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Abstract
A parallel implementation of an algorithm for calculating the two-point angular 
correlation function is presented.  The implementation utilizes a microprocessor and 
two reconfigurable processors on a dual-MAP SRC-6 reconfigurable computer. Two 
independent computational kernels are simultaneously executed on the 
reconfigurable processors while data pre-fetching from disk and initial data pre-
processing are executed on the microprocessor.  Parallel code sections are 
implemented using OpenMP.  This approach allows us to achieve coarse-grain 
task-level parallelism via conventional multiprocessing and fine-grain instruction-
level parallelism via the direct hardware execution of the code on field-
programmable gate arrays (FPGAs).  The overall end-to-end algorithm execution 
speedup achieved by this implementation is over 50x as compared to a sequential 
implementation of the algorithm executed on a single 2.8 GHz Intel Xeon 
microprocessor.
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SRC-6 Reconfigurable computer
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The SRC-6 MAPstation consists of a 
commodity dual-CPU Xeon board, one 
MAP Series C and one MAP Series E 
processor, and an 8 GB common 
memory module, all interconnected with 
a 1.4 GB/s low latency Hi-Bar™ switch.

The two-point angular correlation function (TPACF)

Example: red points are, on average, randomly 
distributed, black points are clustered:

• Red points: ω(θ)=0 
• Black points: ω(θ)>0

TPACF varies as a function of angular distance:
• Red: ω(θ)=0 on all scales
• Black: ω(θ) is larger on smaller scales

TPACF, ω(θ), is, for many cosmological applications, the frequency distribution of 
angular separations θ between celestial objects in the interval (θ, θ + δθ)

The angular correlation function is calculated using Landy & Szalay’s estimator: 

where DD(θ) and RR(θ) are the autocorrelation function of the data and random 
points, respectively, and DR(θ) is the cross-correlation between the data and 
random points.
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double dot = dotproduct(d1[i], d2[j]); /* binary search */
int k, min = 0, max = M;

while (max > min+1) {
k = (min + max) / 2;
if (dot >= bin_edge[k]) max = k;
else min = k;

}

/* update bin value */
if (dot >= bin_edge[min])

bin_count[min] += 1;
else if (dot < bin_edge[max]) 

bin_count[max+1] += 1;
else bin_count[max] += 1;
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SRC-6 Implementation of TPACF
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Performance

Code is developed in 
MAP C using Carte™
version 2.1. The Intel C 
version 8.1 compiler is 
used to generate the CPU 
side of the unified CPU-
MAP executable.
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