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NVMe-IP for Gen5 Demo Instruction

1 Overview

This document provides instructions for running the NVMe-IP for Gen5 demo on an FPGA
development board, which involves accessing an NVMe SSD. The demo supports seven
commands: ldentify, Write, Read, SMART, Flush, Secure Erase, and Shutdown, and users can

control the test operation through the FPGA console.

To get started, user must first follow the “dg_nvmeip_fpgasetup_g5” document to set up the FPGA
board. Once the board is setup, the welcome screen is displayed, which shows the IP name, IP
version number, PCle speed, and number of PCle lanes after the IP finishes initialization. The test
menu is then displayed on the console, and users can select the desired test operation by setting

the input on the console.
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Figure 1-1 NVMe-IP for Gen5 main menu
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2 Test Menu
2.1 Identify Command
The Identify command is used to retrieve information about the NVMe SSD. To send the

Identify command, select ‘O’ from the console menu. Once the command operation is
completed, the console displays the following four pieces of information.

+++ Jdentify Command selected +++

Model Numher CSSD-M2M2TPG5NFZ
SSD Capacity = 2000[GB1]
IData size per LBA 512[Byte]l

Secure Erase Command = Support | moqel name, SSD Capacity, LBA unit

——— NUMelIP for Gen5 menu ——- and Secure Erase Command Support

[B] : Identify Command P

[1] : Urite Command (Output from ldentify command)

[2]1 : Read Command

[3]1 : SMART Command

[4] : Flush Command

[5]1 = Secure Erase Command

[6]1 : Shutdown Command

Figure 2-1 Test result when running Identify command

1) SSD model number : This value is decoded from the Identify controller data.
2) SSD capacity : This value is signal output from NVMe-IP.
3) Data size per LBA . This value is signal output from NVMe-IP. Two values are

supported - 512 bytes and 4 Kbytes.
4) Secure Erase Command Support: This value is decoded from the Identify controller data
to show whether the SSD supports the Secure Erase command.

23-May-23 Page 2



dg_nvmeip_instruction_g5_intel.doc M

2.2 Write Command

The Write command is used to write data to the NVMe SSD. To execute the Write command,
select ‘1’ from the test menu.

+ : User input
+ : User output

+++ lprite Command selected +++

Enter Start Address (512 Bytel : E - BxESEBBBAF => B
[Enter Length (512 Byte) H - OxEBEBEBEBA =>
Selected Pattern [BlInc32 [11Dec32 [2]911 B [31A11_1 [4
18.212 [GB1
EE:‘E‘EE Egﬁ} Input test parameterﬂ

Current transfer size

112.895 [GE1]
122.198 [GB]
132.441 [GEB1

Total = 137.438 [GB] . Time = 13584[ms] ., Transfer speed = 18176[MB-=1

— NU"BIP for GenS menu ——- | Output performance
[al Identify Command

[11 : WUrite Command

[2] : Read Command

[3]1 : SMART Command

[4] : Flush Command

[5]1 : Secure Erase Command

[6]1 : Shutdown Command

Figure 2-2 Input and Test result when running Write command

The user needs to input three parameters.

1) Start Address: Specifies the start address to write the SSD as a 512-byte unit. The input is
in decimal unit when the user inputs only digits. The user can add “Ox” as a prefix for
hexadecimal units. When the LBA unit of SSD is 4 Kbyte, this input must be aligned to 8.

2) Transfer Length: Specifies the total transfer size as a 512-byte unit. The input is in
decimal unit when the user inputs only digits. The user can add “Ox” as a prefix for
hexadecimal units. When the LBA unit of SSD is 4 Kbyte, this input must be aligned to 8.

3) Test pattern: Used to select the test data pattern for writing to the SSD. The user can
choose from five patterns, including 32-bit incremental, 32-bit decremental, all 0, all 1,
and 32-bit LFSR counter.

Once all input parameters are validated, the write operation begins. The console displays
the current amount of written data every second to indicate that the system is still running.
Upon completion, the console shows the total size of data, time usage, and test speed as
the test results.

Note: The write performance of SSDs may decrease after long data transfer. In some cases,
the performance can be restored by executing the Secure Erase command
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T et data of 32-bit increment pattern
4—64-bit header of each 512-byte—p
48-bit address

Test data

< Test data of 32-bit LFSR pattern=—————
4-64-bit header of each 512-byte-p
Test data

(512 byte unit) 0x0000 (32-bit increment) 48 bit address 0x0000 (32-bit LFSR)
Of fset 012*3456+7 89A+BC$JEF 012*3456+7 89A*BC+DEF
00000000 |00 00 00 00 00 00[[oo 00| |02 00 00 EIEI||CI3 00 00 Oﬂl |DD 00 00 00 00 DD"DD UUl |FF FF 00 DUllFF FF FF DD|
00000010 04 00 00 00 0OS 0O 0O OO 06 OO0 OO OO O7 OO OO OO | O1 OO OO OO FF 01 00 00 FF FF 01 00 FE FF FF 01
gooo0o0020 08 00 00 00 09 OO OO OO OA OO OO0 0O OB OO OO OO | 02 OO OO0 OO FF 03 00 00 FF FF 03 00 FD FF FF 03
gooooo3o  oC 00 00 00 OD OO OO OO OE 00 00 0O OF OO 00 OO | 04 OO0 OO0 OO FF 07 00 00 FF FF 07 00 FB FF FF 07
goooo040 10 00 00 00 11 OO OO OO 12 00 OO0 00 13 OO0 00 OO | 09 00 OO0 OO0 FF OF 00 00 FF FF OF 00 Fé FF FF OF
goooo0so 14 00 00 00 1S5 00 00 OO 16 OO OO 00 17 OO 00 00O )| 12 00 OO0 OO0 FF 1F 00 00 FF FF 1F 00 ED FF FF 1F
goooo0060 18 00 00 00 19 0O OO OO 14 0O OO0 00 1B OO 00 0O )| 24 00 OO0 OO0 FF 3F 00 00 FF FF 3F 00 DE FF FF 3F
gooooo70 1C 00 00 00 1D OO OO OO 1E 0O 00 00 1F OO0 00 00 || 49 00 00 00 FF 7F 00 00 FE FF 7F 00 Bé FF FF 7F
goooooso 20 00 OO OO 21 OO OO OO 22 00 OO OO 23 OO OO OO || 92 00 OO OO FF FF 00 00 FD FF FF 00 6D FF FF FF
The 1% 512-byte data
gooo0o0i1Do 74 00 00 00 75 00 OO0 OO 76 00 00 00 77 OO 00 OO | F3 24 49 12 C9 Be FF FF 25 C9% B6 FF 28 92 A4 ED
000001E0 78 00 00 00 79 00 OO0 OO 74 00 OO0 0O 7B OO 00 00 || E7 49 92 24 92 6D FF FF 44 92 6D FF 51 24 49 DB
000001F0 7C 00 OO0 00O 7D 00 OO0 00 7E 00 OO 00 7F 0O 00 00 J CF 93 24 49 24 DB FE FF 94 24 DB FE A3 48 92 Bé
00000200 |01 00 00 0O 00 OO OO0 00 82 0O 0O OO 83 00 00 OO0 |02 0O OO OO0 OO OO0 00 0O) FD FF 00 00 FD FF FF 00
00000210 84 00 00 00J8S 'The'i""éiz-b&ie&éta" 00 87 00 00 00 | 04 00 OO0 OOLFA 01 00 00 FA FF 01 00 FE FF FF 01
00000220 88 00 00 00'89 .. .. v. Ja wv -~ 00 8B OO0 00 OO | 09 00 OO0 OOYF4 03 00 00 F4 FF 03 00 Fé FF FF 03

64-bit header

64-bit header

Figure 2-3 Example Test data of the 15t and 2™ 512-byte by using incremental/LFSR pattern

Test data in the SSD is divided into 512-byte units. For incremental, decremental, and LFSR
patterns, each 512-byte data has a unique 64-bit header that consists of a 48-bit address (in
512-byte units) and a 16-bit zero value. The data following the 64-bit header is the test

pattern selected by the user.

The left window of Figure 2-3 shows an example when using a 32-bit incremental pattern
while the right window shows an example when using a 32-bit LFSR pattern. The unique
header is not included when running an all-0 or all-1 pattern.
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When a user runs the Write or Read command with a 4-Kbyte LBA SSD, a message is
displayed on the console to show the input limitation, which must be aligned to 8, as shown
in Figure 2-4. If the input is not aligned to 8, the console displays “Invalid input”, and the
operation is cancelled.

Figure 2-5 shows an example when the input is out of the recommended range for each
parameter. The console displays “Invalid input”, and then the operation is cancelled.

LBA alignment error

Recommended message

p++ Urite Command selected +++ when LBA unit = 4 Kbyte
Please input [Start Address] and [Lengthl 1n unit of 8

Enter Start Address (512 Byte) HL B 8

Enter Length (512 Byte) 1 - Bx2E939993 =>

lnuaiia input|

| When LBA unit = 4 KB and length is not |

aligned to 8, error message is displayed. ‘
Figure 2-4 Error message when the input is unaligned for SSD with 4KB LBA unit

Error input — Out of range address [

+++ lprite Command selected +++
nter Start Address (512 Byte) : @ —|BxEBEM88AF | => |@xFFFFFFFF |

nvalid input

‘ Out of range Length ]

|BxE8EGBBBB| )|BxFFFFPFPF|

‘ Invalid pattern ‘
@ — BxEBEBB88AF => @

1 - OxEGEBA88BA => Bx4000004
21A11_@ [31A11_1 [41LFSR=>|6

+++ Uprite Command selected +++
Enter Start Address (512 Byte>
nter Length (512 Byte)
nvalid input |

+++ lprite Command selected +++

Enter Start Address (512 Byte)

Enter Length (512 Byte>

ﬁelected Pattern [B1Inc32 [11Dec32
nvalid input |

(= LT

|

Figure 2-5 Error message from the invalid input
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2.3 Read Command

The Read command is used to read data to the NVMe SSD. To execute the Read command,
select ‘2’ from the test menu.

+ : User input
+ : User output

+++ Read Command selected +++

Enter Start Address (512 Byte) : a - BxESE@S8AF => (@ '2)
[Enter Length (512 Byte) H — BxEREBABSEA = Bx1BAHHAHAAHA
Selected Pattern [B1Inc32 [11Dec32 [2]911 A [3]A11_1 [4 FER=2 |4
8.467 [GB]
éé:ig?, Egﬁ} Input test parameter

Current transfer size

118.723 L[GB1
127.282 LGB
135.685 [GB1

Total = 137.438 [GB] . Time = 16286[ms] ., Transfer speed = 8488I[MB.- =1

e HUHEIP for GenS5 menu ——— | Output performance
[al Identify Command
[1]1 : Write Command
[2] : Read Command
[3]1 : SHMART Command
[4]1 : Flush Command
[51
[&1]

: Secure Erase Command
: Shutdown Command

Figure 2-6 Input and Test result when running Read command

The user needs to input three parameters.

1) Start Address: Specifies the start address to read the SSD as a 512-byte unit. The inputis
in decimal unit when the user inputs only digits. The user can add “Ox” as a prefix for
hexadecimal units. When the LBA unit of SSD is 4 Kbyte, this input must be aligned to 8.

2) Transfer Length: Specifies the total transfer size as a 512-byte unit. The input is in
decimal unit when the user inputs only digits. The user can add “Ox” as a prefix for
hexadecimal units. When the LBA unit of SSD is 4 Kbyte, this input must be aligned to 8.

3) Test pattern: Used to select the test data pattern for reading and verifying data from the
SSD. The test pattern must match the one used in the Write command menu. There are
five available patterns: 32-bit incremental, 32-bit decremental, all 0, all 1, and 32-bit LFSR
counter.

If all inputs are valid, the test system reads data from the SSD. While the operation is in
progress, the console displays the current amount of read data every second to indicate that
the system is still running. When the operation is complete, the console shows the total size
of data, time usage, and test speed.

If any of the inputs are invalid or unaligned to 8 (for 4-KB LBA SSDs), the console displays
the message “Invalid input” and cancels the operation.
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In case of a failed data verification during Read command, an error message is displayed on
the console, as shown in Figure 2-7. The message “Verify fail” is displayed with information
about the first failure data, such as the error byte address, the expected value, and the read
value.

To cancel the Read operation, the user can press any key(s). However, if the operation is not
cancelled, it will continue running until it finishes. Once it has finished, the output
performance is displayed on the console.

Though the operation is cancelled, the Read command continues running as a background
process and may not finish in a proper sequence. Therefore, it is recommended to power off
and then power on both the FPGA board and adapter board (if connected) after cancelling
the operation.

Verification error without cancellation | | Verification error with cancellation

+++ Read Command selected +++ +++ Read Command selected +++
Enter Start Address (512 Byte) E - BIREEWRF =8 ter Start Address (512 Byte) : @ - B«EBE@SBAF => @
Enter Length (512 Byte) EBEASEBA => Bx100E0008 ter Length {512 Byte) : 1 - BxEBEBSRER =) Bx1A0ABAGE
Selected Pattern [@B1Inc32 [11Dec32 [2Jﬂlle [31a11_1 [4]LFSR 3o elected Pattern EG][ncEZ [11Dec32 [21A11 _@ [31A11_1 [4]LFSR=> B
Uerify fail | Wrong pattem l' ify fail
1st Error at Byte Addr = BxB0000008 st En-nr at Byte Addr = BxOBEOBBEE
Expect Datal511:384] = BxDOPOGBAF_0ARBORAE_HAADARAD_BABHARBC [Expect Datal511:384] = PxAGGAAGEF_PAGPAAGE_AAARAAAD_PABRARAC
Expect Datal383:256] = AxBOAAAGAB_AAAEAARA_MREGRRAY_BAGAGABS [Expect Data[383:256] = BxPAOGAAED_PAPARAGA_AAARAAAGT_POARABAS
Expect Datal255:128]1 = BxDOPOGBAT_HAROORAG_HRADORES _BABOERE4 [Expect Datal255:128]1 = BxDPAGARET_RAGARAGG_PAORREAS _POARAAA4
Expect Datal127: @] = AxB0REABAI_PAAEAAR2_AAGGRRAR_PABAAABA [Expect Datal127: A1 = @xAPABARAI_RARARAR2_AAARARAA_RAAARAARA
Read Datal511:3841 = Bx@7FFFFFB_RBAYFFFF_ARABATFF_PRBRRAE4 ad Datal511:384] = Bx@7FFFFFB_PAB7FFFF_ABABATFF_B00RRand
Read Datal383:256] = Bx@3FFFFFD_BAB3IFFFF_QAAGA3FF_BAGBAGE2 ad Datal383:2561 = Bx@3FFFFFD_R@@3FFFF_0@0RA3FF_BoARRA2
Read Datal255:1281 = Bw@1PFFFPE_AR@1FFFF_BBAAA1FF_PAABRRAEL ad Datal255:1281 = @x@1FFFFFE_Ba@1FFFF_A0ARA1FF_PBARABAL
Read Datal127: @l = BxBBFFFFFF_BAGGFFFF_AGABBAAG_BAABAGEA ad Datal12?7: @1l = Bx@AFFFFFF_A0BOFFFF_MEARRE0A_B0ARARAR
P?:;Ea?énlfﬂy to cancel operation Pg&:g?a.?ycnksy to cancel operation
16.958 (GBI Me?s_.agg wl'!en . 16.937 [GR]
25438 [GB] verification is failed 2t 417 [GR] User enters some keys
33.897 [GB] -} to cancel the operation
Operation is cancelled
118.718 [GB] IPlease reset system hefore startins a new test
127.288 [GB]
135,682 [GB] —— MUMeIP for GenS menu —- Message when
(@) : Identify Command operation is cancelled
Total = 137.438 [GB] , Time = 16287[ms] , Transfer speed = Bdﬂa[rllb'sll (11 : Write Command
2}t oo,
-— NUMeIP for Gen5 menu -— Output performance | : IR
(8] : Identify Command i [4] : Flush Conmand
[1] : Write Command [5] : Secure Erase Command
[21 : Read Command [6] : Shutdown Command
[3] : SMART Command
[4]1 : Flush Command
[5] : Secure Erase Command
[61 : Shutdown Command

Figure 2-7 Data verification is failed
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2.4 SMART Command

Select ‘3’ to send a SMART command to the NVMe SSD. After the operation is complete,
the console will display the SMART/Health Information output (see Figure 2-8). This
information includes both the Health status and SMART log information.

+++ SMART Command selected +++

7 Nealth Status 5 Data output decoded from
[Remaining Life : 90z SMART command
K< SMART Log Information >>
IPercentage Used : 18~
Temperature : 37 Degree Celsius
Total Data Read : 126993 GB
Total Data Read (Raw datad 1 BxBPNBRNBR_BRNRRNBA_B00R0nn0n_KMEC8 74FB
Total Data Uritten : 317480 GB
Total Data Written (Raw datad) : BxP0BARBAN_ARKANRBAN_0A0BBABBRB_24F509DA
Eower On Cycles : 388 Times
ower On Hours : 90 Hours
Unsafe Shutdowns : 28 Times
SMART Command Complete

I NUHeIP for Gen5 menu ———
[a1l Identify Command

[11] : WUrite Command

[2]1 : Read Command

[3]1 = SMART Command

[4]1 : Flush Command

[S]1 : Secure Erase Command
[6]1 : Shutdown Command

Figure 2-8 Test result when running SMART command

The Health status displays the remaining life of the SSD as a percentage, which is
calculated from the Percentage Used value in the SMART log information. The SMART log
information displays the following seven parameters.

1) Percentage used: The percentage of the SSD’s lifespan that has been consumed.

2) Temperature: The temperature of the SSD in degree Celsius.

3) Total Data Read: The total amount of data that has been read from the SSD, displayed in
GB/TB units. Additionally, the raw data without decoding is displayed as a 32-digit hex
number (128 bits). The unit size of raw data is 512,000 bytes.

4) Total Data Written: The total amount of data that has been written to the SSD, displayed in
GB/TB units. Additionally, the raw data without decoding is displayed as a 32-digit hex
number (128 bits). The unit size of raw data is 512,000 bytes.

5) Power On Cycles: The number of times the SSD has been powered on.

6) Power On Hours: The total amount of time in hours that the SSD has been powered on.

7) Unsafe Shutdowns: The number of times the SSD has experienced an unsafe shutdown.
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2.5 Flush Command

To initiate a Flush command on the NVMe SSD, select option ‘4’ from the menu. The Flush
command ensures that all modified data in the cache memory is written to Flash memory in
the SSD.

+++ Flush Command selected +++

I[Flush Command Complete |
 —— NUMeIP for Gen5 mend Message after finishing

[A]1 : Identify Command | the operation
[1] : Write Command

[2] : Read Command

[3]1 : SMART Command

[4] : Flush Command

[5]1 : Secure Erase Command

[6]1 : Shutdown Command

Figure 2-9 Test result when running Flush command

Once the Flush operation is completed, the consoled will display the message “Flush
Command Complete”.

2.6 Secure Erase Command

Select option ‘5’ to initiate a Secure Erase command to the NVMe SSD. Before the operation
starts, a confirmation message is displayed on the console, requesting the user to confirm
the command. The user must enter ‘y’ or ‘Y’ to continue with the operation or any other key
to cancel.

l
+++ Secure Erase Command selected +++ Confirmation massage
Are you sure to erase all Data ? T

[Press ’y’ to confirm : r -
Y £ | | Press ‘y’ to confirm

é;cure Erase Command Complete

——— NUMelIP for Gen5 menu ——-—

Message after
finishing the operation

[B] : Identify Command

[1] : Write Command

[2] : Read Command

[3]1 : SMART Command

[4] : Flush Command

[S5]1 : Secure Erase Command
[6]1 : Shutdown Command

Figure 2-10 Test result when running Secure Erase command

Once the Secure Erase command is completed, the consoled displays the message
“Secure Erase Command Complete”.
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2.7 Shutdown Command

Select ‘6’ to send the Shutdown command to the NVMe SSD.

[al
[11
[21]
[31
[4]
[51
[61

+++

NUMeIP for Gen5 menu ———
Identify Command

Write Command

Read Command

SMART Command

Flush Command

Secure Erase Command
Shutdown Command

Shutdown Command selected +++ Confirmation massage

fAre

you sure you want to shutdown the device now 7 |

[Press 'y’ to confirm :

Press ‘y’ to confirm

The

Shutdown command is complete

device has turned off...

Last message before NVMe-IP

and SSD are inactive status

Figure 2-11 Shutdown command with confirmation

A confirmation message will be displayed on the console, and the user will need to enter ‘y’

or ‘Y’ to proceed with the operation. Press any other key to cancel the operation.

Once the Shutdown operation is complete, “Shutdown command is complete” will be
displayed as the final message. The console becomes inactive. To begin a new test
operation, the user will need to power off and on the test system.
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3 Revision History

Revision

Date

Description

1.0

2-May-23

Initial version release

23-May-23
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