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Local-global phenomena in Hamiltonian
graph theory

Armen Asratian

Linköping University

(joint work with Jonas Granholm and Nikolay Khachatryan)

Abstract

The classical global criteria for the existence of Hamilton cycles only apply to
the graphs with large edge density and small diameter. In a series of papers (see, for
example [1]-[3]) we have developed some local criteria for the existence of Hamilton
cycles in a connected graph, which are analogues of the global criteria due to Dirac,
Ore and others. The idea was to show that the global concept of Hamiltonicity
can, under rather general conditions, be captured by local phenomena, using the
structure of balls of small radii. (For a vertex u of a graph G and an integer r ≥ 1,
the ball of of radius r centered at u is the subgraph induced by the set Mr(u) of
vertices whose distance from u does not exceed r.) For example we obtained in [2]
the following generalization of Dirac’s theorem: A connected graph G on at least
three vertices is Hamiltonian if d(u) ≥ |M3(u)|/2 for each vertex u of G, where d(u)
is the degree of u.

Such results are called localization theorems and give a possibility to extend
known classes of finite Hamiltonian graphs.

We will give a review of this topic and formulate a general approach for finding
new localization theorems. We apply this approach to formulate local analogues of
some known results of Bondy [7], Bauer et al. [6], Häggkvist and Nicoghossian [8].
Finally we extend some of our results to infinite locally finite graphs
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[8] R. Häggkvist and G. G. Nicoghossian. A remark on Hamiltonian cycles. Journal
of Comb. Theory, Series B, 30:118–120, 1981.

1

Local-global phenomena in Hamiltonian
graph theory

Armen Asratian
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of Häggkvist and Nicoghossian. J. Comb. Theory, Series B, 47(2):237–243, 1989.
[7] J. A. Bondy. Longest paths and cycles in graphs of high degree. University of
Waterloo Preprint CORR 80-16.
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Colin Cooper, King’s College London, UK.

Switch transformations and a triangle-creation process in regular graphs.

Switch transformations operate by replacing a pair of matching edges uv, wx
by another matching between the same vertices.

The triangle process uses this to insert or delete edges in the neighbourhood
of a given vertex v in the following way. If w, x are neighbours of the chosen
vertex and the edge wx is missing, it is inserted by switching neighbouring
edges wy, xz provided this is feasible. This creates the triangle vwx. Simi-
larly, the edge wx can be deleted if present by using a switch with a random
edge yz of the graph.

We prove that provided every move of this type is accepted with non-zero
probability, the process is irreducible on the space of 3-regular graphs.

Typically such chains produce 3-regular graphs with a number of triangles
linear in the number of vertices, and this number of triangles is obtained in
linear time, irrespective of the starting graph.

Joint work with Martin Dyer (University of Leeds, UK), and Catherine
Greenhill (University of New South Wales, Australia).
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Extremal problems on Berge cycles in hypergraphs
A. Kostochka

We give an upper bound on the maximum number of edges in an n-vertex 2-
connected r-uniform hypergraph with no Berge cycle of length k or greater for n ≥
k ≥ 4r ≥ 12. For n large with respect to r and k, this bound is sharp and is
significantly stronger than the bound without restrictions on connectivity. It turned
out that it is simpler to prove the bound for the broader class of Sperner families
with the size of each set at most r. For such families, our bound is sharp for all
n ≥ k ≥ r ≥ 3.

This is joint work with Z. Füredi and R. Luo.
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1 Introduction

On maximum degreequasibased γclique of maximum cardinality in a given graph
for some fixed γ ∈ (0, 1]. A degreequasiclique) is a subgraph, where the degree
of each vertex is at least γ times the maximum possible degree of a vertex in
the subgraph. A degreequasiknown concept of a clique. We first prove that the
problem is NPworld networks. In addition, we discuss potential applications
and extensions of the considered concepts.
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Regular behaviour of the maximal hypergraph

chromatic number

Danila Cherkashin

May 7, 2019

Let m(n, r) denote the minimal number of edges in an n-uniform hypergraph
which is not r-colorable. It is known that for a fixed n one has

cnr
n < m(n, r) < Cnr

n.

The talk is devoted to several ways to get the mentioned bounds. We prove that
for any fixed n the sequence ar := m(n, r)/rn has a limit, which was conjectured
by Alon.

The talk is based on the joint work with Fedor Petrov.
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Chaotic Neural Networks Encryption Using GNN

Abstract

Expanding the Security in Wireless sensor system is a greatest task
kept before the today’s scientists. The proposed work gives a two stage
half and half security component utilizing Adaptive Encoding and Hop-
field Chaotic Neural Network. For classification, the Graph Neural Net-
work (GNN) approach has the advantage in terms of flexibility that it
can be employed in a data-driven manner, whereas Bayesian inference
requires the assumption of a specific model. A fundamental question is
whether GNN has a high accuracy in addition to this flexibility. To gain a
better insight into these questions, a mean-field theory of a minimal GNN
architecture is developed. In this talk we discuss GNN approach and its
application in Hopfield Chaotic Neural Network.
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Resilience of random graphs with respect to Hamiltonicity.

Padraig Condon

University of Birmingham

Abstract

The local resilience of a graph G with respect to a property P measures how much one has to
change G locally in order to destroy P . We prove ‘resilience’ versions of several classical results
for the graph models Gn,p and Gn,d.

For example, we prove a resilience version of Dirac’s theorem in the setting of random
regular graphs. More precisely, we show that, whenever d is sufficiently large compared to
ε > 0, a.a.s. the following holds: let G′ be any subgraph of the random n-vertex d-regular graph
Gn,d with minimum degree at least (1/2+ε)d. Then G′ is Hamiltonian. This proves a conjecture
of Ben-Shimon, Krivelevich and Sudakov.

We also prove a resilience version of Pósa’s Hamiltonicity condition for the binomial random
graph Gn,p and show that a natural guess for a resilient version of Chvátal’s theorem for Gn,p

fails to be true.
This is joint work with Alberto Espuny Dı́az, António Girão, Jaehoon Kim, Daniela Kühn

and Deryk Osthus.
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1

We analyze the asymptotic relative size of the largest independent set of a
random d-regular graph on n → ∞ vertices. For d ≥ 20, we have a formula for
this ratio, but for 3 ≤ d ≤ 19, the ratio is unknown, where d = 3 seems to be
the most difficult case. We are trying to explore the highly non-trivial phase
diagram of the structures of the independent sets depending on the relative size
of them and the degree d. These phase transitions are related to algorithmic
thresholds, mixing properties, counting, graph reconstruction, graph limits and
other questions. Our tools are partially coming from statistical physics.
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Structural Node Embeddings in Graphs

Using Anonymous Walks

Alfredo De la Fuente
Skolkovo Institute of Science and Technology

alfredo.delafuente@skoltech.ru

Maxim Panov
Skolkovo Institute of Science and Technology

M.Panov@skoltech.ru

May 7, 2019

Abstract

Graph embedding constitutes the challenging task of efficiently captur-
ing the structural information of graph data in a lower dimensional space
to be subsequently used as input for downstream tasks. We analyze the
problem of network representation learning under an structural perspec-
tive; i.e., to encapsulate in our node embeddings the local structure of the
subgraph surrounding each node, which in practice is helpful to describe
real-world network datasets without side information and structural node
identities. One of the main difficulties faced by different proposed models
in the literature, specially the family of random walks based models, lies
producing embedding based on homophily rather than structure, as well
as their lack of robustness for generalizing under perturbations.

We propose and analyze a unsupervised embedding approach that
builds upon anonymous walks statistics as a theoretically-justified mecha-
nism to encapsulate the structure of the graph. We successfully implement
and benchmark our proposed model with state-of-the-art random walk
based models using well-known airline networks for node classification
task. The experiments show that our approach under certain hyperpa-
rameter configurations outperforms the other models by a considerable
margin. Additionally, we include an adversarial vulnerability analysis for
the produced embeddings.
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Graphs with few distinct Siedel

eigenvalues.

M. Abdon, R. Del-Vecchio ∗

Abstract

Graphs with few distinct eigenvalues are important because they
have some kind of regularity. For the adjacency matrix, graphs with
one, two or three distinct eigenvalues are characterized. For this matrix,
it is also known some families of graphs with few distinct eigenvalues,
considering the degrees of vertices and other properties. Concerning
other matrices, as Laplacian, signess Laplacian and normalized Lapla-
cian, there are also many results on this subject.

Let G be a simple graph on n vertices. The adjacency matrix of G,
denoted by A(G), is the n × n symmetric matrix whose entries aij are
1 if vi and vj are adjacent and zero otherwise. The Seidel matrix of G
is defined as S(G) = J − I −A(G), where J is the square matrix n× n
whose all entries are one and I is the n× n identity matrix.

Regarding the Seidel matrix, there is quite a few known results about
the number of its distinct eigenvalues. Graphs with exactly one, two or
three Seidel eigenvalues are already characterized.

In this work we study the spectrum of the Seidel matrix for special
graphs with arbitrary number of vertices n, having exactly 4 or 5 distinct
Seidel eigenvalues.

We also present here some families of Seidel integral graphs, i.e.,
graphs for which all the Seidel eigenvalues are integer numbers.

Keywords: Seidel matrix; Seidel eigenvalues, integral graphs.

∗Instituto de Matemática â Universidade Federal Fluminense, Brazil
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A hierarchy of dismantling operations in graphs

Etienne Fieux

May 7, 2019

Toulouse Mathematics Institute (IMT, CNRS, UMR5219)1

Abstract

Given a finite undirected graph X, a vertex is 0-dismantlable if its open neighborhood is
a cone and X is 0-dismantlable if it is reducible to a single vertex by successive deletions of
0-dismantlable vertices. By an iterative process, for a strictly positive integer k, a vertex is
k-dismantlable if its open neighborhood is (k− 1)-dismantlable and a graph is k-dismantlable
if it is reducible to a single vertex by successive deletions of k-dismantlable vertices.

It is well known that a reflexive graph is 0-dismantlable if and only if it is cop-win. When
considering homotopy for graphs as defined by Dochtermann, O-dismantlable graphs are ex-
actly contractible graphs. The notion of 1-dismantlability is also closely related to homo-
topical notions since a graph is deformable into another graph by using addition or deletions
of 1-dismantlable vertices if, and only if, their clique complexes have the same simple ho-
motopy type. Within the class of graphs whose clique complex is collapsible, the higher
k-dismantlabilities give a strict hierarchy within the sub-class of graphs whose clique complex
is non-evasive.

The deformations allowed by the various k-dismantabilities also clarify some open ques-
tions about operations defined by Ivashchenko, more general than deletions or additions of
k-dismantlable vertices.

In another direction, k-dismantlability is related to the derivability of graphs defined by
Mazurkiewicz. Actually, the class of closed graphs that he defined and which plays a central
role is nothing but the set of all k-dismantlable graphs for some k.

The recent preprint with Bertrand Jouve arXiv:1902.04508 develops some of these topics.

1Université Toulouse 3, 118 route de Narbonne, 31062 Toulouse cedex 9, France, fieux@math.univ-toulouse.fr
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Effective Resistance Preserving Directed Graph

Symmetrization

Katie Fitch

May 7, 2019

Abstract

This work presents a new method for symmetrization of directed graphs
that constructs an undirected graph with equivalent pairwise effective re-
sistances as a given directed graph. Consequently a graph metric, square
root of effective resistance, is preserved between the directed graph and
its symmetrized version. It is shown that the preservation of this metric
allows for interpretation of algebraic and spectral properties of the sym-
metrized graph in the context of the directed graph, due to the relation-
ship between effective resistance and the Laplacian spectrum. Addition-
ally, Lyapunov theory is used to demonstrate that the Laplacian matrix
of a directed graph can be decomposed into the product of a projection
matrix, a skew symmetric matrix, and the Laplacian matrix of the sym-
metrized graph. The application of effective resistance preserving graph
symmetrization is discussed in the context of spectral graph partitioning
and Kron reduction of directed graphs.
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Bounding the number of unit simplices determined by a
set of n points in Rd

We give general upper bounds on the maximum number of regular unit
simplices with k vertices determined by a set P of n points in Rd. For each
d > 3 we determine the order of magnitude for the smallest k for which the
problem is non-trivial. We also study the specific case when P is of diameter
one, derive stronger bounds and determine the right order of magnitude in the
smallest open case. Joint work with Andrey Kupavskii and Alexandr Polyanskii.
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1

We study a process of opinion formation on a possibly directed graph. Every
vertex is, secretly and independently of all other vertices, in favor of opinion Y
with probability p or in favor of the other opinion N with probability 1 − p.
According to some order each vertex is asked exactly once to vote for one of the
two opinions. A vertex votes for its favorite opinion, if the number of neighboring
vertices that already voted for N and the number of neighboring vertices that
already voted for Y do not differ by more than some constant c ∈ N . If those
two numbers differ by more than c, the vertex votes for the opinion voted for by
most of its neighbors. We are interested in a schedule (order) of vertices such
that the expected number of vertices voting for Y is maximized.

Our work differentiates between two types of schedules, namely non-adaptive
schedules, where the ordering in which the vertices are made to vote is fixed
in advance, and adaptive schedules, where changes of the ordering during the
process are possible. A generalization allowing k ∈ N vertices to take their vote
simultaneously and independently of each other is also considered.

For the analysis of the process in the non-adaptive setting, we introduce a
new notion of graph degeneracy which characterizes graphs that, for all k and an
unappealing opinion (i.e. p < 1

2 ), admit a best possible non-adaptive schedule.
Furthermore, we present an algorithm that computes an adaptive schedule and
prove that the provided guarantee in terms of all three parameters c, p and k is
best possible for an unappealing opinion.

This is joint work with Susanne Albers.
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Optimal connecting networks: lower bounds
and heuristics for trees with given vertex

degree sequence

Mikhail Goubko∗,

V.A. Trapeznikov Institute of Control Sciences of RAS,
117997, Profsoyuznaya, 65, Moscow, Russia
∗Corresponding author: mgoubko@mail.ru

May 7, 2019

Abstract

The optimal connecting network problem generalizes many models
of structure optimization known from the literature, including com-
munication and transport network topology design, graph cut and
graph clustering, etc. For the case of connecting trees with the given
sequence of vertex degrees the cost of the optimal tree is shown to
be bounded from below by the solution of a semidefinite optimization
program with bilinear matrix inequality constraints, which is reduced
to the solution of a series of convex programs with linear matrix in-
equality constraints. The proposed lower-bound estimate is used to
construct several heuristic algorithms and to evaluate their quality on
a variety of generated and real-life data sets.

The shortcut network is used below for a simple connected undirected
graph with labeled vertices. So, networks with different labeling are consid-
ered distinct.

Let us consider the fixed set of terminals V = {1, ..., n} indexed from 1 to
n and denote a collection of networks over the vertex set V with Ω(V ). Let
us assume we are given a symmetric non-negative flow matrix A = (µij)

n
i,j=1

(where µij is an informational or a material flow between the i-th and the

1
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What can we learn from networks?Abstract‘Networks represent a convenient
model for many scientific and technological problems. From power grids to bio-
logical processes and functions, from financial networks to chemical compounds,
the representation of case studies with graphs enables the possibility to highlight
both topological and qualitative characteristics. In this talk, we report recent
developments in supervised classification of data in form of networks. Given two
or more classes whose members are networks, we build a mathematical model
to classify them and predict class membership of new incoming instances. We
focus on networks with labeled nodes and weighted edges, defining network
representations based on probability distributions, distances between networks,
and building a supervised classification model. We detail the graphical model
selection process and provide empirical results on datasets of biological interest.

1



On the Complexity of Sampling Vertices

Uniformly from a Graph

Flavio Chierichetti, Shahrzad Haddadan

We study a number of graph exploration problems in the following natural
scenario: an algorithm starts exploring an undirected graph from some seed
vertex; the algorithm, for an arbitrary vertex v that it is aware of, can ask an
oracle to return the set of the neighbors of v. (In the case of social networks, a
call to this oracle corresponds to downloading the profile page of user v.) The
goal of the algorithm is to either learn something (e.g., average degree) about
the graph, or to return some random function of the graph (e.g., a uniform-
at-random vertex), while accessing/downloading as few vertices of the graph as
possible.

Motivated by practical applications, we study the complexities of a variety
of problems in terms of the graph’s mixing time tmix and average degree davg —
two measures that are believed to be quite small in real-world social networks,
and that have often been used in the applied literature to bound the performance
of online exploration algorithms.

Our main result is that the algorithm has to access Ω
(
tmixdavgε

−2 ln δ−1
)

vertices to obtain, with probability at least 1−δ, an ε additive approximation of
the average of a bounded function on the vertices of a graph — this lower bound
matches the performance of an algorithm that was proposed in the literature.

We also give tight bounds for the problem of returning a close-to-uniform-at-
random vertex from the graph. Finally, we give lower bounds for the problems
of estimating the average degree of the graph, and the number of vertices of the
graph.

1



An integrated approach for railway rolling stock and crew
scheduling problem

Md Tabish Haque1 and Faiz Hamid1

1Department of Industrial and Management Engineering, IIT Kanpur, Kanpur

(tabish, fhamid)@iitk.ac.in

Abstract

Planning problems in public transit are usually addressed at various stages of decision support. Op-
erations Research (OR) has been used effectively in solving optimisation problems in public transport
like the airline industry, and urban mass transit for years. However, successful implementation of OR
tools in railways started after the late 1990s when European countries witnessed an era of deregulation
and privatisation of train operations. Some of the vital planning decisions in railway transportation
involve timetabling, rolling stock scheduling and crew scheduling. Traditionally, the planning process
involves a sequential approach wherein each of the resource is planned separately. Disintegrating into
individual resource planning problem may aid in handling the complexity and simplifying the underlying
mathematical models. However, it produces lower quality solutions. This paper aims at developing an
integrated model which simultaneously considers planning of two railway resources: rolling stock units
and crews. Briefly stated, scheduling rolling stock aims at assigning rolling stock units to train services
while crew scheduling aims at building duties for crews using timetabled trips. The integration of both
planning steps unveils additional flexibility compared to sequential planning. This paper proposes a
novel time-space network for the integrated model which further benefits in crucial size reduction of the
corresponding mathematical model. The integrated model is formulated as a mixed integer linear pro-
gram, and the solution approach involves column generation in combination with Lagrangian relaxation.
The column generation sub-problem modelled as a resource-constrained shortest-path problem. Due to
the complexity involved in each of the planning problems, we initially propose to solve only small and
medium-sized instances. The effectiveness of the integrated approach and its impact of various param-
eters will be analysed in terms of cost, solution quality, and CPU time on real-life instances of Indian
Railways.



Dynamical Models for Random Simplicial

Complexes

Tejas Iyer
University of Birmingham

May 7, 2019

Abstract

Models of scale free random graphs are ubiquitous in their applica-
tion to network science. Recently, there has been a particular focus on
the geometry of such networks. In this context, recently a number of
authors have paid special attention to random evolving simplicial com-
plexes as a suitable model. Motivated by this, we introduce a general
model of random dynamical simplicial complexes and derive a formula for
the asymptotic degree distribution. This asymptotic formula generalises
results for a number of existing models, including the preferential attach-
ment tree with fitnesses, random Apollonian networks and the weighted
random recursive tree. Joint work with Nikolaos Fountoulakis, CÃ c©cile
Mailler and Henning Sulzbach.
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A unified approach to percolation processes on

multiplex networksÂ

J.F.F. Mendes

May 7, 2019

Abstract

Many real complex systems cannot be represented by a single network,
but due to multiple sub-systems and types of interactions, must be rep-
resented as a multiplex network. This is a set of nodes which exist in
several layers, with each layer having its own kind of edges. An important
fundamental structural feature of networks is their resilience to damage,
the percolation transition. Multiple dependencies make a system more
fragile: damage to one element can lead to avalanches of failures through-
out the system. In this talk I will present recent developments about
the structural properties of multiplex networks. The transition founded is
asymmetric. It is hybrid in nature, having a discontinuity like a first-order
transition, but exhibiting critical behavior, only above the transition, like
a second-order transition. Generalisation of these concepts to multiplex
networks requires careful definition of what we mean by connected clus-
ters. We consider two different definitions. One, a rigorous generalisation
of the single-layer definition leads to a strong non-local rule, and results
in a dramatic change in the response of the system to damage. The giant
component collapses discontinuously in a hybrid transition characterised
by avalanches of diverging mean size. We also consider another defini-
tion, which imposes weaker conditions on percolation and allows local
calculation, and also leads to different sized giant components depending
on whether we consider an activation or pruning process.

1
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An upper bound on the chromatic
number of a 2-planar graph

D.V.Karpov

We consider graphs without loops and multiple edges and use the stan-
dard notation. We denote the vertex set of a graph G by V (G) and its edge
set by E(G). We use the notations v(G) and e(G) for the number of vertices
and edges of a graph G, respectively.

We denote by dG(x) the degree of a vertex x in the graph G. The minimal
and the maximal vertex degree of a graph G are denoted by δ(G) and ∆(G),
respectively.

For a nonnegative integer k, a k-coloring of a graph G is a proper vertex
coloring with k colors. The chromatic number of G (denoted by χ(G)) is the
least number of colors in a proper vertex coloring.

The following definition generalizes the classic notion of a planar graph.

Definition 1. Let k be a nonnegative integer. We say that a graph is k-
planar, if it can be drawn on the plane such that any edge intersects at most k
other edges.

Clearly, a 0-planar graph is simply planar. It is well-known that any pla-
nar graph has a 4-coloring. (However, the 4 Color Theorem has no readable
proof.) Bounds on the chromatic number of 1-planar graphs are also well-
known and have more simple proofs. In 1965 Ringel [?] has proved that every
1-planar graph has a 7-coloring and conjectured that the bound χ(G) ≤ 6
holds for 1-planar graphs. Ringel’s Conjecture was proved by Borodin [?] in
1984. Since the graph K6 is 1-planar, this bound is tight.

We will prove an upper bound on the chromatic number of 2-planar
graphs. In 1997, Pach and Toth [?] proved a bound on the number of edges
of a k-planar graph for k ≤ 4: e(G) ≤ (k + 3)(v(G)− 2). In particular, this
bound implies that e(G) < 5v(G) for a 2-plamar graph G. Therefore, every
2-planar graph has a 10-coloring.

We prove a better bound.

Theorem 1. For a 2-planar graph G, χ(G) ≤ 9.
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Improved bounds on the multicolor Ramsey
numbers of paths and even cycles

May 7, 2019

Abstract

We study the multicolor Ramsey numbers for paths and even cy-
cles, Rk(Pn) and Rk(Cn), which are the smallest integers N such that
every coloring of the complete graph KN has a monochromatic copy of
Pn or Cn respectively. For a long time, Rk(Pn) has only been known to
lie between (k−1+o(1))n and (k+o(1))n. A recent breakthrough by
Sárközy and later improvement by Davies, Jenssen and Roberts give
an upper bound of (k− 1

4 +o(1))n. In this talk I show how to improve
the upper bound to (k − 1

2 + o(1))n. Our approach uses structural
insights in connected graphs without a large matching.
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Improved Ramsey-type results in comparability

graphs

Abstract

Several discrete geometry problems are equivalent to estimating
the size of the largest homogeneous sets in graphs that happen to be
the union of few comparability graphs. An important observation for
such results is that if G is an n-vertex graph that is the union of r
comparability (or more generally, perfect) graphs, then either G or its
complement contains a clique of size n1/(r+1).

This bound is known to be tight for r = 1. The question whether
it is optimal for r ≥ 2 was studied by Dumitrescu and Tóth. We prove
that it is essentially best possible for r = 2, as well: we introduce a
probabilistic construction of two comparability graphs on n vertices,
whose union contains no clique or independent set of size n1/3+o(1).

Using similar ideas, we can also construct a graph G that is the
union of r comparability graphs, and neither G, nor its complement
contains a complete bipartite graph with parts of size cn

(log n)r . With

this, we improve a result of Fox and Pach.
Joint work with István Tomon.
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Speaker: Serge Lawrencenko

Affiliation: Institute for Tourism and Hospitality (Moscow), Russian State
University of Tourism and Service

Title of Talk: A note on two problems in connexion with networks

Abstract:

This talk will cover two problems in network theory. One concerns a recent
poster on the Moscow metro that declares: “By taking both sides of the
escalator, you reduce the queue in front of it by 30%.” Using a probabilistic
approach, we conclude that by taking both sides of the escalator, the queue
could decrease by 25%. (We only use the assumption that the waiting time
in the queue has an exponential distribution.) A different approach (involv-
ing some mechanical and geometrical measurements) was attempted in 2016
by Celia Harrison, Neera Kukadia, Paul Stoneman and Grant Dyer [1] in
London; their conclusion is that by taking both sides of the escalator, the
queue could decrease by 25–30%.

Another problem is to find a most efficient energy chain from one node of
a given energy network to another. The efficiency of an energy chain is equal
to the product of the efficiencies of its arcs. Two methods are known for
solving this problem. The first method is originally proposed in [2, 3]. This
method is based on (i) replacing the efficiencies of the arcs of the network with
the weights equal to the absolute values of the logarithms of the efficiencies
of the respective arcs and then (ii) searching a shortest chain between the
two given nodes. Step (ii) is done by using Dijkstra’s algorithm for finding a
chain with minimum total weight (equal to the sum of the weights of the arcs
of the chain). The second method is based on directly using a multiplicative
version [2, 3] of Dijkstra’s algorithm. It is shown that the second method
has lower computational complexity than the first.
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Simplicial networks and effective resistance

Kang-Ju Lee
Seoul National University (South Korea)
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Abstract

We introduce the notion of effective resistance for a simplicial network (X,R) where X
is a simplicial complex and R is a set of resistances for the top simplices, and prove two
formulas generalizing previous results concerning effective resistance for resistor networks.
Our approach, based on combinatorial Hodge theory, is to assign a unique harmonic class to
a current generator σ, an extra top-dimensional simplex to be attached to X. We will show
that the harmonic class gives rise to the current Iσ and the voltage Vσ for X ∪ σ, satisfying
Thomson’s energy-minimizing principle and Ohm’s law for simplicial networks.

The effective resistance Rσ of a current generator σ shall be defined as a ratio of the σ-
components of Vσ and Iσ. By introducing potential for voltage vectors, we present a formula
for Rσ via the inverse of the weighted combinatorial Laplacian of X in codimension one. We
also derive a formula for Rσ via weighted high-dimensional tree-numbers for X, providing
a combinatorial interpretation for Rσ. As an application, we generalize Foster’s Theorem,
and discuss various high-dimensional examples. Moreover, as a tool for analyzing simplicial
networks, we suggest a definition of information centrality for simplicial networks. This is a
joint work with Woong Kook.



Doubly-stochastic scaling of adjacency matrices for community detection

Luce le Gorrec, Sandrine Mouysset, Daniel Ruiz

May 7, 2019

Community detection in networks consists in finding groups of individuals such that a same group contains ele-
ments that are similar (behave similarly, share common features, ...), whereas elements of two different groups are
different (have different features, ...). Various modularity measures have been designed to evaluate the correctness
of a community structure for a given network. Graphs and their adjacency matrices are a key tool in the context of
community detection: if a newtork has a community structure, we should be able to symmetrically permute rows and
columns of the adjacency matrix to observe dense blocks along its diagonal.

Finding a doubly-stochastic scaling on a positive matrix M ∈ Rn×n means finding E,F ∈ Rn×n two diagonal
matrices so that all the row and the column sums of EMF are equal to one. This scaling has properties that may
highlight the community structure of a network:

• It leverages small and big communities by giving to the first higher edge weights. This is an interesting property
because small communities are generally more difficult to detect.

• If a network has a flow—i.e. an imbalance between edges that enter and leave a community—the doubly-
stochastic scaling erases the imbalance and highlights the community.

• The scaled graph is 1-regular—all its node degrees are 1. This is interesting as some modularity measures are
identical when applied on k-regular graphs [CC].

In our study, we hence use a doubly-stochastic scaling of the adjacency matrix as a preprocessing for the Louvain’s
algorithm [louvain]. This algorithm is a heuristic to maximise Newman and Girvan’s modularity [NGmodu], and it
has been proved to be one of the best community detection algorithms in the recent study [zhang2016]. We use
the generic version proposed in [generalLouvain] that allows the user to maximise some other modularities. To
show the added value of the doubly-stochastic scaling, we compare the results of the algorithm on the raw and the
scaled graph by applying it on some well-known benchmark test cases [LFRBenchmark, LFBenchmark]. For
further comparisons we also use it with different modularity measures to provide some qualitative remarks about the
efficiency of these measures.
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On equitable 2-partitions of Hamming graphs H(n, q) with the

second eigenvalue

Ivan Mogilnykh, Alexandr Valyuzhenich ∗

Sobolev Institute of Mathematics, pr. Akademika Koptyuga 4, Novosibirsk, Russia

May 7, 2019

An ordered r-partition (C1, . . . , Cr) of the vertex set of a graph is called equitable if for any i, j ∈
{1, . . . , r} there is Sij such that any vertex of Ci has exactly Sij neighbors in Cj . It is well-known (see e.g.
[?]) that the eigenvalues of the matrix S = (Sij)i,j∈{1,...,r} are necessarily eigenvalues of the adjacency
matrix of the graph. An eigenvalue of S is called an eigenvalue of the partition.

Such combinatorial objects as 1-perfect codes, (w − 1) − (n,w, λ)-designs and their q-analogues,
including q-ary Steiner triple systems, spreads and Cameron-Liebler line classes in PG(n, q) could be
defined in terms of equitable 2-partitions of Hamming, Johnson and Grassman graphs.

The vertex set of the Hamming graph H(n, q) is the cartesian nth power of a set A of size q and
vertices x and y are adjacent if they are differ in exactly one coordinate position. The eigenvalues of
H(n, q) are λi(n) = (q − 1)n− qi, i ∈ {0, . . . , n}.

The characterization of all equitable 2-partitions with the first eigenvalue for the Hamming and
Johnson graphs was obtained by Meyerowitz in [?]. In [?] the studies of equitable 2-partitions of H(n, 2)
were initiated. Note that additing or removing nonessential coordinate positions preserves the property
of a partition being equitable and the numbers of its eigenvalues [?]. A partition (C,C) is called reduced
if every coordinate position is essential w.r.t. C.

Permutation switching construction. Let A1, . . . , An−1 be a partition of the alphabet set A.
Consider a 2-partition (C,C) of H(2, q) such that |C ∩K|/|K| is the same for any maximal clique K of
any subgraph induced by Ai × A, i = 1, . . . , n − 1. Define C+ to be obtained from C by adding n − 2
nonessential coordinate positions, i.e. C+ = {(x1, x2, y3, . . . , yn) : (x1, x2) ∈ C, yi ∈ A, i ∈ {3, . . . , n}}.
Let πi be the transposition (2, i+ 1), π1 be the identity permutation. Define C+

π to be
⋃

i=1,...,n−1

πi(Ai ×An−1 ∩ C+).

Theorem. The only reduced equitable 2-partitions of H(n, q) with eigenvalue λ2(n, q) are either reduced
equitable 2-partitions of H(2, q) or H(3, q) or the partitions (Cπ, Cπ) obtained by permutation switchings
or by alphabet lifting of two induced cycles in H(4,2) [?].

Acknowledgments. The reported study was funded by RFBR according to the research project N 18-31-00126.
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On the zero duality gap in the k-path vertex cover
and the k-path packing problems in graphs

Dmitry B. Mokeev,

National Research University Higher School of Economics, Laboratory of
Algorithms and Technologies for Networks Analysis, 136 Rodionova Str.,
Nizhny Novgorod, Russia 603093

National Research Lobachevsky State University of Nizhni Novgorod, 23 Gaga-
rina Ave., Nizhny Novgorod, Russia 603950

For a graph G and a positive integer k, a subset C of vertices of G is called
a k-path vertex cover if C intersects all paths of k vertices in G. The cardinality
of a minimum k-path vertex cover is denoted by βPk

(G). For a graph G and a
positive integer k, a subset M of pairwise vertex-disjoint paths of k vertices in
G is called a k-path packing. The cardinality of a maximum k-path packing is
denoted by µPk

(G).
Packing and vertex cover problems make the important families of problems

in combinatorial optimization. The concept of k-path vertex cover can also be
motivated by the problem related to the security protocols in wireless sensor
networks or the problem of installing cameras at the roads.

Being formulated as the integer linear programming problems, the k-path
packing and k-path vertex cover problems form a pair of dual problems. It is
interesting to consider the graphs, in which a duality gap equals zero for the
problems above. It helps to solve these problems efficiently on such graphs.

We describe a family of classes of graphs, having the equal values βPk
and

µPk
for k ≥ 5. We also give a polynomial-time algorithm of finding the minimum

k-path vertex cover and the maximum k-path packing in such graphs.
The paper is prepared under financial support of LATNA laboratory, Na-

tional Research University Higher School of Economics, Russian Foundation of
Basic Research, project 18-31-20001-mol-a-ved, and RF President grant MD
879.2019.1.
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Embedding perfectly balanced 2-caterpillars into its optimal

hypercube
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rkrd1991@gmail.com

Abstract

A long standing conjecture on spanning trees of hypercube states that a balanced tree on
2n vertices with maximum degree at most 3 is a spanning tree of the hypercube of dimension
n [I. Havel, On Hamiltonian circuits and spanning trees of hypercubes, Časopis pro pěstováńı
matematiky, Vol. 109 (1984), No. 2, 135–152]. This paper settles the conjecture for a special
family of binary trees. If 0-caterpillar is a path then for k ≥ 1, a k-caterpillar is a binary tree
consisting of a path with j-caterpillars (0 ≤ j ≤ k − 1) emanating from some of the vertices
on the path. A k-caterpillar that contains a perfect matching is said to be perfectly balanced.
In this paper we show that a perfectly balanced 2-caterpillar on 2n vertices is a spanning tree
of a hypercube of dimension n, for some non-negative integer n.

Keywords
perfectly balanced 2-caterpillars, hypercube



Hypergraph Laplace Operators for Chemical Reaction

Networks
Abstract of a proposed talk for the Conference on graphs, networks, and their

applications (Moscow, May 13 - 18, 2019)

Raffaella Mulas

Introduction

At the Max Planck Institute for Mathematics in the Sciences, I am working in a project for
a systematic analysis of chemical reaction networks. At an abstract level, such networks
can be modelled as hypergraphs in which each vertex represents a chemical element and
each hyperedge represents a chemical reaction involving the elements that it contains as
vertices. In [?], we therefore define and study a normalized combinatorial Laplace operator
for hypergraphs, with the aim of investigating reaction networks through the spectrum of
that operator, that is, its collection of eigenvalues.
We already know that the spectrum of the normalized combinatorial Laplace operator for
graphs encodes important information about the graphs. For example, we know that the
multiplicity of the eigenvalue 0 for the Laplacian on vertices L0 is equal to the number
of connected components of the graph; we know that the multiplicity of the eigenvalue
0 for the Laplacian on edges L1 is equal to the number of cycles; the largest eigenvalue
reaches its maximum value exactly for bipartite graphs and its minimum value exactly for
complete graphs. While a graph is not completely determined by its spectrum – there exist
isospectral graphs, that is, different graphs with the same spectrum –, the spectrum does
capture the important qualitative properties of a graph. That is, classifying graphs by
their spectrum may ignore some little details, but seems to be quite useful in the presence
of big data, in particular since eigenvalue computations can be performed with tools from
linear algebra. Generalizations of these properties hold for our Laplace operators defined
on hypergraphs.

Laplace operators for chemical hypergraphs

Definition. A chemical hypergraph is a pair Γ = (V,H) such that V = {v1, . . . , vN} is
a finite set of vertices and H is a multiset such that every element h in H is a pair of
elements (Vh,Wh) (input and output, not necessarily disjoint) in P(V )\{∅}. The elements
of H are called the oriented hyperedges. Changing the orientation of a hyperedge h means
exchanging its input and output, leading to the pair (Wh, Vh).

In order to define the Laplace operator for chemical hypergraphs, we generalize the
construction of the Laplace operator for graphs in the most natural way. In particular,
we:

1. Give weight one to the hyperedges (as we do for edges in the case of graphs) and
therefore give weight deg v :=

∣∣hyperedges containing v
∣∣ to each vertex v;

1



STS(n) n
n

V
V ′ ⊂ V

V \ V ′ V ′

4

STS(n)

(0.11 + o(1))n2 < ξsp(n) < (0.139 + o(1))n2,

n− 3 ≤ ξwsp(n) <
8

3
n

3

STS



Enumeration of Unsensed Orientable and Non-Orientable Maps

Alexander Omelchenko — National Research University Higher School of Economics
Evgeniy Krasko — National Research University Higher School of Economics

Abstract

The work is devoted to the problem of enumerating maps on an orientable or non-orientable
surface of a given genus g up to all symmetries (so called unsensed maps). We obtain general
formulas which reduce the problem of counting such maps to the problem of enumerating rooted
quotient maps on orbifolds. In addition, we solve the problem of describing all cyclic orbifolds for
a given orientable or non-orientable surface of fixed genus g. We also derive recurrence relations
for quotient rooted maps on orbifolds that can be orientable or non-orientable surfaces with r
branch points, h boundary components and g handles or cross-caps. These results allowed us
to calculate the numbers of unsensed maps on orientable or non-orientable surfaces of arbitrary
genus g by the number of edges.

By a topological map M on a surface X we will mean a 2-cell imbedding of a connected graph
G, loops and multiple edges allowed, into a compact connected 2-dimensional manifold X without
boundary, such that the connected components of X −G are 2-cells. The 0-, 1-, and 2-dimensional
cells of a map M are its vertices, edges, and faces, respectively [?]. In this paper we consider both
orientable and non-orientable surfaces without boundary. Every such surface can be characterized
by its genus g. The orientable surface X of genus g is a sphere with g handles. The non-orientable
surface of genus g is a sphere with g holes glued with crosscaps (or Mobius bands). Sometimes
instead of g we will use the Euler characteristic χ of the surface X, equal to 2− 2g in the case of
an orientable surface X+ and 2− g in the case of a non-orientable surface X−.

Two topological maps M1 and M2 on a surface X are said to be isomorphic if there is a
homeomorphism h of X that induces an isomorphism of the underlying graphs G1 and G2. Map
isomorphism splits the set of all maps on X into equivalence classes, and each such class is called
an unlabelled map. For orientable surfaces we have two types of homeomorphisms, orientation-
preserving and orientation-reversing. Unlabelled maps on an orientable surface X+ up to only
orientation-preserving homeomorphisms are called sensed maps. Unlabelled maps on an orientable
or a non-orientable surface up to all homeomorphisms are called unsensed maps. The main aim of
our work is to enumerate unsensed maps on both orientable and non-orientable surfaces.

A general technique for counting sensed planar maps on the sphere was developed by Liskovets
[?] in the early eighties. His approach reduces the enumerating problem for sensed maps on the
sphere to counting quotient maps on orbifolds, maps on quotients of a surface under a finite group
of automorphisms. Mednykh and Nedela [?] significantly developed Liskovets’ approach, obtaining
general formulas for counting sensed maps on an arbitrary orientable surface of a given genus g.
The most important result of that paper was an explicit analytical formula for integer coefficients,
that have the meaning of the numbers of epimorphisms from fundamental groups π1(O) of orbifolds
to cyclic groups Zd. It was proved that having these coefficients one can reduce the combinato-
rial problem of enumerating sensed maps on a surface of a given genus g to the enumeration of
rooted quotient maps on orbifolds. The latter problem can be solved, for example, via the recur-
sive approach developed by Tutte [?]. As a result appeared a whole series of papers devoted to
enumerating various kinds of sensed maps. In particular, regular sensed maps on the torus [?] were
enumerated, as well as regular sensed maps on orientable surfaces of a given genus g [?], sensed
hypermaps [?], one-face regular sensed maps [?] and so on.
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We consider the recently proposed by Yu.E. Nesterov method1 of minimiza-
tion of a convex Lipschitz-continuous function of two variables on a square with
a fixed side. The idea of the method is to divide the square into smaller parts
and gradually remove them so that in the remaining sufficiently small part. The
method consists in solving auxiliary problems of one-dimensional minimization
along the separating segments on each iteration.

The applicability of the method for problems with non-smooth objective
functional is considered. It is noted that the Lipschitz property for gradient is
sufficient to require not on the whole square, but only on some segments. This
means that the estimates for the number of iterations and the convergence of the
method are preserved for functions that have non-smoothness points outside the
separating segments. For some examples, experiments have demonstrated that
the method can work effectively on some classes of non-smooth functions. In
this case, an example of a simple non-smooth function is constructed, for which,
if the subgradient is chosen incorrectly, even if the auxiliary one-dimensional
problem is exactly solved, the convergence property of the method may not
hold.

It is shown that the method can work in the presence of errors in solving
auxiliary problems, as well as in calculating the direction of gradients. The es-
timation of the total error in solving of auxiliary problems, accumulating from
inaccuracy in solving problems of one-dimensional minimization along the sep-
arating segments and inaccuracy in the calculation of the gradient, is obtained.
It is also noted that the estimate for the error in solving auxiliary problems is in-
versely proportional to the Lipschitz-constant of the gradient of the function. It
follows that for functions with a small Lipschitz-constant of the gradient auxil-
iary problems can be solved with an very large possible error, that is, the solving
of auxiliary problems on some of the segments is not necessary to preserve the
convergence of the method, that significantly reduces the working time of the
method.

1Gasnikov A. Universal gradient descent // MIPT, 2018, 240 p.



Pervasive computing promotes the integration of connected electronic de-
vices in our living spaces in order to assist us in our daily activities, be they
professional or private. These devices can pick up a wide variety of signals in the
environment and transmit them to computers of various sizes and capacities in
order to run services. Devices can be blended in the environment, inserted into
everyday objects, or integrated into already existing electronic equipment like
smartphones or embedded control systems. Two developments, which are likely
to change the whole picture, have gained significant momentum recently. The
first one is the move from cloud computing to edge, or fog, computing. The use
of edge resources will make it possible to envisage a greater variety and quality
of services.

The second major change is the urge for AI-based services. Machine learn-
ing has been very successful to solve complex problems where traditional al-
gorithmic approaches cannot be applied like, for instance, in computer vision
or speech processing. It is then not surprising that there is today an increas-
ing demand to apply AI techniques in pervasive domains, like smart buildings,
where again traditional solutions cannot be used for lack of modeling tools and
excessive algorithmic complexity. These applications are today deployed in per-
vasive environments. This poses greater stress in maintaining the quality of the
applications. To date, there is no architecture and tools developed that can
automatically support application quality maintenance. Even worse, there is no
clear definition on the requirements.

In this talk, we discuss initial experiments that we have conducted and
present a set of requirements that should be met by pervasive platforms to
better support AI-based applications running in the edge. The core of those
requirements is concerned with data collection and verification, data storage,
model execution and monitoring and with the integration of human in the loop.
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Abstract

The first order language on graphs consists of sentences, or graph properties,
that are expressible using the relations of vertex equality (x = y) and vertex
adjacency (x ∼ y). In their 1988 paper, Shelah and Spencer showed that when
0 < α < 1 is an irrational number, the Erdős-Rényi random graph G(n, n−α)
satisfies the zero-one law for the first order language on graphs, i.e. for any first
order sentence A, the limit limn→∞ P [G(n, n−α) satisfies A] exists and equals
either 0 or 1.

It has been a long-standing question in mathematical logic as to whether the
existential fragment of a given logic is less expressive compared to the full logic.
In particular, one may consider whether, for certain edge probability functions,
the random graph G(n, p(n)) satisfies the zero-one law for the existential frag-
ment but not for the entire logic. In his 2012 paper, Zhukovskii showed that the
minimum 0 < α < 1 such that G(n, n−α) satisfies the zero-one law for all first
order sentences of quantifier depth at most k, is 1

k−2 . At first glance, it seems
that this bound can be moved significantly for existential first order sentences
of quantifier depth at most k, but this is not true, since we show that the min-
imum positive α such that the zero-one law fails for the existential fragment is

1
k−2−O(k−2) .
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1. Introduction
Acute blood loss is accompanied by disseminated intravascular coagulation.
Centralization of blood flow is the phenomenon when blood supply to peripheral
organs ”switches off”, thus keeping satisfactory blood flow in vital organs [1].
In present work, blood coagulation and thrombi formation in the network of
blood vessels are investigated.
2. Materials and Methods
A numerical model of blood coagulation in branched vascular networks is de-
veloped. Each vessel is divided into segments in which biochemical reactions
of blood coagulation occur. The mathematical model of blood coagulation is
based on the system of equations developed earlier [2]. Blood flow is described
by modified Navier-Stokes equations.
Idealised branched networks, based on generally accepted scaling laws of vascu-
lar formation are considered.
3. Results
The appearance of thrombi causes the increase of vessel hydrodynamic resis-
tance. In some cases, the resistance grows unlimited that means vessel occlu-
sion. Flows distribution in the network depends both upon activation of blood
coagulation and on hydrodynamic conditions.
Temporal dynamic of blood flow centralization is investigated.
4. Discussion and Conclusions
Blood coagulation plays an important role in the phenomenon of blood flow cen-
tralization. Blood coagulation and vascular network flow should be considered
in complex. The sequence of switching off of the vessels in vascular network is
regulated by the intensity of blood coagulation.
The numerical model may be applied to simulate blood coagulation and thrombi
formation in real patient vasculature.
5. References

1. Gando S., Levi M., Toh C. H. Disseminated intravascular coagulation
//Nature Reviews Disease Primers. “ 2016. “ Vol. 2. “ p. 16037.

2. Guria G.Th., Herrero M.A., Zlobina K.E. A mathematical model of blood
coagulationinduced by activation sources // Discrete and Continuous Dy-
namical Systems. SeriesA. 2009; 25(1):175-194.
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Splitting a hypercube into k-faces and DP-colorings of
hypergraphs ∗

Vladimir N. Potapov
Sobolev Institute of Mathematics, Novosibirsk, Russia; email: vpotapov@math.nsc.ru

Let Qn
2 be an n-dimensional Boolean hypercube. We consider splitting Qn

2 into k-
dimensional axis-aligned plane or k-faces. Two k-faces are called parallel if they have
the same directions. If k = 1 then such splitting is equivalent to a perfect matching in
Boolean hypercube.

DP-coloring of graphs was developed by Dvorak and Postle as a generalization of
proper coloring. In [?] Bernshteyn and Kostochka consider a problem to estimate the
minimum number of edges in non-2-DP-colorable r-uniform hypergraph.

An existence of non-2-DP-colorable r-uniform hypergraph with e edges and v vertices
is equivalent to covering of Qv

2 by 2e (v − r)-faces. This covering must contains pairs of
antipodal parallel (v − r)-faces by definition of DP-coloring. If the hypergraph is simple
then this covering is not contain parallel but nonantipodal faces. It is clear that any
covering of Qn

2 consists of 2n−k or more k-faces. If covering C of Qn
2 consists of exactly

2n−k k-faces then C is a splitting Qn
2 into k-faces.

Splitting a hypercube into k-faces is a special case of A-design. In [?] there are con-
structions of A-design with supplementary properties such that no adjacent parallel faces.

By this approach it is found some parameters of an existence and a nonexistence of
splittings Qn

2 into k-faces (with required properties) and consequently new estimations for
the minimum number of edges in non-2-DP-colorable r-uniform hypergraphs.

References
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Weakly Distinguishing Graph Polynomials on Addable Properties

Vsevolod Rakita — Faculty of Mathematics, Technion Israel Institute of Technology

Abstract

A graph polynomial P is weakly distinguishing if for almost all finite graphs G there is a
finite graph H that is not isomorphic to G with P (G) = P (H). It is weakly distinguishing on
a graph property C if for almost all finite graphs G ∈ C there is H ∈ C that is not isomorphic
to G with P (G) = P (H). We give sufficient conditions on a graph property C for the Tutte,
domination, and characteristic polynomials to be weakly distinguishing on C.

Let P be a graph polynomial. A graph G is P -unique if every graphH with P (G;X) = P (H;X)
is isomorphic to G. A graph H is a P -mate of G if P (G;X) = P (H;X) but H is not isomorphic
to G. In [?] P -unique graphs are studied for the Tutte polynomial T (G;X,Y ), the chromatic poly-
nomial χ(G;X), the matching polynomial m(G;X) and the characteristic polynomial char(P ;X).

A statement holds for almost all graphs if the proportion of graphs of order n for which it
holds, tends to 1, when n tends to infinity. A graph polynomial P is almost complete if almost all
graphs G are P -unique, and it is weakly distinguishing if almost all graphs G have a P -mate. In
[?] it is conjectured that almost all graphs are χ-unique, and hence T -unique, in other words, both
χ(G;X) and T (G;X,Y ) are almost complete. In [?], the analogue of this conjecture is disproved
for r-regular hyper graphs, were r ≥ 3.
In [?], it is proved that an infinite number of non trivial graph polynomials is weakly distinguishing,
including the independence, clique, degree and harmonious polynomials.

A natural generalisation of the question whether a graph polynomial is weakly distinguishing,
almost complete or otherwise is as follows: For a graph property C, we say that a statement holds
for almost all graphs in C if the proportion of graphs in C of order n for which it holds, tends to 1,
when n tends to infinity. A graph polynomial P is almost complete on C if almost all graphs G are
P -unique, and it is weakly distinguishing C if almost all graphs G have a P -mate.

Here we give sufficient conditions C for various non-trivial graph polynomials to be weakly
distinguishing on C.

Our main tool will be the concept of Addability, as used in [?]: We say a graph property A is
decomposable if a graph is in A if and only if each of its connected components are in A.
We say a graph property A is bridge addable if for each graph G ∈ A and every two vertices u, v in
different components of G the graph obtained by adding an edge between u and v is also in A.
We say a graph property A is addable if it is decomposable and bridge addable. Let C be a non-
empty graph property. We say C is small if there is a constant d such that the number f(n) of
graphs of order n in C satisfies f(n) ≤ dnn!.
Many interesting graph properties can be shown to be small. In particular, Norin, Seymour,
Thomas and Wollan proved in [?] that any proper minor closed class of graphs is small.

Example 0.1. The following graph properties are addable and minor closed (and hence small):

• Planar graphs

• Outerplanar graphs

• Series Parallel graphs

• Graphs with treewidth at most k
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Title: Sequential Shortest Path Interdiction with Incomplete Information
and Limited Feedback

Abstract: We consider a class of sequential shortest path interdiction
problems, where in each period an interdictor with incomplete knowledge
of the network’s arc costs blocks at most k arcs in the network, and an
evader with complete knowledge about the network traverses a shortest path
between two fixed nodes in the interdicted network. The interdictor, who
aims at maximizing the evader’s cumulative cost over a finite time horizon,
and whose initial knowledge is limited to valid lower and upper bounds on
the arcs’ costs, needs to learn about the cost parameters of the network
from the information feedback generated by the evader’s actions. Different
interdiction decisions lead to different responses by the evader, and thus to
different feedback in each time period. This information feedback in each
time period is then used by the interdictor to refine interdiction decisions in
the subsequent time periods. Focusing on minimizing the number of periods
it takes a policy to recover a full information interdiction decision (that taken
by an interdictor with full knowledge of the network), we consider a class of
greedy interdiction policies and study their properties under different types
of information feedback. Generalization to a more broad class of bilevel
max-min optimization problems is also discussed.
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I present a parallel algorithm for solving the minimum spanning tree (MST)
problem for distributed memory computer systems. The algorithm relies on the
relaxation of the message processing order requirement for one specific message
type compared to the original GHS (Gallager, Humblet, Spira) algorithm. Also
the algorithm adopts hashing and message compression optimization techniques
as well.

In my talk I will present the algorithm in details and a performance evalu-
ation on a high performance computing cluster. To the best of my knowledge,
this is the first parallel implementation of the GHS algorithm that linearly scales
to more than 32 nodes (256 cores) of the distributed memory cluster.

The talk extends the following paper: A Distributed Parallel Algorithm for
the Minimum Spanning Tree Problem, https://link.springer.com/chapter/
10.1007/978-3-319-67035-58
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On the chromatic number of sparse random graphs

Dmitry Shabanov
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Abstract

In 1991 T. �Luczak proved that the chromatic number of the bino-
mial random graph G(n, p) is concentrated with probability tending to
1 in two consecutive values h and h + 1 for any probability function
p = p(n) � n−5/6. Later N. Alon and M. Krivelevich showed that
the same phenomenon holds for p = p(n) � n−ε−1/2 where ε > 0 is
an arbitrary fixed constant. However, these results do not give the
explicit limit values of the chromatic number. In 2006 D. Achlioptas
and A. Naor found these unknown values in the case when the average
degree does not grow with n, i..e when np = c = const > 0. In 2008 A.
Coja-Oghlan, C. Panagiotou and A. Steger showed that for np → +∞
but p � n−δ−3/4, the chromatic number of G(n, p) is concentrated with
probability tending to 1 in three consecutive values {rp, rp +1, rp +2}
where rp = min{r ∈ N : p(n − 1) < 2r ln r}. Moreover, they showed
that for p(n− 1) > (2rp − 1) ln rp + ε′ (ε′ > 0 is an arbitrary positive
constant) the chromatic number χ(G(n, p)) is either rp + 1 or rp + 2
with probability tending to 1. This finds the value h from the theorems
of �Luczak and Alon–Krivelevich roughly for the half of the values of
p(n− 1).

Our main result shows that for np → +∞, p � n−δ−3/4 and p(n−
1) � (2rp − 1) ln rp − 3, the chromatic number of G(n, p) does not
exceed rp+1 with probability tending to 1. This provides a two–point
concentration for χ(G(n, p)) for almost all values of p up to n−δ−3/4.

This is joint work with Stepan Kargalstev and Talia Shaikheeva.
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Complexity of the Vertex 3-Coloring problem for the
hereditary graph classes with quadruples of small

forbidden subgraphs

Dmitry Sirotkin

Higher School of Economics
dmitriy.v.sirotkin@gmail.com

The 3-coloring problem for a given graph consists in verifying whether it
is possible to divide the vertex set of the graph into three subsets of pairwise
nonadjacent vertices (or, less formal, to color graph vertices in three colors
such that no two adjacent vertices are of the same color). This problem in
general is known to be NP-complete, though for some hereditary classes —
classes closed under vertex removal — it is known to be solvable in polynomial
time. For example, its computational complexity is known for all classes of the
form Free(H) with |V (H)| ≤ 6 (Broersma, Golovach, Paulusma, Song, 2012).
There are also a number of similar results for classes with pairs and triples of
forbidden induced subgraphs.

We consider graph classes with the quadruples of forbidden induced sub-
graphs, each on at most 5 vertices. The computational status of the 3-coloring
problem is determined for all of them, but three. Considering two of the re-
maining three classes, we prove their polynomial equivalence and polynomial
reducibility to the third class.



Percolation, lattice gauge theory, and random
graphs

Mikhail Skopenkov

NRU Higher School of Economics
Institute for Information Transmission Problems RAS

Abstract

Amodel of percolation is a uniform random coloring of the hexagons
of a honeycomb lattice into 2 colors. We show that percolation ap-
pears naturally in a linearization of lattice gauge theory (used for
computations in particle physics). Linearized gauge theory approxi-
mates lattice gauge theory in the same manner as the loop O(n)-model
approximates the spin O(n)-model. We show that linearized Abelian
gauge theory is the quotient of the Ising model in random media by
percolation. We find a similar relation between non-Abelian Yang-
Mills theory and uniform random coloring into 4 colors (the Potts
model). For that we use equivalence of the latter to a uniform ran-
dom 3-colored subgraph. We also introduce a new observable in the
latter model along with some numerical results. All the models are
going to be defined; no background in physics is assumed.
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On trees with a given number of leaves and the

maximum number of independent sets

D. S. Taletskii

In a graph, an independent set is a subset of pairwise non-adjacent vertices.
An independent set is maximal if no other independent set contains it. An
independent set is maximum if it has the maximum size among all independent
sets. Every maximum independent set is also maximal, but the converse is not
true. Let us call (n, l)-tree a tree with exactly n vertices and l leaves, where
n > l ≥ 3.

All the (n, l)-trees with the maximum number of all independent sets have
been already described in several papers. For any values of n and l, the extremal
(n, l)-tree is unique. We present a new short proof for this result. We also
describe all the (n, l)-trees with the maximum number of maximal and maximum
independent sets. In the case of maximum independent sets, the extremal (n, l)-
tree is also unique, for any n and l. However, in the case of maximal independent
sets, the uniqueness does not hold.
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The Szemeredi’s regularity lemma [?] states that for every ε > 0 every
graph on large enough number of vertices has an ε-regular vertex partition
such that almost all edges of the graph are divided into a bounded number
of random-looking bipartite graphs. The regularity lemma is usually accom-
panied by a counting lemma that allows to find many small subgraphs when
a dense ε-regular partition is given.

A correspondence between graphs and their adjacency matrices makes
possible to aim for a similar regularity technique for general (0, 1)-matrices
and tensors. Meanwhile, known statements of the regularity lemma for ma-
trices (see, for example, [?]) and their multidimensional generalizations do
not have a complementary counting lemma.

The main purpose of this talk is to present a natural notion of regu-
larity for 2-dimensional and multidimensional matrices and obtain a matrix
analogue of the counting lemma. Our regularity will be much less technical
than the one proposed for the hypergraph counting and regularity lemmas
in [?] and [?]. At last, we prove some new form of the regularity lemma for
multidimensional matrices.
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multidimensional matrices.
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[1] B. Nagle, V. Rödl, M. Schacht, The counting lemma for regular k-
uniform hypergraphs. Random Structures Algorithms 28(2), 2006, 113–
179.
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The Szemeredi’s regularity lemma [?] states that for every ε > 0 every
graph on large enough number of vertices has an ε-regular vertex partition
such that almost all edges of the graph are divided into a bounded number
of random-looking bipartite graphs. The regularity lemma is usually accom-
panied by a counting lemma that allows to find many small subgraphs when
a dense ε-regular partition is given.
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trices (see, for example, [?]) and their multidimensional generalizations do
not have a complementary counting lemma.

The main purpose of this talk is to present a natural notion of regu-
larity for 2-dimensional and multidimensional matrices and obtain a matrix
analogue of the counting lemma. Our regularity will be much less technical
than the one proposed for the hypergraph counting and regularity lemmas
in [?] and [?]. At last, we prove some new form of the regularity lemma for
multidimensional matrices.

References
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(joint work with Ivan Mogilnykh and Alexandr Valyuzhenich)

Abstract

Let V be an eigenspace of a symmetric association scheme (X, {R0, . . . , Rd}) of
rank d. Following [1], given an eigenvector v ∈ V denote by X+(v) = {x ∈ X : vx >
0}, X−(v) = {x ∈ X : vx < 0}, X0(v) = {x ∈ X : vx = 0}.

For the Johnson scheme (graph) J(n,w), n ≥ 2w, by Vi we denote the eigenspace
corresponding to the eigenvalue λi(n,w) = (w− i)(n−w− i)− i for i ∈ {0, 1, . . . w}.
In the current work, we consider the following two characteristics for the Johnson
scheme J(n,w):

m−
i (n,w) = min

v:v∈Vi,X0(v)=∅
|X−(v)|,

m0
i (n,w) = min

v:v∈Vi,v �≡0
|X+(v)|+ |X−(v)|.

Bier and Delsarte [2] proposed to investigate the invariant min
v:v∈Vi,X0(v)=∅

|X−(v)|

for classical association schemes. The first number in case i = 1 was suggested to
be

(
n−1
w−1

)
, for n ≥ 4w, which is known as the Manikam-Miklós-Singhi conjecture.

For a vector v, the value X+(v) +X−(v) is known as the support of this vector.
The number m0

i (n,w) was shown to be equal to 2i
(
n−2i
w−i

)
for sufficiently large n in

[5].
In this work we consider the case i = 1 and show that for any n and w the

minimum of the support of vectors from the first eigenspace of J(n,w) is attained
on the vectors from two classes having rather simple structure.

For a number m−
i (n,w) we propose new lower and upper bounds improving the

ones obtained by Bier and Delsarte [2,3].

Theorem 1. m−
i (n,w) ≥ 1 +

∑
k>0:Ek(i,w,n)≥0

(|Ek(i, w, n)|+ 1),

where Ek(x,w, n) is an Eberlein polynomial.
Since the case i = 1 had been intensively studied before we are focused on the

next open case i = 2.
The theorem impliesm−

2 (n,w) >
(
n−w−2
w−2

)
and m−

2 (n, 3) ≥ 2n−9 for the smallest
interesting case w = 3.

Based on two constructions of equitable partitions of J(n, 3) we also provide the
following upper bound.
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Theorem 2.

m−
2 (n, 3) ≤

{
n(n− 2)/2, if n is even;

(n− 1)(n− 2)/2, if n is odd.

Some of presented results were recently published in [4].
The reported study was funded by RFBR according to the research project

18-31-00126.
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Ollivier Curvature in Random Geometric Graphs on
Riemannian Manifolds.
Pim van der Hoorn, Northeastern University, Boston
Joint work with: William Cunningham, Gabor Lippner and Dmitri Krioukov

The concept of underlying geometry has proven to be a powerful tool in analyzing and under-
standing networks. The current literature is therefore filled with network models that use some
underlying geometry, such as classic random geometric graphs, hyperbolic random graphs or the
spatial preferential attachment model. Although we can always try and embed a network in some
geometric space, base on a given geometric model, an interesting question considers the inverse
problem: ”Is it possible to extract geometric information for the discrete graph structure?” An-
swering this question requires discrete alternatives to geometric quantities that can sufficiently
approximate them. Arguably the most characteristic geometric quantity is curvature and much
work has been done on defining discrete notions of curvature in graphs. One definition that has
gained significant interest in recent years is the one defined by Yann Ollivier, which is based on the
Wasserstein distance (optimal transportation distance) of random walk measures. For any graph
G, let dG(x, y) be some metric on G and consider a random walk on G, defined by transition
probability measures mx for every node x ∈ G. Then Ollivier curvature κ(x, y) between nodes x
and y is defined as

κ(x, y) = 1− W1(mx,my)

dG(x, y)
,

wereW1(mx,my) denotes the Wasserstein distance between the random walk transition probability
measures at nodes x and y. However, although curvature on graphs is a blooming topic, non of
the current notions have been shown to be able to recover the true curvature, when graphs have
some underlying geometry.
In this work we address this fundamental challenge by considering Ollivier curvature on random
geometric graphs on smooth and complete N -dimensional Riemannian manifolds. Here nodes
are placed according to a Poisson Point Process with intensity n and then node pairs (x, y) are
connected if their distance on the manifold satisfies d(x, y) ≤ εn. Our main result shows that by
selecting the right metric on G and random walk, the corresponding Ollivier curvature recovers
the Ricci curvature of the underlying manifold as n → ∞, εn → 0 and provided the graphs are
sufficiently dense. To be precise, we place a root node x∗ at the ”origin” and place an additional
node yn at distance δn from x∗, by following the geodesic starting at x∗ along some fixed unit
vector v. We can then prove that as n → ∞,

κ(x∗, yn)

ε2n
→ Ric(v,v)

2(2 +N)
, (1)

where convergence is in the L1 sense. As far as we know, this is the first time a discrete notion of
curvature on graphs has been show to converge to the proper continuum value.
The strongest version of our result is for 2-dimensional manifolds. Here we consider the graph
metric based on shortest weighted path lengths, where each edge has weight εn (the connection
radius). We then take some larger radius δn such that δn → 0 and εn/δ

3
n → 0, and consider

the random walk that at each step selects a new node, uniformly at random from all nodes that
are δn/εn hops away from the current node. We can then show that (??) holds as long as the
average degree grows logarithmically with n. General results for N -dimensional manifolds use
the standard random walk on the graph and the weighted shortest path metric where each edge
has weight corresponding to the distance between the nodes it connects. Here, to prove (??) the
average degree should grow roughly as n2/3.
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Randomness doubles the power

Miloš Trujić
ETH Zürich

Abstract

In 1998, Komlós, Sárközy, and Szemerédi confirmed the famous Pósa-Seymour conjecture
stating that for every positive integer k, every sufficiently large graph with minimum degree
at least kn/(k + 1) contains the k-th power of a Hamilton cycle. Very recently, Dudek,
Reiher, Ruciński, and Schacht showed that if the minimum degree of a graph is at least
(k/(k + 1) + o(1))n then adding O(n) random edges on top almost surely results in a graph
which contains the (k + 1)-st power of a Hamilton cycle. We show that the effect of these
random edges is significantly stronger, namely that in the same setting one can almost surely
find the (2k + 1)-st power. This is a joint work with Rajko Nenadov.
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Graph-based Exploration of Semantic Spaces

Alexander Veremyev

University of Central Florida, Orlando, FL, USA

The amount of text data generated in various domains has exploded exponentially over the past
few years, and it is estimated that about 80% of all data is unstructured text-heavy data. Text data
is still considered to be one of the most underused sources of data. A significant challenge for text
analytics is understanding language organization principles, rules, and definitions, which, contrary
to “formal” languages, are often determined by use and encompass current human knowledge and
experience (produced by people to be understood by people). Network representations provide
intuitive and useful ways to uncover complex structures of natural languages. In particular, a hu-
man lexicon, which is a set of words or meanings and their semantic relationships can be naturally
modelled by networks. In this talk we demonstrate how network science and graph theory can
be effectively used for exploring semantic spaces, which are represented as networks built using
self-supervised machine learning algorithms on large text corpora. Specifically, we construct simi-
larity networks of words based on similarity score calculated from word2vec representations of the
respective words (word embeddings). In addition to the constructed networks that are “learned”
from large text corpora via machine learning techniques, we also consider “human built” word
networks derived from the well-known lexical databases: WordNet and Moby Thesaurus. We ana-
lyze and compare all the considered networks from the perspectives of their “global” (i.e., degrees,
distances, clustering coefficients) and “local” (e.g., most central nodes and community-type dense
clusters) characteristics. Our observations suggest that semantic networks obtained from word em-
beddings can potentially help to improve the existing lexical databases by enhancing and refining
sets of synonyms currently available in those databases. On the other hand, the structure of human
built lexical databases may help navigate the design of more efficient machine-learning algorithms.



On contractible 5-vertex subgraphs of
a 3-connected graph

N.Yu.Vlasova

We consider undirected graphs without loops and multiple edges and use
standard notation. For a graph G we denote the set of its vertices by V (G)
and the set of its edges by E(G). We use notation v(G) for the number of
vertices of G. For a set of vertices U ⊂ V (G) we denote by G(U) the induced
subgraph of the graph G on the set U .

Definition. 1) Let R ⊂ V (G). We denote by G−R the graph obtained from
G upon deleting all vertices of the set R and all edges incident to vertices of
R. The set R is a cutset, if the graph G - R is disconnected.

2) A graph G is k-connected, if |V (G)| > k and G has no cutset of size
less than k.

3) Let G be a 3-connected graph. A set H ⊂ V (G) is contractible, if the
graph G(H) is connected and the graph G−H is 2-connected.

Tutte [?] proved that every 3-connected graph nonisomorphic to K4 con-
tains a contractible edge. As a generalization, McCuaig and Ota conjectured
the following:

Conjecture 1 (W. McCuaig, K. Ota, 1994). Let m ∈ N. Then there exists
an integer n such that every 3-connected graph G on at least n vertices has
a contractible set of m vertices.

The case m = 3 was proved by authors of this conjecture [?], the case
m = 4 was proved by M. Kriesell [?]. For any m ≥ 5, Conjecture is neither
proved nor disproved now.

D. Karpov [?] proved the following theorem.

Theorem 1. Let a 3-connected graph G on n vertices have a contractible set
on m ≥ 4 vertices, and n ≥ 2m + 3. Then G has a contractible set of m′

vertices, where m+ 1 ≤ m′ ≤ 2m− 2.
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A random growing graph with the nonlinear rule of preferential attachment
(NPA) is considered. When generating NPA graphs an arbitrary function f(k)
of vertex degree k can be used as a measure of preference. This research presents
a method to select the function f(k) to get required 1) vertex degree distribution
2) two-dimensional arc/edge degree distribution and 3) clustering coefficient.
The possibilities of the developed method are also shown while modeling some
social networks and the Internet at the level of autonomous systems. Finally,
we discuss the extension of the NPA graphs taking into account a random loss
of nodes or connections as well as a random addition of communities.
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The task of development of efficient algorithms for estimating the frequency of
occurrence of non-isomorphic connected subgraphs (network motifs) is consid-
ered. Combinatorial and logical nature of this problem makes the calculation
time-consuming and/or causes high consumption of RAM when estimating net-
works with hundreds of thousands of nodes. In order to solve the problem we
have developed a random sampling of frames method based on a Monte-Carlo
method.
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The Structure of Hypergraphs without long Berge cycles

Abstract

We study the structure of r-uniform hypergraphs containing no Berge cycles of length at
least k for k ≤ r, and determine that such hypergraphs have some special substructure. In
particular we determine the extremal number in such hypergraphs, giving an afirmative answer
to the conjectured value when k = r and giving a new and more simple solution to a recent
result of Kostochka-Luo when k < r.
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A graph is said to be circular-arc if the vertices can be associated with arcs of
a circle so that two vertices are adjacent if and only if the corresponding arcs
overlap. It is proved that the isomorphism of circular-arc graphs can be tested
by the Weisfeiler-Leman algorithm after individualization of two vertices, which
settles almost a 40-year-old open problem.
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GRAPH-BASED MODELLING OF PLANETARY GEARS

StanisÅaw ZawiÅlak, JÃzef Drewniak, Jerzy KopeÄ
University of Bielsko-Biala, Bielsko-BiaÅa, Poland

e-mail: szawislak@ath.bielsko.pl, jd@gmx.pl

The talk contains the graph-based models of chosen mechanical objects
i.e. planetary gears or mechanisms [7,8]. In general, graphs can be used for
modelling of different engineers tasks and artifacts. There are known graph
models of assembly procedure, movements of robot arm equipped in adequate
device to perform [3] e.g. welding or machining, layout of machines etc. One
can ask: how it could be possible to use a graph as a model of mechanical
object? The answer is simple but no widely known i.e. because a graph is
equivalent to a relation. In general, mechanical system can be analyzed in an
aspect of layout or operation or maintenance schedule etc. The first step in
such analysis should be abstraction i.e. discretization aiming for distinguish-
ing the main parts and their mutual connections â so in consequence â we
obtain the set of discrete parts and the set of pairs of these elements being
in particular relationships. Furthermore, the obtained relation constitutes a
simplified model of the considered system. It is obvious that during abstrac-
tion and discretization some aspects of the system are temporary neglected.
Therefore, a particular model is useful for an analysis in a chosen aspect
of the object behavior or for a special purpose e.g. kinematical analysis or
synthesis.

So called bond graphs are the most widely used for modelling versatile
mechanical systems. There are known different graphs utilized for modelling
of gears: signal flow graphs, contour graphs as well as mixed graphs. The
bond graph modeling is well known, the reviews of graph-based modelling
of gears can be found in papers [1, 2, 6]. Thesis [4] and book [3] contain
versatile examples of utilizing of versatile graphs in many engineer problems.
The scheme of modelling activities is as follows:

• abstraction: distinguishing main parts, neglecting some aspects e.g.
friction or heating or surface roughness; in case of gears - considering
rotating parts i.e. sun wheels, planetary wheels, crown wheels and
carriers, they create graph vertices;

• discretization: creation a set of discrete parts; in case of gears â neglect-
ing some parameters like complete dimensions of mentioned elements;
in case of gears - remaining are numbered items and selected data i.e.
modules and radiuses;
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Embedding Parameters in Interconnection

Networks

Abstract

In Applied Mathematics and Theoretical Computer Science, combina-
torial optimization is a topic that consists of finding an optimal object
from a finite set of objects. Graph Partitioning is a fundamental tech-
nique in graph theory. Cutting a graph into smaller pieces is one of the
basic algorithmic operations. Partitioning large graphs is often important
for complexity reduction or parallelization. In practice, one often seeks
to find a partition that minimizes (or maximizes) an objective. Graph
partitioning technique is used widely to solve several combinatorial prob-
lems. The problem of simulating one network by another is modeled as a
graph embedding problem. If a network A can be embedded in a network
B, then all the algorithms developed for parallel processing with network
A can be easily transported onto another processor network B. However
graph embedding includes some combinatorial problems such as band-
width problem, cutwidth problem, treewidth problem, wirelength prob-
lem, forwarding index problem, vertex ordering and topology mismatch.
The quality of an embedding can be measured by certain cost criteria,
namely dilation, congestion and wirelength. While the general problem
of graph embedding is difficult, by exploiting the special structure of the
interconnection schemes, a number of results relating to optimal embed-
ding of one class of networks into another have been developed. In this
talk, new theoretical results and techniques are explored and applied to
find congestion and wirelength of different networks.
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Some bounds on the Roman k-domination number in graphs

Hamidreza Golmohammadi
University of Eyvanekey, Eyvanekey, Iran

Abstract

Let k ≥ 1 be an integer. A Roman k-dominating function on a graph G with vertex set V is
a function f : V → {0, 1, 2} such that every vertex v ∈ V with f(v) = 0 has at least k neighbors
u1, u2, · · · , uk with f(ui) = 2 for i = 1, 2, · · · , k. The weight of a Roman k-dominating function is
the value f(V ) =

∑
v∈V f(v). The minimum weight of Roman k-dominating functions on a graph G

is called the Roman k-domination number, denoted by γkR(G). In this note, we present several new
bounds on the Roman k-domination number and by using these bounds we improve some results of
this topic.
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Learning Clusters through Information Diffusion

Liudmila Prokhorenkova

Information diffusion, infectious diseases, spread of rumors are fundamental
processes occurring in various networks. In many practical cases, it is possible to
observe when nodes adopt information or become infected, but the underlying
network, over which a contagion or information propagates, is hidden. Infer-
ring properties of the underlying network is of outstanding interest, since these
properties can be used for retarding infections, forecasting, viral marketing, etc.
However, for many applications, it is not necessary to recover all edges of the
underlying network, but only coarse high-level properties of this network are
important.

We consider the problem of finding clusters (a.k.a. communities) of highly
interconnected nodes in a network, given only the infection times of nodes. We
propose, analyze, and compare several algorithms allowing to find communities
without inferring the network itself. Some of the proposed approaches are fast
and based on heuristics, while others are more complex and based on likelihood
maximization under some model assumptions. We conduct an extensive empir-
ical comparison of all algorithms, including current state-of-the-art. The results
show that the most stable performance is obtained by our proposed heuristic ap-
proaches that are agnostic to a particular graph structure and epidemic model.
These heuristics prove to work equally well on different networks, for epidemics
of different types.

This talk is based on a join work with Alexey Tikhonov and Nelly Litvak.
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