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SOLUTION AND STABILITY OF A NEW RECIPROCAL TYPE
FUNCTIONAL EQUATION

SADANTI IDIR

Abstract. The aim of this paper is to obtain the general solution of the fol-
lowing new reciprocal type functional equation
1 - 1 n 1
flx+uy+v)  2fQr+y2utv)  2f(y,0)

and investigate its generalized Hyers-Ulam stability in Banach spaces using
the direct method. We also show Hyers-Ulam-Rassias stability, Ulam-Géavruta-
Rassias stability and J. M. Rassias stability controlled by the mixed product-sum
of powers of norms for the same equation.

1. INTRODUCTION

The mathematical theory of stability of functional equations gained its signifi-
cance in the nineties when an interesting talk exhibited by S. M. Ulam [1] in 1940,
set off the study of stability problems for various functional equations. The main
motivation was from the study of the stability of homomorphisms. Pioneering work
in this timeframe was done by Hyers [2] for the Cauchy’s functional equation in
Banach spaces. Furthermore, the result of Hyers has been generalized by Rassias
[3]. Since then, the subject has been extensively explored by many authors, who
have discovered and studied many functional equations and the results obtained
are very interesting ([10, 7, 5, 6, 14, 8, 9, 11, 13, 12]).

In 2010, K. Ravi and B. V. Senthil Kumar [4] studying the generalized Hyers-
Ulam stability for the following reciprocal functional equation

9(x)g(y)
g(x) +g(y)

where g : X —]0, oo[ is a mapping on the space of non-zero real numbers and X is
a real normed space.

gz +y) = (x,y € X). (1.1)

Date: May 18, 2022.
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Later, Ravi et al., [16] introduced the reciprocal difference functional equation

Ty e~ J@fW)
f< 2 ) HE+9) = 5oy + fly

and and the reciprocal adjoint functional equation

T4y 3f(x)f(y)
f( 2 )+f(x+y):f(x)+f(y)'

and investigated its Hyers-Ulam stability, where f : X —]0,00[ is a mapping on
the space of non-zero real numbers and for all x,y € X.

After that, diverse forms of the reciprocal functional equations were explored
which can be found (as examples) in [15, 17, 18, 19, 20, 21].

In this paper, we investigate the Hyers-Ulam stability of the following new re-
ciprocal functional equation

1 1 1
fl@t+u,y+v)  2f(2c+y,2u+tv)  2f(y,v)
Throughout this paper, we denote by X the set R?\{(z, )|z + y = ¢} such that

¢ # 0 is the constant appearing in the general solution of considered functional
equation.

2. GENERAL SOLUTION

Theorem 2.1. Let f : X — R be a continuous real-valued function of two real
variables satisfying the reciprocal type functional equation

1 = : ! 2.1
Frtuwy+o)  2f2r+y.2uto)  2f(y.0) (2.1)

forallz,y € X. If f(x,y) #0 for all (x,y) € X, then f is of the form

a
T,y = —,
f( y) r+y—+c

for all (z,y) € X, where a,c # 0 are constants.

Proof. Let f: X — R satisfies (2.1) with f(x,y) # 0 for all (z,y) € X. First, we
show that

f@+y,0) = f(z,y) (2.2)
Indeed, equation below is obtained by replacing (x,y,u,v) with (z,0,y,0):
| 1
et 9.0)  2f(r,2y) | 27(0,0)
Now, substituting (x,u,y,v) by (x +,0,0,0) in (2.1), we obtain
1 1 1

f(z+y,0) - 2f(2x 4 2y,0) + 2£(0,0) (2.4)

(2.3)
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Comparing equations (2.5) and (2.4), we arrive to
I 1
f(2z,2y)  f(2x +2y,0)’
which implies that f(2z,2y) = f(2z + 2y,0). Thus f(z,y) = f(z +y,0).
Now, replacing (x,u,y,v) by (z,y,0,0) in (2.1) we obtain
1 1 1

f(z,y) B 2f(2x,2y) + 2£(0,0) (2.5)

which implies that

2 1 1
_ — 2.6
Flew) ~ F0,0) ~ F2.29) 20
Replacing (x,u,y,v) by (x+y,0,z+y,0) in (2.1) and using equation (2.2), we get
1 1 1
= + 2.7
Fetyoty)  20Be+30.0) 2@+ 0.0 27

This implies that

1 1 1
f2z,2y)  2/(32.3y) | 2/(z,1) (2.8)
Using (2.6) in (2.8), we obtain

3 2 1

— = 2.9
Fle)  7(0.0)  1(32.3) 2
By induction on n > 0, we acquire
n n—1 1
— = . 2.10
Fo)  10.0) ~ o) (210
Now, we set s = £(0,0). For (z,y) = (1,1), the equation (2.10) becomes
n n-—1 1
— = 2.11
t s f(n,n) (2.11)
for some constant t = f(1,1) # 0. Then
st
= 2.12
) = e (212)
We can put @’ = 2 and ¢/ = -1 such that s # ¢ and @/, # 0, we get
/ 2 /
f(n,n) = f(n+n,0) = f(2n,0) = —= - (2.13)

n -+ c :n—I—Qc’

Then,
a

fn,0) =

with @ = 2d’ and ¢ = 2¢. Let (z,y) be any fixed element in X, then there
is a sequence {(zy,yn)} of non-zero rational numbers such that lim, .o z, = =
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and lim, o ¥, = y. Then, by the continuity of f, where, we have flz,y) =
limy, 500 f(Zn, Yn) = limy, 00 f(xn + Yn,0) = limy, 00 a:n+?/n+c = x+y+c Hence, we
conclude that f(z,y) = 77+ for all (z,y) € X, which completes the proof of
Theorem. [

3. STABILITY OF EQUATION (2.1)

Theorem 3.1. Let ¢ : X?> — R be a mapping satisfying

O(z,u,y,v) =

L B(2ix, 2, 2y, 20
Z¢( Z, u, Yy, U)<OO (31)

oi
for all (z,u,y,v) € X2. Let f: X — R be a mapping such that
‘ 1 [z +y,2u+v) + f(y,v)

flx+u,y+v) 22z +y,2u+v)f(y,v)

< ¢(x,u,y,v) (3.2)

for all (z,y,u,v) € X?. Then, there exists a unique mapping h : X — R which
satisfies the functional equation (2.1) and the inequality

1 1
- - < ®(x,0,y,0 3.3
H ) Ay F0.0] = ) (3.3)
for all (z,y) € X. The mapping h is defined by
ha,y) = lim 2° (270, 2%). (.)
n—oo

Proof. Replacing (z,y,u,v) by (z,0,y,0) in (3.2), we get

 f(22,2y) + £(0,0) 1 1

Hf(:ery,O) 2f(2x,2y)f(0,0) H Hf (x,y)  2f(2z,2y)  2f(0,0)
for all (z,y) € X.

Replacing (z,y) by (2z,2y) in (3.5), dividing by 2 and summing the resulting
inequality with (3.5), we obtain

H < 6(x,0,4,0)
(3.5)

H - 1 1 1
flzy)  4f(dz,4y)  2f(0,0)  4£(0,0)

| < 6(0.0.000) + 50(22.0.20.0

(3.6)
Proceeding further and using induction on a positive integer n, we obtain

: ! !  (272,0,2y,0)
Hf(xay) - 2" f(2nx, 2"y) B (1 N 2_n> £(0,0 < ; 5 (3.7)
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Next, replacing (z,y) by (2¥z,2%y),k € N in (3.7) and multiplying by 27%, we
get

1 L, 1 1 1 . 2 (2R, 0, 2i+Ry, 0)
Qkf(Qk:L', Qk:y) ok on f(O, 0) 2n—|—kf(2n+kx, 2n+ky) — pr itk
(3.8)

Since the right-hand side of the inequality (3.8) tends to 0 as k tends to infin-

1

ity, the sequence {zn Foe zny)} is a Cauchy sequence. Therefore, we may define

h=Y(xz,y) = m = limn%wm for all (z,y) € X. Letting n — oo in

(3.7), we arrive at (3.3). Next, we have to show that h satisfies (2.1). For that,
Replacing x,y,u,v by 2"z, 2"y, 2"u,2"v in (3.2) and dividing 2", it then follows
1 FE"(20 +),2(2u + 0) + (2", 2")

that
F2(x +u),2(y +v))  2f(2"(2x +y),2"(2u + v)) f(2"y, 270) ‘ =
2%@5(2”3:, 2"u, 2"y, 2"v).  (3.9)

1
2n

Taking the limit as n — oo, using (3.4) and (3.1), we see that

1 h(2 2 h
Mz +u,y+v)  2h(2z +y,2u+v)h(y,v)
which gives
1 h(2 2 h

h(x 4+ u,y + v) 2h(2x + vy, 2u + v)h(y,v)

Therefore, we have that h satisfies (2.1) for all (z,u,y,v) € X2. To prove the
uniqueness of the mapping h, let us assume that there exists a mapping ' : X — R
which satisfies (2.1) and the inequality (3.3). We have

]

h(z,y)  W(x,y)

h(27x,2™y)  h(2"z, 2™y)

7w

1 1 1 1
< 9 — —
= (Hh@%,zny) f(2”x,2”y)H+Hf(2”w,2"y) h'<2nx,2ny>H>
2 (2w, 20z, 20y, 20y)
<2y S (3.12)
1=0

for all (z,y) € X. Allowing n — oo in (3.12) and using (3.1), we obtain that A is
unique. [
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Corollary 3.1. Let f: X — R be a mapping such that
1 fRx+y,2utv)+ f(y,v)

“f(x+u,y+v) 2f(2x +y,2u+v)f(y,v)

for all x,y € X, with e > 0. Then there exists a unique mapping h : X — R which
satisfies the functional equation (2.1) and the inequality

1 1

Hf(; y)  f(0,0)  h(z,y)

Proof. Taking ¢(z,y) = € for all (z,y) € X in Theorem 3.1, we obtain the required
result. O

<e€ (3.13)

|§e.

Corollary 3.2. Let f: X — R be a mapping such that
‘ 1 [z +y,2utv)+ f(y,v)

fl@+u,y+v)  2fQ2x+y,2u+0)f(y,v)
for all x,y € X, where, 8 >0 and p > —1.

Then there exists a unique mapping h : X — R which satisfies the functional
equation (2.1) and the inequality

< OU” + flull” + lyl” + [lo]*)
(3.14)

111 < 20020(||z || + |ly|I”)

f(x,y)  £(0,0)  h(x,y)|| ~ 2rtl —1 '
Proof. Taking ¢(z,y) = 0(||z||” + ||y||’) for all (z,y) € X in Theorem 3.1, thus, the
desired result follows. O

Corollary 3.3. Let f: X — R be a mapping such that
1 fRx+y,2utv)+ f(y,v)

fletuy+o)  2fQ2r+y,2u+v)f(y,v)

< O(l=]” + [lul®) Ay I + vl

(3.15)
for all x,y € X, where, 0 >0 and p+q < 1.
Then there exists a unique mapping h : X — R which satisfies the functional
equation (2.1) and the inequality

L (L
f(z,y)  f(0,0) h(x,y)| — \1-—2rte-1l)"

Proof. Taking ¢(z,y) = 0(||z||” + ||lul|”)(||lyl|? + ||v||?) for all (x,y) € X in Theorem
3.1, we get the required result. ]

Corollary 3.4. Let f: X — R be a mapping such that
1 [z 4y, 2u+v) + f(y,v)

Hf(eru,erv) 2f(2x +y,2u+v)f(y, v)

< Ozl + [lul) Iyl + lol|F)P
(3.16)
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for all x,y € X, where, 0 > 0 and pq < 1. Then, there exists a unique mapping
h: X — R which satisfies the functional equation (2.1) and the inequality

LR S S o 7]
flz,y)  f(0,0)  h(z,y)| — \ 1-2ra"L )"
Proof. Replacing ¢(z,y) = 6([|=[|” + [[ul”)2([ly? + [[0|*)? for all (z,y) € X in
Theorem 3.1, we get the desired result. 0

4. CONCLUSION AND OPEN PROBLEM

e In this work, we have obtained the general solutions of the functional equa-
tion (2.1). Also, by using direct method, we have studied its Ulam-Hyers
stability in which the exact solution of the functional equation (2.1) is ex-
plicitly constructed as a limit of a sequence {2" f(2"x,2"y)}, . This kind of
problems, in particular, the study of reciprocal type functional equations
and its stability is a very interesting subject of mathematics and find many
applications in other scientific domains, we refer the interested reader to
reference [20].

e As an open problem is to prove that

(1) The general solution of the following generalized reciprocal type func-
tional equation of the functional equation (2.1)

1 1 1
(z1,a T, ) - n—1 ) (Tn,a2,a an) (4.1)
g 1,81y...9Ln,Un 29( k:()xk—i_xn) g\Tn, 02,043, ...,0n

is of the form
a

T+ T2+ .z, +b
(2) Hyers-Ulam-Rassias stability of (4.1).

g(xla"'axn) -

REFERENCES

[1] S.M. Ulam, Problems in Modern Mathematics, Chapter VI, Wiley-Interscience, New York,
1964.

[2] D.H. Hyers, On the stability of the linear functional equation, Proc. Natl. Acad. Sci. USA 27
(1941), pp. 222-224.

[3] Th.M. Rassias, On the stability of the linear mappings in Banach spaces, Proc. Amer. Math.
Soc., 72 (1978), pp. 297-300.

[4] K. Ravi, B.V. Senthil Kumar, Ulam-Gavruta-Rassias stability of Rassias reciprocal functional
equation, Glob. J. Appl. Math. Math. Sci.,Vol. 3 (2010), pp. 57-79.

[5] J. Aczel, Lectures on Functional Equations and their Applications, Vol. 19, Academic Press,
New York, 1966.

[6] J. Aczel, Functional Equations, History, Applications and Theory, D. Reidel Publ. Company,
1984.



Sadani Idir

[7] S. Czerwik, Functional Equations and Inequalities in Several Variables, World Scientific Pub-
lishing Co., Singapore, New Jersey, London, 2002.
[8] Rassias, Themistocles M., and Themistocles M. Rassias, eds. Functional equations, inequali-
ties, and applications. Dordrecht, The Netherlands: Kluwer Academic Publishers, 2003.
[9] Kuczma, Marek, Bogdan Choczewski, and Roman Ger. Iterative functional equations. No.
32. Cambridge University Press, 1990.
[10] Cholewa, Piotr W. "Remarks on the stability of functional equations." Aequationes mathe-
maticae 27.1 (1984): 76-86.
[11] Sahoo, Prasanna K., and Palaniappan Kannappan. Introduction to functional equations.
CRC Press, 2011.
[12] Brzdek, Janusz, et al. Ulam stability of operators. Academic Press, 2018.
[13] Castillo, Enrique, Andrs Iglesias, and Reyes Ruiz-Cobo. Functional equations in applied
sciences. Elsevier, 2004.
[14] Rassias, Themistocles M. On the stability of functional equations in Banach spaces. Journal
of Mathematical Analysis and Applications 251.1 (2000): 264-284.
[15] K. Ravi, J. M. Rassias, B. V. Senthil Kumar, Ulam stability of generalized reciprocal func-
tional equation in several variables, Int. J. Appl. Math. Stat. 19(2010), pp. 119.
[16] K. Ravi, J. M. Rassias, B. V. Senthil Kumar, Ulam stability of reciprocal difference and
adjoint funtional equations, Australian J. Math. Anal.Appl. 8(1) (2011), pp. 118.
[17] K. Ravi, E. Thandapani, B.V. Senthil Kumar, Stability of reciprocal type functional equa-
tions. Panam. Math. J. Vol. 21(1) (2011), pp. 59-70.
[18] K. Ravi, E. Thandapani, B.V. Senthil Kumar, Solution and stability of a reciprocal type
functional equation in several variables, J. Nonlinear Sci. Appl., 7 (2014),pp. 18-27.
[19] Sadani, I. On the stability of f(2z +y) + f (££2) = ;{;Q’;(g) + ;’E;ﬁ‘;ﬁ’y}i’;ﬁ;) Tatra Mt.
Math. Publ. 78, 1-10 (2020).
[20] Kumar, Senthil, and Hemen Dutta. Multiplicative Inverse Functional Equations. Springer
International Publishing, 2020.
[21] A. Bodaghi, P. Narasimman, J.M. Rassia, K. Ravi, Ulam stability of the reciprocal functional
equation in non-Archimedean fields. Acta Mathematica Universitatis Comenianae, 2016

SADANI IDIR

UNIVERSITY MOULOUD MAMMERI OF T1zI OUzOU,
FACULTY OF SCIENCES,

15000, T1z1 Ouzou

ALGERIA

Email address: sadani.idir@yahoo.fr



