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Current Emphases in Strategic Research

1. Information Society

IT + Information oriented society
Extraction of information from massive large scale data

- Prediction and Knowledge Discovery

2. Society with Risk & Uncertainty

Increase of uncertainty and risks due to globalization of society
(finance, economy, pension, environment, drug and food safety
disaster prevention , )

Scientific approach to risk management

Modeling of uncertainty & managing risks
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1. Prediction and Risk Analysis

1-1 Discovery of causal networks by graph mining

1-2 Statistical analysis of genome diversity

1-3 Toward holistic understanding of biological diversity
1-4 Inductive inference and functional design of statistical analysis for

risk evaluation

2. Metaware for Information and Communication
2-1 Computer environment for inductive modeling

2-2 Discovery of invariants in multimodal data

2-3 Wireless communication system based on modeling and high-

performance data processing
3. Dynamic Inverse Problems

3-1 Inverse analysis method for earth science based on statistical

modeling

3-2 Inductive analysis of multidimensional array data for
understanding complex systems and predicting their future
3-3 Research on seismic activity by statistical model

Function and Induction Research Project

A Research Project at Transdisciplinary Research Integration Center, ROIS
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State Estimation Problem

Conditional distributi Observations
onditional distribution
Yj E{y].’""yj}

of X, given YJ

: X,

j n

1 e
for j<n  Prediction | sm— |
for j=n  Filter < Y v
for j>n  Smoother - y

The Institute of Statistical Mathematics

Kalman Filter

( h
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Xn|n = Xn|n—1+ Kn(yn_ Han|n71)
Vnnz(I_Kan)Vnn—
N p-s J
AL
An = Vn|n I:nTVn:-11|n
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m=10
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®,.... p™~ p(x, |Y,,) Predictive Dist

{ .. f(m)} p(x. |Y,) Filter Dist.

{r(1|1lzl’ S ﬁr&)} p(x. |Yy) Smoother Dist.
{ v, V(m)} p(v,) System Noise Dist.
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Sequential Monte Carlo Methods

Also called “Particle Filter”

The Institute

Gordon, Salmond and Smith (1993)
Bootstrap Filter

Kitagawa (1993,1996)

Monte Carlo Filter/'Smoother

Doucet, de Freitas and Gordon (2001)

“Sequential Monte Carlo Methods in Practice”
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Density
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“Sequential Monte Carlo Methods in Practice”
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One Cycle of Monte Carlo Filtering

Prediction Filtering

v

likelihood
A =r(y, IX")

resampling

. p(lvn) ‘ X0 = £ (0, v,)
)

X

State space
Q)

—_—
POVY)  POGI%) D2V p(s Y, PO o)
l n=n+1 I:
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Exact Non-Gaussian Smoother
Trend Model
t, =t +Vv,
yn = tn + Wn

Noise Distribution
v, ~N(0,7%) or C(0,z?)
w, ~N(0,6%)
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| m=100,000
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Applications of MCF

1. Non-Gaussian smoothing
Level shift
Non-Gaussian seasonal adjustment
Stochastic volatility models
2. Nonlinear smoothing
Tracking
Phase-unwrapping
Signal extraction problems
Modeling count data
Self-organizing state space model

High-dimensional filtering/smoothing

o urw

Gordon et al. (1993), Kitagawa (1996)
Doucet, de Freitas and Gordon (2001) “Sequential Monte Carlo Methods in Practice”
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