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ABSTRACT

Many Researchers have used the notion of interpolative Kannan contraction due to its wider range in
applications and its flexibility, rather than the normal Banach contraction. This paper studies the existence,
uniqueness, and convergence of fixed points for coupled interpolative Kannan-type contractions in metric
spaces. Using Picard and Mann iterative schemes, sufficient conditions ensuring convergence to a unique fixed
point are established. The results extend and generalize several existing findings in fixed-point theory.

Keywords: Coupled fixed point, Interpolative Kannan contraction, Metric space, Picard iteration, Mann
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INTRODUCTION

The notion of a coupled fixed-point (CFP) was introduced and
studied by (Opoitsev, 1975) and investigated later by (Guo &
Lakshmikantham, 1987). There are more results on the
existence of coupled fixed-points (CFPs) than on the
existence of common CFPs of a pair of operators among
investigations of CFP results for nonlinear mappings in the
ordered Banach space setting. The majority of these results
are established for mixed monotone operators. A fixed-point
theorem for a mixed monotone mapping in a metric space
with a partial order was established by (Bhaskar &
Lakshmikantham, 2006) under a weak contractive type of
assumption. Their theorem can be used to study a wide class
of problems in addition to incorporating a number of recent
advancements. As an example, they discuss about whether a
periodic boundary value problem has a unique solution. Some
common fixed-point theorems of four self-mappings
satisfying contraction-type conditions in partially ordered
complete metric spaces were proven by (Sharma et al., 2017)
in their paper titled "On the generalization of Banach
contraction principle in partially ordered metric spaces.”
Additionally, their findings generalize and unify the previous
findings in the literature. To support their findings, a few
pertinent examples are also provided.

(Liu et al.,, 2018) used weakly compatible mappings in
partially ordered metric spaces with a common limit range
property, the (Aamri & El Moutawakil, 2002) property, and
other properties to investigate the existence and uniqueness of
a common CFP of four self-mappings for Geraghty-type
contraction. It was noted that the continuity of mappings and
completeness of spaces can be removed. The results
improved, extended, complemented, and generalized several
existing results in the literature. In addition, some examples
were provided to illustrate the usability of their results. (Bota
etal., 2023) in their article investigated existence and stability
results for cyclic graphical contractions in complete metric
spaces. An application to a CFP problem was also derived.

In 2022, (Aniki et al., 2022) analyzed the existence and
uniqueness of mappings defined on Cauchy metric spaces via
a CFP theorem that satisfies a contractive inequality of
integral-type. This generalizes the contractive inequality of
the integral-type fixed point to the CFP theorem as an
improvement to available research in the literature. Some
illustrative examples to back up their claims were also

included. In a controlled metric space, (Hammad & Zayed,
2022) found some CFPs results for generalized contractions
involving two control functions. Furthermore, in graph-
enabled controlled metric spaces, they established a few CFP
results. Their findings led to the expansion and modification
of numerous well-known results from the literature. They also
provide some examples to show the validity of the stated
results. Finally, they use the theoretical findings to solve a
system of integral equations.

(Kannan, 1968) proved the following result, which gives the
fixed point for non-continuous mappings: let: 8*: X — X be a
mapping on a complete metric space (X,d) with

d(6*x,0%y) <Md(x, 0" x)+d(y, 6" 1))

where 0 <A < 0.5 and x, ¢ € X. Then 6* has a unique fixed
point. If for the mapping 8*: X — X there exists 0 <A < 0.5
such that the inequality holds for all x, 4 € X. Then 0* is
called a Kannan-type mappings (KTMs). Some findings on
the common fixed point of self-mappings defined on complete
b-metric spaces were provided by (Faraji & Nourouzi, 2017).
These findings extend the fixed-point theorems of Kannan
and Chatterjea to complete b-metric spaces. Specifically, they
demonstrated the existence of a single common fixed point
between two self-mappings that satisfy a contraction-type
inequality. Additionally, they provided some examples to
support the findings. (Karapinar, 2018) reexamined Kannan's
famous fixed-point theorem in relation to interpolation. They
suggested a novel Kannan-type contraction to maximize the
rate of convergence using the interpolation concept. (Abdou,
2020) generalized classical modulars over linear spaces, such
as the recently introduced Orlicz spaces, by establishing the
concept of a modular metric on an arbitrary set and the
corresponding modular spaces. In the context of modular
metric spaces, the existence of fixed points for contractive and
non-expansive Kannan maps was proven. These had to do
with the successive approximations of fixed points (through
orbits), which converge to the fixed points in a modular sense
that is not as strong as metric convergence. By applying the
interpolation theory to a complete metric space, (Karapinar,
2021) revisited the well-known contractions of (Meir &
Keeler ,1969). To demonstrate the validity of the observed
result, they offered a straightforward example. We provide a
more accurate result regarding the behavior of Picard
sequences of arbitrary initial points, and (EI Amri et al., 2022)
demonstrated that the existence of fixed points for
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interpolative Kannan-type and CRR-type contractions
remains true for a metric space that is not necessarily
complete. Additionally, they examined a few specific classes
of interpolative contractions of the Kannan and CRR types.
(Bota et al., 2023) introduced generalized KTMs, a new class
of mappings in metric spaces that are three-point analogs of
the popular KTMs. It was demonstrated that these two classes
of mappings are independent and that, in the general case,
they are discontinuous but continuous at fixed points, along
with KTMs. It is proven that generalized KTMs have a fixed-
point theorem. The class of mappings for which the fixed-
point theorems hold can be expanded by adding additional
conditions of asymptotic regularity and continuity. Two more
fixed-point theorems for generalized KTMs in metric spaces
that are not necessarily complete were also obtained by them

Mathematical Preliminaries
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after Kannan. Throughout this study, little or no attention has
been given to the existence and uniqueness of a coupled
interpolative Kannan contractive condition. This research will
contribute to the theory of the existence and uniqueness of a
coupled fixed point in a metric space using coupled
interpolative Kannan contraction.

MATERIALS AND METHODS

This section presents a theoretical framework to investigate
several conditions for the existence and uniqueness of a
coupled interpolative Kannan contraction. It will also
investigate convergence and stability of the coupled
interpolative Kannan contraction in a metric space. Applying
ana priori analytical approach, we develop definitions,
propositions, a lemma, a theorem, and a corollary.

We define essential concepts for stability as mentioned by (Harder & Hicks, 1988; Olatinwo, 2008). Let (X, d) be a complete
metric space and 6*: X — X be a mapping on the metric space.

Let F(6*) ={p € X |0* p = p } denote the set of fixed points of 6*. Let {x;}o0 i = 0 < X. be the sequence generated by an
iterative procedure involving the operator 6*, that is,

Xiy1= f(9*, xi), i= 0,1,2 (1)

where x, € X is the initial approximation, and f is some function. Suppose {x;};2, con verges to a fixed point p of 6*.

Let (X,d) be a metric space and 6*: X x X — X a mapping. For (x,, 4,) € X x X, the sequence {x;, y;} 2, < X x X defined
iteratively by x;1= 0" (x;, 44), %ie1= 0" (i, %),

i=012"-- 2
It is said to be a coupled fixed-point iterative procedure, according to (Olatinwo, 2008).

Lemmal

(Berinde & Takens, 2007) Let {a;}i2,, {B:i}izo be a sequence of nonnegative numbersand 0 < g < 1 so that
ai + Bi,foralli = 0

10f }Lr?o Bi =0 then ili_}rgai =0

2.1f Y7 a; < oothen X5 B; < oo,

then }i{? a; = 0.

Ai+1=4

Lemma 2
(Berinde & Takens, 2007) Let {ai}, {bi} be sequences of nonnegative numbers and 0 < g, < 1, such that a;,, < g ai+bi, for all
>0
(i) if lim ai=0 then limbi=0
o] >0
(ii) if that X3 @; < o then X5 B; < oo,
Yi=q9"

Definition 1 (Coupled Fixed Point)

If (X,d) is a metric space and 8*: X x X — X is an operator, then, by definition, a CFP for 8* is a pair (x*,¢4*) € X x X
L (2 =0"(x", ") . . . .

satisfyin { . w22 where (Fix(6*)) will denote the coupled fixed point set of 8*.

YiNG {+  ge(ypr. e Where (Fix(@) P P

Definition 2

A self-mapping 6*: X x X — X is called a coupled generalized interpolative Kannan contraction if there exist A € (0,1),y €

(0,1) for which

d(0*(x,4),0"(u,v)) < Amax[d(x, 0" (x,4))"d(u, 0" (u, v))l‘y, d(x,0"(x, y))l_yd(u, 0*(u, 1))"]

Forall x,4,u,v € Xwithx # 6*(x,4) and u # 6" (u,v).

Definition 3
A coupled interpolative Kannan contraction on a metric space (X,d) is a self-mapping 6*: X x X such that there exists A € (0,1)
for which
1-y
d(@*(x, 4),0"(u, v)) < ld(x, 0" (x, y))yd(u, 0*(u, v)) forall x,4,u,v € X
With x # 60" (x, ).

Definition 4

Let (X,d) be a metric space and 6*: X x X — X be a coupled self-map. It is called a coupled relaxed (A.y, B)- interpolative
Kannan contraction, if thereexists 0 < 4 < 1,0 <y,f <1with0 <y + 8 < 1, such that

de*(x,y), 0" (u, v)) < Ad(x,0*(x,4)) d(u, 6" (u,v))F
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RESULTS AND DISCUSSIONS
This section presents significant theoretical advancements in the investigation of the existence and uniqueness of fixed points
for coupled interpolative Kannan contraction with the aid of the following theorem.

Theorem 1

Let (X,d) be a complete metric space and 6*: X x X — X be a coupled interpolative Kannan type contraction i.e a self-map
such that there exist A € (0,1), y € (0,1) so that d(8*(x,4), 0" (u,v)) < Ad(x, 0% (x,4))yd(w, 8*(u, v))~Y for all
x,4,u,v € Xwithx # 0*(x,¢)and «w # 0*(u,v). Then, 8* has a unique fixed point in x.

Proof
Let x9, 40 € X and construct the sequence [x;] by x;,1= 8" (o, %) Tor all positive integer. Taking x = xi, ¢ = i,
d(xiq, x0) = d(67(xl, y0), 07 (-1, Yi-1))
< Ad(xi, 0" (xi, y)) - d(®i-1, 07 (i1, Him))'TY

= 2d (%, 241)y- A (g, )Y

d(xir1, %) = Ad(xc, 241)7 - d(xiq, )7
since d(x,y4) = d(y¢,x)
then  d(xy,#41)"" < Ad(xi_q, %)™ 3
consider

A(xi, %i41) = A0 (Fi-1, $i-1),0" (xi, yi))

< Ad(xi—l'e*(xi—l' %i—1))y- d(xi;e*(xil ’y’i))l_yd(xi!le) 14
S Ad(xi-1,0" (%i1,%i-1))Y (4)
From (3.1) and (3.2), we have

d(x;, %i41) S Ad(%-1, 0% (%i-1, Yi-1))-
Therefore, d(x;, x;41) < d(x;_4, ;) forall i= 1
Hence, the positive sequence, d(x;_,, x;)
is decreasing. Then there exists a real [ = 0 such that lim d (x4, ;) = [
Considering (3.2) l
Ay, %i41)" < Ad(%io1, 0" (@icr, %im1))' d(io1, 9*(901'—1';Vn—1))1_yd(xi'xi+1)y
S Ad(xioy, 0" (%11, %i-1))7- A1, 0" (imy, i)' 0 d(img, 07 (imy, 9im1)) Y d (g, 2040)Y

< Ad(%i-1, 0" (%1-1, Yi-1))
Hence,
(i1, %) < Ad(x, 0% (i )

< Ad(xo, 0" (%0, %0))

d(xi+1rxi) <d(x09*(x0r y‘o))
This shows that the sequence converges.
Next, we show that the sequence is Cauchy.
d(xs, 27 )<d (23 141) + A1, Xi42) + A(Xiga, Zigs) + - +d (27, 2;)

< Aid (xole*(xo,y,o)) + Ait1d (xoﬂ*(xo,go)) + Mg (xoﬂ*(xo, yo))
< A+ AT A2 e U] d (0, 07 (o, #0)) s d (0, 0 (%0, o))
d(xi,'xj) < d(xoe*(xoﬂy'o))
The Cauchy sequence also converges; therefore, the sequence is complete.
Since the sequence converges, there exists a limit such that the sequence converges to say
l=6"(,v)
A4, )=d(O" (21, 9)), 6°(1, 1))
2 1-2
< 2d( 2, 0" (2, 9)) " (L 6° (L))
dxi41,0)=0
lim x4 =1
1—>00
Hence, [ is a fixed point.
Suppose there is another fixed point g =6* (g, )
d(lg) = d(0"(l,v),0"(g,u1))
< d(1,0°(L,))". d(q, 0" (g, w)**

d(l,q) =0.
Therefore, [ = gq.
Hence, the fixed point is unique. ]

The following theorem shows the existence of fixed points for a relaxed coupled interpolative KTM.

Theorem 2

et (X,d) be a complete metric space, and 6* be a coupled self-mapping on X such that

d (0*(x, 1), 0 (u, 1)) < A(d(x, 0" (x, ) * (d(y, 0" (u,v))) P forall x,4 € Xwithx # 0*x and ¢ # 8*x, and where A
€ [0,1] and vy, B € [0,1] such that y+B<1 if there exist x € X such that d(x, 8" (x,4)) < 1. Then 6*has a fixed point in X.
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Proof
Let xy, 4o € X and let the sequence x;,, = 6*(x, %) to all positive integer i.
Taken x = x;, 4 = y;
A, Xi41)=d(8" (xi-1,Yi-1), 9*(;61‘:%)
<4 (d(xi—lr 9*(xi—1'y»i—1))) - (d(x;, 0" (2, )P
Since y+f < 1, we can say,
B<l—yandy<1-p
_ N N 1-B
(s x41))*F < A(d (%421, 0 (xi,%‘))y < A(d (%21, 0" (%i-1, %i-1)))
Therefore,
_ N 1-B
(A, x340)) P < A(d (2121, 0" (121, %i-1)))
1
Al xi41)< Aﬁd(xi—lnxi)
< Ad(xi—llxi)
For all integers i > 1
d(x;.xi41)= A0 (%1, 1), 0" (%i—1, Yi-1)) 5
< A(d(x;, 9*(761',%)))/- (d(%1-1,0" (®i—1, 91-1))) (d#@ig1, 2))7F
N B
< A(d (221,07 (%41, %1-1)))
1—
< Ad(x1-1, 0" (i, 9i-1)))
1 *
d(xip, %) < AEd(xi—l; 0" (xi—1, %i-1))
< Ad (-1, 0" (%1, %i-1))
< Ad(xi-2, 0" (%i-2, Yi-2))
< A'd(x, 07 (%0, %0))
i,e, the sequence convergence forall j, i € N. Ifj <
d(xj,xl-)S d(x]-,xjﬂ) + d(xj+1,xj+z) + d(x]'+2,x]'+3) +- +d(xi_1,xl-)

<Md (xo,e*(xo/y*o)) +M*td (xo,e*(xo;’y*o)) +M*2d (xoﬂ*(xo, ’y*o))
+o AT (xo,e*(xoﬂ%o))
e R A VA R U R I (xo,g*(xo,’%o))
M
< 1——7Jd (xoﬂ*(xo/yvo))
Ifj>i
d(xi,xj)<d(xi,xi+1) +d(xipq, Xisz) + A, Xi43) + 0 +d(xj—1rxj)
< Ald (xoﬂ*(xo,’y»o)) +A*td (xo,e*(xo,y»o)) + A (xo,Q*(xo'%o))
< [}\i + )\i+1 + }\i+2 N +)\i—1] d (xo’e*(xo'/yo))
Al x
< ad (xo,e (xo»’%o))

<d (xoﬂ*(xo,yo))
Hence, the Cauchy sequence converges. The sequence and the Cauchy sequence both converge to a limit, say |, such that. [ =
0*(l,v)
d(xei40, )= d(O" (21, %0).0" (1, )
< Ad(x,0" (2o )) . d(L6" U, ))”
d(xi41,0) =0
Since 0* (Lv) =1
}Lrg Zig1 =1
Hence, [ is a fixed point.
Suppose there is another fixed point g=0* (g, 1)
d(l,g) = d(6" (L, v), 6" (g,u))
< 2d(1,6" (L)) . d(g,0"(g,w)P
d(l,g) =0.
Therefore, [ = g.
Hence, the fixed point is unique. u
The next theorem shows the existence and uniqueness of fixed points for relaxed coupled interpolative Kannan contractions.

Theorem 3

Let (X,d) be a complete metric space, and 6* is a coupled self-mapping, i.e., 8*: X x X — X, such that

d (0" (x,y), 0" (u, 1)) < Amax[d(x, 0% (x,4)) ¥ .(d(«, 0" (u,v))) *V.d(w, 8" (u, v)).d(x, 0% (x,4)) 1] for all x, ¢,
u, v EXWwithx # 60" (x, ) and v # 6" (u, v). y € (0,1) and X € (0,1). Then 8* has a fixed point in X.
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Proof
(xp, 2i41) = d(0"(xi—1, %i-1), 0" (%0, 1)

< Amax[(d( xi_1,0%( xi_l,yi_l)))y ) (d( x;,0%( xz,%‘)))l_

For the case when x; < x;,4

Ogunwe et al.,

FJS

1-y

y-(d(xi—p@*(xi—lr%—ﬂ)) -(d(xi,g*(xir%)))y]

d(xxi41) < Ad( x4, 9*(xi—1:%—1))1_y- d( %, 9*(961‘:%‘))}/, d(xi,xi+1)1_y

< Ad( %, 9*(751'—1,}’1'—1))1_]/

d(xi_xi+1) <1 ﬁ d( %i_1,0" (x4, ’y*i—1))
< Ad(xi-1,0" (im0, #i-1))

S 22d( %i-2,0" (%2, %i-2))

< Bd( xi-3,0" (xi—3, %i-3))

d(xxi1) <2'd (xoﬂ*(xo,/y;g))

For the case where x; > x;,4

It follows as in the case of x; < x;,,therefore,

d(xi_xiH) < A'd (xoﬂ*(xo,yao))
Hence, both cases converge. A'd (xo_e*(xo,yo)) toj,ieN
Suppose j < i

d(x;, x;) d(xj.xjﬂ) + d(xj+1!xj+2) + d(xj+21xj+3) + o +d(xioq, ;)
<Md (xo,e*(xo,%)) +A+ig (xoﬂ*(xo,yo)) +M*2g (xoﬂ*(xo,yo))

+ - 4271 (200" (%0, 40))

SV VTN a1 d (0,67 (20, 40))
A .

s 5d (xoﬂ (xo,yo))

A

4 (xoﬂ*(xo,yao)) > 0asj,i—> o

This indicated d (x;, x;) can be made arbitrarily small by large j and i. Hence d (x;, x;) is a Cauchy sequence in 8. Similarly,

for the case j > i, the result follows as above
Al .
d (3, 27) = d (200" (%0, 40) )

We conclude that the sequence is a Cauchy sequence. The sequence converges to some p* € 6* such that

lim 24y = lim 2; = 2"=6" (", w)
d (x40, 2= d(0" (2. 9), 0" (p", 1))

< amax{(d(x;, 0" G, ) - @(2",6° (0", w)' ™ d(p",0° ("))

d(x1,27)=0
limzxy, ="
i—oo
Suppose there exists another fixed point. g*
Such that ¢* = 0*(g*,v)

dg"27)= d0"(p",u), 6" (¢, w))

< Amax[(d(;ﬂ*, 0*(p*, u)))y .(d(q", 9*(41,*,«))1_}/. d(g",6° (g, v))y. (d(;}*, 0*(p*, u)))

d(z",47)=0
Hence p* = g~

1y
]

Which therefore conclude that the fixed point exists and is unique

CONCLUSION

The research proved new findings of fixed points and
uniqueness of coupled interpolative Kannan-type contractions
of complete metric spaces. Intersection of iterative methods
such as Picard and Mann iterations was proved rigorously as
long as there were appropriate contractive conditions. The
outcomes generalize a number of classical fixed-point
theorems and give a more general analytical setting to the
investigation of nonlinear issues that involve coupled
mappings. These results add to the development of the fixed-
point theory and provide possible solutions to the application
of the nonlinear functional equations and other mathematical
models.

REFERENCES
Aamri, M., & El Moutawakil, D. (2002). Some new common
fixed-point theorems under strict contractive

conditions. Journal of Mathematical and

Applications, 270(1), 181-188.

Analysis

Abdou, A. A. (2020). Fixed points of Kannan maps in
modular metric spaces. AIMS Mathematics, 5(6), 6395.
https://doi.org/10.3934/math.2020411

Aniki, S. A., Ajisope, M. O., Raji, M., & Adegboye, F.
(2022). Coupled fixed points theorem for mappings satisfying

a contractive condition of integral type in Cauchy
spaces. FUOYE Journal of Engineering and
Technology, 7(3), 313-316.

https://doi.org/10.46792/fuoyejet.v7i3.855

Berinde, V. and Takens, F. (2007). Iterative approximation of
fixed points, volume 1912. Springer.
https://doi.org/10.1007/978-3-540-72234-2_2

FUDMA Journal of Sciences (FJS) Vol. 10 No. 5, March, 2026, pp 100 — 105

104


https://doi.org/10.3934/math.2020411
https://doi.org/10.46792/fuoyejet.v7i3.855
https://doi.org/10.1007/978-3-540-72234-2_2

ANALYSIS OF COUPLED INTERPOLATIVE...

Bhaskar, T. G., & Lakshmikantham, V. (2006). Fixed point

theorems in partially ordered metric spaces and
applications. Nonlinear —analysis: theory, methods &
applications, 65(7), 1379-1393.

https://doi.org/10.1016/j.na.2005.10.017

Bota, M. F., Guran, L., & PETRUSel, G. A.B.R. . E. L. A.
(2023). Fixed points and coupled fixed points in b-metric
spaces via graphical contractions. Carpathian Journal of
Mathematics, 39(1), 85-94.
https://www.jstor.org/stable/27178476

El Amri, A., El Foutayeni, Y., & Marhrani, L. E. M. (2022).
On some results on interpolative Kannan-type and CRR-type
contractions. Moroccan Journal of Pure and Applied
Analysis, 8(1), 54-66. https://doi.org/10.2478/mjpaa-2022-
0005

Faraji, H., & Nourouzi, K. (2017). A generalization of
Kannan and Chatterjea fixed point theorems on complete b-
metric spaces. Sahand Communications in Mathematical
Analysis (SCMA), 6(1), 77-86.

Guo, D., & Lakshmikantham, V. (1987). Coupled fixed points
of nonlinear operators with applications. Nonlinear analysis:
theory, methods &  applications, 11(5), 623-632.
https://doi.org/10.1016/0362-546X(87)90077-0

Hammad, H. A., & Zayed, M. (2022). New generalized
contractions by employing two control functions and coupled
fixed-point theorems with applications. Mathematics, 10(17),
3208.

https://doi.org/10.3390/math10173208

Harder, A. M., & Hicks, T. L. (1988). Stability results for
fixed point iteration procedures. Math. Japonica, 33(5), 693-
706.

@0l

Ogunwe et al.,

FJS

Kannan, R. (1968). Some results on fixed points. Bull. Cal.
Math. Soc., 60, 71-76.

Karapinar, E. (2018). Revisiting the Kannan type contractions
via interpolation. Advances in the Theory of Nonlinear
Analysis and its Application, 2(2), 85-87.
https://doi.org/10.31197/atnaa.431135

Karapinar, E. (2021). Interpolative Kannan-Meir-Keeler type
contraction. Advances in the Theory of Nonlinear Analysis
and its Application, 5(4), 611-614.
https://doi.org/10.31197/atnaa.989389

Lakshmikantham, V., Leela, S., & Ama Mohan Rao, M.

(1987). Integral and integro-differential
inequalities. Applicable Analysis, 24(3), 157-164.
https://doi/abs/10.1080/00036818708839660

Liu, Xiao-lan,Zhou, Mi,  Damjanovi¢, Bosko, = Common

Coupled Fixed Point Theorem for Geraghty-Type
Contraction in Partially Ordered Metric Spaces, Journal of
Function Spaces, 2018, 9063267, 11 pages,
2018. https://doi.org/10.1155/20189063267

Meir, A., & Keeler, E. (1969). A theorem on contraction
mappings. Journal  of  mathematical  Analysis and
Applications, 28(2), 326-329.

Olatinwo, M. O. (2008). Some stability and strong
convergence results for the Jungck-Ishikawa iteration
process. Creative Mathematics and Informatics, 17(1), 33-42.

Opoitsev, V. 1. (1975). Heterogeneous and combined concave
operators. Siberian Mathematical Journal, 16(4), 597-605.
https://doi.org/10.1007/BF00967133

FUDMA Journal of Sciences (FJS) Vol. 10 No. 5, March, 2026, pp 100 — 105

©2026 This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0
International license viewed via https://creativecommons.org/licenses/by/4.0/ which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is cited appropriately.

105


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.na.2005.10.017
https://www.jstor.org/stable/27178476
https://doi.org/10.2478/mjpaa-2022-0005
https://doi.org/10.2478/mjpaa-2022-0005
https://doi.org/10.1016/0362-546X(87)90077-0
https://doi.org/10.3390/math10173208
https://doi.org/10.31197/atnaa.431135
https://doi.org/10.31197/atnaa.989389
https://doi/abs/10.1080/00036818708839660
https://doi.org/10.1155/20189063267
https://doi.org/10.1007/BF00967133

