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Array) o JXEENLN & FEAEE i LA 2 BTS00 & o 218, WL i LA A BIULAE , %
B 1 b RR LI 65 4 25 5 M P B A O T BR, AT LA A F AT B Je b 0 M T A B AT R A, AR B
o R Y R 25 TR (Lin et al ,2011;Bao et al ,2015) o 55 22 XF B A9 IE , 2R BU# 4K 5 b
] NCF Frif 93155 4 LAIE b 5 b 8 H P07 19 75 2008 1, 330 6 A5 380 i ] R 3

Mg P A 56 D7 ¥ 1) 2 SRR AR, G HOAH G THE AT DUARICTE 2 A b 3R B 2 [A) AL 56 1 b
R, BIE LT N A G, AT LSRR N« (N=1) /2 4> G %] 1) NCF, 3 m] PLRR
P& v RN M R A BT B AR B R . [RI, O TORHGE {F M L R E I NCF 55, — ik
g BN IR ] A 32 210 SR Y ELAH OC R BHEAT & 1 ( Bensen et al ,2007) o 5 2, R E LD
FEMERY T e G 8 N, WERECNCE Brfi 220 S S e g e T N R T, I,
XF AR Bl A Y NCF Fi il i 3H 355 DLIE T T 6 0 8 B 1 0 19 05 UGG, 3 A5 7 530 1 1) ¢
Ao 0T A 5 M A A O 32 SR b 5 s b e B e BOHE R () ) TR) %) L AH
Ko I, B IR 5 0l 19 = 73 i 7 2230 AR IOL Ay B NCF B 5645 20 1 Tz i, OfF
AT R E . B, Tl Stk NCF RT3 5%k, m] DLOR B L2 B NCF o B ) 1D 9 76 A2
6] (R) FVE [6] (Z) 04 Ji A1) T 35 09 4 8 L, BIF 58 N AR 2 HV [ (Lin et al, 2014) 8 ZH [
(Chong et al,2015;Li et al ,2016) . 4R W L S Wl Y J2 B 1 a7 38 A9 s 99 A0 [0 %6 1) 5 AE , 7T
OS2I M T A 5T A4 R I 38 RE 254 ( Yano et al,2009) o ZH AT LU W P SR A0 45 8L A B T
X T M 7 B I T B R A AR F 5 (Lin et al, 20145 Li et al,2016) o HUC, FI T U2 5 19
NCF, JRATAT LA AL 15 3t 6] 4% 1 00 3 < T35, DT X A S5t 9 9 47 0 57 1 3 & ( Tomar
et al,2017) o f&Jo , ML & NCF v Fig ) 1 5 64 P i IR 458 48, FATT T LUK AT NCF %)
MR T A K T3 057 B R AT ERR MR IE A AL GE (Zha et al ,2013) , 703X % 35 AT 5 #1425 [1)
SRR T EE AR A TR 4 i ) NCF, Jusy i NCF Al DUt 2 /5 5, B
PRARR . SR, AU 7 B B T, WA & 5 8CH R JRIOLAr i NCF R 353 6 AL
TR 2y i) NCF (9 4% P E AT T 1 D BRI o G SCaT R, TEAE e i 1
RETHI MR 5 % b, 2RI i 5 0l 2 (8] S B NCF Bl i ) i 2L A 5 2 1 4R, X153
AT 2 TR BT T BB, LUWIAE & BRI ] N 58 )i NCF #93H5 .

B A 5 WL AR 1) K e R 2 S B AT R BRI, R E K E LT R R
5 B2 R B A B2 I8 L a2 2] S IS R I T 52 A 0F 58 P (Yoon et al 20155
Riahi et al,2016; Magana-Zook et al,2016) , =it & 2AEMEITE M oA ITEE AR EARE
AR B BT B AR, T L i B0 6 Sy P SR A SRR O AR IR 55 . o B ST
55 o3 AT AE AR TSR SR BT I b, DA A5 4% Al 1 P T AR B0 R AR TSR B ) R il s
] 55 I 95 (Wang et al ,2010) o A fif phe R ECH I AR R0HE 1t ) 10 45 1153 66 0 i ke B9 TR g,
FEN A C 2T MK 2= 3 5 T T AL B R OR InSAR B4 45 % 40 %5 4R L AT 55 (Heilmann
et al,2013;Zinno et al,2015) . %4 5 3510 3¢ A B0 ) NCF B9 3F 58, J2 — Ff i 20 i) B4
WA, WOAT LU 5 s S BN
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A L Bl 3 B A, W B R 2 AR o D R Lt NCF X 2 i XA 8¢ 33 45 44 R A7 T 5, AR S
P T —MEET IR AT T ik % 05 0 AT PR 8 b 58 U 4R B i E] L B NCF i35
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BE WA — 1w, LUK R SRR AE SO B a W B — A MR B R K =4y s id b, 5 Hoik
A7 I P B ARSI AL, A AT I ST B £ 1] Bensen 45 (2007 ) £2 S 1 8l 1 71
Tk B KR 120s, S TR $E L4 f NCF Hi (55 B A X PR I LE 5 Lin 4§ (2014) 2601, &
FETH I = 5 B 4 A 17 S A, R =40 B 2 B DL 34 48 K S B A 30 2 — fR At
B [RIRE A G S Ak b A 5 SR = A e RO A A ST 3 (R, T (B R = A i Y
ST RO AT S 1) AL LA S BT S8 1 Ak A B R AR G Sl 4 M A B 2 A B K NCF TR
{18 246 XoF B30, (LRI = 43 6 S 2 (R 28 4 7 s Sl 0 450 5 17 1 Ak B T AR 450 A [R) 4 ) 30 T 1
FEXT 4R I LG (Lin et al,2014;Li et al ,2016) . R )5, B H— P EuW G402 &S a)s
FR AT BCHE A7 it 1A SCPF, T LR AE H = 7 5 MBS s . 7E 58 W B B IR G 0 TAL &
2 A 0 = SR OB AR LA R AT AR OGS, AR BB R Y NCF, O T 4R
Sy NCF X F 2 A5 00 0 & 5 #6428, 20 3 ZE (ZN (27 55383 9 oy il s
JEAE At 25 18] R 92 55 22 004, 60 TR A i NCF L fR B T 4E B 7E -3600 ~ 3600s 1 4541 .
AR T 1 A2 B2 KAy Lo NCF 2 )5, %F PR A A, KX 28 K ) NCF 4 5] it
T&m, B M2 51 ENZ Y& NCF, g T3R8 &2 m (R) I (T) F2 )
()1 NCF, 75 2844 ENZ JE U1 NCF A7 ks , LLJAT RTZ JE X NCF, XF T 2 46
S A R B BT RO B2 AB % A W0 MR B L NC 5 G 0 LTI R B AB 5 I JU I £ 7

1 09 F1 B FOAE 7 L AZL, 2% Jk BA 5 0L 1 s 16 1 S £ 1 D )% 7 1 ffy BAZ , 3% 4%
O AT 3 e e R S NS B ENZ JE 2 NCF £ RTZ 30 NCF A9 Jie 5% 748 e, 1 3 0 1H 500
B TEAN AR UE .

Hi & 30T, & ufi ) fusr i NCF 9 8 A H 3 B £ 20 G b D iU 2 8 H A Z
IR RLORILFE R E . 6 6 BCH BOR e sk i B I, 58 U NCF 3580 57 5 2219 47
il 2 AR 5 BE ) 09 2R MBS o LLITHER 674 A~ 5 3l 2014 ~2015 4F 2 4[] 1Hz RAEER [
Jugr B NCF Jg ], PP 65 3 (6] o] U B 226801 2% 5 3l A%, 1 S i A SCPR 9 50K = 70 40
Ik F] 1476060 2%, Frifi A7-Aif 25 B0 1.2TB . a0 L5 K 730 5K, B3 B i NCF i
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ARG B NCF 3530 1) 75 22 3840h #2385 6 > H ¢
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WA G ] NCF fy7H3Je — Mol AR B 11 5, KB R R B ER ERIR T2 5
TR REE R A TER . OO THE SRR 247 2 5, B, S5 E M A
H R B A it 2 T o LR, A BT A e R S O S AN BRI A SE . B R X
2 AR, FATTE T B L 5 2w ARG 25 3R 55 R M ke FL AT AT RO BRI
FATEEAT 7 Bl B = 382 M 199 0 A7 i i 5 ( Objective Storage Service, 0SS) Hl it 5 11 55 Hiz 55
(Batch Computing Service,BCS) = fl¢55 . 0SS 77fif iz 55 n AR {4 ST ) 15 A AR A7 i, 52 BESC
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o an HSCPE T BCS R AR A 55 U AT BRI TR Y SRk R TSR RE O RS T P B OR
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T L NCF i85 . B— s Bk S #5584 1 DME— 45 K, X T58 K 4 % IR 55
i, B RN A AT 6, fERtRIY) R Ty B RIB A NCF @3 & S48 — 1%
PR 55 #% J3 shis A7 J5 , #2305 H 60 53 19 TH 54T 55 A O i A8, # o el 0SS & i 2%
RE AU 55 i G 3, Z 05 EATAERS [ V) e T ERR NCF BY3H5E R AE T BB & . 78
SEJSAH N T SEAE 55 )5, 8 4001 55 45 4 i tE RHs IR 4 AR, [l f% 2 OSS i T = R 3k alk 17 J5 22 4%
BT, 58 L J5 RO A TSGR o R bR (8 AT 55 0 0 R 2 SR, PR R A T 1 )
e 5] mXn A~ HE P00 55 25 o 1R) B 38 A7, DT S B0 T B U AT 45 10 SR Fh R 43, B 28 52
HAL S

FATFE ER 8 T gt 2 Ay AL B 674 AN HbRZ & 2014~ 2015 W 4E P T A & il i)
Lo NCF, 558 6 674 /> & 3l [0 JE i 226801 4~ & 3l B A2 47 43y 20 A ERARBEAL, O
2 AER BT PR 24 BT R, B Y R 29 30 Ko R, 08 TR BERFA, Ex
Ui ARG B AE R 24 A IR 55 48 Ok EAT L BE AL M B NCF A TF3 . O T 58 & A B gl 48 19
NCF 15, A =05 R G AL 3 7 480 SRR S5 2% , 5 — IR 55 4% 1 58 49 11000 4% i
£ 30 Ky Jusr o NCF iSRS, et 8 A RS R NCF B, mifCH A RE &
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Jie e, mie R B T =R ENZ B

BT BCS LU sl i 24 M BUIR 45 T R B 47, R 0kt 5 ol e A o 30 1% i ) = 2 B e
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2 55 4% 080 AU LG o | T ER 2 BF ST A B LA RUEE S ) NCF B 4 o i i, DRI, AR 5
HORE R AR 2 AR RO I R 23 0 24 ASIEED) fr o B B FRATTAT RUE A 3 0 AR L m A
6] 90 1 %50 n 52 BURE 22 jE FUUIR 55 2 ) 1] o 90 1, g — 2B A 3 B3 ek 1]

3 A4rE NCF g mEiK ZH bt gyl & K 1iE

AH BT B 43 1 8] 9 NCF, JU43 i NCF 1) — A~ 55 22 f 342 v 38 2o 0 5t 3 0] 18 38 2 ) @ %
SRR R ME 1Y ZH bR M e 1 R I 3 B S AT WS (Lin et al 20145 Li et al ,2016) . [A] B,
Sy M LAY B R AT ZH EL 4 A RRAE S8 X AR U B NCEF 3153000 5 1 1 — Fh G 56
i B, FAT R = A S B U4 i NCF o g R T ) ZH B iEAT 7 &, OF
55K SR b 7% 11 v A B [R) )R T ZH L iEAT T 38 SR

158,45 0SS LA H & ni) ENZ JE XLy & NCF R 48 2 A fh, I % Lk 17 ik —
A E AL, AR 1T T 2014~ 2015 4F 2 S B ENZ JE X JL 4 i NCF, PR e IR i %
HBE A AT, ¥ 0h RTZ B B 78R T &34 48 X2.15605 F X2.64040 XI5 1
RTZ JE X JL53 5 NCF JJE o X T8 —> NCF, i ) 4l 1E (6 228 M & 3l X2.15605 &4k 2
X2.64040 F) {55, AN 7R H X2.64040 £ 4% 2 X2.15605 ({55 . HIE 7] 0L, 7€ ZZ ZR
RZ RR 4y b 30] LA 210 W 04 5 A (5 5, 78 TT & b0 a) DO 208 K i 55 o
A IEACH) 2T T2 RT TZ 4y b fEAH DL B (B 8 1N LT3 A 5 5 . fEIERC/r i
AT I B B) B N AEAE RS 15 5, AR AT B8 2 Jm) 35 HICSR 280 07 5 B30 D 15 A TR B8 A 1) 130 5 0 T
WL B 7 A o i Z R TE 1 B0 IR T PR I R AE R T RATIE AR B 0 LA i
NCF WA §EPE o Sk — 20 % AT 300 , e ATT6T NCF o iy 1) 187 38 14 s % 4 i F1 ZH L AT
TR A3 o

TE L5y 5 NCF H B F T 3 R E A fE Z R Al A o T 2466 Al BIEK
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B G5, TEMBE N, Ui NCF HiE R4l 22 ZR 4y 5 RAE MRS Z R 4y
it B XHEOR A Z 4y VR R W B TR RZ CRR A3 0 R AE S Y Z R A3 B XTI AR
Sy AR i R (Li et al ,2016) o f 3 A1) 1 A i % R AE R ZH BE 3 20 R BB &
07 A R R DL FRATTAE AR T AB B8 AR b IE R R BOE Sk AT i, LRAE B &
S RO I BRFAE . X T A Bl WA DUAR Y B AB B AR 2T I R) R Ok )
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Speeding the Nine-component Cross Correlation Function
Calculation Using Cloud-computing and Its Application on the
Dataset of China Array-NE Tibet

Li Na Wang Weitao Wang Baoshan
Key Laboratory of Seismic Observation and Geophysical Imaging, Institute of Geophysics,

CEA | Beijing 100081, China

Abstract  The nine-component cross-correlation function ( NCF ) has been paid more and more
attention to with the development of research based on ambient noise cross-correlation. However,
with the development of large aperture and dense arrays,it is challenging to quickly calculate the
cross-correlation function from large-amount dataset in traditional high performance workstations,
especially for the nine-component cross-correlation functions which will roughly take nine times
longer compared to the vertical-vertical component alone. In present paper we propose one possible
solution to speed the calculation of nine-component cross-correlation functions for large dataset
using the cloud computing. The cloud computing can provide scalable computation power and
storage which is suitable for data intensive computing tasks, while calculating NCFs from large
amount data is exactly one data intensive computation. Based on the cloud services provided by
Aliyun,we have developed one framework which could factorize the entire computation into small
pieces and execute each piece in one single virtual server evoked at the cloud end. Since all those
virtual servers can run simultaneously, the time cost to obtain NCFs from large dataset could be
highly reduced,which is roughly inversely proportional to the number of evoked virtual servers. We
apply this technique to obtain the nine-component NCFs based on the continuous three component
records of China Array from 2014 to 2015, which consists of 674 broadband stations and covers a
ten by ten degree area in northeast Tibet. Our results show that the entail computation can be
finished in eleven hours, which is about 400 times faster compared to that on one single traditional
server. We further validated the resulting NCFs by calculating the Rayleigh wave ZH ratios from
both the stacked nine-component NCFs and earthquake results and the results suggest our
computation method is fast and reliable. Seismology is developing in an era of big data and our
study suggests that by utilizing the techniques from computing science of mass data,we can benefit
from the advances in observational capabilities.

Key words: Cloud computing; Ambient noise cross-correlation; ZH Ratio



