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CONFERENCE PROGRAM

MONDAY 07 OCTOBER

0950 opening ceremony at Conference hall �Sochi�

Chairman: Valery Kalyagin

1000 � 1040 Alexander Aptekarev (Keldysh Institute of Applied Mathematics) Àñèìïòîòè-
êè ðåøåíèé q-ðàçíîñòíûõ óðàâíåíèé è ãèïåðáîëè÷åñêèå îáúåìû: ãèïîòåçû è èõ ÷èñëåííûå
ïðîâåðêè

1050 � 1130 Panos Pardalos (University of Florida). Networks (and Data Science) in Brain
Research

coffee break

Chairman: Panos Pardalos

1200 � 1240 Dmitriy Malyshev (HSE University, Nizhny Novgorod; Moscow Institute of
Physics and Technology, Dolgoprudny). E�cient sensitivity analysis for the sparse bottleneck
path problem

1245 � 1315 Dmitry Mokeev (Lobachevskii State University). Path packings of cographs of
the special type

lunch

Chairman: Alexander Aptekarev

1430 � 1510 Alexander Gasnikov (Innopolis University). Ðàñïðåäåëåííàÿ îïòèìèçàöèÿ â
óñëîâèÿõ ñõîæåñòè ñëàãàåìûõ

1515 � 1545 Ilya Kostylev (HSE University, Nizhny Novgorod). Robustness of graphical lasso
optimization algorithm for graphical model selection problem

Chairman: Valery Kalyagin

1555 � 1625 Anna Semenova (HSE University). Network Analysis of International Con�icts

1630 � 1700 Daniil Tkachev (HSE University). New centrality indices in network analysis

1900

welcome buffet
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TUESDAY 08 OCTOBER

Chairman: Alexander Aptekarev

1000 � 1040 Alexander Mednykh (Sobolev Institute of Mathematics). Áàçèñû â ïðîñòðàí-
ñòâàõ äèñêðåòíûõ àíàëèòè÷åñêèõ ôóíêöèé

1050 � 1130 Dmitry Gribanov (Moscow Institute of Physics and Technology, Dolgoprudny;
HSE University, Nizhny Novgorod). Error Analysis of the Generalized Discrete Fourier Transform

coffee break

Chairman: Dmitriy Malyshev

1200 � 1240 Liubov Tupikina (Bell Labs, Paris). Dissecting embedding methods: learning
higher-order structures from data

1245 � 1315 Kirill Kaymakov, Dmitry Malyshev (HSE University, Nizhny Novgorod; Moscow
Institute of Physics and Technology, Dolgoprudny). E�cient algorithm for the minimum spanning
tree problem on spaced points with the Manhattan norm

lunch

Chairman: Dmitry Gribanov

1430 � 1510 Anna Tsvetkova (Ishlinsky institute for problems in mechanics). Semiclassical
approximation for Jacobi polynomials, de�ned by a di�erence equation, and the Bessel function

1515 � 1545 Ilya Mednykh (Sobolev Institute of Mathematics). Ñòðóêòóðà õàðàêòåðèñòè-
÷åñêîãî ïîëèíîìà Ëàïëàñà äëÿ öèðêóëÿíòíûõ ðàññëîåíèé ãðàôîâ

Chairman: Alexander Mednykh

1555 � 1635 Semen Nasyrov (Kazan Federal University). Êîíôîðìíûå îòîáðàæåíèÿ îäíî-
ñâÿçíûõ è äâóñâÿçíûõ ìíîãîóãîëüíûõ îáëàñòåé

1640 � 1710 Vladimir Lysov (Keldysh Institute of Applied Mathematics) Ôîðìóëà Êðèñòîôôåëÿ�
Äàðáó íà öåëî÷èñëåííûõ ðåøåòêàõ

WEDNESDAY 09 OCTOBER

0930 bus from Omega Sirius

trip to krasnaya polyana!
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THURSDAY 10 OCTOBER

Chairman: Semen Nasyrov

1000 � 1040 Mark Malamud (Peoples' Friendship University of Russia). Relations Between
Spectral Properties of a Quantum Graph and the Underlying Metric Graph

1050 � 1130 Olga Kudryavtseva (Volgograd State Technical University) and Alexey Solodov
(Moscow State University). Îáîáùåíèå òåîðåìû Æþëèà-Êàðàòåîäîðè â ñëó÷àå íåñêîëüêèõ
ãðàíè÷íûõ íåïîäâèæíûõ òî÷åê

coffee break

Chairman: Mark Malamud

1200 � 1240 Konstantin Fedorovskiy (Moscow State University). Ìíîæåñòâà Êàðàòåîäîðè:
êëàññè÷åñêèå è íîâûå ðåçóëüòàòû

1245 � 1315 Kamil Biglov (Moscow Institute of Physics and Technology). Ëèïøèöåâà äèô-
ôåðíöèðóåìîñòü îïîðíîé ôóíêöèè ìíîæåñòâà, áëèæàéøèå è ñàìûå äàëüíèå òî÷êè ìíî-
æåñòâ

lunch

Chairman: Alexander Ponomarenko

1430 � 1510 Petr Koldanov (HSE University, Nizhny Novgorod). Comparative analysis of
conclusions uncertainty on connections between stocks of stock markets

1515 � 1545 Alexey Grigoriev (Saratov State University). Assessing Local Degree Asymmetry
in Complex Networks Using Friendship Index

1550 � 1620 Yulia Martynova (New Resources LLC, Moscow). Ïðèëîæåíèÿ îáðàòíûõ ñïåê-
òðàëüíûõ çàäà÷ íà êâàíòîâûõ ãðàôàõ òèïà ¾äåðåâî¿
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FRIDAY 11 OCTOBER

Chairman: Panos Pardalos

1000 � 1040 Andrei Savchenko (HSE University, Nizhny Novgorod). Fast Evolution Search of
Device-Speci�c Facial Descriptor in a SuperNet

1050 � 1130 Alexander Ponomarenko (HSE University, Nizhny Novgorod). Algorithms for
Merging Delone Graph Approximations

coffee break

Chairman: Valery Kalyagin

1200 � 1240 Mario Rosario Guarracino (University of Cassino). Whole Graph Embedding: A
Survey of Techniques for Classi�cation

1245 � 1315 Brian Daniel Bernhardt (University of Cassino). Leveraging AI for Strategic
Insights into Italian Company Growth: A Financial and Economic Analysis

1315 � 1345 Gleb Neshchetkin (HSE University, Nizhny Novgorod).Analysis of Task Interconnections
Using Multi-Task Learning for Five NLP Classi�cation Tasks

1345 closing ceremony

lunch

10



Abstracts of the talks

Àñèìïòîòèêè ðåøåíèé q-ðàçíîñòíûõ óðàâíåíèé è
ãèïåðáîëè÷åñêèå îáúåìû: ãèïîòåçû è èõ ÷èñëåííûå ïðîâåðêè

À. È. Àïòåêàðåâ

Èíñòèòóò ïðèêëàäíîé ìàòåìàòèêè èì. Ì. Â. Êåëäûøà ÐÀÍ

Äîêëàä áóäåò ïîñâÿùåí àíàëèòè÷åñêèì àñïåêòàì çíàìåíèòîé ãèïîòåçû Êàøàåâà, ñâÿ-
çûâàþùåé ãèïåðáîëè÷åñêèé îáú¼ì äîïîëíåíèÿ óçëà â òðåõìåðíîé ñôåðå ñ êîìáèíàòîðíû-
ìè õàðàêòåðèñòèêàìè óçëà, êîòîðûå, ìîãóò áûòü ïðåäñòàâëåíû â âèäå ÂÊÁ àñèìïòîòèê
ðåøåíèé q-ðàçíîñòíûõ óðàâíåíèé. Â ñâîþ î÷åðåäü, ñâÿçü (çàìå÷åííàÿ, íî åùå íå äîêàçàí-
íàÿ) ýòèõ àñèìïòîòèê ñ ïàðàìåòðèçàöèÿìè ïðåäñòàâëåíèé ôóíäàìåíòàëüíûõ ãðóïï óçëîâ
(ñ òàê íàçûâàåìûìè À-ìíîãî÷ëåíàìè) ïîçâîëÿåò ñâîäèòü çàäà÷ó ïðîâåðêè ðàçëè÷íûõ ãè-
ïîòåç ê àíàëèçó ïîâåäåíèÿ âåòâåé àëãåáðàè÷åñêèõ ôóíêöèé.

Ìû áóäåì ñëåäîâàòü íàøåé íåäàâíåé ðàáîòå: À. È. Àïòåêàðåâ, �Ãèïåðáîëè÷åñêèé îáú-
¼ì 3-d ìíîãîîáðàçèé, A- ìíîãî÷ëåíû, ÷èñëåííûå ïðîâåðêè ãèïîòåç�, Ïðåïðèíòû ÈÏÌ èì.
Ì. Â. Êåëäûøà, 2023, 52 , 36 ñ.

Leveraging AI for Strategic Insights into Italian Company Growth:
A Financial and Economic Analysis

Brian Daniel Bernhardt, Chiara Marciano and Mario Rosario Guarracino

University of Cassino and Southern Lazio, Italy

Companies inherently engage with the external environment through interactions with
various stakeholders, who can signi�cantly in�uence their success. Both exogenous (company
speci�c) and endogenous (macroeconomic and sector-related) factors contribute to this success.
Given the dynamic nature of markets, where in�uencing factors evolve over time and across
geographical contexts, it is imperative to utilize analytical tools that allow companies to
anticipate and understand these variables. This enables targeted interventions in strategic,
high-value areas.

This study focuses on identifying the key features that drive the growth rate of rapidly
developing Italian companies. By employing XGBoost, a powerful machine learning algorithm
known for its capability in structured data analysis and feature importance evaluation, we
aim to uncover critical �nancial variables that signi�cantly impact growth. Our approach
seeks to deepen the understanding of growth drivers within the Italian business landscape
and to showcase the practical application of advanced AI techniques in �nancial analysis
and decision- making. Using a dataset of Italian companies, enriched with contextual data
(e.g., infrastructural indices, demographic data), we will construct networks to identify the key
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features and their impact on company performance. The ultimate goal is to discern similarities
and di�erences between companies with low and high Compound Annual Growth Rates, thereby
gaining insights into sector dynamics and the in�uence of territorial characteristics on economic
and �nancial outcomes.

Ëèïøèöåâà äèôôåðåíöèðóåìîñòü îïîðíîé ôóíêöèè ìíîæåñòâà,
áëèæàéøèå è ñàìûå äàëüíèå òî÷êè ìíîæåñòâ

Ê. Ç. Áèãëîâ

Ìîñêîâñêèé ôèçèêî-òåõíè÷åñêèé èíñòèòóò

Ðàññìàòðèâàåòñÿ îïîðíîå óñëîâèå äëÿ âûïóêëûõ êîìïàêòîâ â Rn. Äàííîå óñëîâèå
òåñíî ñâÿçàíî ñ ëîêàëüíîé ëèïøèöåâîé äèôôåðåíöèðóåìîñòüþ îïîðíîé ôóíêöèè. Ñ åãî
ïîìîùüþ äîêàçûâàåòñÿ ëîêàëüíàÿ ëèïøèöåâîñòü äëÿ îïîðíîãî ýëåìåíòà, à òàêæå áëè-
æàéøèõ è ñàìûõ äàëüíèõ òî÷åê âûïóêëîãî êîìïàêòà. Ïðèâåäåíû íåêîòîðûå ìîäåëüíûå
ïðèìåðû è âû÷èñëåíèÿ.

Ìíîæåñòâà Êàðàòåîäîðè: êëàññè÷åñêèå è íîâûå ðåçóëüòàòû

Ê. Þ. Ôåäîðîâñêèé

Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò
Ñàíêò-Ïåòåðáóðãñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

Â äîêëàäå, îñíîâàííîì íà íåäàâíåé ñîâìåñòíîé ðàáîòå àâòîðà è Ä. Êàðìîíû (Memoirs
of the EMS, 2024, vol. 14), ïëàíèðóåòñÿ ïðåäñòàâèòü êëàññè÷åñêèå è íîâûå ðåçóëüòàòû î
ñâîéñòâàõ ìíîæåñòâ (îáëàñòåé è êîìïàêòîâ) Êàðàòåîäîðè â êîìïëåêñíîé ïëîñêîñòè. Ýòîò
êëàññ ìíîæåñòâ åñòåñòâåííî âîçíèêàåò â ðàçëè÷íûõ çàäà÷àõ òåîðèè ïðèáëèæåíèé àíàëè-
òè÷åñêèìè ôóíêöèÿìè, â ñâÿçè ñ âîïðîñàìè ãðàíè÷íîãî ïîâåäåíèÿ êîíôîðìíûõ îòîáðà-
æåíèé, è â ðÿäå äðóãèõ àêòóàëüíûõ çàäà÷ ñîâðåìåííîãî àíàëèçà.

Ðàñïðåäåëåííàÿ îïòèìèçàöèÿ â óñëîâèÿõ ñõîæåñòè ñëàãàåìûõ

À. Â. Ãàñíèêîâ

Óíèâåðñèòåò Èííîïîëèñ, Ìîñêîâñêèé ôèçèêî-òåõíè÷åñêèé èíñòèòóò

Â äîêëàäå áóäåò äàí îáçîð ðåçóëüòàòîâ, ìîòèâèðîâàííûõ ðåøåíèåì áîëüøèõ çàäà÷
îáó÷åíèÿ ðàñïðåäåëåííûìè àëãîðèòìàìè, â êîòîðûõ äàííûå õðàíÿòñÿ íà ðàçíûõ óñòðîé-
ñòâàõ, íî èìåþò îäèíàêîâóþ âåðîÿòíîñòíóþ ïðèðîäó, ÷òî òèïè÷íî äëÿ ïîäàâëÿþùåãî ÷èñ-
ëà çàäà÷ îáó÷åíèÿ. Ïîñëåäíåå îáñòîÿòåëüñòâî (â âèäó çàêîíà áîëüøèõ ÷èñåë è öåíòðàëüíîé
ïðåäåëüíîé òåîðåìû) ïîçâîëÿåò íàìíîãî ýôôåêòèâíåå ðåøàòü òàêèå çàäà÷è ñ òî÷êè çðå-
íèÿ êîëè÷åñòâà êîììóíèêàöèé. Îáúÿñíÿåòñÿ ýòî òåì, ÷òî â öåíòðàëüíîì óçëå õðàíèòñÿ
ôóíêöèÿ (ïîñ÷èòàííàÿ íà îñíîâå èìåþùèõñÿ â ýòîì óçëå äàííûõ) ïîõîæàÿ íà òå ôóíêöèè
÷òî õðàíÿòñÿ â äðóãèõ óçëàõ è íà îáùóþ ôóíêöèþ (ïîëó÷àþùóþñÿ êàê ñðåäíåå àðèôìå-
òè÷åñêîå òîãî, ÷òî õðàíèòñÿ â óçëàõ).
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Assessing Local Degree Asymmetry in Complex Networks
Using Friendship Index

Alexey Grigoriev

Saratov State University

We examine the behavior of a node's nearest neighbors in terms of their average friendship
index, a measure that can reveal degree asymmetry in networks. This can be used to quantify
the �the friendship paradox� in social networks. Our analysis focuses on both real and synthetic
large, undirected scale-free graphs, where we identify limitations in the traditional friendship
index. To address these limitations, we propose a new measure, the average friendship rank,
which provides a more reliable way to characterize the behavior of nearest neighbors in networks.

Error Analysis of the Generalized Discrete Fourier

Dmitry Gribanov

HSE University, Moscow Institute of Physics and Technology

The discrete Fourier transform for sequences or vectors is a powerful and well-studied tool
for numerous algorithmic applications. The same can be said about the generalized discrete
Fourier transform (hereafter denoted as DPF), which acts on elements of the group algebra
C[G], where G is an arbitrary �nite group. Assuming that G is an Abelian group of order
n, it is known that the DPF can be calculated using O(n log n) operations in C. However,
since the exact complex arithmetic is impossible within classical computational models, such
algorithms also require careful analysis of computational error. This work proposes a variant of
such an analysis and its applications in the area of integer linear programming. As an example,
consider the following proposition: the DPF over an element of GF2[G] and the convolution of
two elements of GF2[G] can be calculated using O(n log n) operations with rational numbers
of length O(log n). The latter allows one to obtain faster algorithms for integer programming
problems of bounded co-dimension.

Whole Graph Embedding: A Survey of Techniques for Classi�cation

Mario R. Guarracino

The University of Cassino and Southern Lazio, Italy

Networks provide robust models for a wide range of applications, from the social sciences
to the life sciences, by capturing interactions and dependencies among variables or observations.
These models can be extended to ensembles of networks, o�ering a simple yet powerful framework
for representing complex phenomena. Whole graph embedding focuses on mapping ensembles
of graphs into a vector space while preserving their structural properties. In recent years,
various embedding techniques have emerged, utilizing graph kernels, matrix factorization, and
deep learning architectures to learn low-dimensional graph representations. These embeddings
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enable tasks such as feature extraction, graph clustering, and the development of classi�cation
models. This seminar o�ers a comprehensive survey of embedding techniques that embed entire
graphs for classi�cation purposes. We will explore and compare multiple methods, evaluating
their performance on both synthetic and real-world undirected network datasets across di�erent
learning tasks. Participants will gain valuable insights into the strengths and limitations of each
approach, equipping them with a solid foundation for selecting and applying the most suitable
embedding techniques in their research and applications.

E�cient algorithm for the minimum spanning tree problem on spaced
points with the Manhattan norm

Kirill Kaymakov, Dmitry Malyshev

National Research University Higher School of Economics, Nizhny Novgorod,
Moscow Institute of Physics and Technology, Dolgoprudny

In this talk, we consider the minimum spanning tree problem (MSTP) to �nd a tree
on all given points with the minimum sum of its edges, where the distance between points
is the Manhattan norm. We present an algorithm with the complexity O(n logd−1 n) to solve
this MSTP, where d is the space dimension. It impoves for d ≥ 5 the best previously known
complexity (n logd n log log n) by Gabow, Bentley, and Tarjan.

Comparative analysis of conclusions uncertainty on connections
between stocks of stock markets

Petr Koldanov, Alexander Koldanov, Dmitry Semenov

National Research University Higher School of Economics, Nizhny Novgorod

The problem of analyzing the relationships between stock market returns is considered.
The correlation is measured both by the traditional Pearson correlation coe�cient and the rank-
based Kendall correlation coe�cient. Various measures of uncertainty in drawing conclusions
about the relationships in stock markets are proposed, based on the method of separating
conclusions into signi�cant and admissible. A comparison of the uncertainty in drawing conclusions
about relationships in stock markets in US, Russia and France is conducted. It is shown that
these markets di�er insigni�cantly in terms of the share of uncertain conclusions, regardless
of the correlation coe�cient used. However, in terms of the ratio of admissible to signi�cant
conclusions about relationships, the stock market in Russia is signi�cantly more uncertain for
some thresholds.
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Robustness of graphical lasso optimization algorithm
for graphical model selection problem

Ilya Kostylev

National Research University Higher School of Economics, Nizhny Novgorod

Graphical model selection problem consists of recovering a hidden conditional dependence
structure of from a sample of observations from a random vector. One of the common approaches
for this problem is related with the convex optimization of a log-likelihood function with
additional L1 regularization term. Popular algorithm that utilizes such approach is called
graphical lasso algorithm. Various properties of this algorithm are studied in literature. The
topic of our interest is robustness of graphical lasso algorithm to the change of distribution. We
show that classical version of graphical lasso is not robust. To tackle this problem, we suggest
simple modi�cations of the algorithm which are more robust in the large class of distributions.
Then, we compare that modi�cation with another modi�cation that is based on Distributionally
Robust Optimization (DRO) problem called Robust Selection.

Îáîáùåíèå òåîðåìû Æþëèà�Êàðàòåîäîðè â ñëó÷àå íåñêîëüêèõ
ãðàíè÷íûõ íåïîäâèæíûõ òî÷åê

Î. Ñ. Êóäðÿâöåâà

Âîëãîãðàäñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò

À.Ï. Ñîëîäîâ

Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

Èçó÷àþòñÿ ñâîéñòâà ãîëîìîðôíûõ îòîáðàæåíèé åäèíè÷íîãî êðóãà â ñåáÿ â òåðìèíàõ íåïî-
äâèæíûõ òî÷åê è óãëîâûõ ïðîèçâîäíûõ. Â 1982 ã. Êàâåí è Ïîììåðåíêå óñòàíîâèëè èíòå-
ðåñíîå îáîáùåíèå êëàññè÷åñêîé òåîðåìû Æþëèà�Êàðàòåîäîðè, ïîçâîëèâøåå èì âûâåñòè
îöåíêó ïåðâîãî êîýôôèöèåíòà íà êëàññå ôóíêöèé, ñîõðàíÿþùèõ íà÷àëî êîîðäèíàò è ïðî-
èçâîëüíûé êîíå÷íûé íàáîð ãðàíè÷íûõ òî÷åê. Ìû ïðåäñòàâèì íîâîå îáîáùåíèå òåîðåìû
Æþëèà�Êàðàòåîäîðè, êîòîðîå ñîäåðæèò ðåçóëüòàò Êàâåíà�Ïîììåðåíêå â êà÷åñòâå ÷àñò-
íîãî ñëó÷àÿ è ïîçâîëÿåò ðåøàòü ðàçíîîáðàçíûå ýêñòðåìàëüíûå çàäà÷è íà êëàññàõ ôóíêöèé
ñ íåïîäâèæíûìè òî÷êàìè.

Ôîðìóëà Êðèñòîôôåëÿ�Äàðáó íà öåëî÷èñëåííûõ ðåøåòêàõ

Â. Ã. Ëûñîâ

Èíñòèòóò ïðèêëàäíîé ìàòåìàòèêè èì. Ì. Â. Êåëäûøà ÐÀÍ

Õîðîøî èçâåñòíà ôîðìóëà Êðèñòîôôåëÿ�Äàðáó äëÿ âîñïðîèçâîäÿùåãî ÿäðà èç îð-
òîãîíàëüíûõ ìíîãî÷ëåíîâ. Â ÷àñòíîñòè, îíà ïðèìåíÿåòñÿ ïðè äîêàçàòåëüñòâå óíèâåðñàëü-
íîñòè ðàñïðåäåëåíèÿ ñîáñòâåííûõ çíà÷åíèé óíèòàðíûõ ìàòðè÷íûõ àíñàìáëåé. Äðóãèå çà-
äà÷è òåîðèè ñëó÷àéíûõ ìàòðèö ïðèâîäÿò ê ðàçëè÷íûì îáîáùåíèÿì îðòîãîíàëüíûõ ìíî-
ãî÷ëåíîâ. Èçó÷àþòñÿ áèîðòîãîíàëüíûå ìíîãî÷ëåíû Êîøè, ìíîãî÷ëåíû ñîâìåñòíîé îðòî-
ãîíàëüíîñòè Ýðìèòà�Ïàäå, ìíîãî÷ëåíû ìíîãîóðîâíåâûõ èíòåðïîëÿöèé. Â îïðåäåëåíèè
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ìíîãî÷ëåíîâ ïîñëåäíèõ äâóõ òèïîâ ïîìèìî ñòåïåíè ó÷àñòâóåò ìóëüòèèíäåêñ íà öåëî÷èñ-
ëåííîé ðåøåòêå.

Ìû äîêàæåì âàðèàíò ôîðìóëû Êðèñòîôôåëÿ�Äàðáó äëÿ ìíîãî÷ëåíîâ Ýðìèòà�Ïàäå
è ìíîãîóðîâíåâûõ èíòåðïîëÿöèé, â êîòîðîé ñóììèðîâàíèå îñóùåñòâëÿåòñÿ ïî ïðîèçâîëü-
íîìó ïóòè íà öåëî÷èñëåííîé ðåøåòêå. Ïîêàæåì, ÷òî êëàññè÷åñêàÿ ôîðìóëà äëÿ îðòîãî-
íàëüíûõ ìíîãî÷ëåíîâ è èçâåñòíàÿ ôîðìóëà äëÿ áèîðòîãîíàëüíûõ ìíîãî÷ëåíîâ ÿâëÿþòñÿ
åå ïðîñòûìè ñëåäñòâèÿìè.

Relations Between Spectral Properties of a Quantum Graph
and the Underlying Metric Graph

Mark Malamud

Peoples' Friendship University of Russia and Saint Petersburg State University

We will discuss a close connection between spectral properties of a quantum graph with
Kirchho� or, more generally, δ-type couplings at vertices and the corresponding properties of
a certain weighted discrete Laplacian on the underlying discrete graph.

In particular, we discuss several self-adjointness results including a Ga�ney type theorem.
We also discuss the problem of lower semiboundedness, certain spectral estimates (bounds for
the bottom of spectra and essential spectra of quantum graphs, CLR-type estimates etc.).
Spectral types of quantum graphs will be discussed too.

E�cient sensitivity analysis for the sparse bottleneck path problem

Dmitriy Malyshev, Kirill Kaymakov

National Research University Higher School of Economics, Nizhny Novgorod,
Moscow Institute of Physics and Technology, Dolgoprudny

In this talk, we consider the sensitivity analysis problem for the bottleneck path problem,
which, for a given edge-capacitated graph and its vertices s and t, is to �nd an st-path, whose
the minimum edge capacity achieves the maximum value. Sensitivity analysis is the �eld of
�nding limit cost changes, for which an optimal solution remains optimal. More speci�ñally,
upper tolerances measure the supremum increase in the cost of an element, such that a current
solution remains optimal, and lower tolerances measure the corresponding supremum decrease.
We present an algorithm with the complexity O(mα(m,n)) to compute all the tolerances, where
α(·, ·) is the inverse Ackermann function. For sparse graphs, it improves the best previously
known complexity O(m+ n log n) by Ramaswamy, Orlin, and Chakravarty.

16



Ïðèëîæåíèÿ îáðàòíûõ ñïåêòðàëüíûõ çàäà÷ íà êâàíòîâûõ ãðàôàõ
òèïà ¾äåðåâî¿

Þëèÿ Ìàðòûíîâà

ÎÎÎ ¾Íîâûå ðåñóðñû¿, Ìîñêâà

Îäíèì èç îñíîâíûõ ïðèìåðîâ êâàíòîâîãî ãðàôà òèïà ¾äåðåâî¿ ÿâëÿåòñÿ ýëåêòðè÷å-
ñêàÿ ñåòü, ñîñòîÿùàÿ èç ïðîâîäîâ (ðåáåð), ñîåäèíåííûõ â òðàíñôîðìàòîðíûõ ïîäñòàíöèÿõ
(âåðøèíàõ). Äèôôåðåíöèàëüíûå óðàâíåíèÿ îïèñûâàþò ýëåêòðè÷åñêèå êîëåáàíèÿ â ïðî-
âîäàõ äëèíîé lk ñ ðàñïðåäåëåííîé åìêîñòüþ Ck è èíäóêòèâíîñòüþ Lk.

Âåðøèíû ñòåïåíè îäèí ïðîíóìåðóåì îò 1 äî N . Ïðåäïîëîæèì, ÷òî îäèí èç êîíöîâ ek
ïðîâîäà çàçåìëåí ÷åðåç ñîñðåäîòî÷åííûå èíäóêöèþ L̃k è åìêîñòü C̃k, ñîåäèíåííûå ïîñëå-
äîâàòåëüíî, ïðè÷åì òîê ïî íèì òå÷åò â íàïðàâëåíèè, îáðàòíîì íàïðàâëåíèþ âîçðàñòàíèÿ
Uk . Â êàæäîé èç M = P + 1 − N âíóòðåííåé âåðøèíå çàäàþòñÿ äâà óñëîâèÿ ñêëåéêè.
Óñëîâèå íåïðåðûâíîñòè ïîòåíöèàëà ñîñòîèò â òîì, ÷òî åñëè îäíà è òà æå âåðøèíà v èí-
öèäåíòíà íåñêîëüêèì ðåáðàì ej ∈ Ev , òî çíà÷åíèÿ êîìïîíåíò ôóíêöèè Uj íà ýòèõ ðåáðàõ
â êîíöàõ, ñîîòâåòñòâóþùèõ âåðøèíå v, ñîâïàäàþò. Óñëîâèå Êèðõãîôà èëè áàëàíñà òîêîâ
ñîñòîèò â òîì, ÷òî ñóììà íîðìàëüíûõ ïðîèçâîäíûõ êîìïîíåíò ôóíêöèè Uk âî âíóòðåííåé
âåðøèíå v ðàâíà íóëþ.

Âòîðûì ïðèìåðîì ðàññìîòðèì ñèñòåìó èç îäíîðîäíûõ ñòåðæíåé â âèäå ïðîèçâîëü-
íîãî ãðàôà òèïà ¾äåðåâo¿. Íà êàæäîì èç P ðåáåð çàäàåòñÿ óðàâíåíèå òåïëîïðîâîäíîñòè â
ñòåðæíå äëèíîé lj â ñëó÷àå îòñóòñòâèÿ âíåøíèõ òåïëîâûõ èñòî÷íèêîâ ñ êîýôôèöèåíòîì
òåïëîïðîâîäíîñòè kj, óäåëüíîé òåïëîåìêîñòüþ cj, ïëîòíîñòüþ ìàòåðèàëà ρj. Íà ñâîáîä-
íûõ êîíöàõ ñòåðæíåé xj = lj, j = 1, . . . , N ïîìåùåíû ñîñðåäîòî÷åííûå òåïëîåìêîñòè c̃j
è ïðîèñõîäèò òåïëîîáìåí ñ ñîîòâåòñòâóþùèì êîýôôèöèåíòîì hj ñ âíåøíåé ñðåäîé íóëå-
âîé òåìïåðàòóðû. Â êàæäîé èç M = P + 1 − N âíóòðåííèõ âåðøèí çàäàþòñÿ óñëîâèÿ
íåïðåðûâíîñòè òåìïåðàòóðû è òåïëîâîãî áàëàíñà.

Äëÿ îáîèõ ïðèìåðîâ ïîëó÷åíû êðàåâûå çàäà÷è íà ñîáñòâåííûå çíà÷åíèÿ, êîòîðûå
ñîâïàäàþò, è ýêâèâàëåíòíû îïåðàòîðíîìó óðàâíåíèþ K1(p11, . . . , pN1) = λK2(p12, . . . , pN2).
Äîêàçàíà ìîíîòîííàÿ çàâèñèìîñòü ñîáñòâåííûõ çíà÷åíèé λ êðàåâîé çàäà÷è îò ïàðàìåò-
ðîâ ãðàíè÷íûõ óñëîâèé ~p = (p11, . . . , pN1, p12, . . . , pN2). Îáðàòíàÿ ñïåêòðàëüíàÿ çàäà÷à äëÿ
êðàåâîé çàäà÷è ñîñòîèò â íàõîæäåíèè çíà÷åíèé âåêòîðà ~p êîýôôèöèåíòîâ ãðàíè÷íûõ óñëî-
âèé, ïðè êîòîðûõ íàïåðåä çàäàííûå ÷èñëà λ1, . . . , λ2N ÿâëÿþòñÿ ñîáñòâåííûìè çíà÷åíèÿìè
êðàåâîé çàäà÷è. Îíà ñâåäåíà ê ìíîãîïàðàìåòðè÷åñêîé îáðàòíîé ñïåêòðàëüíîé çàäà÷å äëÿ
êîíå÷íîìåðíîãî îïåðàòîðà, çàäàííîãî â êîíå÷íîìåðíîì äåéñòâèòåëüíîì åâêëèäîâîì ïðî-
ñòðàíñòâå E2N , äëÿ êîòîðîé ïðåäëîæåí àëãîðèòì ÷èñëåííîãî ïîñòðîåíèÿ ðåøåíèé, îñíî-
âàííûé íà ìîíîòîííîé çàâèñèìîñòè ñîáñòâåííûõ çíà÷åíèé îò ïàðàìåòðîâ ãðàíè÷íûõ óñëî-
âèé. Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò âîññòàíàâëèâàòü ïàðàìåòðû ãðàíè÷íûõ óñëîâèé,
íàïðèìåð, ðàñïðåäåëåííûå èíäóêòèâíîñòü è åìêîñòü, ñîåäèíåííûå ïîñëåäîâàòåëüíî, äëÿ
ýëåêòðè÷åñêèõ ñåòåé íà ó÷àñòêàõ òðóäíîäîñòóïíûõ äëÿ âèçóàëüíîãî îñìîòðà, ïîäáèðàòü
ïàðàìåòðû ãðàíè÷íûõ óñëîâèé äëÿ îáåñïå÷åíèÿ íóæíîãî ñïåêòðà ÷àñòîò êîëåáàíèé ïåðå-
ìåííîãî òîêà èëè íàïðÿæåíèÿ â ñåòè, à òàêæå çíà÷åíèÿ ñîñðåäîòî÷åííûõ òåïëîåìêîñòåé
è êîýôôèöèåíòîâ òåïëîîáìåíà íà êîíöàõ ñòåðæíåé.
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Áàçèñû â ïðîñòðàíñòâàõ äèñêðåòíûõ àíàëèòè÷åñêèõ ôóíêöèé

À. Ä. Ìåäíûõ

Èíñòèòóò ìàòåìàòèêè èì. Ñ.Ë. Ñîáîëåâà ÑÎ ÐÀÍ Íîâîñèáèðñê

Ïîíÿòèå äèñêðåòíîé àíàëèòè÷åñêîé ôóíêöèè íà ãàóññîâîé ðåøåòêå G = Z + iZ áûëî
äàíî Ð. Ô. Àéçåêñîì [1]. Îí êëàññèôèöèðîâàë ýòè ôóíêöèè íà ôóíêöèè ïåðâîãî è âòîðîãî
ðîäà è èññëåäîâàë ôóíêöèè ïåðâîãî ðîäà. Â äàëüíåéøåì Æ. Ôåððàí [2] è Ð. Äæ. Äàôôèí
[3] ñîçäàëè òåîðèþ äèñêðåòíûõ àíàëèòè÷åñêèõ ôóíêöèé âòîðîãî ðîäà. Âàæíûå ðåçóëüòà-
òû, ñâÿçàííûå ñ ïîâåäåíèåì äèñêðåòíûõ àíàëèòè÷åñêèõ è ãàðìîíè÷åñêèõ ôóíêöèé íà áåñ-
êîíå÷íîñòè, áûëè ïîëó÷åíû Ñ. Ë. Ñîáîëåâûì [4]. Íîâûå êîìáèíàòîðíûå è àíàëèòè÷åñêèå
èäåè â òåîðèþ âíåñ Ä. Çåéëüáåðãåð [5]. Ýòè èäåè áûëè îáîáùåíû â ðàáîòå àâòîðà [6]. Ðàç-
âèòèå íåëèíåéíîé òåîðèè äèñêðåòíûõ àíàëèòè÷åñêèõ ôóíêöèé, îñíîâàííîå íà êðóãîâûõ
óïàêîâêàõ, íà÷àëîñü ñ Ó. Òåðñòîíà [7] è åãî ó÷åíèêîâ [8], [9]. Òàê áûëî ïîëó÷åíî ïðèáëèæå-
íèå ñ áûñòðîé ñêîðîñòüþ ñõîäèìîñòüþ â òåîðèè êîíôîðìíûõ îòîáðàæåíèé. Â ïîñëåäíèå
ãîäû, äèñêðåòíûå àíàëèòè÷åñêèå ôóíêöèè ñòàëè ðàññìàòðèâàòüñÿ ñ òî÷êè çðåíèå òåîðèè
áàíàíîâûõ àëãåáð [10]. Ýòî ïîçâîëèëî âåñòè ïîíÿòèÿ ðàöèîíàëüíûõ è ìåðîìîðôíûõ äèñ-
êðåòíûõ ôóíêöèé. Â äîêëàäå áóäåò çàòðîíóò âîïðîñ î ñóùåñòâîâàíèè ¾åñòåñòâåííîãî¿
áàçèñà â ðàçëè÷íûõ ïðîñòðàíñòâàõ äèñêðåòíûõ àíàëèòè÷åñêèõ ôóíêöèé è âîçìîæíîñòè
ðàçëîæåíèÿ òàêèõ ôóíêöèé â ðÿäû, àíàëîãè÷íûå ðÿäàì Òåéëîðà.
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Ñòðóêòóðà õàðàêòåðèñòè÷åñêîãî ïîëèíîìà Ëàïëàñà äëÿ
öèðêóëÿíòíûõ ðàññëîåíèé ãðàôîâ

È. À. Ìåäíûõ

Èíñòèòóò ìàòåìàòèêè èì. Ñ.Ë. Ñîáîëåâà ÑÎ ÐÀÍ Íîâîñèáèðñê

Â ðàìêàõ äàííîãî äîêëàäà áóäóò ïðåäñòàâëåíû ðåçóëüòàòû, ïîëó÷åííûõ â ñîâìåñòíûõ
èññëåäîâàíèÿõ ñ Éîíã Ñó Êâîíîì (Þæíàÿ Êîðåÿ) è À.Ä. Ìåäíûõ. Â ïðåäûäóùèõ ðàáî-
òàõ àâòîðîâ áûëè èçó÷åíû ñòðóêòóðíûå òåîðåìû, îïèñûâàþùèå ñâîéñòâà ÷èñëà îñòîâíûõ
äåðåâüåâ , êîðíåâûõ îñòîâíûõ ëåñîâ è èíäåêñà Êèðõãîôà äëÿ ñåìåéñòâà öèðêóëÿíòíûõ
ãðàôîâ. Âñå ýòè âåëè÷èíû ÿâëÿþòñÿ ñïåêòðàëüíûìè èíâàðèàíòàìè, òî åñòü çàâèñÿò îò
ñîáñòâåííûõ çíà÷åíèé õàðàêòåðèñòè÷åñêîãî ïîëèíîìà ìàòðèöû Ëàïëàñà. Ñòðóêòóðà ñà-
ìîãî ïîëèíîìà îñòàâàëàñü íåèçâåñòíîé . Â íåäàâíèõ ðàáîòàõ [Xiaogang Liu è Sanming
Zhou (2012), Xiaogang Liu è Pengli Lu (2016)] áûëî îáíàðóæåíî, ÷òî õàðàêòåðèñòè÷åñêèé
ïîëèíîì äëÿ ðÿäà èçâåñòíûõ ñåìåéñòâ ãðàôîâ , òàêèõ êàê òåòà-ãðàô, ãàíòåëüíûé ãðàô
è ãðàô ïðîïåëëåðà ýôôåêòèâíî âûðàæàåòñÿ ÷åðåç ïîëèíîìû ×åáûøåâà. Èäåè, èçëîæåí-
íûå â ýòèõ ðàáîòàõ, ïîçâîëèëè íàé òè ïîäõîä ê îïèñàíèþ ñòðóêòóðû õàðàêòåðèñòè÷åñêîãî
ïîëèíîìà äëÿ øèðîêîãî êëàññà ãðàôîâ, íàçûâàåìûõ öèðêóëÿðíûìè ðàññëîåíèÿìè. Ýòîò
êëàññ âêëþ÷àåò â ñåáÿ îáîáùåííûå ãðàôû Ïåòåðñåíà, I-ãðàôû, Y - ãðàôû, H-ãðàôû, äèñ-
êðåòíûå òîðû è äðóãèå. Â êà÷åñòâå îñíîâíîãî ðåçóëüòàòà, ìû ïîêàæåì, ÷òî õàðàêòåðèñòè-
÷åñêèé ïîëèíîì óêàçàííûõ âûøå ãðàôîâ áûòü ïðåäñòàâëåí â âèäå êîíå÷íîãî ïðîèçâåäåíèÿ
àëãåáðàè÷åñêèõ ôóíêöèé , âû÷èñëÿåìûõ â êîðíÿõ ëèíåé íîé êîìáèíàöèè ïîëèíîìîâ ×å-
áûøåâà. Ïîëó÷åííûå ðåçóëüòàòû ÷àñòè÷íî àíîíñèðîâàíû â ðàáîòå [1].

Ëèòåðàòóðà

[1] Êâîí É .Ñ., Ìåäíûõ À.Ä., Ìåäíûõ È.À., �Î ñòðóêòóðå õàðàêòåðèñòè÷åñêîãî ïîëèíîìà
Ëàïëàñà äëÿ öèðêóëÿíòíûõ ãðàôîâ.� Äîêëàäû Ðîññèéñêîé àêàäåìèè íàóê. Ìàòåìàòèêà,
èíôîðìàòèêà, ïðîöåññû óïðàâëåíèÿ, 515(1): 34�39, 2024.

Path packings of cographs of the special type

Dmitry Mokeev

Lobachevskii State University and HSE University, Nizhny Novgorod

The H-packing problem consists in �nding the maximum set of subgraphs in a given graph
G that are isomorphic to some �xed graph H and do not contain pairwise common vertices.
We consider the problem of H-packing for the case when the graph H is isomorphic to a simple
path of the �xed order k (k-path), where k is a natural number more or equal to 3. A graph is
a cograph if it can be constructed from isolated vertices by disjoint union and join operations.
A graph is threshold if it can be built from a single-vertex graph by sequentially adding one
isolated vertex or a dominant vertex (i.e. a single vertex connected to all other vertices) to
the graph. We consider the k-path packing problem of cographs which can be constructed by
join operation from some threshold graphs. We study the computational complexity of the k-
path packing problem in the class of such graphs and prove its polynomial solvability for an
arbitrary k.
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Êîíôîðìíûå îòîáðàæåíèÿ îäíîñâÿçíûõ è äâóñâÿçíûõ
ìíîãîóãîëüíûõ îáëàñòåé

Ñ. Ð.Íàñûðîâ

Êàçàíñêèé (Ïðèâîëæñêèé) ôåäåðàëüíûé óíèâåðñèòåò

Â äîêëàäå ðàññìàòðèâàåòñÿ çàäà÷à íàõîæäåíèÿ íåèçâåñòíûõ (àêöåññîðíûõ) ïàðàìåò-
ðîâ â èíòåãðàëàõ Êðèñòîôôåëÿ�Øâàðöà è èõ îáîáùåíèÿõ, äàþùèõ êîíôîðìíûå îòîáðà-
æåíèÿ îäíîñâÿçíûõ è äâóñâÿçíûõ ìíîãîóãîëüíûõ îáëàñòåé íà êàíîíè÷åñêèå îáëàñòè. Èçó-
÷àåòñÿ êàê îãðàíè÷åííûå ìíîãîóãîëüíèêè, òàê è íåîãðàíè÷åííûå, ñîäåðæàùèå âíóòðè ñåáÿ
áåñêîíå÷íî óäàëåííóþ òî÷êó. Îñíîâíûì ìåòîäîì èññëåäîâàíèÿ ÿâëÿåòñÿ ïàðàìåòðè÷åñêèé
ìåòîä Ëåâíåðà, åãî ïðèìåíåíèå ê çàäà÷å íàõîæäåíèÿ àêöåññîðíûõ ïàðàìåòðîâ áûëî âïåð-
âûå ïðåäëîæåíî Ï.Ï. Êóôàðåâûì. ×àñòü äîêëàäà îñíîâàíà íà ðåçóëüòàòàõ, ïîëó÷åííûõ
ñîâìåñòíî ñ À.Þ. Äþòèíûì â ðàìêàõ ðåàëèçàöèè íàó÷íîãî ïðîåêòà ÐÍÔ � 23-11-00066.

Analysis of Task Interconnections Using Multi-Task Learning
for Five NLP Classi�cation Tasks

Gleb Neshchetkin

National Research University Higher School of Economics, Nizhny Novgorod

In this study, we analyze �ve classi�cation tasks within the NLP domain: emotion classi�cation,
sentiment classi�cation, intent classi�cation of social media posts related to COVID-19, sarcasm
detection, and stance classi�cation. We trained 31 models, comprising �ve single-task models
and 26 multi-task models, to determine which tasks bene�t from learning together. The results
indicate that certain task combinations, such as emotion classi�cation with intent classi�cation
of COVID-19 posts or sarcasm detection with emotion and sentiment classi�cation, exhibit
positive transfer. However, negative transfer was observed in some cases, for example, stance
classi�cation with intent classi�cation of posts. Additionally, the results show that multi-task
learning (MTL) models involving more than two tasks can sometimes improve performance for
a speci�c task within the set. However, learning this task with smaller subsets of these tasks
does not necessarily enhance the metrics. It was experimentally con�rmed that in MTL, an
optimum solution with respect to one objective may not be optimum with respect to another
objective.

Networks (and Data Science) in Brain Research

Panos Pardalos

University of Florida USA and HSE University, Nizhny Novgorod

Network analysis our days became a pawer tool in data analytics. The talk will cover
recent advances of application of network analysis in brain research.
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Algorithms for Merging Delone Graph Approximations

Alexander Ponomarenko

National Research University Higher School of Economics, Nizhny Novgorod

The Delaunay graph is a fundamental construction de�ned over a �nite subset of points in a
metric space. Approximations of the Delaunay graph have important applications in information
retrieval, speci�cally in k-nearest neighbor search algorithms, which are widely used in arti�cial
intelligence systems. In addition to e�cient algorithms for constructing approximate Delaunay
graphs, computationally e�cient methods for merging such constructions are also important.
The presentation will introduce two new algorithms for merging approximate Delaunay graphs
and present results of their application for merging HNSW data structures.

Fast Evolution Search of Device-Speci�c
Facial Descriptor in a SuperNet

Andrey Savchenko

National Research University Higher School of Economics, Nizhny Novgorod

I will talk about using AutoML techniques to extract the most accurate and fast subnetwork
for facial feature extraction from a Supernet. I introduce the novel technique based on evolution
search with a surrogate binary classi�er to compare the expected accuracy of two subnetworks.
The latter uses only encoding of a candidate subnetwork and does not require directly estimating
its accuracy on a validation set. As a result, the most computationally e�cient and accurate
model in TensorFlow Lite format is obtained in less than 10 minutes for a speci�c device and
latency constraint. Experiments for face identi�cation and facial expression recognition show
the potential of the proposed approach to obtain neural networks for various types of devices,
including smartphones and Raspberry Pi single-board mini-computers.

Network Analysis of International Con�icts

Anna Semenova, Fuad Aleskerov

National Research University Higher School of Economics

We determine the involvement of states in international con�icts, taking into account the
intensity of an international con�ict as well as the intensity of internal con�icts in these states.
We use classic and new centrality measures. The latter ones take into account a parameter of
a node, direct and indirect (with �xed length of the path) connections of nodes, and a group
in�uence of nodes to a node. In the construction of the network we consider the in�uence of
third countries on the con�ict as well as the internal con�icts in countries. We present a new
model to study international con�icts based on the construction of a network among countries
involved. To create the model we used the Uppsala Con�ict Data Program at the Department of
Peace and Con�ict Research, Uppsala University and the Centre for the Study of Civil War at
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the International Peace Research Institute in Oslo (PRIO) datasets which provide information
about armed con�icts from 1946 to 2022. We use three types of con�ict: interstate armed
con�ict, internal armed con�ict and internationalized internal armed con�ict. To evaluate the
intensity of the con�ict we used information about the number of battle-related deaths in the
con�ict which was transformed to ordinal scale. It is important to set appropriate parameters
in the new centrality measures. We discuss these values and analyze their impact on outcomes,
using the network model of interstate con�icts between states. The model has applied to the
study of con�icts for di�erent time periods after the World War II.

New centrality indices in network analysis

Daniil Tkachev, Fuad Aleskerov

National Research University Higher School of Economics

Network analysis methods are used to �nd solutions to various problems of interaction
among vertices in the network. One of the main tasks of network analysis is identifying key
vertices. Ñentrality indices are used to identify key vertices in network (see (Barab�asi, 2013),
(Aleskerov, et al., 2021)). Some of the most popular centrality indices are degree centrality
(In-degree/Out- degree) (Newman, 2003), betweenness centrality (Freeman, 1977), closeness
centrality (Bavelas, 1950), eigenvector centrality (Bonacich, 2007), PageRank (Brin, 1998) and
Katz centrality (Katz, 1953). These centrality indices are used in many works to �nd key vertices
in the network. However, these indices have some limitations and disadvantages (Landherr, et
al., 2010). One of the main disadvantages of the classic centrality indices is that they do not
take into account parameters of vertices and group in�uence of vertices on a vertex (Newman,
2003). In (Aleskerov, Yakuba, 2020) new centrality indices taking into account group in�uence
and vertices parameters (Bundle and Pivotal centrality indices) are introduced. However, the
Bundle and Pivotal indices are constructed in that way that they do not take into account
the weights of arcs � important information about interaction among vertices in a network.
It determines our task - to introduce a new centrality indices that take into account these
properties. We have constructed several new centrality indices that take into account group
in�uence, vertices parameters. New centrality indices have been tested on real networks models
(basic crops, rare earth compound and oil trade export/import operations) and compared with
the Bundle and Pivotal values.
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Semiclassical approximation for Jacobi polynomials,
de�ned by a di�erence equation, and the Bessel function

Anna Tsvetkova

Ishlinsky institute for problems in mechanics RAS

We are developing a method for constructing global asymptotics for solutions of di�erence
equations based on the semiclassical approximation. The idea is to reduce the di�erence equation
to a pseudodi�erential one and apply the Maslov canonical operator associated with a geometric
object in the phase space � the Lagrangian manifold.

While manifolds with a turning point in whose neighborhood the asymptotics is expressed
in terms of the Airy function are well studied, the methods for the case when the asymptotics
is determined by the Bessel function are not so well developed.

In the talk we will illustrate the discussed method using the example of Jacobi polynomials,
for which asymptotics in terms of a Bessel function J0 arises. In particular, we will describe
the type of corresponding Lagrangian manifold and present an algorithm which allows one to
obtain global formulas.

The work is supported by RSF (project 24-11-00213).

Dissecting embedding methods:
learning higher-order structures from data

Liubov Tupikina

ITMO, Belllabs, Paris Descartes LPI

Active area of research in AI is the theory of manifold learning and �nding lower- dimensional
manifold representation on how we can learn geometry from data for providing better quality
curated datasets. There are however various issues with these methods related to �nding low-
dimensional data representation of the data, the so-called curse of dimensionality. Geometric
deep learning methods for data learning often include a set of assumptions on the geometry of
the feature space. Some of these assumptions include pre-selected metrics on the feature space,
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usage of the underlying graph structure, which encodes the data points proximity. However, the
later assumption of using a graph as the underlying discrete structure, encodes only the binary
pair- wise relations between data points, restricting ourselves from capturing more complex
higher-order relationships, which are often present in various systems. These assumptions on
the data together with data being discrete and �nite may cause some generalisation, which may
create wrong interpretations of the data and models, which produce the embeddings of data
itself (such as BERT and others). The objective of our this talk will be to talk about several
aspects of extraction of higher-order information from data. We will �rst talk about how to
characterize the accuracy measure of the embedding methods using the higher-order structures.
For this we explore the underlying graph assumption substituting it with the hypergraph
structures. Second we aim to demonstrate the embedding characterization on the usecase of
the example of some data with higher-order relations (such as arXiv open data).

The work is based on the papers (see e.g. ) arXiv:2302.13054.
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