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[Unit]

Description=Auto-connect to subsystems on FC-NVME devices found
during boot

[Service]

Type=oneshot

ExecStart=/bin/sh -c "echo add >

/sys/class/fc/fc_udev_device/nvme discovery"
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# 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 000015c05903e24000a0980000af4462, Controller A, Access State unknown,
2.15GB

/dev/nvmeln3, Array Name ICTM0706SYS04, Volume Name NVMed, NSID 4, Volume
ID 00001bb0593a46£400a0980000af4462, 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 NVMed, NSID 4, Volume
ID 00001bb0593a46f400a0980000af4462, Controller B, Access State unknown,
2.15GB

/dev/nvme2nd4, Array Name ICTM0706SYS04, Volume Name NVMe6, NSID 6, Volume
ID 000016965930424b00a0980000af4112, Controller B, Access State unknown,
2.15GB
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* RHEL(Red Hat) @A EQ9| AL "rpm -q device-mapper-multipath"S &350 17| X| 7t K| 2|0 =X
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* SLES SAEQ| A2 'rpm-q multipath-tools'S AMAlSHH IH7| X7} AX|=|0] Q=X &eletL|ct
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1. C+2 of[of] EA|E! CHZ NVMe E-Series B k| =22 /etc/multipath.conf It Q| devices MMO]| F=7tEHL|CE,

devices {
device {
vendor "NVME"
product "NetApp E-Series*"

path grouping policy group by prio
failback immediate
no path retry 30

2. A AEI HEL Al A|ZHE| £ 2 'multipid' S RAISHLICE

# systemctl enable multipathd

w
rot

M A

=

UX| gto™ "HE[H|O|="E AlZFetL|CY,
# systemctl start multipathd

4. "HE|HO|=' HENE =telsto]

= -

U

4 HEjo| 1 A& FQIX| =HQlgfLCt.

= -

# systemctl status multipathd

RHEL 80| CH3t 7|2 NVMe Ct= AZE MASH|C}

O =40 CHal

7|2 NVMe Multipathing2 RHEL 80l 7|2 MO 2 H|ZtAstE|0 QYO Ofal THAIZ AMR6H0] EAISIsHoF BHL|Ct
A

1. 712 NVMe Ct& Z2E #7| 2I8l 'modprobe’ w28 HEeLCH

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



2. M modprobe O§7i#H4=2 “initramfs"S CIA| ZHEL|CE.

# dracut -f

3. MHE MEEsI0] 7|2 NVMe B2 CHE2t7L g4otEl MEfE MatetL|ct

# reboot

4 SAEE 2L S 7|2 NVMe B2 5217 Sl HolgLct

# cat /sys/module/nvme core/parameters/multipath

M2 £20| NQI 22 7|2 NVMe Multipathing 04%13| H| &AM 3tE|0f Ql&LICH

b. M £2{0| YOI A2 7|2 NVMe CIFSE R 7|50| gMatz|n LASH 2E NVMe HX|0f|A O] 7|58 A2 E
ZelL|ct
A Hd .

@ RHEL 9 %! SLES 152| 22, 7|2 NVMe LtE =2 E 7|2XO = AFESHH F71 40| ZRSHK|
FELICE

(=]

NVMe =50f YN ATHL|C}
=

CHESt ol et Clutol2 Efol chet Yz TaE 4

RHEL 7 & SLES 129] A2, I/0& Linux SAET} 7t ZA| CHAIQ 2 X|FBLICE DM-MPE O|2{st 7Hat Ef29|
7|90l == =21 Z2E &2l

=2|X C|Hjo|A Z 27} Ot DM-MPOf|A Aot 74t CHEO| A0 B E= S M of SfLICt S2|X =0 Cigt

U= S A= 22 DM-MP7t 2t O|HEE 2H|e &= glon J&=20| AmjgL|ct.

/devimapper®| dm &X| = 'symlink' £ S3lf 0|22t 25 & X|0f HMA L -~ JASLICL ol E EH CS ZELICH
/dev/dm-1

/dev/mapper/eui.00001bc7593b7£5£00a0980000af4462

o

CHS "NVMe list" BE2| &3 ool f= TAE L& 0|S2t WQJAHO|A DO &2t 2AHE B0 FLIC

12



NODE SN MODEL NAMESPACE
/dev/nvmelnl 021648023072 NetApp E-Series 10
/dev/nvmeln2 021648023072 NetApp E-Series 11
/dev/nvmeln3 021648023072 NetApp E-Series 12
/dev/nvmelnd 021648023072 NetApp E-Series 13
/dev/nvme2nl 021648023151 NetApp E-Series 10
/dev/nvme2n2 021648023151 NetApp E-Series 11
/dev/nvme2n3 021648023151 NetApp E-Series 12
/dev/nvme2n4 021648023151 NetApp E-Series 13
= gy
= LEO[E2 LS & RE2= Y gLt
* nvme12 ZHEE2 AE LIEIHHL nvme2= ZHEER
BE LIEFHLICE
* 01, n2 59| HI|H2 SAE BN HYAHO|A
AEXE LIEFHLICE Ol2{et Al EXH= HO|A
uhEE| D AESE AL O HESE BE 8
gr= LI
'Y AHO[A! HIYAHO|A Eoll= AEE[X| HHE 2tEHOIM AHEl=

Al xtol | UATHO|A ID(NSID)Zt LIEEL|CE.

CHS "HE|I|A-|I' S2HO|M = 2| X3t 227 2| 2 5002 EA|| D 2| XSIE|X| ¢te Z2= T2|Q 71022
HEA|EL|CE.

nux 2GHN|X|= 'Status=active’ 2 HEA|=l ZZ 250 Clist

Linux I/OE 2t
JIE2 HYHOf| AHEE £~ JELICE

ElSt 1, 'Status=enabled’ 2 LIEE AZ

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
- #:#:4:# 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'
| "= #:#:4%#:4 nvmelnl 259:5 failed faulty running
prio=10 status=active

prio=0 status=enabled

"—+- policy='service-time 0'

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

13



2tol

00k

= EL

' policy="service-time 0' prio=50 status=active ol MutCi=2 &2 NSID7} 102! namespace?!
nvme1n10| prio 2f 502 active2| 'AE' ZtO = ZHZ0f
A Hetel= AS 2o FLCL

Ol HIAMO|A = ZIEER] AGIM AFELICE

' policy="service-time 0' prio=10 status=enabled' 0] M2 HYAHO|A 109 HYURH BZ2E HO| F=H,
Z2|2 2t0| 100|1 HEf' 20| '&dstE el A=
LfEfL“LIEf S 1107t O] B=o| HIYAH[O| AR
HIWX[X] gs& Lt

O LiYAmo|A = ZHEEE] BOIA 2RELCH

' policy="service-time 0' prio=0 status=enabled' O| dNl= ZHEEZ A7 MEEIE| = SOt CHE A|F 9|
'HE|IHA-I' EH S HOFL|CH WY AL O|A 102
FE2= T2|Q 10| 00|11 "AEN 2o "2 etE el Aufst
ME AZZ HA|ELICH

' policy="service-time 0' prio=10 status=active =M A2 = nvme2E 7IE2|7|2 2 /0= 0| A2 E E4f
ZAEE2| B 2|C|2MEL|Ct

=2|X NVMe ZX| EtZU0| NVMe = &0 A M| ABHL|CF

Mg & 0s 8 =t = Crsst o et ClHoA Erzllof chiet iEs S #48E +
A
=

RHEL 8, RHEL 9 %! SLES 152| B2, /0= Linux @A E7H 22| NVMe &X| EtZIC 2 X|HBILICH 7|2 NVMe
CHES 32 ERN2 2AE0M EAR= 2 ©Y 22| X9 22X Z2E 22lgHCt

oL

=2|X NVMe ZX|= 1/0 EFULICE

o| 2l30f Ciet I/0E A&St= AO0| 7}E ZEELICH /dev/disk/by-id/nvme-eui. [uuid#] 22X NVMe ZHX|
222 XA 0|55t= 3\0| OfL|2} /dev/nvme [subsys#]1n[id#]. O|2{et & X[ Zte| 23 =L
AtESH & ”o = UEL|CH

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

/07t o] HHEILICH /dev/disk/by-id/nvme-eui. [uuid#] 2 Soff 2 MEELICH
/dev/nvme [subsys#]n[id#] 7|2 NVMe CIE 22 £FHS A8 R E ZZE 0| ZE Of2{o| M
7ta et &L C.

Ltz

fjo

HAsI] 225 = = ASLICH
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# nvme list-subsys
Ol d| ==4:

nvme-subsys0 - NQN=nqgn.1992-
08.com.netapp:5700.600a098000a52250000000058%aa8a6
\

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

"NVMe list -Subsys" B2 A2 ff WY AH|O|A FHKIE X|HSHH ST HIJAH 0| A0 CHEE HZ20i Chet =7t
HE7t S EL.

# nvme list-subsys /dev/nvmeOnl

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

\

+- 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

ot O 22 HEO0| 23 E AESH0] 7|2 HIYRHE 9Tt 22 FEHE = = JUSLICL
#multipath -11
@ ZZ HEE H2{H Yetc/multipath.conf | A] CtS S MAl{of ShL|Ct.

defaults {

enable foreign nvme

Ol 2.
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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

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

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

oty A|AE MMH(RHEL 7 3 SLES 12)

1ot= dm SX[0f| THE A|AES HE5t0 IfH A[ARS

ro

RHEL 7 &! SLES 129 2%
Or2EgL|CY,

THA|

1. '/devimapper/dm' C|HIO|A EES 71 22{H 'multipath -II' BES HHSL|CE.

# multipath -11

O] BF9| Zit= dm-192t dm-160|2t= F 7HX| &X|E 20 FLICt

eui.00001ffe5a94f£8500a0980000afd4444 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
| |— #:#:#:# nvmeOnl9 259:19 active ready running
| "= #:#:4:# nvmelnl9 259:115 active ready running
‘—+- policy='service-time 0' prio=10 status=enabled
|- #:#:#:4# nvme2nl9 259:51 active ready running
= #:d:#:# nvme3nl9 259:83 active ready running
eui.00001£d25a94fef000a0980000af4444 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
| |- #:#:%#:# nvmeOnl6 259:16 active ready running
| "= #:#:4#:4% nvmelnlé 259:112 active ready running
"—+- policy='service-time 0' prio=10 status=enabled
|- #:#:#:# nvme2nleo 259:48 active ready running
- #:if#:i#:#4 nvme3nlée 259:80 active ready running

2. 2} '/dev/imapper/eui -' C|HFO[A Q| MIE[M0f| It A|ARIS HAMEL|CE

o A ARIS Mdsts AEH2 dEfor Thd AJA-0f| w2t CHELICE O] KoM= extd THH A[ARS BEE
YyS 20 FLIC

16



# mkfs.ext4d /dev/mapper/dm-19

mke2fs 1.42.11 (09-Jul-2014)

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

3. M C|HIO|AE DIREY ZEME MMBtLCE
# mkdir /mnt/ext4d
4. C|HIO|AE OIRESIL|LCE,

# mount /dev/mapper/eui.00001ffe5a94ff8500a0980000af4444 /mnt/ext4d

oty A|AH MM(RHEL 8, RHEL 9, SLES 15)

RHEL 8, RHEL 9 & SLES 152| A< H|O|E|E NVMe EX|0| I}Y A|AEHIZ M6t OpA
ANAHRIZ OFRETILICY.

CHA|
1. multipath -l BHS AAst0{ NVMe ZHA| SE2ES 7t ZLICL,

# multipath -11

O| HHo| Ziut= HAE &K[E &= 4 MBS £ JELICEH /dev/disk/by-id/nvme-eui. [uuid#] 1K
LIC} /dev/disc/by-id/nvme-eui .000082dd5c05d39300a0980000a52225.

17



2.

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

IXIE AHESIH A|StH= NVMe ZX| 2| THE|M0]| THY A|ARIS MMSILICE /dev/disk/by-id/nvme-
eul. [1d#].

o AARS ddot= 2 defol ofd A|AR0f| wh2f CHELICE Of KIM|M M= extd THE A|AFIS 2HE
YBS 20 FLIC

rr

# 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

3. Af C|HIO|AS OREY Z0E WHetCt.

4,

18

o

# mkdir /mnt/extd

ClHIO|AE OR2ERfLICY.

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



SAEO|AM AERZ|X| HMAE 2HOISHL|C}

2. MUS @2 C|AZ 9| CHE EMZ CHA| SAEILICEH

3. diff BHES M0 SAtE DU S FE2 0t H|w g,

=
of ot 3 EHE MAELICH

NVMe over FC #4 2 7|EgfL|C}
0| M|0|X|9] PDFE M5t QIAHst CH2
Channel AEZ|X| M HEE 7|
HegtL|Ct.

A HZE EEEX

)l

H o EEEX0|M= StLt 0| &e| SAETF HEER 0 2 HAZELIC

Direct Connect Topology

Host 1 Host 2 Host 2 Host 4
HP1 HP2 HP1 HP2 HP1 HP2 HP1 HP2

N =

Controller A Controller B
* SAE1HBAXE 1 U HEEZH ASAE ZE 1
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* SAE3HBAEZE 14l

ot

ot

AE3HBAXE 2

al
ES

AE4HBAZE 1Y

* SAE4HBAEZE 24

AKX HE EEZX]

Fabric EZZX|0f| A= StL} O] &9 AR(X[7} AHSEILIC & HZSHAIL "NetApp =

™oy o

e

EEYASAE ZE 3
EZ3B3AE ZE 3
EEHASAE TEY4
EEZ{BSAE IE 4

XEE= 29X SE2 HESHAL.

Fabric Topology

Host 1
HP1 HP2

Controller A

I [ U]

Controller B

Zt I AEO|AM O[LA|0|O[Ef NQNE ZtOF E XA 2tefL|Ct.

SAE(O[L|A|0]|O]E]) 1

& AE(0|L|Al0[0]E]) 2

EtZ!l NQN

AEE|X| HHE Q| CHA NQNS 7| = EfLC.

AE2|X| O| ERQILIC

of2f|lo] ZIES2{(Et2)
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