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Presentation Style poster
Abstract We show that FIPS 140-2 statistical test suite for randomness does not have

unique significance level, and also show that the runs test and the long-run test
of FIPS 140-2 test suite have inappropriate significance levels for the further
analyses, such as the checking of the success rate and of uniformity of P-values,
which are used in NIST test suite.

Keywords statistical test ,randomness ,pseudorandom bit generator
E-mail songju@crl.go.jp

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

No. P002
Title Validity Check of NIST 800-22 Statistical Test Suite for Randomness

Author* Song-Ju Kim
Author Ken Umeno
Author Akio Hasegawa

Presentation Style poster
Abstract We evaluate the randomness of a set of sequences generated by various pseudo-

random bit generators (PRBGs) using NIST statistical test suite. We show that
Lempel-Ziv compression test and FFT test are invalid statistical tests among
sixteen tests of this test suite. If we choose the sample size m greater than
10000, we cannot find any PRBG that pass these two tests even in well-known
good PRBGs.
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Abstract We show that statistical evaluation of chaotic Monte Carlo computation can be
fully characterized in terms of Lebesgue Spectrum of ergodic theory. We give a
necessary and sufficient condition for superefficiency having O(1/N) mean error
in Monte Carlo computation with chaotic random numbers. As a next step, we
give a general algorithm for approaching chaotic Monte Carlo Integration with
O(1/N) mean error.
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Abstract This paper aims to show my novel framework for multi-agent based services in
ubiquitous computational room. This framework has some functions based on
LBS (Location Based Services), spatial informatics and multi-agent systems in
ubiquitous environment. It can assume to process data on social behavior of
people and its dynamical network as historical patterns. Moreover it assumes
to apply Bayesian network model for analyzing and estimation of human posi-
tions in the room. Thus I focus on exploring perspectives of spatial modeling
and simulation. It appears that spatial model and statistical analyzing in the
ubiquitous room enables to clarify various models such as Bayesian network and
spatial network analysis. However there seems not enough to be spatial model
and verification with considering methodological and theoretical backgrounds.
Then I will attempt to present a part of my modeling and analysis for social and
spatial behavior of people.
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Abstract Effective connectivity analysis aims to study the influence of one neuronal system
over another. Structural equation modeling (SEM) and time-varying parame-
ter regression (TVPR), have been used in the functional magnetic resonance
imaging (fMRI) studies for modeling effective connectivity. Usually in SEM, a
within-subject covariance matrix of the regions-of-interest (ROI) is derived and
a path model is then fitted to this matrix. This approach ignores the temporal
correlation in the data and assumes connectivity to be time-invariant. TVPR re-
laxes such assumption to allow time-varying connectivity but extensions to han-
dle multiple brain regions have not been discussed. Both methods use obsered
fMRI signals in the connectivity analysis with the noise confounded in them.
To handle these limitations, a new time series model will be proposed which
can (1) handle multiple ROI, (2) use the fMRI signal without noise confounded,
(3) allow modeling temporal correlation, (4) allow connectivity to vary over dif-
ferent experimental conditions or time. This new model has a State-Space(SS)
representation and can be estimated by maximum likelihood via Kalman Filter.
Extension to incorporate subject random effect within SS modeling framework
will be discussed. We illustrate our model by testing an attentional control
network hypothesis using an fMRI Stroop task experiment.
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Abstract Mathematical relation among algebraic geometry, zeta function, and marginal

likelihood of Bayesian statistics is established. Its application to artificial neural
networks, normal mixtures, hidden Markov models, Bayesian networks, and
reduced rank regression is introduced.
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Abstract Stationary time series data of particular components by the decorrelation
method of ICA are transformed into reorganized data. Form the viewpoint
of statistical inverse problem an innovation model is identified from the reorga-
nized data. If the innovation model has a feedback structure, transfer functions
between observable variables are identified via the innovation model under a
sufficient condition. Feedback paths of transfer functions can be checked by
taking advantage of scalar times transformations of the reorganized data. Then,
we can diagnose feedback paths by examination of identified transfer functions,
since transfer functions of real paths are invariant for the scalar times trans-
formations. That is, feedback paths exist, if transfer functions are invariant
for small changes of parameter values; otherwise, a feedback path does not ex-
ist. The scaling property of transfer functions is useful for diagnose feedback
paths of activities between brain regions.! For magnetoencephalography of a
somatosensory evoked field an example will be shown in the conference.
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Abstract In this presentation we shall investigate the statistical property and the mem-
ory capacity of the chaotic autoassociation memory. The present artificial neu-
ron model is properly characterized in terms of a time-dependent sinusoidal
activation function to involve a transient chaotic dynamics as well as the en-
ergy steepest descent strategy. It is elucidated that the present neural network
has a remarkable retrieval ability beyond the conventional models with such a
monotonous activation function as sigmoidal one. This advantage is found to
result from the property of the analogue periodic mapping accompanied with
a chaotic behaviour of the neurons as well as the symmetry of the dynam-
ics equation which may be shown in the invariant measure determined by the
Frobenius-Perron equation.
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Abstract In this presentation, the Frobenius-Perron equations for a few chaos neurons
are solved by means of the Fourier expansion scheme in order to derive the
invariant measure. To explore the importance of the symmetry of invariant
measure, i.e. chaos neuron dynamics proposed previously, the simultaneous
linear characteristic equation for the expansion coefficients will be numerically
evaluated. It is also concluded that the symmetry of the invariant measure,
which is found to be different for each chaos neurons, may be closely related to
the ability of the chaos neurons applied to the practical applications with the
neural networks, e.g. associative memory and learning model etc.
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Abstract Finding the means to efficiently summarize electroencephalographic data has

been a long-standing problem in electrophysiology. A popular approach is iden-
tification of component modes on the basis of the time-varying spectrum of
multi-channel EEG recordings, in other words, a space/frequency/time atomic
decomposition of the time-varying EEG spectrum. Previous work has been
limited to only two of these dimensions. PCA and ICA have been used to cre-
ate space/time decompositions; suffering an inherent lack of uniqueness that
is overcome only by imposing constraints of orthogonality or independence of
atoms. Conventional frequency/time decompositions ignore the spatial aspects
of the EEG. Recognition of the data being a three-way array indexed by chan-
nel, frequency and time allows the application of a unique decomposition that is
known as Parallel Factor Analysis (PARAFAC). Each atom is the trilinear de-
composition into a spatial, spectral and temporal signature. We appli! ed this
decomposition to the EEG recordings of 5 subjects during the resting state, and
during mental arithmetic. Common to all subjects were two atoms with spec-
tral signatures whose peaks were in the theta and alpha range. These signatures
were modulated by physiological state, increasing during the resting stage for
alpha and during mental arithmetic for theta. Furthermore, we describe a new
method (Source Spectra Imaging, SSI) to estimate the spectra of electric current
sources from the EEG spectrum. The topography of the theta atom is frontal
and the maximum of the corresponding SSI solution is located in the anterior
frontal cortex. The topography of the alpha atom is occipital with maximum of
the SSI solution in the visual cortex. We show that the proposed decomposition
can be used to search for activity with a given spectral and topographic profile
in new recordings, and the method may be useful for artifact recognition and
removal.
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Presentation Style poster
Abstract The purpose of this study is to establish a new method for discriminating be-

tween focal and non-focal hemispheres in intractable temporal lobe epilepsy,
based on modeling the discharge-free background brain dynamics by multivari-
ate time series analysis of electrocorticogram (ECoG) time series recorded during
sleep. Five unilateral focal patients and one bilateral focal patient were studied.
In order to detect the location of epileptic foci, linear multivariate autoregressive
(MAR) models were fitted to the ECoG data; as a new approach for the purpose
of summarizing these models in a single relevant parameter, the behavior of the
corresponding impulse response functions was studied and described by attenu-
ation coefficients (AC). In the majority of unilateral focal patients the averaged
AC was found to be almost always significantly larger in the focal hemisphere,
as compared to the non-focal hemisphere. Also the amplitude of the fluctuations
of AC was larger in the focal hemisphere. Moreover, in one patient showing a
typical regular sleep cycle, the value of AC at the focal hemisphere tended to
be larger during REM sleep and smaller during non-REM sleep. In the bilat-
eral focal patient no statistically significant distinction between the hemispheres
was found. These results indicate that this newly proposed method can provide
an improved detection of the focal hemisphere in unilateral focal patients, as
compared to previous standard methods such as spike rate counting. Clinical
application of this method is expected.
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Abstract It has been pointed out that parameterized mixture models (e.g., normal mix-

tures, multi-layered neural networks, change point problems, etc.) have points
of irregularity (sigularities) in their parameter space, which may invalidate the
use of likelihood ratio (LR) tests or AIC in some cases. We point out that the
problem is much more ubiquitous. Virtually all the models requiring dimension-
ality selection (clusters, latent classes, canonical variates, discriminant functions,
factors, components, dimensions, etc.) have similar problems. These models in-
clude reduced-rank regression models, factor analysis, multidimensional scaling,
canonical correlation analysis, latent class models, RC-association and corre-
lation models, and so on. Fortunately, many of these models have a saturated
model that can always be used as the benchmark hypothesis when the LR statis-
tic is formed. Nonetheless, there have been numerous instances of misuses of the
LR tests, which are still accumulating daily. In this paper, we document them
and show the severity of the problems by Monte-Carlo studies.
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Abstract The execution of price and/or display promotion has a significant effect on the

sales of a brand sold in a supermarket. Information on price and/or sales is
available from POS data. However, unless an investigator collects information
on the execution of display promotions from every retail store, such information
is unavailable. This paper presents a method of identifying whether display
promotion has been executed without having to visit individual stores. We
treat the execution/non-execution of a display promotion as a state variable. An
unknown stationary probability matrix is assumed to describe the probability of
a transition between states. Each state is characterized by a different stationary
time series model with unknown parameters. The objective of the analysis is to
identify the model and to assign a probability model for each state at each time
instant. Finally, we provide a high precision estimator of a past execution/non-
execution of a display prom! otion based on the proposed model.

Keywords Markov Switching Model ,general state space model ,non-Gaussian filtering and
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Abstract Regularization is a well-known method for the treatment of mathematically ill-

posed problems. By using the method of regularization, we propose new machine
learning algorithm, adaptive learning machine, to classify the high-dimensional
data with complex structure. Crucial issue in the machine constructing pro-
cess is the choice of a suitable machine among candidates. We extent Akaike
information criterion that enables us to evaluate machines estimated by reg-
ularization. Real data analysis and Monte Carlo experiments show that our
proposed machine learning methodology performs well in various situations.
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Abstract This paper deals with the information criteria used for nonlinear model identifi-

cation. The appropriate expressions of the general information criterion (GIC)
and Akaike’s information criterion (AIC) for the identification of the Box-Cox
Transformation (BCT) model are proposed. To compare the power performances
of the GIC and the AIC applied to the estimation of the BCT parameter and
the clan of regressions, Monte Carlo simulation was conducted. It shows that as
for the identification of the order of the BCT polynomial regression model, the
AIC is a little precise than the GIC; but it is on the contrary for the estimate
of the BCT parameter.
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Abstract Regularization is the most popular technique to overcome the null space of model

parameters in geophysical inverse problems, and is implemented by including a
constraint term as well as the data-misfit term in the objective function being
minimized. The weighting of the constraint term relative to the data-fitting
term is controlled by a regularization parameter, and its adjustment to obtain
the best model has received much attention. The empirical Bayes approach
discussed in this paper determines the optimum value of the regularization pa-
rameter from a given data-set. The regularization term can be regarded as
representing a priori information about the model parameters. The empirical
Bayes approach, and its more practical variant, Akaike’s Bayesian Information
Criterion, adjust the regularization parameter automatically in response to the
level of data noise and to the suitability of the assumed a priori model infor-
mation for the given data. When the noise level ! is large, the regularization
parameter is made large, which means that the a priori information is empha-
sized. If the assumed a priori information is not suitable for the given data,
the regularization parameter is made small. Both these behaviors are desir-
able characteristics for the regularized solutions of practical inverse problems.
Four simple examples are presented to illustrate these characteristics for an un-
derdetermined problem, a problem adopting an improper prior constraint and
a problem having an unknown data variance, which are often encountered in
geophysical inverse problems. Numerical experiments using Akaike’s Bayesian
Information Criterion for synthetic data provide results consistent with these
characteristics. In addition, concerning the selection of an appropriate type of a
priori model information, a comparison between four types of difference-operator
models: the zero-th, first, second, and third order difference-operator models,
suggests that the au! tomatic determination of the optimum regularization pa-
rameter becomes more difficult with increasing order of the difference operators.
Accordingly, taking the effect of data noise into account, it is better to employ
the lower order difference-operator models for inversions of noisy data.

Keywords inverse problem ,regularization ,Bayesian inversion ,empirical Bayes ,ABIC
E-mail y.mitsuhata@aist.go.jp

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



No. P017
Title Modeling Correlated Noise Sources and Detection of Information Flows

Author* Yoko Tanokura
Author Genshiro Kitagawa

Presentation Style poster
Abstract Akaike’s power contribution has been a useful concept in detecting influential

noise sources of multivariate dynamic systems with feedback. However, it is not
applicable to the systems with high serial correlations of noise as it requires the
assumption that the variance covariance matrix of the innovations is of diago-
nal form. To address this problem, we propose a decomposition of the variance
covariance matrix, modeling correlations among variables observed. Then the
general form of the power spectrum is obtained and a new power contribution
that extends Akaike’s concept is defined. It was shown that the extended power
contribution succeeds in detecting the mutual information flows among variables,
and that Akaike’s original power contribution precisely captures some part of
them. By applying this method to the real data sets, new information on corre-
lated noises was explicitly revealed with the known information. The extension
has widened the applicable area of ! this approach.
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Abstract During the last two decades, subspace state space system identification (4SID)

bas been attracted a great deal of interest and many researches have been done.
Most of these works are mainly concentrated on the discrete-time system and
studies for the continuous-time system are very few. A typical approach for
continuous-time deterministic (i.e., nonstochastic) system in the 4SID framework
is to construct a couple of input and output data matrices which consist of higher
time-derivatives of input and output data. This means that both input and
output processes must be sufficiently smooth. However, for stochastic systems
both input and output processes are differentiable nowhere, so that neither the
state nor the output has time-derivatives.
The authors propose a novel method to treat such a problem by introducing an
idea of using the random dirstbution in the sense of Ito-Schwarz. Based on the
distribution-based approach the 4SID method is developed for continuous-time
stochastic systems.
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Abstract A procedure is described for adjusting sampling locations in one spatially dis-

cretized dataset to those in another when the value differences between these sets
are mainly caused by the sampling intervals that locally lengthen and shorten.
This adjustment is formulated into an optimization form that can be solved by
dynamic programming. Unknown parameters involved in the form can be iden-
tified using the maximum likelihood procedure that employs non-linear filtering
for a generalized state-space model. This procedure is based on the fact that
the optimal solution in dynamic programming is equivalent to the “Maximum
A Posteriori (MAP) estimation” in a Bayesian framework. The procedure is
outlined as follows: 1) Select a supervised dataset and a training dataset that
satisfy the several criteria for adjustment purposes. 2) Model a mechanism to
yield the non-uniform sampling, i.e., the wheel rotation including slip and slide.
3) Formulate this model in an optimization problem that can be solved by dy-
namic programming, which is a general method for solving non-linear discrete
optimization problems. However, this form contains unknown parameters. 4)
Represent this non-linear optimization problem with a generalized state-space
representation and identify the unknown parameters (called hyperparameters
in a Bayesian framework) using a non-linear filtering algorithm based on the
maximum likelihood method. 5) Adjust the sampling location differences by
dynamic programming with the identified parameters. We applied this proce-
dure to rail-geometric datasets obtained with a special rolling stock called the
“track inspection car.”
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Abstract Daily sales of a catering establishment is affected by several factors: A day

of the week, national holidays, weather, events taken place near the site, etc.
Therefore, it is no doubt beneficial to make a model decomposing a time series of
the sales into such factors. Then the model allows us to predict the future sales
with a good accuracy in order to plan various levels of management strategies
such as purchase, staff assignments, new store openings, etc. In this study, we
have proposed a prediction method for daily sales of a catering establishment
by using a state space model which is evaluated by an information criterion; we
have applied it to daily sales data for two years of a restaurant which is adjacent
to a large-scale convention center and office buildings.
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Abstract In this paper, we propose a probabilistic model of fluctuations in the numbers of

visitors to given Web sites based on the competition structure, and construct its
learning algorithm. This method is implemented for both categorizing the sites
into groups of competitors and predicting the future shares of the sites, based on
these observed time-series data. We confirmed experimentally, using synthetic
data, that the proposed method successfully identifies the true model structure,
and shows better predictive performance than more conventional methods. Also,
we demonstrated experimentally, using real data, that the proposed method
suggested a reasonable competition structure that conventional methods fail to
find and that outperformed them on predictive performance.
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Abstract Pi2 magnetic pulsation is one of ULF (Ultra Low Frequency) waves in the geo-

magnetosphere and has been known as a good indicator of the onset of auroral
substorm. Its wave characteristics, e.q., wave period (ranges from 40 to 150 sec-
onds) and occurrence have been studied by many workers. However, its trigger
process and propagation mechanism have not been well understood, and there is
no definite determination method of the Pi2 onset time even now. Therefore, in
this study, we constructed two different methods to determine the Pi2 onset time
from ground magnetic field H-component (roughly northward-directed). One is
based on such assumption that Pi2 is described as an“ initial perturbation +
quasi-periodic” oscillation. From our previous study, we were convinced that
there exists a non-periodic fluctuation at Pi2’s initial stage, which we call an
initial perturbation. Therefore, taking account of it, we improved the time-series
analysis method by Higuchi et al. [2002], and applied it to Pi2 data. The other
method relies on the description of Pi2 in literature [Saito,1961] such that Pi2
starts with dH/dt¿0 at middle or low latitudes. We examined the differenced
sequences of the H-component data and identified a positive variation in them.
The two methods of this paper use raw data and estimate the onset time with
information criterion, so the both methods overcome previous problems, and de-
termines the onset time more a! ccurately and objectively. To know differences
between these two methods and the characteristics of Pi2, we compared the out-
puts of the two methods for each event, and made a histogram. The histogram
shows that the time lag between two method’s onset times is centered around 0
second; however, it also has a wide distribution. This suggests that Pi2’s initial
perturbation is very important in determining the Pi2 onset time and we have
to know more about it.

Keywords Pi2 magnetic pulsation ,time-series ,information criterion ,maximum likelihood
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Presentation Style poster
Abstract Artificial Neural Networks (ANN) have been successful in solving AI (Artificial

Intelligence) problems such as classification, recognition, association, general-
ization, and learning. Studies have shown that the choice of ANN architecture
has a significant impact in ANN computation. Too complex architecture has
a tendency to overfit the data while too simple architecture suffers from poor
generalization. Until now, however, there are no rules or criteria to ensure that
the architecture chosen is optimal for a particular problem domain. To ad-
dress this issue, SEPA (Structure Evolution and Parameter Adaptation) model
is developed that evolves a population of ANNs. In SEPA, the search for opti-
mal ANN is equivalent to a search in the architecture space with each point in
the surface representing a particular ANN. SEPA’s fitness or objective function
is formulated to include ANN’s performance factors such as network complex-
ity, training, and validation performances such that finding an optimal ANN is
equivalent to finding the fittest ANN. SEPA’s evolution process relies heavily on
the gaussian perturbations and uniform crossover operations on the weights and
connections of ANN. Gaussian mutation introduces new information and helps
in the exploration of the architecture space while uniformly distributed crossover
operation recombines the existing solutions which aid in the refinement of the
search process. Unlike the standard ANN learning that uses gradient informa-
tion which is prone to local optima trap, SEPA is a population-based, stochastic,
and global search algorithm. The adaptation embedded in the mutation oper-
ation allows SEPA to adjust automatically the complexity of ANN structure
suitable to problem’s difficulty. SEPA algorithm supports parallel, distributed,
and grid computations which are becoming popular implementations to address
complex AI problems. Simulation results show SEPA’s ability to evolve optimal
ANN structures with good generalization capabities.

Keywords Artificial Neural Networks (ANN) ,Evolutionary Computing (EC) ,Evolutionary
Strategies (ES) ,Hybrid Networks ,Evolutionary Neural Networks
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Presentation Style poster
Abstract In this study, the integrate-and-fire model that takes into account two types of

firing property is utilized. The two firing properties are described as: (1) If one
neuron receives an excitatory input, such as rapidly rising and slowly decaying
synaptic responses from the other neuron, its membrane potential arrives at the
threshold. After reaching this threshold, it starts firing. (2) The firing duration,
which is equivalent to the width of an action potential. By utilizing the studies
based on theoretical analysis and numerical simulation, we investigate a large
population of the modified integrate-and-fire neurons with synaptic couplings.
Thereby, we will be able to explain thoroughly how the two neuronal firing
properties have effects on the synchronziation phenomena in the globally coupled
neurons.

Keywords synchronziation phenomena ,refractory period ,double integrate-and-fire ,cou-
pled oscillator
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Presentation Style poster
Abstract We propose a new approach to adaptive user interface based on user type, where

the user type is defined as a group of users in which the users have the same
preference for the interface. Mixture model is used to extract the user types by
measuring the performance of the users in the operation where an assumption
that users in the same group have the same performance has made. We can know
the type of new-coming user by estimating the mixing weight of the mixture
model, which may vary with time. The estimated weights are used for the
adaptation of the interface. For the estimation of the weights, we use state
space model of time-varying mixing weight with its time smoothness. State
estimation of the model requires particle filters due to its nonlinear and non-
Gaussian properties. Where, the nonlinearity appears in the mixture observation
model and the non-Gaussianity arises from Dirichlet distribution on the mixing
weights. User adaptation is done for new-coming user! by showing the interface
that optimizes a weighted sum of performance index of each type where mixing
weights estimated by particle filters are used. Touch panel application using the
proposed method for intelligent wheel chairs system has been developed in order
to show the efficiency of the method.
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Presentation Style poster
Abstract We propose a new method for estimating structure and motion of multiple

objects from trajectories of feature points in image sequence by using Rao-
Blackwellized particle filters with a novel importance function. There are two
difficulties in the problem of structure from motion for multiple objects that
one is to reconstruct 3D information from image (2D) sequence, and second is
unknown association between feature points and objects. We approach to this
problem by estimating these two simultaneously by an elaborated state space
model. In the state space model, system equation consists of the dynamics of ob-
jects in 3D space. Where each object is represented by its shape with positions
of feature points belong to each object in a coordinate embedded in the object
and its motion in the form of translation and rotation. The unknown associa-
tion between feature points and objects is dealt with in the system equation as
well. Observation equation represents a projection m! odel of the camera. We
use Rao-Blackwellized particle filters for the estimation in which structure and
motion parts are estimated by extended Kalman filter(EKF) for given associa-
tion and the association part is estimated by particle filter with the aid of EKF.
We propose a novel sub-optimal importance function that effectively draw the
candidate particles using the current observation with reduced computational
cost compared with the optimal one. Simulation and experimental results show
that the method effectively estimates 3D structure and motion of each object as
well as the unknown association.
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,state space model
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Presentation Style poster
Abstract We studied the asymptotic property of a multi-layered Perceptron (MLP) model

with one hidden unit by numerical and theoretical analyses. As a result, the
asymptotic normality never holds for the least square estimators of connection
weights in the model using Heaviside functions instead of sigmoidal. Moreover,
we showed by analyzing the tail property of distribution of extremes that the
asymptotic expectation of the least square error for Gaussian-distributed sam-
ples decreases with O(log log N/N) in terms of the number of samples N . The
claims in those results are totaly different from ones derived by traditional theory
of mathematical statistics.

Keywords Layered neural network ,Regression model ,Least squares ,Asymptotoic normal-
ity ,Tube method
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Presentation Style poster
Abstract We present a probabilist geretative model, called parametric mixture model

(PMM), for multi-topic text. We show that PMM is effective for several ap-
plications including multiclass, multi-labeled tex categorization, text-to-text re-
trieval, and topic clustering. We also discuss the differences between PMM and
the other conventional text models such as probabilistic latent semantic analysis
and latent Dirichlet allocation models
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Presentation Style poster
Abstract The spline-based models are widely used in practice to estimate the term struc-

ture of interest rates from a set of observed coupon-bond prices. This paper
proposes a penalized likelihood approach accompanied by generalized informa-
tion criteria (GIC) that determine the desired level of smoothness of yield curves
in a data-dependent way. Our approach is theoretically valid even if the regres-
sion functional is nonlinear with respect to the unknown coefficients of basis
functions, of which typical case is the (penalized) exponential spline model.
The derived GICs enable us to compare the models with various choices of basis
functions under different regression functional forms in a unified manner. Monte
Carlo simulations reveal that choosing the appropriate number of bases by GIC
reduces MSE rather than controlling a plenty of bases by a single smoothing
parameter.

Keywords penalized likelihood ,nonlinear functional ,smoothing parameter ,information cri-
teria ,term structure

E-mail kawasaki@ism.ac.jp

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



No. P030
Title Nonparametric Statistical Inference in Production Function

Author* Yoko Konishi
Author Yoshihiko Nishiyama
Author Tomohiro Ando
Author Yoshinori Kawasaki

Presentation Style poster
Abstract Production functions play many important roles both in economic theory and

in empirical econometrics. Usually, a production function is postulated as a
mapping from several input variables to a scalar ’output’. In its simplest form,
the output level (Y) is assumed to be dependent on capital (K) and labor (L).
When it comes to empirical analysis, the most commonly used specification is
so-called Cobb-Douglas function, which was extended to the translog produc-
tion function long afterward. Though great bulk of past empirical works on the
estimation of production function heavily relies on such a parametric specifica-
tion as Cobb-Douglas or translog, it is often singled out as a major flaw that
the statistical analysis under model misspecification may give rise to incorrect
statistical inference and therefore, to fallacious economic implications. In con-
sideration of this possible danger, this article addresses two issues. At first, we
apply the nonparametric misspecific! ation test (proposed by Hong and White,
1995) to investigate whether or not the parametric specifications (Cobb-Douglas
and translog) are appropriate for the production functions of firms. Data are the
cross section of Y, K, L by companies whose stocks are listed on the first division
of Tokyo Stock Exchange. Firms are classified into two groups (manufacturing
and non-manufacturing), and the misspecification test is performed separately
on each group, year by year from 1965 to 2001. To summarize the results of the
test, parametric specifications are considered reasonable and proper until 1970’s
while they do not fit well after 1980. Observing these results, we proceed to the
nonparametric estimation of production function as the second step. We exploit
the generalized additive models (GAM) employing B-spline basis functions. In
model estimation, we make use of a penalized likelihood approach where smooth-
ness constraints on the coefficients of basis functions are imposed. Wh! at is
essential in the estimation of such smoothing spline models as t he GAM is the
objective choice of smoothing parameter. In this article a version of generalized
information criteria (GIC) is derived to determine the smoothing parameter and
the number of basis functions. One of the greatest merits of the use of GIC here
is that we do not have to resort to the iterative algorithm like the alternating
conditional expectation (ACE) in estimating the GAM models. As is expected,
the estimated production functions exhibit substantial nonlinearities after 1980.
As an application of nonparametric analysis, we investigate the inefficiency of
the companies that went bankruptcy during the sample period.

Keywords Translog model ,Nonparametric Test ,Nonparametric Estimation ,Generalized
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Presentation Style poster
Abstract Statistical methods are proposed to discriminate and evaluate the similarity

of fundamental frequencies (F0) extracted from infant and parent speech. F0
values have voiced and silent parts, where the silent parts are treated as miss-
ing observations, and F0 patterns were categorized into predetermined patterns
such as rising, flat, bell-shape, complex, etc. In previous studies, the similarities
between patterns were mostly manually specified by a small number of data;
and objective and effective statistical methods have never been applied. Our
proposed procedure involves: 1) interpolating missing observations correspond-
ing to silent parts of F0, 2) calculating distance matrices using J-divergence to
evaluate similarity among F0 patterns, and 3) comparing similarities among in-
fant and parents based on multidimensional scaling (MDS). A simulation study
confirms the effectiveness of interpreting the results using MDS. We apply the
procedure to a database of recorded conversations of Japanese infants and par-
ents under a natural environment for five years. We follow the developmental
change of the F0 pattern similarity among infants and parents for each month
of the infants’ age and discuss prosodic aspects of infant language acquisition.

Keywords F0 analysis ,infant language acuisition ,trend model ,information theory ,multi-
dimensional scaling
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Presentation Style poster
Abstract The visual input to a robot in a room is a function of two factors, the position

and the direction of the robot. To separate these two factors of information in
the observed images, we have developed a computational model based on two
learning algorithms, the Kohonen’s self-organizing map (SOM) and the neural
gas (GAS). Our model, a product of these two models, is SOM-like in one
dimension of the unit array and GAS-like in the other dimension. By putting
these algorithms, we demonstrate, by computer simulation, that position and
direction are extracted separately in different dimensions of the unit array.
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Abstract In Baysesian statistics, statistical physics, there has already exist the various
proposals for the weighted sampling methods, i.e. Importance Sampling, Sam-
pling Importance Resampling. To improve the simulation efficiency of them we
have to construct the sampling function to be a well-approximation for a target
distribution which is defined by a problem. Parametric Adaptive Importance
Sampling is the method to learn the shape of target distribution by paramet-
ric models. The objective is to find the sampling function so as to minimize
f-divergence between the target distribution and a parametric model.
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Presentation Style poster
Abstract [AIM] To reveal the mechanism behind sodium channel and chloride channel

diseases of muscles (scdm and ccdm). [METHODS] Dynamics of the Hodgkin-
Huxley equations for muscle (HHM), a model for electrical activity of sar-
colemma is studied. A parameter concern to sodium channel (Vh or Vm) and
the leakage conductance (gl) are varied as bifurcation parameters in HHM. These
parameters are physiologically known to change under some types of scdm and
ccdm, respectively. [RESULTS] Three types of behaviors, (i)a normal action po-
tential, (ii)a repetitive firing and (iii)a depolarized resting potential, are observed
in HHM as functions of Vh and gl. The behavior (i) appears in a parameter re-
gion including the normal values, and (ii) and (iii) appears in a parameter region
of high sodium permeability (large Vh or small Vm) and/or decreased chloride
conductance (small gl). These three parameter regions are meet at a point in
the parameter plane of Vh x gl or Vm x gl. [CONCLUSION] The three types of
behaviors in HHM correspond qualitatively well to the electrical activities of real
muscles of (i)normal, (ii)myotonia (muscle stiffness) and (iii)paralysis, respec-
tively. The results imply that a relatively small change of the parameters might
cause drastic change of electrical activity of muscles. Such dynamics meet with
the following physiological and medical observations. (1) Some types of scdm
show both myotonia and paralysis, (2) the positions of point defects of different
types of scdm mingled on muscle sodium channel gene, (3) some exercise or some
changes of ionic environments cause myotonia or paralysis attack.
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Presentation Style poster
Abstract Given a mapped spatial pattern of N points in a finite planar region, we consider

Bayesian estimation of repulsive interaction potentials between individuals from
the mapped data using MCMC (Markov Chain Monte Carlo) method. We also
illustrate the application of this approach to the real data.
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Presentation Style poster
Abstract Density estimation is a classical and important problem in statistics. The non-

parametric kernel method, mixture based method, and maximum penalized like-
lihood method are among well-known methods for density estimatation. In this
presentation, we propose a new parametric approach to this problem in one
dimension where the density is represented as the product of a nonnegative
polynomial and a kernel function such as Gaussian and exponential kernels. We
estimate parameters with the maximum likelihood method and choose the best
model by minimizing Akaike information criterion (AIC). A main feature of our
approach is application of semidefinite programming (SDP) in computing the
maximum likelihood estimation. SDP is a class of convex programming over
the space of symmetric positive semidefinite matrices studied extensively in op-
timization recently. This nobel technique enables us to handle in a very natural
way nonnegativity of the polynomial and to compute “the global maximum” of
the likelihood function in this case. Reasonable additional conditions such as
symmetry and unimodality of the density function can also be treated within
this framework. We demonstrate through several instances that our approach
works reasonably well in practice.
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Presentation Style poster
Abstract So far influence analysis has been discussed by Cain and Lange(1984), Wei and

Korosok(2000) among others. The former discusses single-case diagnostics us-
ing influence functions, and the latter multiple-case diagnostics using pairwise
deletion and pairwise differentiation. The present paper proposes a method of
multiple-case diagnostics in Cox regression with censored observations on the
basis of PCA of nfluence functions with metric V(̂-1) (V: asymptotic covari-
ance metrix of the estimated parameters), the basic idea of which is given by
Tanaka(1994). The influence on the model selection is also discussed. A numer-
ical example is given to show the usefulness of the proposed method.
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Presentation Style poster
Abstract We introduce a local regression model of multiple-view 3D-shape reconstruc-

tion by an analytic NN. This model provides a framework to fuse few-view
and erroneous depth maps information to form a more complete and more ac-
curate shape representation. The main insight of this work is that the NN
minimizes the depth map data error in one view using depth maps information
obtained from other views observed under un-fixed light source positions relative
to the object. The NN provides analytic mapping and learning of a polyhedron
model to approximate the true shape of an object. We obtain exact and sta-
ble results through hierarchical reconstruction and annealing reinforcement. We
provide the implementation of the NN used in this paper at http://kumazawa-
www.cs.titech.ac.jp/∼fanany/MV-SPRNN/mv-sprnn.html.
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Presentation Style poster
Abstract Finite mixtures of multivariate distributions have been widely used as models

in the fields of research such as biology, medicine, environmental science and
so on. We consider the problem that normal mixture model is applied to the
data which have a missing region in observation space. If we ignore the missing
region, estimated parameters are biased. In order to overcome this problem, we
construct the log-likelihood function with missing region probabilities, and show
the estimators of the parameteres i.e. mixing proportions, mean vectors, and
variance-covariance matrixes. Parameter estimation procedure via conditional
EM algorithm is proposed. Moreover, we estimate number of observations in
missing regions via estimated probabilities of missing region in mixture struc-
ture. It is applied to practical problems in plasma velocity data observed by
GEOTAIL satellite.
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Abstract Finite mixtures of multivariate distributions have been widely used as models in

the fields of research such as biology, medicine, environmental science and so on.
When fitting finite mixture models to multivariate observations, the problem
of estimating a number of components is fundamental and of importance. We
consider the fitting of mixtures of multivariate normal distributions to classify
data and propose the method of estimating the number of components based
on information criteria. The clustering methods are used to find suitable initial
structure of dataset, and then parameter estimates based on the classified data
are taken as initial values in the EM algorithm (Nakamura, 1995).
The bootstrap is applied to the bias correction for the log-likelihood of a pre-
dictive density in the estimation of the Kullback-Leibler information, for which
we use the variance reduction technique in bootstrap simulation due to Kon-
ishi and Kitagawa (1996), Ishiguro, Sakamoto and Kitagawa (1997). Numerical
comparisons are made to examine the efficiency of the proposed procedure. It
is also applied to practical problems in medical diagnosis, taxonomy of species
for continuous measurement datasets.
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Abstract The random quantities submitted to feedback have emerged progressively since
the latter half of the 20th century. The distribution of individual doses to
ionizing radiation shows a typical example of such quantities actually measured
to avert the undue magnitude of risk. D. McAlister (1879) and J.C. Kaptein
(1903) proved that there are many examples of random quantities under the law
of proportionate effect in natural and sociological phenomena. However, now
we often consider the consequence of human activities on the environment via
a feedback mechanism. Based on dose distribution analyses, combining the law
of proportionate effect and negative feedback, we have a simple model of two
functions, respectively, similar to accelerator and brake pedals of automobiles.
The law of proportionate effect produces the multiplicative random process but
introducing a feedback mechanism into the process shifts it gradually from the
multiplicative to the additive random pro! cess. Thus the law of proportionate
effect with feedback mechanism results in random quantities that are normally
distributed in a scale to unify the linear and the logarithmic scales, conveniently
called“ hybrid scale”. The paper presents how to use the hybrid scale for data
analysis with the AIC statistics.
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Abstract This paper describes a new statistical method for the analysis of dialup network

traffic time series observed at a TCP/IP local area network. The target traffic
is observed series of dialup access which is measured with SNMP at Hosei Uni-
versity. The logarithm of target traffic averaged on every one hour is used. We
proposed a nonstationary Bayesian model that decompose the traffic series into
trend, periodic and AR components. The components obtained by the model
are as follows: trends which are smooth over several days and several hours;
effect of days which has periodicity in a week, variation in a day which has pe-
riodicity in a day, and AR component. This paper revealed that nonstationary
Bayesian times series analysis is suitable for decomposing the traffic series into
trend, periodic and AR components.
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Abstract It is hard to understand cultures nowadays which are too much diversified.
Therefore we need following methods to grasp them. At First, we develop the
social research site. If we call subdivided culture ”sub-culture”, sub-culture
analysis needs a large amount of data that consisted of both various items and
users as questions and respondents. It is impossible to get them by use of tra-
ditional ”Paper Survey”. However the data gathered through the Internet has
huge noises. We must remove them by statistical technique. Sub-culture analy-
sis ought to deal with not only popular items but also minor ones. Nevertheless
it is true that items differ in characteristics with popularity. Therefore, the
layer division based on the rates of cognition is indispensable. Furthermore, we
carry out clustering items in each layer. The reason why that method required
is because there are too many items especially in lower layers. To grasp their
characteristics more effectively, the number of objects should be reduced. The
above-mentioned process also means equalization about the amount of users in-
cluded in every cluster between layers. Finally we execute the Kohonen-Network
and draw Self-Organization-Map made of whole clusters. It tells us the structure
of the phenomenon in the culture visually.
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Abstract With an array of high sensitive magnetic sensors, which are made by SQUID

- Superconductive QUantum Interference Device, the higher-order function of
human brain is measured and evaluated. However, when the current sources,
which are caused by the activity of neurons, are analysed from the obtained
time series data, the single or up to two or three current sources are usually
assumed in the estimation. As an inverse-problem, the method of analyzing
multiple current sources is an ill-posed problem. Then, the number of current
sources was examined by using Akaike information criterion. Concretely, the
renormalized factor analysis model under a physically constricted condition is
used. Moreover, it has been devised to obtain the transition of the number of
current sources when applying to not the entire time series data but the local
time regional data. This method is tentatively named ”MiSERU - Multiple
current Source Estimation by Renormalized Untangler” meaning ”to visualize”
and hoping ”to be sattractive” for the science of modeling.
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Abstract In the literature, model selection problems are usually classified into two different

categories according to whether the data generating process (DGP) is included
among the family of candidate models. The first category (referred to as the
category I) assumes that the DGP belongs to the candidate family. Under this
assumption, the goal of model selection is usually placed on the correctness of
selection. A model selection criterion is said to be consistent if it can choose the
DGP with probability tending to 1. In the linear regression or linear time series
models with finite-variance errors, BIC has been shown to possess this property.
On the other hand, AIC, tending to choose a larger model, is not consistent
in category I (Shibata, 1976). Category II assumes that the DGP is not one
of the candidate models. In this case, choosing the model having the optimal
prediction ability seems to be the most important issue. Shibata (1980, 1981)
considered model selection problems along this direction. He showed that when
the DGP is an AR(∞) model or an infinite-parameter linear regression model
and the number of the candidate models grows to ∞ (at a certain rate) with
the sample size, n, AIC is asymptotically efficient (AE) in the sense that it can
choose a model with the smallest finite-sample mean-squared prediction error
as n is sufficiently large. He also showed that BIC is not AE under the same
settings. While being undoubtedly of theoretical interest, the results mentioned
above suffer from the difficulty that judging which type of selection problem
(category I or II) one encounters is nearly impossible. Therefore, the choice
between AIC and BIC becomes a challenging problem. So far, no existing mod!
el selection rule has been shown to be optimal in both categories. This paper
aims to resolve this difficulty. In particular, we propose a modification of accu-
mulated prediction error (APE) of Rissanen and show that the proposed model
selection criterion can choose the optimal subset autoregressive model (from the
prediction point of view) in both categories. Some empirical results are also
given to illustrate this theoretical result.
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Abstract Sensor fusion has possibility for intelligent data processing to recognize the world

by integrating various information from multiple sensors, e.g., cameras, micro-
phones and radars. It generally involves a problem where associations among
sensors and/or between sensor and state are unknown. Here the number of com-
binations in the associations even for one sensor is factorial of the number of
targets. Furthermore, the combination number increases drastically when there
are missing and false detection in observation process. Our method estimates
the unknown association and the target state simultaneously, while conventional
ideas such as gating estimate the target state by firstly determining the associ-
ation using current observation and then estimating the state by Kalman filter
with given association. We employ a situation with cameras and microphones
to track targets in 3D motion, and develop a novel model to achieve the tracking
purpose. We use Rao-Blackwelled par! ticle filter for the estimation since the
model is conditionally linear with respect to the state for given associations. Ef-
ficiency of the proposed method has been illustrated by simulation experiment.
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Abstract A new approach to define a similarity matrix for clustering is proposed. The
method can be used for preprocessing of standard hierarchical methods, and
also used for some non-hierarchical methods such as spectral clustering. The
proposed approach uses the covariance operators in reproducing kernel Hilbert
spaces to define the similarity of two data vectors. Thus, the similarity matrix
can incorporate all the nonlinear correlation of given data in principle. The
performance of this clustering method is compared with conventional methods
through experiments on various data sets, including gene expression data.
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Abstract Sequential Monte Carlo methods are powerful algorithms to sample from se-

quences of complex probability distributions. They are mainly based on a com-
bination of importance sampling and resampling techniques. The efficiency of
these methods depends crucially on the sampling strategies adopted. In this pa-
per, we present an extended importance sampling framework which allows much
more freedom than standard techniques to impute random samples. This makes
it possible to develop efficient and original sampling strategies. Applications to
optimal filtering problems illustrate this approach.
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Abstract In many scientific and engineering problems, selecting the optimal model from a
large pool of candidate models is important, particularly in data mining. In the
literature, model assessment in a context of non-Normal distributions has not
yet received a lot of attention. Indeed, many existing model selection criteria
such as BIC and CP, which were developed based on the Normal distribution,
may not be suitable for a situation in which the conditional mean and vari-
ance of the response are dependent, for instance, in the generalized-linear-model
regression. In this article, we propose a new adaptive model selection crite-
rion and construct an approximately unbiased Kullback-Leibler loss estimator
for model assessment, in a context of exponential family distributions. This
permits comparing any arbitrary complex modeling procedures. Our proposal
utilizes a concept, we called generalized degrees of freedom, which generalizes
the concept that was originally proposed for ! the Normal distribution. The pro-
posed procedure is implemented for the Binomial and Poisson distributions and
its small sample operating characteristics is examined via simulations. The use-
fulness of the method is demonstrated by an application to a study of the effect
of air pollution on certain respiratory diseases. Numerical analyses supported
the utility of the methodology.
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Abstract We examine three convergence tests for one dimensional chain of MCMC draws:

two types of Kolmogorov-Smirnov tests and Geweke’s test. Find that all of these
tests are sensitive to the existence of autocorrelation in the draws, we modify
the tests for autocorrelated draws and find that the flucutation test, a version
of Kolmogorov-Smirnov tests, performs best in terms of sizes and powers of the
test. We suggest that we should use plots of draws and the flucutation test to
judge on convergence.
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Abstract Our main goal is to perform fully Bayesian inference for the Logistic Smooth

Transition Autoregressive model of order k, LSTAR(k). We take into account
the uncertainty about all the model’s parameters and as well as the the model
order, k. A novel Reversible Jump Monte Carlo Markov Chain (RJMCMC) is
tailored and its validity is tested in several simulated and real applications.
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Abstract Based on the ETAS (epidemic type aftershock sequence) model and the thinning

procedure, this paper gives the methods on how to classify the earthquakes in
a given catalogue into different clusters stochastically. The key technical points
are the probabilities of one event being triggered by another previous event or
being a background event. Making use of these probabilities, we reconstruct the
functions associated with the characteristics of earthquake clusters, which enable
us to test a number of important hypotheses about the earthquake clustering
phenomena. The results show the following assertions: (a) The formulations for
the clustering components in the ETAS model are good enough as a first approx-
imation in describing earthquake clustering features; (b) the background events
trigger offspring in a different way from the triggered events; (c) the magnitude
distribution of a triggered event depends on the magnitude of its direct ancestor;
(d) The diffusion of! the aftershock sequence is mainly caused by the cascades
of individual triggering processes, while each individual triggering process is not
diffusive; (e) the spatial scales of the locations of the triggered events are not
proportional to the triggering abilities of their direct ancestors, but proportional
to the cubic roots of the energies released by their direct ancestors.
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Abstract Network structure is responsible for efficient communication through the net-

work and robustness of the network by fault and attack. In order to investigate
network structure for optimal communication on the network, we propose a
simple numerical method for construction of the network. In this method, we
introduce a cost function for the efficiency of packets communication and op-
timize the cost function by reconnecting links in the network. We apply this
method to a routing control model for a packet flow proposed by Horiguchi and
Ishioka, and find an optimal network for the packet flow. It turns out the ob-
tained network has a small-world property but a different structure from Erdös
and Rényi’s random graph and the real Internet.
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