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Abstract—Development of complex simulators for training crews in control of complex technical objects has
several aspects. They focus on the achievement of the main goal - the development of collective skills to
respond to standard and non-standard situations in complex technical object control. The article discusses
the problem of hardware-software implementation of various scenarios for joint training of crew teams. It is
proposed to use the concept of a virtual private supercomputer for the effective use of the hardware resources

of complex simulator.
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INTRODUCTION

The training of teams and crews for the control and
operation of complex technical objects implies the train-
ing of a big number of people at once, who must jointly
solve the assigned tasks. Unlike a simple training system,
such simulators are built on the basis of a distributed
computing environment, consisting of the workplaces of
the training crew members and the control server. In the
case of organizing simulators for individual subsystems
under normal operating conditions, there are no prob-
lems with the design of the computing environment.
Experience shows that in this case, simplified mathemat-
ical models are sufficient for training purposes. Standard
bandwidth of network channels copes with the amount of
data transmitted between the server and workstations.
The situation changes in the case of organizing complex
simulators. In this case, multifunctional modeling of
technological processes takes place. Both an increase in
jobs and synchronization of the work of various subsys-
tems are required. At the same time, the demand for this
type of complex simulators becomes real. Coordinated
work of various subsystems and their teams in case of
extreme situations is especially important. Such situa-
tions require the full commitment of the entire crew. Tra-
ditional schemes for training simulators organization are
no longer effective. The reasons lie both in the complica-
tion of the mathematical models and their heterogeneity,
and in the increase of data transmitted between the
nodes, which ensures the operation of a big number of
mathematical models [1].

PROBLEMS OF COMPLEX SIMULATOR

Let us consider problems arising in a process of
complex marine simulators development. Thus, when
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training operators of manned submersibles, there is a
problem of developing skills for their actions in
extreme situations. It is impossible to develop such
skills on a real object because of the threat to the life of
the crew and the submersible itself. Therefore, it is
required to use a simulator of an underwater object,
which allows to simulate various extreme situations.
This provides an opportunity to practice the crew’s
skills in performing primary measures when organiz-
ing the fight for the survivability of an object. In this
case, however, it is not sufficient to simulate only cer-
tain aspects of the underwater vehicle. For example, if
the rudders are jammed, the crew has about forty sec-
onds to detect the problem, react and take the neces-
sary action. In reality, the crew is not ready for such
situations. Therefore, it is required not only to simu-
late an extreme situation, but also the possibility of this
situation occurring at any moment, including during
other extreme situations. Another example: a fault in
the electrical power system can lead to control prob-
lems, failure of remote control systems or failure of
elements of other systems. The crew must be able to
use the manual controls correctly and in time.

Thus, there is a need for a complex underwater
object simulator that simulates simultaneously the
motion and control of an underwater object, flooding
and movement of media in compartments and tanks,
various systems, system failures, emergency flooding
and fires.

In this case, it is important balance between the
complexity (accuracy) of the mathematical models for
each complex under consideration and the goals of the
simulator, including training level, cost-effectiveness,
operational complexity, and more. All mathematical
models of individual components should be coordi-
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Fig. 1. Hardware architecture of complex simulator.

nated with each other and provide reproduction of the
modeled processes in time. The object of application
of the marine simulators is, in general, a dynamic
object whose behavior is described by the classical
equations of motion of a solid body with six degrees of
freedom (three linear and three rotational):
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where in addition to standard notations M_ is term-by-

term division of the vector of the moment of force by
the vector of the moment of inertia, R is rotation oper-
ator.

The forces and moments that make up the right
side of the equations reflect the effects of hydrody-
namic interaction between the object under consider-
ation and the environment. At the same time, many
forces arise at the controls, which makes it possible to
provide a given mode of motion or response to emerg-
ing situations, including extreme ones. The rudders
themselves are controlled by a hydraulic system. Mass
and inertia characteristics depend on the water in the
compartments and tanks and change when the fluid
flows. Fluid transfer is accomplished by means of div-
ing system. Elements of diving system receives power
from ship’s electrical power system and compressed
air system. The compressed air system, like the
hydraulic system, is usually controlled remotely,
which is only possible with power. A separate team is
responsible for ensuring the normal operation of each
of the subsystems, but malfunctions or emergencies in
one of the subsystems adversely affect all others. Indi-
vidual training requires running a big number of inde-
pendent simulators on different workstations, which is
not resource-intensive. However, when implementing
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group sessions, you need to run different elements of
the simulation model at the same time. These ele-
ments are closely coupled, as well as interact with
graphical simulators deployed on the trainees' work-
places. In sum, such a complex simulator puts forward
high demands for both computational and network
performance.

HARDWARE
AND SOFTWARE ORGANIZATION
OF COMPLEX SIMULATOR

Increased computing performance requirements
can be solved in several ways. A simple but ineffective
way is to increase the complexity of the computing
environment: more powerful computing nodes, net-
work infrastructure, etc. We have two principle ways.
The first one is using of single powerful multiprocessor
system. This solution is extremely expensive and inef-
ficient due to weak load and downtime in normal
operation modes. The second solution is to increase
the power of each workstation and network infrastruc-
ture and organize MPP system on this basis. This
option, although more economical, has the same dis-
advantages as the first option. In addition, any MPP
system has an acceleration limit when solving a spe-
cific problem, especially in the case of strong node
connectivity [2]. The solution in distributed computer
environment of complex simulator, which integrates
separate functional simulators, could be using virtual
private supercomputer approach [3]. In this case, ded-
icated virtual computing environment is dynamically
created for each resource-intensive application. Com-
puting infrastructure is configured to optimize appli-
cation performance and optimally allocate virtualized
physical resources between applications. For this pur-
pose, virtual clusters are created for each possible sce-
nario (see Fig. 1), corresponding to the application
profiles (CPU, memory, network).
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In this case, only the resources that are required
now are brought together. In this case, idle resources
are efficiently utilized. As a result, a virtual SMP sys-
tem is organized to solve a specific task. Light virtual-
ization is used to reduce costs [4].

CONCLUSIONS

Simulator complexes have the function of descrip-
tion and representation of complex technical object in
terms of crew training for effective control, developing
skills and correct reaction in non-standard situations.
In is necessary to note, that other goals of digital
description are aimed in the case of virtual testbed [1],
CAD systems, etc. It gives the right to conclude that
the appeared term “digital twin” can also be consid-
ered in various forms of realization. Complex simula-
tor can be considered as one of the forms of digital
twin.

The presented approach of complex simulator
organization is effective in terms of balance of
resources and simulation quality within the aimed
training goals.

FUNDING

The research was partly supported be SPbSU project
NP_GZ_2021-3.

SPELL: 1. ok

PHYSICS OF PARTICLES AND NUCLEI  Vol. 55

No. 3

393

CONFLICT OF INTEREST

The authors of this work declare that they have no con-
flicts of interest.

REFERENCES

1. A. Bogdanov, A. Degtyarev, 1. Gankevich, V. Khra-
mushin, and V. Korkhov, “Virtual testbed: Concept
and applications,” Lect. Notes Comput. Sci. 12254, 3—
17 (2020).

2. A. Bogdanov and A. Degtyarev, “Supercomputer com-
putation without supercomputer: What we can, and
what we cannot?,” in Proceedings of the Conference
“Computer Technologies in Sciences. Methods of Simula-
tions on Supercomputers,” Ed. by R. R. Nazimov and
L. N. Shchur (Space Research Institute, Moscow,
2015), pp. 61-77.

3. 1. Gankevich, V. Korkhov, S. Balyan, V. Gaiduchok,
D. Gushchanskiy, Yu. Tipikin, A. Degtyarev, and A.
Bogdanov, “Constructing virtual private supercomput-
er using virtualization and cloud technologies,” Lect.
Notes Comput. Sci. 8584, 341—354 (2014).

4. V. Korkhov, S. Kobyshev, A. Krosheninnikov, A. Degt-
yarev, and A. Bogdanov, “Distributed computing in-

frastructure based on dynamic container clusters,”
Lect. Notes Comput. Sci. 9787, 263—275 (2016).

Publisher’s Note. Pleiades Publishing remains

neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

2024




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS ()
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice




