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HTOpenCLE M Hogbom CLEANELVE. 4k T/ 1# 13 PythoniZ & FIPyOpenCLY @ fd
STBLIAT AL . S 45 RE W] 2 T OpenCLSE ML CLEANSL 2 5 B T-CUDASE
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o ] A K 3 KBS F G A — I 2 [ A 3 F, 1454 (Mingant U SpEctral
Radioheliograph, MUSER) & Fl| FH £5: & AR A% S5 B S IR AR Y5 [ 0.4-15.0 GHz P X
O BHREAT 23 )y e s 18] 203 6 1) 22 A B I I A% 1) vl B e g 12—,

MUSERH KR Z5(RZ FE). B R S8 £dh b BE R G380 70 4 . R 26 I bl I A
B (MUSER-T) #1553 B (MUSER-IT) P 35 7 41 i, 3 3 b 45 1 9 38 5E B, MUSER-I
JL401fI K2k, MUSER-IIL601HI R Z M. MUSER-TH £ 4 % 32 MB/s, 5 H %#h =
#2512 TBE,

THI RS R S B 7= A2 (10 1 DR SCHOH, B T Rh 57 i R M R AT S8 I AT 5% 3 B8 LA AR, i e
M JGUE TR DN B v R A it b R A5 00 W P 5 2 2 ¢ B () T AE. AMUSER-LA 1,
40TH R Z8 A4 40 x (40-1) /258 T34, BI40x (40-1) /24 K2k, EUV 1l K AL 27801
4 Rl MUSER-TRR S A2 AN [A], 16K /INAT 38, 73 1) #2256 pixelsx 256 pixels. 512
pixelsx512 pixels. 1024 pixelsx 1024 pixels. 1780 FAEZ G LA R 2D, KLk %) 4%
AUV HERAE RV 55 A 582 S ECHETHE, g As 201 B (R o IR 1) & 2 K =R A
S VAT T B PR AT AR EE ) DASR R MUSERBAS: B () i, A P45 58 el 05K 1)
KBHZERE S AT, AL, MUSER-IZE 5 2% [0 5 iy I [R] 20 HE 2R 15 D0 N, 53 ms 22 165K &
%, AR, XX MUSERBAG ARG i 155 = R 7 i AR = 2K

TERT FAWEST TAE, BN i @R A =0H 5L FRAT T CUDA (Compute
Unified Device Architecture)®§ /7 iEFFE T — R ¥ m L RETHH FIM 9T TAE, B T 847
AR FI6=91 e Ah, MUSERSH Ab B 28 48 1L 28 Bl 3508 28 280 0H 22 e W0 ik oy ) e P RE T
HMEEh, IEZ BN, AR BRI R RN AR v, X8 Tk R v
BEAAIAAAE— AN 2. BARRI: fJF R, BB TAEL K GPU (Graphic
Processing Unit)FAEEK 58 il 7R3 R, AR A58 2 IR TN VIDIAFIGPU, EH it
T AReIEH T HARR R BESS; 7N IR, R o R AR BE—AN/ N s
WIRAEIXFER R RE T 6 LREAT, WA 7800 % e S bn i oK, A 78 0 M VTS LBE U

AT RE SEIL T — IR S B, AT LA AEAN[F]S- 6 3l 2 AN R T 5575 SRk
H— AMMEAF B SR B ) L A SCIE AR T XA 5, KRGS T AT HHHE B
Fr#EOpenCL (Open Computing Language), HKH OpenCLSZHL T 1H [ MUSER 4 H
[CLEANSYZ.

2 OpenCL

2.1 OpenCL{fE

TFI80E 5355 OpenCLIO & — ANl 0] 5744 RGE M HAT VS g B 48 He), & I T 7RG %
SRR I R Ge TR AT A I AT VIR, BATE AL, T8 e s M6 i
Fi . 2T OpenCLZR 5 (1) I AT HE P BEAE £ 4% CPU (Central Processing Unit). GPU,
DSP (Digital Signal Processor). FPGA (Field-Programmable Gate Array) UL HAhAb
Fgehiz 47 OpenCLE 5 thApples @) #2 4, 3 HiKhronos Groupl i€ OpenCLI
#1121, Khronos Groupil i thif AN 7, MM OpenCLHE &85 & 1.

OpenCLE X T — AN KCHE T AT L, UL — RFI BN H % F2 8 D APT (Ap-
plication Program Interface). OpenCL#) & 4t #6115 % % (CPU. GPU%E, Z K
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i OpenCL¥ %)M 5 2 M1 (f) 2 HL(CPU), 18 17 #EOpenCL Y % b ¥ 08 BOFK hy 4 12,
OpenCLAHiA T V- &AL AL, PATHIAL, Py A7 AL DL J g P AR I D0-181 0 572 &5 B A i ik
TTENMRITZHMXR, — & EHERE D Z OpenCL% %, %4 OpenCL¥
I 2 AN JE(Compute Unit, CU), AN 58 G4 H5 2 A4S 4b FI A G (Process
Element, PE), H14# R ICPESE SUR 2 M THE I RE. $ATRIRR T W W7, A
5 EHLZ A AC B LA K P AZ 2 TR IAS . AR 2 T 46 LR ARN AN [m] Py A7 1],
SRREATRNAES RENAE. RN B WAE. OpenCLAL AL T PR g FEAR A AT
55 AT R IFAT.

2.2 OpenCL5CUDA tL#

CUDA & —Fi iINVIDIAHE tH (34T T AR 04 78 i Pk Be vF 8 b R I CUDA AT
HATVHE AR ek, JER I GPUSE K HAT VB RE ), (& & HAT TR IR P AT
ROR K KFETE. (HCUDA VX B — W N B NVIDIA, ASfeid T AT 5 2% SEbx
L AR RE G AR S 2 A A NVIDIAKIGPU, f R T mr ik fe v 5 Jf
TSR R MR OpenCLFE 40 R H T 4 I IFATRFPE I R I, I8 AR 7 R e it T
S BATE. HE SRR B A AT CPU, A7 S8 4wl B A e B oAl R GPU LA K
HAB AT HEAT AT VRS AL B RS ) 7E 78 23 T S0 U5 1) [ I ke Al K e R4 H S0 1
HI45,. OpenCLE CUDAXS EE W41,

%1 OpenCL5CUDALLE
Table 1 Comparison between OpenCL and CUDA

Item CUDA OpenCL

Objective Parallel computing Parallel computing

Supporter NVIDIA Khronos group (Intel, AMD, N-
VIDIA, etc.)

Computation device CUDA-enabled GPU Multi-core CPUs, GPU, DSP,
etc.

For developers CUDA Development Library OpenCL API

Programing language C, C++, Java, Python, etc. C, C++, Python, etc.

Interoperability Not having access to OpenCL  Having access to CUDA memo-

memory ry

3 ETFOpenCLEIH6gbom CLEANE A3

3.1 Hoégbom CLEANE %

CLEANSE i Hogbom T 19744F 4, Fl T4 FLAR G h I BR i T UV T R
FE R 56 AN 58 0 GO )5 ), LB @ 27 A LAR R MG o . a2 4 2
Y A SRR DX U P 18 0 51 5 ) (L S A JEL ) R S - (REAR AT B ), % iR AT SR 1 Ak
HR, ARG E A A2 . SRR R T

(1) MBS FLE AT DA RS, bR R 2 9 41 45 R 79 20 R R 25, oof FLkAT (o L
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AR AT BN, 0 T L JEE BR SCRATARL 1A T e LI 0 A 4 43 5 &1

(2) 75 Pl b 30 g R JEE (A1) AR 7 5, xR A M HAT

(3)H M BRI vh o BIX AN B KSR FE (A7 B b, JF MU B F sl 2 3 - o5 K0 i 4 0t
EANE RIS 2 X 5y i R FIE AR, 493 2301 4% 14

(4)7ER R K B D IR ()M IR (3), B2 R B fi K AR 40 7€ IR, 4R
RIS G E2 Rt SN NN A R A A N 1/ S R SR

(5) LA 2B R AR A EE R, IR BN m 2. 04z (1 AN 2
R, ANIE IR TT LR B Jit P PR 75 7P R R &t A 55 4 R
3.2 EWEZEFITE

R Open CLMLYE, OpenCLAE /T ZE IR AL k: — 3B A AE I AT B 4% LisAT v
Fefy, EEJEM T OpenCLiE 5 405 I WAZ B £ 53— 20 AL BN BIsAT e, 12
YEHI 2 F ] OpenCLIAPTE BEAE AT B 4% LB AT HIFE .

M P A R P AF A IS A R, B UGS AGE R B GRS R (9 4% &) REAT 3R AF,
IR REABE IR IAT, AN IFAT VB AT, PrLLog e i AL RN T R S B
PRECEAT IFAT VSR I S TCVR S B . (B AL SR R 2 S R A e D e AL W 2 AT T 5
FATH, I, T LCREX SR A B D) e 5 )l A A% B BUE D AT B EREATIFAT UL, it
SRR e Vil A SR TP X A B D B AT R8CR, T A TG VR BEAT AT vH SR #4732
PUEZEFr R AT AT, AH Y B AL SR I AT R e v

TGS R (2) 1 5 H Ao AR I P 3R AT 4 i e Ko B (i S FLA . OpenCLAE
AT 3 RE B b e KRR 05 R, 2 pR B0 SR T IR AT 7 AU R B KA, AEAN IR [ H A7
B, A R AL E ] B OpenCLAR I N B R 513145, AL NEE BT Ay s [e] i 5 XA
BRON O BEAEREAT L. W SR MB35, U WA A0 e die K g, R [l K5 S8 e FLAvr
B (#1477 0penCLH [ J7 1 #:VFatomic_xchg ()10 3% i K8 AL &), MU —ANFIE
KN —FERRE FEmodel, HISRAC 3x fe K i B8 A1 A FUA . 1 4k I P b e 38 1) e K AR
B ORABEA B A LU A, eI EAT, B BRI AT v S P m B R AR 2 5 )l A i
P Hfind max kernel SCHLIZ DI AE. 1% A% s EALAS AT -

//Function to compute 1D array position

#define GRID(x,y,W) ((x)+((y)*W))

_kernel void find_max_kernel(__global float*dimg, __global int*maxid, float maxval, int
W, int H, __global float*model){

/ /Identify place on grid

int idx=get_global_id(0);

int idy=get_global id(1);

int id=GRID(idy,idx,H);

//Ignore boundary pixels

if(idx> —1 && idx<W && idy> —1 && idy<H){

//Is this greater than the current max
if(dimg[id]==maxval){

int dummy=atomic_xchg(maxid,id);
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}
//Update the model

barrier(CLK_LOCAL MEM_FENCE);
if(id==maxid[0]){
model[id]+ =dimg[id];

ZAREG T, _kernel £ OpenCL N A% p& 51 7 1, get_global_id(0) fllget_global id (1)
OpenCL N B 3RINA 41 R 5144, atomic_xchg(maxid,id) & OpenCLJR 1A # 44, #id
fE Fmaxid (B AS #e, IR A B Ko A7 &, barrier(CLK_LOCAL_MEM _FENCE) & OpenCL
HSEEL R HLEIRAE, EORAE AN LR AT 58 LR R 2 5 A REREAT )5 SEHR 1.

LV A SR A0 R (3) 1) A B R A, U PRI SR b A R A BB ST, AT B
X A% A R B A BEAT IR AT AL B, T $ 2 BRB) I TH AL i A A% R
$sub_beam _kernel SLHL1Z D) HE.

WAL IR (5) 2 5 vk SR AR mU I B A TOBRAT ), AT RURE 3L e e vk
VEREAT AT AL B, 32 5 20 3R (5) I vH S0 9 5 1l N % pF Kltad d _noise _kernel SE 3 1%
Lite.

s FIR AT, 45 A EE AT A B AR B (L IEL).

Host i | Device

| Obtain dirty beam and dirty : |
image ! H

Find the strength and find max_kernel . i
position of the peak in > ;
dirty image Y | E H} E !
The center of dirty beam O —————— !
is moved to the position

of the peak strength. sub beam kemel T M |
N+ Subtract dirty beam D EB H}

multiplied by the peak

The peak strength less
than the threshold value

strength and a factor from

v the dirty image HH BH
v

Obtain residual map, and delta
function with a clean beam as a
convolution

The results combined add noise_kernel H} BH E
> o

with residual map to

obtain clean image HH E E §

1 W SEIAT A BRI

Fig.1 The flow diagram of CLEAN algorithm parallel processing
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S 0 55 7 1T A % B K DA S R 5 5 e kernel_sourcerft, 5 APythonf 1OpenCL
P JE A PyOpenCLIY, G OpenCLARFERYE, X A R BT g v, T SEBR1E, JH4h
Hi 45T OpenCL I AT AL S0 5 L Bl (L1 2).

free() ‘

for platform in cl.get_platforms() Getavailable Release
P gL platforms resource

v L)

for device in platform.get_devices() K: Get device on Get results i} gpu_clean.get() ‘

the platform

v

Create context
on the device

Enqueue
NDRange
kernel

Create — -
queue = cl.CommandQueue(ctx) K: command Set work i>1globa151ze—(w1dth,helght) ‘

find_max_kernel (**Arg) ‘

ctx = cl.create_some_context([device]) }<

queue group size workgroupsize=None
mf=clmem_ flags roTE ?
dirty_buf = cl.Buffer(ctx, <: memo Set kernel | \|gpu_dirty =
mfREAD_ONLY | obicc:y arguments | V/|cl_array.to_device(queue,dirty)
mf.COPY HOST PTR, hostbuf=dirty) [

Create find_max_kernel =
prg = cl.Program(ctx kernel_source).build() }< p:;ii?l —» Create kernel i}prg.ﬁn d max kernel ‘

Kl 2 JET-OpenCLIIFT I S

Fig.2 The implementation diagram of OpenCL-based CLEAN algorithm

K245 7 3 T OpenCLI AT WAL SR IO S BLE R, (H il 33 (e SR AN RE 4 14 g
RN AZ AR, P AN R e h I A R A SR e A AT AT B

3.3 FTELEEENEBS
95 AT A SEAE B IS AT IR, A0 35V A 52 b e 0 B AT PAT 8 0 LA A 2
U W AZ BT Iy TRAT IS AL B s AT R e D AR St
Input gpu_dirty, gpu_pmodel, gpu_clean, gpu_dpsf, gpu_cpsf, thresh=0.2, gain=0.05,
add_flag=1, add_back=1
Initialize
height, width = np.shape(gpu_dirty) //Set height and width as gpu_dirty’s size
globalsize = (width,height) //Set globalsize as thread total
//Set gpu-max_id as the id of max value
gpu_max_id = cl_array.to_device(self.queue,np.zeros(1, dtype = ‘int32” ))
imax=self.gpu_getmax(gpu_dirty) //Set imax as max value
thresh_val=thresh //Set thresh_val as threshold value
i=0 //Set i as the number of iterations
Do While abs(imax) > thresh_val AND i < 200 Then
//Call the kernel function to find max value position
self.find_max_kernel(self.queue, globalsize, None, gpu_dirty.data, gpu_max_id.data,
imax, np.int32(width), np.int32(height), gpu_pmodel.data)
//Call the kernel function to minus the dirty beam from dirty map
self.sub_beam kernel(self.queue, globalsize, None, gpu_dirty.data, gpu_dpsf.data, g-
pu_max_id.data, gpu_clean.data, gpu_cpsf.data, np.float32(gain * imax), np.int32(width),
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np.int32(height), np.int32(add_flag))

i4=1

imax = self.gpu_getmax(gpu_dirty) //Obtain max from residual map

End While
If add_back == 1 Then

//Call the kernel function to add back residual map
self.add_noise_kernel(gpu_dirty, gpu_clean, np.float32(width + height))

End If

Output gpu_dirty, gpu_pmodel, gpu_clean

4 ZRLERSHTSTHE

4.1 SCIAINE

OpenCLJE XA (1) 2 /) 8§ A A [ °F & (Platform), &2 v 8i) /iy #2

HEAS 7] 1OpenCL % £ (Device).

A 3% M OpenCLX % AANVIDIAGPU (Tesla

k20mfll Tesla k80) MIntel((JCPU (Intel Xeon E5-2620 V2), TG KK &S HL#2.

x2 TFAREESH

Table 2 The parameters of platform and device

Parameter

Intel CPU

Tesla k20m GPU

Tesla k80 GPU

Platform name

Platform vendor

Platform version

Device name

Device max clock speed

Device compute units

Device max work group size

Intel(R) OpenCL
Intel(R)
tion
OpenCL 1.2 LIN-
UX

Intel(R)  Xeon(R)
CPU E5-2620 V2 @
2.10 GHz

2100 MHz
24
8192

Corpora-

NVIDIA CUDA
NVIDIA Corpora-
tion

OpenCL 1.2 CUDA
8.0.44

Tesla k20m

705 MHz
13
1024

NVIDIA CUDA
NVIDIA Corpora-
tion

OpenCL 1.2 CUDA
8.0.44

Tesla k80

823 MHz
13
1024

R FGPUK B R Z, FrelGPULEIAT U A BATIRKILS. #EOpenCLAR -,
WA RE PP A AT 2805, A SCR TR IAEL (None).

work groupZ it K /N 5E

4.2 LHER

SZ I B s Sk UE TMUSER 2015411 1 H 12873 49Fb 35422 Fb 1) W0 il K 4, J5i 46

B &0 — R A H 5 DR A7 R ki R SCHCH A% S(FITSSC ), s SCHF w44
$320151101-120849_354161240.uvfits. i I MUSERAL #5 4b B R 48 $h A7 AH L B4, &
SR R A L A3 o, P P et i 1 v A e U A TV A A B AR i T
[ISESPEAS PSS
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DIRTY IMAGE OF MUSER CLEAN IMAGE OF MUSER
TIME: 2015-11-01712:08:49.354161240 POL: R @1.7125GHz TIME: 2015-11-01T12:08:49.354161240 POL: R @1.7125GHz
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—14724
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|
=

L
I

K3 MUSER&GIINER (Z2) 5 (A7), WA 2 20154511 H1H12:08:49:354, MMBHIZR jE1.7125 GHz, ik
JEATHE. BREHER N A — 2 3 S A

Fig.3 Dirty (left) and clean (right) images of MUSER. The figure shows dirty image of MUSER at
12:08:49:354 on November 11th, 2015 (Frequency: 1.7125 GHz, Polarization: right) and its corresponding

clean image. The color bar shows the unnormalized numerical value of brightness.

JUFE VR T v 6 T3] ] P D X S MR A 5 R A B R B > A2 T 5 AR AR B 163 284
B, AN DX A R s S, T PP S B e ) DX T 2 R B 23l DXk (B A
TR BH B 48 15 R SR AE T — 2D ARk — 2Dt 5Y). XL S us I, o A
U P R R PR R B SR B, T B B S e I R R B 58 P2 A

el —H k448 b, 72 7ECPU (Intel Xeon E5-2620 V2). GPU (Tesla k20m#l
Tesla k80) Fiz4T2E T OpenCLEZHLF CLEANS VA FI/EGPU (Tesla k20m A Tesla k80) -
12172 T CUDASEILFCLEANS Y, A iRk /Nh1024 pixelsx 1024 pixelsfii K. &EFp
UL IBATLI0UK, R BECRAT RN ], 256 45 SR WL 4.

22
*  OpenCL+CPU
X  OpenCL+GPU(k20m)
+  OpenCL+GPU(K80)
2+ O CUDA+GPU(K20m)
O  CUDA+GPU(k80)
*
18F * «
% *
* ) *
* *
2z 16r
E
=
=
2
E 141
3
3
=
[=a)
12+
e
o x rS ¢ +
¢ & @ g @ o ® g ® é
] x O c
0.8
. . . . . . . . . .
1 2 3 4 5 6 7 8 9 10

Execution number
K4 A+ OpenCLAAEF CUDASIM CLEANS VAT I i) Hhk

Fig.4 Comparison of time consume between OpenCL-based CLEAN and CUDA-based CLEAN
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M F AT LE H, T OpenCLAE T-CUDASL L CLEANS - GPURR S N B
THFER B A FE A 2, [, 3% T OpenCLSE ML M CLEANS I L fE AECPUM B R I8 1T,
It HHUAH I 1 e CPI R AT — IR I 124 1.7 5).

4.3 1tig

AR HOpenCLAEHL T CLEANSL VL 1 F-AT 7H S, 2 T OpenCLEZ L [ CLEANY.
EEA LR

(DVEGPUME N, 2 T OpenCLEIL I CLEANSA VL 55 T-CUDA LI CLEANS.
AT IS RSO 24, A5A0E T MUSERZCHE &b BE e R R AR 2%

(2)%E T CUDASZILCLEANS 7 N GEENVIDIA M GPU L1247, 1M 3& T OpenCLSE
LI CLEANSL Y, WEAT LAENVIDIAGPU Lig 4T, W] DLgE HiAl) /i GPU iz 4y,
X AMUSER £ 5 40 B R G f 41t T 58 2 (Rl 41 5 1k 4%

(3) H T OpenCLFE /37 B 7 LUZ AT TGPUIEE, tn] LUIZE4T T-CPUIEE, Kk, fE5E
Br TAE X4 T MUSERE s /b3 R G (A4 RE T, B 3%AA GPUBE MEGPUR AR
s LR, RE0E nT LAECPUMES MigfT.

2k LPTIR, 5T OpenCLAEIL I CLEAN S VA AE ARUEMUSER S Ab 2 5 48 i 4b ik F2
PERERISEAE L, 390 T MUSERAUE AL BE R G AE M-V Gk B 07 1) R k. RN, AT
YEWRIGUE T OpenCLAE R E s AbH#E rh (rya] F P, v AT, 81 T OpenCLIT B AT 1) 744
BN bR R v B, OpenCLAG & Ak S BREE N R SC iy M REARAFIT A I 1 B A

2 % ik
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The Research and Implementation of MUSER
CLEAN Algorithm Based on OpenCL

FENG Yong! CHEN Kun! DENG Hui'! WANG Feng!? MEI Ying?
WEI Shou-lin®?  DAI Weil?  YANG Qiu-ping’?  LIU Ying-bo!
WU Jing-ping?
(1 Computer Technology Application Key Lab of Yunnan Province, Kunming University of Science
and Technology, Kunming 650504)

(2 Yunnan Astronomical Observatories, Chinese Academy of Sciences, Kunming 650216)
(8 Yunnan Information Technology Development Center, Kunming 650011)

AsstracT It’s urgent to carry out high-performance data processing with a single
machine in the development of astronomical software. However, due to the different con-
figuration of the machine, traditional programming techniques such as multi-threading,
and CUDA (Compute Unified Device Architecture)+GPU (Graphic Processing Unit)
have obvious limitations in portability and seamlessness between different operation sys-
tems. The OpenCL (Open Computing Language) used in the development of MUSER
(MingantU SpEctral Radioheliograph) data processing system is introduced. And the
Hégbom CLEAN algorithm is re-implemented into parallel CLEAN algorithm by the
Python language and PyOpenCL extended package. The experimental results show
that the CLEAN algorithm based on OpenCL has approximately equally operating
efficiency compared with the former CLEAN algorithm based on CUDA. More impor-
tant, the data processing in merely CPU (Central Processing Unit) environment of this
system can also achieve high performance, which has solved the problem of environ-
mental dependence of CUDA+GPU. Overall, the research improves the adaptability of
the system with emphasis on performance of MUSER image clean computing. In the
meanwhile, the realization of OpenCL in MUSER proves its availability in scientific
data processing. In view of the high-performance computing features of OpenCL in
heterogeneous environment, it will probably become the preferred technology in the
future high-performance astronomical software development.

Key words sun: radio radiation, instrumentation: interferometers, techniques: image
processing, methods: CLEAN
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