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Development of Monte Calro Method for optimizing model parameter resolution and
application
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Many inverse problems of earth science are underdetermined problems. These
problems will be change well-pose problem with prior information, which use no reason of physical
condition. In this study, we optimize estimated parameters using Monte Carlo method. We applied several
studies, such as estimate under ground structure, slip distribution, seismic mechanism and etc. In
addition, we show that the Monte Carlo method is very efficient using GPU calculation.

MCMC GPU



# XL C—19, F—-19, z—19 (@)

1.

TR A B H O 5

HERE BT 2 W REOfREIL &
THEERKEEZ HEDTWVDEOIEEWN
DEHNIRN, %< OEBEZRHERE SO
FREIIA NN —V g VREIZESH
THOLNTERROMNTH L5515
<. ZOMEBIT LV /NS IRBGOMFEIR~
LMo TWNDHT=®, FHEMEOEKRNE
EWIC D, LrLans, wEcsT
HEPEMBEICIT L — A7 ORE
DHNTEL TR, EERERIT L VIEEIC
B L id7e o2+ o st
SN TWRVORBIRTH B,

—F. L ORNEOENIZE Y AIC
LABIC 2 PO RELEEEL HVWTE
DEZBIZ ML —RFRE T NRT XA —F %

ARbDZENTE D, TOMER ST,

%< OMFE TN TRIZEERD D
N, MUTF—ZZHNTH g FiE
TIERLV—FFT7RTA—F%EIELL
KON WERLDZ LN RENT,
LoL7ennn, KR, FL— A7 D/
HERTFET L ENS, HIEMEOARE
B RPN IL T2 D 72 & HEEFIELE
ZTCW5, ZOLH 7RO, EVT
H v e TR S < R E o iR ik T A
IZEoT, FL—=RATNRTXA—=FHE
DTS B FIEPRE S, FrizHEst
TIHEAHIER RSN TEBY . AART
DWFZENEN TS DONBIRTH D,
W7D H Y

eI eBR G wE VT, 7 — &0
FoTWAHERDOHLNLHRRKEBIZIEL
<HERZBIEHTFEHEOEEMENRHE L
TWVDDIFERVOLRRIT A2, H LAY
T —F TR R E R A R E
BB SE 57201 hL— A7
FA—ZEEANL, /IR YR
ST EEITY, —H, HILOFEIL 4
PEMEESREREE L TH<ET
U —FAF T NRTA—=FEREBIZTDH
FETH D, AIEOT 7o —FOAY
WCIEBREMEOEEE T A e F
ETHRSFIZH D, LinL, —#mMicE
T AV RITEH R E IR A KIS
BT Db, A—R—arvta—F%EMH
Wb, ZO7bEENE L, FHHEEMEH
Bh7p EAN B E D B AEN TR &
DEELWZ EREF N5, HARENT
FrT B L B WBEOME Y
EREIEDHEEEETDHE, GPU(S
FITA4 I A Tuktyrd 2=y
) X DFEOMBEN X BEEREE
ERETLEEZONS, GPU 37Tl
2 < OFEKICHE RS TRV 3R
B L L TCOEEITKLS, T T hn
EOEREZNRSEDLENTE D,

L oT, KFZETIEE LT I ba FiE
R, BRx IR NT A — X BRI
BRIGHREHNTICMSELZHENET D,

3o F ik

AWFGED B ZERT D0, FilE
#) 72 MCMC ( Markov chain Monte
Carlo) 73U XL %HHET 5, EIC
GPU #HW=7 13 X A, ZEffiEe
Eomg#Elt7 VI3 ALK HHET
RO GAi, MEBOA =L, Ty
EE), HIEEEEET A e s T A%
e 3 5, MCMC {EIXAT5 % fif D07
Wiz, —EH7Z 0 OFFICSLER AT
UVERAEIT/NS <, KEOKD K LA
12 GPU (2l L7-fEHOHAETH D EE
Z 5. FHD GPU % 450 fHLL LD
AT —oDF v FITHEERL (—
FFEHICL T EREORE a7 EBE L
TW5), 5F TOBMEHEZ KIFIZHE
HILL T NDEKi, 7r7 7 IR
MO TEHLLS, Y7 b7 —7FTh
O N—= KU =27 — Db EIZR D,
LU 6, RNREETA 7T
RN THE ST, HEEE O A
HWOBERZ T2 WHIEE TCHLRIAT
XORBENRCoLESTELN IR
WTHsbd, I-& z2ix. CUDA BLAS
(Basic Linear Algebra Subprograms)
ZAuviiE, CPU @ 40 {226 150 {50
SHEEEOIERFIFFCE, AEY A K
BICTHE T 2 KRB 2 3R DM A —
N—arva—FEffb THLEM
72 CREBERIBEIZ 2 W oo b D, £
7. MCMC EIFBAEIC X » TTHEE
OHAETHL S THY ., MIROFHFEKIC
BHEINnTWa GPU viFfTx 5%, o
FU . —EOHFEKTEE 50 5205 100
EREOFEMMAYOFHENTETH
D, XvFRICEUT o FiEEET
TEARENCH LS E 2 5,

L < BHIET D Ik AR LR
IZ MCMC 2 WA Z L THDHIN, &
B2, ZLOHBEMZ S, TO—fFl&
L T,/¥F A—# % Fully unregularized
THZETHRL—=RFTNRT A —HPE
U, EMfRBEO KT LY XA
BEATH, TOFEICEY . ERIICE
BEENTZETINRT A —=F LT XM
SCACHETE S, 240D OFMSL M I X AHEIfR
izl -oTHifESh bz, MEBE D
AR EIZ /2B Z ERMIEEINS,

WFFE R

AW TIX, EEOMF X G A2 E L
THO | WEEHEREN IGSE 2 DT T
MEEHEE, A~ b7 BALmEicB T 5,
A< M TWEBOREEDOHE, HIED A X
= ALHEE, 7oV UEEE Ty Y
HEIOHER EZIEICblEs, Zhbo
W, 2 OOWMEFEFIZRBNT 5,

KW DOIEARAW 2T HikE LT
MCMC iEE#HWTE Y, GPU & vz
FHEEROA NG & FHFEEE oMk
oW THET 5, GPU & Wiz



MCMC i & CPU % Hv 7= MCMC D
L A X 1R, WA AT
HTCT GPU I X DR FHE X EHT 5,
FRERR B HIRAFT 203, 512 WLV
B oKX 2RI 513C GPU (TeslaC2070)
TOFH DN CPU (Intel Xeon 6 Cores
2.27GHz X 2) OFIREELAHBZ 5, =
NiE GPU ~OF — X HRik D F— /3 —~
v R3S 5720, WHIEI EINT 5 &
?%5%%KET6%%@@HT6:
LEERLTWD, TNHDT T 701 h
GPU OfIMEE R L, WA AT
TET, TNOLOETEHEICRY | i
KT26EREEOIMERRONTZ, 728
CPU Lo#HREIZ12 =7 THY ., 1 core

9

8

7 // T LoTmm

] . -256(GPU)
/ - ~512(GPU)

s ~1024(GPU)

4 i 256(CPU)

3 —= = ~512(CPU)

2

1

0

// ~1024(CPU)

128 256 512 1024 2048 4096 8192 16384
WHIEL

X1 : MCMC & 0 258053 ik

kA
o>

X 2 : MCMC ¥£1C & 0 feiid 7o ffg i %
HEE L7z 2011 AF AR HE (M9.0) O
TR0 5, 3 F— T E R &
LR AT,

bl THRETDHE 312 THDH &
Mo, GPU Off D CHZCTH 5
ZEBDLMND

GPU Z /= MCMC J&iIC k- T, &
VNNV AV Sy &= YN D AN
Tl 73 R AR L, 2011 FIR
AL HE DT R A HEE LT, AT
FEOBFIE, 7 70 FREIICA L—
TN TA—FZEEA LW DY
2. MCMC %7V 2L T
77 4V NETTHIRE A & D, FHBE BT
nix. %77%»%%Aﬂb\k%&m
B BT, ZEHIfFGE DR 2 % T
WBHELTYH T 74V aHAET D
LT, RERY T 74V MIEEHZ D,
BEICIEETOY 7 7 4L b RMAT
WCHEE SN D Z T, BT —20 6,
R N ERIRES NS (K2), T
— X OB K o T 7o R B B
\ZERE S AL, 2 OfENT B Tl hoZE
MfRAG R & B R DO ZE IR E 1L 16 552
EDHENDH D Z ENyhoT- (DEARE
17),

2 DHOOHEHNL, A~ NTWEOEE
Z MCMC ECHELT- LD TH D,
MCMC JETIIHEE SN RT A —H %
ﬁ”ﬁ?ﬁ%ﬁ/\%ﬁk LCHEET D &N

BETHHI END, #EEINTZ/NT A —
&@%ﬁﬁ%ﬁ%ﬁ%f%ﬁ?%t(ﬂ
3), ZOMFZEIZLY., A~ FTHEN
7V =7 L TCWDalREMEE R L7z (3
F£wx1),

(@) Probability[%] (b) Probability[%]
0 12345012345

Depth [km]

@
=]

5 10 15 20
Locking width [km]

w
a

Profile A Profile B
Creep Model Creep Model

40

3 : (ab) FA~ N7 BILWEEHICH T
% GNSS #HllH 5 MCMC i X v g
DEEZ R LTS, dLEoWE 7 1
TrAN A TITERHE»AZ U —F LT
LHEEZRLTVD, (cdIXEEKOE%
ALTWA,



(WrgeEA . oF
=Y

5. TR ILE
Jeor A K ONE SR IR 1

GEaEamsc) (BH2 1)
@D T. Ito, E. Gunawan, F. Kimata, T. Tabei,
M. Simons, I. Meilano, Agustan, Y. Ohta,

I. Nurdin, D. Sugiyanto, Isolating
along-strike variations in the depth
extent of shallow creep and fault
locking on the northern Great Sumatran

Fault, J. Geophys. Res.
doi:10.1029/2011JB008940, 2012. (& F:
)

T. Ito and M. Simons, Probing

asthenospheric density, temperature
and elastic moduli below the Western
United States, Science, 332, 6032,
947-951, 2011. (EFHA)

CraRR) GH1 74)
D Spatio—temporal

Distribution of
Afterslip due to the 2011 Tohoku-Oki
Earthquake Using 3-D Visco—-Elastic FEM
Green’ s Function, Takeo ITO, Syota
SUZUKI, Kachishige SATO, Mamoru HYODO,
GENAH 2014. (3 RAR )

Geodetic and Geomorphic Evaluations of
Earthquake Generation Potential of the
Northern Sumatran Fault, Indonesia,

Takao TABEI, Fumiaki KIMATA, Takeo ITO,

Endra GUNAWAN, Hiroyuki TSUTSUMI,
Yusaku OHTA, Tadashi YAMASHINA, Nazli
ISMAIL,  Irwandi  NURDIN,  Didik
SUGIYANTO and Irwan MEILANO, GENAH
2014, (EIRIRAAE)

FEHMEINE 258 L7 2011 by
BORNT N ORFZEM A, A A
X, g R, B oET% K sF, H
ARHIER KRB A K 2014 4. (B4
I RAR )

Crustal deformation detected by GPS
observation network across the
Sumatran fault system in northwestern
Sumatra, Indonesia, Takeo Ito, Lecture
for crustal deformation along the GSF,
2014. (A Fxv7)

Crustal deformation detected by GPS
observation network  across the
Sumatran fault system in northwestern
Sumatra, Indonesia, Takeo Ito, The 3rd
International Symposium on Earthquake
and Disaster Mitigation, 2013. (A v
KX 7)

Crustal deformation detected by GPS
observation network  across the
Sumatran fault system in northwestern
Sumatra, Indonesia, Takao Tabei, Takeo
Ito, Fumiaki Yusaku Ohta,
Endra Gunawan, Ismail, Didik

Kimata,
Nazli

Sugiyanto, Irwandi Nurdin, AGU Fall
meeting, 2013. (T AV BB 7T
A )

A~ k7 WAL o GPS BN T
L THRAELZME, %KY, Endra
Gunawan, K MHHER, Eﬂ*K}FﬁﬁﬁE, AR
HZ, Nazli Ismail, Didik Sugiyanto,
Irwandi Nurdin, HAMIEFESKFEKRSE,
2013, (FRZS)IIRAH )

ST THEE 2 B8 L 7= A RERIEIC
ié2m1$ﬁ%@% O K B s 2

f‘l’lj_\‘#ﬂj\( ﬁ}%ﬁ% ;on :F‘&, /\gﬁj‘,
HARHET SRS, 2013 4. (M4
I RAR )

Slip distribution of the 2011 off the
Pacific coast of Tohoku earthquake
inferred from geodetic data, Takeo ITO,
French-Japanese
Earthquakes and Tsunamis
AL

2011 AE AL P R IZ B 1T D R4 T~ @
RpZe oA, A K, HE Y, &
R OSE, BT, BFPO R, HAH
HREERFHEA 2012 F KRS, (THERE
%)

GPS LA (AGNeSS) 12 L % A~ k7 i /E
D g [E A O 2= A, HiE RS,
Endra Gunawan, K& SCHE, HEFH M
HE, KH HEE, Meilano Irwan, Agstan,

Seminar on

2012. (HA

Irwandi Nurdin, HARHBEREE R 2E S
2012 FERE. (THERFE)

Spatial variations in Fault Coupling
on the northern portion of the Great
Sumatran Fault, Takeo Ito,
International workshop on Active
Tectonics in subduction zone geodesy
research group, 2012. (£ ¥ RxI7)
Probing asthenospheric density,
temperature and elastic moduli below
western United States, Takeo Ito and
Mark Simons, AGU 2011 Fall Meeting,
2011, (T AV Y 7T Ra)
ErT A FEEZHWEEET DI
B9~ % 22 W15 o ek Tk O 5L,
Gtk Y, ik <7, B0 #E, B &
T, BA B, BARNM PSS
2011 4. (Mg R B ()

Afterslip Following 2004
Sumatra—Andaman Earthquake in
Northern Sumatra Deduced from AGNeSS
data, E. GUNAWAN, T. SAGIYA, T. ITO, F.
KIMATA, T. TABEI, 1. MEILANO, D.
SUGIYANTO, IRWANDI, HAHIZESZ 2011
AR, (i B )

Lecture of OTL tomography and spatial
variations in Fault Coupling on the GFS,
Takeo Ito, Lecture for understanding
several topics, 2011. (£ ¥ RxT7)
TAVAEMEIZBITL2T ) AT 2T
DEFE, WE, HMEEHRoHE, JHER




%, Simons Mark, HAHUEKZ SRR FH A
2011 FER2. (THERKR)

(XEF) GFo k)

(PEEIA PEHE)
OIREL (G0 1)

OBtk (70 1)

(£ Dfh)
R Bl s
EicEL

6. WFICREAE

(D) A RFTE

g ®5B (Takeo Ito)

B R KEFPEER B A5 R - Bh
W98 % 5 40377982

(2) BFFE ST i3
L

(3) M FEH
‘L



