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Abstract 

 

128.2× 
CPU Speedup 

1.8× 
GPU Speedup 

6.7× 
Energy Efficiency 

87.1% 
Recall on LUNA16 

1.30 s 
End-to-End Latency 
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Innovation Highlights 
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First Multi-FPGA Framework 
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Hybrid Interconnect Topology 
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Hybrid Parallelism 
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Sparsity-Optimized Winograd 

 

当前无法显示此图像。

Lightweight Reliable Protocol 
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Method—System Architecture 
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Hybrid FPGA Interconnection 
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CPU-FPGA Heterogeneous Pipeline 
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Method—Mapping Strategies 
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01 LNS-net (Segmentation) 
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02 LNC-net (Classification) 

 

CORE OBJECTIVE: 
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Method—Key Optimizations 
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Sparsity-Aware Compute 

3D Winograd algorithm with 
87.5% zero-skipping eliminates 
redundant calculations. This 
results in a 54.8% reduction in 
adder operations, drastically 
accelerating neural network 
inference. 

当前无法显示此图像。

Ultra-Reliable Protocol 

A lightweight, no-retransmission 
design paired with a data-
duplication FIFO ensures an 
effective loss rate of <1e-9, while 
reducing end-to-end 
communication latency by 17%. 

当前无法显示此图像。

Pipelined Execution 

Overlaps computation and 
communication phases using 
double buffering and batch 
ACK mechanisms. This 
eliminates idle time, fully 
utilizing hardware resources to 
maximize system throughput. 

By combining algorithmic innovation, efficient communication, and hardware-aware scheduling, these 
optimizations deliver state-of-the-art performance for distributed AI workloads. 
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Data & Dataset 
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LUNA16 Core Dataset 
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Validation Subsets (0–3) 
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3D Input Tensor Sizes 

 

当前无法显示此图像。

8-bit Fixed-Point Quantization 
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Results & Discussion—Key Results 
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Unmatched Performance & Efficiency 
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Negligible Accuracy Loss 

 

当前无法显示此图像。 Hybrid Topology Significantly 
Reduces Latency 

 

当前无法显示此图像。 Comprehensive Deployment 
Advantages Over GPU 
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Results & Discussion—Performance Comparison 

Sub-procedure Metric CPU (E5-2680) GPU (RTX 2080) Multi-FPGA (VU9P) 

   15 894 (128.2×) 

   66.2 (60.2×) 

   3773 (32.0×) 

   39.3 (39.3×) 
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Results & Discussion—Recall Comparison 

Recall comparison across different convolution implementations 

Configuration Recall Relative Drop Key Observations 

A: GPU (Standard CONV) 90.20% Established baseline for accuracy 
reference 

B: FPGA (Standard CONV) 89.80% 0.40% Negligible loss attributed to hardware 
quantization 

C: FPGA (Winograd) 87.10% 3.40% Acceptable trade-off for significant 
throughput gains ENGINEERING Inform Technol Electro

n Eng



Results & Discussion—Topology Impact 

Quantifiable Performance Gain 

17% Less Response Time 
The hybrid topology (Topology 3) achieves a significant 
latency reduction, dropping from the baseline 1.0× (star 
topology) to 0.83×. This improvement directly translates to 
enhanced throughput and efficiency in distributed 
computing workflows. 

Key Takeaway: 
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Results & Discussion—FPGA vs GPU Recall 

FPGA Matches GPU Accuracy 
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Parity in Performance 

Minimal performance gap 
observed, validating FPGA as 
a viable alternative for high-
precision tasks. 

当前无法显示此图像。

Efficiency Advantage 
Maintains GPU-level 
accuracy with significantly 
lower power draw, ideal for 
resource-constrained 
environments. 
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Results & Discussion—Additional Insights 

当前无法显示此图像。

01. Unmatched Reliability 

<1e−9 Effective Loss Rate 

 

当前无法显示此图像。

02. Seamless Scalability 

Fat-Tree for Large Clusters 
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03. Clinical Readiness 

1.30 s per scan, <500 W Power 
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Conclusions 
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Real-time Viability 

1.30 s per scan 

当前无法显示此图像。

Accuracy 

87.1% Recall 

当前无法显示此图像。

Superior Efficiency 

Low-Power 

Future Work Roadmap 
当前无法显示此图像。 Integrate hybrid Winograd/standard convolution for 

faster feature extraction. 
当前无法显示此图像。 Deploy fat-tree topologies to scale the system beyond 

8 FPGA nodes. 
当前无法显示此图像。 Achieve full end-to-end FPGA migration for complete 

system integration. 
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