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4% B : IntComplex for high-order interactions

R 4% 4% & . Graphs are essential tools for modeling pairwise interactions in fields such as biology,

material science, and social networks. However, they fall short in representing many-body interactions
involving more than two entities. Simplicial complexes and hypergraphs have been developed to address
this need but still face challenges, particularly in capturing transitions between different orders of
interactions. In this talk, I will present IntComplex, a new framework designed to model these high-order
interactions. By incorporating homology theory, IntComplex offers a quantitative topological
representation of these interactions. Additionally, I will demonstrate how persistent homology, applied
through a filtration process, ensures a stable and robust analysis of the interactions. This framework
introduces a new approach to understanding the topological properties of high-order interactions, with
applications in complex network analysis.
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47 H : Homological obstructions for regular embeddings of graphs

H# 4% #HZ . In this talk, we develop the hypergraph obstruction concretely and give some homological

obstructions for the k-regular embeddings of graphs by using the embedded homology of sub-hypergraphs
of the (k-1)-skeleton of the independence complexes. We regard regular embeddings of graphs
equivalently as geometric realizations of the independence complexes and consequently regard them
equivalently as simplicial embeddings of the independence complexes into the vectorial matroids.

We prove that if there exists a k-regular embedding of a graph, then there is an induced
homomorphism from the embedded homology of the sub-hyper(di)graphs of the (k-1)-skeleton of the
(directed) independence complexes to the homology of (directed) matroids. Moreover, if there exists
certain triple of graphs where each graph has a k-regular embedding, then there are induced commutative
diagrams of certain Mayer—Vietoris sequences of the embedded homology of hyper(di)graphs, the
homology of (directed) independence complexes and the homology of matroids. Furthermore, if there
exists certain couple of graphs where each graph has a k-regular embedding, then there are induced
commutative diagrams of certain Kiinneth type short exact sequences of the embedded homology of
hyper(di)graphs, the homology of (directed) independence complexes and the homology of matroids.

BEAFA: EH2, 2017 FELEVTHWHELAFHFER, X HAREED, BT
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4 H : Cubical setting for directed discrete homotopy theory

/%A% . The (GLMY-)homotopy groups of digraphs (directed graphs) was introduced by Grigor’yan-

Lin-Muranov-Yau in their 2014 paper “Homotopy Theory for digraphs”. In 2024, Li-Wu-Yau-Zhang
(arXiv:2402.01110) defined another kind of (LWYZ-)homotopy groups for digraphs, which is a variation
of the GLMY-homotopy groups, and it has a digraph version of the Puppe sequence. We prove a version
of hurewicz theorem for the LWYZ-homotopy group, that is the first nontrivial LWYZ-homotopy group
of a digraph is detected by a certain cubical homology. This is a joint work with Jianzhong Pan and Jie
Wu.
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84# H : Multi-scale Jones polynomial and persistent Jones polynomial for knot data analysis

& 4% 4 % . Many structures in science, engineering, and art can be viewed as curves in 3-space.The

entanglement of these curves plays a crucial role in determining the functionality and physical properties
of materials. Many concepts in knot theory provide theoretical tools to explore the complexity and
entanglement of curves in 3-space. However, classical knot theory focuses on global topological
properties and lacks the consideration of local structural information, which is critical in practical
applications. In this work, two localized models based on the Jones polynomial were proposed, namely,
the multi-scale Jones polynomial and the persistent Jones polynomial. The stability of these models,
especially the insensitivity of the multi-scale and persistent Jones polynomial models to small
perturbations in curve collections, was analyzed, thus ensuring their robustness for real-world
applications.

BEARA: Rikd, REULAFHIF, AEFTRFHLEN, WAERAHR. € T4T
JiE A B F B F BT LB (BIMSA ) BREE R AR P13, ARAB Lt T4k, o
R OAAEEWBREENA, BERALEERF IR EEMSE TANAEZAREMAN, &4
UORAR AT, B IR G A K &M E R

Andrey Vesnin
Sobolev Institute of Mathematics (77 HF) W 2 1B T LW 75 )

84 H . Spatial graphs, their invariants and applications

/%% . Spatial graphs are embeddings of graphs in a 3D space with edges realized by curves. Even if

a graph has a simple combinatorial structure, it can be embedded in a topologically very complicated way.
Two spatial graphs are said to be topologically equivalent if one can be transformed to the other by a
continuous deformation of a space.

Spatial graphs are relevant mathematical objects to describe both combinatorial and topological
properties of various 3D systems, from biological to engineering. In particular, they can be used for the
identification and optimization of spatial topologies in the design of 3D engineering systems [1].

We will discuss recent results on spatial graphs, their invariants and applications, based on [2].

[1] Peddada et al., Toward Holistic Design of Spatial Packaging of Interconnected Systems with Physical
Interactions (SPI2). Journal of Mechanical Design, 2022.

[2] A. Vesnin, O. Oshmarina, Polynomials of complete spatial graphs and Jones polynomial of related
links. Sbornik: Mathematics, 2025, 216(5), 608—637.
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4 A B : Evaluating Flow-Topological Structural Descriptors for Cryptocurrency Anti-Money

Laundering

& 4 4% & . Structural patterns in transaction graphs are commonly used for anti-money laundering

(AML), yet their actual added value varies across settings. This paper proposes FlowTopo, a set of
flow-topological descriptors, and evaluates it on multiple datasets including Bitcoin (Elliptic), synthetic
laundering (IBM AML), and mobile money (PaySim). The results reveal a clear cross-dataset contrast:
FlowTopo delivers large and statistically significant improvements on datasets where topology is not
pre-encoded and the classes are separable, but shows no meaningful gain on others, underscoring that the
usefulness of structural features is highly dataset-dependent.

WEARAN: i, BIMSAW L4, RWEXAHE, FHRT W E 4 HAE 2.
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84 H : Calibrated Persistent-Laplacian CUSUM for Online Change-Point Detection

4% 4 % . We propose PL-CUSUM, an online change-point detection method for high-dimensional

nonlinear time series using persistent Laplacian spectra. It converts sliding windows into point clouds,
constructs monitoring scores via Page-CUSUM recursion, controls false alarms, achieves fast detection,
outperforms homology-based detectors, with theoretical guarantees and experimental validation.

MEAEN: Eo8, FATAFEHR. ALELTRERIRY, FFRABH LA XITH.
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84 H : Grobner Basis and its applications in GLMY theory

4% F . In this talk we focus on the theory of noncommutative Grébner bases over a field. We will
briefly introduce the fundamental concepts and discuss their practical role in simplifying noncommutative
polynomial systems, reducing algebraic relations, and addressing typical computational problems that
arise in this setting. And further, we turn to the GLMY cohomology theory. We will outline its structural
framework and then present an equivalent formulation in terms of dg-algebra.

BAEARA: KEBH, BIMSA - £, T & Sergei Ivanov # &, AT W A EFHHE 5
GLMY # 1.

Gk
Eves

4 # B : Strong homotopy fundamental group and graph presentation of group

/& B Z . In this talk, we define the concept of strong homotopy fundamental groups and study its

application to graph presentations of groups. We prove that for every finitely presented group there exists
a graph such that its strong homotopy fundamental group is exactly the given group. Then, we introduce a
notion of the path class graph and obtain the Galois theory up to the strong homotopy. Compared with the
classical cases, this method is more intuitive and simpler, since there is no need to consider genus of
surfaces, quotient spaces, orientable surfaces or not, etc., which are often real challenges with the naked
eye.

BEABA: KEE, WEFEAFRFRFFR, ALER2F, BHR. TEAFREFEIREL
K2R 7 E 9 HF %, 7 “Topology and its Applications” % i F| | & % SCIi& X 6 &, HH + EHii¥ 2
HEPRERENTERRE, EF T2 HF 48 T3HA2E.

Hz=g
IR A
847 B : The Sheaf Theory and the Hodge-de Rham Spectral Sequence on Path Complexes

&4 ¥ £ . We develop a systematic sheaf theory on path complexes—the combinatorial objects
underlying directed graphs—formulated in the full Grothendieck style. We introduce a Grothendieck
topology on the category Sub(P) of unions of v-headed subpath complexes of a given path complex P,
and on this site we construct the full formalism of presheaves, sheaves, sheafification, Cech cohomology,
and the Cech-to-derived spectral sequence. Working over the ringed path complex (P,0p ), where Op is
the sheaf of 0-forms, we prove that the category op Of sheaves of Op -modules is an abelian category
with enough injectives, which permits the definition of sheaf cohomology H"(U,&) via the derived
functors of the global-sections functor. We construct the sheaf of n-forms QJ as the sheafification of the

presheaf of regular n-forms modulo non-allowed forms and their differentials, and establish that Qp is

9
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locally of finite presentation and fine, hence I'-acyclic. The differential d: Q}%—»Qﬁfl yields a cochain

complex of sheaves K* augmented by the constant sheaf K. We construct a Hodge—de Rham spectral

sequence
B = Hi(P, P (K)) = HPH(P,K),

relating the sheaf cohomology of the cohomology sheaves of K* to the hypercohomology of K. Using the
Godement flasque resolution, we give an explicit double complex computing the hypercohomology and
prove that both associated spectral sequences degenerate at the E,-page, yielding concrete descriptions of
the hypercohomology groups in terms of the augmented GLMY complex. These results provide a sheaf-
theoretic foundation for the GLMY homology and cohomology theory of digraphs and open the door to
the study of vector bundles, characteristic classes, and differential calculus on digraphs.

REARA: B, B2V THEKF, i Eduard Looijenga, J& T At 7 A # b F £k 5 #F
REHLEARR. AELEATE (FH) RFEFHGEALR. ARXBAFHELNEIE
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