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Crossfield Technology LLC is teaming with Fermi National Accelerator Laboratory (Fermilab) for a Depart-
ment of Energy Small Business Innovation Research (SBIR) Phase II program to develop a framework that
remotely updates weights and biases in a High Level Synthesis (HLS) for machine learning (HLS4ML) IP core
running on an Arria 10 SoC FPGA. The framework can also capture the inputs and outputs of the HLS4ML IP
core and drive the inputs from software. The capabilities are easy to integrate into existing Quartus projects
with minimal user configuration and enable users to rapidly test new algorithm parameters and acquire feed-
back.

Crossfield’s framework consists of FPGA IP cores and software that runs under embedded Linux on the dual-
core ARM Cortex-A9 Hard Processing System (HPS). The cores connect to the lightweight HPS to FPGA
(LWH2F), FPGA to SDRAM (F2SDRAM), and FPGA to HPS IRQ (F2HIRQ) bridges, and predefined LWH2F
address mappings ensure interoperability with the Linux device driver. The device driver software handles
the setup of Direct Memory Access regions and control signals for the IP cores, and user applications access
it as a character device.

During the second half of the Phase II program, Crossfield will be working with Fermilab to integrate the
framework with an Experimental Physics and Industrial Control System (EPICS) Input/Output Controller
(IOC) application. Crossfield is developing a graphical desktop application that will communicate with the
embedded IOC application to provide remote access to the embedded framework. Our goal is to enable users
to update weights and biases, capture ML inputs and outputs, and drive ML inputs in the FPGA fabric from
across the local area network.

While the initial implementation focuses on the Arria 10 SoC, the design is portable to other Intel and Xilinx
SoC FPGAs. Crossfield can provide flexible licensing options to meet customer needs and budgets. We also
offer design services to assist customers with integration and customization of the software package, custom
FPGA hardware design and custom board support package development.
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