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WantedBy=default.target
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<format>] ] AY > REFEALET,

7 T <format> J &, BEOHE (0o ZEFERALABWVGEDT 74ILE) ( T, £7/IXJSONICTBZZeH
TEEY,

# nvme netapp smdevices

/dev/nvmelnl, Array Name ICTM0706SYS04, Volume Name NVMe2, NSID 1, Volume
ID 000015bd5903df4a00a0980000af4462, Controller A, Access State unknown,
2.15GB

/dev/nvmeln2, Array Name ICTM0706SYS04, Volume Name NVMe3, NSID 2, Volume
ID 000015c05903e24000a0980000af4462, 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 000016965930b424b00a0980000af4112, Controller A, Access State unknown,
2.15GB

/dev/nvme2nl, Array Name ICTM0706SYS04, Volume Name NVMe2, NSID 1, Volume
ID 000015bd5903df4a00a0980000af4462, 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 NVMed4, NSID 4, Volume
ID 00001bb0593a46f400a0980000af4462, Controller B, Access State unknown,
2.15GB

/dev/nvme2n4, Array Name ICTM0706SYS04, Volume Name NVMe6, NSID 6, Volume
ID 000016965930424b00a0980000af4112, Controller B, Access State unknown,
2.15GB

RARTTzANF—N—ZRELFT

ARL=IT7LANDODNRZTRILT BICIE. TTANF—N=%ERTITEHLIITKR
hERELET,

{EE% BBEE Y BRI

BBBINY T =V ATLICA YA M—LTBUBLBD £T,

*RedHat (RHEL) KRR bDIFE. Ny Tr—SHNA VA R=ILENTVWB I EEZRERTSICIE. Trpm -q
device-mapper-multipath | Z=f7L * 9

* SLES 'R R k DIFE 'rpm -q multipath-tools' ZETL TNy 7 —IONA VX b—)ILETNTWVWS C L ZHERR
LEY

CDHERTICDOVT
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RHEL 7 & U SLES 12 Tld. NVMe over Fibre Channel Z {9 % < JLF/\ X Device Mapper Multipath
(DMMP) %ZfFEHRL %9, RHEL8. RHEL9. SLES 15Tl&. $HAHRAHDRA T+« TDNVMe T =1 JLA—
N—ZFERALEFT. EITLTWVWB 0SICKH LT, BYINCEITITBEDHDICTILFNRZEINTRET 2HNENH

DFEd,

RHEL 7 £7-1% SLES 12 ® Device Mapper Multipath (DMMP ) =&z L £

RHEL & U SLES Tld. T 7 #JL FTld DM-MP (ZERICHE>TWET, KX M TDM-MP JYR—%> k
EEMICTBICIE. XOFIEEZETLED,

FIE

1. Jetc/multipath.conf 7 7 1 )LD devices 2> 3 >IZ. NVMeE Y —XFNARADI>V ) ZRDELS
ICEML FT,

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

2. DRT LEREBFICEEI T DL SIC TRILFNR] ZRELEFT,
# systemctl enable multipathd
3 RARITEINTLARWEER. TIILFNR) ZHRLET,
# systemctl start multipathd
4 TIILFNR] ORAT—RR=ZHRL T 7T« T TETPTHZI zHRLEF T,

# systemctl status multipathd

RHEL 8D X171 J7DONVMeVIILFNZAZHELFT

CDRAZICDWT

1T 47T DNVMe YILF/NRIF. RHEL8 TRET 7 # L ETEMCH>TED. UTOFIBETHEMICT S
HENRHD T,

FIE
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1. X214 FT 47T DNVMe TILF/IXR%A>IZ93 Tmodprobe | IL—ILEFRELE T,

# echo "options nvme core multipath=y" >> /etc/modprobe.d/50-
nvme core.conf

2. # L Ly modprobe /NT X—&Z{ERA L T "initramfs' ZB{ER L T

# dracut -f

3. H—NZUT—hrLT. XRAT1TDNYMe JILFNRZEMLET

# reboot

4 RZARDT—PEICRAT 1 TDNVMe IILFNZADBEMCE>TWVWB e x2BERLET,
# cat /sys/module/nvme core/parameters/multipath

a XY REHAD TN1 OFE. 21747 NVMe YILFNRIFEMDE XTI,

b. AT RHEAN TY ) OBEEIE. X1 T 17 NVMe TILFINZADEMICED. BH L7 NVMe T /\
ARATIOOAI Y RIMERINE T,

(D RHEL 98 K U'SLES 15Tl R1 T4 TDONVMeVILFINRIET T AL E TERICHE>TH
D, BINDOHKRTEIIMNEHD £ Ao
REFNAZARZ—45w RD NVMe R a—LICT7IEALET

FRALTWS OS (BXMILERVTILFINRAAR) ICEDOWVWT. TNARE—4w MIER
EXEINB 0 ZHRETETXT,

RHEL 7 & XU SLES 12 Di54&. /0 IE Linux KRR MMC K > TIREETNA RE—4w MIEESINF T, DM-
MP &, CNE5DREZ—4y FADOYPIBENZIEEELEXY,

REF/INA XFNO0O X—4w N TT
ETLTVWADIE DM-MP TEREINTARET/NA 2T 3 110 DA T ¥IEFT/INA RN L TIEET
LTUWAWSEZRERELTLIEETW, YEBNXISHLTIO Z#RTLTWSIHEE. DM-MP A7 1 J/)LA—N
— AR FEERTTET. IODEKBLET,

o7 OyvY - 7N ZUCIE "devimapper-IC BT 3 d deviceF/ld 'ymlink DS T IV EATEEXT
T RIE " ROELDICHEDFRT
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/dev/dm-1
/dev/mapper/eui.00001bc7593b7£5£f00a0980000af4462

il

KiIZ 'nvmelist A ROEAFIZERLETZORTIE' KA+« /J—RBELX—LAR—X D & DEEEM
MWREINTWET

NODE

/dev/nvmelnl
/dev/nvmeln?2
/dev/nvmeln3
/dev/nvmelnd
/dev/nvme2nl
/dev/nvme2n2
/dev/nvme2n3
/dev/nvme2n4

5| ( Column)
rJ—RKy

R—LRAR—Z]

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

398

NAMESPACE

10
11
12
13
10
11
12
13

J—RRIZPRD 2 DDEDTHEAINE T,

Fnvmel ] Z3>FO—F5A%EKRL.

[ nvme2

JFa>yrO0—>BEXRLET

* R MDD S BI-BE R F L 'n1' n2' D&
SICREINTVEIT ZDRTIE. CNH5DHEA
FHAaArrO—ZAICKLT1E., O>¥tO—
SBICXHLT1E. #OIRLEAIATVWETY

Namespace FICIEHF—LXR—ZXID (NSID) A
RERTNET, . AL—=ST7 LA AITERR

TNBHAFTY,
KD TRILFINZ -l ODEATIE. BBELINFZ/NZD prio DfEIX 50 « F@EIEL TN TLAERL/NZD prio D
Bl 10 T,

Linux 7R —7 a0 > J > X T L&,
17 L.

(RF7—RR=7071471 ERRENIENRTIL=FIC IO ZIL—T
RT—=RR =B ERRENNRTIN—=TRETzANF—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

15



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
TILFINRABBRETEEINE T,

)32 NVMe 7 /N1 XIZ 110 Z—7y TY

DI)IIADIIOERITTAREZHELET /dev/disk/by-id/nvme-eui. [uuid#] ¥IENVMeT /N1 X
DNRICEFEEFRT DD TIEAR < /dev/nvme [subsys#]n[id#]lo CNB2DDIGFAEID ) > 7%, kDO
VY REFERALTHEETEED,

# 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
TICTRTONZIDREBIE STV

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

M'nvme list-subsys | AX Y RICR—LZAR—IATNARAEZBET DL TEDR—LAR—IAAND/NRIZET
ZEMBEHRNRHINFT T,

# nvme list-subsys /dev/nvmeOnl
nvme-subsys0 - NQN=nqgn.1992-
08.com.netapp:5700.600a098000a£f44620000000058d5dd96
\
+- nvmeO rdma traddr=192.168.130.101 trsvcid=4420 live non-optimized
+- nvmel rdma traddr=192.168.131.101 trsvcid=4420 live non-optimized
+- nvme2 rdma traddr=192.168.130.102 trsvcid=4420 live optimized
+- nvme3 rdma traddr=192.168.131.102 trsvcid=4420 live optimized
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7. multipath AV RZFERALT. XA T4 772 AINA—N—DNRBROERRTEET,

#multipath -11

(D INRIEHR %R T B ICIE Jetc/multipath.conf TRD K S ICHRET BIHENHD T

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 & U SLES 12 OiHEIE. BHO DM TNA RICT 7AILY AT LEVERR L.
T77A4INRTLZRYD M LE T,

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

S HLWINAREIDVY T BT+ INAZERLET,

# mkdir /mnt/ext4d

4. FNAREITIVELET,

# mount /dev/mapper/eui.00001£fe5a94££8500a0980000af4444 /mnt/extd

18



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,

FIE
1. multipath -IIJY > R%EEITLT. NVMeT N1 XAD—EB%*RRLE T,

# multipath -11

COORYROEREZFEAL T, BEIZTNAXERERTEET /dev/disk/by-id/nvme-
eui. [uuid#] BT RDHITIE. TNHICED EXT /dev/disc/by-id/nvme-
eui.000082dd5c05d39300a0980000a52225,

eui.000082dd5c05d39300a0980000a52225 [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. BFREEALT. BNONVMeTNA ZBDON—F 4> avIcT 7MLV AT LR ERLET
/dev/disk/by-id/nvme-eui. [id#]o

T7AIN AT LDERAEIF. BIRLIET 7ML RTLICE>TERDE T, COFITIE. extd 7
FAINS AT LEERLE T,

# 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: 97£987e9-47b8-47f7-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 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,
. diff ANV REEFIFTLTC, AE—L7=770IILEZTDO T 7L L F T,

T’
JE—LET7 7ML T AILAZRIBRLE T,

NVMe over FC DX EZ ek LT

ZOR—TDPDF 2R L TEHIRIL. XRDT—2 > — b7%Z{ER L T NVMe over Fibre
Channel X L —C DOBRIEIRZSEEHRTEE I, CDIEHRIZ. 7O I Z>T XY
HERITITIRICHEBICEDE T,

EFEEs ROy
EEEH MROSTIE. 1 2ULEDRINEIY M O—SICEBERLE T,
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Direct Connect Topology

Host 1 Host 2 Host 2 Host 4
HP1 HP2 HP1 HP2 HP1 HP2 HP1 HP2
N &=

N
|

Controller A Controller B

*RAM1TOHBAR—K1 O FO—FADKRAMR—K1
*RAR1TDHBAR—K 2> AO—5 B DRI MKR—F1
*RAF2OHBAR—K1 O MO—FADKRAIR—F 2
*RZAM2MOHBAR—K2 OV FO—5BDKRARR—K2
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* A RAM3DHBAR—F2 AV FO—5BDHRARR—F3
*RAMADHBAR—F1 O FO—FADKINR—F 4
* RAM4DHBAR—Kr2 OV FO—5BDKRAMR—K4

24y FERENROY
777Uy bROPTIE. 1 DUEDRMyFZ2ERBLET, 2B L T ZTE L) "NetApp Interoperability
Matrix Tool THEFETT £ 9" ZBRL T,

Fabric Topology

Host 1 Host 2
HP1 HP2 HP1 HP2

I [ U]

Controller A Controller B
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