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NEPAPXMNYECKUWE METO/bI YVJIVAIIIEHW S
MACHITABUAPYEMOCTHU U 9OPEKTUBHOCTU
PACHHPEAEJIEHHBIX PACHETOB B CUCTEME
METAKOMIIBIOTUHI'A X-COM

C.H. Cobones

HIERARCHICAL METHODS OF PERFORMANCE
AND EFFICIENCY IMPROVING FOR DISTRIBUTED
COMPUTATIONS WITH X-COM

METACOMPUTING SYSTEM

S.I. Sobolev

Cucrema merakomibiotuara X-Com — mHCTpyMeHTapuil njisi Oprasusa-
MU PACTIPEIEIeHHBIX HEONHOPONHBIX BBIYHUCIATENBHBIX CPEJ W TPOBEIEeHUs
pPaCYeroB B TAKWX CPefaX. B craThe 06CYKAAIOTCS apDXUTEKTYDHBIE DEIIeHu,
npuMeHeHHbIE B cucreMe X-Com MOCIeIHEr0 MOKOJEHWs!, HATIPABICHHbE Ha
VIIydIIeHrue MaciITabupyeMOCTH 1 HOoBbleHue IhMEKTUBHOCTH PACIPEIeeH-
HBIX PACYETOB.

Kawuesne caosa: X-Com, MeMaxomnviomunz, pACRpedescHibie Ghiuc-
AEHUA

An X-Com metacomputing system is a software toolkit for an organization
of distributed heterogeneous computational environments and performing
computations in such environments. In this paper the architectural solutions
applied in the X-Com system of last generation and aimed to improving of
scalability and efficiency of distributed computations are discussed.

Keywords: X-Com, metacomputing, distributed computations

BBenenne

IIpumenenue TexHOJIOTMH pACHpEIENEHHBIX BBIYUC/IGHUM IS PEHIeHUsT OOJIBUIAX BbIMUCIIH-
TEJLHO CJOXKHBIX 33J134 CTAJIO MPUBHIYIHLIM daxToM. OgHAKO yKe cefiuac Ha STOM MyTH BCTAOT
fipobJieMBbl, CBI3aHHbBIE ¢ KOODAMHAIIMEN OTPOMHOI0 YKC/Ia B33UMOAECHCTBYIONINX KOMIILIOTEPOB U
TIOTOKOB JIAHHBIX MeXXAy HuMU. TeXHOMOoTHYIecKr HeCIOXKHO 00beTnHUTD A5 paboThl HaJ eIUHON
3ana4el, CKaykeM, HSTh CYNEePKOMIILIOTEPHRIX KOMILJIEKCOB, HAXOIANUXCS B Pa3/AYHBEIX DETH-
onax Poccun, onHako 3dbdekTuBHOCTH TaKOro pemrenus Oyzer nox BoupocoM. lIpearnonoxum,
00paboTKa OJHOM He3ABUCUMOM TIOPIHH 33Ja4W 3aHUMAET B CPEIHEM 5 MUHYT, a BCEI'O HAJ 33/1a~
ueit paboTaroT 6 THICSY TPOIECCOPOB pacupenenentoit cpeabl. Oprauusys pacaeTsl 0 00BIIHOM
KJIMEHT-CEePBEPHO CXeMe, MOJIyHuaeM, UYTO CepBep HOIXKEH KOpPPeKTHO obpabarbiBarh 10 40 xan-
EHTCKHX 3aI[POCOB B CeKyHy. Takasi HArpy3Ka Ha CEPREp paClpe/IeeHHBIX BbIYHCAEHUI MMeeT
TOT e IIOPAIOK, UTO U CyMMapHas Harpy3ka ua Beb-caiiTol koMmmanun Google, obcayxuBaeMble
bonpuMu pepmamu cepsepon. [Ipu 9ToM MBI He TPUHUMAEM B PacUeT 3aTPATHI PECYPCOB CEPBEPa
1A FeHEPAITHIO BLIYUCTUTENLHBIX TOpIiuit u 00paboTky pesyabraros. llpw mcunoab3oBanny mmd-
POBAHUS JAHHBIX HArPY3Ka Ha CepBEpP YBEIMYUTCH €ire Ha Hopsaok. KpoMe Toro, mpuseseHHbIE
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B Ka9ecTBe IpUMepa 6 THICTT MPOIECCOPOB — 3TO PEaJIuy CETOIHSATIIHEr0 NHA, OJTHAKO yKe ceidac
B Poccnu ¢rpositesa CyriepKOMIIBIOTEPHI € JIECITKaMU ThICSY MPOHECCOPHBIX sifiep. Mbl ecrecTBeH-
HbIM 00pa30M NPHUXOJUM K HeOOXOMMOCTH HUCHONML30BAHMSA PACHpENeNeHHbIX U MePAPXAIECKIX
TEXHOJOTHH IIPH OPTaHM3AIMK CaAMUX PaCIPeeIeHHbIX BBIYUC/ICHUI.

B HUBU MI'Y umenn M.B. JlomonocoBa pa3pabaTbiBaeTcd CHCTEMa METAKOMIBLIOTHHTA X-
Com [1, 4] — nporpaMMHBIi HHCTPYMEHTAPUH, UPEAHAZHAYEHHDIH A1 OPraHU3ALNY PACTIPEIENeH-
HBIX HEOIHOPOAHBIX BHIYHCIHTEIbHBIX CPEJ] 1 MPOBEJCHNS BbIYUCIEHINI B TAKHUX cpefax. basossl-
MH KOMTTOHEHTAMH CHCTEMbI ABJseTCd ceprep 3aaa9u 1 KiaenT X-Com. CepBep 3318491 0TBEYAET
3a pas3bueHne KOHKPETHOH NPUKIAIHON 331841 Ha HE3ABUCHMbBIE BBIYUC/TUTENBHbBIE TOPITAH, PAC-
fipejlesieHne WX Ha BBIYUCIUTE/IbHBIE Y3/ibl U 00be/IMHEHNE MOJIyIaeMbIX pe3yabraros. KimenTo
X-Com, ycTanaBauBaeMble Ha Y3J7aX, TPEHUMAIOT OT CEPBEPa NAHHBIE, 3aIIyCKAIOT BBIYUCTUTE H-
HbIE MOAYJIM DPUKAAHON 3a7a9¥ M OTHPABISIOT Pe3yJbraTbl 0bpaboTku nopiuil obpaTHO Ha
cepsep.

B nocienuue npa roga [6, 7] ocroBHast paboTa HaJ| CHCTEMOH GbLIa COCPEOTOUEHA HA YILy dlile-
HHUH €€ apXUTEKTYPhl C IE/JAbI0 ITOBBIIIICHMA Ma,CHITEL6I/IpyeMOCTI/I " Sd)d)eKTI/IBHOCTH IIPOBOOUMBIX
¢ noMonibio Hee pacyeroB. Haubosee BakHble peasiM30BaHHbBIE U IVIAHUDYEMBIE APXWTEKTYDHBIE
perierus 00CyKAAI0TCsi B HACTOSIIEN CTATHE.

1. Uepapxus <cepBep 337139 — CEPBUCHI 3aIIPOCOB>

Tpebosanue 06paboTku cepBepoM 3a7a4 KpaiiHe HHTEHCHBHOTO TIOTOKA 3aIPOCOB OT BBIYHC-
JIATE/ILHBIX Y3JI0B IIPUBOJUT K HEOOXOIWMOCTH PaCIpee/ieHus ero paboThl HA OTHEIbHBIE PO~
T{eCChl, cnocoDHbBIE BHLITIONHATLCA HA Pa3HBIX (u3myueckux Mmamimnax. EcrecTBeHHBIM TIpencTas-
Jstercst pazbuenue GbYHKIMOHAJIBHOCTH CepBEpa 3aJad Ha MPOIECC-KOOPAUHATOD, 00/1aaatorimit
mojtHOU wH(popMalmeil 0 Xo#e 3aJaud, W CEePBUCH! ODPabOTKH 3aIlpoCoB, B3auMOIEHCTBYIONTHE
HENOCPE/ICTBEHHO C BEIYHCIUTE/NLHBIMY y3/1aMu. Takas apxurekTypa Oyaer ocoberno a¢dhdexTus-
Ha [IPY BKJIIOYEHHOM MIN(POBAHNY JAHHBIX, TPEOYIOIIEM FOTOMHUTEIBHBIX 33TPAT HPOIECCOPHOTO
Bpemenu. B aTom ciayuae mudpopanne u e poBagne MOXKET TPOBOAUTHCH HA BBIIEIEHHBIX
KOMTIBIOTEPAX, HAIDY3Ka HA KOMIBLIOTED C MPONECCOM-KOODAMHATOPOM TPH TOM CYIIECTBEHHO
CHIDKAETCS.

B cepBepnoii wactu X-Com BBIAEAAIOTCS CJACAVIOUIAE THITHI 3aIPOCOB ¥ COOTBETCTBYIOIHUX
um cepsucos (puc. 1). Cepsuc TSR, orsedaer 3a Bbljlady NEPBOHAYAIBHON MHMOPMAIK O 3a/1a-
ge. Daiinosrlit ceppuc — 310 dbakTuyecku haljioBbIH CepBep, Y KOTOPOTO KJIUEHT 3aPAIIUBAET
daiinbl NpHKIaIHON 338491 ¥ BCIOMOTaTesbHbie (haflibl, ecid OHU HeoOGXomUMBI (0TMETHM, YTO
B Ka4eCTBE AJbTEPHATUBHOTO (DaiiJIoBOTO CEPBUCA MOXKET MCHOJIb30BaThCs 060 httpd-cepsep).
Yepes ceppuc REQ xiinedT 3anpammBaeT 09epeaHy 0 TOPHAIO JAHHBIX Y cepBepa 3aaauu. Pesyin-
TATHl BHITIOJIHEHHUS [PHKAATHON 387a9d HAJ JAHHBIME OYEpedHON MOPUKK KJWEHT [IePechLIaeT
ceppucy ASW. Cepeuc STAT mnpennazuauen 1 NPeFOCTABIEHAA CTATHCTUYECKON UHMOPMATUN
0 Xoxe pacuera B popmarax HTML u XML.

Obwmen nannbiMu Mexy KauenTamMu X-Com v cepBrCaMy 3aTIPOCOB TIPOU3BOAUTCS 1O CHETH-
ATBHOMY IHPOTOKOJIY Ha ocaore XML mosepx crasmaprroro mporokosa HTTP B cern TCP/IP.
O6Mer HaHHBIMA MEXKJy CEPBUCAMH 3alPOCOB W IIPOIECCOM-KOODAMHATOPOM Bejercs no 6ojiee
TIPOCTOMY ¥ 9KOHOMHYHOMY [IPOTOKOJLY, IIPUYEM OCYIIECTBJIATHCS OH MOXkeT Kak nosepx TCP /IP
(cepBsep 3a7[a4 ¥ TIPOIECCHI 3AIPOCOE MOTYT PaboTaTh HA PA3IUYHBIX KOMIBIOTEPAX; MOIIEPHKU-
Baercst B 1060t OC), Tak ¥ mocpescTBoM JOKanbubIX cokeros UNIX (cepsep 3a/1a4 U mporeccsr
BANTPOCOB TOIXKHBI paboTars Ha OFHOM KOMIBIOTEpe; mojjep:kuBaercs tonbko s OC cemeit-
crea UNIX/Linux). Ilepssiii cnoco6 Gosee yHuBepcasieH, BTopoil obecnednsaer 60siee BEICOKYIO
IIPOU3BOJINTENBHOCTE TPU Pab0Te BCEX CEPBEPHBIX MPOIECCOB HA OAHOM (HDU3UIECKOH MarluHe.

CepBep 337aun MOXKeT ObIThL 3alyIneH B pexkuMme Jo60ro M3 CepBUCOB BPYUHYIO (B JIOKY-
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Puc. 1. Crpykrypa ceppepa 3ajga4un X-Com

menrtarmu [2| panesiit pexxum o6o3HaueH kak Subserver). IIpu 9ToM B HACTPORKAX YKa3bIBAIOTCS
TOYKa JocTyna (Iapa XOCT-TIOPT WU UMsI COKETa) IPOUECCa-KOOPIAHATOPDA.

2. Uepapxua <nmoacucTemMa yIipaBJIeHUd 3aaHUIMUA —
cepBephl 3a4aT>

Pabora B MacimTabHOM pacrpefesienHol cpefe — 3TO, B TOM YHCJE, OTPOMHOE UHCIIO 33784
# HOJBb30BaTeNeH. 3aMyCK W KOHTPOIb MPOXOXKACHN 33008l B TaKUX CPEJax BPYyYHYIO HOHPO-
CTY HEBO3MOXKEH — CAUIIKOM MHOTO PaKTOPOB HYKHO yuecTh. HeobxouMbl TpOCTEIE M OHSITHBHIE
CPeCTBA B3aUMOIEHCTBHSI C TIO/IL30BATEISMHI, 8 TAKKE MEXaH3MbI IEHTPAJIN30BAHHOI0 YIIPABJe-
wud notokamu 3ananuii. B cucreme X-Com amu pyukimm 06eCIeunBatOTCst HOJACACTEMOM yIIPaB/ie-
uug 3agauusm XQSERV. Ipororun nogcucremsr XQSERV 6bi onmcan B pabore [3], sacrosaimas
CTAThsl OMUCHIBAET AKTYAJbHOE COCTOAHUE TIOACHCTEMBI.

Ilopcucrema ynpasienus 3aganusmu XQSERV cocTonT 13 cepBepHOit YacT, OTBEYAIONUIEH 32
pacIpeneseHue 33739 B BEITUCIUTENBbHOM cpefie, ¥ KINEHTCKON, Peann3yonel moas30BaTeIbCKIe
unrepdeticer (puc. 2). Itu uHTEPdEHCH TO3BOALIOT MOIB30BATENAM PAbOTATh € BBIYUCINTEN b
HOM CPeJoll ¢ MCTIOIL30BAHNEM TIPUBBLIYHBIX METa(Op TPAAUIIMOHHEIX BEICOKOTIPOHZBOIUTEIbHBIX
KOMILIEKCOB — IIOCTaBUTh 3aJjaHne uau Habop 3ajaHuil B 0UYepe/b, IPOKOHTPOJINPOBATL X0 HX
BBHITIOJIHEHUS, YAAJIUTE 337aHue u3 ouepeiu. ba3opwiii MeToa paboThl ¢ KJIMEHTOM IOJICHCTEMBI
yTIpaBieHUs] 33JIaHUSIMN — BHI3OB KJIMEHTa U3 KOMAHAHOM CTPOKH ¢ HEOOXOMMMBIME OIIVSIMH.
Obmenne Mexny xauerToMm u ceppepoM XQSERV moxkeT ocymecTBAsSThCS ABYMS COCOBAME —
gepes cokerst UNIX 6o nosepx TCP/IP. Tlepsuiit cioco6 paborociocoben ToJIbKO B OTIEpaliy-
onunoit cpejie UNIX/Linux u Tospko B ToM ciydae, Korga kiauent u cepsep XQSERV zanyumenw
Ha oHOM duznIecKoil MaluHe. DTOT CHoCcob CPEACTBAME OIEPalluOHHON CHCTeMbl 00ECTIeUNBAET
MOJIyIeHHE CEPBEPOM KOPPEKTHON uudopMaluy 06 MMeHH MOJH30BATENsA, BRI3BABIIEM KJIHEHTA.
Bropoii cioco6 obmena panusivu (TCP/IP) takoit undopmaunu, Boobine rosopsi, He ITPeSOCTaB-
JISIET, OJTHAKO OH BoJiee YHUBEPCAJICH W MOYKET HCIIOIB30BATHCA TTPH PaboTe KIIMEHTa Ha YIATeHHON
MaliHe C OTVIMYHON OT CepBEepHOHR onepanuoHHol CUCTeMOH.

Eme onun monnzoBarensckuit waTepdelic, peammsyembiit nogcucremoi XQSERV - Beb-
vHTepdeic, TO3BOILIONINN OTCACKIBATE 00IIIee COCTOAHNE 0YePean 3aJaHul ¥ XOI BBHIIOJHEHMS
KaKJA0W 330897 U3 OUepejn.
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Puc. 2. I[Toacucrema ynpapieHns 3aganusvu XQSERV

Cepsep noscucrembl yrnpasnenus 3agaanavu XQSERV (ynpassstorumii cepsep) peanmsyer
JIOTUKY PACIpeIeNneHus 3aaHuil B BEIYNCAUTENRHON cpene. 3a KaXKa0e KOHKPETHOE 33jaHne OT-
BeUYaeT CBOM cepBep 337a4M; C TOUKW 3PEHUS YHPABISIONIEro cepBepa 3aIyCK 3aJaHus 03HAUAET
3aIyCK COOTBETCTBYIOMIErO cepBepa 3aka4uu. B mpocTeiiineM ciiydae yIpPaBJsitOnnil cepBep opra-
HU3YEeT JUHEHHYIO O9epe/ib, 3AIlyCKas BCE TOCTYNAIOMAe OT MOMb30BaTeNel 332N MOCHeT0Ba-
TeTLHO Ha BCEX JOCTYIHBIX pecypcax. Takoit meron paciipefieieHus 3ajiaHuil Peaju3yer OCHOB-
HYI0 HJIEI0 METAKOMITBIOTEPHBIX BBEIYHCICHIH, 8 MMEHHO HCIIOIH30BAHIEe MAKCUMAIBLHOTO 00beMa
PECypCOB ISl PEHIieHus 33Ja4u, ¥ TO3BOJISeT JOCTHYDL MAKCHMAJbLHON CyMMAapHOH TIPON3BONM-
TEJILHOCTH TOJKJIIOUEHHBIX PDECYPCOB. JTOT METOJ, OJHAKO, He TapaHTUPYeT MAaKCUMATbHON ad-
G$HEKTHBHOCTY WX HCHOIL30BAHNS, B YaCTHOCTH, HE YINTHIBaA TPeOOBaHUs MPHUKIIHLIX 3389 K
TeM pecypcaM, Ha KOTODPbIX OHHU OyAyT BRIIOJHSTHCH. C APYyrofl CTOPOHEI, B PAJE CAy4aeB MOXKET
BOBHUKHYTL He0OXO/MMOCTL B OJfHOBpeMeHHON pabore Gosee ouoit 3ama4u. OueBnHO, HEODXO-
MBI METOAbLI JAVHAMUYECKOrO Pa3bueHus] BBIYUCAUTE]bHON CPEebl HE CECMEHTHI C 3a/[aHHBIMHA
CBOUCTBaMH, KaXKIbI U3 KOTOPHIX OYJET BBIAEJSTHCS OMHON 3ajade, MPHU 3TOM IPH H3MEHEHHH
cocraBa 3a/[@aHuil COCTaB CErMEHTOB TaKXKe OYIeT MEeHATHCS.

3. Uepapxuieckasi ceTMeHTAIIUdI CPeJIbl

3anaun B PacIpe/IeeHHoN cpeie MOTYT IPeIbaB/IATh PA3InYHble TPeOOBAHUST K PECypCaM,
Ha KOTOPBIX OHU JIOJIZKHBI BHINOIHATHCS. PacCMOTPUM TUIMYHBIH ciydaid [5]: npeamosoxnM, 910
BpeMsi 06pabOTKY KaXX 0N BHIYACTUTEIHLHON MOPIAN JOCTATOYHO BEAWKO, TIPH 3TOM OHO CYIIIe-
CTBEHHO 33aBHCHT OT TaKTOBOW YACTOTHI IPOLECCOPa, a Cpena OObeAHHSIET Y3/bl KaK C BBICOKOI,
tak u #Hu3ko# wacroroit CPU. B arom criyvae BIosiie BO3MOXKEH BapHaHT, TPH KOTOPOM cyabbie
Y3JIB1, TIOJIYYUB CBOM TOPIMK B CAMOM Hadgase 00pabOTKH 3a/iaHusl, He 3aKOHYAT UX 06paboTKy IO
MOMEHTa 33aBepIIeHns BCero pacdera. [loxiouenne Takux y3/I08B I JAHHOTO PACIETa OKAXKETCS
Herienecoobpa3HbiM; B TO XK€ BpPeMs, UX BIOJHE MOXKHO Obii0 OBl MCITOJB30BATDH, HAPUMED, JIJIs
penIenus OTHOCHTEABHO HeBOMBINX 33184 JIMD0 /i TECTOBBIX 3aITyCKOB TIPUIOKEHUH.

Ilpu nocranoBke 3aanus B ouepean XQSERV moxHO ykazaTs cieayroiue TpeboBaHuUs K pe-
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cypcam: MUHUMAJIBHYIO I MAKCHUMaJIbHyto TakToByio uacrory CPU u/unm npousBosuTeIbHOCTS,
MHUHUMAJIbHBINR U MAKCUMAJIbHBIH O0bEM ONEpATUBHON MaMSATH, MHUHUMAJILHOE ¥ MaKCHMAaJbHOE
YHCJI0 TPOIECCOPHBIX AEP, THI OMEPANMOHHON CHCTeMbl, TIDOECCOPHYI0 apxuTekTypy. Moxuo
TAK>Ke YKa3aTh CIMCOK KJIACTEPOB, HA KOTOPHIX DPAa3pelIaeTcs pacder (IPHHAJIEXHOCTh K Kia-
CTepaM ONpelessieTcs 0 UACHTH(MDUKATOPAM BLIUUCIUTENBHBIX Y3JI0B).

 Cepeep sapan |  Cepeep sanaun
(0 XCom . XCom

e

X-Com- |

3

S OC: Linux
.. CPU: x86_64

OC: Linux

" CPU. X86_64 QC: Linux

CPU: x86

PSS

¥ 0C: MSwinaz
| CPU:xB6._64 . o

'/ 0C: MSWin32 -
i CPU:xB86_84 ¥

PacnpepenevuHas
cpena

Puc. 3. Ilpumepsl cermMeHTanuu pacupeaeeHHoi cpeibl

YT0o0bB! peasM30BaTh ANHAMUTECKOE TIEPEPACIPEIC/ICHNE BEIYUCAUTEABLHBIX Y3JI0B MEXK Ty 3a-
JAHWAMH, B COCTAB TOCUCTEMEI yIpasienusa 3aaanuamu XQSERV sxmouen MenemKep KJIHEHTOB.
Memneni;kep KIHEHTOB TpeicTaBiisier coboll TpoIece-cepeep, K KOTOPOMY 00paIaioTes IPH MEPBOM
3aAMyCKE BCE KINEHTH! HA BRIYHCAUTEIBHBIX y31axX. MeHemKep nepeHanpasiseT BEUYnCIuTeIbHbIE
Y3JIbl K TEM CepBepaM 3ajiad, TPeOOBAHUSAM KOTODPHIX OHU COOTBETCTBYIOT, 60 (IpH OTCYTCTBUM
SABHO YKA3aHHBIX TPeOOBaHMil) pacrpeje/iser KJUEHTOB HOPOBHY HA KasKAYH 3aMYIEHHYIO 3a-
magy. Ecnv mMeercs HECKOMBKO OJHOBPEMEHHO PabOTAIONIAX 33734, ¥ MOAKIIOYAIOIUNCS y3e
Y/IOBJIETBODsiET TPebOBaHMSM KaXKI0H W3 HUX, OH OyHeT MepeHarpaBied K 3aJ/ade, 3allyeHHoi
panpie Beex. Ilocse 3aBepmenus 331391 KJIMEHTHl Ha Y3/JaX BHOBL OODAINAOTCH K MEHEIKEDY
38 HOBBIM HazHadeHHEeM. [IprMephl BOBMOXKHON CerMeHTanny pacipeeeHHON CPeIbl TPHBEIEHEI
Ha puc. 3.

4. HNepapxudg MpoOMe>KyTOYHBIX CEPBEPOB

PaccMorpensbie BBIIIE MEXaHM3Mbl MEPAPXUUIECKON CErMEHTAIIMU CPEeJibl PEaJIM3yIoT JIOTH-
YECKYI0 TPYIIHPOBKY BBIUUCUTENBHEIX pecypcoB. OmHAKO 3a9aCTYI0 PECYPCH PACHPEAEIEHHON
CPeJbl YKE UMEIOT SIBHO BRIPDAXKEHHYIO (DH3NYECKYI0 IPYINIAPOBKY, MIpejcTapids coboil, Hampu-
Mep, y3Jibl BBIUUCIUTEJbHBIX KJIACTEPOB WJIM MAITMHB KOMIBIOTEPHBIX KJIAaccoB. Kak npaBuiio,
TaKue y3Jbl Da3MENEHbl B PaMKOH 3aKpBITOH JOKaJbHOH CeTH, U3 KOTOPOH npaMOf JOCTYH K
cepeepy 3aja4 depe3 UurepHer MoxXeT OTCYyTCTBOBaTH o coobpakenusiM GesonacuaocTu. B arom
CNy9a€e B PaCIpEIe/eHHYI0 Cpeny MoXKer ObITh BBEJIEH €IIe OJIMH KOMIIOHEHT — HPOMEXKYTOU-
uetit (6ydepusupyiomuii) cepsep. C TOUKY 3peHUS HUKEIEKAIMMX Y3/I0B IHPOMEXYTOYHBIR cep-
BEP IIPEJCTABIALTCH €IMHCTBEHHBIM CEPBEPOM, JIOCTYIHBIM JAHHBIM y3JIaM, C TOUKHU K€ 3pCHUdA
OCHTPAJIBHOTO CePBEpa IIPOMEXKYTOUHBIH cepBep caM IIPeJCTaBIIAETCS BBIYUCIUTCIBHBIM Y3A0M.
ITomumMo opranm3anyuy AOCTYIIA B 3aKPBITYIO CETh, IPOMEXYTOUYHBIN CEPBED HECET eIlle OJHY BaK-
Hyw ¢yukuo — Oydepuzanuio oOMeHa JaHHLIMH MEXKIY <CBOUMHK®> Y3/aMHU ¥ MEHTPAJIbHBIM
CEPBEPOM, CHHMXKasd TeM CaMbIM HAIPDY3Ky Ha HErO 3a CYeT MUHAMU3AIINN YHUCIIa CEeTEBBIX COCIH-
HeHu# (9T0 JOCTHraeTCsl PPYNIMPOBKON HECKOJILKUX TOPIAH B €IUHOM 3aMPOCe) W ONTHUMUBAIIN
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cereBoro Tpaduka (KJIUEHT HA BHIYUCAUTENBLHOM Y37€ CKauuBaeT Heobxoaumble (hailyibl HE C 1EH-
TPAJILHOTO, & ¢ OJIMKARIIEro K HeMy TIPOMEXYTOYHOTO CEPBEpA).

Cepnep 3agaum

o i

NPOMENYTOUHBIE . (7oR b FiLE ke REQ by PEW
e | Ny

- Y."Knmeu'r |
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Puc. 4. Oprasuzanus BRIUHCAEHUHA C HCTOJb30BAHUEM ITPOMEXKYTOUHBIX CEPBEPOB

MexaHu3M TPOMEXKYTOUHBIX CEPBEPOB JOCTATOYHO TMOAPOOHO OIMCAH B IpeAblIylInX HyDIu-
Kanusx o cucreme X-Com, B gacrHocr#, B [7]. C TOUKM 3peHMs PEa/M3aIAM IPOMEXKY TOTHbIH
cepBep — 9TO OJMH M3 PeKUMOB paboThl cepsepa 3aiaun (B foKymenramyn [2] obo3madeH Kak
Proxy), mpu KOTOPOM B Ka4eCTBE <3aJa4M® TOJAKJIIOUAETCS MOJAYJIb, PEATH3YIOmni obuenne ¢
BBIIIECTOSIIIMM CEPBEPOM (IOJIHOCTHIO aHANOTMYHO KyuenTckoit yactu X-Com). Tlpomesxyroussie
CepBepbI TIO3BOFIOT (POPMUPOBATH PACTIPEACICHHYIO CPEly B BUJIE JepeBa C IPOU3BOJILHBIM YHC-
JI0OM FpYCOB, B KOpHEe KoToporo Oyner nenTpanbHbiii cepsep X-Com, B y3/1aX — TPOMEXKYTOIHEIE
CEPBEPHI, & JIMCThIMU OyIyT sBAAThCH KineHThl X-Com (puc. 4).

Xoremock 6 OTMETUTH, YTO AHAJIN3 MOEAN IPOMEKYTOUHBIX CEPBEPOB U UX Peain3ai(usi
CYUIECTBEHHO CHOCOOCTBOBAJIM BHEAPEHUI0 HEPAPXHUECKUX METO/OB U B APYTHMe KOMIOHEHTHI CH-
crembt X-Com.

5. Uepapxus «BBIYUCJIUTEJIbHBII KJINEHT — pabouune mpoiuecchr>

Knuenrtckas gacts X-Com (BbIMHCIMTENBHBIR KIUEHT), yCTAHABIMBAIOMIASCS Ha BCEX y3JIaxX
pacupeneseHHON Cpegbl WM BIAWMOAEHCTBYIONIAS C CEPBEPOM 3aJa49H, OTBEYAET 34 3alyCK BHI-
YUCIUTENBHON YaCcTH TPUKJIAIHON 33813491, APXUTEKTYDa COBPEMEHHBIX BBHIYHCAUTENIBHBIX Y3JI0B
MO3BOJISET 3AIYCKATh CPa3y HECKOJLKO BBIYMCINTEILHBIX IIPONECCOB Ha OZHOM yanae (0OBIYHO 110
YVCJIY TIPOTIECCOPHBIX sifiep ). B HacTositee BpeMs [ijis peajin3alini TOH BO3MOXKHOCTH Ha KayKJI0M
y3JI€ 3aIYCKAETCS TI0 HECKOIBKO KJneHTOB X-Com, KOTOphie B3auMOAEHCTBYIOT C CEPBEPOM 3aJad
¥ 3aIYCKAIOT BBIYACIUTENbHBIE TIPONECCH HE3ABUCUMO JIPYT OT Apyra. JIOTHYHBIM pecTaBiiser-
cst iepexont K pepcun kianenta X-Com, MoagepKuBaioneil MHOrOPOIeCCOPHEIE M MHOTOAIEDHEIE
xouduryparuu. Takoil kiuenT OyAeT 0JHOKPATHO CKAYWBATH BCe pabouue (ailyibl IMPUKIIATHON
3a/i99M Ha y3es (9TO MO3BOJIMT YMEHBLINUTH CeTeBoil Tpaduk M HArpy3Ky Ha CepBep 3a4a4) u
3aIlyCKaTh HEOOXOAUMOE YHCIO HAPAJUIELHBIX BIYHCIUTENBLHBIX HPoHeccos (puc. H).
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Puc. 5. [lepcuekTuBnas apxuteKTypa Kineata X-Com

ApxuTeKkTypa TaKOro KJNEHTA CJIErKa HAIIOMUHAET apXUTEKTYPY MPOMEXYTOUYHOTO CepBepa.
ABTOMATHICCKH TOSIBJISIETCS BO3MOKHOCTD 3aIYCKaTh HA y3JaX KaK YUCTO TOCTeA0BaTEIbHbIE
IpOrpaMMBbl, TaK ¥ OPOTPAMMBI, HAMHCaHHBIE ¢ ucnoap3oanueM OpenMP. Hucio 3anyckaeMbix
[POIIECCOB Ha y3J€ MOXKET YKa3bIBATHCH IPU YCTAHOBKE KJIUEHTA, 8 MOXKEeT ObITh HapaMeTpoM IIpH
3allyCKe KazKJao0# 3a/1a49u.

6. 3akJIO4YeHUue

Bresnpenue nepapxuvecKkux 1 PACIPe/Ie/IeHHbIX METOIOB 00pabOTKM JAHHBIX HA BCEX YPOBHAX
APXUTEKTYPHI CACTEMEI X-Com cnocobCTBYET CHUMKEHUIO HAKAATHBIX PACXOJ0B CHCTEMbI METAKOM-
OBIOTHHTS U, KaK CAEACTBIE, YBeanduBaeT 3hdeKTUBHOCTE ee paborel. Pacnpenenenne ¢hyHKIH-
OHAJILHOCTH CEPBEPA 3a/a4 Ha HE3ABUCHMbIE HPONECCH, CIIOCOOHBIE pabOTaTh HA OTAEIbHBIX KOM-
AOBIOTEepaX, YMEHBIIAET 3arpy3Ky TPOIeccopa ¥ KaHaJaoB cBA3W Kaxmo# u3 MammH. Honcucrema
yHpaBJIeHUs 33/JaHUAMU T03BOJiZeT pa3buTh BCE MHOMXKECTBO UMEIOIINXCSE BBIYUCIUTENbHBIX De-
CypCOB Ha MOJMHOXKECTBa, d(D@MEKTUBHO PEITAioIiye UMEOInecs TPUKIaJHbIe 33/Ia91, a4 KPOMe
TOTO, 0DECTIETINBAET BLICOKOYPOBHEBLIE OAB30BATENHLCKIE HHTEPMEHCH st paboThl B pacipee-
JieHHO# cpene. IlpoMexxyTounsie cepBepbl ONTUMU3UPYIOT NEPeaady OOABIINX 00bEMOB JHAHHBIX
M CHHKAIOT 3arpy3Ky MEHTPAJILHOTO CEPBEPa pacHpeie/eHHbIX Bhruucaennii. Mepapxudeckas op-
TraHU3ALKS KJIMEHTCKOH YaCTH TAKXKE IO3BOJIUT 3KOHOMUTBH CeTEeBOM TpadhUK U ONTUMU3IUPOBATH
3arDY3KY BBIMHCITUTENBHBIX V3TIOB.

Cmamova pexomMendosana k¥ nybAuKGUUY NPOZPAMMHYM KOMUMEMOM MEHNCOYHAPOIHOT HAYY-
noti kongepenyuy <llaposreavhbie suvuciumesvHble mexnoso2uy 2010,

Paboma swnoanaemcs npu noddepoicke epanmae Ilpesudenma PP oan moaoduwx yvenvr MK-
3040.2009.9 v wacmunnot noddepoicke naywHo-merHuveckotd npoepammot Corw3nozo zocydapemsa
CKHUH®-T'PH/I.
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