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Explicit sufficient invariants for an
interacting particle system

Yoshiaki Itoh, Colin Mallows, Larry Shepp,

We introduce a new class of interacting particle systems on a graph G. Suppose initially there
are N;(0) particles at each vertex ¢ of G, and that the particles interact to form a Markov
chain: at each instant two particles are chosen at random, and if these are at adjacent vertices
of G, one particle jumps to the other particle’s vertex, each with probability 1/2. The process
N enters a death state after a finite time when all the particles are in some independent subset
of the vertices of G, i.e., a set of vertices with no edges between any two of them. The problem
is to find the distribution of the death state, 7; = Nj(oco), as a function of N;(0).

We are able to obtain, for some special graphs, the limiting distribution of N; if the total
number of particles N — oo in such a way that the fraction, N;(0)/S = &, at each vertex is
held fixed as N — oo. In particular we can obtain the limit law for the graph, S, : ~——
having 3 vertices and 2 edges.

Y

This process might be called the “political positions process” where the vertices of G
represent various political positions and an advocate for one position may attract people with
neighboring views. |

For the complete graph, the model is that of Moran (1958) for the Fisher-Wright random
sampling effect in population genetics. In the more general case the model might be applied
to study speciation in biology as well as political positionings. For example consider a genetic
system for m alleles A;,i = 1,2,--,m, in which zygotes A;A; are fertile for j =4 —1,7,7 4+ 1
and infertile for the other j. This problem was studied numerically by Nei, Maruyama and Wu
(1982), considering the Fisher-Wright random sampling effect with some selection structure.
Our present model has a random sampling effect depending on the structure of a graph, which
could be a natural simplified model of the genetic problem. The graph Ray, which is a regular
polygon with 2k vertices and all edges present except those Joining opposite vertices, is a
special case of our genetic model.

Reference ' -

Itoh, Y., Mallows, C., and Shepp L. (1998) Explicit sufficiently invariants for an interacting
particle system, Journal of Applied Probability, Vol 35 (in printing).
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B0 % 5 MIBICRA L TEERZEMS Y, TOSHFEEIEAL T IORTFIE TEMRA
(biological invasion) ME]| & LTHMON TV 5, KFEE Tld Shigesada & Kawasaki (1997)
ZEDT, WCOPDEBROIRER L NS EFHATAIHBETFNVICOWTHRSD,

1. EHORADEHN EFHBIEADAE

EYORNESABILRDES & LT, WALBWTIX, 77 o fIFTH LA Ty
b (Skellam, 1951), =2 —3V—=F ¥ FTOLTJ ¥V F (Caughley, 1970), KEH VY 7+ V=
T DXRFERFETD T v 2 (Lubina & Levin, 1988) OFIAHE N TW5E, BETIRILKIZE
AENTzA T AX A (Mundinger & Hop, 1982) 23— v /NEAR T A2 K1) (Okubo, 1988) ®
B, BRTREHERERPSIAE o 1MOEFERA X I XV 7 A (Andow et al., 1993) DB
PHRE SN TS, MIZH % { DBIHS Shigesada & Kawasaki (1997) 125 5.

CNLOWMEBDPL, SABIEROBFERDEICEEDLI LN TEL, EWIIRAL
ZEERPOELICEDOSHR AL T DTIERL, £ OBEFHBIITERT S F T2
5 —EDHHORERYH Y, ZOBRSABEILERL TN, FLT, BTHh, KETH
N, EYOLERTELEBIZIIRIPHL0 0, HHAEBIE—EOMEICENT S, T4bb, 4
MIPLRIZ, EEY, WRH, MMM AZ ENTES., 51, AL, (1) ot
BRI L TERBICTER L T, (2) BRBICHIRT 2055 2 R h S ILREE A & <
20, DHBIEROKRFII2AOEMRTEINS, (3) MEEMNICHEALTWL, ®320DF 4
TIZHETAHIEBTESL, INHEEFNEFN Type 1, Type 2, Type 3 &5 5.

2. RiCH#EARERXICL B ERE
WS > T LEE L RO 5 LT E, ROKSIEEARRCRBT 2 2 LT
53,
u(z,t) = D(z) A u(z,t) + (e(z) — pu(z, t))u(z,t) (1)
ZZT, ulz,t) BTz, BHt TOEYOBEEERE, D(x) ZILERE, (=) FARMBER
WEER, p 3ZEARSRITH D, HLE 2 HOWIE logistic FRERICE-TWE, EPDE
AeZEZTWBEDTHHFHEERDLHIZT 5.

u(z,0) = ned(x)
CZT, ny ZWEBORAMEKKTHY, §(x) 374 T v 7D 6-FEHTHS.

2.1 REN—HLIHE

D(z) = D (%), e(z) = ¢ (B%) D%4, HERX (1) 1k Fisher X L vwbhTh)h,
FABDERIZFERAMETIL 2vVeD O—FHEETIENS I EFHMLNT WD (Fisher 1937,
Kolmogorov et al. 1937, Bramson 1973, Kametaka 1976, Fife 1979).



2.2 RIEVIHF—HKEBE
ZH z 3 1RTEL, D), e(z) 2 ROLIBAB L(=1 +1,) DEHEKE T 5.

1 ze€(nL,li+nL)

Die) = { d z€(ly+nL,(n+1)L) (n 3 2E50) 2)
|1 ze(nL,ly +nl) ‘
ele) = { e ze(tnl(nynr RER) 3)

f(z) =2 0388 L ORFIHIBEEL, g(2) > 0 1T limy_oo g(z) = 0 2 TEEE T5. DFHLK
BEEZ c & LT, SMHEOERTOROTE

wz,t) = f(z - ct)g(z)

LIRES B E, glo) = Ce® (C, s BEOEEER) 2°KF VY, HHILAEE c RROBBEE
TH5ZHN5,

Y+ (dgo)?

cosh s(l; + lz) = cosh q;1; cosh gl + c sinh ¢;1; sinh g1 (4)
2dq 192

CZTC, i=+es—1, ga=+/(cs—e)/d TH5.

EORELY, EE ¢ BRME cnin 20D, HER (1) OREFETEELRDL L ZOR
PEEIZL S —FT 5.

ZEM 2 RIEDHBA D(z,y), e(z,y) %, = HARER (2), (8) THZ, y FHIZIZI—HTH
59D, ZOLE o HHMOERHEEEE IRICERUR 4) &% b, 7y HEOEEIIRS
TE21bh5b.

g1 tanh glal—l + dgy tanh %lﬁ =0 | (5)

CZT, qg=vV—582+cs—1, go= \/——32 +(cs—e)/d THAH. TNODEEDR/NMED
AETRKOONIBEEL I —FKT 5.

BUSHEBCFFE RN & 5 AT B RO BEEE 7V AT A BN U CEBMICIA LT
( Typel DHFE2LISHHLTWAS, L2LARIS, Type2 % Type 3 DBLS2HEHT S
CIRTERV, 2T, RIEEIEL 25 L) 128D Eb 24 R EE N R EER IO 8%
EEHHATEEFTVERNTS.

3. BENSBICL 3% A

BEOSHEFHE LSBT S L 2O5MEIRA AL TV L 2213 Th <, EHRMIoad
LTWLEBOERL )T o L@ITOWCDRTHREIL, BTS2 LhHb. T/, M
WTIXEDORPBERPOERLHBEICL o TERLAANEFTN TV 2 E0H A, DL ks
R TIRD BN, KROGAHD HROKWIZE L OHIBANSEB L TEIE L, 2 TH-Ry
MWL ST AN S S 9. T FABEICL 5 REE~OHE CEESSEH) LUK
WMaeni GEHEBET B0 28 bE/-FEN %A (stratified diffusion) % B Y AN HHE 7L
BT Lk 5,



HEMFIRA LT E 7Y HE5E L B E RV E L 2P 20 MET2bban
Z=EPRLTWLET S, BAEERNLRARADPOALNL L HIII—ETHL LTS,
ZLT, 20a20=—=05H5HEENr) TWL SPOFEEIEEES L, SHET—EHR
BECHKTA a0 o= %8s L35, 220, ridau=—0XETH5. TOH IO
S-REROIEEIPLABLUTH IO NFau s — 25 3 HIlHKan -7, &
HIZ, HIAT=Z—Hd a0 ==\ L) ITEEEABIC L o Tan=— 22z T e
T5. UTTRIn - REFEIENDELCL—EEE c £ T 5.

WS ES TR THELD, AUZ—DPREL Lo THIEVIERZLZWTHA).
DL BPFEADETNVE I Z—FAE TV (Scatterd colony model) & L & 9. F7-, =R
TEBHEVEL TS, a0Z—-BERZYVEoTHAETS. COXIBRBEDETVE
a0 = —gh4E 7V (Coalescing colony model) & L X 9.

3.1 IAZ—HHEFN
FEZl S B B4R - 0T TS SAEE p(r,t) LT B E, THS—EREE ¢ THRK

LTWwDT
op | Sep _

ot T ar =0 (6)
S5, BEBMICEoTHA A 0Daa=—2EThE0T
cp(0,8) = [ Nr)olr,tyar, (7)
BZl1o0au=_— (4 Xi30) »blEHETLHELT,
p(r,0) = §(r). (8)

RIEEESENOFERED (a) —EDHE, (b) FREICKLT 254, (c) HRICHMATIEEICD
WTIR AR (6), (7), (8) 2T T, HAIBOREREOFHBRITEEBEEIIIHENT 5 2 &8
arh. Thbb, Type 3 DIBEEN R AMABILKDINY — 2 2R T.

3.2 JO0=-—-®@EEFI

ORI Z—DEFR r(t) & L, EEHEIML-FIo= -0t IKBIT23%E z 0o
O=— ST p(z,t) L35, REESHLAFITo—BTOHEIT = — 2B LA
TSI —— %2R LEEE/FOHOB IO =—12h 5 L LTETFMLET 5.
EFNVZERICE D DOTHROAF T &, REBSHOMED (a) —EDBHEIIEHHIC
DRBPIEAR L TVB5, (b) FEICHMATEHEL (c) ARICHATL2HEIMO CORAE
AHREZ B ETI—EEE ¢c TOMBIIEARL, BEIHBEAE (b) Tl e L D REV—FEHE
THARL, (¢) TRMEEMICHEAL TV, T4bb, (b) DEE, Type 2 DHAIEILK/S
=V aRT WGl

2B, LREOMERRIE, RELFRECEERET, HLEETF, SEAKE L O*FERE
X250 TH5.
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FE OME RRIEAEETEHRH)

S MHEE.
I 1R E ie I=10,1], [(0,00), or (—o0,00)
(A].) A= {A”} S xS %ﬁ‘ﬂ\
Aij > 0 for 'L?é],
Y A; = 0 ieb,

JES
sup|du| < oo
i€S

(A2) g(w) iE I Eo 1/2-Holder BT

glu) > 0 (uid I OHpEDOLX)
glu) = 0 (uiz I OFHEOLE)
glu) £ CA+u?) (uel) (I PERTRITID)

X=I LowstRAE L %

L= g(z:)Di + Z ZAijiji

€S i€S jeS
ELTED, ROBEFEXNTEZ 5,
Ou(t,x)
5t = Lu(t,x) (1)
u(0,x) = f(x)

CDFEREFEN (1) ZIREERD & HER (interacting diffus ion system)
vy, COBRMADTIIELADERET N, WHEFLVEL T,
Examplel. (Stepping stone diffusion model with random drift)

I=00,1, a(u)=+u(l-u).
Example 2. (Stepping stone diffusion model with random selection)
I=00,1], a(u)=u(l—u).
Example 3. (Branching diffusion model)

I=10,00), a(u)=+u.



Example 4. (Parabolic Anderson model)

§S=2¢ I=[0,00), au)=u,

ko (ifli-jl=1)
Aij = —2dx (1f7, = _7)

0 (otherwise)

and for K > 0,

Example 5 (Critical Ornstein-Uhlenbeck process)

I =(—00,00), a(u)= constant.

Crp(X) 1 X ETEHS N2 ARERAOH IRE b B KA 2 &,

P(X): X FORERNERE,
BREAER (1) Crp(X) BIUP(X) ECEEE T®), T*(t) 2EL,
T(t) f(x) = u(t,x)
(T*Op, Fy = (s, T () f)
S T*t) PEEROERE (E¥SHA) . THIZHESTH S,
Seat . S D¥EEE,
P f e Cf,b(X), ue P(X) LT
(T, £y = 1, T () )
Dt—oo DEBFFARLIETH S,
REBATIIROMBEILOVWT, BEZTIEON TV AIKRERBRMEE
i 72V
1° T RCDBEEDM 2 HEO T 2RI
2° |IRR (S PERES) LHABER (S PERES) Dt — o DEE)IE

KRBV, FRROY A X LBBOBL LAy —) 72 b 24D,
FIRADER D O HRARD t — co OEBZEN T 5 MR,

3 BHAMPFLELZOCHED t — co DEE,

BEFERA (1) EROEEHSHRRTHRB SN LBRBEIHIGL .
FELUTHEENCLIVBERPBONDD, RERTIZINO QKR L HR
BIZTBINOBTELHVTHB L2, :

day(t) = 3 Az (t)dt + +/29(z:(1)dBi(t), i€ S (2)
jEeS .
CZIT{Bi(t)ies R1KTT I v EBOMI LA TH Do
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POSITIVE SOLUTIONS OF DIFFUSIVE LOGISTIC EQUATIONS

Kazuakl TAIRA

Institute of Mathematics, University of Tsukuba, Tsukuba 305-8571, Japan

The purpose of this talk is to illustrate how the theory of linear elliptic eigen-
value problems with indefinite weight functions can be used to analyze reaction-
diffusion models in mathematical ecology and population genetics. The two main
components of the models we consider are the “reaction” or growth terms and the
“diffusion” or dispersal terms. More precisely, reaction-diffusion equations arise in
ecological modelling when nonlinear dynamics describing the growth or decline of
a population are combined with a diffusion process describing the spatial dispersal
of that population. Solutions to the reaction-diffusion models typically represent
population densities, or in related problems of population genetics, the distribution
of certain alleles within a population. If the population being modelled can dis-
perse through its environment, then the population density need not be uniform.
Assuming that dispersal takes place via random walks or Brownian motion leads
to a diffusion equation for the population density. In many cases, the behavior of
solutions of such reaction-diffusion equations is determined by the nature of the
equilibrium states. Those in turn can often be described via such methods as bifur-
cation theory and linealized stability analysis, which immediately lead to problems
in linear specral theory. Both the modelling and the analysis can introduce con-
siderations which require the study of elliptic eigenvalue problems with indefinite
weight functions, and such problems will be the main subject of discussion.

Now let §2 be a bounded domain of Euclidean space R™, n > 2, with boundary
A of class G2 with exponent 0 < 8 < 1; its closure = Q U IR is an n-
dimensional, compact manifold with boundary. The dynamics of a population
inhabiting a strongly heterogeneous environment are modelled by diffusive logistic
equations of the form

%%:dAu—l—m(:c)u—h(m)uZ in © x (0, c0),
(1) =20 on 99 x (0, 00),
U= U in Q.

Here:
(i) A= 08%/0z2 + 8%/022 + - - - + 8% /8z%; is the usual Laplacian.
(ii) d is a positive parameter. B
(iii) m(z) is a real-valued function on 2.

Key words and phrases. Diffusive logistic equations, indefinite weight, positive solution.
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(iv) h(z) is a nonnegative function on 2.

We discuss our motivation and some of the modelling process leading to problem
(1). The basic interpretation of the various terms in problem (1) is that u(z)
represents the population density of a species inhabiting a region 2. The members
of the population are assumed to move about 2 via the type of random walks
occurring in Brownian motion which is modelled by the diffusive term dA; hence d
represents the rate of diffusive dispersal, so large values of d the population spreads
more rapidly than for small values of d. The local rate of change in the population
density is described by the density dependent term m(z)—h(z)u. In this term, m(x)
describes the rate at which the population would grow or decline at the location z
in the absence of crowding or limitations on the availability of resources. The sign
of m(z) will be positive on favorable habitats for population growth and negative
on unfavorable ones. Specifically m(z) may be considered as a food source or any
resource which will be good in some areas and bad in others. The term —h(z)u
describes the effects of crowding on the growth rate of the population at the location
z; these effects are assumed to be independent of those determining the growth rate
at low densities. The size of h(x) describes the strength of the effects of crowding
within the population.

On the other hand, in terms of biology, the homogenecus Dirichlet condition
represents that €2 is surrounded by a completely hostile exterior such that any
member of the population which reaches the boundary dies immediately; in other
words, the exterior of the domain is deadly to the population. If the exterior is
hostile but not completely deadly, a mixed or Robin boundary condition results,
and the analysis is similar. If the boundary acts as a barrier, so that individuals
reaching the boundary simply return to the interior, a Neumann boundary condition
results. The analysis may be somewhat different, since —A will have zero as an
eigenvalue, but the same general approach can sometimes still be used.

To study problem (1), we may view it as generating a dynamical system on the
Sobolev space W12(Q2). Then problem (1) admits a unique classical solution for
sufficiently small times. However, comparison theorems based on the maximum
principle guarantee that nonnegative initial data remain nonnegative, and so the
existence of global solutions in time, since the nonlinearlity we are dealing with is
sublinear. We show that problem (1) admits a unique positive steady state which is
a global attractor for nonnegative nontrivial solutions provided that d is sufficiently
small, so that the population persists, and further that the zero solution is a global
attractor for nonnegative solutions if d is sufficiently large, so that the population
tends to extinction. '

The models are shown to posess a unique positive steady state, that is, a unique
positive solution of the problem

2
(2) u=20 on Of2.

{ —d Au=m(z)u—h(z)u? inQQ,

The object of the analysis is to determine how the spatial arrangement of favorable
and unfavorable habitats affects the population being modelled. As is frequently the
case, we find that many of the qualitative aspects of the analysis depend crucially
on the size of the first positive eigenvalue for a linearized elliptic problem with a sign
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indefinite weight. In fact, if A;(m) is the first eigenvalue of the Dirichlet problem

with an indefinite weight function

3) —Ap=Am(z)¢ inQ,
¢=0 on 0%,

then we show that problem (2) has a unique positive solution which is an attractor
for nonnegative nontrivial solutions of problem (1) provided that A > A;(m), and
no positive solutions if A < A;(m), where A = 1/d.

The basic ecological content of our results is that, for a species with a given
rate of diffusion, the worst environments are those where favorable and unfavorable
regions are closely intermingled, producing “cancellation” effects, and the best are
those where the favorable regions are relatively large and few in numbers. This
conclusion has significant implications for the design of wildlife refuges. It suggests
that a small number of large preserves will provide better protection for a species
modelled by problem (1) than many small ones, and if the preserves are too small
and too closely intermingled with regions where the environment has been damaged,
they may not effectively protect the species from extinction.
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g-—00 o lIwbhr(D)

727U || lwre(p) 13 Sobolev 22 WL(D) @ /I LhEERT,

EE 1 DOHE (%), DIEMERF u, 1 do—00 DEE, fFIRELGTRUBEK ovy, 1T
EDOL ZERDLN S,

SE 3R

[1] Amann, H., Nonlinear elliptic equations with nonlinear boundary conditions, In : New
Developments in differential equations (Eckhaus, W. ed.), Math. Studies, Vol. 21,
North-Holland, Amsterdam, 1976.

[2] Pao, C. V., Nonlinear parabolic and elliptic equations, Plenum, New York London,
1992,

[3] Ross, L. W., Perturbation analysis of diffusion-coupled biochemical reaction kinetics,
SIAM J. Appl. Math., 19 (1970), 323-329.



Fractal Geometry and Dynamical Systems

SHE A S QUEK - BEAR)

A B 19984 9 A 218 (A),228 (k)

% BT RBKREEEH

FHRERILT T 7N, NEROFELSBORFORROZ ML LR L THESH, 11405

& E B, BCKREREFSOEFONEER Lol I LETL L TBELL.

FEH 5 Wu Jun (Wuhan Univ.), Feng Dejun (Quinghua Univ.) BKZEX 7243, Wu Jun K
DEFEIZT T 7 INMIED 1 RTEAMEFA VL TIZBT2H0T, EFREIAV T2 FST
Feng Dejun KOHREITHE 2 R2LT LLATRVWT 77 ZLOR
TERENERLEEIR TR DT, HHAL Eggleston OFERZ REILELEZLOT
bot, ML LBEEBHHIIFELTOEHVRHREE L OZLT, TOERNED->TL DHEK

WA RICHEERS AN, £,

ThHol.

fonFsFE, BMEFTHLHBRBIERIITON, NEEI SEFHOWRES THEH M, 7
SZINNIDONTERARBENS T 7 —FBRrbh, SINES B OHENRIE S -#EST

TRolo EETS.
UTEZAHRESOT 07T LEXERBRDOTTA NI 7 M BT 5.

7 v ¥ 5 A

9218 (B)

13:30—14:30 £ KE (KK

Skew products related to finitely generated rational semigroups
14:45—15:45 {FERK (BEEHBEX)

Problems on Atomic-surfaces
16:00—17:00 WulJun (Wuhan Univ.)

Tile R with unbounded tiles

98228 (k)

10:00—11:00 WEREF ERLKTK)
Hausdorff dimension and Computational Complexity, Four classes of func-
tions with fractal properties

11:15—-12:15 3E ERM (EHK)
Textile Systems

13:30—14:30 FengDejun (Qinghua Univ.)

On the distribution of the long-term average on the symbolic space
14:45—15:45 i T8 (LFEX)

A construction of singular potentials on sofic subshifts
16:00—17:00 MA@ GEEEBIKX

On packing measures of a certain class of self-similar sets



Textile systems

Masakazu Nasu
Faculty of Engineering, Hiroshima University

Let G = (G, Vg,ig,ts) be a graph, where Ag and Vi denote the arc set and vertex set of G re-
spectively and ig : Ag = Vg and tg : Ag — V& which map every arc to the initial vertex and the
terminal vertex respectively. Hence a graph G is repiesented by G . Vg Ag — s Vg

Let X¢ = {(a;)jez Vi € Z,0; € Ag,tg(a;) = ig(ajs1)}. Then we have a subshift (Xa,00),
which is called the topological Markov shift whose defining graph is G

For graphs I' and G, a graph-homomorphism from T to G, is a pair (pa,pv) of mappings
pa + Ar = Ag (arc map)and py : V¢ — Vg (vertez map) such that the following diagram

commutes:

3 t
VI‘(LAF—“G—)VF

v l PAl J'PV
Vo «5— Ag —9 Vg4

For u € Vr, we can define 54 ,, : i7" (u) = i py (u) as the restriction of p4 on ir ! (). Similarly
we can define F4.,, t;l(u) - talpv (u). We say p right resolving if §a ,, is 1-1 for all uw € Vi. We
say p right complete if fa o, is onto for all u € V. The graph homomorphism p is said to be right
covering if p is right resolving and right complete. The left versions these notations are similarly
defined by using pl4,.. A graph homomorphism p : I' — G defines a I-block map ¢p: Xr = X¢
by ¢p((a)je2)) = (p(ay)jez), (a5)jez € Xr, ;5 € Ar.

We define a textile system T over a graph G to be an ordered pair of graph-homomorphismsp :
I' = G and ¢ : ' = G such that for a € Ar, the quadruple (ir(a), tr(@),pa(a), g4 (e)) uniquely
determines a. We write T = (p,q: ' = G). We have the following commutative diagram:

Va < ‘e AG ZG*) Vo

Al pa Jov

1 t
VF(L_AF_L}VF

v | ] [ov

VG < i AG s » VG

We have two graphs

GT : Vo \va Vr v y Vo and | KA AG < P4 AF 4 ¥ AG

and define a textile systew T* = (p7,¢% : TT - G7) over GT with the graph-automorphisms
»’ = (ir,ig) and ¢© = (tr,tg) , which is called Dual of T. Let Up = {(0iz)izez|as; €
Ar,tr(aij) = dir(@ij+1),94(i;) = palcigr;), for all 4,5 € Z). Each point of Uy is called a
textile woven by T'. Let Zr = {(ao;)jez|ai; € Ur}and Xp = {(pa(o;))jez]ou; € Ur}. We have
subshifts (Z7,7) and (Xr,07). We call (X7,07) the woof shift (i.e., sushifts of the horizontal
threads) of T. The map p4 and gquanturally define an onto endomorphism map &1 : Zgp — Xp



and nr : Zr — Xr respectively. If & is 1-1, then we define an onto endomorphism @7 of
(Xr,07) by ¢r = 17T§;1. If both & and np are 1-1, ¢r is an automoropihsm of (X7,07).
We say that T is nondegenerate if (Xr,07) = (Xg,0g). For the dual T *, we have (Z7.,7- ),
(Xpe,01+) €pv @ Zpe — X+ and nr« : Zpe = Xqa. We call (X7-,07+) the warp shift (i.e.,
sushifts of the vertical threads) of T

Fact. For every endomorphism ¢ of a toplogical Markov shift (Xq,cq), tehre is a textile
system T such that X7 = N2 ,¢"(Xg), o7 = 0¢| X, and o1 = | X7.

Theorem 1. Let T be a textile system. If £ is 1-1, then o1 = nTE;l is expansive if and only
if both épe and nr- are 1-1; if all &r,n7,&7- are 1-1, then (X, pr) is (toplogically) conjugate
to (Xgs, 07+ ).

Theorem 2. Let (X,0) be a toplogical Markov shift and w1 an automorphi of (X,c) with
(X,0) conjugate to a topological Markov shift. Then we can construct nondegenerate textile
system T with & and nr 1-1 such that there is a conjugacy ¢ : (X,0) with (X7,07) with
or = ot and T* = (pT,q% : TT — GT) is nondegenerate with wir- and nr+ 1-1, so that
(X, ) is conjugate to the topological Markov shift (Xgr,oqr).

We have a procedure, given any automorophism ¢ of any topological Markov shift (X, o)
such that (X,¢) is conjugate to a topological Markov shift, to obtain the defining graph of a
topological Markov shift to which (X, ) is conjugate.

A textile system (p.g : I' = G) is said to be LR if p is right covering and g is left covering.

If £ is 1-1, then pr = _nTﬁ;l is expansive if and only if both {7« and np- are 1-1; if all
ép,mr, Ep- are 1-1, then (X7, r) is (toplogically) conjugate to (Xr+,07+).

An LR or RL automorphism of a topological Markov shift has pseudo-orbit tracing property
and its topological entropy is explicitly given. In particular, the dynamical system defined by
an expansive LR or RL automorphism is conjugate to a topological Markov shift, the defining
graph of which is explicitly given. Therefore we are interesteed in non-ELR. and non-ERL
automorophism ¢ of any topological Markov shifts. As stated above, there is a procedure,
given any automorphism ¢ of any topological Markov shift (X,o) such that (X, ¢) is conjugate
topological Markov shift, to obtain the defining graph of topological Markov shift to which (X, )
is conjugate. An example of expansive non-ELR and non-ERL automorphism ¢ of a topological
Markov shift (X,o) such that (X,) is conjugate to a topological Markov shift, was found by
using that procedure ([2], section 10).

Problem. If ¢ is an expansive automorphism of topologically transitive topological Markov
shift (X, o), then is (X, ) conjugate to a topological Markov shift?

Then there is an example which shows that for the above question with (X, o) not topologically
transitive, the answer is negative [1].

Problems. Find an example of expansive non-ELR and non-ERL automorphism of a full
shift, if any. Is the dynamical system defined by an expansive automorphism of a full shift always
conjugate to a full shift?
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Four classes of functions with self-similarity

Kiko Kawamura
Graduate School of Human Culture, Nara Women’s University

Mandelbrot introduced a notion ”self-similar set” which is a set constructed from some mia-
tures of the whole. Hutchinson gave a more precise definition and Hata generalizes the def-
inition: For any finitely many contractions o, %1, - ,¥m-1 : R* — R, the set equation
X =po(X) U (X)U-- - Uthp—1(X) has an unique nonempty compact solution. They defined
the self-similar set as the solution of such set equation.

Our aim in this paper is to show the close relation among functions with self-similarity studied
in the past from the viewpoint of functional equations. First, we define ”self-similar sets of type
A as the solution of the set equation X = 15 (X) Ut (X) where 9;’s are contractions and similar
maps. For example, Lévy curve, Dragon and Koch curve are such sets. Next we introduce the

following four functional equations.

G (@)= | a2 0<z<1/2, .
= YGL L2z -1+ (1~7) 1/2<z <,

G2 (2) = aG?  (2z) 0<z<1/2, @)
VG 2z -1 +(1-7) 1/2<z <],

& (a) = aG?  (22) 0<z<1/2, -
7 1GL Rz -D+(1-7) 1/2<e<],
aGL _ (2z) 0<z<1/2,

Gl (z) = v (4)

1Ge (22 -1)+(1~7) 1/2<z<],

where two complex parameters a,y € C satisfy |a] < 1,|y| < 1.

Because each equation is represented by a pair of similar contractions on the complex plane,
the image of the unique solution is nothing but a self-similar type A. Since an arbitrary self-
similar set of type A is constructed from any pair of contractions by these equations. This is a

main theme in this paper.
We have found an explicit formula to the solution of each functional equations by using numebr

theoretical expressions. This is a main theorem.

Main Theorem 1. There exists a unique solution G§ ., (z) of funcitonal equation (1) and it

has following expression.

Gl (@) = (1=7) Y wpapErn-Dypplen=l 0 < g <1,
n=1
where binary expansion of z is denoted by z = 3 o | w,27™ with w, € {0,1}, p(0,z) = ¢(z,0) =

0, g(z,n) = w) +ws +---+wyn and p(z,n) =n—gqz,n). fz= 1/2%, then it is determined that

wi=1.



For other funcitonal equations, we can find similar exparessions as well as in (1). From these
results, we can prove their differentiability in complex parameters a,~.

On the other hand , Hata-Ymamaguti have discovered the following relations between Takagi
funciton T (z) and Lebesgue’s singular funcitons M1 (z).

OM,(z)

— o7l
5a = 2T (z).

a=1/2

By using a complex-valued function G}lil_a(x), Hata-Yamaguti equation’s equation can be

rewritten as follows. Let a = ag +iar (ag,ar € R ).

aG}I,l—a (.’E)

_ o7l
Bar = 2T (z).

a=1/2

The above two equations show that the close relation among the functions whose images are
self-similar sets of type A, a nowhere differentiable continuous function 7 (zx) and a singular
function M} (z). Then a question arises: How about G ;_,(2),G%1_,(x),G% 1_o(z) 7 Then

we define functions T%(z) and M, ; as follows.

0Gy1-o(2) _ oM, ()

= =2TYz) (i=2,3,4).
day a=1/2 da a=1/2

We have obtained exact representations of T%(z) and M} o(2)(é = 1,2,3,4). By comparing
them, essential differences of four classes with the functions G%, (i = 1,2,3,4) are clarified.
Furthermore we show that close relation between Cantor’s function and self-similar sets of type
A. This is an application of our previous results.
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A contstruction of singular potentials
on sofic subshifts

Munetaka Nakamura,
Faculty of Education and Human Science, Yamanashi University

Let S(n) be the set {0,1,2,---n — 1} for n € N and fix an integer N with N > 2. For a
function ¢ on I = [0, 1], we use the following notations.

Var,, () = (o sup {le(z) =) : 2,y € kN~", (k + )N "]},

Var, (¢) = pein sup{le(z) — o(¥)| 1 2,y € [kN7", (k+ 1)N""]}.

Let {an}n>0 be a sequence which satisfies the following conditions.

a=1 a,\0 asn 7 oo,

a
inf 2L > 0,

T a'ﬂ

Then we can (concretely) construct a function ¢ : I — I such that for some C > 0
¢(0) =0, (p(l) =1, C_lan < Y.@En(ﬁa) < ngn((p) < Can,.

In fact the construction is carried out by appropriately chosing piecewise linear patterns ac-
cording to {a,} and substituting them succesively. It is easy to carry these singular functions

over to abstract sympolic spaces.

Theorem. Let (X,0) be a sofic subshift on some alphabet and {a,} be a sequence which
satisfies the condition stated above. Then we can concretely construct a function ¢ € C(X) such
that, for some C > 0,

1

¢ an < var,(v) < Var, (@) < can,

where var, = mincec, sup{lp(z) —¢(y)| : =,y € c}, VaT, = max.cc, sup{|p(z) —w(y)| : z,y €}
and C,, is the set of cylinders in X of length n. Furthemore the cardinality of obtained functions

18 uncountable.

In particluar we can give concrete example of non-Holder continuous potentials (functions)
with the totally boounded property, which admit Gibbs measures with respect to these singular
potentials.
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On packing measures of a certain class of self-similar sets

Satoshi Tkeda
Tokyo University of Agriculture and Technology

Let ¢ be a positive non-decreasing continuous function defined on R* = {z € R;z > 0} such
that

lim ¢(z) =0

and there exists a positive constant ¢ with
¢(2z) < egp(z) for any z > 0.
For a given subset £ C RN, put

HO(E) = %Hg(m, PY(E) = inf{; PYE)EC LiJEi}.

Here

Ho(B) = inf{d (Vi) B C|J Ve, Vil < g},
5¢(Ei) = 13{% sup{z S| Ei;0); | Bi il € p, {Fij} is a family of disjoint balls centered in E;}
b

and |F| = sup, yer|z—y| for abounded F C RV. It is easily seen that #¢ and P? are the metric
outer measures. From these two metric outer measures %% and P¢, we can define the modified
Hausdorfl measure and the modified packing measure by restricting them on their measurable
sets respectively. Since they are the metric outer measures, we see that their measurable sets
always contain the Borel subsets of RY. Putting ¢(z) = =z, 0 < a < N, then we substitute
H* and P* for H*" and P*" respectively. We may define the Hausdorff dimension dim and the

packing dimension Dim in the usual way,
dim(E) = sup{8 € R*; #?(E) = o} (= inf{8 € R*; H?(E) = 0}) .
Dim(E) = sup{B € R"; PP(E) = o0} (= inf{8 € R*; PP(E) = 0}) .
Suppose that {f;}i=o,1 are contruction mappings on [0, 1] such that

1 1 1
fozw—>§z, flzzv——)§w+§.

For (iyis---iy) € {0,1}N, put

[ilaiQa"' :in] = fil ofiz O"'ofin([oa 1])

Since (Yoo ;|wi,wa,  + ,wp] consists of a single point for any w = (wi,ws, ) € {0,1}N, we
denote by (Voo ;[w1,ws, -+ ,wn] the point. Then we can define a surjection map ¢ from {0, 1}V
to [0,1] by
o0
p 1 w={w,w )€ {071}N = p(w) = m [wi,ws, -+ wal.
n=1



Through the whole paper, we assume that the base of logarithm equals to 2 and that {P;}i=0,
satisfies the conditions

7

1
ZPi—:l, 0<P=P<
=0

ro| =

and set

lim infn—)oo(ﬂyzleJ- 2B(P))(2nlog logn)~1/2 _ 2-—-0‘(}’),
K(P) = { p(w) ; Uimsup,_, (17, P, 2°F))@nloglog m)7VE = 90(P)  apd

n

limg,—yeo ;j:;u’ =1-P forw= (w,ws, )€ {0,1}N.
where
1/2
A(P) = —Plog P—(1-P)log(1-P),c(P) = {P(2B<P> log P)? + (1 — P)(2°") log(1 - P))Q} !

K(P) is a Borel set but not a compact set and hence it is not a Cantor set. Let vp be the Borel
probability measure on R such that vp([wi,ws,  * ,wp]) = O} P, for any n,wi,ws, + ,wn.
We call vp the (P,1 — P) Bernoulli measure.

Then we have the followings.

THEOREM A
dim(K (P)) = Dim(K (P)) = 8(P)

THEOREM B

(1) For a given 0 < P < 1/2, we have that

HAE)K(P)) =0 and PPP)NK(P)) = oo.

(2) 0 < HPUW/A(K(1/2)) < PPA/A(K(1/2)) < 0.

THEOREM C

(1)
UPJ_Hﬁ(P)lK(P) for 0< P <1/2

Here p|g denotes the restriction of p to E.

(2) For any Borel set M such that vp(M) > 0, we have

PAFNK(P)) =00 for any P.
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CIBEIZH Y —NThHDH, ZOEGRORIL, 225 2 >ORRS



2l hHAREEY. IEHEEEL LEDEETHE LTRDDZ L
MTEBRZEIZH A,

7, 2O AW TILTNTORKERET — 4 275, 4t
SRS < O TEHH & LTH L, TRV RRCKIBOERD
GRS X Lz chb 52, ZOMEEITHT DIl
< DEEFMRIE S, BEIZRE Lz 2 & CEEMICLFEmEAEV . £
D—g@ L LT, RcfEBRI WL 20O KRKIG YRS KRR %
WIZEEH L CW A, BaIIE D TEONET — 4 B VTR D s
DREIBERE P DR EM: 2~ TSR, B EFEORRE TS
Y E A THNOJRVEFRIZEI T AEE 0 H 5 Z & DT,



1R @I EEFHER

 ER10F108298 (K) ~ 318 (+)
(BEBKE - ARUFy—ETRX -SRI M=)
HEZA - E4H {8

EIRR TTHENT & BT HEEGR O A DFEEN R R L RET 5012, HTHAEERERIC
BIF2EHNT —~ThH AU RN L BORERDE LWET (GEATHY) fETAdh s LCH
T —~<vDENY ZER LEHRESE LTEE L,

TH% - BER - FHRR L EZEOEREMASTEN L4 0ADBME LR/, Licho
T, B AT —<IEBC 0l s8, b 0EHITIE, "UA N/ A X - Bl
R - BEFHERR - BTEHRR - ERERORF /1% - EoRER S THY, —BD
FEAZ MO LB S N, ER ORI RSB EI N Z LI A T, #
17, FERERMDILHE A b 1X, stochastics as a natural science DFEFFIIIIHIE D | FE#ZF: - B2
OB FREEEIC, B & EiEE2 W L 755 LR R Z2EE T 28T 880Nk,



7o RERE & EFREN
Gaussian Processes and Quantum Analysis

TRk 10 FERATRER (A) RE [TERBHEZOKREII] FEAERE : AR R) BE
A% (B) 32RE [E&FHRUA b/ A X ERRTTTMNT (FFEAEE  BEBE) ROER
A Z YT RAERER FHE AR (Office of the Scientific Attaché of Italian Embassy in Tokyo)
EDHRFT, LEEOMEREZRENZLET, BLOHLHILERLETLISMEE,
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Nobuaki OBATA

Tel & Fax 052-789-2820
obata@math.nagoya-u.ac.jp

TRYT S L
10 B 29 H (K) October 29 (Thu)

10:00-10:10 BH&RE

10:10-11:00 A 8= Toshihico Arimitsu (FUEKZE - WEEER Tsukuba University)
Applications of the system of quantum stochastic differential
equations within non-equilibrium thermo field dynamics

11:00-11:30 11/ F#HEE Motoomi Yamanoi (&IRAZ - BT Meijo University)
On control of the quantum phase in a two-level system

11:30-12:00 Si Si (BERIKFE - FHFE Aich Prefectural University)
Random fields of homogeneous chaos

12:00-13:30 BiRkA

13:30-14:20 FHEFZE Takeyuki Hida (AT - BT.FE Meijo University)
AU RBEORE, BE LR

14:20-14:50 i T B Isamu Doku (ffEKZ « #EFHE Saitama University)
On applications-of historical stochastic calculus

14:50-15:20 ¥&AFT#E Yukihiro Hashimoto (& & B KT « ZuER FH5t# Nagoya University)
Algebraic central limit theorems and singletons



15:20-15:40 K7

15:40-16:10 I A Akihito Hora (ILKZ - BREEETHH Okayama University)
On scaling limits for discrete Laplacians related to the symmetric groups

16:10-16:40 KA Naofumi Muraki (=FRIKZE - MABOERFH Iwate Prefectural University)
On a semicircular process in monotone Fock space

10 A 30 B (£) October 30 (Fri)

09:30-10:20 FE 7 — Shuichi Tasaki (& R&FRF: - BFH Nara Womens University)
Irreversibility in reversible multi-Baker type maps
— Transport and fractal distributions

10:20-10:50 FEBH & T Kayoko Awaya (U H TR « BIEE S8 Yokkaichi University)
A direct manifestation of the incompleteness of the quantum
mechanical description

11:00-11:50 #A3F B2 Taku Matsui (JUNKZE « HEFHIEH Kyushu University)
A characterization of finitely pure correlated states

11:50-13:30 BRHA

13:30-14:20 £ [#%& 7 Hiroshi Nagaoka
(Bl - 1Y AT LFEFGLF University of Electro-Communications)
Information spectrum approach to the asymptotics of
quantum hypothesis testing

14:20-14:50 /INIIARZE Tomohiro Ogawa
(BilK - HHRY AT HEHAEFR University of Electro-Communications)
Strong converse to the quantum channel coding theorem

14:50-15:20 ¥ 0 <CH Fuminori Sakaguchi (&K% « TFHb Fukui University)
a2 —T7 Ly MCBRE L AR L RIEEE T O
JE A AR RIBIR ~ DI

15:20-15:40 AR :

15:40-16:30 HrHFEAkE Asao Arai (ILHEE K - BERFER Hokkaido University)
A Dirac particle interacting with the quantized radiation field

16:30-17:20 A& 3CHE Fumio Hiai (ALK - IR 25508 Tohoku University)
Free random variables and free entropy

17:30-19:00 ZH=

10 §31 8 () October 31 (Sat)

09:30-10:20 #47¥EZE Masuo Suzuki (GEmEA A% - BEH Tokyo Science University)
B THEAT & Y A~DISH
10:20-10:50 FERE/SBA Kimiaki Saito (BIRAKF * @I’%’?%{S Meijo University)



The Levy Laplacian acting on Poisson noise functionals

11:00-11:30 #EFF#Z Nobuhiro Asai (A HBKF « ZItHEER FEMEFR Nagoya University)
The role of growth order of entire functions in white noise calculus

11:30-12:20 Luigi Accardi (& EBXRF - LA FH%E8} Nagoya University)
The physical origins of the multiplicity of white noises

12:20-12:30 AR

AR R
(RAM{REE 52)

T

1. Applications of the system of quantum stochastic differential equations
within non-equilibrium thermo field dynamics (BHXEE - FUKKZE - YPEER)

10 4££4_Eiz 7= 0 NETFD (Nonequilibrium Thermo Field Dynamics) &\ 5 B0
P AZIRE L TERLR, L, EF /A X280 B0OBEEFERIFE I L DT
HIEMEEROBRLFKBIEL LTWD, F0712DI0, e o & (4 TOBETHEMS
FRRREZHE—BREANPLERTOILE DD, ZNET, "RV R=FTF g,
U or¥A OHMERFILL > TEFREERS FRESRVBEBICEBRE I TV 20, FEEEY
HOMNENSRD EBELLOTES, FREEIZBITOIET /A A2 BRAIZERYIA
T2 N TED NETFD 2 5EmE LT, B2 EETRPRBLEISERSND,
[T. Arimitsu and T. Saito: A system of quantum stochastic differential equations in
terms of non-equilibrium thermo field dynamics, J. Phys. A: Math. Gen. 30 (1997),
7573-7595. T. Arimitsu and T. Saito: A microscopic derivation of quantum stochastic
differential equations corresponding to the quantum Kramers equation, in “Stochastic
Processes And Their Applications (A. Vijayakumar and M. Sreenivasan, Eds.),” pp.
323-333, Narosa Publishing House, Madras, 1999.]

2. On control of the quantum phase in a two-level system (U~ HERE + BHEX
2. TR
ET o ba—F0OERDOEDIZE, BEFRICBIT2E®REZ 2 b r—)bd 5 4LER
D, NMRICEABEFa L a—F~DEAEEEIL, 2 - LDOETFREME LT,
Tx—R e T4 — Ry Lo TT7 == RAORE BN ES Z & &R LI,

3. Random fields of homogeneous chaos (Si Si * BRI KXY - [FHRFH)

FERIBRRIIFFR ST A — ¥ 2 b OREROEKE TH Y, FHo FEATREM T o
B, ZORRO—RLE LT, BHAZA—F2RmKRTATHILEE X, P. Lévy O



HSESDT A FT EBEL LY, EOEDIC, RE LOF Y AWKV A b ) 4 X%
W% E 2 bR — AR C T o TEENLIE (O) ECHAT BT L TH
NBREEROR (X(C)) »oERTBORIEL Th b, OV a7, < LF
PR Y ERL, BERBONE 525 LRTE S,

L AVABREDORE, BB LER (REBRE - XS - BIPH)

BRI A A X R FRER LT CRE T 5 £ T, complexity, multiplicity, inno-
vation 3F —U— K& D, VUV ABROFEERBIZBIT D multiplicity I3FEFIER
DEMESEFTRT DB R D, INEZFEFHRRICIET 2 EERREIC OV T EE
[L. Accardi, T. Hida and Win Win Htay: Boson Fock representations of stationary
processes, Mathematicheskie Zametki, Nauka, Moskow, 1999]

. On applications of historical stochastic calculus ((EL £ -IFEKXZE - HHZEE)

Dawson-Perkins ®EBKRTH v A b I H/L72 superprocess (2%t U THERES 2 E 2 5,
FEUESR TE DFERIITIZB T DM SHERES DT d—L LT, b A MY I ALRTERE
HroFEIZED, Lo X N DNVRHERBELSICH L ThHHIBO—RL SN E5FE
SR EELS LR TED, TOARXOBERIGHE & LT, [EHHER TEAL % Clark-
[t6-Ocone AADE X MY ANVBRIRETRTZ LN TE S, RSALILERERLEILES
T, VT Ty ROy LIZE R DREN RSN D S8 EEEY, [I Doku: An
overview of the studies on catalytic stochastic processes, FEB R FEEE M IC AT 20
#% 1089 (1999), 1-14.]

. Algebraic central limit theorems and singletons (AT - B5EXE - £x
IR ZHRH)

HHEBICARET 50— U — AR LOBRIERROEEA AN PVICER S D, B
ZEIRFEIZBIT AENEZEENT, <MD TWAD X9 B BEERICKIT 5 F.OERER
DFEAE 525, BIREUNDREKRS DWREEL LT, "—F7 7 v 7REB L ERFIRH
RIS T AREOT TORRY MADEESREHET2EN LKL, T—AV M
BE# SN o BV CRREIN, BROMTIE TV —N v oM E THORELERE Uy
F—2MAID 1 BEERBBEND, DL, —RICITFESFROMTH Y, JER/TMED
WIFEE S 7N NS WO FH LW TR 2 Z & T& 2, [Y. Hashimoto:
Deformation of the semicircle law derived from random walks on free groups, Prob.
Math. Stat. bf 18 (1998), 399-410. L. Accardi, Y. Hashimoto and N. Obata: Notions
of independence related to the free group, Infin. Dimens. Anal. Quantum Probab.
Relat. Top. 1 (1998), 201-220. L. Accardi, Y. Hashimoto and N. Obata: Singleton
independence, Banach Center Publications 43 (1998), 9-24.]



7. On scaling limits for discrete Laplacians related to the symmetric groups

10.

GR A - Bk - BEETSE)

BEREE D — L — 0 T 7\ BET 2 EF MR, BTSSR - /7 70220 ML
FRENT DRTIZHBERIRNEF 2 52 5, BB ORIIBEZ SN L & ZORER
(CBTDEERIEMBDOANY b OENEEENL, ETHERH TIIPULERTEE 20
IR DRF TR &5, [A. Hora: Central limit theorems and asymptotic spectral
analysis of large graphs, Infin. Dimens. Anal. Quantum Probab. Relat. Top. 1
(1998), 221-246.]

On a semicircular process in monotone Fock space (F AR - BERIT K -

THEBERTER)

EFHERRICB O T, JErBME 2 MR U - SR OB AN EA S, BHR T
AP ABHFLNTERE—RITITE S TV, AEDERICTRINT, BV
YTV BHOWTNE LR D THEPF T +y 722/ L 20 E0A&RR - W
BT {al,a} DEBEEN, T, ol 1o OETIZBIT A HHENBEL 25, LT R
SRR AU AL, BER LY 4 F WAl L2 Y F TS BIA Aa T R
BINT T 2P OEBRERICEHEN D, BT 4y 7 ZROEHE, of + 0 DEZIZEIT S
A, WIERSM &R D ZENTREND, EOFHIL, HFOE— A MEELED
RO BT LB SN S,

Irreversibility in reversible multi-Baker type maps — Transport and fractal
distributions (HIEFE— - RREFKE - HEE)

WRE L~V TR R NEE2ER L LTERMA T B S EMET 2EN K& H
BTHD, TDOHIZ, (1) EOXDREFET TREZFHHIICR I 2B TEXEH0?
(ii) FERAOREEIZ Y O L 5 ICEEHTRIES 2 2 35H LT g2 670,
T A AR T AR IR, FRCEZE/ M ZREFHEDIC, ERFEAOMERRELFEHE
& #ipd 7 ) A0 DEZIZR > TRAMRBERD TV A ERDL LN TES,
AL, ¢ — doo ICBITDEFREDENE LTHETED, T2, B5N55H
MNA_—7HEICE L TRERZF LWV EBREVWERLE LN TS,

A direct manifestation of the incompleteness of the quantum mechanical
description (EBM & F - WEHKE - BIBFREPL)
BE, BT NFITROERICE > TER LS N D!

(1) BEFF1ZER D observable BMBRAI SN 2D & &, 7272 1 EOBBNENH L1,

2 [HLL EOEDRBHIE DILD Z & id7Ru,



11.

12.

(1) B CER AR 0 R L &, 8 LR A BIEEIL R < A b BEHARICHE
5

(i) BRI E X, ROREER U (2R ALNE L2 L—F 4 v —
FERITHE S,

ZoERIE, TER) TR BN ERLEERY A RVRYARAFELETHD, —
5, < DBABHIRESN TV AN, REEKHREEICE- TS LIIEAR
W, FIT, ERAIZEANT TR 2O BRI RS 2 2R A D, K. Awaya:
The measurement problem and the structure of quantum mechanics, Physics Essays 5
(1992), 142. K. Awaya: The direct manifestation of the incompleteness of the quantum
mechanical description and the wave function, Physics Essays 12 (1999).]

A characterization of finitely pure correlated states (¥3 & - LM KZFE - ¥IE
R F
Rz M(d,C) DEKT D C-R#zx A L LT ER) NIV =T

H=S1(h), h=heA,
j€z

EEZD, REL 7 e ZIE2FTBBERETHD, Hypm & H @ [n,m] ~
DHIR, By ZEOEERETRAVX—LTDELE, Bym = |m — nlew E72HED
b DICHEENH B, F%1E, Aflek-Kennedy-Lieb-Tasaki £7 /v (d = 3, so(3) 24T
BT DO REHMBEER) B—2o0ME TH D, TOEEIZIOWVWTIE, A LORE
Poo T Poo(Hinym) = Eppm) EHT2T L OO—BHFEL 2 A B O TR BRI LA 2340
5R T3, X512, Fannes, Nachtergael-Werner (2 & 2T o, BEF /L3 7HRET
b EWNTRENT, ITNLOFERL, BEF v 7HEEME LT RIESABL
LELARD, T, HITBEBRET o(Hon) = new &HICTRENET /L2 7 REE
ThBHILPNTEND, EbI, BEANLF—FM e =0 LIRE RN

Jim p(Qr(@) =e(@e(@),  QQ €A

NG, 2 SBEROBKEBHBENENIND, ZERORBERCTHTBHTE TRV
BIZHEKNH Y, BF /L3 TRETOBRAN D OMEIIAFSH T D,

Information spectrum approach to the asymptotics of quantum hypothesis
testing (EM&E - BEKX - BHW AT LFHEH)

Han (88) and Verdu IZ8IF 2 EHR AR MVAIHER, BREROBEEZR LMK
BT CRERAL « SEAT B 7m0 OM— A & LT, BFEHZED TN D, RER
T, AT 7o —F 2 BFRECET 2 RHBREOELRICN L CERT 234 %
MANT 5, BEOICE, REBREROBEREER THIRA <Y - BT YV OREDET



13.

14.

15.

16.

FRIZEE DV LWEERAOEIS 2 EA L, TR HRERERIZRB T 2FHRAS K
NOREYE LTHET DI LE2TT,

Strong converse to the quantum channel coding theorem (/MIIFA% - BEKX -
B R T LEHEFR)

Ez b= EBTFRERDOEE (capacity) &1L, EIEMIZER VRSN 5 TH/HEL
TED XD RMEHIAT LICHET DIEFREEEEORNESL L TERSND,
ETFETIEREROAEN, Holevo bIZXAEFRERFELERIZL>TRDBZ
ENTE D, AEERTE, EFECEBEERIIBVWC REL VKX EAEELFFO
BT AT DBV TH, BT EERR Y FEED LITES5L, &b d (3R
DK SIDZ & &R,

aA—— -z —7J0Ly MIBEELZERRELFRERFOIETRERBE~ADE
B (RAXE] - fBHKZE - TFE)

==V x—7 by N ETTFURE T (CCRO 7 4y 7/ RH) ICRBIF b —L
MIREEDMELL & 272 TET, EFRREFIMET 22 0fs2 a—2— Uz —
Ty MEHICEATE S, BRWZERLS VN, BE ) —REORRBLEAVT
BB TE AL THRLTVWS, S5, ERUB~0ISALABEICH D,

Dirac particle interacting with the quantized radiation field (¥ - dLiE
BERZF - BREHREH)

118 ® Dirac KiF—BW & bbb, AL 1/2 OMIRAK+— R EFENEG S HAER
BT BHRDONIN =T v H OBFRIFIRL SN2, Dirac i FIZB AT oy
AV BHEIRER LUV F A RERE O GE, HITERREDERIEAE b
TEMHHREND. EHIZ, VOLLER T A LT, HOREHACIEME
PREND. V =00HE1E, A& b ORI RT v o OfBEE L TRICHEK
Mird., ZOBEIE, HiXH =[S Hp)dp EWIOIBIZHBREIND. 77 A /8—n3
N =T H(p) DARY DI OWTERM ARV EH IND. ZOEHEON
1L, [A. Arai, A particle-field Hamiltonian in relativistic quantum electrodynamics,
J. Math. Phys. 41 (2000), 4271-4283] IZFER S L7z,

Free random variables and free entropy (H& X - iK% - (FHREHRH)

B R R%IT Voiculescu 3 1983 FEEMHIEIE L TV L O T, MM OEN C* A%
HOBBEBICESHWTEASNTWS, BEDOT > Y VERICAHIE L TV i AV
Mzst SR 6, ITEE L ER L TE L, FERBRERZER (M, 1) OB C#E&ET



17.

18.

a=a* DHMEu L THEX,
S(w) = ~E(w) = [ [ 1og|w — ylpu(de)u(dy)

23 Voiculescu @ 1 BHE BT F o B — (KT U Y Vi CIXAEORT v oy L) TH
DATABEEIC X > TEESN D I 7 2 REEHR=V ha v— x(a) &I

X(@) = 2(u) + 5 log(2m) + >

DEFEBEHDLZ ERMLNTND, ZOBFRRE THAREGT bt —»3Isn
REBIZE > TRRSNDZ L EFRNVIZLT, AHEBTY o P —EEHET HER
TE D, TITHHRLMET T he - AFREEEL2 LD, BYREEOL & THE
SrERE
Slplv) = W—W

b0, EbIT, T F ATEE EEIZEET D, [F. Hiai and D. Petz: “The Semi-
circle Law, Free Random Variables and Entropy,” Math Surveys Monographs Vol. 77,
AMS, 2000]

ETFHENEYEADIGH (KRB - RRERXE - BEE)
DI T TH D L 2 2B U CIIFER Mo 2 2 2 LENH 5.
G (A4) — lim LA 14A) = f(4)

h—0 h

b

2T RICEE, [dA, Al #£ 0. D& &, df(A)/dA & dA — df(A) 72 HBIERRLE
ZBZEIE T, BN A RBLECRET A EMNTE D, 5, #NEMES & L
T, A(A) = (4 —1)/64 LB T LT, (d/dA)e? = eAA(—A) B LNBTHEE
HINLIFELERTIENTEDL, ZOTATTNE, 742/ A< FEK - ARAK -
Ty A e DEBARREIZE LVIEANRD B, S BIC, SEHA~O— RO R
LS ~DIS AN FRE T B,

The Levy Laplacian acting on Poisson noise functionals (B2 - BREKE -
HIFH)
KU V) A R

/’fm ) ANy ANy, N} R Y iR

BLTHITIVT Y A, OBERBS LD, TORNBEEEICLT A OEFHL L
ThABEOEBIERZHEE L, TO I AL DECEEIEELZES, S, Z0EZIT
HORBRT A b J A ZBLEEIC LTHBEAARETH D, K. Saité: A (Cp)-group
genefated by the Lévy Laplacian II, Infin. Dimen. Anal. Quantum Probab. Relat.
Top. 1 (1998), 425-437.] ‘



19. The role of growth order of entire functions in white noise calculus (&5

20.

- BEEXRF - ZTBERFPHREH)

RUA A ZBREERIL, INAT 7 =AW CT(LA(R)) C W REREE LT
WD, ¢ BIEBAN MNETHLE O e W ©SEHL

SO(E) = (@.4e), e SR,

TEREIN, BRRIL7— V) 2EBOEL L E2 bd, SO XEBKRTESZERY L
22 S(R) EDERIBBR L 22D T, FOEKEIZL->T, 7 7 AZIT 2T 52 LB T
&5, W, MRELHET 5B uw ZEATIEBICHRTA b A XZfABEHBET 5
FEZHOWTE#T D, [N. Asal, I. Kubo and H.-H. Kuo: Bell numbers, log-concavity,
and log-convexity, Acta Appl. Math. in press]

The physical origins of the multiplicity of white noises (Luigi Accardi- &%
BXRE¥ - ZTHEHERRER)

B FRERERIC BT, Iz CRBRRERN DD, FRIELTH YA (n A8
P 2-FEETRINDZE) DRNFIZ LA DY, FIGTDEIHRTA b/ A D%
HEARBEND, TNET, BV, 7203, B, FNE0 ¢-BHA Y, HETHO
BN LEL DFIBRE SN TNAEN, T XTEEBRLSETDHITEE> TRy, L
BVVIENS ZORMEDRERER D701, ZHETIE, UEMICIIEHEOER TH
HEWHZEIZEEL, HMEEALEDL THRBEZERTAION—HODIE L L TEREY
Do ZIET, < OFMEA LR ANIN N AR LT, FEREIR 2 ST L T
T, FIMBIRIBENDZ &L, RO T o 7 ZBRICROVFEEER 7 v 7 22/
DEBELREEZELTCWDLZETHD, FIAROCEHAT +v 7 ERIIHMEER 7 4y 7 %8
Mo—fFTH D,



Fractal and Analysis

g o GHEREC (BIEK - EI)

B O (LK - #EE)

FAEE (ILUBK - BEAR)
H B : 1998# 118178 () —118 208 (&)
% BT WMARFEEEEHER

AFRESIIFETZCBWTEND 7 7 7 A E2RMICEY, 2NEROWERRLRIETS 2
EEALELT, Ef25 K. Kahane, M.Denker, D. Mauldin, M. Zshle @ 4 & O#FZEHE 2T
BEESN- LD THES. ZMERP 0L TH-72.

BEINZEERENBLETHIENIIET, EOLFEERBRONRERKDEVD ZLIEERLT
IV dy o228, Denker RO—EDHEEB LU Mauldin KOHEELESH T, BHERAL AW
T3 7 ANEMBIFTT 50— FEBILFEE, PTHOERNZRICBFELZLORE o7,
( Nakaishi, Yuri, Ushiki, Ishii, Sumi O& Ki#E. %% 3 RIIEXENEREH - T\

—J5 Zihle KROHFHBE T, BECEEICELAERNQRFEENRE SN, Kamo, Kawamura,
Takeuti DR HE TILT T 7 ZNVOBHEIZONT, HETEELERENSDT T 0 —F O HE
BREA BN, FHOTiThhi Kawamura KOEE T B SR 2 FoBAEORRAETENESH
7o, E£785RICEEE L ¢, Kahane K7 Zeta A E - ERFEBHOLE RLICO>WTEEL,
Tto KD IE Cid substitution 2254 U5 atomic surface IZ2OWTOERNEH -7,

PE7T 05N EWHEBICHELC, ZERAENCORBENTOI, SMEROFHFGRLER
iziThhi.

AREELSOT T T AMILUTOEBD THD.

7 owm 75 A

118178 (k)

13:30—15:00 M. Zshle (Jena)

Local dimension of measures
15:15—15:45 K. Nakaishi (Tokyo Univ.)

Multifractal analysis for one-dimenisonal maps with a neutral fixed point
16:00—17:00 D.Mauldin (North Texas)

Multifractal analysis on limit sets defined by infinitely many conformal maps

118188 ()

10:00—11:00 M. Denker (Gottingen)
Hausdorff measure and dynamics (I)
11:15—12:15 8. Ushiki (Kyoto Univ.)
Complex Ruelle opearator for complex dynamical system and invariant hy-

perfunctions as invariant measures



13:30—14:10 Y.Ishii (Kyushu Univ.)
Quantum tunneling phenomena and complex dynamics

14:25—-15:25 H Sumi (Kyoto Univ. )
Dynamics of rational semigroup and the skew products

15:40—16:40 J -P Kahane (Paris-Sud)
Zeta function and generalized primes

111908 (K

10:00—11:00 M. Denker (Gottingen)
Hausdorff measure and dynamics (II)
11:15—12:15 M. Yuri (Sapporo Univ.)
Thermodynamic formalism for certain nonhyperbolic maps
13:30—-14:30 K. Kamo, K. Kawamura (Nara Women’s Univ.), I. Takeuti (Kyoto Univ.)
Hausdorff dimension and -computational complexity
14:45—15:15 K.Kawamura (Nara Women’s Univ. )
Four classes of functions with self-similar properties
15:30—16:30 M. Zihle (Jena) (Paris-Sud)

Fractional stochasic calculus

11H208 (&)

10:00—11:00 M. Denker (Gottingen)
Hausdorff measure and dynamics (III)
11:15—12:15 8.Ito (Tsuda College)
Pisot sbstitutions and Hausdorff dimension of the boundaries of atomic

surface

WELBCAROBEORELERT 5. ZhOIIMEEROBIRHENEZT 7R S5 2 b4
PRPEERELZLOTHS.



Multifractal analysis on limits sets defined by iteration of
infinitely many conformal maps

Dan Mauldin
North Texas

We extend the results of multifractal theory obtained for systems of similarities to systems
generated by conformal iterated function systems. We indicate some of the technique which are
used to obtain this extension. If time permits some applications to sets of continued fractions

will be inidicated.

Complex Ruelle opeartor for complex dnamical systems
and invariant hyperfunctions as invariant measures

Shigehiro Ushiki
Kyoto University

Let R be a rational map of the Riemann sphere to itself, and let J and F' denote the Julia set
and the Fatou set respectively. Let C' denote the set of critical points of R, and let P denote the
postcritical set. We assume the followings:

P N F is compact.
F is connected and contains the infinity.
All critical points of R are simple.
A holomorphic function ¢ : U — C, for some compact neighborhood U of J, is called a

hyperfunction supported on J. We denote by H(J) the space of hyperfunctions supportted on
J. Complex Ruelle operator L : H(J) — H(J) is defined by

Loz = Y LW

yER"1(x)

The dual space of space of H(J) is isomorphic to itself and the adjoint operator L* : H(J) —
H(J) is given by
. ¥ o R(z)
L ="
o)) = P
We shall study the eigenfunctions for these operators and find the invariant measure defined by
the eigenfunctions. The radius of convergence of the Fredholm determinant is closely related to

the exponents in Collet-Eckmann conditions(CE and CE2).



Quantum tunneling phenomena and complex dynamics

Yutaka Ishii
Kyushu University

The transition of a particle to classical mechanichally forbidden region is often called the
tunneling phenomena which is a purely quantum theoretical feature. The complex semi-classical
theory of quantum mechnics asserts that the transition probability of such particle is given
by integrating( or summing up) the action functional over classical trajectories in the phase
space with complex variables, and that the trajectories which contribute to the integral but not
contained in the real subspace play a dominant role for such non-classical feature.

In this talk we will discuss the tunneling phenomena for one-dimensional kicked rotor described

by the classical Hamiltonian :

H(p,8) = Ho(p) + V(8) D _ 8(t —n)

neZ

where the kinetic term Hy(p) and the kicking term V(8) are given by Hy(p) = P;— and V(6) =
—93—3 +af with a parameter a € R. The Hamilton’s canonical equations of this system give a flow
on the (p,8)-plane, and it is known that the corresponding time one map of this flow becomes

an area-preserving Hénon map:
(z,9) = (4,9° + (1~ a) - 2)

by the change of coordinate (p,f) = (y —z,y—1). The Hénon family is known to be the simplest
nonlinear system in the two-dimensional space, and its dynamics is extensively studied by several
authors. Among them, the investigation from the complex dynamical point of view has been
developed in the last decade using pluripotential theory, the theory of currents, etc.

The purpose of my talk is to give partial mathematical verification to what are numerically
observed by A.Shudo nad K. Ikeda [1], [2] on a relationship between the quatunm tunneling
phenomena of kicked rotor model above and the dynamics of the corresponding complex Hénon
mapping in C2. More precisely, we relate the essential part of the set of all trajectories which
contribute to the summation of the action functional (we will call this essential part the Laputa
chain) to the forward Julia set J* of complex Hénon map.
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Dynamics of rational semigroups and the skew products

Hiroki Sumi
Graduate School of Human and Envirmental Studies, Kyoto University

Let G be a rational semigroup, which means that G is a subsemigroup of End(C) which does
not contain any constant elements. We set

F(G) = {z € C| G is normal in a neighborhood of 2z}, J(G) = C\ F(G)

which are called the Fatou set and the Julia set of G respectively. J(@) is backward invariant,
while not forward invariant in general. If G =< fi, fa, ++ , fm >,then J(G) = UR, f7 1 (J(G))
(backward self-similarity). '

We next set E(G) = {z € C | §G1(2) < 2}, where G1(2) = Ugeqg™'(2). We have that
where exists and element of G of degeree at least two or if there exists an element of G of degree
one and the order is infinite, then E(G) = {z € C : §G~!(2) < oo} and §E(G) < 2. For any
z € C\ E(Q), we have J(G) C.G~1(z). If §J(G) > 3, then J(G) is perfect and is equal to the
closure of the points z € C such that there exists g € G with g(2) = 2, |¢'(2)| > 1. In general,
the Julia set may have non-empty interior points.

Set

P(G) = UgeeA critical values of g},

which is called critical set of G. One also says that G is hyperbolic if P(G) C F(G), and sub-
hyperbolic if P(G) N F(G) is compact and §{P(G) N J(G)} < oo. For an open U C C, we denote
by ¢(U, g) the set of all conneceted components of g~}(U). G is said to be semi-hyperbolic if
there exists a positive number N and a positive number § such that deg(g : V' — B(z,d)) < N
for each V € ¢(B(z,d),9)-

Theorem 1. Let G be finitely generated and contains an element of degree at least two. As-
sume further that G is sub- or seim-hyperbolic and Aut(C)NG is empty or consists of lozodromic
element. Then there exists an attractor in F(G) for G.

Theorem 2. A sufficient condition to be semi-hyperbolic is given.

Set X, = {1,2... ,m}"N and let o be the shift map on ¥,,. Suppose that G =< f1, f2, -+ , fa >,
deg(f;) = d;,i =1,2,--- ,m and we define

fZayxC-2,xC

by f(w,z) = (0w, fu,z) for w = (w1, ws, ) € L,y and z € €. The map § is finite to one and
open, but have infinitely many critical points in general.

With respect to the map f, the Fatou set F(f) and the Julia set J(f) is defined similarly as
before. We also define the sets F,, and J,, according to the normality of the family { fu,, o - -0 fu, }.
See [4] for various results on these Fatou and Julia sets.

Let K C Z,, x C be compact and backward invariant with respect to f . We define an operator
B, on C(K) for each (probability) weight a = (ay,... ,an) by

Bup(z)= > @(Q)dal0)
¢ef-1(z)



where 9, (¢) = Z—:J; if m(¢) = (w1,ws,...) (m : Tn x € = T, is the natural projection w.r.t.
the first coordinate).

Theorem 3. Let 1 : £,, x C = C be the natural projection w.r.t the second coordinate.
Assume that there exists an element go € G of degree at least two, the ezceptional set E(G)
for G s included in F(G) and F(H) D J(G) where H is a rational semigroup defined by H =
{71 | h € Aut(C)NG}. (If H is empty, put F(H) = C. ) Then for each positive weight a,
there exists a unique probability measure fi, on ¥ x C with the following properties.

For each f- backward invariant compact K C 751 (C\ E(G)) and each ¢ € C(K),

lim [|B36 - fia(@)l 5 = 0.
In this case (f, i) is exact. Furthermore the following entropy formula holds.

m m
ha, (f) = —Zaj loga; + Zaj logd;.
i=1 i=1

Furthermore the Hausdorff diemnsion of dimpy(J(G) is also estimated ([2]).
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Thermodynamic formalism for certain nonhyperbolic maps

Michiko Yuri
Department of Business Administration, Sapporo University

Let (X,F,v) be a nonatomic probability space and T : X — X be a non-singular transfor-
mation (v ~ vT~1) such that there exists a countable measurable partition Q = {Xo}laer of X
generating F with the local invertibility, i.e., for every X, € Q,v(X,) >0 and T|x, : X, - T X,

is an invertible map satisfying 0 Dlxe 5 g ( v-a.e.). Such a system (T, X, Q) is called a piece-

dv

wise invertible map. Typically, sucfanonsingular measures exist for maps defined on a bounded
metric space with the local invertibility in the following setting. Let (X, d) be a bounded metric
space, F be the o-algebara of Borel subsets of X and @ = {X,}.cs be a disjoint partition of X
with X, € F (Va € I). We assume that there exists a compact metric space X O X such that
Xo = Uqes intX, is an open dense subset of X. Let T : X — X be anon-invertible map such that
T|x, : Xo = TX, is a homeomorphism (Va € I). If U = {T"int(X,, qa,) : VX, . a,,¥n > 0}
consists of finitely many open subsets of X, we say (T, X, Q,U) satisfies the finite range struc-
ture(FRS) condition. We denote X,, N T71X,,...NT~("~VX, with nonempty interior by
Xay...a, and denote the local inverse (T'|x,) ™" by % and (T|x, . )7! by %a;. a,-

Definition 1. A probability measure v is called a weak Gibbs measure for f with a constant
P if there exists {Kp}n>0, (Kn >0, Yn), lim,_,o(1/n)log K, = 0 such that v-a.e. z,

-1 V(Xa1---an) <

" exp(Tiy fTi(#) +nP) =

Definition 2. We say that a function ¢ is of weak bounded variation(WBV) if there exists a
sequence {Cr} (Cn >0, Vn ), satisfying lim,_,o0(1/n)log C, = 0 such that v-a.e. z,

SUPacx,, .. XP(EIsy $(T72))

infocx,, ., exp(Xisy #(Tiz)) ~
If ¢ is piecewise Holder potential of WBV and 4, is Holder continuous with exponent 8 and Holder
constant L, with 3 .; L% < oo, then under the condition that £41(z) = D eer $(Wa(z)) < 00
(3z € X) and U = {X}, there exist p > 0 and a Borel probability measure » such that v is a
weak Gibbs measure for ¢ with —logp satisfying £,*v = pv, where £,* is the dual of L4 ([2]).
Then 4¥Blxe — exp(logp — ¢) > 0 holds v-a.e. for each a € I and so (T, X, Q) is a piecewise

dl/jxa

invertible system with FRS. Even if the hyperbolicity (e.g., piecewise expanding property) fails,

n .

n -

the potential ¢ of WBYV still admits an equilibrium state p equivalent to v and logp coincides
with the maeasure theoretical pressure P(¢)([2]). In this talk, we shall discuss these probelms
and the weak Gibbs proprty of the equilibrium state g ([1]).
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Hausdorff dimension and computational complexity

Hiroyasu Kamo, Kiko Kawamura, Izumi Takeuti
Faculty of Science, Nara Women’s University,
Graduate School of Human Culture, Nara Women’s University,
Graduate School of Informatics, Kyoto University

Since Rice has discoverd the real field of all computable real numbers, many important studies
have been made on computability and computational complexity in analysis. Investigation and
classification of open, closed and compact subsets in Euclidean spaces by means of computational
complexity are included in this research field. Weihrauch has introduced several representations
of open, closed and compact subsets in Euclidean spaces, which are based on a computable
countable open base of an Euclidean space.

Kamo and Kawamura have shown that a self-similar set generated by a tuple of computable
contractions is a computable compact set. It is an application of computational analysis to
fractal geometry. It is also an effectivation of Hutchinson and Hata’s results. The next to study
is computabl complexity in fractal geometry.

On the other hand, many traditional studies on fractal geometry have been made by means
of the Hausdorff dimensions or other fractal dimensions. An important question is whether
classification by means of computable complexity is independent to classification by means of
fractal dimension or not. If it is independent, we may obtain another approach to investigate
self-similar sets, fractal sets, etc by computing computable complexity.

It is trivial that there exists a set with P as its computable complexity and with an integer
as its Hausdorff dimension. In this paper, as an evidence of "independency” of computational
complexity and Hausdorff dimension, we will construct two sets. One of them is with P as its
computational complexity and a non-integer as its Hausdorff dimension, and the other is a set
with NP-complete as its computational complexity and an integer as its Hausdorff dimension.

First, we define computational complexity for analytical objcts, that is, real numbers, functions
and figures.

Next, we investigate computability and computational complexity of self-similar sets further
and prove the theorem that each self-similar set defined by polynomial time computable fuc-
nctions is in computational complexity P, if the self-similar set satisfies polynomial open set
condition. This fact tells us the computational complexity of most famous self-similar sets such
as Koch curve. indeed, Koch curve is typical example of sets with P as its computational com-
plexity and non-integer as its Hausdorff dimension.

Finally, we give an example of NP-complete subsets of Euclidean plane as the orbit of a
function with Holder condition. Thus we conclude the classification by means of computational
complexity does not coincide the one by means of the Hausdorff dimension.
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Pisot substitutions and the Hausdorff dimension of
boundaries of Atomic surface

Shunji Ito
Tsuda College
Let o be a unimodular Pisot substituition on A* = U2 {1,2,--- ,d}, that is, the matrix L,

satisfies
(1) det L, = &1
(2) the characteristic polynoimal of L, is irreducible over Q and eigenvalues A; ¢ = 1,2,---d
satisfy A1 > 1> |[Ag| 2 {Aa] 2 -+ 2 |Adl.

Let w = (w;,ws, ) be the fixed point of a substitution ¢ and = : R? - P is the projection
along the eigenvector with respect to the maximum eigenvalue A of L, to the contractive invariant
plane P. Let us define

X, := the closure of {wZeuk |n=1,2,-- }
k=1
where e;, 4 = 1,2,---d is the canonical basis of R%. The domain X, called the atomic surface
usually has a fractal boundary.
Theorem 1 Let ¢ be a unimodular Pisot substituition wigh d letters and let X, the atomic

surface with respect to o. Then

logy —log A1 — (d — 1) log | Aqg]

—dimpy 8X, <
dimp 0Xo < “TogIh]

Y

where v, is the mazimum eigenvalue of the graph matriz M,.
Theorem 2 Let o be a unimodular Pisot substituition of d = 2,3 and let us assume that
linear map L, restricted to the contractive invariant surface P is o similitude. Then

(d~1)logv

di X, =
im0 log |y

The following theorem is used as one of main tools.
Theorem (Arnoux-Ito) Let o be a unimodular Pisot substituition and put

X; := the closure of {“Zewk |wp =14, n= 1,2,...}‘

k=1

Then X;’s satisfy the following relations for i =1,2,--- ,d,

X, = Z Z (L,Xj —nf (S,(cj)» (non-overlap),
=180, Wl =i, o(5)=P WP s
where o(j) = Wl(j) Wl(f) and P,gj) (S,(cj)) called the prefix (suffiz) of W,Ej) is given by P,Ej) =
Wi w2, P =wih Wil
Using this formula, we construct a William-Mordin graph which charactrizes the boundary of

the atomic surface.



Example For the Rauzy substitution

1 - 12
o:2 - 13
3 =1

the graph Gp = (V1, E,%,t) of the atomic surface boundary i s given by

(1,2,(0,0,0)) < (2,3,(0,0,0))
(17 23 (Oa 11 "'1))
(1,3,(0,0,0))
(15 17 (Oa 17 —1))
(2,1,(1,0,~1))
(1,2,(0,0,1))

Figure : the graph of Rauzy substituion

and the the Hausdorff dimension of X is given by

2logm
log Ay

dimpy 8X = =1.09337...

where ; is the maximum eigenvalue of the following graph matrix Ma:

0

= = O O O =
O O e OO

o O O O o =
oo O o o =
[en BN e B e B = B

O OO O e O
o O O O O O

whose characteristic polynomial is given by

z3(z? — 2z - 1).



Local dimensions of measures — A survey
M. Zahle (University of Jena, Germany)

Methods of geometric measure theory are presented which connect local and global dimen-
sion properties of fractal sets and measures in arbitrary metric spaces. The following topics
are treated:

1. Hausdorff, packing and capacity dimensions

(Vitali-type covering theorems, existence of compact subsets of finite positive measure, den-
sity theorems and Frostman Lemma for Hausdorff and packing measures; coincidence of
Hausdorff and capacity dimensions)

2. Local and global dimensions of measures
(local upper, lower and average dimensions, global dimensions as essential extrema and their
set theoretic characterization, variational principle for set dimensions via measures)

3. Average densities for self-conformal measures in R™ - A potential theoretic
representation



Fractional and stochastic calculus

M. Zahle (University of Jena, Germany)

An analytic approach to integration theory of fractal functions is presented which has its
origin in classical fractional calculus. We introduce an extension of the Lebesgue—Stieltjes
integral which has been applied to pathwise stochastic integration in the adapted as well
as the anticipative case. (Similar methods open the way to a new approach to harmonic
analysis an fractals.)

In this talk we treat the following topics:

1. An extensions of Stieltjes integrals

2. Further extension to stochastic integrals

3. Processes with generalized quadratic variations and Ité6 formula
4. Applications to stochastic differential equations



MULTIFRACTAL ANALYSIS FOR ONE-DIMENSIONAL MAPS
WITH A NEUTRAL FIXED POINT

KENTARC NAKAISHI
GRADUATE SCHOOL OF MATHEMATICAL SCIENCES,
UNIVERSITY OF TOKYO

Recent developments of computers have made us possible to see fractal sets casu-
ally. If you have any experience of drawing fractal pictures by computer, you must
have noticed that some points are easy to draw while others are not. This means
that an invariant set does not necessarily have uniform structure from the dynami-
cal point of view. One of motivations for the multifractal analysis is to uncover this
hidden fine structure. Given a measure p on a set X, a typical multifractal object
is the Hausdorff dimension of points with the same scaling a;

fula) = HD{x € X[ lim Log u(Bla,1)) ul(:;(:’ ) a}.
For a class of hyperbolic dynamical systems and Gibbs measures, the dimension
spectrum o — f,(a) is real analytic. On the other hand, based on the analogy of
statistical mechanics, it is expected that spectra of non-hyperbaolic systems fail to
be real analytic and that the points of phase transition have some characteristics.
In this talk, we present a result along this line.

Let f:[0,1] = [0,1] be a unimodal map with the following properties;
(U1) f is continuous with f(0) = f(1) =0,
(U2) 0<3e<1 s.t. [ is strictly increasing on [0, c] and strictly decreasing on [c, 1]
with f(c) =

(U3) Flee) extends to C?-function f; on [c, 1].
(U4) f { 0,¢) extends to C*-function f on [0, c]. Moreover f; is C? except for z = 0.
(Us) Df(0) =1and Df(z) > 1 for Vz € (0,¢],
(U6) Df(z) < —1on f;'(|c,1]) and Df(z) < —1 for Vz € [¢, 1].
(U7) 35> 0,7 > 0st.D?f(2) =bz""t +0o(271).

Example 0.1 (Farey map). ¢ = 1/2,
f(z) =2/(1-2), f2(z) = (1 - 2)/2

Let u be the measure of maximal entropy for f.

Definition 0.1. For o € Rt define

_ po logu(B(z,r))
fule) =HD{z € [0,1) lim 2T = o,

l(a) = HD{Z € [O, 1],7}er;° %]Og]Dfn(z)l - a}

where HD stands for Hausdorff dimension. f,(a) is called the dimension spectrum
of u and 1, (a) the Lyepnov spectrum for f.

Date: November 17, 1998.



Zeta Function and Generalized Primes

Jean-Pierre KAHANE

How liz, the integral logarithm of z, mimics 7(z), the nunber of prime numbers between 1 and z,
has been a crucial problem for two centuries. The main discoveries were the Tchebycheff inequalities
a < m(z)/liz < b, the prime number theorem (Hadamard, de la Valée-Poussin, 1896) 7 (z) ~ liz, and
the Littlewood theorem(1914) which exbressed, against the numerical evidence, that lim(r(z) — liz) =
—00. These three results, Ti, PNT, and LT, can be considered in the context of the generalized prime
numbers of Beurling, Instead of 7(x) we consider any increasing function P(z) = O(z) (z — c0). The

corresponding zeta function is

((s)

exp/]og(l — 27 "dP(z)
= /:r‘”dN(x) )

where N(z) plays the role of the distribution function of the integers. The Beurling theory consists
in giving conditions on N(z) that imply TNP. Beurling proved thatN(x) = Dz + ze(x) with e(z) =
O((logz)3~%) (z — oo) imply TNP when a > 0, and does not imply TNP when o = 0. Actually
/ (e(z) log z)*dz/z < oo suffices (conjecture of Bateman and Diamond 1969, proved by JPK, 1997). It

was natural to conjecture that / le(x)] dz/x < oo implies TT (Diamond 1970) but that is false (K 1998);

in that direction Zhang gives the best result (1987):le(z}] < €*(z) | and / €*(z)dz/z < oo implies TL

All these results imply the fast that {(1+ it) belongs or not to a certain algebra of functions. LT can be
considered along the same lines,in a much easier way (K 1999).
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BELE. $EEORBIIBWTHEBI SN AREHATE R / ABRE LA OEN & OREE
T AEBRTHRE p OBKE LTHH L, HEBERICIVEINERIELL. &6IC [5] L&
BETERIIEZARFEENRINICETEEINS SO RBEROEZ VIC I - THEREINEZZ L%
BHEIL, ZHEMmMZ 7RE LA

AL CIEHRBICRAERIMZ TAFEFAIZONTELICHELLFEL TS, gifo X Hiz,
PO AN TREFLEG L LTEREAEEEZAVWESZ LR TE S, ZEMEFLOEZF
1, EFF—FRNELZBNEFL, RUOT—FBRRTOR/NI FAFERETS. RIZEDI S
R FAHET A ERERBEREHW T~ 2B FLERICEHRL, 22 T—HRETLEITS. =
NOEDORBR, BRFREHROEE (V7 RFERTER) LI TRFLBIIBRTADEENFS
LA, BEIIIOmMENSEBIICITAS. ZOFECLIUE, BFEBIURHOEDICH
LT AREREORFERIINRVENATERLIITTHS. ZOFETEHRE LTOIENTH-
7. ABFEORKMETRANE, RELZRFEEREAVIATHD. FHRMEILITO 3 RICENT
%, ETHE—IC, ZBMETLROKERED 0 KIELHEIIX T 258 E (F—HE LTE)
RESEREEEOREE LTRET S, RICEZBROEERENRNTA N TAXTHEDOOHL
WEF L, ILRAMEGERETS. RS KROFEFIN _EEET(LBRRHOLDOERE2E
2BETTHE. EDE BB BT ENEMITEERET S



2 FHOF—BE

B §(z) :=p°/ [prdz BEHETD L, Ny REELETLROBKEEZEXD. KICHILEE
B Nolx) % & 5. BEREME Doo = N-PRy, [ §lz)Pp(a)de O X 55 %505, No(a)
PEBOBTAOBBETHHEL, TNCLDEELE D, £EL. Csiszdr DEA =T x A
% Dilg1llge) = Eo Flg1/g2) EEL. T5LROABKY 3L

Fact 1
D, — D,

Doo
CHRTEETEE R? X VAEEC LEA—HTD. C ZEHE I(2) = §lz) KEo>TRAEN
DEEOTN C = J, U REIT D, & LI LA

= fDg-1(s-5-1)(gllg)

1
M%9=K®+@—®m@+1@~@%mﬂ
EFEETD. FHTHEROL I RFERRAK
1 v
l@)=%@&£D+ZAK®z—£F+d%Q
MKV ro. 7= L
, &(2;€) = O(|z - ¢F°)
ThHY, RIEWBEFLAIAZELEZERTE, ZOBEBEEZAVWTROL I REE
9(2) = ¢l 59| for z € U
PEETD. oD CERIER o 12 gUe) = §(Ue) W TIOILEDS.
3 PBERFEESOERK
FEAREE o(w, €) L ILEEE w & b BTN 2 & b4 Uy ~OB5/E L, (6,8 =0

PHMRETALOLEETD. SREEREIZTOUER o 1(2,6) LEHETD. ST ELEEBOTL
18 6(E) € 0,2n] REZbHIbDLTH. Z0OL MR

%1;_) = cexp{%L(z;f) — 6(£)i}

REETD L, EERIIZORS

W5@=L(%ﬂz

YiaB. CIEBTCERICEOTHETAY LA BTN Xed™ TRLADBTER \ =

D—HEZAKRT BEERDLIYE N) 24ACOREMORER U, KERTIHL0THY,
oA L DL ZRBERICRoT0A. SAMITERERE YIS, ERBOSEHBIER, Ko
JASBABUNEABE THEILERETD. (KRB TRTFOBBEEE Ng() 2o &1,

BR

2 |8R(w) B8R(w)

dw BR(z e
o 8]((111; 61((w) = g(2)
OR(z) I(z)

3
MHobLhhd., EREFLEMOEESRY b XA ZOMEMIBNTHD &, (IZBWTHAR §(8)
BiEFONT MERIND T L bbhDb. DMERICET S RIEOMABOEIZET DR EH



CICEBRBICE 2 bR TS [6].

4 F—EEETEOWERN

D, EE ODEE% AT HEAERTLOLEETS. W OPOERBMERNI A~y FIIF
545, — DI BEERLEERZBDTHD, HEEOZNERIEFETS. bH—2EER
MREFESEREHOT, Ao /) A ZAROBREERAR CHELTERNWI LI 2R THS.
REEL LT, UTOBRETFSEREZZFEOIFILI, +5ELOEMI S XE28HY, ho&s T
AEZDREIP+HRENVET DL, Fﬁﬂ%mﬁ@w% WHANTERTEI LIRS, EE
Jk(z)dz =1 R2BEEZRNTZ ZAFPLPREE Nk(z) LEBTBb0ET5. &4x+45
ICREbL->TH, 1 << N, << N8 Thhid, TOREBRILTS. (1 << N, << N3 T+
DTHBHELHERILTCNDE.) STZOEBETT, J7AFBLNREDLIZEAETAENELT
HED. HEOEDORME LT, Z77AFBLEFLLRBALTIRR ) ARRG 5 —EIZEA
EFERARIZRDILERELLY. Z0LE, EEPERIWBEMCIKOL I ITERILTE S,

Zg Ug)BDg-1 (a2 1) (G(-|Ue)lIg(-|Ue))
3

5([3;‘ D ZQ{A variance of 1|z — €|?|A g(z) with §(-|U;) in Uy }
3
(,32+1)N (R24—R22)/ z)(A In §(z)2)k 2 (z)dz .

Btk OKIT k() IOV TELIZEBELT D L, k(z) = const.p(z)?/3(Aln p(z))?/® D& =

2 3
P s = R £ { [ ey (0 st/ ) s

LB,
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—RIFHIRICE T S8 S EE

AR AR
NTT =23 2=/ — a9 HF5RRT

WD 2ODOHFEEHRD. LT ATBEERTAZ 73Xy FOEATHD:
BEEFS, FF {o,}

LHS o AT 5 (0,1}, AT\ AT OBEREGET DL ETBRY LT 5.
AIERMS, FV {p.} ‘

B n TAY\ B* BEHT, p.(4") BEHESICRHHO.

Borel FIHIZEH (A%, F, p) RICHERRIE p BX, Zng —MBERIE LML (2D L & consistency
DIEREIIT R Y 32023, Han and Verdd X2 bRE L W—RERFELZERZE L TV 5.)

ZITROLOBEHOFEL—FEEZD.

BERNE EEOIZHLT, AP C A BEELT, BROBEEN 013

1
V1> 0,2 lony UL < By 4y, e € A™a" ¢ AT <
HAZERAS average rate FAERHE {p )" BEELT, EHUFERVWEMNIC R 282
AN .
lim sup _I‘L(zn)l((p(xn)) < Rave-
n—eco N

Al ERHS in-probability rate FERHET {p,}" BPFELT, 2" ODFELL— IR R %
B2 IWHERN 123

: oo, 1 n . _
Jim u({z € A% Sl(p(e™) < Ryp}) = 1.
AZERMAE almost-sure rate A ERHTE {p,}" BHEEL T, BER 1 TERIIOHFE(L
L— M R ZBAV. EHFEENENENIC R 2B
p{z™ € A= limsup ll(cp(:lc")) <Ru}) =1

n—oo T

u BT b TIELTEE=AI— FITHIE, ZhbdTRIZT 2T Shannon-McMillan-
Breiman entropy HyMP \ZELWA, 29 TROVBEEIERIBEVNHVES.
RIZINBOFELL— ez b —0BFRPRS. 7

- 1
hu(z) = li?-folip - log, p"(z™)), ze€ A%
MK = pressuph,(z)

1 1
i . 1 _— < — .
inf {h,u <117r1n-)s°1<13p n Togy (5 = h) 1}

Y45, Ri, OTFRS AMK To5. —%

_ 1 1 .
f = limsup — Z u™(z™)) logy ) Kieffer (1989)

n
n—00 ZhEAR



X Rowe P TFEE%E 5%,

—=HV _ . s 1 wt@"),\ _ :
H, =inf {h,T}l)n;ou (n log, S h) = 0} Han and Verdi (1993)

/& Ry, Riy PFREEAD. ShiC

k. 1 1 K 1.l
H, =1 = 3 pMa™)log, ———, HY =liminf =~ a1
u 121_5&13 anAnN (z™) log, #n<xn)’ EENT) 1nn_1)§<1) ”MEZA'ZM (2") logy pr(z™)

—HV _, : -
H, =inf {h; nll)rrgo p(Apn) = 0} ) ﬂfv = sup {h; nlggo p(Apn) = 0} )
1 1
— 0. X jop. e
where Apn {w €A ;- 1og; ) > h}
)™ =inf {hp(4n) =0}, HMX = sup {h;u(4s) = 0},

— L1 1 1
where Ap = {a: € Aj ’hﬁsclip 2 1ogs " (2™ >h

DEHZESETHE, RBERY IO,

TE o A —BRERRO L E,

0< HME < HIV < HX <Hy <H, <H, log, Al

T £ T ©hakdlp OFN Han L5, H, ' # Hy ' ThaE>0kp OflH

I
Miyake 12 X > THEIF LTV 5.

BHIRD 7 5 2BV OWERT S, £, A° EOL7 MNoBESET, B (S), TAT—
R (B), ¥ =— Rk (SE) REHXRTE 3.

. 1 n—1 »
VC € F, Elnll)n;oﬁgu(T C)

D & & mu iE AMS (Asymptotically Mean Stationary) Té 5 &V 5. LT
Average AEP : HX = 7, .

in-probability AEP : H f V= Ffv.

LDP for AEP: in-probability AEP % % -2fF IR T

1 SMB
- H3

S S >e) < r(g,n).
logy pm(z™) ) (&m)

Ve > 0. H{r(e,n)}n st. u (

almost-sure AEP : H ﬁ'f K- ﬁyK.

ETB. IDLE, TRNThDI T RE C() LELLE, ROBRPBOLND.

B
C(SE) C C(S) C C(AMS) C C(average AEP),
C(LDP for AEP) C C(almost-sure AEP) C C(in-probability AEP) C C(average AEP).
C(SE) C C(almost-sure AEP) C C(in-probability AEP) C C(average AEP).



— SRS AEE RN EDBR Y X

NN
RPN IN L T )

EP, TATFRy R X CEREIRFEE X = {X,} #8525, F5{LEE (encoder)
On A" = My, i={1,2, , M.}, BEROEESILEIE (decorder) ¢n : My — X™ 2L T,

en = Pr{X™ £ ¢¥(p(X™)}, X" := (X1, -, Xn)

FEROMEERE V). ZO K D7 encoder, decorder DI (p,9) & (n, Mn,e,) HEEWVWS., ZC
T A, X® OLS ICEBRBEELREL2W—RIEHRE (3]) 28 >. Tbb A", X" Orb
DIRHETAT 7y b X, & X, -EREEHK X, b5 X ={X,} BLOY)L2E13.
Frite~e ™ ZERLELEZICFFLL— b2 ENET/NESLS TELDLERLMITS. —i%
ERIBOME 2025 D21t Han and Verdd @ R AS7 bAERK) BEDTHY, ZORE
HEE B L VRSN TVDER, ZZTEHFLWFEZAWTHIRREL 52 5.

£ R(Y,X), R(Y,X) #3RIZE-TEET 5.

1 1 1
R(Y,X) := p-limsup — log ——=<, R(Y,X):=p-limsup - log ————:
( ) P n—ioopn gPX,,(Yn) ( ) P n——)oopn gPXn(Yn)

E7 x -EREER X,V I LT, DY|IX) = Cyer Prv)log 548 k95 L%,

1 1
D, (Y| X) :=limsup —D(Y,|| X5), Di(Y||X) :=liminf —D(Y,||X,)
n—oo T n—oo T
LEFRTD.
EFE L — R r-achievable

o1 1 . 1
<~ 3In,M,,e,) H% st. liminf —log— >r, limsup—~logM, <R,
n—oo 71 En n—oco

R.(r|X) :=inf{R: R % r-achievable}
IDEERDTEHREY IO,

1. £EOr>0ZHHLT,

R.(r|X)= sup
Py, EM(xn)

Ths. 727 L R(0X)=0.

{E(Y, X) = Di(Y[[X) : Dy(Y]|X) :< 7}

ZAVUIROME 2 BRUER 3 2> TAHATE S,

WE 2. B X, ERERBE {X,)  TRIBEEE {f,)} LT,

. érg(xn){Dl(Y“X) : f(Y) >R}

n

IA

~log P, (fn(Xx) 2 R)

IA

5, B {DIAYIX): £(Y) > R)



Thd. 7220 f(Y) =p-liminf, o fr(Xn).

RIE 3.(3)). HED r >0 KALT,

Re(r|[X) = sup{R ~ o(R) : o(R) < 1}

LB, TEL,

1 1
o(R) = liminf —lo '
( ) n—oo N ng,.{%log?’Enan_)ZR}

ICFIRIZELK ER SN OBEOHELELETE S (2]
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Dynamics of rational semigroups and the skew products

Hiroki Sumi

Graduate School of Human and Envirmental Studies, Kyotb University

Let G be a rational semigroup, which means that G is a subsemigroup of End(C) which does

not contain any constant elements. We set
F(G) = {z € C| G is normal in a neighborhood of 2z}, J(G) = C\ F(G)

which are called the Fatou set and the Julia set of G respectively. J(G) is backward invariant,
while not forward invariant in general. If G =< f1, fa, - , fm >,then J(@) = U, f7HI(G))
(backward self-similarity). :

We next set E(G) = {z € C | §G7(2) < 2}, where G™1(2) = Uyegg~'(2). We have that
where exists and element of G of degeree at least two or if there exists an element of G of degree
one and the order is infinite, then E(G) = {z € C : §G~1(2) < oo} and {E(G) < 2. For any
z € C\ E(G), we have J(G) C G~1(2). If §J(G) > 3, then J(G) is perfect and is equal to the
closure of the points z € C such that there exists g € G with g(z) = 2, |¢’(2)] > 1. In general,
the Julia set may have non-empty interior points.

Set

P(G) = Ugeg{ critical values of g},

which is called critical set of G. One also says that G is hyperbolic if P(G) C F(G), and sub-
hyperbolic if P(G) N F(G) is compact and §{P(G) N J(G)} < co. For an open U C C, we denote
by ¢(U, g) the set of all conneceted components of g7!(U). G is said to be semi-hyperbolic if
there exists a positive number N and a positive number é such that deg(g : V — B(z,8)) < N
for each V € ¢(B(z, ), g).

Theorem 1. Let G be finitely generated and contains an element of degree at least two. As-
sume further that G is sub- or seim-hyperbolic and Auwt(C)NG is empty or consists of lozodromic
element. Then there exists an attractor in F(G) for G.

Theorem 2. A sufficient condition to be semi-hyperbolic is given.

Set B, = {1,2...,m}" and let o be the shift map on %,,. Suppose that G =< fi, fa, -+ , fn >,
deg(f;) =d;,i =1,2,--- ,m and we define

f:i2.xCo%,xC

by f(w,z) = (ow, fu,z) for w = (wy,ws,- ) € T, and z € C. The map f is finite to one and
open, but have infinitely many critical points in general.

With respect to the map f, the Fatou set F( f) and the Julia set J (f) is defined similarly as
before. We also define the sets F, and J,, according to the normality of the family {f,, o---of,, }.
See (4] for various results on these Fatou and Julia sets.

Let K C £, x C be compact and backward invariant with respect to f. We define an operator
B, on C(K) for each (probability) weight a = (ay,... ,am) by

Bup() = Y #(0¥a(Q)
Cef-1(z)



where 1,(¢) = Z—:ll if 71 (¢) =+(wy,ws,...) (m : T; x C = I, is the natural projection w.r.t.
the first coordinate).

Theorem 3. Let 7 : X x C — C be the natural projection w.r.t the second coordinate.
Assume that there exists an element go € G of degree at least two, the evceptional set E(Q)
for G is included in F(G) and F(H) D J(G) where H is a rational semigroup defined by H =
{h~' | h € Aut(C)NG}. (If H is empty, put F(H) = C. ) Then for each positive weight a,
there exists a unigue probability measure i, on ¥ X C with the following properties.

For each f- backward invariant compact K C ;' (C\ E(G)) and each ¢ € C(K),

e DN oo (Y] L —
Jim ||BZ¢ — fa(@)ll g =0

In this case (f, fio) is ezact. Furthermore the following entropy formula holds.
hao(f) == ajloga; + Y _a;logd;.
=1 i=1

Furthermore the Hausdorff diemnsion of dimpg(J(G) is also estimated ([2]).
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EEEE 8 M Kolmogorov complexity

EE B RRHREEEN MEAS) R, FRESK - 1)
R —% GREX-I)

w=wwy - €{0,1}F ITHLT, wip=wiws - Wn, =213 Tn € {0,1}* = U,»0{0,1}"
ICF LT, |z| =n & &L, prefix function & iX partial recursive function TZ D AFI prefix code
R ATV ALDETS. Ty, Ty, -+ & prefix function & /HMENIKZETE 523, prefix function
U BEELT, UO"lp) =Tu(p) £72%. Z® U % universal prefx funciton & #.5.

%% 1. K(z)=min{p| | U(p) =z} LEHL, % Kolmogorov complesity & FF5.

ze{0,1} KEVEEZVI V¥ —HERT, LEE,

P =1 ({e} = (0,1}, T = {0,13%), P(T') = P(Tao) + P(Tt) (Va € {0,1}")

RELD SToE X P ATERBIE LIRS, 8512 P BRI SITRMAEERAE L V).

SEZH 2. PIIRMNFERREL L, 6: N - NUco BRD 1,2 2T L &, § & sequential
P-test £\ 5.

1. §(w) = suppen{7(@im)}, ZEL v N> N TV = {(m,y) : v(y) > m} i2IRWHHOHE.

2. % m LT P(Vy) £27™. 2L Vi ={w:dw)>m}.

bLo(w)=1%01 widtest § KRBRLELEY, TOMDHEITEKRLLLED.

WBSICEHTD. <= fw) <<= wé No_Vm,

wRBHHD test IKAKTD. <= w ¢ Uy, ea Npey Vine

77U A 3T sequential test DEG LT D.
£% 3. w A P-random THD LT w ¢ Uy, ea NFoy Vi BRIV LD ETHD LT 5.
Prandom 7% w DEAEER 1T, ThIVKROFHERTEND Z BN TS,
EH 1.
' VP (recursive), 3c,¢' >0 sit.
—log P{wi.n) — € Sae. K(win) < —log P(wi;n) +logn + 1loglogn + ¢ (¥n)

WIEHZZT X o X LT, X=4UA;, AgnNA =0, &2->TndLe,

f: X =2{0,1}*, flz)=wiws --wy-",
1 otherwise,

{0 i Trz € A

Swl;n = f—l(le;ﬂ) = Awl n T_IAW2 n---nN T—(n—l)Awn

LERTD. m b X LOBFEHEE L, Plwyn) = m(Su,,) ET5E, PARSHLGE, £R
1 DMK D Lo, P NIRRTV E, EEFD ¢, ¢ 73¥# L, Kolmogorov complexity
DEET OB, m B T-REPOTAT— RRGIE, P AR TR THRBHALT 5.
I 2.(Brudno) shift & ZDx AT — FHRFERE P Ox b —% hp L5k,
lim, 00 K{win)/n=hp P-aew
ZOFE on) OEEHZFMIZALNZVDE, ZTHITRLOFEEER LD T Tk ~R5,



T Ag, Ay BB TERPAELTHDETD. £/ Ta(z) 1E o,z BEBEOL &, 1FHN

ERE® T, X—>X a€0,1]]=YZxdLT, X=[0,1=AUA4;, ANA =0 &75.
*HBH LT B, BIERERIC

0 if T™(z)e A
wpe={0 T TWEA L0 @) mer g
1 otherwise,

Se =7 (Tuyy,) = Auy NI Ay, N T 0704,

EEEL, EBITF: X x A= {0,1}®, flz,a) = folz), /2 X LOFERRE m 25t LT,
Palwin) = m(S2, ) k*fé IOEE X x A BICHERNE M =mx L (L EAS—7BE)
EEZD L, Plwyn) = M(S.,.) fo (Win)dy &ERDD, ROZ LMLV L.

EHE 3. Py(win) ity 75=75E§5I03& ERMOTHDILTD. Sblkyef—d,g+d.jeXx &
LIcl RIS B8 g BEETDEEETS.

(1) Py(wijn) > Pylwim) — 9(d,d,n).

(2) limgosupyey 9(y,d,n) = 0.

(3) g9(y,d,n) I y,d BEEHD L ZIFHO.
TDEE Plwy,) EEHeE 23,

TR 4. o BEEKEL, m RO TABEERSERVET S, £ 52 SEETHD L
§5. ZOLE Polw.) HREWERD.

EHE 5. Ynax 1 Py(win) ORKEEEZDb0EL, L) = limgo 2020 fy,,,,) =
(Wim) LT, F2EHTHE,

‘/0\ ~(y)dy < Py(wl;n)-
EH 6. y; = inf{y|Py(wi;n) > 0}, yo = sup{y|Py(wi,n) >0} £+ 5 &,

Py (wl;n) S (y2 - yl)Pymnx (wlin)'

INLOEHERDEMAE LT, BEESEHRO Kolmogorov complexily DFENELND : To(z) =
z+a( modl),Ag=[0,1/2), 4 =[1/2,1) &L, X, Y(=[0,1]) Eic/— /BEZE% 5.
IORAER 3 ORMEREITHE, Plu,) REMIERS. g(y,dn)=2dn L7257 LD
20, THREERE, EHES, 600, Pi (w.)/(4n) < P(wya) < P2 (w)/n &5 &
PBREND. LR T, EE2MD

P,

Ymax

de,c s.t.¥n, —log Py, (win)+Hlogntc <pa.. K(win) < —2log By, (w1.n)+2log n+2loglog ntc’
E72D. TRIOFMIFLNLDOTHS.
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ZEIEIE N O DICHICE 2 hHE

syiadg Tk, milsiE = (MILEERREE)

T OBFFHETIE, ZERMERBEREOEEOEROILTE & £ OISz OV TONFFEE B
L. WEEOTZREIIROR—INEOMEIZH D L 9 IR FRESEAT D 12D
B THNTE, ERIS 2 2 A, FFET I I TERUBER R ER 20k
BFORFERIRIICED 1 AL RA P RFEO M. Tagqu ZdROB MG H Y. N2 75
MR R T,

H. URD Y ATITONTHEOMEIXE ARAASINE L. THXUTEO—E, Taqqu
HIZDHE, HHREATOAELVEZ LD THS,

VURY T AOREE

B s MELEERSR e o & — (LR A
WM 199941A7H~9H (FaD
A=A
L9994 1HTH
10:30—-11:00 oot GrEkTRERFHAZR)
2-dimensional symmetric stable distributions and their marginal
distributions.
11:10—12:10 M.Taqqu (Boston Univ.) (k)

Models for computer network traffic
12:10—13:30 BikH

13:30—14:20 HILMT (EMNKPH
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2-dimensional symmetric stable distributions
and their marginal distributions

Katsuya Kojo (Nithama National College of Technology)

In this talk, we consider the following question.

Question.  Does there exist a pair (X = (X, X;), X = (X1, X3)) of 2-dim random
variables which satisfies the following conditions (C1), (C2) and (C3)7,

(C1) X is 2-dim SaS.

(C2) X is not identically distributed with X,

(C3)  There exists a number 6y € (0,7) such that a1X; + aa X and a1 X1 + ay Xy are
identically distributed if arg(aq, as) € [0, y] U |7, 7 + 6]

If 0 < « <1, the answer is yes.

Proposition. Let 0 < a < 1. Then there exist 2-dim random variables X —=
(X1, X2), X = (X1, X3) such that

Eexpi(21 X1 + 22.X3) = exp(—|21 + 2|*), (21, 2) € R?
exp(—|z1 + 22|%), |

Eexpi(zn X1 + 2X5) = if arg(z1, 22) € [0,7/2]U [7,37/2], (1)
exp(—|2z1 — 22|%), otherwise,

and the pair (X, X) satisfies (C1), (C2) and (C3) with 6y = 7/2.

Let ¢(z1,22) be a function given by the right hand side of (1). To prove this proposition,
we have only to show that X really exists, in other words, the function

1 ' ) -
flzy,x0) = W Az exp(—t(z121 + T222)) P (21, 22)dz1d 2

is non-negative and [gz f(21, z2)dz1dzs = 1.

Corollary. Let 0 <a <1 and 0 <68y <m. Then there exist 2-dim random variables
X = (X1, Xa), X = (X1, Xy) such that

Eexpi(21Xy + 2X2) = exp(—|21 + (1 — cos Op) z2/sin |*), (21, 22) € R?,
exp(—|z1 + (1 — cos ) z2/sin Hy|*),
Eexpi(z1X; + 2X,) = if arg(z1, z2) € (0,8q] U [m, 7 + 6o},

exp(—|z; — (1 — cosby) zp/sin Gy|*), otherwise,

and the pair (X, X) satisfies (C1),(C2) and (C3).



Models ofr computer network traffic
AU Ea—HF 3y NT—7 OERRBEROKETT L
Murad Taqqu  (Boston University)

1. T —#Iid, Bellcore ££0> 1998 £E 8 A 29 BIZ#AE 5 27 BRI OHA L ANIZHRN D 1FH
BT, BARRIHTZD O30y MIT, HfREEIL 20pusec TH D, T OT —F ORFRHA 7r—

ZIFH G2 A — V]l (ACHEHER RGN D), RORIIEBZNWIHEE TS v
1) (Fractional Brownian motion) & & 2 UIEHMZ, T7hbbT —& O Rositiokt-+
LI EFEGN D,

9 KRS0y T‘%@iIETﬁE:%L_Eac‘:%Zé ZIUT R 5| E RBEIT
V. YO DTHBRL 2D,  SrUT. H DO OMS E AN 2 UL, O
DEFEZEFFOMEWEN S OND,  KEOMSRIETR % Fractional Brownian motion
TETNEEAD ENDITATTTHD, LECTHTEETERS % Fractional Gaussian
Noise & 5,

2. ETNANDRERSTETATTIEHROES72b0OTHD, 7.

U (1), U1 (2), U1(3), - - -
&, HBU—I AT == D ON Time, T7bH/ Uy FEHE LTS i B R OB
BT HERAHL,

Uz(1),Uz(2), Us(3), - - -

Z[a U< OFF Time, 3720530 v hEEH L T W I 2R T RERE &4 5,
ON Time X, MEFRIGMTH Y FOFREREN

Fi(z) =PUy > z) ~v=tbiz ' 1 <oy <2, T — 0
, OFF Time & ON Time & {37 72N7 R0 A0 7eHERIHR T,
Fy(z) = P(Uz > z) ~v=loz™?, 1 <y < 2

EWIITL0ETH, F, ap = 2 DFAITHE, E[UR] < 00 ELTEL, Eihp =
E[U4], pe = EllL], W(t) =1, if t € ON Time, W(t) =0, if t € OFF Time £3<,
3. Ri&|E. B
" S W)
A > u))du

m=1
2, MY ERETEEO»PHS>T, M — oo, T — oo T, K3 Fractional Brownian
motion {ZUNHT B0 E 2 Th B, | |
FERREVD &

%(WW ,mwwwm}mﬁBﬁﬂ

m=1

-
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A Stochastic Model for a Dam with Non-additive
Input

Kazuyuki INOUE and Naoki TAKAYAMA  (Shinshu University)

We are concerned with a dam content process X = {X(t); ¢ > 0} determined by the
stochastic integral equation
(1) X(t) = 2+ AQt) — Atr(X(s))ds (L > 0)
with initial content £ > 0, cumulative input process A = {A(t); t > 0} and release rate
r(z), z > 0. The typical form of r(z) is given by r(z) = cz* (¢ > 0, a > 0).

put W, = % X. In this talk we devote ourselves to the following
" Case 1 : r(z) = cz and Case I1: r(z) = c2°.
Then {X,} can be described by the fractional linear transformation ®4(z) given by
ar +b a b
¢ = R for A= L(2,R).
Alz) p—— (x eR) or (cd)EG(’ )

Theorem 1. Assume either Case I or Case II. Then there exists a sequence {M,} of
i...d. random matrices in GL(2,R) such that, for each n > 0,
(2) Xpi1 =@ (X0) with X, and M, independent.

The explicit form of {M,} is given as follows.

Case I (linear case):

[ Ra Ya
® = ()
(4) — e T, Yo = Kc/—"—(l — Ry).
Case II (non-linear case)
Qn + 1) JQn—1) 10
) o= E{f— Qu = 9

Theorem 2. The following four conditions are equivalent:
i) The sequence {X,} converges in law to some random variable X .
ii) There exists a random variable X satisfying the stochastic equation

(
(
(7
(
(

) X="RX+Y with X and (R,Y) independent.
iii) ‘ Ellog™ Y] < c0.
iv) Ellog® V] < co.



Long Time Behavior of the partial autocorrelation
coefficients of a stationary time series

Akihiko INOUE (Hokkaido University)

Results

Let X = (X, : n € Z) a real, centered, weakly stationary time series defined on a proba-
bility space (€2, F, P). We write  for the autocovariance function of X: vy(n) := E[X,Xo|.
For n > 2, we denote by P »_1) the orthogonal projection operator of L*(Q, F, P) to the
subspace spanned by {X1, Xz, -, Xn_1}. The partial autocorrelation coefficient a(n) is

defined by [ |
Eleen
Bl 7 - Bl

a(n) = (n=2,3,--),

where
E: = Xn - P[l,n——l]Xny E; = X() — P[l’n,”X[).

The partial autocorrelation coeflicient a(n) is thus the correlation coefficient of the residuals
obtained after regressing Xy and X, on the intermediate observations Xy, ---, Xp_1.

We are concerned with the asymptotic behavior of a(n) as n — co. The main difficulty
of this problem comes from the fact that it involves quantities related to the prediction
from a finite part of the past.

Here we assume that the autocovariance function =y is regular to the extent
there exists a finite Borel measure o on, (0,1)such that y(n) = [} t™Mo(dt) (n€Z). (1)

EXAMPLE. Let —co < d < 1/2. Since
- U (= log#)~24
1 2d-1 / ¢ dt
(Ll = [P =gt (ne D),

v¥(n) = (1 + |n])?*~! are autocovariance functions which satisfy (A).
THEOREM We assume (A). Let £ be a slowly varying function at infinity.

1. Let 0 < d < 1/2. If y(n) ~ n*~1¢(n) as n — oo, then

am) ~ & (0 co). )

2. Let —oo < d < 0. If ¥(n) ~ n?¥1¢(n) as n — oo, then

1

o)~ =

v(n)  (n— o). (3)



LIMIT THEOREMS FOR THE LARGE AND
SMALL INCREMENTS OF FRACTIONAL LEVY
BROWNIAN FIELDS

Yong-Kab Choi (Gyeongsang National University, Korea)

eter fractional Lévy Brownian two-parameter Wiener process in the books of Csérgé and
Révész (1981),Lin and Lu (1992). Our results for the m those results in the previous books
because the structures of the above two processes differ from each other.

Let {X(z,y) : 0 < 2z < 00,0 < y < o0} be a two-parameter fractional L ’evy Brownian
motion of order 2a with 0 < o < 1 on the probability space (2, S, P), that is, let {X (z,v) :
0 <z < o00,0<y < co} bean almost surely continuous, real-valued Gaussian process
with mean zero, X(0,0) = 0 and stationary increments

(1) E{X(z1,y1) — X(l"zayz)}2 = {(z1 - 332)2 + (Y1 — yz)Q}a

for all distinct two time points (z1,y1) and (22,%,) in R2 := [0, 00) X [0, co).

Let us consider the rectangle R = R(s,t,u,v) = [s,5 4+ ¢] x [u,u + v] C R? for all
s,u 2 0 and ¢,v > 0, and define the increment X (R) of a two -parameter fractional Lévy
Brownian motion on R by

X(R) = X(R(s,t,u,v))
= X(s+tutv)—X(s,utv)—X(s+t,u)+ X(s,u).
T

— ——7
hp?

where m V n = max{m,n}, and fore < T < co

By B}:BT(Z—;\/l),

Or = {2(log Br + loglog T)}'*, B = {2(log By + loglog T)}'/2.

| X (R(s, ap, u, hy))|
D(ar,hr) = su su ;
(o, ) USSSIP*C'«T oguSEhT S(ar, hy)Br

| X (R(s,t,u,v))]
D*(ap, hr) = su su su su — .
(az, hr) ogtgliT ogvg%r ogsgg-t Ogugg—v S(hr V t, hr) 55

2

Theorem 1 Let ap and hr satisfy above conditions (i)~(iv). Then we have

limsup D*(ar,hr) < 1 a.s.

T->o00

Theorem 2 Let ar and hy be as in Theorem 1. Further assume that

(v) limg .o log Bp/loglogT = co.



Then we have
li%ninf D(ar,hr) > 1 a.s.

Combining Theorems 1 and 2, we immediately obtain the following limit theorem:

Corollary 1 Under the assumptions of Theorem 2, we have

lim D*(aT, hT) = Yllm D(GT, hT) =1 a.s.

T—o0

Example 1 Let {X(z,y):0 <2z < 00, 0 <y < oo} be a two-parameter Lévy Brownian
motion with o = 1/2. For T' > e, let ap = /T +2/3 and hy = 1/(3V'T). Then all
conditions of Corollary 1 are satisfied, and p = 1/9 in the condition (iii). Thus, we have

hm sup sup IX(R(37 ar,u, hT))l _ 2 s
T—eo g<s<T—ar 0<u<i—hy (,/TjL — \/T)1/27T \/g Dy

where vy = {log(3T' (37 — VT + 2)) + loglog T}*/2.

& 3k

1 M. Csorgd and P. Révész, Strong approximations in probability and statistic, Aca-

demic

Press, New York (1981).

2 Z.Y. Lin and C. R. Lu, Strong limit theorems, Science Press, Kluwer Academic

Publishers (1992)



Absolute continuity of some semi-selfdecomposable
distributions

Toshiro Watanabe  (The University ofAizu)

determined by p. Let p be a real number in (0, 1). We define a b-decomposable distribution
vy on RY by

(1.3) Db p(2 ﬁ (p+ (1 —p) exp(ib"™2)).

We say that b in (0, 1) is a Peres-Solomyak number (P.S. number, for short) if there exist p

in (271, 1) and a positive integer n such that 7 ,(z) belongs to L*(R'). A positive algebraic

integer 0 is said to be a Pisot- Vijayaraghavan number (P.V. number, for short) if § > 1

and all algebraic conjugates of ¢ have absolute values less than 1. The upper Hausdorff

dimension of a probability distribution p on a metric space is denoted by dim* 4, that is,
dim* g = inf{dim E : u(E) = 1},

where dim I stands for the Hausdorff dimension of a Borel set I/ in the metric space. The
entropy of a discrete distribution p on R% is denoted by h(u), that is,

= nl{a})logu({a}),

acA
where the set A is given by A = {a € R%: pu({a}) > 0}. Let 7, be the Poisson distribution
on R! with a parameter ¢ > 0, namely, n,(dz) = 320, e7H(n!) 1", (dz). We define a
function H(t) for ¢ > 0 as
(1.4) H(t) = h(m).

Our results are as follows.

Theorem 1. Suppose that \* < co.

(i) We have
H(tA*)
—logd’

(1.6) dim* p; <

(#) The distribution g, is continuous singular for 0 < ¢ < H™Y(—logb)/\*.

Corollary 2. Let {; be an infinitely divisible distribution on R, for ¢ > 0 such that

o0
-~

(1.7) Gi(2) = exp(t Y (exp(ib"z) — 1)7a),

n=0 -
where 7, is nonnegative, lim, ..oy = 0, and Y22 v, = 00. Then dim* {; = 0 and ¢ is
continuous singular for all £ > 0.



Renewal reward processes with heavy-tailed inter
renewal times

and heavy-tailed rewards

EVEHIMOD W"BE%J?H#FEE] &R 7 15 o - ET A FRENETE

Murad Taqqu (Boston Unversity)

4. FHEREB U X, PU>z)~cx @, 22—l <a<2 ZWdb0E45, 22T,
HIWEZ R T HREE Sy 25, P(Sy=12) = 1P[U > z] BTG, S, FUE R B
METARR & 720, PO ME = 7&;‘#“3) Yito P(Sk = ) = £ LY 3L,
B U, TOARTE R THEREAR W, 2 HET 5, ZHUMSIFES ?ﬁ"( UBEL HIRST
L LTRL, £, EWp =0, EW? < co ZIRELTEL,

FERIBIE W () 2, BEA S, 1D, BER S, ECIME Wi IS L EET D & etz
(renewal reward process) & 725,

5.

T
WH(T)=> W)
Tot=1
EBWT, BiIERILE D ICZoa e — W, (t) OFa,

[Ty]
W*(TyM) = ZZMW (t), M, T — co

t=1 m=1

D~ &

Theorem 1.
1 Tyl M
TH > Walt) = Bu(y)

t=1 m=1

3i-

T, H=3%2

[FEEIZ LT, BB OEWOMIZHE D B, P(Wy > z) ~ 277 IZX LT,
Theorem 2. 8 > a EfH=T 25,

[Ty]

M
> W(t) = B — Levy stable motion, 1 <a <3 <2
t=1 m=1

T1/2 Ml/ﬁ

Theorem 5. T}Eilﬁﬁf&(s) I, IBATBENEHAEFE (mixed moving average process) T
b5, T

Z~§: /oo /oo g(s — u, z) M (du, ds)
LR LIRS,



On Storage processes

Makoto Yamazato (University of Ryukyus)

Let {A(f)} be a subordinator with A(0) = 0 and

E(eA0) — expf [ t(e™ — Dy (dy)}

for @ > 0 where, v is a Lévy measure satisfying 0 < [;°(z A 1)v(dz) < co. Let r be a
function defined on R, = [0,00) to R4, r(0) = 0, r(z) > 0 for z > 0 and left continuous
with positive right limits on (0, co). We roughly say that a stochastic process is a storage
process if it satisfies the following stochastic integral equation:

X(t) =z — /Ot r(X(s))ds + A(t). (4)

Refer [?] for precise definition and construction. The storage processes are known to be
Hunt processes.

We discuss the properties of semigroups corresponding to the storage processes and give
recurrence criteria.

Semigroups corresponding to storage processes
Let T, f(z) = E.f(X(t)). Let Cy be the class of continuous functions on R, vanishing at
infinity.

Theorem 1. Assume that (1) [ ;(lﬂdy = oo and (2) ¥(R,) < oo or r is nondecreasing.

Then {1;} is a Cy-strongly continuous nonnegative contraction semigroup.

Theorem 2. Assume that v(R,) < co and [ —Ldy = co. Then D(G) = Dy and
+ 1 r(y) ‘

CI(@) = =@ @) + [ e+ 2) = f@)v(a) (1)

for z > 0, f € D(G).

Theorem 3. Suppose that r is nondecreasing and ;™
for G and GG f(x) has the representation (?7) for f € D,.

T(l—y)dy = 00. Then, Ds is a core

Recurrence classification of storage processes
Let 7, be the hitting time for [0, y].

Theorem 4. The storage processes are classified into the following three types:
(a) Forall z >y >0, 0 < Pp(1, < 00) < 1.



(b) For all z >y > 0, Py(7y < c0) =1 but E,(r,) = co
(c) For all z >y > 0, P(7y < 00) = 1. For some y and for all z > y, Ex(1y) < 0.

We say that a storage process is transient, null recurrent or positive recurrent according as
(a), (b) or (c) holds, respectively. Null or positive recurrent process is said to be a recurrent

process.
Theorem 5.
If, for some ¢ > 0,
% p(x, 00) .
dr =
L (2) T = 00 (1)

and

dy}dx < 00, (2)

[ e [

then {X(t)} is transient.

& Ak

brockwell P. J. Brockwell, S. I. Resnick, R. L. Tweedie, Storage processes with general
release rule and additive inputs, Adv. Appl. Prob., 14 (1982) pp. 392-433.

sato K. Sato, M. Yamazato, Operator-selfdecomposable distributions as limit distributions
of processes of Ornstein-Uhlenbeck type, Stochastic processes appl. 17 (1984) pp. 73-
100.

shiga T. Shiga, A recurrence criterion for Markov processes of Ornstein- Uhlenbeck type,
Probab. Th. Rel. Fields 85 (1990) pp. 425-447.

watanabe T. Watanabe, Sato’s conjecture on recurrence conditions for multidimensional
processes of Ornstein-Uhlenbeck type, J. Math. Soc. Japan 50 (1998) pp.155-168.



The Product of Independent Random Variables
characterized by Regular Variation

Takaaki Shimura  (The Institute of Statistical Mathematics)

Let X and Y be independent positive random variables with distributions p and v, respec-
tively. We denote the distribution of the product XY by pror and call it the Mellin-Stieltjes
convolution (MS-convolution) of p and v. A distribution p, is said to be a factor of a dis-
tribution p, if g = py o v with some v. Let M(a)(a > 0) and D(a)(a > 0) be the class of
distributions p on [0, 00) whose a-th truncated moments [y t*u(dt) are slowly varying and
the class of distributions p on [0, c0) whose tails p(z, co) are regularly varying with index
—a(< 0), respectively. Though it is known that both M(a) and D(a) are closed under
MS-convolution, our purpose is to study the property of factors of distributions in M(a)
and D(a).

Theorem A If pov € D(0) and [5° t°v(dt) < oo for some € > 0, then v € D(0).
Theorem B Assume that p o v belongs to D(a)(a > 0) and the support of v is included
in a set that consists of a finite geometrical progression {tx = tor*;:k =0,1,...,n—1,{g >
0,r > 1}. Let

C = {|z| |:z:%rkaz/({tk})zk =0.}.

(i) If' 1 ¢ C and pov € D(a), then p belongs to D(«).
(ii) If 1 € C, then, for arbitrary regularly varying function F(z) with index —a (< 0),
there exist distribution ;1 € D(a) and po ¢ D(a) satislying that

lim gy o v(z, 00)/F(z) = Hm gz 0 v(z,00)/F(z) = 1.

s de ol

We prove the following theorem which leads previous one.

References

[1] Shimura,T. (1994) Decbmposition problem of probability measures related to mono-
tone regularly varying functions, Nagoya Math.J. , 135, 87-111

[2] Shimura,T.(1997). The product of independent random variables with slowly varying
truncated moments, J. Austral. Math.Soc. (Series A), 62, 186-197



Fractional derivatives of local times of o - stable
Levy processes as the limits of occupation time
problems

Keigo Yamada  (Kanagawa University)

we consider occupation time problems for X (¢). If f € L'(R), then it is known that

no0 Va)/ Nds —c [ f(o)ds L}

Theorem 1 Assume that a function f satisfies [ f(z)dz = 0, and that for v € (0, (a —
1)/2),| @ "7 f(z) is bounded and lim, ,, oo(-o0) | 2 " f(2) = f1(f-). Then,

7(1‘1%)/ ))ds —,

0
I8 A Tlﬂ(Lm LOdz+ f_ ﬁ T ]M(Lm 19)dz

Theorem 2 In Theorem 1, we assume v — 0. Moreover, the assumption [ f(z)ds = 0 is
understood as Iimuy oo fly<n f (z)dx = 0. Then, we have

(1_1)/ ))ds —¢ f4 (/ X(s) > 1)ds+Ali(Lf—L§J)dﬂ:>

t 1 01
+fo f ——1(X(s) < —1 ds—+—/ — (L - LY dr)
<o|X<s>| e
II Theorem 3 Assume (B1), (B2) and that f € L1(R,). Then,

_(1 1/&)/ ds —r /oo f(x)dx . L?(_X)
0

where LF(X) is the local time of the reflecting a-stable Levy process X in Proposition(*).
When [;° f(z)dz = 0, we assume that f € L*®(R.) and that for v € (0, (a — 1)/2),
#17 f(x) — f when z — co. Then,

(- )/a) A"tf( (s))ds —¢ f - / LX) — LX)

3;-1+'Y

where H(z) is given by

o0 _ a-1 _ .a-1
H(x):/ |z -y [ 2
0

Yy 1+ gamma

References properties for fractional derivatives of the local times of a stable process.
Ann.Inst.Henri. Poincare.28 no,2 [1] Yamada,T.(1986) On some limit theorems for occu-
pation times of one dimensional brownian motion and its continuous additive functionals
locally of zero energy. J.Math.Kyoto Univ. Vol.26,No.2 309-322
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Dlg°) = {u€ IAR%dn): [ fpaxpe $EAWE drdy < co)

E(,0) = [ fnape CETDED) g,

[e—y|dta(=)

B o DVEEKT O < a <2 THhIUL, L*(RY LOIKBAHAL2Y, 395 Markov

BRI o OXHEEREL A2 LA LBRTWS, LML, o 28I LE

& &, BT EOBTAR LT 20, BB 1. o BPUTOLREREE T4 %
RS T, CYP(RY) Cc DIEY] L7 B 2 & &RT

0<alx) <2, ae, (3)
1 1 1 d
92— a(x)’ CY(.’L‘) € Lloc(R ) (4)
o, WYLy MEA K C REBEFELT,
—d—a(r) ‘
/Rd K |z dx < co. (5)

Exceptionality of points. UTd=1 &L, aldmiEo (1)-(3) izt L343,

Z OB, (£°,C5"(RY)) OBEIZHIIT 5 Markov 8L & 22 ERIEER (stable-like process)
EEEZEIZT B,

ST, BHO—YILOHEE o OXRHLERRIZH LT, 0<a <]l THHE, RDO—A
I exceptional &72Y, 1 < a THIIL T exceptional TIE72W> (see e.g. [?])e a 2E
Bl Lz & & 0REBRIZEET 5 — R0 exceptionality (DWW TEL TR R A7 -

BE 2 zg2RDOHEETDH ZDLE, LIFBERY I

(1) L, WY 2z OETRWVETE G BMFELT,
a(z) <1 a.eon G,
Thiug, &Kz IFBRIMES (exceptional set) &72%.

(2) b L, WYz DETHRWVELIE G LIEEE o7 IMMEELT,
1< a3 <alz) ae onG,

THINE, 5z HBAMES & BB, (Fhbbh, HERERE 1, (& T5).
EH 3. LUTOZ 20588060 s TiE, (EXF) IR TH S -
(1) imz o fpr) (5t + 72255 ) B @@dz = 0.

(2) MR oo [p(m)e ||~ *@dz = 0,



71| {% (B R SEHOER)

D% RADBAEAR, 0D% %D topological boundary, barD = DUADE B, X% RO
VX T WRRT tildeXy = 29 € D725 b0, L %% infinitesimal generator (integral
operator) &4 %, D& ® Boundary Value Problem ##& % % :

(x) Lh=¢ in D, h=yp in D"

ZZTp:RY SR A mborRT SR Th D, p (z,dy) T tildeX,® transition function %
Ho0Y, BEBBROTFELRET S : ple, dy) = plz,y)dy. DRPNTTTIZ (7)) &
BERIEL D short time asymptotic 2TV 5 .

(1) pt(m,y)xt“(m’y)‘% as t— 0.

Z Z Ta(z,y) iE. “the minimum number of jumps of X; to reach y jfrom z” % & B9,
L7223->7C, “the more a(z,y) large is, the more p,(z, y) smooth is” 2372V 7= 5TV B,
ZOFERE (x) OfF h O regularity DFHIIEN VN, €€ C°(D) ZHT-%2 T, FIME (%) -
rEZD,

Rl (a) (*) O L IIFFAET 2% (b) A IZ DTRD LD,

(a) IZ2WT £=0in DDOBH LT, (*) @ weak solution h DIFFEIZTZV T B criterion 73
LoinTWg (7], ZUZid balayage theory 27439, f# hid, WU REHEO FT, RO
FTREHD ! |

(2) | hz) = Eele(Xrp)].

Here 7p = inf{t > 0; X, € D°}. 723, I Z T weak solution £\ N3 DF, DX 2L+ h
DI ETHD Horall ¥ € C5°(D) it holds frpe Lh(z)y(z)dz = Jpe l@)y(z)de. 72721 (2]
D F7ik (Dirichlet form D HE) T, h @ regularity 25173 D ;’UB’Oﬁ LV,

(b) 122N T, UTIZDORDRERETENTDERD L H 225,

BR1, (7) r&2 () OffE L. £ € C°D), 2y € DETH, FED FITONT, B L
h & Ci({nearzo}) 72 BIE, XX meh 6 DO n = n(j) MDY % o FTHIERRE,

WE2, ([7) heC=(D )kﬂ'é b, XpdddzeD b DUCERBEIOS Yy v 7T
BRERTRE2 B1E, £ € 0°(D) SIBORV, (D1 £ ¢ Co(D) k725 (EHET 5, )



On determinisms of set-indexed SaS-processes
Prep gk (LR

A symmetric o stable (Sa.S)-process {X(t);t € T} is called set-indexed process if it is
represented as X (¢) = Y(S;), where {Y(B); B € B} is an SaS random measure with
control measure (F, B, 1) and S; is a map from T to B and it holds X (t) = Y (S5y).
Definition. We call that a stochastic process { X (¢); ¢ € T} has n-dimensional determinism
if this process is determined by its n-dimensional marginal distributions. That is if a process
{Z(t)} shares same n-dimensional distributions with {X} then the both processes share
the same marginals of any dimensions.

Any Gaussian processes have 2-dimensional determinism in this sense. Are there examples
which have 2-dimensional or higher dimensional determinisms? Now, we have following
examples of set-indexed SaS-processes:

(1) R™-parameter self-similar processes having n + 2-dimensional determinism.({1])

(2) Rl-parameter self-similar processes having 2n 4+ 1, n = 1,2,3, ... dimensicnal deter-
minisms. ([2],[4])

(3) R™-parameter stational processes having n + 2-dimensional determinism.([5]).

In the talk, an application of the determinisms to linearly additive field ([3]) is discussed.
Recently K. Kojo proves that an important class of Sa.S-processes of not-set-indexed type
has determinism in above sense ([6]).
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ELELELE random walk #&E
BE BE= (MLEERKE)

BROEMOFHIREICOVNT. SRRSO I L —3 g R EERTHIEE0, MR
SRR OBAEREZ RO DEEZ EIZB W TL, B 2HVWARENH S, HEEET
TOBAITIE, “EBlEE M & UCHELELERE D2 08— TH D, FERIIDT T o
L —3 g ORIy FREROEAEfE 7 & OIS OBA. BRI EREROER O -
DIZFIH NS, ZO LI REMIZBWTE, BIZERITIZBITAWESMEORBEL D,
BLIELE D “glsriE SEIZR D, %V, 2, BELESETD L&, {0 <k < N,
& {zr,m < k< M}, ERBEWVIT USLRHERELRS) LRREDNE I BPEETD
5, BAEERIHEINTO2EBEERAERKED S X, +0ESORYEE-> T3,
S BIZEBIZBELER AR AT 556, SRR T5 &, SRR <%
HEVWHIRED O, BEIT—AMSEZERN LWL TS, 20k 5 RER
N, EBEEESO—BHO—E ST 5, EREROY I 2L — g Y EHBFIC AN,
BLAE L 2% 2 O IR EE D LB HH T B,

Random walk DA% Feller (296> T, 1 It random walk @ BABEE DO IFLEIS 244
OMEITTEL, INHDOHHRLFOMOME 7 81X Feller, 72 E2 BRI,

Xp, > 0, MR DMHBEEELESNETD 0 Pr(X, = £1) =

3. 1¥KJG simple sym-
metric random walk S, % S, = S8, Xk, n > 0, Sy = 0 TEET D,

Sojourn time : FF4l 2n F COIEDT /3 ~DMERR Shn 1

SJon =2 > I(Sax-1), I(z)=
k=1

1 ifz >0,
0 Zofth,

TEHEZ bbb,
Maximum : %] 2n & TORARBEEOREKRE MX,, IFULTTEZ N5

MX,, = max{S; : 0 <k <2n}.



FEREHICH T BEEMRA]

HEE: 111 H 21 H OREEH) — 1 H 23 H (:HEH)
BT WAL RZRZ R IERE Z AR 405 KERE
HEEA <H it (RERRFERZRER TR

COMBESE, FRI0FEHRVELIZEIM NN, HERRI VDU 5, REFIZ
TEZFIRIE, BA VI ERHRTIEVSILE—DOEELL TiThhl. 20
DB ERMAPDANIL THEW. & OMEESTIZHEAIYBELND -7
(GbdHBW) T2 XLTH (BE, BHEEKOEE), /SAZHE LD Gibbs I BT 55
B (HH, $SAmEKOHEE) 2HhLE LT, WALWARENH o 12,

SMAEIZ 20 I E T, REMIZBDRBDED o722 DSMEBRL T A WA BEED
TEREHITH5.

TS5 L, BRNBERRA—-VUTOEY TH 5.

1R 10 FEIEALRZ R ERERP AR R



0734

1 H 21 H (KEEH)

1:20—3:20 B BBz CRLK) 7 X L1750 EEE L SEE
3:40—5:40 HE X (RIEK) Random matrices and large deviations
1H 22 H (&EH)

10 : 10 — 12 : 10 $+4 #6 (AR, FARZ L)
Gibbs measure and Dirichlet forms on C(R;R)

1:40 — 240 & W (B K) CR;R) L0 Gibbs IEDEAMII DV T
3:00—4:00&MH #58 (/1K) The Malliavin gradient of stochastic line integrals
4320 —5: 50 & BT (LTWETK) Review —— Tsirelson’s ” Triple points”
1H23H (:EH)

10 : 00 — 11 : 00 AJI R3E (RIER) & v v 7B & BERERE

11:10—12: 10 HE EIN (FK)

Landim, Olla, Yau Convection—diffusion equation with space—time ergodic random

flow DI ‘
1:30 —2: 30 SHBM GRILK) V—7EZl Loy AL 7AR3ERizo0 T



Z X LMIFIOERE L Rk

HH# Bz GRLKRET)

Hy = {X;NXxN-TVI—FM7FI} LU, Hy EOVR-FHEE dX
¥ BLEIC, Hy LOMEHEYL UT P(dX) « exp (—Tr(X2X?)) dX
2BEDEBRD. ZOLEM (Hy, Pv) % Gaussian Unitary Ensemble
(GUE) WD, Z0 GUE OEGEDOHEESFEBIIKRD L SIC85Z
ENELEBNTWS [1).

N
Un (21,22, ., ZN) = Z;,l H |z — lezexp (—z/\%?) ,
1<i<j<N i=1
Z 2 Zy RIERMLRBTHS.

(Hy,Py) ® N EOBEEEISERE LTRRLT, N — o OBE
OWEEFEARBZeA—2OHNREETHS. LOBEGFESFEELICL
T, ZOEEBROHZ Ay —VER (N — o) TEHRIANSZ 2idh
HBEBHATBY (1], ZOEHYTO CLT, LD REELDLI->TET
W3, H. Spohn \ZEMHIAHZD L IFHD A —UER (N - ) &5
A CERRFRE UTHRA, ZORBRERREEHFRLTVS (2.

Z DEETR L THESNERITFRE U AEROBRMEEATRETHS
ZeEHELE.

R ER—SVRZM, d\ % R LOSFUHE, K & LY(R,d)\) b
ZhHIAOMNHLBOERAR. Tk, Q = Q(R) & R LI AEHHE
DSRUVHET, 2ORELE=,6,, LEDLT. £k, fe CHR) X

T {6,y =3, flz) LRERBET B, Z DL EZLAT ORI RBEIFEN

TE5.

EE 1 ([3]) K ZATOREE®ETEDOLTS. (1) Spec(K) C [0,1],
(2) BEEDOIVNT MEEACRIKHLT, Ky =12K1) Bh V=K
YERFRT, Spec(Ky) C[0,1). ZDLE Q = Q(R) LOHERHIE N MHE—
BELT, REWET.

AuMO%M—@JD=dﬂU—K0-
ZOWRONETERB— MR (FRABERF) »OXEAMETHS.




fHU, ¢ =1-exp(=f), Ky = VEK/$ HBIZT VR FIVLITFIR,

#l1 R=R% 0<k<1Mm3 R LEHESRBEBIHLT, k(z) 2%
D7—)IERTREHEHL T 5. 7= K BIELE k(s —y) 2FD
L*(RY) LDEEXRZHEARTHE LTS, ZOLE, WiKT oREE
E Ju! MWEETS. B, d= 1, k= 1[__7r,7r] o R k(:c,y) = %gf—;%z

Eo. Z0rE K ICHIST S p BEHCRE GUEDA =) V7R
RTCESHBEBRRFRERS.

M2R=Z2,K=0al 0<a<l) 5. ZOLEK IHNHTE p
X (@, 1 =) R AFHERD. BIC—HIC [0,1] ITEZ LS T LOH
BEICHLT, FO7—-VZBEISESND 2(24) LoFT Uy IE
B#% K LT3 EHEOFMEHEZTOT, MiSd 2 LB EET 5.
HE 1 R EOR7YVVEEBI ELORBETEAONE VSR EE
hzw,

#l1 25 A= GUE ICHb 3 sl EER o LS5 © BIERICHSR

XhTWB., BERTI number variance 2 EZNTWBEIZOWTKRD
LI RERIBHIELIS.

o 1 HEERE L BB 1 TEABAERDE TS, f EAKIUNT B
RAERTHBEREL, fv=f(/N) B ZOLE, N-0 T

e yutae) - ([ (€ Friutae))

~ W[ SR x () [ ke - B

R=R'OBGIEETESNE 7 SAOHT GUE OfEEL LTED
N3 plionWTikk=00r1 THEZLIEET S L, LOMELBIE
LU SR EERETHEZ L NRATELS.

BE R |
[1] M. L. Mehta, Random Matrices, 2nd edition, Academic Press, 1991.

[2] H. Spohn, Interacting Brownian Particles: a study of Dyson’s
model, in Hydrodynamic Behavior and Interacting Particle Systems,
ed. by G. C. Papanicolaou, IMA Volumes in Math. 9, 151-179,
Springer, Berlin, Heidelberg.

[3] T. Shirai and Y. Takahashi, Random point fields associated with
certain Fredholm determinants, preprint.



Z 2 A LTA e KRERE
HE3XH (RALKIBRBZENIZER)

TV LITRI L, BEBPREEER THAITHNOI L THAH. ZNETTRIZLEEMETODE
BT A0 THAHH, E. WignerVRFHEOLANLF— - LNVOFHEENINV =7 Y ACHE
BERERORL Y ICEERR L T ¥ ¥ AMTHIOBEEFBEIMAIC L o THBET 5 2 L BBIE L Tk,
L LABBEYHEECERRERE ZoTWA. T/, BEHRTE, SV AF00OEEEORE
— 00 (VbW blarge N-limit) I B 2 WRGA I L TE L OBFEI 2 ST EL, —F, il
1 5FIZEDRIC D. VoiculescuZ gl LT HHAERR & RSN 5 HEOIE T HMERGRAEHEL
TWh, ZOBHEERR TR, HHRHOMVEICHET 2308 LT, JETHEERSHICHTAE
HEOBRETERANTH S, 2 LT, ML TV F24T5 ORI H B 7% JETT R B H O “#in
B EFLE LTEERZREZFEEAI EFHOLNTWVWS., €512, Voiculescull L o TEA SR
mBHIY oY —it, HiHIc B3 5Boltzmann-GibbsT Y o ¥ — O BRI LTEE
Thb. ZOLH)BHEROTFTT, Ben Aroust [1, 2] RE£% [4, 5, 8] O#fFE<T, T 52475
DEREFEAFFRREFEEH 2L, 20041 VERFHBALY PO E-0< 1 F A5 (0 F
DRF VT X VEROMBE IRV F )2 EBEIZS DT LATRE N,

1. >4 LfT5lE 2NERER T :

nx n WFATHEHO L T*-5% M, TKRL, tr, ¥ M,, LOEHRERLZIL—RET 5.
H22l] (O, P) ETRESNL nxn 7 Y5 M X TEBS Xij # Ni<peos L (L P) R
THLDRERL(DFY Xy OFTRTOE-AVIPERLRETS). DX % nxniTHo
Gk Mn(L) = My, @ £ 136322 Y, PL—ZRE 7,(X) := L57 | B(X.) = B(tra (X))
CEY, (Mn(L),tr,) WIETRIEREMOBIL 2 5. 5> F 1455 X O n BO(5 > 5 1) EA
% M(X),..., \(X) &F5L, X OERARZ PUVEE Ry =137 §(0 (X)) (5(z)
iz € C TOMME)BEUFHARY FVEE px = LE(TT §(0(X)) pEHsns,
px PE=AY P X O 1, KEHTAE—2 Y ML v [2hdux(z) = 7, (X*). EF
BRZ P (M(X),.. . An(X)) X ), C* (BABOERE) LICEROBRICH LRER
WRNMPEZS. Iht X OFFEORKSM &V, ZOBEREKE X OBAEOR
REEMME V). BEEORBEAAIX, X FEMHEATEaO#ROL EE R™ Lig, =
ZHDLEF T LitooTwb. Flzid, BEESHFGaussiTH(GOE) X, EXNHRS v
o475 T(n) = [Ti;(n)] T {Tyy(n) : 1 <i<j<n} L% Gauss HERERTH Y
Tii(n) ~ N(0,27), Ti;(n) ~ N(0, 737) (1 #4) THHbDEWI. T(n) OEMHTFIOZE
M EDOGAIESATH O 1Lk 2% T — OTO KM UAETH Y, 17,(T(n)?) =1 LEHLE
NTV 5. BRI MIVEE Ry, SEEEE(Wigner) 5 ws = 5=v4 — r2X[—2,2)(2) dz
a8 DERTE =AY MUR(L74%2 THIIE)T 5. T(n) OEFARED R® EORSEEREI

2 t8/4(n 4 Prlnt /e p( nrly w’z)Hl |
= - _— 4 Ty — T4i.
A=, TG/2) 4 L !

i= i<g

IcHBE 7> & 2475 LT, EEEDHE Gauss 1751(GUE), EIEE O % Gauss(Th, &
Wer=2%1) FUYTITHREND L. ([T] REL.) 2, #EMEIGausstTFl [8] * WishartdT
B [5) W LTd, BB L VCEAFEOABEEREI MO TNS,

2. 7 A LITHNCHT D ARERE

X(n) 2EdHIBECERZ nxn TV VAT T, (HOHETEZVE X3, UTO
FHTR * CREEBANTILV. Fhazsyor s, TIEERZ2) MR) * R ko



MR DAL I IR % AN 72220 (TR SHBIRMEZER) & T 5. 52 5 A% BTHMRHIETS 2
BRART PVEE Rxny ® M(R) Lo%H P, & X(n) OEXREAEDA LIEE. oF Y,
Borel #6 T'c M(R) Z3fL

};@p:fmammeryz%(@mwv;%jéﬂw)erp.
i=1

LD v, B X(n) OBAEORRS . Fi40BER, BL% T ¥ 2475 X(n) (n € N7
Frohicl %, ZOEREARMAIA DT (P,) it ARBEFREERT I ETHD. AT—
VT ZRELT, (B,) LA MEE T 2 oRREERERMAT LR, £50 Borel £4
I'c M(R) ix#f L

1
—inf{I(u) : p e’} < liminf?—? log P, (T")

1 —
< limsup = log P,(T') < —inf{I(u): u €T}

n—oo

PRITHILENS, 22l Tk T OB, BaTH), L1 ME% T iz M(R) EoFks
THEGERTHS. I DOLAVES {p: I(u) <c} BFRTO >0 I Lavr ror i,

REFREL LTRIDDDTH 5.

TR, BEEH Gauss 1751 T(n) OERBEHESAOF (P,) ikogoodL 1 EEE b ok
R 7T

I(s) 1= 55 + 3 / Fdpa)— 3 (ne M(R)).

ZZT B(p) = [[loglz — yldu(z) du(y) BEEIY PO E— (0 NHMIFLE—D~ 1 F
AfEE). BB I(p) /MEO 2L 2D p=wy (RSO L XIZE 5.

ZDEERIL, T(n) OBRANRT M VEED wo WCIEHMEBMW RS CIGET 22 L2 2B LT
. FRREREEREY, 2=5) - 7Y 52475 [4], BT HEGaussiTF) [2, 8], WishartfT
I [B] 123 LTSN TV S,

X
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Gibbs measure and Dirichlet forms on C(R;R)

g5 th

KEHEOEMNIX, EHEX, Herbert Spohn M KIZ L o THR I/, NAZEH W = C(R;R) LOF7
APELCELT, 74 7 LBR TN REEHRR 2 MR L, Wb 2 MW LICE2 A ILEGA
BE, T4V VRROBERETHCTHRT AL THAH. I I T, distorted Brownian motion & Ifid
NBERDY AT ORBRIEHAER

E(u,v) = /W T[w,v](2) du(z), wu,v € Dy C L*(W;p).

FF T AWEpR, kO (FBRZ) NINVFZT VICOWTDLR FEREZMHA T 0, L LTEES
na 1)
H(2) = f:p(z(m))dm+//¢(:c —y,2(z) - 2(y)) dedy, z€ W.

ZZIZ¢p: R — RU{oo} I free-potential, 9 : R2 — RU {00} i3 interaction-potential . ™, p, P
® dependence # R T B AL, (0,9)-F7 ZWE ((,9)-Gibbs measure) & <.

RIZ Dol

w(z) = f(li(z), -, ln(2)); nEN, f€ C',‘,”(Rﬂ, lie (W
BABROTLPOWA D, 55, T (Wld WO ZER W OIS ZEH T, IS BB T 28k
LW 55, Blb, 21 — 20 = 3constant TH B L H % WOEEDT 21, il 20T, 1 € (W)l
Uz1) = Uz2) W27

F72, T, ] RUTOL I ICEREINS:

H, := {h € W;h (ZHE3FEHR, h(z) = 0if |z] > 7, _]‘R|h,(:z:)|2 dz < oo} & L, V. % H,E® covariant
derivative £ 4 5. # LT, V,.iZ2WTC, T,[u,v] i= (V,u, Vov)g, EED, T[] &€ OBEFBERME &5
A, B,

D[u,u] := TIHEO T.lu, .

ETED DyD BT, ZOWBEIERIZEZZ2DDTH S Z LITEE SN,
BT, TR BRBHI, 22o0REZBL.

1. ¢ is bounded from below and 8{¢ = oo} consists of at most countable points. Moreover, ¢ is
bounded on {a € R;¢(a) < oo, |a| < n} for each n € N. 9 is represented as ¥(z,a) = ¥1(z)¥2(a)
with 11,9 even functions. ¥, satisfies 0 < ¥; < 9y on R for some 3¢ : Rt — RU {oco} which is

integrable, convex and non-increasing. 1 is convex and there exist C' > 0 and p > 1 such that

Pa(a) < C(1+ |a])? foralla € R.
2. uis a (p,v)-Gibbs measure that is translation invariant and satisfies

/ |2(0)”" dp(z) < 0o for some p’ > p.
w



FHE1 LD20DREDT, (B, Do) 3THATH 5.
BT, WD 2D2DTC 21,2043 L, FERR T
Z1 ~ 2y <> 2] — 2z = Jconstant

TAI, 2B WEZDRERGETE o 22 @AW LT 5. Thnkn: W - W 2B5ELETS. T5L,
FDRENS, (B, Do) RERIW LORBBHR L 2 (h% (B, Dy) b &) , pi=pon™t &8
FIE, BB 1A (B, Do) @ IH(W, ) BT AWM. 22 TE0BAE (E,D(E) LT, K
DEEFHFELND.

T 2 (E,D(E)) & quasi-regular 274 ) 7 VERTH 5.

FoT, 7 40 7 LBRO— DS, A TEREL T AW - EONEBEOFEIRENS Z LILRS.

[1] H. Osada and H. Spohn, Gibbs measures relative to Brownlan motion.



C(R;R) £ Gibbs HIEDREEHEIZ DV T
i W (BEERZRERS TR !

FHETIX C = C(R;R) L0 Gibbs FIEIZ DV TOREHIZ OV THRAT 2,
ZFDHWLOMDEEEHEAT S,

Configuration space: BLEZERIZRE T 5,

Ch = C(A;R) A=la,b]ER
C = C(R;R)

Hamiltondan: BHREAXE A= [a, b] LHMRB e CITHHU Hye : CL - R X
TERT 5.

b b b
Hag(X) = [ UCt@)dz+ 5 [ do [ ayite - X (@) - X @)Y
+ [ o [ dyie-pixe - )

Assumption (A): BB U:R—-> R, J: R - R BRZHM-TERET 5.

U(s) =V(s)+W(s) &REN, V I strictly convex, W & Lipschitz E§E & TX %,
J BIEREERZBEET J(z) = J(—7z) &7z L. T compact support %35,

finite volume Gibbs states: Cn LOTERRE upe ZRTED 5,
pag(dX) = Z ¢ exp{~Hpe(X)} Wag(dX)

CTT, Zag BIERLER. Wae & A EO pinned Brownian motion 12569 5
Can LORERHE TH RN

Wae(X(a) = €(a), X (b) = £(b)) = 1
EWET 0T 5,
BA DEEBIUTFTH B, 77U, E[f; g] T correlation £EFbDET5 -
E[f; g]1= E[(f - E[f])(g — Elg])].
Theorem 1 {RE (A) LBVT, BIZV ¥db a>0E AeREHNT

VBUERT + BRaR R AR E—’mail : sugiura@math.u-ryukyu.ac.jp

— 100 —



V(s) = %ozs2 + As
ERENDERET D, TOEE, o, ||W||Lip, J DIHITEKIFET BEE C PEEL
TRBBAUT 5. EROEFREXME A, Ay, Ay, HEBRME € € C BT Cy, LD«
B f, Cn, £ “X W AL g 23U

| Erac] f s g]l < Cle"'d(AlaAZ)/C
k2%, T, Gi & f,9, q, ”W”Lipv J DARIKETHERTH S,

F#1Z two point function E[X (z); X(y)] DWW TIZREEH,

Theorem 2 {RE (A) Db &, inf, V"(s), WliLip, J DHIHREFT B8 C W
ELT, EROERBXME A, 2,y € A EHEREM ¢ € C ITRL,

(D5) | B4 X (2) 5 X(y)]| < Celomd/C,
DEILT B,
Ra D OMBEES L 5B, BEREHDHES .

1 :

TERSNBZIIN A T7ERBOERIEARD AR MLF vy T Rl 7 &R
EEMHITLILIIH B, T, DH EEANICESR SNz Hamiltonian H(X) =
Hg . (X) ® L*(R) ET® Fréchet 2%, wi(z),t >0,z € RF LX(R)-ERT 5w
VEBE ThERET, |

ZDETFNVEEBILL 7z RZ? LOBTFRIEFER A BEIZN L T, Zegarlinski
(CMP, 1996) &, {R5E (A) LRARORED S &, HEHMREESHE (DS) #7RL., 2h
ERVTHRY R IAEAZTEAL 72, R, SHIEKTHEETH S RZ £
BPRIFERAA U BEIINL T, BAY (DS) &Y RL 7 A SR O R % 5E
HLTW3, |

C(R;R) E® Gibbs HIEDOMEIZ DWW Tk, EME-Spohn (1997) iz & v, k&
D—RARBREDD &, DLR REOFEE, —BEHO LD OTHREDHERORES
LHENRENTNS, FaDRERIZER Gibbs FIE OHEPERLZLITKEL 2D
FHliTH %79, DLR RN 2HBNRED ZORE L THB SN 3,

=77, MHERRREIC 1T % two point function DIHFEIZ DT, Imbrie (CMP,

1982) 12k 0 {-1,+1}* LOBFRETHEERT VY AB J(r)=r 27> 1 0%
B, o -y OBESTERT DI EMNREN TS, %72, BiE Spohn-Zwerger
(JSP,1999) iz &V O(N)2 EOBEIZ DO THREBOBENRBI 5 2 &N &AF
I,
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THE MALLIAVIN DERIVATIVES OF STOCHASTIC LINE INTEGRALS
A O B E (JUIRE REGEEERAR)

1976 ££1Z Paul Malliavin 12 & V 8l#h S 7 ERIKTZEM (V14 F—2EM) LoEL%2, &
HE5&Z5DUTT 7 @i, YOERRTEm LT, 2L TENICHET S
HWAEY DA ZFEAL, Hormander O EEDERFHIRR, Watanabe DS, 8
EBEANOBALREORBREEATY., EETRERIT EOMMED 2, MORIEE R
BT 2-00EBELTOHEDBUHN EBRUTTNS, ZOBHETRY LT H—
FRAOREEANBEMBRE OBEETIV 7Y 7 MO0V THEEL 2L,

(W, H,p) ZHHKY 4 F—2/H, §8b5

= {w:[0,1] — R?| w is continuous and w(0) = 0}
h is absolutely continuous and has a
H = {h €Wl square integrable derivative A on [0, 1] }
pd W ko 4> —HEELTS, Ho={he€ H:h(l)=0} &L, R THH»S Hy
DEXHEERT, JUTUYPVBAVERLEDERE Vo= PRoVEBI ), HAE
L7 B BEERERBRA O Y 7T 7 VM D EROSRTH B, 1 e C°RERY),
ve CORERYH BHILEGLEHOMID IR TEAZTEHIHRTHEZEL LI, 20
L&,

<Vo( / 1( (Wzy 2, (1)), odw(t)) + /0 lv(wxo,xl(t))dt),h>H
= Z/ (/{ T (Weg 2 (5)), 0Way g1 (8)) — %(wxo,wl(s))ds}>h“(t)dt (1)

%@)
Bz /1<p<d

R

<‘_‘.«'B <. TCTSL/, To, T1 € Rd, h S HO, Weo,z1 = .’1?()+w(t)+t($1—.’170), Ha = (ggﬁ_
THY, (,)IRIOAEE, o ZAPT P EYFHEFERL TV S,
.z, NEN, ©=(6°...,0) € C®(RY; (ROVH), V = (1°,...,vY) € C®(RE RN,
a= (CL]_,...,CLN) € {0,1)N BEIUN> 0(!:*‘1’[/,
20, V,a] = [ (6 awen(t)),ocu(0) + / (2o (£))

+Z)\ (1- a){/ 91 (W (1)), odw(t —|—/ wmo ))dt}

EBL. RFU, we(t) =z +uw(t) THB, EBIT
pi\(ﬂio, 5131) = /W exp[\/ -1 Aqa))‘g [@a V) a] (w)]§m1 (ww(l)):u'(dw):

EEHETD (11 € R, b, (W, (t))u(dw) 13 Wananabe DE[EL).

N
M = )0 + Z A% VAR = a0 4 > syt

i=1 i=1
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LBE, val T4y H—ERAR S %
Shay = LAu+ /=1 (0%, du) + {v=1d" (30> + V) — §|©*|*}u, u e CP(R%R),

EEDB. KEU, AETTIYTVTHY, #O = L 2 BARBATEE)
b 0 (1o, 20) 1 S RS T BEMTH B, (1) 1 LIATER I & 55T E T DI B
EWABHT, YalbFA v H-—FBROS - VAEREBEL LREKRENI YT T 7
B ORFEE B E T 5,

FEETIE (1) 2 BAICEEE IR oS 4 F — 220 L OBRE AR R BT
B ETRO & 5 REHEETICET 2 ERE B,

T 1 5001 € RY, © = (8,...,0Y) € (CPRER)N &35, RO 2842 HET
5. |
(A1) 6, 0,i=0,...,N,a=1,...,diZFXTR! LOBHEATH 3,

(A2)  df°(=mp) # 0.

D = max{deg @, (degv’) —1:4=0,...,N, a=1,...,d}
EBL, TOEEC,Cy> 0NENTROFEANE DILD.
|02 (o, 1)| < Cy exp[—Co|A[YPH9)] VA e R. (2)

F2 3G (A2) &Y, D>1TH5,

(i) U PO B—FEF IR T 2 R2 LD 1A THY, D ¢ B INTORLE, T
7bB, d=2, 0%z1,22) = Ty 03(21,72) = —21 EROTVNUT, LOEED S pi(z, z)
T )\ DFEBEADTHEZEAEAS. RCAHAISGNTVS &5 i2? IEMZHERIE -
Th5.

1 Taniguchi, S., On the exponential decay of oscillatory integrals on an abstract Wiener space, J. Funct.
Anal., 154 (1998), 424 — 443.

2 H 21, Ikeda, N. and Manabe, S., Asymptotic formulae for stochastic oscillatory integrals, in “Asymp-
totic problems in Probability theory: Wiener functionals and asymptotics” (ed. by K.D. Elworthy and N.
Tkeda), Pitman Research Notes in Math. 284, Longman Sci. Tech., Essex, 1993, 136-155.
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Review of Tsirelson’s “Triple Points”

Keisuke HARA*
Department of Computer Science
Ritsumeikan University

Z DFEPFTIL, Tsirelson OFW [1] “Triple Points” DFHERST, filtration D
RZIREEIZ 81T % Cosiness D& E £ DI IC DV T, S.Watanabe[2] DF$HT
o THML I,

(, F, P) & complete RHERZEM. F = (F(t))tep,00) & T D filtration &
L., AEkitEe FO) HETO Pnull set EELZEERET S, F(oo) =
Viepoo) F(t) £8 <. F 2HEREY (Q, F, P) O filtraiton &L, M(F) & F I
DWTORMZEAREDIT—F 7=V M(t) TMO)=025bDDEENDE
&&T5, 2, AUERERO LOZ D0 filtration F,G 13, £TDt>01ZD
WT F(t) C G(t) ERBE, FCg LB, F &3 kAl ORKZER (), F, P)
O filtraion &§ %, ZOK., BERZEMOBO (743 filtration DHED) A% LA
TOXHILEHET 5,

Definition 1 7 : F — F W F 5 F' D morphism ThHd&iE, m, :
LYY, F'(c0)) — LO(Q, F(c0)) (T2 LY EA BT filtration 2 DWW TH
H7s SEREREHMOER) PUTORGEMITILTH 5,

(i) FEBD X1,...,X, € LY, F'(c0)) IXDWT, BFHOEIKT

(X1, Xn], P) = ([ra(X1), . -, mu(Xn)], P).

 (#4) EBD X1,...,Xn € LO(Y, F'(00)) LIERED Borel HIHI7Z2 f:R® - R
IO T, '
7T*[f(-Xl’ EEER Xﬂ)] = f(me(X1), ..., mu(Xn))

(i) FEBD X € LMY, F'(c0)) 1220 T,
T [EX|F'(¢)]] = E[m (X)|F(¢)]  (t20)

Definition 2 EOERBICMAT m, BLEANDEHTHBELE, 7 F - F X
isomorphism (M) TH B EF I,

Z @ morphism B&RIZ DWW TOFH REFERE L T 'Cosiness’ A Tsirelson
ko TESBENI,

*hara@theory.cs.ritsumei.ac.jp
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Definition 3 BERZEM (O, F, P) L® filtration Fo = (Fa(t)),a € [0,1] #5 T
system THh 5 LIX, L)\To)?’ieﬁ: (i) M5 (i) EWMIcTETH 5,
() (D a e [0,1] KDWT, FuC F 2D M(Fa) C M(F) &85 & 5%
filtration F DEET B, .
(it) & € (0,1] iIKNL, EFBD M € M(F) & N € M(F,) I220nT,

(M, N)| < p(a)/ (MO E)(N)(E)  (t20,a.5.)

5L 0< pla) <1 BEETS,
(i) % a € (0,1] XU, FBD X € L2(Fy(c0)) 220 T, a—0 D& &,

[X = (Ta)e(X)]2 = 0
E12% & BRABEER 1, : Fy — Fo NEET B,

Definition 4 BERZER (O, F, P) kO fitration F ¥ cozy Th b LiZ, $3%
T-system {(S¥, F', P'),{F,}, '} & morphism m : Fj — F WEHET B &T
H5,

Z O cozy OMHIL morphism IZ DWW THRET 3, BHRFHED {2: 2% € [0, 0)}
2% 3-ray D EOEREFERET—F 25—V Z(t) T|Z@)|2 —t BI—F ¥ —
WIZ72% & 972 % D% Walsh Brownian Motion &R, ESIHIZIE 3-ray Lk
%HEE)9 % Brown EE)TH 5. Walsh Brownian Motion #' Brown E&) & &7z
% filtration 2D &M, T D cosiness DFamEFENVTREND, TH4DB,
Brown EHD B filtration & cozy T3 % #, Walsh Brownian Motion &
cozy TR,

References

[1] B. Tsirelson: “Triple Points: From Non-Brownian Filtrations to Harmonic
Measure”, Geom.Func.Anal. 7, pp.1096 — 1142, (1997)

[2] S. Watanabe: “The Existance of a Multiple Spider Martingale in the Nat-
ural Filtration of a Certain Diffusion in the Plane”, preprint (1998)
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S ¢ L 7iEIR & B RERE
T RS [FAERER

Abstract

Vrr 7B X,OMELE, TOEBERE L ICVT AW FEN Lh = (OB
BHERBLUARTOLZD O S EOBRIZOVWTERT S,

1 Introduction

D% RO S, 0D % %D topological boundary, D =DU8DE B, X2 REDY x> S
BIETXy =129 € D25 b D, L %% infinitesimal generator (integral operator) & 3%, DE®D
Boundary Value Problem * # 2 %

(*) Lh=£ in D, h=¢ in D°

ZZTe:RES RA:RY 2 RTH 5B, pyz,dy) TX,D transition function % H & b3, HEBEK
ODHEEFIRET S plz,dy) = p(z,y)dy. Dhbiid$Tic ([5) HEBEO short time asymptotic
*BTwa v .
(1) pelm,y) < t°CEN"F a5 t 0.
Z ZTa(z,y) &, “the minimum number of jumps of X, to reach y from 2” 2 HSb¥, Lidi<
T, “the more a(z,y) large is, the more p;(z,y) smooth is” 2% h 7z =T 5,

ZOFERE (x) OB b O regularity DFFEICfEVIoV, L€ C°(D) #H722 T, MEM) 2
EX5b,

RIRE, (a) (X) DB AITHEETLH, (b)) hIZ DTRODLHH,

(@) IC2WT, £=0in DD b LT, (*) D weak solution h DFIEIZ/§ 5 criterion 2L 5
NTW5 [2], ZHIZH balayage theory 2 DH 9, AL, BALREHFOT T, ROEFRELD
(2) h(z) = Balp(X,))-

Here 7p = inf{t > 0; X, € D°}. %28, T I T weak solution L VI DIk, DEZ AT ADOI LT
% forallyp € Cg°(D) it holds [ps Lh(z)(z)dz = [Ra l(a)d(z)dz. 72721 (2] DFiE (Dirichlet
form O FEE) TlX, h O regularity * 7R3 DX T L,

D) IZ2WT, UTFICORGHEREENTHERDL )R 5,

BRI, () h &2 (*) OMEL, L € C®°(D), v € DETH, FED jizonT, L
h ¢ C/({nearxo}) % 51X, Xt zo B D n =n(j) MOV x> 7 THIEWTE,

BR2, () heC=(D) LT3, bL, XidbhszeD»o DIHREDY v 7 THE
Ee6IE, Le Co(D) LML RV, DF Y ¢ Co(D) &1 d tHFELET D)

Z 2T C*®(D) i, the space of functions in C°*(D) having continuous extensions (including
the derivatives) to Dx & 5 DT,

BRIEDEDIHIIDVRE HJICOWT, b LX D% 2025 DSl n=n(j) BOY v >
T THEAT %2 6L, h e C'({nearze}) THAH, TN, (1) DEBTofz,y) PREVIIELDO
ERBAELOONIILEILEORMTH B,
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C. Landim, S. Olla, H. T. Yau: Convection-diffusion equation with space-time
ergodic random flow OFST

HE IEI CRRER)

1. %=
Z DN TIXXRD convection-diffusion equation

Bu=Au+F - Vu  (F QREYULEAEEBLT Y XLERT PV
EHIZTRPERNZR Ty —VEHRIZ L 0 % 5 (deterministic 73?)’ HETRADRICNCRT 5 LRl T
W5, Z0&J7% random flow i2¥61} % homogenization DHEIL & F T X LREDTLTHRAMTOAT
VB, BT flow KRRICEEL TWABREER-> TV B LAMERTH S, REBRK OV TR, Xt

57 3 BEGEEOFRATAFIRERTOK [1] OFEERL, ERERRO core DHEE (2] KB
5B X DAEL TV 3,

2. BEOENLEBR
(Q,G, p) ZHRZEM, G = {rs (x,1) € R} % Q LT ergodic KIEHT 2 RAUBHBETHD L7 5.
f e L (p) ITRU Tipf(w) = flrew) EUT LP(p) EOI=RUE {Txy; (x,8) € Ri+1} BED B, &z

3] } a
a—xiTx,t rmo.tm0” (i=1,...,d), Dy= aTx,t

& DERNEBREED S,
F' = {F/ =Y. DiHij,i=1,...,d},F=F+v &8 ZZTveRHIERY M, {Hjw)}
BROEBERTT Q EOBERIIE T 5:

(1) 175 (H;(w)i;my & aew TEMHH OFR.
(i) DiH;;(w) (I =1,...,d) BFEEL TER.
(iti) DiDpHij(w) (Lh=1,...,d) BEELT L (u) T 5.

ARWARMER (1) THY, (i)() RECATEST SREBROFELRET22DDSDTH 3.
w; E R LTS UVEREL, weQ BIROBEBRIABEREELS.
{ dy“(t) = V2dw, + F(y*(t), t,w) dt
y“(0) =0
x*(t) = e(y¥(e7%t) —e7%tv), e >0 LB LERDEHNE DV ILD,

D; =
x==0, t=0

R 1 BEER (X))} e 008E, (0iIZ20WTO) 2916 p OF THEEREITH ov TS T 55
FABGRTRIZEIINR T 5, HU o¥ RAAR I VEZSEHD:

e-a’e=le|*+2 sup {2(F - e)p) — (D +F -D)g|%; — |elf},  eeR™
pel

CCT ()R picddwdBIERDL, Coq, |||l || |-1 BRETERESZ .

3. SEERICDINT
N(t) = Tywyw, N0) =w EBLE {(t)} & Q IfEi% &5 Markov BT, L:=Y2 D?4+F.D+D,
(D = (Dy,..., Dg)) EERERRIZHD. BB

X°(t) - e = V2ew, -2 +£/€— tF'(n(s)) -eds
0
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MRIALT B, AT D & 5T Hilbert 288 Hy, Hoy 2BAT S, fe SR (RRDEHLENI S LBE
£) o € L2(u) NU T or(w) = fpups Tesolw) flx,8) dxdt LD, C = {py | f € SRE), o € L2(n)}
EBL CEINVAL ¢l = (De?/? TRIEILLIZEEE H, &35, 7y = {os | f € S(R¥1),
@ € L*(u), suppf N ([—ho, ko] X R) = 0 for some ho > 0} &L, /L&

_ o) [ Sy
loll-1 = W Tl ( sup {2(e¥) Wﬂl})

T Coy BRMILLZM%E Hoy &5, BRER {x°(t) e} OERKTAAIRERT0IIE, 27
(@Fﬂe%qu)wiwﬂ{hﬁ}Tﬁwb,e;dUmAMﬁMs%VW?Vf—w%ﬁtn%wmb
term 125347, RIZ(b) F'-e & Lug OENSELBZENORIGETHZEETRT, (2) I F.ecH 1 T
HEZLIZHERLT, 2] KL 2BEIOBRYSRINIROGELHAV 5.

R 2. L(C_y) & H_y THE.

(b) BV {x°(t) - e} DIERID tightness ik 3, 4] &L X B ROFMR L D ML,

: 2
AQW@D@ ]SwﬂWKp 9 € Hoy N L3 (p).

E* l: sup
0<t<T

CDAFEXNFFEEATEREINF TN EBIFERNF U=V DOFATEDLL, Doob OFRERIHS
ROUZETREND, (S THHAHED p THEZEHEE) {us) & Hy WTUICEL, ZOMEREE ug &
Ule &L ERNF V7 — VRS ORI 2 KES |ug)? 2EDINF U F - Eiks, o TEROEES
D e-ave i3 le]? +2|uf|? IZFL K, ThEZEAFRIEIWLETEHEESHBI TEEIET T35,

4. R

WMEBILL > TRBREZEBDNZOIIRD2HTH S ¢

« T DI DI T convection-diffusion equation D5 754 7 v QI ® T X LZHE DTS
hah&an,

CTEFE 1 Taew KHELT {x°(t)} OBUEHNEAEDEI .,

BEHR

[1] Kipnis, C., Varadhan, S. R. S.: Central limit theorem for additive functional of reversible Markov
processes and applications to simple exclusions, Comm. Math. Phys. 104, 1-19 (1986).

[2] Landim, C., Yau, H. T.: Fluctuation-dissipation equation of asymmetric simple exclusion processes,
Prob. Th. Rel. Fields, 108, 321-356 (1997).

[3] Sethuraman, S., Varadhan, S. R. S., Yau, H. T.: Central limit theorem for a tagged 'paticle in
asymmetric symmetric exclusion processes, preprint.

[4] Wu, L.: On functional limit theorems for additive functionals of a stationary ergodic Markov process,
preprint.
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W—TEREORBYRL IRERCONT
S
PO T ot e

MERE) - E2REEL, ZOLOEOER P(M) = C([0,1] = M | v(0) = z), V— TZEH
Lo(M) = C(0,1] — M | 1(0) = v(1) = 7) RENENT D VBRI ORE 1y, £HDE TS5 Y L EHOR
& vy, BR7E filtration @ o-field §; £d o EREHEHBED. M HFa2—2 Uy FERO L&, P(M)
B TSy EHEOHEDE D Wiener ZETH 5. Ito DFEFIZ L VD Wiener 2R LD L2 B F X Fe-
HETHERER {f,) 0757V EBOREHES THRR TES. Clark-Ocone-Haussmann formula (X #H5
¥ f % F O HYMS TRRTBARTH 5. Capitaine-Hsu-Ledoux 13 Z DARKE M A—RO Y —<
EREDE SICETHRERL, P(M) EOMEY RL 7 REREHAHL 2. EHREBI, 1A+, (ARS
75 AERFE, Vi @7 PV R ERERRE TRV aTBE (=COREE P, LB I, z REERE
RPVIETHRLE. FOARET 7RV ILDEDIINLD. v & P, 5 A b1k semi-martingale
&5, 4 & ToM T Tto-Cartan BRI L 1o HERERE b, LB V, & v 0o T T, M ITHERFTHEIL
BN 5 T,M EOREERE V,(7) &5 < & Girsanov DARIT & D wy = by — [ Vo (7)ds iZRERRE
P, O TFTEETS Y EHIZ RS, LichoT L2(P,) B F iE Ito DARIT & U F-BEREERAR £, O
we I KBRS TREND. f, & F O HWHS TRRTBHRA%E Capitaine 2 BIER DT 72D TH B, %
NERD LI BEELTHS,

1
F = EP[F] + /0 (H(s,7), dw(s)) - (1)

(1
r
A

H(s,) = E™ [L()(DF() )(9)1Fs]  ds ® dPr-a.s. (s,7). 2)

(2) i3 predictable projection %Y. L(v) & L*([0,1] —» T.M) LOERBEERHR TV, & M D Ricet
HRIZIKET S, STHEENZEA VDR P, T3 Ly(M) EORERRAE v, BT 5 L2 BRER
¥R T % Clark-Ocone formula TH 5. ZOFREN TSV EHXFY T bV, = Vylogp(l —t,z,v)
(ot z,y) BT 50 BEHOREKE) D0 T 79 EE)2H S Capitaine 7o B OFERVEA L 1M, 20
R PV t — 1 Tsingularity B$ 2729, T CREFEARVOTH S, £ THEERIZRnN R
D& &, Bl OB a»

1
Py Vglo 6T, y)+ =Vi{d T, < oo 3
:c,y,ogtsl ylogp(t: z,9) oF 5 {d(@,9)*} (3)

% #7123 &35 Clark-Ocone formula 3 X UMY RL 7RERNBILTH L ERLT.
(GE) BEE YR, FILREAZREEHMNEHARICESEL Tz, R boBELRESI—Rbahi.
ZHIZDVTRRDMIESRL THL V.

S. Aida, Logarithmic derivatives of heat kernels and logarithmic Sobolev inequalities with unbounded
diffusion coefficients on loop spaces, J. Funct. Anal. 174 (2000), 430-477.

F 1 B DSBS & A 3 5 Bl D7 (Elworthy-Truman formula # %) % “ Logarithmic Deriva-
tives of Heat Kernels on Rotationally Symmetric Riemannian Manifolds and their Applications, 2000,
Preprint”

TEX /. &7 Capitaine 72 5 DFIIR T .

M. Capitaine, E. Hsu and M. Ledoux, Martingale representation and a simple proof of logarithmic
Sobolev inequalities on path spaces, Elect. Comnm. in Probab. 2 (1997), 71-81.
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TFRE T E )L

(I=U—2vay?)
Frk114¥56H24H8 (B) ~26H (K)
KB RFHFHBFHE RBREBT707

BiEE Atk R, BB HMA

YHRIEIRIZL VKA D Prof. Yakov Pesin (Penn State Univ.) ZH0MNZ, /1%
ETTIENMIETEI= - U= vayTEIToT,

707354
5H24H (H)
14:00~15: 30 Yakov Pesin
Dimension characteristics of dynamical systems (1)
15:50~16:50 iJf EEA (HEERS)
ZRTR IR GO F— FEHEE
54250 (X)
10:00~11: 30 Yakov Pesin
Dimension characteristics of dynamical systems (2)
11:40~12:40 AR GORKT)
PSRN R R D IIFRD~VIVTF T T U Z RN
14:00~15:00 @f| XEF FLIRKP)
& BIEMEERL F157R 11259 % weak Gibbs measures D#ERHAHEE
15:10~16:10 HF{E& (BBRP)
Circles and ellipses from the point of view of convex billiard ball

problems

16:20~17:208BR E% GUUEIKRP
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EOx Yy hut'—Z b O FRERD (F) ZESHKE
5H26H (K |
10:00~11: 30 Yakov Pesin
Dimension characteristics of dynamical systems (3)
11:40~12:40 8EFX (RERP)

F AT GG 0D B b B

Prof. Pesin DFFEENE:
”Dimension characteristics of dynamical systems.”

This will include the general concept of the Caratheodory dimension of which the
Hausdorft dimension and the box dimension are just examples (this can be the first lec-
ture). Other examples are multifractal spectra for dynamical systems (with elements of
the multifractal analysis; this may be the second lecture) and topological pressure (with
elements of the thermodynamic formalism; the third lecture). Of course, for such a short

period of time I can only give an introduction to these subjects but I will be able to provide

all basic notions and describe some basic ideas.

Pesin ZFZIE, Z OHUILHIKE, FHEIART:, BRTIERATRBNT, BTD X 5 K
Z LTIHWNTN S,
5H21R (&) 1540 ~17:10 (RIUNKF R ERRE TR
Entropy and Dimension Families of Equilibrium Measures for Hyperbolic
Dynamical Systems
Abstract: Given a subshift of finite type ¢ and a Hélder continuous function 2,
consider the one-parameter family of equilibrium measures {13} p>0 correspond-
ing to the one-parameter family of functions wg(x) = —fB¢. I study the entropy

family b, ,(c) associated with these measures. One of the problems is whether
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this spectrum contains all values of the metric entropy (over all invariant mea-

sures for the subshift). It turns out that this problem is closely related to the

study of entropy spectrum for local entropies. The latter was introduced in an
attempt to obtain a substantial additional information to the classical Shannon-

McMillan-Breiman theorem.

Similarly, one can consider the dimension family dimHv 1@ associated with
the equilibrium measures {¢13}3>0 and relate it to the dimension spectrum.

The entropy and dimension spectra constitute an essential part of the modern mul-
tifractal analysis of dynamical system. In my lecture I will give some insight into this
topic.
5H28H (&) 15:30 ~ 17:00 (ARHERK FLFRAENTHISEET)

A General Concept of Multifractality for Smooth Dynamical Systems
Abstract: I introduce the mathematical concept of multifractality and describe
various multifractal spectré for dynamical systems, including spectra for dimen-
sions and spectra for entropies. I provide some physical motivation as well as
describe some examples.

6 H2H (k) (REIRTFERTRERE 2R

The Structure of the Lyapunov Spectrum for Smooth Dynamical Systems
Abstract: I introduce the spectrum of Lyapunov exponents for smooth dynami-
cal systems.t is characterized by the Hausdorff dimension of the sets on which the
Lyapunov exponent takes on given values. I will provide a complete description

of the spectrum in the case when the system is hyperbolic.
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10,
Symbolic Dynamics and its Related Fields

TRE11E8H2H (A) ~8A5H (K
R 812-8581 &M T X iR 6-10-1
MK RE B ARET R

HEEA  EEEL (WK - #68)

oYY RVI LR, BEHEREPLK, BETIHEERGRS T, TEIH
DHEEOREOWERREOHRR, i, KU, HELZHEZENE L THRE
L7z,

BAHEAEKIT 30 A, BEEMREE2OAMARERBBERICIOA
N KIS M EE R O Prof. W.Krieger (University of Heidelberg ) A%i#iR
L.

HEREOBEIIRDOEDTHS.

1. BB R DOHERR
P77 N ETMAEEERIL, EIBES— T h 2 EBRENAZE
REERETH S, ThNEET T 7 MR LEIRE, TDO2D0Y
T FRIFHOBENS DI PO E—BAREOER SN S BRI
Ll E > Z EMRERLDSNTNS, §H, TFAYLILOWMEERN
BrEREDINSORAERBLTESZ LGN (RER). U7
27 hOBITE, B2 IS ABICEMEREK, HRELTOYT YT
DB LTINS ARRBEEDR, BT 7 NKNEET 2 NS HEAS
PN, 25 LERESERZ DY TV 7 N ORAOEEES, TOR
—HIE R EENRE N (Krieger). 27 5 AD 1 KTTHHRD/IT A
& — RO LR ORRBER, 5T 7 OBHEA I
WXz (HH).

2. C*-BOREBNERNDIEH
HIL7 hEAETIVaT7 YT MCBERE, REMETEOBRTS
OBREEBRTHETELZZ LM TWS. SEINEHERLT,
—BOHT 7 MR LUT, AL ZBBITHIOFERD S Z EAH
s, FEIRESRA D X DKz, BRITHIOFINS C-REES T
ik, AMAEREE C* OK-ERENLTEEZHED L HHEH
Hi3k 7% (#54). Cantor minimal homeomorphism O\ FH#:E Al A4 2 i
M%,Giordano-Putnum-Skau 12 &> THILL, BEERBAHET 2 C*-
BOKOBICL>TRSEEIND LN >TNS, £ I T Cantor
minimal homeomorphism & AR EHEFGZE, SHEFICEALL C*-
BOEXT-BIcLDlEZEASNS ZEARE N ().

3. TS BHORENFERDOLA
BEN - HERORFTINBLEEZEAD LN TERREZRDLDIZ
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BRSNS, HEFE-EBLTE, BR2TALLRELDOFSLEER
BYLEERD D, SEH, BENFERORHE CRAEERZESLHEE L TR
FNPSHENTVWBRESFEEZKBL, JEFZAART U IIREN B
EHICHREL, BREIRAD I LINTER ().

4, NEROBREDOHERL
Pascal- #1775 LOEER/INADERIZESND N AHINELRT, 5B
BEEZHOOTRBWAEVNSTRNHD, G0, 55 LT+ —TD
BREE ZOFEEOERZBE O SHES NI N ([7]). Frustenberg i
L2XEHREEE (EARERRAIEHEOLERRBEZ DD A, ER
AAREREOBE BRI LN ERD LT ON > TETNS, &
B, ARD o-F 1 7 EEERT TELEFREOR D LR ZELD
BEERICTE T (fhED

5. HZEROPLBIRER, T)VI— REE
AHETHEWEAIERIIN L T—REAEZ2P LB LERED D L TH
DIBREEMRIN T 5 EAmEIhe (BR) . BRARERELZRD
HBTTAD 1L RKTERIZDWT, B ENEREOBEEIZOWTOLO T
N d— REEORIRR E, 1 RTEROP LR OME & OBIEHE &
N (k) .

UEDESTaRRENH 0T,

TSI AERNFRREUROED.
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AL AN
Aug. 2(Mon.)
2.00 - 2.10 Registration
2.10 - 3.00 M.Nasu (Hiroshima Univ.)
LR textile systems
3.20 - 4.10 H.Kamabe (Gifu Univ.)
Real-Time state splitting and Variable rate codes
Aug. 3(Tues.)
10.00 - 11.00 K.Matsumoto (Joetsu Ed.Univ.)
Topological conjugacy invariants of subshifts and K-theory for
certain C*-algebras(I).
11.30 - 12.30 W.Krieger (Heidelberg Univ.)
A class of algebraic subshifts
2.30 - 3.20 H.Nakada (Keio Univ.)
Multiple recurrence and partial rigidity of infinite measure
preserving transformations
3.40 - 4.30 H.Matsui (Kyoto Univ.)
Dimension groups and automorphisms of Cantor minimal systems
4.50 - 5.40 Y.Ito (Keio Univ.)
On the Pascal-adic transformation Aug. 4 (Wed.)
10.00 - 11.00 K.Matsumoto (Joetsu Ed.Univ.)
Topological conjugacy invariants of subshifts and K-theory for
certain C*-algebras(II)
11.30 - 12.30 W.Krieger (Heidelberg Univ.)
Monoids and presentations of subshifts
2.30 - 3.20 S.Nakamura (Osaka Univ.)
Symbolic Dynamics for bimodal maps
3.40 - 4.30 M.Kurata (Nagoya Inst.Tech.Univ.)
Lyapunov Regular Sets with Non-zero Exponents and Associated
Subsets of Shifts.
Aug. 5(Thurs.)
10.00 - 10.50 H.Ishitani (Mie Univ.)
Perron Frobenius operators for statinary processes and central
limit theorems for uniformly mixing sequences
11.10 - 12.00 T.Inoue (Ehime Univ.)
Ratio of ergodic sums for one-dimensional maps with infinite

invariant measures
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1. FRRIER (JRERZETEE) LR textile systems

Blanchard and Maass [BM] proved

Theorem A ([BM]). If ¢ is a positively expansive endomorphism of
the one-sided full I-shift, then there is a positive integer k such that
(1) for all sufficiently large n, @™ is conjugate to a one-sided full k"-shift,
and

(2) k and [ are divisible by the same primes.

Boyle, Fiebig and Fiebig [BFF] obtained, extending a result of Blan-
chard and Maass [BM],

Theorem B ([BFF)). If $ is a positively expansive endomorphism of
a mixing one-sided topological Markov shift (X,&), then ¢ and & have
the same measure of maximal entropy.

Earlier than this, Boyle and Lind [BL] proved

Theorem C ([BL]). If ¢ is an automorphism of a mixing topological
Markov shift (X,o) and the directions of o and ¢ are in the same
expansive component of the directions of a Z™-action, then ¢ and ¢
have the same measure of maximal entropy.

We present results on LR textile systems which generalize part of The-
orem A, give an analogue of Theorem A, and are useful to understand
Theorems B and C. We follow the terminology and notation of [N1].

Theorem 1 ([N1, Theorems 2.5 and 2.12]). Let T be a textile system.
(1) If &p is 1-1, then @p = npén! is expansive if and only if both
&r« and nr- are 1-1; if all &7, nr, &pv, and np« are 1-1, then yr is a
homeomorphism with xror = pr+x7 and xper = oreXT.

(2) If &r is 1-1, then Pr = ﬁTE;I is positively expansive if and only if
7. is 1-1; if both &r and &p. are 1-1, then ¥ is a homeomorphism
with xré1 = @+ X and ¥rpr = &T* XT-

Remark 2. If ¢ is an expansive, essentially LR automorphism of a
topological Markov shift (X, o), then the directions of o and ¢ are in
the same expansive component of directions, in the sense of Boyle and ‘
Lind [BL}, for the Z2-action generated by ¢ and .

Remark 3. There is an expansive automorphism of a topological
Markov shift which is not an essentially LR one and whose inverse is
not either (and which is conjugate to a topological Markov shift)([N1,
Section 10]). '
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In contrast with this remark, we have the following combination of
Theorem 3.13 of [N1] and a result which was independently obtained
by [K] and [N2](Theorem 8.6).

Theorem 4. If ¢ is a positively expansive onto endomorphism of an
irreducible one-sided topological Markov shift (X,) , then @ is an
essentially LR endomorphism of (X, 5).

Theorem 5 ([N1, Proposition 8.8]). If ¢ is an expansive essentially
LR automorphism of a topological Markov shift (X, o) , then there is
a positive integer r such that ¢ is an LR automorphism of (X, o) for
alln > r.

Corollary 6. If ¢ is an expansive, essentially LR automorphism of a
topological Markov shift (X, o) whose defining matrix is M, then there
is a positive integer r such that for all n > r, (X, ¢™) is conjugate to a
topological Markov shift whose defining matrix commutes with M . In
particular, if ¢ is an expansive, essentially LR automorphism of a full
shift , then there are positive integers 7 and k such that ™ is conjugate
to the full k™-shift for all n > r.

Theorem 7. Let T be an LR textile system over a graph with ad-
jacency matrix M and let T* be over a graph with adjacency matrix
N.

(1) If &p is 1-1 and M is irreducible, then there are a positive integer r
and a nonnegative integral matrix E such that AgAy = (Ay)” and E
and M (and N) have the same right eigenvector corresponding to Ag
and Ay (and Ay), respectively, where Ag, Anr, and Ay are the maximal
eigenvalues of F, M, and N, respectively.

(2) If both &7 and nr are 1-1, then there are a positive integer r and a
nonnegative integral matrix E such that EN = M” and E, M, and N
pairwise commute.

(8) If all &p, mr, €+, and nr» are 1-1, then there are positive integers 7, s
and nonnegative integral matrices F and F' such that EN = M", FM =
N®, and E, F, M, and N pairwise commute.

Theorems 1, 4, and 7 generalize part of Theorem A.

Corollary 8. Let (X, &) be an irreducible one-sided topological Markov
shift and @ a positively expansive onto endomorphism of (X' ,&). Let
log A5 and log A be the topological entropies of G and @, respectively.
Then there are integers r,s > 0 such that )\51\51 and )\f;,)\;l are the
maximal eigenvalues of nonnegative integral matrices.

By Theorems 1, 5, and 7 we have

Corollary 9. Let ¢ be an expansive, essentially LR automorphism
of a full I-shift. Then there is a positive integer k such that for all
sufficiently large n, ¢™ is conjugate to the full £™-shift and &k and [ are
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divisible by the same primes.

Theorem 10. Let T be an LR textile system over an irreducible graph.
(1) If £7 is 1-1, then %7 is measure preserving with respect to the Parry
measures.

(2) If &p and np are 1-1, then 7 is measure preserving with respect to
the Parry measures.

(From (1) of this theorem and Theorems 1 and 4, Theorem B follows.
(2) is strongly linked with Theorem C.
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SR i (KRB RFT )

1 Introduction

We introduce a real-time state-splitting method which is a variant of a
well-known code construction method for constrained channels [1]. In
general our method is applied to a k-th order higher power system of
a given constrained system. Codes constructed by our method can be
implemented by relatively small hardware even if k is very large.

When we use a long code word for a constrained channel we must use
an error correcting code to prevent error propagations in decoding.
Therefore we extend the state-splitting method so that we can use a

coding scheme introduced in [2].

2 Restricted Partitions

Let G = (Sg, Eg) be a labeled graph which represents a given con-
straint where S¢; and E¢ are sets of states and edges in G, respectively.
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A fundamental procedure of the state-splitting method is to partition
follower sets of states in G. In our method we use only partitions
described below. For each state o in G let Fg(o) denote the follower
set of o, i.e., outgoing edges from o. Let ord(e) be an ordering on the
set of edges. We can define a partition P,..., P of Fg(o) so that
there are numbers a; and b; satisfying the following.

’Pj {e € Fg(o): a3 <ord(e) < b1},

P2 = {e€ Fg(o)\nPL:
az < ord(e) < be},

I

£(o)—-1
P = {eeFalo)\( |J Pi):
i=1

ago) < ord(e) < bg(a)}.

Then a decoding map is implemented by arithmetic operations and
small memories. We can find such partitions by using a variant of the
algorithm for finding partitions given in [1].

3 Variable rate code

In order to use a coding scheme proposed in [2] we need two finite state
codes having different code rates, say, r1 = p1/q; and rg = po /a2. We
first construct a variable length graph and we then apply a modified
state-splitting algorithm to it.

By (7 we mean the g-th order power graph of G. We assume that
A9t > 271 and A% > 2P2 where ) is the largest real eigen value of an
adjacency matrix of G. We construct a new graph H = (Sg, Ey) as
follows: ’

Sy = {(0,1):0€ 8c}U{(0,2): 0 € Sg}

Ey {((i(e),1),(t(e),2)) : e € Ega: }
U{((i(e), 2), (t(e), 1)) : € € Ega:},

I

where i(e) and t(e) are the initial and the terminal states of edge e,
respectively. Let K = #Sg. We index states in Sy = {01,...,05,} so
that

{(e,1):0€Sga} = {of,...,0%}
{(0,2):0€Sgu} = {oki1,...,00x}
We define a diagonal matrix A by

A = diag(2,..., 27,27, .., 2F2),
K X
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We can find a vector u with Agu > Au by a modified version of an
algorithm for finding an approximate eigenvector [1, Appendix| where
Ap is an adjacency matrix of H. '

We have two cases: (1) all states (o,m) in H have at least 2P™ outgoing
edges, (2) there is a state o' = (0, m) in H with u(¢’) > 1 and we can
define partitions P},,... ,'Pﬁgal) of F (o) and u*(a’), ..., 4t (¢’) of

u(o') such that for ¢ with 1 < ¢ < 4(o')

. l(a") .
u*(o’) > 0, u(o’) = Z w? (0”),
j=1
2Pmui(o’) <> ufi(e)).

e€P?,

We split states in H if we have the case (2). We repeat the state-
splitting procedure until we have the case (1). ;From the final graph
we can easily! construct a finite state encoder with variable rate and a
sliding block decoder for the encoder.

SE Xk
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A BE (EBBHEAZ) Topological conjugacy invariants of subshifts
and K-theory for certain C*-algebras

C*-algebras

There is a subclass of the class of all topological dynamical systems
called the class of subshifts or the class of symbolic dynamics. The sub-
class is much wider than the class of topological Markov shifts. Each
of the topological Markov shifts is presented by a nonnegative square
matrix or equivalently a finite directed graph. We have already know
classification theory for the topological Markov shifts up to topologi-
cal conjugacy by using underlying matrices (Williams 1973). And also
several topological conjugacy invariants for topological Markov shifts
have been introduced and studied. They are closely related to K-theory
for Cuntz-Krieger algebras. However, there is no known concrete pre-
sentation for general subshifts. We have not found their classification
yet. Of course we do not have good computable invariants for general
subshifts comparing with topological Markov shifts. v
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In this talk, I first introduce the notion of symbolic matrix system that
is a presentation of general subshifts. I second formulate two kinds of
equivalence relations on the symbolic matrix systems that I call strong
shift equivalence and shift equivalence. I then show that the topological
conjugacy classes of the subshifts are completely classified by the strong
shift equivalence classes of the symbolic matrix systems. But there is no
general algorithm to decide whether two symbolic matrix systems are
strong shift equivalent or not. So I construct several shift equivalence
invariants for the symbolic matrix systems that give rise to topological
conjugacy invariants of the associated subshifts. What I would like to
emphasize here is that these invariants come from K-theoretic objects
of the C*-algebras associated with subshifts that I have constructed
before as a generalization of Cuntz-Krieger algebras.
I next talk about flow equivalence of subshifts. The flow equivalence
relation is defined as an equivalence relation of the associated suspen-
sion flows. I say that some of of the invariants mentioned here are also
flow equivalence invariants. The proof is due to C*-algebra theory. I
finally present examples of the invariants for some subshifts and apply
the results to classification of them by flow equivalence.

. Wolfgang Krieger (University of Heidelberg) A class of algebraic sub-
shifts

E ¥ BRI Multiple recurrence and partial rigidity
of infinite measure preserving trasformations

M =8P GLEBA%)  Dimension groups and automorphisms of

Cantor minimal systems

Let X be the Cantor set and ¢ be a minimal homeomorphism on X.
We call the pair (X, ¢) a Cantor minimal system. Giordano, Putnam
and Skau defined the dimension group K°(X, ¢) associated with (X, ¢)
as the quotient group of C(X,Z) by its coboundary subgroup

By={f—-fo¢ i feC(X, L)}

The dimension group K®(X,¢) is precisely the Ko-group of the C*-
algebra C* (X, ¢) arising from (X, ¢). We denote by [f] the equivalence
class of f in K°(X,¢). The dimension group K°(X,¢) has a natu-
ral order structure induced from the positive cone of C(X,Z) and the
distinguished order unit [1]. In [GPS], Giordano, Putnam and Skau
introduced the notion of strong orbit equivalence and proved that two
Cantor minimal systems are strong orbit equivalent if and only if the di-
mension groups associated with the Cantor minimal systems are order

isomorphic by a map preserving the distinguished order units.
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In this note, we would like to consider automorphism groups of Cantor
minimal systems and the kernel of mod maps. When v € Homeo(X)
preserves the coboundary subgroup By,

[flm [for™]

is a well-defined automorphism on the dimension group K°(X, ¢) and
we denote it by mod(vy). In [GPS2], it was shown that the kernel of the
mod map coincides with the closure of the topological full group

7]¢] = {r € Homeo(X); 3In € C(X,Z) such that 7(z) = ¢"® () for all z € X}.
Let C(¢) be the automorphism group of (X, ¢), that is,
C(¢) = {y € Homeo(X);vyo ¢ = d o},

and T(¢) be the intersection of C(¢) and the kernel of the mod map.
When « is in T'(¢), the mod map gives us no information. So, we
defined a new invariant n(v) taking its value in Ext(K°(X, ¢),Z) in
[M] and proved the following.

Theorem 1 ([M]) For v € T(¢), the automorphism on the associated
C*-algebra induced from v is homotopic to an inner automorphism if
and only if v is in the kernel of the map 0.

However, for general Cantor minimal systems, we don’t know the struc-
ture of C(@), T(¢) and ker(n). We need to know the dynamical meaning
of the map 7.

Finally, we give some examples of Cantor minimal systems.

(a) For any even number r, there exists a Cantor minimal system (X, ¢)
such that the dimension group K°(X, ¢) is isomorphic to Z[1/r] Z,
and that C(¢) is generated by ¢ and a flip v which satisfies mod(v) =
id and n(v) = 0. Thus, our new invariant can be zero for a non-trivial
.

(b) Let (X, ¢) be a Cantor minimal system such that the dimension group
is isomorphic to Z[1/r] & Z for some odd number r and the positive
cone is

{(z,¥) € Z[1/r]® Z;z + sy > 0} U {(0,0)}

for some natural number s. Then, there exists no flip in C(¢).
(c) There exist Cantor minimal systems such that the automorphism
group C(¢) is not abelian. But I don’t know any examples of Cantor
. minimal systems such that T(¢) is not abelian.
(d) There exists a Cantor minimal system (X, ¢) which is strong orbit
equivalent to an odometer system such that (X, ¢?) and (X, ¢?) are
Cantor minimal systems but not uniquely ergodic.
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R B% (KEA%)  Symbolic dynamics for bimodal maps

Bimodal maps are the maps on the interval with three monotone seg-
ments. Let F) ,q4(x) be a piecewise-linear bimodal map defined as
follows:

Me—d+1) 41 @<-1+d,
Fua@)={ —pe—d)  (-+dsz<lia)
Me—d-1)-1 (@>1+d),

where the parameter A, 4 and d satisfy A >0, p>1and -1 <d < 1.
The topological entropy of a map gives a quantitative measure of com-
plexity of a dynamical system defined by the iteration of the map. For
the special case d = 0, F} ,,0 becomes a symmetric bimodal map with
two parameters A and . Oka and I proved the following theorem.

Theorem 1 Given a constant ¢ with 0 < ¢ < log3, the iso-entropy
curve {(A, p)|h(F» u0) = c} is connected.

For d # 0, I proved the connectivity fails.

Theorem 2 Fizd € (—1,1)\ {0}. There is ¢ such that the iso-entropy
curve {(A, w)h{Fx, . q) = c} is not connected.

We proved Theorem 1 by using symbolic sequences. The itinerary of =
for Fy 4,0 is the sequence I(z) = (A(z), A(F) .0(x)), A(FZ , o(2)), ),

where

L (—159:<—%)

Cr (z=-3)
A)=q M (-L<z<l)

Cr (z=1)

R (%<:c<1)

The itineraries K, (A, u) = I(F,\,#,o(——-’lz)) and Kr(M, p) = I(FA,#IO(%))
for the critical values are called kneading sequences. We denote the pair
of Kr(A, p) and Kr(A, p) by K(X, ). We say K(Ar, 1) < K(Ag, p2)
if and only if K1(A1, u1) < K (X2, p2) and Kg{Ay, p1) > Kr(Az, uz).
The topological entropy is related with the kneading sequences. Theo-

rem 1 follows from
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(a) in the essentially unimodal case, the topological entropy is monotone
increasing with respect to the parameter A and p.
(b) monotonicity and continuity of the topological entropy with respect
to p.
(c) monotonicity of the topological entropy with respect to A as A to
infinity.
The proof of Theorem 2 is given by comparing the orbit of the bimodal
map with the orbit of discontinuous map which is studied by Hata.

Sk
[1] S.Nakamura & H.Oka, “Monotonicity of topological entropy for

symmetric PL bimodal maps”, preprint

[2] S.Nakamura “Non-monotonicity of the topological entropy for
piecewise-linear bimodal maps”, preprint

8) B8 B CEEX®

(9) H L BERFETHH) Ratio of ergodic sums of one-dimensional maps
with infinite invariant measures

Ratio of ergodic sums for one-dimensional

maps
with infinite invariant measures

HERKE (BIRRET )

W EHEICT 2D (B3P L—RETE2) , ROLSEHEE
EAB. 0<c<l&l, T:(0,1] = [0,1] BRKROEMEEHET LTS
(1) T ZKM (0,¢) & (¢, 1) ITHIBE L= B DX CPclass T, +hah (0,¢]
Ee, ) NCPERELTHIRETES;

(i) T{(0) =0, T(1)=1;

(iii) T(0,¢) = (0,1) , T(c,1) = (0,1);

(iv) T'(z) > 1 for z # 0,¢, 1.

51T, A, BEZTNENOD/NESRIEEE, 1 O/NSIEEEL,
T(z) - z = Opz™ + o(z®) in A,

g—T(z)=0(1-2)" +0o((1—2)") inB

MRS ETD. ZEL, 6>0,00>0,dy>1,d; > 1 BERTHS.
TR T, b~ — TR EE RS o- BRI T — R 4 %
©5, w([0,1]\(AUB)) <00 THY, dy>2 & p(A) = oo IXFHE, F
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oo di>2& u(B) = oo RAETHS. COBRTICHLT, LIk
DIEIR %% 7z

)
) @

RLS S o 1a(
ZZT, 1,13 ADEBBEKTHS.
do & di M2 2 L EDBRAR, BFEOTIVI— REEH SBHE (1) 255
TEFTERN. COLIRBE, R (1) BEET D, BETLE
BICRERENEDX DI BNEWNERL, ORI, 2<dy<d @
L& ae TO, dy=d; =2D&E R ae TEDEH ([1]), 2<do =d;
DEXZIT ae. THEELRV I EMbNA> TS ([2)) .
ZIT, 4R, 2<dy=di(=d EB) DEER, mEEERELT

ZZ:O 1a (Tk(
TH(

T
X

fa(@)= 2™ 1a(z), fe(@)= (1-2)™ 1p(z)
EBLE, m DHEITK > TIIER

2o fA(TH(z))
2) (2)

k
A S 7 (75
MaezlTHUTHEETSZIENDENEDIDERANE.
m>d-20EER, fa,feell(p) THIILEERTIENTELD
T, BFEODINI-REBICK DR (2) BFET 5.
m<d—2DEE, f4,fp € Li(p) TRAEVDT, BESEEDOTL
d— KEEDSIEDPLBNA, m=d—2 0L FIIER (2) K
FTBHENDMTE.

REFERENCES
(1] T.Inoue. Ratio ergodic theorems for maps with indifferent fixed
points. Ergod. Th. & Dynam. Sys. 17 (1997), 625-642.

(2] T.Inoue. Sojourn times in small neighborhoods of indifferent
fixed points of one-dimensional dynamical systems, to appear
in Ergod. Th. & Dynam. Sys.
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11,

TR & DEE,

HAEE: FRR11E10H 14 H OREEH) — 10 16 H (=FEH)
BAT KRAZERBET SIS 7R —)b
HEEA: W A (KRR, Bl —BF GREARS), IR HE (F&#KY%E)

FERIBIT 2 ROEER TV D &, RERFRT, < U 7NV, 54 b J A @, 714 Y
PV EROBRERAWBIFZLE NI &R BLARD. FHESTHREOHEH
B EROAFIIO DD TN, T TRESIJAVERTE 5 AHAXROBL L
THEESEREEL . B B gEe U T, W AL 7ARER0IBH, v—7
22l oM, BT LB X2 0EGEROZEM EOF vy 7 ARE ORAT, IHmERME, B
ERRONRE Y — < BRAEORE RER I a7 BEOME, 74 V7 LEROERE
ZONE, RUTNUETO S SFMOBEL, BT ENY VIERAZRO AR FIVORK
2 S, VERZOEMERAMREEE ThHolk. BMEBFRIHIOZTHo7. LTI IusI AL
CHEEEHBIILDEERMNT S, KB I OMAESE—F, REMAEER (B) TEE
RITZEE EOBEMBIT OB AR (FFRARRE  JI—H, FEESES - 11440045)
DEIZEZIT TS,
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OO &V — T EM L OMEY R 7 RER

LM BH (RIRKPERT S HEEE=E)

1. INTRODUCTION

M ZRWEER) -V ERELETE. TOLORMEMNET 5T VEBORE v, , 755 X 5317 pinned
path space
Pry(M) =C([0,1] = M | 4(0) = z,7(1) = y)
EEZLH. COWMIRTIE Poy(M) ETHEY R L 7RER (=LSI) BRAUTENEINEHRUA W, LSIIZ
ROBDRERXTHS. F € FCP(smooth cylindrical function DZR) i LT

[ P e (PP Iey) dP < [ c@lpFePaP. (1)

(1.1) TQIX P, (M) % P I3 pinned measure 72 EZXT. D I Wiener 2D H-MH O—L D H #45
TH5. EOERMTy(1) =y LWIEHEEEE LAZERM P (M) IZBUC path space EFRIINS (HIEIXT
S0 EBDRE u;). Path space ETHEY R L 7RERIT C(v) ZERE LT, KD 3 DDOHETHEHR
INTNWSB,

(1) (Hsu) LSIVZEFOME L LBECEHLTRETH D EWITEHE T ST LV EERTILI JBET

HBHTEEANWTIRU A HE :
(2) (Aida-Elworthy) Elworthy & Yor IZ& % gradient Brownian system & )5 &4k LT 57 &
B2 5.X % SDE O filtration O£ (redundant noise 12T 2HE) & R* LOFER DT 5 &
BicB8d 3 LSI WS EH
(3) (Capitaine-Hsu-Ledoux, Fang) M EDT 5 BB O filtration 1T B INF 4 — L OERBE
# (Clark-Ocone-Haussman formula, P, (M) @ H-#54 2 AWTRFT3) 2RV HE

INEDHEZHIRL T pinned DT —AZEHAL XD EVWISRABTHETICB W OO oz, &
81T (2) OFEERANT (L1) OALIC [, V(y)2F(7)2dP EAHFM A7 OTEDIIS 2 5hB T &
%R L7z (Gross T DB DRT >3 v )IAT LSI % loop group D& FIIUHTHEAL 7). %7 Gong-Ma iX
(3) D7 7O—FZANTH o& explicit BRF > PIVEAWTHMELE. LHEL, BT vibhion
FETHE, 2RI MVF vy 7OBRBFLSNT, HEDRVFHEE IR A0,

ZZTRPIRD 3) 07 Fa—F2EVRF I vz LT (LA L—RIZ C(y) 1y DB RBEKE
BoTLEDN) LSI ZHTS. § 2 T, RBBEROr —IA20IcHIToNEFDL & C(y) ZEEICUL
T, (L1) LT B0 E S NIBREDH, Kb sian. BT, M LOBEE p(t,y,2), ) —< ViEM%
d(y,z) &M<,

EH 1. M O Ricci 3 Ric BHERLTS. ¢ > 0y € M KEKETS LM LOFAEMKIERE
Ci(t,y,2) (i=1,2), BEXOHFMERE Ca(t,y,2) WEEL TEED ¢ > 01C/H LT, ROBRILT B LKE
T5.

l1+e¢
2t

1
v? logp(t,y,z) = - Ir,pp — " (Cl(t,y, z2) + Cat,y, z)d(y, z)ﬁ) + Ca(t,y,2) (B,e>0)

(1.2)
fup [|Ci(t,y,2)|lop S Di <00 (1=1,2,3)
Y.z

THEQ=P, (M)DEE (1.1) W

203 f14¢
£ 2

2
C(v) =2{1+ + Dy + Dy sup d(y,'yt)ﬁ+D3)}
0<1<1

THILT B || [op RAEAE )V LBHET.
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BERE. 1 Viiegp(t,y,z) dT,M LORIIBIERARTSH S I EICHER. £72 Ip, 5 13 identity operator T
H5.

9. MMI—p1) vy REMOEE R e=1,D;=0(i=1,23) TC(y) = 18 £735. (EBIZOE =1
(1.1) DRA MR ELTC(y) = 2 BHSNTWS.) - TEENI—2 1) v REBRSGETNIE C(y)
EARBERELT (1.1 ZHAHATELTHAD. £0EDD Riemann 5 RICET B+ {42 BAFE
HTH5B.

3. Malliavin-Stroock & z DSy @ cut-locus DHIZH 0, HAREERIZTE

lim [t*V2log p(t,y,2)| > 0
E7RD, 1/t DA—F—TRFIZ5NBNWI LZRLTWVS.

4, ;@ﬁf&@ﬁﬁ@?f Clark-Ocone formula ZFEHTES. TNZAWNL, C(v) ZERITBENZ
7z Ppy(M) £ Dirichlet B Jpo ooy IDF(1)Pdvey OBBNRERTE S, ZHITEENURESR L
ROy —ADREEHENZ S,

2. AFHBY - ERELOER

EH 1 ORESHHAREMOLEZRF 2/ TED. M =H" (U THHHEE —a(a>00&F5,a=0
THRICEEEAMEAT %) TH 2D &L E D pinned path space P, o (H?) 2EZ LS,

) = ot ) exp { Z2E1
LEDD. M =H" OLEIZ,

\% (y,z) = I —(1—+/ar coth+/ar)P;: (2.1)

sup  [VZlog f(t,y,2)| < CrA (22)
0<t<T,y,2z€H" ’ '
&3 BAETE & FRE bﬁ}ﬂ 1DRGE (1.2) 2 f=e=1 ELTRTIIENTES. (2.1) B&@50k
F%T&)é r=d(y,z) TP}, idexp,(vy.) =y TEELDHM vy, € LM DELHEMNOERETH
3. (2.2) I3 HE, HE TE &kB’JL .

Ca(2rmat)™3/ ol e~ -5 (3 K7T)

EMNT BT & & H? OB P QB OMS TET B 2 LD S RMIICRT I ENTES. B, 0 =
Pyy(HY) D& (1.1) 2%

\ﬁe—ut/a e " /2at Ay —
p(t y,z): { Ca Vorat® f\/_" \/coshs coshfrds (2 Kﬂ:)

2
ot =2 {14265 (14 Cra+ Cava sup dlum) | (23)
0<t<1

DREERWTHEILT 2 ZERDRS. C lIRTIOMRETIERTHS.

ETOFZONY MoAEMEY -V ERkEM 2215, 20O LOEAMIL—TEM C([0,1] —
M | 7(0) = 7(1) = £) DHIE b 5 (750 B EERMORA TR T OBEERA)Le(M)(EET5) B
UMD BN —TER C(ST - M) DFERERE—EH LY(M) TS (1.1) DX I BV AL T RERMN
MHTES. C(y) RBBE KW oT, M OWERBZER H" k75 S EBONSR v 207 FLED
DEFELT(RI) Dy %5 RESRAZBOTHS. [3(M) LTOLSI I Py, (H") £O LSI & M 28
H"® @ isometry DR THICESHERMTH S I ENERD. LI(M) D LSIZAWT, L¥(M) @ LSI AHRE
NDZOIEEMOT —ALAKRTH S (X, ZNERTEFTRE M IZEBEQOI LT M) —< &8k
TLW)., FNE2EFTT HITH pinned measure [T DY B [F(ys,, ... ,1,) |1 =] &2 L TH
SULIEEEZ, F OB R ETERENIZERTZAMNDETHS. 1 =2 EWVWIREZDIRVHDOOHS
W9 2R RAUL, Path space OFFD Hsu O 7 70—F (1) TEFRWICEETH /=, Th 5 DHEITH O
RATHRIZ 0,
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*xt#% Sobolev A% & Littlewood-Paley @ EH

E)I—BF (R KFEEER)

ZEM (M, B(M),p) RIEZER &5, §72bb M iIMIAHZE/M T B(M) i Borel o-algebra,
m % Borel FERBNE & 95, M LICHFHERHGER (X,) BEXONRTW2 L5, dET5
Dirichlet JEX % £ L95. AFEMRL L, ¥#%2 {T}} LRbTZ L1275, Fic

E(u,v) :/ (Vu,Vo)du(z)

THEZBENTWD L35, V IZEKEIZI gradient operator 2Z x5 Z L BZ WA, ZZ
TIFE Y72 Hilbert 25 K BATFE L THERE V. L% (1) — L} (i K) L LTEZBRATW
TR, 0 —BEICIE L2 (p; K) 132 BVE®D L? section & LTHEZ LN TH Lo,
IO URFEV(f-9) =gV + Vg ZIRETD. ZHIT E(L,1) =0 BIUOKRDOREK
Sobolev NERERET S : HBD a>0,3>0 XL

| wtlogu/|jullan(dz) < a(u,u) + B(u,u).

Ry MABDBEEL Vu 2485 72D 5 —2O¥EE (1))} B LA (u; K) B2 52 5T T
YHOLBRER |10k < Tl PWZEN TS LT3, 8oz {T) nERERES [ &
L, ZHBAI VL = (L - R)V 2RET 5. R I Riemann ZAEEOEAIE Ricci HETH 3
ﬁ,::?i%%%&O%@ﬁ%%ka@i%ﬂé R DBEDOIITx LIRS TE S %
RET DN, THTKRO & D CERLT 5. EEEBEE V BTEEL (R(2)k, k) > V(e)k|%
ﬁi@éiepwznﬁﬂ;%ﬁt#.::fu.ivwﬁmﬁﬂ%ibfwczpvwa

ULEDEREDOT TROTEEEES.

TEH1EBED I<p<qg<oo THLEHK C,, C, BT

Vull, < CillvV1 = Lull,, (1)
IVI=Lull, < Co([|[Vull, + flully) (2)

PRSI 5.

COFBIIHEENE p<qg EBW I NVDIERO I NVATHEMLUZBIC o T0 D, BE
ZAHRTEF TR TE LS00 LRV, BRFA T ZOARRRTE Ty, 20—
@ﬁmi%k:w:—$?%ﬁ#&®%w%ﬁL#ﬁﬁfw&m:&m;é.V%L@i5
WZED, {TYY 2 LV TERSWDI¥HET D, ZOR {T)V} X Ir TOMERYEREL 2
L5 (2] B8) t IZOWTERZWRAFROFEMESSD.
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M 2 EED 1 <p<g< oo lCHLAS0 ZHoRECENE, BERER c> 0 23 F
FELT

sup e MY u
>0

<clully,  VueL? (3)
p B
LTED.

TR <TY 9] b EDZ &05 SUP,> IT,0] PEFlCTEBHZ LIz b,
T 1 OFERNT Littlewood-Paley @ G-BE#%E V> Meyer-Bakry OHEHREFRAY 72 LA %
Bys.

XHR

[1] D. Bakry, Etude des transfomations de Riesz dans les variétés riemaniennes & courbure
de Ricci minorée, Séminaire de Prob. XXI, Lecture Notes in Math., vol. 1247, 137-172,
Springer-Verlag, Berlin-Heidelberg-New York, 1987.

[2] I. Shigekawa, L? contraction semigroups for vector valued functions, J. Funct. Anal., 147
(1997), 69-108.

[3] L. Shigekawa, Semigroup domination on a Riemannian manifold with boundary, preprint.

[4] 1. Shigekawa and N. Yoshida, Littlewood-Paley-Stein inequality for a symmetric diffusion,
J. Math. Soc. Japan, 44 (1992), 251-280.

[5] N. Yoshida, Sobolev spaces on a Riemannian manifold and their equivalence, J. Math.
Kyoto Univ., 32 (1992), 621-654.

E-mail address: ichiro@kusm.kyoto-u.ac.jp
URL: http://www.kusm.kyoto-u.ac.jp/"ichiro/
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Equivalence-Singularity dichotomy
for the Gibbs measure of
unbounded lattice spin systems

Gaku Sadasue (Kyoto University)

The purpose of this talk is to show that the dichotomy between equiva-
lence and mutual singularity under the translation also holds for the Gibbs
measure of unbounded lattice spin systems.

We denote by C the class of all finite subset of Z?. Let ® = (®5)aec be
the potential of our lattice spin system which is defined by

V(a:) if A = {i),
Pp(z) = Wi (i —z;) if A= {15},
0 otherwise.

Here, V,W; ; : R = R, and W, ; = W;; are even functions.

Let u be a Gibbs measure for ®, and ga(z|u) be the probability density
of (m)«(1) with respect to the Lebesgues measure on RA. It is well-known
that, if ® is superstable and satisfies some additional condition, there exist
A >0 and ¢ > 0 such that

1) ga(zlp) < exp (—— Z(Amf - 6)) for all A €C.

€A
First, we study the quasi-invariance of u. On V and W; ;, we suppose the
following conditions:

(V.1) Vis C?-class and
| IV"(m)l < K1e*®  for some K| > 0,0<a< %A.
(W.1) W is C?-class and
W@ < 3705~ ).
Here J is a non-negative decreasing function on N which satisfies

> J(rh) < A
reZ\{0}
Under (V.1) and (W.1), we have the following theorem.

Theorem 1. For h € 12(Z%), set p* := u(- — h). Then, p* and p are
equivalent.

Theorem 1 is shown by using a bound for the relative entropy.
In the case of the finite range interaction, we have an explicite expression
for the Radon-Nycodym density:
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Theorem 2. We suppose further that
W;@@)=0 if{i—j|>r forsome reN.
Then, for h € IY(Z%), we have
dp” .
@—(I) = lim exp(Un(z) = Un(z — h)),
where we set

Un(z) = Z V(zi) + % Z Wij(zs — x5).

lil<n lil<n
- . lil€n

In the case of one dimensinal lattice, we can characterize the admissible
set as [?(Z). Besides (V.1),(W.1), we assume

(V.2) V'(z) >4A forall z€R.
(W.2) 6 J(n)<A and Y nJ(n)< oo
n=1 n=1

Theorem 3. Let d = 1 and suppose (V.1),(V.2) and (W.1),(W.2). Then,
the dichotomy between equivalence and singularity holds for the Gibbs mea-
sure as follows:

1. hel*(Z) = uh ~ p.
2. heRE\I*Z)=p" L p
We prove Theorem 3 by showing that the Hellinger integral vanishes.

REFERENCES

[1] J.L. Lebowitz and E. Presutti, Statistical mechanics of systems of unbounded spins,
Commun. Math. Phys. 50 (1976), 195-218

[2] J.L. Lebowitz and E. Presutti, Commun. Math. Phys. 78 (1980), 151

[3] Y.M. Park and H.J. Yoo, A characterization of Gibbs states of lattice Boson systems,
J. Stat. Phys. 75(1/2) (1994), 215-239

[4] Y.M. Park and H.J. Yoo, Uniqueness and clustering properties of Gibbs states, J.
Stat. Phys. 80(1/2) (1995), 223-271

[5] D. Ruelle, Superstable interaction in classical statistical mechanics, Commun. Math.
Phys. 18 (1970), 127-159

[6] D. Ruelle, Probability estimates for continuous spin systems, Commun. Math. Phys.
50 (1976), 189-194
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C(R;R) L Gibbs HIBEEOHE & D!
M I (BRERRSFEREEET) 2

1. Definitions
The configuration spaces: The configuration spaces are defined as follows;
Ch = C(A;R) A=[a,b]ER
C=C(R;R)
Hamiltonian: For A = [a,b] @R and its boundary condition ¢ € C we introduce a

function Hy¢ : Ch — R by
ae(X) = [ UK @)z + 5 [ do [ dyie-)iX() - X
a b [ a
+ [ dn [ e - - )

where U : R — R and J : R - [0, c0) are functions satisfying the assumption (A) below.

Assumption (A): The function U is given as U(s) = V(s) + W(s) for some smooth
functions V and W satisfying inf, V"(s) > 0 and |[W||e + ||W'||eo < 0o respectively.
The interaction J is a continuous even function with compact support. (We assume that
the support of J is a subset of (-1, 1) without loss of generality.)

Gibbs states: The finite volume Gibbs state py ¢ is a probability measure on C, defined

by
exp {—Ha¢(X)}

normalization

pag(dX) = Wi g(dX),

where Wy ¢ is the path measure of the Brownian bridge on A with boundary condition
Wi e(X(a) = {(a), X(b) = £(b)) = 1.

The log-Sobolev constant: We define the log-Sobolev constant vae(), ' @ A, as the
smallest v for which the following inequality is true for all good functions F' on Cp

2

F
By (F2 log m) < 7EA,é(IDFI%2(F))>

where D F' denotes the Fréchet derivative on L?(T).

!Note for a talk on October 14, 1999 at Osaka University.
2E-mail : sugiura@math.u-ryukyu.ac.jp
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2. Results

Theorem 1 Under the assumption (A), there is Jyy > 0 depending on V and W
such that, if ||J]|c < Jar, we have

supya¢(T) < oo.
A

Theorem 2 Under the assumption (A), there is Jyy > 0 depending only on inf, V7 (s)
such that, if ||J||ec < Jar, we have

|EnelX(z); X()]] < Ce =W min{z —a,1} min{b — y, 1}

forall A = [a,b], £ € Cand a < z < y < b, where C is a constant depending only on Vv,W
and J.

Corollary Under the assumption (A), there is Jys > 0 depending only on inf, V*(s)
such that, if || J]|eo < Jar, we have

EnelX(0)) - BpglX(2)]]
<0 () -0+ [ I6) - ez ) o minge —a,1)

for all A = [a,b], £,€ € C with £(2) = £(2) (z < a) and @ < z < b with a constant C
depending only on V, W and J, where r is chosen so that the support of J is a subset of

(—r,7).
The key lemma, for the above theorems is following.

Lemma 1 There is Jy > 0 depending only on inf, V”'(s) such that, if |J|le < Jpr, |
we have

X @) <o {3 (6014 Wl [ lelde) 45710

for A=[0,7],0<2<1,3<T,and { € C with {(y) =0 (y <0).

In order to prove Theorem 1, we also require the following lemma.

Lemma 2 Let a > 0 and L > 0. We have .
M{a, L) = sup Ep¢[X(2); X(2)] < oo,

where the supremum is taken overall A€ R, { €C, z € A and U = U(z,s) = V(z,s) +
Wz, s) satisfying %QT‘Q/(:C,S) > o and |2%(z,s)| < L.
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DUAL DIFFERENTIAL GEOMETRY ASSOCIATED WITH THE
KULLBACK-LEIBLER INFORMATION ON THE GAUSSIAN
DISTRIBUTIONS AND ITS 2-PARAMETER DEFORMATIONS

1. FLDIZ

yﬁfnfﬁiﬂﬁ@m HbILBEIST A M) v 7 ERDATEORD AT (35 iEE) 1. Cencov,, Efron,
Dawid, HFIHI1Z & o TR S ize E72, ORI, A//T/&ﬁ%(%@1995§
%)ttf@%L%%oné Bz, HF - BREICE BIEHE ST 2 —F LEIBE/ T A =%
BT AR EE L FHINS b DB DI, ST AL = 7 v e e e &ﬁﬂﬁ%i‘iﬁ
.L\pwmﬁ%yﬁmﬁﬁxxﬁifﬁ%¢%op@ﬂﬁLL2A7X 5 75 AR
[ (285 X—% OBED 7 T A) % BRI %&?61§Kiof\2ﬂﬁﬂf777X®
MHEBEERE 0 T, Kullback-Leibler [HHE DFEMNITEIT ),

9. /3T X M) I FRRSAGT OMGTHAT
O RAEEIIOWTE LD D,
(M, g) #)—< v ERkET 5, TOR, M EOEBEONZ MV XY, Z 1T LT, AKX
%ﬁt#%ﬁ@&?(VVﬂ%%iéo
XglY,X)=g(VxY,Z)+ g(Y,VxZ).
%/V&UU~7/E+#\phgwﬁﬁ:ﬁLTOk&%h\ML%VVﬂ%\ﬂﬁﬁﬁ\
it BICFHEIESR, ZOM., Vg = 0 Vig: = 0 ZNENEMLT V-7 7 7 4 VER

9=waﬁwv*77747@%n=waﬁﬁEL\EKJWL®E ®5Tgmw,%)—%
?&%i5uﬁﬂn BB, DO, EER G, g i, 7B g WL THECRN TS 5 &
MEn s, '
U EnZfTe. B - BEEOWHERE R IUDKO L )12k b,
| 0= 2, = Do),
’ (9Th , ’ 89

M@+Mm—9n 0,
il L & 1L®%%V?¥w%ﬁ¢ %?nv\ﬁET%
ZZTO-n= Z 0:m;. _ODULT//WVF BEHNTp e M b ppeM O ¥4
N—=T 12 VA D //LW)J:’)O IEsﬂcé"ﬂZvo

D(p1,p2) = ¢(0) + ¢(n1) — 02 -1,
Z T, m & 92 3. 5})1\ Do @%h%ﬂ@’f} g- @*T/\(Z;)Z)o

3. NG AMYE—Tav
SRTCH I ABEBRRO/ ST A M) ¥—vare525,
() plosB) = Gopsyen BRI
= exp —%:vTZ_ 4278 — -{ﬁ—log(detz) - %uTZ_l)u - %log(h) :
ZIT, s,y €ER"THYH, T IHBEEETIITH S,
KONRFTAN Y=L 32DI FTAEEZ b o

(2) j@Bn D MIN(p,E) 65,7 = (eﬁm@ﬁn) = (277, (28)7) € Dpy = R" x 6:
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2 B oy s AT

TR EoT, ERF VYA VEESRDL ) ICERRTE L,
(3) \Pﬁv—w(j"l (@g,n,))

1
— 9 ﬁ“)Tr(@ﬁ 9[379 e —log(det@gy) + Elog(ﬂ)'

COBEIE. 0< b, 0<y &U‘ <1 O, 90)/\7)‘ Ny¥—T 3 VI L THERE R
Twb, FOTZEM % Dﬁ'y _{(’I]gn,H/j,\/) € R"x &, I 89ﬂ \Pﬂ,y = Uﬁ.y,(r“)@ﬁ \I/g,y = Hg.y} EE

L, RT3 ¥ VD, RO X HITKT S,
1 ﬁ - 1 n ~1
(4) by = B (1 - §> pfe =ty — —2~log(,det2) - Elog(%e7 ).
4, ¥AN—T 2V A

2INGA—F I FTADTAN=T 2 VAR, RO ITERTE 5,
Theorem 4.1. 2 DDH Y A5H N(py, 1) & N{(uz, Zo) DEDFAN—=T 2 ¥ A Divg, s
RD &) IHERTE Do
i (N (12 ), N 45, 52)

1 _ det ¥q 1 o4 n
= =Tr(Z5 pop3) + 108 ( ) +3 (1 - ;T“> Tr(S7 pp!) -

9 det ¥y 2y
— (5,7 8, * pan]) + ETT@?ET)
_B41 -1
— 27Ty 27“/““]’\" (AT = (25) 771 (289) M — (230) TN E, P op,
EROREX W2

Divg (N (pi2, 2), N (p1, % )) 20
T T, EERTOLELSEER, (41,51) = (42, 0g) Thbo
Corollary 4.2. (3,7) = (0,1/2) DR,

i _ 1
D’L‘UO’% = 5#?21 1/.L1 + §log(det21)
1 1
+ 2#222 M2 ———10g(det2 )
”#121222 /J2+T7"[(22 )" (22 )2 ]
(B,v) = (1, 1) DW, ¥4 1N=2 = ¥ A, Kullback Leibler ]ﬁiﬁg&&%o

) 1 det ¥o
Divy 1 (N (p2, Z2), N(p1, X1)) = —1 ( ) + T'r[E S5l 4+ 55 (1 — pa) (1 — p2)7] _n

det X 2
Z/ p(z;E1) log EfC Q;dm

R’n \_1
Corollary 4.3. (B.7) /35 A 513, SHIE7: 36 CRAHET & H ERGHETOBOLHE 5

ZTWh,

REFERENCES

[1] Fujiwara, A. and AMARI, S. Gradient systems in view of information geometry, Physica D80, No.3,
pp.317-327, (1995).

[2] OHARA, A.SuDA. N and AMARI, S Dualistic Differential Geometry of Positive Definite Matrices and Its
Appl%ca,tzons to Related Problems, Linear Algebra and Its Applications, 247, pp.31-563 (1996).

[3] SHiMA, H. Hessian manifolds of constant Hesszan sectional curvature, J. Math. Soc. Japan. Vol. 47, No.4,
pp.735-753, (1995).

[4] SKOVGAARD L. T. A Riemannian geometry of the multivariate normal model, Scand. J. Statist 11,
pp.211-223, (1984).

[5] Y OSHIZAWA, S AND TANABE, K. Dual Differential Geometry Associated with the Kullback-Letbler Infor-
mation on the Gaussian Dzsmbutzons and its 2-Parameter Deformations. Sut Journal of Mathematics,
Vol.35, No.1, pp.113-137, (1999).

— 139 —



SHRELOERBEDENOBREKIZDONT

IR (B R FEE T 2)

1. ¢

SR 3] & [4] THONIZBME L AEB—BEERTHD a0 30 R — U BEEED
7T AEEZ, TOROEKELOT T 7 L EENGE LD HERBROER O
PWTHNS. OB, ZOo0EREERNHB. —0ik, HRKTHHOIKE 3] iz
& DIMER — AR DAY FVIEEBEOIRICRILT 23, # 4 FiklE 1] TwlshTn
% Gromov-Hausdorff BEBEIZBI T 2 7 L a Lty MEICEKE L TOCHEEESL T L b —
LRVWZETHD. ZORIZDOWTIE, SIS 2] BEH5% BILTERIZR 25 -
ERBHDD, EEMEZAVD EEHUERIIIEICEND D ERRLEZOT, “hiEVS
JLiZd s, 228, Gromov-Hausdorff BEEEIZ L BRI Tik ¢ DRBEAEEZF LTV D
T, TIVVEBEOLDODS A MEIEZ RV L THD. ZHERET 7 HI00,
EWRIFE LI A v ¥ a T o BB ORE R 2 £ 2 5.

2. #8

M %, BHEER p, #FOEED 50 © (M, g) & 20 LD 5 TEIT ER MK
wRHIRDZOM M = (M, g,w) DEALTS. va,f>0ITxL, M(v,a,8) %
pM(t,a,b) < G%)”/?
pg (M) < B
EHICT M= (M,g,w) € M ODEEETSH. 7271 pM(t,a,b) 1M = (M, g,w) € M
BT I THD. My = (M, gy wp) ST 575 0B E (Y2(0),P,) (t >
0, a€ M,) &£T5.
DEDERORED 2] OHBRNOBRICEZ N, EERIT (4] BichsBERE
EEALTND,
EBE (1) SHEEDF (M, = (M, gnywn)} C M(v,0,8) EFEZ LT R, AR L
ﬂﬁﬁX&%@L@ﬁﬁ%&,%hKﬂM@@EﬂMV+X&E§%¢OﬁbOT
| sup |dy, (a,b) — 6(m o Fy(a), 7 0 Fy(b))] < €2 (1)
a,bEM,
BERY D LT D, ~y ZHEIEHE 6 OB 3 FEEEE, X; = X/ ~s &L, m% X BER
HEZER (X5,0) ~DERRFE LTS, S0z, [|E2HTREBL L u(t) = [t/enlen &

t>0, a,be M,
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ON STRONG MAXIMUM PRINCIPLE FOR DIRICHLET
FORMS

FIL—¥ PRI T AR H

1. FRAMEWORK

X ZRRFrar 7 NSy EEREZER, m % X BT full support ##> Radon BIEE T 5.
(€,F) & L*(X;m) £ strongly local 72IEf Dirichlet /63T € #% special standard
BIZb2bDET D, (6,F) ITHIET D m-etFLEBREE M = (Q, X, {Pr)sex) &
B.G BZE ’Cﬁ‘l‘ﬁﬁﬁ’e"k LT, (&,F) D G LD part space i

Fo={ueF|i=0qe on X\G}
Ea(u,v) := &(u,v) for u,v € Fg.

TEZDND. ZDL¥E (£g,Fc) 1T L2(G;m) L strongly local 72IERI Dirichlet %
AT Cq := {u € C | supp[u] C G} % special standard #iZ#> (Theorem 4.4.3 in [5)).
FTFFERRBE py ) BFEELTRERZT.

[ F@nanlde) = £, +Elwer) - Ew, ), uv,f € F
X
_ E(u,v) = %p(u’v)(X), for u,v € F.
F (resp. Fg) PRAMLZER Fioe (vesp. (Fg)ioe) ERD LS IZED D,
Froc = {u: X - R| for any relativeiy compact open set O there
exists up € F such that u = up m-a.e. on O }. '
(FGlioe = {u: G — R for any relatively compact open set O with
oc G, there exists up € Fg such that u = up m-a.e. on O }.
IRREBTEDOME LY u,v € Fioe KX U T pyy, piuw)y 2 5E Radon BIEL LT
TERT BT LB TED, £Z T u € Fioe, v € Fg with compact support supp[v] C G
W2 LT
1
E(u,v) == 5/ u,v) ()
G
& form OFEF £ ERATHI L LT 5.

2. SUBHARMONIC FUNCTION
strongly local 721ERI Dirichlet 22/ (£, F) OB CHRABEE 2K TED 5.

FE# 2.1 (Subharmonic functions). Take an open subset U of X with G C U.

(i) A function u : X — R is said to be subharmonic in X if u € F,. and €(u, p) < <0
for any ¢ € C with ¢ > 0.

(ii) A function v : G — R is said to be subharmonic in G if u € (Fg)ioe and
E(u, ) <0 for any ¢ € Cg with ¢ > 0. :
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(iii) A function u : U — R is said to be subharmonic in G if u € (Fulioe and
E(u,p) < 0 for any ¢ € Cg with ¢ > 0.

Denote by subM(G,U) the family of subharmonic functions in G on U and set

subM (G) := sub¥ (G, G)

3. STRONG MAXIMUM PRINCIPLE

SEE 3.1 (Strong maximum principle). U % G % BLHEE L L, G P EAE THEx =
YT bET B, (g, Fg) KFIET B G LD m-RFLEuRE MG 2% strong Feller
process, 3722 h M OHBLEEN G EOFE R Borel 7 _]'(EUEQ#UE G L0 fER
BB 51, u e subH (G, U) TG ICEIEEZ b ob ORI L u 2 G WTRX
% L, Thit G ETER

EBEOEFIITH O EBESRL 25,

@& 3.1 (fine connectivity). BIEE LR U&MHT T ME OMUIMITERTHD. ¥
bt Y % M OMFICEL, B2 OH% G ® Borel I0E4&20IEY =0 or
Y = G BEAL. '

#l 3.1 ([6]). X ZH#IZE > k D n-KTT Alexandrov ZH & L (n€N), G & X DZETI
VARRE LRy MERMEA LT, T0LX GIIINNER. X b HRER S &
$Hh< & X\ S; 12 n-¥k T Hausdorff BIE %" THl-> T 0 DEE 2 2R\ T Riemann
FHEMIVY ([7]), D Riemann #HiEH» 5 EE D ARRTRXAF—FX (£, W(X))
IZBA 2,87 Mg Lipschitz B¥ef CLP(X) %##%Ii2 H-oEA] Dirichlet BXTH
v, WAL Fg C LG, H) 13av 7 M5, EtnicstinyT 5 LG, H")-
MEE1L strong Feller property 272, (£g, Fg) WRIET 5 L2 G, H™)-EBERARII
B ALY FAEBHEOE 1 BA B  OMMME v IZFUE 1 BERBEECHAE
EETEE L 2 5. MEKXERBEZRFTMNICERAT I LIRLY, [u X G IZBNT
ETHY, 2nroH 1 BEEHORT, TbbE/IEFECEEEIX1 THDHI L
24515 (smooth Riemannian manifold D & i3 [8] Z&H).
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The large deviation principle for additve functionals
of Brownian motion

RACKE  rm FELF

Let (PY, B;) be d-dimentional Brownian motion. A positive Radon measure p on R is
said to be in the Kato class Ky if

. u(dy)
lim su / —t =0, d>3
o0 pem Jo—y|<a [T — y|o2
lim sup (logle —y| " Hu(dy) =0, d=2

a0 pcpa J|z—y|<o

sup / pldy) < oo, d=1.
zeRd J|z—y|<1

We introduce a subclass K P of K4 by

A—oo zE€R4

K = {u € Kot Jim sup [ i@ y)uldy) = o},
' lv|>4
where g;(z,y) is the 1-order resolvent density:

®
gl(fv,y)=/0 e

(2mt)%/

If a measure p € Ky is finite, u(R%) < oo, then u belongs to K3°. Denote by Af the
positive continuous additive functional corresponding to p € Kj.
Let 1
‘ - = _ 2 . oo f pd 2 _
C(9) = 1nf{2D(u,u) O/R(iu dp:u e C°(RY), /Rdu dz =1},

and I()\) the Legendre transformation of C(6):

I(A) = sup{M—C(0)}, AeR.
6cR!

We then have the main theorem.

Theorem. Assume d = 1 or 2. For any u € KJ°, Al'/t obeys the large deviation
principle with rate function I(\):
(i) For any open set G,

‘. . 1 1%%4 i3 .
| llggleong (Af/t e G) > —}l‘gcf;f()\).
(ii) For any closed set K,
. 1 w " .
hrnsupzlong (AbJte K) < ——/\1211'{1(/\).

t—o0
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We showed in [2] that for p € Ky,

C(6) = lim % log E)Y (exp(8AL)) for any 6 € R
Hence, the differentiablity property of C(6) implies the theorem above by Géartner-Ellis
Theorem (Theorem I1.2 in [1]). We can show the differentiablity of C'(#) under the condition
that yu € K3°.
For d > 3, we can only show that C(f) is differentiable at § = 0 and C’(0) = 0. Hence
we see from Theorem IV.1 in [1] that for u € K3°, A/t tends to 0 exponentially: for any
€ > 0 there exists M(e) > 0 such that

As a result,
o
lim =+ =0, P%-ae
too ¢ ! z
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Generators of jump-type Markov processes of variable
order

Bielefeld Univ. Walter Hoh

We consider symbols p(z, &) = s(z, )™ of pseudo differential operators. Here s(z, £)is
an negative definite function of ¢ and satisfies upper and lower estimates w.r.t. a reference
function and m(z) is a variable power taking values in (0,1]. We employ a combined
argument using both pseudo differential calculus and a martingale problem approach to
prove that the corresponding operator of variable order generates a Markov process and a
Feller semigroup.
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On a new method of estimating Malliavin covariances

IR PTREE] (RERTR - #)

W =D([0,1] = R™) 5w, Xy(w) = w(t), Wi =Nwso0(Xs;8 <t+e) &L, ROMEE
ZEO {W,(W,)} LORERRE P 2EET 5B,

t
X, = Xo + Ox(t) + /0/ 0 Jx(dsdd),
(Bx(t), P): Brownian motion,
(Jx(dsdf), P) : Poisson random measure with Jx(dsdf) = m(d6)ds,

720, w(df) = 10" 2df (0 < @< 2) £T B, ¢ e R BIL non-anticipating 72
d x m — {T5UEBRR [(s,X) & CYR™ — R?) 8] (s, X,0) iz LT

xé = X0+ﬁX(t)+/Otl(s,X)*§ ds—l—/ot/exp[f-h(s—,X,H)]G Jx
LTEDD, cidldg space W OB U(X) @ (IL,h) — FEMDT (V0,1 R) =
Ot U(XE) |eo TEEIND. ar(z) = (ai(z)) € C°(R* = RY) T, b(z,0) € C(R® x
R™ — R%) 1X b(z,0) = 0 7>2 b(z,0), Gsb(z,8) 2 z iIZBELTEED (etc.) & L., fEAE
Ak, By & Ard(z) = ap(z) - .0, Bed(z) = ¢(z + b(z,0)) L EHET D, £RIEAE

1 m
L= o+ 5 2 (A + [(B=1)n(d0)

Z 5D Markov IRRBROHEBEEOERIMZRTHA T, W E® Malliavin #7217 2,
ERIER®E L © Markov %1% SDE :

m 1
dz, = ap(z,) dt+ 3 ap(z:) 0 dB (1) + /0 / bz, 0)Jx (dtd8), w0 = 2
k=1
Off 2, = 0,(X,2%) £ LTBLND, dxd— iTHHEBRE u, 54 SDE :
dut = —U— [ao(mt dt—i—Zak xt OdﬁX +/ I+ b(.’,Ct ,0)]_1)JX], Uy = I

DL LTED B, b(a:,ﬂ) = [[+V(z,0)]71(6-09)b(z,0) & L. (s, X) = us(ar(zs), - , am(25)),
h(s, X,0) ~ u,b(z,,0) LBNT, Vi(X) = 0:8:(X¢,2%) o BEET D &,

t m ~ ~
Vi(X) ~ upl / I3 uar(e,)an(e,) ul ds + / ugb(zs, 0)b(zs, )" Jx
0 k=1
B85, Vi(X)(ul)* 1t Malliavin 3558055 5, Malliavin A3 5 E2E A

IS AR THEN., FOEHITIE, Malliavin 5O/ BRELZ RTHVLERD B,
T DOFEADOBHE XD TEAZR Malliavin f#AT] DA A=V ORI > TE T,
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RE1 A Vil B[ |detVe(X)[ ) <00 (p>1) Ak ShBhbIT, HEE
] zp ORFIL Lebesgue BIEIZE L THE L REBERE LR,

z€ R, & =¢(z) 0 x LT LB Q, Q ERDE > IZEERT 5,
T “ T
Rz, 8] = |z|2/0 (z - up(z,))? dt, Qlz, 9] = ]2]2/0 (2 usgp(z:))* A 1 dt.

Bo=1(z,0) 8, 3L, &b Vo] BEEENDEDOTHEMEL LTROL DR H 5,

&4 [Qr] 1 sup Elexp(— ki@ IAC, Ax] — / m(d8) QIXC, Bol) | = o) (p>1)

|C|=1

&l [Qr] BEMBLT 2010, Q, O OFHEFEICONWTE LS, KT

o — {{Ak,@] (=kefl, - ,m})
P% 7 11Bs, 2185 (0 € R\ {0,1,---,m})
1 m
pod = [Ao, 52 lnlglpn(p W(dn)
EEET D, RIZ. & = ¢(z) - WXL, &g = psP, Do, = puped & L. ||P| =

sup,7 |us ¢ (azt)|, etc LT, £> 0 c_ou\f W OESES I'(0,0) %
Fmérz{wIZXWHV+MMW)+/ (1Ds]|* + [|Posl|*) (d6) + sup ||@osll® > £* }
k=0 l6l<1 0¢Z

CEETDH, TDEE, ROERERS,

BE2 0<v<l/4, A>1, [{|=1&FT5, X, & IZEMRREER Co,--+,C5 &
E[M7] <1 THHHEEEE Mr = Mr[M(,0] > 0 BFEL. FEX

QI B + A7 log M7[A(, ] + Cs
> CoA' ™ QI¢, @o] + CLA*™ Y QI¢, Bi] 4+ CoA™>72 / QIXC, B4] 7(db).
k=1

R T\, 0) OMES L TRIT 5.

(z¢), (u;) ® moment #Fli%E VT, P[I(A,8)] =0o(A7?) ("p> 1) H/RS 4, Jensen
DARERERANT My OEBELBREREKD, ZOFERERNERKCERT L2 LICX
D, &k [Qr] BERIIT 2D EMERIGEMFE LT, Generalized Hormander Condition yiR
MG, HETRED, EERERBROSHAICIT EOFMEAERIL I < M BIZERH
XBZLThHD, -T, ZOFELZEATHZ LICE - T, LEERIZET DREORH
B2 DUV T O Malliavin f#H23, ZHETOHOL Y T o L EHTEMEINZBDILRD,
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Ito’s formulae in the classical Dirichlet spaces

M. Fukushima

Notations

Let (X,m,&,F) be a strongly local, regular Dirichlet space and M =
(X:, P;) be an associated diffusion process on X. The space At of PCAF’s
of M and the space St of (positive) smooth measures are related by the
Revuz correspondence. p4(€ S*) denotes the Revuz measure of A € A*,
We let

A=At _— At §=g5t_ g+

For A € A, its total variation process is denoted by {A}(€ A*). We consider
a subclass of A defined by

Agroc ={A €A : uisy(K) < oo VK compact}.
For u € Fiy, we have a unique decomposition
u'(Xy) —u"(Xo) = MM + N, MM e vy, NW € N
Brownian motion

Theorem 1 Let M be the Brownian motion on R? for d > 2. For u €
H} (R%), the following conditions are equivalent each other:
(i) N e Ag ..
(i) The Schwartz distribution Au is a signed Radon measure.

In this case, Au becomes smooth in the sense that it charges no set of
zero capacity, and %Au and N are in the Revuz correspondence.

Distorted Brownian motion

Denote by mq the Lebesgue measure on R?. We consider a non-negative
locally integrable function p on R? and the associated energy form defined
by

£ (uv) = £ [ Vula) - Vole) pls) molde), u,v € C(R).

We assume the Hamza type condition on p :
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(H p=0 m—ae on S(p)={z € R*: Jo P(y) "' mo(dy) = oo YU ()}
Then the form £ is closable on L?(R%p - mg) and the closure (£7, F?) is
a strongly local regular Dirichlet form on L*(R(p);p - mo) where R(p) =

R* — S(p). The associated diffusion M? = (X/, P?) on R(p) is called a
distorted Brownian motion. Its sample path admits the expression

ti_Xg:Bt-l'tha Nf:(Ntlthza"'aNtd)

where B; is a d-dimensional Brownian motion.

A function p € L},.(R?) is called BV (denoted by p € BVj,.) if there exist

loc
a positive Radon measure y” on R? and a pu’-measurable R%-valued function

o? with |o?(z)| = 1 p?—a.e. such that, for any v € C3(R%; R?),

%./Rd div v p(z)mo(dz) = — /Rd v(z) - of(z)du’(z).

Theorem 2 Nt € Ay, 1 <i <d, if and only if p € BVj,..
In this case, p” becomes automatically smooth and, if we denote by A’ the
associated PCAF by the Revuz correspondence, we have the expression

t
N;’:/ o*(X?)dA?, t>0.
0

Theorem 3 Assume that p € BV, and consider u € CYR)(C Fioe).
N ¢ Ay o if and only if there exists a signed Radon measure Vu,p With

support R(p) satisfying

lim pAutmg = 1y,
el0

in the vague limit sense, where u® is a mollification of u.
In this case, for any v € C3(R?),

1 1
£ (u, :—-/ du——/ Vu- o duf
(u,v) 5 R(p)v Vup = 5 R(p)v u-of dy

Moreover v, , is automatically in S and, if we denote the associated CAF by
APY(€ Agoo), then, P, almost surely for g.e.x € X, it holds that
1

" w1t
u(X:) = u(Xo) = MM + Zab 5/0 (V- 07)(X,)dA?.

and further, for some sequence €, | 0.

t
lim [ Au™(X?)ds = A®* locally uniformly in ¢

n—0 Jo
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On short time asymptotic behavior of some symmetric diffusions on general state spaces

R RFRFGERETIR HE EFI

Rici B2 FieA Rrssts Riemann SIS L TIRR® Varadhan HOSHEHEEEE < 415N TH 5.

}ir%4tlogpt(x,y) = —dy(z,9)?, zyeM.

ZZT plz,y) 3BUE, dp ¥ M O Riemann BE#E. ZhERRATEMOREICHRT 28A21 [5,6,7, 2, 3] <
ko THbNTER. COBE—RICREBEENEELRNOTESN SRS NRTIB LREOWEREEEALD
Z&iTizs. fh% Wiener 220 (W, H, p) OBAIZ Fang [5] > THRZIRRB &, Borel 85 A, B LT

1im4tlog/ 1a-Tilpdp < —dg(4, B)?
t—0 W ‘
THY, Fix A Xid B 2 open 251

li_m_4tlog/ 14 -Tylpdu > —dp(4, B)>.
w .

t—0

Z Z°C {T,} i Ornstein-Uhlenbeck ¥8, dy(A,B) i A & B © H-IEMT, 2\M0O H-HEMEREOHRER
HBRLEZBDTH 5.

DB TS FHCTH TN S OFEET D KREATASNOMENKESNRETH o /2. T T—ROTHES
WHLUTTASDFMIMESNENEINENDDIRERZMBETHS. £/, Riemann Z4k{E LD path 2P
loop 22fd] (®_E® Ornstein-Uhlenbeck ##2) 7 SITiIfEROEHITEA TER V. JOXIBBECHERTIEX
SHAEEED ZEDRKNESS. RHETRING 2 DOMBER DN TELNZKRERZENTTS.

(X,m) 2REZET m(X)=185b02L, (T} 2 [*(m) LOMFILI T ERTRERZ DO, T3b
BT1=1>0&k5b0:T5. A4 B% X OWHERELTZEE, oft) =9, A B)= [,1a -T;1pdm,
t>0&BL. tlogp(t) Ot — 0 KBTBBBHITDOWT, ROEEPED LD,

FE L 0<s<tizdlLT
tlogp(t) < (1/m)slogp(s) <0

WRT D, HiT
T 1
msuptloge(t) < limtlog o(t) < = limtlogp(t) < 0. (1)
t>0 t—0 T 50

ERT, BU 17 & 11030 EMNTENE limotlog p(t) DEENERS Z LIRSz, (1) &b, H8 A

& B OfE#EE d(A, B) = {~lim, ,o4tlogo(t, A, B)}'/? L TED20RZLOL S BN, ZOENSEkE
BorE (0% oo WBELAEWI &) IROEILTHNS. positive BEFREFHICTOWTILHLENTNE LD
p(t) > 0 for somet >0 <= (t) >0forallt > 0THHILE (1) ZAWIE, d(A4,B) =00 < ¢(t) =0
for all t > 0 BSbh 3. #iZ {T,} Vo I— R THNE, d(4,B) =00 <= m(A)=0o0r m(B)=0. UTF

BROEDER {T,) RLVT— RTH5ET5. d(A,B) OFH5OMEEBBREDIC, ECROREEMLS.

& 1. {T,} @xhitid 3 Dirichlet B (£, F) RO L DiTEE 5.
£4,0)= [ Mh)dm,  fgerF.

LT F x F — Li(m) EFEHERT, EEO f=(f1,...,fx) € (Fo)" g € Fo, & € C®(R") THLT
O(f) € Fp :=F N L®(m) TREZT.
= 8%
P@(1),0) = 3 oo (0 (fir6)-
1 2

=
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%7, #A A & B @ intrinsic metric d(A, B) %

d(A, B) = sup ess.inff(aﬁ) — ess.sup f(:v)} , F={feF|T{ f) <1 mae}
feF | =€B T€A

TEDD. ZO&E [5 6, 2] ERA#ICL T Lyons-Zheng SBEZB WA HETRVGENTE 5.
I 2. R1OF, B E ST HIEmEETE AR THEES A, Bz:ﬁbr@a log (t) < —d(A, B)?.

i d(A, B) > d(A, B).
BHE OIMEEED DI EICAMEEET. ([2(m) LEHT)%R (T} OLRER%E L, #%HE D(L) &35,

Sft 2. D(L) OWMHZEM A TROKHERT bOWEET3: A algebra T L¥(m) THE. BEiFR% L,
T, & C(R") EOBRICALALTVS.

ZOEE Ty Ax A— A% D(f,9) = (1/2{L{T(f,9)) - T(f, Lg) - T(g, L)} TD 3.

EHE 3. &8 1,20F, »5EM K WFELT Do(f, /) 2 —KT(f,f), 'f € ABRDILDHOELT S, ZO&
SEBOTRES A, B ItHLT —d(4, B)? = lim 4tlog ¢(t) > —d(4, B)%.
. t—0

FZIEREOHSR Wiener ZROBEORDITERE 2, 3 BRIHEATZ L L%, REOTHRE A, B KHLT
lim dtlog (t) = —d(A, B)? = —d(A, B)? £33N 5. £H 3 LELOEEI (2] itk ? Harnack B
FHRERHLTELX DN TS, I TOEPHAER [2] £EARD, &5 A, B SREEMICRBIAMEEZEL RN
LTF, &8 1 OREMOVTERS.
o B, BRIOREDHMES. Thbb, (T} 2 L (m) LORERRBMEFI I 7 EBHE WS REDHET &
T3, COEFLUTIRAMTHS.
(a) £&D £ > 0 WHLT, sup{d(4,B) | A, B C X, m(A) > ¢, m(B) > €} < co.
(b) EED e >0 KHLTHBZIERK c> 0 BELELTERD 0 <t <1 & m(A) 2 ¢, m(B) 2¢e Hhic
THHES A, B THL ¢(t, A, B) > exp(—c/t) BV ILD.
(c) FED e >0 RHLTHZEHR T >0, 6 > 0 FEL T, £RD m(A) > ¢, m(B) > & AT R
#£8 A, BwL o(T,A,B) 2 8 #RDILD.
(d) lim sup =0.

Tof - / fdm
Ented T PES X 1
(e) BU {fu} CF B fy fadm =0, [falla < 1, iMp o0 E(fr, fr) = 0 ZHZH, liMp o0 || fnll1 = 0.

(C)~(e) OREMIETTIAIBNTHED, (a)e(b)=(c) BIISH. BE 1 XD (o)=(a) WS, ThBRRE
Mirreducibility & Vi<, Poincaré OFRFROBEILEL V. N—73EH LD Ornstein-Uhlenbeck Wiz
DWTHL (e) DERILA [1] TRENTWS.

o BL (t) < Crexp(—Ca/t?), 0 <t <1 EWS L5 ORMENBNE, EH 1 LD v < 1 TRFUERS
B, 750 ANVESLOMBEEER TR LELECOL Y FEitdb o LH<, RBERFEDOLTMS
D) FERESND. ZOEE v < 11 walk RoH 2 P bEWD Z &bt L, FEBRRIE diffusive X
13 subdiffusive THBEWIHamEES. [4] THRHIDPLHEWREDTT, KDRLEERIERSN TS,
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Anomalous Pauli electron states
for magnetic fields with tails *
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Several recent papers — see [2]-[5] and references therein — discussed the discrete
spectrum of the two-dimensional Pauli operator with a localized magnetic field B, coming
from an excess magnetic moment, g > 2. The most general result available concerns fields
with a compact support. In this situation the discrete spectrum is nonempty whenever B
is nonzero, and its dimension is 1 + [F] where [F] is the integer part of the related flux (in
natural units).

The main aim of this report is to extend this result to non-compactly supported fields
which behave as O(|z|~27°) for |z| — co.

We consider a two-dimensional electron interacting with a non-homogeneous magnetic
field B = 8142 — 02A; perpendicular to the plane. The field corresponds to a vector
potential A = (A, Ag) = (—820, O1¢) with

1
4@ =5 [ B@ s -yldy. 1)
T JR2
The particle is described by the Pauli Hamiltonian
HE(A) = (-iV - A@) £ £ B(@) @)

We are particularly interested in the case when the electron has an excess magnetic moment,
g > 2. :

We shall suppose that B € L'(R?). This ensures the existence of a global quantity
characterizing the field,

F: B(z)dz. (3)

T2 Jre
Without loss of generality we may assume F' > 0.

We are interested in the situation when the compact-support requirement is weakened
and the decay of the AC states [1] is given by the following result.

Proposition 0.1 Let B(z) = O(|z|72~°%) for some é > 0. Then ¢ is a continuous function
and to any € > 0 there is a positive R such that

|6(z) — Fln|z|| < & In|z] (4)

holds for all |z| > R.
lmp_arc 99-328; math-ph/9909011
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We will also need a bound on the vector potential, or equivalently, on the gradient of
the potential (1). While in general V¢(z) behave as O(]z|™1), in case of zero flux we have
a stronger result.

Proposition 0.2 In addition to the stated integrability and decay assumptions, suppose
that [p. B(y) d*y = 0; then there is p > 0 such that (V¢)(z) = O(|z|~1*) as |z| = co.

Now we are ready to extend the result of [2] about the existence and number of bound
states to fields without a compact support.

Theorem 0.3 Let B € L' be nonzero, B(z) = O(|z|™27%) as |z] = oo, and let the
corresponding flur be F'= N +1n for some N € Ny and n > 0. Then the operator Hl(;)(A)
has for g > 2 at least N + 1 isolated eigenvalues in (—o0,0), multiplicity being counted.

In distinction to the analogous result in [2], Theorem 0.3 says nothing about the situa-
tion when F' = 0. For radially symmetric strong and weak fields the bound state existence
is established in [3] and [2], respectively. For weak fields without the rotational symmetry
we can employ the method of Sec. 6 in [2], but without the assumption about the decay
of V¢ used there.

Theorem 0.4 Let B be as in Theorem 0.8 with F = 0. Then each of the operators
Hf,i)()\A) with g > 2 has for small nonzero A\ a bound state whose energy satisfies the

bound
eH(N) < — exp {— (%(92— 4) /RZA(QJ)?dzx)—l} (5)

for any fized ¢ € (0,1) and X small enough.
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Hypoellipticity of the §;,-Laplacian with infinite degeneracy

EXREE TR ABR

F:C o RITZC® BT, fz,2) = Yooy filz) EBIT, B2 p> 0 IHLTEHH
(E,p)  Af;(z) B, 72T, HBv > 00385 TAS(z;) > exp(—|z;]™) A lz;|™
MY ISLT B, 22T Af; = (02 +02)f;.

D= {(z,w) € C* xC: Imw > f(z)}
L, Dy ?:7&:@ {Z;33_, ? unitary frame &72% Hermitian metric % 5% %:
Z; = 8, +1(0f/02;)0u, § =1,2, Zz=iv20,.

LLF, coordinate X (z,u,r) V%, ZZTu=Rew,r=Imw— f(z) Thd. THL
D; = B; x R, with product metric, (z,u) iX Bf @ coordinate & %Lfifli‘é.
B; E® §,-operator % ¥ 7 compact support & b2 smooth 2T HDZER LT
¢ € CF(By) IKXHLT Gyp = i(Zs&)E By (pwk) = 22:(7}99)57/\ wk
_ i=1 j=1
TEHEL (22T {0} 1t {Z;} @ conjugate dual frame), L? EOBERRICIET 5:
L¥(B; : dvol) 38 L} (A (B;) : dvol) % LA(A®*(By) : dvol) (dvol = 2dz,dy,dz;dy,du).
= DFiE complex ZR L, 5T % Laplacian O, = 8, 8, + 0, 0 1% L} (A% (By)) £T
Os(p10! + paw?) = (—Lipr /4w + (= Lipa/4)w?
LD, ZIZT L EREEREICER T OIROBRMSIERETHD: L=L, + L,
L = (8, + (0f/8y;)8.)* + (8,, — (8f/9;)0.)* + (=1)'T1iAf;0,.

Z DS ERFEIZR U CTRAER Y 310
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TE 1. D2 0<p<1 TERHE (E,p) PHRVIETIL X B; ETC™ loca'lly hypoelliptic,
B o e D'(By) 2L Lo 75 By DBAEA W ETC> #i2bid ¢ & W £ET C> #.

FERAIE Kusuoka-Stroock (J. Fac. Sci. Univ. Tokyo 32 (1985)) D7k & RO EFIZHLS

BE 2. 5 0<p<2 THEMH (E,p) BERVIL, f; € CF° &35 &8 exp(tL/2) @
Lebesque PIEIZBE T DEDHL (heat kernel) k(t, X, X') 75 smooth 7288 L L TFEL, £
BDa,d€Z,B€Zy,yER, By D compact BB K, e,8>0,p<p <2IZHLT

C1yC2,C3,C4 > 0 BIFELTERD ¢ >0 & (X, X') € (K x B)U (B x K) IZ® LT

] 1\ #'/(2=¢") N1z =2 Slu—
5 qa qa ’
|0y 0% 0% k(t, X, X")| < c;exp (cat +c3 (_t) +C4(¥) - 21+ e)t E— .

EBICIZ k(4 X, X') T 2 ROREEF N 5:
1
Bt (2, w), () = 2—/ dee™ 40 ">qu<t 5, 7456).
ZIT g5(t, 24,255 €) 1
Li(€) = (B, — i€(05/0y;))" + (B, +i€(25 /02,))" + (~1VEAS;

D 1/2 1Zxt a3 % heat kernel T&H ¥, Feynman-Kac-It6 formula IZ X W REBE I 5:

Nt
qj(t,Zj,Z;-;f) = EO 25 [exp ZE/ Vf(z(s))*dz(s +£ Af] )ds):| - ( - ) '

2mt
IzZT Eé’j IE 2 5T Brown EE) 2(s) = (2(s),y(s)) D 2(0) = z, 2(t) = ' DFMAFFELY,
/ V£ (2(s)) * dz(s) = / (9, f5(2(s))dz(s) — e, f5(2(s))dy(s))

Thb. TORBEIT—FIEHES Th 50 FESEE LUK, Af; 2 o; ZicL
D B 72 () ISR B A BRI S TR LoV b iz 2 B, BT URL:

http://www.math.h.kyoto-u.ac.jp/ ueki/ @ preprint SR X 7=\,
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12,
MESRART BT 2R H B L L REEAIFZE )

R 114 10 A 26 B (k) - 10 A 28 B (K)

PRHE R TR ICR

1

WEEA ¢ HIE R (ARFHRUE), BE EE ERI¥RFEL)

B RO LT, FRDEE LT, (1) HFHER, Q) BREBROEEMED LV
REMEOMEYT, 20 B, BB L 0E e, BEMART — 2 1085 < EIEm
B ORE N OMERREEHRLEY, JHT 22108y, Bt EBOGREOS
BRI L A28 BOMENERS BT B CEE I L.

BHRERIZALTL, MADOTEOAICHBMAERF L, BRSBTS Ry e
FRAH, $HDWE, HEFEREOME S IEBEET AIEREROFEEL SIi o THEEN A S
.

EFBERIZE L TE, EFED 2 WIIEREECET 2ERN WD/ 6P, Eird
IR R ORRK, 7L ZAIXEEORE T — X 2RI — BRSO ERM BRI OV TO
BT, 3D VBT OSIEN S ORFZER Y, NS hTe.

EEITL 31, BIMEFIL4447T, BRETCHOEENOEMEOHZRBENH Y, BE
LTIERZEFRLREN, ZEHNTERER L VRS ALATHT-.

70T ABLOEBEARTIIRELBEORY Thh, BENEESERTOFREAL LD
LT, REHDVIIREREOBET, SEEMEEZMATZLOTHS.
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10 A 26 B (k)

13:00-14:00 FHJR BE (& EHBRFEFHRULED)
TERIETTB{bIZ iéﬁﬁmﬁ&%& ,

14:00-15:00 FF Sk (BRUBERZEH AT LAZEFRER)
— N R\ EELT — X [EHEE

15:15-16:15 8 K 32 (BRUBEXFER S AT LZHER)
BB R & B RIER SR

16:15-17:15 [UiR & (GHERFLFRER)

On-Off Intermittency and Nonlinear Time Series Modeling

10 B 278 (K)

9:30-10:30  JIEF F =, FHRE EER (ERBERFBERS X T LW
Evaluation for Convergence of Wavlet-Based Estimation on Fractional
Brownian Motion

10:30-11:30 K& WBWE (N KFZI AT MERZHFER)
BEHOWBIEREE D BT HREBEVRT LAOHFE(L
13:00-14:00 o B CREEBRFZTEE)

AT AT DO HIALTFER & IEBRTEER BMEIZ SN T
14:00-15:00 #47H B GERKXFILFRFER)

B L7mAcwt 425 KMoO-7 v a vy U FEREGRIC YN T
15:15-16:15 [H vB& (RRKFLFERWIER)

FEMR I BARHT & FERTE TR 2 T
16:15-17:15  &F A (URERFEF AR

Z IR T D IR TE K RARHT & JEBIE FRIEITIZ oW T

10 A 28 B (K)
9:30-10:30 B H (FisHEFRar e

Predictions in Nonlinear Sciences and Time Series Analysis
10:30-11:30 @&F AN (LiEERFIRFRIER),
AR BUR, Wl Bih, R EE GIRRFLERWIR)
HERIRE (L & RREENT K9 5 IR R T I DV T

13:00-14:00 B (UMRZHEZEE) , PE BE WERFERESH
The Impact o‘f ENSO Event on Japanese Climate

— 157 —



FRRFSLICE T 2R EEEEEK
FR R (4 EERERRIL)

FRFEFFICBNT, BEELOBE, HIEOBERFICH L THEIFEE R & &b
RV TR e, [TIEEBIEANIZ 0TI T B, BB e, ~e ™ DD, T L E, By
# error exponent &9, 5 Z 5377 error exponent (ZxF L FAUEERK LB 2 B/NOH
kL — FEB/INFFLL— e RNEFE L — FOWBSUIEEMEREL L ETh
TWd. BELODFEDE/NFELL— B LOMEEEBEOEFOMERL 1] 1hH 5.

CITRHEAEZHFIEELEADL. BEATRLIEABENEZONTVT, ES 0 d
FEICS LELN L D 2 X 51E%Y e,(D) £95. BEHLZEE ¢, (D) ~ve™ %
ERE LS RANOHEELL— F R(D.r) % (D,r)-BMFEEL—FEWVD. BELHOH
BORNFEFL— FERD D Z L IFEARNLRETH D2, 1974 2 K. Marton 2NF
7 NT 7y MEREERIFIZS LT (D, n)-B/IFELL— MR DHT, L
BAFZEITIT L A EHER L TR, ‘

FROMBITIEHEEN IR EZTRD I L THY, BERICBTIRREEEHED
Wt OERAYH D & &, L0 —RARIEHRIFEICR L TRAEBIL L — MR E S 2 L 0VH)
FTED., ZOFHHELT, EBLEBT Y ABERFEOR/NFELL— F2RD 5.

MR X = (X, 2975 N(0,0%) O iid. 0%, MEEH Y ABEREL NS, B
HBEIL pla,y) =z -y, v,y e R, £ T5. ROBEREMPFEATE .

I 1 (Thara, Kubo [2]) #EEIEN & 2 BUBHIEICR L,
R(D,r) = max{R(D; v); D(vl|p) < r) (1)

DALY ILD. Z 2T, plk N(0,0%) 54, D||p) E5FH piZdd v OF L "=
YA (¥t hev—-), R(Dyv)iZvoL— | - ELHEEEK.

KB (1) 1%, BRTAT 7~y MEREHHRIFEICET 5 Marton ORIl 57200,
INEY, Lol —BMOBREIHLTH (1) OFBOARBHKY L2 ENTFRENS.

BFEIL— A b— |k BABEE LV NSV E XTI, —EDEEOTTIE, BOHES
1 IR RBESREIZINET B, ZOBED (D, r)-RAEE{LL— b RY(D,r) REEIZE
BTED., ZOELLEFINIHERIZODVTIRHKROMBENEHTE S,

EH 2 ([2]) B 1 OELIEA 7 ABUEHRIFIZS L,
R(D,r) = min{R(D;v); D(v||x) <7} (2)
DSEL Y 3L,
BE Xk
1. SEREE, FHIERICBIT DIERAT MVBFE, AR, B, 1998.

2. S. Thara and M. Kubo, Error exponent for coding of memoryless Gaussian sources
with fidelity criterion, IEICE Trans. Fundamentals, E-83-A (2000), 1891-1897.
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V— b E#HW-BEHT—2EHEE
B S (BRKIEFRD AT LEHER)

B, 7awvyY— g, XARY— ME, ACBiEE VLo, Y= EW O BERZ R
LB T —H EFRIEPESBEINTND., Y= FEAWEERECEYT 2 N ET
DR T, EBRBARTEAEIZITOATE Y, EREERECRE T 2 R MEHIT & A
EfThit Tz, Zfi%:‘i‘%'( . YV — FERWEET LT — 2 EEEC A SRR R A
Eﬁ#é&#m,yw%&w5@¢;¢oT%Eﬁim§ﬁa% LA ST D,
7w s Y MEE Burrows, Wheeler [1] (ZX > TRESN. £TRIEV— %
FV- BW B & IRIE A HRIZ K - THID RSB 7W1¢Lﬁ[//’p‘fﬁ(7ffj‘7qft/&1T LRI o
EAEHECANTWA, 0%, 743U XLOMPOTFREEZ CBEINTL LO
@sBWZ@v‘OT%Eﬁ%4ﬂ&£iWAﬁM+EL @éﬁék% AN
Wﬁiiﬁ+“ HAThRTOARN. B, AR, BT FERRHICT LT 8

— MEICBIT AR [3] &, &bz a 7HERIFIH LT -H?if‘:myﬁa [2] &R L,
Burrows Wheeler 7L d) XA LV ba—Lb—hE2BRTED 7, TEH

Nbs!
WOMEO+ 4544 4 #5272 B B XV ey 7 Y— MEZLD iz.%riv%' 10
fEH & KMR 72 ) X ADREIZ DV THHA7Z. Effros (1999) | iﬁFRH" BRI X
DUEEZH X

HE, 5% (1996) MR LIZURY — MEIE, 7o vy V— MEBRRIEE L o ThH
DRFNCEH LT BIZE B BT OO LT, RI%E 1 AT DAL T 80
FEOBEEZIT TV D.

Lempel-Ziv [EMEIEIL, £O—8IZ EROAR Y — MEAHIMAL Z L2~ T, JEiE
PERED ] LA FRETH D Z E BB LI/ 0 D25 5. Buyanovski (1994) i Associative
Coder ##EL TW5.

LSHOMELEE LTI, BEINTVWDEEO T /LAY X AOHEREI R EMEIERE O f#
MNSETHD, £, V— MERESZSAT—YEBZLOAWNGILTW RV, FEA
F— S E~DIEALEIOND

EECP S

[1] M. Burrows and D. J. Wheeler, A block-sorting lossless data compression algorithm.
SRC Research Report 124, Digital Systems Rescarch Center, Palo Alto, CA, 1994.

[2] M. Arimura and H. Yamamoto, Asymptotic optimality of the block sorting data
compression algorithm, IEICE Trans. Fundamentals, E81-A (1998), 2117-2122.

[3] M. Arimura and H. Yamamoto, Almoest sure convergence coding theorem for block
sorting data compression algorithm, In Proc. 1998 Int. Symp. on Inform. Theory and
Its Appl., 286-289, Mexico City, 1998.

[4] BRHERE, 70w 7 Y — T Z EREEIC B D BRI, MO L Yl%g

5] R %8, Tuy s Y — b T EREICET OB R, BT HRBELSH EE,
J81-A (1998), 437-444.
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ELBE R & IRIRIRAT S L AR
KR (BBEKERS AT LEFRERH))

In the problem of random number generation, the purpose is in general to simulate the
source Y with a. distribution g ({arget distribution) by using the source X with a given
probability p (coin distribution). von Newmnaun [1] has considered the problem to simulate
a fair random bit by repeatedly using a biased coin with an unknown distribution. Elias
[2] has clarified that optimal expected number of generated fair random bits per coin toss
is equal asymptotically to the entropy rate of X. Vembu and Verdit [3] have shown that
the optimal rate at which we can generate fair random bits from a general source X with
arbitrary accuracy in the sense of some vanishing distance between the distribution of the
generated codeword process and the uniform distribution is equal to liminf, %H (A™).
On the other hand, it was conjectured for a long time that an output sequence from an
optimal source code be a uniform random sequence, becanse any incompressible sequence
seemingly looks like a uniform random sequence. Visweswariah et al. [4] and Han [5] have
independently made clear that this folklore is in fact true.

On the other hand, if we impose unequal costs on code symbols, it is no longer optimal
to use the code which minimizes the average codeword length. It is instead required
to use the codes which minimize the average codeword cost. Several studies have been
made on the source coding problem in this setting. Karp [6] has given an algorithm
for constructing minimum-redundancy prefix codes with unequal cost symbols. Iwata «f
al. [7] have proposed an universal lossless coding algorithm for minimizing the average
codeword cost for stationary sources based on the Lempel-Ziv (LZ78) code. Hereafter,
we shall call the code constructed in the case with unequal cost symbols the source code
with cost. Naturally, there would exist a bias in the frequency of code symbols generated
by an optimal source code with cost. Can we then consider the optimal variable-length
source code with cost as a variable-length nonuniform random number generator? The
purpose of this talk is to demonstrate that the answer to this question is “yves”.
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On-Off Intermittency and Nonlinear Time Series Modeling

iR BE (R I—r—(ﬁﬁ )

A simple form of two coupled oscillators in a synchronized state is given by

(1) XN(n+1)=F(X(n)),
(2) Y(n+1) =G (n), u(n)),
3 p(n) = H(X(n)),

where the p is a system parameter. Since the variable X (n) controls the system paraineter
of the dynamics of Y (n), the stability of ¥ (n) changes along the time evolution of these
variables.

The state in which the dynamics of Y (n) is stable and the synchronized state is main-
tained is called laminar or off-state. On the other hand, the state in which dynamics of
Y'(n) becomes unstable and the synchronized state is violated is called sudden busts or
on-state. The random changes between on and off state is often called on-off intermittency.

In the mechanism of on-off intermittency, there exists unobservable variables X (n)
which control the stability of the observable variable Y (n). We can introduce the notion of
unobservables into the statistical time series model by replacing the equation (1) by AR(1)-
process, and assuming the most simple interaction of bilinear type G(Y(n). X(n — 1)) =
Y (n)X(n —1) for (2) and (3):

(4) X(n)=aX(n—1)+e(n),

(5) Y(n) =Y(n—1)X(n)+e(n),

where @ is a constant and £(n), e(n) are sequences of independent random variables. We
call this model autoregressive coefficient autoregressive model (ACA model). The behavior
of this model is very similar to on-off intermittency chaos. While the unobservables in
the on-off intermittency control the stability of synchronized state, the unobservable in
ACA model controls the stationarity -of the observable, that is if X(n) enters the region
of | X(n)] > 1, ¥(n) becomes nonstationary, which results in the burst behavior of ¥ (n).
The ACA model can be easily expanded to the generalized model of the forin

(6) Xi(n) =

Mws

n«z)‘x’(n - 7) +é ( )

T

(7) Y(n) =Y X;(n)Y(n—1i)+e(n),

M=

=1

Il

where a;; is a constant and e;(n), e(n) arc sequences of independent random variables.
We call this model ACA(p, ¢) model. We will discuss the parameter estimation algorithin,
prediction based on state space representation and its application to the data of population
dynamics. |
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Evaluation for Convergence of Wavelet-Based Estimation on
Fractional Brownian Motion
Nigs =, Z&HE ZEE (BEKRKEHRIZAT LEHILH)

Two wavelet-based estimators on fractional Brownian motion (FBM) are evaluated
through the large deviation principle (LDP). These are 5 and H, the estimator of (i)
the variance of wavelet coeflicients of FBM for each scale j and (ii) the Hurst parameter,
respectively, where H is obtained from the slope of the linear regression of 612 for a
number of scales. Both estimators are shown to be consistent from the ergodic theorcm.
We perform detailed calculations related to LDP for stationary Gaussian processes with
unbounded and non-L? power spectrum, to obtain L!-estimates of the convergence of both
estimators. A wavelet-based representation of the bias of the estimators is introduced and
successfully used in the theory, reflecting the quantitative analysis results on FBM to the

corresponding analysis of wavelet coefficients.
Let By (t) be a FBM and let the wavelet coefficients {d;(k);j, k € Z} of FBM be

By (1) (D)t

‘where 1;4(t) = 279/%(279t — k). Let Ty > 0 be a time instant up to which FBM signal
is observed. Then, the number N; = N;(T;) of available wavelet coefficients at scale j up
to Ty satisfied N; ~ 27T,

The two estimators we consider are 57 = 57 (Tp) and f{\TO, defined by

Nj
o7 = ]_V— Z \d;(k)[°. logé? = (2Hg, + 1)j + constant.

The following results are our main theorems.
Theorem 1. For N; = N;(Ty), there exists a conctant Cy > 0 such that

Z |d; (k)® — Elj;(0)]

Jkl

:l < Oy - 2@HHE/2)] [y0~1/"2.

Theorem 2. There exists a conctant Cy > 0 so that
[]H,b Hi]H Cp -T2

These results are derived from a theorem obtained from a LDP for stationary Gaussian
processes.
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e LTEI 28125, BERIZBLTETOT =4 LETRT — % L OMOBE S 2B
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RLo b L— KA 7BMR &R (%R - BLEKE VD) R(D) 2BICEET 2
TENERMBETHD.

Z ORIREIE, Many-Help-One BRH & MRS, ZHEFIHERBROSEF T2 0 F4imn
EARRRMBREABEE LTHMONTOD. ARBETHE, ZORMBEICET S I ETOEDHO
FERIZOWTHERT D.

BRT N7 7y N TCERMEN dz,y) =0ifz =yand Lelse DHFEEEZD. 2
DG D Two-Help-One BIRED—FIRRIZ M 52 Korner, Marton [1] (2L »>THER
i HEIREOBHREEZRRBRIA L, SEFECESIFELOFEZLVEEL
FEFRAFER L, fEARE L7, —F, Gelfand, Pinsker [2] IZEHRIFE O, CLEH L
M D, MEEGEH-THAIZER L.

CI&EH: X N52007&BOTT X, .., X EEHAMITHS.
L, FHRIRD CL £ 277 HEICER R (0) 2 L EOmMBIHERER S B 75
BWEERETHBIZRDZ. LHrL D >0 OBEICE, FEASRENELNL TR,

FEHRIED Cl AW T AERRTH Y, D OERBEN T 2 FRREVIEAIC
DU TiE Oohama [3] 23BN Ry (D) 2R E L7z, ZOFERIT Oohama 12425 2 20k
R[4, 5] #8RI0OHE L LTED.
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PRTWS, ZHLDOBRBEREL I AADONENSIEZ & D T BERFOTEL
ﬁxﬁ%ﬂ%ﬁJ&WﬁﬂT%éﬂ}:@£5Eﬁ%ﬂﬁdwfﬁ¥ﬂﬁ%%%ﬁﬁé
BEOFEAZR L 2 D00, BORAATERTHD [2,3]. HLEBENERNLE UBRIES
PEBIL, BREABNOBELERT ALY, TOHZEREEMABRFBEECS
B EINMREEN TN D, HAARBERFIFENT CIE, ZOLDOEBIZESNTHEGE T 5
RINE B DR, Bz, 777 &m7ﬁy5w%,%ﬁW EMEREE, 2, 77
7 & VIR TLIRHT, J77/72A w%ﬁ Rl U CEENIZERT D

ReRFNEFHOREBREEDS ik, BlZE, BENS O KMy0-F v a i iR

A | %4<mmﬁﬁ%5#,::fi HEFROBDASEBO A TS AT bL~Oi
’—55(;’%"(%2’"'4" UTFORREEZD.

( 1) = fulx(t), u(t))
(1) u(t+1) = g(u ()
y(t) = h(z(t))

BL, o (TWRERY L. fFIINER (NTA—F u), wldAHN, gl udDF A7
A, h HBEEEETSD. ZOLHWRIIZEWT, [4, 5 THEHINTHWAHOARE
A, 777 4NVERIIHLTLHEATELIE~DILEEZZEZD.

ZOFEBIZESNT, BITO LD RRREZER

(2) U() = {y( )7y(t - 1)7 "'7y<t - (777, - 1)),u(t),u(t o 1)7 ...,U(t - (l - l))}
ZHERL L,

3 yt+1)=F{y®),ylt -1, ...yt - (m 1)), (t),U(t— D ult = { - 1))}
TEZEINIBE F 2325, Waom, | +oE<l$5 B EHITED Y A F

\72f&ﬁ%m¢4+\7AF@%hilﬁlm%%%%&ﬁ5 EHED. £ Z
T, BRIEF y & u O, X (1) OLIRERIHD L E, X (2) L DBEERL,

(4) v(t) = {y(t),y(t - 1), .. l/(l‘ = (m—1))}

ZLOBEERAET D, N (2) (L DEMMPEDIAL L Y, ELL f #H#ETX

%. Grenger [6] ZRY, FREEOE ﬂ: ZESBRINESHORRBREOFE af/E%’T

g, X (2) ILEDFRBEOR LD, y & u ORMORRBROFEELRT Z L2225,
S &k
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KMyO-7 v ¥ 2 vy Vv HBRRGRIBHE Y MLZERRORNICHT 2H%Ch Y, B
RINOPERHT, R, FRBHT2SIZHOONS. SEIORETHE, v = 7y
ﬁ“*(/)if?n’?ﬁ/ﬁ"@ I 2 SERIZEB &, WMABBELTWARAICERE LTESRT 2.

= (X(n); 0 <n < N) (X(n) =4 Xi(n), .., Xg(n))) ZFBEY FILZER W RO
‘/kﬁ@?iﬁnt?“é. X(n) @%W%%%Fﬁ MPTHX)={X;(k); 1<j<d,0<k<n—1}
CHETDZLIED, B8 v (X) = (1 (X)(n); 0<n < N) & HT

vi(X)(n) = X(n) - PA,jél—l(X)X(n).
SOEE, WEBIIITIBR v, = (v (0, k) 0 S k< n S N) BET 5

27+ (n, k)X (k) + vi(X)(n) (1 <n<N).

LOBRMRRERMT Ty ORFEE LMDL(X) EBL. Fi X #EREEE Lih X0e) =
(XUe)(l); —N <1<0) #EBA D LIZhY, LMD (X) bREEICESSNS.
EET (1) fh X MRk, BB, {X;(n);1<5<d,0<n< N} B—R&IMTARGH,
LMDy (X) M= DD IE 7. (X) DS S,
(if) LMD (X) DTN 3B, /b |lyall = (D00, TR0 Sy ey vapg(n, B)2)12 2380/0
L BT AL(X) DME—DIEET D
TE LX) T X AT D KM, 0-F o = o EGRATRIBR O DY, fin X O
%R % k4 5 5N

n—-1

- L AHN W + 2 (X)) (1<)

X(N Z (0, k)X (N = k) 4+ - (XTN)(n) (1< n<N).
Z, W X IZMHET 5 KMoO-7 PV a Uy B L.
YI(X) & EBEAIRD B0, FEBOTFE w 0o LT, X¥ = (X¥(n)) %
X¥(n)=X(n) -+ wf(n) (0<n<N)
TEETD. IIT, £=(En) 13X LEETDIBERIENTH 5.

EE2 (1) Wi XY 3R (v > 0).

(ii) MBRR 1(X;¢) = lim WX (. k) BTFE L, (X €) € LMD (X) .

(iii) € DA A R, BIS, (£0m), ")) = Amnd D&, 0(X;6) = +0(X) .
EEI W & dim W > (N4 1)d 0 D587 FAVERMEL, €= (&(n)) & W NI
Bl d RFEOTALTH. ZE &, (MY (E): NOEEOTNX = (X (n) (2R LT
YHX;E) = yU(X) B SE222 1, 3BT M)A XBTHD.
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777 L

NIYUX,Y) = {f € LA, B, P); f 1 By Y(X,Y)-7Ti#l}
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Predictions in Nonlinear Sciences and Time Series Analysis

RIS 5 (WEHRERETIERN)

The behavior of chaotic processes generated by relatively simple dynamical systems is
the subject of ongoing research in complex systems. Many researchers in these ficlds are
scientists with backgrounds in physical sciences and engineering interested in constructing
simple non-linear models to simulate complex phenomena in natural and social sciences.

On the other hand, a major concern of traditional statistical time series analysis has
been the model estimation, prediction and control of linear and nonlinear time series
generated from stochastic processes. Models for prediction and control of multivariate
systems often involve complex feedbacks among the variables. Linear models have been
useful in producing good results in real applications such as control of power plant boilers
or cement rotary kilns. With the development of Akaike’s Information Criterion, the
linear time series approach has made remarkable progress in the last few decades.

Since the late 1970’s, however, new types of time series data, often with very nonlinear
and complex patterns of oscillation, for example limit cyclic nonlinear vibrations in me-
chanical engineering, EEG data taken from epileptic subjects or ECG data in biomedical
sciences, have lead statistical time series analvsts to the development of non-linear and
non-stationary time series models. Here, although their main concern is still model esti-
mation, prediction and control, checking whether an “estimated” model generates time
series “similar” to the real data is also an important issue.

It is easy to contrast statistical time series analysis and chaos time series analysis born
from physics. However, it is more productive to find similarities in the two approaches
which will help to solve many difficult problems arising from sciences. In the present talk
I would like to show that the concept of “prediction” can still play an important role
in yielding useful applications by bringing the classic time series methods and models in
modern nonlinear sciences together.
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The Impact of ENSO Event on Japanese Climate
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%#k%ﬂ%ﬁt?%@%ﬁ&BWKN—?%VX@bétbwﬁg%ﬁ\+ﬁ%#%ﬁ%bfwt
ﬁwto%*Ruu%%?wt%%%?w%ﬁofx&@@#ﬁ%%mbmb&MLC@%WAMJ
Dﬁ%%%étﬂéﬁ#?kwiFﬁﬁ@iﬁﬁ%é:tﬂow{ﬁ%tfwtﬁwtoﬁ%ﬁmﬁ
7 7 D&% KW L 7z random sampling (2 & A E IR # oS5 T % WZOWTHRE L7z, MK
uADﬁ%%meﬁn%¥ﬁ%ﬁmﬂﬁﬁﬁ%#ﬁ%ﬁﬁ%#@%av%i%05%%ﬁ$ﬁ%&
%%®%$EE%@%@ﬁﬁ§%ﬁ&mﬁ%ﬁﬁk§Wb%@éﬁ%ﬁ%btoﬁ*&@dmmm&
NTRZY=v Ry MT— 2% attracting set 128D & 9 % Lotka-Volterra % 12 mutation rEA
T % & HD chaotic % BRHLAE LD 2 & & mutation rarte DK X = 1755 CTEDHEIELTS
REHE L7,
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WEAEBRE FVIIBI B EFSAM, HE, HEREX

JIREA (BEEAT)O, EH—% BRAL)®, §ELME (FEEAT)®

(1) masato@lam.osu.sci.ynu.ac.jp
(2) sato@sys.eng.shizuoka.ac.jp
(3) norio@mathlab.sci.ynu.ac.jp

§1 X LI

ARFFeCit, Sato and Konno [1] I2& VEA Sz, HEBBETF VDY I ATV TIRET.
3. IO 5 AOHENREAI21E, Matsuda, Ogita, Sasaki and Sato [2] 12X 2T, R7EPRE VI 2
L—3 3 % BT, %72 Durrett and Swindle [3], Durrett and Schinazi [4], Durrett [5], Schinazi
[6] I2& 2T, EMIHITITEINTVE, 20X BRLESE 2T, #41%, Monte Carlo ¥ 3 =
L=varicky, T3 DOHEMIOWTHNTEIT o 72,

(1)  Harris-FKG & U BFKL A& DT
Harris- FKG AERIIUTOE I R 4 TE VI

pGg) o pGg) o . i 10.1.2 1

p(J) _P('l): P(]) _p(Z) (7‘,.7 G{ ) }) ()
IORENIE, BFEICHL 204 PEIOHBEEEREL WS, BANIIR, KB OME p(i) &,
IREE j OBEIIREE ¢« MEAET 2HEF p(i)) BT 530 THAH. —7, BFKL AERARUTOL
AL TN

p(ijk) _ plig)  pligk) o p(ij) >
oGRS 60 G e BRESOL) @

TR, B3 H 4 NIOBEAET. DF 0, R OBICRE | SHET HRE, KRB
ROk OBICIREE « SFET BHEE p(ijk) 2 ILBT 5 b D TH % (Belitsky, Ferrari, Konno and
Liggett [7] ZH).

(2) RNFA-FREAE&RLED, ERGAEETHROER. I, SEAFERLEOFELZ
DERFRBIIDONWT

(3)  TRHEL & DR BT EESHO YT 7 O

§2 E 7N DA

72 D&Y A M, 0,1,2 @ 3R E D, 03EHIC, 1,2 RERENEGR, BEIFET LS
SEIBT S, ToEFME, {0,1,2)% ICEE L AERHEOYLITERT, F15 37 RERL
TTHEILNS. '

(Rule 1) 1 — 0, BRFE 1
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(Rule 2) 2 — 0, EHBE 1
(Rule 3) 0 — 1, EBE X xn(l)
(Rule4) 0 — 2, EBBFR axyuxn(2)
(Rule 5) 1 — 2, ZEBHEE uxn(2)

ZIZT, Ma,p20THY, £72, n(1),n(2) 1, TNEFNEBLTNIEH A FOBREED 1,2 O
e RKT.

§8 R RUSHROFRE

Monte Carlo ¥ 2 b —3ar%, ¥4 2MEIRED L 159 1500 step £ THEIT 5. BFH A4 X
(3 100 x 100 = 10000 TH 5. HEIZOWTIE, FEEEUORB R L EHNICEN LRI -
oo KIZ, a=0,1 OBEIZ, HEARERIIOWTOREY T EDLEUTOLIICE A,
#MHIZ, Harris FKG 7 4 7OMBARERIZOVTIE, UTFTOZ Y iroE FHEINS.
p(id) o . |
TN = ’ 3
o0 p(3) (3)
p(if) . o,
o) < p) for i # j. (4)

RIZ, BFKL 7 {4 7OMPEARERICoWTE, EXTRONS L) 2HELHAIGEIR A2
otz Ez, BERETIE, BITLHEETRED L) 2UHREPLHEE - TH, PHEEND

RREIBEF-FBLAFERERD, ZOZ EIXAEHEREN,
GRIZ, SO ITADKHRLHEIIOVT, BENTERE VBTN 2RSS L 12 Lz,

BRI, BRI LT85\, S B, EIESEE RS L T3

S 3

[1] K. Sato and N. Konno, Successional dynamical models on the 2-dimensional lattice space, J.
Phys. Soc. Jpn., Vol. 64, pp. 1866-1869, 1995.

[2] H. Matsuda, N. Ogita, A. Sasaki and K. Sato, Statistical mechanics of population, Prog. Theor-
Phys., 88, pp.1035-1049, 1992.

[3] R. Durrett and G. Swindle, Are there bushes in a forest ?, Stoc. Proc. Appl., 37, pp.19-31,
1991.

[4] R. Durrett and R. Schinazi, Asysmptotic critical value for a competition model, Ann. Appl.
Prob., 3, pp.1047-1066, 1993.

[5] R. Durrett, Ten Lectures on Particle Systems, St. Flour Lecture Notes, 1993.

[6] R. Schinazi, On an interacting particle system modeling an epidemic, J. Math. Biol., 34,
pp.915-925, 1996.

[7] V. Belitsky, P. A. Ferrari, N. Konno and T. M. Liggett, A strong correlation inequality for
contact processes and oriented percolation, Stoch. Proc. Appl. Vol. 67, pp.213-225, 1997.
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a2vy b Tav AMEFVOHBARER E T AL

L8 o (BREAT)

norio@mathlab.sci.ynu.ac.jp

KFEETIE, avF 27 b - TORRBEFNVEW) Z LT, TEEEE, Hl2IE, d RITOBIL
FHFRV) - L TEHRTE S, EEFEOMBIY Y7 b - 7o0bx (ZHMICEHTIEDLL
W, FELEEEE ISR S) R, 1RTOFAEE b O—a L — ¥ a YOBEITRILT A HERE
RN&, ENPLRBONDERTEMVOELLOFEL FLIIERD (352 - Tub R, 19744
\Z TEHarris [1] & o TEAIN, $2, a¥ 57 b TUbARBOFERZFoFHELESH
T TB L [2-6) .

DFEEARICT A0, ZITIH1ARTO (basic) 37 b - 7RERICHEERET 5.
BARRIZOWTIR, BEPICEERRTLIZLICT S,

9, o(A) 1, WHIREL LTRADERE AL L&, BERELCOBANT - LHE
Lt 5, MADEFHRLT S, COEFHE (A) ITHLT, v(A)=1-0(A) 22E*EZ 5.
I, ADPLHBELLERAOEEGITRBREES LD, 2ENVRAPKRRT 2HEEHEbLTY
B, ZORANOMBRERIZH LT, UWTOL) 2EOPOMBEAERSHON TS,

(1) Harris-FKG A%3 (T.E.Harris [7])

BMETWHEETHLR FKG AER Bl a2 vy 7 b - Juob AR fAvaz iicky, 2E0H

BEREXFZ6NG.
v(AUB) > v(A)v(B)

BL, A B REEDOEETHL. LLTHREL.
(2) Submodularity (T.E.Harris [1]).

v(ANB)+v(AUB) > v(A) + v(B)

(3) BFKL I"%3= (V.Belitsky, P.A.Ferrari, N.Konno and T.M.Liggett [9])
R AT EFL 2 DDOHBEAREXZBEL L, UTOF LW A TOREXEL/SLZ LITED
L7,
v(ANBW(AUB) > v(A)v(B)

ZOH LW A TORERL, ARTIE [BFKL A% &ERZ L2l k9. BFKL A&,
av¥a-¥% - 33ial—3arofRtd L, BEEMFEOSFETHVLN TV [T
[10-12) D—H 2 FFMICEJLL A2 Z LB LTV A,
LFREIEOHBEAEADICHE LTI, ThH6ZHWVEZ EIZIDEFE A\, OTFRS—HE2S
HiZE L EHHER p(\) O ERERDH I EFHEDLZETHL, ZOMHBRERZH VD HE (B
BAERE) LA D ROPBOFEL MO N TV AEA, HEREREISMOIEIC T, Ty

—77, BRHEER N, OLBRREFREE p(A) OTRZROL72OICHERHBERER D FHEE
NTWEY, BRERVPLIEHIEEIIL TR, TZTHHLTWA I RTa vy 7+ 7ok
ADHFEIIE, YIa2lb=va L YBREREIMTONRTEY, BILTAHI EPRBENTVD
(A.Y.Tretyakov, V.Belitsky, N.Konno and T.Yamaguchi [17] ). Z ®HMEAARZERIL, 1978 4£12,
R.Holley and T.M.Liggett [18] %%, EFMEZHW, 1XTOI ¥ 7 b - SO AOBEREICHET
5, B LTREENIIEVCERZEZLFRIGECHEB LTINS,
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L2L, OB BHERERNEICLSHROREE LTEOPORBHEITFET S, FNERX
LENC, avy s b 7ur APHEEARSERE (BF2, BFKL %) K2 LLEBIZOWTEZRT
AL, B3LBl EbUT3I20BMIEET 5.

w1liE, arsy s b FOEIARING (attractive) EWVIHEEFoTWLIETHD, T
OWHEE, BERANIEERAL) LPAALEDSEL, HIHALI LI NHNEVIBETD
A, BHEAOEFVEZHELMOFE, RS ] T AHETH A,

B2, ayy s b-TabAN{0,1} £ 2RKEREDLTOEATHEHI L. 2T, {0,1,2}
DEHIZ3REREFNL DR Y L AEFLICH L TIZ, BAZH S ERICHINT AHETRER
iz AEmsnTwin, fzE, ZRECERNTRIE, SHEAYWITFET S EBRORENE
EOFEICHBRL, HAEOMBEEIFMTELI LI, BEEELZEZIONS.

#3iE, vy s b TULAE—EBETORFETHRERACRoTLEY &, FRUET-
ERERNZTORFICRDZEVHIBETHS. (ZOBEIZED), FHMBVEVOEHEEH ST,
ETIREATHEEVHILUND, BEHTLZWEESHAOEORLITONRWV,)

rEOZEEE LoD, HEAENEORE, RUFNIIHTAEREDE A DRFFEIZOVT,
DUT B RRT RN,

HEAREREDOSBOBEL LTI, BICETHRR22008E [TRINA], [ 21RE] owih
POWEDRIFIL &I, HEARAERAPRILTLOP, LWHITLTHL,

FTEIFBORNME V) BEICEEL T, L2 20F%R, (Harris-FKG 7~%3. & BFKL
AER) PRI ZHETORY T 505, REPTHL, BAWIZIE, SHREHMOBELLF —
F< + > (Domany-Kinzel model & -1 5 [19,20)) I2BWT, §Bl% A, B(c2Z) (#HIziE
A=1{0}, B=1{2} ®, A={-2,0}, B=1{0,2}) OBAIW, E¥FHhvu - rIalb—ar¥
ToTwa, #0&E, Haris-FKG AEROH AL, FERINREES TH BRI L TV A RSN
WZ Loz, —7, BFKL AEROBEIIHEBRBTIEIMY T, L5653 N2WIRET
# % (S.Takahashi, A.Y.Tretyakov and N.Konno [21]).

%7z, Harris Q% [7] THV2ERICEI o TH, HEHED Harris- FKG AER DO RIZIERE &
N5HZENGHhoTWS (N.Konno [22]) .

BARIIZIE, 4 F T Harris-FKG A% % BFKL A%R003, WNHZBAICORK YD L)
A A=V ERFoTW, LA L, FEROLIaL—2arOERREERFTAE, EHLEHT
E R, Yo b —RRICHERNMNLZBETORYTALEITHE. L LA, B TAHEDOEMAELT
BRI, avy 7 7O RA0OBEICE, BERARICHICT S, B ICKFErERT AV
DHEFED T TH B REHEATE .

F2ERHOSREOBEFIZEIRIPEVI T EICHELT, BEHRLIL2XTHRTFLD 3IRE
DA 2 v 7 RREEEBRE TV GIERINET V) 1Zx00T 5 Harris-FKG 7 4 7ORERX R
BFKL % 1 7OARERIZOVWTS, FrFiig - Ial—arafllifE2BoTwns, »
THOBED, FEEIPZINRTVEVIBTRT, MM TORERIFEZLTWDEE)ITHS
(M.Urano, N.Konno and K.Sato [23], M.Kawahigashi, N.Konno and K.Sato [24]) . #§i, fli&Z
BEFVICELTIR, ABEHEOWMORER HEABBEFVIIBITA2EESM, N, MER%ER UK
BN (BEEKD), £E—F (BRKXL), S8 HE BERAT) | CTELLBRONATFETHS.

Pl k)%, ERIEPRLREDEEI1ZY, Harris-FKG ¥ 4 7OFR%K L BFKL ¥4 7D
RERZTWHT BT LI, SHBOBRETHD. 72, WINAREAIC, T.M.Liggett [25] ASEA L7z
total positivity DERIZETE, BFLK AHERX 2R L2 AERDRZ T 522 0onTiE, BERE
WRIETH 5.

ZE
[1] Harris, T.E., Contact interactions on a lattice, Annals of Probability, 2(1974),969-988.
[2] Liggett, T.M., Interacting Particle Systems, Springer-Verlag, New York, 1985.
[3] Durrett, R., Lecture Notes on Particle Systems and Percolation, Wadsworth, Inc., California,
1988.

— 175 —



[4] Konno, N., Phase Transitions of Interacting Particle Systems, World Scientific, Singapore,
1994.

(5] Schinazi, R.B., Classical and Spatial Stochastic Processes, Birkhiuser, Boston, 1998.

[6] Liggett, T.M., Stochastic Interacting Systems - Contact, Voter, and Exclusion Processes,
Springer-Verlag, New York, 1999.

[7] Harris, T.H., On a class of set-valued Markov processes, Annals of Probability, 4(1976),175-194.

[8] Fortuin, C. M., Kasteleyn, P. W., and Ginibre, J., Correlation inequalities on some partially
ordered sets, Communications in Mathematical Physics, 22(1971),89-103.

[9] Belitsky, V., Ferrari, P.A., Konno, N., and Liggett, T.M., A strong correlation inequal-
ity for contact processes and oriented percolation, Stochastic Processes and Applications,
67(1997),213-225.

(10] Matsuda, H., Ogita, N., Sasaki, A., and Sato, K., Statistical mechanics of population - the
lattice Lotka-Volterra model, Progress of Theoretical Physics, 88(1992),1035-1049.

[11] EBE—&, ERFIIBIT BRTFET N —_RTELOEDME, HAREBEEEE, 45(1995),247-258.

[12] Ek{EFE, M REE B BBFET NV, HEYEFSFE 53(1998),319-326.

[13] Konno, N., Lecture Notes on Harris Lemma and Particle Systems, Publicacdes do Instituto de
Matematlca e Estatistica da Universidade de Séo Paulo, 1996.

[14] Konno, N., Lecture Notes on Interacting Particle Systems, Rokko Lectures in Mathematics,
No.3, Kobe University, March 1997.

[15] Konno, N., Correlation inequalities and particle systems, Proceedings of Percolation Theory
and Particle Systerms ’96,(1997),89-111.

[16] SEpidiE, R TROBE -2 5 7 M 7O L AOREBESE, P74 KTI R b, 43(1998),696-
701.

[17] Tretyakov, A.Y., Belitsky, V., Konno, N., and Yamaguchi, T., Numerical estimation on corre-
lation inequalities for Holley-Liggett bounds, Memoirs of the Muroran Institute of Technology,
48(1998),101-105.

[18] Holley, R., and Liggett, T.M., The survival of contact processes, Annals of Probabability,
6(1978),198-206.

[19] Domany, E., and Kinzel, W., Equivalence of cellular automata to Ising models and directed
percolation, Physical Revew Letters, 53(1984),311-314.

[20] SEHLHE, & B MBKLF R O RFTE & KB~ Domany-Kinzel & 7V OB ES, B2,
10 B (1999),37-43.

[21] Takahashi, S., Tretyakov, A.Y., and Konno, N., Positive correlation inequalities for nonattrac-
tive stochastic cellular automata, Proceedings of International Workshop on Soft Computing
in Industry ’99,(1999),474-478.

[22] Konno, N., Upper bounds on survival probabilities for a nonattractive model, Journal of the
Physical Society of Japan, 66(1997),3751-3755.

(23] Urano, M., Konno, N., and Sato, K., Correlation inequalities for 3-state cyclic advantage model,
Proceedings of International Workshop on Soft Computing in Industry '99,(1999),86-91.

[24] Kawahigashi, M., Konno, N., and Sato, K., Correlation inequalities for successional model,
Proceedings of International Workshop on Soft Computing in Industry ’99,(1999),479-484.

[25] Liggett, T.M., Total positivity and renewal theory, Probability, Statistics and Mathematics:
Papers in Honor of Samuel Karlin, Academic Press, (1989), 141-162.

— 176 —



BEH T+ AEBRODEREE

REXE 15 FH &

HRRTRONIEE LYV I 2L —2a VIl EoTHITT A L) FiEid, SHE#OR
BRBIEVWEERHSINRL L )k oTwad, BELRIREICER TS Y I2L—Ya iz
INEBICEET AN ELZHERETYUTVICERTAZ LN TES, 20—4., BHir
FAEHIZER L T 72, © LAREN EEZ T 2IREB LSRN R EFT L %
HuaZ AN THLEEZEZONDL, MBWMGRETVERBNITAZ P OBRLRBERICO
FUEBMWREEEZRB LD, Hi-2BMATHELEZNVTAZENTEL LEFENS,

BHH A AMRBEIE, RERNICEBEN TV EIZE 20bh 6, FRIARTEEREL
MBIEEEZREDL, FO—FTHBENLGS VY L AXEIR LN WEESAET 2558
Do TVE, EHLBNTWAIFTARIVEEHEDOLDTHLY., BRFIZRON
LHEEPVBEAREOEFT NV TEHATEBREITZ RV, #2 T 2RO DS %
PO L, ZOEHFREENENEN (DBEHED) # 4 AR ER 2 HORE %1
ET Do B DAFTARNY A F I 7 A%RDOLZy b (WA RAET) VHEEIEH LIS E
BRBTABEHNERETFTNVEEZ D, COEFLTIE, BEIZE 2 SN etz
DERGFRD N F AEEIL L o THIEBSNEERIZEDN > T RIRFFEHTE L, 0k
IRIRIIE, BRFICEBNICEEL TWAEEZONDL, BIODRIZTTL I ALY
AF IV ARSI DS REERTIHEHAEORZIVWAFTARIZIZYD 2 5,

HHEET I & LT KA 51%% (Globally Coupled Maps) # VW28 %E 2 5, K
BHEEESR LG, BEETEREINEY A FIN N2y b 2 FOFHHEIC L > THEE
RAEEbDTH L, RITEBEZETFZT ORKATHESER % A7 Coupled Map Lattice 7%
B EAER OMIRET IV EE 2 Hs—F, Globally Coupled Maps 1 FFEEAHH {F
HOBRETFTVTHLEZZ LN T WL, REFKEEGRIT, HELRELZ L TWAICHE
DO IFSELEMLEFFETLILPIMONTEY, FOHIBEWLO9%2BNET
5o BRICENEREROERIIOWVWTEET S,
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AQEGRFEOEE 99
BRI B MR R 753 % (Hisashi INABA) 1

AERAEMAEROBREMENICTRLES EWHSHATIENELEZH-oTHD, P ib 13t
2D 7 4 FF v F (Fibonacci, 1202) KK ZROBFAETINVICETHD ZENTED, TO®L 7THERI
752 MONL—EI ko TEMBRIMMER SN TAMOEMPECOBARERH ESNIZETND XS
7o EBITA 5— (Euler, 1760) IHEBBEDH 2 ADDEMEFINZERL T, ThIEERIZRATZE
RrREEZB RS ZE2TDTRUL. ADORMROZRESWIESIIFRIZIVTIO TADHI
(FR. 1798) Ik > TELSZAINBL 3o/

SHHRIZ I THEBHED H 2 ABA D OEEET NI Moy FoO bl (1907) B EKEST
BUMREN5 L5170, Sharp and Lotka (1911) 12 & - THI% TEHEHE (renewal process) & L TH
RioEEE N, T, Yy—7 OMIOEFIIO MHEARC I TRACERSESN, £vx
5—(1941) I2 X > TEEMEIRE TR EMRIANREA SNDIED, EEADNMER (stable population
theory) & U THBEA 1% (mathematical demography) IZHJ 2 EAMZ 7 L—ALiZofk. O MAIFIE
OB#HEL S IESHHFBRACE > TEIMEL TWEA #ITMcKendrick (1926). Von Foerster (1959)
BENENETICER AR T AR HERERHL, hick> TEGREOREADET IV
RO ABROVE - EREREC L TERINEVHEI NI

FEADEFIUIADFEOFEFC BN TERMICHIERTAIMERRL TEA, TORBE, BiEE WD
R A 2T ZRBICDWTIESMI S 7 O ERIEEZ ETIRL AERDIRELOIIADIEE, LHAL 1974
41T Gurtin and MacCamy 1 & B IEBEET NV ORRNHE T 2 LRI —EL, H¥EE. BEEYFEIC
Ko T, RSO L IR ARG R S D A NEROBEET )V (structured population
dynamics) AHERANITITFE I NS & 512720 /% (Metz and Diekmann 1986, Tannelli 1995, Cushing 1998).
COBETIRY I AL E T THolDidWebb (1984) I2E DTy —7 - 0 b « 7 25— OHHARER
OEBERIC L DRI TH o /. Webb (1985) 113 5 IZIHRBOFERME(LAOETIVC
U TERIC L 2EBNIMREB Co/n. —BICEEEA DEFINVICHEREN S RRAEAOH
SYERTIEREERT 22 EE2RTORBTUHAR TN, S 5KARORBEEEPIEERD
7Bz, 5 L iESE R AR R OBH S U THRT 2 (RSB LEorR) T &ikBE
DB TN, T35 UlESh SIBERAN A ENE 4 ICIRRE N, ¥ HERORRICHT 20 D0H)#
fHiF #1248t Lz (Clément, et al. 1987-1989; Desch, Schappacher and Kang Pei Zhang 1989; Diekmann,
et al. 1993, 1995; Greiner 1989; Thieme 1990, 1991). L U725 ATEEHE &S BRIT & - Tidis
U bR I WA ER 2 BT 572012, Bl CliiDiekmann, et al. (1998) IXET IR DE
B B ABREANZNENS 7 FO—FERRBLTNS, 23 LRI BANZNAL, £H8E
THREEOHMEHAOEFNBLTEREETINOFAE L TR BRETNVERBITT 2.

—%. ERFHFETIV (epidemic models) A DFE & HIZEBAYE OB THRBEVIREDOERHS
D, 18DV X—1 DWFRIcHS & FHh 5 (Bernoulli 1760, Anderson 1991). FHHFCHIIAD DA
B & B35 ) PHTICET2MEEROR R, Kermack and McKendrick IZ&% 2 0 ERD—HEDHE
[IRREERLUAEHERBETITWS, LAL—BADETVELERICT 0FERKEZETEOHBIL
HERBL & LIebDTHo b, FOEIEE2 0EMIcbio T, BELADEFNOREELEEER
FLRWUAND, SAKBO—LFE U TRAEKRRL TETVWS. TOHERKE., NEMRHEES

1E-mail: inaba@ms.u-tokyo.ac.jp
21970 EFEETORTEA QEIZ DWW TR Keyfitz (1977), Pollard (1973) #2518,
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OHBRIZENTIVU T, SEEOERN L HDBREVRBRL TERLD, I1 X IRSEOH RUSYYE
OHRSHBRICE > T, EENRHLE FREITH) DA TIRRMERTTOHEFEH <DIZ+4 Cilizn
CENLEBIREINDESIKBHTERIENRDIDTIZNA DM, LDDIT0ERIBIZITA X
DOHFRIFTIZ, EOKEEBROPR TRELLEFIERICORERA NRY M2 X, BRI
W DOFR MO/ D DRBEFNPRREL BESHZDTHS.

BEEA2A O LU 2B TR IEROREDER & L TO¥REF N OR T HENIR«HE
IZIZDDDH M SATIETA 7Ol TROBABAICBITZ T+ VABRE (FAS) LRER
EOHEERAZEI DN THREET VL APRMERICZINTETNS, FREETIRZS LTS
IOV TOEFNTRIBATUZVAL ADLJUCBIT 5 HARE S I REEFIORIEOTIA XE
5 )73 &% structured population model & DB THMNT 3. ERHBEEETIVIZDONTIE Anderson and
May (1991), Busenberg and Cooke (1993), Capasso (1993), Mollison (1995), Isham and Medley (1996)
ENTNMRTH 5. ELTTTHEHES ABOBIEZIBITBNTNIY, Bt BRSO
FEIZ DU T Grenfell and Dobson (1995) 23 %.
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HIBEMETILICBHAREMEE/NA—I R R (7))

PR BT S AT b TR

BRARZIIBITARLEELMBEIL. AR ERTIEDEIERET
HFECEXD LR BIAL TV AROEE L BEE2MAT L THD, D
T, BEEBREFTAMICBWTHLo L b ERMR R MY - U LT TE

)

d - -
_jSzl'i(ri‘}‘zaijxj), 1= 17"'517' (1)
& P

IV BT, ABRTAEVEOXGFEERTEFRN RS THLILEEME L/
TRV AEREBET D,

(1) OFHME2(0) > 012kt F 2F z(2) IZDWVWT, limyesyoo inf z3(t) > 6
L limyyoosupzi(t) > D W23 6> 0,D > 03 fFEL, &3 6, D z(0)
LEEGETHAES. (1) 13 —<=X A THD Enbhd, (1) 235Kk
MICEEREDOFHRERTE (1) =< R ATHDR, —ARICHIL
RO LTV, 2—w R RN, ROKKEEEZ G (BHRREBHS
FAREET) APEO LY —ROBREFRETH D,

HBEOARIILLTOLEBY THD,

(a) v b« TN TTETINORE ; T a4 b— TANT TREMEE
5y a—Fin bR R T, B A CHRITh o2 | T
BERE RN T D, T, FREHTLIERFENLORISHBNT D,

(b) 2T RH - TANT TEFTNVORDSEE, 2ROV T+ U+
NTFFETI (FEHR, £ER BEH - HEER) DA T Iy I RER
L. PASE LRI 282 2 L 2R,

(c) 3%ku b« UaNT ZETNOH (ABIfE, WA R); 3KTITE
Ao bi - U VT T RIZEHLRBNEEE RO A, 3TEHESER (~
Fus =y g HAIN) E2HEE - IHEER Uy b A700 B
FR) TR,
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BT 2 M EDEBLFER 1) /AX (=7—) OREZERICTIFT LD D
B 72 PAVROV &\ o 72 FERIEVEREE 72 &2 AT 5. PAVROV 134 DIREEDS
BEICABLTWA L ZIZEFEEZ 2V, EBLTVWRVWEEEIFEELS
E) BRE T, M OREERIEESE L b VR B,

RADT VY27 —M3EMEILO BREBEROBEHRO LTEE M2 5D 5,
S5 2 0— 3 Q4R EILELERELRHSFTD o7 | T bbb HARRDPEMA
(BIEZF) @<, Fhe EFICE 2 ? ZOmSE T, BILIICEE & g
(ESS) &w)HEREMPES L, EEERMIZIZEBN Lz, BREIRIVERIZE <
EWVWAZEEREHRE LT, =4 VEEE (BEESRAIET THROEY
B) OBENLOPFERL, FITRVWLOVWEERERLEEZ D, LHPL, TOX
) AT EFZ R TSI L VWHEEIE b b, 12k 2, [ 2E8fbE
WAL L7052 e [ REEEEHEIIELL20R? ] 2ETH S,

BIBORWICH LT, BADY L =7 — AMEERER FICER) 05
WMERE 270 ¥— 4 VEIBERENADT L <7 — A TIIHEANEBTHE, TFT
% PAVROV % E OB ITEHWERE ST, o2 L3FCHLREETOLHRA
PEALTEBLZEDWRINSEEL D, L L INGOBREEIZIZV 2 (FI2)
BFRITEZED, BODPSRENS LWL TH b,

L2 L. FAMEARICE S 2 & THBA, TFT * PAVROV % & DR IZ AH
DESFVOEENSTHIE, DT VIFELVEEE TV RV, T O
THICWRBEZ] vy EfEEs, FICER GOHIRN) 2EBIILTWwWENHTH
o WRDEHMEHIIBEEREERIIL TRV, 7221 3F ) A MKTIE
EFNOFEEL LTHESE HEFEFLTILWWEEIZ L2 LTHITREN)
BHb, IMTOURE (BVWEROHME) ICEL7-0101F, ZoTVwWnwI e LA
Xy, FI)TIUTRETOEbDNS LW TWE, BEBIEADOIL V25— A
TWZIEALLC (AC) BEETH A, HERLTH OV EEI 7Y a il
BRLZTTHB, AEDESVOFEEDP S TIUL, AC BB ORETHA ),

L. SHETAC 3ol 724 213 ALLD (AD) X DIZ§iwv ez
ENTE 12 hb 5T AC EEAIFRE T BE 2 BilE (EMS) [2] TH 5,
ZZTEMS &) Did, REIEA L RERED 1 OT, XOLHICETRIN
b LEFAPHEMEE TEEINTWAL LA, BEEBEE~—-2T5L ) R
BAS EMS Th b, HALESZBZIE ) A AXADA-7-2TAC PSRIEIZR BT
MDD D, ABETIE NNy FEET T, ACHVAD 22 bEPTILE
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FOEETIE, BETFTIWVERTFETNVE2FoT, AV EFEHELTIIFY. &
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LfCo

HRIE, MEBEOEFTNVTAC HAD 2L AT v (Mg 5
&7 CORRIEIZNNYy FHNTEE—DBEBEEDTWESE EIRELZZDTH 5,
COXHITEMS &) EREIL, 722 2 BWMEAFTHoTH, BYHME A —
VTHRAFELEIBE THL, & IUETFETVTR

(1) AD Oy FOMEEBEIZH VL &

(2) AC @)%y FOBIEEIMENE &

HHEBEB &7, BEFAVTIR (2) XD HERIIE) /. BTEFLVT

(2) P oHEHE LTk, ADOFEAPEE L Tnb, EERETAC D
FBEAIERNICH /20D F 2 THBH, regional scale Tl AD dEHE/LARIT
Z e olz, LA AD IIEBIRICEE/LNEBWVWIATAT, BEHLZ-OT
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INLDOBERIIABOMETOR IO EMN L\, REHETII Ny FIRE
EVIHREEXHVTVEN, ABMBETLIDRENEZLNDHNE W, 12L&
R HAEADFONZEEEINA (BUSNS) LIS, ZOHBRINGD2
NIBROTTENCH S, BYUSNAAZETY o AZBITL IS, BE
ELT, BEWIHITETEETWEALBLIEZIFOL I AEZEDL OSyF
) o T/—F. AREYL AL LEWVIZET ZEAND S (7= 213V 7 Fo
91 YO VERBEMLZEZEILP T, Y2/ FRALOEFIIEDRH R X
= IVTHEFEWERVE RV, YIa2Lb—T 3 TOEE (ADIZBEINICE
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[1] R. Axelrod, The Evolution of Cooperation. (Princeton, Princeton, Univ.
Press, 1984).

[2] K. Tainaka and N. Araki: Press perturbation in lattice ecosystems: parity
law and optimum strategy. J. Theor. Biol. 197 (1999) 1-13.
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Explicit sufficient invariants for an
interacting particle system II

Yoshiaki Itoh (Inst. Statist. Math.)
Colin Mallows (AT&T Shannon Labs)
Larry Shepp (Rutgers University)

1. A class of multiparticle systems

We associate with any graph G a stochastic process N(t) = N;(t), t > 0, i € G,
where N;(t) is the » number of particles at vertex i of G at time ¢ > 0.

We start from given integers Ny = Ny(0), ¢ € G. The total number of particles in
the system remains N = Y. N;(t) = . Ny for all £ > 0.

At each instant of time, two of the N particles are chosen at random, and if these
two happen to be at adjacent vertices, then one of the two particles jumps to the other
one’s vertex, each w.p. 1/2.

Eventually the number of particles at some vertex becomes zero, and thereafter
that vertex remains empty and the process lives on the subgraph of G with this vertex
removed. |

The process continues until all vertices are removed except those of an independent
subset I of G. (A nonempty subset I C G is called independent if there are no edges
between points of 1.) As soon as all the particles lie in some I, the process stops .3d 10
further interaction occurs.

For the complete graph, the model is that of Moran (1958) for the Fisher-Wright
random sampling effect in population genetics. In the more general case the model might

be applied to study speciation in biology as well as political positionings. For example
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consider a genetic system for m alleles A;,¢ = 1,2,---,m, in which zygotes A;4; are
fertile for j = 7 — 1,7,2 + 1 and infertile for the other j. This problem was studied
numerically by Nei, Maruyama and Wu (1982), considering the Fisher-Wright random
sampling effect with some selection structure. Our present model has a random sampling
effect depending on the structure of a graph, which could be a natural simplified model
of the genetic problem. The graph Ry, which is a regular polygon with 2k vertices and
all edges present except those joining opposite vertices, is a special case of our model.

Our result can be applied to this case.

2. The problem

The problem is to find the probability distribution of the death state as a function of
the initial state IV;(0). Let 7 = 1st time to reach some independent set /(7), and denote
by N;(7) the number of particles in ¢ at time 7.

We would like to determine P(N(7)|N(0)) and
P(I(1)|N(0)). It is easy to see that N;(t) is a martingale for each ¢ so that EN;(7) =
EN;(0), i.e.

(21) EJ\‘Z'(T) = EN.l(O) = ]V,;(O) .

3. The stochastic differential equa-
tion

Let G be any graph, and let 3 & =1, >0, € G, be given. We will define X;(t),
1€G

i € G, 1 >0, with X;(0) = ¢, as the solution to the stochastic differential equation for -

t>0,

(3.1) dX; = Z Xz‘deBij, 1€ G
JEN;

where M is the set of neighbors of i in G, and B;; are independent standard Wiener
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processes for distinct pairs {¢,7} and with the skew-symmetry property,
(3.2) Bii(t) = —By(t), t>0.

Thus, it is clear from (3.1) and (3.2) that 3> dX; = 0, so that 3 X;({) = 1 {for all
t > 0, and that there exists a first time 7 > 0, for which {s : X;{7) > 0} = I(7) is an
independent subset of G and P(7 < o0) = 1, i.e. the situation is the same for X as for
N.

It is clear from (3.1) that for each ¢ € G, X;(t) is a martingale, since there is no dt

term on the right in (2.1). The multiplication table for Ito calculus, gives

(1.6&) (dXJz = XiZXj(lt
JEN;
v | =XXdt jeN;
(1.6b) @xyax) = { X0 IEM

It follows from (1.6) that if n > 2 and Y'(¢) is a homogeneous polynomial of degree n in

X;(t), 1 € G,i.e. asum of terms of the form I] Xf'(i), where a(7) are nonnegative integer
i€G

exponents with 3" a(¢) = n, then dY (t) = QdB + Rdt, where R is again a homogeneous

polynomial of the same degree n, and ¢ is the Brownian term.

4. Infinite conserved quantities (mar-
tingales)

The following is a set of homogeneous polynomial martingales for the star graph, S,,
with 2 nodes, where there are 2 leaves each connected to a central root, 0. In this case

there is one martingale for each n > 2, given by

i\ n—2
4.1 Y. t)=)> |. .
= 0-£ ()6
(1) X1 (X537 ()
We will use the martingale property:

(4.2) | EY,(r) = EY,(0)

to obtain the laws of J(7) and X(7) as a function of £ = X(0).
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5. The death states

We now determine the law of X(7) for the graph S,. From (4.2), for n > 2

(5.1)

n—1

TN

n n—2 1 1 sn—1
) (32D i)

=1

=5 ()2 exioxsio

1=1 Z
Since ¢ > 1 in (5.1), we have

(5.2)

Xi(r) X5 () = Xi(r)(1 = X (1)
because if Xy(7) = 0, which happens in the death state (X7, Xy, X2) = (0,1,0), then
(5.2) clearly holds (since ¢ > 1). In any other death state, X;(7)+ X,(7) = 1, since none
of the mass is at 0, i.e. Xo(7) =0 and X1(7) + Xo(7) + Xo(7) = 1. Thusfor n > 2

(5.3)

5 ()12t [ -

2 n\[(n-2 i i pmmi
-2 () )eves
where {; = X;(0) and g is the distribution of X;(7). Note that if & + & = 1, X(0)
~ is already a death state. We want to obtain u(dz) = P{X;(7) € dz}, and note that
pldz) = p(dz; €1, €:) and p(dr) = 6(€1,0,6) if & + &, = 1. Also we see that
(5.4)
P{Xi(r) = Xy(r) =0} = P{Xo(7) =1}
=&=1-§ &
and since X;(t) is a martingale
1
(5.5) E(Xa(r)) = &1 = [ adu(e).
It is clear that for j > 2 the moments Jo @@u(dz) can be obtained successively
from (5.3), and that these moments determine p since the moment problem on [0,1] is

determinate. How to actually do it?
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6. An identity

With Y, as in (4.1), define for any u the process

(6.1) Z(t) =Y ﬁ}’n(t), t>0.

n

The following identity is valid for [v| < 1/4,0 <z <1,

(6.2)

N 1—-vw 1 14 4zv

=zv+ ——{1— _—
2 (1 —v)?

and may be seen by expanding (1 — z)"* and interchanging sums. Multiplying in (5.3)

by u"/n and summing over n > 2, we find using (6.2) with v = u, that for |u| < 1/4,
(6.3)
EZ.(7)
1 1—u 4z
- ut —— (1= 1+ — ) ) p(da) .
I O R e
If we use (6.2) now with v = u(é; + &) and @ = &;/(&; + &), we find

(6.4)

2,(0) = g+ LT )

dué;
(1 B \/1 O @))2) |

Since for |u| < 1/4, Z, is also a bounded martingale, Z,(0) = EZ,(7), and so after some

rearranging using [ u(de) = 1, fzu(de) = &, we arrive at the following equation for

w(dz) = P(X1(7) € da), valid for |u| < 1/4.

(6.5)

[ U= ¥ tue ulde) = ul + & - 1)
+ \/1 + 2u(és — &) + u? (€1 + &) .

The probabilities for the death states are calculated by using this equation in our previous

paper.
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7. Number of trees

A leaf of a tree is a node without descendents. The number G, of trees with n nodes

and ¢ leaves is determined by

- _ wG(u, w)
((.1) G(u,w) —'U)u-{-mj—w)
for

n n—1 )
(7.2) G(u,w) = Z il Z Gniu'.
n>32 n i=1

The quadratic equation can be solved explicitly as

(7.3) G(u,w) = % (1 +(u—1)w— \/1 —2(u+ Lw + (u — l)zuﬂ) .

Let [v'][z"]G(z,u) be the coefficient of uz" for G(z,u). The Lagrange inversion theorem

provides

_1lfn\fn—2
on\ij\i—1/"
(Lagrange Inversion) Let ¢(u) = S22 B;u? be a formal power series with ¢q # 0,

and let Y(z) be the unique formal power series solution of the equation Y = zo(Y).

The coefficients of Y,Y*, and Y(Y) (for an arbitrary series ¢) are given by

Y () = =) (w))"
S ()"

n

(Y (2)) = — ™))" (1)

Il

[YH(z) =
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(cf. The average case analysis of algorithms, by Philippe Flajolet and Robert Sedgewick,

INRIA, Rocquencourt No. 1888, April 1993) Taking w = v(1 — z) and u = == for the

1-z

above (7.2) and (7.3), we have

w /N {n—-2 ;

1) SIS (0) (12 )ea-or

References
Itoh, Y., Mallows, C. and Shepp, L. (1998): Explicit sufficient invariants for an
interacting particle system, Journal of Applied Probability. Vol.35, 633-641 (1998).
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FHERRREHITN T D AOBAEET )L OEEROREE)
Hprefe—en (R IRRE)

AEREE T, 21— VU v REMOE 5N ER 2O FEEICB 0T, AOBRETTIVICEN S HEH
OB AR IERMERSEOD ETEAS. Z I TOXENIZEEFEOMERENE ESFTDOWTHRN
5ZETHS.

I—27Yw Rz RN, N > 2, OFFEEE D 1318 SWER 0D £ 0&9 5 & &, ROFRHFENE
ERMEMEAEE 2 5.

du ()

—Au = A(m(z)u — au?) in D,
o + g(w)u=0 on dD.

zZT, (1) A=Y, 02/022, (2) A RED/XTA—%, (3) m(z) 1 D LAV —EEBHT, 555
TIEEZ LS, (4) a IJIEOER, (5) g9(t) 13 [0,00) LIESMAIEEMERI TR 9(0) = 0 £#/27, (6) n
13 0D DS ERATEERND BILE.

BIRE () W R OFIHIE-BEFERE O EF REELR T 5.

%—?(t,:n) = lAv + (m(z)v — av?) in (0,00) x D,

A
v(0, z) = ug(x) in D, (1)
g:: +g(v)v=10 | on (0,00) x 8D.

BERE (D ZAOEEREOHSETINTHS ([3, 4, 7) £2B8). 72751, 8T A—F ) 13 HROBDEE
BT SILBURE O R R L, B m(z) ISEOBEOESWERT, Tabb, THSHERMWERIZHS
BT miz) SEEEZED, BEICRWEFRTAER2ES. ZL T, T8 o BEOBSDESWVWEET. &
SRR, SEIRNERAD A OFASER TOANBE v IS U TG Z2BED I L2 EKRT 2.

Btk u € C2(D) 4% (%) &M=L D LTEETHHEE, u % (x)) ODEEREVS. BL [ymdr <07
51, B M(m) 2ROBFEFREREOECS/NEHHEETS.

{—A¢ = Mm(z)¢ in D,

Brown and Lin [2] I2& 0, A (m) 3EHND D EIFEOEAREKER DI P SNTNS.

RIEE (%)) DIEEBOFEEE—FHE, T U TEERIZIDOWT, BEERLEHOL ETIRESHZEINTK
5. /I EEOD ETHELNTZROEREIB 2 DHHROHRELATHS ([6] 2R X).

FH 1. E g 2 g=0 OBE, KOBERPRILT 5.

(1) L [pmdz <0 7Z250E, FED A > A (m) IKMUTHEE () 3 E—DIFER u()) 285, —
H, EAR 0 <A< M(m) IZDOWTHIEERERZ/WN. TS5, BB v=0130< X < \;(m) iIzBnL
TAIEBMRERETH D, X > M(m) I LT u()) PREAEEETH 5.

(2) BL [ymdz 20751 EED X > 0L T (), OEM@E u(\) B—BEINZHEEL, u()) 13K
BAEREEE THS. 5T, u\) 1A | 0 DEFITROEEZRT.

[pmdz
a|D|

u(A) —

—0 asA |0
(D)

727ZL, D& D OiftEEET.
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5. —, WREHDVIEEH OB EIIIZ OMEIC L D —RITII—BEHNR 00 (—BEICET 55
FIZDUWTIL 1, Theorem 2.6], [8, Theorem 5.6.3] #R.&). £Z TH4IZ ‘

BrY. JEE, FEEBAM I/ FHAME wo(z) WX UT, (1)) OFOEFED, EGEEE TakEL
Lizd & EOXDREEBETINIDNTEETS.

BHOEREEIROERTHS. ZNITEBRBROBRERIZ DOV TRATNS.,
EE 2. BL [mdz <0725 BRI O <A < A(m) DEEZIHARETHY, A > M(m) DEER
RETHD. 7, bL [pmde 2072561, BHRILEAZ A >0 CHLUTHRRETHS.

B4 OEHMOIZDITIE, BIRENREERIGE OR/NMNEEROLEL S EBER/RD N9 TH 5.
IDEE, ROWEREEED.

EHE 3. [pmde 20 &£T5. B g 13 (0,00) LIS M2IEIEEBITELME 9(0) = 0 BML, 512
-3
tg(t) > -My fort>0
ZHETDER My >0 WEETBHET D, ZOEE, () ITH L, B/NEER u(\) IHEED A > 012D
WTHEL, FIARE TH 5. 51, u()) OHEFNTEL TROTEERES.
(1) HUBEE g NEEZ t> 0 ITBWTERIFHhE
[u(X)lw — 0 as A | 0.

(2) DLEAK g WEAHEHEOER 0<t; <tz < - ZEDIROIT

[p mdz
alD|

luMlc@y — o as A0 ift; < for any j > 1,

d
() ~tilgapy — 0 asALO ;< f%l%lf <t; and g"(t;) < 0.
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SE 3k
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ZHAINBEFEEL, IFLALETOREBER - RIZHEL
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=i (1 -2 —aziy1 — bzi_1) , 20, (6=0,1,2)

a>1>b a+b>2 2 TRANTRAPUYZ=ZORY I—5H

ROEIBRTROMFBIR VA - BAFFREEZRD.

a=a-1 B=1-b (@>p>0) G = {l— o — @i + Dirz + Bise)

~b(®i—1 + &z + 2i-4)}, 2. 20, (=0,...,6)

0 = (0,0,0)
1
le 9= L L1)
EQ=(1a,0,0) a>1>b, a+b>2
e1=(0,1,0) =a—1 =1—
€= (0.0.1) a=a-—1, f b (a>>0)

Ty |
Tg = T3 = T3

e Rt ={z|z; >0(i=0,...,6)} BFE.

>§1 o MMENR 2, =005, Bl LOLTOAT; =0.
o o W EICTHA e; = (0,--+,0,1,0, -, 0) FEIE.

o Eftrg =12 = --=z¢ LIZ
%}ﬁq=-7-@-a%3—‘;(1,1,---,1) 7)‘5#?‘1’

B A L2 TOREIL bdRE ICHHET . s e; — e;y; (j = 1,2,4) D hetero-clinic PilEREFTE.
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BB e; — eiy; (7 = 1,2,4) B HIEDILD hetero-
clinic network IZHRE L, % e; ILEHICHEET 5 ke 23
IR 5.

o 1T LA LLTOWMEIL e; DFEES chaotic \CEBT 5.
(BB 5 MEE NI RN & IEIC BB &KTF)

=S i

3 mutation DA
ZORITED L 5 IZ mutation DEEMRB.

i = xi{l—zi— a(@iy1 + Tig2 + Tite)
—b(mi—1 + Ti-2 + Ti-a)}

—6[,:.:1:;+p,z:vj (:=0,...,6)
J#i

e Rt = {zlz; >0 =0,...,6)} PFE.
o FIHMED z; <OTHIBETHRMZADI LEDD.
o u=0T% g i LITTEE L AL RT O D,

s BMry=1=-- =26 LI
%.ﬁq=-ﬂ_—eﬁ—_@—(l,l,---,l) BIFLE.

e i 75 dominant & 723 RERIXIBEMEME L2V .

3.1 3Echaotic $Hi%

1> ey CIRROMZEMOFINCFET 5
R = rap (L1, ) BREL Y, £ TORERD
DRI EREND.

nE sy KOS THE, BT ¢ BRREL R
1,3 OO limit cycle BHNLD. ZHH D limit cycle TiX
dominant OREFEB LN EI,+1,42,+4 &5, BEIZH]
PECIET T, #1539 limit cycle DWW T3 &
rAENB.

EBIZ uNELT 3L 350 limit cycle BENENE
L L e

EBI p BAELTHLAMEAELRYEL, BEEH
PE~FE5.

3.2 Lyapunov {&#

om F J

0 __,‘,,w-r*:*,.,
SRy

e W

s
0005 | .-"i

r"’j /i

i f*-
oot \ . X . i
" 7 s I « 3

logyg it — As

B A Lyapunov {REICE B 35 & chaotic 2T KX <

BT, p= 104 MHEEEEIZ 2RI DD L 5 TH S,

33 p—+0

u — +0 OB TX, AHOEBRESEE (1 RuoH
HIr) i, AREUERT b5 2 F—ici B,

t-log x;

1 AROMIZHHE ¢ 13 2 @] dominant (27258, £ ORHE %
t1,t2(t1 < tz) EB< &, 11+ t2 'i”ﬁ:’ffﬁi,% BRRBFE
Bz e 2 5.

g, 1 < B < § &7225DTdominant DOHEE N
+1,42,44 £72B 3207 N7 7 F— I RERITR D,
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34 p>0

pE A0 REREL LTV EREER 2 HRBR
gy, ()07 b 25— - ()T T &
- (F4)o7 F?&&—-»oﬁ’ h5 7 #— path i
AT, BT hD 3007 T2 — (ORE) MEE
BLTVL,

pERELLTOL & ZOFRREBERRL RoTK,

3.5 >0

IODERMPENT LT 7 XL BELXY pBAE
S LTWL &, # 2Lyapunov BEBEL 2V 3 >0 HERH
BhIE 2 strange attractor b9 %. RRCZG 32D7 b
774 —REok2< path BAETH, Ui Zhb 3207
b5 27 & — (DRE) MEEBBLTWL.,

VW o7z A strange attractor kL7 3 DDTF7 + 57 #—0
BEUIELIT p B/IELT5 LHE M non strange kT 5. L
L3 DDT LT F—DREEE %2 S HRAOREZE.IT
LTVl

4 F&dH

chaotic’e~7 R 7 Y =y 7 Ry b U—7 % attracting set
IZH#FD X 5 72 Lotka-Volterra &iZ mutation * ¥ A+3% =
LIZ X o T mutation &L O L X R 2 BBBENR DS
n3.

o 7,0 — +0 Cit,u = 0 CRHNT chaos KNEE
L,3 DO EME attractor RFEh 3.

o uEHATHLEEND 3 D%/ path BENI,3 »
DA attractor F % BB LTV < BB attractor
L7225 p BREL LTV L 2D path FADRERE
A LTVL,

o ELTuZRES LTV &, R—ZD 3D attractor
A strange ft L, attractor ™ path HRIDFEEMEIL
MoTWL,

o ILITpuBRES LTV &, _—2D 32D attractor
25 non strange {9 % @ & R attractor D path
IXIHM L3 oD ERIABIE L attractor &2 5.

5 RE

o HBMEZ B L7 & U generic 2RIZEBYV YT mutation 2%
Ri-LB5%H

o XY EWTRFR COMRINT

85 X8

(1] RM.May and W.J.Leonard, Nonlinear aspects
of competition between three SIAM
J.Appl.Math., 29,243-253,(1975)

species,

[2] A.J.Lotka, Undamped oscillations derived from the
law of mass action, J.Am.Chem.Soc., 42,1595-
1598,(1920)

[3] J.Hofbaver and K.Sigmund, The Theory of
Evolution and Dynamical Systems (Cambridge
Univ.Press,1988)

[4] T.Chawanya, A new type of irregular motion in a
class of game dynamics systems, Progress of Theo-
retical Physics, 94,163-179,(1995)

[5] T.Chawanya, Infinitely many attractors in game
dynamics system, Progress of Theoretical Physics,
95,679-684,(1996)
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BIRRTTREAT & ETHERR

TERL11E11H298 (A) ~ 308 ()
(BEBRE - ARUFy—EDRR - FHRI M—)
HEEA - EMA {8E3

VTR, ERR TN & BT RRGBOMEN» SZENRMERFE V2 RE TS, BE
EFNOEMELDHOLERLHOER L CICBITAEBEEHREOT VRV, FFAIC L&
PRI TLEENT (ERTHOMESS) O—RE L TRADND LS - TEl, —F T, &
EEAS OFE MR /e P EF R AHE ORI A BT REERRIL, L —BRICiERE
BRERE & L TREL, BERICBITA2EBRASOBEZRT LI TE T, AHRES
X, 2 BICEb D EROBEE 2 /6T, EEMRALZEDL L BEME LTRE LS
DTH D,

P2 BEOWEES ThHo7end, TFER - HEE - FHRFLZEOLRRIFEBIE L
AB3LARVBBML, < OEKD AR EK L & BITERBREB RS R INT, B IS
BROANTELIBIZZOBOFRESZSIEBMELE L THRLNEWD BEEFMIHI N, H
FAE B L T < &0 ) A THRRREZERLL TP RE & E 27,
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FIEAZ (B) BRE (BT HATA b/ A XL BRKTHMN ) (FIRREE  RAKH) o—
L LT EEOMES BB LET, BLObHIIERETH IBMLZE,
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09:20-09:40

09:40-10:10

10:10-10:40

10:40-10:50

10:50-11:35

11:35-12:05

12:05-13:30
13:30-14:15

JE{8EH Nobuaki Obata (& & EBKRF « ZnHER ZHF 588 Nagoya University)

Recent progress in white noise analysis — Nonlinear extension and complex

"~ white noise

TEFE/ABH Kimiaki Saitd (AIRAZF - BLFHE Meijo University)

The Levy Laplacian and stable processes

T B Isamu Doku (BERF « HEZFHR Saitama University)

On stochastic analysis related to a reaction-diffusion system

PRI

Habib Ouerdiane (Universite de Tunis)

Bochner-Minlos theorem with integrability condition and application to
Gaussian analysis

Si Si (BENRSIKF - FEFSED Aichi Prefectural University)
Reversibility of random fields

RIED
Igor V. Volovich (Steklov Math. Institute)
The ABC-formula, quantum computing and complexity
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14:15-14:45

14:45-15:15

15:15-15:30
15:30-16:00

16:00-16:30

16:30-17:00

17:00-17:45

18:00-19:30

11 B30 8 (K)

09:30-10:00

10:00-10:30

10:30-11:00

11:00-11:10
11:10-11:40

11:40-12:10

12:10-13:30
13:30-14:15

14:15-15:00

. 15:00-15:15

15:15-15:45

15:45-16:15

BE)I|E % Masao Hirokawa ([ LR - BFE Okayama University)
Superradiant (?) ground state of the Wigner-Weisskopf model

Un Cig Ji (A HBEKRF « LB FEM508 Nagoya University)

Analytic characterization of operators on Boson Fock space

R

MEM %2 Masuyuki Hitsuda (REANKZ: « HEEHE Kumamoto University)
Topics in Gaussian innovation

faFE B Taku Matsui (JUNKRE: « HEEFEHTZER Kyushu University)

Ruelle Perron Frobenius operators on UHF algebras

#% 0 3B Fuminori Sakaguchi (f&#H K% « TF#F Fukui University)

Cauchy wavelets in terms of su(1,1)-coherent states (with Masahito Hayashi)
A Masuo Suzuki (FREEBIRZE - BFEHE Tokyo Science University)
Quantum analysis of stochastic-operator-valued functions and Hida calculus
BHE (N F ¥ —F—/VIZT) Party

November 30 (Tue)

£43)1| ¥ Hiroshi Hasegawa (B AKX « [RFJ8F5CFT Nihon University)
WBANHET D T X AT AR

SE% M| Tsuyoshi Hiratsuka (LR « 5 % Tsukuba University)
Derivation of Wigner semi-circle law for GOE, GUE, and GSE in

random matrix theory via Brownian motion

{33 Yoshifumi Ito (fEEHRF » HEFSFER Tokushima University)

The mathematical principles of new quantum theory

7N

TR H X F Kayoko Awaya (W B IR « BEFRFH Yokkaichi University)

- The measurement problem and quantum probability

# IEA Masahito Hayashi (FREFKT « BFHZER} Kyoto University)
Information spectrum in quantum hypothesis testing

BAR I

H %5 — Shuichi Tasaki (FR&ZFRKF - HEHE Nara Women’s University)
Nonequilibrium stationary states in a quantum 1-d conductor

Kalyan B. Sinha (Indian Statistical Institute)

Stochastic processes on “non-commutative” spaces

R7E

AFERAER Kentaro Imafuku (RFEEHKT - BLHHE Waseda University)
Quantum stochastic resonance in driven spin-boson system with
stochastic limit approximation (with K. Yuasa and I. Ohba)

JiT_E # Satoshi Kawakami (&= R#H X% Nara University of Education)
On the character hypergroup associated with the discrete Mautner group
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16:15-16:45  #&A4TEF Yukihiro Hashimoto
(B TERE - LR F%EF Nagoya University)
Interacting Fock space and free product of Z/2Z

16:45-17:15  F # A Akihito Hora ([ [LKZ - REH TE Okayama University)
Scaling limit for discrete Laplacian and its quantization

REE

(772 LT 7 MENLDIER)

1. Recent progreés in white noise analysis — Nonlinear extension and complex
white noise (BM{EHHA - AEBXE - STRIEMZHEH)
PERFEM OFERIILR EER R T A b/ A RFEFRUA b/ A ZERITIZB T S &0
DEBEFZTVD, FEBRFIIRIZONWTHE, UL b/ A ZADOEKRMOWIEENV &2
DHFE AT TND, BFEEMSFENTL, ERERU A b/ A XHEXLE LT~
B bEh, EO—BEE - ERIENWEM 7 4> 7 ZRIC K- TERSH, &9 —ie
SNTRAA~DIEN B TORETH D, BRHRTA b/ A RTONTL, 2k — L
Ny M AT L D BAL DS ERAR N D T, £ OFRARARBE NS LE2TL
7= WA FEAADOEABRAENEREN L EDND,

2. The Levy Laplacian and stable processes (BB - BMAZFE - BIFE)
LV ST T N, EBREMOT TS5V T ol LT, 2 S R D EIRET TO
EEFHTO HT &V ) AT, EROFRRITTELDOHER & 13BR 2 RICT DMUEICH D,
RIA b A ABESEREACCERIREED, - RNEZEATDHII LT, LTV 4
ST U BOEREARE LTERET D2 LN TED, &b, VY4 T
SoT7 vOMBRYERIERASR L TAHEBBARIEHRSND, [K. Saitd and A, H. Tsoi:
The Lévy Laplacian acting on Poisson white noise functionals, Infin. Dimen. Anal.
Quantum Probab. Relat. Top. 2 (1999), 503-510.]

3. On stochastic analysis related to a reaction-diffusion system (B & -5%E
K% - HELH)
fhiE e 2 S Do RS TE SRR ITEE VWA E b2, p7 = {p]; t > s} ZABLETE (cat-
alyst process) & L7z & &, RO FERIZSUSHERT R

ou K ‘
35 + EAU + 4 — plu® =0, ul,_, =,
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PEZ A, SEEPEOAEERBRIINT AT 4 X OFEEZINETHI LT, BIEE
o ZIEREER L, 8 u OEFENRRTRIELND, SbIZ, FOHIEE~/La7E
RIIRFEEFREL D 7=, [I. Doku: Weak large deviation principle for superprocesses’
related to nonlinear differntial equations with catalytic noise, J. SU Math. Nat. Sci.
48 (1999), 11-22]

. Bochner—Minlos theorem with integrability condition and application to
Gaussian analysis (Habib Ouerdiane * Universite de Tunis)

JNADERE] |- ||p,; p e N} CEEDAHE L~V MERIZER] X EORMERS C
&X' EOBRRE u & OHGEAE ERRGCERBEBOIEN L/ LD, C I3ER
BENTEOIZ N = X +4X TR S,

Clu) < K exp 0(ml|ull,)

DFEDOFME RS> LT 5, 1EL, 01 [0,00) 1Z, 6(0) = 0 732 lim, 4 0(z) /2 = 00
b o9 e B INB R & 3B, TOMEBEE 0°(z) = sup{zt - 0(¢); ¢t > 0} &
ThH, ZDEE, CITHIETD X' FORERAE u i

[ exp 0" alfull-ulds) < o0

BhImT, ZOXEROFHIELY, [R. Gannoun, R. Hachaichi, H. Ouerdiane, A.
Rezgui: Un Théoréme de dualité entre espaces de fonctions holomorphes & crois-
sance exponentielle, J. Funct. Anal. 171 (2000), 1-14. H. Ouerdiane, A. Rezgui:
Un Théoreme de Bochner-Minlos avec une condition d’intégrabilité, Infinite Dimen.
Anal. Quantum Prob. 3 (2000), 297-302.]

. Reversibility of random fields (Si Si - BEHR I K2 - (FHREFH) |

ROA AR L ->THERREIND AU ARG ORBEHEEIZEHER H D, {X(C)}
Booi— by FIEFmHNOBEMEAHE C 12Xl oTRITANTA XENT=H T ABURERE
O E L, EESR M La T RET D, AEER0HL2°50 C & G
D% C BWELT 5 L & DHEF %, Brownian bridge OELIZHER T2 L THEL,
D ERBEZ DD, P, L ORENEEN TN D,

. The ABC-formula, quantum computing and complexity (Igor V. Volovich
Steklov Mathematical Institute) ‘

BB ERT A THAD—2L, BRE L OHAERNOALIETFME
REeEbEDOFab—LrRlhb, YATLDNRIA—FEHELTTaE—1 A
EEOTREITIZ DALIZE>THE BN TE A, [I. V. Volovich: Models of quan-
tum computers and decoherence problem, http://xxx.lanl.gov/abs/quant-ph/9902055]
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WCBWT—20|ENZEINTF, THE, RmUA M A XX DHERBRBOERICE
HEEBWTNDEH, ZOEUOHEZFMES 27201013, BEBROZERE L 0L
XEBHMERH D, ABC-AR &L, =4 ) RERIEMRE U) OBFED, 2 >OFEHK
AB EREDEE C) i2& 2T, (Ut) = exp(At + B + C(t)) D& 5 I 2%
ELTRINDAZIEZERTLHLDOTH D, ZDANIT, HREHESG O TED
NTNEEL DAL N ERIZT L TIE L <, Weisskopf-Wigner ¥T{81=° van Hove
BIRICKT T AEROFEEZFL, CH) ITEHEBICL > TROLNIHH, BETFIA
AR T 5 ECHEBEEOREL AT LB TES, [I Ya. Arefeva and 1. V.
Volovich: Quantum decoherence and higher order corrections to the large time expo-
nential behaviour, http://xxx lanl.gov/abs/quant-ph/9906022. 1. Ya. Arefeva and I.
V. Volovich: The large time behaviour in quantum field theory and quantum chaos,
http://xxx.lanl.gov/abs/quant-ph/9910109.]

7. Superradiant (?) ground state of the Wigner-Weisskopf model (BEINES -
R K - BHEEAD)
Wigner-Weisskopf (WW) AT A L « RNV U ARBIDOEEREGELIE R X 5 2 L3 T&
Do WWHAIDH % /37 A— 2RI W T, @ OREFEm BV TR 2 &8
T & 2V FEEEAY A2 B EINEE (superradiant ground state & THFESAE & D) 3FFIE
4%, Z L, Hepp-Lieb 23 Dick Ak U THE LI EEREIIHET A0 LE
Z b5, [M. Hirokawa: J. Math. Soc. Japan 51 (1999), 337-369. M. Hirokawa: J.
Funct. Anal. 162 (1999), 178-218.]

8. Analytic characterization of operators on Boson Fock space (Un Cig Ji- %
HEXY - EREMNFRENR)
R A KA REFICBNT, SSEHRCEAR S VR LVOREM T EERIIRD TEET
BB, HERTIZRBITAELOMEE, 7— ) 2 EHROBERMOKFEMHIT TH D, 5
2, BF RS FBRXA~OISAEZREIC, FAZ VRV ORI ERZ ST A b
A RVERBEDR 2720 T AR L THLTOINE DD, THET, BEEEEZL
COERFEIZONWTIL, 2L OREPELNTWEN, LA(E ) 2 I(L*R) 2BZER L
TAEAZICOVTIRRENM BN TV RN o7, BRETA M)A XLEATHT
EC, FDOLYRERBOFEMITEEL LB, EAL R - V2 Ty MEERR
Bk L— ARWERZ BT ELN D, M2 [D. M. Chung, U. C. Ji and
N. Obata: Normal-ordered white noise differential equations II: Regularity properties
of solutions, in “Probability Theory and Mathematical Statistics (B. Grigolionis et al,
Eds.),” pp. 157-174, VSP BV and TEV Ltd., 1999]

9. Topics in Gaussian innovation (HEHE{&Z - BRAKE - HEH)
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10.

11.

A ABRROSFREREITMD AF A RBOTRIZ :}‘olx\’ﬂﬁﬁ%%fﬁﬁ!ﬁ B TEARKN
Thd, ZOBEITP. Lévy Lo TEASH, MAICEZ-THRE L TE -, EiER
] & BT AR OEBEIIRIEH 2T LN éi}%’(‘%?ﬁﬁb\o FLWERELT, 7o
BB OIEEERR 2 AL, 98925 Z L 2_%E T 5, [Hibino, Hitsuda and
Muraoka: Hiroshima Math. J. 27 (1997), 439-448.]

Ruelle Perron Frobenius operators on UHF algebras (#A# = - LK% - #
HEZHRE)

1 IRTTEFROMEREICIRBIT AMHEMEROBEBEHENEELZIEAT 272008 Ln
FEERET A, _ﬂ‘i Eﬁﬂ;ﬁ 81+ 5 Ruelle-Perron-Frobenius {Ef % D& F893L
RICESS b DTH D, Z LEOBTAVVREEZL D, FITBEIRERIRE ¢ T

(@) = P(—co,~-1] ® @[o,oo)(E(Q))

A7 X 5 22 h DT Ruelle-Perron-Frobenius fERZE#EA &E 5, Lo FERXS
Bt ERIEES F OFEEZIRET D, HI2EOERRECETFv /L 7RERZD
WEE YD, 7, ZETBENEAE L LT, Ruelle-Perron-Frobenius {EAE L 1%

L(Q) = P(~00,-11(E(7-1(@)))

TEEESND, EICHT2H2BOTREOEELNET 5 &, L BT 2 RERE
D—BMHIREN, BEME 1 LBV DART MK Yy TRBDZ E0NREND, &
D ENE o O 2 AMEBEEMORKBEEMERESRIND,

Cauchy wavelets in terms of su(l,1)-coherent states (R AXE| - @HF K - T
B, MR EA - mEKE - HEPER)

O DD hiq) ICFATREI L A — VEB AT L TTE 2BEHE

1 qg—b
(@b) () = —
h (q)—\/ah< - ), a>0, beR,
My —T Ly b ThHD, EP?T%@J@EEW’?FH%@%“—)‘ v MERZE P Tho, B
ERZx Q £ ThiE, Ar—NVEBOERERRIL (PQ+ QP)/2 THEALND, T
DESENE, vV—T by M (az + b)-FEl HW‘TZ} bz e —Lb 2 MR
RE) LAHBRTENTE D, FIC

G
(t + )k-l—l !

AT A V=T Ly b (A s DT by ML -Q+ kP OEFEET
HHIENRMBENTWS, LED2ODEFMERRICQPQ + P! 2HTMAs &

hi(t) = k>0, Gp:BBILEH,
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12.

13.

14.

su(1,1) ZERTHZ &R bnd, ZOZEhba—i—-y=—7 by Misu(l,l)
BT D [—itfbahizae—Lr MREE) EBAD LN TE D, BAETDER
ERERRIIMEER 7 +y 7 Z2H EICER S0 D,

Quantum analysis of stochastic-operator-valued functions and Hida calculus
(AR - HRERIKE - BEHE)

FERHBEHE L OEARERROETFRO EEBIIB W TETHTAER LS, 13
ELRRENTE R, Tha BEFREIERE L ETHER Liouville /EAFR O BHIZIE
R B2 LM TE D, M. Suzuki: Commun. Math. Phys. 183 (1997), 339. J. Math.
Phys. 38 (1997), 1183. Phys. Lett. A224 (1997), 337. Int. J. Mod. Phys. B10
(1996), 1637. Rev. Math. Phys. 11 (1999), 243. Prog. Theor. Phys. 100 (1998),
475.]

MIBRIAEHT 55 L F LITHIERER (R F - BAXE - [RFAHRE)

5o & MMTHIERIZTERE (1960 FEN D) WEOBNBMEE o7, KFECRSF - T
DEFMEI R AT SV OFESHIEME L SR OMEM AR LTV A8, 1980 FELIED
RGO RO D EIRD 2KRGHENRAZ T B, (1) EFHAR (i) @B - 2B
DEFHEE, EZFTINETCEFIARIIBITE T o Z ATHHGBOKEE Z R TE
72 [BAS)EE . ERSRaAAR 28(1991)] 7273, Z OFEE TIXEFEWEIZB T D5 (i)
DF— 2B FiTF7, BERENC L3 TBF VAR OFFEL L HIZY A3
L 72 7= Wigner-Dyson O EBF & 1EIFE R (1980 FH) i [7 & —Y VFEDA
) T W= AT T ENTWAI ETHD, LT, TORADE oh T
%{E~7- D. Thouless D—EDHRIEZERET A2 01 TETIE ERar¥747
VA REFOBLELWZLDEZAVE T NRETIAADHEICERE LT 5, T4
bb, HE () SBE )k ] & LTRRROTH D, T F—Y REOHER
REEHLTELT, FNERETIHME 7 V¥ LMTHEROTEREOFITRD 7,
N-ZEf1 5570

P(zy,-++,zn) = Cnpgexp {—6 (Z dlzy — z) + ZV(:@))} , 8=1,2,4,

i<k

DEEFICENEELZ LI ETDONRERETH D,

Derivation of Wigner semi-circle law for GOE, GUE, and GSE in random

.

matrix theory via Brownian motion (FiX ] - FURKRE - MFER)

5 % A47F! GOE, GUE, GSE OEHES LY « 7T —F¥FBRITH D23, Z O
PRERBRE O T 5 0 BN & o TEE 2HRBREZNIZE 21T Q (1) 1 HEH
4% 2 &1L, Dyson (1962) 1Z#4% 9, Chan (1992), Rogers-Shi (1993) {2 & - TH 4]
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15.

16.

17.

IR L EN T X 72, FOEHR T, BRESMZTIINT 2SS HRERAORI DR
BHOTOIZ, BHEOEREOEFELA IR L EENLEThHo T, BRESHEE
S, T ORESEREND, BEBSMERRT AEEMS HEAT QW) vy
A D R L —RAFBRAREERTHZETEDLNLD,

The mathematical principles of new quantum theory (fFERHX - EEXZE - #
BERIEEER)

BFRICBITAEEIX () MR FOETFIREBEZHLNCL, TORMERELTET
5k (i) MRMRTFROMEBEOHFEL ZORFEHETLHIE, THD, EF
FOEME LT (1) R & e, (i) DB EOBERIE; (i) E¥SBEER L B
AL T ORHEERR, BHT b5, BEFREMTOERT ¥ T A0 bk TR
2R L E LT, BFHEAERWIZER LT 52 L2 RET D, [Y. Ito: New axioms
of quantum mechanics — Hilbert’s 6th problem, J. Math. Tokushima Univ. 32 (1998),
43-51]

The measurement problem and quantum probability (EEMN&F - BEHXK
% - TEGIRE)

EFHFEOBFEOENL T, HEMNERLHVEWICLIZEE TBIR) HMEDh T
B, TNETIZEL OBAEBPIRESN TV APHEER B DITEEB LA TR,
FIT, HBIICROERCEE X THD,

(1) ZDATF =TT (BRI SHTH DD RN L 6T EE b

(1) MEFARUL, AT F— TN OBBAIBRHLIAENT L XITHDEPE]

BIENOHEREHETH1LOO—HETH D,

A1) FROREEEEIT (BRI Sh TV 20 RNNIZELT) Yalb—F 1

A=A D,
TOERICE T, AR EFE LW OO FREEINTFSND, T, ~
v — A0 Z-mistery ST A LD THD, ZOXART, TANT 4 O TBFHER)
BUENE Y INnbBREIND, [EENLT 7 nOAAALTEROE, MATH
REREFRBE 3 (1999).]

Information spectrum in quantum hypothesis testing (% EA - WA K - 1B
BREED |

EFROBANT, AL FERH L 10N L =Y M, IZEoTEN LN b, {M;}
IXIEEM R (POVM) T EERE (PVM) Thd, IRE p B3BIR 1= M, iIZL-
TER SN & &, BRIT— 4 O 5 HeRLAm PPM I PpM(z') =Tr (M;p) THZ BN D,
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18.

19.

IBEE(RE p & RSREE o OEREREE, bbb, 2EQCEFEHRN {T,1-T} icL-
T p DR, 0 ORIRERET 2MBEIEANTH D, T 2T, B8R {T,, 1-T,} 2K
L CTIThN AR 7 — A R HIEICT 2, B 1ERVEEE oT,) = 1-Tr (pT5)
OB HERY H(T,) = Tr(0,T,) £ LTn = co D& EOETEBZEARRH D,
DIz, FB

B(el{pn}|{on}) = sup {R;H{Tn}, liin_)'s;ip a(Ty,) < ¢, limsup E log B(Ty) < —R}

n—oo Tl

TEETH D, BRIOMIMMEIZRZ T, py, 0 EFHERFE E, Tlogw(E,)/n— 0%
BT HLONEETIHESIL, B2 bat—WhEaTERTIENTESL, HHF
FRIRTTT, Hy = HO OBEITIE, SOICHELRRANELND,

Nonequilibrium stationary states in a quantum 1-d conductor (HIEF— - &

B&F K - HEE)
NIV =T B

too L
H=-hy > > (¢ oCitto + Ciu10Cia) + D D N6 1Cig

o= j=—00 o= j=1
THEZ BN 1 RTETRE2EZLD, A EHLZD o TV S HMES L EREIC
HET A EIOBERERS Db D, FIGHLE LT, EAORFMIERLBEE LWL
ERF LU L ELOTEREIZH D ET D, EEOMINRERIL ¢t — oo T quasifree
RERIEBICTINE L, BRAEARWI ENREND, T DOENIT Landaver BLD A
Kk o TEHEZ b, HEFERAWZORFII -T2, —FH,t = —o0 IRV TiT, Bl
OEEREIZINE L, EEEAHZORR L ITEREOERE D, THUE, BHE
BB E VI BLEADND t — —o0 IRV TIRAREZERRE, ¢t - co ICBWTEHEER
BElzd 5 = & &RT, [S. Tasaki: Nonequilibrium stationary states of noninteraction
electrons in a one-dimensional lattice, Chaos, Solitons and Fractals (1999). S. Tasaki:
Nonequilibrium stationary states for a quantum 1-d conductor, in “Proc. 3rd Tohwa
University Conference on Statistical Physics,” 1999.]

Stochastic processes on “non-commutative” spaces (Kalyan B. Sinha‘Indian
Statistical Institute)

BEF BV, EED 2 oOMEEBRRBERFE L IR6L20, ZDZ &,
F T W —RTNOIED R DIEFHRNE L HAE SN, WH T E ORFERIEN L o T
WA, THEERHOETHILEDOE R IIFRROZ 215 D, EFTHIRTERER DX
ot LIRS ESFARE SRS L ICFERTERN I ERMBEN TV AR
YRR O AR EEMNICIEER TERWI LS 2 H D, —TFF, HHMHEERT
RSN VIFERES AL H D, BIXE, TV BB ERD Y L BRIT, EFRORER
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20.

21.

22.

BIC Lo CE—DERHERZER L TEREIND, T I T, ETHRESY dAT, d4,
A WK L TEBARNMNIEE S, BETHEMS FEXABRK—MIZERIND, TOF
T, e a7 BROBFRIBIIEERRBETH LN, v /L a TEEOEREMNEZED
BT T 72 & RFERRED 2V,

Quantum stochastic resonance in driven spin-boson system with stochastic
limit approximation (with K. Yuasa and I. Ohba) ($18{#XE - BREKE -
T 840)

SKITEDBIICETAIFFELREHE LT, EERMEIC Lo THES LD LV DR
SIS NEE 2 ARE TR A LTS, 0L I RBREIETFRICHLEETS
DS, BT Do Accardi HIZ J:%)ZI:/ RV ROMERMBROBRZILEL T, @
%@%4 EIBICIN X CRIEBHS - TERBHRB L THV I NEHLWEAREZRHL
2o TOBMTIIRELE @Tﬁf{ﬂﬁﬁﬁ#%éi‘éﬂ(ﬁ?&@‘fﬂ (T4 v7 B)BNEER
HE|ZET 5, [K. Imafuku, K. Yuasa and I. Ohba: quant-ph/9910025]

On the character hypergroup associated with the discrete Mautner group
(AL B - ZRYEKRF)

HIBREC S LCIiE, L LTORSER K(G) 2 K(G), K(G) 2 K(G) BsibhnT
W3, TOWNHERLIEIBBFa 0 MEICHET S 2 EREETH D, BES)
L LT, Bl Mautner B G 1238 LTI, RFRBOEREEOPICHBEESELEAL
T EEME D ST O EATREND, LnLARE, FIBERFa 7 MG D
s K(G) 1ot LT, BRARMET DX RAT7ERENTZ D, HIEE DA AL
vy R LR DR RERMENET LD, RBERE,

Interacting Fock space and free product of Z/2Z (HHR{TH - BHEXKF B3
IR R :
Fy = Z/2Z = (0;) OEREBHE G = «F (SREAF OBIREEDOIR~ el 2 5646 LT
<D, G ODEFERIFRROERT D w8 A & BT 57 V& BEIZHIG
+ BT FVIREE ¢ DIHOVED REHIRERZERM (4,¢) B A D, TOREDOTT,

1
i Sy =Al+A+P
N=oo  IN(N — 1) 1<ij<n

WomaEnd, =70, A AN Z1E— P74y 7 ZR EOMBIERSE, ARERRETH
0, PIIEZENY M OERBEE~OERETHDL, ¥/ 3R RD 4,5 21 5H
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ZEed, [FIRRIC,

1
lim E'aiaU;g:AT—l—A—&—BT—FB
N—oo \/N(N — 1N = 2) 1<ijr<n ’

MEL Y 3Io, 7771, B, BN IZ&BMAHERE - AFRIEAF L TLHELERE LD TH- T,
B = A, (BN} = A %79, Zhix, MAEER7 v 7 EROHF LW F A% 5
25T iz BERIRY, [Y. Hashimoto: Samples of algebraic central limit theorem
based on Z/2Z, in “Infinite Dimensional Harmonic Analysis (H. Heyer, T. Hirai and
N. Obata, Eds.),” pp. 115-126, 1999]

Scaling limit for discrete Laplacian and its quantization (if #A - EWLXZE -
IRIFHE T 240)

G ZEEHEE, Q 2T DERR, (O} & Q OEREEDERITO=UQ, ZHTTDH
DETD, Goxr—U—77 (G,Q,c) ITMAETDEBERELY A= cqclo)o
LB, R Txy 7R TP(G) DG D& R o BT 2DHE - ARIERR %
az, 6t & LT, A D2 & LIERE

dl(A) = > (o) > ahy-r0g
TefN z€G
BEXDH, EYRAS—V TEROBRT dIN(A) ODae—L 2y MREOTTOR
R MNNVERDLIEEEAHR LD, BOZOY TR (T v T IRBIHHELIZSH D
BOSETIER) 2EALT, A & dT(A) DAXT bAOBRETRT 5 Z L35
12725, [A. Hora: Central limit theorem for the adjacency operators on the infinite
symmetric group, Commun. Math. Phys. 195 (1998), 405-416. A. Hora: Gibbs
state on a distance-regular graph and its application to a scaling limit of the spectral
distributions of discrete Laplacians, preprint.]

— 207 —



15,

&

T)d— FEBHOEE
HEEA - EHEBL LK), fhPEE (BX)
BHEEE EIK). 5728 (LK)

HE B : 2000#&# 1 A 11H (KK —-—1H13R8 (K
B O . BEERREIEX v NRILIE

AL TN I— FERRICEE ST 54 0GB OMEEROFEHRLSE &
M2 EHCELRETHELEZL DO THD. ZMEFITH604L ThHoTz.

BEICOVWTEHT 2RO TICASBE LR, UTIKBITL57077 A

DEY, ZHRFEBEIZOVTHENMTON, EBRVWIIESZITO N TE.

Tl T hEEROMELZUTICHE#TD.

1A118 (k)

9:50—10:40 ZiLEEA (KRR

Stochastic analysis based on deterministic Brownian motion

10:50—11:40 HF E=2EF GLIER

On the speed of convergence to weak Gibbs measures

13:10—14:00 HBAEEE —FX

Generalized number system, generalized van-der Corput sequence and its ap-
plication to numerical integration

14:10—14:40 HFEKRKE (EXR)

Another proof to almost everywhere exponential convergence of 2-dim Jacobi-
Perron algorithm

15:10—16:00. # E#& BEX

Off-diagonal asymptotics in quantum ergodicity

16:10—17:00 &EBEBB GEREEW, BF Bz (EIX)

Fermion shift and its ergodic properties

1A12H (k)

9:30—10:20 & &EEL (LK)

Classification of suborbits of nonsingular transformations

10:30~-11:20 #&EXE BEX BAFNERAKFHHER)

On free Z¢ action of Cantor minimal systems and orbit equivalence

11:30—-12:00

g—pheTIazmb—3irg s
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13:30—14:20 Klaus Schmidt (Vienna)
Isomorphism rigidity of commuting toral automorphisms and other algebraic
Z%action
14:30—-15:20 MKREE (LBEHFR
Presentations of symbolic dynamics and their topological conjugacy invariants
15:50—16:40 FHE.O, = INE, B 5L (UK
Periodic points of the Dyck shift
16:50—
va—brala=f—agr

1H138 (&)

9:30—-10:20 f{FifEBR GEHEX)
Periodic points of Number theoretic transformations and their reduction the-
orems

10:30—11:20 HigEE (BEREREX

An ergodic property of the Riemann zeta function

13:00—-13:30 f{hEH (BEKX)
On the law of large numbers associated to continued fraction expansions
13:40—-14:10 HHEE" (BEX

Dissipative Sequences (Z-2T
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Off-diagonal asymptotics in quantum ergodicity

Tatsuya TATE, Keio University

Faculty of Science and Technology, Keio University
3-14-1, Hiyoshi, Kohoku-ku, Yokohama, 223-8522, Japan
E-mail address: tate@math keio.ac.jp

Our purpose of this talk is to estimate the rate of the decay of the off-diagonal
asymptotics in case where the Hamilton flow is of Anosov type. Also it is shown
that if the Hamilton flow has homogeneous Lebesgue spectrum, then the measure
associated with a pseudodifferential operator A, which introduced by Zelditch, is
absolutely continuous with respect to Lebesgue measure.

Let M be a compact Riemannian manifold and let H be a first order positive
elliptic pseudodifferential operator with principal symbol H € C*°(T*M \ 0). Let
{p;} denote a fixed orthonormal basis of eigenfunctions of H A 0; = Ajpj, i <
Ay < ... P oo Weset N(A) = 8{j € N; A\; < A}. Then our results are the
following.

Theorem 1 Assume that the Hamilton flow ¢ on ¥ = H™Y(1) is transitive
Anosov. Then for every pseudo-differential operator A of order zero, we have

limsup N(\) ™ Z Z |( Ag;, o) = 0(6),
k

A—00 j
A;<A 0<|Aj~Ag|<8

where (, ) denotes the inner product on L*(M).

Theorem 2 Assume that the dynamical system (X, ¢, w) (w s the Liouwille
measure on %) has homogeneous Lebesgue spectrum. Then, for every pseudo-
differential operator A of order zero with (oo(A)) = 0, there exists an integrable
function ps on R such that for any a < b the following holds:

b
i NV Y S ey el = [ pa0)ax

A—00
A3 <A k
a<Ap—A; <b

Here, (0o(A)) is the space average of the principal symbol oo(A) with respect to w
on 2.
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A flow of Anosov type is said to be transitive if every leaf of the expanding or
contracting foliation is dense. Note that the geodesic flow on a compact Rieman-
nian manifold with negative curvature is transitive Anosov, K-flow, and hence has
countably multiple Lebesgue spectrum.

We also note that, Theorem 2 has proved by Zelditch for compact hyperbolic
manifolds. He has proved that, on a compact hyperbolic manifold, one can take
the function p4 to be smooth. He has used the fact that the correlation functions
have exponential decay. However the assumption of our theorems are somewhat
general. Indeed, there is a metric on the two-dimensional sphere whose geodesic
flow has homogeneous Lebesgue spectrum, and hence, in this case, we can apply
Theorem 2.
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Classification of subrelations in ergodic theory

L Bk
TUREHE

Txv ) A2 U ROBAERFROSRICHG Licz I — RERALDT 7' —
Fid, EoEEOSETH D, PuBFRELZXHRE T2 DT, measured discrete equiv-
alence relation (fEL|Z relation &FES) #F 2T LV, £#Z TR & § % ergodic
relation & % @ subrelation (R D8 &&9) & L& 5, Jones EBHIZHIGEL T, §
DEHEIAEA, R OEEOHIZA{E (ZOEE%E orbit index & BV, [R: 8] THK
T) EENTVDINICERT D,

FhREREOREGICROBEEEZD, TDH, RDOS &R DS BEER
ETHHrZLE RERPEERET, L, ALREREEBEOL LTS L
S"ENEBEREICRDILEL o TERLTERL,

1. [R,S] < oo & L7zKF, inclusion R O S DIFEFEZRKD D
2.[R,S] <o Db & T, RDSDEERESEEIT

(1) IZ2WT
R & 8§ OLLED subrelation & . % @ normalizer 2> 572 2 H[REE G 1A L 845
HHEREPRN, SSHERRBEICEDIIICNE>TWERE, P&, £D
HCEREHMOHHERLICE27 e A TREND, T DFFERIL C.Sutherland
(Subfactors, World Scientific, 1994, X U~ Current topics in operatr algebra, World '
Scientific, 1991) IZ X %, :
B2, ki@ relation CEER, BHEMOBOMY HFEHR—ETHD (DEVEE
FERETH D) T ENmhoTe, (T.Hamachi, J. Operator Theory, 43(2000))
(2) 122 T
amenable 723842, relationR B OEIEFESEIZBEICSER LT 5, TR O
A13 Dye, I A DBFAE T Krieger i2 X 5, R DS DREIL, BHEOHEREZIFETY
HT ik, BB LOKERO—BHEERAVWT, E2oE ¥R, IEOF
413 T.Hamachi, J. Operator Theory, 43(2000), IIIZ& @A 1% T Hamachi, Israel
J.Math.100(1997).
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Isomorphism rigidity of commuting toral
automorphism and other algebraic Z%action

Klaus Schmidt (f [ #J5€)

a Ry NEHE X ECERE SN ZREA Z%action o 1T T D -
e X OFMOENAERE 2L XOBERAE V725 action THD, =
DOZELEHLERLT, TOEBETIHROI I RERLEZORIOEELEN LT
Wa,

d>2 & LT, 2237 NA#EE OB CIRANREH Z%actions (BEIX
BERoTRW) T 2EEOF A7 conjugacy 13 affine BHIZIE S,

IO ERFRD LS REWRERD, 7 X LN B S RAENIAREANC con-
jugate T72< & HRAIERAYITIL conjugate (2720 95, LinL, ZODFMARHE
CRMOEEE 22 & BIE R conjugacy XAEKEY conjugacy 2B L TLE
9. ZOMBEOZNLI— FERICBITSERO—DICIKIT M —F X (R/Z) L
TTz = 2z & Sz = 3¢ 2B 5 RERED Haar measure DSMHZIH BN E D
%> &Y 5 Furstenberg conjecture 3% 5, ZORMEB AR E FREKHLERISELN
TWRWA, = b —REIRSAERNECFRHBETIIELWZ EMNERIH
TWD, RN a 7ERICEET DT ENERRERT e —4%25 2 50|
FEIZRZDEI DL, FO—&bELTEXbOTERRBETHS, LML, =
OEEEFBRVIEIICEE OREREI =D, ZTRETOELEIAE &Y LEF
THESHRERTLLELNTVWARNE S THD, LOBRIZ, v/ /Lo 7
DEBSNTWDEMIEBELTIMAL, ERLBECRELHIRT S &1
FYHREEXEZREIRTE 5,
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Dyck shift o J&H &

FE O BE OJE, B 864
PN KRR TR AR

FEIORE (,),[)] © 4 3F THESD BRERFIA: 5D shift C 23, XFOLTT
DL r LT HEIUIAMID HAMACFRiEe] & LIz & &, C & Dyck shift £ 5,
Bz, Tuvs () []) BEEEnBER, [()-[]) BFEShE. Dyck shift
C OEH n OB AOEE §Per,(C) BRD L I exact ILEE T ENDL I LNT
Pl

n R AW
23" = 7 (i)2} n : odd
2{3" — Zz o (N2} + ( )22 n:even(>2)

C @ topological entropy i Krieger(3] iIZ & V. A(C) =log3 LFHE s, (-HK
. Keller[2) I Co(t) = SS5AEE i) < L LBRIZBHA SN T B, BB LR
AFET, ko exact o EHWT 5’%5’3 b entropy & (-B¥ERD D Z &
Hk 5,

Y17 subshift OIEDALIIEEE £ 2 B, shift X % shift Y ICEIZEDIAEND &
1. X 73Y O proper 72 subshift & conjugate’2 Z & &ZE 5. Z4Uid encoder-decoder
DIEF A FNIAEA T, X A keybord 2> BT/ full shift ZFE L, ¥V 23—

K5 4 2 7 BEQTBBEEZET, shift X ZERITIESFT TH L LREL TX
W, HEBARED Y BEK7 SET O & X IHEDIRH OB+ 5403 Krieger 12 &
DRHLNTEY., Fhidh(X) <h(Y), tPern(X) < {Pern(Y) for eachn > 1
B, T OHERMEE, B)HiIAKREE SFT 1 b sofic shift (IR Y 5 &R+
ChBH I ERSNoTEY, FOHED Boyle[l] i & » TEEIZREN TN D,

L = A7, sofic T/2W> Dyck shift Z3EDRALLIT T D&, RV Krieger
DY ZAED BN B %, Dyck shift OERIED exact RAREZE->TEX LI &
AT, 4%, sofic TIEARVEE O shift & LT, Dyck shift % o shift, &< i
property(A) & BEAT Krieger B ITHIZE L T 5 shift[4][5] ZBeirAiee L7c
B DAL DHERGEFIIRODIBERS D,

Dyck shift (2> T, % ® subshift & LC, SFT & Dyck shift L DHRBESET
3 5 shift OFFEOBEENEN H 5, HlZE. Dyck shift C & 3-shift {(,),]}7 D&
LT HONWT, BRIEOEE, entropy. (-BEEFHELZ,

i Per,(C) =
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£ Xk

(1] M. Boyle. Lower entropy‘factors of sofic systems. Ergod. Th. &
Dynam.Sys.4(1984),541-557.

[2] G. Keller. Circular codes, loop counting, and zeta-functions. J.Combin.Theory
Ser.A 56(1991),75-83.

[3] W. Krieger. On the subsystems of topological Markov chains. Ergod.Th. &
Dynam.Sys.2(1982),195-202.

[4] W. Krieger. On a Syntactically Defined Invariant of Symbolic Dynamics. to
appear in Ergod.Th. & Dynam.Sys.

[5] W. Krieger. On Subshifts and Monoid. preprint.
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On the law of large numbers associated to
continued fraction expansions

Hitoshi Nakada
Keio University

v % (0,1) OFOEEEE L, ROL D RACESHRERER LT 2,

ZOEBEEL (0,1) EOFRITESERRTEAEEL SOOI LBMOLNTVD
N, FIITEED (1—¢, 1) THEERERE 25, LBoTEOEHICK L THE
BOEM A S — REBRTBEHATE RV, S OICFRCRRBBRE bi(z) 3V 5
MBI L DELTHS L BBRVDT, {by(2)}52, [REOERIAEL Y L5
Y3 NI EBE TV, J. Aaronson (86) 1 Lebesgue BIEEIZRE L TIIEHIEHIN
FRAZLLTWA Z & &ZFER LT .

n—-1

Z b; = 3 in Lebesgue measure

=0

537, T. INoue (°98) IZERRDOAERE ZFS L RTONFRIH LT, 220
4 R e D I EE & 0 K B~ E5RIE#Z B L T ratio limit DTFED ae. THRY I
S E (BAEEOLET) FLE, WEMBILLTW2ESEDOSE, TH
FLUZ RS T 23S 1 5 & T. Inoue D -72FITHD, £ZTEDI LD
e L TREDBIER ORI BFER S LD ¢

1

lim —
n—oo 1,

EH OFEALTRTO e (0,1) I LT,

n—1

lim — Z b; = 3 Lebesgue measure- a.e.

n—oo T

Hbﬁﬁfﬁﬁw&%ﬁﬁ&ﬁéL Y#ER (Index oo @ Hecke BEITRHIST 5

S¥RE) ORI LT HREOMBRR Y Lo EAREA SN D,

:@74?7%%6%#%%0%@kxﬁmg%%o:wﬁ~F%%@Kﬁﬁ
F2-licky, EYAEEOBRICH L TERNT LT — FEEOKILZ R T
HEEREFEL TV A,
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16,
FEER A B 4F
TRkl 284 H27H (K ~28H (&)
IR B RFERFTIRF TR HE REFREB 707
BEE BE #=, MR R

WHFTERI, FEERRESN O ClY EIF bd K512k o T, AFEEFKB LD &
AL T, MEOREAL - PROES « Bl OB -« D OFRORNEHZE L, 5% O
BT AR AME LT, FHE SN,

DR 2D LIE B L TN, 190044 A 2 7 BT, Kervin A3 KIEFH([E
27T 71— IREKY ONFHGmEED 1 HROBEDE] L5 OHENEITV., K
DREMFR, BT OBERIT~OEHEE LThb, TE100F 2025 & LT3,
Kervin Wi Z OEFHOF T, =/ T— NMEHOWFEEZ 1T 5 7o OICITHKREZFT{RE 2 & &
EL T2, HORR LIZRD 1 21E, 3AERNTOEE TH D, EEIZKEEREZT-
T/ IF— R TIERNWZ EZfm LTS, b9 —D2D%IE, 4 T8 2L Bunimovich RiZ
B 7= OREROHERR TH L, T BEEERORE L LTI/ I— FRI TR
LLTW3,

191 4FETHE, Weyl iIT&-oT, b—F2 L (HDWIIEFF) ORISR
BIRU BN, D% 1 96 3HITIE, Ya. G. Sinai NEFEDIHE O P DERED LR T
FNTNT— R THABZEETEL, 19 7 O4FIZ Sinai DHEERR LN AR THOTIL
O— NEEFEA L7, OFeE&E (AfR) 1. Sinai OFEHORNMEEZM S & & biz, K7
T W TTORERR DTV I — RMERZ O I A AR EEE) OV T U,

Sy OB EIXRRITEER DU 2 TV, T OMELuE OB OME., FHoE—2 B¢
MZ2F5e% T, FIR IR O &P FIEL VT, EEGR 25 U O,

—J. 198 64D Katok DFRIIT LY. HEEKROMIIT RN FIT T & 2 M
Wz B, BTERRBIRRERA & IroTe, £, EORMBRFE OMRSININERANHE
MLTWa, ZRb6n X )71k, B TRY XA MZEYD R, 20Xk 2 2EROT TS
ZRME LT,
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EERAEEE T 1 7T A
AR27H
14:00 - 14:50 ABRER (REBK) TAT4VpLYTAETOT7 0F
15:00 - 15:50 AFA{EZ (FrBR) MY v — RRIRED 7= 6 ORI R D %%

D=
16:00 - 16:50 FEUEA (ATR) RERIIERKEEY 7—F
17:00 - 17:30 B

4728H
9:30 - 10:20 EMEEEE (BRTK)  Dynamical zeta functions of dispersing
billiards without eclipse
10:30 - 11:20  HFBEIL (ORIKMTK) BF U A4 A & BFimis
12:30 - 13:20 H#HE B (BN B2 U 7— Rz A24MA - AR

RE & LR
13:30 - 14:20 FEAKE (EEK)  ~A) =281 B HEERRE O
14:30 - 15:00 B

ZNE Y Ak
ERGE22 (BRBEXR). BEsh (BFER). Mz GROR) . | (KN,
fhH) (BR) . BREE GFrR) . fFEE R . L OBRMIR)
FELEA (ATR). EDZ (WLEER) ., Mk RILER).
o BRZER). WESBY BFAEEKXR) . RE (BFREER).
SSAYeE (EER) . AR (KRR, BT (RER). EHGN (LEXR).
MHEE (RBER). Bl (REXR) . SERH—I (EEXR).
PR (BEER). HAZEE (REKR) .. BRAER (BEBX).
AAEIT (BEKR) . AR (EER). FH#— G,
HERE (FER). BfEAt LK) . Elc, JuR).
sl (EEX) 314
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FINVT 4 I AETDT 0F
ME R URBRFE

1900F4R2 7R, FAY1 B RIEFTE LN T, 1 9 flkED
LT, 1 9HRITRAE L 2 O IRITTR SNz RIB R TR B I Z 1T . Zhasi
e L TREENZ DR

Lord Kervin ; Nineteen century clouds over the dynamical theory of heat and
light. Philosophical Magagine S.6, Vol. 6 No.7 (1901), 1-40
<7,

ZOFILOPT, MEE] & LTCWDRED—IE A 7AYo DbEE—
EOER) OZ LT, ZOMRROEBIZT 4y Y= T/ ROWFRIZIIEFEZENT T
WET,

HH—oD FE] BN, ZOMREOT—<ThHD, Yy I AV z)b - FLV=
ANZEDB TmpId—FE#H) OZETYT, 7404 VIEs 03T 0T, 2o
R EREHI L. (B A TRET 2 6D TH D] LERLTOET, MieD
£ 970 EEE L7=OE, HEZEPNTHES, ZORNZ, BNRE->Tns =
Noad— RG] Sz LEL X 9,

Yy I ARG B R TR SIVIRIE, BRI, Rl —
DOETOREQEBEOI Z B8R 5] ZE2FRLIN, Znnb, hRO%HE
By DIEB) = R —DORIFEENIRSIC L O T —EH TH L 2 L 2HEH L
fro ENEABHUIIRT (F) OBHE LREOER - TELBOREFR LS, X
A2y o L CHBRIE & OB A EZ R LE LT

TOE, A pVOREIZ LY | BHESEERA 7 VBRI S, £
U OABEERET (0F) PELTHD EERISN TS L, Zhie~y
JAG s RNV DR EABEGOED & HAOHRREN R 2 ME L 2 Y
£9, ZOZ &R, WE LU TERSMRREAZ M2 E L, M6 Ot ar
DEIRBDOEBZERRNEIZE N> TNET,

vy 4 SR BAOOEREFHT L7eDs, BIFOT L — Y CROWIIT
R OPAEEREATNVE Lo, 3ABROREHRIZEBNT, 2-20J Mk D&
B X — ORI EVED Z 2R GV TRLE L, &6
i FORCEETLOTEIRN TOEBCRIZIBW T RIROBIEESRRZ L TWEY, £
2, BEREEEE LS ORI 2> TOET,
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Hoblb, HLIDLAGI, LAV —lRvy I ATV RNVTY s FT R~
DOWBEEDT- DI, BERBDO L5 R b ODMENNETHS SHERMIILTWET
5, BARWZeBFe 2 LA L7c o ThidH D 8 A,

)L — ML, EOXETTRES W THERRIGES ] ERENH 00
AR TLEN, FEORBEL EDIZFOEETIFHRL LN ENHB L, 7
U VIEIBNME LA LEDOT L, F0H%, =— LU T x X R ES ZNEE
AL, EEHEOMEES <REE LTRY BFbhnd K oic2) E L,

19 1 44, UA/MITELHOEERE LD 1 SOREEROEENNS, FOALE DRI
FRTIUE, oA T FESE T8, SHITEAT, ERFRHEE N2 Ty
=T A EETRL, vy 7 ATz RV DB OERE S~ OT
L7,

1 9 3 2FZIE A —a 7AMER /L = — REBZGH L, I &40
TCORBEHOEE L, ENBERTENC—ET D72 O OB+ 550D EIEE
BB TH A Z L aR L, ZhLE, =2 MG E TR 2O d a7 )5
FNMEREEE L O L EEESNA IR, ToWEERz AT — KL
M IS L 9T o T,

FNDD, SNUROERE PO STFROTN T — RED RIS, b o
E B ARORBBEIZT DL, 19 3 8FORy Az L2 [EathRZERORHA) >
n—) QX d— RO Th o7z, 2L, bo & —RAR AR OSE
WA EICE > THEEND 2 & L7 D,

196 3FIZVFHAF, 2T h—F A EIZEPNEMEDEEMOSMUITD
VESOTES) (2 ORKR EFHTIE) DL =— R D 2o LRk Lt
D3, EBEOIIIL1 97 OFDRLEE DI & o, FOTEOKRE TEIRES
S Ry THREMERERIZ W L TRHWWET ¥ — L OBERIZE VDTN S, L
L. 3 0EOmAZELAEDIE. X5 CHIBSRHIEDRERHE AL LY
=25,
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i< pe BIZHiTD B @ shape operator DEGHEDOKEKMETH B,
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1. Diffusion and Perriodic Lorentz Gas

1980 Sinai-Bunimovich (CMP 78) ¥:8fR¥ D OfFEER LTz, (1986 CMP 107 b

ZH)
d2
J. Mealton, R. Zon D ~ v
7r(a2\/§ — 27a)

RtoduLE O d TH D,

1
1998 Fujisaka and S. Grossman (Z. Phy. B48), D(a) = g(a —1)(a —2).

(d=2a), 772U, MROLER o . MiE

2. Escape Rate Formula
1990 Gaspord, Nicols ; Phys. Rev. Lett. 65

D = lim <£>2 [AM(FL) — hxs(FL)},

L—oco \ T

where A is Lyapunoff exponent and hxg is Kolmogorov-Sinai entropy.

8. The Diffusion Coeflicients in Terms of the Hausdorflf Codimension

Young’s formula

D= lim (é)g MFLCH(FL),  Cr—1—dj—1— h—fﬁ
4. Fractal Diffusion Coefficients
Harayama and Gaspard, Billiard in a graviation.
BT, RICHED EOMEEYBI T~ LT D%
M. P. Wojtkocos, CMP 126 (1990), 507
BAE T, KiZmy ¥ LOEEMBEDN TV DR
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Dynamical zeta functions of dispersing billiards without eclipse.

RAEZ (RRITEXRFE)

Let 01,05, ..., Oy (J > 3) be a finite number of strictly convex bounded domains in
R? with C3 boundaries 01, 90,,...,80 . Each of them is called a scatterer. We assume

the following condition (H) .

For any triplet (j1, ja, j3) of distinct indices, the convex hull of O,;, UO;,

does not intersect O—J3

@ denotes the exterior domain R? \ U'j]:1 O, of scatterers. Let us consider the billiard
flow S? on (), that is, the Euclidean geodesic flow on the manifold ) obeying the law of
reflections at the boundary.

Let SR? = R? x S! denote the unit tangent bundle over R? and © : SR? —
R?; (¢,v) + q the natural projection. The state space M of the billiard flow is given
by

M =7"HQ) U (r~1(0Q)/ ~),

where the equivalence relation ~ on 7~ 1(dQ)) means that (¢,v) ~ (p,w) if and only if
g = p and w=v— 2{v,n(q))n(q), where n(q) is the unit normal at g € 8@ directed toward
the inside of the domain (). Namely, the state of incidence and the state of reflection are
identified. Therefore, by selecting the states of reflection as representatives, we can regard
= 0Q)/ ~ as

M ={z =(q,v) : ¢ €0Q, (v;n(g)) = 0}.

The nonwandering set Q@ C M of the flow S* coincides with the set of initial states z
for which 7(S*x) € AQ for both infinitely many ¢ > 0 and infinitely many ¢ <. 0. Moreover,
it has a rich structure something like Axiom A attractors. Thus we can investigate the
dynamical properties of S by constructing a suspension flow over an appropriate discrete

dynamical system. Precisely, consider the set Qt = M*™ N Q. The first collision time
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tt : OFf — R and the first collision map T : QT — Q7 are defined by
tH(z) =inf{t >0: Sz € Q'}, Te=5"Eg

Then the billiard flow restricted to {2 can be represented by the suspension flow over the
discrete dynamical system (7, 7') with ceiling function ¢*. Usually, the first collision map
T is called the billiard map.

For a function V : Q% — C, we introduce a formal function (y(s) with complex
variable s as follows and call it the zeta function for 7" with potential function V.

© n—1 .
R (z LIS wm)) ,

where 3" . 1., . means the sum taken over all points z € QF such that 7"z = z. Clearly,
if V' is positive valued and bounded, the series in the right hand side of the above equality
is absolutely convergent for s with Re s large enough. In [1] we obtained the following (seé

also [3]).

Theorem A (1) There ezxists a positive number h such that the series in the right hand
side of {4+ 1s absolutely convergent in the half-plane Re s > h and (4+ expresses an analytic

function without zero.

(2) There erists a positive number § such that (i+ can be extended to a meromorphic

function without zero in the half-plane Re s > h — 6.

(3) s = h is the unique pole on the azris Re s = h and it is simple.

An interesting fact that follows from Theorem A is an analogue of the prime number

theorem.

Corollary. Put
m(z) = {7 : exp(hé(r)) < z},

where T denotes a prime closed orbit of the billiard flow and (1) denotes its period. Then

we have
log x

7(z)

— 1 (z — o0).
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The aim of this article is to describe recent developments for the zeta function ((s) =
i+ (s) after Theorem A. Some of these are found in the paper [3] but the others are first

announced in the present article and will be contained in the forthcoming papers [4] and

[5].

Theorem B. There exists 3 > 0 such that ((s) is ezxtended to a meromorphic function

without zero in the half-plane Re s > —[3.

Note that s = 0 is a regular point of (;+. In fact it is not hard to see from our proof
that (yy has pole at s = 0 if and only if L(0) has an eigenvalue 1 and L(0) is the transfer
operator corresponding to the zeta function of some directed graph. In fact we will prove

the following in the forthcoming paper [9].

Theorem C. s =0 is a reqular point of ((s). In particular, we see

1

¢(0) = T2

holds as far as the condition (H) is valid. Namely the zeta function knows how many

scatterers there are.
Theorem D. There exists a € (0,1) such that ((s) is pole free in the region

{s€eC:Res>h— —, |Im s| > 2}

|Im s|

This result is sufficient for the rapid mixing of the billiard flow but not for the ex-
ponential mixing. On the other hand, the billiard flow is expected to be exponentially

mixing. Thus we arrive at the following conjecture.

Conjecture E. There erists a positive constant € such that ((s) is pole free in the region

{s€C :Res>h—¢€}\{h}
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If we can show the validity of Conjecture E, we can obtain the remainder estimate

of the error term of the analogue of the prime number theorem in the same way as [12].

Namely, we have the following.

Conjecture F. 1There exists a constant ¢ € (0, 1) such that

m(z) = /; lodguu du + O(z°) (z — o0).
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Set Covering Problem , Genetic Algorithm and
Its Domain Specific Knowledge

by

Kakuzo Iwamura Tomoya Sibahara
Department of Mathematics,Josai University, Sakado,Saitama 350-0295,Japan

kiwamura@math.josai.ac.jp
and

Masanori Fushimi Hozumi Morohoshi
Graduate School of Engineering, University of Tokyo, Tokyo,Japan
fushimi@misofiro.t.u-tokyo. ac.jp

Abstract

In this paper,we propose a genetic algorithm to solve the Set Covering
Problem.

Here, we make some improvements in getting some better feasible solu-
tionms, i.e. better chromosomes at the first starting population, taking full
account of Domain Specific Knowledge. We have implemented our ideas
to solve some medium sized Set Covering input data with computational
experiments.

In addition to small sized input datas, we have carried out randomly
generated Set Covering datas of size 200 X 500, 640 X 2000 and have got
very good near optimal solutions to each of them. We have tried up to ten
input parameters for each Set Covering data. Ten is a small one because
640 X 2000 input data uses just 20 seconds for one run of our genetic
code with final generation number 1000. We show how the performance
of our genetic algorithm improves as we take more care of creating first
starting population. We have applied LINGO version 3 to the 200 X
500 Set Covering data using Celeron 400 to find that it was unable to
to finish its computing in two weeks. We thought that it would take
another two weeks or more. Considering the fact that there exist some
Set Covering input datas for which Brannch and Bound type algorithm
such as LINGO, LINDO and MPS/X cannot find even a feasible integer
solution in a reasonable amount of time, we think our results would be
useful for practitioners in our real world.
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avEZ .o AR 1974 FEFE TEHaris itk o THEA SR, 2 F 7 b« Tuv AT THEf4
B (BBWVIT MEMRYEERE] ) LETh, GRRCHMORE, HRAKR L, FREOHIEEDE
FLAELBELZLND. i, HHEAKMTFOERBBETNVEOBEREL TE 5,

FRIXTIXLIRTEOVF 7 b P AOLAEREOFMITIHRICOVTEHRET 3.

1978 4E1Z, Holley-Liggett i 1&RTa v ¥ 7 - 7ot AOERED LR L AFREOTRERD 5120
CEHFRAEZ AW, THhIZH LT, 1990 £ICEFR - 4513, K-EHEEEEZEATLIZ LTIV RAEL
DEVEBRVBTEBZLELZL. ZLT, TOFROFT, 1RT2VF I b - T RAOREREICR LT,
K-BMEEEOMICEY Lo, K-AREERXOtzIAZF—0FE 1REZEDTEVOM0EXE, Ik
UZT LIC K VL EEA I3 RFLVWAIELZ RO D TRE L.

ZIT, AFETRESFUMZESLITHERELEFLO N E LT, 1ERBIC 2 EHBEELEALT
K-ZAHB B EGC "F A—F pe [0, 1] ZVRCGERILE. 2D L &, p=0 D& XX, Holley-Liggett DFEFR
W—HL, p=12 DL ERFR-SFORREI—BLTWVWS. ZOBKT, ARRTEALLIERIN:
HRRZHODEREZEATHD I ERbR5.

EREOFRERLD, UToZ dbhoT.

(1) 0<p<1/3DL & : NDEIXEBOFE L LTikRk&BEROTI 20,

(2) p=0mnE& :)=2 (Holley-Liggett O 1:ELlE —FK L TW3)

8) 1/3<p<1 :p=10LERFETEEIZRZ>TNSD.
IDp =10 A= 1847651, BER-LSFOEEp =1/2 (A = 1.78989) LV EEVA, p =00
Holley-Ligget 2% p = 0 ® Holley-Liggett B3R ®»77 A =2 XV R X WEE2 52 T 3.

IRTEIVEZ b - Ot A0 ADbHE L EFRE o(A) RUTTE2 bR T :
o(A) =1—-w{n: EED cc AT LT, n(z) =0}
BT, A={0} £35&, pr=0({0}).

TIZT, EXRMREZFELT, EDpp\ 2RODBZIELEFITERVOT, vy #EOL I ITEET D08 K
GRETHD. 0, vy ZEHRE CHEE LD 1978 4£@ Holley-Liggett DFETH Y, 1990 £DFEF
R-SBOFETHoT., RHETIE, EFHECTR LW OIFR-SHOBEXF L ELIIKRLT, py O
e LT pkfFEELmit L.

SHOBELLT, 7, p=108%481K, o) BAELIC py OFRICE>TW B OhEKENICEDR
THLETHD. FOFEE LT, 1978 #(C Holley-Liggett 23, 77 X 512 Harris OFEE AWV T
QRA)) > 0REBED AcY KR LTRTZ L RRELRS.

Kz, EEOpe (0,) IR LT, EREABOIERIERT A LR TEINE I PRETE LT
H5.

#Z 30k [ 1] Holley,R.and Liggett, T.M.: The survival of contact process, Annals of Probability,Vol.6(1978),
pp.198-206. [2] HEUEH, 4 EFfim: Contact Process D EHINMEICH T 2 HEBRRICOWVT, FHEHEK
 Vol.38,No.2(1990), pp.243-256.
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BiE, BESI(OFERBAICFRISNA TSN DY, BEREHEET L ~OBBERLOBETX X
CHIRENTWARWDT, TOHEEICE L TRELZITY. FICAMETIE, BRRLEITS & EREEN
5/ (Domany-Kinzel €5/ 3 L §ENn2) 2R THEAXRBOND L 572, W ODDOHER
ENFBRREZELEL, REHMET T ERERESFERAOERICONTEETS. UT, AHET
# 5 BEERLIZ W T BEICRRBR %3 5.

P, X={Xt:te{0,1,2,---}, i€z}, Y={Y}:t€{0,1,2,--}, j € Z} FENEHMIFAS
T, HOXEY bMELETH. BL, P(XI=1)=p, PX:=0)=1-p, P(Y}=1)=¢q, P(Y} =
0)=1-9¢q, TH5.

IOLEROHMRRBESFREAELEZS.

t

2 21 X; Y]
gt | o) (u511) 1+ uf_quiyy (1)
’ T4uf quly, w_y + Ul
BL, utell,o0), t€{0,1,2,---}, j €2 (1) kul=els/  LEREBRT DL,
Ut /e e2Uia/e o ez.U;f‘/e % 1+ elUi-1tUis)/e i
e = " T Ut Ut (2)
1+e(Uj—x+Uj+1)/€_ | e i-1le 4 eUisile
Wi D log & & 27T,
UJ‘?H =X} [e {log (eZU;—l/E + eZU;'+1/€) —log (1 + e(U;—l"'U-:'H)/G) }]
+ v} [e {log (1 + e(U;‘-1+U;'+1)/‘) —log (eUzg-l/é + eU;‘+1/‘) }] (3)
€= FODWBBEELD &, AN lim elog (eA/¢ +eB/e+...) =max(4,B,--) &Y,
Uit = X; [2max (Uj_, , Ujy,) —max (0, Uiy +Uji)]
+ Y] [max (0, Uj_y + Ujyq) —max (Uj_y , Ujyy)] (4)

LY, EHBBETLVERTHAEINEOND.
£, UTOmERESFRIUIKLTY,

4 Xt
(u )™ +ubyg wh_y 4 (ub)™ !
Ttud (uby,)™ ! L (uh )™ Tl ]

T4ub_ (uhy,)" L (ub )by ]
X T ot 7 7 n (5)
(ui_ )™ +uiy,y uj_y + (uj)" | ]

LEERIC UCRBEEBILT 2 L, ROBEHEEETAVEZRTHFEALELND (EL, m>2, n>1).

t+1 _

7

ok

Uit = Xj [max (mUj_; , Ujsy) +max (Ui, , mUjy,) —m (Ui, + U]

+ th (n+1) (U;-_1 +Uj,,) — max (nUJ‘?_1 ) U;H) — max (U;_1 , nUJ?H)] (6)

ERIZ, ROL S LB RAREH D (R1EH) .
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£1 BHEBOAL—A (EL, v>1, w>1).

LU [ Up [UF [y [y [ | e

i

0 0 1 1 1 w 0
0 1 0 1 v 1 1-p
0 1 1 1 v w D
1 1 0 v v 1 1-g¢
1 1 1 v 2 w q

7, EANOHE LEEADELTF AL I al—a il L ABERAY — (FL—Rr—
IWTERFR) EWVLOMNRBRANTSH (R1BH) . :

m=n=2, p=085 ¢=05DHEE

RESHEAEE 7

ug = 10% RESHAE 7L

1 vIzb—aryOfER.

2&@*%%’6"1, ﬁﬁ%i%ﬁ%?‘/bﬁiﬁ LCA & Thn Bﬂfb\éﬁ%%%}g—g—é LEbhin, FEROBEE
ENFRNEEREETT VORBIC OV THE LY. £z, AREO-HIZERRES RERKX)
EDHKERFETHS.

1) D.Takahashi and J.Matsukidaira: Phys. Lett. A 209 (1995) 184,
2) T.Tokihiro, D.Takahashi, J.Matsukidaira and J.Satsuma: Phys. Rev. Lett. 29 (1996) 3247.
3) SEREHE: *H S ERNTRORFEL KR, HBHE, Nodd6, H1 = 2#k (1999) 37-43.
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—IRTCZ v K brly v 7 LAY
Parking Cars with Spin but no Length

Yoshiaki Itoh 7 and Larry Shepp 1
T The Institute of Statistical Mathematics
I Statistics Department, Rutgers University

The car parking problem is a one-dimensional model of random pack-
ing. The car parking problem has applications in biological or sociological
problems. For example, the 2-dimensional model has been applied to explain
the shape of the territory for a bird species “calidris melanotos” (Tanemura
and Hasegawa (1980)). The broken stick model is often used in ecological
study as well as in election data. Another model concerned here is a ran-
dom sequential packing model for elections (Itoh and Ueda (1980)). The
way of distributing organized votes to each candidates for political parties in
Japan is modeled by using the random sequential packing. We genenralize
our model to the parking problem with two species of cars.

Cars arrive to park on a block of length z, sequentially. Each car has,
independently, spin up or spin down, w.p. 0 < p < 1, for spin up, and
g =1 — p, for spin down, respectively. Each car tries to park at a uniformly
distributed random point ¢ € [0,z]. If ¢ is within distance 1 of the location
of a previously parked car of the same spin, or within distance a of the
location of a previously parked car of the opposite spin then the new car
leaves without parking and the next car arrives, until saturation.

We study the problem analytically as well as numerically. The expected
number of up spins ¢(p, @) per unit length for sufficiently large z is neither
monotonic in p for fixed a, nor is it monotone in a for fixed p, in general.

Let f11(z) be the expected number of up-cars in saturation in a block of

length x with two up-cars at the endpoints. Let f};(z) and f”( ) be defined
sirnilarly.

For z > 2, fii(z) =p [~ (fm(U)Jrfﬂ(fﬂ“u)H)du

+als” (le(“)JrfTL(fﬁ—u))du + (P2 + ¢%) fir(2)
where we have used f1(2) = fi1(z) .

Similarly, for z > 2,
fulz) = p 72 (fri(u) + fri(e —u) + 1)%
+q 5T Au(u) + fli(z — w) 2 + (p2 + ¢2)f) (2)
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ful@y=p () + fru(z —w) + 1)
a2 (ralu) + fiyle — )2 + (pHE2 + gEE2) £y (2)

Note that for 0 < £ < 2 we can write down fo(z) explicitly for 1/2 < a <
1.

For z < 2,and 1/2< a < 1,

fri(z)=0,0 <z <2

fll(m) =0,0< 2 < 2q, f“(x) =1,2a <z <2,

fi(@)=0,0<z<1l+4a, fry(z)=pl+ae<az <2

Take Laplace transforms, and use the starting relations in < 2, above
to calculate

8o(N) = 57 e, (2)de
where o can be any one of the pairs, TT,1/,Tl. One obtains the column-
vector equations.

&' (A) + A(N)g(A) + g(X) = 0 with A(X) = e g()\) = }\2 and one
can use the differential equation trick of the multiplicative factor to solve for
¢ in closed form:

6(N) = [5° g(u)eln A dy
more explicitly, -

B0 = [ Sl vy

The limiting fraction of the expected number of cars of length one in the
Renyi case is,

Np(\) = f57 e 2 Ky
and by the Abelian theorem for Laplace transforms,

ep = LMoo f(2)/2 = limy—o A*6(})

— fooo 6_21;3 z_u d‘udu
This method is extend to the case where A()) is a matrix when the
matrices, A(A), all commute.

Reference

Itoh, Y. and Shepp, L. (1999) Parking cars with spin but no length,
Journal of Statistical Physics, Vol. 97, 209-231.
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WE N A ABEROENES)

) K LEEED FH &

HARG T AF I 7R ERTEFIMEEBLTVA2EME £ 5, COLIRKEBAEDT A AR
X, B EEEHTEO, O THICHEKENDDO L LT, TAENORFOERIIRVEMI S
CEFHOBHEFHEEERAO R WBEE L ELLRVOILEROTHENI RN 2ikE ¢ THEI ML N
TWb, T, KEHED S 4 A DHIZHKE R BEATEET AHE VA5, —F ., HERRH TS
WIBAIZIZRIRARE | FOERIIEEBABICHERET 2, 202 o0KFEHRERRE L TELLLEFH
D, BiEY /P ET N GERESHEFREZ LD b,

J Y R UETAREHERIIVAVNAREFATRLNAEBN AR THLH, TITRETELO
HEERA—RCEREL Y10 L 5 R VWABRBAERR T EFVEAV A, ZORIE. BEEM 2 MATATE
THY, FOEAERHD AN X LOPEF b0 & bFTONTELRTH S, TNLOHRIC L Y RiRE
EgRTIIMERRAN /v EaThhid /v V) ETVERERERFEL S 2 EAEBRIICEI TN D,

T, —RIZAVS L KEHEEEHRIE

N

e (i) = FlEe®) + 2 > 9(@li) M)

i'=1
NEIBRTELLN, FOBMEFV-VEIRAHNTHL, 22T i BRTFOEFS, ¢ HERRE, K
Hﬁﬁﬁ%®ﬁ§\Nﬂ%uﬁih%i?w@ﬁﬁééoL#L&ﬁB\Z@l5&E%w~wu%%K
Lo TRBENTR LRV, FlE, HBEERARATO 2~ O YEONVAORY D EZER GG 21—
0y DREOFEHIERMPMHTH L L VR b,
ﬁﬁ%ﬁu,kﬁ%%ﬁﬁ%ﬁi%WEmﬁﬁﬁ%$%bﬁbh%% ExERT, AN EEHR» LR
SUHERAPL bOE THERMICERTAUTOL IREFNVEER o REBHT 2 ENETROETFH,
R p TEBOABREAEEREA LRI LVOMELTIY HE (1-p) TZOIIEErHEO>IL L
Lize $bb, (1) RRKO X I BRSNS, |

. (% z with probability p

Te41 (i) = F5) zlz:lg ! (2)
z4(%) with probability (1 — p)

FHTARTFIR, BEATy 7T ICEBRLDE TS, p=1TId, synchronous updating £ 22 h) |

EBORIBHEEEBRR (1) L—HTh, —H.p> 0 TREHITON LY, BlZt—t/p
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T2 2 LI L D5E4L % asynchronous updating E B X AT ENFTEL, 22T, A4DEFRLLT
TyMYUTEEILERDL, Tabb,
1
@) =a (5~ lal) ©

LB, $o, BAEL () THAAIEIITE, 2L, EEBI0L 2L HIZUTOL ) ZHIEH
EMA Tz ZOEI, BRIUAEHRFEIGEZZV,

o) = f(z) - / F(@)p.(z)da @
I Tpu(z) BEBRTOFMEERTH Y, 5z — f(z) DOAREHE E —HT 5, FhE
1 N
h: = i ;g(mt(z)) (5)

DIFEELICEE LTRTEBI o7,

BESHEOBED b p 2S5 L EEBHORIBS 7208 R, S5I1NE T2 & EFES
RRELNEL RS (ME8H), 2 CEERORER LA, COBROERM 2N EEZ 2L &H
HTWw3,

0.3 T

o1 r

ht

02

03 1

-0'4 1 1 1 1
0.7 0.75 0.8 0.85 0.9 0.95 1

P

K 1: R p OB L AEOEl, COFERD/INT A~F—a =109, K =07TdhhH, FAHHEH
(p=1) TIXF Y ET VL EFESHIE L LHETH S,
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FEEFERCHTIHEHT L5057 — DK
RIHE— - AKE®
RIRKZERFEBE TERER DAY EFEL

osaki@ap.eng.osaka-u.ac.jp, yagi@ap.eng.osaka-u.ac.jp
FeyRa b FREMS AR RIAEKE, 2000.9.7.-2000.9.9.

1 5T Keller-Segel AR T 2RO+ HREBERED Y A F I 7 A BIEHT b
SOF—BERTAILICLDAND. BT NS 75 —Lid, MERIZBWTKRE
PANIII—REBEREIAC NI NVEETHD, BROZS /I NVRT2L DL, A
FOMBEEIEHNICEIEFE2ERADILTH D, ZOEEPTRIWNE, BEISE
BT NSO —ERVERShTWZE, RIZITDI A F I AXAERME
DINFGA—H TR TEDIAREMENH L LENS DB 5.

Keller-Segel ARG HEOE MM 2R T2 HEAE LT, E. F. Keller &
L. A. Segel IZ& > T 1970 FEIRBEI N2 HRATH 5 [1). 1RIT Keller-Segel 572
REUFTOLS CidEhs :

( Ou u 0 ¢ Ox
5 =99~ 95 (g W) @Y ETx(0,00),
op 0%
(KS) <'&‘”Eﬁ+””_@’(LﬂEIX(QwL
ou _Ou _op
gz @ = 5,81 = 5 (@t)

u(z,0) = uo(z), p(z,0) = po(l‘), zel

dp _
gg(ﬂvt) =0, te (0,00),

\

ZZCI=(a,p) BERXM, a, b, ¢, dIIEEBTHS. RHBIE u(z,t), plz,t)
FZhZ2hilEEEEORE, LEMEOBEZRLTWS. v OREEMLIZDONT
DOAFERIE, B 1EMMLEE, E2EIEMECETH S, p OHENL, HHHEUE,
HEICE2DWE, RHEBEER>TWS., EMOEIIEESHWT 21LF
MEIZH L, ZOREAREOBVWACHEIBHLEST IV IHREZERT. B
x(p) ERBEB L FIEN, p € (0,00) DESHRBEHTH 5. RUCEBIEHE DL
EMEICHTIRGOEREELTEY, BLRBEEDGRESh TV [2,3]: p, 0%
logp, p/(1+p), P?/(L+p?). ThEZFRICAN, x KOWTRHRERET S :
x(p) & p€(0,00) DIESPREKT, EEMC, RUCEHEH riZHLT

umwﬂg0@+%y,0<p<a%i=Lz3
EHET. |
Higefe H=L2()x H(I) &L, BB7 509 -2l T2, BIEAREZ

EFHT 5728, Galerkin ¥EiC K DB L =RREEFT#E 2 TBRFHEICI DER L,
AR ZENT 5.
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Theorem 1. 0 < ug € L*(I), pg € HY(I), infyerpo >0 £ T 3. ZD & E, (KS)IZ
X9 2 ROBERIBENFLET 5 .

0 < u € C([0,00); L*(I)) N CH((0,00); L*()) N C((0,00); Hy (1)),
0 < p € C([0,00); HM(I)) NCH(0,00); HY(I)) N C((0,00); HY(T)).
wiZiE -2 WAREBEAIBS A2 e h 6, AIHEROESE
Ke={(v,p) € H;u 20, |lull;r = £, inf p > 0}
& U, Theorem 1 ZFHWTHERE {S(t): Kt — Ki}ivo 2EHRT 5.
WD 2DODDEBO—HFEMER (1), (2) 2HVWNIE, 037 P RIBICREEED
FHEDPTREIND.
Theorem 2. u, p % Theorem 1 ORFFIAREAEL U, p EHBHIEEH 6 I L TR
RV B BB
p(t) >4, 0<t< 0.
ZDELE, RO—FRFHERXDP LD LD ¢
(1) lu@)llzz + 1)l me < Pz + lluollze + floolla), 0 <t < oo
ZIZT, ps() 1 0 WHEKEL, ug, po WIHKRE LRVERREMEENE T 5.

Theorem 3. u, p % Theorem 1 ORFERIEFEEL T 5. FOLE, uy, py WWHEKEL
BRNWHBRA ty & EEE 6§ BEEL, ROFEMAZ2HE-T .

(2) p(t) =6, t>t.

DI WS, THREBBROYAFIVRELTIVIY FRIRRTEES
X LOBDEHEEZ DI LIZF 5. Eden-Foias-Nicolaenko-Temam D 7EEHE [4]
ZEATAHILICLD, KPESNS.

Theorem 4. (KS) IZLDEDEND T A F IV R ({S()}eso, X) KL, FEHT b
05— MCK, BPELETS.

25 Xk |

(1] E. F. Keller and L. A. Segel, J. Theor. Biol. 26 (1970), 399-415.

[2] 1. R. Lapidus and M. Levandowsky, Lecture Notes in Biomath. 38 (1979).
[3] R. M. Ford and D. A. Lauflenburger, Bull. Math. Biol. 53 (1991), 721-749.

[4] A. Eden, C. Foias, B. Nicolaenko, and R. Temam, Research in Applied Mathe-
matics, vol. 37, John-Wiley and Sons, New York, 1994.

(5] K. Osaki and A. Yagi, to appear in Funkcial. Ekvac.
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HEEYFOERFRBUAER EREHBEZOHEET L
BEERRFETFHYWEER TER
WL TN horie@sys.appi.keio.ac.jp

1 FLCHIZ

OHFEE TR, RlfMrERsFREATERS
NIHEE T A OREEOWELE LTRSS TN
S ALFEEELET S, FORVERNLZ LD
7 bAEN BB OABLR TH 5 ERIFOMRE
ZXHT5REBRTETHS. KRTHE, FEXHBAF
ERMEILHEL M COEEOHEET L 3TEED
BigSRBATELL, %X FEXHM0A+ & A
ORI BE LR ~ILET 5. £ LT, REHRE
WG TH D Lotka-Volterra FERX (LLFLV.H
BALMR), =2—FLXy T —7 (LLFNN. &
WeA), BMLFRAXL NS OHEET V& LTHE
ML, Zhood BaEE, L A #IBEEE ML
WRROBEELR S &, 5.
2 EREBRBZIBRTE
| ARSI AT & B (L RE

n'}"{n Ea) (1a)

(1b)
EZEX L. I LAMBEEE  R" — RUIMS FTHE,
BIAOREE N B T LD KM E 23R
MeE+s. ZoME () XCEARBRTELERTS
Ziz, REEH TRy T EITEK

subjito z;€X.i=1,- .n

z=0y). & R'—X (2)
ERVCTERE#HE L, MHRELFRE
n%/in E(D{y). -, ®(y,)) (3)
WEHRT D, =77 LK
) Lo o ay) e e (4a)
dy
W _ o b(y) e bdx (4b)
dy .
I (/(I)(y) | < (4C)
dy

WS COVEBEE A, 2 Thty, dXY XFER
THRBEBRONEES EEREATHD. EBHHM
A (3) XEREBRTIE

dyi(t)  OE({P(yi(t)})  dP(yilL))
di o, dy;
THEE, ZOMEVEY (1) 2B OEI4K (2) L THEBIL T
TORIFMERE (1) ROBRBEEL1) 2B 5 FiE
i, BEHEETRTRNAEETHY, Z I TRE
BEMRBRTIEL LA,

7:11)“’(3)

3 AEHEBAERE
WIZ, BEBOOERBAEEL2HARMY ORNAES

Ity iZHIBL, o Tor < L, TOMEBIT
IntY &7220, HD
(6)
WS RBAERELDZZ LD, D&M (4) Kb
REEEND. Fin, ZO L X IntyY @ n RITEFEZH
tY I EERERERETEET IV 5) ROFEES
THY,5) ROREBEMORERELTELZDZERT
&5, ZIT, IntY? & Int X" & F N Fh K EE Ry,
rE R OO REERMIC L DEEE S 2, = ¢(y),i =
Lo n CTHIGFHT 6o Z4kE L H 723 L, (5) B
EHDIntY" EOR T bV LSRR Intxt LD
N7 MVERKRD LN, :THUEEHRSsFERR

r=¢(y),yclnty, ¢ IntY—IntX

didit) = —J\/I(m(t))_lVE(m(t))T (7a)
ﬂ/[.,jj({l'.) :5-ij d¢(¢_11(1;)) r_,:i:j: Lyn (7b)
( dy; .l )

TREIND. T TelZEFT B nxn T8 M(2) 13,
Bij D (b)) TEZLNBY —<HETFL VN
THY, (1) KLY —~ U ZRE (X, M(z)) EORE
Flied. BEYNE2) X, BMOREEBRDO G & T
EREBELETE (5) XROBRRNEy) &L £&T
HY, ME (1) XORFANEEMB~EETS. (7) R
R EFEAREL L 5.

LV. 5L, HBERF CRESRBEN <LV
VAR D Z L b, INEERTH2KU DR
S THIENLRERINDD, TOELHEETT
WELTHBRT L, AIEHEAERE (7) KRB
W, @ EMBETH D TERAM (1b) X EEM
DHBV—<FHET VN () XEETNFH

subj.to :v,;ER}F,i =1,---.n

(8)
(9)
ELIELDOTHE. ZDZ ik, LV. FEXOEHD
EYEECTTFORBENIEATHD LV, HER
BOBERBOZELIBEEL L THEOZLERT. v
—HREIZ LY. FRRXOE EMNEEIIHEARK(8)
DREBOHETHBN, BEBEEKLENMeTBEED
U —= U ZEE (RY, diag(1/zy, -+, 1/z,)) RO BB
Shahshahani Af L LTH N TV S,

.
]\'{U(T‘) = 6‘ij;72)] =1n
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4 Za—SILprykI—4

ST, HAHEFRME L &L L, niRTEZBEE I &
FTORBKEE Zu% % %, 0" & InN"1E, H51445
MBS it —Int NS L DR e, = flu,),i=
L n THRISTTF e TWBE ETE, ok x, 7]
EFEARE (7)) ANED BN DX R LFED
WMEERERFIZED " E~DB R LA, BW
B (la) D=~ 2 ) o N AEOEF H-VE(x) =
~VE{flu)})) & B L5154k b &

= flu)= F ' (u). (10a)
1
u:F(:z;):/ . 5dz (10b)
. dé 1 LT
{5 oen]
ERDB. TDLEIMLI EDARY S LENT
fr (i
S - SRS (1)
TREEND. BHBEH (la) XAt 2 K

CE(w) = éZZwa,‘wi -kZ@,;:c,- (12)
i=1 j=1 i=1

DEx,(11) HXidu, £, {uwyl, {6} EFENFR=0—
7 ORERIREE, AN A, SARE, SEAHE
L7 Hopfield NN & 723, Zh kv (11) X% N.N.
LEE (1) KOMBE() 1T, MOREERF Db
ETAEFEAERE (7) ROBERNE2) L £ETH
D, x)IENN. O =a—o ORATKICHEYS T 5.
2B EBIREE (1a) ICEREEK

_l n o . l 5
=33 [ sdo?
TS g}
ERMTHE, NN O AFI 2R (1) RITEEK
BTOLIHRBNALIBEE D, REREW (1b) R LEHE
TV (Th) KRERFER

(13)

subj.to o€[0,1),i=1,---,n

|
/"//,I (r) = 6;;

Tl = 1)

:i:j:l:‘“;n (15)

DEE, NHIOBEE a7/ AN B2 5.
5 HWEHE - EHAABIBAEEKLBEERN.N.
R L RRETECESSHETFTVIIRETN
BRERET L TH Y, IR Ko TRETIREMIC
BETL. RENREICEESMIHETTLEL
T, BEDOHNE LOREER*EHIAATRETS
WEHE BIOALESEIRERRE
dax (1)
dt

ol
:—J/(;la([])‘l/ eI Ea( 7)) dr (16)
SN

BEZbN D, EEIC (16) XL, V—~r 88K

(X, M(2) ETRT vV Ea)2 CEXBRENEE

BI2OKFD=a—h v EHEFRER

L) 11 dM i (m(t)) ( dz;(t) )217)
2 dt? 2 M(x(t)) dz; dt

_a 1 dr; (1) 1
2 M(x(t) &

OF (a(t))/2
Miy(w(t)) Oz,

. i=1---,n (18)
EEMTHY, IEHENERE (7) RO BAALELER
~DILRIZR STV D, 7L (18) XOBEDE 1
ERIBIEICHEE TS, £72 (18) i, o REES
(10) Ko b & T, AWMKENEERONN

d?u(t) du(t) . e
i te—g— = ~VE{S(wt))”

ELTREEN, TNEEERNN LB sy
TARBEEDETVIL, Hopfield BIN.N, D ALRIREE %
EHRICEBRELZE TR, v F 7 R IEERBIEN
HBD=ma—BrEFNE LTREENLT WA,

(19)

6 RAIEHEARSEE

FEXBHAT & RRE (1b) IR L0 % £
Lo - RERIRT & Bl RIkE

nlli‘n E(x) (20a)
subj.to Aax=0b (20Db)
ze€X,t=1,---,n (20¢)

EEZD. 127 LbeR!, AlZixn {75 Trankd=l T
D, O<l<n, n>2 T35, ZORBESBEHEET L
ELT, MEHEBAEE (7) X027 b Ligr s
B (20b) OFIER E~HE L =TT 2R
Eit

¢2“ = — Py (2(t) M~ N x(t))VE(x(t)) (21a)
Py(a) =T — M"Y z)AT(AM~Y(2)AT)"'4  (21b)

BREEEINTWVWD. 22 Tell&ET 3 nxn 175
Py () 1%, FTIEFE M(z) Db & TITH A OEZERH
~FETIRETITHS.
BRFEXITEHEBQORFEE 21) XeBW T
%E%%ﬁ(m%ﬁ&%i%VV»%m)K%%n%n
subj.to Za:,; =1, w,:ERiL,i =1,,n (22)
i=1

(23)
LLEbLDTHS. ZOI Lk, ANORADRED
HAMTZEAFEA & LT, Shahshahani, Sigmund, Akin &
ZE-THREBNT VAL, BRIV IEEEEY
ST D RIKBOBELFF>Z L 2R L, ks
DEES AT IV AR EDBRRRWFRRIZRZVES
T ETBRTD.

1
Mij() = b —i,j=1,--n
2
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A ¥ EAREBIRET T VICXT T 5
I B R O &S E)

Ofepe—& !, WHRIBE?
DR RS T, P A ETLRY BAREMRHET v 5 -

AR, WIRBEMESHEICRECH) LoD L) Xk oT, REAR
2T EYBEORSICRTREAIEO TEETH L. 2Lz, FREM
BT 2 IEARREYYE -  WETLIHAICOWT, BEEISERT I TORSE
B 2HEROICRTILR, REKEELLILEQVEDDRIFTLEEBIEST.

Levins (1969) RICRT &9 2 X § BERBET TV EFE . ZZTI2S
BAEE] L1k, WO DNERPFEET b DRV ). BNEFINTOERE
o/ NEF L M ICREIY, AMEFBTREBSSHICL o TBEVIIREEL R
ZLHHdbDET A, 72751, Levins (1969) DEF VT D L) HEIE T Hatfb
L7=EFNIcT Ehwn, Sy FRIESo-EEREEZ L. KXy FIZEYT
EESHTVED, ZERYFOVTIITHE. B4DEHE/ Y Fi&, ZE/ty
FADEIEIT L o> THREH/Sy F2ESE D, BERFIICHERL TEZE /3y FIT

TroTLED !
d—z—az (1—E>—cz
dt n '

2Lz b nFEREFNREENRy FHREEyFHEREDL, o & c 3TNE
NHERLHERLEDLT. SNEBUTVAT AV Z7ETVTHEDT, —kHEE

nz (a — c) ela=t
n(a—c)—azll — el

z(t) =
YLTERZOND., 72770, 2(0) =2 & L7z BRIZ, PHEEKRER

n(l—-c—) if a>c,
Z= a

0 if a<e

EhE. IO b, FERSEEEL) SRESTNIEETFFRT H I L ER
LTWwa.

— 243 —



ARFFETIE, O Levins EF M LT, £/%0 F9 4 AP+ KRE VA
2oV, EERBEITHEKT 5 F CORLREEOBEIC O W T OB 2 51 %
Bz, 8610, AEBFEEOEAIC L AEREOHERELEHENORELE L
W, 2T, M (1998) RERE (1999) 12 & o TIRE S N MR A & B
BT TV

[ dpi;(t : | - _
200 _ (-1 (1-122) gt + ol + 1) piga)
—{w+wj(1—%>}mﬂﬂ for i=1,2,....n—1,
dpio(t) _
dt - szl(t):
dpin(t) B ( ~n—l) . B '
L dt - a’(n 1) 1 n pz,n—l(t) Cnpm(t)

%EZD., TIT, pit) SWHRRATEE Xy TV THD L 3Kt THA
NV%ﬁjk&%%%%%bbTmé.C@%?»@@ﬁﬁ%@ﬁﬁvw:7@
I B v,

WERI Sy FEASL, &y FED 0 Dk B, BEEEOMEED R OBEE
E[T|3UTTE5zZ 615

EE r=alctT5h.
(i)r>1 D&

1 Vor r "
~ = -
EIT] c(r—1)n (exp(1~l)) BT
(it) r =1 DHE
E[T]Nlllogn, n — 00
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BHL B (BERFHHFFE)

J15 U F v 7438 (Catalytic Branching) iXilAL2E% 5 DV ik AEY R
HIZBITH2O00RRAB[AIESHCEAINIMRET NTCHERIND
HEETH D, TO— 2 LFERISIB T AHEREHHE T, fhi (Catalyst :
HEYRR) BEETAETICBVNTOR, b A0 FNEEOCFER ISR
THAE, WE—DOIRERIBICEBV T, X8R E R DHIFUS S RS ILRCS
BlickoTiEkaEh, ## V) A MHAEHMICEMGO L— FEEE LTEA
SNDEERERENTH D, F I MHERHEO RO N F RO RE
DE37, BFHRERTOAZLF ) A NBEETLIHEELHY 5 5,

FDX D RFIX, BERTITROEREN ulemy = 2O R EOX
FVF o7 RRIGTEBARRICL o TEF AL ER D, Thbb,

_O Y e R, 0<s<t (1)
ds 2
ZIZT, RIEIKIGHEZ, $£7- p, 138K s TOHF ) A b DZEMEEE (Spatial
Density) T, #HEEARMER[ A : s+ p, € Mp(RY) 2L 2oL 02 ENZH
#£1, WE p(r,b) & R LRSS U U EIAROBBEE (Transition
Density) &35 L&, kD (1) O LY EfRERSIHIKOBERFERXRIC
ko TEXBNS, Tiebb, |

u(s, t,a) = /dbp(t —38,b—a)p(b)

'
+/ d?'/pr(db)p(r—s,b— a)R(u(r, t,b)). (2)

HLL (1) TDp, BHDHEAES (b LiZEdhE) LiZ Mass b2, HE
DEWRIETH 45611, $CIZ Chadan-Yin (1994): Proc. Roy. Soc.,
Chan-Fung (1992): J. Math. Anal. Appl., Bramson-Neuhauser (1992): J.
Comput. Appl. Math. & Durrett-Swindle (1994): PTRF {Z X Y fi##r o F ik
WL VBFIREN TV D,

T THRIERRMFEIZESWT, (a) FEKX (2) BEKE L OEEEH
RO —IROBMEME SR p ZFHLTERMETHZ L. (b) (S HITHkR
i) TOHEORMNIEEDMAMN~D2Z L, xHHE LTV,

— . ERBEISIRM TR L SR F RROEMTE (IR e R TR)
& ORI, Dynkin-Kuznetsov (1995): Comm. Pure Appl. Math., LeGall
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MR fE—ER AT IRRFEITHE

In this talk we discuss in great detail a bifurcation problem for a semilinear elliptic
boundary value problem with nonlinear boundary conditions arising in population, where
bifurcation theory based on the Lyapunov and Schmidt procedure is used and the super-
sub-solution method plays an auxiliary role.

Let D be a bounded domain of RY, N > 2, with smooth boundary 8D. In this talk
we consider the following nonlinear elliptic boundary value problem:

—Au = Af(z,u) := A(m(z)u — au?) in D,

Ou _, oD (s

P (x)g(u) on dD.
Here ) is a positive parameter, m(z) is a real-valued Holder continuous function with
exponent 0 < 6 < 1 on the closure D which satisfies that m(z;) > 0 for some point
%o € D, ais a given positive constant, b(z) is a real-valued function on 8D which belongs
to Holder space C**9(0D), 0 < § < 1, g(t) is a real-valued function on R belonging to
Holder class C1+¢([—Tq, 70]) with some constant 7o > 0 such that

9(0) =0, (1)

and n is the unit exterior normal to 0D.

It is well known (cf. [1, 2]) that the equation —Au = A(m(z)u — au?) in D, describes
the steady state of a diffusive logistic equation giving the population density of some
species, where 1/) represents the diffusion rate, m(z) its growth or decay rates at point
z € D, a the carrying capacity, and u the population density. The nonlinearity describing
our boundary condition means that the rate of the drift of population into the region D

depends nonlinearly on b(z)g(u) according to point z € 0D and population density u near
the boundary 9D.

In view of the application mentioned above, the existence of positive solutions is of our
interest. A function u € C?(D) satisfying (%), is called a solution of (%), and it is called
positive if it is positive in D. It should be remarked that problem (x), has the line (},0)
of trivial solutions u = O under the condition (1).

~ In the previous work [4] the behavior of the minimal positive solution of (x), as A | 0

has been studied where the discussion is mainly due to the super-sub-solution method.
In other words, the behavior of the minimal positive steady state of the corresponding
diffusive logistic equation with the nonlinear boundary condition has been investigated
as the diffusion rate increases with no limitation. We recall that it is there essential to
consider whether it vanishes as A | 0 or not. This problem is replaced by the problem of
bifurcation of positive solutions from the line of trivial solutions at the origin (A, u) = (0, 0)
and, in this talk, we focus our attention on the study of such a bifurcation problem. More
precisely, we discuss whether there exist positive solutions u(A) of (x)y, A > 0, such
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that the uniform norm ||u())||e on D tends to zero as A J 0 or not. If so, then point
(A, u) = (0,0) is called a bifurcation point of positive solutions for (*),, see Figure 1. From
an ecological point of view, the fact that (A, u) = (0,0) is a bifurcation point implies that
the rate of diffusion of a population increases without limitation and then all the members
must die.

[[loo
\

Figure 1

In this talk we concentrate our attention on the treatment of the functions b(z) and
g(t), for which we assume that

b(z) >0 and b(z)#0 ondD,

g(t) is non-negative for ¢ € [0, 7o]. (2)
It is true in the case where g = 0 that point (A, u) = (0,0) is a bifurcation point for (),
if and only if [, m(z)dz = 0, see Hess [3]. On the other hand, under the condition (2)
and the restriction that b(z) = 1, it has been verified that point (A, ») = (0,0) is not a
bifurcation point for (), when [, m(z)dz > 0, see [4, Theorem 3]. In addition it can
be shown by the same argument as in [4, Corollary 5] that point (A, u) = (0,0) is not
a bifurcation point when [, m(z)dr = 0 and g(t) is of class C? near ¢ = 0 such that
g'(0) = 0,-¢"(0) > 0 and g(t) < M with some constant M > 0. The purpose of this talk

is to study in further detail the possibility of bifurcation at (A, u) = (0,0) in each case of
the functions m(z), b(z) and g(t).
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SEMILINEAR EIGENVALUE PROBLEMS
WITH DISCONTINUOUS COEFFICIENTS

KAzUAKI TAIRA

Institute of Mathematics, University of Tsukuba, Tsukuba 305-8571, Japan

'This paper is devoted to the study of the existence of positive solutions of semi-
linear eigenvalue value problems for diffusive logistic equations with discontinuous
coefficients which model population dynamics in environments with spatial hetero-
geneity. More precisely the purpose of this paper is to generalize two main results,
Theorems 1 and 2, of Hess-Kato [HK] to the VMO case (see [IN], [Sa]). The
approach here is distinguished by the extensive use of the ideas and techniques
characteristic of the recent developments in the theory of singular integral opera-
tors.

Let Q be a bounded domain of R, N > 3, with boundary 69 of class C*!. In
this paper we consider a second-order uniformly elliptic differential operator with
discontinous coefficients of the form

N

Lu(z) :==— Y a¥(z) ax &DJ (z) +Zb% + c(z)u(z).

i,j=1 =1

Here:
(1) a¥ € VMONL®(RY), a¥(z) = a?*(z) for almost all € D, and there exists
a constant ag > 0 such that

N
ag P < > 0¥ ()66 < aol¢l? for almost all z € D and all € € RY.
1,7=1

(2) b* € L™(Q). }
(3) c € L*°(Q) and ¢(z) > 0 for almost all z € (.

Our starting point is the following existence and uniqueness theorem for the
Dirichlet problem with VMO coefficients (see [CFL]):

Theorem 1.1. Let N < p < 00. The nonhomogeneous Dirichlet problem

{/.',u:f in (,

D
(D) u=¢ ondf)

has a unique solution u € W22(Q) for any f € LP(Q) and any p € W2~1/P2(Q).

The next a priori estimate plays a fundamental role in the proof of the existence
result in Theorem 1.1.

Typeset by ApS-TeX
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2 KAZUAKI TAIRA

Theorem 1.2. Let 1 < g < p < oo. Ifu € WH(Q)NW3UQ) and Lu = f €
LP(Q), then it follows that u € W2P(Q). Moreover there is a constant C > 0 such
that

lullwze) < C (lullzr@) + 1 F o)) -
The proof of Theorem 1.2 is based on the following two facts:

(1) explicit representation formulas for the solutions of the Dirichlet problem;

(2) L boundedness of some singular integral operators appearing in those for-
mulas (cf. [CZ]). ‘

On the other hand, the uniqueness result in Theorem 1.1 follows from a variant
of the Bakel’'man—Aleksandrov maximum principle (see [Tr}):

Theorem 1.3. Assume that

{ueOKDmW%fmx
Lu(z) >0 for almost all x € .

Then it follows that

supu < supu™,
Q 89

where _
ut (z) = max{u(z),0}, zeQ.

This paper is devoted to the study of the existence of positive solutions of the
following logistic Dirichlet problem:

(+) {ﬁu:Mm“W—h@W% in Q,

u=20 on 052,

where:

(1) X is a positive parameter.

(2) m(z) € C(Q).

(3) h(z) € C(Q) and h(z) > 0 on Q.

The purpose of this paper is to discuss the changes that occur in the global
structure of positive solutions as a parameter A varies from the principal eigenvalue
A1(m) of the linearized Dirichlet problem (see Theorem 2 below):

(x)

{ Lyu=Am(z)u in Q,
u=20 on Of).

The next theorem plays an essential role in the study of the homogeneous Dirich-
let problem:

Theorem 1. Let N < p < co. We define a linear operator
L:Co(2) — Co(Q)

as follows:
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SEMILINEAR EIGENVALUE PROBLEMS WITH DISCONTINUOUS COEFFICIENTS 3

(a) The domain D(L) is the set
D(L) = {u e W2P(Q) NWIP(Q) : Lu € oo(ﬁ)} .

(b) Lu = Lu for all u € D(L).
Here _ _
Co() ={ve C(2):v=0 on 8Q}.
Then we have the following:
(i) The operator L is densely defined and closed.
(i) The operator L : D(L) — Cy(82) is an algebraic and topological isomorphism.

Remark 1. It is easy to verify that the domain D(L) is independent of N < p < 0.
Theorem 1 is proved in Taira [Ta] by using Theorems 1.1 through 1.3. '
To study the logistic Dirichlet problem (), we introduce two ordered Banach

spaces associated with the operator L. We let

Y =Co(Q) = {veC():v=0o0n 60},
Py ={veCy():v>0in Q}
={veC(Q):v=00nd6Q, v>0in Q},
and also
X =D(L) = {u e W2P(Q) N W, P(Q) : Lu e Co(Q)},
Px ={ueD(L):u>0in }
={u e W2P(Q) NWyP(Q) : Lu € Co(D), u>0in Q).
The positivity of the resolvent L~ for problem (D) is an easy consequence of

a variant of the strong maximum principle and the boundary point lemma in the
framework of Sobolev spaces (see [Tr], [GT]):

Theorem 1.4. Assume that
u e C@) NN (),
Lu <0 almost everywhere in €,
M = supgu > 0.
If there is a point o € § such that u(zo) = M, then it follows that
u(z) =M for allz € Q.

Theorem 1.5. Assume that
[ueC@nwil (),
{ Lu(z) >0 for almost all z € 9,
and that there is a point zj, € O such that
u(zg) > 0,
{ u(zy) > u(y) forallyeQ,

Then it follows that
Oou

on
By combining Theorem 1 and Theorems 1.4 and 1.5, we can prove the following
fundamental properties of the resolvent L~ for problem (D):

—(zp) < 0.
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4 KAZUAKI TAIRA

Proposition 1.6. (i) The resolvent
R=L1Y—X
is strongly positive; that is, R(Py \ {0}) C Int (Px).
(i) If
M:X —Y
is the compaét multiplication operator by a function m(z) € C(Q), then the operator

RM=L"TM:X—X

is compact and strongly positive; that is, RM (Px \ {0}) C Int (Px).

A pair (A, u) € R x X is called a positive solution of problem (x) if A > 0 and
u € Px \ {0} and they satisfy the operator equation

Lu = A F(u),

where F(u) is the Nemytskii operator associated with the term m(z)u — h(z)u?:

F(u)(z) = m(z)u(z) — h(z)u(z)?, =€l

By using the resolvent R = L~ for problem (D), we transform problem (x)
into a nonlinear operator equation in the ordered Banach space X = D(L) in the
following way:

Lu = A(m(z)u — h(z)u?) in 9,
(%) {u:O( (z)u — h(z)u?) ne
=
Lu= AF(u)
—
u=AL"1F(u).

Our first main result is a generalization of Hess—Kato [HK, Theorem 1] to the
VMO case:

Theorem 2. The Dirichlet eigenvalue problem (x+) admits a positive eigenvalue
with a positive eigenfunction if and only if m(z) € C(Q) is positive somewhere in
Q.

(i) If m(z) € C(Q) is positive somewhere in {2, then there exists a unique positive
eigenvalue A1(m) having an eigenfunction o1(z) € Int (Px).

(ii) p1(m) := 1/A1(m) is an eigenvalue of the compact operator RM : X — X
with algebraic multiplicity one.

The proof of Theorem 2 is carried out just as in Hess—Kato [HK], by using
Proposition 1.6 and the Krein—-Rutman theorem.

Our second main result is a generalization of Hess—Kato [HK, Theorem 2] to the
VMO case:
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Theorem 3. Let N < p < co. Assume that m(z) € C(Q) is positive somewhere
in Q. Then we have the following:

(i) If (A\,u) € R x X is a positive solution of problem (x), then it follows that
A > A (m)

(i1) There is an unbounded arc C of positive solutions (A, u) of problem (x) em-
anating from (A1(m),0), and u is stable.

(11i) There is a continuous map 4(-) : [A1(m),00) — Px, with 4(A1(m)) = 0,
such that C = {(\, (X)) : A1(m) < XA < o0}, Moreover the map 4(-) is continuously
differentiable in (A1(m), 00).

(iv) The @(A\) are uniformly bounded for all X > Ay (m):

max [ii] < ",
Q ming h

Theorem 3 follows by combining Theorem 2 and the Rabinowitz global bifur-
-cation theorem (see [CR], [Ra]) just as in Hess—Kato [HK]. The situation may be
represented schematically by the following bifurcation diagram:

/\1 (m)

The logistic oblique derivative problem may be treated just as in Senn [Se] if we
make use of the results of Senn—Hess [SH], Maugeri-Palagachev [MP] and Lieber-
man [Li].
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FNEEMNH B % Y Cauchy problem 2V 2. FORHD 120D FiEE LT,

J.F.Colombeau (1983) iZ & » TEA SN/ —REROERYHD. HIE, TO (1) DPL=0D&

& O classical 72 fE TRV FEMEEZ S D, entropy BOBEEZ AW T—BHEOHERBAH DA TH

5. Z D classical 72fEiY, — AR OERE AV vE, TCEBBT 3 association & FRIEN B BWE

KRB ELT, fn 0 DBEO—EBEEMAEL LTHRTES. £, i NEROEE, Z0—f%H

BOBEBEAOCNL, PHEE LTEEL Y bRVWBEEOL5BEER I L b TE D,
ZIZTH, R % (0,00) i2BWTC, FEMBILEF KD generalized Cauchy problem

” G + (@, b, 8)ii + g(z,t,0)0 = fiise
ﬂ]t:O = ﬁ'O

EEXD, L, f,g1% C°(R3) OET
Ya € N3 3c,r > 0; |D*f(z,t,u)|, |[D%g(z,t,u)] < (1 + |u])

EBITETA. R, 9> 0T A R— L AN EEOERTHD LT 5.
LI TRVS—REROEM Y, i3, BEA QCRYICHLT

&[0] = {R(e,z) s.t. B (0,00) x @ = C, R € C=(2)}

D ¥ % subalgebra &y,s[] & T D ideal A[Q] DFEZEME LTERINDSDT, EM &, 1ITRO X
D IRHE B

(i) — &A% OER 4 TBEHOER 2' 28, £, FEM 23—, EcELTHALTY
TRVNAS, ZER G X, FEIEVT TR, B AERBIABRICB L THLHA L TWS.

(i) EFEEK u, v 2 TN FN—REKE R L0O% 4,9 TRbTEE, —RiICa - 9400 &7
D, classical 7o B TOBE L —BREHOEWRTOHEITI B LAV, LML, 20 Z &I association
ERENDITHNERX " I Lo TRERIND : — kB 4 D Rale,x) — wase — 0in 2'(Q)
EHIETRET R 2b 0o &, — MR 4 /1388 w & associate T35 LW, G xw TRDY.
B2 EMY OBRBIIUTOEBY THD : RESQCRM XL T

Ev [ ={Re€ &[] st. "K cC Q,a e N* N € N,¢,5p > 0;
Yec K,0 <e<mn, |(D*R)(e,z)| < eV},
H[Q = {R € &40 st. YK CC Q,a € N, g € N, 2e,7 > 0;
Yz e K,0<e<m, |(D*R)(e,z)] < ce”}
LR IOLE, BEML) = S0/ M0 Lo T—REEROEMEER L, — BB
@€Y IR LT, TDRELE Ry(e,z) TRDOT. .
M G, IRV T problem (1) & 25 &, —BENBLARWEENH D ([2]) DT, global 2F
RMEORGEMALER Y, ZAW5.
uo Z—RXEBERZbOER 4y TEDT. DL % classical Cauchy problem
@) { us + (F(z,t,u)), =0

U|t=0 = Up
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IR BIK D ZER 7, o I BT

Tle=0 = o
CcERLEND ([2]). 72, fn0DE X
" { i (P, 1,)e = il
’U|t=0 = Ug

O —EBEEAE 4 2 bounded type, 2F ¥, RET Rale,z,t) B e > 0L T—HRICAER 2L,
filize ~ 0 DY 326, 4 13 problem (3) D —AXBEEARIZ/25. ZD X HITL T, problem (3) ZfE<
TeHDHEERD.
Theorem 1. i DK Ry(e) BIRDGEHEZ T EE, TRENOT > 0124 LT, problem (1)
BHITHGC Y, ,(Rx[0,T)) BEETS :
INEN,p>0st. 0<e <y, Ri(e) > eV,

Theorem 2. i DREKIT Ry(e) BIRDFMEHITLE , ZNERD T > 01Z5%F LT, problem (1)
% %727 bounded type THHE 1L € 4 ,(Rx [0,T) iZ—EBETH 5 :

n>0s.t. 0<% <n, Rye) logé > 1
Theorem 3. ug € L*(R), u % problem

{ u + (F(z,t,u)): =0

U|t=0 = Ug

@ classical entropy solution &35 , 72720, Fiih WM ARELEERICETAIEH AT
BEThoL32D. EHIT, piX Theoreml ERMUREEHZL, fx0LT5H ZDLkE
7 € % o(R x [0,00)) A

Te + (F(x,8,0))s = iUzs
ﬁ|t=() = '&O

DFEIRSIE, I uMEYILD, 20, fg iR u 2 —REKLRAELOTHS.

References

[1] H.A.BIAGIONI, A nonlinear theory of generalized functions, Lecture Notes in Mathematics,
Vol. 1421, Springer-Verlag, Berlin, 1990.

(2] H.A.B1AGIONI AND M.OBERGUGGENBERGER, Generalized solutions to Burgers’ equation,
J. Differential Equations 97 (1992), 263-287.

[3] P.D.Lax, Weak solutions of nonlinear hyperbolic equations and their numerical computa-
tion, Comm. Pure Appl. Math. 7 (1954), 159-193.

[4] O.A.OLEINIK, Discontinuous solutions of non-linear differential equations, American Math.
Soc. Transl. Ser. 2, Vol.26, pp.95-172, Amer. Math. Soc., Providence, RI, 1963.

[5] J. SMOLLER, Shock waves and reaction-diffusion equations, Springer-Verlag, Berlin, 1983.

— 268 —



18.

Infinite Dimensional Stochastic Analysis and Related Field

FrE1 2498 29H~10H6H
(A FERFHZEE, RERFEFEEE, SN KSR
WEENCE—RS CGRk-8), =% F (EEKXK--#HI)

IOV URY 27 ML, EERRIKCHEEAZNT & AR OB O SO BRI E L
T, RAYDORUKFOT NASRY FEEF, Bho—VK, KENA DT TINLRFD
v ST EESE, T ADT L —REDO LT RVEROIMANBEE 4K E AR
ANBME35412L-TC, 9A 29 BORKERYIVIZIEK, JuKE 8 HREIZE>TITH
niz.

L7 v RV — 78 &0 D BERRKOTZER 0T 4 7w VERERICH T 5 G — 48
HOERL U —~ VED S EFEE~OBG O I L OIFIGREE OERL, v - IV ED
ATRBEN S X AR, 1T A 3 o0 R E X,

T NARAY FEE, BOB O E O & SRR STTHESEART AN & D X 5 (2B
FBLTWBDPIZOWTEREZ B TRFEIN. BER 77K ERFTHRENTE
HNAHREMREEA L BWIF v —1 - YA T2 XPBEFES ZOWT B STz

YT E T DB & RERAT I OV TRESERGER Y ST, FE Yy 70—
IZLTy RAVKOBEEEZ> TR a By FHEG e CHR Th 7. IHIZE
FECIEAERRICE CHAN BN, BOBFRICEEE LT, E2E® KO
L BB B H BB D B LU N ERNCE TN VB R E ST s T
K OEF ST OVl Sz,

N—rERIITRABREEE - Ty — VEEE LT v — - YA XE D B EE
BNZIESL LT, A7 ) —2EOEHIZ- OV CERE I .

D OREEICICENT B X O ARiE R BAASMNE ORI L - T, ERKOCHEERAR
Mo £3 £ F 0k E A, ARRSOHEGR R SFER~0REN K& HIT.
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=277
September 29(Friday): at Kyoto University, Semi.Room 352

10:00-11:30 R. Leandre (Nancy)
A stochastic approach to Witten’s explanation of the rigidity theorem

13:30-15:00 R. Leandre (Nancy)
Random spheres

September 30(Saturday): at Kyoto University, Semi.Room 352

10:00-11:30  S. Albeverio (Bonn)
Some recent developments in functional integration
and connections with (topological) quantum fields T

13:30-15:00  S. Albeverio (Bonn)
Some recent developments in functional integration
and connections with (topological) quantum fields II

15:30-17:00 A. Hahn (Bonn)
Non-abelian Chern-Simons theory on R in axial Géauge I

October 2(Monday): at Hiroshima University

15:30-17:00 A. Sengupta (Louisiana)
Gdauge Theory on Surfaces

October 3(Tuesday): at Hiroshima University

10:00-11:30 A. Sengupta (Louisiana)
Stochastic Analysis in Geometric QFTs

October 4(Wednesday) at Kyushu Unversity

9:00-10:00 1. Mitoma (Saga)
Asymptotic expansion of a perturbative
su(2) Chern-Simons integral

10:10-11:10  A. Hahn (Bonn)
Non-abelian Chern-Simons theory on R? in axial Géuge II

11:20-12:20 S. Albeverio (Bonn)

Geometry of configuration spaces, stochastic analysis and related topics
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14:00-15:00  A. Inoue (T.I.T.)
A system version of Egorov’s theorem using superanalysis

15:10-16:10  S. Taniguchi (Kyushu)
Asymptotic behavior of stochastic oscillatry integrals
with quadratic phase functions

16:20-17:20 S. Kusuoka (Tokyo)
Nonlinear transformation containing rotation
and Gauss measure

October 5(Thursday) at Kyushu Unversity

9:00-10:00 A. Arai (Hokkaido)
Spectral properties of infinite dimensional Dirac operators
on Boson-Fermion Fock spaces ‘

10:10-11:10 K. Saito (Meijo)
A stochastic process generated by
the Lévy Laplacian

11:20-12:20 R. Leandre (Nancy)
Stochastic Levy Laplacian and Yang-Mills
equation on a manifold

14:00-15:00 H. Yoshida (Ochanomizu Wom.)
A g-deformation of Poisson random variable

15:10-16:10 K. Handa (Saga)
Random fields and formal Hamiltonians

16:20-17:20 S. Aida (Osaka)
Uniform positivity improving property of diffusion
semigroup on loop space

October 6(Friday) at Kyushu University

9:00-10:00 K. Kuwae (Yokohama)
Convergence of spectral structures(jointwork with T. Shioya)

10:10-11:10 H. Uemura (Aichi Ed.)
Substitution to parametrized generalized wiener
functionals and pinned Brownian local times
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11:20-12:20 A. Sengupta (Louisiana )
From Segal-Bargmann to the S-transform

14:00-15:00 M. Yoshida (Tokyo Elec. Com.)
Applications of Ustunel-Zakai’s monotone shift theorem
to non-linear SPDE on Nelson’s Euclidean free field

15:10-16:10 T.Ichinose (Kanazawa) and H.Tamura (Okayama)
On the norm convergence of the Trotter-Kato

product formula with error bound

16:20-17:20 1. Shigekawa (Kyoto)
Intertwining property and generator domain

BB
TOYURT a2y NMIBE LT, A DT FMSIRE YT Y ER R mAMRTE L, B
VRO N AFEEOERREE XIE L, T0 28 0FHNEEETT
K4 : Ambar N. SENGUPTA
T8 : Department of Mathematics, Louisiana State University, Baton Rouge, U.5.A.
& . Associate Professor

AR
N = N
HEF: 1TOA 2R
4 © Gage Theory on Surfaceses
AEf: 10H3H

R4, : Stochastic Analysis in Geometric QFTs
SN . BYORRITE L ST AKBEOMETH D Y —~ VR LDy - IVARIE
FRERET AT Th o1, i, U —v UL BB ~OEBROZER EOd 2 FEDRIEE
DRERRIZ AT 5 b O TIIEEI R & HESET 2 OEE L HERRE THIKR W TH o 7.

— RS — TERE T T U L EES AR T A RS TS, ZOBKR T
B~ U T oA ORI EIC X AN— T DT T v L EB O L BhET D).

gLty FRLS E OBSEITERERETH D, T U X ARORIIMLONE, Lz
(T REORRE? & L OB R~ R S HEET D00 Lvig.

2% A OEEIL, VD BAIFRRIE O ORI DOAFFE & SRR THERARAT 2
EOXHIZEMR LTV B O0E T AAARY FK & HFETHIE SN T b AR EEREEE
LW EF v — - A E L XRBEREIC OV T ORE TR S .

FERHAT v — 2 - A F L XHERE SRITEERE Lo U —BRE 1 IR0 2R L
Oy —VREE LT v —> - YA T RMED 7 — U IRERI L OIS B E
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BEEE LT, Fy—r - PAEXUEEIRZ, XS TREIOES O R
PENLAEEEFEMSTLIOLE9WTH A, _

SOHFEPLBHALNRL DT, 0 X ) RIBOBEGHOEENME O RIZ BV TITIE
AIHARENT DSBS Tl O & B BT AT nRE R DFEEA R 2 Tah s T,

B N RFHEM A4 554 20 1

AfF: 10H6H

RE4 : From Segal-Bargmann to S-transform ‘
EENE . BoETmicBE LT, E2REABOBIED £ AUV 2O 21 EARATRIEL
DE NIV NERNZET I — T « SR—= T B v - I L RIBORBSSITI
CIANG TR Wi

2Ly » INABFL 2RI —< BRI EO U —BRE 1 RO TEX LB 7 =
B L DE 2 FrEGBEEO e L~ VERIC L > (Rl &b, 2 Thkr 2 I—0
LA O—HN - A=<V FBIZ L 2BN T 77T 2 > THESIT BRLA.
L IOZETRTTE TN AOTREBEE L S—EHAEE ST F e —2 s o
AR OMR RS BT 5.

K4 : Atle HAHN
AT : Institute of Applied Mathematics, Universit”ate Bonn, Germany
& : Doctoral fellow

BIERE

BT AR

HiF: 9H30H

7845 : Non-abelian Chern-Simons Theory on R? in axial Géage I

BET - SN IRFEEES

AEF: 10H4H

784, : Non-abelian Chern-Simons Theory on R® in axial Gage II

WEANE 2O 2 DOMRIIN—VKOREDE AR LA LNETH L. ~N— KT
199 5FIZIREDBTNAARRY F « Vo S TP HEIEDF v — - A T2 S ERAD
BRI LR 2 AEEE B E/EVTN D, _

W —VERBEET D EF v — P T AP 2 BRI A2 Y o AR R A
BT D REEEE D 7 — ) AR B L TF v—1 « P4 F o RESITECFHNTIE Y41
N5,

LTI TU ALY VROBOTES BRI L X S ICESLEND. Z OFEO ERITZE OEH
MR DpeROLETHD.

N=UREA—TREC L1300 QRN EERETHHICL > Ty 4 L Y U
R OENRR 7 ) —2HAU—KT 2E 2O EXN T2 FIC L - THRATHD TR
L7z, HEROFERITE S 2 RN HE LB O PREHT 2 b0 Th o 7.
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IO RS

4y T T 1987 ELIE, F ORI OB FERIZEBT 2 WEIREE G 3 - 4 kot
SRR DOAFTRIE ROV T D 21 Iz AT 724 EE L 5. EFOEROBIIL)
SETY, Hxixdokk BRI 72b0A vE—OBRIZO & DRI 6.

VAT ONFAREEORDITILT 7 A v LS & BRI D SRR TZEH B osv
R— TS ERNTITON TNV, FIRZORROIZE A S35 T EE L2k
ok AW CHEEIIZ EM L EN TV A, FS LW OB HIidi— 2 IES L STV
WDTHS.

Do T, FEERIL, 77 AV BN LEL DEREFZLRE. SO%BE, Ty
RS NIRRT ZER LD 7 7 A v B X DR & 7o T B MUOSRERTE S & OFRE
RTHD.

1995 4B 2 7 LAY A EGEDY . Math. Phys. (233 U7=A[#72 Chern-Simons (v —
Vo A R) BRERITEET B SO EEIRIR T 2B L DR — TRES DR T B D HERIK
TEHERFENT OTE GBS &\ D B DU T & DME— DRI TE Th A EEmIITE)
DEATEDZ LaRE LTV,

HRC I OFOME—OIFFRIL RA Y DR KFEOT N FEGZO I N—T $ED
Iy, REDLA DT HINSERFED 7T 2 BEER) O TH D, HERRIR TTAEERART O
FERHND ETANRRY) FRFESTES YA FOBEEFETHDLA—/—T 4 —
L ROFEIZ I - 7= Chern-Simons BIERDHFEEMNAIREL 72 5. U@L LT TR
TS ELTIZDETHD.

FHTBILIZk T, EYOETERBGROSEENMIZIES LS, FOREBRED
SHEMN SYEEEREN TN DS SIRTTEREONBARERZROLELRHRDITT THS.

FINARRY Feo— FEOHBEICER Lz, ST AR F - 772K
DFEFMEA LTI ALY T4 VESNEZDNBAEETH LR 7 ) —ZEAD
BHIZR LW, 2o B, BEEDOBRE TH o7z Chern-Simons FHGIZEET 5 L
VR CORTRERRRZ RO 2 FICH L THLRmBE 52 T D.

ZONHEFRESCE ST, BhNRERIE, B TR & Uy 4 v
Ve T4 LFESY L Chern-Simons &% D 3 IR DA EHEZIE B > TV AAAERERED
MHOTEEREE 72 L Thh. Ihizh b & BARNT L AREEEEGRI A2
ZEMTANRNY FEIZO T N—F I L > TERENZIEDD TH D BGE LI RBIEE
EME SIZHEA L THEZRZEREEZ L6700 L2V,
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19,

(R RBUAENT & R T
R 12411 A 29 B (7K)~11 A 30 B (K)
(FURRFELHFER 6 SHE 3B I —=EA)
HEEEA (D SHE RAIRE))

TDVIRYY ANT, HERMAT & BRFERIIATIZE S T REIZE L
T, T— 2\ = FER e Bro L L TThit, 2 540HE
FEDOT T, ERIEEERIIFENT DB & #2E S - ST RN S EHER
MR - ERINET NV OHEIALHT & HEBRENTO 8 DOIEN TN,
2. KMpO-F > Va7 RRAGRICED SRR, A RIKMMFEE D
FHAEHT. TVCM & BRGED RSN, S LRI ARERFIET L &
F DL - RN OB ORE RN H -7, REF - ST - #5%
OBEFEROWROBEEMZHER L, SOIZBBEITIMELH L IH
BYUIRT UL THo, 7077 2BIONEIIRELREDREY,
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Jaygs A

11 A 29 B (k)
10:30—11:30 A7 BELth (FIREFBIFSCE: FUR- 1)
KMO-7 >3 a v 7 v HERGHIZEED < RAYHAT

14:00—15:00 HEF #7h (BFER-BHE)
H KRR e D R FAZHTIZ DT

15:30—16:30 H S #w), HH 54 (BRE), MEEE R 70
RETE ) NFENDDON?2—TVCM & RFED
REBEREFDORA I = A LTRD—

11 A 30 H (R)
10:00— 1100 S BERT (FUK JersBl Rt o & —)
FF L 5 AR bR T
ISRt AOETIILCEZA

11:30—12:30 gk, AL, B —5 GUERKESTH)
w—h sy b AN N EEE LT
BERAET IV & DRI

14:00—15:00 [ER BA GEK-#RH)
Estimation of asymmetrical volatility for asset prices:
the simultaneous switching AR approach

15:30—16:30 ] B (oK 25)
On Markov chains induced from stock processes
having barriers in finance market

17:00—18:00 [HHB 4E&E (RORFHETH)
BESTR D Girsanov DERR & F O &t T ~DhH
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(HISE Bt (BRFAIRE TR - 58I F) KM,0-
Sooady oARRRICED CEREN

ORI OB DR BRI OWTHAN, REBEOF A7 A%XR
WAL, BRTZEOMIRIZENWT, REREREZFE LD & BbiLs.
A TIE, KMoO-F v Vo U7 o HREGRIZ E -5 < [RIRAEHT D FARY
REFIZOWT, ZOBEIEZE <2, X = (X(n);l<n<r) & 1KRTO
HERIERE, Y = (Y(n);l <n<7r) & dIRICOMWEFRBRLETD. Y2 b X~
DIBTERFMENTFETD 0, HAEE M, 1 < My <r) MFELT, £
BEDn (My <n<r) & LT, RV G RO L, T

X(n)=L,(Y(n),Y(n—1),...,Y()) a.s.

EIETLORFEMETEZEE2ERT L. ZOZEE, EEDn (M <
n <K LT, Pynpy X(n) = X(n) DY LD & E[EHETH S, 7212
L, MPY) I3RERERY; (k) 1 <j<d, I<k<n) O—FKFEEICEL-T
AR SN DB ERTH L. BEORREOFREZ EBRNIFEMNT O
DIz, FRBEL C(X[Y) & Co(X]Y) = [|Papon X (n)]| TEZET S, &6
2, YIS X ~OIERERFENTIET D &1%, HOEE M 1 < My <r)
DHEELT, FEBDOn (My <n <r) (LT, ROHDD Ini RADR
UIVEREF, T

X(n) =F.(Y(n),Y(n-1),...,Y()) a.s.

BT LONGFEETDHIEREKRT D, ZOZ &, EEDn (M <
n <) ISR LT, PypnX(n) = X(n) BRRYSLOZ & ERETHD. 7o
7L, Np(Y) i3 Bp(Y) TillZs 2 SRATRE S e fe R A & 22 5=/ Th Y,
BrY) I3feRER Y;(k) (1 <j<d, I <k<n) lZXoTERS Do
ERETH D, FHIEORBIEOEEE, 250 NM(Y) ORER 5% DHeE
BROF VO ERHERT2 2 L2k o T, BBOERIIRE Sh, B
SR DEBRNRFHND.

FE YO X~OFRBRIERTFET D7D DOLEF SR, &
BEEH My (1< My <) DFEFELT, EBEDn (Mg <n <r) IZRLT,

lim G, (X|Y@) = [|X (n)|

q——.lOCl

DY SIDZ EThD.
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B OME C, (X V@) & BN HHET 51201, 1Bk Ui ;xT
TAHKMO- 7oV avr  FRRAGHERAWAZENTED. £/, 22
TEZL-IEREREELIVAOES & LT, EREBNREL EE
FREDHBR T BT AZ N TE 5. i, MERBREOREMEIZOWT ‘6,
RRHEOHEBOIGHE L TERT A N TE S,

2 XXk

[1] Y. Okabe and A. Inoue, The theory of KM;O-Langevin equations
and its applications to data analysis (II): Causal analysis (1), Nagoya
Math. J., 134(1994), 1-28.

[2] Y. Okabe and A. Kaneko, On a non-linear prediction analysis for
multi-dimensional stochastic processes with its applications to data
analysis, Hokkaido Math. J., 29(2000), 601-657

[3] M. Matsuura and Y. Okabe, On a non-linear prediction problem
for one-dimensional stochastic processes, to appear in Japanese J.
Math., 27(2001).

2) B 8 CEEX - &%) AXEMERORRERIZD
LT

BERFIMOREMEIZ, Cranger IZL > TERZBSINTZEDBR LSBT
VW5, Okabe 13, KM,0 -Langevin FREOBERR 248 L, Okabe-Inoue (
Nagoya M.J.,1994) |Z& VB LWEROEF%E - %, Okabe-Yamane (Nagoya
M.J.,1998) ZIZ Ui, —EOAFEIZ L ->C, PN BT 2 R S H 7,
~ Nakano(Hokkaido M.J.,1995) X, KM,O -Langevin S OHER
ez, Rz ER L. TOEIEZRE L, b2, BESR
W% boF - ZIZlW LT, RFTRREOMEZ 54 KREROBAE
BI7RHIE RF k%5 2 Td (Working Paper of Shiga Univ.,1999),

AL T, RERREITEE T AV IOF T - 23 - ERE

e RRERAMfE & DBMRIZIEM L. AV OB O SCEBEIR 2 54T
LTze AW T-2iE, daily OF-FTh 5,

FREFRIILTFOES> D TH D,

1. oYz - XBIEEE (Closed) 43, 1987 45, 1988 4F, 1999
%Y, 2000 FFATHZ, BREEMIEEL (Op ):% b5 % TN D,
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2. 1985 FEELFEOMODEREIZONTL, #7 - ¥ a - » Xk
(Closed) 22 F 7 + 33 - » X¥kfiiFE (Open) ~DEFMED B -
ANV, ENEDOND L ZAETEL TR,

3. HARERMIEE (Closed) 235 40 - 3 -  ZMAIHEEK (Open) ~DI[H
%miwaﬁw 1987 FFEEIZ DOV TIE, RIRBHRD RO b5,

4, VA SNIRIT A ABTE (1987 EE) T, v - Ya - o XM
FeEOT, FA-[oA%L - MIEET D), BRERRMIER s
5 Z TV,

T, BRICEA L RAEFRFEOBEE (TCTIAM(1998) %) 122w
TR L, FehE#E, WHWEFEDMER. FAIZONT, 201 04F
MDOAWRT — & %58 Lz, IROBREHRTWHS,

I FatsE. HEAYmEE. FEHIAITEWIZHERWRRERIC

11 FEHHE > DFHINADOKEZRWV-EIX, HEEWMmiEE» S
FrTIADEEE RN BEOMNEEEZSZIT 5, TOHEFED 6N
AR

3)BE ®aEl. S8 5hA(ERE), M8 BHE(EX-5%)
LETE/AENEN?—TVCM ERFEORRBEFZRE FD
AH=XLEES

f”ﬂ:%ﬁ'w) I & RSB & OBMRIZEET DR LIEE VY, L

%E%@T Z IV IAEME R BT, B \W&&Tiﬁwm

ﬁb\t W, GEl, KMoO-Z v a v 7 o HERE EO@F{%JF/
B#%EJ%@*J??&%E'?/\L\ JRE L RGE O ORREMEOHIE, S HIT
%Emtﬁ%%iﬁzmié$wﬂﬁ\ﬁ@%ﬁ%ﬁ#to%ﬁ@ﬁ%
IZEAF D@y,

1. KMpO-Z v ¥ a Uy T RRAGRIZ 2D < RER ST O

(a) ToRGEME) THRRME) TRSIRARME) OEHR
(b) fERHTOT L) XA

2. 7 — & fEHT OB
(a) FERT —#Iz2\ T
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o F— /LRI 3 FEMLDINE =
o IRFEEDHEBIFFRS|T —F
(b) FRATHE RS
e 3OS L, 1 FEMIZOWVWTHREMSH VY, L1 FRi
DNTTF oV —DBEWRTOREMED Y & S,
(c) #4F 37 ADHEE
o BREMED D &R ENTZT —ZIZOWTTEERIZ IR
DA FTI 7 A%REZ ERARERT-, BEIZET
NWEEXTLE,
(d) FHIFE
o (23] TRDEXFAF IV AZHANCTFREEZIToT-,
EREEAEREE T, TRREREET—F OB T—H0 AL
ni-.
(e) HIMHIEHR
o FlI¥EIZ T2-3] DEATFT IV AEHANT, LEEERLS
Hin b XORFBEOE(LEHR LT, SHEOEMOEGE.
EEPEREET VIR HITTHLEZIE Y VR TH
HEWIRERERNELNT,

(1) EIBETF (EKX- £HRBEBHER 2 —):F T3
UNIRIER S REOM——IETOEADETIVTEZD

1 F 7Y a ARBEEGOEAR L s TNBI—a BT o » /L2
T Black-Sholes g3, FBICRB T A2 ERS | OBEEZ AW TEH X
T3, ZOFRBII, B>\ T IR a XA Z{KET 2 Cox-Ross-
Rubinstein DFEF /A2 X 0 BHREIZEfET D Z LN TE B0, Tz XfE
WWE>THMNITHIELARETH D, Z4LH OO F 72 Bk
. 7Y a cOMEMERIGEO X R E LTEBTERZ LB
Z BN, FOEBRWBMIIKMGIC LA T 7n—FIZ Lo TE5EZ 65,
Fi=, AT var s ILITAOMEIER. U R PIFHESRIZL DA A
TOMELEETHBZLRF S ar - V) =22 B L2 RS
(ORI ENTED, KR, SREbDEEEZ ORBEVIEK & FEU-D
TTCERET D ENE LD TESITRD,
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Diagram 2 Call option premium : two-period example

option payoff and

stock value
h
'Bil
5,
l(ﬂ'r)B"
UI.’
U
5=1.0 /
K=0.9
u=1.4
d=0.8 7o
=01 +78 B A Ly
Zaile 1% . o
o SthJ SIIK &) Su/l Su Snu stoc price

2 TIEETNEZHIM TS FEERIZED ANy 7 U—RIRTIEG
T%é BESTEDOBRETWEIE, 29 LT 7 —FRNRfETHS
BERE LRECTEIEEAN L TIEDRSERHIZ > TV DE 0B TH D

) BlEk (AREE). ER1. BA—B (REXK-H&I%H):
7%7vh-4>N7h§%§btﬁ%ﬂ%?»t%®¥ﬁ
i)

BEOKIET —Z D, ==y kA0 FEHEETIRRE L
T, Roll(1984) %, X7V y FOFEEZMPMAATIRFRIIET NV EZED
HEEZREL QD BB BEA(2000) , £ - 86 - 54 (2000) 0%, HIL
F5)L% Kalman Filter OV TR AHEE T2 2 L 2B L, 708
JE DORGE & EIEEE 1T > TV D, K%ifﬁ Roll DE5 VA —i1k
LT, ARFfgs /A X &l ’7&5'”‘@@575)3?)5 EHlZOWVTD Y, Kalman
Filter I X A7 7 a—FNEEIZEHTE S Z & Zfef L, SRELE 160 £51R
O A RFEAET — 5®ﬁﬂuﬂbfﬁﬁbt

4+ COSEECTSIMEEL P ¢t =0,1,2,...,7), TOxK
it % S, = log P, 309 *HZIRS Mg S, ,ﬂﬁK%W%K&V*
T e AT DI AR Z OMTHLEEZD .

S, =Y+ Z,. (1)
Roll DEFTNVEILEL, Z; 23 AR(1) IZHED LIRET S :
Zy =2+ G, (2)
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¢~ N(0,07), i.i.d. (3)

ARSI Yiodd o G0 IR X, 1X AR(1) 12065 £ 975

=Y+ X, (4)
)&’t = Oé)&’t_.] + &, (5)
§i ~ N(/-Lﬁao-g)a i..d. (6)

DU e = 0 LARES 5. EBOF—F QBT S, 2aHET 5B,

t(log Pr — log )
T

Sy = log P, — (7)
ERTALERY B Z & TRHLT B,

HWERERITL D &, AMMEITI3AEBI T & A SBIEE SN0, < —
o b A X7 RIBIZIIERVIEDORIFEBEI MR X vz, T OEEN,
BHiZ Roll DET/LEHWS Z ENERTH D AREMZRE L TWND,

O ER BEACGRKEHE). Lk ZE (H%) :Estimation
of Asymmetrical Volatility for Asset Prices:The Si-
multaneous Switching AR Approach

The asymmetrical movements between the downward and upward
phases of the sample paths of many financial time series have been com-
monly noted by economists. By incorporating the conditional hheteroskeda-
sicity aspect into the nonstationary simultaneous switching autoregressive
(SSAR)model,the asymmetrical volatility function of financial time series
with daily effects can be estimated easily.We report a simple empirical
result on stock price daily indices of the Nikkei-225 and SP-500 by this

modelling.

(7 2BE (BRX - #%):0n Markov chains induced
from stock processes having barriers in finance mar-
ket

In this paper, we research Taiwan’s market which possesses lower and
upper bounds on every day’s stock price. The lower bound of today’s
stock price is defined by 93 % of the final price of yesterday’s stock. And
the upper bound of today’s stock price is defined by 107 % of the final
price of yesterday’s stock. Under this background, we are interested in
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the effect of the lower bound and upper bound that cause every day’s
stock price in a long term. |

We use some kinds of difussion processes {S;}i>0 to drive the price
of the stock. And suppose that the stock price must be stopped at the
bounds until the last of that day when the process hits the bounds. From
this restriction to diffusions, we get a discrete Markov chain {X,}n>0 in
(0,00). To see the influence of the bounds on every day’s stock price, it
is proper to compare {X,,},>0 with {Sy }n>0-

Thus the purpose of this paper is to research the (positive) recurrence
and transience of {X,}n>0. Also if the invariant probability measure
p(-) of {Xp}n>o exists, we compare the tail of the invariant probability
measure of {X,}n>o with {S; }i>0.

In conclusion, we prove that if {S;}>0 is transient, then {X,}.>0
is transient, too. This means that the barriers have no effect at all to
help the default stock process not to default in the long term. Also if
{S:}i>0 is recurrent, then {X,}n>0 is recurrent, provided that {p*(z)}
satisfies some weak conditions, where p*(z) (resp. p~(z)) denotes the
upper (resp. lower) bound at the state z. Besides, we show that there
exists {p*(z)} such that {X,},>0 is null recurrent even though {S;}1>0
is positive recurrent. As for the fat tail, we obtain the following results.
Here, for simplicity, we consider the diffusion process {S;}:>¢ in nature
scale.

L. if [ |z|m(dz) < oo and { X, }n>o is positive recurrent, then the tail
of p(-) is fatter than m(-), that is,

[)m zp(dz) = /OOO |z|p(dz) = oo.

2. assume that
alz|™* <m(z) < elz|™, for any |z| > M,

and {p*(2)} satisfies p*(z) >z + |2, p~(2) < 2 — ¢ |z|* when-
ever |x| > M, where a,cy, ¢y, M, c*, s, t are all positive constants.
If sAt € (0,1A%), then the tail of pu(-) is fatter than m(-), that is,
for any y € (2(s At) — 1, — 1),
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i Y 0 ¥ . Y
A 2 p(dr) = /-OO || p(dz) = oo, /R |z["m(dxr) < co.

() [EER UEE (K - EHET%) : BEREL DD Girsanov DFE
BLZOEMIE~DIGA

SETEIZEITA [£FVY A7) OREZER LI eI,
BT VR REN) - UIRENZEL THRDIZT =250 &) - [F—2hbE
FI| OEBERKEITHD. & biZ, ERlEEMR 0T IAEBRFRHAYIR
BTH Y, EHRET L L0 LB T T L OIRRRRI DD FEERA LR
WEiT o ERHD.

HESRE ORESBR D R —7 « A A /% B ORI o
BRREREZDFA T I 7 AOBRNLRET. A/ ~—1 a3 L ORIE
FIALDHHEIZLY, BRI OMREREOMMBEL T 2ET L O—
AR B,

LB DEEIFR O EIRET M B THO BN TNBF AT — 70
EIR A BRI OBAIZEEHT 5. e AW, ECE N — AR DR
BEFISET L, BRERS L AR TH L~ LT o 7 — L ORE
W7 R 5 2, 31 v o — LTy 3 v O ORE—1) 72
ARERDD, FNEHETEZT NI AALKMO0-F ¥ a Ty o h
FREGAIC IS IERIBIE AT E IV TR b,

ZE X

[1] (with Akihiko Kaneko) On a non-linear prediction analysis for multi-
dimensional stochastic processes with its applications to data analysis,
Hokkaido Math. J., 29(2000), 601-657.

2] (with Masaya Matsuura) On a non-linear prediction problem for one-
dimensional stochastic processes, to appear in Journal of Math. Soc. of
Japan, 2001.
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Ergodic Theory and Related Topics

HEEA ¢ EHEGL (LK), BEB R (RREEH) . £E (BX).

hE® (BEXR), BEEEZ HIKR) . PR (LEX)
B B : 2000#% 118 30BCk)—12838 (A
% BT HAKEEHRHHER

AFFRESII TN T FEBICEET 2B, O FOHEEROFRTHR L XRELR D HE9TH A KFRE
HRIEFTIZB W THEE L= LD THD. —HEDEWTEMEFIRZRFHERIZEN L, HESIISEER
THEITES .

FEBEICOWTIRT—< 2RO TICESEE LEN, KU LT Perron-Frobenius EEZICEHELE LD
(A4, BRF], Liverani %K), BLUEKMRICEELERE (M, LB, Wen, ZEHE—, ML, &,
Mandes-France @45 &) (ZGhNei, BEEROT7 0 —FO4FIIEFNEFNICERS. fhodFH, &
B, A, AFERKOBELSMEORBLES B THIREWLOThHo 1,

BEEXE VD Z LT, KFRMZHRA R, (FEEPRIBVIR) FBEBESCL, BEOF—<
Wb HAA, FRIZEODINTEL BHRVSNEMTREIN, BREEVIIESZITIZ LN TE .

TurT AL BEOMEL LU TICHEHTD.

12818 (&)

9:00— 9:50 4H E (LK)
The difference between letters and a Martin Kernel of a modulo 5 Markov
chain
10:00—10:50 /0 ML (KERMZKFE)
Automata, algebracity and distribution of sequences of powers
11:00~11:50 Fu EEX (LX)
T br =k EES DR SN DFERBEIZOVWT

13:20-14:10 #HAA E (ZEX)

Perron-Frobenius operator for weakly dependent stationary seqences
14:20—-15:10 ZIEH (REEKMZKFE)

RIE v
15:30—16:20 FHMER (KKATSLAE)

(S E») Cantor & LIZIEAT 5 H 5 IERDIEKRIZONT
16:30—-17:20 ZERRE WFKF)

Weyl BHIZES S EBMHBERD =)V T — FiRBIFEH
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128208 (1)
9:00— 9:50 MFAEETF FLIEX)

Weak Gibbs measures for certain nonhyperbolic systems
10:00—10:50 [IBREE (HEBEX

Tilings from characteristic polynomial of B -expansion
11:00—11:50 Z.Y.Wen

Pisot numbers and substitutions

13:20—14:10 HEE— BELERS)
Ramified Diophantine algorithm and its application
14:20—-15:10 [MWEEK
On a model of diophantine approximation of complex numbers
15:30—16:20 ERE (REXT)
Jacobi symbols of quadratic residues based on the combinatorics of
coefficient-sequences in continued fractions
16:30—17:20 C.Liverani

Perron-Frobenius spectrum for Anosov maps

12438 (A)

9:00— 9:50 M. Mandes-France

Geometric probability and real zeros of real polynomials
10:00—10:50 KHBEREF (AKX

R' ED7 57 5N EEDRT
11:00—

Yag—h-aiaz=sr—ars
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Automata, algebraicity and distribution of sequences of powers

/N BB

K #EENp DAREE L, K((2)) 2BREX K OXThHLOEAME—F
CRRER f(z) OEET D, DEY. f(z) = 0L, a2 TIT.ng € Z
Ho, fn€ Kin=ng,no+1,--) ZWMELTHLDLTD, f(z) € K((z))
DIFADE S E {f} = Joorofaz” € K[z]] LVWIRSTRTZEIWIZT
B, ZOFE, f(z) € K((z)) LT, %l ({fm}m=0,1,2,.. PHHETE
%, Christol, Kamae, Mendes France, Rauzy {2 X > T, f(z) € K((z)) #
K(z) ECRENTHDZLE, 5 (fr) B pA—bvTA7THDI L L
BEILTHB I EBRFRENE, ZOFERE Salon 3, LRFTOBFEIZ—XIL
Liz, 2O EML, bL, f(z) € K((z)) » K(z) ETREFTHIIZE,
F(z,y) =Yoo o fl2)™y™ (&, 2KREWNZ p-A—b=TA4 7 ThHD, #IT,
F(z,y) DFREINERBT DL ORFRA -~ br22<0, ({Dm>o
D5FELERD, fe K[z]] (fo#0, f# fo) PEF, f OLOAITERICAZ
D, EBZ, fLontie 72 OAREERALLOTHD I EBHM5B,

Sequence entropy and the complexity through subsequences of
infinite words
Teturo Kamae (Osaka City University)

For an infinite word & = apovj g - - - over a finite alphabet A, we define the
*complexity C:(k) on k € {1,2,3,---} as

C;(k) = Sup ﬁ{an%-r(o)an—l—‘r(l) U Ongr(k—1)) = 0, 11 2, }

where the “sup” is taken over all subsequences 0 = 7(0) < 7(1) < --- <
7(k — 1) of integers.

We prove that « is ultimately periodic if C% (&) < 2k — 1 for some k.

For a Sturmian word a, C%(k) = 2k holds for any k. Moreover, any
infinite word of the labels given by a partition into 2 nonempty intervals
of the circle along an orbit of an irrational rotation has this property. An
infinite word a with C%(k) = 2k for any k is called a *Sturmian word.
Another family of *Sturmian words which are not recurrent are discussed.

On the other hand, it follows from Kushnirenko (On metric invariants of
entropy type, Russian Math. Surveys 22-5 (1967), pp.53-61) that an infinite
word « which induces a dynamical system with a partially continuous spec-
trum satisfies that limsup,_,.(1/k)log C%(k) > 0. In fact, Thue-Morse
sequence « satisfies that CZ(k) = 2*, while the usual complexity is known

to be of linear order in k.
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On a property of Pisot number
De-Jun FENG and Zhi-Ying WEN
Department of Mathematical Science, I'singhua University,
e-mail address wenzy@tsinghua.edu.cn

ABSTRACT Let g be a Pisot number and m a positive integer. Consider
the increasing sequence 0 = yo < y; < +++ < yg < --- of those real numbers
y which have at least one representation of the form y = Y., ;eig* with
some integer n > 0 and coefficients ¢; € {0,1,--- ,m}. We prove by concrete
construction that if m > g — 1, the difference sequence {yx4+1 — Y }r>0 is
the image of a substitution sequence over a finite alphabet of symbols. This
result characterizes completely the structure of the above sequence. We
also give an algorithm to determine the exact value of infg(yr41 — i) that

answers in some sense a question posed by Komornik et al.

The Jacobi symbol of quadratic residues based on the
combinatorics of coefficient-sequences in continued fractions
& B E5L (Watanabe Toshihiro) ISR KXZETEMEATER (Gifu Univ.)
e-address:wata@cc.gifu-u.ac.jp

FHRAD Jacobi FE5 2 ESEOREDN LIRE 5 Clifford RE D TTEE
WERRICE L, EHER, ERKROSHIEA LTz, ZZTC h r istoffel

2k AEHEF] (£7212 Sturumian 7, EHROETH]) OEOBERICL B4
WP ERESTEHRL TS,

Perron-Frobenius spectrum for Anosov maps

‘Carlangelo Liverani

I reviewed the functional (quasi-compactness) approach to studying sta-
tistical properties of dynamical systems. I presented the approach in the
abstract setting of operators acting on two different Banach spaces with
the goal to show that such a setting does not only accommodate expanding
maps (for which it was developed) but also Anosov maps. I then proceeded
to construct two Banach spaces such that the Perron-Frobenius operator on
such spaces satisfies all the requirements of the above theory.

As a consequence not only the usual statistical properties of Anosov maps
are obtained but also very strong stability results. This work has been done
in collaboration with M.Blank and G.Keller.
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REAL ZEROS OF REAL POLYNOMIALS
C.Doche,M.Mendes France

M.KAC,P.ERDS,A.OFFORD,A.EDELMAN ,E. KOSTLAN at different pe-
riods and in different contexts showed that a real N degree random polyno-
mial has on average approximately (2/7)log N real zeros. Let a = (a,) be
an infinite sequence of +1 and -1. We say that it is ”mim-random” (mimics

randomness) if for all N the N degree prefix polynomials of the power series
a+ar X +aX?+ ... +a X"+ ...

all have Z(a,N) = (2/m)(1+ o(1)) log N real zeros as N increases to infin-
ity. We do not know whether mim-random sequences exist even though we
strongly suspect they do.We can actually prove that for almost all a = (a,,)
2/ belongs to the interval ( liminf Z(a,n)/logn,limsup Z(a,n)/logn).
We can also produce a class of sequences (generalised Thue-Morse sequences)
such that liminf Z(a,n)/logn > 0. If mim-random sequences do exist we
conjecture that their Wiener spectral measure is the Lebesgue measure.If
true then the Thue-Morse generalised sequences alluded to above cannot be

mim-random.
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The Difference Between Letters and a Martin Kernel
of a Modulo 5 Markov Chain
A. IMatt  Kyushu Univ.

A few years ago, Denker/Sato have initiated the study of the relation between one
of the best known examples for a fractal set, the Sierpiniski gasket, and a Martin
exit boundary; that is to say, the Sierpinski gasket is represented as the Martin
boundary of a certain canonical random walk. This result may be considered as
a new concept which provides another approach to harmonic analysis.

In this work shop, we discussed how to extend the results of Denker/Sato (for
the Sierpifiski gasket) to the Modulo 5 Markov chain. We show that the Modulo
5 fractal which is homeomorphic to the Pentekun (the self-similar pentagon) sug-
gested by Kumagai agrees with the Martin boundary of an appropriately chosen
Markov chain.

Superficially, the Pentakun is similar to the Sierpinski gasket as a geometric
structure in RZ?, but in reality they are radically different in the behavior of
their critical sets as p. c. f. self-similar sets, and in the graph structure (which is
associated with a Markov chain} of the underlying discrete state space. .

The purpose of this lecture was to describe an estimate of the Martin kernel
(heuristically, the normalized Green function) of a Modulo 5 Markov chain and
represent Pentakun as a Martin boundary.

Let A= {-2,—1,0,1,2} be the alphabet of five letters equipped with a module
structure with the additive operation @ modulo 5, A" the collection of words
consisting of n symbols and .A* the one-sided infinite sequences. For w € WU.A™,
we define the conjugate w* of w by

W woaa/2(a)o—asz(a)* ifw= woacg(a)k,d € {~2,2},k € NU {o0}
T w otherwise

(1)

and an equivalence relation ~ on W U A by x = y or x* = y where W =
> oA, a€ AweeW and o,(e) =aDp.
We denote by {Xn}wnu{o; the Markov chain with state space W and stationary
transition probabilities

1/10 ifw#w* ac A

1/5 ifw=w¥ac A @

p(W,wa) = p(W,w#a) = {

The Green function g(v,w) on W is given by

g(v,w) = p((w) = (v);v,w) = > _ p(i(w) —I(v) = 1;v,u)p(u,w) (3)
uecW

where [(w) denotes the length of w and where g(v,w) = §y w whenever I(v) =
{(w).

As a consequence of the above definitions (1) throughout (3), we became aware
that the key to the estimation of the Green function is the behavior of the differ-
ence, as an additive operator on the module, of the last two different letters in a
word, in particular, whether they are 2 {or —2) or not. The investigation is based
upon this interesting discovery.

! E-mail: aimai@math.kyushu-u.ac.jp
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On Entropy and probability measures constructed
by periodic points

Michihiro Hirayama (Kyushu University)

In this lecture, we will discuss a non-uniformly hyperbolic dynamical system in
two-dimension.

Let f be a C%-diffeomorphism of a bounded open set U in R? and u an ergodic
f-invariant Borel probability measure.

Oseledec introduced the notion of characteristic exponents to the dynamical sys-
tem. They are called the Lyapunov exponents and which give the growth rates of
D, f™ (the derivative of f composed with itself n times).

A diffeomorphism preserving a Borel probability measure p is sometimes called
non-uniformly hyperbolic if p-a.e. we have x; # 0 for every 7. Besides this, we call
an ergodic measure u a hyperbolic measure if none of the Lyapunov exponents y;
for 4 are zero(in our case ¢ = 1,2). We denote the set of hyperbolic measures by

H(f)-

We can introduce the notion of specification property by virtue of the Katok
shadowing lemma for non-uniformly hyperbolic dynamical system.

Definition (K-specification property) We say that for Pesin set A, (f,u) has
K-specification property if for every @ > 0,z; € Aand n; € N (1 < j < k), there
exists M (e, (7)) > 0 such that for every N > maxo<y(j)<g—1 M (e, #(5)), there
exists z € U satisfying :

[ (z) = 2,
d(f%(z), f%(z;)) <o, 0<i<n;—1,1<j<k

where
_JaXianivakN,  #e() =1,
’ q Z?:l n; +gkN +¢q, ow.. ‘
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Perron-Frobenius operator for weakly dependent stationary sequences
SEAYHEER GOE

stationary random sequence {X; : ¢ =0,1,...} IZ® LT, sub-o field B % o(Xn, Xnt1,...,Xm) TE
®, 3% o(n) % ¢(n) = sup, sup{|P(ANB)—P(A)P(B)|/P(A): A€ B§,B € B3} LEDD. n— oo
DEE, p(n) = 0 MBEILT D & &, stationary random sequence {X; :¢=0,1,...} & uniformly mixing
ThoEMEh, SELIELFMHEOTCIESERBRERIMON TS, Z2TH, {Xi:i=0,1,...}
@ L O functionals 123195 FORERER L IR O &S & Perron-Frobenius {FAR O & HWENEAHE 2 AL

THRT 2

WD E S »E ETDH. (Q,B,P) BHERZEH, T 220 LORAER, B O sub-o field T
(1) B =B,
(2) T-B™ _B;;fll,
(B) n<k<mBbiXBE=Br #WiTb0LTs. Tl on) BEDLIICEDD. ZOLE, RHEK
AT B

[BH] 0<p<l&WETER p BHoT, p(n) =0(p") THY, feL®(Q) % ||f - Ef|B5]|le =
O(p™) Bl T&T5. Z0kE, o >0 BEEL,

n—1
Jim P (ﬁ NCEEEE z> = 2,(c)

DI DERE A TRILT D, ZIT, ) IXEHSF NO,02) OSHEETHS. &bl o >0 abid

\/_Z A(T*) - B(f) < ) %o (2)
COFEBIUTORMHTRENS. LYQ) LOERAZ U &

] =

Ug= G5 w)= [ gap
LE¥ D, U* iX Perron-Frobenius fEf% & FEiEi,
/(U*g)(w)h(w)dP = /g(w)h(Tw)dP (h € L=(2))

TR BNE. U DEBHERE U6, f) %
U™ (6, f)(g) := U (gexp(i6f)), i=+-1
TEDDE, U ORSWE fU(g) = U'(f(Tw)g(w)) 2&DELENT,

Jvre.or@ar= [ e zazf T*0)lg(w))dP

DBRKIZ L., U4, £)* OBGIREZEEICL > T, HIE g(w)dP IZL AHEEERTRREN S, U iZEBRLSE
, U'(g9) = B(9) +T(9), ¥(g):=U"(g)~ E(g)
RO, LZAR, U & LN )Jﬂ*%zéa U OWHHEILL &%, XIT, £
U@ {f e L'Q) : |If - E[fIB""]Hu =0(p")}

= 0(1/+/n).

sup

& J I

1ElglB3] = Elglllz: s _ )

llgllv := llg|[zr + limsup

n
n-—}0oo r

TSE{{L L 7= Banach Z58 (V,[|-|) #% %, £0Lic U* #4IBThE,

[197gllzr = [|E[g|B:"] — E[g]llz2

EROT, U ORS MR 7 (0<r<1) £25. [ IHLT, U9, f) 12 Banach 8 (V, |- |) £
OERIERF LAY, +A/REW |0 KR LTI U L RBADE

U6, f)" =B, f)+ ¥, )"

MTE, VO, f) DAY FAVEEL 1 ED/AETED. ZOLIITLT, U, /)"(1) OBEEEEI %R
Eh, ST, f(Tr0) ORE dP W2 XA MBS ERER S D,
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BlEstEll % & DEHENGERADHRIC DT
RIRMILA - B - FHHEE

FEEOEEH 0< p< 1 X LT, p ZEEA L TILREMS (ALFEAY: Fatou %) % H-OA0fER) 2
%% IER %, kneading sequence &\ 9 AW AT —F & invariant lamination & & iEh B BEALPKA O
HOBROWHERVWT, TELETRMANICHERT S, 7. BB p izl

—1 R
b = (p~t-1)"", ifp<i
P p~t -1, ifp>1

ELT. pp=[0a1,0az, ] LESBERL. 0-1 word 7%
W, = (Wn_1)* Wp—a € {0,1}* foreachn € N (=72, ¥IHEIZ woy =1, wo=0 &75)

LEETDHE, FOWMRLERD ¢, = 1i_)m wy, € {0,131 iZ Sturmian sequence i272 5, Z D FHIERF ¢,
DB EMART —F 20 EZ37201c, LT, K [0,1) S BEAMAE ST #8RICHE I TEL, EEn
BENERLTERE LT, hz) =2 & S! LIEASES, ( b S LR o, &

PIRACLREEEE A

kEN

S (1-6m)2k o>

keEN

a, =

ELTEET D, Bic, [0,1) OBHES [0,%] U [255,1) (SIS 5 51 0 closed semi-circle # 17,
&¥ 5, ZIZT, kneading sequence DEFHE V. a, ® A DT TORFEPEN IP| LEVWKETHDHIL
WREND, LT, p2FBCEAELTELLDT, p DFFEHZL L TEL, LOZENbEIZ, [, @
h DT TOBRFPEDOR T, 2, £XZPH7RV closed arc DRI I, I, -+ B

h(Ix) = Iy—1 for each integer & > 0

EHi L, BOEVRETHD L IRHEETDHZENDRD, #oT, TOBEEA C =5 \Up_, I
2 Cantor £A LRV, Lvb h(C)=C &£725, Bit, TAETOHENS, ZOBINER (C,h)
factor & L CEERA p OEEEEENBKA2FIETRLS, KIT, C Kb ES0\T, BABMAK D 0bh2
tiling WM T D Z &I 5N, BHEROTHENIZW S &, 20 Cantor £4 C & h DRFED local inverse
branches (Ziuid, o ITETFEL TGRS) 2ERESERZLICE»T, S kickxabod %45, L
T, TNENOHBOMNEE D ~FHIRLIEHOLENRRDS D Dtiling 7425, ZDtilingid, bebd h
DHFBIZH EDTNT 2L ENEDT, HAED Th DT TOREN] BHAZ R, ZOHENS,
S EDBEBTHoT h % D E~LETHZERTES (D hz) =22 13D ECTLEHTEBR, =
NTIXZ ZDEMTHAUMHSEROERIZTTERY), C\D LT, BiZ h(z) =22 & LTHERET S,
ZNT h @ Riemann BKE E~OYER b 2@ C& (bEA2LEBE, ZORRBELZDNT pIlEoT
—BRNIEE D), BRI, BIR LS NFER (C,h) OEERSE p OEBEEEER~O factor map ¢ (2L -
TELAS C EORBEK (DFEY, z2~w % oz) = pw) L LTEH. OB A OFTRETH
HZLICEETS) % Riemann B E~BRZRFIET, R OF CRELEEERICIEERT A ENTED
(ER. £FREEIT L AEED, HDVIE C OMEOERE2EETARELD h O F TOHBEOWTRI
RS TWD), ZOWELEZFEBRIC I AEEMI2KRTERETHDZ B0, h O factor (%1
HEELZb0) BROAHMAMEM2KREER LD Z EARE D, BT, p A Brujno FTlev & i3, C.
Yoccoz DEHEMNG, p ICHIGT HAER 2 IREIEBERL, BREZEXLMBERIIRLRNI EIZR25,
SE X

M. Yoshida, ”On a topological polynomial which is not conjugate to any complex polynoimial”, submitted
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Weyl Z# (-7 B HBEBOTILT— FiRHIEEHA
LB R (WE XY EAREN R FEEL)

M [1] 13 Weyl ZHIC X HEBELBERERELTVD. AL, di(z) #F 2 >0 O 2 BN ER
BE O/ NERERAY S 6 HT B BB R T LD E L, [0, 1)? ko> {0, 1}-EEHK x{™ %
XM (z,a) = Z d;(z +na) (mod2)
i=1
TEDS &, {XI (@)}, Fae a loFL m BA+HHKRECEE random THDHEVI LOTH
H.KE (1] RKROEBEEZTL, SRS TORENEREZ 52 7. |12 [0,1) £ Lebesgue e
BIEEZRT.

B 1. | |aeca izl ((0,1),]-]) £T
(XM a)}, £, {0, 1}-valued fair i.i.d. (m — 00).

 OEBOERREE ICEBN Th o7, BE (2] Bl — FRIOFEIC L BERERS,

PV TOEREZMIICGERT LI LICHHLTND
I 2. ([071)2al : I2) L
(X, )12 2 {0,1}-valued fair iid.  (m — oo).

TITREFOZELEULED, T8 1 OBEEE X 5. Bax 0BT A I— FRIBRIZE S
7, BABLABRC, EE 1 L0 bEVRHED FTOEBICEH LTS

ox DEBEBZHLTES L HoICEELET. b % 2 UEOBRKET S, diz) HEK
2> 00 b H/INUBBO/NGRSE i KHEOBERTE L, [0, 1)2 150 {0,... ,b— 1)-E% x{™
A 55 L AT _

X (z,a) = Z di(z + na) (modb)
=1
TEDD.
p, v 12 [0, 1) £ Bernoulli FE & 5. ZZ T Bernoulli JE L {di}: & p(di = 1) #0,
1€{0,...,b—1} 22 iid (CTDHERELTD.
EE 3. paealtxl ([0,1),r) LT
(X)), 25 {0,... ,b— 1}-valued fair idid.  (m — o0).

n

EE 1, BibizE (1] @ Weyl EHICET 2 EBMEHEERIZER 3 THIC 4, v & Lebesgue RIE,
b=2LBNTHLNLLDTHD.

i (1] & BEREEBEOERSRIT S LR a KOWTREHR+AREEEZHOT, Bx DERTTIES
ESNE-Y I eIp R GE /AN
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srtfﬁ@mg(b—z D& )
X = (x§™, ., X)) bR 3 ORI Vs € {0,1)"

{u (X(m)(.,a):s) —2%}2 —0  (m— ) paea 1)

ErEiE+oThD.
Q:=00,1)% P=vxvxpkl,(@P) ko XI™ (=12 %

Xgm) (1,22, 0) := x(m) (z;,0)

TEx%E

/{u (x<m>( La) = s) - %}zp(da) - P(xgm) =5X{™ = s) - 5%-5 - %(P(XY”) = s) — 2in).

R (0,P) £ ry. 20 % 5% < EHT BEIC L - THREBE (Z00, X, X™)),, BEERHE
JEERRS Markov iIB#E L 72V, ue Im( . s, 8 € {0,1}" ORERSyFA P ( = u) 22% TEXBLNDH
PRALTCEREONIEHA—F—C O INETHEETL,

Z/{ X(m- ):s)—%}zu(da)<oo

%1% 5. Beppo-Levi DEE LY

S v (XM (. a)=s) — L 2 < 0 8.8,
> o
m=1

EoT (1) BELRD.

S35 Xk

[1] Sugita, Hiroshi, Pseudo-random number generator by means of irrational rotation. Monte Carlo
Methods Appl. 1 (1995), no. 1, 35-57.

[2] Sugita, Hiroshi, Lectures at Kobe university (2000)

[3] Takanobu, Satoshi, On the strong-mixing of skew product of binary transformation on 2-

dimensional torus by irrational rotation. (preprint)

[4] Billingsley, Patrick, Probability and measure. Third edition. Wiley Series in Probability and
Mathematical Statistics. A Wiley-Interscience Publication, John Wiley & Sons Inc. (1995)

-[5] Billingsley, Patrick, Convergence of probability measures. Second edition. Wiley Series in Prob-
ability and Statistics: Probability and Statistics. A Wiley-Interscience Publication. John Wiley
& Sons, Inc. (1999)
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Weak Gibbs measures for certain nonhyperbolic systems
Michiko Yuri
Department of Business Administration, Sapporo University

small In this talk, first we present a new method for the construction
of conformal measures v for infinite to one piecewise C’-invertible Markov
systems associated to potentials ¢ which may fail both summable variation
and bounded distortion, but satisfy the weak bounded variaiton {see be-
low). Next we show the existence of equilibrium states u for potentials ¢ of
weak bounded variation which is equivalent to the conformal measures v.
The equilibrium states may fail the Gibbs property in the sense of Bowen
but satisfy a version of Gibbs property (so-called weak Gibbs) under cer-
tain condition. In particular, we can observe the weak Gibbs property of
equilibrium states for typical mathematical models of intermittency which
is a common phenomenon in the transition to turbulence, i.e., piecewise C*-
invertible maps with indifferent periodic points (Manneville-Pomeau maps,
Brun’s map, Inhomogeneous Diophantine algorithm, a complex continued

fraction algorithm etc).

Definition We say that a triple (T, X,Q = {X,}ses) is a piecewise C°-
invertible system if X is a compact metric space, T : X — X is
a noninvertible map which is not necessarily continuous, and @ =
{X.}eer is a countable disjoint partition @ = {X,}aer of X such
that J,c; intX, is dense in X and satisfy the following properties.

(01) For each a € I with intX, # 0,T|intx, : intX, = T(intX,) isa
homeomorphism and (T|;n:x,) " extends to a homeomorphism
e on (T (intX,)).

(02) T(Uintxa=@ Xﬂr) - UintXa=0 Xa'
(03) {X.}aer generates F, the sigma algebra of Borel subsets of X.

Definition We say that ¢ is a potential of weak bounded variation(WBV)
if there exists a sequence of positive numbers {Cr}n>1 satisfying
lim, 0 (1/n)
log Cp, = 0 and ¥n > 1,YX,, . € Vicg T7HQ,

SUPeex,, .. XP(Ticy (T x)) <o
infeex,,. .. exp(Sis ¢(Tiz)) ~—

Definition. A Borel probability measure v is called a weak Gibbs measure
for ¢ with a constant — P if there exists a sequence { K, }n>0 of positive
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numbers with lim, . (1/n)log K, = 0 such that v-a.e.z,

K;l < V(XclnmaTz(x)) <
T exp(Yis ¢Tz) —nP) T

where X,, ..., () denotes the cylinder containing z.

ny

Our method is based on the existence of a derived map T* (Schweiger’s
jump transformation) which is uniformly expanding and guarantees a weak
Holder-type property of the potential ¢* associated to ¢. For the construc-
tion of conformal measures v, we observe a good relation between the topo-
logical pressure for ¢ and the topological pressure associated to ¢* with
respect to T*. The key to the proof of the weak Gibbs property of equi-
librium states u for ¢ is to clarify the order of divergence of the invairnat
density du/dv near indifferent periodic points. Lastly, we establish a ver-
sion of the local product structure (weak local product structure) for ergodic
measures f which are the invertible extention of the ergodic weak Gibbs

3

measures u. As a special case, I possesses asymptotically ” almost "local

product structure in the sense of Barreira-Pesin-Schmeling ([1]).

References

[1] L.Barreira, Y.Pesin, & J.Schmeling. Dimension and product structure
of hyperbolic measures. Annals of Math, 143 (1999), 755 - 783.

[2 ] M.Denker & M.Yuri. A note on the construction of nonsingular Gibbs
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[3 ] M.Yuri. Weak Gibbs measures for certain nonhyperbolic systems.
Ergodic Theory and Dynamical Systems, 20 (2000), 1495-1518.

[4] M.Yuri. Equilibrium states for piecewise invertible systems associated
to potentials of weak bounded variations. Preprint.
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Tiling from some S-cubic Pisot numbers
Shunji ITo and Hiromi E1
It is known by Thurston[4] and Akiyama[2] that for the Pisot number 3 we obtain
the T-A tile 7 and T-A tiling T by finite protiles from Pisot numeration system.
In this paper{3], we introduce the following substitution ¢ and a matrix %¢ of o:

s K+1 times
——
1 - 11---1 2 K+1 0 0 K 1
2 =3 1 00 0 0
c:{ 3 =4 , %= 0 10 0 0f,
K times 0 01 0 0
4 - 1...15 0 001 0
L 5 —1

Using the substitution we have the following theorem first.

Theorem 1. Let X be the atomic surface from the fized point of the substitution,
X coincides wiht T-A tile T. Here, the atomic surface of fized point w of o,

w=limp 0o 0™(1) = 8182 - 8n - -+ is defined by
X = closure{nf(s183 - -8x) | k=1,2,---} CP
X; = closure{mf(s1s2 - sp-1) sk =%k=1,2,---} (i=1,---,5)

where P is the invariant contractive two dimensional plane with respect to the
linear transformation o, the map m : R® — P is the projection and a canonical
homomorphism f : free monoid of alphabet {1,---,5} ~ Z° is given by £(i) =
e;, i=1,---,5 with a canonical basis of R® .

For the sets {X;} we see the following set equation holds:
Proposition 1. 1. X = U?:l X;

X1 UXs if K=0

2. Odﬁle = K 0.—1 i 0,1 :
U(X1+no me1) U U(X4+na re)UXs ifK>1
n=0 n=0

01X, = X; + (K + 1)00’_171’61, 00'—1X3 = Xo, OU—1X4 = Xa,
Uo=1Xy = X4+ K00~ 17ey

On the other hand, using the substitution ¢ we introduce a tiling substitution
7*. Then we obtain the following theorem.

Theorem 2. Using the tiling substitution 7*, the not periodic but quasi periodic
tiling T with five protiles is obtained.

Moreover we see the following theorems. Details can be found in [3].

Theorem 3. (Renormalization) Patch U and protile U; (i = 1,2,3,4,5) are given
and

lim %0 MU) = -X
n—co

. 0 _n_*n A — Y.
nango o't MUy = X,

Theorem 4. 1. A domain exchange D on X is well defined.
2. the induced transformation D)o, x of D on the set "o X is isomorphic to D,
and it has o-structure.

References
(1] P. ARNOUX and S. ITO: Pisot substitutions and Rauzy fractals, Inst. Math.
Luminy, Pretirage n® 98-18 (preprint)
[2] S. AKIYAMA: Self affine tiling and Pisot numeration system, ‘Number Theory
and its Applications’, ed. by K. Gydry and S. Kanemitsu, Kluwer (1999), 7-17
[3] 8. ITO and H. EI: Tiling from some B-cubic pisot numbers(preprint)
[4] W. P. THURSTON: Groups, Tilings and Finite state automata, AMS Collo-
quium lectures, 1989
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Ramified Diophantine Algorithm and its application

ZEHE— (YASUTOMI  Shin-ichi)
$EEE AL E  (Suzuka National College of Technology)

We introduce an inhomogeneous Diophantione Algorithm with ramification which is a
generalization of Ito-Yasutomi’s inhomogeneous Diophantione Algorithm([1]). As an ap-
plication of it we give an result which is a relation of substitutes Sturmian sequences and
certain interval coding sequences. Let us define our algorithm. Let us define ty,%;,%; by

to(x,y) = (1__:|E.E> 1_1;/_1,)a tl(mfy) = (ﬁ»z__Lm): tz(l‘,y) = (1 -z,1 _y)' Let

X ={(z,9)|0 < z,y <1 and y # mz + n for any integers m,n}.

which is diveided into appropriate domains S? (i = 0;... ,5) and define transformation T, on
X using the above t;, S§. We also define domains S} (1 = 0,... ,5) and define transformation
Ty on X. For (z,y) € X we consider a tree and define a sequence S{u, (z,y)) = {j,.}2, €
{0,1,2,3,4,5}™ which is called the name of (z,y) related to u € {0,1}". u = {i1,%3,...} €
{0, 1} is called the good path related to (z,y) if some conditions are satisfied.

Theorem 1 Let (z,y) € X. Let u = {i1,ia,...} € {0,1}N be a good path in the previous
tree related to (z,y). Let {j1,j2,...} be the name related to (z,y) and u. Let ¢n,p, by

i (Qn Pn 1) = M(il,jl) : “M(invjn) t(l 0 1) .
Then, limp 00 |gnz +y — pu] = 0.

As an application of this algorithm, we get the following Theorem.

Theorem 2. Let S be a Sturmian sequence. Let F be a substitution with GCD(|F(0){, |F(1)|) =

1. Then, there exzist z,y € R and integers my,... ,my and ny,... ,ny such that z is irrational
end 0 <z <1 and x(I,z) = F(S), where
k k
I=Jlmiz ), (niz —u))™, or | J(maz — p), (niz — )]~
i=1 i=1

The converse is also true.
Recently, we know that above therem 2 is independently obtainbed by Alex Heinis.

Referenes

[1] S.Ito and S.Yasutomi, On continued fraction, substitution and characteristic sequences
[nz +y] — [(n — )z + y],Japan. J. Math.16(1990),287-306.

[2] S.Yasutomi, Certain representations of substituted Sturmian sequences , preprint(2000)

(3] T.C. Brown, Descriptions of the characteristic sequence of an irrational. Can. Math.
Bull. 36, No.1(1993), 15-21.
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On a model of diophantine approximation of complex numbers

Ryuji ABE
2 December 2000

We begin by recalling a classical problem of number theory. Consider the space of binary indefinite
quadratic forms:

F={f(z,y) = o’ + By + 19* |, 8,7 € R, & + 97 # 0, D(f) = 8 — day > 0},

and define a minimum of a form f:

, |f (@, 9)]
M(f) = £ '
N7 coltes VDO

With the above definitions the problem is characterizing the set of values {M(f) | f € F}. A well-
known answer for this problem is as follows:

Theorem 1 (Markoff) There ezits a discrete sequence of values {M;} decreasing to 1/3 such that
M(f) > 1/3 for some f € F if and only if M(f) = M; for some positive integer j.

We call a form f with M(f) > 1/3 a Markoff form.

Let f be a binary indefinite quadratic form, then there is a unique geodesic whose endpoints are
roots of the equation f(z,1) = 0. A geodesic determined by a Markoff form is called a Markoff
geodesic.

We consider actions of the modular group PSL(2,Z) on the upper half-plane H as Mdbius trans-
a4 Z € PSL(2,Z), then
an element of the modular group is associated to a quadratic form and to a geodesic on the upper
half-plane. Now we take a subgroup G of PSL(2,7Z):

11 1 -1
G:<(1 2)’(—1 2 ))‘

It is well-known that the quotient space H /G can be identified with a once punctured torus. By using
this model Markoff’s theorem can be interpreted as follows:

formations. Define the form fa(z,y) = cz? + (d — a)zy — by? for A =

Theorem 2 A geodesic y on the upper half-plane is a Markoff geodesic if and only if the projection
of the v on the once punctured torus H /G is simple closed.

The fact mentioned above is known as the geometry of Markoff numbers. Our final aim is to obtain
an extension of this fact by considering the upper half-space H? instead of the upper half-plane H
and Picard group PSL(2, Z[i]) instead of the modular group PSL(2,Z). In this talk we will discuss
an extension of Farey tessellation with respect to the modular group to the case of Picard group and
show some models of polyhedron which are candidates of extensions of once punctured torus.
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RY'EToOhy v—ELED
Hausdorff Dimension
AAREREERE EWE SRR
HhER [ SR A ER R R
KEFEHETF

—RENFFROz A I— FEEEIL, £ DOEHRITET 5 Perron-Frobenius
operater WAL MZ L2 TEELZERHMBNLTWS ([1],[2]). Mori X
symbolic dynamics EDOFEAEFFER (reneual equation) LT 5 Z &1Z
& =T Fredholm matrices ®(z) ZE&ZE L., T DITHIR det(I — ®(2)) #,
nuclear operators @ Frdholm determinant & ¥§{l L/-%E| %2425 Z & 230
L7z ([3],[4])e T 72dh, det(l— ®(z)) PEAIL. Perron-Frobenius operater
DEFEOHHUC/2 D, 2T, Fxb det(I-3(z)) % Fredholm determinant
EFERZ L12T 3, Mori X%z, Fredholm determinant Mi¥As A28+ —
SRR EE LW & LEER L,

DT AF T &HE-T, Mori I o Fredholm matrix 2L, XEO L
@ piecewise linear transformations (Z & » TEMEND B h—/LEE DO/
DARNTRTEEHEL, TOL Y b—NERLOAZROT AT — FEGH
Bz >V THIZE L= ([6]).

3L b piecewise linear TIRARWERIZOWTH, Fhick o TAR &
Ny h—=NVERIZH LTI, log|F'| 2 RT vy Ak LTER, i
F' % piecewise linear transformation |2 & - CHT{El$ % &, piecewise linear
transformation IZX S 2 ¥ — # BEHuL, F O¥— 2R T D, 20
FERE->T, Morit, piecewise C? T Markov TH A EHIZ L » THAERK
ENDHY F—NVEAEDNT ARV TRITOFE L7 ([5]). Jenkinson and
Pollicot bR L& D R B ETESBEERICL o TER SNV b—LES
DT A RV T7RIEZ FHE L7z (7).

F~ 1%, R! £ piecewise linear T Markov 72 transformation (2 & =T
EREINDH Yy b—VERIZONTEEL, o-Fredholm matrix ## -T2
DAY N—NEEDN NTARLTRTEFET S,

Dg>0002+29=1¢42, FiZ, R>ROEHE LT,

[ Ft@) (fz>0)
) = { _Ft(-z) (fz<0)

IZOWTELZD, ZITFF 2HOBICESETS,

l _ .
FHz) = s@—k)+k (fze<2k>)
e—k-1)+k+1 (fze<2k+1>)

A={£0,41,---}, Ay = {0, £1,. -, +(2N - 1)} L E&HT 3,
<N >EFEVUrRLCETaEBERL,
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k=+40,1,2,--- O

[k, k+1) =< 2k > U, < 2k+1 >, < 2k >= [k, k+2p] < 2k >= [k+2p, k+1],
k=-0,-1,-2,..- Okf

[k—1,k] =< 2k > U < 2k~-1>, <2k >= [k, k—2p|, < 2k+1 >= [k—2p, k-1]

Thd, ZITCE2FLLAERENB DY b—NEAS% a-Fredholm matrix
Pla) #FANVT, "NURARALTERTERDD.

25 3wk
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21. /Ln+77 @ﬁﬁééﬁ
FRR12812H19A0 (k) ~21H (K
R B THERFE R TSR
BiEE  BEE—ER

ABFZESIL, 2000 4 12 A 19 B4FET 10 BEH 5 21 B 4474 b R E THIR LR R FHER
REEE L I F—FITBW TSN, BNEITMELThHoT, WEELZSAICMEL.
FIEEBTOLEIVIRD, HRICEL OFMEEIE, AEORLICE D, BRELT,
FEWSNAEBERFER L2 o7, 5 ODEFRES X UBEE L - FEREREOBREIIUT
DBV THD (XE: =),

1] &BRE (K« #H) :

BIxbxdties 5 RACBT BT v MIFIOEERBRIZONT

2=Z VTR IAOEAICHEBERT. EXSEREZRAVTERSNDIHES
BK(z,y) 12k 0. det[K(zi,z,)] OTBICET B E0BIEDT, YT LIT a4y
T YT NO%E, MITEERS & T DITHICRT 5BMTHIE (Tdet) 2 AW il
[Efkiz#R TR T& % Z & (Brezin & Neuberger 1991, Nagao &Wadati 1992) ZiE~, Z
DETIIRETRIE, D722 < &b ERRNTIT, EEOERSERTET S & 5 R
DHFER (Widom 1998) BB ENTz, HIZ, ERT VI YT ADEEICH, FR
DEEXBIMVAETH 5.
FHELLIIUTO®RY TH D,
81 =2=F Y 7Y TINORERE

F<EbNTWE X HIZ, (BERGFE) =2=F U 77N

fw 2
o(z1,...,T ocII w(z;) H T; — Tl

1<j<<N

. BEH w(z) D 5‘5%@:5@7&72 cn(z) =2+ & LT, O

N
K(z,y) = Vw(@)w(y) D cal@)en(y)/bn
n=1
(hn WHRBLES) 2 BAT IV,

N
p(z1, ..., zn) o [ [ by det(K (25, Te)se=1,... n)

j=1

EETS. LN o T, FARGREE

1
p(iL‘l, . ,CEn) = m,/d$n+1 ce d:BNp(IL‘l, AN ,a’,‘N)
it ROBRRICE D, REMICRESD.

/ dz,, det(K(IE]‘, ﬂ?g)j,l:l,...,n) = (N —-n+ 1) det’(K(mJ'a mf)j,f=1,--- -"1—1)'

§2 MWxHEITHIX
M a e &+ 5175 Q = [Qu] It LT, BERR (Q =gl = Q)
DPA . F D trace determinant i
¢

TdetQ= Y (=[] tr(gastoe - - - 9aa)

permutations 1
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§3

TEHEIND. 7ZZL, LITFA 2 NVOE, tr i EEHH S TH D,
ZDEE,

2ons[0 1]
ET5 L. 207 Plaflian TEIT 5 .
Tdet Q = PE(ZC(Q)).
7oL, C(@Q) X Q2 X 21TFIFER.

VTV ITT Ay T T T VORRE
//7 1/7 74/&7’/4%/7/1/03%:1 EEREZEZCR (RAHRNE< f,9 >=

3 Jw@)(f(2)g (z) — f/(z)g(x))dz \ICBT B b D)Qn(z) Z AV D L,
Qolz1) @ z1) -
N 1 SH
Ty, .. w(z;)de o Tg 1(Z2
p( H ( t (332) Q1($2)

s, I Plafflan ([CEX# X, 2OREZHAWS &,
N/2
p(z1,...,TN) = H(QQj) Tdet[f(z;, To)lje=1,. .ny2

DFIZEITDH. 22T, g, REBILERK.

[ S@y) Iy
fen=| 5t sl ]

N/2

Z _—{wQH(y ¢2n+1 (Q?) - ¢2n+1(y)¢,2n(m)}a

e, I(z,y)ix S 'Cﬁlnﬁ/\ TERYVBRWZL D, D(z,y) &Y b#S L b o,
72U Yn(z) = Vw(z)Qu(z). ZOHBEL

/ f(z, )9y, 2)dy = f(z,2)
DRV L h, §1 & FEERIC. FEEERE A

p(Z1,...0,2T,) = (H ;) Tdet[f(z;, z6)]j -1,

DI B,

BESEEYIZIE, Brezin & Neuberger 2% 1991 £ w(z) = exp[—(z® + gzt +-- )] D
AT, Nagao & Wadati 8 1992 1200} Cw(z) = (1 — 2)%(1 +2)* DA%
LT,
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§3a

RITDFE
RIERDRERIL, e L b BEAMIZIZ, BEOERZEAZHANWTLETLIZ L
23, Widom 2 X 9 Fif 30 - 7= (1998, solv-net/9804005), % D7=H1TiE S(z,y)
DRTERDTNE+TSTHD.

() = VIn(a) = V) Y capi(e) = Y cass(@

j:

LD, O =cn] BED,
-0 —1l/gg O 0 i
-1/gg 0 0 0
0 0 ~1/a 0
&,
¢0Ey%
1 ¢
S(@,9) = 5l64(@), di(a), . da@icmic | Y
dn-1(y)

- e
— —

T.
=5 [ (6@ - §@a@)ds = (CTI0) )
ERBMND,

SW(z,y) =

e BT,
S(z,4) = 359 (@,1)
DR D L0.¢; % EHERSERUTRA CHE T,
SUWK D¢;(z) = ¢)(z) = Do ().
B, H = span{do, ... ,dn-1} & THIZ,
S®y = D(KDl|y)™,

5(4)IH'L = 0
BIIEAFR L LTOHEELFETINIEL, ROFTRBPFLND :

EH. £=1sgn(z —y) &THIL,

SW = (Iyypy — (I — K)DKE)™.
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§4 HERT VYT NDREE

N #@#% & LT,
F(z,y) = sgn(z — y),

D(z,y) = Vuw(z)w(y Z [Ry;(z)Raj1(y) — Raja1 (@) Ra; (y)]

&g *7/#/7»Tm

p(zy,... , TN ocH\/ (x4) lej—xkl

i<k

N/2-1 N2 D(z;, k) 0
=[] @) -1 / Pf[ o) F(mj:xk)}

J=0

LETAH. T,

®n(z) = {/%nw— )V w(z)Ra(y)dy,
S(z,y) = Vw(y) Z (@25(z) Raja (y) — Poja (@) Roj (1)),

ey =-Y %wmmy) — By (2)P2 (1))

&33%\ = [aij] %f
By(z;) = — ) ojiRu(:)

TEDIIE.
aD = S,aDal = —1I,
N/2—-1
D ST
p(xy,... ,TN) X H (2r;) - (-1)N?Pf { g _I—F ]
j=0
Lied. LoT,
_ [ S me+meﬁ
e =] o " S
LB &y
N/2-1
p(zy,.. . an)oc [ ] (2r;) Tdetlf(zs, ;)]
j=0
ZDEHEIT

— / (6,(2)En(z) — E5(2)u(x))d
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LB L S(a,y) = SN s (@) uinde(y), p=m—1 LRTTE, MFORME
T, DEEETBUIZHDONRHKINT D ¢

WRE. SV = E(KEY)™ S ()| =O.
TH. SO = (Iyyen — ([ — K)EKD) K.

2] EHMBAE (KK - #) : (I)Gibbs & relaxation
(II )Localization transition for a random walk above an attractive wall (with Y.Isozaki)
(1Y #BEERT S NRLTR IZBE L T, spectral gap(SG), logarithmic Sobolev in-
equality(LS), fast relaxation(FR), (DC) Z DEABERIZ DWW TOFE I —1,
() ” BRI ENTEE” Sy > 0128\ T, " & 8 TE~DOERE" b D
5B OHEBEBERRIE T 5Bl O/ ROFEHR.

3 1 BA#IE (LK -HHZF) BB ORAOEEICET 2 XKIEERE &iIED Hamana
and Kesten |2 X AEHGEOMEIRIZETA RO TOHIE LWERBLIUVZ0E R (K
#FoER, FOERERE, KEERE, SMIRAERE) oY —X1 .28, B4EHIZ
L ABEEBHREE LB Eh, FOFE (BZ5< Kesten TR L TWAIXT TH
A0 BBRIEWE D ThoT-.

[4 ] AAIT (B - EHIUL) : 75 7 VBB OSETLER —&E0 MYor b &
DIFFEORERL L VZOERICHET I —_1. KU 7 M7 5 v &8 BW =
B, + pt OEEHILEEK A, = [ exp(2B¥)ds D 453A7 & & — 2> b, Pitman 0 &8
DRI % + T EEHRHEIZE SNV TRL, REHNTho7z.

[5] B#iz (BEIK - #T) : Fermion process |29 %558  Shirai-Takahashi D #&
RERZz72MB 5, G.Olshanski 72512 & 5 U(co) TOREREIZET A HKIEOH L
RN LTz &<z, =) I— MTFIDZER H(N) E® GUE 75 Cayley Z#i 4 FHuv»
T, U(N) EOREZHER L, N — co DIEIR L LT U(co) LOREFRAELRKD D &
WO T AT TIXEERERNS D ThH T,

6 ] FEROPTRE, A0, BE, B SRR SV ODOFEREERHES H o228, E
BEE (HIK-BL) CE3ROBRIZHOWVTORET. W) &2 H 7 2HEME
LT,

uW(t, ) = EB [expn/o W (B,)ds)

FBEZDE. FTOE—A L NOHEE < W (¢ )P > OBLNLES BEXE) TEbIC
HETE, KOLHIThD

.1 " i
tim % log Blexpel] Y LilE] = %56

i=1

TelEL, L7 50 EBDE i fisy D RFTHFH.
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ZEHE, B2HELERE, 774 F R
SER 13 1H1LEH (R) —1H13 H (£)
BB A T2

THEEA

RS B (BEREETEE)
e R (RILUERIRZEZER)
FE T (BIMKZEEZR)

Ty vy RIY AR, BEERE, HCHUERORAORR L, thbo
TrAF v ABRICETAREALZBLAKT B C L BB I N, 35
ek, ZEEROIETD 5 EBHFRBEEEORE, 774 F v R cH
NARERWS HERXOAUMECET2 c b EEhk. BB~3 HE (IEE
2 HRE) ok 1 3o#EEASHE I N, BRICBERBCHIERD A { 2 H
HTRIAFED Cheridito A2, fractional Brownian motion B3 3 2
DOHEE R T oo TN X YWENTD C DHETOIIED RIT O R I fill
NBECERTERCT LA, BMBRE > TKEFERTD 5 ko

ABTMABE 3 0 TH Y, BMERLUTOED
WEE (Bigkk - H) . BHRE (8K ReiE) ., AN — (FEX -
), ZREWM (AHEHK - %% BEA (BREZEEKX) . F LT (B
INA - )RR —. EFHS T (BFRLK). BEEFX (BHEHA - &
7). BiEE (BELK-ET), fkEZZ (BEX-HI) ., JIinke (BE
K-HT), TREE (BELK-EBI), AERE (BELX 2D, FHHrR
(BELX - BT, MR (AUELR BB, PMIEE (BRK T, WE
25 (FRILRER - #HE), SIEE=S (FUELK - 8), SR (BEK .
HEHIR) . MR GREA - RS AR BHiE CKPCK - #). HBEHEA
(BFELX-HIT), e (BEX--#I), sikpit (BEKXK--E). 801l
& (ZBK-#HE). ONEDLE (BEX-H2#T), £)IIFHth (8RKI) #§
B (BEX - BT). Patrick Cheridito (ETH, Ziirich)

777 LRURBRRELEDORY TH b,
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1 A 11 B (K)

13:00-14:00 Patrick Cheridito (ETH, Ziirich)
Regularised fractional Brownian motion and option pricing

14:15-15:15 R F (REHFREERREE)
B X (AEBMILRERZEYER)

Geometric Lévy process {343 % minimal entropy martingale
measure {CDWT

15:30-16:30 /DIl B (£IRAKZETZEE)
FER R TESEMEAT & £ DISH
16:45-17:45 UE E (FERAZHEZAE)

On moments of storage processes

1A12H (%)

9:30-10:30 Patrick Cheridito (ETH, Ziirich)
Mixed fractional Brownlan motion

10:45-11:15 )M &z (BEARFEIHETFEHE)

Long-memory Ornstein-Uhlenbeck process {2 T

11:20-11:50 RIS 18 (BEARZIETEER)

On the variation of some selfsimilar stable processes

13:00-14:00 158 f&—
Subordination and selfdecomposability
14:15-15:15 4Rk fB—
B R (RERNERERZE v X —)
Transience level set for Lévy processes
15:30-16:30 7H KR (AILUERIKZEEZEE)
Set-indexed process WCBHHE ¥ % 55
16:45-17:45 FF_E Ff7 (BMAKRFEHEZEE)

The law equivalence of multiparameter Lévy processes

1 A 13 H (1)

9:30-10:30 £/l Fb (SIRAKZELER)
BT BRIE (JR B KZETER)
Strong approximation of reflecting Brownian motion and its
application to computer simulation

10:45-11:45 i = (LR
SEHIHESR 5 O BB OB E ~ OIEH
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Regularized fractional Brownian motions and option pricing
Patrick Cheridito (ETH Zirich)

There have been several attempts to remedy some shortcomings of the Samuelson model
with the help of fractional Brownian motion. Fractional Brownian motion exhibits long-
range dependence beteween the increments, but it is not a semimartingale. Moreover the
fractional Samuelson model allows arbitrage. To exclude it we change the convolution
kernel in the Mandelbrot-Van Ness representation of fractional of fractional Brownian
motion. This yields a Gaussian semimartingale with a distribution similar to the one
of fractional Brownian motion. The regularised fractional Brownian motion can be used
to construct an arbitrage-free complete stock price model. We discuss the price of a
European call option in this model.

Geometric Lévy process {CX3 % minimal entropy martingale measure {C-2»C

B F (REHERZERREE)
B ZX (BHBHILREREZEE)

P72/ (Q, F,P) LoD 1 KT Lévy process X = (Xi)iepr), T > 0, €FETE, S, =
Soe®t IC X > TR E N HEEBERE S = (Si)iepp,r] % geometric Lévy process & PE5. {H
L, So>0&7%5.

AREEEC I W TBEEE, LD geometric Lévy process IC2WT, P & FfEABET~LF
v —rflEORT PcBETaHEYT v b r ¥R R/MCT B ERHAIE (minimal entropy
martingale measure) DFEE & ZOBRKHAREE 251 & ZOMRE Y. Miyahara R U
T. Chan € X 2EHOER % —M(k 20 BT 20T BERBOBR VWL S, %
%, geometric Lévy process {Cx§3 % minimal martingale measure & OBSEIC b fiid, %
23 minimal entropy martingale measure & —¥3 % 2 D DBEFEBLC O T H H
HxfTo k.

B, LROROBE T 74 F v ZONEHALSEROBECOTCERIGE 2T 7.

(L3

On moments of storage processes

Makoto Yamazato (Faculty of Scinence, University of the Ryukyus)

— 300 —



Storage process is a stochastic process {X(t)} defined through a stochastic differential
equation of the type

Xt)=2z— /t r(X(s))ds + A(s).

0

Here, r(z) is a nonnegative function defined on [0,c0) such that r(0) = 0, r(z) > 0
(x > 0), left continuous and has positive right limits and {A(t)} is an increasing Lévy
process such that A(0) = 0.

We obtained sufficient conditions for existence and non-existence of (generalized) mo-
ments of {X(¢)} by means of integrability conditions of submultiplicative functions with
respect to Lévy measure of A(t). We found that there is a remarkable difference between

1

two cases [*° ﬁdy < oo and [% ;osdy = 0.

Mixed fractional Brownian motion
Patrick Cherodito (ETH, Ziirich)

We show that the sum of a Brownian motion and an independent fractional Brownian
motion with Hurst parameter H € (0,1] is not a semimartingale if H € (0,1/2)U(1/2,3/4]
and that it is equivalent to Brownian motion if H € {1/2} U (3/4,1].

On a long-memory Ornstein-Uhlenbeck process

JInsEy (BEREAREETEE)

By = {Bg(t),t € R} 23¥5# H € (0,1) @ (standard) fractional Brownian motion T2
% & ¥ E[By(t)] =0, Bg(0) = 0 077 2 @FE-THHE

E[Bu(t)Bu(s)] = 547 + s = |t = 5F)

AT CLRE S, BCH=1/20¢ %, BplE7 7 v viBEIC K %o
1/2 < H <1 ® & %, fractional Brownian motion & 2,50 E[( Bu(n+1)—Bg(n))Bu(1)] =
0o &E 5 EHCEMEIREEMR b D, fractional Brownian motion (3 EHIRIREEL: % b D
REDOETAZHAULT IEREC LD Do
ek EFE t
X, (t) = / eGP, ()

X158 % Ornstein-Uhlenbeck @2 & PR 4L, Y3 E[X,(t)] = 0, H38 E[X1(1)X1(s)] =
1/(2Ne M-8l o7y 2 BRECH B,
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—7%+ REH Ornstein-Uhlenbeck B IE X,(t) = e By5(1/(20)e?) R 2 BHT 5 7 »
EBOIHREARBZEEL O V/EC LBTE 5,

1/2<H<1:F5LE& X\DERCETS By % By CEEXMZ LHEREB L, X,
DIERICET B By, e 2 TN T By, M CEE X A HERERE R CHERERC
mD D REE TR COMICE LG X o

Ty vEHOBEGERAY, 12<H<1DLE, ZOORABRRECRA BHEE
BRTHBCehbhboko DT L%, TNTHOILDHICKTT 2 BEAFHER % 5 4
5C L TiRLko ZDOMER. —HRRMFEEEZ L, MiTERIFREEE VAT L
Bbhoke CCT{X(t)} BPEMFHEEZ DL R T, 5 E[X(n)X(0)] = co 2Hi%cTC
EHE N, ECTH LG LN R ERE

X(t) = /_ :o e~ d By (u)

DTk FERAEIEMES 3 D Ornstein-Uhlenbeck B & FELA T & IC L %o

On the variation of some selfsimilar stable processes
Makoto Maejima (Department of Mathematics, Keio University)

Stochastic calculus for non-semimartingales is needed in mathematical finance, espe-
cially for fractional Brownian motion. Many new ideas for defining stochastic integrals
with respect to fractional Brownian motion have been proposed recently. However, most
approaches do not work for non-semimaritigales other than fractional Brownian motion or
more generally certain Gaussian processes. One exception, as far as the author knows, is
an approach by Mikosch and Norvaisa [MN00]. Their approach is a pathwise one. In their
theory, boundedness of the p-variation of sample paths of stochastic processes for some
p € (0,2) is the only condition. So, we need to investigate the variation of sample paths
of stochastic processes. However, besides some Lévy processes, only fractional Brownian
motion By = {Bg(t)} with H € (%,1) is known example of the processes satisfying the
requirements in their setting. In this talk, some other examples, having required prop-
erty of the variation, among the class of selfsimilar stable processesi are discussed. One
example is a real harmonizable fractional stable motion.

Subordination and selfdecomposability
Ken-iti Sato

The following fact is proved. Let {Y;} be a Lévy process on R obtained from Brown-

ian motion with drift, {X;}, through subordination by a selfdecomposable subordinator
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{Z;}. That is, {X;} and {Z;} are independent and Y; = Xz,. Then, {V;} is selfdecompos-
able. This gives an affirmative answer to the reformulated question of Halgreen (1979).
He considered variance-mean mixtures of Gaussian distributions and gave an affirmative
answer in a special case, which is, essentially, the case where the distribution of {Z,} is
a generalized I' convolution. This special case was treated also by Shanbhag and Sree-
hari (1979). If {X;} and {Y;} are considered on R%, d > 2, then the same question was
negatively answered by Takano (1989/90) even in this special case. An open problem is
proposed whether or not the same is true for an a-stable but not strictly a-stable process
{X;} on Rfor 0 < a < 2. When {X,} is strictly a-stable, this problem is answered
affirmatively on R? (Halgreen (1979) and Ismail and Kelker (1979)) for « =2 and d =1,
Barndorff-Nielsen, Pedersen, and Sato (2000) for general a and d).

A second fact given in the talk is that there is a random variable ¥ of type G (that is,
Y has the same distribution as Z'/2X with independent X and Z, where X is standard
Gaussian and Z is nonnegative, infinitely divisible) such that Y is selfdecomposable but

7 cannot be selfdecomposable.

Transience level sets for Lévy processes

Ken-iti SATO
Toshiro WATANABE (The Univ. of Aizu)

Let Lp, be the last exit time from the open ball B, with center 0 and radius a for a
transient Lévy process on R%. It is proved that, for each n > 0, either E[Lp,"] < oo for
all @ > 0 or E[Lp,"] = oo for all @ > 0. The set of n > 0 having the former property is
called the transience level set T of {X;}. A criterion for 7 € 7" in terms of the logarithmic
characteristic function is given. The set T is determined when d = 1 and E[|X;]'*] < oo
for some § > 0. As basic examples, stable processes on R and some symmetric processes
on R? are studied.

Set-Indexed Process (CBHEI 3 % 5558
R R (R LERER)
R — X ASEDBIRTT N T A — Z DREBYHEDIIZEKC. HbIlho e, Fffh2SZRKTo
BEoREBRBICHGT 2 HEER (ZBE VY 81) F vy 7HloOREEREHSE
BLTEADOT, B LT <, Chentsov-Mori JIEDE D R_." €& Eh, FHBEEHD

VERCRE A b Dl SERBL VA BRE RS X bic TR b RFRKTESHC
SHEARIRE B & O PR E RO C L Sb B, C OREECEET 3 IHER BB o
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FRHE O B BRI ZOMSEE S e RBEL AR O TERE AV,
FHOTL A — b WESMFATRGARCEIE Y 5 FEEE 2001 SFHIT TR 22,

The law equivalence of multiparameter Lévy processes
FEMF  (EINKRYE EEE)

B, HEE—EER Lo N & Lévy B8 {X(s):s € RY} €3 2 REHEOT
T O D EHCOMERIREE: O BB ORE % - T \» % [Research Report (2000), MaPhySto,
Univ. Aarhusle T CC N Lévy B, fesdsic, RY s 2REFCELT
EEMIIHESF Db, & OICHESR 1 CRABEMAER D OEBRE b DfEREREE LT
EEIND, i, AABEROEHA*NLALd 0%, ERIOERD N EH Lévy B & »
5o TRTO NEH Lévy BRROBELZRET DRERIRBRTD 5,

Rk, HRAIOEWRD N B Lévy BREOHS 7 7 A2 EAL, ThbicxdT 5%
Yz Lo RE ORI OFISRIEYEET 5. »E SN = s e RY : [s| = 1}, R = R\ {0}
LT, ROGMHEHET SV xR £ Borel HIE N 554 bhTw3 :

/Sf—lxﬂg(l A z|)N(dfdz) < oo.

CorE, RONFHEEOHEAOERD N B Lévy B {X(s) : s ¢ RY} & 1 %,

Elexp(i < z, X(s) >)] = exp[//SN_IXR <85> g(z,z)N(dfdz)] (= € BY),

g(z,z) = <> 1 i<z > 1jz<1y ().

D {X(s)} BEHs #EBOEBE ECHIBL CHHT & MMM LED, FRRE
[Probab. Theory Relat. Fields, 1992] OEIRTRBINEN TS H 5o

Strong Approximation of Reflecting Brownian Motion Using Penalty Method

S.Kanagawa (Kanazawa University)
Y.Saisho (Hiroshima University)

One of important problems in stochastic analysis is to consider stochastic differential equa-
tions with boudary conditions on multi-dimensional domains (so-called Skorohod SDE).
There are two approaches to define approximate solutions of such stochastic differential
equations. Tanaka (1979), Lions and Sznitman (1981), and Saisho (1987) constructed
Skorohod equations using the projection on the boundary. A second one is the penalty
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method type, that is, we approximate Skorohod equations by equations with coefficients
of gradient type. For the purpose of obtaining numerical data by computer simulation
of Skorohod SDE’s we need discretized approximate solutions of them. We focus our
attention on reflecting Brownian motion on multi-dimensional domains and give a new

penalty method type approximation.

WHHEES DR UELA ORE ~ DI
misE=  (FILERRZE  HZEH)

2IRTCFEHE A NT A —%— LT 5, FHERGEOHRTH, bo & dffjfEAET O
T2l —vaviERA BEUEBOHETRECKHT IGHA~OTREH % B> ko BHEHY
K FELEOEBRTH EC, M AREERZBEE. T bk, 714 VA LEBROLHE
HKCBTBIBE®FET EHRAL, TAVEIAT4AZ—%ETC LY, EiE 2SI

L HeRfE: Ol#% L,
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23.

Fractals and Dynamical Systems

YRE 13418238 (k) ~1A268 (&)
R JUNKEMIEF v > /YA, VBL (Venture Business Laboratory)
3WEIF—IE

HEEA ¢ EEE CLK - 5K, BAMR (hRX - 5), MGl Cuk - 308)

COLVIBEUTAG, 7V INENEREETSEEICONT, BB
EAZSOHE, L, b EOREE ORLORROMARE, im, &
U, ERmEBME LU THREL L.

BHHABIL B AEEL, EEMNH . TOR, ﬁﬂ#b@’?ﬁﬂ%‘m?@
BEF2ANEEO5 ATHH .

FERREOBEIIROBED THS.

1. 1RTEMR, ¥v T AREOHIERRE. RN FEROBERRED T OWNL
RURB DRI, 725 TNC, el 1 RTEEA DA DB ([1)).
2 RICIE— W B RO WHBFEL S5 CICAERES, BA, T2 b
0¥ — & DGO ([4]). Markov 8 1 KTTERICTDWTOMERS, M
AR DIREE & weak Gibbs HEOBEOBIE ([9]). FUMNFRHKRZED
b, Mt BT AT RENERARETH S KD 1 RTFROLOTIV
o REMEIZDONTOE ([10). 1 KTEBRIICLDECBRETINIC
DN, RERA 5N TV B BT 2EE) O BUEER OB RIREE O (23)).

2. WENER, Vo THEAOMERR. FEEHOEHTHETEI 2
FHEES LOAERO, AR L S EREMI PR SREDOHE ([15]).
%1% %D hyper function, microfunction OZDEA ([14]). #HFE
L) VEGEDY 1) 7EGOREED T REOR (17]). V-~
HRE FOEEREEERTERSNDEREREHDOD 2 ) THREDK
=X O ([18]). BREEEDY 11U 7HRA & itinerary OB ((19]).
Tterated function systems @ HOMABMEDOINF 757 & I #EEIZD
WT, ERDBEEERELDVBNRED D LITBVT 2RO ([25]).

3. 708N, HFR, Ry UEE, NTA RV TRTOFERR. 25K
BB DE A & Newton IEICBVT DREE K DFAZE (3]). Weak Besicovich
property DEA L) R—VHEEEE OBE, 25N, NYZRILT
KEDHEADEAOWERE (5)). SV EVAF—HZr v b D
Self-repelling Walk DEFER & U T OMHEEEOHE (6]). Mo FHE
BHORY VESITOWTONT A RV 7 RTOWE ([12]). Iterated
functions systems OMRLESDN\T A KL 7 RILOFE ([16]). HTH
18 5 £ 7D Martin EREEOFIE ([20)). Pz EPRAF—HRI v b
® Martin EREBRREZ S KT 1 1 7 L EBEOHE ([21)).

4. U7 7 J7HEEOWIRE. KRS RETROIE—RNER D
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e EBOUT T THEEE L DOWSFHERZHET SLHRMEOH
7% ([13]). Schelling D AT &% Segregation model &, JERN S Rz
)77 7 BT K B RERRIR B DR DR ([22]).

5. $GGh & OB FREBIEO KRR, FEHELIHEIZBT S Jacobi-Perron 7
V) XL DHE DS ([2]).

ERRARBIA R OILKITIB Y B Furstenberg D EFRIFEIE DAL -
FEILDIFZE ([7)).

6. 977 NOISHBIZERSE. NI T MOZEMIERTZ) Ty
BRI FEROY— BB OBN & 2 ROTTHELEIK B DR O
(8]). —HOVT LT MBI DY T 2T b ~DEDABIEAET 5
D DHERME OB ([24)).

7. FOf.  BMBEFRERREGERXOBOELEE O ((11]).

PLED I DIEBRENH > 7.

TS AENFTREUBEDED.
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1A23H (k)

13.30 - 14.20 ¥H R CREEBULRZRFREAFRIR)
Retun times of intermittent maps (IR EEAR O F IR bFHED

14.40 - 15.00 A KRR GRAEGEERE)
The expoent of cinvergence for 2-dimensional multiplicative
algorithms

15.20 - 15.40 [LFEEM (EHKE - BI)
Quadratically convergent initial values to a multiple root in
Newton’s method

16.00 - 16.20 FFIEKR (WINKZERFBEEFERN)
Entropy and periodic dyanamical system

16.40 - 17.30 Francois Ledrappier (CNRS, I’Eccle Polytechnique and
Northwestern University)
A weak Besicovich property and applications

1A248 k)

9.30 - 10.20 BRFEAZET (BINATE)
Self-repelling Walk on the Sierpinisky Gasket

10.40 - 11.00 H by (FUNKRZFERZEFRE L)
Group extensions and multiple recurrence of infinite measure
preserving transformations

11.20 - 12.10 EHEE GRIK - HI)
Meromorphic extensions of zeta functions for a class of dynamical
systems and their specific values,

13.30 - 14.20 HFIEE T (GGLIRAYE - #E)
Weks Gibbs measures and sub exponential instability

14.40 - 15.00 H LRE (BEX - T)
Ergodic sums for one-dimensional maps with indifferent fixed points.

15.20 - 15.40 mAE (RFEAX - HI)
Existence of local center unstable manifolds BFTH.OARE ELHRIE
DOFEEIZDNT

16.00 - 16.20 ME®R CGEERX - BI)
Entropy and fractal

16.40 - 17.30 Y. Pesin (Pennsylvania State U., USA)
Does any manifold admit a diffemorphism with non-zero Lyapunov

exponents ?
1A250 OK)
9.30 - 10.20 FHEL (KK« AR
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Microfunctions and conformal measures on Julia set
10.40 - 11.00 M¥EAR CGEX - HKH)
Semiconjugacy between the Julia sets of geometrically finite
rational maps
11.20 - 12.10 S.-M.Heinemann (Claustal TU., Germany)
Remarks iterated function systems
13.30 - 14.20 AHE (WNKZERZREE L)
On the hyperbolicity of some compelx Henon maps
14.40 - 15.00 A CGRTK - #)
Dynamics of rational semigroups and fibered rational maps
15.20 - 15.40 RIRELE (K« AR)
Some dynamical properties of structurelly finite entire functions
16.00 - 16.20 4 HE (JUA%KHE D3)
Pentakun as a Martin boundary
16.40 - 17.30 Manfred Denker (GOtingen U., Germany)
On a Dirichelt probelem for boundaries of Markov chains
1A268 (&)
9.30 - 10.20 Howard Weiss (The Pennsylvania State University)
The Dynamics of Segregation Models
10.40 - 11.00 fTARZER LK - REFREFFFER)
Function Dynamics
11.20 - 11.40 BEGA-H B (hAKE)
Embeddings in symbolic dyanmics
12.00 - 12.50 Ka-Sing Lau (Chinese University, Hongkong)
Multifractal Structure of IFS with the Weak Separation Condition

1. EE HH GERENKZERFEGEFEPFE) Retun times of intermit-
tent maps (FRBIEHROFHRRH)
FEREMO LORPEBICE > THLENSNERICBNWT, AIRESS!
(U} GeFEL, Uy DRE — 0, (n— o0)) & Uy, 705 HFE L EHED R
B Ty, 2% X, Th# U, ORETHELLEEREROFID n — oo
TOBEAHZBEEET S, ZATSMNESERFD 213, MRS
PRI/ D I ERAENTNEY, CTR—BRORIZTBNWTHR
BAL LB L - BREMOIHEERSHEOEOMEEZ S X, £
NERWTE—RAZNEEEFHD 1 KTHRBERDHERRIIDNT
FREOKEERU. SSITBRHBIELE b BEREMOBRIMART
Vnfitihbd Il &Rl

2. A HKER (BAEERIS) The expoent of cinvergence for 2-dimensional
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multiplicative algorithms
52 N EROEREIMT 2EEEOFE 5257 VT XL ZEFAR
ERTNT) X LEND . BRICHDNERDERILTHS LN, [
BEARO 7T U X AOHET I EBE I N Twian., EoRRE
BHEEE & UTIERIERM S 248, BfEstEickhd TRY 7Y X
L3 1 U EONEREHEHD LHEEINT NS, 2 K5TD Jacobi-Perron
7V I X LTkt L Tt Schweiger 4%, Modified Jacobi-Perron 7 JL=T1)
Z L3t LT Ito-Keane-Ohtsuki-Fujita, Meester 212 & » TGRS
M1EOVKRTHZZENBETEHINE. HOOHKEEELDTILTY
AL U TOAREHTHOTIINID) ALACERTA I EEE LY. &
FBRER2DOT7NTYXLEEDI FADQT NIV XLITHUTHS)
REHFEERDTD I LNTER.

CIUEEER (BA/KYE - BI) Quadratically convergent initial values to
a multiple root in Newton’s method
“ZKRBEBOBAERD D Newton IIZBWT, —EOHOERDED
DORFNRBNIFERERMAENIARE. —EROBREDENVE, B
WAFREEMITAB T ETHO, Newton IO EAINE A D K D 7 4HE
13, BEREBEARTAHBRERLTWS. ROL S a#EREEE. EROE
I A, B, COZDOHHERIIHEEIND. A RRERS, ERITP-
X DYKET 3. BIBERES, FARGEERD. CRIFTAES, —R
REZMAREN > b—IVEGOERERTH D, BEREBOFENNKZ
T5.

SEUEKR UNKEZERZERESAT) Entropy and periodic dyanamical

system
2RITLOIE—HERHE A FRICHL, T2 bOoE—EFHAM Sk
HHERHEEOMBRIZIDVWTHRELE. 2OV SADHFERITHL TR
ENDIE—HRBIEGE (Katok) , Pesin B&DN)X— 12 HDE
HEE~DERS#E (Pesin, Ledraper) AW T, BRI BEEROHE
AZRA. THICLD (1) RehRAE A AN 5 dirac P THR S
NBEEAETEBEINZ Z & (QEAETRERNEIL PO E—RED
[-AERRRE TREAEI NS Z EAVRINZ. 722U (1) i Katok iIZ&X
DRIOFETRINTWET &N, IheEldkRicbhok.

. Francois Ledrappier (CNRS, V'Ecole Polytechnique and Northwestern
University) A weak Besicovich property and applications
A family of sets has the Besicovich property if any partial subcover
from this family admits a further subcover with bounded multiplicity.
Balls in Euclidean spaces have this property, and it is a very powerful
tool in Geometric Measure Theory.

Sometimes, much weaker covering properties are sufficient, in particule
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for the estimations of Hausdorff dimensions of analogous quantities. In
this talk, we consider a subexponential covering property. We prove
the co’rresponding 'weak’ Lebesgue Density Theorem. We give some
example from dynamics.

REBAZETF (BMKE) Self-repelling Walk on the Sierpirisky Gasket
pre-Sierpifisky Gasket -T/XF X% y Z 3L self-repelling walk DIE %
#%2Z%. (u=1T simple random walk iZ, v = 0 T self avoiding walk,
0 < u < 1 T self repelling iZ72 25 KD IZHKLTS) D walk DEEE
MR GE Y ICK] % scale UL THRTHIE — 0 £9°%) OFESMREOMK
FIRFEDS Gasket LD T 5 i#EE & non-trivial 72 self-avoiding process
ZullB L TERICDRIBDTH S EZ2RLE (FOADERIR
ROBEKRTD /2 2 FIERES path OHE E®ET 5 exponent DE
KTHERICR>TWS, )

HED (N KRZERZERBEZF)  Group extensions and multiple
recurrence of infinite measure preserving transformations
Furstenberg IZBEAETHEZ S DIEOERICH U T, SEHRBEEHE A
EEOAROFRRE~OHRBRHESRD, FEOEIOEEETI2E
) BRUEN, BRAFEREZ S DOEBRTII BRI ZOFEEIIRD
AR T ENHIEN TS (Eigen-Hajian-Halverson, &I, Aaronson-
Nakada). & Z AT Furstenberg ODZEBIREHTIE, H255 1 7D ex-
tension WEEHFMELZR D LVEEOFRHEOBRTH S, T I TERK
REIZEBICH LT, ED X572 extension {23t U TELEHREN RN,
FEBRENBZVOLPERBELELLS. 4HE, £ED compact group
extension IIZEHRBEEMRALNS Z &, £ LT, $5 non-compact group
extension {ZX U TEZEBFIENENSD Z &% Random walk & D skew
product 2T 5 LTk DBEMIZL .

CEEHEE (HIAK-HI) Meromorphic extensions of zeta functions for
a class of dynamical systems and their specific values.

0, 1 i &T50-7 00X 175 A 2#EETFIET5<)L0
TV MEoTHERE N RERLEON > b—IEE L, TOLEDY)
T VERIENERT, BREHE, BRACNEHSE2BETHOE
EZD CONEROER) 72y VEGREEERT Oy IV ET B A
FRE-FEEE, EHEN 0 ULERZPERESUERIC, EHA2D
TEIRWEHBBEME U TR TES Z & &2R L. £, RETO
FERMED A OITFIROBRTELOSND Z&RRLE. 5L, Z0O
BEN, HEAEREEZSET 2 RATHEEROY— Y BEICEATE
B EEW/ELE.

HFIEEF FLIEKZ - #E) Weks Gibbs measures and sub expo-

nential instability
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10.

11.

12.

13.

14.

Piecewise CP-invertible Markov system % X{#iZ, pressure function IZ
B9 % Hi#E8, subexponential, Z L T low decay of corrrelation % 5| &
BEITEEZSNIAHBEOEEZHOMNIL, L IN6DOMER
BIELTERTELART Yy IVBEEDO I S AzERLT 5. BAEMIC
13 weak bounded variaion &S HEEZHDEAKD I S AEHEAL, 2D
75 A2 BT BREEITH T B RPF operator @ dual operator DIEDRK
BEEICHTZEERY bV ELTHES conformal measure ZM7EL
weak Gibbs property &FFIZN 5B 2R DOAEREOH G EE &3
ECICIESR
FEEAE (EBEK - ) Ergodic sums for one-dimensional maps with
indifferent fixed points.
FITMARE S E DD —RITER DS 1, NA—FRIEICEE L THktES:
IV I— RE o-FRAERERZSD. B f,g ZZOFREREICET
DEIVEBARERZHDET. RIAMARERERFD —RITEHITHL
TEK f OTNT— R LK g DTV T— ROIEOBRIZD NIRRTz,
EAE (BFEHEK - BI) Existence of local center unstable manifolds
R ODAREZRREDEFEEIZDNT
INFuNEROIES RERICH T 2REMIEKTFT 2 B EEERES
BROBOEHIEB 2ARDOIERTHMBERZEORN L.
MIE#R (RREAK - BT) Entropy and fractal
2 RITEHRE LD CE-MAFHESR L TORETIL T— RER LIVHER
BEIZDWTROZENDMNS., 2O I— RWREICETS L b
OE—NETHDEE, (ZOREICET D) R VERE, BIARBNTR
RIVIRTE B DALZES (ZNIT— FHEE) oI ns.

Y. Pesin (Pennsylvania State U., USA) Does any manifold admit a
diffemmorphism with non-zero Lyapunov exponents 7

It is believed that dynamical systems with non-zero Lyapunov expo-
nents are typical in a sence. Although just few examples of such sys-
tems preserving a smooth measure on a compact manifold have been
known it was conjectures that any manifold admits a diffemorphism
with non-zero Lyapunov exponents. I will provide a recent affirmative
solution to this conjecture.

FEEL (K- AR) Microfunctions and conformal measures on Julia
set

HEKCHMEREZERNFROAEERIEATOILIICEEL, U
INDOET A7y —ERAZEOEEEMEEZER L. RA NI UT 1
AY—ICEROHEITIE, MEAKOZEMITBRNEREICERT D I &M
TES. MEREMTOEERRECOFIEHETH LIV A HER
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15.

16.

FEEZ, BREMOBENSRE BENICHET S I LTES. BREK
ZER ETDORMNER LD — 2 —FBREAREFE > T IVERAROHE
DRIERZROBTORRNMELONS, LEOHBEREMEZHAETLIL
T, EBERTOTIA MIHIET AR RE L EAAE, ¥ T ARE
REEHEZSBHABREERMET D LNTER.

JWEERH (K - #H) Semiconjugacy between the Julia sets of ge-
ometrically finite rational maps
Riemann BE L OFHER f: C 5> CIcHL20BH f. - f 2EX
5. Z0EEC LD fITRBNERORRERS, Jullia B8 J(f) LD
HERI, J(f) LOENALEGHICELTZDZEAD0? ZORER
rJ-gzett) (1J—stabilityl) &UTHbN, 72& AERENHERRE
WELERNERPTNITHET B 1ERITD VT Maiié-Sad-Sullivan,
McMullen 52 &> TEENTEENMESNTWE, ULALAIRE f 48
BHBER R E b DOBRIL, AUSTBERENSBEEPMSNTED, —
BT J-REMIZEN, AL, BEROLEH W DONOEHFEEEXDH L
T Julia BA LONEROEFBENAEE LIRS  EANLFEDOHETH
ST I NS, GFEROZEEBESMI Uiz, fINSERNAREME
W5, BMHZEOR ZHE 2 LEHENWT SAIET 5 & &, ZBINH
BE), HORERGRERET SR JuliafsD RO I—2"E kL7
ELTYH, 2D LONZERDVEGHICELL TS,
S.-M.Heinemann (Claustal TU., Germany) Remarks iterated function

systems

(a) Selfsimilar Setting We recall some well-known facts about self-similar
iterated functions systems, which are to be found e.g. in the text book
of K.Falconer’s.

Theorem 1.1 Given a set of linear contractions {1;}{* on R™ with
contractions rates r; < 1 there ezists a non-empty compct set E such
that

E =y(E) =|Jv;(E).(1)

Further, if F is any non-empty compact subset of R™ then the iter-
ates Y*(F) converges to E in the Hausdorff metric as k — .

An important question concerning the limit set E of the iterated
function system inuced by {t;}7* is to ask for its Hausdorff dimen-
sion s(E). This question was completely answered by Hutchinson
(1981) in the above setting (assuming the open set condition).

Theorem 1.2 Suppose the open set condition holds for the simili-
tudes 1; with ratios r;. Then the associated compact invarinat set E
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is an s-set, where s is defined by

Zr; =1, (2)

in particular, one has that 0 < H*(E) < oo.

{(b) Programme We are going to extend the discussion of the above para-
graph in two directions, partialy answering the following two ques-
tions. If one considers the {¢;}7* only as locally defined selfmaps of
a compact set X C R™ then one still obtains a well-defined compact
limit set E as in (1).

Question 2.1 If one allows countably many contractions then the
situation changes (the limit set might not even be compact). What
can one say about s(E) if one knows the r; ¢

Clearly, the existence of E does not depend on the fact that the
{%;}7* are linear and hence conformal. The proof that the resulting
Hausdorff dimension is the s given in (2) does as it is making use of
the existence of conformal measures.

Question 2.2 Are there substitutes for conformal measures in the
setting of conformal iterated function systems which might be used to
calculate s(E) 7

References [1] K.J. Falconer. The Geometry of Fractal sets in
Mathemeatics. Cambridge Tracts in Mathematics. Cambrdige Uni-
versity press. .

17. BHE WMNKERZREEEHER) On the hyperbolicity of some

18.

compelx Henon maps

C?OEEARBEOROEERY SAELTERL ) > BEBIE heyp —
(Z2 4+ c—by,z) HHB. TOHNFERIIHL T 2Y TEE LFIENDFE
EAVNERINDD, WO ZOT U TEAVNHINIZARZNE (D8
BEHHEET) S0 EZAHLNTVRN. $EY Y TEASOWIHMEID
TN DONDTHEENBENE. ZN5ORBIIHBHIRIEE, H
BUIERAMICF T 7 THARRAETHD, 72 & A1 C = 0, |b| < 0.2071
DEE hep BB THD ZEBRINDRE, R AFITETHHR
Ry BRI 5% B © & ASAIRETH B, CHUd I Smillie(T—FILKE) &
DIFFFRTH 5.

AR (EITK:H) Dynamics of rational semigroups and fibered
rational maps

BEEH DFDU— A C LOEEREBEEGR TERIN-ES
DERERMETDER G ONFEREERD. EROERNERLR? T
DHLRRENEHROETIES NS BEHMES OO —RLIZIzoT
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19.

20.

W5, FREREBEBIIONT, OV UT7HEAE L, TERMEZR
T2RWENERE] OBEI, ROBREER/Z. 1. ERITDFEOININ
ULTZDV ) 7HEAEE2EZD2EMRITER, 2. ERTOEDOEINDY o
D 7EAE, WR—FREIR, 3 FHOD AU TEGONTARITR
Tk, DS -4 HANEEENS XSRS OTRTEERA OGNS, £
DEBIZGCORY CHUEBOBTBIAONS. 4. IHIKGHVHESR
£HEHERIEG OV TEREDNR—THEIL 01225,

ARIKESH (A A¥E) Some dynamical properties of structurelly finite
entire functions
WEHRDEEBEEONFERICDVWTUTORKREZMEHALE. H5HE
MEEEL, TIRHEREEZTVHEITIAOEEGEEL, TNHDR
1% U T itinerary # E#% 7 5. TITHAEICHZHED bound £ H D
itinerary {2 U T, oo IR D HBNFEL, TOE LOERD I,
5 2 517 itinerary 55, TOBEIINERDOREITKD 00 IZ17<.
BILCOMHBRAIFROPUTEBIIETEND.

SHE (hLK$¥3 D3) Pentakun as a Martin boundary

1996 412, Denkaer/Sato I2&»> T, Y2V EAF—HAT v M, £ D
FIEH SN/ H D Markov BH D Martin BHR & U TEHI N RE
W& Z D, Fractal D Martin BER&EHR %2, —{LS Nz TITHRT D &
EBEIZ, LI TRIY I EFENZ BOHELBEARBICDONWTE
HATEBTELEWELL.

A={-2,-1,0,1,2} 25207 )N T 7y h&\, &, AZNEe N
ADES BHEETENHLETSE. A" 2 ADXFELTERLZBDONS
RAPES, A & ADNFOEREENSRIEE, BEIZW =U2 A"
EENFNEHETS. KICwe WUARITHLT, £ w* 2

W wo(a @ d/2)(a® —d/2)k... if w=wpa(a®d)*
' w... otherwise

TE#HTD, HL,d € {-2,2}, k € NuU {0} &92. FEMERE
X~y X=yorx? =y TEETSH. ITW LD Markov B
{Xp ) EHEBHER

1/10 if w #£ w
plw,wa) = p(w, w¥a) = { 15 ifw=wh
WEoTEETS. ZDEE, W LD Green B g 13,

g(V, W) = "p(l(W) - l(V),V, W)
'= zuewp(l(w) ~I(v) = 1,v,u)p(u,w) ifi(w)>I(v)
' bv.w if I(w) = I(v)
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21.

22,

THEZ5NS. Green BB ZRFETRIZHZD, INLDOREDITTTER
LR, 7V 7 7 Ry NEIEDZOBBBFERITH I DV TNSE Z &R
Dol TOFRTRIH Y 2D Green BEDOFAMAE S NERICE
N%& Martin EHR E L TR TE.

Manfred Denker (GOtingen U., Germany) On a Dirichelt probelem for
boundaries of Markov chains

We consider the state space W of all fiite words w = w; ... w, over
a finite alphabet A of cardinality N, and a Markov chain (X,)n>1
with state space W and transition probabilities p(a¥,a*c) = N~ and
p(wab®, wabkc) = p(wab®, wba¥c) = (2N)~1, (a,b,c € Aja #bwe
W). The Martin boundary of X,, is the space of all infinite sequences
over the alphabet .4 modulo the identifications of wab™ with wba™>
for all w € W and a # b € A, and the continuous functions on ¥
are isomorphic to the space He of all uniformly continuous harmonic
functions on W.

In this talk we analyze H¢ in more detail by introducing another aver-
aging property based on the Markov kernel. This leads to a generalized
Laplace operation on ¢ and the solutions of the associated Dirichelet
and Neumann problems, and it is related to Kigami’s work o the har-
monic analysis on fractal sets.Y

Howard Weiss (The Pennsylvania State University) The Dynamics of
Segregation Models

We analyze a variant of the famous Schelling segregation model as a
dynamical system. This system exhibits a new clustering mechanism.
In particule, we explain why the elimiting behavior of the non-locally
determined lattice system exhibits a number of pronounced geometric
characteristics.

Part of our anlysis uses a geometrically defined Lyapunov function
which we show is essentially the total Laplacian for the associtaed
graph Laplacian. The limit states are minmizers of a natutral non-
linear, non-homogneous variational problem for the Laplacian, which
can also be interpreted as ground state configurations for the lattice
gas whose Hamiltonian essentially conincides with our Lyapunov func-
tion. Thus we use dynamics to explicitely solve this problem for which
there is no known analytic solution. We prove an isoperimetric char-
acterization of the global minimizers on the torus which enables us to
explicitly obtain the global minimizers for the graph variational prob-

lem. We also provide a geometric characterization of the plethora of
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23.

24;

local minimizers.

If time permits, we will discuss recent progress towards understanding
the actual Schelling model, where one is natutrally lead to study the
ergodic theory of a 'new Z2 subshift of finite type.

rAREXR bk KEREFZHI A Function Dynamics

B @ FIRROEDOBEET {frlnso EHEBROEF N ELTRE
L 7.

{ foiI=1 1=10,1]
fot1(z) = (1 — ) fn(z) + efnlfnlz)), (0<e<T)
MIEFHEIZ L 280282 I fi(2) = az(1l — 2) KDWT 1), [2] O
THRTED, DN, foo(2) = limpseo fulz) EETZELT) OF
Z 7 DBRFITDONWTHEHKRENRFEZERL TS, LEOBERICD
WT, & FE - &F - TR [3] T

o fulz) DFHET2HE Q OHE

o fo(z) DARBEDREMEDE(N
¢ g.(z) = (1 =€)z + efn(zx) KK THRIBREIND f,(z) DEEF)
LZITOWTEENRBRE B/, FHEETRE 3] KW, fonkiRz
Bl
[1] N. Kataoka, K. Kaneko, ”Functional Dyanamics I” Physica D 138
(2000) 225-250
[2] N. Kataoka, K.Kaneko, "Functional Dyanamics II” To appear in
Physica D
[3] Y. Takahashi, N.Kataoka, K.Kaneko, T.Namiki ”Functi Dyanamics
I” to appear in JJIAM
EHEGLA-H Bl (UK$#E) Embeddings in symbolic dyanmics
WD, —HDTT MR D T SO T MRS M
DA LMEEH SN, —HFDT T MWD DL T kDR
BR3P OMED, EXEORAAMBELFRICHERL TS ZEMN
HENTWD, (R, HBORABED SEFT, H 5 Wi, sofic > 7 b DRRITI,
DA B DHIE SRS W Krieger, M.Boyle ICEDHIEN TS,
& T AT, sofic shift ER2 D, TOH L TN ANBENSIFKITHE
DNFT—o0 EE<AEWREEBLHD XD 7 MELUT, &iE W.Krieger
OEALREBEBEEZDDI TN (BEAZFDIT N MEEENT
Wb, ZO¥7 NTEHRINS Y > FIL/NARICE, BAEESN, £O
R EY TN RARD, 0Ly 7 heBoRABELELTH-S
T2 E, ZOREEENHEDASHOERIZRS ENTFEEND. 25
LZ&EDNT, BB AZDDEAMNRI 7 MELTH SN S Dyck
I RIRS T, EORAADHESRGEEZHONITLZ.
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25. Ka-Sing Lau (Chinese University, Hongkong) Multifractal Structure of
IFS with the Weak Separation Condition
We will discuss a separation condition on the iterated function sys-
tems that allow overlaps and is weaker than the open set condition.
The multifractal structure of the associated self-similar measure will be
considered. Beside the general theorems, we will examine 3-fold con-
volution of the standard Cantor measure. There are some unexpected

phenomena.
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24,

RIA b/ A XEEHT 255

ER13E2H86H (K) ~78H (K
(KKRARTILEIR)
HEZA - B HEE, ik R

FHEFIEZE [Analysis of Brownian Functionals] #3474 O —/b b KED Hi#FEER 13
L | CRITEINTEOIZTFEDZ L Thotle, TOFEBFFKIIBVT, FREAEOMIIMEN
BERTA A RBPERKTZER LSBT 2EREEZEDO L HICBYFRIWMELSST, 7205
(R A R ZERAT) DEIE SO Th D, LK, AR - Hep o —E O (1980-82) %
ITU®, EHITEL DAL DFELEEERT, &F O Mathematical Subjects Classification 2000
WZEWT, i LWIEE T60H40 White Noise Theory) AT M 21CE -7z, ZOHERIC, 2
NETCOWEERVIRY, S OFMEERT DO/ V) Z L THE L, F
EROELUWEHICLEL LT 04282 2HFRENSML, BolFWVERiZbahil
EIXEEETH- T,

FHMINFEEIL, RUA b A XETOREDRENDIERE S ORE - 70 ABED
TEHR L JEERERE - R UA b A NBEROER - (FAER L T DI, BRRSOE
D OEEERAL L LT, RV Y R IR EERE TV OB R RRAT DR ET
HhH, BEOEBRKTELUNRTERNLY 4« T3 T 0%, BEHEEEARFLLTOE
AL & TRET AHEREROER N RSN, BFRTIA M/ A XD2FLEETLRE, FHL
EEMNRBHINE, 20L& 9 RERRTRTOBRIRMBEL, RUA N/ A AT L
CRBRICE R b DTH D,
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DUMRTDYL THRIA b/ A4 XEHT 25 8]

ERE RIS R (A) EEEER R OREHIINE] (MRAKE : Afk R) LRZEE (B)
(ETFARTA A XL FERTBERR TN (BFFRAREKE  BEBSAE) 2L LRV
DAEREWELET, BLOHSFIIERIZTHLIZMITZEN,

HHEE A« AR (4 K% TE80E) - BHEAN (AR T)

=15 KKR Hotel &R « /M=
(BIRERBBH 72— 1 05, R—b_X—UFR)
TEL 076-264-3261 FAX 076—264-2244
http://www.kkr.or.jp/hotel/hotels/kanazawa.htm

HiE 2000 2R86HE~2HT7H

704535 4
2R 68 (X)

13:10-13:20 EARHEA (£ HEBERF - LR 5Es)
F}ﬁ/\?ﬁe?«(
13:20-14:20 RERE (A HTEKRF - LEHIXR)
WUA N A R TE SN ICEEE
14:30-15:10 1EMAfFZ (REAKRE - HEHE)
Gauss B2 DIEERH L JEFEERT
15:20-16:00 FBEJIES (HILKRZ: - HEH)
Introductory remarks on mathematical relations between energy
for the mode with wave vectors and zero-point fluctuation
16:10-16:50 Si Si (BEIRISLKRF - [FHREFH)
Analysis of random fields in white noise theory
19:00-19:40 EL B (HEKRF - HEFH)
T v & L T O RIBTE ORESRMEAT
19:40-20:20 EFBZE (EREFEMITRT)
Some relationships between white noise test functions
and holomorphic functions
20:20-21:00 JEBFR (W ILFEREIAZE - )
RUA A XETORE
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2878 (K)
09:00-09:50 ¥rFsAlE (ALMRE RS - BFHIFTHY)

The massless Nelson model without infrared cutoff
09:50-10:40 FEEAHA (LK% - EILFH)
Fock spaces related to the Lévy Laplacian
11:00-11:40 FEE4E (EEKRTF - HFEYHEFR)
Localization of the massless Nelson model: Gibbs measure approach
11:40-12:20 ErHHE (A FBKE - LB ZRER)
RTA LA XERAER, RIEOEMF
12:20-12:25 BAS

REE
(RARIHEA )

1. R4 b/ A BT THINFEE RERE - 8BRS - 2E4E)

R A A RERIFL, EHE 72 BTSRRI & b & 1T, M5 EF & OIE R AT
T Lo TREBLTE 2, MEREECEAICLBRD S OERkOBEL RS, J.
Bernoulli # Ars Conjectandi (2B W THEREREOFEUZH L ONTWDH M, £ AE
TS VA RRAREE T EVIBEBRERNTHA D, </ 7HERE LR
R ORI R FERE S FRAOME LTSI AENEEARE L o
TWB, FHIZHEITT, W onDfl L BET 2B LT, EETH - —LEn
=AY RB - AERTRICAT A RIEN S D, —F, BRI OIS G, E
RV TLERREE DAL DSBS « R T A b ) A RZR OERS ZHEE D LTEE R UM
BLLRIEV VEREE L 72 o TV D,

2. Gauss BIEDIZHERIR L RERT (BHFZ - BRKZE - HEE)
TS LB ENT L ATERIEY
i

XM:AF@MMW)

PNEHERBNT T, BHRERLEEE2EDTEANLBETH 5, IFFERFOHIL
P. Lévy ICL 2 b DR R HBILTWV DA, A RHIRIED vy, Rtz REL &<
— %L T BT DI

;Xﬁ):lﬂw-—AtASk@ﬂndB@st
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& B L, Volterra BESEAROREIZFRE T 5 Z & THEERBROMANR N KT
JEEL BB L X <RIBS Y. Hibino, M. Hitsuda, H.Muraoka: Construction of
noncanonical representations of a Brownian motion, Hiroshima Math. J. 27 {1997),
439-448), ZHICBIE LT, 1B¥E X = (I - M\K,)B #E25L, A <1/2 D& XIE
HEANS1/2 DL EHEETHD (M =1/2 TRHERF-Z D LAV, EBIT, X1, &
X, OHFIZR L TH B, BELT H(X) # Hy(B) 757 Hyo(X) = Ho(B) L7255
SLEAMIRESCTHERTED, 2O L, B=(I-K,)X Off X BNEEBE
TIRWZ EICERICEET D,

. Introductory remarks on mathematical relations between energy for the
mode with wave vectors and zero-point fluctuation (BJIIESH - EILKE - #
FHR)

FEIRE (HEZEWwLHLE) OfRE LT, EERIZFETICEAN B2 FRICE < 517
A3 Casimir (1948) IZ L - TFRBEINTZ, T0HK, RaRBEIIOVWTERESNTEL
23, OUNZ, 1997 4T Lamoreaux BEBRIZ X - THANCHII LT, Lied->T, #HFE
B2 BT OEBEM B L T D, BEHE[0,L] x [0, L] x [0,d] I2FB1T HF R 5
F—i, p 2y PATHELLELT,

B = T (TP et (e (28T
CHZ BB, hwlk, ko, k) TR MV (B, by, ks) DTRALF—TH D, BEX 5

# (Z Z T, massless photon, # % fE? massive photon, normal method, 3-d cristal
BREVIZE o THEORANREZ LN TND, W I—/b s THRLF—{T

L _ Bl
Bla) = lim lim lim Ze(®) T Fdbry) = Be(Ls)
€l0 L—co Ly—o0 12
TEZ b, FROFRICK L TEMEEICHE SN D, Casimir DFERIZ 4ROV X A
HRBNDRIAS, 44 T— w7 u—) VEBEORFR L LT RELMHED CHMAE S
nNo,

. Analysis of random fields in white noise theory (Si Si - BRI K% - 1FHH
ZED)

R2 N C?HR TR BRI C TRIARNTAXENTH T AEH {X(C)} Ioxt L
T, Lévy-Hida OIZMERRMALIET 2L 2 EL D, vAa 7l EEY LT
< VF S MEERERIL L, BOBOME TRT D I LN TE D, FEV T AR
MiTT2®RD T 4T — I AR L DB %HEL, FRBRARD—F{LaRDDLHZ LR T
%o X BIZHBREVE & LT, Tomonaga-Schwinger FfaRXE ZOBRTEH XD L%
HRL TV D,
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5. FUELBHEBOREBEOHEREN (BT ¥ - HERY - BEEM)
T v LPEEE R OFERRT RS L T

ov
—BE_L’U—§/ ’U|$:t:¢

’2%7_5 L 3 2FEDRMaTEME, YV I3RA s ICBIT2MIEOBE 2% L, AR
(ZE plwy) DED72RT A F/%X@Y)LE@%I%/\_E BTN D, L ICHT5—Hk
BREMEEA~VE —EGE, YV 4T 2Hh5BOWINMEEDREDCT T, 512 b
FHRRENOEEAEDOEIRFEREN RTINS, [I. Doku: Asymptotic non-degeneracy
of positive solutions to nonlinear parabolic equations in the superdiffusive random

mediun, preprint]

6. Some relationships between white noise test functions and holomorphic
functions (XHEER - ERSHEAER)
RUA b A XBEYGHIE, L2(E*, p) (T8 rigeing # T 5 2 LnbibE b, =
ALE T Kubo-Takenaka (1980) ZiX UL E L D ATz BIZ L » TEERZEBBHBR SN
T&ET, ThoZ B —MRAVRERIL, S-EBMOFETITER L 7 2 MRz o R
B - AAHEOMEE Th 5, EREBOERIFEBOERELZ 1 DOEEH uw L FDOL Vv
NVEBTHETHZ & T, INETOEREN—L, L0 —Ee0e AR an
%o, [N. Asai, I. Kubo and H.-H. Kuo: Log-concavity, log-convexity and growth order
in white noise analysis, Infin. Dimens. Anal. Quantum Probab. Relat. Top. in press]

7. R4 b A XFRORE (BEFRX - BILERXE - BER)

AW)FEIC Téﬁt{%ﬁ&ﬁ&777/ EE)OREZRTEMEFNIAR T A o XERHT
ISR OB SN DIT A OIZEREY, ERRTMEITIIEARNIC 2B TH Y, BA
BA% > E’gﬁk@uiﬁfﬂ%% BT OO DEES TOBHENRYLETH D, Clark A E <
VT 07 85555 O EREMSEFWT, b b ThRWIERIOH L TIEET 3 2

EWELETNBESNT VWA Z E TS D, UL, i BT 74+ 2 OB
BOWTHRAINLIVEZELDIGHEZLEAE LTWS, ZiUE, mTA N A X ONG
BoOHH FIZx LU TRBIZEATE LD TH B,

8. The massless Nelson model without infrared cutoff (¥7F 55 - LBEKSE - 1B
FHRH)
ETHOREENRETVERFNICEEICER L, A7 MOMWE, HIZEERED
TEE - JEFHEZAONIIT O ENBETH D, FiZ, N EOFEMER R+ &R —X
SO BEVER 2587 5 Nelson #AIZxF LT, _J’Li Tid Schrodinger FRIRIZH S <
ALy NOVERRT DR S TE Y, infrared regular & infrared singular (ZBE S8 T
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11.

%Wk EDIETE » IEFEDRNR VR SN TE LS, REZERSFEILTE TV,
I, BEREVFELLEVES D, CCRjﬁfﬁzﬁﬁwzw&%é% WKROBEZBHZET
%Eh:fﬁ;iﬁ FHETHHRH D, FHEE: 74y 7 ZH & 275 (T), SIRE/E, 2000]

Fock spaces related to the Lévy Laplacian (FEAH - RWMAZ - EIFHER)

L g e T UT OMERNIREEZALOHNITLHZEZBEL LTS, RUA
N AX ()} EFRTA N A REROEBERELEZ DNDY, FBEEREIC L 5 EE
B z(t) = e*® % LU OERPLEEICER ST

o (z) :/ flug, - up) eie(ur) | gielun) duy - - duy,
Tn

NELND, 2D IIVT4TTILTOEBREEICRD, 20X EAEEEE
DTHEICeE N VL N ERZEAT I ETLY - 7777 2 BEHERIEMAR S
LTEETHIENTE D, ZHIZEo T, FHPLFOEFRREBIZL 2REALFELND,
[K. Saitd and A. H. Tsoi: The Lévy Laplacian as a selfadjoint operator, in “Quantum
Information II,” pp. 159-171, World Scientific, 1999. H.-H. Kuo, N. Obata and K.
Saito: Diagonalization of the Lévy Laplacian and related stable processes, 2001)

Localization of the massless Nelson model: Gibbs measure approach (ES

XA - BREXE - BEEMEER)

B EHBERTIETRIIFAEOYRER L L TRD TEETH DI, £ OEFEMHITS
WERBICERBLTE TS, B, BFE2RIN - BB LR b= X —DBER %
RITEFRIININ =TV H = Hoe+ Hua + AHjpy TRSN, EOANT MO
B, R, BEIREEOETE - IR, FETEE 0BRE, L5, BELERL B
TEE’C&;@ Fov Y RN B BEREEDFTE - FEFEICE L Tl Spohn D
BEREALTH D P, Betz—Hiroshima-Loriczi-Minlos-Spohn O #E£FHFFEIZ &L T, %
D LAk &R FHOFE & OB (B, (V) R (V) BAEBRDERD) IOV THL
Ml o CET, S5, BEE bk OXTFHOBEROFEYE (at (k)a(k)) 72 &% BB
ELTCERETHZ &3 TE T, [F. Hiroshima: Rev. Mod. Phys. B (2001), in press.
RAMEFEORES L BE, % 3%, 518 2001

R4 b/ A RERFRR, REOHFE (BRAMFEA - BHEKRE - SRBEMEMER)

1992 FEMNSRBE L TEEARUA b/ A XMEAFZHEL, U C. Ji, D. M. Chung H& D
EEFEREEZBLTOLLTORELCEL, FUA b/ A XERFERIET, TRV
AR ARICEBEBNEHEHB THID, TO I L2 L > CTHEROFERMBTVMIC
PRSI D BN OWT, (i) REAFERR D b OFE,; (i) MIRATA M)A XL EF
TR FERAO IR, (i) VW 777 VT v OFE, O3 >DOBENLEIRT
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T X =BY+ B~ +ay (B IT4EK - HRERR, ay HEEIEHRZE N = BtB~ OF
¥) 0L CEREND, TIVVBRIRKRTUA A X T 4y 7 ERETHERT D
ZEREST, R VBBV R-DEFHEREM EICER SN, £z, 77 7O
&f’ﬁﬁ%%@@ﬁﬁé’]zm7 LA, BEEIER SR 2 AR - HRERZOREY O
SRR (BFORE) THILET, E%EﬁfiqﬂfL\TﬁBEEEE%@F%& LTEBLADTIENTE
. _@J:OL HETERDE Y (—RICIAREER) T4y s B TEXA LT, &
HBOARE L LIXET I ENTE, mﬁ%@%a B DMEMEE LT, Hl2E (&
F)YRTA b A XDOERDVEREENS RS LT D, T, (BEF)FVA /A
AD2BIFILV T 4 - TTT LT o EETe B RERR Schrodinger FRNOHEL 52D
72 8T AT R BEIR DA BT e o TE 7=, [Y. Hashimoto, N. Obata and N. Tabei: A
quantum aspect of asymptotic spectral analysis of large Hamming graphs, to appear
in “Quantum Information III,” World Scientific, 2001. N. Obata: Quadratic quantum
white noises and Lévy laplacian, to appear in Nonlinear Analysis, 2001]
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