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ABSTRACT

In this paper, the optimum coding method is proposed by using open library in order to improve the performance of a
software correlator developed for Korea-Japan Joint VLBI Correlator(KJJVC). The correlation system for VLBI observing
system is generally implemented with hardware using ASIC or FPGA because the computational quantity is increased
geometrically according to the participated observatory number. However, the software correlation system is recently
constructed at a massive server such as a cluster using software according to the development of computing power. Since
VLBI correlator implemented with hardware is able to conduct data processing with real-time or quasi real-time compared
with mostly observational time, software correlation has to perform optimal data processing in coding work so as to have
the same performance as that of the hardware. Therefore, in this paper, the experimental comparison was conducted by
open-source based fftw library released in FFT processing stage, which is the most important part of the correlator
system for performing optimum coding work in software development phase, such as general method using fftw library or
methods using SSE(Streaming SIMD Extensions), shared memory, or OpenMP, and method using merged techniques listed
above. Through the experimental results, the proposed optimum coding method for improving the performance of
developed software correlator using fftw library, shared memory and OpenMP is effectively confirmed by reducing
correlation time compared with conventional method.

Keywords : Optimum coding method, fftw, SSE, Shared memory, OpenMP, Software correlator
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Fig. 1. Korea-Japan Joint VLBI Correlator at Korea Japan
Correlation Center.
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#include <fftw3.h>

int main(void)X{
fftw_complex* ina;
fftw_complex* result;
fftw_plan plana;
int nch = 2048;

ina = (fftw_complex*)fftw_malloc(sizeof(fftw_complex)*nch);

result = (fftw_complex*)fftw_malloc(sizeof (fftw_complex)*nch);

plana = fftw_plan_dft_ld(nch, ina, result, fftw_FORWARD,
fftw_ESTIMATE);

fftw_execute(plana);
fftw_destroy_plan(plana);
fftw_free(ina);
fftw_free(result);

return 0;

}

a9 3. fftw gholB 2|2 E o] &3 2048 Ad o] 134 FFT 4
Fig. 3. Example of 1-dimension FFT with 2048 channel using
fftw library
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Mark5B[5] #2eo= FA4Fo v KVN DAS(Data
Acquisition System)[6]¢] TIXE ZE A|=HlA 1622E
(streem)o.2 E&=Ho ot dagdAd oz £48 A5
A Z- 2 (High-speed sampler)oll Al 1024 MHz,
2-bit2 M= HAow, Z+ 2EH YZL 16MHzo]
o AZESo AAAYE AT & A 04096011
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A s 22 GHz FatrE #5390, 167 4 ~E

o = 22,091 GHz3-H 16MHz tjd® Z7lst= A
£ 1o A3 e

[
= 2%

=
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# 1. r14056be] F34= Hol&
Table 1. Frequency table for r14056b

2~E¥ =4 Fo¢ | 9=
(stream) =3} [GHz] LIR=S [MHz]
1 22.107 LSB 16
2 22.123 USB 16
3 22.139 LSB 16
4 22.155 USB 16
5 22.171 LSB 16
6 22.187 USB 16
7 22.203 LSB 16
8 22.219 USB 16
9 22.235 LSB 16
10 22.251 USB 16
11 22.267 LSB 16
12 22.283 USB 16
13 22.299 LSB 16
14 22.315 USB 16
15 22.331 LSB 16
16 22.247 USB 16
A#AE Aol Z+ HES g #He & 29 Zrh
ol Ay A8H HA 7z vE EEBit distribution)
= 1:3:318 zt=1

® 2. ABAT A == HE #%
Table 2. Bit value applied in correlation processing

HE 00 01 10 11
w -1.0 -0.25 0.25 1.0
43 4843
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Fig. 7. Example of correlation processing for confirming
the processing speed of software correlator applied by
optimum coding method
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F(auto correlation)¥ 37§ A& dF(cross correlation)ol] o
3t 1Gbps, 162~Ed, 16,384 FFT zig, 15% &2 43X
ol 23 AZFE = 449.11%0]th. A#AE Fo| 0.4096
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¢

~fitw

a9 9. fftw ol HH TS AEd AP A
Fig. 9. Experimental result by using only fftw library
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Fig. 10. Experimental result by using fftw and SSE library
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Fig. 11. Experimental result by using fftw, SSE library and
OpenMP
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