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ABSTRACT: The goal of this study is to establish the existence and uniqueness of hybrid FPs in semigroups
of transformations defined on metric spaces. By including both contractive and nonexpansive mappings,
we derive important hybrid FP results under appropriate contractive conditions. Hypothetical results are
supported by illustrations that determine the existence of hybrid FPs in transformation semigroups.
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1. Introduction

A FP (FP) in mathematics is a value that remains unchanged when a function or mapping is functional
to it. Basically, a FP a point that is mapped X to X . FP theory explores the existence, uniqueness, and
properties of these FPs, and their applications across various fields like mathematics, economics, and com-
puter science. A pioneering works about FPs is Henri Poincaré [10] , which was proposed as the first effort
almost FPs in 1886. Even though the vital conception of metric FP theory was identified to others earlier,
the Polish mathematician Stefan Banach is acknowledged with construction it usable and well-known.
The Banach [2] FP Theorem (also known as the contraction mapping theorem or contraction mapping
principle) is a suitable tool in the knowledge of metric spaces. Erection on earlier results, comprehensive
Banach’s Contraction Principle (BCP) to put on to multivalued mappings in metric spaces by Nadler
in 1969, expressively broadening the possibility of FP theory. Takahashi[11] (1970) donated further by
examining nonexpansive mappings in Hilbert spaces, establishing fundamental results on the existence
of FPs in more all-purpose topological settings. Later, Kirk [5] (2008) discovered F theorems in metric
spaces, highlighting the inference of asymptotic regularity in iterative methods. These enlargements rep-
utable a vigorous connection between FP attitude and functional analysis, enabling wide-ranging requests
in operator theory and computational mathematics. Cutting-edge enhancements in FP theory have grad-
ually focused on contractive and nonexpansive mappings inside transformation semigroups, acquiescent
important results about the existence and convergence of FPs in numerous mathematical contexts. Es-
pecially, contractive mappings in semigroups have been shown to guarantee the convergence of iterative
sequences, an initial component in the proof of hybrid FP presence. Hybrid contractions, which con-
fidante adapting the usual contractive condition finished auxiliary mappings or limitations, have been
scientifically reconnoitred in both metric and Banach spaces. This oversimplification enables the forming
of more malleable operator behaviours, essentially relevant to iterative procedures and computational
structures. [1] Augmentation hybrid FP moments to semigroups of transformations has expanded novel
intervals for evacuated the behaviour of multipart mappings and their enduring dynamics. The iterative
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procedures arising in such semigroups every so often exhibit asymptotic regularity and strong convergence
belongings under apposite contractive conditions. The literature sustains that semigroups composed of
contractive transformations admit hybrid FPs, offering a collective basis that links FP theory with semi-
group dynamics, metric space theory, and operator analysis. For more results on fixed point theory we
referred [3,6,7,8,9]

2. Preliminaries

This segment initiate by proposing the necessary definitions and significant results mandatory for
main result.

Definition 2.1 [1] Let Sp = A|A: T — T denote the set of all such transformation.St is said to be
semigroup transformation under binary operation x satisfies following conditions Forr,s € St thenrxs €
St (Closure property) For r,s,t € Sy then (r*s)xt =rx* (sxt) (Associative property) then St is called
as semigroup of transformation on S .

Definition 2.2 [1] Consider two mappings o : TXT — T and A\: T =T and T # ¢ A point h € T is
said to be a hybrid FP satisfies the following condition o(A(h)) = h.

Definition 2.3 Let T : H — H be a function. If there exists a constant p € [0,1) then T is said to be
contractive mapping satisfies the following condition d(Tg,Th) < pd(g,h)Vg,h € H.

Lemma 2.1 Let U : C — C complete metric space(CMS) with d then U has a unique FP.
Proof:

Let ogbe a primary point.

Consider sequence o, by op + 1) = op.

By contractive condition

d(O’(p +1),0p) = d(¢0p71/}0(p —1)) < pd(oy, op— 1)) Sincen € [0,1)

on Cauchy sequence and convergence to point a.

Taking limit on both sides we get o = o

Hence proved uniqueness of the FP.

3. Main Theorems
We present and show main results on hybrid FPs in semigroups of transformations

Theorem 3.1 Let G4 be a semigroup transformation on Y with metric space d such that A € Gy for
satisfies a contractive condition d(AJ, AX) < o(d(J, AJ) + d(X,AX)) for every J,.X €Y and o € [0, 3)
then A has a hybrid FP (HFP).

Proof:Take \g is an arbitrary initial point in Y

{Xo} is a sequence defined by Ao41) = AXo for all positive integers .

Take d(Ap + 1), \p +2)) = d(ANp), ANp + 1))
by the contraction mapping

d(Ap +1), A +2)) = d(AXp), AN + 1)) < o(d
A\ + 1), \p +2)) = d(ANp), A\ p + 1)) < o(d
d(Ap +1), A +2)) < a(d(Ap), A +1))) +
d()\(g0+1),)\(<,0+2)) O’d(/\(gDJrl) )\(ﬁp+2))
(1 =0)(dAp +1), Ap +2))) < a(dAp), Ap
(@0 + 1) A0+ 2))) < 11255 (A A+ 1)
put 7%y =3 and 1< 1 since o € [0, 5 )
(dAp+1), A +2))) <Id\w), A\ +1)))

by the mathemetical induction

(d(Ap+1), Ao +2))) <T™(d(A1), A0))
applying the triagular inequality, for ¢ > 0)
(dA@),A\0) < (@MW), A@ — 1)) + (dA@ — 1), A\@) = 2)) + ... + (d(A\p + 1), A(¥)))
(@), A0)) < SYZid(Af +1),Af))

(Ap), AN9))) + d(AXp), AN + 1))
(A@)s Ap + 1)) +d(Np + 1), \p +2))
)\(tp + 1) )\((,O + 2))

)(%(A(@) A+ 1))

od(
_ <o
+1
)
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(d(A@), 70)) ?; AMd(A1), A0))

(d(A@), A0)) < 5d(A1), /\(0))

taking m — oo, J” =0

(A1), A0)) — 0,

Therefore , the sequence {lambdap)} is a Cauchy’s Sequence.

Hence {\(0))} converges to a point p*.

A(p*) = A(lim¢m — o0)A(0)) = lim@m — 00AN0))

A(p*) = lim@m — oo (0)

Alp*) =p".

hence conclude that A hybrid FP with to the identify function L(h) = h.

<
< i

Theorem 3.2 Let P be a semigroup transformation on X such that B € P satisfies a contractive con-
dition d(nv,nu) < o(d(v,mv) + d(p, ) + d(v,p)) for every n,u € X and o € [0,%) then 1 has a

HFP.

Proof :For an arbitrary initial point A¢ in X and
Express A, be a sequence by An + 1) = B(),) for all positive integers
Take d(Ant1, Ant2) = d(BAn, BAnt1)
By the contraction mapping
d()\n+ly)\n+2) = d(BAnaB)\nJrl) < U(d(AnyB)\n» + d<)\n+1aB)\n+1) + d<)\na)‘n+1) d()\n+17)\n+2) =
d(B/\n7 B/\n+1) < U(d()\n, )\n+1)) + Ud()\n+1, )\n+2) + Ud()\n, )\n+1)
dAnt1; Ang2) < o(d(An; Ans1)) + 0d(Any1, Adnte) + 0d(Ans Ang1) d(Ant1; Ang2) — 0d(Agr, Any2)
QU(d()‘m /\n+1))
(I = 0)dAnt1; Ang2) < 20(d(An; Anta))
d(Ant1, Anya) < %(d()\n,)\nﬂ)) put ( %y =K and K <1since o € [03)
dAnt1; Ang2) < K(d(An, Any1))
By Mathemetical Induction , we get
d(>‘n+1a /\n+2) < Kld((/\nv )‘n+1))
applying triangular inequality, for a > 3, we get
()\a, )\ﬁ) < d()\a(7 Aa— 1) + d(/\afl, )\a,Q) + ...+ d()\6+1, )\5)
d(Aay Ag) < 20 hd(Ansrs An))
d(Nas Ag) < s le d(M, o))
d(Ma; As) < (F55)d(M, M)
taking m — oo , Km -0
d(Xa,Ag) = 0
Therefore {)\;} is a Cauchy sequence.
by the given statement Y is CMS.
Hence {\;} convergent to a point gx
B(q*) = B(limm oo A(l)) = lim — coBX(l))
B(Ag*) = ¢
which conclude that B hybrid F P with to the infinity function.

IA

Theorem 3.3 IfU; is a Banach space and A transformation maps from m tom. If A is weak contractive
condition ||Usg — |Ush|| < ||g — Usgl| + ||h — Ush|| — ¥(|lg — Usgl| + ||h — Ush)|| for all g,h € A Here ¢
is an increasing and continuous from [0,00) — [0,00) and ¥ (t) =t if t =0 then B has a HFP.

Proof: Let us take A be an initial point and also form sequence UsA, = Aqyq for a =0,1,2,3, ...
applying the contractive inequality

|‘Aa+1 - Aa” = ||U8Aa - UsAafIH

HUsAa - UAafl < HAa - UsAaH + HAafl - UsAa71|| + w(”Aa - UsAa>|| + ||Aa71 - UsAa71||
HAa-H - Aa” < ||Aa - Aa-&-1|| + HAa—l - Aa” - w(HAa - Aa-i-l + ||Aa—1 - Aa”)

put ||Ag — Agt1|] = Ve and ||Ag—1 — Ayl| = Vao1
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So that above inequality become
Va S Va + vafl - "/}(Va + vafl)
Subtracting from Gy, from above equation 0 leV,—1 — (V, + Va_1)
¢(Va + Va—l) S va,—l
By the definition ¢ is non-decreasing and ¥ (t) > 0 ans if V, + V,—1 — 0
From above inequality both V, — 0
and V,_1 — 0
Taking limit as a — oo Finally limg 0o V4 =0
Now, we have to prove that V, is a Cauchy sequence .
Ve = Vol = S04 [ Vs + Val| = S22L 9,
We know that V, — 0 That implies ||V, — V|| = 0
Finally, V, is a Cauchy sequence and V is a CMS hence {V, }convergence to E*.
Us(limg—y00 Vq) = UsV*
(limg—yoo = UsV,) = U V*
lim, 00 Va-‘rl =U,V*
V* =U,V*
We conclude that, by the definition of E* hybrid FP with respect to identity function E = h(E).

4. Examples

Let °C = [0, 1]with the standard metric space and use transformationU,(°C) = OTC Based on above
theorem
|U(°C) = U6 < |(°C) = UsCON| + 116 = Us (8) = ¢(||(°C) = Us("O)| + 116 — Us (9)]])

1Us(°C) = Uso]| < [|(°C) = F + 116 = § =9 (1°C = FlI + |16 = 51D
1U:(°C) = Ul < [+ 115 = w(1°C = S+ 151D

0 0 0
N =3l s I+ = v = F -+ 1131

II-£ -4 < ||OTC — 3|, therefore the inequality holds.

5. Conclusion

This study gives to FPT by establishing the existence and uniqueness of FPs for transformations on
Banach spaces that gratify a weak contractive condition. By using a generalized inequality concerning
a strictly positive function verified that the iterative sequence made by the transformation converges
intensely to a unique FP. The result extends classical Banach-type contractions by including a more
flexible condition that admits a broader class of non-linear operators.

Acknowledgments

We thank the referee by your suggestions.

References

1. Abdulkarim, a., muhammad, a. a. and abdullahi, a. A study of hybrid FPs on semigroups of transformation, fudma
journal of sciences (fjs)issn online: 2616-1370 vol. 9 no. 3, march, 2025, pp 77 — 79,doi: https://doi.org/10.33003/fjs-
2025-0903-3191

2. Banach, S. (1922). Sur les opérations dans les ensembles abstraits et leur application aux équations intégrales. Funda-
menta Mathematicae, 3, 133-181.

3. Brouwer, L. E. J. (1911). Uber Abbildung von Mannigfaltigkeiten. Mathematische Annalen, 70, 97-115. Howie, J. M.
(1995). Fundamentals of semigroup theory (Vol. 12). Oxford University Press.

4. J. R. Szymanski et al. (eds.), Energy Systems, Drives and Automations, Lecture Notes in Electrical Engineering
1057, https://doi.org/10.1007/978-981-99- 3691-5-48.

5. Kirk, W. A. (2008). FP theory in metric spaces. Cambridge University Press.



A STUuDY OF HYBRID FIXED POINTS IN TRANSFORMATION SEMIGROUPS 5

6. P.Harikrishna, Kusuma Tummala, V.Sree Ramani, Y.Jayababu, T. Nageswara Rao, FPs of Generalized - Geraghty
Ciric -Rational Type Contraction in B- Metric Spaces,communication on applied non linear analysis, vol324s(2025),
513-523.

7. Kusuma Tummala, A. Sreerama Murthy, V. Ravindranath, P. Harikrishna,and N. V. V. S. Suryanarayana,FPs of Weak-
Generalized Rational Type Contraction via Graph Structure, The Author(s), under exclusive license to Springer Nature
Singapore Pte Ltd. 2023,

8. Kusuma. Tummala A. Sree Rama Murthy, V. Ravindranath and P. Harikrishna, On Some Coupled FP Theorems for
Mixed Monotone Mappings in P — Metric Spaces, Computer Integrated Manufacturing Systems,Vol 28 No 11,444-451.

9. Nadler, S. B. (1969). Multi-valued contraction mappings. Pacific Journal of Mathematics, 30(2), 475-488.
10. Poincare H. Surless courbes define barles equations differentiate less. Journal of Differential Equations. 1886;2:54-65.

11. Takahashi W. (1970). FPs of nonexpansive mappings in Hilbert space. Journal of Mathematical Analysis and Applica-
tions.

Kusuma Tummala,

Department of Mathematics and Management Sciences,

Vallurupalli Nageswara Rao Vignana Jyothi Institute of Engineering Technology, Bachupally, Hyderabad, Telangana State,
India.

E-mail address: kusumatummala9@gmail.com
and

P. Harikrishna,
Department of B S H,Vignan’s Institute of Information Technology(A), Visakhapatnam, Andhra pradesh,

India.
E-mail address: phk.2003Qgmail.com

and

Chitturs S. S. N. Murthy,
Department of Mathematics, Aditya University, Surampalem, India.

E-mail address: chitturimurthy@gmail.com
and

G. Swapna,

Department of Mathematics and Management Sciences,

Vallurupalli Nageswara Rao Vignana Jyothi Institute of Engineering Technology, Bachupally, Hyderabad, Telangana State,
India.

E-mail address: swapnacrypto@gmail.com
and

V. Sree Ramani
Department of Mathematics, Chaitanya Bharatht Institute of Technology, Gandipet, Hyderabad, Telangana State, India.

E-mail address: sreeramani-maths@cbit.ac.in
and

T. R. K. D. Vara Prasad
E.M H Department, S.R.K.R.Engineering College, Bhimavaram, Andhra Pradesh, India

E-mail address: id-trdvprasad@srkec.ac.in
and

K. Sudharani



6 KusuMA TUMMALA ET AL.

Department of Electronics and Instrumentation Engineering, Vallurupalli Nageswara Rao Vignana Jyothi Institute of En-
gineering Technology, Bachupally, Hyderabad, Telangana State, India.

E-mail address: sudharani-k@gmail.com



	Introduction
	Preliminaries
	Main Theorems
	Examples
	Conclusion

