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Dear HPC users and HPC fans,

It was a busy year for us at the National Competence Center for 
HPC and the National Supercomputing Center. I hope we have 
come closer to building an active HPC community in Slovakia – 
a complex, vital, and sustainable ecosystem.

The first and long-awaited step was the infrastructure renewal, 
and we were successful even though complications occurred. 
The new HPC system Devana will be available in autumn 2022. 
In December 2022, we plan to launch the first call for applica-
tions for specific projects.

The HPC was not forgotten in the Slovak Recovery and Resil-
ience Plan either, investment of approximately 70 million is in 
the plan. Those are good news for Slovak science, research, and 
innovation. I am convinced that we can fully utilize the invest-
ment potential only if we create a nationwide HPC ecosystem 
and actively support all of its parts. It will require the coopera-
tion and coordination of many partners at different levels, and it 
will certainly not be easy – but it is high time for Slovakia to star.
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in Ostrava, an article about the HPC collaboration and 
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parameters of the new DEVANA supercomputer. 
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HPC POPULARIZATION 
The chapter in which you read about the activities prepared 
by NCC, NSCC, CoO SAS – CC SAS.

Podporujeme výskumné aktivity na Slovensku
Projekt je spolufinancovaný zo zdrojov ES

Today is difficult to find a field or segment where advanced 
technologies such as artificial intelligence, big data, or advanced 
simulations are not applied. These technologies are relevant 
not only to academic research and development, which may 
seem far from real-life applications to many but the adoption 
by private companies or the public sector is also increasing as 
HPC is increasingly accessible. These technologies became the 
basis of innovative processes and advanced digital solutions, for 
example, the optimization of city traffic, the automated evalua-
tion of medical images, climate models, or digital twins.

Through ecosystem development, we want to accomplish 
cross-disciplinary and cross-sectorial cooperation to help Slo-
vak companies take the next step in digitalization and support 
them in the development and implementation of HPC solutions, 
and last but not least, raise new experts in Slovakia. Therefore, 
let‘s not view investing in the HPC ecosystem as a luxury. Let‘s 
consider it a necessity.

Lucia Demovičová
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Slovak National  
supercomputer 

centre

In the last issue of HPC Focus, 
we presented the Slovak Na-
tional Supercomputing Cen-
tre (SK NSCC), established in 
November 2020 as an asso-
ciation of the state, academic 
and private sectors. We intro-
duced a rather ambitious goal 
of building HPC infrastructure 
with the extreme perfor-
mance provided by a super-
computer that would put Slo-
vakia at the top, at least within 
Europe. To achieve this, Slo-
vakia will use funds from the 
Recovery and Resilience Plan 
of approximately 70 million 
euros. A comprehensive fea-
sibility study is currently be-
ing prepared, based on which 
we plan to define the exact 
investment implementation 
and schedule.

If we talk about significant 
infrastructure procured with 

public funding, expecting ben-
efits for national science, so-
ciety, and the economy is fair 
enough. It is the opportunity 
to increase Slovakia‘s knowl-
edge and skills in HPC and 
related technologies (AI/ML, 
HPDA, advanced simulations). 
We can achieve increased use 
of digital solutions based on 
HPC among the companies, 
educate experts while retain-
ing talents, and make Slovak 
scientists and researchers 
equal partners to their Euro-
pean colleagues in solving 
complex problems in various 
fields.

The current Recovery and Re-
silience plan defines the Slo-
vak National Supercomputer 
Centre as an operator of this 
infrastructure. Considering 
environmental responsibility 
and current energy prices, SK 
NSCC strongly suggests build-
ing an investment strategy 
for the long-term sustainabil-
ity of the operation with the 
wide possible use of green 
technologies, for example, 
photovoltaics and usage of 

A PLATFORM 
FOR COOPERATION & DEVELOPMENT 

OF HPC IN SLOVAKIA

waste heat, which the supercomputer produces during its 
operations.

Whether the new supercomputer will have a performance of 
tens or hundreds of petaflops, it is undoubtedly necessary to 
prepare a user community and establish a supporting ecosys-
tem. HPC infrastructure is its foundation, but installation and 
commissioning alone are far from ensuring the full realisation 
of the potential of such an investment. Based on experience 
from abroad (Luxembourg, Spain or Japan) and our own ex-
perience, we know this can only be achieved by systematic 
and long-term support of experts in individual application ar-
eas working  at universities and the Slovak Academy of Sci-
ences. We also need to support software developers, as well 
as build expert user support teams and a network of regional 
intermediaries. It is also necessary to support small and me-
dium-sized enterprises, large industry, and public administra-
tion in various forms, from consultancy to grant schemes to 
cooperation on research and development projects.

Building the HPC ecosystem in Slovakia is a natural task for SK 
NSCC, which profiles itself as a national platform for coopera-
tion and development in this area. At the same time, SK NSCC 
is a full-featured institution able to implement individual ac-
tivities in the field of HPC, coordinate them at the national 
level, and participate in creating a strategy for the long-term 
development of HPC. However, SK NSCC won‘t do it alone, ac-
tive involvement of its members and partners is necessary to 
boost the project implementation leading to cooperation and 
synergies instead of competition. A united community of SK 
NSCC, universities, SAS, and other relevant institutions is the 
best way to ensure sufficient weight in the future for HPC de-
velopment requirements beyond the horizon of the Recovery 
and Resilience Plan.

It is the 
opportunity to 
increase Slovakia’s 
knowledge and 
skills in HPC 
and related 
technologies 
(AI/ML, HPDA, 
advanced 
simulations) 
and we  can 
achieve increased 
use of digital 
solutions based 
on HPC among 
the companies, 
educate experts 
while retaining 
talents. 

https://eurocc.nscc.sk/en/
https://eurocc.nscc.sk/en/
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The New HPC system “Devana” (Development and enabling), 
which was procured as a replacement for Aurel within the Op-
erational Programme Integrated Infrastructure (OPII-2020/7/55-
NP, National Competence Center for High Performance Comput-
ing project, code 311071AKF2) is currently being setup for its 
users.

Lenovo technology prevailed among a number of other compet-
ing offerings. Lenovo is a well-established company in the field 
of building high performance computers and although it does not 
have any entries in the top ten of TOP500 highest performing com-
puters in the world, it built 161 systems from the rest of the list 
(data from June 2022). Our system does not have the parameters 
to compare even to the last system on the list, however it will still 
contribute significantly to the restrictive resources of our academic 
community. We also expect users from the private sector and pub-
lic administration. This was one of the reasons why we managed 
to incorporate additional hardware platforms and thereby extend 
the portfolio of problems that can solved by the supercomputer. 

The compute section of the supercomputer will consist of 140 uni-
versal nodes for classical HPC and 8 accelerated nodes for artificial 
intelligence and machine learning tasks (AI/ML). The system also 
contains a new distributed data array, which is standardly divided 
into two separate parts, one used to store permanent data and 
the other for temporary data generated by simulations. Apart from 
this, the compute nodes have their own local storage. The service 
nodes are configured for high availability, like those of Aurel super-

The compute 
section of the 

supercomputer 
will consist of 140 

universal nodes 
for classical HPC 

and 8 accelerated 
nodes for artificial 

intelligence and 
machine learning 

tasks (AI/ML). 

The New DEVANA 
Supercomputer

computer (all critical compo-
nents are duplicated in case of 
a failure). These include nodes 
used for user login into the 
system and its management 
on different levels. We also 
introduced a new module con-
sisting of four servers, which 
provides some internal and 
especially external services 
(e.g. OpenOnDemand, graphi-
cal interface, specific tailored 
services, …). Spatially, Devana 
consists of six compact 42U 
racks, of the LeSI technological 
series (Lenovo Scalable Infra-
structure). Compared to Aurel, 
the water-cooling technology 
is also considerably different, 

deploying rack door cooling (so called indirect water cooling). 
This type of cooling simplifies maintenance and faulty compo-
nent replacement significantly.

HPC Compute Node

The main unit of a universal compute module contains for-
mat 0.5U server SD630 v2. Four of these servers are placed in 
a single 2U unit DA240 (Fig. 1). This platform is optimized for 
maximum performance per area/volume of a datacenter while 
preserving maintenance and operation simplicity. The con-
figuration of a compute node itself consists of two powerful 
yet efficient processors Intel Icelake 6338 32C/2.0GHz/205W, 
256GB operating memory and a 100Gb HDR InfiniBand adapt-
er to connect to the compute network (Fig. 2). As far as Hard 
drives are concerned, the compute nodes are split into two 
cathegories, based on performance a local storage capacity. 
However, in both cases the technology consists of SSD NVMe 
connected through a PCI express bus.

Four universal compute 
nodes Lenovo ThinkSystem 
SD630 v2 in a DA240 unit. 

Figure 1
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Lenovo ThinkSystem 
SR670 v2 accelerated node 

with up to 8 PCIe GPGPU 
cards capacity.

Two levels view of SD670 v2 internal system layout.

figure 4

figure 3

AI/ML Compute node 
An accelerated module of the new supercomputer contains type 
SR670 v2. The server itself is 3U tall (Fig. 3), with the option of 
deploying up to eight type GPGPU accelerators. Due to binary 
and instructional compatibility, the accelerated nodes are of the 
same type and processor count as the universal nodes. The op-
erating memory and local drives configuration are also the same. 
(Fig. 4). Unlike in the universal nodes, the connection to the com-
pute network is doubled to 200 Gb/s. The performance portion 
of the machine learning and artificial intelligence application 
node consists of four GPGPU accelerators Nvidia A100 40GB in 
the SXM format (Fig. 5), connected uniformly through the NVlink 
technology. Every card with its 6912 CUDA and 432 tensor cores 
provides a respectable computing power even for the most de-
manding applications from the field of AI/ML.

View of SD630 v2 
compute node internal 
system layout.

figure 2

Processor 2 with 8
memory DIMMs 

Processor 1 and 8
memory DIMMs 

Lenovo Neptune
Thermal Transfer
Module for processor 2 

Riser 1 

Riser 2 slot
(special bid)

SATA/NVMe
drive bays

M.2 adapter 
Cage for

8x 2.5-inch drives
(about GPUs) 

PCle 4.0
Retimer board 

2-slot PCle 4.0
I/O expansion

Radiator for
Liquid-to-Air Hybrid
Cooling Module

M.2 module
(mounted on
air baffle)

5x simple-
swap fans

CPU 1

CPU 2

SATA
ports

UPI 3
cable

2x PCle x8
for OCP

12V to 48 V
converter for
GPU power

OCP 3.0
slot

PCle 4.0 x16
ports for PCle

or OCP slots

Low-pressure
redudant pumps

PCle 4.0
Retimer board 

2-slot PCle 4.0
I/O expansion

Liquid-cooled
SXM GPUs

M.2 module
(mouted on
air baffle)

CPU 1+
16 DIMMs

SATA
ports

UPI 3
cable

2x PCle x8
for OCP

12V to 48 V
converter for

GPU power

OCP 3.0
slot

USB 3.1
port

PCle 4.0 x16
ports for PCle
or OCP slots

L2A
Radiator

12x PCle
4.0 x8 ports

CPU 2+
16DIMMs
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Compute network
The internal communication 
network of the supercom-
puter, which provides commu-
nication between the nodes 
and access to the data on the 
shared storage, uses HDR In-
finiBand (implicit RDMA tech-
nology deployment) with 
a  100 Gb/s throughput and 
a  maximal latency of 10 mi-
croseconds. Reinforced dou-
ble throughputs are available 
to accelerated module nodes 
and severs providing data ac-
cess to shared storage. The 
network uses a tree topology 
– nonblocking network (i.e. the 
blocking ratio is 1:1). It consists 
of two levels of switches, L1 
switch level (so called “leaf” 
switches) is used to connect 
the endpoints, L2 switch level 
(so called “spine” switches) 
connects the L1 switches to 
each other.

Shared data storage
Data storage module contains two independent physical clus-
ters, a HOME cluster and a SCRATCH cluster. The first is designed 
as a secure file storage designated primarily for permanent user 
data. It is a complex hardware solution usable for NFS protocol 
distributable file system deployment (NFSv4.0 or higher ver-
sion is planned). Two NFS service nodes will be configurable in 
the active-active or active-passive mode. SCRATCH is a high-
performance file storage for short term temporary data storage 
generated during job execution. The final configuration includes 
two metadata servers and four data servers (Aurel had data and 
metadata distributed uniformly across all data servers). An open 
source solution BeeGFS is used on the file system level, which 
allows simple bandwidth increase by adding more data servers.

SXM format GPGPU 
accelerator Nvidia A100. 

Comparison of technical parameters of the AUREL supercomputer
with its successor – the DEVANA supercomputer.

figure 5 Table

LAUNCH OF THE FIRST GRANT 
COMPETITION FOR PROJECTS

  IS SCHEDULED
IN DECEMBER 2022.

AUREL DEVANA

PLATFORMA IBM Power 775 Lenovo ThinkSystem SD630 v2 
+ SR670 v2

OS AIX 7.x CentOS 7.x

ARCHITECTURE Power7 x86_64

CPU NODES 122 140

GPU NODES 0 8

CPU CORES 4096 9472

GPU CORES 0 221184 CUDA + 13824 Tensor

THEORETICAL 
PERFORMANCE

~130 TFlops ~800 TFlops

RAM 32 TB 38 TB

DATA STORAGE 600 TB + 300 TB 1 PB + 600 TB + 400 TB

FILE SYSTEM GPFS BeeGFS + Linux native

COMPUTE NETWORK IBM HFI Interconnect HDR Infiniband

NETWORK TOPOLOGY Fat tree (non-blocking) Fat tree (non-blocking)

POWER
CONSUMPTION

220 kW 130 kW
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NATIONAL 
COMPETENCE 

CENTER FOR HPC 
IN THE CZECH 

REPUBLIC

We spoke with 
Tomáš Karásek 
from IT4Innova-
tions in Ostrava 

about cooperation with non-
academic entities in the field 
of HPC and the functioning of 
the competence center in the 
Czech Republic.

To begin with, can you tell us 
something about the Czech 
competence center - how 
many partners are involved, 
and how big is your team?

The National Competence 
Center (NCC) for HPC within 
the EuroHPC Joint Under-
taking is represented in the 
Czech Republic by IT4Inno-
vations – the national super-
computer center at the Tech-
nical University of Ostrava. 
More than 45 workers (20 
FTE) participate in the activi-
ties of the competence cen-
ter, of which the majority 
(35) are scientific or technical 
professionals.

Did you have previous 
experience in the Czech 
Republic with providing HPC 
services to non-academic 
users even before the 
start of the EuroCC project? 
(The project launch was in 
September 2020.)

IT4Innovations has been co-
operating with industry part-
ners for a long time, and not 
only with small and medium-
sized enterprises. Over more 
than ten years, we have 

worked with dozens of companies across industries. Our co-
operation includes commercial access to computing capaci-
ties, contract research, and, in particular, joint research within 
national and international projects.

Which services from your portfolio are among the most 
requested?

IT4Innovations offers its partners with industrial practice 
many years of experience in advanced numerical simula-
tions, virtual prototyping, and Big data analyses.

We offer our partners the execution of simulations of physi-
cal processes in fluid flow, structural mechanics, heat transfer, 
acoustics, and electromagnetism. To solve these problems, 
we use commercial software packages such as ANSYS Multi-
physics, Fluent, CFX, and Comsol Multiphysics and also non-
commercial open-source packages, for example, OpenFOAM, 
etc.

We also offer the development of automated, tailor-made 
computing tools based on third-party open-source products 
such as OpenFOAM, Code_Saturne, Code_Aster, Elmer, or 
Calculix. We can modify these packages to automate solving 
a specific problem with minimal user requirements. Further-
more, based on the request, we can create a complete meth-
odology for solving the given problem using open-source 
products. It enables companies to use such open-source 
products in their R&D activities.

In the field of Big data analyses, IT4Innovations is dedicated 
to processing and analysing large-scale data and simulations 
that have various uses in real life. For example, management 
and decision-making support in emergencies, intelligent nav-
igation, traffic load predictions, flood propagation modeling, 
smart cities, bioinformatics, and reliability analyses. We also 
deal with program models for distributed applications and 
their implementation.

Could you mention some successful collaborations with 
SMEs and the industry?

Of a large number of successful projects, cooperation with 
Siemens s.r.o. is worth mentioning. The work consisted of 
the joint development of an optimal design of a ventilation 
unit ensuring effective cooling of an asynchronous electric 

Dr. Tomáš 
Karásek works 
as the Head 
of the Parallel 
Algorithms 
Development 
Laboratory in 
the company
IT4Innovations 
in Ostrava.
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motor: https://www.it4i.cz/en/industry-cooperation/exam-
ples-of-cooperation/fan-section-optimization-in-asynchro-
nous-electric-motors. The cooperation subsequently contin-
ued within the project “Digital twin of a product within the 
Siemens production facilities” supported with a grant by the 
Ministry of Industry and Trade.

Projects with the companies Viderize or Orgrez are among 
the successful cooperation with SMEs.

Viderize

Orgrez

www.it4i.cz/en/industry-cooperation/examples-of-cooperation/
improving-retinal-screenings-of-patients  

www.it4i.cz/en/industry-cooperation/examples-of-cooperation/
computational-simulation-for-pollutant-emission-reduction-in-
combustion-plants

The joint project „Development of an expert system for the 
automatic evaluation of pathologies from an eye image“ was 
supported by the Technical Agency of the Czech Republic 
(TAČR) to develop and validate an expert system using mo-
deling and training of neural networks for the detection of 
pathologies related to diabetic retinopathy on images taken 
by the so-called fundus camera. Neural networks trained for 
the classification and segmentation of images from fundus 
cameras enabled the division of images into categories de-
termining the degree of severity of the disease, including de-
tailed segmentation of specific defects related to individual 
degrees. Thousands of high-resolution images used for trai-
ning and validation place high demands on computing power. 
Therefore, the project used specialized accelerated systems 
of artificial intelligence computation as the Barbora super-
computer or NVIDIA DGX-2.

The Proof-of-concept (PoC) within the EuroCC project was at 
the beginning of the cooperation with the company ORGREZ. 
This PoC aimed to verify the possibilities of numerical mode-
ling, specifically the so-called Computational Fluid Dynamics 
(CFD) for solving the selective catalytic reduction (SCR) pro-
cess. Based on the outputs of this PoC, a joint project was 

submitted and supported via a call of the Ministry of Industry 
and Trade to create a software tool for the evaluation effec-
tiveness of catalytic processes and comprehensive support 
in the design of SCR technologies for industrial applications.

In Slovakia, public sector engagement is quite a difficult 
task. Based on your experience, what is the most effective 
way to involve this group of stakeholders, and what 
challenges do you consider are the most significant in this 
regard?

In the Czech Republic, not many state administration orga-
nizations use high-performance computing. It is attributed 
to lower awareness of the HPC possibilities and the lack of 
employees within these institutions with the correspond-
ing knowledge and experience. From our point of view, the 
most effective way to increase the use of HPC in this target 
group appears to be the active search for potential partners 
and raising awareness of HPC usage via good practices such 
as the Floreon+ system (https://floreon.eu/mapa/) used to 
evaluate the information for decision-making support within 
crisis management processes, mainly floods, with a focus on 
the Moravian-Silesian region. Other examples are coopera-
tion with the Faculty Hospital in Ostrava focused on medi-
cal image processing Medical image processing as a service 
– IT4Innovations or with the Moravian-Silesian Region and 
the city of Ostrava during the construction of a large-capacity 
vaccination center, which was put into operation in March 
2021 in Ostrava’s Černá louka.

In the case of cooperation with the state administration, one 
of the biggest challenges is to increase the number of users 
and suitable case studies from this segment

In your opinion, what competencies and activities are yet 
to be added to the portfolio of competence centers so they 
can fulfill their role more effectively, especially concerning 
their sustainability? 

Due to the different status of individual competence centers 
and mainly different needs of communities in each country, it 
is difficult to determine any general competence that compe-
tence centers should introduce into their portfolio of services.

In every country, HPC users‘ needs define the need for the 
so-called „hard“ competencies. On the other hand, the nec-

In the field of Big 
data analyses, 
IT4Innovations 
is dedicated to 
processing and 
analysing large-
scale data and 
simulations that 
have various uses 
in real life. 
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essary „soft“ competencies should reflect the needs of the 
given ecosystem, for example, innovation centers, digital in-
novation hubs, European digital innovation hubs, union clus-
ters, etc.

Considering the nature and mission, the future sustainability 
of national competence centers will depend mainly on public 
funding, most likely a combination of European and national 
resources. Given the current level of HPC technologies used 
among SMEs, it is not realistic for national competence cen-
ters to be financed only from the income obtained from the 
services provided.

Have you had problems recruiting or retaining qualified 
employees for your Competence Center?

Currently IT4Innovations employees are involved in the 
NCC activities and are engaged continuously when needed. 
However, getting new reinforcements is not easy. It is main-
ly because this field requirements demand high competence 
and experience. There is also strong demand for such candi-
dates in the labor market, which exceeds the supply. Given 
that IT4Innovations or NCC operates within the university, it 
is a difficult mission to compete with offers from the private 
sector in terms of financial compensation.

Given the current level of HPC 
technologies used among 
SMEs, it is not realistic for 

national competence centers 
to be financed only from 

the income obtained from 
the services provided.

Karolina
The petascale system Karolina, acquired as part of the EuroHPC Joint Undertaking, was 
installed in 2021. In the TOP500 list, which evaluates supercomputers in terms of their 
performance, it ranked 69th worldwide, 19th in Europe, and in the Green500 list of the 
most energy-efficient supercomputers, it even ranked 8th in 2021.

The new supercomputer reaches a theoretical peak performance of 15.7 PFlop/s, which 
corresponds to 15.7 quadrillion operations per second.
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Professor
Roman Martonák

In this paper we will 
present a fascinating 
and generally relative-
ly little-known field of 

high pressure physics. Our 
everyday life takes place at 
atmospheric pressure, and 
therefore we more often 
encounter changes caused 
by temperature (melting of 
solids or boiling of liquids). 
However, high pressure can 
cause much more dramat-
ic changes in matter than 
temperature. A well-known 
example is the transforma-
tion of soft graphite into 
superhard diamond, which 
found practical use in the 
production of artificial di-
amonds. Inside the Earth 
and the planets there are 

enormous pressures (up 
to millions of times higher 
than atmospheric pressure), 
and to understand what 
happens there, we need 
to know how pressure and 
temperature change the 
structure of matter. It has 
recently been shown that 
at a pressure of 1-2 million 
atmospheric pressures, su-
perconducti vity (conduction 
of electric current without 
losses) can exist even al-
most at room temperature. 
In addition to experiments, 
which are complicated, phe-
nomena at high pressures 
can nowadays be investi-
gated very effectively with 
the help of computer sim-
ulations. These allow us to 
look inside the crystals and 
directly observe how the 
atoms rearrange under the 
influence of high pressure. 
Currently, these methods 
are going through a stage of 
rapid development.

PRESSURE,
MATTER,

& COMPUTER

Prof. Ing. Roman 
Martoňák, DrSc. 

works at the 
Department of 

Experimental 
Physics of the 

Faculty of 
Mathematics, 

Physics and 
Informatics of 
the Comenius 

University in 
Bratislava as a 

professor of physics.

At the beginning, we will start from a  slightly different 
problem where our common everyday experience will help 
us. When we see melting snow, it seems to us that it is 
something so common that it doesn‘t even make sense to 
think about it. Everyone knows that ice melts at a temper-
ature of 0 °C and turns into liquid water. In fact, there are 
many questions that could occur to us, and we start with 
the most important ones. The laws of Nature are contin-
uous and therefore it appears natural that a  small cause 
usually induces a  small effect. But why doesn‘t melting 
produce something that is partly ice and partly water? Why 
even with a slight increase in temperature above 0° such 
a dramatic transformation occurs? It seems like in the case 
of melting the continuity does not work because we see 
a  jump. How is it possible? Of course, in high school it is 
taught that the melting of a crystal (in this case ice) is an 
example of the so-called phase transition. It is not a spe-
cific property of water and is observed in practically all 
substances. But mere giving a name to a phenomenon is 
not its explanation. So how can melting be explained from 
the point of view of physics?
For the answer, we need an important part of physics 
called statistical mechanics. It tells us that for given ex-
ternal conditions, the most probable state of the system 
is realized. The probability of the existence of water and 
ice depends on the temperature. What happens at 0 °C is 
simply a reversal of these probabilities – below 0 °C ice is 
more likely than water, and above 0 °C the opposite is true. 
A  simple principle – the most probable state wins – can 
generally and naturally explain the existence of a jump or 
phase transition. 

01
It has recently 
been shown that 
at a pressure 
of 1-2 million 
atmospheric 
pressures, 
superconductivity 
(conduction of 
electric current 
without losses) 
can exist even 
almost at room 
temperature.

Jumps called
phase transitions
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This could be compared to a model situation in econom-
ics where buyers would make a buying decision based on 
price alone, and there would be only two types of product, 
A and B. If the price of A is lower than the price of B, every-
one will buy A. But if B becomes cheaper and its price falls 
even slightly below A, everyone will buy B. A small change 
in prices caused a dramatic change in behavior.

After this introduction we can move from temperature to 
pressure. The principle is similar and it should not be sur-
prising that pressure also causes discontinuous changes, 
or jumps. But in a sense, pressure can do more. Tempera-
ture, by its very nature, induces chaos and moves the sys-
tem toward disorder. Therefore, upon melting, the ordered 
crystal, where the atoms have a precisely defined position, 
disappears and is replaced by a much less ordered liquid, 
where each atom can be everywhere. Unlike temperature, 
however, pressure does not cause chaos, but merely push-
es the system towards a smaller volume. Therefore, pres-
sure typically causes a transformation of an ordered crys-
tal structure into another one which has a smaller volume. 
Volume is determined by how close the atoms are packed 
together. The higher the pressure, the more important it is 
to reduce the volume, and the „better“ the atoms have to 
be arranged.

At this point we need to specify more precisely what we 
mean by high pressure. In everyday life, we encounter higher 
pressures, e.g. when cooking in a pressure cooker or when 
inflating tires. From the point of view of crystals such pres-
sures are actually quite low and therefore uninteresting. It 
can roughly be said that no less than thousands of atmos-
pheric pressures begin to represent values relevant for the 
preparation of new crystalline structures. At pressures reach-
ing millions of atmospheric pressures, almost all substances 
change their structure.   

It is fascinating that such extreme pressures can be achieved 
relatively easily in the laboratory today. The story began in 
1905, when the American physicist P. Bridgman decided to 

02

It can roughly
 be said that 
no less than 

thousands 
of  atmospheric 
pressures begin

 to represent 
values relevant 

for the 
preparation 

of  new crystalline 
structures.

A new world above atmospheric 
pressure 
Transformation of graphite into 
diamond and 18 forms of ice

Electromagnetic Radiation

Sc
re
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Gasket

Ruby
Sample
Backing Plate

Diamond anvil cell 
(image from Ref. [1]).  

The prototype of a structural transition at high pressure is 
the transition graphite – diamond in carbon (Fig. 2). Under the 
influence of high pressure (and high temperature also helps), 
the neighboring graphene layers in graphite form bonds and 
connect. After the formation of strong bonds also in the di-

systematically investigate what happens to various materi-
als when they are compressed. For his pioneering work in 
this area, he was in 1946 awarded the Nobel Prize in Physics. 
Pressure is a force per unit area and therefore the path to 
high pressure leads through a large force acting on a small 
area. Currently, the most used method is the so-called dia-
mond anvil cell (DAC - diamond anvil cell, Fig. 1), in which the 
examined sample is placed between two pointed diamonds 
that compress it. Of course, there is only a very tiny amount 
of sample in this cell, but with the help of electromagnetic 
radiation (from infrared to X-ray), it is possible to directly ex-
amine its structure and physical properties (this is most often 
done at so-called synchrotrons).

The real possibility of achieving such high pressures in the 
laboratory opens up a new world. Pressure, via volume re-
duction, fundamentally changes the structure and chemical 
bonds. As a result, all the properties of matter will change 
– density, hardness, color, conductivity, magnetic properties, 
etc. Semiconductors typically become metals (e.g. silicon), 
but it can also be the other way around – e.g. metallic sodium 
turns into an insulator. The existence of a certain substance 
in different crystalline forms is referred to as polymorphism. 

figure 1
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rection perpendicular to the planes, the soft black graphite 
converts into a translucent and shiny diamond, represent-
ing the hardest material that occurs in Nature. The change in 
properties during this transition is indeed extreme (and the 
price also changes dramatically).

diamond graphite  

If high pressures occurred only in the laboratory, the whole 
issue would be more of an academic problem. However, 
Nature does not avoid high pressures. If we were to im-
agine a journey to the center of the Earth, as dreamed of 
by Jules Verne, we would get under enormous pressure. 
The pressure in the center of the Earth, in its metallic 
core, is about 3.6 million atmospheric pressures. Even be-
fore reaching the metallic core, we would encounter vari-

To stay with substances known from everyday life, ice is 
also a very interesting example of rich polymorphism. The 
well-known form we use to cool drinks and to ski on it, 
is the so-called hexagonal ice Ih. The name derives from 
the hexagons that are characteristic of its structure. But in 
addition to this form, there are at least 17 other forms that 
have a completely different structure (Fig. 3), and at least 
two disordered solid forms (so-called amorphous). Among 
them there is also ice V which has an exceptionally compli-
cated and exotic structure, occuring at a pressure of 5000 
atmospheric pressures and a temperature of -20 °C.

03

Before moving on to other topics, we have to mention that 
perhaps the most spectacular example is the search for 
metallic hydrogen at extreme pressures (almost 5 million 
atmospheric pressures). Despite being the simplest ele-
ment in the periodic table, it‘s a long, complicated and ex-
citing story that has spanned nearly 100 years. In recent 
years, this story seems to be heading for a happy ending, 
but that would be a topic for a separate article.

Examples of some 
important ice structures. 
Regular hexagonal ice 
Ih is the first (left). The 
red atom represents 
oxygen and the white one 
represent hydrogen.  

I II III IV V

Do such high pressures also occur 
in Nature?
Geophysics and Planetary Physics

Figure 3

Graphite (image from Ref. [2]) and diamond (image from Ref. [3])
 (top) and their crystal structures (bottom). 

figure 2

27

H
igh-perform

ance com
puting technology   H

PC
T



29

H
igh-perform

ance com
puting technology   H

PC
T

A well-known example is the so-called D‘‘ layer at a depth 
of approx. 2700 km below the Earth‘s surface, where the 
structure of the mineral MgSiO3 changes from perovskite 
to the so-called post-perovskite. This phase transition was 
experimentally discovered by two groups in 2004 [4,5] and 
naturally explained the seismic anomaly observed at the 
mentioned depth. However, this discovery also brings us 
to the theory, because this transition was explained short-
ly after [6] (Fig. 4) using a method co-developed by the 
author of this article. 

The goal of science is to understand phenomena and de-
velop a theory that can make predictions. The theory in 
this case is thermodynamics, which tells us that the prob-
lem of determining the structure of a crystal at a given 
pressure is actually the problem of finding an arrangement 
of atoms in space that gives the lowest possible value of 
a certain quantity that can be calculated. In mathematics, 
this type of problem is well known and is referred to as 

If we could theoretically predict 
the structure of a material before 
we prepare it in the laboratory, 
we could “design materials in 
computer”. 

ous (strongly compressed) minerals along the way, which 
change their form at a certain depth, where the pressure 
exceeds a certain value. This creates an interface on which 
seismic waves are reflected and refracted, and this allows 
us to „see“ such structural changes in the depth of our 
planet. 

Transition from perovskite 
(A) to post-perovskite 
(C) via an intermediate 
structure (B) [6].  

04
Why does a crystal actually adopt 
a given structure? 
Can we predict it?  

If a problem is considered very difficult, few people want 
to solve it, because everyone knows that it „can‘t be done“. 
However, in 2006, two papers appeared using different 
mathematical algorithms such as direct search [8] and evo-
lutionary search [9], which convincingly showed that the 
problem is actually easier than hitherto believed (it doesn‘t 

05

the so-called optimization problem. It is also known that its 
solution is often very complicated. Even about 30 years ago, 
this problem was still considered practically unsolvable for 
crystals. The situation was concisely characterized by the 
well-known statement of J. Maddox, who was in 1988 the 
editor of the prestigious journal Nature: „One of the con-

tinuing scandals in the physical sciences is that it remains 
in general impossible to predict the structure of even the 
simplest crystalline solids from a knowledge of their chem-
ical composition.“ [7] It was obvious that the importance 
of solving this fundamental problem is considerable. If we 
could theoretically predict the structure of a material before 
we prepare it in the laboratory, we could „design materi-
als in computer“, calculate their properties, and then try to 
produce the best ones. This represents the opposite of the 
traditional search for new properties by randomly examin-
ing a large number of materials. But as good as it sounds, in 
1988 one still had to wait a few more years for this miracle.

Solving an intractable problem 
in 2006

figure 4
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happen often, but it‘s always pleasant to see). Put simply, 
one just needs to randomly generate enough atomic ar-
rangements, sort them and pick, in a sense, the best one. 
Of course, a problem could be the question how much is 
„enough“. Fortunately, in this case, it is not an astronomical 
number, because usually several thousand to tens of thou-
sands are enough. In evolutionary algorithms, one also ac-
celerates the search by crossover of structures, which is 
inspired by biological evolution (we take a piece from one 
and a piece from another structure, and somehow „glue“ 
them together). The methods work so well, that without 
exaggeration, they can be considered a revolution in the 
field.

Of course, the fact that the problem seems relatively easy 
to us today is largely due to the high „brute force“ of cur-
rent computers (i.e. their high computing power). Finding 
the structure of common crystals is typically possible on 
a powerful PC within a few days. When deploying parallel 
supercomputers, even complicated structures can be found 
in a short time. It is even possible to optimize the pro-
portions of elements in the compound (so-called stoichi-
ometry). It may seem surprising, but this also depends on 
the pressure. Everyone knows that e.g. table salt, sodium 
chloride NaCl, is formed by combining sodium and chlorine 
in a ratio of 1:1. However, this only applies at low pressure. 
In 2013 it was shown that at high pressure, surprisingly, 
exotic compounds Na3Cl, Na2Cl, Na3Cl2, NaCl3, and NaCl7 
[10] are stable.

For illustration we now mention one of the recent fascinat-
ing predictions. In 1911 Dutch physicist Kamerlingh Onnes 
discovered superconductivity, i.e. lossless conduction of 
electric current (resistance disappears completely), for 
which he was awarded the Nobel Prize in Physics in 1913. 
However, this remarkable phenomenon typically occurs at 
very low temperatures, and for more than 100 years it has 
been the dream of physicists to find a material that would 
be superconducting at room temperature. The aforemen-
tioned calculation methods are ideal for this goal. In 2017, 

06

 In 1911 Dutch 
physicist 

Kamerlingh Onnes 
discovered super-

conductivity, 
i.e. lossless 
conduction 

of electric current 
(resistance 
disappears 

completely), for 
which he was 
awarded the 

Nobel Prize in 
Physics in 1913.

Prediction of crystal structures 
using computers 
Virtual journey to a new world

Finally, we cannot avoid the natural question – what happens 
when we release high pressure? Will the structure come back? 
After all, diamond should not exist at all at atmospheric pres-
sure. Its very existence is in a sense a mistake of Nature (it 

07

the material LaH10 was theoretically predicted (independently 
by two groups [11,12]), to be superconducting at a tempera-
ture above 270 K, i.e. around 0 °C. It is not for free, because 
it requires a huge pressure higher than 2 million atmospheric 
pressures. The structure is shown in Fig. 5 and we leave the 
assessment of its aesthetic qualities to the reader. The material 
was successfully prepared exactly as predicted, and two groups 
[13,14] in 2019 independently showed that at the predicted 
pressure it is indeed superconducting at a temperature higher 
than 260 K, i.e. -13 °C. This prediction and its confirmation can 
be considered as a triumph of theoretical prediction of crystal 
structures. It is still far from practical use, but we already know 
that superconductivity at room temperature is possible.

Structure of the 
high-temperature 
superconductor LaH10 
[11,12].

Return from the “New World”

figure 5
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is called a metastable state). Diamond is a stable state at high 
pressure, but when it is released, carbon should return to its 
stable state at low pressure, which is graphite. Can this actually 
happen? Should we be afraid that expensive diamonds will one 
day turn into ordinary graphite? And what about high-pressure 
forms of other materials? Will they survive the return from the 
„new world“ to the ordinary one?

We can reassure diamond owners. As hard as diamonds are to 
make, they are hard to destroy. The bonds between carbon at-
oms are very strong and at room temperature it is practically 
impossible to break them. Strictly speaking, the diamond is pro-
tected by a high energy barrier, and this barrier is „good“ for 
us. Due to it, it will not fall apart even after thousands of years. 
However, this does not apply to all new forms of matter that 
arise at high pressure. Some immediately return to their original 
form after pressure is released, or even change to a form dif-
ferent from the initial one. But diamonds are also special in this 
regard, and probably that‘s why they are believed to be forever 
( just don‘t heat them up too much, because it‘s still just carbon 
that can burn).
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Neural networks and machine learning in general are 
the most widely used methods of artificial intel-
ligence. Over the last few years, they have led to 
great progress in image and audio recognition, auto-

matic text generation, and other areas. Practical applications 
of these new possibilities of computer technology include, 
to name a few, diagnosing diseases from computer tomog-
raphy images in the health sector, product quality control in 
manufacture, or in the nowadays popular automated vehicle 
control systems. The areas of their use are wide-spread and, 
especially in recent years, they have become part of virtually 
every sphere of human activity.

The basis of the universality of neural networks is that they 
mimic functioning of the brain. They not only model the way 
the brain performs its functions, but also how it learns. Neural 
networks consist of neurons that are interconnected in vari-
ous ways, thus creating a network. There is usually a layer of 
neurons receiving input data at the entrance to the network, 
and a layer of neurons representing output data at the end 
of the network. There are other also layers of neurons be-
tween these layers that are interconnected in various ways, 

see Fig. 1. The „learning“ or „training“ of the network, aside 
from its structure, forms the second important aspect of the 
properly functioning neural network. During this process the 
neural network learns which inputs should correspond to the 
respective outputs. This process is characterized by changes 
in the strength of the connections between neurons (weights 
in individual connections). From a mathematical point of view, 
neural networks represent so-called universal approximator 
– they can simulate any continuous automaton with any ac-
curacy. Thus, neural networks can predict results in a com-
pletely different manner than regular computer simulations. 

Neural networks have also been widely used in chemical and 
biochemical research and are currently one of the most com-
mon cheminformatics methods for identifying quantitative 
relationships between structure and properties of chemical 
substances. They are actively used to predict physical and 
chemical properties, biological activity of chemical com-
pounds, and for the controlled design of chemical compounds 
and materials with predetermined properties which includes 
the development of new drugs, see Fig. 2.

34 35

The application of neural net-
works in chemistry is com-
plicated by the fact that the 
description of molecules us-
ing atoms and their coordi-
nates in space, which is com-
monly used in chemistry, is 
unsuitable as input for neural 
networks. Any translation 
or rotation of the structure 
in space would represent 
a  completely different data 
input to the neural network. 
Therefore, so-called descrip-
tors are used to describe 
molecules and chemical 
structures. These are various 
mathematical operations and 
algorithms that are used to 
convert the atom coordinates 
into a form that is unique for 

A scheme of an illustrative neural network, in which the input is the structure 
of a chemical substance, such as the position of atoms, etc., and the output is the 

investigated property of the given structure, such as internal energy and so on.

Ing. Marián Gall, 
PhD. works at 
the Institute 

of Informatization, 
Automation and 

Mathematics 
FCHFT STU in 

Bratislava.

figure 1

Using ML/AI for 
chemistry applications 

– potential drugs for 
COVID-19
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the given structure (the so-called fingerprint) and translationally 
and rotationally invariant (remains unchanged upon translation 
and rotation of the given structure).

If we want to employ neural networks for prediction of physi-
cal and chemical properties, we need to have a large database 
(tens to thousands) of substance structures, on which the neural 
network will learn to predict the given property. This database 
is most commonly created using one of the quantum-chemical 
calculation methods. These methods provide precise tools for 
describing the properties of molecules and their reactions. The 
rapid development of HPC (High Performance Computing) has 
paved the way for chemists to employ the computational chem-
istry methods in their daily work, e.g., for understanding and pre-
dicting the molecular properties and reactions of the substances 
of the specific compounds, studying the properties of materials 
at the atomic level, and modelling reactions and processes tak-
ing place in biological systems. Unfortunately, these methods 
are often very computationally time-consuming (depending on 
the required accuracy), yet they are sufficient to create a data-
base for neural network training. Neural networks are less com-
putationally expensive than quantum chemistry methods while 
achieving comparable results.

In our project [1], we have tried to replace the computationally 
expensive “docking” of molecules into the cavity of the target 
protein by methods of machine learning and neural networks. 

A scheme illustrating 
a search for suitable drug 

candidate; we know the 
structure of the protein 

produced by the virus 
with its active site and 

we have a database 
of structures of thousands 
of substances (PubChem). 

Using the docking score, 
we can determine the 

suitability of a given drug 
candidate.

The investigated target 
protein SARS-CoV-2 3CLpro 
(PDB ID: 6WQF) with 
an active site where an 
unknown substance is 
bound.

Figure 2

figure 3We have selected SARS-CoV-2 
3CLpro, which plays a key role 
in the replication of the SARS-
CoV-2 virus, (PDB ID: 6WQF) as 
the target protein, see Fig. 3.

My colleagues Lukáš Bučinský 
and Marek Štekláč, from the 
Institute of Physical Chemis-
try and Chemical Physics of 
the FCHPT STU, have prepared 
a database containing approx-
imately 10,000 substances for 
which they had calculated the 
docking score. The docking 
score, simply speaking, ex-
presses the energy with which 
the given substance bonds to 
the relevant active site of the 
protein, thus inhibiting its cat-
alytic ability. The lower (more 
negative) value of the dock-
ing score loosely corresponds 

to the stronger bonding of the 
given structure to the protein 
and therefore such substances 
represent suitable potential 
drug candidates.

Together with other col-
leagues, namely Ján Matúška 
from the Institute of Physi-
cal Chemistry and Chemical 
Physics FCHPT STU and Michal 
Pitoňák from the Department 
of Physical and Theoretical 
Chemistry, Faculty of Natural 
Sciences, Comenius Univer-
sity in Bratislava, we have ap-
plied three different machine 
learning approaches to pro-
vided database of substanc-
es: a  neural network imple-
mented by a widely available 
library TensorFlow in Python, 
SchNetPack neural network, 
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and XGBoost (gradient boosted decision trees) method, to pre-
dict the docking score. The success of the prediction ability of 
these methods on the test data sample can be seen in graph 1.

Followingly, we have applied the machine models trained in this 
way to the „in vivo“ ZINC database containing 38,392 unique 
chemical substances and predicted their docking scores, see 
graph 2.

In this project, we have successfully demonstrated that it is pos-
sible to select suitable chemical structures, which can be further 
investigated as potential drug candidates for the viral disease 
COVID-19, from a database of thousands of substances relatively 
quickly and with sufficient accuracy.

A computing cluster at the Institute of Experimental Physics in 
Košice was used to train machine learning models [2].

As part of the European project PRACE, in which we are involved 
in the Computing Center of the Centre of Operations of the SAS, 
we also organize every year a two-month summer school for 
students from all over Europe called “Summer of HPC” (SoHPC). 
In addition to working on interesting projects, selected students 
gain their first experience with high-performance calculations on 
our computing systems. Even though this program has been on-
line for the past two years due to the pandemic situation related 

Correlation of the docking 
scores predicted by the 

neural network of the test 
sample of compounds on 

the values calculated by 
computational chemistry 

methods. Ideally, all the 
blue points would be on 

the black dashed line.

(a) The prediction of the 
docking scores by the 
neural network on the 
production set of 38,392 
compounds expressed 
as a function of the 
number of atoms (blue). 
The red points show 
structures for which the 
docking scores were also 
verified by computational 
chemistry methods. 
(b) The accuracy of the 
prediction with respect 
to the number of atoms 
shown in different 
colours.

graph 1

Graph 2to COVID-19, we have been receiving very positive references 
from students. In the SoHPC 2021, Scott Le Roux, a student of ap-
plied mathematics at Trinity College, University of Dublin, joined 
this project and thanks to the acquired experience and inspiring 
collaboration decided to continue his studies and was accepted 
for a PhD position at the prestigious Oxford University:

“I wanted to let you know that I have accepted an offer to study 
in Oxford next year on the Autonomous Intelligent Machines and 
Systems PhD program. I would like to thank you for all your help 
with reference letters and supervision last summer which led me 
to pursuing this path. It definitely played a big role in developing 
my knowledge and skills and understanding where my interests 
lay.“

Scott Le Roux

[1] L. Bucinsky, D. Bortňák, M. Gall, J. Matúška, V. Milata, M. Pitoňák, M. 
Štekláč, D. Végh, D. Zajaček, Machine learning prediction of 3CLpro SARS-
CoV-2 docking scores, Comput. Biol. Chem., 98 (2022), Article 107656, 
10.1016/j.compbiolchem.2022.107656  

[2] The calculations were carried out using the computing infrastructure of 
the SIVVP project - Slovak infrastructure for high-performance computing, 
project ITMS 26230120002 and 26210120002, which was supported within 
the Operational Program Science and Research funded by the ERDF.
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Today‘s research in the field of materials, whether in-
organic organic or biological, is focused on more com-
plex and exotic materials. In principle, chemists can 
synthesize compounds with almost any stoichiometry 

and structural complexity, and materials scientists know how 
to give them the desired form, structure or size. Neverthe-
less, there remains an unexplored area in relatively simple 
chemical compounds which are awaiting discovery. In many 
cases, this problem concerns common chemical bonds and 
reactions and related large unmapped places on the phase 
diagrams of already known and extremely important chemi-
cal connections. As an example there is the large number of 
missing transition metals oxides and halides. Among them, 
simple binary oxides and halides of nickel, palladium, copper 
and silver are of particular importance and require our atten-
tion. While numerous phases and rich polymorphism are ob-
served in oxides and haldies of early transition elements, ox-
ides and halides of late transition elements represent a much 
less explored territory. This territory creates the foundation 
for research program of the COMPUTATIONAL MATERIALS DE-
SIGN research group. 

The COMPUTATIONAL MATERIALS DESIGN research group 
was established recently in 2018 in Trnava at the Advanced 
Technology Research Institute, which is part of the Faculty 
of Materials Science and Technology of the Slovak University 

THE COMPUTATIONAL
MATERIALS DESIGN 
RESEARCH GROUP at 
ATRI MTF STU in TRNAVA   

PREDICTION 
OF NEW INORGANIC 

COMPOUNDS

of Technology in Bratislava. 
Its founder is Dr. hab. Mari-
ana Derzsi and together with 
Dr. Kamil Tokár they lead a 
young team consisting of un-
dergraduate, graduate and 
PhD students and postdocs.

Within our research activities 
we focus on the problems 
of solid-state physics and 
crystal chemistry. Primarily, 
we specialize in the model-
ling of inorganic crystalline 
compounds on an atomic 
scale with computers using 
quantum-mechanical meth-
ods based on the Density 
Functional Theory (DFT) and 
Evolutionary Algorithms (EA). 
The main subject of our re-
search is the prediction of 
new inorganic compounds 
with interesting properties 
and exploring their potential 
as new functionalized materi-
als. On the path to new func-
tional materials, transition 
metals are highly attractive 
basic building blocks thanks 
to their open d-shell orbitals 
(valence shell), which pro-
vides rich possibilities to play 
with electronic degrees of 

Nanotube structure, 
AgF2  material. 

FIGURE 1
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freedom in their compounds. 
Mutual interplay between the 
electron and lattice degrees 
of freedom leads to a diver-
sity of crystalline structures 
and their physical proper-
ties. Our target materials are 
inorganic crystalline solids 
containing transition met-
als in the form of oxides and 
halides, where we are inter-
ested in lesser known or as 
yet unknown phases. In the 
late transition metals group 
we focus on nickel, copper, 
palladium and silver, because 
there exist a few document-
ed simple oxide and halide 
phases, all of which are ex-
tensively used technologi-
cally. This also represents our 
further motivation to search 
for new transition-metal ox-
ides and halides. 

Predicting a  new inorganic 
compound using comput-
ers starts from modelling 
its molecular structure and, 
in the case of a  crystalline 

substance, its crystal struc-
ture, which is the positional 
arrangement of atoms in 
a crystal. Knowledge of crys-
tal structure is key to cal-
culating a  wide spectra of 
physico-chemical properties, 
including thermodynamic 
stability, or conditions (tem-
perature and pressure) at 
which the investigated ma-
terial compound can exist. 
Therefore, our primary task 
is prediction of the crystal 
structure in the researched 
material.

We use advanced tech-
niques to predict the crystal 
structures of new phases in 
systems with the required 
chemical stoichiometry. 
These methods are based 
on EA in conjunction with 
the quantum-mechanical 
DFT technique. First-principle 
EA modelling of new crystal 
structures exploits the pro-
cesses of selection, muta-
tion, crossing of individuals 

and natural selection known in biology and genetics. This 
approach significantly and effectively reduces the selection 
of generated model structures from an unimaginably large 
number of possible complex connections that can be gener-
ated by ’brute force’ according to random selection rules. This 
contributes to a significant reduction in the necessary large 
number of evaluated structures from tens of thousands to 
thousands. To optimize EA generated models of crystal struc-
tures and to calculate their ground-state energies, which are 
taken as the basic criteria for the selection process, and con-
sequently to simulate the physico-chemical properties of al-
ready predicted crystal structures we use DFT methods. Our 
candidate models for crystal structures contain usually tens 
to hundreds of atoms. In practice, the quantum-mechanical 
calculations of such multi-atom models represent extreme-
ly complicated task of describing multiple-electron systems 
(thousands of electrons), in which electrons can interact not 
only with the ions creating the crystal lattice, but also with 
each other. The DFT method offers a significant simplification 
of this problem. Schematically it is based on the effective re-
duction of the multi-electron interacting problem to a single-
electron one, where the electron itself moves in a  kind of 
substitute effective potential formed by other electrons and 
ions. The relevant equations of quantum mechanics are thus 
considerably simplified and can be solved more easily by nu-
merical algorithms, which to some extent decrease the dura-
tion of the calculation to acceptable time scales. The basic 
principles of this approach were proposed by Kohn and Sham 
back in 1965. Walter Kohn was awarded the Nobel Prize for his 
contribution to the development of this method only in 1998. 
The DFT method and its improvements (DFT+U, hybrid DFT, 
meta-GGA) thus play a key role and have long been the gold 
standard in quantum-mechanical modelling of crystal struc-
tures. The connection of DFT methods with evolutionary al-
gorithms today is the most effective way of predicting crystal 
structures, and has been in practice for less than two decades. 
The implementation of evolutionary algorithms requires ac-
cess to large-scale computing resources that are available to 
us in Slovakia thanks to the National Supercomputer Centre. 
A key person helping us with the implementation and appli-
cation of EA for the prediction of crystal structures is Dr. Oto 
Kohulák, who has been involved with our group since 2019. 
For the needs of our research activities, Oto has developed 
several computing tools that serve to automate the calcula-
tional procedures and EA data analyses. He currently works at 
the International School for Advanced Studies (SISSA) in Italy, 
whilst continuing his collaboration with our group.

 The 
Computational 

Materials Design 
Research Group at 
MFT STU in Trnava 

was founded by 
Dr. hab. Mariana 

Derzsi (left). 
Together with 

Dr. Kamil Tokár 
(right) they lead 

a young team 
consisting of 

undergraduate, 
graduate, PhD. 

students and 
postdocs.

Dr. Oto Kohulák in 
our group deals 
with the hardware 
and software 
problems regarding 
implementation 
and applications 
of evolutionary 
algorithms (EA)
for prediction 
of the crystal 
structures. For our 
research needs 
he developed 
a computing tools 
for automation 
of DFT+EA 
calculations and 
their data analyses.H
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The most investigated transition element by us thus far is 
silver. We are intensively engaged in the modelling of its 
compounds with fluorine and chlorine. Silver in conjunction 
with these halogens has the potential to create materi-
als with exceptional properties, which may make them the 
multifunctional materials of the future. Recent discoveries 
in the field have convinced us about their importance, for 
example: a compound with anomalously strong magnetic 
interactions (Ag2+SO4) [1], potentially the first silver mate-
rial of the multiferroic type, or a new unique form of nano-
tube (the different Ag2+F2 phases) [2,3]; what defines the 
uniqueness of these compounds is above all the presence 
of the specific silver cation Ag2+. However, its occurrence in 
common inorganic compounds is very rare. The extremely 
strong oxidizing properties of this type of cation are re-
sponsible for its rarity as evidenced by the ability of Ag2+ 
to oxidize the inert xenon to Xe2+ cation. Finding an equal 
partner for such an aggressive electron-hungry species is 
very difficult and, moreover, a dangerous task for experi-
mental chemists. In this regard, computer modelling repre-
sents a highly desirable alternative to such risky chemical 
experiments. The simplest ligands, which have the poten-
tial to be suitable partners for Ag2+ cation are fluorine and 
chlorine thanks to their high electronegativity. Therefore, 
our research regarding silver is concentrated on its fluoride 
and chloride compounds.

Silver with fluorine
A candidate for a new high-temperature superconductor 

Materials based on silver and fluorine have great potential 
to become the precursors of a new family of highly desired 
high-temperature superconductors. A superconductor is 
a material that conducts electric current without resistance 
(and heat loss) when the temperature drops below a criti-
cal level. For most known superconductors the critical tem-
perature is extremely low and very close to absolute zero 
(-273.15 °C), therefore, they are not suitable for practical 
use. An exception to this are ceramic materials based on 
copper and oxygen (so called oxocuprates) with critical 
temperatures close to the temperature of liquid nitrogen 
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(-196 °C). Such temperatures are already technologically 
more accessible. In the world of known superconductors, 
such high critical temperatures are rare, so materials that 
exhibit them are called high-temperature superconductors.

Silver fluoride AgF2, which we primarily study, shows many 
similarities with the oxocuprates and makes it an attractive 
candidate for the precursor of a new family of supercon-
ducting materials [4]. From the point of view of accessing 
superconductivity, the most important properties of oxo-
cuprates are considered to be almost perfectly flat layers 
formed by copper and oxygen atoms, which together form 
a chess-board like motif in the structure with strong antifer-
romagnetic interactions between the copper atoms. More 
specifically, a so-called antiferromagnetic superexchange 
is mediated between coppers by an intermediate oxygen 
atom. In silver fluoride there exist analogous ‘chess-board’ 
layers with identical magnetic interactions (Ag2+ and F- are 
isoelectronic with Cu2+ and O2-), but instead these sheets 
are puckered (Fig. 2). Whether and how these layers can be 
flattened is one of the key problems we have been work-
ing on for a long time with help of computer simulations. 
According to our previous DFT calculations, the flattening of 
these layers can lead to a significant strengthening of the 
magnetic interactions, which in turn implies a higher critical 
temperature at which AgF2 could potentially be set in the 
superconducting state. We believe that the value of this 
critical temperature could be comparable or even higher 
than it is in the case of oxocuprates. In oxocuprates, the su-
perconducting state can be induced either by some impuri-
ties (a small amount of another chemical element – doping) 

Fragment of the crystal 
structure of layered 

oxocuprate La2CuO4 
compared with the crystal 

structure of AgF2. Both 
contain isoelectronic chess-
board like layers [CuO2]2- or 

[AgF2]. While in oxocuprates 
these layers are ideally flat, in 

AgF2 they are puckered. 

After [J. Gawraczyński, 
D. Kurzydłowski, W. 

Gadomski, Z. Mazej, T. 
Jaroń, A. Ozarowski, S. Hill, 

P. J. Leszczyński, K. Tokár, M. 
Derzsi, P. Barone, K. Wohlfeld, 
J. Lorenzana and W. Grochala, 

The silver route to cuprate 
analogs, PNAS, 116 (5) 1495- 

1500 (2019)].

figure 2

A sample of AgF2 stored in 
a protective case so that it 
could not react with air.

Credit: Laboratory of 
Technology of Novel 
Functional Materials, CeNT, 
University of Warsaw. 

figure 3

and/or by changing the oxygen concentration in the mate-
rial (by creating oxygen vacancies or adatoms). The pur-
pose of these chemical modifications is to induce a small 
excess of electrons that the given chemical bonds can ac-
cept (we call this process electron doping), or, conversely, 
a slight lack of valence electrons shared by the bonds (hole 
doping). Besides the chemical route, such a situation can 
also be introduced via suitable modification of the external 
pressure and temperature (self-doping). Possible methods 
of AgF2 doping represent the second main problem we 
are solving on the way to new superconducting materials 
based on silver and fluorine. In our simulations, we have 

focused on several scenarios: (i) introduction of fluorine 
vacancies and adatoms (formation of AgF2-δ or AgF2+δ), (ii) 
doping with electrons and holes without any chemical mo-
dification, (iii) substitution of silver atoms with another 
transition element (e.g. study of AgMF4 ternary phases), 
(iv) exposure of AgF2 to high external pressures, (v) the 
charge-transfer mechanism Ag2+ → Ag1+/3+.

We simulated the fluorine vacancies and adatoms by cre-
ating a model of the AgF2 supercell, which contains 192 
atoms (32 AgF2 units). In this model, we gradually ‘took 
out’ and ‘added’ fluorine atoms. By removing fluorine 
atoms from the structure, we simulated the formation of 
AgF2-δ, which is an equivalent to electron doping of AgF2. 
By supplying extra-fluorine atoms, we simulated the for- 47
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mation of AgF2+δ and thus hole doping. We took into account 
the doping concentrations δ = (1/8, 1/16 and 1/32), while the 
usual value of δ at which superconductivity state is achieved 
in oxocuprates is close to 1/8. Our simulations suggest that 
neither electron nor hole doping leads to the desired metalli-
zation of the AgF2 compound. The new electronic states that 
arise as result of doping become highly localized. In addi-
tion, the introduced defects (adatoms and vacancies) tend to 
cluster and lead to phase separation (structure breakdown). 
These results indicate that the method of chemical doping of 
AgF2 will be extremely difficult, if not impossible [5].

Whether chemical doping of AgF2 will be possible or not, we 
can simulate solely electron and hole doping even without 
knowing the chemical identity of the doped element. Instead 
of adding or removing a chemical element, we can simply 
add or remove electrons from our modelled system. In other 
words, we can define the total number of electrons in the 
crystal.

In this way, we can focus on the purely physical essence of 
the problem without involving chemistry (and the additional 
complications associated with it). Such strategy was consid-
ered in a 24-atom model (supercell with 8 AgF2 units). The 
model contains a total of 200 electrons. By adding or remov-
ing one electron, we simulated doping with electrons/holes 
with a concentration of 1/8 (a value typical in the case of 
oxocuprates).

A fragment of an AgF2 
crystal with a simulated 

vacancy (left; removal of 
a fluorine atom) and a 

simulated adatom (right; 
addition of an extra 

fluorine atom). AgF2-δ is 
formed by vacancy and 

AgF2+δ is formed by 
adding the adatom 

Legend:  large balls – 
silver atoms, small balls – 

fluorine atoms.

figure 4 In this part of the study, we discovered that doping with 
both electrons and holes leads to another undesirable ef-
fect, namely the formation of polarons. A polaron is a qua-
siparticle that arises from the bound state of an electron 
(or hole) and a cloud of phonons (represented by collective 
vibrations in the crystal lattice). It is manifested by a defor-
mation of the crystal lattice, which moves along with the 
electron (hole). The formation of polarons in AgF2 is un-
desirable because it is associated with charge localization 
and additional layer deformation, which is exactly the op-
posite effect of what we want to achieve. Polarons are ab-
sent only in the special hypothetical case, when the AgF2 
layers are ideally flat (unlike in the natural material where 
they are puckered). The doping of flat AgF2 layers can thus 
lead to the desired metallization while, according to our 
calculations, the application of an AgF2 monolayer on a 
suitable substrate appears to be the ideal solution. Such 
a solution makes it possible to circumvent the problem of 
polaron formation even in the case of hole doping. These 
results underline the above-mentioned requirement of flat 
layers in AgF2 material as in oxocuprates [6]. 

One seemingly intuitive approach to flatten out puckered 
layers is to apply an external pressure to the structure. 
In the past, we spent a lot of effort studying AgF2 under 
high pressure. But this led us to a surprising result that was 
contrary to what we expected. Instead of flattening the 
crumpled layers, atoms rearranged into a tubular shaped 
substructures. Based on the theoretical model predicted by 
us, the crystal structure of the high-pressure form of AgF2 
was successfully resolved from the crystallographic data 
obtained by X-ray diffraction. This way we unexpectedly 
discovered a new type of nanotube formed purely by silver 
and fluorine atoms (Fig. 1) [2,3]. We originally discovered 
a new crystal structure, that consisted of AgF2 nanotubes 
stacked side by side to form a hexagonal motif. Consider-
ing the exceptionality of the discovery, we then focused on 
the next theoretical study of the properties of one ‚free-
standing‘ AgF2 nanotube. We found that, although we ob-
tained this material under high pressure conditions, both 
forms (crystalline and free-standing AgF2 nanotube) be-
have as stable even at low pressures, i.e. under normal 
‚laboratory conditions’ [7,8].

Returning to the original plan to flatten and metallize the 
puckered AgF2 layers, we focused on the effects of substi-
tution. We asked ourselves whether it would be possible to 

We have 
unexpectedly 
discovered a new 
type of nanotube 
based on silver 
and fluorine. 
Originally a new 
crystal structure 
consisted of  AgF2 
nanotubes 
stacked 
side-by-side to 
form a hexagonal 
motif.
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replace half of the AgII silver cations with another MII cation 
in the AgF2 layers with the possibility of a partial transfer of 
electrons from M to Ag ion. By replacing the silver atoms with 
elements of another transition metal we moved towards the 
study of ternary compounds with AgMF4 stoichiometry. To 
achieve this goal, it is necessary to carefully select such MII 
cations whose electronic configuration would allow the for-
mation of square coordination by ligands, so that the chess-
board character of the layer may be preserved, the nature of 
the magnetic interactions in the layers would not change and 
that the given cations would be able to resist oxidation by the 
Ag2+ silver cation. For example, the Co2+, Ni2+ and Cu2+ cations 
have such potential. Our further calculations indicated that, in 
order to achieve stabilization of the new ternal compounds 
AgMF4 with M = (Co, Ni, Cu) elements, it is necessary to apply 
high pressure once more. Under low pressures (under normal 
conditions) these ternary compounds appear to be metasta-
ble with respect to their prototype binary precursors of AgF 
and MF2 [9].

Two polymorphs of 
crystalline silver fluoride 

AgF2. On the left: 
a polymorph with an 
unbroken network of 
chemical Ag-F bonds 

(layered polymorph α). 
On the right: a polymorph 

with a broken network 
of chemical Ag-F bonds 
(polymorph β, CO AgF2 

phase Ag1+Ag3+F4).

 Legend:  large balls – silver 
atoms, small balls
 – fluorine atoms.

figure 5

The superconducting state in the oxocuprates often coexists 
or intermingles with another state characterized by electron 
charge rearrangement. As a result of this rearrangement, vari-
ous so-called charge-ordering (CO) phases may be stabilized. 
It is not completely clear whether these phases compete with 
the superconducting state or instead support it. However, the 
scientific community is increasingly convinced that there ex-
ists a link between CO and superconductivity in oxocuprates. 
For this reason, we are interested in the potential of AgF2 
crystal to form CO phases and how the various charge-or-
dering mechanisms works in its system. One CO AgF2 phase 

A fragment of the 
computer model of the 

Ag3F4 crystal, 
the formation of which 

we predicted under both 
low and high pressures up 

to 20,000 million pascals 
(~200,000 atmospheres). 

Legend:
  large balls – silver atoms, 

small balls – fluorine
 atoms.

figure 6(Ag1+Ag3+F4) was indicated earlier. It was not possible to char-
acterize this phase in more detail from the experimental data 
and therefore we focused on it in our computer simulations. We 
described its proposed crystal structure and compared its physi-
cal properties with those of the dominant layered AgF2 phase 
[10]. Subsequently, in our latest study, we explained why the 
CO phase in AgF2 has thus far been allusive and elucidated the 
nature of the CO mechanism in AgF2 [11,12].

In addition to the AgF2 compound, we also focused on the search 
for new binary phases of silver with fluorine in a wide range 
of pressures [13]. Among the other predicted interesting com-
pounds, the silver tetrafluoride AgF4 stands out. It is the only one 
among all known and predicted Ag-F phases to exhibit electrical 
conductivity (half-metal) and silver ions formally in the fourva-
lent (very exotic) state Ag4+. The disadvantage of this fourva-
lent phase is that it stabilizes only under very high pressures 
far above 50 GPa. Among all Ag-F phases, both already known 
and predicted by us, ultimately AgF2 remains the most important 
candidate for the precursor of a new high-temperature super-
conductor.
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Silver with chlorine

As mentioned above, there is only one phase of silver 
with fluorine that has the required properties suitable for 
achieving the superconductivite state. Therefore, it is more 
than desirable to step beyond the known realm of fluo-
rides. Chlorine is the second most electronegative chemi-
cal element after fluorine and, under suitable conditions, it 
should tolerate the presence of ‘aggressive’ silver cations 
such as Ag2+ or Ag3+. That‘s why we decided to focus inten-
sively on chlorine as an alternative to fluorine.

The only known phase of silver with chlorine is silver chlo-
ride AgCl. No silver chloride substance with Ag2+ or Ag3+ is 
known thus far. We know nothing about these materials. All 
we do know is that copper and gold, which together with 
silver belong to the common chemical group in the periodic 
table of elements, form such compounds. Silver chloride 
AgCl is a well-known crystalline solid that has been widely 
used for two centuries thanks to its photoactive proper-
ties and is still intensively researched as such. It can be 
prepared in variety of structural forms, morphologies and 
dimensionalities. Interestingly, no other crystalline phase 
of silver and chlorine is yet known. This is also surprising 
in view of the existing richness of stoichiometries in other 
transition metal chlorides, the most common of which are 
monochlorides together with di- to pentachlorides (MCln, 
n=1,2,3,4,5). Therefore, we decided to find an answer to 
the question of why we still have not found other phases 
of silver with chlorine. This requires extensive simulations 
of AgxCly models with varying content of silver and chlo-
rine atoms from pure metallic silver (0% Cl) to molecular 
chlorine (100% Cl).

The first candidate we focused on was AgCl2, as it repre-
sents a possible chloride variant of AgF2, using our standard 
combination of EA+DFT methods. We concluded that the 
synthesis of AgCl2 would require non-equilibrium thermo-
dynamic approaches, while the desired layered structure, 
analogous to AgF2, is not the most energetically favour-
able one [14]. At the same time, this initial study provided 
us very valuable information that significantly simplified 
our further effort in simulations. Our results showed that 
all stable structures of AgCl2 can be derived from a simple 
cubic (fcc) lattice in which silver crystallizes with counter-
ions in the interstitial sites. We have thus confirmed the 
common structural building principle observed across the 

  Matej Uhliar 
worked in The 
Computational 

Materials Design 
Research Group 

in 2018-21. He 
devoted himself to 

computer DFT+EA 
modelling of silver 

chlorides as part 
of his Bachelor’s 

and Master’s theses 
and extracurricular 

activities.

The first predicted silver 
subchloride, Ag6Cl4. It 
consists of Ag6 clusters 
surrounded by chlorine 
atoms (a,b). Ag6 clusters 
form infinite chains (c). 
A fragment of the crystal 
structure is shown in panel 
(d).

Taken with the permission 
of the authors from 
[M. Derzsi, M. Uhliar and 
K. Tokár. On the possible 
existence of the first 
[Ag6]4+ cation in a chloride 
environment. Chem. 
Commun. 57,10186-10189 
(2021)].

figure 7

entire spectrum of known binary metal halides. In further 
simulations, we used this structural principle as a  start-
ing point for modelling a wide spectrum of Ag-Cl phases. 
Our investigated models are based on a basic cubic cell of 
silver into which Cl atoms are gradually added to the in-
terstitial spaces. In this way, we could bypass much more 
demanding EA calculations for the part of the phase dia-
gram consisting of subchlorides (with a predominant con-
tent/representation of chlorine atoms). Our ongoing study 
began to reveal the rich crystal chemistry possible in the 
binary Ag-Cl system including simple subchlorides, cluster 
compounds, ionic crystals and compounds with polychlo-
rine anions. At the same time, it was revealed to what ex-
tent the silver chlorides with different Ag/Cl ratios follow 
the principle of close packing of atoms in the crystal lat-
tice. This valuable information will serve us in the future 
to form the principles governing the crystal chemistry of 
silver chlorides. It is encouraging that the first experiments 
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of our partners from Poland, China and the USA, in the in-
terpretation of which we took part, are beginning to con-
firm our predictions [15].

Another of the most remarkable results we achieved in 
the study of the binary Ag-Cl system was the prediction of 
silver subchloride  Ag6Cl4 [16]. This yet experimentally un-
known compound should possess exceptional properties. 
It contains very rare octahedral Ag6 clusters with localized 
excess electrons. These Ag6 clusters are arranged in the 
manner of infinite chains in which they interact with each 
other through argentophilic interactions. Argentophilic in-
teractions describe attractive interactions between Ag+ sil-
ver cations with formally closed d-shells.

In the case of silver, there exist additional mutual electro-
static interactions between the cations and, therefore, we 
would naturally expect them to repel each other rather 
than attract. Additionally, we discovered, that Ag6Cl4 be-
haves as a diamagnetic semiconductor with an unexpect-
edly wide energy band gap. This can be considered an un-
expected finding since compounds, in which the presence 
of a metallic element predominates, behave in general as 
electrical conductors (their properties are close to met-
als). In inorganic chemistry such compounds are very rare. 
They are limited to only a small group of silver-containing 
suboxides (e.g. Ag5GeO4). No other inorganic material has 

Together with Dr. Pavol 
Noga (left) and Prof. Martin 
Kusý (right), we are training 
a new generation of young 

materials researchers in 
a joint approach in the search 

for new functional materials, 
which combines computer 

modelling with experimental 
techniques.

MODELLING &
EXPERIMENTATION

such a  combination of physicochemical properties. This 
discovery has shown that silver can also achieve these 
properties in combination with halogen elements. We 
owe this discovery to Ing. Matej Uhliar, currently a  PhD 
student at Faculty of Chemical and Food Technology STU 
in Bratislava, who devoted his work to computer model-
ling of new Ag-Cl phases as part of his Bachelor’s [17] and 
Master’s theses [18] and extracurricular activities [19, 20].

COMPUTER MODELLING 
& EXPERIMENTATION

Computer modelling on the atomic scale represents the most 
modern approach to the discovery of new materials. There-
fore, the mission of our Computational Materials Design re-
search group is not only to add to the research itself, but to 
also make sure that computer modelling becomes an integral 
part of the development of new materials at the Advanced 
Technologies Research Institute MTF STU. For this purpose, 
we are cooperating closely with the Department of Ion-Beam 
Technologies and the Institute of Materials MTF STU situated 
at our Institute and Faculty, respectively, where our colleagues 
are doing every effort to ‘materialize’ the materials predicted 
by us. Under the leadership of Ing. Pavol Noga, PhD., we are 
trying to synthesize the compounds theoretically predicted 
by us using the physical and physicochemical methods, such 

as ion beam synthesis and 
reactive magnetron sputter-
ing, also in combination with 
plasma supported ion implan-
tation. The characterization of 
the experimentally synthe-
sized materials is being car-
ried out in cooperation with 
the Institute of Materials. The 
primary method for detect-
ing the crystal structure is X-
ray diffraction performed by 
prof. Martin Kusý. Together 
with appreciable collaboration 
with prof. Kusý and dr. Noga, 
we are training a  new gen-
eration of young materials re-
searchers in a  joint approach 
to search for new functional 
materials that combines com-
puter modelling and experi-
mental techniques.
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COMPUTING RESOURCES, COLLABORATIONS  
& OUTPUTS

Every single result we obtained and described in the above 
text represents the consumption of days, weeks and 
months of pure computing time. Our research would not 
be possible without a well-functioning and powerful su-
percomputing HPC infrastructure, as most of our simulation 
tasks would not be feasible. For parallelized DFT and EA 
calculations we use mainly the SIVVP infrastructure, par-
ticularly the Aurel supercomputer at SAV in Bratislava and 
the cluster located in Košice, as well as HPC infrastructures 
at international partner institutions. We closely collaborate 
with our international partners, in particular from the Uni-
versity of Warsaw, the Polish Academy of Sciences, the 
University of Buffalo, the Università di Roma “La Sa pienza”, 
and the State University of New York at Buffalo. As part of 
these collaborations, we have hosted several foreign stu-
dents, including master‘s, PhD students, and postdocs. The 
results we obtained during the study of the silver halides 
system thanks to the Slovak Supercomputer Infrastructure 
were the subject of six scientific publications [10, 11, 13, 14, 
16], five contributions at international conferences [7, 8, 12, 
19, 20], one Bachelor’s thesis [17] and one diploma thesis  
[18].

Our research 
would not be 
possible without 
a well-functioning 
and powerful 
supercomputing 
HPC 
infrastructure, 
as most of our 
simulation tasks 
would not be 
feasible.



H
PC

T 
  H

ig
h-

pe
rf

or
m

an
ce

 c
om

pu
tin

g 
te

ch
no

lo
gy

58

[1]  P.  J. Malinowski, M. Derzsi, Z. Mazej, Z. Jagličić, B. Gaweł, W. Łasocha, and 
W. Grochala. AgIISO4: A Genuine Sulfate of Divalent Silver with Anomalously Strong 
One-Dimensional Antiferromagnetic Interactions. Angew Chem. Int Ed Engl., 49(9), 
1683-1686 (2010).

[2]  A. Grzelak, J. Gawraczyński, T. Jaroń, D. Kurzydłowski, Z. Mazej, P. J. 
Leszczyński, Vitali B. Prakapenka, M. Derzsi, V. V. Struzhkin and W. Grochala. 
Metal fluoride nanowires featuring square-planar building blocks in a high-pressure 
polymorph of AgF2. Dalton Trans. 46, 14742-14745 (2017).

[3]  A. Grzelak, J. Gawraczyński, T. Jaroń, D. Kurzydłowski, A. Budzianowski, 
Z. Mazej, P. J. Leszczyński, Vitali B. Prakapenka, M. Derzsi, V. V. Struzhkin and 
W. Grochala. High pressure behavior of silver fluorides up to 40 GPa. Inorg. Chem., 
56 (23), 14651-14661 (2017). 

[4]  J. Gawraczyński, D. Kurzydłowski, W. Gadomski, Z. Mazej, T. Jaroń, 
A. Ozarowski, S. Hill, P. J. Leszczyński, K. Tokár, M. Derzsi, P. Barone, K. Wohlfeld, 
J. Lorenzana and W. Grochala. The silver route to cuprate analogs. PNAS, 116 (5) 
1495-1500 (2019).

[5]  A. Grzelak, M. Derzsi and W. Grochala. Defect trapping and phase separation in 
chemically doped bulk AgF2. Inorg. Chem. 60, 1561-1570 (2021).

[6]  S. Bandaru, M. Derzsi, A. Grzelak, J. Lorenzana, and W. Grochala. Fate of doped 
carriers in silver fluoride cuprate analogues. Phys. Rev. Materials 5, 064801 (2021).

[7]  K. Tokár, M. Derzsi. Toward isolated AgF2 nanowire structure: dynamical and 
mechanical properties from ab initio. Multiscale Phenomena in Condensed 
Matter Online conference for young researchers Kraków (YOUNG MULTIS 2021), 
5 – 7 July 2021.

[8]  K. Tokár, and M. Derzsi. Dynamical and mechanical properties of single AgF2 
nanowire from ab initio. European Congress And Exhibition On Advanced 
Materials And Processes – EUROMAT 2021 ONLINE, Stadthalle Gratz, 12 –16 
September 2021.

[9]  M. A. Domański, M. Derzsi and W. Grochala. Theoretical study of ternary silver 
fluorides AgMF4 (M = Co, Ni, Cu) formation at pressures up to 20 GPa. RSC Advances, 
11, 25801-25810 (2021).

[10]  K. Tokár, M. Derzsi and W. Computational study of antiferromagnetic and 
mixed-valent diamagnetic phase of AgF2: crystal, electronic and phonon structure 
and p-T phase diagram. Computational Materials Science 188, 110250 (2021).

[11]  M. Derzsi, P. Piekarz, K. Tokár and W. Grochala. Charge ordering mechanism in 
silver fluoride. Phys. Rev. B 105, L081113 (2022).

[12]  Kamil Tokár, Mariana Derzsi, Wojciech Grochala. Thermodynamic stability, 
phonon anharmonicity and electronic response of antiferromagnetic and charge-
transfer polymorphs of AgF2 from ab-initio. Published: 06 November 2020 by 
MDPI in The 2nd International Online Conference on Crystals session Crystalline 
Materials (DOI:10.3390/IOCC_2020-07329)

REFERENCES Computer
modelling on

the atomics cale
represents the 

state-of-the-art
approach to the 

discovery of new 
materials.

[13]  D. Kurzydłowski, M. Derzsi, E. Zurek and W. Grochala. Fluorides 
of  silver under large compression. Chem. Eur. J. 27, 5536-5545 (2021).

[14]  M. Derzsi, A. Grzelak, P. Kondratiuk, K. Tokár and W. Grochala. 
Quest for Compounds at the Verge of Charge Transfer Instabilities: 
The Case of Silver(II) Chloride. Crystals, 9(8), 423 (2019).

[15]  Adam Grzelak, Jakub Gawraczynski, Mariana Derzsi, Viktor 
Struzhkin, Maddury Somayazulu, and Wojciech Grochala. Observation 
of a New Polyhalide Phase in Ag-Cl2 System at High Pressure. Crystals, 11, 
1565 (2021).

[16]  M. Derzsi, M. Uhliar and K. Tokár. On possible existence of first [Ag6]
4+ 

cation in chloride environment. Chem. Commun. 57, 10186-10189 (2021).

[17]  M. Uhliar. Bachelor’s work (2019): Modelling of chlorine enriched 
crystal lattice of silver, available online https://opac.crzp.sk/

[18]  M. Uhliar, Diploma thesis (2021): Modelling of novel crystalline binary 
silverchloride phases with evolutionary algorithms, published online 
https://opac.crzp.sk/

[19]  Matej Uhliar, Kamil Tokár, Otto Kohulák, Mariana Derzsi. Exploring 
crystal chemistry of binary silver chlorides with evolutionary algorithms 
and density functional theory. Published: 06 November 2020 by MDPI in 
The 2nd International Online Conference on Crystals session Crystalline 
Materials (DOI:10.3390/IOCC_2020-07332)

[20]  M. Uhliar, K. Tokár and M. Derzsi. Crystal chemistry of novel binary 
Ag-Cl phases from ab initio: from simple ionic compounds to clustered 
compounds and silver polychlorides. European Congress And Exhibition 
On Advanced Materials And Processes – EUROMAT 2021 ONLINE, 
Stadthalle Gratz, 12 –16 September 2021.

The Slovak Research and Development Agency project 
No. APVV-18-0168

“Quest for novel inorganic compounds with nickel, palladium, 
copper and silver by DFT modelling and ion beam synthesis‘‘

Scientific Grant Agency of the Slovak Republic project VEGA 
No. VG 1/0223/19

“Computational design of novel functional materials”

Operational Programme Research and Innovation for the project:
ITMS2014+: 313011W085 co-financed by the European Regional 
Development Fund (ERDF)

“Scientific and Research Centre of Excellence SlovakION for Material 
and Interdisciplinary Research“

ACKNOWLEDGMENTS

59

H
igh-perform

ance com
puting technology   H

PC
T

https://sciforum.net/paper/view/7329
https://opac.crzp.sk/
https://opac.crzp.sk/
https://sciforum.net/paper/view/7332


61

H
PC

T 
  H

ig
h-

pe
rf

or
m

an
ce

 c
om

pu
tin

g 
te

ch
no

lo
gy

60

H
igh-perform

ance com
puting technology   H

PC
T

1MEMO98
2Centre for Joint Activities of the SAS, v. v. i., Computing Centre of the SAS,

 National Competence Centre for HPC

The importance of social 
networks and their im-
pact on society is great 

and growing. In addition to 
being a platform for connect-
ing and keeping in touch be-
tween their users and their 
communities, they are also 
an important source of infor-
mation. However, this infor-
mation is difficult to verify 
and is often false – more-
over, it is disseminated with 
the aim of influencing public 
opinion. Based on a report is-
sued annually by Kepios Pte. 
Ltd., there were 4.91 million 
internet users in Slovakia 
in January 2022, represent-
ing about 90.0% of the total 
population. The same report 
states that there were 4.06 
million social media users in 
Slovakia in the same period, 

MEMO98

MEMO 98 is an internationally recognized, 
independent organization specializing in media 
monitoring and research, especially during 
elections. MEMO 98 experts have participated 
in more than 120 election observation missions 
and some 150 projects and training sessions on 
media and elections in more than 60 countries 
(in the former Soviet Union as well as in the 
Balkans, Africa, Asia, South America, and the 
Middle East).

representing about 74.4% of the total population. Kepios also 
reports that the number of social media users in Slovakia will 
increase by 30,000 (+0.7%) between 2021 and 2022 [1].

Our project focused on monitoring Facebook, which is the 
most popular in Slovakia, specifically on the dissemination of 
information about female politicians and journalists, especial-
ly in connection with their professional activities. The aim of 
our monitoring was also to evaluate the use of stereo-types 
and misinformation against women, whether in the context 
of anti-Western and anti-American sentiments or in the con-
text of coordinated campaigns against prominent female 
politi-cians and journalists and to determine to what extent 
the attackers are linked to those who spread pro-Kremlin 
narratives. The monitoring period was 12 months (3 May 2021  
– 1 May 2022), and the criteria for selecting female politicians 
and journalists included the possession of a public Facebook 
account (public page or publicly accessible personal profile) 
and the number of followers (follow-ers). Out of the 11 sub-
jects, we will focus on 2 Slovak female politicians (Zuzana 
Čaputová and Ve-ronika Remišová) and two female journal-
ists (Monika Tódová and Zuzana Kovačič Hanzelová), and the 
comprehensive research will be available on the MEMO98 
website [2].

Slovak female 
politicians & journalists 

on social networks
Rasto Kužel1

Ivan Godársky1

Michal Hollý2
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The CrowdTangle tool, which was used to collect the data, is a prod-
uct of Meta (Facebook) devel-oped for the purpose of monitoring, 
creating statistical analyses, and evaluating the Facebook plat-form 
itself for optimizing or targeting products to social network users. 
Since CrowdTangle only monitors publicly accessible content and 
does not allow monitoring of private personal profiles or private 
groups, in our analysis, we focused on 11 public Facebook pages of 
selected entities and also on keyword searches within public pages 
and groups on Slovak Facebook.

To process the collected data, we developed a custom script in 
Python programming language to analyze it further. For computa-
tion, i.e. data processing together with visualization, we used the 
computational cluster at the Institute of Experimental Physics in 
Košice [3], which is managed by the Centre for Joint Activities of 
the Slovak Academy of Sciences, v. v. i. We used the open-source 
network mapping tool Gephi [4] to track the propagation of key-
words within groups or pages.

The result is the so-called network map, which is an interactive 
schema that allows to search, clus-ter, and analyze the propagation 
of specific terms and web addresses. Thus, we were able to identi-
fy the actors (Facebook groups, pages, accounts) that showed the 
highest number of interactions and shares of posts containing the 
keywords under study. In our case, the keywords were the names 
of the politicians and journalists under study.

Network graphs could also be used for identification: 

	■ which accounts shared certain URLs most frequently; 

	■ which URLs were most frequently shared between these 	
	 accounts; 

	■ which accounts shared content most frequently with each 	
	 other (e.g. were grouped together).

On the network map, we can see nodes - circles and points that 
represent Facebook pages or groups, as well as their connections. 
Their size corresponds to the intensity of sharing (the larger the 
node, the higher the share rate of certain content) or to the en-
gagement with the content (the larger the node, the higher the 
number of interactions with the respective post). 

Edges are the lines that connect the nodes. In our case, edges 
are the connection between an entity and the URL it shared. The 
method used cannot determine whether the interactions were or-
ganic or bot-generated.

ZUZANA ČAPUTOVÁ In addition 
to being 

a platform for 
connecting 

and keeping in 
touch between 

their users 
and their 

communities, 
they are also 

an important 
source of 

information. 

Slovak President Zuzana Čaputová has become the target 
of attacks by several actors, ranging from political parties to 
disinformation portals with close ties to extremist parties. 
The most extensive media coverage, including on social net-
works, was an incident on 1 March 2022, when at a public 
demonstration in Nitra organised by the SMER-SD party in 
connection with the May Day celebrations, the party‘s deputy 
chairman, Ľuboš Blaha, stirred up the crowd gathered there 
by chanting sexual insults against the president. 

This incident was not a one-off event but rather the result of 
a long-term negative campaign by Blaha and other members 
of the SMER-SD party against the head of state. Both Blaha 
and Fico regu-larly insulted the president on their Facebook 
accounts (traitor, American agent, agent of a foreign power, 
or that she is controlled by the United States).

As in the past, a doctored photo of the president appeared on 
social media, accompanied by an anti-Semitic and anti-Amer-
ican text in which a well-known extremist with close ties to 
the Republican Party mocked her for her physical appear-
ance. From a list of pro-Kremlin actors compiled by Gerulata 
Technologies [5], she was targeted by the extra-parliamen-
tary Slovak Renaissance Movement (SHO), which makes no 
secret of its sympathies for the fascist wartime Slovak state, 
its Eurosceptic orientation, and its demands for Slovakia‘s de-
parture from Euro-Atlantic structures. 

The monitoring also found that the president has been the 
target of attacks by the DAV DVA Facebook page and other 
media outlets known for spreading disinformation, including 
Inenoviny.sk, Information without Censorship, and others.

Zuzana Čaputová, 
nee. Strapáková 
is the fifth 
President of the 
Slovak Republic. 
On 6 May 2019, 
she received 
the European 
Personality of 
the Year award 
in Brussels. 
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https://www.facebook.com/photo.php?fbid=33264...

https://www.facebook.com/photo.php?fbid=33461...

https://www.facebook.com/photo.php?fbid=34652...

https://www.facebook.com/photo.php?fbid=34906...

https://www.facebook.com/photo.php?fbid=36804...

https://www.facebook.com/photo.php?fbid=38095...

https://www.facebook.com/photo.php?fbid=38160...

https://www.facebook.com/photo.php?fbid=38624...

https://www.facebook.com/photo.php?fbid=39369...

https://www.facebook.com/photo.php?fbid=42766...

https://www.facebook.com/photo.php?fbid=43265...

https://www.facebook.com/photo.php?fbid=43519...

https://www.facebook.com/photo.php?fbid=44152...

https://www.facebook.com/photo.php?fbid=44618...

https://www.facebook.com/photo.php?fbid=47649...

https://www.facebook.com/photo.php?fbid=49063...

https://www.facebook.com/photo.php?fbid=50789...

https://www.facebook.com/photo.php?fbid=63958...

https://www.facebook.com/photo.php?fbid=63959...

https://www.facebook.com/povstaleckavladaSR/p...https://www.facebook.com/prezziden/photos/a.6...

https://www.facebook.com/prezziden/photos/a.6...

https://www.facebook.com/projektsturovci/phot...

https://www.facebook.com/shonitra/photos/a.42...

https://www.facebook.com/shoslovensko/photos/...

https://www.facebook.com/sme.sk/photos/a.1015...

https://www.facebook.com/tomio.cz/photos/a.18...

https://www.infovojna.bz/article/video-srbi-n...

https://www.konfrontace.com/post/ustavny-sud-...

https://www.tagesanzeiger.ch/sie-ist-die-stim...

https://www.youtube.com/watch?v=GKg83net-WM

https://www.youtube.com/watch?v=IrDyxK0dy6g

https://www.youtube.com/watch?v=XkhdarOPi1A

https://www.youtube.com/watch?v=fY_cGkbuh90

https://youtu.be/4GCfs7dKMuk

https://youtu.be/Qsix55wgzLQ

https://youtube.com/watch?v=OP26gUa6kq8&featu...

https://youtube.com/watch?v=VnG2jUOlGCg

https://youtube.com/watch?v=VnG2jUOlGCg&featu...

#nwo..#realita okolo nás..

ANTIFICO a ANTISMER

Akčná Skupina Vzdor Kysuce

Anna.Andrejuvova

AntiMatovič-ANTIOČKOVANIE-Nové Voľby!!

Astrologička Blanka Hudáková

C-21

Chceme mier a slobodu!

Chujník

DAV DVA

Fero

GINN

GINN priama demokracia

HITky.sk

Hanbím sa za Eduarda Hegera - náš eduScho

Hanbím sa za stranu Žaludi Andreja Kisku

I love Dušek

Jano Stanko

Kancelária Koordinátora úderky

Katarína Boková • Slovenské Hnutie Obrody

Klobúk Dole

Komunisti - Michalovce

MATADOR Group

MY SME TU DOMA

Martin Dano - Martin Daňo

Matovič naser si

Milan Mazurek • Republika

Máme toho dosť! Nahnevaní Slováci

NAHLAS

NEDÁM SA ZAOČKOVAŤ!

Naskoč s nami

PREDČASNÉ VOĽBY 2022

Pavol Skýpala • Slovenské Hnutie Obrody

Pelipecky.sk

Prezident

Právo Národa. Noviny do každej domácnosti

Pán Občan SK

Referendum o predčasných voľbách 2021 - konie...

Reštart SR

Róbert Švec - náš premiér

Róbert Švec • Slovenské Hnutie Obrody

SHO - ALTERNATÍVA PRE SLOVENSKO

SHO Nitriansky kraj

SHO Prešovský kraj

SHO Slovensko

SHO Trenčiansky kraj

SME

STOP EU A NATO...

Slobodná Verejná Mienka - necenzurované infor...

Slovaci v Kodani

Slovensko v srdci

Slovensko.. !!!

Slovenské Hnutie Obrody

Som vlastenec, volím stranu Vlasť

Sportnet.sk

Stojíme za Milanom Uhríkom - Hnutie REPUBLIKA

Strana ME SOM ROM

Strana Práce Slovenska

Studňa Pravdy

TV VIVA ROMA - Dezider Horvath

Tepláreň

Tomáš Špaček • Republika

Veci-Verejné.sk

Verím Národnej Koalícii

Volím Harabina

Všetci za Milana / #AllForMilan

ZUZANA ČAPUTOVÁ

Za národné, kresťanské a sociálne Slovensko

raz Kokot , navždy Kokot

Ľuboš Blaha

Romanojiloro

https://dennikn.sk/2747714/ked-sa-skonci-vojn...

https://hitky.sk/caputova-a-lengvarsky-navsti...

https://hitky.sk/caputovej-emotivny-odkaz-v-r...

https://hitky.sk/dovera-caputovej-historicky-...

https://hitky.sk/prezidentka-caputova-o-vojne...

https://hitky.sk/prezidentka-caputova-o-vojne...

https://hitky.sk/prezidentka-caputova-oddychu...

https://hitky.sk/prezidentka-caputova-potesi-...

https://hitky.sk/prezidentka-caputova-to-potv...

https://hitky.sk/styri-roky-po-vrazde-smutne-...

https://hitky.sk/tajne-stretnutie-pellegrinih...

https://hitky.sk/zronena-caputova-sa-stretla-...

https://hitky.sk/zuzana-caputova-v-top-100-fo...

https://queerslovakia.sk/video/prezidentka-si...

https://sho.sk/aj-hitler-sa-dostal-k-moci-dem...

https://sho.sk/katarina-bokova-pise-caputovej...

https://sho.sk/katarina-bokova-pokial-sa-bude...

https://sho.sk/referendum-standardni-politick...

https://sho.sk/sho-caputova-by-chcela-na-poli...

https://sho.sk/sho-caputova-poverila-podpisom...

https://sho.sk/sho-caputova-v-parlamente-opat...

https://sho.sk/video-katarina-bokova-schizofr...

https://veci-verejne.sk/slovensky-reprezentan...

https://www.cas.sk/clanok/2639685/premier-heg...

https://www.cas.sk/clanok/2659239/prezidentka...

https://www.extraplus.sk/clanok/najdoveryhodn...

https://www.facebook.com/105028701836/photos/...

https://www.facebook.com/105028701836/photos/...

https://www.facebook.com/105028701836/photos/...

https://www.facebook.com/105028701836/photos/...

https://www.facebook.com/109645017227628/phot...

https://www.facebook.com/110200844678994/phot...

https://www.facebook.com/252998972461/photos/...

https://www.facebook.com/252998972461/photos/...

https://www.facebook.com/344513300079185/phot...

https://www.facebook.com/363594610907921/phot...

https://www.facebook.com/363594610907921/phot...

https://www.facebook.com/363594610907921/phot...

https://www.facebook.com/439635906074209/phot...

https://www.facebook.com/Expo2020Dubai/videos...

https://www.facebook.com/KancelariaKoordinato...

https://www.facebook.com/RESTARTSR/photos/a.1...

https://www.facebook.com/RESTARTSR/videos/694...

https://www.facebook.com/Sportnet.sk/photos/a...

https://www.facebook.com/bratislovakia/photos...

https://www.facebook.com/deziderhorvath74/pho...

https://www.facebook.com/events/6643523180471...

https://www.facebook.com/groups/VolimHarabina...

https://www.facebook.com/groups/VolimHarabina...

https://www.facebook.com/novinypn/photos/a.22...

https://www.facebook.com/novinypn/photos/a.22...

https://www.facebook.com/novinypn/photos/a.22...

https://www.facebook.com/novinypn/photos/a.22...

https://www.facebook.com/photo.php?fbid=10159...

https://www.facebook.com/photo.php?fbid=10223...

https://www.facebook.com/photo.php?fbid=22079...

https://www.facebook.com/photo.php?fbid=23038...

https://www.facebook.com/photo.php?fbid=24070...

https://www.facebook.com/photo.php?fbid=30510...

https://www.facebook.com/photo.php?fbid=30778...

https://www.facebook.com/photo.php?fbid=30951...

https://www.facebook.com/photo.php?fbid=31103...

https://www.facebook.com/photo.php?fbid=31467...

https://www.facebook.com/photo.php?fbid=32641...

https://www.facebook.com/photo.php?fbid=33264...

https://www.facebook.com/photo.php?fbid=33461...

https://www.facebook.com/photo.php?fbid=34652...

https://www.facebook.com/photo.php?fbid=34906...

https://www.facebook.com/photo.php?fbid=36804...

https://www.facebook.com/photo.php?fbid=38095...

https://www.facebook.com/photo.php?fbid=38160...

https://www.facebook.com/photo.php?fbid=38624...

https://www.facebook.com/photo.php?fbid=39369...

https://www.facebook.com/photo.php?fbid=42766...

https://www.facebook.com/photo.php?fbid=43265...

https://www.facebook.com/photo.php?fbid=43519...

https://www.facebook.com/photo.php?fbid=44152...

https://www.facebook.com/photo.php?fbid=44618...

https://www.facebook.com/photo.php?fbid=47649...

https://www.facebook.com/photo.php?fbid=49063...

https://www.facebook.com/photo.php?fbid=50789...

https://www.facebook.com/photo.php?fbid=63958...

https://www.facebook.com/photo.php?fbid=63959...

https://www.facebook.com/povstaleckavladaSR/p...
https://www.facebook.com/prezziden/photos/a.6...

https://www.facebook.com/prezziden/photos/a.6...

https://www.facebook.com/projektsturovci/phot...

https://www.facebook.com/shonitra/photos/a.42...

https://www.facebook.com/shoslovensko/photos/...

https://www.facebook.com/sme.sk/photos/a.1015...

https://www.facebook.com/tomio.cz/photos/a.18...

https://www.infovojna.bz/article/video-srbi-n...

https://www.konfrontace.com/post/ustavny-sud-...

https://www.tagesanzeiger.ch/sie-ist-die-stim...

https://www.youtube.com/watch?v=GKg83net-WM

https://www.youtube.com/watch?v=IrDyxK0dy6g

https://www.youtube.com/watch?v=XkhdarOPi1A

https://www.youtube.com/watch?v=fY_cGkbuh90

https://youtu.be/4GCfs7dKMuk

https://youtu.be/Qsix55wgzLQ

https://youtube.com/watch?v=OP26gUa6kq8&featu...

https://youtube.com/watch?v=VnG2jUOlGCg

https://youtube.com/watch?v=VnG2jUOlGCg&featu...

Cutouts from the network map tracking the 
occurrence and spread of the keyword „Čaputová“ 
on Slovak Facebook pages/groups (from May 3, 
2021, to May 1, 2022) – clusters with a predominance 
of pro-Russian actors. 
The size of the „node“ (Page/group) corresponds 
to the number of interactions to posts in which the 
keyword (Čaputová) was used. 

Image 1
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ANTI-OĽANO ľudia proti liberalnej politike.

AntiMatovič-ANTIOČKOVANIE-Nové Voľby!!

Blog investigatívnej žurnalistiky

Buduci prezident Slovenska,Marian Kotleba.!

C-21

Chceme mier a slobodu!

Chujník

Cynická obluda

DOBRÁ VOĽBA

Denník DNES

Eduard Chmelár

Ereport

Extra plus

Hanbím sa za Eduarda Hegera - náš eduScho

Hanbím sa za stranu Žaludi Andreja Kisku

Hlas-Sociálna demokracia-Smer-SD-Dobrá voľba

Hlavné udalosti dňa

Info.sk

Informácie bez cenzúry

Invázia a kolonizácia Európy

Inštitút ochrany ústavných práv v

JUDr.Marek Géci za Slovensko, za občanov.

KOTLEBA....LSNS

Komunisti - Michalovce

Kotleba - Ľudová strana Naše Slovensko - Turiec

Kotleba je nevinný!

Kotlebovci - Ľudová strana Naše Slovensko - K...

Kotlebovci - Ľudová strana Naše Slovensko - K...

Kotlebovci - Ľudová strana Naše Slovensko - L...

Kotlebovci - Ľudová strana Naše Slovensko - O...

Kotlebovci - Ľudová strana Naše Slovensko - o...

Kotlebovci - Ľudová strana Naše Slovensko - Ž...

Lenka Bočkayová - ĽS Naše Slovensko

MOR HO!

MY SME TU DOMA

Mediálna prezentácia národných strán - diskusia

Mimoriadne Správy

Mám dosť, A VY?

Máme toho dosť! Nahnevaní Slováci

NAHLAS

NE EU! ANO RUSKU!

NEDÁM SA ZAOČKOVAŤ!

NIE EÚ! ÁNO RUSKO!

NOVÝ PARLAMENT

Našu Krajnu nepostihla žiadna živelná pohroma...

PREDČASNÉ VOĽBY 2022

Pavol Skýpala • Slovenské Hnutie Obrody

Pozitívny život

Praví Slováci

Právo Národa. Noviny do každej domácnosti

ROBOTNÍCI, OBČANIA  za NARODNU JEDNOTU

Referendum o predčasných voľbách 2021 - konie...

Rádio Naše Slovensko

Róbert Švec - náš premiér

Róbert Švec • Slovenské Hnutie Obrody

SHO - ALTERNATÍVA PRE SLOVENSKO

SHO Nitriansky kraj

SHO Prešovský kraj

SHO Slovensko

SHO Trenčiansky kraj

SLOVENSKO-RUSKÁ SPOLOČNOSŤ

SLOVENSKÝ NÁROD, SPAMÄTAJ SA !

SME
SMER - SD Dolný Kubín

SMER - SD Ružomberok

SMER - SD Senica

STOP EU A NATO...

Slavěna Vorobelová

Slobodná Verejná Mienka - necenzurované infor...

Slobodný vysielač

Slovan-Národný snem jednota

Slovanstvo, kresťanstvo, tradície, kultúra, b...

Slovensko a svet, novoty, články, politika

Slovensko je NAŠA zem

Slovensko patrí občanom-Odstavme oligarchov a...

Slovensko.. !!!

Slovenské Hnutie Obrody

Slováci v Südtirole

Slováci, nesmú nám tu vládnuť skorumpované mé...

Som vlastenec, volím stranu Vlasť

Stojíme za Milanom Uhríkom - Hnutie REPUBLIKA

Strana ME SOM ROM

Strana Práce Slovenska

Stredisko na zverejňovanie zločinov skorumpov...

TREND - Týždenník o ekonomike a podnikaní

TV VIVA ROMA - Dezider Horvath

TVORÍME NOVÉ SLOVENSKO

Televízne Správy

Udalosti dňa

VLASTENCI

VLASŤ milujem srdcom.Hlasom volím svoju  VLASŤ

Verní sebe, svorne napred!

Vojna na Ukrajine

Volím Harabina

Volím Ing.Mgr.Mariana Kotlebu

Volím Kotlebu, som národovec, nie fašista ani...

Voľná diskusia hlavne o Slovanoch a iných tém...

VŠETKO JE O  NÁS !

Všetci za Milana / #AllForMilan

ZACHRÁŇME SLOVENSKO - AKTÍVNI OBČANIA

Za Jána a Martinu

Za národné, kresťanské a sociálne Slovensko

Za zfunkcnenie referenda.

Zastavme Matoviča, pravda zvíťazí

Zdieľané reality a Nenásilný AntiTerorista

Zdrojj

Zuzana Čaputová, prezidentka SR

nocomment.sk

raz Kokot , navždy Kokot

Ľuboš Blaha

Ľudová mládež - Okres Tvrdošín

Štandard

žiadame vyšetriť smrť Generála Lučanského

‡ ZA BOHA ‡ ZA NÁROD ‡

     

Romanojiloro

http://klucod.sk/2021/09/12/zapozerani-do-seb...

http://www.netky.sk/clanok/remisova-fico-musi...

http://www.netky.sk/clanok/remisova-vlada-sa-...

http://www.netky.sk/clanok/veronika-remisova-...

http://www.netky.sk/clanok/veronika-remisova-...

http://www.netky.sk/clanok/veronika-remisova-...

https://akw.sk/domace-spravy/boj-proti-hoaxom...

https://blog.sme.sk/martindorcak/politika/rem...

https://cynickaobluda.sme.sk/2021/05/remisove...

https://cynickaobluda.sme.sk/2021/06/remisove...

https://cynickaobluda.sme.sk/2022/02/veroniki...

https://dennikn.sk/minuta/2525538/

https://dennikstandard.sk/109705/remisova-chc...https://dennikstandard.sk/117168/zisla-sa-sku...

https://dennikstandard.sk/127910/remisova-obv...
https://dennikstandard.sk/129194/remisova-na-...

https://dennikstandard.sk/134622/mafia-sa-boj...

https://dennikstandard.sk/135841/remisova-koa...

https://dennikstandard.sk/137208/slova-novina...

https://dennikstandard.sk/140390/remisova-hla...

https://dennikstandard.sk/141801/ockovani-by-...

https://dennikstandard.sk/151156/ako-travia-s...

https://dennikstandard.sk/162708/remisova-nev...
https://dennikstandard.sk/179726/remisova-soc...

https://dennikstandard.sk/190816/remisova-zil...

https://dennikstandard.sk/192521/remisova-fic...

https://dennikstandard.sk/200423/remisova-na-...

https://dennikstandard.sk/72420/prezidentka-s...

https://dennikstandard.sk/74194/remisova-333-...

https://dennikstandard.sk/76336/kolikova-chce...

https://dennikstandard.sk/78042/remisova-uz-p...

https://dennikstandard.sk/79051/za-ludi-nevie...

https://dennikstandard.sk/81046/kolikova-zakl...

https://dennikstandard.sk/85139/remisovaSIS

https://dennikstandard.sk/teraz/173233/

https://domov.sme.sk/c/22673272/rozpad-za-lud...

https://domov.sme.sk/c/22678434/remisova-priz...

https://domov.sme.sk/c/22679175/remisova-snem...

https://domov.sme.sk/c/22725402/aplikacia-ock...

https://domov.sme.sk/c/22729477/dobre-rano-u-...

https://domov.sme.sk/c/22796334/trestat-za-na...

https://domov.sme.sk/c/22808068/koronavirus-s...

https://domov.sme.sk/c/22837528/remisova-chce...

https://e.dennikn.sk/2639689/remisova-naplano...

https://ekonomika.sme.sk/c/22699013/antal-odm...

https://ereport.sk/benova-vysmiala-remisovu-o...

https://ereport.sk/ciganikovu-nastval-zilinka...

https://ereport.sk/dochramana-remisova-preboh...

https://ereport.sk/exkluzivny-komentar-emerit...

https://ereport.sk/fiha-remisova-zameta-so-sa...

https://ereport.sk/foto-remisova-bola-pred-do...

https://ereport.sk/foto-remisova-s-usmevom-oz...

https://ereport.sk/foto-remisova-s-usmevom-oz...

https://ereport.sk/foto-remisovci-pozdravili-...

https://ereport.sk/foto-sexi-poza-a-velke-dak...

https://ereport.sk/foto-vo-vnutri-si-to-ty-ve...

https://ereport.sk/hadky-kvoli-neockovanym-dv...

https://ereport.sk/k-vytocenej-remisovej-sa-p...

https://ereport.sk/koalicia-ma-smele-plany-ch...

https://ereport.sk/nastvana-remisova-zaujem-o...

https://ereport.sk/neuverite-kto-sa-zastal-su...

https://ereport.sk/ozyva-sa-remisova-stazuje-...

https://ereport.sk/poburena-remisova-blanara-...

https://ereport.sk/politici-reaguju-na-umrtie...

https://ereport.sk/remisova-chce-mimoriadnu-k...

https://ereport.sk/remisova-chce-vylucit-rusk...

https://ereport.sk/remisova-chysta-restart-st...

https://ereport.sk/remisova-hodnotila-bezkoru...

https://ereport.sk/remisova-kritizuje-dnesny-...

https://ereport.sk/remisova-kritizuje-zilinku...

https://ereport.sk/remisova-kritizuje-zilinku...

https://ereport.sk/remisova-kritizuje-zilinku...

https://ereport.sk/remisova-na-sneme-za-ludi-...

https://ereport.sk/remisova-nemozeme-neustale...

https://ereport.sk/remisova-o-kiskovi-mna-nik...

https://ereport.sk/remisova-o-komunikacii-cur...

https://ereport.sk/remisova-o-nudzovom-stave-...

https://ereport.sk/remisova-o-opatreniach-u-n...

https://ereport.sk/remisova-o-paragrafe-363-m...

https://ereport.sk/remisova-o-zadrzani-polica...

https://ereport.sk/remisova-odkazuje-zilinkov...

https://ereport.sk/remisova-otvorila-sirsie-s...

https://ereport.sk/remisova-priatelia-ruska-p...

https://ereport.sk/remisova-pripustila-vyhost...

https://ereport.sk/remisova-prisla-o-dalsieho...

https://ereport.sk/remisova-radi-ako-setrit-p... https://ereport.sk/remisova-sa-postazovala-po...

https://ereport.sk/remisova-sa-pustila-do-fic...

https://ereport.sk/remisova-si-rypla-do-kolik...

https://ereport.sk/remisova-si-zastala-hegera...

https://ereport.sk/remisova-sokuje-o-zhabani-...

https://ereport.sk/remisova-stale-setri-na-ku...

https://ereport.sk/remisova-stale-setri-na-ku...

https://ereport.sk/remisova-strana-za-ludi-po...

https://ereport.sk/remisova-to-v-strane-nezvl...

https://ereport.sk/remisova-tvrdi-ze-strana-z...

https://ereport.sk/remisova-verejne-vyjadrila...

https://ereport.sk/remisova-vlada-urobila-kom...

https://ereport.sk/remisova-vyuzila-valentina...

https://ereport.sk/remisova-vyzvala-caputovu-...
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https://www.koalafeed.com/remisova-rozdupala-...

https://www.koalafeed.com/remisova-zlikvidova...

https://www.koalafeed.com/v-ohrozeni-zivota-m...

https://www.mimoriadnespravy.sk/danove-podvod...

https://www.mimoriadnespravy.sk/hlupa-ako-aut...

https://www.mimoriadnespravy.sk/jej-cas-sa-bl...

https://www.mimoriadnespravy.sk/nebezpecna-sk...

https://www.mimoriadnespravy.sk/preboha-remis...

https://www.mimoriadnespravy.sk/pred-vlastnou...

https://www.mimoriadnespravy.sk/remisova-chce...

https://www.mimoriadnespravy.sk/remisova-defi...

https://www.mimoriadnespravy.sk/remisova-opat...

https://www.mimoriadnespravy.sk/remisova-prsk...

https://www.mimoriadnespravy.sk/remisova-sa-o...

https://www.mimoriadnespravy.sk/remisova-vysl...

https://www.mimoriadnespravy.sk/remisovej-rad...

https://www.mimoriadnespravy.sk/remisovej-uto...

https://www.mimoriadnespravy.sk/remisovej-v-r...

https://www.mimoriadnespravy.sk/rozstrielali-...

https://www.mimoriadnespravy.sk/toto-kridlo-r...

https://www.mimoriadnespravy.sk/trpka-chut-pr...

https://www.mimoriadnespravy.sk/vojna-vrcholi...

https://www.postoj.sk/89113/z-koalicie-odidem...

https://www.televiznespravy.eu/bezradna-remis...

https://www.televiznespravy.eu/kolikova-znici...

https://www.televiznespravy.eu/remisova-otvor...

https://www.televiznespravy.eu/remisova-preho...

https://www.televiznespravy.eu/remisova-prizn...

https://www.televiznespravy.eu/remisova-sa-ro...

https://www.trend.sk/nazory-a-komentare/veron...

https://www.trend.sk/spravy/kollar-ziada-ustr...

https://www.trend.sk/spravy/monitor-remisova-...

https://www.trend.sk/spravy/poslankyna-andrea...

https://www.trend.sk/spravy/remisova-zlyhala-...

https://www.webnoviny.sk/remisova-fico-musi-v...

https://www.webnoviny.sk/remisova-nepripusti-...

https://www.youtube.com/watch?v=JMYURkudREg&a...

https://www.youtube.com/watch?v=KSfZcQVZsN4

https://www.zsi.sk/podnet-na-preskumanie-skut...

https://www1.pluska.sk/spravy/z-domova/boj-lu...

https://www1.pluska.sk/spravy/z-domova/rozhov...

https://youtu.be/jwEt7BBRAVQ

https://youtube.com/watch?v=C7clW29EhK0&featu...

https://youtube.com/watch?v=KSfZcQVZsN4&featu...

https://youtube.com/watch?v=XZYXXoZ0hiY&featu...

https://zemavek.sk/66573-2/?utm_source=rss&ut...

VERONIKA REMIŠOVÁ
Veronika Remišová, Deputy Prime Minister of the Slovak Re-
public and Minister of Investment, Regional Development, and 
Informatization presented herself as a strongly pro-European 
politician during the monitoring period with extremely active 
content on her own Facebook page. This profiling deepened 
and intensified after the Russian invasion of Ukraine – accord-
ing to the results of the analysis War in Ukraine, conducted by 
MEMO 98, Veronika Remišová had the second highest num-
ber of posts (66) among Slovak parliamentary party presi-
dents. Fifty-eight of them were about the war and its con-
sequences, 46 of them were strongly supportive of Ukraine 
and the related domestic Slovak measures (the third high-
est number), while V. Remišová‘s posts were about the war 
and its consequences. Remišová did not publish a single post 
against Ukraine.       

Such a strongly pro-European stance found its „echo“ among 
pro-Russian actors – many of them focused on criticizing Ve-
ronika Remišová, especially Extra plus, I vote for Harabin, the 
Slovak-Russian Society, Eduard Chmelár, Slobodný vysielač, 
Nocomment.SK, and various websites of SHO and Róbert 
Švec. These groups have been linked to politicians Marián 
Kotleba and Ľuboš Blah. Other important actors in this direc-
tion were Hlavný denník, DAV DVA, Hlavné zprávy and Blog 
of Investigative Journalism.

Veronika 
Remišová, nee. 

Belošovičová 
is a Slovak 
politician, 

chairwoman
of the political 
party FOR THE 

PEOPLE, Deputy 
Prime Minister 

of the Slovak 
Republic, and 

Minister of 
Investment, 

Regional 
Development and 

Informatization 
of the Slovak 

Republic. 

A cutout from the network map tracking the 
occurrence and spread of the keyword „Remišová“ 
on Slovak Facebook pages/groups (from 3 May 2021 
to 1 May 2022) – clusters with a prevalence of pro-
Russian actors. 
The size of the „node“ (page/group) illustrates the 
number of shares of posts in which the keyword 
(Remišová) was used.

Image 2
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MONIKA TÓDOVÁ
Slovak women journalists have been the target of dehuman-
izing, vulgar, and sexist attacks, especially from politicians 
who have been the subject of their investigative reporting. 
In particular, Denník N journalist Monika Tódová has repeat-
edly been the target of sexist insults and attacks by politi-
cians from the SMER-SD party. While covering topics related 
to corruption and the collusion of the previous government, 
she publicly admitted that she had received threats and hate 
messages, with her attackers wishing she would end up like 
Ján Kuciak, calling her Soroš‘s girlfriend or commenting on her 
physical appearance. 

Monika Tódová, 
nee. Žemlová 

is a Slovak 
journalist, current 

editor of Denník 
N (since 2014), 

winner of the 
White Crow 

Award (2018), 
and several times 

winner of the 
Journalism Award 

(2008-2021). 

ANTIFICO a ANTISMER

Armáda pravdy

C-21

Chujník

Denník N

Eduard Chmelár

Eurorešpekt

Hanbím sa za Eduarda Hegera - náš eduScho

Hanbím sa za stranu Žaludi Andreja Kisku

Hlavný denník

InfoSvet/SK

Jano Stanko

Matovič naser si

Miestny klub ĽS Naše Slovensko Vrbové

OBYČAJNÍ ĽUDIA a nezávislé osobnosti

OKIENKO NEZÁVISLÉHO EX POSLANCA NR SR PETRA M...

PREDČASNÉ VOĽBY 2022

Podporujeme Igora Matoviča

Politika

Racionálne myslenie

Referendum o predčasných voľbách 2021 - konie...

SLOVENSKO-RUSKÁ SPOLOČNOSŤ

Sila pravdy

Slovensko a svet, novoty, články, politika

Slovensko.. !!!

Som vlastenec, volím stranu Vlasť

Som z dediny

Stop covid project , stop NWO na Slovensku

Strana Práce Slovenska

Svetová ekonomika a geopolitika

Vladimír Bilčík

ZACHRÁŇME SLOVENSKO - AKTÍVNI OBČANIA

raz Kokot , navždy Kokot

x

Ľuboš Blaha

žiadame vyšetriť smrť Generála Lučanského

https://dennikn.sk/2576153/sudca-hrubala-uver...

https://dennikn.sk/2819773/komentatori-dennik...

https://dennikn.sk/minuta/2644555/?ref=ampm

https://dennikn.sk/minuta/2657875/?ref=ampm

https://facebook.com/100076027936769

https://mbenova.blog.pravda.sk/2021/06/15/mil...

https://picuscapital.sk/za-vsetko-moze-rusko-...

https://shar.es/aoLQVB

https://veci-verejne.sk/poslanec-sutaj-estok-...

https://vredakcii.podbean.com/e/ministerka-ko...

https://www.eurorespekt.sk/lipsica-s-grendelo...

https://www.eurorespekt.sk/medialny-hon-na-zs...

https://www.eurorespekt.sk/sledovanie-organiz...

https://www.facebook.com/100044618700975/post...

https://www.facebook.com/100063537970211/post...

https://www.facebook.com/2047997592105476/pho...

https://www.facebook.com/2047997592105476/pos...

https://www.facebook.com/344513300079185/phot...

https://www.facebook.com/344513300079185/phot...

https://www.facebook.com/ChmelarEduard/photos...

https://www.facebook.com/SilaPravdy/photos/a....

https://www.facebook.com/hlavnydenniksk/photo...

https://www.facebook.com/hlavnydenniksk/photo...

https://www.facebook.com/investigativnazurnal...

https://www.facebook.com/len.iza.338/videos/3...

https://www.facebook.com/photo.php?fbid=10160...

https://www.facebook.com/photo.php?fbid=10220...

https://www.facebook.com/photo.php?fbid=15858...

https://www.facebook.com/photo.php?fbid=27930...

https://www.facebook.com/photo.php?fbid=50962...

https://www.facebook.com/photo.php?fbid=54505...

https://www.facebook.com/photo.php?fbid=59778...

https://www.facebook.com/projektn.sk/photos/a...

https://www.facebook.com/projektn.sk/videos/3...

https://www.facebook.com/projektn.sk/videos/5...

https://www.facebook.com/projektn.sk/videos/6...

https://www.facebook.com/projektn.sk/videos/8...

https://www.facebook.com/projektn.sk/videos/9...

https://www.facebook.com/somzdedinyDK/photos/...

https://www.hlavnespravy.sk/zilinka-odmieta-z...

https://www.hlavnydennik.sk/2021/05/16/redakt...

https://www.hlavnydennik.sk/2021/06/03/to-co-...

https://www.hlavnydennik.sk/2021/08/08/dennik...

https://www.hlavnydennik.sk/2021/08/09/mainst...

https://www.hlavnydennik.sk/2021/08/17/todova...

https://www.hlavnydennik.sk/2021/09/10/novina...

https://www.hlavnydennik.sk/2021/12/15/i-biha...

https://www.mediahub.sk/monika-todova-z-denni...

https://www.mediahub.sk/novinarka-z-dennika-n...

https://youtube.com/watch?v=4rcdgVkadYw&featu...

https://youtube.com/watch?v=tcgYUCvgKUA&featu...

A snip from the network map tracking 
the occurrence and spread of the keyword 

„Tódová“ on Slovak Facebook  pages/groups
 (from 3 May 2021 to 1 May 2022) – clusters with 

a predominance of pro-Russian actors. 
The size of the „node“ (Page/group) illustrates 

the number of interactions for posts in which the 
keyword (Tódová) was used.  

IMAGe 3

In the monitored period, it became the target of attacks ma-
inly by Ľuboš Blaha, Milan Uhrík, Eduard Chmelár, Martin Daň, 
and his portal Ginn and others.    
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ZUZANA KOVAČIČ HANZELOVÁ
Another prominent journalist, Zuzana Kovačič Hanzelová, 
complained about receiving similar messages, which forced 
her to stop using her Facebook account on 17 December 2021 
(she continues to use her Instagram account). In her farewell 
post, she pointed to several disturbing tendencies that were 
the main reasons for her decision, including trolling by pro-
Kremlin actors.

The results of our monitoring indicate that during the mon-
itoring period, various actors, ranging from the media, po-
litical parties, and personalities to cultural centers and civic 
initiatives, commented on Zuzana Kovačič Hanzel‘s Facebook 
page. At the same time, anti-system actors also got involved, 
although mostly in a rather fragmented way (Hlavný denník, 
Artur Bekmatov, Zdroj, hlavnespravy.sk, Kulturblog portal, 
Extra Plus, Slovanské Noviny, Anna Belousovová, the Office 
of the Coordinator of the Strike). Perhaps the only exception 
was the grouping of citizens and groups driven by disagree-
ment with the current political establishment and its main 
protagonists. The map shows that this cluster also includes 
various pro-Kremlin entities, such as Picuscapital. sk, Slovak-
Russian Society, I am a patriot, I vote for the Vlasť party, We 
stand for Milan Uhríko – REPUBLIKA Movement.

Zuzana Kovačič 
Hanzelová was 

born on 2 July 
1988 in Bratislava. 

She studied 
journalism at 

the University 
of Constantine 

the Philosopher 
in Nitra. She 

mainly works on 
politics, poverty, 

and sexual 
harassment. 

She is a laureate 
of the Journalism 

Award (2021).

Artur Bekmatov

Blog - Denník N

Bratislava

Chujník

Denník N

ESET

Hanbím sa za Eduarda Hegera - náš eduScho

Hrot.info

IPčko

Iniciatíva Inakosť

Ja, pokrytec

Ján Benčík

Kancelária Koordinátora úderky

Marián Viskupič

Martinus

Matúš Vallo má rád Bratislavu

Michal Piják, MD - Personalised Evolutionary ...

Ministerstvo obrany Slovenskej republiky

Máme toho dosť! Nahnevaní Slováci

PREDČASNÉ VOĽBY 2022

PhDr. Mária Benová č.100 za OĽANO

Piatoček

Plán obnovy a odolnosti SR

Referendum o predčasných voľbách 2021 - konie...

SLOVENSKO-RUSKÁ SPOLOČNOSŤ

SLOVENSKÝ NÁROD, SPAMÄTAJ SA !

SME

Silný výber

Slovanské Noviny

Som hrdá opatrovateľka

Som vlastenec, volím stranu Vlasť

Stojíme za Milanom Uhríkom - Hnutie REPUBLIKA

Teach For Slovakia

Vedátor_sk

Všetci za Milana / #AllForMilan

ZACHRÁŇME SLOVENSKO - AKTÍVNI OBČANIA

Zuzana Čaputová

raz Kokot , navždy Kokot

Úrad vlády Slovenskej republiky

https://dennikn.sk/2658265/facebook-ludi-frus...

https://dennikn.sk/blog/2525859/dovera-inicia...

https://domov.sme.sk/c/22651774/dobre-rano-vy...

https://domov.sme.sk/c/22667740/dobre-rano-sp...

https://domov.sme.sk/c/22673631/dobre-rano-te...

https://domov.sme.sk/c/22682726/dobre-rano-na...

https://domov.sme.sk/c/22692476/dobre-rano-du...

https://domov.sme.sk/c/22695874/dobre-rano-po...

https://domov.sme.sk/c/22697503/dobre-rano-sl...

https://domov.sme.sk/c/22698245/dobre-rano-re...

https://domov.sme.sk/c/22700362/ciganikova-zk...

https://domov.sme.sk/c/22701100/dobre-rano-su...

https://domov.sme.sk/c/22708411/dobre-rano-in...

https://domov.sme.sk/c/22732688/dobre-rano-pc...

https://domov.sme.sk/c/22733779/dobre-rano-zi...

https://domov.sme.sk/c/22739972/dobre-rano-po...

https://domov.sme.sk/c/22747075/dobre-rano-tr...

https://domov.sme.sk/c/22762538/dobre-rano-pe...

https://domov.sme.sk/c/22773751/dobre-rano-ka...

https://domov.sme.sk/c/22777445/dobre-rano-he...

https://domov.sme.sk/c/22784521/dobre-rano-zi...

https://domov.sme.sk/c/22805418/dobre-rano-pr...

https://domov.sme.sk/c/22829271/dobre-rano-28...

https://domov.sme.sk/c/22837093/dobre-rano-zi...

https://ekonomika.sme.sk/c/22824031/dobre-ran...

https://index.sme.sk/c/22894959/dobre-rano-tw...

https://komentare.sme.sk/c/22741186/vyvazenos...

https://picuscapital.sk/nad-uvazuje-nad-zruse...

https://picuscapital.sk/procka-skoro-trafil-s...

https://picuscapital.sk/sorosova-stetka-novin...

https://podcasty.sme.sk/c/22778554/narodenino...

https://podcasty.sme.sk/c/22789525/kto-bude-t...

https://svet.sme.sk/c/22659323/dobre-rano-v-i...

https://video.sme.sk/c/22671617/viskupic-zo-s...

https://video.sme.sk/c/22674380/mikulec-pytal...

https://video.sme.sk/c/22701016/knaz-gavenda-...

https://video.sme.sk/c/22732663/pobudova-nedu...

https://video.sme.sk/c/22738582/taterka-belak...

https://video.sme.sk/c/22740122/hasic-james-m...

https://video.sme.sk/c/22777499/hutyrova-z-no...

https://video.sme.sk/c/22782736/m-kollar-viem...

https://video.sme.sk/c/22799105/behavioralny-...

https://video.sme.sk/c/22799593/skolska-psych...

https://video.sme.sk/c/22801297/zachranar-maj...

https://video.sme.sk/c/22810791/trener-psov-g...

https://video.sme.sk/c/22811361/kolikova-je-n...

https://video.sme.sk/c/22820060/sulik-zvolit-...

https://video.sme.sk/c/22837011/kmec-z-hlasu-...

https://video.sme.sk/c/22858362/onkolog-korec...

https://video.sme.sk/c/22862991/orlovsky-z-mi...

https://www.facebook.com/KancelariaKoordinato...

https://www.facebook.com/NightOfChances/video...

https://www.facebook.com/events/2369517359862...

https://www.facebook.com/events/3449807006725...

https://www.facebook.com/events/4150801933453...

https://www.facebook.com/events/5322329348031...

https://www.facebook.com/events/6733075872800...

https://www.facebook.com/events/9618437111305...

https://www.facebook.com/groups/2232758326/pe...

https://www.facebook.com/hrot.info/photos/a.8...

https://www.facebook.com/ipcko/photos/a.36718...

https://www.facebook.com/ipcko/photos/a.36718...

https://www.facebook.com/mosr.sk/photos/a.801...

https://www.facebook.com/photo.php?fbid=15412...

https://www.facebook.com/photo.php?fbid=26934...

https://www.facebook.com/photo.php?fbid=48152...

https://www.facebook.com/photo.php?fbid=48749...

https://www.facebook.com/planobnovy/videos/25...

https://www.facebook.com/pohoda.festival/vide...

https://www.facebook.com/prezziden/photos/a.6...

https://www.facebook.com/projektn.sk/videos/2...
https://www.facebook.com/slobodaslovajegarant...

https://www.facebook.com/sme.sk/videos/646651...

https://www.facebook.com/sme.sk/videos/966640...

https://www.facebook.com/vedator.svk/videos/7...

https://www.facebook.com/zcaputova/videos/967...

https://www.hlavnespravy.sk/liberali-chceli-v...

https://www.youtube.com/watch?v=U3dTsjAIpGg

https://www.youtube.com/watch?v=hT8vpThSAQU

https://youtu.be/wCTs6ff-RRQ

A snip from the network map tracking the occurrence 
and spread of the keyword „Kovačič Hanzelová“ on Slovak 
Facebook pages/groups (from 3 May 2021 to 1 May 2022) 
– clusters with a prevalence of pro-Russian actors.
The size of the „node“ (page/cluster) illustrates the 
number of shares of posts in which the keyword 
(Kovačič Hanzelová) was used.  

IMAGE 4
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subvert the political system, undermine the trust and will of 
citizens to defend the democratic and the rule of law state 
and call into question the importance of the Slovak Republic‘s 
membership of NATO and the EU.‘ 

The identified actors spreading disinformation have been ac-
tive on the Slovak internet and social networks for several 
years, spreading a nationalist, pro-Russian, and anti-immi-
gration view of the world, opposing the EU/NATO/USA, and 
often supporting a right-wing, nationalist agenda. They have 
supported the far-right Kotleba party – the People‘s Party Our 
Slovakia (SNS), the Republika movement (formed from de-
fectors from the SNS), as well as the Slovak Revival Move-
ment. 

However, their activities against female politicians and jour-
nalists have not yet been more systematically investigated. 
We used a list of pro-Kremlin actors compiled by Gerulata 
Technologies [5] and compared it with findings from our me-
dia monitoring. We found that of the 14 actors on this list who 
have a Facebook page and are identified in the three main 
threat categories, 13 actors in our findings were involved in 

The fact that pro-Kremlin pro-
paganda is operating in Slo-
vakia was admitted by state 
institutions as early as 2016 
when the Ministry of the In-
terior officially stated that 
„Slovakia, like other Central 
and Eastern European coun-
tries, has become the sub-
ject of information influence 
by the influence structures 
of the Russian Federation.“ 
The newly adopted Security 
Strategy 2021 further states 
that ‚harmful strategic pro-
paganda, including disinfor-
mation activities, has the 
potential to polarize society, 

Source: https://www.gerulata.com/docs/gerulata_top_pro_russian_sources.pdf

negative campaigns against the female politicians and jour-
nalists we studied.

The 13 identified actors of disinformation can be divided into 
two main categories – 7 political actors (politicians or parties, 
whether current or former) and six disinformation portals.

Of the seven politicians or parties, the most visible on Face-
book was the deputy chair of the SMER-SD party, Ľuboš Blaha, 
who had a huge number of followers until 14 June, when Meta 
shut down his public page for repeatedly violating communi-
ty standards. Among the active disseminators of pro-Kremlin 
propaganda on our list is also Tomáš Taraba, a non-attached 
MP who ran on the candi-date list of the fascist party Kot-
leba – People‘s Party Our Slovakia for the 2020 parliamentary 
elec-tions, Milan Uhrík from Republika (formerly Kotleba‘s 
People‘s Party Our Slovakia), Róbert Švec (chairman of the 
nationalist Slovak Revival Movement), university teacher and 
former politician Eduard Chmelár, and Štefan Harabin, former 
chairman of the Supreme Court of the Slovak Republic and 
Minister of Justice (in Robert Fico‘s government).

As for the other actors on the list, there are also Slobodný 
vysielac, DAV DVA, Hlavné zprávy, No-comment.sk, Blog 
of Investigative Journalism and Hlavný denník.

Tackling misinformation is extremely challenging and requires 
a comprehensive approach at multiple levels, from education 
and promoting critical thinking to monitoring and regulating 
content on the internet. Especially after the start of the Rus-

FINDINGS sian aggression in Ukraine, 
a number of countries, includ-
ing Slovakia, started blocking 
disinformation sites. The Na-
tional Security Office (NSA) 
has this power under Act No. 
69/2018 Coll. on Cyber Secu-
rity until 30 September 2022. 
Until recently, four sites were 
blocked – Main News, Army 
Magazine, Main Daily, and In-
fovojna.

At the same time, the NSA 
has submitted for comment 
an amendment to the afore-
mentioned law on cyber se-
curity, which, if approved, 
would introduce better rules 
for blocking websites. The 
proposal for blocking would 
come from an authorized law 
enforcement entity (not the 
NSA itself) and would further 
be subject to court approval. 
It would take effect during 
the autumn of 2022.

[1]  https://datareportal.com/reports/digital-2022-slovakia  

[2]  https://memo98.sk/

[3]  The calculations were performed using the computing 
infrastructure of the SIVVP - Slovak Infrastructure for High-
Performance Computing project, ITMS project 26230120002 and 
26210120002, which was supported under the ERDF-funded 
Operational Programme Science and Research.

[4]  Bastian M., Heymann S., Jacomy M. (2009). Gephi: an open source 
software for exploring and manipulating networks. International AAAI 
Conference on Weblogs and Social Media.

[5]  https://blog.gerulata.com/russian-propaganda-network-in-
slovakia/, https://www.gerulata.com/docs/gerulata_top_pro_russian_
sources.pdf
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EuroCC 
International 
Collaboration 

Twinning Slovakia 
 – Czech Republic

National competence centers for HPC from the Czech Repub-
lic and Slovakia organized two twinning events during the 
spring months.

We met with the representatives of the CESNET association 
(M. Ruda, D. Antoš) and IT4I (B. Jansík, T. Karásek) on April 
19, 2022 at Smolenice castle in Slovakia with the goal of ex-
changing best practices in the field of providing cloud ser-
vices to users from academia and also industry.

Twinning Slovakia
 – Slovenia

Slovak National Competence Centre for HPC started a collabo-
ration with the Slovenian Competence Centre in the area of 
education. The partnership started with an online workshop, 
where both competence centers introduced their activities, 
especially concerning trainings. They followed it up by orga-
nizing joint online courses for participants from both coun-
tries, which will continue in the fall of 2022. You can find more 
information at our website.

The second workshop was aimed at the so-called engineering 
applications, e. g. complex fluid dynamics, turbulence, heat 
transfer, acoustics and mechanics. The workshop was also at-
tended by representatives from private companies. A short 
introduction of the National Competence Centre and the Eu-
roCC project was therefore a part of the program as well as 
HPC capacities and services access in Slovakia and Europe. 
We debated successful collaborations with SMEs in the area 
of engineering applications with T. Karásek a T. Brzobohatý.
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Short 
News

EuroCC 2 
– the Competence Centre Continues

The EuroCC 2 project, which oversees the activities of the 
Competence Centre for HPC, will start in January 2023. Its 
hosting institution in Slovakia will be the newly established 
National Supercomputing Centre. In the next three years the 
project will focus especially on the development of the com-
petences and services in the area of high-performance com-
puting and support for small and medium enterprises, aca-
demia and public sector through cooperation and solutions 
based on HPC technologies.

The workshop took place in-person in Slovakia at the manor 
house Mojmirovce and the participants had a chance to gain 
a complex theoretical overview as well as practical experi-
ences with the Quantum Monte Carlo methods and their ap-
plication to molecular (Quantum Package and CHAMP) and 
periodic systems (TurboRVB). The lectures were given by 
world-class experts from the TREX Center of Excellence.

TREX CoE Quantum Monte Carlo 
Summer School

TREX Centre of Excellence in HPC for Quantum Chemistry in 
cooperation with the SAS Institute of Physics and the Na-
tional Competence center for HPC organized a workshop on 
Quantum Monte Carlo methods (QMC). 
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HPC Promotional Talks  
– Come Learn More

During the last academic term NCC for HPC organized promo-
tional talks on various subjects concerning high performance 
computing. You can view the recordings of various interest-
ing talks on artificial intelligence and its deployment in our 
video archive. We plan to provide talks on the topic of quan-
tum technologies from a number of Slovak experts during the 
next semester – follow our webpage and social media!
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