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SLES 15 5{ SLES 16

# zypper install nvme-cli

RHEL 9 1 RHEL 10

# yum install nvme-cli
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2. 3F RHEL 9, THREMLERHZS:

> RHEL 9*

# yum install NetworkManager-initscripts-updown

@ RHEL 10 2B P4SHIZ,

3. FREXEAINQN. ZENAFHMEFEREEN.

# cat /etc/nvme/hostngn
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SLES 15

FERUTARREIERGIXH /etc/sysconfig/network/ifcfg-ethdo

BOOTPROTO="static"'
BROADCAST=

ETHTOOL OPTIONS=
IPADDR='192.168.1.87/24"
GATEWAY='192.168.1.1"
MTU=9000

NAME="'<adapter name>'
NETWORK=

REMOTE TPADDR=
STARTMODE="auto'

Rla. BRI Jetc/sysconfig/network/ifcfg-eth5

BOOTPROTO="static'
BROADCAST=

ETHTOOL OPTIONS=
IPADDR='192.168.2.87/24"
GATEWAY='192.168.2.1"
MTU=9000

NAME="'<adapter name>'
NETWORK=

REMOTE TPADDR=
STARTMODE="auto"'

RHEL 9. RHEL 10 8¢ SLES 16

A nmtui BFRENREBEEZENTR, TER—MRHIXH /etc/NetworkManager/system-
connections/eth4.nmconnection ZLEBER:

[connection]
id=eth4
uuid=<unique uuid>
type=ethernet

interface-name=ethi4

[ethernet]
mtu=9000



[ipv4]
addressl1=192.168.1.87/24
method=manual

[ipv6]
addr-gen-mode=default
method=auto

[proxy]

TE2—NREIXH /etc/NetworkManager/system-connections/eth5.nmconnection ZLER
4R

[connection]
id=ethb5
uuid=<unique uuid>
type=ethernet
interface-name=ethb

[ethernet]
mtu=9000

[ipv4]
address1=192.168.2.87/24
method=manual

[ipv6]
addr-gen-mode=default

method=auto

[proxy]

o. BRAMSEN:

# nmcli connection up eth4
# nmcli connection up ethb

6. £ EH EIEE NVMe-oF B. 7E ‘/etc/modules-load.d/ FEIELUTXE, LUMNE nvme tcp WAZIER, Fif
RIIZIERIGR AT HBIRTES, BMFEEERBEHEH2ILt:

# cat /etc/modules-load.d/nvme tcp.conf

nvme tcp
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# modprobe nvme tcp

8. IHIIF nvme tcp RIZIERETENE, BTs<:

# lsmod | grep nvme

nvme tcp 45056 0

nvme fabrics 24576 1 nvme tcp

nvme core 114688 5 nvme tcp,nvme fabrics
t10 pi 16384 2 sd mod,nvme core
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s I% & Description
EECE LAKMimIRE EEPIRERE, ThFIRAERANETEUR TSR
MK B]IASFFRIRAERE (5140 10 Gbps) o FIBERY
BEEHE:
* BnhihEE
* 10 Gbps
» 25 Gbps
* 40 Gbps
* 50 Gbps
* 100 Gbps
» 200 Gbps
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mOIRE Description
H&M DHCP AR5 28RENECE IR A] B ohIRENER B



s I%E Description
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A, AR NVMe &%,

p
1. AU TEHLEIERE R UM EMN ping & 1MEF) HIC #HO:

ping <IP of array HIC port>
2. A THL % NVMe-oF BT EFrERERNETAF RS

nvme discover -t tcp -a target ip address

ELELH, target ip address EBERIHOM IP #ilk,

() nvme discover SSHANFRANMFIERGIREN, RS ENHERIMME,

# nvme discover -t tcp -a 192.168.134.101
Discovery Log Number of Records 12, Generation counter 0

trtype: tcp
adrfam: 1ipvé


nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html
nvme-tcp-discover-connect-storage-host-task.html

subtype: nvme subsystem

treq: not specified

portid: O

trsvcid: 4420

subngn: ngn.1992-08.com.netapp:EF80.6d039%9€a0005d29280000000069ddb538
traddr: fe80:0:0:0:200:£ff:fe00:1

eflags: none

sectype: none

=====Discovery Log Entry l======

trtype: tcp

adrfam: ipv6

subtype: nvme subsystem

treq: not specified

portid: O

trsvcid: 4420

subngn: ngn.1992-08.com.netapp:EF80.6d039€¢a0005d29280000000069ddb538
traddr: f£d23:0:0:0:192:168:131:101

eflags: none

sectype: none

3. W EAMERE, BEESE 2

4. FRUTHOERIFE—TRELAMNFRLA: nvme connect -t tcp -n discovered sub ngn
-a target ip address -Q queue depth setting -1 controller loss timeout period

®
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LA BEEMEIL NVMe 1E#,
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MRERAERSIEERAS, MWEREEK. HilkOENEERENE—IKC,

ANBERT, PAFIREIREN 128, BNEULERIAE, [EJ9 NVMe over TCP EXRBAFIRE
128

# nvme connect -t tcp -a 192.168.134.101 -n ngn.1992-
08.com.netapp:EF80.6d039€¢a0005d29280000000069ddb538 -Q 128 -1 3600

S MFEMEMEE, FEESE 4.
- BENIRBNES R SohR Beh A M EEDI BT,
a. BHE 2 MSE 3 FNEMSEAME] /etc/nvme/discovery.conf, ERAUTIEMER:

# echo "--transport=tcp --traddr=target ip address --trsvcid=4420" |

10



sudo tee -a /etc/nvme/discovery.conf

b. fERALL T e <1EF Jetc/nvmeldiscovery.conf X4 5B B nvmf-autoconnect R3S :

sudo systemctl enable nvmf-autoconnect.service
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BB R B B ENIIEHE,

3. B +Add Host Port LU B EA GO FERFAFMENNENIROFRRRF. ERILURII— PN HE D ENIRO
FRIRFF S EHKEXo

4. RIEREEERINIRE,

EFIRE ... Description
Name BN ENIRFR,
FNURIERFEE MTHIFIZRAERZE LT R0

* & TF SANTtricity 11.60 &ESARZAHI * Linux *
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EEIRE ... Description
FHIHO PATUA T REZ—!
s RO EO

MRENKOBER, WATLIMTIRPIEREEN
I AMRIRE . XERINBITT .

° qEEjJ/J\j]D
MRENIFEOARKRER, BFEEIFH LD

letc/nve/hostngn L,("‘?‘iz hostngn tRIRFFH G E
HIHIEX;&H*O

SR LUF AN ENIHROIRRR, HEBBEEIIM
letcinvelhostngn X (—xR—1N) &5l / #h0G
B ENERO * FEEH,

AT — I — N ENIR ORI ES
FHKE, BETUSSEIERS FVRBENTE
HWEMTIAFT. 8 MRRFTEHSERE * THiE
O * FE&HR, WBEME, EIFa LB IERIFIR
=089 < X * %%Uﬁ%i?ﬁl,\ﬁo

S.EBEHE eI,
&
FRINEZENE, SANtricity RABERIAANENRENESNENHOLIE—NEIABT.
RiINBNBA < ENRBHOS >, FlE0, 7 EN 1pT GIEMNE—NMHONBRKIAGIZE ipt 1.
T—HRHA?
BIBEHNG, "iEid SANtricity System Manager £ ECE",

BEHELS E 259H Linux NVMe over TCP 41

B ikE (anR=iE) DELENNENER, UERT /0 #F. o ARTEN
S ENE BN FAEET P — PSP an & =B R R,

KXTFULES
DEER, BICEUTAEN:

—RABRE DL — N ENEER
* DENEEFHEETIPIEFISRZ BHE,
© ENENEBERREEAR—RTE ID (NSID) FREKIFEE, ERAERE—I NSID

EUTERT, DEERK:
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* BNECFTES.
* WEBDECL HEtEN B ENEE,
EUTERT, TEDES:
* REEBEMBENENEE
* BEEXFREED .
IE R ERABERDENS, BEEHFEEGHIERIE ( Data Assurance , DA) BIEHBITHAEMI FFAR:

© WF=FF DAMEN, ERILLEERE B DA 3KE A DA 5,
* WFARZH DAMEN, NP EFENEEEH DA, WKETR—FEE, BHEAKHKITLBEHNXAE LN
DA, AEAREREDELEN.
P
1. £ SANtricity System Manager REMAMIERF, EFFE: Storage[Hosts]o
2. ERBERESMENENKENESR, ARRE * DS,

LR ER— T IEE, HPFIHTARENFAES. ERIUNERTIFEITHIFNE * hikds * EREAR

B, UETERRFES.

3. I ENENENEZUNERE, HEEPRITAPHNEEELEEFRE S,
4. 8 * O * LASTRULLERIE,
4

B—1RZNERNDEALENHENERT, RERFRITUATIEE:

* DEENERBEW T — eI BRI NSID o EHUEER NSID 5%,
* APRENESR IR ERES TV KENET IR,

T-#Rftu
SEERE, "HENITANE"

E7 E &% Linux NVMe over TCP E#10] &

&eT U (E A SMdevices TEAEE IV LHARI RN E, ttTERE NVMe-CLI X4 E8H—
2849y, RIFAYE nvme list saEIEBH %

EEEEX E RIENEN NVMe BENER, 1HER nvme netapp smdevices ( -o <format>] #p
Lo Hih <format> BJLLZE normal (WIRAER -0, MARKIAE) , column Z json .

# nvme netapp smdevices

/dev/nvmelnl, Array Name ICTM0706SYS04, Volume Name NVMe2, NSID 1, Volume
ID 000015bd5903df4a00a0980000afd4462, Controller A, Access State unknown,

2.15GB

/dev/nvmeln2, Array Name ICTM0706SYS04, Volume Name NVMe3, NSID 2, Volume
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ID 000015c05903e24000a0980000afd4462, Controller A, Access State unknown,
2.15GB

/dev/nvmeln3, Array Name ICTM0706SYS04, Volume Name NVMed4, NSID 4, Volume
ID 00001bb0593a46f400a0980000af4462, Controller A, Access State unknown,
2.15GB

/dev/nvmelnd4, Array Name ICTM0706SYS04, Volume Name NVMe6, NSID 6, Volume
ID 00001696593b424b00a0980000af4112, Controller A, Access State unknown,
2.15GB

/dev/nvme2nl, Array Name ICTM0706SYS04, Volume Name NVMe2, NSID 1, Volume
ID 000015bd5903df4a00a0980000afd4462, Controller B, Access State unknown,
2.15GB

/dev/nvme2n2, Array Name ICTM0706SYS04, Volume Name NVMe3, NSID 2, Volume
ID 000015c05903e24000a0980000af4462, Controller B, Access State unknown,
2.15GB

/dev/nvme2n3, Array Name ICTM0706SYS04, Volume Name NVMe4, NSID 4, Volume
ID 00001bb0593a46f400a0980000af4462, Controller B, Access State unknown,
2.15GB

/dev/nvme2n4, Array Name ICTM0706SYS04, Volume Name NVMe6, NSID 6, Volume
ID 00001696593b424b00a0980000af4112, Controller B, Access State unknown,
2.15GB

TR A?
EEANER, EEH LIRERERTE'

7£ E 5! Linux NVMe over TCP #1118 BikfEiL#%
BHNEFHEIETBREEATREKRR, BB ENEE B TifEETZ,

ez Al

BS "NetApp BRFIERT A UBRLE T EMAFENERH, ENYBRAFRETAE SLES 5 RHEL hR4s
AREREEEMNHIREE,

KFUiES
¥F SLES 15, SLES 16, RHEL 9 #1 RHEL 10, BNINER TEAERE NVMe ZH81E, THRMIMNCE.

AidE NVMe 1/0 B

KXTUES

Linux NVMe Zs#1Z B2 ATREZRIA N numa 1/O ZRE&, FF E RFI/EF &% NVMe-over-Fabrics BCE, EiXH
I/0 SREE R round-robin, BIEFIERIARRIR LIS 9EE 1/0,

pr
1. BOF X ET NVMe 1/0 SRES:

# cat /sys/module/nvme core/parameters/iopolicy
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numa

2. FERALUTAZEZ—IEE round-robin I/0 HREE:
° A (HE) — B udev NS

<code>/etc/udev/rules.d/71-nvme-io-policy.rules</code>

ACTION=="add|change", SUBSYSTEM=="nvme-subsystem",
ATTR{iopolicy}="round-robin"

PRI E RTINS R FAAR I -

udevadm control --reload
udevadm trigger --subsystem-match=nvme-subsystem

° BIRHMERIRE — BUTRZSHFNES I SMBEFEET:

nvme core.iopolicy=round-robin

° BIFAM (FE£k, T VO k) — IZBINA, TEEHBE:

echo "round-robin" > /sys/class/nvme-subsystem/nvme-subsys0/iopolicy

() UBEEERETARZ.
TS RHA?
BRAH NVMe SBEE, "MEHIBIE E RIS NVMe 57,
Linux EHI0fNEE TCP i5ia] E R5IB T LE) NVMe &
TR LARIEFRERRVIEIERS (U RZRZSZE) BREERZNIZEBTRH /0,
3¥F RHEL 9. RHEL 10. SLES 15 #1 SLES 16, #s#l NVMe ZRZFHRAEZEIEFVNETRHNETHE NVMe

BENYIERR, Eitb, i1 110 EEEEFIEN NVMe 1&%, MASET SCSI HIgEIET 2SS KRR
(DMMP) &% &1218%. NVMe BEIBRIFMEEM T,

NVMe &&= I/0 Bfx
1 AN T e S LUEM E-Series FEFIBRET R b EHAE,

UTaSREENLEAESR NVMe 1IRBAIE. IREMTEIFIFESIZFE. Volume BFE. NSID. ME— Volume
ID. LFTiRAERITHIZEFE RN
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# nvme netapp smdevices

/dev/nvmeOnl, Array Name creG63-FN, Volume Name 1, NSID 1, Volume ID
00001b7f6006ec75100a0980000ed289%9e, Controller B, 1.10TB

/dev/nvmelOn2, Array Name creG63-FN, Volume Name 2, NSID 2, Volume ID
0000128a6a0d045500a0980000ed27£f4, Controller A, 536.87GB
/dev/nvmeOn3, Array Name creG63-FN, Volume Name 3, NSID 3, Volume ID
00001b81606ec75b00a0980000ed289%¢e, Controller B, 536.87GB
/dev/nvmeOnd4, Array Name creG63-FN, Volume Name 4, NSID 4, Volume ID
0000128c6a0d045700a0980000ed27f4, Controller A, 214.75GB

2. 3¢ */dev/disk/by-id/nvme-eui.[Volume ID#] Y §EIEIETT 1/0,

*/dev/disk/by-id/nvme-eui. [Volume

ID# ] HHNEEEEWREY, F58. BRERRER NvMe REIE

‘ (/dev/nvme [subsys#]n[id#]) , RAECARESAELT K, AILUERUFHSHEIXE ML
B ZBiEEE:

# 1s /dev/disk/by-id/ -1

lrwxrwxrwx 1 root root 13 May 19 15:07 nvme-
eui.0000128a6a0d045500a0980000ed27f4 -> ../../nvmeOn?2
lrwxrwxrwx 1 root root 13 May 19 15:07 nvme-
eui.0000128c6a0d045700a0980000ed27£f4 -> ../../nvmeOn4
lrwxrwxrwx 1 root root 13 May 19 15:07 nvme-
eui.00001b7£f606ec75100a0980000ed28% -> ../../nvmeOnl
lrwxrwxrwx 1 root root 13 May 19 15:07 nvme-
eui.00001b81606ec75b00a0980000ed28% -> ../../nvmeOn3

3. EEE NVMe IREMERR, 1BEA nvme list-subsys'di<,

16

I/0 1&47%] /dev/disk/by-id/nvme-eui.[uuid#] FE1EED “/dev/invme[subsys#In[id#] 1%, ZiRRGEER
Native NVMe ZERZF R RIEE T A EIMLERE KRR,

# nvme list-subsys /dev/nvmeOnl
nvme-subsys0 - NQN=ngn.1992-
08.com.netapp:EF80.600a098000ed28cb0000000062b24855
hostngn=ngn.2014-08.org.nvmexpress:uuid:5257c202-9d94-

eall-b761-00000000003c

\

+- nvmeO tcp traddr=10.10.10.101,trsvcid=4420,src_addr=10.10.10.100
live non-optimized

+- nvmel tcp traddr=10.10.10.11,trsvcid=4420,src addr=10.10.10.100 live

non-optimized



+- nvme2 tcp traddr=10.10.20.201,trsvcid=4420,src addr=10.10.20.200
live optimized

+- nvme3 tcp traddr=10.10.20.21,trsvcid=4420,src_addr=10.10.20.200 live
optimized

+- nvme4 tcp traddr=10.10.20.39,trsvcid=4420,src addr=10.10.20.200 live
non-optimized

+- nvme5 tcp traddr=10.10.20.31,trsvcid=4420,src addr=10.10.20.200 live
non-optimized

+- nvme6 tcp traddr=10.10.10.49,trsvcid=4420,src addr=10.10.10.100 live
optimized

+- nvme7 tcp traddr=10.10.10.41,trsvcid=4420,src addr=10.10.10.100 live

optimized

4. B[k - E5@id|BkR Device Mapper Multipath (DMMP) 85 S B & AHHKIEZEMIRIZE LS, &ER

multipath -11 83%

fmultipath -11

=g

=

\

@ EiRI(E4 DMMP s 2 EBRIRERE, BAFE /etc/multipath.conf XHFFIKELUTA

defaults {

enable foreign nvme

st

eui.0000a0335c05d57a00a0980000a5229d [nvme] :nvmeOn9 NVMe, Netapp E-
Series, 08520001

size=4194304 features='n/a' hwhandler='ANA' wp=rw

|-+- policy="'n/a' prio=50 status=optimized

| "= 0:0:1 nvmeOcOnl 0:0 n/a optimized live

‘—+- policy='n/a' prio-10 status=non-optimized

"-= 0:1:1 nvmeOclnl 0:0 n/a non-optimized live

()  itHSERT RHEL o ESMAL SLES 16 HBRA.

T—FEMHA?
£ 110 =172 NVMe K&, "GIEXXHRS"
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79 E &%l Linux NVMe over TCP EHNGIEX RS

3+F RHEL 9. RHEL 10. SLES 15 1 SLES 16, &ErILITEZAH] nvme I§F LBIEXHZ
FHIEH XGRS,

Faz Al
BHRFREEEMR "MENAE E RFIER NVMe &' 5, LR NVMe &S EEEMRERIARL,

Pz
1. FERMUETESX EAPFAENVMeIRESIEX GRS /dev/disk/by-id/nvme-eui. [id#]o

SIEXGREN G ERFMENXGRFEMSF. WRHIERTIAEIE ext4 XHERS
# mkfs.extd /dev/disk/by-id/nvme-eui.000082dd5c05d39300a0980000a52225
mke2fs 1.42.11 (22-0ct-2019)
Creating filesystem with 2620928 4k blocks and 655360 inodes
Filesystem UUID: 97f987e9-47b8-47f7-b434-bf3ebbe826d0

Superblock backups stored on blocks:
32768, 98304, 163840, 229376, 294912, 819200, 884736, 1605632

Allocating group tables: done

Writing inode tables: done

Creating journal (32768 blocks): done

Writing superblocks and filesystem accounting information: done

2. BIB— T IEHFTIRE
# mkdir /mnt/ext4
3. HEHIZE

# mount /dev/disk/by-id/nvme-eui.000082dd5c05d39300a0980000a52225
/mnt/ext4

T—F2MH4?
BIEXHRSGE, "ICREB NVMe over TCP BREEE",

iEATF E &% Linux =419 NVMe over TCP BCE T1EX

(EEIAE R TENIL TR PDF, AR T TIERI2F NVMe over TCP 7 fERE (S
g, EREHEEFRTESES,

18


nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html
nvme-tcp-worksheet-for-concept.html

HERH

EEEEERIN, — PRSP ENEREREFRA. £ SANtricity I R(FRSE 11.50 hrAF, HMNZFHMES
FNEIFRYITHIZIAVE—ERE, TR, FEREES, SMENMN—DNC (REEO+F) WONSHEHERE
B9 E RFERSRIROMVTE—FM, E5HM NIC kAU TFFRBIFM.

Host 1 Host 1 Host 2 Host 2
HCA Port 1 HCA Port 2 HCA Port 1 HCA Port 2

Controller 1 Controller 1 Controller 2 Controller 2
Host port 1 Host port 2 Host port 1 Host port 2

AEXLEEKRRFERESENNNEFM, R

CFW A ENL I WEREO 1 AESIEE 1 EAIRO 1
* FR2: FEHL1NIC iwO 2 AIEHIZE 2 FENIHO 1
* FM 3: EHL2NIC HHO 1 AIEHIZS 1 ENIHA 2
* FR4: FEWNL 2 NIC w0 2 FEHI2E 2 ENIRE 2

TN ERZIRFH
TERE LSRR, FR—IHZS K. EBN "NetApp BIRIEMRT A" BXIZHEHIIRITIR,
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Host 1, HCA Port1 Host 1, HCAPort2 Host2, HCAPort1 Host2, HCA Port2

TTTEIIT .
EEEE EEEE Switch

e

Controller 1 Controller 1 Controller 2 Controller 2
host port 1 hostport2  host port1 host port 2

ENARIAT

HEFHERES D EN LOEEHERF NON .

EHUROEE R BEAZE NN
T (BEhiER) 1.

W (BEiER) 2.

B4% NQN
IERIZAERETIR BT NQN .

REZI& R E1% NQN
BEHIfERIZE (B1R)
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B+% NQN
IERMEFIHOZERR NQN o
FFEHliEElzs (BR) imOEE
IR A, 1

mHIZS B, A1

THIZE A, IwE 2

I=HI2E B, RO 2

IETEBRST EH
()  ssirmasETERmEE,

IEFERRET EHH
FHURFR YR

NQN
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