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BE w-facets G FITE LM

T &' FHRE, IR, &£ &

'

(1. EEMmFRHE Y EEEEESR, R 541004; 2. PEBEEE LRI E, L 200030)

WE: KM% B ARAST f 05 B 50 b 3 A OB R, R SRR SRk 7 7 A B B 4
LGS (square kilometre array, SKA) Z iRt HARM AR F B N T 38 uo-faceting
w-projection X B KRG MG FE, BT T ENZBBNRE S (N w-facets); #ot, AT
g iZR A, REET 2 CPU M GPU KIIHTHEZE. BIEVESLRRY, 5 uo-faceting 5
AR, ZIRAFIER ARG ME 4 mIy M KF, BERSESTEE R &R 2.34 dB; I H,
TEEG B E I, 5 B TR R BR A AR % 3% M 51 (Murchison widefield array, MWA) T
B His a3 b 2 A8 Y w-stacking BVERI S5 REEA — 8, MEREINNAZ REW, ET 2% CPU
PIHATEVEE — B RAREGEE A, BA RIFWTT R, U S LR EASER, s 2ol
f; T GPU M7 HEE IR Sk 201.8 5, &2 CPU HIFFAT H LR AL RN 8.9 54
o IXLEHE SRR BRI TT R I R A7 B A KRR AR %, RALE IR IS E N
1H.

x B . WHR KR REHEE: JEHTHL

FEGES: Ple4 SCERPRIREG: A

1 5 5

T IR IR T o B, S R B B R T v R T R A T LROR T
M5 MR . T 2021 SFEHF @ HI°F 77 A BLFE (square kilometre array, SKA) 5 FLEE I,
ARE R RO N S LR BRI SR S LR B B, 1M & 2 A, 51 0
KSR AR, Mo ST S TR A AT SR AR AR . A% SKA
gL, MEEER, B AT KSR, SKA 55 —FrBL (SKAL) F4EE 414 600 PB %L

ks HEA: 2020-04-20;  fEEIAHA: 2020-07-07

REME: EFRESHIRITER (2018YFA0404603); [EX HARI=E4 (U1831204, 10973028, 10833005, 10878003,
61966007); AIFIEEA (10821302); 973 (2007CB815402/403); A5 5246 ¥ K4 (10821302, CRK-
L180201); J #mA TE NS M B E m st S R &S RS HS KB DR+ O (1716);
INHTELE i 515 AL 2 E 4 st = £AE R4 (CRKL180106); J PH AL el il (5 515 5 AL B A seid
#EF K4 (CRKL180106, GXKL06180107)

BiE#E: J5fR%, lbqQ@shao.ac.cn
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37 A E] SKA X b, IXEEMER AT B T RO ST IR A B S 0T B
TR SKA Hdli = i fF A BRI R B AL 55000E, Rt SKA Hdl b ¥k 55
VRIS AT FE AN RPN R S RS X TAR R, HE B AL a2

KA G2 SKAT ARSI F (SKA1-low) HfE Ab 3 B EAT, 40 SKAL BB ZE R
B FHBEWRIRE, FHFH SKAl-low #H4TF 8 B EBREGEUWN; SKAL +XEH:HisZ
—FH Y, WA SKAL-low HAT KB RIR G, HHEr, NS ZKS
PG HEA fauceting[3 E], w—projection[g], w—stackingm, snapshots[i]ﬂl w—snapshot[g]o faceting
A1 snapshots 32 F FHEHE 7> RIHOR, (15715 B0 Ec 6 2 = a8 5L AR e U8 77
He PP EIRARN G T 1 T 7R BRI AL B 2 A0 o BB W T AR 2 (T SR E) AT
CPU %, Hr, faceting M7 NEEIH faceting Ml uv-faceting, FEEIN faceting 75 Z X} 43
FE W BB TR, BB BB ; snapshots fix o th /7 2 AT B P2, [
FEFEAE AL 1) . wo-faceting HH T2 B 5 B ECHE & LE (R — N WA iS4, 2o — 4
8 FL AR JE R RAF M R, AR LG RN

w-projection, w-stacking Fl w-snapshot 1X = 77 7% ZRIE I E IE w TR 7R
Bitg, AR EIFER M %, G RE AN m— L. w-projection T E@E IS A LIRS w
R R AEA, B =4 WEEIR IR w = 0 I, e FI R 20 B i AR itk AT %
BT H A AL PRI, B AR oK BOR A TAEE W A7, w-projection (B =L w B BR%L,
DAL A LEAS G 1) — 4E G I AE T Z N A7, w-stacking 7] LA & w-projection 4%
W, ZENEE BUR AT w TR IE, FRH 2 EREEARNAEE, b 7B N A
. AR 7R EEH RE R WA w EHME MRS E. BT H 2 LN, 2178
FEAH B w-projection H 1R KA 3E. w-stacking HiE L HHEAE wsclean B4, FEHT
SKA 5t 5 2 im B B A7 A% 5 M3 B %1 (Murchison widefield array, MWA)['U] KB e AL, BT
w AT DLV, FEARIE WAERIEFEE w %, 45 w-projection HWAE 7 5 HoAh
LT E A . w-snapshot H%R[1 /& snapshots Fll w-projection 454 HIF2W, 456 A
BE5% 1 snapshots 142k AR i) @, AHEE w-projection A 5 4F AR $H %, w-snapshot
FEHIETE ASKAPsoft FAFH, T SKA Jb 5 3 iz 5 i KR -F 75 A BLFE (Australian
square kilometre array pathfinder, ASKAP)'"™ {4 kb3,

HTREGHEIER & — 2%, A FEEW I uo-faceting A w-projection KRS HIZ,
W71 SKA1 BFEE R, ACHREHEE, —J71, 7 A wo-faceting BRI & 7] &,
FUFENE FE KPR ZN A TG B AE s R — 7, nl LD WAEIIE AT, 4215 w-projection (A ¥ &
Mo N TIREZIREGEIRIIBITHE, AR T WMIFTIITE: BT 2% CPU KIfF
ITHEIEAET GPU BIHATHZ.

2 JRE w-facets % H Ik

ISR A AR, 3B uo-faceting B35 7l w-projection HE" 44 L5
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FARAI TV B B K3 1A%, FR 2 MR G w-facets AR 5L, Frb facets Ronsr1il. 1ZH
YR wo-faceting WA 1B 73 B BEOR SRAG 20 98 s 98 J5 i o AH A7 i i BooR
ARAFEEA 0 1A PT 0 A, o R i e HORIRAF RS 0 A w Ao AR AR . LK
X BEA 3 T8 PR 504 2R AT A AL, WA A 1 38 B R O B AR G ) B R RZ R B T2
w-projection FIEH 1) w %R EL. TN \ﬁﬁﬁﬂﬂ%%&ﬁiﬁfm AW HEEAT, PR EAS
A0 S5 B AT A A e, i — TEMR, B—ANEBREER, WA IEE.
bt 5 35 faceting 515, Ziiﬁﬁﬁ?i%%iﬁﬁ EIUE P, b T RGPS R I BRI %
WAZ, A HE D> TIE T, BEAh, 5 w-projection 454 5 5 RAEH] uo-faceting AHEL,
ﬁiﬁ?ﬁﬂﬁﬁi@fﬁi*ﬂ@@ﬂﬁiﬂ%ﬁ./l it — A E.

PEAE, Wortmann' 2 H I w-towers SR HE 4R AR I 5 A SO w-facets BVEH,
HEAR G BB AFR. EEAFEAN: (1) w-towers B facets 43 #7745 KG 38 faceting 77
FARTE, T w-facets 2T wow WA HEIR. (2) w-facets J7E P EEA facet I 7E A —
KIHE _E AT, T S SEBR R 3% 18 facets £ H #E47 4835 70 1 38455 T w-towers
AN H R IR E, BT MR B ITA facets HIEIR M BT, (3) AR 2
w-projection JTVEHATIR G, w-towers KM AZ w-stacking J7i%. T HVELIN AR HIER
2 HE TR

LA ILRERG RIS, S ETw 1)({5”% RIS ] I EEECHE V (u, v, w) HRAFE
SATEREL I(1,m) (AR ZEMR) e FXRAT
exp{—27ti[ul +om— w1l —V1—-12—m?)]}ddm , (1)

HAr, w, v, w RGBT IR u — v — w BFR R NIIBEZALER, (I,m) N u HFD v
SR 77 1) b () BT ) PR T T AR5, 1 AR

HEAEG NI R, 2miw(1 — VI — 12 —m?2) (w B) LT mw(® +m?), HT
LRV m BT 0, w B (ul + vm) M2, B w BHEET 077, Bk, REZEN
A0 BR S A] LR AR I DA A B AR e O R B b, N SRR R IR V (u, v) AT
TR AR, BRI RAG R S AT R ARSI RS B R IR, TR
LR N FIAAAE, w TUZIE KT 0, DA 4l 5 kAR i R R 25 B K 7 VAN
i

N TSR A B AR A A T, W BRI VT RN Neacers A RN/ (1
FRNAITH)s M Niacers W02 FREEAE, BN T DR ALV 8 R EE

Bmax

Nfacets > W ) (2)

Hr, Buax ARSI TIE S G uh 08 2 18] FE S (Bh2k) MR, max FRoRBURKE,
KRS FHEAER NI, Dt B i) ARG
BEAS /NS R AT L P Kl mT LAHE I S m] DL P i BEAT A LI 3R AT, 258 7 N T
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FARLH MR (1, my,my), W4T AT R Hode v, 7
Vi = V(u,v,w)exp{2mi[ul; +vm; —w(l — /1 — 12 —m?)]} =
// l’"> T ol 2miu(Al) + v(Amg)+ (3)
w( mf 1—12 —m?)|}dldm ,

ﬁ':lj, AZJ =1[]- lj, Amj =m—m;, (lj,mj,nj) ﬂﬂﬂﬂ%ﬁ@*ﬁﬁ@lbﬁ‘]ﬁlﬁ%_ RA *Dj‘ﬁ?ﬁ
DEC, VLRJFIEMAIF0M RAF DEC, 8idAskai i ARk ok
i (3) RKEM 2 PRI, Zd 8 —Joaleir, f:

Ooh oh
\/lflzme* l—l?—m?%aAl]+%AmJ:—
1 (4)
lelj + mjAmj .
— (12 +m3)
¥ (4) AKX (3) f5, 15
ij = / I(Alj, Amj)exp[—27ri(ujAlj + UjAmj)]dljdmj y (5)

o,y Fl o 5 5 ARG AR, AR

2
uj =W

o (6)
V=0 — w—=

Uz

B, AN AT BB A (u;, v;) BORAE R — A WA L REAT A AL, P
AN PR R BEAT TR L AR e, EDSRAS RN R o, b AR B, SR
w-projection [ w % bR KL BEAS /NI K AT L FE B BEAT B AR R SE e w % o BN Rk 5
y\j[ﬁ]:

CW—kernel(u, v, w) = C(u’ ’U) ® G(U, v, w) 3 (7)
Holr, C(u,v) RAGIBERL RS, — BB RERR O BRIE R A © RRBBUSH;
G (u,v,w) # G(l,m,w) FHEMZH, G, m,w) FHRERN:

G(l,m,w) = exp[—2miw(vV1 —12 —m? —1)] . (8)

Mow BN FER AT LA H, ML BT 2 — R, R IXAS w R B0
H A 4 B AL ﬁ@@amm,:¢~%%ﬂvmﬁmrl% W4l w A
MR K", @%, Fw=0r, “4EEBEHNANITxTHZE I BT—
YUE A U R B — P R ﬁ FIT BL— 4 AU bR B K B SRR A 38R /e 2w > 0 I,
AR LA 0.5mw 2, THEAEE], Hh Lya 2N RS K /N 81 52 5 18114 ) 5t
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KIGKA, AN rade I EBRIPHTAIED, Q2R w P SO B RUNE AR A 2 s w
SPTEE R A, WK BRSSO . B, w FIESEE N SR, A4S A
BAER P T S 5

Wmax Iwidth
Nyplanes = 0.5 T A 9
vl A Vv Nfaccts ( )

H, wpax /2 w KERKBUE.

uv-faceting 5 w-projection &5 5, Npacers TEANHE AT (2) FITE O T tHAETE A
Bit%, BN Niacets = 1 B, BIEEAT w-projection Bifg. AL, Ny pranes 5 5 ZEACEE 1) A
KNZBEHE Niacers FIEIMTIIN,  w % 50 E 0 55 R 4 SCHER/INBBE 2 980N, R AR ST TR
G EIER KK D B FIZ A A I T FE.

Algorithm 1 & T£# CPU I IFTHI%
Input: V Al LEHHE, (u,v,w) FEEAKR, Nuplanes w FIHEIEL MM B M A7 B0 s A0 45 R T 400
(GEREME RN
Output: K
1: #pragma omp parallel for schedule (static)

2: for j in Nacets do

3: for r in row_count do
4: for ¢ in channel count do
5: V,(u,v,w),RAo, DECy = read_data(r,c);
6: RA;, DEC; = calculate_facets_phase(RAg, DECo, Nacets)
7: V;=phase_rotation(V, u, v, w,RA;, DEC;);
8: Unew ,Unew =baseline_rotation(u,v,w);
9: Uscale, Uscale =SCale_UV(Unew ,Unew );
10: Windex = W/Wmax X (Nwplanes — 1)
11: /Jw g Ak
12: for sv in 0 t0 Ctulisupport[Windex] dO
13: for su in 0 t0 Ctullsupport[Windex] dO
14: conv_weight = Cly _kernal [Windex|[sV][su];
15: grid[vscate + $V][Uscale + su] += Vj X conv_weight;
16: end for
17: end for
18: end for
19: end for
20: end for

21: dirty_image = IFFT(grid)

22: return dirty_image
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3 JHTENA

3.1 ETF%#% CPU MREHITEL

TR w-facets ARG BE R BRI FE SAE G i T30 BRUG EAHH R, RAREHE 4 4
oy BRI, SRR, Mg A B e, b, W&tk 20085 5 2
P AL R, AR A AL, 7R BV RETE 2 FIE AT .

AL, ASSCHR M T — FiRERLRE FEAT AL B 53, SEBVEAN 43 IR R RAT A0 3. SR AT
K Z A (open multi-processing, OpenMP) HATHI AR, {EHRIEMAIATAES WE, BIAT
SEPIZAEAMIIEAT. AL FERABSAL T, BAITER: 4908 m 4> CPU AL
Niacots N THEHERS, BAMZ (BUETE) BEAEFE Niacers/m D23 H I E . 9B CPU #
B Niacers AR, HATROR . XM IFAT 7158 S 1 IFAT A A b mT g B RS [ 28
BRREMR, R — i 8 SE AT 7.

FHTF 2% CPU IR S w-facets G FEAT HIE WS, Algorithm 1 PAACHS. S04
NHHR RHE G S, —BONTEr e, B2 DA FMREE. SO =280 5008
SPTALERAE IR, 24T A BLE I FR @ 18 A B . WE I ANIEIR, 3258 A AL b
s wAMNZE, AR CPU ECRAT AL FE I 1T A =23, B— UK Wi
PP OAT WS FEEARKR u — v — w FIRGEAHAL 10 RAy HI DEC, 55 3 2 8#5; #55, R
P TEH Neacers MR IGAAL O TE B 25T 20 T AHAZH G RA; 1 DEC;. A0 (3)
BEATAIAL RS, 334 H0 7 10 B mT WA Vs i3RI (6) AT IR E e, SR UHT o T
FEL AT AR wnew T Vnews IR FH A8 L P AR 460 4 TSR BHROGT T8 3% 5 1) BE 2R s AT 4Tl 2R
Jo, I w BB KA Winax 1 Nyplanes VR HAHT w 1E w ZBREI R FIALE windexo

JE, I RIS A, B IE T wingex KRB w R ENME, 5
RG] WA AT R RN cransuppors 72 w A% H —4EE R BR B4 SCHE RN R, T
Windex IRWCGHT w FT i IR SCHER/DN. WIS B MRS B K/ R Se B EUR B R, e Wil 3
A 8 i 15 21 e — I 1
3.2 ET GPU WIRGHITEE

GPU & — Al DL — IR FFATIB AT H T AN AR R S o v B b 3 2%, HouhHo e )2
CPU B ffe B— 1A 2EH) (compute unified device architecture, CUDA) A # 3 %L
HEZE 2 DL GPU W RO H AT RISy, B — > 2B s i), X Emos H /2
il 22 4% Ab 38 28 5 mT DA [R) I ) A AR EE BT AN R, A ST A CUDA ZwfEsiiilE T GPU
IR G w-facets AR IFAT J7iE. %0775 FE R M N+ L3 GPU &+, 85 1E GPU
HFEAT AT IS AL AL B, 7L ENLA ST RN A A, B DL ER Y
B ik GPU 75t REM AT IR, SRR E, s R sE, 4
.

£ GPU Wb T ibA& AL AL BRIy, A A IR By . (R — Jh 20 40 I 8 PR 2 P A B - 1) 1)
N ] [) B 2 W J, A [ R 2 N B 1 5 e R 22 i M A A B8 5 g v A2 AH [R5 e [T ity
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% Romein"™ [IBF 0 HR, KHMIHS AL 23 B 5 4 B0 R BOM R/ F- oA, R 4310 F 3K
KEFAREATFOURS b ] BB, KSR, BT BN B GPU FrfEae
o MIELRBUTFE BN B R — AWM S, K BT A A BT SN ME, SRR R
— AN R, ARG SR TR LS NS R B N R AT, XA GPU
A A F o

R PR AT HAT AL, B R — 28R ) I 20 (R O B Sy — 4, A 7
ROFR— LR, A ST IR I 7V T 7 1 3 /N B LR AR BN CSman X CSmax X Noasetines X Niacots s
e CSmax & Crunisupport S HIE KA, Noaserines HIEEL AN MAN, UBBUE LK
NN, AEANRTRI AL TE 1 AT 1 AR 1 M AL IR IR (B0 1 A RS, 155
KPR EE AT AT AL, AR KR B A 2 EAEIR: 4B B 4 K NERR, B4
TG AL EE 1 AT 1 AR 2 A BB, B A o R R B H o 1
256 ~ 1024 2 8. AHXSSCHR [12], ACSCRINN T 42T B IFAT AL BE. it b A s AR AR K
HESEAILR, BATN AR AR S N7 S E N R T

R T 552 U0 0 4 0 308 3 2 4 SRR D6 P57 1 3% 7 e SO BL AT, I — o 220 2 AR
LRIIHUE, AT BTG, AU BE T R . o RN B R
7 B 2 43 AL TR IR, R o [ 5 BT — 201 Ay P 5 S 4 R U B 1) 5 5 HE . X440
SEBGIATHRS, SRS 0 % Noaselines — 1 FIEREL. RERIERIR O G ME—S5, Bk
AT el R R RS i

Z.B = (_ifnjn + 2Z.min]\famt + imin) /2 + |7;ant1 - iant2| 5 (10)

o, et M danen 2 R IEEE R R R 1 FIRLE 2 TS, Nume REANEL i R 1
FIRL 2 (45 /M.

H T B0 — i 2 AT SR PR 0 22 IR AR HE AL B, A0 2 S5 e i i 2
BB, LR N RO K B BN 1) 5 3 (RIS V) B R, E4LEE
S IR SO T UG R 5 AN DB A ER (3 ) AR B SE AL BUE T . BRI AR S|
ESEBREW R= KT

0 ip=>0
Bs ar ,index[iB] = i1 ) (11>
o SNTH  ig>0
k=0

Horb, T R L2 (a8 H A BB, B R 51 SR % 5 — 2

K o2 3 GPU BB w-facets MEIFATRILRE. BIFH £ N ENALHE, GPU
AL BEAT AR AL B = AN K dli iR, £ A GPU T R ih SR UL id iy Eo5E, ML
B A ENLE GPU W&#HTEIN, S GPU BL&RIPIa L TIE, Gdmmt
REfUF 1 GPU A A B J5 I A A IO BC A% 3055, KA A A WL AF P I Bl 3R 4T
R, R EA R EEE AR C B 1) GPU AT, HIR, fE GPU 1 AR If:
TR AT BE AL B, tH RO TS IR R SIS 2R P 5 AL B B 2
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R ips MR B RUZ AR (su M so) RITHRT] (). BAEMTEIE, W
(12). RJa, MATHELERRS], ZRIRIEIE (o) M EESHE (V) PRIER, Nz
LA ZAE B R, USRI w R BRI JFREAT SR BN, AT 58 Fli A 26 (R MR AL Ab B
TEAGH A, RIESRIZERE AL TR 5. e, RS AL S BB [ 21 BN A AR, IR
R AT I B A e (IFFT) A5 218 K.

sv = thig%cs? /sy,

su = th %cs? /cs,,

J = thiq/cs? /Npaselines

ig = thiq%cs? % Npaselines

Hrby esy & w EXTNBILESHERND, the RELERT].

GPU%# o)
GPU
HLHIT
S HORE 73
GPUZRAHFH
—_— | EL RS o, i H AR
N S RS i, W R S| svAn
wiHrEE ) su, SEAEET j
v
A AL 5 1 50
i =R 1

IFFT

l % I
23] I

4R

1 £&TF GPU HRE w-facets BIGHITEERIE
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4 SER S5

4.1 FEWIE

AR MR B SKA 2t FHEimEt MWA FIRI R 5 4R R4 KRR (galactic
and extragalactic all-sky MWA survey, GLEAM) Tl H T 2013 % 8 H 9 H 22:13:18 ¥ 4A
FEPI 112 s PR 0 Bt , % PR RO i AE A7 0 (RA=03h13min54.40s, DEC =
—55°04/02.82"), WML A& 200 ~ 231 MHzo, 15 e BATH 1%V E A5 24T RFT 1 .
B SN AR 3 I e 4 Measurement Set #3X, SRJGHEATICHEALBE,  ACBE 58 J5 3R 15 B HcHE
¥ F T A SCEE AT AR

A B AR 2 il RS H SKA i o0 R GPU 15, %01 s 2 A4 1) i
FRFRZH W 1w,

#1 LBXXA SKA EHOREHIN GPU T Rigtrs

HA s R St

CPU 2 Intel(R) Xeon(R) Gold 6140, 2.30 GHz 36 %L

WA 16 DDR4-32G-2666-ECC 512 GB

(& 4 1.92 TB-SSD-2.5 7.68 TB
GPU& 8 Nvidia Tesla V100 SXM2 32 GB 80 TFLOPS (XU )

G GLEAM 8 REHE AT 225, FRAT B FEHRE AR/ A 4000 x 4 000,
FAMERI RN 257, HIE B B8R 58 Lyian 294 0.48 rads %R IR EIE Y winay 18
2994 1035 5, MR (9) FATHE A AE A w-projection B, BAEMT Nyplanes £
9248, W 2 PR, AN F UG LIRSS o0 L. 7R i oo L 7 T, AT A
AHREY TR (RMS). ShZSTEHE (DR) AGS sy R A E H . 3l X = J7 1 %t e e
RIL, MR T (2D FFT, fREF Nicets = 0 B Nyplanes = 0) BUAE T & 5 2,
w-stacking J7VEMUE R B Uf. uv-faceting J77% (R HF Nyplanes = 0) HI G5 & LE 2D FFT
4fs B Niacets FIHERBURPEMET. w-projection J7iX (TREF Niacets = 0) 7E Nyplanes = 31
B, BUE BRI 2D FFT J7iE4fs fEBN Nyplanes B> w-projection b uv-faceting f a%
B, BRI E R Nyplanes FIIE KBRS, X T w-facets 7715 1 BUE 45
TE Niacets = 16 Al Ny pranes = 62 B S5 mr; EAH R P HUE R, LR A wo-faceting B
w-projection ] & #E &, IF H &L w-stacking A8 &, A, w-facets 1B
A5 . wo-faceting #2718 7 2.34 dB, E1{% RMS F#1K 7 4 mJy-beam ‘e 7F Nppcers = 4
M Nyplanes = 124 BF, w-facets [ A% 45 5 L6 AH A BUE 1 wo-faceting AR i &= 4, H w-
projection B 7%; 1E Niacets = 64 M Nyplanes = 31 B, w-facets B4 45 F Lt w-projection
FIFRELT, 5 uv-faceting B 45 RAHIT. MUK = I HTR B, wv-faceting 5 w-projection
“it e, MG ERBARE— PR,
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TEWNAFE R 7T, A TESR T AR AR T 15 IS B A A8 R 15 DL B fd L A8 4 (FFT)
WAEE G L. w-stacking Ziit )72 FFT WAAER &, HRIEB 2GS N A1 H
5L, BN w-stacking [ w B IELEBMEEIEAT, BRZIEFERNAFDN (DT 1MB). HE
2 I[ 41, 2D FFT fl uv-faceting HIEFAZHFERI N AFI/NT 1 MB, w-projection 5 i£M 45
HAZ WA IEFEREE Ny planes TG KTIHER, Hiizm KT 1 MB; w-facets 77BN AT
HFEBEE Niacets MR Y Niacets = 64 B, WAFHEFE/DNT 1 MB;  w-stacking 777k
BT TR w2, FFT WAAHEAERK, Sk 48 GB. TR B, ¥4 w-projection 5
uv-faceting &5 & )5, PAEIITHFER KD,

SHFIEATI I, BAL B 20 A CPU I 4T I [ FEH 1 A GPU RIiEfT
FIAE], BT s AT (AR & 10 KBCFIE. BT 3T 24 CPU KIF4T 24X 71,
A AE B w-projection J LRy, FEF R HBATHATHI, H wo-faceting J7 23 #E 58 £ [ (1],
BT 20 4~ CPU #%, uv-faceting 77 ¥ E7E Niacets = 16 I BEWE 7853 AT, Bt ELVHFE ) B
[ 3 b AR 73 T E b w-facets HIETE Niacets = 16 F Nypranes = 62 B, FERT 55, 54
[A] w P w-projection J7yEFERSFHUT, (HFERT L uo-faceting /753K, Lot i,
uv-faceting 454 | w-projection Z &, B TIA<EK. FH 7 GPU Id)E, KZH07%:
H1E AT B 1) AR KR 48T T ;. wv-faceting Al w-facets I AT B MK ARBEE Niacers HIIE KT
K w-projection VLM Nyplanes K, BATH LKA, KN GPU Bk 7%
F BRI A AT AT, DR Sy T OBOR FR EE AR BRI (R 2 . w-facets J7iEH GPU
REEAT I L 20 4~ CPU 4R 7 ~ 33 %

*2 MKAEERIIEE

JRARBEE RMS DR W BERALT IBAT IR (]
/mJy W% mFFT W#  (CPU/GPU)/s
2D FFT 42 345.03 800 < 1MB 173.98/23.99
uv-faceting(4 facets) 41 331.31 838 < 1MB 192.46,/29.13
uv-faceting(16 facets) 40 368.93 930 < 1MB 189.05/72.03
uv-faceting(64 facets) 36 439.33 1091 < 1MB 699.37/251.19
w-projection(31 wplanes) 36 384.02 878 226 MB 597.23/23.32
w-projection(62 wplanes) 35 419.85 923 453 MB 735.39/24.18
w-projection(124 wplanes) 35 432.72 993 960 MB 897.19/24.23
w-projection (248 wplanes) 35 439.07 1057 1813 MB 1068.52/24.31
w-facets(4 facets,124 wplanes) 40 357.28 904 91 MB 976.46 /28.97
w-facets(16 facets,62 wplanes) 36 467.99 1151 4 MB 763.03/71.56
w-facets(64 facets,31 wplanes) 37 391.49 1018 < 1MB 1767.21/251.26
w-stacking(376 wlayer) 33 468.32 1185 48 GB 138.05/7.

E: RMS FRoR¥iiRE; DR Ronsh&TEH; FFT Rt B4, CPU R 20 4~ CPU #1
AT, GPU FoRfif 14 GPU RMisfTi(al.

miE e ME B s, AT GPU BIR G FIL K AR 45 R AE R w-stacking 5%k
MIRSIRZE R Oy TR T ELBE, BT PR 2 R 4 AR B o B A 5 i, A5 31 4 [
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2b) HFIE 3b) FHAEE. Bl 2b) B IUEE AR 309.5 mJy, RMS {H AR
23.7 mJy. & 3b) BRI NEHOE 311.9 mJy, RMS HANFFN 21.8 mJy. 4% 2
HEAEG I, RSN GPU RS FIL R BH 25 e (1 5 sV, Hopk B 45 1
5 w-stacking SRIFMILE REAR . ET 2 CPU MIRAERZEL RS GPU RAERIELER
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3 w-stacking BILER

4.2 MEEMKS o

PEREIN R 7 R LR 24T, B A E RS IF K B SKA 5 F BB e B 4Dl 4
(OSKAR) 1/ H 34 il SKA1-low MM EHE. EEMSEKEN: KLEXRXH SKAl-low
B BRI s BB R 2R [ 5, vl NN 512, FEZENEUN 130 816, K FEZR N 65 km, ALl
FEALHC N (RA=201.36, DEC=43.02), fmiRANECH 4, BARAECY 1, MR 46 52 A
50 MHz, #5#77 %68 300 MHz, SEZEI@EEHCN 64, B MRZEIE 1) 568 4 687.5 kHz; A
B E Y 2 min, ECUEALIIET A5 E Y 2015 45 01 H 01 H 18 5%, SO MET K8 2 min. W
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DR AR R T R XS — AN E RIS FE R NGC 5128, HFR N N A (Centaurus
A)o BN R PR B R ST 0 R R (BB KL 11.09 D6 4E), 1T H& e e Bk iR 1 A2
Fo ASBEADLU I AE FH B R AR AL 5 Centaurus A ) MWA GLEAM 3% K [ 44 #1513
B, RIS 23 811 AL ALY, A 23 336 ANEEHTIEA 2 475 A ST, BTG B
TR RIS PR R A 7E 74 ~ 231 MHz ARG . S KB = 4 1 3 &N
36 GB. iZHUE ¥ A AF A SKA BlF 50 A0 2% T/E 6 i 38 T HATHEZL 10 KA BB R /K 28
FIPEREDINR ™, PR EeAsd & F T A SC i R st

LW E RGBS EOE: IR KN 1024 x 1024, FMERK/NN 14.06", Neagers =
360 ZAEIEAE I winax = 61 026 fF K, AR ME B A KANFI o THEL,  BATTH 5 de 1Y)
Nypatanes = 3550 73 B S50 K FH (0 MR IA 58 S 90 UE ML SLge AH A i @ B, 2 M REl
MR, FEMAH T AR CPU ZE (LLfEE) WAL T 24 CPU ikiInl @ik,
—A GPU RMHRIE T GPU kRt ae. B iR ARSI A 038 47 TR) 38 A2 JE 4R 10
UHCEE. AR B B tF S s L g B, a13R 3 Fion. R¥E 2 4% CPU Mk, 4ff
I ZEFEECN 36 B, ZRFEENE Niacers EAHZE, ULHAERIZATH B R 1 AN RE
I, AT HRATRRY, BATH AR RREHON 1 ~ 12, THFERSATIN A AR b s 2k
BEKT 125, BEWERNEEXR, ELEECH 24 F136 1, BT HBLUN . FH
V100 GPU B, HRGEEME L 201.8, IBATIHE & 36 NEAREN 8.9 5 a4y XS FE ik
EEoN 173.5, 1SATIHE A 36 MERFREW 7.7 5 /cti. Bl iR, KT 2% CPU Wik
R RERENG —C IR RN, MRS Nuces HER, BEERR; ET GPU
M IEAEIE AT B2 CPU J7 W S A 34

V2 RS
I UR

104

IBATIN(A] /s

10%F

1 2 4 8 12 16 24 32 36 V100
ERHGPUR S

IR
'S

BE w-facets BRIGHITE A REMIXER
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&3  MEEER

CPU £F2%/GPU M5 HREEEL XU B b

1 1 1
2 1.7 1.6
4 3.3 3.2
8 5.8 5.7
12 9.3 9.0
16 9.3 9.1
24 13.3 13.0
32 13.3 13.1
36 22.7 22.6
V100 201.8 173.5

5 lu\/lil %%%

BH TG A 5 PR B 1t 455 B 471 o) A5 LA s B A Y BRI 1 4 RS I EE SR, TR I T X Vg R
SO AR I, BEZROR UE KA 37 AR 0 ok ot A1 06 0 B A LR B I AT T B . AR ST 9T
T wv-faceting 5 w-projection IR & HIHIE, RN w-facets Hi%, R RIT AL d1L 22
T2 B [ A1) 388 R U B A B BRI R F B 5 wo-faceting FIEAH L, w-facets BV AEGS
B K, R B BT, S i E: 5 w-projection FIEAH L,
w-facets FIE R KW T WAFTHFE, $em T aldRfEME. w-facets TE uv-faceting [¥I2EA 1A
H w #Z 3T Mg Ak, 84T I (Al . wo-faceting f21R £, {H5 w-projection W& 4T I (8] AT,
T, ARSCERM T WMIHTI T BT 2% CPU IRG w-facets AR IFAT T A1 T
GPU MR & w-facets AL FFAT Fidke @i BUR IS UE M SLIR AN PE BRI SR R B, AR SR H
PR FP 7 135 Be 8 IE T SE LR A w-facets BIERUE, HIRAIRGHIENRGEE. T2
# CPU AT NIk J5 %18 mJ“ OKIRTEE 22.7 %, BT GPU WIFAT s Iy iki8 47 18 fE
KA DA TF 2 201.8 £i5; XK IR T GPU BIFFAT I 5L T 24 CPU BIFFRAT ik
D7 AR H A 8 A S A3 A R %%ﬂiéifyCﬂ?[Jﬁj}?Tfﬁﬂﬁﬁ7?ﬁgxﬁﬁiﬂgié b4
K BRI BE B IFAT J71, e 28 TARR % i SEARL EE 1) CPU 14777 ST 0L
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Research on Parallel Algorithms for Hybrid w-facets Imaging

YU Ang!, LAO Bao-giang?, WANG Jun-yi!, AN Tao?

(1. School of Information and Communication, Guilin University of FElectronic Technology, Guilin
541004, China; 2. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030,
China)

Abstract: Large field of view imaging is the core technology of low-frequency radio arrays
data processing, and it is also the basic means to realize the grand scientific goals of the
future square kilometre array (SKA) radio telescope. In order to improve the two large-
field imaging algorithms uv-faceting and w-projection, a hybrid algorithm (called w-facets)
between them is studied. In addition, in order to speed up the hybrid algorithm, a parallel
algorithm based on multi-core CPU and GPU is proposed. Confirmatory experiments show
that the hybrid algorithm can reduce the noise level by 4mJy at most compared to uw-
faceting, and the dynamic range of the image is improved by 2.34 dB. Moreover, when the
image quality of w-factes is the best, it is basically consistent with the results of the w-
stacking algorithm which is widely used in the data processing of the Murchison Widefield
Array (MWA) project in Australia. The performance test results show that the parallel

algorithm based on multi-core CPU has good scalability within a certain number of CPU
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threads. When the number of facets is equal to the number of threads, the acceleration
effect is the best. The GPU-based parallel algorithm has an acceleration ratio of up to 201.8
times, which is about 8.9 times the best result of the parallel method of the multi-core CPU.
These research results can provide strong technical support and reference value for future

scientific tasks related to large-field imaging in SKA.

Key words: radio astronomy; wide-field imaging; hybrid algorithm; parallel optimization
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