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NVMe/FC(NVMe over Fibre Channel) 3! 7|El M&2 EQ?J NVMe-oF(NVMe over
Fabrics)= ANA(Asymmetric Namespace Access)’} 2=l Ubuntu 22.040{| A X| &l E/L|C},
NVMe-oF 2tZ2| 22, ANA= iSCSI X FC 2tZ0M ALUA LIS ZEQ SUsHH 7L LY
NVMe CtE 22 E Sdlf LA ELIC

ONTAPE AF23H= Ubuntu 22.042] NVMe-oF SAE J1A0f CHSH CHE K|S AT & Q&L LY

* H[O|E[E NVMe-CLI IH7|X|2] NetApp E2{12/2 NVMe/FC HIZAH[O| A0 CHet ONTAP MIF HHE
HEA[RfLCE

* BAIA dm-multipath 28 810 8 2 AE HA 0{HE|{(HBA)2| S2¢t 2 AE0A NVMe 3 SCSIZ7t SE3H=
EaiL S A3t NVMe L1I°'*111|0|*§ TSR] ZoHA| gL ct.

RIEls Aol TSt KPS LHBE S AESHIAIR "NetApp A& 284 TjE2A S
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I %

Ubuntu 22.040(= 7| 2% 2 2 NVMe HIJAH 0] 20] CHo HE L NVMe CHS 227t 24 SHE[of JLELICH M2t
AR 2F0| RSHA| giELICt.

Lod

-

o7l HSh ALY
7 NVMe-oF Z2EZS ALRSH SAN RES XIAE|X] erLict
AIESOf BHES SHoIFh|Tt

CI2 EXIE ARSI X| 2= | A Ubuntu 22.04 AT EQ|0] HA S 2olst 4~ Q&L

EHA|
1. MH{0fl Ubuntu 22.045 HX|gfLICt HX|7} et =|H XIFE Ubuntu 22.04 72 HAstT QU=X| elet|ct.

# uname -r

o EZFH Ooff: ¥

5.15.0-101-generic

2. "NVMe-CLI" I{7|X| & MX|gtL|C}t.

# apt list | grep nvme
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cEH 0
nvme-cli/jammy-updates,now 1.16-3ubuntul.l amdé64

3. Ubuntu 22.04 SAEO||A 0| hostngn 2XtE S &QIBILICH /etc/nvme/hostngn:

# cat /etc/nvme/hostngn
o Ol £ *

ngn.2014-08.org.nvmexpress:uuid:063a9fa0-438a-4737-b9%p4-95a21c66d041

4. 2 2QIBtLICt hostngn 2AFEO0| IF LX|EHL|CE hostngn ONTAP HHE Q| Sl ot A|AEI0| Cist 2XtE

=
::> vserver nvme subsystem host show -vserver vs 106 fc nvme

o

=30 *

Vserver Subsystem Host NON

vs 106 fc nvme ub 106 ngn.2014-08.org.nvmexpress:uuid:c04702c8-e9le-
4353-9995-bad536214631

£ 5 ELICt hostngn EXIE0| YLX|SHX| ELICEH E AMESIMAL vserver modify HH

k=)
oco=
()  ASdtol 2 OIERLIT nostnan o YAIGHS BhEr ONTAP B 519] AlARLS)
=AFELICH hostngn EXHE A% /etc/nvme/hostngn @AE.

NVMe/FC 34

Broadcom/Emulex EE= Marvell/Qlogic O E{0l| CHSH NVMe/FCE 4 = JUSLICH



Broadcom/Emulex
CHA|

1. X 2E= o ZHS ARSI /A=K gel
# cat /sys/class/scsi _host/host*/modelname

o

£ 0 *
LPe36002-M64

LPe36002-M64

# cat /sys/class/scsi _host/host*/modeldesc

- & ol

FEmulex LPe36002-M64 2-Port 64Gb Fibre Channel Adapter
Emulex LPe36002-M64 2-Port 64Gb Fibre Channel Adapter

2. Y% BroadcomE A28t U=XK| 2QISLICH 1prc B0 3 22 HAIS E2t0|H,

(=]

# cat /sys/class/scsi _host/host*/fwrev

14.2.673.40, sli-4:6:d
14.2.673.40, sli-4:6:d

# cat /sys/module/lpfc/version
0: 14.0.0.4

X #El= o-E =20l 5! HAY0] HHo| A4 SE2 S FZRSIMUAL "NetApp &=

3. &QIYLICt 1pfc enable fc4 type 7t 2 HEE|O| JQ&LICE 3:

# cat /sys/module/lpfc/parameters/lpfc enable fc4 type
3

4. O[L|AJoll0|Ef ZET} J7tS I A% FO|H E}2 LIFE

ikt
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# cat /sys/class/fc_host/host*/port name

0x100000109b£0447c

0x100000109b£0447b

# cat /sys/class/fc_host/host*/port state

Online

Online

# cat /sys/class/scsi _host/host*/nvme info
NVME Initiator Enabled

XRI Dist 1lpfcl Total 6144 IO 5894 ELS 250

NVME LPORT lpfcl WWPN x100000109bf0447c WWNN x200000108b£f0447c DID

x022300 ONLINE

NVME RPORT WWPN x200cd039%9eaa8138b WWNN x200ad039%9eaa8138b DID
x021509 TARGET DISCSRVC ONLINE
NVME RPORT WWPN x2010d039%9eaa8138b WWNN x200ad039eaa8138b DID

x021108 TARGET DISCSRVC ONLINE

NVME Statistics
LS: Xmt 000000000e Cmpl 000000000e Abort 00000000
LS XMIT: Err 00000000 CMPL: xb 00000000 Err 00000000
Total FCP Cmpl 0000000000005238 Issue 000000000000523a OutIO
0000000000000002
abort 00000000 noxri 00000000 nondlp 00000000 gdepth
00000000 wgerr 00000000 err 00000000
FCP CMPL: xb 00000000 Err 00000000

NVME Initiator Enabled

XRI Dist 1lpfcO Total 6144 IO 5894 ELS 250

NVME LPORT lpfcO WWPN x1000001090bf0447b WWNN x2000001090bf0447b DID
x022600 ONLINE

NVME RPORT WWPN x200bd039%eaa8138b WWNN x200ad039eaa8138b DID
x021409 TARGET DISCSRVC ONLINE
NVME RPORT WWPN x200£d039%9eaa8138b WWNN x200ad039eaa8138b DID

x021008 TARGET DISCSRVC ONLINE

NVME Statistics
LS: Xmt 000000000e Cmpl 000000000e Abort 00000000
LS XMIT: Err 00000000 CMPL: xb 00000000 Err 00000000
Total FCP Cmpl 000000000000523c Issue 000000000000523e OutIO
0000000000000002
abort 00000000 noxri 00000000 nondlp 00000000 gdepth
00000000 wgerr 00000000 err 00000000
FCP CMPL: xb 00000000 Err 00000000

NVMe/FCE Marvell/QLogic FC O{HE
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1. Ubuntu 22.04 GA 20| T&tEl 7| =2

A2 X[ gla2xxx EELO[H 0= ONTAP X| 20| 2ot X4
YAER +F A0 ASLILCE X[HE= " o

El S2fo[H S Hellof TS dAot JL=X| =l
# cat /sys/class/fc host/host*/symbolic name

° OflH| £= *

QLE2872 FW: v9.14.02 DVR: v10.02.06.200-k
QLE2872 FW: v9.14.02 DVR: v10.02.06.200-k

2. SOIBtL|Ct gl 2xnvmeenable 7t MHEL|CH O32{H Marvell R E{7} NVMe/FC Initiator2 X SE

USLILH.

# cat /sys/module/glaZxxx/parameters/gl2xnvmeenable
1

1MB 1/0 23Kz M)

ONTAP= ZHEZE2{ Al O|0|E{0f| 82] MDTS(MAX Data M& 37|)& E0gLICt O|= £[CH /O H 37|7 1MBZt
= & ol2g olo|gtL|Ct. J2{L} Broadcom NVMe/FC SAEO0| CHa 1MB2| &3 @XM g dastaH 2 520t
°.=.*L||-_—|' 1pfc @ 2t 1pfc_sg seg cnt W] HE J|22) 640(|M 2562 = A SHLILCE.

ThA|
1. Ipfc_sg_seg_cnt Di7HHE 2562 2 HESL|CE.

# cat /etc/modprobe.d/lpfc.conf
options lpfc lpfc sg seg cnt=256

# cat /sys/module/lpfc/parameters/lpfc sg seg cnt
256

(D) Qlogic NVMelFC SAE0= Hgs|x) Lt

NVMe/TCPE M gfL|Ct

NVMe/TCPOll= At& HZ 7|s0| AELICEH W2t ZE27H 1022 712 AlZh Mt Lol S =X g1 CHRE[H



NVMe/TCP7} AtS2 2 ChA| HZE[X| gSELIC AlZH X0t YX[SH{H T2 O|HIEO| TSt A E 7|ZHS &2
30=2= 2FsHOF LTt

|
1. O|L|A|oflOE] ZET} X[ &&= NVMe/TCP LIFOIIA 244 27 T0|X| CI0|E{E 7t E =+ AU=X| =eletL|C}.

nvme discover -t tcp -w host-traddr -a traddr

o ZE Ooff: *

# nvme discover -t tcp -w 10.10.11.47-a 10.10.10.122

Discovery Log Number of Records 8, Generation counter 10

trtype: tcp

adrfam: ipv4

subtype: current discovery subsystem

treq: not specified

portid: O

trsvecid: 8009

subngn: ngn.1992-
08.com.netapp:sn.bbfbdee8dfb61ll1edbd07d03%al65590:discovery
traddr: 10.10.10.122

eflags: explicit discovery connections, duplicate discovery information
sectype: none

trtype: tcp

adrfam: ipv4

subtype: current discovery subsystem

treq: not specified

portid: 1

trsvcid: 8009

subngn: ngn.1992
08.com.netapp:sn.bbfbdee8dfb61ll1edbd07d03%al65590:discovery
traddr: 10.10.10.124

eflags: explicit discovery connections, duplicate discovery information
sectype: none

trtype: tcp

2. CH2 NVMe/TCP O[LIA|OIO|EI-Ef2 LIF X%H0] ZA 271 H0|X| CIO|EIS 4BHOR JHS 4 Q=X
stolgtL|ct,

nvme discover -t tcp -w host-traddr -a traddr
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#nvme dis
#nvme dis
#nvme dis

#nvme dis

3. LEOA X2

cover -t tcp -w
cover -t tcp -w
cover -t tcp -w
cover -t tcp -w

10.10.10.
10.10.10.
10.10.11.
10.10.11.

47
47
47
47

10.
10.
10.
10.

10.
10.
10.
10.

10
10
11

122
.124
122

11.

= 2= NVMe/TCP O|L|A[0|O|E{-E}Z! LIFO|A NVMe connect-all E&
&AL AIZE XD} 7|7HS £ A 302 E= 1800% SOF M SHL|C,

—

nvme connect-all -t tcp -w host-traddr

o= of:
# nvme
# nvme
# nvme
# nvme

connect-all
connect-all
connect-all
connect-all

NVMe-oFE ZAZS&tL|C}

CtE EXAHE A3t NVMe-oF E A5

EHA|

et

-t tcp —-w
-t tcp —-w
-t tcp —w
-t tcp -w

10.
10.
10.
10.

1. in-kernel NVMe multipath7} 2t 43}x[0] QE=X| 2FelgtL|Ct,

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

Y

2. 2t ONTAP H|¢

10.
10.
10.
10.

traddr -1
10.47 -a
10.47 -a
11.47 -a
11.47 -a

1800

10.
10.
10.
10.

EHIOE MFE 2. HAHY |Policy?7t SAEO| SHIEA| Bt E|=X| SHQIgtL|Ct,

# cat /sys/class/nvme-subsystem/nvme-subsys*/model
NetApp ONTAP Controller
NetApp ONTAP Controller

# cat /sys/class/nvme-subsystem/nvme-subsys*/iopolicy

round-robin

round-robin

10.
10.
10.
10.

AHO| AN CHot HESH NVMe-oF A (0ll: NetApp ONTAP ZIEEZ|{Z dHE 2

10.
10.
1,
11.

122
124
122
124

=]
=

-1 1800
-1 1800
-1 1800
-1 1800

% ERE



3. ZAEOM HIYATO| AT HEE| 1 SHIEH| HME|=X] 2hQlstL|Ct.

-

# nvme list

/dev/nvmeOnl 81CZ5BQUUNfGAAAAAAARB NetApp ONTAP Controller

Namespace Usage Format FW Rev

1 21.47 GB / 21.47 GB 4 KiB + 0 B I IT I IS I 1

oX
HU
10
-
[m
M
i)
0x

'EHZt 2}0]| 20| 1 SHHE ANA HENRIX| =telgtL|Ct.

|



NVMe/FC

# nvme list-subsys /dev/nvmeOnl

o

£H0: *

nvme-subsys4 - NQN=ngn.1992-
08.com.netapp:sn.8763d311b2aclled950ed039%a%51c46:subsystem. ub 106
\

+- nvmel fc traddr=nn-0x20a6d039%9ea954d17:pn-
0x20a7d039ea954d17,host traddr=nn-0x200000109b1bS5ef :pn-
0x10000010901b9%5ef 1live optimized

+- nvme2 fc traddr=nn-0x20a6d039%ea954d17:pn-
0x20a8d039%ea954d17,host traddr=nn-0x200000109b1b95f0:pn-
0x10000010901b95f0 1live optimized

+- nvme3 fc traddr=nn-0x20a6d039%9ea954d17:pn-
0x20aad039%ea954d17,host traddr=nn-0x200000109b1b95f0:pn-
0x10000010901b95f0 1live non-optimized

+- nvmeb5 fc traddr=nn-0x20a6d039%9ea954d17:pn-
0x20a9d039%ea954d17,host traddr=nn-0x200000109b1b95ef:pn-
0x10000010901b9%5ef 1live non-optimized

NVMe/TCP

# nvme list-subsys /dev/nvmelnl

o

£H0: *

nvme-subsysl - NQN=ngn.1992- 08.com.netapp:sn.
bbfb4ee8dfb611edbd07d039%eal65590:subsystem.rhel tcp 95

+- nvmel tcp
traddr=10.10.10.122, trsvcid=4420, host traddr=10.10.10.47,src_addr=10
.10.10.47 1live

+- nvme2 tcp

traddr=10.10.10.124,trsvcid=4420,host traddr=10.10.10.47,src_addr=10
.10.10.47 1live

+- nvme3 tcp

traddr=10.10.11.122,trsvcid=4420,host traddr=10.10.11.47,src_addr=10
.10.11.47 1live

+- nvmed tcp

traddr=10.10.11.124,trsvcid=4420,host traddr=10.10.11.47,src_addr=10
.10.11.47 1live
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10

(o]
=

# nvme netapp ontapdevices -o column

Device Vserver Namespace Path

1 79c2c569-b7£fa-42d5-b870-d9%d6d7e5fa84 21.47GB

JSONEZ EESHMAIL

# nvme netapp ontapdevices -o json

° Of®l =

"ONTAPdevices" : |

{

"Device" : "/dev/nvmeOnl",

"Vserver" : "co_ iscsi tcp ubuntu",

"Namespace Path" : "/vol/nvmevoll/nsl",

"NSID" : 1,

"UUID" : "79c2c569-b7fa-42d5-b870-d9ded7e5fa84",
"Size" : "21.47GB",

"LBA Data Size" : 4096,

"Namespace Size" : 5242880

by
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