et Zomen

.com.cn
EARER TR Pl

ZDNet MRS EFLD | FERARS

iE+F0 2013

EFEE & 5K

| Bl s 1 | —
i - - | —
/!~ | - . N B
-y, - . L 2=
1 N LI = -
B R I L=
= b | - - =
3 it ] - i P in
| i = &
i - N
= =
-
'

i

0 A

KW R B WEE
2014.1.5 BXKEHm



1=
=1 | s 2013: EREESREEL

VORL

NINIE %89 2013 5, ERERNSFEREAY, EREWEkmn ENERK &
BREMET, BEARME.

EERMpKARRIERE, BI/IFEREEBEHEER FRB=, (HiHE 128 18
H—XMHpHEM . #ER Windows Azure FIE Sk AWS Ll NFE, wainB =l
EANRELCE T T EFNIAE =,

[EEZEAIRIPAFIINR, AREBERKMNPAREAIEN. ELEXEAREFTER, B
JVEMDBLATL RS A T, ENEERENELERIRS, Bl HRHEABMMERR. 15=H
KIE—IZE, , IHER T DAAFBEANE.

NE=SMENTHEBRIN SHAHEEMFE, FERETF AWS EEEIEM,
VMware #FRFIASR (BE=) »

BENE, Uaga AR AWS &R 13E7, ERelmhinsbis 3-4 E7;
VMware BEliE 1 TTAISI, FREESTEECNE 15 TTRIEIN .

AT 27 2013 F, AWS LIESMEMNEM IBM miS CIAXE, VMware EWAYIG
BAGEATLL, IMKEENZIRE

EHIREE, T, FRPOMEEE. BEFORARSRAEN—T,
HEEX,

ZDNet (VRS ZFR AR, 2013 FRIFIRH O ARG EREAsNE: EHED,
FERAE N

CIA Zb%, AWS BRiE Auto Scale. MEHFEAMER Scale BIEIRE, XFENEIRHO

(SDDC) MEAT Auto. AWS EERJLAELIL T SDDC, {8 2013 FRIES R M
HRIRIESZE

AmAEHIERE 2013 F, BaiMFECIRR. ~I, EiF 6 FaihRERERE
REMIFENFARANEL, BEZIORIOREARRDOIFHRIN, DEELIJIFR
REH, N\ 2013 FRESMBEERREIEFL, BEXT OCP E=HESMIKIES,
BRHMRIFNERE VR HIZNIRE, RIMBEBRBEEBSARIINANE, BAXE—FRE

B5iRS o

KT 1 3L



#iEthd 2013: EHEESREEX

E—E BWEBISEAEER :

B EEFIOSIRSBEEITUL oo 8
WAMERIRL . EFEERIER oo 10
W OEBEME. BIRAEEIIME oo 12
W EEAESIEIRIARSSES oo 14
FEHBTEUED - vveeeee e e e 14
B SRS EREHEEL 18
OCP 5 Open RACK sserrvrrrresssmimmiiiiiiiii 19
B ERIEERESLBIYRARULY «ovvvv e 24
CERAETENL” ZFE e - 26
EoE HERRSREEGHE 2
[ = P PP 30
. -L-I-%i%tﬂ:ﬁ ............................................................................................. 3']
. #'?U_—QIE ............................................................................................. 32
CISC & RISC 7 33
B DTEEIUE 38
B BTN TR oo 51
VMware VCIOUA SUITE - owrrerresrrssrsessessisiine e 53
Microsoft Private Cloud ««rrrrrrrmrrsresrseresrsere e 55
AMAZON EC2 «vrreerrer et 55
OPENSTACK v 56
. IIEI\éIjZI: ................................................................................................... 58
ESE WESBGSREERE 50
[ 2 TR T T P PP 60
ISO OSI GERIZEERRZRHE «ovvvvverrrre 60
BR=BEEIRFORILEIRAT - 62
BEIEURBHDRILE oo - 65
R OE L FTRORBMAE - 66
B OZEREIIUL e 70



WiEh G 2013: EHFERSREENX

WEIREZREIAML Network Device Virtualization -« v 70
ANEBRIEEIREERRIAMG oo 70
PEBRIZSIREERRIAMG oo 72
BERIEREEREIAM, oo 75

B ROESEIRIBIRERIUME oo - /6

2 EREEHIRBEEREIAL oo 76

BREBIBBIERR oo - 78

2.5 EREEEIRBIRFRIUMG o 81

3 EMEEEIRBEEREIAM oo 82

B BT SIS oo 86

ONF/OPENFIOW e - 86

OpenDaylight by Linux Foundation -« 91

ETSINFY  corrrerrenne 93

Open VEWITCH «reeverrrrerrrirei 96

SDIN ZEBUTIHT  -vvvvveeemmmmm e 98
VMware NICIra/NSX  oeeeeerrr 98
IMHCIOSOFT v 100
Juniper Contrail -«eeeeeerererere 101
Brocade VCS FabriC -« oo 103
CISCO ACH «rrvrrrriii 105
Google B4 WAN SDIN eeeveeeriiiii 107

B i oo 111
BNE FREASHSREELEE 112
HEESHER 113

BESMBEMERE - 113

TRIBM: MEF . EZE o 117
BB 119
B T oot 121

B NTRRITIERS oo 124

INEFRZSSROSHEML 125

M PCle B SFF=8639 «-ooero i 126

PCle TIMYBIFREEZ S oo 129

PIRATAVAER o 132

BB BTEEMESETIIME oo 133



WiEh G 2013: EHFERSREENX

ATRRMESHIMEER .o - 134
BEGOTIMME v 135

B X5 JBOD. RAID EEMEEHIL - 139
OPEN VAUIE  vvvrieeii 139
RAID BB -t 142
PIEBERILL e 144
ANEBRRAULIL oo 146

B EREEETE N TRERIER v - 148
EIMIC VIPR ettt 152

HP VSA oo 156
VMware VSAN SH3R Storage Spaces «----wvvvvvvv 158
NUEANIX e 163

B [EBUERAEETE S v 169
BES EAFESGWEE oo 17
WO OETVERIETZ o 172
FacebOOK JETFME ---vvvrvreereeri - 172

W SATUESREAIMIE v - 178
B RSEEEROZEAT, oo 184
W RSB ZRATUVAIRRIT -vvvvvverrmmreme - 186
B EFERAPRETIID oo - 189
u_lgw ...................................................................................................................... 190



BEHRIELBIFIRENEKES M HEEENUEF T,
FIEPOBIRENAERU—MFNBES XN EEZHEN IT RFHLE
18, EX—IEZzH , FBEIENZESBEREE : L Google,
Facebook LAKRE M BAT ARFRMBEEM I ART “"HEEM"
=5 AN OCPAIRIBINE ; BIM—MEENRLUESREWMAAE |
HELL "REENX" NARESHETD. NFEHERENE
B . AEBIERES KRR ORIAEYT B Et

SKIHE 1 3L




etZmm
".‘lL'ﬁ?o?ﬁi’#’ i

R0 2013: U EMARHEN | EERRIRS

F—E - EHEASREENX

B 1-1. Facebook fiZ F
% @ Oregon M Prineville
HEESL, SHBIEHE
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& I B (Open Compute
Project, OCP) ., & ig,
AXEETIOHE. ME.
FHESHEPO ITRENE
B, R REUESOEME
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[EFR 2013 &, FEPOERAR L2IHRNERAVES: BHED, FIREEN
MEBRR—F, BIErEIEREM T, RNAKEE,

BHBENSREEN, NEEKNEIESREI ™S, RETEFRENIER
Y. WHEZLDBE N HREIFK, BIFRAIIERIYT K, SHRERTMPLE, REHE
EEMIEHIRA . BHENSRGEENHRNZE, #R5% T BRt, AEE51,
DIRSMBERMIIEE (3t ) , HENBHTHNER, BEIEME CAPEX ( Capital
Expenditure, &AMz H ) #1 OPEX ( Operating Expense, IZE2/A) »

RIEHEFIEBNEEHLN . BENBNZEN, THRE— 1 BRARREREES
fhips, Bl “One size doesn't fit all” ——M Intel. Seagate, BZE| EMC/VMware.
IBM. AWS, #BREEUIAIMAS . SFENRREMANERES, BT EMtisEiisSst.
BEEEGEREMREREERRRERERGARRE (iBi) , RERBNTERS
BESEEMFENRIER, RESEEYBMTN, SFEENSRGENBAEINHEREBER.
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AT ERNERFAEES, EHENSRHENEESEE EEATIN, EEFLE
ENR . B2, HIIFELFEEMEZENXANTEER, XBEXRIRSEIEN.

iieEEl

FERgsR, BHEMMEEN S RATEER, AXERITIERIZE 2013 FRIS
2 RKE, BXMBLARBN “RIEEE" AR, BIIEmAREEEER, B 2013
FESTEEMRRE. 52, RTIHE, W (HE. TH) ERIDIEENERKE,
REAXTIEHFENERK. ERENIEPRIRA

AR, EHoRIRERTEENES, BRSO (ITIRE) BEEMRAEEEK
MABES, FERIEUTEFR (Intel) IXRAPMBEMH RN ESAFRRECS; WHENE
RO RS ERE TR, EX VMware AR5, RS Bk DBe “HKENX” .

TEeRYHENEIES L (Software Defined Data Center, SDDC ) BI& X, if
REFREFEARINRGEEN ML ( Software Defined Network, SDN ) , #R2(EF i
RhpaIRel, RMEERNEWVELER ., 210, ERT S AWS EREFOAZ2
SDDC ? Google #£ SDN ERISLE B E B B2, ERF 2013 FERE WK
HXEESRETETT, WHENEEHRFZERENFIN, FRLAEXKITICHIE .

SRR OSIRSRTTIL

FEH B P AEEE R ORIERDER, MEIERIXBETIEN.

TRRHUER O AGAREE/RER, BEEKMIA (X) HEHOHRE, STHIE
EER, XUGETZ A0, 22013 FLEFF, BNMEIMARHBI 412, B2—5F
Il 4 5, BRMXNEHEZRBREET 4512, 2—Fr0 21&; 2013 Fr=4£a0%0R
SE#81d 0.87B (800EB, 2805 PB) , 2 &F 2012 5, 1HXTF 2009 F2BRAVHIE
FuitE) 2020 &, FEFERIEIESEREY 8.52B, 22013 FAI 10 fZ.

HRIE IDC £ 2013 FIFN, F 2020 F, BEBEL 300 2 MREETEEKM, HRE
LISMEH—SREERK, FIBAEHE 5.2TB k. X 10 12AREEE 5.2ZB /Y
R, 51DC EENAY “#FFEHE 2020 F5AE 407B" EAME—HES BRUER,
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( Digital Universe ) KFIIE, EREBMGERNENE, LFEMABEESES.
BXME4ERT SoLoMo ( Social. Local. Mobile) , SHUH{ZIHRIBREESREK, 1
KT REWE, HhERITERITT

=& RKEEE. Ba). 3, SRR IR ZH, RITERERIFIEFR,
2R (ERRT ) EMRIEEMAINTR, XNEHIREFOIZREREE TEXRIIPLE . IR
i, HEAW L 10 {ZBFRIMRE, HROZNELTIFRZMFN,; BA, EHIETOME,
10 T aRS =t L= E M RIAR A .

=3 E, BRI hyperscale EE+H OFEITH , fRESREEEBIT 10 haNRE],
ELBET Tier 1 (£—FL ) , —HEH /xR, 815:

O EENE =M ERIEINZ: Amazon. Google. ##X. Rackspace. Softlayer/
IBM. Savvis;

@ 5 XA CDN ( Content Delivery Network, WESEMEE ) IRSE Akamai;

@ LKA H OCP (Open Compute Project, FRBITEINE ) BIA#EE Facebook;

® EANIZ BAT (Baidu, Alibaba, Tencent)

LFEREE, RENEY 10 FaRSRHERS “EX" AGRHER. EXTRIBEN
J& Google MM, HBERNRSHUEHLEDHEIUL, 2013 FAEHETOHEANRERD
B 10 12%7T.

T ESHHRS R EARZNHIRA—F, \BIRAWS (Amazon Web Services ) R
16 H & BETEH—MXig( region )#I DynamoDB fRZE 8 EAMEHET 2 F1Z( trillion )
IER, S3 FERFGMIEEAIAER 150 FRiER. W AWS 7 2013 5 12 BNIN
EHFERAESE 10X, FTESIEAIN T 100 5 & RS2 AIRFT AWS RIHAE- -

XARXMIEIT RS 2T BRETA? RZ AKIE Dell 8 Google EHIARSS2E, M
% Google FIMEE A F Dell EIQ BEANZE P RIRSS 25 EHIEL ) DCS ( Data Center
Solution, HIEFOBALE ) —EEF 2012 FPMRITHERSEREIT 100 &, MBEA
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1 Google MEMRSRHETHBIT 200 HE--

LA, HEEE2EBRSE—ITFTE(2013FE=FE )220 5800 &
RE, GoogeWERAB—TFEE. A, @—1ZE, BOXAE “BH" (
heterogeneous ) i OMNEEMRLRSEE, UsRSHINKE ([ 13.1% ) &=k T
HET71% AN, REENNET 26 H&, XIEK 0.6%.

TRZEERIRSS R, & BT MNERSEER. B, UEEMHRSI[HHEA
&R, Dell LA 25.0% #F2% =, HP LL30.7% &% —.

LIERMBRGEHHFREIDCH201I3FEIFTEERRFFRIRERS. B
Bloomberg #tRzsES T, BIETER (Intel ) BAKXER, RELTL94.3% EK.

VETIXAZHTF, TIFRERE: FA—PER, IEXRENEE, EUEFBE,
MRS 2 RAERITIL [HE , T AENE, E2H 7ML, USRS EE?

MR, EES5HE

BR—T, 10 HaRS[NEETL, FERRSFAOMENS, NITEIXLIRS R
BENEBRE: RREERSH/FIIWFE 300W, —FHEBEMBIE 2.5 12E; R
e THFERRE 100W, NEFAIEEIR 9000 BE.

XAKRRIME, —/VINRIEE, ERERERLIERZH, M CAPEXEI OPEX, M
BRETBAIUE (hyperscale ) #iEHOEIPNEE

MR ZME—RVIER .. SUEERT LA ARERNFR. T siEbdl, BEREE
CHRE, EBMITURBRMXA—17, MAUHERITARKAE Er LMD
8 HE RESE, EAMIRTE2XEYENRORR N —BINERERI . X NEET
Bidk, HRNUBEETL, MU ERIIRSSFVIE.

—
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AT, IT BENRIER EIABEMELMNIZORS I, EFARAISIKIAR. EI,
A SHETHEECHEETC, TERESSREEP ORI, BRERS
BRAUES] o MR, FEI T ARHRSE, SRR T ( BIRES R ), BEERSERE,
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2290 Google ¥1 Amazon (AWS #£ |laaS mizN MEFEE/LE 2 ) » Google AT
FOFIRFIOEEBIAAR, 3 IT RESENBRFRENR. SEILSRESUERE,
THRHES -

B4, IBMLER, WRSEs. . WESITET LR mle?

1. S RERE Scale-out (WIMRE | AT R ) . 24/ T EHLERSER
BTN (SIFERRN ) BRI RN, BIlFaRSHHEEET A
EERABENN . ERRAITERNERIRSE, JIURCENERFARINTREE,
BRALBEI—aRSHBNENT LR ERR, BAFRZEIRSEMERH Scale-
out BIFLE RS

2.ER . BEBEHM. 2i&. Google —FHaFHFH PC/ kRSS2, B=E &2k IOE( IBM
/NBIHL. Oracle #UEE . EMC ZERVAES ), FREFIFF AL A BRI T A S5 . (FRFFE.
FFRUEEREM, AILIE, BAYEE%k. @FEFRE—BoRE, FEZENEERAFN,
THWEMAT (B2 &) Frgh2e. Google EER R, ENFHRKEERAEH
FAEME (137187 “NRFNIWETIRHEF T HAINTFT, REYSAEE, AILUEEER
B9 1T ERZeiE, 7 ), MERF. TUARERIEMSE, RMAILEEERAARN “4EHi”
£, Google ZBIAEE Power IWIFEZZEAMENTIHE, (B IBM &2 OpenPower
Zfa, Google AFRMRIALL, EMNIERERBEERH, B MTI=AY Scale-up BE/15&, Scale-
out EBRBEEME . Google LARIAREFE Power 2EAMEINE D, FHLE, MERY
MR EEER, AMTATNKIAE?

frRT7IRIEBEEEN I, TERERFELTURMHN R —ZIRK (SR HLK) .
2013 FH=FF, =HKRSRFLEE 230 55, x86 IkRF=EME 220 5. x86 E&E4K
Z Intel (OXF, FRLABEXMEI MRS ARM, AMD tHEIk ‘i85 . RE RISC
£k x86 2 Intel FTARIABE, BABRTEEMNEIEBINEEAERAR “fH
" HOBRY. BIan, EEANMEE Google BEEHI ARM &HIREEHTHES.

Scale-out FIF R, EEWMBBERRLSEE, SELMLETNE x86 F1 RISC A
PPt B4, BEANTHIZAPRIEEEMER? ERE2ME, LN IT EROREIEE,
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FUERR AR, RE T ERNMEMIRZREIEFT ONEESE, NEF~%, Bk
BANHIEROMEN—BITENIREFE, BD Datacenter as a Computer, @ Google FrfR
A9 Warehouse-Scale Computer (WSC, SEHRITEN]L) . IXRE 7B AIERIES O
ERE, EATEN/ RSBOBEMRE (Scale) , SEREVBFERANARE .

EAMR, BB BIE, NI LUES— P BIERERE . BCRSMHFEHIR
RV M, ISR —MIREEHEM M AIRITTEI WSC, RRELT BiiE. i Google A
R, RMEZE—NMNMIENTRORE. FROABEHRANE DR 5, EfbEB
FEBECEEF, FJUSTIERM.

ERtE. BEXESAIRHE

fEEitR, NEZENAETE A, UL Google. BE. Facebook HXEAMEELM
WEEHEWER SHNXAIET, NEEPEMRERCNEERE. BIERXNEBER
R, @ (FE) A, IANRFMBE “BHR” (silos) MAZREZHTART - FER
MM LFHER o

Data Center Architectures in Transition

Application-Based Virtualized Infrastructure/
Silos Private Cloud

Apps @ 0 \’ B1-2. BERRBWL (G
TRSERXIE) EEHKN
Servers 5 1& 4 1 Ml 3% A9 3

N R, BERE—TETEBIR
etwork : N ) o
#L 4 (Virtualization) #9

7 W WEEEEE | PR UREFEAME
Storage | . [ 09 (TTTTTT] # (Application-Based
Silos ) 7E X HUHR KL A R HO

B, WHNELERXER

NREAFERERANE, H—MEINERBIE— AR REERNRS, W
REBERRMAY, LUERIREMN. NE, SRS — TS HRES RSN,
R LMERIERR. (B2, B—x RRHEEMRRS R, XER B9ErIXk, AL

12
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1-3: Intel Xeon
Phi thabI2gs, BIEFE
MER (BRE) 5%
BIRURRIRR A

13

MNIVTBIBRIESE, BRI LUERRG.

T R, AR B0 TE1F, —EEELITETBRRXAEE, (et
TR vEARRE, IEMBIRME RS, BSMERYEHMRENEMZ £, T2
Pl R ELRE o

it , Tk Z 5 AT AE SRS EROFTEERT RS AR IIE.
B0, SEETERANE CPU. BERRIEHARIONIERN, RAMRNRDFERSS
2 AT AR AES AR -

MRBEANEIEFO, SENN—INR, (EA—1TBEKERS, LENERRIT
IR TII 2RISR, BINT AERIRA, ST 28R,

LB iHE LR CPU, #METXEIEEE, RATERERFH
MAELBXAE; MXMHEXERIERE, MRMERSSIET, BB (CPU) Bk
A, (ENBARREERNZE—MBIA, CPU LREA, g 7 RImAIXE, MBI
FEREBRINEFINE, BEHAIERET

EIRFHEE, EEEXVUNNSE. SERSRERIRAVEANXEMEE ., MK
ES, BREAER, HBERATR, BNINRE, BRWEBRE. THEL, BERS
AIXBEFEEIRENEMT SR . HEEIENSIAME R MR, IR T EAM, B 7ER,
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IRIBNNBLAS o

BiESIRIRCIESS R

PRLL, BARIMREIRFSC, WEIT REESHE—L, BINEIEFR. BYEET
WRIRRN, BEENEHME. R, SEEPRRXE, B/LTaRSHE=E, BEME,

B = 47323
IE’EJ&Q/—'—? o

HENAY, RSBV ABHTEAIES], BIAEIEEIR B, LIRABERIUSB 27,
RS-232 FEIEMBXIKD, CEREZREREAY /O in3EREmE, FIHRTET
HEIPROIFRL—E00 ARBIRIEIERRIRS, MEXE  BIRINEREES CPU FEMEAE,
RS, AEREERR - PEZILETETIVNERKRHE, FERENIREWL,
DA P AR T RIS o

CRISTREEHEIRSBBRS R SE— MREFATES.

XIBIRH

X #8537 B (Project Scorpio) F 2011 F11 A 1 H AR AL RL, THTEEE, §AE .
BiR=7n ks (FPRLEFEEREHMMA) , EHRI2E0 B M, Dell, HP, IBM,
A KA RY BAFEASLZARS B AR —EEEIIERF BERET R, K
AR THRERBET S EBRMAER LR, Fofl RIF AT LALTE - R CE
AT AR, Al FHFeHHARGER, HEHLRE—FEIAEIR S BHTL, HE3h~ LR
EA B E F | HEBRTERA, RORFEFFRAABHERE, 7

2012 F 4 A 11 B, Adu IDF2012 3¢ sh KA ( X330 B H AR IR 5 & & R A&
VI.0; BISF5H 16 B, Tk (EHAIBIR % & %72 RMC CLI HLFE) V1.0,

KB EAARIR S BIR T KRRABRRME A, SAHPIER R, HERR, HERR
A& A R RaEEER £FEE (RMC) BRI Ko,

MABAE S R L ATARATOIAR AR R, A K 2100mm, 5% 600mm 3R 1200mm,
MAERIFT AZE 440, AL+, F=3o, RL&20U, RT&20U K5 EZH,
THRE UL T2 TS EMIRA BN E, K5 THE 1206, T 4U 2] R T 305 .
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PSU #= RMC # 7., R#EAAe PSU KR B -F & 38 & 09 % AL T,

KB PSU L 3URR, RARKMAZ T TR, TRENN GO RBEANABIRT &, IH
TT12KVA #9 4 & KR8, Wi £ 220V AC, 380V AC (RiA&) . 240V DC (H%) %A, £
T £ 12V DCRHE, MAEARIER T oA LTALE GRPE AURRTF) , KRBtk
K 600 &35, RH BN LB HFRAESHLERE,

SR B, KA RRELEFXT, & RMC EAE R BiEs, KA NH TH
#i, TSRy, 9 .5E0,

TUAEZE, RETAVI.OFATHE, KBAEEGEY, TERTENEY, RILZ
S, RTREE) R BARAMRAM,, X4 55 & KRR E4) Open Rack — K AR Z 4,
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OSHEE, BE /O mE
BE, Y\HE CPUMAE
BERE, IR—NitEM
FRESRIREC LA IR
R, BREMEINSHAR
VA LyREd:=|
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MENERIBERE, HEBEMEERRIES, BRTAUENR, BST7THXR, B

RBAE. 52, BRTHERMINBEXELLREZMIIE (box ) BEEHEEPE—IRA ‘&

2 B, R, FiE. NEFE\BEERN T RR, SOeERT, EMRalk”?

REINRIURS TR FiE. MERRELERN1YE, BEERFNERME, 2t
BReAA) “One size fits all” HR, EETE—MRREEZNNA, FEFES—NH
Htt R RIBRITEIRE T, B INEE . E:

HHEEELNNE, TENRFEE. BNt T EEVHZINTEEE

RNEEERNA, KRy BB ERREETIE);

FEEERNA, CPUMIRFIIRITERESS T

2, RSRUENEBEEERRESH R, YNEEN/UER, B2, 81ES
RO R  FESEIRECEUENERE, REEE— A AKRATEERERE, BUIEE EZIJI‘IJJ%Z%O

High,__ .~
® Performance 4
= -Computing;t

Graphics
= Ren'clé_riﬁj2

‘Cloud RAN “*“W'

Edge
> Routlng ‘

\ =Storage,,
= .De-dupe

= Low End -

' #JCold (Networklng
w Storage)f s

ey
Content Deilvery by
Yand Gamlng,;

S
E <
QG
= c
3
o c
o
o

V4
' Dedic'ated

- Hostlng

I/0 Intensive

I, NERER R EEFEEaEREARSNE@R E, CPU R RERERRA,
BR=FtreiE, MIBERRIFRE. RIRTER, WRIREAIEIFINZREF/R 2012
FRDITENE: 2T Eitiglted, 84 FUALRIRSEES 32%, 118EHNRE 4%,
BEFEAD S 65% |
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XJ Facebook XEABEEMIEWMS, HEEERMNANRSS, MREEEIR
RNERAF—L CPU, BBAJLENEE (KEIEHITERESN ) IHERIBE, FILUKHE
ML CPU RISz, BT CAPEX i OPEX,

Y, FEESIRSEF, PIMEGR CPURTA, EERIF— (40 Intel Xeon E5
FES V2 ). BIRRANE, BEIRS R RN 1, MFESEEo 2R EEROSREIEIE,
REBEIR ) , AITEZLGEBERITHBR—ItE. FRERRLENDZSHE. BE.
B—2t, BMEREE#R CPU, SiEBLETNARET 7fF, AERRSHE—LICREEF
M—EBE XIS SRR KRAIES .

LR IF G AR, HEARMNRESEE (Scale) WigITIRSEE, B ARIEEBHR
IRZ BRIMRENE, FZpbEHRIRID .

NRERS[RERWERZRBUH—ME . BRTIFRS|AIRER CGoogle ZfF, &
BHEANTHEMILITE (Web Hosting) FEEMMNATR. JJRRSBHEEZEIZE
‘eITEZEE, LLCPUMRFEAENR, FEREFER (1-2 MR, £ RAID I8E,
REHBRERS) . 52, 2XNT8. IN\EFE, TEEERNANEERS.

ZI+Z2FRE, DRRS[UNSERWEMCIMEHRZIERE, 2013FE 33
EWNBIEIK 7.7%, (UXTREREINEEMMRSE, 23 (0EThET SFRSR
BN 18.7%

HAENEEIMEIFERNESRIES, PFLA SAN ( Storage Area Network, fFi&X R )
FHERGRY T T R RS 2T S S F i R R A E AT R R N M AR S 28 /)
& KFE ) F2REM™E, EfEaX N AaEHEE, BPEEENEHTEXINTNE

EsL b, EHEeW R miELRIFMBRE &S (Converged System ) , skHE—1&#1,
ZXRBIRRESENINEIFERFNES, SBFH—F, NRRSRIEINGFEELR,
BIEfE D R, SCUTESEERIERK .

ANZ, thS HCI =FRAT] R IRS R EIEEEANE LIISRIEEE . —=ERAMNE, —2
TERENMEER ., TEHEBZE (interconnect ) AL, ZNpE RS E A0 FC (Fibre
Channel )@t InfiniBand( IB ) , R &R BInEWN, BEBELH BFE, EEAIENAE,



et
"Jkﬁfﬂﬁi g

iRl 2013: BAEMAIREEN | EERRIRS

F—E - EHEASREENX

1-6: HERMIEERLE
HIR0ERE, MEMRIHE=ES
R, B, BB (X8
V1.0) , ElAMKNeER
wER (BitE. WE.
=f%) . BE Cloud Rack
BRPENRE, BEER
ABARZE 1’5%891«,(:&!@

18

AT AR

T2, BE5TRESSEHEZANZEMRM (Density Optimized ) fRFBEFES
HEM A SR, LA Supermicro FatTwin g Dell DCS B9EL=R A0, B U T a8 X
IBIME AR 1U1. 1020 1U3) SFtbT] A RSS=EE8D, (ERERIFAEREEXI 7
NEED S, MEBESMERARIBNE ST

£ IDC B9%1tHh, JIRBRSS 830 E MR S5 8540 B TR PMLIMEMAE (Modular
Form Factor) , it&. FETIEMERITRARERNIZIT, £= Chassis (#4E ) BIREE
B B AE R 2013 FE=FEIEKRIFIIIRSS 23U AR R N 3.7% ),
TEIRSBRHIHEKR (WADE18.7% X 7.1% ) , BEMURSELEER (WAEK
13.1% 33 7.7% ) , HP 9HFEE—,

EtaiRSSRSHE

BIRIMNEIIEIORIEA R, IR T MHIZERIRSS 2200 Box KB J] H RS 28 EE@E
LIRSS 22HY Chassis ek B, EEAWIREEE (Scale) LigitiRsSeE, 2HIEHS O
KERE . BBA, SFBANEEIESOMS, BEAR Scale SAEF?

Evolution of Rack Scale Infrastructure

Today Next Future

Fully Modular
Resources

Infrastructure Fabric Integration

Disaggregation

" Interconnects
+Modular

+Shared

Power refresh /f
-Shared |rm +Pooled
&l Cooling | compute
=M - Rack +Pooled
Management L Memory
~ Sterage ||, pgoled
Storage

. < \o o\

Enable flexible and efficient data centers through
disaggregation of resources
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=09, Rack f—BNZRIEA— 1 BIKRZITRS R —ELSR AT —2HREDL
[, 0 OCP 89 Open Rack, #1 Intel 7J#EAY RSA (Rack Scale Architecture, #1223
RZRH ) .

OCP 5 Open Rack

2011 5 4 A, Facebook & A gk < JF IR #x 4% F & A2 R B Open Compute Project (FF 7+t H
A, OCP) , A T A EH%HkH K M Prineville B g F o agm R, @Ik, EDGEE
ANEAE o 098 9, Facebook A& 5 OCP #g b AR xtik o5 ey it AR, AR
#RF 0y £, 2012 F 47, Facebook F A T4k T Open Vault Ffika% 4+, 2013 5 XA T F4R
2% LR,

Facebook &9 %% 4% F «& HLAE FL Google 1N 2 R % —ANZ A, AL OCP BRI R %2 B P A,
¥mRWE, R ARRET AR AN RT, REBRRAGBE, A, AR ELEE
¥ 7 Intel, 4 #R . Dell, Mellanox . 4 % .~ Red Hat_ Cloudera_ Hyve (Synnex &) . Nebula, & & .
Mozilla, Rackspace  Netflix, & 2 (Goldman Sachs) F#:m4-) WA E P, % /RiLA Facebook
A,

#) T 8 %, Facebook — K £ §, 4557 OCP £ &, 2011 F 10 A F 4, % =/8 OCP ¥4 b,
F A7 p s OCP # 44 (Open Compute Project Foundation) , ¥ EAR R IT AL H ZEKE, Ot

@ Facebook % 7t A% 4 1% 1 A= 4tk N 4% 13 72 69 3 B4k Frank Frankovsky, /& Dell T4t 14 5

@ ntel F g P F IR F E A B A IE Jason Waxman,

@ Rackspace COO Mark TRoenigk ;

@ Arista Networks CDO Andy Bechtolshiem, Sun Microsystems & [ 4] 70 A ;

@3 B 234 KA pk My 5 5T A Don Duet,

B F KA G404 B AR 694a i, OCP 5 X #8570 B 2% — Bl AkdeAe . (2 23t b s £ 0,
OCP T #f ZA9E ML R3BA B /R %, B AT KRB0 B o) TIREREAABIR S BMNET £,
148 % F OCP ¥ 49 LA HLSE Open Rack, o H.##iL 4%, B A Open Rack X #& & s T ML
MEREy R, LT A

19
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* 1-1:. RIBEHIES Open Rack HEXILL
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x5 V1.0 Open Rack V1.0

FRE 19 LI HAE SR BB
= (mm) 2100 2100
YNEBR S 25 (mm) 600 600
& (mm) 1200 350-1220
& (mm) 483 538
R =ESM RU(Rack Unit) OU(Open U)
ETSE (mm) 44.45 (1.75 %) 48
Bz 44 RU 410U
SEee 1RU 0.5 0U
T 8% BNSE 1 RU 10U
BADE 20 RU 10 OU
2o HES HEE . Bgh. 12 fHEg
S| 4RU 3x30U
. |uE s TR (TOR)
I ST AT 5 20U
R = =
RERUYER BUR B

10 OpenU

10 OpenU

10 OpenU
Innovation Zone

[ Innovation Zone

1% Innovation Zone !

10 Opent!

G Opentt
Innovation Zone-

cable Zone 3

SOOpent

IOV RO RO

innovationZone—"

.f-iti.(n

Open Rack & SU#9#LZE, SMERTE 5 X
W7 B A EAAEIR S BMEME, {2 A
TREAEMIET BRI L 2] EF, X
BART XN TE, FERBER—2H
R vk, ¥F /& Open Rack 4R AT 254, J&s#
Bd, AERHXEEIIE AT, MEE
BAZEA R, URIEEHEFOHRE,

& 1-8:. Open Rack
BIMLE () FOMWE
(/) FUERS K. #

EE7F0 ToR R E.

20
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E 1-9. Open Rack
TR E T LAE RN ZE
RimMtEE (FHE) , Bl
IhHER ( BIELSKX ) ,
RENERES 19 3=
INREFETZ

21

Innovation Zone

53Bx8oomm

B 1-10: Open
Rack Haii (£ )
| #HP, Finfts

o

TALFE B, Open Rack PJ3R#Y 3 B X H A4 F T Lediz A, B2, 2L T OpenU (OU)
5 E %45, 1 OU % 48mm, ek FAAMZE RU (44.45 mm, Bp 1.753%F) ; Hok, 41
AN OpenU & P3R5 18], 3% b & 2 4> OpenU %8 % ToR AL, H 4 39 A OpenU 344 4 3 AR 3K,

FAR 3R Ed 10 4~ OpenU G 4 1T % & (Innovation Zone) , TF g 3 4> OpenU g #4-4£ &, (PSU) |

EH—R, EATEETRANZRAKRTRS, 2440 T TEERLA KL ek
TR 4 &) 69RM, AL, Open Rack ARFAZHIRAEA —ANEK, ZH TS B,
Ve —ANFre9in ., A M AR AP, X4LRA OCP 6 A&,

2013 & 1 BHEIBFANEINE OCP = F12E T Disaggregated Rack ( 55
AR ) S . BMS2, 5 Intel IBEAI RSA KL, TR, BItESEERRD
FHE.

EgtnE 19 TIHLERH, MRS MG, B— M MEUEIRIZAY Box (48%T
HHAMNEF ) . £ Open Rack 1, £ZLA Sled, RSA ##RA Tray. Sled iX-Md Dell
DCS ABRE, haH “SE%” o “BE” HAX, Uk Tray iy 4887 o ‘s,
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1-11: Intel RSA
RRXEEE. POD.
Rack. Tray #0 Sled
RIS ER

22

HEREN B, TLE. UBIRETALRNRIRER, TEEEWERDES, ik
TUHRETREMREEN RN, BSEPRIER, FNRSHRIINSAZEIAE.

RSA Pooled
Management Units Functions

Management Domain

Pooled
Functions

Intel Server Node
(Intel® Xeon®, Atom™ processor)

Pooled
Functions

) A 3
¥ Density Optlmﬁ Nod
Tray dss Sled

DCS. OCP #1RSA, 37 Sled #1 Tray ENXARIEE, ERE/LFEBER. HF75
FERAERS, FHIRARSARNEN, B Tray @2@ERNFIIZRET, HUTFIERENR
52209 Box; Sled WZ Tray ERIITE. W7, FRESIMBER, AJLIFR=72—5,
BJM Tray LiBth, ET4HEHF.

EAEARR LD MR SING , B MRARDRERE A S, ELE IR FHZA,
2 OCP A9 Open Vaulll EIUEEFEIBHBENE ), 22 OU( 94.5mm 3 ML Sled( OCP
B ) , 30 3.5 EIIERE, [KAIATE Sled EEAL, BERSBEE{THNAE.,

1-12: Open Vault f9—
N Tray (OCPiEE) , 15
MNER, HEFE—1M=EHN
(OpenVault) Sled, H 2
A Tray #35%
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RERIRNTLIE CPUMNRT, EFESE, UREADE. 2HIE, CPU (MW
Intel Xeon ) BILSFFABZER T WFEHIRE, LUINRIBALRE; FHIE, CPUMIRE
HECLENABEE, METRERRIIEN. H=MEHHE. BRERITHLRERE
1 CPU REEFANANFIA, ARE=nIREEMT BRF.

BENEEA—ERSRFKBITINE, HEBNE— M RHRREE. T2 K&
BEEER (BHERD) NERSE, (FRRUUERNZENRSSAEN QP = PCI
Express. {BIEZFEBMNE/MENT —MIER, BINABFIBERERIEKTF . E5H
WERATNBERE, T2 Intel I8 THEYE (Silicon Photonics, SiPh) K. 2E&I
ERETFREEMER, (B Intel INAFENHEARLL InfiniBand BFF M, ISEEN, EFEN.

RSA Pooled Memory Management

Rack Manager
ACTIONS

iz

Paoled

L2 Jic Jis Jis!

verige

Memory -
Cantroller

- - E 1-13: RSA it
WHEEEESE

EPHERIDNANER . BEYEIF I—EIRS:E, BEH@y & (Scale-up ) B8
G R/ NN, BEFENAZSEME, REEARNBARERNRIRBHADEEER
TR, BHEESMEHFEENMAN “FIRSEE , LUHEHT#EDY & (Scale-out) » AR LE
KFERSFERENNERSE, BEXES. XRBETRIENE, BT LMREEAGRIR
BZERVEWERR, BAEMEBNAER, NeetRIENBFE RN ENRE N EE TSR
928 & ( Re-Configure 8¢ Recompose ) -



@\Ietéﬁh
BWRRGEP L

RO 2013: EEEETIRHGEN | FEERIRS

F—E - EHEASREENX

24

EEMEA RS H EERRORESSMER (HEROSESER ) N0 B, Ei
BMRREE—FIRIE, DEBMUERI T, BASTEXRNIR, ERKE, R
MEE (EETPEE— "7 RE=SEHERE ) iBIIHER. REWNL, (—E8ER)
EEHE. KB CPU. RAMZ5EEHE. XHNAEF. BEESE &, Bp—
VIR ERORRSSEE (MAREI ) , WEEDNAIEEHBEERSHER.

EFHEERNGS, RGN “BoX” , SEELFRA—M “SEEie” (X4
RIAREREHAME ) RO o SRS E R D IEHRIRAIMUE R EAEHE , AT LIE EEdsELA (a0
VMware H9 ) MAEIMCEAR, SEG/NETAES XKIIRO KT . ENENRESHEFR
E# x86 IS THMIRZ /G, MREFBRAEM ELW YNENEE" HEX, R
— I EHERYECE]

w=2, IBM. HP. Oracle J3Z Intel, E/\EH| EIREMEZLY, BEMIES AL
RS, BB

X E SRR
FHEF— R RN I, E7EAE=N laaS (Infrastructure as a
Service, ERMISMENNRS ) MAAVEERFAT, EIESRTSEIEA

ER— BB (MIAEEHRAILI ) , WHENEIEF LD ( Software Defined
Data Center, SDDC ) B VMware CTO Steve Herrod 7£ 2012 FFHgH, RIS
it FIERAY IT EMigieifiEs L, SR WiIBs R ORE RIBEHRSS
LUXRE IT BIARSS (1TaaS) » E—PMHAENREIRFLD, “THE. Fil. WE. £2f
O RAMRS MBI, BRER0, BHRERN, BB RIEIKINREESE, " EERE
%, SDDC #EEATT B, e¥=it8u A~ n HER,

(VMware 1289 ) SDDC HE#M bk, MESK ERLTFEHNE, 5
Intel #2449 SDI ( Software Defined Infrastructure, #{4E X ERthghE ) MBHEEZ L,
BREREEZSINE (11 RSA) . SDDC 848 MSHEE+F /O EMISIBAL,
MAHEEET APl Hlic. BIEFISIE, NzESEMB .
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1-14. VMware B9
47E X R0 ( SDDC )
EE, AXXKINEERE
RItE. W&, FiE

25

R X BRI

Bzt
XaaS: HE/XBR. £HFAHER

EEER

EToHEE, SHAREE.
BRERHNIT

- Log !
\ Insight

& i MESREM

HFiESTH

-

SR

AN ER K TNERHEFOEMILIEAGZERE, WAITE. MEMFE, SDDC B
HEMNITE (Software Defined Compute, SDC) . #4EN ML ( Software Defined
Network, SDN) F#4E X 7Z % ( Software Defined Storage, SDS) =&84%, BJLA
ERABSEEHHREZ FREIME (E) 2.

EiEil, SDDC HAFIUEHRIEN, En]LANEHERhRE .

StEMEAELL, SDDC NFRBEMR BN, EBEMRAILERE
PR RO RN R R I —— PR LUt L RIRER T B X 5 . BERIR—: B8R, ET
', 278, SDDC KER, 81F:

® [/ MRS BERS IR N

©® SN R IR Ee

O E AT AN EERIERAYT it

® |T EixHUE S EMI

B RS EEMEAENAIEGERRG—, ERRAE—RIAR, T8 T
HHUERD . MR 5 RBET NBEXREBRIXE: RAEREWRERNEEERE
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KRY I8/, FRE— MERIESRE, HITPTBRY “PERAR
B PREETEME. &R, BNZNAE, S2UBNEITE.

ZH RN ABNRIRHAIFINEER, Google kBEEZRAMT LA ERSE, IMIEXR
X—4%, HARE—a RS THERNBMMN , XERIEAREGERED EERRE,
B8 WSC.

“REEN 2k

VMware 32 i #9 SDDC 3k & X BB P s Lo wONF &, AP e 2 Falfh — MRt
FEREEENABFT S, LAE=ZAF HX] 5N RIEL ONF SDN #9484 . Infrastructure Layer
B, QAR Aedp3® X k4% 5%, Control Plane &, % Hypervisor SDN f= Hypervisor—Based Storage
Virtualization, ¥ &9k 4%, VMware SDDC &9 Control Plane X| A ¥ &, FEAXNNTHH. WL,
B EMLTE, EENFR—ANE—mEE, HIIA TELTEMLG I RZIR S
B M. BAEF R4 %A Virtual Data Center & il $ 48 & & #9484, Control Plane & k75 &
Application Plane, &, & VMware #9 & A N | SR EZFR 5 VAR A P 695 R AL /5,

"1 Key Feature [l Hardware | ] Software Management Plane

Current Bank Applications Financial Management
Application System
ane

Oracle, MsSQL, DB2, Sybase, SAS, Cognos, Websphere

) Predictive Capacity
ploy Service Management

i

ion and Data D

[ Virtual Data Center

Monitoring System
Control [ Virtual Firewall ] Hypervisor- ) i N
Plane ) = Based Service Continuation
Hypervisor Software Layer 2 Extension Management
Software-Defined Network Virtualization
— Security Management
I Locally
Commodity . . i Attached
Commodity Switches | Self-Service Portal
Infrastructure Servers [ Storage
Layer + (SATA, SSD)
Provisioning and 1-15. VMware
Deployment Management "

Converged 10 GbE SDDC #t4&RIZEH
VMware &) Application Plane &5 & SL Xk % = ONF SDN #4 Application — %%, % -2 T 7 #j Control
Plane #= Infrastructure Layer = ONF SDN #9#5H A~ , & VMware Z % ¥, Infrastructure Layer 1 ¢,
& BB AR, 7 e ONF SDN & @4 Infrastructure Layer &, F5TVL @46 B WL RIEHL, 3t 2%,
ONFSDN #4 Infrastructure Layer €8~ 7 & Wb £ ¥ VMware 7= L4, [ A #y, Control Plane ¥ 4,
AHEAMMOTR, AT e & kF BT, SR LA T M dastk] 2 Control Plane Fa

Data Plane,
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RBEINERNA, (IRS:E) EUNUHRHEENSNZSES .

MRARSBFITE . FiE. MEESDERTT, BrLURBRAMty, BILIREER
A AEZS DU RFEER BN B—BRERTEMUL

mE2, REEKMNEWRAAERN ‘FE" , BeRARENCESMEZL . mE
2 SDDC pIEt, FEEMMIRBENESERIEHRYEHEN.

2R (BEWEWR) EHERS (EREWERT B RAEXEI#ES Scale-
out, EREIZEFM. WENRIEM L, ERENINBERFEFESEG—, 5—2Z1
X350,

ERXERARIRS BB BN SERNBEN—F: iR, B=EMh.

BRI IT S ERBEERMELIPAK, T EiRMEEEFEARORFNZ—HY
BAZ . WRETHIFEENEEZRELENA, T BRI LIRA TN

X, LIBTRYRMER S IAERIEIMLR, SR T CENASEEEE ZERIF T .

UHTE VMware. IERRIfIE, hypervisor (80 ESXi. Hyper-V ) £EREEFEHEHHY
5. SHERENN, B TR LEENFBLAAE, BRREISENLNBLK. R
{7 AR BELML, BREEGS X CRAEEREE, FRRIRBI—LH T
B EERNA. 3%, IEREZSTEUNIEEENEEE NRAKREES, LN KIEE,
BERBRERFENAD T .

EIMCE—aYIENII D RS P EMNBI S UBEESESRE (7 1aaS FIBF) .
MBANEWHINAHEMS, EREWREANERMEW, AEREIWLDEHES, M
SDDC EMRIRE M Hin, FRINAHNE, sEBIEMU—xEERME; mats
RRAEMS, EREVAINBIREEELR), EIMMEE—ENRIFERE, BES
MRIERKIERT o

MTEENEPIMESARSRE—E (25— ) BROFEK, BUNEBRLTT, T8
INRIFEHFE, FrABE TRAER, IKiE, SDDC BIRFTLIZZEAEMAINRER, EXl
BERS[ANETR (2255 ) , TLIEEXRASEERDECEIM, MREEHLNE
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RIS ERSIE:2 G S

FOIRE, MAEFIRAFERASEFN laasS 12MHE, eI, CPU 5K
FRIBCEUIEIERE, REEERRAIBEANZS, WA E B ERRSS=ERENR . B2,
2013 F AWS #EH I RDS & WESLAI, 244GB HE. 88 EC2 i+ & &4 ( W Intel
Xeon E5-2670 8 #% CPU) , EX L#2WIEVIAIEET . MRS BRNIZ RSA IR
SEEESL, TieA “EoK” 12 ‘MoK (EIML) B5H, REIOIRIRIEMLEE
SBRAAIES

EETRONEE, £, =. IEBDITIETHTE. M. FHEMSRIRAREHN
BHEMHE, AEFAESITILTESESESMERISTH), (RILEG SRR E XTIk
RFERISING o



FF | MTEARASRHEHEGTH

g 1411 AUt

MENEMETRS  IARZNEMETIHE. &
MEEN/ LT BRFERAREBIERIHSA | BT
THENSS  TEEHHNERTER  (HEBEET
HAIRER, BAPHTEBEDRIFERKRELLLER |, =53]
Kﬁﬂhﬂﬁ%mm ENRT , BAIBAEREIKEFiE

XL EREIIRITTIE,

EIMCEARTIREE Mt EMEX LTS AL —.

BR/X
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1<

A—1E&sH, 118, Bi. #FHE=AZERME2 A0, t8. BEMFEEEE
Bik. T8, SERIEEHITHIE, RERHASNENN . BF, & O2EH
CPU——=Central Processing Unit, FhoRghIEgE:

Central Processing Unit

Control Unit

Input

Output
Arithmetic/Logic Unit
Device

Device

2-1, Von Neumann
Architecture (13 - RS54 ) ,

KEBH CPU HMETFXEEE

SDC ( Software Defined Compute, BFENITE ) X MAILHEREEMHARHELIL
EETEEIET, MIAEN ERRAEE X ITEIBEEMIR L NE%E SDDC ( Software
Defined Data Center, B4 E X #EH O ) HIMZ 5, 5 SDN ( Software Defined
Network. #AENMLE ) . SDS ( Software Defined Storage, #RAENFE ) —hH
AZF, B VMware 12579 SDDC #:&3kBF VMware BRI Nicira 28529 SDN

2, XF SDN WA SEI LAEEEEXRAIMEEESS . E, SDDC. SDC. SDN. SDS
BEW R B Z RS AIAR

VMware 2 — M EHU I ARRMERE, HI2HAY SDDC. SDC. SDN. SDS E#&
EFEHEIMIEAR, SDC. SDN. SDS X=PMRIERNKFEAVIAE BTSN IBEE _E3kiR
EHN, HMREEMEEhSNEBBERARESEIH Data Plane ##EFmEAN Control
Plane =HIFEFFNEHERBS, NMHTEE LEFNEEET .. REMKAEEFE
FEHFEASHER T LIS, B2, WX ik, SDC FIMEE AR
RNSBUANEKE, L2, RITHNEIMCRARSMEBILRREHZ [SBETIN. BiR
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MEAIER, Et SDC MHEMITBEERIMERIMAR, BRBEMRARRIEENX
BRI, BARRELIESRAY . SBEIRE, A E M EEHERERETTEEMUL

HEKR

TEREHEBITEEHEMFHRM, fRT CPU 24, SHERINERETHES
EaLH. BIan, EFEFRETF GPU ( Graphics Processing Unit, B4 1288 ) gUIHE
FERT, FH7ET GPGPU ( General Purpose GPU, #F GPU ) 17, “BA" X
MR ‘B , BT ITE—QEFNEHTML, ERGERTIRERERT
ZOFAIRNE

Romley EP Platform

Platform for Sandybridge EP and lvybridge EP

Xeon E5 CPUs Memory
Up to 12 cores / socket

QPI

DDR3,DDR3L
2 QPI links

RDIMM, UDIMM
LRDIMM

+ -800 to -1866
+ 3 DPC
» 4 chan/socket

-

n

Manageability ““}:

Node Manager 1 =

Data Center
Manager

C600 Series PCI Express* 3.0
Chipset 40 lanes per socket
m‘m Extra x4 Gen 2 on 2" CPU
Optimized Server PCH
Integrated Storage:
Up to 8 ports 3Gb/s SAS
RAID 5 optional

2-2, Romley EP &/9#(»: Xeon E5 CPU

NEZFFHAT LAY, CPUBXRNTRERMNITE, M GPUXHENEABERE
HEeEH, BE%F “BR” mEAKCPU. £M1 “ER” LR E APU (Audio
Processing Unit, E4AMEE TT ). NPU( Network Processing Unit, IMEZAMEE T )&,
ENEBEHEZENXER, B APU, BTETMERENIERET CPU BENIEKAIER,
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Ett APU fESREEFN T CPU—T3EMH CPU sk#f7 APU KIZHES NPU IEREERE,
ERmEin, WNEBsENERETRS, EIt NPU IS ERLLT CPU, MERSE
i, MFEERDEE TOE (Task Offload Engine/TCP Offload Engine, {£55% /TCP D
WoIE) gEHHIM£, H TOE Meest =@ MER NPU k=h. D8Ik, 1R CPU
BENMIBKBEE N IMEIIREERAVITERES, BPAXMYMEDIRERIRIAY "X "PU Fi=mE
T CPU BT A4RECHL, 21R CPU BEIERARIMNEIIREFR K, APAXIRAIE FbIERE
Beie——GPU fi2XiER .. Er Ak, GPU ¥ CPU RIREE.

2-3, NVIDIAZH T GPGPU B9
=, FHEHT Tesla &% GPGPU F= @

BAMERN CPUREBE B —EXEE: 81F APU. NPUERNRESEAITE
BTHSLEMFER TIBAA CPU 5E, WETF ARM. PowerPC EBAMNIESELUNMBER
B9 CPU 2243, (UNRIESEINEIRITBRRE . Migfit&8aehix—=atE, ©f CPU
HRBEHAKE,

FHiTaIE

THERENMEE SR INME G, AMEIENR=IRSEMN, FIRRAIgE
WASSZEIRS . HIRAFTIESARZREANSE, BIIRAKE CPU HTEEXK
RACHITERE S, BHE L, FEXSITERENIKREN / BRITEN LA RBXIENSE,
XAT, XL CPU B THRaNEE— R ENSHN—MRESREET . BEREEALL
2 CPUTBHRARKEE (24 CPU, LA Cache Line ABAI#ITRIE ) , AIUARERLER
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Rk (£ CPU 1k, Ll Cache Line AB{HITELE ) , AJLIEEEM InfiniBand &
BERAENTEN, (HPC 2, LA Message BENBMAHITELE ) , st 2LAAMIERENIE
—SRONLEE (RS, LU Socket NEBANHITRLE ) .

FMER LIRS, MIEERRTEESEFITITENSTITESRD, X,
FHTHAMERO AR BIREIAY, Xpl2E Amdahl's Law (BIIIAIRER ) -

o 1processor- T(l)=s+p=1lie,p=1-—s
@ n processors - T(n) =s+(p/n)

o Scalability (Speed Up) = T(1)/T(n) = s+11—5
n
Amdahl’s Law
20.0
=
AT ]
Parallel Portion
16.0f s— 509 ——
— 7500
14,00 — oo% |
O 5%
12.0
$ 10.00 /
& LT |
8.00
6.00
4.00 —
=
2,00 //
0.00
Number of Processors B TS 2-4, Amdahl's Law,
PaTYEIA /R R
Amdahl's Law

TBRY A TAMER MM ERRELFH TR DRI EBRIRET, MERTHTED, W
FER7R.

ZERNHTER—MEBEERASRSEAIERZ AT M RRAILIERSE, EFER
TIHEREDMEEMZRAVIBINME B, AMEFRENE=RISEIIREE, GPU HiAIA
TRANRE, SERKEEHRISENITRITRE CPU e KAMMEZ IRFINTHNITETT,
NMERSKEFITAIERED . BRETXNER, FEHIEFTOPHILT Atom XEFRET
SSAIMIRSS =S, EE—EEBHIUISFIIRAIIIURAT ARM LB BIE) CPU LIRFERL
fEPD (Z81, RZ HBA. IANBIETRENE T ARM 41888 ) .

CISC & RISC

MREITREHOEZRE CISC CPU——Intel X86 Z2HAIKR T, AmErEEkAHI ARM
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RS ESEs A MIPS S8 F RISC CPU:
Reduced Instruction Set Computer (RISC)

» Focuses on reducing the number and complexity of instructions of the

ISA. I RISC: Simplify ISA=> Simplify CPU Design =—» Better CPU Performance |

— Motivated by simplifying the ISA and its requirements to:
* Reduce CPU design complexity

* Improve CPU performance.

— CPU Performance Goal: Reduced number of cycles needed per
instruction. At least one instruction completed per clock cycle.

* Simplified addressing modes supported.
— Usually limited to immediate, register indirect, register displacement,
indexed.

» Load-Store GPR: Only load and store instructions access memory.
— (Thus more instructions are usunally executed than CISC)

» Fixed-length instruction encoding.
— (Designed with CPU instruction pipelining in mind). 2-5, RISC & ; #&
+  Support of delayed branches. ClsCzfE, BEHNZEX
+ Examples: MIPS, HP PA-RISC, SPARC, Alpha, POWER, PowerPC. CISC HiESETIESM
RITHEHITHERE
CPU S EMB® BTSRRI, REBIESEARDLUS A CISC (Complex
Instruction Set Computer, £Z¢15< &£ 1+&H ) #1 RISC (Reduced Instruction Set
Computer, $EEIESEITEN) B, RELMAIR CISC 248, ERZEEMHHESII
REZHIINEE, TRECHIKESAER, FEESEBRER. RRAMNMAREKINR,
CISC IESERLEERMITRIESRAR/N—F7, KREADESRIER; I, FEE
SHATHRZMHEREEAEE, WRERRITE— R, BARTHRACIEESIET
SR, EIC AT CISC 8 &t T F@irit, ERME RISC BEIESE.

CISC RISC

1 Conplex instructions taking muliiple cycles Simple instructions taking 1 cycle

2 | Anyinstruction may reference memory Only LOADS/STORES reference memory
3 Mot pipelined or less pipelined Highly piplined

4 Instructions interpreted by the microprogram | Instructions executed by the hardware

5 Variable format instructions Fixed format instructions

6 Many instructions and modes Few instructions and modes

T Complexity in the microprogram Complexity is in the compiler

8 Single register set Multiple register sets

B 2-6, CISC vs RISC

34
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~
. A
\i
—— MOB [
BIU '
peu - ™
SN, | i
i A
Y
Y MIU |
IFU i1
AGU Sl
A A S
Y Y /
BTB RS IEU e
FEU [
D MIS - ‘
- ROB
and ot
RAT RRF
AGU Address generation unit,
BIU Bus interface unit
BTB Branch target buffer
DCU Data cache unit
“FEU  Floating-point execution unit
ID  Instruction decoder
IEU Integer execution unit
IFU  Instruction fetch unit (includes I-cache)
L2 Level-2 cache
MIS Micrainstruction sequencer
MIU  Memory interface unit
MOB Memory reorder buffer
RAT Register alias table
ROB Reorder buffer
RRF Retirement register file
RS Reservation station

2-7, Intel Pentium Pro # %2 #4, H & A ID(Instruction

decoder) 15< #1388 BT ¥ x86 CISC 1§

S5 A
=54

Execution ELFHITZE, AMERKEAE

SHRIB 9 uop £

- WM RHERRISCIES

RISC R 7 — Lo &M
MITHIES %, EXRNiESET
Z&RISCHE L5, RISCH
ESK/NEBR—HE, HITRIE
tB—5, RIEEN T BUE KEiin
BEXETRT, EEWZiLL
IBEMAETSEE, Sk,
RISC 14N BEEISITETSEE, %
KT, HERZILRISCHLUL
EITEESNME, BHRRISC
RIBREFEAE IR LRITRESR, W
SPARC. Alpha. MIPS. ARM
Z RISC B2 4 HI

WT

X8 RRAMITHIRESR
A9 CISC ZR¥91AFR . M Pentium
Pro FF &, Intel &b 12 28 A9 19 &8
FriaE I #5245 CISC i8S
$ B uop, F

| RETXRISCOAGE, it

CISC 41225 4AF1 RISC S,
FEESARAIL SR

B #f 2 x86 &b 12 28, A
i Intel Atom £0 13 8 1R #F 7
FACISCIES &EMFE, F
B 2 85 2 2 IOE(In-Order
Execution In &= #1722 19, H
Fl & 1L B9 Silverthorne 4 22 14
7 % B OOOE(Out-of-Order

#h2 CISC 2214,
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Brarich Front-End Cluster
UROM Prediction Unit
A 4
{4 s
XLAT/ 2-wide Inst. 3 % In%(:::i“aon
T Length . [ E o
=
Decoder = -f-‘j x
XLAT/ [ 53
FL G Inst.
TLB

Per thread
FP

Register File

A A

Memory Execution
Cluster

PR
PR—

ALU ALU

Shuffle FP adder

SIMD
multiplier

DL1
prefetcher
Data e !

i [INNEERR |

i| Cache i

Lyl !
H |
: i

FP

BIU |/

multiplier

FP move

FP ROM

FP divider

FP store

FP/SIMD execution cluster

|

|
[ av_| ]I
] I
|

Integer Execution Cluster I —

Bus Cluste

Figure 13.1.1: Low-power IA processor architecture block diagram.

2-8, Intel Atom Microarchitecture
L 1}
Cortex

Low-Power Leadership from ARM

Cortex™-A9
ARM CoreSight™ Multicore Debug and Trace

NEON™
Data Engine
Floating Point
Unit

16-64k 16-64k
|-Cache D-Cache
ACP SCu
Dual 64-bit AMBA3 AXI

Cortex™-A15

ARM CoreSight™ Multicore Debug and Trace

NEON™
Data Engine
Floating Point
Unit
32k I-Cache  § 32k D-Cache
wiparity w/ECC

ACP | scU

L2 Cache W/ECC

128-bit AMBA ACE Coherent Bus Interface

B 2-9, ARM Cortex—A9 #1 Cortex—A15 Microarchitecture




%

_—r

—B

37

@\Ietéﬁh
EWRERSEPL

RO 2013: EEEETIRHGEN | FEERIRS

TRERASREENTTHE

Virtualized Interrupts

Heterogeneous processors —CPU, GPU,

DSPand accelerators

Up to 4 cores b
per cluster 10-40 s System
GbE memory
Quad
Uptod Cortax-
coherent A3 _j
clusters i P ( : ) Up to 18
lo--]---1--1 | AMBA
interfaces for
Integrated /0 coherent
L3 cache -'“' accelerators
andlo
CoreLink™ CoreLink™ ¥ 4
DMC-520 DMC-520 {: — ')
Dual channel ﬁ : @
DDR3/4 x72

2-10, ARM Cortex—Ab57 Diagram

Peripheral address space

ARM RFE—MALIEREEMS, R —% Fabless {MIERRRITAE], ARM 4bIESETE
BB AL RRERT, —HESENEREINE, —SEEENE AMBA 2EH LA
REZMEMET IP BINEEEM, 1L ARM REIARSRZMEA CPU Core IP, ALtAE

I AR LURIERE

POWERS8 Processor

Technology
= 22nm SOI, eDRAM, 15 ML 650mm2

Core | Core | Core Core | Core | Core
H

v T TR
P
L3 Cache & Chip Interconnect

Cores

= 12 cores (SMT8)

= 8 dispatch, 10 issue,
16 exec pipe

= 2Xintemnal data
flows/queues

= Enhanced prefeiching

= 064K data cache,
32K instruction cache

IV EVE SV ] SV ETE EEE

Core. | Core | Core 3 5] Core | Core | Core
H

Accelerators

= Crypto & memory
expansion

= Transactional Memory

= VMM assist

- Data Move / VM Mobiity Energy Management

= On-chip Power Management Micro-controller
= Integrated Per-core VRM
= Critical Path Monitors

ITEBISLIMS NS HAITNRE .

Caches

= 512 KB SRAM L2/ core

= 96 MB eDRAM shared L3

= Upto 128 MB eDRAM L4
(off-chip)

Memory

= Upto 230 GB/s
sustained bandwidth

Bus Interfaces

* Durable open memory
attach interface

* Integrated PCle Gen3

= SMP Interconnect

= CAPI (Coherent
Accelerator Processor
Interface)

B 2-11, #hFER®E: IBM

POWERS 41228
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Btbiesk, RE POWER(Optimization With Enhanced RISC) ttEB—ERIEH
ke, BELE IBMBERKIMEE] Bkt =1d POWER 2K (Power.org BX82 ), 2
Hidan PowerPC440 X#$09 1P 1%, FHRIR 2N AT EEHlesEdis, AMmBET
A ARM #8LEL, Eim R Intel x86 Z2#i%E. 2013 F 8 B, Google. IBM.
Mellanox. NVIDIA #1 Tyan 3z 7 OpenPOWER BxE8, EE#ER POWER 2293 AR
R, RA2HREUREIR.

it BRI

YW EEICEE T’

N FEFEFR
‘ ‘ BN BEEHTESEREZ
JVM / .NET CLR / Panot
BHENFTH D ESRE HITH ERIE
FEZEE (RPRAPL) &2 1, PRI BREMCUEER S
‘ Wine / WABI / LxRun / Visual Main Win / vCUDA ‘ Hypervisor ( I EER ) BIF
BRIk FEEEIML .
pem— SREMNWEEIRS SEUL. BT

2 EREES, BRI R AR BT

LUz BR MBI R H SRR R

ReHERS R %552 ISA (Instruction

et | | Set Architecture, 384 HEHRER2R

) . Hardware Abstract @

‘ H S % . Operating System ¢

ER . Library/API ZE 1 API

E2-12, 5 RRKELSE . Application iz F %%, R #L1L

LR EFEMNEEEIREFNENE

RE, FE, B—1ENHEZA LR MARREIMEAR . &5 BIEIMEARZE
Hardware Abstract B{43H% 4% . Operating System I2{EEFH .

‘ Jail / Virtual Environment / Ensim’s VPS / FVM ‘

TBSERIRREIR

‘ Bochs / Crusoe / QEMU / BIRD / Dynamo

BRERLMAIS N, BRI LAEA . BB LA A SCIR=F . NEHA NIRRT X
RIS IR T — 2 BRI A .
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1B: ISA &

ISA REHMUIBIIRISREIU S — MFER ISA FitiT. fla0, MIPS ZHBIRIBE
ISA EEIMEBIER TR LUETTTET x86 AIEEN L ISAREIHITIE NINESEMNE,
BILUEEAEESREH ISA EEIZELIAY ISA,

Intel® Microarchitecture (Sandy Bridge)
Highlights

Instruction Fetch & Decode

Allocate/Rename/Retire Rt IIue i

Scheduler (Port names as used by IACA)

'

' !

ALU ALU ALU Load Load

VI MUL VI ADD JMP Store Address | Store Address [ STD ]
SSE MUL SSE ADD. AVX/FP Shuf

DIV * AVX FP ADD AVX/FP Bool

AVX FP MUL | Imm Blend Imm Blend

i - 1

SN B 2-13, Intel Sandy Bridge
. . 48 bytes/cycle Microarchitecture, BIE/LD
e1-per-cycle 256-bit multiply, add, and shuffle A R N
eLoad double the data L1 Data Cache MERF =245 CISC 18N
with Intel microarchitecture (Sandy Bridge) !!! ' RI S C—llke *

* Not fullv ninelined INTEL DEVELOPER FORUM

BERMESERELNENBHRE. BEEFERIESEEBBENENES, — R
ESHREREH+FEE L EEAR MBSO RGN EINGE, XENFIFiRT = LRSI
Se24h, ARAILIFE CPU E@ENEI, 440, Intel Pentium Pro 4bIE2845 x86 CISC 18455
R RISC Y uop 189K, BX, X MIEENEKIE.

NTHREEFHOMEE, LI TSTHHEIE, ZHEBsSRESHER R
NEFES, EXREILY mARFRTHRBRICKIEINEZRNEN L. ESERES
ERHTTHSIENERNNN, Ak, —PEIIESERRLERM (Virtual Instruction Set
Architecture, V-ISA) BEERFRZIEN— M MIESFENTHENER .

2 B: Hardware Abstract &
Hardware Abstract BHIERILEBEHINER, B— N RREIHIEEEBIINE,
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TABRREMNEEFEHSR, HRWEG TR MR BB AR RMRAVES K
FERY o
B EiRhSR

I AR R RAZ ORI EXS SRR R EIME . T8 WEFFME =R
duEET, KRIEZSSERE, EEZEHE vCPU. vMemory. VIO =35, & —3%,
HEBTH . BHLIRNTEZERIEH R EMNNTS I, &RRITHREGBEENY
BHE, BHEmEGHRE—EGIEBETREMML, LERESEIEHEIMAIERELIN &=
=MH,

Virtual CPU

TER—FEMRIRIR, vCPU EMNURAPRIZOIIMEN T ERIRIEN—DB
PENRER CPU LEFALFRY vCPU K, R, EIALRRIEIMLRTEZR T EE
=17, AL vMemroy B4ARm]>, £ X86 £, —FiaRBIdamEmsl, XA
[EEZNESE, FEX vCPU Z[ERETE, B55RZETdE. hiFEEEGS
RIREIME, XM IEYS CPU itthI#IERIsy, 185IRY CPU RHEIERY CPU.

Secure Middleware

Unmodified Linux

Virtual BIOS/Drivers
g \

~ S baial s Eanve
e Ty Ty Sy e ey e X1

Root Mode
Root Mode

B 2-14, Intel VT-x 12
HrRANTSME (MILS:
Multiple Independent
Example of MILS architecture with Intel Virtualization Technology Levels of Security )

Intel B9 VT-x 2 x86 ISA £RY vCPU EEEEEMAIEAR, ERNEIE AT #BR
x86 Efl Ring Compression (8@, [EEEER T EEINZEM . VT-x 45 x86 &b
12859 Root Mode #1 Non Root Mode B/ Mz TiED,, & MELEBE=EM Ring 0-3
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RPRED, @I Hypervisor ( EIANLAIZE ) B\ Root Mode i17, BILUB®RISIER
BERITIINR . T2a,

B A A9 8544 vCPU 75 288 7 Binary Translation 2 4b, B EIESEMFE R, A

QEMU &SR LUEN B SREIESERET 2R ERI vCPU,

Virtual Memory

BT, LSRRG REERNFA8Eiz1T, FELE vMemroy(Virtual Memory)
B ARE D, 3 GPU FIERT I LIBAE, E/RIE L CPU BRBAZERIN, oJ
LIEES R, (MERFENL vIO(Virtual 10).

MVvCPU —#F, WEBIWIES ZHTRIEML, BENANGFERMIERNT, MAEE
TR R SRR ATF .

EPT Overview

EPT
CR3 Base Pointer
Guest Intel® 64 Guest EPT Host
Physical
Address

Linear Pa Physical
ge Tables Y. Page Tables
Address Address

® Intel EPT technology directly translates Guest Virtual
addresses into Host Physical addresses on the fly.
- Uses Guest Page Table and new EPT Table
® Significant reduction in “exit frequency”
" No trace faults (primary page table modifications as fast as native)
= Page faults require no exits
= Context switches require no exits
- No shadow page table memory overhead
* Full EPT page-table walk and Guest page-table walk may be
expensive

- Intel CPUs implement TLB/Cache optimizations to reduce the
number of steps in the page-table

2-15, EPT: Extended Page Table, FSRINEREMNLENRFUFIENMIIENFIE 2 [BR9EE1%

EHIRY Intel VT-x (X33 vCPU 17 T IEH4HE), BRIINT EPT #51%, MR T
RTFIEEE ©
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Virtual 10
10000h

VIO(Virtual 10) LSS @ o J> e
1O BIREHME,, EEETEES:
X310 ZRHBY BRI, LAR | s e
3910 SRR, Fi f]s:;@ o
TEAENRZ TR PClI 2 - 7V ‘ oy
HBHENEML, EEN2 e
T -E. HBAZHIREH DMA remapping
REHML -

CPU CPU

OERBFBFEZI L -
wEECPUR NS, & KEY‘“‘?”‘ i
IO #B1Fh, REEZNHI North Bridge
DMA ( Direct Memory VT — JDRAM
Access, E?ﬁ |7\] ﬁﬁﬂy ) Integrated PCle* Root Ports

Devices
0 Interrupt ( =l ) #1E, s
14 48 By #1 %1 3k 10 & DMA gO_LCllth ' PCI, LPC,
ridge |: : -

Remapping 0 Interrupt CEGR A

Remapping # ELITLAY 1%

E, FFHEM 10 FRrTERE YL
~EnkEs. 2-16, Intel VT-d AR

Platform configuration with VT-d

PCle SR-10V(Single Root I/O Virtualization iR E#LL ) 2 PCI-SIG #IERI A
F PCle 2419 10 LR, BEE PCle 2Eiz4I28M 10 RENEN SIS, HEE
Hypervisor #17ECE, BEERE TIENHAFELID Hypervisor, ELbEE—MiEHE
WK, SR-IOV ALK PCle IR&HDEIAZ N NIMERIRE, FHBED VT-d XEFENR
LRI BN RE MR AR IR BT H R, R EMSLUERE LA 10 8%, BIEYEN L
A 10 R E—1F., iFSR-IOVHREEAR LEEN £, AME —LEFHEESI =BT
SR-IOV K,
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| PF Driver |

——

Physical
Function
BARs 4
Descriptors, etc. Descriptors, etc. BARs
E E E E e

T

E 2-17, PCle
Virtual Ethernet Bridge and Classifier SR-IOV BiRE
Intel® Ethernet with SR-I0V ;u{{,ﬁ*

EfFEEmSR

BHEFEHENEMMERRPRE— TENEMKTES, 88 vCPU.
vMemory. VIO &, FE8EEIMSINT Hypervisor RN EIE RS, X2EiY5|
AN—N G ERA R BRI BT .

Hardware partitioning Hypervisor - Type 1 Hypervisor - Type 2
Apps Apps Apps Apps Apps Apps
05 os os 0s 05 0s
Adustable I |
» 1 partitions Hyper‘uisﬂWHH
Partition + -1 .
coniroller - : HypenvisorVMM |
! ! Host OS5
] 1
'l 1 |
sMP server, SMP server SMP server
1
[l
i

Typer 1 hypervisors are predicted 1o become predominant for
servers due to higher efficiency and availability.

B 2-18, @ X. Type 1 Hypervisor. Type 2 Hypervisor BIX 3l
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RIEENX, EBEMMZELEM Hypervisor: Type 151 Type 2, HA, Type 1 R
0 Baremetal B £ B 2244, Type 2 # ¥R 9 Hosted FE 2213, bRtk 2 4+, Hardware
Partitioning 845 X A HIERIERE—1 Hypervisor, HEELE#HEI1=(TE Firmware 2
RE9 Hypervisor( Z0iF, BJLAFRAS Metal £/@52457 ), SRt TS EIRIREINEIM S

Hypervisor #1 OS IEE 1B : Hypervisor BARN R 2R, EXAIE vCPU.
vMemory AU ANTERRHTERE, M OS EENSRUZHIZ / &2, EXHIZTE
A BEREFABNMHTERIR. Hypervisor FIZEXILLR ELEE st o0& Rl 5 22 HI 14
BERI .

Hardware Partition - Intel RSA(Rack Scale Architecture)

Evolution of Rack Scale Infrastructure

Today Next Future

Infrastructure Fabric Integration Fully Modular

Disaggregation

Resources

*Shared

Power
-Shared

=1 Cooling

| - Rack

Management

+Pooled
compute

+Pooled
Memory

*Pooled
Storage

\ 7\ s L

Enable flexible and efficient data centers through
disaggregation of resources

B 2-19, Intel RSA 524

Intel RSA(Rack Scale Architecture) Zetgigit 7T —MZREMN S, HBRIERKE
JIMEZENRFENML: CPU . WFth. Fi#iE, s RSA BT LIRS @ittt TE

B R, FREITHpA:

44



FF - HERASREENGTE

Qe
EWRERSEPL

iRl 2013: BAEMAIREEN | EERRIRS

Managing Pooled Memory

RSA Management Software

DC Management Software

=t

Management SW
provides control over
all RSA resources (
including pooled

functions )

* Supports allocation of
pooled memory to
nodes’

» Supports privilege
changes to sharing

» Ensured secure access
to assigned pooled
memory

RAS handling

Networking service
Pooled Memory Controller & Memory

Shared Memory Control

Partition| Partition
1 n

Y T
Management
Port
I Serverl I Server‘ o0 I Serverl .
‘*Subject to OS support constraints

Pooled Memory Management integrates well
with Cloud management

RSA A WEE LR E 2 — B4R R BN S XFER, BE Pooled Memory
Controller ERAEFEHIAXI AT CPU o EIAFTBERIE

Partition
2

2-20, RSA it EER

RSA Pooled Memory Management

Rack arsger AN
- COPOSED SERVERS
COuPUTE TRAY -
Pooled - - @ No servers are composed yet.
Discover v Memory
les =
&
- ety
Compose server
i} Switch
Resel server I
1068
- Total Size:100GB  1chunk :1GB
b Lol afl s llsilelf 7 i) elfo]f w
Server
|| 2f| || 1] ssf| ss]| 17]| sf] 15]| 20
Levell
interconnect SIORACE I

© Configuring Memory.
Plne

Pooled | 1 -]
Memory |l
Controller =
&
Memory
[ =

2-21, ERRHREEEREHE CPU/Memory X
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Type 1 Hypervisor/Bare Metal
Type 1 Hypervisor & FEEFIEMNIRIER 228, 8L Type 2 EMAMESE, H
Il e ZEEERIRMRE S EEGERTE R, NMEE&IFAI4EEE.

® \/Mware vSphere Hypervisor

VMware ESXi Hypervisor & VMware ~alZ&&[Y Hypervisor, Hei52 VMware
ESX Hypervisor, X3I2Zi8 T Service Console, G VMware #H vSphere 24,
VMware ESXi Hypervisor thafi 28R, 7 VMware vSphere Hypervior.

fCIM broker vpxa || SNMP ‘=|_I |
Third-party LALE RdF R,
CIM plug-ins v 3

(rosea ) pcwl) sytos) x| [vinx ] [

f[ User world API ]

Distributed Virtual Ethernet
Resource VM file system adapter and switch
scheduling
[ Storage stack ] [ Network stack ]

VMkernel [ Device drivers ]

Figure 1: The streamlined architecture of VMware ESXi eliminates the need for a service console.

B 2-22, VMware vSphere Hypervisor, Fk&& R VMware vSphere Hypervisor

VMware vSphere Hypervisor 94 = £ F, HEW#Z VMkernel @ — > B4R
1, EERLMTLFERBERREEMNINEE, W Xen/Hypver-V &, Hypervisor 11X
ST T WAZRAT vCPU vMemory EIREEINRE. BIIZBRINLE SERIRIERFNZE
Monolithic kernel 8291Z&0 Microkernel fPIZAIRILL

@ Xen Hypervisor

Xen Hypervisor @ — MEEREIUCTTRINE, E—HBET x86 5219, FHiE#ftT
TEETRENEMNRAS R, HECEIFEAGmEL AR, FIEE Hypervisor
RE, Xen BF—# Hybrid 5%, B vCPU. vMemory &F Hypervisor B, BF /&
430 (BB ) , KME VIO FEEIT—MERINEMNRELH (F4EXLH) ,
MERIAIREHANAEFR 9 Dom0O(Domain 0), FF&efFBRIELINAEFR 9 DomU(Domain

46
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Xen 3.0 Architecture

Xen Virtual Machine Monitor

| Hardware (SMP, MMU, physicalmemory, Ethemet, SCSINDE) | B2-23, Xen 3.0 Architecture

HFESEAT, 10 FEEY Dom0 EEWNFE, BEEERBEENDR (FE
Z4F Hypervisor JE Dom0, Dom0 FEIEE 10 B(E) , FLk Xen 4910 MEEZ2A a0,
TEESRMARD Xen Hrh, 24T — stub domain FOEE, XE2—Miz{TEE L
B2 OS W, ZFIIARE T 10 18X RIEMEI R RAERM . Xen B35 VT-d
PR AEBN R HLEAN SR-IOV B84 10 EIMEIER, 1550, Xen BEiREARI GPU BB

N
Be/J o

Xen BOAERBAYZE Credit 1 Scheduler, —FEFINER CPU BESEL. EiSE 10
A9 Credit 2 Scheduler BEF A T #FARET S .

@ Microsoft Hyper-V Hypervisor

Microsoft Hyper-V BIAZEF] Xen IEEHE, #R27E Baremetal B9 Hypervisor &
STH vCPU #1 vMemory i, Bi@EE — M55 BRI M vIO IR BN, X1
15 BIRYE LIRS Parent Partition/Root Partition, AP LIRS Child Partition.
Hyper-V t2{ERAEFNERAEEX, 1 Xen RFEWZR, & Xen Heh DomO 1 DomU &
BEEKNE, ME Hyper-V 1, Parent Partition EGEERBHANE, XoJLUEF 1O
W, Am, TRBAENRRNAFT.
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Hyper-V High Level Architecture

Root Partition Enlightened Enlightened Unenlightened
Windows Linux Child Partition

| VMWPs | Child Partition Child Partition

VMMS | wmMl User Applications User Applications User Applications
A J

| vSps vID | | VSCs/ICs | L=

/O WinHv /o WinHv /o LinuxHwv

Stack — Stack r Stack 5
i H Kernel
Drivers Drivers Drivers
— !
vMBus ¢ > yMBus .| vMBus | i
L3S i s
v J i v lv l
A ‘Fi s o r o . a
Hypervisor Hypercalls MSRs APIC Scheduler | Address Management Partition Manager
Processors Memory

2-24, Microsoft Hyper—V High Level Architecture

1 Xen —#£, Hyper-V E#IMLIET Event Channel #1 Dom0/Parent Partition i#
710 815, X Xen/Hyper-V B&3715£ 4 Event Channel, aJLASLIIZ#Z402 1O,
fFlan Hyper-V 2012 R2 3£ 7 vRSS( Virtual Receive Side Scaling, EEHUZEK AT E ),
BCEZ vCPU RN AT LAERERZ 16 1> vRSS BAZIIEsR M L84 R AE

® KVVM Virtualization

KVM 2 Kernel-based Virtual Machine, ©Efx £ 21{F B Linux Kernel B9— 14~
B F 7Y Hypervisor, MMEMAT Linux Kermel lHBRAENANGFREE, 8—1E
HNMEZ Lnux (— 1A #HRE, BE, BN T EZ5FM OS Scheduler AT LALL— %
Hypervisor B Scheduler EEEIFHIE L. KVM Hypervisor B &1L ATEET Type
1182 Type 2 BY&51E,
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KVM + QEMU + Libvirt Architecture s
s

a normal
linux process
i] QEMU is a device
b2 emulator
libvirt
Virtual Virtual Virtual

machine machine machine
Qemu Qemu Qemu
z Libvirt
Linux ABI | Provides.
) Manageability
(— T N

KVM

Hardware Platform

EEE T ===

2-25, Xen Architecture

N Xen —#, KVM fEF QEMU kiR vIO 8 .
Type 2 Hypervisor/Hosted

AR FEIEEERRY VMware GSX Server/Microsoft Virtual Server, BERT
N EBFEmEH VMware Workstaion/Oracle VM VirtualBox Z24h, BE&8B RS 2=EHL
FERXMEZE,

3 E: Operating System %

BERGENEUCTFERIFRFEAZZ £, ERBTRERFRGRZLUIREX
B, FXNEEITEMM, EXMNERPIAFR— M IUESURERFRIEMI TS,
MmE— M EERIERFHNEIR. TR,

RMERSR

BRERFABNE— MR/ EUKHLE, BREEAHENEFREIE, MXTEFREER
FERTIARE | SREITBRERA,

FMERFEEIIE

Container, &&%, {FA—MEMHXHEBRMT, BTERTEMCEMEGTFS,
PR T SQRUEIMUITH, EitEREMeErEE —EMNS, RRREER "BIFRR" R
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EMEERERGRIT—H, AEREREKRTEERS.

Container 2

OS5 Virtualization Layer

Standard Host OS

Hardware

E 2-26, BIERBREIN

BIRIEREEE Linux B9 VPS. LXC. Imctfy, FreeBSD R Jail, Solaris B9 Zones &5,
*Httslzéﬁﬁ?w&%DbE’\Jﬁﬁium, RERGRNBREEREENR, EitE—F& LaTliEs
ERZNHE=E.

4 B: Library/API %

B EE RS API éA%P}E1ﬁ$E%EI’\Ji‘I"§$§D Ban, Wine(WINE Is Not an
Emulator) @ — &I, E IR API&es, BII B LT Linux BIER % Lis
Windows M ATER, MIEFEEE Windows AP #3&9JEZE Linux AP,

Wine software system

user ce
USER32 DLL

T
Builds on

GDI32 DLL
——— Startup communication®
Wine Server

I NT-like kernel

“Virtual” user mode/kernel mode separation———
Gateway to NTDLL DLL.

Windows

and
System DLLs

Startup
’——{ NTDLL DLL |
ine table (wine-thread)
Unix Libraries libc libX11 other libs
and Drivers T
User mode separati
‘ Unix kernel (Linux, BSD, Solaris, Mac OS)|
[ 2-27, Wine Emulator:
Unix device drivers .
‘ | Conceptual architecture
togens: [ suboysoms | dopends on eraionafinod of Wine

50
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5 E: Application &

Application KBIRIEMH I REBFREEBSESMRIENETRE— RN FREFE
MR —PEML . EERIEERST, NAEFBESLHENSNNsT, HLNBER
NI BFR AR EIM . IR D NRARITHS M ENESRES EMU
M, EWUERNBEFIETERS L, FEUEMIEITZ N EMI M.

APPLICATIONS

Home Contacts Phone Browser

APPLICATION FRAMEWORK

LIBRARIES

Media
Fr:

LiNux KERNEL l§| 2—28, Android Runtime
Bluecoath pstems B\ R # T Dalvik Virtual
Machine— — # Java &

VL8

B ILA Android RiRIRIERRFAZMA T Application &BIHIELLL, Android F, X
Z R BENETE—1 Dalvik Java WA . B 7 =177 Java EL, Android t27]
UM RERDHITEE o

MREENITE

¥ M SDN fir4EmskAOBES R FBZ) SDC #1 SDS s LISZRIREEN, X3F SDC &K
HENITERR, BREBEEFONITEN—SMIRS SHMRANVE B BT HEse I/
Data Plane ##E¥mE#0 Control Plane =#IFEF#ERES . BT “REEN MEWRE
B RSLEEXTIRE, MEREREITE, Eib, “HEHEN B OMERRE
MEENITE, HEAEEMKIHT L.
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WFHREENITEMS, HREFARSINTEZRNERK. B, FERITE
TR EIZLIR S . BE, XiEid Hypervisor K5ehk. s FmEmlaiE T &b
Hypervisor ST AVEFXEEF &, #a0, VMware 9 vCenter, Microsoft Hyper-V
A9 SCVMM ( System Center Virtual Machine Manager ) , XLEERME R G121t
EOLESEXM Application Plane R BY@E, R TH—ENEIE,

WEREM AT URF S EIE FEN TR MHERRATEIMM . BER
BRHENITEL RIS T FaEIM / IRSEIMEAR . BTIHTTETEERIIH
EEFinG - IRSERE, EIRZ B#EBER Software Defined Server( B4 E MRS5S )
HIARIE, i SDC BERHAENL .

ALIEY, BERGABHE—MHFEREEN TR, BN E—F, T

T EN 2,

I~ N =T E R LU — ) ae i@ B AR HARSS, LRSS A=
EX: laaS (Infrastructure-as-a-Service, EMI8ERIIRSS ) . PaaS ( Platform-
as-a-Service, LEBIRSS ) 1 SaaS ( Software-as-a-Service, ZHHEIIRS ) , &A1)
B LAST RIBIEAE AR R . BRIERRRIINAERR, WINAEEMRRIESH SR
dSaaS ( data-Storage-as-a-Service, #IEFMERIRS ) , @0 Amazon S3 XHEMN=
FERSS

Application Saas (Google Apps, etc.)

Paas (Google AppEngine,

Platform Apache Hadoop, etc)

Infrastructure laas {Amazon EC2, etc)

Virtualization d5aas (Amazon 53, etc)

Server Storage Server Storage

E 2-29, mitE.: MEMRFEH TR EFHRREMNRS
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Cloud Services

Platform Software

Service) (as a Service)

Applications

Virtualization

::e's : - : E 2-30, laaS. PaaS.

rage p- torage - =

e - o SaaS A RETFEFAMIE
ERZaEBEESNOER

K& R REREET—H Distributed System ( DHRNESR ) , =mITERBXMERS
L “BRSS” ABRNMMETH—FTEN, DN ERABZREBRIESEEREE/ LD

VMware vCloud Suite

VMware TET#ET—%%EFETW%%@?J&EELLL&E%%E%Q, HpheE&f8a77EN
SDC S ENITERIS .. VMware 8B RMAITE . MK, FHRETHIAENERETE,
MeEFERTERN—ERGF, N “REEX” 855EkE, VMware 127 vCloud Suite, X
EEMENETHERHABZEONBERLS X,

VMware vCloud Suite

S L O U:ns

Applications

l Confi;unnion = 7
I EHE S LSl e

3
_thin  laptops tablets  desktops Lyl r:*p'

vCloud Automation Center

PaaS

vCloud Director / Connector
vCenter

Operations

Mgmt vCloud vCenter Application e s 2-31 VMware
. ki

Networking Site Recovery Director

and Security Manager | Mgmt VClOUd Suite ; EIJ_TJ:I%_

‘ , ’ EZBAEAE, 8875
[— - S o

53
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VMware vCloud Suite Z2#98]LAiZEE SDC. SDN #1 SDS piiEss =%, HE&E
itAY Data Plane 8EEARBEIIEIME, EIMLER vSphere B4R, ,\EF'
vSphere Hypervisor & vSphere 89&4t, HABERZHIITTERNEIML . vSphere i
XIMLE . FEHITELM . £ SDN AHE, VMware 12t 7 NSX ML / ERIFE XK
BHE, Bia{TE vSphere Hypervisor Z £,

Crganization 1 Organization m

VMware vCloud Director

Public Clouds

Programmatic
Control and
Integrations

2-32, VMware
vCloud Director

Secure Private Cloud

VMware J5ZHJ Control Plane B vCenter Server #1 vCloud Director £BA%, X3F
— AV INIEN FB—R R 2 vCenter Server H#{TERERE, EEARIIE. EEHHSR
FHaaMEIERE AT, ATLANE vCloud Director, vCloud Director i@id REST API 5
Er B2 HImEEE] . VMware 27T vCloud AP LUEEABZ=, FiEid OVF (Open
Virtualization Format, FFRUEEIMAET) KIEFRMVEREEEINEE. vCloud Director 12
HEY REST APIBJLAA 92 SDDC RYdt@EzZO, M vSphere 12489 vSphere API U2
ma@EO,

VMware vCloud Suite B9 Application Plane B vCAC(vCloud Automation
Center) &M BREFHRM, VCAC KB VMware 1£ 2012 F W A DynamicOps—
DynamicOps Cloud Suite. AP BAILIEESwEET vCloud API IR FERF .
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Microsoft Private Cloud

Microsoft BB B EREMINB =B AL R, EFHFEMNEMB A R Hyper-V
Hypervisor, A1, &7 Control Plane 89 SCVMM(System Center Virtual Machine
Manger) tBEeiEFIRBEE) 5AY Hypervisor:

Virtual Machine Manager
Management Server

Windows o \ VMware vCenter

Deployment | Software | yymm Hyper-V Citrix XenServer

Services SU pd.a I Library Hosts and Hosts and VMware ESX VMware ESXi
= ervices
Server S Server Clusters Clusters Hosts and Hosts and
(WDS) erver Clusters Clusters
(WSUS)
Storage / Networking ]

E 2-33, SCVMM 2HMRFErRZLZ—

Microsoft B Z=FERRIREEEOET OMI ( Open Management Infrastructure, FF
MEEEMLZEE ) I5E, FEREE WS-MAN (Web Services Management, Web AR
SEE) i, WS-MAN B DMTF ( Distributed Management Task Force, %I
E1BESH ) ©X . Windows 8/Windows Server 2012, Hyper-V 2012 LAK —LE334
HEBEES I OMI#GE, MMBEILATE SCYMM i f74i—mIE1E,

Amazon EC2(Amazon Elastic Compute Cloud)

Amazon EC2 @ Amazon R it ERIBRIE X F 5, €8 F AWS(Amazon
Web Services) FFERI—EB%, AWS FEE 2 Amazon S3(Amazon Simple Storage
Services)/ 7. Amazon SQS(Amazon Simple Queue Services)/ 7] &8 B &%
Amazon SDB(Amazon SimpleDB)/ #i#E7Z . Amazon VPC(Virtual Private Cloud)/ &
WFAB=ZEHM / k55 . Amazon EC2 BT laaS 8!, RHAVZLUENILAI BRI
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Eaey, EISEAISERR EFR— N ERIWL, Amazon EC2 FERHIRETREEHIAI Xen
Hypervisor, Bid{#H Amazon EC2, SJUAEHARHEIEREBFINEEEEOE. B
AR HASERY, FRIBSLEIRY AN/ \ARSC P ST UL ZE . Amazon EC2 12
HTEmREREENEE, RFEPNSHIEEETERD. &IAR Amazon EC2 &
RS T I RE TS RN IIE BRI

The “Living and Evolving” AWS Cloud

Your Application

Tools to access

Libraries and SDKs Web Interface Tools Command Line services
.NET/Java etc. Management Console AWS Toolkit for Eclipse Interface
Cross Servi
Authentication and Monitoring Deployment and Automation !::::m 23
Authorization Amazon CloudWatch AWS Elastic Beanstalk
AWS IAM, MFA AWS CloudFormation
Parallel Payments Content Workforce Messaging Email :::’:‘rm a¥igior
Processing Amazon Delivery Amazon Amazon SNS Amazon
Amazon Elastic DevPay Amazon Mechanical Amazon SQS SES
MapReduce Amazon FPS CloudFront Turk

Infrastruct
Compute Storage Network Database pdbri
Amazon EC2 Amazon S3 Amazon VPC Amazon RDS
Amazon EBS Elastic LB Amazon SimpleDB

Amazon Route 53

Amazon Global Physical Infrastructure
(Geographical Regions, Availability Zones, Edge Locations)

amazon
webservices™

2-34, AWS =S54

OpenStack

OpenStack 2 — M EE N AHE R E=NERSEERERHTEGNFRINE.
OpenStack H Rackspace #1 NASA ( ZEERM=MAR ) HEA#RE . Rackspace &
BAE SHY Swift JTSIELR,

NASATZR B Novan it BEEEBFEERER, E2010F 7B AET
OpenStack FHREIRE .
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OpenStack gt T —PMEE=RIF G, NEMTENFHERSHAE /B, 2iHt
A R RIENEHE.

Learn more about the project at openstack.org and how to contribute at Why OpenStack?
wiki. k.org/HowToContril

= Control and Flexibility. Open source
platform means you're never locked to a
proprietary vendor, and modular design can
integrate with legacy or third-party
technologies to meet your business needs.

Scalability. With massively scalable public
clouds in the petabyte storage range,
OpenStack is already running in global
corporations providing secure public and
private cloud infrastructure.

Open Industry Standard. More than 75
leading companies from over a dozen
countries are participating in OpenStack,
including Cisco, Citrix, Dell, Intel and
Microsoft, and new OpenStack clouds are
COMPUTE coming online across the globe.
Provision and manage large
networks of virtual machines

Openness and Compatibility. Avoid

proprietary vendor lock-in with Apache

licensed source code delivering compatibil-
ity with thousands of existing public and
private clouds for seamless transition from

cloud to cloud.

==

s

OBJECT STORAGE IMAGE SERVICE support includes ESX, Hyper-V, KVM, LXC,
QEMU, UML, Xen, and XenServer.

reliable storage using massive libraries of server “ 2_35, Openstack

Flexible Technology. Global ecosystem of
industry leading vendors supply integration
support for a wide variety of features within
the cloud. As an example, hypervisor

Create petabytes of secure, Catalog and manage

standard hardware images The OpenStack project is provided
under the Apache 2.0 license.

e Overview

et

2-36, OpenStack
Architecture Overview

OpenStack =M FZRVEHEIE:

OpenStack Compute(Nova): Nova 2 OpenStack 0 iz E E Mt 42 4, 8 &
Cloud Controller =12 28%1 nova—compute it B4 SN EE S, B — MO B

queue(Queue Server) kBIEEIEIE S, ZB1{#R RabbitMQ LI, nova-compute

57
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TR Hypervisor, B8 OpenStack FZE37#F Xen 1 KVM Hypervisor, nova-
compute &1 libvirt API %0 Hypervisor 225 ., OpenStack Compute 1&1Z nova-api &
HRFNSMEIEIEN AR E, X MR REST API A9ZAFES Amazon EC2 API LASEIF]
Amazon 3J#%., BJ01, OpenStack Compute A9 Compute Node FE3Th SDC 4z X
IT&RI Data Plane, Cloud Controller ¥¥iz Control Plane, M8 _EERINFEYN Horizon
X4ERY Dashboard #iEF Application Plane

OpenStack Object Storage(Swift): Swift 2 OpenStack B9 7 & 28 #, B -
OpenStack I\t 7o, R —HMERNIELISEE . Swift 1 Amazon S3 FiEIRSS
ZEL, BETEFHTTP B REST IRSEZEO . Swift RET &R, EEERNS B
RGRowit, BEHURKAIFEE /0 B . Swift @EFT MR, BIiHEd
BN S D HEIEMTENENT R, 80EER Switt HAMRE=18I4. Swift 2—
0 SDS ML R EURISCTL .

OpenStack Image Service(Glance): Glance 79 OpenStack 12t G =
il ENCTE

| SR

=k
HESEL AL SERRRIRETITE, SDC—HAEE X ITERMUNEEITESR
WIEBREREFARNREXMNLSEHA, MEEH—StENEAET . i
BRI ESR A=E: Data Plane. Control Plane. Application Plane, & Data

Plane 828 TIt&ERBRF W EHTEIMCEZ A ITERIRE, M Control Plane N fassig it
FHIEIR API, FHET APl 5. B5FKE8 Application Plane FIiEREPE . SR
FITEZRM. Data Plane #1 Control Plane 248, 28 LEFEE. J4REAIEE
X=m PN . BERHEN, ITEROFREFIAEFHEImNBFEK,
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BB IEEEIG—7EE. BB ARIE
FEPD. BSRESRIE IR E DL R R EERY
Rigtt., EEMREEXRAIPE., RSEIMCANARG
TE M R HR T AR RIX LAY BB
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s

I"MYHIMERE T ERBITEMEED REGERNEE, TERRWAY Internet, 152
MM CPU WEBFEER . EANX A, JIERIRUNZRNBUAINEEEL,

MZBENBEBE LB ZMLLAN (Ethermet ) , URBTSIE. KERIEZEN
InfiniBand, EAFEMERY FiberChannel. SAS, AB X & REifeXA PCl Express,
LUK SIPh/MXC &5,

ISO OSI| tEMSHEISRA

MENINAGREE, BRGRUA DIt EEiRnE, REREERNNES e
TEEIAE, MitE. NEHIEFEE= KM ER, WMENINEL. BANEREEN. 1ISO
( International Organization for Standardization, EFRFENLEL ) £ 1983 F£AH T
ZEZMISO. IEC 7498 trifE, ©EN TMEGER) 7 222, BitREA9 OSI (Open
System Interconnection, A ESEE ) &I, FrENEEK S E AT LUZER ISO
OSI| CEBEFHITRIS :

Open Open
System Relay open system System

Applicaton ————————»

Presentation ——————» <

Session EEE— < >

Transport ———— P q

Network —> < > <

DataLink ———— b < > >

Physical —> < >

TISO2930-94/d11
L— Physical media for OS!| —I

3-1: B ISO OS| #HITREEEK
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F1ENHEE

MIBEEN TIBEFRPEBRENITE. ERRERIEN TRESYWIEENZERX
R, XBIETHM. BE. BB, ka8, plaR. WK, HBA EHlEE N E
AR ERNRITEN . MIZREHAVETLIZE TR, BFURKRINES, FLUEBH, 1
BILUEYEHY, MRILLZBHREFI N . WIRERVHEMFRi 2R PHY 885, 8BS
SRR L. KT, LUK Wi-Fi—2.4GHz #1 5GHz BIE46E8 .

82 E HiRssE

MIERBANEVIBEBREOR, HEEREVATEMIER CRIEURER, Bl
2, MEEZEYNENEERES, MEUEEREECHNRHE. SEEKBENEE
TEES-EERNEE, FESERNIIECXIIREERNERAIMIZLES . HUEHE
IEERVHEEGIFRLIRN MAC B, BE 2 FiR&EH: Switch SZHaMlF1 Bridge Mt

E3IEMER

MEEHERZFMEEERIIMNEG, C©RENTERXSNEIEERILMEERIEE
KT . ZEBITEEMERERE. REHKRE. KRERLN. SXEHNFEZERAE
TEXETEY NRERR. 3 ENEEEERFR M|, BER 3 ZEMMYEE IP (Internet
Protocol, BELMIMNY ) , BEIH 3 EIREFMEFHN B HESE.

F4EERE

FRERTEREFHE, CEiiERE, FEHTAXRERGIE, DRFEER
JIiF . MEEIRIERESADEN RS, HERBURESHEE B BRIEIEDS .
BRI 4 EiNELR TCP (fZizsithal ) #1 UDP ( User Datagram Protocol, B
EIRMY ) , TIETE 4 ERVEENSES Gateway MEF] Firewall Bk IEE

S5 E 5B

SIEERATAEENGHEBEA, HEZE. FHEEE (NHEE) . BERN 5 Eh
WA Socket. RPC 1 SOCKS, 1XLetl —ARTE FALimSLH , BAENGEHE Proxy RIRIRSSES .
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E6EERTE

ERREH TS HRSENE SIS RN, (ERGARE R
B, Y, AURBUEMEE. NERE . X—RERIMNTS, —REEHE.

F7TE NAR

NAERERENAEFREYE, UWARRTERAFIERN. FLERANNE:
HTTP, HTTPS, FTP, TELNET, SSH, SMTP, POP3 %, it I&L N A2
R E ARSI

B =REEED O RIEERN

HiRrhI BRI RS D BRI AR Ethernet, LUAR, 7ESE SAN 145
HRRHEBEIT LA FC R4, i 4atiasste 1P SAN KGR FC [ FCoE
i, HERONEMMAESREARERNS A MER: MEE. EERENNEE,
L4-7 ESHIRS , RIERP BRI,

— [SLS

Core

----- Inactive
links

Aggregation

Access

Server Rack

3-2: EHR=EHIEPOMERE
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BHEINEIRERORAEN_ERENSEN=ERHEM, S IEK—MPRIESD,
H2 9 Access #EANE. Aggregation ICEREM Core bR, BANEBERZ ToR ( Top
of Rack, HUETR) X, BEAEMUERIZSRMEEAIIRE, SIIERESEHRET
E3s#eHl; Aggregation ENHRMELETE Access EZBHIEEL, ©RJLUE ZEilsE
=ExHH; Core Ei2Mt Aggregation ERIEEBFRMESIEFOEHIELE O, B2 IIEE
3 ERVEHIEE.

GRS O =EL2EMKIRET Ethernet -9— 1M ERMY: STP ( Spanning Tree
Protocol, EE‘ZMWJ\LM) . TAFEE L, £ ‘N FRIELIE R 7 LAKMAIEE

Final STP Topology

Designated Port - FA0/1 <De~"'9nated Port

Root Port - FAQ/3 FAO0/6 - Root Port

| FA0/4 - DP B |
@ _ ,—ﬁg

g FA0/5-Blocking (non-designated port)

» Direction Broadcast

DP = Designated Port

E 3-3: STP 4N R eiFER KR TIE LRI HERR

STP R MYAYRRAT, EIRITIETE/ NEELSRFN, FRERIRERR
ZHl. REEFRETZMUHE, B STP IIARRNGAZHERM T RZEiREER
—PEBE—STP NERREIZ— M THIRAIMERE: — PR, =S80, JLFFRE
WEEERB TTRIRIR . AMEA STP AR, PTERXLEARIRZEN Block BHILET . &
MEERRAIY 5K, ESHIIRIAESHIBEWSIN, STP AR LMSIMIRTBERE
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BEIEMRBE TR .. SE—RERBEAENIERONE, STP LREMEMIFHIRE.
AEREWEF , BEMIEFTEAR N TREE . RAXERFE D LN E P BEFTES,
BN TFESRMEMERITHAIIIEZ T, 155 2BPLE EMINEAIMES .

STP B — 18R ENMNEZTRIIABERE STP AA2IFEENR. B, 8
WHHIERIR A RERNEN TR . BUBREBIIEREGERNSHNTRIRE SRR
. BR, ERBEIEFTEM MREZBRBISHENEERREZE. HE, STP LAY
IR ERAENE LA " ERER " MAREZNRREINRBER . XMRENME
FIERE, WEMIME TS EUIERBEAFRY . BEMUNSNBREF RIS —D
IR R R RER BB L NIRRT, MR RERRSEEREREEE. EU
(VM) Tt FBERERZ LAEMERRRF . LfFLE, IFEREEMNERRE—TE
FRHO VM iERe W4 . GNRFABIFRNAHIEIEAYIRR, RlRiEBId/RER STP HERIIREE
RIEBEI, BASBERERITES,

SZIRTF STP, #iEHOWAEEZEMLE, BEi2in%&sAaE (Access B) INE
&E (Aggregation B ) BIEMIENE, REBEE LIRERHRE (Core B) . X2
ETSERMERITNEE S, XIMZITHVEERE STP HRFSCENEE —EMED
XEEME, XiF, ERENESFESHMSERNIE, ETEIRETLURISERLL
BESHREEEN .

XS AYR R AR XA BRI A LS . Bt F=E8AInAZEE
“RXMmOER . REESHS, RENRASES. EMERSIAE=ZEMENE
MR ERESR, FTEFELMIRIRINERE . WF ST THSKHART IT ARKS,

SR NIZBERAT

&E, XMRITHBEEEESEIEP OISR RSB R EBE=ENERT,
KRR NE _EMETREHMENETZAEHAONY, MEREEZRRE . BTXMH
EER, £HREXLHRE=EMEG, EREEATENBR/NINE, MEXESDERT,
R OFBEEX STP AR

FTNEETOREBERD: EIWMREEN, WEEEBAOII . MEEILAT
KEBEEZHENERR, —HEENTREETOMNET BT, MEEESET ORI
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Rk A, STP HHBRSMEMTE, I, HEEUN—REHEXNITE—BE
KBRS . &f5, Multi-Tenancy BEREMEREINEAR, Bob, T REMELL
NERE S EBENERAE X WERIFE

ML EIUFAEFEX NEE 2T RS, EREEERNY .. BTXIMEEHN
MEERWIHRITEN. DEA, BIEETHESEHTEMCERBATMARN. G
EXNBHLERBRROES, BiteBFEHes 7 ETERAIEIMES .

EfaRER oM

& FE LN E M AR BB TR XTI HURE P ORISR FTHOESK, s B IR
MEERIARE . BEEEIPAIEXS STP EMMNAINEE . MITESE—+, TR, K
LRI E X WEEEXI WER R T, £ LEMZRBIGAIEIUME . ib
R EER .

I ESEAREE— P RIINERFE L. AEIEFTOR, E— T ANZEMEIE,
XEHAT=RinAL"RirOSHENKRAHES LD, FMUESR, REFEITERIR.
PrBImOEEE =R / AR O KU, X—<_tEESH T ETETES,
REPMAIRERE T —EMNEH .

Figure 1 Comparison Between Traditional Data Center Design and a Cisco FabricPath Design Using the Same Networking Equipment

Typical Layer 2 and Layer 3 Data Center Design Data Center Design Based on Cisco FabricPath

Suboptimal Path = = =
and Bandwidth I S
Bottleneck % %

y Loverda % .

Layete Bl %—
I &

| E3

7 7
&) ﬁﬁ

ridge ‘
K AR A KA

Virtual Machine Mobility Restricted to Small Domains. With Cisco FabricPath, Virtual Machine Mobility Is
East-West Bandwidth Is Limited and Goes Through Possible Networkwide and Unlimited Bandwidth Is
Suboptimal Paths. Available for East-West Traffic

B 3-4. REAX"EHZE, £TF Cisco FabricPath ( FabricPath 2 TRILL /Y A9ZEF )
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AZEMEHZEEHR, BERHN, SABBYERSN. I dia TR
e EZ, W SIHRaFRELRZE, eNZENaEiFE T RENEZE. FENTIE
RN ESRSY, BATRILAS RS —E (Native B4 ) FM1=24% (Overlay 28 ) . Hb,
=EREREFEEREFERS T STP ARE, ZEASRUFERM STP B EZE.

FRELR

RESPERTFE_EMEREAIBRSZEE, WRIEFTA, BEREMR STP AITR, #R
TIXANELR, BEESCIIA — BN B LF B TIE—F, FNEH SEEENERMRS .

TRILL(TRansparent Interconnection of Lots of Links) #1 SPB(Shortest Path
Bridging) @ MEIRILIINGZE, BN BRI NES—H BB ZEE3EMU
F MAC-Iin-MAC, Bt HA TRILL M48skE SPB MLERIAHE, TEE MAC &
SNEBE—EMAC, AEBFH TRILL =t SPB MERTAREINER MAC ., [RETS =EHY
MARZEMAC &, (B2HF TRILL #M¥F1 SPB hlEZEXLI T iEHINEE, FE=E
T STP &Ry, HIBa LY RERAIMIE. RERRTEEBZ%ENEGESD, LA
R 4RELINRS TS

FITRILL. SPB XEXHI R KX ZEi74 B Z681E HP B IRF(Intelligent Resilient
Framework) ( 2 # TRILL & SPB) . Avaya SC(Switch Clustering) & F SPB) .
Cisco vPC(Virtual Port Channel) ( 2 BISTP MY B, 9 LU F B TRILL g &
FabircPath ) . Brocade B9 VCS Fabric (EF TRILL ) &%

Overlay BE&H %

Overlay EEB ZAREN_EMAITHNE), EREZE MAC 4MEEL—FEE
F=2 IP hiXa9dzE, NmaLIER — ZXRFHIE=EMNL &R, BNBE=E
WERIBE S, LU EMET BRIREAMEFBNDE STP ARSI, F1R%E
HEEL, THEA=EEEMEHIEN —EZEHTHE, B - EEEMERIITHRE.

SRR OaEE: FREYTERF

EEEEGSE, bR TS M EERIFEER I, BB —EERREIELRFAIFRAN,
a0 Intel B9 SiPh EEHIA :
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MXC Connector Features

Simplified Ruggedized

Fewer parts — lower cost

T

Up to 64 Fibers at 25G More Density

Allows same plug
on both ends

Up to 4 rows of 16 fibers Reduced footprint

(inteD Up to 1.6 terabits of data per cable [ReeIte

E 3-5: SiPh AR5 MXC #:k

SiPh ( Silicon Photonics, FEY¢F ) 27 Intel RSA M /EEH—MEEFIAR, X2
—HOEEESROR, (ERMECONUCRIREESNEOZE. EFNERRE. REHFE
RAAN . BEUEZRRY 4O, Intel SiPh EX A MXC #OEEE RN ATIEENASE
tE (EOSEHMERR) , TREDBFRET SiPh FEREHEAIYET (180um STt BIAY
50um ) NTIES TEOMFKAEEESD . MXC EORURZEM 64 £X%F, B£=17T
25Gbps BRERNEB MO MERRZEFTLUAT] 1.6 Tbhps. —MR{FEFAY 4x25Gbps #M,
T—HERBEM 25Gbps 1272 100Ghps, XHEEAN MXC EORSHLUEM 6.4Thps

N
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- Next Future
Rack Scale Architecture Next
Silicon Photonics for Disaggregation II'
Optical Rack Tra
ptical Rac TOR or yOpticaI
Optical Patch MXC
Panel Connector
 ere D) '
10G/40G/100G Patch Panel with Mezzanine
TOR DCC Connectors Fiber To -
Patch
Panel/TOR

SiPh Optical Technology

L
. g ' Mezzanine with
100G SiPh

Fibers: Traysgtc Patch Panel 4x25G 4x25G Mezzanine Processor removal does not
15 thin fibers connect all CPUs SiPh Module Socket Fiber require Mezzanine Fiber E 3-6: Intel RSA
to be removed g,gm _F_ B}/I\ Eﬁ E */'_I_?

Rack is configured once, ready for multi- i{_i B SiPh 32 A
generational use BITEEK

SiPh #ARZ7 Intel RSA(Rack Scale Architecture) 28t &, Intel RSA 24T —#h
MERENNHZE, HBERE/ MEENER B CPU M. WED. ZFEt, I RSA
BRI LR @B &, HIERETEIaA, FiUtRELREEEEAFE,
CRERMkENEOZE. 28R, IRETEEEZEESRAAR, X2 SiPh:

Evolution of Rack Scale Infrastructure

Today Next Future

Fully Modular
Resources

Infrastructure Fabric Integration

Disaggregation

“Interconnects
«Modular
refresh

-Shared
Power
-Shared
Cooling

i - Rack
Management

*Pooled
compute

+Pooled
Memory

Compute

Storage . pooled
Storage

3-7: RSA&E i
SHEREXRIT

Enable flexible and efficient data centers through %: AEFHIEFIERISE
disaggregation of resources ity

\. J \\ J J
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HED Intel RSA RIBRRERIRER AT ERIR,. B HEREEMRE, T—1
BBz BFn2 S RSA FIMBREENER SiPh I R{{& . SiPh 2—fiEE0, £ EmalL
EFMEZAMN, 280, RENARIZ PCle #HY:

2 Fujitsu RX200 Servers PC| Expansion Box

2 MXC connector with ClearCurve LX fiber <2 Intel® Xeon Phi™ co-processors
con Photonic modules 2 100G Silicon Photonic modules
ss Gasket |Cs al PCl Express Gasket ICs
‘Ple 2 PCI Express swilches
1 Raid Confrolier

3-8. Fujitsu & Intel Make First Optical PCle Based Server

FE2013F 11 B, ELEFUitsulZH T E S E T Intel SIPh L RAY AR 55 23
Primergy RX200, LE## T Intel OPCle(Optical PCI Express) Gasket 1 /BB F
TG EERH PCle 55, FEMAT —1 100G (4x25Gbps ) B9 Intel SiPh &R, £
A2 ATF ClearCureve LX Y¢£F09 MXC £k, WM& RX200 B SiPh s AREE —
PCI Expansion Box, PCIBE&F LT —E SiPh OB R4, HEZEH TR Intel
Xeon Phi Mt IREEF—EREET-R . Bk SSD, #BEAREET HDD,

A, Intel SIPh HSARERA EATEEREELAKK, i Intel SiPh BEATIEH
EORENMLE.
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P& EEHIE

BERKETEDRIFED KIS, ERIOINEET ISO OSI tERE, AAtL
BREEAEESTN, MMEEIMITEEREAMEZ EET— N EPIRIRNE

HfilrnE, EMCRIMERRESR, EIHHNBERERERBE. UoBEHR
Y EREMCHR2E T ENNS BREBETTH, ILESEZERMKEIERT. WEE
IMLYIE S SEBRIN B BN EEBETTH, EiMmAJLASLEE IR IERINEIRE,
A LABEE & Gt LB E S 2N EMERTIDR o

MEXEERVEARE, MEEIMLEER N EBD: Network Device Virtualization R4S

BREIMEFD Network Data Path Virtualization MEEEIREREIML, MEIRE2IEN

EEBNIRS, MEHIEERENEZEMEARS , Network Device Virtualization R4
BRELMEIIE2RATER Network Function Virtualization MEEINEEREIME o

154

bR T EIRNEIR S, WERFHAILID A, — 2R EIRERIRE, Shskk
2R, L. BERENERE, SRS E. FRSERMNEERINRE, NAR
FETHFERSMEERIMEREEIHIOMIRSI[ELARN, EEEME + EHFIZHY,

Network Device Virtualization ( &S EK& )

ML I E NSRRI B — S AR ERESENREE, —5H
ENEARTFEENAFSER: SHP Multi-Tenant, —NWEERTREFEEIZEE LRI
PMAKREEFER, XMRXANFEREDNTHRERN 802.1Q VLAN I . MERERE
WD RINERRETIN BN B RR

External Network Device Virtualization ( SMEBRMISEEiZFENIE )

SN BIRIFENIRANIRE, —MRits, Bl IBEE. MXFRE. BT
1 BRIMERE—Hub (§4ss) BEERDEEA, MET Hub REIMHERTM 3K,
BEILES MR L% 2 = B B ARSI LA IS FRRSHIRE AL -
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2 EMEREENIML

VLAN (Virtual LAN ) EZ#LLAN TEE 2 BN, BilEE— IR EM iR
REREMNBEN, LIRHEREIBF—IER . 802.1Q VLAN #BEAE 1993 FigH,
BR, AREZA, FRN BHCLER T —LXUATE. VLAN FIRRERBWIERL
B B AR ERIEMSS IR, EMSRIZ BHAEZEEE, VLAN IHIRSHT=E
SRR .

& 3-9: VLAN ~=2E

3 ER&EREENM

3 3 RS —IRARNEIM ST VRF (Virtual Routing and Forwarding, k&
WEEHMNE A ) I, XBE2RTSHEFNFEK. 8iFEEBf e+ O0ER, B
ZOBHEBEEATRNAFRERS, BtEZRE—FEYIERREH TS EINR
%, X#E VRF, VRF LR LR — MR MmeE EmAEIIRMEE, VRF RStETHE
FEFEE, VRF ZEUa LS.
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Per VRF:
Virtual Routing Table
Virtual Forwarding Table

3-10: VRF(Virtual
Routing and Forwarding)

Internal Network Device Virtualization ( AEBRIEiZFENIE )

Internal Network Device Virtualization REBMEREREIMAEBEES S T EEN K
HNZMMMNBEIIRE . —FBRNEENEIRE, BMEEIUCHEARE, FFREa3Eml.

IBERFRE

1 ERMEREEIIME

FEENIw, TET 1 ENEEMRENEN R, Bt 1 ERNIEMEREEULIER
FREIMLMN-K VNIC—EHMEN . 1 vCPU IR EEmilida—F, XWMN-<A9E
=M . EEIRENFIREM, TRl S MRS .

Normal VMDaq

3-11.: vNIC 8
I =MAR: R E
Network Data Network Data 4B RN

Network Data
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Software vNIC

KEbo Rt D =B EE TR M 7RI vNIC 52, 21 VMware Workstation.
VirtualBox EH3lZ, BIERIEM 7 AL ZRIEIMEIG, BREERBGEI
WK, ARREHEFNRSE. RERULRERSREN—RREEERRZSBZRIFRAHA
EIREIIFAIN R, WEEERE AT Intel 1000 MR,

Hardware Assisted vNIC

BB EIM AT LRI B FH%RE, W= #117E RSS ( Receive Side Scaling,
BT R ) EM EIRM T —FMWN-RAVEGEEN RIS 2. RSS EMEZS MR
AT, T-E EiHEERREE Virtual Machine Queue EEHNIBAZY, Intel (ERZIRE
VMDq ( Virtual Machine Device Queues ) , VMQ BIARRZ2¥E M REEHNZS N RIXE
KA IRER—ERY B RN DA RN, FHRMERAEAEIRINEE, NMmILEEERRYRA
ferEDE RS B2,

Hardware vNIC

M-I S R=ERERIFNBAR TG AR, XMEERERM, —M2(ER PCIALE
hE—N PCIHEEE AT LURHEZ N Physical Function B9Ih8E, REHHSHRYIEMN -3k, BEF,
XMBERERERE, FIUNESENR. EF—SNARENZERE I ARMMZITIY PCle
FZ: SR-IOVHI MR-IOV, MR-IOV RAEN, MM SR-I0OV 2&1E8I7 2898 A.

E 3-12: X SR-IOV
W<, FETENSH

-Eiﬁ}*j I te V d j‘: =
Virtual Ethernet Bridge and Classifiel \ 7'(‘

Intel® Ethernet with SR-10V
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SR-I0V ML EFEM EASREM TEEN S ASHEMNRIS5E, SR-I0V 21t
TEA Virtual Function, HoOECEISIRAIEIMNF, BN AT LIRS D4R - —1FRY
897 ZIBIEETF Virtual Function BIEIAR <, FaTLUZEBSAI VLAN. Jumbo Frame
L2, HTEREIWBEEIEGEEE, REESRTFIktaE.

2 EMEREENIML

2 BRIMEEIR S I D RIS vSwitch, KEBDHIREIML TS =EBE TIX
A9 vSwitch, EAET PCle SQ&XIEIMUAIRE, FiaR#ET SR-I0V AY vSwitch
BHE, MK LURHSYIESRIBMRERIRI, X ERENRMIEY2E3E
Pl T AL FHH, XFF SR-IOV—REMIiBAHEHEIASIEIAIM R H AR .

Normal VMDq

"HH (Ea"

Layer 2 Sorter and Classifier

Network Data

Network Data Network Data
B 3-13: vSwitch BI=#7A=0: . EEiEENFIm{

3 EMEigFENI

3 B & EIM B TLE vRouter IS, —RINSEmEIMLESREED
RETERUNER, BFREEMIRIPEERIEESEZE, FERHENEIHEEEN,
VMware Workstation/VirtualBox IXtFRIEIAMC R 7 EF NAT BOMLEHEIT08E o
—RAVIRSS eSS EE MM RIS RS, SIIBEEARRIVTFRE.
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Wirtual
Ethernet
adapter

Virtual machine m DHCP server

Virtual Ethernet switch
(VMnets)

MNAT device

3-14. NAT Router in VMware Workstation

[& T R USREEIR A SRINEERY VMware Workstation NAT (RE2E2 48, BEHE Windows
BHI ICS (Internet Connection Share, BEXMIEERLS ) th2— P IRHEE ., B
AUINEELRATE Linux RSP HIFETE

EERSESEEIIY

Re BN & EMFREE—E, EARSEINNERS RS 2IRIA0EN,
FHEIFFREME X86 WA, EIXEEMBZILET M — N TEEN IR
wETET U, LR EHEERER .

vRouter RIS

BT RSB ELMCAY VRouter RIS ST RELV B ESk, EEBLLRAERIAYE
W, M 2GR TFEEEIAIMERBENAI—MEELE vRouter EBEFMLI 5%
MEEESEBERAI Hypervisor &, siEBE—"R2MAELWER.

Hypervisor vRouter

METE Hyperviosr ZRVIFALEBIEFIAE, EMEERIFI4RE, EREKBMTITE
A9 Hypervisor. VMware NSX Distributed Logical Router 22— 1NESRIZRE, ©Bi5%
VEFEE T Hyperviser £, miEsSFEE— B L.
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VM Router

S—MLIE 2B EHASFBHELT, X LUARNEXT B ResHTEIL
£, VMware NSX Edge Services Router. Brocade Vyatta. Cisco Cloud Services
Router CSR1000v &2 — LB H 7, EFEMNAE vRouter EE KB T 45 E
Hyperviosr B9ft#, ELATLAES M FEE LEZE . VM vRouter MBJLATERABE = ERE,
Cisco CSR1000v 27X ERIT.

Virtual
Cisco 10S XE

Virtual Route Processor

Virtual Forwarding Processor

Hypervisor

B 3-15. BT FEMUNAE
Cisco CSR 1000v RE#l i Egs

245642

Network Data Path Virtualization ( R £ £ 5 I
B )

A MERIRAINEER SR — D BEEGBRVEUEBE, EILMEEEBIREIE
WEIRE AP B R E RIS . EXEIAPEITIE STP £ Y AIZFH
BRANER: ENHEFRONRENSE . AEL, WEHEBREUCETS/BEESR LN
PTE RSB IR— W im0 I A BRIt — NI i, B2k, AR EME
HIRBREUCEEGEET ORINEZ N — KM EME . EIMELEERE
MHEEEE 2 FE 3 ERSHRFEHINITE.

2 EMEEIREE RN

2EHIEBREMHEENAEEAL, Wtk IAI L2 VPN (Virtual Private
Network ) , BB AERA VLAN,
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VLAN

WETEFTIA, VLAN BB RIEN D EIA T S DRI, MNERNREXZEF
VLAN BB EES RIS B D BN 2 BB N . VLAN BB I AT LARRIR
STP AU—Liai, FHUIERERIAIEI B——EEE AR RI IR A ER s s
VLAN, VLAN BYEIRREF BT 4094 Mo, mAREHEFOFHAEE, VLAN
WEEBRT BHENOR . EHIEBER, RTDBIEIUINEZIN, EERRAZIENZ
BEZEER—MEEPEHREEZ VLAN MENEAEM, BXINEE 802.1Q
Cisco ISL ( Inter-Switch Link ) , 802.1Q t82 VLAN BUIEZHIE

| bA | sA | LenEype | paa | Fos |EMeme
| "“"—_.,_‘__‘_h _1‘_“—-._%‘ “'-,____‘11__‘1
| DA | sa FWPE| Tag | lenEype | Daa | Fos 2210
i “"“-__H_‘_ ‘“""1-,_‘__“_ ﬁ“"«______ ‘“‘M-__‘__‘_
| ba | sA I[Em:el Tag | Etype | Tag | LenEtpe |  Dala | FCS |fiage

-

& 3-16: Normal Ethernet Frame. 802.1Q Frame #01 QinQ Frame

802.1Q W9 Tag B 32 iz, EHA VID (VLAN Identifier, EIISIEHM D) 912 i,
F AT LAARIR 4094 4~ VLAN (0x000 #1 OXFFF R ) , £/ HRFAIRELEIRF O K
SAEER, XEEFREFREE Q-in-Q SEHEMEHIFBEEIUMCR ARG . EiE
£ Q-in-Q ATLUREM# 4094x4094= 16,760,836 > VLAN,

Link Aggregation(Static or LACP/IEEE 802.3ad)

Link Aggregation ixICERINEEB RSN RMLUEBIIEERAIE, W Port Trunking.
NIC bonding. NIC teaming &% . ix[1iCR 2GS M IRin 1CRE—RZA
—MBE FHIYERO, B—CRENNSEERN TN —ZBEER, Attt —
MRS IR . iR EE AT LASEI 2 R HEEI L SR A — KB B e I I INTH 2e ;
BT, B—CREANS R RIRCZ BELESSES, 86 7RIS, FETENE,
—RENX EMNiROICRE2E T FMN-<EII088, mM—A#RY NIC bonding/teaming
BT LA M-I IR 52 k. 7E LAG (Link AGgregation ) HIE/M £, WREET
MLAG fEAXZEN—FTES =,



Qe
EWRERSEPL

iRl 2013: BAEMAIREEN | EERRIRS

F=F - MEENMCSREEX NS

78

IETF TRILL(TRansparent Interconnect of Lots of Links, Z#i&iE
REEEX )

ET VLAN (BN ABE+HEFT, 71, VLAN HFERNIEMEERE
RiEE, VLAN IR AREBEEF B TIER . AlIFENFERERTREUNERT, F&
HEATRAYEFECE, 1 STP —HF, EEXIEIRETOBSRER, EIMERN Bk
RIBR MR DAL, IR ORI RBAR— T FBRRZEMNE . AL,
FERRETEIMISE.

TRILL

Transparent Interconnection of Lots of Links

B2 o a proposed data center L2 protocol being developed by
" 3 8 an Internet Engineering Task Force (IETF) workgroup

“The TRILL WG will design a solution for shortest-path
frame routing in multi-hop IEEE 802.1-compliant
Mission Ethernet networks with arbitrary topologies, using an

existing link-state routing protocol technology.” - source
IETF

“TRILL solutions are intended to address the problems of
Scope ..., inability to multipath, ... within a single Ethernet link
subnet’ - source IETF

3-17: TRILL ( TRansparent Interconnect of Lots of Links, Z4E&iFEAAEES)

TRILL 2 IETF #EZRYHT L2 MESIRE, X2—MAsiRh ORI "=, BaIHt
RFRMEHR " EMERT BRI, BEMIRETOBRMA, SEritbEskiz, &
BMELTEURMEN, RTEEREREIIIER L2 over L3 ARBIIE=EMNEEE
KHUEM —EMEE RIS, WREES T HNREZEDNETRIX N Bir, Eh—st
2 TRILL, NE=F £F, TRILL SiEARSERIUAN " RIRHENER, SHEEEN TR
STP RERBHEET R . BUZFZHE, STP SEHINEMERY/NF @M EFE.
TRILL ESZHFIRAIIRE, Eit, SRO=ZEBIBABYMR. B TRILL, AJLASEHR—
PNEEXNMFAI—EME,
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TRILL Frame Format
Header length: 64 bits

6 octets Quter MAC DA

Quter
6 octets Outer MAC SA MAC
Header
4 octets Outer VLAN tag
2 octets Etype = TRILL

2 octets V|R|M|OL| HC

TRILL

2 octets Egress Rbridge Nickname Header

2 octets | Ingress Rbridge Nickname

=
%
6 octets
Inner
6 octets MAC
Header
4 octets

2 octets Type/Length
variable Payload
4 octets CRC

3-18: TRILL Frame Format

e TRILL supports up to 64 ECMP paths

— Packet (frames) ordering maintained within
flows

* RBridges are required to maintain frame
ordering internally

¢ When multi-pathing is used, all frames for
an order-dependent flow must be sent on
the same path if unicast or the same
distribution tree if multi-destination

* Re-ordering can occur when

— A destination address transitions between
being known and unknown

— A topology change occurs

3-19: TRILL #=—EMEKRMH ECMP SIREFF

@\Iet.m
BWRRGEP L

RO 2013: EEEETIRHGEN | FEERIRS

Nickname: auto-configured 16-bit local
names for RBridges

V = Version (2 bits)
R = Reserved (2 bits)
M = Multi-destination (1 bit)

OL = Options Length of TRILL options
(5 bits)

HC = Hop Count (6 bits)

If M = 0, egress Nickname is the
egress Rbridge

If M = 1, egress Nickname is that of
the RBridge that is the root of the tree

Utilizing ECMP Paths & Reordering
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TRILL £ 2010 £ 3 B 5t 2 & 12 32 ik A IETF RFC 5556 #I 5& (Transparent
Interconnection of Lots of Links (TRILL): Problem and Applicability Statement), It
B RFC @A 7T TRILL ZRAR0EMIAKRNATE, MM sEhTt T
BEME, EASENMMNERRARIEFNE, NI TRILL REEREKZ,
a0 Cisco. Brocade #1 Huawei 2 TRILL thiXMIEEFIES, SIHEL THEX 5.

TRILL ¥ AB R 22—, TRILL AL REAE— MREENE D SRS Fm
SIAHYIS-IS Y, 1S- IS(Intermedlate System to Intermediate System) BBFiz{71E
FrEH TRILL RB(Routing Bridge) Zi8), ©¥FrBRI TRILL ISHFEZECER, THER
HEFIRINGIE . 2 TRILL W&, FRrERY RB #BEP&F— MRz VLAN |, @i 1S-IS

BHT{REESS . BUMBERR . KHFAIMIEE Tag £ LIE. HIEFEERINE Ethernet
L ZE5INT TRILL &3k, &M NickName fEREEARR, BTFIRXTE TRILL ML&
S HEE R ( PTIRRR AR P HEUETE 1P MK EELRRAIER ). 81 RB #EBMHE—RY
Nickname, BEIR4EFEAM RB RY TRILL 23X MAC #2iE. Nickname FIFAE X1 A
ZB MAC BRI X R FE . FA TRILL #EE MAC-In-MAC 5=, FEItE TRILL &
HXIGHIEIR AT LSS £ 4 Bridge #0 Hub #KE29MEB Ethernet iR3k4E % .

FabricPath ;2 Cisco £ TRILL fnEZ EIIAN T RZSBEEFMERNRE, BEEINEE
ORI, EAEHFESHEFE & R8REX).

Figure 1 Comparison Between Traditional Data Center Design and a Cisco FabricPath Design Using the Same Networking Equipment

Typical Layer 2 and Layer 3 Data Center Design Data Center Design Based on Cisco FabricPath

&
e

= e ey

go:g ok
&) l ﬁﬂl

Suboptimal Path
and Bandwidth

Bottleneck

) ” AN L
Bridged Domain 1 K Bridged Domain 2 1 Cisco FabricPath |

RARAR D O RARAR A

Virtual Machine Mobility Restricted to Small Domains. With Cisco FabricPath, Virtual Machine Mobility Is
East-West Bandwidth Is Limited and Goes Through Possible Networkwide and Unlimited Bandwidth Is
Suboptimal Paths. Available for East-West Traffic

3-20: Cisco FabricPath

80
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2.5 EMEHIRIEIEEI

2.5 EMEEIEE R B IERI R MPLS(Multi-Protocol Label Switching, 21
WIREE R ), MPLS FIHIIZ2 A TR IP SIHZEMEENEM, HUES2 tHE
0 Fh, RTHEIPEARSEATM (Asynchronous Transfer Mode, BE(EmE )
FWARESRREK, SR A T RLAIAR (Cisco Systems—Tag Switching, IBM—
aggregate routebased IP switching, Cascade—IP Navigator) , RIEEZEE P&
TRIE IP B BRI AR YE Tag ins kit 1Ti8H, Tag B OSPF(Open Shortest Path
First, FFRERIERSZRMS ) MNIEFHAN MPLS SKMERTTESRL . RIBERA Tag KT
TIALCARIE AR P b H T RIME B EaiE, HFEETIRSNERRM T FEC
( Forwarding Equivalence Class, #&&EME) BIE, BRRENSHTEE, &
BRILIREFESARZENIESEE, flangBEitiERNEIEEIRA—E, o
EFREBEOUFDFEIERAVEIES T —K (XA TEBAEEEE) , XNaEE
BEEMESRENFIES I T ——EMEF RS AR ANRH TE @SN QoS
REREUNMAETIENEESD, INLEX VPN NREFSIFNSIMNTE, XU&2 MPLS
FARRIPO MF =

a

4
bytes
Ay
Payload (IP
Ethernet Dst Ethernet Sre Ethernet _
MAC Address MAC Address I.em’“rv;p-e Field MPLSH 3 MPLS # 2 MPLSH 1 head;rlgcase FCs

A
[ \

LABEL Cos [ EXP bits 5 bits. TTL

——— 20bits ——» 4+— I hits —*+ 1 bit —+4+——— hits —»

& 3-21. MPLS Frame Format

B MPLS 8kKER 321z, HHHB 20 ZEA Lable 7%, MPLS BJLUEEAE
EROEA, MPLS Al THRE, ERIFERIE. BTNERIG L, B=2IRZT IP #HY
89, EM#FRA 2.5 EH.
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Figure 4: Position of MPLS Labe!

Data Link Header Data Link
ie.g., PPP) IP Header Data Trailer
{a} Data Link Frame
MAC Header LLC Header IP Header Data MAC Trailer
ib} IEEE 802 MAC Frame
VPIVCI Field
mm
IP Header Data
Label |
_..'._l
ATM Call Header
{ch ATM Cell
DLEI Field
Top M .
;;5-'-Z|_2___l_ I IP Header Data FR Trailer
FRt Header
{d} Frame Relay Frame

3-22; MPLS RitBIEETHT ATM R4

IETF £ 1997 Fpiz T MPLS TAENAFHE 2001 F£RHTH—THE, AT IP 8
MBAEREARBRR, MEATM ARBRERITER, MPLS SAREVATR IP
ATM E55RIREEZEESL, AMBT MPLS IFEMEEAY QoS IRSBHRE . =ERE
TERE]. 3285 VPN AIsF Sl Uit B E WAN B85 T T2 AN

3 EMGEEIRER RN

2N (Overlay) £ SDN HiEHEESHIIS— M RIEAZENMNE . BMSZ,
ENEAROZEMIINGSE, XERRZEEEE LRILRES, EBHE=HERNER
YPIBRILS . BREYRY 3 R 1 W LS EUREB IR EE IR AR BE L3 VPN LI GRE(Generic

Routing Encapsulation).
GRE ( Generic Routing Encapsulation, BB )

GRE SAZ—MRME—TMNEERITES— M MEEDXAIE, &2 Cisco
‘', UEIPRELHE., RARHEAEBRBERDAIMNY, W IPXH AppleTalk %,
AMATRERSMEPNERBLT, GRE B R#KMD, EXE, GREZE—
ME IP X EE% L3 N AYinE, EME—M PTP TAM#E—L3 VPN, GRE
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IPsec ~X—#£, |Psec BFERLUER IP &, (ERMEREAIMY, M GRE M oiF (EHiEs
By el OSPF. EIGRP £,

A GRE encapsulated packet has the form:

8, 8 1
-+

56 7 89 3456 1234 6 7 0
tot—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—F—F—t—t—t—F—F—F—F—F—t—+—+—+—+
|1C| Reservedl | Ver | Protocol Type |
e e et S s s R e e
| Checksum (optional) | Reservedl (Optional) |
e e A S e S T e S R Rt e S

3-23: GRE &&=

IETF VXLAN(Virtual Extensible LAN, E#li& LAN)

BrTBRENSEZIN, EF=ZEEMBTLUIMAZENE, FEKE ST
XS ZE. Cisco 5 VMware £ 2011 £ 12 BiRH T E AT E VXLAN(Virtual
Extensible VLAN, VXLAN) #xf, VXLAN AT 3 ENEE LRIE—MSELAEIL 2 2
W4 (A8 VLAN), AR LASIS IR 5 8RO EHE O 2 [B)SCBlimiE B R, (VM) 18 .
VXLAN SR IMZ P EMNEMHBEENIREE HE54F. Cisco 5 VMware EE&1EE
VXLAN tREESEIFmF, A Cisco. VMware. Arista. Broadcom. Citrix 2440 Red
Hat EXABHEHIER VXLAN BEEELE IETF ( BEEAN TR T/ENA ) B9FRERL .

VXLAN Encapsulation Technlgue Original Ethernet Frame

& 3-24: VXLAN Frame Format, EESSFIINT 24 AIKER VXLAN ID, SJLASSH 224 4 (16777216
™) BN
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VXLAN 8, VXLAN fr E2EF UDP 8/ MAC-in-IP %% L20L.3 1Y

VXLAN 8 L4 UDP 8, & L3 IP WL LAZEZiE L2 N, FH8 UDP 88/
BE7EF VXLAN (KETF SN TERRISIE % (UDP Pl Multicast), TiEESZ VM ZIEH
BiEiEId 2 2 Flooding F1s12& MAC HIE#SISC, XESH—LEoMIERE, FHK
FAF373F IP Multicast BIRZORHAA, / BEESS o

VXLAN M 28 £ 68 R £ 2 MR $F 2 i VTEP(Virtual Tunnel EndPoint ) k5858,
VTEP BT LALUR s a975 0L . #0 VLAN —#F, VXLAN EHEINE 2 BriEEE
BIL =23 BAHESTE VXLAN K%,

ETF VXLAN B9 B

IBM DOVE BFEHE IBM &EF VXLAN nig =B HEBENY, BaILUsT
373 VXLAN IEEMEEE EE. 5 VXLAN —#, DOVE BFM=Fa B VLAN %
£ M 4000 BnFE 1600 AL, NMRET=HRENTY EE. 5 VXLAN RERIZ,
EF DOVE NEEMNBAFEFERYIER IP Mulsticast, m VXLAN FZE., IBMZH#tT
BEln HAUEIESEY, DVS5000v, Bal, DOVE ERF VMware vSphere &, {8
IBM T RIS NI Bt B IR FIST, 81 KVM FIHIERY Hyper-V,

Cisco tB7E VXLAN FIERE E##47 T T1E, 7 Cisco Nexus 1000v IR XK

THFFEREE IP Multicast 520, —N2ER/N IP FUERHERZAGEH Unicast
A975EE Multicast; S—N27E Nexus 1000v AEFRBEHEENET Unicast HAIX,
XIHMUMTAZAE RS Multicast..

bR 7 X VXLAN Y SZ £F RO Ui 2 41, Cisco i X VXLAN 1T 7 R, MR-
eVXLAN(extended VXLAN), #Hi#E eVXLAN EEXt VLAN. VXLAN. NVGRE &%
ERERMST, ARG ERILUEEABAIMY .

IETF NVGRE(Network Virtualization using Generic Routing
Encapsulation, {#f GRE RIRIEEHI )

NVGRE #1 VXLAN R &, E =& —# MAC-In-IP 3 % L20L.3 1, NVGRE
ERTEAY GRE MY, EEEFIMAR 24 <N ER—GCRE RBE T2
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MERISE: TNI ( Tenant Network 1D, FHFMEZ 1D ) , #1 VXLAN L, ZiE R
Broadcast @13#IERY Multicast &£ .

NVGRE Encapsulation

TNI

Quter QOuter
MAC IP

GRE CRC

3-25: NVGRE Frame Format

NVGRE BB ET GRE 2— 1T NASARMNY, IFHEGHRBILRS, XA
P TR E K . NVGRE tH8EI 720 Open vSwitch XAFAIFFR IR E RIS

& VXLAN fEAMNEH B T UDP(E8, NVGRE TN AETRIVEIES X,
MET AR EYEE . ET GRE 17 ECMP 28889,

NVGRE EZHRHEHI TN .
IETF NVO3

B IETF RS — 1 TREFRRY . NVO3 FIEMENIHRARIEBS, B2, MEINIL.
HFPERERPMAENSUT R, PIREMIENESRBERBE), THEREEZOF 3
EMBHIDRES . NVO3 REREAER, MUIREBEFUER, B NVO3 TIFEMR
PR SZHI B2t B E RN o
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A LS A

ONF/OpenFlow

SDN ( Software Defined Network, #{4EN ML ) X MaiCAHEER 27 2009
F, MWESBIOESUZEREETF OpenFlow ITH . i OpenFlow iR FHERE KZFHY
Clean Slate INB4H ( http://cleanslate.stanford.edu/) . Clean Slate MBI B2 E
it Internet, MZEXZEAEGHNENIMBEEEMNEMZIT. 2006 F, HiiBEAFH
F4 Martin Casado WS 7T — 1M XFMNELZ2 5EEAVINE Ethane, ZIMBERE T —
B8 B — M EPXEFIRINEEE RO LIE S EIE N ETNERINTEEHR
B, FFeILAGEIS EA 10 &R BEIXI R AN LS 2R &P ML AN WEN 2 215H

XN EENER R ERNER S RENRIEEENREITRIREHIT T OB

Controller

Network
Policy

host

switch 2

user » swittchl ™~ — == == = user g

Figure 1: Example of communication on an Ethane network.
Route setup shown by dotted lines; the path taken by the first
packet of a flow shown by dashed lines.

3-26: Ethane Network ( ACM SIGCOMMO7 Ethane: Taking Control of the Enterprise )

86
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Policy File

policy
Registration compiler
Database

Network

Topology

P’
Authentication Permission Route Switch
Component Check i Computation Manager
C Network j

Figure 3: High-level view of Controller components.

3-27: Ethane Controller (ACM SIGCOMMO7 Ethane: Taking Control of the Enterprise )

ZUEBEF A, Martin Casao FfBAISIH Nick McKeown #UE12E T OpenFlow
MRS, ¥ Ethane RURITiF—Z AT, —#&1, FBRITBERNE LSRR A
(Data Plane, ##E¥mE ) F0&12=H (Control Plane ) BAINREERHITHE, FHiE
I EFXAIEFIZS (Controller) B FREMRIZEON DB SN EHITEE. &
RS, XA AN NEREHITIREN, FILUSEIBENEZFEHITR—NERE,

XFIR TSP EEBHE X T MESEMZRYE . T2 Clean Slate IMBETE 2012 FE & B
B4E OpenFlow TR REINE (Ei1o502: Internet Infrastructure: OpenFlow
and Software Defined Networking; Mobile Internet: POMI 2020; Mobile Social

Networking: MobiSocial; Data Center: Stanford Experimental Data Center Lab )
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Scope of OpenFlow Switch Specification

OpenFlow

D Shitch _of Controller

S OpenFlow
sw 2ecure Protocol
Channel lllll §S.L. ammn

Figure 1: Idealized OpenFlow Switch. The Flow
Table is controlled by a remote controller via the
Secure Channel.

B 3-28:. OpenFlow Switch (ACM
SIGCOMMO8 OpenFlow: Enabling
Innovation in Campus Networks )

Qe
EWRERSEPL

RO 2013: EEEETIRHGEN | FEERIRS

Controller

OpenFlow
). Access Point_4

T Operrin,

OpenFlow-enabled

) Commercial Switch 4
\
Normal

Software

" Normal
Datapath

. OpenFlow

. OpenFlow

Figure 2: Example of a network of OpenFlow-
enabled commercial switches and routers.

B 3-29: OpenFlow Network (ACM
SIGCOMMO8 OpenFlow: Enabling
Innovation in Campus Networks )

Nick McKeown % 7£ 2008 £ 9 ACM SIGCOMMO8 £ & & 8916 3 1F 41 it 1 23
T OpenFlow 9L 01 T/ERIE, OpenFlow B9 B #9217 i& & F OpenFlow & I
XA IR G2 . EAKRANCN BE, BRE T EIMIITRZENHEE (These
programmable networks call for programmable switches and routers that (using
virtualization) can process packets for multiple isolated experimental networks
simultaneously. ) . OpenFlow E5EEEER GENI HRINE FSEIMNA, A HP. NEC

ZNENRMSZIF OpenFlow ISR

OpenFlow El4g& FlowTable it L1E, FlowTable B4R #IFPM T EARDE
A9 Controller #47, ML&IRE N 4ER FlowTable 1% B8 FlowTable HiT#IERE &
OpenFlow # 9 FlowTable T~ 2&H#HIM LR tH, OpenFlow £ 1.0 SEHFEN T E
FiwS. VLAN. L2 (Ethernet) /L3 (IP) /L4 (TCP % ) &EEEARM 10 k=,
F e AR T I BIhE H S 20 L E BB ML IR S 22 A9 ThEE



@\Ietéﬁh
EWRERSEPL

RO 2013: EEEETIRHGEN | FEERIRS

F=F - MEENMCSREEX NS

In VLAN Ethernet P TCP
Port ID SA | DA | Type | SA | DA | Proto | Src | Dst

Table 1: The header fields matched in a “Type 0”
OpenFlow switch.

B 3-30: OpenFlow v1.0 Match Field Headers (ACM SIGCOMMO08 OpenFlow: Enabling Innovation in
Campus Networks )

OpenFlow Switch Specification Version 1.4.0
OpenFlow Switch
Packet +
I e d P B el
Packet ngr:osrs‘ ingress port + :HF;xecu 1o} Packet
In metadata Packet 5 1 Out

> Table Table A Table e Action = »
i " 1 n Action ;g 1
Action Action Set et
Set={} Set{ |} 1 |} oot

—— — —
(a) Packets are matched against multiple tables in the pipeline

@ Find highest-priority matching flow entry

Match fields: |~ _ _ @) Mateh felds: @ Apply instructions:
":g::::‘:": 3 " » '“g“isz ‘:m” i. Modify packet & update match fields
Pkt hdrs Flow m::,‘:,a; (apply actions instruction)
Actiohsat Table —— ii. Update action set (clear actions and/or
write actions instructions)
’ @ @ iii. Update metadata

@ Send match data and action set to
next table

(b) Per-table packet processing

Figure 2: Packet flow through the processing pipeline.

3-31. OpenFlow Switch Packet Flow ( ONF OpenFlow Switch Specification v1.4.0)

M 2010 F4) OpenFlow &fHE— 1 hrA v1.0 Fa, EIBBINLE, OpenFlow 24
KEFT 1.4.0 (2013F 10 B 14 B ) , WX HSEHEF

OPEN NETWORKING
FOUNDATION

& 3-32: ONF(https://www.opennetworking.org/)
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HTF OpenFlow 5 M & kB9 AT 2 B94F 1%, Nick McKeown E#H — 2 #H 7
SDN(Software Defined Network) 89 # &, F 7 2011 F#E &0 s 32 7 ONF (Open
Networking Foundation, ARMMNEE TS ) , TR OpenFlow txEFFIERILR
KR, 2011 £ 3 B 21 H ONF B izfY, & & HB Deutsche Telekom. Facebook.
Google. Microsoft. Verizon 1 Yahoo!, | E, HEE25&FE2LBENCHE B
Broadcom. Intel. Marvell. Tilera. Texas Instruments Z| M 4&1& & /& Arista. Big
Switch. Cisco. Juniper. Brocade. NSN. DELL Force10. Ericsson. NEC. LK
HIBRORS ERMZE IBM. HP. VMware. Citrix LARIZER NTTONF 843, h[E
BEE] &, (https://sdndirectory.opennetworking.org/)

Nick McKeown FMYXMEZAAZT, 1986 F) 1989 FMBIE HP L6 = M RILEHY
RIS, 1995 Fh2 5 Cisco GSR12000 i HEERIZRE T, FERHES CrossBar
RIRITE Z—, Nick %5812 T Abrizio (1997 ) . Nemo System (2003 ) #1 Nicira

(2009) , FAAMLARFIAR Nemo £ 2005 &4 Cisco I, LUIET OpenFlow 9
B #xH9 Nicira U 7E 2012 3 N\ VMware ., Nicira i& 2 FF iR OpenFlow Controller——
NOX féPE, EHA VMware ZfF2HE 7T VMware NSX NV/SDN 5%,

APPLICATION LAYER | |

Business Applications

API

SDN
Control _
Software Network Services

Control Data Plane interface
(e.g., OpenFlow)

CONTROL LAYER

INFRASTRUCTURE LAYER

Network Device Network Device Network Device

Network Device Network Device

& 3-33. SDN Architecture ( ONF Software—Defined Networking: The New Norm for Networks )
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ONF ENXHAY SDN #47% 7 M Ethane M. H OpenFlow KEBRI=K4Fm: 12H)F
HSHEFESBE. SPEEEH . [IENFMAPIEO., SDN EfEN T =ENEE
MZEE, &K M2 Infrastructure Layer ERRHEER, tBAJLAFRA Data Plane #iEFmE,
CEE T SMZENNEILE, RESMMNEINEENII; 1F Infrastructure E LERIZ
Control Layer 8122, =&AL Control Plane, fiEESBEMIRIEELISIIRE 2
RIS AIZESR; Control Layer EER Application Layer KR, XM AFRISFRNA .
ONF #9 SDN SEfr HUNEN TEEEMEMZRE, MREEXNAE, HEXrEON
IRBEM . £ ONF SDN Z2tgrh, bFi=dIFmpoztlEeE G, [ twiradtmiEn,
B R IREEEL, OpenFlow #ENX AmEEEL,

OpenDaylight by Linux Foundation

-

L

OPEN
LI LAY LC

& 3-34: Open Daylight ( http://www.opendaylight.org/)

2013 % 4 B 8 H, #A9SDN HLE——-COpenDaylight E&mk, ERFEERE
MEIREFIEXT B, BIF Arista. Big Switch. Brocade. Cisco. DELL. Ericsson.
HP. IBM. Juniper &M E &, L& VMware. Red Hat. Citrix. Microsoft & IT
B E, R2] BREE257 ONF INEH Open Daylight IiE . OpenDaylight Ff
TFEIMBWMARE Linux E£< . OpenDaylight FREIR B #YE— MrA——Hydrogen (&)
AOZRADUN R EIP 7N :
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E First Code DOVE! bisbu ey Vil Evemet
" Distributed Overlay Virtual Etherne

O p N DDoS: Distributed Denial Of Service
LISP: Locator/ldentifier Separation Protocol
Re Ie a se OVSDE: Open vSwitch DataBase protocol

D AY |_ I ( | 1 | i = BGR: Border Gateway Protacel
PCEP: Path Computation Element Communication Protocol
Hyd ro g e n SNMP: Simple Network Management Pratocol
VTN OpenStack DDoS Network Applications
Coordinator Neutron Protection Orchestrations & Services

OpenDaylight APls (REST)

Management
Gul/CLI

Path

: z i
Base Network Service Functions m
Manager Redirection
Topology Stats Switch Host Shostest 2
Manager Manager Manager Tracker Fantiiding E m
J

Controller
Platform
(Plugin Manager, Capability Abstractions, Flow Programming, Inventory, etc.)

OpenFlow Southbound Interfaces

OpenFlow Enabled Open Additional Virtual &
Devices vSwitches Physical Devices Data Plane Elements
- - - - —

Device Interfaces)
3-35: Open Daylight v1.0 "Hydrogen"( http://www.opendaylight.org/)

Service Abstraction Layer (SAL)

BJLLEER, OpenDaylight FHRINE V22495 ONF SDN 2249251, FeJ LAKESTS
[z: Data Plane Elements X3 &2 ONF Y Infrastructre Layer, Controller Platform %37
Lz ONF 89 Controller Layer, Network Applications Orchestrations & Services XJ iz
ONF #9 Application Layer., Open Daylight 22+3 = B8 # 12 4 Bt 3 Controller Platform
0 Data Plane Elements A9%2[15 Southbound Interfaces FaE# O, Bt Controller
Plafform #1588 = E R4 04 Northbound Interfaces dt@# 0. Eeh, Open Daylight
AT OpenFlow {ERmEMEZEOMN—EF, dt@EONRETF REST ( REpresentation
State Transfer) B9 OpenDaylight API, M A &R £ 15, Open Daylight 22 9 #1 ONF
SDN 1R1BL
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ETSINFV ( REEINEEESME )

3-36: ETSI ( http://www.etsi.org/)

2012 F 10 B, AT&T. BT HEEES. Deutsche Telekom EEE{E. Orange.
Telecom ltalia EAXFIEB(E. Telefonica 1 Verizon & 7 Kz E ™1 ETSI ( European
Telecommunications Standards Institute, BN EiRENS ) KERMIZ T — N
A9 M £& T BE B UL A TAEZE NFV ISG ( Network Functions Virtualisation Industry
Specification Group ) ( http://www.etsi.org/technologies-clusters/technologies/
nfv), BRIEHE 69 RMEEER . BEREHAE . T REMLR, DRSNS .
( http://portal.etsi.org/NFV/NFV_List_members.asp )

B ERARETMEHTEIN. EFEN, B2 NFVFH ONF SDN. Open
Daylight ~RE, NFV BESRMEMEE, HEQME T XIMEINENREMNL L. NFV IE
HRIMAR B EERHR BB 2 RAENRY T IR, BELVSEHENERE,
REMERENSR—. BRK. BicitE, REFEMNEL CAPEXH OPEX,

BRI NFV REZTERRZ —AMEINEEMCER S (2012 F 10 B &M ) , X
NFVRIEX . NAm=. EXRINEE. KEME, LUKS SDN ERARNXAERNTHIT S
R IEFESNTAOVRERSE: NFV SRZRAS . NFV IR ABmE  FHIRZSRE DRIEIMEEK
FIXIITERE DRI ESRANE RS Hypervisor RIEIMCESK
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RIS EHME SR E X R4S

0SS / BSS

. Orchestrator
Service, VNF &
Infrastructure
Description —
VNF
Managers

[

VNF i
B

Virtual Compute Virtual Network

Virtual Storage

Virtualised

Infrastructure

Virtualisation Layer

Hardware Resources
Computing Storage Network
Hardware Hardware Hardware

Figure 4: NFV Architectural Framework

Manager

NFV M&O

3-37: NFV Architectural Framework ( ETSI NFV White Paper )

AR, NFVBEBXHTHEFEMESFEOS B, B F, NFVIZNFV
Intrastructure, S&EIATE. EMFME. EINES=KEMAH, VNF 2 Virtualised
Network Function EIMLMLEINEE, EMS 2 Element Management System B4E12
%, VNF #l NFVI B2 ABHEZT ONF SDN =89 Infrastructure Layer, FISESEIE
REREEEEH, VNF/NFVI X349 515 VNF Manager/Virtualised Infrastructure Manager
¥ &, m VNF Manager # Virtualised Infrastructure Manager #0 Orchestrator
hE e, X=%44HA NFV M&O (NFV Management and Orchestration ) 5
8 2 F ONF SDN # #9 Controller Layer, & /5 89 OSS/BSS 18 24 F ONF SDN
A9 Application Layer, OSS/BSS =& Operations Support Systems and Business
Support Systems.

EXTEZS, &RE. SEAREREOME VNF FNFVIREE, XM @BBE

ONF SDN 2E&hr7. VNF B9& X 2B R ER EMS/VNF Ma9ES, SETAREREMUWN

Kimem (NFVI) ZERVEEE, B, NFVI ZEEMZEEIML, AR%E VNF BT
MIEEFRFNEFDAUMAL /| FRIME | A,
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Management
API API API API API
Network Controller Network Controller Network Controller Network Optional
(SDN) (ForCES CE) (Stateful PCE) Controller Network
Controller
Openflow ForCES PCE-P Other Protocol
Control Openflow Control Forces Control PCC Ctrl Mgmt Ctrl Mgmt
Plane Agent Plane FE Plane Plane | Plane Plane | Plane Ihrlmfrastrﬂdure
letwor

Data Plane Data Plane Data Plane Data Plane Data Plane

B 3-38: £ ETSI NFV Z2#geh, aTLUEIE Plugins 323 SDN Controller/Switch, {BiX£ Controller 2a5%H9,
NFV T LUESRE AP EEFXI AW EZERIRHE .

NFV BFRAFRENHE ST MER, 2013 FAE—ME, FTERENEXIEHD M
LAYTNREEMMWARE, 20 IMS A1 EPC UL, FMNERMEINEE. WERFHIEIML
FeEF. NFVRIBE—XERT 2013 F 1 B 15 BE 17 HEH, XRSWEHET NFV
M TAEBirRH E T RPN A EMIR BRI BRI, URKENED
AERVISRE, BB EET 2013 FHET. B TMEREE 2014 FEERER, B
Rz PRI O WD N SR W IR SEHITIRE IR o

O

e
...... o

Hardware
ez . . . .

Virtualisation 6T Vobl {

@ B

| Virtualisatiorof CD! Vi lisdtion of

Figure 3: Overview of NFV Use Cases

3-39: Overview of NFV Use Cases ( ETSI NFV White Paper )
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ATLES, ETSI NFV 1 ONF SDN/Open Daylight/ &R, EEMET =M

ZRIORVREYAML . ETSI NFV HRERZH

N— g —

=17

i, HEEBEZMEF WAN FisfT

AL, M ONF SDN/Open Daylight W& Z #RE FE#IEF/ORIMEEENT . %88 SDN
M RMEHBAER, XLARRRHEEITLIFNA=ZZ1E54E: Data Plane. Control
Plane. Application Plane, X35 ONF SDN A9 Infrastructure Layer. Control Layer.
Application Layer, 2EMNEFAILUAR, (BE2EERREMLR.

Open vSwitch

Br T JL4 SDNHRZ I, E— P IMEHBARSARE: Open vSwitch, XE—1PEF

OpenFlow B9FF BRI IRALIE

i N
h Security: VLAN \‘ Monitoring: Netflow,
isolation, traffic filtering ~“%, sFlow, SPAN, RSPAN
- y N y
y h 4 E
2 : Automated Control:
QoS: traffic queuing OpenFlow, OVSDB
and traffic shaping e prc;tocol
\_ yV € 2 Y

3-40: Open vSwitch Features



@\Iet.ﬁﬁé}
EWRERSEPL

R0 2013: EUEMMRGENY | EEEAIRS

F=F - MEENMCSREEX NS

97

Remote

~~~~~ N DB operation

Save changes (Unix sor.ket

Apply changes

upcall(netlink) netlink i

kernel space

3-41. Open vSwitch Architecture

Open vSwitch BRYZEY — M EIEIIRIEY,, Open vSwitch B&ERI T2
HINFE, RZT AEBETF Open vSwitch &7 7 B S ERIZIEN =R EMREIECHI SDN
FEHF,
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SDN =fs3th

VMware Nicira/NSX

VMware A9 SDN F0M L B R EZEER, ©SEBRM Overlay WEE 075
Z. B9 VXLAN FIkBEKWAY Nicira B9 STT, STT AREEBRIFHIMEE, AMET
VXLAN BEERIZMAEESE, VMware BB STT B0EHFRE2RS .

Introducing VMware NSX — The Network Virtualization Platform

Control Cluster

o ol . S : : -
= Multi — Cloud Management Platform s

L

T VMware NSX

Multi - Hypervisor

Compute, Storage & Network Hardware Independent

& 3-42. VMware NSX — The Network Virtualization Platform

VMware NSX 152 2 ME BN EN MENESR, SRINEEMNEREII
FIEE N MEIEZE, Bie L, VMware NSX ATLAZBEE(ES Hypervisor 2 £, g
Bant2® VMware BZRAY vSphere 3715847 -

NSX FZ&EET ="1ME8EFm: Data Plane( DATAZ ). Control Plane( Control
£ ) LAK Management Plane (MGMT &) , X=ZXJi ONF SDN f9F/Z: NSX 75
Z 19 Control Plane 10 £ Management Plane & X &z SDN B9 Control Layer &2, &
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XX R SDN 9 Control Plane Bz £, 12t API 45 £ /=2 Application Layer #t 17
fmig. =6, X API XTI SDN a9dt@zza, &1 Data Plane ERVE O EmEE
(. NSX R Data Plane A& M EIAMEIREHRN, SFERN VDS ikl =7FH
© Hypervisor 9 Open vSwitch 3ZHALLAK NSX ESR ( Edge Services Router ) B&H
REREAERN, HP NSX ESR HEHR1RHERE WAN/Internet AUIBEE . Data Plane 5
Control Plane #9 NSX Controller Cluster &1, NSX Controller Cluster HZ 1 NSX
Controller£85% .NSX Controller Cluster = Management Plane BJNSX Manager 12,
NSX Manager iR aJ LASERY 58 = i LASEEEETNEE, NSX Manager M2 NSX API
LE FRNASE,

Open CMP

NSX API

Partner
Extensibility NSX Manager

@@e

NSX Controller Cluster

'E:B

Edge Services
0 Switch
pen yawse Router

NSX Switch NSX Edge

Operations

MGMT

- )
£
o
=
e
O
(&

—
—_—

3-43. VMware NSX Architecture

NETEATA, NSX BREEEAVEIEIEINET VXLAN ¥, FEEZRA VMWARE
VCNS A, HIZ{TE ESXi EAI— 1 AZIER Virtual Tunnel EndPoint (VTEP )
SRECHL VXLAN BISTEERNRET . VTEP #iP—sKBREYER, BEBAE B RENATER B iR
ESXiHIuE . VMware VTEP £B#18l52 vmkernel port FAESE IP #it SRR LS

BE.
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Microsoft
Microsoft 9 SDN FER&BI LA 280 VMware BIEHEEXT , Microsoft 1 VMware 181{EL,
ERBE B SR Hypervisor, LT LIEE ShY Hypervisor BAY vSwitch £ 7E 2AIEEI .

Microsoft I SDN B ZFH B — 1T EWNEWE, ~ZHEHUWES ONF SDN/
VMware NSX Z&{6L, tBa] U358 Data Plane. Control Plane. Application Plane =Z:

Tenant Service Admin
Portal Portal

Service Management API

Service Provider Foundation
(Tenant, Admin, Usage)

Virtual Machine Operations
Orchestrator
Manager Manager

Windows Server Hyper-V 3-44. SDN based on
Microsoft Hyper-V

Data Plane B H Windows Server Hyper-V ¢ p§, Control Plane ] 2
SCVMM ( System Center Virtual Machine Manager) #0 SPF ( Service Provider
Foundation ) , &_EE#Y Application Plane BRI FIREF4E R -

SDN partner ecosystem

The technology enablers for SDN

1. Hyper-V Switch as the policy edge

2. Hyper-V Network Virtualization for tenant network
overlays
3. Multi-tenant gateways for hybrid connectivity
4. OMI and Powershell for controlling physical
infrastructure
. SCYMM and Windows Azure Pack for automation

3-45. SDN Ecosystem based on Microsoft 3-46:. Microsoft SDN Solution
Hyper-V
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Data Plane & £ 1 % & OMI ( Open Management Infrastructure, FF il & 12
Hit288 ) MSEHY Hyper-V 32 M4 B, Control Plane N2 %3 K9 OMI Controller
M SCVMM, 8 & PowerShell; OMI 22439 Z [&8 {& A B9 APl @ WS-MAN. Hyper-V
TN e LY R, &1, Ritbther LA B OpenFlow AY Hyper-V 2 #H1LA
X %3 [ Controller, X%t Controller tB £ SCVMM I EE Z . NECHIZEH 7T EF
OpenFlow 52 . AEFEBMAAREY, BIIFELH Microsoft B9 NVGRE(Network

Virtualization using Generic Routing Encapsulation) =EE&MY.

4. OMI and PowerShell to control physical Enabling tenant self-service
infrastructure

« Using Windows Azure Pack for Windows Server
« Tenants create their own networks
« Consistent experience with Windows Azure
« Configuration of topology and border gateway protocol (BGP)
« Reporting and chargeback

« Service Provider Foundation (SPF) provides REST API to

Hosters and Private cloud providers to build

own

+ Su guest cluste ] guest specified IP
addresses with network virtualization

PowerShell CIM Cmdlets

& 3-47. Controll Plane: OMI and PowerShell [E] 3-48. Northbound Interface: REST API

Microsoft SDN A9 Control Plane 8 & 7T — 1M EMHHE SPF, B4 REST
AP| 5P N BLUZHRIZEE ] . SPF ZB4-H Windows Azure Pack 121,

Juniper Contrail

Juniper 24 &, BN~ RBREEZHEHEAR . Juniper B9 SDN B EERH
F 2012 & 12 BWMAY Contrail System, 1IX2—FK 25 — K Fh#E Juniper IKEAI A
&), Juniper Contrail 9 SDN F =B E=22, EF=FEENELE. REFHFR
HTF L3 Overlay #K, Juniper 1289 SDN FEEHEFENEEC] BRA—F, X
FBR92E MPLS over GRE (MPLS over UDP thE&2Ms74E, VXLAN EELHIH) |
%7 3235 MPLS over GRE BYREH R4 248, Juniper Bt 7 B B,
Juniper 3 KVM EIMLESIRE T B SRI vSwitch, $XEE Hypervisor 9 vSwitch 15
FEFERZEF, Juniper BFFRT Contrail BIRLES .
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| Application Application
1 - . M

Neutron
| T |
REST APIs I

|| Configuration [ Analytics Management layer

|| Control
/BGP + Netconf HMPP

I ™,
IP fabric VM VM VM

nderlay network)

MPLS over GRE,
MPLS over UDP,
or VELAN

East-West Peering Interface [BGP)

Hypervisor

Gateway Router

& 3-49. Juniper Contrail SDN

Juniper 9 Contrail Controller #=#lggfmaEOCIEE BRA—F, BEF
HAFAI XMPP 1% . Juniper 813 XMPP #hX E B Z f Juniper SDN X145 / 18 {4 X 4%
Higs, SESByMEERES, XMPP (Extensible Messaging and Presence
Protocol, ¥ EAVESMEIINMY ) E— i ERANELBSRIFEMNE, AKENREE
ZR1HF A, Juniper 2@ Open Daylight ZB£R21EFE XMPP {E5 SDN 89 API,
EA XMPP aJLLE 48— SDN | &£ . Juniper Contrail t288373F OpenFlow.,

Juniper BB IR BESZ IFEFAIAZ IR, XBITESZAY BGP #1 Netconf M SEHL .
Z > Juniper Contrail Controller Z [8i@3 BGP thiX BEHEEE. BT ER T MPLS
GRE @#REEAIAY WAN ABtY, Btk Juniper Contrail SDN TERZ &R E# WAN
HELEE—ENNE.
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Brocade VCS Fabric(TRILL)

Brocade @ WMEEH IR & &, HILEhH SDN HKEFHAE 28 SDN 7= &
Brocade £ Z 1t iz SDN & 7 Data Plane ##E F B AR &, Brocade J5 Z MU VCS
Fabric ( Virtual Cluster Switching Fabric, FEEIAERFRIRIENE ) .

T

Physical Infrastructure Today With Software Defined Networking (SDN)
and Brocade VCS Fabric

3-50: Brocade VCS Fabric & SDN
Brocade VCS Fabric & SDN

Brocade & ONF #1 Open Daylight 9% &, EIt BRI FE 71 OpenFlow
1Y, Brocade BT =EEEMEINNIGE, 2 VXLAN F1 NVGRE FZ MY,

Ethernet Fabrics vs. Legacy Networks

CLASSIC, HIERARCHICAL ARCHITECTURE ETHERNET FABRIC ARCHITECTURE
® A

IRDCADE‘
VCS
FABRIC Scalability

Inflexible: Rigid architecture, optimized for legacy Flexible: Topology freedom, optimized for east/west traffic
client/server applications patterns and virtualized applications

Inefficient: Spanning Tree disables links to prevent Efficient: All links in the fabric are active with Layer 1/2/3
loops, limiting network utilization multipathing

Access Aggregation Core

Complex: Each switch managed individually Simple: Entire fabric behaves as logical switch
VM-ignorant: No concept of server virtualization VM-aware: Facilitates VM/network interoperability

3-51. Ethernet Fabrics vs. Legacy Networks
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Brocade VCS 228 & T ="N&B% . Ethernet Fabric. Distributed Intelligence.
Logical Chassis, E Ethernet Fabric LAKMAERFSLRR ERTLUAAR—FPMLE LAY
o, BRESRNEIERO=ZERETMAAMFIN Z/ZES49, Brocade Ethernet Fabric
TR Z GEFEEZENERMET Any-to-Any £, tHER=EEENEHEER
BEFIMRE. Brocade Ethernet Fabric £F TRILL thYFD 1S-IS 1Y, H A FEL
64 £ — 2 ECMP ( Equal-Cost MultiPathing ) #&12. Brocade Ethernet Fabric £ —
EWERM T AR RAIMEREAIA] F2 14 . IX L4 TE Distributed Intelligence #{AIL,
EaILUASE Control Plane 8945 Self-Forming. Automatic Fabric Creation and
Expansion. Automatic Trunk Creation. Automatic Migration & <. Brocade VCS
Fabric B — M E I, / MR SO LAERES SDN BREERER, N
migt—FnTEREl SDN ZBIHYE S5 .

No STP Self-forming | Logically flattens and

Multi-path, deterministic Arbitrary topology culEpes elbat e 1

Scale edge and manage

Auto-healing, non-disruptive Network aware of all e :
as if single switch

LosslEss v lnte ey il Auto-configuration
Masterless control, no
reconfiguration Centralized or distributed

management, end-to-end

Convergence ready

VAL interaction

3-52. Brocade VCS architecture



@\Iet.m
EWRERSEPL

RO 2013: EEEETIRHGEN | FEERIRS

F=F - MEENMCSREEX NS

VDX
Distributed Intelligence Details e

-

 Distributed Fabric Services « Shared Port Profiles

- Fabric is self-forming information

+ Information shared across all + Automatic Migration of Port
fabric members Profiles (AMPP)

+ Fabric is aware of all devices + Enables seamless VM migration
connected without compromise

« Masterless Control

« Switch or link failure does not
require full fabric
reconvergence

- T8 »

#ﬁ

3-53:. Brocade VCS Technology: Distributed Intelligence

Cisco ACI(Application Centric Infrastructure)

Cisco 7t 11 B. 12 BA#fH TH SDN 7=&: ACI(Application Centric Infrastructure),
ACI FNBRLZHIAY SDN 7= 8n onePK A~[E, @—ME#HrYESR, Bk B8 Cisco ZRIBIERY
Insieme, Cisco ACIHFILY Cisco XF SDN MeRZUHERZIEEN BRI ERE

Cisco ACI &7 SDN I=EET, AXEFEMEZEEItanY, FERTEHR
B9 ACIHAERS VXLAN EEMNET TR, 152IR0 e VXLAN XA LT EE VXLAN.
NVGRE ( LARAEZRT VLAN ) ERREEINY, FFEEITLUSE 75, Cisco ACI TIEE
HIEFERISY I mEE R, (ERESEMEH R m APIC BHEZEFRIIFF Q1/Q2,
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Nexus 9000 — Common building Blocks
Flexible deployment Options

SHIPPING NOW

Existing 2-Tier / 3-Tier Designs
Nexus OS

Linux Containers
Bas| ef

h‘i.‘ OpenStack

Nexus 9508 BiDi Optics

[ T —R—

Programmable SDN Overlay
Model

Wire-Rate VLAN, VXLAN & NVGRE
Bridging and Routing
Support for open standards overlay
control plane*

Support for all Open ntrollers

iy _

Application Centric Infrastructure
No VM Tax
Pay As You Grow
Incremental Pricing Upgrade

Small, Medium, Large Editions

Driving App Network Profiles in
Open Source Community

APPLICATION-CENTRIC POLICY DEFINITION

Orchestrationand
Automation

Network Controller

Hypervisor/ vSwitch

ACI Exten

ACI Extensions

. B
e

« Application policymodel
+ 100% Open Source
+ Community driven

Open Source ACI

ACI Ext

CiscoACI

POLICIES ARE OPEN AND REUSABLE THROUGH OPEN SOURCE PLATFORMS ACROSS NEXUS 9000
STANDALONE, ACI, AND EVEN OTHER SWITCHING SOLUTIONS

Open APIs and Ecosystem

A pythor
Apuppet OC

OPEN VSWITCH

SOUTHBOUND
PROGRAMMABILITY
LAYER

APIC SUPPORTS A RICH ECOSYSTEM BUILT AROUND OPEN NORTHBOUND AND SOUTHBOUND APIS

s Ca e e s A

B, Cisco ACI @—™ ¥R SDN BEK,

SDN KEMERGAZEZ—L,

106

3-54. Cisco ACI:
Flexible Deplyment

E 3-55. Cisco ACI
with Open Source
Community

3-56: Cisco ACI:
Open APIs

HURBRFPRNBAFOEE, m—RAE
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Google B4 WAN SDN

Google B9 B4 MR EELFREPE T HEFRI WAN SDN M4&, Google T2 kEH
jCiE’J’*ﬁEEF“U BiZ SDN, B LFEHFIBERIRAEMPRME D, F I LATEEN R
HATRIERIIZH -

Google B4 24x/ERT SDN 2244, FER 7 xR OpenFlow B@EMY, FIHF
EAHETEICEER WAN, HEittegEER—REIE+FHOTARN 3 & Overlay thiX, M2
FA7T IP-in-I1P pUiiEE= .

3-57: Google B4
worldwide deplyment

Figure 1: B4 worldwide deployment (2011).

Cental TE
Server

global

Gateway

Site A Controllers site controllers

i Quaggalf] RAP| TE Agent | 5= ! SiteB | | SiteC !
E OFC = ; i Controllers i i Controllers |
Ve e — 1 _____ LT e PR S e ——— ]

— 3-58: Google B4
[ _OFA I ¢ OFA _| X #4 & ¥ global E B9
Central TE Server
E B 7T Cental TE

[ Switch | [ Switch | ServerGoogle B4 3
.......................................................... # A %5 global B B
Clusters Clusters Central TE Server 5

BT Cental TE Server

Figure 2: B4 architecture overview.
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Google B4 FIZEHE LEMNE S R=1MEX (&R NER Clusters 18192 S 22T =
E£8), NMTE L5 3. switch hardware. site controllers. global 2, Hh switch
hardware £ 7 = SDN A9 Data Plane % #& 3 M, site controllers i k£ global & /Y
Gateway #i2 SDN ##Y Control Plane =43, global E#HY Central TE Server X7
[z SDN A9 Application Plane NFBE .

16 x10G
merchant

e e S

128 x10G

Figure 3: A custom-built switch and its topology.

3-59: Google B4 549 SDN/OpenFlow 3zl

N WAN if 52 A 2 EH A9 OpenFlow 32 # L 4EAL, WAN T 52 (883 iBGP
BfS, H= Site Controller 12, Site Controller i F B4 9 Control Plane, F&7TitME
O TE Agent Z4b, B4 Contol Plane = K128 445k : E1E OpenFlow X #H1LAY
OFC(OpenFlow Contoller) #&k. Paxos =REAK Quagga &R, XEZEEHUEITT
NCS ( Network Control Servers, MEixHIiRSSes ) &85 L, Hb, Paxos 2— MRk
IRMLSEREDAIRZMETR, BRETE B4 WAN Uh 2 ohikss H S 18k 8 SIS EUER TR
52, HRRSFBJUETRS =AM EE TRITIE;, Quagga EHRATFRERMEEEE
MEERLH Google B4 SDN 2213, ©{FMA BGP/ISIS N IKEESRMEZIEHES, FHiEig
RPC #1¥ 5 OpenFlow Controller B9 RAP(Routing Application Proxy) iR i@ 1=,
& NCS fR$5 28 _LENz1TE Quagga &k,

RAP & 545 I ££ 21 f9 RIB(Routing Information Base) {5 84649 B4 SDN &/
A9 NIB(Network Information Base) 58, 7 NIB 53&I9 Flow 1 ECMP Group B
OpenFlow F&#F Onix Bk, X MEHE Onix FAFHIESILARA
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RAPd
BGP/ISIS Client
1.2.3.0/24 — intf0, intf1
1.2.5.0/24 — intf2, intf3
___________________________________ Quagga |
RP
X ¢ RAP
RIB Server
N .
1.2.3.0/24 : out to 35 35: [port0, port1] __NIB__
1.2.5.0/25 : out to 37 37: [port2, port3] Onix
____________ OpenFlowprotocol __ : ___OFC
v Y Switch
e ey
3 v Y

Chip 3-60: Integrating
Routing with OpenFlow

Control

I

Hardware Tables

Figure 4: Integrating Routing with OpenFlow Control.

Google B4 REZMEFERELIE, XH Central TE Server ( Central Traffic
Engineering Server ) k5 A%, TE Server t82 Google B4 SDN HI%— Application
Plane B9 A . Google BRIEE 5 MR L 5BAY TE server FFEE R (TEImEES,
EMRAFR AR RS RO LA 10 S T(E. B4 SDN 78 Gateway AliRE TE

Agent 1 TE Server Z[BIfS— 1 FiBE, BFTES TE Agent KIEAIHRIMEE., FEEERE

—

% Utilization

i i

0 L L
00:00 04:00 08:00 12:00 16:00 20:00 00:00

(a)

0.3

HIPRI/LOPRI pacl-ets
LOPRI-Dropped-Fraction +
HIPRI-Dropped-Fraction ——

N %WMWW\MN N
00:00 04:00 08:00 12:00 16:00 20:00 00:00

(b)

HIPRILLOPRI packets

Fraction of dropped packets

& 3-61. Utilization and
Drops for a site—to—site
edge

Figure 14: Utilization and drops for a site-to-site edge.
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100.0
95.0 ‘ \ ='.'I’. e ok ,. . B
5 '
®  90.0
o
5 850
< PNLY MmO SUBSISHS. ARSERIRIS. SR ST O p—
3
e B I B e e i R i e e e e e e e
20.0 PR (SRS R R | ST T T R R T |
03:00 07:00 11:00 15:00 19:00 23:00

Figure 15: Per-link utilization in a trunk, demonstrating the effec-
tiveness of hashing.

& 3-62: Per-link utilization

MEEREE, Google B4 SDN RURE TIZNAMREE, HERAVEAREIAE T
17 100%
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SDN S MERBSERNEHERBRHITTHR, FSETRIERR/NA
RFEHNREHITTREDE. 2135 A9 SDN Control Layer B 2 1&— 1M MNBIRIER
% (Netvvork 0S), WTEEESMEEMBZIZE, MY LENBRET — 1 an—rEiE
M E IR SRE A1 SDN FHizB T APIHRIEFEN . EF SDN /Y Control
Layer—MSHIMEIRIER G T a, APYUELEFASMNARER, BSREREX
ZE FRIREIEHN, LUBEXMEEBEINARERFRK, MBI OEENEFEGNERAT
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—HLK, AMEHERENERFETLEIF A ERWSRS, AMIFEHMEINE
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EEMEWEARSE “FEAR" OB, I oFiERG (N8R, NF) izET
IRSSRAI—E05 - 45l BB ANREGETD , REREHEDE . 14168 AR, LA

FERBD /0 EREsRMMEREMNTIELL (MAFFEMRELL ) BINAE, REFEZ(CFL. B
WP ETEE, SMESHNGFFREERRZM. F1Y, 2BREABRITESNFH
FEhL, EERRERELYE, BERERFHEEMESIRELRIENR ik,

RANE R ARz A, BEMEWE"ERE, BETRESEREREWR
FrEIRIHESRIE, AR EE N EIFE,

BRI AR T IERANTS, EEFREN (BETRMT EIE) /9
=R, HEMUEEE . WEENFE (SDS) MEFMEEIMLERSMBRBERAVFER . 18
MME, FHEEIMRETRREIEREE (5520 ) . SDS fRRAVZI=HITNEERY
st (K5BIRY Rt ) , HESERRSEGIIES . AERE W hE, FHEEIMEAR
NVECERSE, WHEENFENELEIER, BT T L EEEA .

£—17 s=E5ER

ERFIRRR 28], GHNIESSMMEEEREBFELZIXFNE (Hard Disk Drive,
HDD, LAREFR ‘" ) KiHE, BAXUEEEHNEARINERE. Y, EEHF
REERFHIFEMASERE, SEBEGHME,

BESHEERE

X2 BERIRARAWVIMERFTAEN . MIEERERERZAIER, FAEREE
AHBE, BRTIESHICEIEZE (Areal Density ) Z4b, AEEINEERIEEN
RIERR. ZFARE R , —REARFRITMIHENIEINEHRENRE, —2%
RS RAENFIE, ReeMSENRZ.

Ex b, ERARESENE 50 F (1956-2006) , LE— 1 EARIFHE KRR
TR, (B2, EEER T — 1RSSR,
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TER—FBENLIAE (Random Access ) BIFMEIR S, MBS MITEEE FINFEE
L., ZROHIERN, #HLFE (K ) ERRHEHIEMEN#EL (S8) , 55
ICREIENH BITheid sk (R ) , XA sET LIRS, BRFIEIRAFENTS
iEIATE), FFRATERFEAONE (8ER ) , N EFIYFERE ., WIAERKR,
XANELIBERTE, KETE 5ms-20ms (Z# ) Z/8,

(eylinder)

E4-1. BERRENTE, TUHE (track ) IBXAIXR, SMHk (head) , BARE—ZRE—IE(
RRBEmMLE )

MRRZINFHE), WEEHEZE, A ERFEEmIRE, XMinFaitee
AUR@mTEARITNER. EsfEHER, UNESHEEZE. 2RRIOERX, L
NEMILRIET, #ERIBERIRS, MARZEERS—E, MRFHEEERFRNR
B 20%-40% (BB 30% LAW) .

RBAEZEXMINFH DR DR B LA, MIRETINIMERENERTR, WER
EXE=ERENEN (EEKBEKEIN SMR ZFBIEAN ) o IRAE LR
Bi—sATIE), EERIEELILEMERE REUATHIEM IS ERTE

FHFENESEFEREREVIINXR, BASERIFR— M HLEERRRE
iR, BRERE/), BETISERFIUBREERT, BASRE., BT EHEESS
HAER, BEERPRRESZE, SE/NERFER, FTLiEHEE 10000RPM (10K
RPM) #1 15000RPM ( 15K RPM) tR\VERGER:, RABEREME/N—L%, XIF—F, H&E
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X7, FHTENETRT, ML .

Sector
Cluster of 4

Sectors

Read/Write
Heads

B 4-2. BEETILE (£) EBa1EIBK (sector ) FRfE#IE (track ) FHZE, SEFESH @ETEE=R (ms)
K, A2, SO EEEHE (04 BXIE) FFERNETZ2BART. @<SHBA (4) B3 atina
RRSCREEMIGEMEE, IOPS THEA—E5, (BiEiharIiER 10

EBE— 7 BETIEEEEERNINERRBRE R RINEN—LE (SMNE) . X
BN FERHEE T SEIRENKR, SENEEE, BYLSOERERER, FhER
IEF I, SMEBROFEEREES (IBAFTEARINER ) , B2, YA
IR BRE MRS . WETEI/R (Dell) AR Compellent 2B —IR Fast Track (%
8 ) R, BEEINEEREY (B ) RRIF®E, M Oracle B9 ASM ( Automatic
Storage Management, BalfFEEIE ) R ‘G #IEFRERENING, &HEE
FRUEHERINIPNE” 95 TR MRS . Z2FT &7 Benchmark Uit AR ISR FF Bk EEE,
BB hENEET

FREQUENTLY
USED DATA
ON QUTER
TRACKS

Data
Progression

MASKS THE
0 IMPACT OF
SEEK TIME

E 4-3. {CEIEMAREINEHE, BIMIRF RO EEINE
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MEBRVNERRY, RRRBHHBE, ARMEMESE, mEteE, NFH—
SRR T IERAIMERE SR EELIFRTS

FEHELURT, XETRRAAKER. SBEMTEY (PC/IRFBR) M=, BERZEE
BRIREARNCTHIBIGRKRE, 2902000 FHMRE, ZEREZENFIERKEEED
LUARI 100%, LEE/RERES, MAFEIRIBKIANDX AR B2, BOERRT .
a2 R ERNFREAL, MATLIBERFRYEENTER. T2, KRR (Seagate)
NERGER] S, ST ERMIEMN 5.25 KT @ 3.5 RIHITIEZ /5, NABH—SHEHEI2.5
=S8y I8

SRS RFMEFEERSG KR, JUBZ M EEAR RAID (Redundant Array of
Independent Disks, MIZ#EZTRES) . X AREI ESHSHRNITERFEBLL,
B ENSEXILEERISETLE, BNREESHNMRISE, HFEBRRE.
21, BARTHI5.25 I 3.5 mIEE, SRAXMBENASITM T KAme =
8.8 . 9.5 HMIESKERNMEREFEAESR, FrLl RAID t85 Redundant Array of
Inexpensive Disks ( BEMNM#EIREY]) 5%

BMESL, EEMCASNENBTLIIHET

RHEE ( 7200RPM RLAT ) SATA (LARDE PATA, TS “IDE” ) BREREHASE,
SHE SAS (LARTZFH T SCSI/FC-AL ) MR RAERI1ERE;

BRHICREARNHE, TROBEEEERA, RYEEEERI M (154
HEAFRIMNYE ) ;

TIERE, BE4E, BB E1M—ke, HRAID,

AT, FENFEFERERKIERN, EEMICERAREBICAEMMEER R, It
HRK, SMEOAMEZE T AEEEREE.

Biatee. NEERINESE (Solid State Disk, SSD) , BERRBERE X,
MENB—1MHEY, BXAXZEE, BRMELERIMEE. 15aIEMILNEIEE, 15K
RPM ERER£FAVEE, I0PS Es=ME (MEM<THBARTRA 200 Hk) , MEE
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SESRIHER (BfE, SATASSDHIOPS IR £ ) , $EREAILAZRTFEHIZELE (H4
MRGEVER ) « LUK, BT ASRRBREIILIREED (FRETHEGE) , NRF
ERFEMEAAN D IR R (W HDFS ) FMA, HaeXEIL, ERATERER T .

Seagate Seagate Enterprise Intel DC S3500 Fusion-io
Constellation.2 Performance 15K.3 (800 GB) ioDrive2 (785 GB)
R (RPM) 7,200 15,000 N/A N/A
75,000(4K 13 215,000 (4K 15
[OFE 980 =900 11 ,SOOE4K = % 230,000 E4K 5 ;
IIRFsE (MB/s ) 115 189 ~ 258 500 1500
IS (MB/s ) 115 189 ~ 258 450 1100

x4-1, BENBENHODEEEEATIRIBENEHERE, BmRFiEERgm<SHIARERE IOPS HaEtg
m—fEZ, BHRIETFik. ™ 6Gb/s SAS/SATA O SSD ( @1 & Intel DC S3500) , BEH (4KB) i
IOPS th 204 15K RPM MBERIEELA L, BIfE7E SSD HEXHEEMENEAE, I0PS thiik 60 {ZHIEE.
HEIRFIZEESE, SSD JLFEELHE SAS/SATA 6Gb/s NFH. MASEEHERIERZFRA PCle SSD (0
Fusion—io ioDrive2) , IOPS #8E/1FE 15K RPM #@£2#9 1000 £, 8= 3 MEER.

MmEZ, WRBAREEFEEMIFSE, NEElE (SMESE, 2REFERY) T
SEEBIE, MeKRERFE T MERNER IR HE FERS, TEREEYE,

A, FREZRON, MEFET - IRmXEHERS.

#&iafa: mEkR. ESH

VENHLEREARERBIFENHEREE, MEEE#ICHE (Perpendicular Magnetic
Recording, PMR) B9& D8R, MTZ2FaisiERma0RAiEE#ics (Heat-Assisted
Magnetic Recording, HAMR ) {3RBEIRAEF", HMICERANAEBESTSEAE. I
ERAPNERENEKR, MNNEFEEN NAND IR, FHEEE TS, FRREAHICRE
RZIMOFERERR, BILIZENE.
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BEXFLRE :
FESIERE 35%

2012 2013 2014 2015 2016 2017 2018 2019 2020

SRER AL RIS BSISEEm

B 4-4. BREENHRREA LEEER, SRESNEIESTIONES “F” Bin? (BR%kE HGST)

XN EREZFIOIRINME. SAZRIHEREN, BEWIIRT —EERY
EE. LEBZEICARRKAY 2.5 RIRHEER A, £RESEMEIRH 12.5mm BE
BHITH, NOREEE T 3KER . IRERINIRINNAZZMEREE, TERAY
(Hitachi GST ) X7E/ZEABRY 9.6mm BEEEEET T 35KEH . HERSR/ FHER
%R 16mm £ 2.5 m e, BREENEERTTE 25K, BE4KZZ

BEA 2.6 RIEREHBINER T, HTBEENER, 3.ORTERBIEELT .
MBI, BEZIER. 3.5 EIEENEN 12T (2.564cm) BE, NEEEEE
iRk 5 Sk R . WUXFERGAGE, HGST (Hitachi GST ) H—2ME) 7 5K.

#1E (Seagate ) 7£ 2001 ST —5K Barracuda 180, 1.6 &Y (¥5& ) B
ERNRRFRARNT 12 KE2H . EEIIINEHFE, 1 BIEER 7 KNEEEE AL,
NI, N EREERTEIR, MNEEHEROMEERR, MEEEAIEAXMIT,

EAREEE: BEFEFIAER.

HGST KRS ERE: BHERE, ExaS.
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BRIEEN#ELSE, BBRTSREN, FERAE, SHEEE LT, RItEss
L E A ERME . METBENT,

BOAERE LR KAk T . HGST £ 2012 F 9 B
N T HeloSeal ¥ &, AEERBZAtoZz—H&EA (helium) BEFEEEIKENEE
#8, 2013 £ 11 B#EEHI Ultrastar He® 1852, R 73K 3.5 IBRALMT BRlllNRS
A 6TB BE, EWLIWHREINE, “tbL35%ET. AR, TFEFRM 4TB EEEE

23%, TIRRERE 4-5BKE, DJLULFESNEEBBEEFORE TCO.

4-5; ®Fvs. &5, HEN 1ETS (z-height) M

» HIRE 7 BE - - ER—MEREERIA

HelioSeal X MaRIFAVIEE T mRUERAMS <, Bl "f5&H" . ZALERREH,
HERHIRSERFR. FUBENKR, MIBLBIRERRNRAEE, "R EHBIE

SEL, LAFEWSIMSIE. PRLL, FTRIEENE TIRERMEREIRIT,

XM EFTEDRBLEAN, XWEEE (BFR) £
EALBERESE (RS ) MRS, MAZHNERERBATESAZIRES.

HelioSeal R F&HTHEEZMAMN, TLIEXRZSHIFSBRIEF(ER, HCST HiIEESHE

HFLULK Green Revolution Cooling ( B Eap SR AT ) FEWEX—SEEFE1E

|2BEMTHNEFL. B

119
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SATA & 512n Ultrastar 7K4000 Ultrastar He® MegaScale DC 4000.B
RE 4TB 6TB 4TB
R 5 7 5
=RAEZEE (Gb/sgin) 475 544 443 (512e)
FEHEHE (MB/s) 172 177 110-140
iR 7200RPM 7200RPM 5400RPM
BRI SERTE (ms) 8.0 8.5 N/A
REIFE (W) 6.9 5.7 4.9
EEAEINFE (W) 5.7 3.7 4.0
52 (g) 690 640 690

% 4-2. Ultrastar He® 88 aT 5 5400RPM TRLIERALL, HASIE RN AT

HEREmME, REWAZERN 5 BRI TRk, Ultrastar He® EE?
T 5052 XEANETSRIEE, MNEE X TES . SULIRFEXEBAAIAR .

[AENNEREATUNRFE. AR BRIME. ERFIER (D2D) &, 2%
o RAID EFEABREFHEIINAE. HGST ES/IREZER OEM | . =EENFARL
134 Ultrastar He® #HTINIE, AN MEIFEE . Netfix. EAF—FME. RUIIETHER
¢H70 (CERN) . Green Revolution Cooling. Code4?2 LK “Efth/IZRSIRMFHAI4EIT
IRAREERAT)” , BAIMOZAYEBE,

BISINGSHES, Ultrastar He® ERZRASENENT, MHAEEAARZHIE, &
PR TRERE, BIEMANRSIUSHEERNEE L, BUFENANNZATLIEE, 1
FERAEERE, TCO BERBMBII.

EAREIEFORITCO

{&4:58% HDDs Ultrastar He® 2%
HelioSeal &

E 4-6: HGST RRZFE, B5
EHNFHEEENNA, KEIEHF

J \ BREMENERLT, RESH[FME
Network AR, FrLLEAREE G REFEAILL
BB, SUABSEARERT . XHE
B B CAPEX 0 OPEX RUIE LY
BB AMEHER O, B2
XEBPIKREEER, BITNZE
RIGEANEE

CAPEX (&ASH! ) SOPEX (iIZERA ) R

IREHE |, ARSI ER AT BRI T ERAAA

gg , EEENRSS BRREE O NNEIRIEER | GHE A , FERRE , thREEDILHD
X

SIS , BEILEPRASE T HEE
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FEZLET, ERaSBHEFIRA, GREAMBENARR. FIENESN
Ultrastar He® Z &1, HGST @ 5EABMRMILR, WHBLARERFTR, W
ARLEIMER TRAEHRY, SHaAXRERRE, BN ARSEHAFFMW. H
FHXERE, HGST f£47 Ultrastar HeS FigIMNBAS SHI%R2M, SiF:

OSSES: AREASATREMK
OSSR RNEATRPNESHERSHPNSTEL
oSSR ASREFETERRE, SUDFAERR, HEEEHLAS

FSEBR

BRI HGST BHEREER T 50%, EXMIENE FHIEMIEZE—RIE,
YELFS S, BREFENBK, RAKE, TEEBIHMICREERNIETT. HGST 318 IDC
BIFUI, 7R 2011 2 2016 FHIBHICREERFIEREET 20%. HHAZE 2016 F?
E9 HGST fitRA HAMR S ARRIEREEI 2016 FA8eEE, FEItZRl, RAH—
[E# PMR 5ARRIET .

AIEARRT PMR “EBIBR” W, EeEEAERE? £ ‘=it LRINE. BIZ%
NEGEEEE RIHICTKRA . MR GEFTEZERRE HGST —%, SMR UEMRE
IEERMHEEMENRA, BTFF HAMR BRERITIEm.

SEicH

WMERERLEN—1TEONERKR, MEXRPER, F1€ LMR (Longitudinal
Magnetic Recording, AE#ICE ) X2 PMR, 1HSRIEZ EEE—EEkE, BAE
=2, IREHHENBEE, BEEHBEIEr,EE (EETARE) , EERLENER,
ZRIHICE (Shingled Magnetic Recording, SMR ) EiRBIHESE, EMREE4E ‘&
KR exR” (F#) 1 “BRX#ER” (HGST) .

&L, MEMCERARNARE, HEBENEETE/, 2R EUSNEZAE,
HESKHOZBOTH IS AT B2 F8/)\ . e, EEMICERIAREEIANIR, MERED
TRYERRN o
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Conventional Writes

-}

| ——

Guard Space B4-7. EMBEZE
B—EN=E

BEIUL#BEEENGE, SMRERZF EOTUEWESH#HE, FESAZRHEX
BE

MBS . REBERIHEL (TP BXN, FRINIBEEINASEET 25% HIESIBK.
B2, TRIFm&ER, SMR XJ4HREBAFIRIFE .

FEEHSLANZETHMBEATH RO BRI, BATHRE, FEESRIHEZEET
8, BARNTEZMEMES#EE, AMEREEZNEANRESIZIEREEREY, T
NAND (N7 (FEERET) . BAREREETZIEE.

SMRESFILHBEE( BLR ), ERIRMKANZETHRE  DRe MR R BIES )
AORGIE DIREREISe A0SR, (IRER ) MHRES A AR .

&}MR Writes

3¢
g

E 4-8: SMREREES,
SANREREEEAHE

FRIET SRR, BTEATHRTREAVHE, BINEMEbRER. I%T
RELLREIE LEANEUEERL, FIUASZRINAIMIE LAVEURSCRR EIIRIREY, MR
HITES,

SIFREANNHIEBEZS TREESANREUE, X NAND AEFEM TRIOATELRD, X
R& SSDRIBNBA( SHA ! L SSD E4FLEAIZ , SMR AUXME NBA R IEEE,

122
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"G (SRR LIRBHIREIERREIRS ) ; TFNR, EEZFINHEBERN
R, SMREEKFRYIERLHENEE, FENESZRIEEEEHKRE.

B 4-9: FrLl SMREAKE
SR Z R INEIE EREIE

XTFIERFART, AAFEENNE—/NRYE, SRR —EEES5AINRE
B!

=28, BB SSD B TRIM IXHERIas < RIZERHBAMK, BEEHFABAZHE SMR
RBXFESHTEIR ARk WWRIFRIBRTTZ2BHEDENR (Band) , BIBR—E
HEMNHE, MRE— " T2RE (THRES ) I#E, RAMUIREEXEER, N
L EIFEEXEES ., BIBHESEHNMUTEEESHHENENR, RERTT
M EIEENRIMEESES, BRSNS DTN,

| — Band N

B 4-10. o & (Band) &
LUSHIBNBKRE, RN
£ ‘" SosE

RIS REEN, BREERTSE AN E, SIRFESEATEIFE., AL
SMREZERTEERE—L&, RERTESS5/PHMIEINSENE (Cold Storage )
HZ2O5—% WORM ( Write Once, Read Many, —XE%%ix ) M.

SMR IR R ERIIZESINEARTENATA, HirmAHBAEMEBR
BN, REZNIBRBEMIRE (BN ) 48, TESBRSREESARNA. I,
£ SMR EZRINA L, GERNEVXFNASEFAFEEE DREESNGE, LUE
FFFERIN AR o

NEIEmIA, 200 SMRIEEMEENETERZE DR HITGIESR E, B=MHA
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i

1. BIERBED R, MWIMTERMORER . XFNME R SMR ERERKSES
BE—F, BMERFTNALTENS, FEtY, E65ERF. SBERBENARY
EIRR S D ERERN LRI BRIFAIIERE, HEttiER M=%,

B ite, BIF SMRIEZMNSRER, RIEAFPEKREN DR, MNMALUREE
JT_\ZFH%'I‘Eﬁ’ﬁﬁD%’I‘Eﬁb o

RN, BNAEEEE. EUNXAE. WORM FREFENA, B1MERT
LR —1PKRER (F9R) , LEREHREIEEMIESANNDEVE, AEBHUEN#HERS
HEMSAN, BEIS#H. EXMBR T, BT AFEIRENNS, A ASHIIEIE A
SMR S ARBREIRY “BIMER" , A AZImENMERE

FEERMMESD  EETBEEREN LIRS, NEEERIREE 7 AEREIIAYH TS,
BIPMBRIRI IS, XEREMALDEREE. BT EREIBRS (E2) | BZERE
NHOME, UAREENBUSSIERARRER, B=FMEEDkRRSETRES

TiewM, FELEBEANMENNE, fEEXETEEENIR, ZXTEET
SMR:--"HAMR &2 RREKAVEF

E=7 NENES

BIEINERARBBNETIER, HPBEIAZSHMO I RERNERNRIE, £2
EFENASHHE, ARBICANASEEEIENRETE, TERAEHS SMR XA
MEASENSANEEREE,

FiERIMERE, EMRHSIIBANTRET (AFITESIIE) . SARNEFEREBES
SHIBFEEIR, KlTEEN . REEZBREESNETSIBKE, SSD ETEREEZE,
NIBUEEHINMLERHNES, TEBARBREREK.
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NENERRERALNET, AREEFE (NAND ) IWFFHEIIEREIR:

o= 4res (B3I EMIIBEIER I0PS ) , fERRE, BEFE(R, TTisshabt, pISEMts,;
R 18R, BAEREENERE, BENGBIRSE);

22 BESLC. MLC(eMLC) . TLC, 1488, Han. MSHORER, BEMRIEK.

EREMREABEES ML, BE—NWIRE—1IEFE, B LREXUZERD
(ms) it, BEEVIHEEENINR NMER—IOPS FIER—RI X, BRBEZH.
NAND iAfF=2F=2, RN (us) it, HERE=1THER, REZWMTH
RHFHT—REZ, 20 NAND DA TEESISRAER MINERSE, 258 LEST/0
By, Ei, SEEAL, BSENEIISRENLELE, TRUREESERIIN
FAngE Nt EREMRE .

REFES5EOSHE

SREEMR LE KKK SAS/SATA ZE & & 09 I & 88 # O (Drive
Interface ) 12t THEAk . BRIRRAVER, FEEBEIAE 300MB/s, HEig £ 3Gb/
s SAS/SATA#EOFLE T . SSD NIARE, 6Gb/s SAS/SATA EEAREIER, 12Gb/s
SAS LIFEFRHE ., BARRE SAS 4xHIEE, BEZRITBEIRFAIFKINR[RRAIAIR
% (SFF-8630 B&4M) »

GHAM 12Gb/s SAS B ASBRENTR, HANEFEFHIEREKI THRESN
PCl Express (PCle) . PCle 3.0 B9iRZ 5 8GT/s, x8 #i2 8GB/s A7kF ., mA PCI
Express LA ES®E, ABEEMAER. SAS EE2 M FiEO, FEEI PCI
Express 5 CPU B8, Xfth PCl Express & SAS At EEHR, FIEIRAZIITAIGE
RG2S, F SSD MBI ERNNE.

4-11: SMART ULLtraDIMM SSD
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BCPUMIT, SERMIK. RE & Intel Xeon ESE X#H# R CPU, BELERT
PCl Express 3.0, J 51t 5CPUNRZINEE, ®ERRAFEH EE R, SMART
Storage Systems ( BE#% SanDisk A B ME ) 7£ Diablo Technologies 37 #F T # H Y
ULLtraDIMM, 2rLIBEERTERIE R DDR3 AFERENRFER, LI RDIMM 8975
X ITHE, BAERET 5 MF) (RERERRM 150 HF), NE&HTEF ) . ZIRFRIT (3
LIBNEZINEGH ) , &= (MLC, 200/400GB) . IOPS (BEHLIE 15/, 56.558)
i (I 1GB/s, 5 760MB/s ) aRE, 18245 ULLtraDIMM BR&#eskAr /M,
BE&SWEF ‘SR’ hEAMNE.

M PCle 2 SFF-8639

FEE IR ENSRAON USRS T EZS, REELIBIRAIUFAMEFE (N 3.5&T. 2.5
BT, BEETFRERLR) , EOBETIMERAIMNE . BEEUARR, REARLE NAND &
REAN, JVFRILUSBE IR AGERIIN, ST REMZEONIR—]EZ, #
O+ AT T o

ULLtraDIMM X9 @t B 7, NAND IRES A RIRE SR XRRIE, 6%
HUNESTHF . PCle EEEMA PCl Exprees (PCle) #-RAIFZIL, SAS/SATA
ESEMNEOEINEAMSERIRMEER ( "BESE" HItEE) . A, Z#LUMNERN S
ROBERATEEFTHY, “Z3” HEZHIES.

Xz, SSD BEREMMEAMN, FEBTEINUREZHH, PIIERRK
A9 SSD XZ = PCle 0, MIKEN=ZAARAINZ SAS/SATA £ EX—EEBEIRIEZ
BTRFTRK, SSD RISIERERZSHE .

EIERIERAARAY PCle SSD, AMB SIS 2Tl intE, BF ¥R 25¥FK,
EES KIS, HIal Fusion-io BHAHELAY ioDrive Octal, RKEEKERIZK, £
F3 16 @& PCle 2.0 0, RARE 10.24TB, FHEFTAROMEENERE, SBRTHE MR
/E PCle BRIV E . BBENECHBENRERIERK, XM~RERENLE, RIFEEIFHE
KFATMELES -

EARREREESNESH NAND, HeSEERMEIBK, EERRNZ N EH%E
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P, BRAERSSREIIIRIRT, SETTFIIAE,

HBIRF SAS/SATAZEORI SSD 2R 25 BRI R, BABRERT, FIEMAY
NAND Bt BIR, HESRATERKSE NAND NELZHEH. NB— 1 REXRR, &
PR SAS/SATA EZORIHERS], BMEEREZAI NAND AFEtH, BEE&RE SSDAY
MEREMLES . (BIX—TZ75 SSD RUFET I NHIFERIEAT RN ER EIEGA, BhESHE
BRGER, FEITES SAS WinO8ES.

BT EOMARAIAE, PCle SSD FSkshizeizik SSD FEESE T & il ZHEH
H¥5s, FEREB S —ENMAESR? BITEREIEAIRAY SSD Ll PCle #2017
X2 SFF-8639 EOMfHEs

Primary Side (closest to drive edge)
PCI Sideband SAS/SATA/SATA Express
Power, SATA Express sideband EB-E1 1% Port
P15-P1 (15 Pins) (6 Pins) S7-S1 (7 Pins)

1 Ll ™ ™ L ™ L) ™ L) ™ L ™ L ™l ™ L1 ™ ™ L1 ™ & { il Y o VO Y T |

PCle Lanes 3-1, Sideband SAS/SATA Express  PCle Lane 0, RefClk
E39-17 2" port E16-E7
(23 Pins) $14-S8 (7 Pins) (10 Pins)

4-12. SFF-8639 ¥ BE O M BF, A EE 29 8 x4 B9 PCl Express, ¥ & 3B o /9 SAS/SATA/SATA
Express K fit#

SFF-8639 IRz SAS MBI ORIEA ERRMK, RIFE SAS ¥IEEE18R
TH=BEEMOTHRIESEO, BLAUER PCle . ARl =@ BN X —
REGZEU/RAE 2012 FHELRY 12G IRSS28, HF AT SFF-8639 £MAIZEYE (Micron )
P320h #%I SSD, REXRZ4BEPCle 2.0, FTegiRtAIFTRE =BT £ 6Gb/s
SAS/SATA £ (2GB/s vs. 600MB/s ) »
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X FR LA, SFF-8639 4
g BN 122 ALl SAS/SATA
O, iR H 454, SFF-
8639 R Xz #5 PCle, [
AR S WAE T RAY SAS/

) SATA. R, TR,
s e TSP s AR
P320h £51 SSD {aftiE ORI SSD.

SFF-8639 £ ORI &
MR K HIRF 7 IR =N=EAZT0 SSD 188, BRIt REIEARASE M, SFF-8639 447%
HIZ SAS/SATA IR==FIMNEZALE, AMXATFT 2.5 =TI IKENes, EFIERT 3.5 HJIK
s, MEETENLUBBAMET PCle f&R~IIK SSD NEE.

A, SFF-8639 H 452N
R1EFEM PCle i+ SSD, &
RNERB PCle x4, MiEERT
f (PCle x8 7 ) l9—3,
SFF-8639 EZMIRES =M
BE L 3R%NT PCle 5 SAS/SATA
FonZEBdXNTH, FEAF
AU, &F SFF-8639 #ZORY
3.5 T (TFE 2.5 TET IS
ANRZKEZE NAND HFSH )
ABESSD, REFGEZLHE
e, REERIFK,

-~

SFF-8482, SFF-8680
i/ (P1-P15) [517514]\\
.f |

| | SFF-8630

| |
\ /
‘/‘

/ (P1-P15) (51 7514|\
f \

/ \
{ 3

| |
| |
,s
.

SSD P IEAbF—1NEFIR

B ~EIRZAARS SSD RO
R, AR RO B 4-14. WEIEE4 SAS x4 #1158 SFF-8639 7 12Gb/s SAS

RIEk (4aE. FEUNTIHEIR RR=E%%EME (8L PCle 3.0) , {82 SFF-8639 f PCle
BRI B His
PEEE ) SSD BT AR S BRI R i FEARNR
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, TERAZRIEENZ SSD HIMRE. BERATHHPMEXILL:

PCle f&+~ZK X = th Z=
2.5 & SFF-8639 h i i ¥F
2.5 & SAS/SATA SSD b (i3 = ¥
DIMM FZ={ SSD I\ = {38 =

*4-3, BRI AR SSD 1488, BEFTTHEPMRILL

PCle i) atFEEZ F

HNTFIESIEsZE, CPU SR PCle thEmAER, LA4ERE I/0 R9IER . SFF-8639
N E, BERERNFEER PCle (EAXENFMEZED, misE PCle 4.0 HSBAIFNT,
Storage Over PCI Express ( f&#k SOP ) B/ ERARRKAmABE Tz —,

PCle fE28 NVM ( Non-Volatile Memory, IEZEMFMERE ) AOZEOCH KBS,
BNFREACCYIEBSEONE, F—RHERIRIRIZFEA. SiERIER, Storage
Over PCl Express KX kEEE=KFHH: HIBEEZFiKAY SATA Express. [EIRJHEICIE
FRAEARTHIZAI NVMe, LINERESEIl: SCSIEZMKAY SCSI Express.

NVMe

NVMe (NVM Express) =& H Intel. Oracle. EMC. NetApp. Dell. IDT Ll &
Cisco FZ2FRNBFESMTIEAE, MEEN, EENETFHIEEIIEIT PCl Express &
SHREESERITENT. NVMe fnER— M EXIER PCle SSD BITR W FIZE FimE
S RNEIEEONE (BaNaiiEhssSERE0. moE, IORIIEES) ,
AR 90 2N RBERREGEF A, ZIiNENSIEETIAR— 1S —IRELTE LRI
PCle SSD,

NVMe TEEE 2011 F3 B 1 BAH TETEXT PCle #MAI NVMe 1.0 Fr/EM
?@o BJ\EE; E2012¢ /IO H /l/l EIEZE N\/Me 11 H&ZIKO E%_Ua EﬁﬁﬁﬁiiﬁEﬁ_%{ﬁﬁﬁ
NVMe #riERY PCle SSD, #lIaN=27 2013 & 7 B & fAY XS1715 FiEE SFF-8639.
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PCle 3.0 1 NVMe F—5& . It PMC ABEBE=7FREESHFES (Native ) PCle #=
ﬁ;.]l:ll:l i jjTIE%:_F N\/Me 1:/1—\1&0

L8 VAN AN
ALV | WANANA

mMQS.__Y}Eﬂ e ¥

4-15. 2013 7B &
ZEHFREMXSI7I6 R
9 PCle SSD, ® I SFF-
8639 #M, 3z#PCle 3.0#01
NVMe txiE

NVMe 2— P EFHEEIEZRIEFEIREY, BEESHTE. fIINBES%IR
EEFBRREE, MUNSFREOMBSE; I NVM RENESAT RIS, IsingE
ZEMUASTINREIRERRP (AIEHE) 5 URERIHESES.

SCSI Express

SCSI Express tr/&EZH STA ( SCSI Trade Association, SCSI@lihs ) B4R
HIEAM, HESMREIE Seagate. HP. LS| LUK SanDisk &, BirEEBHdmllgk
RS RFFMHETH, 37D SATA. SAS. ZEiE SAS LK SCSI Express fr/f. SCSI
Express FEHFIN T10 #rEER: SCSI Over PCle ( &#r SOP ) #1 PCle Queuing
Interface (&#R PQI),

SOP trEE N SCSI & &z 8fF A PCle BAZINLFIZ R EIEAIFIN,; PQI FREEE X
SCSIig&ziafFER PCle BIEREEIRIIE %, LT PQI FREEN T SOP HIBATIESSE
F75i%. {8 SFF-8639 #0#Y SCSI Express i2&0Ji@iY SOP #1 PQI #{FIRzhF0I=
FlZERkfEMA SCSI Express MU TIEE
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| Transaction | | Transactlonl

I Link | Link |
___Logical __|
PQUEEIEIRTRER SCSI Express{sB3citmaE
| NvMExpress || | sam | 4-16. PQI. SCSI
Express. NVMe.
Transaction
| Transaction | : || SATA Express # 1 =
| Link | Link %, B SCSI Express
F——— ; =AEZ, AFERPQI
2 NVMe B9 i t%, £
ol | ’
— R W BEIHEGET SCSI [
Electrical | Electrical | merzwE nven
== /8
NVMefSEZEgREE SATA Express{sEas iR Z]\;ATA Express i 15

SCSI Express RIS EERMAHITE, PR SERIRERFNSIE, FaE0ssE
BEBRI SAS/SATARE; NVMe NIR—123ivreE, Bei{NS2F Lunix #1 Windows
BIERS (WehigR ) , B FEasELTFTHAEMSZF,

SATA Express

SATA Express 2H SATA-IO HLURERY, EEIHEREFindFZ K EIIRE,
BEFRELMATE. SATA-IO BRBRIREHIE 12Gb/s SATATRAERIITE, EXIE

SHMREFER, HRETHWMAILSZ: A AHCI#ZO, SATARUIRZRX] PCle g
TR . BFET AHCI SHSERIERRERS, BRSETHIRERT SSD 148
AT o

SATA-10 RS —MEIEL ZE1EA NVMe . X—5Z0] & PCle SSD H&H%
BEMLES, 1B NVMe F At SATA NS, FERIRLIEINE].

131
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NEFETIES
E— FERIRE T MARES, WU SSD Tk RESE, B,

£ Ltte 80 FXZRT, JLFBAN N BBl EKazmlss, IR HiEmHIFER.
1980 F##ERHY ( Seagate Technology ) FEERIKENRAVNAMLIRE, MEEER &
RERN, 2 80 FHHH, EE BHEA 76 K22,

2 "+ ENES, MELR SR TTRE—7=REMEE ( Western Digital,
WD) , MmE#BEIHIZHT,

B2 SSD 17l . BIJLE, &#h SSD REEDHEM, FELEN, I+ MBEEEN.
BEEEPSETF, SSD HUFIEHE, tHiERIRmRE/ MRS

BRETEMARIHE, ERERIKSEFEEFESEAMEN B, REBEITRE,
FEERIKBANRITESRIE .. #. W, =[WHFEFSHFR, ERHERS, HEA]
*Ill_'famo

NAND (NFRE A ALIERZ AL ISME, B NAND (NES A =28 et iAY .
INFEHIZE, TAZEEH (Firmware, FV\/) HERETLAER,

FTHERIKENRRZ M, T SSD AEpkl i .

witt, FAMEIRRR, 7 Gartner B9 2012 =218k SSD WA B EISZ LT, Google &
18 3.7%, A% SSD &EiX 8.9%, X% Intel. Fusion-io (FIO) . =2 ( Samsung)
ZE, BE%ENT .

NAND &5 }?:%Ugg B4, FiE (Validation) , 2 Intel IAJ9AY SSD NE X, &l
PMIEHER T LAER), BB A0 . EHNARRESXINFEN T @I, WikFad
REFEEMER, 1€ Google AMFEXNIM, RM&BMB—IiEsELL Google XHERY
BEREREH THRECHNAR?

Google M FHEHRARRIFRE—RR™, H SSD tLETEFBH, MHELHEKAIERE
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R, BEENESARNS /0 MRElAER R, —LErRHEREE 121,

I, Google PR E .. MR ARBENBE BT, Efttigs NAND it R4E
FeBEIRY SSD #iER, ELRZEI 7T ESHES.

BESRZEZE SSD IRME, BEMHEIARI S T Ak, SSD HEEMD Z2RTF, FFE1iT,
NAND [AfE S5 SSD S ARBIELAITE 70% LAE . BiIRfFEESIsE AR, (B8B8aEn S5
BINE S EEA, BEES=E. Intel/Micron. Toshiba/SanDisk X189 NAND NZE
A I

TEOERNFEHRNEAINRASE, BAATMRRRAT LIS Bz WIERIF
RS2, PrLL, NAND NfFELII=2%, ERJLFE, MARBARINGC AR,
BANFmETTEe. HEmPEES R RHImRIER SSD | hE.

1F502ME NAND (NELZZIBAN 1X nm (19nm RUATF ) , HESHENNEE
SEROPkR Sk A, LDPC (Low-density Parity-check, EZE @K1 ) #3. ASIC
T3Z DSP %y 1%, th=S5NESGHRENEZTIEE. ZEBEATERNSCHIFER/NR
SSDJ &, EF FPGA FFRizHIzsiEE RS, ASIC XNEZEEENFSEETERL.

FLL, ERIESR, DEFHA—RATIEN SSD P EE , EBEEATRIT R H.
BB ES SSD MBFTLHE, MERERMS BT, T, BEIEYE
FKE Google, RTRKFFELRIT SSD, ESEEME.

=T BA: AIEiESAIRE

ERSNENMA, BRTUSNMERE (BCAPEX) Mg M4 (&
OPEX) . BUARMASERWERANEEISE, TUBEERRNGEEHEEMNE
FTBERE; SHERTISHRAA, RN Spin-down (BERE ) AT LUAEIT
FAIRIR.

BARRARIFERALLT UL, EZFRMBEERN BV SEREWHHNAEZL. B
WA, B mA—Liux, BALBIE SSD | mARIR .
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RS HEEE

BB SEFSE I ISEGAI R SR BEEREA—1F . (R RhinzE
EHET R, SRR RSP EYMERES . B2, BIEZ 51 9(99.999% )
RIRTARME, ERBARIERNERET, BIHEHEB ISR/,

IEERNEAAE, BESERERN, TEBRR, LT, &% (fault
tolerance, FT) 2ERGRHEETN. 7B, BHNTRUESEIN— 9, MEMES
JUETDE—THESR, TURLBECHEFRMIEIIRER, BESFATASEK, 23
BRI,

T2, B SAS. eMLC. A XAEFEESEEREWTHENL, ERSTRES
BIEMAIRAR, FERS—EEZUERIRA, MAAERKMETE.

2N eMLC, BIRIE (enterprise grade ) MLC, TENGFESH . 1262881 ERE
HEEEsNE, thEE MLC IMAMET. B2, maENEIER, &2 MLC,
FEESZIAR? HBA, WIIEREERES SLC,

XTEEWEWAMLC iE, Re—Sr=GiE. XERRE, BEMEL
MNFEENSERAIRN, EXEREE, SSD T BRIEANY, JHBAEEeMLC
A9 a3 MLC A9 (M RIEISRER ) —EREWHIHEARD?

PCle INfFE5# Fusion-io BERIIRN TiX—Esk, fEITEWLF 5 ioF X IR i
BT EEBAIIE (Hyperscale ) #iE+ 08 MLC KA =5~ ioScale.

Hitt BmteHh s, HEEQERMEWR MLC Fm. A, &F MLC /I SSD
NEANGaREEANET eMLC B9 SSD, il eMLC @l LiE A EEEXERE
Sim 10 k8% 8 )X, M MLC F a8 18% 2 X,

FRLA, T EBESENE MLC =& (1 Intel SSD DC S3500 ) FF LA AERINA,
SNRZNBUEENESHY eMLC 7@ (21 DC S3700) .

MAEXMIBERKESEAAREZEE SSD Bfix, EEERETERE W™,

DE
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AR AFAR Storage Center #4RYE/R Compellent IFEFFTI5EE X 5 &iE SLC S{fiE
A MLC BISE, EREEHITHE, SLC £5, MLC FiX,

£l eMLC WFER, R BEMEAT . T8, 7200RPM RIATEIRAITER
BERTEFEWVETR. B2, &0 IEENBXNASSERIFEKX, EEARER PC
R AR SATA BEEY BEIR K HH. DARTHIHERE 7 x 24 /NETFTL. RAID B2/E
MR ZERIEEES (RVS) T, XEEREERK SATAFERAEEN. Fill, &
L BEREAEENEM L, MUFEHNEERK, LR T RESECWRER, BiR
itk (Nearline ) 1842, BXRF SAS EOMNES,

RERSAS, EHRERINMELER 0% £h, BEENELIINABTIZRER
SATATE#H . NENKAEFNISER TIEREEERE, SEIXWEERERRES.,

R St RAEOERNEFIELES 7 x 24 /NI RVS FHRIAIB
‘R, BuFEE 2012 F#EHAY Constellation CS (C % Cloud, EF& B2
S) . BERHMNNA, TXEFHRERMICERRE Tk, EENXTIEE, BEJIFEFHE

5900RPM Ry Terascale,

b & # B 9 2 HGST # 1 B9 MegaScale DC 4000.B., # &#i& 5 RPM, 2
‘CoolSpin” , ABESAHEIREI, 2 5400RPM 5IHT, %ﬁ?%§¥$o B2 7 x24I\
A, ERE—8 ‘“GF 180TBEEMEIIERZE” (low application workloads
that operate within 180TB per year. ) , i&i%EE/ Stbfl, G&F 45 k28150, 5JLL
&2 Duty Cycle ( TERSE L, SiEEDIFIFERE 100%, BILELK ) B —FhE
EHTo

Hfi1x0E SSD BENXHIRHRENNFAME, MICKEAXEXFNIE, 8
ENMEENMRE, XFERIKNRETRA .. BREESNOHNE, BE LEE
EEHEZA.

sEESURE

HEMEANMIA BRGNS TN ESHE, R USHEEIZR 5
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B o, B AREEBKRAE, BTEEMEI RS, RN ERARUSERA .

RIRDERERMEWSSHEG PSR EREERR, EAM(bEEBMmAFR—REIA
EXREEAREMDTAMLE. EREG BUGRXE—SRNMENEME, TERE~mA
FEAARRIMES, BREEXIIMNBROKEINE, FRLIRERER—ERE B EBIITR.

B A9 41 F 5 2 SSD B9 T EE =218 ( Over-Provisioning ) , BI7E SSD & 45 &
EEHKAMTRTE, 2F SSD Mae kit At EERBNG %. Za1, 400GB #
480GB B SSD, ERina=s#2 512GB (1024 %)) . BT gEEEETF MLC, E
EXEEHFNEGRE AREEH LMTARNEE, FHARB=EERKX, 400GB LY
480GB MAMELF, MigLES.

SAFFBENEERHSRERE, BRERm, AFRUBRZEIEN, XA
ABZUENEZ(IENMEER, B8/ HRSHE " m ) NIFLEEEXEEFEEAIIRE,
BREBEZZ, ATHRRE?

NEW: 3PAR Adaptive Sparing

Without Adaptive Sparing With Adaptive Sparing
t | Over-provisioned Adaptive
spares
available to
p SSD for
Spares P —
provisionin
User User
Space Space

High endurance at High endurance at
High $/GB Lower $/GB

4-17. 3PAR Adaptive Sparing ZF8A_EEZRAZITET LIRS SSD FREBZERIE R

@

AREXRMLRIEZE, 2013F 12 B, HP E%AHE 3PAR StoreServ 7450 £R17[E3)
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1240 480GB #10 920GB SSD g9, HP EFR, 3PAR Adaptive Sparing R 8] LU,
DOXNEFMB=ENFEK, HE “FHE™ (sub-disk , Z#R chunklet, TH=1EE])
T T “ (hot spare) , — chunklet £ BIRT L ECEMFIEEERE . 55
kA9 400GB SSD #8Ltt, 480GB SSD H A MBI MM B, BaJLURHZ
20% HUBE, MSLER, K8 TB RFNRANRLD T—F.

BERMNEWERBETE5E, FFER, EEe. IR, thi]FE SSD
BEAIME, HEENB( BN ERES ) EEEEEREE, WFEHIRp hEBaTHhT
XENMYABPTRZERAN, BAAANEHRNEELR, FREHRNMERKEER
RIE FTL. FER=S8EIEEINRE

Applications perspective Applications perspective
/dev/sda /dev/sda0 ~/dev/sdaN
-~ Ly - F 3
L 4 A 4 4 Y
| SSD controller | [ssD ctrl][ssb ctrl]  [ssD ctrl]

i i i i i ]
Flash Flash Flash Flash Flash Flash
’_ ch_0 ’V ch 1 (777 ’_ ch_N ’7 ch 0 ’7 ch 1 |77 ch_N

fE4SSD FAL R Ao A HESSD

E 4-18, BEE SSD AIRITER. 2013 FHAHMIBEEES SSD, WHET 4 Tecal ES3000

N, ENRIE—R, BBE NAND NFELZRVEH, FHEFEIEAAREE,
SEIRAYFEIRIRIERD (ECC) 21 LDPC, HEMNINFIRHIRERIMERsERENGIE. MEX
INEEHRNIFEN, BFEEEZTEUSHIEES .. =2 SSD £ 840 ZaiF
iRBRETNETE, MXA TLC T RAY 840 RIS =E—FAXItL, 324G
F MLC & HH 840 PRO ®ligB &b =E .

Bk, TeBERMEIAZESREI T, RERD SSD AIMETIE, BHIR.
BEMRHERINETE, HIFE%E, FES SSD HNUBEMMEPIRIEGRIEE .

LR PRI SEEXR , (BXBARTANBINME . ~E/ERHEEH SMR 28,
RLUBEMEWEREREE—ENT I, FRASET, BNERERER LI
[ERUER, RIS TFE .
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Hfilznig, mEkmiEiIZs, MESE— 1 #k, MERKMNELFERNTASTE
BREEEZ 2R, ENIAEATBERZE L MR, 10 Mk, EEEFIEEEIXL
B, BTHRERNER, — PSS, IESERKRY, BiiinE, RERH
90% HEEILZALFIBEY.

MREEILHAF (WABLEEKMEA ) FRERSERRERET, 1L#LF0= AT
EFENARI AR, BEAMAV#LSER, FRINEXED KISFERIEIE, TaEaE
BRRR (8. SRS ) AL (B8 ) CRIRZ—ASRIRE 14 DAY
BECAHEAIER T . BRERLURERE, ERMAEL / 2RBE—ELH, EE2F
KM, AHERBEBIARN, RRZHIER, SZRET R, Y2 ERIRUERIAE!
—EHENEPERR,

2012 %, SHBEXRREYRI X-10 ELEH ISE FRRGETLI T #LRSE
(sparing ) , A#LRMAELDRIBE L EIRE D EMNAEE L BEMNERE  WAFMS,
XE—" ‘B NWEERS, ~BEERRER, B ELUME b FR4Er . mNRER
IBREkE, RAWERNEIWMSHIEESR,

RARD “BEF ERE, BEEMNEWEHEE—EREL "omaz” , FEAmA
NN ERREER ( Solid State Hybrid Drive, SSHD ) 2 ASE. A3k, SSD
SERERER, 8ULRIERN, EF0 EEHRERE . NRIENFSER B
—iK, BEECLAIERS VAR SSHD RUzHIzRE, REMISTENNBINL, EES(T
mSRNE, TRHaERMESSREI M. REBREXAIEH.

I, WREAR SSHD NEBEAIEMRAEHE, MIHESERIZEMEE, BRilifs
A=, EREEATREHIN—ERE, sEFNARS, MUREEREHEN IR
KA RS RFEIR (spin-down ) o BERMNKHARIRHFERRERENDEE, T2
MEIFJUPHORSE), BLEEMNEZFNAREESAA . #875 NAND (NFHNEEE T A
pE% (downgrade ) TLCGREINDNE, XREERENEG G, ErgmetFERE—
IR DETURRIER, MENREKE—RIB A ERSAZ, JLIRmLLEEMEEFE L
RIS

FEREFEN AT, BRSNEFESIAEERS, B FERMIAIIME, TEHFNE.



@\Ietéﬁéﬁ
BWRRGEP L

RO 2013: EEEETIRHGEN | FEERIRS

ENE - FhEAREHRSIREEXFE

139

ENT RS: JBOD. RAID 5%(i#
=L

ETAGBEIERAHE T , MBS RUNTBENREE—k, YIE LEREN—PEIE,
PAGEE RO TIF B

SHEAREIFHE JBOD (Just a Bunch of Disks ) , LIIMERIREEIEXI AR,
Ft2FE SAS ¥ E2E (SAS Expander, £ SAS FARKEPHEEF Y ) BT ERE
SAS EfzRs, BERIBIRENSENIINCRE—R., 2RERHEE—, K2ER
—PEAKEN, BUATF IR, RIE JBOD ASAMREITERIR ( EARRE
FZIEF RIS ) FOFINRE.

Open Vault

Open Compute TiE ( OCP ) #9 Open Vault fFiEE A4 ES A JBOD B9—1N241.
Open Vault ZEEITE 2 OU 8EMNTEREMNT 301 3.5 BIER, nETWET
222 (tray ), BE 151, 3x 53 . BF SAS x#FNis [, BEEEREEEAE 2 > SEB( SAS
expander board, SAS ¥ @28tk ) R R, 81 SEB LB — 28 s 6Gb/s
SAS 7 fE28 (LSISAS2x28) . AEEATTREITIINImGO, BN EehiEsE 15 MER,
BB 1 ANMER mini SAS 4x iZE#228 ( SFF-8088 ) BT EEFN( RS ), AR 7K
2 NEB mini SAS 4x ER:EE ( SFF-8087 ) FIF#ELEA Open Vault FE82252, &4k
1.5 K,



Qe
EWRERSEPL

iRl 2013: BAEMAIREEN | EERRIRS

FIE - FERARERSREEXFE

Ext. Mini-SAS

Ext. Mini-SAS

4-19: Open Vault RZHIpk

Figure 4 Open Vault System Block Diagram

— SAS is[IE— P ESEHEHFEAE, E/MERRMELEER. Open Vault
KA SAS NEZEMEWNR ST AN, RITNRUZRER (~5F 7200RPM ) B9
KREE SATA/ 1% SAS 18R, |RAFFEEHZFILAE) 200MB/s, —5% 6Gb/s SAS £
aILARSS 3 1. HRIA Open Vault 8112 2.4GB/s B9# 5 (6Gb/s SAS x 4) fRs5 15
MER, SEMERSE 160MB/s (IBigH) , LhrAsp A, RAEKE 12Gb/
s SAS, MERAEL T —EZAERFRIZKAIX AR,

4-20: Open Vault 95 £
FEZR (tray ) MBliRgEP, B
BT EEH, SEB(EM) B
BERETI, EFEEHR

140
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BMmE<, Open Vault EEARWMMAKRA L, SEREWFER#EET BIER
BARAE, #ET JBOD, Z5EEFIMEEAME L, TEAEWI:

1. BEER. BRI JBOD RIRENIREE (1957, & 483mm) , Open Vault 7745
TTEEEA 536mm (L4921 H7 ) , FILUBHARHA 5/ 3.5 IIREERFHHE. X5 Open Rack BN
187, RHIEZES Open Rack AiEsk Open Vault lzEARE (REXRE) -

2. ETHER . Open Vault XRESERRUCARTRIRT, SEB MIERFTHHER4E
FEMRFER, SEB BrIEAEMBEBITERENNER, MR Open Vault \ JBOD X
ENFERSSE (WRE—F) . BRXES, PrEEMERR LURTSEAIMNYIZRRTRAER .

3. RE “]E" . Open Rack RUNUEREAIZITIRSS =S, (FAEPRY “HH"
Open Vault (FERTEATREME— M EHNE T, MESERBE—AIRITEER “RE"
MIRITEER, BEET AR ERIINTRA, HRETSE.

THEEL, XERER, #5 Open Rack FIRIHESEIIEX

4-21. £S5 Knox 899 /@88t (SEB) , Open Vault tBHLItE

141
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& JIBODIXMFRIAILRZ A HRE” , HACRE “BHRER " CE#EEE(
W ) RpieERERgE—ie, IRKE— 1 EEFEERTRZE LHNRS (5
BirzR "MERE" ), £EN (RS wEX, DAR—IMTMDEBIME, TiEFEK
F—HIFEID .

AR ERNTEE, —EBREHERIR, LUTEREGIIEE . XM hEEMENVE,
MBS, B2 NEENRR, NI LSRRI AFEREIML -

RAID &K

BIENBEEAXENEE R, RAID (Redundant Array of Independent
Disks, IB7#ZZREY ) BE ESSHITERSEN, BISEENE L LI EEaEED
25Tk, BNREESHNUEESE, HFEEGRRE.

FRERERNHER, RAID &XFLIBaRH (5= CPU RIR ) XM, BEILUAER
BE IR (7555 CPUZAYASIC) 5 BTLLZEASAIIX RAID 5k RAID &, thRJLIZSIA
B4R /JBOD RO EMYIEHRR . 82, BIURRIE,

RAID b fEHREME SR ERIE T RIFITFE, 2EEFE—ETERER, BT
iZHRFA. Y, RAID b Regsz 1 e R (185 ) #iE, TRERES . i1RAE RAID A (RAI
D group ) E# (Rebuild ) B8], XEEMAILR (FEE ) HE, HESHEEEEX

Elt, £ E—M1TFa0/EH, EEREEXNEREMRERN SATAERH AT,
EE RAID 5 BEEZYERERR 2 PRk R (1842 ) #ERY RAID 6 BIX&HA A5 —PI1TAIEE

B2, RAID 6 FAEEARR RAID 5 SifFEAIM AT BREANE, HATIRTEERNK.

RN EREARIREE—, BIERERZBE, FEAEEER L “Fih” E2.
mEIER, RAID B, FHAZE, HBESMEWR ‘W TiFerviEs (B SSD
ROIEREE, FEABEER) £, SBAHPIEIENLT EENARE, S E8mER.

T2, A RADANE—MEENE, FEES—MER (AEENERAVER ) £
BEIEN, RTER FRZEENTEAERER FEHMET . LIED 2TB HIREEE
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2 (¥ERFEE 7200RPM ) M=, TE25H—X, BHEEELUNTT, TRERY
EHRZN RAID BRIFrEE R (8L ) BIXEEE. XiF—%, RAID BERBHIE
BERERT, B2 2TB ERMS 20 MM, INREXEREIRALEEN, B2
[EEELKIT . AR NIRRT, Bt RETERAE PR, 21 RAID HIIMETRE,
EREESZEMLENE, B2 RAD 6 B BEMIEHIEERSL. (£ BTERERER
KRR EREIBK, SR ESERHE)

B, RAID ARFEMA, BEEAMRME, — MERHIER, ZERMAVERN
MZ, TRUERE TR MUEEXATEE. FElt, BMER L RAID 6, 58— RAID AtRDiE
g 15 MER. (G LR RAID AT UERLSERR FREEHMOHIE, B
SR T &5 RAID HARKI SR )

TIUMERZAINE, X 2U RS[BINLEFELEEH, HAEERAIMMRINHEEES)
FHAITT . 21 RAIDA, NEHBRIINE, MIFR—RIEMEE, BENREZEE,
FEEL—ENA

&5tHY RAID SE Y EAYIEFHIRBAIMSR , (BE2YIEMZEMNIE—RAIMIER
ZREE, BRRSEE, ¥R M. IRMEEEH.

Adaptec RAID Cownfiguration Utility [Build 300211

= ASR71605 Family
ontroller Configurati
Drives HWrite Cache Drive Specific
Runtime BID3 Enabled
Automatic Failover Enabled
Array Background Consistency Check Enabled
Device based BBES Support Enabled
SATA Native Command Queuwing Enabled

Physical Drives Disp Enabled
Alarm Control Auto Volume Mode Enabled
Default Background T = RAID Mode
Backplane Mode HBA Mode
Selectable Performan Dynamic

Controller Mode RAID Mode

- Reset to troller Defaults

rrowW Keus to moVeE Cursor,

4-22: ¥ SAS RAID Ri&EH HBA =, SAS RAID RIIMEEBEBEST SAS HBA, EELXEEEK
MZEFEFEL SKU BEIBER, £—XWRAID =, RIEFZIREN HBA., EFME- - BEEHE. M
IBIERIE, BRIUE
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T RAID 95 IR R & BB N I AMRAIE K, EItk B BB WA TIAT
RRTTZRA=8IA (8% ) , W GFS#HDFS. Swift. Ceph . ZA, =8IAE
RAUNES, BETHERREAEIN, tIEME TS erasure code, EC)XE.

EEFEEUEFEDD, BNFRES—RRIIFHEEUL

REBEEHIME

FEEMCRBANIEE SN RS R THRAEN, EMI L2 1M ER,
FEI&SsE RAID BT ERIEXIBIRAI— A TN BRI U S AR B R e ERSCIR,
AT ESEEIINBEIME D TR, WHEVRAREBEIMC.

NIRFEIRFREMENMRBUTEER (5, SSD) , — M EHRINERZE RAD 48
FEEABEENE, WTFEEENRADA, X HAIA— N E—AIFE ! ( Storage
Pool) . FEXME—MIFE LR+, EFTIEIRGR/NDECETT (FJLAY Region 3 Extent, &
BiER /SSD. RAID KEIFIRC(ER ) , BREERRRELESE. T, X DAREER
RAID, — RAID BHEBEHIEANE, EEMETERK, RRIEIEHEREmE.

S-SR EWMEEEIEIMRSE—RT (Z9256MB ) AIKIR (chunklet) , LA
XERIRE N BMERAID, MWREE#RE, AEBEREBIS /R (Region 3
Extent) , {fFA% (Volume ) RIHEME( . BRFEKARREEND, EBR HIZEHRE,
HIgpkETT (chunklet) kRERERVEE, MRE—MEEIN, H EBHUER chunklet
B mEIZMEZH chunklet RUTER EEW .. RAE—MER CAYEUER D HEIZ M E
BEEE, BERBRAINR, EPEXMEENRA RAID 2.0+, F&ErE TB NEGRE
INF 30 o
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VioumeiFile aa P - <
= -+

SmartiCache c

N i =

S otion 5"

Extor® sesamsessess T 2
IIIIIIIIIIII v

=]

=1

CKG -@- : ;ND: % )

i K

e §EEEEE HEEEEI E -

__________________________________________________ 9
basicia|l 88D NL-SAS [| om0 Rl & 4-23. % 1 “RAD
T I | SN | PR - -+l 2.0+ BF—FREBREHMIL

PRAD AR T BN EX S EEE AR, 5iE 1R, LENABILERZERL,
ZI—FWIFRERE (EBUKE ) 10EiR, BESEEMBUERXSR, &M, AFXLE
BAEME XS AR EREIE, HEEEMIRELRKEK, FRFE_MEiE, —1
ERANE, E EAEIRRAI LIRS MEIR I RESHIEMIER |, REUIEERREAITE,
AR TEE RMRAIFE .

AEBEIAMCAIEFAEA LTI, FTEENIEM £, 3PAR. Compellent & BsEil 7 &
iEEBCE ( Thin Provisiong ) F1B@hFiE»E (Automatic Storage Tiering, AST )
F1&% RAID ARELIER OGS, 2 E— M FEERANEERR., XKRBEFEE
REW EMC MR EESR RAID 2R (WIATNENE—MME) , M 3PAR (HP) #1
Compellent (&R ) tB1E 2010 FAELIFKIE .

WERIMCISE MG £81RE, ~—EHER RAD B2 £ (FI—M%) , s8a
EMER0 RAID B (F—ME ) - 240, 1BM £ 2008 FWIBAI XIV, HBEHIETH 9
IMB XI55 X (partition) , LASBEBNERIS ERSGRRAEERE ST, BHEES
2 PEIA——AT LR AT X ERI RAID 10, 2& =RIASARBIE IR -

XIV B RFER—FRER0ER ( KB E SATA) , BANFES ERIMES (ERIMA
NTFERER) , (BT EEEREZELIHR.
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HMEBEEHLIL

REBREPAMI AR LUEFER S ( 2 ) BETRIR RS — MRS, Si—0EC,
RSN BRSEAIMEERIL. BBA, EFERRZER?

EXRETE B, mBEERS, Beh— i, EFHTU—BNEE. Eit,
(E£F x86 1Y) IRSFBEMLEARKER, FEEMML (B3ITRIENRIREBEIML,

Volume Controller, SAN &iz#lgs ) EHEBE T, HiF VMware EEL %4 EMC K15,
SR, 155 x86 R A REE AR, FEEIMAET HNREAR , REDE?

WERPNABE, WeaFE#EEMHRASREIANER (in-band ) LMWAX, &
RAYEOERFEEMIRE (BATMX, HESH LB THEEEUMCIRERSERIRSS
540 1BM SVC. EMC VPLEX. NetApp V %1, BElLARE&EEMINENFERSU
HDS VSP ) B NESHIERIRE . XN ERR, FHEEIMRETLIBII I
HA (S8 ) siEERFRITIT0RSEH

Dwﬂ

Medule 15 (Data) Module 15 (Data)
Module 14 (Data) & |§§ Module 14 (Data)
Module 13 (Data) |7 z%mﬂﬁlgg Module 13 (Data)
Module 12 (Data) [E="RUIETTTE wodule 12 (Data)
Module 11 (Data) B ﬁ%t_ﬂﬁ*ﬂlgi Module 11 (Data)
Module 10 (Data) == U Module 10 (Data)
Module 9 (Interface) 4 |B Module 9 (Interface)
Module 8 (Interface) Module 8 (Interface)
Module 7 (Interface) Module 7 (Interface)
InfiniBand Module
InfiniBand Module
Maintenance Module
Medule 6 (Interface)
Module 5 (Interface)

Module 4 (Interface)
Module 3 (Data)
Module 2 (Data)
Module 1 (Data)

Madule 6 (Interface)
Madule S (Interface)
Module 4 (Interface)
Module 3 (Data)
Module 2 (Data)
Madule 1 (Data)

B Urs 3 4-24. IBM XIV 7 f%&

Ups2 o R 15 AT AMEET
= . AL x86 BAGHY (776% ) RS,
UPS 1 Hrh 6 NS EOER
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DAS

DAS

- - um
Fcoriscs =)

FC oriscsl

] FC or isCsl

iscsl
Switch

SAN
Storage

B 4-25: %R (In-Band) ZEiEREEHL
WIREER, BEMUNFEERES (SAN
Storage ) BEENBETF

HIFAERENEEI N FERATR =T M, AR, REK. EFiEiTl,
219 (heterogeneous ) 2—MREIRIIIS, XKEBAR & (BEEE—T BFE~m%)
NEERSZ, FEEGAE, REERE. RES[ELMEEXELR, HAETF x86 AIRS
EESLI T HEAHAYEHE (homogeneous ) , TE hypervisor ERJLFEBE X5, FHENAIZA,
EFEHEE T , LA TRERERRERARE/\I]), ERSISIERLY, EEAKXZ

ENTENFRFE B AP HEERII0eEAET, EAONKRAREEXRZ
[Ehd kKBRS ERELML, VMware ESXi F0ER Hyper-V #3235 x86, mm IBM M3t
XITE 2014 F@ KVM AR Power 28093755 . I8 ARBENFIRERIE—IE, AKX
BITETF x86 2FF AT, m Power EAR ERE IBM TH#E ( OpenPower RHIKIFFLE ) - a05%
x86 2 AR, BBEHF A—NEATSZIF Power 1 x86 B9 hypervisor, FEET .
RigkEE, ARM 2FF AT, FRIARZERIUAZ, ESXiF1 Hyper-V ZI0ARXT ARM AI3Z
R AE—Xen RBESZ i x86, t3HF ARM.

FEt, FREETMCAVERMT “BeBA T , FHEERSHENII— DRI LUN (Logical
Unit Number, Z8ER7TS) , REERESEEFENMER, WD . HEEKTE, BB
WHIhEE, BATH, BATENE. XMZT "B OGRS, SEREIMLAIEFE
RSRPTIEM R RAORE . 2AFMEEMNIREEBRIBNEEEESNGINEE, B
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AT XREIRIFERFRZ TR, GBS EFEXFRIINEER sE= TR

PRLL, FREEMHCIIEESNSZEFEESRN “FIR” BKRE—k, ©8ER0EEE
Rgzjai “WE HEPOERR. 82, SRAHE.

A, BROFEEMURARS FRIBER(TA?

RS MENFEEIWHT B, RELBRRE “—®%X T A0 (IEERBER
XAR, Z7EAEREG) , FHEENCEEERREERSRT BRE T ENE@E, LIgEE
FRERFNFEL . [ORET, FEEMUCERRT T IFERERE ( SERIEHBLE
ERFISEBEBEAICNAKR) , NINT HAVEREE KR o

BHENFE, ERERIFEE AR .

SR MHEENFiEE

BEETIRSRETD, FEDHBIEET ANNEDT E (Scale-up) B#E[YT &
( Scale-out ) AI%3E, x86 ZRIEANIIER AER. SPAR KiERY BSHEY BIEES,
RNRANKEAER EMC. HDS. IBM EEFISinFERAREE, SERSIH=ELRTER
N, (NENOTE, CEREER—FHARMSERER.

&5 Rl

3PAR InSpire® %243

IR
L L L L L L L DSV E4-26; SEHEH
R FHEAZNNEOT EER
‘ : : 1 (F, SFERTEE
Rz EHB%£), 3PARK

Inspire Z2HRAT =AW
Eﬂ-ﬁi MAEY R, RIS
By BESR. R,
FLUEE 8 T AHIL M
R R e
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2008 &, IBM M T “Symmetrix 2" Moshe Yanai 8739 XIV, BEERL#E
B BRI REMNAS DS8000 RIHAIKNSiHRFE; 2010 &£, HDS EHHFI—RBinE
fiEF& VSP ( Virtual Storage Platform ) , RBME@YT BAFE . #Eol B AR .

V-Max 5|24t
B R AR E

HERIAEREAECPU,
G WidE. XA
5 LIRS
EAES S

HJ LA B 55 S EIV-Max
SR Y R RS TEIR

B 4-27. EMC Symmetrix VMAX BIEHIERE ( Virtual Matrix ) 224, #H%5F 8 &XUzHI VNX ( CLARIION
CX4 ) LA RapidlO Bi&

REMLFMNHE 2009 £ EMC #EHAY Symmetrix VMAX, XS iHF0E R T T
B&Z 81 VMAX 512, @Y RapidlO SLIE@Y B, MEHFRERE, 51 VMAX 3|
EZHYTF—8 EMC FinfEiE RSt CLARION CX4 (TfEZ VNX) B9 (—XF ) =528,

e iE, Symmetrix VMAX 2 BIEHAHEIER R (RapidlO ) % CLARION/VNX
HiTHEEY BmEEI, REFIL 81,

HEFEMC IRMRE T ( B—R%R ) REFLISHF 266 > VMAX 51Z89pME “BXE RS
( Federate Systems ) [BS, XAEEABIZEL.

FERE, BREEALTAE . AT, RIBN—<2, WNREMAEML RapidlO X
ST NRAVEEHRCR, DUERBESA LM AIEERYT &, AhKs, ~Fa@n.

HmEMA? MEENFE. “WHEN" NEZEREZ—, AEMC/9ER, #E
FRETEAAENE, HERNETIRHRIEN,
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S BIER A (Availability ) F1eJ9 B4 ( Scalability ) » \@3 RBAASEEG,
BEOY REBSFNE ., BANOT BAME, ¥ EBELEAMERAERT .

ERFANBZE1, FHAI5kLLEMC B9 Symmetrix VMAX 01 VNX B4, fBBR—T%
HEMFR ‘B .

BAFE, BNTFRS:E, FRESNENRETW . EEERES CEXETFH
BIERSR (0OS) , BITHRE. EFISHIERSTE, EZRWREHEER, BEMNERK
. a0 Symmetrix VMAX 89 OS £ Enginuity, 325 SRDF izf2E4); VNXHI OS £
FLARE, 7R, SAFMUSRIMYAIETE “G—FE" .

—BEEESHN VNX, BHEREETUEERE— VMAX 5%, FfERERE—BE
Z|ZEER Symmetrix VMAX, EFIE{TH OS &,

BR, BERMENFHENSX, JUERERRapdlO BENBERT, K28
VNX Epf— P HES Symmetrix VMAX HBHERX (8 TRLAL ) AIFERS

PHENTFE, EERTHRRIREERAEE, 1 VNXIARS VMAX H5EE
B RERESD, MARLE VNXIEiT VMAX FM—Z—a 85120 VMAX, F&
DRENURRIIENN .

MNZELL: B—8RSE, BIERF LE Windows 8¢ Linux, EMWEAREM, BAR
BERtIRIX EIRSEEE ‘W ENX 1Y,

BMSZ, FHENESTREENFE, ~E—EE. FEHLE NG (o REH)
1Ak, BEXMTUA, REENFETNINIES .

EFEHRYATE

EaPsikFHERS, HEFREEE (TBM%MTT EE) , HBELVNXF
Symmetrix VMAX A=E1588 .

W= HIZE R FinfFERSE (40 VNX) RUBEMEAE, LURESETAME (HA) o AT
g% (failover) , MNERISZBEEEEMIEEZELE (AINTB) , BFHE
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BIERFGIRBIFRFTIIR, ATIEA N EFISREENE, et U E ST iin Ay
SAS ( 8gLARTRY FC-AL ) —SATA IRFIEFEZSIRER=EE (multiplexer, MUX) %5
WimH. ETERIRESOMIRA, BIERZS DW=, BETHOT RISels, M2
BIENeaERYT F.

“Direct™ “Cross” “Direct”  “Cross”

E 4-28. MEHRENEIERBIEHDEE

BLIMEEYT R, MESE Symmetrix VMAX BT RapidlO KiEES D VMAX 3]
g (BN VNX Szt ) , ] 3PAR NIERET PCl Express (PCle ) 92
RARER . RapidlO EESBXIEHSEZ @IARER, BHETFTERS, EFFHERESRZE
HOERSARATEL

WizHl SR E T RHEEMRESTAM; RapidlO B F, PCle 2NIKERME, #B
RETHEEMLIAEDT E,

ERFHERAXMREREEG ( BEYMIREIR ) ML, RETBMIT B
KRS, BREEMNRIEEEER/N, R E X EURERARR B RIEaIskk?

B4 M FHE ( Software Define Storage, SDS) {fEA— BB, £ 2012
FREE VMware B9 iEE X #HiEF() ( Software Define DataCenter, SDDC ) kB&M
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Wit . BB/ETE 2013 & 5 BB FAI EMC World 2013 X=L£, EMC BH4E MFEIE
NER, FEF SDN RIEEIER TE— 1B SDS BS5HI~m—ViPR,

EMC ViPR

fEiEiR SDS AF, EMC ER7T SDN ( Software-Define Network, R{4EE N ML )
RIFEMELE, BD “s=#)FmE” (Control Plane) 1 “#38F®@” (Data Plane) . 5
B, FEEMZMEHRI S AEE (15¥E ) SEENEEERE (E0EFE ) MEn
EMC AR, EHIFESHIEFERR MEXIRZ S, ATA—RER, BUSE, “5§
PEgETHRIENE, ,\{Eﬁﬁ}lﬁﬂ"“&ﬁ?— fEEZINEEE R . X—mSLARTTE
X EERIME RRRIAE

RESTAPI
?

DATA SERVICES

Block; File, Object, HDFS, Data Protection, Migration, Qo8, Encryption, Archive

AUTOMATED STORAGE MANAGEMENT

Provigsioning, Orchestration, Change Management, Metering, Monitoring

CONTROL
PLANE

SCALE-OUT DISTRIBUTED INFRASTRUCTURE SERVICES

AAA, Persiztent Systam State, Cluster Coordination, Workflow & Synchronization Primitives

CONTROLLER PLUGINS

Y Y Y

<2 ah 4h @b - @ B 4-29, EEMCH &
= - -29, :
E é g%Lngcgotg ‘g (gog CLOUD RIBREHE LR

Bixisk, N EER:
HISEE . REERT EEMIIRS . B EE. HERS.
HEFE: TLRESERENMIEGE, o ERRBEGINATRIRS .

FtVIPR S, ERESFARNE— 13N VIPR EHIZE (VIPR Controller ) HIEEHL
ML (VM) , #RE#L SRM ( Storage Resource Management, FiEZREE ) BIEA.
VIPR $z#$l2881d SMI-S tnfEE 0, TRFISEFHER NSRRI, FMA
B—MELFED, ZRBRNAREROEENNFERR. VIPR 2588 RERNKEEEN
E/, KBRNBIREIRISX OB R AT ERNEERENIT.
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OBJECT | | HDFS LIFECYCLE SERVICES
ELASTIC VOLUMES, 3rd PARTY SERVICES
CLOUD DATA TYPES & SEMANTICS MIGRATION, ...

ViPR DATA SERVICES

ViPR CONTROLLER (DISTRIBUTED INFRASTRUCTURE, DEVICE DRIVERS)

emcIsion | [ emcvnx | [ Emcvmax | | 3eparty | [ commoprTy

FILE & BLOCK STORAGE DEVICES

4-30, EMC ViPR %23

HIEFENBESFESRINENEBEFERSRARN, NRBIBENFMEMNER, FTH2
HIRIE RGBS HITEURL IR RIS RFETNEE .

VIPR iAE — MR EBRNH—VIPR W REHIERS, EBEE Amazon S3.
OpenStackSwift 2¢& HDFS B9151E) “BhE” pt NFS EX{/1E), HXHEFHEEYIER
W7, NBTERIZDRE, XNZBETHIEFE.

I EMC p9iui%, VIPR (EEL) BRiZFIRRIARLAS VPEX # RecoverPoint (4712 )
REREDREEE, A VMAXH VNX RIFER W SIESUEMBERRS, HER
TRtRsRIRER. EH. SHRIEMBERIZNE, RIEEEN—IEIREH K5,

1Z2iiEsIFm( Control Plane )fAZ S22, HUEFE( Data Plane )HITEUETEE
B D T, VIPR FEREENFENEN . FTIANR, VIPR LT EHFESHIEFE
ENSE, VPR ZHIRESESTFENSSINE, SETFTEERESEFEHERENNRE
fEBRSS>RCHN .

ERIFETLRHAINEEREZ, BNXERGENFHEERERAEME . VIPRIEH
T EE, EREMCHINile (228 ) IBRAIA VIPR 5 VNX HEH KRR S
REMREFMEEES, FHEEENIA EBR5l. BIFrEEST, VIPR FE2E&+ 160 5lALE
A9 VNX8000 ( VNX RINHhBESHRARIES, 3785 1500 PIkzapes, LASTBi+EH 4.5PB )
FBELEKXE, BNeX—=eeal, LU VIPRAES, B 8 LA LRI VNX, SRR
BId VMAX BffiEith, ROzrdEEsSs.



@\Ietéﬁh
EWRERSEPL

RO 2013: EEEETIRHGEN | FEERIRS

ENE - FhEAREHRSIREEXFE

154

MERINERE, VIPR 2RSS BUREX, 15 VPLEX 1 RecoverPoint iX
HRNEEEE. VNXNVMAX B9ET B, VMAX IEJ B, #2E8EE5EH, mIk
ViPR A Z&HI8E

VIPR B2 B#EYH, FEXHFEHEeERE. NANRMXXHFHEER, B
VNX. VMAX. NetApp FFEREEZEM. BtRkE. BiinEFE. ESIUE
Wb EEIEFEASRHRITHRMGINEE, FHREE, MYLUA; 188, VIPR s
Ro NIX=EE, VIPRZEHIzEE o NECHIER

VIPR SISREIEIR S =R T EEFEAVEI D I0RE, BRI REUEL QRN AnE,
R IR DRELHFERERS .

XEF=E—NEE: VPR 22497148 Commodity ( BAEH ) , IIRIETIREN ‘&
BERY” REM (IR HERAI x86 fRS5RE ) . MR FEVENEAR A EEHEREHE?
290, s AR £ (VIPR) BIA— M REFHEIRE?

WEER, Bajgee ScalelO,

ScalelO 2 EMC £ 2013 £ W W 19, & LA E{E 0 & A IR 5 28 (commodity
servers ) FizfT, &5 Linux. Windows 1 VMWare. Xen. Hyper-V ZEi L IrE,
RERSEEIETE (DAS) B SAN IHZ=EME, I\ BRI LT,
EE#% (Elasticity ) « RIEMFIEIEKAYEY ( Enterprise-grade Resilience, BIZAR
XeRERY SEMET )
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SVC 5 Storwize V7000 HE=

A Yoy —3 () A0 R,

— scsi | | ] IBM #5 SVC (SAN Volume Controller, SAN %
B FH R) % % G345 VPR £ 149 19 A

BE Remote Copy o P % 52 89 4% & G ARAT RAID 746, SVC

e I A% & RAID 4T 591,
— =3 |
#TZ, LHEFE, SVCH X

> =
¢ || Comms | Bt = || raooie. en—samEmns s,
<L Tavineoired | | =—g SVC AL % & RAD 77 fE, 2R, % IBM
{via browser) 2 37 SVC 5 & 3 & 35 & £ 4 %4 Storwize
— B ranco § V7000 6 % f HAE R SR B, oAb b
Cﬁsg:u o= ) RAID K ix —3R, ALIE VIPR 45 ) % 7 i
L i . AEETRAFGH AL (£ 0S4 L

T %4 44 ) # 4w ScalelO 4% x86 JR 4~ %)

|@@ﬁﬁﬁﬁ-" '\/l. = |I SVC ¥, T~ f6 & 4242 JBOD &, % % LUN 3242

& 4-31. Storwize V7000 B OE4E. REBRFERE

SVC 6.1 9889 ; e 3EkE DS8000 DA iEfEc2EM
efth; MEBRES Enc (RIESE ) 71BBU (EibEH IBM &9 Bik 2, % SVC e b & F 2
3T ) BRI RER, e ETIRER ‘

B XIV RASHS GUI RO En A WERID AR,

MEEZ EE, ScalelO ARG 2R E ML FHEI— TR, HECS (Elastic
Converged Storage, #MRIEEFME ) ESHRI SIS AWS A9 EBS ( Elastic Block
Storage, EMEHTFE ) =5 . EBS ARG E X FENIRRE, TEAXEEHA
SDS fefEZ I minaIE R, M ScalelO Al EIFFRAER ST D - A EE T ERIEIFIE

PRLL, EERBAEG, EMC 154 VIPR 1 EL+A—240 ScalelO,

HILAEH#elmEHn, EFERK—EBNEAIHP VSA (Virtual Storage
Appliance, EHIEH#SSE ) BERFEREENFRINSE, ERRZREFNEEEE, 26
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EERTE “REENFE B9ES.

VA BREETHAEMIRRS R, HJEEEASHAIX86 RSBHR[L, FRHATEL
REENSRFEINENEEDEE. (SSD SERZE ) NEmMrE. BEDhES
PR R VSA IZEHIREIET mAIRZS RAID 50K, VSA SLH vy EAIBSF AR At .

HP VSA

EBER VSA (Virtual Storage Appliance, EHIGFMHIRE ) K8 2008 £ HP A
BIERYISCSI | & LeftHand, &2 —AARE~HR. ETFRWESLXHERE, HPE
VSA ZEEH ProLiant RS £, TBEURBESHS I ENFRESREE.

B #) B HP StoreVirtual VSA
1 HP StoreOnce VSA | X 7= & &
7, ERHIRME VSA REFET (SikE
ProLiant lR 3281 ) 9B, IBFR

Pass-through Virtual StoreVirtual VSA BT R RM S5
ok HardDisk i P VSA BERTLREEEIIERR

SRt BELIBTEMIE (VSA
ML) o

HP VSA 37 Fir &8 & A9 x86 ik 55
S I S WXRBBEEHER, BUY HBA DL
e # RAID + LUE & (pass-through)
R BREEES, RENBEHELE
(DAS & SAN) . BIEEAIEE
Hypervisor SIZ2RIEIMER, FIRXLEEFHERRESA— M R—HIRIR.

F VSA + x86 fRS3ee1UpkRIERET, BalRS R LB —1 VSA zHIzs (VSA
Controller, #IEINS T ANBEER, EIUCIE T REUN ) BTEREEMNREMSRF
fi&Ihee (BIaNEEEEE. B BFELUNRKRES ) , FIBETF RAD f9EARBEZ1
VSA REAERNMTM D BPIEFHRIRNES . Bol2i, VSA BRHSLIX
PNERHRE T R
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StoreViriuar-l-\lé-twork RAI

StoreVirtual VMDK on local dis% StoreVirtual vMDK on local disk Storevirtual vMDK on local disk

e B
Local ESXj Datastore ] Local ESxi Datastore ] Local ESXj Datastore

10k 10k 10k 10k 10k 10k 10k 10k 10k
disk disk disk disk disk disk disk disk disk

B 4-33, HP VSA &£ERE=EE,

HP FRAMEE RAID AUSR 4 VSA EERHREM TR M, B80T SIBl A baYFeE, Hak
BTSRRI RAID. R RAID £E184E RAID 5716, BXitBEMNESRENEELTS,
FERAILZE RAID 10, FiUI&/NA2 TREE. B, HP EFHEERIEN 32 81
EEY, &KH 64 SYEEN.

B, VSA tBR]LARBIEHIFEAIEUE FEAVE SRR . VSA zHIZ (VSA NAEER
5% VSA I ) BIEEEIFEMEIEFEARG I, XREMRISIIWASH, iR ERE
RSB, XRET, #RTHEFEORGTIRES BERRYIIEEGRES (B8) , /D
EH ISR FEEMREE ERVES . 5 VIPRIBEE, HP VSA B— 1 ETEAVRME
MBS

£ HP B9 VSA Z &, VMware 18 # 4 13 — 4~ & 5 VSA (vSphere Storage
Appliance, vSphere F#EIRE ) EMERRLZE, XIF2 % 3B s, HERYIERS
22BcE RAID, BEIkiIRS SDS A& RIT, 2013 & 8 BKAY VMworld 2013, E#
£ vSphere 5.5 M 3 N mieEAY vSAN ( Virtaul SAN, FEHL SAN) IheE, {EA
VMware B4 E MRS RIS IARSERE o
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AR AR ORIEHRIR S RSIEMZR A BT

fEvSphere5.5 DR AT b BT,
BF20135FQLiEH st (FRA14H1%7 ) SekesET

4-34. VMware BYBRHEMTFEARR, Virsto 2 2013 FHHWAI, vSAN 1 VVOL &R £

VMware vSAN 5##X Storage Spaces

VSAN =& VMware #HEEH—BFEESZ8RSSEAMGFHEIR, B A—
B—RRT, BHREEZEFHEIDEENE™m, EE VMware ESXi hypervisor &1, H
vCenter Server 12, PrLARIERTF VMware EHMIAE

“\g {=m 1 Gb/10 Gb WE

vSphere HCL o SAS/SATA ##2% (RAID 423
Bl: o) s 4 BMIE “passthru’sy “HBA”
l ; BEATER)

a 4= PCle/SAS/SATA SSD
AN

\>

o
- ¥R
—> ih

' ¢am SAS/SATA HDD

& 4-35: vVSAN MFEHESK, FJLIBRIRBEHINE, axEaingE, BRETHIIRERN “commodity” P,
XthERTEMEENR A ENFHERRTE
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VvSAN EIHETFIRER x86 fRSSes, BN L&HZEE SSD fiFERE—, A HBA
g & RAID EHIEE (pass-through ) /HBA iRiEEERE, ~FEE RAID, BRREER
HET RAID B9 EIN6E. SSD WERAFER, BiE%E%ERF (Read Cache) 154 H
(Write Buffer) , LABCEMERE, BRERBTFHEEUE. B, X (EiE ) JBOD HZIFIE
IR,

VSAN ERHISR/NIPENES 3 SYIEENL, A8, LUSHIRey BRI 32 Mo,
5 vSphere EREHIMIE—E ., FIE—1 vSphere EREPRIFIBET 2&#ESB (54 VSAN
SR AtthiFfE, EtTanLUBSMLEina vSAN EiEFM% (datastore ) .

- ‘ | W= OUIRE: e RN

[| s 2 wEAk S5

"""""""""""""""""" ety |
s

« BB FERISR(ELSR, VMDK, g%, ZH) AT 77 & VSAN EFF77% 1 EH e ER.
B AT R EHIF B IEH AT, BEEHFEFEH HDD 5

E 4-36: vSAN putEm@Y & (3-8 Mim) far At

VSAN EERMVRE T RABTRIALRIPEE, SEIMTREEZRE, SEFLULE
BSOS L Rt B2, ENBEFANTRFESRER.

£ VSAN £ Bf 1, & ¥ 12 £ H £ /Y hypervisor (ESXi) #B8 A& — 4 storage
provider, £ VSAN E£8£8li f5 B EMZE vCenter Storage Management Servicel SMS ).
SRR HBE— provider fE4FHEER (active ) , @ vCenter 12t vVSAN IR EZFEE.
Hth provider Fap (standby ) , ZEEKAY provider B#E, (MNHIEE ) —MEE .
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FR, XLAE vCenter ITIR AEE(FERAY storage provider, REIEHISFEAT—ER
75 £ VMware MIB ARG E X FEARR S, FTiB “SREEIKaIAYEHSFE” ( Policy-Driven
Control Plane )1 “ E#lr9%0EFE” ( Virtual Data Plane )&z F hypervisor Z( ESXi ).

VSAN HUSHITER(—855 ) MR FEE—E, FTBEEH AR I HIvE,
EDFRRISEN T 300, TIRARBUSEROTERE . BIEN R VPR EHREEWRT, BHTE
FIEUEFEAIL—RER, BalsE—BHEASH, ERE.

|F R

REMERRNTE g*ﬁ

=1 RE

WS E 155

—J

N

B 4-37: VMware BR{4E X MESEIN, £E2 vSAN, EHFLIERIEEERREIR VVOL (JMEREiE ) .
RS FEAETE

5 VMware 89 vSAN 25 {1, f{ #& B Windows Server 2012 # £ A9 Storage
Spaces 25— 1"& 4 Storageport BREFHRAFIRERFWZH, LSLH (RS )
ERPEERRENES . 5 vSAN REIRE, Storage Spaces BERJ LA TYIIEIRE T,
R BT ELIMET; FH, 7£ Storage Spaces &, SSD BIERDE, mIE vSAN HRRVEE .

FEARER L, VMware B9 vSAN F0# & HY Storage Space ik B AKX 5, #2E
hypervisor ELEIEEAVZEIEHI2eT8E ( BiEEH FEAMEEFEFRREES, &a
TR, XERRERGRENMEINE, EREES, BWIBINT hypervisor IEZ¢E.
JEEEBRFRERR B X86 i, BANAERIRIEEBRIE (hypervisor) 12, REXL
MpIFHEINEE LB —EX 5.
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fERkAS 0 =52

paryit- & 4-38: VSAN H #ikY
T, AEmA EXEF
ETANEMC I

ABE

S5MHAENE, VMware B8 8315 EMC ERNEFEHESIRBEEHEP, LA,
VMware —ELL VSAN BERS s A EFHERIR, —mUEIS (Virtual Volume, &
FRVVOL ) #ARZEE VMware FEHMEIAESRY (98B ) FER S

fERVMDKRER
S4IVMDK

VM vmMm VM VM VM VM

1 TEEEHIZELUN
2. [FVMDKFFES 5

3. FREER FREHERE
EScz 7

4-39; VMware FE#l# (VVOL)
FELE T 2 AT VAAL, VASA 9B,

RIREETEATRER FEVMDKIRER BRI e EHUIRIR(ER B TS
SHIEEEFE E#IVMDK RS ()

VMware VVOL ( Virtual Volume)
PR ERIARRE, WOL B AR

Storage Provider: 7 {5 f2 HRYE 8 VMware & X I API B9¥&EE, B
F vCenter 5ZM#FZ ( BIFEANBIEIRHIINEIZEER S ) ZBAVBE, 1ERZELL VASA

161



Qe
EWRERSEPL

RO 2013: EEEETIRHGEN | FEERIRS

FIE - FERARERSREEXFE

162

(vStorage API for Storage Awareness, 1 fi& & %1 vStorage API) . Storage
Provider 2 vCenter S57#F71 2 BAY %4 (Out of band, Az I/O B2 ) @EHHI,
B vSAN Y provider, BEEFIIRIEE (188, T4 ) BRI vCenter, B
N5 VASA —aeaFEFErIaAER, LURE VM sk (188, aJBNSE ) TEFEEe
2 VMDK sl . 52, MURM (FEE2IRY ) eI iitE, REaiREt,

Protocol Endpoint ( #riXigss, PE) : ESXiHAEZED I VMDK EENEIS
(VWOL) , mEZIEM PE A I/0 ZEEKH ESXi 5 VVOL (VMDK) B9&E(E. PE
OIRIEGIEIEAVSEE (BIUNRERE. NAS #UE ) #iT “BhE” BOEFRNEISE . X
AT REIIEEZHIEIIE, M PE NS RESHEBEREILSE] (VVOLs ) Frédiix,

VM '/

M
eI+

VM
) FEEELUNENFSHE,

 RBE— IOWESLRFERA NS
(2] %ﬁg))wﬁgmﬁ;wfnéu VVolf%g

J IREFIESLIRFRA "fFiEsaR" (SO)
& BEZ4 Wol ofE—4H , LIEILER.

4-40: VMware EilERIZEM, ELERIERE

Storage Container ( &8s, SC) : &3 EWNEF#E L. IENMER, EEE
7 EolE— M EEZ IR (FER KR SSD) AU, mIEBREEY RAID, 1B LUN =%
ESXiE#. B7 VWOL, RFECIERE /i, TMEHMUEET storage provider At
Wims (PE) , FHEREMT ESXi ENMaIT . XFEREGATERMEECIE VVOL,
LS EFE TR RITE XA S ER 218 0ET
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1 Protocol Endpoint

10 Demultiplexer

D 4-41. VVOL #) B PE®
' Q}g g MLERslonosntpolnts ‘ ( Thousands of 110 gﬂ%?éﬂl«)%'f)ﬁ)ﬁ}uf'tﬂ:
- VMvolumes BRERE , FHESRIIRER(

N*M connections . . R
required N connections suffice ) R EEAIBAGHNEDE

BRI, EBISHEXNITIFERE:

O CIEIRA ‘S (VVol) LR, — P EIELER— VMDK,

® 7t Vol EiZBEIREIRSS .

OEITEL AR APl (VASA) 5 vSphere &5/%, LS Vol EHIRED TR .
@ = AMIERT VVol i VASA IRIHIZFIEE

B&l VMware EilEEKRIKEBEIE EMC. NetApp. IBM. HP. Delll HDS. &
+ 18 (Fujitsu) . NEC 1 Fusion-io. SolidFire. Pure Storage. Nutanix. Nimble
Storage. Tintri ErEFME BASIF .

Eiek, VWOL 5 EMCH VIPRR&, E&EMRELL ScalelO ( 1£ x86 iR 55 82
£), MVIPR + ScalelO 5 VVOL + vVSAN RERRFEENN KR, ~F, EMC 5
VMware EXHITERE T HERIX S, VIPR 1 ScalelO #EEZ IFMIRHR BB IFE
HLIREE, VSAN 1 VVOL N REARTF VMware FUEIMEIRE ., B9, VIPR XA
SNIA LBRELTARE SMI-S, {BRBEFINEESZ T EMC BZH NetApp B9/~ &;
VVOL RAHE VMware EXRI API (Bt ) , HERBE ZIFME &5,

VSA #1 VSAN EERF S E N FiE BAGRAR N EK, IeethirETEE,
ofg, HFAEMAREERRE, REHEDRRAFIFHMNIERIKFE. BIREEBFHIEF?
Nutanix sJLAE—1.

Nutanix

Nutanix @—2< 2009 FEEEEBRIZAIFMHEENL AT, T 2011 FRHE—FI
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P NX ik, S x86 EHt—ikiL, [KitE. FHRINERMSERS 4 M0
pAY 2U REZH

B 4-42, Nutanix
NX-3400 7= & 5& 14
RITE

5 VSA g vSAN —#£, RI_E Nutanix B9 EHE T LUz{TFEE x86 RSEE . Y,
Nutanix E2E24~2 x86 IRFE=HIFHIEE— HP, BEARMBEMHHA VMware,
REMRIFoELERIT . MATEFE YL, BETIHE, BFFHL.

Storage I/0 is handled lacally by a private vSwitch NDFS replication and VM traffic is switched on External sources can communicate with
used by the hypervisor and CVM a vSwitch/vDS which has dual 10GbE uplinks NDFS and VMs via standard ethernet
/ ' \
(=] [=] / \DEE (u] " [=] (=[] [ ] ! (u] =] (=] [ ] | \
W~z S — I S -z \
f\./“-}j‘__ \\A/\-—"\i \\/i‘-}: \
Hypervisor Storage I/0 | (Network I/0 Hypervisor Storage I/O | (Network 1/0) | ... |Hypervisor Storage I/O | (Network I/0 \
- — L. ] - — " | — ! |
______ p— B ————— f— e —— ——— — \
[y =y It ~ = ~ + ]
I Storage [ Storage I Storage I

28 2nER Z2mn@ I 8 2nEE “m@ il o8 “mEE “w@

\
| W H H | | External
I ( 10GbE Network )'_ Sources
l NDFS I

L
|
|
|
|
I
I
I
I
I
I
|
|
I
I
I
I
|
|
|
|
I
I
-

\
Nutanix nodes are “connected”
using standard 10GbE

4-43; Nutanix @y BRIES 74224 ( Scale-Out Converged Storage, f&#8 SOCS ) A Tit& . W4,
FHER— KL, Nutanix 813 NDFS BEEFRET RINEFEERIREWL, S MTREHEE— CVM, BLUEH
FIIBXTRI TS EAY 1/O B3k, EREA CVM 258N EHNEHERERE

Nutanix & F3 MapReduce 2=t EESS, Bl HDFS A9 NDFS ( Nutanix
Distributed File System, Nutanix 2B HEFRS ) . FU “EBHMHTEFE” (Virtual
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Computing Platform ) XM EZERM, 81T = LiE1T VMware vSphere. KVM
IR Hyper-V, LUEEIZ=HEIINEE (CVM ) FRFE (User VM, FBBFEWN)

Controller
VM User VM(s)
st ¥
L—— —wmifo—— — =

Passth_roggfl . Hypervisor

v
SCSI Controller

|
o 4-44; Nutanix BT A RERE,
@ CVM Ll Pass—through i 75 = i £
SCSlz#ls, FLERBFRENN IO
R, BHEFEG A DRIERERD

BB R EE— M EHEEERRIEL (Controller VM, CVM) , LA Passthrough
(BB ) 5= FZ hypervisor £, 1HI8IZESE SCSI (SAS) =428 EAIMEEFI SSD.,
CVM MR FAET = EARF RN /0 B3k, HiIRHEMEERE. BanEEE. EEH
JEMIER (Dedupe) « EFIFIRBESRINEE. CVM TREHIEFEAVAMIS (EEE
hypervisor FIEEE 4 ) , WBETESFFE—AFFE CVM HES 58N ENEE,

[ User VM(s) ] [ User VM(s) } [ User VM(s) ]
L3

¥

Ly
| | |
[ Hypervisor —-vmi/o—, ] [ Hypervisor —-wvm /o — ]u .[ Hypervisor —-vmi/0— ]
| I |
-

| SCSI Controller ] 1 COntroller SCSI Controller « 1 Contrullet SCSI Controller ] 1 ControII: -\l
I I
| I I o
I | PG VYUV o
| NDFS |

& 4-45. Nutanix B9t&E@EY &

ZOMR AN REHEAML, FBEMNAE, FENERE, T EIMRE
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KHYEERE . BEEHEERIFHEEBSREAMTS, FRIFS /0 BIFEE—T KR,
R VM TR EIZ—EEY, FEHEIRE VM BB URIEESHE. 23X VM E
—EEMREREMEMT R EA9EHIZR, Nutanix ILM $&E BB aimindUE I AN ibiz
H28, LMRILEE /O fEAR TRk, MAREE ML

) A
L VM — — —2.Migration or HA event— — 3b. New data is &
osg ) DEOEY — " ten tocal
| |

I
E-Iyperuisor 1. Normal utﬂ [Hypervisor 3a. Resume I,ﬂﬂ E-Iypewisor 3a. Resume /o

| ! I
TR T W W WS YW NN N, W W W W, W WG W W W W W W W g
| Storage (] Storage [ ] Storage [} I

<“«» CVM <> CVM a o <> CVM
| |5 58 o |
| e ______ N |
L — _ 4. Data movement for 1/O locality _ __ __

| NOTE: Only done on read for efficiency NOTE: Pre-existing (now local) VM I
N DFS data will not need to be moved
e e e e o — — . — — — — — — — — — o — o o

E 4-46: HYRIRKE VM £ REERITER

WMEB— CVM 38, BB /0 iEKREEMEEEISIM—1 CVM, BEIAH CVM E
A . X Nutanix BahEEREARTEXT hypervisor EiERE, AR VM $EEEEIET.
WMREANT ST, HA BHEME, VM BEEmTFBREENMNS—aEN L. @i,
HIRREREHINEFEFIEF (IBENRIAHE ) , REBANTAME,

Nutanix Z285 I CVM B R E S 7 1E R G hia s g8 Aa9 “ ERHWNEEA)( B =0,
g EMC #0 NetApp EER=HIZE TR LRI S R ARI=E ) |, sREEHFENE
TR FERIINEE. ENBEEXRE, 5 CVMIFD AWM NEI, 2aEais FEiiiiE
FE (B8RS ) , FAERE . [EAINIFFIaiRE SDS BIFS, =6l FEAIsEFEmE—
2, ATrZINERRGENFE.
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NX-1000 &%l | NX-3000 &7 NX-6000 &7 NX-7000 &%
fES 1 T= 4= 2 PR 1R
NX-3050/3051 | NX-6020/6050/6060/
/= — _
= NA=T00 NX-3060/3061 6070/6080 SO
e WEE Intel E5 | X Intel E5 v2 W Intel EB/ES v2 WEE Intel E5 v2
PAS
14 SSD N . 1" Sel) N
= 4/~ HDD 21 SSD 54 H\DD(GOZO) 21 SSD
44~ HDD g, 2 P SSD 6 1~ HDD
44~ HDD
s 64 GB 128 GB 128 GB 128 GB
128 GB 256 GB 256 GB. 512 GB 256 GB
Users - GRID K1
— - - 75. 100. vSGA: 8-64
VM EE B 80 s 110. 115| GRID K2 vSGA: 6-48
GRID K2 vDGA: 6
X 28 2x 10 GbE, 2x 1 GbE,1x 10/100 BASE-T RJ45
3x PCle
GPU expansion slots
PColP A /A /A Up to 2x GRID K1,

3x GRID K2, 1x APEX

& 4-4; Nutanix BRINF=RRZ, FRRFIFIE—RIINAEES (CPU SR, WF. SSD. R AEEXE)
TR AR — R

Nutanix NX RIEARERYI, 82U REHANTREAE (4. 23 1) , B
RAEHN CPU EEE, H Aot “IBER—" NHRER— R, Nutanix iATE
E—NERE 27 1F VMware vSphere. X Hyper-V & KVM =fEMCIAE, 1XF]
IEXIFRY REB R HIRF AN SIEGERIES (hypervisor BRI LIEFIREEA
A9—E05 ) BOBREUEAE,
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After disk balancing has run the Larger aka “Storage Heavy” nodes will
utilization will be uniform have larger capacities and hence hold
/ more data
/ \
/ \
( VM 1 __/[VMN ] [ VM1 ] VM N ] \ [VMI } (VMN ]
omo 7 \DOnEm omo OpEm \ omo OoEm
/ <€
(Hypervisor / ) (Hypervisor ] (vaervisor ]

—_—— — W W W — WY

| Storage 7 Storage Storage

7/
This process is done both during runtime with node/disk
placement as well as a background Curator process

B 4-47. Nutanix B NDFS ZEARFRTI = (#01 NX-3050 #1 NX-6050 ) ESEH#ER &%

TIENEHFESHETYESE, LESEGBBNAEREGE, Nutanix RIELT
BT o — B E X FE M, ERENEENFEEEHRAMT. 2T —
F/NRENARERIR, NERARZIMIER,

MF5/iSCS1/5MB
Requests

—— Hypervisor/Client

o« ———Medusa———p
4 —————Stats————————

Stargate Cassandra

S5—1PEREEAR, Nutanix FIL 7 kB BN ARSEREWRARNES, £H
MapReduce/HDFS SLHIFEENEEY B, RIMCARRITEEREET FE, Ttz
HITHEERVE Y BBk . Nutanix FIE W _E IR EI T ATEERY “hyperscale” ( BB ),
BETBER Hadoop BMAKRAIMIEE AR, BIREEE 78 LTI,

Browser/ HTTP(s) 4-48. Nutanix U EB &
Orchestration REST API 2, {RITREBRYEELMIXAE
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Hadoop SEHMEIIRE , BT RE RN BRI Z 4 . Hadoop RS REZH,
SRR FHERRNERCR S, MELMII2LE, L, ERNEXRSEITES
G R R AR @RS S BARER, Nutanix BRBERARSSEETEE N TIRME
WY EBHE, LR LB TRARE “B” 89 (Supermicro A9 FatTwin) , A&
FERIREB T 7 BB=E.

Et Nutanix BB XA AT, T1ERY SimpliVity ( OmniCube ) . EARISEEZR,
FERBE—AAERF . IEES 1T BLa1 HP. Dell. IBM. Cisco IETEIEBERIRIS E S,
(IT&E. FiE. W) 9BARE. BRRXMNAZR, ARENEEEHREWTEK, 779R
e ERIER

B4R E X

EEghlh, RHEXFELTEDETEEZ TERNERMER. T, BiEmsl
ZRIMARES R, CRETEMESHREZD . A, ARWNTH—~m, E=
REE LRFERGENFHERN "EX Je?

‘BHEITESEIETESE JUMEA— 2%, BE—IBHMESHBBREE
(FTLAARSE, Sl Nutanix) ; ZMHSBTHAMVE—NRENSDS AR (WME

om

—NEENTHENFELE, DIRGRIEERARIRI .. XESAIELREFEE
(PR BiEFIFESHEFELEREMNEN ) . FETFEAEFEIIENNIRE (WA,
SSD ) FMEREIERVIEE (40 SAS. FC ) FtEH, thElESCIFIERS REIMEINRE (1
RAID. BahigEECE. Ban BFE ) AU,

WME2, ERIRETYEVIERREGSEENEES, SRR R R RIKER S E
AOREE (2290, RAID IR RAID FIRGFERE / nE ) , BBEEES . RERAINEEL
=5KEE x86 [? &8, SEBIEMRAVIEAGSCEL, Ll x86 BEEREL EAT WineE
TR

Tiewf, SEGERE, TLBTRY (ELERAREE L) SIET BRERS
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RIBTRRME, BPI(I—EERESRIERY “S8M” | XFRIEE, SITLIETIEENFET .

DL ERRNRSIE — T AL AR E, BEMERS R aFESEIN98IIEK

i

1. FERE . BEMATD M, BIEEDZIN SVC EXLmEat, ERxefa
BB N TFE, REME VNX Ehiesth 2 E H BRI,

2 IRIITHRAZ I . AEHEFEAR GRS, WESEGRE, SEE—3.

3. NMKEHEE hypervisor. IXBABEXT vVSAN B9, (B hypervisor fE RS E
ERERS, RSIEERITUSEHE (RFEL) — EEE D . Y, XFABE
AE VSAN, ER VMware e20JLIER NSX B9fL, LAEAAAS (7£ vCenter B9
X)) SN EMELHES (20 Hyper-V ) BIZHF, #i& HP VSA 3% Nutanix.

A ZFFRIUEEAY R LIy B, T2 EEa ' MRRE ‘BB,
BAIFNEREEAANE, R,

XERERIVTBMY, BEANIL. MEEms, R BMHEYMERR, R
RS IR SCIAYE, FIEE 1% 2 5.

TEWEZRI, YAaE—N, REENEEASTERF. Ei2, BERLEREEX
FORLZAE o BEAAYUGE X F S AR SOy R, BN EARE—ENMNE,
GFS/HDFS #1 Amazon S3 #&FSIRHE N FERUFEE EBAA ( ERE S —MER ) ,
Nutanix tB M. MapReduce 1EZRHZaREEEX . REWILL, NX KIEEME (&L BT
@i &) FieT AL, IPAESEE EMC % EhRYsE

VMware. WMEET IR E X FESERELEAX, 5312 VMware 51RIK
SEHREFEHERR, EMC HEZEFEIAS, MLETRWAXAT (1 ScalelO ) IRR
R RIBER . (B2 VMware PTERIZE (hypervisor EBTHIEFORIERS )
M EEENIVAEZWHEEHE, RE vVSAN MENRNTRAE, EARKEEFERE

HEEBRE), BB BE R/,
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EXEAMESER ONRERE | ERRSHE
BrEiRBEE. CEEEGENRRLERE , €5
ZEBFEK. BEREAA. BREEEDIIAFERE
w2 , FHA ODM FEpHHN EmNIEE Mz T
PR, |BRORIVEREE | T EHEEHT
EHBENTEAMN ?

KT/ X
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EEE—MREERRVFEEML iFixit, UFERRTE T = miR e REEFRmEE .
FE—AIEIRAENT MBS R ERR 7 RAVAE, Fixit BRBIIRMER, SrmiVzEE
19 . FRFmTEAMSESBNHAS (B iPad mini with Retina) , BHA&
FIMAKAMEENE . ENEEEZEZNZNERIMNE.. HERIMEENFEZ ARG, #
HHEBRLRR S, EAREEECIFHE.

MRNEEEBEMEVARSES MR, BERELUNNG, BRARERITEK:
RN RERDSFR, BIZENRXOZIBISE . BEANE S AR,
BRSNS R o] SEMERIR, %88 Facebook B9 “vanity free” (#t48RZ: ) 1B,
FEFERBIINL E IR B ET—FIRE:, AT PR SER AL T  FT— NG SR,
FEAVERIZERRIIRE T, BEERNEWESFNE ‘BHEF

ENSEENEGEEMREGENRIES, URITE. WE, FESMERENT
WHIT T DaINER . FTEHABEI=ERETERFAIS), H—E RN BIREIRE
LEEMITIVES.

RS RS

OCP BZR T Open Rack Y¢FEi&ERIHEmR, NI (SiPh) SARERBELE
ETREARIMER, ZE CPU. AEFEESRAMS HEFTH .

MRRDEFETERFME, A0 SAS £RIEE LabHEVIZRRERERIEK,
mBEE. Elit, 2013 F 1 BhaZEIRI%ENE OCP B LR M 7 REFERITIE,
AJLUEAENSSEERIRIH BT REHER ) RS —a A EER G —A— P BEIRSTIL,

RfFfiE (Cold Storage ) MABEAZE—MEEANTIC . FIEBANX ML,
REHREFERRERT “©7 , EUME. MERRETHIRE, — P RER=ADE,
IXVREE (BRIFRFECHER) - KURNISEEIEE (WORM) 8¢ “HUEE =11
M&ER” , HENSRERERERER, ME/LFABRIZE, FIUERERETELE.
ZINANAEERA . FHEERNMAER L, S5F%F, FENNERRINAEE .

Facebook &&=
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7B SiTIVEH

B 5-1: %7 Open Vault 77 i 15 3R {9 15
Open Rack ( 8iA#liE) , ATUERNEERES
B9 3 1REFHE, FIEHEBXAYAS
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KITHHER OCP B—EIZANES, H
Bfr8iE: BREEEMAES, BSR&EME, B
i ERUIEE, Eiad. HNASBXMRE,
AT OCP RURTFEL

BEMIL (30 Facebook ) RISTFIETER
EX, OCP REFMAESF, KENSEMNER
SNITREMEESR, 81724 PR, H 7444

N28 . HPEE—1T2RIPIRSS S, AskinimE
REERIRSS 8, FTA—HE 720 ML EFENLR

HFIEAXRE==EAIERE, Open Rack 2
ZL 19 E/IHR “BF” T, ATZE ‘B
B RREMENER, NREENMILHN T8,
A Open Vault Mll&EE—1PXE, 31R
(HEBAEN ) BEHEREBTHER 118, B9
R MTETSEEFRE, MmIEFHE.

BT OCPHIXNREFHEAME (v0.5)

B, R SEMEIIRBLILFR/E Open Rack &
=, ENSHCRE, EBAITEEERT. Ik
i Open Rack BEk= 41 OU, iI#8 31 30U
RHEBX, XEF TI=E, RIEEELS ToR
Y2 OUE £, BRFE 320U, m24
TETFHaLE 16 4 Open Vault B =255 36
OU, ATRIERE, REENZEIEFRIRIZ

T MEBKX ( FBiiekE RGRIBIEREE

T ), NEAREP=ENSSERESITE 39 OU,

XA 3 OU B X E1E 5 4 PSU &k
(4+1) , MARtRE Open Rack EINAY 7 N
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(6+1) , (EtEEEREH T REIEK,
ETHEEESN, TEARRES.

REMEEIFENMERS, ATld
M TR B EIREB AT LA LE , 4
FHE, 830N FMHVLERE11MER
SFP+ TiRiF4EHI 10Gb 3 #adl, Sl
R2M10GhbwA (H64) , MAZE
£3%— ToR ( Top of Rack, Z2IR= )

RSRE5FMER 1:8 A9ELEL, BN
NI Xeon E5 B9 Winterfell (£S5 )
= 8 I Knox (Open Vault) , T
Open Vault 44 30 4> 3.5 =S4,
RSREFERILLOIRZ 1:240, BTR

5-2. EME45ME Open Rack, BFZRE ITRENS  SHIKET .
#1X (10 OU) SR (3 OU) #EE8; ANSHE
# ToR SIS TZIENLE, RERHRE—MEBER,

5APSU (FRABE 1) , 2 AN STBisE, Winterfel it &5 R 2 & F OCP
ASRIEBXR Intel 4R v2.0 #35 ( LS Windmill)

wit, 20U =pz—=E (174mm)
RN EEIRSSEE, 16 N DIMM &, 1 MNMER(z, 2 1 PCle £251&(z, ©HE 11 x8 PCle
k2R, BERMIIAERSSE, UNEBATUSMERERNITERRT, SEHEER Open
Vault BEe&, #IIoE=EE ( Disagreegated Rack ) AY4EF .

]J)PJ
hu/

WR—HFFS 3 D Winterfell, 2 OU =R 6 4> Xeon ES, i&AJLAFL GPGPU, &
HEREMS, TUS—ETRIRSSEXEENURSHEEE. RFEVRLEIBASHY
HERRER, — M WERES (2.2GHz) . 144GB WEF (2 x 16GB + 14 x 8GB,
16 DIMM 2R L) I8 TamME T, XEE /0 SoEE.
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& 5-3. 3 M EFREY Winterfell
IRSS ST it HE

BitETHE—Mellanox CX3 80 10Gb M-=( NIC N&ERIgTAH k3T, PCle 3.0
I EEMBT 21 LSI SAS 9207-8e 6Gb/s SAS HBA, &1~ HBA £/ 8 M43 SAS
% 9 A 2 1~ SFF-8088 #5BAY mini-SAS x4 &E#28, B 6Gb/s SAS ik [11E—
Open Vault, Xt¥—k, 8 Open Vault F#ET SEEIRNIET 2 > SAS HBA L, RilE
SAS EEZENE R B ITE T RBE MR REPE( single point of failure, SPOF Bk,
A LUBIS NS B R SR Z R TSR B R

BN SAS HBA FH#EE 4 %19 4 59 mini—-SAS BB (fan-out ) £k, BRIV 2 £
1 KA 4 > Open Vault FiET &=, 25 1.5 K KAETE 4 1. WILBITHE,
BRVEEE, BEAEENSEENLE “Cables and switches” HIESE 26 T

STERENHEBOIZINFGS, BIIE, FrlAw spin-down (F&ER ) I18ERY SMR #E#E
BERHEER . REMERHOEIIERRE, RFHTFHaEEMER (ZSFEIEIR
FRABHY SMR MR ITEREIMEURE ) , ik Open Vault 3582 (tray ) ERY 15 NMEREH, £
B2 —METFIEEIRES . 8 Open Vault FED SB8 L TFHNERE, BIERE 2
MERTT LIRS, Eih 28 MER FREURINRERAE, ZMEIN ETISAYER

XESMTED SMELIE 16 MERIHEER, BREBMERREA 80MB/s 5
130MB/s B9, TE B RIIREHE D HI29 1.3GB/s( 1280MB/s )3k 2GB/s( 2080MB/
s) , IHHEREHZEE.
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BOREMENMESIZE 32 MERLETIERERE, 16 MMM Open Vault 17
TR, 2 MTBETR, HENSIFELS 1.90kW (FE) , #BBEKR 54 PSUEN+1 8
BeE MMEMEK 2.6KW BRI .

ALEAENEZIRIAIINFES 200W, BEFNECRAES, 8 3 NREFETIZmENE 2 1
MEE, EEREENPWERMA (CAPEX) fMEBZ (OPEX) A,

BN REFEEIES ORI ERME L9 1.3MW (JKEL) B 1.4MW, WRE 504 +
24 (214TRTENIZR, 117RS=RR ) HOECE , B IWIZRAISRAKTIERMELY 2.6KW (X
PSURYEER ) ; aISRECH 744 MR, B MWIZRAIRKINEREL 1.8KW,

WRFENEAZRER D RSRENRMEMA.

HIEPOITEIE, RedENERERSEE. B RFEINEEE 2 MTEDTR
116 > Open Vault IFiETosa, $ 480 3.5 TITEAE, NI_EEBIRMELR . SAS 448, H122,
RESBIYIVER Open Rack, £k 1.2 1 (1173kg) »

RIERA, RERBEMNBHERAIBHE T, seallE . TENBOVZEZE, B gt
PR T RS, 1BXI5E& “vanity free” (#t48iRE: ) 23R Facebook ik, ERAGE,
FItE. WEFHBIRE L, XNSEHRHRDERERE, RIFHEEIEEEEER.

N, B ERIR=R:
1. Open Rack &7 #t8, EiRERIBINE V1.0 BAFEtEFEE (20ME ) ;
2. REREWDR, ATEEENER, oEBA—LSHEN. BE, BF=E

WEBXNREFERITSEESAKEE LSLM T OCP ARt Bix:
PRARRERERIALAS : %15, BEMRITEEESRX—<EHT;
RerARE: REETTSRMENERTAS, EAEA;

1IN LAERE . SR EMC Atmos IXHERY “EREMET 4D, BXIREFMENA
ms, HEEDHIRESSTENRELR "I5" , KW OCP 5%,
BARERFHEFRIABRZ T — Pk,

fEizdE: Open Rack E£rpfitE, PSU Z4k4ER, Open Vault FIRI4EP B REF,
BRIBRIMNEBRIET RIimAE . ANREFEF (KB ) , SHEBBEH—SEW.
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Standard Type | Type lll Type IV Type V Type VI
Systems Web Database Hadoop Haystack Feed
CPU High Med Med Low High
2 x E5-2670 | 2 x E5-2660 | 2 x X5650 1 x L5630 2 x E56-2660
Memo Low High Medium Low High
Y 16GB 144GB 48GB 18GB 144GB
. High High .
: Low High IOPS Medium
Disk 12 x 3TB 12 x 3TB
250GB 3.2TB Flash SATA SATA 2TB SATA
Services Web, Chat | Database Hadoop Photos, Video eIz
Search, Ads

% 5-1. OCP W##E] Facebook HIfRSSES

KA, HRITE

Standard Type | Type lll Type IV Type V Type VI
Systems Web Database Hadoop Haystack Feed
CPU High Med Med Low Med Med
2 x E5-2670 |2 x E5-2660 |2 x EB-2660 |1 xE5-2660 |2 xE5-2660 |2 x E5-2660
Low High Medium Medium High High
Memory
16GB 144GB 64GB 96GB 144GB 144GB
High High High Density
Disk Low High IOPS |15x4TB 30x4TB Medium 240 x 4TB
500GB 3.2TB Flash |NL-SAS+ NL-SAS+ 2TB SATA [SATA+ 2TB
500GB SATA |500GB SATA SATA
. ) Multifeed,
Services Web, Chat | Database Hadoop Photos, Video Cold Data
Search, Ads

x5-2:. 7T CPU. AEMEEEENEATED, A Facebook B9 Hadoop (258! 4) #1 Haystack (258 5)
RS 884 LT Open Vault, STEAENERE R A—FPETHIIRS SR (7)

Facebook X FENSRANIRITIREHE, [EAIFHNBE—FITECRY, EIEIRS 2L

AT —PHHIR

FEREA,

B9 SKU, BJLAEEZ=E Facebook ik

MEIERIAEE, Windmill $1 Open Vault #5218 BHERR
SREVPVERS, FNAafH I FrRIERRIE,

HMBE—TEMEBENE LRI TIE, £ AWS re:invent 2013 K& £, AWS

oo

kS5 2%

, RE 1888

B, 2L IR James Hamilton £7=, ERZHAFZET, E—H2EH6048
BLLTERER . X—HSEAXERT (B EEELYA)
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AWS, f#8E OCP RURFHESERZ D FERNIM .
AWS NEZEES

FFEIRS S, BE&RSHIKEA (Quanta) |

PRaN===

=i

XEEET, Hamilton BET AWS EFEFEHEN—=EE. bFx, Baimhm taE
Z—@8g 1 M,
MENFHEEES, =S,

PNZRKRYMN D 2=, M
BmS, BAEEN

RN

FEXEIERBEZNEIINEAR GigaOM, TEREEZEENERT, BATABNIEL
BE&
20

EERGEFWEE, LETA™E. WAL, OCP RREFENLR, SEEEBY 1M,

MREER( TERINGE HE, AkGEFHEEE, EARE.
BER 2013 F 1 BHRMAI ARM RSS2, 2U IZR=ERI AN 24 > 3.0 R ER

=
sZoe s

ITaRE

[N

EBEETF Open Vault, EBHIHE. #HEMME, 42 RU (0L ToR 32#etl ) BILAERR
SDHBRE 480 MER, 5 OCP HRFENLMES.
ARMADA XP 41228, ARM

BER 2013 F 1 B INEH (BIREFRHMFE ) ARM IR
I, BE ARM Bk

oo v/
FEXE

HESEE— AR E, EX
B, EF—MHIFHESIHea- -

5 ANER, — 2U 2R 6
—HAEP S ZHBRIRUN ) , B RSA BRPIS B2 E
S HzUEEERNE

A Marvell
IBIN
i
HEI DB
S&#ED

BE~ET (E2&
7JE|, ftu
BIR, it

=
NS

R ESFHRRNS B, &
I8, FEEFE?

BRI HEANRETNE

Nl

TN, PBEREFR, BRIEEEHENES, RENAFREREINRR, RE
20, 2B RRS e, EmAaiEa, EAXR
178

[l = =
124

MFE=EE R RBEAIREE . SRXLRER ( RIEXINE RAID ) NI ARSS 2 HERE,
EhETIAHIAE (Chassis ) #, 2t N+1RITAR, SR

= s

=B

BIERE, THIEZE

1. LEERAEEEE
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AONZREEBETLASEEL, LSI A Syncro MX-B #l2Ea0=it, BInExE.

i Syncro MX-BHI3RBRS =R ER &

MR E 1 UNRRERR
AIJ9245RFI48ERIRSS SBRRE—RISIS

5-4. Syncro MX-B 2

MTUBNEREISRE, T
' LIEEZ1X 48 BIRS 88,

BRNREhEE B E 25X 10065 BE RAID 10 £#F 48 1

-
=
[ =
-
=
=]
=
-
=
-t
-
=
-
-
-
-
-
-,
-
-
[ W
=
=
-
-
-
-
-
=,

ﬁﬂ%iﬁ%&iﬁ%ﬁﬁzkﬁ{Eisoo/o 3E1‘ZE"J§|-%%° Eﬂiei%éﬁ\
MAERRIIRSS =8, AT LAEY
B AR ARER10%2156%, AR kR B IER G A Y
94 o R EALE
B f AT e

I, DRRSHEFNURESITEREMMFIFOEZAIFEINGGE, FHEUTEEEZ
JBOD nnfRs=: .

Open Rack t%F, RSA (Rack Scale Architecture, #229 EZ224 ) B2, FMBRY
NER) , ITEFEENSE, BHNERRRBS, Mie—T

Disaggregated Rack ( &
BN, FHRERNSITERR (20 CPU iw CPU Wz ASIC/FPGA ) AL,

EREWER BESRSHSFHEMSHIESH, BHI—URE, IREFHER
F—EITEREN, METLUREN B EEEBEIEREITE (IRS::) , SEILNA
HEREITFHE

IREHEE /), EEEX, INFRIEEIEEHEIRS S WREEEX, sEETEE,
FICENANEETIRE (A ) HEXRIFME, FIREMEARITTERENLIER, RIREER.

ILTEEZSZBIOMSRE, FEBFWEE, FHENEGIHTERR.

)‘:D

HELUERT Bz RS R RS =L, XFREREEIH—ER o IRSS =8 CPU RIES,
R T (TESFEEZER ) WERE,

bl
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HBAIAYZ2 )2 Oracle #IEE] Exadata. Exadata AJLABIER— x86 RS2 5E
B, BEMTROBM: LUtBAFHEIRERSRS, FILFMEAER Exadata FHERSS
22, Exadata 9 Smart Scan ( &E&ei3 ) e LUBE R AMEEIBENEHRE TR
t5 Exadata FERS IR, RIREIFEREITNIGAEIEERS S, BIETIMES
mHIER (BAR 40Gb/s B9 InfiniBand ) , H& T EHAXSEIRFTFEAIATE

#t Smart Scan s, REFOAMTINNEE (#iEE, IFELERFPNA) FIKE
MR MR E . MIRIRE R Exadata FERSSE2ES—EMITEREN (IR
SENBFA2EMAY) , NR2EFIEERSSSIZE JBOD s ZEFE4% RAID B9FE, #Hik
BJRE s .

Tieaf@, Exadata &iF 7 DHIVERERINE, BATREENT R, HEENIER
B—ERXA5).

HEWE EAERESHRERE . REETZIM—MTET RIEE—# JBOD /Y
%, BREFNEVREFERE (FEENENTESEER) . RESHENNAE—
RARRFEIIB R

B BRNRAREALIUNESR, BERVEHL RS . REMERHRET, &

BELEEEEL (NARNBEN ) . BRAIEZENGTF, IRITESHFETESE, 7+
EEASEILERMAM, BTERERRING (81 ) ENHESRK. FFLUEERE

7
ENIZEFELITERR, SEREEERE.

KX REGHRRBZDITERR, BA Hadoop MARITEMEFMEENIE, W
BN RS/LEERAE ., % 2 7HAY Facebook Hadoop RS 2R (K81 4) , W
HZE® E5-2600 /b IEEE, 3= 15 MERE (X TF Open Vault 9—> tray, RiZzg—1
Open Vault fFi#ERIE 2 > Hadoop fR5528 ) , mA~=— Open Vault 89 30 MEE,
Z/0BEREM, (F: PRI RE Hadoop —EFREELBRRIT, LIEHEES
i MapReduce #18)

B BRAFEEEN A A—RE T . Facebook B9 Haystack Nz, XfitEseHER
RIAS, BERES V2 (Ivy Bridge ) B 30 MER (IERZERIS) , CPU HBXRA
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15% £H. BREEZSHNEEA
BomIl, BRRLEISSITERE,
B354 (Wimpy core ) 4I2 2840
ARM 8k Atom ( Dell DCS Fi7E4
BEF Atom IR EHEZR) , &8

NT58E.

Open Vault IR R THA
RNERFNLE. TEEQAFHE
ARM RS 2B RZ EAEI—E,

B A

SBF, AT —IETF Calxeda ECX-
1000 SoC F9 ARM R B 2R 1T HLE.
t1H91R, = A Calxeda ECX-1000 SoC
5 SATA s 0 £ A 28 (multiplier ) £8 5%
89 ARM fg5528tRE 1 Open Vault FBRY
SEB (SAS ¥ Ek ) -

BIRXAARE “Konx” B9 ARM
IR 55 28t S “Knockout” , OCP R
BB EEMTLFE, AAhREaRT2
B, XEIEHEL. Calxeda FFENIA
7, XPMEELLABLEESE Open Vault 121
O, ATLAEE Open Vault ffEdxk
=17 Lustre & Gluster EBEXAH R ST
19, WIFRERVIZRFEI— x86 T (U
Windmill ) £iEf7—1 kP =

B8 ECX-1000 =17 Lustre sg&
Gluster £ A RS ARBAIBEWND, —

4GB DDR3 + ECC
1

Network
Interface
SATAO
SATA 1
SATA 2
SATA3
SATA 4
SATAS
Interface
SATAG To
SATA7 Drive
SATAS Plane
Board
SATA9
SATA 10
SATA 11
SATA 12
SATA 13
SATA 14

5-6: Calxeda ECX-1000 SoC £ B 7 5 4
3Gb/s SATA# O, BiF 54 SATAEOS AL
( SATA Multiplier ) & Open Vault — tray k£
M NER, BNMEES BRI 1Gh/s (4
100MB/s) , tbERH SAS Y REBAEEK=o2Z—
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MUz Cortex—-A9 I ARM 4b122%, 4GB W77, # 16 MR, BiTxteeE—EZRk (5
FTREME) BN, SRR NFE. 3T, 2642 ARMFI6Gb/s SATA FIE=EF
RZREBILE.

RWEE ARM RS &, A9 Marvell ARMADA XP SoC g & A~ it 7 ECX-
1000, #RET 4 MER. 2 CPURIBIAEESZ, BIT4UMB (EC) , BRSTFE
B, MR MREERERAYSEE,

ERIHEREETES NN, —2FERMEERA CPU, 164 {Z ARM 3k
Atom, Xzt X B E[LIEZ (Brawny core) IRE&EMITESR; —2iLE5155#% CPU (1
ARM) T5E/DHIEELRE, 01 N?

R 2012 FIERHELERY OceanStor UDS ( Universal Distributed Storage, #t—
DHNEE ) BEFERARKE T XENELT, BMEEEBECH ARM IR EE
EE, 7o (ZEIR) FEES, 23 key/value (kiv) iHEINLE, REXNREFME
BOa0 Amazon S3, (&7 x86 iR558307 ) AT SUAA AR NFS/CIFS thXAIsZHF
UDS &B&MNEFE CERN ( BRiMZzFHRFLD ) , NBFERIEEI#EE AT (£
R ), BESERNEEERE.

BALE—TAGY: &
2EBTHTHE ARM B
(rEff=dlzesent ) 47

Summary: SAS _ versus Kinetic Open Storage

2013 & 10 A,

+ Standard form factor + Standard form factor & B B ¥ (Seagate
« 2 SAS ports « 2 Ethernet ports (same connector) - “
+ SCSI command set + Kinetic key/value API Technology ) Efm “HE
= data =read (LBA, count) = value = get (key) N >< . .
= write (LBA, count, data) = put (key, value) E;FEE’J?E;% Kinetic ﬂ:ﬁﬂ
= delete (key) Y7 L& TE L\ o= N
= LBA:: [0, max] = key :: 1 byte to 4 KiB ﬁﬁ%q: = '{T_rid'ﬁEXZIﬁﬁ%
= data :: count * 512 bytes = value :: 0 bytes to 1 MiB %ﬁ'ﬁiﬁﬁfﬁc " Kinetic FFE&Z
= CRC on cmd and Pl on block = HMAC on cmd and SHA on value
FEFeZL, MEPmE
5-7: Kinetic FIFERIIAER SAS s, BSEOXAUAR, [ “P@E” .
FLA key/value 8975 i1E)
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IR, Kinetic FFEFERMIEZE EEABERELIAMNEZED, FLL Kinetic
key/value APl REERRY SCSI apEe. O BRIEBUNAEMERZBRVRHEL, B
BB LAKNIGE), HRRS . FERSES. RAID FHREIATS,

ETEENERIRAZLI, 2558 ARM %3 SATA/SAS i85, BREBHIEZEHE
BEREEREERIEHIZEHR, T2 TCP 8¢ UDP thidinld), ARM EEIEITNEEEER
OS, #ETRFARENDR . KBETIXMNABREI, WRFMEINEN LUEEIERERY “8
HR7 KXW, BIETURE—MEREI S —MERZERVEIEE, SERFEiHER
R5ERk . FMETNREMIRSS SR EDHEIRRE ESRITT, MFAEAT A) x86 BRSS2EE2LIE
FRHEPY, BREM EMC VIPR BIXMREFMHERS, R2REEROMNIENAE, —
P EREERE, DJRERFTEM =1 x86 RESFFAEAT R (RIEFSTA) #77.

g
]
¢ Application E_ é
¢ Clustering App App App App App App 3z
* Management s g
\ / \/ \ /
LibKinetic LibKinetic LibKinetic
w
ProtoBuf =
* Interconnect TCPIIPIGbE § g
-
2

5

o]
. Stora"e -

BEAATEEZRTLL, NFEROZEALUE? H48, SanDisk A9 OpenFlash 228t E1EE D
SQL/NoSQL [ BRI Cluster APl #0fER key/value ORI Key/Value AP+

) o]l ] ] [l E5-8. S@EIAMK P2P

B(F, BARARE

ajebieag 0}
fieyaudoig

RN E, JREFMEW OpenStack Swift. S3, AN HEHRSI GFS. HDFS.
Ceph. GlusterFS. Windows DFS. Lustre, 2N EIREMAF RS20 Cassandra( No
SQL ) . Memcached:---FrBH&@Y BFEEI LAE E LR EL,

ST FERIE AT Kinetic IIESHRE R, f53IRETLIAMAYEO, 5 RSA
FEESE (SiPh) RIBIRRMS .
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A, FEARFEAR, FlEEil. Kinetic (IBIRIIRELE, SKEBIRXS ER
CPU BIFEK, 64 {7y Atom FRTERER £ N B IREBAVGREE -

MREBAFRFRXFETESESENELSIT, (NERENENERE, BER
BRA. BB TURES, BT SFRRERNSS, 5 ARMBEEF SanDisk 1X4%
BERMNESH BEGERINEL, FR2ESE,

RETRERI=iK
Wi AR EEE AT, B EEERR S R —— QST PR R

FE—E A Facebook &I OCP B, iiREEEHE Netflix =5, Netflix ~2
B AWS BOEMIZHEIE? SN 2FARN? AR AEMIEWRAE ARG (Don
Duet) , MERE OCP E&£HESFEMR?

BRE W RHInHRBERISE (Solution) , BERAMESIEMHRPHEE. —=
1+1>2, JLUZEESHME;, —NAFEES, BRitK. 2SS NEREIRY IBM
SVC, HEXR—HET Linux RN r~m, =EM—5 x86 RSB LETT, RERY
FRIEESRE 21 1U B System x fRSS 288 UPS, (RIS oI FAME; HP WS LeftHand Z2/F,
¥ VSA BIEFRE ST E ProLiant 388 L, LAFMHERS (P4000) BIFSSIEE; WIRIA
=40 Nutanix, B2 LAIREE.

BEAW BN E2XERSE, ERREBIRECRIEY, REEF LSBT LE, B
B 1+1>>2 BNt . EE—SmRRT, 5B Netflix,

Netflix FZEF TS AWS 89 laaS BRSS, BIEA— M MSCRIMNIR S IR M,
Netflix %3 CDN ( Content Delivery Network, REHEME ) BEEEANEKR. FH
REAS . SRER CDON A%, aTLABE(E CON BRSNS, Fb Netflix &k 7 FFig
9 Open Connect INH, H Open Connect Appliance SXAESEHI PC 2B4, BiEBEA
EFRFFIREM

EEVELLE Backblaze BIBAES BT, 2011 FJEERERY Open Connect Appliance
AR BT
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Description Vendor & Model Quantity
HAE TST &l 1
Fi Supermicro X9SCM-F 1
CPU Intel E3-1260L 1
A7 8GB ECC 1333MHz 4
s Hitachi Deskstar 5K3000 3TB 36
R (BEE) Seagate Barracuda 7200.14 3TB 36
SSD Crucial m4 512GB 2
HBA LSI SAS 9201-16i 16 port 2
NIC Supermicro AOC-STGN-i2S 1
TR PSU (RRERAIEE) | Zippy MRW-5600V4V/DMRW-5600V4V 1
i 2Ulactive CPU Heatsink, SATA Cables, NIC

optics

X 4U IRERERYN 36 > 3.5 mJiERE, Rt 2 OURY Open Vault i8Z, E&EERS
Windmill 191&, EZE LIRASBEMRE (X2 Netflix J0N OCP BEMHER ) . CPU
MAEFENECEHR RS, Open Vault B9 SEB IR X% Atom 15—, EEgLI2H 21
IXZhEEEy, H#R2E SSD, HE /0 MALRIESK,

BRREX 2 Crucial m4 512GB, {EAEKNEISEREF, B2AINT “&A
B9 PC 284" iX—J&EM, Crucial 233% (Micron ) JEFAIGRE, Crucial m4 N2 ARG
HZRI SSD——4K, BRAIE;RE DC S3500 XA MR ORNTER & . Tieafd,
FRTREM—RATEES SSD, BXAI 7 BB A B4,

EEISEIEE, (FAZRERIE, SRR 1T EREREI—%E KN
B AAEZARETFERIEY, KAIET, T FeREEE 1P TE, BBLISERINMEXE,
MRVEEHCHA. UL, ERSEREZHWLESHESR SSD —RITIE. RIERATH
RIS IR

ELBIBIFEE PayPal, XEKEN ‘EERNER , HEEBERHN. B1& PayPal
BT IBMBIXIV, XAEZHEEPSRFERZFANTE, BERE XV B8R, =E
HSRWAIE A x86 IS8 L. XERALZATH, B2 IBM FEEERE.

DIFRBEFERGBRAEG, RES "REENFE" 1BH. ERiE aeik
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AR, (B2 Maxta XFERBRERZRHINCIABSEXZE, ERERBEAISH

TR?

QST RS, X T RESER A —EMENERLR, eSS
BB, ERREERMIE

ARSS2R1TIRYER

B B BRSE, BiEk S RARENAET =1T8ENGF, EEBRREE
RIS . REARS , MHESERENZNZE— . RATTREEKANZ, BRI,
IOE o Oracle BARRMEEATE—, EAMANRARIKMEES . ALY,
BRSBTS, Exadata ERIE RS (—KHl) PIEEIISER.

Exadata & E 48/l Oracle # =
[ #1 ( Oracle Database Appliance )
fEmip FESHIERINZ /S, B Oracle
NERBEAANTING, RREMRBR
BEBRIMERBRALIEEISS, BiC BB
K. ~F, F2EXRITEXLNMER
Gl a o] LAGEE R AR (40 Oracle
HIRE ) REPI, ERRTAFRP (3
HWREMmM ) 2fa, SRS
WIRBEWIEHERTAE, XEE—F
EBHT.

EEBAE. BRENEER,
BAEHORMEE. DHEEAWE
Synnex &, CIBAIITENEBAFhZE
2z (MCPU. N7 BRE), B
5-9: Hyve Solutions BESUSETMHES he1 MWEBBAT, RESMAES OEM
Facebook ( BFB) #1/g Facebook (AFB) BF{t, fthii] (W Dell) = 4h 3%, 7£ 2010 &

[ OCP R T =92 —H8E (2 OU) i 15 B {Izhk
BE, AUSHETSFHRE B0, Synnex & f& A% 3 Google.
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Facebook. Rackspace BI#tLET, IATEAIA Open Compute IRE (OCP) /&, FiLT
LI EHIIRS 28559588 Hyve Solutions. 2013 9 B, Synnex kLA 5 12T iiE
T IBM £EEFIRSAMEIMD, ( Business Process Outsourcing, BPO ) W5,

ERIA6X Open Compute A L ZIRMHEFF, REFE S MK T Hyve
Solutions, #&A& Avnet, EftPIxRS 312 AMAX. Penguin Computing. Racklive, LA
F50& ODM 3£ (Quanta ) FEFAY QCT.,

Quanta

o 2 Rackgo X
i intel)

& 5-10: I iABY Open Rack BRilZR, BREEANETFRESRA 95cm 24, EfbENER Open Rack trf. %
B=12 OU Y Rackgo X R7I=f, N EETHKXA 4 MIET SHEMA FO3A. 28 4 3.5 I &MY JBR
(JBOD) . AIEM 42 MRS 2R (Intel Atom C2000) B9 S1M

FEEBM I UEE Z 8, ODM (Original Design Manufacturer, & 18 1% 1t
HIEE) NEEBRS TS Z Dell. HP. IBM % g 55 28 OEM ( Original Equipment
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Manufacturer, BRISIZEHIER ) , T2 ODM B R A G HAS, —E# IDC #92
BREERSFRBFRSEIIAN “Ef” (Others) o

BEMNEZFLE T IA. 466l ( Wistron Group ) « =X (Inventec ) « = ( Compall
Electronics ) KAEBMIIES, 1B D 4 a7 IR A9 SSERIHRARSS Google. Amazon
ZNE), BRTTR, BESHCIE TS (Wiwynn) .

B 5-11: JBRZE — 1 28
#R JBOD, DEIEH
HEHE, HRIES Open
Vault B9—%1%, Facebook
EE—HEEENT 2 M8
i1, REURR 30 1. R,

He A HE S T alingER
BRI IR Facebook #E

2013 FE==E, OEME#H( ODM Direct JIRFSBHIFRELLIEIK 45.2% ,18F) 7.83
1ZETT, HBIMHIHN6.5%; HEEEK 30.7% (BMES) , Bi¥ 325548, O
NHIFR 14.4% . ODM EHIRSS 2R 79.6% RHIWARKBEZEE, 8% Google. Amazon.

Facebook #1 Rackspace .

&% Dell (DCS) # HP (Hyperscale ) BB & TAEBRKMNEFRSORE, BF
PIRATL . BAERIE, £% 1T ELBRSSEERIMEZT . B—1MFE, IBM Ha0
E12HIH Oracle B LU EAIMNTEE, HP BT 2%, ISBEEHE/IY Cisco
EV87T 42.8% HIgi<, HEL OEM BfEl5S .

[ 7 ODM, ZRHRMAN T SEFIAR OEM (11368, XTEFE—=FENEL BRI,
MABEEMSE ., BEE3k Verizon I ETHY Terremark BFIRSREHEE S HFE 10 S
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B9 Tier 2 (2% ) 2, BT DCS # Hyperscale BB =, Efti1E 2013 &4
I — P =RSB L, &% T AMD BY SeaMicro 5%,

EEARRTSENR IR T Z2FNRSHEHM=6L, RAZAOE RBLERE
HROEEAWEAER], ERERIMNIE ‘SR TRAVBIR TSECHMHURE(IRS,
SERMEHES A, BEGFXAT, EEFAESAIRARRRER (40 1BM 1 HP AN
PR ) BIxg?

TieaT, RS TIAIEEESEHTH.

RhERAIRET

SATERIRS R ANEREREEANTZ L, FEHEII Tier 279 OEM, B2
BAT EEBST—&BEMEWAITI.

EHE 2013 FE=FEF, M IDC HIFE x86 mmniikE&kE, AR I HHEES
EEIBRAE] 10% B9BIR T, UEBMEWAERAIEAE (media) 1T EESBIKIAR
45%, X5EEHIZITEEE—HAY,

FEZEET, FEHD ENRRSSBNELBH T ERENMRS R . BRI
RSHILERE, VRS FEPEMUIERK, BEMNMRS RN EHAETE.

StEXBHNS— ISR, B TEEEH 1A% ODM, BAT EaF OEMT &,
£ IBM. Dell SEIFAT ASREMBENZE, RBE. BX. CAZEN 899 MUE
M=t ZUFEREENE Rack, MERAREEAT m#dE, 4 Supermicro £749,

Supermicro XRZFLZRIERIAEIRS2HIER, EEKMNAZPERTHSHE
Ko ZABEIE 2013 F 6 BERIME, BE T 16.8% RSB,

BAT Zf OEM, E7#E7E OEM Tk eEKRABER F7iEid ODM HREBRZ
HrpttRBERN—FE, HEEEGATRELBRAIAE, BAT SEGHATHIERE
HIAFREMEIMIEMIBL . XRMFE—EEE LENAR, HEXBIHHFMEEKNH
HIH—ERE, BELLLIISRE P



EEXEIRSHE, (5 Intel. Seagate. HGST. # A. VMware. Dell. SanDisk.
Brocade. LSI. PMC. Juniper. EMC. HP. IBM. Fusion-io. Calxeda & & (HiZFA9%E) B
ERBTTHIMENRR, RERAEEXES LEMNEF,

- BB BEEMIRH UnitedStack 2%, SHRIHZTREE T HRIISXBIRSEMRD;

- i C3 2% (Cloud Connect Club) #IBR%(i), RIS EMREBR T HIRSEER;

- il Facebook 2ERI#EH, il Facebook #l OCP RYFFE#EH;

- B PEIBEEREEWIXA (SDN B AR SIRFNSCRIER ) ;

- il ZDNet 2FRICHIZIS, SHRBRITER “WBIN” FFRERFHRI, HBRERIIS—MHRRER;
- iR AIS, LBIBARTRSEESH; BiHERMNE, iLXiREREE-

- FEXDIREENERIFIINE, EBHTLHHEH!

ZPNet Zoma

AP RRR 5 i

BB oI S ?w HWIAT & % é FRLALT ¥ &
L HRE @ B W R @ 3k —Lucifer R @ °F ¥ 4% K



