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Abstract

This project presents the architecture and validation plan for a Low Latency FPGA-
Accelerated High-Frequency Trading (HFT) System, designed to address the inherent latency
constraints of traditional CPU-based software trading systems. The fundamental goal is to utilize
the parallel and pipelined processing capabilities of the FPGA to achieve sub-microsecond
latency, which is critical for gaining market advantage in the rapidly evolving financial markets.

The system architecture is strictly partitioned into a Network Module and an Application
Module within the FPGA, adhering to a philosophy of protocol-application separation. The
Network Module implements the TCP/IP stack (including mechanisms like Delayed ACK for
efficiency) and utilizes the Xilinx 10G Ethernet IP for robust physical layer connection. The
Application Module encompasses the FIX 4.4 Encoder and Decoder logic, which communicates
directly with the Trading Algorithm (Client FSM).

The project focuses on achieving full-stack integrity by implementing a custom FIX 4.4
protocol encoder/decoder to interface with the Taiwan Stock Exchange (TWSE) specifications. A
rigorous two-phase validation plan is proposed: Network Testing uses the network test.cpp tool
(Raw Socket/pcap) to verify the network top module's TCP/IP checksum and sequencing logic,
while FIX Protocol Testing uses the Pseudo Client as a Golden Reference Model to ensure the
fix_top module's encoding, decoding, and session error handling logic (e.g., Resend Request) is
identical to the software implementation.

This work serves not only to validate the low-latency potential of FPGAs in real-world
trading protocols but also establishes a complete, documented, and expandable architecture for
future HFT system development.
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‘ted@docker-desktop: /home/HFST/Pseudoserver/build$ ./TaifexOrderserver ‘ted@docker -desktop: /home/HFST/PseudoClient/build$ ./Taifexorderclient
Server listening on ©:9000 with 1 sessions. Enter the TP of Server: 192.168.65.3

wWaiting for connection... Connected to server.

connection accepted. tagNumber: 1, tag: 8, value: FIX.4.4

[session @] Connected from 192.168.65.3 taghumber: 2, tag: 9, value: 79

buffer size: 101 taghumber: 3, tag: 35, value: A

taghumber: 1, tag: 8, value: FIX.4.4 taghumber: 4, tag: 34, value: 1

taghumber: 2, tag: 9, value: 79 taghumber: 5, tag: 49, value: XTAT

taghnumber: 3, tag: 35, value: A taghumber: 6, tag: 56, value: T1160@1

TagNmnhom , tag: 34, value: 1 TagNumhom 7, tag: 52, value: ©1251123-15:31:45.691
tagNumber: 5, tag: 49, value: T116001 ordering

taghumber: 6, tag: 56, value: XTAT Input Order MsgType: NewOrder

taghumber: 7, tag: 52, value: @1251123-15:31:45.689 ordering

[SERVER] port 9@ee, session @, send A taghumber: 1, tag: 8, value: FIX.4.4

ordering taghumber: 2, tag: 9, value: 273

buffer size: 229 taghumber: 3, tag: 35, value: 8

taghumber: 1, tag: 8, value: FIX.4.4 taghumber: 4, tag: 34, value: 2

taghumber: 2, tag: 9, value: 206 taghumber: 5, tag: 49, value: XTAT

taghumber: 3, tag: 35, value: D taghumber: 6, tag: 56, value: T1160@1

tagNumhor‘: a, rag: 34, value: 2 tagNumhor‘: 7 tag: 52, value: 81251123-15:31:45.692
taghumber: 5, tag: 49, value: T116001 ordering

tagNumber: 6, tag: 56, value: XTAI Input Order MsgType: NewOrder

‘taghumber: 7, tag: 52, value: ©1251123-15:31:45.692 ordering

[SERVER] port 9000, session @, send & taghumber: 1, tag: 8, value: FIX.4.4
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Leakage Power | 0.927 mW | 37.08%
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