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ABSTRACT

Astronomical cross-match is the kernel technology to realize multi-band data
aggregation. After this operation, the multi-band or full-band data contains more
information to reveal celestial objects’ physical essence. Therefore it is a key step to
deenpen astronomers’ understanding of celestial objects and accelerate new scientific
discoveries. Because the astronomical data sets are usually very large, this problem
must be resolved by computer technologies such as parallel computing, distributed
computing and massive data processing technologies. In this thesis, based on previous
research, both efficient parallel cross-match function and distributed cross-match
function have been designed and implemented separately for multi-core environment
and large-scale cluster enironment, and some breakthroughs have been made for its
main performance bottleneck — too frequent and time-consuming data 1/0 operations.
As a result, large-scale cross-match computing on massive data sets becomes reality.

Firstly, an parallel cross-match function in multi-core environment has been
designed. By adopting HEALPIx, which is a pseudo two dimensional spherical index
method, not only the speed of data querying has been increased, but also the time
complexity of cross-match computing has been reduced by implementing data
regional partition. And then for the common and classic problem in cross-match — the
border source-leakage problem, a solution has been issued which can guarantee the
results’ integrality. Experiments show that this method has a great contribution to the
efficiency improvement of cross-match. After that, a new data loading and computing
flow model named boundary growing model, and a basic task assignment and
scheduling unit named biggest growing block are proposed. They not only reduce the
data re-reading frequency, but also implement the data filtration of space areas. The
experiment results show that it can furtherly improve the efficiency of cross-match by
about 50 percent. In addition, the thesis also validate the feasibility of these
cross-match methods under the HTM index function through both theoretical and
experimental analysis. Therefore, it can be believed that these methods have broken
the dependency on unitary index function comparing with traditional functions.

In order to break through the performance limitation of relational database when
processing magnanimity data, as well as to satisfy the storage requirements for the

massive astronomical observation data, the paper furtherly presents a new cross-match


http://www.iciba.com/integrality/

function based on MapReduce distributed computing model and its corresponding
distributed file system. According to the distingrish feathers of MapReduce, by
re-arranging the data distribution among computing nodes, the inter-node
communication has been reduced as much as possible, as a result, a near-linear
speedup has been achieved. The experimental results show that this method
outperforms the above-metioned parallel cross-math methods based on relational
database in multi-core platform greatly. It makes a foundation for the implementation
of real-time online cross-match service in future.

On the other hand, the quick bit-operational algorithms issued in this thesis
which are used to calculate the index numbers of the neighbor blocks are not only a
basic guarantee for realizing high-efficiency cross-match, but also play an important
role on multiple kinds of astronomical data processing applications such as cone
search. The efficient cross-match approaches issued in this thesis using parallel
computing technologies, distributed computing technologies, and massive data
processing technologies, have high reference values for resolving other large-scale
astronomical data processing problems in future.

KEY WORDS : Astronomical Cross-Match, Boundary Growing Model,
MapReduce, HTM, HEALPix
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PRIIHAT T AR A ST O B BRI PR A, AT DLAL AR 55 I B AT PERE - 12
RS RET, —BE O MESHE K TAESE K TR A B8 4, B 2
R 2 A TAESS WU 2B A — AL EEER b, X AEAS 5 b PR AF AL URAN T ) UM S5
AL Lo DB AR 55 AT 2R, 38 R (0 5 22 K L A R 2 A5 1
TAESS WS R A AR HES B, DARRIR AL EE &% 8 (R 5 S AN S ey 5

L5 BRI, AR 55 WU 5 BEARYE 1A 55 AR [ AT T SR AR A S 34T AL A A
FECPHT AL, X ) T NP 58 4 i 00 O 021 Sy fe 50 Kb 38 2504 BT UL
TR, W TR A — e B R, e S P SRR S TS
CAPNIE S el A TN R IB S e Wy Tk R L TH AT

HIR PCAM J5iksp i 1 AMZ D #EAT HAR RS (R A, (EAESERRIIF
R vt A R, X DU R n] R AT 25 A8, A AT DO A X 2T
SEHL. BEAh, SERRRIIATREFP v R R AT AR M@ i — Kk 5 i 3R DU AN I R R
SCHL, 8 H 7 AT B S B 2 UGEAOR SEDU R S BT T 56 o A SCHEREAT R
A AEAFIAT R BN, R PCAM IFATRE R B AT R Y
AR o

2.3 MapReduce 3 R FH1THREY

MapReducel®J2&Googl e fE20044F 42 Hi ) — MRAEAEA, I O F20 104E4EH] IE
N HIERAOZ AR LR & EZH AT RS EiitirisfE, HE
BINES “Map (HRSF) 7 F1 “Reduce (L)) 7 BWIE % T-LispFlH A o 25
RIS o LispfE L2250 it , Google M 1 Lk ixX iy & (1 AR E 3T A AL
Ty, #EGoogle N, MapReducef32 iZ IR, s AHER . WebiEdz
B S e FiWeb Vi 1) H &4 5 . BRIk 4b, Yahoo! B4 & HEA i, Amazon(¥)
Elastic MapReducel®Ht%5, IBMIIM2F &SR L SR HH . MRS Il
F#8 LAMapReduce WAZ 04 AR o 7E20094F InfoWor LdifE Hi ¥ “ 20094F -8 M 4l
R4 1, MapReduce Dy HEEL | #5-F G 3NN HIT &« NoSQLEE FE |
R BRI R SR TR IMESEROR, — 284015 T I R — 4

AP RSN, T REARE VRS, TSR R ERNLET
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B, (BHZEH R gAE T ME IV 2T RN TR UL, 8 — BRI (1 4: 74
MapReduec—ZHfE Hi 2 J& B R FRVGH 1) — AN i PR & & T4 T AT T B 1) dm AR A
i, IR HATHE AR AR L L N LA AR R R AT R 244%,
MapReduceE i Mb_b s (1) 55— AN B 15 2 2 43 S A 00 08 B B 1 50 119
FATTHSALA RESRAF 1T 568 T DAZE K BB ALas B IRIRESEI, KR Hs D T
TERIRA . 4658 T IR .

ARSI 9L N 25 2 — 5t 5L T-MapReduce B2 (1 /0 A5 2 XAEIN, 2 Frblik
BT IX— R ERE T BT PR s AR s 25 B8 X T R SR A BN kU,
HIFEAT IR — B R R PAATH —AHERT, MapReduce firs R (1 5 317 4 fE 7 X
IEUFfRR T IX— R . A SCAy B ] DU Bl T 5 T-MapReduce 158 XAF AR —H§ &
R FIBETL, A e R SCE R A B e — R i S o 53— 7T, ROCRFE AR &
BAIEEFIERFE, TE& T HRIFAT 070 R IEHE, X AR KRN LA IR
SR E R A St A A B .

2.3.1 MapReducetR &Y g F 7K JR I8

GooglefFA—MERGI AT, 4 R ARE AL BEHLFRE 2 1K N 5L 4R 20 2
FEE . EMM TR, HRIERHE. BHERS . Web TR B4 Hbr s 25t
ARG AR BE FARAR T, 25 5y BRAR, SR 5 RS 213 B I i) 1) B O Ea & A0 A B
(IR ) 22 18] () &, o 20 B R B — SRR R IR AR B, 38 R BT B 5 LR 3R
BRI H 1A AT LLSE R B AR . fEIXFEME RN, GoogleAw ) Jeffery
Dean——094FE# Mk L E TR B £, T 20049 % i+ T — NI4T i F A
A, HMapReduce, LS50k LS. B AREGE. fECPiE
HATTHE A AT dkk G 1) B2 A 45 AT B T RS AT I G B AR B, X FE Y
THN 53 56 4038 B o B 10 2 TS DUk A A 30 ok T B T 5K A R K B s PO B s
T — R ) A B FHAT AR F A Kk 5

MapReduec ] 44 7 >KIET & HI P L A /E: Map (WLST) FlReduce (HZ)) ,
XA TE R AR R AR L. ST, Map /&8 fo ] I A5 b 3 N\ 2
P — 5 A B A —H R, Bi<key, value> —JoZH, s fH 0 by A P
E X — AR BGEAT BARTE € o Reduce & XfMapy= Az iy v 8] — o208 — 40— 4.
HEAT ULV BRAE , XA LR [FRE E 7 8 TR s e, DR B s 4 it 5
S5 o Mapid FREM W RN N B ST 34T, DRIt mT LS e B ) AT 4k, i
FEAE S R AT AT A L, RRRSITI AR s, HZ&% T Reduce
REFEM R, RS SRR —n A key BT EHIHET . KR, DR
WE#Reduce T 55 1] AT 58 BT % B 871 R, 388 S As 00 BT A i) B
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5. E2-3JERMR XML,
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o A I
it!
P Reduce (—Resuld)
e Map
|
imput e iy Reduee |-a>
|
|
BN
$pliN Map Reduce [—(Resuld
Lo
- Map

& 2-3 MapReduce J5 F 7R & K]

M T B TAEE AT LB H, MapReducel® & kb3 BT 45 AH 0 b S i B0
M, S5 ZAH S LA SRR 34 n) B HMapReduce SE3, A HRRT DL
—5 T fifMapReduce 5 B () Th e :
> AT GreptfE:

GrepseUnixR RGH H H TAEFRT, HINRER SIS N 747 8 &4,
ARG R — A SRR E . fEMap B IR, R AT 54550 T
FRAHULED, Bt X —1T, Reduces&%5e 5 A1 A 1) 2 4
<> THEURLYT AR .

2 GV P A B EXHE R R 2 ¢ E L, map pR B0t #lwe b T THI
ERIEFE, HH<URL, 1> Ik %EA . Reduce i E 1 57 BINAHFIURL I value,
FEAECURL, IR HO S-S5 R
Sk S U P

Xof I 28 S P ) R G v S SR B R b DT VT o DG — 2 . Map R BUN T
AN CEAR, D XF, HoA HbRe R I HARURL, YRR X8 RE 2 1)
SRR Reduce B0 HH IR H FRURLBAT S & 8- 4E, PEAE<H bR, JFIEO N,
> EHER S

{BIHEZR 5] 2 LB R S RO . Map PR B NS0y, SRS el Gl
RS> ORI F . Reduce BB — AN iR I ATA —ocdl, HEF
KN SRS it , SRJE PR, SCRY SRS 412> %

K 7 BRI B 2 4, MapReduce/EEIRIZHE . Hlas 7 S TR B LR
FH F -t A SR 4 F ) - 10 e o7 e8]
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2.3.2 MapReduecetZ &Y gy FFRESEIR

1. Hadoop:

Hadoop!®L&— A JavaSe B i 52 FiMapReduc e B 70 g 40 A it SR IR HE SR . "2
fix 542 Apache (¥ Lucenel ™48 Z 151 H w1y 57 #5 HNuteht M8 28 51 4 1 23 45 5047
AbFETT BT« MNutchf0. 8. ORA FF A, Apachets H A1 SEELAINDFS fiiMapReduce
IS SR ST T — AN F TR I H ——Hadoop, MIEE AT R S i A8 &R
MIHEZE, BT — AR mi Gt G, EREmmTsaHk, H—&—1
Al LSRR LT S ML 50 A R0t 248, EPHadoop Distributed File System!™
31, fFRHDFS, 28U F-GoogleIGRSI™; 5 — AN B IS AT I A8 R 48, BBl
MapReduce D RE A% 0 5]

1) HDFS

HDFS& — 1] LA B 7L BRAN IR 15 46 2 F A SO R4, IRIE S T M)
REHIEAIRIA, I B 73838535 s At 2, HDFS H ffmaster/slave
ghity, BEIEWT, master HIg{TH — 4R Namenode, &1 slave FigfT
¥ % H #Datanode, Namenode &N A RARIE R, 49 E BN XM RSN
TCHHE (metadata) , K ZRGEHAEAT SO AW A Sz R 55 )48 A T 2l ik
Namenode K% #if¥] . Datanodese 24t A SE A, EAFEFI4ET 35 ST
BB B2-AHR AHDFS A S A 5 #4170,

Metedata (Name, replicas, ...) :
Namenode < /home/foo/data, 3, ...

i i =
l ! /Jcij

Client

& 2-4 HDFS 3445

MEIFFRT LA Y, Namenode 2 %31 R GHIEHRIZR, B 1 RJE 1 H S8
AT Ol P RS BOE A4 7 BRI A AR EE S, HDFS
HUR] BL B B SEIUR RSO 73 B, 4% B A ESCR ) 8052 1A %% Datanode s ££ i
KBRS, RN e EE — B HNamenode #HAT4E4, BT LAY RS — 454
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(2. 5. MRS K, Namenodeft v] LA H 333 % MDatanode b [ SEBRrgAE
LB NEEAE AW, HClient EHAT — 565 N#RAERS, v IR L 20 K I8 4
Namenode, Client & Jafe A 1]l S h S A7 X 26455 5 NEHh, 4l iy ST A
S B BIE B 7€ KPR/, Client 4 4x i@ AiNamenode, NamenodefSHi
RiClient FIRPCI K, R SCAF ARSI R GRS FFfEDatanode HH#k 3 — Bt
T ROZ IR I, [F B K iZDatanode M % 87 [ 504 /5 B &5 AiClient, LR
Client /4 Ry I& LEAC I Il i SCA e i i 380 5 N5 8 B EE 15 mirh

N T ORIESAR AT FEME . 2P E R, HDFSRH T &IASing . BRSOl
T, HEIARE R NS, B —MEREART A, — MEBHE R — AL i 5 —
M RE, A A BAEARBUEER) 5 — A f

2) MapReduce5|#——]Job TrackerfliTask Tracker

1247 THadoop 3 A1 XM RG . E [ 7eMapReduce 51 %, & 2 4E4 73 A1 A2
JPIs T I 1T I R4, B MAFAEA ffiMapReduce B A i 1 — AN O T RELS DASZE,
R fr) FH P BEGERIFAT SCI AR S5 0 R ARSS TS . Bl oA AL R B Pl
G 90 . MapReduce 5] 4L & N O #E & . Job Tracker fll Tast
Tracker. Job Tracker /e 4Ef R FiafT I EHERE, BN TURALIATE 5570 K 4 HR T
HAL T2 RS W Task Tracker, Jf HARUETHE AT LU AT GEdh 5 P 5 ¥l AH %
it PUAR T oA RAE ML, Job Tracker n] PASRAIMRES T fif &ix 4
Bl WRLES RO ORI . Henie, W RPRATAESS vk 2 1 T 2 P A 1
b, WLk 38 2 e B A T [ — MU A 53— A5 Sl Job Tracker flTask
Tracker IR G RIE R T — N2 R IRIPMES HE . 4597 RS . R HE A Task
Tracker tH¥L 1 A&, AL T & b H) AR /- 44 Job Tracker EHT 2470, 4
HJob Tracker KAEH R, NIAMIELEZATH T/EAKEATRE 2K .

—{MapReduceff FFfEHadoop L HIFATHE S : FEIER AT Z BT, masterTy
M fJNamenode. SecondNamenode. JobTracker fl > slave i /A ) Datanode «
TaskTracker 54 A shte K. RERE—DHATIES (—Mapff:55EiReduceft:5%5)
#/2 t JobClientil id wC AR BRI HH2 52 AE ), i TaskTracker fE 5 3 2 J5 — E AL
T AW A JobTracker KiX LBk I FEFFIRAS o W H JobTracker FI1E ML BAFIA Y
7, MTaskTracker KIAT K B OB 23745 Hb —MT55 . TaskTracker it FME
%5, BOTIHAE AR HENAT. F2-5RMHR 7 iX— I AT,
TaskTrackerfE 73 BC V£ )5, JobTrackerif i RIPAT IS B FEAE A, IXFh i %
[F R I BRI AL BE T, BDAERG —/NEISFA], TaskTrackergif& JobTracker &
RIREE S, JobTracker#Z R OBkfE, B E E—ASOBkIRN & 550, &%
LR A ZNELE G AES, WR VIR, Wb B ok, W KNI TaskAT R
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& 2-5 JobTracker F11 TaskTracker

M IR R LA . Hadoop 434 23 F & 4i fliHadoop ffiMapReduce 5] 2
JE— N EEMEREEAR, BT AR ELESGak B 7 RS A R CPU ) B¢ K PR 2
AR5 & AT A0 PR ) e E S 1T AT 55

2. Phoenix:

MapReduce Y 554 — AT L N AEAR R G5 B TTIRSEI: Phoenix. B3
NT 2 G ERIHTREF @R, IR BT 88 TR S 5 6 islT
B ARG ALE, ST REHE, REEHMHIREESE. T/ TPhoenix
BT &4t (EPhoenixH [f)MapReduce 5| 28) ) LAEFE

WE2-6fr7x, WA &2 G RIG, B 505 @S AVE BT A I8 4T i Map
LAEMReduce e, RIS tHE BEAE F TE 55 (RS 22 X o MIER M TAR e
o, VHE RSN AL TR B ST — PworkerZEFE, MapFIReduceft 554> 52 b2 Hic
CRIXLLZRRE .

JHEamS, RE RSPt terd F P 4 AN B il 43 9 — L8R /INHAE ) BT,
SR E AMap TS A Splittert, BiaBLs © 7 EEACEE FI R 50 . MapfT25 14 2
SERUG SIS HL AL 5 Mworker 26 72 . Parti tion e EU A MapAT- 45 i % H B $AT
HEFF B, PAARAEAE Flkey TG value #2821 7] —¥0, PAME T ReducefT4%
[PIAREE . 1 FE 25 AW 21 BT A MapE 5548 LR [B] 5 W - 4hReduce 55 .
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S —ANPHE— R RO 1D Sifih, XAERUSEIL T ARG JReh TR A B 4R R Y
WA, SKBL TR ARARI G o, AT AT DAL 42 N i A ot e HE AR S AT
SCHFIY) B-Tree 2 5 BORTE R 51 I o

-31-



B MRS

H HT N S 2 WP KD 22 (8 & 51 77322 HTM  (Hierarchical Triangular
Mesh) BIBIE1 HEALPix (Hierarchical Equal Area isoLatitude Pixelisation) 15,
AR KR SCHHE O L PARE R T X R b 1 — Rk A 2 B OB iR %5 - 1
WETEE WK LG KRR EE ) — I H o, MFHEE T
2 (B AT I B O e AT R R 25 U5 il AR 55 o BT, X T IX B AR 5] 7 Xk
FEHBIE FL /b, AR SCHE S S8 A8 XA SRR 5206 (1 25 35 o, B0 73 4 R 3
FX R RG] 7 A AE N, @ BRI S50 7 A M B e AT E T X 22 X
UE X — 58 B B B 25 o EL R AT, DUATRE IEEF E IR LA K
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o BRI B () DOEEE A TP B3 RF, MRS T Al . AL HTM, B R
AN EHER I R —— S AR, X e R R I AT DhAg, WsCRE ARtk
BRI IR SR A% R B A R E B BRI U R0 R 5 A B AT T S DN RN 4
SIATERE, FEWE W T S S A AR A2 IR . IR, BN
VR (A7 A U IR THD PRV R P A IR e EE AR SR, — SRR LR S HdE

32



PR FNCEAL o DATS'S T 12 ¥ B2 00 1 v ORS8RI E 7T

O IFIGIEFE HEALPix 1E AR 8 R SCE R UG IR AR 45 138 atl, WX S Thee B &,
5 HTM SRR AL,

K| 2-11 HEALPix BR1H & 5] J5 =

HEALPix 1 HTM 7EX1I 5377 30 EARF AL, #RE0EEZZ1E A7, fEE
TRy (550 %) FARHEE BB 7 5% 1 U EAR XIS, 732 12 ASF0 8 /.
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X053, ARG E, A VYA /N AR 5 A5 AL, HTM
IS pIATOPAR E =g rapei = TR 7) e Y = ot RS -5 9 =S v /R T B 1 1 7 Wl ]
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