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The goal is to develop a software-trigger algorithm that can 
reduce the data volume before the HLT stage by approximately 
two orders of magnitude.

The Hough transform, which is mentioned in the TDR, is used as 
a benchmark. The main focus is to study Transformer-based 
trigger algorithms in terms of both performance and 
computational efficiency.

We use a Transformer model to determine whether there is a 
track in an event. If a track is present, the event is classified as a 
good event; otherwise, it is classified as a bad event.
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1 Motivation

CEPC is a future Higgs / Z / W factory with

high-rate online event selection needs.

In the 50 MW Higgs mode, the bunch

crossing rate is 1.34 MHz.

A full software trigger is proposed as an

upgrade path beyond the hardware baseline.

GPU acceleration is a practical path for

real-time trigger computing.

2 CEPC TDAQ Architecture
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To enable a full software 
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processing architecture.

Buffer (Memory or Disk)

Calibration Alignment

Second Level Process Nodes

Full Reconstruction Event Filter

Storage

3 Methods

A
A. GPU Hough Transform

helix parameter-space voting. B
B. Transformer

encoder-only event

classification.
C

C. Linear Transformer

change attention equation

for faster inference.

title: A FEASIBILITY STUDY OF TRANSFORMER-BASEDTRACK TRIGGER ALGORITHM FOR CEPC

While a pure software trigger offers enhanced 

flexibility, it introduces significant 

computational overhead.



Results and Conclusions
Accuracy, latency, and resource estimation

4 Key Results: Trigger Accuracy (total 10000 events)

Process Hough Transformer Linear

Transformer

Z(νν)H(bb)

(1250 events)

100.0 98.93 99.49

Z(νν)H(μμ)

(1250 events)

93.2 99.60 99.23

qq̄ (1250 events) 98.88 98.16 98.59

μ⁺μ⁻ (1250 events) 83.36 97.60 97.23

Beam background

(5000 events)

96.68 99.36 99.27

Transformer-based methods improve classification performance.

5 Latency Benchmark

Configuration Latency 

(μs/event)

Intel Xeon Gold 6442Y

(single core)

1142.22

Hough 4090 44.81

Hough A800 26.97

Transformer 4090 84.87

Transformer A800 105.25

Linear Transformer 4090 32.18

Linear Transformer A800 57.27

Fastest:

Hough A800

26.97 μs/event

6 Resource Estimation

Algorithm Latency 

(μs/evt)

Target Rate 

(MHz)

RTX 4090 

GPUs

Hough Transform 44.81 1.34 60

Linear Transformer 32.18 1.34 43

Minimum number of GPUs required for each algorithm.

7 Conclusions

a Hough:​ Classic, reliable baseline for tracking R&D.

b Transformer:​ Strong potential for CEPC real-time triggers.

c Future:​ Requires more data for validation and speed optimization.

Benchmarks were measured 
at peak GPU throughput



Backup

- In a binary classification problem, the two classes are 

usually defined as follows: good examples are one 

class, and background examples are the other class. 

- The good-example class already contains a mixture of 

background examples. The safety factor is 2.

- 10000 events in ITK OTK VTX(outermost four layer)

- Transformer-based network architecture design



Backup

Step 1: build matrix based on hits in one event 

Step 2: build QKV matrix based on the previous matrix

Step 3: normal attention, time complexity is O(N^2 x d_model)

Step 3: linear attention, time complexity is O(N d_model^2)

- The actual computation of attention

Here, N is the number of hits in one event O(1000)
d_model is the embedding dimension of each hit, which is 64.


