M Z B B 2017HE F£62% £ 23H: 2630 ~ 2638 é'\(**jr%) Sk
& LHE b B SCIENCE CHINA PRESS

%5672 F Kithd B FHkHELELEHHKK

TS REAE S X ER e B % Je
(A0

EAY mEY, Kk, 2

1 B KPR HEARERE NS, M 210023
2. MEKFEITEIRESHEARR, By 210023;
3. EAA MR AR, Mat 211103

* P& A, E-mail: weijia.swty@sinopec.com

2017-02-13 Hg, 2017-06-05 14 [1], 2017-06-07 4357, 2017-07-28 W45 fit & 3%

% IRFAEAKRES, CHANTAREBEFRZHERR, FEERATLIRRET A ABEWRY, FE
THEZHMAERER. BE, EHEMELZ VIR, “THHSRBE" BANEIHEERLRE. AXNET
‘TR KRBT E AR, 2T 2R ABERERKE ERFA+EREIARZ MR R, S
ERHERE, LE, BENEARFATMARFEX, BT ZHESAEE HHERRL RO W, #ETAER

HE L VR ES ARG T WA R BORR R IR A,

el

A HLER ) B, R B % b B R R
BB AR TR A B R A fe 32 B9 Lol s, 2
ITHEAR R i R Ll 0, “ =R S s & 4
(I G A S W (A (Y SR W I N TR =
() 12, 7 A AR 25 AR b Bk A B R ) T AR SR
1M, A ER Y BRI T Ll A, HooAR 28 W iR
MEC T H A AR, H A & TRl es AN ok A AL
BERLN, TG 2 30 28 F 3K ) 1 57 5 Ak AV 1 1 08 R AE
PG R b FUE T AR AT A AP 7 ik 2%, BRI, T
2% R FL At 4 85 1) R T 28 56, T A MR R 2 T
AT H %

AR, HhHR M R A I 5 BBk R, — Jr i
o M R BRI R A B R R R AU K, Sy — T )
Xof S B A BSR4 A% B 1 B I 1 TR SR AR
TEA W & bR O Ak B RN TR A R RN
P RN . BOARAL G0 0 P RE T & F & R AR A

BEME B, K&, =IHH, WEHR, LH K+

e A PR35 A RN AT — E RIS, (HIEREE
B ML A A AW N, e g PERE- 5 2
B AT AL AT B PR AR B 5 1 5 T L
R Ty o B B 0 e 2 R R R Ak B
VRS B AL AN, bR AL B AR R L R A
AOBUIR R T 12 U 2 R 57 i T R = 8
TR R I A A, TR Z R A T R AR
MIROREE S, BRIRRREILTE. P, WfTiTE—1 5

T A M R KA A P AR 2N R Gl H AT A E 2
FENE A - TT 1]

e A N A% ) S PR Bk B R R Y
PR UERS6TI AR TTHE 2 b, 52 N5t Fl%E
AR RIE T H M = BOR 5 R A 19 & 8, A
7oK T M ER Y BN Ty A IR AZ, K mT RE 4G b ER
Wy RS i 5 1) BV SR IR 1B A ) e JR it A 1
BAYERY o i 55— RPN AU HEAT TIRA BRI, 15

SURRER: A, B, I, mi RS KRB S R R R K R p . LA R, 2017, 62: 2630-2638
Tang J, Wei J, Wu G S. The impact of “Cloud Computing and Big Data” on the future trends of seismic exploration (in Chinese). Chin Sci Bull,

2017, 62: 26302638, doi: 10.1360/N972017-00158

© 2017 (HpIERIE) Atk

www.scichina.com  csb.scichina.com




iE R

TAETHR, IS TR ARFAES RS
TRV T 10 O e 2 b 75 2R 4 BIUIR B4 1824
1 &R S REE A

Bl 15 SR K JEANE B 2T R AW &,
ATRLURFR AT B AE © 2240 AT B S L B AR,
BARA SR, X — S CEok o AT R, =
#1814 R (Cloud Computing) Fl ok % 4:?(Big Data)
AR 7= X — B B B R S5 3L BBk, =
TR o BRI 1 R RS, N E.
I 0 175 5 A B R (AL A 1 L Tl ROBOHE 2 R )32 T H
AR 2 TH R H AR DA ) A B 5 BV v o it
XERHATIEG ., KR, B, dEmiteE . SRohik
A M ERE L, i (s B AR 2.
1.1 ZUSERA

fr A= E? Bl S E g =it
R — AR R A, TR AT 5 o0 A K
TR HUAL Y BE I b, 45 0N T AR G e 5 AR A
TEARBOTE S . fEfk s A E B RN, SR
3 3 O 4% e T SR AL T Sl S AP 4 ) BRAN TR IR 55

—MBNH, DI ZOREA B, MRS A
MR%s  iZAEW A R AAL . EE R R gE | RS
. fExitE T, REE TR B
CnT B IRAE A T A RS T DL R IR YRRy, Jf
AT AR AR H, #ed 6T], Bl AR, e fd AT
B, BXPPREE 2 H BRR R BOK B — R I T S Al i
Jiti. B R M TE AR T DR S — R AT
W, PR KR, BOH T, SRR, &
KIAFETF, © i B W AT R .

5 [ AR AR R BE 19 = R
W T 3R IR 5

A RIVIR 55 (SaaS): 1M & A AT, (HIF
RNEFSPEERGE | O 8 AR A X 45 FERE A . X 2
— Tl 55 W B Rl R R S5 R, DARH S A
SPRHEE P RS, MEAEWSE, HRCE DL U St
— K5 .

V-5 BRI 55 (PaaS): 1 2% i ) F= ML A 1o FH
P T 3 18 R AR T 0 PR (B A AL
A, HIFANEEBRAERG . B8 1R M
A I O B S Y AR R S iRt i

SETE 5 R0 IR 55 (1aaS): 71 P & fii - Lk 5

BRI, GNALIEAE ) . AEREZS )L DL 2 A s )
HHREERERG . A2 CFE 0N R
J¥ R W 2 LA (Can Bl Kt BTl a4, (RO
P 7 SE RN AR

WA, w8 R 55 AR X E A2 T S (utility
computing): B[ 37 ki #0000 Bcal oo il AR LR 4 I
FE. OB # . FAAf FTH5AE ) 4R PO ok iU — AN i
ELF % U R Ry AN I 45 B AL A 55

MR EMBERE, =18 217315 (paralel
computing) . 4345 23 (distributed computing) F1 4%
TH5(grid computing) (i 1k, 383 i ix LTS HLR}
SRR R RSB, TR A 2 DLk (virtualization) |
28 FH3 (utility computing) . JE At BV IR 45 (1aas)
-5 Bk 55 (PaaS) . F#i 4 BVl 55 (SaaS) S5 i iR A =
HAL R 4G

g, iR REAREE. Bk,
AR TR eI AE L, PR
BHOBIEELR . WREARFIRE, HIR, =it
FH P i A B2 A8 2R BAIG, (AR Rt B 5 (8 k4,
VAT DU A 52 BN [ 15 4 1] ) 55080 5 0y AL 52
A, i E R BATE ML T LR 21
A fig.

BB, = A AEAR 2 4R A T R A R
MBS . n8EH . =Wk, zn%e. aftff-X
o H BRI = BOR B RS TR TR . R gk
ARSI MBI A SRR,
T 43 A A A% 4TI ) % S o LR R e R AT
W AREC, ARF L R, A RS T ER R A
G EN(Y Ji R

1.2 KREdaHiAR

KA 248 T b S A i B B R, Jo ikl
i N TEE TR ALE A BRG] AR, B b2
I # R AT RE A I S 5 L R B
A VORERE: (1) kg E K, MTBZ i 7} 5 PB
HRZBY; (2) BARFEME L, Mg H&k ., &,
MG . PUSAESE; () M(E RAEZE G, LARAS A 6,
LA M AR, ATRe A R R AL, 2 s
(4) AbPRIEFETRZIP. L, b R KB RRE
IH44 A5V, HIfARE K (volume) . #JEF B (velocity), #
A £ (variety) . X #E 1 (veracity) F i [l K % J¥ %
(vaue).

2631



a4 % B B 2017488 Fe62% F23#

KA 2 A E: 8 D45 B 2 78U i) B30 v bl sl 3R
HAMEGEEMEAR . FEREMTE, —Hokil, K
PR D) BRI L35 3)2 . BUIEAF B . B b BE AN
BE o, Bl e e AR R A0 T ok, B
JZ AL A I AT A R oA B RE R R B
B BB b, Eds o i )2 DR AR B8 75 SR A H AR, #Ear
VAN &7 SR B R A NI O 4 6/ i s [N 1]
TR ME. = EMER S, R R4
FAEMA.

(1) B fs)z2. BAa T2 A ERN S RITIE,
CIRDS B oS R AN S ooy AR AT e | Ay R e € AT
Aoy oc it . EEE L s, R Lol
GIS, A S 1B 5538 ) 2RI SE 5 Mpsds. 1%
St 0 S5 RE A BN e L 2 Te Tk SR B A A
sk, P 74 T HDFS, NoSQLAEFEM% & %8, il LU
TS M Al sl 25 44 AL A1 f- 45 44 A0 0 B0CHs SO A7

(2) EidmAbPRIZ. B ab BZ T B e B A% 0 )
IAE T Bl A B ARG K, A6 1 30 43 A X5 7l ok
(A B A BT 04 52 2% B FIERE S50 [m) . 3 2 A
G oA B RS H I, % 4 Hive, Hadoop-
MapReduce=§ HE 22 (1) A 5¢ B2 AR TE 1 R B0 b 24 )2 1
iz

(3) EaHE T HTIZ. 43P 2 B SR IZ I R E R 1Y
WAL BT AE . R 1Yt B0 45 4T FH B 42 24 A A A
KA R R AR BE |« R REAUE o AT e IR B A
>J BRI FH 2 U A ) 4 2 > R AR AR TR) J2 TR Y
Feak, o TN A A e i )R R A T8 i
R E R AT v oA, B M E R R, e
TR R S AR L A AT AR A R AT AR
PRI AR i A A S AR A KR R B JR R AT
DALk P o8 G i B AR A A 09 25 2, B B AT 0 B K
FRL, EefE . 2RI . s E S, JHa B
H S Y PR

13 mWEH KRB RS

RS RBIE AR REZES, EIEl TEST
MR . BRI A BRI . SRR ATl
SRASE] TR SR, AN [ 4UE R AY RRE T R A%
AR, B2 S AR R HAR . Bk
Ui F AR R G 20 gt Ak B Ak B A 5L
i 32 AL FH A LR 2K AU,

e R T A K AR AR | B

2632

AN B AR, L, 75 25 B3R E A e it
e 00 v Ak b i S A T R (R R Y R A
FIE VA 40138l X e B 2 TR A b 7% 7 A ) A A T AL
HIOHEF AR, AT RE R B I AT PG 5. itE
Aib 3 (1 18 3 M 2 4 b GoogleZ /] i MapReduce™™ 4
TR RIGFS ™S R 4. MRS HABRF R 5
T AT A T, — 2 AR
FT T AGHRE TARK R, D210 4ER LR, B
BT F H B Hadoop 4K 4 A= & %& 4t (http://hadoop.
apache.org/).

it 2 ESCHE 3 A I R AR A, T 25 SRR, AR
Pits AT LUR S 4k | ket fesidE gty b, Hxidk
HREZ. MR RSN | RHE U | 4Rl
P oA A% T U A B ML A R 5k Twitter i Storm &
4 (http://storm.incubator.apache.org/). Stormfg—% 4y
M. AIRE . TR R T AL B AR I R g, 1
o A BRAE M 9 o e BN R R B A, R
T —IRAY R AL AT 55, A gAY iR
W RGASEL . P RERE T SR AL

28 KR A 21 DL B3 0 AT A,
(] B A A A R 2 S A B s s, DAORIIESE B
Remg Ak L E AT, ¢ Ak B A LR Y R SRy B ) e
Ac BT, nRPEF R #H 384 BT RTS
R85, 325 A AP R R 58 8 Berkeley 1)
Spark™ £ 4. Spark & — AT N R T R I
TERHE R4, 4 Hive(https://hive.apache.org/),
Pig(https://pig.apache. org/Spark) % A 1t % 1 43 4 =X
AR G ERR N SCHF | T 6 IR S5 A AL, (i FH A7
PEATHCHE T DA PRk b R A o, SC AR ] 43 B 4
. BeAk, & AT LA H Spark-Shell °T DL T A 28 B 5K
Sparkfiiy 4 M85, R 22 B AU A ). X L N AR
Spark e 43 A Kb A # AT A 5 AR G 54 W A

2 PR R AR BT B e HAF 1

Mo 7 R BT B R R BOR A A, AR R A A
AR A Tl 2 18 2o 19 285 A (A% ) B8 SR i A 150K
O o AR SR R B MR SR AR H TR T AY
“H R A R AR B SRAR T TP AR MR R AE RO
WAEZEOR, MHEER KRR B9, i85l
AE 1A BRANER E 7 22 BRI, o i PR A5 A B
il & I o (M2 A FEA T M RR R AR 42 ], R (Xl
JERREHAR ZPF R BR ], L RE A 1] — i K HE 51 41



iE R

AR DA S THE A SR BT I R, FEA
J& 2 BLAE [ )7 38 1 BB (Sercel 23 7 (508X T). AL 4K
H A R A RO R T B RR R, (B I
BB TR B HIAE . B, SRR ) SRR A B
BBt GEAAHL U, HhRRR A A AR R R M R R
LR ) — AT i, SEBR AT LU R R B
B I R i — AN A, RS ML RR SR AR T IX N B BT A M
e RO A B — A R BT, IS R T
TRRE BB A, T4 P T AutoSeisHTWirel ess 2y
A TCER AT RS A . R i RS P AR
AR 58 2R T P I H R SEAT 38 (R 284, AR
BWTERMNMEMN S, CEFH THRALER
Ui {52

Bifi 5 1 7% R AR BOR B AW & g, b 7% 258 A B
T I B B o H 35 38K, b R O b PR AE O T B e
% 35 N7 3K FPORSCHE Y 2RI G (R, MR AR AN
J A A5 [R) Al T U B R, R BE R
ANTEF AR e KA ECR S IR, 1 AE X B g E AT
Ll ALALBE, REMS IR BAMI E M E A, HWH AN,
KEE LA BV RRAE, MR AR T A = A (K %
TRA R, R B R A B, T B A R A
2R NP Sh IR e AT R AL B, 5 40, A AR ek i) KB
P A AT BT I SR AR e K, PR A B i SR A
ANKIFHE. (EZ, QiR o R A s 5w &
SR REE Y 22 5, SR R BOE B 5 Hl R E
Qb FEE AR EN BT R AR R AN A VIR A, MR
BE e B, HR o R M R L A ) B s .
M AR BT AR v, WL R S AR B | AT R ALY
A€/ NE I E N OE V€ INBY i N ey €7y 1B Y s RIS G N
T T ZREERR . R, 1R KRB AR S
AR A XAE A, 2R Mo B 250 7
FVER T IA) Y m) L, o P B AR R i D BB 43
BT B R A TR) 8, X S R R A B8 B i T 5 LA
FER AR LA BA A5, HAR T A L
RPN FH, AR 0T LUTE 23 B o 72 B e v, Ak ot A
BHRRE A S L, R KA AR IR R R
BT PERAZ TATIR).

“H IR HEGE LT R T IR, BT B AR
35 107 FH FNAR 45 0 0T DA g T B I ek AR, T LB I
WAL G —E B E AL, —H5AT
T EE £ AR B RS R . 7R SR B R+ RE
AR R, e MR B i O AR T A

AR, 3t R Ak RS 2P RE B TSR 4, AN
AL BT R LRI R G Al = R ROR A fE
SRR B R HRAE AR A & I, W H Al
BOTOLTI TS, HURRALEE | AR IE AR S = K A B
TR B, i THEORMERE IR, H AT e A
“TERARTRE S, T E X MR S ORI 2. AR
GERYBOARWT A R, A KRR R, IRXEST i
RO TR R AR B ZE W s, HRESR T
LR 19 ST B B BRI A A RE AT A
220 R THT S fieJm AN AT R AR O, MR Ak B
fige TR AP 320 SR P W SR B T, A Al w8 28 7 X
PEAT L], AT, A A B 45 5T 2 4K
VR AR EOR R BB B, X it n] L
T HEI A 2 TR B A Y U

A7 VS5 N S o SN B LN 1 & e 1
Be. 8K, XA o3 IF A I M R B R AS By 1 N A
K, MR WA R B Y, JUH R AR b
HU R Y. R TR K R AN 1 AL
P B 7 T HR T B AR ZOR, RIILOR, MR
3 Ak BRI 3 52 25 5 MR AR 240 TR L2 B RS
IR MR A PR AR — A B 2 TR T 20
AR BRI ], ER LR A — Al (B BB AR B A ) —
AL R R Y. X BA BAFEAR T A A,
A E 55 AR 5 T B BRI, B R M R A B A
Be— it 5 U —FOr ik, s U — R,
B S S5 R — R SR R MR b P A R
—RACAS BT F VR R A R BRI T &
MFE, SR AL B R EOR AR, R IR H bR
PEAT 55 AR . AR T T, AT LA S RE ALK
PE BT AR K IR, TE T 1 BE 7 Mr bR 251,

MR | AR B R A — P R R AR e
IR, WX A ST, R Ak LA R —
PRI SR — A B Be F AR, HUA 1 M Ak B g R 52 B
T WAL LUR, 7 AT RE S5 it M 7= R 45 Ab A B Y
— k. e R AR B R — AL i R rp, R
e L B By — Ak, T8 7 A PR A R — IR L A
1 S 5% U EE 9 i R Ak B R 55 A AR AR Y
bR, D N AR MR A PR B — IR RO BRI 5. R
A B T RS Ak PR R — IR LB 3 A RE S
e Ak B M 55 AH R PR B — AR AL, LAt e
i A K 0 g AR A i i R A AR A 4 T 42 L
FEREE . ARBE L RRE— AR R TTR.

2633



a4 % B B 2017488 Fe62% F23#

3 i Al R B AR ) 2 VRS R Bl

Wil 5 1 5% SR R S 4 R 0 & R, Hb AR B A Ab
FEAH A AT —FEE AR T R R B B AR
N 2 e SN TR €y LB IR = Wi
KBARF AR BB h 02 5 R e, MER AW
B TR AR, B, BaRAAAEHR 1 & R DL
FEA A () R A A AT AT LA A R0 Ml A7 it 25
KAV A, =1H5 . S ERE TR IE T HLRE 2L
P 4b ) B3, BE S I R R T R N E
REFETBE, T 25 T GoogleZ ] 1% Hadoop#% 14 4= 7
RGP T — R R . ik, R4
WAL TR A B B, EL B 2 A G S0 Y & R DL K AS B
Ik AL PSR, 2 T AR BOE B A M R R
R R I B EE A ML R R T ).

H 7T 2 358 R 73 i Ak BEF- & KR 2 L Map
Reduce 214 FIHDFS& 43 41 20 S0 R 4k Hedily, Il
ZTRMECE . G T BRI AR e, iRl f
T ) b 52 A dE A Y 2 O S AT R P 1R %
2k, JRZREERSE, W LS B LR F
Ui pLH AR 5. BER K Z LR HIFEZ i
THT 248, f3%5IRE, JDK, Scal affl Pathon4s: JLFH 4.
R 2 AR, oA XS R GEHDFS. £
J& Cassendray, iR I# JEH4F, WIYARN, Mesos%,
B, UnSpark, Hadoops. Y4sRINA B —Le 43 Hr
T HABAAT s g, MPLER2= > Breeze, 1554341 T
HFFTW, E{% 408 T H OpenCV 45, 7183k St LRl 2
2Z bR A A T 1) N s IR S5 AR, AT LR R4y
Brab®E . TAER . T bR S, & D2 ER PP A
F14) 45 o it 5 Ak 24

31 “REAEM TS BORAE MR A B AR K g

Wi 7R

KRB R T B — Bl SR K B s,
e MR B 55 558 R A, AT LATE AR LI )+
T oMbz VAR A P R B SOl e R R R
AR, AT LA S AR I A 4 5 R R A2 Z i = R AR
ZoE R B, RN D R AR AN e R R
MEARBEE A AR AR ik BE ), I BREOR, AMLAT L
S AL T AR A A T R B v R B, g EL AT LA
it P i 3 12 A v A 19 35 90 LA A 72 X
Hr (i 7= SISt M) A 75 22

2634

[ Seismic Applications

| Template-Based Framework | Workflow iVisuaIization
| PVAMU Seismic Analytics Cloud

| Breeze I FFTW I Apache Spark JOpenCV
| HDFS ] Cassendra ]SlandalonefMesos!YAHN
| JRE/JDK/Scala/Python
| Linux / Unix / OS X / Windows

| Native Libraries

B 1T R R ST A R P
Figurel The software stack of seismic analytics cloud platform!

[24]
T, MR AL PR — R R RE T A
BN AR — . 5T Dt — E R FIMPI, Open
M PHIPGA S22V 4 5 I 2 (i IR AT Ab B SR, 7
B Ak B R T B AR AUAT 55, T 2 B R ]
T A AR R B AR AR AT 55 R, TR X R
G R AR B R B T O = i
K. AEG R ETEGET & B ANAEE £ Z5Rk. MapReduce
ZEAR Y IR AT v IR b A kS R O RT RE, G H 2
HadoopE & R G0y R & M 5| 1T K&y aFsE A i
BN I BF5E . Seismic Hadoop (https:/github.
com/cloudera/sei smichadoop) 2 H: H (1) — A~ K H ) 2%
ik, BEHETF Seismic Unix (http://www.cwp.mines.edu/
cwpcodes/index.html), Jj &3k H P 684 55 hn 75 {8 M
#E Hadoop£E #F b 47 I #% 45 Hb 2 24l iy b 3. I8 A7
52 A\ B3 7E MapReduce 2 #4 I S8 T 1% 5t 1 I B8 55
b R KON b B 12827 ek [ 28] F) I BHE B
(near-data-processing) £ A2t 1T — BB 1) 39 B i B8
k. BRI, HURAEEA DRI T . mtERe
T Y BN . SR E ARk T T Map
Reducefl) = A HELL BLA i B AU ] B0 | 28R
PR A A, R ARG A T . BB
Spark, Apache Flink (http://flink.apache.org/index. html)
LN AR &8, UL HDFES/ i X S0 &
% . NoSQL#(#E % . Redis (http://www.redis.io) X &
ER R LTI 2N S R o = | BN € OB L2 € B
HARM R TN R IE . =R —T1.

3.2 REHEM ST BORAE R Bedld s riioR
Kb izl
b 7 B 23 B 2 M R B B0 FE 2 SRR S, X
AT BRAF TR BE ST . Sk S A IR



iE R

ABEsR. AR, KEHR AR BRI . £
I A 4 P A R S 3 14 L R P BORS T AR A B AR
HAH 36 19 3473145 (MapReduce, SparkFl1Storm) . A T.
FRE . BARIZ A | R 2] SRR AT LSk o 9 Ml R Ak
PR 45 R R A T B BOR S, ScRR[29]F)
N T 20 PR 24 R Tl v 4 v () 24 4% . SRk [30] A1 VI
ZAE 0 SFP b AR T M ANA 2 I EE N 25 T — A 4l
Lo 2eas, FERZ 2 ke A% 2 )2 B8 . SCRik[31]
BTt T —F 5 1] A5 w28 0 28 2k [ 3l I 7 2
TP

MER, WHRPEE LA 22 2 | e ) 24 45 Bk vy &)
oI EATT, R — MERUE R IR, EA
F 2 B Pk . Xing%E A B2 H i) Petuumi — A4~ 43
M PRSI AELL, TRA AT 8 A 2 89 b
JHFERE. Graphlab (http://graphlab.org) & % — >3t T
Python ) 43 A s HL 7 27 > B9 N FHHESE . 3 SE 3L F 4y
A1 2 A HL A% 25 2T HE 22 0T LA 25 5 Bl A A7) 52 0 1 1)
KECE L2 ) S8R IS8 5, B R R
R,

3.3 il KBS U FEOAR SR R 4N

A FLIE 1+ 1 AR B R B FR = T
A, Al LR B Y 5= B AR ARk AR R A
A, BB B R, T DA S e A8 3 1
R SR 14 3 7 Ak PR B — R LR AR B, O LAk
RGN TR AE S R G, DI R
ARG ATHFEE R RE. F35b, “ BRI+ A AL 5 BR A7
e b PRAR R B, i AT LAKKHE 2 TR R I R R,
2 B M 7 R AR A B AR R X A AN
BB BBOR KR, T LA K R SO R R Y
DAL R, W Ed THEORFIFR RS, HEERAeE
ANFFAN R T o (M 7= A0) 2E 47 b 7 B SR A Y
R, BEGE AT AR SR SRR R R S I
BRI BT B RO RE S MRS 5, B 2 nl DA U (30
AR AS AT i 1) b 7 SR A i AR A7

UNAT PR, Mo SR 4R B A 9 A B B A H A 1Y
“HER T ARAE, BT AR — IR B B R LT &
55 b 7 A B A R — AL Y R R AR P R B, O HL
B AT LARR B A 2 (= L b AR 25 ), did
R 190 5 B A1 B 7 114 M 7 G D e (RT LA SR TGRS 46
Y 3 2 T ) 2L B0 Jmy S K IR A e, sl LS B
BT B A R AR P, A T R A M R

WA A H R R, BENE IR ML AR TR A S AL B, I RE
g R i S B Ak B2 SR A AL 58 35 B AN R B X R
O 19 i 2 b R A R AR, I — 4 S B
RORAE L OB MR —IRLE, i SR & A
ST A b RE AR . Potapov i A PR T — Ff gt
T Google Apps| EmyZR s RIEHL RS, %
R G F 23R T UG SR AE 0945 S 4T 30
FALTR, R T RS B RROR.

34 HuRHLERIHEE RS

EBRENBESIRT ARESY, A
otk R NES f . I ES R G R BM A
J ) N+ A — AN B S, RS 2
AR = 25 5 1 7= . — NS RS
FE— B 7 %, R — A R B k4
HAGER, ERMESRENHLR G, AAES
ROy g, VAEERESSE, b 22
S R4 R ke @ s 1T, B 5 & /e
A SATIE SN FIZE 5. B AR S B 3 e Tl
T8 AN W7 AR Ak B Ml 55 5 SR I B A i B T S S A 4
PR 19 I AR 55 . 3 5 AppStoresh & — 4> i D 1 3K 44
HEBRG. BB RGN TAL G5 ™ S 2K,
e KB L B AE T 42 75 65 1, 0T Dkt e A% 5 %) A7) it
AR B it .

it 52 L b R A 2 A A B T B
o B SR AT AR M AL 1 AR . e R T
A R BT SR B S T A b A
HRIEFE T KRB H AR A 5E — IR AL &, TRR
FLF FUHK ) R B AR 25 R SR Y JE T ASHE (anyone,
anywhere, anytime, anymore)” (945 5. i RE % b #f:
ARSI R B B A R R g n R S TR 6
JETERCAY, AT AT N B RS i e 0 ] AR A7 B A RN A 44
A, FSEEE & P i B TE LR AC 5 FAE LR W . AN ]
ST R L 1 1 A pp L) T RE 47 14 (52 B4 1 11
HeAb R ), RSB R, AT ET
7 BN AR, TR A FH 2 i 350 25 10 R R AR B
FAFREGEIR, 18 = it AT B B b, S TR %
WM AR RG, WU EAR RGNS 55
(P& PRI T 2t A A PaaSili 55, B 1% -
WS 55 SR I R E AR TR, R B 3ET
5T AppStoreff 2, 52 B AR B 1 R i .
X AR AL, BB R A S ERE BN W IRAT &

2635



a4 % B B 2017488 Fe62% F23#

St i E AT AW S HE SR (B . R AR) A
RS 5 R AR &, P ST B AR A 4 A
AT S B X5 T 24 i A 2 W7 b Rl R R 55
B L . TR LIRS RG, AT
54 7R PR BN S i 2 RAE M S 5 H (P
PRI T 2380 SaaSIk 45 . A 77 1 AT DAAR 4
AR H B SR TR R, R H 12 1T By B T W 3K R
PEREHR TR IR A P AL, — B0 H 52, X seik
TR RN ], LA IR B4 S5 AR B AR 1 1.

e 4& D1 352N 7 Y Ocean)v] FH 7 15 2 i 752 4 [l 45 sk
BB RGERN—22K. Ocean HRTIE R T 5
S5 AppStoref L SFEms, I & P ) FH Petrel 144
A I A A CRYR AR R, SR 5 A R R ok
17385 . )2, Oceanh FH i 5 Xt b 72 & b 45 358 1717
T, HoL 7 26 UL G T b R A R g )2 A,
WA SO R AL B, RN LR I = IR S5 bAb,
o E A IR AR B A T A EIF AR
BT 2 TR BOIE H AR  H 5 Ak g B — AR AL

5 “n-Frame”.

553k

4 &k

BRI, AR A L e
A AR MLz AR, AR L M B ST 1 & A R
N BOWN &/ g oSN > 2 R PR ER IR /1 QU ER S
FOREFH, AT LA BAT M ssk iy B0 00 e 25, 4
SIS, P B R A7 ik S 3,
SIS H. | R HE ;R PR R ) B ST
BAAALBIRESC, mIFL . RS BRE L SERHELAY
7 1) S J WO BUA Bk IR 1 5 R B AR G/
PEDF LRI, T = AR B i A S R G I,
T AR LA A S RGO AR DUHRE
SR G2 W Ik (0 S AL S HiE AR A5 A ¢ LI I + M R HOR
AAY) JFE ek A2 4 i = B 4R A as AR R, AN AT LI
BB R AR B — R 1L, 2w MR SR AR YRR A
BEBERCaR, 10 HL AT LApR 9 2 b 7 A dh i A A B
PE A Bk, B MR GOR A RIS HE, DT i B PR
A | AR R E Y, E b R A B A U R
TF e B i SR K i

1 WangL Z, Laszewski G, Younge A, et al. Cloud computing: A perspective study. New Gener Comput, 2010, 28: 137-146

2 Li GJ, Cheng X Q. Research status and scientific thinking of Big Data (in Chinese). Bull Chin Acad Sci, 2012, 27: 647657 [Z=[E /%, #&
2R KEIETIE: AR K AT AT 2 R R T A Sk, o [E R4 B e T, 2012, 27: 647-657)

3 Badger M L, Grance T, Patt-Corner R, et al. Cloud computing synopsis and recommendations. Nist Spec Publ, 2012, 800: 146

4 SunD W, Zhang G Y, Zheng W M. Big data stream computing: Technologies and instances (in Chinese). J Softw, 2014, 25: 839-862 [
Ky, sRIHE, FBER R, KBHR AT SCHBOR MRS, 4R42#4H, 2014, 25: 839-862]

5 Schmidhuber J. Deep learning in neural networks: An overview. Neural Netw, 2015, 61: 85-117

6 LeCunY, Bengio Y, Hinton G E. Deep learning. Nature, 2015, 521: 436-444

7 Zhong X Q, Liu Z, Ding P P. Construction of knowledge base on hybrid reasoning and its application (in Chinese). Chin J Comput, 2012,
35: 761766 [4f 25, XU, TR, TR A B A HUR R AR H S N FAESY . T RAL2E 4, 2012, 35: 761-766]

8 ChenL W, FengY S, Zhao D Y. Extracting relations from the Web viaweakly supervised learning (in Chinese). J Comput Res Dev, 2013,
50: 1825-1835 [BR 7 Hi, Whogrbi, MR, FLT 59 Wi 24 ) 0y W 45 50 56 RARIL. T HLIFGE 5 & g, 2013, 50: 1825-1835]

9 Keim D, QuH, MaK L. Big-Data visualization. IEEE Comput Gr Appl, 2013, 33: 20-21

10 Olshannikova E, Ometov A, Koucheryavy Y, et a. Visualizing Big Data with augmented and virtual reality: Challenges and research

agenda. J Big Data, 2015, 2: 1-27

11 Dean J, Ghemawat S. MapReduce: Simplified data processing on large clusters. Commun ACM, 2008, 51: 107-113

12 Ghemawat S, Gobioff H, Leung S T. The Google file system. In: Michael L, ed. Proceedings of the nineteenth ACM symposium on Op-
erating systems principles (SOSP '03). New York: ACM, 2003, 37: 29-43

13 Dean J, Ghemawat S. MapReduce: A flexible data processing tool. Commun ACM, 2010, 53: 72-77

14 White T. Hadoop: The Definitive Guide. Sebastopol: O’ Reilly Media, Inc., 2012

15 Zaharia M, Chowdhury M, Franklin M, et al. Spark SI: Cluster computing with working sets. In: Nahum E, ed. Proceedings of the 2nd
USENIX Conference on Hot Topicsin Cloud Computing (HotCloud'10). Berkeley: USENIX Association, 2010. 10

16 Anand P. Guest editorial: Big Datais a big deal. J Pet Technol, 2013, 65: 18-21

17 Beckwith R. Managing Big Data: Cloud computing and co-location centers. J Pet Technol, 2011, 63: 42-45

2636



iE R

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Binotto A P D, Sultanum N, Cerqueira R. Cloud-based remote visualization of Big Data to subsurface exploration. In: Proceedings of SPE
Large Scale Computing and Big Data Challenges in Reservoir Simulation Conference and Exhibition. Istanbul: SPE, 2014

Coles D, Prange M, Djikpesse M. Optimal survey design for big geodata. In: Proceedings of the Society of Exploration Geophysicists
Conference. Denver: SEG, 2014

Crockett B, Kurrey K. Smart decision making needs automated analysis: Making sense out of Big Datain real-time. In: Proceedings of the
Society of Petroleum Engineers (SPE) Intelligent Energy Conference and Exhibition. Utrecht: SPE, 2014

Feblowitz J. Analytics in oil and gas: The big deal about Big Data. In: Proceedings of the Society of Petroleum Engineers (SPE) Digital
Energy Conference and Exhibition. Woodlands: SPE, 2013

Perrons R K, Jensen J. The unfinished revolution: What is missing from the E& P industry’s move to “Big Data”. J Pet Technol, 2014, 66:
20-22

Perrons R K, Jensen JW. Data as an asset: What the oil and gas sector can learn from other industries about “Big Data’. Energy Policy,
2015, 81: 117-121

Yan Y, Huang L, Yi L. Is apache spark scalable to seismic data analytics and computations? In: Ho H, Ooi B C, Zaki M J, et al, eds. 2015
|EEE International Conference on Big Data. Santa Clara: |EEE, 2015. 20362045

Numrich R W, Reid J. Co-array Fortran for parallel programming. SIGPLAN Fortran Forum, 1998, 17: 1-31

Rizvandi N, Boloori A, Kamyabpour N, et al. Mapreduce implementation of Prestack Kirchhoff time migration (PKTM) on seismic data.
In: 12th International Conference on Parallel and Distributed Computing, Applications and Technologies (PDCAT). Gwangju: |EEE,
2011. 86-91

Addair T, Dodge D, Walter W, et al. Large-scale seismic signal analysis with Hadoop. Comput Geosci, 2014, 66: 145-154

Perrone M, Liu L K, Lu L, et al. Reducing data movement costs: Scalable seismic imaging on blue gene. In: Parallel Distributed Pro-
cessing Symposium (IPDPS), 2012 |EEE 26th International. Shanghai: |EEE, 2012. 320-329

Chaki S, Routray A, Mohanty W. A novel preprocessing scheme to improve the prediction of sand fraction from seismic attributes using
neural networks. |[EEE J Sel Top, 2015, 8: 1808-1820

Deng Y, Wang H. The support vector machines for predicting the reservoir thickness. In: The Eighth International Conference on Natural
Computation (ICNC). Chongging: |EEE, 2012. 118-120

Kaur K, Wadhwa M, Park E. Detection and identification of seismic p-waves using artificial neural networks. In: The 2013 International
Joint Conference on Neural Networks (IJCNN). Dallas: |EEE, 2013. 1-6

Xing E P, Ho Q, Dai W, et a. Petuum: A new platform for distributed machine learning on Big Data. In: Proceedings of the 21th ACM
SIGKDD International Conference on Knowledge Discovery and Data Mining. Sydney: ACM, 2015. 1335-1344

Potapov V P, Oparin V N, GiniyatullinaO L, et al. Cloud computing in seismic data processing based on Voronoi diagrams using Google
App Engine. J Min Sci, 2015, 51: 1041-1048

2637



a4 % B & 2017HESH £62% 23

Summary for ** Z 55 KREHE Te A B IR FR B K e i

Theimpact of “ Cloud Computing and Big Data” on the future
trends of seismic exploration
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Qil and gas exploration is one of the riskiest and most expensive of all commercial endeavors. Exploring for these oil and
gas reservairs is done by generating enormous amounts of seismic data and running that data through the computational
ringer to reveal the most promising locations to drill. Data sets in this domain are among the largest in the industry,
reaching into multiple petabytes, and which must be funneled from the storage subsystem to the compute nodes at tens of
gigabytes per second. “Cloud Computing and Big Data’ technologies describe a new generation of technologies and
architectures designed to economically extract value from very large volumes of a wide variety of data (structured and
unstructured) by enabling high-velocity capture, discovery as well as analysis. These technologies have made remarkable
success in some traditional business areas. However, in the field of seismic exploration, the potentia of “Cloud
Computing and Big Data”’ technology has not yet been fully emancipated. There are many challenges. Data are locked in
applications and cannot be shared efficiently. Data sets of this size compel the storage resources and network bandwidth.
The processing workloads are a great challenge to the computing infrastructure and costs. Jobs may be random or
sequential or both in an unpredictable pattern. Automatic or semi-automatic extraction of useful information for
interpretation and visualization of seismic images is still unpractical. Furthermore, the workflow of oil exploration has
formed into a processing chain, i.e. the output from one job becomes the input for another, covering from acquisition,
processing to interpretation and visualization, which means that a software ecosystem is needed so that the newly
acquired seismic data could be processed in rea time to cope with the time demands and the workflow flexibility. To
address those topics, this paper introduces the methodology and basic features of “Cloud Computing and Big Data’,
analyzes the relationship between cloud computing, big data and Internet of Things, Internet + as well as other key
technologies. Several existing Cloud Computing and Big Data systems are introduced. Furthermore, the technical
characteristics of seismic acquisition, processing and interpretation are analyzed. The presented evidence shows that the
integration of acquisition, processing, interpretation and visualization has been the trend of the seismic exploration. The
paper then discusses the influence of “Cloud Computing and Big Data” on the evolution of seismic technology in three
aspects. MapReduce framework as well as some success applications is presented to verify that Cloud Computing could
handle the processing of tremendous huge and complex seismic data. Machine learning based on cloud computing is
becoming a prosperous solution for seismic analysis to automatically extract more value from data. And the combination
of Internet Things and Big Data is a good choice for seismic acquisition. Finally, the paper points out that building a
software ecosystem of seismic processing and improving the technologies of seismic acquisition based on internet of
thingsisthe right choiceto fully realize digital seismic exploration.

seismic exploration, Big Data, Cloud Computing, internet of things, internet+
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