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Background

Huge Data:
● FAST: ~PB/day
● SKA: ~EB/day

FAST

SKA

Key Science:
● Pulsar Searching
● Pulsar Timing
● FRB Searching
● …...

We need better softwares!



  

Background

CPU:
● ~40 RMB per GFLOPS
● Easy to program

GPU:
● ~1 RMB per GFLOPS
● High performance

FPGA:
● ~10 RMB per GFLOPS
● Low power consumption 



  

Plan and Current Status

TransientX PulsarX TimingX BasebandX

Function transient search pulsar search high precision
Timing 

baseband record
coherent dedisperse

real-time folding

Language C++ &
Python

C++ Python (current) C++

Compute 
platform

CPU (current) CPU (current)
GPU (future)

CPU FPGA &
CPU &
GPU



  

TimingX

< 1 ns !!!

Tempo2

TimingX



  

PulsarX BasebandX

● Still under development
● GPU is needed ! 

● Coherent dedispersion and 
fold in real-time on a single 
compute node !!!

● Fold speed ~10 times faster
than dspsr!



  

TransientX

RFI mitigation

Dedispersion

Pulse Detection

Clustering

Candidate Plot

● Zap
● Zero-DM filter (Eatough et al. 2009)
● Zero-DM mathed filter (Men et al. 2019)
● Intensity mask
● ….

● Subband dedispersion

● Density-based spatial clustering of 
applications with noise (DBSCAN)

● Matched filter



  

RFI mitigation

Zap

Zero-dm filter & 
Zero-dm matched filter

Time
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Intensity mask



  

Dedispersion

Magro et al.2011



  

Matched filter

ROC curve



  

Clustering Density-based spatial clustering of 
applications with noise (DBSCAN)

S(DM, width, time)

S(DM, time)

Compress width



  

Candidate Plot
Pass the test of fast data!
Catch all bursts successfully!



  

Benchmark

● Better algorithm
● Better software design
● Better software optimization

very very very fast!!!

● Statistical optimal
● DM ->13000 pc/cc, Width ->100 ms  real-time search using 

single cpu core!!!

● ~10 times faster than BEAR

● ~400 times faster than Heimdall !!!  



  

Summary

● Start to develop our own softwares and the results 
are pretty good!

● TransientX: can be more perfect

● PulsarX: explore new algorithm, CPU -> GPU

● BasebandX: a low cost baseband backend 
(<200,000 RMB vs GUPPI(NRAO) 2000,000RMB)

● TimingX: can add more functions 



  The future must be better!
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