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Goal
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● High Frequency Trade Book building using FPGA and simulated NASDAQ ITCH message 

protocol.

● Main Components -

○ Simulated Market

○ Hardware component

○ HW/SW interface



Background
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● Average amount of data coming from the market is around 32 Gb/s. Which means if the 

data transfer is down even for a millisecond we lose 10000 packets of data.

● Hence we cannot use software methods to parse the data due to latency issues.

● This is why we decided to use FPGA to parse market data to cut latency issues and take 

advantages of parallel processing speeds.

● Order types :

○ Ask: The term "ask" refers to the lowest price at which a seller will sell the stock.

○ Bid : The term "bid" refers to the highest price a buyer will pay to buy a specified 

number of shares of a stock at any given time.

○ Sell : Sell refers to the stock being purchased between a buyer and seller.



Project Flow
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TCP

● We get market data from the simulated market script because of current FPGA limitations.

● The received market data is then processed by a hardware software integrator which sends 

the data received to the hardware through registers for parsing and book building.

● The parser parses the data and builds and keeps track of the max price.



Incoming Message
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Simulated Market
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Simulated Market

7 | High Frequency Trade Book Builder using FPGA



Data Flow
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● Data coming in from 
Market sim gets into 
software queue.

● Software Queue 
communicates with the 
Hardware with the 
defined registers. 



HW/SW Interface - Ethernet data
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● Reading the network 
data from ethernet and 
storing that in a queue.



HW/SW Interface - Writing in registers
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Defining registers for all 
the data in the message 
and the required flag.

Using the ioctl calls to 
write/read data.



HW/SW Interface
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HW/SW Interface

12 | High Frequency Trade Book Builder using FPGA

Sensing the hardware to send next data.



HW Design - Implementation
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HW Design - Parser
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HW Design - Parser Wave Window
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HW Design - Order Book
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HW Design - Order Book - Add Order
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HW Design - Order Book - Add Order - Wave

18 | High Frequency Trade Book Builder using FPGA



HW Design - Order Book - Decrease Order - Wave
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HW Design - Order Book - Decrease Order - Wave
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HW Design - Order Book - Delete Order
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HW Design - Order Book - Delete Order - Wave 
Window
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HW Design - Order Book - Overall Window
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HW Design - Performance
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Request Type Number of Cycle

ADD ORDER 1 cycle

DELETE ORDER N cycles

DELETE ORDER is MAX N + N - 1

DECREASE ORDER ~Depends on the position

Here N is the number of valid entries in the Book



HW Design - Optimizations
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1-way memory

4-way memory



HW Design - Optimizations
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Max

Max

MaxMAX



HW Design - Performance
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Request Type Number of Cycle

ADD ORDER 1 cycle

DELETE ORDER ~N/4 cycles

DELETE ORDER is MAX N/4 + 3 Cycles

DECREASE ORDER ~Depends on the position (/4 the previous 
time)

Here N is the number of valid entries in the Book

Extra Combinational Logic and States - did 10 ways



Demo
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https://docs.google.com/file/d/1A04btY4LFkqklpo2tFaVALUGjrJwCvEb/preview
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Thank You!


