About Algo-Logic Systems Inc

ALGORITHMS IN LOGIC

— Established in 2009 and remains a privately-held C-Corporation
Motivated to productize Fintech products by HB, Raj, and Andy Bach of NYSE

— Based in Silicon Valley (San Jose, CA)

e Products and Solutions

— HTTP://ALGO-LOGIC.COM
MAC, TCP, UDP, EMSE

— Complete FPGA Solutions in FPGA logic

for and
— Full Stack to trade on multiple exchanges

IOI Nasdaq & CME Group

e Customers Include:
— Multinational Banks, Proprietary Trading Firms, and Stock Exchanges

— Datacenter equipment providers
— Real-Time Data providers
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https://www.algo-logic.com/
https://www.algo-logic.com/about-us
https://www.algo-logic.com/fpga-ip-cores
https://www.algo-logic.com/accelerated-finance
https://www.algo-logic.com/real-timedata
https://www.algo-logic.com/development-framework

Algo-Logic’s FPGA / SmartNIC Development Framework
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FPGA Cards are Ideal Solution for Ultra Low Latency Networking

e FPGA Platform
o PCle card with FPGA

o Fast Data Mover / kernel-bypass NIC
o High Level Synthesis (HLS)

Application Software

e Algo-Logic Provides

o Ultra-Low Latency MACs
o UDP/TCP Endpoints in Logic
o Cut-through data processing
o APIs for C/C++ software apps Semel
Client(s) :
: {Optional) Application
* Ideal Solutlon for Code compiled with Intel HLS Tool =

o High-speed Trading Ethernet '
o Pre-Trade Risk Checks Flls
o Trading Gateways Ultra Low

Latency

Ethemet
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Round-Trip Application Latency

Other 3rd party NIC

e Kernel Bypass

e Default Firmware

e Low Latency Firmware

This Host+Network

e Software API
e Intel Data Mover
e Algo-Logic MAC+TCP

Algo-Logic FPGA Logic
ULL MAC, UDP, TCP
Cut-through processing
Deterministic latency
HLS Interface for
algorithms in logic
coded in C/C++
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Round-Trip Latency Distribution for packet with 64 Byte Payload
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Evolution of Trading Systems

From Specialists (humans) in a pit
— Trade on behalf of clients

— Make markets by open outcry

— Trade in minutes to seconds

To Trading with Software

— Automated trading using software from the desktop
— Trade in seconds to milliseconds

To Co-located Hyper-optimized Datacenters
— Bypass the operating system kernel

— Run in servers at co-location datacenters

— Trade in milliseconds to microseconds

To FPGA-Accelerated
— Implement algorithms in logic to offload application to logic
— Run on Field Programmable Gate Arrays (FPGA)
— Trade in nanoseconds (< 0.000001 seconds)
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Algo-Logic Framework for FPGA-Accelerated Trading

Intel Xeon CPU FPGA Card

Market Data

ENet |[ UDP |[ Market Data |

Exact Match

UDP uDP
Lookup Engine Offload 0 <
Key-Value (EMSE) -

Table API

SOoOr rm-Hz-—
rm-z-
rm-z-

K
E
Customer’s = 0 FPGA Mrket Dat T Stock,
3 w registers Business Logic I ootion
in C/C++ in gateware L ption,
Future,

TradER s o in FPGA with Intel HLS

Order
Management
System (OMS)

Crypto m—————
Exchange

- MXOO0O®wW <OZm-A>»r
Own>T<W
- nmunI

P20 <O0Zm-HA>r

C/C++in
Software

-To>
AmMm<-—20

Algo-Logic TCP Networking Stack

Existing
bundled with Intel D5005

Algo-Logic IP Cores
Intel Hardware + Software Driver
Customer Software and Business Logic
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Round-Trip Application Latency

Round-Trip Latency Distribution for packet with 64 Byte Payload
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Trading Solutions: Latency vs. Development Effort

10uS+
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Latency Aware

Software only
CPU / Foundational NIC

Banks, Mutual Funds, Hedge Funds

C2

Latency Sensitive

Software & Hardware accelerated
CPU / FPGA/ FSI SmartNIC

Investment Banks / Exchanges
Automated Trading
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Algo-Logic’s Key Value Store in FPGA

C/C++ API for
Ethernet-attached
Compute Clients

Top-of-Rack -
10G/25G/40G/100G
Ethernet Switch
40 Gbps 40 Gbps 40 Gbps 50 Gbps
QSFP+ QSFP+ QSFP+ 2xSFP28

Algo-Logic gateware

for KVS in FPGA LG LE e 1 Solarflare Mezzanine NIC

256 GB of DDR4 SDRAM e e 3 Xilinx ALVEO U50 cards
with Ultrascale+ FPGAs

: [ [ | = 2 AMD CPUs on Motherboard
@ | | | e for running REDIS software
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Dell/CCI PowerEdge
R6525 1U Server



https://www.youtube.com/watch?v=eDBiauuY2LU

Algo-Logic’s Cut-Through Packet Analyzer with HLS

Intel Xeon CPU HLS Interface Packet Sniffer

Cut-through
with 8 byte
packet slice per

Packet Analyzer clock

Packet
Analyzer
Stats

TCPReplay

pcap packets FPGA

indirect
registers
(Analyzer Cut-through Packet Analysis

Stats) in C/C++ with Intel HLS
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Algo-Logic IP Cores bundled with D5005

Additional Algo-Logic IP Cores
B Intel Hardware + Software Driver
i

Customer Software and Business Logic
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Algo-Logic Partners & Supported FPGA Platforms

Algo-Logic provides the algorithms that run in logic on multiple FPGA platforms

& XILINX

intel "2isco’

HLLO-
LOGILC.

jiti VSR
mmun RS

DRAM
8 x 10G/25G Ethernet

o Stratixl 10 FPGA e Ultrascale+ FPGA
e On-chip SRAM e On+Off-chip SRAM
e DRAM °

° °

8 x 10G/25G Ethernet
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Ultrascale+ FPGA
On-chip SRAM
DRAM

HBM

8 x 10G/25G Ethernet
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https://www.algo-logic.com/ull-framework-cisco-smartnic-v5p
https://www.algo-logic.com/ull-framework-cisco-smartnic-v5p
https://www.algo-logic.com/ull-framework-intel-pac-d5005
https://www.algo-logic.com/ull-framework-intel-pac-d5005
https://www.algo-logic.com/ull-framework-intel-pac-d5005
https://www.algo-logic.com/xilinx-alveo-u50-u200-u250
https://www.algo-logic.com/xilinx-alveo-u50-u200-u250

Conclusion

Solution enables Ultra-Low Latency (ULL) Networking

e |everage existing software on CPU and kernel-bypass NICs
e Migrate time-critical functions to the FPGA -

Algo-Logic Products Include:
e ULL MAC, UDP, and TCP networking stacks
e Associative Lookup for Key Value Store (KVS)

e Full-stack applications running in FPGA logic
O Trading, Database, Real-time data Web: https://Algo-Logic.com

Twitter:
Algo-Logic’s reference platforms witter

e Leverage’s Tool Vendor's High Level Synthesis (HLS) frameworks Phone: (408) 707-3740
e Off-the shelf FPGA cards from Intel, Cisco, and Xilinx
e Pre-qualified systems available for purchase directly from Dell, HPE, ...

To learn more, email us at: Solutions@algo-logic.com
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