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SocketXpress with TCP/IP accelerator Demo Instruction

Rev1.00 23-Jan-2026

Design Gateway presents a demonstration showcasing SocketXpress, custom Linux network socket C library which
work with Design Gateway's TCP Offload Engine (TOE10GLL-IP) that offloads TCP tasks from CPU. A custom
ubuntu Kria KR260 Robotics Starter Kit SD card image is provided, enabling users to easily deploy the setup on the
KR260 and achieve higher TCP data transfer speeds while preserving the same user experience.

This document provides instructions for using the SocketXpress library with socket-based applications without
recompilation on the KR260. In this demonstration, we show web page retrieval using curl and Lynx. It is divided into
two main sections: environment setup and demonstration.

1 Environment Setup

An overview of the test environment is shown as Figure 1. The setup includes the KR260 board and a test PC
connected to each other. Users can test socket-based applications with either standard Linux socket or SocketXpress.
This setup facilitates data transfer through the 10G Ethernet path for performance evaluation.

1.1 Test Environment
To operate SocketXpress demo on KR260, please prepare following test environment.

1) FPGA development boards (KR260 board).
2) Test PC with 10 Gigabit Ethernet or connecting with 10 Gigabit Ethernet card.
3) 10 Gb Ethernet cable:
a) 10 Gb SFP+ Passive Direct Attach Cable (DAC) which has 1-m or less length
b) 10 Gb SFP+ Active Optical Cable (AOC)
c) 2x10 Gb SFP+ transceiver (10G BASE-R) with optical cable (LC to LC, Multimode)
4) Micro USB cable for UART connection connecting between KR260 board and Host PC.
5) Serial console software such as TeraTerm installed on PC. The setting on the console is Baud rate=115200,
Data=8-bit, Non-parity and Stop=1.
6) SD card image provided by Design Gateway for running on KR260.

!

10 Gb Ethernet cable

10 Gb Ethernet cable

Switch Gateway Internet

Figure 1 SocketXpress demo on KR260 board test environment
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1.2 KR260 Setup
Flash the provided Ubuntu image to the SD card, boot the KR260 with the card and everything is set.
Default login credentials:
username: ubuntu
password: kriakr260
Verify hardware and link status using the following commands:

1) Check for driver status.
> sudo dmesg | grep DG

If the 10G Ethernet interface is linked up and the device driver has detected the hardware, the result should be as
shown in Figure 2.

7= ubuntu@kria: ~

:~$ sudo dmesg | grep DG
password for ubuntu:
.903862] _TOE_driver a0020000.TOE10GLL: Using MAC address from device tree: aa:ab:00:12:34:56

.903875] _TOE_driver a0020000.TOE10GLL: TOE1OGLL IP version: 0x00009883

.008144] _10GEMAC_driver a0000000.AMD1OGEMAC: Using MAC address from device tree: aa:ab:00:12:34:56
.008818] _10GEMAC_driver a0000000.AMD1OGEMAC: 1O0GEMAC IP version : 0Ox00000401

.035234] _10GEMAC_driver a0000000.AMD1OGEMAC eth2: MTU Changed to 9000

.07793u] _106GEMAC_driver a0000000.AMD1OGEMAC eth2: Link is Up

.078051] _10GEMAC_driver a®000000.AMD1OGEMAC eth2: Link is Up

Figure 2 KR260 Hardware Detection and Link Status
2) Check for 10G Ethernet interface link status.

> ifconfig eth2

When the 10G Ethernet interface is linked up, the status will show "RUNNING." If you connect to the gateway, you
should receive an IP address from DHCP, as shown in Figure 3.

7= ubuntu@kria: ~

:~$ ifconfig eth2
eth2: flags=67<UP,BROADCAST,RUNNING> mtu 9000
inet 192.168.11.233 netmask 255.255.255.0 broadcast 192.168.11.255
inet6 fe80::aBab:ff:fel2:3456 prefixlen 64 scopeid 0x20<link>

ether aa:ab:00:12:34:56 txqueuelen 1000 (Ethernet)

RX packets 1172 bytes 218898 (218.8 KB)

RX errors @ dropped 1 overruns @ frame 0O

TX packets 362 bytes 103517 (103.5 KB)

TX errors O dropped O overruns @ carrier 0 collisions ©

Figure 3 10G Ethernet interface Status
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1.3 PC Setup

When connecting to the internet, data transfer may be slower due to external network conditions. By connecting to
a server within the same subnet, we can ensure that data is transferred exclusively through the 10G Ethernet,
allowing for controlled and consistent testing conditions.

This demonstration showcases running TCP C program throughput testing server on Test PC. Before running demo,
please check the network setting on PC. The example of setting 10 Gb Ethernet card is described as follows.

1.3.1 IP Setting

;.‘ -E;h;met 8 ;;openi;s 1 X Internet Protocol Version 4 (TCP/IPv4) Properties X
Networking ~ Sharing General
— bl ot e e b
@ Intel(R) Ethemet Controller X710 for 10GbE SFP+ } 1 ( fortt\eapprog;rnahetpset't:n'mgs.
(O Obtain an IP address automatically
TR ST B ) @ Lise the following IP address) —~
) B Clet for Mcrosoht Networks Al IP address: B2 100 1.5 i)

] " File and Printer Sharing for Microsoft Networks
W %8 Npcap Packet Driver (NPCAP) Subnet mask: 255 .255.255. 0
¥ 58QoS Packet Scheduler (2)

[ intemet Protocol Version 4 (TCP/IPv4) g SN . : : ]
L] & Microsoft Network Adapter Muttiplexor Protocol

= 5. Microsoft LLDP Protocol Driver 5 Obtain DNS server address automatically 192,168, 11 . 25
< > J (® Use the following DNS server addresses:

instal.. Uninstal q Breferred DNS server: [ 5 & & |
Description Alternate DNS server: [ . . . }

Transmission Control Protocol/Intemet Protocol. The default
wide area network protocol that provides communication .
across diverse interconnected networks. [Jvalidate settings upon exit Adyanced...

= e ok ][ conce

Figure 4 Setting IP address for PC

1) Open Local Area Connection Properties of 10 Gb connection, as shown in the left window of Figure 4.
2) Select “TCP/IPv4” and then click Properties.
3) SetIP address = 192.168.11.25 and Subnet mask = 255.255.255.0, as shown in the right window of Figure 4.
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1.3.2 Speed and Duplex Setting

@ Ethernet 8 Properties X Intel(R) Ethernet Controller X710 for 10GbE SFP+ Properties X
Networking ~ Sharing General Advanced Driver Details Events Power Management
Connect using: The following properties are available for this network adap(ey.Cick
l? ntelR) X710for 10GHE SFP+ ) El:myouwmtodmmgeontheie&.mdthensdedtsvdue
i 1
_Maxmum Number of RSS Process:
b 2 . . A
This connection uses the following tems: Maxi Number of RSS Q

&3 Client for Microsoft Networks N NDIS QOS

9 File and Printer Sharing for Microsoft Networks gﬁzepm:‘m Task Offloa

% Nocap Packet Driver (NPCAP) Prefered NUMA node

T QoS Packet Scheduler Receive Buffers
B i ool Verson 4 TGP/ | RSS Base Proestor o
[J s Microsoft Network Adapter Mutiplexor Protocol ey mamlior
W 4 Microsoft LLDP Protocol Driver v Speed & Duplex
< > SR-IOV

: TCP Checksum Offload (IPv4)
Install... Uninstall Properties TCP Checksum Offload (IPv6) v

Desciiots

Transmission Control Protocol/Intemet Protocol. The default

wide area network protocol that provides communication

across diverse interconnected networks.

ok | [T | Cancel

Figure 5 Set Link Speed = 10 Gbps

1) On Local Area Connection Properties window, click “Configure”, as shown in Figure 5.
2) On Advanced Tab, select “Speed and Duplex”. Set the value to “10 Gbps Full Duplex” for running 10 Gigabit
transfer test, as shown in Figure 5.
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1.3.3 Network Properties Setting

Some of network parameter setting may affect to network performance. The example of network properties setting
as follows.

1) On “Interrupt Moderation” window, select “Disabled” to disable interrupt moderation which would minimize the
latency during transferring data, as shown in Figure 6.

Intel(R) Ethernet Controller X710 for 10GBE 5FP+ Properties .

General Advanced Drver Details Events Power Management

The following properties are available for this network adapter. Click
the property you want to change on the left, and then select its value
on the right.

Property: Walue:

Enable PME -
Energy Efficient Ethemet

Flow Caortrol

Intermupt Moderation Rate

IPv4 Checksum Offload

Jumbo Packet

Large Send Cifload V2 (IPv4)

Large Send Cffload V2 {IPvE)

Link State on Intefface Down

Locally Administered Address

Log Link State Evert

Maximum Mumber of RSS Process:
Maximum Number of RSS Queues ¥

Cancel

Figure 6 Interrupt Moderation
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2) On “Interrupt Moderation Rate” window, set value to “OFF”, as shown in Figure 7.

Intel(R) Ethernet Controller X710 for 10GbE 5FP+ Properties ot

General Advanced Drver Details Events Power Management

The following properties are available for this network adapter. Click
the property you want to change on the left, and then select its value
on the right.

Property: Value:

Enable PME - |0ﬁ' ~
Energy Efficient Ethemet
Flow Cortrol

Intermupt Moderation

IPv4 Checksum Offload

Jumbo Packet

Large Send Offload V2 (IPv4)

Large Send Cffload V2 (IPvE)

Link State on Intefface Down

Locally Administered Address

Log Link State Evert

Maximum MNumber of RS5 Process
Maximum MNumber of RSS Queues ¥

Cancel

Figure 7 Interrupt Moderation Rate

3) On “Jumbo packet” window, set value to “9014 Bytes”, as shown in Figure 8.

Intel(R) Ethernet Controller X710 for 10GbE SFP+ Properties >

General Advanced Drver Details Evertz Power Management

The following properties are available for this network adapter. Click
the property you want to change on the left, and then select its value

on the right.

Property: Walue:

Enable PME - 5014 Bytes st
Energy Efficient Ethemet 2098

Flow Caritrol . o

Intermupt Moderation Disabled

Intemupt Moderation Rate

|Pv4 Checksum Offload

Jumbo Packet

Large Send Cffload V2 (IPvd)

Large Send Cffload V2 (IPvE)

Link State on Intefface Down

Locally Administered Address

Log Link State Evert

Maximum Mumber of RSS Process:
Maximum Number of RSS Queues ¥

Cancel

Figure 8 Jumbo packet
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4)

5)

On “Receive Buffers” window, set value to the maximum value, as shown in Figure 9.

Intel(R) Ethernet Controller X710 for 10GbE 5FP+ Properties ot

General Advanced Drver Details Events Power Management

The following properties are available for this network adapter. Click
the property you want to change on the left, and then select its value
on the right.

Property: Value:
Link State on Interfface Down ~ |EEE =
Locally Administered Address =

Log Link State Event

Maximum Mumber of RSS Process:
Maximum MNumber of RSS Queues
Packet Priorty & VLAM

Prefermed NUMA node

Receive Side Scaling

RS5 Base Processor Mumber

RSS load balancing profile

Speed & Duplex

TCP Checlksum Offload (IPvd)

TCP Checksum Offload (IPvE) b

Cancel

Figure 9 Receive Buffers

Intel(R) Ethernet Controller X710 for 10GbE SFP+ Properties

General Advanced Drver Details Evertz Power Management

The following properties are available for this network adapter. Click
the property you want to change on the left, and then select its value
on the right.

Property: Walue:

Maximum Number of RSS5 Gueues |EEEE =
Packet Prionty & WVLAMN
Prefemed NUMA node
Receive Buffers

Receive Side Scaling

RSS Base Processor Mumber
R55 load balancing profile
Speed & Duplex

TCP Checlksum Offload (IPv4)

TCP Checksum Offload ilF‘uEi

UDFP Checksum Offload (IPv4)
UDP Checksum Offload {IPvE)
VLAM 1D v

Cance

*

Figure 10 Transmit buffers

SocketXpress-instruction-amd-KR260-en -8-

On “Transmit Buffers” window, set value to the maximum value, as shown in Figure 10.
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2 Demonstration

This section guides you through running the provided TCP testing C program and other existing applications such
as lynx and curl to demonstrate how applications implemented with standard Linux socket library can be easily
switched to use the SocketXpress library.

SocketXpress library will be used via LD_PRELOAD to replace standard Linux socket without recompiling application.
Required parameters not provided by the application can be set through environment variables:

> [Environment variables] LD_PRELOAD=libSocketXpress.so <Application>

Environment variables:
SOURCE_IP=<TOE IP>[/subnet_mask]

Specify source IP address for TOE10GLL operations with optional subnet mask.
TARGET_IP=<Host IP>

Specify target IP address when using FPGA as a server
SOURCE_PORT=<TOE Port>

Specify source port to TOE10GLL. Default: 60000 for applications that do not specify port; will increment
for each new connection.

GATEWAY _|IP=<Gateway IP>

Specify the gateway IP address when the communication requires routing through a specific gateway.
Default: Using Gateway IP from Linux ARP table.

TX_COMBINE=<1|true>

Disable packet merging to reduce latency. Default is enabled for higher throughput.
STS_LOG=<0|false>

Enable status logging to terminal. Default is disable.

Note: Application arguments take priority over these additional parameters.

SocketXpress-instruction-amd-KR260-en -9- © Design Gateway Co., Ltd.



SocketXpress with TCP/IP accelerator
2.1 TCP Testing C Program

Use the provided TCP testing C program located in directory Software/speedtest_c to measure throughput between
the KR260 board and Host PC.

To compile and run the program use following command:

For Windows:

> gcc -0 TCP.exe TCP.c -lws2_32
For Linux:

>gcc -0 TCP TCP.c

This TCP testing C program is capable of testing throughput and verifying data. The available command-line
arguments can be viewed using the TCP program with -h option, as demonstrated in Figure 11.

Command Prompt

D:\>TCP.exe —h
Usage: TCP.exe -c|-s —tx|-rx [options]

Required arguments:
—C Client mode
-s Server mode
—-tx Transmit test (send data)
-rx Receive test (receive data)

Optional arguments:

-b <IP> Bind source IP for client mode (default: not bind)

—bp <Port> Bind source Port for client mode (default: not bind)

-p <port> Port number (default: 60000)

-i <IP> Target IP for client mode (default: 127.0.0.1)

-buf <size> Buffer size in MB (default: 1, max: 1024)

-cs <size> Send chunk size in bytes (default: 16384, max: 1073741824)

-sb <size> Socket buffer size in KB (default: 1024, max: 1048576)

—nodelay Enable TCP_NODELAY (disable Nagle's algorithm)

-V Enable verification (default buffer size will be set to 1GB):
— For TX: sends 32-bit incremental pattern
— For RX: stops after buffer is full and verifies data

Figure 11 TCP testing C program usages

SocketXpress-instruction-amd-KR260-en -10 - © Design Gateway Co., Ltd.
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2.1.1 Client Tx Throughput Testing

Start Server on Host PC by run TCP program in Rx mode on the Host PC using the following command:

> TCP.exe -s -rx -p <Host Port>

The TCP server will open on the specified port (in this example, Host Port 60001), as shown in Figure 12.

-] Command Prompt - TCP.exe X

D:\>TCP.exe -s -rx —p 60001
TCP C Test Program

Platform:

Mode: SERVER
Operation: RECEIVE
Verify: Disabled

Allocated 1.0 MB buffer

Server listening on port 60001...
Waiting for client connection...

Figure 12 Rx Server opened on host PC

Then on FPGA board, run the program with the standard Linux socket library:
> [/TCP -c -tx -i <Host IP> -p <Host port>

Data transmission will start using the 10GEMAC interface and standard Linux socket. When complete, press Ctrl+C
to stop the program, result is shown in Figure 13

™| ubuntu@kria: ~/Software/C_s X

TCP C Test Program

Platform: Linux/Unix
Mode: CLIENT
Operation: TRANSMIT
Verify: Disabled

Allocated 1.0 MB buffer

Connecting to 192.168.11.25:60001...
Connected successfully!

Starting TRANSMIT operation...
Press Ctrl+C to stop

[STATS] 5.0s | 1.8GB | 2.92 Gbps
[STATS] 10.6s | 3.7GB | 2.95 Gbps
~{c

Received signal 2, shutting down...

{_100%
L) 40%

Duration: 10.64 seconds
Total bytes: 3916972032 (3.92 GB)
Average Throughput: 2.94 Gbps

Figure 13 Transmission result with standard Linux socket on 10G Ethernet connection

SocketXpress-instruction-amd-KR260-en -11- © Design Gateway Co., Ltd.



SocketXpress with TCP/IP accelerator

To run the program with the SocketXpress library:
> LD _PRELOAD-=libSocketXpress.so ./TCP -c -tx -b <TOE IP> -i <Host |IP> -p <Host port>

Note: The <TOE IP> should be different from 10G ethernet IP address.

Data transmission will start using the T0GEMAC interface and TOE10GLL-IP with SocketXpress. When complete,
press Ctrl+C to stop the program, result is shown in Figure 14. With hardware acceleration enabled, the CPU
offloaded TCP processing tasks to the TOE10GLL-IP, achieving significantly higher transmission throughput while
reducing CPU utilization.

7= ubuntu@kria: ~/Software/C s X + v

: $ LD_PRELOAD=libSocketXpress.so ./TCP —c —tx -b 192.168.11.
234 -i 192.168.11.25 —-p 60000

[SocketXpress] LD_PRELOAD library loaded

TCP C Test Program

Platform: Linux/Unix
Mode: CLIENT
Operation: TRANSMIT
Verify: Disabled

Allocated 1.0 MB buffer
Binding to source IP: 192.168.11.234
Connecting to 192.168.11.25:60000. ..

Connected successfully!

Starting TRANSMIT operation...
Press Ctrl+C to stop

[STATS] 5.0s | 5.7GB | 9.13 Gbps
[STATS] 10.0s | 11.4GB | 9.13 Gbps
"“C

Received signal 2, shutting down. ..

Duration: 10.40 seconds

Total bytes: 1186188u928 (11.86 GB)
Average Throughput: 9.12 Gbps
[SocketXpress] LD_PRELOAD library unloaded

Figure 14 Transmission result with SocketXpress on 10G Ethernet connection
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2.1.2 Client Tx Data Verification Testing

Users can verify the data pattern transferred by adding the -v argument in the command line, as described below.
Please note that enabling this verification will reduce the transfer speed.

Start Server on Host PC in verification mode:
> TCP.exe -s -rx -p <Host Port> -v

The TCP server will open on the specified port (in this example, Host Port 60001) and prepare to receive data as
shown in Figure 15.

7= Command Prompt - TCP.exe X + | ~
D:\>TCP.exe -s -rx —-p 60001 -v
TCP C Test Program

Platform: Windows

Mode: SERVER
Operation: RECEIVE
Verify: Enabled
Allocated 1024.0 MB buffer

Server listening on port 60001...
Waiting for client connection...

Figure 15 RX Server opened in verification mode on host PC

On FPGA board, run the program with SocketXpress and verification enabled:
> LD_PRELOAD=libSocketXpress.so ./TCP -c -tx -b <TOE IP> -i <Host |IP> -p <Host port> -v

The client will transmit data using a 32-bit incremental pattern, and the server will verify the received data integrity.
The program will automatically stop after the buffer is full and display verification results as shown in Figure 16,
confirming data accuracy while maintaining hardware acceleration benefits through the TOE10GLL-IP.

= Command Prompt ™ ubuntu@kria: ~/Software/Cs X

: $ LD_PRELOAD=1ibSocketXpress.so
./TCP —¢ —-tx -b 192.

192.168.11.234 -i 192.168.11.25 —p 60001 -v

[SocketXpress] LD_PRELOAD library loaded

TCP C Test Program

Platform Windows
Mode: SERVER

Operation: RECEIVE
Verify: Enabled

Allocated 1024.8 MB buffer . CLIENT
Operation: TRANSMIT

server listening on port 60001... Verify: Enabled
Waiting for client connectio
Client connected: 192.168.11.234:60000 Allocated 1024.0 MB buffer

Starting RECEIVE operation... Binding to source IP: 192.168.11.234
Press Ctrl+C to stop Connecting to 192.168.11.25:60001...
Connected successfully!

Buffer full, starting verification... Starting TRANSMIT operation...
Press Ctrl+C to stop

=== Starting Data Verification ===

Verifying 268435456 values... [BUFFER] Filling 1024.@ MB buffer with incremental pattern...

[BUFFER] Filled with 268435456 values (@ to 268435455)

=== Verification Summary === Connection lost

Total values checke 8U35U56
Total errors found:

SUCCESS: All data verified correctly! = A ==SESSION SUMMARY
Duration: 1.78 seconds

SESSION SUMMARY== - Total bytes: 1076740096 El.ea GB)
D . .70 onds Average Throughput: _LI.BJ Gbps
Total bytes: 1073741824 (1.07 GB) [SocketXpress] LD_PRELOAD library unloaded
Average Throughput: 1.83 Gbps : $ |

Figure 16 Data verification test result with SocketXpress
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2.1.3 Client Rx Throughput Testing

Start Server on Host PC by run TCP program in Tx mode on the Host PC using the following command:

> TCP.exe -s -tx -p <Host Port>

The TCP server will open on the specified port (in this example, Host Port 60001), as shown in Figure 17.
] Command Prompt - TCP.exe X

D:\>TCP.exe -s —-tx -p 60001

TCP C Test Program

Platform: Windows

Mode: SERVER

Operation: TRANSMIT

Verify: Disabled

Allocated 1.0 MB buffer

Server listening on port 60001...
Waiting for client connection...

Figure 17 Tx Server opened on host PC

Then on FPGA board, run the program with the standard Linux socket library:
> /TCP -c -rx -i <Host IP> -p <Host Port>

Data Receive will start using the 10GEMAC interface and standard Linux socket. When complete, press Ctrl+C to
stop the program, result is shown in Figure 18.

7= ubuntu@kria: ~/Software/C s X + | v

3 $ ./TCP -c¢ -rx -i 192.168.11.25 —p 60001
TCP C Test Program

Platform: Linux/Unix
Mode: CLIENT
Operation: RECEIVE
Verify: Disabled

Allocated 1.0 MB buffer

Connecting to 192.168.11.25:60001...
Connected successfully!

Starting RECEIVE operation...
Press Ctrl+C to stop

[STATS] 5.0s | 1.2GB | 1.93 Gbps
[STATS] 10.0s | 2.5GB | 1.96 Gbps
Connection closed by peer

SESSION SUMMARY
Duration: 12.30 seconds
Total bytes: 30576U7616 (3.06 GB)
Average Throughput: 1.99 Gbps

Figure 18 Receiving result with standard Linux socket on 10G Ethernet connection
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To run the program with the SocketXpress library:
> LD _PRELOAD=libSocketXpress.so ./TCP -c -rx -b <TOE IP> -i <Host IP> -p <Host Port>

Note: The <TOE IP> should be different from 10G ethernet IP address.

Data receive will start using the T0GEMAC interface and TOE10GLL-IP with SocketXpress. When complete, press
Ctrl+C to stop the program, result is shown in Figure 19. With hardware acceleration enabled, the CPU offloaded
TCP processing tasks to the TOE10GLL-IP, achieving significantly higher receiving throughput while reducing CPU
utilization.

" ubuntu@bkria: ~/Software/C s X + | v

3 $ LD_PRELOAD=1ibSocketXpress.so ./TCP -c -rx -b 192.168.11.
234 -i 192.168.11.25 -p 60000
[SocketXpress] LD_PRELOAD library loaded
TCP C Test Program

Platform:

Mode: CLIENT
Operation: RECEIVE
Verify: Disabled

Allocated 1.0 MB buffer
Binding to source IP: 192.168.11.234
Connecting to 192.168.11.25:60000. ..

Connected successfully!

Starting RECEIVE operation...
Press Ctrl+C to stop

[STATS] 5.0s | 5.8GB | 9.26 Gbps
[STATS] 10.0s | 11.6GB | 9.26 Gbps
2G

Received signal 2, shutting down...

=SESSION SUMMARY:
10.62 seconds
Total bytes: 12251283456 (12.25 GB)
Average Throughput: 9.23 Gbps
[SocketXpress] LD_PRELOAD library unloaded

Figure 19 Receiving result with SocketXpress on 10G Ethernet connection
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2.1.4 Client Rx Data Verification Testing

Users can verify the received data pattern by adding the -v argument in the command line, as described below.
Please note that enabling this verification will reduce the transfer speed.

Start Server on Host PC in verification mode:
> TCP.exe -s -tx -p <Host Port> -v

The TCP server will open on the specified port (in this example, Host Port 60001) and prepare to transmit data with
a 32-bit incremental pattern for verification purposes shown in Figure 20.

] Command Prompt - TCP.exe X + v
D:\>TCP.exe -s —tx —-p 60001 -v
TCP C Test Program
Platform: Windows
Mode: SERVER
Operation: TRANSMIT
Verify: Enabled
Allocated 1024.0 MB buffer

Server listening on port 60001...
Waiting for client connection...

Figure 20 TX Server opened in verification mode on host PC

On FPGA board, run the program with SocketXpress and verification enabled:
> LD PRELOAD-=libSocketXpress.so ./TCP -c -rx -b <TOE IP> -i <Host IP> -p <Host port> -v

Data reception will start using the 10GEMAC interface and TOE10GLL-IP with SocketXpress. The server will transmit
data using a 32-bit incremental pattern, and the client will receive and verify the data integrity. The program will
automatically stop after the buffer is full and display verification results as shown in Figure 21, confirming data
accuracy while maintaining hardware acceleration benefits through the TOE10GLL-IP.

| Command Prompt ™ ubuntu@kria: ~/Software/Cs X

$ LD_PRELOAD=libSocketXpress.so ./TCP -c -

D:\>TCP.exe -s -tx —-p 60001 -v 1;;7';’6;9;12?1;2339
TCP C Test Program it

9 [SocketXpress] LD_PREI library loaded
TCP C Test Program

Windows

SERVER
Operation: TRANSMIT
Verify: Enabled

Platform: Linux/Unix

Mode: CLIENT

Operation: RECEIVE

Allocated 1024.0 MB buffer verify: Enabled
Allocated 1024.0 MB buffer

Server listening on port 60001...

Waiting for client connectio Binding to source IP: 192.168.11.23u

Client connected: 192.168.11.2 Connecting to 192.168.11.25:60001..
Connected successfully!

Starting TRANSMIT operation...

Press Ctrl+C to stop Starting RECEIVE operation..
Press Ctrl+C to stop

[BUFFER] Filling 1024.0 MB buffer with incremental pattern...

[BUFFER] Filled with 268435456 values (0 to 268u35455)

Connection lost Buffer full, starting verification..

— =SESSION SUMMARY== = t@rting Data Verificatio
Duratio 7.09 seconds v ying 268435456 values
Total bytes: 1076609024 (1.08 GB)
Average Throughput: 1.22 Gbps

=== Vlerification Summary =

Total values checked: 268435456

D:\> Total errors found: @

: SUCCESS: All data verified correctly!

ESSION SUMMARY==========
Di F 6.44 seconds
Total bytes: 1073741824 (1.07 GB)
Average Throughput: 1.33 Gbps
[SocketXpress] LD_PRELOAD library unloaded

Figure 21 Data verification test result with SocketXpress
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2.2 Compatibility testing

DG

Existing applications can run through SocketXpress using LD_PRELOAD. This section presents the results of
running different applications through SocketXpress.

Table 1 summarizes the applications tested with the SocketXpress Library. All applications have been validated for
basic usage scenarios. For bug reports or requests for additional application support, please contact us.

Table 1 Applications Tested with SocketXpress Library

Application Name Version Test Scenario
iperf 215 Established connection to Iperf server and performed bandwidth
3.9 performance tests

lynx 2.9.0 Browsed web content and navigated to external sites

curl 7.81.0 Retrieved web pages from public websites

telnet 0.17-44 Connected to remote server and executed basic terminal com-
mands

wget 1.21.2 Downloaded web pages and files from remote servers

ssh 8.9p1 Established secure connection to remote server and executed basic
commands

scp 8.9p1 SCP file upload and download operations

ftp 20210827-4 FTP file upload and download operations

git 2.341 Cloned remote repository and checked out branches

mysq| 8.0.43 Connected to MySQL database server and queried data

links 2.25 Browsed web content and navigated to external sites

The following examples demonstrate SocketXpress functionality with representative applications including Lynx and
curl for web content access.

2.21 Lynx

Users can browse websites using the Lynx web browser through SocketXpress by execute the following command:

> SOURCE_IP=<TOE IP> LD_PRELOAD=libSocketXpress.so lynx <url>

For example, when visiting https://www.example.com through SocketXpress, the Lynx terminal will render the HTML
page for https://www.example.com. Users can select each menu and press Enter to navigate to that page, as shown

in Figure 22.

|~

T ubuntui@kria: ~

:~$ SOURCE_IP=192.168.11.71 LD_PRELOAD=1ibSocketXpress.so lynx https://

www . example . com

Example Domain

This domain is for use in documentation examples without needing
permission. Avoid use in operations.

Learn more

Commands: Use arrow keys to move,
Arrow keys: Up and Down to mo
H)elp 0)ptions P)rint G)o M)ain scree

for help, 'q' to quit, '<-' to go back.

t to follow a link; Left to go back.
QJuit /=search [deletel=history list

Figure 22 Example Lynx Ul browsing with SocketXpress on 10G Ethernet connection
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2.2.2 curl

Users can fetch web content using the curl command-line tool through SocketXpress by execute the following
command:

> SOURCE_IP=<TOE IP> LD_PRELOAD=libSocketXpress.so curl <url>

In this example is https://www.wttr.in/Tokyo, curl will fetch and display the HTML content as shown in Figure 23

7 ubuntu@kria: ~

:~$ SOURCE_IP=192.168.11.71 LD_PRELOAD=LlibSocketXpress.so curl https://www.wttr.in/Tokyo
[SocketXpress] LD_PRELOAD library loaded
[SocketXpress] Source IP set to 192.168.11.71/24 via SOURCE_IP
Weather report: Tokyo

Light snow shower
+14(-3) °C

3 km/h

10 km

9.0 mm

Thu 22 Jan
I B S

Sunny Sunny Clear Clear

+6(0) °C .- +6(8) °C .—. +7(1) °C = +7(1) °C

» 52-60 km/h % 53-61 km/h + 54-62 km/h + U46-53 km/h
10 km = 10 km = 10 km 10 km

0.0 mm | 0% 0.0 mm | 0% 0.0 mm | 0% 0.0 mm | 0%

I B S

Sunny Partly Cloudy
+6(1) °C -=s _ = +8(3) °C

-+ - km/h . > - km/h
10 km * 0 10 km

0.0 mm | 0% . % 0.0 mm | 0%

Figure 23 Example curl output fetching with SocketXpress on 10G Ethernet connection
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2.2.3 iperf

Users can perform network throughput testing using the iperf tool through SocketXpress. This allows for standardized
bandwidth measurements while leveraging hardware acceleration.

Start iperf server on Host PC:

> iperf -l 16k -s <Host IP>

For transmit throughput testing from FPGA, execute the following command:
> LD _PRELOAD-=libSocketXpress.so iperf -c <Host IP> -B <TOE IP>

For receive throughput testing on FPGA, execute the following command:

> LD _PRELOAD-=libSocketXpress.so iperf -c <Host IP> -B <TOE |IP> -R

The iperf client will establish a connection through the TOE10GLL-IP and display real-time throughput measurements.
Users can observe the bandwidth performance with hardware acceleration enabled, as shown in Figure 24.

™| ubuntu@kria: ~

:~$ LD_PRELOAD=1ibSocketXpress.so iperf -c 192.168.11.25 -B 192.168.11.71
[SocketXpress] LD_PRELOAD library loaded

Client connecting to 192.168.11.25, TCP port 5001
TCP window size: 64.0 KByte (default)

1] local 192.168.11.71 port 60000 connected with 192.168.11.25 port 5001
[ ID] Interval Transfer Bandwidth
[ 1] 0.0000-10.0072 sec 11.0 GBytes 9.41 Gbits/sec
[SocketXpress] LD_PRELOAD library unloaded
:~$ LD_PRELOAD=1ibSocketXpress.so iperf -c 192.168.11.25 -B 192.168.11.71 -R
[SocketXpress] LD_PRELOAD library loaded

Client connecting to 192.168.11.25, TCP port 5001
TCP window size: 64.0 KByte (default)

[ 1] local 192.168.11.71 port 60000 connected with 192.168.11.25 port 5001 (reverse)
[ ID] Interval Transfer Bandwidth

[ *1] 0.0000-10.0206 sec 10.9 GBytes 9.33 Gbits/sec

[SocketXpress] LD_PRELOAD library unloaded

Figure 24 iperf throughput testing with SocketXpress on 10G Ethernet connection
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3 Revision History

Revision

Date (D-M-Y)

Description

1.00

23-Jan-26

Initial version release
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