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On the Alon-Boppana bound for quantum graphs
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Quantum graphs are a non-commutative analogue of classical graphs, replacing the function
algebra over the vertices with a non-commutative algebra. As in the classical case, expander
quantum graphs are defined as d-regular graphs with a common lower bound for the spectral
gap. Alon-Boppana bound is the asymptotic lower bound 2v/d — 1 for the second-largest
eigenvalue of d-regular expander graphs, which remains unknown for general quantum graphs.
In this talk, I will give an overview of recent approaches to expander quantum graphs and present
partial results on the Alon-Boppana bound.
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Quantum Graphs on Finite Quantum Spaces: Independence, Lovasz-Type Theta Numbers, and

Shannon Capacity
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For a finite graph, the independence number is the maximum size of a set of pairwise nonadjacent
vertices. Regularizing this parameter under repeated strong products gives the Shannon capacity,
while the Lovasz theta number provides a computable upper bound. In this talk, we replace a
finite set by a finite-dimensional C*-algebra 4 and consider quantum graphs on the resulting
finite quantum space, described by a quantum adjacency operator I'. Since there is more than one
possible notion of quantum independence, we focus on projections p in A for which the edge
space Ey vanishes after compression, namely L, Er L, = 0, where L, denotes left multiplication
by p. Maximizing the trace size of such projections defines a quantum independence number,
and its regularization under the quantum strong product defines the associated quantum Shannon
capacity. We then introduce Lovasz-type semidefinite programs formulated directly in terms of
the quantum adjacency operator, using both ordinary operator positivity and positivity induced
by the quantum Schur product. We explain how the classical independence number, Lovasz theta
number, and Shannon capacity are recovered in the commutative case, and discuss
multiplicativity under strong products, comparison with existing quantum Lovasz-type
parameters, and the conditions required for asymptotic capacity bounds. Finally, we consider
nonclassical quantum graphs on matrix algebras and present symmetry reduction of the
corresponding semidefinite programs, methods for exact-value computations, and related open
problems.
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On properties of Schreier graphs for quadratic hypersurfaces over finite fields
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In this talk, we study the Schreier graph defined by the action of the associated reflection group
on the nontrivial zero locus of a multivariable quadratic form over a finite field. We present basic
properties of this graph, including the enumeration of short cycles, and discuss its connectivity
and expansion properties using the subgroup structure of the reflection group. This talk is based
on joint work with Shohei Satake (Fukuoka University).
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Markov—Lagrange Constants Associated with Generalized Markov Numbers
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Classical Markov numbers are the integers appearing in positive integer solutions of the Markov
equation x2 + y? + z2 = 3xyz. They play an important role in Diophantine approximation and
are known to describe the discrete part of the Markov--Lagrange spectrum. In this talk, I will
explain how this relationship extends to generalized Markov numbers associated with the
generalized Markov equation x? + y? 4+ z2 + kyyz + kyzx + kgxy = 3 + ky + k, +
k3)xyz, where kq, k,, and k; are nonnegative integers. As the main theorem, I will show that, for
a (ky, ko, k3)-generalized Markov number n and the position i in which it appears, the quantity
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Group Action Signatures: Foundations and Graph-Theoretic Opportunities
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This talk in English, but with dual-language slides (English/Japanese), introduces digital
signatures and their cryptographic foundations to an audience unfamiliar with cryptography. We
focus on group action-based signatures, a promising post-quantum candidate that has attracted
significant research interest in recent years: unlike traditional schemes, they do not rely on
number-theoretic assumptions which are quantum-vulnerable. We explain their construction, the
cryptographic assumptions they depend on, and their current limitations.

The core of the talk explores a graph-theoretic perspective on these signatures. We demonstrate
how certain group action signature constructions can be naturally interpreted using graph theory,
and argue that expander graphs and bipartite graphs may offer new avenues for constructing
efficient and secure schemes. We identify specific graph properties that would be required for
such applications. While our current knowledge prevents immediate implementation, we lay out
concrete open problems where graph theorists could make impactful contributions. The talk aims
to reinforce the links between cryptography and graph theory, inviting collaboration to explore
these uncharted connections.
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Mathematics behind combinatorial reconfiguration
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Combinatorial reconfiguration has been studied extensively in theoretical computer science,
particularly in the area of algorithms. For example, given two vertex colorings of a graph, one
may ask whether it is possible to transform one coloring into the other by changing the color of
a single vertex at a time while maintaining a proper coloring throughout the process. The
computational complexity of this decision problem has been investigated extensively. In this talk,
I will introduce several mathematical topics that I encountered through my collaborative research
on combinatorial reconfiguration.
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Expander Graphs and Distributed Computing
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Distributed computing is a computational framework in which multiple computing entities
connected by communication links collaboratively perform computation and control systems
through the exchange of messages. In the field of algorithm theory, the computability and
computational complexity of distributed computing, particularly from a graph-theoretic
perspective, have been studied for roughly half a century. It develops a rich theoretical field
providing a broad range of insights into diverse computational models and problem classes. In
this talk, [ will provide an overview of how the expansion properties of graphs are exploited and
applied in the context of distributed computing.
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This talk introduces noncommutative probability on categories, an emerging framework that
bridges category theory and noncommutative probability (quantum probability) by studying the
pair consisting of a "category algebra" and a "state on a category".

The category algebra discussed in this talk is a unital algebra defined for any arbitrary small
category. It is defined as a convolution algebra of functions that reflects the composition structure
of the category's arrows. This concept encompasses group algebras, monoid algebras, and matrix
algebras, and can be understood as a generalized matrix algebra. Notably, if the category is a -
category and the rig R possesses a suitable involution (e.g., a *-rig such as the complex field C),
the category algebra over R naturally becomes a *-algebra.

Next, we introduce "states on categories" as linear functionals on these category algebras. A state

provides a positive semidefinite function on the set of arrows and can be viewed as a conceptual



generalization of probability measures on sets (discrete categories) to general categories.
Furthermore, for any given state, a representation of the category algebra can be constructed
through a generalization of the GNS (Gelfand-Naimark-Segal) construction. This allows us to
understand abstract categorical arrows as operators on (semi-)Hilbert spaces.

Following the explanation of these basic matters, we will present a new approach to quantum
fields based on this framework. The fundamental idea is to directly integrate relativity as a
category-theoretic structure and quantumness as a noncommutative probabilistic structure by
utilizing category algebras and states on certain categories corresponding to spacetime. Time
permitting, we will also discuss the conceptual relationships between this new framework and
conventional approaches such as Algebraic Quantum Field Theory (AQFT) and Topological
Quantum Field Theory (TQFT).
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Domination and independent domination in Johnson graphs J(n,3)

The Johnson graph J(n, k) has as vertices the k-subsets of {1, ..., n}, two subsets being adjacent
when they share exactly k — 1 elements. This talk presents complete solutions for two
domination parameters of /(n, 3). The independent domination number i(J(n, 3)) is determined
for every n by translating a 1974 theorem of Novak on edge bases of complete uniform
hypergraphs into Johnson-graph language. The domination number y (J(n, 3)) is determined for
all odd n > 7 (arXiv:2606.10326), proving a 2025 conjecture of Cornet, Dravec and Torres.
Combined with their result for even n, this gives y(J(n, 3)) = ¢, for every n = 6. Here ¢, is
an explicit formula built from the Fort-Hedlund covering numbers. Both parameters are
asymptotic to n2/12. This is joint work with Seung-ah Lee (Pusan National University).
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Geometry from Rational Function Semifields: Focusing on Abstract Tropical Curves with

Parallel Rays

HEEAECEIR &V ) REEE D, REFR EMEENS2REUEEZ S E L, U AFAEC
R A #EE D 2 & TRMEHK TS 2 LTl Lz, ZORMEELF AT T A
(CSpec) L RS, A CIEFFIZ—RtDOLE. T2ROLATHERE R SR e v
HI VIR Tper (metric graph) DA BEECHA K= Rat(Fp) 12DRFDLNDRER AT
N7 2 CSpec(K) ([ZOWT, ZOkEEZFEL <FBT %, FFZ CSpec(K) D RDA55A L
INONEZ Ny BHERI L, Z DD Fpee I[CHRIC R —XHINT 2 HEG X 2%
T, 612 X 1T K OREHEED O —EICEE D EHIEDNE O DM HEAY Y 2%



Abstract :

RLFADHIRIC —Brd 5 Z & &, Z ORGSR L3S0 AT EMR 2 D F R (R
BEMHTHD Z EERNT D,

We construct a geometric object from the algebraic structure of a rational function semifield by
regarding prime congruences as points and equipping them with a Zariski topology and a
structure sheaf. We call this geometry the prime congruence spectrum (or €Spec). In this talk,
we focus on the one-dimensional case, namely the prime congruence spectrum CSpec(K)
associated with the rational function semifield K := Rat(I',,,) of an abstract tropical curve with
parallel rays I'p,, (a metric graph). We explain the detailed structure of CSpec(K), including the
complete classification of its points and the Hasse diagram determined by the inclusion relations
among prime congruences. From this classification, we extract a subset X of points that naturally
corresponds bijectively to I'pq,. Furthermore, we show that the metric structure on X, uniquely
determined by the algebraic structure of K, coincides with the restriction of the Zariski topology.
We also explain that the resulting correspondence is an isometry preserving the parallel-ray
structure.
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Game edge-connectivity of cubic graphs
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The game edge-connectivity of a graph is a graph invariant obtained by incorporating a
combinatorial game into the notion of edge-connectivity. This game was inspired by Shannon
switching game. Roughly speaking, in this game, the first and second players alternately choose
one edge. The first player removes the chosen edge, aiming to disconnect the graph as quickly
as possible, while the second player contracts the chosen edge in order to prevent the first player
from doing so. As in Shannon switching game, if there exist two or more pairwise edge-disjoint
spanning trees, then the second player can contract the graph to a single vertex without it ever
being disconnected. In this talk, we focus on 3-regular graphs, for which this condition does not
hold in general, and discuss open problems concerning game edge-connectivity and related

topics.



