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AR, I UG A 098 2 S I 4 R S TR A T SR A,
¥ (Gaia) DR3 A7 T 34 A HUCEER 15.9 ZANER 4.7 A KAk R ik 407 . Fidn
GWAC, 15 s 77/E 1.1 G $odii, AR #0022 508 7 BAss ik 2 TB™; K
L5430 K B35 (Large Synoptic Survey Telescope, LSST)™ 45 7= A= (#1481 15 TB,
10 4EHIHBE AT TS 60 PB ISR, TG A F B SRR R4 R 07 Bk 72 2 1
FARSHIRE, 5058 SAIE DBV Ak (7] B 3 Sk P SR TR

TS B A H I H R 1 3 SRR VR I R RS R R AR RS, A T R R R A
H: Zhao % N 1ERA B F b BN T A 0L S BURRAR Y% ) B, {E R Se I 2k AR
& F. Du ZAN"H Yu 2 N % 75T HTM M HEALPix #5012 3] 1098 & 3F A 5 5
W, BT B RS NBIR AR, B RS, B EE— i L R
VE, KEREAT FTRYC. DRI i U I R 0 B4k AR Ak

7T, BRI 7 R S S (1) 2 0 3 1A HEAT A XAV, TR B LA
G % P BT SGIE N &, 3 AR AT SN 4R 5 T — 2B R I 98 Du 5 A3 7 —#h
3T 2 TR ATE N R R NE T 5 s Zhao e N4 W10 2 04T A RN B0, fig
PR 1AL ZALTA 4.7 LR TR RHATR XAF N, SRTTTIX 8677 15 1 T AR AE KU 4347 2
PR AT, X T2 BRI TR TR, PREE—ERERE RG], 7552 R M7
WFFe, Yu S N7 FE MPL JEATHAE RS2 T R E RN FER, RZSITE 6 4
THIIATHAT. SRS TEARCE, [EZTH AR ST AR, 5 T 59 KRR
BRI, s NV T — R T MongoDB BRI MBIV, %7 T
A 1) R AR 5 R IR BT T — E SN, (RTE KRR S A sUNE4E 7 T 45 5 AR A2
PRI, B KRR R VR R R I I P TR, TR BRI N AT HE S, 75 (R TIERS B 0 il bk —
BB BE.

PL Hadoop. Spark %5 MapReduce 25 R G0 AR 1 2 V1 B2 5CA K E 4 b 21 X
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oA = NV NI € S w1 EATE: - S A W B S S I RE € P B i G i
PRI 3%
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d=/[(cr — az)cosd]2 + (6, — 62)% (2)
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P15 SHI—MHRAE X, FAX 4T Ay B AMAEAMAE, KM A RSHERN
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HEALPixHt: A HEALPiXi‘}%: B
N
15 B HH R X SOBXPUMIEIB | o s gekx
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N
RUFIREX | | SIEXBUAIREIRA 105 B IAX

HITAEI, AL BN 5 5

E 2 MAMREAREBINIEEHREE

(2) BPRIBNEEEF. FHAGREMAMBINI SRR, ARIE AR 5 18] A1
JREERARHATUEIN, 35 Ja SRR R P A R AR B 18] B R AR B TR, ASHEATHIE DA

3 PIRIEANE Join SEMEXTLL

N TSP R HS TR YR AR I ER B SR AR R Wy, ASCE R T WA TR — Ry
S A P b BIERE (Join) #RAF: 5 —F R ARIA Join #4F, M EHER Spark
HDFS RS 7 8. ABEVEMN AT Join K777, dE Join J7iETEN 4.2 77,

N T SEBEB THREAMBE L IE, RIS EER, ERFMFASHERPH—%ilx
HRFAENR P — DRI R B AN TR, BIAK (1) —(5), ERMIIHIE R E YA
FRIIHIE T 9 T IR AL B AR RE, RITMG A iE$e (Hash Join), K755 B (E WA 3
a7 R P, PAZD reshuffle BRE AR, 0T RAUSEHE A R 47 1 B

F BB 22 B RN B T E A S () A b Foph B R AT — iR, TS
FRFHIAENR, FARELLN 4 LR RES FIEARER, Tt — P Rattae, %
Br0f e 1 WA E A TN R AR A IS 7y IEH 5K ME . Shuffle Hash Join (SHJ) Al Broadcast
Hash Join (BHJ).

SHJ [ KR AN RARYE 2 (1 5 4% 8 HashPartitioner J7VERFAT H 40X, A]
Shuffle #1F. H K2 LEPTTK R ToAH 8 A 80 7042 — D0 XA, SR 0 A — A 20 X S 3
PEATE AR

BHJ HysSEHLE R /N R EHE 7R 2] Spark BIHART £, RS EREA T 5 AL AT IE
Bt dE, BORIREEHAIH CPU SRR BV T HATIEBARAE. XM Join SRIEFE — € A2 AR
PE T U AR EL Shuffle #RAFE T BEAT R AUAFEIS #R 1, E) 3R A0 2 an SR AR U T BEXS B 5]
a1 UG REBCRI R 1, BN FERR AT 2 & 5.

ASCRGFE T IX PRl Join SEIE 73 ) SEILPI R ] BUE A THEE, R JRIT X EEfE 7t SkIRgh R
W5.3 1, SERFRW]: HHEEEEM N PR AR Join BRAEHEATUEINTHE, W BHJ 3
AUCH TR IEAS R MR SHT.

K3 et 7 PRI Join VAR, B Y5 H textFile 57 i B HDFS Jo ¥4 € & N
RDD (Resilient Distributed Datasets)™ , 4&/5 il map % 71 toDF %04 RDD ¥4 A
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DataFrame. & Healpix 2 51 % R IEHIR B3 ) DataFrame, ¥ A withColumn &%
B — 5 (AN RARZ [ A BE B R filter RS JE A BE 25/ N T RE SR, &%
FE 4 5 IS0 1 5 HDFS (Hadoop Distributed File System)™ , 58 fiUE 500 (1 7

AT

HDFS

* textFile

RDD1(id,ra,dec,healpixID--),
RDD2(id,ra,dec,healpixID-**)

¢ map, toDF

dfl(id,ra,dec,healpixID,**),
df2(id,ra,dec,healpixID," )

* Join

df(id1,id2,timel,time2,"*)

¢ withColumn, filter

dfwithDis(id1,id2,timel,time2,distance,***)

+ saveAsTextFile

HDFS

4R

B 3 #3kiE Join RIEE
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4.1 #£T Spark HEEERKIERFERGERITRN

AR — M Spark (57 0 AR BHIERL T AU R RN P A Ui, HBARHE 2L
W 4 fros. TUALPERT B A Rt 5 oG B R B R AT I UE, AT FEARAF fi AMIE D A IF:
PERTTEAE S, SRR TR HEALPix R 5 PR B gt AT A% A B, (EAER IR, Rk
FIESR AR R S AHE % R, DMELE S5 B R P IURAF IR AT R B 1A G 8.
JAIEIE Spark F %€ (73 X bR KR B R EAE RIS EA R I HEALPix XBOCHFA, 565 N
RN BT TAL B 5 1) R AR AT A ST, B m B B E R A (S 2
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M2 B FRHAT U B VCEC R AZ RAE B R AR, HHIIASEEXK S, #HIL
TC 5 2y DU P A R AR B 124710 7%

(4) B RN G R AR, WAL X o] Be K 4B T A& IRIR, & e
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B 5 £T Spark WA FERITERZE

5 SRV

5.1 SLRIMESHIESE
SEUGAE A Spark 23 A EEREIE NIFHF &, Spark SRR 3 G0 B 2 k552831715
£, Hr Master TTARCERE 1 GRS, Worker 11 AECET 3 6 R552, HEMRSZEH
MERRE, BEARESHWE 1 Prion. Spark KA Yarn-cluster 847, FNMTHHEIT A
SYHC 2 B85 CPU A1 8 GB MINTF. AN A SISO AN R o1 B0 s AT TSR 23
AR SO FH R AR R BB 8% AST3-T A1 AST3-TT 43 HITE 2012 4EA1 2016 AWM () L 52 2 %=
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*1 WNERESH

S (el
CPU #5 Intel(R) Xeon(R) Platinum 8369B
T CPU HiE 64
AR/ 64 GB
BIE RS CentOS Linux release 7.8.2003
JDK A JDK 1.8.0.261
Scala iR 2.12.12
Redis FA 5.0.14.1
Hadoop A4 3.1.2
Spark KA 3.0.0

BT SR, Wk 2 Por, BUREE RO THERIE, BRELPR. ST H. RS
PR /NFIFRAR BRI ST R e SEESIEARAS ) E A% & Github (https://github.com/Liltsliverfish

/A-time-series-reconstruction-method-of-massive-astronomical-catalogues-based-on-Spark ).

*x2 HEKER
HREARIE BAREXR SCHBE JFSUERN/GB WARE R SCPF R/ /GB

AST3-1I Tess4 1882 2.23 0.53
AST3-1 HD88500 591 2.29 1.89
AST3-1 HD117688 655 6.36 5.31
AST3-1 HD136488 16874 8.3 5.50
AST3-1 HD14341 660 11.3 6.90
AST3-II Tess5-13 1442 19.7 9.30
AST3-1 Transit 3158 93.82 78.21

5.2 ERTCIEMEEITMN

RNT N BRI AL EEERE, Bl 6 45 H T A [R]BOHE £ A BE A 5 1 SR R/ AT
AbERIS [A], AST3-T (%R £ Pl b B f5 B2 3 S0 K 2002 JR UG SCAF ) 28%, AST3-IT £ #a 4
TRALHE J5 29 R JE GG SCAF ) 83%. T AL BRI [A] 75 1T LAEE 32 IV Bl o AR 45 4 2 5 1 SRR/
AIAT, FRACE R 46 B A AT DA O BRI R, [E]I 7 A
SRS RUEE AR RN TA], DT 2 i i) A () R
5.3 MRBEAE Join BEIEAXILE

9 7 5E BHI A1 SHI P Join B0 PR EEIATHE BRI, S50 R A Tessd 44
P EEAEA R sSFAS R B s & 1 43 AT 1 Join 1AL

HE 7a) Al%1, YRR E—ER, ANET A FPRERH BHI BiEIEATERIZ
AT TE S /D T SHI. i SO0 16 1, RH BHI RN vHE I AHEC R SHY kb
56.6%. HHE 7b) AL, M4SN 32 i, EAREREEEREMNEL T, KA BHI A
() IR R RE /D TR SHI. BN SHI L) Shuffle #:4/F -+ ke, HE&SEERHURAERN
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Tessd HD88500 HD117688 Tess5-13 HD136488 HD143414 Transit
EGEES

B 6 FiiEMEE (HEALPix BEH=10)

[F) 1 A AT A e EAERNAE, M RCE TR NN 1 GB, RS KN
HIEF] 150 MB #1600 MB B, KA BHJ FiEHBL T WEARS LB, 3 SE80EEATHE
Ko BRI, MTHE RN, BEREEET Join BAEIATUEATHEIE S BHI AR
T2 5 B IRAS I Bk R SHI.

== SHJ: 15 MB Join 50 MB .
32 : " 15 MB Join 600 MB
== BHJ: 15 MB Join 50 MB G 32

15 MB Join 450 MB
TS 32

15 MB Join 300 MB
TS 32
15 MB Join 150 MB
TS 32
15MB Join 50 MB 5
VAL 32 b
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50
UEATHELTE] /s UEATHELTE] /s
a) b)

FE: a) RRHET SEFEEN Join XFLL: b) REYEEFFEN Join AL
7  #FKIE Join XTEE

5.4 % Join B\ A REIEMN

5.4.1 ~F HEALPix &% %, Join #EiA 7 ik & I

A HEALPix R0 BRI DRI, JRFIRR >R EDA, By Pl %, 102
HAE b2 2, DR IE R EEAA I (8] SR AL BE 0 G K dls, (R INE 98 e 3 G i dfs FA) i 1
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e BYER RN, MG XEEHREEENZ, THERSZ R X T FEEE
x®, RZHEIENT B RXRED AL TEARRI P ERK S, —H5XT
KRR E RANMIE, LSRRI 13K, RARECE D B 5K 2 Bt () ik T
TR, MRS TiHE B0, TRk s KE S E i ERe. Bk, HEALPix 240k
BT 0 7 A 1 1 Re A AR IS, 5 B AT IE B AR L) HEALPix B4, BRI EME
HePE o

N7 ERAE R HEALpix Z4, Sl R 64 NHE S7EAR HEALPix Z4F
43 BIRE Z2ABE B AR F B s AT TR R E AR SEEE. W 8 Frow, XTSRS AT
HiE4E, HEALPix 24008 10 BTt EE T A b, P4 8 Al 9 st & 11 12, THE
s, T HEALPix &V X454, HEALPix EHET—%, BRI PH R
ey 4 £, SEOEATHEESEEE . WREEKZ, E5 BT HES KR
B, S8R . HEALPix ERERE—%, ERNSPHERE 1/4, HE2ENFX
A8 A I IO JFOR I 4 5 A4, R S EUE SR KD, ik K R
ITIFERET), AESPATIEE, FREA TR BN AR E (out of memory) M FH. X T
AL, HEALPix I3 290N 10 F & e ik #%, 76542525+ HEALPix
ERAER 10 o 48R, ARIFMERIAESEH, AT RS AR E R
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8 AR HEALPix BT % Join IEIATTHERTE]

5.4.2 ARE T &% Join kMR IREN

N T R B R R R AR B R, AR SR T BT Spark [ 2 R FH ZE A 1)
% Join WFNTTE, % EERMAL SN Join B0, W LAE— 42 & i F EA R,

BP9 FIJ, B AN EHE 4R B UE A T S 1] BE A S A B R b M
B, BR Tessb-13 BRAE 2 4, UEIATHHI (8] Bl =6 008 82 SR /0N 1 38 n i 384 .
Tess5-13 HUHE 5 I BE SO kNS HD117688 Hidf 4 L i3, {H 2 Tessb-13 i &



1 XH, . FT Spark 70 AHELR )i B B Ry i Fr B 7 it AL 97

INTHE I HD117688 #4274 56%, X 42 1T Tesst-13 Flk £ ML G IR £,
T EAE TR (R R A BRI 0, Rk Tess5-13 FR AT E IR £.

Transit ¥ UL A THE N H] /min

0 20 40 60 80 100
64 BN HDSS500
I HD117688
N HD136488
32 [ HD143414
Tess5-13
ﬁ 16 N Transit( L)
=
hal 8
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2_—_
I . . . . .
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HABER AR T ST ] /s

& 9 A[E HEALPix BT % Join MEIATHERTE]

5.4.3 % Join iEIN 7 ik LR AP AL IR

N T BIE S Join JiiE B EAAYERE, SIS RO A ASTS-T Bl AR EAN [FH B0 s R kAT
TR, HAEERERN N 100 GB. W 10 FroR, EI VTSR] Bl 5 05 H5 00 358 i v s
Ay FEVFEAT SN 64 B, AEATHEES [EY AN 6.18 min.

64 m AST3-1
32
16

TS R
o

0 50 100 150 200 250
VEA B 1] /min

B 10 ARPRTHEERERERN

K11 25 SR S0 5 IR b, BEE TS s BN, I BRI BB, 2
SRICrh — B> R RN 225 B 3R A R A SRS AN (IS 5 i s e i Hh (R . BB TH
TR, AR AR RIB R, SR R 2R OE .
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MHT, ESEE R R R TR B We Yu 2N IR R AR S A S AR
O, A TEE MPT Jaf2 SEBLIFAT IR, SEER MBI ERAE RSN Ubuntu,  ACFEER A
Intel i7-4790 CPU (8 cores @ 3.6 GHz). WAFK/NA 16 GB. A 3OS FHAH [ (1 54 £ 5 ik
1I7E 6 ANEEFE T RSZIR &5 BT i, S5 EoR, BAR Yu 2 A5t 7l b i, 78
SR T B AR, AR UE AT 7 TR A SO 3R A 5 AN THE T sl nT DA O
AEo MBI 12 v, YU SRS N, AR SCOTVE R DLSRAS KRR BRI 0. 2T RO
64 AN, HD88500. HD117688 Al HD136488 i S iE N tH 5 FIFER 43702 Yu &5 N5k
B 30% 18% Al 19%. WILAE H, ASCHEIEIEMERE HA TRAEERT. mH, By
A IR EE AT s BRI, ARSCI 7T DOk BRI R L, IR R T iE R 1
ZH B RMATIORAAE, HoAth B R 18 HEALPix $5 2 047 0 Seab ¥, a0, EERIF
1777 ORI IEAT, ASFAT S A T AT S ST, BT AR 22T R0 SRR B
TENCR A P, FIE AT B R, AR R i s Bt As 4, FF ELBE T 5 s 3
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Astronomical Catalogues Based on Spark Distributed

Framework
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CHEN Ya-rui?, CUI Chen-zhou?, FAN Dong-wei®

College of Artificial Intelligence, Tianjin University of Science and Technology, Tianjin 300457,

China; 2. Engineering Research Center for Integration and Application of E-Learning Technology, Min-

istry of Education, Beijing 100039, China; 3. National Astronomical Observatories, Chinese Academy
of Science, Beijing 100101, China)

Abstract: Time series reconstruction is a crucial data processing step in time domain as-

tronomy and serves as the foundation for fitting light curves and conducting time domain

analysis. For many large-field time domain surveys, it is necessary to complete this com-

putational process within a single exposure cycle. With the rapid increase in astronomical

data, existing methods for astronomical data processing struggle to simultaneously meet

the accuracy and efficiency requirements of time-series reconstruction. The memory-based

computing general-purpose distributed framework, Spark, holds the potential to improve the
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efficiency of this process. However, applying Spark directly often encounters issues. MapRe-
duce distributed models like Hadoop and Spark require relatively independent tasks among
distributed cluster nodes and minimal data transfer across nodes during execution. Oth-
erwise, frequent communication becomes an efficiency bottleneck for the application of the
model. However, due to the presence of boundary problems in cross-matching, it is inevitable
to transmit newly added data at the boundaries, severely restricting the concurrency of the
model and reducing the acceleration ratio in practical parallel model applications. There-
fore, we propose a non-blocking asynchronous execution flow, where each distributed process
handles continuous processing exclusively for independent sky regions. The delayed batch
appending of additional identification tasks from block-edge newly added celestial bodies
in other nodes is determined based on the progress of each process. This ensures that
identification calculations are not omitted, thereby improving concurrent efficiency while
maintaining algorithm accuracy. Additionally, a research study was conducted on different
join strategies between two tables, examining them from both theoretical and experimental
perspectives. Furthermore, a join-free strategy was proposed. Finally, the design of an effi-
cient time-series reconstruction system based on the Spark distributed framework validates
the aforementioned research. Experimental results demonstrate a significant improvement
in the efficiency of the proposed time-series reconstruction algorithm compared to previ-
ous research, laying a solid foundation for the analysis of astronomical time-series data in

time-domain astronomy.

Key words: time domain astronomy; cross-match calculation; time series reconstruction;

distributed computation; Spark
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