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GPU-Based Pulsar TimingGPU Based Pulsar Timing

Performance:Performance:
610M Samples/s
(2 GPUs)
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Pulsar SearchPulsar Search

• Idea:
Pulsar Search by Massively-Parallel y y
Folding (in Time Domain)



Pulsar SearchPulsar Search

• Idea:
Pulsar Search by Massively-Parallel y y
Folding
Binary Systems:• Binary Systems:
Make Length of Phase Bins variable
(similar to Time Sequence Resampling)



Pulsar SearchPulsar Search

• Idea:
Pulsar Search by Massively-Parallel y y
Folding
Binary Systems:• Binary Systems:
Make Length of Phase Bins variable

• High-Dimensional Search Space:
Complete Coverage not possibleComplete Coverage not possible.



Pulsar SearchPulsar Search

• Frequency Domain:
Pulsar Search by Massively-Parallel y y
Harmonic Summation
Binary Systems:• Binary Systems:
Process Range of neighboring Frequency 
Bins 

• Use same Hardware!Use same Hardware!



Pulsar SearchPulsar Search

• Frequency Domain:
Pulsar Search by Massively-Parallel y y
Harmonic Summation
Binary Systems:• Binary Systems:
Process Range of neighboring Frequency 
Bins 

• Use same Hardware!Use same Hardware!
• Not completely worked out yet.



Pulsar Search on the SKAPulsar Search on the SKA

• Add Coherent Beamforming
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Pulsar Search on the SKAPulsar Search on the SKA
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Mode of Operation (Time Domain)Mode of Operation (Time Domain)
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Telescope 127



Parallelization: TimeslicingParallelization: Timeslicing

Telescope 0

Telescope 1Telescope 1

Telescope 127
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Timeslice to
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ParallelizationParallelization

Telescope 0

Telescope 1Telescope 1

Telescope 127

Required Processing Time defines Number of Ranks



ParallelizationParallelization

Data from all Telescopes Chain Network

Rank 0 Rank 1 Rank 2 Rank 63Rank 0 Rank 1 Rank 2 Rank 63

Architecture scales endlesslyArchitecture scales endlessly



ParallelizationParallelization
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ParallelizationParallelization
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8 Telescopes each
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Coherent Beamforming on CPUsCoherent Beamforming on CPUs

• Performance using AVX:
128 Input Spectra, single-precision float,p p , g p ,
256k Elements

• 128 Beams of same Size:
2.1s per Core @ 3.5GHz (prel. Results)
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GPU-ProcessingGPU Processing

• Performance:
2 Spectra, horz/vert, single-precision float,p g p
4M Elements

• Total Power Time Sequence of same Size:Total Power Time Sequence of same Size:
5ms



GPU-ProcessingGPU Processing

• How to output the Results to the ASICs?



GPU-ProcessingGPU Processing

• How to output the Results to the ASICs?
• All PCIe-Slots are already taken (GPUsAll PCIe Slots are already taken (GPUs,

FPGAs)



GPU-ProcessingGPU Processing

• How to output the Results to the ASICs?
• All PCIe-Slots are already taken (GPUsAll PCIe Slots are already taken (GPUs,

FPGAs)

• Write to Screen Buffer to be output viaWrite to Screen Buffer, to be output via
Monitor Cable



GPU-ProcessingGPU Processing

Mini‐DisplayPort
17.28 Gbit/s

~ 70 Gbit/s
Equiv. 1 PCIe x16 Slot



GPU-ProcessingGPU Processing

• Does it work?



GPU-ProcessingGPU Processing

• Does it work? Yes, but...

Vi DVIGPU Kernel Screen Via DVI:
2.7 Gbit/s

GPU Kernel Screen

(Video)
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Massively-Parallel FoldingMassively Parallel Folding
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Folding – Time DomainFolding Time Domain

Hypothetical
Pulse Period P


time



D t t S lit P lDetects Solitary Pulsars
having P +‐ small P



Folding – Acceleration SearchFolding Acceleration Search

Hypothetical
Acceleration


time

 Variable Bin Length
(# of Samples per Bin)

Equiv. to Time Sequence Resampling



Harmonic SummationHarmonic Summation

f 2f 3f 4ff 2f 3f 4f

freqf0 2f0 3f0 4f0


D t t S lit P lDetects Solitary Pulsars
between f0 and f0+f

f0 f0 + f



Harmonic Sum - Acceleration SearchHarmonic Sum Acceleration Search

f 2f 3f 4ff 2f 3f 4f

freqf0 2f0 3f0 4f0


D t t Bi S tDetects Binary Systems

with max. Acceleration  f

f0 f0 + f



Folding ProcessorFolding Processor

Broadcast Bus SI Time Sequence or Power SpectrumBroadcast Bus SI Time Sequence or Power Spectrum
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Pulsar Detector ASICPulsar Detector ASIC

103 ‐ 105
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RFI MitigationRFI Mitigation

• Subband-relative:
Accumulation is per Subbandp

• Beam-relative



The Pulsar Search MachineThe Pulsar Search Machine

• 128 Telescopes
• 128 Beams128 Beams
• 100 DMs
• 50.000 Orbits
• 6 4 x 108 hypothetical Pulsars• 6.4 x 108 hypothetical Pulsars



The Pulsar Search MachineThe Pulsar Search Machine

• PC Cluster
• Switch-less Design helps ScalabilitySwitch less Design, helps Scalability
• GPU-PC + ASIC-PC = Compute Node
• 64 Ranks of 16 Compute Nodes
• 2048 PCs 4096 CPUs 8192 GPUs• 2048 PCs, 4096 CPUs, 8192 GPUs,

16384 ASICS
• 32.5 M€



Thanks!Thanks!



The Pulsar Search MachineThe Pulsar Search Machine



Folding ProcessorFolding Processor



CostsCosts



Supercomputer Costs 2005Supercomputer Costs 2005

$• Sandia National Laboratories Red Storm: $90 
million 

• Los Alamos National Laboratory ASCI Q: $215 
million

• Earth Simulator Center, Japan: $250 million
• IBM Blue Gene/L: $290 millionIBM Blue Gene/L: $290 million

various (unreliable) Internet Sourcesvarious (unreliable) Internet Sources


