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Abstract

The enormous parameter count and high computational complexity of large language models (LLMs) have made the efficient
utilization of memory bandwidth and hardware resources a key challenge in hardware accelerator design. To address these issues,
this study proposes an FPGA-based LLM accelerator design that designs a resource-efficient Direct Memory Access (DMA)
module with an integrated matrix transpose unit to simultaneously handle matrix movement and transposition. It also employs
operator fusion techniques to minimize intermediate memory accesses. The proposed accelerator was implemented on a ZCU104
FPGA board and evaluated using the Llama3.2-1B model. The results achieved a significant token generation rate (1.13 tokens/s)
while using 50 - 60% fewer hardware resources and consuming 20 - 40% less power compared to prior works. These results

suggest a design direction for LLM accelerators that simultaneously satisfy resource efficiency and low-latency features in
constrained environments.
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Table 1. Comparison of resource utilization between the proposed method and prior research's transposition module

Resource
- - Latency
LUT FF(Flip-Flop) F7 MUX Dist. RAM
Register array® 684 2330 256 - 8
Systolic array® 2072 2057 0 - 8
Proposed (FF Synth.) 1082 2185 130 - 8
Proposed (RAM Synth.) 611 123 0 160
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