dg_nvmetcp25gip_instruction.doc m

NVMeTCP25G-IP Demo Instruction

Revl1l.0 17-Aug-23

I @ YT oS 2
2 PC Setup fOr NVIMEITCP ... ottt e e e e e et e e e e e e e e e e e e e e e eeeeeeennes 3
2.1 ApPliCAtioN INSTAIALION .......uuiiiiiiiiiiiiiiie bbb 3
2.2 Ethernet Interface Setting 0N TESIPC........cooi i 4
2.3 NVMe/TCP Target Setting 0N TESTPC .........uuuuiiiiiiiiiiiiiiiiiiiiiiiiie e 6
2.4  NVMe/TCP target removing 0N TESIPC ......cocoiiiiiiiiici e e e 9
3 TESE OPEIALION ...ttt 10
3.1 Set NetWOrK PAramEter .........uuuiiiiiiiiiiiiiiiiiiiiiiii s aesssssssssnnnnnnne 11
T O] o1 [T o PPN 14
G TRC T V1Y 1 (<IN @0 0 10 = o T 16
G N S == To [0 1 011 4 F= 1 [ SRR 19
TSI (=Yoo o] 0 T=Tox @00 011 0 =T g o 22
4 REVISION HISTOIY ...ttt 23

17-Aug-23



dg_nvmetcp25gip_instruction.doc m

NVMeTCP25G-IP Demo Instruction

Revl1.0 17-Aug-23

1 Overview

This document describes the instruction to run NVMeTCP25G-IP demo which implements
NVMe/TCP Host for accessing one NVMe SSD installed inside the NVMe/TCP Target. This
document set up the target system by using Test PC installing Ubuntu 20.04.1 OS. The NVMe
SSD on the Target is written or read by the host across 25Gb Ethernet. The test operation to write
or read NVMe SSD must be followed the sequence process of NVMe/TCP which is controlled by
user through FPGA console.

In the document, Topic 2 shows the example to set up NVMe to run NVMe/TCP target and remove

NVMe from NVMe/TCP target on PC Ubuntu OS. Lastly, the operation on FPGA console and the
test result are shown in topic 3. More details of each topic are described as follows.
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2 PC Setup for NVMe/TCP
2.1 Application Installation

Before running NVMeTCP25G-IP demo, some applications need to be installed on TestPC.
These applications require to install once. After that, the installation is not necessary.

sudo apt install ethtool

1) Ethtool is applied to tune performance network card. Use following command to install
ethtools.

sudo apt install nvme-cli

2) NVMe Command Line Interface (NVMe-CLI) is applied to manage NVMe SSDs in Linux
OS. Use following command to install NVMe-CLlI.
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2.2 Ethernet Interface Setting on TestPC

Before running the demo, it is recommended to set up 25Gh

Ethernet network card to get the

best performance by following commands. The new terminal must be opened to start

Ethernet interface configuration.

1) To list the logical name of 25G Ethernet port on Linux terminal, use following command.

sudo [shw -C network

Figure 2-1 shows the results when running the command.
interface connected to the NVMe/TCP host.

Linux Terminal

“enpls0f0” is the 25Gb Ethernet

¢ : Input by user
¢ : Output to user

dg_ipdev(@dgipdev:~$ |sudo lshw -C network

s

product: MT2894 Family [ConnectX-
vendor: Mellanox Technologies
physical id: 0

bus info: pci@0000:01: 00 0

*-network:0 isplay a list of
description: Ethernet interface network connection

6 Lx]

logical name: |enpls0f0

Loglcal name of

25Gb Ethernet connection

version: 00
serial: 08:c0:eb:le:73:3e
capacity: 25Gbit/s

width: 64 bits

clock: 33MHz

capabilities: pciexpress vpd msix

pm bus_master caj

Figure 2-1 Display logical name of 25G Ethernet port
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UnubenmnaII

dg_ipdev@dgipdev:~$ [sudo ifconfig enpls0f0 192.168.25.100 netmask 255.255.255.0
dg_ipdev@dgipdev:~$ [sudo ifconfig enpls0f0 mtu 9000(§)
dg_ipdev@dgipdev:~$ [sudo ethtool -C enpls0f0 adaptive-rx off adaptive-tx Of%ED

dg_ipdev@dgipdev:~$ [sudo ethtool -C enpls0f0 rx-usecs 0 rx-frames 1C
dg_ipdev@dgipdev:~$

2)

3)

4)

5)

Figure 2-2 IP address and Ethernet interface setting

Type “ifconfig <interface> <ipaddr_value> netmask <netmask value>" to set target IP
address and Subnet mask to the desired port of the Ethernet card.

a) Desired (interface) port of Ethernet card = “enp1s0f0”

b) Set IP address = 192.168.25.100, Subnet mask = 255.255.255.0

sudo ifconfig enpls0fd 192,.168.25.100 netmask 255.255.255.0

Type “ifconfig <interface > mtu <mtu_value>" to set maximum transfer unit over TCP/IP. It
needs to set mtu_value = 9000 to support jumbo frame packet.

sudo ifconfig enpls0f0 mtu S000

Turn off Rx-Tx latency improvement algorithm by “sudo ethtool -C <interface> adaptive-rx
off adaptive-tx off”.

sudo ethtool -C enpls0f0 adaptive-rx off adaptive-tx off

Set the highest rate of Rx interrupt by “sudo ethtool -C <interface> rx-usecs 0 rx-frames 1”.
This setting executes PC interrupt every time that PC receives a packet.

sudo ethtoaol -C enpls0fo rx-usecs 0 rx-frames 1
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2.3 NVMe/TCP Target setting on TestPC

This topic describes how to configure TestPC to be NVMe/TCP target after finishing 25G
Ethernet network setting, as shown in Figure 2-3.

Linux Terminal

1 ¢ : Input by user
[g_ipdev@dgipdev:~$ I:udo modprobe nvmet / +: Output to user

dg_ipdev@dgipdev:~$ [sudo modprobe nvmet-tcp (2
g_ipdev@dgipdev:~$ [sudo /bin/mount -t configfs none /sys/ke::nel/config/ji>
jnount: /sys/kernel/config: none already mounted on /sys/fs/bpf. :R

dg_ipdev@dgipdev:~$ [sudo mkdir /sys/kernel/config/nvmet/subsystems/dgnvmettest

dg_ipdev@dgipdev:~$ [cd /sys/kernel/config/nvmet/subsystems/dgnvmettest al
dg_ipdev@dgipdev: /sys/kernel/config/nvmet /subsystems/dgnvmettest$ |echo 1 [sudo tee -a attr_allow_any host > /dev/null \|)
dg_ipdev@dgipdev:/sys/kernel/config/nvmet/subsystems/dgnvmettest$ |sudo mkdir namespaces/1 ]'5\
dg_ipdev@dgipdev:/sys/kernel/config/nvmet/subsystems/dgnvmettest$ |cd namespaces/1/ p
dg_ipdev@dgipdev:/sys/kernel/config/nvmet/subsystems/dgnvmettest /namespaces/1$ |echo -n /dev/nvmelnl |sudo tee -a device_path > /dev/null
dg_ipdev@dgipdev: /sys/kernel/config/nvmet /subsystems/dgnvmettest /namespaces/1$ |echo 1|sudo tee -a enable > /dev/null 6
dg_ipdev@dgipdev:/sys/kernel/config/nvmet/subsystems/dgnvmettest/namespaces/1$ |sudo mkdir /sys/kernel/conflg/nvmet/ports/l
dg_ipdev@dgipdev:/sys/kernel/config/nvmet/subsystems/dgnvmettest /namespaces/1§lcd /sys/
dg_ipdev@dgipdev: /sys/kernel/config/nvmet /ports/1$|echo 192.168.25.100 [sudo tee -a addr_traddr > /dev/null
dg_ipdev@dgipdev: /sys/kernel/config/nvmet /ports/1§|echo tep|sudo tee -a addr_trtype > /dev/null
dg_ipdev@dgipdev:/sys/kernel/config/nvmet /ports/1§|echo 4420|sudo tee -a addr_trsveid > /dev/null
dg_ipdev@dgipdev:/sys/kernel/config/nvmet /ports/1§|echo ipvd [sudo tee -a addr_adrfam > /dev/null
Ho_ipdev@dgipdev: /sys/kernel/config/nvmet/ports/I§ sudo In -s /sys/kernel/config/nvmet/subsystems/dgnvmettest/ /sys/kernel/config/nvmet/p
brts/1/subsystems/dgnvmettest (9)
g_ipdev@dgipdev: /sys/kernel/config/nvmet /ports/1$ [dmesq [grep "nvmet_tcp" —

[ 176.342608) [nvmet_tcp: enabling port 1 (192.168.25.100:4420)
dg_ipdev@dgipdev:/sys/kernel/config/nvmet /ports/1$ I

Figure 2-3 Target setting

Q_ll

1) Load the target module by using following command.

sudo modprobe nvmet

sudo modprobe nymet-tep

2) Mount the kernel user configuration filesystem by using following command.

sudo fbin/mount -t configfs none fsys/kernel /config)

3) Create the target subsystem and define NVMe Qualified Name (NQN). NQN setting in this
step must be matched to TrgNQN setting on NVMeTCP25G-IP demo. For example, the
name is “dgnvmettest”. After that, change directory to the subsystem directory by following
command.

Note: Though TrgNQN on NVMeTCP25G-IP supports up to 256 characters, the demo
system allows user to input the name up to 16 characters. Therefore, NQN length set on
this step must not be more than 16 characters.

sudo mkdir fsys/kernel fconfig/nvm et/subsystems/dgnymettest

cd fsys/kernel foonfig/nymet/subsystems/dgnym ettest

17-Aug-23 Page 6



dg_nvmetcp25gip_instruction.doc m

4)

5)

6)

7

8)

Set attribute to allow every host access with the created target subsystem by using
following command.

echol |sudotee -aattr_allow_any_haost = fdev/null

Note: Using “attr_allow_any_host”is the permission for testing only. In the real system, it is
recommended to lock the permission by Host NQN.

Create a subsystem namespace and change directory to the new directory by using
following command.

sudo mkdir namespaces/1

cd namespaces;/ 1/

Set alocal NVMe SSD installed in TestPC to the created namespace. After that, enable the
namespace by using following command.

echo -n fdev/nvmelnl [sudaotee -a device_path = fdew/null

echo 1|sudotee -aenable = /dev/null

Note: The example of NVMe SSD installed in TestPC is “nvmelnl”. The name may be
different when running other test environments.

Create an NVMe target port to export the created subsystem and change into its directory
path as follows.

sudo mkdir fsys/kernelfconfig/nvmet/ports/1

cd fsys/kernel fconfig/nvmet/portsy1

Configure Ethernet parameters of the created target port including

a) IP address =192.168.25.100
b) Transport type = “tcp”
c) Port number = 4420
d) Address family = “ipv4”

echo 192,168.25.100 |sudotee -a addr_traddr = /dew/null
echotep | sudo tee -a addr_trtype = /dev/null

echo 4420 | sudotee -a addr_trsveid = fdev/null

b i d | endeben A adde Adl e Sl Al |

Note: IP address value corresponds to the IP of Ethernet card port in Topic 2.2 (Ethernet
Interface Setting on TestPC).
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9) Create a soft link pointed to the target subsystem from the created port by using following
command.

sudo In -5 fsys/kernel /oonfig/nvmet/subsystems/dgnvmettest/
foysfkernel fconfig/nvmet/ports/1/subsystems/dgnvmettest

Note: The Target NQN must be corresponded to the previous steps (step 3).

10)Confirm the success of target setting by reading debug message from following command.

dmesg | grep "nvmet_tcp"

11)If the target is set successfully, the message including target IP address and port number
are printed, as shown in Figure 2-4.

|nvmet_tcp: enabling port 1 (192.168.25.100:4420) |
Figure 2-4 NVMe/TCP target setup success message
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2.4 NVMe/TCP target removing on TestPC

This topic describes how to remove NVMe from NVMe/TCP target after finishing testing, as
shown in Figure 2-5.

Linux Terminal |

N

dg_ipdev@dgipdev:/$ |lcd /sys/kernel/config/nvmet (2
dg_ipdev@dgipdev:/sys/kernel/config/nvmet$| sudo rm -f ports/1/subsystems/dgnvmettest |—

dg_ipdev@dgipdev:/sys/kernel/config/nvmet$| sudo rmdir ports/1 | (3
dg_ipdev@dgipdev: /sys/kernel/config/nvmet$| sudo rmdir subsystems/dgnvmettest/namespaces/1 ! -
dg_ipdev@dgipdev:/sys/kernel/config/nvmet$| sudo rmdir subsystems/dgnvmettest/’'— %)

dg_ipdev@dgipdev:/sys/kernel/config/nvmet$ 1 &)
Figure 2-5 Remove NVMe/TCP Target

F

1) Change directory to nvmet by following command.

cd sys/kernel/fconfig/nymet/

2) Remove the target subsystem by following command.

sudo rm -f ports/1/subsystems/dgnvmettest

3) Remove ports directory by following command.

sudo rmdir ports/1

4) Remove namespace directory by following command.

sudo rmdir subsystems/dgnymettest/namespace/1

5) Remove subsystems directory by following command.

sudo rmdir subsystems/dgnvmettest,

After finishing removing the target, NVMe SSD is available for CPU access by using general
NVMe device driver. User can use “hexdump” to check the updated data inside SSD that is
written by the host.
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3 Test operation

shown in Figure 3-1.

FPGA Console

m IP name
(a.
o

After finishing PC and FPGA setup, the welcome screen is displayed on FPGA console, as

. IP information |

+++ |[NVMeTCP25G~IP

> 10G25GEMAC-IP [IPVer

Test design |[[IPVer

= 1.0]| +++

= 1.2]

@

Waiting Ethernet linkup

Wait Ethernet connection

ey

(0]

-=-=- Main menu =---
: Set Network Parameter

@

~ S
Main menu

Figure 3-1 Message after system boot-up

a) IP name and IP version number are displayed.
b) Ethernet connection status on FPGA is displayed.

c) After the Ethernet link is established, main menu is displayed. Otherwise, the error

message to check the Ethernet cable is displayed, as shown in Figure 3-2.

FPGA Console

+++ NVMeTCP25G-IP Test design [IPVer = 1.0] +++

> 10G25GEMAC-IP [IPVer = 1.2]

Waiting Ethernet linkup

Link Down! Please check cable connection
Link Down! Please check cable connection
Link Down! Please check cable connection
Link Down! Please check cable connection
Link Down! Please check cable connection
Link Down! Please check cable connection

Error when Ethernet
link is down

Figure 3-2 Error message when Ethernet connection is down

There are five menus in the test operation. However, only available menu is allowed and
displayed on the console in each step for the proper sequence of NVMe/TCP. The first step

after system boot-up is menu [0] to set the parameters.
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3.1 Set Network Parameter

Select ‘0’ to set the IP parameters.

This menu is used to set IP parameters. After user selects this menu, the current parameters
are displayed on the console. User enters ‘X’ to use the same parameters while other keys
are entered to change IP parameters. After all parameters are set, the current parameters
are displayed again and user will be asked to confirm the parameters. User enters ‘y’ to
confirm the parameter. Otherwise, the parameters are denied and user will be asked to set
the parameter again.

There are seven or eight parameters to set in this menu. Each parameter is verified by CPU.
The parameter is updated when the input is valid. If the input is not valid, the parameter does
not change. The description of each parameter is shown below.

1) Target NVMe Qualifed Name (NQN): Target NQN indicates which target SSD that the
host wants to connect with. The input NQN must not exceed 16 characters, limited by the
demo system. Default value is “dgnvmettest”.

2) Host MAC address: 48-bit hex value to be MAC address of the host (NVMeTCP25G-IP).
The input is 12 digits of hex value. Add “Ox” as a prefix to input as hex value. Default
value is 0x000102030405.

3) Host IP address: IP address of the host. The input is a set of four decimal digits is
separated by “.”. The valid range of each decimal digit is 0-255. Default value is
192.168.25.44.

4) Host port number: Port number of the host side including Admin port and 10O port. Valid
range of input is 0-65535. Default value are 40000 and 40001 for Admin port and 10 port
respectively.

5) Target MAC address mode: Press ‘y’ to change to fixed MAC mode instead of using ARP
mode. Default mode is ARP mode (Get target MAC address from ARP).

6) Target MAC address: 48-bit hex value to be MAC address of the target. The input is 12
digits of hex value. Add “Ox” as a prefix to input as hex value. Default value is
0x101112131415.

Note: This parameter is available when user changes target MAC address mode to be
fixed MAC mode.

7) Target IP address: IP address of the target. The input is a set of four decimal digits is
separated by “.”. The valid range of each decimal digit is 0-255. Default value is
192.168.25.100.

After the confirmation, all parameters are updated to the NVMeTCP25-IP registers.

“IP parameters are set” is shown on the console and Connect command is available on the
main menu as shown in Figure 3-3.
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FPGA Console | | Target MAC by ARP mode
+++ Set Network Parameter selected +++

¢ > User Input
¢ : Invalid Input
¢ : User Output

+++ Current IP Parameter +++

Host NQN (Fixed by f/w) = |dgnvmehtest

Target NQN = |dgnvmettest Current parameter
Host MAC address = [0x000102030405 / before changing

Host IP =1192.168.25.44

Host Admin Port = (40000

Host IO Port = 40001

gargo: ;!:C Mode - Ifgg ?zsn'g‘g 100 Input other keys (not ‘X’)
arge - . . . T to change parameter

Press 'x' to skip parameter setting : E/

Setting NVMeTCP-IP parameter
Input Target NQON : Egnvmottost
Input Host MAC address

Invalid input : Parameter not change
Input Host IP address

Invalid input : Parameter not changa
Input Host port number [ADMIN] : 50000

Maximum chars of
Target NQN is 16

\

Input invalid value
to use same value

Input Host port number [IO] : |50001 [ ——1——|Input valid value to
Press 'y' to fix Target MAC : change parameter
Input Target IP address : %\
Invalid input : Parameter not change

\ Input other keys (not ‘y’)
+++ Current IP Parameter +++ to get target MAC address
Host NQN (Fixed by f£/w) dgnvmehtest from ARP
Target NQN dgnvmettest
Host MAC address 0x000102030405

|_—1 New parameter

Host IP 192.168.25.44

Host Admin Port /

Host IO Port 50001

Target MAC Mode y ARP Confirmation if all

Target IP 192.168.25.100
Press 'y' to confirm : [§

[P parameters are set |-

—— parameters are correct

All parameters are updated
to NVMeTCP25GIP

——= Main menu -—--

[0] : Set Network Parameter Connect menu is allowed after

|E1] : Connect | finishing parameter setting

Figure 3-3 Set Network Parameter result (ARP mode)
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FPGA Console | | Target MAC by Fixed MAC mode

¢ : User Input
¢ : Invalid Input
¢ : User Output

+++ Set Network Parameter selected +++

+++ Current IP Parameter +++

Host NQN (Fixed by f/w) = dgnvmehtest
Target NQON = dgnvmettest
Host MAC address = 0x000102030405
Host IP = 192.168.25.44
Host Admin Port = 40000

Host IO Port = 40001

Target MAC Mode = MAC by ARP

Target IP 192.168.25.100
Press 'x' to skip parameter setting : n

Setting NVMeTCP-IP parameter

Input Target NON : dgnvmettest

Input Host MAC address : n

Invalid input : Parameter not change

Input Host IP address i n

Invalid input : Parameter not change

Input Host port number [ADMIN] : 50000 Press ‘y’ to fix target
Input Host port number [IO] : 50001 — | MAC address
Press 'y' to fix Target MAC [y

Input Target MAC address : |0x08cOeble733e ||

Input Target IP address :n | Input Target
Invalid input : Parameter not change MAG address

+++ Current IP Parameter +++

Host NQN (Fixed by f/w) = dgnvmehtest

Target NON = dgnvmettest

Host MAC address = 0x000102030405

Host IP = 192.168.25.44

Host Admin Port = 50000 Target MAC address is
Host IO Port = 50001 — | displayed in Fixed-MAC mode
Target MAC Mode =|(Fixed MAC ,//”////

Target MAC address =|0x08COEB1E733E

Target IP 192.168.25.100
Press 'y' to confirm : y

IP parameters are set

Figure 3-4 Set Network Parameter result (Fixed MAC mode)
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3.2 Connect

Select ‘1’ to connect the host with the target.

FPGA Console

——- Main menu ---
[0] : Set Network Parameter
[1] : Connect

+++ Connect selected +++ [ Connection status
onnect target successfully]
SSD Capacity = 1000[GB] |

Target SSD capacity

—-—= MaliDh BOnY -——
[2] : Write Command I
[3] : Read Command
[4] : Disconnect

Write/Read/Disconnect
menu are allowed

Figure 3-5 Console result when Connect succeeded

This menu is used to initialize the IP by connecting the host (NVMeTCP25G-IP) with desired
target indicated via Target NQN. Firstly, TCP/IP connection is established via the network
parameters, set from topic 3.1 (Set Network Parameter). After that, NVMe/TCP connection
between host and target is established. Once the host successfully connect with the target,
“Connect target successfully” and the target NVMe SSD capacity are displayed. Also,
Write/Read/Disconnect command are available on the menu, as shown in Figure 3-5.
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If the connecting processes employs more than a second, waiting time is displayed in every
second. When TCP/IP initialization failed or host failed to connect with the target, error status
and error information are displayed. Next, TestPin of the IP is displayed. After error is found,
reset system before starting a new test is required as shown in Figure 3-6 and Figure 3-7.

FPGA Console
+++ Connect selected +++ |Waitingtime (in sec)
012 while connecting

Error Detect
rroxrType = 0x00000100

1
Error status
] Error information when

TCP/IP connection failed

ErrorType[8]: Admin port fails to establish
> Please check Network parameter or Network connection

TestPin[31:0] = 0x0010009F
TestPin[63:32] = 0x00000008 [Tcstpin for debug
TestPin[95:64] = 0x00000001
TestPin[127:96] = 0x00000006

ﬁlease reset system before starting a new test

Figure 3-6 Console result when TCP/IP initialization failed

FPGA Console
+++ Connect selected +++

Error Detect
rrorxType = 0x00000401

Error information when failed

[ErrorType[0] : Target not found |0 connect with target
> Please check Target NON

[ErrorType[1l0] : Admin response incorrect status
> Admin completion entry status = 0x8304

TestPin[31:0] = 0x0000041F
estPin[63:32] = 0x00000500
estPin[95:64] = 0x00000001

TestPin[127:96] = 0x00000006

Elease reset system before starting a new test

Figure 3-7 Console result when host failed to connect with target
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3.3 Write Command

Select ‘2’ to write target NVMe SSD.
This menu is used to test writing operation. The host sends Write command with pattern
data across Ethernet to the target for NVMe SSD writing.

+ : User Input
FPGA Console + - User Output

+++ Write Command selected +++

Please input [Start Address] and [Length] in unit of 16 "\Inputtest parameter
Enter Start Address (512 Byte) : 0 - 0x74706DA0 =>

Enter Length (512 Byte) . 16 - 0x74706DB0 => L

Selected Pattern [0]Inc32 [l]Dec32 [2]All1_0 [3]All_1l [4]LFSR=>[:]

2.470 [GB]
5.048 [GB]
7.636 [GB]

| Cszisplay current transfer size
27.792 [GB] Display performance after
30.338 [GB] completing transferring data
32.910 [GB]

(3)
j —

Total = 34.359 [GB] , Time = 13571[ms] , Transfer speed = 2531 [MB/s]

--- Main menu ---
[2] : Write Command
[3] : Read Command
[4] : Disconnect

i

Figure 3-8 Test result when running Write command

User inputs three parameters as follows.

1) Start Address: Input start address to write target NVMe SSD as 512-byte unit. The input is
decimal unit when user enters only digit number. User can add “Ox” to be prefix for
hexadecimal unit. This input must be aligned to 16 because data length of one Write
command is fixed to 8192 bytes (16 x 512-byte).

2) Transfer Length: Input total transfer size as 512-byte unit. The input is decimal unit when
user enters only digit number. User can add “Ox” to be prefix for hexadecimal unit. This
input must be aligned to 16 because data length of one Write command is fixed to 8192
bytes.

3) Test pattern: Select test data pattern for writing to target NVMe SSD. There are five
patterns, i.e., 32-bit incremental, 32-bit decremental, all 0, all 1, and 32-bit LFSR counter.
Note: Some SSDs shows the best performance when using all O pattern.

When all inputs are valid, the operation begins. During writing data, current amount of
transferred data is displayed on the console every second to show that system is still alive.
Finally, total size, total time usage, and test speed are displayed on the console as test
result.
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Test data in NVMe SSD is split into 8192-byte unit. For incremental, decremental, and LFSR
pattern, each 8192-byte data has unique 64-bit header consisting of 48-bit address (in
512-byte unit) and 16-bit zero value. The data after 64-bit header is the test pattern which is
selected by user. Figure 3-9 shows the example when using 32-bit incremental pattern while
Figure 3-10 shows the example when using 32-bit LFSR pattern. The unique header is not

included when running all-0 or all-1 pattern.

64-bit pattem header of
each 8192-byte
I 48-bit address I Zero | Test data
(512-byte unit) value | (32-bit Incremental) |

dg_ipdevidyipdev:~$ sudo Mexdump Kdev/nvmednl -s 0 -n 16384
0000000 (0000 0000 0000/0000/[0002 000010003 0000]
0000010 0004 0000 0005 0000 0006 0000 0007 0000
0000020 0008 0000 0009 0000 000a 0000 000b 0000
0000030 000c 0000 000d 0000 000e 0000 000£f 0000
0000040 0010 0000 0011 0000 0012 0000 0013 0000
0000050 0014 0000 0015 0000 0016 0000 0017 0000
0000060 0018 0000 0019 0000 001a 0000 001b 0000
0000070 001c 0000 001d 0000 00le 0000 001f 0000

| |
The 15 8192-byte data L]

0001£c0 07£0 0000 07£1 0000 07£2 0000 07£3 0000
0001£d0 07£4 0000 07£5 0000 07£6 0000 07£7 0000
0001£fe0 07£8 0000 07£9 0000 07fa 0000 07fb 0000
0001££0 07fc 0000 07£fd 0000 07fe 0000 07££f 0000
0002000 (0010 0000 0000 0000]0802 0000 0803 0000

The 2" 8192-byte data *
64-bit header

Figure 3-9 Example Test data of the 15t and 2" 8192-byte by using incremental pattern

64-bit pattem headerof
each 8192-byte =
48-bit address Zero Test data
l (512-byte unit) | value I | (32-bit Incremental) |

dg_ipdev@dgipddv:~§ sudoMhexdumph/dev/nvmelnld-s 0 -n 16384
0000000 [0000 0000 0000100001 0001 0000{0002 0000}

0000010 0004 0000 0009 0000 0012 0000 0024 0000
0000020 0049 0000 0092 0000 0124 0000 0249 0000
0000030 0492 0000 0924 0000 1249 0000 2492 0000
0000040 4924 0000 9249 0000 2492 0001 4924 0002
0000050 9249 0004 2492 0009 4924 0012 9249 0024
0000060 2493 0049 4927 0092 924f 0124 249e 0249
0000070 493c 0492 9279 0924 24f3 1249 49e7 2492

The 1% 8192-byte data o

0001fc0 8dd7 a0a3 lbaf 4147 375f 828e 6ebe 051c
0001£d0 dd7c 0a38 baf8 1471 75£0 28e3 ebel 51cé6
0001fe0 d7cl a38d af83 471b 5£07 8e37 belf lcée
0001££0 7cle 38dd £83c 71ba £078 @375 e0fl céeb
0002000 [0010 0000 0000 0000]0021 0000 0042 0000

The 2"98192-byte data *
64-bit header

Figure 3-10 Example Test data of the 15t and 2"@ 8192-byte by using LFSR pattern
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Figure 3-11 show the message when user runs Write or Read command with invalid input.
The console displays “Invalid input” and then the operation is cancelled

+++ Write Command selected +++ Recommend message
lease input [Start Address] and [Length] in unit of 16
Enter Start Address (512 Byte) : 0 - 0x74706DA0 =>|0x18

Invalid input Unaligned input for address

+++ Write Command selected +++

Please input [Start Address] and [Length] in unit of 16
Enter Start Address (512 Byte) : 0 - 0x74706DA0 => 0
Enter Length (512 Byte) : 16 - 0x74706DB0 =>|0x18

Invalid input Unaligned input for length

+++ Write Command selected +++

Please input [Start Address] and [Length] in unit of 16

Enter Start Address (512 Byte) : 0 - 0x74706DA0 =>|0xFFFFFFFF
Invalid input] Out-of-range input

+++ Write Command selected +++
Please input [Start Address] and [Length] in unit of 16

Enter Start Address (512 Byte) : 0 - 0x74706DA0 =>|nlInvalid input
Invalid input

+++ Write Command selected +++
Please input [Start Address] and [Length] in unit of 16
Enter Start Address (512 Byte) : 0 - 0x74706DA0 => 0

Enter Length (512 Byte) : 16 - 0x74706DB0 => 0x4000000
Selected Pattern [0]Inc32 [1]Dec32 [2]All_0 [3]All_l [4]LFSR=>[:]
Invalid input Out-of-range input

Figure 3-11 Error message when the input is unaligned, out-of-range, or invalid
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3.4 Read Command

Select ‘3’ to read target NVMe SSD.

This menu used to test reading operation. The host sends Read command across Ethernet

to the target for NVMe SSD reading. Next, the host waits for received data which is read out
from target NVMe SSD.

¢ : User Input
¢ : User Output

FPGA Console | Buffer size =1 MB

+++ Read Command selected +++

. . . Input test parameter
Please input [Start Address] and [Length] in unit of 16

Enter Start Address (512 Byte) : 0 - 0x74706DA0 =>
Enter Length (512 Byte) : 16 - 0x74706DB0 => |0x4000000
Selected Pattern [0]Inc32 [1]Dec32 [2]Al1_0 [3]All_1 [4]LFSR=>[:]
2.621 [GB]
5.326 [GB]
8.034 [GB]

| (.z.kDisplay current transfer size
26.851 [GB] Display performance after
29.551 [GB] completing transferring data
32.181 [GB]

(3)
Total = 34.359 [GB] , Time = 12823[ms] , Transfer speed = 2679[MB/s]

--- Main menu ---
[2] : Write Command
[3] : Read Command
[4] : Disconnect

Figure 3-12 Test result when running Read command with 1-MB read buffer size

¢ > User Input
¢ : User Output

FPGA Console | Buffer size =64 KB

+++ Read Command selected +++
Please input [Start Address] and [Length] in unit of 16 (4

Input test parameter

Enter Start Address (512 Byte) : 0 - 0x74706DA0 =>(0
Enter Length (512 Byte) : 16 - 0x74706DB0 =>| 0x4000000
Selected Pattern [0]Inc32 [1]Dec32 [2]Al1_0 [3]All_1 [4]LFSR=>[4]
1.423 [GB]

2.892 [GB]

4.356 [GB]

| (szisplay current transfer size

gg:gg Egg} Display performance after
33.336 [GB] completing transferring data

©)
Total = 34.359 [GB] , Time = 23728[ms] , Transfer speed =\1448[MB/8]

--- Main menu ---
[2] : Write Command
[3] : Read Command
[4] : Disconnect

Figure 3-13 Test result when running Read command with 64-KB read buffer size
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For Read the target NVMe SSD, user inputs three parameters as follows.

1) Start Address: Input start address to read target NVMe SSD as 512-byte unit. The input is
decimal unit when user enters only digit number. User can add “Ox” to be prefix for
hexadecimal unit. This input must be aligned to 16 because data length of one Read
command is fixed to 8192 bytes.

2) Transfer Length: Input total transfer size as 512-byte unit. The input is decimal unit when
user enters only digit number. User can add “0x” to be prefix for hexadecimal unit. This
input must be aligned to 16 because data length of one Read command is fixed to 8192
bytes.

3) Test pattern: Select test data pattern to verify received data from target NVMe SSD. Test
pattern must be matched with the pattern using in Write Command menu. There are five
patterns, i.e., 32-bit incremental, 32-bit decremental, all-0, all-1, and 32-bit LFSR counter

Similar to Write command menu, test system reads data from target NVMe SSD when all
inputs are valid. During reading data, current amount of transferred data is displayed on the
console every second to show that system is still alive. Total size, total time usage, and test
speed are displayed after finishing the operation.

Referred from NVMeTCP25G-IP specification, read performance depends on read buffer
size as shown in Figure 3-12 and Figure 3-13. Using larger read buffer size may improve the
read performance.

Figure 3-14 and Figure 3-15 show error message when data verification is failed without and
with cancellation respectively. “Verify fail” is displayed with the information of the 1st failure
data, i.e., the error byte address, the expected value, and the read value.

User can press any key(s) to cancel read operation. Otherwise, the operation is still run until
finishing Read command. After that, the output performance is displayed on the console.

When cancelling the operation, the read command still runs as the background process and
may not finish in a good sequence It is recommended to reset FPGA board. Also, Port
connection on target is not closed properly, so it needs to change Admin/IO port number
before re-connecting.
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FPGA Console | Verification error without cancellation

+++ Read Command selected +++

Please input [Start Address] and [Length] in unit of 16

Enter Start Address (512 Byte) : 0 - 0x74706DA0 => 0

Enter Length (512 Byte) : 16 — 0x74706DB0O0 => 0x4000000
Selected Pattern [0]Inc32 [1l]Dec32 [2]Al1ll1_0 [3]All_1 [4]LFSR=> 3

Message when
Verify fail verification is failed
1st Error at Byte Addr 0x00000000
Expect Data[127:0] OXFFFFFFFF_FFFFFFFF_FFFFFFFF_FFFFFFFF
Read Data[127:0] 0x00000002_00000001_00000000_00000000
Press any key to cancel operation

2.577 [GB]

5.203 [GB]

7.790 [GB]

26.572 [GB]
29.158 [GB]

31.778 [GB] Output performance

Total = 34.359 [GB] , Time = 12985[ms] , Transfer speed = 2645[MB/s]

Figure 3-14 Test result when data verification is failed (without cancellation)

Verification error with cancellation

+++ Read Command selected +++
Please input [Start Address] and [Length] in unit of 16

Enter Start Address (512 Byte) : 0 - 0x74706DA0 => 0

Enter Length (512 Byte) : 16 — 0x74706DB0 => 0x4000000

Selected Pattern [0]Inc32 [l]Dec32 [2]A11_0 [3]All 1 [4]LFSR=> 3
Message when

Verify fail verification is failed

lst Error at Byte Addr
Expect Data[127:0] OXFFFFFFFF_FFFFFFFF_FFFFFFFF_FFFFFFFF
Read Data[127:0] 0x00000002_00000001_00000000_00000000
Press any key to cancel operation

0x00000000

_f, . igz [gB] User enters some keys
. [GB] to cancel the operation
7.749 [GB]

Operation is cancelled
Please reset system before starting a new test

Message when

--- Main menu --- operation is cancelled
[2] : Write Command

[3] : Read Command
[4] : Disconnect

Figure 3-15 Test result when data verification is failed (with cancellation)
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3.5 Disconnect Command

Select ‘4’ to disconnect host with the target.
This menu is used to terminate the connection between the host (NVMeTCP25G-IP) and the

target which is established in topic 3.2 (Connect Command). When user selects Disconnect,
the confirmation message is displayed on the console. User enters ‘y’ to continue the

operation or enters other keys to cancel the operation.

FPGA Console ¢ : User Input
¢ : User Output

——— Main menu -—-—-
[2] : Write Command
[3] : Read Command
[4] : Disconnect

+++ Disconnect selected +++
[Are you sure to disconnect the target 7|

[Press "y' to confirm : [¥]Press ‘y’ to confirm | Confirmation message

I
Message when host
disconnects with target

Pisconnect target successfully

——— Main menu -——-—
[0] : Set Network Parameter

[1] : Connect

Once the host successfully disconnect with the target, “Disconnect target successful” is
displayed on the console. At this point, user can change IP parameters by Set Network
Parameter or re-connect the host with the previous target by Connect command.

Figure 3-16 Console result when running Disconnect command
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4 Revision History

Revision

Date

Description

1.0

25-Mar-22

Initial version release
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