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GPUs for Track Trigger in High 
Energy Physics 
on the example of the PANDA experiment 
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Outline 

•  Particle physics experiments (example PANDA) 
•  Experimental setup 
•  Data selection 

•  Tracking algorithms 
•  Hough transformations 
•  Cellular automaton 

•  Summary 
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PANDA 
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Straw Tube Tracker (STT) 
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Straw Tube Tracker STT 

•  4636 Straw Tubes 
•  Length: 150 cm, Diameter: 1 cm 
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Hitstream Display: 15 GeV/c DPM, 50 ns 
Mean Time 

Black circles: Early isochrone 
Blue circles: Early skewed isochrone 
Green circles: Close isochrone 
Red circles: Late isochrone 
Black dots: MVD hits 
Green dots: MVD hits r/z > 0.3 
Black+Red dots: Triplets/Skewlets 

 tracks: Timed out track 
Blue tracks: Current track 

XY-View 

DPM Benchmark: 
Realistic event rate 
and structure, 
continuous operation 

Dual Parton Model (DPM): 
Standard pp background generator 
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Online Track Reconstruction Algorithms 

•  Hough-based Algorithms 
•  Line Hough Transform 

•  CUDA 
•  Thrust 

•  Circle Hough 
•  Locus Circle Hough 

•  Triplet Finder 

•  Riemann Track Finder 

•  Cellular Automaton 
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Cellular Automaton 



März 9, 2016 Folie 39 Tobias Stockmanns  

Cellular Automaton 



März 9, 2016 Folie 40 Tobias Stockmanns  

Cellular Automaton 
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Cellular Automaton 
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Cellular Automaton 
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Cellular Automaton 
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Cellular Automaton 
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Cellular Automaton 
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Cellular Automaton 

Number active 
neighbors: 

1 

2 
unique 

> 2 ambig. 
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Cellular Automaton 

Cell: Tube with 
one or two active 
neighbors 
 
Transition rule: 
New state = 
minimum of own 
state and 
neighbors state 
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Cellular Automaton 
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Cellular Automaton 

Cell: Tube with 
more than two 
active neighbors 
 
Transition rule: 
New state = All 
neighbor states 
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Cellular Automaton 

Test all 
combinations of 
tracklets with 
circle fit 
 
à Choose the 
best 
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Cellular Automaton 
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Average Processing Time per Event 

Processing time in ms 
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Level of Parallelism 

Algorithm Layer 
 
One track finder is 
processed by several 
threads 
• Parallelize 

computational intensive 
part è Cellular 
Automaton 

Event Layer 
 
Several track finders 
operate in parallel on 
thousands of events 
 
• Large acceleration 

possible 
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Performance Algorithm Layer 

•  Start-up configuration: 1 Block, max. 1024 Threads 
•  Copied data packages are to small to use the maximum 

bandwidth 
•  Workload of kernels low 
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Performance Event Layer 

•  Start-up configuration: 3000 blocks, 1024 threads 
•  Efficient copying 
•  Complex kernels 
•  Limitation to 60,000 events due to memory capacitance of 

used GPU 
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Summary Performance Analysis 

•  Parallelization on algorithm layer is not sufficient 
•  Parallelization on event layer uses the GPU efficient 
•  Usage of 1000 GPUs (GeForce GTX 750 ti)) would speed 

up the processing to cope with event rate 

Track finder Run time to 
generate states 

Speedup 

CPU 4.76 ms - 
GPU Algorithm 0.575 ms 8 
GPU + event layer 0.045 ms 105 
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Summary 

•  Huge raw data sets generated in HEP experiments 
•  Amount of data way too big for permanent storage and 

most of the data not interesting è only store physically 
interesting data 

•  New approach: Trigger less readout 
•  Online processing of data in real time necessary 
•  Tracking of charged particles key requirement 

•  GPUs one possible hardware solution to process data 
•  Optimization of algorithms for GPUs not trivial 
•  Needed: 

•  Efficient data flow handling 
•  Scalability 


