BAHT, cep. Maremarngeckoe MomesnpoBanne puszmdeckux mporeccoB. 2011. Bpim. 3

VIK 519.6

YIIPABJIEHUE
EJMHON KOMMYHUKAIITMOHHON CPEION
N3 [IPOI'PAMMHO-HE3ABUCUMBIX
KOMMYHUKAIIMOHHBIX [IOJCUCTEM

B. I'. Bacamaos
(POALI-BHUNDD)

Jlaerca onucanme paspaborannoro nakera nporpamm Multi Cluster Subnet Manager, saB-
JISIOMIETOCA MEHEIXKEPOM HPOTrPAMMHO-HE3ABUCUMBIX KOMMYHUKAIUOHHBIX MOJCUCTEM B CO-
CTaBe eINHON KOMMYHUKAIMOHHO cpeanl. [IpuBoauTCS Onucanne MEXaHU3MOB, PEAJIN30BaH-
HBIX B JAHHOM IMaKeTe I 0OHAPYKeHus, KOH(MDUTypUPOBAHNUS, AKTUBAIUA U TOILIEPKAHUS
IPOrPaMMHO-HE3ABUCUMBIX KOMMYHUKAIIMOHHBIX HOJCUCTEM.

Karoueswvie caosa: MHOTI'OIIponeCCoOpHad BBIYUCIUTEJIbHAA CHCTEMa, €AUNHAad KOMMYHUKAa-
IIUOHHAd Cpe€na, NpOrpaMMHO-HE€3aBUCUMad KOMMYHUKAIIlMOHHAd IMOACUCTEMa, JIOTHYECKad

KJIaCTepHU3alud, MeHeJ2Kep IOJICeTH.

Brenenue

KOJIquCTBO BBICOKOIIPOU3BOAUTEJIBHBIX BBIYIUC-
JINTEIFHBIX KOMILJIEKCOB, IOCTPOEHHBIX C UCIOTIH30-
BaHWEM KOMMYHUKAIIMOHHOI Cpeabl, OCHOBAHHO! Ha
apxurekType InfiniBand, nHenpepsiBHO yBenmuuBa-
ercd. B cBa3u ¢ 3TUM BO3HHMKAeT HEOOXOAMMOCTH
O6'be;{I/IHI/ITI) OTAECJIbHbIEC BBIYUCJIUTEJIbHBIE MOIIIHO-
CTH B €IUHOE IIeJIOE, COXPAHUB MPU ITOM HE3aBUCH-
MOCTB KazKJoil cocraBHOI dacTu. Takoe obbemmue-
HUE IIO3BOJINT HE3ABUCHUMBIM BBIYUCJINTECJIBHBIM CH-
cremam (BC) mosmy4urs mocTynm K pasHOro pojga 06-
UM pecypcaM, HaIpuMep eIWHOI cucTeme XpaHe-
HHUA JaHHBIX.

C npyroit CTOPOHBI, MOCTPOEHWE MHOTOIIPOIEC-
COPHBIX BBIYUCIUTENHHBIX KOMILIEKCOB C OOJIBINOit
(6omee 500 Tuonc) NPOU3BOAUTENBHOCTHIO MPH-
BOAUT K Pa3pPaCTaHWIO KOMMYHUKAIMOHHOW Cpe-
AbI. y}Ke Ccerognd pa3Mepbl TaKUX CHCTEM O0-
CTUTAXOT HECKOJIBKUX TbICAYT Y3JIOB. HaHLHEﬁIHee
yBeJndeHne KOJUIECTBA MCIOIb3YyEMBIX B HHX
YCTPO#CTB (KOMMYTaTOPOB, BBIYUCIUTENLHBIX y3-
JIOB U yCTPOICTB BBOAA-BBIBOJA) MPHUBEIET K TO-
My, 9TO CYyIIECTBYIOIIEe KOMMYHHUKAIMOHHOE IIPO-
rpaMMHOEe ObecliedeHre He CIPABATCA C yIpPaBJie-
HHEeM KOMMYHHKAIMOHHOW cpemoii. M36exarsb mo-
moOHOI cuTyanumum mTO3BOJIAET pa3bueHwme equHOM
KOMMYHHKAIIMOHHONW CPeIbl MHOTOMPOIECCOPHOTO
BBIYHCJIUATEIHHOTO KOMIIJIEKCA HA ITPOrPAMMHO-

HE3aBUCUMBIE KOMMYHUKAIWOHHBIE IIOACUCTEMBI,
Ha3BaHHBIE JIOTHYECKMMH Kiacrepamu. Jlormde-
CKUMU KJjaCTE€paMU YIPAaBJAIOT HE3aBUCUMBIE MeE-
HEJI2KEPbI, KOTOPhIe 00ECIIeINBAIOT BBIIOJHEHNE 3a-
J1ad HA BCEM BBIYUCIUTEIHHOM I0JI€ KOMILJIEKCA.

Pemenne ykazauHbIX IpPOOJIEM 3aJI0’KEHO B ap-
xurekrype InfiniBand. Omna mo3sonsger obbenu-
HATh OTHeJbHBIE HoAceTH ¢ mnomombio IB-to-IB-
KOMMYyTaTOpa, KaxKjad IOJACeTb CONEPXKUT OAUH
niu 6ojlee KOMMYTATOPOB M BBIYHCIUTENHHBIX MO-
nyneit (BM). Tlpumep Takoit KOMMYHWKAIMOHHON
cpezbl mpejicTaBjeH Ha puc. 1.

Kaxmaa momcers ympaBaserca aBTOHOMHO. Ha
YPOBHE IIOZACETH aJpecanus MeXKJy y3JlaMh IIpO-
WCXOIUT C TOMOIIBIO JIOKAJBHBIX HIAEHTHMUKATO-
pos LID (Local Identifier). VYcrpoiicTBa, Haxoms-
Iyecd B PA3JIMYHBIX MIOJICETHAX, aJPEeCcyIoTcd depe3
IB-to-IB-koMMyTaTOpPBI MOCPEACTBOM INIODAIBHBIX
unearuduraropos GID (Global Identifier).

OCHOBHI)IMI/I JOCTONMHCTBaAMMA TAKOM CXEMBI ABJIS-
FOTCH:

- MaCIHTa,6I/Ipy6MOCTI) BBIYUC/INTECJIBHBIX KOM-

ILJIEKCOB;

— BO3MOXKHOCTh nybmupoBanusa LID B pasmbIx

mo/iCceTX;

— OrpaHwYeHne PaCIPOCTPAHEHUS IOCJIEICTBUT

OTKAa30B B pabOTe M TONIOJOTMIECKUX HU3MEHe-
HU;
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BM
BM
IB-110/1CETH
BM
IB-moJiceTh BM
BM BM

BM
BM BM
IB-110/1CETH
IB-to-IB
KOMMYTaTop
IB-11o1ceTh
BM IB-to-IB
KOMMYTATOP
BM BM

Puc. 1. KomnoneHTbI equHO KOMMYHHUKAIHOHHON CPeIbI

— OrpaHHYeHHe IPAHUI YIPABIEHAT KOMMYHHIKA-
LUOHHOM cpexoit [1].

K coxasenuto, npuBeIeHHBIN BBINIE MEXAHU3M B
HACTOMINEe BpeMs HE pPeajn30BaH HU B aIlImapaT-
HOIi, HU B mporpaMMHo# dactu. Hadasmo mpousBoa-
crBa [B-to-IB-komMmyTaTopoB OBLIO HamMedYeHO Ha
2008 roxm, HO B CBA3H C OTCYTCTBUEM CIIPOCA WX BHI-
MyCK OTJIOXKEH HA HeoIpejesieHHOe BpeMd. V3 ma-
TepuaioB MexyHapOZHOTO CHMIIO3WYMa, ITPOIIE/I-
mero Becuoit 2008 r. B Comoma (CIIIA) [2], cremy-
eT, 9TO pa3paboTKa MPOrpPaMMHON MOAAEPKKA JJId
IB-to-IB-koMMyTaTOpOB CTApTyeT TOJBKO IOCTE
Hadaja UX MIPOU3BOACTBA. B CBA3UM C BHIIIECKA-
3aHHBIM CTaJIa AKTYyaJbHOH pa3paboTKa TEXHOJIO-
TUM IO YIPAaBJICHUIO €JUHOM KOMMYHUKAIIMOHHON
Cpenoil U3 MpOrpaMMHO-HE3aBUCUMBIX KOMMYHUKA-
IUOHHBIX IOJICUCTEM 0e3 mcmojib3oBanud [B-to-IB-
KOMMYTaTOPOB.

B craThe onuckiBaeTCda CO3MAHHBIN aBTOPOM Ia-
ker mporpamm Multi Cluster Subnet Manager
(MCSM). MCSM sBnsierca MeHeIKepOM IOICETH
HE3aBUCHMOIO JIOTHIECKOTO KJIACTEpAa, BXOMAIIETO
B COCTaB €IWHONW KOMMYHHKAIMOHHON cpeabl. Ha
puc. 2 mpeacTaBieH BBIYUCIUTEIbHBIA KOMILIEKC,
eMHAA KOMMYHHKAIMOHHAA Cpesa KOToporo obpa-
3oBaHa cimganeM aByX BC ¢ 1mesbio mosydenus o0-
cryma K obmreit ¢hailyioBoil momcucTeme.

Kaxaprit He3aBUCHMBIH JIOTWYECKUH KJACTep
yupapisgerca 3amyuieHasiM Ha HeM MCOSM. Oysk-
muamu MCSM gBagiorca obHapykeHue, KOHU-
rypUpOBaHUE, AKTUBAIUSA U IOIJEPKAHAE KOMMY-
HUKAIIMOHHON MOACETH HE3ABHUCUMOIO JIOTHIECKOTO
KJIACTEPA, & TAK2Ke IIOCTPOEHHWE MAPUIPYyTOB IeEpe-
Ta9¥ JAHHBIX KaK MEXKJY y3JIaM{ BHYTPHU HE3aBU-
CHMOTO JIOTHYIECKOTO KJIACTEPA, TaK W MEXKIY Y3-

JIaMU pa3HbIX HE3aBUCUMBIX JIOTHIECKUX KJIACTEPOB
€IVHOI KOMMYHUKAIIUOHHON Cpebl.

HezaBucumas jiormuyeckasi KJiiacrepmu3anuda

Bes wucnonszoBanuma  IB-to-IB-xkommyTaTropos
O6'bel[I/IHeHI/Ie HECKOJIBKUX HE3aBUCHUMBIX JIOTHYEe-
CKIX KJIACTEPOB B E€IWHYI0 KOMMYHUKAIMOHHYIO
cpeny mpencraBiager coboit obbranyo IB-momacers,
KOTOpad COMEPKUT HADOP KOHEYIHBIX y3J10B — BM,
COEIMHEHHBIX MEXKAy CO00il KOMMYHHKAIIXMOHHON
cpezioit, cocrodmieil U3 KOMMYTATOPOB MU JIMHUH
CB3H, TOJIHKO OOJIBIIETO pa3Mepa.

OcHoBHoI pobsemoii npu co3gannu MCSM cra-
J10 OOHAPY?KEHUE TOIOJIOTUY HE3aBUCUMBIX JIOTHYIE-
cKuX KjaacTepoB. [loCKONBKY OHEM HE OTpaHWYEHBI
KOHeuHbIMU TOpramu (B apxumrekType InfiniBand
moptamu [B-to-IB-KoMMyTaTOpOB 4BIAIOTCA Ka-
HaJbHBIE ATANTEpPhl, KaK B BHIUYUCIUTEIbHBIX Y3-
Jax), TO NPH 3aIlyCKe CTAHAAPTHOrO MEHEIKEPA
IIOJICeTH Ha JIIOOOM JIOTMYECKOM KJjacrepe Oymer
obHapyKeHa BCA eAWHAS KOMMYHHUKAIMOHHAA Cpe-
ma. [Tosromy HEOOXOAMMO OrpaHHYUTH MPOIECC 00-
HapyzKeHNs TOIOJIOTUN KOMMYHUKAIUOHHOM Cpeznl
npenelaMu JIOTHIECKOTO KJIacTePA.

Kazxgpiit tormgecknii Kiacrep eguHON KOMMYHHU-
KaIlMOHHON CpeIbl MCKYCCTBEHHO OTPAHWIMBAETCI
KOMMYTAaTOPpaMu U IIOPTAaMW Ha HUX, HA3BAHHBIMU
2PAHUYHDIMYU KOMMYTATOPaAMH 1 opTaMu. ['panmd-
HBIMU KOMMYTATOPAaMH HE3aBUCHMOTO JIOTHIECKOTO
KJIacTepa ABJIAIOTCA T€ KOMMYTATOPBI, HOPTBI KO-
TOPBIX HENOCPEICTBEHHO COEIWHEHBI JIMHUIMHA CBA-
31 C KOMMYTAaTOPpaMU APYTUX HE3aBUCUMBIX JIOTUYIE-
cKux KjacTtepoB. Ha puc. 3 rpaHwYIHBIE KOMMYTa-
TOPBI BBIJIEJIEHBl IITPUXOBKOH. Duamueckme HOMe-
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Jornueckmnii
Kiaacrep 1

Puc. 2. Tonosiorus equHO# KOMMYHHUKAIMOHHONR CPebI

Eannasa daiiioBas
nojacucreMa

Jornuecknii
cractep 3

Jornueckmii
RJIacTep 2

Jorrueckrnt kmactep 1

JlorirgecKini Kiactep 2

Puc. 3. IIpumep nporecca obHAPYKEHUS TOMOJIOIUU JIOTHIECKOrO KIIACTEPA

pa GUID (Globally Unique Identifier) rparmaabix
KOMMYTATOPOB W HOMEpa IPAHUYHBIX MOPTOB 3aHO-
cATCA B KOH(MUI'YPAIMOHHBIN (ail, miId KaxKIaoro
JIOTHYECKOTrO KJIACTEPA — B CBOM COOCTBEHHBIH.
Paccmorpum nogpobuee npumep mporecca obHa-
PY?KEHHUS TOMOJOTMY KOMMYHUKAIIMOHHON CpEIbI,

peanuzoBanabiii B MCSM u npexcraBiaeHHBIR Ha
puc. 3. MCSM 3anyckaeTcd Ha HHCTPYMEHTATILHOM
BM morugeckoro knacrepa 1. Ha Bcex ycrpoiicTBax
IB-nogcern 3amyckaroTca areHThl MEeHeIKepa IMOA-
ceru (SMA), B 3aa1y KOTOPBIX BXOAUT 00paboTKa
zanpocoB or MCSM. Kaxgas crpenka wa puc. 3
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pPEeJCTaBIgEeT 3aMpPOC O COCTOAHUU Y374, MOCIAH-
wbiit MCSM. Howmep, cooTBeTCTByMOIIUN CTPEIKE,
IIOKa3bIBACT, B KAKOM IIOPAAKE 3TU 3aIPOCHI IIOCHI-
smanuck. [lepBhIit 3aIIpOC MOCHLTAETCA B KAHAJIBHBIHN
amanrep BM, ma koropom zanymen MCSM. Tlocie
oTBera Ha 3ampoc 2 MCSM mochiiaeT HOBbIE 3aIPO-
CBbl, UMeronre HOMepa 3 u 4, depe3 Bce aKTHUBHBIE
mopThl KoMMyTaropa. (COOTBETCTBEHHO, MOJIYYWB
orBer Ha 3ampoc 3, MCSM mocekliaeT 3ampocsr b
u 6. B cBOIO Ouepesn, MOIyYMB OTBET HA 3AIPOC
¢ somepom 4, MCSM onpegeiger, 94To OpuUIiea OH
OT TPAHUIHOTO KOMMYyTaTopa. KoMMmyTaTop mmeer
TPU AKTHBHBIX MOPTa, Y€PE3 KOTOPHIE MOXKHO IO-
CJaTh HOBBIE 3aIPOCHI, HO, TAK KAaK OJUH U3 HUX
apngercd rpaaugabiM, MCSM chopmupyer TorbKO
[IBa, 3a1IPOCa, IIOMEYEHHbIE HA PUCYHKE HOMepaMu 7
u 8. B pesymprare mpomecc oOHAPYXKEHUS TOIO-
JIOTUY KOMMYHUKAIIMOHHON CpeZibl OrPAHNYNBAETCS
¥ HE PACIpPOCTPAHAETCH 33 MPEIEJIbl JIOTHIECKOTO
KJIacTepa.

Ob6HuapyKeHue U3MEeHEHU TOIIOJIOTUN

Apxurekrypa InfiniBand onpenenser msa mexa-
HU3Ma 06Hapy}KeHI/IH U3MEHEHUN TOIIOJIOTUH: Oo1rpocC
HOZCeTH U CHCTeMHOe npepbiBanue [3]|. /3menenue
TOIOJIOTAY TOJ[CETH TPOUCXOIUT TOTJIA, KOTJIA, H3Me-
HAETCAd COCTOAHNE XOTA 61:-1 OAHOI'0 MOpPpTa B KOMMY-
HUKAIIMOHHON Cpejie, HAlpUMEp, BCIEICTBHE OTKA3a
0boOpyIOBaHUS.

B MCSM peanu3oBanbl 00a BBINIEHA3BAHHBIX Me-
xaHm3ma. Kaxgpiii MCSM orciexuBaer usmene-
HUS TOIOJIOTHU TOJIBKO B CBOEM JIOTHYECKOM KJia-
crepe u Hu4ero "He 3HaeT" 0 TOIMOJIOrnYeCcKuX n3Me-
HEHUAX, IPOUCXOAAINX B APYTUX JIOTUICCKUX KJIa-
crepax. DTHM JOCTHUTAETCS OrpPaHUYEHHE PACIpO-
CTpaHEeHWs MOCJEICTBUI OTKAa30B B paboTe W TOMO-
JIOTHYECKUX W3MEHEHUH MpeaeiaMu OJTHOTO JIOTTIe-
CKOTO KJIACTEPA, UTO MO3BOJIAET HE JIOIYCKATH BJIH-
dHAA HA (PYHKIMOHWPOBAHWE OCTAJBHBIX dYacTeil
eqUHON KOMMYHUKAIIUOHHON Cpenbl.

HaznaueHnue J0KaJABHBIX UAeHTU(DUKATOPOB
y3JjIaM €QWHOM KOMMYHUKAIMOHHOMN Cpebl

B mpomecce obHAPYKEHHS JOTMYECKOrO KJIacTe-
pa MCSM mnazmagaer LID mna xaxkmoro obrapy-
JKEHHOro y3ia. Anpecuoe npocrparcTBo LID mos-
BOJIAET 3aJeiiCTBOBATh B eIWHOU KOMMYHUKAIIMOH-
voit cpeme mo 49151 mopros. Kaxxmomy mopry B
€IUHOI KOMMYHUKAIIMOHHOHU CpeJie IPUCBAUBACTCI
yuukaababiit LID. MCSM wumeer nBa mexaHu3Mma

HazHadyenuda LID: ma3zmadenme caydaiinoro LID u
HazHadeHne mpegonpenenenaoro LID.

B mepBoMm ciyuae, 3Hag 3apaHee IpUMEPHOE TUC-
JIO TIOPTOB B KaXKJOM JIOTHYIECKOM KJACTepe, MOXK-
HO pa3durh Bce aapecuoe mpocrpancTBo LID Ha
HellepeceKaoIuecd MOAMHOXKECTBA Iy TeM Ha3Hade-
Hug MuHEMaJabHOTro LID mIa KazKmoro Jormyeckoro
kmacrepa (puc. 4). Ha3naueHwe JOKaIbHBIX HJEH-
TH(UKATOPOB I KaXKJAOTO JIOTHIECKOTO KJIacTe-
Pa HaYMHAETCA C MUHHMAJIBHOI'O 3HAQYEHUd, OIIpPE-
IesleHHOro B KOH(purypanuounaoMm daiiae, KoTopoe
3aTEM YBeJNINBAETCA HA €IVHUIY JJId KaXKJI0ro 00-
HaPy?KEHHOTO MOPTa. BHYTPHU JIOrn4ecKoro KJacre-
pa HasHadeHme LID mopTraM HTpOMCXOIUT CIydaii-
HBIM 0DOpPa30M.

ﬂOCTOI/IHCTBOM 9TOI'0 MEXaHU3Ma dAdBJIAETCd TO,
9TO MOATOTOBUTENbHAd paboTa mpocTa: 3apaHee
[T KaXKJIOrO JIOTHYIECKOTo KJlacTepa HeoOXOmuMO
ompeneauTs TOAbKO ero muauMaababIH LID. Hemo-
CTATOK — HEBO3MOXKHOCTh FAPAHTHUHU TOTO, ITO Of-
HOMY mOpTy Oymer mHasHaden oguH u TOT ke LID
Ipu Pa3HBIX MPOIECCAX ODHAPYKEHWHA TOIOJJOTHHI
KOMMYHUKAIIMOHHON CpEJIbI.

DTOT HEIOCTATOK YCTPAHAETCS IIPU HCHOJIB30-
BaHHMU MexaHmW3Ma mpexonpenenenasrx LID. On
mpeaycMaTpuBaeT OOJBIIYI0 MOATOTOBUTENHHYIO
pabory. Heobxomumo co3mars u momaepKuBaTh 0a-
3y JaHHBIX 000 BCEX YCTPOMCTBAX €IMHON KOMMYHH-
KalmoHHOM cpenpl. baza cogepxkur GUID kaxzgo-
ro IOpTa €JWHOM KOMMYHHMKAIIMOHHOI Cpelibl U 3a-
panee mpucBoeHHbIH emy yaukaabHbIH LID. Obma-
maHme 3Toit nadopMaIueil 3HAIUTETLHO 0DJIerdaer
TONTEPXKKY MPUIOKEHUN, HCIOJb3YIOUUX TPAHC-
noprasle nporokoast RDMA [1] u IPoIB [4].

LIDmi
Musrnvaawaent 11D norrrieckoro kiactepa Mol min

Ilpocrpanctro LI Jormveckoro kixacrepa Mol

Peseppuoc npocrparcrso LID  jorim. kinacrepa Mol
Mimnmsageneni LID noririeckoro kaactepa No2

TIpoctpancTeo LID Jorrieckoro kmactepa No2

Pesepsuoc npocrpaicrso LID  nori. kiacrepa No2

Puc. 4. Axapecnoe npocrpauctso LID egunoit KoMMyHu-

KAIIMOHHOM Cpenbl
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Bpranciaenune mapuipyTHbIX TabJmIy

Ucnonp3yda TeKyUIyio TOMOJIOTHIECKyo WHDOp-
MAIAI0, MOJYIEHHYIO B IPOImecce OOHAPYXKEHUS Ce-
T, MCSM mosnkeH co3maTh OyTH B €QUHON KOM-
MYHUKAIIMOHHOR Cpejie, MO0 KOTOPHIM IMTAKeThI JaH-
HbIX OyAyT mocTuraTh NyHKTA HasHadeHud. Jlpyru-
MU CJIOBAMH, €My HeODXOAUMO BBHIYUCIUTH MapIi-
pyTHBIE TAOJAIBI JJId KaXKIOT0 KOMMYTAaTOPa CBO-
€ro JIorm4eckoro kjacrepa. Mapmpyrraa Tabin-
I1a, KOMMYTATOPa MPeACTaBIIeT CODOH OTHOMEPHBII
MAaCCUB, HOMEPAMH JJIEMEHTOB KOTOPOTO SBJISIOT-
ca momepa LID y3moB, a 3Ha9eHUAMEI TUX JI€MEH-
TOB — HOMEPA IMOPTOB KOMMYTATOPA.

Asnropur™m Bbramcienua myreit 8 MCSM pasme-
JIeH Ha ABa drama. Ha mepBoM dTame OCyIecTBIId-
eTCd BBIYUCJIEHNE MyTell BHYTPU JOTHIECKOTO KJla-
CcTepa, KOTOPOE BBIMOJHAETCS C IOMOIIBI CTAaH-
JapTHBIX AJITOPUTMOB MAaPIIPyTH3AIMUKN, PEATIUZ0-
Bagablx B OpenSM [4]. B macroamee Bpemsa B
MCSM wucmomp3yoTca aJropuTMbl MAapIIpyTH3a-
muun Min Hop, Up/Down u DOR [5]. Ha kaxzom
JIOTUYECKOM KJIACTepe MOXKET OBITh 3aIyIeH TOT
aJITOPUTM, KOTOPBIA JIydIlle COOTBETCTBYET €ro TO-
mojioruu. Hamnpumep, eciin TOMOJIOrUs JIOTHIECKOTO
KJIacTepa mpenacTasBigeT coboit rumepkyd, MCSM
Ha HeM cjexmyer 3amyckars ¢ aaropurmom DOR.

Ha BTOpOM 3Tame ocyurecTBiseTcd BBIYHUCIEHUE
myTell MeXKy y3JIaMU JOTHIECKUX KJIACTEPOB eliu-
HOI KOMMYHUKAIIMOHHON cpenbl. B kaxxmom jorn-
9eCKOM KJIACTEPEe ONPEIEIIIOTCI TPAH3UTHbIE KOM-
MYTaTOPbI U IIOPTHI, Y€PE3 KOTOPBIE IPOUCXOAUT 00-
MeH wH@OpPMANuel C APYTUMHU JIOTHIECKUMA KJIa-
crepamu. Bce TpaH3UTHBIE KOMMYTATOPHI JIOTHIE-
CKOro KJjacrepa 0bd3aresbHO OYAyT rDAHHYIHBIMH,
HO He BCe TDAHWYHBbIE KOMMYTATOPHI OyAyT TpaH-
3UTHBIMH. JTa HHGOPMAIUSA OIpeaendeTcd 3apa-
Hee U XxpaHuTCca B KoHburyparmuounanom daitae. Uc-
mone3yda ee, MCSM momosnnager MapuipyTHbIE Tab-
JIATBI, CO3[aHHBIE HA MEPBOM 3JTAIl€ BBHIIOJHEHUS
QJITOPUTMa MAPIIPYyTH3AIUAN, TOPTaMu, ODecredIn-
BAIOIIMMU IOCTHKeHHe y3ia ¢ aobbsiMm LID B enn-
HOI KOMMYHUKAIMOHHOH cpeme. Ecim mexay jgorn-
YECKUMU KJIACTEPAMU CyIIECTBYET HECKOJIBKO TPAH-
3UTHBIX KOMMYTATOPOB U JIMHWUH CBA3U, OHU 3arpy-
JKAIOTCA PABHOMEPHO.

Hekotopsie npunoxenns, paboTaOININE B €AUHOM
KOMMYHUKAIMOHHON! Cpejle, WCIOIb3YIOT TPAaHC-
mopTHbie TPOTOKOJAbI RDMA u IPolB. Ogaum u3
TAKUX MPUJIOKEHUN I MYJIBTUIPONECCOPHBIX CH-
CTeM dABJIAETCA MapaJjulesibHasg (dailaoBasg cucTeMa
Lustre [6]. B ocuoBe >Toii cucrembl jexur Mexa-
HU3M Kauenm-cepsep. llocTpoeHme kKaHasa CBA3U

MEKy KJINEHTOM W CEPBEPOM MPOUCXOIUT CIIEIY IO
M 06pa3oMm:

— HCTOYHUK dYepe3 IIMPOKOBEIATENbHYIO CEThb
(apxurexrypa InfiniBand mogmep:xxusaer kos-
JIeKTUBHBIE OOMEHBI) IIOCBLIAET 3aIPOC, COIEpP-
xamwmit GUID momygarens;

— y3en, GUID koToporo coBmasn ¢ IpuCTaHHBIM,
HaIlIpaBJIdeT CBO#1 OTBET B HUCTOYHHK]

— WCTOYHUK IMOCBHLIAET MOATBEPXKIEHUE 00 yCTa-
HOBJICHUHN KaHaJIa.

g mnommep:KKu KOJJIEKTUBHBIX OOMEHOB B
MCSM pazpaboran MEXaHU3M CO3JAHUSA MAPIIPYT-
HBIX TaOJIAI KOJJIEKTHBHBIX OOMEHOB B €IUHOM KOM-
MYHUKAIMOHHOM cpeme. B kaxkmoM He3aBHCHMOM
JIOTMYECKOM KJIACTEpe I KaXKJOr0 KOMMYTaTopa
BBIYHCILAIOTCI MapIIPYTHbIE TaOIHUIIBl KOJIEKTUB-
HBIX OOMEHOB, O0pa3yrolime IepeBO CBA3ed MexK-
ny BM. Heobxomumo oObeIWHUTH JIOKAJIBHBIE JIe-
PEeBbs JIOTUIECKUX KJIACTEPOB B TIIOOAIHHOE TEPEBO
€IMHON KOMMYHUKAIMOHHON cpenbl. g sToro B
KaXKJIOM JIOTHIECKOM KJIacTepe 3apaHee BbIOMpaeT-
Cd KOMMYTATOp, B MapUIPYTHYIO TabJIUIly KOJLIEK-
TUBHBIX 0OMEHOB KOTOpOro Oyzer mobaBiieH HOMED
IOPTa, BeAYLIEr0 B CMEXKHBIN JIOTHIeCKHU KJIacTep.
GUID rommyraropa u Homep mopra MCSM moiy-
qaeT u3 KOHQPUryparnoHHOro ¢aiira.

Tecrupoanue M CSM

Jaa npoeepru dyuknuonupoarus MCSM 0Obi-
sma cobpana skcmepumenTansbHad BC, B KOTOpyIO
BOIIIM CJIEYIOIINE aIlapaTHBIE W MPOrPAMMHBIE
KOMIIOHEHTHI:

— Tpu 24-noprosuix InfiniBand-kommyTaropa;

— 1recThb cepBepos SuperMicro Ha 6a3e mporecco-
poB AMD Opteron 2I'T'y, RAM — 16 I'6aiir,
ceresoit InfiniBand-aganrep — Host Channel
Adapter (HCA) Voltaire 400EX;

— cepsep mop yupasieaunem OC Windows 2000
(s agMUHECTPUPOBAHNA );

— omepamuonHas cucrema Red Hat Enterprise
Linux AS 4 (Nahant Update 1, saapo
2.6.21.6) [7];

— mporpaMMHOe obecriedeHue JIid KOMMYHUKAIA-
ouHoit cpeapl InfiniBand — OFED-1.2.0 [8];

Lust-

— mapaJjenbHas  aitaoBad

re-1.6.5.

cucreMa

Ha pmc. 5 mpexcraBieHa cxeMa egUHON KOMMY-
HUKAIIMOHHON Cpejbl 3KcnepuMenTaabaoit BC, Bup-
TyaJIbHO Pa3/eJIeHHONW Ha TPHW HE3aBUCUMBIX JIOTH-
qecKux KJuacrepa. KaxKzplif jJormdyeckuii KiracTep
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YuopaBrenne eqnHONH KOMMYHHKAIIHOHHONH CPEIOH. . .

KoMMmyTarTopl

InfiniBand- = o = e

InfiniBand-
KOMMYTATOp 2

InfiniBand-
KOMMYTAaTOp 3

HHcTpyMeHTAIbHBIIH
cepsep

Puc. 5.
InfiniBand)

yupasiasgerca ceoum MCSM c onpemeneHHBIME 3a-
paHEe TPaHUYIHBIMU YCJIOBUAMMU.

[IpoBepka GyHKIMOHMPOBAHUSA €IUHOU KOMMY-
HUKAI[UOHHON Ccpeapl 3KkcuepuMenTaabaoii BC mpo-
M3BOAMJIACH KAK C MOMOIIBI0 HU3KOYPOBHEBBIX Te-
croB, Bxomgmux B maker OFED-1.2.0 m wumero-
muX pas3Hble TPaHCIOPTHBIE TPOTOKOIBl (RDMA,
[PoIB), tak u ¢ momompo MPI-upunoxenuii (Tect
PMB). Tecrossie 3amaun 3amyckanucs aa BM, Ha-
XOALAIIUXCH KaK B OJHOM JIOTHYECKOM KJIACTEPE,
TaK W B Pa3HBIX JOTHIECKUX KJIACTEPAX, & TaKIKe
Ha BCEM BBIYHUCJIUTEIIBHOM IIOJIE IKCIIEPUMEHTAJIb-
uoit BC.

[Ipu TecTupoBaHUy HA KaXKOM JIOTUIECKOM KJIa-
crepe 6bu1 3amyiien IB-agmunucrporop (8], npex-
cTaBygiomuii coboil makeT AMATHOCTHYECKUX yTH-
gutr. B mpomecce paboThl agMUHHCTPATOP depe3
MCSM cobupaer nHGOPMAIUIO O COCTOAHUN Y3JI0B,
IIOPTOB ¥ CBHA3€dl JIOTUYIECKOTO KJIACTepa W Mpeso-
CTaBJIFET ee MOJb30BATEIO.

3aKJiroueHue

Pazpaboranusriit maker mporpamm MCSM mpen-
craBiger CODOW MeHeIKEDP KOMMYHHUKAIUOHHON
CpeIlbl JIOTHIECKOTO KJIACTEPA, SBISIOMIErOCd da-
CTBIO €JIMHON KOMMYHUKAIIMOHHON CPeIbl BHIYUCIIH-
resibHOrO KoMmiiekca. MCOSM obecneunBaer obHA-
pyKeHue, KOH(PUTYypHPOBAHNME, AKTUBAIUIO W TOJ-

Jlormueckas KaCTepU3alusd eJUHON KOMMYHHKAIMOHHOH Cpeapl dKkcnepuMenTanbHoi BC (—:-—- —

IeprKaHne KOMMYHHKAIIMOHHON CPeIbl JIOTHIECKO-
r'0 KJIaCTEPA, & TAKKE MAPIIPYTUBAIMUIO COOOIIeHM
Mexny BM enmuOll KOMMYHUKAITMOHHON CpEIHbI.

MexaHuU3MBl W aJTOPUTMBbI, MPUMEHEHHBIE MPH

paspaborke MCSM, mo3BongroT:

— obbeauuaaTs paznmmunbie BC B rmobansayio BC
C eIUHOIl KOMMYHUKAIIMOHHOU CpeJioi;

— BHPTYaJbHO pa3buBaTh OONbIINE KOMMYHHKA-
IUOHHBIEC CPEABbI HA HE3aBUCHUMO YIPABJIAEMbIC
JIOTUYIECKUE KJIACTEPhl 6€3 MUCIIOIH30BAHNS All-
TMApATHBIX CPEJICTB;

— OrpaHUYUTH PACIPOCTPAHEHUE TOMOJIOTHIE-
CKUux HBMEHEHHﬁ, BBI3SBAHHBIX OTKa3aMH B pPa-
6oTe ammapaTyphl, MpeIeIaMh JIOTHIECKOTO
kiacrepa. Ilpm arom sokanbabie BC ocraor-
Csl AaBTOHOMHBIMU ¥ HE BIUSIOT HA (DYHKITNOHU-
poBanue Bceil rimobanmbaoit BC. 9T0 ocoberHO
AKTyaJIbHO IPU MPOMUIAKTHIECKOM 00CIIY KU~
BaHWM OTAEIBHBIX JOKAIbHBIX BC;

— YMEHBIIATh KOJMYECTBO MOJKOHTPOIBHOTO
obopymoBanus, aro yupormaer pabory MCSM,
nenad ee Dojee HaIEKHOM.

[IpumenumocTs pa3paboOTaHHOrO MMaKeTa IMPO-
rpamm MCSM 6bL1a moATBEpIKeHA TECTUPOBAHU-
eM ero Ha ’KkcnepuMmerTaJbHO BC.

B manbreiiem nasupyeTca NpUMEHATH JAHHBI
TMaKeT JUId YIpaBJeHNd KOMMYHUKAIWMOHHON Cpe-
ILOIZ 6OJII)HII/IX BBIYNCJIINTEJIIBHBIX KOMIIJIEKCOB.
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