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Challenges in CERN Level-1 trigger system:

Conventional interaction-based GNNs for jet tagging suffer from 
quadratic complexity, high resource usage and long latency, 
making real-time deployment on latency-constrained and resource-
constrained FPGA trigger systems challenging

Our contributions:

I. Algorithm: Linear-complexity GNN with global context aggregation

II. Efficient hardware: Fine-grained QAT and distributed arithmetic 
(DA) reduce resources and latency

III.Open source: https://github.com/calad0i/JEDI-linear
IV.Comprehensive evaluation
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The architecture of the JEDI-linear model

Linearize interactions: Global Context Vector
Why challenging? 
1. original JEDI-net compute all pairwise edges à O(N2) edge MLP  fR()
2. prior FPGA-based GNNs [TECS’24, MLST’24] hit latency / resource 
walls (coarse-grained DSPs > 8.7k, fine-grained Lookup Tables LUT > 1M)

Design Space Exploration Strategies

3.7x to 11.5x lower latency 
up to 6.3x lower LUT
less than 60 ns latency

Explicit pairwise computation for global aggregation
1. compute a Global Context Vector (GCV):  W2⋅
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2. broadcast this vector to update individual particles

Each particle sees the jet’s global average + its own local features
1. still interaction-aware, but linear 
2. reduces complexity from O(N2) to O(N)

Broadcast

Computing 
the GCV

1. HGQ: Majority of weights < 4 bits, high sparsity and high accuracy.
2. da4ml: Replaces CMVMs with DA adder trees

Bitwidth of Weights

1. JEDI-linear consistently 
outperforms GNN baselines

2. 16 features, 64 particles
JEDI-linear: up to 82.4%
others: 80.4 … 81.2%

3.7~ 11.5x 
lower  latency

New Pareto 
Frontier
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