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BE AXFHTEAFTEAHZEEKR. TEELWFE. T 70 EE 7| 4 & 2 74 (Square Kilometre Array,
SKAYS R EMBRMEMHETATENARBR#T AXFEGHEITEZ BB R, ko E# & ESKAW
FERFEFEMZ—. KAXNET —# % FTOpenMP% 4 2 FoMultiprocessing % # 2 A ik fk vk E# 2 & &
TR, BB T — MR AR FE AN T &, ARG R ERNE &L ET P ESKAR & F .0 K&
X861 ARM it 5 . 15 Bk 71 & A #1377 % 7| £ it 4% (Murchison Widefield Array, MWA) 3/ i £ 1 & #4 £
BIR BN, 5B B E KA, LB B E & EX86FIARM Y & 4 B 3K 15 10.4-12.21% F124.5-25 845 # Jiw
W, HAT U E K B|37.1%-43.6%F124.5%-26.9%. 7 EARM™ & Hx867F & it Hik1.1-1.31%, B E =it &%
HESKASEAE FEAE AH A, XA MR R, FTEE A T i EMWAR K B 5 K 1 K (Southern-sky
MWA Rapid Two-metre, SMART) ¥ B & fic# 2% F T 1E.
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25 M X, X T FOATT I ) i bk b B S AR R
FARW, I B 5 bkl 2 52 bl R B E A 1) B
W — B, B A4 I Ik o ORI E LA SR
| Arecibo 2 176 £ 1) 41 38 T Ly B 15t Ui B 471 ik o B2 3K
X (the Pulsar Arecibo L-Band Feed Array, PALFA) #I A
WK ) ¥ Parkes B2 2 B3 (1 /& I8 () 3 9% 22 52 ol Jik o
/2 & K (High Time Resolution Universe, HTRU) 56145,
T E B 30 B95002K 4% K T 5 L B2z Bk IR
(Five-hundred-meter Aperture Spherical radio Telescope,
FAST) U=, %24 O R B Z15000508r fik b /2 110141 3= 22
>k H FAST#RIE [ ik # £ i K (The FAST Galactic Plane
Pulsar Snapshot survey, GPPS) ['21V, FASTZ %l 2% H 5
[A] A F9 48 K (Commensal Radio Astronomy FAST Sur-
vey, CRAFTS) U312 FIBRR 2 ] ik 22 (148 5 DD K
RIH.

[F] B, — 26 R I H R AR AR R AR GE R 1
350 MHz LA )W & B T kb 2. 413 E 1) Green Bank
It K % 1% K I H (Green Bank Northern Celestial Cap,
GBNCC) USVF] FlGreen Bank ¥t Fi B2 8 4% 7£350 MHz X}
B £640° LA b R X @R AT 4 T 48 -, KB T 19550 ik i
Y. ArecibofE327 MHz i KX, H20104F &2, &K I
T 96K ik A 101D ip 22 IR A0 B B G P BE % B (Low
Frequency Array, LOFAR) U7 AH T 3 42 K& K (The
LOFAR Tied-Array All-Sky Survey, LOTASS)7E & ik
19135 MHzSRZ _F R I 1 7350k i A2 18- 190,

IEFEE W R 5 A BLE%: 51 (Square Kilometre Array,
SKA) HLEE i B8 A SR AE — 8 R b o IR B R R 0
BE 7 B R N I R A8k B A DR v PR R A, R A T
B R A 1 R, R 3 Ay 30 R g 20210
55— BEIUH (SKAL, £ 5 BEAS UL 10%) T RE %
K BL180002 bk v 2, XS H vt 7 H AT R L
54 22, SR, 48 558 2 f ko B 7R B K AR S i
8], 7E o 72 Aok 7= A8 g 2 0L £ dE . fESKARE 2
i, L&A VF 2 SKARIR & WA RN, Bk 248
FOL R B KBRS & m] DU TR 5l an iz 1
U YLK R T 1) BR AT A% K A 37 B 1) B2 3 85 (Murchison

1) http://zmtt.bao.ac.cn/GPPS/GPPSnewPSR html.

2) http://groups.bao.ac.cn/ism/CRAFTS/202203/t20220310-683697.html.

3) https://fast.bao.ac.cn/cms/article/65/.

4) http://astro.phys.wvu.edu/GBNCC/.

5) http://www.naic.edu/~deneva/drift-search/.

6) https://www.skatelescope.org/news/china-ratifies- skao-convention/.

Widefield Array, MWA) 23, ESKA-Low[) % T T H,
FORL 37 0 46 BA f 8 AR ko B 4 AT B AR T &R A
X 3. MWATF] L % i 38 & 8L(VCS) P 35 MWA 70—
300 MHz /)5 % U [, 7£30.72 MHz [ &7 56 L4143
T 3072 @ IE, &G0 H 10 kHz A5 2R 45 1 2R
FE0.1 msff R FE (8] B R, B /N4 7= 4228 TB I %k
. USKATERUE, ot A8 ik 2 g s 1A R AP TB &
g1 BRSO SR T A ERBRER, Ak T
B KRB HTHLE, (UMWATI B 1R & 32523055
T ik v 2 261,

B 7 UL B ] 5 00 0 5 = A, Rkt 2
o B 5 AR 0 U B R 2 B A 00 I I A ST
K 1 A Can ST ER[22]H BT R). SKATZE BRI
BB B 75 E /D300 PFRlopsiF 5 is A /1121, X
55 R B b B R T SEL ) T B RE ) Ab
T A — & F(FugakuiB & 1T F AL EE TFEBE 1N
442 PFlops *7). 2 [8 | LR, SE bR b 211 5
717 RN KK XA IRl 1

i ) 58 R R R A AL BE R AF 6 AR SKALE W
BAT AT HE, R HSKA T 2 it [F 1F o Rl 2 7 % 5
HISKAIX 3 # .0 (SKA Regional Centre, SRC), $1.47 F}
SRR VR FE 43 A RO ECHE 7 K A A AT 55, IR R
SCEEAERRL P TAE 281 4 A SRCHKE T ik —
AN A BRI B R0 B R 4%, 97 ST SKAR R 2 B a7
i P 5 ifIE. 2 ERSRCMIK ¥ it Tk 18
B A YE 5 57 G SKAKR SC 6 7 SRR S8/ X 1 4% m
RIE.

R S TR A Sk A R SKA DX 5 e Ji7 B
% 45(China SKA Regional Centre Prototype, CSRC-P)
i, B O A A — S SRCR Y A1 1293016 |
HE AR5 B SKAX I H O & RS, K LIMWASY
KRl JF 4R AR OK A WSKATR % # (Australian SKA
Pathfinder, ASKAP). 4 3E &5 i /& J& B %1 B2 2t £% (More
Karoo Array Telescope, MeerKAT). fif Z2LOFAR%: B2
LRSI AR, TTRESKAS T 00 H 1Rk Tl £
AR, BF TP 25 A0 8 AR AT F 3 48 45 3 R U 1321,
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DA S A SC A 28 1 55 o MK o A R I A T A, fE 4
T 2 W SRCZ AT, Ji AL PRIATE st At 22 0 L 22, 4K
FASKASG 5 FIER 1% 22 370 B ) B0 A B 4 R 56 0E. TR
JIMAR R R AR50 4 BT (194145 CSRC-PL
% T 2. AN IFAT XHE R G AN00 GE
THEIBW 2% R 55, N oicist ik 2 48 2R 2k 25 SKAFR} 22 B
F3RAE 7R F 6. CSRC-PR IR & S A T 5 28 4,
[ IS P Tl P x86 FTARM ) 4t B 88 fy 1 5274 o, 248
— /M F ARMZE A4 [ SK AL S A 3 R 48, 1FE Wi20194F
FISKA T.FE 2 WD AT /R 1, ARMUE 5T 5000 36 1
MR R T H gt fe.

Wik kot B A R EAT S AE m PR R T L B
AT, T Phik 1) TAF. FiRansom B33 51 &
FIPRESTOJT YL, [ALorimer P31 % () SIGPROCAI!
Barr BT 2 i Peasoup— ¥, J& 24 A B F ¥ B 4% 1
ik e L 4 2R RO WU 8 23 B R F2 P . PRESTOI fi%
W1V B, A2 K ERR R 1 5K B 1] 3830 A 3%
H A% 2R 2 B ik U B3, ok U vz R R
KX B Rk B 8 K -, W Arecibo[FTPALFARK K 41,
LOFARFILOTAASIK K USTRIFASTHIGPPSI& K 12145,
H #7, C.F HIPRESTO % 2] T 600% Fifik v &, H
FLHE2302 F A0 kv 2 AN 22 R0 Jik b XU 341,

W98 N\ B1#ECPU, GPU, FPGAZ% £ Fh it 5 % % b
a3 AT RO A ik B A R R AR . L, SCER[3 710
R T CPUME £k 15 X PRESTOIE 1T 1 B 51, 4% 5 BoR
A% R 2R FE e 40 4 2 A7 I [R), X 5w ik A T B L%
VA B 2 R 1 BRI 12 B — B SCHR[38I7ECPU k- 1% i
TPRESTOJFAT V15 4244, A bb B AT AR ASTE S HL8AZ >
ST LA IR, SCER[39TKFPRESTO MY th i 1§
A BIGPU, M EL & AT A FIMPLIFAT RRAS, 43 ) K15
T £12065 F160£5 HIhNIgE. SCHR[40]18 FH OpenCLIE & 4
S FET UK BIFPGA TE AT s 4% 2R 1, 76 57 Th#E
PR AT GPURICPU.

KA 48 7] ZECSRC-PHI 2 7% 0 1 55715
b, EXIMWA-VCSHI = AN JE A T 8 m £ ds #4491, 1
ELPRESTO (V2. 11 A) ik 1 2 #4828 28 1 P A7 3
AR RE 22 55 B — S0k, R s AT IR, —

7) ARM architecture. https://en.wikipedia.org/wiki/ARM_architecture.
8) https://indico.skatelescope.org/event/551/.

T TH RN T IR RS AT 1 B RMWATEAR 1% K48
S5 — 5 1 AT BLOAMWARK R R R oK
K (Southern-sky MWA Rapid Two-metre, SMART)” i
A% AL T TRk ETE:

() et Bk B R L AL G RE LM
JE K B B A% 0 iR AR, FEx867T 5 (28NCPUR% ) L i
T 710.4-12.24%, JFAT R N37.19%-43.6%; {EARM T
RO6ANCPURZ O I 1 124.5-25.8f%, IH4T &%
N24.5%-26.9%.

(2) 3 WEARMUF 5 5 s 1. AR S AEX86A
ARMIT SR i A AR R B R AT R T, R T
A T7 15 X8O BIARMIP AT Bk 1. T fik o B 4% &%
FE5 B K FRAT I, ARMT S8 TR AT 2
A% 0o BRI N A7 3 B, TR L Llx 86711 A 1.1-1.31%, &
LT ARM A 22 25 7E SK ABIHE Ab 34T 55 H i BRI ).

(3) Tk R RE LW RS WA RS
M 77, JE I LA R S 2 25 2P BRI S S N AF R
S RGN R 2, 3P HRIR TR R s
ZANITHE BHIR T R, N — PR R R
Adr 23 X s b0 JR B LB AL T 4.

LELERUR: 52N A SR 1k 2 1
FELE, BITNANBAMAL VL, BT E LG
PEREH BT B 22 10 BT U8 75 SRR, B850 LA ST S5 A
KM TAE, F6 T mah 43,

2 BHRERFRIE

{5 FHPRESTOHE 2 Jik i 22 1 4 40 87 28 40 & 1 Pl o,
FE 6L AR, ffE:

(1) VE &5 BTt (Remove Narrowband Radio Fre-
quency Interference); (2) V8 {2 #1(De-dispersion); (3) &
T LA e K v R 40 MR A (FFT & Remove Red-
noise); (4) At I3 4 22 (Accelerate Search); (5) {Eik /&
7 B (Candidate Folding); (6) . ik 1 # 2 (Single Pulse
Search). G EEE T IZE — N P S E, RSN E
SRpES =Tl

9) Bhat N D R, Swainston N A, McSweeney S J, et al. The southern-sky MWA rapid two-metre (SMART) pulsar survey: System overview, pulsar census,

and first pulsar discoveries. Publ Astron Soc Aust, 2022 (in preparation).
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Figure 1 The flowchart of the pulsar search pipeline.

2.1 HFRESSRTI

ST PG A BRI T S R R AN S (R T,
PUE TR DUS B S ik BE 51 B iM%, &
AR KR FEE 5 o) T 55 ik B2 ] 94 5 R0, K
BN 5 SR AR TAE =, A2 kot 245 54 T 1

4 % 2 {4 FIPRESTO#& fit i r £1 find I 72 /7 17
)R 2 4 A5 A S AT B R R 6 I TR 1 B A A
TP rfifind BI85y S5 a) g X 1), AN X ) 2
RS, S bR IC ST, 0 R AE AR L S
- mask . ASCAE ) ik ot R A R IR, B XA Y
[ B B B 12 s,

AN HEEHENZAHETIES. BT 6
B (Dispersion Measure, DM) A0 pc cm ™ {15 5 32 %
NPT AT 5, B LN A 24T — IRDM-01 %, 4K
HEARES, I F . bird A F, MRS
THE.

2.2 HEE

FH A [F 40 %6 P R G0 7 B2 B A IO R T A i
A1 2 5, R S Bk ok A5 5 20k 5 i S A7 1
B[] 22, 31X — I GOFR 2 Nk i A 5 B BB AN [R) | ik
MRS A, 20 B BRI E], B
RSBk R E S R . Bk R T8 52 5T i B
WA, 5 ke BE S B & EscE L FE . W
DA T 5 R, PR kb B AE 5 B B
TR RROK, Fk o F2 B R . R I 5 50 L 5 AT
MEREN| IS EEN

PRESTOJ #2 it fJprepdatafliprepsubbandf J¥
AT B3 5 — N EUHURT — 2R 51 1 6 Bk 47 T ik
H,IRATRYE 75 2k % /)5 %, prepsubband F 4t %

B eV BRI 08 AR TS S, RS AR A
€ AR DM, 7E N8 B AN [RE TE 4 A5 5 AT
SR AL, f S R A5 5 AR R el RO AR, A [ S A9 5
L RPN F B R R P81, H T e S8R,

2.3 PRREREM T HPRLIES

AN [R] E8 HCEE 1 B S T T A e B, R —
SR TR 2 A . 48 R R H real fieFE 7 32
17 R {5 B 1A% 4 (Fast Fourier Transform, FFT), £ %
B S ££2. BSR4, B T3R8 A e A ASTE kL
TA0 BRIE 5, T BB 5 (8 o e, TR N ZLRE S,
21 g B HAPAR L 100 ms ik v 2 i s i, S
FZ130% 1 1A fik o 22 TC VR A AT gt 1 = 3] 1420,
25 f#i FHPRESTO#2 f} [ rednoise_cmdf® 7 F (5 5
AN YR

2.4 SRR

TEAI A, — PR Sk B E S HAE RE—4
AREE AL H I, T2 R A— AN I — RYEE. AT
T8 43 I AR I, A FH < I8 28 N AR ke i e ik e 2 1)
BUEAE 5, FEIREUK 2 e .

4 % & 26 {f FIPRESTO# ff [ accelsearch#? |7
SEIUAIB IR R, %R P O] (A 48 2 A7 ko
ERAUR RS R lkeh 2. Hb, numharmZs 5035 $
OB B IR B b, B0k B e R R
R, AE [} B o BoRs 3 . FEA SO, S ik
% B N16. accelsearch™ f{jzmaxS E iz i R S 5
2 A o DR R G IE S Bl 5| R ) S KRR S &
T AT ATH AR ikt B SN B a (R
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BB N ), WS R
a = zc/(T? fy). (1)

o, ORI, TN, fo kit B IK B .
zmax FJ LLIAR (178 B2 0-1200, 158 (H K, 38 HFERT
A A 1 4 e zmax i B 0200, B AR TR #5 K
P ZERD Ikt 2 815 I I A 10 B B B AL RAE RO
FEH IR bk B8R T, BATAE B AR T
BB Jerk 8 5K, wmax 2 £BE B NO.

2.5 (RIEFIFE

F S 2 O B 2 R 1, 75 %
2 B 0 € CRDIRT ) IP L, 5 35 1 57
B, J9HE— 2 5 7 B AT A 2 K e
o TR T RS B ama) S, 1T
S B2 U ALK T 25, 575 96 78 HE AU i
A5 e OB, (R, 18 % 4 42 (4 JHPRESTORE
(iprepfoldfi 4 £ kv 5. ARL4R (5 4 51 % o
MIDM{E, FIlflaccel £11e 4O FER KL i.cand SCHF i
07 . AR R TR RS A 17 2 LR 07
fE. SIEHT R BIT K.

2.6 BEpKAEER

B 53 ok h B R Bk A 5 AN B A AR E M, HE DS
b A R T R K I, TR AR (A AL B S
WA EAE R kP S L B ik i ik e
A (Nulling Pulsar), 3X & ik i B2 2 7£ — BUIN R N 3% A
Jik 45 55 XL an e 3% gt T B YR (Rotating RAdio
Transient, RRAT), &k — B i (8] A4 & — N EULAS
Jok o, e ATT I8 SR FH IR B SRk o R T VAL B
13— 1) &, PRESTOR) 5 ik vp S48 F- o m] LA 144
P B B F&(Fast Radio Burst, FRB)IX ' 1 2K # 58
IR RS IR, R E LA HPRESTOSE fit
ff)single_pulse_search.py i A%, K 1HAN 7] €4 5 & 1) () 5
HI R R B R E S

3 BORERRFAITML
31 BORERRELASR DTSR

T R 2k bR DR B A R n] SRAT AR P 4 4
. DX E) A 38 F B BashBiPythonl A 1E = W 5, H
T & BT S HAICPUZ L AL RVEHES) G, B
ZIPRESTO — 1 fil] 1] $h AT FE 7 5€ B TH S AT 55 AN SCA
FH4 2278 26 1) R B 7 A o] AT RE P R TR, #89>
JHIAFNFE 7 R T AT IRALTE 0, D8 W10 S8 T
HAT.

ASCAEXS6MARM Y 5 LLFAZ IS 1T R 4,
2 250 RFERS 5 L. W E2(a)FI(b) T, B R TE W
Pt B A B AL B S A FeR ST ELE
BOH RS AT, JHEEL IR R, (FikikrS
DA Sz B ik i 48 2238 4T FE I v, A AT AL Ak 1 0 H
. T BRI e ERL - o 0 Y o 21 M 75 AR /D, AR SR AS
etk

CSRC-P#E it Tx86 CPU, ARM CPU, GPU% £ ff
THERR, AR LR T 2 R T ik i Ak U5,
35 (1) OpenMP 312 28 F2 3147 I8 i 7EJEACHD Hh s
B0 FEAT #1058 5 — A L ik = A b A
1B 55K 73 45 2 A% 00 FRAT . WE ST N 52 AT DA B FE
B 7 PR AR N T, 38 0 B8 e 1] 545 ) 1Y) 7 6 Y
N T 5 3 1K B AT A2 7 oS A AT FEJP. OpenMP L
Wi bR HE 1K, GCC, LLVM, Intel% 45 1% #% ¥ L KF. (2)
Multiprocessing % i 72 3£ 17 A£ 55 4T B — P sL L TR
3, BEAS HERE AT A 57— W T AT S, AR5 2 1A
BHEKE. MAESEHNZEREEMNT LA
FiPython[¥Jmultiprocessing[# [*4l,  GNU Parallel%. (3)
MPIZ 5 5 3547 T BB AN ZZ 02
RIFAT IR 7 ik, S HERE I B A AL I A, TR
il — 30 o T S ) ST, S A T O HE S B IMPTE
A MPICH, OpenMPIAlIntel MPI%. (4) GPU, FPGA
¥ FAT: 8 FHHGPU, FPGA%E 57 M4 1 51 B R b (1) e ik
TH LB G SR R 1) ) — Rl AT HOR. FIHGPU L1
KINE FF-AT V7 ST 56, FPGA L 1 7T 2 il 12 4
ITRE S, AT 3R 43 LLCPUE = 1 B Ao Th E Ak 1 g 7y 146,
GPUFIFPGAR /> CPU L 138 F FF 75U RT B4 i 4 P2 A
MCPU M GPURIFPGAR M 27 75 B S 217, 1)

10) https://github.com/scottransom/presto/blob/master/docs/PRESTO_search_tutorial.pdf.
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TR, PEERS WHEY ¥ OR¥E S 20234 E53E B2
1R AT AL R
Table 1 Parallel optimization methods against hotspot functions
- - KB A AHATRRT
IR IXE A AHATRRT Hefl Henk
TIRIES ST PFEIES T
T BRS AT rfifind.py rfifind Python & C & OpenMPFHH4T
HEH prepsubband.py prepsubband Python = C = OpenMP+ 171 34 it
IR %% accelsearch.py accelsearch Python % C S Z R IFAT
(37 RS = prepfold.py prepfold Python & C & ZRFRIAT
BRI R - single_pulse_search.py - Python 5 Z R FEAT

% FE T B 5CUDA, ROCmAHOpenCLZE. (5) fi#k 1
i VR R U B O R B E s T EUS AT ]

(@) BEOPRR HIRIIAT I
1.9% 5.8%

BE
GRS 22.7:?2(

33.0%

RIRE B IR0
ERR RS
0.8%
SUINIRISR
35.7%
(b) BROPRR EEREIRT

2.0% 3.7%

HEE
13.6%

RERITE
51.2%

SUBNNIRIBER
29.0%

RIREBH TR
HIRALIR S
0.5%

FEARMTI 5i BRI R170 1T (b)

Figure 2 The hotspots of Pulsar Search Pipeline (a) on x86 platform
and (b) on ARM platform.

FE 5, A WO AE [F5 I U A I AT I B I 0, 3X
618 BRI AT R R AE FRAT AL R, 487 A% 0
MIAT45 &, AR5 LB,

BAMNLGEEH R TR ARSI LA
MEFE, $RE K FHOpenMPZ 4 F2.  Multiprocessing % i
£ A0 7 8 35 g = Fp 7k, BN2AN N H, SE RS — R
RALARED, FAYFEAT 2T AR 2 F — B B
e Bl ERm T -, R ss T
TAF—AThRE R, At EH BB AU & 17 iPRESTO#
FH 0 47 RAS. A B FMIPTER 38 S B — A 20 A7
A, B RAEGPU, FPGA E N E T AR M 4 5 Th b, 76
A PRESTOZ A B N AT AR, TH25 5 s A A
A BT B AR, B L AR REE IRATAE
JFARAE JE B I 58 X — HEMWA-VCS$ 48 kb B, 5
G VR T AZ AT R AR CLBA B N — B B H AR A
RS S Pl T AE &, SCIICPUI AT WA /& Bb 4 AT
ITHI 7 %, 5 =, CSRC-PIE J1 B, %7 sife 71t
5, CSRC-PZ]80%11 5 e /12K HCPU (¥ x86 F1ARM),
Pl 4220% 1t 51 66 110k EGPU. R 58 i H 4 b 72
£ 55, % B35 4> B JTICPURE 20 O 5L /7. 55 DU, 45 &
MW RET R FRIEITHNTETRKAEI-
256 GBANEE, T ILCPUMRSS #8525 55 i /e 1X A 1) 7 5K,
1M ANVIDIA V100983 () F fGPU BN -~ A7 75 &
RH32-64 GB, 1817 56 B 438 5 BH Wi T B AF 40 D
T3, DR N T AR

3.2 {ERAOpenMPLALEBRET STk

# FHOpenMP ALPRESTOF] & 45t T ¢ 71 B #%
FFrfifind.

LR 78 AR A AR 1) 2 A ST T BB
B 7w, Y8 AR irfifind.c 3 22 58 A R FH AT A S
A.mask 3 13X PR 45 B AR, FEI 53 ) (5 95% 5%, 1X
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AN ARARAGCH) FARAE AT A R R, R AE S5
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11) https://github.com/NickSwainston/mwa_search/tree/master/scripts/mwa_search/Ifddplan.py.
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Figure 3 Work imbalance leads to runtime variation on CPU cores of x86 and ARM.

2 (RHIMWAIEFE T2 n s i) oy 2

Table 2 The De-dispersion scheme for MWA incoherent summed data at low frequency®

Low-DM (cm™ pc) High-DM (cm™ pc) dDM (cm™ pc) Nsteps Downsamp nsub FET (s)
1.0 229 0.02 1093 1 4 0.1
22.9 45.7 0.05 457 2 8 0.2
45.7 91.5 0.11 415 4 16 0.4
91.5 183.0 0.21 435 8 32 0.8
183.0 250.0 0.43 115 16 64 1.6

a) O HOT F BB IR, 5 98 S5 DR SR A R, (HIZP BRI T AR,

% 3 19 skprepsubbandiir 4 7E 45 %€ nsub, Nsteps & OpenMP
LAEE(N) T I I AT I (8]

Table 3 The assumed runtime of each prepsubband command given
nsub, Nsteps and the number of OpenMP threads

1478 NN > 1)
nsub = 4 700 x Mo 125 % m
nsub = 8 800 x Notep 125 x M
nsub = 16 900 x S 1.25 % %
nsub = 32 1000 x Ntep 125 % %
nsub = 64 1200 x N2 1.25x %

100

L ] I AT AT AR S5 B R T AL B E A% O . ik
5 F2R APk o R A 2R W) AT BT B0 55 B s L
T, Gt A R AR BB AT AR —F PALE, X4
TFEHRAE T8 20 A FH x86FTARM Y i1 I Ab 7 28 4% 0.

4 TR
AT AE A3 g A ik o 2 48R B I, AECSRC-

Px86FMIARM T 5 45 s Wl 4k At A4 11 J5 1032 47 B 1],
DADREE G HAT B IPASRAL R, 23 B A 5 %t
LRI R G F7, FRI0AIE kb 4 2R 25 i — 2k
P, B e SR RCR, T ZEPE I ARMT B9 200
22 FH R 3E FH

4 BE IR FECSRC-PHIx86 FIARM T 5 5 i gk
A7, IX A A5 I B0 A T L R AT, R R R
[ F EPRESTOZS BN SR,

DX BT P AR R 6 FT 7R, Ik L6 A 451 o E R A T
1R H0 SR 185 MHZIMWA-VCSIL. MWA-
VCS I AR A T 45 28 5 AT Z1600°F 77 B 1) K o] #1 K X,
BTz T SMARTK K 1T B 89 oK 1 AR v = i 2.
TE20194, SCHR[411H 5t k& T FIFH 50 MWA-VCSH
T AEAE & s, 76 55 96 A 48 21 i 99 ik K Bk
ME.

P Ak BT 1R 26 46 F A0 B8 AT AL S 105 4R
5 5 BT A K% 0 3B AT, BDx867T AL b A% 281 % o0,
ARM™ 5 _EA# FH964% L.
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# 4 CSRC-PH1Ix86FIARM T 545 5
Table 4 x86 and ARM compute nodes in CSRC-P

X867 1 ARMTS 5
AbFR RS 2xXeon Gold 6132 2xKunpeng 920
ST AN 2x14¥2@2.6 GHz 2x48#%0»@2.5 GHz
N AEiETE 2x6iE i DDR4-2666 2x8iEiEDDR4-2666
WIER & 384 GB 512 GB
AT 5 119.2 GB/s 170.6 GB/s
AR 1536 Gflops 384 Gflops
PCI-EifiE %1 2x48%Gen3iliE 2x48%kGend il it
PCL-E& 4 % 96 GB/s 192 GB/s
BIERSR CentOS 7 CentOS 7
W% A 3.10.0 4.14.0
Pythonfiz 4% 2.7 2.7
gecfRA 8.3 8.3
PRESTOSR A 2.1 2.1
x5 Kt EMRELRNEESH
Table 5 Parameters in pulsar search pipeline
ZH BUE
P BN L PRnumharm 16
AR B K AR S zmax 200
TG AR T 2 i B 128

IR L. FFAT R TP Al A ROR. i
bt & an s, F T i B A Al e e 45 e R

&6 ARAHTHET IIMWA-VCS LI ik e B2 48 - A 451

t L.
S = w, 2

o 2)
Foh, torgin B LA BT (0 BEAZ 0V B AT
LK% 0IB AT I ).

HATROCREE XK, H Tt ra £
O R (IR A100%), N4 T8 548 F iRz O 3

I ], topu AR AL

_ torigin ) (3)
fopt X N

4.1 HRRSHSRF IO REIK

TH BR S P 1 Ak RCR 4R R, Ak s 1)
% ¥ 0 WA 7EX86FIARMY A b, A H AR 4k /i i) 2
W0 SRS, 43 S0 GE 1 8.7-13.445% 110.2-18.81%. 4%
TR AR AL 5 Al 4 EB28 96N i+ B AZ O it 5, 1% B
it At 5 TEx86 MTARM L [1) AT R 2 4 il 18 E31.1%—
47.6%110.6%—19.6%.

42 HEMILHEENR

TH EEE T OpenMPIH:AT F1 67 %5 25) 15 795 o 12 4L
Tk, RCRUEIS AR, A E AR AR BT ) SRAZ OO BRAR, AN
FH OpenMPI: 47 1t A J5 11 7H €0 B I 72 7Ex86 FIARM 17

Table 6 The MWA-VCS observations in incoherent mode for pulsar search tests

Case ObsID R.A.(J2000) Dec.(J2000) Duration (s) Pulsar searched
1 1088850560 13:20:07.2000 —26:37:12.0000 3535 -
2 1145367872 11:34:17.2956 —33:25:06.9706 3613 J1116-4122
3 1115381072 10:10:08.1228 +10:39:45.9377 4868 J0953+0755
100000 ¢
u X861 AT mx86ILIL/E m ARMITItA] m ARMILILS 13853
11904
10000 - 5740.8 6571.8 9915 9762
2560
1140 1039.08 1171.2
D 1000 ¢ 463.8
@
z
100 &
10:
1
B T 2 FEBI3

4 x86JARM A I IR STAFHR 00 AL M REIIR

Figure 4 The performance of remove narrow-band RFI on x86 and ARM single nodes.
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Figure 5 The performance of De-dispersion on x86 and ARM single nodes.
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B ml b O\ 0k 88 A AR A, R b — b R
F12.4-13 545 F117.2-18.3£%, FFAT 0% W 42 15 F)44 %0
48.2%F117.9%—19.1%.

BN x86 51 A28 %O, BEAN LU VA 1
1F 55 HU B N 145 B AE 55 ) OpenMPZE 12 /2 1-4, HH
LR IE . B ARMT 96K O, FEANIL
U7 (B BT 45 #0228, BT %5 If1OpenMPZE 2 45
722-10.

ﬁllﬂf. I’_i.. ﬁm)\'hﬁ

AR, BROPMERD

A R AR i E e R (RGN 2
% O I 3 48 2R FE AE X6 ATARM Y b, A LA
AT R B AZ O BROAS, 29 30l 03 T 23.0-25.44% F167.4—
72718, FEAT BE 5 I8 $182.0%-91.5%F170.2%—
82.9%.

o3 13T B AL BRI B TR R, ARG 1A%
AR T B AL XSO ARM™Y b, A EL AL AL 1T () 2
KO AR, 43 BIINGE T 8.6-9 815 M132.1-41.51%, FH47%4
R 55 $130.7%-34.9%F133.4%—43 .2%.

FA K R 2R AR R W I8 T . ARAL I ik
PRI R FE AEXS6 A ARM Y pi b, AH LU AR AL A1 19 5 A%
DA, 23 SAN5E T 20.8-22. 145 F147.0-82.01%, HAT K
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45 MUEMNARERZ. XHRGHFNE
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B RARACTT R &P RS A A Y I R
BITIPTR, BEERARIE 1 BRI R A2 98 _ERR. B 2eiifl
Ja, oL AR B2 0 [ I AR R, S N AE
Ve S0 A I3 . g 2Rk A B 2 A Bk o
TR AT LS T A ARG A5 Hons = T s L, ALt Ja
V77 R A LR — 5, WAF A FEAE X =D IR
AER B=APERRIOy L, E LA IFAT
ROFRA R, MY N AT B O B RE 2 35 4 RIS AT I ().
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Figure 6 The performance of accelerate search on x86 and ARM single nodes.

m X86{LI Al m X86IiLitfa B ARMITLHEED uARMLHEG
1000000 -
155488 164152
100000 o000 91519.002 58566.0 59296.0
10000 - 3312 2853 68148 5 57452 6484 1 44052
£ 1000 -
100 -
10-
1

2 2 LESIK]

Bl 7 x86 L ARM™Y ri L[k i3t B AL 1 e 1k
Figure 7 The performance of candidate folding on x86 and ARM sigle nodes.
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Figure 8 The performance of single pulse search on x86 and ARM single nodes.
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Figure 9 Overall performance of the whole pipeline on x86 and ARM single nodes.
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Figure 10 Performance of individual steps on x86 and ARM single nodes using case No. 1.

u x86 {11 H m x86 {5 11,/5 m ARM{4tAl m ARM{TAL/S
157.2 163.1 167.6
_ 100 - 105.4 109.5
K4
s}
Q
i
pil
=X
10+
i 6.388 56 T2 69
<
2 8
1.9
1 |
SHERRETAT L SEEE MEER R PEPER

B 11 x86MIARMY i b kvt 22 #4205 24 ) 48 20 BR 3 5 P9 A FRO e L A (LARE B0 1 9 681

Figure 11 Peak memory bandwidth of individual steps on x86 and ARM single nodes using case No. 1.
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Figure 12 Peak file system bandwidth of individual steps on x86 and ARM single nodes using case No. 1.
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Parallel optimization of the pulsar search pipeline
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The connection between astronomy and high-performance computing is becoming stronger with the development of inno-
vative observing facilities such as the Square Kilometre Array (SKA) and the proposed innovative platform for big data
and high-performance computing. Astronomical computation is characterized by a large data volume and massive par-
allelism, particularly for pulsar search, a leading scientific direction of the SKA. In this study, we present an approach
for accelerating the pulsar search pipeline based on OpenMP and multiprocessing techniques. We propose a method for
solving the load imbalance problem and have successfully installed the pipeline on x86 and ARM compute nodes on the
China SKA Regional Centre prototype (CSRC-P). The performance evaluation from tests on the Murchison Widefield Ar-
ray (MWA) VCS observations shows that our optimization method works well on the x86 and ARM nodes, improving the
relative speedup by factors of 10.4—-12.2 and 24.5-25.8, respectively, compared with the original single-thread approach.
The ARM platform was 1.1-1.3 times faster than the x86 platform in the tested cases, showing its great potential for SKA
data processing. This optimized pulsar search pipeline deployed on the CSRC-P will be used for the pulsar survey of the
southern-sky MWA rapid two-meter program for various scientific goals, including pulsar timing arrays for gravitational
wave detection.
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