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RIS M EFBAEMm

P(A) =Probability of A
p(A ‘ B) = Probabﬂity of A given B —— Conditional Probability

P(A, B) = Probability of A and B - Joint Probabilty
=30 pazipop-Ld o_
p(A—l)—IOO, p(A—l,B—l)—IOO, P(B=1|A = 1)_ ...
Total: 100 AmB

#ofa—E—EFZE>T-A : 30
#of JLDZEE-T=AN: 60
#of A—E—BEIILOEDHOT=A: 10

A=1: O—E—F%hHh->f-
=0: EHEM ot
B=1: ILYEE T AUB
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P(A =3) = ZP(A 3,B=j) p(A—IB—J)

A=1: Yahoo / -,

4 6

=2: Google ] ]

=3 NTTH JL—F ZI:ZI: P(A=1,B=])=1
I= e

=4: Others .

= =
H -
A > p(A=i|B=j)=1

=

Web Search Engine F‘ \-‘ “ ‘.

B=1: Apple, =2: Kyocera, =3: Sharp

B=] re-eeeremennnens B ............. B 6 _4: SONY, =5: Fujitsu. =6: Others
ErEREEA—N
B 2% o
A-h)= ZeABB) T p(A) = [ p(A,B)dB
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\p(y | x)}-\ p(&)}

Posterior Likelihood

Prior

Improved knowledge Feasibility of realization of y Belief

for given x

about values of x
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about values of x
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(Thanks to Prof. Yoshida; & H @I oEH. HZE) 4

C (XA AN WL

B Virtual screening, QSAR modeling: P(Y|G) ]||E ﬁ:ﬁ%

Quantitative Structure-Activity(Affinity) Relationship
Develop statistical models to predict biochemical or physiochemical

activities Y of an input chemical structure G

QO Binding ability?
] N_@ Graph A O/ O ‘0 Supervised
—N kernel |l| _ |1| | ; |l| _ learning

B Chemical design, Inverse-QSAR: P(G|Y=y) JEFD%L

Generate novel chemical structures G achieving desired activities Y=Y
Preimage reconstruction of the graph kernel using a MCMC algorithm

NH,
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VX2 —Y3VETIVOWER (1)

(Tsunami simulation model in Japan Sea)

PDE to approximate real physical system
(continuous time/space)

@X —ox? 4 PDE : Partial differential equation phySiCa| variable vector fm,t Is
at assigned at each grid point.
Discrete simulation model
(discrete time/space, FDE) é:m,t
Suppose a case where we conduct a two-dimensional
1M

simulation experiment for understanding the flow of
shallow water such as the tsunami. i =

Okushiri DBDBV : 1 I

il KFIEEIFIAEE A &R AT AR

Il #RSTEAR PR




VX2 —=—Y3VETILDOER (2)

(m —1)th gnd point

Normal sea surface

mth grid point V.t

Two-dimensional
7 ( t) S - water flow vector

=] e

measured from the average
sea surface

____________________________

[Sea surface height which is }

\ Surface at Tsunami
d ( t) Depth is taken from the_ s
m sl (1)

- -
-
.
]
-
#
)
"

bottom topography data
(m + 1)th gnd point Sea bottom ()
P U, @)
V(D) _
[ In fact, this data set 1s known to be erroneous. ] Vector

AEPHEFIRBAEEA HH - AT AR
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VATLAETILELTDY

SaL—Y3vETI

(simplified meteorological model around Japan)

PDE to approximate real physical system
(continuous time/space)

OX 5
ot

PDE : Partial differential equation

Disc;ete simulation model
(discrete time/space, FDE)

x, = fi(x_)
KAGTE

v

(time varying)

Boundary conditions

Nonlinear state space model
(discrete time/space, stochastic(SDE))

Xt = ft(xt—lavt)

t

State Vector

X ¢

St

2452
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T—AEMbE—RRIAREZEEE T )L

IRREAR YL (Simulation variables)
i

VRATLETIV
MarkOV (1) Stochastic simulation model

—(xt J= ft (xt—l ’ vt)9 vtN p(V | asys )

Y
i ht(xtawt)a W p(w |Hobs)
Markov|4% (2) Observatlon rnode11l
E%W%7ﬂb
R[RZ-BEOT—4 _
T atkoras Vi = Htxt TW, thN (0, obs)
255 Wl =t soemmn




Chain Structure Graphical Model

NIMVE BgiAlTtzd Y, Y, Y
Vi VoYt @ o O
Xy X Xy l l
——O——@........... @ —
BATERLX, X, X, X,
—— VRATLETI ‘ gRETIL
4 T N
p(yI:T_l 1yT > xl:T ) = H p(ytb}l:t_l ’xl:t) ' p(xtlyl:t_l ’xl:t_l)
t=l1
T
S — H p(ytlxt) ' p(xtlxt—l)
t=1

S T

5 ﬁ_ﬁﬂlﬁ&ﬂﬁ%k 'I%ﬁﬁ-‘-‘zzilxﬁf?ﬂ_ﬂﬂ
] SR STHORA T PR
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@\/R/\“ ’r Z\E-I_% — BR&MWET—2EFZHE -

EHEASE I . . ( EDSETHT—HIC
#1494 predictive density: p xt yl:t—l) ES¢S H O
SHETOT—AIZE
24350 filter density: p(xt y 1:'[) S<EZBEORE
S P(x, | y,;)  meEw s—sescars
smoother density: ’ ETIRYEST-5 HORIE
]
P(X; | i) BATECOT—4%
FEDH-ANTRILRF
prediction _
Yir = Wsedr
p(xt 1|y1t 1)" p(xt|y1t 1) i S

| filtering
PCX | Yie) _>p(xt+1l| Yie)

_________________________________________________________________________

330)7|<1t|:1j hE 3D E P(Xes | Viesr) e

_________________________________________________________________________

smoothin

2752 p(xt | y1T)< ’ %Xm | le) < ‘p(XT | le)



Prediction

P(X, | Vi)
— [ (% |9 )Y

:j p(x, | lilxt—lﬁylzt—l) P(x,; |y )i

P(x, | X_ps Vi) = P(x | X)) Markov'l‘ii._ (1)
\4

:J- p(xt ‘ xt—l) p(xt—l ‘ Vit }dxt—l
i

/

Bl t-1 TOI4ILAD %

T T e e A i
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filtering

Px [ 1) Posterior, Belief
=P | Yoo Vi)
D(Xe Ve | Vi)
P, [ Vi)
_ Py, | X, Y1) P(X | Yiey) Markov¥ (2)

PV | X Vi) = P | X)
Py | Yiey) ?
_ P, | x)1P(x | Vi)

AR
_ p(yt |xt)' p(xt |y1:t—1)
j Py | %) P(x; | ye)dx,
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PHDRIT . ETHILOFEL(RIF)

P(X | ier)> POX [ D) POX [ Dir) True distribution

T TAH)LAEL
EIEOESTHHhzRELTEL

T—3EMEDIZE. -k —2 3k EFE1I:’ /\:H:&H gE
o rxmmae Nt PIFF
gty N "ﬁ)\(m] » -

P(X, | Vi) = ><t|t—1 = [Ktit—1> X1+« s X1 | -

- _|v @ (N)]
p(x, [ y,) = Xt|t = [Xyt > Xy o+ - > Xyt
BERAT)—BOLR :
diml;, , = E{xm_1 -Xt1()=LxL dim(X,, )=LxN
1OPHS 1P+ ,
LV - PHEARBEEA R ATAHRRRIE
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ZRT—HRIEDPILIN XA

BRT—FEETIEREZEL-UICHERER OO FELIXEDHEEZETTD
X

n

1‘7 yn_l ( p(Xi | yl;k): p(Xi | y19y29"'9yk))
p(Xn—l ‘ yl:n—l)

SRR KRR -2 G RA
33/52 Syl st BRI PR



2R (PP TIL) vs. IFER ( @/ \ )

57|j1l50)*r><—‘)

—GIWF’EE]L*/\:LI/ /El/ﬁer’&%'f L,T*H#

ht ( Xt ) (I)bservedll data

—'> Tihfze

FR(AUSANE . EFOBE  EER(FTITA)E AR MIHIEELD/ X
FHEZXIES, DFY. Swarm Filter ot A

XZ&AI: EnKF (Ensemble Kalman  {X&F&Hl: 4RTE 57 iE (Adjointik)
Filter)
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State X

A

Xti-1

-NKF EPFCHE)

L At-1

: ensemble member of predictive PDF

. : ensemble member of filtered PDF

Prediction step

35/52

> Time
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PETDI 1 IV I DT DAT YT

State X o
@ : ensemble member of predictive PDF
‘ : ensemble member of filtered PDF
Ji_t llkelihood
__________ "/a)t(f) Observation: Y
Calculate ( Q) )
ol - POy, [ Xyely)
likelihood for Cf)t(&) — tooed
each particle Z P(y, |xt(|tj—)1)
\ | J
(N) Filtered by a resample proportional to likelihood
) SRR '
(=1 A\, .
_______________ o t Filtering step
| (N)
I:t] D > Time
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ENKFTD2D 14 LI ITDRAT Y T

state X Linear Gaussian | o
A . ‘ . particle for predictive pdf
observation model
(I)) . H ‘:particle for filtered pdf
il_ Yy = F X +W,
Sample-based Variance 7}
Covariance Matrix : tit—1
\ observation: Y
e
7 T / T -1
K=V HI (HV, H{ +R )
(I) (I) (i)
Xt 1{@(% ) —Hx{)
Kalman Galn
Filtering
> time
37 P



Merging particle filter (MPF)
(Nakano et al., 2007)

e iaiiiel Forecast ensemble -------------------—-
@ O o o ® O —
. | | I I | | I I
or a casc . .
with N=3 l l l Reiamphrlg (BN partlclles) l l
S @ . 8 o
<
a
=
49,
=)
i
I I
O e ©
"""""" Filtered ensemble "~~~=-~--~
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yt:j_—“—/jl yl:TE{yl’ ’yT}
e BAIETIL pig: kit A
4)LA31) /7
21455 p(yt ‘ xt) p(x ‘ ylt—l)

P(x; ‘.V1T)—

Z P, [ %) P(x; | Yies)
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T—3DLE @ H (yt |J71;t_1, —HKELE
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VAT A AN =2 —Y3Y
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PMCMC.: Particle MCMC

PFORADT X v ~FThHhDRIEAREZRIC U< TRL)

(Andrieu et al., JRSS, 2010)

/1) Particle filter (Particle Smoother) >

k’ﬁ'é’\Oh)bﬁlld)ﬂ/?)lx

LE 0
B(v. | 69 ZI I G4 (i)
p(yl.T I ) L p()’t |y1.t—1 ) {x I i=1 SIS %@

N i g
215
BYET g g
a 2) MCMC < Metropolis % =)
Proposal function: @ ,\,q(@* | H[k]) L G |%k)(y | (9*) o (9*)
9* 1s accepted with the following probability: min(l, A - H[k] @[k] j

p(xI:T ’ 9‘ ylzT) MDY T ILEREIZBLNS,

73 kE LRI BB A tEE- > il 2

0l o= B Ze PR
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PO | pir) o POy |0 PO | )
[k+1] [K]

Xy RANEABED. BHFRF—LDTRNYE

~
ologp(y;; | x,) EMELCROBHE L
'
\_ ax 0 X —x([)k] x'O & Xy DELE y
Mo DEHE
Ologp(yir | X,) 510gp(y1T X)) ag ax, YATLETIL
ax’, ax'; ax's 8x’ L, OX X = f(xt—l)

LEEBRDOIHEALAR

logp(yir | %)= Zlogp(yt|ylt 15 X)) = Z‘] =J;7

J; =logp(n [ Mo X0)

445>

J, =logp(y, | x;)
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A, A, +[8J1 +[,,_+£5JT2 {al Ly ay } o, ]ax] a

aXT'O ax'O

FEITRIBLTLEE
"mmmmmmmmmmmmmmmmmhﬁﬁi@@&\ a3 ax
di=0, d=—""+d, (t=T,...])
' t -1 t —1

ez S DX HEE R

d =0 g 5 D g ctogp(y x)=0

G _
o, ad, aY, o

[hT&fEﬁxf”_x§Hs1ﬂﬁ](k:QL“) }
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PI3AYFI=F

(t=T,...])

_ = |-|x+wt,WNN(O, Rips) DBEIE

-

of (x,)
-1 t—1
| d I _"_(yt -1 ) RobsH +dt ax,
\ t1
BniE (Ajoint) &L THE e
of (x,_,)
_ -1 , t-1
d't— =—H' Robs(yt—l _th—l) | . 'd't
. . t-1 P

< Foadba—Fk >
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ADVar vs.

VYT ILIR—2T —A[EHMEE

JERREY ZRREY
ADVar EnKF PF
Ajoint EnTKF, LETKF MPF, pMCMC
HNERNSUREER (VAT LA XEL) E{E & T BEELREMIZIEZAEE
RKERTMLORTAFRICAE | RENES EEAE((ES
L BARROSRAL =23 ET | BRg S HEREAOR| -BATTLAERL 0SS
Pros DO REBRMICEEAELY, EA=E I Ik
R EERAT AVAT B .
] A FEt R RE
RYIMLEHERE

(O)

Cons

(x)
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Experiment
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UQ: Uncertainty Quantification

o BRRTIE.FTE# AL —2a v ERDEERZERNICHEIL T -HOD A EROMENDRICBATFUTSE
TEHY. ASME(The American Society of Mechanical Engineers)h\Verification and Validation (GBFEV&VEREFR) D
BEICKELGAZETINTLD, FIAIX. 2006 FIZIEER NZITH LT, 2009FIZIEFRIANFE S KU EEHTIZEE
FTHHERI2AL— a0 DVRVI A REIN TN,
o ERMICEVWTIERANED R E TRIFZFEDHARFINHN2012FEM5/FRKILLTEY. Uncertainty Quantification
(UQ) in Industrial Analysis and Design D& DTAS T MRAEMNIREETHTH D,
«  NASATI&. NASA UQ challenge 2014 EL T, RN—RERESNT=/NTA—FYMIBETHLIaL—2a30D
BRT DB UQEETILET HIURERIBLT=,
o KE#HE DI =T 41X, 2011-125F(Z, NSFD Y R—% 52T 5 8£BSAMSI (Statistical and Applied Mathematical
Sciences Institute) [CTUQZEEFMICHER T ST705 5 L%EILSL EITT=,
o  KE#HETFEILSIAM(Society for Industrial and Applied Mathematics)& L [E TJournal on UQMD FI|{TZ 20144 (2
FIELT -0 TDHEEOTYIRS -5 8 L Tsensitivity analysis, model validation, model calibration, data
assimilationM4DMHIFHN TV, RS DRI (ARIBEH) (X, REHEFT. HHORBERE. ETIVEKIE, X7
AYUTS—DBITDT—IELEH>TEY., FEHMAZDEHBETHS,
BEGEIT:
ADRBREEIFES. ZTOHHEREEEZDV)FT
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