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Introduction to LogicTronix

We are
v'FPGA Desigh & Machine Learning Company

Expertise:

**Machine Learning Acceleration with FPGA [Edge-MPSoC + Cloud-Alveo].
s*Computer Vision, ML platforms/algorithms development, Crypto-hashing.
**Harnessing Machine Learning and Reinforcement learning for Finance.
**Optimizing FinTech-financial applications with HFT-FPGA.
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We are:

+*»*Xilinx Certified Partner 8 XILINX

Certified Partner

C @ xilinxcom/products/som/kria.html#ai2

Solutions Products Support Xl LI NX

Accelerated Applications Design Services

PARTNER DESIGN SERVICES

**Design Service Partner for

Design Support for Turnkey Productization of Kria SOMs

Machine Learning for Xilinx Kria SOM FPGAS | ... i o oo

mig% logictronix @ Hardent

Partners may support additional capabilities outside their listed specialties

Xilinx Partner Profile Link: https:


https://www.xilinx.com/alliance/memberlocator/1-1dturdk.html
https://www.xilinx.com/products/som/kria.html#ai2
https://www.xilinx.com/alliance/memberlocator/1-1dturdk.html

ij logictronix
High Frequency Trading
% High frequency trading (HFT), or systematic trading, is an automated

trading platform used by large investment banks, hedge funds and
institutional investors.

% The strategy that engages powerful computers and servers and the
fastest connectivity technology to trade large numbers of orders at

extremely high speeds
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Software vs Hardware solution to HFT

% Latency is one of the most critical profit indicator for any HFT system.

+ Software solution cannot meet the lowest possible latency while ASIC
system lack flexibility for newer algorithmic update.

+ Here comes FPGA with its hardware benefits and flexibility.

% Most software solution do not go below 2-3 us round trip latency
whereas FPGA solution can be go sub microsecond.
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Xilinx AAT: Algorithmic Accelerated Trading

¢ The Xilinx AAT is
opensource, license-free HLS ALVEO
hardware and software -
reference design for trading
applications.

Management Control

ricim rder —
+ Reduces the barrier and F.! =
development time for A sp >

software developers to m N —
implement low latency Dynamic

strategies

DataMowver

Xilinx AAT overview



https://www.xilinx.com/applications/data-center/financial-technology/accelerated-algorithmic-trading.html
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LogicTronix HFT Solutions
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Our Application

Our application is based on RTL design for optimzing orderbook and
decoder/encoders to ensure minimum latency and efficient area.

% Receives Financial data using FAST or ITCH/OUCH protocol over the
network.

+ Decodes incoming packet(market update)
+ Updates the model and perhaps make a trading decision.

> Trading algo is customizable in High level language
+ Encode outgoing data (market order)
« Send bid/ask over the network.
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Our Solutions: High Frequency Trading (HFT)

s»Targeted for NASDAQ Exchanges, initial deployment is targeted at NASDAQ

**This solution is targeted to use IBM power 9 with 2 FPGA accelerator cards on OpenCAPI
for low latency memory transactions.

**Works with Alveo cards and we are also working to migrate it into Versal Al series where
we can deploy all the tick-to-trade and also can run the Al on Al cores for strategy and
performance optimization.

**We have optimized version of Price-Time priority ORDER BOOK which
can fit 40-110 instruments (depending upon configuration) each with
upto 32768 orders with less than 42ns latency.

**We have optimized order processing and information exchange IP cores, as OUCH + ITCH.

**We also have pre-trade risk check and custom trading algorithm IP Cores.
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Our Solutions: High Frequency Trading (HFT)

HBM

We are jii e UoP musicast (R Order Book
releasing -
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System Overview

Our system has following main modules:

1) Network Stack/switches : We have tcp/udp network stack along with
network switch which we have partnered with design gateway.

2) Market data Decoder/Encoder: We have OUCH/ITCH protocol along
with FAST encoder/decoder for receiving/transmitting financial data.

3) Orderbook: We have orderbook that can store upto 32k orders on-chip
with 42ns latency for each instrument. A high end fpga can support
upto 50 instrument.
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ITCH for High Frequency Trading (HFT) with FPGA

Itch Protocol

lich iz a direct data~feed protoce| for accessing market data and is used for information exchange.
It helps clients to track the statws of each of their orders whether they've been executed or canceled from
the beginning of order placement. The targeted board platform for our implementation is Xilinx ¥irtex
WitraScale+ Board with part of VUAEP FPGA. Here are some details on implementstion of its decoder.

Specifications:

af Input date

Decoded Message Types:

Systern Ewvent

Stock Trading Action
Order Book Dwectong
Add Order Mpid

Add Ordar Mo Mpid

Order Exgcuted

Order Delete

Order Executed with Price

Design Structure:

360 MHz

~7GHps
14 ns

2

Ti6

16

Big Endian

Order Canced
Order Book Flush
Owrder Replace
Trade

Cross Trade
Broken Trade:
WOl

MO

Similar to owch decoder, itch decoder is slso divided into three stages. First stage identifies the
message types, second extracts the direct values available in input data for 3 given message type and the
third stage decodes the relevant information from the second stage a5 per the itch specification. Here too
the latency of output corresponds to the different stages.

legickronix

Soiution Brigf-5EL026

quency Trading (HFT): OUCH & ITCH
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OUCH for High Frequency Trading (HFT) with FPGA

OUCH protocol

Duch iz the low level native protocol for connecting to NASDAQ, It allows NASDAD participants
to enter, replace & cancel orders and receive esecutions. The protocol is composed of logical messsges
passed betwesn OUCH host and client application. The targeted board platform for our implementation
is Kilinn Virtex UltraScale+ Board with part of VUSP FPGA. Here are some details of OUCH encoder and

decoder engines.
OUCH Decoder:

Ouch decoder receives the outbound meszages from NASDAQ through TCP and decodes it
making it socessible for further processing with order book and custom trading algorithm. Here are
some details on its implementation.

Decoded Message Types:

»  Systern Event
s Accephbed

» Replaced

= Cancelled Order
= Aig Cancelled

= Order Exscutsd

= Broken Trade

»  Order Exscubed with Reference
Price

640
15

Big Endian

Trade Correchon
Rejected Ordar
Cancel Pending
Cancel Reject

Order Prionity Update
Dirder Modified
Trawde Mow

lagickronix

Solution Brief on OUCH and ITCH (Links):

Solution Brigf-3EL025
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https://logictronix.com/wp-content/uploads/2021/06/OUCH_Brief_NASDAQ_HFT_FPGA.pdf
https://logictronix.com/wp-content/uploads/2021/06/ITCH_Brief_NASDAQ_HFT_FPGA.pdf
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High Frequency Trading (HFT): OUCH & ITCH

OUCH Encoder: details & specifications
Ouch Encoder encodes the data to be sent as an inbound message
from participant to ouch host.

Here are the message types encoded: Ouch Encoder Specifications
Minimum Operating Frequency 300 Mhz
® E nte I O rd er Throughput ~3.6GBps

Number of clock cycles to get output 3

o Replace Order

Number of clock cycles to give new input 4

o Ca n Ce I O rd e r Maximum Latency 13 ns

° M Od ify O rd e r Number of Input ports 78
Number of Output ports 1

o Tra d e N ow Bit-Width of Output data 392

Number of Message Types decoded 5

Byte Ordering Big Endian

Solution Brief on OUCH and ITCH: Link


https://logictronix.com/our-resources/
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Order Book for HFT
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High Frequency Trading (HFT): Order Book

Order Book : Introduction

® Logictronix’s Orderbook provides a very low latency with highly efficient
resource consumption.

e Maximum latency is less than 42 ns which is many orders of magnitude faster
than software alternatives and even many hardware alternatives

e Fully on-chip design

order_book 1

m —§+ incoming_meta B
===+ incoming_time V outgoing meta V A fe—
st Tradiiog =+ order _stream V outgoing_time V + [=
Market Beta Parser: ) ) e, __+ s_ax_AXILiteS L top_ask_V + g_
i i —— ap_clk top_bid V + e
‘e 0 —0 ap rst n

order_book vl 0

LogicTronix Order Book at Xilinx IP Page: www.xilinx.com


http://www.xilinx.com/products/intellectual-property/1-1k1lg1b.html
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High Frequency Trading (HFT): Order Book

Order Book : Key Features
s*Customizable price depth
**Customizable number of orders upto 32768 for each instrument
s*Ultra low latency of 42 ns
s Level 10 reporting
s*Support 40-110 instruments in high end fpgas
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High Frequency Trading (HFT): Order Book

Order Book Full Design:

® Ask/bid are stored in tree structure G
of memory heap ¢ T ¢

® Separate remove heap for each ask I \.- = ‘_ [ — | 1
and bid for storing remove orders el -- —

e 8192 orders for each instrument on = |— kel = | |
each ask/bid side. e ] g ff:%,

® Upto level 10 reporting | e
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High Frequency Trading (HFT): Order Book

Order Book details:
® The book is a priority queue with concurrent access.

® Rule for ask side ( Price time priority): G)\

o Parent node must have smaller or equal
price than child nodes.

o If prices are same, older order should
be in the parent.

e Separate heap for remove bid/ask.

e |f order is removed or modified, the
heap will restructure itself to adjust.
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High Frequency Trading (HFT): Order Book

Add Operations:
To insert and order we need to perform the following:

o Access the path to the empty node

o Compare the new order to each node / \ | ./ \<>
(18 j 273' L_/}

Along the path

e Push less priority order towards child
And compare again

e Continue until end of heap / \ /\CD

o Initiation interval of 5. (s
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High Frequency Trading (HFT): Order Book

Remove Operations:

<+ Remove operation is always performed on top P
Of heap . /25\ /3"\
+ When parent node is removed, it is replaced & @@ @
by one of child node with higher priority. )
+ Holes that are not filled are open for insert 25‘/ \28
operation. SN N
+ Holes are filled first than empty nodes /' |
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High Frequency Trading (HFT): Order Book

Arbitrary Remove Operations:

+ It’d be inefficient to search and find the matching order id of input
in all of memory heap.

+ S0, we create another memory heap which stores all incoming
arbitrary delete orders and keeps tracks of all to-be deleted node
with highest priority.

+ The delete heap follows same rule as original heap.

% Once the top of original heap and remove heap matches, both gets
removed simultaneously before proceeding to execution.
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High Frequency Trading (HFT): Order Book

Order Book Mapping

+ Each order consists of price, size, order_id and direction information
totaling 59 bits.
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High Frequency Trading (HFT): Order Book

Comparison of order book IP with Others (Competitor’s):

Other’s Orderbook | LogicTronix Orderbook

No. of orders 4096 16384 (4x more orders)

Number of instruments 4 44 ( 11x more efficient)
with 80 % resource in vu9p

Latency 76ns 42 ns
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High Frequency Trading (HFT): Order Book

%Order Book

SpECificatiOnS: (8K X 2) Algorithm used Price-Time Priority

Language used RTL(vhdl)
Minimum Operating Freguency 434 Mhz

Maximum Latency 42 ns

Add order Latency 19 ns
Level Reporting Upto 10 levels

Initiation Interval 8 cycles for add, 18 cycles for remove
Throughput for each instrument 52 Mil add/sec, 23 Mil remove/sec
Number of instruments with 80% area 64

Number of Orders for each instrument 8192 ask & 8192 bid

Primary resource consumption 83% Bram

Scalability Yes
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High Frequency Trading (HFT): Order Book

Vu9p (Vcul525)

FPGA used

N/
**Order Book
Algorithm used Price-Time Priority

Specifications: (16K x 2) -
Minimum Operating Frequency 434 Mhz

Level Reporting Upto 10 levels

Initiation Interval 8 cycles for add, 18 cycles for remove
Throughput for each instrument 52 Mil add/sec, 23 Mil remove/sec
Number of instruments with 80% area 44

Number of Orders for each instrument 16384 ask & 16384 bid

Primary resource consumptions 81% Bram, 73% Uram

Secondary resource consumption 56% Lut, 57% FF

Scalability Yes
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High Frequency Trading (HFT): Order Book

*Number of symbols for
different variants

Number of symbols

Number of Orders
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HFT Tick-to-Trade System Full Pipeline




oi’g;L loQictronix

Collaboration we are on HFT

Collaboration between
LogicTronix and Design Gateway
for High Frequency Trading (HFT)

> |P Core Partner:

» Design Gateway for marketing our HFT
pipeline with their “more optimized TCP

cifjp?.o logictronix

Ultra Low Latency HFT IP Pipeline

and UDP IP Cores”. with
> Cloud Platform Partner: Dﬁg——-—-—-ﬁm“'
>VMACC€I Ultra Low Latency IP Cores:
» Collaborators: HPC-FPGA Vendors e
offering “2 to 4 Alveo Card based Server I

Rack for HFT”. IW'"‘;"]
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LogicTronix IP Portfolio on

HFT

Computer Vision
Crypto Hashing
Machine Learning

\AAAY

LogicTronix IP Cores (details): https://www.xilinx.com/alliance/memberlocator/1-1dturdk.htmli#


https://www.xilinx.com/alliance/memberlocator/1-1dturdk.html#products
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Our IP Portfolio: categories

(i xilinx.com.

Solutions Products Company XI |_ | N X

**HFT: Order Book

Order Book

Part Number: LO30-OrderBook
Vendor: Logictronix Technologies Pvt. Lid
Certified Partner

ogictronix

View Partner Profile
Request Information

Qverview Product Specs

Product Description

This IP is a highly efficient low latency price time priority orderbook designed on RTL. It can be used for High frequency trading purpeses. The maximum latency is
less than 42 ns which is many orders of magnitude faster than software alternatives and even many hardware alternatives. The design is completely based on on-
chip memory and thus has a limited number of orders for each orderbook. Currently we have four variants with 4096, 8192,16382 and 32768 orders for each
symbol.The number of maximum orders can be selected appropriately for each instrument depending upen its market status. With advanced pipelining and proper
resource balancing, LogicTronix's orderbook supports 27-73 symbols (depending upon configuration) in VU9p FPGAs. While VU13P support our orderbook of 40-

Key Features and Benefits

« Ultra low maximum latency of 19 ns for add order and 42 ns for remove s Upto 10 price level reporting

order = Very high throughput of upto 52 million add/sec and 23 million remove per

Around 40-110 symbols supported depending upon configuration sec for single instrument.

Fully on-chip design with upto to 32768 orders on each ask/bid side for
each symbol

LogicTronix Order Book at Xilinx IP Page: www.xilinx.com intellectual



http://www.xilinx.com/products/intellectual-property/1-1k1lg1b.html

Our IP Portfolio: IP Cores with Categories

** Computer/Machine Vision , Machine Learning and Al Inferencing

i Non-Uniform Correction (NUC) IP Core for Machine Vision Application and Thermal
Imaging Applications

ii. Thermal Color Profile (ThCP) IP core is applied for Machine Vision, Thermal Imaging,
Industrial and Biomedical Applications

iii. Auto Contrast Enhancement (ACE) IP Core for Thermal Imaging Applications.
iv. Bayer2RGB IP core for low FPGA resource based Camera Image processor
v. GammacCorrection, SharpEnhancement, EdgeEnhancement and AlphaBlending .

s Cryptographic Hash Function IP cores

I HAMSI-512 @ 600 Mil
ii. SHAvite hash/Sec
ii.  SIMD

iv. 13 different cryptographic hash function IP Cores- bundle [SHA-3, Keccak, Blake,
Grostl, JH, Skein, BMW, Echo, Shabal, Cubehash, Fugue, Luffa, Whlrlpool]

For IP Cores, Sales and Support, contact: ip-sales@Ilogictronix.com

LogicTronix IP Cores: https://www.xilinx.com/alliance/memberlocator/1-1dturdk.html#


https://www.xilinx.com/alliance/memberlocator/1-1dturdk.html#products
mailto:ip-sales@logictronix.com
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Our IP Portfolio: 25+ IP cores available for customers

(= xilinx.com
Solutions Products Company XI |_| NX
Product Type < Results perpage 25 50 75 100 Product ~
[] IPCores 7 Resuils 1-8 078 = HAMSI-512
[] Embedded Products 1 . . .
@ 13 Different Cryptographic Hash Functions Core Vendor: Logictronix Technologies Pvt. Ltd

Alliance Member
Vendor: Logictronix Technologies Pvi. Lid
Alliance Member The HAMSI IP Core is a fully pipelined architecture with very high throughput and initiation interval of 1

running at 600MHz. It is one of SHA-3 candidate in NIST hash function competition.
This IP core is bundle of 13 different SHA-3 competitor cryptographic hash functions originally s

NIST hash competition.All these cores are fully pipelined & deliver 35.7GBps throughput.

&% Non-Uniform Correction (NUC)-IP Core

= ANPR Solution . . .
- Vendor: Logictronix Technologies Pvt. Ltd

Vendor: Logictronix Technologies Pvt. Ltd Alliance Member

Alliance Member

Non-Uniform Correction (NUC) IP core takes the thermal camera streams and process it by using filtering

License Plate detection and recognition solution is targeted solution for private parking, public p functionality as FPN. The application of this IP is on Thermal Imaging, Machine Vision etc.

smart city applications.

5] Auto Contrast Enhancement (ACE) IP Core ﬁ% SHAvite-3
Vendor: Logictronix Teck~-'- ==ttt **~=or: Logictronix Technologies Pvt. Ltd
Alliance Member = SIMD-512 Hash Core nee Member
Vendor: Logictronix Technologies Pvt. Ltd
Auto Contrast Enhancern Alliance Member

SHAvite-3 Core is hash function core running at very high 35.7 GBps throughput with fully pipelined
details. This IP is targete

SIMD Core is cryptographic hash function IP core with fully pipelined architecture and it is optimized to run jtectyre It is optimized to run at h[gh freq uency of 600Mhz in VU9P & VU13P.
at 600Mhz in VU9IP & VU13P It is designed to operate on 512 bits of input and output.

= Thermal Color Profile (ThCP)

Vendor: Logictronix Technologies Pvt. Ltd
Alliance Member

Thermal Color Profile (ThCP) IP core is the infrastructure IP for processing thermal camera streams from
thermal camera sensors as CMOS. It generate thermo-graphic color profile of human & animal ete.

LogicTronix IP Product Guides + Example Designs: https:



mailto:ip-sales@logictronix.com
https://logictronix.com/our-solutions/logictronix-ip-portfolio/

Our Design Services: details

&« = xilinx.com

Solutions Products Company XI I_l NX

Overview Products
Products/Services Markets Supported Design Competencies Maximum Service Scope
+« Embedded Products + Audio Video and Broadcast + Computer Vision + Turnkey - Full Product
+ Design Services « Automotive + Digital Signal Processing Realization
= |P Cores = Consumer Electronics » Embedded Application Engagement Model
« Data Center Development . i |
. — » Time and Materials
* Aerospace and Defense Embedlded Porting - BSP
Extension + S0W-Based Fixed Bid Projects
* Industrial
s Embedded Processors + (Captive Engineering Resources
+ Medical

» FPGA Design and Integration at Partner Location

+ Test and Measurement
+ FPGA Design Optimization

* FPGA Timing Closure

» Industrial and Mechanical
Design

« Wired Communications

* Wireless Communications

s Industry Certification and
Compliance Testing

s Machine Learning

Contact: info@logictronix.com

. logictronix
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Thank you!

Contact: info@logictronix.com



