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1 Overview

This document provides step-by-step instructions for demonstrating a random-access NVMe host system using the
Design Gateway rmNVMe IP Core on a Petalinux-based FPGA platform. The demo runs on an AMD Zynq
UltraScale+ MPSoC evaluation board and is operated entirely through a Linux terminal interface.

The system boots directly from an SD card and is controlled via a Serial console. After booting, users execute
prepared terminal commands to evaluate NVMe driver operation, data integrity, and 1/O performance. By using the
same hardware and software environment while switching between rmNVMe-IP and PCle-IP configurations, the
demo supports two performance profiles:

o PCle Gen4, using the rmNVMe IP with a PCle Soft IP for performance-sensitive systems
PCle Gen3, using the rmNVMe IP with a PCle Hard IP for resource-sensitive systems

Two corresponding hardware configurations are provided to support these modes on the evaluation board.

I/O performance is measured using two applications: the industry-standard “fio” benchmark and Design Gateway’s
customized “io-uring-perf” application. The performance results, summarized in Table 1, are obtained using an Intel
P5800X NVMe SSD and include both raw block device access and filesystem-level access.

Table 1 presents throughput results across multiple access types and operations for PCle Gen3 and Gen4
configurations.

Table 1 Performance Summary

1/0 Configurations Throughput (MB/s)
EHEEE e ClpiEde] Total Block Queue ben:Lomark IZ;)ur:IIir::g:t?:r:f
size size depth Gen3 Gen4 Gen3 Gen4
Raw-device Seq Write 32GB 32MB 8 3,475 4,183 3,477 6,303
Raw-device Rand Write 32GB 32MB 8 3,475 4,195 - -
Raw-device Seq Read 32GB 32MB 8 3,546 5,107 3,674 5,359
Raw-device Rand Read 32GB 32MB 8 3,547 5,026 - -
Raw-device WSeq MiX?d 32GB 35MB 16 Wr: 2,518 | Wr: 2,635 | Wr: 2,844 | Wr: 2,904
r/Rd [50:50] Rd: 2,365 | Rd: 2,475 | Rd: 2,844 | Rd: 2,904
Filesystem Seq Write 32GB 32MB 8 3,473 4,126 3,475 6,165
Filesystem Rand Write 32GB 32MB 8 3,473 4,078 - -
Filesystem Seq Read 32GB 32MB 8 3,548 5,048 3,674 5,304
Filesystem Rand Read 32GB 32MB 8 3,547 5,045 - -
i Wr: 2,590 | Wr: 2,589 | Wr: 2,610 | Wr: 2,613
Filesystem W?/ngdl\[Ag(()?gol 3268 32MB 18 Rd: 2,430 | Rd: 2,432 | Rd: 2,610 | Rd: 2,613

This document is organized into five main sections. Sections 2 and 3 describe 1/0O performance evaluation using raw
block device access and filesystem-level access, respectively. Section 4 introduces the usage of miscellaneous
NVMe management commands supported by the rmNVMe-IP, including Identify, SMART, Flush, Secure Erase, and
Shutdown. The final section demonstrates how to run a user application on the FPGA board via the Ethernet interface,
allowing users to validate the system with their own applications.

Before running the demo and performance tests described in the following sections, users must first prepare the
hardware platform and boot the system. The next part of this document therefore begins with the FPGA board setup
and system initialization process.
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To prepare the demo environment, follow the hardware setup instructions provided in the “NVMeG4IP-dmalinux-
fpgasetup-amd” document:

https://dgway.com/products/IP/NVMe-IP/NVMeG41P-dmalinux-fpgasetup-amd/

This setup process includes hardware connections, SD card preparation, and FPGA configuration. Once the FPGA
boots successfully from the SD card, a login prompt appears on the Serial console, as shown in Figure 1. Log in to
the Linux system using the following credentials:

Login : root

Password : root

PetaLinux 2022.1_release_S041908222 DGpetalinux ttyPSO
User Login

DGpetalinux login: root

Password:

[ 20.875303]1 audit: type=1006 audit(1745804894.120:2): pid=
[ 20.887737]1 audit: type=1300 audit(1745804894.120:2): arch
[ 20.914197] audit: type=1327 audit(1745804894.1208:2): proc
root@DGpetalinux:“#

Figure 1 Login Window

After logging in, users must first verify that the rmNVMe driver module and the NVMe device have been properly
installed and initialized. This system verification step is required before proceeding with any performance tests or
benchmark operations.

1) First, check that the rmNVMe driver module has been successfully loaded by running the following command in
the terminal:

Ismod

This command lists all kernel modules currently loaded in the system. Confirm that the “dg_rmnvmedrv” module
is present, which indicates that the rmNVMe driver for the NVMe interface has been successfully loaded, as
shown in Figure 2.

+: User input
+: User output

1
root@DGpetalinux:~# Ilsnod|—| View loaded kernel modules
Module Size Used by
uio_pdrv_genirqg 16384 ©
Amaprox 16384 @

24576 @
rootléDLpetalinux="#— rmNVMe driver module|

Figure 2 Drivers Loaded in the System
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2) Once the driver module is confirmed to be active, verify that the NVMe block device has been detected and that
the corresponding device node has been created. Run the following command in the terminal:

Is /dev/dgnvmeblk*

If the NVMe device is correctly initialized, the console displays the device node “/dev/dgnvmeblk0”, indicating
that the system is ready to access the NVMe device, as shown in Figure 3.

+: User input
+: User output

| List dgnvmeblk devices |
i " 1s |[/dev/dgnvme blk*l
dev/dgnumebhlkf -
rootE'D'gpetal:l.nux -~y | NVMe device detected |
Figure 3 NVMe Device Detected

If the NVMe device fails to initialize or is not properly connected, the command returns the following error
message: “Is: cannot access ‘/dev/dgnvmeblk*’: No such file or directory” as shown in Figure 4. In such cases,
users should recheck the hardware connections and FPGA configuration before continuing.

root@DGpetalinux:™ »*

ls: cannot access |’ /dev/dgnumeblk*’: No such file or directory]
root@DGpetalinux: No device
detected

Figure 4 NVMe Device Not Detected

Once the system verification is completed successfully, users can proceed to checking the 1/0O capabilities of the
NVMe block device prior to running benchmarks.

Before running performance benchmarks, it is important to verify the I/O capability of the NVMe block device in the
Linux system to ensure optimal performance.

1) Maximum 1/O transfer size per request: This parameter represents the largest data size that can be transferred
in a single 1/0 request. In this demo, a value of 1024 KB indicates a maximum transfer size of 1 MB per request.
To check this value, run the following command in the terminal:

cat /sys/block/dgnvmeblkO/queue/max_sectors_kb
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2) Number of tags per hardware queue (HW Queue): These values indicate the maximum number of outstanding
/0 commands supported by each hardware queue. In this demo system using rmNVMe-IP, HW Queue 0
corresponds to the write queue and HW Queue 1 corresponds to the read queue. Both queues are configured
with 256 tags

To check the number of tags for each hardware queue, run the following commands in the terminal:

cat /sys/block/dgnvmeblk0/mq/0/nr_tags
cat /sys/block/dgnvmeblk0/mq/1/nr_tags

¢ Userinput
¢ User output

4 Max /O size per request: 1MB(D

DGpetalinux:"# |cat /sys/hlock/dgnurneblkB/queue/max_sectors_]d;__l\

1)
DGpetalinux:“# |cat /sys/block/dgnumeblkB/mgq/B/ny_tags ."'Lz-\\, o/

etalinux:"# [cat /sys/block/dgnumeblkB/mg/1/nyr_tags ]/

rootPDGpetalinux:"#

HW Queue1 tags | | HW Queue0 tags
2

Figure 5 Maximum 1/O Size and Hardware Queue Tag Count of Block Device

The parameters described above—including the maximum 1/O transfer size and the number of tags per hardware
queue—define the I/O limits and queue configuration used in the subsequent performance tests. These values
should be verified before running any benchmarks to ensure consistency between the hardware configuration and
software settings. Skipping this verification may result in suboptimal performance.

To achieve performance close to the system’s maximum capability, the block size (bs) should be set to at least the
value of max_sectors_kb (1 MB). In addition, the total outstanding data size, calculated as bs x iodepth, should not
exceed max_sectors_kb (1 MB) x nr_tags (256). This configuration ensures efficient utilization of the hardware
queues while avoiding queue saturation, which can otherwise introduce additional latency due to software requeue
operations.

Note: These parameters are defined by the hardware DMA module and are independent of the NVMe SSD
characteristics. In this demo setup, the maximum I/O size is fixed at 1 MB, and both HW Queue 0 and HW Queue 1
are configured with 256 tags.
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2 /0O Performance Test with Raw Data

This section demonstrates 1/0 performance testing on the NVMe block device with raw data access. The tests are
performed directly on the block device node (e.g., /dev/dgnvmeblk0) to measure the throughput achievable by the
rmNVMe driver and hardware. Performance is measured using both the fio benchmark and the io-uring-perf
application.

Before running the tests in this section, users should verify the I/O capabilities of the NVMe block device in the Linux
system to ensure optimal performance, as described in the previous section and shown in Figure 5.

2.1 fio Benchmark

In this subsection, the fio benchmark is used to evaluate raw device I/O performance under various access patterns.
The test scenarios include Sequential Write, Random Write, Sequential Read, Random Read, and Mixed Write/Read
operations.

2.1.1 Sequential Write

This test writes a total of 32 GB of data using a 32 MB block size and an I/O depth of 8. The workload performs a
sequential write operation using the io_uring I/O engine with direct I/O enabled, targeting the block device
/dev/dgnvmeblk0. The test is executed using the following command:

fio --name=write_test --flename=/dev/dgnvmeblk0 --size=32G --bs=32M --iodepth=8 --rw=write --
ioengine=io_uring --direct=1

Figure 6 shows the result of the sequential write test executed with the fio benchmark. The upper portion of the figure
displays the command execution and real-time progress output, while the lower portion presents the final
performance summary. In this example, a write bandwidth of 4183 MB/s is achieved.

[ command to run sequential write-raw data test [

root@DGpetallnux “# fio --name=write_test --filename=/dev/dgnumebhlk@ --size=32G --hs=32M --iodepth=8 --ruw=urite -
ioengine=io_uring —-direct=1
mrite_test: (g=0@): ru=write, bs=CR) 32.

1B, 1oeng1ne=1o_u»1ng,

iodepth=8
§§§»31:§, }91,333228 | Real-time /O progress output —
Wobs: 1 (f=1): [[W(1)1[40.8%]1[w=3936MiB/s1[w=123 TOPSIleta B@m:@6s ]| ¢: User input

+: User output

root@DGpetallnux “# fio ——name=urite_test —-filename=/dev/dgnumehlk@ —-size=32G --hs=32M —-iodepth=8 --pu=urite -
~ioengine=io_uring --direct=1
wr15e t;sg (g=@>: ru=urite, hs=(R) 32.BMiB-32.8MiB, <W> 32.0MiB-32.@MiB, (T) 32.BMiB-32.0@MiB, ioengine=io_uring,
iodepth=
fio-3.41-19-¢g925a
Starting 1 process
Wobs: 1 <(f=8): [£f<1)1[100.0%1[w=3876MiB/s1[w=121 10PS]1leta BOm:0B0s ]
write_test: (groupid=8, jobs=1): err= @: pid=854: Fri Jan 23 04:085:12 2026
write: 10PS=124, BU= 3989H1B/s (4183MB/s)>(32.08GiB/8214msec); @ zone resets
slat (usec): min=4598, max=9818, avg=7987.86, stdeu=10?9.94
clat (usec): min=7252, max=67653, avg=55977.23, stdev=3249.50
lat C(usec): min=15450, max=77174, avg=63965.10, stdev=3365.85
clat percentiles (usec):
i 1.808th=[50594]1, 5.080th=[52167]1, 10.80th=[532161, 20.088th=[542641,
i 30.00th=[553131, 40.00th=[558371, 50.088th=[563611, 60.80th=[568861,
i 70.80th=[57410]1, 80.80th=[57410]1, 90.80th=[57934]1, 95.008th=[584591,
1 99.00th=[642261, 99.50th=0[663231, 99.98th=[676341, 99.95th=[676341,
i 99.99th=[67634]
buw ¢ MiB/s): min= 3456, max= 4032, per=99.447Z, avg=3967.008, stdev=139.87, samples=16
iops : min= 108, max= 126, avg=123.50, stdev= 4.27, samples=16
lat (msec) : 10=0.10z, 20-=0.10z, 50= l 497, 100-99.32

cpu :ousr=99.28%, sys=0.57%, ctx=169, majf=0, minf=16

10 depths : 1=0.1%, 2=0.27%, 4=0.4z, 8=99.3x, 16=0.0x, 32=0.0%, >=64=0.0x
subnit : 0=0.0%, 4=100.0z, 8=0.0z, 16=0.0x, 32=0.0%, 64=0.0%, >=64=0.0z
conplete : 0=0.0xz, 4=99.9z, 8=0.1%, 16=0.8xz, 32=0.0z, 64=0.0%, >=64=0.0x

issued ruwts: total=0,1024,0,0 short=0,0,0,08 dropped=0,0,0,0
latency : target=0, window=0. percentile=18@.802. depth=8

[ Final perf
un status group @ (all johs): | SO PETRARCA STy }—
WRITE: bu=3989MiB/s (4183MB/s), 3989MiB/s-3989MiB/s (4183MB/s-4183MB/s), i0=32.8GiB (34.4GB), run=8214-8214nse(|

bisk stats (read/write):
dgnumeblk@: ios=0/32314, sectors=0/65667072, merge=0/08, ticks=0/177922, in_queue=177922, util=92.29x
root@DGpetalinux:™H

Figure 6 fio Sequential Write Test (Gen4 Speed)
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2.1.2 Random Write

This test writes a total of 32 GB of data using a 32 MB block size and an I/O depth of 8. The workload performs a
random write operation using the io_uring I/O engine with direct /0O enabled, targeting the block device
/dev/dgnvmeblk0. The test is executed using the following command:

fio --name=write_test --flename=/dev/dgnvmeblkO0 --size=32G --bs=32M --iodepth=8 --rw=randwrite --
ioengine=io_uring --direct=1

Figure 7 shows the result of the random write test executed with the fio benchmark. The upper portion of the figure
displays the command execution and real-time progress output, while the lower portion presents the final
performance summary. In this example, a write bandwidth of 4195 MB/s is achieved.

+: User input
+: User output

| Command to run random write-raw data test

root@DGpeta11nux “# fio --name=write_test —--filename=/dev/dgnvmeblk® --size=32G --hs=32HM --iodepth=8 --ru=randuri|
te ——ioen 1ne io_uring --direct=1
rite_test: T ru=randurite,
ing, iodepth= 8

§,‘;§;2 1:; P;ﬂﬂzsa | Real-time /O progress output |

Jobs: 1 (fF=1): [[w(1)1[40.6%1[w=4832MiB/s1[w=126 10PS1leta BBn:@6s] |

3

rootBDGpetalinux:"# fio —-name=write_test --filename=/dev/dgnvmehlk@ --size=32G --hs=32M --iodepth=8 —-rw=randuri
te ——ioengine=io_uring --direct=1
urite_test: {(g=@>: rw=randwrite, hs=(R> 32.BMiB-32.0MiB, <W> 32.8MiB-32.@MiB, (T)> 32.BMiB-32.0MiB. ioengine=io_uw|
ing, iodepth=8
fio-3.41- 19—g925a
Starting 1 proces
Jobs: 1 (f=0): [f(l)][lﬂl G/][u-3748H1B/s][u-117 I10PS1[eta 0Bm:00s]
write_test: (groupid=8, jobs=1): err= B: pid=866: Fri Jan 23 B4:86:17 2026
write: [0PS=125, BU= 4998"13/5 (4195HB/3)(32 AGiB/8191imsec); B zone resets
slat (usec): min=4496, max=9478, avg=7959.06, stdev=979.24
clat (usec): min=8571. max=59845, avg=55812.93, stdev=3106.82
lat (usec): min=14612, max=67580, avg=63771.99, stdev=3216.85
clat percentiles (usec):
i 1.88th=[495461, 5.00th=[521671, 10.80th=[537401, 20.80th=[542641,
i 30.88th=[553131, 408.80th=[558371, 50.80th=[563611, 608.88th=[568861,
E ?@.Bath=[5?4101. 88.@0th=[5?41@]. 90.080th=[574108], 95.80th=[579341,

, menglne:m_ur

99.80th=[5845%91, 99.50th=[589831, 99.96th=[589831, 99.95th=[589831,
99.99th= [53983]
bu ¢ MiB/s): min= 3584, max= 4096, per=99.46%, avg=3979.81, stdev=114.99, samples=16

iops : min= 112, max= 128, avg=123.88, stdev= 3.56, samples=16
lat <{msec) : 10-0.182z, 20-0.20x, 50-0.98x. 100=98.73%
cpu : usr=99.322. sys=0.53%, ctx=166, majf=0, minf=16
10 depths :1=0.1z, 2=0.2z, 4=0.4x, 8=99.3x, 16=0.0xz, 32=0.0x, >=64=0.0x
submit : B=0.8x, 4=100.6~, 8=0.8x, 16=0.8x, 32-=0.8z, 64=0.0x, >=64=0.0x
complete : @=0.8x, 4=99.9x, 8=0.1x, 16=0.8xz, 32=0.8x, 64=0.8z, >=64=0.0x

issued ruts: total=0,1024,0,0 short=0,.0,0,0 dropped=0.0.0,0
latency : target=0B, window=8, percentile=100.80%, depth=8

! Final performance summary F

un status group @ (all johs):
WRITE: bhw=4800MiB/s (4195MB/s), 4@0@MiB/s-400BMiB/s (4195MB/s-4195MB/s>, io0=32.8GiB (34.4GB)>. run=8191-81%1msec

Disk stats C(read/write):
dgnumeblk@: ios=0/32410, sectors=0,/65863680, merge=0,/0, ticks=0,/166264, in_queue=166264, util=92.33x
rootEDGpetalinux:"H#

Figure 7 fio Random Write Test (Gen4 Speed)
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2.1.3 Sequential Read

This test reads a total of 32 GB of data using a 32 MB block size and an 1/O depth of 8. The workload performs a
sequential read operation using the io_uring /0 engine with direct 1/O enabled, targeting the block device
/dev/dgnvmeblk0. The test is executed using the following command:

fio --name=read_test --filename=/dev/dgnvmeblkO0 --size=32G --bs=32M --iodepth=8 --rw=read --
ioengine=io_uring --direct=1

Figure 8 shows the result of the sequential read test executed with the fio benchmark. The upper portion of the figure
displays the command execution and real-time progress output, while the lower portion presents the final
performance summary. In this example, a read bandwidth of 5107 MB/s is achieved.

+: User input
+: User output

Command to run sequential read-raw data test L

oot@DGpetalinux:™# fio ——name=read_test ——filename=/dev/dgnvmeblk@ —-size=32G —-bhs=32M —-iodepth=8 --rw=read —-i
engine=io_uring --direct=1

ead_test: (g=B): ru=read, hs=(R> 32.0MiB-32.6MiB, <W> 32.8MiB-32.0MiB, (T) 32.8MiB-32.BMiB, ioengine=io_uring, i
depth=8

:g,.i 1:; iﬁgg“a [Real-time 1/0 progress output

obs: 1 (f=1): |[[R{1)>1[50.0x1[r=5152MiB/s1[r=161 TOPS1[eta @Bm:@3s]]

rootBDGpetalinux:"# fio —--name=read_test --filename=/dev/dgnumeblkB —-size=32G --hs=32M —-iodepth=8 --ruw=read —-i
engine=io_uring ——direct=1
Ezad tegt (g=0>: ru=read, bs=(R) 32.0MiB-32.8MiB, <> 32.8MiB-32.@MiB. (T> 32.@MiB-32.0MiB, ioengine=io_uring, i
epth=
i io— 3 41-19-9925a
Starting 1 process
Mobs: 1 (f=1>: [R(1>1[100.8%]1[r»=5152MiB/s1[r=161 I0PS]1(eta @Bm:0@s]
read_test: (groupid=0, jobs=1)>: err= @: pid=874: Fri Jan 23 04:86:53 2026
read: I0PS=152, BU=4878MiB/s (5107MB/s)(32.8GiB/6728Bnsec>
slat C(usec): min=3, max=101, avg=40.39, stdev= 5.64
clat (msec): min=49, max=407, avg=52.44, stdev=25.04
lat (msec): min=49, max=407, avg=52.48,. stdev=25.04
clat percentiles (msec):
i1.88th=[ 501, S5.@8@8ch=0 58], 16.88th=[ 501, 20.80th=0[ 501,
3a.@dth=0[ 501, 48.80th=[ 501, 50.88th=0[ 501, 68.@0th=[ 581,
70.88th=0[ 58], 88.88th=[ 501, 9@8.88th=[ 501, 95.80th=[ 511,
99.00th=0[ 1551, 99.5@8th=0 2711, 99.98th=0[ 3631, 929.95th=[ 4691,
99.99th=0[ 40891
bu ¢ MiB/gd: min= 1488, max= 5184, per=99.86%, avg=4863.40, stdev=1038.82, samples=13
iops : min= 44, max= 162, avg=151.62, stdev=32.36, samples=13
lat (msec) : 58=97.17x, 10@8=1.56%, 250=0.59x, 500-0.68x
cpu tusr=0.73%, sys=1.108%, ctx=1026, majf=0, minf=18
10 depths :1=0.1%, 2=0.2%, 4=0.4%, 8=99.3x, 16=0.0%, 32=0.0x, >=64=08.0~
submit : 9=0.6x, 4=100.0x, 8=0.0x, 16=0.8x, 32=0.0x, 64=0.0x, >=64=0.0x
complete : B0=0.0x, 4=99.9x, 8=0.1x, 16=0.8x, 32=0.0x, 64=0.0x, >=64=0.0x
issued pwts: total=1024,0,08,0 short=0,0,08,8 dropped=0,0,0,0
latency : target=0, window=0, percentile=100.80%, depth=8

| Final performance summary |

un status group B <all johs):
READ: hu=4878MiB/s (51I7HB/3) 4870MiB/s-4878MiB/s (5187MB/s-5187MB/s)>. 10=32.8GiB (34.4GB). run=6728-6728nsec

isk stats (read/write):
dgnvmehlk@: ios=32350/8, sectors=65994752/0, merge=0,/8, ticks=122800/8, in_queue=122800, util=93.79x
o0tBDGpetalinux:"H#

Figure 8 fio Sequential Read Test (Gen4 Speed)
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2.1.4 Random Read

This test reads a total of 32 GB of data using a 32 MB block size and an 1/O depth of 8. The workload performs a
random read operation using the io_uring /O engine with direct I/O enabled, targeting the block device
/dev/dgnvmeblk0. The test is executed using the following command:

fio --name=read_test --filename=/dev/dgnvmeblkO0 --size=32G --bs=32M --iodepth=8 --rw=randread --
ioengine=io_uring --direct=1

Figure 9 shows the result of the random read test executed with the fio benchmark. The upper portion of the figure
displays the command execution and real-time progress output, while the lower portion presents the final
performance summary. In this example, a read bandwidth of 5026 MB/s is achieved.

¢: User input
¢: User output

Command to run random read-raw data test

root@DGpetal1nux “# fio —-name=read_test --filename=/dev/dgnumeblk@ --size=32G --hs=32M --iodepth=8 --ru=randread
--ioengine=io_uring --direct=1
read_test: (g=M): ru=randread,
, iodepth=8

::,2 1:51, }9p§3§5° | Real-time I/O progress output |

obs: 1 (f=1): |[r(1)>1[42.6%1[r=4901MiB/s1[r=153 TOPSIleta @@m:@3s1 |

1B, 1oeng1ne=1o_ur1n

root@DGpetalinux:™# fio —-name=read_test —-filename=/dev/dgnumehlk@ --size=32G —--hs=32M --iodepth=8 --ruw=randread
--ioengine=io_uring --direct=1
read_test: (g=0): rw=randread, bhs=(R) 32.BMiB-32.0MiB, <(W) 32.8MiB-32.@MiB, <(T) 32.BMiB-32.@MiB, ioengine=io_urin
g, iodepth=8
fio-3.41-19-¢g925a
Starting 1 process
Nobs: 1 (f=@)>: [£(1)1[100.0%]1[»=4901MiB/s1[r=153 10PS]1[eta @Bm:00s]
read_test: (groupid=8, johs=1): err= @: pid=882: Fri Jan 23 04:08:56 2026
read: 10PS=149, BW=4793MiB/s (50826MB/s)>(32.8GiB/6836msec)
slat (nsec): min=3871, max=98720, avg=39079.68, stdev=5906.72
clat (msec): min=50, max=411, avg=53.28, stdev=25.25
lat (msec): min=58, max=411, avg=53.32, stdev=25.25
clat percentiles (msec):
1.80th=0[ 511, 5.@88th=[ 511, 108.88th=[ 511, 20.80th=[ 511,
30.08th=0[ 511, 48.80th=0 511, 50.88th=0[ 511, 68.80th=[ 511,
?70.88th=0 511, 88.80th=[ 511, 908.@@th=[ 511, 95.80th=[ 511,
99.88th=0[ 1591, 99.56th=0 2711, 99.98th=0[ 3681, 99.95th=[ 4141,
99.99th=[ 4141
bhuw ¢ MiB/s): min= 1408 max— 5120, per=99.76%, avg=4782.13, stdev=1014.13, samples=13
iops : min= = 1608, avg=149. 23, stdev=31.63, samples=13
lat (msec) : 108=98. 73/. 250 a. 59/ 500=0.68%
cpu :ousr=0.88%, sys=1.02%, ctx=1026, majf=@, minf=19
10 depths : 1=0.17, 2=0.27, 4=0.4%, 8=99. 3/, 16=0.0%, 32=0.0%, >=64=0.
subnit : 0=0.07, 4=100.0%z, 8=0.0%, 16=0.07, 32=0.07Z, 64=0.07, >=64
complete : 0=0.8%z, 4=99.9%Z, 8=0.1%, 16=0.0z, 32=0.0xz, 64=0.8%, >=64=0.
issued ruts: total=1024,0,0,0 short=0,0,0,0 dropped =0,0,0,0
latency : target=0, window=0, percenti1e=100.002, depth=8

[ Final perf
un status group @ (all johs): | st }_
READ: hw=4793MiB/s (5026MB/s>, 4793MiB/s-4793MiB/s (5026MB/s-5026MB/s), 10=32.8GiB (34.4GB)>, run=6836-6836msec

Disk stats (read/write):
dgnumehlkB: i0s=32176/8, sectors=64880640/0, merge=0/0, ticks=121541/8, in_queue=121541, util=93.88%
root@DGpetalinux:™H

Figure 9 fio Random Read Test (Gen4 Speed)
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2.1.5 Mixed Write/Read

This test performs a mixed write/read workload with a total data size of 32 GB using a 32 MB block size and an 1/O
depth of 16. The workload executes a mixed write/read operation using the io_uring 1/0 engine with direct I/O enabled,
targeting the block device /dev/dgnvmeblk0. The test is executed using the following command:

fio --name=rw_test --filename=/dev/dgnvmeblk0 --size=32G --bs=32M --iodepth=16 --rw=readwrite --
ioengine=io_uring --direct=1

Figure 10 illustrates the results of the mixed write/read test executed with the fio benchmark. The results report a
write bandwidth of 2635 MB/s and a read bandwidth of 2475 MB/s.

¢: User input
¢: User output

Command to run mixed write/read test L
root@DGpeta11nux "ﬂ fio ——nane{rw _test ——filename=/dev/dgnumeblkB --size=32G --hs=32M -—iodepth=16 --ru=readuwrite

iB, ioengine=io_uring, iodep|

fio-3.41-19-g925a
Starting 1 process
Wohs: 1 (f=1)>: [M(1)1[100.0%1[r=2466MiB/s,w=2402MiB/s 1[»=77,u=75 IOPS][eta #0n:00s ]
ru_test: (groupid=0, johs=1): err= @: p1d—619 Mon Jan 26 02:00:45 2026
read: I0PS=73, BU= 2360H1B/s (2475MB/s>(15.5GiB/6724msec)
slat (usec): min=4, max=150, avg=22.43, stdev=16.78
clat (msec): min=28, max=185, avg=103.38, stdev=10.93
lat (msec): min=29, max=185, avg=103.40, stdev=10.94
clat percentiles (msec):
1.86th=0[ 561, 5.@88th=[ 951, 10.80th=0[ 971, 20.088th=[ 1611,
30.00th=0 1021, 40.88th=[ 1031, 50.080th=[ 1041, 60.80th=[ 1851,
70.00th=0[ 1061, 80.8@th=[ 1081, 90.088th=[ 1091, 95.80th=[ 111],
99.88th=0 1551, 99.568th=[ 1741, 99.98th=0[ 1861, 99.95th=[ 1861,
99.99th=0L 1861
bw ( H1B/s) min= 1920, nax 2688, per=99.45%Z, avg=2347.56, stdev=241.14, samples=13
iops min= 60, max= 84, avg=73.23, stdev= ?7.58, samples=13
write: JOPS= 78 BW= 2513H1B/s (2635"8/3)(16 5GiB/6724msec); @ zone resets
slat (usec): min=3802, max=9892, avg=6856.27, stdeu-2016 K} |
clat (msec): min=41, max=162, aug=99.10, stdev= ?7.15
lat (msec): min=46, max=167, avg=1085.96, stdev= 6.90
clat percentiles (msec):
i 1.88th=0[ 821, 5.808th=[ 98], 10.80th=0[ 921, 20.88th=[ 951,
i 30.88th=0[ 971, 40.080th=[ 991, 50.00th=0[ 100], 60.08th=[ 1011,
E 70.80th=0[ 1831, 80.80th=[ 1041, 90.80th=[ 10861, 95.80th=[ 1@81,
1

99.88th=0[ 1141, 99.56th=[ 1201, 99.98th=0[ 1631, 99.95th=[ 1631,
99.99th=0 1631
bu ¢ MiB/s): min= 2304, max= 2880, per=100.007, avg=2519.85, stdev=209.98, samples=13

iops :min= 72, max= 98, avg=78.62, stdev= 6.59, samples=13
lat (msec) : 50=0.49z, 100=38.18%, 250=61.33«
cpu : usr=54.53%, sys=0.59%, ctx=925, majf=0, minf=20

10 depths : 1=0.1%, 2=0.27%, 4=0.4%, 8=0.87, 16=98.5%, 32=0.07, >=64=0.02
subnit : 0=0.07, 4-100.07, 8=0.0z, 16=0.07z, 32=0.08%, 64=0.0%, >=64=0.0x
complete : 0=0.0%, 4=99.9%, 8=0.0z, 16=0.1%, 32=0.07z, 64=0.08%, >=64=0.0x
issued ruts: total=496,528,0,08 short=0,08,08,0 dropped=0,0,0,0
latency : target=08, window=8, percentile=100.007, depth=16

| Final performance summa
un status group @ (all johs): 1 P ry L"‘

READ: bw=2368MiB/s (2475MB/s), 236@MiB/s-236@MiB/s (2475MB/s-2475MB/s), i0=15.5GiB (16.6GB), run=6724-6724nsec
WRITE: bw=2513MiB/s (2635MB/s)>, 2513MiB/s-2513MiB/s (2635MB/s-2635MB/s), i0=16.5GiB (17.7GB), run=6724-6724nsec

Disk stats (read/urite):
aggnumeblkﬁ i0s=15902/16864, sectors=32440320/34406400, merge=0/0, ticks=72499,/111536, in_queue=184035, util=84

root@DGpetalinux:™#

Figure 10 fio Mixed Read/Write Test (Gen4 Speed)
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2.2 io-uring-perf Application

In this subsection, the io-uring-perf application provided by Design Gateway is used to evaluate raw data I/O
performance. The application is based on the io_uring I/0O engine and allows direct interaction with the NVMe block
device to measure achievable throughput.

The test scenarios include Sequential Write, Sequential Read, and Mixed Write/Read operations. The application
supports configurable parameters, enabling users to adjust test conditions and observe performance behavior under
different workloads. An example of the command usage and supported options is shown in Figure 11.

root@DGpetalinux:“# io-uring-perf |Usagelnsﬂucﬁonsl_
sage: 1

io-uring-perf <{path)> {total_hytes)> <{block_bytes> <{qdepth> <{mode> [options]

Required:
path Target file or block device path
total_hytes Total number of hytes to process
bhlock_hytes 1,0 bhlock size in hytes
gdepth 1/0 queue depth
mode One of : write, read, wrrd
write Sequential write
read Sequential read
wrrd Mixed write/read workload

Mrite, Read options:

-p, ——pattern <{p> Data pattern for write operations.
When specified in ’read’ mode, data will be verified
against the given pattern.

all_@ Fill with 0x0@0
all_1 Fill with OxFF
inc Incremental pattern
random Pseudo-random pattern
default: no pattern on write, no verification on read
-s, ——seek <bhytes> Starting offset in bhytes (default: BxB0BABBHA)
-8, ——seed {seed) 64-hit seed for random pattern (default: BxPA0000AA)

Mixed write/read options:
-u, ——write—percent {pct)> Percentage of write operations
Range: 0-180, step = 107, default: 50z

Examples:

io-uring-perf /dev/dgnumeblk® 32G 32M 8 write -p random -S @x1
io-uring-perf /dev/dgnumeblk@® 32G 32M 8 read -p inc -s Ox1000
io-uring-perf /dev/dgnumeblk@® 32G 32M 8 wrrd --write-percent 70

Notes:
total_bhytes, block_bytes, and seek_hytes must be multiples of 4896 hytes.
rootBDGpetalinux: &

Figure 11 io-uring-perf Usage
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2.2.1 Sequential Write

This test writes a total of 32 GB of data using a 32 MB block size and an I/O depth of 8. The workload performs a
sequential write operation targeting the block device /dev/dgnvmeblk0. To achieve the best performance, an all-zero
data pattern is used. The test is executed using the following command:

io-uring-perf /dev/dgnvmeblk0 32G 32M 8 write -p all_0

Figure 12 shows the result of the sequential write test executed with the io-uring-perf application. The upper portion
of the figure displays the command execution and real-time progress output, while the lower portion presents the
final performance summary. In this example, a write bandwidth of 6302.8 MB/s is achieved.

+: User input
+: User output

Command to run sequential write-raw data test ‘
rootPDGpetalinux:"# |io—uring—perf /dev/dgnumeblk@ 32G 32M 8 write -p all_ﬂl

Write size : 34.4 GB (32.08 GiB)

3&232 csl;;:h 33'6 MB (32.8 MiB> | Configuration summary |
Pattern tall @

Seek : Bx8

Seed : (not used>

| Real-time 1/O progress output |

rite: 6308.2 MB/s
[HugRgnnatnngtasunttnaungsnnnnny. .. ... 11 84.82

root@DGpetalinux:“# io—uring-perf /dev/dgnumeblk® 32G 32M 8 write -p all @

WUrite size : 34.4 GB (32.08 GiB)

Block size : 33.6 MB <(32.8 MiB>
Queue depth : 8

Pattern tall @

Seek : Bx8

Seed : (not used>

[Writel] bu= 6302.8 MB/s, sz= 34.4 GB, t= 5.45 set ]

root@DGpetalinux:“H#

Figure 12 Sequential Write Test on io-uring-perf Application (Gen4 Speed)
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In addition to the all-zero pattern, users can select other test data patterns—such as incremental pattern—to verify
data correctness. When using an incremental pattern, write performance may be lower due to the increased CPU
workload required to generate the data pattern.

For example, the following command writes 16 GB of data using a 32 MB block size and an I/O depth of 8 with an
incremental data pattern:

io-uring-perf /dev/dgnvmeblk0 16G 32M 8 write -p inc

Sequential write-raw data using incremental pattern [
root@DGpetalinux:"“# io—uring—-perf /deu/dgnvneblkﬂ|166|32ﬂ 8 m-ite|—p i.nc|

Urite size : 17.2 GB (16.0 GiB)
Block size : 33.6 MB (32.0 MiB
Queue depth : 8

Pattern : increment
Seek : Bx@
Seed : (not used)

-] Final performance summary
[Writel bu= 4233.6 MB/s, sz= 17.2 GB, t= 4.86 séc|

root@DGpetalinux:™H

Figure 13 Sequential Write Test Using Incremental Pattern

Figure 13 shows the result of the sequential write test executed with the incremental pattern using the io-uring-perf
application. In this case, the measured write bandwidth is 4233.6 MB/s, which is lower than that achieved with the
all-zero pattern.
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2.2.2 Sequential Read

This test reads a total of 32 GB of data using a 32 MB block size and an 1/O depth of 8. The workload performs a
sequential read operation targeting the block device /dev/dgnvmeblk0. To achieve the best performance, the read
operation is executed without data verification. The test is executed using the following command:

io-uring-perf /dev/dgnvmeblk0 32G 32M 8 read

Figure 14 shows the result of the sequential read test executed with the io-uring-perf application. The upper portion
of the figure displays the command execution and real-time progress output, while the lower portion presents the
final performance summary. In this example, a read bandwidth of 5358.8 MB/s is achieved.

+: User input
+: User output

Command to run sequential read-raw data test
rootBDGpetalinux:“#| io—uring—perf /dev/dgnumehlk® 32G 32M 8 read

34.4 GB (32.8 GiB>

Read size

Block size : 33.6 MB (32.8 MiB> < :

Queve depth : 8 | Configuration summary |
Verify : No verify

Seek : Bx@

Seed : (not used>

I -
r[lead - 5335.2 MB/s | Real-time I/O progress output

RuknnaunnnunEEEEaRRuRREREg . ... ... ... 11 72.3%
L

rootBDGpetalinux:“# io—uring-perf /dev/dgnumeblk® 32G 32M 8 read

Read size : 34.4 GB (32.8 GiB)
Block size : 33.6 MB (32.8 MiB)
Queue depth : 8

Uerify : No verify

Seek : Bx@

(not used)

[
(1)
o
(="
T

=| Final performance summary
[Read 1 bhw= 5358.8 MB/s. sz= 34.4 GB, t= 6.41 sec]

root@DGpetalinux:~#

Figure 14 Sequential Read Test on io-uring-perf Application (Gen4 Speed)
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To verify data correctness during read operations, users can enable data verification by specifying a test pattern,
such as incremental pattern. Because additional CPU processing is required to generate and verify the data pattern,
the measured read performance may be lower than that of a read operation without verification.

For example, the following command reads and verifies 16 GB of data using a 32 MB block size and an I/O depth of
8 with an incremental data pattern:

io-uring-perf /dev/dgnvmeblk0 16G 32M 8 read -p inc

i Run sequential read and verify-raw data with incremental pattern
root@DGpetalinux:“# io-uring-perf /dev/dgnumebhlkB[16G[32M 8 read[-p inc |

Read size : 17.2 GB {16.8 GiB>
Block size : 33.6 MB <(32.8 MiB>
Queue depth : 8

Uerify : increment

Seek : Bx@

Seed : (not used>

] Final performance summary
[Read 1 hw= 1462.3 MB/s, sz= 17.2 GB. t= 12.25 sec |

root@DGpetalinux:™H#

Figure 15 Sequential Read and Verification Test Using Incremental Pattern (Passed)

Figure 15 shows the result of the sequential read and verification test executed with the incremental pattern using
the io-uring-perf application. In this case, the measured read bandwidth is 1402.3 MB/s, which is lower than the read
bandwidth achieved without data verification.

Verification Failed

root@DGpetalinux:™“# io—uring-perf /dev/dgnumebhlk@® 17G 32M 8 read -p inc

Read size : 18.3 GB (17.8 GiB)
Block size : 33.6 MB (32.8 MiB)
Queue depth : 8

Uerify : increment

Seek : Bx0

Seed : (not used)

[Read = 872.4 MB/s
[mmmm:mmmmmtmmmtuuunuuuuuuuuuuuuuuuu...1 i 94.1z

: ‘ Message when data verification failed

pattern : increment

offset : BxPANBRANA400ABAAAA
expect : BxAABAARA4000NBAARO
value t OxEEFFEEFeeeeeeees

[Read 1 bw= 1397.7 MB/s, sz= 17.2 GB, t= 12.29 sec

root@DGpetalinux:™H#

Figure 16 Sequential Read and Verification Test (Failed)

During data verification, if the received data does not match the expected value, an error message is displayed on
the console. The message includes detailed information such as the error position, the expected value, and the
actual read value, as shown in Figure 16.
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For further analysis of verification failures, users can use the “hexdump” utility to display raw data stored in the target
block device /dev/dgnvmeblkO. The following command dumps the first 512 bytes of data from the device in a human-
readable format:

hexdump -n 512 -C /dev/dgnvmeblk0

Figure 17 shows the output of the “hexdump” command displaying 512 bytes of data from the selected block device.
Since no starting offset is specified, the dump begins at the lowest address of the device.

¢: User input
+: User output

Using hexdump to display 512 bytes of data on block device |
mp —-n 512 -C /dev/dgnumehlk@

g

PBABd0 1a 06 GO 00 G0 OO B0 GG 1bh 00 OO B0 A0 VG BB B ................ i
PAABed 1c OO BB 00 GO0 GO B0 A 1d OO OO B0 A0 BB BB A |................ i
APBBfA 1e OO OO OO BD OO OB P 1f OO OO 60 6B BB BB BB |................ i

APR01060 20 0@ PG 00 0O 00 0O B 21 GG 0O 0O 0O B0 66 B | ....... Yuicannae i
NARA1160 22 00 B0 A0 0O B0 B0 BB 23 06 A0 A0 0O B8 68 B8 1'....... #....... i
AARA1260 24 A0 B0 A0 0A GG BA BB 25 06 A0 00 0B 0A 68 B8 i15....... Avennnnn i
ARPAA1360 26 0@ PO PO GO 00 06 BB 27 PG PO 0O 00 00 00 A0 I&....... ! eaannad i
pAARA1468 28 00 OO A0 0O PO 6O BB 29 06 A0 A0 6O B8 68 B8 1(....... ) i
ANARA158 2a 00 B0 00 0O G0 B0 BB 2h 06 A0 A0 0O OB B BB ix....... Forinnnn i
ABPRA160 2c A PO PO PO 0O 0O BB 2d PO PO GO 0O 66 B0 BB I........ “eeaaaas i
AB0AA170 2¢ 00 OB OB 0O 00 0O BB 2f 0B PO 0O 0O 6O B0 B i........ Zisansas i
AARA18G 30 0O PO A0 0 B0 B0 BB 31 06 A0 A0 6O BG 68 B@ 16....... ) i
ARARA196G 32 A0 B0 A0 0M BA BA @ 33 06 A0 00 0B BA 68 B8 12....... K IR i
ABPAR1aB0 34 00 OO PO GO 00 06 BB 35 PG PO 0O 0O 0O B0 BB i4....... Beaannas i
pAARA1hA 36 OO OO A0 0O PG BA BB 37 06 B0 A0 6O OB 68 B 16....... P i
ARARA1cA 38 0BG PO A0 0A PG BA BB 39 06 A0 A0 0O OB B8 B@ i8....... b S, i
pAPRA1d8 3a B0 PO PO GO 0O GG BB 3b PO PO 0O 0O 06 B0 BB i:....... H i

AB0AA1ed 3c B0 OO OO PO 0O 00 BB 3d V0 00 0O 00 00 B0 B0 i<.......=....... i
AARA1fA 3e OO B0 OO 0O VO B0 BB 3f OO OO 0O 6O B0 68 B8 >....... Teceeann i

Eggglziggetalinux:"it I Raw data displayed in hexadecimal and ASCII format ’—

Figure 17 Dump Data Using “hexdump”
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2.2.3 Mixed Write/Read

This test performs a mixed write/read workload with a total data size of 32 GB using a 32 MB block size and an 1/O
depth of 16. The workload executes a mixed write/read operation targeting the block device /dev/dgnvmeblk0. The
test is executed using the following command:

io-uring-perf /dev/dgnvmeblk0 32G 32M 16 wrrd

Figure 18 illustrates the results of the mixed write/read test executed with the io-uring-perf application. The results
report a write bandwidth of 2904.2 MB/s and a read bandwidth of 2904.2 MB/s.

+: User input
+: User output

Command to run mixed write/read test
root@DGpetalinux:"“#| io—uring—-perf /dev/dgnumeblk® 32G 32M 16 wrrd -w 50

Total size : 34.4 GB ¢32.@ GiB) L

Block size : 33.6 MB <32.@ MiB) | Configuration summary |

Queue depth : 16

Write ratio : 50
F==::::===:======:=:========::::===============I=======

Real-time /O progress output

r,u»ite: 2885.7 MB/s, Read: 2919.2 MB/s | prog put |
[RERBRRHRERARRRRARS ... ... ..... 11 48.2z

root@DGpetalinux:"# io—uring-perf /leu/dgnumeblkﬂ 32G 32M 16 wrrd -w 50

Total size : 34.4 GB (32.8 GiB>
Block size : 33.6 MB (32.08 MiB>
Queue depth : 1

Write ratio :

[Writel bu= 2994.2 MB/s, sz= 17.2 GB, t
[Read 1 bu= 29084.2 MB/s, sz= 17.2 GB, t

root@DGpetalinux:"H#

Figure 18 Mixed Read/Write Test on io-uring-perf Application (Gen4 Speed)
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3 1/0 Performance Test with Filesystem (ext4)

This section evaluates 1/0O performance at the filesystem level, taking filesystem overhead into account to better
reflect real-world application behavior. The tests access data through the Linux VFS layer rather than directly through
the raw block device and are performed using both the fio benchmark and the io-uring-perf application.

Before running the tests in this section, users should verify the I1/O capabilities of the NVMe block device in the Linux
system to ensure optimal performance, as described earlier and shown in Figure 5.

To perform filesystem-level 1/O tests, the NVMe block device must first be formatted with a valid filesystem. This
preparation step allows data to be accessed through the Linux file I/O interface instead of direct raw block access.
Follow the steps below to prepare the device.

1) Run the following command to create an ext4 filesystem on the block device:
mkfs.ext4 /dev/dgnvmeblk0
2) Confirm that the filesystem has been created successfully by running:
Isblk -f
3) Create a directory to be used as the mount point:
mkdir -p /mnt/myblk
4) Mount the formatted device to the created directory:
mount /dev/dgnvmeblkO /mnt/myblk
5) Verify that the device is properly mounted:
Isblk

Figure 19 shows the result after formatting and mounting the device, confirming that it is ready for subsequent
filesystem-level read and write performance tests.

¢: User input
+: User output

root@DGpetalinux: “#| nkfs.ext4 /dev/dgnvmeb1k@
ke2fs 1.46.4 <(18-Aug-2021)

reating filesystem with 195353846 4k bhlocks and\ 48840784 inodes
Filesystem UUID: 6eeed4b4d-h27c-4083c-ael8-BfebbB29a9f0
Superblock backups stored on bhlocks:

32768, 98304, 163848, 229376, 294912, 819200, 884736, 1685632, 2654208,
4096000, 7962624, 11239424, 20480000, 23887872, 71663616, 78675968,

102460000 1) Create ext4 filesystem

Allocating group tables: done on DG NVMe block device
riting inode tahles: done

reating journal (262144 blocks): done

riting superblocks and filesystem accounting information: done

. [2) To check filesystem type |
root@DGpetalinux:"H#|1lshlk —f
“HElkB FSTYPE m;‘k UuID Device f||esy5tem ‘ FSAUAIL FSUSEx
mc
1 vfa BOOT 348B-82AB 2.3G

*—mmch1k@

1 6eee4h4d-h27c-4083c-ael8- Bfeﬁq 3) Create mount dlrectory ‘
“#|mkdir —p /mnt/myblk

10 0 petalinux:
out@DGpetalmux “#[ mount /deu/dﬂaumeblka /nnt/myblk/ — 4) Mount block device |_

[ 13362385319] EXT: isbig numebhlkW): mounted filesystem wi.l:lI ordered data mode. Opt
root@DGpetalinux:"#|1s 5) List block devi
AME I‘IHJ:HINLHI'I__jIZE RO TYPE MOUNTPOINTS | 5) List block devices |

mch1k@ 179:0 @ 7?7.4G @ disk
*—mmch1k@pl 1'?9 1 @ 7.4G @ part /run/media/mmchlk@pi

/Znnt/myh Device mount point ‘

oot DGpetahnux H

Figure 19 Create and Mount ext4 Filesystem on Block Device
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3.1 fio Benchmark

In this subsection, the fio benchmark is used to evaluate filesystem-level I/O performance. Unlike the raw device
tests in Section 2, these tests access data through the mounted filesystem, thereby including filesystem and VFS
overhead. The test scenarios include Sequential Write, Random Write, Sequential Read, and Random Read
operations.

3.1.1 Sequential Write

This test writes a total of 32 GB of data using a 32 MB block size and an I/O depth of 8. The workload performs a
sequential write operation using the io_uring I/O engine with direct I/O enabled, targeting a file located on the
mounted filesystem at /mnt/myblk/. The test is executed using the following command:

fio --name=write_test --flename=/mnt/myblk/test_file --size=32G --bs=32M --iodepth=8 --rw=write --
ioengine=io_uring --direct=1

Figure 20 shows the result of the sequential write test on the ext4 filesystem executed with the fio benchmark. The
upper portion of the figure displays the command execution and real-time progress output, while the lower portion
presents the final performance summary. In this example, a write bandwidth of 4126 MB/s is achieved.

+: User input
+: User output

| Command to run sequential write-filesystem test L

root@DGpetallnux “# flo --name=write_test -—filename= /nnt/nyhlk/test_flle --gize=32G —-hs=32M --iodepth=8 --ru=un
ite ——ioengine=io r1n —-direct=1
write_test:
iodepth=8
fio-3.41-19-9925a
tarting 1 process
r1te test La

1B, 1oengine=1o_uring.

o0tBDGpetalinux:™# fio —-name=write_test ——filename=/mnt/myblk/test_file —-size=32G —-hs=32M ——iodepth=8 ——ru=un
ite ——ioengine=io_uring —-direct=1
riae_tﬁsg: (g=@)>: pu=write, hs=(R> 32.BMiB-32.8MiB, <(W> 32.@MiB-32.@MiB, (T)> 32.@MiB-32.8MiB, ioengine=io_uring,
iodepth=
i0-3.41-19-9925a
tarting 1 process
write_test: Laying out [0 file <1 file ~/ 32768MiB)
Jobhs: 1 <f=@): [£<1>1[160.0%]1[w=3912MiB/s]1[w=122 10PS]1leta BBm:06s]
write_test: (groupid=8, johs=1): err= @: pid=711: Thu Jan 22 04:28:40 2026
write: [0PS=122, BW=3935MiB/s (4126MB/s)>(32.8GiB/8328msec); @ zone resets
slat (usec): min=3313, max=9861, avg=8098.51, stdev=1250.63
clat Cusec): min=10036, max=66294, avg=56767.61,. stdev=3766.65
lat Cusec?: min=19328, max=75207, avg=64866.12, stdev=3878.41
clat percentiles (usec):
i 1.88th=[479731, 5.00th=[51643]1, 18.80th=[53216], 20.88th=[542641,
1 30.88th=[558371, 40.80th=[563611, 50.88th=[568861, 68.88th=0579341,
i 70.80th=057934]1, 80.00th=[589831, 90.80th=[6085561, 95.00th=0621291,
1 99.88th=0642261, 99.50th=[647501, 99.98th=[657991, 99.95th=0663231,
1 99.99th=0[663231
bw ¢ MiB/s): min= 3520, max= 4023, per=99.40x, avg=3911.08, stdev=113.83, samples=16

iops : min= 118, max= 125, avg=121.75, stdev= 3.47, samples=16
lat (msec) : 20=0.20x, 50=2.85x, 100=97.75%
cpu : usr=99.24%, sys=0.56%, ctx=174, majf=0, minf=16
10 depths 2 1=0.1%, 2=0.2%, 4=0.4z, 8=99.3x, 16=0.8z, 32=0.0x, >=64=0.0x
submit : 0=0.0%, 4=100.0%z, 8=0.0x, 16=0.0x, 32=0.0z, 64=0.0x, >=64=0.0~
complete : @=0.8x, 4=99.9x. 8=0.1x, 16=0.0z, 32=0.07, 64=0.8%z, >=64=0.8x

issued rwts: total=0,1024,08,0 short=0,0,.0,08 dropped=0,0.0.0
latency : target=B, window=0, percentile=100.80x%, depth=8

I Final performance summary }—
Run status group @ (all johs):
WRITE: bw=3935MiB/s (4126HB/$), 3935MiB/s-3935MiB/s (4126MB/s-4126MB/s), i0=32.8GiB (34.4GB>, run=8328-8328msec

Disk stats (read/write):
dgnumehlk@: ios=0,/32111, sectors=0,65505392, merge=0,/267, ticks=0,205185, in_queue=205104, util=92.06%
rootBDGpetalinux: “H#

Figure 20 fio Sequential Write on Filesystem Test (Gen4 Speed)
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3.1.2 Random Write

This test writes a total of 32 GB of data using a 32 MB block size and an I/O depth of 8. The workload performs a
random write operation using the io_uring I/O engine with direct I/O enabled, targeting a file located on the mounted
filesystem at /mnt/myblk/. The test is executed using the following command:

fio --name=write_test --flename=/mnt/myblk/test_file --size=32G --bs=32M --iodepth=8 --rw=randwrite
--ioengine=io_uring --direct=1

Figure 21 shows the result of the random write test on the ext4 filesystem executed with the fio benchmark. The
upper portion of the figure displays the command execution and real-time progress output, while the lower portion
presents the final performance summary. In this example, a write bandwidth of 4078 MB/s is achieved.

¢: User input
¢: User output

Command to run random write-filesystem test

oot@DGpetalinux:™“# fio —-name=write_test ——filename=/mnt/myblk/test_file —-size=32G --hs=32M --iodepth=8 —-pru=p
durite ——ioengine=io_uring --direct=1

rite_test: (g=@): pu=randwrite, hs= .BMiB-32.0MiB, .BMiB-32.0MiB, .BMiB-32.0MiB, ioengine=io_uy
oS3 5 925
i0-3.41-19-¢g925a =
Exiting 1 ArocasE | Real-time 1/O progress outpui |

ohs: 1 (F=1): [[w(1)1[48.0%1[w=3972MiB/s1[w=124 T0PSI[eta @On:@6s]]

koot@DGpetalinux:"ﬂ fio ——name=urite_test --filename=/mnl/nyb1k/test_file --size=32G --hs=32M --iodepth=8 --rw=PJ
durite —--ioengine=io_uring —-direct=1
write_test: (g=@): ru=randwrite, hs=(R)> 32.8MiB-32.@MiB, (W) 32.@MiB-32.8MiB, (T)> 32.BMiB-32.@MiB, ioengine=io_up|
ing, iodepth=8
fio-3.41-19-9925a
Starting 1 process
Mobs: 1 (f=1)>: [w(1)1[100.0%1[w=3904MiB/s1[w=122 10PS1leta BBn:0@0s ]
write_test: (groupid=@, jobhs=1): err= @: pid=731: Thu Jan 22 04:29:48 2026
write: [0PS=121, BW=3889MiB/s (4078MB/s)>(32.8GiB/8426msec); @ zone resets
slat (usec): min=3322, max=10343, avg=8131.49, stdev=1396.34
clat Cusec): min=6688, max=67916, avg=57480.46, stdev=3897.88
lat (usec): min=16088, max=75852, avg=65611.96, stdev=3868.95
clat percentiles (usec):
i 1.88th=[49021]1, 5.00th=[521671, 10.00th=[537401, 20.80th=[553131,
1 30.88th=[563611, 40.00th=[568861, 50.00th=[57934]1, 60.80th=[579341],
i 70.88th=[589831, 80.00th=[600311, 90.00th=[616041, 95.80th=[631771],
1 99.80th=[647581, 99.58th=[663231, 99.908th=[668471, 99.95th=[676341,
1 99.99th=167634]
bw ¢ MiB/s): min= 3584, nax- 4023, per=99.84%, avg=3851.40, stdev=112.92, samples=1?
iops : min= 112, 125, avg=120.00, stdev= 3.43, samples=17
lat (msec) : 10=0.10z, 20 B 102. 50=1.177, 100=98.63%
cpu : usr=98.61z, sys=0.49%, ctx=1%96, majf=0, minf=17
10 depths : 1=0.17%, 2=0.27%, 4=0.4%, 8=99.3%, 16=0.0%, 32=0.0%, >=64=0.0%
subnit : 0=0.0%, 4=100.07, 8=0.0x, 16=0.0%, 32=0.0%, 64=0.0%, >=64=0.0
complete : 0=0.0z, 4=99.9%, 8=0.1%, 16=0.0z, 32=0.0%, 64=0.0%, >=64=0.0z
issued ruts: total=0,1024,0,8 short=0,0,0,0 dropped=0,0,0,0
latency : target=8, window=0, percentile=100.00%, depth=8

| Final performance summary }_

un status group @ <(all johs):
WRITE: bw=3889MiB/s (4878HB/3) 3889MiB/s-3889MiB/s (4878MB/s-4878MB/s), i0=32.8GiB (34.4GB), run=8426-8426msec|

isk stats (read/urite):
dgnumehlkB: ios=0/32351, sectors=0/65994776, merge=0B/1, ticks=0,/533989, in_queue=533989, util=90.98x
0ot@DGpetalinux:™H#

Figure 21 fio Random Write on Filesystem Test (Gen4 Speed)
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3.1.3 Sequential Read

This test reads a total of 32 GB of data using a 32 MB block size and an 1/O depth of 8. The workload performs a
sequential read operation using the io_uring /O engine with direct 1/0O enabled, targeting a file located on the
mounted filesystem at /mnt/myblk/. The test is executed using the following command:

fio --name=read_test --filename=/mnt/myblk/test file --size=32G --bs=32M --iodepth=8 --rw=read --
ioengine=io_uring --direct=1

Figure 22 shows the result of the sequential read test on the ext4 filesystem executed with the fio benchmark. The
upper portion of the figure displays the command execution and real-time progress output, while the lower portion
presents the final performance summary. In this example, a read bandwidth of 5048 MB/s is achieved.

+: User input
+: User output

Command to run sequential read-filesystem test L
o0tBDGpetalinux:™# fio ——name=read_test ——filename=/mnt/myblk/test_file --size=32G —-bs=32M —-iodepth=8 —-ru=reaq

-—ioengine=io_uring --direct=1
ead_test: (g=8): rw=read, bs=(H) 32.
depth=8

égrilﬁﬁ igpf.gfgi's Real-time /O progress output
% 1r=4773MiB/s 1[r=149 10P

ohs: 1 ¢f=1)>: [[R(1>I[50.0 Jleta BBn:B4s]

1 1b, loenglne=lio_uring., 1

—Eﬂfﬂ?ﬁ_‘?“—

not@DGpetallnux:"ﬂ fio ——name=read_test ——filename=/mnt/myblk/test_file —-size=32G —-bs=32M —iodepth=8 —-ru=rea
--ioengine=io_uring --direct=1
gad ;ezt (g=8>: vw=read, hs=(R) 32.8MiB-32.0MiB, <W> 32.08MiB-32.@8MiB, (T)> 32.@MiB-32.8MiB, ioengine=io_uring, i
epth=
Fio—-3.41-19-g925a
Starting 1 process
Mohs: 1 <f=0>: [£<{1)>1[100.0%1[r=4773MiB/s1[r=149 10PS]1leta @Om:08s]
read_test: {(groupid=@, johs=1): err= B: pid=822: Fri Jan 23 B3:59:54 2026
read: 10PS=158, BH 4814ﬂlﬂ/s (5848"8/3)(32 BGiB/6807nsec)
slat {nsec): min=3968, max=97489, avg=397408.62, stdev=5962.23
clat (msec): min=49, max=407, avg=53.87, stdev=25.61
lat (msec?: min=49, max=407, avg=53.11, stdev=25.01
clat percentiles (msec):
i 1.88th=[ 511, 5.808th=[ 511, 10.86th=[ 511, 20.88th=[ 511,
i 30.88th=[ 511, 48.80th=[ 511, 50.88th=[ 511, 6@.88th=[ 511,
| 70.88th=[ 511, 8A.@0th=[ 511, 98.88th=[ 511, 95.@88th=[ 511,
1 99.88ch=0 1551, 99.508th=0 2711, 99.98th=[ 3631, 99.95th=[ 4891,
1 99.99th=[ 4691
bu ¢ MiB/s>: min= 1488, max= 5128, per=99.68x. avg=4798.67, stdev=1019.28, samples=13
iops ¢ min= 44, max= 168, avg=149.54, stdev=31.73, samples=13
lat (msec) : 50=8.39x, 108=98.34x. 253 A.59%, 580=0.68%
cpu :ousr=0.78%, sys=1.00%, ctx=1028, majf=0, minf=18
10 depths :1=0.1%, 2=B.22. 4=B.4z. B=99.3z, 16=0.0z, 32=0.08xz, >=64=0.0x
submit : 0=0.07, 4=100.0x, 8=0.8xz, 16=0.8x, 32=0.0x, 64=0.0x, >=64=0.0~
complete : @=0.8x, 4=99.9z, 8=0.1%z, 16=0.82z, 32=0.8x, 64=0.0x, >=64=0.82
issued rwts: total=1024,0.08.8 short=0.0.0.0 dropped=0.0.0.0
latency : target=@, window=8, percentile=100.080%, depth=8

| Final performance summary |-

Run status group @ <(all johs):
READ: hw=4814MiB/s (50848MB/s), 4814MiB/s-4814MiB/s (5848MB/s-5848MB/s)>, i0=32.8GiB (34.4GB)>, run=6887-6887msec

Disk stats (read/write):
dgnumeblkB: i0s=32183/8, sectors=65142784/0, merge=0/08, ticks=124935/08, in_queue=124935, util=93.89%x
rootB@DGpetalinux:“H#

Figure 22 fio Sequential Read on Filesystem Test (Gen4 Speed)
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3.1.4 Random Read

This test reads a total of 32 GB of data using a 32 MB block size and an 1/O depth of 8. The workload performs a
random read operation using the io_uring I/O engine with direct I/O enabled, targeting a file located on the mounted
filesystem at /mnt/myblk/. The test is executed using the following command:

fio --name=read_test --filename=/mnt/myblk/test_file --size=32G --bs=32M --iodepth=8 --rw=randread
--ioengine=io_uring --direct=1

Figure 23 shows the result of the random read test on the ext4 filesystem executed with the fio benchmark. The
upper portion of the figure displays the command execution and real-time progress output, while the lower portion
presents the final performance summary. In this example, a read bandwidth of 5045 MB/s is achieved.

+: User input
+: User output

| Command to run random read-filesystem test

rootBDGpetalinux:“# fio —-name=read_test -—filename=/mnt/myhlk/test_file —-size=32G --hs=32H0 —-iodepth=8 --pu=ran
dread ——ioengine=io_uring —-direct=1
read_ﬁest; §g=ﬂ): ru=randread, bhs=(R) 32.8MiB-32.6MiB, (W) 32.@MiB-32.6MiB, (1) 32.8MiB-32.8MiB, ioengine=io_urin
» iodepth=

::;2 1:; }91‘,332“ | Real-time V/O progress output |

obhs: 1 (f=1): [[»{(1)>1[40.0%1[r=4773MiB/s1[r=149 10PS1leta BBm:@5s]

ootBDGpetalinux:"# fio --name=read_test --filename=/mnt/myhlk/test_file --size=32G --hs=32M --iodepth=8 --rw=ran
read —--ioengine=io_uring --direct=1
ead_test: (g=@): ru=randread, bhs=(R> 32.BMiB-32.8MiB, <W) 32.@MiB-32.@MiB, (T)> 32.8MiB-32.8MiB, ioengine=io_urin
, iodepth=8
fin-3.41-19-¢925a
Starting 1 process
Jobs: 1 <f=0>: [£¢1>1[100.0%1[r=4773MiB/s]1[r=149 10PS][eta 0Bm:00s]
read_test: (groupid=8, jobhs=1): err= B: pid=844: Fri Jan 23 B4:01:41 2826
read: 10P§S=158, BU= 4811H1B/s (5845HB/5)(32 BGiB/6811msec)
slat (nsec): min=4020, max=99518, avg=39122.36, stdev=4733.95
clat (msec): min=47, max=411, avg=53.08, stdev=25.31
lat (msec): min=47, max=411, avg=53.12, stdev=25.31
clat percentiles {(msec):
i 1.88th=[ 511, 5.88th=[ 511, 18.88th=[ 511, 20.8@th=[ 511,
i 30.88th=0L 511, 48.80th=[ 511, 58.88th=[ 511, 60.8@th=[ 511,
i 70.88th=[ 511, 88.8@th=[ 511, 98.88th=[ 511, 95.88¢th=[ 511,
1 99.88th=0[ 1591, 99.568th=[ 2751, 99.96th=[ 3681, 99.95th=[ 4141,
1 99.99th=[ 414]
bu ¢ MiB/s): min= 1408, max= 5128, per=99.78x, avg=4800.24, stdev=1019.75, samples=13
iops ! min= 44, max= 160, avg=149.69. stdev=31.78, samples=13
lat <{msec> : 50=1.07x, 100=97.66x, 250=0.59x, 500=0.68%
cpu :usp=l. 36/. sys=0.87xz, ctx=1827, majf=0, minf=18
10 depths :1=0.1%, 2=0.2x, 4=0.4z, 8=99.3x, 16=0.08xz, 32=0.0x, >=64-0.0~
submit : 9=0.0%, 4=100.0xz, 8=0.0x, 16=0.0x, 32=0.8x, 64=0.0x, >=64=0.8:
complete : B=B.BZ, 4=99.9%, 8=0.1x, 16=0.8xz, 32-0.8x, 64-0.8x, >=64=0.08x
issued ruts: total=1024,0,0,0 short=0,0,8,0 dropped=0,0,0.0
latency : target=@, window=8, percentile=100.008%, depth=8

| Final performance summary |—
un status group @ (all johs):
READ: bw=4811MiB/s (5045MB/s>, 4811MiB/s-4811MiB/s (5845MB/s-5045MB/s>, i0=32.8GiB <(34.4GB>, run=6811-6811imsec|

Disk stats (read/write):
dgnumeblk@: i0s=32303/8, sectors=65132592/8, merge=0/0, ticks=122865,8, in_queue=122865, util=93.82x
rootBDGpetalinux:“H#

Figure 23 fio Random Read on Filesystem Test (Gen4 Speed)
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3.1.5 Mixed Write/Read

This test performs a mixed write/read workload with a total data size of 32 GB using a 32 MB block size and an 1/O
depth of 16. The workload executes a mixed write/read operation using the io_uring 1/0 engine with direct I/O enabled,
targeting a file located on the mounted filesystem at /dev/dgnvmeblk0. The test is executed using the following
command:

fio --name=rw_test --filename=/mnt/myblk/test_file --size=32G --bs=32M --iodepth=16 --rw=readwrite -
-ioengine=io_uring --direct=1

Figure 24 illustrates the results of the mixed write/read test on the ext4 filesystem executed with the fio benchmark.
The results report a write bandwidth of 2589 MB/s and a read bandwidth of 2432 MB/s.

¢: User input
¢: User output
[ Command to run mixed write/read-filesystem test

root@DGpetalinux:"# fio —-name=ru_test ——f11ename‘/mnt/nyblk/test_flle --size=32G --hs=32M --iodepth=16 --ru=readurite
-—ioengine=io_uring —-direct=1
ru_test: (g=0): ru=rw, bs=CR) 32.
fio-3.41-19-9925a
Starting 1 process
Jobs: 1 (f=1>: [M(1)1025.08%1[r=2462MiB/s,w=2366MiB/s1[r=76,u=73 10PS1[eta @Bn:@9Johs: 1 (F=1): [M(1)1[40.0~]1[r=2304MiB
Vs, w=2496MiB/s 1[1=72,u=78 10PS1leta BBm:B6Jobs: 1 (F=1)>: [MC1)1[55.6%1[r»=2080MiB/s,w=2624MiB/s 1[r=65,u=82 I10PS1leta 0O
n:04Johs: 1 (f=1>: [MC(1)>1066.7%1[r=2373MiB/s,w=2469MiB/s1[r=74,u=77 10PS1leta BBm:@3Johs: 1 (F=1): [M(1)1[87.521[r=227
4Higas.g;2§63ﬂiﬂ/s][r=71,w=80 I0PS1[eta @Bm:@1Johs: 1 <(F=1): [MC<1)1[100.0%1[r=2336MiB/s,w=2464MiB/s1[»=73,u=77 10PS1[e
ta @0n:00s
ru_test: (groupid=@, jobhs=1): err= @: pid=695: Fri Feb 6 04:11:33 2026
read: I0PS=72, BW=232BMiB/s (2432MB/s)>(15.5GiB/6842msec)
slat (usec): min=4, max=144, avg=20.64, stdev=14.50
clat (msec): min=28, max=181, avg=123.49, stdev=19.85
lat (msec): min=29, max=181, avg=123.52, stdev=19.04
clat percentiles (msec):
1.88th=[ 941, 5.088th=[ 1011, 10.00th=0[ 1641, 20.80th=[ 167],
30.80th=0 1121, 40.88th=[ 1161, 50.8@th=[ 1231, 68.88th=[ 1281,
70.00th=[ 1341, 80.00th=[ 1401, 90.80th=[ 1581, 95.88th=[ 1551,
99.88th=0 1781, 99.58th=0 1821, 99.9@th=[ 1821, 99.95th=[ 1821,
99.99th=[ 1821
bu ¢ MiB/s): min= 1728, max= 2938, per=97.71%, avg=2266.61, stdev=346.93, samples=14
iops : min= 54, max= 91, avg=70.71, stdev=10.62, samples=14
write: I10PS=77, BW=2469MiB/s (2589MB/s)>(16.5GiB/6842msec); @ zone resets
slat C(usec): min=3798, max=10091, avg=7004.108, stdev=2261.18
clat (msec): min=33, max=122, avg=83.66, stdev=14.28
lat (msec): min=37, max=131, avg=90.66, stdev=15.63
clat percentiles (msec):
i 1.88th=[ 501, 5.8@th=[ 611, 18.8@th=[ 651, 20.88th=[ 78],
30.88th=0 771, 40.80th=I 811, 50.8@th=[ 851, 68.8@th=[ 891,
?70.88th=0 941, 80.8@th=[ 991, 90.8@th=[ 1021, 95.80th=[ 1841],
99.00th=[ 1081, 99.56th=[ 1131, 99.96th=0 1231, 99.95th=[ 1231,
99.99th=[ 123]
buw ¢ MiB/s): min= 1664, nax— 2752, per=9?.72%, avg=2413.15, stdev=337.97, samples=14
iops : min= 52, max= 86, avg=75.29, stdev=108.74, samples=14
lat (msec) : 50=0.98z, 100 46.39%, 250 52.647
cpu :usr=53.91%, sys=1.17%, ctx=800, majf=0, minf=20
10 depths : 1=0.1%, 2=0.2%, 4=0.4%, 8=0.87, 16=98.5x, 32=0.0z, >=64=0.0x
subnit : 0=0.8%, 4-100.0%, 8-=0.0%, 16=0.0%, 32=0.0%, 64=0.0%, >=64=0.0~
complete : 0=0.0z, 4=99.9x, 8=0.0z, 16=0.1%, 32=0.0%, 64=0.0%, >=64=0.0x
issued ruts: total=496,528,0,08 short=0,0,0,8 dropped=0,0,0,0
latency : target=08, window=8, percentile=100.00%, depth=16

1B, iloengine=io_uring, iodepth=16

[ Final performance summary

Run status group @ Call johs):
READ: hw=2320MiB/s (2432MB/s), 232@MiB/s-232@MiB/s (2432MB/s-2432MB/s), io=15.5GiB (16.6GB), run=6842-6842nmsec
WRITE: bw=2469MiB/s (2589MB/s)>, 2469MiB/s-2469MiB/s (2589MB/s-2589MB/s), i0=16.5GiB (17.7GB), run=6842-6842nmsec

Disk stats (read/write):
dgnumeblk@: ios=15454/16738, sectors=31588352,/34209816, merge=0/1, ticks=808497/128012, in_queue=208510, util=84.31%
root@DGpetalinux:"H#

Figure 24 fio Mixed Read/Write on Filesystem Test (Gen4 Speed)
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In this subsection, the io-uring-perf application provided by Design Gateway (DG) is used to evaluate filesystem-
level I/O performance. The application is based on the io_uring I/O engine and accesses data through the mounted
filesystem, thereby including filesystem and VFS overhead.

rmNVMe IP Core

3.2 io-uring-perf Application

The test scenarios include Sequential Write, Sequential Read, and Mixed Write/Read operations. The application
supports configurable parameters, allowing users to adjust test conditions and observe performance behavior under
different workloads. An example of command usage is shown in Figure 11.

3.2.1 Sequential Write

This test writes a total of 32 GB of data using a 32 MB block size and an I/O depth of 8. The workload performs a
sequential write operation targeting a file located on the mounted filesystem at /mnt/myblk/. The test is executed
using the following command:

io-uring-perf /mnt/myblk/test 32G 32M 8 write -p all_0

Figure 25 shows the result of the sequential write test on the ext4 filesystem executed with the io-uring-perf
application. The upper portion of the figure displays the command execution and real-time progress output, while the
lower portion presents the final performance summary. In this example, a write bandwidth of 6264.9 MB/s is achieved.

¢: User input
+: User output

Command to run sequential write-filesystem test
root@DGpetalinux:“#| io—uring—perf /mnt/myblk/test 32G 32M 8 write —p all @

WUrite size 34.4 GB (32.08 GiB>
Block size 33.6 MB (32.8 MiB> c

onfiguration summary |

Pattern

Queue depth : 8

all @
Bx8
(not used)

| Real-time /O progress output |
28 .7«

rite: 6148.5 MB/s
[ . . . ... ...t iicnnana- 11

L

root@DGpetalinux:™“# io—uring-perf /mnt/myblk/test 32G 32M 8 write -p all_@

Write size : 34.4 GB (32.8 GiB»>
Block size : 33.6 MB (32.8 MiB>
Queue depth : 8

Pattern :
Seek :

- ll Final performance summary ‘
|

[Write] bu= 6264.9 MB/s, sz= 34.4 GB, t= 5.48 se

rootE@BDGpetalinux:"#

Figure 25 Sequential Write with Filesystem Test on io-uring-perf Application (Gen4 Speed)
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3.2.2 Sequential Read

This test reads a total of 32 GB of data using a 32 MB block size and an 1/O depth of 8. The workload performs a
sequential read operation targeting a file located on the mounted filesystem at /mnt/myblk/. The test is executed
using the following command:

io-uring-perf /mnt/myblk/test 32G 32M 8 read

Figure 26 shows the result of the sequential read test on the ext4 filesystem executed with the io-uring-perf
application. The upper portion of the figure displays the command execution and real-time progress output, while the
lower portion presents the final performance summary. In this example, a read bandwidth of 5303.6 MB/s is achieved.

+: User input
+: User output

Command to run sequential read-filesystem test
root@DGpetalinux:“#| io—uring-perf /mnt/myblk/test 32G 32M 8 read

Read size : 34.4 GB (32.8 GiB)

g&:ﬁg 3;::]1 33'6 MB (32.8 MiB> Configuration summary |

Uerify : No verify

Seek : Bx@

Seed : (not used>
e
ead : 5223.2 MB/s | Real-time I/O progress output
[HUBHEuRRRERG. ... ..., 11 28.6x

rootB@DGpetalinux:“# io—uring-perf /mnt/myblk/test 32G 32M 8 read

Read size : 34.4 GB (32.8 GiB)
Block size : 33.6 MB (32.8 MiB>
Queue depth : 8

Uerify : No verify

Seek : Bx@

(not used)

=I Final performance summary
[Read 1 bw= 5383.6 MB/s, sz= 34.4 GB, t= 6.48 sec|

root@DGpetalinux:"H#

Figure 26 Sequential Read with Filesystem Test on io-uring-perf Application (Gen4 Speed)
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3.2.3 Mixed Write/Read

This test performs a mixed write/read workload with a total data size of 32 GB using a 32 MB block size and an 1/O
depth of 16. The workload executes mixed write and read operations targeting a file located on the mounted
filesystem at /mnt/myblk/. The test is executed using the following command:

io-uring-perf /mnt/myblk/test 32G 32M 16 wrrd

Figure 27 illustrates the results of the mixed write/read test on the ext4 filesystem executed with the io-uring-perf
application. In this example, both the write bandwidth and the read bandwidth reach 2613.8 MB/s.

¢: User input
+: User output
Command to run mixed write/read-filesystem test
o0t@DGpetalinux:“H#| io—uring—-perf /mnt/myblk/test 32G 32H 16 wrrd -w 50

Total size : 34.4 GB (32.8 GiB> < :

Block size : 33.6 MB <32.8 MiB) | Configuration summary |
Queue depth : 16
Urite ratio : 50

rite: 2885.7 MB/s, Read: 2919.2 MB/s | Real-time /0 progress output
uannunmmnunnuunuunnnnnuunuunuu...‘ ...... 1t 2262 |

root@DGpetalinux:“# io—uring—-perf /mnt/myblk/test 32G 32M 16 wrrd -w 50

Total size : 34.4 GB (32.0 GiB>
Block size : 33.6 MB (32.8 MiB>
Queue depth : 16

Write ratio : 50 x

[Write]

bu= 2613.8 MB/s, sz= 17.2
[Read 1 bu

GB
2613.8 MBss, sz= 17.2 GB, 6.53 sec

FJSE@i&;&EQiEE&QH ___________________________________

Figure 27 Mixed Read/Write with Filesystem Test on io-uring-perf Application (Gen4 Speed)
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4

NVMe Management Commands Using DG NVMe Tool

Once the NVMe device is successfully initialized, users can proceed to run the test application “dgnvme”, which is
used to execute various NVMe commands supported by the rmNVMe IP Core. A list of supported commands can be
viewed by running “dgnvme help”, as shown in Figure 28.

_ List all supported commands ¢: User output
root@DGpetalinux: ﬂldgnume help] iUsageinsﬂucﬁons|

Usage:

¢: User input

dgnume {command> <{device> [options]

The ’'{device>’ is NUMe hlock device (ex: /dev/dgnumebhlk®)

Command:
identify Read Identify Controller and Identify Namespaces data
smart Read SMART / Health Information log page
flush Force the SSD controller to write cached data to the flash memory
secure—-erase Erases all data in the SSD
shutdown Safe shutdown operation for the SSD
help Displays usage information and availabhle options for each command

See I’!%gnume help {command)’ for more information on a specific command
root petalinux:™H

Figure 28 Help Command

<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 smart : Displays SMART health information.

e 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.

<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/dgnvmeblk0”.

[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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4.1 Identify Command

- +: User input
| Check command options +: User output

rootBDGpetalinux:“#|dgnune help identifyT .
Usage: - | Usage instructions
dgnvme identify {device> [-d] [-r <byte_addr> <{nbytes>]

The ’'{device>’ is NUMe block device (ex: /dev/dgnumehlk@®>

Required:
{device> specify the dgnume block 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.
<{byte_addr>: Start address in Bytes.
{nbhytes> : Number of Bytes to display.

Note:
<{hyte_addr> + <{nhytes> must not exceed 8192 hytes.

Examples:
dgnvme identify /dev/dgnumeblkd -d
dgnume_identify /dev/dgnumeblk@ -r Bx100 64

rootifDGpetalinux:

Figure 29 Identify Command Options

The Identify command is used to retrieve identification data from the NVMe block device. As shown in Figure 29, 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 30.

+: User input
¢ User output

Identify with decoded option ‘
oot@DGpetalinux:™H# Pgnume identify /dev/dgnvmebhlkB —dl

+++ Jdentify +++
odel Number INTEL SSDPF21Q800GB

SD Capacity : 80@LGB]
alid Address : B - Bx5d26ceaf [512 Byte Unitl
ecure Erase Command : Support

oot@DGpetalinux: H§ Decoded data output
r from Identify command

Figure 30 Decoded Mode of Identify Command
The displayed information includes the following items:
e Model Number: Decoded from the Identify Controller data, indicating the model of the device.
e SSD Capacity: Provided by the rmNVMe-IP, indicating the total usable storage capacity of the device.
o Valid Address: Provided by the rmNVMe-IP, indicating the address range accessible 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 syntax is as follows:

dgnvme identify /dev/dgnvmeblkO -r <byte addr> <nbytes>

e byte addr specifies the starting byte address of the Identify data.
¢ nbytes defines the number of bytes to be read.

The maximum amount of data that can be retrieved with this command is 8 KB. The first 4 KB contains the “ldentify
Controller Data Structure”, and the remaining 4 KB contains the “ldentify Namespace Data Structure”. Therefore, the
sum of “byte_addr” and “nbytes” must not exceed 8192 bytes. If this limit is exceeded, the command returns an error
message.

Identify with raw data option | ¢ User input
. ~ - - ' +: User output
rootBDGpetalinux:"#|dgnume identify /dev/dgnumeblkd -» 0 Bx200

+++ lentify +++

86 8@ 86 8M@ 50 48 41 4C 31 31 31 32 30 38 41 59

-...PHAL1112080AY

ggggg%g 38 38 30 43 47 4E 20 20 49 4E 54 45 4C 20 53 53 |1 8ABCGN INTEL SS
ARPABA36 | 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20

i
L]
44 50 46 32 31 51 38 30 30 47 42 20 20 20 20 280 ! DPF21Q860GB
|
L]

APAAA48 | 4C 30 33 31 30 32 3@ 3@ @@ E4 D2 5C 0@ A5 00 60 [ LA316260...\....
AAPARASA | 00 03 A1 00 80 84 1E 0O EA 93 04 00 0@ B3 @G0 0B |} ................
ANAAA06A | A 00 PO OP PO A0 AP PO PO AP PO 0O PO 00 08 AA |} ................

ARAAA7A

APARE8A : PG BB PO PO BB BB BB B0 GO 0O 0O 0O 0O B0 BB BB |} ................
AAARAA%G | PO B0 B6 AP A0 B0 VO AP A0 OO VA B0 A6 BB B8 BA |1 ................
ANARANaB | PG B0 GG PG B0 A0 GO A0 A0 GO BA B0 A0 BB BB BA |1 ................

APAAAhA | A0 B0 GG AA G0 PG AA 0P A0 A0 OA A0 00 00 A0 A i ................
A0PARAcA | 00 00 A0 GO G0 A0 G0 PO 00 G0 PO 00 A 00 60 A |} ................
ANAARAdA | A0 00 A0 OP V0 A0 AP PO A0 AP PO 00 PO 00 00 A |} ................

ABAAGeA
A0A06f 8
PAARA1 60
ARRA110
0000120
ABBRA130
AARA140
ARAA150
#000160
pAAnA170
ARRA180
0000190
ABBR01 20
PAARA1hA
ABAA1cA
A0A01d0
PAARA1ed
PARnA1f e

0P 0P 0P 0P V0 VO VO PO PO PO PO PO PO PO Bf Raw data output e
00 G0 00 0P G0 0P A0 A0 AP PO 0O B0 VO 00 g from Identify Command |- -

HEEH R :

=2
]
=2
=
=
[~]
=2
=2
=2
=2
=2
=2
=2
=2
=2
=2
=2
=2
=2
=2
=
=2
=
=2
=2
=2
=2
=4
=
=2
=2
|

Figure 31 Raw Data Mode of Identify Command
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4.2 SMART Command

root@DGpetalinux:

| +: User input
Check command options :
“} hgnume help smarth P ‘, ¢- User output

Usage:

The ’{device>’ is

Required:
{device>

Options:
-d, —-dec

Note:

Examples:

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

-r, —raw <bhyte_addr> {nbytes> show information as raw data.

{byte_addr> + <{nhytes> must not exceed 512 hytes.

dgnume smart /dev/dgnumeblk® -d

dgnume smart /dev/dgnvmeblkB -r Bx100 64
root@ﬁﬁpetallnuxzuﬁ

|Usageinsﬁucﬁons

NUMe block device (ex: /dev/dgnumehlkB)>

specify the dgnume block device

oded show Remaining Life. Percentage Used,
Temperature, Total Data Read.
Total Data Written, Power On Cycles,
Power On Hours, Unsafe Shutdouns.

{byte_addr>: Start address in Bytes.
<{nhytes> : Number of Bytes to display.

Figure 32 SMART Command Options

The SMART command is used to retrieve health and diagnostic information from the NVMe block device. As shown
in Figure 32, this command provides two output formats for displaying the retrieved data, similar to the Identify

command.

Decoded Output Format

The decoded format presents the SMART data in a human-readable structure. It extracts and displays health
information of the NVMe block device, as illustrated in Figure 33.

¢: User input
+: User output

root@DGpetalinux:"# |dgnume smart /dev/dgnumehlk@ —d[
+++ SMART +++

SMART Command with decoded option ‘
|d

ercentage U

emperature : 28 Degree Celsius

otal Data Read : 54806 GB

otal Data Read (Raw data) : BxPPRRARAN_PRAARANA_HRBNANNA_A66143B4
otal Data Written : 135553 GB

otal Data Written (Raw data) : BxB00BARGR_BARARARG_NBROBBRA_BFC?8FCC

K< Health btatus »>
Remaining Life : 108

K< SMART Log Information >>

sed : Bz

over On Cycles : 434 Times

ower On Hours : 416 Hours Decoded data output
Insafe Shutdowns : 185 Times from SMART Command
oot BDGpetalinux: 0

rmNVMelP-Petalinux-instruction-

Figure 33 SMART Command Decoded Mode
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The Health status displays the remaining life of the device as a percentage, derived from the “Percentage Used” field
in the SMART log. The decoded SMART data includes the following seven parameters:

e Percentage used : Indicates the portion 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.

e 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 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 number 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 syntax is as follows:

dgnvme smart /dev/dgnvmeblkO -r <byte addr> <nbytes>

o byte addr specifies the starting byte address of the SMART data.
e nbytes defines the number of bytes to be read.

The maximum amount of data that can be retrieved 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 returns an error message.

SMART with raw data option ¢: User input
. -~ ; ¢: User output
root@DGpetalinux:"“#|dgnume smart /dev/dgnumebhlkd —-» B Bx200

+++ SMART +++
AARBPABG | B0 2D A1 64 B6 B0 00 GO B0 B0 B0 B0 A0 A0 00 A9
pRBBA16 A0 90 B0 B0 PO PO PO PV PP AP AP 0P B0 B0 BB PO
51515151515 4%) B4 43 61 66 00 90 OO PO VO VO OO A0 B0 8@ BB BA| | .Ca.............
IAABPA3B | CC 8F C?7 GF 06 00 G0 A0 00 00 00 A0 00 00 A0 PA| ! ......ccvvvenunn
51505161515 1%] 4E 81 9B A7 91 90 V0 PO VO VO OO AP AP BA BB BA| I N...............
51516151515 1%) 19 AC AC FB A1 90 00 PO VO VO OO AP B0 8@ B BA|: ................
ARRRR6A | BY G0 PP B0 PG PP OO PO PO AG OB 00 600 B0 A0 AA|! ................
PAABPA7G | B2 01 G0 GG 06 00 GO A0 A0 B0 B0 A0 A0 B0 A0 AA| ! .......ccovenunn
51506161515 11%) AB 91 B0 B0 B0 VO VO PO PO PO A0 AP AP 8@ 8@ BA| I ................
1615151515 ]%) 69 00 B0 B0 B0 VO VO PO VO OO A0 A0 B0 B@ B BA| | i...............
ARRRRaR | A0 PP B0 B0 PO PP OO PO OO GO 06 00 00 60 00 AA|! ................
51515]5]1515)1%] A2 90 9P BP OO PO PO PO PO PO 9D AP AP 9@ B8 BA| I ................
51516151515 1%) @F 00 B0 B0 B0 PP PO PO PO VO A0 A0 B0 B@ B8 BA|: ................
ARRRAAA | A0 PP PP PO PG PP OO PO PO AG OB 00 600 B0 A0 AA|! ................
NARBPRe® | B0 OO B0 GO BB 00 G0 A0 A0 B0 00 A0 00 G0 A0 PA| ! .......ccvveuunn
51505151505} %] B0 B0 96 9B AP BP BP PO PO PO PO PO BB BB} ........cc.caa-a

.
I
="

APNPA10A | PO 90 PR AP VR 0P AP PP AP PO B 90 AP 0O 09 | ieeeececceaaann
0000110 | @@ 9@ 99 VA 0O 0O 00 8@ BA 8@ B9 98 A 00 00 | R, data output

p9AA120 | 00 99 8@ 00 00 99 B@ B0 00 99 B9 B 0O 09 88 | oo o at
AAARA130 ! AP 00 AP 0P 9P AP 00 PR AP AR AP 90 09R AR @@ | '"°M ommand |
ARPA140 | OO 00 AR AP VR 00 AP PR AP PO A0 9R AP 0O 09 S ———

ARBRA1560 | 90 0O 0O GG OO GO BV GO PP PO B0 OO PO 00 00 A8} ................
PRA0RA166 | B0 BB VA B0 OO B0 A0 PO OB B VO A0 A0 BA BB BB ! ................
ABAA170 | A0 GG AR OG0 AP A0 A0 PP BA BB A0 A0 A0 A0 B0 BA|§ ................

APAA180 | 00 PP BG OGP PO G0 PO G0 PP 0O 00 A0 A0 0O @A A8 ................

PAANA196 | B0 6O VA B0 OO AP A0 PO OB B VO PO A0 B BB BB ................
PNARA1aB | B0 GO PP B0 B6 B0 A0 PO OB BA OO A0 A0 BA BB BB @ ................
ABAA1H6 | 9O 0O 0O GO GO OO AP BV PP PP PO PO PO PO B AB) !} ................

ABPRA1cH | 90 0O 0O 0O OO GO BV GO OO PO B0 OO PO 00 00 A6} ................
PRAA1de | B0 BB VA B0 OO B0 A0 PO OB B OO A0 A0 BA BB BB ! ................
ABAR1ed | A0 GO B0 OO AP A0 GO BA BA AG A0 A0 A0 B0 00 BA|© ................
ARPAALFO | A0 PG PG PO BV AP BV BP PP PP PP VO PO PG B AB| ) ................

Irnotlﬂ)(ipe talinux: ®

Figure 34 Raw Data Mode of SMART Command
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4.3 Flush Command

+: User input

| Command parameters ‘
+: User output

root@DGpetalinux:"H# |dgnume help flush‘l
Usage:

i Usage instructions

dgnume flush <{device>
The ’{device>’ is NUMe block device {ex: /dev/dgnumehlkB)

Required:
{device> specify the dgnvme block device

Examples:
dgnume flush /dev/dgnumehlk@

root@BDGpetalinux: K

Figure 35 Flush Command Execution (No Options Required)

The Flush command ensures that all data currently stored in the device’s cache is properly written to non-volatile
flash memory. This operation helps prevent data loss in the event of an unexpected power-down. The command
does not require any additional options; users only need to specify the target device, as shown in Figure 35.

+: User input
+: User output

Flush Command

2 i root@DGpetalinux:™# dgnume flush /dev/dgnumeblk@
root@DGpetalinux: ™ *[Completel Totaﬂme T 9.807445 sec|

rootCDGpetalinux="H ‘ Final result and exit application |

‘ Display runtime every seconds

Figure 36 Flush Command Result

During execution of the Flush command, the console displays the total runtime, which is updated every second. After
the operation completes, the final execution time is reported, as illustrated in Figure 36.
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4.4 Secure Erase Command

| Command parameters ¢: User input
+: User output

root@DG etalinux:”ﬂld nume help secﬁre-erasel .
sage: = 4 | Usage instructions |

dgnume secure-erase <{device’>
The ’<{device>’ is NUMe hlock device (ex: /dev/dgnumeblk@®>

Required:
{device> specify the dgnume block device

Examples:

root@DGpetalinux:™H

Figure 37 Secure Erase Execution (No Options Required)

The Secure Erase command permanently deletes all user data on the device by initiating a secure erase operation.
This operation is irreversible. Depending on the device model and capacity, this process may take a long time to
complete. The command does not require any additional options; users only need to specify the target device, as
shown in Figure 37.

+: User input
+: User output

‘ Secure Erase Command |

. e _ o00tBDGpetalinux:"# dgnume secure—erase /dev/dgnumebhlk@®
lfopgﬁggfgt;tahnux-u:tgmg:u?e fecure els":se /dev/dgnuneblk@ Complete ] ﬂmﬁm

ootBDGpetalinux™H " . P
| Display runtime every seconds | P ‘ Final result and exit application |

Figure 38 Secure Erase Result

During execution of the Secure Erase command, the console displays the total runtime, which is updated every
second. Upon completion, the final execution time is shown, as illustrated in Figure 38.
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4.5 Shutdown Command

| Command parameters | ¢: User input
e +: User output

Usage: * Ldmms_hs.ln_i.hm.dmn.l_' Usage instructions ’—

dgnume shutdown <{device>

The ’{device>’ is NUMe hlock device (ex: /dev/dgnvmeblk®>

Required:
{device> specify the dgnume hlock device

Examples:
dgnume shutdown /dev/dgnvmeblkd
root@DGpetalinux: K

Figure 39 Shutdown Command Execution (No Options Required)

The Shutdown command is used to safely power down the NVMe block 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 no longer responds to commands until the system is rebooted and the drive is reinitialized.

Before executing the Shutdown command, ensure that the block device is not in use. If the device is mounted, it
must be unmounted first. In addition, the Shutdown command should be executed only before unloading the driver
or powering off the system.

The command does not require any additional options; users only need to specify the target device, as shown in
Figure 39.

+: User input
+: User output

Shutdown Command
rootEDGpetalmux:"ﬂ dgnvme shutdown /deu/dgnuneblkﬁ

Confirm shutdown? L[y/nl: |y} o -

e block device was Pemoued]| Press 'y’ to confirm
[ 2471. 318463] The device has turned off...
Shutdown complete,.S8D is now inactive. -
rootlBDGpetalinux: "R Complete operation and
SSD becomes inactive

Figure 40 Shutdown Command Result

After entering the Shutdown command, the system prompts for confirmation, as shown in Figure 40. 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 block device is re-initialized.

This behavior is illustrated in Figure 41, where the device is no longer detected after the shutdown operation
completes.

root@DGpetalinux:"# 1ls /dev/dgnumeblk
1s: cannot accessnl;/deuldgnuneblk*' : No such file or directory|
root@DGpetalinux: Device is removed upon

shutdown completion

Figure 41 Device Removed After Shutdown Completes
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5 User Application Execution via Ethernet Interface

This section demonstrates how to develop, transfer, and execute a cross-compiled user application on the target
FPGA board through the Ethernet interface. This workflow allows users to validate their own applications and
evaluate system behavior in a real hardware environment prior to purchase.

Any user-developed application, such as file-1/O tools, data-logging programs, or performance benchmarks, can be
compiled and executed using the same procedure.

Applications should be cross-compiled on the host PC using the “aarch64-linux-gnu-gcc” toolchain.

oNnsSAVS

Figure 42 Ethernet Connection Setup

Before transferring files over the network, ensure that an Ethernet cable is connected between the target FPGA
board and the host PC to establish a direct network connection, as illustrated in Figure 42.
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5.1 Configure Ethernet Interface
To enable communication between the host PC and the FPGA board, configure the Ethernet interface as follows:

1) Disable the Ethernet interface:

ifconfig ethO down

2) Reconfigure and re-enable the Ethernet interface with a static IP address and subnet mask:

ifconfig eth0 <ip_address> netmask 255.255.255.0 up

3) Verify the configuration to ensure that the “ethQ” interface is active and assigned to the correct IP address:

ifconfig

Figure 43 shows an example of the Ethernet interface configured with a static IP address.

¢: User input
+: User output

root@DGpetalinux:“# |ifconfig eth@ dnw@

root@DGpetalinux:~# [ifconfig eth .1.10 netmask 255.255.255.0 u ;: (:)
root@DGpetalinux:™H# [ifconf1

ethd: fﬁags=415§2“?.ﬁnonnb ETLFUNHTNE_HUETTChST) mtu 1500

inet 192.168.1.180 netmask 255.255.255.8 broadcast 192.168.1.255
inetb fe80::7438:fOff:febe:fB69? prefixlen 64 scopeid Bx20<1link>
ether 76:38:f0:6e:fA:69 txqueuelen 1000 <(Ethernet)

RX packets 3193 bytes 4553122 (4.3 MiB>

RX errors @ dropped B overruns B frame @

T® packets 2407 bytes 338803 (330.8 H1B)

IX errors @ dropped @ overruns @ carrier @ collisions @
device interrupt 39 | Ethernet interface status (eth0 with assigned IP) |

lo: flags=73<UP,LOOPBACK.RUNNING> mtu 65536
inet 127.8.8.1 netmask 255.0.0.0
inetb ::1 prefixlen 128 scopeid Bx1B<host>
loop txgqueuelen 1888 <(Local Loopback>
RX packets 82 bhytes 6220 (6.8 KiB>
RX errors @ dropped B overruns @ frame @
T® packets 82 bytes 6220 <6.8 KiB>
TX errors @ dropped B overruns @ carrier @ collisions @

rootBDGpetalinux:“#

Figure 43 Ethernet Interface Setup
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5.2 Transfer the Executable File

After configuring the Ethernet interface, verify network connectivity and transfer the cross-compiled executable from
the host PC to the target FPGA board via the Ethernet interface. Follow the steps below:

1)

Verify network connectivity using the “ping” command to confirm that the target board is reachable. In this demo,
the target board IP address is 192.168.1.10.

ping 192.168.1.10

If the connection is successful, the terminal displays reply messages from the target board.
Stop the ping process by pressing “Ctrl+C”.

Navigate to the directory containing the executable file using the “cd” command to change to the directory where
the executable file is located. In this example, the io_uring-test executable is included in the demo package:

cd rmNVMePetaLinux/Demo
Transfer the executable file using the “scp” command to securely copy the executable to the target board:
scp io_uring-test root@192.168.1.10:

Confirm the SSH connection if this is the first connection to the target board by typing “yes”. This prompts for
confirmation to add the device to the known hosts list.

yes

When prompted, enter the password for the target board (default password: root). The file transfer will begin after
successful authentication.

root

Once the transfer completes, the terminal displays the transfer status, confirming that the executable has been
successfully copied to the target FPGA board.
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Figure 44 shows the network connectivity check and successful file transfer.

= - ¢: User input
Linux Terminal on PC ¢: User output

1

dg_1ipdev@dgipdev:~$ [ping 192.168.1.10 Ping response

. o1 192.168.1.10) 56(84) bytes of data.
64 bytes from 192.168.1.10: icmp_seq=1 ttl=64 time=0.681 m
64 bytes from 192.168.1.10: icmp_seq=2 ttl=64 time=0.735 m

2. Press Ctri+C
--- 192.168.1.10 ping statistics ---

2 packets transmitted, 2 received, 0% packet loss, time 1032ms

rtt min/avg/max/mdev = 0.681/0.708/0.735/0.027 1is

dg_ipdev@dgipdev:~$|cd rmNVMePetalinux/Demo/ (;)
dg_ipdev@dgipdev:~/rmNVMePetalinux/Demo$ [scp io_uring-test root@192.168.1.10:]
The authenticity of host '192.168.1.10 (192.168.1.10)' can't be established.
ECDSA key fingerprint is SHA256:ucYrLhXGLtestRAGLCyJtIfcIATnPDVAQGtgILk52fQ.
Are you sure you want to continue connecting (yes/no/[fingerprint])? |yes]
Warning: Permanently added '192.168.1.162:fECDSA) to the list of known hosts.

root@192.168.1.10's password:
fio_uring-test
dg_1ipdev@dgipdev:~/rmNVMePetalinux/Demo$

. 1100% 170KB_10.3MB/s _ 00:00]
| Transfer status |

Figure 44 Host Terminal: Network Check and File Transfer
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5.3 Execute User Application

After transferring the executable file, run the program on the target FPGA board from the Serial console using the
following command:

Jio_uring-test /mnt/myblk/test

The program output displays the number of 1/O submissions and completions, confirming that the test has executed
successfully on the target device, as illustrated in Figure 45.

+: User input
+: User output

oot@DGpetalinux:“H# 1ls

io_uring-test
ootPDGpetalinux:"# |./10_uring—-test /mnt/myblk/test|
ubmitted=4, completed=4, bytes=

oo petalinux]y/O submission and completion summary |

Figure 45 Run Cross-compiled Application on Target Board

Note: The “io_uring-test” application is an example program designed to utilize the “io_uring” I/O engine for high-
performance 1/O operations. In this demo, it is used to validate file access through the mounted filesystem on the
NVMe block device. The source code for this example is available at:

https://github.com/axboe/liburing/blob/master/examples/io _uring-test.c

rmNVMelP-PetaLinux-instruction-amd -39 - © Design Gateway Co.,Ltd


https://github.com/axboe/liburing/blob/master/examples/io_uring-test.c

rmNVMe IP Core

6 Revision History

Revision Date (D-M-Y) Description
1.01 11-Feb-26 Support Gen4 speed and add io-uring-perf application
1.00 14-Nov-25 Initial version release
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