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OBPA3EL| MPOrPAMMHOW NOACUCTEMbI YAC/IEHHOIO MOAE/IMPOBAHUSA
MHOTOMACLUTABHbIX MPOLIECCOB AE®OPMUPOBAHUA U PASPYLLEHUA
KOMMNO3ULUMNOHHbIX MATEPMAJIOB

Oumutpuerko H0.U., Cokonos A.MN., LLletuumH B.H., MakapeHkos B.M.,
CanenkwuH A.C.

B pamkax paboTbl 6b1110 pa3paboTtaHo cneuvanms3MpoBaHHoe
BbICOKOMPOU3BOANTENbHOE nporpaMMHoe obecneyeHne (MO) MHXEHepHOro aHanusa
HEOAHOPOAHbIX  CTPYKTYP  (KOMMO3WLUMOHHBIX  MaTepuanos), OPWEHTMPOBAHHOE Ha
MCMONb30BaHME COBPEMEHHbBIX BbICOKOMPOWU3BOANUTENbHbBIX BbIYMCIUTENBHBIX TEXHONOTUM
(MPI, OpenMP, CUDA). MO obecneyvBaeT MHOroypoBHEBOE MOAEMPOBaHNE MpPOLECCOB
nedopMMpoBaHns 1 paspylueHVsi MONMMEpHbIX HaHOKOMNO3WToB Ha 6ase MeTopa
MHOrOYypOBHEBOM aCMMMTOTMYECKON romoreHusaumu. MO npeacTaBneHo MNOACUCTEMOM,
WHTErpMpoBaHHON B paMKu paHee pa3paboTaHHoW PacnpepeneHHoW BblumcnutenbHou
Cuctembl GCD. Ob6ecneumBaer COMpPOBOXAEHWE Mpouecca MpOeKTUPOBaHUS HOBbIX
KOMMO3WLUMOHHBIX ~ MaTepuanos,  COKpalas  pacxoAbl  Ha  3KCMepuMeHTasbHble
nccneaoBaHus.

DEVELOPMENT OF SOFTWARE SUBSYSTEM OF MULTISCALE NUMERICAL
SIMULATION OF THE PROCESSES OF DEFORMATION AND FRACTURE OF
COMPOSITE MATERIALS

Dimitrienko Yu.I., Sokolov A.P., Makarenkov V.M., Schetinin V.N., Sapelkin A.S.

Specialized high-performance software was developed for analysis of heterogeneous
structures (composites) based on usage of modern high-performance computing
technologies (MPI, OpenMP, CUDA). The software provides «multi-scale» procedure for
modeling of deformation and fracture of polymer nanocomposites based on multi-scale
asymptotic homogenization method. Software is represented subsystem integrated into the
framework of the previously developed Distributed Computational System GCD (DCS GCD).
It provides computer-aided support in the design process of new composite materials,
reducing costs for experimental research.



OBPA3EL| PACMPEAE/IEHHOW NMPOrPAMMHOW NOACUCTEMbI CETEBOIO
B3AUMOJENCTBMS U ANCNETYEPU3ALIUN PECYPCOEMKMX MPOLIECCOB
PELLUEHNA 3AAY AHAJIU3A DOPEKTUBHbIX XAPAKTEPUCTUK
KOMMNO3ULUMNOHHbIX MATEPMAJZIOB MATEPUAJTIOB (OAMH U3 NPOEKTOB, B
PAMKAX KOTOPOTI'O BblJIA PASPABOTAHA «PACNPEAEJIEHHAS
BbIYMUCJINTENIbHAAA CUCTEMA GCD»)

Oumutpuerko H0.U., Cokonos A.M., LLletunmH B.H., MakapeHkos B.M.,
CanenkuH A.C.

Llenblo  peanusoBaHHOro npoekta ©Oblna pa3paboTka Kapkaca MporpamMMHoOM
noACuCTEMbI U ee MHTerpauns B PacnpepeneHHylo BblumcanTenbHyto cuctemy GCD (PBC
GCD), obecneuvBaiolleil BO3MOXHOCTb OCYLLECTBNSATb 3arycK PecypcoeMKMX 3ajad Ha
BbICOKOMPOU3BOAUTENbHBIX BbIYUCIUTENSIX, CKPbIBasi AeTanu peanu3aumm u dakTuyeckui
annapaTHbIA pecypc, WCMoMb3yeMbll MHWUMATOPOM pacdeTa. B pamkax paboTbl 6biia
CMpOEKTMpOBaHa MOACMCTEMA pacnpedeneHust BblYMCIMTENbHOW Harpysku. lMoacucrema
OCHOBaHa Ha WCMOMb30BAaHUWM  APXUTEKTYpbl  KJMEHT-cepsep. bBbim  npoBeaeHb!
BbIYNCIUTENbHbIE SKCNEPUMEHTDI.

THE DISTRIBUTED SOFTWARE SUBSYSTEM OF NETWORKING AND RESOURCE-
INTENSIVE PROCESS SCHEDULING FOR THE PROBLEM OF EFFECTIVE
PROPERTIES DETERMINATION OF COMPOSITE MATERIALS (ONE OF THE
PROJECTS IN THE FRAMEWORK OF WHICH "DISTRIBUTED COMPUTATIONAL
SYSTEM GCD» WAS DEVELOPED)

Sokolov A.P., Pershin A.Yu., Makarenkov V.M., Schetinin V.N., Sapelkin A.S.

The purpose of the implemented project was to develop a software subsystem and
then to integrate it into Distributed Computational System GCD (DCS GCD), which provides
an opportunity to carry out start-intensive tasks at high performance computers remotely,
hiding the details of implementation and the actual hardware resource used by the initiator
of the calculation. The subsystem is based on a client-server architecture. Computational
experiments have been conducted in the framework of the tasks for the calculation of
effective elastic-strength properties of composite materials using reversible multiscale
homogenization (RMH) method.



NMPOTOTUN KOMMJIEKCA PECYPCOHE3ABMCUMOIO NMPUKJ/TIAQHOIO
NMPOrPAMMHOIO OBECNEYEHUSA BbICOKOMPOU3BOAUTEJIbHbIX
BbIYMUCJINTENIbHbIX CUCTEM TMBPUAHOIO TUMNA

NesuH U.N., Qopaonyno A.WU., Kanses U.A., l'yakos B.A.
HayuHo-uccnegoBaTenbCKUit MHCTUTYT MHOIOMPOLIECCOPHBIX BbIYUCINTENbHbIX
cucreM MMeHn akagemuka A.B. Kansesa HOxHoro penepanbHOro ynmsepcurera

OcHoBo# pa3pabaTbiBaeMoil TEXHOMOMMU PecypCcoHe3aBUCMMOrO MPOrpaMMMPOBaHKS
BbIYMCNIUTENbHBIX CUCTEM TMOPUAHOIO TWMa SBASIETCS S3blK BbICOKOrO ypoBHs COLAMO.
Mpeobpa3oBaHnsi Mexay CTPYKTYpPHOMW, CTPYKTYPHO-NpoLesypHOW W MnpoueaypHon
¢opmamn  opraHuzauum BbIUMCNIEHUIA  BBIMOMIHAIOTCA  MeTodamu peayKuum
Npou3BOAUTENBHOCTM MO noarpadaM, onepauusM, KaHanam namsTM W pa3psigHOCTY.
KoMnnekcHoe Mcnonb3oBaHWe OMWCaHHbIX METOAOB NMPW MPOrpaMMMPOBaHWUK MPUKNAAHbIX
3agay No3BoNUT obecrneunTb pecypcoHe3aBUCMMOCTb NMPOrpaMMMPOBaHUSt — BO3MOXHOCTb
npocToi 1 BbICTPO aganTaumn NpUKIaZHOW NPOrpaMMbl NOA U3MEHUBLLYIOCS apXUTEKTYpY
WK KOHMUIypaLmio BbIYUCIUTENBHON CUCTEMbI FTMBPUAHOrO TUna.

PROTOTYPE OF APPLICATION SOFTWARE DEVELOPMENT SUIT FOR HIGH
PERFORMANCE HYBRID COMPUTER SYSTEMS

Levin I.I., Dordopulo A.IL., Kalyaev I.A., Gudkov V.A.
Academician A.V. Kalyaev Scientific Research Institute of Multiprocessor
Computer Systems at Southern federal university

The high level language COLAMO is the base of the developed technology of resource
independent programming of hybrid computer systems. Transformations of structural,
procedural end structural procedural forms of organization of calculations are performed
with the help of methods of performance reduction of subgraphs, operations, memory
channels and digit capacity. Complex use of the described methods during application
development provides resource independent programming, i.e. ability of simple and fast
adaptation of the application to the modified architecture or configuration of the hybrid
computer system.

NETA®JIONCHAA CYNEPKOMIMbIOTEPHASAA UHOPACTPYKTYPA MOCKOBCKOIO
YHUBEPCUTETA

Huxkurtenko A.A.
MockOBCKMi1 rocyAapCTBEHHbI yHUBepcuTeT uMeHn M.B.JlomoHoCOBa

KpynHeiwuii cynepkoMnbiOTEpHbIV LeHTp B Poccuu:
* 600+ aKTVUBHbIX UCCNEAOBATENBCKUX MPOEKTOB;

¢ 350+ opraHuzauui;

 6onee 2500 nonb3oBaTeneu.



OCHOBHble BbluncuTeNnbHble pecypcbl CKL MIY:
¢ «JlomoHocos» (0,9 PFlops, 6000+ y3noB);

e «JlomoHocos-2» (1,85 PFlops, 1280 y3nos);

e «Yebbiwes» (47 TFlops, 1250 y3nos).

PETASCALE SUPERCOMPUTING INFRASTRUCTURE OF MOSCOW STATE
UNIVERSITY

Nikitenko D.A.
Federal State Budget Educational Institution of Higher Education
M.V.Lomonosov Moscow State University

The Largest Supercomputer Center in Russia:
e 600+ active scientific projects;

e 350+ participating organizations;

e over 2500 users.

Major HPC resources of MSU Supercomputing Center:
e «Lomonosov» (0,9 PFlops, 6000+ nodes);

e «Lomonosov-2» (1,85 PFlops, 1280 nodes);

e . «Chebyshev» (47 TFlops, 1250 nodes).

CYNEPKOMMbKOTEPHOE OGPA30OBAHME B POCCUMN

AHTOHOB A.C.
CynepKoMMnblOTEepPHbIA KOHCOPLUYM YHMBepcuTeToB Poccum

CTpaTernyeckor Lenblo SBNSIETCS CO34aHUE HALUMOHANIbHOW CUMCTEMbl MOArOTOBKM
BbICOKOKBaNIM(ULMPOBaHHbIX KaapoB B 0611acT  CynepKOMMbIOTEPHbIX TEXHONMOMMA 1
Cneumanu3MpoBaHHOro NPOrpaMMHOro obecrieyeHus.

OCHOBHbIMM 3aa4aMu co3gaHHou Cuctembl HOL, CKT siBnsitoTcs:

® MOAroTOBKa, MEpernoArotoBka M MOBbIIEHWE KBanuduUKaumMu CneumannuctoB Mo
NPUOPUTETHLIM U MEPCMEKTUBHLIM HampaBfeHUsIM CyMNePKOMMbIOTEPHbIX TEXHOMOMUIA U
Cneumanu3MpoBaHHOrO NPOrpaMMHOro obecreveHus;

* MoBblLleHne 3PHEKTUBHOCTM HAYUHbIX UCCNeA0BaHW;

® OCyLIEeCTB/IEHNE WHHOBALMOHHON AEesTeNbHOCTM B Hay4dyHOM WM 06pa3oBaTenbHOM
cdepax COBMECTHO C OpraHu3auusiMu HayKu, MpPOMBILLNIEHHOCTU 1 BusHeca.



SUPERCOMPUTER CONSORTIUM OF RUSSIAN UNIVERSITIES

Antonov A.S.
Consortium of Russian universities

The strategic project objective is the formation of a nationwide highly qualified
Supercomputing Technology and Software specialist training system.

The major tasks for the created REC SCT system are:

e Specialists training, retraining, and skill development in the priority and prospective
SCT and Software directions;

« Efficiency improvement of scientific research;

» Innovative activities in scientific and academic areas in collaboration with science,
industry and business.

TEH3OPHbIV METO/1 ABOVICTBEHHBIX CETEV ANS PACMPEAE/IEHHbIX
BbIYUCIIEHWIT CNOXHbBIX CUCTEM

Metpos A. E.
lFocynapcreeHHoe yupexaeHne denepasnbHoe rocyaapcTtBeHHOe aBTOHOMHOe
obpasoBaTenbHOe yupexaeHune Bbicliero npodeccmoHanbHoro obpasosanuns
«HaunoHanbHbIi nccnepoBaTenbCKUii AAepHbIH yHUBepcutetr «MUOU»

TeH30pHbIN METOA [ABOWCTBEHHBLIX CETEW MO3BONISIET CO3AaTb CETEBble MOAENU
CNOXHBIX CUCTEM /I pacyeTa MpOLEcCOB MNpWM W3MEHEHWU CTPYKTYpbl, BKJIOYast
pasgeneHve Ha 4acTu. Hanmpumep, pacdeT MeXoTpacneBoro 6anaHca Mo 4acTaM Wiu
pacyeT M3MEHEeHUM Tpu aBapusX TEXHWYECKOW CUCTEMbl, B YaCTHOCTH, OGBLEKTOB
HedTenepepaboTku. Npouecchl B CeTV NpeacTaBneHbl B 6a3uce OTKPbITbIX M 3aMKHYTbIX
nytei. lpu W3MEHEHUM CTPYKTYypbl BEUYMHBI MOTOKOB MOJMyYaloT npeo6pa3oBaHveM
KOOpAMHAT MpU U3MEHEHUM MyTel, YTo oBecrneyvBaeT MHBapWUaHT ABOWCTBEHHBIX CETEW.
®U3KNYECKU UHBAPUAHT COCTOUT B MOCTOSIHCTBE MOLLHOCTU B ABYX ABOUCTBEHHBIX CETSIX MpU
U3MEHEHWW CTPYKTYPbl, U NPeACTaBseT 3aKOH COXPaHEHHUs MOTOKA SHEPruu.

TENSOR METHOD OF DUAL NETWORKS FOR DISTRIBUTED CALCULATIONS OF
COMPLEX SYSTEMS

Petrov A. E.
National Research Nuclear University MEPhI

Tensor method dual networks enables you to create network models of complex
systems for the calculation of the restructuring processes, including dividing into parts. For
example, the calculation of the input-output balance by parts or calculation changes in
technical systems, in particular, of refining facilities. Processes in networks are represented
in the basis of open and closed paths. When you change the structure of coordinate
transformation receive fluxes when changing the ways that provides dual networks



invariant. Physically, an invariant is a constancy of power in two dual networks when the
structure changes, and is the law of conservation of energy flow.

MPOrPAMMHO-AMNMAPATHbIi MHOIOMPOLIECCOPHbI# BbIMUCIIUTENbHbBINA
KOMMJIEKCA (MBK) A/11 NOCTPOEHUS BbICOKONMPOU3BOAUTEJIbHbIX
BbIYMUCJINTEJNIbHbIX CUCTEM MYJIbTUNETA®JIONCHOINO ANANA30OHA

OTKpbITOE aKkunMoHepHoe obuiecTBo «T-MnaTtdopmbl»

TexHOMormm co3gaHns BbICOKONPOU3BOAMTENbHbBIX BbIYUCUTENBHBIX KOMMIEKCOB Ha
6aze cTaHOapTHbIX CTOEYHbIX CepBepoB WU 6neig - nnatdopMm nogownum K pybexy, 3a
KOTOPbIM YBE/IMYEHWE BbIYUCIIMTENBHON MOLWHOCTM BefdeT K JIaBUHOOGpasHOMY poCTy
CTOMMOCTM, 3HepronoTpebneHns M Beca CUCTEM, a TaKXKe CHWXEHWIO 3(PheKTUBHOCTU
obMeHa faHHbIMM Mexay Y3namu. Bo3gywHas cucTema OXNaXAaeHus CTaHAapTHbIX
cepBepHbIX NnaTdopM He MO3BONSET OTBOAWTL OT cTolku Gonee 30 kBT Tenna, CMNbHO
orpaHvMuMBasl  BO3MOXHOCTM  HapalmMBaHWs  Npou3BOAUTENbHOCTM.  CTaHAapTHble
cepBepHble MaThopMbl He 06ecneyvBaloT HYXHOW CTeneHn MIOTHOCTM pa3MeLLeHust
KOMMOHEHTOB, a TakXXe HaeXHOCTU.

KoMnaHusi «T-nnatcdopMbl» npu (GrMHaHCOBON noaaepxke MuHMcTepcTBa 06pa3oBaHus
n Haykn P®, npoekt NQ 07.524.12.4010 ot 06.10.2011, paspaboTtana nporpamMMHO-
annapaTHbIi  MHOTOMPOLIECCOPHBbIA  BbIYMCUTENbHbI  koMnniekc (MBK) ¢ BbiCOKOW
NIOTHOCTBIO  KOMMOHOBKW  BbIYMCIUTENBHBIX Y3108 (BY) W BOASHBIM  OXNa@XAEHWEM.
MpumeHeHne B pa3spabotaHHoM MBK yHMBeEpCanbHbIX MPOLIECCOPOB apXWUTEKTYpbl X86, B
COYETaHWM CO CTaHAApTHbIMM CETSAMM KOMMyTauuu, MO3BOMSET MNOMYYUTb XOPOLUYIO
COBMECTUMOCTb C MpWUIOXeHUsMU. B TO e BpeMs, CTOeuHoe ucnosiHeHune obecneumsaeT
OMTUMANbHYI0O KOMMYHMKAaLMIO MeXAy Yy3namM C MUHUMAsbHbIMK  33aAepXxKaMmn W,
CnepoBaTenbHO, CO34aeT MPeAnoChIIKM - AN XOPOLUEro  YCKOPEHUSI  MPUIOXEHMI.
BaxxHeMmMKM npenMyLlecTBaMu paspaboTku SBNSIOTCA HU3KOe 3HepronotpebneHue u
BblcOKasi 3HeproacdeKTUBHOCTb paspabaTtbiBaeMoii cucteMbl, obecneunsatowas ao 50 %
3KOHOMUW PacXOA0B Ha 3NEKTPO3HEPIUIO.

MpeanoxeHHoe TexHuyeckoe pelueHne MBK akkymynupyetT B cebe 60MbLIMHCTBO
NpevMMyLLecTB aHaNornyHbIX pa3paboTok. Mo CpaBHEHWIO C aHanoramu, OMUCbiBaeMbli
KOMMIEKC MMEET cneaytoLme 0cobeHHoCTH:

OJHOBPEMEHHOE COYETaHWe MOAAEPXKM BbICOKOMIOTHOM apXUTEKTYypbl C rOpsyYvMM
BOASHBIM OXNaXAEHNEM;

BbICOKME MOKasaTenu Mpou3BOAUTENBHOCTM M3 pacdeTa Ha OAHY CTOWKY M Ha OAMH
BaTT noTpebnsieMoii aHeprum;

noaaepkka reTeporeHHow apxutekTypbl BY;

MOZAYNbHOCTb, YNPOLUAIOLLAsS PEMOHTONPUIOAHOCT;

AybnuposaHve BCex K/HYeBbIX KOMMOHEHTOB, MOBbILLAIOLWAS HAAEXHOCTb;

NOHWKEHHOe 3HepronoTpebnenue;

BHeApeHMe NPUHLMMNANBHO HOBbIX TEXHUYECKUX PeLleHui, Kacatowmxcst BY n MOIM.

[JanbHeliwee pa3BuTMe npopaboTaHHbIX B paMKax MpoekTa Mo co3gaHuio MBK

TEXHUYECKMX PeLUeHUI MO3BOUIIO OCYLLECTBUTb, HanpuUMep, Takoi MaclTabHbIi NpoekKT,
Kak cynepkomnbtoTep «JloMoHOCOB-2» B MI'Y nM. M.B. JlomoHocosa - N21 B Poccum, N231
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B rno6asbHOM PeUTUHre CaMbiX MOLUHBIX KOMIMbIOTEPOB Mupa Top500, pedakuusi MOHb
2015.

THE HARDWARE-SOFTWARE THE MULTIPROCESSOR COMPUTING COMPLEX
(MCC) FOR CREATION OF HIGH-PERFORMANCE COMPUTING SYSTEMS OF
MULTIPETAFLOPS RANGE

T-Platformy Open Joint Stock Company

High performance computing has reached a level of technology when significant
increase of performance causes exponential growth of costs, power consumption and
weight of the systems matched with lowering efficiency of data exchange among the
compute nodes. Air cooling system of standard server platforms is not capable of removing
more than 30 kW of heat from a rack, thus greatly limiting the performance growth.
Standard server platforms also do not provide the necessary component density and
reliability.

T-Platforms with financial support from Russian Ministry of Education and Science
(project # 07.524.12.4010 by 2011/10/06) developed a Multiprocessor Computing
Complex (MCC) with high density of compute nodes and liquid cooling. Universal x86_64
CPUs, standard networks and interconnect utilized by MCC allow fine level of application
compatibility. Rack form factor enables optimal internode communication with minimal
latency and therefore creates a foundation for application performance boost. Key
advantages of the MCC are low power consumption and high level of energy efficiency that
lead to about 50% of cost reduction on supplied power.

The MCC accumulates most of strengths offered by similar equipment. Compared to
similar products, the MCC has the following distinct features:

Combination of high density architecture with “hot water” cooling;

Competitive performance values per rack and per Watt;

Heterogeneous node architecture support;

Modularity simplifying service and maintenance;

Redundancy of all components that boosts reliability;

High power efficiency;

Great scalability;

New technical solutions related to compute node and RAM module design.

Further elaboration of ideas and solutions developed for MCC has lead the way to
systems that form the core of large scale “Lomonosov-2" supercomputer at Moscow State
University — #1 in Russia, #31 in global TOP500 rating, June 2015 edition.

CYMEPKOMIMbIOTEPHbIA NIHTEPKOHHEKT

UHCTUTYT nporpaMMHbIX cuctem uM. A.K. AiinamassiHa
Poccuiickoii akageMnm Hayk

Pa3spaboTaH BbICOKOCKOPOCTHON MHTEPKOHHEKT NSl CYnepKOMMbIOTEPOB. TexHuyeckas
XapakTepuctuka: ceteBov agantep PCI Express Gen 3. MNoaaepxxka Ttononorum 2D Top u
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Apyrux Tononorui. 4 kaHana no 56 réut/c. Obwas nponyckHas cnocobHOCTb Ha y3en 224
Iéut/c. MapwpyTv3atop peanu3oBaH B CETEBOM apjanTepe. 3afepxka okono 1
MUKpOCeKyHabl. TeMn Bbigaun coobuueHuii: 6onee 70 MT/s (megatransfers per second).
AKTUBHbIVA ONTUYeckuid kabenb. MonHbIN cTek nporpaMMHoro obecneyexus: MPI Bepcum 2,
SHMEM, ARMC, PEGAS, GASNET.

SUPERCOMPUTER INTERCONNECT

Institute of program systems of A.K. Aylamazyan
Russian Academy of Sciences

High-speed interconnect is developed for supercomputers. Technical characteristics:
network PCI Express Gen 3 adapter. Support of topology of 2D torus and other topology.
4 channels on 56 Gbit /sec. The general capacity on knot of 224 Gbit / sec. The router is
realized in the network adapter. Delay about 1 microsecond. Rate of issue of messages:
more than 70 MT/s (megatransfers per second). Active optical cable. Full stack of the
software: MPI of version 2, SHMEM, ARMC, PEGAS, GASNET.

CBETO®OPHbI OBBEKT HOBOIO NOKOJIEHWUSA, PEAJIN3YEMbIiA HA OCHOBE
HEYETKOIro KOMNbOTEPA

Kpyr N.r., a.1.H., npoceccop , Nasenves C.A., K.T.H., MHX. 1 kaT., UrHaToB A.C.,
uHXX. 1 KaT.,
M3U

AHanu3 MpoeKTHbIX peLueHuii Mokasan, 4To npobneMa aBTOMOOUbHLIX MPO6OK B
Meranonucax He pelaeTtcs TeM WAM WHbIM HOBOBBEAEHMEM, @ MWHUMU3MPYETCH
LieneHanpas/ieHHbIM NPOBEAEHNEM KOMMeKca Mep B aAMWUHUCTPATMBHOMN, CTPOUTENbHOW,
OpraHu3auMoHHO-AOPOXHON cdepe, a Takke B cdepe ONTUMM3ALMKU O6LLECTBEHHOIO
TpaHcropTa.

Ocobyto ponb B pelueHun npobnembl NpobOK MrpaloT WHTENNeKTyanbHble MeTOAbl
perynmpoBaHusi aBTOMOOMWJIbHBIX MOTOKOB, BHeApEHWe KOTOpbIX C OAHOM CTOPOHbI,
[0CTaTO4HO 3EKTUBHO, @ C APYroM — He CBsi3aHo C 60oMnbluMMM  MaTepuasbHbIMM
3aTpataMuM W KanuTanbHbIM CTPOUTENLCTBOM. DMPEKTUBHOCTb  LUIMPOKOMACLLTAbHOro
BHEZPEHNS  WHTENNeKTyanbHbIX METOAOB  PEryMpoBaHWS  TPAHCMOPTHLIX  MOTOKOB
NoATBEPXKAAETCS YCMELUHbIM OMNbITOM KPYMHEWLWMX MeranosMcoB Mupa, Takumx Kak TokMo,
MionxeH, Kyana-Jlamnyp u psaga apyrux.

Mpn nomowwy nporpaMMHO-annapaTHbIX CPeAcTB MoryT ObiTb peanu3oBaHbl  Kak
LieHTpannM30BaHHOE yMpaBfeHne TPaHCMOPTHbIMM MOTOKaMW B Meranonuce, Tak U
[eLeHTPann30BaHHOE YyrnpaeneHve uMW. Peanusaums LEHTPann3oBaHHOMO YnpaBieHus
TPaHCMOPTHBIMA MOTOKaMM 3HAaYUTENIbHO MPEBOCXOAUT MO KanuTanoBOXEHWUAM CO3AaHue
[eLeHTPann30BaHHOro ynpasneHus. LleHTpanu3oBaHHOE YyrpaBneHne TpaHCMOPTHLIMU
NnoToKamn MeHee 3(PGhEKTUBHO MO CPaBHEHMIO C AELEHTPAsIM30BAHHbLIM YrpaBieHueM,
MOCKONbKY MpU  €ro CO3AaHMM  HeobxoAMMO 3HaTb LUenu  (NyHKTbl  Ha3HauveHus)
TPaHCMOPTHbIX ~ CPeACTB, KOTOPble  HEeM3BEeCTHbl, W  HeobxoauMmo  BblpabaTbiBaTb
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YNpaBnsiowme CurHanbl Ans CMEHbl PEXWMOB CBETO(MOPOB, CO3AaHWEe KOTOPbIX ABNASETCS
3HauMTENbHO 60M1ee CNOXHBLIM MO CPaBHEHWMIO C MX BbIpabOTKOM Ha OCHOBE HEYeTKMX
YMnoB (AeLeHTpanu30BaHHOE ynpaeneHue). 3TO OObSCHSETCA TeM, YTO B LeNOM CMeHa
pexvMoB CBeTohOpOB ONpeAensieTcs cMTyaumaMm, CIIOKUBLUMMUCS Ha nepekpecTkax. Tak,
HanpuMmep, B 6onee CNOXHON CUTyaUUn — B YCIOBUSIX «MPOBKM» Ha MarucTpanu, cUcTeMmbl
cBeToOpOB Ha MepeKkpecTkax [AOMKHbl ObiTb CMHXPOHM3MPOBaHbI. [N ynpasneHus
cucTeMamMm CBeTodOopoB B 3TUX CUTYaLMSX YCNELHO NPUMEHAIOTCS LiMcpoBble NPOLECCopsbI
curHanos [1-4].

PaccmMoTpuM Mopgenb ynpaBneHnus cBeToopoM Ha nepekpectke. B 3Tol mopenu
onpefensTcs ANMTENbHOCTU 3eNeHbIX CUIHaNOB B 2-X OCHOBHbIX pexumax paboTbl
cncTeMbl €BeTodopoB Ha nepekpectke. OTMETUM, YTO ANMTENbHOCTU KPACHbIX CUrHANoB
CBeTOhOPOB B OCHOBHbIX PEXWMax paBHa A/IMTENBHOCTAM 3e/1eHbIX CUrHaNoB CBeTOhOpoB
B MPOTUBOMOMIOXKHOM HanpaeneHun. Mo3ToMy Moaenb ANs onpeaeneHvst AnuTenbHOCTen
KpacHbIX CWUrHanoB He pa3pabaTbiBaeTcsi. [pu co3gaHuy 3TOM MOAENU MOPsSiAOK CMeHb
pexvMoB  CBeTOOpPOB MpeanonaraeTcd CTaHAapTHbIM.  BTOpoCTeneHHble  pexuMmbl
cBeTobOpOB AaTuMKaMu MNOXO pacno3HaloTcs. WX AnUTenbHOCTb MOXHO npuHATb 1/N
[ANMTENbHOCTY OCHOBHOIO pexxunma, Hanpumep N=5. Bbibop [onv 3aBucuT OT npuoputeTa
HanpasfieHns JOpOru.

Takum 06pasoM, paspaboTaHHas HeyeTKasi MoAenb YnpaB/eHnUst CUCTEMOW CBETO(OPOB
Ha nepekpecTKe COAEPXUT 6 BXOAHBIX NEPEMEHHbIX U 2 BbIXOAHbIE NMepeMeHHble. BxoaHble
nepemMeHHble MCNOb3YIOTCA ANS 3a4aHWs KONMYECTBa MaliMH NO KaXAOMY HamnpasieHuio
(4 nepeMeHHble) U MPUOPUTETOB HampaBneHui (2 nepeMeHHble). BbixoagHble nepeMeHHble
334a0T  ASIMTENBbHOCTM OCHOBHBIX PEXWUMOB, T.e. A/MTENbHOCTW 3€/eHblX CUrHanos
cBeTOOpOB. 3Ha4YeHUs NPUOPUTETOB HanpaBleHWs 33[al0TCA B MOAENN OnpeaeneHuns
NpUYOPUTETOB HarpaBfeHUN.

B oCHOBe MNOCTPOEHMS| HEYETKOW MOAeNU YrpaBfieHUs CUCTEMOM CBETOOpPOB Ha
nepekpectke B YCNOBUSIX <«MpOBKM» NexuT nokasatenb 3PhekTMBHOCTU paboThbl
cseTodopa (]?:q)):

I3 =—

M, roe

K — KONM4ecTBO MallMH, NpOEXaBLUMX Ha 3eNéHbIN curHan ceeTodopa;

N — obLuee KOMYECTBO MALLUMH Ha HAaMpPaB/IEHNUN.

Ha nepekpéctke Ha pacctosHum 100-150 M OT Kkaxporo cBeTodopa YCTaHOBIIEHbI
[aTYMKKM, MOACUMTHIBAKOLLME KOMMYECTBO MPOEXaBWMX MallMH. Takue >xe AaTuMKK
YCTaHOBMIEHbI PSIOM C camMuMmu  cBeTodopamMu. PasHOCTb MOKasaHuii 3TMX AaTUMKOB
MoKa3biBaeT KOMMYECTBO aBTOMOGMNEN, XXENaloWMUX MpoexaTb Yepe3 MepekpécTok B
COOTBETCTBYIOLLEM HaMpaBieHUM.

MporpamMmMHoe obecneyerne Ha a3bike Cv BKIKOYAET ceaytolye noanporpaMmsi:

OCHOBHas MOANPOrpaMMa, peanusytowas anroputTM HEYETKOro ynpasneHus.

noanporpamMma, peanusyowas @assudukaumio  (NpuBeaeHne YETKMX  BXOAHBIX
nepeMeHHbIX K HEYETKOMY Buay). PesynbtaToM paboTbl AaHHOW MOANPOrpaMMbl SBASIOTCS
paHrn BCEX TEPM BXOAHBIX JIMHMBUCTUYECKUX MEPEMEHHbIX, BblYUC/IEHHbIE ANS 3aAaHHbIX
YETKMX 3HAYEHUIN ITUX NepeMeHHbIX.

noanporpamMMa HeYéTKOro BbIBOAA (/IOrMYECcKOro 3akoyveHns). Mo3BonsieT BblYMCIUTb
paHr¥ TepM BbIXOAHOW JIMHIBUCTUYECKOW MEpPEMEHHOM, Mcnonb3ys Tabnuuy npasun
JIOrMYeCcKoro BbIBOAA U COOTBETCTBYIOLWME PAHIN TEPM BXOAHBIX NEPEMEHHBIX, MONyYeHHble
npu dassndukauum.
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nognporpamma  gedassudukaumn.  lNpeobpasyet

paHrM  TEpM  BbIXOAHOW
JIMHFBUCTUYECKOW NEpPEMEHHON B €€ YETKOE 3HaueHue, KOTOpOoe U SIBNISIETCS pe3y/bTaToM
aboThbl anropuTMa.

T e i i e e i

Sk e e e i ]

[ et | amriares

cpeabl

I:I ]
.
Puc. 1. Bu3syanbHbll  UHTEpdeidc  nporpamMMHoOM
(bYHKUMOHMPOBaHUS cUCTEM CBETO(OPOB Ha NepeKkpecTkax

MOZENUPOBaHWS
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PazButnem pabot aBnseTca moaennpoBaHue PYHKLMOHMPOBAHWSA CUCTEM CBETO(OPOB
Ha nepekpecTkax (puc. 1), Ha OCHOBE NPeanoXeHHbIX MHOMO(MYHKLMOHANbHBLIX NPU60POB 1
onpefeneHne pasnuyHbIX KpUTEpueB, B TOM u4ucrie OTHOWweHue 6a3oBoro Tpaduka,
nonyyeHHoro 6e3 MCMOMb30BaHWSA  MHOMO(MYHKUMOHANbHbIX NpuMbopoB, K Tpaduky
MarucTpanu, Nosly4eHHOro Ha OCHOBE NMPUMEHEHNS MHOMOMYHKLIMOHANbHBIX NprbopoB.

MporpamMmmMa Mopenu HEYeTKOro YnpaBneHWs ABWMXKEHWEM aBTOMOOMIIbHBIX MOTOKOB
NO3BOJMIIET  NPOM3BOAMTb  MOAENMPOBAHUE  ABWXEHUS TPaHCMOPTHbIX CPEACTB  Ha
nepekpecTke, NpeacTaBnsoWwmM cobo nepeceyeHne Ao 6 AOPOr PSAHOCTbIO A0 6 MOJIoC
kaxpaas. [porpaMma no3BonseT 3ajaBaTb paspelleHHble HanpaBneHus CneaoBaHus
aBTOMObGMNEN Ans kaxaoW Nonochl, AeTanbHO HacTpauBaTb Kaxaylo dasy cseTodopa,
3apaBaTb MpUOpUTETHI ABMXEHMS. Moaenb (yHKLUMOHUPYET B MUKPOPEXUME, TO eCTb
YUMTBIBAIOTCS XapaKTepUCTUKN Kaxaoro asTomobuns.

MporpammMa  no3sonseT  BblbuMpaTb  MapaMeTpbl  anropuTMa  ynpas/eHus
ABTOMOOGMIIbHBIMM NOTOKAMK, @ TaKXXe BbIBOAUTL MHPOPMALIMIO O COCTOSIHUM NOTOKOB Kak B
peanbHOM BpeMeHW, Tak M B BWAE OTYeTa NO pe3y/nbTaTaM 3KcnepumeHta. CuMynaums
3anyckaeTcst nocie Bblbopa MpOrpaMMbl UCMbITaHWA. MporpamMma MCMbITaHUA COAEPXKUT
nHbopMaLmio 06 MHTEHCMBHOCTW TPAHCMOPTHOrO MOTOKA B 3aBUCMMOCTM OT BpPeMeHu. Mpu
HeobX0AMMOCTM KONIMYECTBO MpuObIBalOLWMX aBTOMOBUNEN B MUHYTY MOXET OblTb 3agaHo
BPYYHYIO AN KaX4Oro HamnpasfeHust kaxaou nonockl. B npouecce ncnbiTaHuii BbIBOAUTCS
yCpeAHeHHas 3a UMK PerynnpoBaHns MHMOPMauMs O TPaHCMOPTHBIX MOTOKaX: CpeaHas
CKOpOCTb aBTOMOGWIEN, NNOTHOCTb MOTOKA U Apyrue. OTobpaxaeTcst BpeMs Kaxxaon dasbl
cseTocopa. Takxke npu MOAENMPOBaHWM AeNaeTcs NPOrHo3 O COCTOSiHUM AOpOr npwu
COXpaHEHWN TEKYLLMX YCIIOBUN.

BbiukoB M.I. AnnapaTHble CpeAcTBa CUCTEM YrpaBneHus ABukeHuem. — M.: U3g-Bo
M3W, 2009.

Marzuki Khalid, See Chin Liang, Rubiyah Yusof. Control of a Complex Traffic Junction
Using Fuzzy Inteference// Malaysian Journal of Computer Science. Vol. 9, No. 2, 2002, pp.
27-34.

Taskin H., Gumustas R.. Simulation of Traffic Flow System and Control Using Fuzzy
Logic. Proceeding of the 12-th IEEE Internation Symposium on Intelligent Control, July
1997, Istanbul Turkey, pp. 325-330. 1997.

Stephen Chiu, Sujeet Chand. Selt-Organizing Traffic Control via Fuzzy Logic// Proc. 32
IEEE Conference on Decision & Control. San Antonio, Texas, 1993, pp. 1897-1902.

THE NEW GENERATION TRAFFIC LIGHT SYSTEM ON THE BASIS OF FUZZY
LOGIC COMPUTER

Krug P.G., Dr.Sc., Professor, Pavelyev S.A., Ph.D., Sen. Eng.,
Ignatov A.S., Sen. Eng.
MPEI

Analysis of simple solutions shows that the problem of traffic jams in large cities can
not be solved by a single innovation but needs to be minimized through a well-thought set
of activities in the field of city administration, road construction, traffic organization and
optimization of public transport.
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Important role in solution of traffic jam problem play intellectual methods of traffic
control, which offer high efficiency to costs ratio since their implementation doesn't require
capital construction. The efficiency of widespread usage of intellectual traffic control
methods is also proven by their successful implementation in such large cities as Tokyo,
Munich, Kuala Lumpur and some others.

Proposed hardware-software complex for intellectual traffic control can carry out
centralized management of many traffic directions in a city as well as decentralized
management of separate traffic directions. Centralized management involves significantly
higher costs. Centralized management is also less efficient since its implementation
requires information about goals (end points) of traffic movement which may not be
known and generation of control signals for traffic lights which is a more complex task
compared to autonomous control on the basis of fuzzy logic (decentralized management).
The reason for this is the fact that the change of traffic light modes is generally determined
by local situation at crossroads. In a more complicated situation, for example a traffic jam
on a highway, traffic light systems have to be synchronized with each other. Control over
traffic light systems in such case is usually carried out by digital signal processors [1-4].

Further a traffic light control model for crossroads is proposed. The model manages
green light duration in 2 main modes of operation. Red light duration in main modes of
operation is equal to green light duration in the opposite direction. Thus the model doesn't
determine red light duration specifically. The model follows standard order of traffic light
modes change. Secondary modes of operation are not detected by sensor reliably. Their
duration can be strictly set at 1/N of main modes duration, where for example N=5.
Duration choice depends on the priority of each direction.

The developed fuzzy traffic light control model includes 6 input variables and 2 output
variables. Input variables set the amount of vehicles passing in each direction (4 variables)
and priority of directions (2 variables). Output variables set duration of main modes of
operation, i.e. green light duration. The values of priority of each direction are set by the
priority detection model.

The activity of the fuzzy traffic light control model during traffic jam is based on the
efficiency criterion (EC):

EC =K/ N, where

K — amount of vehicles passing during green light mode;

N — total amount on vehicles at current direction.

Crossroads are equipped with sensors set at the distance of 100-150 m in front of each
traffic light which calculate the amount of passing vehicles. Same type of sensors are set
near the traffic lights. Difference between data of those sensors indicates the amount of
vehicles intending to pass through the crossroad in a given direction.

Software is designed using C language and includes the following subprograms:

main subprogram running the fuzzy control algorithm.

fuzzyfication subprogram (adjusting input variables to fuzzy representation).
Subprogram outputs the ranks for all terms of input linguistic variables calculated for the
set values of those variables.

fuzzy output subprogram (logical conclusion). Calculates the ranks for the terms of
output linguistic variables using the table of rules for logical output and corresponding
ranks for the terms of input variables obtained during fuzzyfication.

defuzzyfication subprogram. Converts the ranks for the terms of output linguistic
variables into their strict values which represent results of running the algorithm.
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Fig. 1. Visual interface of the traffic light control system computer modeling software

Further development of the software includes modeling of the process of traffic light
control at crossroads (puc. 1) based on the developed multifunctional devices and
determination of different criteria, such as comparison between basic traffic through the
highway without the usage of multifunctional control devices and the traffic after their
application.

The software supports modeling of the fuzzy traffic light control system at crossroads
consisting of up to 6 roads intersecting at one point, composed of up to 6 rows each. The
software allows setting valid traffic direction for each row, adjusting parameters of every
trafic light mode and setting priorities for traffic directions. Model runs in micro
management setting, taking into account parameters of each passing vehicle.

The software supports setting parameters of the fuzzy traffic control algorithms and
presenting information about current traffic status in real time as well as in the form of
aggregated log of a test run. Simulation follows the choice of test program. Test program
includes information about traffic intensity changing in time. If needed the amount of
vehicles entering the crossroad per minute can be adjusted manually for each row and
direction. During test run averaged information about traffic status for each control cycle is
presented: average vehicle speed, traffic density etc. Each traffic light mode duration is
presented. Modeling also includes prediction of traffic status in case current parameters
don't change.

Bychkov M.G. Hardware for traffic control systems. — Moscow.: MPEI, 2009.

Marzuki Khalid, See Chin Liang, Rubiyah Yusof. Control of a Complex Traffic Junction
Using Fuzzy Inteference// Malaysian Journal of Computer Science. Vol. 9, No. 2, 2002, pp.
27-34.

Taskin H., Gumustas R.. Simulation of Traffic Flow System and Control Using Fuzzy
Logic. Proceeding of the 12-th IEEE Internation Symposium on Intelligent Control, July
1997, Istanbul Turkey, pp. 325-330. 1997.

Stephen Chiu, Sujeet Chand. Selt-Organizing Traffic Control via Fuzzy Logic// Proc. 32
IEEE Conference on Decision & Control. San Antonio, Texas, 1993, pp. 1897-1902.

CKAHUPYIOLLASI NOHASI MUKPOCKONNA AN BAOMEANLIMHCKNX
WUCCNEQOBAHUMN

FopenkuH, MN.B.1, WLeBuyk, A.U1.2, Kopues H0.E.2, Epo¢ees A.C1, HoBak I. 3,
SiIMuHCckuii U.B. 4
1 000 «MeaMUMHCKME HAHOTEXHOMOrMN», r. MockBa, yn. Crpoutenei 4-5-47
2 Imperial College London, W12 ONN, United Kingdom
3 Queen Mary, University of London, E1 4NS, United Kingdom
4 MrY nmenn M.B. JlomoHOCOBa, JleHMHCkue ropsl Aa.1, cTp. 40

CkaHvpytowas noHHas mukpockonust (CMM) — 31o noapasgen C3M, B kayecTse 30HAA
Yy KOTOpOW WMCMOMb3yeTCs HaHOKanWnsp C 3NeKTpoaoM BHYTpW. Vi3MepeHus npoBoasTcs B
XKWUOKOCTM, pacCTosiHWe [0 MOBEPXHOCTUM OMpeaensieTcsl BeMYMHOM MOHHOMO TOKa,
npoxoAsLwero vepes ocTpue HaHokanunngpa [1,2]. CMM no3sonser npoBoOAUTb
6EeCKOHTaKTHYIO BU3yann3aumio OAMHOYHBIX 6EMKOBbIX KOMMNEKCOB B XMBbIX KneTkax [3].
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CKaHupyoLLasi MOHHAasi MUKPOCKOMUS 06nafaeT BbICOKOW paspeluaollen Cnoco6HOCTbIO
BU3yanu3aumm BMONOrMyYecKMX KNEeTOK B Mpouecce WX XusHepesTenbHCTU [4], a Takxke
npefocTaBfSieT BO3MOXHOCTb KOMOMHMPOBaHMUS C APYrMMU MeTodamMmn (yHKLIMOHAIbHOMO 1
[AMHAMUYECKOro B3aUMOAENCTBUSI C KneTkamu (PUCyHOK 1).

9.1 rum
k7.0 L At
- + 0,00 nn
O BIZmm 1784 mm00nm  “honm  8s.inm  1782nm

PucyHok 1. KoHdoOpMaumoHHble UW3MEHEHUs OAMHOYHBIX OEnKoBbIX KOMMEKCOB
MeMOpaHHbIX YacTuL, Ha MOBEPXHOCTM 3KBAaTOPUANbHOrO CErMeHTa crepmaTo3onaa kabaHa.

[1] P. K. Hansma et al. Science 243, 641 (1989).

[2] Y.E. Korchev et al. M. J. Lab, Biophys. J. 73, 653 (1997).

[3] A. I Shevchuk et al., Angew. Chem. Int. Ed Engl. 45, 2212 (2006).

[4] P. Novak et al., Nat. Methods 6, 279 (2009).
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SCANNING ION CONDUCTANCE MICROSCOPY FOR BIOMEDICAL APPLICATIONS

Peter Gorelkinl, Andrew Shevchuk2, Yuri Korchev2, Alexander Erofeevl, Pavel
Novak3, Igor Yaminsky4
1 Medical Nanotechnology, Moscow, Stroyteley 4-5-47, Russia
2 Imperial College London, W12 ONN, United Kingdom
3 Queen Mary, University of London, E1 4NS, United Kingdom
4 Lomonosov Moscow State University, Moscow, Leninskye Gory 1-40, Russia

We have recently pioneered the development of an array of new and powerful
biophysical tools based on Scanning Ion Conductance Microscopy [1, 2] that allow
quantitative measurements and non-invasive functional imaging of individual protein
complexes in living cells (Figure 1) [3]. Scanning ion conductance microscopy and a
battery of associated innovative methods are unique among current imaging techniques,
not only in spatial resolution of living and functioning cells [4], but also in the rich
combination of imaging with other functional and dynamical interrogation methods. These
methods, crucially, will facilitate the study of cellular functions at nanoscale in health and
disease.
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Figure 1. Conformational changes in molecular complexes of intramembranous
particles of the equatorial segment domain in boar spermatozoon plasma membranes.
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EXACTUS EXPERT — CUCTEMA CEMAHTUYECKOI'O MOMCKA U AHAJIU3A
HAYYHbIX MYBJIMKALIUN

Wbt TAXOMUPOB, UBAH CMUPHOB, FEHHAINIA OCUINOB
®rBYH UHCTUTYT cucteMHoro aHanusa Poccuiickoit akagemun Hayk (MCA PAH)

Exactus Expert 3TO WHTennekTyanbHasi MOWCKOBO-aHANMTUYECKas  MaluuHa,
npegHasHavyeHHas Ans MOAAEPXKKM Hay4YHO-TEXHUYECKOW AeATenbHOCTW. Ynpasnenve
Hay4HO-TEXHUYECKOW AeSATENBbHOCTBIO CTaHOBUTCS BCe 6o/ee BaXHbIM B HACTosILLee BpeMmsi
— OT KayecTBa YMNpPaBNEeHYECKUX peLlIeHW CyllecTBEHHbIM 06pa3oM 3aBUCWUT pasBUTHE
HayKvM M MHHOBALMOHHON 3KOHOMKM. B mepBylo ovepeab 3ajada ynpaBneHUst CBOAMTCS K
9KCMEepTHOM OLEHKe WCCNeaoBaTeNlbCkUX MPOEKTOB, MOAAHHbIX 3asBUTENSMM B paMKax
PasfIMYHbIX FPaHTOBbLIX Mpoueayp U KOHKYpCOB. [poekTbl MOryT 6biTb MHHOBALMOHHbBIMY,
aKTyaNnbHbIMM W BbICOKO BOCTPE6OBaHHLIMM PbIHKOM. Takum 06pa3oM, OTOop Ayywmnx
nccneaoBaTeNbCKMX MPOEKTOB akTyaneH AN rocydapcrsa, 6usHeca M BCEro Hay4yHoro
coobLecTsa.

OcHoBHasi npobnema npu oTbope wuccneaoBaTeNbCKMX MPOEKTOB 3aK/MoYaeTcs B
onpeaeneHnn COCTOSIHUA Aen B TON UK MHOW 061acTu Hay4HbIX uccnegoBaHwi. Ans nuu,
NPUHUMAIOLLMX PELUEHWE, BaXHO WMeTb abCoMTHO 4YeTKOe MOHUMaHWE, KaKOBbl
TeHAeHUMM B obnacTv uccriefoBaHWi, rae CTOMT OXuAaTb NpopbiBa, a Kakas obnactb
sBnsieTcs abconoTHO 6ecnepcnekTvBHOM. K coxaneHuto, nvua NpUHUMAlOWME peLleHns
He 06napaloT M B NpUHUMNE He MOryT obnaaaTbh BCei NOMHOTOM MHbOpMaLMK NO ThiCYaM
HanpasfeHW Hay4HbIX UCCIEA0BAHNM, COTHAM HayYHbIX KOSIEKTUBOB, MUMEIOLLEMCS Y HUX
3agene M HayyHom obopyaoBaHun. B pe3ynbTate fMua MpUHMMAIOWIME  pelleHune
ronaralTCs Ha 3KCNEPTHYIO OLIEHKY, KOTopasi CybbeKTHBHa MO OnpeaeneHuio 1 3a4acTyio
owmnboyHa.

CyLLeCTBEHHYIO MOMOLLb B MPUHSTUM PELLUEHUI MOXET OKa3aTb CUMCTEMA MOAAEPXKKU
Hay4HO-TEXHUYECKOW [esATeNbHOCTH, KOTOpasi Ha OCHOBE aHanu3a HaydHbX nybnukauui
(xypHanos, craten, aBTopedepatoB, oT4eToB no HWOKP) cmoxeT AaTb 06bEKTUBHbIE
pekoMeHAaLmmn no Bornpocam oTbopa HayYHO-UCCIeA0BaTENbCKUX NPOEKTOB.

PaspaboTaHHble B UICA PAH TexHONOrmm ceMaHTU4YeCcKoro MoMcka M aHanmnsa HayyHbiX
nybnvKaumii NO3BONSAIOT pelaTb MHOXECTBO 3ajay MOAAEPXKKM HAyYHO-TEXHWUYECKOM
fesATenbHOCTU. PaccMoTpyM 06LLYyt0 CXeMy NOAAEPXKN NPUHATUS PELLEHNS:

A) OnpepeneHne obnactu uccnepoBaHui. Kaxpaas obnacTb onpeaensieTcs Habopom
TEPMUHOB U (pa3, a TakxKe KONNeKUMEN COOTBETCTBYIOLMX JOKYMEHTOB.

B) OnpeneneHvie CTpyKTypbl NpeaMeTHOM 06nact uccnegoBaHuin. MpoBoanTcs aHanus
fAaHHbIX NOo 06MacT uccnefoBaHMs B PasfIMYHbIX  MCTOYHMKAX: >KypHanax, TpyAax
KOH(depeHUMn 1 T.n. BO3MOXHO CpaBHeHWe CTpyKTypbl NpeaMeTHoW obnactu co
CTPYKTYpOM Apyrux, 6nmskux obnacrten nccneaoBaHui.

C) MWsyyeHMe AMHaMUKM aKTMBHOCTM B obnactv uccnegoBaHuid. Hanpumep,
yBenuMueHne uucna nybnvkauuMini MOXET TOBOPUTb O  MOBBILEHUM  MHTEpPEecoB
nccneposaTenen u HaoboporT.

D) OnpegeneHvie nogobnacTtelt UCCnefoBaHWi NOCPEACTBOM  KfacTepusauuu. 37O
Mo3BOJISET BbIAENTL KaK MarncTpasbHble, Tak 1 060cobneHHbIe rpynmnbl UCCeA0BaHUN.

E) W3BneyeHve pe3ynbTaToB Hay4HbIX WCCNEAOBaHWA, YTO MO3BOMSET OLEHUTb
Hanuune yxe CyLeCTBYIOLWMX AOCTUXEHW B 06nacTM uccnefoBaHWi B CpaBHEHUM C
KOHKPETHbIM HOBbIM MPOEKTOM.
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F) OnpepeneHune HayyHbIX KOMNeKTMBOB B 06nact uccnepoBaHus. ITa YHKUMS
NO3BOMISIET OMpefenuTb HanuMune WCCneaoBaTeNbCkKUX KONMNeKTMBoB, paboTalowmx B
yKa3aHHON 0651acTH, a Takxke OLEHUTb UX MPOAYKTUBHOCTb.

G) OnpegeneHve BO3MOXHOrO Ay6nMpoBaHWsi  pe3ynbTaToB,  3aUMCTBOBaHWM,
nnaruara.

MpeacTaBneHHble BO3MOXHOCTU BOCTPe60BaHbl MUHUCTEPCTBOM 06pa3oBaHus U Hayku
Poccuiickon ®enepaumv Anst NOAAEPXKM HAYYHO-TEXHUYECKOW AEATENbHOCTU, a TaKXke,
penakTopamMu Hay4HbIX )XypHasioB, MHBECTOPAMM U CaMUMU UCCTIE0BATENSMU.

EXACTUS EXPERT — SEMANTIC SEARCH AND ANALYTICAL ENGINE

Ilya Tikhomirov, Ivan Smirnov, Gennady Osipov
Institute for Systems Analysis of Russian Academy of Sciences (ISA RAS)

Exactus Expert is an intelligent search and analytics engine aimed at analytical support
scientific activities management. R&D management tasks gain more and more importance
nowadays as the growth and development of the economics based on innovations largely
depends on quality of management decisions. Mostly these tasks are related to expert
evaluation of research projects submitted to various calls and applying for grants. Such
projects shall be innovative and the project results are supposed to be of high demand on
the market. Adequate selection of the projects thus become important as it will benefit all
stakeholders: government, research community, business.

One of the main problems rising when selecting R&D projects is the problem of state-
of-the-art identification in certain research field. It is important to have a clear
understanding of which research topics are developing at the present time, which topics
tend to collapse and which topics are expected to advance in the near future.

Scientific publications normally contain all the essential information on the research
field including problem statements, proposed solutions and achieved results. Large amount
of information depicting the state-of-the-art of science and technology in the world is now
openly available on the web. Such information can be found in electronic versions of
scientific and popular journals and magazines, preprints, reports on R&D works presenting
the research results, their potential economical impact and recommendations on their use
and applications.

Technologies for semantic search and text analysis developed by the Institute for
Systems Analysis of Russian Academy could help in analyzing the state of art in various
scientific areas and thus could be used to support the decision making process in R&D field
which can be viewed as the sequence of the following steps:

A) Definition of research topics of interest. Each research topic is defined by terms or
phrases and collection of scientific publications related to them.

B) Examination of the research topic structure can be performed as evaluation of the
presence of this research topic in various types of sources, in journals or conference
proceedings, in detection of research teams active in the field. It is also interesting to
examine the structure of adjacent topics and comparison of structures of several topics.

C) Study of dynamics of the research area development based on evaluation of
publication activity year-by-year. For example, increasing number of publications on a
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certain topic might mean that this topic is new and that researchers’ interest to it is
growing.

D) Detecting fields in research area using cluster algorithm. Getting research fields
make it easier to understand the structure of the scientific area. Group of publications and
terms presents every field.

E) Extraction of results got in one paper or in a field. This function allows evaluating
efficiency of a given research or a given field of research and makes possible to compare
them by productivity.

F) Detection of research collectives in a given field. This function allows detecting the
most productive and perspective collectives in the field.

G) Detection of possible duplicates of scientific papers and plagiarism, tracking of
succession (or revelation of its absence) in the results of research work in various types of
scientific information sources (R&D reports, technical documentation, research papers and
publications in mass media).

The listed capabilities of the Exactus Expert engine are demanded by the Ministry of
Education and Science of the Russian Federation to support the decision making process
on financing the research, by editors of scientific journals and by researchers themselves.

23



	ОБРАЗЕЦ ПРОГРАММНОЙ ПОДСИСТЕМЫ ЧИСЛЕННОГО МОДЕЛИРОВАНИЯ МНОГОМАСШТАБНЫХ ПРОЦЕССОВ ДЕФОРМИРОВАНИЯ И РАЗРУШЕНИЯ КОМПОЗИЦИОННЫХ МАТЕРИАЛОВ  ДИМИТРИЕНКО Ю.И., СОКОЛОВ А.П., ЩЕТИНИН В.Н., МАКАРЕНКОВ В.М.,  САПЕЛКИН А.С.
	DEVELOPMENT OF SOFTWARE SUBSYSTEM OF MULTISCALE NUMERICAL SIMULATION OF THE PROCESSES OF DEFORMATION AND FRACTURE OF COMPOSITE MATERIALS  DIMITRIENKO YU.I., SOKOLOV A.P., MAKARENKOV V.M., SCHETININ V.N., SAPELKIN A.S.
	
	
	
	
	ПЕТАФЛОПСНАЯ СУПЕРКОМПЬЮТЕРНАЯ ИНФРАСТРУКТУРА МОСКОВСКОГО УНИВЕРСИТЕТА  НИКИТЕНКО Д.А. МОСКОВСКИЙ ГОСУДАРСТВЕННЫЙ УНИВЕРСИТЕТ ИМЕНИ М.В.ЛОМОНОСОВА
	PETASCALE SUPERCOMPUTING INFRASTRUCTURE OF MOSCOW STATE UNIVERSITY  NIKITENKO D.A. FEDERAL STATE BUDGET EDUCATIONAL INSTITUTION OF HIGHER EDUCATION M.V.LOMONOSOV MOSCOW STATE UNIVERSITY
	СУПЕРКОМПЬЮТЕРНОЕ ОБРАЗОВАНИЕ В РОССИИ  АНТОНОВ А.С. СУПЕРКОМПЬЮТЕРНЫЙ КОНСОРЦИУМ УНИВЕРСИТЕТОВ РОССИИ
	SUPERCOMPUTER CONSORTIUM OF RUSSIAN UNIVERSITIES  ANTONOV A.S. CONSORTIUM OF RUSSIAN UNIVERSITIES
	TENSOR METHOD OF DUAL NETWORKS FOR DISTRIBUTED CALCULATIONS OF COMPLEX SYSTEMS  PETROV A. E. NATIONAL RESEARCH NUCLEAR UNIVERSITY MEPHI
	ПРОГРАММНО-АППАРАТНЫЙ МНОГОПРОЦЕССОРНЫЙ ВЫЧИСЛИТЕЛЬНЫЙ КОМПЛЕКСА (МВК) ДЛЯ ПОСТРОЕНИЯ ВЫСОКОПРОИЗВОДИТЕЛЬНЫХ ВЫЧИСЛИТЕЛЬНЫХ СИСТЕМ МУЛЬТИПЕТАФЛОПСНОГО ДИАПАЗОНА  ОТКРЫТОЕ АКЦИОНЕРНОЕ ОБЩЕСТВО Т-ПЛАТФОРМЫ
	THE HARDWARE-SOFTWARE THE MULTIPROCESSOR COMPUTING COMPLEX (MCC) FOR CREATION OF HIGH-PERFORMANCE COMPUTING SYSTEMS OF MULTIPETAFLOPS RANGE  T-PLATFORMY ОPEN JOINT STOCK COMPANY
	СУПЕРКОМПЬЮТЕРНЫЙ ИНТЕРКОННЕКТ  ИНСТИТУТ ПРОГРАММНЫХ СИСТЕМ ИМ. А.К. АЙЛАМАЗЯНА  РОССИЙСКОЙ АКАДЕМИИ НАУК
	SUPERCOMPUTER INTERCONNECT  INSTITUTE OF PROGRAM SYSTEMS OF A.K. AYLAMAZYAN  RUSSIAN ACADEMY OF SCIENCES
	СВЕТОФОРНЫЙ ОБЪЕКТ НОВОГО ПОКОЛЕНИЯ, РЕАЛИЗУЕМЫЙ НА ОСНОВЕ НЕЧЕТКОГО КОМПЬЮТЕРА  КРУГ П.Г., Д.Т.Н., ПРОФЕССОР , ПАВЕЛЬЕВ С.А., К.Т.Н., ИНЖ. 1 КАТ., ИГНАТОВ А.С., ИНЖ. 1 КАТ.,  МЭИ
	THE NEW GENERATION TRAFFIC LIGHT SYSTEM ON THE BASIS OF FUZZY LOGIC COMPUTER  KRUG P.G., DR.SC., PROFESSOR, PAVELYEV S.A., PH.D., SEN. ENG., IGNATOV A.S., SEN. ENG. MPEI
	
	
	EXACTUS EXPERT – СИСТЕМА СЕМАНТИЧЕСКОГО ПОИСКА И АНАЛИЗА НАУЧНЫХ ПУБЛИКАЦИЙ   ИЛЬЯ ТИХОМИРОВ, ИВАН СМИРНОВ, ГЕННАДИЙ ОСИПОВ ФГБУН ИНСТИТУТ СИСТЕМНОГО АНАЛИЗА РОССИЙСКОЙ АКАДЕМИИ НАУК (ИСА РАН)
	EXACTUS EXPERT – SEMANTIC SEARCH AND ANALYTICAL ENGINE  ILYA TIKHOMIROV, IVAN SMIRNOV, GENNADY OSIPOV INSTITUTE FOR SYSTEMS ANALYSIS OF RUSSIAN ACADEMY OF SCIENCES (ISA RAS)

