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Abstract

In the present article, we introduce a novel multimixed additive-quadratic mapping, and then show that the system of
several mixed additive-quadratic equations defining a multimixed additive-quadratic mapping can be described as one single
equation. We also show that such mappings under some conditions are multi-additive, multi-quadratic and multi-additive-
quadratic. Moreover, we prove the Hyers stability for the multi-additive, multi-quadratic and multi-additive-quadratic mappings
in the content of Banach spaces by two famous classical manners. As a outcome, by using a decomposition, we show that every
multimixed additive-quadratic mapping is Hyers stable.
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1. Introduction and preliminaries

A mathematical functional equation has the stability property when an approximate solution occurs
near to the correct solution of the corresponding equation. Hyers [15] was the first author who gave
an affirmative reply to Ulam’s inquiry [21] in the context of Banach spaces regarding to the stability of
additive functional equations as follows: Let X and Y be Banach spaces. Assume that I' : X — Y with

IT(x+y)—Tx) =Ty <3,

for all x,y € X and for some & > 0. Then, there exists a unique additive mapping A : X — Y such that
IT(x) —A(x)|| < & for all x € X.

Aoki [1] presented an extension of the Hyers theorem and next the Hyers result for linear trans-
formations was broadened by Rassias [19]. After that, Forti [13] and Gavruta [14] expanded upon the
earlier findings when they applied a general operater as a controller of the norms. Considering different
upper bounds, there are many interesting and motivating stability results on various FEs pertaining to
fascinating results which are available in literatures.

Throughout this paper, N=positive integers, Ny = IN [ J{0}, Z=integers, Q=rational numbers, R=real
numbers.
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n—times

———
Let (G, +) be a commutative group, Y be a linear space over Q. A mapping ': G" =G x---x G — Yis
called

(i) multi-additive if it satisfies the Cauchy’s equation in each of its n variables, that is, for each i €
{1,...,nk

NG TPR PR TR P TR PR | P
= r(nll L £ 2 1 R E R /nn) + r(nll .. ~/nifllni//ni+1l .. ~1TIT1.);

(ii) multi-quadratic if it fulfills the quadratic equation in each of its n components, that is, for each
ie{l,...,nk

M- M-t N0 M) F T M Moy, M =N M, - M)
- Zr(ﬂlr e M=, M4 i1 - - - /ﬂn) + zr(nll “e /ﬂi—lzn{/nvrl/ oo /nn)}

(iii) k-additive and n — k-quadratic (briefly, multi-additive-quadratic) if T is additive in each of some k
slots and is quadratic in each of the other slots.

All mappings defined in the above were represented as the single equation in [2], [10] and[25]. In other
words,

(i) T is multi-additive if and only if it satisfies

r (ngn} +n£n]) = Z FMji1 - Mjan ), (1.1)
j1Jn€{1,2}

where ngn} = Mi1,...,Min) € G™ for 1 € {1,2} [10];
(ii) T is multi-quadratic if and only if it fulfills

Yy r(n§“}+qn§“}):2“ I N (TR ) (1.2)
qge{—-11}m j1in€{1,2}

where 1, = (i1, Min) € G™ for j € {1,2} [25];
(iii) T is multi-additive-quadratic if and only if it satisfies

K,k [k, [nk] -
> F(m 1,0 m g )=2“ ) Ty M) (1.3)
te(—1 1k jiinell2)

k -k _k s
where T]E } = (nill- . -/T]ik) € Gk/ﬂgn } = (ni,k+1/' . -/ﬂin) eG" k/ 1€ {1/2} [2]

More information and details about the structure of multi-additive and multi-quadratic mappings
and also the Hyers-Ulam stability (in certain types of Banach spaces) for such mappings are available as
follows: the generalized multi-quadratic functional equations and their stability by using a fixed point
technique [4], the Hyers-Ulam stability of multi-quadratic mappings in non-Archimedean spaces [6],
Some remarks on the Hyers-Ulam stability of vaious systems of functional equations [8]; we also refer to
a comprehensive book on the varied functional equations [16].

To make better decisions on approximations, we may need to increase reliable and useful information
on different aspects of an approximation. In other words, for obtaining the best quality and certainty
of a proximity to the exact solution of a functional equation, we need to measure both the certainty
and quality of the approximation and errors as well. It can be an application of decision theory on the
approximations of functional equations. Recently, it was done for the multi-additive mappings via the
concept of generalized Z-numbers [11].
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The first mixed type of additive and quadratic functional equation has been introduced by Najati and
Moghimi in [17] as the form

F(2u+v) +F(2u—v) = F(u+v) + F(u—v) + 2F(2u) — 2F(u).

It is known that there are many models of mixed type of additive and quadratic functional equations
which are available in articles and books and so one can define a multimixed additive-quadratic mapping
corresponding to each of them; see for instance [22]. In the last five years, miscellaneous multimixed
additive-quadratic mappings were defined such that these mappings satisfy in the following list of mixed
type of additive and quadratic functional equations in each of variable.

(i) F(u+2v) +F(u—2y) + 8F(v) = 2F(u) + 4F(2v) [24, 7];
(i) F(u+2v) + F(u—2v) —3F(2v) = F(u+v) + F(u—v) —6F(v) [3, 5];
(iii) F(u+ sv) + F(u—sv) = 2F(u) + s?F(2v) — 2s%F(v), where s is an integer number with s # 0,+1
[5, 12];
(iv) 2F (X)) +F (32) + F (X)) = F(u) + F(v) [18, 20].

It is easily seen that the function F : R — R defined by F(x) = ax? + bx gives as a common solution of
the above mixed additive-quadratic functional equations.
In this paper, motivated by equation

PRuU+Vv)+ P22u—Vv) =D(u+v) + O(u—v) +4D(u) +20(—u), (1.4)

which was presented in [23], we define a multimixed additive-quadratic mapping as the general system
of the mixed type of additive and quadratic functional equations, and the represent such systems as
an unified equation. We also show that such mappings under some conditions can be multi-additive,
multi-quadratic and multi-additive-quadratic. Furthermore, we prove the Hyers stability of the multi-
additive-quadratic mappings in the setting of Banach spaces by two known classical methods, namely,
the direct and fixed point.

2. Representation of multimixed additive-quadratic mappings

Throughout this section, it is assumed that X and Y are real vector spaces. Forany l € Ng,n € IN, t =
(t1,...,th) € {-L, 11" and 1 = (M1,...,Nn) € X™ we write In := (In,...,Inn) and tn := (t1M1,..., thnn).
Applying (1.4), we commence this section with the definition of multimixed additive-quadratic mappings.

Definition 2.1. A mapping I' : X™ — Y is called n-mixed additive-quadratic or multimixed additive-quadratic
if I" satisfies the system of additive-quadratic functional equations

I'(9,.. .,19]',1,2‘8]' +19j/,19j+1,...,19n) +T(H,.. .,19]',1,2‘8]' —19{,19)'+1,...,19n)
= F(ﬁl,. . .,19]',1,19]' —i—ﬁj/,l(})url,...,ﬁn) + F({}l,. . .,19]',1,19]' —191-/,19]'+1,. . .,ﬁn)
—|—4r(191,...,19]'_1,19]',‘3]'4_1,...,‘3“)—|—2r(191,...,ﬁj_l,—ﬁj,§j+1,...,ﬁn),

forallje{1,...,n}
Note that each multimixed additive-quadratic mapping satisfies (1.4) in each of its n slots.

Definition 2.2. Given a mapping I': X™ — Y.
(i) We say I is odd in the j* variable if

r(x’ll' s Xj—1, X5, X541, - -/Xn) = _F(Xll‘ < X1, X5, X541, - - -/Xn)}
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(ii) We say T is even in the j component if
(X1, oo X1, =X, X1, - - Xn) = T (X1, 000, X—1, %5, Xj41, -+, Xn);
(iii) Let s € Z\{0}. We say T has the s-power property in the j* slot if
F(X1, e X5—1,2%5, X1, -+ -, Xn) = 25T (X1, -+, %=1, %5, Xj41, - - -, Xn),

for all xq,...,xn € X™. In particular, 1-power property and 2-power property is called the additive
property and the quadratic property, respectively.

For a mapping I' : X™ — Y, we consider the following hypotheses:

(H1): T is odd in all variables;

(H2): T is even in each variable;

(H3): T'is odd in some k components (k < 1) and is even in the other components.

(H4): T has the additive property in all slots;

(H5): T has the quadratic property in all variables.

(H6): T has the additive property in some k components (k < n) and has the quadratic property in the
other components.

Suppose that I' is an n-mixed additive-quadratic mapping. If I' satisfies (H1) [resp. (H2)], then it
is a multi-additive mapping [resp. multi-quadratic mapping]; see [10] and [25]. In the case that ' ful-
fills (H3), then it is a multi-additive-quadratic mapping [2]. Define the function ® : R — R through
D(x1,...,Xn) = H{‘:l(aix% + bixi), where ai;,b; € R, i € {1,...,n}. A routine verification shows T is
a multimixed additive-quadratic mapping and indeed is a solution of the system of functional equa-
tions given in Definition 2.1. If moreover I' fulfills hypothesis (H1), then its solution has the form
®(xq,...,xn) = b[]i_;xi, where b € R. Furthermore, if \ satisfies (H2), then one of its solutions
can be given as @ (x1,...,xn) = a] i, x%, where a € R. Lastly, If (H3) is valid for I, then its solution has
the representation as @ (x1,...,xn) = c[[i4 X%Xi, where ¢ € R.

In the rest of this section, we represent a multimixed additive-quadratic mapping which is defined as
a system of n mixed type additive-quadratic functional equations, as an unified equation.

Letn € N withn > 2 and xgn} = (xi1,Xi2,...,Xin) € X™, where 1 € {1, 2}. For xgn},xgn} e Xn,
X = {%n = (X1, X0 X5 € {xy5 j:xzj,xl)-,—xlj}} ,
where j € {1,...,n}. Let r,s € No with 0 < 1,5 <n. The subset XT'; of X™ is given as follows:
X7 = {%n € XM Card{Xj : Xj = —x45} =1, Card{Xj = x4j} = s} ,

in which CardQ) is the cardinality of a set Q.
Here and subsequently, for a mapping I' : X™ — Y, we denote

Fr) = > T(Xa), TEFx) = Y T(Xnx), (xeX). @.1)

Xn€XT, XnEXT,

In the following proposition, we represent a multimixed additive-quadratic mappings as an unified
equation.

Proposition 2.3. Every multimixed additive-quadratic mapping I : X™ — Y satisfies the equation

> or(xMangY) = i Ezr X 45T (AT), (2.2)
te{—1,1} r=0 s=0

where T (X7) is defined in (2.1).
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Proof. . The proof is according to the mathematical induction on m so that I" satisfies (2.2) when 1 < m <
n. For m = 1, it is obvious that I" satisfies (1.4). Assume that I' fulfills (2.2) for an arbitrary and fixed
m—1 € No with 1 <m < n. Using (2.1), we have

>or (le ™ ) = >or (2x£m_” Foa™ Y, 2% + qX2m>

te{—-1,1}m te{—1,1}m-1 qe{—1,1}

m—1lm—1-—r

— Z Z Z 2" x 4°T 1;2X1m + qX2m)

s=0 qe{-1,1}
m— —1—
Z Z Z 27 x 45T (X?}S_l,xlm + qX2m)
r=0 s=0 qe{-1,1}
m—1m—1—r
+2 > 2T x4 T (AT, —xam)
r=0 s=0

m—1m—1—r

+4> ) 2T x4 T (AT xam)

r=0 s=0
n n—r
=3 > 2Tx4T(XT).
=0 s=0
The proof is now finished. O

In the upcoming result, we give a converse of Proposition 2.3.

Proposition 2.4. Suppose that T : X™ — Y is a mapping satisfies equation (2.2).

(i) If T satisfies (H1) and (H4), then it is multi-additive and so it satisfies (1.1);
(ii) If (H2) and (H5) hold for T, then it is multi-quadratic and therefore T fulfills (1.2);
(iii) If T fulfills (H3) and (H6), then it is multi-additive-quadratic and hence equation (1.3) is valid for T.

Proof. (i) Assume that I' satisfies (2.2). We show that M is mixed type additive and quadratic in the jth
variable, where j € {1,...,n} is arbitrary and fixed. Set

I (2x15,%25) : = Z M (X11,- -+, X1,-1,2X15 + 4X25, X1,j4+1, - -, X1n ) ,
qe{-11}
r'(le,ij) = Z r (X11, s X1,j—1, %15 T qXijxl,j+1/---zX1n) ’
qe{—11}

M (x15) : =T (X11, -+, X1j—1,X1j, X1,j4+1, - - -, X1n ) ,
and
M (—xa5) : =T (X11, -+, X1,j—1, —X1j, X1,j41, - - -, XIn ) ,

(i) Putting xox =0 for all k € {1,...,n}\{j} in (2.2), using the assumptions, we get
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noind n—1 n—1—r
AT (25, %) = ) Y K ) ( ) (=2)" x 4% xzn“S] I (x15, X2)

r=0 s=0
n—In—-1-r
+ZZO ZO [( n;l ) < TL—Sl—T ) (—2)7 x 45 inlrs] I (—x1;)
n—In—r
EE[) (o Y
r=0 s=1

where < T > is the binomial coefficient defined for all m,r € Ny with m > r by m!/(r!(m

compute one of coefficients. We have

r=0 s=0
n—1

=4) (=2)"x6M T =4(—24+6)" 1 =4 x4n!
r=0

Similarly, we have

n—1n—1
Z Z n—1 n—1-—r (_Z)T % 45 % 2n—1—r—s _ 4n—1
T S '

r=0 s=0

It follows from (2.3)-(2.5) that

I (2x15,x25) = ' (x15, x25) + 4T (x15) + 2" (—x15).

—7)h.

(2.3)

We

(2.4)

(2.5)

Now, [23, Lemma 2.2] implies that I" is additive in each of variable. The last part was shown in [10,

Theorem 2].
(ii) The result can be obtained similar to the first part and applying [23, Lemma 2.1].
(iii) This part is a consequence of (i), (ii) and Theorem 1 from [2, Theorem 1].

3. Stability results for (2.2)

In this section, we prove the Hyers stability of equation (2.2) by two classical methods in the setting of

Banach spaces.
For a mapping I' : X™ — Y, we use the difference operation

n n—r

AT (M) = Y (xM e edY) =Y N 2m e (ay),

te{—1,1m r=0 s=0

where ' (X7%,) is defined in (2.1).
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3.1. Direct technique

In the next theorem, we bring Hyers stability result for equation (2.2) by the direct way which is our
main result in this subsection.

Theorem 3.1. Let X be a linear space over Q and Y be a Banach space. Suppose that T : X™ — Y is a mapping
satisfies (H3) such that

ar (4 x| <8, (3.1)

for all xgn],xgﬂ € X™ for some & € [0, 00). Then, there exists a solution Aq : X™ — Y of (2.2) such that

I () =4 ()] € srgaae—y 62

for all x™ € X™. Moreover, if Aq fulfills (H6), then it is a unique generalized multi-additive-quadratic mapping
satisfying (3.2). In particular,

(i) if T satisfies (H1), that is k = n, then there exists a unique multi-additive mapping A : X™ — Y such that

waﬂ—ﬂ@mm<zw;_w

for all xnl e xn;
(ii) if T satisfies (H2), that is k = 0, then there exists a unique multi-quadratic mapping Q : X™ — Y such that

[r (x) =2 ()] < =T

for all x™ € XM,
n—times

. ] — . .
Proof. Puttingv, = | 0,...,0 | in (3.1) and using (H3), we have

|2 (2q™) = sTr (x| <8, (3.3)

for all xgn] € V", where

and

; ;k < ><“‘l‘_r>2fx4sxznk”.

One can find that S = 4™ and T = 8"~ X. For the rest of proof, we consider x!™ instead of xgn}

from relation (3.3) and last equalities that

o (av) -2 () <

. It follows
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for all x™! € X™, and so the equation above can be rewritten as

r(2xm) 5
[n]
W—F<Xn> < Pk (3.4)
for all x™ e X™. Substituting xM into 2x™ in (3.4) and continuing this method, we find
rmxm) (2t 5 w1
e IR T P S W os)
2(2n—k)m 2(2n—k)1 23n—k — 2(2n—k)j
]:

my [n]
for all x'™ € X™ and m > 1 > 0. Thus, the sequence {m} is Cauchy by (3.5). Due to the

completeness of W, there exists a mapping A4 : X™ — Y such that

lim M =Aq (x[“]) , <x[n} € X“> . (3.6)

m—ooo 2(2n—k)m

Letting 1 = 0 in (3.5), letting the limit as m — oo and applying (3.6), the validity of (3.2) is now shown.

Switching <x£n}, xén]) into (2mx£n], 2mx2 ) in (3.1) and dividing the resultant to 2(2"~%)™ we obtain

5

}

2(2n k)m )
Taking the limit as m — oo in the last inequality and using (3.6), we arrive at AA4 (Xgn],xgn}) = 0 for

all x&nJ,xgn] € X", and so Aq is a solution of (2.2). Assume now that A satisfies (H3), then it is a

multi-additive-quadratic mapping by Proposition 2.4. Let now A : X™ — Y be another multi-additive-
quadratic mapping satisfying (3.2). Then, we have

o () 2 ()|
- s (2m3) - ()|
< i (1 2m) < ) () -, ()

- 2 )
S pnkm < gn(pIn—k _1)’

for all x™ € X™. Letting m — oo in the above inequality, we have A4 = Ag- This completes the proof. [

The following corollary demonstrates that under some mild conditions a multimixed additive-quadratic
can be Hyers stable.

Corollary 3.2. Let 81,08, > 0, X be a linear space over Q and Y be a Banach space. Suppose that T : X™ — Yisa
decomposable mapping as I' = T, + T'e such that Ty, and T, satisfying (H1) and (H2), respectively. If the inequalities

|ars (x5 | <81 ana [are (4, x| <&

hold xgn], xé“] € X™, then there exist a unique multi-additive mapping A : X™ — Y and a unique multi-quadratic
mapping Q : X™ — Y such that

" (x[“]> —A (x[“]) —9Q (X[n]) I < zn(zil_l) - 2n(226r21 —1)

for all x™ € X,
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Proof. 1t follows from parts (i) and (ii) of Theorem 3.1 that there exists a unique multi-additive mapping
A X™ — Y and a unique multi-quadratic mapping Q : X™ —; Y such that

o ()= (<) < gy )
and

()0 ()] < g o3
for all x™ € X™. The result now follows from the inequalities (3.7) and (3.8). O

3.2. Fixed point approach

In this subsection, we prove the Hyers stability of (2.2) by a fixed point result (Theorem 3.3) in Banach
spaces. Here, we bring a well-known fixed point theorem which is a fundamental result to obtain our
objective in this paper and was illustrated in [9, Theorem 1]. From now on, for two sets V and W, the set
of all mappings from V to W is denoted by WV.

Theorem 3.3. Let X be a Banach space, 8 be a nonempty set,j € N, hq,..., hj:8 — SandLy,...,L; : § — R,.
Suppose that the following hypotheses hold:

(A1) T:XS — X8 is an operator satisfying the inequality
J
1TAGs) = Tuls) ]| < ) Lils) [M(i(s)) — w(ha(s))ll, A meX®,s€s,

i=1

(A2) A:RS — RS is an operator defined through
AS(s) =) Li(s)d(hi(s)) S€Rf,se8.
Moreover, a function 0 : § — R4 and a mapping ¢ : 8 — Y are fulfilling the following two conditions:
[Td(s) —d(s)] < 6(s), 6%(s):= i/\‘e(s) <oo  (s€8)
1=0

Then, there exists a unique fixed point \p of T such that

|p(s) —W(s)]| < 0*(s) (s €8).
Moreover, P(s) = limy o T'P(s) forall s € 8.

Here, we present a different proof for Theorem 3.1.
A fixed point method for the proof of Theorem 3.1. Similar to the proof of Theorem 3.1, we have

Hznr (2x[“1) _p¥n—kp (x[“]> H <5, (3.9)

for all x™ € X™. Then, relation (3.9) can be modified as

P (e (o),
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where T¢ (xM) = 7 f, (2x™) (£ e YX") and ¢ (x™) = 23%‘0 Set An (xI™) := 22“%1(11 (2x™) for all
n € RX",xM € X™. It is easily seen that A has the form described in (A2) with § = X™, hy (x™) = 2x™]
and L (x™) = zzn%k for all x™ € X™ and all i. Moreover, for each A, 1 € YX" and xI™ € X", we obtain

o x) 0 (6) = e p () - ()|
0 () 3 o (<)) - o ()

Therefore the hypothesis (Al) is valid. By induction on 1, it can be checked that for any 1 € Ny and

x[M e X", we have
Alc ]y . 1 ' C ol n]) _ b 1 '
X =\ pzn—x X = Bn—k \ p2n—k |

for all x™ € X™. We see that } {2, Al (xI™) is convergent for all x™ € V™. Thus, all assumptions of
Theorem 3.3 are satisfied and so there exists a mapping A4 : X™ — Y such that

A7) = im0 () < bty () (),

and moreover (3.2) is true. Clearly,

HA (iﬂr)(xg“],xg“]) H <5, (3.10)

for all xgn},xgn} € X™and 1 € Ny. Letting 1 — oo in (3.10), we find AA (xgn],xgn]> =0 for all xgn},xgn} €
X™. This means that the mapping A satisfies (2.2). Moreover, if A4 satisfies (H6), then it is a multi-
additive-quadratic mapping by Proposition 2.4. The proof of the uniqueness of A is routine.

Remark 3.4. It is seen that the results of this subsection and the previous one are the same while two
approaches are different.
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