Dokuz EYLUL UNIVERSITESI
FEN FAKULTESTI — MATEMATIK BOLUMU

8. IzMiR MATEMATIK GUNLERI

Iz

i

BiLDIRI OZETLERI

DAVETLI KONUSMACILAR

AsL1 PEKCAN
CiHAN BAHRAN
GOKALP ALPAN

OGuz Savk

HAcCETTEPE UNIVERSITESI
BiLKENT UNIiVERSITEST

SaBanci UNIVERSITEST

ORTA DoGU TEKNIK UNIVERSITESI

Doxkuz EyLUL UNivERsiTESi, izmir, TORKIYE, 10-11 EYLUL 2026



Izmir Matematik Giinlerinin iki temel hedefinden biri yiiksek lisans/doktora 6grenci-
lerinin ve geng arastirmacilarin ¢alismalarini, fikirlerini ve tecriibelerini paylasacaklari,
arastirma ve mentor aglar1 kurabilecekleri bir platform olusturmaktir. Bir diger hedefi
ise lisans O0grencilerini, Matematik alaninda akademik kariyer yapmak icin cesaretlen-
dirmektir.

2018 yilinda Yagar Universitesinde baslayan Izmir Matematik Giinlerinin sekizincisi bu
y1l Dokuz Eyliil Universitesi ev sahipliginde gerceklesmistir.

Calistayin her iki giintiniin sabah oturumlar1 davetli konugsmacilarin kendi ¢aligma alan-
larini tanitan kolokyum konusmalarina, 6gleden sonra oturumlari ise 6grenciler ve geng
arastirmacilarin kisa konusmalarina ayrilmustir. Galistayda yer alan konusmalar Ingilizce
veya Tiirkce olup, konusma 6zetlerini isim sirasina gore elinizdeki kitapcikta bulabilirsi-
niz.

Son olarak, bu calistayin gerceklesmesinde emegi bulunan Bilim Kuruluna, Dokuz Eyliil
Universitesi Matematik Boliimii akademik personeline tesekkiir ederiz.

Diizenleme Kurulu



Izmir Matematik Giinleri sirasiyla asagida yer alan iiniversiteler tarafindan diizenlen-
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e 2020 Dokuz Eyliil Universitesi
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» 2026 Dokuz Eyliil Universitesi
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Lokal Olmayan (Nonlokal) integre Edilebilir Denklemler

Asli Pekcan

Hacettepe Universitesi, Matematik Boliimii, Ankara, Tiirkiye
aslipekcan@hacettepe.edu.tr

Ozet

Bu konusmada oncelikle integrallenebilir diferansiyel denklemler ve soliton kavrami ta-
nitilacaktir. Solitonlarin tarihsel gelisimi, Korteweg—de Vries denklemi ve nonlineerlik ile
dispersiyon arasindaki denge tizerinden agiklanacaktir. Ardindan Ablowitz—Musslimani
tipi nonlokal indirgemelerin ortaya cikisi ve klasik integrallenebilir sistemlerle iligkisi
ele alinacaktir. Nonlineer Schrodinger (NLS) sistemi 6rnek olarak incelenerek nonlo-
kal indirgemelerin nasil elde edildigi gosterilecektir. Daha sonra Hirota bilineer yontemi
tanitilacak ve bu yontemin nonlokal integrallenebilir denklemlerin soliton ¢6ziimlerini
elde etmedeki rolii aciklanacaktir. Son olarak NLS denklemi ve nonlokal indirgemeleri
icin elde edilen soliton ¢oziimleri ile 6telenmis nonlokal indirgemeler iizerine yapilan
calismalar sunularak gelecekteki arastirma yonlerine deginilecektir..

Anahtar Kelimeler: Nonlokal indirgemeler, Hirota yontemi, Integre edilebilirlik.
Konu Simiflandirma Numarasi: 35Q51, 35Q53, 35Q55.
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Temsil Teorisinde Kararlilik
Cihan Bahran

Bilkent Universitesi, Matematik Boliimii, Ankara, Tiirkiye
cthan.bahran@bilkent.edu.tr

Ozet

Bu konusmada simetrik gruplarin temsillerinden olusan bir dizinin kararli/stable olmasinin ne
demek oldugundan ve buna dair 6rneklerden bahsedecegim.

Anahtar Kelimeler: Simetrik gruplar, Temsil teorisi, Kararlilik.
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A Four-Way Szego6 Theorem
Gokalp Alpan

Sabanct University, Faculty of Engineering and Natural Sciences, Istanbul, Tiirkiye
gokalp.alpan@sabanciuniv.edu

Abstract

Among all monic polynomials of a fixed degree, one may minimize an LP-norm with respect to
a measure or a weighted supremum norm on a compact set. The resulting extremal polynomials
include orthogonal and Chebyshev polynomials. A classical problem, going back to Szegé, is to
understand how their asymptotic behavior reflects both the measure and the geometry of its
support.

In this talk, I will begin with the classical real-line setting and then consider compact sets that
may have infinitely many gaps and isolated points. I will discuss normalized extremal norms,
usually called Widom factors, and explain how Szeg6-type ideas enter their asymptotic study:.
The emphasis will be on general estimates and on examples illustrating the range of behavior
that can occur.

Keywords: Szegd theorem, Widom factors, Orthogonal polynomials, Chebyshev polynomials.
Mathematics Subject Classification (2020): 41A17, 41A50, 42C05, 41A44.

Acknowledgment. The talk is based on joint work with Maxim Zinchenko.
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A Comparison of the Homology Cobordism Group and
the Floer Local Equivalence Group

Oguz Savk

Middle East Technical University, Department of Mathematics, Ankara, Tiirkiye
savk@metu.edu.tr

Abstract

In the first part of this talk, I will explain why the homology cobordism group is one of the central
objects in low-dimensional topology. In particular, I will discuss its significance from both algeb-
raic and geometric perspectives. In the second part, I will introduce the Floer local equivalence
group, defined by Hendricks, Manolescu, and Zemke using involutive Heegaard Floer homology.
The same authors showed that there is a natural homomorphism from the homology cobordism
group to the Floer local equivalence group. More recently, Dai, Hom, Stoffregen, and Truong used
this new group to prove that the homology cobordism group contains an infinite-rank summand.
This brings us to the question of whether the structure of the homology cobordism group can
be determined from the Floer local equivalence group. In the final part of the talk, I will give a
negative answer to this question by showing that the kernel of the homomorphism between these
two groups contains an infinite-rank subgroup.

Mathematics Subject Classification (2020): 57R58, 57R90.

Acknowledgment. This is joint work with Jaewon Lee (UT Austin).
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Properties of Generalized Bézier Curves
Asel Aydin'*, Sena Biiyiikdogan' !, Giilter Budak¢i®*

'Dokuz Eyliil University, Graduate School of Natural and Applied Sciences, Izmir; Tiirkiye
’Dokuz Eyliil University, Department of Mathematics, Izmir, Tiirkiye
taydin.asel@ogr.deu.edu.tr, *buyukdogan.sena@ogr.deu.edu.tr, *gulter.budakci@deu.edu.tr

Abstract

Classical Bernstein polynomials and Bézier curves are fundamental tools widely used in approxi-
mation theory, Computer-Aided Geometric Design (CAGD), and differential geometry. This study
investigates the theoretical and geometric characteristics of generalized Bernstein polynomials
within the framework of ¢-calculus [1]. First, basic properties of classical Bernstein polynomials
and Bézier curves are discussed; to analyze the geometric structure of these curves, the Frenet-
Serret frame (unit tangent, principal normal, binormal vectors, curvature, and torsion) is intro-
duced. Subsequently, generalized ¢-Bernstein polynomials [2] are given using the concepts of
g-derivative and 1/¢-derivative. Within this scope, product rules for two functions and higher-
order (k-th order) 1/¢-derivatives, along with related theorems [3], are derived. Finally, using
the derived ¢-derivative rules and ¢-Bernstein properties, we extend the analysis to generalized
g-Bézier curves to evaluate their k-th order derivative properties.

Keywords: Bernstein Polynomials, Bézier Curves, g-Calculus, Generalized Bézier Curves, Frenet-
Serret Frame.
Mathematics Subject Classification (2020): 41A10, 05A30, 53A04.

References

[1] V. Kac and P. Cheung, Quantum Calculus, Springer, 2002. Universitext.

[2] H. Oruc and G. M. Phillips, ¢-Bernstein polynomials and Bézier curves, J. Comput. Appl.
Math. 151(1), (2003), 1-12.

[3] D. Altun and S. Yiice, Frenet-Serret formulas of g-curves, Fund. J. Math. Math. Sci. 11(2),
(2019), 35-45.
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A Text Encryption Method Based on Special Number
Sequences and Choi Matrix

Begiim Yurdusev!!, Emre Ergiil":¥, Meltem Adiyaman'*

'Dokugz Eyliil University, Department of Mathematics, Izmir, Tiirkiye
begumyrdsv.396@gmail.com, ergul4430@gmail.com, meltem.evrenosoglu@deu.edu.tr

Abstract

This study aims to develop an original and flexible text encryption method using special number
sequences and the Choi matrix. First, text data are converted into numerical values and repre-
sented as a matrix. Special sequences such as Fibonacci, Lucas [1, 2] and triangular numbers
are used in this step. Then, the Choi [3] transformation is applied to the key matrices to perform
the encryption. Unlike classical encryption methods, this approach uses different mathematical
structures and allows dynamic key generation. Different number sequences and matrix structu-
res can be used in each encryption process, which makes the method flexible and adaptable. The
proposed model also aims to have a simpler structure and lower computational cost than comp-
lex cryptographic algorithms. This may make it useful for systems with limited processing power.
The algorithm was modeled in Python and tested with different texts and number sequences. The
results show that the method works and can be applied in different cases. This study shows how
mathematical concepts can be used in cryptography and presents an alternative approach to text
encryption.

Keywords: Cryptography, Encryption, Number sequences, Choi matrix.
Mathematics Subject Classification (2020): 94A60.

References

[1] F.Luca, Perfect Fibonacci and Lucas numbers, Rend. Circ. Mat. Palermo 49(2), (2000), 313—
318.

[2] T. Koshy, Elementary Number Theory with Applications, Academic Press, 2002.

[3] D. Choi, Inequalities related to trace and determinant of positive semidefinite block matri-
ces, Linear Algebra Appl. 532 (2017), 1-7.
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Truncated Differential Cryptanalysis of Reduced-Round
Midori64

Can Balikg1™, Orhun Kara' 24

Ligmir Institute of Technology, Department of Mathematics, Izmir, Tiirkiye
2[zmir Institute of Technology, Computational Sciences and Engineering, Izmir, Tiirkiye
Tcanbalikci@iyte.edu.tr, *orhunkara@iyte.edu.tr

Abstract

Lightweight block ciphers are designed to provide efficient and secure encryption in resource-
constrained environments. Among such primitives, Midori is a lightweight block cipher introdu-
ced at ASIACRYPT 2015 [1], with Midori64 and Midori128 as its two variants. In this work, we
study the truncated differential behavior of the 64-bit variant, Midori64, from a mathematical
and probabilistic perspective.

Differential cryptanalysis studies the propagation of differences through the successive rounds of
a block cipher to identify statistical properties that can be exploited in an attack [2]. Truncated
differential cryptanalysis considers only selected portions of the difference pattern while treating
the remaining components as arbitrary [3]. Examining the evolution of these partially defined
differences across the rounds of a cipher enables the identification of structural properties and
potential vulnerabilities. Following this approach, we analyze the propagation of truncated dif-
ferences through the matrix-multiplication layer of Midori64 and derive the exact probabilities
associated with selected truncated differential transitions. By systematically tracking these transi-
tions across consecutive rounds, we construct a 7-round truncated differential distinguisher. The
resulting probability analysis is then used to evaluate the security of reduced-round Midori64. In
particular, we obtain truncated differential attacks on 10-round and 11-round Midori64.

Keywords: Differential attack, Cryptanalysis, Truncated Differential Attack, Lightweight Block
Cipher, Midori, Midori64
Mathematics Subject Classification (2020): 94A60

Acknowledgment. This work is partially supported by TUBITAK 1001 Project under the grant
number 124F270.

References

[1] S. Banik, A. Bogdanov, T. Isobe, K. Shibutani, H. Hiwatari, T. Akishita, and F. Regazzoni,
Midori: A block cipher for low energy, Advances in Cryptology — ASIACRYPT 2015, Lecture
Notes in Computer Science 9453, T. Iwata and J. H. Cheon, Eds., Springer, (2015), 411-436.

[2] E. Biham and A. Shamir, Differential cryptanalysis of DES-like cryptosystems, Advances in
Cryptology — CRYPTO 90, Lecture Notes in Computer Science 537, A. Menezes and S. A.
Vanstone, Eds., Springer, (1990), 2-21.

[3] L. R. Knudsen, Truncated and higher order differentials, Fast Software Encryption: Second
International Workshop, Lecture Notes in Computer Science 1008, B. Preneel, Ed., Springer,
(1994), 196-211.
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Small Covers over a Cube and Acyclic Directed Graphs

Ash Giigliikan Ilhan'f, Can Selek®*

'Dokuz Eyliil University, Department of Mathematics, Izmir, Tiirkiye
’Dokuz Eyliil University, Graduate School of Natural and Applied Sciences, Izmir, Tiirkiye
Ligsli.ilhan. @deu.edu.tr, >*selek.can@ogr.deu.edu.tr

Abstract

A small cover over an n-dimensional simple polytope P is an n-dimensional smooth closed mani-
fold with a locally standard action of Z whose orbit space is homeomorphic to P. Such manifolds
can be constructed using characteristic functions that assign vectors in Z3 to the facets of P. It
is well-known that the Davis—-Januszkiewicz equivalence classes of small covers over P can be
classified in terms of characteristic functions [1].

In this talk, we consider small covers over the n-dimensional cube. The Davis—Januszkiewicz
equivalence classes of such small covers are in one-to-one correspondence with acyclic directed
graphs on n vertices [2]. Moreover, using cohomological rigidity, Choi et al. [3] characterized
their diffeomorphism classes in terms of graph isomorphisms, local complementations, and slides.
Finally, we discuss possible generalizations of this approach and related enumeration problems.

Keywords: Small cover, Acyclic digraph, Local complementation.
Mathematics Subject Classification (2020): 57512, 05C20.

References

[1] M. W. Davis and T. Januszkiewicz, Convex polytopes, Coxeter orbifolds and torus actions,
Duke Math. J. 62(2), (1991), 417-451.

[2] S. Choi, The number of small covers over cubes, Algebr. Geom. Topol. 8(4), (2008), 2391-
2399.

[3] S.Choi, M. Masuda, and S-I. Oum, Classification of real Bott manifolds and acyclic digraphs,
Trans. Amer. Math. Soc. 369(4), (2017), 2987-3011.
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Existence of Positive Solutions for Generalized Caputo
Fractional Order p-Laplacian Boundary Value Problems

Ebru Aslan'f, izel Niizket™*, Erbil Cetin'*, Aynur Sahin >**, Fatma Serap Topal 1***
'Ege University, Department of Mathematics, Izmir, Tiirkiye
2Sakarya University, Department of Mathematics, Sakarya, Tiirkiye
februaslanc@gmail.com, tizelnuzket@gmail.com, *erbil.cetin@ege.edu.tr,
“*ayuce@sakarya.edu.tr, ***f.serap.topal @ege.edu.tr

Abstract

In this talk, we investigate a class of nonlinear semipositone boundary value problems associated
with w-Caputo fractional derivatives and the p-Laplacian operator, subject to highly nonlocal
integral boundary conditions inspired by [1-4]. The considered problem involves fractional de-
rivatives of distinct orders, Stieltjes-type integrals, and multi-point conditions, giving rise to a
strongly nonlocal formulation that remains insufficiently explored in the literature.

Assuming the nonlinearity is continuous and positive, we establish the existence of positive so-
lutions by utilizing fixed point theorems on cones combined with a suitable Green’s function
construction.

To the best of our knowledge, these findings provide a unified and novel contribution to fractional
boundary value problems with nonlocal constraints, extending semipositone analysis within the
w-Caputo framework.

Keywords: w-Caputo fractional derivative, Boundary value problems, Existence results, Semipo-
zitone problems, Nonlinear p-Laplacian operator.
Mathematics Subject Classification (2020): 26A33, 34B15, 34K10, 34K37, 39A10.

Acknowledgment. This work was supported by the Scientific and Technological Research Council
of Tiirkiye (TUBITAK-1002-A) under Project No. 125F338.

References

[1] M. Liu, J. Jiang, G. Chen, N. Li, L. Liu, and Y. Wu, Positive solutions for Hadamard fractional
differential equations with sign changing nonlinearity and paremeters, Electron. Res. Arch.
34(3), (2026) 1785-1808. https://doi.org/10.3934/era.2026080

[2] O. Batit Ozen and A. Sahin, Nonlinear -Caputo fractional differential equations
with infinite-point boundary conditions, AIMS Math. 10(9), (2025), 20273-20293.
https://doi.org/10.3934/math.2025906

[3] X. Zhang, Z. Hao, and M. Bohner, Positive solutions of semipositone singular three-points
boundary value problems for nonlinear fractional differential equations, Nonlinear Anal.
RWA 87, (2026) 104425, 1-11. https://doi.org/10.1016/j.nonrwa.2025.104425

[4] S. Panigrahi and R. Kumar, Positive solutions for a class of singular fractional bo-
undary value problem with p-Laplacian, J. Appl. Anal. 31(2), (2025) 401-418.
https://doi.org/10.1515/jaa-2024-0104
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Grothendieck Groups of Leavitt Path Algebras Over
Directed Power Graphs of Cyclic p-Groups and Dihedral
Groups

Asli Giicliikan Ilhan ', Ekrem Simsek?*!

'Dokuz Eyliil University, Department of Mathematics, Izmir, Tiirkiye
’Dokuz Eyliil University, Graduate School of Natural and Applied Sciences, Izmir; Tiirkiye
fasli.ilhan@deu.edu.tr, *ekremsimsek1717@gmail.com

Abstract

The directed power graph Pow(G) of a group G is the digraph whose vertices are the elements
of G, with an edge from x to y if y = 2™ for some integer m. In [1], we determined the Grot-
hendieck groups of the Leavitt path algebras defined over the punctured directed power graphs
Pow* (Cyn ) of cyclic p-groups. In this work, we extend these computations to the non-punctured
directed power graphs Pow(C)~ ). Since the Grothendieck group of a Leavitt path algebra can be
determined from Smith normal form of the matrix 7 — A}y (Cy ) WE exploit the block structure of
this matrix to compute its Smith normal form and hence determine the corresponding Grothen-
dieck group. We than use graph reductions defined in [2] to releate these directed power graphs
to those of dihedral groups Dy,», obtaining an isomorphism between the corresponding dihedral
groups.

Keywords: Directed power graphs, Leavitt path algebras, Grothendieck group, Smith normal
form, Dihedral groups.
Mathematics Subject Classification (2020): 16588, 05C25, 19A49.

Acknowledgment. This work was supported by The Scientific and Technological Research Co-
uncil of Tiirkiye (Project No: TBA6/124F202).

References

[1] A.G.Ilhan, M. Kanuni, and E. Simsek, Grothendieck group of the Leavitt path algebra over
power graphs of prime-power cyclic groups, Linear Algebra Appl. 723 (2025), 58-77.

[2] A.Koc and M. Ozaydin, Finite-dimensional representations of Leavitt path algebras, Forum
Math. 30 (2018), no. 4, 915-928.
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Proteinlerin Uzamsal Graphoid ile Modellenmesi ve
Yamada Polinomu ile Analizi

Elif Sultan Kog

Izmir Yiiksek Teknoloji Enstitiisii, Hesaplamali Bilim ve Miihendislik Boliimii, Izmir, Tiirkiye
elifkoc@iyte.edu.tr

Ozet

Bu konusmada, diigiim ve graf teorisi invaryantlarinin biyopolimerlerin topolojik yapilarini ana-
liz etmedeki kullanimui ele alinacaktir. Proteinler gibi biyolojik zincirlerde ortaya ¢ikan karmasik
topolojik motifler, yapisal kararlili§1 ve biyolojik islevi etkileyebildiginden, bu yapilarin genisle-
tilmis diiglim ve graf invaryantlari ile daha ayrintili bigcimde ayirt edilmesi 6nem tasir. Konusma,
diigiim ve graf teorisinin temel kavramlar ile bu yapilarin siniflandirilmasini saglayan invar-
yantlarin tanitilmasiyla baglayacaktir. Klasik diigtimler, acik uclu diigiimler olan knotoidler, bagh
acik uclu diigiimler, uzamsal graflar ve acik uclu uzamsal graflar olan graphoidler biyolojik zin-
cirlerde ortaya cikan farkli dolasiklik tiirleri icin matematiksel modeller olarak ele alinacaktir.
Ozellikle, Yamada polinomunun uygulamas {izerinde durulacaktir ve énerilen hesaplamali1 yon-
temin sonuglarindan bahsedilecektir [1,2,3]. Elde edilen sonuglarin, graphoidler icin Yamada
polinomunun biyopolimer topolojisindeki karmasik baglanma 6riintiilerini ayirt etmek icin kul-
lanilabilecegi vurgulanacaktir.

Anahtar Kelimeler: Diigim teorisi, Graf polinomlari, Protein topolojisi, Yamada polinomu.
Konu Sinmiflandirma Numarasi: 57K10, 05C31, 57K14, 92E10.

Not. Bu 6zet, Dr. Ogr. Uyesi Neslihan Giigiimcii danismanhgindaki arastirmam kapsaminda, 8.
Izmir Matematik Giinleri'nde yapilacak kisa konusma i¢in hazirlanmistir.
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Biquandle Coloring Quivers and Persistent Homology

Hamdi Kayaslan

Izmir Institute of Technology, Department of Mathematics, Izmir, Tiirkiye
hamdikayaslan @iyte.edu.tr

Abstract

In this talk, we study the relationship between biquandle coloring quivers and persistent homo-
logy in the setting of oriented virtual links. Biquandle colorings of a link diagram can be organized
into a directed graph, called a biquandle coloring quiver, by using the action of selected biquandle
endomorphisms on the set of colorings.

We first introduce N-directed clique complexes of quivers and the associated N-directed clique
homology. We then consider increasing collections of biquandle endomorphisms, which induce
filtrations of biquandle coloring quivers. Applying persistent homology to these filtrations yields
new invariants that record how homological features appear and persist throughout the filtration.
In particular, persistence barcodes and additional homological data can be extracted from these
filtrations to obtain invariants of oriented virtual links. Examples will be presented showing that
these invariants can distinguish links that are not distinguished by the ordinary biquandle coun-
ting invariant.

Keywords: Biquandle, Quiver, Directed clique, Peristence.
Mathematics Subject Classification (2020): 57K10, 57K18.
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Rank-One Delta Interactions on Deformed Hyperspheres

Hilal Demird6gen

Izmir Institute of Technology, Mathematics Department, Izmir, Tiirkiye
hilaldemirdogen @iyte.edu.tr

Abstract

This talk provides a step-by-step analysis of rank-one delta interactions supported on small normal
deformations of n-dimensional hyperspheres.

We start by defining the rank-one interaction through the normalized surface measure on the
support. This interaction couples only to the constant hyperspherical harmonic, which distingu-
ishes it from full delta-shell potentials. Using Krein’s resolvent formula, we show that the spectral
problem reduces to a scalar equation.

Next, we introduce a small inward normal deformation of the hypersphere and examine its effect
on the bound-state spectrum. The deformation is parametrized by a smooth function » on the
unit sphere. We compute the first-order change in the principal function by pulling back the
deformed surface measure to the unit sphere, expanding the plane-wave factor to first order in the
deformation parameter, and performing the angular integrals using hyperspherical harmonics.
We then discuss how the resulting expression simplifies, what it implies for the bound-state
energy, and how this leads to a geometric interpretation of the deformation effect. Finally, we
compare the dimension-dependent features of the problem and comment on the differences be-
tween the circle case and higher-dimensional hyperspheres.

Keywords: Singular perturbations, Delta interactions, Hyperspherical harmonics, Deformed hy-
persurfaces.
Mathematics Subject Classification (2020): 81Q10, 81Q15, 35J10

Acknowledgment. This is joint work with Prof. Dr. Fatih Erman and Merve Nur Sayar.
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From Z to Discrete Graphs: An Extension of the Nehari
Manifold Method

Sedef Karakilic!f, Irem Galim®?,
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Abstract

In this study, we first present a detailed review of the work on standing waves of discrete nonli-
near Schrodinger equations with growing potentials by Zhang and Pankov [1]. Next, we examine
Example 3.12 in [2], which is based on Assumption 2.5 [2] and the concept of a canonically com-
pactifiable graph. Considering these studies, we compare the assumptions required for compact
embedding in both works.

Keywords: Nonlinear Schrodinger equation, Discrete graph, Nehari manifold.
Mathematics Subject Classification (2020): 35Q55, 39A12.
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1)-Caputo Kesirli Tiirevleri iceren Bir Simif Uc Noktali
Sinir Deger Problemi I¢in Pozitif Coziimler

Koray Kekikli™, Erbil Cetin'*

1Ege Universitesi, Matematik Boliimii, Izmir, Tiirkiye
tkoraykekikli@gmail.com, *erbil.cetin@ege.edu.tr

Ozet

Bu calismada, o € (2, 3] mertebeden bir ¢)-Caputo kesirli tiirevine sahip lineer olmayan ii¢ noktali
bir sinir deger problemi icin pozitif ¢oziimlerin varlig1 ve tekliginin elde edilmesine odaklaniyo-
ruz. Bir fonksiyona gore kesirli hesaba (fractional calculus) ait genel 6zelliklerin yardimiyla, sinir
deger problemiyle iligkili Green fonksiyonu acikca elde edilmis ve tiiretimin her bir cebirsel adimi
eksiksiz olarak dogrulanmistir. Elde edilen Green fonksiyonunun geometrik davranisi—herhangi
bir has kompakt alt araliktaki pozitifligi ve keskin iki tarafli sinirlar1 da dahil olmak iizere—tiirev,
monotonluk ve tek tepelilik (unimodality) argimanlari kullanilarak kapsamli bir sekilde ince-
lenmistir. Tiim negatif olmayan siirekli fonksiyonlar arasinda negatif olmayan tek bir ¢éziimiin
varligini kanitlamak i¢in Banach daralma prensibi kullanilmistir. Uygun bir koni tanimlanarak
ve Krasnoselskii sabit nokta teoremi uygulanarak, dogrusal olmayan terim (nonlinearity) iizerin-
deki sublineer ve siiperlineer biiytime kosullar1 altinda, teoremdeki sirasiyla genisleme ve sikisma
durumlarina karsilik gelen en az bir kesin pozitif ¢6ziimiin varlig1 incelenmistir. Sonug olarak, ka-
resel, logaritmik ve tistel ¢)-¢cekirdeklerine sahip aciklayici 6rnekler sunulmus ve ilgili tiim sabitler
acikca hesaplanmistir.

Anahtar Kelimeler: ¢)-Caputo kesirli tiirevi, Green fonksiyonu, Krasnoselskii sabit nokta teoremi,
Pozitif ¢oziimler, Cok noktali sinir deger problemleri.
Konu Simiflandirma Numarasi: 34A08, 34B18, 34B10.
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Decompositions of the Representable Diagonal
p-Permutation Functors and p-Nilpotency

Mert Akman

Bilkent University, Mathematics Department, Ankara, Tiirkiye
mert.akman@bilkent.edu.tr

Abstract

Let k£ be an algebraically closed field of characteristic p > 0, and let IF be an algebraically closed
field of characteristic zero. Diagonal p-permutation functors provide a functorial framework for
studying modular representations of finite groups and their blocks.[1] In particular, the notion of
functorial equivalence of blocks has applications to finiteness questions in block theory and gives
a natural setting for reformulations of Alperin’s weight conjecture.

We aim to study an analogous functorial equivalence for groups. For a finite group GG, we consider
the representable diagonal p-permutation functor

FTE = FT2(—, Q).

We say that two finite groups G and H are functorially equivalent if the functors IE?TGA and FTﬁ
are isomorphic in the category of diagonal p-permutation functors.

Bouc and Yilmaz proved that the category of diagonal p-permutation functors over F is semi-
simple, hence the isomorphism class of FT4 is determined by the multiplicities of the simple func-
tors appearing in its decomposition. Therefore we study the decomposition of FT@ into simple
functors, and investigate how these multiplicities reflect group-theoretic properties of G. In par-
ticular, we examine the structure of the simple subfunctors of FT2, its relation to p-nilpotency
and the fusion system Fp(G).

Keywords: Diagonal p-permutation functors, Functorial equivalence, Finite groups, p-Nilpotency,
Fusion systems
Mathematics Subject Classification (2020): 20C20, 20J15, 20D15.

Acknowledgment. This work was supported by TUBITAK (Project No. 123F456). This work is
the result of a thesis project with my thesis supervisor Deniz Yilmaz.
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Generalized Residual Method
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Abstract

This study presents a novel “Generalized Residual Method” based on Bézier curves for the high-
precision numerical solution of arbitrary-order nonlinear initial and boundary value problems.
The most significant contribution of the method to the literature is that, by minimizing the const-
ructed residual function utilizing a Taylor expansion, the unknown control points can be directly
computed via successive and explicit formulas without the need to solve any algebraic or nonli-
near system of equations. A theorem providing an upper bound for the error is presented. The
numerical performance of the method has been tested on various high-order problems, including
the Jeffery-Hamel equation encountered in fluid mechanics; it has been demonstrated that it pro-
vides both a significant reduction in error margins and high efficiency in terms of computational
time (CPU) compared to traditional approaches such as the Runge-Kutta (RK4) and Homotopy
Analysis Method (HAM).

Keywords: Residual method, Bézier curves, Jeffery-Hamel equation, Bersntein polynomials, Non-
linear differential equations, Error analysis.
Mathematics Subject Classification (2020): 65105, 65110, 65L70.
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Weighted Residual Methods
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Abstract

Because exact analytical solutions are not available for many differential equations, approximate
methods play an important role in practical applications. In this study, Weighted Residual Met-
hods (WRM) [1] are considered as an effective approach for obtaining approximate solutions of
second-order differential equations. The basic idea of these methods is to construct a suitable trial
solution and then reduce the resulting residual by using appropriately chosen weight (test) func-
tions [2]. The solution procedure is presented step by step to provide a clear understanding of the
underlying methodology. As an illustrative example, the methods are applied to a two-point bo-
undary value problem, and the corresponding calculations are given in detail. In addition, Python
is used for the numerical computations and graphical illustrations. The approximate solutions are
compared with the exact solution to demonstrate the accuracy of the methods and to examine
the corresponding errors.

Keywords: Weighted residual methods, Galerkin method, Subdomain method, Collocation met-
hod, Least squares method, Approximate solution.
Mathematics Subject Classification (2020): 65110, 65L60.
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An Asymptotic Approach to Acoustic Green’s Functions
in Layered Media

Hazel Yiicel", Yagmur Ece Ucar®*

'Bagskent University, Department of Computer Engineering, Ankara, Tiirkiye
2[zmir Institute of Technology, Department of Mathematics, Izmir, Tiirkiye
Thazely@baskent.edu.tr, *yagmuraydin@iyte.edu.tr

Abstract

Green’s functions play an important role in the mathematical modeling of wave propagation
in layered acoustic media. However, the presence of layers with different physical and acoustic
properties leads to increasingly complicated expressions and may result in a considerable com-
putational cost.

In this study, an asymptotic approach is considered for three- and four-layered acoustic media
in order to obtain simplified forms of the corresponding Green’s functions. Suitable small pa-
rameters are introduced to construct asymptotic approximations, and a parametric analysis is
employed to further simplify the resulting expressions. The results show good agreement be-
tween the exact and approximate Green’s functions. Thus, the proposed approach provides a
simpler way to represent and compute Green’s functions in layered media.

Keywords: Asymptotic approach, Green’s function
Subject Classification: 35C20, 35A08.
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