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International Conference on Mathematical and Theoretical Biology
And
Annual Meeting of the Society for Mathematical Biology
Joint with
Japanese Association for Mathematical Biology

Hilo, Big Island, Hawaii, July 16-19, 2001

Organizers:
Alex Mogilner(University of California at Davis, USA)

Yasuhiro Takeuchi(Shizuoka University, Japan)

Local Organizers from University of Hawai'i at Hilo Conference Center:
Judith Fox-Goldstein
Mary Ann Tsuchiyama
Mae Narimatsu

International Scientific Committee:
Hal Caswell(WoodsHole Oceanographic Institute, USA)
Mark Chaplain(University of Dundee, UK)
Alan Hastings(University of California at Davis, USA)
Mark Lewis(University of Utah, USA)
Ramit Mehr(Bar-llan University, Israel)
Lisette de Pillis(Harvey Mudd College, USA)
Lee Segel(Weizmanninstitute, Israel)
K.Tainaka (Shizuoka University, Japan)
J.Yoshimura (Shizuoka University, Japan

IMPORTANT DATES

March 15 - Travel Fellowship applications due for students

May 15 - Contributed talk and poster presentation submission deadline
May 15 - Notification of acceptance of abstract

June 1 - Early registration deadline

June 1 - Hotel fare and room availability is guaranteed until this day
June 15 - Cancellation refund deadline

July 15 - Arrival Day

July 16 - Conference begins in the morning

July 19 - Conference ends at noon



SCIENTIFIC PROGRAM

Plenary Speakers:

¢ Yoh Iwasa (Kyushu University, Fukuoka)
Les Loew (University of Connecticut Health Center)
Masayasu Mimura (Hiroshima University)
Charles Peskin (New York University)
George Oster (University of Califormia at Berkeley)
Nanako Shigesada (Nara Women's University)

Special Speaker:
Albert Goldbeter (Free University of Brussels)
(Biological Oscillators and Clocks)

Minisymposia:

MATRIX POPULATION MODELS

Chairs: Hal Caswell and Takenori Takada

Matrix population models are one of the most powerful and widely used mathematical
frameworks for describing the dynamics of populations in which individuals are structured by
age, size, developmental stage, and/or spatial location.

SPATIAL MODELS in ECOLOGY

(in Memory of the Late Professors Ei Teramoto and Masaya Yamaguti)

Chairs: Simon Levin and Toshiyuki Namba

Spatial models in ecology is the rapidly growing area related to general paradigm of
biocomplexity. Spatial heterogeneity is a vital element in shaping ecological communities, and
nonlinearity plays a critical role in spatial dynamics. In this minisymposium, recent progress in
spatial ecology will be addressed.

MATHEMATICAL MODELING in MEDICINE

Chair: Lee Segel

Mathematical modeling in medicine is just beginning to be exploited. There are special
responsibilities in modeling when human lives are involved. Some recent examples of such
successful modeling that will be discussed include quantization of bone marrow dynamics in
health and after transplantation and evidence-based organ transplant allocation.

IMMUNOLOGY

Chair: Ramit Mehr

The immune system recognizes, learns and memorizes its encounters with pathogens. The
complexity of the immune system is in accordance”with these challenges: it is composed of
many cell types, and the observed response is the sum total of activities and interactions of the
cells participating in the interconnected network. Mathematical and computational models help
bridge the qualitative gap between the study of the responses of single cell types in controlled
experiments, and the behavior of the immune system as a whole in the living body.

MATHEMATICAL NEUROPHYSIOLOGY

Chair: Gerda deVries

The electrical activity of cells such as neurons, cardiac cells, secretory cells, smooth and
skeletal muscle cells plays a central role in the function of these cells. The cells typically do not
act in isolation, but are members of ensembles necessary to perform the specific function. In
the mini-symposium on mathematical physiology, the focus will be on the dynamics underlying



the synchronized electrical behaviour of such ensembles. The theme that unifies the speakers
is emergent phenomena — phenomena that cannot be explained by an understanding of the
individual cell alone, but are the result of cellular interactions such as coupling via synapses or
gap-junctions.

BIOINFORMATICS/PROTEOMICS

Chair: Richard Goldstein

Genomics and proteomics are providing us with impressive amounts of information. The
various sequencing projects are rapidly providing us the "parts list" for a number of different
living organisms. New experimental approaches allow us to quantify how many of these parts
are being created and used in different cells under differing conditions. Combined with the
speed of modern computers and advances in fields from developmental biology and
biochemistry to artificial intelligence and system theory, we are in a position to try to put these
observations together in a conceptual and quantitative framework. Mathematical and
theoretical biology plays a central role in this endeavor. We need to develop methods for
understanding the growing mass of observed data, for translating the letters of the DNA
sequences into the words of genes. We must relate the theoretical models to the observed
data, parsing the genetic words into complete sentences and understanding the encoded
plotlines. Finally, we must put this understanding in the context of the underlying evolutionary
process.

Preliminary schedule:
Coming soon

There will be also 6 contributed sessions in virtually all areas of

Mathematical and Theoretical Biology with almost forty 15-min speakers, lively Poster Session
and round table discussions on:

- Mathematics in Biotechnology and Industry

- Modeling in Medicine

- Challenges in Education

(3/29/2001 http://www.itd.ucdavis.edu/SMB-JAMB-2001 &UYEx#k)
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http://www.itd.ucdavis.edu/SMB-JAMB-2001/
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Size Dependent Sex Change Under Perfect and Imperfect Information of Size

Kumazawa Takao; Mathematical Biology Lab./ Kyushu University
kumazawa@bio-math10.biology.kyushu-u.ac.jp

Coral fishes change their sex depending on their partners’ size, while such dramatic changes
seem rarer in plants. In this study I considered this difference, focusing on the attainability of
mating partners’ size. I used two players’ reproductive games with two discreet size (large and
small) under two types of size information attainability; each organism knows the exact size of its
mating partner (casel), and each knows it probabilistically (casell). In these two cases I analyzed

and calculated SDS (locally stable) sex biases under various sets of inbreeding depression and
fertilization rate.

The results are follows. In both cases the difference of sex biases of large players and small
players becomes larger under the condition of larger size difference and/or stronger inbreeding
depression: large players become more female biased and small players become more male biased.
In this condition the difference of sex biases between casel and casell is little. On the other hand
the sex biases of casel and casell widely differ under the condition of both low fertilization rate and
strong inbreeding depression. Large players take complctc female and small players take complete

male or vice versa in casel (Figl-1 and Fig1-2), while players of both size get near to the
intermediate sex in casell (Fig2).

We can infer something from the results. Firstly moderate (not dramatic) sex changes
depending on their size can be seen under high fertilization rate. Secondly, under low fertilization
rate, there can be sex changes of complete male to female or vice versa when each player knows the
size of its mating partner, while there are little sex changes when it does not know the size.

1 1 P - m-. LW NN}
o’

0.8 R “4
0.6 V6t w

L o
ddf & 2.4

L
1.2 bl 9.2
L)
v = o ’
e 04 (IS 0.8 3 (Fig.1-1) o2 na 4.& [X.] T (Fig.1-2)

6.2 14 0& 0B L (Fig.2)

These three figures show SDS sex biases under low fertilization rate and strong inbreeding erression.

In each figures the horizontal axes represent the ratio of small size to large size, and the vertical axes represent SDS sex
biases of both small-sized (solid lines) and large-sized (dashed lines).

Both Fig.1-1 and Fig.1-2 are SDS in casel, while Fig.2 is the only SDS in casell.
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Mathematical Analysis of HIV Immune System

Graduate School Science and Engineering,Shizuoka University
Takayuki Abe

Abstract

We summarize the fundamental knowledge
about immunity and introduce the basic immune
model proposed by Martin A.Nowak and Charles
R.M.Bangham [1] and consider stability of the equi-
librium points [2). We propose the revised model.
The basic model includes only the cell-mediated
immunity while the revised model includes not only
the cell-mediated immunity but also the humoral
immunity. We consider stability of the equilibrium
points in the revised model. We compare the revised
model with the basic model so that we find the
revised model is more effective than the basic one.
That is, the numbers of the infected cell and virus
for the revised model are reduced less than those
for the basic model and the solutions of the revised
model tend to the equilibrium points rapidly than
those of the basic model.

Immmunity

The immune system has evolved to protect us from
infectious diseases. Humans have the innate immu-
nity and the adaptive immunity. Further the adap-
tive immunity is divided into two classes that are
called as the cell-mediated immunity and the humoral

immunity.

It is a helper T cell (CD4T) to play an important
role in the immune system. It is indispensable to the
immunity system, when the cell-mediated immunity

and the humoral immunity work.

._19__

HIV

The human immunodeficiency virus (HIV) is the
etiological agent of the acquired immunodeficiency
syndrome (AIDS). The helper T-cell is infected with

- HIV. HIV transcribes RNA on DNA when the virus is

reproduced. The variation of HIV called quasi species
occurs because exact transcription is done with low
probability. HIV reduces a helper T-cell step by step
and finally the immune system does not work. If
we are infected with HIV, it takes 8-10 years on the
average until we become AIDS.

Revised model

The basic model has only the cell-mediated immu-
nity, but does not have the humoral immunity. We
attempt to add the humoral immunity to this model
and propose the revised model for HIV immune sys-
tem.

Plasma cells and killer T cells are stimulated by
cytokine produced by helper T cells. Plasma cells
work for the humoral immunity and killer T cells
work for the cell-mediated immunity. The helper T
cell instructs to the B cell to produce an antibody.
Hence we can regard that the helper T cell attacks a
pathogen, by making the antibody attack a pathogen.

Proliferation of CTL

P s
O +"'—ﬂ"*m+Dc/v

Uninfected cell : X Virusy

L ‘”fl .8

of = infected cell
[ Death I




We define a new variable y as the total number
of infected and non-infected helper T cells, to which
antigens are presented.

Infected and non-infected helper T cells y are pro-
duced from uninfected cells and virus at the rate Szv
and die at the rate ay. Virus v is produced from in-
fected cells at the rate ky and declines at the rate uv.
Uninfected cells z are produced at a constant rate A

and die at the rate dz. The rate of CTL proliferation )

in response to an antigen is given by cyz. CTLs z de-
cay at the rate bz. Infected cells are killed by CTLs
at the rate pyz. The virus is removed by the humoral
immunity at the rate qyv in the revised model.

£ = A—dz— v
v = pzv—ay-pyz
v = ky—uv-—gqyu
zZ = cyz—bz

Analysis of the equilibrium points

We check the sign of eigenvalues for the Jaco-
bian matrix at equilibrium points. Further we use
Lyapunov-function for proving global stability of
E000. We have proved the locally stability of all
equilibria and the global stability of E,g00. We de-
fine the basic reproductive rate of the virus as

_ Mg
"~ adu’
E+000 When Ry < 1, E+000 is globally stable.
When Ry =1, it is a global attractor.

When Ry > 1, it is an unstable saddle.

E+++0 When 1 < Ry < 1+bdczgkﬁ , E+++o is

locally stable.
When Ry > 1+bd 30k

ud it is unstable .

E++++ When Ro > 1+bd C‘:Skﬁ ,‘ E++++ is locally
stable.

We can’t prove the global stability of E;4 49 or
Ei44+. So we check the dynamics by numerical
value analysis and show the solution converges to

each equilibrivun point. Thus we can expect that the -
revised model system is globally stable under the lo-
cal stability condition.

Comparison the models

We compare the equilibrium points and the dy-
namics of the basic model (g = 0) with those of the
revised model (g # 0). The numbers of the infected
cell and virus for the revised model are reduced less
than those for the basic model.

The asymptotic value of the uninfected cells for the
revised model is larger and the values of the infected
cells and the virus and CTLs are smaller. Further the
solution for the revised model converges to the equi-
librium points rapidly than one for the basic model.

Conclusion

We find that the local stability condition of each
equilibrium point corresponds-to its existence condi-
tion.

We can expect that the revised model system is
globally stable under the local stability condition by
numerical value analysis.

Adding the humoral immunity —gyv to the basic
model has a good influence on the immune system.
Thus the revised model with both the cell-mediated
immunity and the humoral immunity is useful to con-
struct the immune system of HIV.

Reference
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The stability analysis for HIV virus-antibody model

00930218

Takayuki Tanaka

Graduate School of Science and Engineering
Shizuoka university

Introduction

The features of HIV infection are (1) the long and
variable incubation period and (2) its enormous ge-
netic diversity. However the process of the virus in-
fection and the activation of the immune response
have a short time scale, the incubation period is typ-
ically 10 years. Stilianakis et al. [1] used numerical
simulations to explore the details of the stochastic
dynamical behaviour associated with the appear-
ance of mutant strains of HIV. They stress on sev-
eral findings:

(1) the model dynamics depend crucially on the
HIV mutation rate.

(2) the model dynamics equally strongly depend
on the initial size of the virus population and the
initial virus density.

(3) the detailed time scales, and the proportion
of those infected who progress to AIDS within 50
years, depend on the parameters characterizing the
system dynamics. [2][3][4][5]

In our study we use antigenic diversity threshold
model for HIV and AIDS. AIDS results when the
diversity of antigenic variants of HIV in an infected
patient exceeds some threshold beyond which the
immune system can no longer cope with.

Model ‘

The model is

dv

il v(r — pz), (1)
% = kv — bx — uvz.

v is the population size of virus, z is an immune
response which acts only against viral strain. Strain
reproduces at rate r and virus is removed by an
immune response at rate p. The immune response is
activated at rate k and the immune response decays
at rate b and uvz is the impairment of the immune
response.

The equilibrium point Eyy = (0,0) is unstable
and B, = (pk—b_'r—u, I) is locally stable if it exists.
Next to check whetﬁer E,+ is globally stable or
not,we define D = {(z,v) € R%0< z < £,0<
v < oo} . Then D is a global attractor for all or-
bits with positive initial data. Any solution (z,v)
of (1) is bounded. By applying Bendixson-Dulac
theorem the system (1) can have no limit cycles or

v dx/dt=0
dv/de=0

br/pk-

Figure 1: virué—immune,response for the case kp >
ru.

Aav/dAc=0

<

dx/dt=0

L

xX
xX/u r/p

Figure 2: virus-immune response for the case kp <
TU.

closed-phase polygons in region D. Since the pos-
itive endemic equilibrium is locally asymptotically
stable, it follows from the Poincare-Bendixson the-
orem that the w— limit set £ must consist solely of
this point,which leads to the global stability of the
positive endemic equilibrium (see Fig.1).

Thre case without the endemic equilibrium

Conversely, in the case where virus is difficult to
be removed by the antibody, that is in the case of
pk < ru, the amount of the virus will increase in
all conditions and the immune response tends to
the finite value(see Fig.2). So, to create an active
antibody condition is the best way to get rid of

"virus’s control.

Extended Model

For the next step, the cross-reactive immune re-
sponse and the new group such as (3, v2) will be in-
troduced to the model and based on the new model,
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local stability will be analysed. The model is,

doi vi(r — pz; — s2)

dt - 1 rT) ’
% = kv, —bz; — ua:l(vl + Uz),

dv
—a—;— = uy(r — pxy - s2), (2)
d—:;tz = kvy — bxy —uzy (v1 + 1)2),

d

E? = k'(v; +vp) — bz — uz(vy + v3).

where v; and v, denote the population sizes of two
viruses, z; and z; denote the immune response
which acts only against one of two viral strains,
z denotes the cross-reactive immune response that
acts against all viral strains. Virus increases at the
rate r and is killed at the rate p (caused by r)and
s (caused by z ). Immune response acts at the rate
k and decays at the rate b and is killed at the rate
u. Cross-reactive immune response acts against all
virus at the rate k' and decays at the rate b and is
killed at the rate u.

From the extended model, we can get equilibrium
POiﬂts sz,:;,ul JU2,z — EOOOCI))E0+0++) E+0+0+’
E4 4 +++. The condition for the existence of
E)+0++ or E+0+o+ is kp+ k's —ru > 0 and one for
Eti4++ is kp+ 2k's — 2ru > 0. By using Routh
Hurwitz criterion, Fooo00, Fo+o++, F+o4+0+ are un-
stable and E+++++ is lOC&U)’ stable.

The case without the endemic equilibrium
for the extended model

From the model, we can rewrite
dv;

- vi(r — pz; — sz),

dX

& = Wb —uxy, 3)
d

Ei— = "K'(v1 + v2) — bz — uz(v) +v3),

where X = 21 + 22, and V = v; + v,.
We define the set D as D = {(v;, X, 2);0 < v; <
00,0 < X < %,0<z< %} and i = 1,2. Then D is

a global attractor for all orbits with positive initial-

data.

Case without E()+0++ and E+o+0+

Under the condition where Egto4+ and Ejo404 do
not exist (v;, X, z) will tend to (00, &, &) as t — oo.

Case with E0+0++ and E+0+0+

In this case we can not decide the sign of r—pX —s2z
in D . 1t is difficult to prove that v; will tend to
00. We carried out the numerical simulations for
the case kp + k's — ru > 0. Here we decide the
parameterssuchas: b =00,k =k =u=1.0,p=
2.0,r = 4.3,s = 2.4 and the initial data is v;(0) =

v2(0) = z;(0) = z2(0) = 2(0) = 1.0. We found that
(v1,v2, X, 2) tends to (00, 00,1.0,1.0).

Discussion

Under the condition kp > ru, for the case without
the cross-reactive immune response it is proved that
an equilibrium point E; where the virus and the
immune response co-exist is globally stable. And
under the condition kp < ru, where an equilibrium
point E,  does not exist, the virus cannot be con-
trolled by the immune response and increases con-
tinuously.

With the cross-reactive immune response and
new group of the virus, under the condition kp +
2k's — 2ru > 0, Eq4q4++ is locally stable and the
boundary equilibrium points Fyyo44+ and Ejoo4
are always unstable. When E 4, does not ex-
ist,that is, kp + 2k's — 2ru < 0, if the bound-
ary equilibrium points Eg4o++ and E4g404+ do not
exist, the virus cannot be controlled by the im-
mune response and the cross-reactive immune re-
sponse. If the boundary equilibrium points Ey4o++
and Ejg404 exist, we see by simulations the virus
cannot be controlled by the immune response and
the cross-reactive immune response. The result is
similar as when the boundary equilibrium points
Egto0++ and Eig40+ do not exist. We compare 2
models (1) and (2). The model! (1) has 1 virus and
1 immune response, (2) has 2 viruses and 3 im-
mune responses. Even the number of the immune
responses in (2) is more than one of virus, the region
where E, 4 4+ can exist decreases against the area -
where E, ;. can exist. This means that in (2) virus
is easier to diverge than one in (1). Our future prob-
lem is to check whether E 44 is globally stable
or not.
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#38

2000%4H20H

Sergei Petrovskii

Shirshow Institute for Oceanology, Russia (Russian Academy of Science)

"Recent Progress in Mathematical Modelling of Pattern Formation in Biological
Communities"

#39

200045H11H

TR <
FEKFERERAEMRFHL
(DEEHLEDFA AT IV I R)

#40

2000%5AH18H
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#a1

2000%8H21H

Michael Gilchrist

Dept. of Biology, Duke University

- “Using Within-Host Parasite Population Dynamics to Calculate Optimal Parasite

Growth Rate: Linking Transmission, Added Mortality, and Host Recovery Rates”

#42

20014 2A1H .

Tae-Soo Chon

Division of Biological Sciences, Pusan National University
“Dispersal of Key Pest Insects in Pine Trees in Korea”
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HKF: iR 1 24E6HG6H
{EA : "Recent Progress in Modelling Spatio-Temporal Pattern Formation in Population
Dynamics"
FMBEE : Sergei Petrovskii

Shirshov Institute of Oceanology (Russian Academy of Science)
FE : The issue of pattern formation in biological communities is one ofthe central problems
in modern ecology. Particularly, the spatialdistribution of species is usually highly
inhomogeneous, both in terms of total biomass and species composition.  The reasons of this
heterogeneity, however, in many cases are still understood rather poorly.  In this lecture, an
account of recent development in this field will be given. Most of attention will be paid to the
dynamics of relatively simple prey-predator model described by nonlinear partial differential
equations of "diffusion-reaction” type.

First, it will be shown that, under only a few weak restraints, the "intrinsic" dynamics of this
system leads to the formation of realistic non-stationary irregular patterns.  The formation of
the patterns is not induced by inhomogeneity of the system parameters, external forcing or
specific initial conditions. The patterns arise due to rather an unusual spatio-temporal
scenario when regular spatial distribution of species is "displaced” by the irregular one.

Second, it will be shown that a two-component diffusion-reaction system for certain
parameter values can exibit rather an unusial behaviour: a locally unstable equilibrium may
become stable during a certain transition process. The phenomenon is, in some sense, "inverse"”
to the pattern formation appearing as a result of Turing instability. Results of both analytical
and numerical investigation will be preseneted.

AR : L1 2FE8A23H (k) 13:00~
R : Host-parasite coevolution in the Daphnia-microparasite system
B 5E#E : Dr. Dieter Ebert

Zoologisches Institut, Basel University, Rheinsprung 9, 4051Basel, Switzerland
Z T : Reciprocal selection is the underlying mechanism modulating host-parasite
co-evolutionary arms races. Its driving force is the reductionof host life-span or fecundity that
is caused by a parasite. Parasites evolve to optimize host exploitation, while hosts evolve to
minimize the parasite induced loss of fitness (virulence). The Red Queen hypothesis predicts
that genetic variation among host offspring facilitates selection for reduced virulence (Ebert
and Hamilton 1996). Using examples from our experimental work on the planktonic crustacean
Daphnia magna and several of its microparasites, | illustrate that there is ample genetic '
variation for host and parasite evolution within natural populations (Ebert et al. 1998) and that
strong host-genotype by parasite-genotype interaction exist. These interaction are more
consistent with predictions of the matching allele model, than the gene-for-gene model. I
further demonstrate that parasite mediated selection for host resistance is very rapid and a
powerful force in shaping the genetic structure of the host population (Little and Ebert 1999,
2000; Carius et al. unpublished). So far most of our results 4re consistent with the assumptions
or predictions of the Red Queen hypothesis.

AR 11A17H (&) Fk4akho
TR : "An algorithm of real root isolation for polynomial systems and applications"
SEGEE : LuZhengyi (BB{E—) IBMBEKRFE

B E : By combining Wu method and polynomial real root isolation algorithm in Maple, we
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propose an algorithm for isolating real roots of multiple unknown
polynomials. Based on this algorithm, a class of polynomial systems with small amplitudc
limit cycles is considered.

BEf: 11H178 (&) F&SENG
T# & : Permanence and Global Stability for General Lotka-Volterra Predator-Prey Systems with
Distributed Delays
WA . R (KRR H K ¥ TFEUFEHR)
BE: There have been many mathematical studies for permanence and global stability of
Lotka-Volterra systems with distributed delays (see, for example, [1, 2] and the references cited
therein). However, we find few papers giving sharp conditions for the permanence and the
global stability. In this lecture, necessary and sufficient conditions will be given for
permanence and global stability of two kinds of Lotka-Volterra predator-prey systems with
distributed delays. These results are extentions of [4; Theorem 2.1] and [3; Theorem 3.1].
Furthermore, a recent work will be introduced for global stability of a Lotka-Volterra
competition system with delays.
References:
[1] K. Gopalsamy, Stability and Oscillations in Delay Differential Equations of Population
Dynamics, Kluwer Academic Publishers, Dordrecht/Boston/London, 1992.
[2] Y. Kuang, Delay Differential Equations with Applications in Population Dynamics,
Academic Press, New York, 1993,
[3] Y. Saito, T. Hara, W. Ma, Necessary and sufficient conditions for permanence and global
stability of a Lotka-Volterra system with two delays, J. Math. Anal. Appl. 236 (1999) 534-556.
[4] W. Wang, Z. Ma, Harmless delays for uniform persistence, J. Math. Anal. Appl. 158 (1991)
256-268.
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AR : 2A9A (&MA) 16KMND

[#¥8 : IMPLEMENTATION OF ARTIFICIAL NEURAL NETWORKS TO Patterning AND

PREDICTION OF ECOLOGICAL DATA s

iR . Tae-Soo Chon(Division of Biological Sciences, Pusan National University, KOREA)
Email: tschon@hyowon.pusan.ac.kr

HE :

Studies under ecological (or behavioral) topics often produce various types of complex data in

space and time domain since biological organisms incorporate many different factors such as

life history, interrelations with other organisms, and environmental disturbances. Patterning

and prediction of ecological data, however, are urgently needed fields in terms of monitoring

and development of management strategy for environmental conservation.
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Implementation of artificial neural networks has been an alternative to analyze and predict
these complex ecological data.  The learning by the networks has been useful for extracting
information of ecological data, as well as for obtaining flexibility in their applications to
various assessments in ecosystem management.  Brief history of development of artificial
neural networks and their implementation to ecological data are introduced in this presentation.
Some case studies on implementation of artificial neural networks to ecological modeling are
also presented: multi layer perceptron for patterning relationships of variables, self- organizing

mapping (SOM) for grouping multivariate data sets and temporal artificial neural networks for
training time series data.

A B : 20014 3A5H (AHA)

W BEENA LD SIR RRFHETNVOLEEM & PermanencetZ DWW T

& . Wanbiao Ma(FF KFELH¥EH S A 7 AL « IAEEM KX FETEB R T
L TEFRY

S ARFIIHMEN 2 ESBRBETNVEIC, AAGELBOLERROREN &
N2 XV AZONTHLYRTLRRT IO THD. ERABTIILUTOIATH

5.

(1) 19784E19794IZ May & Anderson & Hethcote A3E> =R D
SIRBUGILSS E 7 /L DRI ‘

(2) 1995473 Beretta &Takeuchi DOIEBIL % & OSIREGHRFET LD
i A K O _

(3) 199 74LI5kE. Takeuchi And Ma & BB % L OSIRIERABET VDK
M L Permanencets OV T DEE L WVHEAT.

_33_



AM T EXRFHERIFBEPVLFEATLIFHBELE

MABLOAR BER 14
HMRE AWMLy T ot Xk
HMSH BEBICUHETFONE) YY¥HOERBSIUCHEMoOERBEFERBE LA
YT, £HT%¥ - AYPEE - EPLE - LAY FEREDHSE CTHAREZH
WTHMMERZ1T> TWDE, H5WIIBEEBMICEMOEROH S ).
B WMLoFaEfH L, K¥ERELANE L UCEMBREROYXEDOHEE R L ORI
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2) WFRERY X b
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ISBEREDY) Y FRRISESASIA (K) %
ERRHERURBRS %
| T820-8502 &R BRARLRH)I H680-4
N TEKEERTEBEMLE S X T L TEH
ANEREZER WRE #Fi
TEL: 0948-29-7815, E-mail: kodama@bse. kyutech. ac. jp
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(http://www. bse. kyutech. ac. jp/) ZBRLTIZ&W. F7z, HFFIFA4GHA
MICHES, REBICHEL L, HEREIC HEINE) LAEL, EFTEM
DT k.
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