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Problems & Ideas

GCNs are widely adopted in graph-based deep learning for applications like recommendation systems
and transportation networks, yet their training efficiency faces four key challenges :

* Layer-State Retention Overhead
* Execution Order Sensitivity

* Shared Memory Contention in SMP/UMA architectures caused by concurrent random accesses
during aggregation, requiring optimized memory protocols; and

 HBM Access Pattern Conflict (as show in Fig.1) where sequential long-burst (combination phase) and
random short-burst (aggregation phase) accesses create pseudo-channel contention, necessitating
architectural solutions to resolve bandwidth scalability limitations. These bottlenecks highlight the need
for hardware-algorithm co-optimization to advance GNN training efficiency.

8 8
I 0 =2 4 —4p-38 16 == 30 |13 | M | orval(2-2 12.18 Interval(2-2) Interval(2-6) Interval(2-2) Interval(2-6) Interval(2-10)
14 X 2 |2l ] (22) o 2 _D | s 7.04 | [ [ O
1.2 7 7 6.62
12 | 1" F
o 10 6 6 5.62
8" 0 5 5
g .l : 4.2 42
E‘ 6 | 6.3 4r 46 .56 4r
(=] 6 F
3 5t 3t 3t
= L 22
= 41 4 | 2.1 | 1.9
[= M 2 2 " .
2f 2r 1t 14 0.7 = -
1F
0 ——e 0 . - : 0 0
+ - ® L O S, 32 64 128 32 64 128 32 64 128

R
Burst Size (Byte) Burst Size (Byte) Burst Size (Byte) Burst Size (Byte)



Main Contributions

* We propose a dedicated multi-core GNN training accelerator for high-performance message passing
on HBM-based FPGAs with NUMA-based memory access. The on-chip networks of the accelerator
adopt a strictly orthogonal hypercube topology, and design a highly concurrent routing mechanism for
GNN applications.

* We redesigned the dataflow of GNN backpropagation in the FPGA. It can decrease the off-chip
memory requirements during training while reducing additional matrix transposes.

* We evaluate the performance on Xilinx UltraScale+ VCU128. In comparison to the state-of-the-art
GNN training architecture HP-GNN we achieved a improvement of x1.03~1.81.
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