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Fig.1 Regular grid (left) and the schematic diagram of non-uniform visibility data (right)
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Fig.2 Convolutional gridding and imaging
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Fig.3 The flow diagram of parallel gridding
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Fig.5 The schematic diagram of point symmetric operation

point symmetric kernel fH{CHEANI R :

OpenCL kernel function: point symmetric kernel

Input parameter: a two dimensional array im, a flag hfac, the two dimensional array height H and width W
//Obtain two dimensional array index (ix,iy)
ix«get global id(0)
iyeget global id(1)
// Stay within the bounds
If ix > 0 and ix < H and iy > 0 and iy < W/2 then
nix«—H-ix
niy—W-iy
im[ixsW + iy]. x—im[nix*W + niy]. x
im[ix*W + iy].y«hfac*im[nix*W + niy].y
Output: a new two dimensional array im

FEA B ARt FE vp, AR e f5 1 MG — AN Se B B, TR TP Gshift) #:1E.
K shift #RIEHS A ZREL shift kernel, /REEWIT.
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Fig.6 The schematic diagram of Fourier transform shift operation
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OpenCL kernel function: weight natural kernel. weight uniform kernel. weight taper kernel

Input parameter: a two dimensional array nim, the number of samples falling into cell cnt, the two dimensional array
height H and width W
//Obtain two dimensional array index (ix,iy)
ix«get global id(0)
iy«get global id(1)
ide—iy + ix*W
// Stay within the bounds
If ix > 0 and ix < H and iy > 0 and iy < W then
if cnt[id] !'= 0 then
//natural weighting
wgt«1.
//uniform weighting
wgte1./ cntlid]
//taper weighting
wgt—exp (- ((ix-H/2)* (i x-H/2)+ (iy-W/2) % (iy-W/2)) / (2%0. 50, 5WW) )
nim[id]. xe—nim[id]. x*wgt
nim[id]. y«nim[id]. y*wgt
Output: weighted nim

B IR IR T AH AR R B D9 T, B8 AU T AR AR R B EE D [X 3 PN SR A
R, Taper DIABU T AH MR 28 A AL DA X I e 07 pR 500 o e e AR R A OB R, 3
AL PR HEAT IR AT, AT s B R

2 SLIGHER

2.1 SCIRIME
OpenCL & XAFI A F B B AAFEK- & (Platform) , &EANA R B R HEA [ 1
OpenCL ¥4 (Device) o« AL OpenCL #5454 NVIDIA ) GPU (GeForce GTX TITAN X, Tesla
k20m) Ml Intel f) CPU (Intel Xeon E5-2620 V2), V& R&ASHINE 2.
x2 FEMNEZSHER

Tab.2 The information of platform and device

Parameter Intel CPU GTX TITAN X GPU Tesla k20m GPU
Platform vendor Intel (R) Corporation NVIDIA Corporation NVIDIA Corporation
Platform version OpenCL 1.2 LINUX OpenCL 1.2 CUDA 7.5.18 OpenCL 1.2 CUDA 7.5.18
Device name Intel (R) Xeon(R) CPU E5-2620  GeForce GTX TITAN X Tesla k20m

V2 @ 2. 10GHz
Device type CPU GPU GPU
Device max clock speed 2100 MHz 1215 MHz 705 MHz
Device compute units 24 24 13
Device cores 6 2496 2496
Device max work group size 8192 1024 1024

2.2 LIREER

SZEO A >RYE T MUSER 2015 4 11 H 1 H 12 i 8 43 49 #0 354 ZE AP ZI06E A BH 890 £ 4% ,
JRUAEWL AR 20t — R AT (R RLbrd, BEREEE) &b R SCEHE# 2 (UVFITS
), RS AT 44 20151101-120849 354161240, uvfits. @it MUSER 3 abBE 22 4544
AT A AL RN A B AR H S B A, A2 A S 2R BH S B o A MG CRE S B E B
G AEED DU B ST B8R %L (Point Spread Function, PSF), PSF R NAER .



DIRTY IMAGE OF MUSER
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Fig. 87 The dirty image (left) and PSF (right) of MUSER at 12:08:49:354 on November 11th, 2015 (Frequency: 1.7125 GHz,
Polarization: right)
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TSI 3R

% 3 Gridding+IFFT S fEH4TH B
Tab.3 the Execution time of Gridding and FFT

Deviee 7% Image—size- G KN Exeeutiontime— s HATHI[E] (s)
CPU OpenCL 10241024 0. 904
2048%2048 4. 407
GPU OpenCL (TITAN X) 10241024 0. 350
2048%2048 0.713
GPU OpenCL (k20m) 10241024 0. 372
2048%2048 0. 782
GPU CUDA(TITAN X) 1024%1024 0.323
204842048 0.610
GPU CUDA (k20m) 1024%1024 0. 344
204842048 0. 760

MEHT UG H, $472EF OpenCL FHJEF CUDA SEHLMY gridding BikIFmE, 7E GPU 3£ 5%
ST AR RIS A E A XY, [EIF, 5T OpenCL SZIRf) gridding Bk RELESl CPU A 8E Ttk
AT .

2.3 g

AR AT THE OpenCL A, 3£ T Python & & S A\ PyOpenCL 5 PyFFT ¥ @45, % MUSER
G REH Y gridding $09% LR A B kAR 4 FRT f B FEdk 4T T SE8 . JEF OpenCL 5281
1 gridding &y HA L

(1) BefigfE GPU SR P tT, JE H AR5 NVIDIA GPU (SZ5& 26 HFR &), H3EH 7 NVIDIA
GPU 1 Intel CPUD, $HAT 282 52T CUDA SEILIY gridding HIEHAT R KBUHE Y, fRIE T MUSER
5 P (1 5

(2) REWETEZ 4% CPU MR AT, &M TERNLIAEE N AT 500K, 8T MUSER #44
I 5N H .

Zi bRk, SR OpenCL SEILIFAT gridding 500%, FEORUESIEAIAT BRI [FI A7 2o
T4 T SR B & N A o BEAh , AR TAE#E— P IGUE T OpenCL 75 R ST AR & H vl 4,
M CUDA %] OpenCL, S#44 2G5 M NVIDIA GPU+CPU [ Mg i 5 AR B 3T 47 ¥ #45+CPU Y S i K
A A B AN AT U A R ST = M RE A T R A I A



3 T—H£I1E

A ST 5 F 25 B G R R PR TN, 78 KA g b w I@Iiﬁ%ﬂ%?ﬂﬂﬂ%?
A 2SI, FESE) 4k FRT B AREER, ik, T —SRATEER R TERER L, K
FH OpenCL $ AN KA A% IR B, Bl w—projection, faceting LA KIIAIR S
%, HHATIATIA

4 Bist

BB LU I E X AT AR B e TiH: B E SR TR (2016YFE0100300) ,
FH 5 AR Rl o R B o ER 2GR TS H 4 (No U1531132, U1631129, U1231205), E%
H SR RL 22 3 4 (No. 11403009, 11463003, 11773012) , & /K W 2% F — 48 B BE ™ 5 A 61 357 51 H
(No. NGII20170204)

T I R R S B =] L 2 SR B BBk A AT 7 P Lo X AT A PR S

S 3k

[1] Yan Y, Zhang J, Wang W, et al. The Chinese Spectral Radioheliograph—CSRH[J]. Earth Moon & Planets, 2009, 104(1-4):97-100.

[2] M, HEf, XOME5F. MUSER Al WLEERERA S J7id SR B[]. RCWEFL 540K, 2018(1):78-86.

Lai Cheng, Mei Ying, Deng Hui, et al. Integral Method and Implementation of MUSER Visibility Data[J]. Astronomical Research &
Technology——Publications of National Astronomical Observatories of China, 2018(1):78-86.

[3] M&#, LB, T8 T QTRIMUSERMNAERE 2 fi EIRAL S B Rt 5 i), RICHTFE S5HR, 2015,
12(4):503-509.

Zhou Xinlei, Wang Wei, Wang Feng, et al. Design and Implementation of a Multi-Monitor Display System Based on the QT for NAOC
MUSER Observations [J]. Astronomical Research & Technology——Publications of National Astronomical Observatories of
China, 2015, 12(4): 503-509.

[4] Shi C, Wang F, Deng H, et al. High Performance Negative Database for Massive Data Management System of The Mingantu
Spectral Radioheliograph[J]. Publications of the Astronomical Society of the Pacific, 2017, 129(978).

[5] Dai H M, Mei Y, Wang W, et al. An Auto-flag Method of Radio Visibility Data Based on Support VVector Machine [J]. Chinese
Astronomy & Astrophysics, 2017, 41(1):125-135.

[6] Feng W, Hui D, Wei W. High performance distributed data processing pipeline for Chinese Spectral RadioHeliograph[C]// Radio
Science Conference. |IEEE, 2015:1-1.

[7] Wei S, Wang F, Deng H, et al. OpenCluster: A Flexible Distributed Computing Framework for Astronomical Data Processing[J].
Publications of the Astronomical Society of the Pacific, 2016, 129(972):024001.

[8] Wang F, Ji K F. Distributed Data-Processing Pipeline for Mingantu Ultrawide Spectral Radioheliograph[J]. Publications of the
Astronomical Society of the Pacific, 2015, 127(950):383-396.

[9] MRZRER, TBL, T8,%. FETMPHUREAEUVEITSEWE & it 725 M 0], RICHHFESHR, 2016, 13(2):184-189.

Chen Tairan, Wang Wei, Wang Feng, et al. The Study and Application of a High Performance UVFITS Assembly System Based on
MPI[J].Astronomical Research & Technology——Publications of National Astronomical Observatories of China, 2016,
13(2):184-189.

[10] Mei Y, Wang F, Wang W, et al. GPU-Based High-Performance Imaging for Mingantu Spectral RadioHeliograph[J]. 2017.

[11] V558, WMRih, XM 2%, FT-OpenCLIMMUSERCLEANSIERFFE 5523[J]. K 3C244R, 2017, 58(2):55-64.

Feng Yong, Chen Kun, Deng Hui, et al. The Research and Implementation of MUSER CLEAN Algorithm Based on OpenCL[J]. Acta
Astronomica Sinica, 2017, 58.

[12] H&gbom J A. Aperture Synthesis with a Non-Regular Distribution of Interferometer Baselines[J]. Astronomy & Astrophysics
Supplement, 2011, 15(15):417.

[13] Thompson A R, Bracewell R N. Interpolation and Fourier transformation of fringe visibilities[J]. Astronomical Journal, 1973,
79(1):11-24.

[14] Sedarat H, Nishimura D G. On the optimality of the gridding reconstruction algorithm[J]. IEEE Transactions on Medical Imaging,
2000, 19(4):306.

[15] O'Sullivan J D. A Fast Sinc Function Gridding Algorithm for Fourier Inversion in Computer Tomography[J]. IEEE Transactions on
Medical Imaging, 1985, 4(4):200-207.

[16] Jackson J I, Meyer C H, Nishimura D G, et al. Selection of a Convolution Function for Fourier Inversion Using Gridding[C)// IEEE
Trans. Medical Imaging. 1991:473-478.

[17] Boone F. Weighting interferometric data for direct imaging[J]. Experimental Astronomy, 2013, 36(1-2):77-104.



Implementation of gridding algorithm for radio

interferometric imaging based on OpenCL

Feng Yong', Wang Feng"*®, Deng Hui"? Wei Shoulin', Mei Ying">®, Dai Wei"®, Shi CongMing'
(1. Computer Technology Application Key Lab of Yunnan Province, Kunming University of Science and Technology, Kunming 650500,
China
2. Astrophysics Center/Institute of Physics and Electronic Engineering, Guangzhou University Guangzhou, Guangzhou 510006, China
3. Yunnan Astronomical Observatories, Chinese Academy of Sciences, Kunming 650011, China)

Abstract: It’s urgent to carry out high-performance scientific data processing with a single
machine in the development and application of astronomical software. However, due to the different
configurations of machines, the traditional CUDA + GPU technology has obvious limitations in
portability and seamlessness. According to gridding algorithm in MingantU SpEctral Radioheliograph
(MUSER) data processing, the OpenCL technology is used in parallel to implement multi-thread
programming. The experimental results show that the gridding algorithm based on OpenCL can not
only can run on varieus-GPUs, but also merely on CPUs. While choosing execution on GPU, the
execution efficiency of gridding algorithm is approximately equal with it based on CUDA. At the
same time, the algorithm is not limited to the NVIDIA’s GPU, which has solved the problem of
environmental dependence of CUDA+GPU. And the algorithm also has an acceptable execution
efficiency high-implementation with the merely CPU, which is suitable for development and testing
astronomy software with a single machine —butalse and will facilitate the application and promotion
of astronomical software.

Key words: Gridding; Parallel computing; OpenCL; MUSER
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