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Abstract

MPDRoot is an off-line software framework for simulation, reconstruction, and physical analyses of the
simulated or experimental data for MPD experiment at NICA collider. The experiment is projected to
run for few decades and to obtain ~ 10° events of heavy ion collisions for physics analysis. Hence pro-
vided software must be sufficiently flexible, resilient, robust to be used, developed, and maintainable
for the full lifetime of the experiment and the analysis of its data. In this paper, we describe the effective
and efficient implementation of build automatization, configuration, and installation of the software
(DevOps) for the development and use of the MPDRoot, playing crucial role for the success of the whole
MPD project in the future. Compared to previously existing state, the major improvement requirements
were to reduce the complexity and to increase the universality of these deployment related actions for
various system and hardware configurations. We show how this was achieved by the use of containers
to deploy unified development and user environment with CernVM-FS service to dynamically load built
modularized software from CernVM-FS server located in existing JINR infrastructure. Typical MPDRoot
DevOps operations, being before heavy, cumbersome, and time consuming, are now scaled down to
running few commands accompanied by short deployment guide, significantly reducing possibility of
errors on end-user and developer side. Above all, the main benefit of the current implementation is
its wide compatibility and full modularization making it easy to maintain, upgrade, and to identify the
source of potential issues in the future.
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AHHOTaUA

MPDRoot siBnsieTcst odpdiaiiH nporpaMMHOMN Cpeloi A1 MOJeTMPOBaHUs, PEKOHCTPYKIMH U GU3U-
YeCKOT0 aHa/IM3a CMOZeJIMPOBAHHbIX WJIM 3KCIIepUMeHTa/IbHbIX JAHHbIX A1 3KcnepuMeHTa MPD Ha
kosutaiepe NICA. [IpeanosiaraeTcs, YTo SKCIepUMEHT NPOAJIUTCA HECKOJIbKO AeCATUIETUH U T03BO-
JINT NOJTy4YUThb ~ 10® COGBITHH CTOJKHOBEHUH TSXKeJIbIX HOHOB JIJIs1 GU3ndYecKoro aHaausa. Cienosa-
TeJIbHO, IPe/loCTaBJ/IieMOe IPOrpaMMHoOe obecreyeHre JO/HKHO ObITh J0CTaTOYHO T'MOKUM, OTKa30y-
CTOMYMBBIM, HAJIeXKHbBIM, UTOOBI €r0 MO>KHO ObIJIO HCI0JIb30BaTh, pa3pabaTrlBaTh U NOA€P>KUBATD B
TeyeHHe BCEro BpeMeHU NPOBeJleHUsI IKCIIePUMEHTA U aHa/Iu3a ero JAaHHbIX. B 3To# cTaThe Mbl 0nu-
cpIBaeM 3QPeKTUBHYIO peasu3alvio aBTOMaTHU3alMu CO0PKH, HACTPOHKHU U YCTAaHOBKH NpPOrpaMM-
Horo o6ecnedeHus (DevOps) aus pa3paboTku u ucnoJsibzoBanuss MPDRoot, urparoiero pemaroigyro
poJib B ycnexe Bcero npoekta MPD B 6ysyiieM. [Io cpaBHeHHUIO € paHee Cyl[eCTBOBABILKUM COCTOSIHHEM
OCHOBHble TPe6GOBaHUs K YIy4LIEHHIO 3aKJII0YaJUCh B CHUXKEHHUU CJIOXKHOCTH M NMOBBIIIEHUU yHU-
BepCaJIbHOCTH JeHCTBUH, CBA3aHHBIX C pa3BepThIBAaHUEM Ha Pa3/IMYHBIX CUCTEMHBIX U alNapaTHbIX
KoHUTrypanusx. ITo 6610 JOCTUTHYTO 3a CYET UCIO0/Ib30BAHUSA KOHTEHHEPOB Il pa3BepThIBaHUA
eJIMHON cpejpbl [l pa3paGoOTYMKOB U NoJib3oBaTesel ¢ ceppucoM CernVM-FS ans auHamuveckod
3arpysku MOJYJIbHOTO NIPOrpaMMHOro o6ecreyeHus ¢ cepBepa, pacrnosioKeHHOI'0 B CylleCTBYIOIeH
nndpactpykrype OUAN. Tunuuneie onepanuu MPDRoot devOps, koTopbie paHee GbLIIM IPOMO3/KH-
MU U TPYAOEMKHUMH, Telepb COKpallleHbl O BBINOJHEHUs HECKOJbKHUX KOMaHJ|, CONMPOBOXKAAeMbIX
KPaTKUM PYKOBOJICTBOM I10 pa3BepTHIBAHUIO, YTO 3HAUMUTEbHO CHU)KAeT BepOSITHOCTh OLIMOOK Ha
CTOpPOHE KOHEYHOTO0 M0JIb30BaTe sl U pa3paboTyrka. OCHOBHBIM NPEHUMYILECTBOM TeKyllel peasu-
3alMU ABJISETCS ee IHUPOKasi COBMECTUMOCTb U MOJIHAsk MOJYJIBHOCTD, yIpollatolas 06cayKUBaHue,
0GHOBJIEHHE U BbISIBJIEHHE UCTOYHHKA NOTEHIMa/IbHBIX NPOG6JIEM B OyAyILEM.

KiroueBsbie csioBa: HUKA, MIIJI, 110 gas MI1/I, CernVM-FS, fokep, annéuj

By1arogapHoOCTHU: PacyeThl NPOBOAMINCH Ha 6a3e TeTEepOreHHOM BhIYHUCIUTENBHON MaTGOPMBI
HybriLIT (JIUT, OUSIN) u aBTOHOMHOTO BhIYMCAUTENBHOTO K1acTepa NICA JI®B3I (JI®B3, OUSAN).
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1 Introduction

The MPDRoot [1] is a framework for simulation, reconstruction and
data analysis of the MPD experiment at NICA [2; 3]. It is built on
top of ROOT [4; 5] and FairRoot [6; 7] frameworks having complex
multi-layered structure, which contains
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Fig. 1. Architecture of MPDRoot

necessary tools to simulate, run, and analyze physics experiment
in general, such as virtual Monte Carlo interface [8] implemented
in Geant, interfaces to different event generators, interfaces to de-
tectors and their geometry, simulation and analysis tasks, event dis-
play, and other software entities. These are in general implemented
as interfaces, which at the core are handled by a Run Manager (Fig.
1).

Due to this heavy complexity, the MPDRoot has large multi-level
dependency base. Therefore the scale of related DevOps opera-
tions has significant impact on the overall productivity of users
and developers. Of crucial importance are the implementations of
processes of automatization, build, and installation of the software.
This work describes the redesign of these processes and its imple-
mentation, making them simple, compact, and unified, substantial-
ly reducing associated support and maintenance costs and thereby
improving overall productivity.

2 Previous state disadvantages

The process of MPDRoot deployment on the local machines was, up

to minor details, identical for users and developers, performed in

the following sequence (Fig. 2):

1. Installing FairSoft dependencies together with MPDRoot de-
pendencies for the target linux distribution

2. Cloning FairSoft from repository, patching, building from
sources, configuring related variables

3. Cloning FairRoot from repository, building from source, con-
figuring related variables

4. Cloning MPDRoot dev version from repository, building from
source, configuring, installing

CoBpemeHHble
MH(OPMaLMOHHbIe
TeXHONnornun

n UT-o6pa3oBaHue

| CONFIGURATION \

/< A\

MPDROOT FAIRSOFT & FAIRROOT
source build > i
compile from source
& (>20 packages )
installation P ¢
\ \ 4

DEPENDENCIES

A

(>100 packages )

Fig. 2. Schematic representation of legacy method of MPDRoot software delivery

to the local machines

This approach had significant disadvantages:

e Installation of more than 100 package dependencies varying
in versions for different Linux distributions being the source
of potential compatibility problems.

e  Whole procedure was heavy, involving many steps by typing
multiple commands, configuring system variables, increasing
the probability of something going wrong. If the error was
made, usually the whole procedure had to be repeated from
scratch.

e  Source build taking many hours for each installation.

e  The step-by-step installation procedure varied between differ-
ent Linux distributions. Support and maintenance costs grew
considerably with each added OS and OS version. It was nec-
essary to support Linux versions that passed their EOL since
some users were not willing to upgrade their base OS.

e  Required technical skill level for software deployment was the
same for user and developer. This in combination with diffi-
culty of overall procedure was adding additional workload on
developers who had to supervise user installations.

e  This caused lack of support staff resulting in poor functionality
on the cluster with outdated software versions or software on
cluster not working at all.

e  Development CI pipeline not guaranteeing 100% compatibili-
ty of new commits on all used OS environments, possibly intro-
ducing new compatibility related defects.

e  Complexity of software deployment causing migration of the
procedure to the updated versions of FairRoot and FairSoft re-
quiring months of effort.
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In terms of project effort cost [9] these disadvantages were so se-
vere!, that we decided it was necessary to rework the whole build
and deployment system from scratch.

3 Architecture of the new deployment

To address the issues from previous section we were guided by the
following considerations:

. For multi-compatible MPDRoot software delivery the
environment needed to build all of MPDRoot’s dependencies must
have same versions of packages and must be separated from the in-
frastructure [10]. This can be achieved by having this environment
encapsulated in its own OS in a docker [11]. The docker image is
then used in an OS-layer, a container [12; 13].

° For convenience, the choice of docker OS is the same as
already present in the existing JINR’s cluster infrastructure [14].
° The MPDRoot’s dependencies, different for its release

and development versions, are then built in this environment as
modules and stored on the external server for distribution along
with MPDRoot’s software releases.

. Currently, the best tool tailored for physics experiments
to build such modularized environment is aliBuild used for ALICE
software in CERN [15]. It can be used to build modular dependen-
cies and software itself.

. The service chosen for software distribution is Cern-
VM-FS [16; 17] already present on JINR’s clusters. For the simplicity
of local deployment, it is convenient to encapsulate this service in
docker/container.

. CernVM-FS server to host MPDRoot’s release and devel-
opment environment modules.

SETUP

LOCAL MACHINE
CLUSTER

o Toolbox
CVMFS Server

AliBuild Environment with *
Container MPDRoot modules .
CVMFS Service
Container

Fig. 3. Architecture for fast delivery of MPDRoot in the unified environment

AliBuild Environment

CVMFS Service

Fig. 3 shows the working setup with clusters connected to already
existing CernVM-FS server. Toolbox package is the only dependency
required to deliver MPDRoot to the local machine.

The clusters used to run MPDRoot are NICA LHEP cluster? and Hy-
briLIT [18; 19], which is a part of Multifunctional Information and
Computing Complex of JINR [20].

The idea of having packages deployed as modules, allowing mul-
tiple module versions to coexist, making the system portable, re-
producible, and avoiding so-called “dependency hell” is not new. It
is implemented by purely functional software deployment model,

where software modules are installed into unique directories gen-
erated by crypto hashes, while all module dependencies are stored
in the hash. For example, it is used for over a decade in the Nix pack-
age manager, on which the NixOS Linux distribution is based [21].
In the core of our modular package architecture is the similar con-
cept used in nicadist project® - a partial fork of alidist project?,
based on alibuild. We created it to implement the modular MPD-
Root build system. The main purpose of nicadist is to build software
packages from source and keep track of their dependencies. If pack-
age version changes, or some build parameters change, then all its
dependent packages are rebuilt.

The repository consists of mainly 3 types of files. Recipes, which
are rules, parameters and configuration to build certain software
package. Defaults file, containing rules, parameters and configura-
tion on how to build larger project with desired package versions.
Scripts needed to build packages, which are then placed onto Cern-
VM-FS server. In this way, new dependencies can be added simply
by writing a recipe, multiple combinations of software versions
can be built and distributed, ensuring their proper separation. The
speed of software distribution is ensured by aggressive caching and
reduction of latency implemented in CernVM-FS [22].

4 Usability improvements, benefits

The installation of the unified environment on a local machine is
now automatic with script and compatible with any mainstream
RedHat and Debian based distributions. This is substantial simplifi-
cation compared to the previous method shown in Fig. 2. The local
installation process takes few minutes instead of hours. MPDRoot’s
use on the cluster is now “ready-to-go” and involves typing two
commands.

USE

CLUSTER

Set PATH variable
for MPDroot modules

A A

LOCAL MACHINE

D
v E v
U )
Load MPDRoot S E Load MPDRoot Clone-from
L development — repository
release module E
[e] module develop
R P
E
R

Enter Alibuild Environment
container when
CVMFS service running

F i g. 4. Schematic representation of the implemented MPDRoot state-of-the-art

software delivery using unified environment for users and developers

Fig. 4 illustrates current use of MPDRoot. One enters the unified en-
vironment by setting the module path when working on the cluster
or entering the environment container via toolbox when working
locally. Then the desired main module is loaded, which automati-

1 CHAOS Report 2015. The Standish Group International, Inc.; 2015. 13 p. Available at: https://www.standishgroup.com/sample_research_files/CHAOSReport2015-Fi-

nal.pdf (accessed 24.01.2022). (In Eng.)

2 The NICA LHEP offline computing cluster [Electronic resource]. WebNCX; 2022. Available at: https://webncx.jinr.ru (accessed 24.01.2022). (In Eng.)
3 Bus$a J.Jr. NICA [Electronic resource]. GitLab; 2022. Available at: https://git.jinr.ru/nica/nicadist (accessed 24.01.2022). (In Eng.)
“von Haller B. ALICE Software [Electronic resource]. GitHub, Inc.; 2022. Available at: https://github.com/alisw/alidist (accessed 24.01.2022). (In Eng.)
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cally loads all module dependencies. Users load MPDRoot release
module, all paths are already pre-configured and there is no addi-
tional configuration needed. Developers load MPDRoot develop-
ment module, then clone and build latest development version from
the git repository, export the installation path variable, source the
configuration script and are all set.

The possibility to build full local environment, identical to remote
build, without CernVM-FS service is also present. This option is
very time consuming and not recommended for users and devel-
opers of MPDRoot. It is mainly for the purposes of development of
the nicadist project.

The MPDRoot’s release versions, as well as basic OS images, are
now separated and tagged, having unique build configuration and
metadata, which is necessary for the exact reproduction of analysis
results and quick bug tracing. This allows to build even after many
years exactly the same combination of packages and redo the calcu-
lations if necessary.

The illustrative example of benefit of new unified build system
is the implementation of automatic code formatting using the
clang-format package. Proper code formatting style is essential
feature of a well-designed code® [23; 24], necessary for MPDRoot’s
optimal performance [25]. Clang-format, although widely used, has
well-known problem of no guaranteed auto-formatted code output
compatibility between different package releases. Various Linux
distributions have different clang-format package versions making
implementation of automatic code formatting at the project level
overly complex. The output from different clang-format releases
throws errors in CI checks. The commonly used workaround is to
support one specific release of clang-format for bulk of Linux dis-
tributions, for example as attempted by CBM team by releasing
their own clang-format package version®. Such heavy solution has
its own compatibility issues and adds considerable support and
maintenance burden. However, in the MPDRoot build implemen-
tation presented in this work the problem does not exist by defi-
nition. The environment is unified, all users and developers load
the same built clang-format release version module located on the
CernVM-FS server.
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separating it from the infrastructure, it is expected to work out of
the box for new releases of Linux distributions. To prove this, we
tested it to work on unreleased Ubuntu Linux 22.04 daily build as of
17.2.2022 - one week from its feature freeze stage and two months
from its projected release date.

5 Conclusions and Future Perspective

In this paper we showed how we implemented the new modern
build system to develop and use MPDRoot software for MPD exper-
iment at NICA collider. It is accompanied by the interactive how-
to on our website’” implemented in asciinema terminal emulator®,
which is user-friendly and easy to follow. Apart from initial user
complaints mainly related to transition to a completely new deploy-
ment system, most of the feedback is overwhelmingly positive. The
main issues this new implementation solves are:

e allusers and developers are now working with the same pack-
age versions of dependencies built in the same unified envi-
ronment;

° quick, user-friendly installation;

e 1o build and configuration required for regular (non-develop-
er) users at all;

e nothing but the build of the fresh development branch from git
repository is required for developers with much less configu-
ration than previously;

e lower probability of installation errors, less time spent on sup-
port;

e  easy updates, less maintenance required;

e new commits guaranteed to work on other machines after
passing the CI pipeline, eliminates the need for multi-OS test-
ing.

In the future we plan to distribute MPDRoot software for use on

local machines by docker releases, furthermore simplifying the in-

stallation process for users and reducing efforts needed for support
and maintenance.

[1] Rogachevsky 0.V, Bychkov A.V,, Krylov A.V, et al. Software Development and Computing for the MPD Experiment. Physics of Particles
and Nuclei. 2021; 52(4):817-820. (In Eng.) doi: https://doi.org/10.1134/S106779621040523

2] Golovatyuk V., Kekelidze V., Kolesnikov V., Rogachevsky O., Sorin A. Multi-Purpose Detector to study heavy-ion collisions at the NICA
collider. Nuclear Physics A. 2019; 982:963-966. (In Eng.) doi: https://doi.org/10.1016/j.nuclphysa.2018.10.082

[3] Kekelidze V., Kolesnikov V., Matveev V., Sorin A. Status and Prospects at NICA. The 18" International Conference on Strangeness in
Quark Matter (SQM 2019). Springer Proceedings in Physics. 2019; 250:503-508. (In Eng.) doi: https://doi.org/10.1007/978-3-030-

53448-6_79

[4] Brun R., Rademakers F. ROOT - An Object Oriented Data Analysis Framework. Nucl. Inst. & Meth. in Phys. Res. A. 1997; 389:81-86.
(In Eng.) doi: https://doi.org/10.1016/S0168-9002(97)00048-X

5 Bourque P, Fairley R.E., eds. SWEBOK 3.0: Guide to the Software Engineering Body of Knowledge [Electronic resource]. IEEE Computer Society Press, Los Alamitos, CA,
USA; 2014. Available at: https://cs.fit.edu/~kgallagher/Schtick/Serious/SWEBOKv3.pdf (accessed 24.01.2022). (In Eng.)

¢ Clang-format [Electronic resource]. CBM Redmine; 2022. Available at: https://redmine.cbm.gsi.de/projects/cbmroot/wiki/Clang-format (accessed 24.01.2022). (In

Eng.)

7 Running MPDRoot locally using CVMFS [Electronic resource]. MPDRoot; 2022. Available at: http://mpdroot.jinr.ru/running-mpdroot-on-local-machine-using-cvmfs

(accessed 24.01.2022). (In Eng.)

8 Asciinema [Electronic resource]. Available at: https://asciinema.org (accessed 24.01.2022). (In Eng.)

CoBpemeHHble
MH(OPMaLMOHHbIe
TeXHONnornun

n UT-o6pa3oBaHue

Tom 18, N2 1. 2022 ISSN 2411-1473 sitito.cs.msu.ru



J. Bu
V. V.
M.

sar, S. Hnatic,
V. Korenkov, O. V. Rogachevsky, SCIENTIFIC SOFTWARE IN EDUCATION AND SCIENCE 181
Vala, J. Vrlakova

(9]
[10]

(1]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Antcheva ], et. al. ROOT - A C++ framework for petabyte data storage, statistical analysis and visualization. Computer Physics Com-
munications. 2011; 180(12):2499-2512. (In Eng.) doi: https://doi.org/10.1016/j.cpc.2009.08.005

Al-Turany M., Uhlig F. FairRoot Framework. 12th International Workshop on Advanced Computing and Analysis Techniques in Physics
Research. PoS (ACAT08). Vol. 70. Erice, Italy; 2009. p. 048. (In Eng.) doi: https://doi.org/10.22323/1.070.0048

Al-Turany M., Bertini D., Karabowicz R., Kresan D., Malzacher P, Stockmanns T, Uhlig F. The FairRoot Framework. Journal of Physics:
Conference Series. 2012; 396:022001. (In Eng.) doi: https://doi.org/10.1088/1742-6596/396/2/022001

Hrivnacova I, Adamova D., Berejnoi V,, Brun R., Carminati F, Fasso A., Futo E., Gheata A., Gonzalez Caballero ., Morsch A. The Virtual
Monte Carlo. Proceedings of the 13th International Conference on Computing in High-Enery and Nuclear Physics (CHEP 2003). eConf.
2003; C0303241 (2003) TH]JTOO06. La Jolla, California. (In Eng.) doi: https://doi.org/10.48550/arxiv.cs /0306005

Jorgensen M., Molokken-Ostvold K. How large are software cost overruns? A review of the 1994 CHAOS report. Information and
Software Technology. 2006; 48(4):297-301. (In Eng.) doi: https://doi.org/10.1016/j.infsof.2005.07.002

Dijkstra E.W. On the Role of Scientific Thought. In: Selected Writings on Computing: A personal Perspective. Texts and Monographs in
Computer Science. Springer, New York, NY; 1982. p. 60-66. (In Eng.) doi: https://doi.org/10.1007/978-1-4612-5695-3_12
Boettinger C. An introduction to Docker for reproducible research, with examples from the R environment. ACM SIGOPS Operating
Systems Review, Special Issue on Repeatability and Sharing of Experimental Artifacts. 2015; 49(1):71-79. (In Eng.) doi: https://doi.
org/10.1145/2723872.2723882

Abraham S., Paul A, Khan R, Butt. A. On the Use of Containers in High Performance Computing Environments. I[EEE 13th
International Conference on Cloud Computing (CLOUD). IEEE Press, Beijing, China; 2020. p. 284-293. (In Eng.) doi: https://doi.
org/10.1109/CLOUD49709.2020.00048

Gantikow H., Walter S., Reich C. Rootless Containers with Podman for HPC. In: Jagode H., Anzt H., Juckeland G., Ltaief H. (eds.). High
Performance Computing. ISC High Performance 2020. Lecture Notes in Computer Science. Vol. 12321. Springer, Cham; 2020. p. 343-
354. (In Eng.) doi: https://doi.org/10.1007/978-3-030-59851-8_23

Korenkov V., Dolbilov A., Mitsyn V., Kashunin I., Kutovskiy N., Podgainy D., Streltsova O., Strizh T.,, Trofimov V., Zrelov P. The JINR
distributed computing environment. EP] Web of Conferences. 2019; 214:03009. (In Eng.) doi: https://doi.org/10.1051/epj-
conf/201921403009

Berzano D., Krzewicki M., The ALICE Software Release Validation cluster. Journal of Physics: Conference Series. 2015; 664(2):022006.
(In Eng.) doi: https://doi.org/10.1088/1742-6596/664/2/022006

Blomer J., et. al. Distributing LHC application software and condition databases using the CernVM file system. Journal of Physics:
Conference Series. 2011; 331(4):042003. (In Eng.) doi: https://doi.org/10.1088/1742-6596/331/4/042003

Blomer J., Buncic P, Fuhrmann T. CernVM-FS: Delivering scientific software to globally distributed computing resources. Proceed-
ings of the first international workshop on Network-aware data management (NDM ‘11). ACM, New York, NY, USA; 2011. p. 49-56. (In
Eng.) doi: https://doi.org/10.1145/2110217.2110225

Adam Gh., Bashashin M., Belyakov D., Kirakosyan M., Matveev M., Podgainy D., Sapozhnikova T, Streltsova O., Torosyan Sh., Vala M.,
Valova L., Vorontsov A, Zaikina T, Zemlyanaya E., Zuev M. ITecosystem of the HybriLIT heterogeneous platform for highperformance
computing and training of ITspecialists. CEUR Workshop Proceedings. 2018; 2267:638-644. Available at: http://ceur-ws.org/Vol-
2267/638-644-paper-122.pdf (accessed 24.01.2022). (In Eng.)

Korenkov V.V, Podgainy D.V,, Streltsova O.1. Educational Program on HPC Technologies Based on the Heterogeneous Cluster HybriL-
IT (LIT JINR). Sovremennye informacionnye tehnologii i IT-obrazovanie = Modern Information Technologies and IT-Education. 2017;
13(4):141-146. (In Russ., abstract in Eng.) doi: https://doi.org/10.25559/SITIT0.2017.4.633

Korenkov V. The JINR Multifunctional Information and Computing Complex. 2020 International Scientific and Technical Confer-
ence Modern Computer Network Technologies (MoNeTeC). IEEE Press, Moscow, Russia; 2020. p. 1-4. (In Eng.) doi: https://doi.
org/10.1109/MoNeTeC49726.2020.9258311

Dolstra E., Loh A. NixOS: a purely functional Linux distribution. ACM SIGPLAN Notices. 2008; 43(9):367-378. (In Eng.) doi: https://
doi.org/10.1145/1411203.1411255

Blomer J., Fuhrmann T. A Fully Decentralized File System Cache for the CernVM-FS. 2010 Proceedings of 19th International Con-
ference on Computer Communications and Networks. IEEE Press, Zurich, Switzerland; 2010. p. 1-6. (In Eng.) doi: https://doi.
org/10.1109/ICCCN.2010.5560054

Dolbilov A., Kashunin I., Korenkov V., Kutovskiy N., et al. Multifunctional Information and Computing Complex of JINR: Status
and Perspectives. CEUR Workshop Proceedings. 2019; 2507:16-22. Available at: http://ceur-ws.org/Vol-2507 /16-22-paper-3.pdf
(accessed 24.01.2022). (In Eng.)

Hunt A, Thomas D. The Art of Enbugging. IEEE Software. 2003; 20(1):10-11. (In Eng.) doi: https://doi.org/10.1109/
MS.2003.1159022

Busa ].Jr, Hnati¢ S., Rogachevsky O.V. Performance Analysis and Optimization of MPDRoot. CEUR Workshop Proceedings. 2021;
3041:75-79. Available at: http://ceur-ws.org/Vol-3041/75-79-paper-13.pdf (accessed 24.01.2022). (In Eng.)

Submitted 24.01.2022; approved after reviewing 28.02.2022; accepted for publication 02.03.2022.
IMocmynuaa 24.01.2022; odobpena nocae peyeHzupoganus 28.02.2022; npunsama k nybauxkayuu 02.03.2022.

Modern
Information

Vol. 18, No. 1. 2022 ISSN 2411-1473 sitito.cs.msu.ru Technologies
I and IT-Education



A. bywa mn., C. FTHaTuny,
182 HAYYHOE NMPOMPAMMHOE OBECMEYEHWE B OBPA3OBAHIN N HAYKE B. B. KopeHbkoB, O. B. Porauesckuin,

M. Bang, 9. Bpnakos

About the authors:

Jan Busa Jr., Senior Research Scientist of the Meshcheryakov Laboratory of Information Technologies, Joint Institute for Nuclear Research
(6 Joliot-Curie St., Dubna 141980, Moscow region, Russian Federation); Researcher of the Institute of Experimental Physics, Slovak Acad-
emy of Sciences (47 Watsonova St., KoSice 040 01, Slovak Republic), PhD in Mathematics, ORCID: https://orcid.org/0000-0003-3807-
0373, busa@jinr.ru

Slavomir Hnati¢, Lead Scientist of the Meshcheryakov Laboratory of Information Technologies, Joint Institute for Nuclear Research (6
Joliot-Curie St., Dubna 141980, Moscow region, Russian Federation), Dr. rer. nat., ORCID: https://orcid.org/0000-0002-1674-7403,
hnatics@jinr.ru

Vladimir V. Korenkov, Director of the Meshcheryakov Laboratory of Information Technologies, Joint Institute for Nuclear Research (6
Joliot-Curie St., Dubna 141980, Moscow region, Russian Federation), Dr. Sci. (Tech.), Professor, ORCID: https://orcid.org/0000-0002-
2342-7862, korenkov@jinr.ru

Oleg V. Rogachevsky, Head of Department of the Meshcheryakov Laboratory of Information Technologies, Joint Institute for Nuclear Re-
search (6 Joliot-Curie St., Dubna 141980, Moscow region, Russian Federation), Cand. Sci. (Phys.-Math.), ORCID: https://orcid.org/0000-
0002-1539-8096, rogachevsky@jinr.ru

Martin Vala, Senior Research Scientist, Pavol Jozef Safarik University in KoSice (2 Srobarova St., Kogice 041 80, Slovak Republic), PhD in
Mathematics, ORCID: https://orcid.org/0000-0003-1965-0516, martin.vala@upjs.sk

Janka Vrlakova, Head of Department, Pavol Jozef Safarik University in Kogice (2 Srobarova St., KoSice 041 80, Slovak Republic), PhD in
Mathematics, Associate Professor, ORCID: https://orcid.org/0000-0002-5846-8496, janka.vrlakova@upjs.sk

All authors have read and approved the final manuscript.

Bywma i1 MJ1.,, cTapIini Hay4HbIN COTPYAHUK JlabopaTopuy MHPOPMALMOHHBIX TeXHOI0rui uMeHu M.I. MelepsikoBa, MexxiyHapoiHas
MeXITpaBUTeJIbCTBEHHAs opranusanus O6'beIMHEHHBIN HHCTUTYT sA/lepHBIX UccaenoBanuil (141980, Poccuiickas ®@enepanus, r. /lyoHa,
MockoBckas o6s1acTb, yia. oano-Kiopy, A. 6); uccienobateb, UHCTUTYT 3KkcriepuMeHTaNbHOW ¢u3rku CoBaLKOW akaZeMUU Hayk
(040 01, CnoBaukas Pecny6suka, r. Kommune, yi. BatconoBa, . 47), kauauaaTt pusrko-maremarudeckux Hayk, ORCID: https://orcid.
org/0000-0003-3807-0373, busa@jinr.ru

I'Hatuy CiaBoMup, BeAyLMH Hay4dHBIM cOTpyAHUK JlabopaTopuu HHPOPMAIMOHHBIX TexHOJOTMH uMeHH M.I. MelepskoBa,
MexiyHapoAHasi MeXINpaBUTEIbCTBEHHAsA opraHu3auus OOG'beIMHEHHBIM MHCTUTYT si/lepHBIX ucciaegoBaHui (141980, Poccuiickas
®Qepepanus, 1. lybHa, MockoBckast o6J1acTs, yi1. XKoano-Kropy, 4. 6), kanauzaTt ¢usuko-maTeMatrudeckux Hayk, ORCID: https://orcid.
org/0000-0002-1674-7403, hnatics@jinr.ru

KopenbkoB Biagumup BacuibeBu4, jupektop Jlabopatopuu HWHPOPMAIMOHHBIX TexXHOJoTMH uMeHH M.I. MelepsikoBa,
MexiyHapoHasi MeXIpaBUTEIbCTBEHHAsA opraHu3auus O6GbeIMHEHHBIM MHCTUTYT S/lepHBIX ucciaegoBaHui (141980, Poccuiickas
®Qepepanus, 1. JlybHa, MockoBckast o6Jacts, yi. Xoano-Kropy, 4. 6), ToKTOp TeXxHUYecKHX Hayk, npodeccop, ORCID: https://orcid.
org/0000-0002-2342-7862, korenkov@jinr.ru

PoraueBckuii Oner BacunbeBHY, HauyalbHUK ceKTopa JlabopaTopuu HMHPOPMAIMOHHBIX TEXHOJOrMA MMeHHM M.I. MelepskoBa,
MexiyHapoHasi MeXIpaBUTEIbCTBEHHAsA opraHu3auus O6'beIMHEHHBIH MHCTUTYT si/lepHBIX ucciaegoBaHui (141980, Poccuiickas
®Qepnepanus, 1. lybHa, MockoBckast o6J1acTb, yi1. XKonno-Kropy, 1. 6), kanaugaTt ¢usuko-mateMatudeckux Hayk, ORCID: https://orcid.
org/0000-0002-1539-8096, rogachevsky@jinr.ru

Bajiss MapTHH, CTaplIMil HAYYHBIH COTPYAHMK, YHUBepcuTeT [1aBya Moseda [lapapuka (041 80, CroBankas Pecny6uka, r. Komwue, yor.
llIpo6apoBa, 4. 2), kaHauaaT Gpusuko-maTeMaTrudeckux Hayk, ORCID: https://orcid.org/0000-0003-1965-0516, martin.vala@upjs.sk
BpsiakoBa SIHKa, 3aBesiylomuii kadeapoii, YauBepcuteT I1aBia Hoseda Illadapuka (041 80, CroBankas Pecny6unka, . Komwre, yor.
lllpo6apoBa, A. 2), kKaHAUAAT GU3KMKO-MaTeMaTUYeCKUX HayK, AoueHT, ORCID: https://orcid.org/0000-0002-5846-8496, janka.vrlako-
va@upijs.sk

Bce asmopul npoyumanu u 0006puau 0KOHYaMeAbHbLI 8apUAHM PYKONUCU.

CoBpemeHHble
MH(OPMaLMOHHbIe .
TEeXHONornn Tom 18, N2 1. 2022 ISSN 2411-1473 sitito.cs.msu.ru

u UT-o6pasosanve



