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1. ﬁﬁggﬁtﬂﬂ]i’ﬂ\ 1.1 VRTFhE

AFER A EEAAFBI KR T RITAEMHE

JiE OACIRES T RE MBI 2 kB PIHPEY R FISERIAAEMFIR TSR, TE
fift A R A 7 i 3

WK F s (Enterprise-class storage) Wj4r3k:

B Direct-Attached Storage (DAS)

m Network Attached Storage (NAS) } Al PLiZ4FVMs
m Storage Area Network (SAN)

m Object-based storage/cloud storage ‘\
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1. ﬁﬁggﬁtﬂﬂ]i’q 1.1 VRTFhE

MM A A =M R s %
m AR AP EE A P2 Scale-in or scale-up
I R A RIS I 2 e, (BPEREIR A AR
& TH NI TR, A BT R0 NS A e §E
m JIAIANT B2 Scale-out
45 22 B AP T RSB A SRR, TR — > SR it o
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1. ﬁﬁggﬁtﬂﬂ]i’q 1.1 fRAVRTFhE
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1. FEE XA 1.3 TFRERES)

1Fii#p%5] Storage arrays

He R 7 FE Rl R AR
https://www.bilibili.com/video/BV1Zt4yla7R]
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1. FHaRAbANR 1.3 Y

AFAS Array

flash memories flash and HDD
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1. FEE XA 1.3 ZhERE5

Concerning the protocols used for frontend interfaces

Alimi% CEHR

RSN R IRSS 2e e & (R IEM 45
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1. FEE XA 1.3 ZhERE5

VMware vSphere 3Zi5897F (g0 5 R R =61

Protocol Type of .
type service Interface speed Typical usage
SAS Block 6 or 12 Gbps Sha1_~ed storage with limited host
scaling
EC Block 8, 16,32 Gbps Shared storage, typically for
enterprises
Shared storage, typically for
FCoE Block 10, 25, 40, 50, 100 Gbps |enterprises and mid-sized
businesses
iSCSI Block 1, 10,25, 40, 50, 100 Shared storage
Gbps
NFES File 1, 10,25, 40, 50, 100 Shared storage
Gbps

>
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1. FhEEGLALR 1.4 TR

fEfd kB i £ bnig: [OPS
m Read and Write I/O per second
® IOPS (Input/Output Operations Per Second) &) & {716 AR RER — IR MR,
TN RGP REIA T RO/ TR E RO
W T I (WS IKEhEs . B S S) BIPERE.
BiE Y TOPS (R 287~ A7t AR 40 B B DR AU [n) s AT SR 4 B P RER I o
IOPS J& PEAf At ARG REATIA31E Y A i O T ZR I B B 2R R —
m SO ERERY IR R AR 2, Hilan:
FEfi 5 FH A ) P A B SSD
PR e B A
P T
{5 Y PR SCRT 1O K/
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1. IFEEHENR 1.4 TRhHERE

HNFEIERER R

Physical disk or SSDs

the maturity of the storage controller
the IO size

physical media
the protocols used

REERNRMEER:
* The Redundant Array of Independent Disks (RAID) level of the logical
volume presented to the ESXi servers

* The device type that is used to form a logical volume ((ZiEEIZFIEE)

Y
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1. FEE XA 1.4 TZREISE: RAID

RAID ( Redundant Array of Independent Disks )
MASLHERLITCREES, T8 WAL ES) .
= RAID & 127 Y S RERE S IR shas 4 IS+ R 48, TR AL
W55 = AR I REAIBGRTU AR B
= RAID @2 — M2 HEON, HinEHEMNEHE 4t 7 liAE . Bokal 52k
= I S I REAF A
= RAID [ )22 N KR 55 g f At = A A7 Ak DD REAN U AR T BG4
= RAID HYM G5 HAn e mBdm vl ZE A 1/0 TRRE.
= RAID [ =~ RABEBEAAIEOR :
1% ( Mirroring )
Sk ( Data Stripping )
a5 ( Data parity )
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1. FEE XA 1.4 TZREISE: RAID

RAID level

= RAIDfE A Z B s I S 3G, S A A

T A EEETAZ s (HDD 8 SSD) |, 3T RAID A LIE— 8k
%/\%@f fr AL A OB A S M8 B Y R A

VERE: RAID JE R 846 LY ER A it 1 & BA B RO PE REAT A e

i H H FIRAID 254K -

RAID RAID RAID
1+0

RAID i AR2MF (BRI )
https://cloud.tencent.com/developer/ artlcle/ 2304 179

ZISTTIUTLA N I IR IS TR T 1Y http //ll’lt ernet.hactcm.edu.cn



1. FEE XA 1.4 TZREISE: RAID

RAID level
m RAID O:
N FRStripenlStriping, £&F A, o
MR UL ERYRES G I a3, BulmidE et o IS o
KA B nfs, BT LASE/ SR EEINRS, [HRAID OFE3R SR RERY IR, FFiAffit
B IRE, REAT— S R i AR A 0 -

Data: 1011

l

Write: 1 Write: 0 Write: 1 Write: 1

PR 2 K245 B 4B HIRMBAR B A HIBA / https://internet.hactcm.edu.cn

DISK 1 DISK2  DISK3  DISK 4

RLIN



1. FEEMEDRR 1.4 TE6EIERE: RAID

RAID level

m RAID 1,1+0, 0+1:
RAID 12— P EE A i RAID G FE Y], AU T — R S i &, BRI —
PR MEROE RS o
RAID Vg il fE— MRS, SR ORFF— e IR &1 - MERE AN UIRAID OfH 5 T B —
. RAID 15 )GRERNS, KAEERTT 'S AN H AL i b

Data: 1011
l RAID 01 3 RAID 0+1:
et T &L (RAID 0) , Hiki78i% (RAID 1)
Write: 10 Write: 11 Write: 10 Write: 11
RAID 10 3 RAID 1+0:

ST (RAID 1) , H#HT&F (RAID 0)

Y
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1. FEEMEDRR 1.4 TE6EIERE: RAID

RAID level

m RAID 5, 6:
RAID 5 25 WHIRAID 24,
RAID 5 {4 b B A7 e B FIAR I 20, BRI B AR S5 BARAFAEA B R

Y NI ERIR AR Gen] DR [A] — 2% A A B BRI by A B 2 >k B PRI B £X
1o

RAID 5 B4 Ry I, BMEEIEne, FFATHRiEnIae Itz 5Bic.

RAID 5 SR RE . B & e FIE R AR Se 2 7 IR =K, A ] FREEAR D RAID 0 A1 RAID
VRIS %, BHBZ R ER BRI P AR R T 58 HEEREEO M HIRAID 5,
RAID 6 5IACEALSG HUHERS, [l BRI WA R, FRE I REas IR0 TA1F, AR AE

LICIEES N
RAID 6 /@£ RAID 5 fyEL il Eoh 1 BB s B OR AP s T HRY—FF RAID J73, AT LVEAE
&P ERY RAID 5 520 ©;
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Al A2 4 A3 4 L Ae
Bl B2 4 K~ Be 4 K. B3 4
C1 Cp c2 C3
Dp o1 D2 El
\_____./I — —
Disk O Disk L Dzl 2 Disk =
Data: 1011

!

Write: 1 Write:0  Write: 1 Write: 1 Write: Parity

DISK 1 DISK2  DISK3  DISK 4 DISK 5

RAID 5 4+1

RAID 6

S Ty o
L Al L AZ ) A3 A L As
LBl | B2 | | B . B:_f | B3 |
E1 l Cg Cg c2 c3
~De 4 L Ds Ll D2 4 D3
M T M M
Disk O Disk 1 Disk 2 Disk 3 Disk 4
Data: 1011

!

Write: 0 Write: 1 Write: 1 Write: Parity 1 Write: Parity 2

DISK 1 DISK2  DISK3  DISK 4 DISK 5 DISK 6

RAID 6 4+2



1. FEE XA 1.4 ToHAlERE: X

#H¥uFEH: Deduplication
S MEORAEIALEOR, BAEEREGRETEE NS, WA S R K.
m EN LR EE EGESECCHE R, 17 R n] LAEY A R — B
I, TR _ AT MBS B 75 B07 (a2 8 E 1 . AR AR RERS 1B & T AE .
XA T AR . SIS U AR, LR E TS0
22 AR S A CE
n AR AEAMWR T
In-line: HHRAEE N HA AN T EELZIEMIR. HEIRE AFA% T, tIEE
MBI S ER I TR, R M ARG, SRS NG AT
Off-line: HHRALIFIEE ANAFME, FF42%0E SCH s r] &) B 8 B 2 B N B A 55 LA
BUEV=RICITE
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1. ﬁ ﬁﬁgﬁﬂiiﬂiﬂ 1.4 I=fEIERE: SH

H#i: Replication
) B A2 P i B AT P P A MERR ) — 5B 40, T MR
i FRE RS CERTEE 2 2 ) WA 451 2 TR 2 2 -
| 2 A R
]2, Synchronous:
Y ESXi [R5 AR A RETE L HEE R, SR B ANTEMW, RS AR .
S BB AR B 5 AN, A2l & %3] VM.
ST REAEEH], T E e I, RN B 2 18] B S ST ZE IR ER S 52 I VM
Y HE AR AR o
MR AR, ARG

4, Asynchronous:

Wl a2 Je, SRILE AL, FHZRAR VM &N, A5, E?ﬁ%ﬁéﬂﬁﬁ%ﬂlﬁﬁ%‘zﬁ,
B A0 2 3 B i
AR AT A AR, R R AR 5 B S RO Z
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1. FEEMEDRR 1.4 FREMEE: MIEGRISSED

WIBAA R D BRI EME e M E L R
m R WP E AR 2 PRV . SATA 1 SAS

SATA ( Serial ATA, EfTATA) :

SATA 2—FudE MR, FEMT D ANIENL HRIA G M —Lorfy NIV U RS

SATA MHXMEE, 2 TMEHNTEE, &6 T MIENEHET R, (EOTERIF A EREA M SAS,
SAS ( Serial Attached SCSI, H3fTi& 2 SCSI)

SAS &R L A HE T, 10 H T A Ak Rt RE T AR .

SAS FZ [FR ML 7 BH S A S8 A ARAY T RIAEAR , 18 A AL R i e e MR E R Y B FH AR

SAS gl B T S Y Al S R A A, SORe B s Y I R RRBSOH B8 2 1 [R] B 7 1) o

SAS CHFEZ MM INRE, WM YIn). lith dmld 2 E NS, A8 T4 S Al B .
X T XA I RE BRI A Y, SAS Be IR /2 P ks, X+ —
PRI AEE AT R, SATA B2 [N 2 — D& pt LIt

® () «
“vd
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1. ﬁﬁ% Eﬁtﬂ*ﬂiﬂ 1.4 TFi414RE: SSDs #1 AFAs

18 INF R Ge TH17 6 1k
m R E A INAF SR J7 %€ . SSDs 1 AFAs
SSDs ([HAMAE)
SSDs ALE/M A BER, N R A A AR
S TR AU G A IRSN 2 (HDDs) , $RALEBAOHAR T UL SRR EIR AR R 1 Tt ko
FTRATEA AR 5 2RO, SRR B RE AR B A £ B AR DT R
AFAs (ZNTFFES)
AFA T TR Il ST 5, 524 L ASRERE LA, SR GhRm A ERE AT S
A&, LSBT R B L S (R AR e 7 e
T T HEKIBEL 1/O VR STRA BRI B, INBCHRE. L. A T RERIHR AT
SSDs it | A AAFREIRAS I NAFARIT SR, 10 AFAs @4 TIRTT I 22 A7 70 P
oI, ATRMEEMERE. SRtV R DT & 2

7 T BE 25 K 2447 BBORFBE IR M BA / https://internet.hactem.edu.cn




2. vSphere Storage E AN FH 2.1 vSphere SEI$HTFH

VMware vSphere ZISHEHEFRLEN

5% 17300 2] O
FLetiEiE FC/SCSI. FC/ #EE/LUN BYRIFIE] FC HBA
NVMe
AR F LA EE FCoE/SCSI $4E/LUN RYIRiFIE] R EMLIEEIEE (BB FCoE)
iSCSI IP/SCSI #HIE/LUN BYiRiA(a) m  iSCSIHBA Z¢/EH iSCSI B+ (BB
iSCSI)
B KIEECEE (B iSCSI)
NAS IP/NFS X4 (FCE# LUN iAiE) MLEIEhl
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2. vSphere Storage E A

2.1 vSphere ZISH97F6E

TFfifieE
AT fiE

yeetEiE
iSCSI

NFS R NAS

A EIFHEP RGP

S FEEHIN

vMotion
&

=
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[l

[l

HiETiE

VMFS
VMFS
VMES

NFS 3 #1 NFS
4.1

RDM

all

all

EEPIANSREE
=

=
=

al]

%89 VMware vSphere §51%

VMware HA
1 DRS
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=
=

al]

[l

Storage
API -
Data
Protecti
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=
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=
=

fal]
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2. vSphere Storage E AN FH 2.1 vSphere SEI$HTFH

SCSI &M VM Guest OS FIERLEATHRE

Fibre Channel iSCSI FColP FCoE InfiniBand

Operating System and Apglications

SCSI Layer
FCP
iFCP

TCP

InfiniBand

Fibre Channel Ethernet

. . N N NV ve
FCP: Fibre Channel Protocol , JE&-iiE B W B2 A B A B B S £ HIB / https:/ /internet. hactem. edu.cn




2. vSphere Storage E A

2.1 vSphere ZISH97F6E

SCSI &S M VM Guest OS AR EEEFERYTRIE

VM

| SE—
{ S—

VMFS
SCSI ##&

ESXi £

EE TCP/IP &

VM

VM

RiF
iSCSI
BACER

ENZITRS

VM

BLK P

Q

iSCSI BE%!

NAS
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2. vSphere Storage E4 M 2.2 ESXi SZiSHOMIRIRIETIIS RIS

ESXi 32 H# i MR L 38 A0 R A

B VMFS (VMware X4 R%)
LI REAMEENE BT SO RS, T A RE AU LAY REFUARE B SO AN A =R
o FrZ 8RN mal M B R /O R 22T R) « SCRFR
MR salE . AN SR 1/O #54i

= NFS (MR S) -

TR HISCPEEL UL, FOPF BSXi EALIE L M 45 B2 e R A 1, PRI
EHOVERACAE, WA TR R

m vVOL (£l Volumes) :
14 VB AR A TR A S 2 AR R REPCAT 145 o
m vSAN (FEL SAN)

Wtk AR 2, PP BSXi ML Ak 75 b e R 1 e S RNFH F 7
fil REAPATUAT LA 830 o
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2. vSphere Storage E4 M 2.2 ESXi SIS MBI RETIBIETHE

ESXi fef#l )z Ll =5 s R 4
m Block-based storage accessed by a hardware adapter:
{50 PR P B e VT [P DA
B : DAS. FC-SAN, 5 B 75 i Fic ELAF I 9476
® Block-based storage accessed by a software adapter:
{5 PR PR A& i e VT [P DA
N iSCSI-SAN, Ty LI AL E 45 L -
m NFS storage:
NFS {Ffif
T AL IETACE 1P %%, BEREITINIE] NFS 2R F 4

Y
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2. vSphere Storage EA N 2.3 ESXi ST HALBETE

i I BEA G LA I, ESXi 32 4 T A7 i TR URIEOR
® Fibre Channel Host Bus Adapter (FC HBA): https://www.unicaca.com/info/detail/244.html
m iSCSI HBA: https://sniansfblog.ore/tag/iscsi
L HRPCle s, RISE e rpsSCIIR AN SCSIMER, MM/ > EAILCPURY F1%k
m CNA adapters for FCoE or iSCSI: hitps://blogcsdn.net/wuzhimang/article/details /52399064
T2 10 Gbps  (BEE) LUK MG BL R o
ERG (BT M) WIZs Eaefbait (sl fh4ih) FCoE i iSCST TigE.
m RDMA over Converged Ethernet (RoCE): https://zhuanlan.zhihu.com/p/361740115
L LUK M TICE BN FUi R (RDMA)
B InfiniBand HCA : https://www.cnblogs.com/D-Tec/p/3157582.html
Mellanox Technologies InfiniBand HCA. -Q
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vm vSphere Client
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[ Studio-Cloud-1
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NVIDIA Quantum-2 Switches

Orderable Part Number (OPN) | Description

MQM9790-NS2F NVIDIA Quantum-2-based 400Gb/s InfiniBand switch, 64 400Gb/s ports, 32 OSFP ports, non-blocking
switching capacity of 51.2Tb/s, two power supplies (AC), standard depth, unmanaged, power-to-
connector (P2C) airflow, rail kit

MQM9790-NS2R NVIDIA Quantum-2-based 400Gb/s InfiniBand switch, 64 400Gb/s ports, 32 OSFP ports, non-blocking
switching capacity of 51.2Tb/s, two power supplies (AC), standard depth, unmanaged, connector-to-
power (C2P) airflow, rail kit

MQM9700-NS2F NVIDIA Quantum-2-based 400Gb/s InfiniBand switch, 64 400Gb/s ports, 32 OSFP ports, non-blocking
switching capacity of 51.2Tb/s, two power supplies (AC), standard depth, managed, P2C airflow, rail kit
MQM9700-NS2R NVIDIA Quantum-2-based 400Gb/s InfiniBand switch, 64 400Gb/s ports, 32 OSFP ports, non-blocking

switching capacity of 51.2Tb/s, two power supplies (AC), standard depth, managed, C2P airflow, rail kit

ConnectX-7 Adapters

PCle Standup Adapters
Orderable Part umber 0PN
MCX755106AC-HEAT NVIDIA ConnectX-7 HHHL adapter card, 200GbE (default mode) / NDR200 IB, dual-port QSFP112,
PCle 5.0 x16 with x16 PCle extension option, crypto enabled, Secure Boot enabled, tall bracket
MCX755106AS-HEAT NVIDIA ConnectX-7 HHHL adapter card, 200GbE (default mode) / NDR200 IB, dual-port QSFP112,
PCle 5.0 x16 with x16 PCle extension option, crypto disabled, Secure Boot enabled, tall bracket
MCX75310AAC-NEAT NVIDIA ConnectX-7 HHHL adapter card, 400GbE / NDR IB (default mode), single-port OSFP,

PCle 5.0 x16, crypto enabled, Secure Boot enabled, tall bracket
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Others virtual controllers are also possible in a VM, such as AHCI SATA (introduced in
vSphere 5.5), IDE, and also USB controllers, but usually for specific cases (for example, SATA
or IDE are usually used for virtual DVD drives).
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https://docs.vmware.com/cn/VMware-vSphere/7.0/com.vmware.vsphere.vm_admin.doc/GUID-5872D173-A076-42FE-8D0B-9DBOEBOE7362.html
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vSphere fEf B _LHHY T8 2 = Rbrit:
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B Permanent Device Loss (PDL) and All-Paths Down (APD):

VM Component Protection (VMCP) FETEE TR FF VM {71 X

Flash Read Cache: vFlash, [N{FEELEAF
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(Hyper-Converged Infrastructure, HCI) £5;.
® vSAN 5 VMware vSphere 582 5ERAE—iE, 72 BSXi W EIIIRE,
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VMware vSAN:

https://docs.vmware.com/cn/VMware-vSAN/index.html
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VMware vSAN 423
https://www.bilibili.com/video/BV1j4411K7ZV (34340%b)
https://www.bilibili.com/video/BV1Ls411K7AJ (314351%b)
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