
Speeding up (your analysis) with a graphics card 
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•  GPUs are inexpensive and powerful tools for 2-point 
correlation function computation. 

•  The code to profit from this is available:  

http://wwwae.ciemat.es/cosmo/gp2pcf 
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Graphics Processing Unit: 

Originally: 2D-3D rendering (1980’s - today) 

Floating point operations, high parallelization 

Now also physics simulations, scientific computing (GPGPU) 

http://wwwae.ciemat.es/cosmo/gp2pcf 
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Nowadays usually on separate card. 

Most of the transistors devoted to operations. 

Several blocks are sent, shared between the 
GPU’s processors; each block: hundreds of 
threads doing parallel operations. 

Credit: T. Jensen, H.Rasmussen, F. Rosé 

http://wwwae.ciemat.es/cosmo/gp2pcf 
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GPGPU 

Gartner hype plot, adapted 

Multiple applications beyond graphics (GPGPU) 

Only very specific applications (massive, parallel) 

http://wwwae.ciemat.es/cosmo/gp2pcf 
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Measure deviation of distribution from random. 
Shape, normalization, features -> cosmological 
interpretation.   

Landy & Szalay, 1993 

E.Sánchez et al., 2011 

http://wwwae.ciemat.es/cosmo/gp2pcf 
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CUDA is a C extension to interact with GPU using C-like syntax. 

•  Kernel: C-like function (Compute 
angle between two galaxies)  

•  N threads: execute kernel N times 
in parallel.  

•  Blocks: threads grouped into 
blocks (DD,DR,RR histos built in 
each block). 

http://wwwae.ciemat.es/cosmo/gp2pcf 
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A for-loop is substituted by parallel computation   

http://wwwae.ciemat.es/cosmo/gp2pcf 
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M.Cárdenas et al. M.Cárdenas et al. R.Ponce et al. 

CPU: Intel Xeon 4 cores @ 2.27 GHz 
OMP and MPI: Supercomputer with 240 nodes x 8 cores @ 2.93 GHz 
GPU: 3 different models 
Multi-GPU: 3 x GTX295 model dividing the work of DD, DR, RR 

http://wwwae.ciemat.es/cosmo/gp2pcf 

10**5 s 

10**4 s 

10**3 s 

300 s 

200 s 

100 s 

400 s 

CPU OMP GPU Multi-GPU GPU models MPI:  64    128     256     512 
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M.Cárdenas et al. 

Intel Xeon 4-cores against 3 GPU models 

http://wwwae.ciemat.es/cosmo/gp2pcf 
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R.Ponce et al. 

R.Ponce et al. 

Residuals are smaller using latest GPU cards (single  double precision ) 

http://wwwae.ciemat.es/cosmo/gp2pcf 

RMS ∼ 5e-5 

Superposed w(θ) W_GPU(θ) – W_CPU(θ)   
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•  Steep learning curve (not so if used to parallel 
processing) 

•  Applications limited by memory available at GPU 

•  Binning constraints 

http://wwwae.ciemat.es/cosmo/gp2pcf 
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We provide source code in 
CUDA, documentation and 
support. 

Tarball with code an 
examples available at:  

http://wwwae.ciemat.es/cosmo/gp2pcf 
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A preprint describing the code and tests  
has been submitted to Computer Physics 
Communications. Available on request! 

Also check out XXI ADASS proceedings  
(directly available for download from 
GP2PCF website). 

http://wwwae.ciemat.es/cosmo/gp2pcf 
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•  k-tree instead of brute-force approach 

•  galaxy-shear correlation  

•  N-point correlation function 

•  3D correlation function 

•  multi-GPU 

•  pyCUDA version 

http://wwwae.ciemat.es/cosmo/gp2pcf 
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•  Matching catalogs 

•  K-nearest neighbors (e.g. photo-z) (V. García) 

•  N-body simulations (C. Frigaard) 

•  ... 

http://wwwae.ciemat.es/cosmo/gp2pcf 
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 GPUs are inexpensive and powerful tools for 2-
point correlation function computation. The cost is 
lower in equivalent chips, Watts/Gflop, personnel, fight for 
resources. 

The code to profit from this is available:  

http://wwwae.ciemat.es/cosmo/gp2pcf 
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 GPUs are inexpensive and powerful tools for 2-
point correlation function computation. 

The code to profit from this is available:  
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“Supercomputing for the masses” Dr. Dobbs  








