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F1, 1 K (Faint Images of the Radio Sky at Twenty Cen-
timeters survey, FIRST) ), [ 5 i B K 3L & K FE 11K
K(NRAO VLA Sky Survey, NVSS) U1 K f 1] i&
R(Karl G. Jansky Very Large Array Sky Survey,
VLASS) "1 2R 45 #% %5 137 B4 1] (Murchison Wide-field
Array, MWA) 4R 2 J 1] 41 4= K 1% K (GaLactic and
Extragalactic All-sky MWA, GLEAM) "2 FIMWAZYR &
[ AR ] 2R I ] A 4 R 38 R W Il (GaLactic and Ex-
tragalactic All-Sky MWA-eXtended, GLEAM-X; Natasha
Hurley-Walker, 2022), B K% 4t i 23z 4% (Giant Metre-
wave Radio Telescope, GMRT) 150 MHz TIFR GMRT
F(TIFR GMRT Sky Survey, TGSS) 31, {47 4 41 (Low
Frequency Array, LOFAR)[1J2 mi& K (LOFAR Two-metre
Sky Survey, LoTSS) '¥, MeerK AT [H FrGHZzAR AT £ ik
R (MeerKAT International GHz Tiered Extragalactic Ex-
ploration, MIGHTEE) M ] 1151, 38 5K ) 37 ~F 7 24 BL [
B4R % ¥ (Australian Square Kilometre Array Pathfinder,
ASKAP)#) 5 5 J# 14 I 1% 1& K (Evolutionary Map of the
Universe, EMU) 10125 1 6k 7Y Gt e, B8 376 5% 00 0 B K
MR HE 10 S B R A RN 1R, 9 FAth S R SO
T H 2858 7 AR, Rk 1 ORI E R R R
{ENSKAY ST E 2 —, MWATF & TR
S R A, BJGLEAMIE H. GLEAMAE 124N
AR H I B ) i KA I T H 22—, i o T %
4i+30° AR BN AR X GLEAM ML X 35 AN
BTG ] 5 SKAMRAIFE 51 i B — 25, X AR RSKAFL
BIFFE AN E A b PR W B 225 5 3L R T NI 2
W GLEAMIE Jy T iz B 7 F 5 52 A3t Ja Atk U 00 4
i, BN HERSESE /UL BRRE, £
1oz PO 8 SRR A P AR R B2, 4R
R EHIT R G2 23 ko B PYR T E SR
GLEAMZ — (201348 H9H %20144:6 H 18 H)
FEE 201448 H4H 222015457 H 6 H) I W il H 4w
T KA. 88— 8l A3 7E72-231 MHz i %
Y0 P9, X 7R ER +30° LA R AR 46 FE 10° LA IR 23 X
BEHEAT ORI, AN S — S T R AR S X 8, N2
Yie . 55— F AR L 35 2924800 deg” K X, 44757
AR 5> NTA KT, BN SR — M, PRI e R, B
TE R X AR e . SR HESEA IS, 28— 9T
PRI B T WL (Visibility) 0 A B 204300 TB.
9 W BISKAKHE b 31 5% AR 5 BT R R e, b

K6 3 b ESKAX 5 7 0y (China SKA Re-
gional Centre, CSRO)] % 7, J 58 il 1 ' [EISRCJH 7Y
HL(CSRC Prototype, CSRC-P) [25:261 7 H.45% 4 R 45 271y
& o A B SR AL AT BE R A T x86F1ARM (Ad-
vanced RISC Machine, ARM) P Fih 5 485 28 F4) [ v g Ak
AR, AR ER AR 05—, HEER RS
XN TR, 76 B IIX86 AL FE 2% 2 AN AARMAL
FHES ) P B2 (1) ARMALFE 382 V8 T 0 AL Th 46
IR A 7 5, BAA AR AR, WAF T 58 A0 T )
Rx867= d; (2) B N A fe 711 1F Al il i& ARM AL
A, EARSWER BRI EEREMSE Q)
ARM B AR T8O AT LSBT, [ A #RAE R 4.
THE B g R AR e F A8 ek, RO E g iR
FRREIZAT. SCHR[2817EARMMEHE R 48 EyPAG T i
RN 22 AR R0 2 N PR e, S R B2 TR
R8O FE LS. WIFR 1HT7R, X867 fT7E XUKS FE 1% A g
b A, ARMTY s AE A7 B B AR, TR — Fl A 2
ATESKARAG B LN AL, 5B — D0
.

SKAX 38 £ 48 w0 8 %5, 4 IMWASH 2 fil,
[& i JT #5 5 ASKAP, MeerKATHILOFARH & 1, I
JESKA%: 510 H (1Rl 2 Pt 50 fil g ROk Jg, Hha
AR A Rl e R R I A POV DL B A ST BT IE A I
I A9 5 R 3 2 1 K ORI I H. B AT, A HMWA
GLEAMYLIN I H 1) )5 465045, CSRC-PCLH T B £k
WAL, 17 B RSB AR,

SKAJ I H R 7 K. S, o dise
2P ARHAR, H MM FR SR K], PRt =2 i &
NI EHE, o i 6 H i 1 Ak BEOKG 2 — AN B Rk ik B0,
— >R I AT: 55 58 1S AR IPB R 1) 5 4k £ s
FECETBR I EG S, R, S LRG0 kHB)
AL SKAFIMWA 5. @G A - g 2 A~
B, B AP R B R &, B 4R mT LS AT A 2,

# 1 CSRC-PHIx86FIARMIIH S
Table 1 x86 and ARM compute nodes in CSRC-P

Rk X867 £l ARM™ 5
p3iibagithes 2 x Xeon Gold 6132 2 x Kunpeng 920
) Intel EH

SHERY P IIN 2x141% 0> @2.6 GHz 2x481% 0> @2.5 GHz

P A7 1 2x6i#iEDDR4-2666 2x 83l JEDDR4-2666
A7 5 119.2 GB/s 170.6 GB/s
R AR 1536 Gflops 384 Gflops
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IS AT .

SR, BT 1 R R BCRAR T, ok 78 7 1
BT EHL T S 2 . U itk ik
FERSF JUAN R RE IS, S Z XA KRG AL, X5
SO AR R A IS EE . FRAT T 75 BEAEMWABIL AT 4 2%
(S Al b R 2 TR R A 5 v, DA kb Ak 3 R
RSKA MM A, ASTHE H—FhEF XS MWA A5 22
TEx86FIARMAL B 8% I 1 4 R AR AL J7 ik, I 5 05 567
Ak i Y5 DT R A AR PR R e B8, BTk e R

(1) ¥ AR S AR N BEAR ST, 56 RIC++ 2 28
FEIF1T. PythonZ i #2 47 FIShell 2 AT 55 HAT, it —
T T MR AT AR 118 4T ROR, fEX86FIARM T
B By RIERAS T 2. 72,445 1 N5,

(2) TEX86HIARM- & K AlE 1 H-A7 4L 4k Y T 47 1k,
FIGAE T AR 45 R HER P, 45 SRR, AT HHATIE
777235 FH T x86 A ARM P i i - SE AN [F] (1) -5 244
AL J5 )45 5 25 S5 70 S50 fo VP L Y, 39 2 SKA R
53 BT (RS 2K

(3) MEZFR NI b 5 E AR I b Z BT, T
R AT B S SR IR LR R, FRHE R —2
AL TS I, B ERASMWAR AT R Tk RIE IR 2 4% 4k
AR MIRE Ty, TN TAET ML, R b 2R 2 4%
Bk

ARLHRF A 2 R B2 EN AMWARE
b FE RS AG A 2R A B b, SRR RS, AR M
AT AL i, 3 THE AT AL RR, FEX AR
AT G 25 22 5. B4 A SR ARG I A OC TAE. B
J&, SESTTREFEERATH TAE, H B TR SRR A T ).

2 ELFTMAE R
21 {RIARIGE L

SKAR G B 48 & 1 X TMWA GLEAMZL 5 &b
FEA 4 ad A2 07310 1R R T SKAMR A5 I 5045 fk

BRI, €A SABY B AL B (Pre-processing)
2 (Modeling). 1% #(Calibration). Ji& 1% (Deep imag-
ing) Fl J5 4L 2 (Post-processing).

TE AR BRI B, 8 2k 1 F Correr B A4 P21z N LN
A R B D s A, R 2 R A R ) S AT, T
I 7 B[] A5 6 b 6] w8 45040 Al 380 Ak Ak 2R, A
FLIS ) 73 6 94 s, AR 53 HE 3 40 kHz. f a7
I8 H K ST AT B #2 7 (Common Astronomy Software
Applications, CASA)HJMeasurement Set (MS)#% 20 E
S, AT FDysco B3k 45 5.

TEGRARIT B, B 28 o) B 3 Bt 2 B de, 1 R AR 4K
P TAR FR B Bt b O 48 25 B A0 40 1) B 51 5 L U,
IR AT R HE R B A B R A A,

TE RS HERY B, 5 2k Af FIMitchCal 57k B4 AR 45 2
155 B B 1S B 1 R A5 BB, R A R B T AL R B B
R, BHE TS I B Ko 1R D 0 ok Aol
N*“CORRECTED_DATA” 5| {7 i fEMS 4 .

7E BB M B W KW g 5 Ik & R
FWCSClean fwsclean 3y 4 5 1 E J5 ) £ 5 33k
ITIRE G AR PR G, FESHL K.

TE Ja AL HRY B, 45 2812 17 fits_warp JHI A B, S 146
s HiStokes XXANYY ¥-71i7 B % LA K Stokes 177717 K 5 it
AT VL bR A R AR DN B2 1R, A S A PR R R
IS AT O H VR A R B Y Aegean P71, 4 15 B (1 U5 i R
5 GLEAMEE 14F A FF 1 BB 3 LU JR (1) 3 B % B, 13- 3]

®2 HEHBAERNSH

Table 2 Parameters in deep imaging phase

S BUE
i BB B FE R 4000%4000
RIS 300000
IEAR R E o
IEARHENEAE 30
VAR AR 0.85
[EEip B 23.43 arcsec
FE A briggs (“robust” = —1.0)
RS % AR 7 17): XX, YY, XY, YX
WERIBIE S O TRAAS FIBIE AT R S5

. . . . Deep ;
gpubox Preprocessing Modehng}_ﬁ)allbratlon} . - _E’ost— processm%
FITS file I ° ] [ ® ® "o ®

1 SKA{RSAREF 58 2
Figure 1 The imaging pipeline for SKA low frequency array.
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AN PR I AR 0 I 2 2 R b R RS IE R AR R AR
B IE T, KR P B2 3 i X Stokes T 30.72 MHz 1
iy BB b A5 B U8 A B i 7% AT AT In) 5 R 2 AL
7E 1% °F T Lt XMRC (Molonglo Reference Cata-
logue) PSIRINVSS HOLE 3% DL & 2 2% 5 (1 47 B JF it
ITRAINLBIEIE.

22 BELMRESH

ARG <R AT IB AT A AT B AT P A T A &
TEIRAZ A L i3 AT I ). A 5 B Ik bL s, # 3L
5 IFATIEAT I LBk LEAR B, 2R mAU i /1
ANPCAAERE, BTt & iE HI AL .

BITIBIT KUUKLZ T B A B BOR 7R 7 1 24
FEREGH R B i B, FFAEIBATIERE il s AT A
1] ot A1 A BE R AT IBAT A 1 tgerin GEHY DT BN 52 )
AKY 5 Al 550), foc o B ik 7R R e TR R D T
EE Stheory (FLHH NIRRT ST R AR R 234% 0 500)

Tiotal ) ( 1 )

Stheory S ——
Tserial + fo N

HITEIT WA BEA TR N FEFH
AR H O RO R T AL B R A% O A, BIEX867TT
B D28 E AT, fEARMT A5 _F LA96H% 0 iE AT, IF
ITIBAT RAEAMESRUK ARSI HT 2 N g T s iy
3, R Y ATRUKZ I BINZ AT 77 2. ] T SE bR
T3 EE sreat, Fo it /T B AT IS AT FRLE N A, foaranien 22 FF
ATIEAT I B [,

Trotal
Sreal = @- (2)

RV FETFIHATBITH AR R 2 H RS, T
A A (8] 3 28, % AR AR AL | S5 42 47 i (1],
EFIBATR A, SEWRIE L ZERE R, RIFATI R
AT A, BT EZ L2 EARE L, o LR
FHAT 25 BT A, A8 A (7] B AL 38 28 A% 0 AT AL BRAT:
55, WM 4 H5 AR I A7 B ). AR T 4 55 R B0 IR E 5
BUE S, & T SKAE 2 HAT A HAT Ja #2 07 7260
FEC/IC++ 2 L FE 4T, PythonZ #EFE 47 AIShell £ 1+
% IHAT.

1% 18 & 2k fEX86FIARM & I 1) B % #4 £
FE2F13F 7~, fits_warp, wsclean, shell_loopsffcalibrate

FE 2R ) bR A L H A fits_warp Fllshell loop o i i
FEATAL H 5 T Hodls 947 oS, 2 Eid ik B Aw,
wscleanflcalibrate & & CL& i 1 2 L6 #2047, AT & IE
SRR L 220, ATk — oA, JE e B
T e, wE DU — B4k, BAR i F.

fits_warp/& — M 7E@ )5 4b #E [ Bt H T &% IE %
HIPythonid %, HH Tfits_warpf) £ >4t N B % ] DL
ST AREE, H 2 HT AR A IEAT AR A EE N 1.0), TTR
FiPythonZ it F2 J5 vt 4k, Big Ll $-45 575 Sz 0
ARSI L.

wscleanse — ME@ G 1@ J5 kb EE B B T Hifg
HIC++HE 7, 4 Hi FFAT WA FEX8OMTARM L (1) i ik Eb
53 5 93.618.4, 5 fil B (1 2 A n i H 18.3F156.5 2% B
R, 4 B R IARAS A 4t B8 WL R T LR 51 1)
Tl AT S pER o B ik [F) 20 B i, JFid it SO A0 5e ik
g LR PE.

cotter
5.2%

shell_loops wsclean
15.5% 25.1%
calibrate

6.8%

Others
7.6%

fits_warp
39.7%

B2 iy X867 LI A

Figure 2 Hotspots of the imaging pipeline on a x86 node.

cotter
shell_loops 5.0%

10.9% l‘

wsclean

29.7%
fits_warp
33.0% calibrate
15.1%

Others
6.3%

B3 AR ELRIEARMTS i R # R
Figure 3 Hotspots of the imaging pipeline on a ARM node.

229503-4



B PERS WIS % R

2023 HS3L H2 i

calibrate /E@% 155, @ #E F1@fK 15 B Bt 4% 1 F,
H T 5% T Wl . Hos A7 15 30 n R3O,
EI T 0 3 B 43 51 N 16.5F128.6, 1R 52 i B AR i 3#
Eb18.9F131.6. i3 — 2 73 #r / BH, calibratefX A5 H 24 20
AT HAT I 7, SRR TEIATERFE R G B A4S 5% L, e
PLFHAT, PRIEAS P4k SR04k

shell_loops /& A% & 2k 1 11 2 2 I HRAE, XA F)
R IX A K = G AL A BRI FE. 5 A Shell AR
B B AT AT, R AT AT U0 A (SE B n ok EE1.0), BT A
FShell 2 4T 55t 4k, AT FHEAT Ab 38 0 37 (1) B A5 R 2
AR VERE, FEVS N 5 A% OO 2.

K Ffits_warp, wscleanflIshell _loops [ 1 41 £t 14 K
TE NN R A AR FR).

2.3 BidpythonZ #H 2 {Lfits_warp

fits_warp ) $ A7 i F2 S #A s n B4R, o,
correct_images ¥ PR £ & B #E B ¥ 56 43, % R £ fE
Fmake_pix_model 4= i (1) 2 4 455 7Y S A% 14 45 i P A5
Tl #Ecorrect_images ', CloughTocher2DInterpolatorw g5
T ERERESATI E. ATV, Z ek Fo e A B B S
AN OB B/, AT LLEEAS [B] RO R o R AT AL 2. A
FHPython multiprocessingt¥ 5 J& WG 1 f 7R, B4
BEAE— ML R R HE, BT AR
Be — AN RAL I CPURZ L, WK% 22 4% 715 ) JRAT ik
HAES.

KRB 1 i PythonZ R IFAT AL #E B (R

def correct_images(fnames,
dymodel, suffix):

dxmodel ,

for fname in fnames:

R 3B HGT R B IRAT AL SR

Table 3 Parallel optimization methods against hotspot functions

multiprocessing.Process(target=
parallel_func, args=[fname, x,
y, Xy, suffix]).start()

def parallel_func(fname, x, y, xy, suffix)

fout = fname.replace(".fits", "_"+
suffix+".fits")

im = fits.open(fname)

data = np.squeeze(im[0].data)

return

2.4 B C++Z%iEM L wsclean

wsclean/E@ L, O ik @G M Bk 2 I
F, A tbwscleanpf 4 7T DA 46 753X = AN By BL 1918 17
I A, FATI K wscleani#E 4T T C++2 LR AL A 2 4L
A, XL T7 RS T e T i wscleanfX S H
vk, DR G 3.4 G UE 1A A0 AR I IE B . AR

Input )
original
images and

parameters

Make pix
model
—

CloughTocher
2 DiInterpolator

p—
Correct

images

N

Output new
images

Write the new
image

Figure 4 Execution process and hotspots of fits_warp.

Th R TR %ﬁﬁfﬂ‘zfﬁggbuﬁth er‘ﬁ?;?::n&;ﬁgﬂﬁtt AR EIHAT ﬁtfgggﬁmgﬁh Pk sk
A R A R R
e e om0 oo
e R R SR
R A R S ST
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SCARHS A FH ) 72 weridderti 2. 7E YR S Fwsclean.cpp Al
wsmsgridder.cppH, X #4 5 B& #runIndependentGroup
HATC++2 R FE LK. TEwsclean.cpp™, FE fi5 B8 %L
griddingTaskManager->FinishO#¢ #2 2] 7 L Z 15 3, {#
13 Z predictOfE 55 B AT A 7 #4& s E— A% 11
FE L.

fEwsmsgridder.cpp™t, H &AM 2 A2 1K 5 N ik £
T RE W B TAE 4 (predictCalcThread) %
SIFATH S B e 1 B AR N AF X, AT $ e AR
Ak B[R, 2 B A B T P S wsclean
2 Hiparallel-griddinfllparallel-deconvolution. §ij & 2 ]
imageMainfPredict ¥~ b £ () A2 B i, Jm #4521 1
BRI RIS, S me BEAR AR S AR UL T ) #ERa P, 7EA
2% JE A AN R e A B AL BV B N AT HR T, AL
Bt 73 3 AEX8O AT ARM Y i B4 ZIX A~ S F i) de (41
B, AT ERAFA AL BT /5 e e ARV R DL L .

2.5 BEHBIERHITHAshell loops

MWA R E 2 HiBash A 1E 5 H AT, L@
B G A B E A I DU AN I s T B IR AT R
R 7. X DU E A 43 )i L1 -img, L2-img, L1-
corfllL2-cor, 43 #X Fimage.sh#flsnapshot_correct.shef %1
.

A FIGNU Parallel B2 T H 205 JUG B AT AT
fIBash I A<, {3 HoAE 22 kA% I 747 AL 38 2 AN b 7 14
5. R TAEAE S5 11 305 15 R CPURL OB ILIE, 34T
SARIBATHE R, ASRTSGNU Parallel T1E A5 %001 A
LB mRit S,

HAR M 3, Ll-imgfE 7 . B & IR 77
M bk 47 iE AR, T F % imake_beam, pbcor-
rectflrender>k A& % A % R, B T-1T 55 2 [ & A £
PARE, FRATAA B —MESS B3R, SR FEATIAT.
A JE AR AR 2 7, {8 T 5 CPURR B A5 1Y)
TAEHEFEE(NCPU).

REB 2 Ll-imgHShellZE 5L

# Generate a job list for Ll-img
for subchan in MFS 0000 0001 0002 0003; do
for image in $images; do
for pol in XXr XXi XYr XYi YXr YXi YYr
YYi; do
echo "$subchan-$img-$pol"” >> jobs.txt

# Run jobs in parallel

cat jobs.txt | parallel -j $NCPU
make$_$beam

cat jobs.txt | parallel -j $NCPU pbcorrect

cat jobs.txt | parallel -j $NCPU render

L2-imgfE W & 77 [l B M7 s IE
% AR, W B ¥ K %rms_measure, pyhead
copy _metafitsheader>i it 3% Il 5 iy 44 B4, 5L1-imgZt
L, AT IF X A3ZIE I, K I 471817, JF B
ZHINCPU T A 2 72 5K I 47 4 B Ah 57 #4576 0k 49 1
MEZRI

L1-cori%ftmake_beammv, X 15 3479 % FE A
1E. FATVRIFIXA2ZEIR, SR)5 5 884 (4 x 2) LAk
FERIAT A3, A3 7.

K85 3 Ll-cor¥iShell 24T % Ak

# Generate a job list for Ll-cor
for ((i=1; i<=(4); i++ )); do
for pol in XX YY; do
echo "$i-$pol" >> jobs.txt
# Run jobs in parallel
cat jobs.txt | parallel -j 8 make_beam
cat jobs.txt | parallel -j 8 mv

L2-cori% f{agean, BANE, pyheadficorrect_gleam_
flux R 2, 3834 R Pk I 21 )5 5 GLEAM IDR6 H
XL R AL IE R I BB MR & sl T &
HBANEFMaegean ) & & 2 2R F£ 11, N T i & CPUK
O E, HAEH T B I HERR S, an A% 4R,

RE 4  L2-corF Shell 2L 514k

# Generate a job list for L2-cor
for ((i=1; i<=(4); i++ )); do
for file in ${Xcorr[$i]} ${Ycorr[$il};
do
echo "$§i-$£fil" >> jobs.txt
# Run jobs in parallel
cat jobs.txt | parallel -j $(NCPU/NBANE)
--cores=$NBANE
cat jobs.txt | parallel -j $(NCPU/NAEGENE)
aegene --cores=$NAEGENE
cat jobs.txt | parallel -j $NCPU pyhead
cat jobs.txt | parallel -j $NCPU
correct_gleam_flux

108 28 b ok A 000 A0 SR I I e 7R 2R3, X
Ffits_warpF 11 £ H T PythonZ it 2 77 ¥, X T
wscleanN. H | C++2 &AL A1 2 B3 R LA 715
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X Fimage.sh#flsnapshot_cotter.sh P [¥Jshell _loops, {3 FH
T ShellZZAT S5 ATTE; A BIMI A caliberate bR 4T

3 FR5HE

SEIG & FECSRC-P 21 1 58 Bl i, L85 A5 R
PHIC B R AR 7R, THET R B T x86F1ARMYH
AR SUR I AL R 2%, SIS B B ok © GLEAMIK
TR PR FE UL K s, W IIID A 1060179576, A ) st [
JUTCH[]2013-08-10 14:19:18 %2013-08-10 14:21:10,
SR AT 00 7E (RA=290.51°, DEC=-26.73°).

S A6 X b i R 2R AT IR OR B 55227 v A
H1“IF AT 38477, ENEX86RIARM™Y i | 23 Wil 4% & 28%%
DFI96HZ LI AT, X MBS 1 iz 4T 7 . AE
XS LG, TECRRESECA RGO T BT 40 5 AR,

RIVEAS A RO, X6 Bl S BRI L s e 5 BRI
TH P swheory I ZE 8, FooE X UN(H)FIQ)FTR. N T & &EVF
TR ARAL JG R 547 SR8 ) 34, A SO EAUL S
FI“FHAT R, g SUA SR NI B speq 5 2R 18 1 T8
EE Stheory IR EUARL, BIFE 7 A58 B0 A% 0o 38 AT I (B £ core 15
A S5 I8 AT I 8] tcore M) B AR FE B DA 23 B O AZ 00 B8,
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Figure 8 Overall optimization results of the imaging pipeline.

TS5 RBERLL

Table S Comparison of imaging results

mPre processing MWModeling mCalibration ™ Deep imaging ™ Post-processing

x86H AL Rl

x86 4k J5

ARMARAL F ARMARAL J5

TE OBBRA KB SFEGBHRANES  S5GLEAMKAERILAE  RMS (mJy)  BMAIJ (arcsec)  BMIN (arcsec)  PA (°)
x86 JRUGRRAS 2374 2374 2083 18.02 108.27 96.37 106.42
x86  MAbARAR 2357 2181 2064 17.76 108.29 96.38 106.42
ARM  JRUEHRA 2361 2361 2078 18.31 108.30 96.39 106.41
ARM  flifbhA 2341 2172 2062 18.30 108.30 96.39 106.40
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Figure 9 The analysis figure of flux and location in the cross-matching results of the catalog obtained by the pipeline before and after optimization on
x86. Sub-figures (a) and (b) are the histogram and Gaussian fitting results of the peak flux ratio (S s;zlfopl/ S Ezz‘;ﬂg) and int flux ratio (S ;%l&om/ S :};ls,orig)
of the radio source before and after optimization, respectively. Sub-figures (c) and (d) are the histogram and Gaussian fitting results of the difference
between the right ascension (Agra ) and declination (Apgc) of the radio source before and after optimization, respectively. The red straight lines in the 4

sub-figures are the mean positions of the Gaussian fitting curves.
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Figure 11 The analysis figure of flux and location in the cross-matching results of the catalog obtained by the pipeline before and after optimiza-
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Figure 12 Analysis of the results of fitted BEAM of raido sources in the cross-matching of the catalog obtained by the pipeline before and after
optimization on ARM, respectively. Sub-figures (a)—(c) are the histogram and Gaussian fitting results of the difference of the long semi-axis length
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Optimization of parallel processing of the Square Kilometre
Array low-frequency imaging pipeline
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Data processing of the square kilometer array (SKA) is performed in pipeline mode, and the execution efficiency of
pipeline mode is an important factor in SKA data processing. Continuum imaging is a primary observation mode of
SKA and a prerequisite for many other scientific works. In this paper, we take the imaging pipeline of the SKA low-
frequency precursor Murchison widefield array as an example and optimize the parallel processing pipeline on the China
SKA regional centre prototype (CSRC-P). Previous optimization schemes have focused on a few performance hotspots
and lacked systematic optimization of the overall pipeline, resulting in a relatively poor overall speedup ratio. In this
paper, we propose a global optimization scheme that combines C++ multi-threading, Python multi-processing, and Shell
multi-tasking parallelism for pipelines using multiple programming languages and image datasets that can be processed
independently and verify the accuracy of the optimization results. Experiments show that the optimized pipeline achieves
an overall speedup of 2.7- and 2.4-fold on the x86 and advanced RISC machine (ARM) nodes of CSRC-P, respectively,
and the ARM compute nodes show good adaptability to SKA applications. The optimization strategies and methods in this
paper also apply to other SKA applications and will be useful for the scientific operation and future operation of the SKA
precursor telescope.

square kilometre array, murchison widefield array, high performance computing, parallel optimization
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