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Abstract. In this article, our aim is to find some stability results for mixed

type cubic and quartic functional equations in fuzzy modular spaces using the
fundamental results of fixed-point theory. The fixed point method provides one

of the effective techniques that can be used to investigate the fuzzy stability of

a mixed type cubic and quartic functional equations.

1. Introduction. Applications of “stability theory of functional equations” for the
proof of ”new fixed point theorems” with applications were provided by Isac and
Rassias [7] in 1996. Number of authors have investigated the stability problems of
several functional equations using fixed point method (see [2, 3, 21, 22, 35]).

Mixed type functional equation is defined as “single functional equation has more
than one behaviour”. The researchers in the field of mixed type functional equations
have obtained only few functional equations (see [5, 8, 14, 13, 22, 25, 26, 30, 33, 34]).

In 1940, Ulam [29] raised a question “Is there an exact homomorphism close to
approximate homomorphism?” and established the first stability problem. Hyers
[6] in Banach spaces provided the answer to this problem. Nakano [19] studied the
theory of modular linear spaces in 1950, since then this theory have been thoroughly
established by many authors, referred as Amemiya [1], Koshi [9], Luxemburg [15],
Mazur [17], Musielak [18], Orlicz [20], Rassias [24, 25], Turpin [28] and Yamamu
[34]. The theory of modular spaces is largely applicable in the Orlicz spaces [20]
and the theory of interpolation [9, 12]. The concept of fuzzy modular spaces was
introduced by Shen and Chen [27] in 2013. Kumam [11] and Wongkum et al. [31]
then introduced the fixed point concept in fuzzy modular spaces and obtained some
of its properties. Hyers-Ulam stability of sextic functional equation in fuzzy modular
spaces was scrutinized by Wongkum and Kumam [32]. Based on the notion of fuzzy
modular spaces, we investigate the general solution and Hyers-Ulam stability of
mixed type cubic and quartic functional equation

g(u+ 2v) + g(u− 2v) = 4(g(u+ v) + g(u− v))− 24g(v)− 6g(u) + 3g(2v) (1)

in fuzzy modular spaces which were introduced by Gordji et al. [11]. It is easy to
see that the function g(u) = au3 + bu4 is a solution of the functional equation (1).
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Primarily, we are going to introduce the definitions, notations and usual proper-
ties of the given spaces.

Definition 1.1. [12] “Let T be a linear space over a field K (R or C). For any
u, v ∈ T, we says that a generalized functional µ : T → [0,∞) is a modular if µ
satisfies
(M1) µ(u) = 0 if and only if u = 0,
(M2) µ(au) = µ(u) for all scalars a with |a| = 1,
(M3) µ(au+ bv) ≤ µ(u) + µ(v) for all scalars a, b ≥ 0 with a+ b = 1.

If (M3) is replaced by
(M4) µ(au + bv) ≤ aµ(u) + bµ(v) for all scalars a, b ≥ 0 with a + b = 1, then
functional µ is called a convex modular”.

“A modular µ defines the following vector space

Tµ = {u ∈ T : µ(au) → 0 as a → 0}
and Tµ is a modular space”.

Definition 1.2. [27](Fuzzy modular space) Let µ be a fuzzy set on S ×R+, T be
a complex or real vector space,α be a zero on T and ∗ be a continuous triangular
norm. The triple (T, µ, ∗) is said to be a fuzzy modular space and µ is said to be a
fuzzy modular if it satisfies
(FM1) µ(u, t

′) > 0
(FM2) µ(u, t

′) = 1 if and only if u = α
(FM3) µ(u, t

′) = µ(−u, t′)
(FM4) µ(au+ bv, t+ t′) ≥ µ(u, t) ∗ µ(v, t′), a, b ≥ 0, a+ b = 1
(FM5) the function µ(u, .) : (0,∞) → (0, 1] is continuous.

Example 1.3. Let µ be a Fuzzy set on S×R+, T be a complex or real vector space
and ∗ be a continuous triangular norm in such a way that a∗b = a∗M b = min{a, b}.
Then (T, µ, ∗) is a Fuzzy modular space.

Definition 1.4. [27] “Let (T, µ, ∗) be a Fuzzy modular space and {uα} be a se-
quence in T. Then:
(1) {uα} is µ−convergent to a point u and write uα → u if ρ(uα−u) → 0 as α → ∞.
(2) {uα} is called Cauchy if for any ε > 0, one has ρ(uα − uβ) < ε for sufficiently
large α, β ∈ N, where N is the set of natural numbers.
(3) Every µ− convergent sequence in an FM− space is a µ− Cauchy sequence. In
(T, µ, ∗), if each µ− Cauchy sequence is µ− convergent sequence , then (T, µ, ∗) is
called a µ− complete fuzzy modular space.”

Definition 1.5. [27] If µ fulfills the property µ(αu, t′) = µ(u, t′

|α|b ) for some fixed

b ∈ (0, 1] and a nonzero real number α, then (T, µ, ∗) is said to be a b−homogeneous
fuzzy modular space.

The definitions of cubic and quartic functional equations which are used by many
authors in our research. The function f(x) = x3 satisfies the functional equation
f(2x + y) + f(2x − y) = 2f(x + y) + 2f(x − y) + 12f(x), which is thus called a
cubic functional equation. Every solution of the cubic functional equation is said
to be a cubic function. The function f(x) = x4 satisfies the functional equation
f(x+ 2y) + f(x− 2y) = 4[f(x+ y) + f(x− y)] + 24f(y)− 6f(x), which is called a
quartic functional equation and every solution of the quartic functional equation is
said to be a quartic function.
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In this article, we establish the stability results of mixed type cubic and quartic
functional equations which are explored forms of Wongkum et al. [31] by using the
fixed point method.

2. General solution. Throughout in this section S and T be real vector spaces.
In this section, we first prove two lemmas for the proof of our main theorem.

Lemma 2.1. If an even function g : S → T satisfies (1), then g is quartic.

Proof. Substituting u = v = 0 in (1), we obtain g(0) = 0. Substituting u = 0 in
(1), evenness of g implies

g(2v) = 16g(v) (2)

for all v ∈ S. So (1) can be written as

g(u+ 2v) + g(u− 2v) = 4(g(u+ v) + g(u− v)) + 24g(v)− 6g(u). (3)

This shows that g is quartic function, which completes the proof of the theorem.

Lemma 2.2. If an odd function g : S → T satisfies (1), then g is cubic.

Proof. Substituting u = v = 0 in (1), we obtain g(0) = 0. Substituting u = 0 in
(1), oddness of g implies

g(2v) = 8g(v) (4)

for all v ∈ S. So (1) can be written as

g(u+ 2v) + g(u− 2v) = 4(g(u+ v) + g(u− v)) + 24g(v)− 6g(u). (5)

Replacing u by u+ v in (5), we have

g(u+ 3v) + g(u− v) = 4g(u+ 2v)− 6g(u+ v) + 4g(u). (6)

Substituting −v = v in (6) implies

g(u− 3v) + g(u+ v) = 4g(u− 2v)− 6g(u− v) + 4g(u). (7)

Now, we subtract (6) from (7) and get

g(u+ 3v)− g(u− 3v) = 4g(u+ 2v)− 4g(u− 2v)− 5g(u+ v) + 5g(u− v). (8)

If we interchange u and v in (8) then we have

g(3u+ v) + g(3u− v) = 4g(2u+ v) + 4g(2u− v)− 5g(u+ v)− 5g(u− v). (9)

And replacing v = u+ v in (5), we obtain

g(3u+ 2v)− g(u+ 2v) = 4g(2u+ v)− 4g(v)− 6g(u). (10)

In (10), if we put v = −v then we have

g(3u− 2v)− g(u− 2v) = 4g(2u− v) + 4g(v)− 6g(u). (11)

Now, add (10) and (11), we obtain

g(3u+ 2v) + g(3u− 2v) =

4g(2u+ v) + 4g(2u− v) + g(u+ 2v) + g(u− 2v)− 12g(u). (12)

Setting u = 2u in (8) and using (4), we obtain

g(2u+ 3v)− g(2u− 3v) =

32g(u+ v)− 32g(u− v)− 5g(2u+ v) + 5g(2u− v). (13)
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Interchanging u and v in (13), gives

g(3u+ 2v) + g(3u− 2v) =

32g(u+ v) + 32g(u− v)− 5g(u+ 2v)− 5g(u− 2v). (14)

If we compare (12) and (14) and employ (5), we conclude that

g(2u+ v) + g(2u− v) = 2g(u+ v) + 2g(u− v) + 12g(u). (15)

This shows that g is cubic function, which completes the proof of the theorem.

Theorem 2.3. A mapping g : S → T satisfies (1) for all u, v ∈ S iff there exists
only a function G : S × S × S → T and a unique symmetric multiadditive function
G′ : S × S × S × S → T in such a way that g(u) = G(u, u, u) +G′(u, u, u, u) for all
u ∈ S and that G is symmetric for each fixed one variable and is additive for fixed
two variables.

Proof. Assume g satisfies (1). We break g into even and odd part by putting

ge(u) =
1

2
(g(u) + g(−u)) and go(u) =

1

2
(g(u)− g(−u)) (16)

for all u ∈ S. By (1), we get

ge(u+ 2v) + ge(u− 2v) =

1

2
[g(u+ 2v) + g(−u− 2v) + g(u− 2v) + g(−u+ 2v)] =

4(ge(u+ v) + ge(u− v))− 24ge(v)− 6ge(u) + 3ge(2v) (17)

for all u, v ∈ S. This shows that ge satisfies (1). Similarly we can prove that go
satisfies (1). By lemmas (2) and (3), ge and go are quartic and cubic, respectively.
Thus there exists a unique mapping G : S × S × S → T and a unique symmetric
multiadditive function G′ : S×S×S×S → T in such a way that ge = G′(u, u, u, u)
and that go = G(u, u, u) for all u ∈ S and G is symmetric for each fixed one variable
and is additive for fixed two variables. Thus g(u) = G(u, u, u) + G′(u, u, u, u) for
all u ∈ S. The proof of the converse is trivial.

3. Stability of the mixed type cubic and quartic functional equations
in fuzzy modular spaces. In this section, we prove the stability of the mixed
type functional equations in fuzzy modular spaces for odd case by using fixed point
method. For a mapping g : S → (T, ϱ, ∗), consider

Do(u, v) = g(u+2v) + g(u− 2v)− 4(g(u+ v)− g(u− v)) + 24g(v) + 6g(u)− 3g(2v)

Theorem 3.1. Let S be a vector space, T be a real linear space, (T, µ, ∗) be a
µ-complete b-homogeneous fuzzy modular space and γ ∈ {−1, 1} be fixed. Assume
that an odd mapping g : S → (T, ϱ, ∗) satisfies

µ(Do(u, v), t
′) ≥ ϱ(u, v, t′) (18)

for all u, v ∈ S and a given function ϱ : S × S → △ in such a way that

ϱ(2cu, 2cv, 23bcLt′) ≥ ϱ(u, v, t′) (19)

and

liml→∞ϱ(2clu, 2clv, 23bclt′) = 1 (20)
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for all u, v ∈ S and a constant 0 < L < 1
23b

. Then there exists a unique cubic
mapping G : S → (T, µ) satisfying (1) and

ϱ
(
G(u)− g(v),

t′

23bL
c−1
2 (1−2bL)

)
≥ ϱ(0, v, t′). (21)

Proof. Setting u = 0 in (18), we have

µ(3g(2v)− 24g(v), t′) ≥ ϱ(0, v, t′) (22)

so

µ(
g(2v)

23
− g(v), t′) ≥ ϱ(0, v, 23bt′). (23)

Changing v with 2−1v in (23), we get

µ(
g(2v)

23
− g(2−1v),

t′

23b
)

≥ ϱ(0, 2−1v, 23b2bLL−1 t′

23b
) ≥ ϱ(0, v, 23bL−1t′). (24)

Now from (23) and (24), we get

µ(
g(2cv)

23c
− g(v), t′) ≥ Φ(v, t′) = ϱ(0, v, 22cL

c−1
2 t′2b). (25)

Assume R = {f : S → (T, µ) : f(0) = 0} and define η on R as

η(f) = inf{m > 0 : ϱ(f(v),mt′) ≥ Φ(v, t′)}.
It is easy to prove that η is modular on L and includes the △2−condition with

2b = k and Fatou’s property. Moreover, L is η−complete(see[27]).
Let P : Rη → Rη be a function and defined as

P (G(v)) =
G(2cv)

23c
∀G ∈ Rη.

Let j, k ∈ Rη and m > 0 be an arbitrary constant with η(j − k) ≤ m. From the
definition of η, we have µ(f(v)− k(v),mt′) ≥ Φ(v, t′) and then

µ(Pf(v)− Pk(v), Lmt′) = µ(2−3cf(2cv)− 2−3ck(2cv), Lmt′)

= µ(f(2cv)− k(2cv), 23bcLmt′)

≥ Φ(2cv, 23bcLmt′)) ≥ Φ(v, t′).

Hence η(Pf −Pk) ≤ Lη(j− k), this implies that P is an η−strict contradiction.
Changing v by 2cv in (25), we get

µ
(g(22cv)

23c
− g(2cv), t′

)
≥ Φ(2cv, t′) (26)

and therefore

µ
(
2−2(3c)g(22cv)− 2−3cg(2cv), Lt′

)
=

(
2−3cg(22cv)− g(2cv), 23bcLt′

)
≥ Φ(2cv, 23bcLt′) ≥ Φ(v, t′). (27)

Now

µ
(g(22cv)
22(3c)

− g(v), 2b(Lt′ + t′)
)

≥ µ
(g(22cv)
22(3c)

− g(2cv)

23c
, Lt′

)
∧ µ

(g(2cv)
23c

− g(v), t′
)

≥ Φ(v, t′). (28)
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In (28) changing v by 2cv and 2b(Lt′ + t′) by 2b(1+3c)(L4t′ + L3t′), we obtain

µ
(g(22cv)
22(3c)

− g(2cv), 23bc2b(L4t′ + L3t′)
)

≥ Φ(22cv, 23bcLt′) ≥ Φ(v, t′). (29)

Therefore

µ
(g(22cv)
23(3c)

− g(2cv)

23c
)
(2c(L4t′ + L3t′)) ≥ Φ(v, t′). (30)

This means

µ
(g(23cv)
23(3c)

− g(v), 2b(2b(L4t′ + L3t′) + t′)
)

≥ µ
(g(23cv)
23(3c)

− g(2cv)

23c
, 2b(L4t′ + L3t′))

)
∧ µ

(g(2cv)
23c

− g(v), t′
)

≥ Φ(v, t′). (31)

Now, we generalizing the above inequality, we have

µ
(g(2clv)
23(cl)

− g(v), (2bL)l−1 + 2b
l−1∑
i=1

(2bLi−1t′) ≥ Φ(v, t′) (32)

where l is a positive integer. So we have

η(P lg − g) ≤ (2bL)l−1 + 2b
l−1∑
i=1

(2bL)i−1

≤ 2b
l−1∑
i=1

(2bL)i−1

≤ 2b

1− 2bL
. (33)

Now, It is easy to prove that {P lg} is η−convergent to G ∈ Rη (see[27]). There-
fore (34) becomes

η(G− g) ≤ 2b

1− 2bL
(34)

this means

µ(G(v)− g(v),
2b

1− 2bL
t′ ≥ Φ(v, t′)) = ϱ(0, v, 24bL

c−1
2 t′) (35)

and so,

µ
(
G(v)− g(v),

t′

23bL
c−1
2 (1− 2bL)

)
≥ ϱ(0, v, t′) (36)

and inequality (21) holds. One can easily prove the uniqueness of G (see [27]).

In the next theorem, we prove the stability of the mixed type functional equations
in fuzzy modular spaces for even case by using fixed point method. For a mapping
g : S → (T, ϱ, ∗), consider

De(u, v) = g(u+2v) + g(u− 2v)− 4(g(u+ v)− g(u− v)) + 24g(v) + 6g(u)− 3g(2v)
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Theorem 3.2. : Let S be a vector space, T be a real linear space, (T, µ, ∗) be a
µ-complete b-homogeneous fuzzy modular space and γ ∈ {−1, 1} be fixed. Assume
that an even mapping g : S → (T, ϱ, ∗) satisfies

µ(De(u, v), t
′) ≥ ϱ(u, v, t′) (37)

for all u, v ∈ S and a given function ϱ : S × S → △ in such a way that

ϱ(2cu, 2cv, 24bcLt′) ≥ ϱ(u, v, t′) (38)

and

liml→∞ϱ(2clu, 2clv, 24bclt′) = 1 (39)

for all u, v ∈ S and a constant 0 < L < 1
24b

. Then there exists a unique quartic
mapping G : S → (T, µ) satisfying (1) and

ϱ
(
G(u)− g(v),

t′

24bL
c−1
2 (1− 2bL)

)
≥ ϱ(0, v, t′). (40)

Proof. : Setting u = 0 in (37), we have

µ(g(2v)− 16g(v), t′) ≥ ϱ(0, v, t′) (41)

so

µ(
g(2v)

24
− g(v), t′) ≥ ϱ(0, v, 24bt′). (42)

Changing v with 2−1v in (42), we get

µ(
g(2v)

24
− g(2−1v),

t′

24b
)

≥ ϱ(0, 2−1v, 24b2bLL−1 t′

24b
) ≥ ϱ(0, v, 24bL−1t′). (43)

Now from (42) and (43), we get

µ(
g(2cv)

24c
− g(v), t′) ≥ Φ(v, t′) = ϱ(0, v, 24bL

c−1
2 t′). (44)

Assume R = {f : S → (T, µ) : f(0) = 0} and define η on R as

η(f) = inf{m > 0 : ϱ(f(v),mt′) ≥ Φ(v, t′)}.
It is easy to prove that η is modular on L and includes the △2−condition with

2b = k and Fatou’s property. Moreover, L is η−complete(see[27]).
Let P : Rη → Rη be a function and defined as

P (G(v)) =
G(2cv)

24c
∀G ∈ Rη.

Let j, k ∈ Rη and m > 0 be an arbitrary constant with η(j − k) ≤ m. From the
definition of η, we have µ(f(v)− k(v),mt′) ≥ Φ(v, t′) and then

µ(Pf(v)− Pk(v), Lmt′) = µ(2−4cf(2cv)− 2−4ck(2cv), Lmt′)

= µ(f(2cv)− k(2cv), 24bcLmt′)

≥ Φ(2cv, 24bcLmt′) ≥ Φ(v, t′).

Hence η(Pf −Pk) ≤ Lη(j− k), this implies that P is an η−strict contradiction.
Changing v by 2cv in (44), we get

µ
(g(22cv)

24c
− g(2cv), t′

)
≥ Φ(2cv, t′) (45)
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and therefore

µ
(
2−2(4c)g(22cv)− 2−4cg(2cv), Lt′

)
=

(
2−4cg(22cv)− g(2cv), 24bcLt′

)
≥ Φ(2cv, 24bcLt′) ≥ Φ(v, t′). (46)

Now

µ
(g(22cv)
22(4c)

− g(v), 2b(Lt′ + t′)
)

≥ µ
(g(22cv)
22(4c)

− g(2cv)

24c
, Lt′

)
∧ µ

(g(2cv)
24c

− g(v), t′
)

≥ Φ(v, t′). (47)

In (47), changing v by 2cv and 2b(Lt′ + t′) by 2b(1+4c)(L4t′ + L3t′), we obtain

µ
(g(23cv)
22(4c)

− g(2cv), 24bc2b(L4t′ + L3t′)
)

≥ Φ(2cv, 24bcLt′) ≥ Φ(v, t′). (48)

Therefore

µ
(g(23cv)
23(4c)

− g(2cv)

24c
)
(2c(L4t′ + L3t′)) ≥ Φ(v, t′). (49)

This means

µ
(g(23cv)
23(4c)

− g(v), 2b(2b(L4t′ + L3t′) + t′)
)

≥ µ
(g(23cv)
23(4c)

− g(2cv)

24c
, 2b(L4t′ + L3t′)

)
∧ µ

(g(2cv)
24c

− g(v), t′
)

≥ Φ(v, t′). (50)

Now, we generalizing the above inequality, we have

µ
(g(2clv)
24(cl)

− g(v), (2bL)l−1 + 2b
l−1∑
i=1

(2bLi−1t′) ≥ Φ(v, t′) (51)

where l is a positive integer. So we have

η(P lg − g) ≤ (2bL)l−1 + 2b
l−1∑
i=1

(2bL)i−1

≤ 2b
l−1∑
i=1

(2bL)i−1

≤ 2b

1− 2bL
. (52)

Now, It is easily to prove that {P lg} is η−convergent to G ∈ Rη (see[27]).
Therefore (34) becomes

η(G− g) ≤ 2b

1− 2bL
(53)

this means

µ(G(v)− g(v),
2b

1− 2bL
t′) ≥ Φ(v, t′) = ϱ(0, v, 24bL

c−1
2 t′) (54)
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and so,

µ
(
G(v)− g(v),

t′

24bL
c−1
2 (1− 2bL)

)
≥ ϱ(0, v, t′)

and inequality (40) holds. One can easily prove the uniqueness of G (see [27]).

Acknowledgments. Authors are thankful to reviewers for their constructive com-
ments helping to give the present form to the paper.
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[2] L. Cǎdariu and V. Radu, On the stability of the Cauchy functional equation: A fixed point
approach, Grazer Math. Ber., 346 (2004), 43-52.

[3] I. EL-Fassi, Generalized hyperstability of a Drygas functional equation on a restricted domain

using Brzdek’s fixed point theorem, J. Fixed Point Theory Appl., 19 (2017), 2529-2540.
[4] M. Eshaghi Gordji, S. Zolfaghari, J. M. Rassias and M. B. Savadkouhi, Solutions and stability

of a mixed type cubic and quartic functional equation in quasi-Banach spaces, Abst. and Appl.
Anal., (2009), Article ID 417473, 14 pp.

[5] V. Govindan, C. Park, S. Pinelas and S. Baskaran, Solution of a 3-D cubic functional equation

and its stability, AIMS Math., 5 (2020), 1693-1705.
[6] D. H. Hyers, On the stability of the linear functional equation, Proc. Nat. Acad. Sci., 27

(1941), 222-224.

[7] G. Isac and T. M. Rassias, Stability of φ-additive mappings: Applications to nonlinear anal-
ysis, Int. J. Math. Math. Sci., 19 (1996), 219-228.

[8] S.-M. Jung, D. Popa and M. Th. Rassias, On the stability of the linear functional equation

in a single variable on complete metric spaces, J. Global Optim., 59 (2014), 165-171.
[9] S. Koshi and T. Shimogaki, On F -norms of quasi-modular spaces, J. Fac. Sci. Hokkaido

University, 115 (1961), 202-218.

[10] M. Krbec, Modular interpolation spaces. I, Z. Anal. Anwendungen, 1 (1982), 25-40.
[11] P. Kumam, Some geometric properties and fixed point theorem in modular spaces, Fixed

Point Theory Appl., Yokohama Publ., Yokoham, (2004), 173-188.

[12] P. Kumam, Fixed point theorems for nonexpansive mappings in modular spaces, Arch. Math.,
40 (2004), 345-353.

[13] J. R. Lee, J. Kim and C. Park, A fixed point approach to the stability of an additive-quadratic-
cubic-quartic functional equation, Fixed Point Theory Appl., (2010), Art. ID 185780, 16 pp.

[14] Y.-H. Lee, S. Jung and M. Th. Rassias, Uniqueness theorems on functional inequalities con-

cerning cubic-quadratic-additive equation, J. Math. Inequal., 12 (2018), 43-61.
[15] W. A. Luxemburg, Banach function spaces, PhD Thesis, Delft University of Technology, Delft,

The Netherlands, 1959.

[16] A. Maduta and B. Mosnegutu, Ulam stability in real inner-product spaces, Constructive
Math. Anal., 3 (2020), 113-115.

[17] B. Mazur, Modular curves and the Eisenstein ideal, Inst. Hautes Études Sci. Publ. Math., 47
(1978), 33-186.

[18] J. Musielak, Orlicz Spaces and Modular Spaces, Lecture Notes in Mathematics, 1034.

Springer-Verlag, Berlin, 1983.
[19] H. Nakano, Modulared Semi-Ordered Linear Spaces, Maruzen Co. Ltd., Tokyo, 1950.

[20] W. Orlicz, Collected Papers. Part I, II, PWN-Polish Scientific Publishers, Warsaw, 1988.
[21] S. Pinelas, V. Govindan and K. Tamilvanan, Stability of a quartic functional equation, J.

Fixed Point Theory Appl., 20 (2018), Paper No. 148, 10 pp.
[22] V. Radu, The fixed point alternative and the stability of functional equations, Fixed Point

Theory, 4 (2003), 91-96.
[23] M. Ramdoss, J. M. Rassias and D. Pachaiyappan, Stability of generalized AQCQ-functional

equation in modular space, J. Eng. Appl. Sci., 15 (2020), 1148-1157.
[24] J. M. Rassias, On approximately of approximately linear mappings by linear mappings, J.

Funct. Anal., 46 (1982), 126-130.

http://mathscinet.ams.org/mathscinet-getitem?mr=MR92762&return=pdf
http://dx.doi.org/10.2969/jmsj/00920263
http://mathscinet.ams.org/mathscinet-getitem?mr=MR2089527&return=pdf
http://mathscinet.ams.org/mathscinet-getitem?mr=MR3720468&return=pdf
http://dx.doi.org/10.1007/s11784-017-0439-8
http://dx.doi.org/10.1007/s11784-017-0439-8
http://mathscinet.ams.org/mathscinet-getitem?mr=MR2534985&return=pdf
http://dx.doi.org/10.1155/2009/417473
http://dx.doi.org/10.1155/2009/417473
http://mathscinet.ams.org/mathscinet-getitem?mr=MR4143168&return=pdf
http://dx.doi.org/10.3934/math.2020114
http://dx.doi.org/10.3934/math.2020114
http://mathscinet.ams.org/mathscinet-getitem?mr=MR4076&return=pdf
http://dx.doi.org/10.1073/pnas.27.4.222
http://mathscinet.ams.org/mathscinet-getitem?mr=MR1375983&return=pdf
http://dx.doi.org/10.1155/S0161171296000324
http://dx.doi.org/10.1155/S0161171296000324
http://mathscinet.ams.org/mathscinet-getitem?mr=MR3182526&return=pdf
http://dx.doi.org/10.1007/s10898-013-0083-9
http://dx.doi.org/10.1007/s10898-013-0083-9
http://mathscinet.ams.org/mathscinet-getitem?mr=MR0126688&return=pdf
http://mathscinet.ams.org/mathscinet-getitem?mr=MR690756&return=pdf
http://dx.doi.org/10.4171/ZAA/3
http://mathscinet.ams.org/mathscinet-getitem?mr=MR2144171&return=pdf
http://mathscinet.ams.org/mathscinet-getitem?mr=MR2129956&return=pdf
http://mathscinet.ams.org/mathscinet-getitem?mr=MR2595831&return=pdf
http://dx.doi.org/10.1155/2010/185780
http://dx.doi.org/10.1155/2010/185780
http://mathscinet.ams.org/mathscinet-getitem?mr=MR3771783&return=pdf
http://dx.doi.org/10.7153/jmi-2018-12-04
http://dx.doi.org/10.7153/jmi-2018-12-04
http://mathscinet.ams.org/mathscinet-getitem?mr=MR4188615&return=pdf
http://dx.doi.org/10.33205/cma.758854
http://mathscinet.ams.org/mathscinet-getitem?mr=MR488287&return=pdf
http://mathscinet.ams.org/mathscinet-getitem?mr=MR724434&return=pdf
http://dx.doi.org/10.1007/BFb0072210
http://mathscinet.ams.org/mathscinet-getitem?mr=MR0038565&return=pdf
http://mathscinet.ams.org/mathscinet-getitem?mr=MR963250&return=pdf
http://mathscinet.ams.org/mathscinet-getitem?mr=MR3864822&return=pdf
http://dx.doi.org/10.1007/s11784-018-0629-z
http://mathscinet.ams.org/mathscinet-getitem?mr=MR2031824&return=pdf
http://dx.doi.org/10.36478/jeasci.2020.1148.1157
http://dx.doi.org/10.36478/jeasci.2020.1148.1157
http://mathscinet.ams.org/mathscinet-getitem?mr=MR654469&return=pdf
http://dx.doi.org/10.1016/0022-1236(82)90048-9


10 JAGJEET JAKHAR, JYOTSANA JAKHAR AND RENU CHUGH

[25] K. Ravi, J. M. Rassias, M. Arunkumar and R. Kodandan, Stability of a generalized mixed
type additive, quadratic, cubic and quartic functional equational equation, J. Inequal. Pure

Appl. Math., 10 (2009), Article 114, 29 pp.

[26] J. Senasukh and S. Saejung, A note on the stability of some functional equations on certain
groupoids, Constructive Math. Anal., 3 (2020), 96-103.

[27] Y. Shen and W. Chen, On fuzzy modular spaces, J. Appl. Math., (2013), Article ID 576237,
8 pp.

[28] P. Turpin, Fubini inequalities and bounded multiplier property in generalized modular spaces,

Comm. Math., 1 (1978), 331-353.
[29] S. M. Ulam, A Collection of Mathematical Problems, Interscience Tracts in Pure and Applied

Mathematics, no. 8 Interscience Publishers, New York-London, 1960.
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