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Abstract

For large language model (LLM) acceleration, FPGAs face two chal-
lenges: insufficient peak computing performance and unacceptable
accuracy loss of model compression. This paper proposes FMC-LLM
to enable FPGAs for efficient batched decoding of 70B+ LLMs.
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Figure 1: Architecture of FMC-LLM with N+1 FPGAs.
1 Introduction

Existing FPGA-based systems provide low-latency acceleration
but lack sufficient performance for efficient LLM batched decod-
ing. This paper introduces FMC-LLM, a distributed FPGA-based
Memory-Centric streaming architecture. FMC-LLM achieves higher
throughput and a lower total cost of ownership (TCO) compared
to GPU systems for 70B+ LLM batched decoding.

2 Architecture and Experiments

FMC-LLM employs FPGAs in a master-slave architecture with a star
topology, as shown in Figure 1. The Vector Processing Unit (VPU)
on the master FPGA connects to N slave FPGAs via the Network
Interface (NI). An instruction controller on the master FPGA sched-
ules compute units and dispatches commands to the slave FPGAs.
FMC-LLM adopts a non-blocking streaming data flow, eliminating
control and backpressure logic to improve operating frequency and
resource utilization. Using a V80 FPGA as the master and eight
U55C FPGAs as slaves, FMC-LLM achieves a throughput of 563.34
tokens/s under a 50 ms time-per-output-token (TPOT) budget on
Llama-3.1-70B-Instruct. Compared to two A100 and eight RTX 4090
GPU systems, FMC-LLM delivers 13.68x and 3.48X higher through-
put, as well as 9.13x and 2.42X better cost efficiency, respectively.
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