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SUPERCOMPUTER "GOVORUN" —
NEW PROSPECTS FOR HETEROGENEOUS
COMPUTATIONS AT JINR

Gheorghe Adam, Vladimir Korenkov, Dmitry Podgainy?,
Oksana Streltsova

LJoint Institute for Nuclear Reasearch
E-mail: ®podgainy@jinr.ru

The report provides description of the “HybriLIT” heterogeneous platform that is a
component of the Multipurpose information and computing complex (MICC) of JINR.
HybriLIT includes “GOVORUN” supercomputer and education and testing polygon; its
platform is based on the latest computation architectures (processors; co-processors; graphical
accelerators), and also modern software such as Intel Cluster Studio, CUDA, Matlab, etc.;
thus, allowing to carry out extra-massive computations and reach sufficient acceleration.
“GOVORUN?” supercomputer meets all the requirements for modern HPC systems:

1. Possibilities for dynamic expansion of the cluster by means of adding new

computation nodes;
2. Possibilities for synchronous updates of the software on computation nodes;
3. Swiftinstallation and maintainability of nodes on the cluster after failures and reloads.

For efficient use of computation resources of the supercomputer, information environment
has been developed. It includes services that provide possibilities for interaction with users,
development of applications, notifications on the upcoming events, and organization of
tutorials on parallel programming technologies.

Also, the report provides information on the current use of the “GOVORUN” supercomputer
resources for the tasks being solved at JINR.
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CRIC: THE INFORMATION SYSTEM
FOR LHC DISTRIBUTED COMPUTING

Alexey Anisenkov

Budker Institute of Nuclear Physics
E-mail: alexey.anisenkov@cern.ch

The Worldwide LHC Computing Grid infrastructure links about 200 participating computing
centers affiliated with several partner projects. It is built by integrating heterogeneous
compute and storage resources in diverse data centers all over the world and provides CPU
and storage capacity to the LHC experiments to perform data processing and physics analysis
at petabytes scale data operations. Moreover the experiments extend the capability of WLCG
distributed environment by actively connecting opportunistic Cloud platforms, HPC and
volunteer resources. In order to be effectively being used by the experiments, these distributed
resources should be well described, which implies easy service discovery and detailed
description of service configuration. CRIC represents the evolution of ATLAS Grid
Information System (AGIS) into the common experiment independent high-level information
framework which has been evolved in order to serve not just ATLAS Collaboration needs for
the description of distributed environment but any other virtual organization relying on large
scale distributed infrastructure as well as the WLCG on the global scope. CRIC collects
information from various information providers, complements it with experiment-specific
configuration required for computing operations, performs data validation and provides
coherent view and topology description to the LHC VOs for service discovery and usage
configuration. In this contribution we describe the design and overall architecture of the
system, recent developments and most important aspects of the CRIC framework components
implementation and features like flexible definition of information models, built-in collectors,
user interfaces, advanced fine-granular authentication/authorization and others.
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THE CMS TIER1 AT JINR: FIVE YEARS
OF OPERATIONS

Andrey Baginyan, Anton Balandin, Sergey Belov, Andrey Dolbilov,
Alexey Golunov, Natalia Gromova, Ivan Kadochnikov,
Ivan Kashunin, Vladimir Korenkov, Valery Mitsyn,
Igor Pelevanyuk, Sergey Shmatov, Tatiana Strizh?,
Vladimir Trofimov, Nikolay Voytishin, Victor Zhiltsov

Joint Institute for Nuclear Research
E-mail: strizh@jinr.ru

This talk summarizes five years of operational experience of the WLCG Tierl computer
centre at the Laboratory of Information Technologies of Joint Institute for Nuclear Research,
which serves the CMS experiment at LHC. In early 2013 the Tierl prototype was deployed
and its trial operation began. March, 2015 is the date of finalization of this complex and
commissioning a full-scale Tierl centre for CMS at JINR. Since its inception it was
continuously adapted to the new requirements, introducing new hardware and technologies as
they became available. The resources provided by the centre to the CMS experiment have
increased significantly and it is on top reliability levels as compared to other Tierl centers
processing data for CMS. A special Tierl network centre was developed to provide scalability
of its network infrastructure. Additional work has been done in the recent years in hardware
and services monitoring. Future modernization and increase of the Tierl performance will
provide possibilities of efficient and fast processing and reliable storage of the CMS data to
cope with high luminosity and high energy of the collisions of LHC run 3.
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THE ATLAS EVENTINDEX AND ITS EVOLUTION
BASED ON APACHE KUDU STORAGE

Dario Barberis

University and INFN Genova
E-mail: dario.barberis@ge.infn.it

The ATLAS experiment produced hundreds of petabytes of data and expects to have one order
of magnitude more in the future. This data are spread among hundreds of computing Grid
sites around the world. The Eventindex catalogues the basic elements of these data - real and
simulated events. It provides the means to select and access event data in the ATLAS
distributed storage system, and provides support for completeness and consistency checks and
data overlap studies. The Eventindex employs various data handling technologies like
Hadoop and Oracle databases, and is integrated with other elements of the ATLAS distributed
computing infrastructure, including systems for data, metadata, and production management
(AMI, Rucio and PANDA). The project is in operation since the start of LHC Run 2 in 2015,
and is in permanent development in order to fit the analysis and production demands and
follow technology evolutions. The main data store in Hadoop, based on MapFiles and HBase,
can work for the rest of Run 2 but new solutions are explored for the future. Kudu offers an
interesting environment, with a mixture of BigData and relational database features, which
looked promising at the design level and is now used to build a prototype to measure the
scaling capabilities as a function of data input rates, total data volumes and data query and
retrieval rates. An extension of the Eventindex functionalities to support the concept of
Virtual Datasets produced additional requirements that are tested on the same Kudu prototype,
in order to estimate the system performance and response times for different internal data
organisations. This talk reports on the current system performance and on the first
measurements of the new prototype based on Kudu.
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BIG DATA AS THE FUTURE
OF INFORMATION TECHNOLOGY

Alexander Bogdanov?, Alexander Degtyarev, Vladimir Korkhov,
Thurein Kyaw

St.Petersburg State University
E-mail: ®bogdanov@csa.ru

Currently, the problem of "Big Data" is one of the most, if not the most urgent in computer
science. Its solution implies the possibility of processing uncorrelated and heterogeneous data
of large volume, the implementation of their integration from distributed sources by
consolidation or federalization methods and ensuring the security of access and storage of
these data. Only the creation of technology that provides processing and storage of dissimilar,
uncorrelated data of large volume can be considered a breakthrough result corresponding to
the world level. To effectively address these issues, a new definition of this concept is
proposed, namely, "Big Data" is characterized by the situation when the conditions for
implementing the CAP theorem are relevant. The CAP theorem is a heuristic statement that
in any realization of distributed computations, it is impossible to provide the following three
properties: Consistency, Availability and Partition Tolerance. Thus, depending on which of
the properties cannot be implemented, we are dealing with different types of "Big Data". And
this, in turn, means that a standard approach based on the MapReduce concept has a limited
scope of applicability. Various possibilities for implementing data processing in different
cases are discussed, and a conclusion is made about the need to create an ecosystem of "Big
Data". The work will review the world market of Big Data technologies, and also describe the
state of work on this problem in various countries. At the end of the article, we will talk about
the opportunities that the solution of the problem opens for various fields of science and
business.
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THE DESIGNING OF CLOUD INFRASTRUCTURE
CONSISTING OF GEOGRAPHICALLY DISTRIBUTED
DATA CENTERS

Petr Fedchenkov?, Nikita Samokhin?, Sergey Khoruzhnikov?,
Oleg Lazo?!, Andrey Shevel22

LITMO University
2NRC "Kurchatov Institute" PNPI

E-mail: ?shevel_aye@pnpi.nrcki.ru

University ITMO (ifmo.ru) is designing the cloud of geographically distributed data centers
under centralized administration to control the distributed virtual storage, virtual data links,
virtual machines, and data center infrastructure management. Resulted cloud has to be tolerant
to hardware and software failures of any type. The integrated set of programs is developed to
implement mentioned goals. Each program of the set is relatively independent program agent
in form of VM or container which can run on different hardware servers. Any agent might
send the request for specific service to another agent with developed protocol. The cloud
system of distributed data centers assumes well known functionality. The creation,
management, and provision of services with defined SLA: virtual machines, long-term data
storage, data links with ability to encrypt the transferred data, and so on. In presented approach
most of above functions are implemented in form of program agents. The installation of the
system in a number of data centers is implemented with a range of automated deployment
steps. Many FOSS components like Openstack, CEPH, SALT, Grafana/Kibana, Zabbix, etc
were used as toolkits in this design. The developed cloud is now under heavy
testing/modifications.

26



CLOUD-BASED COMPUTING FOR LHAASO
EXPERIMENT AT IHEP

Qiulan Huang?, Weidong Li, Yaodong Cheng, Haibo Li, Tao Cui,
Xiaowei Jiang

Institute of High Energy Physics, Chinese Academy of Sciences
E-mail: *huanggl@ihep.ac.cn

Mass data processing and analysis contribute much to the development and discoveries of a
new generation of High Energy Physics. The LHAASO(Large High Altitude Air Shower
Observatory) experiment of IHEP located in Daocheng, Sichuan province (altitude 4410 m),
is expected the most sensitive project to study the problems in Galactic cosmic ray physics,
and requires massive storage and computing power, which is urgent to explore new solutions
based on cloud computing models to integrate distributed heterogeneous resources. However,
it faces with high operation and maintenance costs, system instability and other issues. To
address these issues, we introduce cloud computing technology for LHAASOQO in order to make
sure the system availability and stability, as well as simplify system deployment and
significantly reduce the maintenance cost. Particularly, we discuss the cloud-based computing
architecture to federate distributed resources across regions for LHAASO experiment,
including distributed resource management, job scheduling, distributed monitoring and
automated deployment. Also container orchestration is introduced to make use of the load
balancing and fault tolerance to improve system availability. The prototype is based on
Openstack and HTCondor to achieve a unified resource management and scheduling job
across regions transparently, located in Beijing, Chengdu and Daocheng, some commercial
cloud also included like Alibaba Cloud. We also report a dynamic resource provisioning
approach to achieve the resource expansion on demand and the efficient job scheduling, so as
to improve the overall resource utilization. Considering serving data access from remote site,
we design a remote storage system named LEAF to provide the unified data view, data cache
as well as high performance of data access over WLAN. This presentation also will discuss
the cloud-based open platform for LHAASO. The feature of the platform makes it possible to
do data analysis by the web browser as data, software and computing resources are available
in cloud. Finally, a proposal of integrating the HPC facility into the current computing system
to faster LHAASO reconstruction jobs will be discussed.
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PIK COMPUTING CENTRE
Andrey Kiryanov

NRC "Kurchatov Institute" PNPI
E-mail: globus@pnpi.nw.ru

In the framework of the PIK nuclear reactor reconstruction project, a new PIK Computing
Centre was commissioned in 2017, the main task of which is storage and processing of PIK
experiments data. The Centre's capacity is also used by other scientific groups at PNPI for
solving problems in different areas of science such as computational biology and condensed
matter physics. It also becomes an integral part of computing capacities of NRC "Kurchatov
Institute”. The PIK Computing Centre has a heterogeneous structure and consists of several
types of computing nodes suitable for a wide range of tasks and two independent data storage
systems, all of which are interconnected with a fast InfiniBand network. The engineering
infrastructure provides redundant main power and two independent UPS installations for
computing equipment and for cooling system.
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REAL-TIME EVENT RECONSTRUCTION AND
ANALYSIS IN THE CBM EXPERIMENT AT FAIR
USING HPC

Ivan Kisel (for the CBM collaboration)

Goethe University Frankfurt
E-mail: i.kisel@compeng.uni-frankfurt.de

CBM is a future heavy-ion experiment at FAIR, Darmstadt. It is characterised by up to 10
MHz collision rates, a large amount of produced particles, non-homogeneous magnetic fields
and a very complex detector system. Event reconstruction is the most complicated and time
consuming task of the data analysis in the CBM experiment with up to one thousand particles
per central collision. An additional complication is a continuous data stream represented in
form of time slices. All of the above mentioned makes it necessary to develop fast and
efficient reconstruction algorithms and to optimise them for running on heterogeneous many-
core HPC clusters. The First-Level Event Selection (FLES) package is intended to reconstruct
online the full event topology including trajectories (tracks) of charged particles and short-
lived particles without low-level hardware triggers. The FLES package consists of several
modules: Cellular Automaton (CA) track finder, Kalman Filter (KF) based track fitter, KF
based short-lived particle finder and physics selection. The FLES package is platform and
operating system independent. It is portable to different many-core CPU architectures. The
package is vectorised using SIMD instructions and parallelised between CPU cores. All
algorithms are optimised with respect to the memory usage and the speed. The CA track finder
takes 10 ms per minimum bias event on a single CPU core. The KF track fitter estimates
parameters of about 400 particles in a ps on a GPU card. Decays of short-lived particles in
more than 100 channels are searched and analysed in about 2 ms. The whole FLES package
shows a strong scalability many-core CPU systems achieving the reconstruction speed of
1700 events/s on a 80-cores server and 2.2-105 events/s on an HPC cluster with 100 nodes.
The developed FLES algorithms can be of interest for other HEP experiments as well.
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BIGPANDA EXPERIENCE ON TITAN
FOR THE ATLAS EXPERIMENT AT THE LHC

Alexei Klimentov'?, Kaushik De?, Danila Oleynik?,
Ruslan Mashinistov*, Jack Wells®

'Brookhaven National Lab
2University of Texas at Arlington
3Joint Institute for Nuclear Research
4NRC "Kurchatov Institute"
°0Oak Ridge National Laboratory

E-mail: 2alexei.klimentov@cern.ch

The PanDA software is used for workload management on distributed grid resources by the
ATLAS experiment at the LHC. An effort was launched to extend PanDA, called BigPanDA,
to access HPC resources, funded by the US Department of Energy (DOE-ASCR). Through
this successful effort, ATLAS today uses over 25 million hours monthly on the Titan
supercomputer at Oak Ridge National Laboratory. Many challenges were met and overcome
in using HPCs for ATLAS simulations. ATLAS uses two different operational modes at Titan.
The traditional mode uses allocations - which require software innovations to fit the low
latency requirements of experimental science. New techniques were implemented to shape
large jobs using allocations on a leadership class machine. In the second mode, high priority
work is constantly sent to Titan to backfill high priority leadership class jobs. This has resulted
in impressive gains in overall utilization of Titan, while benefiting the physics objectives of
ATLAS. For both modes, BigPanDA has integrated traditional grid computing with HPC
architecture. This talk will summarize the innovations to successfully use Titan for LHC
physics goals
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JINR MULTIFUNCTIONAL INFORMATION
AND COMPUTING COMPLEX:
STATUS AND PERSPECTIVES

Vladimir Korenkov?, Andrey Dolbilov, Valery Mitsyn,
Tatiana Strizh®, Nikolay Kutovskiy, Dmitry Podgainy,
Oksana Streltsova, Vladimir Trofimov

Joint Institute for Nuclear Research
E-mail: 2korenkov@jinr.ru, ®strizh@jinr.ru

JINR possesses a complex informational-computational infrastructure. The uninterrupted
functioning of all its elements at the right level is mandatory for the fulfillment of the JINR
scientific research programmes. The support of this infrastructure fully functional is a major
task of the Laboratory of Information Technologies. Follows from the noticeable diversity of
the scientific targets defined by the JINR research the Multifunctional Information and
Computing Complex (MICC) was developed as distributed computing infrastructure fulfilling
all the needs. The MICC should meet the requirements for a modern highly performant
scientific computing complex: multi-functionality, high performance, task adapted data
storage system, high reliability and availability, information security, scalability, customized
software environment for different existing user groups, high performance
telecommunications and modern local network. Dedicated MICC components are: the CMS
Tierl grid site; JINR Tier2 grid site providing support to the virtual organizations (VOs)
concerning the JINR participation in the LHC experiments (ATLAS, ALICE, CMS, LHCb),
other VOs within large-scale international collaborations with the JINR groups and,
traditionally, the sequential computing tasks of non-grid JINR; cloud computing structure
aimed at expanding the range of services provided to the users and at creating an integrated
cloud environment of the JINR Member States; high performance heterogeneous computing
platform HybriLIT, the main part of which is supercomputer “Govorun”. A brief status
overview of each component is presented. Particular attention is given to the development of
distributed computations performed in collaboration with CERN, BNL, FNAL, FAIR, China,
and JINR Member States. We present our plans to further develop MICC as a center for
scientific computing within the multidisciplinary research environment of JINR and JINR
Member States, and particularly for megascience projects, such as NICA.
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MULTICOMPONENT CLUSTER MANAGEMENT
SYSTEM FOR THE COMPUTING CENTER AT IHEP

Anna Kotliar, Ekaterina Popova, Victoria Ezhova, Viktor Kotliar?

NRC "Kurchatov Institute” IHEP
E-mail: 2victor.kotlyar@ihep.ru

Cluster management system is a core part of any computing infrastructure. Such system
includes components for allocating and controlling over resources for different computing
tasks, components for configuration management and software distribution on the computing
hardware, components for monitoring and management software for the whole distributed
infrastructure. The main goals of such system are to create autonomic computing system with
functional areas such as self-configuration, self-healing, self-optimization and self-protection
or to help to reduce the overall cost and complexity of IT management by simplifying the
tasks of installing, configuring, operating, and maintaining clusters. In the presented work
current implementation of the multicomponent cluster management system for the IHEP
computing center will be shown. For the moment this system consists of event-driven
management system, configuration management system, monitoring and accounting system
and a chat-ops technology which is used for the administration tasks.
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ELECTRONIC, DYNAMICAL AND
THERMODYNAMIC PROPERTIES OF DNA

Victor Lakhno

Institute of Mathematical Problems of Biology RAS,
Keldysh Institute of Applied Mathematics of RAS

E-mail: lak@impb.ru

The idea to use DNA molecule as a base element for nanobioelectronics is discussed. It could
be considered as some molecular wire where a typical charge transfer/transport pattern can
physically be viewed as a polaron and/or soliton which mobility can be very low. A computer
experiment demonstrates that mobile breather excited near one of the ends of DNA can trap
the polarons. The formed quasiparticle can move along the molecule for a long distance and
does not require the electric field. The dynamics of charge migration was modeled to calculate
temperature dependencies of its thermodynamic equilibrium values such as energy, electronic
heat capacity and reaction constants for different nucleotide sequences. The mechanism of
charge transfer for a long distance due to polaron melting is considered. Special attention is
given to: dynamical behavior of electrons in regular polynucleotide chains, dynamics of
polaron states formation in Peyrard — Bishop- Dauxois chain, polaron motion in an electric
field, the role of dispersion, Bloch oscillations and breather states.

The work was supported by RSF project 16-11-10163.
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FILE TRANSFER SERVICE AT EXABYTE SCALE

Andrea Manzi

CERN, the European Organization for Nuclear Research
E-mail: andrea.manzi@cern.ch

The File Transfer Service (FTS) is an open source solution for data transfers developed at
CERN. It has been used for almost 4 years for the CERN LHC experiments data distribution
in the WLCG infrastructure and during this period the usage has been extended to non-CERN
and non-HEP users, reaching in 2017 almost an Exabyte of transferred data volume.

The talk will focus on the service architecture and main features, like the transfer optimizer,
the multi protocol support, cloud extensions and monitoring. The ongoing and future activities
around FTS are also going to be presented, like the integration with OpenlD Connect and
CDML.
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LARGE SCALE SIMULATIONS WITH PARALLEL
ANNEALING ALGORITHM

Lev Shchur

Landau Institute for Theoretical Physics, Science Center in Chernogolovka
E-mail: levshchur@gmail.com

Population annealing algorithm designed for the simulations of the statistical mechanics
systems with rugged free energy landscape. We report on the realization of the algorithm for
the use on the hybrid computing architecture combining CPU and GPGPU. Algorithm is fully
scalable. We report application of the developed realization to several interesting problems.
Algorithm can be applied to any system of statistical mechanics, described by partition
function.

Work is supported by the grant of Russian Science Foundation 14-21-00158.
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TIER-1 CENTRE AT NRC “KURCHATOV INSTITUTE”
BETWEEN LHC RUN2 AND RUN3

Igor Tkachenko?, Eygene Ryabinkin, Alexander Rogovskiy,
llya Lyalin

National Research Center "Kurchatov Institute"
E-mail: *tia@qrid.kiae.ru

The issues of development and modernization of the Tier-1 center at the National Research
Center "Kurchatov Institute™ are considered in accordance with the changing requirements of
experiments at the Large Hadron Collider. Increasing requirements for computing resources,
drived by increase in simulations, led to an increase in their volumes, which in turn required
the development of automation of the processes of managing the installation and
configuration of the software. To improve the quality of the software management system and
minimize the risk of errors during the nodes automatic configuration a code review system

was implemented. A new system for in-demand provision of additional computing resources
from supercomputing cluster was developed and implemented.
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DIRAC SERVICES FOR SCIENTIFIC COMMUNITIES

Andrei Tsaregorodtsev

Center for Particle Physics of Marseilles IN2P3 CNRS
E-mail: atsareg@in2p3.fr

The software framework developed by the DIRAC Project provides all the necessary
components for building distributed computing systems for large-scale scientific
collaborations. It supports both workload and data management tasks, therefore providing an
integral solution for computing models of various scientific communities. DIRAC is used by
several large High Energy Physics experiments, most notably by the LHCb Collaboration at
CERN. The DIRAC services provided by several grid infrastructures are giving access to the
framework to researchers from other scientific domains with applications largely differing in
their scale and properties. The DIRAC development plans are strongly influenced by these
new communities aiming to satisfy their specific needs. In this contribution we will present
recent DIRAC evolution for enhancing services provided by grid infrastructure projects, in
particular those provided by the EOSC-Hub project for the users of the European Grid
Infrastructure.
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DEEP MACHINE LEARNING AND PATTERN/FACE
RECOGNITION BASED ON QUANTUM NEURAL
NETWORKS AND QUANTUM GENETIC ALGORITHM

Sergey Ulyanov?, Andrey Reshetnikov, Nikita Ryabov

Dubna State University
E-mail: 2ulyanovsv@mail.ru

In report a new approach for deep machine learning and pattern recognition based on quantum
neural network and quantum genetic algorithm is described. The structure of quantum fuzzy
neural network is considered. Examples of pattern recognition is described. The method of
global optimization in control problems is considered on example of quantum genetic
algorithm. The structure on quantum genetic algorithm is introduced. Information technology
of intelligent control system design based on quantum soft computing is presented. Example
of quantum genetic algorithm application for control of nonlinear “carte-pole” system is
described. Application of modified Grover quantum search algorithm in unstructured big
database is discussed. Quantum soft computing optimizer of knowledge bases is presented.
This report discusses the development of robust intelligent control systems. Special attention
is paid to the algorithm of quantum fuzzy inference, in particular to the stage of determining
the type and form of quantum correlation. Automating the choice of the type of quantum
correlation can be done with the help of a quantum genetic algorithm whose analysis and
choice are considered in this report.
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ADVANCED GLOBAL NETWORK SERVICES
TO SUPPORT RESEARCH EXCELLENCE

Rudolf Vohnout!?2, Vincenzo Capone?

\GEANT
2CESNET

E-mail: ®rudolf.vohnout@cesnet.cz

With the focus on cloud services and the benefits of using the exclusive contracts with major
cloud providers made by the effort of the community, GEANT provides unique access to the
cloud resources for all its members. Based on CERN experience and data generated by LHC,
especially with CMS experiment, working with physics community has been always
challenging for GEANT so as the motivation to provide best services possible to accelerate
top research on European and thanks to cooperation with overseas partners also at global
scale. As there is a strong cooperation between physical research teams in Geneva and Dubna,
GEANT is investigating ways to optimize the connection between the research institutions
and labs. This paper (and hopefully presentation) will focus on possible solutions of
interconnection of the cooperating research teams in JINR and CERN in order to support their
research activities. The situation in Russia was so far more complicated than in other countries
due to the existence of more National Research and Education Networks (aka NRENS)
providing services to different customers and they were not so keen to cooperate in order to
be able to deliver optimal supportive environment to the community it deserves.
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OPI'AHM3AIIUA JOCTYIIA
K OKCIOHEPUMEHTAJIbHBIM JAHHBIM
YCTAHOBKH UTAP B PEXXUME YVJIAJEHHOM
IMYyJbTOBOU

Exarepuna MuponoBa, Urops Cemenon?, Qsier CemeHOB,
Cepreii IlopTone

Illpoexm UTOP
E-mail: 3.semenov@iterrf.ru

B macrosmee Bpemst B Poccun, Ha 6aze IIpoextnoro Llentpa UTOP, co3gan mportotum
Lentpa ynaneHHOro y4yacTusi B DKCIIEPHUMEHTAaX Ha KPYMHBIX (PU3WYECKUX YCTaHOBKax -
Remote Participation Center. Lleab — co3nanue eIUHON UCCIIEI0BATEILCKON CPEIbl HAYIHO-
HCCIIEIOBATENbCKUX  LIEHTPOB, JIa0OpaTOpuid W  YHMBEPCHUTETOB, YYaCTBYIOIIMX B
HCCIEAOBAHMSIX TI0 YIPABIIEMOMY TepMosiepHOMy cuHTe3y. OcHOBHOM 3amadeil Llentpa
TaKXkKe SBISETCA OTpabOTKa CHCTEM YIPABICHUS OUArHOCTHYECKUX KOMIUIEKCOB,
noctanisieMbix Poccuiickoit @eaepanuei B Mexnynapoansiii npoekt UTOP. IIpoekt UTOP
(ITER — International Thermonuclear Experimental Reactor) B Hactosiiiee Bpemsi sBiseTCS
OJHUM K3 HamOoJiee CIIOKHBIX MEXKIYHAPOAHBIX HAyYHO-TEXHMYECKHX Mera IPOEKTOB.
CobcTBeHHO, ycTaHOBKa coopyxaeTcst Bo Dpanrmum B LleHTpe aTOMHBIX HCCIIETOBaHUN
Kanmapam. B mpoekte yuyacTByroT cemb ctpaH: Poccus, O0benunénnas Erpomna, Kuraii,
WNunusa, Kopes, CIIA, Smonus. Ctoumocts mpoekta okoyio 20 mipa. mosmiapos (Joms
Poccun ~2 mipa. nonnapos). 3aBepleHne CTPOUTENLCTBA (TepBas miazma) B 2026 roxy. B
OCHOBY TIPOEKTa 3aJI0’KE€H MPHUHIIUII CO3/IaHUs BBICOKOTEMIIEpaTypHOU Tuia3mbl (150 miH.
rpamgycoB) Ha ocHoBe ycraHoBkm TOKAMAK. Ilpeanonaraercs, uro HWTOP Oyaer
npon3BoAuTh mopsaka 10-15 [16aiT skcriepuMenTanbHOM nHPOpManmu B ron. B nokmane
npeacTasieH 0030p paboT MO OpraHM3alUM YAAJIEHHOrO JOCTYNa K SKCHEPUMEHTATbHBIM
JaHHBIM ¥ JIMCTAHIIMOHHOMY YIPABICHHUIO JHAarHOCTUYECKUM 000pyJOBaHMEM Ha
COBPEMEHHBIX TEPMOSICPHBIX YCTAaHOBKaX, a TaKKe pacCMaTpUBAIOTCSI BOIMPOCHI
OpraHu3alyy nepegadn 0oJbIINX HOTOKOB JaHHBIX B YCJIOBHSAX OTPaHUUYEHHOHN MPOIYCKHON
CHOCOOHOCTH JIMHUM TNepeAau NaHHbIX. Jloknman mpejacTaBisieT WMHTepec Ui (QU3UKOB U
WH)KEHEpOB, paloTalomuX Ha KPYNHBIX (U3WYEeCKMX YCTaHOBKax B  0O0JacTH
MH(POPMALMOHHBIX TEXHOJIOTHH.

Pabora BemonHena mno Koutpakty ¢ [ocymapcrBenHoit Kopmopamueir POCATOM
NeH.4a.241.95.17.1001.
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ALICE DCS PREPARATION FOR RUN 3

Alexander Kurepin? Andre Augustinus, Peter Chochula,
Ombretta Pinazza, Mateusz Lechman, Peter Matthew Bond,
Kevin Cifuentes Salas, John Larry Lang

CERN, the European Organization for Nuclear Research
E-mail: %alexander.kurepin@cern.ch

The ALICE experiment is havy ion collision detector at the CERN LHC. Its goal to study
extreme phase of matter — called quark-gluon plasma. It is collaboration of 41 countries and
more than 1800 scientists. A large humber of complex subsystems requires supervision and
control system. ALICE Control Coordination (ACC) is the functional unit mandated to
coordinate the execution of the Detector control system (DCS).

In 2020, the ALICE experiment at CERN will start collecting data with upgraded detector.
The ALICE upgrade addresses the challenge of reading out and inspecting the Pb-Pb
collisions at rates of 50 kHz, sampling the pp and p-Pb at up to 200 kHz. ALICE O2 project
meres online and offline into one large system with ~8400 optical links, data rate 1.1 TB/s,
data storage ~60PB/year. From DCS 02 requires continuous data flow with ~100 000
conditions parameters for event reconstruction. Data has to be injected into each 20ms data
frame.

DCS-02 interface consists of electronics and software modules for configuring CRU
controllers and provide continuous dataflow to O2 system.

In this talk, we will describe the architecture and functionality of the ADAPOS mechanism.
We will discuss the requirements and results obtained during the test campaign. We will also
provide a description of a new front-end access mechanism allowing for detector control in
parallel to the data acquisition.

A new mechanism, called ADAPOS has been developed. Its role is to collect condition

parameters from the distributed SCADA system and provide this data to O2 - A new combined
online-offline facility.
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THE DISTRIBUTED GRID SITE OF INSTITUTE
OF PHYSICS

Alexandr Mikula'??, Martin Adam?, Jifi Chudoba?,
Dagmar Adamova®, Jana Uhlifoval, Petr Horak!, Petr Voka¢*

Ynstitute of Physics of the Czech Academy of Sciences
2CESNET
3Nuclear Physics Institute of the Czech Academy of Sciences
4Czech Technical University in Prague

E-mail: *mikula@fzu.cz

The Computing Center of the Institute of Physics (IOP) of the Czech Academy of Sciences
serves a broad spectrum of users with various computing needs. The Computing Center hosts
a WLCG Tier-2 for ATLAS and ALICE experiments. There are also other supported
experiments from astroparticle physics, namely Cherenkov Telescope Array and Pierre Auger
Observatory. Center also supports OSG stack for the NOvA and DUNE experiments.
Computing resources are also utilized by local users from IOP through HTCondor batch
system. Hosted storage capacity is divided between grid services (DPM and XrootD) and
locally accessible NFS storage. Computing resources are distributed among several locations
in the Czech Republic. This contribution will describe mentioned topics in more detail. It will
also give insight in our experience with different classes of hardware and with different
approaches of administration and monitoring of all services.

INP BSU GRID SITE

Vladimir Mossolov, Dmitry Yermak, Vitaly Yermolchyk?
Institute for Nuclear Problems, Belarusian State University
E-mail: 2yermolchyk@hep.by

The main goal of INP BSU grid site is to provide access for scientists and students from our
institute to computational power of WLCG and make contribution to data processing. We are
involved in the two greatest modern experiments in particle physics — CMS and ATLAS at
the Large Hadron Collider at CERN. INP BSU grid site is the only certified and production
EGI grid site in Belarus. Also we integrated our cloud resources with JINR cloud.

An overview of INP BSU computational facilities usage and development is presented.
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PROPERTIES OF THE PARALLEL DISCRETE EVENT
SIMULATION ALGORITHMS ON SMALL-WORLD
COMMUNICATION NETWORKS

Liliia Ziganurova'?2, Lev Shchur??

IScientific Center in Chernogolovka,
2Landau Institute for Theoretical Physics
3National Research University Higher School of Economics

E-mail: #ziganurova@gmail.com

We discuss synchronization aspects in the method of large-scale simulation, known as parallel
discrete event simulation (PDES). We build models of the evolution of simulation time profile
in two PDES algorithms, in conservative algorithm and in optimistic one. The models capture
the essential properties of the algorithms, namely, the scalability and the degree of
desynchronization. We investigate the models on small-world communication networks
(SW), which constructed as regular lattices with addition of small fraction of long-range
communication links. SW networks are characterized by the small length of average shortest
path and by the large value of clustering coefficient. We show that synchronization is better,
when processing elements are arranged in SW topology, rather than in regular lattices. In
PDES algorithms on SW network the desynchronization remains constant in the limit of
infinite number of processing elements, and the same time the average utilization remains
positive. We also find, that the degree of clustering in networks has no influence on the
synchronization between processing elements, and the synchronization is mainly affected by
the length of average shortest path. We present the results of our simulations and compare
them with the case-study simulations.

The work is done under the grant RSCF 14-21-00158.

TP Yl OBJIAYHASI UHOPACTPYKTYPA JIATA-
LIEHTPA UHCTUTYTA OU3NKU HAH
A3EPBAMIKAHA

Aunekceil bouasgakos

O6veduHeHHbIl UHCIMUMYM SI0EPHBIX UCCAe008AHUL

E-mail: aleksey@jinr.ru

OCHOBHBIMH ~ HamlpaBlEHWSIMH ~ Pa3BUTHs  Aara-lieHTpa Muctutyra ¢mukun HAH
AszepOaiipkana sIBISIOTCS TpUI U 001ayHble TeXHOoJI0ruu. [1onp3ysce TeM 4yTo rpua-CerMeHT
narta-1ieHTpa uHTerpupoBat B uHdpactpykrypy EGI/WLCG B kadecTBe rpua-caiita ypoBHS
Tier3, monp30BaTenM Jara-leHTPa IMOJIYYalOT BO3MOKHOCTH yd4acTBOBaTb B TaKUX
mexayHapoaHbix npoekrax kak ATLAS (CERN). CorpymHu4YecTBO ¢ MEXIyHApOIHBIMU
HayunbiMu neHtpamu OUWSAM, LHEPH B ob0nacth WHQOPMAaLMOHHBIX TEXHOJOTHHA
crnoco0cTByeT 3PGEKTHBHOMY Pa3BUTHIO JIaTa IIEHTPA, a TAKXKE MMOMOTaeT peliaTh 3a/1a4u
MOJIb30BaTeNIe B TaKUX HAaydHBIX O0ONacTsX, Kak (u3nka BBICOKMX JHEprui, (usmka
TBEpAOro Tena U T. .
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THE BIGPANDA MONITORING SYSTEM
ARCHITECTURE

Aleksandr Alekseev?, Alexei Klimentov?, Siarhei Padolski?,
Tatiana Korchuganoval?, Torre Wenaus?
(on behalf of the ATLAS Collaboration)

!National Research Tomsk Polytechnic University
2Brookhaven National Lab

E-mail: tatianakorchuganova@tpu.ru

Currently-running large-scale scientific projects involve unprecedented amounts of data and
computing power. For example, the ATLAS experiment at the Large Hadron Collider (LHC)
has collected 140 PB of data over the course of Run 1 and this value increases at rate of ~800
MB/s during the ongoing Run 2 and recently has reached 350 PB. Processing and analysis of
such amounts of data demands development of complex operational workflow and payload
systems along with building top edge computing facilities. In the ATLAS experiment a key
element of the workflow management is the Production and Distributed Analysis system
(PanDA). It consists of several core components and one of them is the monitoring. The latter
is responsible for providing a comprehensive and coherent view of the tasks and jobs executed
by the system, from high level summaries to detailed drill-down job diagnostics. The
BigPanDA monitoring has been in production since the middle of 2014 and it continuously
evolves to satisfy increasing demands in functionality and growing payload scales. Today it
effectively keeps track of more than 2 million jobs per day distributed over 170 computing
centers worldwide in the largest instance of the BigPanDA monitoring: the ATLAS
experiment. In this paper we describe the monitoring architecture and its principal features.

THE BIGPANDA SELF-MONITORING
ALARM SYSTEM FOR ATLAS

Aleksandr Alekseev'?, Siarhei Padolski?, Tatiana Korchuganova?

!National Research Tomsk Polytechnic University
2Brookhaven National Lab

E-mail: #frt@tpu.ru

The BigPanDA monitoring system is a Web application created to deliver the real-time
analytics, covering many aspects of the ATLAS experiment distributed computing. The
system serves about 35000 requests daily and provides critical information used as input for
various decisions: from distribution of the payload among available resources to issue
tracking related to any of 350k jobs running simultaneously. It evolves intensively; in
particular, in 2017, the system received 933 commits, delivering new features and expanding
the scope of the presented data. The experience of operating BigPanDA in 24/7 mode led to
development of a multilevel self-monitoring alarm system. This ELK-stack based solution
covers all critical components of the BigPanda: from user authentication to management of
the number of connections to the DB backend. The developed solution provides an intelligent
error analysis, delivering to the operators only those notifications that need human
intervention. We describe the architecture, principal features, and operation experience of
self-monitoring, as well as its adaptation possibilities.
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IMPROVING NETWORKING PERFORMANCE
OF A LINUX NODE

Alexander Bogdanov?!, Nabil Ahmed?, Vladimir Gaiduchok??

1St Petersburg State University
2Saint Petersburg Electrotechnical University "LETI"

E-mail: dgvladimiru@gmail.com

Linux networking performance is excellent. Linux networking stack is perfect, it is very
effective. There are many options that could be configured for different cases. This article is
devoted to questions related to networking stack implementation and configuration. Questions
related to effective configuration will be discussed. Possible problems and solutions will be
shown. Different options for configuration will be discussed. Questions will be discussed on
the example of a computational cluster as well as on the example of a generic node. Effective
usage of existing solutions is very important in both cases. Different aspects of configuration
of the networking stack in general, configuration of TCP/IP stack, configuration of
networking interfaces, real as well as virtual, are discussed in this article. In the end several
recommendations are given.

APPLICATION OF UNIFIED MONITORING SYSTEM
IN LHAASO

Haibo Li, Qingbao Hu?, Qiulan Huang, Wei Zheng, Xiaowei Jiang

Institute of High Energy of Physics, Chinese Academy of Science
E-mail: ®hugb@ihep.ac.cn

LHAASO The on line machinecomputer room of LHAASO experiment located at has high
altitude and poor natural environment. As t, and there is no permanent resident maintenance
manpowerpersonnel, so it needs to deploy an automatic operation and maintenance system
for the remote management. According to the characteristics of the LHAASO cluster
management, we have designed a distributed monitoring framework, to support the site
monitoring and management. In this framework, the monitoring data is collected in real-time
at remote site, then the data is compressed and transferred the data back to IHEP. The servers
at IHEP and used to analyze the data and display the running status via web page. This
monitoring system monitors can monitoring and displays the machine performance of both
physical machine and virtual machine, cluster's service status, job status and equipment
energy consumption information in real-time. The system; detects abnormal equipment and
givesfor real-time alarm; It creates and destroys the virtual machines based on physical
machine states to maintain adequate computing capacity; provide accurate cause of failure for
temporary maintenance staff at LHAASO personnel.
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BIGDATA TOOLS FOR THE MONITORING
OF THE ATLAS EVENTINDEX

Andrei Kazymov!?, Evgeny Alexandrov'®, Fedor Prokoshin?

1Joint Institute for Nuclear Research
2Universidad Tecnica Federico Santa Maria

E-mail: ®kazymai@jinr.ru, "aleksand@jinr.ru

The ATLAS Eventindex collects event information from data both at CERN and Grid sites.
It uses the Hadoop system to store the results, and web services to access them. Its successful
operation depends on a number of different components, that have to be monitored constantly
to ensure continuous operation of the system. Each component has completely different sets
of parameters and states and requires a special approach. A scheduler runs monitoring tasks,
which gather information by various methods: querying databases, web sites and storage
systems, parsing logs and using CERN host monitoring services. Information is then fed to
Grafana dashboards via InfluxDB. Using this platform allowed much faster performance and
flexibility compared to the previously used Kibana system.

PERFORMANCE MEASUREMENTS FOR THE WLCG
COST MODEL

Victoria Matskovskaya

Plekhanov Russian University of Economics
E-mail: viktoriyams@mail.ru

High energy physics community needs metrics that allow to characterize the resource usage
of the experiments workloads detailed enough so that the impact of changes in the
infrastructure or the workload implementations can be quantified with a precision high
enough to guide design decisions towards improved efficiencies. This model has to express
the resource utilization of the workloads in terms of fundamental capabilities that computing
systems provide, such as storage, memory, network, computational operations, latency,
bandwidths etc. To allow sites and user communities use this model to improve also their cost
efficiency, an approach to map these capabilities to local costs is highly desirable. This can’t
be achieved at a global level, since the conditions at different grid sites are too different, but
the model should be constructed in such a way that this mapping on a local level can be done
easily, following given examples. Decisions on the evolution of workloads, workflows and
infrastructures impact the quantity and quality of human resources required to build and
operate the system. It is important that a cost and performance model at the system level takes
these adequately into account to allow to optimize the global infrastructure cost into a
constrained budget. In this report there are presented methods and results of grid sites
benchmarking with typical HEP tasks. Comparative analysis and correlation studies of these
results against the data from accounting portals (Rebus, etc.) are discussed.
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SEARCH FOR ANOMALIES
IN THE COMPUTATIONAL JOBS OF THE ATLAS
EXPERIMENT WITH THE APPLICATION
OF VISUAL ANALYTICS

Alexei Klimentov?, Igal Milman?, Maria Grigorieva®?,
Mikhail Titov?, Tatiana Korchuganova?, T. Galkin?,
Victor Pilyugin?

Brookhaven National Lab
National Research Nuclear University “MEPHI”
3National Research Center “Kurchatov Institute”’

“National Research Tomsk Polytechnic University
E-mail: ®maria.grigorieva@cern.ch

ATLAS is the largest experiment at the LHC. It generates vast volumes of scientific data
accompanied with auxiliary metadata. These metadata represent all stages of data processing
and Monte-Carlo simulation, as well as characteristics of computing environment, such as
software versions and infrastructure parameters, detector geometry and calibration values.
The systems responsible for data and workflow management and metadata archiving in
ATLAS are called Rucio, ProdSys2, PanDA and AMI. Terabytes of metadata were
accumulated over the many years of systems functioning. These metadata can help physicists
carrying out studies to evaluate in advance the duration of their analysis jobs. As all these jobs
are executed in a heterogeneous distributed and dynamically changing infrastructure, their
duration may vary across computing centers and depends on many factors, like memory per
core, system software version and flavour, volumes of input datasets and so on. Ensuring the
uniformity in jobs execution requires searching for anomalies (for example, jobs with too long
execution time) and analyzing the reasons of such behavior to predict and avoid the recurrence
in future. The analysis should be implemented on the basis of all historical jobs metadata that
are too large to be processed and analyzed by standard means. Detailed analysis of the archive
can benefit from application of visual analytics methods providing more easy way of
navigation within the multiple internal data correlations. Presented research is the starting
point in this direction. The slice of ATLAS jobs archive was analyzed visually, demonstrating
the most and the less efficient computing sites. Then, the efficient sites will be compared to
inefficient to find out parameters affecting jobs execution time or indicating possible time
delays. Further work will concentrate on the increasing of the amount of analyzed jobs and
the development of the interactive 3-dimensional visual models, facilitating the interpretation
of analysis results.
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MECHANISMS FOR ENSURING THE INTEGRITY
OF INFORMATION IN DISTRIBUTED COMPUTING
SYSTEMS IN THE LONG-TERM PERIOD OF TIME

A.S. Minzov?, A.Y. Nevskii, O.R. Baronov

National Research University "MEI"
E-mail: ®minzovas@mpei.ru

The article discusses issues of ensuring the integrity of information over a long period of time.
This task was not raised earlier. However, experience shows that in the long periods of time
in electronic archives there can be an uncontrolled change in information and even its
disappearance. Attacks on the integrity of electronic archives can be targeted. This requires
the creation of information technology to ensure the integrity of archives. The work is devoted
to the mechanism of the integrity of information in the electronic archive by creating a
distributed managed trusted environment. This allows you to track the processes, data, user
actions and make decisions about the choice of the owners of the archive, restore the archive
with a partial loss of information in it and meet attacks on the integrity of the archive.

DEVELOPMENT OF JINR TIER-1 SERVICE
MONITORING SYSTEM

Igor Pelevanyuk?, Ivan Kadochnikov, Tatiana Strizh,
Valery Mitsyn, Vladimir Korenkov

Joint Institute for Nuclear Research
E-mail: *gavelock@gmail.com

Tier-1 center for CMS in JINR has been successfully operating since 2015. Monitoring is an
important aspect of ensuring its performance. Hardware monitoring of the Tier-1 center had
been introduced at construction time and was constantly upgraded with the center. The
scientific community makes use of the resources through Grid services that depend on more
low-level services. A dedicated monitoring system has been developed to keep an eye on the
state of all services related to Tier-1 operations. The main object of the monitoring system is
to collect data from different sources, process it and provide a comprehensive overview on a
web page. The mechanism was implemented to allow determining status by analyzing
collected data. The notion of event was introduced to allow reactions on ongoing changes of
all services. The whole system consists of core libraries and monitoring modules. A
monitoring module may unite functionality related to data collection, analysis, visualization,
possible statuses and events, and reactions on events. This allows building flexible monitoring
modules which together form a Tier-1 service monitoring system.

53



TRIGGER INFORMATION DATA FLOW
FOR THE ATLAS EVENTINDEX

Fedor Prokoshin!, Mikhail Mineev?2

1Universidad Tecnica Federico Santa Maria
2Joint Institute for Nuclear Research

E-mail: 2mineev@jinr.ru

The trigger information is an important part of the ATLAS event data. In the Eventindex
trigger information is collected for various use cases, including event selection and overlap
counting. Decoding the trigger information from the event records, stored as a bit mask,
requires additional input from the conditions metadata database, as trigger configurations
evolve with time. It depends on the run number for the real data and from the simulation
settings for Monte-Carlo data. We describe trigger information handling in the Eventindex
and the interfaces used to access it.

WCCJIEJOBAHUE OCOBEHHOCTEN UHTEPHET-
TPA®UKA B MATUCTPAJIBHOM KAHAUJIE

Hsanos Bukrop?!, 3penos Ierp!, Kpiokos IOpuii?,
Tarapunos Usan?, Usanos Bauepuii'

Y06veounennwviii uncmumym sdepnwix uccredosanuil
2[ocyoapcmeennbiil yuueepcumem «Jy6Hay
3Kaspersky Lab

E-mail: divan-tatarinov@yandex.ru

B pabotax [1, 2] aHamM3upOBaTUCh CTATUCTHYECKUE OCOOSHHOCTH ITOTOKOB HH(POPMAIINN HA
BXOJIHOM IIII03€ JIOKAJILHOW CeTH cpenHero pasmepa (250-300 xoMmbrOTEpoB) U OBLIO
MOKa3aHo, YTO IpPH arperupoBaHMd H3MepeHud Tpaduka QopMupyercss (HauMHas c
HEKOTOPOI'0 TOPOTOBOTO 3HAYEHHWS OKHA arperupoBaHus: B HameM ciaydae 1 c)
CTaTUCTUYECKOE paclpelieieHue BETMINHBI TOTOKA, KOTOPOE HE MEHSIET CBOEH (OpMBI MpH
JaNbHENIIIeM pocTe OKHa arperupoBanust (BIioTh 70 10 ¢). beiio mokaszaHo, 4To ykazaHHOE
pacmpeneneHde € BBICOKOM  TOYHOCTBIO  ANIPOKCUMHUPYETCA  JIOTHOPMAJIBHBIM
pactipenenenueM. ABTopamMu padoThl [3] Takke MPOBOIUIIOCH arperupOBaHUE U3MEPEHUI
Tpaduka ¥ ObUT CcAEJaH BBIBOJ O TOM, YTO ‘THCTOrpaMMa OalWTOBOH HMHTECHCHBHOCTH
COOTBETCTBYET JIOTHOPMAaJIbHOMY paciipenencHuo”’. OQHako HUKAKOr0 0OOCHOBaHHMS 3TOTO
yTBEp>KACHUS He ObIJI0 puBeaeHo. boiee Toro, B ykazaHHOM rUCTOrpaMMe HaOII0AaeTCsl ITMK
B 00JIaCTH MajbIX MHTEHCHUBHOCTEH, HE COTJIACYIOIIMKCS C JIOTHOPMAaJbHBIM 3aKOHOM. B
pabore [4] wHCCIENOBAINCH CTATUCTHYECKHWE XapakTepUCTUKU MHTepHeT-Tpaduka B
MarvcTpajlbHOM KaHaje MpH TPeX 3HA4YEHUsAX BpeMeHH arperuposanus: 1 mc, 10 mc u 100
Mc. Kak orMedann aBTOpbI JaHHOH pabOThI, TIONYYEHHbIE WUMH TpPaQUKH IUIOTHOCTEH
pacmpezneneHuss BEpOATHOCTEH BEJIMYWHBI WHTEHCHUBHOCTHM Tpauka He yoanoch
anmnpoKCUMHUPOBAaTh KaKUM-TMOO W3 H3BECTHBIX pacmpenesneHnil. B Hacrosmem
WCCIIEIOBAaHNY Ha OCHOBE aHajn3a u3MepeHnii laTepHeT-Tpaduka B MarucTpali-HOM KaHalle,
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B3ATBIX C TOTO Jke caita [5], uro um B pabore [4], OKa3aHO, YTO TPH arperHPOBAHHUH
u3MepeHuit  Tpaduka (HOPMUPYIOTCS CTATUCTHYCCKUE pPACIpECICHHs, KOTOphIE, B
3aBUCUMOCTH OT TIEpHOAa HAONIOJICHHS, C BBICOKOW TOYHOCTBIO AMPOKCUMUPYIOTCS
JIOTHOPMATBHBIM, THOO IBYMST IOTHOPMATBHBIM PACTIPE/ICICHUSMH.
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PA3BPABOTKA INEPCIHEKTUBHOM CUCTEMBbI
CBOPA JAHHBIX HA OCHOBE TRB-3

Aunexcanap Kypenun®, Anapeii Konaparbes??,
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E-mail: ®kondratyev@jinr.ru

B cBs13u ¢ yBennuennem o0bemMa nHpopMannu mnoiayyaeMoit B xone skcnepumenta ALICE Ha
Bonsmom Anponnom Kommaiinepe, nmoBpimarorcss TpeOOBaHHS K CHCTEMaM cOOpa JaHHBIX C
JIETEKTOPOB, HANpUMEp, YBEJIWYEHUE TPOITyCKHOH criocoOHOocTH. OMHUM M3 BO3MOXKHBIX
METOAOB pELICHHs JTaHHOW MNpoOJeMbl sBJIseTcs ucnonb3oBanue 1RB-3 miardopmbl.
Pemenne npencraBiser co0oi TmyOOKyl0 MOAEPHHU3ANMIO CYIIECTBYOLIEH Moaenu coopa
JIAHHBIX.
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CREATING TOOLS TO ASSIST IN DEVELOPMENT
OF CMS SOFTWARE

George Adamov

Joint Institute for Nuclear Research
E-mail: adamov@jinr.ru

Software packages, created for the modern physics experiments, present a sets intertwined
code structures, written by different people and bundled together to perform range of different
reconstruction and analysis tasks on the experimental data. Sometimes due to complicated
nature of such frameworks a new set of tools is required to simplify their further development.
In this work we investigate an example of such tool, created for the CMS experiment to
analyse the structure of it's software components.

NEW METHODS OF MINIMIZING THE ERRORS
IN THE SOFTWARE

Elizaveta Dorenskaya

NRC "Kurchatov Institute” ITEP
E-mail: dorenskaya@itep.ru

One of the qualitative ways to minimize software errors is to check the code by as many users
as possible (the “many eyes” principle). We propose a new approach which goes well with
this technique. This is the minimization of human participation in writing program codes. The
implementation of this approach has be made in such a way that the machine itself creates the
program code according to the description provided by the user. Due to the re-assignment of
writing the program code to the machine the process of its generation is simplified
simultaneously and the number of program errors is reduced. The latter happens due to the
reduction of the human factor influence. By simplifying the writing of the program code, the
number of people capable of generating it increases and the period of training in programming
and the time spent on writing a separate program are reduced. Our methods do not completely
eliminate software errors, because they can be both in the user’s own description and in the
interpreter. But, nevertheless, it is very important to maximally minimize the number of
software errors, because already now the software determines many aspects of our life and
the number of its applications is increasing. Even now, for example, such important areas of
our life as health and finance may depend from the quality of software and the number of
errors in it.

There were written several programs which implement some ways to minimize errors in the
“Perl” language. The author's certificates were received. Each of these programs includes a
method to minimize errors. In total, these programs are three:

* Dialog method. It is implemented so that the program itself asks questions to the user and
selects the desired code according to his answers. This method has a significant drawback is
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to describe and predict all the options of the dialogue is impossible, because their number
tends to infinity.

* Method for determining the appropriate condition by the specified values. It is implemented
with the help of “Gnuplot” charting program. It consists in the fact the program chooses which
chart to build based on the given data.

* A method for interpreting a condition using special words. It consists in the fact that a special
simplified language or a set of words is invented, with the help of which more complex
conditions are written. This simplifies the process of writing code.

CURRENT STATUS OF SOFTWARE DEVELOPMENT
FOR THE MPD AND BM@N EXPERIMENTS

Konstantin Gertsenberger

Joint Institute for Nuclear Research
E-mail: gertsen@jinr.ru

The software for detector simulation, reconstruction and analysis of physics data is an
essential part of each high-energy physics experiment. A new generation of the experiments
for the relativistic nuclear physics is expected to be started up in the nearest years at the
Nuclotron-based lon Collider facility (NICA) being under construction at the Joint Institute
for Nuclear Research in Dubna: the fixed target experiment BM@N (Baryonic Matter at
Nuclotron), whose technical runs were started in 2015, and the future MPD (Multi-Purpose
Detector) experiment on ion collisions, which will operate at the storage rings of the NICA
facility. The event data model of the experiments is shown. The status of the software
frameworks MpdRoot and BmnRoot developed for the MPD and BM@N is considered. For
these tasks many additional systems, such as raw data converter, monitoring systems, event
display, databases, parallelization tools and others have been developed.

THE ATLAS PRODUCTION SYSTEM PREDICTIVE
ANALYTICS SERVICE: AN APPROACH
FOR INTELLIGENT TASK ANALYSIS

Alexei Klimentov!, Dmitry Golubkov?, Mikhail Borodin?,
Mikhail Titov*?

!Brookhaven National Lab
2Institute for High Energy Physics
3The University of lowa
“NRC "Kurchatov Institute"

E-mail: ®mikhail.titov@cern.ch

The second generation of the Production System (ProdSys2) of the ATLAS experiment (LHC,

CERN), in conjunction with the workload management system - PanDA (Production and

Distributed Analysis), represents a complex set of computing components that are responsible

for defining, organizing, scheduling, starting and executing payloads in a distributed
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computing infrastructure. ProdSys2/PanDA are responsible for all stages of (re)processing,
analysis and modeling of raw and derived data, as well as simulation of physical processes
and functioning of the detector using Monte Carlo methods. The prototype of the ProdSys2
Predictive Analytics (P2PA) is an essential part of the growing analytical service for the
ProdSys2 and will play the key role in the ATLAS computing. P2PA uses such tools as Time-
To-Complete (TTC) estimation towards units of the processing (i.e., tasks, chains and groups
of tasks) to control the processing state and rate, and to be able to highlight abnormal
operations and executions (e.g., to discover stalled processes). It uses methods and techniques
of machine learning to obtain corresponding predictive models and metrics that are aimed to
characterize the current system's state and its changes over the close period of time.

EVENT BUILDING FROM FREE STREAMING DATA
AT THE CBM

Ivan Korolko, Mikhail Prokudin?

NRC "Kurchatov Institute" ITEP
E-mail: ®mikhail.prokudin@cern.ch

The CBM will be the first experiment employing a new data threating technique. All data
collected from the CBM detector will be transported to computer farm. Physical objects (such
as tracks and vertexes) will be reconstructed at the real time and interesting events will be
stored for further detailed analysis. A unit of data in this approach is a timeslice — all data
collected from the detector in a given period of time. Each timeslice contains data from many
heavy ions collisions and may be threated independently from other timeslices at different
nodes of computing farm. Data produced by particles originating from individual heavy ions
collision (event) should be used for physical analysis rather than free streaming data. Event
building can be performed at different data levels. The simplest event building technique
works at the level of individual activations of readout electronics channels (digis). Each digi
contains information about activation time, readout channel number, etc. Event building can
be divided on two steps. The first one is an event finding and the second one is an event
composition, when data corresponding to found event collected from several subdetectors.
Event finding is performed using data only from a given CBM subdetector. This subdetector
should be fast, has good time resolution and low noise levels. In general, event is found if the
number of digis in a given time window exceeds a given threshold which depends on colliding
system and interaction rate. Currently STS and BFTC considered as a data sources for event
finding. General event composition method for different subdetectors has been developed and
tested. The digi from a given subdetector is attributed to the event if its time after correction
lies in an acceptance time window. The acceptance time window should be extended
according to time resolution of the subdetector. r/c should be subtracted from the digi time for
the correction, where r is a distance between triggered readout channel and c is a speed of
light. This event composition method works for all subdetectors except calorimeters.
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EXPERIENCE WITH ITEP-FRRC HPC FACILITY

Ivan Korolko? Mikhail Prokudin, Victor Kolosov

NRC "Kurchatov Institute” ITEP
E-mail: 2ivan.korolko@cern.ch

ITEP-FRRC HPC facility was built in 2011-2014 as a common project of State Atomic
Energy Corporation ROSATOM and Helmholtz Association of German Research Canters. It
utilizes the concept of “green computing” which was invented by GSI/FAIR scientists.
Facility is used for FAIR related studies by various groups from ITEP and other Russian
physics centers. After 7 years of successful HPC facility operation we want to summarize the
experience we got running the hardware and supporting the requested software.

DDS - THE DYNAMIC DEPLOYMENT SYSTEM

Anar Manafov, Andrey Lebedev?

GSlI
E-mail: ®andrey.lebedev@gsi.de

The Dynamic Deployment System (DDS) is a tool-set that automates and significantly
simplifies a deployment of user-defined processes and their dependencies on any resource
management system (RMS) using a given topology. DDS is a part of the ALFA framework.
A number of basic concepts are taken into account in DDS. DDS implements a single
responsibility principle command line tool-set and API. The system treats users’ task as a
black box — it can be an executable or a script. It also provides a watchdogging and a rule-
based execution of tasks. DDS implements a plug-in system to abstract from RMS.
Additionally it ships an SSH and a localhost plug-ins which can be used when no RMS is
available. DDS doesn’t require pre-installation and pre-configuration on the worker nodes. It
deploys private facilities on demand with isolated sandboxes. The system provides a key-
value property propagation engine. That engine can be used to configure tasks at runtime.
DDS also provides a lightweight API for tasks to exchange messages, so-called, custom
commands. In this report a detailed description, current status and future development plans
of the DDS will be highlighted.
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THE CONCEPT OF PROACTIVE PROTECTION
IN ADISTRIBUTED COMPUTING SYSTEM

Anatoly Minzov!, Pavel Osipov??

INational Research University "MEI"
2Dubna State University

E-mail: ®osipov.pavel92@gmail.com

The paper considers modern problems of information security, the main stages of the
implementation of attacks. The stages of implementing the concept of proactive protection, a
technique for describing possible attacks are described, an example of a prototype of a
proactive defense system is described.

COMPASS PRODUCTION SYSTEM:

PROCESSING ON HPC
Artem Petrosyan

Joint Institute for Nuclear Research
E-mail: artem.petrosyan@jinr.ru

Since the fall of 2017 COMPASS processes data on heterogeneous computing environment,
which includes computing resources at CERN and JINR. Computing sites of the infrastructure
work under management of workload management system called PanDA (Production and
Distributed Analysis System). At the end of December 2017, integration of BlueWaters HPC
to run COMPASS production jobs has begun. Despite an ordinary computing site, each HPC
has many specific features, which make it unique, such as: hardware, batch system type, job
submission and user policies, et cetera. That is why there is no ready solution out of the box
for any HPC, development and adaptation is needed in each particular case. PanDA Pilot has
a version for processing on HPCs, called Multi-Job Pilot, which was prepared to run
simulation jobs for ATLAS. To run COMPASS production jobs, an extension of Multi-Job
Pilot was performed. Details of the new computing resource integration into COMPASS
Production System are described in the report.
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PARTICIPATION OF RUSSIAN INSTITUTIONS
IN THE PROCESSING AND STORAGE
OF ALICE DATA

Andrey Zarochentsev

St Petersburg State University
E-mail: andrey.zar@gmail.com

The report presents the results of the work of Russian institutes in the processing of ALICE
experiment data during the last 2 years of the LHC RUN2. The main issues and tasks facing
both ALICE Grid Computing and its Russian segment before the start of RUN3 (2020 -
onward) are considered. Plans and preparations for the operation of the LHC in the HL (High
luminosity) mode are presented. The challenges of support and modernization of the existing
resources and networking are discussed.
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USAGE OF THE DISTRIBUTED COMPUTING
SYSTEM IN THE RECOVERY OF THE SPECTRAL
DENSITY OF SEA WAVES

llya Busko

St Petersburg State University
E-mail: trassae95st@mail.ru

This article presents a task of the recovery of the spectral density of sea waves in the linear
case. Creation of the onboard ship system giving the current information about sea state and
weather forecast in the navigation area is one of the most urgent problem. Weather forecast
can be based on the analysis of the sea waves spectral density change. Evaluation of the sea
wave spectral density is solved on the basis of indirect dynamic measurements of vibrational
motion of the marine dynamic object in a seaway. The first researcher to raise the wave
parameter identification problem on the basis of object behavior was Y. Nechayev [1,2]. Over
the past fifteen years, this problem has become rather popular and the works of Nielsen [3,4,5]
and others are of the most significance. Nevertheless, despite of researches large number it is
still impossible to speak of an acceptable effective solution to this problem. The recovery of
the sea waves on the basis of the behavior of the marine dynamic object requires the analysis
and processing of large amounts of information. To improve the accuracy of identification
requires using different algorithm of recovery and a large number of test calculations. The
calculations should be made in real time. The system should also store processed data and
provide access at any time. The software should have the fault-tolerance property, i.e. the
software should continue to work in the case of failure of one of the parts. All these
requirements and features make us to use distributed computing system for developing
software of the solution of the problem.
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SELECTION OF RATIONAL COMPOSITION
OF IT-SERVICES OF INFORMATION SYSTEM WITH
THE PURPOSE OF INCREASE OF EFFICIENCY
OF TRANSPORT LOGISTICS COMPANIES
FUNCTIONING

Alexander Degtyarev?, Gennady Dik?, Alexander Dik?

1St Petersburg State University
2Saint Petersburg Electrotechnical University "LETI"

E-mail: ®g.dick@prodick.ru

When the automation of transport logistics companies there is a problem with the gap between
the existing business processes and means of automation. This circumstance makes it
necessary to search for options for creating a software infrastructure (SI) for transport logistics
enterprises. One of the solutions to this problem can be the transition of the enterprises to
Service-Oriented Architecture (SOA). In essence, this means not considering the applied
information system as a whole, but considering its individual functional components - IT
services. The proposed SOA architecture is recommended to be formed from a set of business-
oriented IT-services that collectively satisfy the tasks and business processes of the enterprise
in transport logistics. When investigating the Sl of the transport logistics system (TLS), it was
established that the same function is often represented by different services as well as by
different suppliers with different costs for providing access to services, speed of service
provision, service availability, etc. Then the process of determining the necessary selection of
services should be considered as a solution of the multicriteria problem of service composition
for selected indicators. It is known that methods for solving multicriteria problems are divided
into two groups. In this case, these groups are reduced to different strategies. The first strategy
is based on the principle of the worst reaction of the external environment. The second strategy
is based on the principle of equilibrium (the Nash principle). In addition, in most practical
applications, the tasks of forming a rational composition of services have to be solved in
conditions of significant uncertainty under the influence of the following factors: 1. The lack
of a uniform and universally accepted methodology for the development and implementation
of IT strategies at transport logistics enterprises. 2. Availability in the IT market of a big
number of alternative IT solutions that implement similar functionality to automate the
business processes of the enterprise. 3. The need to take into account the total costs associated
with their acquisition and operation of IT services, etc. These factors form elements of
uncertainty, which causes the need to use the mathematical apparatus of fuzzy sets. And then,
the process of formation of a rational composition of IT services in the TLS infrastructure can
be represented as a solution of multicriterial problem under fuzzy sets.

68



VIRTUAL TESTBED FOR NAVAL

HYDRODYNAMIC PROBLEMS
Alexander Degtyarev'?, Yury Pylnev?, Anatoly Eibozhenko?,
Alexander Bogdanov?, Vladimir Korkhov?, Ivan Gankevich?

1St Petersburg State University
2Engineering company “NEOTECH MARINE”

E-mail: ®deg@csa.ru

Complex modeling of the behavior of marine objects under the influence of real external
excitation is the most important problem. At present, the accuracy of direct simulation of
phenomena with known physics is comparable to the accuracy of the results obtained during
the model experiment in towing tanks. Particularly relevant is the creation of such marine
virtual testbed for full-featured simulators and when testing the knowledge base of onboard
intelligent systems. Such integrated environment is a complex information object that
combines the features of both the enterprise system and the high-performance modeling tool.
Integrated environment based on these basic principles is designed to solve in real time the
following problems: 1. Collection and analysis of information on the current state of dynamic
object (DO) and the environment, remote monitoring of the state of objects. 2. Evaluation and
coordination of joint actions of DOs, proceeding from current conditions, with the aim of
optimally common problem solving. 3. Centralized support for decision-making by operators
of DO control in non-standard situations, organization of information support for the
interaction of decision-makers in the conduct of ongoing operations. 4. Computer modeling
of possible scenarios of situation development with the aim of selecting the optimal control
strategy. 5. Centralized control of technical means. 6. Cataloging and accumulation of
information in dynamic databases. Modern architecture of computer systems (especially GP
GPU) allows direct full-featured simulation of a marine object in real time. Efficient mapping
to a hybrid architecture allows even the ability to render ahead of time under various scenarios.
The report discusses general concept of high-performance virtual testbed development and
the experience of creating on their basis full-featured simulators.

NET CORE TECHNOLOGY IN SCIENTIFIC TASKS

Victor Dorokhin

Dubna State University
E-mail: victor.doroh@gmail.com

Today we have an established stack of tools to develop applications, systems and services for
scientific purposes. However, not so long ago a new technology, called .NET Core appeared.
It’s supervised by Microsoft, but its open-source and developed by a wide community of
programmers and engineers. That technology has a lot of advantages like high performance,
simple and productive parallel programming abilities, support of high-level programming
languages (C# 7.0, F#) and so on. But the main advantage in comparison with its predecessors
is cross-platform abilities. Once written code can be natively compiled on a large number of
platforms and hardware systems. It can be used on Windows, Linux, Mac and all Unix-based
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operation systems. It supports different hardware components and processors, for example, it
can be used on ARM processors. The technology supports containerization and can be used
with Docker or Kubernetes. It gives an ability to develop applications with micro-service
architecture form the box and provides convenient deployment tools. Now, in a set of tasks
.NET Core surpasses currently used tools in scientific sphere tools like Python, Go, Ruby,
Java, Node.JS and others. Also, it can be used to develop native desktop applications with
HTML-based GUI for administration and monitoring purposes.

DIFFERENT APPROACHES FOR ELASTIC IMAGING
USING MULTIPROCESSOR COMPUTING SYSTEMS

Vasily Golubev?, Alena Favorskaya

Moscow Institute of Physics and Technology
E-mail: ®w.golubev@mail.ru

At present, oil and natural gas form the basis of energy throughout the world. In view of
significant depletion of reserves, the task of prospecting and exploration of new deposits is
becoming increasingly important. In the industry the specific migration procedure is used to
find contrast interfaces between geological layers with different properties. It should be noted
that algorithms developed to date are constructed in the acoustic approximation of the
medium, which leads to defects in migration images. In particular, subvertical boundaries are
practically not restored. Prospective in terms of overcoming these shortcomings is the
transition to a full elastic formulation of the tasks of seismic survey process. Despite rising
computational complexity of the problem the goal can be achieved with the usage of modern
HPC systems. The work is the continuation of the previously reported research about the
usage of Born approximation as a new elastic imaging method. In this study different
fundamental approaches were used. Born approximation and Kirchhoff approach were
adopted to 2D and 3D elastic problems in the case of homogeneous background medium. The
research software in C++/Mathematica was developed, and a set of calculations for simple
geological models were carried out using multicore shared memory system. The assessment
of the scalability shows high effectiveness.

The research was supported by the grant of the President of the Russian Federation
No MK- 1831.2017.9.

The research software based on the new elastic imaging methods using different approaches:
Born approximation, Kirchhoff approximation and full-wave simulation method was
developed. The assessment of the scalability on multi-cores shared memory system shows
approximately 90 % of effectiveness.
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CACHE-FRIENDLY MEMORY TRAVERSAL
TO IMPROVE PERFORMANCE OF GRID-
CHARACTERISTIC METHOD

Andrey Ivanov?, Nikolay Khokhlov

Moscow Institute of Physics and Technology
E-mail: %ip-e@mail.ru

We consider well known cache optimization techniques to find the most efficient one when
applied to grid-characteristic method. Grid-characteristic method is used to solve elastic wave
equation. Elastic wave equation is hyperbolic system of equations inferred from model
of linear elastic material, which describes propagation of elastic waves in deformable rigid
bodies. The solution to this problem is important in seismic tomography and exploration
geophysics. In this work only 2D scenario is studied, but it has an extension to 3D. Grid-
characteristic method consists of a bunch of iterations over the array representing nodes
of computational grid. The increase of performance due to change of array traversal order is
connected with the spatial and time locality of memory accesses. The following 3 techniques
are evaluated: bypassing of memory in rectangular blocks (block tiling), in blocks of diamond
shape (diamond tiling), and in recurrently nested tiles of smaller size (hierarchical tiling).
In the case of block tiling we achieved highest performance gain (about 15%). In contrast,
performance with diamond tiling is declined by 6% and with hierarchical tiling is dropped
by 13%. We assume that last two methods degrade performance because the amount
of memory for single grid node is too large. Therefore all the necessary local nodes for block
and hierarchical tiling can’t fit simultaneously in L1 cache. We have concluded that block
tiling is the most appropriate technique for grid-characteristic method optimization.

The reported study was funded by RFBR according to the research project Ne 18-07-00914A.

SCALABLE SEMANTIC VIRTUAL MACHINE
FRAMEWORK FOR LANGUAGE-AGNOSTIC STATIC
ANALYSIS

Maxim Menshchikov

St Petersburg State University
E-mail: maximmenshchikov@gmail.com

The more static program analysis spreads in the industry, the clearer it becomes that its real-
world usage requires something more than just optimized algorithms to make execution fast.
Distribution of computations to cluster nodes is one of the viable ways for speeding up
the process. The research demonstrates one of the approaches for organizing distributed static
analysis - "Semantic Virtual Machines", which is based upon symbolic execution of language-
agnostic intermediate codes of programs. These codes belong to the developed language
for program representation with semantic objects behind. As objects are fully serializable,
they can be saved to and later retrieved from a distributed database. That opens up a possibility
for making an analyzer spread to many cluster nodes. Semantic Hypervisor is the core
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of the system which acts as a master node for managing runnable virtual machines and also
arelay between them and a semantics storage. Main efforts are put into developing
of intercommunication mechanisms which can be effective in most of the scenarios, as well
as into integration of the approach in existing static analyzer. The study shows
the architecture, describes its advantages and disadvantages, suggests solutions for the biggest
problems observed during research. The empirical study shows improved performance
compared to single node run, and the result is almost linearly scalable due to the high locality
of data. The main result is the created scalable and unified language-agnostic architecture
for static analysis with semantics data in a distributed storage behind of it. The significance
of the research is in high achieved performance level alongside with a clean architecture.

ENABLING BIOLOGY, CHEMISTRY AND OTHER
SCIENCES ON TITAN THROUGH BIGPANDA

Alexei Klimentov'?, Kaushik De?, Danila Oleynik?,
Ruslan Mashinistov*, Pavlo Svirin?, Jack Wells®, Sergey Panitkin!

'Brookhaven National Lab
2University of Texas at Arlington
3Joint Institute for Nuclear Research
4NRC "Kurchatov Institute"
°0Oak Ridge National Laboratory

E-mail: 2alexei.klimentov@cern.ch

The Oak Ridge Leadership Computing Facility (OLCF) is one of the most powerful HPC
centers available to researchers from different scientific fields to solve some of the world’s
most challenging scientific problems. Small scientific groups often need to develop expertise
to optimize their applications for running on Titan, and to fit the usage policies of such big
machines. We have installed the BigPanDA workload management system at OLCF
to simplify the submission of user tasks to Titan. In this talk we will present results of an R&D
project to execute workloads from different scientific groups at OLCF. We will describe all
steps: starting from deployment of PanDA server as service on demand at OLCF in OpenShift
containers, to the adaptation of PanDA client tools for new users. Examples from some
of the different scientific fields using this service will include biology/genomics, molecular
dynamics, LQCD, solid-state and neutrino physics, and different data science experiments:
nEDM, LSST, and IceQube. In more details we will address a “proof of concept” project with
BlueBrain. It was conducted jointly by the BigPanDA team and the Blue Brain Project (BBP)
of the Ecole Polytechnique Federal de Lausanne (EPFL). This proof of concept project
showed the efficient application of the BigPanDA system to support the complex scientific
workflow of the BBP using a mix of desktop, cluster and supercomputers to reconstruct and
simulate accurate models of brain tissue.
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MOLECULAR DYNAMIC SIMULATION OF WATER
VAPOR INTERACTION WITH VARIOUS TYPES
OF PORES USING HYBRID
COMPUTING STRUCTURES

Eduard Nikonov?, Vladimir Korenkov?!, Maria Popovi¢ova?

1Joint Institute for Nuclear Research
2University of Presov, Slovakia

E-mail: 2e.nikonov@jinr.ru

Theoretical and experimental investigations of water vapor interaction with porous materials
are very needful for various fields of science and technology. Not only studies of the
interaction of water vapor and porous material as a continuous medium, but also the study of
the interaction of water vapor with individual pore is very important in these researches.
Mathematical mod-eling occupies an important place in these investigations. Conventional
approaches to solve problems of mathematical research of the processes of inter-action of
water vapor with individual pore are the following. The first ap-proach is based on the use of
diffusion equation for description of interaction of water vapor with a pore. It is so called
macro approach. The second approach is based on various particle methods like, for example,
molecular dynamics (MD). These methods essentially consider the microstructure of the
investigated system consisting of water vapor and a pore. This second approach can be called
a micro approach. At the macro level, the influence of the arrangement structure of individual
pores on the processes of water vapor interaction with porous material as a continuous
medium is studied. At the micro level, it is very interesting to investigate the dependence of
the characteristics of the water vapor interaction with porous media on the geometry and
dimensions of the individual pore. Both approaches require the most efficient calculation
methods as far as possible with the current level of development of computational
technologies. Usage of efficient calculation methods is necessary because the degree of
approximation for simulating system is largely determined by the dimensionality of the
system of equation being solved at every time step. Number of time steps is also quite large.
In this work, a study of efficiency of various implementations algorithms for MD simulation
of water vapor interaction with individual pore is carried out. A great disadvantage of MD is
its requirement of a relatively large computational effort and long time in simulations. These
problems can be drastically reduced by parallel calculations. In this work we investigate
dependence of time required for simulations on different parameters, like number of particles
in the system, shape of pores, and so on. The results of parallel calculations are compared
with the results obtained by serial calculations.

This work was supported by the JINR project No. 05-6-1118-2014/2019, protocol No. 4596-
6-17/19, and used HybriLIT resources.
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USING EXTENDED REALITY TECHNOLOGIES IN
DISTRIBUTED COMPUTER SYSTEMS

Nadezhda Vozdvizhenskaya

Dubna State University
E-mail: n.vozdvizhenskay@gmail.com

Over the past few decades, web technologies have proven to be a fast, convenient and easy-
to-access tool for retrieving information and sharing a large amount of heterogeneous data.
The technologies used there, and in particular the HTML technology - have played a major
role in the development of the Internet as it is. This is all due to the standardization and
creation of a single tool to create network content. The goal of this work is to create a standard
and a language for developing extended reality applications and interfaces built into existing
applications. With this language, developers who are familiar with web technologies can
quickly and with minimal effort move on to new technology and fill it with content, the lack
of which is now the main problem of all extended reality technologies. With usage of the
developed system it will be possible to combine the formed community of web developers
and perspective technology on the basis of a standardized set of tools that will positively affect
both developers and the pace of technology development. In the future that technology can be
used in different spheres, like education, business, advertisement, etc. Also it can be used in
global distributed computer systems, what will give an ability to make a global network of
virtual objects referred to real-life points.

PA3BPABOTKA JEHIEHTPAJIN30BAHHOM
MJIATEXKHOU CUCTEMBI HA OCHOBE
TEXHOJIOI'MU BLOCKCHAIN C YYETOM
CHEHU®UKU MOBUJIBHBIX IIVIAT®OPM

Annpeii Mmoxun®?, dnyapa Hukonos?

rocyoapcmeennviii ynusepcumem «/Jy6nay
206vedunentblil UHCIUMYm S0epHbIX UCCIe008aAHUI

E-mail: a.iluhin@nordavind.ru

WHTepHeT HaxoauTCs B IIEHTPE PEBOIIOLUI: IEHTPAIU30BaHHbIE IPONPUETAPHBIE CEPBHUCHI
MIO/IBEPTalOTCA 3aMEeHE Ha MX JISIEHTPAIN30BaHHBIE aHAJIOTH CO CBOOOJHBIMU JHIICH3USAMU;
JIOBEpEHHBIE TPETbH CTOPOHBI FOPUIUYECKUX W (PUHAHCOBBIX JOTOBOPOB 3aMEHSAIOTCA
BepU(UIIMPYEMBIMU BBIYUCICHUSAMH; HEI(P(PEKTUBHbIE MOHOJIUTHBIE CEPBUCHI YCTYHArOT
MECTO OJIHOPAHTOBBIM AITOPUTMUYECKMM pbIHKaM. Bitcoin, Ethereum wu npyrue certn,
byHmamMeHTOM KOTOpbIX siBisieTcst TexHosorus —blockchain, mokaszamum mose3HocTbh
JEIEHTPAIM30BaHHBIX PETUCTPOB TpaH3akiuil. lMmess B OCHOBe JAELEHTpATN30BaHHBIE,
OTKPBITBIE 0a3bl JAHHBIX, OHH MOJICP>KUBAIOT BHIITOJHEHUE CIIOKHBIX «YMHBIX)» KOHTPaKTOB
(smart contracts) m 0OCIYXMBatOT KPHIITO-aKTHBBI CTOUMOCTBIO IECITKH MHJUTHAPIOB
JOJUTApOB. OTH CHCTEMBI SABISIOTCS MEPBBIMH IK3EMIUISIPAMH MEKCETEBBIX OTKPBITHIX
CEpPBHUCOB, B KOTOPBIX YYaCTHUKH 00pa3yIoT ACLEHTPAIN30BAHHYIO CETh, IPEI0CTABIAIONIYIO
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TIOJIE3HBIE YCIYTH JUIA KOMMEPIHH, 6€3 MEeHTPATH30BaHHOTO YIIPABICHHUS WU JOBEPEHHBIX
qun. [lapaaurmMa OTKPBITOCTH U JCIICHTPAN3allii KOCHYJIACh HE TOJIBKO MUpPa KOMMEPIIUH,
HO U CHCTEM XpaHeHHUs u 00paboTku GonbImx 006eMOB HaHHEIX. INnterPlanetary File System
MOKa3aja TOJEe3HOCTh ajpecariil KOHTEHTa ITyTeM JENeHTPAIN3alid CaMOH BCEMHPHOU
MayTHUHBI, 00CTY)KUBasi MULIHAPAB! (HaHIOB, UCTIONB3YEMbIX B IJIO0ATLHOW OJHOPAHTOBOM
cetu. Ho moctwxkeHne AenieHTpaau3auy 1 yXo/ia OT JOBEPEHHBIX TPETHUX JIUL 00EPHYIOCH
BBICOKMMH TPeOOBaHMAME K PECypCOEMKOCTH Y3JIOB CETH W MOTEper MacIITabupyeMOCTH,
YTO MPEMSATCTBYET MAacCOBOM aJaNnTalliy AaHHBIX ccTeM. B ocoO0eHHOCTH TaHHas TpoliemMa
MPOSIBIISICTCSI B BUJIE 00X0J]a CTOPOHOHN OJIOKYCHH-TEXHOJIOTUSAMUA MOOWIIBHBIX TLIATPOPM.
Mexny Tem, B okTs0pe 2016 mcronmp3oBaHNE WHTEpHETa MOOWIBHBIMH M IUTAHIIETHBIMH
ycTpoiicTBamu BriepBhle peBsickiio 11K mo Bcemy Mupy B COOTBeTCTBHM C WH(GOpMAITUEH OT
HE3aBUCHMOM Beb-aHanuTHueckoi kxommanuu StatCounterl. B nampHedieM TeHIESHIHS
pocTa ymcia MOOWIBHBIX Y3JI0B B CeTH OyIeT coxpaHsaThes. [Ipodiema MacmrabnpyeMocTa
HE JJaeT BO3MOXXHOCTEH KOHKYPHPOBATh C IIEHTPAIN30BAHHBIMU CHCTEMAaMH JJIEKTPOHHBIX
TuIaTexeH, Takux kak Visa, koTopas odecneurBaeT 00padoTKy nopsiaka 65000 TpaH3akiuii B
cekyHay?. B 4acTHOCTH, 3TO OrpaHMYMBAET HHTETPAlMIO C «MHTEPHETOM BeIei» —
MIEPCTIEKTHBHOTO HAMIPABJICHUS [HPPOBON SKOHOMUKH.

Ienpro maHHO# pabOTHI ABJSIETCS pa3paboTKa pacmpeneieHHoi ceth Ha ocHoBe blockchain
JUIT MOOWJIBHBIX TUIaTGOpM. BhIIBHraeTcss KOHIENT IS TPEOIOJICHHUS BBIICYKa3aHHbBIX
orpannueHuii Tekymux blockchain-npoekToB. YXoa OT Takux MeXaHH3MOB BepU(UKAIUH
kak B Ethereum wu Bitcoin, wucmomp3yromux Ui JOCTHKEHHS KOHCEHCYCa MEKIY
YYaCTHUKAMH CETH CJIOKHBIC BBIYMCIHMTEIILHBIC aJrOPUTMBI. B KadecTBe WX 3aMEHbBI
BBICTYMAaIOT pecypcodddexruBHbie anroputMmel KoHceHcyca Proof-of-Stack. ITpo6memsr
OCCKOHEYHOTO pocTa IIECMOYKH OJOKOB HAaXOMUTCS B  IUIOCKOCTH  OpraHH3alliy
pacrpeesieHHOr0 XpaHeHus TaHHBIX: () (HEKTHBHOIO ajqroputMa BeIOOpa MaccuBa OJIOKOB
JUISL XpaHEHHs Y3JIOM C y4eTOM HeoOxomumoro koddduimenrta pertukanuu. [loacetn Ha
OCHOBE CHCTEMBI KaHAJIOB «y3€J-y3eiD» I MUKPOIUIATE)KEH MPU3BAHBI PELINTD POOIEMY
MaciTabupyeMOoCTH.

NMMUTAINMUOHHASA MOJEJIb BPJIK C
CUHTE3UPOBAHHOW AIIEPTYPOU AHTEHHBI B
CETU PACHPEJEJEHHBIX BLIYNCJEHUN
MARGRID

Baagumup be3poanslii®, Anatoauii Jleyxun, Anapeii Bopouun

Mapuiickuii eocyoapcmeenHulil yHUsepcumem
E-mail: vova.bezrodny@gmail.com
CI/IHTC3I/IpOBaHI/Ie arepTypsl OpCACTaBIACT co00OM TEXHUYECKHI pUcM, HO3BOJ'I$[IOH.[PII71

CYHIECTBCHHO IIOBBICUTH Pa3pClIaroulyro CIIOCOOHOCTH paaruoJIoKaTopa B TMOICPECYHOM
OTHOCHUTCJIbHO HaIIpaBJICHUA I10JIETa HAIIPABJICHWU W IMOJIYYUTH JACTAJIBHOC H3o6pa>1<eHHe

! http://gs.statcounter.com/press/mobile-and-tablet-internet-usage-exceeds-desktop-for-first-
time-worldwide

2 https://usa.visa.com/dam/V COM/global/about-visa/documents/visa-facts-figures-jan-
2017.pdf

75


mailto:vova.bezrodny@gmail.com

PaTuOJIOKAIIMOHHOM KapThl MECTHOCTH, Hal KOTOpoH coBepmaer moner JIA [1]. s
MOJICJIMPOBAHMSI OTPAKECHUSI CHUTHAla OT TOBEPXHOCTU HCIONb3yeTcs (ameTHass Mopaeib
MMOBEPXHOCTH, NPEACTABIAIONIAs IMOBEPXHOCTh B BHE COBOKYITHOCTH 3JIEMEHTapHBIX
OTPAXAIOIINX JIIEMEHTOB, TPEACTABISAIONINX COOOH TIJIACTHMHBI KOHEYHBIX pPa3MepoB,
COBIMAJIAIONINE C TOBEPXHOCTHIO KPYIMHOMACIITAOHBIX HEpPOBHOCTEH [2]. OTpakeHHBIH
CUTHAJl OT TMOBEPXHOCTU MNPEACTaBIICT COOOH CyMMY CHUTHAJIOB OT BCEX OOJIydaeMbIX
(arieToB. [IpudeM KakIpIi MapIUATbHBIA CUTHAI HMEET CBOIO aMIDIUTYY, ONPEAeIsIeMyI0
OpHEHTAalMeH JIOKAIbHOW JuarpaMMbl OOpaTHOTO paccesiHHs, W CBOKO CllydyaiHywo ¢asy.
Curnan Ha Bxoje npuemHoil anteHHbl PJIC mpencraBnsier coboif cymMMy HapLuaibHBIX
CUTHAJIOB, OTPAXXEHHBIX OT BcexX ¢areToB B 00myuaemoit odnactu [3]. Ilpu monmennpoBannn
CpeIbl pacIpOCTPAaHEHUH CUTHAJIA UCTIONB3YEeTCs SIBJICHHE pedpaKIii, KOTOPOe OOBIICHIETCS
W3MEHEHUEM  JIMDJIEKTPUYECKOW TMPOHHLIAEMOCTH M, COOTBETCTBEHHO  IOKa3aTels
MpEeTIOMIICHUS] BO3[TyXa C BHICOTOW. HimkHHME cloM BO3IyXa paccMaTpUBAIOTCSA KakK cpena,
TUDIIEKTPHYECKAs POHUIIAEMOCTh KOTOPOH U3MEHSIETCS C BBICOTOU BCIIEICTBUE PA3PEKEHIS
Bo3ayxa. [Ipw mpoxokAeHWH Tyda HaONIOJaeTcsi ero OTKIOHEHHE OT MPSMOJIMHEHHOTrO
pacnpocTpaHeHus], BEI3BAHHOE HAIMYKEM TpaJHeHTa oKa3aTesns npenomieHns. CI0KHOCTh
MOJICTTUPOBAHUS 3aKJIIOYaeTcsi B OONBIIOM O0beMe HMCXOIHBIX NaHHBIX. Hampumep, mis
Hecymeit yactotel 10T (X — auama3oH) mioTHOCTE ¢areToB coctaBuT 44.4 sm./m2. [ns
Kaxaoro ¢amnera Bcel MOACTWIAIONICH MOBEPXHOCTH Ha KaXKIbIH MOMEHT H3ITy4YCHUS
AHTEHHBI TPeOyeTCsl OMPEeeNUTh: MPUHAIICKHOCTh THarpaMMe HalpaBJIeHHOCTH aHTEHHEI,
B TCHHW WU HET, NaJbHOCTh A0 aHTEHHBI, yTOJ MaJeHus JIyda, a3y, MOITHOCTh CHUTHAJA,
KOTOpasd 3aBUCHUT OT MOJIApU3allU U3JIYYCHUS U OT B3aMMHOT'O HAllpaBJICHUSA NOJIIpU3AllUN
Npy W3IydeHHH W mnpueme. s perieHus mnpoOiaeMbl pa3pabOTaHO KIMEHT-CEPBEPHOES
MIPIJIOKEHUE IS PACIPENeICHHOTO MOJISIUPOBAHUS PAJUOJIOKAIIIOHHOW CHCTEMBI C
CHHTE3UPOBAHHOW anepTypbl aHTeHHBI. [10CKONBbKY, KaXIblH (amneT MoKHO 0OpadaThiBaTh
HE3aBUCHMO HCHONB3YyeTCs TNapajuleln3M Ha YpOBHE JaHHBIX. KaxaoMmy KIMEHTY
COOTBETCTBYET ONpE/IEICHHAs 00JIaCTh MOACTUIAIOIIEH TTOBEPXHOCTH.

Cnucok JuTeparypsl

[1] ArTurnoB B.H. PagnonokanmonHeie cTaHIMK ¢ TU(PPOBBIM CHHTE3UPOBAHHEM allepTyphI
antenHsl / B.H. AntumoB u np.; Ilox pen. B.T.I'opsmHoBa. — M.: Pagmo u cBs3b,
1988. — 304 c.

[2] Backakor A.W. JlokainnoHHbIE METOJBI UCCIICIOBAHUS OOBEKTOB U CPeJl: YUCOHUK IS
crya. Yupexaenuit Boicul. nipod. OOpazoBanus / AWM. backakos, T.C. XKyrsaesa, FO.1.
Jlykamenko; noa. Pen. A.W. backakoBa. — M.: U3naTenbckuii neHtp «Akangemus», 2011, —
384 c.

[3] Kapaces /[I.B. Marematnueckoe MoJieNMpoBaHue Imporecca (GopMupoBaHUs
pPanuOJIOKAMOHHOTO  M300paKeHHWs Al MOJHO-TIONSPU3AaIMOHHBIX — PajgapoB €
cuaTe3upoBanHoil aneprypoir / [.B. Kapaces, B.A. Kapnos, B.MU. besponusiii, H.A.
Kokouxmnna. - Coopauk T1pymo XXIII MexayHnapogHold HayYHO-TEXHHUYECKOM
koHpepenuuu, 2017. — 874-880 c.
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NRV WEB KNOWLEDGE BASE: SCIENTIFIC
AND EDUCATIONAL APPLICATIONS

Aleksandr Alekseev?, Alexander Karpov?, Andrey Denikin?,
Mikhail Naumenko?, Viacheslav Samarin?, Vladimir Rachkov??,
Vyacheslav Saiko?

1Chuvash State Universit
2Joint Institute for Nuclear Research

E-mail: drachkov@yjinr.ru

The NRV web knowledge base on low-energy nuclear physics has been created in the Joint
Institute for Nuclear Research. This knowledge base working through the Internet integrates
a large amount of digitized experimental data on the properties of nuclei and nuclear reaction
cross sections with a wide range of computational programs for modeling of nuclear
properties and various processes of nuclear dynamics which run directly in the browser of a
remote user. Today, the NRV knowledge base is both a powerful tool for nuclear physics
research and an educational resource. The system is widely used, as evidenced by the large
number of user queries to its resources and the number of references to the knowledge base
in the articles published in scientific journals. The basic principles of the NRV knowledge
base are covered, and a brief description of its structure is given. The practical usage of the
NRV knowledge base for both scientific and educational applications is demonstrated in
detail.

ESSENTIAL ASPECTS OF IT TRAINING
TECHNOLOGY FOR PROCESSING, STORAGE
AND INTELLECTUAL ANALYSIS OF THE BIG DATA
USING THE VIRTUAL COMPUTER LAB

Evgenia Cheremisina, Mikhail Belov?, Nadezhda Tokareva,
Yury Kryukov

Dubna State Univeristy
E-mail: 2belov@uni-dubna.ru

Many new professions in the field of the virtual computer lab entered the labor market,
corresponding the needs of the Russian economy. The professionals should have enough
knowledge and skills to meet the current realities and needs of the business. Nowadays we
face the primary task of supplying the software tools and technologies to provide the effective
work in the classroom and at home, cause a true amazement and sincere admiration for the
progress in math and computer science, making the students more self-confident and giving
the reasons for the future actions.
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The training of the "consumers" should be cut off in the process of the IT specialists’
education, and we should spare no effort to training of the "creative doers". For this purpose,
it is important not only to study the ways of creating the information systems from the scratch,
paying attention to the configuring and adjustment of the equipment, connection and
integration of all the necessary parts of the system without any help, and only after that to
accomplish issue-oriented tasks.

The Virtual Computing Lab provides a set of software and hardware-based virtualization,
containerization and management tools that enable the flexible and on-demand provision and
use of computing resources, knowledge management system, theoretical materials and
practical cookbooks in the form of cloud services for carrying out research projects, scientific
computational calculations and tasks related to the development of complex corporate and
other distributed information systems. The service also provides dedicated virtual servers for
innovative projects that are carried out by students and staff at the Institute of System Analysis
and Control of State Dubna University. One main distinguishing trait of the Virtual Computer
Lab is its self-organizing principles, which make it possible to transition students from a rigid
system of group security policies to a new system where each student can develop a sense of
personal responsibility, respect for colleagues, and tolerance, which should provide a solid
foundation for strengthening and developing basic civilizational values in the education
environment.

Modern blade servers are the hardware components that support virtual computer labs. They
are high-performance, high-capacity, but compact and allow the space in the server room to
be used more efficiently. The software platform of the Virtual Computing Lab is implemented
based on the VMware vSphere Software, which consists of vSphere ESXi hypervisors with
some hand-made enhancements and optimizations for some specific hardware that handle all
the computing work of the virtual machines as well as vCenter Server central management
servers. A centralized management portal as well as a knowledge management system were
created to improve productivity of work in the Virtual Computer Laboratory. The need to
create such a system was conditioned by the fact that students are able to improve productivity
of remote learning by themselves, so it is important to create a social network between all
participants as well as to create an environment that allows pupils the opportunity to
independently engage in such processes as the identification, acquisition, presentation, and
use (distribution) of knowledge without the direct involvement of the instructor. Methods of
use (propagation) are directly related to storage methods and, consequently, the technological
tools that may be used for the transmission of formal knowledge include knowledge bases
with various search functionality; blogs, wikis, and social networks; "Wiki Textbooks" that
allow all participants to collaboratively create and update educational content and exchange
practical problems (including from real companies); as well as user blogs, forums, and group
chat systems. The new practice with containers is different compared to VMware case and
effectively complements it for a wide range of practical tasks. For the underlying operating
system kernel can be used for all containers. Current evolution of Virtual Computer Lab leads
to development of design templates for both corporate IT deployment and students learning
project.

It should also be emphasized that the Virtual Computer Lab has helped us provide an optimal
and sustainable technological, educational-organizational, scientific-methodological, and
regulatory-administrative environment for supporting innovative approaches to computer
education.
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ABOUT SOME BLOCK CHAIN PROBLEMS

Alexander Bogdanov!?, Alexander Degtyarev?,
Magdalyne Kamande?, Oleg lakushkin?, Vladimir Korkhov!

1St Petersburg State University
2Saint Petersburg Electrotechnical University "LETI"

E-mail: ®bogdanov@csa.ru

Cloud Computing stands out from any other distributed computing paradigm by offering
services on-demand basis which are not limited to any geographical restrictions.
Consequently, this has revolutionized the computing by providing services to wide scope of
customers starting from casual users to highly business oriented Industries. Despite of its
capabilities, Cloud Computing still faces challenges in handling a wide array of faults, which
could causes loss of credibility to Cloud Computing. Among those faults Byzantine faults
offers serious challenge to fault tolerance mechanism, because it often goes undetected at the
initial stages and it could easily propagate to other VMs before detection is made.
Consequently, some of the mission critical applications such as air traffic control, online
baking etc still avoid using the use of cloud computing for such reasons. Moreover, if a
Byzantine faults is not detected and tolerated at initial stage then applications such as big data
analytics can go completely wrong in spite of hours of computations performed by the entire
cloud. Therefore, in the previous work a fool-proof Byzantine fault detection has been
proposed, as a continuation this work designs a scheduling algorithm (WSSS) and checkpoint
optimization algorithm (TCC) to tolerate and eliminate the Byzantine faults before it makes
any impact. The WSSS algorithm keeps track of server performance which is part of Virtual
Clusters to help allocate best performing server to mission critical application. WSSS
therefore ranks the servers based on a counter which monitors every Virtual Nodes (VN) for
time and performance failures. The TCC algorithm works to generalize the possible Byzantine
error prone region through monitoring delay variation to start new VNs with previous
checkpointing. Moreover, it can stretch the state interval for performing and error free VNs
in an effect to minimize the space, time and cost overheads caused by checkpointing. The
analysis is performed with plotting state transition and CloudSim based simulation. The result
shows TCC reduces fault tolerance overhead exponentially and the WSSS allots virtual
resources effectively.

EXPERIMENTS WITH JUPYTERHUB
AT THE SAINT PETERSBURG STATE UNIVERSITY

Andrey Erokhin?, Andrey Zarochentsev

St Petersburg State University
E-mail: 2andrey.erokhin@cern.ch

The talk focuses on our experience with JupyterHub and JupyterLab, the ways we extend
Jupyter and how we abuse JupyterHub to spawn something other than signle-user Jupyter
notebook servers. Our project has started as a copy of CERN SWAN environment, but it
evolves independently. However, we are still using CVMFS to load Jupyter kernels and other
software and EQOS to store user home directories.
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CLOUD META-SCHEDULER FOR DYNAMIC
VM REALLOCATION

Nikita Balashov

Joint Institute for Nuclear Research
E-mail: balashov.nikita@gmail.com

Clouds gave us a more flexible way of sharing computing resources between users and
combine computation-intensive workloads with other types of workloads. Due to the variety
of workloads in such environments and to their dynamic nature, the hosts are often
underloaded. In this talk we give a review of an approach to improve hardware utilization in
laaS clouds through dynamic reallocation of VMs (enabled by live-migration technology) and
overcommitment. The software framework presented would allow one to use it as a meta-
scheduler with the built-in simple algorithms for optimizing cloud workloads distribution or
to implement custom schemes of dynamic reallocation and consolidation of virtual machines.

APPROACHES TO THE AUTOMATED DEPLOYMENT
OF THE CLOUD INFRASTRUCTURE
OF GEOGRAPHICALLY DISTRIBUTED
DATA CENTERS

Petr Fedchenkov?, Nikita Samokhin?, Sergey Khoruzhnikov?!,
Oleg Lazo?!, Andrey Shevel22

LI TMO University
2NRC "Kurchatov Institute" PNPI

E-mail: %shevel _aye@pnpi.nrcki.ru

University ITMO (ifmo.ru) is developing the cloud of geographically distributed data centers
under OpenStack. The article describes the deployment cycle for the developed multi-agent
system on physical and virtual machines using the developed software product repository.
The cloud system of distributed data centers assumes the existence of a number of subsystems,
or independent agents. And each agent is aimed at implementing the creation, management
and provision of certain services with a defined SLA: virtual machines, long-term data
storage, communication channels with network functions. At the same time, it is necessary to
perform both the initial deployment of the system and to provide the means that perform the
automated modification of the hardware or software infrastructure, that is, the complete agent
life cycle. The approaches suggested in the article allow us to use the minimum number of
pre-installed components for the purpose of deploying and managing an array of physical and
virtual entities of data centers, including deployment using Xcat, configuring using Salt and
monitoring the infrastructure using Zabbix and Grafana.
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KUBERNETES TESTBED CLUSTER
FOR THE LIGHTWEIGHT SITES PROJECT

luliia Gavrilenko

Plekhanov Russian University of Economics
E-mail: yulya952@rambler.ru

The Worldwide LHC Computing Grid (WLCG) is a global collaboration of more than 170
computing centres in 42 countries and the number is expected to grow in the coming years.
However, provisioning resources (compute, network, storage) at new sites to support WLCG
workloads is still no straightforward task and often requires significant assistance from
WLCG experts. Recently, the WLCG community has initiated steps towards reducing such
overheads through the use of prefab Docker containers or OpenStack VM images, along with
the adoption of popular tools like Puppet for configuration. In 2017, the Lightweight Sites
project was initiated to construct shared community repositories providing such building
blocks. These repositories are governed by a single Lightweight Site Specification Document
which describes a modular way to define site components such as Batch Systems, Compute
Elements, Worker Nodes, Networks etc. Implementation of the specification is based on a
popular orchestration technology — Kubernetes. Here it is discussed the testbed cluster for
deploying Lightweight grid sites. The research is mainly focused on the controlling lifecycle
of containers for compute element, batch system and worker. Also some parameters for
benchmarking and evaluation of the performance of different implementations were
introduced.

DESIGN AND IMPLEMENTATION OF A SERVICE
FOR PERFORMING HPC COMPUTATIONS
IN CLOUD ENVIRONMENT

Ruslan Kuchumov?, Vladimir Korkhov

St Petersburg State University
E-mail: 2(kuchumovri@gmail.com

Cloud computing became a routine tool for scientists in many domains. In order to speed up
an achievement of scientific results a cloud service for execution of distributed applications
was developed. It obviates users from manually creating and configuring virtual cluster
environment or using batch scheduler and allows them only to specify input parameters to
perform their computations. One of the key parameters that this service aims to help users
with is virtual cluster configuration. For most applications it is difficult to tell the optimal
number of cluster nodes, amounts of their threads per node and memory so that application
would have a minimal execution time. In this work an approach to optimization of cluster
configuration has been proposed and software system for launching HPC application in a
cloud has been presented.
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NEW FEATURES OF THE JINR CLOUD

Nikolay Kutovskiy?, Nikita Balashov, Alexandr Baranov,
Yelena Mazhitova, Roman Semenov

Joint Institute for Nuclear Research
E-mail: *kut@jinr.ru

The report covers details on such aspects of the JINR cloud development as migration to
RAFT-based algorithm high availability setup, Ceph-based storage back-end for VM images
and DIRAC-based grid platform for external partner clouds integration into distributed
computational cloud environment.

IMPROVING THE LOAD OF SUPERCOMPUTERS
BASED ON JOB MIGRATION USING CONTAINER
VIRTUALIZATION

Stanislav Polyakov?, Minh-Duc Nguyen, Elena Petrova

Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
E-mail: %s.p.polyakov@gmail.com

Modern supercomputers employ schedulers to distribute the queued jobs between the
computational nodes and maximize their load. The jobs can vary in size (number of required
computational units, planned time) and it is impossible to schedule them with 100%
efficiency. Additionally, some jobs are completed ahead of time which can also decrease the
load. In practice the average load of supercomputers seldom exceeds 90% and often is below
80%. Theoretically, any slots left empty by the scheduler can be used by jobs that require a
single scheduling CPU slot and sufficiently short execution time. In practice, there are
numerous computational problems that do not require parallelization and therefore need a
single CPU slot but have significant time requirements. A queue of jobs solving these
problems can be used to fill short schedule slots if the jobs are migrated to different nodes or
saved and returned to the queue before the end of the allotted time. It is possible with the use
of container virtualization that allows to start, stop, and migrate containers relatively quickly.
We develop a simulation model of a system intended to increase the load of supercomputers
using an additional queue of non-parallel jobs packed in containers. Here we present an
estimation of the load of supercomputers using different scheduler algorithms. The estimation
is based on simulation with a simulated queue consisting of jobs with randomly generated
parameters (number of CPUs, planned time, actual completion time). The chosen distribution
of the parameters is based on typical data of supercomputers. We also present an estimation
of the expected load increase resulting from the use of container migration.
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CREATION OF CLOUD INFRASTRUCTURE OF INP'S
ASTANA BRANCH - PRIVATE ESTABLISHMENT
"NULITS" AND ITS INTEGRATION WITH
THE DISTRIBUTED JINR CLOUD INFRASTRUCTURE

Boris Potapchuk!, Mikhail Mazhitov!?, Sergey Belov?,
Yelena Mazhitova??

!Private establishment "Nazarbayev University Library and IT Services"
2Joint Institute for Nuclear Research
3Institute of Nuclear Physics, Republic of Kazakhstan

E-mail: 2mmazhitov@nu.edu.kz

The article is devoted to the project of creating the cloud infrastructure of the Astana branch
of the Institute of Nuclear Physics and the private establishment "Nazarbayev University
Library and IT Services" (Republic of Kazakhstan, Astana) on the basis of the resources of
both organizations, its integration with the distributed cloud infrastructure of the Joint Institute
for Nuclear Research (Russian Federation, Dubna). Investigates the motivation and
implementation of the cloud infrastructure, discusses various mechanisms for cloud
integration, and outlines plans for using created infrastructure.

CLOUDS OF JINR, UNIVERSITY OF SOFIA
AND INRNE - CURRENT STATE OF THE PROJECT

Hristov Svetoslav!, Kouzma Kouzmov?, Nikita Balashov?,
Nikolay Kutovskiy?, Radoslava Hristova?, Vladimir Dimitrov?2,
Vladimir Korenkov?

LINRNE
2University of Sofia
3Joint Institute for Nuclear Research

E-mail: cht@fmi.uni-sofia.bg
JINR established a cloud based on OpenNebula. It is open for integration with the clouds from
the member states. The paper presents current (first year) state of the 3 years project that aims

to create a cloud backbone in Bulgaria. University of Sofia and INRNE participate in that
initiative. This is a target project funded by JINR based on the research plan of the institute.
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THE SERVICE FOR PARALLEL APPLICATIONS
BASED ON THE JINR CLOUD
AND HYBRILIT RESOURCES

Elena Zemlyanaya?, Pavel Goncharov?, Andrey Nechaevskiy?,
Ruslan Kuchumov?, Oksana Streltsova?, Nikolay Kutovskiy?,
Maksim Bashashin?, Nikita Balashov!, Gennady Ososkov?,
Ivan Sokolov?

LJoint Institute for Nuclear Research
2Sukhoi State Technical University of Gomel
3St Petersburg State University

E-mail: disokolov@jinr.ru

Cloud computing became a routine tool for scientists in many domains. The JINR cloud
infrastructure provides JINR users computational resources for performing various scientific
calculations. In order to speed up achievements of scientific results the JINR cloud service
for parallel applications was developed. It is a application-specific web-interface. It consists
of several components and implements a flexible and modular architecture which allows to
utilize both more applications and various types of resources, as computational backends.
Besides this architecture increases the utilization of cloud idle resources. This service allows
scientist to focus on his research domain by interacting with the service in a convenient way
via browser and abstracting away from underlying infrastructure as well as its maintenance.
A user just set a required values for his job via web-interface and specify a location for
uploading a result. The computational workload are done on the VMs deployed in the JINR
cloud infrastructure. But It is planned in the nearest future to add a HybriLIT heterogeneous
cluster as one more computational back-end of the JINR Saa$S service. An example of using
the Cloud&HybriLIT resources in the scientific computing is the study of superconducting
processes in the stacked long Josephson junctions (LJJ). LJJ systems are undergone the
intensive research because of a perspective of practical applications in nano-electronics and
guantum computing. Respective mathematical model is described by a system of the sine-
Gordon type partial differential equations where the spatial derivatives are approximated with
help of standard finite difference formulas and the resulting system of ODEs is numerically
solved by means of the 4th order Runge-Kutta procedure. Parallel MPI-implementation of the
numerical algorithm was developed.
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INTEGRATION OF THE BOINC SYSTEM
AND ADDITIONAL SOFTWARE PACKAGES

Nikolay Khrapov

Institute for Information Transmission Problems RAS
E-mail: nkhrapov@gmail.com

Currently, the BOINC system [1] is the most well-known voluntary computing system. Many
researchers use BOINC to solve scientific problems. The BOINC software allows them to
automate the process of sending tasks to the computing node, starting it and returning the
results. To solve many scientific problems, the BOINC system requires additional software.
The need for integration of the BOINC system and additional software arises in the following
cases: a) generation of computing tasks on the server side; b) processing of results on the
server side; ¢) running additional software components on the side of the compute node; d)
interface for visualization and display of results. The report considers various aspects of the
integration of the BOINC system and additional software. Describes the approaches used for
integration. Projects USPEX@HOME [2] and XANSONS4COD@HOME [3] are considered
too. The practice of applying standard approaches is discussed and new ideas are proposed.
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THE ACTIVITY OF RUSSIAN CHAPTER
OF INTERNATIONAL DESKTOP GRID FEDERATION

llya Kurochkin

Institute for Information Transmission Problems RAS
E-mail: qurochkin@gmail.com

Results of activity of the Russian Chapter of International Desktop Grid Federation (IDGF)
are considered. Including interaction with community of the russian volunteers (crunchers),
start new and support of the existing projects of the volunteer distributed computing.

In this report the results of activity of the Russian Chapter of International Desktop Grid
Federation (IDGF) for 2 years are summed up. Continuous interaction with community of the
russian crunchers (volunteers) was carried out.
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Cooperation was conducted in several directions:

» Search of scientific groups among the russian scientists interested in creation of new
projects;

* Carrying out sociological researches;

* Development of the existing projects of the voluntary distributed calculations;

+ Joint publications and reports at scientific conferences;

* Support of the crowdfunding project on creations of the specialized computing server;
» Support of creation of a cluster with the improved relation the cost-performance.

By results of interaction of several scientific groups and community of the russian crunchers
it is possible to tell that the group of crunchers which, at the high level helps scientific groups
in a number of researches was created. It is possible to call such phenomenon the term "citizen
science". Interaction of members of the Russian Chapter of IDGF happens on a constant basis
that is expressed in a large number of joint publications.

MODELING OF TASK SCHEDULING IN DESKTOP
GRID SYSTEMS AT THE INITIAL STAGE
OF DEVELOPMENT

Ilya Kurochkin'?, Gerk Evgeny?

Linstitute for Information Transmission Problems RAS
2NUST MISIS

E-mail: *qurochkin@gmail.com

The paper presents an overview of modern methods for task scheduling in desktop grid
systems, estimates of the quality of methods, including: the time of execution of all tasks, the
level of resource utilization. Heuristic approach to task scheduling is considered, which allows
ensuring high performance and reliability of such systems at the early stages of development.
A comparative analysis of the results of computational experiments performed with the help
of the GridSim high performance computing simulation tool for various desktop grid system
configurations is carried out.
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SUPPORTING EFFICIENT EXECUTION OF MANY -
TASK APPLICATIONS WITH EVEREST

Oleg Sukhoroslov?, Sergey Smirnov, Sergey Volkov
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E-mail: 2oleg.sukhoroslov@gmail.com

Distributed computing systems are widely used for execution of loosely coupled many-task
applications. There are two important classes of such applications. Bag-of-tasks applications,
e.g., parameter sweeps or Monte Carlo simulations, represent a set of independent tasks.
Workflows, which are used for automation of complex computational and data processing
pipelines, consist of multiple tasks with control or data dependencies. The report discusses
the common problems related to the efficient execution of such applications on distributed
computing resources and the relevant solutions implemented within the Everest platform.

Everest [1-3] is a web-based distributed computing platform which provides users with tools
to publish and share computing applications as web services. The platform also manages the
execution of applications on remote computing resources. Everest implements the PaaS model
by providing its functionality via remote web and REST interfaces. A single instance of the
platform can be accessed by many users in order to create, run and share applications with
each other. Instead of using a dedicated computing infrastructure, Everest performs the
execution of applications on external resources attached by users. The platform supports
integration with standalone servers, clusters, grid infrastructures, desktop grids and clouds. A
user can specify multiple resources, possibly of different type, for running an application.

Everest provides multiple tools for execution of many-task applications. First, it includes a
general-purpose service for execution of bag-of-tasks applications such as parameter sweeps.
The application tasks are described using a simple declarative notation. Second, it is possible
to dynamically add new tasks or invoke other applications from a running application via the
REST API. This allows users to run complex many-task applications such as workflows. In
this case, the dependencies between tasks are managed internally by a user application. While
this approach provides maximum flexibility, it does not allow passing the complete task graph
to the platform to enable scheduling optimizations. To overcome this limitation, an new
interface for submitting workflows has been added recently.

The application tasks are executed by Everest on computing resources specified by a user.
The efficiency of application execution, i.e. the execution time, critically depends on the
methods used for task scheduling [4]. Everest implements a two-level scheduling mechanism
that allows to plug-in different scheduling algorithms. First, the available resources are fairly
distributed among the running applications. Then, the application-level scheduler selects tasks
for running on provided resources. The separate schedulers are implemented for bags-of-tasks
and workflows, which are based on MaxMin and DLS algorithms respectively. The used
algorithms require the estimates of task execution and data transfer times. Currently, these
estimates are computed based on the statistics from previous task and application executions.

The other features that are essential for efficient execution of many-task applications include
accounting for local resource policies and automatic recovery of failed tasks. For example,
the limit on the maximum number of jobs per user imposed by an HPC cluster administrators
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may not allow to fully utilize the resource when running a single job per Everest task. An
advanced adapter for Slurm manager has been developed which allows to solve this problem
by submitting complex jobs consisting of multiple tasks. When dealing with failed tasks,
Everest distinguishes between critical and recoverable faults. In the latter case, the task is
retried multiple times, and the resources with many failures are blacklisted. To account for
temporary network failures between Everest and resources, the tasks running on the
disconnected resource are not rescheduled immediately to avoid wasting compute time.
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THE GAME CHARACTER OF COLLABORATION
IN VOLUNTEER COMPUTING COMMUNITY

Victor Tishchenko

RCF "Computer Science and Control" RAS
E-mail: vtichenko@mail.ru

The implementation of VVC project directly depends on the number of participants, PC (other
machines) and time of their work. So project managers/organizers in search of a mechanism
to encourage participation in VVC-projects use conditional points accrual mechanism; the
number of these points ("credits™) depends on the provided capacities, the time of participation
in projects, and other characteristics of the activity of volunteers and their teams. The
availability of constant statistics for all projects, in addition to tracking various ratings,
provokes various virtual competitions (“challenges”) between participants and teams. And
many of the projects create an environment for the competitors by volume computations are
done, both individually and in the team event. Thus modus operandi of VC — is spirit of
competition. If volunteers are members of a team, they are simultaneously competing with
the other teams on the project on the more immediate goal of racking up the most contributions
and coming out on top of the table of statistics documenting contributions. This form of
cooperation and competition demonstrates a new type of online scientific collaborative
network. Emerging from individual participation at the first stages of VC, nowadays
VCvolunteers form a virtual scientific community which working towards the common goal
of scientific research. VC projects are by their nature decentralized and so, volunteer’s
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communication through online form a communal virtual place. As for social underpinning of
VC-projects, we should note a nontraditional form of VC social structure. And the VC
organizational framework consists of projects; individuals; VC teams; Internet resources —
project websites with statistics in rank tables, discussion forums, etc. The revealed differences
in the distribution of volunteers underscore the need for a detailed study of the motives for
participating in such projects. However, the researchers and organizers of VVC projects do not
have an unambiguous answer to the question: how can a significant scientific project requiring
large-scale calculations form an environment that will stimulate the contribution of resources
by many volunteers? Most sociological studies of the motives of volunteers' behavior were
based on the representation of the community as a set of participants and as a result, the
research focuses only on the motivation of individual participants [Holohan A. and Garg A.,
2006; Nov O., et al., 2014; Andreev. A., 2014; Kurochkin et al., 2015]. The background of
such view is based on an idea that VVC participants provide something for others (processing
data for scientific projects) at their own cost (time, energy, opportunity costs, use of PC
resources). E.g., factors which need for self-oriented motivations. But we think that a motive
of self-actualization is not enough to explain why millions of common people regular (day by
day) participate in scientific computation. Our research indicates that the answer lies at the
intersection of self-oriented motivation and the interactional and organizational possibilities
emerging through the Internet. We suggest: online collaboration can capture people’s
motivation better than only intrinsic motives. In order to highlight traces of collaborative
networks we will allocate links between the active volunteers in a whole Boinc.ru community.
For determining an active group of participants in VCprojects in Boinc.ru community we have
used the accrued credits, assumed that a person took part in the project if he collected at least
50,000 points in it. Having constructed a connectivity table, where aij — the number of general
projects for two volunteers we construct a graph. So it appeared — 200 volunteers, who
participated in 2176 projects. It means that almost all active users are connected with some
projects. The most active and productive participants in VC exemplify “co-competition”
(Brandenburger & Nalebuff, 1996) — collaboration within the network organization of a VC
project. Our research indicates that the motivation of participation of millions of unskilled
volunteers in VC-projects lies at the intersection of intrinsic motivation and the organizational
possibilities emerging through the collaboration. In providing the means for channeling
participants' motivations to compete and cooperate, VC-projects provide powerful insights
into a new type of collaborative network.
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ORTHOGONALITY-BASED CLASSIFICATION
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The search for pairs of orthogonal diagonal Latin squares (ODLS) is a hard-combinatorial
problem [1]. According to the Euler-Parker approach, a set of diagonal transversals is
constructed for a given DLS of order N. If a subset of N non-overlapping transversals is found,
then an orthogonal mate for the DLS can be easily constructed. According to some
estimations, only 1 DLS of order 10 out of 32 millions has an orthogonal mate. Authors of
the volunteer computing project Gerasim@home and SAT @home maintain the collection of
pairs of ODLS of order 10. It contains more than 580 000 canonical forms (isotopy classes)
of DLS of order 10 as for June 2018.

DLSs from the collection can be classified by the number of their orthogonal mates.
According to this classification, about 550 000 of DLSs are bachelor — i.e. each of them has
exactly one orthogonal mate. About 7 500 of DLSs are line-2 — i.e. that each of them has
exactly two orthogonal mates. There are also 63 line-3, 283 fours, 2 fives, 9 sixes, 1 sevens,
7 eights and 1 ten (see Fig. 1). This classification can be expanded.

Figure 1 contains examples of DLSs of order 10 that are part of found combinatorial
structures. These DLSs were constructed during several computational experiments: random
search for DLSs with consequent attempt to construct their orthogonal mates; comprehensive
search for DLSs that are symmetric according to some plane; comprehensive search for
general symmetric DLSs; random search for partially symmetric DLSs.

The found combinatorial structures (graphs from DLSs on the orthogonality binary relation
set) are new and were not published before. Due to their simplicity they allow a trivial
classification based on a vector of degrees of vertices which is sorted in ascending order. In
fact, in this case a degree of a vertex is the number of ODLS for the chosen DLS.

The research was partially supported by Russian Foundation for Basic Research (grants 16-
07-00155-a, 17-07-00317-a, 18-07-00628-a, 18-37-00094-mol-a) and by Council for Grants
of the President of the Russian Federation (stipend SP-1829.2016.5). Authors thank citerra
[Russia Team] from the internet portal BOINC.ru for his help in the development and
implementation of some algorithms. Also authors thank all the volunteers of SAT @home and
Gerasim@home for their participation.
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Figure. 1. Combinatorial structures based on the orthogonality of DLSs of order 10: a —square
with no mate (bachelor); b —line-2; ¢ — line-3; d —triple; e — four; f — five; g — six; h —seven;
i —eight; j — rhomb-3; k — rhomb-4; | — loop-4; m — fish; n — line-4; o — line-5; p — flyer; g —
ten; r — cross.
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BOINC-BASED COMPARISON
OF THE GEOACOUSTIC INVERSION
ALGORITHMS EFFICIENCY
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The BOINC-based volunteer computing project Acoustics@home was employed to study the
accuracy of the sound speed profile reconstruction in a shallow-water waveguide using a
dispersion-based geoacoustic inversion scheme. This problem was transformed into a
problem of black-box minimization of a certain mismatch function. According to the first
approach, a sound speed profile is considered a piecewise-linear function with fixed
uniformly-spaced nodes. At these nodes, the values of sound speed are obtained in the course
of inversion. In the second approach the depths of the sound speed profile nodes are also
considered inversion parameters, however, their number must be smaller than in the first
approach due to the computational complexity limitation. Several large-scale computational
experiments reveal that for the considered problem the second approach leads to a more
accurate sound speed profile estimation.

This study was supported by the Council for Grants of the President of the Russian Federation
(grant No. MK-2262.2017.5), the Russian Foundation for Basic research (grants No. 16-05-
01074-a, No. 16-07-00155-a), and the POl FEB RAS Program 'Nonlinear dynamical
processes in the ocean and atmosphere'.

PEAJIM3ALIMSI BBIYUCJIEHUI
C IMHAMNYECKHUMU 3ABUCUMOCTAMMU 3AJTAY
B CPEJE JECKTOII I'PU/] C UCITIOJb30OBAHUEM
EVEREST U TEMPLET WEB

Bocrokun Cepreii'?, Cyxopocaos Ouer?, Boobuiesa Upunal,
Credan Ionos?

L\ Camapcruii nayuonansmuiil uccredosamensexuii yuugepcumemn
2 Uucmumym npobnem nepedauu ungpopmayuu PAH
E-mail: ®easts@mail.ru
ensro HCCIIEI0OBAHMS ObL1a JKCIIEpUMEHTAIIbHAS MpoBEpKa TEXHOJIOTHH
aBTOMaTPI3HpOBaHHOI7[ pa3pa60TKH HpI/IJ'IO)KeHI/Iﬁ C JUHAMHYCCKHU (bOpMI/IpyeMLIM rpa(bOM

3aBUCHMOCTEH MCKAY 3aJavdaMu JJIsd BBIUKCIICHUH B rpua-cpeac HaCTOJbHBIX KOMIIBIOTCPOB
OpraHuvsaluu. HaHHI)II‘/'I TUIT BBIYUCIICHUM MPUBJICKATCJICH C TOYKH 3pCHUS MHHHUMYMa

96


mailto:zaikin.icc@gmail.com
mailto:easts@mail.ru

anmapaTHBIX 3aTpaT, HO OCTAeTCs CIIOKHBIM KaK Uil MPOTPAaMMHUPOBAHHS, TaK M JUIA
pa3BepThiBaHus. Crneuuduueckue TpeOOBaHUs, KOTOPBIE YYHTHIBAJIHCH MPH pa3paboTKe
TECTOBOTO MPHIIOKEHUS, BKITFOUAOT: (1) HCITOIR30BaHNE TPOCTANBAIOIITINX KOMITBIOTEPOB; (2)
WCTIOTHEHWE Ha TeTEepOreHHOM oOopymoBaHuu; (3) TPOCTOTY H  OIEPATUBHOCTH
pa3BepThIBaHUSI KOMIIOHEHTOB MPHJIOKEHUS; (4) OpraHu3alfio AJUTEIBHBIX BBIYUCICHHH,
YCTOWYMBBIX K OTKazy; (5) opraHM3auuio BBHIYUCICHHN ¢ OOJBIIMM KOJMYECTBOM 3a/ad H
CIIOKHBIMH 3aBHCUMOCTSIMH MKy HUMH. Hamu Ob110 pa3paboTaHo mpuitokeHue OI09HOI
COPTHUPOBKU OOJBIIOTO MAacCHBa SKCIEPUMEHTAIBHBIX JAaHHBIX B TPHI-CpPelle HACTOJBHBIX
KOMIIBIOTEPOB, B KOTOPOM OBLIM YYTEHBI 3asBleHHbIC TpeboBanus. [IpoTecTupoBaHo
UCTIONb30BAaHWE HOYTOYKOB, paOOYMX CTAHIMH, BHPTYaIbHBIX MAIIWH, HUMUTHPYIOIIHX
BapUAHTHl JOCTYIHBIX IPOCTAMBAIOUIMX BBIYHCIUTEIBHBIX PECYpCOB  OpTaHHM3aIHH.
KoMIOHEHTBI PHUII0KEHUST HCIIOHSUIUCH TIO/T YIIPABICHUEM ONIEPAIllMOHHOM cucteMbl Linux
(opkecTparop BBIUHCIICHUIT), a Takke moxa ynpasieHneM OC Windows (CopTHpOBIIMKH U
MepmKepbl 0J0koB JaHHBIX). llpoctoTa pasBepThiBaHUS oOOecHednWBanmach 3a CYET
ucnonb3oBanus mwiathopm Everest [1], Templet Web [2] u mporpaMM-areHTOB ¢ HECTOXKHOM
nporenypoi ycraHoBkH. OTKa30yCTOMYMBOCTH BBIYUCICHHMN 3aaad  obOecrieyrBajach
BHYTPEHHUMH  MexaHm3Mamu  1iatgopmbel  Everest.  Opkectpatop B IEsIX
OTKa30yCTOMYMBOCTH pa3BepThiBaiics U3 cepuca Templet Web na BuptyanpHyro MammHy
non ympasinenueM VMware. Koa opkectparopa COpTHpOBKM HamucaH Ha s3bike C++ C
WCTIONIB30BAaHUEM CIIEIIHAIEHO pa3pabOoTaHHOTO aKTOpO-TIoJo0HOTO (peiiMBOpKa, dTO
MO3BOJIIIIO (pOPMHUPOBATH 3a/a4d COPTUPOBKH M OOBEAMHEHUsS OJOKOB JWHAMHYECKH B
3aBUCUMOCTH OT pe3yJbTaTOB HCIOJHEHUS paHee 3allylICHHBIX 3aaady. B nanpHeimem
IUIAHUPYETCSl PaCIIMPUTh KOJI (PpedMBOpKa sl MPO3PAYHOIO B3aUMOJCHCTBUS MEKIY
wiatdopmoit Everest u Templet Web, 4to mo3BosUT peann3oBbIBaTh KOJ OpPKeCTpaTopa
HETIOCPEACTBEHHO HCCIIeoBaTeNeM, 0e3 y4acTHsi CHCTEMHOTO IIPOTPaMMHUCTA.

References

[1] Sukhoroslov O. A Web-Based Platform for Publication and Distributed Execution of
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A SOFTWARE PACKAGE FOR STUDYING
THE SYSTEM OF LONG JOSEPHSON JUNCTIONS
ON HYBRID COMPUTING ARCHITECTURES

Maksim Bashashin!?, Ksenia Erofeeva?, Oksana Streltsova?,
Elena Zemlyanayal?, Maksim Zuev'?

1Joint Institute for Nuclear Research
2Dubna State University

E-mail: 2zuevmax@jinr.ru

The report presents the work on developing of a software package for investigating the system
of long Josephson junctions. It makes possible to perform computations on heterogeneous
computation architectures: Intel processors (CPU), Intel Xeon Phi processors (KNL),
NVIDIA graphics processors (GPU). A comparative analysis of the acceleration and
efficiency of the developed parallel implementations depending on the task parameters and
the parallelization scheme was performed; analysis of the effectiveness of the developed
parallel implementations using OpenMP, MPI and CUDA technologies for a single Josephson
junction has been carried out in order to select the optimal computing architecture for the
solution of the task. The calculations were carried out on a heterogeneous platform
HybriLIT (LIT JINR).

The work is supported by RFBR grant No 15-29-01217.

NETWORK INFRASTRUCTURE
OF HETEROGENEOUS PLATRFORM “HYBRILIT”

Dmitry Belyakov'?, Yurii Butenko?!, Andrey Dolbilov?,
Mikhail Matveev!, Vladislav Moiseev?, Martin Vala®

Joint Institute for Nuclear Reasearch
2Dubna State University
3nstitute for Theoretical and Experimental Physics, KoSice, Slovak Republic

E-mail: ddmitry@jinr.ru

The heterogeneous platform “HybriLIT” provides users with ample opportunities for
conducting parallel calculations and modeling of new experiments in the field of high energy
physics. The platform consists of two clusters: a training and test polygon “HybriLIT” and
supercomputer named after Govorun N.N. High performance servers with Intel Xeon series
E5, Intel Xeon series Gold (Skylake) and Intel Xeon Phi 7290 (KNL), servers with graphics
accelerators Nvidia Tesla K40, K80 and Nvidia Tesla V100 (Volta) are available for users.

The network infrastructure of the heterogeneous platform is build on basis of Ethernet

10 Ghit/sec technology, fabric Mellanox InfiniBand 100 Gbit/sec and fabric Intel Omni-Path
100 Gbit/sec are used as high-speed and low-latency backbone between the servers.
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In this paper the network infrastructure of the heterogeneous platform “HybriLIT” is
described, the results of testing the high-speed and low-latency backbone are given, the
comparative analysis of fabric Mellanox InfiniBand 100 Gbit/sec and fabric Intel Omni-Path
100 Gbit/sec for different class of network tasks is performed.

ON PORTING OF APPLICATIONS TO NEW
HETEROGENEOUS SYSTEMS

Alexander Bogdanov?, Vladimir Mareev, Nikita Storublevtzev,
Denis Manyashin

St Petersburg State University
E-mail: ®bogdanov@csa.ru

This work is devoted to the development of guidelines for the porting of existing applications
to GPGPU. The paper provides an overview of the current state of the parallel computation
area with respect to GPGPU. Various approaches to the organization of parallel computations
are considered, and their effectiveness is evaluated in relation to the application under study.
Special attention is given to delicate relation between vectorization (done on the level of most
internal loops of code) and parallelization (done on the external computational tasks). The
proper combination of this makes it possible to get optimal speed-up. But in reality it can be
too ideal point of view because of two principle limitations — memory of the GPGPU and the
link between CPU and GPGPU. We argue that due to those limitations it is impossible to
work out general strategy of porting applications to any GPGPU. Anyway for particular codes
and special GPU’s the proposed approach makes it possible to get speed-up’s up to hundreds.
This becomes even more effective when combined with virtualization of GPGPU to provide
the balance between the size of computing core and rate of data transfer to it. We illustrate
our approach on the examples of OpenFoam and DSMC porting to P100 GPU. It is clear, that
only combination of all proposed measures makes it possible to get necessary speed-up. As a
result, a strategy has been developed for migrating the application to a heterogeneous system.
The results of the work can be applied when transferring similar applications to GPGPU or
modified to transfer other types of applications.
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ALGORITHMS FOR THE CALCULATION
OF NONLINEAR PROCESSES ON HYBRID
ARCHITECTURE CLUSTERS

Alexander Bogdanov?, Vladimir Mareev, Nikita Storublevtzev

St Petersburg State University
E-mail: ®bogdanov@csa.ru

The problem of porting programs from one hardware platform to another has not ceased to be
less relevant and simpler with time. The need to transfer programs to platforms with different
architectures can have different roots. One of them is to increase the efficiency of executing
programs for mass calculations on multiprocessor systems and clusters. The purpose of our
work is to identify the key features of algorithms in porting codes for calculating of essentially
nonlinear processes to a modern cluster of hybrid architecture that includes both CPUs (Intel
Xeon) and GPU (NVIDIA TESLA) processors. In order to increase cluster productivity by
the well-known Amdahl law, it is necessary to achieve heterogeneoty of computational nodes.
As a test problem for studying the process of porting a code to a cluster of hybrid architecture,
the KPI equation of Kadomtsev-Petviashvili was chosen, written in integro-differential form
[1]. As a result of the work, the procedure for porting a simulation code for a two-dimensional
nonstationary model problem to a hybrid system is proposed. The features of such a transition
are revealed.

References

[1] A.V. Bogdanov, V.V. Mareev. Numerical Simulation KPI Equation. Proceedings of the
15th International Ship Stability Workshop, 13-15 June 2016, Stockholm, Sweden. pp. 115-
117.

DISTRIBUTED VIRTUAL CLUSTER
MANAGEMENT SYSTEM

Amissi Cubahiro?, Vladimir Gaiduchok!?, Magdalyne Kamande?,
Vladimir Korkhov?, Alexander Degtyarev?

1Saint Petersburg Electrotechnical University "LETI"
2St Petersburg State University

E-mail: gvladimiru@gmail.com

An effective cluster management system is the key to solving many problems that arise in the
field of distributed computing. The wide spread of computing clusters led to the active
development of task management systems, however, many issues, in particular, migration
issues, have not yet been resolved. In this paper, we consider the organization of a virtual
cluster created with virtualization at the OS level, as well as issues related to the dynamic
migration of individual processes and containers. The complexity of this task within the
cluster is determined by stringent requirements, a large set of process and container state
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parameters, and the possibility of using specialized equipment. The ability to restore the state
of a container to another node is a complex task that requires the development and
implementation of multiple subsystems. Migration of containers and processes is much more
difficult than migration of virtual machines because of close integration into the OS and the
ability to work with individual components of equipment directly: you need to restore the
state of individual subsystems, while in the case of a traditional virtual machine, the VM
works with virtual equipment, provided by the hypervisor, and the state of the guest OS is
inside the VM itself. Migration of processes and containers is an actively developing direction
at present. We will present and discuss a technique for managing distributed heterogeneous
virtual clusters using virtualization at the OS level; a technique of ensuring reliability, fault
tolerance and load balancing of computing clusters due to the dynamic migration of tasks
within a virtual cluster; an architecture of a virtual computer network for a computing cluster,
minimizing the overhead associated with data exchange, for a specific task.

THE PROBLEM OF SYMBOLIC-NUMERIC
COMPUTATION OF THE EIGENVALUES
AND EIGENFUNCTIONS OF THE LEAKY MODES
IN A REGULAR HOMOGENEOUS OPEN WAVEGUIDE

Andrey Drevitskiy?, Dmitriy Divakov

RUDN University
E-mail: *adrevitskiy@gmail.com

In this paper the algorithm of finding eigenvalues and eigenfunctions for the leaky modes in
a three-layer planar dielectric waveguide is considered. The problem on the eigenmodes of
open three-layer waveguides is formulated as the Sturm-Liouville problem with the
corresponding boundary and asymptotic conditions. In the case of guided and radiation modes
of open waveguides, the Sturm-Liouville problem is formulated for self-adjoint second-order
operators on the axis and the corresponding eigenvalues are real quantities for dielectric
media. The search for eigenvalues and eigenfunctions corresponding to the leaky modes
involves several difficulties: the boundary conditions for the leaky modes are not self-adjoint,
so that the eigenvalues can turn out to be complex quantities. The problem of finding
eigenvalues and eigenfunctions will be associated with finding the complex roots of the
nonlinear dispersion equation. In the present paper, an original scheme based on the method
of finding the minimum of a function of several variables is used to find the eigenvalues. The
paper describes the algorithm for searching for eigenvalues, the algorithm uses both symbolic
transformations and numerical calculations. Based on the developed algorithm, the dispersion
relation for the slowly leaky mode of a three-layer open waveguide was calculated in the
Maple computer algebra system using CUDA(R) technology to accelerate certain routines.
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REAL-TIME VISUALIZATION OF SHIP AND WAVY
SURFACE MOTIONS BASED ON
GPGPU COMPUTATIONS

Anton Gavrikov?, Andrei Ivashchenko, Ivan Gankevich,
Nataliia Kulabukhova, Alexander Bogdanov, Alexander Degtyarev,
Vladimir Rukovchuk

St Petersburg State University
E-mail: gavrikovantonkapi@gmail.com

One of the key stages in ship design process is the modeling of its behavior on the wavy sea
surface, carried out with the expected operational characteristics taken into account. Similar
modeling process could be done within real conditions at virtual testbed, which allows to
monitor the influence of external disturbances on ship's running characteristics in real time
with sensors installed onboard. Visualization of the results for such modeling process allows
the researcher to correctly and holistically perceive occurring events, as well as to predict and
timely respond to emerging dangerous situations. If we are using GPGPU technology for
computation purposes, results of modeling will be already placed in GPU memory after
process completion. This fact can be regarded as an opportunity to optimize the visualization
process by converting the raw simulation data into graphic objects directly on the GPU, and
interaction mechanisms between OpenGL and OpenCL could be used here. In this article we
demonstrate the effectiveness of this technique on the example of ship behaviour visualization
on a wavy sea surface, as well as forces acting on the ship's hull.

THE USAGE OF HPC SYSTEMS FOR SIMULATION
OF DYNAMIC EARTHQUAKE PROCESS

Yulia Golubeva, Vasily Golubev?
MIPT

E-mail: ®w.golubev@mail.ru

Nowadays the HPC systems are very widespread in the world. Due to their computational
power it is possible to simulate with a high precision a lot of phenomena: drugs development,
seismic survey process, hydraulic fracturing and multi-component fluid flow, human-human
interaction, high-speed collisions in open space, tsunami and earthquake initiation. That is
why the development of modern applied research software for multi-processors systems are
important. In the current work seismic waves generated during the earthquake process are
considered. To describe precisely the dynamic behavior of the heterogeneous geological
medium the 2D/3D full-wave system of elastic equations was used. Unfortunately, the
analytical solution is available only for simple source and geometry of the area of interest.
The grid-characteristic numerical method on curvilinear structured meshes was successfully
applied. To achieve enough computational speed on large grids the research software designed
by Khokhlov N.I. at MIPT was used. It is parallelized with OpenMP and MPI technologies
with a good scalability up to thousands of CPU cores. A low-parameteric numerical model of
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hypocenter was introduced. As a verification a set of calculations for simple geological
models in 3D were carried out. In 2D/3D cases the process of earthquake initiation at shelf
was simulated. The contact between water (acoustic approximation) and geological bottom of
the sea (full-wave elastic approximation) was explicitly taken into account. The magnitude at
hypocenter was estimated with the Richter scale. The obtained time-spatial distribution of
elastic stresses may be subsequently used in problems of strength of structures.

The reported study was funded by RFBR according to the research project Ne 18-37-00127.

OPENFOAM WAVE MODELLING OPTIMIZATION
WITH HETEROGENEOUS SYSTEMS APPLICATION
PORTING

Nikita Nizovtsov?, Alexander Degtyarev

Saint-Petersburg State University
E-mail: ®vostatin@gmail.com

In the report application of porting optimization on heteregeneous systems in the field of wave
propagation modelling is discussed. Also, reviews of organization of computing in frame of
OpenFOAM package and estimations of effectiveness of application porting on
heteregeneous systems are given for the wave propagation problem in fluid. Evaluations of
the difficulty and time required for implementations of these approaches in relation to
performance improvements are considered.

ACCELERATING REAL-TIME SHIP MOTION
SIMULATIONS USING GENERAL PURPOSE
GPU COMPUTATIONS

Ivan Petriakov?, Ivan Gankevich, Alexander Degtyarev,
Vladimir Korkhov

St Petersburg State University
E-mail: 2st049350@student.spbu.ru

Software suites for ship simulations are typically used for statistical studies of ship dynamics,
but also as a simulator for training ship crew in dangerous situations. One problem that arises
during training is speeding-up a part of the session which does not involve actions from the
crew. The aim of the study reported here is to accelerate solution of ship motions equations
using general purpose computations on GPU. These equations describe dynamics of ship
manoeuvring in wavy sea surface, and are central to the simulator programme. The equations
are solved numerically via Runge—Kutta—Fehlberg method. Due to high number of floating
point operations, computation on GPU achieves considerable speed-up over CPU. High
performance solution allows to shorten training sessions and make them more efficient, but
also beneficial for statistical studies as it reduces simulation time.
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GPGPU IMPLEMENTATION OF SCHRODINGER'S
SMOKE FOR UNITY3D

Oleg lakushkin?, Anastasia lashnikova, Olga Sedova

Saint-Petersburg State University
E-mail: 2oleg.jakushkin@gmail.com

The paper describes an algorithm for Eulerian simulation of incompressible fluids—
Schrodinger's Smoke. The algorithm is based on representing models as a system of particles.
Each particle represents a small portion of a fluid or amorphous material. A particle has a
certain ‘lifespan’, during which it may undergo various changes. The Schrodinger's Smoke
solver algorithm was implemented in Unity3D environment. We used Particle System and
Compute Shader techniques to transfer the bulk of computational load relating to simulation
of physical processes to GPGPU — it allowed real-time interaction with the model. The
solution we developed allows to model such effects as interactions between vortex rings —
i.e., their collisions and overlapping — with a high degree of physical accuracy.

RSC BASIS PLATFORM - MICRO-AGENT PLATFORM
TO MANGE COMPUTER CLUSTERS

Pavel Lavrenko?, Mikhail Malkov

RSC Group
E-mail: ®p.lavrenko@rsc-tech.ru

Nowadays there are a lot of loosely connected layers in datacenter management systems such
as: datacenter facilities, computing nodes, storage systems, networks or job schedulers. We
see the need to have a comprehensive approach to manage these resources as a whole. The
talk covers our search for optimal methods and tools to manage data processing infrastructure
- to incorporate best practices from different industries into a comprehensive yet flexible
platform and to build a community around it. Thus, we would like to demonstrate our RSC
BasIS Platform for data center automation, running Govorun cluster in JINR and many others.
The platform is under active development, and not only does it provide its users with a way
to effectively manage all levels of their HPC datacenters but makes independent systems work
together, sharing their resources and users. Operating experience and plans for further
development will be discussed. Storage-on-demand: storage and compute united. RSC
Tornado hyper-converged solution for data processing
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STORAGE-ON-DEMAND: STORAGE AND COMPUTE
UNITED. RSC TORNADO HYPER-CONVERGED
SOLUTION FOR DATA PROCESSING

Pavel Lavrenko

RSC Group
E-mail: p.lavrenko@rsc-tech.ru

A continuous growth of compute power and amount of data for processing demands a
proportional growth of storage system performance and capacity. However traditional ways
to scale storage systems are expensive and inflexible, thus we need to look for new
approaches. Upon rethinking the datacenter architecture for data processing RSC came up
with an idea to converge compute and storage systems. We present our hyper-converged
system, a unified solution that is adaptive to storage and compute requirements, witch
provides its users with top rank performance and flexibility. We will talk about our new
hardware appliances with an integrated storage subsystem and software-defined methods to
build and manage high performance clusters on demand. The efficiency of the system enables
the new JINR supercomputer to rank 9" in the 0500 list.

WAYS TO IMPROVE THE PRODUCTIVITY OF FIRE
SIMULATION TOOLS ON MODERN EQUIPMENT

Victor Smirnov

St Petersburg State University
E-mail: ariox41l@gmail.com

One of the problems for all countries of the world are fires, in particular, fires in the premises.
For the creation and effective use of firefighting means, it is necessary to calculate possible
scenarios for the development of fires in specific conditions. At the present time, there are
various tools for computer modeling of fires, but they have disadvantages - they have either
a large error or a low performance. In this paper, mathematical models of fires and possible
ways to improve fire modeling tools are considered, in particular, parallelization on GPU and
distribution to multiple computers.
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INFORMATION-SOFTWARE ENVIRONMENT
FOR THE GOVORUN SUPERCOMUTER

Shushanik Torosyan'?, Oksana Streltsoval, Dmitry Podgainy?,
Martin Vala?, Margarit Kirakosya®

1Joint Institute for Nuclear Research
2Institute for Theoretical and Experimental Physics, Kosice, Slovak Republic

E-mail: shusha.torosyan@gmail.com

In order to increase the efficiency of the application development and of the computations
using the resources of the GOVORUN supercomputer, an IT-ecosystem that includes a set of
services for users is being actively developed. The maintenance of the current services and
the development of new ones is a key prerequisite since they secure to the users modern tools
for efficient organization of their work under rapidly evolving technologies. This article
describes new additions to the information-software environment of the GOVORUN
supercomputer.

MERGING MULTIDIMENSIONAL HISTOGRAMS
VIA HYPERCUBE ALGORITHM

Martin Valal?, Andrey Bulatov®?, Yurii Butenko!

LJoint Institute for Nuclear Research
2Institute for Theoretical and Experimental Physics, Kosice, Slovak Republic
3Dubna State University

E-mail: 2andrey.bulatov20@gmail.com

Scientists in high energy physics produce their output mostly in form of histograms. Set of
histograms are saved in output file for each grid job. As the next step is to merge these
files/histograms to one file where scientist can produce final plots for publication. Merging
of these out files may be done sequentially as one job or do it in parallel via binary tree
algorithm as it is done by many users. Using histogram with low dimensions (1D or 2D) one
can fit in memory with final merged objects. On the other side, if dimensions or binning of
histograms are increased, sparse implementation of histogram has to be used in analysis and
final object might grow so much that user will not be able to merge or open final merged
object because it will not fit in memory at some point. Our task is merge these
multidimensional histograms to N independed objects to multiple files, where each file will
contain unique part of merged object sorted by some axis in histogram dimension. For
optimization reasons hypercube algorithm is used.
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SALSA — SCALABLE ADAPTIVE LARGE
STRUCTURES ANALYSIS

Martin Valal?2, Yurii Butenko?!, Branislav Beke?, Fedor Matej?

1Joint Institute for Nuclear Research

2Institute for Theoretical and Experimental Physics, Kosice, Slovak Republic
3SPSEKE, Kosice, Slovakia

Data environments are growing exponentially and the complexity of data analysis is becoming
critical issue. The goal of SALSA project is to provide tools to make connection between
human and computer to understand and learn from each other. Analysis of different
parameters in N-dimensional space should be made easy and intuitive. Task distribution
system has to be adaptive to the enviroment where analysis is done and has provide easy
access and interactivity to the user. SALSA contains distribution network system that can
constructed at level of clusters, nodes, processes and threads and will be able to build any tree
strucure. User interface is implemented as web service that can connect to SALSA network
and distribute tasks to workers. Web application is using latest web techonlogies like ReacJS,
WebSockets to provide interactivity and dynamism. JavaScript ROOT (JSROOT) package is
used as analysis interface. EOS storage support with JSROOT is included to provide
prossibility to browse files and view results on web browser. Users can create, delete, start
and stop tasks. The web application has several templates for different types of user tasks that
makes it possible to quickly create new task and submit it to the SALSA network.

HYBRILIT MONITORING SYSTEM

Martin Vala!, Ilvan Kashunin?, Yurii Butenko??, Dmitry Belyakov?

Ynstitute for Theoretical and Experimental Physics, Kosice, Slovak Republic
2Joint Institute for Nuclear Research

E-mail: *gohas94@gmail.com

The heterogeneous cluster HybriLIT and Supercomputer Govorun are designed for the
development of parallel applications and for carrying out parallel computations asked by a
wide range of tasks arising in the scientific and applied research conducted by JINR. The
efficient work on the cluster needs the implementation of service of statistics provided to the
users. Even though tasks of monitoring of distributed computing and gathering its statistics
are encountered more and more frequently, there is not so many well-known methods to do
this. We developing web-service for hybrid heterogeneous cluster “HybriLIT”, that solves
that task using Node.JS as it’s server and Angular for a presentment of data. Monitoring itself
carried out by a sensor written on C++ with the using of libgtop library. At the moment
functions of monitoring CPU load, memory load, network and GPU load of the computing
node and browsing that data in both table and graphical form are already implemented. Also,
there are diagrams of usage for different laboratories and users, information about currently
running jobs and an archive table for a jobs that was computed on a cluster.
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GOVORUN SUPERCOMPUTER ENGINEERING
INFRASTRUCTURE. MONITORING SYSTEM
OF ENGINEERING INFRASTRUCTURE.

Alexey Vorontsov?, Andrey Dolbilov, Dmitry Podgainy,
Oksana Streltsova, Vladimir Korenkov, Tatiana Strizh

Joint Institute for Nuclear Research
E-mail: dvorontsov@jinr.ru

A complex engineering infrastructure has been developed to support Govorun supercomputer
that is expansion of the HybriLIT heterogeneous cluster. This infrastructure combines
integration of two solutions on cooling systems: air cooling system for the GPU-component
and water cooling system for the CPU-component based on the solution of the RSC Group.
The report provides a review of the engineering infrastructure of the supercomputer, and it is
important to note that a special emphasis is put on the water cooling system. Review on the
monitoring system based on the solution of the "RSC BazIS" which allows managing both
separate nodes and all nodes of the infrastructure component will be also presented in the
report.

BUB/INOTEKHNU U MAKETHBI ITPUKJIAJHBIX
HHPOI'PAMM, JOCTYIIHBIE ITOJIbB3OBATEJIAM
IBM OUAN

JlIroamuia IonkoBa, Asiekcanap CanoxkHUKOB,
Tarbsana CanokHUKOBA?

ObveduHenHbIll UHCIUMYM S0ePHbLX UCCIEe008AHULL
E-mail: ®tsap@jinr.ru

Nudopmarus o OMOMMOTEKaxX M MakeTax NPUKIAIAHBIX TPOrpamMM, MOJJICPKUBAEMBIX H
compoBoxnaembix B JINT OUAM —IJINRLIB, CERNLIB, CPCLIB — pa3memiena Ha caiite
http://wwwinfo.jinr.ru/programs/.  JINRLIB  (http://www.jinr.ru/programs/jinrlib/) —
O6uOIMOTEKA MPOTPaMM, TIPEAHA3HAYEHHBIX JJIS PEIISHHUS IHPOKOT0 KPyra MaTeMaTHIeCKIX
n ¢usnueckux 3aaad. llomonHeHue OMONMOTEKM NPOUCXOAUT HOBBIMH IIPOrPaMMaMHU,
co3naBaembivu coTpyaHukamu JIUT OUSAUN u ux kommabGopantamu. B 3aBucumocTH ot
croco0a COMPOBOXKACHUSI M PACIPOCTPaHEHHsT OMONIMOTEKa JEIMTCS Ha JBE YacTH: OJHA
4acTh PacCIpOCTpaHIETCs B BUe OOBEKTHBIX MOJTYJIEH, IpyTas - B BHJIe aBTOHOMHBIX MTAKETOB
MPUKIAIHBIX TporpamMM. buOmnorekn oOBEKTHBIX MOIYJIEH TOTOBSTCS HAa KOMIIBIOTEPAX
MHoropyHKIHOHAIEHOTO WHPOPMALMOHHO - BbIUMCIUTENbHOT0 Komiuiekca OUSAN ¢ OC
Linux, a taxke Ha xommbtorepax ¢ OC Windows mist BceX IOCTYMHBIX (DOPTpaHHBIX
TpaHcaaTopoB. [IporpaMmel, KOTOpBIE IO pa3HBIM NPUYUHAM HE MOTYT PaclpOCTPaHSITHCS B
Buze 6MOnMoTek 00BEKTHRIX MOoAayJieH, Takxke pasmeniatorcs B JINRLIB. Bes nndopmanus,
MIpeAoCTaBlIeHHAsT aBTOPOM TMporpammbl, momemaercss Ha WWW-caitr. B Hactosmuit
MOMEHT HacuuThIBaeTCsi Oosee 60 MpOrpaMMHBIX MTAKETOB, OOIBITMHCTBO KOTOPBIX PEMIaeT
3aJauyd aBTOMAaTH3alUu OOpaOOTKH SKCIEPUMEHTAIBHBIX OAHHBIX W BBIYUCIUTEIHLHON
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MaTeMaTHKH. B mocneaHee Bpemsi NPOUCXOOUT OypHOE pPAa3BUTHE TEXHOJIOTHH
MPOTPaMMHUPOBAHNS MAapaJUIeIbHBIX BRIYUCICHUH, B yacTHOCTH, MPI. OTa Tennenuus Hama
cBoe orpaxenume u B OmbOmmoreke JINRLIB, rae cosman pasmen oo TporpamMm ¢
ncrionp3oBanueM TexHojorud MPI. CrienmanusupoBanuasii WWW — caiit obecrieunBaet
aNeKTpoHHBIH noctyn k Ooubmmoteke JINRLIB, roe MoxxHo HaliTH omucaHusl IporpamMm M
MPOTPaMMHBIX TAKETOB, MCXOAHBIE TEKCTHI, OMOIMOTEKH OOBEKTHBIX Moayieil. Bemercs
KaTaJor BHOBb IIOCTYNMBIIMX IIPOIpaMM M MPOrPaMMHBIX MHakeToB. s mHoxydeHus
CTaTUCTUKHU HCIIOB30BAaHUS MIPOTPaMM 3aBEICHbl CYETUHK MOCEIIEHUH CTPAHULIBI U CUETINK
KOJIMUYECTBA CKauyuBaHUM TekcToB nporpamm. Ilo xatamory JINRLIB co3nmana 6a3a maHHBIX
aBTOPOB TpOTpaMM OHOJMOTEKH, Ha OCHOBAHWHM KOTOPOW CTPOUTCS TaONHIAa aBTOPOB CO
CIHMCKOM IPOTPaMM, UMEETCS BO3MOXKHOCTb IOJIyYUTh CIIMCOK NPOrpaMM HY>KHOT'O aBTOpa.
bubmmoreka CERNLIB (http://wwwinfo.cern.ch/asd/index.html) — Oounbriras xosmexius
MIPOTpaMM, MOJAEPKUBACMBIX U PACIIPOCTPAHIEMBIX Ha HICXOJHOM SI3bIKE, B 00BEKTHOM KOJE
U B BHJE TOTOBHIX MPOTrpaMM. BoNbIIMHCTBO 3THX mporpamm pazpadoraHo B CERN wu
OpPHECHTHUPOBAHO Ha pelieHHe (U3NYecKknx M MaTeMaThdecKux mpoOiem. bubnmoreka
CERNLIB B CERN ceiiuac He moauepxuBaercs, HO, yuuTbiBast uaTepec Kk Heii FORTRAN-
OpHUEHTHPOBAHHBIX  TIOJB30BaTeJel, ObUla  BHIMONHEHAa  mepecOopka  Hamboiee
BocTpeboBanHbIX mporpamMm OuOmmoreku MATHLIB ans OS Windows. CPCPL —
MEKAyHapoIHas Oubianoreka mporpamm kypHama Computer Physics Communications
(CPC) — B Hacrosiiee BpeMsl SIBJSCTCS OJHUM M3 CaMBIX MPEICTABUTEIBHBIX U XOPOLIO
OpPraHN30BaHHBIX OAHKOB MPOTpaMM, PEMIAIOLIMX 3aaddl (U3MKH, MATEMaTHKH, XUMUU U
JIPYTHUX CMEKHBIX o0nacteit 3nanuit. OMAU umeer noanucky Ha )xypHain CPC u 6ubnuorexy
MpoTpaMM, U 10 JTUIEH3MOHHOMY cornameHuto cotpyaauku OUAN nmerot goctym k o0meit
rH(GOPMAIUH U K TporpaMmMaM OHOITNOTEKH.

O COI'JTACOBAHMMU BBIYNCJ/IUTEJIBHOI'O
IKCIIEPUMEHTA IIPU UHTEPAKTUBHOM
MOIEJIUPOBAHUU I'NMIPOMEXAHUWKU KOPABJIA
B ITOPMOBOM MOPE

Bacuauii Xpamymun®, Asekcanap derrsapes,
Anexkcanap bornanos, UBan I'ankeBu4

Canxkm-Ilemepbypeckuii 20cy0apcmeenHblil yHuUsepcumen

E-mail: ®v.khram@gmail.com

[lpn peamm3ammy  CHOXKHBIX TNPHUKIATHBIX  BBIYUCIUTENBHBIX OKCIEPUMEHTOB, B
MPOEKTHUPOBAaHUH, Pa3pabOTKe M TOCTPOSHHH MPOTPAMMHBIX KOMIUIEKCOB BOCTpEOYeTCs
0co0ast IOTHKa CHHTE3a YHCIIOBBIX CTPYKTYP IJIsl ONMCAHUS (PM3NYECKUX SBIEHUN B TECHON
CB3M C TpeboBaHMAMU OJPQPEKTUBHOTO MPUMEHEHUS MOJEIUPYIOUINX OIepanui
THIPOMEXaHWKM Ha  (OHE  HempepelBHOW  rpaduyeckoil  Bu3yaldu3aluMud  BCeEX
MPOCTPAHCTBEHHBIX TPOIECCOB. B KOHKpeTHOU 3amaue Qopmynupyrorcss TpeOoBaHUs K
JIEKJIApaTUBHOMY TPEJICTABICHUIO TPEXMEPHOH TreoMeTpuu (GOpMbI Kopryca Kopabis,
KOHTYpHBIE JIMHUM KOTOPOTO ONMCHIBAIOTCSA HENPEPBIBHBIMH, HO HEOJHO3HAYHBIMU
¢ynkumsmu. Koprnyc noasepraercsi BoIHYKIEHHBIM KHHEMAaTHYeCKUM NepeMelieHusM 0e3
nedopmarii, TOJ BO3JEHCTBHEM AHHAMUYECKH HECTaOWIHPHOTO MOPCKOTO BOJHEHHUS,
MOJIBEPKEHHOTO HEMPEPHIBHOM TpaHCHOpPMallMK B paMKax TPOXOMAAIBHOH TEOpUHU
IPYIIOBBIX CTPYKTYP BETPOBBIX BOJIH U 3bI0H, MMapaMeTPhl KOTOPBIX 33Ja0TCS MO0 TUIIOBBIM

112


mailto:v.khram@gmail.com

3aITUCSIM CYJIOBBIX METEOIOCTOB. YCJIOBHO CTATHYECKOE WIIM SIBHOE OMHMCAHHE JHHAMHKH
KOpabyisi U MOPCKOTO BOJHEHHSI NPUBOAUT K (YHKIMOHAIBHBIM METOJaM pealln3aliu
BBIYUCITUTEIHHBIX OTIepaIHid, MOJICITUPYFOIITUX HECTAIUOHAPHYIO MEXaHHUKY
B3aMIMOJCHCTBUS JIOKATHHBIX ()ParMEHTOB CYAOBOI OOMIMBKU C TPEOHIMH OOPYIIAOIINXCS
MOPCKHX BOJIH, KaK BOJH TEOPETHUYECKH TNpelelbHON BBICOTHI. IIpoekTHas B3anMOCBS3b
TEOMETPUYECKHX OOBEKTOB, (HU3MYECKHX SBICHUH ¢ HECTAllMOHAPHBIX MPOIECCOB
THIPOMEXaHUKH CHHTE3UPYETCS C TIOMOIIbI0 TpoudHOW MaTpuipl [1]: Kopabms B mTopm -
KOpITyC - BOJIHCHHME - BU3yalu3alus: l. TeOMeTpus: TEOPETHYECKHH YepTeX - TPYIIIBI
TpoxounanbHeIX BosH - 3D rpaduka OpenGL; 2. ruapocTaTka: 0OCTOWYUBOCTD - CHIIOBOE
BO3JICHCTBHE BOJIH - HEeCBOOONHAs NWHAMUKA W Kauka;, 3. MEXaHWKa B3aWMOJCHUCTBHSL:
M3ITy4eHHe BOJIH KOPITycoM Kopabis - TpaHcopMaIvsi BOJIH - MEXaHHKa BOTHOOOPa30BaHMUS

Takum o0Opa3oM, 1O CTpOKaM JIOTMYECKOW MAaTpPHUIBI PACIONATaloTCs I€OMETPUYEcKHe
O00BEKTbl M (U3UUECKUE SIBICHUS B KAayeCTBE HE3aBUCHMBIX «CYILECTBUTENBHBIX» WIN
CTPYKTYp IAHHBIX CO CBS3aHHBIM HAOOpOM aJrOPUTMOB — METOJOB OBICTPOTO AOCTyHa K
nanHeiM. [lo  cTombmam  QopManmM3yloTCsl ONepaliu THAPOMEXaHUKH, KOHKPETHOE
[IOCTPOEHHE KOTOPBIX CYIIECTBEHHO 3aBUCHT OT TEKYIEro COCTOSHHUS THUAPOMEXaHHKH
KOpITyca, MOPCKOrO0 BOJHEHUS M UX B3auMmogeiictBus. [Ipu 3Tom, B mocnennem crosdue
KOHLIEHTPUPYIOTCA PE3YJIbTHUPYIOLINE MaTepuajbl, IpeJHa3HAaYCHHbIC MAJS JCTaJIbHOM
BU3YyaJIN3allUy U IPEJICTAaBICHUS MOPCKOMY HIIH KOpaOeIbHOMY HHKEHEPY-UCCIIEI0BaTeNlIo,
H3y4arolleMy MOPEXOHbIC KaueCTBa UM CO3JAI0IEMy IPOEKThl IEPCIEKTUBHBIX KOpabieil
IUIsl KOHKPETHBIX reorpauuecKux U HaBUTalMOHHBIX YCJIOBHH 3KCILTyaTalliH.

Cnucok JuTepaTypsl

[1] Xpamymun B. H. TpexmepHass TeH30pHasT MaTEMAaTUKA BBIYUCIMTEIbHBIX
SKCIEPUMEHTOB B rujapoMexanuke. Bmamusoctoxk: JBO PAH, 2005. 212 c.
Shipdesign.ru/Khram/Tensor.html
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KOHTEKCTHAA I'PA®OUYECKASA CPEJIA
MPOCTPAHCTBEHHOM BU3YAJIU3ALIUU
PE3YJIBTATOB BBIYUCJIMTEJIBHBIX
IKCHEPUMEHTOB B MEXAHUKE
CIIIOHIHBIX CPEJ

Bacuimit XpamymuH

Canxm-Ilemepoypeckuii 20cy0apcmeenviil YHU8epcumem
E-mail: v.khram@gmail.com

B uccnegoBaTenbCKOM IPOCKTHPOBAHUM, MOCTPOCHUUM M IOCIEAYIOLIEM — aHAU3E
JIOCTOBEPHOCTH  MOJCIIMPYEMBIX  IIPOLIECCOB B PECYPCOEMKHX  BBIYHMCIUTEIBHBIX
AKCIIEPUMEHTaX, 9T0 0co00 BOCTpeOyeTcs MpH W3YYeHHWH HEeCTAllMOHAPHBIX IMPOIECCOB B
MEXAHUKE CIUIOIIHBIX CPEJl, CTAHOBUTCS BEChMa aKTyalbHbIM HCIIONb30BAHUE OTKPBITON U
JIETKO MOAM(UIIMPYEMOW MPOrpaMMHOM Cpelbl IS TMPOCTPAHCTBCHHOH BHU3yalU3alluu
OBICTPOTEKYIIMX (PU3MYECKHUX SBICHUHA HETOCPEJACTBEHHO B XOJE CYNEPKOMITBIOTEPHBIX
pacyeToB. BaXHBIM yCIOBHEM TAKOM BU3yalU3alUU SABISIETCSI MUHUMAJIBHOCTh BO3ACHCTBUS
Ha BBIYUCIIUTENBHBIE ITPOLIECCH], C BO3MOXHOCTBIO BHEIIHErO BIMSHHUS HA PEOJIOTMYECKUE
napaMeTpbl MOJCITUPYEeMON (PU3NIESCKON CPEIbl M KPUTSPUU THHAMHUYCCKOHN MU THOPHUIHOM
MEPECTPOMKH  BBIYMCIUTENBHBIX  mOpoueccoB. IlpakTuyecku  Bce  COBPEMEHHBIE
BBEIYHCIIUTEIbHBIE KOMIUIEKCH 00JalaloT BCTPOCHHBIMH TpaQUUecKUMHU CpelCTBaMH,
o0ecreYnBaloONMMH  OBICTPYIO  BH3yalHM3allMi0  IPOCTPAHCTBEHHBIX TE€OMETPHUECKUX
O00BEKTOB C HCIIOJIb30BAaHWEM HE3aBUCHMBIX MHOTOSJIEPHBIX IPOIECCOPOB, KOTOpPHIE B
MOJIHOE Mepe CIIOCOOHBI O00ecleunBaTh pelieHne CHOpMyIMPOBaHHOW 3aJaydl Ui
MapajuleTIbHOW BU3yalIM3allMK TEKYUIUX pPe3yJIbTaToB 0O€3 CYIIEeCTBEHHOI'O BIUSHHUS Ha
OCHOBHBIE BBIYMCIIUTEIbHBIE IIPOLIECCH. B HACTOAIIEM MCCIIEJOBAaHUM PACCMATPUBACTCSA
BapHMaHT TIOCTPOCHUS TIPOTPAMMHOTO KOMIDIEKCa Ha 0a3e rpaduueckoil  cpess
nporpammupoBanust OpenGL, okpykaeMoil HHCTPYMEHTAIBHBIMA CPEICTBAMU IS paOOTHI
CO BpEMEHeM W WHTEPBAIBHBIMH TaliMepaMH, YCTPOWCTBaMH BBoJa HH(MOPMAlMU H
MPEJICTaBJICHUS] TEKCTOBBIX JaHHBIX HA MPENeIhbHO HU3KOM YPOBHE MPSMOTO BBOJa/BHIBOA
uHpopmanuu u 06padotku npepbiBanuii B OS Windows.

B peanuzanuu yHHUIMPOBAHHOTO OOBEKTHO-OPUEHTHPOBAHHOTO KOMILIEKCA MPOrpaMM,
HasBanHoro Window-Place, mpencraBnsiercsi MHOTOOKOHHBIH wuHTepdeiic Window s
paboThl C BHEUIHUMH YCTPOMCTBAMHM M KOMITBIOTEPHOM amlmaparypoi, ¢ HaJ0KEHHEM
TEKCTOBBIX W rpaduyeckux crpanui] Place, HemocpeACTBEHHO IO IEPKUBAIOIINX
KOHTEKCTHO-3aBUCHMBbIe NpuUMHUTHBBI u onepanun OpenGL. BcerpoeHHble BHPTyaibHbIE
IpoLEeAyphl ISl MacCIITAOMPOBAHUS HAJOKEHHBIX CTPaHHIL, 00pabOTKM MPOrPaMMHBIX U
armapaTHBIX MPEPBIBAHUM H JIP., CO3AAI0T HHTYUTHBHO MOHSATHOE U BU3YaIbHO €CTECTBEHHOE
noBe/ieHHe rpauyIecKuX IUIONIAZIOK W TEKCTOBBIX CTpaHHil. IIpu 3ToM mnonumopdusm
MPOU3BOHBIX KJIACCOB JUIS NPHKJIATHBIX MOJIb30BATEILCKUX BBIYHCIUTEIBHBIX OOBEKTOB,
JOIyCKaeT MOAMEHY BCeX 0a30BBIX BUPTYaIbHBIX (DYHKIIMH, 9TO MOKET OBITh MOJIE3HBIM IS
YCKOpEHHsI BBIYMCICHUI 332 CUET OTMEHBbI WIIM YIPOIICHHS HM3HAYAIbHO BCTPOCHHBIX B
Window-Place miporieyp mpu yrpaBieHHH IPOIECCAMH BU3YaIH3AINK HETIOCPEICTBEHHO B
X0JI€ PECYpPCOEMKOTO CYIIEPKOMITBIOTEPHOTO KCIIEPUMEHTA.
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Xpamymma B.H. «Konutekcthas rtpapmka» — (Window-Place) KonTekcTHO-3aBHCHMas cpena
noctpoenus Tpexmeproii rpaduku OpenGL ¢ ucmosnp3oBaHHeM BUPTYyanbHbIX mporeayp C++ u
MHOTOOKOHHOTO HHTepdeiica Windows CO CTEKOBBIM HAalOKEHHEM rpadMIecKuX U TEKCTOBBIX
¢parmentoB. Ceprudukar Pocnarenra, CaxI'yY Ne 2010615850 or 8 cenrsops 2010 .
Shipdesign.ru/SoftWare/2010615850.html
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CURRENT STATUS OF DATA CENTER FOR COSMIC
RAYS BASED ON KCDC

Dmitriy Kostunin?!, Victoria Tokareva®

!Karlsruhe Institute of Technology
2Joint Institute for Nuclear Research

E-mail: ®tokareva@jinr.ru

We present a current status of data center based on KCDC (KASCADE Cosmic Ray Data
Centre), which was originally designed for providing an open access to the events measured
and analyzed by KASCADE-Grande, a cosmic-ray experiment located in KIT, Karlsruhe. In
the frame of the Russian-German Astroparticle Data Life Cycle Initiative we extend KCDC
in order to provide an access to different cosmic-ray experiments and make possible
aggregation and joint querying of heterogeneous air-shower data. In the present talk we
discuss the description of data and metadata structures, implementation of data querying and
merging, and first results on including data of experiments located in Tunka, Russia, in this
common data center.

THE INTEROPERABILITY PROBLEM DURING
THE IMPLEMENTATION
OF THE FOURTH PARADIGM

Alexander Oleynikov?, Andrey Kamenshchikov®

Kotelnikov Institute of Radioengineering and Electronics of RAS
E-mail: ®olein@cplire.ru, °prostonau@mail.ru

As it is known, at the present time worldwide there is a transition to the so called FOURTH
PARADIGM in the methods and means of scientific researches [1]. The essence of the
FOURTH PARADIGM is the intensive use of information technologies for the simultaneous
using of large amounts of experimental data, numerical simulation results and accumulated
knowledge. It is obvious that this requires using of high-performance distributed environment,
which includes individual supercomputers, clusters, GRID-systems, cloud computing systems
and end-user personal computers. It is also quite obvious that in such a purely heterogeneous
environment, which should be classified as a System of Systems (SOS), there is a problem of
compatibility and interaction of heterogeneous software and hardware platforms, called
"interoperability problem™. The interoperability problem should be solved on the basis of the
use of profiles - sets of ICT-standards, this problem is dealt with by many organizations and
individual researchers around the world, but it is never solved until the end, due to the great
complexity. In particular, therefore, the issue of interoperability and development of standards
are included in the RAS Program of fundamental researches for 2013-2020 (clause 34). The
authors investigate the problem of interoperability for more than 10 years and have developed
several standards. The main result should be considered the proposed unified approach to
ensuring interoperability for information systems (1S) of the widest class [2], which is
subsequently issued in the form of GOST R 55062-2012. Further, the authors applied this
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approach to specific areas: e-science, e-education, e-health, e-libraries, e-military. Research
was also conducted for GRID and cloud computing systems. The authors have regularly
reported their results at previous JINR conferences since 2010 [3]. All of the above classes of
IS are components of the SoS. Therefore, using these developments and foreign experience
[4], we have now started to solve the problem of interoperability in SoS. The problem is very
difficult and we have only preliminary results.

This work is done with the support of the Program Ne. 27 of fundamental researches of the
RAS Presidium.
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[1] The Fourth Paradigm Data-Intensive Scientific Discovery. Microsoft research Redmond,
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[2] Gulyaev Yu. V., Zhuravlev E. E., Oleynikov A.Ya. Methodology standardization to ensure
interoperability of information systems wide class. Zhurnal Radioelektroniki - Journal of
Radio Electronics. 2012. N2. Available at: http://jre.cplire.ru/win/mar12/2/text.pdf, accessed:
14.12.2017

[3] S. V. lvanov, A. Y. Oleynikov. Methodology and algorithm for selecting standards for
interoperability profile in cloud computing. Proceedings of the 7th International conference "
Distributed computing and Grid technology in science and education, Dubna, JINR, 4-9, July
2016 pp.264-268.

[4] Information system Development: improving enterprise communication. (chapters 7 and
9). Proceedings from the 22nd annual meeting (ISD2013) held in Seville, Spain, from
September 2 to 4, 2013

DIRAC AT JINR — PURPOSE, EXPERIENCE, FUTURE

Igor Pelevanyuk!?, Andrei Tsaregorodtsev?

1Joint Institute for Nuclear Research
2Center for Particle Physics of Marseilles IN2P3 CNRS

E-mail: ®pelevanyuk@jinr.ru

The Joint Institute for Nuclear Research is an international intergovernmental organization. It
is a large multidisciplinary scientific center incorporating fundamental research in many
different areas. This implies extensive need in computing and storage resources. DIRAC is a
general purpose system to provide common access to a number of heterogeneous resources.
DIRAC have been installed and configured in JINR for several purposes. First, it is a possible
solution for NICA computing. Monte-Carlo generation for MPD detector has been
successfully performed on the JINR installation. Second, it was used to provide unified access
to several clouds in the JINR Member States. Third, it is used by students to learn grid-
technologies and distributed computing.

120


mailto:pelevanyuk@jinr.ru

MODERN E - INFRASTRUCTURE FOR SCIENCE
AND EDUCATION IN MOLDOVA BASED
ON THE RENAM-GEANT PLATFORM

Grigore Secrieru?, Peter Bogatencov, Nicolai lliuha,
Nichita Degteariov

RENAM

E-mail: ?secrieru@renam.md

The article is devoted to the analysis of approaches and solutions for the development and use
of the electronic infrastructure for offering srvices to science and education in the Republic
of Moldova. In the paper is considering of trends in the development of the electronic
infrastructure and services in the national network RENAM, which provides effective
information support for basic scientific and educational processes. The prospects of creating
new optical CBF (Cross Border Fibers) links and other components of the electronic platform
RENAM-GEANT development on the basis of the UE EaPConnect project are described. The
strategy of development of modern regional e-Infrastructure resources and the provision of
services that are focused on support of scientific and educational communities in the countries
included in the European EaP program are considered.

DISCRETE AND GLOBAL OPTIMIZATION
IN EVEREST DISTRIBUTED ENVIRONMENT
BY LOOSELY COUPLED
BRANCH-AND-BOUND SOLVERS

Vladimir Voloshinov?, Sergey Smirnov

Institute for Information Transmission Problems RAS
E-mail: 2vladimir.voloshinov@gmail.com

The report presents an new approach to solving rather hard discrete and global optimization
problems in Everest, http://everest.distcomp.org, a web-based distributed computing
platform. The platform enables convenient access to heterogeneous resources (standalone
servers, high performance clusters etc.) by means of domain-specific computational web
services, development and execution of many-task applications, and pooling of multiple
resources for running distributed computations. Rather generic Everst-application had been
implemented for solving discrete and global optimization problems - so called DDBNB,
Domain Decomposition Branch-and-Bound, https://github.com/distcomp/ddbnb. DDBNB
implements a kind of coarse-grained parallelization of Branch-and-Bound (BNB) method. It
supports two strategies (including combined usage of both): decomposition of feasible
domain into a set of sub-problems; multisearch (or concurrent) solving the same problem with
different settings of the BNB-method. In both cases several BNB-solver's processes exchange
incumbents, best values of goal function on feasible solutions, they found. DDBNB uses
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generic Everest messaging service and open source solvers : CBC, https://projects.coin-
or.org/Chc; SCIP, http://scip.zib.de. By now we got some experience in solving different
optimization problems: Travelling Salesman Problem (TSP) as Mixed-Integer Linear
Programming; global optimization problems with all continuous variables (so called Tammes
and Thomson problems, both relate to sphere packing) and global optimization with
continuous and binary variable (so called Flat Torus Packing problems). For TSP, computing
experiments are presented, when DDBNB worked in different modes: Domain
Decomposition only, multisearch only; combined mode. As to global optimization, all
problems had been reduced to the form of mathematical programming problems with
polynomial functions (solver SCIP supports solving of such class of problems). Here, only
Domain Decomposition had been used and different methods of decomposition in the case of
sphere's and torus's packing and corresponding computing experiments are presented.
Formulation of original problems and decomposition strategies have been implemented via
Pyomo, http://www.pyomo.org. All sub-problems have been passed to solvers as AMPL-
stubs, (also known as NL-files). Usage of Everest platform enables to involve in experiments
computing resources of Center for Distributed Computing, http://distcomp.ru, HPCs of NRC
Kurchatov Institute and South Ural State University.

The reported study was funded by RFBR according to the research projects #18-07-01175
and #18-07-00956.
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GEOMETRY DATABASE FOR THE CBM
EXPERIMENT AND ITS FIRST APPLICATION
TO EXPERIMENTS IN THE NICA PROJECT

Elena Akishinal, Evgeny Alexandrov?, Igor Alexandrov?,
Irina Filozoval?, Volker Friese?, Victor lvanov's,
Oleg Rogachevskiy!, Konstantin Gertsenberger?!
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2GSI Darmstadt
3National Research Nuclear University “MEPhI”, Moscow, Russia

E-mail: *fia@jinr.ru

This paper is dedicated to the current state of the Geometry Database (Geometry DB)
for the CBM experiment and a first result of using the Geometry DB for NICA project.
Geometry DB is an information system that supports the CBM geometry. The main aims
of Geometry DB are to provide the storage of the CBM geometry, to manage the geometry
modules, to assemble various setups as combinations of geometry modules and additional
files, to provide its support. The development takes into account the specifics of the workflow
for simulation of particles transport through the setup. Both Graphical User Interface (GUI)
and Application Programming Interface (API) are available for members
of the CBM collaboration. In our approach, the details of the geometry modules are stored
in the format of ROOT files. Such a technique allows using the Geometry DB in the NICA
project: BM@N and MPD experiments.

A NEW APPROACH TO THE DEVELOPMENT
OF PROVENANCE METADATA MANAGEMENT
SYSTEMS FOR LARGE SCIENTIFIC EXPERIMENTS

Andrey Demichev?, Alexander Kryukov

Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
E-mail: 2demichev@theory.sinp.msu.ru

Provenance metadata (PMD) contain key information that is necessary to determine the
origin, authorship and quality of corresponding data, their proper storage, correct using, and
for interpretation and confirmation of relevant scientific results. The need for PMD is
especially essential when big data are jointly processed by several research teams, which is a
very common practice in many scientific areas of late. This requires a wide and intensive
exchange of data and programs for their processing and analysis, covering long periods of
time, during which both the data sources and the algorithms for their processing may be
modified. Although a number of projects have been implemented in recent years to create
management systems for such metadata, but the vast majority of implemented solutions are
centralized, which is poorly suited to current trends of working in distributed environments,
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open data access models, and the use of metadata by organizationally unrelated or loosely
coupled communities of researchers. We propose to solve this problem by using a new
approach to creating a distributed registry of provenance metadata based on blockchain
technology and smart contracts. In this work, the functional requirements for the PMD
management system were formulated. Based on these requirements, we investigated the
problem of the optimal choice of the type of blockchain for such a system, as well as the
optimal choice of consensus algorithm for records ordering within the blockchain without
participation of third-party trusted bodies. The architecture and algorithms of the system
operation, as well as its interaction with the distributed storage resources management
systems, are proposed. Specific use cases for the PMD management system are considered.
A number of existing blockchain platforms are considered and the most preferable one is
selected. The results of this work are of particular importance in the big data era, when a full
analysis of the results of experiments is often not possible for one team, so that many
independent teams take part in their analysis. The suggested approach is currently under
implementation in SINP MSU in the framework of the project supported by the Russian
Science Foundation (grant No 18-11-00075).

PROBLEMS OF DATE AND TIME DATA TYPES
IN RELATIONAL MODEL OF DATA

VIadimir Dimitrov

University of Sofia
E-mail: cht@fmi.uni-sofia.bg
Several years after the initial announcement of the relational model of data, Codd published
a review on the model, so called Version 2. This review is based on the experience of
relational database systems implementation in the intermediate period. One of the main

corrections is recommendation on date and time data types. This paper reinvestigate the topic
from the nowadays point of view.

DATA KNOWLEDGE BASE
FOR THE ATLAS COLLABORATION

Marina Golosova?, Maria Grigorieva

National Research Center "Kurchatov Institute™
E-mail: ?golosova.marina@gmail.com

ATLAS experiment at the CERN LHC is one of the most data-intensive modern scientific
apparatus. To help managing all the experimental and modelling data, multiple information
systems were created during the experiment's lifetime (more than 25 years). Each such system
addresses one or several tasks of data and workload management, as well as information
lookup, using specific sets of metadata (data about data). Growing data volumes and the
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computing infrastructure complexity require from researchers more and more complicated
integration of different bits of metadata from different systems using different conditions.

A common problem are multi-system join requests, which are not easy to implement in timely
manner and, obviously, are less efficient than a request to a single system with integrated and
pre-processed information would be. To address this issue, a joint team of researchers and
developers from Kurchatov Institute and Tomsk Polytechnic University has initiated the Data
Knowledge Base (DKB) R&D project in 2016. This project is aimed at knowledge acquisition
and metadata integration, providing fast response for a variety of complicated requests, such
as finding articles, based on same or similar data samples (search by links between objects),
summary reports and monitoring tasks (aggregation requests), etc.

WLCG DATA LAKE PROTOTYPE FOR HL-LHC

Ivan Kadochnikov!?, lan Bird?, Gavin McCance?,
Jaroslava Schovancova?, Maria Girone?, Simone Campana?,
Xavier Espinal Currul?

1Joint Institute for Nuclear Research
2CERN, the European Organization for Nuclear Research

E-mail: ?kadivas@jinr.ru

A critical challenge of high-luminosity Large Hadron Collider (HL-LHC), the next phase in
LHC operation, is the increased computing requirements to process the experiment data.
Coping with this demand with today’s computing model would exceed a realistic funding
level by an order of magnitude. Many architectural, organizational and technical changes are
being investigated to address this challenge. This talk describes the prototype of a WLCG
data lake, a storage service of geographically distributed data centers connected by a low-
latency network. The architecture of a EOS data lake is presented, showing how it leverages
economy of scale to decrease cost. The talk discusses first experiences with the prototype and
benchmark jobs reading data from the lake.
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NRC "KI" PARTICIPATION IN DATALAKE PROJECT

Andrey Kiryanov'? Andrey Zarochentsev?

INRC "Kurchatov Institute" PNPI
2St Petersburg State University

E-mail: ®globus@pnpi.nw.ru

WLCG DataLake R&D project aims at exploring an evolution of distributed storage while
bearing in mind very high demands of HL-LHC era. Its primary objective is to optimize
hardware usage and operational costs of a storage system deployed across distributed centers
connected by fat networks and operated as a single service. Such storage would host a large
fraction of the WLCG data and optimize the cost, eliminating inefficiencies due to
fragmentation. In this talk we will explain NRC "KI" role in the DatalLake project with
highlight on our goals, achievements and future plans.

INTEGRATING LEAF TO DATA MANAGEMENT
WORKFLOW IN LHAASO

Haibo Li? Yaodong Cheng, Qi XU, Qiulan Huang

Institute of High Energy Physics, Chinese Academy of Sciences
E-mail: dlihaibo@ihep.ac.cn

Nowadays, data storage and management in cloud computing environment has been very
important in high energy physics filed. The LHAASO(Large High Altitude Air Shower
Observatory) experiment of IHEP will generate 2 PB per year in the future. This massive data
processing faces many challenges in the distributed computing environment. For example,
some sites may have no local HEP storage which made the distributed computing unavailable.
Our goal is to make the data available for LHAASO in any remote sites. In our architecture,
we use EOS as our local storage system, and use LEAF as the data federation system. LEAF
is a data cache and access system across remote sites proposed by IHEP. LEAF can present
one same file system view at local and the remote sites, supporting directly data access on
demand. In this paper, we will present the whole data management architecture, data
workflow and performance evaluation of LEAF in LHAASO.
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A DISTRIBUTED DATA WAREHOUSE SYSTEM
FOR ASTROPARTICLE PHYSICS

Minh Duc Nguyen?

Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
E-mail: ®nguyendmitri@gmail.com

A distributed data warehouse system is one of the actual issues in the field of astroparticle
physics. Famous experiments, such as Tunka, Taiga, produce tens of terabytes of data
measured by their instruments. It is critical to have a smart data warehouse system on-site to
store the collected data for further distribution effectively. It is also vital to provide scientists
with a handy and user-friendly interface to access the collected data with proper permissions
not only on-site but also online. The latter case is handy when scientists need to combine data
from different experiments for analysis. In this work, we describe an approach to
implementing a distributed data warehouse system that allows scientists to acquire just the
necessary data from different experiments via the Internet on demand. The implementation is
based on the CERN CVMFS with additional components developed by us to search through
the whole available data sets and deliver their subsets to users' computers.

EVOLUTION OF DATA STORAGE AND HANDLING
AT ITALIAN WLCG DATA CENTER

Vladimir Sapunenko?, Luca Dell'Agnello, Gaetano Maron,
Daniele Cesini

INFN
E-mail: 2vladimir.sapunenko@cnaf.infn.it

The Italian WLCG Data Center which is hosted and managed by National Center of INFN for
Informatics and Telecommunications (CNAF) located in Bologna, is the one of the biggest
European computing centers for WLCG. Operational since 2005 it provides storage resources
for all the Large Hadron Collider (LHC) experiments, as well as for many other scientific
collaborations. In 12 years of operations with increasing demands and growing resources the
data storage and handling services underwent some evolutionary changes. Here we will
discuss our experience we have collected during these years and will present our vision for
future developments in the Data Storage and Handling services for WLCG-oriented sites.
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HOBBIN BEPOSITHOCTHO-CTATUCTUYECKUHA
MOJXO0J PACYETA UHOOPMALIMOHHBIX NOTEPDH
B PACIIPEJEJEHHBIX CUCTEMAX XPAHEHUSI
U OBPABOTKHU JAHHBIX ®U3NYECKHUX
SKCINEPUMEHTOB

Anpapeii HeuaeBckmii, I'enaguii Ocockos, lapbs [Ipsixuna?,
Baagumup Tpopumos

ObveduHenHbIll UHCIUMYM A0ePHbLX UCCIe008aAHUL

E-mail: pryahinad@jinr.ru

B pamkax pa®oT 1o co3maHHI0O KOMIBIOTEPHOW CHCTEMBI XPAHEHUS W 00paOOTKU JTaHHBIX
ycranoBok BM@N u MPD, Bxoasmux B poekT koutaiiaepa NICA, Bo3HukaeT mpobiema
BbIOOpa ONTUMANbHOH KOHPUIYpallMM HEOOXOJUMOTO KOMIIBIOTEPHOTO M CETEBOTO
obopymoBanus. Jljis pemnieHus 3Toi mpoOsieMbl TpeOOBAIOCH pa3paboTaTh M HCCIICIOBAThH
MOJIeJIb TMIepEMELICHNs] AaHHBIX BHYTPH CUCTEMBL. llpeaplnymuil OmbIT MOAETHPOBAHUS
aBTOpOB HacTosmied craTbu [l], MOKa3an, YTO ONHMCaHHBIE B JIUTEPaType MOAXOIbI
MOJICJIMPOBAHHS MPOIECCOB 00Pa0OTKU MOTOKA 3aJaHUi B paclpelelieHHbIX U 00JauyHbIX
cucremax [2,3], He MOAXOIAT IS aHAIM3a MOTOKOB JaHHBIX, TIOCKOJNBKY B OMOIMOTEKax
YKa3aHHBIX MOJIEJIUPYIOIIMX IMPOTpaMM BBIMOJHSAECTCA ACTANM3alusl MOTOKAa IAHHBIX 0
YPOBHsI MakeTa wiy (aiina, 9To MPUBOAUT K CIOKHON OpraHU3aIMU MPOrPaMM U OOJIBIITUM
BBIYUCIUTCIIbHBIM  3aTpaTaM. HOBTOMY HaMU MOPCIJIOKEH W PpCaiu30BaH MOAXO/,
paccMaTpUBAIOIIMII IpOLIECC IEepeMELIeHUs] HaHHBIX, Kak IIOTOK O0alToB, HMEIOMINI
CTaTUCTUYECKYIO TpUpOIy, 0e3 aHaiu3a OTACIBbHBIX YacTei 3Toro moroka. s oueHkn
Pa3IUUHBIX KOHPUrypaIuii 000py/1I0BaHHUS HCIIOJB30BAJICS BEPOSITHOCTHO-CTATUCTUYCCKUI
MOJXO0/, IPH KOTOPOM ONPEAEISIOTCS BEPOSATHOCTH MOTEPh WHPOPMALNH, TOCTYNAIOLICH C
JNETeKTOPOB Uil KaXIOW M3 3TUX KoHurypauumid. B KauecTBe NpHUYMHBI MOTEPH
paccMaTpuBaeTcsl repenojHeHue OydepoB Ha OJHON W3 CTAJAWN HAKOIJICHUS W Tepenadd
naHHbIX. ONTUMaIbHOM KOH(UTypaluen CUnTaeTcs Ta, YT0 IMEET MUHUMAIIbHYIO CTOUMOCTD
IIPY 33JaHHOM JIOITyCTUMOM YPOBHE MOTepb. [ peanusannu 3Toi cXeMbl MOAETHPOBAHUS
KOMITBIOTEPHOW CHUCTEMBI XpaHEHUs] M 00pabOTKK JaHHBIX MOTPEOOBANIOCH, MPEKJIE BCETO,
OIKCATh ATy CUCTEMY C TIOMOMIBI0 Habopa mapamMeTpoB, KOTOPBIE MOTYT OBITh 1e()OITHEIMH
WK 3ajaioTcs nojb3oBaTeneM. K mapamerpam OTHOCSTCS pa3Mepbl IUCKOBBIX Oydepos,
KOJMYECTBO ITOTOKOB AAaHHBIX, IMPOITYCKHBIC CIOCOOHOCTH KaHAJIOB nepeaayu u T.II. 21.]'[51
KaXXaoro mapamMeTpa AOJIKHBI 6BITB OMPEACIICHBI €T0 T'PaHUYHbIC 3HAUCHHUA W HIar €ro
n3MeHenusi. Ha ocHOBe NOAroTOBIEHHOr0 Habopa mapaMeTpoB (QOPMHUPYETCS MOTOK
HE3aBUCHMBIX 33/IaHUi pacyéra MoTeph NpU Iepenadax JaHHBIX 3a BpeMs (PU3UUECKOTro
ceaHca paboOTBl yckopurens. Takum o0pa3oM, Ui OCYUIECTBICHHS —IIpoliecca
MOJICJIMPOBaHMS TEPEMEIICHUS] JaHHbIX B CHUCTEME M MOJCYETa NPOMCXOAALIMX IOTEPh
noTpeboBajoch pazpaboTaTh JABa NMPOrpaMMHBIX MoAyis. llepBbril 3amuceiBaeT B 0azy
JIAHHBIX C(OPMHUPOBAHHBIH HA0OP MapaMEeTPOB M aBTOMATHYECKH CTPOUT U 3alMCHIBAET B
0a3y maHHBIX HA0Op He3aBHUCHMBIX 3agaHuil. COOCTBEHHO pacuéT BBINOJIHSET BTOPOU
Monyib. OH BblOuMpaeT U3 0a3bl 3agaHue, CTPOMT KOH(UTypanuio 0OOpyAOBaHHS, B
COOTBETCTBHU C 3a/JaHHBIMU MapaMeTpaMHt, pa3blrphIBAET MHTEHCUBHOCTD [TOTOKA JaHHBIX Ha
KaXXIOM [Iare ¥ paCCYMUThIBACT ITPOLCCC MUTpAIIUN JJAHHBIX B CUCTEME. HpelIHO)KeHHaH cxema
JIOMyCKaeT napajuieNIbHbIA pacuéT BapUaHTOB, YTO MO3BOJISIET aHAJTM3UPOBATH 3HAUYMTEIBHOE
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KOJIMYECTBO BAPHUAHTOB (IECATKH ThICAY). Kak mepcnekTnBa pa3BUTHS ATOTO IMOIXOJA
paccMaTpuBaeTCsl CO3JaHHE KJIacCOB, KOTOpBIC MO3BOJIAIOT THOKO MEHSTH TOTOJIOTHIO
CHCTEMBI XPaHEHHS JAaHHBIX. B CymiecTByromeM BapHaHTe OHA OPUEHTHPOBAHA TOJIBKO Ha
aHanu3 1moTepb npu pabore ycranoBok BM@N + MPD. TlonydeHHble K HACTOSIIEMY
BpPEMEHH Pe3yIbTaThl MOACTHPOBAHHS TO3BOJIMIIN BECTH C IPOSKTUPOBIIUKamMu cucteM DAQ
U TPUITEPOB COAEpPIKATENbHBIE U apryMEHTHPOBAHHbBIE JHCKYCCHH MO MOBOJAY MapaMeTpOB
MIOTOKOB JaHHBIX, CIOCOOCTBYIOIIHE PHHATHIO MOTHUBHPOBAHHBIX PEIICHHUH.

131



132



BIG DATA ANALYTICS,
MACHINE LEARNING
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SEMANTIC INFORMATION MANAGEMENT:
THE APPROACH TO SEMANTIC ASSETS
DEVELOPMENT LIFECYCLE

Yury Akatkin?, Elena Yasinovskaya, Michael Bich

Plekhanov Russian University of Economics
E-mail: 2uakatkin@semanticpro.org

The application of semantic integration methods meets challenges, which arise during
collaboration between IT-specialists and domain experts at the model building stage. These
challenges can affect correct formalization of the domain as well as the outcome of the
integration in distributed information systems as a whole. The creation of a collaborative
platform for semantic integration which provides the (re)use of semantic assets (SA) is
suggested to overcome the lack of semantic interoperability. The analysis of the limitations
existing in standard SA management leads the authors to propose the collaborative approach,
based on an extended lifecycle of semantic assets. The authors consider the implementation
of the platform based on the Asset Description Metadata schema extension to be a valid
option.

CHECKING FOREIGN COUNTERPARTY
COMPANIES USING BIG DATA

Lazar Badalov?, Sergey Belov??, Ivan Kadochnikov?

Plekhanov Russian University of Economics
2Joint Institute for Nuclear Research

E-mail: 2belov@jinr.ru

The project aims to create a database of companies and company data and an automated
analytical system based on this data. The development of the system will allow credit
institutions to obtain information about the links between companies, to carry out a policy of
"Know your customer” - to identify the final beneficiaries, to assess risks, to identify
relationships between customers. For the moment, there are some projects like
OpenCorporates having global databases of companies collected from a large number of
jurisdictions. But at the same they cover neither all the national registries, nor other useful
data sources (courts, customs, press, etc.). Also the existing services have rather sketchy
abilities on searching for relations between companies, which are not always direct. The
project we present is about to overcome main of these deficiencies. Number of companies
worldwide is more than 150 millions. Having company information from many sources, there
is no other reasonable way to process it using Big Data technologies. In the research we use
such technologies along with machine learning and graph databases.
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LABOUR MARKET MONITORING SYSTEM

Sergey Belov'?, Irina Filozova?, Ivan Kadochnikov?,
Vladimir Korenkov!, Roman Semenov?!, Petr Zrelov!, Pavel Smelov?

1Joint Institute for Nuclear Research
2Plekhanov Russian University of Economics

E-mail: 2belov@jinr.ru

Last years, the prospects for digital transformation of economic processes were actively
discussed. It is quite a complex problem having no solution with traditional methods.
Opportunities of the qualitative development of the transformation are illustrated by the
example of use of Big Data analytics, in particular intellectual text analysis, for the assessment
of the needs of regional labour markets in the man-power. The problem is solved using the
developed by the authors the automated information system of monitoring of matching the
staffing needs of employers with the training level. The system presented use the information
gathering from open data sources and provides additional opportunities to identify qualitative
and quantitative interrelation between the education and the labour market. The system is
targeted at a wide range of users: authorities and management of regions and municipalities;
the management of universities, companies, recruitment agencies; graduates and prospective
students.

TEXT SEGMENTATION ON PHOTOREALISTIC
IMAGES

Valery Grishkin? Aleksaner Ebral, Nikolai Stepenko, Jean Sene

St.Petersburg State University
E-mail: ®valery-grishkin@yandex.ru

The paper proposes an algorithm for segmentation of text, applied or presented in
photorealistic images, characterized by a complex background. Because of its application, the
exact location of image regions containing text is determined. The algorithm implements the
method for semantic segmentation of images, while the text symbols serve as detectable
objects. The original images are pre-processed and fed to the input of the pre-trained
convolutional neural network. The paper proposes a network architecture for text
segmentation, describes the procedure for the formation of the training set, and considers the
algorithm for pre-processing images, reducing the amount of processed data and simplifying
the segmentation of the object "background”. The network architecture is a modification of
well-known ResNet network and takes into account the specifics of text character images.
The convolutional neural network is implemented using CUDA parallel computing
technology at the GPU. The experimental results for evaluating quality of the text
segmentation loU (Intersection over Union) criterion have proved effectiveness of the
proposed method.
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DEEP LEARNING METHODOLOGY FOR
PREDICTION OF LONG-TERM DYNAMICS OF
FINANCIAL DERIVATIVES

Alexander Bogdanov?, Vladimir Rukovchuk?, Kirill Lysov!

1St.Petersburg State University
2CSA

E-mail: ®bogdanov@csa.ru

Algorithms for predicting the dynamics of stock options and other assets derivatives for both
small times (where one plays on market fluctuations), and medium ones (where trade is
stressed at the beginning and closing moments) are well developed, and trading robots are
actively used for these purposes. Analysis of the dynamics of assets for very long time-frames
(of several months order) is still beyond the scope of analysts as it is expensively prohibited,
although this issue is extremely important for hedging the investments portfolios. In the paper
the dynamic processes in the stock market in long-term periods are considered. Pricing of
portfolio investments dynamics is made on the basis of neural networks using the deep
learning and soft computing methodology. It does not require heavy computational resources,
and their relatively low accuracy is not a disadvantage in tasks where only trends are subject
to consideration. Operation with two and three layers neural networks produced until recently
still unfitting results. However, emergence of the suggested approaches with specialized
processors and software for learning the multi-layer networks has changed the situation. The
most important factor is a high quality trained artificial neural network and its ability to predict
for a long time-frame without retraining. The number of layers in experiments reached 250.
For network input data the real S&P500 price series was taken dated from 1950 till 2017 with
several one-day steps. Model predictions vs true S&P500 price performance has demonstrated
practically acceptable compliance.

CLUSTER ANALYSIS OF SCIENTIFIC PAYLOAD TO
EXECUTE IT EFFICIENTLY IN DISTRIBUTED
COMPUTING ENVIRONMENT

Maksim Gubin!? Mikhail Titov?, Maria Grigorieva?

!National Research Tomsk Polytechnic University
2National Research Center "Kurchatov Institute"

E-mail: *gubin.m.u@gmail.com

Every modern scientific experiment deals with the processing of large amounts of
experimental data (up to exabytes) employing millions of computing processes and delivering
corresponding scientific payloads. It raises the task of the efficient management of the batch
processing of payloads, that should consider the well-defined grouping mechanism.
Understanding naturally occurring groupings of payloads would increase the processing rate
and improve the scheduling. The automated discovery of the payloads groups should consider
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not only the descriptive parameters of the payload itself but the characteristics of its
interaction processes with computing resources and the computing environment. Our work is
focused on applying machine learning methods to solve the stated problem, and particularly
to evaluate and to use the approach of cluster analysis. Besides the ultimate goal, it will benefit
the other related analytical services and processes aimed at analyzing particular payload
parameters (e.g., prediction process) and/or set of parameters (e.g., correlations discovery).

RUSSIAN-LANGUAGE SPEECH RECOGNITION
SYSTEM BASED ON DEEPSPEECH

Oleg lakushkin?, George Fedoseev, Anna Shaleva, Olga Sedova,
Alexander Degtyarev

St.Petersburg State University
E-mail: 2oleg.jakushkin@gmail.com

The paper examines the practical issues in developing a speech-to-text system using deep
neural networks. The development of a Russian-language speech recognition system based
on DeepSpeech architecture is described. The Mozilla company’s open source
implementation of DeepSpeech for the English language was used as a starting point. The
system was trained in a containerized environment using the Docker technology. It allowed
to describe the entire process of component assembly from the source code, including a
number of optimization techniques for CPU and GPU. Docker also allows to easily reproduce
computation optimization tests on alternative infrastructures. We examined the use of
TensorFlow XLA technology that optimizes linear algebra computations in the course of
neural network training. The number of nodes in the internal layers of neural network was
optimized based on the word error rate (WER) obtained on a test data set, having regard to
GPU memory limitations. We studied the use of probabilistic language models with various
maximum lengths of word sequences and selected the model that shows the best WER. Our
study resulted in a Russian-language acoustic model having been trained based on a data set
comprising audio and subtitles from YouTube video clips. The language model was built
based on the texts of subtitles and publicly available Russian-language corpus of Wikipedia’s
popular articles. The resulting system was tested on a data set consisting of audio recordings
of Russian literature available on voxforge.com — the best WER demonstrated by the system
was 18%.

138



TEXTURE GENERATION FOR ARCHAEOLOGICAL
RECONSTRUCTIONS

Oleg lakushkin!, Anna Fatkina?, Dmitry Selivanov'?,
Alexander Degtyarev!

1St.Petersburg State University
2Joint Institute for Nuclear Research

E-mail: ddmitry@batbox.ru

The paper describes a solution that reconstructs the texture in 3D models of archeological
monuments and performs their visualization. The software we have developed allows to
model the outward surface of objects in various states of preservation. Drawings and
photographs of preserved wall fragments and stonework elements are used in the modelling
process. Our work resulted in development of a texturing system that reconstructs textures of
a given object based on photographs and fragments of drawings. The major distinguishing
feature of the system is that it can reconstruct textures using limited and low-quality input
data. For instance, the input data fed to the system may consist of photographs of an object
taken with an ordinary camera (e.g., with a smartphone). In developing the system, we used
OpenCV, CGAL and AwesomeBump open source computer vision packages.

MACHINE LEARNING FOR NATURAL LANGUAGE
PROCESSING TASKS

Aleksey Kulnevich?, Vladislav Radishevskiy

National Research Tomsk Polytechnic University
E-mail: 2kulnevich94@mail.ru

There are two popular algorithms for text vector extraction: bag of words and skip-gram. The
intuition behind it is that a word can be predicted by context and context can be predicted
from a word. The vector size of a word is the number of neurons in the hidden layer. The task
of named entity recognition can be solved by using LSTM neural networks. The features for
every word can be word-embeddings (skip-gram or bag of words model), char-embeddings
features, and additional features, for example, morphological. To solve this task, we used a
tagged dataset (where a human choose which words are entities like a Person, Organization,
Location or Product type). We used the softmax function in a neural network for
classification. Also, is possible to use other approaches like CRF. There are many neural
architectures for the problem of named entity recognition. After that, it is possible to teach
our model to predict the entities of predefined types. There are many approaches for text
classification, and for vectorization it is possible to use document-embeddings (doc2vec
model) or TF-IDF. After this, it is possible to use classification algorithms like an SVM or
Random Forest model. To verify the classification task, it is possible to use the most important
words in class (for example 20-30 most important words can include the terms which
characterize the class).
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BUILDING CORPORA OF TRANSCRIBED SPEECH
FROM OPEN ACCESS SOURCES

Oleg lakushkin?, George. Fedoseev, Anna Shaleva

St Petersburg State University
E-mail: 2oleg.jakushkin@gmail.com

Currently there are hardly any open access corpora of transcribed speech in Russian that can
be effectively used to train those speech recognition systems that are based on deep neural
networks—e.g., DeepSpeech. This paper examines the methods to automatically build
massive corpora of transcribed speech from open access sources in the internet, such as radio
transcripts and subtitles to video clips. Our study is focused on a method to build a speech
corpus using the materials extracted from the YouTube video hosting. YouTube provides two
types of subtitles: those uploaded by a video’s author and those obtained through automatic
recognition by speech recognition algorithms. Both have their specifics: author subtitles may
have timing inaccuracies, while automatically recognized subtitles may have recognition
errors. We used the YouTube Search API to obtain the links to various Russian-language
video clips with subtitles available—words from a Russian dictionary served as an input. We
examined two strategies to extract audio recordings with transcripts corresponding to them:
by using both types of subtitles or only those that were produced through automatic
recognition. The voice activity detector algorithm was employed to automatically separate the
segments. Our study resulted in creating transcribed speech corpora in Russian containing
1000 hours of audio recordings. We also assessed the quality of obtained data by using a part
of it to train a Russian-language automatic speech recognition system based on DeepSpeech
architecture. Upon training, the system was tested on a data set consisting of audio recordings
of Russian literature available on voxforge.com—the best WER demonstrated by the system
was 18%.

OPTIMIZATION OF NEURAL NETWORKS TRAINING
WITH VECTOR-FREE HEURISTIC
ON APACHE SPARK

Kamil Khamitov?, Nina Popova

Lomonosov Moscow State University
E-mail: berserq0123@gmail.com

One of the most computation complicated tasks during neural networks development is a
training process. It could be considered as high dimensional numerical optimization tasks. In
the modern MapReduce systems, like Apache Spark, it's hard to efficiently implement
traditional for Neural networks training gradient-based algorithms or Quasi-newton L-BFGS
method, because there are too many non-linear or memory bound operations, could
dramatically decrease the performance of your cluster and scalability of your training task.
It's known that for L-BFGS methods there are Vector-Free heuristics which allows to reduce
task complexity in terms of an amount of Map and Reduce operations, in the application for
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large-scale logistic regression tasks. Also it's unclear in which types of neural networks these
approaches are applicable. In this research, we applied the heuristics which reduces the
amount of the memory-bound and nonlinear operations, Vector-Free heuristic, to the modern
numerical optimization algorithms, like L-BFGS, Adam, AdaGrad on Spark cluster. We
tested modified versions of algorithms on the different types of NNs architectures: MLP,
VGG-16, LSTM, which covers popular neural network types and particular tasks for them.
Also to provide efficient and usable environment for computational experiment we developed
a software system which could in a semi-automatic way perform a testing of these methods.
It allows a researcher to measure the effect of Vector-Free or other heuristics on different
platforms and neural networks architectures. Also, this system supports comparing with
external data, so researcher is able to compare effectiveness and speedup with other system
types like GPU's versions of the methods above. In this research, we only applied this type of
heuristic to this algorithms without taking any consideration which thing results in bad
performance of modified methods, and don't provide any empirical boundaries for the errors
or convergence. All experiments have been performed on the Microsoft Azure cloud platform,
with 16 HD12v2 nodes.

PARTICLE IDENTIFICATION IN GROUND-BASED
GAMMA-RAY ASTRONOMY USING
CONVOLUTIONAL NEURAL NETWORKS

Evgeny Postnikov!?, Alexander Kryukov?, Stanislav Polyakov?,
Dmitry Shipilov?, Dmitriy Zhurov?

I1Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
2Irkutsk State University

E-mail: %evgeny.post@gmail.com

Modern detectors of cosmic gamma rays are a special type of imaging telescopes (Cherenkov
telescopes) supplied with cameras with relatively large number of photomultiplier-based
pixels. For example, the camera of the TAIGA telescope has 560 pixels of hexagonal
structure. Images in such cameras can be analyzed by various deep learning techniques to
extract numerous physical and geometrical parameters and/or for incoming particle
identification. We implement for this purpose the most powerful deep learning technique for
image analysis, the so cold convolutional neural networks (CNN). In this work we present the
results of tests with two open source machine learning libraries, PyTorch and TensorFlow, as
possible platforms for particle identification in imaging Cherenkov telescopes. Monte Carlo
simulation was performed to analyze images of gamma rays and other (background) particles
as well as estimate identification accuracy. Further steps of implementation and improvement
of this technique are discussed.
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BOTNET IN PYPY TO SPEED UP THE WORK
OF THE EARLEY PARSER

Vladislav Radishevskiy?, Aleksey Kulnevich, Nikolai Stepenko,
Jean Sene

National Research Tomsk Polytechnic University
E-mail: dvladrad95@mail.ru

Extraction of information from texts is a crucial task in the area of Natural Language
Processing. It includes such tasks as named-entity recognition, relationship extraction,
coreference resolution, etc. These problems are being resolved using two approaches. The
first one is the rules-based approach and the second one is machine learning. Solutions based
on machine learning are currently very popular but work well only with frequently used
entities such as person, company, or organization. They require the presence of a large tagged
dataset. With attributes from narrow subject areas and facts, machine learning works much
worse. It is better to use this approach in writing rules for context-free grammars. The problem
here is that the more grammars there are, the slower the analyzer works. Often the speed of
the algorithm is less than 1 KB of text per second. For my project concerned with collecting
information and statistics in the subject area of oil and gas geology, | created a system that
includes a botnet using the Selenium library, in which one computer generates search queries
from a list of objects and collects the resulting links. Then, the resulting links send the tasks
to other computers via the REST service based on the asynchronous queue implemented in
the Flask framework. To avoid link duplication, hashing was used with Redis. Next, the task
is occupied by a botnet consisting of various computers. They take the task and depending on
the content of the link carry out the following: if this is an ordinary site, then its contents are
parsed; if this is a doc/docx/pdf document, then it is downloaded and then text is extracted
from it using the textract library. After saving the text, algorithms are used to extract entities
and thematic attributes using the GRL parser on context-free grammars. The first step to
accelerate is the use of distributed computing as described above. The second step in the
acceleration that was undertaken in this study is the use of the PyPy interpreter for Python,
which compiles the code in the C language. It accelerated the work of the algorithm 4 times
on average, but the consumption of RAM increased by ~ 25%. The calculations involved 8
computers with 4 threads each. Thus, the use of distributed computations together with the
replacement of the standard Python interpreter with PyPy allowed to increase the speed of the
extraction of facts increased ~ 128 times.
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IMPROVING THE EFFICIENCY OF SMART GRIDS OF
ENERGY CONSUMPTION WITH APPLICATION OF
SYSTEMS OF ARTIFICIAL INTELLECT

Eugene Shchetinin!?, Mikchail Berezhkov?

Financial University under the Government of the Russian Federation
2Stankin Moscow State Technological University

E-mail: ?riviera-molto@mail.ru

Clustering is a well-known machine learning algorithm which enables the determination of
underlying groups in datasets. In electric power systems it has been traditionally utilized for
different purposes like defining consumer individual profiles, tariff designs and improving
load forecasting. A new age in power systems structure such as smart grids determined the
wide investigations of applications and benefits of clustering methods for smart meter data
analysis. This paper presents an improvement of energy consumption forecasting methods by
performing cluster analysis. For clustering the centroid based method K-means with K-
means++ centroids was used. Various forecasting methods were applied to find the most
effective ones with clustering procedure application. Used smart meter data have an hourly
measurements of energy consumption time series of Russian central region customers. In our
computer modeling investigations we have obtained significant improvement due to carrying
out the cluster analysis for consumption forecasting.

USING TENSORFLOW TO SOLVE THE PROBLEMS
OF FINANCIAL FORECASTING FOR HIGH-
FREQUENCY TRADING

Alexey Stankus

St Petersburg State University
E-mail: alexey@stankus.ru

The use of neural networks significantly expands the possibilities of analyzing financial data
and improves the quality indicators of the financial market. In article we examine various
aspects of working with neural networks and Frame work TensorFlow, such as choosing the
type of neural networks, preparing data and analyzing the results. The work was carried out
on the real data of the financial instrument Si-6.16 (futures contract on the US dollar rate).

143



COMPARISON OF EXPLICIT AND NOT EXPLICIT
MATHEMATICAL METHODS
OF FINANCIAL FORECASTING

Alexey Stankus

St Petersburg State University
E-mail: alexey@stankus.ru

In most cases, explicit methods are used for the tasks of financial forecasting The modern
possibilities of computer technology already allow the use of neural networks for such
problems, but the volumes of their application for forecasting are still not large. This article
compares explicit methods, such as the Capital Asset Pricing Model (CAPM) and linear time
series, with the results of forecasting obtained as a result of the application of neural networks.

AGENT TECHNOLOGY SITUATIONAL EXPRESS
ANALYSIS IN ASSESSMENT OF TECHNOLOGICAL
DEVELOPMENT LEVEL OF THE BRICS COUNTRIES

Evgeny Tretyakov?!, Diana Koshlan??, Vladimir Korenkov?,
Boris Onykij!, Alexey Artamonov?

INRNU "MEPhHI"
2Joint Institute for Nuclear Research

E-mail: dkoshlan@yandex.ru

Stages of development and operation of specialized agent system concerning collection and
analysis of the BRICS countries' scientific publications are considered in this paper. The data
are extracted from more than 60 sources of authoritative publications in fields of Chemistry,
Physics, Genetics, Biochemistry, Ecology, Geology etc. Algorithms for data analysis used in
the system directed to reveal scientometric indicators and factographic information. The fact
analyzed scientific publications are indexed by a referential database Web of Science
indicates credibility level of the material. However, the form of Web of Science providing
information imposes its limitations that can be overcome with the help of specialized agents
in the inner loop of the system. Aggregation of the material is done in a centralized database.
However, there is also a mechanism using prepared SQL queries and a separate function for
forming tables of the proper format for data output as MS Excel format that is appropriate for
an end user. The work result let to assess the development level of certain technologies and
research in the BRICS countries in a short time. And since the system has a certain degree of
autonomy a constant monitoring of scientific and technical activities in the BRICS countries
is possible. It is concluded that the use of agent technologies for collection and processing of
materials in this field significantly accelerates the analysis of scientific and technical
publications in comparison with manual mode, and also have a high degree concretization of
particular indicators for scientific activity in the analyzed field of publication activity.
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COMBINING SATELLITE IMAGERY AND MACHINE
LEARNING TO PREDICT ATMOSPHERIC
HEAVY METAL CONTAMINATION

Alexander Uzhinskiy*?, Gennady Ososkov!, Pavel Goncharov?,
Marina Frontsyeval

1Joint Institute for Nuclear Research
2Sukhoi State Technical University of Gomel

E-mail: ?zalexandr@list.ru

We present an approach to predict atmospheric heavy metals contamination by statistical
models and machine learning algorithms. The source of the field contamination data is ICP
Vegetation Data Management System (DMS). DMS is a cloud platform developed at the Joint
Institute of Nuclear Research (JINR) to manage ICP Vegetation data. The aim of the UNECE
International Cooperative Program (ICP) Vegetation in the framework of the United Nations
Convention on Long-Range Transboundary Air Pollution (CLRTAP) is to identify the main
polluted areas of Europe and Asia. Currently there are 6000 sampling sites from 40 regions
of different countries presented at the DMS now. The source of the satellite imagery is Google
Earth Engine platform (GEE). There are more than 100 satellite programs and modeled
datasets at GEE. We are taking data from GEE together with sampling data from DMS to
train our deep neural models, but then on the next inference stage we apply the trained neural
net to only data from GEE to predict atmospheric contamination by some of heavy metals.
Correlation between the satellite imagery data and the heavy metals contamination,
considered statistical models and modeling results are presented.

ARCHITECTURE AND BASIC PRINCIPLES OF THE
MULTIFUNCTIONAL PLATFORM FOR PLANT
DISEASE DETECTION

Alexander Uzhinskiy!?, Pavel Goncharov?, Gennady Ososkov?,
Andrey Nechaevskiy!

1Joint Institute for Nuclear Research
2Sukhoi State Technical University of Gomel

E-mail: ?zalexandr@list.ru

The aim of our research is to facilitate the detection and preventing diseases of agricultural
plants by combining deep learning and programming services. The idea is to develop
multifunctional platform for plant disease detection (PDD) that will use modern organization
and deep learning technologies to provide new level of service to farmer’s community. Web-
platform for PDD consists of a set of interconnected services and tools developed, deployed
and hosted in the JINR cloud infrastructure. We are going to use the only free software and
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to provide open access to our image database. The platform will include web-interface and a
mobile application allowing users to send photos of sick plants with some accompanying text
and then obtain a reply explaining a possible cause of the illness. PDD is intended for the data
management of various crop data bases needed to train and test corresponding deep neural
model. The platform will also provide effective, reliable, secure and convenient tools for
storing, transferring and mining of the farmer's text and photo materials. We considered
several models to identify the most appropriate type and architecture of deep neural network.
The PDD basic principles together with results of comparative study of various deep neural
models and their architecture are presented. Up to now we reached promising accuracy result
on the level over 90% in the detection of three concrete diseases on the dataset of images of
grape leaves.

The reported study was funded by RFBR according to the research project Ne 18-07-00829 A.

COMPARISON OF DIFFERENT CONVOLUTION
NEURAL NETWORK ARCHITECTURES FOR THE
SOLUTION OF THE PROBLEM OF EMOTION
RECOGNITION BY FACIAL EXPRESSION

Anton Vorontsov'?, Alexey Averkin?

!Dubna State University
2Informatics and Control Research Institute RAS

E-mail: ®dealwithbotalfred@gmail.com

In this paper the usage of convolution neural networks considers for solving the problem of
emotion recognition by face expression images. Emotion recognition is a complex task and
the result of recognition is highly dependent on the choice of the neural network architecture.
In this paper various architectures of convolutional neural networks were reviewed and there
were selected the most prospective architectures. The training experiments were conducted
on selected neural networks. The proposed neural network architectures were trained on the
AffectNet dataset, widely used for emotion recognition experiments. A comparison of the
proposed neural network architectures was made using the following metrics: accuracy,
precision, recall and training speed. At the end of this paper the comparative analysis was
made and obtained results were overviewed.
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TIME SERIES AND DATA ANALYSIS BASED
ON HYBRID MODELS OF DEEP NEURAL NETWORKS
AND NEURO-FUZZY NETWORKS

Sergey Yarushev?, Alexey Averkin®

Plekhanov Russian University of Economics
E-mail: ®sergey.yarushev@icloud.com, Paverkin2003@inbox.ru

In this paper we consider approach to data analysis and time series forecasting based on hybrid
models. This models contains a Deep NN models and Neuro-Fuzzy networks. We are show
an overview of new approaches for data science field - time series and data analysis. Also, we
propose our models of DL and Neuro-Fuzzy Networks for this task. Finally we show
possibility of using this models for data science tasks.

MHOI'OMEPHBIN AHAJIU3 JAHHBIX O MIPOJAXKAX
HA OCHOBE TEXHOJIOT'UHX OLAP

Cayae Capcumbaesa’, Bragumup JIumurpon??

LAkmiobuncruii pecuonanvuwiii 20cyoapcmeennviii yHusepcumen
umenu K. JKybanosa
2Cogpuiickuii ynueepcumem «Ce. Knumenm Oxpuockuy

E-mail: dcht@fmi.uni-sofia.bg

B pabote ucciieroBaHbl BOMPOCH MHOTOMEPHOI'O aHaM3a JaHHBIX Ha OCHOBE TEXHOJOTHMH
cemeiictBa Business Intelligence u npumeHeHue 3TOW TEXHOJOTHH IS aHAIM3a MPOJIAK.
Nzyuensr OLAP TexHONMOTHU M TpeOOBaHMS K HHUM, CIIOCOOBI pean3alid, Ha TpUMepe
Business Intelligence. PaccMoTpeHbl OCHOBHBIE MOJIOKEHHSI TEXHOJIOTUH OU3HEC MHTEIICKTa
B Visual Studio, Buytpennue unrtepdeiicet Microsoft SQL Server. Pazpaborana cuctema
ynpasieHuss 0a3aMd JaHHBIX Ui MHOTOMEPHOIO aHaln3a JaHHBIX B cdepe Npomax
PO3HUYHOHM CeTH OBITOBOW W 3JIEKTPOHHOW TEXHWKH, yBennuuBaromas 3QQeKTHBHOCTh
paboThl MEHE/PKEPOB, aHATMTUKOB KOMITAHHH.
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CBEPTOYHASI HEHPOHHAS CETh B CUCTEME
CTEPEO3PEHUA MOBUJIBHOI'O POBOTA

Cepreii YabsanoB, Kupuiaa Komenen®

T'ocyoapcmeennviil ynugepcumem «/[yona»

E-mail: 2kirill_koshelev18@rambler.ru

Pacrio3znaBanmst 06pa3oB — Hay4dHas! IUCITUTLINHA, IEThI0 KOTOPOU SBISETCS KilacCH(pUKaIms
00bekToB. CamMum OOBEKTHI Ha3BIBAIOTCS O0pa3aMH WM TaTTepHaMd. Bo3MOXHOCTH
pacrno3HaBaHuA OIMUPACTCA Ha CXOXKECTh OJHOTUITHBIX O6’BCKTOB. HCCMOTpH Ha TO, 4TO BCC
Ipe€aAMETBI U CUTyallud YHUKAJIbHBI B CTPOTOM CMBICJIC, MEKAY HEKOTOPBIMU U3 HUX BCETAa
MOXXKHO HAaWTH CXOJACTBAa IO TOMY WJIM HHOMY Mpu3HaKy. OTCIOZa BO3HHMKAeT IOHSITHE
KinaccuuKalMi — pa30MeHUsi BCEr0 MHOXECTBAa OOBEKTOB Ha HEMepeceKaromuecs
MOJMHOXKECTBA — KJIACCHI, JJIEMEHTHI KOTOPBIX HMEIOT HEKOTOpBIE CXOXHE CBOWCTBA,
OTIMYAIOIINE UX OT AIIEMEHTOB JIPYTUX Ki1accoB. M, Takum o0pa3oM, 3a1aueid pacrio3HaBaHUS
SIBIIIETCS] OTHECEHNE PACCMATPUBAEMBIX O0HEKTOB WIIN SIBIICHUH 110 WX OMMCAHUIO K HY>KHBIM
KjlaccaM. Bricokme mokaszaTeln KadyecTBa paclo3HaBaHUS OOpa30B TOCTUTAIOTCS 3a CUET
WHBAapUAHTHOTO pacro3HaBaHusA. HecMoTps Ha M3MEHYMBOCTH 00pa3oB, OTHOCSIIUXCS K
OHOMY ¥ TOMY e KJaccy, Kiaccupukamuss HOBOro oOpasa TpH WHBAPUAHTHOM
pacro3HaBaHWU MOKET OBITh OCYIIIECTBIICHA MMPaBMIILHO. Pa3paboTka 1 coBepIIeHCTBOBAHUE
METOJ0B KOMIIBIOTECPHOT'O 3pCHUA IIO3BOJISIET paciipuTh Kpyr BBIITIOJIHACMBIX
KOMITBIOTEpaMH 3a7lad W CleNaTh MAIIMHHYI TMepepaboTky wuHpopmannu Oonee
WHTEJUIEKTYalbHOW. 3a/1a4a HHBaPUaHTHOTO PAacliO3HaBaHMs 00pa30B Ha CETOHSIIHUN JICHb
OCTA€TCsl Ba)KHOM HEPEIIEHHOM 3aJadeld, OTHOCAUIEHCS K 3ajadyaM MCKYyCCTBEHHOTO
vHTeIsIeKTa. KOTHUTHBHBIE CIOCOOHOCTH YENIOBEKAa OYEHb TKENO CMOIEIUPOBaTh Ha
BBIYHCIIUTEILHON TEXHHKE, HE CYIIECTBYET eIWHOW M 3(PGEKTUBHON TeOpHH, KOoTopas Obl
00BsICHsIA, KaK YeJIOBEK CIIOCOOEH C OOJIBIION TOUHOCTHIO PACTIO3HABATH OOBEKTHI BHEIITHETO
mupa. [IpencraBnsiemMasi cucTtemMa pacro3HaBaHHsS OOpa3oB Oa3upyercss Ha TEXHOJIOTHUH
cTepeo3peHus. Moyilb paclo3HaBaHUS BBIIEISET OOBEKTHl M OCYIISCTBISIET CISKEHHE 3a
HuMH. OJIHAKO CTOMT OTMETUTh, YTO NPU H3MEHEHHM YCIOBHH OKpY’KaloIIel cpelbl
(M3MeHeHHe OCBEIIeHHs) Hab0jaeTcsa 3HAUNTENbHOE CHIDKEHHE KadecTBa paclo3HaBaHMUA.
N300mmue cucteM MamIMHHOTO 3pEHHS] HE YCTpaHSET TJaBHBIE HEJOCTaTKH CHCTEM
pacrmo3HaBaHUs — TOTPENTHOCTh pACHO3HAaBaHWSA NpPU HM3MEHEHHH paKypca OOBeKTa,
W3MEHEHHE OCBEIICHUs, YyBCTBUTENHbHOCTh 110 u T.1. Ha cerogusmmHWil neHs TydInme
pe3yIbTaThl B PacloO3HABAHWK O0pa30B MOJYYArOT C IMOMOIIBI0 CBEPTOYHBIX HEHPOHHBIX
cereit (CHC). Ilpu gocrarouno Oombiiom pazmepe CHC umeroT HeOONbIIoe KOIHMYECTBO
HACTpaWBaeMbIX MapaMeTpPOB, JOBOJBHO OBICTpO oOy4aroTcsa. VIMEHHO To3TOMy Ha
HAYaJIbHOM OTale WHTEIUICKTyalll3allid CUCTEMBl pAclO3HaBaHUS OBUIO  PEIICHO
HCIONB30BaTh CBEPTOUHYIO HEHPOHHYIO ceThb. B Hacrosmiee Bpems OOBOJLHO MOAPOOHO
OIMMCaHO MHOXECTBO aJITOPUTMOB W METOAHMK KOMIIBIOTCPHOI'O 3pC€HHA W pacCliO3HaBaHUA
06pa30B. ﬂaHHBIe AITOPUTMBI U METOABI UMEIOT OINPCACICHHBIE HEAOCTATKH, KOTOPBIC
nepevrciensl Boiue. [loaroMy pazpaboTka yHUBEpCAILHOTO U ropasfo 0osee 3pGeKTUBHOTO
QITOpUTMa paclo3HaBaHUS — TEPBOCTENICHHAs 3ajaya MCCleoBaTeNsi B 0OJacTH
KOMITBIOTEPHOT'O 3pCHUS. Ha HaHHBIﬁ MOMCEHT paSpa6aTBIBaeTC$[ TEXHOJIOTHA paCliO3HAaBaHUAA,
0asupyroniascs Ha MATKUX W KBAaHTOBBIX BhIYUCICHUSX. C TMOMOIIBIO TaHHOW TEXHOJIOTUU
MPECTaBISIETCS] BO3MOYKHBIM MOBBICHTH 3(p(h)eKTHBHOCTH IMpoliecca pacio3HaBaHUsL.
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O METOJAX U TEXHOJIOI'UAX
HUHTEJ/UVIEKTYAJIBHOI'O DQHEPI'OCBEPEKEHUSA
B KOMMEPYECKUX 3IAHUAX

Esrenuii Illernnun?®, Esrenust ITonosa®

Financial University under the Government of the Russian Federation
E-mail: ®riviera-molto@mail.ru, ®evgenia.popoval397@gmail.com

HHTemnekTyanbHble TeXHOJIOTHH SHEProcOepexeHus W SHeprodGeKTUBHOCTH SBISIOTCS
COBPEMEHHBIM MacIITaOHBIM MUPOBBIM TPEHJOM HE TOJNBKO B Pa3BUTHUU SHEPreTHUECKUX
CHCTEM, HO ¥ B CTPOMTEIILHOM, JIeBeNonepckoM om3Hece. Cripoc Ha «yMHBIE 31aHHS PAaCTET
HE TOJIBKO B MHpe, HO U B Poccuu, mpeskie Bcero Ha pbIHKE CTPOHUTENHCTBA U SKCIUTyaTallHy,
KpPYITHBIX OW3HEC-TICHTPOB, TOPTOBO-Pa3BICKATEIbHBIX IEHTPOB W JP. CTPOHUTENBHBIX
JIETIOBBIX MPOEKTOB. TOUYHBIE OLEHKH SKOHOMHH Ba)KHBI JUISI IPOABIIKEHUST CTPOUTEIBHBIX
NPOEKTOB B 00JMacTH SHEProd(p(PeKTUBHOCTH W JEMOHCTPAIlMA MX SKOHOMUYECKON
sddextrBHOCTH. PacTymiee KOIMUECTBO COBPEMEHHOW N3MEPHUTEILHON HHPPACTPYKTYPHI B
KOMMEPUYECKUX 3/IaHUSIX MPHUBEJIO K MOBHIIICHHUIO JOCTYITHOCTH JAHHBIX BBICOKOW YaCTOTEHI.
DTH NaHHBIE MOXKHO HCIIONIB30BaTh Ul OOHApY)KEHHS HEHCIPABHOCTEH M UATHOCTHUKH
000pyI0BaHMs, OTOIUICHHS, BEHTWIALUH, U ONTHMH3AIMHA KOHAWUIIMOHUPOBAHHS BO3IyXa.
3T0 Takke 00yCIOBUIIO MPUMEHEHHE COBPEMEHHBIX M 3()()EKTUBHBIX METOJIOB MAITMHHOTO
00y4eHHs1, KOTOPBIE PEAOCTABIISIFOT IEPCIIEKTUBHBIE BO3MOXXHOCTH ISl TOTYYEHHs TOYHBIX
MPOTHO30B 0a30BOr0 JHEPromnoTpeOJICHUs 3/1aHMs, M, TaKHM O00pa3oM, TOYHBIE OIICHKU
sKOHOMHU. B HacTosmIe paboTe s MOJISIMPOBAHUS BDEMEHHBIX BHICOKOYACTOTHBIX CEPUit
SHepronoTpedIeHus OblI MPUMEHEH allrOPUTM TPaIMEHTHOTO OyCTHHTa, MOIUIHBIH allTOPUTM
MAIIMHHOTO 00Y4eHHs B ITMPOKOM JTUana3oHe IPUMEHEHHs B aHan3e OosbInX qaHHbIX. Ha
€ro OCHOBE IPE/IIOKEH METOJ MOJICTMPOBAHMS THEBHOTO MPOQHIIS SHEPronoTpeOIeHHS 1
pa3paboTaH YMCIEHHBIH ANITOPHUTM, ero peaim3yromuid. s oneHkn ero 3QQeKTHBHOCTH
OBLTH MCIIOJIB30BaHbI IaHHBIE 0 YHepronoTpedineHnn 380 KoMmepueckux 31anui. [lepuoapt
oOydeHHss MoOAeNH ObUTM paslUYHBIMH, M JUIi OLUEHKH J(P(YEKTHBHOCTH MOJEIH
WCTIOJNIB30BAIMCh HECKOJBKO TIOKa3aTesied TOYHOCTH MPOTHO3MPOBaHUS. Pe3ynbrarTs
MoKa3alii, 4YTO WCIIONb30BaHUE MOJIENH TPAJUEHTHOIO OYCTHHTA YIYYIIHIO TOYHOCTD
nporHo3upoBanus Oonee yem B 80 MPOIEHTaxX CIy4aeB IO CPaBHEHHIO C MOAEISIMH
MPOMBIIITICHHBIX 31aHUH, HCTIONB3YIOMINX IMHEWHYIO PETPECCHIO U AITOPUTMOM CITy4aiiHOTO
neca.
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DIRECT SIMULATION OF THE CHARGE TRANSFER
ALONG OLIGONUCLEOTIDES AT T=300K

Nadezhda Fialko?, Victor Lakhno

IMPB RAS - the Branch of KIAM RAS
E-mail: *fialka@impb.ru

At present, the attention of researchers is attracted to the possible mechanisms of charge
transfer in quasy-1D biomacromolecules, such as DNA, in connection with the potential use
of this nano-objects in nanobioelectronics. Biophysical experiments on the hole transfer from
guanine G (donor) to guanine triplet GGG (acceptor), separated by adenine-thymine (A-T)
bridges of various lengths, demonstrate that the rate of charge transfer between donor and
acceptor decreases exponentially with increasing separation only if the guanines are separated
by no more than three base pairs; if more bridging base pairs are present, the transfer rates
exhibit only a weak distance dependence. We performed direct numerical experiment on the
charge transfer from donor to the acceptor along bridge, consisting of homogeneous sites. The
model is based on the semi-classical Holstein Hamiltonian. The Holstein polaron model is
simple but relevant for explaining charge transfer in DNA. To take into account the
temperature, Langevin thermostat is used. For computation we chose some parameter values
as for DNA model: the charge donor is guanine G, acceptor - guanine triplet GGG, and the
bridge consists of adenines A or thimines T with number of sites N. We modeled different
length of bridge N from 1 to 26 sites (length of the whole chain is from 5 to 30 sites). For each
N we calculated a set of 100 samples at temperature 300 K, and estimated time-dependencies
averaged over the ensemble. The sample is a trajectory of system with its own initial data and
pseudorandom time series, which modeling medium thermal fluctuations. Initial data for
classical sites are chosen from Maxwell distribution corresponding to T = 300 K, and the
charge at moment t = 0 is localized on the donor. We calculate the samples until the
probabilities of charge distribution on the sites become similar to the thermodynamic
equilibrium state, and estimate the time t_TDE to reach this state. Results of the simulation
demonstrate that: for short chains (N<4 for bridges of adenines and N<5 for thymine bridges)
the value of t_TDE increases exponentially with the increasing N; for big N, t TDE values
are almost the same. In suggestion that the charge transfer rate is a reciprocal of the time
t TDE, the results of computer modeling and data of biophysical experiments have a
qualitative similarity. We are grateful to the HybriLIT group of JINR for computational
resources.

The work is partially supported by the Russian Foundation for Basic Research,
projects no. 16-07-00305, 17-07-00801, and Russian Science Foundation, grant 16-11-10163.
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DATA CONSOLIDATION AND ANALYSIS SYSTEM
FOR BRAIN RESEARCH

Vladimir Korkhov?, Alexander Bogdanov?, Vladislav Volosnikov?,
Andrey Vorontsov!, Natalia Zalutskaya?, Kirill Gribkov?,
Nikolay Neznanov?, Natalia Ananyeva?, Alexander Degtyarev!

1St. Petersburg State University
2National Research Medical Center for Psychiatry and Neurology

E-mail: dvladimir@csa.ru

Comprehensive human studies, in particular studies in the field of brain pathology, require
strong information support for the consolidation of clinical and biological data from different
sources in order to allow processing and analysis of data. The heterogeneity of data sources,
the variety of presentation formats and the resource-intensive nature of preprocessing make it
difficult to conduct comprehensive interdisciplinary research. Combining data for each
individual case is a time-consuming process that requires not only time, but profound
knowledge in the field of information technology. To solve the problem of sharing
heterogeneous sources of clinical and biological species in brain research, an information
system with unified access to heterogeneous data is required. Effective implementation of
such a system requires creating a model for combining disparate data into a single information
environment and adapting preprocessing methods applied individually to each individual data
type. The introduction of a model that solves the fundamental problem of consolidating
medical and biological data in the form of a cloud service will solve the problem of organizing
researchers' access to consolidation results, and equalizing the geographical distribution of
research groups and equipment. We analyze the possibilities and methods of consolidation of
clinical and biological data, build a model for the consolidation and interaction of
heterogeneous data sources for brain research, programmatically implement the model as a
cloud service, and provide an interface for supporting queries in a format encapsulating a
complex consolidation architecture from the user. We present the design and implementation
of an information system for the collection, consolidation and analysis of patient data; we
show and discuss the results of the application of cluster analysis methods for the automatic
processing of voxel based magnetic resonance imaging data to facilitate the early diagnosis
of Alzheimer's disease. Our results show that a detailed study of the properties of cluster
analysis data can significantly help neurophysiologists in the study of Alzheimer's disease,
especially with the help of automated data processing provided by the proposed information
system.
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DEVELOPMENT OF SOFTWARE FOR FACE
RETRIEVAL SYSTEMS M ODELING

Nadezhda Shchegoleva, Varvara Petrova?

Saint Petersburg Electrotechnical University "LETI"
E-mail: ®petrova.varvara.0381@mail.ru

The development of software for face retrieval systems modeling is studied. An overview of
the state of the problem is provided. Computer modeling is shown to be required to select the
most appropriate system structure, set of modules and their parameters. The basic
requirements for modern face retrieval systems are determined. It is found that they provided
the concept of building a software complex for FaRetSys modeling, which formed the basis
for a new Simulink library developed by the authors. Examples of solving practical problems
of facial biometrics, structure, composition and parameters of blocks of used systems are
shown. Compact models of computer experiments are presented.

XAOTHYECKASA TMHAMUKA MI'THOBEHHOI'O
CEPAEYHOI'O PUTMA U EI'O ®A30BOE
HPOCTPAHCTBO.

Bukrop IBerkoB’?, Anekceit Kynunos!, Anexcanap UBanos?,
Wabs Berkos!, Cepreii Muxees!

Y Teepcroii 2ocyoapcmeennuiii ynusepcumem
2Tgepckoii Kapouono2uueckuti MeOUYUHCKUL YyeHmp

E-mail: 2tsvetkov.vp@tversu.ru

B nmaHHOM joOKIazie Ha OCHOBE IAHHBIX CYTOYHOTO XOJITEPOBCKOI'O MOHHTOPHPOBAHUS
MOCTPOEHBI (ha30BbIe POCTPAHCTBA MTHOBEHHOTO CEPJCYHOTO PUTMA YETHIPEX MAIlMEHTOB
TBepckoro 00IaCTHOTO KIMHUYECKOTO KapANOJIOTHYECKOTO JUCTIaHCepa. JTH MPOCTPAHCTBA
HanOoJee aJJeKBaTHO OTPAKAIOT TaKUe BaKHBIE CBOMCTBA KapAHOPHUTMOB, KaK XaOTHYHOCTh
u camomonodue (¢dpakranbHocTh). lIpuBeneHbl MeTOAbI BBIYHCICHUS (PaKTaIbHOM
pasmeprocTd D u D-mepHOro oobeMa (ha30BOTr0 IMPOCTPAaHCTBA MTHOBEHHOI'O CEPICUHOTO
pUTMa B Hanbosee yA00HOM JIsl IPAKTHYECKOTO IPUMEHeHUs Bujie. Ha ocHOBE co31aHHOTO
W PEaJu30BaHHOTO AaBTOpPAaMH KOMIUIEKCAa IIPOrpaMM MPOBEIEHO BBIUMCICHHE TaKUX
MapaMeTpoB COCTOSIHWS MIHOBEHHOT'O CEPIEYHOr0 PUTMA, Kak 3HaueHHE (PaKTaIbHOU
pasmeprocTH D, dhpakransHOro azoBoro oobema I, onpeaensieMoro mo moKpsITHIO Ga3oBoi
TPaeKTOpUHM CETKOM eanHuYHOro pasmepa. Ilokasana Oyim3ocTh (Pa3oBBIX MPOCTPAHCTB
MTHOBEHHOT'O CEpACYHOTO PHUTMa HCCIEAYyeMbIX IalUeHTOB K (pakTansaM C TOYHOCTBHIO
4.53-10-2 B C-metpuke. [Ipn BpeMeHax XOJNTEPOBCKOIO MOHUTOPUPOBAHHMS MPEBBIIIAIOIIAX
6 4acoB ITH MapaMeTPhl CTPEMSTCS K IIOCTOSHHBIM 3HAYEHHUSIM U MOTYT OBITh HCITOJIHb30BaHBI
KaK MapKepbl COCTOSIHHS CEPACYHO-COCYIUCTOM CUCTEMBI B KapAHOAUATHOCTHUKE.
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BU3YAJ/IU3ALUA KBAHTOBOI'O ®A30BOI'O
INPOCTPAHCTBA MI'HOBEHHOI'O CEPJAEYHOI'O
PUTMA

Nabsa [BerkoB, BukTop LBeTkoB?, Cepreii Muxeen

Tsepckoti 2ocyoapcmeer bl yHUBepcument

E-mail: ®tsvetkov.vp@tversu.ru

JlaHHBIE CYTOYHOTO XOJTEPOBCKOTO MOHHTOpHpoBaHWsA (XM) 1Mo KapauOWHTEpBajIaM I
aHaJM3a npeCTaBIsIIoTCs B popMe, coueraroleii npocroty 1 mHGopMaTHBHOCTS. [TokazaHo,
YTO 3TO MOXKHO C/IeTIaTh, UCMONB3YS BU3YAIN3alAI0 MacCHBA JAHHBIX 110 KapAHOpUTMaM Ha
OCHOBE KBAaHTOBOTO ()a30BOTO TPOCTPaHCTBA MTHOBEHHOTO cepaedHoro purtma. [lonx
BHU3yaJIM3aluell KBaHTOBOrO (ha30BOr0 MPOCTPAHCTBA MTHOBEHHOT'O CEPACUYHOTO PUTMA MBI
OyzeM MOHMUMATh CHoco0 mpeacTaBieHUs IHUGPOBOH HWHPOPMALUH O MIHOBEHHOM
CEpJIEYHOM PHUTME B BHJE, YAO0OHOM sl HaOmroneHus u ananm3a. ChopMmynnpoBaHHOE B
JOKJIajie KBaHTOBaHME (Da30BOTO MPOCTPAHCTBA MTHOBEHHOTO CEPJICYHOTO PUTMA MTPUBOIUT
ero K JCICHHWI0O Ha SYCHKM KOHEYHOW BeawuuHbI h u obbema AT'=h"2. Mudopmarus o
CTPYKType (ha30BOTO TPOCTPAHCTBE MTHOBEHHOTO CEpPJEYHOr0 pHUTMa HpH 3ToM Oynmer
ONpEIENAThCS YUCIAMU 3alOJIHEHUs 3THX sdyeeK. BakHelmel 3agaueil Hamlero moaxonaa
SABJIACTCA BH3yallM3allsd TOYCK KaBaHTOBOI'O (1)33OBOFO IpoCTpaHCTBa MTHOBCHHOI'O
cepaeuHoro putMma. J[Jist 3TOro ero ToykaMm MpUMIHCATN ONpeAcIEHHbIC 3HAUCHHUS IIBETA B
3aBUCHMOCTH OT 3HAYEHHH YHCEN 3a0THEHHUS COCTOSHUM.
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NUMERICAL SOLUTION OF DIFFRACTION
PROBLEM ON THE JOINT OF TWO OPEN THREE-
LAYERED WAVEGUIDES

Veniamin Chupritskiy?, Dmitriy Divakov?

INational Research Tomsk Polytechnic University
2RUDN University

E-mail: 2vkchupr@gmail.com

This paper describes the algorithm for the numerical solution of the diffraction problem of
waveguide modes at the joint point of two open planar waveguides. For the planar structures
under consideration, we can formulate a scalar diffraction problem, which is a boundary value
problem for the Helmholtz equation with a variable coefficient in two-dimensional space. The
problem on the eigenmodes of an open three-layered waveguide is the Sturm-Liouville
problem for a second-order operator with piecewise constant potential on the axis, where the
potential is proportional to the refractive index. The described problem is singular and has a
mixed spectrum: the discrete part of the spectrum corresponds to the guided waveguide
modes, the continuous part of the spectrum to the radiative modes. The presence of a
continuous part of the spectrum complicates the numerical solution of the diffraction problem,
since the eigenfunctions from the region of the continuous spectrum do not integrate on the
axis, and therefore Galerkin's method can not be used in this definition. One of the ways to
adapt the Galerkin method for the problem solution is to limit artificially the area, which is
equivalent to placing the open waveguide in question in a hollow closed waveguide whose
boundaries are distanced from the real boundaries of the waveguide layer of the open
waveguide. As a result of the described approach, we obtain a diffraction problem on a finite
interval and with a discrete spectrum, which can be solved by the projection method. The
described method is realized in the Maple computer algebra system using CUDA(R)
technology to accelerate certain routines.

AN IMAGE VERIFICATION FRAMEWORK
DEVELOPMENT

Ahmed Elaraby?, Andrey Nechaevskiy??

1South Valley University
2Joint Institute for Nuclear Research

E-mail: ®nechav@jinr.ru

An efficient representation and implementation of image are necessary, as a digital image is
an approximation of some real situation, and carries some uncertainty. In order to deal with
this uncertainty we need appropriate image model, which also enable image processing
without losing the information regarding the uncertainty. Interval arithmetic techniques
appear as a good option for handling the uncertainty. In this work we will discuss the extended
of the classical notion of digital image, in the which each pixel has as degree of intensity an
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exact value to the interval digital image one, where each pixel possesses an interval intensity
that include lower and upper bound of every element of the image. The time consuming
process of image data processing can be address using parallel computing techniques that
provide an efficient and convenient way to address this issue. The paper concludes that
considering the interval arithmetic in designing solutions for some applications may impact
the performance of algorithms and the image processing tasks may benefit from an efficient
image verification model.

EFFICIENCY MEASUREMENT SYSTEM
FOR THE COMPUTING CLUSTER AT IHEP

Victoria Ezhova, Viktor Kotliar?

NRC "Kurchatov Institute” IHEP
E-mail: 2victor.kotlyar@ihep.ru

Every day IHEP central computing cluster produce thousands of calculations related to
research activities, both IHEP and GRID experiments. A lot of machine resources are
expended on this work. So, we can estimate the size of the spent resources used for all types
of tasks, make decisions for changing cluster configuration and to do the forecast for the work
of the computer center in general. In this work you can see the calculations of the efficiency
index and the graphical representation of work of a cluster on the basis of account information.
It is one of the main tasks within work on creation of system of uniform monitoring of
computer center of IHEP.

COMBINED EXPLICIT-IMPLICIT TAYLOR SERIES
METHODS

Ivan Hristov'?, Zafar Tukhliev?, Stefka Dimoval,
Radoslava Hristoval, Igor Puzynin?, Taisiya Puzynina?, Nikolay
Shegunov?, Zarif Sharipov?

YSofia University “St. Kliment Ohridski”
2Joint Institute for Nuclear Research,

E-mail: divanh@fmi.uni-sofia.bg

Hamiltonian systems arise in natural sciences and are used as mathematical models for many
practical problems. Due to their wide applications, a large class of numerical methods, usually
symplectic ones, has been developed. The most commonly used is Verlet method which is
second order, fast, and simple to implement. Here we consider a novel idea proposed and
developed in [1]. It is based on Taylor series expansion and produces a large class of methods
of various orders of accuracy. The idea of the method is to combine Taylor expansions about
the forward and current time levels. Construction of such methods is simple and moreover,
they inherit the desired for Hamiltonian systems properties of symmetry and energy
conservation. When high order of accuracy is needed, these new methods have lower
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computational cost than Verlet method. In some problems of Computational Dynamics, at a
given stage of the process, incorporation of a large set of initial conditions or a large set of
parameters is required. This motivates us to parallelize the numerical algorithms. Here we
consider instruction level parallelism, namely, vectorized instructions combined with
OpenMP threads. A comparison between the classical Verlet method and the Combined
Taylor Series Methods on some Hamiltonian systems has been made, with main focus on the
time-accuracy diagrams. The results illustrate the strengths and the weaknesses of the two
different approaches. The work was financially supported by RFBR grant No. 17-01-00661-
a and by a grant of the Plenipotentiary Representative of the Republic of Bulgaria at the JINR.
[1] Akishin, P. G., Puzynin, I. V., Vinitsky, S. 1. (1997). A hybrid numerical method for
analysis of dynamics of the classical Hamiltonian systems. Computers & Mathematics with
Applications, 34(2-4), 45-73

DATA GATHERING AND WRANGLING
FOR THE MONITORING OF THE RUSSIAN
LABOUR MARKET

Javad Javadzade

Joint Institute for Nuclear Research
E-mail: jjavadzade@inbox.ru

This project is devoted to monitoring and analyzing the labour market based on the publicly
available data on job offers, CVs and companies gathered from open data projects and
recruitment agencies. The relevance of project is that some work areas have already
overcrowded, some are outdated or some may have a little need for new workers, and some
new and growing industries will offer good jobs. The result obtained at the end will allow one
to have a look on the labor market on different levels starting from the local one. This
information is useful not only for school graduates, students and people who is just looking
for a better job for themselves, but also for the employers. It is also can be useful for
universities to estimate the relevance of the educational programs they offer. One of the key
tasks is the collection of job offers data from open sources and recruitment agencies. Before
writing parsing-scripts, need to analyze existing open sources of vacancies and identify the
final list from which the vacancy data will be downloaded. No less important task is data pre-
processing, where the main task is to remove duplicate job offers appear from different
sources. Because sophisticated comparison of more than a million vacancies requires
significant time, this step was realized using Apache Spark on a cluster. Also, this step
involves using of machine learning algorithms. For the job offers, the vector representation is
constructed using gensim word2vec, then the closest ones are selected. For the moment, more
than a million of vacancies from Headhunter, Superjob, Trudvsem recruitment agencies have
been already collected and processed.
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APPLICATION OF HUBZERO PLATFORM
FOR THE EDUCATIONAL PROCESS
IN ASTROPARTICLE PHYSICS

Yuliya Kazarinal, Oleg Fedorov?, Andrey Mikhailov?,
Igor Bychkov?, Andreas Haungs?, Alexander Kryukov?,
Dmitriy Kostunin®, Alexey Shigarov?, Dmitriy Shipilov?,

Daria Chernykh?

*Applied Physics Institute Irkutsk State University
2Matrosov Institute for System Dynamics and Control Theory SB RAS
3Karlsruhe Institute of Technology
“Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University

E-mail: 2lutien777@mail.ru

In the frame of the Karlsruhe-Russian Astroparticle Data Life Cycle Initiative it was proposed
to deploy an educational resource astroparticle.online for the training of students and graduate
students in the field of astroparticle physics. This resource is based on HUBzero, which is an
open-source software platform for building powerful websites, which supports scientific
discovery, learning, and collaboration. HUBzero have been deployed on the servers of
Matrosov Institute for System Dynamics and Control Theory. The educational resource
astroparticle.online is being filled with the information covering cosmic messengers,
astroparticle physics experi-ments and educational courses and schools on astroparticle
physics. Furthermore, the educational resource astroparticle.online can be used for online
collaboration. We present the current status of this project and our first experience of
application of this service as a collaboration frame-work. This work was financially supported
by Russian Science Foundation and Helmholtz Society, Grant No. 18-41-06003. The devel-
oped educational resources were freely deployed on the cloud infrastructure of the Shared
Equipment Center of Integrated Infor-mation and Computing Network for Irkutsk Research
and Educational Complex (http://net.icc.ru).

EVENT-DRIVEN AUTOMATION AND CHAT-OPS
ON IHEP COMPUTING CLUSTER

Anna Kotliar, Viktor Kotliar?

NRC "Kurchatov Institute” IHEP
E-mail: 2victor.kotlyar@ihep.ru

Dealing with cluster-systems you have multiple ordinary situations which can be solved using
automation tools. Stackstorm is a quite good event-driven system which helps to manage
typical problems and to communicate with cluster via chat-ops extension. Just write a rule for
such eventand it will be triggered and solved. In the presented work will be shown an example
of a real event- driven system on IHEP computing cluster which use Nagios, CheckMK,
Stackstorm, Mattermost for routine work automation as a part of multicomponent cluster
managment system.
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USING BINARY FILE FORMAT DESCRIPTION
LANGUAGES FOR VERIFYING RAW DATA
IN ASTROPARTICLE PHYSICS EXPERIMENTS

Alexander Kryukov?, Elena Korosteleva'®, Dmitriy Kostunin?,
Igor Bychkov?, Alexey Khmelnov3, Andrey Mikhailov?,
Oleg Fedorov*, Alexey Shigarov!

ISkobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University,
2Karlsruhe Institute of Technology
3Matrosov Institute for System Dynamics and Control Theory SB RAS
“Applied Physics Institute Irkutsk State University

E-mail: ®elkrs@yandex.ru

The exponential growth of the amount of astroparticle data is expected to happen in near
future. This trend gives rise to a number of emerging issues of big data management. One of
the important issues is how to describe and verify raw binary data to support their availability
and reuse in future. The present work demonstrates a possible solution for this issue in
application to data of TAIGA observatory, which consists of a number of facilities featuring
five different formats of raw data. The long-term preservation of raw binary data as originally
generated is essential for rerunning analyses and reproducing research results in future. In this
case, the raw data should be well documented and accompanied by the parsing and verifying
tools. There are some declarative languages for describing binary file format description (e.g.
DFDL, FLEXT, KAITAI STRUCT). The present work shows the progress of the application
of KAITAI STRUCT to specify, parse and verify raw data of the TAIGA binary file formats.
The format specifications implemented using this framework allow us to generate program
code for parsing and verifying the raw binary data in the target languages (C++, Java, Python,
etc.). The libraries were tested on real data, have shown good performance and indicated the
parts with corrupted data. This study can be interested in other experiments which raw binary
data formats remain weakly documented. This work was financially supported by the Russian
Scientific Foundation (grant 18-41-06003).
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PSEUDO-RANDOM NUMBER GENERATOR BASED
ON NEURAL NETWORK

Dmitry Kulyabov!?, Anna Korolkova!, Migran Gevorkyan?,
Anastasiya Demidoval

'RUDN University,
2Joint Institute for Nuclear Research

E-mail: ®mngevorkyan@sci.pfu.edu.ru

Pseudorandom uniform distributed number generators are used in many fields of science and
technology [1]. It is very important to test the quality of pseudo-random sequence produced
by an algorithm. An overview of a large number of criteria for testing the quality of the
sequence produced by pseudo-random generators can be found in the third chapter of [2], as
well as in the article [3]. One of the most robust software packages that implements such tests
is the DieHarder utility [4]. Among the algorithms that show good results when passing the
entire set of DieHarder tests, the following three groups of algorithms should be mentioned.
* The Mersenne Twister (MT — Mersenne Twister) [5] gives a very qualitative sequence, but
is relatively complex. It is currently used as default for many modern programming languages.
* Algorithms xorshift, xorshift+ and xorshift* [6] pass all sorts of tests from the DieHarder
package on a level with Mersenne Twister, but algorithmically they are more simple than MT,
although they have a slightly shorter period. * The family of KISS algorithms [5] (Keep It
Simple Stupid), whose name indicates the extreme simplicity, are almost as good as Mersenne
Twister and even simpler then xorshift. In this paper, we test our pseudo-random number
generator based on the neural network, comparing it with the above algorithms. This
comparison imposes strict requirements for the efficiency of the neural network, as each of
these three algorithms has the potential for parallelization, requires for initialization from one
to three initial seeds, uses only arithmetic and bitwise operations, and does not fail any
DieHarder test, showing weak results in only 4 of them (of more than 100).
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METHODS & TOOLS OF THE RSC BASIS
DISTRIBUTED MICRO AGENT PLATFORM
FOR MANAGING COMPUTE, NETWORK
AND STORAGE RESOURCES TO EFFICIENTLY
PROCESS DATA

Mikhail Malkov

RSC Group
E-mail: m.malkov@rsc-tech.ru
The poster covers methods and tools, developed within the RSC BaslS datacenter
management platform: key benefits of a micro agent approach in solving the problem of the
lack of connectivity between different layers in datacenter management and automation;

architecture overview and use case examples. We would like to share our operating
experience of RSC BaslS Platform and discuss plans for its further development.

MODERN HYPER-CONVERGED PLATFORM
FOR COMPUTATIONAL- AND 1/O-
HEAVY ENVIRONMENTS

Mikhail Malkov

RSC Group
E-mail; m.malkov@rsc-tech.ru

This poster describes the benefits of using a hyperconverged approach to build next-gen high
performance computer clusters. We will cover the need for storage and compute convergency
and its advantages over existing architectures; present our results, use case scenarios and the
achieved efficiency of the system, which enabled the new JINR supercomputer built with the
RSC hyper-converged technology to rank 9th in the i0500 list.
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MODERNIZATION OF WEB SERVICE FOR THE
DATA CENTER SIMULATION PROGRAM

Dmitry Marov'?, Daria Priakhina®

!Dubna State Univercity
2Joint Institute for Nuclear Research

E-mail: ®dmitriy.marov97@yandex.ru, "pry-darya@yandex.ru

The data storage and processing systems simulation program "SyMSim" was developed at the
Laboratory of Information Technologies of the Joint Institute for Nuclear Research. The input
parameters and the simulation results are stored in a database. A web service was developed
to interact with the program, but it has some disadvantages. - there are no examples of program
operation and guest mode; - user's personal cabinet isn’t finished; - there is no visual output
of the results; - there is no form for creating a model; - design of the web service isn’t finished,
The web service user interface modernization results are presented: - user manual, examples
of using the program and guest mode are developed; - user's personal account is modified and
has user-friendly interface; - the process of creating the simulated infrastructure and setting
the equipment parameters is modified; - results output has been visualized.

PARALLEL CALCULATIONS OF GROUND STATES
OF 6,7,9,11L1 NUCLEI BY FEYNMAN’S CONTINUAL
INTEGRALS METHOD

Mikhail Naumenko?, Viacheslav Samarin

Joint Institute for Nuclear Research
E-mail: 2anaumenko@jinr.ru

The structure of lithium isotopes and nuclear reactions with their participation are extensively
studied both experimentally and theoretically. In this work, the wave functions of the ground
states of few-body nuclei 6,7,9,11Li are calculated by Feynman’s continual integrals method
in Euclidean time. The algorithm of parallel calculations was implemented in C++
programming language using NVIDIA CUDA technology. Calculations were performed on
the NVIDIA Tesla K40 accelerator installed within the heterogeneous cluster of the
Laboratory of Information Technologies, Joint Institute for Nuclear Research, Dubna. The
studied isotopes are considered as cluster nuclei with the following configurations: 6Li (a +
n+p), 7Li (@ +n+n+p)9Li (7Li + n+n),and 11Li (9Li + n + n). The results of calculations
for the studied nuclei are in good agreement with the experimental energies of separation into
clusters and nucleons. The obtained probability densities may be used for the correct
definition of the initial conditions in the time-dependent calculations of reactions with the
considered nuclei. This work was supported by the Russian Science Foundation (RSF),
research project 17-12-01170.
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ANALYSIS OF THE FEATURES
OF THE OPTIMAL LOGICAL STRUCTURE
OF DISTRIBUTED DATABASES

Elena Nurmatova'?, Victor Gusev?, Viktor Kotliar?

!Dubna State University,
2NRC "Kurchatov Institute" IHEP

E-mail: 2ev8@mail.ru

The questions of constructing optimal logical structure of a distributed database (DDB) are
considered. Solving these issues will make it possible to increase the speed of processing
requests in DDB in comparison with a traditional database. Optimal logical structure of DDB
will ensure the efficiency of the information system on computational resources. The problem
of constructing an optimal logical structure of DDB is reduced to the problem of quadratic
integer programming. As a result of its solution, the local network of the DDB is decomposed
into a number of clusters that have minimal information connectivity with each other. In
particular, such tasks arise for the organization of systems for processing huge amounts of
information from the Large Hadron Collider. In these systems various DDBs are used to store
information about: the system of triggers of data collection from physical experimental
installations (ATLAS, CMS, LHCb, Alice), the geometry and the operating conditions of the
detector while collecting experimental data.

USING MULTIVARIATE QUANTILE FUNCTION
FOR SOLVING BIOINFORMATICS PROBLEMS

Sergey Poluyan®?, Nikolay Ershov?

!Dubna State University
2Moscow State University

E-mail: ®svpoluyan@gmail.com

In this work, we study evolutionary optimization algorithms for solving the problems in
structural bioinformatics: prediction of three-dimensional peptide structure from amino acid
sequence and peptide-protein docking. We provide a way of using evolutionary optimization
algorithms based on using quantile functions. The used schemes for building and using of the
guantile functions were described. The GPU-accelerated implementation of the presented
schemes was carried out. We present the results of various numerical experiments.
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A WAY OF ANOMALY DETECTION
IN ENGINEERING EQUIPMENT CHARACTERISTICS
OF SYMMETRA AT IHEP IT CENTER

Ekaterina Popova, Viktor Kotliar?

NRC "Kurchatov Institute” IHEP
E-mail: 2victor.kotlyar@ihep.ru

The information flow should be monitored on anomaly detection. It is important, because it
allows you to see a possible problem in advance and prevent it from turning into a real one.
A huge flow of diverse data within the modern computing center flows from everywhere. As
a rule, these are time series - numerical characteristics that are consistently measured after
some time intervals. At this work there was developed the way of analysis for engineering
equipment characteristics in centralized system of uninterrupted power supply (Symmetra) at
IHEP IT center. When tracking time series, extracted from the data processing and storage
system, anomalies are detected using the Twitter AnomalyDetection package. The
information on problem is provided to the engineering and operational staff.

SENSITIVITY ANALYSIS IN A PROBLEM OF REAXFF
MOLECULAR-DYNAMIC FORCE
FIELD OPTIMIZATION

Konstantin Shefov, Stepanova Margarita?

St Petersburg State University
E-mail: *mstep@mms.nw.ru

In a wide range of modern problems, it is required to estimate an influence of uncertainty of
input parameters on uncertainty of an output value of a modeling function. In this
contribution, we present algorithms for analyzing the sensitivity of a target function with
respect to parameters in the problem of optimization of ReaxFF molecular-dynamic force
field. In this particular case it allows one to effectively decrease the number of simultaneously
optimized parameters. We compare the Sobol's global sensitivity indexes (SI) approach and
the correlation analysis. Both methods are based on computations of the target function value
on the set of pseudo- or quasi-randomly distributed points. The distribution derived is used
for further computations of Sl using Monte-Carlo technique and correlation coefficients. In
the case of optimized ReaxFF force field one may spend up to several seconds to compute a
value of the target function in a particular point. That is why it is important to perform
calculations in parallel for multiple points. A parallel algorithm has been implemented in C++
using MPI. We compute Sobol's SI and coefficients of correlation of parameters variation and
target function values variation while we optimize the force field for molecules and crystals
of zinc hydroxide. We show that using of parameter set sorted by influence allows one to
significantly increase convergence speed of the optimization algorithm and even completely
exclude those parameters with relatively small influence.
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OPTIMISATION OF TENSORFLOW APPLICATIONS
ON THE WORKSTATION
INTEL® XEON® PLATINUM

Svetlana Shikota?, Lev Shchur?, Alexander Russkov?

IScience Center in Chernogolovka,
2Higher School of Economics

E-mail: ®svetlana.shikota@gmail.com

ITnardopma TensorFlow seisieTcss oqHMM M3 Hambosiee pa3BUTHIX HAOOPOB MPOTPAMMHBIX
IPOIYKTOB C OTKPBITHIM KOJOM JUIS 33ja4 MamuHHOrO oOydeHus. C Ipyroil CTOpPOHHI,
paboune craHimu Ha Oaze mporeccopor Intel® Xeon® Platinum mpeacrasistorces
MEPCHEKTUBHBIM ~ ammnapaTHBIM pElIeHWeM Uil 3aJad  MamuHHOTO o0yyenus. Ux
OTJINYUTENbHAS YepTa COCTOMT B KOMOMHAIIMY U3 TPEX BaXKHBIX JIEMEHTOB. Bo-TIepBhIX, 3TO
00JIBIIIOE YMCITO TSHKENBIX siaep B ogHoM CPU, Gonee nByx nmecsiTkoB. B HamreMm ciydae, 3To
26 saep B KaXIOM U3 JABYX mporeccopoB 8164, mmoc hyper-threading. Bo-Bropbix, 310
Hanmnure IByX ycrpoiictB AVX-512 (Advanced Vector Extension 512), koTopble AarOT
BO3MOXKHOCTH Pa0bOTHI ¢ 512-OUTHBIMU perucTpamu. TeopeTndecKu 3TO O3BOJSIET YCKOPHUTH
BBIYMCIICHHUS Ha 32-OMTHBIMH 4YHUCJIaMd B 16 pa3. B TpeTbux, 3T0 04YeHb OOJIBIION pa3mep
naMsTH, Ha OJHOM MatepuHckol tuiate 1.5 TB BeicokockopocTHoi namsatu DDR4, kotopas
TOJJICP>)KUBAETCST OONBIIMM K3IIEM BTOPOTO YPOBHA. Takoe yCTpOWCTBO OJHOBPEMEHHO
IpeIoCTaBIIsET OOJBIIYI0 CKOPOCTh BEIYMCICHHI U padOTy C JaHHBIMH OOJIBIIOTO 00BeMa B
OTIepaTUBHOM NaMATH. B mepcriekTrBe, 3T0 MO3BOJISET MPOBOIUTH aHAIH3 CIIOKHBIX MTPOOIeM
¢ OompmmM 00BbEMOM JaHHBIX. MBI 00CyXJaeM pe3ysbTaThl TECTHPOBAHUS HEKOTOPBIX
NPWIOKEHUH ¢ ucnonb3oBanueM riathopmber TensorFlow ¢upmer Google u 6ubrorexn
Intel® Math Kernel Libraries (Intel® MKL).

Work is supported by the grant of Russian Foundation for Basic Research 17-07-01377.

SCALABILITY OF THE PARALLEL STRONGIN
ALGORITHM IN THE PROBLEM OF OPTIMIZING
A MOLECULAR-DYNAMIC FORCE FIELD

Margarita Stepanova, Konstantin Shefov?

St Petersburg State University
E-mail: 2k.s.shefov@gmail.com

Strongin's multifactorial global search algorithm (MGSA) allows one to find an absolute
minimum of a function of multiple variables on a mesh. In this contribution a parallel program
is presented that implements the algorithm above applied to ReaxFF MD force field parameter
search. The MGSA converges the faster, the greater number of mesh points have computed
target function value in them. In case of ReaxFF optimization computation time of a target
function value significantly exceeds time of data exchange between parallel processes. One
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is able to speed up computation by obtaining not only one but several function values in
various points simultaneously. Our software implements two levels of parallelism. To deal
with function of multiple variables, one uses a scan for mapping a multidimensional domain
of definition of a function into a one-dimensional segment. To decrease the effect of losing
information of multidimensional points proximity, multiple scans are used, the number of
which is denoted by N. The algorithm deals with each scan in parallel, computing function
value in N different mesh points in a single iteration. This is the first level of parallelism. To
define a mesh point of a next iteration, MGSA finds a subinterval with the most probable
location of the minimum and computes a target function value in a certain point of this
subinterval. If one computes a function value not only in the most probable subinterval but
also in (M-1) subintervals with less probability in parallel, one will be able to obtain function
values in M different mesh points. This will accelerate the convergence, increasing the amount
of data about the target function received every iteration. This is the second level of
parallelism. Thus the two levels allow one to compute M * N function values every iteration.
In this contribution we research scalability of our MGSA implementation, namely, the
dependence of the number of algorithm iterations it needs to converge on the number of CPU
cores used, separately for each level of parallelism.

CONVOLUTIONAL NEURAL NETWORKS FOR SELF-
DRIVING CARS ON GPU
Boris Tyulkin, Nataliia Kulabukhova?

St Petersburg State University

E-mail: ®kulabukhova.nv@gmail.com
The challenge is to teach how to drive a vehicle without human with the help of deep learning
power using visual data from the cameras installed on the machine. The problem is to process

the amount of data in the real time. Convolutional neural networks (CNNSs) are used for
training data. And the idea of how to use CNNs on graphical processing units is described.
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POSSIBLE APPLICATION AREAS OF MACHINE
LEARNING TECHNIQUES AT MPD/NICA
EXPERIMENT AND THEIR IMPLEMENTATION
PROSPECTS IN DISTRIBUTED
COMPUTING ENVIRONMENT

Dmitry Zinchenko?, Alexander Zinchenko, Eduard Nikonov

Joint Institute for Nuclear Research
E-mail: zinchenk1994@gmail.com

At present, the accelerator complex NICA is being built at JINR (Dubna). It is intended for
performing experiments to study interactions of relativistic nuclei and polarized particles
(protons and deuterons). One of the experimental facilities MPD (MultiPurpose Detector) was
designed to investigate nucleus-nucleus, proton-nucleus and proton-proton interactions.
Preparation of the physics research program requires production of a large amount of
simulated data, including high-multiplicity events of heavy-ion interactions with high energy.
Realistic modelling of the detector response for such events can be significantly accelerated
by making use of the generative models. Selection of rare physics processes traditionally
utilizes machine learning based approaches. During the high luminosity accelerator operation
for the proton-proton interaction research program it will be necessary to develop high-level
trigger algorithms, based, among others, on machine learning methods. As the data taking
proceeds, the tasks of the fast and efficient processing of experimental data and their storage
in large volumes will become more and more important, requiring involvement of distributed
computing resources. In this work these problems are considered in connection to the
MPD/NICA experimental program preparation.

MPUMEHEHME YBOJIIOLMOHHBIX M POEBBIX
AJITOPUTMOB ONTUMU3ALIMM IS PEIIEHUS
MOJIEJIbHOM 3AIAYU NIPEJCKA3AHMS
CTPYKTYPBI BEJIKA

Maxkcum Boicrpos!?, Hukounaii Epmos?

rocyoapcmeennviii ynusepcumem «/y6nay
2Mockoéckuil 20cy0apcmeenHblil yHuéepcumenn

E-mail: *far334_oxid@mail.ru

PaGora mocsimena mpobiiemam MpOrHO3MPOBAHUS TPOCTPAHCTBEHHON CTPYKTYPBI OEITKOBBIX
MOJIEKYJ, TIOJNIMIENTHIOB M WX KOMIUIeKcoB. llpemmaraemplii HaMH METOA OCHOBAaH Ha
pelIeHUH 3aJaud ONTHMHU3ALMH, B KOTOPOH LeJeBOM (YHKIHUEH SBISETCS MOTEHIUANbHAS
SHEPTHs MOJIEKYJIBI, a TapaMeTpaMHy ONTUMH3AINH — JTMHBI CBSI3€H MEX/Iy aTOMaMH U YTJIbI
BpamieHus. ['J1aBHBIMH OCOOEHHOCTAMHU TaKHX 3a/ad SABISAETCS OOJbInas pa3MEepHOCTh H
BBICOKAsl BBIUMCIIMTENBHAA CIOKHOCTb. [IpoBe/leHHBIE INpenBapUTEIbHBIE HCCIEIOBAHUA
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MMOKa3ajy, YTO MHOYKECTBO CYIIECTBYIOIIWX AaJTOPHUTMOB ONTHMHU3AIMHN PEIIaf0T TaKyIo
3a/1adyy HEYAOBJIETBOPUTEIbHO. THUIHWYHOE BpeMs BBIUMCICHHUS 3aJaydl 3aHUMAaeT OT
HECKOJIBKMX YacOoB 1O HECKONBKHX nHei. Kpome Toro, misi KOPPEKTHOT'O BBIYHCIICHHS
neneBoll (QyHKIMH TpeOyeTcs cepbhe3HOe NporpaMMHOe obOecriedeHne. OTH  (aKTOPHI
CYIIECTBEHHO YCIOXKHSIOT MPOIEcC pa3paboTKu 3(h()EKTUBHBIX aJTOPUTMOB JJIsi PEIICHUS
3a/laud TPEJCKa3aHus CTPYKTYpbl OENKOB M WX KOMIUICKCOB. B Hactosmiei pabote
mpenjiaraeTcsl ypoIeHHas, MOJeNbHas 3a/Jada YKIagkd rpada Ha IUIOCKOCTH, KOTOPas
MO3BOJIACT TMPOBOJUTH pacueThl ObICTpee M 0O€3 UCIONB30BAHHUS CICIHATBLHOTO
MPOrpaMMHOTO  O0ECIICYCHHUs, pa3padaThiBaTh HOBBIE W YIyYIIaTh CYIICCTBYIOIINC
ANTOPUTMBI ONTHMH3ANKU. B paboTe MpUBOAATCS PE3yNbTAaThl YHCICHHOTO HCCIIETOBAHUS
psala aJropuTMOB POEBOM M 3BOJIIOIMOHHON ONTUMM3ALUM MPU PENICHUH IMOCTABJICHHOMN
MOJIETIbHOM 3a/1auH.

AHAJIN3 MAPAJUIEJIBHOM CTPYKTYPbBI
HOHYJIAIUOHHBIX AJITOPUTMOB
OIITUMMU3ALINU

Huxkounaii Epmos?, Cepreii Ilonysin®?

Mocrosckuii 2ocydoapemesennuiii ynugepcumem
2[ocyoapcmeennbiil yuueepcumem «Jy6Hay

E-mail: svpoluyan@gmail.com

Pabora mocpsieHa BompocaM KpPYIHO-O0JIOUHOHM TMapajlieIbHOM peanu3aiud METOJOB
SBOIIIOIIMOHHON W POEBOW ONTHUMH3AIMKM Ha TMpHMEpPEe pEIIeHUs 3aJadydl MUHUMH3AINH
(yHKIMA  IeHCTBUTENBHOTO apryMeHTa. PaccmarpuBaercs CyONOIMyNAIMOHHAS CXeMa
pacmapaynienuBanusa.  [Ipemnaraercss — kimaccu(uUKanus — NATTEPHOB — MapajliebHOTO
B3aUMO/ICICTBUA cy6n0nyn51u1/1171, BBIIIOJIHEHHAsT Ha OCHOBE aHalIW3a psgga METOJOB
paccMmarpuBaeMoro kiacca. OnuceIBaeTCs IporpaMMHas peanu3anus B popme OMOIHOTEKH
1a0JOHHBIX (YHKIIHHA, peai3aloluX JaHHbIe MATTePHbI, NpEeyIararolnas MoJIb30BaTello
BBICOKOYPOBHEBOEC CPECACTBO OIIMCAHUA TMTOIMYJIAIUOHHBIX aJITrOPUTMOB OITUMHU3AIUU.
PaccmaTtpuBaroTcss BONpOCHl TMapaMeTPH3AMK PEAU3yeMbBIX alTOPUTMOB C  IIEINBIO
nccienoBanns 3¢ (HEeKTUBHOCTH UX paclapalIeTuBaHMsL.
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INPUMEHEHHUE CETH XOII®UJIJA JJIA
ABTOMATU3UPOBAHHOHU NIOABOPKH KIID

Nenuc Kpasuenxo'? Dnyapa Hukonos?

1000 Business Ability
206vedunentulii UHCIUMYm S0epHbIX UCCIe008aAHUI

E-mail: ?kradenis@gmail.com

st perieHust 3a1a4 pacrio3HaBaHusl 00pa30B MPUMEHSIOT METOIbl MAIMHHOTO O0YYeHUs,
OJIHUM M3 KOTOPBIX SBJSIOTCS HcKyccTBeHHble HelpoHHble cetn (MHC). Ux peanusanus
ObuIa MMOJCMOTpPEHa Y NMPHUPOIBl U MOX0XKAa Ha CETH HEPBHBIX KJIIETOK XXMBOTO OpPTraHU3MA.
Pa6ora MHC moBTOpsier HeKOTOpBIe (DYHKITUM TOJIOBHOTO MO3Ta W JEUTCS Ha JIBa dTara:
o0y4yeHHe HEHPOHHOH CeTH, KOTOpOe MO3BOJISIET €i BHICTPanBaTh COOCTBEHHBIE MpaBHiIa C
MTOMOILBIO BECOBBIX KO3((HUIIMEHTOB U paco3HaBaHKE, IOCTPOCHHOE Ha OCHOBE COOPaHHBIX
naHHbIX (ombiTa). OmHOM W3 ceTel SBISETCA aBTOACCOLMATHMBHAS PEKYPPEHTHas CeTbh
Xondwunna, ¢ IOMOLIbIO KOTOPOH Obla MPOU3BEIeHAa aBTOMATH3aIMs NOAOOPa KITIOUEBBIX
nokazarened 3QHEeKTUBHOCTH A1l pyKOBOIUTEICH PEATPUSTHA.

KOI'HUTUBHO-UHTEJ/UIEKTYAJIbHASI CHCTEMA
AJANITAIUA U OBYYEHUA JETEN-AYTUCTOB

Aunia MamaeBa®, Auapeii llleBuenko

T'ocyoapcmeennvlil ynusepcumem «/[yoHax»

E-mail: 2allamamaeva.d@gmail.com

KoruutuBHO-MHTENNIEKTYaIbHAsT CHUCTEMa aJanTalud W OOydYeHHs JeTel-ayTHCTOB
NpeqHa3HadeHa Ui M3BJIeYEHUs], 00paboTKu U (HOPMHUPOBAaHUS MPOrpaMMbl OOydEHHs Ha
OCHOBE KOTHUTHUBHEIX MPOIIECCOB, B yacTHOCTH DI CHTHAJIOB, alanTallii JeTEi- ayTHUCTOB
K counyMmy u oOyueHHs 0a30BBIM OBITOBBIM HaBbIKaM. PaccMoTpeHa M mpoaHaIM3upOBaHA
BO3MO)KHOCTb ~MPOTPAaMMHOHM  peanu3alii OINpPENECNIICHUs ypPOBHS AMOLMOHAIBHOIO
B030YxeHus1. [IpoBeieHHas paboTa JeMOHCTPUPYET ONTHMAIbHYIO 00y4aeMOCTb CHCTEMBI,
BO3MOXKHOCTH co3faHusi b3 Ha ocHOBe peructpupyemoro curaaiga 391 u ucnonbp30BaHUS
[IOJIy4YEHHBIX PE3YJIBTATOB AJIS pACO3HABaHUA AMoLMi. Vcronp30BaHe HHTEIUIEKTYaIbHOM
HajcTporiku B Buae Ob3, oCHOBaHHOW Ha HEYETKOW JIOTHKE, B PACIIO3HABAHWUU SMOITHI
SIBJISIETCSI HANOOJIeE ONITUMAIILHBIM PEHICHUEM 10 CPAaBHEHUTIO C UCITIOJIb30BAHUEM HCI:IpOHHI:IX
ceTed, KOTOpbIE NPEACTABIAIOT M3 Ce0sl UCKIIIOYUTENILHO a0CTPAaKTHBIH MaTeMaTHYEeCKHN
amnmnapar.
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KOI'HUTUBHO UHTEJVIEKTYAJIBHAA CUCTEMA
JAUATHOCTUKHU, AJAIITALHUU U OBYYEHUA
JETEU-AYTUCTOB. MOJY.JIb OBPABOTKHU
JAHHBIX

Anapeii llleBuenko?, Ajuia MamaeBa

T'ocyoapcmeennulii ynueepcumem «/[yoHa»

E-mail: ?s13m@yandex.ru

KornutuBHO-MHTENNIEKTYalbHAsT CHCTEMa ajanTalud M OOydYeHHs JAeTel-ayTHCTOB
MpeIHa3HaYeHa /ISl M3BJICUCHHsI, 00pabOTKH W (POPMHPOBAHUS MPOTPaAMMBI OOYUEeHHS Ha
OCHOBE KOTHUTHBHBIX MPOIECCOB, B YaCTHOCTU DI CUrHANOB, alaNTalluy JIeTeli- ayTUCTOB
K COIMyMy M 00y4eHusi 0a30BbIM ObITOBBIM HaBbikaM. OcHoBHO# udacthio KMCJJAOIA
SIBIIIETCS. MOIYJ b 0OpabOTKM NaHHBIX. Moyl 00paOOTKH JaHHBIX TPEACTaBISET cOOO0i
CTPYKTYpY B3aMMOJEHCTBUSI peOEHKA M MPOrpaMMbl OOYUEHUS! TIOCPEICTBOM MPUMEHEHHUS
HEYETKOW JIoruku. Momyib 00paOOTKM NaHHBIX TNpeAHa3HaueH I u3BieucHus OO0
MOCPEJCTBOM KOTHUTHBHOIO IuiemMa, oO0paboTku M (puiabTpauuu IMOJYyYEeHHOTO CHUTrHaja,
(hopMHUpOBaHUs MPOrpaMMbl 00yYEHHS HAa OCHOBE KOTHHUTHUBHBIX IIPOLECCOB, UArHOCTUKU
npobieM paboThl peOEHKAa C CHUCTEMOW W OLEHKH peaklWyd oleparopa Ha 3ajJaHus,
chopMupoBaHHBIE MOJAyJeM oOydeHus. Moxaynb 00paOOTKM MaHHBIX COCTOMT u3: 1.
O6pabotunka D3I, KOTOpHI BBHIBOOUT HeoOpaboTaHHBIH curHan O3I° ¢ garyukoB
KOTHUTHBHOTO 1UIeMa, QUIbTPYeT 1 0O0pabaTsiBaeT. 2. Moayns pacrio3HaBaHUsI SMOIHUIA. 3.
Iwunel, popMupyIOIIEH MAKeT JaHHBIX JJIs Iepelavyy UX Ha BXOJI ONTHMHU3aTopa 0a3 3HaHUH.
4. HurtepnperaTtopa MNOIy4YeHHOro Ko3(p¢uIMeHTa OT ontumu3zaropa 0a3 3HaHuid. B
pesynmbrate paboTel Momyns oOpaOOTKM JaHHBIX B OJOK oOydeHus mepenaércs
c(OpMHUPOBAHHBIN MTApaMeTpP OLIEHKH 3aJaHusl. TakuM 00pa3oM MPOUCXOAUT KOPPEKTHPOBKA
porpaMMbl 00yUYEHHUS M MHAWBUAYaJIU3aLKs CHCTEMBI 110J] KOHKPETHOTO PeOEHKa.
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