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Morpy*keHue B uUMPpPOBYIO PeanbHOCTb

Liudpposan TpaHchopmauma - npeobpasoBaHMe NPOAYKTOB U
YCAYT, CTPYKTYPbl OpraHmM3aumu, CTpaTermm pa3smtna, paboThbl
C K/IMEHTAMM U KOPMOPATUBHOM KYyNbTYpPbl 33 CYET BHEAPEHUA

HOBbIX TEXHO/IOTUI C LLeNIblo co3a4aHuA UMdpoBoi cpeabl.

dopmupoBaHMe HOBbIX NPOodeCcCMOHANIbHbIX KOMNETEeHL Ui
— nnatpopmeHHoe MbileHne, 0CBeAOMIEHHOCTb O
CYLLECTBYIOLLNX U HOBbIX TEXHONOTUAX, BOSMOXHOCTAX,
MeToAax U cTpaTernax paboTbl U UX NPOAYKTUBHOE

NPUMeEHeHue.

LUMDPOBbIE TEXHONOTUWN —> 0606LLeHHbIN B3rAA4 Ha
[AAHHbIE, UHOOMALIMNA, 3HAHUA]+
TEXHONOTMN yNpaBAeHuUA
[XPAHEHWE, OBPAEOTKA, AHANN3, U3BJIEYEHWE LLEHHOCTW,
KOMMEPLIMANU3ALMA, HOBbIN COLIMANBHO-9KOHOMWYECKUIM YKNAA]

BONbLWMHCTBO CTpaTernii pa3BUTMA paccMaTpmuBatoT
TpaHchopmauuto obuecTsa ¢ NO3ULMIN YCTOMYMBOIO Pa3BUTUA,
T.e. B BUAE KOMM/EKCA MepP, HaueNeHHbIX Ha ya0BAeTBOpPeHue
TEKYLLNX NOTPEeOHOCTEN Ye/IOBEKA NP COXPAaHEHUM OKPYKatoLLEN

cpebl U pecypcoB, C MMHUMAAbHbIM yliepbom ana byayuimx
NOKONIEHUMN.

3HaHuUA, MHPOpPMaLUUA, AaHHbIE -> Undpa
Co3gaHue, nepeaaya, MCNoOb30BaHME 3HAHWUIA, MOWUCK,
ob6HapyXeHMe HEN3BECTHbIX, HETPMBUA/IbHbIX M AO/E3HBIX
MHTepNpeTaunii, KpUTUYecKas oLEeHKa, camoo6cnymMBaHme
KONNEKTUBHbIW M TEHEPATUBHbIN UHTENERT ‘

KoMMyHUKaLMM »
OHnaiiH Kofgnabopaums, obmeH 3HaHUAMMY, ‘ .
Mep,mannaHmpOBaMe coumansHas OCBep,OMJ'IEHHOCTb
ynpassieHne npeanodTeHNAMN U NoOBeAeHNEM '

besonacHocTb B/ieHWEe Ha OCHOBE AaHHbIX

3aK0Ho,u,aTe/}b\rBo MOHUTOPUHT n-dBe,qQHMﬂ yrnpaBneHue

VI,CI,eHTVId)VIKaLI,VIeVI 3alllnTa AaHHbIX, 340pPp0BbeE, DEVITVIHI'

ynpaBneHme 6M3HeC npou,ecca:vm AD-HOC

Ynpasnexue M3M€H€HI/IFIMI/1 ynpasnevme KaquTBOI\Q
HenpepbIBHOE COBepLIEHCTBOBaRMe 6M3Hec-npou,ecc0|3
aBTOMaTM3aLIMA U BHEAPEHWe KIA epdU3MYECKMX cncTem,
LMPPOBLIE CUTYFIMOHHbIE LIEHTPbI e
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BHe,ﬂ,peHVIﬂ TeXHONOornm ,£I,OI'IOI] Ht—IOVI peaanocm ,EI,IIFI
aeaeHcnduKaumm, cosganHme Ll,mﬁgosom cpeAbl U HOBbIX
cepsncos ,u,nﬂ RECRY yMEHbLUeHMﬂ Bbl6pOCOB I'IapHVII-(OBbIX
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O606WEHHDBIN NOPTPET OCTATOUYHbIX 3HAHUI BbINYCKHUKA marucrtpatypbl UCAY,
C OpueHTauuen Ha peweHne NpuKnaaHbix 3agavy Unopposonn T
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BuptyanbHaa KomnbiotepHana Jlabopatopua pewaer npobaembl
KOMNbIOTEPHOro Knacca npu noarotoske UT-npodeccuoHanos B
ycnosuax umndpoBou TpaHchopmaumm

¥ecTkaa cuctema rpynnoBbIX NOANTUK 6e3onacHocTH

OTcyTCcTBME BO3MOXKHOCTH Bbl60pa nporpammHoOro obecneyeHuns

OTcyTCcTBME BO3MOXKHOCTM Pa3BEPTbIBAHUA MHOTOKOMMNOHEHTHbIX NPOrPamMMHO-
TEXHO/TIONMYEeCKUX peLUEHMﬁ

OTCyTCTBME BO3MOXKHOCTM COBEPLLATb OLWMOKKN 1 NoNy4YaTb NPOdECCUOHANbHbIN
OnbIT B CNOKOWMHOM aTMmocdepe

OTCyTCTBME BO3MOXKHOCTM BbICTPO NepeHacTpanBaTb KOMNbOTEP M pa3pabaTbiBaTb
Kencbl MO NOUCKY M YCTPAHEHMIO OLLINMBOK

OTCyTCTBME BO3MOMKHOCTM OPraHM30BaTb BHEAYAUTOPHYIO CAMOCTOATE/IbHYIO
PaboTy B NPOAONKEHUE OUYHbIX MPAKTUYECKUX 3aHATUI

OTCyTCTBME BO3MOXKHOCTM MCNOMNb30BaTb KOMMNbIOTEP B KAacce npu
TPYAOYCTPOMCTBE M AEMOHCTPALMM KOMNETEHUNI NOTEHUMaNnbHOMY paboToaaTtento

[Mepexon K caMoopraHmM3aumm -> npasa
aJMUHUCTpaTOpPa ANA BCEX YYACTHUKOB;
obnayHadA cpeaa, B KOTOPOU KarKkabln
YYALLMMNCA MOXKET CAMOCTOATENbHO
co3aaBaTb HeobxoaMmoe Konn4yecTBo
BUPTYa/IbHbIX MALUMH; BO3MOXHOCTb
cBOOOAHOro NOAKAOYEHUNA BHELLHUX
cybbeKToB



BupTtyanbHaa KomnblotepHana Jlabopatopua — opraHusauma Ha
OCHOBEe NAIPATUCTUYECKUX U IBONOLUOHHbLIX NPUHLMUNOB
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TonKkosaHue undposoro cneaa
(B KOHTEKCTE 06pa3oBaHuA)

Lindposoin cnen: YyHUKaNbHbIN HAOOP NpeacTaBNEHHbIX B 3/1IEKTPOHHOU $dOopme AaHHbIX O
3aPUKCUPOBAHHbIX AENCTBUAX, @ TaKKE NPOLECCHbIX, KOHTEKCTHbIX U MHbIX 06CTOATENLCTBAX
AeATenbHOCTM NOJsb30BaTend, rpynn nonab3oBatenem wunam pabotbel MHGOPMALMOHHO-
KOMMYHUKaALUMOHHbIX CUCTEM.

InemeHT uMbpoBOro cnena: oTaenbHble AaHHble, B3ATble U3 MaccuBa UMdpoBOro cieaa.

Koudurypauma uumdbposoro cnepa: CneymduKaumsa >sN1eMeHTOoB UUPPOBOro cneaa,
pPeEKOMEeHAO0BaHHAA K cObopy M aHanmM3ly B PamMKax KOHKPETHOWM npeaMeTHOM 3a4auu Uau
MepPOnNpUATUA.

Pazmetka undposoro cnepa: CooTHOWeEHWE 3/eMeHToB uudpoBoro cnega c
Knaccndukatopamm u pybpuKatopamm, npMMeHsieMmbiMWU B NpeameTHOM obnactm (Kak B
CMMUCOYHOM, TaK U B UepapxXnu3npoBaHHOM BUAE).



Buabl undposbiX cnepos

: HAMEPEHHO CO034alTCA U
pacnpocTpaHAoTCA OTAE/IbHbIMU NNUamMmm nnn
opraHmsauuamun. Hanpmumep, coobLieHna B coumnanbHbIX
CeTAX, 3/NIEKTPOHHbIE NMNCbMa, OHIANH-CTaTbU UM 6aoru,
a TaKXe coaeprkumoe Beb-calTa - BCe 3TO ABNAETCH
4YacTblO  aKTMBHOro  uudposoro  cneaa. Korga
OpraHu3auua noaaepKmBaeT Beb-camT nam npucyTcTemne
B COLMa/IbHbIX CETAX, OHA CO343eT aKTUBHbIN crea.
AHanorn4yHo, Korga 4YenoBek pasmeuwaetr ¢oTorpaduio,
obHOBANAET CBOM CTATyC WU MULLET OT3bIB B MIHTEPHETE,
OH BHOCWUT CBOM BK/1aA, B aKTUBHbIN LndpoBOM cnea,.

: co3patoTca 6e3 npAmoro
HaMepeHHOro AencTBMA NO0NAb30BaTeNA, KaK MNpaBuiao
Korga pasnuyHble undpoBbie cepBUCbl M NAATGOPMbI
cobuMpatoT N XpaHAT AaHHble O AeNCTBMAX NOMb30BaTeNA.
B KayectBe npumepa MOXKHO NPUBECTU UCTOPUIO
NPOCMOTPOB, [AaHHbIE O MECTOMO/IOKEHUN, KYPHasbI
NOUCKA W Apyrne MeTafaHHble, KOTopble MOryT ObITb
cobpaHbl ¢ nomouwbtio ¢damnoB cookie, nuKkcenen
oTcnexkuaHua (tracking pixels) u gpyrnx noaobHbIx
TEXHO/I0TUN.

InAa 4acTHbIX nL, OHU

OTPaXaloT UX ZIMYHOCTb U NoBedeHue B MHTepHeTe, YTO MOXET MOBAUATb Ha JIMYHYIO penyTauuio,
KOHPUAEHLUMANbHOCTb U Aaxke 6e3onacHoCTb. Ana npeanpuatnin undposble - NpeaocTaBAAOT boraTyto
MHGOPMALMIO O NPOAYKTAX, KAMEHTaxX, KOHKYPeHTax U TeHAEeHUMAX PbIHKA.

3TN AaHHble MOTYT ObITb NPOAHaAMU3UPOBAHbI ANA NOAYYEHUA LEHHOMU MHPOPMALLMKN, KOTOPAs MOMOXKET
MPUHATb CTPATErMyeckme peLleHuns, yay4ywmnTb NPoaYKTbl U YCAYTU U NOBbICUTb BOBNEYEHHOCTb K/IMEHTOB.
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Tunonormna gaHHbIX UMPPOBOro cnepa
(B KOHTEKCTE 06pa3oBaHuA)

HaHHble ANATHOCTUKMWN. NnoKa3aTtenun KOMMETEHTHOCTMH,
NMnoKa3aTte/in mMmeTanpeagmeTHbIX KOMI'IGTGHLI,MVI M JTMYHOCTHDbIX
Ka4yecCTs, C06MpaEMbIe C NOMOLLbIO pa3Hoo6pa3Horo
ANAarHOCTU4ECKOro UHCTPYMEHTapuUA.

[anubie 0 HamepeHuax: cBefeHWa 06 apTurynsumm ¢okyca
BHMMaHUA, Bbibopa, NpeAnoYTEHN NN HAMEPEHUIN YYaCTHUKOB
AeATeNIbHOCTY.

[JaHHble 06pa3oBaTeNbHOro COAEpPKaHUA: CBeAEHUS O
coaeprKaHMn obpasoBaTeNbHbIX MOAYNEN, NMPOrpamMmm U APYrux
obpa3oBaTeNbHbIX aKTUBHOCTEM, BK/IOYAA TemaTU4Yeckne WU
y4yebHble nnaHbl, MNPOrpamMmmHO-MeTOoANYECKME KOMMIEKCh,
$dOHAbI OLEHOYHbIX CPeACTB, KOHTPOJIbHO-U3IMEPUTENbHbIE U
CNpaBoOYHble MaTepuanbl, a TaK¥Ke 3aPUKCUPOBAHHbLIE B
3/1eKTPOHHOM Buae obpasoBaTenbHble CObbITUA.

[daHHble  ob6pasoBaTtenbHOro  npouecca: CBeAeHMA O
bGaKTMYECKOM Yy4YaCcTMM B MEPONpPUATUM UM  OEATENbHOCTH,
CBe4EeHMA O B3aMMOLENCTBUM YYACTHUKOB AEATENbHOCTU Apyr C
APYroMm M € MHOOPMALMOHHBIMM  CUCTEMAMM,  BKKOYaAA
nHPoOpMaumIo O AEeNCTBUAX MONb30BaTeNeN, a TaKKe fAaHHble
KOMMYHUKaLMNA.

[aHHble 0b6pasoBaTeNbHOro onbITa: CBeAEHUA O KayecCTBEHHO-
KO/IMYECTBEHHbIX XapaKTePUCTUKAX [eATeNbHOCTU YesioBeKa
n\nnm rpynn nogein, BKAKOYAA OMUCaHue uenen, 3agadvy u
KpuTeprMeB KayecTBa [AeATE/IbHOCTU, MPOEKTUPYeMoro u
baKTUYECKN AOCTUTHYTOrO pe3yibTaTa.

JlaHHble yyacTMa B AEATe/IbHOCTU: cBedeHua 06 onucaHum
AEeATENbHOCTU, KOMMETEHTHOCTHOW Pa3sMETKU [AeATe/IbHOCTH,
OXMAAEMbI 00pa3 pesynbTata AeATENbHOCTU, KpUTepuu
KauyecTBa pe3y/bTaTa AesATe/IbHOCTY;

DaHHble OUEeHKM o0bpa3oBaTenbHOro pesynbraTa: CBEAEHUA O
MONYYEHHbIX OLIEHKax AeATeNbHOCTU, BKAOYaA pedaeKkcuBHble
OUEHKU, dOopManbHble OLEHKU 33 MPOXOXKAEHWE KOHTPOSbHO-
N3MEPUTENBHbIX WUCMbITAHUN, B3aMMHOE OLUEHMBAHME M WHbIE
BUAbl OLEHOK, B TOM u4ucie CPOPMUPOBAHHbLIX CTOPOHHUM
Habnopatenem;

[aHHble O COCTOAHMUAX: CBeageHWA O ¢M3I/IOI'IOI'VIL-IGCKOM,
ncnMxXxosmounmoHaibHOM U KOTHUTUBHOM COCTOAHUU YHACTHUKOB
AEATENBHOCTU, a TaKXKeE COCTOAHUU o6pa3OBaTeanof/'1 cpeanbl.
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Lindposbie cnepbl. Llenenonaravue

MNoarBepaeHUe AOCTUKEeHUA obpa3oBaTeNbHbIX pPe3ynbTaToB
npouecce npuobpetTeHns YeNOBEKOM KOMMETEHUMA U  UX
3N1eMEHTOB A/1A MOC/AeAyoLWEero nepexoaa B AeATeNbHOCTb, HA
OCHOBE MHTepnpeTaunm cobpaHHbIX AaHHbIX

MpuHATUE pelueHU Ha OCHOBE AaHHbIX.

dopmupoBaHMe UCTOPUM Pas3BUTUA UeIOBEKA C Y4YeToM
NoJIy4EeHHOrO MM OMbITa AEATENbHOCTU, B TOM uYucie B dopmaTe
UMPOBOro KOMNETEHTHOCTHOIO NpoduNsA;

Bbigaya pekomeHpauuit Ha OCHOBE AaHHbIX U MOCTPOEHue
UHAUBUAYANbHbLIX 06pa3oBaTeNbHbIX TPAEKTOPUA.

Banunpauua s3dpdeKTMBHOCTU ob6pasosBaTenbHbIX NporpamMmm w
KypcoB, B TOM 4MCNe MNyTeM YCTAHOBJIEHMA COOTBETCTBMM
GaKTUYECKM  MOJIyYEHHbIX  Y4aCTHUKamu  0bpasoBaTenbHbIX
pe3ynbTaToB C 3aAB/IEHHbIMM.

lpoBepka rMnoTes B paMKax CoOLMaNbHbIX UCCNeA0BaHUN.

MOHMTOpMHF ¢M3MOI10I'M‘-IECKMX, OMOLUMNOHA/IbHbIX U WUHDbIX

COCTOAHUM YYaCTHMKOB B npouecce [OCTUMKEHUSA
obpa3oBaTe/ibHbIX Pe3y/NbTaToB.

OueHKa pe3ynbTaToB rpynnoBoii U UHAUBUAYANbHOM
AEeATEeNbHOCTH YYaCTHUKOB, BK/ItOYas nposeaeHne

I'IpOMG)KYTO‘-IHOVI N UTOTrOBOW atrectaunu.

BbisBneHne o6pasoBaTenbHbiX NoTpebHocTeir obyuatowmxcs,
0bOHapyKeHune HeABHbIX pPe3ynbTaTos NPOXOXKAEHUA
0bpa3oBaTeNbHbIX aKTUBHOCTEN, MOAYYEHUE pPeKoMeHAauui no
NX COBEPLLUEHCTBOBAHMIO;

NocTtpoeHne mogenu paHHbIX 06pasoBaTenbHOro npouecca U
NPOrHO3MPOBaHUA pPe3ynbTaToB 0byueHuUs.

OnarHoctuposaHue KOrHUTUBHDIX, noseAeH4YecKux W
KOMMYHUKATUBHDbIX XapPaKTEPUCTUK YYACTHMKOB, a TaKXkKe
BanMaauma pe3y/bTaToB APYrmnx ANArHOCTUYECKUX
nccnenoBaHuUn.
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Ba)XHOCTb UMPpPOBLIX CNef0B B COBPEMEHHOM
UT-o06pasoBaHumn

: Yyawmeca moryt ucnonb3osaTb LUndposble
cnefpl, 4ytobbl Yy3HATb O Ba*KHOCTM 6e3onacHocTM B MHTepHeTe,
KOHOUAEHUMANbHOCTU W 3TMYHOro nosegeHus. KoHuenuua undpoBoro
cnepa MOXKET CAYKUTb peasibHbIM NMPUMEPOM NOCNeACTBUIA AeNCTBUINA B
NHTepHeTe. [penogaBaTenn MOFyT MCNONb30BATb 3Ty Temy ANS
O3HAKOM/IEHMA YYalMXCA C ISTUMW TMOHATUAMM U OOCYXKAEHUA UX
nocneacTsui.

: UndpoBoit cnen MoXKHO paccmaTpuBaTb Kak
NNYHbIN BpeHa. I3TO COBOKYMHOCTb BalIMX AeUCTBUA B WHTepHeTe,
BK/lOYaA CcooOWeHNUA B COUMANbHbLIX CeTAx, 3anucu B baorax,
KOMMEHTapUM M MHOroe apyroe. 3ToT 6peHA MOXKeT ObiTb MO3UTUBHbLIM
OTPaA*KEHUEeM NIMYHOCTU CTYAEHTA, ero HaBbIKOB M AOCTMXKEHUN. CTyAeHTbI
MOTYT Y3HaTb, KaK C034aTb MNO3MTMBHOE nNpuUCyTCTBME B WHTEpHeTe,
KOTOPOEe MOXKEeT ObITb MNO/Ie3HbIM A8 NOCTYN/IEHUA B KONNEAXK, NONyYeHUs
CTUNEHANM NN NePCNeKTUB TPYAO0YCTPOMNCTBA.

[MoHMmaHue u
ynpasneHve UUPPOBbLIMM CAegaMM MOXKET MOMOYb YYallMMCA Pa3BUTb
HaBbIKU KPUTUYECKOro MbILLEHUA. OHu y4yaTcA Yy4nTbIBATb
noTeHUMaNbHble AONTOCPOYHbIE MOCNEACTBMA CBOEN AEeATeNbHOCTUM B
NHTepHeTe M npuHUMaTb 6Gonee B3BelEHHble peleHua. ITO TaKXke
CBSI3aHO C MeAMarpamMoTHOCTbI - MOHUMAHMEM TOro, Kak MHOpmMauua
co34aeTcA, pacnpocTpaHAeTCA U BOCMIPUHMMAETCA B CETU.

: Y3HaB 0 undpoBbIX
cnefax, yyawumecs CMOTyT Jlyywe MOHATb, YTO Takoe 6e3onacHocTb W
KOHOMAaeHumanbHOCTb B MHTepHeTe. OHU CMOTYT Jlyylie MOHATb, KaK MX
NMYHaA  MHPopmauma MmoxeT ObiTb  AOCTYNHa, WCNO/Ab30BaHa W
NOTEHLMANbHO HEMpPaBW/IbHO MWCMONAb30BaHA, 4YTO npuBegeT K bHonee
6e3onacHomy nosegeHuto B UHTepHeTe.

MoHMMaHMe uMbpPOBbLIX CNeaos
MOXET NMOMOYb NPenoTBPaTUTb KNOEPOYNNMHT. Yualumecs y3HatoT, 4To UX
AENCTBMA B CETM MOKHO OTC/IeAUTb, YTO MOMKET NPUBECTU K NOCNEACTBUAM,
ecnn oHu byayT Bectn ceba narybHo. ITO TaKKe MOXKET MOMOYb XKepTBam
KnbepsanyrMBaHMa MOHATb, YTO CYLLECTBYHOT CMOCOObI OTCNeanTb W
COOOLWNTb O BpeAHbIX AeNCTBUSAX.

CerogHs paboTtogatenn 4acto CMOTPAT Ha
UMPpoBON cnen, KaHAMAATOB. XOPOLWO YMNpPaBAAEMbIA MNONOXKUTENbHbIN
UMPPOBON cnesl, MOXKEeT OTKPbITb HOBble BO3MOXHOCTW, a MNJIOXO0
ynpaBAAembli - 3aKPbITb UX.
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Apache Cassandra — 6a3osasa NoSQL CYB/l B yuebHbIX Kypcax

maructpartypbl UCAY

5: 5534023222112865484

Jane: 4290246218330003133

4: 1844674407370955161

3: -1844674407370955162 u 2:-553402

John: -3916187946103363496

1: -9223372036854775808

Sue: -8489302296308032607

George: -7281444397324228783

3222112865485

Before vnodes

After vnodes

1. cluster_name: 'sau’
2. authenticator:
PasswordAuthenticator
3. seed_provider:

-seeds:
"192.168.1.10,192.168.1.20"
4. disk_optimization_strategy:
spinning

5. #listen_address: localhost
listen_interface: ens160

6. #rpc_address: localhost
rpc_interfase: ens192

LOCAL_QUORUM RW

LOCAL_QUORUM RW

North American
Data Center

European
Data Center

Asian
Data Center

LOCAL_QUORUM RMW

$JBJUBO BJBP UsaMIaq JUBISISU0D Alrenuang

with some stale reads

European
Data Center
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Tunosbie NoSQL CYB/], paccmaTtpuBaemblie B yuebHOM npouecce marucrpatypol UCAY

ApacheCassandra™= NoSQL Distributed Database Greenplum = Massively Parallel Postgres for Analytics

1Installation = 1 NODE

v Capacity +1TB

v/ Throughput: 3000 Tx/sec/core Master Servers
Query planning and dispatch

i Intel ect
DataCenter | Ring rconn
Node1 X} by

Segment Servers SogmentHost [ SegmentHost M Segment Hos

\ it
‘ Query processing and data storage

: CﬂSSQﬂam 2 Communication: o] -
S P v/ Gossiping ﬁﬁ

External Sources & Pipelines
Parallel loading and streaming

ORACLE — N
intel) : intel)
TIMESTEN
IN-MEMORY DATABASE EO : — a OPTANE>»
I inside™ M4 PERSISTENT MEMORY
\ = : ‘/Int'el memory controller




Data
Type

Semi-Structured

aws A > Cloud,
Agnostic
ACID — SQL Server,
£ I = ou ' Oracle,
Transactions AzuresqL | CloudsaL [OpM30HTaNIbHO MacWTabnpyembie TEXHONOTUN
(oLTP) RDS, Aurora Satabeas Cloud Cockroach
Relational Spanner MysQL, MOTYT MOBbICUTb MPOM3BOANTENBHOCTb CUCTEMbI 33 CYET pacnpeaeneHns paboumx
PostgteSQL
c%ssee —— Harpy3ok mexay HECKONIbKMMM Y31aMM AN MALLMHAMM, CHUXKAA HArpy3Ky Ha 106oi
Aeiiiling Illl RedShift S;}:g;ese BigQuery bl OTAENbHbIM y3en U NOTEHLMANbHO YCKopAa Bpemsa 06paboTKM AaHHbIX.
(OLAP) _ Columnar HivE [Jobasnsaa Oonble MaWWMH WAK Y308,
Dictionary . = N FOPM30HTaNbHO MaclwTabupyemble cuctembl mMoryT obpabaTtbiBatb Hosbwine ob6bembl
et DynamoDB | CosmosDB BigTable RocksDB, y/
=i B 9 init AAHHbIX WX TpaH3aKuuMi. ITO0 0cobeHHO BaXHO, Korga o06bem UM CKOPOCTb
. T reHepUpPoBaHUA AAHHbBIX MOTYT 6bITb OTPOMHbBIMU U HENPEACKA3YEMbIMMU.
® Azure H
s . M - M hed, !
e % ElastiCache | Cache for Storey Hazeloast, B ropusoHTanbHO macwTtabupyemoi
In-memory i cUCTEMe, eCv OOMH Y3e/ BbIXOAUT U3 CTPOA, CUCTEMA MOXKET NpoaoKaTb paboTaTb,
ORI R W
- HBase, .
2-DKey-Value  Em== | Keyspaces | Cosmospe HloTable Ay nonarascb ) Ha pgpyrwe y3nbl. 370 obecneymBaeT BbICOKYHD AOCTYMHOCTb MU
v ScyllaDB OTKa30yCTOMYMBOCTb, FapaHTUPYS, YTO cepBUCbl ByayT npogonkaTb paboTtaTtb, a noTepa
aHHbIX ByaeT cBefeHa K MUHUMYMY.
TimescaleDB, A YA a ymy )
Timeseries | Cosmospg | BigTable, OpenTSDB, : XoTA nepBOHa4YasbHaA HACTPOWKa
Big Query InfluxDB, . ’
o FOPM30OHTANbHO  MacwTabupyemoirt  cuUcTeEMbl  MOXKET  ObiTb  C/AOXKHOM, ee
—— e Quantum | aure sqL s macwTabupoBaHMe co BpeMeHemM MOXKET bObiTb 6onee 3KOHOMUYECKU 3PDEKTUBHBIM.
= Ledger Hyperledger [
—. - ﬁ D‘(’é‘fgg)se Df;gz:fe x sl BmecTto TOro 4tobbl 3ameHATb CyllecTBylollee obopyaoBaHue 6onee MOWHbIMU (M
mmutabie Le: er
E 3a4actyto 6onee fOPOrMMM) MalLMHAMM, Mbl MOXKEM MPOCTO A06aBNAATb OTHOCUTENIbHO
= = Solr, PostGIS, iy
Location & @ kavsrices]| Coumaete S;QEL‘:?' ek HeZOopOorMe MalKnHbl UK Y3/1bl O MepPe PocTa HallMX NoTpebHocTeN.
Geo-entitles o, o) gQUerY | (GeoJSON) [opu3oHTanbHaA MmacwTabupyemoctb obecneymsaeT rMbKOCTb, MO3BONAA
| Ef‘titvh_ macwTabupoBaTb CUCTEMbI B 3aBUCUMMOCTU NOTPebHOCTEN.
Relationships JanusGraph
RN Z)C Neptune | CosmosDB a2 Noosy Fioor YayulweHHasa 6anaHCMpPOBKa Harpysku: fOpM30oHTasbHAA MacwTabupyeMocTb yaydliaer
Graph Table Graph
Nested Objects e 6anaHCMPOBKY Harpysku, MOCKO/bKY 3anpocbl MOryT 6biTb pacnpefesneHbl MeKay
MongoDB, v
(XML,JSON) > % Docgg\ent CosmosDB Firestore Coucﬁbqse HECKONbKMMW CEpPBEPaAMM, CHUXKAsS BEPOSATHOCTb TOFO, YTO KaKOM-TMBGO oAuH cepBep
Document CTAHET Y3KUM MECTOM.
Open- Elastic- : XOoTA ynpaBneHue pacnpegeneHHON CUCTEMOM MOXKET MMeTb CBOM
—— Q Soudy | “SSAIN® | Snpatabes | Search.soir, CNIOXKHOCTH, BO MHOTUX OTHOWEHMAX Ao6asneHne 60NbLIero KOAMYeCTBa aHaN0rMUHbIX
Search Search Elassandra ’ A
a— = MaLUWH MOKET BbITb NPOLLE, YeM NOCTOAHHAA MOAEPHM3aLMA OAHON MaLlnHbI Ao 6onee
(Rich) Text MOLLLHOW BEPCUMN.
S3 Blob Storage S%?gge HDFS -
Sioh . KapTa coBpemeHHbIx CYB/, Ana CTauMoHapHOro m

0613a4HOro UCNONb30BaHMA
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BpoKepbl coobwieHnn u 06paboTKa B pexxmme
peasbHOro BpemeHm

Topology
/ C+ \ ﬂ

Data
Source
Data
Source
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Bloa KeTHble BbICOKOCKOPOCTHbIE pelleHUua ANa NOCTPOeHUsn
MHOIFOKOMMOHEHTHbIX (TOPU30OHTA/IbHO-MACLWITabnpyembiX U OTKa30yCTOMUYUBDIX

|.|[ImIil\ﬂll]l‘\l]lH[I[II[I\I]l‘H][I\]]Hl[I\l[Iﬂ]\I];

apxutektyp NoSQL)

ConnectX-7

The ConnectX-7 smart host channel adapter (HCA), featuring the NVIDIA Quantum-2 InfiniBand architecture, provides the
highest networking performance available to take on the world's most challenging workloads. ConnectX-7 provides ultra-
low latency, 400Gb/s throughput, and innovative NVIDIA In-Network Computing acceleration engines to provide
additional acceleration to deliver the scalability and feature-rich technology needed for supercomputers, artificial

intelligence, and hyperscale cloud data centers.

Learn More »

NVIDIA Quantum-2 InfiniBand Switch Family

NVIDIA Quantum-2 InfiniBand switches deliver massive throughput, In-Network Computing, smart
acceleration engines, flexibility, integrated router capabilities, and a robust architecture to achieve
unmatched performance in high-performance computing (HPC), Al, and hyperscale cloud infrastructures
—with less cost and complexity.

Learn More About NVIDIA Quantum-2 QM9700 Switches >

Learn More About Integrated NVIDIA InfiniBand Router Capabilities >
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19



YHUuBepcanbHaa apXxuteKktypa gata-ueHtpa HPC

20



HoBwectsa 2023: WndposaHMe Ha ypoOBHe Ha
VYPOBHe nepepayuun AaHHbiX B GPU

Encrypted Data Transfer in confidential GPUs

HOST CPU GPU

OTHER TENANT VM COMPUTE COMPUTE
TENANT ENGINE ENGINE
VM APPLICATIONS

(TENSORFLOW,
PYTORCH, TRITON)

HIGH BANDWIDTH MEMORY

GPU DRIVER &

PCle INTERFACE

GUEST OPERATING
SYSTEM




NVIDIA H100 Tensor Core

o
*

Speedup over A100

M A100
35x

30x
25x
20x
15x
10x

5x

<
&
& *
\}' o

H100 H100 + NVLink Network
10x
8x
6x
4x
2x
o o) "} > » N
€ 5 s & o« Fy & &
\,t}c"\“cb \}‘\Cvf‘c‘( V@‘c\“é o "Q@@H Q\'d“b L & &
x & £ A
= o ’ 4 < S ¢ S
W & & & P
Megatron Turing NLG 5308 B\ R RO

Figure 2. H100 enables next-generation Al and HPC breakthroughs

MponyckHas cnocobHocTe NVLink

= 30076/
Ha 0fMH rpadMuyecKuit npoueccop
Makcl YHCNO C A 6
Ha GPU
MopaepxuBaembie apXHTEKTYpbI | ,
NVIDIA Apxutextypa NVIDIA Volta

600 b/c

Apxurektypa NVIDIA Ampere

900 'b/c

Apxutextypa NVIDIA Hopper
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(Top View — System)

e
Y
-

4 pPCle Switches

2 M2 NVMe Slots

RO
R
oo

t\\\k\\}‘\
o
38
(Under Switch Board)
Dual 4" Gen Intet® Xeon®
Scalable Processors up to
350W TDP

5

:‘“x§2UMMSmeDR5

5 Hot-piug
Fan Modules

0000 000 O]
poono - " 1VGA Port
2USB 30 Pots
1 Dedicated IPMI
Port

fooaoooooooo
o LGL;LLELC-GE[“S,.‘E

[O-@ |srase? 7 5 HVMe Drve Bays
m’, % Hoswap 25" NVMe D Bays (optiona)
’
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nnapaTHas peanausauua Ha npumepe

uperMicro SYS-821GE-TNH"™

5 Hot-plug Fan
Modules

6 Redundant 3000W
Titanium Level Power
Supplies

(Rear View — System)

2 Optional 3000W
Titanium Level Power
Supplies

Slot Description

Slot Description

PCle 5.0 x16 (LP) from PLX switch linked to GPUs

PCle 5.0 x16 (LP) from PLX switch linked to GPUs

PCle 5.0 x16 (LP) from PLX switch linked to GPUs

PCle 5.0 x16 (LP) from PLX switch linked to GPUs

PCle 5.0 x16 (LP) from PLX switch linked to GPUs

PCle 5.0 x16 (FHHL) via PLX switch (optional)

PCle 5.0 x16 (LP) from PLX switch linked to GPUs

PCle 5.0 x16 (FHHL) via PLX switch (optional)

PCle 5.0 x16 (LP) from PLX switch linked to GPUs

PCle 5.0 x16 (FHHL) via PLX switch

PCle 5.0 x16 (LP) from PLX switch linked to GPUs

©co00e

PCle 5.0 x16 (FHHL) via PLX switch

crut [l cru2

- G W

Systom

SUPERMICR

a

Server Health

| 102400147051

Canfguration

Remote Cantrol

Virtual Media

s
L
?\nn‘\'\unn\._

Maintenance

Miscellaneous.

& Sarver Heantn
&D sensor Readings

& Event Log

& Power Cansumption

© Sensor Readings

Select a sensor lype category:

All Sensors

Name.

CPUT Temp

©PUZ Temp
Systom Temp
Paripheral Temp

PGH Temp

P1-DIMMA TEMP
P1-DIMMB TEMP
P1-DIMMC TEMP
P1-DIMMD TEMP
P2-DIMME TEMP

Refresh || Show Thresholds

[ Fiemware Upsate

Unit Reset

| KvM Reset

Factory Detault

IPMI Canfiguration

System Event Log
BIOS Update

Status
HNormal
Hormal
Herma
Normal
Harmal
Normal
Normal
Normal
Normal
Normal

1
smnn\n\-\\l

Road;
38 degrees ©
36 degrees
27 degrees G
38 degrees C
52 degrees ©

34 dagrees ©

38 degrees G
40 Gegrees ©
42 degrees C
32 degrees ©

W W

(1)
& HermaNDRsin @ ogout Englsh

Sensor Resdings: 54 3ensors
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Host Server

PCle
BUS

| BlueField Arm|Cores

OS/Hypervisor

NVIDIA BlueField-3 DPU 400Gb/s infrastructure

NVMe Standard Driver

NIC PEIN
53 ~':Ix;’z: a‘,‘:& 'N

OVS/Networking

Offloads

Hardware NVMe-oF
Offload Accelerations

Cloud Networking

Cloud overlay, SDN
acceleration, NAT, load
balancer, NFV, video
streaming

S

Storage

NVMe™ over Fabrics
(NVMe-oF™), NVMe/
TCP™, elastic storage,
hyper converged
infrastructure (HCI)

Security

Distributed next-
generation firewall, IDS/
IPS, root of trust, micro-
segmentation, DDOS
prevention

compute platform

NVMe Host Software

Host Side Transport Abstraction

E =
s c
5 3
@ =
a8 £
[

Next Gen Fabrics

Controller Side Transport Abstraction

NVMe SSDs

Key Software-Defined, Hardware-Accelerated Applications

HPC / Al

Cloud-native
supercomputing,
multi-tenancy and
security, communication
accelerations

B

Telco and Edge

Cloud RAN, virtualized
edge gateways, VNF
acceleration, edge
microservers




AnnapaTtHble Bo3mo»XHocTu BlueField-3 DPU

Network Interfaces Storage Security Networking
g '0; 2 ports with “F’:O 400:"’/5 > BlueField SNAP - Elastic block storage Platform security > RoCE, Zero Touch RoCE
Ethernet or NDR InfiniBan - - > Secure boot with hardware root-of-
connectivity - NVMe™ and VirtIO-blk frust > ASAP? - Accelerated Switch and

PCIl Express Interface

= 32 lanes of PCle Gen 5.0

> PCle switch bi-furcation of up to 16
downstream ports

Compute and Memory

Arm CPU Cores

> Up to 16 Armv8.2+ A78 Hercules cores
(B64-bit)

> 8MB L2 cache

> 16MB LLC system cache

Programmable Datapath
Accelerator

> 16 cores, 256 threads

> Programmability through DOCA

> Heavy multi-threading applications
acceleration

DDR DIMM Support

> Dual DDRS 5600MT/s DRAM
controllers

> 32GB on-board DDR5

> ECC error protection support

NVMe-oF™ and NVMe/TCP™
acceleration

Decompression engine

Erasure coding for RAID
implementation

HPC/AI Accelerations

HPC / Al All-to-All engine

NVIDIA GPUDirect

NVIDIA GPUDirect Storage (GDS)
HPC MPI Tag Matching

v

Vv

Vv

Vv

> Secure firmware update
> On-board flash encryption
> Device attestation

> Functional isolation layer

> Regular expression (RegEx) matching

processor

> IPsec/TLS/MACSec 128/256bit
data-in-motion encryption

> PSP security protocol (PSP)
> AES-GCM 128/256bit key

> AES-XTS 256/512bit data-at-rest
encryption

> Connection tracking for statefull
firewall

> Public key accelerator (PKA)

> True random number generator
(TRNG)

Packet Processing® for SDN and
acceleration

VNF

> Single Root I/O Virtualization (SR-I0V)

> VirtlO acceleration
> Overlay network acceleration
> VXLAN, Geneve, NVGRE

> Programmable flexible parser:
user-defined classification

> Connection tracking (L4 firewall)

> Flow mirroring, sampling and
statistics

> Header rewrite
> Hierarchical QoS
Stateless TCP offloads

Vv
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Intel Xeon Processors

= roy

(

ey cvminey s 3 20

3rd Gen Intel® Xeon® Scalable processors

Only x86 data center processor with

tior

pr=——w

Advanced security

Next-gen Xeon Scalable Platform

6TB 8CH 26X

intel

s B
g B

Scalable Processors

Scalable, flexible,

Targeted for 1S-2S systems

Breakthrough Data Performance

OFTANE OPTANE
Intef®

# No changes to existing code

import tensorflow as tf
Version 2.10 or newer conv = tf.nn.conv2d(..)
APL API API API
Mar?:gvoi::ent | | Ops & Kernels l Graph Optimization Profiler
Features

Intel® Extension Advanced TF32 Math INT8 Auto-Tuned Graph

for T Fl b Auto Mixed- MedL Quantization CPU Optimization
or TensorFlow Procision ntet® Newrl Launcher P

Intel” oneAPl Libraries
Intel® Hardware

GPU

Intel’s Most Feature Rich Server Platform

New Integrated
IP Accelerators

New Integrated

ISA Accelerators
Increased I/O

Bandwidth
with PCle 5.0

HW-Enhanced
Security
Compute Express
Link (CXL) 11

Increased Memory
Bandwidth

with DDR5
4th Gen Intel Xeon

Scalable Processor

Intel Xeon CPU Max

Increased Inter-Socket
Series

Bandwidth
with UPI 2.0
Intel* Optane ™ Persistent Memory Intel® Agilex™
Series

Intel* Data Center GPU Max Series
FPGAs

Intel® Infrastructure Processing Unit
Intel® Data Center GPU Flex Series

(Intel* IPU)

CXL -

:" 1

Dynamically Multiplexed 10, Cache and Memory in flit format on PCle PHY

| +
PCle PHY
PCle/CXL Logical PHY

10 (PCle]
Discovery
Canfiguration
Initalization
Interrupts
DMA

Cache
Coherent Requests
Memory Flows.

T
|

10 Virtualization
plleC onneﬂm/%‘,(,\!
\

Memory
Memary Flows

(Targeting plle standard X 16)
' i

Accelerator
Logic

]
\

CXL Device

PCle PHY
PCle/CXL Logical PHY

= T o

Coherence and Memory Logic

PCle/ CXLIO
Logic

et

wn
Mmhprn«mn‘. dow

Internal
CPU Core CPU Core 10 Davice(s)

Host Processor
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Intel Xeon Processors 4t Gen

Unique Die Packages for Unique Market Needs

Intel Accelerator Engines by Processor Generation

4th Gen Intel Xeon processor - XCC 4% Gen Intel Xeon processor - MCC Intel Xeon CPU Max Series
4 Tile Architecture Monolithic Architecture 4 Tile Architecture

Intel® Xeon® 2nd GenIntel®Xeon®  3rd GenlIntel® Xeon®  4th Gen Intel® Xeon®
Scalableprocessors  Scalableprocessors  Scalable processors  Scalable processors
(Sky Lake) (Cascade Lake) (Ice Lake) (Sapphire Rapids)

Intel® Advanced Vector Extensions 512 (Intel® AVX-512) X X X X

Socket Scalability, Mainstream Market, Higher Frequencies, HPC and Memory Bandwidth Intel nyptO Acceleration X

Highest Core Count Lower Latency Bound Applications

VNNI, BF16 (Intel® Deep Learning Boost)

intel

(GO Aeeelerate with Xeon Intel® Advanced Vector Extensions (Intel® AVX) for vRAN

Intel® Advanced Matrix Extensions (Intel® AMX)

DrIVing Platform |nn0vatIOn Intel® Volume Management Device
31 ) - & line D) ) )

Intel® Control-Flow Enforcement Technology (Intel® CET)
Intel® Software Guard Extensions (Intel® SGX)
DDR5 PCle 5 ( @ | UPI12.0
LJL/INO ~1T V. /X s LY Intel® Trust Domain Extensions (Intel® TDX) Limited

. &?g&g[ﬁ; S(per CPU):upto *80lanes « NextGen /O « Upto4 UPllinks @16 GT/s Intel® Speed Select Technology (Intel® SST) X

* Improved DDIO and QoS = Upto4 CXL devices = New 8S-4 UP| Performance

YO

= 9x4 RDIMM support
= 3DS RDIMM support
* New RAS features
= Enhanced ECC
= Error Check and Scrub
= Both 2DPC and IDPC today

Upto-].f;\'/

higher memory bandwidth
Vs,

|
*ON Accelerate with Xeon

capabilities
= X2 bifurcation @ Gen 4

Upto 9 S

Increased I/O Bandwidth
vs.PCle 4.0

supported per CPU Optimized Topology
= Typeldevice: CXL.ioand

CXL.cache (e.g, SmartNIC)
= Type 2 device: CXL.io,

CXL.cacheand CXL.mem

(eg,GPU,ASIC, FPGA)

Type] ol

~
DE Increased inter-socket
and Ty bandwidth vs. prior gen

See backup for workloads and configurations. Results may vary.

Intel® Data Direct /O Technology (Intel® DDIO)

Intel® Dynamic Load Balancer (Intel® DLB)

Intel® QuickAssist Technology (Intel® QAT) (integrated)

Intel® Data Streaming Accelerator (Intel® DSA)

Intel® In-Memory Analytics Accelerator (Intel® IAA)
intel

VO

XEON Accelerate with Xeon

dontify produc

not “comn

X

elopment and not

jon as trademarks




Advanced Security Technologies

Intel® Software Intel® Total Memory Intel® Crypto Intel® Platform
Guard Extensions Encryption Acceleration Firmware Resilience

(Intel® SGX)' Enhance resistance to Boost the performance (Intel® PFR)

Help protect data and physical attacks on data of encryption-intensive Help protect, detect,

application code inreal with full memory workloads correct, providing NIST

time encryption SP800-193 firmware
resiliency

A revolutionary step forward for privacy and security

1. Intel® Optane persistent memory (PMem) does not work with Intel® SGX — see section Security interoperability with Advanced RAS and Intel® Optane ™ PMem for additional details.
For additional information see: www.intel.com/trustsgx

Performance made flexible.




Intel Xeon Processors 4th Gen

Intel” Accelerator Engines

Intel” QuickAssist Technology (Intel® QAT) Intel® Dynamic Load Balancer (Intel” DLB)

Intel QAT Gen 4
(de) Compression
PKE
Bulk Crypto

UPI

Mem
Dynamic Load Balancer Controller

Inmuo,-,.a PCle
Ethernet Controller Reord C

Intel® C741 Chipset S R CAE | SN eorder Queuing  Arbitration
i N0 LEypio - )

Customer Usages: Network Secure Gateway, CDN, Data Compression (L1/L9) Customer Usages: Load Balancing, Queue Management, Packet Prioritization

Intel® Data Streaming Accelerator (Intel” DSA) Intel® In-Memory Analytics Accelerator (Intel” IAA)

Memory/Cache Me

o{)u'l'(fl-r
compression

Customer Usages: High Perf Enterprise/Distributed Storage, Data Analytics Customer Usages: In-Memory Databases, Big Data Analytics, Databases

intel
XEON Accelerate with Xeon




Intel® Xeon® CPU Max Series / 4th Gen Intel® Xeon® Scalable Processors

2S PERFORMANCE GENERAL PURPOSE

Recommended
Base All Core Max DDRS Default Default Default Default Intel SGX Enclave Customer Pricing Intel* On
SKU (GH2) Turbo Turbo Cache TOP Maximum Memory UPI Links DSA QAT DLB IAA Capacity (RCP)In S US Demand Die
Number Cores (GH2) (GHz) (MB) (Watts) Scalability Speed Enabled Devices Devices Devices Devices (Per Processor) Dollars Capable Chop
8480+ 56 2 3 38 105 350 2s 4800 4 1 1 1 1 512GB $10,710 v Xcc
8470 52 2 3 38 105 350 2S5 4800 4 1 0o 0 0 512GB $9,359 v Xcc
8468 48 21 31 38 105 350 25 4800 4 1 0 o 0 512GB $7,214 v XccC
: 8460Y+ 40 2 28 3.7 105 300 2S5 4800 4 1 1 1 1 128GB $5,558 v Xcc
— B462v+ 32 28 36 41 60 300 25 4800 3 1 1 1 1 12868 $5,945 v Xxec
6448Y 32 21 3 41 60 225 25 4800 3 1 0 0 1] 128GB $3,583 v MCC
6442Y 24 26 33 4 60 225 2s 4800 3 1 0 0 0 128GB $2,878 v MCC
\JMY 16 36 4 41 as e 2S 4800 3 1 o 0 0 128GB $3,622 v MCC
B ' s 4800 3 1 o o o0 128GB $1.517 v MCC
2 ecommended
e omer Pricing 1net” OF
setault Intet SGX EnCIave CRcmnsus O y,(r nop
oot Ot | oo 2 | .
% s 0 O, om0 e - Intel Max Series GPU
Core M > Masimum - T g Enabled D .
gase MICOH® e Cahe TR Scalminy R L o8 $13923 (formerly codenamed Ponte Vecchio)
. S et M e 4800 . 4 4 e 10,710 =
Numbe © ' 35 125 150 s a 4 o 7 51268 $ xcC \/ !
o 19 20 = = AR MO RNE® c8 800 \ J\ ... Architecture
8490H > 38 105 - 4800 4 7 4 512 e 700 xcc : N
gH 48 21 = s 105 330 4 4 4 - A 512G8 o xcc 128 Xe - cores
. o 22 34 825 270 o . 4 o 7 51268 $aa McC 2 v
21 27 8s 4800 0 () m 128 Ray Tracing Units
2 250 4 51268 McC Stacks
84S4AH 35 75 4800 4 1
2 26 85 2 2 $2,065 8 Hardware Contexts
pasoH 28 . 45 w0 3 A e .
e i .~ —n wm = s 1 8 - 51268 s s
32 & 4s 4800 ° [ $3,070 8 HBM2e controllers
6adsH = 60 w0 3 S 3 51268
64184 = 45 = 00 3 L ° p
e 2 4s cC ]6 XeLinks e oors Intel Max Series GPU
4 o 57 vy .- \ (2-Stack)
i L = 12868 = PR B
300 - 4 4 L e - .
s2 V1 g 30 S 1 2 12868 $200
470N 36 9 4800 3 )
pnn 52 8 = o 205 B — 1 8 2 =
J——
6438N 32 2 27 38 €0 185 25 —
25 38 ///
6428N 32 18 IS
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Intel® Optane™ Persistent Memory 200 Series |

Persistent memory made flexible

eADR (Enhanced Asynchronous DRA fr ‘

- ( M Refresh) |

Averagit improves performance of apps that use persistent m) ‘ I o ot — $
‘ rdwa ebase

3200 :ghr:;ry bandwidth

compared to 100 series

AN

K6-bitha
J\= ES- XTS 2 ngV-S-9°
omp\\ance

by eliminating “cache flushes” - volatile data includin
CPU caches save automatically, even if power fails \\ e
more bandW\dth for | encryption® ppu ity C
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MpocTtoTa YCTaHOBKU U HAacTpounku Persistent
Memory Ha npumepe cepsepa Supermicro

¢ Memory Mode - This uses the DRAM DIMMs in a system to act as a cache for the
Optane DIMMs. The total memory capacity of the system is the Optane DIMM capacity
since the DDR4/ DDR5 DIMMs are only acting as a cache. This mode is not persistent.
Data is not retained on the Optane DIMMs through reboots of the system.

o App Direct Mode - This uses the DRAM DIMMs as memory and uses the Optane DIMMs
as a low latency, high bandwidth storage medium, more like a NVMe SSD.

¢ Mixed Mode - Allows one to set in BIOS the portion of memory being allocated to
Memory Mode and App Direct mode.

Aptio Setup Utility - Copyright (C) 2020 American Megatrends, Inc.

Memory Mode [%]:

66 Percent Intel Optane Mixed Mode
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SuperServer SYS-620BT-DNC8R (Black)

Motherboard

Super X12DPT-B6

Processor (per Node)

CPU  Dual Socket P+ (LGA 4189)
3rd Gen Intel® Xeon® Scalable processors

Core Count  Upto 36C/72T; Up to 54MB Cache per CPU
Note Supports up to 250W TDP CPUs (Air Cooled)

System Memory (per Node)

Memory Memory Capacity: 16 DIMM slots
Up to 4TB: 16x 256 GB DRAM
Up to 6TB: 8x 256 GB DRAM and 8x 512 GB PMem
Memory Type: 3200MHz ECC DDR4 RDIMM
Intel® Optane™ persistent memory 200 series

(Angled View — System)

Redundant 2200W
Titanium Level Power Supplies

1 of 2 Hot-swap Dual Processor Nodes

(Angled View — Node)

M.2 Card with Riser - _—— Storage Adapter Card

Dual Intel® Xeon®

Scalable Processors
~ SAS Cable

” 16 DDR4 DIMM Slots
/ Plus 2 PMem Slots

- HBA Storage Card

AIOM Slot

(Front View — System)

Power Button/LED § Power Button/LED

(Node A) Node A Node B (Node B)

UID Button/LED UID Button/LED
Information LEDs Information LEDs
Drive Ba;
(Node A-s)y Description
@©- 6x 3.57 Hot-Swap NVMe(CPU2)/SAS/SATA Drive Bays

36



MoppeprKKa Ha YPOBHE NPOrpaMmmMHOro
obecneyeHuA

Store More
Intel® Optane® Persistent Memory and SSDs

intel

OPTANe H PC V ALUE » Distributed Asynchronous

Object Storage
» Average 32% higher memory bandwidth

compared to 100 series > ’ =
m MemVerge cale-out storage based on
Mo apn sl e ODtanePME?/I Intel Optane Persistent Memory

per socket for faster data analysis and NVMe SSDs

[ \ cd @ os http://daos.io

‘7 VAST DAOS 12 released in April

intel

OPTANE ' O ENAND 55D Optimized for performance/cost
E xcelero Intel-offered commercial L3 support
» P5800X world's fastest data center SSD* i Partner enabling program

=  Upto 26X more IOPS/GB at 70/30 Random Read Q ce h Exascale storage stack adoption
over D7-P5600 NAND SSD” Q p by ANL, LRZ, JINR

Optane PMEM

v Optane SSD
= Uptol3Xaverage lower latency improvement at QECa?\?AND 0)

QD=1 over D7-P5600 NAND SSD" )
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m MemVerge

Supported In-Memory Applications

Mcnonb3oBaHume Persistent Miemory B peanbHbIX NPUAOXKEHUAX

Time-series in-memory database
Autodesk: Maya

3D animation and rendering

Apache Software Foundation: Spark

In-memory big data analytics framework
Redis Labs: Redis

\
1
\
\
\
\
\
\
\
\
\
\
\

™
PERMIC HINE -
,l >UP[:RM e E ORY MAC ging the Universe of Red :'
o |Vl an
In-memory key-value database \ AEMVERG Jatforms optimized for Exp \
1 Pla
ig Memory
Apache Software Foundation: TensorFlow Machine learning framework 1\ nterprise-class Big .
\ p— |
\ me apps- ! \
Open Source: PyTorch Machine learning framework | \
| \
/ Apache Software Foundation: Flink r Stream processing framework \ "{
/ Apache Software Foundation: XGBoost ‘ Gradient Boosting framework \ \
\
/ Hazelcast: Hazelcast r In-memory data grid \ \
\ ~ TaAnNe
/ Apache Software Foundation: Cassandra ’ Wide column store, NoSQL database \ ‘4 etsA Casmar@anta” e
/ Apache Software Foundation: RocksDB r Persistent key value database \ |
/ Apache Software Foundation: HBase Non-relational distributed database \
aep3.eng.memverge.com ¥
/ GNU: MySQL Relational database management system \
ot 1 Alerts: 0
176.16.22.11
BSD: MemcacheD In-memory key-value database
ontOS Lin 8
/ Linux Kernel Community: KVM J Hypervisor \
/ MongoDB, Inc.: MongoDB ‘ NoSQL database

8.0-193.¢8.x86_64
/ R Foundation: R

4.98% used

s, 434.78% used

Environment for statistical computing and graphics
/ **MemVerge is continuously qualifying new apps. Support for apps is available upon request.

4 Bandwidth

PMEM Bandwidth

23425

Supported Environments

Hardware

Second and Third Generation Intel® Xeon® Scalable Processors, with Optane DCPM memory
Operating

Systems

CentOS: 8.1 with kernel 5.7.4; 8.0 with kernel 4.20; 7.8 with kernel 5.7.6; 7.7 with kernel 3.10.0-1062.12.1.el7.x86_64,3.10.0
1062.9.1.el7.x86_64; 7.6 with stock kernel or kernel 4.20.

PMEM Usage
RHEL: 8.1 or 8.0 with stock kernels.

/ Hypervisors

/ VMware ESXi running on above HW (vSphere 6.7, 7.0), QEMU-KVM
/ Containers

/ OpenShift, VMware Tanzu, and other Kubernetes based container platforms
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Block I/O Limits Today's Storage Performance

Application Traditional POSIX Data Storage Bottlenecks

Misaligned I/O in Blocks Serialized Block Access

N
soec2 JOOODOOOOOOO0T0)
siock s LI LW IO L i
o+ R o

Al/Analytics Small & Misaligned |/O in Blocks

Block1
Block2  |VEIRSRe

Block 3 val2
Block 4 Val2 cont'd 3D NAND SSDs HDD

Block 5 | key3 | ]
Block6 N & Compute nodes wait for
[

+ access when shared datais
on the same block




DAOS & Intel® Optane™ Persistent Memory

Revolutionizing Distributed Storage
Applications
POSIX Apache
-

Distributed Asynchronous Object Store (DAOS)
Storage Engine

val2 cont'd

Metadata, low-latency

DAOS: Beyond POSIX I/Os & indexing/query

New scalable storage model suitable for both structured

& unstructured data ,
Key-value stores, multi-dimensional arrays, = NVMe

columnar databases, ... , SSDs
intel o

Unconstrained by POSIX serialization 3
QEIAEN),? Intel® 3D NAND/

Accelerate data analytic/Al frameworks Intel® Optane™ SSDs

Block
Addressable

o
<
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oneAPlI

Open, Standards-Based
Unified Software Stack

Freedom from proprietary programming models
Full performance from the hardware

Piece of mind for developers

CPU & XPU - Optimized Stack

Applications & Services

Middleware, Frameworks & Runtimes

¥ Tensorflow ~ OPyTorch @ xnet leasn ffg’: NumPy  YoBoost  ©PenVIN®

Low-level Libraries

M
Other
oneTBB oneCCL oneDPL Libraries

Languages

Other Languages

Compute Hardware Ll CPU 1 GPU

-
-
o
-

lllll
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