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Acceleration of Anisotropic Elastic Reverse-time Migration with GPUs
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Abstract: To yield physically meaningful images through elastic reverse-time migration, the wavefield separation which
extracts P- and S-waves from reconstructed vector wavefields by using elastic wave equation is prerequisite. For
expanding the application of the elastic reverse-time migration to anisotropic media, not only the anisotropic modelling
algorithm but also the anisotropic wavefield separation is essential. The anisotropic wavefield separation which uses
pseudo-derivative filters determined according to vertical velocities and anisotropic parameters of elastic media differs from
the Helmholtz decomposition which is conventionally used for the isotropic wavefield separation. Since applying these
pseudo-derivative filter consumes high computational costs, we have developed the efficient anisotropic wavefield
separation algorithm which has capability of parallel computing by using GPUs (Graphic Processing Units). In addition,
the highly efficient anisotropic elastic reverse-time migration algorithm using MPI (Message-Passing Interface) and
incorporating the developed anisotropic wavefield separation algorithm with GPUs has been developed. To verify the
efficiency and the validity of the developed anisotropic elastic reverse-time migration algorithm, a VTI elastic model based
on Marmousi-II was built. A synthetic multicomponent seismic data set was created using this VTI elastic model. The
computational speed of migration was dramatically enhanced by using GPUs and MPI and the accuracy of image was
also improved because of the adoption of the anisotropic wavefield separation.
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Table 2. Specifications of a node of system used in this study.

Processor value Coprocessor value
2 x E5-2670 v2 4 x Tesla
CPU (Intel Xeon) GPU K20xm
Cores per CPU 10 Core per GPU 2688
Clock frequency 2.5 GHz Clock frequency  0.732 GHz
System memory 256 GB Device memory 6 GB

Table 3. Comparison of computation times between two strategies.

AANZHT, = 14.56 )2 GPUE o]&3lo] HEZ AL
ﬁﬂéﬂ—% uj o] ARAIZHTy = 025 % )& vl gk Zlejth, GPU
—6‘}04 oA SHEEE AAPN v Uro] HER 49
Zo] CPUH ] o] shubahe: Al~9~o}°4 AR o7 o]ukA
I 2ol \lsf 58.2v0 2] E=a(speed-up = T/
gl & Utk GPUE o] &3+ Alrkr] 7t
J B shEelE Fae] gk AL
HEHEE A&3l= AR o]l 7 7he] ¥i9] wWE ks
By, w) oA v wet 7F SR AN AR
El(L,, LyE°| GPU®| tulo]lX HR 2 EALE = A7k}
2l pute} Sub vhsgo] ALY WRE HALEE Al7ko
23e] o] gt

r?‘ia-l)L

<l
éra
o
]
5
Ogg‘
r°1'

e

—

MPI2} CUDAE 0|E8} 0|2 ErM
HE U 2H

MPIE °]&-slo] Falelol] w2t i ow e 7= it

Strategy Computation time

single core in a CPU 14.56 s

GPU 025 s
oA /dE LagEEe] oA sl e HE A
ANZHS vlsl7] 918 Fig. S(a)oh 7 ©<Edh oA Bk
R2dg o]gste] S st Aol AR o] A
S-S Table 28} 7). Fig. 5(a)8] 2% +%= FA35WA &
SOl 2 55 53 am 625 me] 9007e]
zteth 2de] Sl oy AEFFIE 15 Hops

=
=
[e)

AR T, FARFARE 5

ﬂoM 0.6 Zollx9] H¢ WE

353 u, (Fig. 5(0)¢F u, (Fig. 5(c)2 71=3IiT}. o] M
W] BE, S8 AQl(Fig. 6(a) Le]al ZH SHRE AL

FAF B E (Fig. 6(b), (c)=

F8ste] CPU Woll o] shpike
S Fig. 5(d)oh (el ek vRe} do] putet sub

‘lLQ. IIH

qY AR= oA s
o] &g wje} GPUE ©]&

A BA O Qg ALRS Fasithrt o sHEEl= Fig
to] CUDAE B3] GPUE o]g3al &
AWEEEE Bdo] At EE Alklsle oA B
Th(Fig. 7). ©] A7olA
= Table 2¢] UFERH ule} Zho] sl 10712 ALt 320l & Zh
= 2709 cpugt aMe] GPUZF 22t AAE F )9 w=s
ARE-SISITE. o]} o] =mitt myfe] Zojek nie] GPUZF

ARAE FH(m, n > 1; AF)elre 22 ==

4(byell 7%

A% ZaAF BA o

S st 72

= 2 2281tk CPUS B3 Ake] 2= 7zt 2" vict MPI 5017} o= GPUE AR ZIQIA] oA wte]e] 4
HHEA o R 7 Ao gt FAWELEES 4838t sht & el AAs|oF gt} Akl AREE= FolE ILEA GPU
g ALte Z2do] A v vHESIS T Table 32 HEY] ¥ o dgslr] YA e A =EEE AL AREEI =
H 354E5S dYAERE oA sHiglE 73 # CPU 1ojof] A<Ql(nodeRank)S A4 3}aL, CUDAS] W72l
el 32of shpets AMg-ste] Ao g ALks s o cudaGetDeviceCountE ©]-85to] =9 AXH ALS 7153
MPI
/F‘ms'g.ﬁ'&pﬁ?&m"d Shot #1\ ﬂwi’f&?ﬁﬁfﬁmd Shot #2\ /wagﬁ?:ﬁiimm' Shot #n\

I of source field |

| of receiverfield | |

of source field |

| of receiver field |

| Application of imaging condition

Application of imaging condition |

{

3

3

e el

| of source field |

| of receiver field I

| Application of imaging condition I

]

| P-Pimage | P-Simage || S-Pimage || S-Simage P-Pimage | P-Simage || S-Pimage | S-S ImMﬁPimage | P-Simage S-Pimage | S-Simage |
—x =/
Final P-P image Final P-Simage Final S-Pimage Final S-Simage

Fig.

7. Flowchart of anisotropic elastic reverse-time migration with MPI and CUDA.

Sl ofw



GPUE 0|83 o] &4 #E AL 2] Ak 81

GPU®| “F(ndevice)E T3t nodeRankE ndevice= Y731 Al AEHst] ARZHE 6.25 me] BUS YRS, Fig. 8 o

S w9 B4 YA (id)S CUDAS & v& Wggrdl el X9 ¢] pu}, Su}, T3 Wk FZ2E190T) F5HA

cudaSetDeviceE ©]-&3to] o] ate] st GPUd ALt dmde] 25 fJEl oA W e sv BEE VIES

05 &FsH(von Alfthan, 2011). ©] A-Fol|lA] nodeRankE 2 4 (183 4 (192 o83t del= AJsl3irh(Yan and
AT e =EHE AREE AR Foje] At AL o] Sava, 2012).

g @ sltkal 7Pgeisith. GPURith SAlel ddEe 24

o) ¥zt vlwele] 218 v Alstelel GPUZF FE 4 9 €= 0250~ 03 (18)

= ) AFF Hd) w2 278 298] s s §=10.125p — 0.1 (19)

0|2 Marmousi-IT1 2E10{| CHSF O]9+ o] A& AHgste] AXE £& 00 ~ 0369 HYE 27

742 ZHIA} BXo| XM 5% 0.0 ~ 0239 HINE 2 hE} 75 A5 S

©]2-3l] OBC (Ocean Bottom Cable) BAIS BALSE 23] &

o] ATE Fal LT MPISH GPUE o83 ol ey LR TSI BARTE Table 49k 7o) 125 me] 144

AE AL 24 gaEse] A5S 93l Martin ef al
(2006)°l 2J3 Y=ozl Marmousi-II B4 ZdlS 7|uto 2 4=
2] F5A B8 Bdg FEIATE 4 Rd- ) 3t
B A ARG S =017] 98l AREA o] 1.25 mSl 7154
Marmousi-1l 2 x4k 730 2 5 Afol| shpy o}

Distance (km)
4.0 10.0

Depth (km)
L6 1.2 0.8

2.0

Distance (km)
7.0 80 90 10.0

EEE

08

181

141

Depth (km}
1.6 1.2
E

20

8.0 a0

0.4

0.8

Depth (km)
1.2

16

2.0

Depth (km)

Depth (km)

Distance (kmy)
100

(e)

21 ool A BAR QHARE SAAGEEIRE 15 Ho
ALY, 632709 17} s 32 g
S A4t Fig o 4 2d9S Fol AL TR
FE S mgolth. FRYFo 2o YAEE1)E ZHT

Akl
Fig. 9@y AGHE 71 AlZdehel sujel] 23 457t gl

o N{O rulo

Distance (km)
9.0 10,0

0.4

16 12 08

20

s

12 08 04

1.6

20

110

Fig. 8. Modified Marmousi-II elastic model used for the modelling: (a) P-wave velocity, (b) S-wave velocity, (c) density, (d) epsilon (&) and

(e) delta (9).



82 IS
Table 4. Survey geometry for the synthetic data set in Fig. 9.
Number of source 64
Source interval along x-direction 125 m
First source location (5737.5 m, 25 m)
Number of receiver 632
Receiver interval along x-direction 125 m

First receiver location (5737.5 m, 356.25 m)
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Fig. 9. Simulated OBC data from the 32th shot: (a) v, component
and (b) v, component.
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Fig. 10. Separated (a) P-wave and (b) S-wave snapshots by using
anisotropic wavefield separation.
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Table 5. Comparison of computation times between two strategies
for one time anisotropic wavefield separation (Fig. 10) (modified
Marmousi-II data).

Strategy Computation time
single core in a CPU 18.022 s
GPU 0916 s

Table 6. Computational time profiling for single iteration of time
loop for forward propagation of source wavefield in the developed
anisotropic ERTM.

Procedures Computation time

Applying spatial derivatives for modelling (CPU) 0.28 s
Applying pseudo-derivative filters (GPU) 091 s
Storing separated wavefields in harddisk (1/0) 0.05 s
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Fig. 11. P-P images from anisotropic elastic reverse-time migration
(a) by using anisotropic wavefield separation (pseudo-derivative
filter) and (b) by using isotropic wavefield separation (Helmholtz
decomposition).
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