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1 Overview

This document provides comprehensive instructions for demonstrating high-speed DMA data transfers between an
NVMe Gen4 SSD and main memory using the NVMeG4-IP core from Design Gateway on a PetaLinux-based FPGA
system. The demonstration environment is booted from an SD card and controlled via a Serial console. Users interact
with the system through a terminal interface, issuing commands to perform various NVMe operations. The demo
supports seven commands: Identify, Write, Read, SMART, Flush, Secure Erase, and Shutdown. These operations
are executed through a dedicated test application named “dgnvme”, which highlights the full data transfer
performance of the NVMe Gen4 SSD - reaching speeds of up to 6900 MB/s for write operations and 7500 MB/s for
read operations.

To begin the demo, users must first prepare the hardware according to the setup instructions provided in the
“‘NVMeG4IP-dmalinux-fpgasetup-amd” document. This setup process includes hardware connection, SD card
preparation, and FPGA configuration. Once the FPGA has fully booted from the SD card, a login screen will appear
on the Serial console, as illustrated Figure 1. Users enter “root” for both the username and password to log into the
Linux system.

Login : root

Password : root

PetaLinux 2022.1_release_S04198222 DGpetalinux ttyPSH

DGpetalinux login: root| yser Login
Password:

[ 20.87530371 audit: type=1006 audit(1745804894.120:2>: pid="
[ 20.887737]1 audit: type=1300 audit{(1745804894.120:2)>: archs;
[ 20.914197]1 audit: type=1327 audit{(1745804894.120:2)>: proct
root@DGpetalinux:"#

Figure 1 Log-in Window

Upon successful login, users can launch the test application by entering the command “dgnvme” at the terminal
prompt. This initiates the demonstration, enabling execution of various NVMe commands and real-time monitoring
of the system’s performance through the Serial console. Overall, this overview introduces how to evaluate the
capabilities of the NVMeG4-IP under PetaLinux. It provides not only insights into achievable performance but also a
practical guide for operating the test application in an FPGA-based environment.

NVMeG41P-dmalinux-instruction-amd -2- Copyright © 2025 Design Gateway Co.,Ltd



DMA-PetaLinux demo by NVMeG4IP M

2 Test Application

Before running the test application, it is important to verify that the NVMe Gen4 driver module and the NVMe Gen4
device has been properly installed and initialized. This can be done using the “Ismod” command, as illustrated in
Figure 2.

+: User input
¢ User output

]
rootBDGpetalinux:~H |lsmod H View loaded kernel modules
Module Size Used by
uwio_pdrv_genirq 16384
dmaprox 16384 @8
20480 @
axidma_dua 16384 @
root@DGpetalinux:™} |

| NVMe Gen 4 driver module

Figure 2 Drivers Loaded in the System

The “Ismod” command lists all kernel modules currently loaded into the system. Users should check for the presence
of the “dg_nvmeg4drv” module, which indicates that the device for the NVMe Gen4 interface has been successfully
loaded.

Once the driver is confirmed to be active, users can execute the “Is /dev/dgnvme*” command to list the device nodes
created by the driver. This command searches for device files that match the “dgnvme” naming pattern.

+: Userinput
+: User output

rootB@DGpetalinux:~# ls|/dev/dgnume —| List dgnvme devices
/dev/dgnume -
lroE[otEa[ petala 1|nux\|= = NVMe Gen 4 device detected |

Figure 3 NVMe Device Detected

If the NVMe Gen4 device has been correctly detected and initialized, the console will display a device node —
“/dev/dgnvme0”, indicating that the system is ready to perform NVMe operations.

i Hhie Vd 7/ e n
1s: /dev/dgnume*: No such file or directory| godew;e
root@DGpetalinux:"H etecte

Figure 4 NVMe Device Not Detected

However, if the NVMe Gen4 device fails to initialize or is not properly connected, the command will return an error
message: “Is: /dev/dgnvme*: No such file or directory”. In such cases, users should recheck the hardware setup to
resolve the issue before proceeding.
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Once the NVMe Gen4 device is successfully initialized, users can proceed to run the test application “dgnvme”,
which is used to execute various NVMe commands supported by the NVMeG4-IP core. A list of supported commands
can be viewed by running “dgnvme help”, as shown in Figure 5.

+: User input
+: User output

I—‘ List all supported commands
root@DGpetalinux:“# |dgnume help | | : :
- | | Usage instructions I—

Usage:
dgnume {command?> {device> [options]

The ’'{device>’ is NUMe character device (ex: /dev/dgnume@)

Command :
identify Read Identify Controller and Identify Namespaces data
urite Test performance for writing data to SSD
read Test performance for reading data from SSD
secure—erase Erases all data in the $SD
smart Read SMART / Health Information log page
flush Force the SSD controller to write cached data to the flash memory
shutdown Safe shutdown operation for the SSD
help Display this help.

See ’dgnvme help {command>’ for more information on a specific command
rootBDGpetalinux:“H#

Figure 5 Help Command

e <command>: Specifies the operation to be performed on the NVMe device. Supported commands include:

e identify : Displays device identification data in either decoded or raw format.

e write : Writes data to the device.

e read : Reads data from the device.

e smart : Displays SMART health information.

o flush : Forces cached data to be written to the device.

e secure-erase : Issues a Secure Erase command.

e shutdown : Safely powers down the device.

e help : Displays usage information and available options for each command.

o <device>: Specifies the NVMe device file to be accessed. In this demo, the driver is preloaded into the Linux
kernel, so no manual insertion is required. The device can typically be accessed via “/dev/dgnvme0”.

[options]: Additional parameters that may be required depending on the command. Some commands support
multiple options such as operation modes, offsets, or lengths. These parameters allow users to customize the
behavior of the command. For detailed information about the available options, enter “dgnvme help <command>".
For example, “dgnvme help identify” displays all supported options for the Identify command.
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2.1 Identify Command

- ¢: User input
ﬁuot@DGpetalinux:"ﬂ dgnume help identify H Check command options +: User output
sage:
dgnvme identify {device> [-d] [-» <byte_addr> <{nbytes>]
The ’<{device>’ is NUMe character device (ex: /dev/dgnume@>)
Required:
{device> specify the dgnume device
Options:
-d, ——decoded show Model Number, SSD Capacity,. Data size per LBA,
Secure Erase Command Support.
-r, ——raw <hyte_addr> <{nbytes> show information as raw data.
<{hyte_addr>: Start address in Bytes.
{nhytes> : Number of Bytes to display.
Note:
<{hyte_addr> + <{nbytes> must not exceed 8192 hytes.
Examples:

dgnume identify /dev/dgnumeB -d

dgnvme identify /dev/dgnumed -r Bx108 64
root petalinux:

Figure 6 Identify Command Options

The Identify command is used to retrieve identification data from the NVMe device. As shown in Figure 6, this
command provides two output formats for displaying the retrieved data.

Decoded Output Format

The decoded format presents the identify data in a human-readable structure. It extracts and displays key information
about the NVMe device, as illustrated in Figure 7.

+: User input
+: User output

‘ Identify with decoded option ‘
rootEDGpetalinux:"#Idgnume identify /dev/dgnume® -d |

+++ Jdentify +++
odel Number WDS1PPT1ROE-POAFYO

88D Capacity : 16080[GB]

Data size per LBA : 512[Byte]l

Ualid Address : B - Bx747086daf [512 Byte Unitl
Secure Erase Command ¢ Support

rootBDGpetalinux: " H Decoded data output
from ldentify command

Figure 7 Decoded Mode of Identify Command
The displayed information includes:
e Model Number: Decoded from the Identify Controller data, indicating the model of the device.
e SSD Capacity: Provided by the NVMeG4-IP, indicating the total usable storage capacity of the device.

e Data size per LBA: Provided by the NVMeG4-IP, indicating the size of each logical block address (LBA), either
512 bytes or 4 KB, depending on the device configuration.

e Valid Address: Provided by the NVMeG4-IP, showing the highest valid address that can be accessed by the host.

e Secure Erase Command: Decoded from the Identify Controller data, indicating whether the device supports the
Secure Erase feature.
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Raw Data Format

The raw format displays the identify data as a hexadecimal output. This command format is:
>> identify -r <byte _addr> <nbytes>
The “byte_addr” specifies the starting address in bytes, and the “nbytes” defines the number of bytes to be read.

The total amount of data retrievable with this command is 8 KB. The first 4KB contains the “Identify Controller Data
Structure”, while the remaining 4KB contains the “Identify Namespace Data Structure”. Therefore, the sum of
“byte_addr” and “nbytes” must not exceed 8192 bytes. If this limit is exceeded, the command will return an error

message.

¢: User input

NVMeG4IP-dmalinux-instruction-amd

+++ [d

entif

l Identify with raw data option

| +: User output

root@DGpegalinux:"ﬂ dgnume identifﬁ /dev/dgnumed -r Bx0 Bx200

+++

B? 15 B?7 15 32 31 31 34 31 33 34 35 35 36 30 34
20 20 20 20 26 20 20 20 57 44 53 31 30 38 54 31
58 30 45 2D 30 30 41 46 59 30 20 20 20 20 20 20
20 20 20 20 26 20 20 20 20 20 20 20 20 20 20 20
36 31 33 30 30 30 57 44 04 44 1B 00 00 @7 20 20
00 94 01 00 26 A1 07 B0 40 42 OF 00 00 02 00 60
B2 90 00 90 00 PP PO OO B0 PP GO PP A0 OO A 61
AP 00 90 90 GO PO 0 PO BA A A0 AP 00 PO 00 00
0P 90 00 9@ G0 PP OO PO PO PP A0 VP 00 OO A0 0O
AP 00 90 90 GO 90 0 PO BA PO A0 AP 00 PO 00 60
0P 90 00 9@ 0O PP PO PO PO P A0 PP 00 OO A0 0O
AP 00 90 90 GO 90 0 PO AA PO 00 AP 00 PO 00 60
0P 90 00 9@ OO PP OO PO PO PP A0 PP 00 OO 00 6O
A0 90 90 90 GO B0 0 OO AA PO A0 AP 00 VO 00 60
0P 90 00 9@ OO PP OO PO PO PP B0 VP 00 PO 00 6O
A0 00 90 00 GO 90 0 B0 BA GO 00 AP 00 OO 00 00
17 06 94 07 14 1E FF 84 61 81 65 01 69 81 32 00
A0 00 90 90 G0 @0 9@ @O AA 6@ DB E@ E8 00 00 00
0P 90 00 90 GO PO OO PO PO PP G0 AP 00 OO 00 6O
A0 00 G0 00 06 B0 P B0 0 @@ 00 BB 66 B0 A1 61
00 90 01 9@ 11 @1 65 01 B2 0@ 00 60 00 V0 00 6O
A0 00 90 00 G0 @0 0 0O AA GO 00 AP 00 B0 00 60
A1 00 00 90 GO PO O OO GO PO A0 AP 00 OO 00 6O
A0 00 90 00 00 @0 0@ B0 AA GO 00 AP 00 B0 00 00
0P 00 00 90 GO PO O PO GO PO A0 AP 00 PO 00 6O
A0 00 90 00 00 @0 0@ B0 AA GO 00 AP 00 B0 00 00
0P 00 00 90 GO PO O OO PO PO A0 AP 00 PO 00 6O
0P 90 00 AP 00 PP PO PP PO PP B0 OO 00 OO A0 0O
AP 00 00 90 GO PO O PO GA PO A0 AP 00 PO 00 6O
0P 90 00 AP 00 PP OO PO PO PP A0 VP A0 OO A0 0O
AP 00 A0 90 GO B0 O OO BA PO B0 AP 00 PO 00 66
AP 90 00 AP 6D PP P PO PO DA A0 OO AA OO 0O 0O

.. ..211413455604
WDS100T1
XOE-BBAFYA

6130004D.D....

Raw data output
from ldentify comman

[=3

Figure 8 Raw Data Mode of Identify Command
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2.2 Write Command

[ Check command options } Optional: Device specified
= ¢: User input
rootBDGpetalinux:"#|dgnume help write| Zdev/dgnumed ¢: Optional
Usage:
dgnume write {device> -m {patt_mode> -a <block_addr> -1 <{hlock_len>
The ’{device)’ is NUMe character device (ex: /dev/dgnume@)
Required:
(device> specify the dgnume device
Options:
-n, --node {patt_mode> patt_mode = {perf, zero, one, inc, dec?
-n, --node perf test werite performance (no pattern).
-n, --node zero test write with zero pattern.
-n, --mode one test write with one pattern.
-n, --mode inc test write with increased pattern.
-n, --node dec test write with decreased pattern.
-a, ——address <{hlock_addr> start address for transfer.
¢block_addr>: Address in 512-Byte units.
-1, --length <block_len> transfer length in hlocks.
{block_len> : Number of hlocks (512 Bytes per hlock).
Note:
{block_addr> + <hlock_len> must not exceed device capacity: BxES8EG88BA.
o
Examples: Device Capacity — Displayed only
dgnume write /dev/dgnume@® -m perf -a @x@ -1 Bx80@BB0  when user inputs device specified
root@DGpetalinux:"H (/dev/idgnvme) in help command

Figure 9 Write Command Options

The Write command is used to transfer data from main memory to the NVMe device. It requires three input
parameters, as shown below:

>> dgnvme write <device> -m <patt_mode> -a <block_addr> -| <block_len>

e <patt mode> : Specifies the test data pattern to be generated in main memory for the write operation.
Supported modes include:

e perf : Performance mode using dummy data (optimized for speed).
e oOne : Writes a pattern of all 1s.

e Zzero : Writes a pattern of all Os.

e inc : Writes a 32-bit incremental data pattern.

e dec : Writes a 32-bit decremental data pattern.

e <block_addr> : Specifies the starting address on the device where the write operation begins, specified in units
of 512 bytes.

e <block len> : Specifies the amount of data to be written, specified in units of 512 bytes.

Note: The sum of “block_addr” and “block len” must not exceed the total device capacity. This capacity can be
confirmed using the output of the Identify command or by referencing the usage information provided by “dgnvme
help write <device specified>".
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+: User input
¢: User output

Write Command with three parameters
root@DGpetalinux:“H# dgnume write /dev/dgnumed -m perf -a BxB0 -1 Bx4000000
Report Progress
[Pending] | Progress : 627 Transfer Speed : 7158 MB/s Runtime : 3 sec|

| Display progress every seconds |

¥

root@DGpetalinux:"“# dgnume write /dev/dgnume® -m perf -a OxB@ -1 Bx4000000
Report Progress _ _
[Complete] Progress : 100z | Average Speed : 6907 MB/s TotalTime : 4 sec |

root@DGpetalinux:"™# | Final result and exit application |

Figure 10 Write Command with Performance Mode

Once the required parameters are validated, the write process begins. During execution, the console provides real-
time updates every second, showing the percentage of data written, current transfer speed in MB/s, and elapsed
time in seconds. After the operation is complete, the application displays a summary that includes the total amount
of data transferred, the average transfer speed, and the total time taken for the operation.

As shown in Figure 10, the system achieves maximum write bandwidth when using performance mode (-m perf),
where the CPU does not generate any data pattern. This allows the system to fully utilize high-speed DMA transfers
without CPU involvement, resulting in optimal throughput.

¢ User input
¢ User output

Write Command with incremental pattern
So]o%) |

rootBDGpetalinux:“#| dgnume write /dev/dgnumed -m inc -a Bx@ -1 Bx400

Report Progress
[Complete] Progress : 100z Aiverage Speed :|1184 MB/s TotalTime : 29 sec "

root@DGpetalinux:™H | Reduced Performance |

Figure 11 Write Command with 32-Bit Incremental Data Pattern

In contrast, Figure 11 illustrates the write command executed in incremental pattern mode. In this mode, the CPU is
responsible for generating and preparing all the data before it is written to the device. This additional processing
introduces overhead, which typically results in reduced performance compared to the performance mode, where
data is transferred directly via DMA without CPU involvement.
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2.3 Read Command

| Check command options Optional: Device specified
' == ¢: User input
root@DGpetalinux:“# |[dgnume help read|/dev/dgnumed ¢: Optiona
Usage:

dgnume read {device> -m dump -a <hlock_addr>
dgnume read <{device> -m {patt_mode> -a <block_addr> -1 <block_len>

The ’{device)’ is NUMe character device (ex: /dev/dgnvmed)

Required:
(device> specify the dgnume device
Options:
-n, --node {patt_mode> patt_mode = {perf, zero, one, inc, dec)
-n, —-mode perf test read performance (no verify data).
-n, --mode zero test read with zero pattern.
-m, --node one test read with one pattern.
-n, --mode inc test read with increased pattern.
-n, --nmode dec test read with decreased pattern.
-n, --node dump dump data from SSD in hex, fixed length of 64MB,
and display 4KB at a time for readahility.
-a, ——address <hlock_addr> start address for transfer.
{block_addr>: Address in 512-Byte units.
-1, --length <hlock_len> transfer length in blocks (not required in dump mode).
¢block_len> : Number of hlocks (512 Bytes per hlock).
Note:
¢block_addr> + <block_len> must not exceed device capacity: BxES8E@88B@.
Examples: Device Capacity — Displayed only
dgnume read /dev/dgnume® -m dump -a @x@ when user inputs device specified

dgnume read /dev/dgnume® -m perf -a @x@ -1 @x800000 (/dev/idgnvme) in help command
root@DGpetalinux:"“#

Figure 12 Read Command Options

The Read command is used to transfer data from the NVMe device to main memory. It requires two or three input
parameters, depending on the selected mode, as shown below:

>> dgnvme read <device> -m <patt_mode> -a <block_addr> [-| <block_len>]

<patt_mode> : Specifies the test data pattern used for verifying the data in main memory after the read
operation. Supported modes include:

e perf : Performance mode that reads data without verification (optimized for speed).
e oOne : Reads and verifies with a pattern of all 1s.

e zero : Reads and verifies with a pattern of all Os.

e inc : Reads and verifies with a 32-bit incremental data pattern.

e dec : Reads and verifies with a 32-bit decremental data pattern.

e dump : Reads and displays the retrieved data in the console.

<block_addr> : Specifies the starting address on the device where the read operation begins, specified in units
of 512 bytes.

<block_len> (optionsl) : Specifies the amount of data to be read, specified in units of 512 bytes. This parameter
is required for all modes except “dump”.

Note: The sum of “block_addr” and “block_len” must not exceed the total device capacity. This capacity can be
confirmed using the output of the Identify command or by referencing the usage information provided by “dgnvme
help read <device specified>".
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¢: User input
+: User output

! Read Command with parameters
rootEDGpetalinux:"ﬁ|dgnume read /dev/dgnumeBd -n perf -a BxB -1 Bx4000060
Report Progress

[Pending] [Progress : 74 Transfer Speed : 7158 MB/s Runtime : 1 sec |
| Display progress every seconds |

¥

root@DGpetalinux:"# dgnume read /dev/dgnumed -m perf -a BxB0 -1 Bx4000600
Report Progress
[Complete] Progress : 100z [ Average Speed : 7515 MB/s TotalTime : 4 sec|
rootCDGpetalinux:"H | Final result and exit application |

Figure 13 Read Command with Performance Mode

Once the required parameters are validated, the read process begins. During execution, the console provides real-
time updates every second, showing the percentage of data read, current transfer speed in MB/s, and elapsed time
in seconds. After the operation is complete, the application displays a summary that includes the total amount of data
transferred, the average transfer speed, and the total time taken for the operation.

As shown in Figure 13, the system achieves maximum read bandwidth when using performance mode (-m perf),
where the CPU does not verify the read data. This enables the system to fully utilize high-speed DMA transfers
without CPU involvement, resulting in optimal throughput.

+: User input
+: User output

Read and verify with incremental pattern
root@BDGpetalinux:“#|dgnume read /dev/dgnvmed -m inc -a BxB -1 Bx4000000

Report Progress
[Complete] Progress : 100% fverage Speed :[1320 MB/s TotalTime = 26 sec"
rootBDGpetalinux:“H# | Reduced Performance |

Figure 14 Read Command with 32-Bit Incremental Data Pattern

In contrast, Figure 14 illustrates the read command executed in incremental pattern mode (-m inc), where the CPU
must verify all data read from the device. This additional processing step introduces overhead, which typically
reduces overall performance compared to performance mode.
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Verification Fail

Wrong Pattern |

root@DGpetalinux:™# dgnume read /deu/dgnumeﬂ|—m zero|—a 0x@ -1 Bx4000000
Report Progress

[Pquing].l . Progress : 12% Transfer Speed : 6756 MB/s Runtime : 1 sec
verify faile -
read data  : x0000BAL Vo008 WIeh
expect data 1 BxPRRAAARO
ending] Progress : 247 Transfer Speed : 6745 MB/s Runtime : 3 sec

Figure 15 Read Command with Verify Failed

In the event of a data verification failure during the Read command, an error message is displayed on the console,
as shown in Figure 15. The message “verify failed” appears, along with additional details indicating the expected
value and the actual value read from the device.

Dump mode with start address assigned . Hser '“F;”t .
root@DGpetalinux:™# - - +: User outpu
ARPPPPRD | PP PP OV BV B1 PP VP PP B2 B0 VP PO B3 B0 BB BB | .........ccuuun-
AR0R0A10 | B4 OO OO OO BS PO PP VO A6 PP 00 B0 0?7 00 00 68O | ........c.cvvnunn
APPPPO20 | B8 PP OV PP B9 AP OGP PP BA VP PP PO BB VP PO BB |
AAAPA3A | AC A @A @A AD PA 9@ @A OE AP VA 9@ OF AP AP 99 || KB gata °“‘Pg‘ from
APPPPA46 | 10 PP 00 AP 11 A0 0P PO 12 9P PO 6O 13 0P PO 6O | ump mode
ARPRPASA | 14 PO OV B0 15 PP VP PP 16 PO V0 PO 17 00 BB BB | .........cceuunn-
ARONOR6N | 18 OO OO OO 19 PO PP VA 1A OO 00 OO 1B 00 OB @O | .........ccvvnunn
APPRPA7A | 1C PP O B0 1D AP VP PP 1E AP VP PG 1F 00 PP BB | ........cceuuun-
APPPPN8A | 20 PP OV AP 21 PP VP PP 22 A0 0P PO 23 00 PG BB | ...'..."...H...
APPOARI | 24 PP PP AO 25 PO PP PP 26 PP PO OO 27 00 OB 9@ § S5...x...&... ...
APPPPPaB | 28 PO OO B0 29 PP VP PP 2A OO VP PO 2B 00 BB BB | (...)...%...+...
AR0ReRLHe | 2C OO BB BB 2D PO AP VA 2E PP 00 00 2F 00 0B @0 | ,...-.......7...
APPPPAcH | 30 PP O AP 31 PG OV PP 32 AP VP PO 33 90 PO BB ; A...1...2...3...
APPAPAdD | 34 PP 0P GO 35 PP VP PP 36 A VP PO 37 00 PO BB ;| 4...5...6...7...
AR0N0Ned | 38 OO OO PO 39 PO PP VA 3A PO OO OO 3B 00 0O OO | 8...9...:...5...
APPPPAfA | 3C PP O GO 3D AP VP PP 3E OB VP PO 3F 00 BB BB | <...=...>...7...
ARORO100 | 40 OO OO OO 41 OO PP PO 42 90 OO A0 43 00 00 0O | @...A...B...C...
APPPP116 | 44 PO O BP 45 PP OV PP 46 AP VO PO 47 00 PO B8 ; D...E...F...G...
APPAP120 | 48 PO OV BP 49 PP VP PP 4A PO VP PO 4B 90 PG BB  H...I...J...K...

+ + +
+ + +
+ + +
PPORBfd0 | F4 O3 OO OO FS O3 0O V0 F6 O3 00 B0 F?7 B3 00 00 | .......ccvvvuuun
PPPPOfed | F8 B3 OO OO FY B3 VP PO FA B3 V0 PO FB B3 BB BB | ........cceeunn-
ARORBffA | FC A3 BB BB FD B3 PP VA FE 03 00 00 FF 03 00 600 | ........cccvvuun.
[press n{next) or c{cancel)|
Press ‘n’ to show the next 4KB data or
‘c’ to cancel operation and exit application

Figure 16 Dump Mode of Read Command

Figure 16 shows the console output when executing the Read command in dump mode (-m dump). Once the required
parameters are validated, the read process begins with a fixed length of 64 MB. The retrieved data is displayed in 4
KB blocks directly in the console. During the operation, the user is prompted to press 'n' to continue displaying the
next 4 KB block or 'c' to cancel and exit the application.

NVMeG41P-dmalinux-instruction-amd -11 - Copyright © 2025 Design Gateway Co.,Ltd



DMA-PetaLinux demo by NVMeG4IP m

2.4 SMART Command

root@DGpetalinux:~# [dgnume help smartf———ﬁ Check command options ¢: User input
Usage: : ¢: User output

dgnume smart <{device> [-d] [-r <byte_addr> <{nhytes>]

The ’<{device>’ is NUMe character device (ex: /dev/dgnumeB)

Required:
{device> specify the dgnume device

Options:

-d, —--decoded show Remaining Life, Percentage Used.
Temperature, Total Data Read.
Total Data Written, Power On Cycles,
Power On Hours, Unsafe Shutdowns.

-r, —ravw <hyte_addr> <{nhytes> show information as raw data.
<hyte_addr>: Start address in Bytes.
<{nhytes> : Number of Bytes to display.

Note:
<hyte_addr> + <{nbytes> must not exceed 512 hytes.

Examples:
dgnume smart /dev/dgnumed -d

dgnume smart /dev/dgnumed —r Bx100 64
roofEDCpegalxnux:“B

Figure 17 SMART Command Options

The SMART command is used to retrieve health and diagnostic information from the NVMe device. As shown in
Figure 17, this command provides two output formats for displaying the retrieved data, similar to Identify command.

Decoded Output Format

The decoded format presents the SMART data in a human-readable structure. It extracts and displays health
information of NVMe device, as illustrated in Figure 18.

¢: User input

Smart Command with decoded option I ¢ User output

oot@DGpetalinux:"“#|dgnume smart /dev/dgnumed —d |
+++ SMART +++

ealth Status »>>
emaining Life : 85%x

<{ SMART Log Information >>

ercentage Used : 157

emperature : 31 Degree Celsius

otal Data Read : 88381 GB

otal Data Read (Raw data) : BxAPPRPPAA_ARNPRARA_NPRARARA_BA49CELA

otal Data Written : 133697 GB

otal Data Written (Raw data) : BxPABAAROA_BAARARON_ARPNANRAA_AF903A31
: 9614 Times

: 728 Hours Decoded data output

: 8999 Times | from SMART command —

Figure 18 SMART Command Decoded Mode

The Health status displays the remaining life of the device as a percentage, derived from the “Percentage Used
value in the SMART log. The following seven parameters are included in the decoded SMART data:
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e Percentage used : Indicates the portions of the device’s lifespan that has been consumed, expressed as
a percentage.

e Temperature : Displays the current operating temperature of the device in degrees Celsius.

¢ Total Data Read : Shows the cumulative amount of data read from the device, displayed in GB/TB units.
The raw data is also provided as a 32-digit hex number (128 bits), where each unit represents 512,000 bytes.

e Total Data Written : Shows the cumulative amount of data w written to the device, displayed in GB/TB units.
The raw data is also provided as a 32-digit hex number (128 bits), where each unit represents 512,000 bytes.

e Power On Cycles : Reports the total number of times the device has been powered on.

e Power On Hours : Reports the total amount of hours the device has been powered on.

¢ Unsafe Shutdowns : Represents the number of times the device has experienced an unsafe shutdown.

Raw Data Format

The raw format displays the SMART data as a hexadecimal output. This command format is:
>> smart -r <byte addr> <nbytes>
The “byte_addr” specifies the starting address in bytes, and the “nbytes” defines the number of bytes to be read.

The total amount of data retrievable with this command is 512 bytes. Therefore, the sum of “byte_addr” and “nbytes”
must not exceed 512 bytes. If this limit is exceeded, the command will return an error message.

SMART with raw data option . Hser i“tht .
root@DGpetalinux:™#|dgnume smart /dev/dgnumed —r Ox0 0x200 ¢ User outpu

+++ SMART +++
5151515 1515]15]%}
pRARAA10
51515151515 P45}
51515151515 K15}
pRARAA40
5151515151515}
5151515151515}
51515151515 0}
PRAPAAS A
5151515151500}
51515151515 FY%}
PRARAALO
5151515151515}
51515151515 015}
PAOBARe B
PRARARE O
5151515155515}
pARRA1108
pRARA120
515151515 N Ie] 5}
pARRR1 40
pRARA150
pRANA160
5151515155 et}
PARRA180
pRARA190
515151515 N IEY 5}
PARAA1 he
PAOBA1co
515151515 N 1%}
pARRR1ed
PRPPA1f0 | 9P PP PP PP AP PP PP PP PP PP PO PP PO BB A0 BB |..........ccuun-
Poot@pretalinux:"ﬂ

R R R | ———
00 00 0@ PO VA PO PO PO 9P 9P @9 AP AP AR @@ @@ | 'ToM SMARTcommand

Figure 19 Raw Data Mode of SMART Command
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2.5 Flush Command

¢: User input
+: User output

ﬁootEDGpetahnux "ﬂ|dgnune help flush H Command parameters
sage:

dgnume flush {device>
The ’'{device>’ is NUMe character device (ex: /dev/dgnvme@)

Required:
{device> specify the dgnume device

Examples:
dgnume flush /dev/dgnume@
root@DGpetalinux:“H

Figure 20 Flush Command Execution (No Options Required)

The Flush command ensures that all data currently stored in the device’s cache memory is properly written to its
non-volatile flash memory. This guarantees that no write data lost in the event of an unexpected power-down. The
command does not require any additional options; simply specify the device name, as shown in Figure 20.

¢: Userinput
+: User output

Flush Command
root@DGpetalinux:™#|dgnume flush /dev/dgnunell rootEDGpetallnux “# dgnume flush /deu/dgnumeB

[Pending] [ Runtine = 0.008 sec [Complete] Totallime : 1.000 sec |
| Display runtlme every seconds | root@DGpetalinux: Final result and exit application |

Figure 21 Flush Command Result

During the Flush operation, the console displays the total runtime, which is updated every second. Upon completion,
the final execution time is shown, as illustrated in Figure 21.
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2.6 Secure Erase Command

¢: User input
+: User output

ﬁootEDGpetalinuxz“ﬂ |dgnune help secure—eraseH Command parameters
sage:

dgnume secure—-erase <{device>
The ’'<{device>’ is NUMe character device (ex: /dev/dgnumeB

Required:
{device> specify the dgnume device

Examples:
dgnume secure—erase /dev/dgnumeB
root@DGpetalinux:"H#

Figure 22 Secure Erase Execution (No Options Required)

The Secure Erase command permanently deletes all user data on the device by initiating a secure erase operation.
Depending on the device model, this process may take long time to complete. The command does not require any
additional options; simply specify the device name, as shown in Figure 22.

¢: Userinput
+: User output

Secure Erase Command
oot @BDGpetalinux: “#| dgnune secure-erase /dev/dgnuned root@DGpetalinux:™# d NUME Secure-erase /dev/dgnuned
[Pending] Runtime : ©.000638 sec [Complete] Totalline : 4.0@8638 sec |

‘ Display runtime every seconds ‘ PDDtEDGDBtaIiHuX:"‘t Final result and exit applica‘tion |

Figure 23 Secure Erase Result

During the Secure Erase operation, the console displays the total runtime, which is updated every second. Upon
completion, the final execution time is shown, as illustrated in Figure 23.
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2.7 Shutdown Command

¢: User input
+: User output

root@DGpetalinux:"H# Idgnume help shutdown H Command parameters
Usage:

dgnume shutdown {device>
The ’{device>’ is NUMe character device C(ex: /dev/dgnume@)

Required:
{device> specify the dgnume device

Examples:
dgnume shutdown /dev/dgnumed
root@DGpetalinux:"H#

Figure 24 Shutdown Command Execution (No Options Required)

The Shutdown command is used to safely power down the NVMe device. It ensures that all cached data is flushed
to non-volatile memory and the device transitions to an inactive state without risk of data corruption. Once shut down,
the device will no longer respond to any commands until the system is rebooted and the drive is reinitialized. This
command does not require any additional options; simply specify the device name, as shown in Figure 24.

+: Userinput
+: User output

| Shutdown Command \_‘
root@DGpetalinux:“# [dgnume shutdown /dev/dgnumed

Confirm shutdown? [y/n]: Iy_JI Press ‘y’ to confirm
shutdown complete,.ssD 1s now 1nactive. | |

[ 41.296433] The device has turned off...| Complete operation and
rootEDGpetalinux="¥ SSD becomes inactive

Figure 25 Shutdown Command Result

After the user enters the Shutdown command, the system prompts for confirmation, as shown in Figure 25. To

proceed, the user must type “y”. Once confirmed, the Shutdown command is issued to initiate the power-down
process.

Upon successful completion, the application displays a message indicating that the device is now inactive. At this
stage, the device is removed from the kernel and becomes inaccessible. As a result, no further test operations can
be performed until the system is restarted and the NVMe device is reinitialized. This behavior is illustrated in Figure
26, where the device is no longer detected following the completed shutdown operation.

root@DGpetalinux:"# 1s /dev/dgnume*
[1s: /dev/dgnume*: No such file or directory |
rootEDGpetalinux:"# Device is removed upon

shutdown completion

Figure 26 Device Removed After Shutdown Completes
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3 Revision History

Revision Date (D-M-Y) Description
1.01 2-Jul-25 Update driver module name, help write option, and help read option
1.00 19-May-25 Initial version release
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