i=n
for all z € Xy. Moreover, Cy,(x) := ILm T f(x) for all z € Xy. Now we show that

1275 f (2) + 2T f(x +y) + 2T f(z —y) = T f Qe+ y) — T f (22 = y)

T (1)
< max {cp(a’lﬂc d,,x,a Hmmm)},
it jrkti=n
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for every z,y € Xg suchthat t +y #0,x —y # 0, 2x —y # 0, 2x + y # 0. Since the

case n = 0 is just (5), take k € N and assume that (11 holds for n and every x,y € Xp
suchthat z4+y #0, 2 —y #0, 20 —y #0, 2z +y # 0. Then

12Tt (@) + 2T flw y) + 2T (= y) = Tt f (20 + ) = Tt 2o — )

*

= ||144T2 f (ama) + 24T, f (bm) + 247,72 f (cmz) — 12T f (dm) + 24T, f(am (@ + y))
+ 4T [ (o (z +y) + 4T f(em(z + y) — 2T fdm(z + y)) + 24T f (am(z — y))
+ 4T f(bm(z — y) + 4T f(em(z — y) = 275 f(dm(z — y)) — 1273 f(am (22 + y))
= 2T f (b (22 +y) = 2T f(em (22 + y) + T f(dm (22 + y)) — 127, f (am (22 — y))
(b

— 277 f (b (20 — ) — 2T f (e (2 — ) + Tt (dm(22 — )|

< max {|[1273 f(amz) + 2T f(am(x + ) + 275 f (am(z — y)) — T f(am (22 + y))
= T f(am (22 = y)ll«; 1275 f (oma) + 2T f (bin (2 + ) + 275 f (bm (2 — y))
= T (b 22 + ) = T f (om (22 = ) I+, 1275 f (em) + 2T f (em (2 + y))
+ 2T f(em(z = y)) = T flem (22 +y) — T f (em (22 — y)) ||+, 1275, f (dm )
+ 2T f(din (2 + ) + 275 f(dm(z = y)) = T f(dm (22 +y)) = Ty [ (din (22 — )[4}

i+lpg kgl i+lpj kgl
gmax{ max olar bl chd, x, ar bjmcmdmy)},

i+j+k+l=n { m
s {o (et b abbit ki) .
s Lo (ab b )
Z.Hrf]?ﬁ:n {@(a%b’@cﬁndﬁjlx, ancfndﬁ,jly) },

i 15 kgl i 15 kgl
S i+j+rl?fl)in+1 {Lp(@'ﬁnb]mcmdmx, ainb]mcmdmy) }}

for all z,y € Xgsuch that x +y # 0, x —y # 0, 20 — y # 0 and 2x 4+ y # 0. Thus, by
induction, we have shown that (11) holds for every n € Ny. Letting n — oo in (11), we
obtain that

Cn(2z +y) + Cn (22 — y) = 2Cn(z + y) + 2Cn(z — y) — 120, ()

for all z,y € Xg such that x +y #0, z —y # 0, 2z — y # 0 and 2z + y # 0. In this way,
we obtain a sequence {Cy, }m>m, of cubic functions on X such that

1) = @)l < sup { o {o(a Whpchidhr.aubchdane) b o€ X
n 0 -

this implies that

1f(2) = Cn ()|«

N

~ max {Lp(afvflb%clfndlmx,ailbﬁ'ncfndﬁnamm>}, z € Xo.
i+j+k+l=n

Letting m — oo in (3), it follows that f is cubic on Xj. [ |
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The following corollaries are immediate consequences of Theorem 2.1.

Corollary 2.2 [2, Theorem 2.1] Let (X,| - ||) and (Y,] - ||«) be normed space and
ultrametric Banach space respectively, c > 0, p,¢ € R, p+q¢<0and ¢ < 0. If f: X =Y
satisfies

1f 2z +y) + f(2z —y) = 2f(z +y) = 2f(z —y) — 12f ()|, <c = [[y]|
for all z,y € Xy. Then f is cubic on Xj.

Proof. The proof follows from Theorem 2.1 by taking ¢(x,y) = ¢ ||z||P |ly||? for all
z,y € Xo. It is clear that ¢ satisfies the conditions (3) and (4). Then, we can choose
am = m, where m € N to get the desired result. [ |

By similar method we can prove the following corollary.

Corollary 2.3 [2, Theorem 2.2] Let (X,]|| - ||) and (Y, - ||«) be normed space and
ultrametric Banach space respectively, ¢ > 0, p,g € R, p+gq>0and¢>0.If f: X =Y
satisfies

1f 2z +y) + f(22 —y) = 2f(z +y) = 2f(x —y) — 12f(@)|, < c|=[” [[y]|?
for all x,y € Xy. Then f is cubic on Xj.

Proof. Putting ¢(x,y) = ¢ ||z||P ||y||? for all z,y € Xy in Theorem 2.1, we get the the
desired result when we choose a;, = —=, where m € N3. [ |
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