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2. Tipstat-p1 AY Y R%ZEFEALT. HCAZR—F® TGUIDO ;1 & TGUID1T 1 #HEEEL X9, il :

# ibstat -p
0x248a070300a80a80
0x248a070300a80a81

3. J—h7OtLRO—ME LT—ERITIBZH IRy bIR—J v ROV T ZER L F T,

# vim /usr/sbin/subnet-manager.sh

4 DT EEMLEY, FIE2THREREL/I-MEZICESER 9 cuido BKU GUIDI, DIHFE PO HKXY PT°
Tl Y IRY MIR=J v DTS4 A )T %2FEALET, 1HRIE. 15BFE T,

#!/bin/bash

opensm -B -g <GUIDO> -p <P0> -f /var/log/opensm-ib0.log
opensm -B -g <GUID1> -p <P1> -f /var/log/opensm-ibl.log

EEEIFB|I AT ROFERICSRLED,
#!/bin/bash

opensm -B -g 0x248a070300a80a80 -p 15 -f /var/log/opensm—-ib0.log
opensm -B -g 0x248a070300a80a81 -p 1 -f /var/log/opensm-ibl.log

S. L WS &FIDsystemdr—EX1Zy b7 71 )LZ{ER L £ subnet-manager.services
# vim /etc/systemd/system/subnet-manager.service

6. RDITZEMLET,



[Unit]
Description=systemd service unit file for subnet manager

[Service]
Type=forking
ExecStart=/bin/bash /usr/sbin/subnet-manager.sh

[Install]
WantedBy=multi-user.target

7. FHLWH—ERZSZXTLISERLET,
# systemctl daemon-reload

8 ZEMCLTHIIRL £ subnet-manager H—E X

# systemctl enable subnet-manager.service
# systemctl start subnet-manager.service

7R X +BITT NVMe over InfiniBand 3% E L £ 9
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7RLZA%ZHFREL. "XAMTNVMe-oF LTV EERELE T,
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Matrix Tool THERTET£9" 20y LT RFOBHZHESRLTLEES

FE
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° SLES 12 F7zlX SLES 15 *

# zypper install infiniband-diags
# zypper install rdma-core
# zypper install nvme-cli

° RHEL 7. RHEL 8. F7cI¥RHEL 9*
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# yum install infiniband-diags
# yum install rdma-core
# yum install nvme-cli

2. RHEL 8 £ 7=IZRHEL 905 &IF. XY D=0 RO ThEA VA M=ILLE T,

o RHEL 8 *

# yum install network-scripts

> RHEL 9*

# yum install NetworkManager-initscripts-updown

3. RHEL 7TDB&1d. ZBMICL F 9 ipoibo letc/rdma/rdma.conf7 71 IL%fREL. ZO0— R §37-HD
IVhUZZEETD ipoib -

IPOIB LOAD=yes

4. R FDONONZEGL F T, PLAICHLTHRRA M ZRETIRICERALET,

# cat /etc/nvme/hostngn

5. IBR—FrUYIDRAAEDLBEL THD. HDStateHh’Active TH B Z & =HEEL £

# ibstat



CA 'mlx4 O°'
CA type: MT4099
Number of ports: 2
Firmware version: 2.40.7000
Hardware version: 1
Node GUID: 0x0002c90300317850
System image GUID: 0x0002c90300317853

Port 1:
State: Active
Physical state: LinkUp
Rate: 40
Base 1lid: 4
IMC: O
SM 1id: 4
Capability mask: 0x0259486a
Port GUID: 0x0002c90300317851
Link layer: InfiniBand

Port 2:

State: Active

Physical state: LinkUp

Rate: 56

Base 1lid: 5

LMC: O

SM 1id: 4

Capability mask: 0x0259486a
Port GUID: 0x0002c90300317852
Link layer: InfiniBand

6. IBR—KMIZIPV4AIP 7RLRZHRELE T,
° SLES 12 ¥7cI& SLES 15*

letc/sysconfig/network/ifcfg-ib0 7 7 1 L Z RDNB TIERR L £ 95

BOOTPROTO="static'
BROADCAST=

ETHTOOL OPTIONS=
IPADDR='10.10.10.100/24"
IPOIB MODE='connected'
MTU="'65520"

NAME=

NETWORK=

REMOTE TPADDR=
STARTMODE="auto"'



JRIC. letc/sysconfig/network/ifcfg-ib1 7 7 1 L& 1ERL L & §6

BOOTPROTO="static'
BROADCAST=

ETHTOOL OPTIONS=
IPADDR='11.11.11.100/24"
IPOIB MODE='connected'
MTU="'65520"

NAME=

NETWORK=

REMOTE TPADDR=
STARTMODE="auto'

° RHEL 7 &7-|& RHEL 8*

letc/sysconfig/network-scripts/ifcfg-ib0 7 7 1 L ERODAB TER L £ 95

CONNECTED MODE=no
TYPE=InfiniBand

PROXY METHOD=none
BROWSER ONLY=no
BOOTPROTO=static
IPADDR='10.10.10.100/24"
DEFROUTE=no
IPV4=FAILURE_FATAL=yes
IPV6INIT=no

NAME=ib0

ONBOOT=yes

JRIC.  letc/sysconfiginetwork-scripts/ifcfg-ib1 7 7 1 ILEERL L £,

CONNECTED MODE=no
TYPE=InfiniBand

PROXY METHOD=none
BROWSER ONLY=no
BOOTPROTO=static
IPADDR='11.11.11.100/24"
DEFROUTE=no
IPV4=FAILURE_FATAL=yeS
IPV6INIT=no

NAME=ibl

ONBOOT=yes



o RHEL 9*

ZEAL XY nntui BHREFIMESSLITIRET D7HDY— Lo UTFIFTTILT7A4ILTT
/etc/NetworkManager/system-connections/ib0.nmconnection Y —JULIZRDH D% ER L
F9o

[connection]
id=ib0
uuid=<unique uuid>
type=infiniband

interface-name=ib0

[infiniband]
mtu=4200

[ipv4]
address1=10.10.10.100/24
method=manual

[ipv6]
addr-gen-mode=default

method=auto

[proxy]

TG >FILT 74ILTY /etc/NetworkManager/system-
connections/ibl.nmconnection WV —IJLIZXDHDEERL T,

11



7.

8.

12

[connection]
id=ibl
uuid=<unique uuid>
type=infiniband

interface-name=ibl

[infiniband]
mtu=4200

[ipv4]
address1=11.11.11.100/24"
method=manual

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

[proxy]

Fbl A 2—T7 A REBMICLET,

# ifup ibO0
# ifup ibl

T LANDEGICHERTZIP7RLAZERELES, b0l & b1y OmEAICKHLTZIOOY Y K%
E1TLET

# ip addr show ib0
# ip addr show ibl

TOBICTRT LDIC DO D IP 7 RL ZIE10.10.10.255' T

10: ib0O: <BROADCAST,MULTICAST,UP,LOWER UP> mtu 65520 gdisc pfifo fast
state UP group default glen 256
link/infiniband
80:00:02:08:fe:80:00:00:00:00:00:00:00:02:c9:03:00:31:78:51 brd
00:ff:ff:££:£f£:12:40:1b:£f£:££:00:00:00:00:00:00:ff:ff:£ff:£ff
inet 10.10.10.255 brd 10.10.10.255 scope global ib0
valid 1ft forever preferred 1ft forever
inet6 fe80::202:c903:31:7851/64 scope link
valid 1ft forever preferred 1ft forever



TOBUCTRT LIS DT DIP ZRL XK '"11.11.11.255' TG

10: ibl: <BROADCAST,MULTICAST,UP,LOWER UP> mtu 65520 gdisc pfifo fast
state UP group default glen 256
link/infiniband
80:00:02:08:fe:80:00:00:00:00:00:00:00:02:c9:03:00:31:78:51 brd
00:ff:ff:£f£:£f£:12:40:1b:£f£:££:00:00:00:00:00:00:ff:ff:ff:£ff
inet 11.11.11.255 brd 11.11.11.255 scope global ib0
valid 1ft forever preferred 1ft forever
inet6 fe80::202:c903:31:7851/64 scope link
valid 1ft forever preferred 1ft forever

9. lRX T NVMe-oF L1V %EREL X, /etc/modules-load.d/DTFIZRD T 71 IL%={ER L T\
nvme_rdma A—RILEDa—)LE. BEFBRBROLA—RILED2—IDBICH VIR >TVS C & 2R
LExd,

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

nvme rdma

10. RRbZEVT—FLET,

ZHEFR T BICIE nvme _rdma W—RILEDa—IILAO—RFEINFXLT, ROOATYVRZETLET,

# lsmod | grep nvme

nvme rdma 36864 O

nvime fabrics 24576 1 nvme rdma

nvme core 114688 5 nvme rdma,nvme fabrics
rdma cm 114688 7

rpcrdma, ib srpt,ib srp,nvme rdma,ib iser,ib isert, rdma ucm
ib core 393216 15

rdma cm, ib ipoib, rpcrdma, ib srpt,ib srp,nvme rdma,iw cm,ib iser,ib umad,
ib isert,rdma ucm,ib uverbs,mlx5 ib,gedr,ib cm

£10 pi 16384 2 sd mod,nvme core

A ML—7 L 1D NVMe over InfiniBand iR E LT

O bO—Z1IZ NVMe over InfiniBand 7R— DB EH I N TL\ 355 (1&.  SANTtricity
System Manager ZffFl L CTER—FDIP 7RLRAZRETETE T,

FlE
1. System Manager 1 >4 —7 = AH'5. *Hardware * R L £

2. FICRZATHRETNTVBRIBER. *PTI70EEEZERT 27 Vv I LFT,
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5.
6.
7.

HORTHTIODEDLD, RSATTIEAL I rO—FHARTRINE T,
NVMe over InfiniBand R— c2RETS I bO—Z%2 2 ) wILET,

I bO-5DAVTHFAMRZa—NKRRINFT,

. Configure NVMe over InfiniBand ports] Z32RL £ 9,

@ Configure NVMe over InfiniBand ports 4 7> 3 >{d. System Manager #*1> fO—3>T
NVMe over InfiniBand ’R— b Z 1R L TLIZBICOARTENE T,

Configure NVMe over InfiniBand Ports * ( NVMe over InfiniBand R— FDERE *) A4 7AT Ry I ZAH
AE X,

FOY TR IV INTRETDHICR—FZZERL. R—FDIP7RLAZANILET,
[Configure] =2 v o LET,
ERT 21D HIC R— ML TFIES £ 6 Z#EDRLET,

RAMDPSR L =P EH L TERLET

SANtricity System Manager T&RX b ZFEERT BHIIC. RA OB E—4y O b0
—ZR—bZRE L. NVMe EfiiZ LT 2HEDDHD X7,

FIE

1.

14

RDOIAYY REFEALT. IRTDO/NZAD NVMe-oF X—4"w b FDERBIRELRY T X T LZRE L
ER

nvme discover -t rdma -a target ip address

C (MY KT 'target_ip_address (X —47 v k « R—cDIP 7RLRXTY

@ ' nvme discover | YV R Tld. KAk « 7O RICEREL. YT XFTFLADIA
ToadyhbO—7F « R—rHRHEINE T,



# nvme discover -t rdma -a 10.10.10.200
Discovery Log Number of Records 2, Generation counter O

trtype: rdma

adrfam: ipvé

subtype: nvme subsystem
treq: not specified
portid: O

trsvcid: 4420

subngn: ngn.1992-08.com.netapp:5700.600a098000a£41580000000058ed54be
traddr: 10.10.10.200
rdma prtype: infiniband
rdma gptype: connected
rdma cms: rdma-cm
rdma pkey: 0x0000

trtype: rdma

adrfam: ipv4

subtype: nvme subsystem
treq: not specified
portid: 1

trsvcid: 4420

subngn: ngn.1992-08.com.netapp:5700.600a098000af41580000000058ed54be
traddr: 11.11.11.100
rdma prtype: infiniband
rdma gptype: connected
rdma cms: rdma-cm
rdma pkey: 0x0000

- DERICOVWTHFIE1 ZH#EDERL T T,

CROAR Y REFERALTRIIDNATHEREINH T X TLICERLEY, T nvme connect -t rdma -n
Discovered_sub_nqgn -a target_ip_address -Q queue_depth_setting -l controller_loss_timeout_period

@ FERoOOT Y RIF. VIT—FEDIEINEEA. YT — FDTIZ nvme connect <Y >
R&EEITLTNVMelESi s BRI T 2B HD X T

SZAFLNY T—rLEED Y FO-SHAEERERTETAVREICAR > T215E. NVMe
EHisEINnEzt A

Ao

COOAXRYRTR—IBESZEETI . ERIIKBLET, BEARICKRESNTLWSR

@ BESNIER—bDS5. RAMDSTIERATERVR— MADERIIHIIEINEE
@ —bETTFIAR=FEIFTY,
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@ WREINDIF21—FEIZ 1024 T, XOFUSRITLSIC'AYVR <S4 A TS 3>
D-Q1024 ZFEAL T ' TIAINLDRETHS 128 % 1024 TH—N—FARLET

> hAO=FBROZA LT FEHEC L THRESNSHEIL 3. 6007 (6045) T
(D) v ROBUICHTESICHI600 ARV K « 51> - AT aVEFALT FI 4O
HETH S 600 ¥z 3600 W TH—N—F1RLET

# nvme connect -t rdma -a 10.10.10.200 -n ngn.1992-
08.com.netapp:5700.600a098000af41580000000058ed54be -Q 1024 -1 3600

4. ZEALEJ nvme list-subsys AV Y FEERTL T, BEBERINTLAENVMeT N1 XD X b %
®RLEY,

S. 2BBHDNRATRETSNT T AT LICERLET,

# nvme connect -t rdma -a 11.11.11.100 -n ngn.1992-
08.com.netapp:5700.600a098000af41580000000058ed54be -Q 1024 -1 3600

6. Linux D Isblk A<Y >V R & grep AY Y REMFEAL T, F7Av TN\ RICET 2 EMBEREZFRTLE
ER

# 1lsblk | grep nvme

nvmeOnl 259:0 0 56 0 disk
nvmelnl 259:0 0 5G 0 disk

7. WEEHINTULS NVMe TN ZADHF LW X b ERRTBICIE. Tnvmelist) OYY REFERALT
TV, DB TIE. TnvmeOntl y € Tnvmedn1 ) AREIINTUVET,

# nvme list

Node SN Model Namespace
/dev/nvmeOnl 021648023161 NetApp E-Series

/dev/nvmelnl 021648023161 NetApp E-Series

Usage Format FW Rev
5.37 GB /5.37 GB 512 B + 0 B 0842XXXX
5.37 GB /5.37 GB 512 B + 0 B 084 2XXXX
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RAbZERLET

SANItricity System Manager ZfFAAL T. AL —SFLAICT—R%EXETSHKX %
EELET. RAMDERIE. AML—=TFTLADERINTVWARI M ZEREH L T,
R 2—LADINO 7R ZHTTI-HDICHELFIED 1 DTY,

CDERTICDOVT

RRAMEERTBIEIE. ROAA R A VITEFELTLLIEEL,

* KRR MIEERMFSNIcARR MR- bERFZERI BVEDNDHD I,
*RAMIBIDETONEY AT LB ERALAFIZIEEL TS ZEL,

c BRLUICBRID T TICEAINTULSSRE. COMIBIIKRBLET,

* %E1lE 30 XFURICT 2HEDRDHD T,

FIE
1. X=Za—H5 T Storage [Hosts] | #FEIRL £,
2. X=a—: Create[Host] 2 ) v L%,

Create Host (KX bDERR) X4 7OJ Ry I ADBRRINE T,

3. RRAMDHREZHVEICIGCTERLET,

SRE B
B2 FLOWKRZIMDEFIZANDLE T,
RAMARL—F 4 VI RATLDRA T ROy AT Y ZRDEROVTIDDA TS T
VEEIRLE T,
* * Linux * SANTtricity 11.60 L&
* *Linux DM-MP  (#—=JL 3.10 LA[%) *
SANTtricity 11.60 KD BION— 3 > TERLF
5
RARAYBR—TTARERAT FRTARAN YA —TTA R THBIRLZE

ER
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B —

ax e
KX bAR—F

4. [{ERL (Create) 122U w2ZL%E7,
el

&R
ROWTNDZRITLET,

IO AVR—T AR *ZERLET

RARR=HOTA2LTVREHEEIFE. UX
EHSRX MR- bERIFZRERTETET, C
NHHEINBHETT,

CFBTEM

RARR=FHOT 1Y LTVRVNESIE. K
2k d Jetc/nvme/hostngn % &8 L T hostngn
BAFERESE L. A NERICEEMITED,

KRR MR— ERFZFETANTSHN
letc/nvme/hostngn 7 71 )L (—EIZ 1 D) H
5 *Host Ports * 7« —JL RICOE—/ BED{FF
TLIEE L,

R MR—FERFIE—EIC1 DT DEMLT
R MCEERITZHBRELHDFIH. KX b
ICBHE[ITF SN TVBEFIFZ WL DTHER
TBREHDNTEET, FFHAFIE. [*KRXb+
R—b*] Ta—ILRICRRINET, BEIC
G T, D * X * TR L THFEHIBRT
32CHTEEY,

KA NDERDTET 95 . SANtricity System Manager IC& 2Ty KRR M L TERESINAEZHRR FAR—

bDT T #ILEBDBMERETNE T

T7FILEDIA) T RIE T <Hostname_Port number>" | T3, 7= Xk, R MIPT1 BICEEENS

BUDR— DT 7 AILEDIA )T R, ipt 1 TY,

R)a—LZzEDHTEY

RARERIBERASISAZICR) 2a—L (R—LAXR—=X) ZEIDHTT. £DORY
a—L%Z IIOMBICEATESLSICTRIRENHDE T, CHUICED. L7
LAD1 DUEDR—LRAR=ZAANDT I ELZADNRA XK SIS X ZICFFRIE

nxd,

CDRRAIICDWT

R 2—LEHDYTEEE. ROHA RS UICEEL TS W,

* AR 2a—LIE—EIC1 DORAMEIFRA IS AZIZOAEIDETEEHTEET,
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cFhYTonfR) a—Lld. ARL—SF7LArodyhO—-SETHESINE T,

* BBARANFRIZERRANISZEADSR) a—LADTIERIC. ABLR—LAR—XID (NSID) %
BELTEHTBZCIETEXHA. —EDNSID 2 ERATI3HNELHD £,

ROBE. KU a—LDOBIDYTIFERBLET,

* IRTDAR) a—LHEDYHETSNTULS,
c AR a—LIFTTICHDHRZ MFEIFTHRA NI ZIZICE DY TSENTWVWET,

RDBE. RUa—LZEDHTBILIETEZE A

CEBMBRAMXLIIRANISZAADEFEEL FHAS
*IARTORY 2a—LEDHTHERINTLS,
KEIDHTORY 2—LIFFTRTRRINEITH. KR bDH DataAssurance (DA) XFEHE S H THUIRIZ
MODESICERDET,
* DAMIGR X FDIFEIZ. DAER. DAEHOEES5DR) 2a—LTHERTETEI,
* DARIGTHRWER FTDANEBMABRAR) 2—L%ERLIIFEE. R a—LZRINIBIDHT3HEIIC
R a—L0ODAZBEBNICEMICTIHVENDH D VWS EENRRINET,
FE
1. X=Za—H5 T Storage [Hosts] | #FEIRL £,
2. R)a—LEEDYHTRZRANERIIEANISAEEERL, *RUa—LDEIDYET*E2oUwoL
£9,

AAT7O0Ry 7 RCEDYTRIEELRIRTOR) a—LHRT-INET, FEDHIZEY—KLT=ED, *
Filter * /R O ZICAIDEANT D E. HFEDR) a—LEBREICRDIFTZZENTEET,

3. BIDHTBER) a—LOMEICHBZFIVIRYIRZERLET, IXRTOR) 2—LZHEIRT 355
3 T—IIUAYR—DF v IRy I A=ERLET,

4. [Assign| Z7 w2 LT, BEE=ZTLEY,

FER
RARFLBRANISZAEADR) 2 —LDEIDHTHRTTB L. ROMEHAERITEINE T,

*BIDETHRA) a—LIC. RICHEHEAEED NSID ERESNE T, KA NI D NSID ZERALTHRY 2
_-ZA‘L:?atRinj_o

CRZ R ICBE T SN TUNBRY 2— ADO—BIC1—HAYEE LR 21— ABDIRRSNE T,
RARHERHETETEIR) 2a—LZRTTD

SMdevices V—ILZFERAL T, WEFRIAMRBETEEZR)a—LERRTEFEXI,
DY —I)LIE. nvme-cli /Ny T —SDO—EFTHD. nvmelist AT KOO DICERT
TEI,

E>U—XR)a—LADE NVMe NRICEAT 31EHRZRTT SICIE. T nvme netapp smdevices [-o
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<format>] ] AY > RZFEALET, B <format> 1 |F. BEOER (-0 ZFERALABEWVEEDT 74/
) « B, F£/IEJSONICTBRZEATETET,

# 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
ID 000015c05903e24000a0980000afd4462, Controller A, Access State unknown,
2.15GB

/dev/nvmeln3, Array Name ICTM0706SYS04, Volume Name NVMed, NSID 4, Volume
ID 00001bb0593a46£400a0980000afd4462, Controller A, Access State unknown,
2.15GB

/dev/nvmelnd, 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 000015c05903e24000a0980000afd4462, Controller B, Access State unknown,
2.15GB

/dev/nvme2n3, Array Name ICTM0706SYS04, Volume Name NVMed, NSID 4, Volume
ID 00001bb0593a46£400a0980000afd4462, 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

JTAIINA—N—%HE

ARL=F7LANDNRZRRILTBICIFE. TTAINF—N—ZFITTBELIICKRX
hEREL XY

ERZRIRY BH0IC
WMEBIRNY T =P AT LICA VA=V IRERDHD T,

*RedHat (RHEL) RXFDFE. Ny T —IUHA VI M=ILENTWVWRZEzHERT5ICiE. Trpm g
device-mapper-multipath | Z3217L X9

* SLES R X ~DIFH 'rpm -q multipath-tools' ZE{TL TNy T —INA VA = )LTNTWB C & ZHER
3

BB L T ET LV "NetApp Interoperability Matrix Tool THEEETT £9" WILF/INAIE GA
() =30 SLES /& RHEL TIREL HBEEL ARV EAB B0, BERT v TF
— A VZAR=ILEINTWVWBZEZRERLTSETL,
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CDRRAIICDWT

RHEL 7 & & T SLES 12 Tl&. NVMe over InfiniBand Z#H 9 % <)L F/VX I Device Mapper Multipath  (
DMMP) %#{#EBL %9, RHEL8. RHEL9. HKUSLES 15Tld. fHAAADEZA T+ TDNVMeT =1 LA
—N—ZFEALET, ETLTWVWBR O0SIZH LT, BYICEITITRLOHICTILFNRZEBINTHRET 2REN
HOFET,

RHEL 7 £ 7-1% SLES 12 @ Device Mapper Multipath (DMMP ) &% LEd

RHEL 8 KU SLES Tl T 7 #JL FTIE DM-MP [FEMICHR>TWVWE T, KX MTDM-MP O R—x%> bk
EEMICTBICIE. ROFIEEERTLET,

FIE

1. Jetc/multipath.conf 7 7 1 )LD devices £ > 3> IZ. NVMeE Y —XFNAXADIV M) ERDES
ISEBMLET,

devices {
device {
vendor "NVME"
product "NetApp E-Series*"
path grouping policy group by prio
failback immediate
no path retry 30

2. DRT LEBRICE#R TS L SIC TRILFNR ZRELTT
# systemctl enable multipathd

3 BARITEINTLRWEEIR. TIILFNRI ZRIBLET,
# systemctl start multipathd

4. TIIFNR) DRT—RREZHELT. 7IT T TRITPTHB 2B LE T,
# systemctl status multipathd

1747 DNVMe YILFNRZFERALTRHEL8 Z2EyY F7 v T 9%

14T+ 7DNVMe WILF/NRIE. RHEL8 TIETF 7 #IL b TEMICHE>TED. UTOFIEBTERICTS
MNEHLRHD ET,

1. 14T 14 TDNVMe TILF/INR%ZZA TS Tmodprobe | IL—ILEZRELE T,
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# echo "options nvme core multipath=y" >> /etc/modprobe.d/50-
nvme core.conf

2. L UL 'm odprobe' /NT X—&%ZFEA L T 'initramfs' ZB{ERRL £

# dracut -f

B H—NZUT—rLT RAT1TDNVMe IILFNZZBMICLEFT,

# reboot

4 RALDT—PEICRA T4 TDNVMe TILFNZADBMCHR>TWVWBZEERERLET,
# cat /sys/module/nvme core/parameters/multipath

a XY READ TN OFE. 21747 NVMe TILFNRIIEMDEE T,

b. AT RHEAMN TY ] DIBEIE. ZA T 17 NVMe WILFNIRBIHICED. #8H L7 NVMe T\
ARATIOAR Y RAIMERINE T,

@ SLES 158 &K U'RHEL 9 Tld. KA T+ FDNVMeTILF/INRIEZT T I TE®ICHR->TE
D, BIMDOHREIIHEDHD £ Ao

RETFNAZAA—45w FD NVMe R a—LICTOLALET

FARALTWS 0S (BEILERTILFNRAR) ICEDOWVWT, TNARXREZ—45y MIE
EXIND 0 ZRETTET,

RHEL7 & U SLES 12 DIFE. 1/0 I Linux KRR MK > TRETNA XX =47y MMIEmEENEJ, DM-
MP &, CNSDREE =5y bADYIEENIZEELEX T,

REFT N1 RXIFNO 2=y b TY

RTLTLWBDIE DM-MP TIER S NIRET /N1 XIS T 3 110 DHT. YIBT /N1 Z/NRITH L TIEETT
LTUVWAEWT CEBESELTLIET VL, NI LTIIO #ETLTWVWSIGEE. DM-MP A7 =1 I/LA—NN
— ARV NERITTET. I0HEKBLET,

57Oy - TN XICIE 'd device E7=1E /devimapper @ Tymlink | 57X TEEIH :

/dev/dm-1
/dev/mapper/eui.00001bc7593b7£5£f00a0980000af4462
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th 736

KIZ 'nvmelist A ROEABIERLETZOFTIE' KA S « /—RBEX—LAR—X D £ OEEM
HRENTLET

NODE

/dev/nvmelnl
/dev/nvmeln2
/dev/nvmeln3
/dev/nvmelnd
/dev/nvme2nl
/dev/nvme2n2
/dev/nvme2n3
/dev/nvme2nd

5] ( Column)
r)—RKj

TR—LAR—2R]

SN

021648023072
021648023072
021648023072
021648023072
021648023151
021648023151
021648023151
021648023151

MODEL

NetApp
NetApp
NetApp
NetApp
NetApp
NetApp
NetApp
NetApp

E-Series
E-Series
E-Series
E-Series
E-Series
E-Series
E-Series
E-Series

Bz

NAMESPACE

10
11
12
13
10
11
12
13

J—RBIZFRD 2 DOFHTHEAINE T,

Mnvmel ] Z3>bO—5A%EEKL.

I nvme2

JiFa>yrO0—>B%ExRLET

* KA MAD S BI-Aai MR FiE 'n1' n2 K
SICRETNTVETZDRTIE. ThH5DHF
FHARAaArrO—FAICKLT1E. OYbO—
SBICXLT1E. #OIRLEAIATVWES

Namespace F)ICIFF—LXRX—ZID (NSID) A
RRINFET, Chid. L= T7 L1 AITERE

TNBHEAF T,
RO TTILFINR -] OBEATIF. BBELINI/NZD prio DfEIL 50 . RBILINTULAEL/NZD prio D
fBI% 10 T,

Linux AL —7 a0 > 7 X7 ALl
1> L.

(RT—=BX=707471 ERRENTENITIL—=FICI0 ZIL—T
(RT—=BRR =F ERRINNRTIN—TFRBETzANF—N—IEBTETET,
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eui.00001bc7593b7£500a0980000af4462 dm-0 NVME,NetApp E-Series
size=15G features='l queue if no path' hwhandler='0' wp=rw
|-+- policy='service-time 0' prio=50 status=active
| "= #:#:#:4 nvmelnl 259:5 active ready running
‘—+- policy='service-time 0' prio=10 status=enabled

= #:d:#:# nvme2nl 259:9 active ready running

eui.00001bc7593b7£5£f00a0980000af4462 dm-0 NVME,NetApp E-Series
size=15G features='l queue if no path' hwhandler='0' wp=rw
|-+- policy='service-time 0' prio=0 status=enabled
| "= #:#:#:4 nvmelnl 259:5 failed faulty running
"—+- policy='service-time 0' prio=10 status=active

= #:f:4:# nvme2nl 259:9 active ready running

RiRIER A

'policy="service-time 0' prio=50 status=active CDITERDITIE. NSIDHA 10 DHR—LAR—X
nvmel1n1 B' prio DEH 50 T Itatus | DIEH T
active | DNATREIEINTVWEZEERLTUVE

ERS
CDR—LZAR—RIFOAY O—-FAICFAETNT
W9

'policy="service-time 0' prio=10 status=enabled ZDTIE. BRI 100D T T —I)LA—/N\—/INA &R

LTWETY, prio DfEIX 10 T. 'tatus' DfElIE T
enabled | T9o CDNADR—LAR—X|ZIF.
DEFRTIF /O [FEEINTUVEHE Ao

CDXR—LAR—ZEFA> O—F BICFABEENT
W9

'policy="service-time 0' prio=0 status=enabled COFTIE. Oy rO—S AP T—FrLTWVWBRE
TN, BRBFGEAHDNSD TQILFNR -1 HA%ETR
LTWVWET, ZAEIZER 10 AD/NX I T failed faulty
running | ¥RRSNET, prio DIEIF O T, T
tatus | DfEIE enabled | T,

'policy="service-time 0' prio=10 status=active Mactive | /XD Tnvme2 | BB LTWLWB7=6H.
CONATOAY FO—F BIC IO WEETNTUVE
-

YIIE NVMe 7 /N1 XX —4 v kD NVMe R 2 —LICT7 It
ALET

FARALTWVWS 0S (BEILERTILFNRAR) ICEDOVWT, N1 RXE2—45y MIE

24



EXEND /0 ZRETETET,

RHEL 8. RHEL 9. SLES 15Mi54&. I/0lZLinux’k R MK > THIENVMe T /N1 R A —4w MIERETINE
Fo RAMCIZZDR =45y hHBE—DYIBFTNA X LTRREIN. TOYIBNRIEZZA T4 T D NVMe

RIUVFNAERETEEINE T,

)32 NVMe 7 /N1 XIZ 110 Z—7y TY

DY IADIO%RITIBDEEZMBELET /dev/disk/by-id/nvme-eui. [uuid#] ¥IENVMeT /N1 R
DINRICEEEF T DD TIEH L /dev/nvme [subsys#]n[id#le CNS2DDIFFABIOY > 71E. XD

RYPFzERALTHERTEET,

# 1s /dev/disk/by-id/ -1
lrwxrwxrwx 1 root root 13 Oct 18 15:14 nvme-
eui.0000320f5¢cad32cf00a0980000af4112 -> ../../nvmelnl

/OIFICERITENET /dev/disk/by-id/nvme-eui. [uuid#] BEFESINET

/dev/nvme [subsys#]n[id#] CDAVTF TlE. R4 T 14 TDNVMeTILF/INIBRE #FERALT. €D

TFICTARTONZIDMREE TN TL

INRERTRTBICIF. XOOAIV R EETLET,

# nvme list-subsys

B

nvme-subsys0 - NQN=nqgn.1992-
08.com.netapp:5700.600a098000a522500000000589%aa8a6
\

+- nvmeO rdma traddr=192.4.21.131 trsvcid=4420 live
+- nvmel rdma traddr=192.4.22.141 trsvcid=4420 live

Fnvme list-subsys] XY RICHIENVMeT N1 XA ZIBET R L. TOR—LAR—IAND/NRICET3E

Mgk MRE SN T,

# nvme list-subsys /dev/nvmeOnl

nvme-subsys0 - NQN=nqgn.1992-
08.com.netapp:5700.600a098000af44620000000058d5dd96

\
+- nvmeO rdma traddr=192.168.130.101 trsvcid=4420 live
+- nvmel rdma traddr=192.168.131.101 trsvcid=4420 live
+- nvme2 rdma traddr=192.168.130.102 trsvcid=4420 live
+- nvme3 rdma traddr=192.168.131.102 trsvcid=4420 live

non-optimized
non-optimized
optimized
optimized
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7. multipath AV RZFERALT. XA T4 772 AINA—N—DNRBROERRTEET,

#multipath -11

(D INRBERERTT BICIE. [etc/multipath.conf TRD K SICRE T DIHELNHD £,

defaults {

enable foreign nvme

B

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

771NN RTLDER (RHEL7 8K U SLES 12)

RHEL7 & SLES 12 DIEEIE. R—LAR—RIZT AN AT LEZER L. 77
AW RATLZRYTDELE T,

FE
1. Tmultipath -l ] <> K%3E4TL T '/devimapper/dm' T/N1 XDJ X N EERELET

# multipath -11

CHOOAXVRDFER. Td191 & Td161 D2 DDFNAABRTINE T,
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eui.00001ffe5a%94f£f8500a0980000af4444 dm-19 NVME,NetApp E-Series
size=10G features='l queue if no path' hwhandler='0' wp=rw
| -+- policy='service-time 0' prio=50 status=active
| |- #:#:4#:# nvmeOnl9 259:19 active ready running
| "= #:#:#4:4# nvmelnl9 259:115 active ready running
‘—+- policy='service-time 0' prio=10 status=enabled
|- #:#:#:# nvme2nl9 259:51 active ready running
= #:#:4:# nvme3nl9 259:83 active ready running
euil.00001fd25a94fef000a0980000af4444 dm-16 NVME,NetApp E-Series
size=16G features='l queue if no path' hwhandler='0' wp=rw
| -+- policy='service-time 0' prio=50 status=active
| |- #:#:4:% nvmeOnlé6 259:16 active ready running
| "= #:#:#:4 nvmelnle6 259:112 active ready running
‘—+- policy='service-time 0' prio=10 status=enabled
|- #:#:#:4 nvme2nlo 259:48 active ready running
= #:#:#:# nvme3nl6 259:80 active ready running

2. & /devimapper/eui'device D/N—T 4 >3 VNCT 7MLV AT LZERL £,

T7AIN AT LDERAEIF. BIRLIE T 7MLV RTLICE>TERBDET, ZOFIL 'extd 771
Ve SRTLEERT D AEETRLTVWET

# mkfs.ext4d /dev/mapper/dm-19
mke2fs 1.42.11 (09-Jul-2014)
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

B EHLWINAREI DI NTZTANEAEERLET,
# mkdir /mnt/ext4d

4. FNAREITIVELET,

# mount /dev/mapper/eui.00001£fe5a94££8500a0980000af4444 /mnt/extd
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TJ7714IL> AT LD (RHEL 8. RHEL 9. SLES 15)

RHEL 8. RHEL 9. SLES 15M3Z&Ild. X1 T4 TDONVMeT N1 RICT7AIL R T
LEERL. 771 RTLEYTMLET,

FE
1. #ZRTL X9 multipath -11 AV RZEZFERAL T NVMeT N1 ADU X M ERRTEET,

# multipath -11

COOAXR Y ROFERZFEAL T ICEEMITENTVWBRTNA A EEERTEXT /dev/disk/by-
id/nvme-eui. [uuid#] HFF. RDBITIE. CNHICHERD £9 /dev/disc/by-id/nvme-
eui.000082dd5c05d39300a0980000a52225,

eui.000082dd5¢c05d39300a0980000a52225 [nvme] :nvmeOn6 NVMe, NetApp E-
Series, 08520000
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=50 status=optimized
| "= 0:1:1 nvmeOclnl 0:0 n/a optimized live
| -+- policy='n/a' prio=10 status=non-optimized
| "= 0:2:1 nvmeOc2nl 0:0 n/a non-optimized live
"—+- policy='n/a' prio=10 status=non-optimized
"= 0:3:1 nvmeOc3nl 0:0 n/a non-optimized live

2. BFAEFERALT. BMONVMeT N1 RBADN—FT 4> a3 Il T 7MLV AT LEERLET
/dev/disk/by-id/nvme-eui. [id#]o.

T7AIN AT LDIERBAEIE BIRLIZ-T7AINATFLICE>DTELGRDF T, ZOFE 'extd 7741
L DRATLEERT DA EEZRLTVWET

# mkfs.ext4d /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
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B HFHLWTINARZEIYY Y TR TAINEZERLET,

# mkdir /mnt/ext4d

4 FTNARZITVMLET,

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

RASTRL—=UT7 0 X 20

Z—=LAR—RAEFERTZHIC. FRAMDPR—LAR=RIIHLTT—RDFEAED &
EIANAEETTCETIexERLET,

ERZFms 3HIC
RDHDNH B ZMR LT T

* T7AIINS AT LTI A=y b, FIbENcR—LRR—Z,

?JlLE
RART A DUEDT 7N ET A RIDI VY MRA Y MZOE=LE T,

2. D74 ETTDT 4 A7 LEDRD T #IILRAICAE—LF T,
3. TIFF) OV REEFTLT, ABP—LET7 7L E2TO 7 7L L E T,

ET%

OdE—LET77AILe 742 E%=HIBRLE T,

NVMe over IB DR EZ iR L £

COR—TD PDF #ER L TEIRIL. ZRDT—20 > — b%={EHAL T NVMe over

InfiniBand X b L — OERIERZSEHRTEE T, COBRIE. 7O 3 ZVI4 X
I RTTBBBICHEBICED T,

R MEERF
()  YIrYITAZUI—R0ONON FEROOETRICHELET,

BERAMDAZIT—2 NQN ZHEL TEEHTE L £9. BHE. NQN & /etc/nvme/hostngn 7 7 1 JLICEEE S
nNTVWEY,
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BS R hAR— M ERT RZ + NQN
1. KA (A1Z>T—4%) 1.

ZEBL
ZELL
ZEBL

ZELL

WRINZEMN

BEEEG RO TIE. 1 DUEDERRA M ES T T LICEZEESL £9. SANtricity 0S 11.50 1) 1) —X
Tl ROEDESIC. ERAMDSH T XF LAY FOA—SADE—DEGEN I R—FEINET, COE
HTlE. FBRAMD—ADHCA (RRMFvRIVLTHATR) R—bz, BHEAODE - bO—FR
—hERICLHTRYE (F27ELHS5—AD HCAR— M ZIFRIOH Ty b)) ICERETIHELHD £,

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
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2—/7vw ~ NQN
ARL—=T7LADE—4y b NQN 528 L E T, COBEHRIF. TEALET ALL—J7 L1 NVMe
over InfiniBand EHi%# 5% E L £ 9

SANtricity : * X kL —7 LA * >* NVMe over InfiniBand * > * Manage Settings * Z{#H L T. A L —
T7LA1DONQNZEZRELET, CDERIE. SendTargets BHE Y R—F LBWVWARL—F 4 VTV RT L
T NVMe over InfiniBand € > 3 Y ZER T 3RICBBE R BZIZENHD T,

ES 714 2—4v ~ 1QN
6. ?b%])hﬂ—5(&—fvb
Iy ND—OER

InfiniBand 7 7 7w DRI MERAML—JICERT IRy FT—UREZEHRLET. COFIETIE.
20D TRy b Z2FERL TREBTREZRTIZcZaIRELTVWETY

ROBRIEZ. 2y NT—UBEBENSAFTEET, COBERIZ. ARL—TT7 LD NVMe over
InfiniBand ##iZ8REL £9

BTy EA
ERTS T TRy bZERLET,

Xy hT—=OF7 KL R *xy bR

TLAR— b EERR MR- FTHEAYTS NON Z588 L 9

BS 7La>rrOo—3 (2—4'wv ~  NQN
) R— MEST
3. 21 YF _&E%L0 _
5. IV hO—5ADKR— K1
4. aA>kO—5BDR—K1
2. RRAR1R—F1

(FE) "X k2. R—K1

By~ B
FRITZ YTy rEERLET,
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10. a>bO—SADKR—b2

9.

d>kO—>B. R—hk2
7. RAR1. R—bK2

(FE) KXk 2, KR—F2

NYEYIRA M
()  <yEYIRRMEET—sTO—RIERSNET,

RyEYIRI M
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