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Abstract

Validation of recent FPGA firmware logic used In particle physics is challenging, as the firmware logic becomes larger and more complex with the
Increasing FPGA resources. To validate the firmware logic efficiently, we developed a validation system using FPGA accelerators. We established a
system supporting communication between the CPU in the host PC and the firmware we want to validate. Thanks to the fast and versatile data
iInput/output, flexible validation with large amounts of data Is possible. The details and implementation of the developed validation system are presented.

FPGA accelerator : L . N
Data communication with FPGA accelerator.
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Motivation Trigger logic verification using the current evaluation board has several issues, so an FPGA accelerator was used to solve the problem.

Only a few prototypes are available so multiple developers cannot work simultaneously.
— FPGA accelerators allow data to be read and written directly from a PC.

Complex input/output settings are required.
— FPGA accelerators are inexpensive and can be easily introduced in several research institutes.

Development Procedure Example of trigger logic validation

Verification control

1. The firmware logic is compiled into object files on Vivado. (vi?ﬁffg) p’(‘(’;ﬂf‘)’“ We have run the example logic used for the trigger.
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Overview of the developed validation system Gt

Logic that calculates momentum using a LUT based on the detector’s n difference.

(D Generate data in the CPU and transfer it to the accelerator's DDR.
(2 Write data to the FIFO buffer in the FPGA using the AXI interface.
(3 Provide appropriate input to the Trigger Logic using the Patch Panel logic.

Performance

The outputs and latencies of the trigger logic were obtained from the FPGA
accelerator. The validation time was also measured.

@ Perform calculations, output the results, and transfer the data back to the CPU.
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Input data size is 514 bhits,

- "FIFO buffer" logic combines the input data, divided into 32-bit chunks by the AXI output data size is 72 bits.

Interface, back into a single data stream. On output, the FIFO buffer splits a large
data set into 32-bit chunks to match the AXI interface format.

- "Patch Panel" logic redistributes a large data stream into several input signals. At the Conclusmn

tput, multiple signal bundled int . . . . L .
OUIPLE, MUTPIE SIgnats afe bundied Intb one We have developed a fast and flexible trigger logic validation method using

Example of 1/ signals from the FPGA accelerator FPGA accelerators, which allows data to be read and written directly from a PC.
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The latency of the signal output can E??????!‘;’?’ This method streamlines the validation of trigger logics that are time-consuming

be measured by sequentially repeating Input A FFFFFFFFFFFFAFFF with conventional methods, such as large-scale LUTs, thereby accelerating
the data input and output. Lo 2 00300080010000 ‘ trigger logic development.
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The results of the software simulator Reference
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been implemented correctly. https://docs.amd.com/r/en-US/ug1120-alveo-platforms/Overview
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