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SERHET DL VL (= TV oGy T ) PROREE IR RM L. ZOB, 4
YINVEBIDTG T AEINECIZEFERT 5 BPEBOBREID 2 THDOT, EBRICEE
ELTBESEE L RET L2 s, SNICELT, X7 TEIMY Y IV EFNIC L S
VURWERN RS 7)) 7 E2 R L. 72, 1995 F IS HEMFSE L R EOISH I
& 5 BEELEAE AR (Monte Carlo Methods Appl. 1-1 (1995), 35-57) X DWW THHRRRE v M&
FEDRIZKT 2 EEH X BTICHS Iz L7z,
(2) MERIEGH 2T 5 B gER
HHEIZAO NI BmOBEEH L T 2 BEROBRER L LTERLT 572010, HREET
TNVREZDLEON-NVHEERWLFEERE L. 77— VOHREEL pEREEICES—
RRHGHEETHLD, L CHECEOBENL (FOBBRERICHLYTLIID) 2E2 5L E,
TF WA E o T TE LIRSS 6 NDBENHD 2 L 5o 7z,
=& #®
BE z,y LT, 2 & y WEWVWIEERERZLIT 1, £ TRV ARLIT0 2 ETHEY X(z,y) &7
B, FA4VZVEY MmN oo mz Yoma X(@+my+n) =%, V(o) €ZxZ EHBTE
PHILNTWD, TITZ IIBEREEKOERETERDT.

COWHE, ZEEBIITIy ML, FhEL EEDLIEE, BEREM(Z,)) WEZ0
FATREN ORI L CRE R, b, N— VEERRE) ECcoMIUuE, frag, KEoima:al,
Eb. $HE, RebAMEIINOHFLEREERZA =) Y 7JIZO0nTTHb:

Ya(oy) = N(fEha X@+my+n)-5) o
N =00 DY EDEBITED ZoTVBON? |

MEOBBREHEOEHE LY, ZHIERSAINRT 5O TIEEEW 25, 5%, &L [No !
INAEFMY [107] THH 2722 ThDH. L LT, FOERICOVWTENRD &, Vi(z,y) &
N PERRICERTAH (SE) TN LT, E2550IURT L. oK (SF) 2 EE2MHS
bOELMPKRTEZ 5ND Z FOENEE dThb:

o0

< 1
d(z,y) = Z %(1 - lpmlw—y)a z,y € Z.

m=1

(S 2T {pmlpoy WRHEENSVIBZENTHONLES, T/, plz -y iz —y 7 p TH
DOINLZEERDT). ZOLDIL dI2XY, MIEKICHETT 2 BRI (N} & (M} #

d(Nk,Mk) — 0 or ,—'> 0 IfE>T
lim Yy, (z,y) = lim Yar (z,y) or lim Yy, (z,y) # lim Y (z,y)
k—o0 k—o0 k—»00 k—o0 ’

EBLDTHA.




REOEE % 5 1 BEOMBER, HOBRERZ T —) Y FOBRERZHE2EREET S
old, FIBRBOMBERIIRTHS:

MEERR KIS H T 2 HARES (N} 75 d(Ng,0) = 0 22b0r320LE, &
P lim Yy (2,y) =0 £k b, COLE, TORERE (= THROTHIR) T

renormalize L72% @ (D570) 13, BEERSAIIIRT 5.

GOEZAINETFETHS (WWTIE, BETFHEELATVE). ZNERTON, BIEOMNE
ThHb,

RIIR B

FUNF 4 T OEEEE ® RO E BRI AT TEEL, W OPORLABTO
HeKB A7 [109]. F 7-IE5eiMiz i CORBA~ v VHEICOWT, RBRERHS 5
3% SRR SV R A AT o 72 [110]. BICHIFHAL 2 BT AMEY o % Dok
FCRELD 2 “BELF VA TEEMIFTEEL, Z0O¥S%H U TRE L [111).

BXH fE2Z
KAERTIC, AL OFGE AT 2 RITEELFREIRRICY 7Y v v ER AL EREENSTFES
LT ERRL. ZOIRHE L TEEKROY — & BMEE A& &4 Fm s CHBEENCHITERL,
FERTORNKEFEEYOMBEFZHEVIFEREBLIENTELDOTHLY, VT
BB 5 FERAEE LIS WIEATH o7z, TIHEDORRE LT, ZOHFIIONT,
LR T, ENLEREBLIEPHIToNS., BRIEFLELTT LD, [113] IZBES
niz. Y-y EROGEREENTICET 2HERICOWVWTYH, URZMARERBHTTH 5.
RO ERE, BELOLMGEY 27T 2 KITHELFERROY — s B o L B
HERBORBAFEOWZE L B L T temporal distance function & FHINLIFTESHEOHET L %
BEABOEBEORITICOWTONELXITo72. FEX TV ARERRICKH LTI, temporal distance
function # BERICEETTILICL o T, ZOMEBIEERROBHEMILE L CET 2HEHRE
#? nonwandering set DXTTDF G LEDOXKTZ DT L ZFEHA L, 2004 0 HABFEHKTE
RETHE—RKEETREELL. &, X HERIBERRBERPTHS.
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September 4

10:00 - 10:50 I. Karatzas
Convex duality in probability, mathematical staistics, and finance
11:00 - 11:50  H. Nagai
Risk-sensitive portfolio optimization, ergodic control and large deviation
13:30 — 14:20 N. El Karoui
Convex semimartingale, duality and optimisation (with P. Bank)
14:30 - 15:20  J. Sekine
Exponential hedging by solving another BSDE
15:50 — 16:40 T. Hida
A frontier of white noise analysis, in line with Ito calculus
16:50 ~ 17:40 H. Kunita
Representation of junp martingales and applications to mathematical finance

September 5

10:00 — 10:50 M. Rockner
LP-analysis for the Kolmogorov operators of stochastic Burgers and Navier-Stokes equationns
11:00 — 11:50 M. Takeda
Conditional gaugeability of generalized Schrodinger operators
13:30 — 14:20 T. J. Lyons
The signature of a rough control
14:30 — 15:20 T. Kumagai
Sub-Gaussian estimates of heat kernels on a class of fractal-like graphs and the stability under
rough isometry
15:50 ~ 16:40 M. Fukushima
Function spaces and symmetric Markov processes
16:50 - 17:40 R. K. Getoor
1. Recollections of times with K. Ito at Princeton and later
2. Additive functionals and measures




September 6

10:00 - 10:50  A. S. Ustiinel
Measure transport, Monge-Ampere equation and the Girsanov theorem on Wiener spaces
11:00 - 11:50  I. Shigekawa
Square root of a Schrodinger opetator and its LP norms
13:30 — 14:20 M. Hino
A weak verson of the extension theorem for infinite dimensional Dirichlet spaces
15:50 - 16:40  S. Watanabe
A duality in one-dimensional diffusions, stochastic flows and noises
16:50 — 17:40 D. Elworthy
Invariant diffusions on principal bundles

September 7

10:00 - 10:50 H. P. McKean
Probalility and the nonlinear Schrédinger equation
11:00 — 11:50  S. Kusuoka
A limit theorem for a stochastic mechanical process
13:40 - 14:30 D. W. Stroock
Ito’s geometric interpretation of Ito’s stochastic differential equations
14:40 - 15:30  N. Ikeda
Quadratic Wiener functionals and Ito’s stochastic calculus
16:00 — 16:50 P. Malliavin
Stochastic analysis on the group of diffeomorphisms of the circle




Stochastic Analysis and Markov Processes

200249 H 8 H (H)-9 A 10 H (X)
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20024 8 B 20 HA 5 8 A 28 H ¥ CALH T ICM 2002 RS 11, ZHUIF] &K
T8H29HH»H 9 H 3HZET, Sino-German Center T First Sino-German Meeting
on Stochastic Analysis 2B S, FIC9F4H2»5 98 THE T, EHAKEHR
HENTITFCAT CERAT L4 4 Stochastic Analysis and Related Topics A3BffiE & 172,
RHEEE, IRODOY YRV T AHRNTHRESNIZODOTH Y, FICETFHEE
DI RBRDFEEDHE L THEBE SN2 DTHL. BMETHBETHY, HEXEE
WrgERima Tz, LT, MIESOMES#HMNT5.
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14:30-15:20 K. Th. Sturm (Univ. of Bonn)
Martingales in metric spaces and harmonic map heat flow

15:30-16:20 M. Grothaus (Univ. of Bonn)

Stochastic dynamics in classical continuous systems

16:30-17:00 Y. Ogura (Saga Univ.)
One-dimensional bi-generalized diffusion processes - revisited

9898 (H)

9:30-10:20  R. K. Getoor (Univ. California SanDiego)
Additive Functionals, Characteristic Measures and Kernels

10:30-11:20 M. Rockner (Univ. of Bielefeld)
Distorted Brownian motion: some new results and applications to finite par-
ticle systems with singular interactions

11:30-12:00  S. Aida (Osaka Univ.)
Semiclassical limit of the lowest eigenvalue of a supersymmetric Hamiltonian
related with QFT




13:30-14:20  W. Stannat (Univ. of Bielefeld)
On (A, ¥)-superprocess with immigration

14:30-15:20 A. Eberle (Oxford Univ.)
Local spectral gaps on loop spaces

15:40-16:30 L. Zambotti (Univ. of Bielefeld)
Stochastic Partial Differential Equations with Reflection and Random Strings

16:40-17:10 K. Kuwae (Yokohama City Univ.)
Conservativeness of diffusion processes by a drift transformation

9810 H (k)

9:30-10:20  R. L. Schilling (Univ. of Sussex)
Feller processes and their symbols

10:30-11:20 N. Jacob (Univ. of Swansea)
Function Spaces and the Theory of Dirichlet Forms

11:30-12:00 Y. Oshima (Kumamoto Univ.)
On an optimal stopping problem of time inhomogeneous diffusion processes

13:30-14:20 W. Hoh (Univ. of Bielefeld)
A variational approach to LP-theory for sub-Markovian semigroups

AEEE

1. Stochastic dynamics in classical continuous systems

M. Grothaus (Univ. of Bonn)

We investigate a scaling limit of gradient stochastic dynamics associated to Gibbs
states in classical continuous systems on Rd, d > 1. The aim is to derive macro-
scopic quantities from a given micro- or mesoscopic system. The scaling we consider
has been investigated by T. Brox (1980), H. Rost (1981), H. Spohn (1986), and
M.Z. Guo, G. Papanicolaou (1986), under the assumption d < 3 and that the un-
derlying potential is in C3 and positive. We prove that the Dirichlet forms of the
scaled stochastic dynamics converge on a core of functions to the Dirichlet form
of a generalized Ornstein-Uhlenbeck process. The proof is based on the analy-
sis and geometry on the configuration space which was developed by S. Albeverio,
Yu.G. Kondratiev, M. Rockner (1998), and works for general Gibbs measures of
Ruelle type. Hence, the underlying potential may have a singularity at the origin,
only has to be bounded from below, and may not be compactly supported. There-
fore, singular interactions of physical interest are covered, as e.g. the one given by
the Lennard-Jones potential, which is studied in the theory of fluids. Furthermore,




using the Lyons—Zheng decomposition we give a simple proof for the tightness of the
scaled processes. In order to indentify the limit it is sufficient to prove the so called
Boltzmann-Gibbs principle. This is still an open problem for physically relevant
potentials as described above. A first step into this direction we have done by es-
tablishing a finite particle approximation of the infinite particle stochastic dynamics
in terms of an N/V-limit.

2. Distorted Brownian motion: some new results and applications to
finite particle systems with singular interactions
M. Rockner (Univ. of Bielefeld)

We prove strong Feller properties for a class of distorted Brownian motions on
R?. We also construct a weak solution to the corresponding stochastic differential
equation starting from any point in {¢ 3 0} and staying in {p 5= 0} before possibly
going out of any ball in R?. Here o is the Lebesgue density of the symmetrizing
measure g. Our condition on the logarithmic derivative ygﬁ is that it should be
locally in L€, but only with respect to the symmetrizing measure p = o dz, not
necessarily the Lebesgue measure dz. This allows applications to singular situations.
In particulare, finite particle systems with two body interactions with infinitely
strong repulsion can be treated by our results. Among other things it is shown
that particles never meet no matter what their starting configuration was. Another
application treats diffusions in random media.

3. On (A, ¥)-superprocess with immigration
W. Stannat (Univ. of Bielefeld)

We study global properties of transition semigroups (p;”W’A) of (A, ¥)-superprocess

over compact type spaces with possibly nonzero immigration v in verious function
spaces. In particular, we compare the different rates of convergence of (pf’\p’A) to
equilibrium. OUr analysis is based on an explicit formula for the Gateau derivative

of pg’\p’AF.

4. Local spectral gaps on loop spaces
A. Eberle (Oxford Univ.)

We prove Poincaré inequalities w.r.t. the distributions of Brownian bridges on sets
of loops with jumps of limited size over compact Riemannian manifolds. Moreover,
we study the asymptotic behaviour of the second Dirichlet eigenvalues as the time
parameter 1" of the underlying Brownian bridge tends to 0. This behaviour depends
crucially on the geodesics contained in the set of loops considered. In particular, for
different choices of a Riemannian metric on the base manifold, qualitatively different




asymptotic behaviours can occur. The proof of the basic Poincaré inequality is
based on the construction of the Brownian bridge by consecutive bisection of the
parametrization interval.

5. Stochastic Partial Differential Equations with Reflection and Random
Strings
L. Zambotti (Univ. of Bielefeld)

In this talk we consider two Stochastic Partial Differential Equations (SPDE): on
one hand, the SPDE with reflection introduced by Nualart and Pardoux (PTRF
1992), and on the other hand the linear R3-valued stochastic heat equation, first
studied by Funaki (1982) and more recently by Mueller and Tribe (EJP 2002). We
give a review of some recent results which show that a deep connection exists between
these two processes: indeed, many geometric properties of the first process near the
reflecting obstacle, like optimal hitting and behaviour of occupation densities, are
dictated by geometric properties of the second process. All such results depend on
the fact that the Dirichlet Form which is associated with the first process is the radial
part of the Dirichlet Form associated with the second one. This simple observation
and the general Theory of Dirichlet Forms reduce the study of important properties
of the highly non-linear Nualart-Pardoux’s SPDE to the study of an explicitly known

Gaussian process.

6. Feller processes and their symbols
R. L. Schilling (Univ. of Sussex)

We show that a pseudo differential opeartor —p(z, D) generates a Feller process
whenever its symbol p(z, £) is separetely continuous, negative definite in £, uniformly
continuous at £ = 0 and has bounded coefficients in the sense that sup, [p(x,&)| <

rp(1+ [€]%).

7. A variational approach to LP-theory for sub-Markovian semigroups
W. Hoh (Univ. of Bielefeld)

Non-local generators of Markov transiton semigroups often give rise to LP-semigroups.

We give a new approach obtained jointly with N. Jabob to corresponding (r,p)-
capacities based on the theory of monotone operators. The link is given by the fact
that the Gateaux derivative of the energy functional defined by the (r,p)-norm is a
monotone operator and therefore the theory of Browder and Minty can be used to
solve the associated nonlinear problem. In this way we show the existence of asso-
ciated (r, p)-equilibrium potentials and capacities. Moreover, equilibrium potentials




can be characterized as unique solutions of a corresponding variational inequality.

The results are illustrated in several explicit examples.
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AR B w & [H8ITZE (C)(2)] FRMETES 13640143 [XIFRILHGBIE OREFHE
EEOIGH] (RARFEE REIER),
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g onrse] (FefERE KEFE—),
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R B w4 [BAAT2E (C)(2)] BETES 12640125 [74 ) 7 LR OPURE
PECARONHRICE T 28198 (WIEAFRE Sint),
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Ornstein-Uhlenbeck 18 & TR T > 2 v )b

=% E (EERF)

Chern-Simons ¥ &5 12479 5 Wiener LB &4
Yo —o0 2 avOEEER

J& A (SLanfERT)

A IC B 5 B ER (Review),

FHUZ, Zo0 1 aXvEEPORALDTH o7z, BEKNZ 7O T T LIERON—TIC
BT Tho., EmEIZfMnd, Wiener 22 FOEER K ICHELRMATICE T 2 H O T,
Bl EossfiEE L, WHEICEBRTALDOTH 7.

AOHB K, MM EEK, ZHMEKOBEBEOTFRIE, 20FI 7077 L0%ICHE

N 5.

SRR OFE T, BHEYHEIZBT S Chern-Simons 55

L)
f [ PO,

1k 2
LMﬁ?E;MTMAAWHEAAAAA}

LT 25D THo72. TIT, k ELNLVERIENLZBRETH Y, DA) 5b®
% "flat measure” T& 5. M & compact oriented 3-dimensional manifold T& hH, A
3HEE 1-forms  DZEMTH L. AHE, TTHEOSEA—/N— - 74—V FDHEEW
EN2YEOFECEERENCE X, B3 TROE L RIS LK) O BRI OE T
224 L, BREGEBROFFMOK 4 IZFEDHEZ AT, abstract Wiener space
setting |2 & » TEME D72, 2 [ HOFHETIEIEFMIZEKRD T SN ARERD 2
ST, Malliavin-Taniguchi A% AWT, Fr—3 (LRLVO#EH) OBEMERL
7o, TOW, HHESMEKF(A) ORITEOMIESLEIZZ L. F(A) £ LTIEAM LS
7ok ) I —EREER-HAICKRIEL 7. 3HHOFEE TEEFIZERDIT S
NBIAERIZ DWW T, B MIZ DWW THEm L7z, »H5EOEIRD T 21T A ITEEMN
THbHZ & HFRREITEL & Cauchy DS EHE & o7z EHEFHl2 SR L7,
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13:30 - 14:50 =% £ (LEK¥)

Chern-Simons ¥ 12 %3 % Wiener JLE AT I
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13:30 — 14:50 =% £ (LB KF)
Chern-Simons B (2313 % Wiener LB BUHAT 11
15:00 — 16:20  J& & (SLamHEKEE)
RO EEIZ BT LI R (Review) 11
16:30 — 17:20  ZH FIE (AHEKRF)
Sample path large deviations for a class of random currents

118238 (£)
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Ornstein-Uhlenbeck 812 L #ER IR T > v I

BO BB (JUNKEREBREEERI)

Wk 14 4 11 A 22,23 H (reviced ver.)

|2

Gauss B SR T > v VOIS N E—ROWFEICLI DS NS R
7z. T DiEiE Tid Ornstein-Uhlembeck 1@FE D super-position 7 5% 5415 Gauss
WFRED L2 JIIVLAD T T 5 AZEHM Cameron-Martin O34 28 U CEEMHIC
RHTESZLERL, ZOHRITVNMKICED 52 507 Gauss 1BFE & 7 5t
ATy )VEDHIEZLVFELLIRD S BT E2HEMNT 5. Cameron-Martin
V Sturm-Liouville FREERNEH OV I 7 > O E THEANARGEE R
EZRUIZDN, TNOWEE L TEHELNLIEMO HERANTRL OERTHEET
H5H. ZOFEXDOMITEIT S Grassmannian TOERIZDOWTHEBNT 5.

1. Cameron-Martin Z#: & Ornstein-Uhlenbeck 18%2

P="(p1,. . Pn),c="(c1,...,cn) ERYIE, pi#£p; (1 #7), & >0(1<i<n)
W ERET S a>0&0L,

(1.1) D(p) = diag[pi,...,pn], E(a)=D(p)*+ad’c®c

Ep<. UFURLIE D(p) 28Iz D &£

1.1. ODE’s
buls) & . x n FTBUER M HEER

(1.2)  B(@)p=0, $(0)=1, #(0)= D
DIRET 5.

Vo = ¢+ Doy EBE, FRITH Goby DM ZFETIUL, det ¢o(s) # 0
(Vs> 0) 7225l LRI T ENTES. Cole-Hopf £

(1.3) Ba(8) = ¢iy(8); " (s)

*based on the joint work with N. Ikeda
TE-mail: taniguch@math.kyushu-u.ac. jp,
'URL: http://www.math.kyushu-u.ac.jp/ taniguch/




2RO, B, 7 n x nfTFE Riccati HFE

(1.4) f'+p*—E(@@)=0, B(0)=-D

ICHED T EMNA D, T, B, Y Riccati HIEX (1.4) DETH Y, ¢, & (1.3)1C
KVEZETINL, ¢, (TEMAFHERX (1.2) 1> TN 3.

1.2. Cameron-Martin Z#2

t>0&L, W& [0,t] LD n KT B Wiener 22, 3/ bbHEAZHFET S
R w: [0,t] - R® D2fFREL, PZW" ED Wiener HIEET 5.
W 10 Cameron-Martin Z5#2

(1.5) Ko w](s) = w(s) + / Ba(t — w)w(u)du,
0
(1.6) Loglul(s) = () + 6t = 5) [ (87)' ¢~ wyw(u)ay
0
BEXD. 0, LOWSBSEES 2 T
(1.7) KoulLoow]] = Lot [Kasfw] = w, Y € Wr
ERDIEDEGITIREND. BFEOPLERDLIDONZOEHETHS. D
224413 Cameron-Martin [1] 12K D, FHRIREITIHIET % Feynman-Kac LRI
[ lw(s)|?ds D5 TS ABMOEEI AW 5N ERICETOMEZRMA =5 0
EIxo TS,
1.3. ZFHBARK
Ep(s) =(&p(s), ..., E0(s)) & R ERERM D HHE
dé(s) = dw(s) + D¢(s)dt, £(0) =0

DIREET B, FHD DO—RKHEE (super-position)

Xpe(s) = (¢, &(s))

EEAED. EEL () ER ORBESZBHDET 5. X, (s) L0 3t
L

n 2

(1.8) R(u’ v) = Z _ZCL(er(u—i—v) _ epjfu—v{)
=1 “Pi
ZHD Gauss BETH 5.
a2 [t
(1.9) Ipea(t) = exp|—— [ Xp.(s)*ds| dP
p.c, on 2 0 P,

EB <. RITIARTz Cameron-Martin 24 (1.5), (1.6)12&k 0, DEDL D IaEH
NZEH5.




Proposition 1.1. fEEDH F Wiener LR f : W — RITH L, KADKAL
9 5.

(1.10) - f (&) exp {-%2- /0 t Xp,c(s)?‘ds} dpP

[ 1
_ —(t/2)trD
dmet gba(t) € o f(Layt)dP
eI
(1.11) Lca(t) = L ~t/2up
' s det ¢, (1) '

1.4. E(a) DEEE

EOEHmRELVELLS RO, Bla) DEAMIZDOWTHEAS. HEASE
12;| < lpjal G=1,2,...,n) 2D pj >0,
Ipje)| = Ipjwl €=1,...,m)

ZiilzdmEl <j(l) < - <jm) <nBNRDONEELTEW. 2L, m=0
DEEE, BiZ|p| <|p2| < - <|pn| ZEKRTZHDDET 5.
HE o, 2

(1.12) oy (du) = 2a* Z c?é_pg(du), o_(du) = 2a* Z c;o_pz(du),

1:p; >0 1:p;<0

EFEEL, Cr={2¢€C:Imz >0} LITHIRT % Herglotz BAE hy o 2

(H)n

1 /> 1 o C;%
hp,ca(2) = ‘2‘/0 {os+o0_}—du)=a Z_ﬁé__

u—z L — Z
j-_—1pJ

CEDEETD. TOEE hypeo(A+1y/—1) L\ 0D EE

no2
Ppea +0V=1) = a® Y 2 ;
j:

2
1pj

WG 5. E(a) lZDED0L5ICRALLEIN5S.

Lemma 1.1. (H), MRROMDERET S, 11 < -+ < Tnem ZHER hpeolr +
0V-1)=-1 DFEL (ZNETRED), 0< < <q, &

{QD" 7Qn} = {pj(1)7 . 7pj(m)a\/7_;;)' BRIV Tn~m}
X OEET D, R—digg, ...q] EB<. TOEEU e Om) HEEL,

(1.13) E(a) = URU™




MDD, E512, B L (H), B DT,

_((D*=nI)e (D? —r, )" te
(1.14) U= (I(D2 s SR 17 rn[)—lc‘) € O(n)

ThHb.

1.5. More Precisely

Lemma 1.1 D@D, 0 < ¢ < -+ < ¢, & 5. £/ R = diag[g1,...,qa) L,
UeO(n) % E(a) =URU ERDBEDITER. TDEE,

(1.15) ¢a(s) = U{cosh(sR) — sinh(sR)R'U'DUYU™!

E72%. 12U nxnfTHl AITK L, cosh(A) = (e? +e4)/2, sinh(A) = (e —
e~4)/2 EBWniz,

& o T Proposition 1.1 & D RMNHES.
Theorem 1.1. f£EDH L Wiener LBEEL f: W — RITH L,

10) [ stee |5 [ Kpeloyas] ar

wn

= {det(cosh(tR) — sinh(tR)R™'U~'DU) }_1/26—“/2)“1) f(Laz)dP.
W'I’L

<

Ipeca(t) = {det(cosh(tR) — sinh(tR)R™*U ' DU) }_1/26”(”2)“1).

1.6. #hE@IEELT

F30 (1.16) DM D Wiener ML, ¢t — co lBWTexp[—t Y7 (p; +¢;)] &1
DS THET DI ENES. i 2] ((pj + q;) W, LAR™ elPea)dr) (H
E elPeeldy [R5 R EOHRABHBEKOEMEK) LOMPERE Lpeo =
(1/2)A + (Dz,Vx) — (a%/2){(c,z)? ODEB/NEHEE B> TNWD I EITHRLT
W5,

EBE, LR dz) EOWS DR Lp oo = (1/2)A—(1/2)(E(a)z, z)— (1/2)trD
DARY "IV o(Lpeq) V&

pca, { ZnJQJ ZZp]+QJ nJEZ-H 7 7}

THAONDS (ZEEZADT)([4). FHEEER S - LQ(R dz) — L*R" :
ePr2) d) % S f(z) = e~ D”/zf(a:) EFEFETIUE, S0 LpeaoS " = Lpey £E73
5., LEN-oT

R S S e

7j=1




{Ti}is0 T LR : eP20)dy) LD Lo, ., 1K D ARSI N D P HERTIL,

150 = [ o) o]~ [ Xoclo)as| an
Eia5.

1.7. 745U IEREDRE

(n+ 1) XITH 8 Wiener 25 Wit EIZBNWTRO L D727 4 V&Y > VR
2EZD.

dép(s) = dw(s) + Dép(s)ds,  £(0) =0, (system),
dY (s) = db(s) + alec,&p(s))ds, Y (0) =0, (observation).

Il

73.7%_[/ (w7b) c W x WI f Wn—l—l. f'tY %L:Y(s) (s < t) O)ﬁiﬁk}@‘% O%{‘:‘x\ﬁié_’_b,
Kalman-Bucy 7 4 )V — &,(s) = E[gp(s)[jrgf] BEZ L. EEFH

P = [ (6l0) Bl () B aP

X n x n{T71H Riccati HFEI

P'(s) = DP(s)+ P(s)D — a*P(s)(c®c)P(s)+ I, P(0)=0

ZHED. )
pocs) = [ [Xoels) = EXulo) 71] P
Wn+1
LB AR UD T ERERIAND.
(1.17) Pp.e(s) = Z cicjPij(s) = tr[(c @ ) Pu(s)].

ij=1
ﬁa,t(s) = —/Ba(t - 8)! '7a,t<5) = ﬁa,t(S) —D&EBL., ZDEE

e—ttrD

(1.18) -/Ot trv[az(c@) c)P,(s)]ds = exp {/Ot trfya,t(u)du} = At o)’

(1.16) EBHET

019) [ e[ [ x| ap = oo L [ pputona]

&72%. M.L. Kleptsyna and A. Le Breton[2] IZX D [AIEkDFERN KD —HR D&
ETHRLNTND.




2. BREKRTFYI
2.1. Kotani’s result

HELT =5 n;>0, mj>0(1<j<n) 2/FDERNRT vV ETRTEHZ
SENBEB gD EE NS,

q(z) = —~2£ log det(I + A(z)).

dx?
=7 L
(2.1) Alz) = (..____._anmje"(nﬁnj)x) '
M + 15 1<i,j<n

BRNRT v IVO&EE Q) KT, .

MET—Fn >0, my >0 (1 <j < n)icutl, FHiTy, mlt) =
m;exp[8n3t] ICK VBELT —F 25X, @RI HERHRT > v IV E g(z,t) &
ZEIE, q(z,t) I LKAV HEER

o o0 P

(22) %% T o

DRASEM q(2,0) = g(z) ZHIZTHEIL>TNWD,
P

/ NV oy (dr) < 00, YA >0
(“OO’O]

18% (—00,0] LOIFERIE o, Dflo = (0,,0.) DEEKRETS. 0 € DITHL, IE
FEEREIE G(u,v;0) &

1 /% 1
G(u, v; 0—) = .4./ — (e\/—m(u—HJ) _ e\/——x|u——vl)o-+(d$)
o VT

0
+ %/ L (e”*/:{"“““] - e”‘/"_m<“+”))a_(d:v)
—T

EEFRTD. B Gu,v,0) &dD L20,z] LOBAMERFZEE GI L, ¢?(z) =
—2(d/dz)*logdet(I + G2) EBL. ZTDLIR ¢ DEEE Q LET. ZDE&E
QUL R T > 2 v )V DILFE—RRICGRMIE & U TH 5 15—k X /- 5
RTF v )VOeEERD ([3]). HHEMNIZQyC QTH 5.

TG 0 2 H Gu, v;0) ZFFD Gauss BFEE X7 EEL, GEZDIIR X
DEERETSE, GEQERTEMIBEELT

¢°(z) = 4-5;—2—10gE{exp (—% /O ]X”(S)Pd%

EWSBRATRHENT NS, 72720 Bl Gauss B & EH I 2MRMEICET
LHFETH 5.




2.2. Ornstein-Uhlenbeck BN EHDEET—4

p,cERMIEDBEDEL, 0 €L % (112 WKLVEETS. ZOEXCG(u,v;0) =

a?R(u,v) TH 5 ((1.8) ). LMo T X a?X, ICLOEHEIND. 20D
BILG L QEDHIEEHBITEALD.

Theorem 2.1. (H), 230D ETS. 0<q <+ < ¢, & Lemma 1.1 DED

WKEDD. BELT—F n,m;>0(i=1,...,n)%&, 5 =q.

o) + pr 1.
—on, gc( +1 H e T 7T H k a z.’ if m = pie)s
38 ki 77’“ i k#7(£),5(0)+1 Pr =1

—on an+nz T P+
nzk lpk"nz

m; =
otherwise,

WKEDELRT S, SHILCIOHET —FZHANT AW & (2.1) ICXKDERT 5.

ZDEE
d 1 — 1d
(2.3) pr log(Ipca(t)) = ~5 ;(pZ +n;) — 57 log det(I + A(t)).
&<
d? d?
4a~t—2- log(Ipca(t)) = —2&—5 log det(I 4+ A(t)).

2.3. The proof of Theorem 2.1

£7, MEHICBVWTERVIELAWNS Cauchy DK (cf. [6]) ZRRNTHL,

4 1 H1§i< 'Sn(ai - O‘j)(ﬁi - ﬁ])
(2.4) det(<ai + /8]->1<i j<n> - hzjzl(ai + 55) ’

. va{laﬁlw"van,ﬂnEC-
Lemma 2.1. (H), WEROMD ERET 5.

1 1

2.5 X = ) , Y= ( : )
25) <pj +/Ti 1<i,j<n pj —/Ti 1<i,j<n
EBITIE

N _ _—2R ttrR - Ci
(2.6) det ¢, (t) = det(X — e 2EY)e I;Il S (D7 e
LD LD,
Lemma 2.2. n;,m; >0 (1 <j <n) ZHET—F &L, Al) & (2.1) TEERT
H., IDEE

(2.7)  det(] + A(t ))

2
My — Ty, - > i
“eE v MR I () e

p=1 1<i1 < <ip<n j=1 ThJ 1<j<k<p




Lemma 2.3. (H), R OD ERFET %. nj,m; > 0% Theorem 2.1 D@D I,
Al)Z 1DITED, ZLTX,Y % Lemma 2.1 DEDICEETH. TOEE

(2.8) det(X — e ?RY) = det X - det(/ + A(t))

MECOIED. & <IT(2.3) MEKILT 5.
Lemma 2.4. m>1&L, (H), ZEETD. ZOEF (2.3) KD ILD.

3. Grassmannian

3.1. Grassmannian

Grassmannians IZDWTEET S ([7] 2HR). V(2n) ZFE 2n KT\ 7 MIVZER &
9 5. Grassmannian GM(n,V(2n)) 1%, V(2n) @ n KT 7 MLVZEROE
EN5725. V(2n) DEEZOEDEEL, V(2n) OTTZES 2n DRt b
THRYT. V(2n) DEDNXY BIVERMDEE Yo, ..., Yn1 ZOEDENE, 2nxn
T80 = (Yo,..., Yno1) WEED. TOEZFHANT MIVEROEEDOEEI,
Yh (h € GL(n)) 725 — R MEMBEOIER LTy ITEMTS. Fr(2n,n) TS
> ndD2n x nfTHOEEEREE, GM(n,V(2n)) & Fr(2n,n)/GL(n) &[[—
HTES. Fr(2n,n) DILZ n-frame &1 .
1<y <y < - <ipy SQ’I’L&:L,

GM(n,V (2n))iq,...in— = {¥ € Fr(2n,n) : det ((¢s,5)o<kj<n-1) 7 0}

(Y5 = "(oj, - - -y Yon—1;)) EBTIE, T3S Grassmannian GM(n, V(2n)) DAHIR
EDERIRERTH 5.

3.2. Dynamical motions on Grassmannians

[8] IZHEVY, Riccati TR (1.4) DFF 5,(s) V& Grassmannian EDEFHZFED S Z
EZ2RED. ¢, ZHEMHFEX (1.2) DEE L, n-frame

@ (5

EEZD. (1.2) DIETIRNRIZE DT, ¢o(s) I TH S, T7/05 ¢,(s) € GL(n)
Thd. ZDEEHLD nframe i dGL(n,V(2n))o1, n1 WTEL,

(aﬁg(smfa(s)-l) - (ﬂis))
LoEBNEES.

n-frame '(b S M(Zn, n) LZ;@L, (det((wikj)ofk’jgn’l))1§i0<i1<--~<in_1§2n 7&5@
IREEDEHRIT, he GL(n) DIEAT—F ICdethffaNb. L7zdi> TIHUZ
() — L RITCH R OB REEE RI2 T 2 ENTES. ZOEREE Grassmannian

DRy D Pliicker FEEEE WD, (3.1) TH A7z n-frame Db DI

(@DO(S)v ) w““l(s)) - (gilzzgg>

,,,,,




EWVWD nframe 2EZ LD, ELUIE(1.13) THEAZU € On) THA. ZD
& & Pliicker HBIEIX
’l,bio _____ in~1(8) = det[(wikj(s))ogk,jgnml]’ 0<ip< - <ip1<2n—1

Td%. Theorem 1.1 IZBIFLERXTROLEELZLE det ¢,(s) THoTz.
detgba(S) = ’(,b(),l ,,,, n~1(5) &7&‘3"((/)%) Z &L:&%L, ZD ’QDO’J_ ’’’’’ n~l<3) @%éﬁh
Zitik g 2 AR ERD K S.

z€R, ne NITHL, [z] &z DBEI?, (2], =z—nlz/n] EB<. 4 TH
J\\ﬁ }\)I/ (?,big, N ,7,[1,'”,1) %i{'b, Oy = gj+1 ij%ﬁ'((i,
(3.2) v = a[?/nhvu+nhﬂ

Kt}

MWEROIS> TS, TZ20<ig < -+ <ip1<2n—1, i;#i modn (j#k)Z
W29 T = (igy...,in) EZ"DEKETSH. H0<j<n-1ITWL, [;:T—>7T
% .

Ij((io, . ’I:n__ )) = {’1:0,.. ’I:j 1,[’ij'f‘n]gn,?;j_;_l,...,?:n__l}

WEOEET . L_OD&%Pluckerf"Ef-zpm i
Vi in s —ngn (o, -+ tn-1)) “/"wz ,,,,, in_1)

Ziw/e 9. 7272 U sgn(l (zo, i) VB

( Li(ig, .« yin-1) )
iO) B 7:j—lv [7’] + n]2n77;j+17 cee 7in-1
DFBETHD. ULEELoNL, &N
sgn(L;(1))ar 3™, J=1(1), j=1,2,...,n,
GIJ = !

ln

0, LS,
THEAS5N2 2" x 2" 75 G I L 2 BB HFEK

d n
» a—i(qﬁf)le:z = G! )<¢I)IEI
Iz Pliicker @&E (@[1[)[61 ﬁxﬁfﬁ é: bli% .

&2
0 1 -1 0
»_| @& 0 0 1
G = - 0 0 -1}’

0 ¢ —¢ 0
0 1 -1 0 1 0 0 0
q% 0 0 1 o -1 0 O
2 0 0 -1 0 0 -1 0
G(3) . 0 q% ng 0 0 0 0 1
“l¢g 0 0 0 0 -1 1 0
0 ¢ 0 0 —¢ 0 0 -1
0 0 —¢ 0 ¢ 0 0 1

0 0 0 ¢ 0 —¢ ¢ O
THO, GOREAEE £+ %, GOWEB £+ g+ aiFEoTna.

s




3.3. OUBRLEEF—4 ((FH&LLT)

Proposition 3.1. (H), WO D ERET D. 15, mi my (1=1,...,n) i The-
orem 2.1 DFOD EL, At) & (21)ITKVED D,

o(i) = son Ha;ez‘(na-f-??i) PN .Ha#m?)__m?) 1/2

EPE, B=dagh(l),...,bn)] ETD. TOEERAARD IO,

(3.3) U lg(t)U
= S V(ORBY(I + AW)e "RV (©R B} V() XC(e)U

References

[1] R.H. Cameron and W.T. Martin, Evaluation of various Wiener integrals by
use of certain Sturm-Liouville differential equations, Bull. A.M.S., 51 (1945),
73-89.

[2] M.L. Kleptsyna and A. Le Breton, A Cameron-Martin type formula for
general Gaussian processes — A filtering approach, Stoch. Stoch. Rep., 72
(2002), 229-250.

[3] S. Kotani, Probabilistic approach to reflectionless potentials (in Japanese),
Symposium on Random matrices and related topics at T'sukuba Univ., 2000.

[4] H. Matsumoto and N. Ueki, Spectral analysis of Schrodinger operators with
magnetic fields, Jour. Funct. Anal., 140 (1996), 218-255.

[5] H. McKean, Stochastic integrals, Academic Press, New York, 1969.

[6] T. Miwa, M. Jinbo and E. Date, Solitons, Cambridge Univ. Press, Cam-
bridge, 2000.

[7] M. Sato and Y. Sato, Soliton equations as dynamical systems on infinite
dimensional Grassmann manifold, in “Nonlinear PDE in Applied Sci. US-
Japan Seminar, Tokyo 1982”, P.D. Lax and H. Fujita eds., North-Holland,
1982, 259-271.

[8] K. Takasakai, Integrable systems as deformations of D-modules, Proc.
Sympo. Pure Math., 49 (1989), 143-168.




% RJT Brown EEICXNIT ZHF DA

fErt e (BRBEEKRF)

1. FC®IC

% X7t Brown BB DBFTRR L(¢, z) 1% Imkeller & Weisz [1] 12k D, ROML ERSI T3,
¢
(1) L(t,z) = lim / (e, By — 2)ds.
£—0 0

I 7T Bs=(B},...,BY) 13 N Xt Brown #&), py(t,z) i& N RILD Gauss e RL, E&
S x40 721’&%?—5 BICEER Z Lcid, EDPEIE Wiener BB OHHHATIZE & 2
Bﬂfia 57, HEEAEZEMTH 5 Watanabe 22 DY (o <1—N/2) Z¥EfEL CTE CHED
o (Watanabe ZEHDERIFREIBRD ) Kz 9 & (1) 1F occupation time formula
@\E,Eh_#ob)f [3 6:(Bs)ds TH o TR OPEZ 6N B I LERL TV,
& T, 1 RJG Brown #EENCHN L TE, Z0EATKRHEZ L6227 DEMLEARNSG—2H
5, EHT EHNTI: Tanaka DARTH 5,

t
(2) |Bt — z| = | By — z -{—/ sgn(Bs — xz)dBs + L(t, ).
0

| ARFETIE, D Tanaka DARDISRIT Brown EENC X L THRIZT S 2 E2FIET D 2 &2

' —DBEWNET 5, 1 XTLOHSE, || =26 ¥EFREZzEAHTHRECH >, £ I TERTD
Be, || DBDDIC Newton A7 vb, b LENERT Yoy L% (D215) ZHV2
ZEicT B, Al

I(N/2—-1) 1

: i > 3:
U =4, 27 T =
— log |2, if N=2
T
R LT
t
(3) U(By —z) =U(—x) +/ (VU(Bs — z),dBs) + L(t, )
0

AT 5 S HE—DBMTH S, 2T [((VU(Bs—x),dBs) = SN, [ 0,U(Bs —2)dBi T
Hb, "E VU(Bs, —z) 3B HEAED fa::cr:cwo &> T EROMERMES X, 1o BmOaDH
IR TH % Skorohod & LTHET 2 2 L LT 5,

ST (2) BH=NF 7 =) |By —z| D Doob-Meyer T% 52 T3, K#EDHE 2 DHNIE
(3) Z Watanabe Z2[E"CD Doob-Meyer 73 & &£ 62T, ZO—FBE2R"T L THS, 22T
martingale % natural increasing process & D#& % Watanabe ZER]DITIZN L CTH BRI
L, 3) ZZD8lHE»6RODET,




2. Watanabe ZE[t], Skorohod f&%y

I.(fn) & fn(sgl), ) ..,s,(mll); e ;3§N),. an)) € L(dsy---ds,) (n=(n1,...,ny) € Zf,n =
In|=n1+no+---+nn,(51,...,8,) = (sgl), ,8%11), ,sgN), 8 S}?)) D n-E Wiener E7

L9 %,
t t

L? B8 D 1t6-Wiener EFICIEE L T Watanabe Z[# Dg (a €R) ’i’f/\“@%&)%o

D ={F =) In(fa): IFl3a=) (1+n)* ) nlffnl® <oo}.
n=0 Inj=n
TP = [ L 1fPdsy---dsn, nl = milngl---ny! TH B, Fie RY @ABHICKH L THR
3% CEZEL DY(RY) LT,
Fn(s; s(l) e sgN),. sy € L2(dsdsy -+ - ds,) R LT Bi 12 X % Skorohod 4y

JE In(fns )dB“ ERTED D,
t .
AIMRMM$=LHA&M)

T2 Sifn BB (st s s Sy @, s, s s BT B L
ZRT, £ e; = (61,...,0n:i) (8 1& Kronecker DTFNY) £§ 5, “ﬂﬁ@ Watanabe ZE[H D
TG G(8) = 3. In(gn(s)) XL T, 2® B2 X% Skorohod &% fo §)dBE = 3" Inte;(Sign)
LEERT D, (BLAAEANERETELHADAEZD,) ZHUT G(s )f)) ds x P IZDWTH
AT Bs-adapted TH 2 & & Ito o & —HT %, TIT By = 0{By;u < s} (Brownian
filtration) T® %,

3. Tanaka DA,

EFE 1. 240, a<1-N/2 LT3, TDOLE (3) 28 D THY LD,
FEERIE U 21860 %2B% U, TaMlL, Ud(B;—2) I 1to DARZBEHT %, 2D e — 0
ETHUT kv, TZIBVLTHERESEL 2 Pu— T 2BBICROGEDIRI 2 FKiET 5,

W 1. Bs-adapted TH % u(s) € DYRY) 78 [{lu(s)||3 gds < co DEF, [(u(s),dBs) € DY
THY, HHER Cp HLT

[ tuts),az)

2 t
s%lmwmws

21ﬁ

DLALT B,

4. Doob-Meyer 73 f#

%9 Watanabe Z2fi] D$ IZ 81} % martingale, increasing process 122V T DFHDSGIHD K 9,




EE 1. yeR LT3, D] fll process {Ms;0 < s <t} WTRTD s <u XL T E[M,|Bs] =
My 2H7$ & E, Mg 13 DJ-martingale TH 5 L9,

FER 1. My = 5 In(fa(s; sty ..., 8n)) 5 D)-martingale TH 37D DBBEAVHEME, H 5
fn(sla A '7377.) 7337??{:5[/"( fn(3§317- "asn) = f'n(sla' . -,Sn) H] 1[0,3](8,1) é: 7;5 : (‘:T&Séo

EE 2. 7<0 &9 %, DI H process {A5;0<s <t} D3 Ag=0THH, 22, F>07%57TX
TD Fe DT IZiLT (AL F) > (A, F) DR D SID L &, Ag 1d DJ-increasing TH5 &),

EE 3. DJ-increasing process {As;0 < s <t} BROWE =W § L &, As 13 natural TH 3
E) 1 FRTD D, " -martingale Yy W% LT

) |£fr—n—>0 Z<Y3i+1 — Yo, Asiyy — Ag;) =0
7

DEDILD, TZTA={0=35 <5 < < 8p1 < 8p = s} 13 [0,8] DOEIT |A] =

max |s; 41 — 8.

EE 2. L% (4) 1%, Ay DY Li-increasing T Y YA martingale D & ZIIRXEFETH %,

E[Y,A] = E [ /0 ’ Yu_dAu}

EE 4. D] -process {X5;0 < s <t} BRODMERFOLE, TDHE%E Xy O DJ-Doob-Meyer
DRREE NS L

X,=M,+ A, 0<s<t.
Z Z°T M, 13 DJ-martingale, As (& DJ-natural increasing process TH %,
PLEDMERDT, ROFRZ2HE S,

fiRE 2. DJ-Doob-Meyer 7fRIE—EBITH %,

EI 2. L(t,z) V& natural TH 5,

% 1. U(Bs — x) %% D}-Doob-Meyer 73f#% b D MEADEMHIE v <1 - N/2 TH 5,

SE 3R

[1] P. Imkeller and F. Weisz, The Asymptotic Behaviour of Local Times and Occupation Inte-
grals of the N Parameter Wiener Process in R%, Probab. Theory Relat. Fields, 98 (1994),
47-75.

[2] H. Uemura, Tanaka formula for multidimensional Brownian motions, preprint.




Sample Path Large Deviations for a Class of Random Currents

S FIE (SRR B R GER) -

M % dXyea /37 b Riemann Z4EE UL ({z}0, {Prtaem) ZEBIERE A/2 4 b 1A
BEST D M EOIHIRIEE TS (A= ~8d: FEEMETTIT>7 2, b: BENERT MV, &
R TIE, {z}o & MRBESZBLCTM LD 1AL 2~ (—RMHHROMKZER) 121 D
A 1-A L 2 b OZERITEZ S HERBIE & AR U TREEREOFN 2 5 2 7z,

WD 1 RMATHRDTE o ZED BT, {2hiso DREEITH o BB X, (o) NE 2
B. ZOEE, X(a) ZERNF =)V ERD. BT Yi(a) RO Aa) & Xi(a) DIVTF 27—
VES R OEREHRS ET 5, ZOEE, ROWHEARD IO

(i) —REEWHIHX a=dulZH LT, Xi(a) = u(z) — u(z0),
¢ 1
(i) 4u(@) = [ ((b.0) = 3h0)(z2)ds,

(m)K@Q@:X%ﬁ@%@hﬁ@ﬁ@ﬁ:lﬁ@%%Ms&%éhéo

aBENTIEICLD. X, Y RO A WIB SN 1 RS RRO2E 9, EOREEICEZ R
DHERERERAOSND, D LITUTTERT DI/ IVLOIE| - [p}p0 & D Schwartz i

A ED B N
Iwb:{AHU~mwmm4

(Ay 0 VRO BRITIER T % Hodge-/NET 7527 >, du: IEHE X372 Riemann H#IEE)
D% D1 D| - lp TEBEMLEL, 2], ZZTDORMERET D, ZOW, p > d/2 55K
%p = C([0,00) = 27,) KHEERD Y OEENFET D, £izp> (d+1)/27351X6, ITEZH
5 X DEEBFET S [4. #o T B X 1 G- EMREL (2, EHFRER) EA87, DIT
DY KO X BT8R EE/4p > d/2, p> (d+1)/2 DEETTRILT 5,
ZDEDBHDIABDD & EFFMENAEIHICET S EOMREENA SN TN D,

KE DB [2]:
ee%%xmg:/Xwﬂy—§@mnfﬁméumthwmxﬁ%%mgy:@&%\
M

%Xt dt— 00T elZBENFET 5,

FROEIRERE [4]:

yﬁ:;%nmxng%an-ndaﬁ<u@m@§mé%%§§chyymymma@
B) Wh W2 WEEL T, YA XANEELN — 0o T WL W2 AT 5,

_ CITATINRT A= g(A) &, limy o0 g(A) = 00 IRDEIITHA. XA = g(N) XA,
VA= g(\)7IYY LR, Z0EE, XA KUY D E, EOXTHITDNT g(\) OFBA—F—0
FMEOB &, KREFBOFEAL D LD,
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Theorem 1 limy_q VA/g(A) = co E{RET 5.

(1) Y O, HER L, HE g(\)? T {2 >0 OHHIEIC DWT—HRIC KRR B 2 /-
T, . EEORLIVAEIES AC %, LT,

lim sup L log (sup P,[Y* e A]) < — inf L(w),

A—oo G(A)? zeM weA
L. 1 . = .
llﬂgf W }.Og (xlél]{‘/[ PZ [Y € A]) > - ;I;g L(’LU) .

(i) X OO, EERERK L. HE g(\)? T2 DOMITDONT—HEICKRZEFEE 227,
HEREH L RO LIZROBTEA 5N,

- % / 0420y w0 1 L () -EAEREEBIECT wp = 0,
w) = 0 1
o0 ZOMDBE,
L(w) %/ et Fo gyt (wh ) = ODHEB®D @ € 91, THRALL. L(w) < oo,
- 0
00 ZTDMOBE.

BL. uo# (%A+b)ua — (b,a) — %6a~ le,0) DIRE L. ap = dua T ap £ 5.

g TIWE B g(A\)TIW? O, AR L KO L. HE g(\)? T 2 OAHIIDOW
T—HRICKRREREZHEZT I E2ERL TR
., ZOEEDFRE LT Strassen B OBEEMBIERINE S NS,

Theorem 2 g()\) = vIoglog A &B<. {X* a0, {V a0 EHER 1 THLG, 0T LA )80
NEAITE S, BT, A — oo TOWHKMAFIOMBOZTEAE, &4{L <1}, {L <1} ITHE
R ITHT 5,

INSOEMOIHIE. Baldi[l] DHED 1-5 L > MEFERBEAOHED 5155115,

F7=. Theorem 2 DR EL T, AT T —R)WEBERE LD T 57 L EE OEMERERK
ICBET 2 EEMBUERINE D, BlB. 7 )VEET C 7y (M)/[m1 (M), 71 (M) ~ Hy(M;Z) %
BAWBICOD M OV —< HEESEE X OEBBEHE dist. X LOT 59 EE%E {Bi)iso
ELREE, RO D,

Corollary 3

ist B
0< hmsupEi—li—(—B—t—’——02 < oo a.s.

t—oo tloglogt
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Statistical problems related to 1-dimensional rotations

Teturo Kamae! and Hayato Takahashi®

Let £ = £1&; - - - &, be a finite 0-1-sequence. We denote the length m of € by |¢| and the number of 1 in £
by |€]1. We also denote p(€) := [€]1/|€], theratioof 1in €. Let € = &€+ -- & and n = 1172 - - - 15, be finite
0-1-sequences. We say that 7 is a factor of £ if n < m and there exists an integer ¢+ with 0 <: <m —n
such that n; = &4; (7 =1,2,---,n). In this case, we denote n < &.

For a finite 0-1-sequence £ = £1&a - - - &m, we denote by ¢ the set of (o, 8) € [0, 1] x [0, 1) satisfying

&L=lia+ Bl - —Da+8] (E=12,---,m), (1)

where | | denotes the floor function.

We call ¢ a (finite) Sturmian sequence if {2 # . We denote by St,, the set of Sturmian sequences of
length m.

We may consider £ = £ & --- &, as a random variable defined by (1) with random element 8 in the
Lebesgue measure space [0,1) and unknown parameter ¢ in [0,1]. The sample space is St,,,. As usual
the probability (expectation, variance) under the parameter « is denoted by P, (E., Vi, respectively).
Thus, we have a statistical model (St,,, Py, @ € [0,1]).

By (1),

[ma] (B <1-{ma})
[ma]+1  (8>1-{ma}),

where { } denotes the fractional part. Hence, we have

Ea(p(§)) = (1/m)Ea([€]1)

€l = [ma+ 4] = {

= (1/m)(Ima](1 = {ma}) + (lma] + 1){ma})
= (1/m)(|mey + {ma})
= (1/m)(ma) = (2)

Va(p(€)) = (1/m*) Ea(([€]y — ma)?)
= (1/m*)((|ma] — ma)*(1 — {ma}) + (|ma] + 1 — ma)*{ma}) ';
= (1/m?*)({ma}?*(1 ~ {ma}) + (1 - {ma})*{ma}) |
= (1/m*){ma}(1 ~ {ma}). 3)

!Department of Mathematics, Osaka City University, Osaka, 558-8585 Japan (kamae@sci.osaka-cu.ac.jp)
?Department of Statistical Science, The Graduate University for Advanced Studies, Tokyo, 106-8569 Japan (taka-
hasi@ism.ac.jp)




Therefore, the sample mean p(£) is an unbiased estimator of a having the variance given by (3). It is
not admissible if m = 6 or m > 8 under the quadratic loss function since it is not based on the minimum
sufficient statistic (Theorem 2).

The following theorem is well known.

Theorem 1 (M. Morse, G.A. Hedlund). For any finite 0-1-sequence &, £ is Sturmian if and only if

it is balanced.

Let m be a positive integer. Then, we have the partition

0,11 x[0,1) = | Q¢ (disjoint). (4)
£ESt,

This partition is discussed by Yasutomi and Berstel & Pocchiola.
It is proved by Jean Berstel and Michel Pocchiola that for any finite Sturmian sequence &, the domain
¢ is surrounded by at most 4 pieces of line segments, at most 2 from above and at most 2 from below.

Thus, there are only 3 cases as in Figure 1 for the shape of (2.

B

Figure 1: Shape of €

In this talk, we prove that in the 3rd case in Figure 1, the horizontal positions of A and B coincide,
which implies that the graph of the likelihood function P,(£) with respect to a given £ is of triangular
shape as in Figure 2.

The value & = &(¢) which maximize P,(&) is the mazimal likelihood estimator. That is,

P5(§) = max P,(¢). ‘ ()

«€[0,1]

Let £ =& & --- &, be a 0-1-sequence. A positive integer p is called a period of £ if
fi:§i+p (i=172""7m°—p)" (6)

This is equivalent to say that for any factor  of £ with || = p, £ < n° holds, where n°° implies the
infinite time concatenation of 7.

Let £ =¢&1&--- &, be a 0-1-sequence. A positive integer p is called a period of £ if
fi:€i+p (i:1’2>"'am_p)' (7)

This is equivalent to say that for any factor n of £ with |n| = p, £ < n° holds, where > implies the
infinite time concatenation of 7.

The minimum positive integer p as (6) is denoted by per(¢). Note that per(¢) exists always since |£] is
clearly a period of £. A factor i of £ is called a minimal cycle of £ if |n] = per(§). We define 4(€) := p(n),

where 7 is any minimal cycle of £.




Pa(§)

[e71 & a2
Figure 2: Likelihood function

Recall that a statistic T = T'(€) is called sufficient if for any £ € St,,, and t, the conditional distribution
P,(¢ | T =t) does not depend on « € [0,1] as long as Py (T =t).> 0.

This condition of sufficiency is equivalent to that for any &, &' € St,,, T(€) = T(£') holds if and only
if &(€) = a(€'), a1(€) = a1 (¢') and as(€) = az(€') holds (Figure 2). A sufficient statistics 7" is called a
menimum sufficient statistics if for any sufficient statistics 77, the partition on St,, induced by 7" is finer
than that induced by T'. Note that a minimum sufficient statistics is unique in the sense of the partition
induced on St,,. Clearly, the triple (&, a1, a2) is a minimum sufficient statistics.

For & € St,,,, we define

16 = {ie @ mi = ip) = min (- io(e)

~}

€

0<j<m

{z' €01, m}; E—ip(€) = max (5, —jﬁ(§>)}-

The maximum value in I(£), etc., considered as a function of ¢ is denoted by max]. We prove that
max I(£) — min I(£) is the slope of the left line segment and max I(¢) — minT(£) is minus of the slope of
the right line segment in Figure 2.

In this talk, we prove the following theorem.

Theorem 2. For the statistical model (Sty,, Py, a € [0,1]) with the quadratic loss function, we have
(i) The maximal likelihood estimator & satisfies that &(£) = p(€) and the likelihood at @& satisfies that
Pa(§) = 1/per().

(ii) As for a; and as in Figure 2, it holds for any nontrivial £ € St,, that

X 1
Q; =« (max I(£) — min I(€))per(€)
Qn = & 1

" (max I(€) — min T(€))per @

(iii) The statistics (4, max] — minJ, max] — minT) is a minimum sufficient statistics.

(iv) The sample mean p = p(£) is not based on the minimum sufficient statistics and is not admissible if
m=6orm > 8.

References:

M. Morse and G.A. Hedlund, Symbolic dynamics II: Sturmian sequences, Amer. J. Math. 62 (1940),
pp.1-42.




Jean Berstel and Michel Pocchiola, Random generation of finite Sturmian words, Discrete Mathematics
153 (1996), pp.29-35.

Shin-ichi Yasutomi, The continued fraction expansion of a with u(a) = 3, Acta Arith. 84-4 (1998),
pp-337-374.

Teturo Kamae and Hayato Takahashi, Statistical problems related to 1-dimensional rotations (preprint).

1 RcEBD» S51ES5 1% Tree O Hausdorff KT
HF E (HARKRFELHEFR)
I =[0,1] ®_E® piecewise linear, expansive, topologically transitive transformation FF # 2 5, 7%
DHLEREEG AL ac AHIGTHXMEIZL L T O5E {(a)}aesa D> T

1 (Flay) 13EH.
2. F ¥ expanding: £ = lim 1 ess[grg log |[F™ ()] > 0.

n—roo x

3. I & topologically transitive, 3% b5, BNz c I L ZDEEDEE U, b ->T FMU,) D I.
word w =qay -+ an \COWTWHLUTORET A5,

1. |w| = n (the length of a word w).
2. (w) = NEg F~* ({assn))-

W, & & & n ® admissible words &z &L, W =U2 W, &B<.

0<r<1%12FU, R=ref EBL. TDOEE, FIIXIET S tree # T3, 27— FICHIGT 5E
&1 ® branch(P) * EAPSLDIET. FOHRMIIRS 1 DT — FIZxIET % branch(a) (a € A) zHA4KS
Rl{a)] TOIEXF. IhExFTL. §2bb, REnD7— Fw=ay--a, {IFIG L7 branch (w) & branch
(@1 Q) DIMEPSEEE Y, ES RVYI(w)] TOVTWT, ZORMHITIE a; - a,b IxHIET % branch
B bnET 5,

Definition 1. 1.7° = Uyew(w) D&% tree T & L 5.
2. ((w)) = Ugycquwy(u) & (w) 5% F % branch & X 5.
3. T\T° % flowers of T & X 5. flower D& L T DEIZXIIET 5.

Assumption 1. Words u,v € W (Ju| < |v]) @I HELATREDL S 2. E5IZHLEHC) > 07 dH o
T, FEED word w € W 120w T () N (T\T) DEER Col(w)] £ VK X,

Theorem 1. F 7 piecewise linear, expanding, topologically transitive transformation &35, ZD&
&, tree ® Hausdorff Kt det(I — ®(R%,a)) = 0 DHEAIBICR L. 22T, &(2,a) & FIZHIET 2
a-Fredholm Matrix T, F OREHERNOEBRNPLELNS.

FEHOERNLTATATHEUTOL IR bOTH 5.

tree T @ Hausdorff XITix % ® flower DRTTTHRE S NAE. F LT, flower i 1 RITOXHE & xFIHT5 2
EM D, tree DRICIEFE LR S D word 124 5 cover # VT EALEHMETE 5. & 5I12H%% % Markov
T AT, FOREHNERDMD flower ICKIST AH 7% 1 R NFHR TR LT

E32 [Billingsley] ;s # FEE@E & L, dim, TEE 4 263 5 Hausdorff XKLL 4. Z0 & &

o log (e [Ln])
Tell: m = e, =

% 5id dim,, > adim,,




VA, ZZTa%ad - EHz DBEREET.

INEHWT, 1 RTHFERE lower DEIED Hausdorf KTz i L, & 512 Markov BITH L Z b h
5, WE O Hausdorff XIT & Hausdorff RITVE L W I EARENS, BEICX D, tree @ Hausdorff KT
OTHODFME S THBEE#LS,
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1=1
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pm(x) =
0 if mitz.

(iv) EHp LT ap:Z - [0,00] 2RCTHEHET 5:
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BRI £ N - R 25K % AT & SMER (additive) TH D L9
k1N PEVIZERSIE f(K) = f(k)+ f().
K5I, KA BT E EBINEN (strongly additive) Td 2 &2
fe™ =fp), "meN, pERHEL
FE 1. f PEe 5L

fln) =3 flpr™),

EHICHEMER O L &1
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Claim 1. (1) OFEHOTFT TRA Y ILD:
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1
Pa(4) = ~#AN {1 n} A€ P(N).

BN ENOFO fIIHERTESEDT.




AR 2. & (1) 1 Claim 1 PO DOLEFETL S L. HL, R oSG {P.(f € )} #°
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FRET 5 (ZO&MHE Y f(p)py(z) HHER 1 THRIIGET 2720 0%H4ThHS ). TNLE, £neN
Xt LT

g%AOﬂm—me>e]ﬂLn%aﬂ:0,V5>O

o0

CZ(IE,:U) ::Zé}{(l_pm(w—y))’ .’E,yEi-
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Regularity of the diffusion coefficient matrix
for the lattice gas with energy
KiEELE GRLK - #)

UTFDL D R IEEEERDL. RBEEL LT X ={0,1,...,k}2 Td=1,2 27 5. &
BE D= (N)oeze &L, 0, =02 0138 ¢ 1328, 7, £ 0 2 51THE 2 KT RXNF— q, DRIF
BRHBHDLT L. Markov BREOEARL X EORPTRERICHL T

Lim) = > {cxm)m®Vf(n) + cgelnz)m ¥ f(m)},

z,y€Z%|z—y|=1

95 {HL
rEDf(n) = na(l = 0y)(f(0©) = f(n)),
VM) = Les2i<n,<e-13(F(0°7Y) = £(n)),
Ny, ifz=uz, ne—1, if z =z,
(n(x’y))z = {771:7 if z= Y, (nx_’y)z = {ny + 1, if z= Y,
n., otherwise, Nz, otherwise,

T Cex, Cge 1 {0,1,...,k} 225 R NOBHTEICIETH 5 L7 5.

1-p if1=0,
1
p p if 1 =1,
PP,P({n Ny = l}) = Zc((p,p) .
: (P, ) f2<I<k

p
Zo(p,p) Cge(2)Cge(3) -+ cge(l)

(BL Z BIERILERT, a i B, 0] =p 222 &I1KEX3) THEX 5L EBEHR
BzEX52 L ONBRFEUEIC LD, ZnbE2AVTUTDOL D% 2 x 2 175 D(p, p)
¥ ERD. ]

D(p,p) = D(p,p)x"*(p, p)

BL x1 1
‘ | Ep,ln?]—p* (1—p)p )
x(prp) = ( (1-p)p p(l—p)
DHFFTHNT, D BNIMTHICUT D & 5 REHERTEZ NS,
(a-D(p,p)a)
= >, aDij(p,p)e;
i,je{E,P}

= lilf Ep,p [Cex(ﬂo){ﬂ(o’e)(amo + a21{n0¢0}) + Z W(O’C)Txu}2

+ cge(n0){7° 7 (a1m0 + aslinezoy) + Z WO"}ET@U}Z]

(AL inf IZBFRBEMSEOLETES) 2D D(p,p) 13T DEFVICH L THEHZER %
& < Iz By DIEBAREATINC 2 > T 5.

CEB 1 OHBUREATI Dp,p) (DBEA) 1 p,p OB S REHTH D,




ZDOEEEEL 12DIT Green-Kubo AR L EEN S Y 5 —2 DL BT O E X FH 2 E
AT 5.
G=G(p,p) & 2 x2WHMTINE LUTTEZ 5.

(a-G(p,p)a)
= p,p[ceX(no){W(O’e)(al% + azl{no¢0})}2]
+Ep plcge(mo){7° % (a170 + a2l m03) } ] (1)

-—-—/ Z plWaTze Lo, )dt

CTDrED=GThas.
Ih&y (1) OBKATOHMBREE DS DOIE S P S 2REIE LW,

EE 2 [° 5, Epp[wareelti,)dt 12 p,p ICBIL TIES P REHTH 5.
SEEH O, A %

A= {A=(A1,...,Ar): 4 CC Z*, with A;nA; =0 if i  j},
CREHEL Ac AIHLT

k
= H H 1{nz=¢}(n)

i=1z€A4;
&35 {Valaeatd X £ (sup norm 1TBIT %) SEREREHICT L CTHIEIC 2 5. BFIRIE
f %;@%Ek@@bf@ﬁﬁbtk%@{%ﬁ? f TEL, Lf = ZAeALf\IfA EThH ZDE
% Lf(A) = LF(A) 2873 VEEHE L 12 Markov @B OIERTRICR . Ac A L IEBFHREE
nteX

Ay _J1 zeA;forz=1,2,...k
(%) = {0 otherwise

ZXAIOIRDEZLITEY, T A e ADSHFEL = Markov i8R TD Markov :BFED 5
LA MORFELZbDLEMEICRS. X,Ey 220 Markov BB L0 A S HFRL -
Markov sBRITHT 2 RIAHE L 5 & BFEEE £ oM f 1T LT

9(A) =By [ fX)eds
LB gy =3 ,40.(A)¥4 X resolvent equation Mgy — Lgy, = f DFRICRS. Zh L Y
MBIREE DLSBUIILAT OO ) — 0 NDBRTEI N 5.
> h(B,p,p) > F(C)m(C,p,p)

BeA CeA
X{*-Eg/o IB(B)(XS)e"’\Sds + Egec/ok IB(B)(XS)G_)\SCZS}

BU h(B,p,p) \ZERMED Be A ZBRWT 0 THY p,p OBEE LTEL D, §FIIHRE

DBeAZRNTOTHY midp,p OFHE LTESPTHY B(B) C A l3d 5LERLE

i’; DT N & EERARR AR DT & 2B O )\ ISR L =R R b oIS T
nTtna.

Lemma 3 Eg [i° Inpy(X,)e™ds 13 A =0 T,d=1TiE 1/VI OF—¥—T,d=2 TlF
—log A DA — 5 —TCHET 503, %@%ﬁj\cho Ine)(Xs)e o ds — Ege [5° IBB)(A) —As s
EA =0T, d=1,2 & HITUTRT 5.

C DFEENS F) OGREREM LI THLI EBbN 5,




The dynamics of entropic repulsion for the interface model

B RRERFEREMZEWER, A AFNRESRHIPRE)
December, 2002

AR TIE. REETTIVIZBIT S entropic repulsion EFFIENBEHERITDONWTEHT 5. entropic repulsion
W TREETIVCHLTEZBNWEZEE, TO/ A XDOHRICL> TRENENSTSVWOFEIITHL £
Fohsh ZFRLEETH 5. '

TR IR B AR Gibbs 2 pf W U TR (1], [2], 8] R EDHERNSH D, ZIT. uf &

i) = (20) e | D0 V(@) -¢w) | [Tdo*@ ] doldd(a)), Acz?,
z,yeZ? zEA zE€ZINA
le—y|=1

KEDEREIN, déT(z) 1% [0,00) £D Lebesgue WE. V IZUTORGEHMZTHEKTHS !

1. (smoothness) V € C?(R),
2. (symmetricity) V(z) = V(-z),z € R
3. (strict convexity) B8 c_,cqy > 0 BWEEL T

c. V" (z) < ey

IoEE, pf=pf, AN=[-N,N*NZ &B<E, d220LE, R C < Cp WHFHELT

Jim uf; (4(e) < VOToga@)) =0, C <Gy (1)
dim uf (¢(z) > +/ClogsW)) =0, C> G 2)

MR THIERHENTND, TIT,

) log z, d>3,
ogale) = (logz)?, d=2,

T@%o %’H:‘ Gauss i%\ be V=$B2 @&é"i Cl =02 =4Gd &7&5:.&:7:’“‘975\‘9T(/3%0 Z T,

Gy &
t
lim / PEY(0,0) ds, d>3

t—o00 0

t

li P ds, d=2
t_l_)r{.lo 2logt‘/(; S (070) S7

Gg =




KTEABND, TIT. PEW(0,0) = exp(s2A)(0,0) & 2A IZX VD EK I NS simple random walk @
transition kernel T® %,

F#IC. Gibbs A ZFHMRE L TORERERICHL TS, t - co DEZFRABICHEIHL LWTENT
WS EFHEND, ROBEMDFERNICKOHER ¢ 2EATS :

doy(z) = =V (z, ¢:) dt + dly(z) + V2dw,(z), z € 2° (3)
ZZT. VRBUTTEET S :

Vg, ¢)= >, V'(é(z)- o)

VEZd: [o—y|=1

ZOV RBEREOFEEBEZTERET D, £z {w(z)} WBMIL/2—KIT Brownian motion DIETH 0,
£:(z) 1% ¢e(z) KT B local time TH D, ZORFHFERE ¢, ITHT Dt - 0o DEZDEFZHERONR
9B,

FHRDOERKRIZLUTORD THS :

Theorem 1 (Deuschel-N.,[4]). #IHIGRHF ¢o BHIULRDHTH D, ¢o(0) D2RKE—AL MIBERTH
HERETD, TOEE, d>2DFT, EHC, < C, BHEELT,

Jim P, (u(0) < y/Clor@) =0, ¢ <y ()
Jin Poy (6u0) 2 /Cloga(0) =0, ©>a (5)

MR T B, FiIZ, V(z) =22 THDRHIE, C1 =Cy =4Gy MRILT 5,

R& DR (4),(5) 1. FEROKER (1),2) KBV T t=N2 LLEDDEFATEIENbh 5. &
IZ. Gauss HOBEOERDZLERFELTVS, Zhid, (3) DARZ M- Fyy TR N2 OF—5—
THBIEEEEICEELTYS,

T3 3k

[1] E. Bolthausen, J.-D. Deuschel, and G. Giacomin, Entropic repulsion and the mazimum of the two-
dimensional harmonic crystal, Ann. Probab. 29 (2001), 1670-1692.

[2] E. Bolthausen, J.-D. Deuschel, and O. Zeitouni, Entropic repulsion of the lattice free field,
Comm. Math. Phys. 170 (1995), 417-443.

[3] J.-D. Deuschel and G. Giacomin, Entropic repulsion for the free field: pathwise characterization in
d > 3, Commun. Math. Phys. 206 (1999), 447-462.

[4] J.-D. Deuschel and T. Nishikawa, The dynamics of entropic repulsion for the interface model, in
preparation, 2002.




An asymptotics of a Lévy functional
related to the parabolic Anderson model

EHE E (RRIERFEIFEHER)

This is a joint work with M. Cranston and T. Mountford.
Let {L4(t)}zeze be independent copies of a centered Lévy process L(t) defined
on a probability space (Q, F, Q), which is given by

L(t) = aB(t) + /[0 ixR ulN (dsdu),

where {B(t)} is a Brownian motion, {N(dsdu)} is a compensated Poisson random
measures on [0, co) x R with the Lévy measure p. For {L;(¢)},czq¢ let us introcuce
the following Lévy’s functional Af, ,, . by

b
Ay = s / dLysy(s) (z€2%0<a<b),

[a,b],m

‘fa b,m denotes the totality of the continuous time d-dimensional simple ran-

dom walk paths with m jumps during the time interval [a, b].

where I

Assume the following condition.

/loo ep(du) < oo. (1)

Then for every a > 0 there exists a constant 0 < c¢r(a) < oo such that

x

A a
tlif{.lo —[-0#?’-[—31- =cr(a) Q-—a.s.

In the Brownian case: L(t) = B(¢) it holds that
egl(a) =cp(1)v/a (0<a< o),

which follows from the scaling invariance of the Brownian motion.
Our main concern of this lecture is to investigate an asymptotics of cr(a) as
a ;0. Then we obtain the following result.

Theorem 1 In addition to (1) assume further that

/ u?p(du) < oo. (2)
R\{0}




Then
cr(a) ~oez()va (a\0). (3)
where 02 = Eg(L(1)?).

Therem 1 is applied to the parabolic Anderson model with Lévy noise, which is a
heat equation with Lévy noise potential over Z%:

du(t, z) = kAu(t, z)dt + u(t—,z)dY,(t) (z € Z%), (4)

where & > 0 is a constant, A denotes the discrete Laplacian over Z¢ and {Y;(£)} ez«
be independent copies of Lévy processes Y (t) starting at 0, defined on a probability
space (Q, F, Q) with Eg(]Y (t)]) < co and

. 2 .
Eg(e*¥ M) = exp —-% +/ (e — 1 —izu)p(du)
(—1100)

Then (4) has the unique nonnegative solution satisfying Eq(u(t,z)) < oo.
Then we obtain

Theorem 2 There exisits a constant A(k) such that for every nonnegative bounded
non-zero function (0, z)

.1
tl_lglo : logu(t,z) = A(k) Q — a.s.

Furthermore, applying Theorem 1 we obtain
Theorem 3 Assume further that

/ (log(1 + u))*A(dw) < co. (5)
(~=1,-1/2)\{0}
Then 2en(1)2

A(&) — A(0) ~ fﬁfg’—g(%% (as &\0), (6)

where A(0) and o2 are explicitely expressed.
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M. Cranston, T. Mountford, T. Shiga: Lyapunov exponents for the parabolic An-
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Scaling limit of vicious walks

N EHE (PRRZFETZEER)
B i (FERZEFH)

({Sj}jZQ,PZ) %%)@%ﬁ‘?ﬂﬁf&ﬁ%ﬁﬁ? ‘/&\ZAWT"-DTC‘%% Z = (Zl,Zg, .. .,ZN)
MRS D N-KTIVATEEET S, 22, AR 2 DRI

ZiV:{Z:(Zl,zz,...,ZN)EZZN; Zky1 — 2 €224, k=1,...,N—=1}, (1)

DEZETHY, Z, BEDBREEOEE LTS, 3T, TXTOT+—I DKL m
ECIERLULRNWEME

Si<S<... <8, j=12,...,m (2)

BEZ. TOBRE A, EEZ. QA1) = P*(|An) £BL. ZORHENS F A
T —2 ({S;};0, Q%) V& vicious walkers (up to time m) EXENTHD, MHAE
DEFRITHBIT S Young tableaux DOHFH, REREBREICHBIT 2 KPZELEE. >
5 LAFTHEREDBERICDONVTIMAIIEIN TS, ([2). ZOEETIE

1. vicous walkers {Z%1 9 % Functional central limit theorem ([4]).
2. WIRIEBURRE & T > & LTHI DB ([3)).
3. U — 278 N ZEBERICU&EEOHBUBRE OIS, ([6]).

KDOWTHAT 5.

B5 2 H L+ — 27 @ diffusion scaling limit I§7 T VEETH D ZENE, vi-
cious walks @ diffusion scaling limit &, FEFREGEZ DT SNZ N-T 5T R
TRIZILD, EEREGENEROREL T ETOHRE., TOFERT ST RFHR
X(t) 13 FeRIgER KIEHGAIRIC/25%%, TS Brownian meander & XN S 1K
THBCBRREOLRITTCICHIET S, £/ T 2EERICLEEEE, FERT ST
BIF 3 Y(t) 1& Wyle chamber NOWIREET 57 2 EH D HAEHUITH V. Dyson’s
Brownian motion &FEENTW 2 KHIZERILBOBETH 5. ([1)).

FEERILHEGEE X(t) KBTB 0<t<< T DEEL t=T DEEDHHIE, T
NN Gaussian unitary ensemble (GUE) & Gaussian orthogonal ensemble (GOE)
KHDNx N 72T LFHOEBEEOSMHTEREINS. GUE & GOE EDH D
#13. Pandey-Mehta [8] @ two-matrix model TRRANSNTWDA, X(¢) LI D
GUE 5 GOE "NOMENMOEB ZHRBIEL LU TEHRT S,

PEEOBTE X (t) ORFZERMEBEMEIL. I XTHETETIOTIIROETHLTS T
ENbMB. BT, N = oo OBIRICBITINTHRERDOEEHEZEZS I LI




S ORI DOPIREZRAND ZENTE S, HEERENZ N ITKET 2K
Ty £ETH5EZX2ET5. Ty—N = oo DA, KA N TO5HH13 Fermion AIBIEIZ
IRU. X(N +-) &, Dyson ZOMEMRBERT 57 RFRITHRT 2. ([10],
7). £7 Ty = N OBE. X(Ty) BEE X(Ty — ) KU THRZT >4 > T
LEMEZREOT SHEEEEN S 5bND,

—J. Ty — N3 — co DFE. R NY3 TONE oy = N?° DEBEL 2k
FOSHIE. Airy BETERESERZ B DOITFIICH T S determinantal FUBFEITIN
WU, X(NY3+.) —zy & Airy process IZIIRT 5. ([9]). £7z Ty = N3 08
B X(Ty)—oy BEUEX Ty —-) —zy KL TRRVERT >8> 7V OEBHE
ZRHOTSHBEEENH 5N 5.

SE 3Lk
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X EWES T 7 LD Berry-Esseen B g #

AE R (LK - #)

 RBROBHET VS Ly A s OEBIENES 7T ORMEMERE RIET T LT 5. ABETIE,
CNEFRES 5T EORIET VY b 94— ) ORAERACORERE, 75T Db IEEE OBEC VT
T 5. '

- EE ﬁéﬁh‘eﬂf_ BRPOBIIEREST7 X =(V,BE) BNXBHBEI ST THH LI, ARY 57 Xo
OB T T CHRBELRBE D FPERERAIFHOLEE V).

AHETEHEC T IALLOZWLDET . V RTEANES, E RADKEEL, e€ B IKHL, ofe), t(e) %

 ZRENIT e DIEA, KE, TR e OFDEVS. F eV KL, By = {e€ Blole) =z} LT 5.

X L@iﬁﬁﬁ}/_ﬁﬁx . '773‘—7‘22 I, EAm:V = Roo KXL,p: E—3Ryo T ZeeEm p(e) =1, m(o(e))p(e) =
m(o(@))p(E) %W THBIC L VEE BEHOZ L TH 5. ple) EHHI 1 THTH ole) 75 t(e) WHBHT HHEX

EERLTVS. ST m,p BT AETH L LIET 5. :'co' pRHAVDY, z eV ICVBHTFHEL n T

Ly eV ITv BRI g )

‘ - palzy)= ), p(el)p(e2) “plen)

c=(e1,e2,-:,en),
ofey)=z,t(en )=y

r‘ii%?u- EWTESL.
’57%ﬁﬁﬁ?5ﬁ§ﬁ7&%7‘ﬂ/ktﬂib1&ﬁt &, BZl n ZERKIIT 2L Gl TD Ay /;z’i’ﬁﬁé’bf\ﬂ
{ EHERBFER py, @i@h%T)l/_I:@ﬁT*k (59) WHRER BT ENRTES LWV (Fﬂiﬁ(ﬁﬂﬁéﬁ) H L\’Fv’ﬁﬁﬁmﬂiﬁ‘i‘ﬂ%
N T ([4]). Berry-Esseen #EEREW, p, D nt oo T@ﬂ%@xt FICET2EENDIETHSB. 2D
SEEIX D ICBIT 2 Cayley 277 7 D#4A1012 G. Alexopoulos CroTHELENRTWS [1]. T/, /8 BHICE -
T [ 7% abel B#OHF SR LEREES B LR TS [6).
 NEERES T X OEBEFLELC, T ARFELCALRYE Lie B Gr L 5. Gr O Lié’i% g
WERFECTH LD 5, ny =g, nirt = [g, 1) L7z & , filtration ‘ ' )

n1 Dny D -+ Dn, # {0} D Npy1 = {0}
@%L’i’?—rofv\% ZDEE =gk EBnHl T g OB g®, ., g™ ¥EB.757% Gr N
@JLTJ‘%{%}:LT r F%&E %‘fg@ X — Gr T, ‘
Y ple) exp @(o(e)) Lo t(e)){ @ =0

) . e€E;
FWTERE L B Z0 & W& Abel B Gr/[Gr, Gr] ~OEFRBL 0GR 708 : X — Gr/[Gr, Gr] #HAIL
O EBERMETHHI LD, S TTHBY —V/yﬁ{z;f\@ﬁ%u-%f%@ﬁ!z sz X o e g FEICHET A
—EMD Y LD ([4],[5))- G’r _t@ sub Laplac1an 0%,
g . 2
= 2m(Xo) Z ,e)X

. e€Ep
EEET S, TITX, = = exp™! @(o(e)) Lo(t e))] o '(?)5 ht 0 klaaa'?'%)*}bﬁt’ﬁ‘é}: %/k%ﬁf\_. ,
E3E 1 (Berry-Esseen %Uiﬂ [3]) EE®D 0<e< 1/2 XL, K% T ER Ce >0V HFET S,

1. XN 2ET T T ThRVEE,
IGP/PI

Is;g)V lpn(x,y m(X ) hy(2(z), ® y))] < C n-

D+1/2—¢
2 .




2.XMW2MT ST THALE, BEOGHERV =A[[B LTAL,
(a)z,y € 4 $72i3 z,y € B T, Bl nﬁ‘@?ﬁl&% 1 pa(s, y):O.' B n SEHO L &,

lGI\/F! __D+’1/2-e
n ———h,(® ] < C. z
?;lgvlp (2.9) =2 "y hn(2(a ), 2®))] < Cen
(b)ze A ye B»ﬁft&i z€B,ye AT, BZl n BEEDEE, pal(z,y) =0. H n PHFHOL &,
o1Gr /Tl Dtiya-e
ﬁ%mmy MX)(ﬂ@@@H<Qn -

DI3ET oi&*ﬁ@féa
TOEBEFIEDAY —F L%‘ﬁ“é best possﬂ:zhty %51“@%# i#)ﬁ‘o’(\z\&m F 7, ROSEBHR L
TIFPEHD A —F A =5 CHECTE LI LN b ot

(v

'U)%ﬁﬁ#emfwaﬂ%wybﬂtﬁtﬁdﬁ>ﬁﬁ@ﬁﬁom@ofwa,wg,
E:M@wFJNdw*@W@mm=0 (zeV).
CEEz i

(2) Gr LD 2 BOWSIEHE

> ple)x?

‘faeE':
iméVkl%&w , '
COEMEE TS 5T E LT i, rb_raéa‘z, Cayley 75 7, SHAKT, AABTFREDNS 5. LAL I 0L

WS wT S 7SHEETH. AL, PTOBFIE (2) 2SR, v
SEH 1 ORI ERIVERZEDOKBE ka(z,y) = pu(z, y)m(y) ™t &£ Z D gradient @ Gaussian bound % #5172,

32 2 ([3], [7] cf. [2]) X W 28T T T TRWET B k, D gradient ¥

Vha(@,9) = sup  |kn(3,2) — n(z,)]

dx (y,2)=1

EEDDH. ZDE ééz%«ﬁt?miﬁz C,d >0 7b>m‘£@‘za

c'n

‘d v 2
kn(l': y) S Cn—% exp(_i%gL)’
Vha(o,y) < Cn—2F exp(- 2@V

ey — \

ZE K
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1 Introduction

1950 £7 > FHIERTICRIT B Hh D2 BOLBEROFEILAENT, WhYwD THADT L
7 o b EEEECHWTT AARICE o TIHBA L BT E XV IRENSZRETHD, &0
SRERPEPNTZZLICE ST, L OMFEEDEBEEZEDT,

WADY L= RENTREPHRFICE LT

A YT b RNy FR =2 (1992)  TRAD Y V=) HEREMER (1995), F it

WCEELW, 77— 285, Lo TH 1M FEIIRRINT, T4 /AR —ENT T aT

/l/‘/d) [ 57— LD L BETE DTN TOHREY THD, LWV b Ty, EE, #F—

FRAEAEND 50FEH D 1994 FE ) —NVREFEEFSZE LD 74y« /A~ —FENLY
//:LTﬂ//@?n%& HEWEEWNIEH I/ — LR e RESE T v v aEI A ThHo T,

MMADT V=] L3, BRbLEER 2 AHHTS —LTHoT, FBFTFIIKRD L SICERE
N5,

C D
C R S
D T P

AADY V=, EWHIEBERIIT>R>P>S E2R>T+S 2KET %, QR>T+S5 1%
RELBZWEE LS D) Z02 AT —2b FlEHR~ ) v 7 A THEIbNEZb~ M) v 7
AT —=5EBVNY) DEKIE, TL—Y— 1888 Cooperate) &, 7 L —F—IIH3AE U < Bl
CEBRLEBEDT L—F—I0 (AUEIEENHLTL—Y—I1 bR L) FES u(C, C) = R
, FL—Y— IR C, 7 L—%—II BERE D(efect) 28R L7-EA @7V~?~I@ﬂ%
2 u(C, D) =S5, (Z0W, 7L—Y—IOMBIHHE»D u(D,C)=T), .. ThdI L%
FLTWD,

ST, REXLY T >R, P>87E0Db, 2ANEbRBHRTSL—Y—T, MOBEWVICHETE
LA THSD, LWVWIHITEEHoTVAERLIE, Eo/m< ¥RIZ2 AL HEEE D 28T+ 5
TFHY, BRELLT2ALLFIEP 285, L2450, b LBAVCHFEREE LT C
PRI LRI, FIBIZ2ALL R ThoT, RENDR>P ThY, fil, C 2B/IRL




RVOh, EEERICE S Sbaney, LdL, FER C 2BRT 542 01E, B D 2BR
#ﬂﬁﬂ@ThJﬂﬁ%Bﬂéﬁff%é#& AEEHH L —Y—iE D BBRTBEAD, &
WHZEThHD, bL, HERD ZBRULEBEAICESDOFN C 2 BR LSS, BHOFE
XS THoTHERETHD, < T, BEWC D%@R#éu% &w,kwabﬁﬁ%éOE
I IXETH- T, TROARBIXZO L S BITEBIXEROL 2V, EEmOT 5 Z i3z,
L, ARHESICHMT L CERERES LZ0b, LW O RIENAZB O E TR bék,u&
XAES TRV, HEFEOSFTRITHRIC (VY74 7V 2BV TCAROAREEGE
%ﬁLtmeSK@Afmyfx%%kmﬁﬁ%ﬁ,&%%Vvyv&WﬁnTwéovvy
<, EWHEHBAITIABGSIZRFAICHEERERT T CIIEMBE T Wi iTeENIn < 5 THEE
ENBENBETHD, LA, AMIIAKGIITEZ LD THD, &V WmEICITERFREX
FIELRV, TOBE, EHHTEE LA ABOF 2T LAGISMMOARI L 2D Lic/k s, fix
X, MALHRZEERNLHLTEMITEY 2 5 AU TEFEET D, ThEUREEZ DD,
Ho TR LR, LEX B TRAEIS D,

FOEWRTIE, AEIZBIT 25— LERISIEIE, BT 5FERIRITIIL, %xm%@@m
LADITAITL LAREMHEIN TH D, LWIHIMEELE S TVWDH I LIZRD,

2 Repeated Prisoner’s Dilemma

EROLSICIEIEVDORADI L= - F—ATIIESY (D) 2BRT 5008 EHBTH-
TH, FCRROF— AT IE LITON TS, ERAZOBBEENTHD, MK, BOICHE
g5 LIERMICHEBICH A EHET 2 2 LITHERY, UL, SICHEREY S E TRIBH
@§%%E%6 PIXERLRTIIRVWTHAS D, EEL, FOBRE, HRICbEARERRD

CEHETAZLICT R, HlxE MELLEIT C (BH) 2BRLEZBA. OFE%

O<5<1 LT
R

.R+R5+Rﬁ~-ﬁit§‘wn
LY B, —JF. BUIX C BRI IBHEFENAKITEZXT D (EEY) 2HTOH 0 0HE
(AL-D B L H) FFER D 2HLAEUBKITT oL D 2 UET 230%E LTWe (P H—
HEE L)) BE, FTL—Y—1DOKEOF (move) iX C, D, D,... THYH, TL—F—IIOF
X D,DD ... £7250b, 7TL—Y— 1 ORI,

T + P§ + P§*-- _T+;§§nm
EEZ D, (1) & (2) ODRDEHAB L
R Pé T—-R
—1—:-5>T+m<:>1>5>T—P (*)

Lo T, BALAE->TVDERC, BYID I LHBLT LB/ RLRNI LB D,

TH, 20§ IHMTEERLTVDEDTHAS ) by, FRENS — L2BEROBREIIIROL I 2
21 Y OFFERMTOR TV D,

(1) EI3|AF (discount facter) : 1 #HFEDIFRATFAENFIIREDMEL Y ¢ 7ZFEIV 5100
D, EWHEXH, TOBXFIIT—LEZH ETHREDCHIIBELTEZAT, #YVEBRLI—L




FHL TTIRBOZEOSRETH S, LT5, F—AEROERETIIZOMREMDGE
BLNE D IBbh 5,

(2) KEIDS —LBITONDHERDE § THDH, LWHIEZRS, Lz, RPHDREEN§ O
BEZRT T, RBHLOKEIOS —L2HiT 2, LBETD, ZOHEIE. b LAEYS LT
EMAFELEYDLTHAINDLZOHE. F— o208k TEESEVWESRBH 25T 5515
(BEH) Thd. LWHIbITThs, BELHXIFEIMOLTYIHER Tholz ), ¥
R CHREMOERZKFICTS, LWVIOIEHKEEZICHAL WA XS ICBbis,

ZOFE T (2) OMBITILEL DD, BEILTS—L%5BVIRL, DT ¥ LRREREICS—
DD, LW ERMEEITI, ZOLICERILT B L, 1 IHMEILRFR ¢ OOARNETHA
ELTWAHIETHD, LEHMTED, oT, —ROEILRRIIH LT, TOHMELME (+)
DERBA LN TE B,

Theorem 1. We assume that the stopping time ( is independent of any strategies of both
players with the finite expectation (i.e. E[{] < +0o0) and set Prob(¢ =n) = (. If

+o00 +00
Vn, (R=P)> klein > (T—R) D G
k=n

k=1

holds, then ”Trigger” is a Nash equilibrium. Conversely, if the above condition does not hold
at some n, then ”Trigger” is not a Nash equilibrium.(”all-D” is trivially a Nash equilibrium.)

Corollary. If 3ny = min{n; ¢, > 0} < 400, (i.e. a finite game) then "Trigger” is not a
Nash equilibrium. In fact, in Theorem 1, Z 1K Chtng = 0 but Z koo Ck = Cno > 0.

Example. If ¢ has geometric distribution G(6), i.e. (, = (1 — 6)6™ !, then we have
S klkn = 6"/(1 — 6) and 152 ¢, = 6"1. So the above inequality turns out § >
(T — R)/(T — P) which is the well known inequality.

Uk




a—7Yy FERE LOHEBEIRIC S 1 3 KREERIE OB R
Z B (REEXFSTEIEREMRER)

ROFRATE 2 5NHRE EOWHBR {X,}o 2E 1 50

d . )
dX: = Z O'r,;j(Xt)dB}? + bz(Xt)dt, X(z) = Tg, 1= 1, o )d> (1)
j=1

7272l (B}, ,BY) R dRKX7TI I VEHTHY ., z= (21, - ,24) € RTEW
H&HETH Do 045,bi,4,5 =1,--+,d 13 R LOWBLDLEHT, ROGHEHL
K
b5

A2, ¥ Co,C1,Co, Cs > 0,11 > L € [y,m+35(n — 1)) ¥FEL, &
B0 2,6 e REITHLT,

d d
D &EVibi(T) < Co &,
=1

ij=1
z-b(z) < Cy — Cylz|™HE, (2)

|b(z)] < Cs(14|z|™), |Vb(z)| < C3(1+|z|"2). 72721, b(z) = (bi(z), - - -, ba(z)).
ChCEoTEDONS C([0,00),RY) LOBRREDKEE {P,}cpe & F

& AT HHEE {Ploo £ECo Ly =1 [{ox,ds LB, 7L, 6. 37

VEREERT, T2, & ¥ RY LOFSFAELSEK M(RY) LoBRBEHKT,

@\p(Rd) it Prohorov BEBEICH L CBHTH S T 5, 72721, p(RY) it RE ko

WEAEDEETH D, FED z,y € R I LT,
1 (T
73 = [exp <T<I>(?/ 5Xtdt)> ‘XT - y}
0

DT — oo DEEOFEERZ Y 720

NEEFEZLY, T — ool &, LZ2Y — sup{®(v)—I(v);v € p(RY)} = A
ERBIENWT B, 722l I EZY oY —BHTHL, TOEETIE, 25612
FBEIC ZTY DT — 00 D o(l) & —F—DFFfliz /5,

ROGEMERET o BELBFFRIFEETER L),




A3. @& — I iF p(RY) THE—DIT vy THRAEZ attain 3%,

A4, & : MR — R i3 3 ElEHE Fréchet MO THE T, 3 EF TD Fréchet
AT EGRE O (v zy, -, 1), 1= 1,2,3, BT 2HEASTERE 5o

A5, MEEREICHIET 5E8 {Prhiso BROEHZMATHE {Ri}ixo &
¢ € Co(RY) VT HMBELIIC L 5 THRT T LW TE Do {Ry}iso 1 A2 ZH7
T, E2. HBER ap € [0, 25 — (o —m1)) BEEL. (1+]z]?)~%c € Cy(RY).

A6. I — D?®(vp) I3FEBILTH 5,

AT EED 6 > 01T LT, HHERBHICET A TRENS p(RY) x p(R?)
EOR% T, Hilbert-Schmidt / VA § LT TH2 L)% Ks B"FEL, & D
174} 0)+§}/J‘él/‘if['f%f‘@ 3 [a] Fréchet G Ee K5 THZ Zbhb,

TE 1 UL Al ~ ATDOTFT, £ED z,y ¢ R Cx LT,

lim e T2 Z3Y = hz). exp{%/(§®I)q)(z)(Vo;w')‘(u U)Vo(du)}

T—o0 h(y)
xdety(Ig — D*®(vp)) V2.

72750, G 1% {Piso & @ 105 o CEBEN. vy BABHRRE L L THOLH
{Qi}iso WCHIET 27 = VERARORIETH Y . H BEZNTL o TEHRSIND
(Mo(RY) RY EOEBED 0 TH 5 &) 2H5H SPWEOENR)DOTE 2 T2
BlERaE5) Hilbert ZEITH 5, (BEBMIZIZ. HD/ VAT T D yy TO2H
Fréchet %R LTWwA),

FROSEHEE B THEEERICSX 5, FEARDTO200F —HEREH) .

HE2 2D >0 LT, B Cp PHEL. EED f e C(RY) LEED
z e R IZxFLT,

2= +1+8 +1+ﬁ

VG (@) < Co(l+ |25 || flloos
VG £(z)] < Ca(1 + |2 27 £ oo

ErL, G* ik G @ L2(dy) TOMEMEAZYET.

HHEE 3 EBE (R0 PEBIEARYSRME A1 LA ZWZTETH, ZOLE,
FEED B<y+1. BFEDT >0 LEED C >0 123 LT,

_swp B [orp (CIXf)] < oo




Phase Transitions associated with exponential Brownian
functionals !

Yuu Hariya (RIMS, Kyoto)

Let B = {By;,t > 0} be a 1-dimensional Brownian motion starting from 0. We
assume the Brownian motion B is defined on a suitable probability space with P as a
probability measure. For y € R, let B = {Bt(“ ) = By + ut,t > 0}. We consider the
" exponential Brownian functional

t
AW = 4,(B™) :/ exp(2BW)ds, ¢ >0,
0

which plays an important role in many fields such as mathematical finance, diffusion
processes in random environments, stochastic analysis on hyperbolic spaces, and so on.
Recently in [2], Matsumoto and Yor have obtained the following generalization of an
identity relating A#) and A®), originally due to Dufresne:

Theorem 1 ([2], Theorem 1.1). Let u < v and set§ = (v—p)/2 and m = (u+v)/2.
Then, for everyt > 0 and for every non-negative functional F' on C((0,t];R), one has

0< s <8)(—)™ = 2| FY

Al

eI E[F(

1 ' 1
, — T 275,0< s < t)(——;—)m], (1)
Ag”) A§ ) A§ )

where 5 is a gamma variable of index § independent of B™).

Let C = C([0,00); R). We denote by P* the law on C of BW: P* = P o (B®)-1,
The motivation of this talk is to obtain a better understanding of the role of the powers
of the exponential functional A, which appear as Radon-Nikodym densities on both
sides of (1). As one step towards this goal, for fixed u, m € R, we introduce the family
{P™11 4 of probability measures on C defined by

1
Ar(X)

P 0 = ()

)mdP“(X)

(where Agf‘ "™ denotes the normalization), and discuss the existence of a limit measure
as T' — oo and a characterization of this limit measure. To state the main result, we
introduce the path transformation T, : C — C indexed by z > 0:

T.(X)(t) = X; — loé{l +zA(X)}, t>0.

Theorem 2. P¥™ converges weakly to the law of the process Y = {Y,,t > 0} given as
Sfollows:
(i) if o > 0 and 2m > p,

Y =Ty, ,(BO),

&

1This talk is based on the joint work [1] with Marc Yor (Paris VI).




(i1) if m < p and 2m < p,

Y = B(#—2m);
(iii) if p < 0 and m > u,
Y = TQ'Ym—/.L (B(_#))

In both (i) and (iii), the gamma variables are independent of B and B respectively.

sm)

This result shows some phase transitions under the limit measures P s u,m € R

which are closely related to the difference in the asymptotic behaviors of Agﬁ ™) as
T — oo according to a partition of the (u, m)-plane.

Proposition 1. The normalization A*™ has the asymptotics lim;_,c AE“’m)/f(t) =1,
where the function f = f™™) is given as follows:
(i) if 2m > p and p > 0,

f(t) = 2m—5/2ﬂ_—-1/21“(m){B(g,m _ g)}Q % t_3/26_#2t/2;
(i) if 2m = p and p > 0,
F(t) = 2m 212D () x ¢ 2,
(iil) if m < p and 2m < p,

2mF(/‘L — m) e—2m(u—-m)t.

10) = T
(iv) if m = p and p < 0,
f(t) = Wt
(V) f m>pand p <0,
i) = ~——~2m?((ﬁ,')“ 4),

(vi) if m >0 and p =0,

F(t) = 2m 12120 (m) = 1/2,
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(1] Y. Hariya, M. Yor, Limiting distributions associated with moments of exponential
Brownian functionals, preprint

[2] H. Matsumoto, M. Yor, On Dufresne’s relation between the probability laws of
exponential functionals of Brownian motions with different drifts, to appear in Adv.
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Phase transition of percolation on Sierpinski carpet lattices

BH EA (BBREFRFEEZ)

72 DLy TS5 7 L LTO—#{L &7z Sierpinski carpet #F%Ex5. L > 2,
TC{01, . ,L-1} £45. 27U (0,0) € T #EETS. 757 G = (Vi Br) &
UFTO X IHERT 5.

VR o= 22n{(zy) |0<zy<1}, VF = | (VF+GLY5LY) (n>0),
(i,7)ET

Ve = (JV#, Br={(v)|uveVn|lu—vl =1}
n=0
L=3T={G70<147<27) #(1,1)} D&ED Gr BxbHE LT Sierpinski
carpet FFTHD (K 1). £ L=2,T={5)0<4,7<1,7) #(1,1)} D&
Sierpinski gasket ¥ XIS T 5.

Gr 2B+ 5 percolation 3 & O oriented percolation #& X 5. Fr L& FEN5KLH
FTNFNIMILICHESR p T open, #EE 1 —p T closed THHHLDE T 5. A2 S open
RIADHE B> TCEETEDEANERBEH D EVOFEERE 0(p) TKRT. /- open 2%
z,y PIEFHME FMEFELIFEAE) ICL2@ENRY, LN FEDOTTRETE RN
EIREH DHEY 0(p) £ T5. ZDL XBEREE p.(Gr), p.(Gr) %

pe(Gr) = inf{p | 6(p) > 0}, p(Gr) = inf{p | O(p) > 0}

TEDD. p=p(Gr) BEW p = p.(Gr) THEBHRZ S, LEIXOND. ZOMHER
BEBRLDTRWMALE IS, 7205 p(Gr) BEU po(Gr) 28 1 LVREIT/MESWNE
IMEPFND.
P(Gr) ICDOWTIHLT O Z &b Tz,
Theorem 1 ([K]) {(i,5) |i € {0,L -1} or j € {0,L —1}} C T %26 p,(Gr) < 1.
IORRELTOEDITHBE L.
Theorem 2 ([S1]) T; = {j|(0,7) € T}, T, = {J|(L — 1,7) € T}, Ty = {i|(s,0) € T},

T,={il,L-1) €T} £¥5. () FEED te T L T\ {t} E&EH, (i) TINT| >2
3o Ty NT,| > 2, DEH B SN THRIE p(Gr) <1 THD.

7o, BATRVESBREFEET HOOLESRMGEL L TROBERIF L.




NN
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1: the Sierpinski carpet lattice

Theorem 3 ([S1]) &5 io IZ%F L l {7 | (i0,j) € T} |§ 1 #2512 po(Gr) = 1.
oriented percolation DFAIZOWTIE, UTORENE LN,

Theorem 4 ([S2]) L=2a+b, Top = {0,1,... ,L -1} \{(4,5) | a <i,j <a+b—1}
95, ZDEE 1<a<bh 26 p(Gr,,) = 1.

INLORERIZEY, FIZIER 1 OBRFIZBOTIE p(Gr) <1 THDHHLOD p(Gr) =1
ThHD. ZORRIEp(Z) =p.(2) =1 RELHONTWD p(Z2) < po(Z*) <1 Bz
i [G] BR) LHEANTHEREVWREL TS,

[E#%IZ B IR I Sierpinski carpet #8F T po(G) =1 &2 b DM H D Z & HEEN TR
ET5. po(Gr) <132 T #{0,1,... ,L-1}2 THELEIRT BHDME I NEED
LT AL TNRL.

25 3k
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[K] Kumagai,T. (1997) Percolation on Pre-Sierpinski carpets, New Trend in Stochastic
Analysis (Proceedings of a Taniguchi International Workshop, Eds. K.D.Elworthy et
al.), World Scientific, 288-304.

[S1] Shinoda,M. (2002) Existence of phase transition of percolation on Sierpinski carpet
lattices, Journal of Applied Probability 39,1-10.

[S2] Shinoda,M. Non-existence of phase transition of oriented percolation on Sierpinski
carpet lattices, Probability Theory and Related Fields, to appear.
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AT MIVEIE DTS AT REME

RALKRZRZRELM AR BEEER L HFKR

77U EBONEY T A L EIE S BIEIC Revuz XS 5 ISR BIE O KR
HOMERHITIRNT T o, A7 MBEROMSTEEREE L. UT, d>3058%
EXD.

EEL1pZREODEDT RURIEL TS L X,
(1) u BIEZ 5 % () BT 5 L3,

a—0 zcRd

lim sup / G(z,y)u(dy) =0
lz—y|<a

RO EEND. ZITG(z,y) XTS5 U ESHOS Y — Bk LT 5.
(I p RKL BT DML, puekyTHY, »o

lim sup G(z,y)u(dy) =0

R—00 perd J|y|>R
BRROILDEEZHND.
PEKFPIZHLT, YalbTF v —1El%E
’H’\“:—%A—)\u, AeR
EEZ, HWHIZET AT MVBHCN) Z2UTO LS ICERT 5:
C(A) = —inf{#:0 € o(L™)}
= —inf {lD(u,u) - )\/ @Pdp v € H'(RY), / ulds = 1}
2 Rd Rd

ZIT, oL T L DAY MVOES, DIZT 4 ) 7 VEES, HYRD X160 VR
VIR, FLTaltuDEERFREELT5H.
IDEE, ROEBEET-.

FE 1 ([TT]) d<4, peKPDLE, CO)IMEBD A€ RIZH LTS THETH 5.




FOEEIZI=1,21Z LT, BEZ[TIIRBWTIREN TS, BLXIhe d=3,4
DBEVHET b TH DN, TOEDHIZd = 1,2 DHEE IR 5 FEH OB &3k~
TEL: pe K&, A =inf(A>0:C(\) >0} LEETDHE, d=1,20&&
M =0, d>3DEEAN S>0THEIENREIN, ASATDEECN)=0, A>ATD
LE —CN)IXH DBEFRARZ bV THDZ EBRREIND. £LoT, A> A ZkiT5
C(\) DS FTREME AT BB R 2 AV TRSND DT, EEOERHIT A = AT IR
5C\) OEBABROTHDZLEERTIEIFEIND. ZZETHE, d>3DHET
LERTHS.

d=1,2m¢ &1, 77 7 EED Harris OB CEBRHZRIH~ L a7BETHD &
WHEENLREND. ERE, Harris BatEx b ot~ a 7EBMOAERIND T 1
U7 LBRICKH L TR Y LORBICE > TRENERER[0] R (d=1,2) DT T ¥
VEBIOTRERIE NA_— 7 RE) OSRIESERRICRD I EEHNTREND.
T, d=34DBEIHLETIH-DI, T HE OBRIEOERE S %2 TEBL

EE 2

() HH BLHERATHD LT, HACETZ27 ) —VBEBFET D L EITN)

(I) H* BRI TH D L1E, HACET D7) — U BEIEHEE LRV, HFR =0 &7
DIEDEGESE A BHFEET D L EITN ).

(II) H* BELBABTHEAN TRV X, BEERANTHDI LN,

Halk, HERERNTHIZLERLE. Lo TH R =083 h >0 e C(RY)
NEETDEDT, ZOhEHANTHN* D Doob DELD Tz ELAH. h-THL-1E
FgEE Hwh L& L, T Aa TR, HY w2 ERERRIC S O k-5t
el a7 @EMNBEETS. £, HeRZ ) —CBEE bRV E X, WA
Y — VR LT ARNI E R EOT, MITERAERD, 512 hOESEEYH
WTC Harris DB COFIRME LR TIENTES. LERoT, [O] DREXZ RS2
LabTF A U —EARICIET A LN TED. MORERE X e TH D Z EIZIE
BLT, hgLl2ennlE, N 2ERRUTHDI LRI LIZTS. d=3,4DHEA,
MIIBERM LY, [T O#HREE->T O\ OO TS RT IR TX 5.

&
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[T] Takeda, M.: Large deviation principle for additive functionals of Brownian motion
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%R Brown EEICH T HHPOAR!
RERT B (BRIEERF)
1. BU®IT : L(t,z) % KXJT Brown EED RATKHET 5.
¢
L(t,z) = lin%)/ pn(e,Bs —z)ds in DY.
0 Jg

ZZT Bs=(BL,...,BN) & By =0 ® N KT Brown &1, py(t,z) iZ N KITLD Gauss £
2RL, 2#0,a<1-N/2 &F53, (Df DEFRIIEE. of Imkeller & Weisz?) A TIE
Tanaka DNHANZLKIC Brown BEHICH L THRILT DI LE2HET S, HETIORKN DY
T® Doob-Meyer & 5Z 2 L bHET S,

2. Meyer-Watanabe %2/, Skorohod &7 : I,(fn) % fn(s1 ye. 393, . ;sgN) ,SSX,)) €
L?(ds) (n:(nl,...?nN)eZJr,n:[n|=n17{-n2—{— +nN,3—(31 - ,s,(zll),.. sgN),. 3531?))
D n-E Wiener A ET 3. 27U f, 1@ 80 Y wonTfreEd5 (v0).

/ / Falt, ool sl sB)ABl - dBlyy - dB Yy dBl.

L? B D Ito-Wiener EBRIZIER L T Meyer-Watanabe ZEf#] DY (e €R) ZXTE®D S,

o0

D§={F =Y In(fa): |IFl3e=D_(1+n)* > nl|fa]® < oo}
n=0 Inj=n
ZT|FII2= [ |fl%ds, nl = nilngl -+ ny! THD. £z RY ERBEKICH L THREKICER
b DO‘(RN ) &Y
fn(s;8) € L*(dsds) & LT B I2k Skorohod 5} [) In(fn(s))dB: ZRTED 5.

/ In(fa())ABS = Tnye,(Sifn).

ZITS;fn SEAEK fn(s;sgl), s,(}l), - sgN),. s,(f;]v)) D, B s,sgi),.. Sn, ZBIY B RFME
ZRY, £z e; = (1y---,0n:) (Jj; & Kronecker DFIVF) &9 %, —f#D Meyer-Watanabe
ZMODIE G(s) = S In(gn(s)) KMLT, £® B! ik5 Skorohod HH%E [) G(s)dB: =
S Inie,(Sign) EEET D, (BbEAALEUNERTEDHBADAEZLD,) ZHULG(s) N dsx P
IZDWTHREWMES T Bs-adapted THHEE Itd 3 &—HT D, ZIT By = 0{By;u < s}
(Brownian filtration) Td® %.

3. Tanaka ONR :

r(N/2-1) 1

U(z) = - N2 N2

GEN > 3), k%m (it N = 2)

&‘B<O

Y Tanaka formula for multidimensional Brownian motions, preprint.
%The Asymptotic Behaviour of Local Times and Occupation Integrals of the N Parameter Wiener Process in
R, Probab. Theory Relat. Fields, 98 (1994), 47-75.




FHE 1. 2#0,a<1-N/2 £93, ZDEERAN DY TROMID,
t
(1) U(Bt—z) =U(~x) +/ (VU(Bs — x),dBs) + L(t, z)
0

ZZT [((VU(B, —z),dBs) = SN | [£8;U(Bs — 2)dB: T %,

R 1. VU(B, —z) BRATARAES TS D, #>T [[(VU(B, — x),dB,) R martingale
ELTELABIEHUHETH S, A%, £ LTLED EEFRMIZHE LRV, (1) 13HEHM
51% Skorohod DEHRTH S A D &, T7/abE Meyer-Watanabe ZRIDHHATEZ D &, BT
martingale U(By — ) 75 martingale #73 B X VEFFREMNHHTE S Z L2 FEL TN S,

4. Doob-Meyer 53## :

EE 1. yeR &9%, D] Ml process {Ms;0 < s <t} BNTRTD s < u KMLUT E[M,|B,] =
M, #7129 &, M, & D]-martingale TH5 LW,

ER 2. Ms =Y In(fa(s;s)) % D} -martingale TH DD DBENTHEHE, HD fols) B
TELT fuls;s) = fa(s) [T1pg(ss)) E72BTETH B,

EE 2.y <0&T%, D] 1 Bs-adapted process {A;0 < s <t} % Ag =0 THY, MDD,
F>20739XTD Fe Dy KHLUT (A, F) > (A, F) RO D & &, A, 13 D]-increasing
ThHHEND,

EE 3. D]-increasing process {A;0 < s <t} MADOWHEZHMIZT EE, A, 13 natural TH 5
LW L TNTD D" -martingale Ys 1% LT

(2) Iillr_rio;(yszﬂ - Y;i7Asi+l - ASi) =0

MDD, TCTA={0=1s5 <81 <+ < Spu1 < 8y = 8} i [0,5] DHEIT |A] =
max |Sit1 — 8il.

EE 3. LO&M (2) 1, As B Ll-increasing T Y, WER martingale D& ZVLREFHETH 5,
E[Y,A)] = E [ / Yu_dAu]
0

EE 4. D]-process {X;0< s <t} WRODMBRERDEE, ZONMRE X, D DJ-Doob-Meyer
DEENS

Xs=Ms;+A;,, 0<s<t.
Z ZT M, & D}-martingale, As V& DJ-natural increasing process T®H 5.
UEDHEDT, ROBRERS,
8 1. DJ-Doob-Meyer 53R \3—EWTH %,
THE 2. L(t,z) & natural TH 5,
% 1. U(B, — z) # DJ-Doob-Meyer 3% b DOBEHE&ME v < 1— N/2 TH5.




n B LSRR d 5 Brown JEE]
75 ] B!

EEF [0,00) LOBFERIZZZWL, RO n BEEFE-VIHEREZEX 5.

RIRE 0.1 (ERE-VEMERRR). » € C°[0,00) ZRIHRAE, n ZIABE LTS,
ROGHEMIZTHE uw ZRKDD:

(0.1a) Sult,z) = %Biu(t,m) fort >0 and z > 0,
(0.1b) Oy u(t,0)=0 fort > 0,
(0.1c) %il}% u(t, z) = () forz >0. A

T, n=0,1,2 DHPEIL, BHE 0.1 D—FBREEM p© - p? OEMEREFIUIKIET S
Brown ;&8 BO(t) - BA(t) IZR<HISNTW 3. p #EK, MREM (Q,F.(F),P) Lo
-=XR7t Brown i£&1% {B(t),t > 0} &9 %:

pOt,z,y) = plt,y — 2) — p(t,y + 2),

(0.2) B(t) 0<t<
Killed Brownian motion B¥(t) = ®) - 7o
0] T0 < t:
03) PV () = plty — @) + plt,y + ),
. Reflecting Brownian motion BW(¢) = B(t) + L(t), >0
0.4 PP (2, y) =p (8, 2,y) + Palro < 1) 3(y : 0),

Stopped Brownian motion B® (t) = B(t A 1g).
IZT o =inf{t >0: B(t) <0}, §(y:a)lda CEMEBZRODFIIEE, L) =
0 ift<79; =-—min{B(s):790 <s<t} ifrg<t T {BM(£)} @ local time &725.
LML n>3 DHEIT,
(1) p™ QREHIIESRDDN?
(i) p™ ZHBHEREE TS Brown EE {BM (1)} ITHEET HDMm?
(iii) =45 D Brown EEIDZEENL n IZDWTHRISMDIERIEZ R D DT

EES T EFH o TR, SEICOERMIZIZWL, BEMRHEHRNEOSNTZOTRET 5.

1 B8

9, 0> 2 Tld 958 0.1 OREGS T TIIMO—BMENRGETE R, 22 TBINO )
FEEIA T n BERE-FIERE 2H-ICRET 5:

FIEE 1.1 (n BHEFRE-¥EMERE). ¢ € C°[0,00) ZWHIBE, n % 2 L EOHARKET 5.
(0.1a)—(0.1c) &ERZEMIZITHE u ZRDB.

0,2,--,n—2 ifn>2andeven
1.1a lim 8% u(t,0) = 8%p(0) with k = T -
(1.1a) t—0 °© (£,0) = 9:¢(0) 1,3, ,n—2 ifn>3and odd.

VRSNT I PROEE4, T 192-0397 /A L i AIN: kunio@comp.metro-u.ac.jp




T ZTREEN, (0.1a)-(0.1c), (1.1a) ZEMIVZERTHEZ L, RORHDMET LB 5H72HE
HTH5:

(1.1b) For each fixed ¢t > 0, u(t,z) € Cg°[0,00) in > 0 and
b
SUp,sg |u(t, )| < C(t* + 1) for some positive constants C and /. A

ST, B 1.1 O—FEiaE AR p™ 1T

(1.2a) (¢, y)dy =p(¢t,z,y)
m— i ( S)j .
+Z (/ z[T0 € ds] W) 9,7 6(y : 0) dy,
j=1 %
(1.2b) pC (¢, 2, y) dy = p (¢, 7, y) dy
m—1 .
2 (t - S)‘7+1/2 2541 ¢
+ / 2|70 € ds] \/j ) 92 (y s 0) dy
2 ( N Y I ) 4
ET2BFEEERTDH. ZIT Pylro € ds] = —0,p(s,z)ds if 2> 0; = d(s : 0)ds if 2 = 0,

5y :a)dy IZEMEENE o i:ﬁé?)b& BEEL, OF6(y : a)dy IFENDOEBIMOBERTY k-
A THS. fiFL "ERd o ICHEDEEBT" , BEL "HaN o IF D 2FEHF" LT
BN, BEXBTFPESSERTNEETHEMYRETHSNTL S, EAEHMERIRY
HEFERETHENS (2, 3)).

TR 1.2 (BO—EHFE). ¢ €CP0,00) ZHHEKET 5.

¢
M(t,z 1 ) E/ dy p™(t,z,y)e(y), t>0,2>0, n>2
0
I HRE 1.1 O—BEBTHS. AL
EE 1.3, (1) Zo u™ 1325 Chapman-Kolmogorov D%
(1.3) u™(t,zu™(s,%:0)) =u™(t+s,2:¢)

EHELTHS. 3517, hAROEMEDHA TS,
(i) BBICEERIIEE (11a) PRO—BHERIETS. BRINELTIL, ~BEnon
WREIDHERTES. 517 (L1a) i, KD D BBVEH CREEs

(1.4) }in}) um(t,z: ) =0%0(z) forz>0withk=0,1,---,n—1. A

2 EAE o™ (XI5 T S Brown EH)

Brx DEAE p™ dy I, BETFLINC 2F-BETF 056(y: 0)dy. k=n—2,n—4,---, &
0. DED pMdy i3, n >3 TIRERAEEIZARST, TNEMSHEE S T AERERITE
WOEKRTIIFEELRR V.

L L, p™ dy i3 Chapman-Kolmogorov W%, (1.3) EHDBDIEMBHEEE L TWDH0)
T, TNZHBEREE LT HEEBRES LT, BEEE Brown SEENIST 2 ENMg TS
%. ZZT (1.2a, 1.2b) @ pMdy 13, — RO TIZAR< “FIUVEEBLRZD 1 —2




BETOMN LW ENSBEEZTEEVOT, ROEMEMAETS.
D™ = {6(y;a)dy + b1 635(34 :0)dy + -+ b1 05’”_2(5(3/ :0)dy :
a,b; € Rlforj=1,---,m— 1}
DC™HY = {§(y;a) dy + by Oy6(y : 0)dy + -+ + b1 o™ 1o(y 2 0) dy :
abjeR forj=1,--,m—1}
ZDOEEOTIE (a,b1, 1 bm-1) ER™ THRETEDLDT, R™ LE—HTES.

TE 2.1. BRE n > 2127200, DM EOREZEERE {B™(t),t > 0} EUTFTERTS:
¢ € C°[0,00) 127z L

m-1
(2.2a) @ oBP™(t) = p(BA (1)) + > YO (t) 827(0),
j=1
m—1
(2.2b) @ o B (1) = p(BW(t)) - > 29 (t) 02 ¢ (0).
j=0

Z 2T BW(@), B@(t) i& (0.3, 0.4) THZX 5Nz refeleting KT stopped Brown JEF),
{YD(t),t >0}, {ZD(¢),t > 0} 1 (F) KWHEAT 2HERBET

(t—s)
2741

YW(t) = L (t—tAam), j>1; 2ZU() z/t dL(s) ji>0. A
27 41 0

EE 2.2. BAO {BM(1),t >0} OFBEEBRICHHAT S:

I. n>2 WEHDOES.
(i) BRICEETZE T, BW(@) ZKkESA 1, BOMBA 8% D Brown EHICHE-> TH
< BEETFTHD. DEDBEEDO—KIT Brown EE).
(i) —7F, BRICENET 5 &, BREC n/2 - 1 BEOZEETNREETS. BETFETNS
NDEERMFOBROMBIL, WONDERNSENWV. TLTEBETFORESIL L OFEELEN,
ZEBMTOREIN ¢ SHITENTS.

II. n > 3 BFEOEHE.
(B (6)} 1, BOALBA GEE D reflecting Brown EENfE> TH <’ RESTH 1 DEMTT
H%. 12770, TOBEEFNERTRIICKET A&, (n—1)/2 BEOSEMTARRIRE
T5H, INSOLEMTFORDOMBIIERD SENZWD, BETFORFMEISEICRES
NEETS. A

TR 2.3. (1) ¢ €C0,00) ZERBICEET S L, {poBM™(1),t >0} 1 (F) ILEET L
i/ Markov JBFE TH 5.
(i) p™dy % (1.2a,1.2b) TEASNERHEMRET DL, ROEANLLT S:

E [p o B™(2)] =/dy p™M(t,2,y) ey), ¢ €CF0,00). A

3 n BEERZMHEFD martingale [E7E
n=0,1,2 OFE, & SHREE ¢, z) N

P(t,0)=0 for 0<t<T




Bl Tnaiks,
t
Wt BO@) ~ [ ds 0.0+ 5005 BV(s), 0<e<T
0

M (Fi)-martingale £725FNH SN TS, B4 O DM-{# Brown EEH, ZNEELIL 7~
‘n BRSO martingale FfE OFTH 5.

FIE 3.1 (Martingale fRE). n > 2 ZEAKETS. HB5 T >012720 L, B o(t,2) €
Cl°[0,T) x [0,00) A

(3.1) onp(t,0) =0 for 0<t<T
EHELTNWSIRS,
t
(3.2) M@ () =t %) o B™(t) — / ds (859 + %aﬁw)(s, ) oBM(s), 0<t<T
0

1%, (F;)-martingale £72%. A
EE 3.2. (i) B(t), BY(t) Z@# D Brown E& &K reflecting Brown JEEh &9 2 &, (3.2)
D M®(E:P) I TROXSTRETE S:

tATH
%(0, B(0)) +/ dB(s) 0.v¢(s, B(s)) if n is even
M™(t: ) = o
¥(0, BY(0)) +/ dB(s) 0z¢(s, B (s)) if n is odd.
0

(i) FHEEN ¢ THD HE 1.1 OME u(t,z) £T5. T > 0 ZEEICEET D &,
{u(T —t,%) o B (t) : 0 <t < T} i (F¢)-martingale &720,

w(T,z) = Exlp o B™(t)] = /dy p(T2,y) oly). O
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Mean-variance hedging for general
semimartingales

Takuji Arai !

1 Introduction

Let (2, F, P;F = {Fi}o<t<T) be a completed filtered probability space with a
right-continuous filtration F satisfying that Fo is trivial and contains all null
sets of F, and Fpr = F. Let X be an R%-valued F-adapted RCLL special
semimartingale of the space [ fOC(P). Assume that X is locally bounded and
not a quadratic pure jump one.

We consider an incomplete financial market being composed of one risk-
less asset whose price is 1 and d risky assets described by the semimartin-
gale X. Supposed that the maturity is 77 > 0. In addition, an R%valued
F-predictable process 9 is called a self-financing strategy if the stochastic inte-

gral G(9):= | 9¥dX is a square integrable semimartingale. The process G(¢9)

means the traging gains induced by a self-financing strategy 9. Let H be an
Fr-measurable square integrable random variable. Throughout this talk, we
regard [ as a contingent claim. Then the mean-variance hedging strategy is
given by the solution to the following minimization problem:

minimize E [(H — ¢ — Gr(9))?] over all self-financing strategies ¥.

2 Preliminaries and main result

Since X is a special semimartingale being in I ;"oc (P), there is a unique canonical
decomposition of X into a square integrable P-local martingale M starting at
0 and a locally natural process A of locally square integrable variation. O is
the space of all R%valued predictable X-integrable process ¥ such that the

stochastic integral G(9) := [ 9,dX, is in the space H*(P) of semimartingales.
5 =
We assume that the asset price process X satisfies the following structure
condition (SC):
Assumption 2.1 (The structure condition(SC)) (1) There exists an R%-
t
valued predictable process A satisfying A; = / d{M) As.
0

t —
(2) We define the mean-variance trade-off process K as K; := / AT (M) s\ss
0

where tr denotes transposition. Then, the mean-variance trade-off process K is
uniformly bounded in (¢,w).

1Department of Information Sciences, Tokyo University of Science, Yamasaki 2641, Noda,
Chiba, 278-8510, Japan. e-mail:arai@is.noda.tus.ac.jp




Now, we enumerate assumptions which we must impose in this talk:

Assumption 2.2 (1) Since our market is incomplete, there exist infinitely
many equivalent martingale measures in general. Moreover, suppose that there
exist equivalent martingale measures whose density is square integrable.

(2) We assume that the variance-optimal martingale measure P exists uniquely
as an equivalent martingale measure.

(3) Suppose that the density process Z of variance-optimal martingale measure

satisfies the reverse Holder inequality R, (P), where Z; := F g-g— Fy
(4) Suppose that the process 1/Z is locally bounded.

A contingent claim H € £%(Fr, P) admits a Follmer-Schweizer decomposi-
tion as follows: ‘

T
H:Ho+/ ¢Hax, + LE,
0

where Ho € R, ¢# € © and L¥ is a square integrable P-martingale strongly
P-orthogonal to M with L = 0. On the other hand, we define the process V¥

by ,
VH .= BlH|F) = B(H] + / EHaX, + L1,
0

where €7 € © and LH := E[L¥|F).
Next, a Follmer-Schweizer decomposition of the density % is given by:

dP - |dP T =
E__E ¥ia +./o (sdXs;  for some ¢ € ©.

Hence, Z is represented as

~ | dP ~ | dP o
=B | o|R| =F |5 JdX,.
‘ aFl| =BT A CodXs
Finally, we state the main theorem in this talk.

Theorem 2.3 Under Assumptions 2.1 and 2.2, for a contingent claim H €
L2(Fr, P), the solution to the minimization problem.:

minimize E [(H - G’T(i‘/‘))z] over all ¥ € O,

is given by

- - ~ t—
o =§{’—7Ct— (’W.‘f —A ﬁdeS)

t—




Stochastic Model of Economic Optimization

Mu-Fa Chen *
(Beijing Normal University)

Stochastic Processes and Related Fields
(Keio University, Japan, December 11, 2002)

November 14, 2002

This is an attractive model with serious challenge to probabilists. The
talk begins with the well-known input-output method, starting from an ideal
model. Then, we introduce Hua’s fundamental theorem, go to the stochastic
case, and finally consider a more practical model having consumption.

1. The input—output method. Fix the unit of the quantity of each
product in the production. Let z = (z™M,z®,... z@) denote the vector of
the quantities of the main products we are interesting in, called a vector of
products. ,

To understand the current economy, we need

(1) the vector of products input last year zq = =, 2. :c(d))‘
(2) the output of the vector of products from this year z; = (ml , x§2), - x&d));
and

(3) the structure matrix (or the matriz of expend coefficient) Ay = (a (0))
The meaning of the matnx is as follows: to produce one unit of the i-th
product, one needs a;; © units of the j-th product. Then, we obtain the
following equation:

Zm 52)7 Ty = mlAO-

Suppose for a moment that all the products are used for the reproduction
(idealized model). Then z,_1 = 2, A,—; for all n > 1. Hence

2o = 2140 = 2A140 = TpAn_1- - Ap.
*Research supported in part by NSFC (No. 10121101), RFDP and 973 Project.




We now consider the time-homogeneous case: A, = A for all n > 0. Then
the expression for the n-th output can be simply written as follows:

Tp=xgA™", n2>1

Known the structure matrix and the input zy, one may predict the future
output. This is the well known input-output method.

2. L. K. Hua’s fundamental theorem. Consider the equation z; =
z0A™1. For a short period, one may fix A. The question is which choice of
Zo s the optimal one for the output.

Theorem [L. K. Hua, 1983]. Given an irreducible non-negative matrix A, let u
be the left eigenvector (must be positive) of A corresponding to the largest eigenvalue
of A. Then, up to a constant, the optimal solution in the sense of minimax principle
is g = u. Otherwise, the economic system will be collapsed in the sense that at
least one component of x,, for some n becomes non-positive.

The result holds also for the economy in the markets. We present a
probabilistic proof of Hua’s theorem.

3. Stochastic model without consumption. Replace A™ with a product
of i.i.d. random matrices, we get a stochastic model and then ask the same
question as before. We have the following result.

Theorem [Chen, 1992]. Under some mild conditions, the economic system will
be collapsed with probability one for any positive input.

The mathematical tool used in the study is mainly the limit theorems of
product of random matrices.

4. Stochastic model with consumption. Finally, we consider a more
practical model with consumption and prove partially a similar result.
Some interesting open problems are proposed.

Department of Mathematics, Beijing Normal University, Beijing 100875, The
People’s Republic of China.

E-mail: mfchenbnu.edu.cn

Home page: http://www.bnu.edu.cn/ chenmf/main_eng.htm




Infinite divisibility and generalized

subexponentiality

BAf R (MEtBCRNISERT) EMEAR (REAREKHE)

Frifl R R FTRE M & € D Lévy BIEDBOBRIIDNT, RO I DONEETHZ T &
BESNTWS. (i) ERSAEFIRED 16 B #0° subexponential TH S Z &, (i) EFfI
Lévy BB subexponential TdH D Z & (iii) ERFERIRESTIDIE LT D Lévy BIEDOEMN
WEEICE L WI & (Embrechts et al.(1979)) .

IEDS3 p 7 subexponential (u € §) TH D &I limgy 0o BF f(z)/f(z) =2 TEHI N
B (p(z) & p DE p(z,00) ), FEETREINZE
limsup,_,o, Z* f(z)/B(z) < co EIRIRL 23 ilE OS(O-subexponential class) 2%z, &
PR AEFIRENE & DBIEIC DN TER L EHERIIDVWTHRET 5.

R, LOEBOMEATRESF T, TNM 0, Lévy HIE v BME2TO 2 > 0 KHLT, #(z) =
v(z,00) > 0 Ziilz T DAL ID, TKRY. pcID, ITHL, ERLLE Lévy HiE%
V] = ml{m>1}u E95,

®E 1 L EID, 275
(i) RIIFEETH 5.
(1) 11 € 08,
(2) a(z) < o(x).
(ii) RKZFETH 5.
(1) pe 08§,
(2) n>1PEELT vp* € 08,
(8) n> 1 MEEL T a(z) < vP*(z).

EE (1) TR n=1 SIRHEBV. B, vy ¢ OS THoTH pe 0S ER5HE
WHD F3 O nnd {0} OREEZRVEDDE v ETHIEEW) .

5l 1 (convolution equivalent class) R, ED5 7 p 23458 +(> 0) @ convolution equiv-
alent class S(v) KRBT 5 &I ROSDRMHETEELZND. (i) limgyoo B ¥ a(z)/f(z) =
2[5 e u(dt) < oo, (ii) p 13 #5E v D exponential tail ZFD K L(y) KBTS (EE
DkeRIHLUT, limgeo iz — k)/f(z) = e*7) . BENS S(y) C OS TH 5. WIER
AWIZDY SRR 5.

12 (semi-stable laws) FrRIELZEDHIL OS TH3. THIT, PREMIEFD Lévy
HE OBOLO ETFRIZ

(o) ; o-
Iy = a2, 5

ZZTHIRANSTHS.

BN




B3 RIS n ZROKXDITERT 5.

e—k

dz) =c¢ i (d).
n(dz) 1};(k+1)2 x(dz)
ZIZT, T={keNU{0}: k=30, 73717 =0,1}, c; BRBILERTHS. 20 n3H
B2 OS CRBERWN, nxnid OS KBTZEWIFWRFI /> TNS,

T, SKRUENE fi(z)/o(z) Dz — co DEZDEHOBERICDONTOIEEZEZD & &,
limg—eo B* G(z)/B(z) 23 2 A DEOIER L2 D00 (WS 1<) R limge0 fi(z) /7(z)
21 LA BBERDNTERBDRERTSSS. FEM UseS(y) C WS THB2,
INMW="THBNRINSRN. 72720, S(y) =WSNL(y) THS (Chover et al.(1973),
Cline(1987), Rogozin(2000)) . —7, p € S(y) NIDy D5, lim, o fi(z)/7(z) =
Jooeu(dt) THBN5 (Sgibnev(1990)) , WIS C ID4 & ¢z — oo DEE fi(z)/v(z)
DERICIRT B & 5 mAREHN 525 ETIUE, UsoS(y) NIDy € WIS HAAB.
IHR L(y) PIREZRT L TROEEZEED.

EFE 2 v>0iTxLT,
WIS N L(y) =8(y)NID,.

S& 3Lk

[1] J.Chover,P.Ney and S.Wainger.(1973). Functions of probability measures. J.Analyse
Math. 26 255-302.

[2] D.B.H.Cline.(1987). Convolutions of distributions with exponential and subexponential
tails. J.Austral. Math.Soc. Ser. A 43 347-365.
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[4] B.A.Rogozin.(2000). On the constant in the definition of subexponential distributions.
Theory Probab. Appl. 44 409-412.

[5] M.S.Sgibnev.(1990). Asymptotics of infinitely divisible distributions on R. Siberian
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ZRTRED M OEEERDELEE)
o OBR GRRERK - B3I - K5¥)

0<a<2iZXL,pldr) % R LD o ORESMET S, ZOXHERER
ﬁw&y:mg/emmmga:JQ)u&vﬁzené.
Rd

“LFJ@ﬁWﬂl—ﬂ%nkﬁ»wn%qAM@+¢@J) (a #1),

‘I’(Z) = 9
_ /Sd_l |(z,0)] [1 + i;(sgn (,0))log |{z, 0)]] A(dO) +iz,b)  (a=1),
ZZT(z,0) = Z;zlzjﬁj itz = (21,...,20), 0 = (04, ,0;) DNFEE, “sgna”
ISR ERT, ie,sgnz =1 (2 >0), =0 (z =0), = —1 (z <0). 7= \(dF)
X S LOFRAET, be R THB.

Pz TR EZRET 5.

KE1 b=0°%LL,H5FEEm>0ITHL,
Spt A = {oW,c® .. ,o@™1 841 s> SpanSptA=RY,
HS, X 0B8R 28k X5 RARBEORIZOLD 5.

ZDEE p FIFBRIET, O~ HERK p(z) 20, ie., p(dz) = p(z)ds.

Fxi3& M o € S ZEETHITED p(ro) D r — 00 TOFWVDES
WERAREN. 1 REOEXZRLALENTOT, A 35 {+1} KERE b T,
p(y) ~ Cla)y™* (y — +oo) T, MHD, A 2% {1} LEZZ bRRTHI,
ply) =0 LARZDIF0<a<1hDPy<0DEEDHLT, 1< a<2ib
y — —oo DL IHPANWAT 5. BxliT—BORTIZBWT, ZOWLEdh%
STz,

Fn=12...,d KL, KDOX L.

S(n) := {Zasa(j’); as >0,j,=1,2,...,d+m (s=1,2,...,n)} nse1

s=1

T(n):=Sn)\ S(n—1) with S(0):=0.

o €T(n)iXo BT(1) =SQ1Q) ={cM,0® ... 0™} DL x5 & n @OPIA
N7 MVOIEREE b OB TR SN, n— 1 U T OEREREERCIRIN

RN BT S, (AL, n+ 1 @U LM 2~RS MLO IR THLE
ENA R D B.)

Int §(d) T S(d) » S+ iTB1 BB KT




EFE1 RE1OLE, KRB IO,
H0<a<l1lntE, Hdn=1,...,d%HL, o e T(n)NIntS(d) 25
p(ro) ~ C(a,0)r0+®) (r - c0). ¢ ¢ Int S(d) 725 p(ra) =0 (r > 0).
)l1<a<20lE D n=1..,d AL, 0 T(n) 26 p(ro) ~
Cla,o)r™0+) (r — 00). o ¢ S(d) 725 p(ro) ITHEEANZHAT 5.

1 Sd)=8"17T,bdn=1..,dHLToecTh) 25 p(ro) ~

C(a, o)r—m+) (p 00).

BLIIELICFHLL, LORE Cla,0) ZRETHZENTX S,
Fi=1...,d4+miZxL, p;(y) & oD ITHST B 1 KELREDHOBERE
E35. Bib, ,
MO 1 ity tan | (@ #1),
W;(t) = 0
—A({dD}) || [1 + i%—(sgnt) log ItlJ (¢ =1).

ZXERERENC b OB EREE pi(y) LT 5.
ceT(n) DLE REEHTS.

J(n) = {{J'h---,jn} C{L...,d+m}; 0 =a;0 + ... 4 a,007),
a,>0(s=1,...,n),{c%, ... ol ;ﬁﬁzzmﬁ}.

{1 dn} € JM) ITH L, {oUn), . gUa} % {0, .. U2} 25 RE DEJE
LRDBDLLTHEEL, Q),..j & dXdITHIT, Q) ;.60 =gl (s=1,...,d)
RELDOELTHEHETS. BL, e® 13 z; BIFHOHEM NS F LT, (31, - .. ,3q) 1X
(L,...,d) DI VEZXTHD. £z (d—n) KT py, . (Tipyns- oo, Tiy) &
n=dR2b1¢tL,n<d ROKRTEDS.

/ dy1pj,.. (v1) - - / AYmPjgrm (Ym)

—oo -
m m
Pjnia (‘Einﬂ - Zysé,ﬁ?)) Dy (mid — Zyséjdw)) ’
s=1 s=1
BL, {Jars, - darm} = {1,...,d+m}\ {ju,.. ., ja}, EVa+s) .= Firnin @I,

EE2 oeT(n) 2RETS(0<a<lboecIntSd) b).

p(ro)~ Y |det Qs il pis(rar) - pj,(ran)ph. . (0, 0)
{jl,...,jn}EJ(n)

(r—00) B2 ZZTpy ;,(0,...,0) FEOKTHS.




HIRHBE IR K O F B RERBHEI- BT 3
BB DWHE B D\ C

BHAE (BEHEZRE - BITZE)

BIRRDHARELZ D DEEHRELERFIORREOHERNZEEICE LT, £ THDIC continued
fraction mixing & LIZNZ2HEBEEZ H DFEICDWTERT 5. —7F, continued fraction mixing
TRVWEBEREHINZN U T BRECEFENEFHIC OV TEKOMEDHE D LOFE LT o
EABERE JENDEBRPSESNBREIICOVWTHENT S.

E# (Continued fraction mixing). EFEMEREEF] {X, 132, (HEX u) »° continued fraction
mizing THD LI, LTOUEZEmEZTILTHD:
{(Xiy..., X;} WO TEREND o-algebra 2 B} L L,

— " [w(AN B) — u(A) - u(B)|
v(t) = AeBg,Bseggg,,szl w(A) - u(B)

CERTDHELE,
P(t) = 0 (t — o0) (“¢ — mizing”) and (1) < oo
MK D LD,

BT, {X,} & ERAOHAHE%R D D continued fraction mixing FFEEFHEEHII & T 3.
{Xn} D local maximum % Ly = maxi<n<n Xn £BLE, Ly OEERNZEEICEL TROEE
2185,

EIE .
(B1) ufx : Xl(x)zj}=§+oe> L i 21 BB ERM H HEET B,
(B2) ¢(t)=0(p‘f£), 0<p<l
BRETS. COLE, FED0<I<1 & y>0ICLT,
u({x : L—I"A—gﬁ < Hy}> = exp (—§> + O (exp(—(log N)?))
PELD LD,

IR . LOEED (B2) 2RELRWE, BEEEZMELRVWVROKERE2E5.

o ([ 2 <)) - oo [1).




=1 . (RE (Bl),(B2) OFT, WHBHD LD :

- Ly
liminf —— = H (a.e.)
N300 —i——

loglog N

IHIT, RBOERNICET H/REBNRD.

() u{x:Xl(x)zj}zzj——l—O(;lE), P21 BB ERE HAEET D,

(C2) 3 w() < oo

ZRETSH. TOLE,

. Xi+Xo+...+Xny—Ln
lim

- H e
N Nlog N (ae)

MELD LD,

—75, continued fraction mixing T WHARFHERBARDEEMEEHIIOF L U T a-BHEE
#uh 51E S N BREF &% X, D mixing property & R AREOFEHIZEEICBET 2EREENT
5.

1<a<liZHLT, Bl I, = [a—1,0 &BL . ZOLE, BT, Ih— 1, ZROLIIC
ERT S
_[ L

z

ZZT,yeEm—-14+o,n+a)DEE, [yla =n T2 VE, 2, IHLT,

Tu(@)= |~

] for £ € I,\ {0} and T,(0)=0,

1
Ta ™ (z)

en(z) =sgnT2  (z) and c,(z) = [ J (or cu(z)= oo if T2 z) =0)

EBLL Ty T, MEAHERT VT — FOREHERRE po PEETD. INLD, {cn(2)} &, ta
B U CHIHEDS BR RO ERHERELGI 22T PO L. 51T,

an(z) = en(z) - cn(x).
EBE, {an(2)} b po BT IERHEREEIIE LTHRD.
T% (weak Bernoulli). #EXZH5] {X,} »* weak Bernoulli &%,
D(BY, BffN ') <e  forany k>1
PRI DZEEWS. HL,

D(BY, BEINTY) = > [u(PNQ) — u(P)u(@)l,
Po

ZIT, P,QIE&B%L BE BN D atom2hELDHDLTS.




EHE . EFBD ; <a<1IHUT, {an} I& wesk Bernoulls.

WD o 12T BIREDT T, {an} I& continued fraction mixing THEWNWIZ &b D 3.
R3E (A).

1. T a) ¢ {a,  — 1} for any n > 1, A
2. TN (a) = o, BNV, Tr(a) 5 a—1 &2 XD BREDF] {n;} BEET S.

EE . RE (A) E ae a, 3 <a<1ITROID.
EE . RE (A) OFT, WP LD -
1. {an} & continued fraction mizing TRV,
2.¢(n)=o00 forany n>1.

{en(z)} », continued fraction mixing TR\ &3 LOEEP LS. —AT, {cn(z)} D&
KIEIZB L CEIR D & 572 continued fraction mixing HER A I & B OBHE NI ZEENICEE T 214
BEAED LD, KR,

(log —‘/g“)‘1 if 1<a<¥8l
Ly=1L = max ¢, and C, = 2 2 2
v =LIn(@) 12nen © (log (1 +a))™! if YBl<a<i
EBLE, WPHILT 3.
. L T 1
o 1\;11_13100“‘*{:261“: —%—) <Cq-y}=ev.
e liminf ~—£NN—— =Cy (ae)
N—roo loglog N
. cl+Cz+“'+CN-LN__
o 1vh—r>noo Nlog v =C, (ae.)

ZE XA

[1] H. Nakada and R. Natsui, On the metrical theory of continued fraction mizing fibred systems
and its application to Jacobi-Perron algorithm, to appear in Mh. Math.

[2] H. Nakada and R. Natsui, Some metric properties of a-continued fractions, to appear in J.
Number Th.

[3] H. Nakada and R. Natsui, Mizing properties of a-continued fraction transformations,

preprint.




Statistics for the number of vertices of Galton-Watson trees

FOBLHY AR INES - &

M= {pn}2, & Z, LOWERFIFEL. I % offspring distribution &9 % Galton-Watson
BRE {Z,12, (Zo=1) £ET5. TRTD “trees” NHIEHZEM Q [THELL R F &
HERWE P 2EHLT,

Zn(w) = tree w D n HADTHREK

ETBHIENTES, (Otter(1949), Neveu(1986)) < Z TlE Markov chain {Z,}, L D&
tree w EERDBREBBICT 2. FIZ Z(w)(= Y50 Zn(w)) Z tree w DT, Yi(w) (
E=0,1,2,...) ZTHOEN k THHEROK. V= Z,_O (W) £T 5,

LUy po >0, po+p1 <1 ZEET Do f(2) =2,,500n2" 211 ORBEL p(p2>1) 2
TOPR¥EET S, ARG a> 0 BEFEELT

f—(—@ = inf &Z <1
a 0<z<p 2

LB, a<pDEZI HH5VE f(2) BERHFAZHETENDI LTS, ZOEE
fl(a) = f(a)/a &£785%, EBI d=d(II) &, p, >0 ERDTRTD n ZEDERAKNEE
95,

1 Z, Yy DFHOEEFTE
9, HHLFMEES U TRMRDILD @

Proposition 1. (i) n # 1 (mod d(II)) 7251 P(Z =n) = 0.
(i) limsup,,_,o, P(Z = n)Y/™ = f(a)/a.

I 51T Otter(1949) DHERDHR E LT
Theorem 1. & ANV DIEEIE, n#1 (mod d(II)),n w00 ETHEE

P(Z=n) ~ ch (f_@) nk=1/2
k=1 a

CIT o =dy/ 50 E72 f1(1) = 1 (critical) DHBDOH f(a)/a =1, TNESOHER

fla)/a<1 TH%.

KT gr(z) = (}:J 0Pi?) /(1 = Y jurpi# ™) &'9“6& gr(2) & Zy LD B DHERN
I® = (% },50 d)!:l%%t BoTW5, I am% P >0, p{ + p{¥ < 1 MDD,

-—————-——gk(bk): inf M

bk 0<z<or 2




KEOEHT D, £ dp =d(IF) &T 5,
Theorem 2. Y, D77t I*) % offspring distribution &9 % Galton-Watson tree DTE
BREOAMICELN, B

/n _ gk(bk)

lim sup P(Yk = n)

n—00 bk

/2 0< by <ox THNE PV =n) 1 d n— oo IKHBWT Theorem 1 & RO HHEER %
HD,

iE. 11 2% critical DBE. BLO I D support BER T, f(2) = gu(2) LI TLEIHE
EDENT gi(be)/be < f(a)/a THB. Floe k00 ETHEE gi(by)/br T fla)/a.

2 Z,Y, DAY

Otter 1 Z & Yy DHEBAMICDONTROMRZHFETNS ¢
Theorem 3.(Otter 1949) & A ZRETH. n—> oo (n=1modd) £ETBHELE

P(%Eo |Z=n>~——)5ak(0) ak-—-?—lﬁ-—.

CORIABOFEA EEZEZ NS, JUTHIET 2 FOEBRER DR ILD ¢

Theorem 4. FIULEDT T, FIZED K> 0L T

P ({\/ﬁ(%~ak)};e- 1Z=n> — N(0,VK) .

12iEL VE = (Vi e T

> Vigtits

1,720

2 2
1 2L -1 1
= f—(aj Zpktk - 7@)f"(a) {Z(k — 1)pgtra® —poto} - T(E)—i <Zpktkak> )

k>0 k>2 k>0

ZOEEOERIEHE & LT Mahmoud (1995) DRERNESN S,

3K
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J. Neveu: Arbres et processus de Galton-Watson. Ann. Inst. Henri Poincaré, vol.22, no.2,
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) o BEH BE (RBRF) MEFEA LR o T, BARKRF RSN E A ESE
ERSSBICHBWT, 2002412 A 18 H (K)~12 A 21 H () D HETHES
Nz, BEISA VI — NEEG, %R, RSB UK L4 2o
D, BEFEH, BEscwNTbhz. UTFI, To7arssk, HEY
T2 b THL.
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Hausdorff Dimension of Trees generated by
piecewise linear transformations

Makoto Mori
Department of Mathematics,
College of Humanities and Sciences, Nihon University

Dec. 21, 2002

1 Introduction

Let I = [0, 1] be a finite union of disjoint intervals, and we consider a piece-
wise linear, expansive and topologically transitive transformation F': I — I,
that is, there exists a finite set A, an interval (a) corresponds for each a € A
and

1. {{a)}sc4 is a partition of I,
2. (Fl@) is constant. We denote
e = |Fl@) ™,

son g — + F'(x) >0 for z € {(a),
Ba=1 - F'(z) < 0 for z € (a).
3. Fis expanding:

I T 1 : nt
€= hg_l)glf - esmsel}lflog | ™ (z)] > 0.

4. F is topologically transitive.

We call a finite sequence w = a;---a, a word (a; € A). For a word w =
ai -+ - an, we define




1. |w| = n (the length of a word w),
2. (w) = M5 F*({ai)),
3. sgnw =[] sgna; (w=a - a),

4. My = H?:l Nay-

We call a word w admissible if (w) # (. For convenience, we consider an
empty word @ for which we define |§] = 0 and () = I. We denote by W,
the set of all the admissible words with length n, and W = U2 W,.

We fix 0 < r < 1, and put R = ref. Now we construct a tree from words.
We start from a branch (f) corresponding to the empty word with its one
end point at the origin, and the length of this branch equals ||, where |J]
stands for the Lebesgue measure of a set J. From the other end point of (()
branches (a) corresponding to words a € 4 with length 1 connect. Then the
other endpoints of each (a) branches (ab) (b € A) connect and so on. Namely
for each w = ay - - - ay,

1. (w) is a segment with length R*!|{w)|,
2. one endpoint connects to (a; - - ap_1),
3. the other endpoint connects to (a;---a,b) (b € Aand a;---ab e W).

Definition 1 1. We call the closure of T° = Uyew(w) a tree and denote
by T'.

2. Let (w)) = Uycw) (W), and call it a branch starting from w, where J
stands for the closure of a set J.

3. We call T\T® the flowers of T. FEach point x in the flowers corresponds
to a point in I.

We need an assumption that the branches of a tree do not intersect and
" spread.

Assumption 1 Words u,v € W (Ju] < |v|) intersects only when u =
aj- - Gp and U = Udnpy with some a; € A (1 < ¢ < n+1), and they only
intersect with their end points. Moreover, there exists a constant Cy > 0
such that for any word w € W the diameter of ((w)) N(T\T?°) is greater than -
Col(w)]-




Theorem 1 Let F': I — I be a piecewise linear, expanding and topologically
transitive transformation. Then the Hausdorff dimension of this tree is the
mazximal solution of det(I — ®(R*, a)) = 0, where the definition of ®(z, ) is
given afterwards.
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il FOEK ax—(1/x)  (0<a<1)  DTransferfEJIHFIZ >NV T

EWFI D 2 RO AL (ax"+hxve) /(ovd) BHM LOBIRE RAT L&
b HE affine TIIZ & - C, ax+(1/x)+B, F£720k ax-(1/x)+8 LRBTH 5,
ST R(x) = ax—(1/x)  (0<a<l) O AREHERRIIE & A9 D Transter
Rz VR 23 L < M. R ¢ crgodic propertics, F ol #lliz->uv T
FAD D, R OB a+(1/x7) T H I ECTEGE T, BT O LTHE R
LK TR W I SR L & 5.

FSRENMEIZOWTIRHEKDZ ERDND,

BB gGoi= o/ P (/-] 22 s/ /T, B R O
72 e AR A W O B E IR T d B

ZHhE. g A (R dx) ([ZRNEY BTransfer B € OBMERTH L Z &kl
BOd Cwfnd bsn, ml/(x-w) DEHEGFEER>TVWDS, 22T o
R ABELmICIELEEEOMTIT /(I-a) Thd, 20X D 2MHE
m%ﬁwﬂﬁwaMKﬂbT%mM%Tén

PN A (0, 1) DR @ & e (x) I=g(x) EW/o9 R DI

e(x):= (1/2)-Tan Y xdT=a)

LB R E (0, 1) Lo RO = o7 BB DL

R(y) = (1/2>—(l/n)Tan"(aatun{n((l/z)—y)} - (1—a)/tan{n<(1/z)—y>})
LR HENREBICI DO B D ER DD,

MM 2., RIZAR—=7MEE ML, 752 DK 0,1/2), (1/2,1) & (0,1) @
B L. A/ARKMO LT, PRy, HEEO0SH IR )

IR () 2'l+min(|+(a/(l—a)),1+((l—a)/a)) >

WY

TOGEENNT R.ody) (2 DTransfer B E 2 o LTk, FHRER
FORSH—EIERERICR TR mbhEmEs LT, RKOMLELRFDL
nas,

M. BRI [0,1] Lo REBEEE L, v() EZOREMEDEE
Lo s Uy v (DI | EERT D b HREBB KK,

L (dy)




VN ufu[o 1 WL @- ARYETR Banach 28 &R B, £72. Z ®BanachZg i
FOERSE T & 0<p<l BEFELEL T, T DoAY FIVERND p T, T RTOIE
O n WXL, DO ‘

1
@9 o) = [ e+ @P
0

—H T, (0,0 LD R ORERALWE pr=gdx (2RI D Transter V)T #
e =(1/9)e(fg) & @ LI DE O RIMENNIT D,

M 4. fe L ((-=0), m) Ik LT
| <£#f><x>:<z<f=¢>><w“x> (p-a.e.)
SHILY D,

i o(x) BIBEHMCTHY ., LoT ¢ 1LY (o) TOHREEE O

[0,1] OFRLTHBEHKICET S Z ZORBREMNMNT, ME3 EmBE4L XD,

Z, DAY FREERELID,

MBS, f & (-wo) LEOFARETEKEL. V) 2XTOARENETEL L.

N i PR VA i T D E, AREWMBEEEEE, 2L
()

Il kv, 58# BN ARAN H«m«m &, £, ZwWBanach’E N o
MHE E L 0<pdl BAAHEL T, ¥ OALY FAERN p T, 9N THOILDWK
Bon ok L. i

@) () = fw f(x)dx + () (x)




Hopf-equivalences and recurrence properties for dynamical systems
Bk ARl
BERBAFRNFREA TR
SR TR
BN 3 A

FDOFETIE, 0L ODERDP LELLHFRICBIT % Hopf-FIME L IFIEN 582 I1CR Y 5 FEE & 3%
fit L7z. E. Hopf [2] 1%, JEE TRV — 27 220 £ O FRM R HIZ#I5t L, A48 Hopf- %A
Hopf-FMED# & %, FMERBRALMEDOHFLR, ZHROBFRIETREN T

AR ERIC BT 5, Hopf-[AMEIZ D W T ORI DFERIE, T. Giordano-I. Putnam-C. Skau [1]
EBLDTROEIIIHERENG. p& A PVEES X EOBNRFEMEER, 230, o OF
DHEN X THETHLIFAMESRETHLETH. X ORPOMLHSES A BIZXL, XD
% (a), (b) 1ZFMEICR %: (a) AL BIZAMR Hopl-FMETH 5; (b) xa—xs = fop— f 7 5HEk
BB f: X - Z2EET S, 22T, xa i3, BEAOERBEEZRT. A BEhENOME
~NOFRSE {AY: |, (B, LB (0, PEELT, T (A) =B 1 < Vi < kDRI T 5
X AL Bi3HRHopf-FMETH % L. A BOSENTEERESETHLEX AL BRT
Hopt[AETH 3 L2 9. (a), (b) DRMELER B2 B, ROEUVBELM L LTHELND: (o)

n—1 n—1
BOzc AUBIIHL, 588 n > 1DHELT, Y xal¢'s) =Y xs(@'z) BHILT 5.

LT, Bl 2BV TEL R, %ﬁ?ﬁ%@%%b:ﬁé%@‘%{)ﬁ%%ﬁ&é.Ogo *h v PVES X EO
MWEZETLH. TAHEROEE 2] LR, X ORPTRTEERNTH L L1, X O
BREn®Es AT, ADEESEE L ER Hopf-lAMEIC 2 5 AIZFEL 2V L TREMTON
ZEEWLPIC LI T, X OEBOEY ¢ I LEFERNE 5, ()=() PRIT B L
HHL ZDXD % o OR MBS Vo SWIRE L2V & JICIE, (o) B Lo % 5T A
B3 W Hopf-AMEIC 22 2 L bR L7, 510, (b)=(C) RV ILDOZ L &, X DEIFTTN
CH LIERRIOIC R 5 2 L DEEHIL, BLEORRORE LT, (a), (b), () AT NCREIC AL
L X DENFTRTo okt LEFRIIC S5 Z LR ENT. Ao e X Do lxt LIEFRIT
Horid, ze{pn(@)n> 1} PWYILOZLEVI.

£

[1] T. Giordano, I. F. Putnam, and C. F. Skau, Full groups of Cantor minimal systems, Isr |
Journal of Math. 111 (1999), 285-320.

[2] E. Hopf, Theory of measure and invariant integrals, Trans. Amer. Math. Soc. 34 (1932), no.
373-393.

[3] H. Yuasa Hopf-equivalences for zero-dimensional dynamical systems, Japan. J. Math. (N.
28 (2002), no. 2, 299-312.



Renewal sequences and multiple recurrence of I1,,-Markov shifts

FHE L (WNRERFEGHEREFELRE 3 F)
20024E12 H 19 A

FRRIEHR (X, B, 1, T) ., EEOEAREd LEBEOFRIES Ac B, u(4) >0 LT u(dAn
TRkANT22AN. - -NT-%A) >0 LR 2ERBEZROTHZ L NHKS L EEAERIIZER
RETHD LN I, [(X) <oo2biT, XIZHEFRWTHD | 137NV AT 73— (Prinston
Universsity Press,1981) D R MbNIERTH D, —F p(X) = 00 iZ2WTUL, TA T = /7’
V= N3— o (Israel J. Math.108,1998) 27— Y o —{fH (Israel J. Math.177,2000) iZ
D ZEERN T W RRAIEROFIRET b, BT —r Y o —hH (Israel J. Math.177 2000)
CRWTIE, A a7 EROSEFRMEOUERMEZTR LTV,

FE#I u = {up}n>0, uo =1, up > 02, H S| (EFFRMEF LS faln>1, fo > 01TH
LTHAETBRR uy =30 Uk fak, n 21 Z2HETEEa ZHEEIIE W), BREREFOR
BIEBRIIBEAERSI 25252 LBMON TS, #iT, F = (Springer, Berlin,1960) iZ & D {£
BOBFAHEING N2 Lo a7 EREERT I FELMLATVS, 2Tk, 2EFHRY
RN T ERERBRT AEAFSIERY LTS, BIb, RO4AFEE2HZIETEEBSIZE2%

(i) T2, nfy=00. (& up — 0asn — 00)
(ii) fn > 0 for infinitely many n > 1.
(iii) Yoo un = o0.
(iv) Vd € N, %2, u = oo.

St (i), (i), (i) A%, ST 3o 7 ERSERANE, FRtk, o o3— FEEormD
DEMETHD, T—ar Y —FHOFBRIZED., &6 1O)-(v) TS T 2L a 7 ERBEZER
BEOIZRAZLEBRLTEBY, 20O L5 RBEEI 2 LEFRROBAET) LWL,

ZFIT, &M (iv) BERTEDD u, ORDOA—F—% EDO LS CROIZPPHREL 2D, ¥
Y A (Quart.J.Math.Oxford(2)7,1956) iZJRRANOMET2H D 1 RTLT v F A - Ut — 7 OFIT,
nEAICEAIRERE > TR 3R u, DIURA—F—2RDODTNWB, #iXu, DWEDA—F—2 u,
DEFuMOERBIIELVELE, u, ZnDHELEXNTTI»OIHMEHKRIFLR L, ZhE
AW D) AOGINRENR (iv) ZATEREECRNPD, ZOFICRNWTHRA » FEigoT
0N, BEFEREIZRBRDS u, DFBEXTH S, T CROFEEIUZHLTH, Z0HE
KICHIETHROFBREE Z LHFHKS:

n—i—1

(*) unz—---Zwz Z (n—1i—J)fa-ijuj, n>1L

z—O j=0

INERFEFBREEZRL2S, BAFBRLRAERFENTDHY., H57 7 AOBEKINH
LCIIRRA - — 2 B EHRFERTH S, £OL I 2FL LTRO LS RBEERSINET

bihb: .
n-—
ap =1, an=1——-1—z % n>1.

b —
ck=0n—k




EB (x) VB LInEY,

n—1 1 -1
Qn = ;{Z a =~ Zaz‘an—i-1}, n=>1

=0 i=0
BELh, kD
n—1
Qp ~ — Zai as n — 0o
=0

SLRBILBND, BV AOFRZERTIE, EEOEAREJICHLT

Kn™1 < aq
B, BEIEEK >0 L+DRERAICOVTIRIIDIEBH/OND, > T, FEHES {an}
B4 (iv) 2R T o EBRENS,

BB CIIURA — ¥ — 2 R OB 5 BAEBIN O 2 BT E 0B, LVEWS FADOFAE
IR L TRDA—F — 2RO D FEEZR/DL T LPESROBETH D,
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WEAK GIBBS MEASURES FOR INTERMITTENT SYSTEMS AND
WEAKLY GIBBSIAN STATES IN STATISTICAL MECHANICS

MICHIKO YURI

ABSTRACT

~ In recent papers [20,21,24-26], Thermodynamic formalism was developed for nonhyper-

bolic systems with subexponential instability exihibiting Intermittency. Such nonhyperbolic
systems typically admit periodic orbits causing phase transitions and possess absolutely
continuous equilibrium states (with respect to physical reference measures) which fail to
hold Bowen’s Gibbs property ([1]) but satisfy the weak Gibbs property introduced in [19]
(c.£.[20,21,25]). In this work, we shall clarify how the weak Gibbs property relates to the
weakly Gibbsian frame work in statistical mechanics, that is, the main purpose of this talk
~ is to show that the weak Gibbs equilibrium states are weakly Gibbsian states in the sense of
Dobrushin in [4-5] (i.e., satisfy (WG-2)-property) and in the sense of Maes-Redig-Takens-
- Moffaert-Verbitski in [10] (i.e., satisfy (WG-1)-property). Furthermore we show that a local
skew product transformation related to a Diophantine approximation problem in inhomoge-
neous linear class admits a weak Gibbs equilibrium state absolutely continuous with respect
to the normalized Lebesgue measure which satisfies both (WG-1,2) properties and admits
‘an essential discontinuity in its conditional probabilities.
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On the isomorphism problem of a-Farey maps

B Al (BERRAEF)

T haE—NELWEE®D 2 D? Bernoulli automorphism WA WIZ[E I 7z
HZEiFE<AENTNWS. LHnL, Bernoulli endomorphism OFEITIL, 7= &
AL hOE—NE L EBRABMICARS EEZNKTUBRES RN, 22T, ER
KRAZERE % B D non-invertible T ergodic 72 1 XITEFH D 1-parameter family T,
ED2DHHENWIZHEETIER WD, ZD automorphism & U TOIEKIZTRTH
BIZ72 BB D NTHNANT 5.

s<a<1REMUT RE J=o-1,1 &B<. BERF, T, Ju &

- if z€la—-1,0)

£ if z€[0,3)
Fo(z) = 4 ' 2

2 if zel; o]

22 i re (g1

LEFEL, o-Farey map EXLN. F, 13, o-EORBROFRLILILZEEHEL
THMDOTsNS. F, IZI3T)VTd— RET o-F BB kseh H i R R RS HIE
ET 5. ZDO&E, F, D natural extension F, 232 XITIER TEHRIND (M
WRAEREEZDD). LT, F, & F, OFRZEEICEL TROEENRIITS.

TR .
(i) Fa, }
(i) Fa, 1

<a<l, BIXRTHEETH 5.
<a<1,i3ED2DHHEWNIZHEEITERN.
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PHYSICAL MEASURES FOR PARTIALLY HYPERBOLIC
SURFACE ENDOMORPHISMS

MASATO TSUJII

In the study of smooth dynamical systems from the standpoint of ergodic theory,
one of the most fundamental questions is whether the following preferable picture is
true for almost all of them: The asymptotic distribution of the orbit for Lebesgue
almost every initial point exists and coincides with one of the finitely many er-
godic invariant measures that are given for the dynamical system. The answer is
expected to be affirmative in genera. However it seems far beyond the scope of
researches at present to answer the question in the general setting. We aim to
provide an affirmative answer to the question in the case of partially hyperbolic
surface endomorphisms with one-dimensional strongly unstable subbundle.

Let M be the torus T = R?/Z? or, more generally, a region on the torus whose
boundary consists of finitely many C2curves, such as an annulus (R/Z)x[~1/3,1/3].
We consider the standard Riemannian metric || - || and the Lebesgue measure m on
M which are inherited from R?. In this paper, we call a Clmapping F : M — M
a partially hyperbolic endomorphism if there are positive constants A and ¢ and a
continuous decomposition of the tangent bundle TM = E° ¢ E* with dimE°¢ =
dim E* = 1 such that, for all z € M and n > 0,

L. |DF"|gu(s)ll > exp(An — ¢) and

2. | DF™ge(z) |l < exp(=An+ c)|| DF"|gu(z)ll-

The subbundles E€ and E* are called the central and strongly unstable subbundle
respectively. Notice that we do not assume these subbundles to be invariant in the
definition above. The partially hyperbolic C"endomorphisms form an open subset
in the space C"(M, M) of C"mappings from M to itself.

A physical measure for a mapping F : M — M is an F-invariant probability
measure whose basin of attraction

n—1

1
B(u)=B(uF):=<zeM HE 5Frs(z)——+uwea,klya,sn->oo ,
i=0

has positive Lebesgue measure. The main results in this talk is

Theorem A partially hyperbolic C"endomorphism on M generically admits finitely
many ergodic physical measures whose union of basins of attraction has total
Lebesgue measure, provided that r > 19.

DEPARTMENT OF MATHEMATICS, HOKKAIDO UNIVERSITY
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A lap number formula in higher dimensions and
rigorous entropy estimates for Lozi maps

Yutaka Ishii
Kyushu University

In this joint work with D. Sands (Université de Paris-Sud, Orsay) we present a formula
to calculate the topological entropy of piecewise affine maps of R? (d > 2) in terms of their
combinatorial data. We apply this formula to estimate the entropy of the Lozi map:

L= La,b : (xay) = (1 - a’[ml +by,£E)

with rigorous error bounds.

We start with a well-known fact in dimension one to motivate our results. Let f be a
piecewise monotone map of the interval or of the circle, and I, (f) be the lap number, i.e. the
number of monotone branches of the n’th iterate f™. Misiurewicz and Szlenk have shown
that the topological entropy hiop(f) of f is given by the lap number formula: hiop(f) =
limy, 00 %log In(f). We show analogous formulae for piecewise projective maps and piecewise
affine maps in higher dimensions.

Let f : R — R? be a continuous map (d > 2). An affine subdivision of f is a finite
collection U = {Uy,...,Un} of pairwise disjoint non-empty open subsets of R? such that
(a) their union U3 U...U Uy is dense in R%, and (b) fly, = Ai|y, for each i = 1,... N,
where A; : R — R% is an invertible affine map. A piecewise affine map is a continuous map
f : R% — R? for which there exists an affine subdivision. In dimension two, we say an affine
subdivision U = {Uy,...,Un} is regular if its boundary oU = Ui]il OU; consists of a finite
union of line segments.

Let R4 be the compactification of R% obtained by adjoining the (d —1)-sphere at infinity. It
can be shown that every piecewise affine map f : R — R? has a unique continuous extension

fe Rd —s Re. Given f and U, let us write U, =U V fFIU V.-~ v f-(-Dy,

Theorem A. Let f:R? = R? be a piecewise affine homeomorphism of the plane. Let U be
a regular affine subdivision of f. Then

~

.1
hiop(f) = nlggo oy log #Uy.
In higher dimensions and for non-invertible maps we only have an inequality:
Theorem B. Let f:R? = R? be a piecewise affine map of R (d > 2). Let U be any affine

subdivision of f. Then
htop(f) < hm —Iog H#HUy.

We use this formula to get rigorous bounds for entropy of Lozi maps. For more information
on our computation, please visit the webpage of D. Sands:

http://topo.math.u-psud.fr/ sands/Programs/Lozi/index.html
in which bounds for several parameter choices are presented and the global behavior of the

function (a, b) = hyop(Lep) on the parameter plane of the Lozi family is visualized.
REFERENCES

[L] Lozi R. Un attracteur étrange(?) du type attracteur de Hénon. J. Phys. (Paris) 39 (Coll. C5), pp. 9-10
(1978).
[MS] Misiurewicz M., Szlenk W.: Entropy of piecewise monotone mappings. Studia Math. 67 (1980), 45-63.
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Partial discharges and double rotations

wAFE (REKRE) FREER (RRKFH)

INT A= (a,B,¢) €[0,1) x [0,1) x [0,1] {ZH L, double rotation f(a g, : [0,1) = [0,1) &
z+o} ifzel0,c),
fep,0(@) = ¢ ) . ,¢)
{z+pB} ifzelcl).
EEERTD, ZONTA—FZEM D =[0,1) x [0,1) x [0,1] B D, ; EF#& T, ;: D.; -+ D %

D0,1={(auﬂac) GDIa<ﬂvc.<_1“ﬂ}v Dl,l ={(a,ﬁ,c) €D|a>IB7CSﬁ},
Do ={(a,8,c) eED|a<p,1-p<c<l—a}, Dipg={(o,8,c)eD|a>p, pf<c<al,
Dys={(a,8,c) eD|a<p,1-a<c}, Dis={(o,8,c)eD|a>p,a<c}

o= ({2 {2} an): Ttesa=((52).(557).9)
T(o.5)(, B,¢) = ({a;l}’{ﬁ;1}7c+z—l)7 Ti 5(@, B,¢) = ({12}’{1&}’;:3)’

EED, (o, 8,¢) € Dy ITHLUT, j € {1,3} 25 T(a,B,¢) = Tie jy (e, B,c) EEHET B, £z,
(a,ﬂ, C) € De,j 6:5@1/”(, I(a,,@,c) EZLUTOLDICED B:

[0,1-5) if (&, B,¢) € Do, 0,0)Ule+1-24,1) if (a,8,¢) € D,
I(O‘,ﬁ:c) = [C+IB-17C+O‘) if (CK,,B,C) € D0,2a [O,,B)U[Ol,l) if (a,ﬁ,c) ED1,27
1-a,1) if (&, B,¢) € Do 3, [0,c—a)Ulc,1) if (o, B,¢) € Dy 3.

Proposition 1 (a,8,¢c) € D, ; &9 %. j € {1,3} D& ZE, induced transformation f(, g, C)[I .
[u fT(aﬁc) ERBTHS. j=2 0)&:% f(a,g ) @D I(ag ¢) ’\(D%f”sﬁbi e=20 ﬁb‘i@%%f&
Ra/(l-i—a—ﬁ) E,e=1 725 X EERE A Rﬁ/(l—a-l—ﬂ) &, FTNENFEBTHS.

BT, 0, B8Q E—KMITHBLICHWD. TDEE c DT A—FZEM[0,1] DEHEAT
BT ={ce[0,1]|VieN, Tia,B,c) € Doy, j € {1,3}} EEDS.
Theorem 1 I'ld Cantor & T, ZDRIEIZ 0 TH 5.

fla,8,c) PIXERK (discharge number) Z&FHME 2 € [0,1) ITH L TUTOL S TERT 5:

n—1

.1 ;
(a,B,¢) (.’E) = nlgréo E Z X[c,l)(f(a,ﬂ,c) (:l?))
=0
Theorem 2 ¢ € T DEE, g4, (z) 13 well-defined TH Y, TOEF 2 ICLSRBNERTH 5.

¥z, c & o A0, 1\ T ORI UEHRAMNIET B & Fi gap.0(@) = Gape) (@) THD, BisbiE
WRAICET B EEE ¢ < ¢ 251 glape(2) > Gapen(z) THD.

—106 —




Properties of general group actions via
orbit equivalences

Alexandre I. Danilenko

Department of Mathematics, Kharkov National University, 4 Freedom sq., Kharkov, 61077,

Ukraine
and
Kyewon Koh Park

Department of Mathematics, Ajou University, Suwon, 442-749, Korea

Using orbit equivalence and their cocyles, we prove several proper-
ties of amenable group actions directly deducing from their classical
counterparts of Z-actions.

Thus our work is a natural continuation of Rudolph and Weiss who
applies the orbit theory to prove that the amenable actions of com-
pletely positive entropy are uniformly mixing. The way the orbit the-
ory was involved in their work comes from a crucial observation that
the relative entropy of an amenable process is invariant under the fac-
tor orbit equivalence. Also we show that short and easy proofs are
possible for some properties, bypassing the machinery of Ornstein and
Weiss. In particular, we give the short proofs of relative and absolute
Sinai-Kolmogorov and Krieger Theorems.

In the study of these properties, we discuss the definitions of mix-
ing properties from ergodicity to Bernoullicity relative to a factor. We
need these relative mixing properties to be invariant under orbit equiv-
alences.
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EXPONENTIALLY STRONG CONVERGENCE OF
NON-CLASSICAL MULTIDIMENSIONAL CONTINUED
FRACTION ALGORITHMS

KENTARO NAKAISHI
GRADUATE SCHOOL OF MATHEMATICAL SCIENCES
UNIVERSITY OF TOKYO

A multidimensional continued fraction algorithm is a procedure that produces a
sequence of vectors w, = (pL/n, " - ,P2/qn) of rational approximation with a com-
mon denominator to a given target vector § = (zy,--- ,z4). To deserve the name
of algorithm, it is desirable to satisfy a convergence property for all points (at least
for most points): lim, |0 —w,| = 0. If the decay of convergence is exponential, it
is called semi-weakly convergent. In [1], V.Baladi and A.Nogueira introduced new
multidimensional continued fraction algorithms. The novelty of their algorithms is
in that they give a tree of algorithms: at each step of producing succesive vectors w,,
of rational approximation, classical Markovian Continued Fraction algorithms, such
as Jacobi-Perron algorithm, use the same strategy which depends only on 'the cur-
rent state’, while Baladi-Nogueira algorithms provide several choices. Which means
that their tree of algorithms can include randomly chosen ones. They proved the
semi-weak convergence for most paths and made conjectural suggestions on stronger
results supported by their numerical calculations.

In this talk, we will show the almost everywhere exponentially strong conver-
gence of Markovian random algorithms and dynamically defined ones in two dime-
sion. Our random algorithm will be based on the theory of Markov chain with
uncountable states, for which we will follow Kifer’s exposition [3]. The proof of the
strong convergence is a concise application of the random ergodic theorem founded
by Kakutani and later generalized by Ohno, Kifer and the others. Furhermore
we show a random version of Lagarias’s theorem, which relates the approximation
exponents to the first and second Lyapunov exponets of the corresponding ma-
trix cocycle. Exponentially strong convergence implies that the second Lyapunov
exponent is strictly negative.

For higher dimensional MCF algorithms (d > 3), the conceptual proof of strong
convergence is still missing( cf. a computer assisted proof of Hardcastle-Khanin [2]).
If T have time, I would like to make a minor remark that our technique also works
for a special three dimensional deterministic algorithm.

REFERENCES
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ERCITZEERIT 20034 1 A8 H OK) ~1 10 H (&) MEAFEINRE
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WHETT ¥ L7+ — 7E#E, 52 H Tracy-Widom 27 HE, 3 HT ~
Ly — 7\ CEE L RS T T VEEDOFELFLE LT, T 54
Vo4 — 7 RO & TRIEDOMRBR IR SNz, LT, HAEIZ
BIIATF LT+ — s MRORTm T L OLELDERKECIIFRES L
%ol FRIZ. T 0 ¥ LATHIOBEEES A OMRE L THALA Tracy-Widom
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OBAREZHDPLIHNTETVL EZLHBALE KL T THEE W &
Cbib,
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13:30-14:20 EAMTE (REIEKRTF)
On the range of pinned random walks

14:30-15:20 5 HfiE (BERESLKF)
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Upper bound by Kolmogorov complexity for the probability of each outcome in
computable POVM measurement
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9:30-10:20 ERF KL (FEKXH)

Non-colliding Brownian Particles I : Finite Particle Systems

10:30-11:20 FIEHE (P RKZF) '
Non-colliding Brownian Particles II : Infinite Particle Systems

11:30-12:20 S EH (FERKE)
7w 7% v T RICE-S< Vicious Walk DOYLIE

14:00-14:50 AL (RRERIEKFE) |
Particle Position Fluctuation of the Totally ASEP and Charlier Ensemble

15:00-15:50 HEHER (FUNKEFE) BIERE (KERKF)

Random walk on a half-line

16:00-16:50 XIEEA (HEIEKZF)

Regularity of the diffusion coefficient matrix for the lattice gas with energy
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Non-colliding Brownian Particles I:
Finite particle systems

MAKOTO KATORI AND HIDEKI TANEMURA
Chuo University and Chiba University

We put

‘ RI<V: {X= (wl_,mZ:",,"fL'N) € RN; T < Ty << xN},

which is called the Weyl chamber. By virtue of the Karlin-Mcgregor formula, the transition
density fv(t,x,y), t > 0,x,y € R<, of the absorbing Brownian motion in R and the
probability My (%, x) that the Brownian motion started at x € RY does not hit the boundary
of RN up to time ¢ > 0 are glven by

1< <N

fivlt, x y) ¢ (o), Wit ) = [, fettxyyay, 1)

where p,(z,y) = -ﬁe‘(“’“y) / 2 For a gwen T >0, we define

9E(s,x;t y) In(t ;f;f(yjbj)_/\/’;vg“t,w, (2)

for 0 < s <t < T,x,y € RY. The function g%(s,x;t,y) can be regarded as the transition
probability density from the state x € RY at time s to the state y. € RY at time ¢, and
associated with the temporally mhomogeneous diffusion process Wthh is the N Brownian
motions not to collide each other in a time interval [0, 7. In [3, 4] it is shown that as |x| — 0,
95(0,x,t,y) converges to

QN(O 0,t, Y) = C(N T, t)hN(Y)NN(T— ¢ Y)HPt(O Yi), (3)
i=1
where C(N, T 1) = —N%TN(N"I)/“FN(N /2 and hN(x) H15i<jSN(l'j — ;). Then

the diffusion process X (t) starting from 0 is constructed.

Let ({S;};>0, P?) be the N-dimensional Markov chain starting from z = (21, 22, .., 2n),
such that the coordinates S" k=1,2,...,N, are mdependent simple random vva]ks on Z.
We always take the startmg pomt z from the set

ZN {Z - (zla 22y - - ZN) € 2Z y 21— ZL E QZ+; k= 1 N — 1} (4)

where Z, is the set of p031t1ve 1ntegers We dente by Qz the conditional probability of P~
under the event A, = {S} < 57 < SN 0 < j < m}. The process ({S; }J>o, %)
is called the vicious walkers (up to txme m) (see Fisher [2]). For T > 0 and z € Z%, we
consider probability measures ,uL 7, L 21, 0on the space of continuous paths C([0, T] — RY)
defined by

bi2() = Qor (zswt) : ) , )
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here S(t),t > 0, is the interpolation of the random walks S;,7 = 0,1,2,.... We study the
imit distribution of the probability u3 5, L — co. The main result is the following theorem

Theorem 1 For any fized z € Z1<V and T > 0, as L = oo, #E,T(’) converges weakly to the
law of the temporally inhomogeneous diffusion process X(t) = (Xi1(t), X2(t),..., Xn(t)),t €
0,T], with transition density g%(s,x,1t,y).

Next we consider the case that T' =Ty, goes to infinity as L — oo.

orollary 2 Let Ty be an increasing function of L with T}, 5 00 as L ——> co. For any
zedz € ZY, as L — oo, v3.7, () conerges weakly to the law of the temporally homogeneous
diffusion process Y (t) = (Yl(t),Yz(t),...,YN(t)),t € [0,00), which solves the equation of
Dyson’s Brownian motion model [1]. ‘

~ The Gaussian ensembles of random matrices can be regarded as the thermodynami-
cal equilibrium of Coulomb gas system and that is the reason why Dyson introduced a
one-dimensional model of interacting Brownian particles with (two-dimensional) Coulomb
repulswe potentials [1, 5]. Similar relations between processes and random matrix ensembles
can be seen in our results [3]. The distribution of Y(t) coincides with the probability density
of eigenvalues of random matrices in the Gaussian unitary ensemble (GUE) with variance ¢.

andey and Mehta [6, §] introduced a Gaussian ensemble of Hermitian matrices depending
on a parameter o € [0,1]. When a = 0, the ensemble is the Gaussian orthogonal ensemble

(GOE), and when a = 1, it is the GUE. The probability density function of - t)X(t)
coincides with that of elgenvalues in this ensemble of Pandey and Mehta w1th a= %‘—-

Dyson, F. J.: A Brownian;motion model for the eigenvalues of a random matrix, J. Math. Phys. 3,
1191 (1962)

_ Fisher, M. E.: Walks, walls, wettmg, and melting, J. Stat. Phys. 34 667-729 (1984)

Katori, M. ‘and Tanemura, H Scalmg limit of vicious walkers and two-matrix model to appear in
Phys. Rev E; cond-mat/0203549

Katori, M. ‘and Tanemura, H. : Functional central limit theoréﬁxs for vicious walkers,
arXiv:math. PR/ 0203286

Mehta, M. L. : Random Matrzces, second edition, Academic Press, London 1991

Mehta, M.L. and Pandey, A. : On some Gaussian ensemble of Hermitian matrices, J. Phys. A: Math.
Gen. 16, 2655-2684 (1983)

Nagao, T., Katori, M. and Tanemura, H. : Dynamical correlations among vicious random walkers,
cond-mat /0202068

Pandey, A. and Mehta, M.L. : Gaussian ensembles of random Hermitian intermediate between orthog-
onal and unitary ones, Commun. Math. Phys. 87, 449-468 (1983)
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Non-colliding Brownian Particles 11:
Infinite Particle Systems

Makoto KATORI and Hideki TANEMURA
Chuo University and Chiba University

Here we will use the same notations defined in the abstract of our previous talk I. Moreover, we let X
be the space of countable subset £ of R satisfying (€ N K) < oo for any compact subset K. We introduce
the map v from |, ; R™ to X defined by y(z1,z2,.. ,:z:n) {x;}2;. Then EV(t) = yX(¢) is the diffusion
process on the set 35 w1th transition densxty function gN(s &6,m),0< s <t< T

S, o QN(S,X, :y): 1f3>0 ﬂf-—ﬂ”) : ) .
gN(Saf;tan) = gN(O 0; t;Y) ifs=0,¢= {0}7 ﬂ’l’) N, . S (l)
0, otherwise,

where x and y are the elements of RN with & = yx, n = vy. For a given time interval [0, T], we consider the
M mtermedxatg times 0 <t; < --- < 'ty < T. Then for subsets Y = {a:<m), . :v(m)} 1<m<M+1, we

put p& (t1,€);. . starst) Eﬁrﬂ) = H G5 by €N tm+1,§m+1), where we set to =0, tM+1 T and & = {0}
Cme=0-
We can show L - ca

PRt &Y. ;tM+1‘: Eﬁr}-i) = C(N,T, tl)hN(X(l))Sgn(hN(X(M+1),))

; @ ) (m) (m+1) o \

x }_Ilp(tl,o ) II 1t (pt,,.+1~t,,. (@™, M) @
For a sequeriée (N ML of posmve 1ntegers N < N we deﬁne the (Nl,Nz, -» Nar41)-multitime corre-

lation function as o '

N
P%(tl’gyl; ciMa, fMA-ﬁ' _ .

M+1 ) ‘ o

= d.’l: ™ T t E joeritM 17£N ) .3

Joest e L = ,_,UH Rt ti), O

where ENm = {m(m) ( ')’ (m)}

Let Al(z) be the Airy functxon Ai(z) = ff; é‘/“—i(zt+‘?3/ S)v_dt. For s,t < 0 and z,y € R, we set
D(.é, z;t,y) = = [/ du e**Ai(z + u)-——-{et“Ai(y + u)} - /oo du ei‘;Ai(y + u)i {e“:‘Ai(m.—l; u)}
4 0 . d’u | 0 o du ’

I(s,z;t,y) = /0 du e™Ai(y — u)/ dv e”Ai(a: —v)— / du e**Ai(z — u)/ dv e Ai(y — v),
e, u 0 : SJu
{ S(s, z;t,y) 1fs>t

S(s,z31,9) S(s,z;t,9) = Gs,z;t,y) ifs <t ‘ ' . : v o , (4
with ,
S(s,z;t,y) = / du e~ Ai(z + u)Al(y +u) + Al(y) / du e“‘Al(z ~u),

G(s,z;t,y) = / du " Ai(z + w)Aiy + u).
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And let ¢™™(z,y) be the quaternion, whose 2 X 2 matrix expression is given by

m,n — S(Sm,z; Sn,Y) f(smﬂ;; 50,Y) ‘
C(q (:E, y)) - ( D(Sm’m; Sn,y y) S—(Smy; Sm, 93) ' (5)

We denote by Q(x%f,xgz, _ ,X%H)) the self-dual ZM TN, x ZM + Ny quaternion matrix whose el-

ements are q™ "(m(m),m(")) 1<i< Np,1<j< Ny 1 <myn <M+ 1. Now we use the quaternion
determinant TdetQ, whose definition for an N x N self-dual quatermon matrix @ was given by Dyson[1] as
£(m)
Tdet@ = Z (=1)N—4m) H(qabec -+ Qda), where £(m) denotes the number of exclusive cycles of the form
TESN
(a—=b—=c—=--—d— a) included in a permutation 7 € Sy.

Theorem|[2, 3]] Let Ty = 2N/? and ay = 2N?/3. For any M > 1, any sequence { Ny, }*}, with positive.
integers, and any 81 < 83 < -+- < Sy < Sp41 =0,

. N 1) _( M+1
1}1_1;100 p%N (TN + .?1,7'“”_5§€;vl; . TN + SM, TaN—sMﬁM ‘ TNa TaNfMA_{_—i-l) = Tdet Q(ngz,xgvg, : ngmtl)),
- where T {z;} = {z; + u}. .

This theorem may define a spatially and temporally’ inhomogeneous infinite particle system, in which
any type of space-time correlation function is given by the above quaternion determinantal formula. This
_quaternion determinantal system is exactly the same as that derived in Forrester, Nagao and Honner [4].
Consider the limit s,, — —oo with the time difference s,—sn, fixed, 1 < m,n < M, in which D(sm, z; $n,y) —
0, Z(Sm, T; Sn,y) — 0, and the second term of S(Sm, T; Sn, y) vanishes. Since the off diagonal elements vanish

_in the 2 x 2 matrix expressions (5) of quaternions ¢™"(z,y), TdetQ(xg-l),xgz, S X NIW) ) is reduced to an

ordinary determinant det .A(x%),x‘%), . ,x%) with the elements a™™ (z§’f‘>, :1:]( )), where'

f

o0
/ du el*r=m)UAi(z + w)Ai(y + u) ifm>n

a™™(@,y) = a(Sm, T3 S, y) = 7O ‘ (6)
- du een—sm)vu Aj(z + u)Ai(y+u) fm<n
he obtained infinite partlcle system is now temporally homogeneous In partlcular if we set Ny = =
Ny =1, we have RN
Ao oy o (0D = ,gg;w( m“(z“") ‘"’)) R )

Thls is exactly the same as the system called the Azry process by Prahofer and Spohn [ ] (see also [6])-

1] Dyson, F. J. : Correlations between the eigenvalues of a random matrix, Communications in Mathe-
matical Physics 19, 235-250 (1970)

[2] Nagao, T., Katori, M. and Tanemura, H. : Dynamical correlations among vicious random walkers,
Physics Letters A (in press) ; e-print cond-mat /0202068

[3] M. Katori and H. Tanemura, Infinite systems of non-colliding Brownian particles, preprint.

4] P. J. Forrester, T. Nagao, and G. Honner, Correlations for the orthogonal-unitary and symplectic-unitary
transitions at the hard and soft edges, Nuclear Physics B 553, 601-643 (1999).

5] M. Prahofer and H. Spohn, Scale invariance of the PNG droplet and the Airy process, Journal of
Statistical Physics 108, 1071-1106 (2002).

6] K. Johansson, Discrete polynuclear growth and determinantal processes; e-print math.PR/0206208.
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7w 74 FEIZED < Vicious Walk DR
(On the Generalization of Vicious Walk Based on Hook Young Tableaux)

Takashi Imamura , Graduate School of Science, University of Tokyo
imamura@monet.phys.s.u-tokyo.ac.jp

The random vicious walk was introduced by M. Fisher [1] and it is well known that path
configuration has a one-to-one correspondence to the Young tableaux [2]. In this talk we
propose a new vicious walk based on the hook Young tableaux, which includes the ordinary
vicious walk as a special case. This work is motivated by studies in refs. 3 which paied
attention to a directed last-passage problem.

1. Vicious Walker
We define the hook Young tableaux. We classify the number 1, 2,--- , M + N into positive symbols 1,--+ , M
and negative symbols M + 1,--- , M + N. For the given Young diagram A, (M, N) hook Young tableaux is
defined by the following mles
e The entries in each row are weakly increasing, allowmg the lepetmon for the positive symbols and
for the negative symbols, they are strictly increasing prohibiting the repitition.
¢ Theentries of each column are weakly increasing for the negative symbols, but are strictly increasing
for the positive symbols. i . ,
- The model we study is as follows. First, we mtnoduce the two types of time evolutlon ‘normal’ and
‘super’ tlme evolutions. In the nor ma] t:me evolution, the movable walkers either stay or move to its right,

move

In the super time evolution, on the other hand the walkers either stay or move the arbitrary number of Iamce
units if they are movable,

arbitrary number of lattice’

Our new vicious walk is the combination of these two types of time evolution. That is, the walkers move
under the rule of normal time evolution in the first M time steps, and in next N time steps, they obey the
rule of super time evolutions, see Fig. 1. How to construct the hook Young tableaux from the configuration
of a path is simple. In the hook Young tableaux, each column represents the movements of the each walker
and box of number # means that walker moves rightward at time 7. See Fig. 2 as a example. Notice that, for
super time evolution, we prepare the number of times to be as many lattice units as the walker has moved.

P4P3PoP,

3]3]

(SIS R SN |
(%))

lu\-b-bt\)-—‘

t

Figure 1: Example of path conﬁguralioﬁ‘ In this exam- Flgure 2: the hook Young tableaux corresponding to

ple, the walkers Py ~ P4 proceed under the - the configuration in Fig. 1. For the walker
rule of normal time evolution in the first three P;, we insert in the j -th column from the top
tlime steps while in the last two time steps, " the time at which P; made the movement to
they do under the super time evolution. its right.

‘K. Hikami and T. limamura, J. Phys.b A(2003) to appéar (cond-mat/0209512)
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2. Main Result

In the following we consider the model where each walker moves under the rule above and return to its
initial position by movmg to its left. The rule of left moves 15 defined naturally by the mirror image of the
rule above.

What we would like to study is the plobablhty that the number of movements of the first walker, Ly, is
less than {:

M Prob(L| < ?).

Here the probability of each configuration is defined by #'/Z, where t is the weight which is assigned to
the left and right moves, n is the total number of moves, and Z is the normalization factor. Eq. (1) can be
expressed as the Toeplitz determinant.

(IT+tz7HV (1 +rz)N
(I =tz (1 —1)M
The Toephtz determinant D¢(p) is the deten minant of {’ x € matrix-where an (i, j)-element is given by @;_;

with ¢(z) = Tpez @ 7"

The main result of this study is that the scaling limit of eq. (I) gives the Tracy- Wldom distribution [4]
which is identified with the limit distribution in the largest eigenvalue of Gaussnan Umtaly Ensemble(GUE)
of random matrix theory;

Pl ob(L; < £’) == D((QD) whexe tp(z) =

—-cN
TS ) Fa(o)

Here ¢ and o are some constants, and Fa(s) is the Tracy—Wldom distribution [4] deﬁned by
: -Fz(S) = exp (_ f ""dx (x S‘) q(x)z) : =
Wt t A',, ! S‘ e ) o |

where g(x) is a solution of the Painlevé 11 equatnon q =s5q+2q°, with g(s) = Ai(s) in s = oo.

We prove eq. (2) as follows. ‘ R =

e Using the Bmodm Okounkov identity [6], we lewnte the Toeplitz determinant with the Fredholm
determinant. 4 . _ ' v

e We estimate the limiting behavior of the kernel of this Fredholm determinant by the saddle point
method, and show that it gives asymptotically the Tracy-Widom distribution.

(2) hm Pxob(L

3. Some Special cases

Our vicious walker model include various discrete orthogonal polynomial ensembles as special cases. The
orthogonal polynomial ensembles are the discrete analogue of orthogonal polynomial ensembles in random
matrix theory and are related to the various problems such as random permutation, random word, the first
passage percolation , and so on [7].

As a example, we explain the Meixner and Kr. outchouk ensembles can be regaxded as a leductlon of our
model. o : S n
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Particle Position Fluctuation of the Totally ASEP and
Charlier Ensemble

A Bl RIK - BIT2EWER)

1 KusE2IEFREHinRTE (TASEP) Z& X 5. Tk, 1 XTA&F L2 EEEER

- OHEEEADTICEAMORCBEIT S LS f&%ﬁ@h?@ﬁ%ﬁﬁ&%*f}bfa@ D,
HADIGALIELONTNS. :

A, FHT Johansson[1] IZ & o TA LY F OHERRRAMES GH R ?]’55%3(@

R VTS YR LTHIOEMRICEN S SEWY LA UHRICEL N TH D, T
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3 Charlier st

t>0&L,N=0,1,2, - EDOHE w(z) = Le? (z € N) 2§ HERFHN
{pa(z;t)} ZEAB ETNDE

> Pa(@t)pm(@; )wi(2) = Som (4)
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E.P. Hsu :A brief introduction to Brownian motion on a Riemannian manifold

P.A. Ferrari: Spatial and Harness processes, random trees and Poisson approximation
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August 19 (Tue)
9:50 — 10:50  Elton P. Hsu (Northwestern University)
A brief introduction to Brownian motion on a Riemannian manifold (I)
11:00 — 12:00 Tomoyuki Shirai (Kanazawa University)
Fermion measure and its related topics (I)
13:40 — 14:40  Pablo A. Ferrari (Universidade de Sao Paulo)
Spatial and Harness processes, random trees and Poisson approximation (I)
15:00 — 16:00 Tomoyuki Shirai (Kanazawa University)
Fermion measure and its related topics (II)
16:10 — 17:00  Discussion

August 20 (Wed)

9:50 — 10:50 Pablo A. Ferrari (Universidade de Sao Paulo)
Spatial and Harness processes, random trees and Poisson approximation (II)
11:00 — 12:00 Elton P. Hsu (Northwestern University)
A brief introduction to Brownian motion on a Riemannian manifold (II)
13:40 - 17:00  Young Forum

August 21 (Thu)

9:50 — 10:50  Elton P. Hsu (Northwestern University)
A brief introduction to Brownian motion on a Riemannian manifold (III)
11:00 — 12:00 Tomoyuki Shirai (Kanazawa University)
Fermion measure and its related topics (III)
13:40 — 14:40  Pablo A. Ferrari (Universidade de Sao Paulo)
Spatial and Harness processes, random trees and Poisson approximation (III)
15:00 — 16:00 Tomoyuki Shirai (Kanazawa University)
Fermion measure and its related topics (IV)
16:10 — 17:00  Discussion
August 22 (Fri)
9:50 — 10:50  Pablo A. Ferrari (Universidade de Sao Paulo)
Spatial and Harness processes, random trees and Poisson approximation (IV)

11:00 — 12:00 Elton P. Hsu (Northwestern University)
A brief introduction to Brownian motion on a Riemannian manifold (IV)

HEEA BOHS, KHLAE, FRIHFER (LK)
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WEX: & PDE
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PER AR E RIS 33 A FER B ERR I RO (7 T u—F
3. HHbEE (K - 1)
1 IRIERED T A3V F — & F o R 25Ul >» T
4. &FF CGREFLK - H#H)
An inverse problem and Green’s formula based on Dirichlet space theory
5. BHZE (BillX - #H)
Ornstein-Uhlenbeck 1Ef %% & T d 5 I B HAER OfFO & H53HE & £ OERGIEHOIGH
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There are several works on the following nonlinear hyperbolic equation

1/2%} =0, zeq, 1)

J

o? —~ 0 -
S (6o = 2 5 {1+ [ Vult, 2)")
j=1 """

which is in [2, 5, 6] referred to as an equation of motion of vibrating membrane. This equation does not
always have a classical solution globally in time; furthermore it is proved in [4] that in the two dimensional
case (1) does not always have a classical solution globally in time even though the initial data is smooth

and small. Thus a time global solution should be found in a weak sense. When a C? class function u
satisfies (1), multiplying u; to (1) and integrating with respect to z, we obtain the energy conservation

/ [ug (t, )| dz + / V' 1+ |Vul|?dz = const.
Q Q

The area functional v — / V14 |Vul2dz is finite for u € WH(€2), and thus this space is expected to
Q

be the appropriate function space for weak solutions to (1). But it is not reflexive and thus does not

law

guarantee the weak compactness of bounded sets. While, the relaxed functional of the area functional in
the L1(Q2) norm

Alu, Q) = inf{liminf | \/1+[Vu[2de; {u;} € WHH(Q), s-lim u; = win LN(Q
(u, ) m{l]rgg}/Qmw{uJ} ()sjglgouj win L'(Q)}

is finite whenever the distributional derivative Du is an R"™ valued finite Radon measure in €. Such
a function is called a function of bounded variation in €2, or simply a BV function in . The vector
space of all BV functions in Q is denoted by BV (Q2). It is a Banach space equipped with the norm
lul|pv=Ilu|lL1(q) +|Dul(22).! For a bounded set B in BV (Q), there exist a subsequence {u,,} C B and
a function u € BV () such that u,, — u strongly in L'(Q) and Du,, — Du in the sense of distributions.

1Given a vector valued Radon measure 4, we write its total variation as |u|.
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Thus BV (Q) satisfies a kind of compactness for bounded sets. These facts suggest that equation (1)
should be treated in the class of BV functions.
In [2, 5, 6] equation (1) is investigated with initial and boundary conditions

u0,2) = wola),  e(0,0)=w(@), €, @)
u(t,z) =0, z€dQ 3)

in the space of BV functions. All of these works have obtained basically that a sequence of approximate
solutions to (1) converges to a function u in L°((0,T); L(Y)N BV (Q)), and that, if u satisfies the energy
conservation law, it is a weak solution to (1) in the space of BV functions, which is in the sequel referred
to as a BV solution. In [2] approximate solutions are constructed by Ritz-Galerkin method, while in [5, 6]
by Rothe’s method. In [2] a further technical assumption is required, while in [5, 6] it is removed. In
[2, 5] the boundary condition is not essentially discussed, while in [6] it is discussed. We more comment
on the last point. Seemingly the main theorem of [5] asserts that the function u satisfies the boundary
condition; however Dirichlet boundary condition is in fact implicitly assumed in the energy conservation
law (compare to [6, Section 1]). The approximation method employed in [5, 6] suggests that the most
appropriate weak formulation of Dirichlet condition (3) is not to suppose the trace vanishes but to replace
A(u, Q) with A(u,Q), the value of the measure of 0 defined by A(u,-), where u is regarded as the null
extension of u to a domain §) containing { (for details, refer to [6]). Remark that this weaker formulation
of (3) makes the condition of energy conservation law weaker. In [6] it is proved that the same result still
holds even if we only suppose this weaker condition.

Rothe’s approximation method employed in [5, 6] is a method of semidiscretization in time variable.
Hence in this method we should solve elliptic equations with respect to space variables, and the most
effective method of solving an elliptic equation in the BV space is a direct variational method; indeed
in [5, 6] elliptic equations are solved by minimizing variational functionals. In this respect this method
is essentially the same as the method of minimizing movements. The minimizing movement theory is
proposed by E. De Giorgi [3] and in terms of this theory the result in [5, 6] can be said, if a generalized
minimizing movement corresponding to (1) satisfies energy conservation law, then it is a BV solution.

In this talk I hope to review my results in [5, 6] and discuss on sevral related topics, in particular, in

linear approximation.

SE R
[1] D. Fujiwara, A. Inoue, and S. Takakuwa, A varifold solution of nonlinear wave equation of a mem-
brane, Proc. Japan Acad. Sci. 60 (1984), 113-116.

[2] D. Fujiwara and S. Takakuwa, A varifold solution to the nonlinear equation of motion of a vibrating
membrane, Kodai Math. J. 9 (1986), 84-116, correction, ibid. 14 (1991), 310-311.

[3] E. De Giorgi, New problems on minimizing movements, Boundary Value Problems for PDE and
Applications, Masson, 1993, pp. 81-98.

[4] A. Hoshiga, The asymptotic behaviour of the radially symmetric solutions to quasilinear wave equations
in two space dimensions, Hokkaido Math. J. 24 (1995), 575-615.

[5] K. Kikuchi, An analysis of the nonlinear equation of motion of a vibrating membrane in the space of
BV functions, J. Math. Soc. Japan 52 (2000), 741-766.

, A remark on Dirichlet boundary condition for the nonlinear equation of motion of a vibrating
membrane, Nonlinear Analysis 47 (2001), 1039-1050.

—124 —




An inverse problem and Green’s formula

based on Dirichlet space theory

Hiroshi Kaneko

#® =

The Green’s formula based on Dirichlet space theory provides us with an approximater for the
outer normal derivative of a function in Dirichlet space, co-energy measure between an exhaustion
function and the function. In this small article, applying this principle, we will get some conditions
under which uniqueness problem can be solved even in locally compact space. In case of Euclidean
space, this method eliminates assumption on smoothness of the boundaries of domains.

Introduction

In this small article, we will attempt at approaching inverse problems based on Dirichlet space
theory, especially at coping with uniqueness problem by applying Green’s formula in [K1] relied only
on Dirichlet space theory and existence of exhaustion function.

In section 2, we recall the notion of pseudo Jordan domain and present a summary of the section
of the author’s paper [K2] which shows how Martin-Kuramochi boundary is attached to a locally
compact Hausdorff space. Ideal boundaries such as Martin-Kuramochi boundary enable us to give
the definition of strong (£, u)-Caccioppoli set introduced as an enhancement of strong Caccioppoli
set in [C-F-W] based on a Dirichlet space (£, F) on the space.

In section 3, we will see the Green’s formula provides us with a co-energy measure between an
exhaustion function and a function in Dirichlet space as an approximater for the outer normal deriva-
tive of the function. Thanks to this principle, we can get some conditions under which uniqueness
problem can be solved even in locally compact space. We finally states that the Green’s formula in
[K1] provides a criterion as regarding which condition on domain implies strong (&, u)-Caccioppoli
set.

We will see in section 4 that in case of Euclidean space this method gives an enhancement of
existing result obtained by V. Isakov [I, Theorem 2.2.1]. In fact, we can replace smoothness of
the boundaries with a modified Minkowski content condition, outer conic condition and a condition
related to polarity of the intersection of two domains. In section 5, we also see some assertion without
assuming the polarity of the intersection of two domains.

For notations and full detail on Dirichlet space theory, the reader is referred to the book [F-O-T].
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Monge’s problem with a quadratic cost by

the zero-noise limit of h-path processes
Toshio Mikami, Hokkaido University
Let L: R* — [0,00) be convex, Py and P; be Borel probability measures on R?, and put

V(Py, P) := inf{/
R

The study of the minimizer of (4) can be considered as a special case of Monge’s problem.
Kantorovich’s approach to Monge’s problem is to study the minimizer of the following relaxed

problem:

) L(th(X) — X)Po(dz) : Po(¢(X) € dz) = Pi(dw)}. (4)

V(Py,P) = inf{// Ly — z)pu(dzdy) (5)
R4 xR

s u(dz x RY) = Py(dz), p(R* x dy) = P1(dy)}.

If there exists a Borel measurable function ¢, on R%, such that the minimizer of (5) is Po(dz)dy (=)(dy),
then V(Po, P) = V(Ps, P1) and % is a minimizer of (4).

This is called the Monge-Kantorovich problem and plays a crucial role in many fields and has
been studied by many authors.

It is easy to see that the following holds:

f/'(Po,Pl):inf{E{/lL(z%i—Q)dt]}, (6)
0

where the infimum is taken over all absolutely continuous stochastic processes {¢(t)}o<t<1 for which
P(¢(t) € dz) = P(dz) (¢t = 0,1). Indeed, the minimizer of (6) is linear in ¢.

It seems likely that the h-path process converges, as € — 0, to the minimizer of (6) with L(u) =
|u|?. But it is not trivial that this limit is a function of ¢t and X, since a continuous strong Markov
process which is of bounded variation in time is not always a function of the initial point and time.

In this talk, independently of known results on the Monge-Kantorovich problem, we show that
Ve(Po, P1,c) converges to V(Py, P1) and X.(1) converges, in L?, to the minimizer of (4) as & — 0,
when L(u) = |u|®>. As a by-product, we give a new proof of the existence of the minimizer of (4) with
L(u) = |u|®
REMARK: If Py(dz) is absolutely continuous with respect to dz and L(u) = |u|?, then (4) and (5)
have the unique minimizers Dy(z) and Po(dz)dp,(2)(dy) respectively, where ¢ : R* — (~00,00] is
convex.

ZE X
[1] Brenier Y, Décomposition polaire et réarrangement monotone des champs de vecteurs, C. R.
Acad. Sci. Paris Ser. I Math. 305, (1987) 805-808.
[2] Brenier Y, Polar factorization and monotone rearrangement of vector-valued functions, Comm.
Pure Appl. Math. 44, (1991) 375-417.
[3] Evans LC, Partial differential equations and Monge-Kantorovich mass transfer, Current devel-
opments in mathematics, 1997 (Cambridge, MA) (Int. Press, Boston, MA, 1999) 65-126.
[4] Knott M and Smith CS, On the optimal mapping of distributions, J. of Optimization Theory
and Applications 43, (1984) 39-49.
[5] Knott M and Smith CS, Note on the optimal transportation of distributions, J. of Optimization
Theory and Applications 52, (1987) 323-329.
[6] Rachev ST and Riischendorf L, Mass transportation problems, Vol. I: Theory (Springer-Verlag,
Berlin, Heidelberg, New York, Tokyo, 1999).
[7] Riischendorf L and Rachev ST, A characterization of random variables with minimum L*-
distance, J. of Multivarite Analysis 32, (1990) 48-54.
[8] Villani C, Topics in Optimal Transportation, Graduate Studies in Mathematics Vol. 58 (Amer.
Math. Soc., Providence, RI, 2003).

— 127 —




FEZREm & P REAR

200349 H 16 H (X)~9 B 18 H (K)
MER VY RFESRAEF YV /8AH A TAR—)V

[Ha5m & RATHNT] OFFFe%41E, 20034E9 A 16 H (K)~9 B 18 H (K) ICHEET
MRFERAEF Y /A, AAY T A—IVTiIrbh7., 7075430 TIc#ETs®E
DTHBH. 4 DOFERDOFIE € ORIZHB5B%, URL

http://www.ms.saga-u.ac.jp/ ogura/kaken/Yokohama/program.html
WENUANOTFRIBIT 5. |

FEATICHIR 2 FFOMEE &, HRmFED XKRHPHLN, FERTHo72. 1B,
Short communications T,

ZAL—F (B SLRF)

A Liouvile type theorem for harmonic maps to metric space target via

symmetric Markov processes

NEERE (EEKFE)
On a Class of One-dimensional Diffusions
D OOFEM TN, LTI, EOURLICEITFONR o/ Z 20 kiE OB %

BB

Mark Pinsky (Northwestern University)
Local stochastic differential geometry:
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Convergence of Riemannian Manifolds and Harmonic Maps

Atsushi Kasue *

In this talk, I would like to consider a sequence of compact Riemannian manifolds, or more generally,
certain Dirichlet spaces, and discuss the convergence of energy functionals of maps from them to a
Riemannian manifold.

1 Let X = (X, u, &) be a regular Dirichlet space. We consider the following properties of X:
(i) the semigroup P; associated with &:

A :
1Peullze < o llulle, uwe L*(X), 0<t<1
for some positive constants A and v, or equivalently P; admits an integral kernel p(t, z,y) satisfying
A
p(t,z,y) < W ae (z,y) e X x X, 0 <t <1,

(i) p(X) =1,
(i) P1=1.

Given positive numbers A and v, we denote by F4 , the set of regular Dirichlet spaces X = (X, u, &)
satisfying the properties (i), (ii), and (iii), and set F = U{Fa, : A > 0,v > 0}. We firstly note that
for X = (X,u,&) € F, there exists a regular reperesentaion X = (X, 1, €) of X satisfying the following
three properties: (iv) the state space X is compact, (v) the semigroup P, of £ admits a continuous
kernel 5(t,z,y) (z,y € X), and (vi) if we set

1/2
d*(z,y) = (Supe‘(‘“/t’(ﬁ(t,x,m) + 5t y,y) — 2ﬁ(t,x,y))> , myeX,
t>0

then d* becomes a distance on X which induces the same topology of X. In addition, such a regular
representation of X = (X, u, &) is unique in the sense that if X' = (X', i, is another one satisfying the
same properties, then there exists a homeomorphism f; X — X' between X and X' such that f preserves
the kernel functions (i.e., §'(¢, f(z), f(v)) = p(t, z,y), =,y € X) and the measures (i.e., fujl = ji').

In what follows, X = (X, u, &) € F is assumed to possess the properties (iv), (v) and (vi) desctribed
above and we denote by px, £x, Px,t, and px respectively the measure, the Dirichlet form, the semigroup,
and the kernel function of X. Since px is continuous, Px(B(X)) C C(X), where B(X) stands for the
set of bounded measurable functions on X.

Let us now introduce a distance on F as follows. Given X,Y in F and a positive number ¢, a Borel
measurable map f: X — Y is called an e-spectral approximating map if it satisfies

e_(t“/t)}px(t,a:,x') —py(t, f(z), f(z")| <&, t>0, z,2' € X.

The spectral distance SD(X,Y) between X and Y is by definition the greatest lower bound for positive
numbers ¢ such that there exist e-spectral approximating maps f: X — Y and h: Y — X. The spectral
distance SD gives a uniform topology on the set of equivalence classes of F.

We recall the following
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Theorem 1 (Kumura - K. ’94, '96) Given positive numbers A and v, the metric space (Fa,,SD)
is precompact, that is, any sequence in Fa, contains SD-Cauchy subsequences. Moreover let {X,, =
(X, pnyEn)} be an SD-Cauchy sequence. Then there ezists a compact metric space (X,d*), a Radon
Tmeasure p on X, a nonnegative continuous function p(t,z,y) on (0, 00) X X x X, Borel measurable maps
fo: X0 — X hn: X = X,, and a sequence of positive numbers {e,} converging to zero as n - o0,
which satisfy the following properties:

(1) - The function p(t,z,y) is the kernel of a strongly continuous semigroup {P; : t > 0} on L?(X, u)
associated with a regular Dirichlet form £ on L?(X,p), where X denotes the support of .

(2) The regular Dirichlet space (X, u,E) belongs to the same classe F4 .

(3) The distance d* is given by

1/2 R
d*(z,y) = (Sup e~ (p(t, z, ) + plt, y,y) — 2p(t,x,y)) , T,y € X.
t>0

(4) The push-forward f.pn of the measure p, by f, converges to the measure p with respect to the
vague topology.
(5) The maps f, and h, are e,-spectral approzimating maps in the sense that

e e CH\py (t,2,y) — P(t, fa(®), o) < €y T,y € Xn

sup e~ py (8, ha(2), ha(y)) — p(t,2,9)| < €n, z,y€X
>

and furthermore .
d&*(fnohn(z),7) <€n, z€X.

(6) The i-th eigenvalue )\E") of £, for each i = 0,1,2,... converges to the i-th eigenvalue A; of £ as
n — 00, and further letting a positive integer i be fized, for each eigenfunction u of £, with eigenvalue
,\§") and unit L2-norm, there exists a continuous function v on X which is an eigenfunction of eigenvalue
A; on X, such that

sup [u(@) — v(fa(2))| < €im 5 sUP [u(hn(z)) = v(2)] < Ein,
z€XnA zeX

where {e;n} is a sequence of positive numbers tending to zero as n — co.

2 Let X = (X, pu,&) be a regular Dirichlet space and N a complete Riemannian manifold of dimension
d. We would like to define a class of maps of finite energy from an open set Q of X into N. For this, we
assume that X is strongly local and also that N is isometrically embedded into a Euclidean space RP of
dimension D. Let us denote the embedding by I = (I',...,IP). A measurable map u of Q to N is said
to be of locally finite energy if each component I*(u) (@ = 1,..., D) belongs to Lloc(ﬂ) The set of all
such maps is denoted by L;%(Q2, N) and for each u € L2(, N ) a Radon measure ,u(u> on 2 is defined

loc loc
by 5
N
Bay = D B )1 (w)-
a=1

where p s ¢y stands for the energy measure of a function f € Lloc(X ). The measure ué‘; ) is also called

the energy measure of a map u and if the integral [, du<u) is finite, it is called the energy of u on Q2. We
note that the energy of a map is independent of the choice of the isometric embedding of the target N
(cf. J. Picard ’01).

Let X, = (Xn, fin,&n), (X,d), X = (X, px,Ex) and f, : X, — X be as in Theorem 1, and assume
that X, and X are (strongly) local. Let C be the algebra generated by the eigenfunctions of &x. Then
C is a subalgebra of C(X) U D[€x] and becomes a core of Ex, namely, C is dense both in C(X) and in
D[Ex]. Let us define a linear map ®,, : C = L*(X,,) by ®,(u) = f."u (u € C). We say that a sequence of
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functions u,, € L?(X,,) strongly converges to a function u € L?(X) as n — oo if there exists a sequence
{tx} in C such that

Hm |u — dg|g2 = 0; lim limsup |®, (k) — un|r2 =0,

k—oo k—00 n—aoo
and u, € L*(X,) weakly converges to a function u € L*(X) as n = oo if lim, e [ X, UnUn ditn =
Jx, wv dp for any v € L?(X) and every v, € L*(X,,) which strongly converges to v as n — oo.

Now given a sequence of measurable maps u, : X, — N, we say that u, strongly (resp. weakly)
converges to a measurable map u : X — N if for any Lipschitz continuous function ¥ on N, F(u,)
strongly (resp. weakly) convergs to F(u) as n — co. In the case where u, and u are all continuous, we
say that u, uniformly converges to u as n — oo if sup,cx, dn{(un(z),u(fn(z))) tends to zero as n — oo;
this is the case if and only if F(u,) uniformly converges to F(u) as n — oo for any Lipschitz continuous
function F' on N.

Theorem 2 Let X, = (X, tin, En), (X,d), X = (X, pux,Ex) and fn : X, = X be as in Theorem 1,
and assume that X, and X are local. Let N be a complete Riemannian manifold.

(1) For a sequence of maps u, € L**(X,, N) which weakly converges to a L? map u: X — N as
n — oo. Then one has

dui\; Sliminf/ d,u"i < +00).
/X w <hminf [ (uny )

(2) Let {u,} be a sequence of maps u, € L»*(X,,N) such that the energy of u, is bounded by a
constant and further the image of u, is included in a bounded set of N for all n. Then there exists a
subsequence {um,} of {u,} and a map u € L»*(X, N) such that u,, strongly converges to u as m — 0.

(3) Suppose that X satisfies the property

lim P f() = f(z), f€C(X), z€X.

Then for a map u € C(X, N)NLY“2(X, N), there ezists a sequence of maps u, € C(X,, N)NLY2*(X,,N)
such that u,, uniformly converges to u and for any continuously differentiable functions F' and G on N,
the push-forward fo.«it(F(u,)c(u.)) of the signed measure i(p(u,),G(u,)) Weakly converges to the signed
measure ((F(v),G(w)); i particular,

: N o _ N
nlgr;o . A (u,) —/Xdu<u>.

3 Let us consider a strongly local, regular Dirichlet space X = (X, 1, &). We denote by Ax the subspace
of all functions u in Lllc;z(X ) such that the energy measure p, . is absolutely continuous with respect to
the reference measure p, so that pi(y .y = I'(u,u)p for some I'(u,u) € Lj,.(X). Then a pseudo-distance
pe on X can be introduced by

pe(x,y) = sup{u(z) —u(y) : ve Ax NC(X), I'(uv,u) <1 ae}
which is called the intrinsic (psuedo-)distance on X. We consider the following property
[C]: the topology induced by pe is equivalent to the original one of X.

In what follows, we assume that X satisfies the property [C]. We say that the volume doubling
inequality [VD] holds on X if there exist positive constants R and Cp such that for all metric balls
B(z,2r) with r < R,

p(B(z,2r)) < Cpu(B(z,r))

and also the (scaled) Poincaré inequality [PI] holds on X if there exist positive constants R and Cp such
that for all metric balls B(z,2r) with r < R and u € L;2*(X),

loc

/ lu—uy . |*dp < Cpr? / dfu,uy,
B(z,2r) B(z,2r)
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where u, , = u(B(z,r))™ ! fB(:c U dp.
Let N be a compact Riemannain manifold of nonpositive sectional curvature. Given a homotopy class
H in C(X,N), we set

o(H):inf{m%/Xdu{;) | ueHan(X,N)}

and .
L(H)={uec A] ) /Xduf;) =o(H)}.

Then under the conditions [VD] and [PI] above, it follows from the standard regularity argument that a
minimizer u € (H) (if it exists) satisfies

dy (u(z), uy)) < Cdiam(X, p)o(H)'/* (M)“

diam(X, p)

for all z,y € X with px(z,y) < R, where C and « are positive constants depending only on Cp and Cp,
and diam(X, p) stands for the diameter of the metric space (X, px). Therefore in this case, if Z(H) is
not empty for any homotopy class H, then the number of homotopy classess H such that o(H) < X for a
positive munber A is finite, and hence we can arrange the set of homotopy classess of L*?(X, N)NC (X, N)
in order as follows:

0= 0 (Ho) < o(Hy) < o(Hy) < -+ (< +09).

Here if the number v(X, N) of all homotopy classes of C(X, N) is finite, then ¢ (H;) is taken to be infinite
for i > v(X,N). We write ¥;(X,N) and ¢,(X, N) respectively for the homotopy classes H; and the
energy spectra o(H;) (1 =0,1,2,...,v(X,N)).

Theorem 3 Let Xn = (Xn, i, &n), (X,d), X = (X, px,Ex) and fr : Xn — X be as in Theorem 1,
and assume that X, and X are local. Let N be a compact Riemannian manifold of nonpositive sectional
curvature. Suppose that each X, is connected, X, satisfies the property [C] with respect to the intrinsic
distance pn, and the volume doubling inequality [VD] and the scale invariant Poincaré inequality [Pl]
respectively hold on X,, with some positive constants Cp and Cp independent of n. Suppose further that
for all X, there exist energy-minimizing maps in every homotopy class of C(X,, N). Then this holds for
X ; moreover for each i < v(X,N)+1, 0;(Xn, N) tends to 0;,(X,N) as n — oo, and the set L;(X,,, N) of
energy minimizing maps in the homotopy class converges to the set L;(X, N) of energy minimizing maps
in the homotopy class in the sense that

(1) for some sequence of positive numbers e, which tend to zero as n — oo, and for any ¢, €
2i(Xn, N), there exists a map ¢ € L;(X, N) such that

sgg dN(¢(x)7 ¢n(hn(x)) < én; SE%? dN(¢(fn(y))7 ¢n(y)) < Enj

(2) given a sequence of ¢n € L;(Xn, N), there ezists a subsequece {¢n} and a minimizer ¢ €
3;(X,N) such that as m — 00, ¢,, uniformly converges to ¢ and for any F,G € C*(N), the push-

forward fm.it(r(g..),G(m)y Of the signed measure p(r(4..),G(¢.m)) Vaguely converges to pir(..).G(s))- 1N
particuler, the push-forward fm*ué\(;m) of the energy measure of ¢, vaguely converges to that of ¢, ,uf\(;).

In addition to the results mentioned above, we would like to discuss the convergence of maps of least
energy with prescribed boundary values.
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GEOMETRIC ASPECTS OF VARIATIONAL
CONVERGENCE

TAKASHI SHIOYA (TOHOKU UNIV.)

Variational convergences mean convergences of energy functionals.
They are nowadays widely used in analysis, probability theory, geo-
metric analysis, and applied mathematics. De Giorgi first introduced
I'-convergence. More recently, Mosco [8] has defined Mosco convergence
of quadratic forms and proved that it is equivalent to the topologi-
cal convergence of the associated semigroups and resolvent operators,
which has earlier been studied by Rellich, Kato, Trotter, etc. (cf. [5, 9]).
As a joint work with Kuwae, we develop a systematic theory of varia-
tional convergence which is suitable to be applied to the LP-mapping
(function) spaces of Gromov-Hausdorff convergent (cf. [2]) Riemannian
manifolds. We refer [7] for the linear theory and a nonlinear extension
is now ongoing. In this lecture we survey the theory and show its
application.

1. ASYMPTOTIC RELATION

Throughout this article, let X; and X be metric spaces, where ¢ is
any element of a directed set {i}, and let x := (| ], X;) U X (disjoint
union). We will later apply the settings of this section for LP-mapping
spaces as X; and X to formulate convergence of LP-maps on different
spaces. '

We call a topology satisfying the following (al)—(a4) an asymptotic
relation for {X;, X }.

(al) X; and X are all closed in x and the restricted topology of x

on each of X; and X coincides with its original topology.

(a2) For any x € X there exists a net z; € X; converging to x in x.

(@3) F X; 5z, -z € X and X; 2 y; — y € X in x, then we have

dXi (xia yl) — dx (xa y)
(ad) If X; 2 z; - z € X in x and if y; € X, is a net with
dx,(zi,y;) — 0, then y; — z in .
In the case where X; and X are all linear spaces over R, an asymptotic
relation for {X;, X} is said to be linear if the linear structures are
continuous in x:

January 20, 2005
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(ab) f X; 3 z; >z € X and X; D y; — y € X in x, then we have
az; + by; — azx + by in x for any a,b € R.
Notice that a Gromov-Hausdorff convergence X; — X induces an
asymptotic relation (cf. [2]).
A net {f; : X D D(f;) = X;} of (not necessarily continuous) maps
is called a metric approzimation for {X;, X} if the following (b1)—(b2)
are satisfied.

(bl) D(f;) is monotone nondecreasing in ¢ and | J; D(f;) is dense in

(b2) For any z,y € |, D(f;) we have dx,(fi(z), fi(y)) = dx(z,y).
In the case where X; and X are all linear spaces, a metric approxima-
tion {f;} for {X;, X} is said to be linear if

(b3) f; are linear maps defined on linear subspaces D(f;).

Lemma 1.1. If {X;, X} has a (linear) metric approzimation {f;}, then
there exists a unique (linear) asymptotic relation for {X;, X} such that

filz) =« in x for any x € U, D(f:).

2. LP-TOPOLOGY

We assume that all measure spaces are locally compact Polish spaces
with Radon measures. Let M be a measure space, Y a metric space,
and p > 1 a real number. For two measurable maps u,v : M — Y we
define

Ao (u,0) = ( /M dy (u(z), v(z))? do:)% < +oo,

where f » @ means the integrating over M by the measure on M. For
a point o € Y we set

LP(M,Y):={u: M —Y | measurable map with dp»(u,0) < +c0 }.

If Y is complete (resp. separable, linear), then LE(M,Y’) is also com-
plete (resp. separable, linear).

Let M; and M be measure spaces. A net {¢; : M; D D(p;) — M}
of maps is called a measure approzimation if the following (1) and (2)
are satisfied.

(c1) ¢; are measurable maps defined on Borel sets D(y;).
(c2) The push-forward by ¢; of the measure on M; vaguely converges
to the measure on M, i.e., for any u € Co(M),

/ uo wi(z) de — / u(z) dz.
D(p:) M
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Let {¢; : M; D D(f;) — M} be a measure approximation with
measure spaces M; and M. Let B be a Banach space and o0;,0 € B be
points with o; — o (where o is not necessarily the origin). Denote by
Co(M, B) the set of continuous maps u : M — B such that the set of
z € M with u(z) # o is relatively compact. It follows that C,(M, B)
is dense in L2(M, B). For u € C,(M, B), we define

@{U;(.’I;) - U o QDZ(:B) for z € D(@Z))
04 for z € M; \ D(¢;).

Then, ®;u € LE (M;, B). Assume that dr»(®;0,0;) — 0. Let D(®;) be
the set of u € Co(M, B) such that dp»(®;u,0;) < +oo for any j > i.
It is a theroem that |J, D(®;) = C,(M,B) and {®; : IZ(M,B) D
D(®;) — Lb(M;, B)} is a metric approximation, which induces a
unique asymptotic relation for {L? (M;, B), L¥(M, B)} by Lemma 1.1.
We call the topology on (||, L} (M;, B)) U L5(M, B) the LP-topology
and a convergence for it an LP-convergence.

We moreover extend the target space. Let (Y, 0;) and (Y,0) be
pointed proper metric spaces such that (Y;, 0;) converges to (Y, 0) in the
pointed Gromov-Hausdorff topology. It follows that there exists a Ba-
nach space B such that all ¥; and Y can isometrically be embedded into
B. Thus, each L (M;,Y;) is embedded into L5 (M;, B) and L5(M,Y)
into L2(M, B). We define the LP-topology on | |, L2 (M;,Y;)ULL(M,Y)
as the restriction of that of (| |, L? (M;, B)) U L} (M, B).

3. GAMMA AND COMPACT CONVERGENCE

Let X; and X be metric spaces and {X;, X} have an asymptotic
relation. We give functions E; : X; — R := R U {~o00,+0c0} and
E:X —R

We say that F; I'-converges to E if the following (I'-1) and (I'-2) are
satisfied:

(I-1) For any x € X there exists a net z; € X; such that z; — = and
(I'-2) If z; = z then E(2) < lim, F;(z;).

A net z; € X, is said to be bounded if dx,(z;,y;) is bounded for some
convergent y; € X;. {E;} is said to be asymptotically compact if for any
bounded net z; € X; with bounded {E;(z;)} there exists a convergent
subnet of z;. We say that F; converges to E compactly if F; I'-converges
to E and if {E;} is asymptotically compact.
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Theorem 3.1. For any {E;} there always ezists a I'-convergent subnet
of E;. Consequently, if { E;} is asymptotically compact, it has a compact
convergent subnet.

The following is a geometric interpretation of compact convergence.

Theorem 3.2. Assume that the c-sublevel sets X¢ := {E < c} and
X¢ = {E; < c} are all proper for any ¢ € R. Then the following (1)
and (2) are equivalent.
(1) E; converges to E compactly.
(2) For any c € R there exist a net ¢; \ ¢ of numbers and a net o; €
X of points converging to a point o € X such that the pointed
space (X%, 0;) converges to (X¢0) in the Gromov-Hausdorff
topology which is compatible with the asymptotic relation for
{Xi, X}.

Notice that the proper property of X¢ c¢ € R, implies the lower
semi-continuity of E and is equivalent to the Rellich compactness.

4. MOSCO CONVERGENCE OVER CAT(0) SPACES

CAT(0) spaces are generalization of simply connected Riemannian
manifolds with nonpositive sectional curvature. For CAT(0) spaces we
refer [4]. Notice that if Y is a CAT(0) space then L2(M,Y) is also
a CAT(0) space for any measure space M and o € Y, so that it is
reasonable to assume that X; and X are CAT(0).

Let X; and X be complete separable CAT(0) spaces that have an
asymptotic relation. First we generalize weak convergence following
[3]. We prefer to say strong convergence as convergence for asymptotic
relation, to distinguish it from weak one. We say that a net z; € X,
weakly converges to a point x € X iff for any net of geodesic segments ;
in X; strongly converging to a geodesic segment v in X with v(0) = z,
7., (x;) strongly converges to z, where 74(x) denotes the nearest point
in A to x for a convex set A.

Lemma 4.1. Assume that X; > z; — © € X weakly and X; 3> y; —
y € X strongly. Then, we have
(1) dx(z,y) < limdx, (i, y:)-
(2) dx,(zi,y:) = dx(z,y) iff ; = @ strongly.
(3) Any bounded sequence z; € X; has a weakly convergent subnet.
Let F; : X; — [0,4+c0] and E : X — [0,400] be given functions.
We say that F; converges to E in the Mosco sense iff both (I'-1) in the
definition of I'-convergence and the following (M) hold:
(M) If X; 2 u; — u € X weakly, then E(u) < lim E;(u;).

— 138 —




GEOMETRIC ASPECTS OF VARIATIONAL CONVERGENCE 2

Note that a Mosco convergence implies a I'-convergence.
For E: X — [0, +00] we define E®) : X — [0, 4+o0] by

EWN () = inf (AE(v) + dzz (u, v)?),  weEX, A>0.

and call it the Moreau-Yosida approzrimation of E. If E is lower semi-
continuous and convex and if £ = +o00, then for any u € X there exists
a unique Jp(u) € X such that

EM (u) = AB(T3(w) + dya (u, ()™

This defines a map Jp : X — X, called the resolvent of E.

Note that if X is a Hilbert space and if F is a closed quadratic form
on X, then we have Jp = (I + AA)™!, where A is an infinitesimal
generator associated with F, ie., E(u) = (Au,u) for any u in the
domain of A.

Theorem 4.1. Assume that functionals FE; : X; — [0,+0c0] and E :
X; = [0,+00] are all lower semi-continuous and conver and are not
adentically equal to +oco. If E; converges to E in the Mosco sense, then
for any X > 0, the resolvent Jy of E; converges to the resolvent Jp, of
E,de, if X; 2u; — u € X then JMNu;) — J*(u).

Theorem 4.2 ([7]). In addition to the assumption of Theorem /.1,
we suppose that X; and X are all separable Hilbert spaces, the met-
ric approzrimation is linear, and the E; and E are all closed quadratic
forms. Then the converse of Theorem 4.1 is also true and it is equiv-
alent to that the semigroup Tt(l) associated with E; strongly converges
to the semigroup T; associated with E for any t > 0. In this case, for
any A in the spectrum for E there exists A\; in the spectrum for E; such

5. GEOMETRIC APPLICATION

Let M; and M be Riemannian manifolds. We say that M; compact
Lipschitz converges to M if for any relatively compact open O C M
there exist relatively compact open O; C M; such that O; Lipschitz
converges to O, i.e., there exist bi-Lipschitz maps f; : O; — O such that
dil f;,dil f;* — 1, where dil denotes the smallest Lipschitz constant.

Theorem 5.1. Let Y be a complete CAT(0) space and let E; and E be
the energy functionals on L*(M;,Y') and L*(M,Y) defined in [6]. If M;
compact Lipschitz converges to M then E; Mosco converges to E and
consequently the resolvent for F; converges to that for E. In particular,
if we set Y := R, the resolvent and the semigroup on L*(M;) strongly
converges to those on L?(M) respectively. For any X in the spectrum
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of Laplacian on M there exist A\; in the spectrum of Laplacian on M;
such that \; — A.

Given n > 2 and D. > 0, let (M;,z;) be pointed n-dimensional
Riemannian manifolds with Ricci curvature > —(n—1) which converges
to a pointed metric space (M, zo) with respect to the measured pointed
Gromov-Hausdorff topology. Let (Y;,0;) be a pointed proper metric
spaces which converges to a pointed metric space (Y, 0) with respect to
the Gromov-Hausdorff topology. Then we have:

Theorem 5.2. If M is compact then {E; : LP(M,,Y;) — R} (defined
in [6]) is asymptotically compact and consequently it has a compact
convergent subnet. If M is noncompact then {E; : LP(M;,Y;) — R}
has a Mosco convergent subnet.

Problem 5.1. Does the limit of F; is determined only by the structure
of M and Y?
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Non-bipartiteness of graphs and the upper bounds of Dirichlet forms

Yusuke HIGUCHI' and Tomoyuki SHIRAT?

! Mathematics Laboratories, College of Arts and Sciences, Showa University
2 Department of Computational Science, Kanazawa University

For finite graphs, it is known that the maximum eigenvalue of Laplacian is equal
to 2 if and only if a graph is bipartite. Also for infinite graphs, it is known that
the sum of the lower and the upper bounds of the spectrum is equal to or less than
2. Though the sum of them is 2 if a graph is bipartite, the converse does not hold
in general. In this talk, we show that the sum is strictly less than 2 if an infinite
graph is essentially non-bipartite.

Let us explain our settings. A graph G = (V(G), E(G)) is a connected, locally
finite graph without self-loops, where V(G) is the set of its vertices and E(G) is
the set of its unoriented edges. A graph G may have multiple edges. In this talk,
we mainly deal with an infinite graph G, that is, V(@) is a countable infinite set.
Considering each edge in E(G) to have two orientations, we can introduce the set
of all oriented edges, which is denoted by A(G). For an edge e € A(G), the origin
vertex and the terminus one of e are denoted by o(e) and ¢(e), respectively. The
inverse edge of e is denoted by €. A path p = (erea - - e,) of length n is a sequence
of oriented edges with ¢(e;) = o(e;41) for i = 1,...,n — 1. Moreover, a closed path
is a path such that t(e,) = o(e1); a cycle ¢ is a closed path o(e;)’s are mutually
distinct. We call a graph G bipartite if G has no odd cycles, which is a cycle of odd
length.

Let p: A(G) — R™ be a transition probability such that

e€AL(G)

! Partially supported by JSPS under the Grant-in-Aid for Scientific Research No0.14204010 and

No0.13340030.
2 Partially supported by JSPS under the Grant-in-Aid for Scientific Research No.13740057.

— 142 —




where A,(G) = {e € A(G)lo(e) = z}. Here, p(e) implies a transition probability
from o(e) to t(e) in one unit time along an oriented edge e. We assume that p is
reversible, that is, there exists a positive valued function m : V(G) — R™T such

that
m(o(e))p(e) = m(t(e))p(€)

for every oriented edge e € A(G). This function m is called a reversible measure
for p and it is unique, if it exists, up to a multiple constant. The discrete Laplacian

Agp = Ag is defined as follows:
Acf@) = Y ple)fte)) - f(z).
e€AL(G)

In other words, Ag = T, — I, where T}, is a transition operator for a reversible
probability p and I is the identity operator. If we take p(e) = (degg o(e))™! and
m(x) = degq z, which are associated with the simple random walk on G, then the

Laplacian Ag is expressed by

Acf(z) = (degga)™ Y f(t(e)) - f(a),

e€AL(G)

where degy z = #A,(G). Let us set the Hilbert space
V(@) ={f € CUG) [{f, flv < oo},
where the inner product

ffov =Y fi@f@mnk)

zeV(G)

Then we can see the discrete Laplacian Ag is a bounded self-adjoint operator on
£2(V(@G)) and the spectrum of —Ag, Spec(—Ag), is a closed subset in [0,2]. In this
talk, we mainly study the sum of the lower bound and the upper one of spectra of
discrete Laplacians. We denote by Ag(G) the lower bound of the spectrum of —Ag;

it is characterized as

M(G) =nf{((~Acf, Hiv/{f, HivIfeEV(a)}
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Likewise, we denote by Ao (G) the upper bound of the spectrum; it is characterized
as
Aoo(G) = sup{(=Acf, v /([ Fiv | € C(V(G))}.

By definitions, it holds that 0 < A (@) <1 <A (G) < 2.

For finite graphs, it is well-known that the maximal eigenvalue for any reversible
transition probability p is equal to 2 if and only if a graph is bipartite. Also for
infinite graphs, it holds that A¢(G) + Moo (G) = 2 if a graph G is bipartite. On the
other hand, the converse does not hold in general. In fact, let Z! = (V(Z1), E(Z))
be the ordinary one dimensional lattice and G = (V(G), E(G)) a graph obtained
from Z! by adding an unoriented edge [eo] whose endvertices are —1 and 1. Then G
becomes non-bipartite due to the odd cycle with length 3 consisting of three vertices
{-=1,0,1}. Let us consider the Laplacian assosiated with the simple random walk.
It is well-known that Spec(—Ag1) = [0,2]; Spec(—Ag) is still equal to [0,2] since
the essential spectrum does not change under such a local perturbation.

However, under some reasonable assumption, the converse assertion in the above

holds. Before stating the theorem, let us classify non-bipartite graphs as follows:

Definition 1. Let N be a positive integer. An infinite graph G is called an N-
non-bipartite graph if the following condition holds: for every vertex z € V(G),

there exists an odd cycle Cy,,4; going through = with n < N.
Our main theorem is the following:

Main Theorem. Let G be an N-non-bipartite graph. Assume that the reversible
transition probability p is uniformly bounded below by py. Then it holds that

A0(G) + A (G) < 2 = €(N, po),
where (N, pp) depends only on N and po, and 0 < ¢(N,pg) < 1.

In Definition 1, we replace an odd cycle Cs, 1 with M(m,n) = P, + Cant1
such that m+n < N. We say a graph satisfying this condition an “essentially non-
bipartite graph”. More precisely, M (m,n) is defined as follows: setting V(F,,) =
{zo,21,. -, Tm-1,Zm}, V(Cn) = {y1,¥2, - - -, Y2n, Y2n41} and T, = y1,

V(M(m,n)) = {z0, %1, -, Tm—1,Tm = Y1,¥2, - -, Y2n+1}>

E(M(m,n)) = {$0$1,$1$2 cee ,zm—lwm} U {y1y2, Yay3, - - - 7y2ny2n+lay2n+lyl}-
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Then, under the same assumption on p as in Main Theorem, we also have that
20(G) + Ao (G) < 2 for any essentially non-bipartite infinite graph G. We will give
a brief observation.

Results in the above give not only the complete affirmative answer to the con-

jecture raised in [3] but more general results (cf. [2,3]):

Original Conjecture. Assume G is homogeneous, that is, there ezxists a graph
automorphism mapping x to y for any pair of vertices x and y. Then it will hold

that Ao(G) + Ao (G) = 2 if and only if G is bipartite.

There are two key points to show Main Theorem: one is that the estimate of the
quadratic form on an infinite graph G is reduced to that of local quadratic forms
on finite subgraphs; another is to give a new reversible probability measure pp by

harmonic transform of p.
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DEFORMATION OF RIEMANN SURFACES AND
POTENTIAL THEORY

HIROSHIGE SHIGA

Let ¢ : S — S be a quasiconformal mapping of a Riemann surface
S onto another S’. If the maximal dilatation K (¢)(> 1) of ¢ is close
to 1, then ¢ is almost conformal. In other words, S and S’ are almost
the same as Riemann surfaces. Hence, one can expect that quantities
which are conformally invariant are almost the same on S and S'.

In this talk, we show that this expectation is true for Dirichlet solu-
tions on S if S is a bordered Riemann surface.

Let S be a compact bordered Riemann surface. We may assume
that the relative boundary 0S consists of finitely many analytic Jor-
dan curves. For a continuous function f on 05, we consider a Dirichlet
solution H }9 on S, that is, the harmonic function on S with the bound-
ary value f. Since 0S consists of finitely many analytic Jordan curves,
the mapping ¢ is extended to a homeomorphism of S = S U dS onto
S’. We use the same notation ¢ for the extended homeomorphism.
Then f o ¢~ ! is a continuous function on 85’ and we can consider the
Dirichlet solution H f;w_l on S’ for f o ¢!, Mainly, we discuss how

H?' ., varies as K () — 1. Furthermore, we consider the smoothness
of Dirichlet solutions for parameters of the quasiconformal deformation.
Also, we discuss how the solutions behave as Riemann surfaces degen-
erate to a Riemann surface with nodes. Our results are the following

(the terminologies will be described in our talk):

Theorem 1. Let S, (n = 0,1,2,...) be compact bordered Riemann
surfaces and @, quasiconformal mappings of Sy onto S,. Suppose that
lim, ,o0 K(n) = 1. Then, for every continuous function f on 05S,
{Hf;‘w;l o pn}22 | uniformly converges to Hf" on Sy.

Theorem 2. Let Sy be a compact bordered Riemann surface or a para-
bolic end and p; a quasiconformal homeomorphism defined by p;. Sup-
pose that there exists a compact subset K of Sy such that every ¢, is
conformal on Sy \ K. Then, for every continuous function f on 3Sy
and for any p € Sy, a function

- HE (o)
1
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is real analytic on (—1,1).

Theorem 3. Let {(Sy, So, ¢n) }o, be a degenerating family of a com-
pact bordered Riemann surface Sy with nodes. Then, for any continuous
function f on 0S5y, { S o o130 converges to H}go uniformly on

fopn

bordered parts of Sy outside a neighbourhood of N(Sp).

Finally, some potential theoretic properties (regular points, Martin
boundaries etc.) are discussed.

(1]

REFERENCES

L. V. Ahlfors, The complex analytic structure of the space of closed Riemann
surfaces in ” Analytic Functions”, 45-66, 1960.

L. V. Ahlfors, Lectures on quasiconformal mappings, The Wadsworth &
Brooks/Cole, Monterey, California, 1987.

L. V. Ahlfors and L. Bers, Riemann’s mapping theorem for variable metrics,
Ann. of Math. 72 (1960), 385-404.

C. Constantinescu and A. Cornea, Ideale Rdinder Riemannscher Flichen,
Springer 1963.

Y. Imayoshi and M. Taniguchi, Introduction to Teichmiller Spaces, Modern
Texts in Math. Springer-Tokyo 1992.

H. Masaoka and S. Segawa, Martin boundary of unlimited covering surfaces,
J. Anal. Math. 83 (2000), 55-72.

L. Sario and M. Nakai, Classification Theory of Riemann Surfaces, Die
Grundlehren der mathematischen Wissenschaften 164, Springer-Verlag Berlin
Heidelberg New York, 1970.

H. Shiga, On the quasiconformal deformation of open Riemann surfaces and
variations of some conformal invariants, J. Math. Kyoto Univ. 22 (1982), 463~
480.

H. Shiga, Quasiconformal mappings and potentials, in Proceedings of XVIth
Rolf Nevanlinna Colloquium, I. Laine and O. Martio, 1996, 215-222.

H. Shiga, Dirichlet solutions on bordered Riemann surfaces and quasiconformal
mappings, to appear in J. D’Analyse Math.

H. Shiga, On complex analytic properties of limit sets and Julia sets, preprint.
M. Shishikura, Topological, Geometric and Complex Analytic Properties of
Julia Sets, in “Proceedings of International Congress of Mathematicians”,
Birkhauser-Verlag Basel, 886-895, 1995.

DEPARTMENT OF MATHEMATICS, TOKYO INSTITUTE OF TECHNOLOGY
E-mail address: shiga@math.titech.ac.jp

— 147 —




MR & T DRI

TERMBATIEE S 52 Y RV Y MdBEREIN TV S, 2003 FEZUTOTT TS
A THERFE TSNz, BIEEIL35 %, B, FREFMIZ Web Site
http://www.math.kyoto-u.ac.jp/probability /sympo/SA03.html % Z:H,

R 2003469 529 H (H) ~ 10 B 1 H (%)
B W R FERFEREB MR B HEREES

N,
|
N,
\Jf
o

98298 (A)

13:30~14:30 2 B - |l —fF (XKHE)

I b ¥—o—#ft & 5 EEXE Sobolev AR
14:40~15:40 i 1 E (RAHEE)

TRk Z2 M L DL HGEFE OHER R O 45T & Littlewood-Paley-Stein A%
15:50~16:50 A1l fR& (FiEKHE)

Support theorem in p-variation space and the positivity of the density

9 A 30H (X)

9:50~10:50  fEAY LB (BHHEEHK)

fractional Brown EEJIZBI 3 B HEERE D & Ito DARICDOWT
11:00~12:00 &8 B (&IKH)

Malliavin #7238 F % %Rt Brown EB) O J& A e

— EDO—#% Wiener D7 S AZETH2DH 7
13:30~14:30 EXEK & (KERHEFEKX)

IR E R E DAL EIZDONT
14:40~15:40 J& ZA (LarfERFET)

ZRDY 4 F =B ETHAERB 2 FEOBBKIIOWT
15:50~16:20 Short Communication {EH E= (ZapfERET)

1 RITILHOBRE D (—H%IL) Arc-sine-law

— 148 —



10 A1 8 (%)

9:50~10:50  HE EJ HKIER)

770NV LOZANF —HEOREMLIZOWT
11:10~12:10 A Fek (FEEKR)

XI R E BLEBFE OB D O ORI 12D W T
13:30~14:30 EAR BEE (EAAIR)

The integrated density of states of random Pauli Hamiltonians

WEEA B R RERFE R
S R (RERCRZERE A58 F)
EAREE (GUERRFEAHBREENH)

— 149 —




RFAZE B {E R % DR

KEOY YRV A HFRMAE (FEKSE) - BHESC (JulksEE) »HEL L,
2003FEBLU2004FITHELZL, JMIAIFET TRAEAKR GURX
F) AL o THE SN FAEZOMERELSOBBELZFIEHCDOTH LA, D2
FRIZLDIEVHEBOFREL & L) IChmME2 ML /2,

200 3FITHEEEN Y 5 —TAEERNTITo 72 AEERORN A% &£
L. YEHDEHFTROBMZ D)7, OB, BL#Esds b T5E
FMEICL A a—baIar—Yariifwvn, B8 HHoBEEE- 72,

200 4FIIIFESIZ MR FHAMIIB L, 202 LT, DL D
HEOBMEN KDL Z L2 WL,

LTIEmy R 8070775588 T 5, 200 3EOHELEIZON
T, W% TICFET 50 T7/20 20 0 4 SEDFIZOWTIIRFHES I L HHE
T 5,

200 3EMBESHEE W{ODPDHEEIZIOWTIA Y P RER5B,

75E fE1% | Parabolic Anderson model R U°, Z DO#EE{LTH 5 directed polymer
? Lyapunov I8HUIXT 45 RS S Nz, HE D720 directed polymer D35
BIZDOWT, ZO—8ERRL, 1€ ZY 1L ({1n}nso, P) ZRENLHET S
d RICHH random walk,

Zn(z) =P {eXp (ﬂ > h(m, %)) Y = x}
m=1

Zn - ZxZn(x)7 Mn(p) = Q[ch] k-?—;")o ::T\ /8 > 07 if: h(],$) (] ,>_ 07

r € Z%) FREERZEM (H,G,Q) Ed iid. T, V8> 0 TR L Qexp (Bh(j, 7)) <

ET 5B, TOEE, ROMWBEIHFIE

Xo(B) = lim -Qllog Zon(0)], M1(8) = lim ~Qllog Zu], m(p) = lim -log M, (p).

FiZ, EROBWO 2 21200WTid Q-FH % L2 VELBIIURE L., MIBlzFh2
L Ao(B), A (B) \o—Fe F72. m(p) 1 p =0 THAMEH2. m/(0) = M(8) = M(B)
Tdhhb, #iE Tl log Z, \ZXT HI8HAY 7 concentration #Ffi& . FIIZBET 5
block argument b i &7z,

i HiA D% : Directed polymer @k T, Brownian directed polymer & I
N BRI DOV TORRE HE L 72 ZHUL, directed polymer 1231F % random
walk % Brown :EBjIZ, 72, iid.h(j,z) % Poisson HEFEICEXHZ 52 L2
LVERINHEITH Y, F. Comets RUBEEIZL DEA SN, ZOERO
BT RIM U3, N OEFACIC L Y EEBTOBEP TR ko S ThHb, =

— 150 —




NI Y, BEFRERIOME 2 B2 AODPOFERPH/ LN, T OFETLHES
n7’z,

SEPHCHE ¢ quantum random walk & FEENA | FT L\ & A T ORERLHENIC
OWTDEIEIRBAENT, ZNEZ=F VTN OHLEDO L — IV THERT 5
WEEEHTH L), HFRMETH Y, SHBEREVIIET -~ ) ) 5T
RIS NS,

AKIESELE | FHEEVPERLHHAREOH 5 ETIVIIOWT, ILHURE DR
FOBEIZETANT AT =IOV TOELPEEZRLILDTHL, ZOME
. AR FEBBEEETTSH LT, ROFTEORELGH»ZHRLIZbDTH 5L,
COFEOFEE T, BIREVD OO, BORIZETIVIZOWTHRL TWzD
EHS, HEHEIXREFEOHEET, HOBRLR T A LTIEEHT LI I
L7z,

BEEm . EEES. EARRIHER IOV T EORBIRE OB L S '
SEBA L 72, EEEIIMKR, SERELERZINEL T, ZELHOH L, JEXT
Rz BB O A F B % 5FH L7225, S EOAFETRIT T2 »38E £
DR LI o7,

FNEHE, EHHL. BHEZ. BEHES HEEHO® 2132 €DEF T
FHIZDOWT, B, SEEF Yy VDL ) ICHEWHEEHZ LD DIET ¥
LMTHIE LR L, HHZEDTWLY, FHICHEFRLT, I oiHEIZ, £
NEFNOREPSHRETEERL 2,

DURT YL [ABREMBEERROBERREN] OS> ¢

THk 15 AR EERM AT A M & 2T I (A) (1) [HESsER o E Rzl (WFzef
xE CE/ —ER, HREES . 14204008), K 15 FERERIZE H B & A BT
(B)(1) [KRHBEMEIEHROMRRZE] (WEAERE | fREA, REES
14340029) 12 X A HERLOMFEEK T U TOEBTHER L I TOTIEANHRL L
FET.

HE: 2003 4F 10 A 7 H (XK) 15:15 ~ 10 A 10 H (%) 11:45
YiPr: WIEERRAT & > 4 — | [URL] http://www.shonan-village.co.jp/

10 A7 8 (K)

— 151 —




15:15~16:15 4 EFfc i (IR E LK)

Fluctuations of quantum random walks on circles
16:30~17:30 EHE {#E (RIKH)

Parabolic Anderson Model (2335 % 557&

— & £ (18:00 ~)—
19:30~20:00 = & (BALH)

Percolation & random walk

20:00~20:30 A4 s GRRHGE )
WERERTT 22 BT B RS AR

10 A 8 H (%K)

9:30~10:30 BRI PREL (F= KEE)
Dobrushin-Hryniv theory O &L, —HfbizDOWT

10:45~11:45 #2i 3 (FRERAH)
The log-Sobolev inequality for one-dimensional Ginzburg-Landau model
of non-conservative type

— & & (12:00 ~) —

14:00~15:00 skiF=d (QLiE R RFBE LFEZR)

Regularity of the diffusion coefficient matrix for generalized exclusion process
15:15~16:15 $EE M (GEAEF)

e PRHEM B AR DL R
16:30~17:30 PEJIIEME (BASEE)

REETFTIVOIY POV —3

— & & (18:00 ~) —

19:30~20:00 F7 B 1A (RIRKZE R BB 72 R

1-dimensional chain of diamonds @ Onece Reinforced Random Walk (22T

20:00~20:30 rfE IEE (MF R HIRB AR )
Precolation Cluster DB 5 F O EEEFHIZDOWT

10 B 9 B (°K)

— 152 —




9:30~10:30 FHFE B (PO KHE) | FENFHL (TERHE)

Noncolliding systems of diffusion particles and multi-matrix models

10:45~11:45 FE B (FhokH) | EHNHL (TELHE)

Infinite Systems of Noncolliding diffusion particles
— & & (12:00 ~) —
14:00~15:00 HH Wiz (&RKEH)

Fermion measures and their related topics
15:15~16:15  RHEX (B KRETHHE)

Diffusions related to Fermion measures

16:30~ 17:30 AFAREA (RAHE)

Stochastic partial differential equations with singular drifts

10 B 10 B (£)

9:30~10:30  HUII HE (BEHEFET)
Entropic repulsion for multi-layered harmonic crystals

10:45~11:45 HH {4 (FAH)
FUTLBEERDOT AV T4 FRY Y — 1 7T BT B E

HEEA ERHEX (AARETHEHE)
A (ERH)

KRB EAEH 5% OHEREAT

ETROBOMERZLEITOTHENRL LITET. 28, ZOMEEKIITFR16
FERFIT R MBS AR5 (A) (1) [HEERORAIIRIZE] (FFgefEs @ EI
—BR, FBREFS 1 14204008), FHk 16 SEERHARIRE A € AR (B)(1) [K
BURAH LR ORERRAINIZE ] (PR | AEREA, FWEES | 14340029)
WX BWREESO—BRE L TiITbE T,

HEF: 20044 10A20H (k) »510R822H (&) £°T

il

T NS L G E YNGR

—153 —




T T A

10B20R8 (K)
13:50—-14:50 #fAREA (FEKX)
E Winterbottom IR D EE) — FAETIEMBE O A 7 — V282 T

15:10-16:10 MHREREE (AKX
Triviality of Hierarchical Models with Small Negative ¢* Model in Four Di-

mensions
16:30—17:30 HOMEK FELKR)
WSR2 W23 a2 by 7T —ETIVD interface DF & D free energy D

M
10218 (K)
9:50—10:50  skiFmEd (K
WA ZARDOIERE DTS SOV T (F01)
11:10-12:10 4%#E&REL FHIK)
1 RICEHILERTI O % M5 S 54
aasn (FEX)

13:50—-14:50
Integration by parts formulae for the wiener measures on a path space between

two curves.
15:10-16:10 &% GUREEEN)
A time-change approach to Kotani’s extension of Yor’s formula.
16:30—-17:30 Bt Bz (uKR)
Alpha-determinant and Wishart distribution

10B22H (&)
9:50—-10:50 i =N
MFRERDIEFBREOE S P EIZDNT (FD2)
10—-12:10 &E 5. (BEX

11°:
Recurrence and transience of multi-dimensional diffusion processes in random

environments
BE AR GRER)

13:50—-14:50
Equilibrium fluctuations for two component zero range processes

15:10-16:10 MEHHEL (TEX
Non-colliding generalized meanders and random matrices

HEEA CREE (LK) HFHME (HXK)

— 154 —




##(L] Winterbottom -k oD IEE)
TR ST ERBR OB R o — 52 B % T —

FAREA (RREED)

1 F&ER

Wulff KiZ (Wulf F2R) 1ZFEERICB T 5RO AR L, EEE—FEL VI FHFOT TR
miES (REZRAX—) ZHR/MNITDHEWIESRBIZ L > TREDIT bR D, £, BE)
LORENRH D L XX, Vo IRAZBEICANCES MM (BEREIKRN + AR L
F—DHME) B2 BHLERHY, FOfFIE Winterbottom M E LiTh b b0z s. Zh
L OB EBANIIERN R LIV TERAI SN D S a R T, BRI RN D OB
BaEmbn TS, AENLLDOELT

e Dobrushin-Kotecky-Shlosman (1992): Ising #8725 @ Wulff KJE D& H

o Pfister-Velenik, Bodineau-Ioffe-Velenik (1999, 2001): Ising f#547> % & Winterbottom
B OEH

o Deuschel-Giacomin-Toffe (2000): Vi FHEETL 6 O Wulll KIEOEH]|

e Bolthausen-Ioffe (1997): Vo FEEA): 5 0O Winterbottom Iz D& H]

BHDH. FHLAUL, MEES 2RIk,

2 FETEHR
ZTORER, ETERNDL DL D RERGOEHFEL 2 LICh 5.

2.1 AL F2HX

Tsing BBk E B Gibbs 4970 & THREEIC b bR T8 (IKF8) 21R7FT 570131l 7
FI 2 (BFRE) 20b, Wl RIEOEBZES I35 A 53 7 ARRA 5 0nE
MThBEEXLND. Lo, RORERT < T, (RIIRE) ©TTHH 745 M IR A

BB VRO T L [RFEBEFERROMEMIT , 2004 10 A 20 B (Kk), FEARFHER
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IZHD L&, FIEINAAS Gibbs BT LA D (DFE VD RVBEFREICH D) 2 61E, £FRZIT
DZEFNZ BT 2 EARBMRRIE Wulff RBIZ72 5 Z &Aoo TWa., L LAZRMENIZT Tk
R R OBRFIIRATI RV, EEE, Wullf IEOEBORITIIZNIZEES TIERWDTH
5. BIEDO L Z A, Martinelli & [4] 23 heuristic 723 % 5 X B E21T/2 > T B D EERIT
i, BB R RIS TR,

AR IERE L ERAEEBEDLL R € 275, e BDZEMDA T —V L INRNFGA—=FZTHD. W)
2L, —BOREB N =1 ®box NCHIRLAF I/ 2A%EZD (FIXZMKRTd=2 &
T2). PHINAERITIFERAFRMFICEI > TRESERS. T< T, &7T5.

o BHHBERSEM (free boundary condition) @ F T, Wulff KIJZIZ box @ 4 BEDWF 42>
KD, 4, — BT B (EIRM) REOE SH (RIEOREMES—E L5 &40 FT) El
FEFELWLLTHD. LENR-T Wullf IEOEENL, ZHb 40 1261
DOAD jump & LTHISEZIND. ZoHE, Wullf MIEO B BEZEREITHY, T
BINLRFHA 7 — X

t ~ exp(Ce™1)

LExbOTRWVWLDIZARS.

o FHIERSGM (HAWT, MATIZEVEE LV + 00T — BAEMH) o FTik, Wulff
FBAIE P —F A LEATBEAE L WO EFEOBHENREINTWAS. LER-T, Wulff
I OEENEE) 2R 2 r— /T B HEREMOEGE L VIX50Em< 20, EE, X
JET BARRIERSEE D spectral gap (CEET 2B 816

t o~ E——(d+2)

EFHEEND. ([4IKiE, d=20t& 3 LHB)

—7, RiIxHE LT EHEIBETE 2L, RIEHFBBORMAr— T t~e 2 T
H Y, spectral gap 1% O(e72) THBZ L5 TS (Lu-Yau).

2.2 ME{EHR Brown fIF%&

JNREAFI 7 A0 L &%, HAHBEKRTEMBBERN LI LIZHD. T X L0+ —7 Okt
{tiZ Brown E&7Z70: 6, ZEf] 2@k T HUTFANEA Brown KIFRBGLND. &2 AN, HH
A {EH Brown HIRICKGT 518 Ktss (point field) D Gibbs 3l IMEAT 23 IEE (CHEET, +
DRFERBBORTORNWE WS ERRH D, 2L z2iF, Gibbs Hfizx (IKIET) N THHS
FAHZELIETETELT, B Wulff IFER E 5 25 ONEIRMRBETHS. 2721, RO
IBEN 0 OFEIX, MAEERART Uy VNI 5 XD IR F 2 EEET U v, [2]1F
FEEVEA Brown Hi13& DZFEIR MR %

t o~ E—(d+2)
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DAL DOTTERL, WRICBITS Wuff RIFED T v & AeiEshk Blis - FATBE %
ﬁ%ﬁﬁ‘é LIRS . W FEBROBMA S — Lt~ e THB.

2.3 REM Ve REER

Ising BRI DD HDE LT Ve REERRH D, ZOETNAVICHET HREBEREEZ L.
4 RERHEFET T = {1,2,..., N}, N = ¢! OLTERSNMRNLE SEHK
¢r = ¢ = {¢¢(z) € Ry € T}, t > 0 (xF L CRESE M Haxt

(1) doy(z) = — A2 (z)dt — —]i—f—A { f (%gbt(m))} dt + V2dw?(z), zeT%

EEZDH. ZEL AT, LOBET 77Ty, wh m{wt (z);z € TE Y 1ZFESH#
Elwp ()wi(y)] = —Alz,y) - tAs, 1,520, z,y €T

%Y Brown EBOBETHS. F7- [ € CHR) BERWAL L =V VB4R TEECTHS.
HEEWMHHFERR 1) TLf(Fe) 2HBRRE =0 VR f(¢) KBENPZTEFAEELD
 Z 3D ERROS, WELLERICHNABE T R X~ ICRRESATNE S L E LTI
TNBEENZ 2D, ZOEIRETIN, HDHVNIELIT f BBOE L OBHE (RS RN
ICHEEYED local time 2MHERT %) 13, SHBOFEETH 5.
Q7 aRREIEE o CRIRT B~ 7 alem SEL AN (¢,0),t > 0,0 € T = [0, 1) 13FFZED
Al — VIR
) W00 =+ 3 WNel@)bmam (@), 0T
z€Tg,
L TEREND. 12720 B(0,a) 1ZH0L 0 TUDOEENa D T WD box THAS. a>0
FREOR S T DERTRTA—ETHL. ZOETVIRTFAE LD o = 4 BHE
NEBRDOAr—V 7 ThHDH. 2L, WV (t,0) OBIR h(t, 0) LIRS H N

Q 2

DRI D GERE T 7727 v OB bEVEIORERHS [3]). A XEREDT TSI T
Thd. OB FENIERDREOMEE (1. h(t,0)d0” ZRFETS.

ETC, a>4 EERIFE RN (E,0) 1T N = co DL EFEHHFENX (3) OEL =0 2RI
TS EBZLND. ZIITETEELE [ h(0)db = v (—F)” O T TRETFNAF—

@) (k) = / VRI2(6) do + / F(h(8)) do

EE/NZCT A h=h(0) THD. ZZTIE, ThEHEE Winterbottom ik & K52 212
5. FIZF = -fIlEoTREDHCKT VUYL THD. ¥ OFLE 1LEIEEES, 52
HIFNWE = TORNPOEE DT RAF—IHER L TV D.

= -A%h— A{f(h)}, 0eT?
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Bl Winterbottom FURD T o & L7RIEENZ DWT, IROTEEPHRIIT D L FREINS.

FH 1. a=d+4 &, AV 0) — R0 — awy) (ERIR) THB. 72770 we 13 T E
@ Brown ZEH)T, ILEIREL o2

@ == Bl (B = [ 10)d0 (=)
Td
WL TEEAEKTH . O

FERIIRER TH LD, TATTH T 708D, a=d+4 L LT, 2702~V DOER
Moy HFREK (1) 227 a2~ Ubd h = KN (t0) [kt s HFRACESESE, 121F

Oh
ot

2725, 12120 W(t,0) 1X d IRIEOREZER DA R /A X THBH. FU 7 AR, N 2 M, =
{h; AR+ f(h) = cy, (h) = v} DIEFITI LD, FIUTHEST, /A RIEE M, OERT ML
F) {Vh(-— 0)} ~HEINTHy DOHPEETEL Z &b, 1212 LHEER O BRI NEIX
() g-1=((=A)"1 ) THDE. ZOTATTERITT B0, ROAT v 7 EETs.

(a) FEEMY HFEK (1) O/ 4 X wP(z) % smeared noise wP * ¢é(z) ICEE 1272 ET,
Lyapunov argument #f\ 5. Wz huid, "IN bh=T

H($) = HE(8) = 5 3 (0(0) ~ 90)* + 3 F(5:6(0)

{z,y)

= N[~ A%h — A{f(h)}] + V2div Ww(t,0)

BEZ, {H(p)Y ZFEBEOARITE VFE LT AV () = AN(1) 73 M, DFFEICZE 52 L %
AT ([1]) THAWETAFTT). (b) b & DOfifL smeared noise 7> HIRE HFEDEA T T 5.
CORFRIIZHHEK L EFTED L TFETH 5.
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‘Triviality of Hierarechical Models with Small Negative #* Model in

Four Dimensions

RIER (P RFEEARREITER)

78 % dRTEFHKFETE, LEIOUEDBIEE L (ZO L&Y IHEBORAY—)LLFEE) | EEEHS
; No,1 \ZHE  ThSLRER AT {Zki2 € 28k € Z, } i LT, ROTEES (¢ €2} 2B X5,

¢$ — ZL_n(d—z)/zA[L—"m]Z[nL-(n+1)z]- (1)
n=0 .

2T, (2] = (m), -y [zd]) TLIRATRAREEE L, Ay 21 XE ~1 WD z OB TEED y X LT

[L-1z)=y A, = 0BT X208 I CnWEHEDET 5, {¢m}w€zd D HF % dvg, LEL, RTF v

(¢) =X ,v(¢s) (v(¢y) % single spin potential LFES) (T LT, DK I RFX T 25T HRMITEFHRT

%o

dn (9) = 7 expl—V (9)]dva, (9). (2)

=1L, ZIAHRBALER, T 0L D T % Gawedzki-Kupiainen B EHA L BEL ) 240 5 O R T
lock spin Z5#2

Qb;: — L—(d+2)/2 Z ¢y (3)
(L™ ty)==
DOEEDLL Y ZAHAEBREBIZITR D BICERZINTER T, EE (2) 12 (3) OEBmAEAZSEL RO LI
75 (1],
I 1 ! ! !

i (8) = 5 expl =V (v, (6) (@
T V() FRD IS, V(@) =3, czav'(4). single spin potential DFITEHEXRT LA TE, £
IR N AN

f bl AL (L6021, + 2) +u(L- €D, — 2)]du(z)
Jr exp[—Liv(2)]dv(2) ’

EWV) LRFTEOEN TET S, 727120, dv(z) = exp[—22/2]dz/\ 21 TH D,

[EHRR] Fxld, <V ZHEH (5)ITL > TEFZ SN S single spin potential DBEHUIFRICHEKEFD, F
", single spin potential v(¢;) = 01X T DAFEROARBAD—2IZ L bhd, ZORERE Y RBEBEER & FFE5,
LT, & 5 single spin potential vo(¢,) ZHIHIE & 45 Z O SERDEEN T 7 ABE ELITH A TN B K,
T DWIHME D single spin potential # ;oM THAIBEBAE A FO L\ 5, BB THENCET 2 BAEOR
BLULT, WIEd N d> 472 5ERHMED single spin potential vo(¢z) B3 vo(Pz) = pod2 + Xod: (ZD X5 7%24)
MED single spin potential & H oM 2 ¢* HE L IF5) OBFAES CHHBICS LT A B TH/h ST 2 4
HIE) [ZBWTHBMENRENE (1], BEAERUADORER L LTE, Ritd B4 Lk U CYHfED single spin
otential 7% Hierarchical Ising vy, & FEIZIHRDFED b D e V(=) = L(§(d, — ) + 0(¢s + 5)) (DT H BN
BREERREN TV S (3],

AEL N HIIZROYUIHME D single spin potential ® class Vo(L, D, C1,n0, po) PHIZ, BEMERFY ST H DN
FET DLV LT LS R R LB,

eV (@) — z €z (5)
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Ta #EE [Ime,| < C1((L4pg ") /¢ /\nfl)/lt) 2%t LC. exp|—vo(@y)] I3ARATHY CEERY | CIEME %2 B 5 RBIL T,
WD L6 OFEH % FFO,

le=(w0)(®2)| < exp[D — (AY? + pa/®)| ) + 2000 (Im)* + 2004p0 (Imgp,,)°). (6)

Tb HHEE |de| < CL{(L 45 )Y6 Any/™) 12BN T, vo(¢s) D 4 IKELEDERSY (v0)>4(¢x) EMHTHITHD, K
DEIITET D,

15
(”0)24(¢w)==(AO'“ij:%%%§)¢é + pody + (v0)28(¢s), (7)
Z LT, BSRER OB U CROFHIE 2 729
C_ L4 CorLt 1 1
The < /\OST, Com =13 C++_%, (8)
[(0)28(da)] < g *ma/® Vg *%. (9)

T2 Ly (00)5m(9) = vo(@) — Tpo' ue@t &35, THREERICE LUDLSITRD,

Theorem 1 ([6])) d = 4 &L, L > 10 L5, Z0&XLUTOEEZET. H5EK D, Ci(L,D) > L,
fg(L,D,Cy) > L*® NEFEET B, WIHMED single spin potential — vo(¢z) 73 Vo(L, D,Cy,np,p0) ICEENTNS 2
BIE. B perit = (Do, po) BIFEL T, WIHEMED single spin potential vo(¢s) %

v0(¢m) = ,Ucm'tgb;zg + U24(¢m) (10)
& LTz & & O Gawedzki-Kupiainen B BESE RIRE FHEALT B BAMEA B Y 32D,

6 IRDEDRE DK E EN 4 ROEDORED K& XAIFIFE LV single spin potential @ class 12 TR TE 7=
DNKERTH D, T D, WHMED single spin potential T4 ROBENEADOLO LMY LH>BEN TR, £
@ single spin potential % [1] D> TV 5 class IZ & F RV ZT T2 <, Lee-Yang DHE L &7z L TWRWDEIC
(5], Newman DRERMH T L72\ B2 [3] OFECIEHIMEEIEY T2\ 2 & 2 HET 5, 3 YL CH Miller
& Schiemann {2 & % ¢ #EID BRMEDKER (4] BHAOLNTWDR, HEOLOHEIIRTHEEDOFIEIZLDEDT,
FOFEZARTUECZOEEBET DI ENTERVWILIZER TS, EOFREZTEATHHIZ (1] OFEHATH
W BUFRIRNE R E LTz, 7235, single spin potential # EHAM TE X TV BT A X OFHMED = HDE
WHREENL TH D, ZOZEERAWVWAEIZLY Vo(L,D,Ci,no, po) 236 HFE LB (1) TH-> T single
spin potential @ class IZADBEHEND D Z LTI LT,

S5 3K
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KESEAHT-+T a2 hy 7 —F 5 /L0 interface DE S D free
energy DEHTHE

RERBRAK (5 K)

ZZTHIDIEL & H & DOET VT finite range, translation invariant 72
MEERZ L OARBEOEEZ LOAEVROET LV THIN, BLxRIREL
BWC, KOE S ear by 7T—EFVER LR TE S,

L>1,A=[0,L] x Z,

Cr = {I' C Ay; connected ,T' 3 (0,0),T'Nn{z' = L} # 0} (1)

EFEIZIX Cp DEHIZITLD LEERSWT, P TH T OUIWMEE 2r — 1
PE(r>1)nd [HES)] 2RI DR, AT 5, T0Cp DEROH
HMMELZTARLONBHEN, BEAIKROBTELLNS.

W) =Y exp{-BHr(c)+ > @(V)} (2)
o VN0

FUIT OFIZL > THFAEEIN S T N spin configuration IZ-OWVWTOFTH

D, (V) i V] oW THREEICED T 28 THS. H IO T Peierls

Z (0] OBFEETTRLMAOLND) & &b, ROFBEEMHEZF O LRE
T5.

Hr(o) > Hp(00) + po|T'\ B (3)

B (X minimal energy 2% DR T, [0,L] X [-r + 1,7] ZORERFHFE

9% configuration IZ unique T, TV % sigmag L ENTWD. /OISR

X T OFMHOE ZIZET % logarithmic moment generating function ¢, ()

1%, A% ETr L-independent 725 AR CHATHI THD L ES bDTH 5D,
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A RARDILBIRELDIE S D> S 2D

ki A (KRB EERE T2 508)

1 [ZC®IC

Varadhan, Yau [6] {2 &Y [Gibbs B AR F KBTI FRBIR ) 23
AE STz, B b 3 A b LT 2 BRI O IERIEILBOTHED Cauchy A
O—BHEOMBEIIMY TH L. HOIT—EMS it D&M L LT, (1) XH1T
T bHZ &, FiiX (ii) Lipshitz #EETH D Z &) 258507 T, (1) BPRZT D7
DOEMHEIRARTNS. SREIOFR T THEBERET 1 BhEsemss vEe] Th D
DT OET A L CIRIE N FBIRIZSER L7z

ZAVE TITHR SRR T8 S 5 FRRAOILBREIC BT o/ Rz e A Y
72 <, Landim, Olla, Varadhan, [2] |{Z & % tagged particle system @ self-diffusion
fREDIE 52> & &, Bernardin [1] (2 X % Bernoulli measure (2 #7265k E
T T DR DR O & L FAE S [4, 5] 12 XL 5 lattice gas with energy
£ 5 L L N generalized exclusion process €7 /WAZ X B ILHFRE DI 5 A &
BREINTND.

Landim, Olla, Varadhan, [2|, Bernardin [1] D €7 /L CrXEMEIZ 72 2 I 2
Bernoulli I T&h 572D ARRIEREAZRLEN LD, ZHlas U TR
HPFEE Gibbs JEEIZT 2 & EMEZEEITIMHR TR TH 505, Th i v T
WETHIEFIARFAETHD LB bind. £ FMmIROFEA T, JLik
FEIESAREACTERINSIOPERTHLINSETOET L TIHINE
R 72 Green-Kubo JEF & FEIEXIL D current—current fHEARAE W TEZ I L
LZHDNOLELNISEZFEHL TS,

ZOFEA T, EREREE T RWEERLZHNWD Z LB IOE S AL EE
MWD Z EIZ L VIEBRE DB/ O E LA T 5.

2 ETILEHFR

Varadhan, Yau [6] {2 L BREEZEATSH. A=Ay C 2% R E2HL LT
L& 2N + 1 ONFEE L, n = ()een, 1 € {0,1} ZHEFREDOKEL T 5.
Ne = LIEVA N o WCRFRHLZEEZERL, . =01FV A b DETHDLZ
LEBRLTCOSbO LT 5. RFT DA TBEIRE LR T vy b {Ja}a B
Bz o, 2 OBERE, w REZONTEEDNINV =T U

Ho(n) = > Jan*(nuw)
A ANAED

'E-mail address: nagahata@sigmath.es.osaka-u.ac.jp
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EF D, W T RAD vt = T1ca Lie=1}
fme iz EA
(nUW)w——{wﬂc if x ¢ A

LB 0L EBERSM w, ALERT V% X @ Gibbs JE pp o B

pawa(n) = Z5% y exp[—Hy(n) + A n.]

zeA

TE#ETD. AL 25, , TRELESR 2 2 TIHUITFO L S 72 mixing condition
ZIRETS.

RE 2.1 BERSM w, (LFRT v X D Gibbs BIEE ppwx & L, ST 58
% p=p(Aw)) £TD. ZOEETFEE v1,72,73 BIFIEL T diamSy, diamS, <
v BT SRR DORFTEE f,9 (2 LT

|Exwalf; 9]l < mp(1 = p) exp[—yadist(Sy, So)ll | f]leol|glloo

o (BL Sy 1ZRFTEE f OARTEREIR, Ep wa[f; 9] 13 pawp 88D f,9 D
S ET 5.

Z ORFEIFIR S FHBIR, & U <IXE OFERIZHLE & 72 % Spectral gap DAL
WCHERRETHDHZ LIZEET 5.
Z® Gibbs JIED A — Z¢ OfifRIT DLR HFREN TREM T 5508 Z DR
EDF TR BEEZRD CTHE—DIZIRE LD TEDOREEL p=p, &EEL.
FEE 0 [/FTEE f 1oxk LT Markov infe DO EHFE %

Lf(n) = Laf(n) : Z D malmm Tt f ()

i=1 z€A:x+e; €A

TEFHTSH. BL e 1T i HFE~DIEDHEN Y by, 7 (TR EIOEMAFZ T
. A=c+ A, 1f(n) = f(man), (Tam): = Neea,

¥ f(n) = f(n™) = f(n) T

n fz=2z

(™) =< m Hz=y
1, otherwise
&L ¢ FHADRITEEKT, no #n., 7RHIETEIZIET o =0, 261X 0, 51

+o K& N EEED w lzxt LT detailed balance condition

ci(n) exp|—H, ()] = ci(n®*) exp[—H.,(n**)]
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i’z LTS, 20 detailed balance condition {24k ¥ L ltw, A2k 5§ HAw\
(X LOHMRIERRIZZR > T 5.
x(p) &
X(p) =Y Eplno; nal

z€Z4
E9 5. {BL B, iZMHRED Gibbs FIE p (S K2 FHT, IRFD p € [0,1] I
Eylno) =p L7205 Z L 2R L TV D, ILEEREATS D(p) 13FTHIT, d-RTD
N7 Ml a="ay,aq,...,a4) IZF LT

(@, D(p)a) = > auDij(p)ay

4,j=1

1 . : 0,e; ’
= oxp) BB [Z ci(n) (ai(nei —mo) — Y ‘ng) }

i=1 zeZd

TEZIND. BL infy ZRETBAKEMEIZOWCTinf 2L 50D LT 5.
EH 2.2 TEBFREATSI D(p) 1% p € [0,1] ICBIL T 1 BEdfe iy AlfETh 5.

3 Varadhan Yau [6] OfER & Y

£ Varadhan Yau [6] DEFRERTH D 2 DF T LD Fifk L MRRO RS F 4 ik
D, HIEIT A=Ay DY A XTD Markov {EFIR [ R L0 2 DRSS
PREAMIBEREIHC L b0 (AL L ©EL) €2 B2 (2N +1)20 0K
% Markov W% o' (t) TOHRBIEFEL Py L§5. £/ 0c[-1/2,1/2)¢ Lo
W T b B RHTT mN (d) %

ml (@) = 3 0 ()8 (a0)

r€AN
EEFRTD.
gid 3.1 (Theorem 2.1 of [6]) J 25 A FRA¥E T 5.
hl?jip Py [ / J(0)my (df) — / J(0)po(0)do| > 5] =0
AT EIIERDO 0<t<T T
limsup Py [ / J(0)m (d9) — / J(0)p(t,0)d6| > 5] ~0

BT B L p(t,0) 1%

éa?p(t, 0) =V (D(p(t,0))Vp(t,0)), p(0,0) = po(0)
D—FETH 5.
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Z DEIDFEY T Varadhan Yau [6] D T, Fx OEOFIZHLERTLEE
HERRT 5.
FRIGZER G &

G :={h: his a local function and h satisfies E*[h|F,] = 0 for some s},

TEHETD. HL F i3 A, WOKLTE Y cn 7 & Ay DIMUDELE {n, : y ¢
A} DBAEREIND o-algebra THDH. {EED f e G IZXLT

V(hip) = limsup Ey[Vi(h,m,w)]
l—o00,p'—p
Vithym,w) = 1“Ej,m. > mh | (—La)” S b,

ll[meA lllxeA

EEETD. AL L =1—VI, Exymo (3 pa,wr COV Ey, o 125 U TERMEAR
ER ) EAl,m,w['] - EAl,w,)\[']ngAl Ny = m] EFDH. ZOLEERIC figegi
LT )

VI(f,g:p) = 7V +g:0) = V([ = g:p)]

LEZTHZEIZEY VIiZG LoRNKEIZRS.

i 3.2 (Theorem 8.2 of [6]) {EE D h € G IZxt LT V IZLLTFD X 5 &SR
& HD;

a;€ERUEG

d d
%V(f“ p)= sup |V(h, ;aiwqc — Lu;p) — %V(; ow; — Lu; p)

fBL w; 1 - HFMIZK$ % current Tw;(n) := ci(n)(no — ne;) ThH 5.

VIZBET5 GORE G E#Ex5. £z G % current {w;}% | DIED G DI
i, GO % {(n., —no)}i, PIED G DIW/YLEME T 5. _@éﬁ%ﬁ 3.2 1L G+ LG
X G ODEF’C%&,’C&/Z)_ EETFRLTWD. £72 GO+ LG bAEEIZ G o T
BCTHAHIENIMHEN, 51260 L LG WrREhE. ¥72bb =60 ¢ I
ThdHI ENRINTE.

ETZOHILZER G LIEIREITH D 0BG TH LR, =600 LG ThD
DT current w; DIEHZEM LG ~DEZREL & LT5. 20L& {D;;}4, B
FELTV ONETHES

d

wi ==Y Di;(ne; — m0) +&

Jj=1

WHSIT B, S0 Dy =% BSIEEIREATEIC 5.
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4 HEICET HEHEFE L KR

AT CHERFREATANT current w % G Dné L CTEHRDM LI L ED (n.—no)
DB TH D LIRS T L2 V((ne—no); p) ZEHTET D2 ERTE R0,
ZOOFHAT w; O LG ~DELZRE & 252 5. BEBNTICEL LD
HiCIEZZD LGB p Il LRI EERLENICLY FEHEAZFHTL. 55
AV B p BICERESNTNAED— I &I p ICEB D THENZZT
FRT L IEMARGEIE T ICKSBWBAEHBDS {g,.} NEFELT, & p 8
2 V(;p) DRIET Lgin — & £GBH] THD.

BI% 1 = Tloeu Liam1y EEBSNLTOEER, {0} (XRFTBEEZEED
EIEIC2 Y | R f offRENT

FlA) = (~1)* ) f(ng),
BcA
THZBND. BL g iXeeBR6E (p)e =1, ¢ B 251E (), =0 &H
TR R BB & T 5. 2D {f(A)}a IERFTEIE f ORI E BT BT
B F L, 5D A=A(f) CZEREELTANA £ D 25E f(A) =0
ThHhdZLIZHEETS.

7 OB EEEEL R DHES P(Z2Y) WATEHIC X 2RMEME ~ 27F
#TD, Ihbbbbd2eZd PFELT ,A =B ThhE A~ B L35,
ZoRMERMFRIZH L CRERE, REEZE X, TOREKE A L35, EEOREK
f:PZY -RIZKLT

(H)(A) = f(mA)

xcZd

L, EEORPTEE kLT

H =Y (H)(A)

AeA

LEHRTD.
BB 4.1 BRI [ 1K LCb 5 RTBEIEI h = {h}L, BEELT

d
f=Hf+ (hi—7h)

=1
8
T ORBEIC LV EHERIR ~ %3 5 RETEREES h = {h}E, BFEL T

d

i=1
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BHITEE frg EERT D ~ (AL THEIESE, REELE 2D & RFTEHED
AEE (D aen F(ANAY BREIZRY H X \,a/éu.iﬁofb\é. T ORE
G OEFSEMTED D,

WRE 4.2 G OMHZEM G = {(1,h — h) : 1 < i < d,h TR} IHMEED
p Izt LT V(sp) ORFETGY =GO Tth 5.

ZOWMENS H IZFEEOHE TH 2720 THRNE V ICETER »%2&*%)
2o TNDEICBZAENILTEI T o> TR, EREEERNTIC

Ewi =30 Dij(ne, —mo) +& THHTDOTEIMIG LT H 21FE 2 ?‘&ﬁﬁté@
\IE Hw = HE mBERBENG. & BT 5 {Lg,} BEET DO THA L
IO HE il 5 {HLg,} @ g, %, EHEIZIE g, 2RO 5.

R 4.3 EEORPTBE g (CX LT V(5p) ODNEET Ly = LHg TH 5.

ORIV RD B NEREKS g, FRIFTORE G, 1T g, A — R EZRONIZ
LT ERGND.

A€ Ak LTRATEE HIn Of¥%E fa &35, $hbb fi: A->R
HLn =Y 54 fa(B)n? Wi+ L5 ICE#ET H. RERIC current 12xf LT
Huw; & 22 D% % o} 32, T7bb Hu =) gl (B)n? i3 &
INERT D.

E}E 4.4 {g7( )}AeA Z))TAf L/T.A O)%n\\

w Z gi(A =0

AcA

BT, S50 {g(A)}) BROTRITBEON (g} &
gim= >, g(An?

AeA,diamA<n
TEERTD. ZOLERPTEEDH {hijntn (1 < j < d) BFEELTV(w; —
Z?:l (Tejhz‘,j,n - h'i.,j,n) - Lgi,n; .0) [N P &:Eg L/'C“_’%[f: 0 /\L[Xﬁi'é"é

=N he e ZAeAgA It =& ThDHEBo TR, /230 O BEERFn S E IR
LRI EIERET S, ZOFRIZEY ZOFO I Tl GO BT
O 2 EERITHER LT Z &2 5.

ZD {gin} ZWND Z LK AFITHITH DILREREATH D BDEED o =
Hag,ag,. .., aq) 12X LT

d
1 .
(@, D(p)e) = lim ———F, | Y ci(m)af | (e, —m0) = > 7"“Tugin

n—oo 2x(p) — =

THZONDD, ZOEMIEN L EEINIE n B IER D FTEE T2 DR
B EH 44 PO —RRINURT 2 Z L3 EEHEIFEA SN,
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5 Dual 82

RIEIEEE 4.4 C & T 2 BRI OMRE {9,(A)} 245 L7-25 2 ORRIC
Dual @] ZHW5.

A™Y %
A\{z}U{y} ifzecAandyd¢ A,

AP = A\{y}u{z} ifye Aandz ¢ A,
A otherwise.
DEDIZEEL, jump rate ¢; DIREE ¢, L EL Z LICUTHEBIC Lyt Z#3EL
THDERDE D IZET S,

d
ot =y [ D C ) U

=1 :c:A‘”v:H'Ci;éA DCAm’m+ei

XY aLEURTTT

ECA®@+ei FCZA\A®+ei: F£)

- &(rD)n

DcA

=3 > alr(BU F))nAUF].

ECA FCZd\A:F£0

c(A,B) ZRDEHIZEFERT D
c(A,B) = Z ¢(A,0),

CeTp

BL Tg:={CCcZ’:3xe€Z%st. ,C =B} T

d
§A,B):=> " > Tucina).

i=1 p:A=B®®+eitB
ETD. 2D A B) A DEZ T AR TRUERBHRRRE . IChoT- b
& g ~Vx 7T D jump rate [ZIENR LR, EBHIT gy D np ~HEEE
T T T DT ERHRIRNE FIZITE(A,B) =012 oTNWA I LICEET .
ZIZTQ) AELOFE 13 TRICHEBET L ¢ 21D HEIC 0 OFEIT
> peasete Gi(ToaD) = c(ADT4e A) Th B LIEREIC ¢ &1 D80 nt OIRE
E Y pca Gi(TaD) = (A, A*%) ThHB. (1) ROH 24 1775 CTRAME (I
H Z2F7mb0) & Ou(n) LEZEIZED

HLn* =" [¢(B, A)n® — ¢(A, B)y*] + ®a(n)
BeA

LETD. ZDLE B4(n) ORRIK {Pa(B)} 1Z #B < #A 251X 8,4(B) =0 T
HDHZELITHEETSD.
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g(n) = 3, 9(An* =X LT HLg(n) Z3tET % &

HLg(n) = > (La)(An* + ) a(A)@a(n)
A

A

LB EFELLIFg: A RIZHLT

(Lg)(A):=> c(A,B)(g(B) — g(4))
BeA
CEERTD.

FERENTE Hwi = > 44 9i(A)HLn? %7 {g:(A)} O EEZEZ T 5
DTZDORBO—HEEBZILIZ #AZCELTRANIZKRED L EX 5. ERIC
(RAIEITRE 572 gi(B) (B : #B < #4) 2/ 7)

(Lgi)(A) =af(A) = > 9:(B)®5(A)

Be A:#B<#A
DIFZRD D Z 12725, L D Green BN 5735 DT, BIEEEE 4.4 D {g:(A)}
DIFENRSDD. E12 (A, B) DIEEN S L OERT D Markov @R HA DE
ZTOVDEFRUED 5 bRZEM THRME UKL F 23 72 WRZR 2B E na 56 HIFE
Lt DEEZELTNHNAZ LIZRDDT, ZO Green B DO H 2D A4 — & —FEfh
NTE, FH 44 OBFOERB DD,

S5 Xk

[1] C. Bernardin, Regularity of the diffusion coefficient for lattice gas reversible
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[2] C. Landim, S. Olla, and S.R.S. Varadhan, Symmetric simple exclusion
process: regularity of the self-diffusion coefficient, Comm.Math.Phys. 224
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LR TSR D 2% [ & 534
A 5L (RIK - BRLEAMIER))

I 1 RO FEREERSCIEM FEEMIERE & W o T RIBRER L AR - 7 & 4175k
OBRENTHRIN, TOMBEZFMITARDLZEBHKDL LRV 20H 5.

ABETIE, —HEOBROPCHLMREBEZRL LTS 1 RITEEMEREE (polynuclear
growth model, LLF PNG #4) & I 5 FRERERER OMWE, FHZL R8BI 5 & S ORFFSh
DR IRZEIZOW TR 5.

WD XD 22 1 RFTEOFERNRAERERAZEZ 2 5. B 0 THRAKKBOTES 1 OBARSEZ
D, FRREAMFEICES 1 THETD. T5LF2I0ES L OBNHES R, 0 LTk, BL
BEfE] - LR I B2 OBIE 2 CTHI-RBAERNRZ 5. oo 3T EA@AFRICEE 1 Tl
L, 20 LT, B - BRI H120 OFIE 2 THIZRBEERPEZ 5.

IR 1 RT PNG HERITH Y, RBE TR IOETABLOEOERFOE IR L MBI
L. FRAERIZB T DES % hz,t) LE Z LIZT 5 &, Prahofer & Spohn I, [1] DFTIDE
FLDREICBITIEIORLZWELTRDO L ) 2EER LI
umﬂﬁﬁtﬁ<4=&@. (1)

t—00 t1/3

e VABIZEN 5 BT GUE 7 v &7 AMTHIOREKERED A r—nEniz54i T, GUE Tracy-
Widom 7347 & FEIZIL TV 5. Z4h PNG #E L 5 0 & ATHIEROBERO—FERW2HOT
H5.

I LT 2] BT, SMED & 5 PNG RIS ERIZIS 1T 5 PNG #ERUZ DWW T RO £
Tém"‘%m Bohiz.

BIZZRIZBITBEEINMIOVTEZDZ EbHKD. Tk 5 2EBEICEL TR, SME%ED

ﬁw%ﬁmﬁbfmﬁﬂﬁﬁﬁéhﬁﬁi%%0%5%Q%¥ﬁ@"7 EACE LTI, [4, 5] T
FARBI, SO H B T o F LTI ER & OBRR EBBALMNIEINT.

S5 X AR

[1] M. Prahofer and H. Spohn, Universal distributions for growth processes in 1+1 dimensions
and random matrices. Phys. Rev. Lett., 84:4882-4885, 2000.

[2] J. Baik and E. M. Rains. Limiting distributions for a polynuclear growth model with external
sources. J. Stat. Phys, 100:523-541, 2000.

[3] K. Johansson. Discrete polynuclear growth and determinantal processes. Com. Math. Phys.
242:277-329, 2003.

[4] T. Sasamoto and T. Imamura. Fluctuations of the One-Dimensional Polynuclear Growth
Model in Half-Space J. Stat. Phys. 115:749-803, 2004.

[5] T.Imamura and T. Sasamoto. Fluctuations of the one-dimensional polynuclear growth model
with external sources math-ph/0407011.
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A time-change approach to Kotani’s extension of Yor’s formula

Yuu Hariya
Research Institute for Mathematical Sciences,
Kyoto University, Sakyo-ku, Kyoto 606-8502, Japan

In [1], Kotani proved analytically that expectations for additive functionals of Brow-
nian motion {B,t > 0} of the form

Balf (Bl ' o(B,) ds)]

3/2 as t — oo for some suitable non-negative functions ¢, f and

have the asymptotics ¢~
g. This generalizes, in the asymptotic form, Yor’s explicit formula [2, formula (6.e)] for
exponential Brownian functionals.

In this talk, we discuss this generalization probabilistically, by using a time-change

3/2

argument. We may easily see from our argument that this asymptotics ¢7%/“ comes from

the transition probability of 3-dimensional Bessel process.

REFERENCES

(1] S. Kotani, Analytic approach to Yor’s formula of exponential additive functionals of Brownian
motion, in Itd’s stochastic calculus and probability theory, N. Ikeda, S. Watanabe, M. Fukushima,
H. Kunita (Eds.), 185-195, Springer, Tokyo (1996)

[2] M. Yor, On some exponential functionals of Brownian motion, Adv. Appl. Probab. 24, 509-531
(1992)
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a-determinant and Wishart distribution
B3 B2 (JUM ) »
nx nATH A = (ai;)]-, WCXLT,

det, A = Z @) ﬁaia(i)
i=1

o6,

LEBRINDITIEBOEEE o177 E L5 d(o) X o€ 6, 2RET HITMERE/NDOEBEDOMEE T
5. HBOHIZFEEROREE ,
Q'detA Z qL(U) Haza(z)a

cE6,

EEHRTDH. o) IEETHSD. L<HMLATVD LI ﬁ:% DIEREMEITH A W5 LTREK
det; A > detoA > det_1A >0
WAL AL, g-detA 128 LTI T ORERNREIN TV S.
£ 1 (Bozéjko-Speicher). —1 < ¢ < 1 2 OIXERDIAFEMITH A IZ5xt L THRER g-detA > 0 A3
RV SID.
FiRE. detq A IZDWT EEAMRDORERDLY IO/ dD o € R ZWREH L.
FREORMBEITILA T ORME & BEICBERT 5.
8. o € R & p x p-EXFRIFEAEMEITH K I2xr LT, FEHE»N

Far(2) = det(I + (I — Z)K)~V,
EEZ DD po g BHEETDHN?
BEE CERCETVWBDIRUTOL Y% a oW T Th s,

EIE 2. K 13 p x p-FEHAEREMETIIE L,
2 2 2
aE[O,p_l]U{p_1,p~2,...,1,2}
L5, Zokx, Q = {0,1,2,...}7 EORERME pox PEBEE box(2) X Wishart 175 X €
W(2/a,aK/2) ZFR\WT

fiak () = EXTIx (2)

Lhbbang. Iy 12724 ARBE (Xi,..., Xpp) & b0 Poisson BIE Th 5. KT deto K 1HKD &
I RBAEHD.
detaK = E[Xll . X } Z 0.

= 2T, Wishart 4575 W,(8,K) &%, B>p—1 D& XELUTFOMETEXBND px p EXFHEEME
FHIREDRTEE LOHESTThH 5.

wyp.x(X)=C exp(—iTrK 1X)(det X) =5

*MEES TRHEMAERR ORERENT) 2004/10/20~22 @7#A
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Recurrence and transience of multi-dimensional

diffusion processes in random environments

=8 5L BERRKRFRET MR

W % W(0) =0 %7 d RALGEREREE L T5. 20 LOfEENEZ Q L35,
Wi, Wa,...,Wa %2 {W(z),z € R,Q} ®dEDOM 722 "—¢& LT, W = (W, Ws,...,W,)
EThH. WERETELRZE XIZAERERE

d1 9 5,
> Wielek) Y ) —Wi(ze) Y
g 2 {6 ka}

xk

ST 2 S RTIEHGRTE Xw(t) 27 % LEE W OO LRt & 727
w(t) 1T d D 1 KT Brown EENZDOWT, ZEM ERFMIZET AR —0 v 7%
Mol bDTEHINS.

BEH % RO BE Brown EE8NE L2GBE, SUWROCiiBOBRO WL ZAE)C L TROE R %

yof i

(1) {W,Q} DHARKEE Brown BED & &, Xw (X I1ELAETRXTOEE W 22T
EORTTHHFHNTH 5.

(2) {W, Q} PIEERHEE Brown BEND & &, Xw 1T I1TEAETXTOME W (22T
2T ECHERIRNTH .

FEE 1 REOERE, HFRICE-THAE, BEOELLOHABITEALTRTO
{W,Q} lZDWTHIRAIT (logt) 2 Xyw (t) DOFiDt — 0o THURT A Z LR ENTND

FERIITRKIZEL D, SRTEERRICET 23R, BRI OERREOHESREZ M
CNBZETREND.
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Equilibrium fluctuations for two component zero range processes

FEE  FEii

PO RF R E B R 2 TR 7R

FHEETIE, 2ODORBRLIMRBRLHFOEMMII—FE TRV o LY Uk 5 L s =
2B BOETMI, RBEM X =N?% = {n=(N)sez : 7. € N} LDV 7BET, KOERIER
%%ﬁo%@'ﬁ&;é.

Lim) = Y a{lpenlf@™™ ) = F)] + Lo (@) = f()]}

z>0
+ Z 02{1{n121}{f(0m’m+1n) - f(n)] -+ 1{77:1:-}—121} [f(o.w—!—l,mn) - f(n)}}
z<—1
B L
Mg — 1 (u=2)
@"Nu=9q ny+1 (u=y)
Nu (otherwise)

ThHDH. YHSMIT X EOZEHEN—HARERIE v, (k> 0) T
Ve i Mo =n}=k"(1+£)" ") n=0,1,2,...

LRDbOEED. ERIERR L LYMOH v, TERSNE VA3 78RE ) = {n.(t) : z € Z} &
L, density field

YN (F) = N2y F(e/N)na(N*t) - k]

z€Z

EEZD.

BE a>3L958, VYV IEN - o0 OLx, 28 D(0,T),H*(R)) LY, cBIET 5. L,
H™*R) X R 0 [V RL7ZM] T, Y, BROHEERFMES HERO (FE) e LCES 5 ERKT

@ Ornstein-Uhlenbeck B2 TH 5 :
Vi) a®(k)AY; dt + /2, (k) VdWe(u),  (u>0)

t\u) =
c2®'(k)AY; dt + /2c2®8(k) VAW, (u),  (u < 0)

ZIT, B(k) = lin TH5.
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Non-colliding generalized meanders
and random matricies

MAKOTO KATORI AND HIDEKI TANEMURA
Chuo Unwwversity and Chiba University

Let R, be the set of all nonnegative real numbers. For £ > 0, z,y € R, and v > —1

we denote by Ggl’)(t; y|z) the transition probability density of 2(v + 1) dimensional Bessel '
process [11], that is,

v+1 1
G(V)(t,y\il?) — _:_y_s_;y__t —(@2+y )/216] ( ty) . T > O,y e R-H
y2v+1 5
G¥(t;9)0) = eV /¥, yeR,,

2T (v + 1)tvt!
where I'(z) is the Gamma function and I,(z) is the modified Bessel function :

& z/2)2n+t/

—~I(n+)I'(v+n+1)

For T' > 0, k € [0,2(r + 1)), we put
We(tys) = [y GOT — iy, s eRi 1 0,T)
0

and

Ggl’/’n)(s; T;t,y) = G(V)(t -5 ylx)hi(l’y,n)(t7y)7 z,y € Ry,

- T(v+1-r/2) (1\"* -
G¥(0,0;t,y) = (P(V+1)/ ) (-2-;) GO (9|0 (t,y), v e Ry,

for 0 < s <t <T. This transition probability density G®** (s, x;t,y) is associated with the
temporally inhomogeneous process called generalized meander, which is identical with the
Brownian meander when v = 1/2 and x = 1 [12].
Let
Rf<:{x€Rij:0§m1 <Ly <o < Ty}

Now we consider the N generalized meanders conditioned that they never collide for a time

interval [0,T]. According to the determinantal formula in [2, 3], the transition probability

density is given as

](\[l/);)(s,)(‘t y)/\/'(” N)( —t,y)
N F”)( — 8,X)

ggV)T)(S) X; t; Y) -

, 0<s<t<T, xy6R+<,
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where

1(\;/7;)(8? X3 t)Y) = 15?,(ng I:Gng’N)(S: Ty, t: yk)] )

and

NP = [y P - txTy),
]RN

+<
Since f( 9 is temporally homogeneous and independent of T, we will write fl(\;/ )(t — 5;y]x)
for f(VO)(s,x;t,y). In [4] it is shown that for v > —1 and k € [0,2(v + 1))

v —lyl? L (v,
a%(0,0,t,y) = CRa(t) Hzf T @) e AT -t y),
1<j<k<N ,

where
T(N+r=1)N/24—(N+1)N N I'(1/2)

NONF2D2 T AT (j/2)T (/2 + 12+ a)’

where a = v — k/2. The N non-colliding generalized meanders all started from the origin O

at time 0 is defined by the process X(t) associated with the transition probability density

g

We denote by X the space of countable subset £ of R satisfying §(£ N K) < oo for any
compact subset K. For x = (z1,Za,...,2,) € U R, we denote {z;}7, € X by {x}.
Then =N (t) = {X(t)} is the diffusion process on the set X with transition density function
o7 (s,&t,m), 0< s <t < T

Crrlt) =

» g (s, x;tyy), ifs>0, f€=tn=N

gNT( 7€;t777) = 9%; (O:O;t>y)> ifS”:O, 51{0}7 ﬁ?]ZN,
0, otherwise,

where x and y are the elements of RY_ with ¢ = {x}, n = {y}. For xN) eRY_,1<m<

M+1,and N'=1,2,...,N, we put Xg\,/) = (;pg’"’,mg’”) X w%)) and &Y' = {xN,)} For a
given time interval [0, 7], we consider the M intermediate times 0 < t; < tg < -+ <ty < 7T
Then the multitime transition density function of the process =V (t) is given by

G%;)(tlafiv;'”;tM—l—l:S]\Nl—i—l Hg(VN) N m+17£7]X+1>7

m=0

where, for convenience, we set tg = 0, ty.q = T and &Y = {0}. For a sequence {N,,}M*1
3 3 ) + 0 q mfm=1

of positive integers less than or equal to N, we define the (Ny, Ny, ..., Njyy1)-multitime
correlation function by

2 M+1
p% (tl)x(l) t27X§V2)7 . ;tM.;.l,XgV—M—:l))
M+1 1
- / H ( H dm(M)g%"]i) t afiN;t%géV:' . ;tM+la€]\l\4J[+1)'
m=1 ! i=Nm+1

HM-(-I RI-I\—I—Nm
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We study limit theorems of the correlation functions pﬁ” as N — oo. For an integer N
and an antisymmetric 2N x 2N matrix A = (a;;), the Pfaffian is defined as

1
P{(A) = Nl ZSgﬂ(0)%(1)0(2)61'0(3)0(4) ©t Ao (2N—1)0(2N);
o

where the summation is extended over all permutations o of (1,2,...,2N) with restriction

o(2k — 1) < o(2k), k = 1,2,..., N.

Theorem 1 Let Ty = N. For any M > 1, any sequence { Ny, M+1 of positive integers, and

m=1
any strictly increasing sequence {sm}f,/fill of nonpositive numbers with sy = 0,

P (Slyxg\lil); 82}X§\?z; <o SMy; O7X(M+1))

Npq1
= Iéi_x)riop%“’ (TN + sl,xg\g; TN + sz,x@; celd TN,X%J;?)
= Pf [A (x%?,x%, e ,x%ﬁ?)] )
‘where A (X%B,xﬁz, e ,x%’;i)) is the 2 Efg:ll Ny X 22%:11 Ny antisymmetric matriz de-
termined by
A (X%LX%: co ,x%ﬁ)) = (Am’n(fﬂgm),375'“)))1sz'5Nm,15jSNn,1sfn,n5M+1

with 2 x 2 matrices Q™" (z,y) :

m,n D Sm)x;sn) §8ﬂ7$;8m7?
@) = D aisny) - Sontiony)

_g(sm;y;sn;x) (sm,m;sn,y) 7

1 /! ~ ~
D(syzity) = =7 [ A [0 DR ) = RO s, 09RO 1)
0

. 4 [ ~ -
I@auw:—~/ w[m&&@m&uw—@@&@wumwk
1

™

2 [ = ~
S(s,z;t,y) = ;/ dA [\If()\, s, Z)R(A t,y) — V(A s,x)fﬁ(/\,t,y)} .
1

S(s,z5t,y) = S(s,7t,y) — L(s < t)G(s,2;t,y).
‘The function G is define by

G(s,z;t,y) = sy /oo dnJu(2z/7) s (2y/7)el® 7O,
0

where J,, is the Bessel functions with index v. The functions %,!ﬁ, W, 7 depend A = v — Kk and a = v — k/2, and defined by
(1) when A > —1,

1 1
RO, s,2) = ———— [ dn (1 — )" 20, (22+/0n)e 201,
(6,s,2) I‘(A+1)/o n (1 —n)2n"/ 20, (2z+/0n)e
() when A < —1,A¢ Z_ = {...,-2,—1},

R(0, s,2) = mJu(2m\/§)e"239.
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(i11)) when A € Z_,

R(6,s,z) = (dd ) {nu/ZJ (213\/—_)3_2397’}’

n=1"
We also define a function 5{(9, s,z), 0,8,z € Ry by
(i) when A > 0,
. 1 1 1
R, s,z) = AT {a/ dn (1 = n)An*/%J,(2z+/0m)e =259 — A/ dn (1 - 77)‘4'ln”/le,(2m«/977)e'239"} :
0 0

(ii) when A € (-1,0),
@) ifr>0

R(0,5,0) = fﬁ[“ Ji i (1= )P, (2 Ao 20 /O dn (1= n)* = {WJ (2a+/F )e””"}},

b)ifr=0
~ x [ 1
R(0,s,z) = F’(’Z%T) [Efo dn (1 — 1) "“Jo(2z+/0n)e 2% 4+ 1 +f0 dn (1 - n)'ﬁa‘% {Jo(zz\/éﬁ)e'%*’"}} .
(c) if v € (—1,0) ~
R(8, s, z) =
(iii) when A < —1,A¢ Z_,
(a) ifv >0
o -1 —2s v 28
RO, s,z) = F(A+2) [ J,(2zV0)e 259 4 — p {7) /2, (2x+/0n)e 2 9”} 'T’:J,
(b)ifvr=20
~ -1 K K —9s d o
RO, s,2) = e [1 - 5+ 5 Jo(2eVE)e > 4 pm {Jo(2m\/6—n)e 2 9"} in=1] ,
(c) if v € (~1,0) ~
R0, s,x) =

(iv) when A € Z_,
ﬁ(&,s, T) = [a (d7}> {nu/2J (Z’E\/_-)Q_ngn} L’=1 _ (%) -A {nV/QJV(Z’v\/%)e—?sml} ]nzl] .

We put
k[A] = max{[A4 + 2],0}.

We define functions ¥ (0, s, ), 6, s,z € Ry and \’f’(@, s,x), 0,8,z € Ry by

_ (=1)ktAl kil a o (AN e ~230
R e eaym § IETICREY (£) {rr2aceyme=m},

5 _ (1)Ll o [T klaj-a-2 [ 4 A ~2s8
¥000) = raorray ), %€ w00 () {r7ataeometen).

Remark. The above results were partially obtained by Nagao [10]in the case v = 1,k = 1,
and by [1] in the case v € N,k = v. ‘
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S LGYab—T 4 2H—ERFE. T4 LT E X DR

ZEOWRESIIHIMT U AEHFER) 2 HEAL LTEERLISEL 1AL H2S 7 B0 THIE
KERFRBEEHNFEMERF BV THES N, ZMFEL1 8/ TH -7,

FUFTARRT I VEL DT AL =T 4 Y —AEAZOHERIIBIT A0, 19 7 0 FRDOMBEIE
BREOHFERL 19 8 0ERDNBE—KREOATIHEFICRLNL LH 1T, F& LTHERINEEDOF
WKLo THEDSNTELD, BEIL Lo TERT Y2 Lb—FA4 v —{EHZECBITAT V¥~V VREDEF
BRIZ spectral shift function, multiscale analysis & Vo AT HA S A L9122 Y, BIEOEEAEM
EROBMRIBYIDOH DL LA Z S, HICHEATIEIERRFORHERK, Bl KFOPHFEZE
WKLo TEH L DRBREFHITONT VS, FREXRTIEIDOZREEOCEADPDOH 4 TFE OWFFEHE
THRE L CWZE, BERPIOFPFIZBWTEHES LB TR/, FRIEF A A, 725417
FISEICBbL A YHEEDFEEICMZ, TV FLRBIUVETFIAARICBITEANRZ FVORESL XIZD
WA RIIR 2175 0720 RBOEMITHI V02 RERIZ OB EE ) TEHT 5.

Me&Esosurs s, BLUKHEEROBREZ UTIIRT,

PARE/ AN

11A58 0K
13:30-14:30 F#IY - AHF T (RERFHFER - KFEREEYEFFEHEER)

Lévy noise & K7 ¥ ¥ )V & §5 Schréodinger fEAERDOFE—BHFMEIZDWT
14:45-15:45 FRE CGERAFERFEREBEREHER)

WREFEICET L2020 E
16:00-17:00 fkIEHE (REERAFHETHE)

BEIZERS OB F BT
11868 (k)
10:00-11:00 EREE (FEAKFEAFERAN - WEFER)

The integrated density of states of random Pauli Hamiltonians

11:15-12:15 Friv#hinl (R TERFRFRE TR
Random magnetic fields on line graphs

13:30-14:30 FEHFE (Rt KFRFEREBEEFER)

Absense of transport in Anderson localization I1

14:45-15:45 A%, (RRIERFRFRE TSR
—RICHER S ERERE L 5 v ¥ AT B A EREOER

16:00—-17:00 &R KES (KERCARFAFFRELHEFR)
BT 55 70T 5 F— &L kS

11878 (2

10:00-11:00 #HEEHE (HBEAEEFHERES)
N — 0T =y I DREXEBEL T EURSETROEMK

11:15-12:15 EHF (REAKFERESR)
A RETOEBEME E E% A8
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KHEOME

BAR - AHRS : Lévy noise £ RT3 vIb & T 3 Schrodinger fEREZENE—BEHMEICDONT

Gaussian white noise £ K7 ¥ Y v Ve FTE =KLy 2 b—71 v W —{EAEH* H = —d*/dt*> + B'(t)
£ L. Dirichlet 5t R 40T TOXM [0,L] ~O H OFIR% Hy, H, O%—FEHEY —AL) L T5, FE
1 T—-AL)—= -0 (L—o00) £%bIEPDLPoTNEDT, A(L) >0 £E2TLv, HP.McKean
1994 4F12, (1/m)L/A(L) exp(—SA(L)3/2) DA L — 0o &5 % & BTGB e *de \IURT 5 2
EERLIZe H \Zx$ % integrated density of states N(A) %

N\ ~ %\/—/\exp (-2(—A)3/2> D
il EEbE s McKean DRI
lim P(LN(—-A(L)) > z)=¢e"* (Vz > 0)
L—oo

EFECZENPTE L, F4ld white noise B'(t) % Lévy B8 Q(t) DR 2MS Q'(t) (Lévy noise) T
BERATBEIIINEFISTHIRHREEPLL D L L2, OLEIAH L Cnhv, KFEHETHEZ
DEFFEB T EE L7,

B 3K

H.P.McKean: A limit law for the ground state of Hill’s equation. J. Stat. Phys. Vol. 74, Nos. 5/6

(1994) 1227-1232
M.Fukushima, S.Nakao: On spectra of the Schrodinger operator with a white Gaussian noise potential.

Z. Wahr. verw. Geb. Vol. 37, 267-274 (1977)
A M.Savchuk, A.A.Shkalikov: Sturm-Liouville operators with singular potentials. Math. Notes, Vol.

66, No. 6, 741-753 (1999)

TR E  RERECET IV DOPDEE
Z¢ ODERELSES A LD Anderson model

H(q)u(n) = (Hou)(n) + g(n)u(n)

%X B, L ue IX(A) ThY Ho i L2(A) KBT 2BFRHCHEERE. q={gn); n e 24} &
WAL EDAHERERIEE L, & q(n) OFF% p &350 p 30T LIMETERTRZVE LT e> 012
xf LT
s(p;€) == sup{u([s,t]) | 0 <t —s <€}
LEFET Do 72 H(q) D spectral resolution % Eq(d\) & § %, #%EH % T ETROFEMAE SN,
TE. FEDa<bizxntLT
B{Tx By fa,8)] < |Als(sb— a)

ZDOFHl DR & LT, Wegner estimate 3 £ U integrated density of states D EFEIEDFEMATKD & 9
WRons
R 1
P(Spec(H(q)) Na,b] # 0) < [Als(p;b—a) .
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%2 A=Cp GIOREE L OUFE), Hy=—-Ar (Cp ({2817 % discrete Laplacian) & LT, integrated
density of states %

k(E) =. lim ——1——ﬁ{eigen values of H(q) < E}
L—oo [CLI

ETHE, FED a<bITHLTED) - k(a) < s(u;b—a).

#HKER | EREHEEROEFBEN
—XILPD Kronig-Penny model

d? ) .
H:—H+ZV(])5(3§—]) , —00 < x < 00
JEZ
I VEBENIRIIT L TEREEINL 2BEOELXEEEY LT 5, T4bb & % Fermi BT & L
T, Ep 2B 5 Kubo R ok (Ep) B LV Landaver (R o (Ep) *RDEHICERT S (77 Lig
BREOCHFELIRE) !

(i) O‘K(gp) = limfv,g UK(E,EF), VAVARD

ok (€,Ep) = 62/ lz)?|G(EF + ie; z,0)|?dx .
R

(i) #7 ¥ > v VOBEFEREBETH LW TRONAIEHE H, %25

H, = —%2- + Y V()i - 4) -

j=1
Ep=k>>0 & LT Hup = Eptp D Jost %

W(z) = { ce*® 4 de~thT  (z < 1)

etk (z >mn)
WEDEFEL, 7(n,EF) = le(n,Ep)| 72 LT B L

L 7(n,EF)
or(br) = lim =20

(I) Er #° H @ resolvent BT & Z2id ok (e,Ep) < Ce?, op(n,Ep) < Ce27Ern 22 2720, o (Ep) =
oL(EF) =0 Th b, (y(€p) 3R Hu = Epu @ Lyapunov exponent.)

IDV(G)=V >0 ez OFHBE. H D spectrum {FERMED bands 226 % 5%, Ep ¥ band DHHETH
i op(n,Er) = O(n™2), Ep #° band DA% SIEEF] {o(n, Ep)}n EIREIFET 2, —F £ 2% band
DEW% ST o(e,Ep) = O(e1/?), Ep 7 band D HE% H1E ok (6,Ep) > Ce™t, Ep »¥ band DR % 51
ok (€, Ep) > Ce /2,

ID {V ()} PBOLEDARETZLINT V(0) OFAAHFL23 20587 PEEFOBEME () 2852
L% COLEEp RBRY ox(Ep) =or(EF) = 0.

IV){V()} e 2BOEFAMELEFHO L &, {op(n,Ep)} THAXRD Z LI TE L, ok (e, Ep) 1 2DWT
5D E ZAFERIIB LN TRV,
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EEB U

M.Kaminaga, F.Nakano: The Landauer resistivity on quantum wires. J. Stat. Phys. Vol. 111, Nos.
1/2, 339-353 (2003)

LEREE : The integrated density of states of random Pauli Hamiltonians
{B(z)|2 € R?Y HI V¥ A *RTEFTIVT— FRIRERSE L, (41(2), A2(z)) ERIST 5
RZMNV-RFUyyvVETD D §1As~BA =B, 5 hlealb—7T4 T —1Ef%

Hy = (iV + A(z))* + B(x)
? integrated density of states @ Ny(\) &35 &,
1
Ni(A) = N-(A) = N (0) = N-(0) = —5—E[B(0)]

TohHbIENbProTwAh, E[B)]=00kE, 512 NL(A) D AN\ 0 BT 5 EEBE A HIEIC % 5
A TNIEE L TROBEIEL N .

EHE. z = (z',2?), B(z) = B(z') & L. SHICHERSBE {(B(t)} 3 0 DEHEEERLETL, &5
2 E DB B(t) = E[B)B0)] 3HEPD t KODWTHFESTHY, T/ % v >0 1XxtL T
inﬂﬂgyﬁﬂt)>>0 EThH, TDEE

1\ 1/3
hf\n\f(r)lf Ni(A) <Iog X) >0
2 % FHEATAL Y %o

E¥+1467F) : Random magnetic fields on line graphs

G = (V(G),E(Q) #EMZ 57 L L. edgeac&(G) 4 zeV(G) k. yeV(G) A EEETD Y
Ea=gy LT, T oy € EQ) 201U T yz € £(G) £ %22 bDETEH, 757 G T % line
graph L(G) # XD L5 % #T 2 1 £ L(G) DTEAEA R

V(L(G)) = E(G) :={|a}; a € £(G)} .
HLa=zy DL E |a| = {z,y} T edgea PAIZEEE LD D, $72 L(G) DEDOESIT
lllBl € E(L(G)) <= || & B7° G DEAEXAT 2

ELTERT S0

CITHRIZG =22 %F2 5, BLE(Z?) ={zy; |z ~y|=1} T 5, B1R A:E(Z%) - T =R/2rZ
M Alzy) = —A(yz) 2 A723 L & Z? L0 vector potential L IEAT & 12 L, &G % magnetic Laplacian
H(A) #

HApu() = 3 {ul) - e4eu(y)}
yizy€E(Z?)

WEDERT D, £72 22 OFHMNERE fFICFLT, f OFABEAEOREII—AT L4 DOKMADE
G Of LTAHEE, fILBTLEY B(f) &

B(f) := Z A(a) (mod 2w)

a€df
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THEX b5,
& T, line graph L(Z?) L@ vector potential A; %

1
Ar(lal|f]) = 5{A(yz) + A(z2)}, lal = {z,y}, 6] = {z,2}
WL DEETHE, XL T % magnetic Laplacian Hp(A) &

Hi(A)u(lal) = > {u(lal) — e =l8Dy(|g)))

1Bl:|e||BleE(L(Z2))

kb, TNERDEHIIT VLT S,

ETOEEN ¢ € Z? ThHHEIBRBENEREY f, £THLE, f, IBITLH B.(2) := Bu(fe),
z€Z? BUTOEMETMHTHREREET5 !
(A1) B,((2n+1,m)) = —B.((2n,m));
(A2) {B,(2n+1,m); n.m € Z} M LFE 575,
(A3) B,((1,0)) DO HEERLZEE g(\) 2L, 5 ¢> 0 L Tsupp g C T\ (—¢,¢), £c Esupp g

D g iE T\ (—c,c¢) 2BV T Lipschitz #iito

E(Z?) k@ vector potential A, (a), @ € £(Z?) %

B,2n+1,m) ifz=02n+1m), y=2n+1,m+1)
As(zy) =< —=B,2n+1,m) ifz=0Cn+1,m+1), y=02n+1,m)
0 otherwise

WCEDEFRTDHE, AL() 38 B,() #5 2 %, line graph L((Z2)?) L ® magnetic Laplacian Hy(A4.)
122w
a(Hr) = [4(1 — cos{c/4)),4(1 + cos(c/4)] U {8} =: [Eo, E1] U {8}

ThHIENDPoTVNEH, Hy, DAY FIDOWT S 5 IIRDERFE,

EHE. (1) R>02FEL T, Hy @ spectrum & Ig := [Ey, Eo + R|U[E; — R, E;] \(CBWTHESE 1 T pure
point, 2 DOXFIET 5 EABEIIIERWICEET 5,

(ii) Hp(A.) @ integrated density of states & kp(E) &35 & &,

log{—log kr(E)}

< 1.
ENGE, log(E—FEy)

(iii) kp(-) & Ir LT Lipschitz 3%,

(iv) 8 & EEERKOEHIL,

(v) kp(8) — kz(8 — 0) = 1/2.

(vi) TRV F— E I $ 5 Kubo (iR o(B) £5A%, Eelp 2 LTid o(E) =0,0 < 0(8) < 0.

ZE
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F Nakano, Y.Nomura: Random magnetic fields on line graphs. J. Math. Phys. Vol. 44, No. 11,

4988-5002 (2003)

FEFSEZ ¢ Absense of transport in Anderson localization II
Z? @ Anderson tight binding model

(Hou)() = ) uly) + AVa(z)u(e)
lz—y|=1
EEX %o BL {W(2); z € 27} WHRIRANTHHELEBHETHY., 5 C > 0 LT V,(2) > C,
E[V(0)%] < o0, 222 V(0) D5 Aiid r(-) e LP(R) (p > 1) R2EHEMH r 250 L T 5,
Er % Fermi ¥ & LT Pep = X(—ooep)(Ho), TR MRIMEAT A T LT

. 1
T(A) = Y mTr(XAAXA)

EEET D, INEANTIANVT = &p 0BV A{REE (charge transport) o1 (w,EF) %

N N N B i
A 7 f, Al TT (il o e Py )

WXLV EHRT D, BL H,  := H, +er;. —H

U']_(LU,EF) -

U I e ; . ;
o2(w,EF) = }I{‘T(l)ll\l‘%g ) e T (eHe<i[H,, z]e Mo Pe,)

EB <o 03(w,EF) 1T Kubo (REEIIHELTLHHDOTH D, &I TEH

E | > |z1]|Pep (w2, 0) | < o0
z€Zd

ZARGET Ho TOEMIE H, [XXF 5 Anderson BEMK Y 720 X 9 2 Mt RIAG 2 KR CTIEIZITE L, &
DEHFOTIZ, R 1T
o1(w,EF) = 02(w,EF) =0

ThbIEaxiHTH I ENTE,
EEPEN

F.Nakano: Absence of transport in Anderson localization. Rev. Math. Phys., Vol. 14, No. 4, 375-407
(2002)

BRI —RTHERZSBREEE & S5 4 LTHICE 5 WHEDERRE

AR BT 5 ZHHE € 7V D height fluctuation % . RO EFEESHFIZBW TR, A
T VHERRIZBWT, FAICBIT AR5 EH5 5 bulk 2B 5 FNAOERIZ., T ¥V LTFHETLVOREKR
BEHMEDIES EO GOE #5 GUE ~"OEBICELT LI EhREND,

D EN

T. Sasamoto, T. Imamura: Fluctuations of a one-dimensional polynuclear growth model in a half space.
cond-mat /0307011

KEKBR: BF TS T7DIRIX—EMFHS
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NEHLEDMOTXTOEAEFHINTEHEEEL S, (LA > THE ZHFD bonds DI
N%2) Zor7 77 L5HE0OEBOT T CRFOREBEE 3, THH j, L ©#E 5 bond ETHE

—1 d
d:IJj,z

DEETE 2 S, bond (j,€) & bond (£,m) ETOWEBMBOEELL o) THEAENEET D, ZOE
& bond (4,¢) & bond (¢,m) & DM OHFEATHIZ

2
- Aj,é) P =k

Sjerem = 00 exp(ikLem + iAgm Lem) e,

T bo (Lj, & bond (j,6) DEE,) TTITELI L) = N712e2mmn/N LIRSES % o A#IH T AT
AEG E E T, § DAY PVIZRT B form factor (2 MAHBARAELD Fourier £H#) & 7 ¥ 5 ATHID A
RZMVHT B ENE ORE AT o7, '

ZE

T. Nagao, K. Saito: Form factor of a quantum graph in a weak magnetic field. nlin.CD /0211006

WEER  ANY— - OTZ v VOREEERE L T 2RESEFROEMRE

TMiES G HRRADETFLE LTESNAENI NV =7 Yid, Berry-Robnik ORFIZHEZNIHEIEH = ¥
I VEBORSRIIDIND, SOEENINVPZTYDARY MU, EWIIHIZEHD AN b
VOBEREGbEEAREINS, ET, i FHOHSROEINLREALL p;, i HFHOMITRDART PVIZ
B 5 EMERORESMEEE 1(S) ETH L&, u(S,N) =N, pipi(S) D N — oo TOER j(S)
DEEZEET S, 20 @(S) THVT, ZZTWAININ =T v OEMERESA dM(S) 13XD 338D
W ENLZ R LT

1. i(o0) =0 D& &, dM(S) FHHEH G Hi. THbLHENIN =T X DAY b Vi Poisson HiBAE & &
ZEND,

2.0 < fi(c0) < oo ML E, KE% SATR LTI dM(S) RIEHAMITEVA, AE % S8 L TR
FHRPEDALFRLNS,

3.0(0) =1 DEE, M(S)IE S 500 &T2EERBAFOHELN WD 1I2MNT 2,

=P EN

H. Makino, S. Tasaki: Level spacing statistics of classically integrable systems: Investigation along the
lines of the Berry-Robnik approach. Phys. Rev. E 67, 066205 (2003)

R | EUHETOERBLE & ER ARRE

MEEEIZIVHLON TV A I ANVT —R-AHETEIE, EFNINVPZT VOANRY PV EES R
“unfolding” & V) BAEIZ L VHEBIL L CEESABBOER L AR Lo LT, EUOMBOMAE. T OMa!
G TARAL & E BB EINDL, REETENIN T DAY FUDEEIZ mathbfR EOEH fHi&
BEABRENDL I IR >TWDE I E 2 HRICL T, BAKETOXEIC & <HN 5 gap probability E(S),
@S P(S)dS 0 OGRS, MR IC 81T 5 Pakm-Khinchin DEA» 58-S 2 & 2 ER
L7z 8510, M R2ERSBROERESHLEIHE TS L CHMLNIEREZEN L2ET, HEROEET
fln SN/ ioo) =0 DHAKFNEFHEA L, ERsbEeomBE (MRS AIFERI A THL72T TR
<) ZERBIZ Poisson RBRTHDH I L 2R L7,

EEBEN
FIRLIT | OB IC £ 2 AV F AR OBAERI RN T, WIERTSR 73-6 (2000) 957-1011

— 186 —




®|RK TR, /S—AL—Yar, BEFF7FLUr—T7EZDOEM

Hf2 154118258 (k) —27H (K)
BEr o RIIRE EBER BEITER
HEEA RO (RER), 4 (BREEXR)

Indian Statistical Institute &£ ¥ Rahul Roy #dz % H z, #EE~ 20 L CHW/ D%
L, TR7a7 740X OMERIZLD, e RERE TR, X—aL—
av, MlE, BT IS AT = ICEETAEEIIOWVWT, 3SHEERELTENI
L EDERLEmS R EN. BMEIL3 0&AFIBTH 7.

AR AN

11 A25H (k)

13:30 - 14:20

Oriented percolation on Sierpinski carpet lattices

Bl EAN (ZREITFKF)

14:30 - 15:20

Mixing properties of continuous-time quantum random walks on graphs
497 folfE (FEE KT

15:30 - 16:00

Fluctuations of quantum random walks on circles

AN mEr (RS TR

16:10 - 16:40

/AP AV I T/l | BULR - o S5 P 2 il Mgl

EE R (BEEEL KRS

16:50 - 17:40

Subcritical behavior in the alternating supercritical Domany-Kinzel dynamics
MH ER (BEETRF)

11 A26H (k)

10:00 - 11:00

Oriented spanning trees:. a model of river network

Rahul Roy (Indian Statistical Institute)

11:10 - 12:00

The structure of finite clusters in high intensity Poisson Boolean stick process
ity 4l (TEKS), Rahul Roy (Indian Statistical Institute)

13130 - 14:20

Slab percolation for the Ising model

I B (FEKS)

14:20 - 14:50

Remarks on central limit theorems for the number of percolation clusters

g BE, frE EE (R RS
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15:00 - 15:50

Stock price process and the long-range percolation

2HE B (BARKZ), A4 %E (ks

15:50 - 16:30

Recurrence of once reinforced random walk on a kind of 1-dimensional chain
B E# (KERks)

16:40 - 17:20

Poisson approximation for misanthropes process

B B (EETRFE)

11278 (K)

10:00 - 11:00

Coverage of space by random sets

Rahul Roy (Indian Statistical Institute)
11:10 - 12:00

Pirogov-Sinai model @ interface

BB PREL (HIFTRSF)

13:30 - 14:20
QRICEFT VY LT+ — 7 DRFTFEL

% Rk (EBILERY)

14:30 - 15:20

Regularity of the diffusion coefficient matrix for generalized exclusion process
KIE SEA (ifEE RKF)
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Oriented Percolation On Sierpinski Carpet Lattices

MasaTo SHINODA
Faculty of Science, Nara Women’s University

In this talk we consider oriented percolation on a family of Sierpinski carpet lattices in Z¢,
d > 2. Let a and b be positive integers. We write L = 2a +b. For i = (i1,15,... ,13) €
{0,1,...,L — 1}* we set an affine map ¥; from [0,1]% to [¢1/L, (31 + 1)/L] x [ia/L, (i3 +
1)/L] x --- x [t4/L, (¢4 + 1)/ L] which preserves the directions. Set

T2y = {(iryizs - sia) € 00,1, , D=1} | #j |a <ij <atb—1} <1},

‘We take the unique nonempty compact set K (‘f,b C [0,1]® which satisfies the equation K f,b =
_Uierb \I’i(Kib)~ We note that Kldyl is called d-dimensional Menger sponge (see Mandelbrot

[2]) Set Fa(.i:bn = Uil,iz,...,ineTf’b \I!h o \I{iz 0---0 \Pln([O, 1]d) Set Vad,l’:n = Zdn LnFa[.LI,’I:z and GZ:Z =
(V2 B(VEL)) where B(V) = {(u,0)| l[u — olls = 1}. We define a graph GZ, = U2, G2

ab?
that is G¢, = (V,, E2,) where V2, = 77, V;f;)" and B¢, = U2, E(V:,’,n). As an example,
the graph of G3, is illustrated in Figure 1.
We consider bond percolation and oriented bond percolation on Gib. Let 0 < p < 1.
Each e € E is declared to be open with probability p and closed with probability 1 — p
independently. We denote by P, the product measure. Next let us consider a sequence

of vertices 7 = (vo,v1,-++ ,V) where v; € V for 0 < ¢ < m. We say 7 is a path when

.

REEN

Figure 1: the graph of G%Q
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(vi_1,v;) € E for 1 <1 < m and v; # v; for i # j. We give a partial order on Z? such
that (z1,22,...,24) < (Y1,Y2,--.,¥4) if and only if z; < y; for 1 <1< d. We say 7 is an
oriented path when 7 is a path and v;—; < v; for 1 < ¢ < m. We write u < v if and only if
there exists a path m with vo = u, v,, = v and (v;_;,v;) are open for 1 <7 < m. We denote
C(v) = {u € V| v <> u}. We call C(v) the open cluster containing v, and we denote by C
the open cluster containing the origin. We define §(p) = P,(|C| = oo) where |C| means the
number of vertices in C. Set p. = inf{p| 8(p) > 0}. We write u — v if and only if there
exists an oriented path m with vo = u, v,, = v and (v;_1,v;) are open for 1 <7 < m. We
define C(v) = {u € V| v — u}, C, 6(p) and p. in the same way as C(v), C, 8(p) and p,. We
write p.(G) and p.(G) for p. and p. respectively, in order to emphasize its dependence on
the graph.

In case of percolation, p.(G¢,) < 1 has been shown for all a and b in [1](see also [3]). In
contrast we obtain two theorems in case of oriented percolation.

Theorem 1 ([4]) Letd =2. If a < b then p.(G?,) = 1.

Theorem 2 ([4]) Let 2 < d <b. Then p,(G¢,) = 1.

Theorem 1 says that on two-dimensional Sierpinski carpet lattices if the ratio of its hole
in T?, is not smaller than 1/3? then there is no phase transition. Theorem 2 says that for
any d > 2 there exist d-dimensional Sierpinski carpet lattices on which there is no phase
transition.

Problem Whether p,(G¢,) = 1 for all d,a and b or not.

Remark. We may define generalized Sierpinski carpet lattices in a different manner. Set
L =3and T = {0,1,2}¢\ {(1,1,...,1)}. Let K2 be the unique nonempty compact set
which satisfies the equation K¢ = Usera U;(K%). K2 is called d-dimensional Sierpinski
carpet. Both K¢, and K are a generalization of the Sierpinski carpet in d dimensions. Let
G4, be the graph corresponding to K. We note that G2, contains Z4~! as a subgraph, and
we observe that p.(G?,) < pe(Z%1) < 1 when d > 3.
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MIXING PROPERTIES OF CONTINUOUS-TIME
QUANTUM RANDOM WALKS ON GRAPHS

Norio Konno

Department of Applied Mathematics, Yokohama National University
Yokohama, 240-8501, Japan
E-mail: norio@mathlab.sci.ynu.ac.jp

Recently discrete- and continuous-time qunatum random walks have been studied by many
researchers from various aspects, for examples, see [1, 2, 3, 4, 5, 6, 7). In this talk we focus
mainly on continuous-time qunatum random walks on Cy which is the cycle with N vertices,
ie,Cny ={0,1,...,N—1}. We assume N > 3 except for the trivial case of N = 2. Let Ay be
the N x N adjacency matrix of Cy. The continuous-time quantum random walk considered
here is given by the following unitary matrix:

U(t) = e*4n/2, (1)
The amplitude wave function at time t, |¥ n(t)), is defined by

[N (8)) = U6 TN (0)- (2)

Concerning the details of the definitions for continuous-time case, see [8, 9, 10]. The (n+1)-th
coordinate of |¥ y(t)) is denoted by |¥ v (n,t)) which is the amplitude wave function at vertex
n at time ¢t for n =0,1,...,N — 1. The probability that the particle is at vertex n at time ¢,
Py (n,t), is given by

PN('”'? t) = <\I'N(n’ t)[‘I'N(n’ t)) (3)

Moreover, a random walk on Cly is said to have the instantaneous uniform mixing property
(TUMP) if there exists ¢t > 0 such that Py(n,t) =1/N forany n=0,1,...,N — L. It is easily
checked that continuous-time quantum random walks on Cx for N = 3,4 have the IUMP
(see [8], for example). On the other hand, Ahmadi et al. [8] conjectured that continuous-time
quantum random walks on Cy for any N > 5 do not have the IUMP. In the continuous-time
classical random walk,

N-1
1 o
Pn(n,t) = i E cos(£;n)et o8& 1) (4)
=0

for any t > 0 and n =0,1,...,N — 1, where §; = 2mj/N. So classical walks on C do not
have the IUMP for any N > 3. For quantum case, Ahmadi et al. [8] proved

Py (n,t) = % + % > cos{t(cos&r — cos&y) — (& — &)}, (5)

0<j<k<N-—1
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foranyt > 0andn =0,1,..., N—1. Next a time-averaged distribution in the continuous-time
case is defined by

_ 1 [T
Py(n) = Jim = /0 Py(n,)dt, (6)

if the right-hand side of Eq. (6) exists. In contrast to classical case, it is shown that Py is
not uniform distribution on Cy for any N > 3. As for discrete-time quantum case given by
the Hadamard transformation, Aharonov et al. [1] and Bednarska et al. [11] showed that
Py(n) = 1/N if N is odd or N = 4, and Py(n) # 1/N, otherwise. Moreover we introduce
the following temporal standard deviation oy (n) in the continuous case:

T ‘
on(n) = lim \/%/0 (Pn(n,t) — PN(n))zdt, (7)

The discrete-time case is also defined in a similar way. In the continuous- and discrete-time
classical cases, ony(n) =0 for N >3 and n =0,1,...,N — 1. As for discrete-time quantum
case, we obtained an explicit form of ox(n) [12]. In the present talk, we report some results
on oy (n) and the conjecture on IUMP in continuous-time quantum case.
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Oriented spanning trees: a model of river network
RAHUL Roy, Indian Statistical Institute

Consider the d-dimensional lattice Z% where each vertex is ‘open’ or ‘closed’ with prob-
ability p or 1 — p respectively. An open vertex v is connected by an edge to the closest
- open vertex w such that the dth co-ordinates of v and w satisfy w(d) = v(d) — 1. In case of
non-uniqueness of such a vertex w, we choose any one of the closest vertices with equal prob-
ability and independently of the other random mechanisms. It is shown that this random
graph is a tree almost surely for d = 2,3 and it is an infinite collection of distinct trees for
d > 4. In addition, for any dimension, we obtain central limit theorems of (a) the number of
 vertices of a fixed degree v and (b) of the number of edges of a fixed length I. These results
~are obtained by using the martingale convergence theorem and a coupling of the process
~ with independent random walks.

Coverage of space by random sets
RAHUL RovY Indian Statistical Institute

Let &,&,, ... be a Poisson point process of density A on (0, 00)%, d > 1 and let p, py, pa, . . .
‘be iid. positive random variables independent of the point process. Let C = U;>1{& +
0, p;]%}. If, for some t > 0, (¢,00)* C C, then we say that (0,00)? is eventually covered.
- We show that the eventual coverage of (0,00)% depends on the behaviour of zP(p > x) as
~x — oo as well as on whether d = 1 or d > 2. These results are quite dissimilar to those
 known for complete coverage of R* by such Poisson Boolean models (Hall).

~ In addition, we consider the region C := U1 x,=1} [¢, 2 + ps], where X1, X,,...is a {0,1}
- valued Markov chain and p, p1, p2,... are ii.d. positive integer valued random variables
.independent of the Markov chain. We study the eventual coverage properties of this random

e
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The structure of finite clusters in high intensity
Poisson Boolean stick process

Rahul Roy (Indian Statistical Institute)
Hideki Tanemura (Chiba University)

Consider one dimensional sticks placed at random locations and with random orientations
in the two dimensional plane. In the language of stochastic geometry we have a planar fibre
process whose grains are two dimensional linear segments and whose germs are the random
locations. The most commonly studied fibre process model which incorporates these features
is when the germs arise as realisations of a Poisson point process of intensity A on R? and
each germ is the centre of a stick of either fixed length or a random length and having
a random orientation, with the distribution of the length and orientation of a stick being
independent of the underlying Poisson process. This is the Poisson Boolean stick process, a
particular instance of the more general planar Boolean fibre process.

We study the geometric features of finite clusters in the Poisson Boolean stick process
when the intensity of the underlying Poisson process is high. More particularly, consider a
Poisson point process of intensity A on R? conditioned to have a point at the origin. At each
point z; we centre a stick of length r; and orientation #; measured anticlockwise w.r.t. the
z-axis. We suppose that
(i) r1,79,... is an i.i.d. sequence of random variables,

(ii) 64,05, ... is an i.i.d. sequence of random variables, and

(iil) the sequences {r;} and {6;} and the underlying Poisson process are independent of each
other.

Consider the cluster of the origin (which is the connected component formed by sticks con-
taining the stick at the origin). For this model it is known that if the random variable r;
is bounded, and the random variable 6; is non-degenerate then there is a critical intensity
Ac such that, for A > A., with positive probability the cluster defined above is unbounded.
Moreover this probability goes to 1 as A — oo.

Given the rare event that for high intensity the cluster Cj is bounded and contains exactly
m sticks, we investigate its geometric structure. We first consider the case that
(i) there are sticks with only two orientations, either horizontal or an angle o € (0, ), and
(ii) sticks which are horizontal are all of length R, and sticks at an angle o are all of length
R,.

For m = k + 1, we obtain the asymptotic distribution of

i, (1Co = (k, £)|the origin O is the centere of a stick)

as A — oo, where #Cy = (k, £) means that Cj contains k horizontal sticks and £ sticks at an
angle a w.r.t. the x-axis; and thereby obtain the conditional distribution

Pam = pa,(1Co = (k, )Co = (K, £'), k' + £ = m).

We also discuss the significantly different phenomenon which occurs when sticks in 3 orien-
tations are allowed.
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| Eigenvalue asymptotics for the Schrodinger operators on the real
and the complex hyperbolic spaces

Yuzuru INAHAMA * and  Shin-ichi SHIRAIJ

1 Introduction

In this talk we consider the real hyperbolic n-space H™ = SOq(1,n)/SO(n) and the complex hyperbolic
n-space H? = SU(1,n)/U(n), which are non-compact, irreducible symmetric spaces of rank one. We
study the asymptotic distribution of large eigenvalues of the Schrédinger operator

Hvz—%ﬂ'{-v

on the real and the complex hyperbolic spaces, where A is the Laplace-Beltrami operator and V is the
scalar potential. We assume that V is continuous, real-valued, and semi-bounded from below and diverges
at infinity in an appropriate sense. (The precise formulation is given below.)

In the (asymptotically) Euclidean case, this kind of eigenvalue distribution has been studied by many
authors (see, e.g., Ivrii’s book (1998), Levendorskil’s book (1990), Matsumoto (1993)). Roughly speaking,
two different type of proof exit. One is the functional analytic approach based on the min-max principle or
the technique of the pseudo-differential operators. Another is the probabilistic one based on the stochastic
analysis and the Feynman-Kac formula. A typical result is formulates as follows: As A ™ oo, the number
of eigenvalues less than A behaves like the (a constant multiple of) the volume of the semi-classically
allowed region

{@:0) € TRYZICP +V(z) < A}

if the scalar potential V' diverges at infinity (in an appropriate sense).

In the case of the hyperbolic spaces, the Riemannian metric grows exponentially and the Laplace-
Beltrami operator is degenerate at infinity. These facts cause the some difficulties if we intend to give
a proof by using pseudo-differential tecniques as in the Buclidean case. Both 504(1,2)/SO(2) and
U(1,1)/U(1) are canonically isomorphic to SLy(R)/SO(2), which is realized as the Poincaré upper half-
plane or the Poincaré disk. In this case the authors [1] has studied the large eigenvalue asymptotics for
Hy along the lines of the Malliavin calculus and of the Tauberian argument as in the proof of Theorem
10.5 in Simon [3]. The proof is based on the explicit form of the Brownian motion and the Feynman-Kac
representation of the heat kernel of Hy.

In this talk we give a natural generalization of the result obtained in [1] in the case of the real and
complex hyperbolic n-spaces.

2 Real hyperbolic spaces
Let n be an integer and n > 2. The real hyperbolic n-space

H" = {z = (z,y) € R*z = (z1,...,3np—1) € R* y > 0}

*Partially supported by JSPS Rescarch Fellowships for Young Scientists. Departinent of Mathematical Science, Graduate
School of Engineering Science, Osaka University. E-mail: inahama@sigmath.es.osaka-u.ac.jp
fRescarch Institute for Mathematical Sciences, Kyoto University. E-mail: shirai®kurims.kyoto-u.ac.jp
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is an n-dimensional complete Riemannian manifold endowed with the Riemannian metric ds? = y~2(dz?+
dy?). The Riemannian measure is m(dz) = y~"dzdy and the Laplace-Beltrami operator is given by

o? , 07 7]
n = 2 _ - — .
A" y 321 827 + 2 % (n Z)yay

3 Complex hyperbolic spaces

Let n be an integer and n > 1. In this talk the complex hyperbolic n-space H is realized as the half
space model, i.e.,

H ={z=(y,z;22,...,2,) EC*y >0,z €R,zy =z, + yp V-1 € C(2< k <n)}.
The metric tensor is given by

dy 1 1 -
ds? = 2. -E z—: dZL%’ -+ dy,%) -+ y—4 dx + Z(Zﬁkd’yk — ykd.’ﬂk)

k=2
With this metric, H? is a complete Riemannian manifold of dimension 2n. It is well-known that H7 can
be identified with the symmetric space SU(1,n)/U(n). In our coordinate, the Laplace-Beltrami operator
on H} is given by

a
Dpp = YPa5—(2n—Dy+y
Y y
w2 o)+ R o)
Y Yeog) TY By "oz
and the Riemannian measure is given by m(dz) = y~ Gt dyds Ty derdys.

4 Statement of the results

In the following, the notation M denotes either the real or the complex hyperbolic n-spaces for notational
convenience. .

To formulate the conditions for the scalar potential V on M, we introduce some notations. First, for
any real-valued function V on M and for any positive number ¢, we define the auxiliary potential V; by

Ve(z) = sup{V (") | dm(z,2') < e}

Next, we introduce the ’principal symbol’ hy of the Schrédinger operator with scalar potential V. If
M = H", we sct

y?
hy(2:0) = LICP +V(2)

for any z = (z,y) € H" and ¢ € R" and, if M = H, we set

n yz n 5
S +wig)” Z e — )" +V(2)
= k=2

k=2

w]‘c}\,

2 4
hy (z¢) = %—772 + %—62 +

for any z € H? and ¢ = (1, 80,95+ -3 &ny ) € RP™
Now we introduce the following conditions (A.0)-(A.2) on V.

(A.0) The scalar potential V is a real-valued, continuous function on M. Morcover, V' is bounded from
below.
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(A.1) In addition to (A.0), the integral

/M exp(—tV(z))m(dz)

is finite for each t > 0.

(A.2) Let N denote the dimension n if M=H", the dimension 2n if M=H7. There exist positive
constants v, Cy such that '

lim (27r)_N/\°7‘{(z;C) €M x RY|hy(2¢) < )\}, = Cy

Ao

holds. Moreover, for any small € > 0, there exists positive constant Cy such that

/\l}n (27r)'"N)\”'Y\{(z; () e M xRN hyo(z¢) < /\}I = Cy,
and lim.\g Cy,e = Cy hold. Here, | - | denotes the 2/N-dimensional Lebesgue measure, and hy,

hy and V, are as above.

The main result of this talk is the following:

Theorem Let N(Hy < X) denote the number of eigenvalues (counting multiplicity) of Hy less than A.
Suppose that V satisfies the assumptions (A.1) and (A.2). Then we have the asymptotic relation

/}11/1‘120 ATTN(Hy < A) =Cy.

Here v and Cy be the constants as in {A.2).
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PERTURBATION OF SYMMETRIC MARKOV PROCESSES

7.Q. Chen, P.J. Fitzsimmons, K. Kuwae and Z.S. Zhang

University of Washington, UCSD, Yokohama City University and
University of Manchester

1. SETTING

X = (Q. X, ¢, Py) is a symmetric Markov process with state space £ having
0 as an isolated point, symmetry measure m, (quasi-regular) Dirichlet form
(E,F). The transition semigroup of X is denoted (F;), the resolvent (R,),
the L*(E; m)-infinitesimal generator (L, D(L)). Let (N(z,dy), Hy) be a Lévy
system for X; that is, N(z,dy) is a kernel from (E, B(E)) to (Eg, B(Ey)) and
H; is a PCAF of X with bounded 1-potential such that for any nonnegative
Borel function ¢ on E x Eg vanishing on the diagonal and any = € F,

t
(1) E; Z(b(Xs—, Xs) | = Ey (/ A(Xs, y)N(Xs, dy)st> .
<t 0 JE,
We write No(z) = [, & N(z,dy) and (Np* H); := jo N¢(X)dHs. Let
i be the Revu7 measure of the PCAF H. Then the jumping measure J
and killing measure x of X are given by J(dz,dy) = 3 N(z,dy)uy(dz) and
k(dz) = N(z,d)py(dz).

We shall say that a smooth measure p is of Hardy class (notation pu € Syr)
if there exists  €]0,00] and v € [0, 0o] such that

(2) / Wdp < 68 (u,u) + / w?dm, Yu € F.
E E

holds. A well-known sufficient condition for pu € Sg is that for some § > 0,
8 > 0 the G-potential U”p is bounded above q.e. by d, in which case v = 63
does the job.

2. StocHASTIC CALCULUS

Let M and N denote the space of martingale additive functionals of X
of finite energy and the space of continuous additive functionals of X of zero
energy, respectively. For u € F, the following Fukushima’s decomposition
holds:

3) u(Xt) — u(Xo) = My + N,

where M* € M and N* € N. Furthermore, the martingale part M/ in (3)
can be decomposed as

M = M + M + M,
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where M;"“ is the continuous part of martingale M*, and

MM = lim Y (X)) = U X)) (ju(x)—a(xy s [(s<c)

4
~/ (/ (uy) -—u(XS))N(XS,dy)) st},
0 {yeE: lu(y)—u(Xs)|>e}

t
s = / w(X)N(Xy, 0)dH, — u(Xe ) sy,
0

are the jump and killing parts of M, respectively.

Let N'* C N denote the class of continuous additive functionals of the form
N + fo s)ds for some u € F and g € L?(E;m). Nakao [7] showed that
there is a hnear map I’ from M into N'* in the following way. It is shown in
[7] that, for every Z € M, there is a unique w € F such that

(4) Ei(w, f) = 2N(Mf+1\1f" 7y (E) forevery f e F.

This unique w will be denoted as v(Z). The I'-operator is define as

(5) I(Z); = Ny — /ty(Z)(XS)ds for Z € M.
0

It is shown in Nakao [7] that I'(Z) can be characterized by the following

equation
1 1
(6) ltll%l Eg “m [F(Z)t] = —'Q'M(Alg—i-AIg-"'.Z)(E) for every g € Fb.

So in particular we have I'(M™) = N“ for v € F. Nakao [7] used this I’
operator to define stochastic integral

¢

1 ‘ . )
/ F(X)ANY =T (f - M"); — §(Mf’° + M5I M 4 MY,

0
where u € F, f € FNL*E;puyy) and (f - MY), = fo _)dMYM. If we
define
N :={NeN | N=N"+A"Ju e F and some signed smooth measure i} ,

then we see by (5) that [ f(X,)dN¥ € Nifue Fand f e FnLYE; [h(ay)-
However Nakao’s definition of stochasmc integral is quite restrictive on the
integrand f(X;) and on the integrator N* and is not enough for our study of
the perturbation theory for general symmetric Markov processes.

Definition 2.1. Let M be a locally square integrable MAF of X on [0, ([ and
@ be a Borel function on E x Ey — R with ¢(z,z) = 0 and o(X;_, X;) =
AM; := My — M, for all t € [0,([. Assume that

(8) / / N(X,,dy)dHs; < oo for every t < (,
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where §(z,y) := o(x,y) + ¢(y, ). Define
1
(9) A(A/[)t = *"5 (A[t + Miors + (,D(Xt, Xt_.) + Kf) fort e [0, C[,

where K is the purely discontinuous local MAF of X on [0, ([ with
(10) Ki— Ko = —p(Xi—, Xy).

Theorem 2.1. For a MAF M of X having finite energy, A(M) defined above
coincides with T'(M) defined in (5) Pp-a.s. on [0, C[.

Definition 2.2. Suppose that M is a locally square integrable MAF of X on
[0,¢[ and f € Fioc. Let ¢ be a Borel function on E x Ey — R with p(z,z) = 0
and p(X;—, Xy) = AM; for all t > 0. Define on [0, (|,

(11) /f ) AA(M), =
AGF - M) = (M My / / (Fy) — F(X0)p(y, Xo) N (X, dy)dH

3. PERTURBATION

We now fix locally square integrable MAFs M and M with energy measures
Heary and ) from Sy such that AM; = Aﬁc = 0, and a signed smooth
measure p with |u| € Sg. Let ¢ (resp. ¢) be a Borel function on E x E
vanishing on the diagonal such that p(X;—, X;) = AM; (resp. ¥(X;—, X;) =
AM) Note that sy = figey + N(@?) g, where M€ is the continuous
part of M. We assume N(|p|)puy and N(|¢l) uy are smooth measures and
v > -1, > —-1on Ex E. Let §((M)), 6({M )) s(Aart ) 5(¢?) and §(¢?)
denote the coefficient of £(w), and v((M)), v((M)), 7(A*"), v(¢?) and 7(¢?)
denote the coefficient of ||ul|3 in the estimate (2) for F)s 1 iy ut, N(o?)py

and N () respectively. We assume that
(12)  do = [26((M))]'/* + [26((M)'/? + 5(A"") + [8(0%)8(9%)]'/* < 1.
Given these elements, we define a quadratic form Q on F: For f,g € F,

Q(f.9) = S(f»g)“/}3@61#(1\/1/,1»1)‘/Efdllwg,ﬁ)*/Efgdll
- /E I () 2Nz dyrs ()

It is easy to check that there is a constant C' > 0 that
(13) Q(f9)| < CE(f, /) *a(9.9'*. fgeF.

Moreover,

(14) Qalf ) = (1= 080)E(f, f) + (o — ) || fI13, fe€F,
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—  N\1/2 N
(M) (/82 +A(BD)) (2/0((D)) T + (4" )+

2 2
5(0%)6(? 12 | 1) \Y (@) . The quadratic form (Q,F) is closed as
( (¢*)( )) 5(¢2) ()
a form on L?(E;m). Standard resolvent theory now yields the existence
of a strongly continuous semigroup (Q:);>o of operators on L%*(E;m) with

1Q¢lla—2 < et for all ¢ > 0. Define a multiplicative function Z = (Z;) by

(15)  Z = Exp(M;) o r Exp (Mt + AP 4 (M ./Tmt) (1+ (X, X,)),

where

Q
S
I

where A* is the (signed)CAF of locally bounded variation associated with the
smooth signed measure p and ry : QN {t < ¢} — QN {t < (} is the reverse
operator defined by r(w)(s) == w((t — s)—) if 0 < s < ¢, and ri(w)(s) := w(0)
if t < 5. Here Exp (M) := exp (M; — &(M®)) [To< e (1+AM,)e™ 2 denote

¢
the solution of Doléan-Dade equation L; = 1 + / L,_dMs,.
0

Theorem 3.1. Define T,f(x) := E.[Z:f(X¢)], whenever the integral makes
sense. Then
(a) Ty is a well-defined mapping of L*(E;m) into itself, and (Ty)i>0 is a
strongly continuous semigroup of bounded operator on L*(E;m), with
1T ll2—2 < et for all t > 0.
(b) For each f € L*(E;m), Q:f = Tif, m-a.e.
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Regularity of the diffusion coefficient matrix for generalized

exclusion process.
kigEE BERFHEAT 4 T IR MU —

Kipnis, Landim, Olla, [2] & Kipnis, Landim, [1] IZXK DB A I Nz [generalized
exclusion process] Id non-gradient & 1 7O FLMAEDHIHFITH 5. [1,2) THIDET
Wzt U TR T BR OB 217720 TW A DHEIR D AR D Cauchy FIED—EMEMN
RENDDNd =1 ORFZTROT, HERIOFEZTITHIRL Tna. FRICHRER
OEHICBE L TIIZTOEEHEATE, IO ERDVNTIAY FENTWVWS, SEE
TORTIHMUT, BBRENBEONTH L ZEMREHTERZDT, ZORKOEMENE S
HOETHBREOARRDOHEDO—BEMEIVRYE, K> TZOETIVOWENFMBENTER L7z,

P B IEDEE k23 LT Markov BREOIRIEZME X = {0,1,2,...,k}% &T5. X
DILE 1= N)geze CHI ER 0, EYA b~z TORTEZRT. £EORAMBER f I

SUTERZER
Lf(n)= > cln)n™¥f(n),

z,y€Z4:|z~y|=1

BL c(r) i c(0) =0, c(r) >0 ZWZIBEHEL,
n(®¥) f(n) = 1{nz¢0,ny;&k}(f(77(m’y)) = f(m),

n,—1, ifz=z
(@), = {ny +1, ifz=y9y

Nz, otherwise.
95,
UTOLSBERAEDCKEZEZS:
—Z}— if I =0,
Va({n e = l}) = 1a al

Zoc(1) ... c(])

ZOREEZRTFEETNIAISAXLREET. BB p=pla) = E"=n] 2EZHLHE
FAWABIK RO TIOHBEKE @ L LT P() = va(-) £T%. ZDEE Markov {EA
% LI P, ICEL TS,

SEITBREIOIEME 7, ZUTORICED S:

. A=x4+ A, 1:f(n):=f(1n), (TaN): = Nseus.

TS E RO TIBRESTS Do) 13 d x d SHETHIT, ZHOAREANTUTO L
SlzEEh5.

x(p) = E,[n5] - p°, ‘
= i%f E,,[}: C(’I’]Q){ﬂ'(o’ei)ai’fjo 4 Z W(O’e")'rxu}Q],

2

BL ald d-RTEARY RVT, inf, BRETORFEKICH L TRLNS.

1E-mail address: nagahata@aurora.es.hokudai.ac.jp
'Home page: http://aurora.es.hokudai.ac.jp/ nagahata/reprints.html
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FIE 0.1 FTEHE LG D(p) B S ZBEETHS.

—75 Spohn [3] IC& % & ETHEAERRRITES D i current—current FHBIBIEIZ L D
Bz 5N % Green-Kubo NH E[AMEIC/ES:

(o Dle)a) = Byle(mo)asa )] = = [ 5 Byluwaraeuglde

z

BU w, 13 current TEAF CTERET 5:

W = Y, GiWe, Wey = ¢(00)1{no0,me, 28} — C(Ter) Lime, #0,m07k}
1<i<d

ZORMEMEICE D, FOEREEDOZ#, Bl5 Green-Kubo XNH D 2 T p OB &
LTELNTHDZENWRENIETTHTHS. ,

EIE 0.2 FLOEBREEDODH [° 3, Elwarsettw,]dt 13 p DBERELTHESNTH 5.

A:={A=(Ay,...,A) A, CC Z% with AN A, =0ifi#5} &5 2D A EiC
&5 Markov iBFE (dual BFEEIER) BNHD, TNZE X, Ac ANSHELEZOBRED
distribution % Py, TDXH%E E, CE<SHFILTS. ZOLEHOEREEHEOSEIILLT
D F\x(p) D X — 0 ODWBETEZ 5N S:

Fx(p) = > h(B,p) Y wa(C)m(C,p)

BeA cec
X{EC[/O 1B<B>(Xs)€"“d3]—Ee<c>[/0 L) (Xs)e *ds]}

BL h(B,p),m(C,p) td p DEEELTHESNT, h(B, p), 0,(C) BERME®D B £7/=1d C
ERRWTIEZENIC 0 THD, B(B) 32 ERESTHS. ZHUTKD F(p) 1T p ITKE
FEHTE N ICEKET IO LITHBETE. T205 F, OBRE#EEZEZ 5Dz, H
BOMRZR 5D TR, REOBRZTERNVERNI ENGNh o7z, Ko TUTOD
WREICKD P, OIR, 9720 b P LEREEEOHI p OBEKREL THLENTH S Z &
s WARRY

#Hr8 0.3 LA N2/ 9 coupling process MFET 5.

o A, x A, LD Markov BfETH D INZ%E X, = (Y,,Z,) EEZ, HHH A, Be A, IZH
9 % distribution & Py p £F<.

e % marginal process Y, Z 13ZNTN A, B 5 HFE L7z dual BRRIC/RS.

o fEED B,C,De A, (fEL C,D IZR U ergodic class IZ/@T %) IZxt LT

EC,D[/O |1(8(8),4) — Leasmy)lds] < oo

ZWi/z9. (AL Up A, = A THD ergodic class 2K 7.)

23 R
[1] C.Kipnis, C.Landim Scaling Limits of Interacting Particle Systems, Springer (1999)
[2] C.Kipnis, C.Landim, S.Olla Hydrodynamic Limit for a Nongradient System:
The Generalized Symmetric Exclusion Process, Comm. Pure Appl. Math. 47 (1994),
no. 11, pp. 1475-1545
[3] H.Spohn. Large Scale Dynamics of Interacting Particles, Springer 1991.




Local Nash Inequality & BCSiEMES L OB OFHH
HERZEREGERETFER
RE ¥

[7] 128 T Nash B EWERERS HRROERBOWIET LR L7, B
R FVERE, HOBREIRDL) BdbDTH 2,
(X,d) % locally compact % BEEEZEM. 1 % (X,d) L9 Radon W&, (€,F) %
L*(X,p) L@ regular Dirichlet form, —L % (£,F) KKABET 2 L3 (X,p) ko
non-negative self-adjoint operator, T; = exp—Lt, p(t,z,y) % Ou/Ot = Lu D
KEE, Tabb (Tu)(z) = [y oz, y)u(y)p(dy) £ T3, ZDEE,

Theorem 0.1. Nasy inequality
Eu,w)fully? = el ull3T°, (0.1)
(BB | lp 1& LP-/ V&) PHEED u € Dom(E) N LY KD W TR Y 320 %

XN
HTtHl—-»oo = SUEPXP@,«’C:?J) < Clt“e/z' (02)
T,y

WEBD t> 0 KDV THED LD,

[2] KBWTIDEBR YLD EDRE NI, D Nash OFFIIBM D%
E—RREREHE 2 525 bDTH 5,

—77 Li-Yau[6] 13 X %% Ricci #Z03IEAD Reiman ZHRIET d 2% geodesic
Hko L &

C1 _ d<mvy)2

Czt

—T ( ) ..<. p(th»y) S -—-£§~—-—6Xp ( - d(z:y)z)’ (03)

Vvt z) V(vE,x) cat
(72720 V(r,z) & B.(z) = {yld(z,y) <r} OB 257, JOFHEE2EHE
FE—REMREHT 2 EIER L TY 5 v»izv, Riemann R 2w T3 2 0k
[3] and [8] = V>T (0.3) iZ Poincafe inequality & volume doubling property:
FEDr >0 LEBED z € X THLT V(2r,2) < CV(r,z) LEAETHE L
%/ﬁ% [/ fCo

SEEE, (1, 4] R EDHMRB LY BOHELES Lok E2EFE-REEE
T EBhRoTER, T 2T [0,1] KRELOMEHE D Brown MEE)% HOAHREHIE
p KB L T time change L7235& 11, limio — logp(t,z,z)/logt DfEIZ z 1
B REL VO S multifractal #EEZ2 H D Z Ed8bhro T3,

AFEETIE Nash inequality @ B#ALIEIRE LT local Nash inequality & W
Bz bDE T3, 2L TID local Nash inequality 23H OHLESDEBEE D &
OT(03) DEI#Y A TOEMPE—HEMEZ I T2 E L2 R,

Definition 0.2 (local Nash inequality). local Nash inequality 737z 2%
EEBAB>0PH>THEED r >0 LEBD ue FNLL LT

’ |22/ 13 [|«l13
>
E(u,u) +Arﬂ TI— B e (0.4)

LdltTH3,
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Theorem 0.8. (1) p PSHEEE d (2B L T Ahlfors regular THB L, Thbb
bir® < V(r,z) < bor® DMEED r >0 TR D7Dk ElX, local Nash inequality
IFE A (0.1) ERMETH B,

(2) BVEZoXAES O Lb o OFFHE

c

p(t,z,z) < V7P.5) (0.5)

& local Nash inequality %<,
(3) 3 a1,a3> 0 BB >TERED r >0 LT

al'rﬂ < Ex(TB,-(:c)) < a2rﬁ> (06)

(272U 73, 2) R r DIR B.(z) 5 D exit time) L7425 L E exit time
estimate D3 D LD £V 5, volume doubling condition Db & Tl local Nash
inequality + exit time estimate |ZROEIZD Lh 6 OFFHH L FETH 5,

z,9)P | 1
(Ao 97yt ©.7)

<3
L ————— X —
p(t,x,y) - V(tl/ﬁ,x) e)\l)( C4t

AFHTRISICIOHKEL BEOMLEAS Lo oM BAT %,
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1 Introduction and setting of the problem

In this paper we discuss the limiting probability distribution of a scaling limit of infinite dimen-
sional diffusion processes on R% with periodic drift coefficients. By making use of an approximation
sequence that converges to the original infinite dimensional diffusion process, we discuss the ho-
mogenization problem in a generalized sense, namely, here we do not take the scaling limit of
the original process directly, but take the scaling limit of an approximation sequence the index
of which is controlled by the parameter of the scaling limit, such that the index diverges to oo
as the scaling parameter tends to 0 (cf. Problem Qg below). We show the existence of a non
trivial limiting process for the so modified process which is an infinite dimensional diffusion having
constant coefficients.

By the discussion of the modified problem we will be able to reconsider the original homoge-
nization problem (cf. Remark 1.1), however, the detailed discussions of this will be postponed to
a future study.

The homogenization problem for diffusion processes with regular coefficients can be best ex-
plained by means of a formulation using stochastic differential equations. We begin with the defi-
nition of a complete probability space (€2, F, P; F:) on which the stochastic differential equations
are defined.

Definition 1.

Let (Q,F,P;F:) be a complete probability space with an increasing family of sub o-field Fy C
F (t € Ry). Suppose that on (Q, F, P; F;) we are given a family of independent one-dimensional
Fi standard Brownian motion processes {By(t) }ter, (k € Z). O

Suppose that we are given a function J € C*(R — R..) such that
(1) there exists 8 > 0 and J(z) > 3 holds for all z € R;
(ii) the derivatives of all order of J are bounded functions;
(iii) J is a periodic function with the period 2.

In Lemma 1.2 of [HS] through an iteration argument it is shown that for each e > 0 and each
initial state x = (---,X_1,X0, X1, --) € RZ there exists a unique strong solution {X¢(¢, X)}teR,

*email: yoshida.se.uec.ac.jp

— 209 —




on (Q,F, P; F;) such that

Xi(t,x) = xp+ V2Bg(t)
t X¢ , € 8, X
+ %/0 {J’( k:+1€(8 X) _ Xk(e ))
— Jl(Xz(jax) o X;é——le(*s’x))}ds’ ke Z, (1)

Xe(t,x) = (---, X4 (t,x), X5(t,x), X1 (8, %), ).

A formal extension of the homogenization problem of finite dimensional diffusions to the prob-
lem of infinite dimensional diffusions will be the following.
Problem Q

Characterize the probability law, if it exists, of the limiting process

lim X¢(¢, x), teR,. @
el0

Here, we do not discuss above original Problems Q, but rather the following Problem Qg,
where the procedure of taking the scaling limit is modified.

Problem Qg
For the infinite dimensional diffusion {X¢(¢,x)}¢>0 in Problem Q, let {X%¥(¢,x)}¢>0 be an ap-
proximation sequence of the original process such that for each € > 0
lim X&N(., ) = X(+, ), in law.

N—oco

Characterize the probability law, if it exists, of the limiting process

lim X4V (¢, x), t € Ry,
el0

for some sequence N(e) € N indexed by € > 0, such that
lim N (e) = +o0.
€l0
O

Our intermediate goal is to show that we can find an N(¢) satisfying the assumption of Prob-
lem Qg and such that {XV()(t,x)}ier , converges weakly as € | 0, to a continuous process
{Y(t)}ter., which is an infinite dimensional diffusion with a constant covariance matrix, under
the condition that the initial state x satisfies that % obeys a probability distribution whose Radon-
Nikodym density with respect to the ”Gibbs state” of {X!(¢,x)}ter. is a bounded function.

Above we used the terminology ”Gibbs state”, however the distribution of {X!(¢,x)}ter, is
not a Gibbs state in the strict sense, but rather a Gibbs state of the quotient process 7; such that
X1(t,x) = ny mod 2r (cf. Proposition 2.1 in the next section).

Remark (scope for the original problem Q)

By making use of {X5N ) (¢, X)}teRr, » by which the modified problem Qg is solved, we will be able to
reconsider the original problem Q. In fact, in our procedures to prove Theorem 2.2 and Lemma 2.2,
for each € > 0 we construct the approzimation process {XN ) (t,x)}ier. . on the same probability
space on which the original process {X*(t,x)}ter. is defined, and we can then evaluate the distance
between these two continuous processes by using a martingale inequality. In this way, we can also
discuss the tightness of the probability laws of the original sequence {X*(t,x)}¢er,, (€ > 0). For
this discussion we should take a new metric on RZ that is weaker than the metric adopted here
(cf- Definition 2.1, and section 23 of [I]).

a
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High-dimensional graphical networks of self-avoiding walks
Mark Holmes! Antal A. Jérai? Akira Sakai® Gordon Slade!

1. Motivation

A single self-avoiding walk has been used as a model of a linear polymer in a good solution. It is known
that the model exhibits a phase transition and power-law behavior characterized by a set of dimension-
dependent critical exponents, around the phase transition point. An interesting fact which is ubiquitous
in various statistical mechanical models is that the critical exponents cease to depend on the dimension
d and take on the values for random walk, when d is above the upper critical dimension 4. Therefore, the
behavior of a linear polymer chain whose end-to-end distance is large can be predicted by random walk
when d > 4. The lower-dimensional situation has not yet been completely settled.

Not only in a single linear polymer, but we are also interested in a network of polymers containing
monomers capable of making more than two chemical bonds, leading to branching. For example, we may
consider a network which looks like a “watermelon”. A network of mutually-avoiding self-avoiding walks
could be used as a model. A natural question is, if d is sufficiently large, whether we can describe the
asymptotic behavior of a network of self-avoiding walks by the corresponding network of random walks.

2. Models and results

i) A single self-avoiding walk. We consider the d-dimensional integer lattice Z¢ as space. For a walk
w = (w(0),w(1),...,w(|w])) in Z4¢, we define the transition probability along w by

Jw]
. . L{o<|jaljwsL
Wy(w) = ZI;II [pD(w(i) — w(i—1))], where D(z) = m:_}i' (1)
The parameter L < oo is the range of each one step. The two-point function for a single self-avoiding
~ walk is defined by

G.'D(x) = Z VVP (w) K(w)v where K(w) = ]l{w has no self-intersection} (2)
Wio—T
If we ignore K (w), we obtain random walk Green’s function with killing rate 1 — p, so that its sum over
z € Z% equals (1 — p)~!. Self-avoiding walk is known to exhibit a similar phase transition at p > 1
such that ) .4 Gp(x) is finite only when p < p. and diverges as p 1 p.. From now on, we fix p = p.
and simply write G(z) = Gy (z). We also use the notation |z|| = ||lz]j2 V 1 for z € Z%. The asymptotic
behavior of G(x) was determined as follows.

Theorem 1 [1] Let d > 4 and k1 = 2(d — 4) A2, and fix an arbitrarily small number € > 0. There exist
A= A(d,L) and Lo = Lo(d,€) such that, for L > Ly,

G(z) = Ao™2|z|*~¢ [1 + O(Jle| ==+, G
where A = dT(d/2 — 1)/ (27%?) + O(L=2%€). In addition, for = # o,
G(z) < O(L™**|jz[*~9). (4)

The constant in the error term in (8) depends on € and L, while the constant in (4) depends on € but not
on L.
'"Department of Mathematics, The University of British Columbia, Canada. holmes@math.ubc.ca, slade@math.ubc.ca

2Centrum voor Wiskunde en Informatica, The Netherlands. Antal.Jarai@cwi.nl
SEURANDOM, The Netherlands. sakai®eurandom.tue.nl
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Theorem 1 states that, if d > 4 and L > 1, the leading asymptotic behavior of the two-point function
is equivalent to that of random walk Green’s function, apart from the error term in the constant A. The
proof in [1] is based on the lace expansion, and L has to be large enough to ensure convergence of the
lace expansion.

ii) A network of self-avoiding walks. The shape of a network is denoted by v = (S, E), where S is the
set of network’s branch points and F is the set of (directed) edges e = (e1, e2), which joins distinct branch
points e1, es € S. The degree of the branch point ¢ € S is denoted by A;. We combine self-avoiding walks
according to the shape v such that the resulting structure has the same shape. Then, we embed the entire
object into Z? such that each i € S is embedded at z; € Z%. For v = (S,E) and Z = (z; : i € S), the
network function is defined by

¢'@= % | [L1Weloe) Kwel] ] Horrwo, G

(we:e€E) “e€E e#e

WeiTe; —Tey

where I(we,we) is 1 if we has no intersection with wes (except for a possible common endpoint), and 0
otherwise. If we ignore He?ée, I(we,wer), we obtain [],cp G(Te, — ¢, ), i-e., the network of independent
self-avoiding walks. We are interested in the asymptotic behavior of G¥(Z) as the network’s branch points
are widely separated from each other.

Theorem 2 [2] Let d > 4 and fir ko < (d—4) AN1. Forv = (S,F), there exist Ly = Lo(d,v) and
Va = Va(d, L) such that, for L > Ly,

6@ = | T] Aol — 5] | [TV [1+ 3 Olls = a7 (6)

ecE i€S 1,jE€Stist]

Constants in the error term depend on d, L,v and K.

Theorem 2 states that the leading asymptotic behavior of the network function is the product of
self-avoiding walk two-point functions, as explained above Theorem 2, apart from the vertex factors Va.
By definition, V1 = 1. Each vertex factor takes into account the local effect of the mutual avoidance of
the self-avoiding walks combined at that vertex. The mutual avoidance diminishes the number of allowed
configurations, so that VA < 1 for A > 2.

The proof of Theorem 2 is based on an extension of the the lace expansion on a general graph and on
an application of Theorem 1. I will explain those two key steps at the symposium.
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On large deviations for random currents induced
from stochastic line integrals *

S AL T (U RFER B IE Wb 7E 7))

MZI N7 M) =<K E L, M EA/2+b Z2ERIEMNE ST 5 IEBIL 2 nEuE
Bx ({21500 {Prteen) £B <o 1HL, Ald Laplace-Beltrami TEH 3. b1ZMF 5 2%~
MU E$ 5,

WO = KM RO 2 12, L2-Sobolev / W A D] - |,}per &R TEET 5

lal, = / (1 - A)P2aldo
M

B L, vidEB LS 7z Riemann I Ay KB ERIZEH T 5 Hodge-Kodaira 7
TIITrETh WF. 21, T WSRO 22mo || - |, 12 & 2%tz
EbTH0LT 2,

O AWK a 120 UL SEHOERE {25} seo.) DREBEIIT > 72RERII) [ ) o DVE
£ho ZOLE [ ol HIEX, t o [0 l2d D0 2y, 1B S EFER X,
AL IENTED (AL, p>dtl)e 372 X,(a) EERLT ¥ F—LThoME, <
VT 2= ViR Yi(a) & A REEIE Ao) OFIZ T A, FEEERIZLT, Vi B &
DA D B M BMEREREA T I ENTE D,

AKFEHTIE NS OMERELE X, Y, LT A, ® homogenization (25 BT % KA A2 5
HERI, 7. VICOWTOREDPSHAT D YA = g\ A2y, b 1L,
limy oo g(A) =00 £ %0

EFH 1 EEMERL : 2, —[0,00] RTREHET 5

1 . A : N
—/ OPfdm (w,a) = / (@, )dm 3K a e P, THH IO EE,
Lw)=<%2Ju M

(0. @] %;)vc;f;c\l‘é:go

2T, mATPEEGEAE {2} is0 DIEBAL S 72 AKIE £ 4 5,

FH 12 g\ = o(VA) E T Do TOE S EEBEL ICHT A AR HEA T 200
THD o, BIL . (RO Borel 66 of € O, \TK LT,

1 N
lim sup —~ log (sup P.[Y* € %’]) < — inf L(w), (1)
Aooo G(A) ceM we i‘é
1 : ~ ) .
- > ,
lliglolgf PIOSE log (;éljg P.[Y" € 42%]) > u1€n£° L{w) (II)

HL., T O, 7°F o ORBET S,

FEES [FEXBR L ZOMEE] (20034 12 A 10 H-12 A 13 H. H&R) #E 7R
fPartially supported by JSPS fellowship for young scientists. e-mail:kkuwada@acs.i.kyoto-u.ac.jp
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EFE 2 HEMBI : 2, — [0,00] K TEHT 5o

1 .

= | |ofdp weXDEE
](W)S 2 M

0 %7ff‘ C\: o

CIT, H e, RO3IOOFENZMZTwe D, &RELTERT D
(i) M LEORERBE 1 PFAEL T, Hue C°(M) 2R LT,

A
(w,a) + / (—A + b) udp” = 0.
A\ 2

(i) & € LAdp*) DAFAELTL K a € D, LT (w,a) = | (&, a)du® DY L2,
1 p Al

(iii) L TED 7 p 1 Riemann [ v 12200\ ik i, S 012, FOREMBRE F &
L& &, VEFeDom(d)e ZZT, Dom(d) Z M FD t/w"w d O L*(dv)-fie/NH
KOEHSE T %o

FIE 2 [1) g\) = VA ERET Do ZO& & VISR T 1220 TR A5 P % i

72e BB, (1) B &0 (I0) OFFMASEEREMR L % 112l X302 BT T %,

KX, RO A NP VTORRERI A BND o e € Dy, BRTEHT 5

e(a) = A [ ((13’ a) - %m) dm

B, blEs MBS bIZA ST 2 KO, 6 139D L2 (do) b TOREPEER# &
T 5, X*&ZM%XA:g(A) IATV2(X —,\e) JUS AN = g(N)TIATI2(Ay — de) “C 1)
5o if:\ .,02’1_17.,; “*Fﬁﬁﬂc‘:ﬁlﬂi iﬂ‘?&&{/pﬂ :‘}de yl_u—%j} —p ka

T, D) == infp,—, I(n) EBL BE 73@_%( BREHBQ Dy — P, % Qo= du,
TEFRT Do HL, un TROWS THEADOME T 5

( A+ b) u=(ba)— %(5& —e(w).

QOWIEREE Q- D, — D, LB EIZT 5,
EH 3 [1] VA D %ﬁﬁ’*mwfk% ERIE T LT, SOE &, X RO AN
(3% & RS 2007 [ U8 79 (oW TR IR AP 2 i 723

N

ZE Xk

1] K. Kuwada. On large deviations for random currents induced from stochastic line

—

integrals. preprint.

—

2] K. Kuwada. Sample path large deviations for a class of random currents. to appear
in Stochastic Process. Appl.
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n FERER LML A Brown 1£8), 2D 2
75 ] B A

I FEH Ry =[0,00) EOBFERIWL, ROFEFE-DHEHELEEZS.

[n FEEFRE-FHMERRE | ¢ € C°(Ry) ¢ WHIBE, n 2IFEEHE T2, BHEAD 0
RESEFAE-MHIERTE L 12, (la) - (1d) 22T uw e RKOLHTH 2

1
(1a) Ou(t,z) = iagu(t,x) fort >0 and z € Ry,
(1b) o7 u(t,0) =0 fort>0,
(1c) %iné u(t,z) = @(z) forz >0,
0,2,---,n—2 ifn>2 ,
(1d) lim 8Fu(t,0) = 9%p(0) with k = n—2 ifnz2andeven
t—0 1,3,---,n—2 ifn >3 and odd.

Z 2T, 00u(t,0) R EOBRTOMFIITXTEMIT TH Y, B uwid (t,z) € (0,00) x Ry
BHEOPLGHEBTTOEREHZMTONET S:
For each t > 0, u(t,z) € C;°(R4) in z € Ry, and

(2)

sup,>o [u(t, z)| < C(t* + 1) with some positive constants C and £. &

ZORET n =0,1,2 DHEIIE, B p) OREI LA > TE Y, ENEHEBHEE
FEL§ % Brown &) {B™(t)} bEHIHERTE5: 8% pt,z) = (1/v2nrt) exp{—z?/2t},
R! Lo Brown &% {B(t)} £B< L

(3) POt z,y) = p(t,y —z) —p(t,y +2),

Killed Brownian motion BO(t) = B(t) if t <m; =0 if t> 1,
(4) pM(t,z,y) = plt,y — z) +(t,y + ),

Reflecting Brownian motion. BW(t) = B(t) + L(t),
(5) p®(t,z,y) = p (8, 2,y) +Polro < 1] 6(y : 0),

Stopped Brownian motion B®(t) = B(t A ).
Z T 91k R @ extra point, 7o (& {B(t)} ® 0 ~® first hitting time
(6) 7o = inf{t > 0: B(t) =0}, Pyl €dt] = -0, p(t,x) dt,
{L(t)} 1 Brown i£&) {B(t)} ® TRAR
(7 L#)=0 if t<7p; =-—min{B(s):710<s<t} if t >0,

T {BW(t)} @ local time IC% > T\v:5. §(y:a) i a ICHEEZROTVIBEETHA.
LH»L n>3 DEE,
(i) p™ OEKENILE D % DT
Lkunio@comp.metro-u.ac.jp ; L KFHFEHE, T 192-0397 AEFHH KR 1-1
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(i) p\™) % HEBHREE LT 5 Brown EENIFIET 5D H?
(iii) & LFETIIL, £ 5D Brown EFOEFI L) b D7
Z&

EED BHohTwiw, CORMICHETLHI LN, KAODHNTHA.
II. GiElD Y Y RI T LTI, AT TOHREZITo 72,

EH 1 BAD 0 hB TS 6y o) DRMBOEKTO k ERKE 08s(y: a) &
RHT 5. BEE ™ ERTERT 5

(8) PP (2, y) dy = p (¢, 2, y) dy
2 (t —s)k—1/2 B
+Z(/ ToedS]\/;m) 85’“ 1(5(y0)dy, le,
(9) PPt z,y) dy = p@ (t,z,y) dy

(t—s)*
+Z(/ z|m0 € ds] (%)” >8§k6(y:0)dy, m>1.
T 2 (BOTFEE—BMY). WHBE o c C°(Ry) 12720 L,
u™(t,z) = /O dy p™ (t,2,y) ¢(y)

B, 2o u™ il [n BERE-OYEME 0—BFETHL. O

EE 3. n>2 CHEMERBEME 1d)?2 2ELTE, BO—BWAIBRIL L2\, 206 %L
Y5, 8, 20 (1d) "ERBEETHLEY IV THERD.
1) u® % [0 PEIRFUE-WHERIE] O LT 5:

uO)(t, ) = / dy pO(t, 2,9) 9(y) = Balp(BO (1)),

T5EEELEELL, REOERE m 1270w L
OFmy(t,0) =0, t>0

LB eHHDH. OF Y 2m REFE-OHENE]) T (1d) A osfiEmiz L Tnws

(i) k=1,---,m—1&¥ 25L&, 2k BERME- DHENE OB o® X [2m B i;‘%?ﬁfﬁ‘ )
HERE] T (1d) SO EE2E&TH L Twa, 22T u® OFLLRBEEEE2 L L,
— AR RIS 7201213 (1d) DEDFEDFE LRV LA 5

F7: [2m — 1 PSS SVE-WEIMERIE] OB, Ffk. O

S THIEOHE T, ZOHEEKMB p (25T % Brown BEIDFTE D ili-~<7275, £ DR
FECEBRE S0 - 720T, 5B 2 DBERS 2 HRET S,

I n >3 TRERE p OFLITET VS HEOEEE 0Fé(y: 0)dy HENL. 207
o pM(t, z,y)dy 1E Co(Ry) LOERLBIEIEHT 2 bLBECIEIL S, BEOEKTIE
p(M) dy #HERBHER & § HHERBRRIIFEL L .

FZTHAE, “HBREIME Brown B8 " #E 2 5 Z LIl 55, FOIRREZEH S % fgw
L&Y,

2 PDE CiE, SOBD&E% the consistency condition & IE3.
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T 4. () TV BEHB LUZOERHATRS ER SM £ R0 L ) ICEHT S

m~—1
SEm=D = (8§ = §(y : zo) + Z kazk‘lé(y 10)rxo, 21,0, Tm-1 € Ry

~1
sm) = {S=6(y:zo)+ azkd(y 0): o, %1, ,Tm—1 € Ry }.
1

(ii) %Fﬁﬁ S(Zm—l), §(2m) a)ﬁ S fi, m ﬂﬂ@%iﬁ@%ﬁ X = (.Io,xl, e ,Q?m_l) c R+m k
LLICHIBLTWwWA, 22 T4H%IE, BEK S e SCm-U or SO %% x e RL.™ & [Fl—
HT5., O

9 R™ D42

x
-

(10)

3

o
1l

) D=R, xR™ ! ={z= (20,21, ,Zm-1) : 70 >0} DR,
F'={rzeD:zy=0}= D DHER
DIE% & HHEE AR
X(Zm——l)(t) _ (Xézm‘l)(t),X?m_l)(t), o aXy(jinl_l)(t));
(12) @m) gy _ (3 (2m)py y(2m) (2m)
X (t) - (X() (t)7X1 (t)7 e 7Xm—-1(t))
w5259,

n=2m-—1 @b,%/a\: X(2m—1)(0) = (:E(),xl,- Ly Tm— 1) eD kTZ) {B(l)(t)} % To € R+
76 H%$ 5 reflecting Brownian motion (4), {L(t)} % % ® local time (7) & LT

X"V (e) = BY(t) = B(t) + L),
(13) X1 (e) = 21+ L(D),
1t -
X oty [ ds XZTV(), k=2 mo
0
n=2m OFE: X (0) = (zo, 21, ,Tm-1) ED T 5. {BAW)} % 20 € Ry 25
1% ¥ % stopped Brownian motion (5) & LT

I

X$™(t) = B (t) = B(t A o),

/,
7

ds X,gQ_"f)(s), k=2,---,m-—1.
0

t—tATg

ds Ity (X(() m)(s)) =1z + 5 ,

l\Dl»—-\

” X0 =04

WHBRO—FHRIHED) &, 20 (XM (1)} BED L) RHERBE R
w8 5. (13, 14) THE AL (X))} 1d D LolfERTH L. O

D O, & 4 (ii) & S DFTISHIET B DT, {XM (1)} 5 S {E Brown 1E&)
{BM(t)} HHRIZESNS:

m—1
BV () = 6(y: X&) + Y XV (t) 02 8(y 1 0),
(15) k=

m~—1
B (1) = o(y - X$™ (@) + > XM () 82%6(y - 0).
k=1
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EBROERMBEEH ¢ € C°(Ry) 1270 L, {(BM™(t), ), t > 0} SEHMHERLEERER & % 52,
{BM™ ()} % “p™ dy 123 5T % Brown EE) " LR L FIF4{LT 5.

T 6. 790 >0 &£T5. BW(0) =6(y:z0) HHEETSE (BM(@)} 12w L, ROERA
S5

E(xOsO,"',O) [<B(n)(t)7 (p>] = /dy p(n)(t7m07y) (P(y)v t> 0) Ty € R+'
ZZT EEL O TE, XM(0) = (20,0,---,0) HMBLAZLERT. O

IV. EH 2 OFHT, MOFERIEREOFETREINS. ZITERO—EED, 40
{(BM(t)} 285 LEEICEOND Z A FHAL, FRFCEREFEMEICEE 24 (1d) o
BEWRABEL T A,

& 7. Y(t,z) & (t,z) € [0,00) x Ry DELDLLEKT (2) DEREMHETHZ LTV,
(B (t),0(t, %)) 1< Ito DAREBHAT 2 L ROERHPBONS.

(BE™=D(£), (¢, %)) — (BC™=D(0), (0, %)) = /O ds (BE™1(s), (959 + -;-Biw)(s, *))
+ /0 tdB(s) 8,(s, BV (s)) +% /O t ds X2 (s) 02 y(s, 0),

(BE0), (0,) — (B(0),0(0,0) = [ ds (B(0), (000 + S0, )
v " B (s) 0,005 B(s) - & / s 2 XCT(6) 025,00

WE e CP(Ry) ZAIHIBEE L7 [2m — 1 BERFYE-WMIERTE | D% u(t,z) £ T 5.
T>03%FECEEL, vt,z) =u(T —t,2) 7oL SRR 7 2EHT 5L

(16) (BC™=D(8),u(T — t,)) — (BE™D(0),u(T, %)), 0<t<T
13A R % martingale TH 5. (16) OHALDFE % & 5|
w(T,z) = E@O 0 [(BEm=1(0), 4(T, x))] = @O O [(BC™= (), w(T — t,))]
A7) =E u(T —t,BY@)] + mijl E(@00) [ Em=1 ()] g2k=1y(T — ¢,0)
k=1
ZITt=T e§5E, (1c) &0 Efu(T —t,BY(1)] — Eo[p(BY(t))]) L2575, &<
2 (1d) 225 9 1u(T —t,0) — 02k~1p(0), k = 1,2,--- ,m —1, Thb. R,

m~—1
; _ z,0,-+,0 (2m-1) 2k—
lim (17) = Ex[p(BY(1))] + ; B0 OLGED(T)] 075 1p(0)

= /dy pPm=I(T, 2, y) o(y).

L), MO—BMIEHTES. B n=2m OBHEDFEREZHERVKLT 5.
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EHEIBEDEERRIZDONT
MR FER O CGEREK - BHRE T %R0

H% Hilbert 228 H = L2(R,dA()) #EX 5. 12771 A XM EET
1= e+¢ “LIA(E) < oo BWT. Ti= H OWEE )V AIRENEN (f,9) =
22, f(€)g(6)dA(g). =(f,N? &T %,

X(t)=X(t,¢ = /Ote“iugdu <: Eiizg:_l)

EBNT, X = (X(): teR) & H DHD X(0) = 0 723850 E BT,
Aloo—) < oo DEEIL, ED X(1) DRDVIZ X(8) = X(4,€) = e EHNT,
X=(X(t):teR)Z& HOFOEFEBEERRLZT, EEL50HETDH

Hy=cls{ e ™ ~-1):tel} ([ICR)

LES, COBE EX(HX(s)] = (()(gﬂtmﬂu%ﬁtTﬁﬁo T
HHREER (H57) Gauss B X = (X(t) : t € R) ZRHITBEWTWS,

T, Hida(1960) IZ &% Gauss BEOEERBFOERN S, (X() : t > 0)
DHEBRBOFEENTND. I TR, TOHEBED H BT 58Uy =
Krein(1954) IC X 5EE () BREOTRAERZF > THR T 2. EXRBITHER
EEZHABELED. AIHLUT, Krein OIS TEE S string & Imk &EL ;
miXo <z <I(L oo) L OAEFIERDBEEEK T m(0-) = 0. 0 < m(z) < oo
O<z<l), 0<k<ooldEE. AL BIXRTEXDEHE

Az =1-¢ [ay [ Az eam(a), B(x,o:-s/:A(y,g)dm(y)

(—£LA=¢A). dm(z) =m/(z)ds + dm®(z). = [y vm'(z)dz £LT

So ={z € [0, + k]| T(y) = T(z) for some y # x}
U{z € [0,l]| m(z) — m(z—) > 0} U {0} U {l}

B, E‘:*%ﬁt’_@—ﬂ@ﬂ éSl‘ Sz L5 51U52 = [O,Z]\ So C 51U[l,l+k]\

/ m'(z)dx = / dm®(x)dx = 0 (U : measurable set).
Unsy Uns,

ZDEE (WMENDNE m ZROE )m’(a:) =0(xeS), >0(xeS,) T,
S=[0,l+k]\ Sy £BFIE m/(z )>0(:c€S)o BIZ. t>0ITHLT

z(t) = the smallest root = € [0,{] of t =2 / v (y)dy.
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ST, (W(t):t>0) ZRTELET S :
Ww=wmo:/ T (A(z, €) — im!(2)" 2Bz, €) }dm(z).
[0,2(t)NS
TR H O OERSEE S B ST E D Gauss BIEEES) -

<Wﬁmww»:w/ dm(z).

[0,z(t)Az(s)INS

Go = NesoHo,e]s Gt = NesoHot44) © Hpy t>0)DEE A= {t > 0|G: # {0}}
bj\r—jﬁ_fﬁﬁ o i € AT LT NL(S OO) /}(75 K ;22 fi] Gtk @IE%ELEQ%E
Ww:l=1,... N Z2ED Wy 7zH Z B WITHII7RARTE Gauss 04T ICHE D FEZE
Zfi%(tfg‘ﬁ)o ZL T Vsz(t) = 1(tk,oo)(t)Wkl EBL, TOEE

Theorem. ETEDZ (W (), Wu(t):t >0t € Al=1,..., Ny) I XRDEKT
(X():¢>0) DFABETHS :

H[O,t] = c.l.s.{W(u), Wkl(u); 0<u< t, 1k € A,l = 1, ceey Nk}.

BRIZ, (X(t):t>0) OEERBTICH I HEBEEEIXOX LT 1 TH S,

Corollary. dm(z) = m/(z)dz. m(z) >0 (x > 0) DEE, HDELTDEEITRD
RZEWGIZS (W(t): t>0) WHEET B : (W), W(s) =tAs

Hpoy = Hioy @ cls{W(u): 0 <u <t}

EAF. Corollary D& EEZ 5. (H OHF D Brown EE) W(t) IR TEES :

z(t)
W(t) =W(t ) = \/%/0 e OB (2, &)m'(2)" dz.

272U, E(x,€) = m/(z) Az, €) — im/(z)~Y4B(z,€) (de Branges DEEBIEK),
ZOEE, t=2[7/m(y)dy XD. TO W(t) ZROKICE ZEHTES ¢

W@:j%AeWWW@w, F(t,€) = 7@ B(x, £)

(B8%k F 13 Szego DERZEAOEHM). £z, m/(z)Y4 = E(z,0) = F(t,0) 5

1/t 0 YA
m(x)_m(0)+§AF(u,0) du, a:——Z-/OWdu

m(0) =/ [ dA(E) € [0,00) TADT. A M5 (m EEEVTI) B F(t,0) &
Mo, 05 2ROBKT m(z) WMESNS, #ETIE. ZOHE LT, §ik
IEEMEREEFED F(t,0) @ AR(co). MA(co) BEZ AWEEHREZHENT2TFE.
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The Malliavin calculus for stochastic flows
of interacted particles

M EF (KERWMX - H)

p(du) & (R B(RY) Lo /[u}p p(du) < oo ("p>1) ZH=THRAE L L, Hilbert
2 H = (LH(RLBRY,p))N 5« = (z%) 252 5. RY- BEE ao(z,y),a0(z) &
z, y € RN IZDWTIES DT, Boao(z,y), Oya0(z,y) B LT Brae(x), 2ag(z)as(z) DIEE
FEOERBMIETERLE T2, v(df) IZHERZER 6 LOFRAET, 2 =C(0,T] - R®) 3
w= (B (W), Fr=0B; s<t,0€O) &L, PIX (2,Fr) LD Wiener HIEEL 2.
x(t) = x(t,zo) = (z*(t)) % RY LOMEEA %> SDE D%

dzt(t) = [ [ eo(a @), 2*(0) u(dv)] dt+ [v(d6) ao(a*(®) o dff  (ue RY)
DHIEAZRM ©(0) =xo € H I T 2L T 5. (14 [uf?)|0%zd] BERTH D LREL,

El(r)={x e H||x|e = supsup |8.z"| < o0}
lvl<g ©

EBL. ZDEE Ep|super (Jl2(t)|ea)P ] <o ("p, ¢ > 1) BSELD LD,
D = (D,) = (0;v) & " LD Fréchet MHTEAREL L, RONRY NViEEEZ 5.

Ao(@) = A3(@)Du = [ pldw) ao(s",5")Du,  Ag(w) = A3(@) D = ag(a*)Ds
H Q@ H— EDHERIBRE DAs(z) = (D, A%x)) 2T, HQ H— EOHEEMAHTR
dZ(t) = dZ(t, xo) = DAo(z(t)) dt + / 1(d0) D Ag(x(t)) (0d?)

ZREERL, ARR dUE) = -U®)odZ(t), dV(t) = (cdZ(t))V(t), U0)=V(0) =T &>
THOH-EDOHERIBR UR)=U(t,x), V(t) =V (t,zo) ZEHET 3. SDE

(dX,, dY;) = ( [ (d8) ag(X.) 0 dt, [ (d6) d.a0(X,) Yio dﬂf)
TEHIND RV LOMRRT (X, %) & H LOBE#SABRREHEWT, (x{),U)) %
GRABI LD, URV(E) = VR)U(E) =1 BREnb. B, BEKED Brown EE
B = (Bh_, — BE) ZAWEHESHAHER

dy*(t) = —Ag(y(t)) dt + / v(d)As(y(1) o dBf (ueRY), y(0)=z€H

D% y(t) = 2(t,z) LEL, COMBREICFINT 2EMIER d2@¢,2) AV, £
CEBIC HOH— EOHEBE Ut 2), V(t,z) EEHTILE, MO MR L.
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HE EBED e HICHLT,aa w (P) TROBGRADPRIT 3.
< T, 2t x(T,20) = (T —t,x), U(T,z0)U(t, (T, o)) = U(T — t, xy).

WET:H— RY OWH%E or THRT. M RITHEREH n(x(T)) DAHDIES X
WDOWTEETS. LOFMES [1] @ “Key Lemma” AW, [2] DFIEIZH>T H Lo
stochastic flow z — @(t, z) IZXt9 % Malliavin 847 247\, TR Hormander &5 O ® &
TO MBS AN PRENS.

HLDXRT MV & =¢*(x) D, W LT, ¢(z) & (B)(2) THRT I LILT . F7,
°c ©\{0} & 6%,6%---cOU{0} LDV TRDLIIZEHET B.

Agogr..gi-19i = [Aoj, [Aei-l’ [ Tt [Aol, ABO] U ”] ,
D(d6°d" - - - d?) = v(df°) {I(0 € db*) + v(d6")}--- {I(0 € d67) + v(dg?)}

E£E [{F Hormander &4 : 3L >0, 3y>0, 3C >0, YA >0,

inf _inf Y / (C- (OT)(Ago..g5)(2))? (d6°---dO) > C A~

Ki=1 zeei(y)

DI N2 6, XL n(x(T)) DAFEES P REEEBEFED.

LDEEERA LT, #ER (random map) 2L B 1S REIE DB OV T DEHE
BRSNS (cf. [3]). REEZR S = L2(R% B(RY), 1) LD, 185 D RIGHD, & HERMS
FHRATHBINI2ERR R >u — n(u) e REIINLT, ME

P fA(du)/du€ CP(RY) = [(nr~'(d))/du € C(R")

WDWTEZS. G(u) =0, ni(u) EEBEE, \g & d IRJT Lebesgue BIE L 72L&, MHE p
MHIZEND=OD DR, (o() DAFOEERROEEN. :

(A ® P)(¢r™H(d0)) < A (dC)
IREIEONS. ZOFRGBEZERLT 2202, du < pldu) ZIREL, N =d+d?, M =
2, JERYRIRY, re RO, B 1" : H >z = (2%) — Jz" € RM LIERBERE
2(t) = (&*(2)) = (m(w), G(w)) I LT FOEE 2R T 5.
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Wiener Z8[8 _E O#eRE > HREXDFED 554 D
M E B E I DUV T
HEES  ERKRFECEREER)

(B, H, ) % Wiener ZH &3 5. ¥/ %5, B % F 4 Banach 25,
H % B \ZEEN ST T DA E 7 74> Hilbert 25, p % B L® Gauss
BET

— €T 1 *
y/ev1<wuuﬂzﬂﬂp{“§W@Jw‘¢€B
B

BT bvne35. £, B(B) % B O Borel EEE LT 5.
KOBEEMS HTRRNEEZLD.

X, =0 (1)

ZIT, w€B, A:B— H®H, b: B — H i Borel "I, u (t>0)
B(B) L#<. W, i3I OHBHWEDED 5 Markov B TH 5

P% {Ph>o PEDDPEL L, W = {w € C([0,1] = B);wg = 0},
”w“W = SUPp<it<1 I’U)tlB BXWU, H = {h S W,h(t) = foth(s)ds,h c

L%mu@uﬂﬁ,me:(LQMQ@mfﬂaﬁwék,ﬂwﬂjnmﬁ
UM% Wiener Z2f1272 528, (1) DfE X, % Z O LD B-{E Wiener LB &
BT, Xy ORFD p 5T DHEREGEE 8T 5. 20K, KO_-o0
FEEBL.

(A.1) A,bi% & HICEERE] H-Fréchet #5y FIRET, &M D H-Fréchet ERIHI
BN ORRTHD.
(A2) & t>0IZxfLTtlg+o0(t) >0,as THLT, T 3TDpe(l,00)l
LT
B||(tIn + o(8)) [5,] < oo.
(A1) lZBWT, K % Hilbert Z& L, B F:B—- K»#RzeBT
H-Fréchet 3 FATRETH D L 1%, HSIEME F'(z): H - K BFELT
[F(e+ )~ F(z) ~ F'(@)hlx
Il5r—0 ||
BT LRV,
(A.2) IZBWT, o(t) 1 Malliavin covariance T, £ D 1,7 572

=0

(DX@DXQHzmm+omw
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WWEVEED H HEREER THS. DITH- MRS,

REAL) Db ET, BEBSFERX (1) IZ—BHFLLH, X, » H-%
SARETH DI LERTIENTED. E6IT, FHEA2) DL ET, KO
OB DAXEEL ZLNTED.

K % ¥]4372 Hilbert 22 & 4 %. L % Ornstein-Uhlenbeck 2D A4 pli £
HL L, Wo(K) = (I-L)~*/2LP(W,dP; K), |[Fllap == I|( ~ L)/2F| s,
W (K) i= Mye(t.o0 Necr WP(EK) EEDS.

il (MLOEIDOAK). GZ HR KEAET, £te(0,1]IcxL TG €
W>(HRK) Thh, H517>0LEEDp e (1,00) 2% LT sup. 1Gellks1,p

<oo EETLDETH. ZoEE, KEREp T, £tel0,1]izxLT
pt EWR(HQK) THY, HEDp>1IZH LT sup ||pellep < o0 ZiH7Z
7<t<1

THLDOREFEELT,
E[(Vu(Xy),Gi)rer] = E[(u(X:), pi) k|
BEED u e FOR(K) loxt LTHRY 310,

T, FCP(K) X, BLED K-EME f T, ARENLZRS H DEHR
BZRer,... e, € B & K ODERERR k1, ..., km, BEVf1 € CP(R")
IZE T flx) =S, il Blz,e1) e, B (T,en)B-) ki, 2 € B EREND

-
—

EOESTESORRNERNT, KBPBFELND. TNEY, X D pilxds 2
MERBEGE D R END.

FE . Fpe (L) lZxt LT, B C=Cp, >0 MBFELT,
2 1/p
Elf(X < geC/¢ Pu(d
it < ecr{ [ irt@puan} e

NI RTD e (0,1] BED| flloo £ 1EMIETEED f e FCRR) XL
THY D 310,

25 3
(1] fEAREA, FERM TR EREERAEEEOERE), HEEE, 1997

[2] Kusuoka, S. and Stroock, D.W., Precise asymptotics of certain Wiener
Functional, J. Funct. Anal., 99(1991), 1-74.

(3] EJI—BB, SRR (REGREERNEFORMAE), SWERE, 1998.

[4] Watanabe, S., Lectures on stochastic differential equation and Malliavin

calculus, Tata Institute of Fundamental Research, Springer-Verlag, 1984.
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Coexistence results for
a spatial stochastic epidemic model

S8 R (BRI E LR F TFHF5ERE)
Rinaldo Schinazi (University of Colorado)
TERT FHi (TERFHFE)

Z DHETIE 3 WHESIRE T RO RFIC OV Tl AT 5. KT ROBEBZEMIT
X =1{0,1,2}%" = {n:2% - {0,1,2}}

THRL,0 ZZEEH, 1 28K, 2 2KFELLRTEHFMROET N, 120 ZEA, 1
HREERN, 2 ERRDOANE BT EBERFEOETNVE L TR ZENTES. 22
T D T /Wi spatial stochastic epidemic model & FRIZILTWD LD TH Y, BLE
neEX DLE FKHreZt THOEDLI RMHFBETLHDOTHD ¢

0 — 1 at rate \yny(z,n) (BEEREZADBPAEEND)

1 — 2 at rate Aona(z,n) (BELADPRKUCR D)
2— latrater (JARDOAPED)

1— 0 at rate §; (BEREZ2 ADNFEN)

2 — 0 at rate y  (JWRDADIFER)

ZZT )‘17)‘23T751752 Z 07
ni(z,n) = Z 1(n(y) =14), i=1,2

yany
ThY,z~ylda &y 3B, 5ED 3] ol — | =1 ERLTVS.

r=0DOHE (—ERKUR-TZO—ETEH72W) 1L & <IZ Basic spatial epidemic
model & XA TUVN 5.

2 (IRERDN) BFELRWEEN LD & X, spatial stochastic epidemic model
v E s bR iz b, Lo Tdkmary s h ok 2A0RE%E
A(d) B L A < (61 A 62)A(d) THIAUX spatial stochastic epidemic model 135E
BT 5, 2F0 1 (BERAN) & 2(FRON) PDEREFET HEENOIBRDILLER
ROBEO% 16 2 bl ied, ZERHMBERENOSND. L 6=06=0D
B A2 0 (BN BTFETE L2 WELED DR T & &, spatial stochastic epidemic model
e el ISV /A Nl = b i S Db A S

HETITHEEIC OV TORDEBRIZOWTCIHHAT S.
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FE1 r>0,M>08725. 6L N/r> (1) ThNIEc>0 BEEL, FE
D 8,0, €10,¢) WL TDEDZ LAY L.

(a) 7 &b 12D 1 (BERZRAN) & 2 (RKON) BODEENGIADT- & & fE
BEORZTL S 2 bAEXED 3HFETH)HERIETHS.

(b) spatial stochastic epidemic model DEE 5 p T u(Xeg) =1 2T HLOR
GHETS. 22T

Xep ={ne X :n(x) =1,n(y) = 2 for some x,y € Z}.

TE2 r>0,0>0875. HL 6>/ (d) -7 THNEOETDZ LY
AN

(a) 2 ((RRDON) BDERBEFET DEENOIBO L X, 2 [THEROFEHR ORZITUVR
72%.

(b) spatial stochastic epidemic model DAEBEDEFE B p i u(Xop) =0 2T

Basic spatial epidemic model (r =0 O¥E) TIX 1 RITTOGEIZIZRGFENFITE
IHRNWIZ EBEHENTEDY (1, 3]),r >0 TOFAIEERRID L0V ) EH
1 DR LERELSERD. ZWRTDOHEAITIT Basic spatial epidemic model (23T
HENRBZ B0 E 9 DT ICITFER S LT eu.

ZE Xk
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Random sequential packing of rods

Yukinao ISOKAWA,
Faculty of Education, Kagoshima University, *

We study two ‘simple’ random sequential rod packing problems, and ask the following ques-

tions:

e What is the packing density of randomly packed rods? Does it differ from that of regular
packing of rods?

e Are the axes of randomly packed rods statistically isotropic? Or do they have tendency
to be concentrated on a paricular direction?

1 3 axes rod packing

Let us consider a rectangular parallelepiped of side length a,b,c. Penetrating it, we pack
rectangula rods with infinite height. at random and sequentially until no more rod can be
packed. We impose two assumptions. First we assume that

(A1) axes of rods are parallel to the z-axis or y-axis or z-axis.

We call these three types of rods by z-rods or y-rods or z-r ods respectively, and denote the
numbers of z-rods, y-rods and z-rods by Ny, IV, and N, respectively.

Now, for any z-rod, we consider its intersection with a face of the above solid which is contained
in the yz-plane. Then the intersection is the square [y, y+1] X [z, z+1]. In this case we say that
the z-rod has coordinates (y, z). Thus any z-rod can be uniquely specified by coordinates (y, z).
Similarly any y-rod can be uniquely specified by coordinates (z,z), and z-rod by coordinates
(z,y). Then our second assumptioh is as follows:

(A2) all coordinates of rods are integers

To state our results, consider a system (x) of ordinary differential equations under the initial

conditions

£1(0) = m1(0) = ¢1(0) = £2(0) = m2(0) = (2(0) = 0.

*isokawa@edu.kagshima-u.ac.jp, http://w3-math.edu.kagshima-u.ac.jp/ fractaro
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%il =A1-& - &)1 —m)

%751. = p(l—n —n)(1—¢{)

%Ct_l =(1-¢—G)(1-¢&)
0 &

Etg =p(l-& &)1 ()

(_i%_ =(1~-n—m)(l-&)

%3 =AM1-G-C)(T—n)

Then, using the solution of the above system, we obtain the following result.

Theorem 1 Ifa,b,c tend to co while preserving b/a = A, c/a = p, then E(N;)/a* goes to
A (00)¢z(00).

Corollary 1 4sa =b = ¢ — oo, all E(Ng),E(Ny), E(N,) are asymptotically equal to
a?/4 and thus the packing density is asymptotically equal to 3/4.

2 4 axes rod packing

Consider a regular tetrahedron. Penetrating it, we pack hexagonal rods at random and
sequentially until no more rod can be packed. As in the case of 3 axes rod packing, we suppose

two assumptions. First,

(A1) axes of rods are parallel to any of the normal vectors of four faces of the

tetrahedron.

We call these four types of rods by A-rods or B-rods or C-rods or D-rods respectively.
Consider packing of A-rods. Since these sections are assumed to be a hexagon of the same

size, we have the densest packing if these rods are packed according to the honeycomb network.

Then, however, it becomes impossible to pack any B-rods or C-rods or D-rods. By such reason

we assuine

(A2) possible places of hexagonal sections of rods form a kind of Archimedian

network
Then, a large experment shows that for infinitely large size system,
o the packing density is 1/2, which is equal to half of that of the regular 4-axes rod packing.

e the configuration of packed rods is statistically isotropic, that is, the same number of rods
are packed for each direction of four axes.
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HPARART > v v w FofEREB S AR

CERRT
ERE 15412 A 12 H

HLERIZBVTOT, FNUANTIRERKE WS EE2HEO L ZACKT v v ViSO
ROERMSHEREZEZ S, COHEOMER, AEORFEXOMBEL L TIIAFIME LT
CHIFEEIN TV A [1,2]e 2F N HLBEHIED 2B FRENIHE - TR LA, HEIIEH L4
BT IR EFFHIETIEEN BTSN TVWAE LTS, 2 TIEZFOHIMEIL. BEVFHS
BEICELZEEZIZECLDE L, S5 FNRELHETHLETL, 2F0 ., HALBELR
BERMEIZZSTLE) T EMRLTRIL A VESEEENMHLZ ONTWA LTS, 2D L) ik

TEUCBEEOKTeRARDL I LPMETH Y. WORMMBEILET S 2IEERNICIIRNZ DT,
INEHLEOEHERMETH L,

—HHERFES FRENIBRN L ERNOFEB CA L2 HGEFRER L Wb eEZOND, £
TR RIC B 2 E OB L | ERMERICBIT 2 FE OB LA E b IE UiED
BELTwbd, 2oL HERHS FEXTERGEEES b Dl Nualart & Pardoux (24 - T
eS8 N T 5 [3,4] X ZF 2 CHFBIOBBIHEO A EIT 72, 2F )V HAREULICED &) 24
HRHTDOL ETHOERTH >0, TORREMYERE, &5 HEAMNIZHE & N2 5HE0 R
DNTH 2 BEEORTAHIE L 220 THE L72w,

1 MESTE

KDL IR OBERRMS TR EER 5,
u_ u
o 9
u©,t) =u(l,t)=0, t=0,
u(x,0) = up(x), x€[0,1], (1)
hi(x, t) < u(x,t) < ho(x,t), (x,t) €[0,1] X [0, 00),

00 1 00 1
\](: j; (u(x, t) = hulx, )n(dx, dt) = j(: I} (ha(x, £) — u(x, £))E(dx, dt) = 0

B L hy(x,0) S up(x) < ha(x,0) £ L. WIIRZHAGHET L35, Thabb, W(t) % &7/ -EER
WRTEEM LA FER E LTL20,1) % b2 Wiener 818 ((p, WD) /llpll: 2EE D HERR
¥oll2oWTBrown #EjZ% %) L35 LE AL LLBRMITIE W =dW()/dt TH A,

FHEXICHNE n & 13 (0,1) X (0,0) LOERETH > T, £DOEEENEN ulx, ) = hi(x,t)
BLPux,t) =hy(x, t) LR BEFIIEEIND, CHOPHFEURT > v v (OS5 HILT
B EIXFEEPIIERNRD,

- fx, bulx,t)+n-E+W, x€(0,1), t>0,
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FBHIEPETEINLIETHS () EHIBEOLRD LS 2EEL (hh € H(O,T,HY) N
H2(0,T;L3)) .\ hi(x, t) < ha(x, t) A OBERTIIEHT, E512

J 7 hy—h 2
é’t"(hZ"hl)ZOI ;?2"( 2 —h) >0, Y(x,t) )

T ET S, 72 f 13
1. f(,50) € Npo LA(0,1) X (0,T)) TH V. f(x,2) 1% (x,2) 122\ THIER,
2. f(,2) = f(-,0) IZBATA Fo
3ZHfmh@ﬁ?&T@OﬁMﬂQHXWAQKﬁwamxmuﬁﬁ#O$%@ﬁo

RET b MHMAREEREN TR VA, Ok X,
TR W (4, ) BT B

2 FEIREE

COHRGETICBVWTRERHIEALE EBulx,t) D CO,1) IZBITA5MHBED L)L A
DHIZTORKRTH L, BEDZO () =0t =1,T 5,

Barobwzid, Bulx, ) IHETHL 0 1 2> TENLDEICENA L ZAIIHMHT
Do THHOERDE IR D, 2L, fIZDWTILEYIC CPAABGIHE L TOHET
E9%) SRR T. BICHILEEELZVWE L, V.F(x;2) = f(xz) £B<,

T CO, )MEILEUBE u(t) O C0,1) (BT 2 P54 1 i

1 1
plde) = 7 exp {——2]{; F(x; (p(x))dx} Bro.1de)

THEAOND, HL By 30 & 1TIZIRILEEE D Brown DS ATH Y . Z ZHBRILERTH
Ho $1FHF) LI TwT, —HRIZMEZSIEINE—BLWBEIHCTh 5,

£ Xk
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- On Path Integral for the Radial Dirac Equation

~ Takashi Ichinose
Department of Mathematics, Faculty of Science, Kanazawa University

Abstract. For the radial Dirac equation, a countably additive path space measure on
‘the space of continuous paths living in the real half-line is constructed to give a path
integral representation to its Green function.

Introduction. Consider the radial Dirac equation

0 . ,
2 9(r,1) = il + V() (1)
in radial space-time R, x R, for C2-valued functions v (r,t) = *(¥1(r,t), ¥ (r, t)), with
a real-valued spherically symmetric potential V' = V(r), r € Ry := (0,00). Here 7 is
the free radial Dirac operator with mass m defined by

1o} k
Tk:—iagg;—ol;+m03, (2)
with the Pauli matrices o1 = <(1) (1)) , 09 = ((Z) BZ) , O3 = ((1] _?1> . The opera-

tor 7, arises from the spin-angular momentum decomposition of the free Dirac operator
in three space dimensions. The nonzero integer k represents an eigenvalue of the “spin-
orbit operator”.

For the potential V (r), we assume that it is a real-valued function in R such that
V(r) = Vi(r)+Va(r), where Vi(r) = e/r with a real constant e satisfying e| < (k*—1)1/2
and Va(r) is in L2 (R.) and bounded near r = 0.

Note that this class of potentials V() contains the Coulomb potential. Under this
assumption, it can be shown that the radial Dirac operator 7, + V in (1) is essen-
tially selfadjoint on C$°(R4;C?) in the Hilbert space L?(R,;C?) of the C2-valued
square-integrable functions in R with respect to the Lebesgue measure dr. Its unique
selfadjoint extension is also denoted by the same 7 + V. So this operator has a real
spectrum.

Tr has a singularity at » = 0 as in (2). This is indeed harmless if we consider it
as an operator in the L? space, but is a problem to construct a path space measure,
for we need to consider it as an operator in the L™ space. In this context, in [1J], we
have made an explicit construction of the free propagator, namely, the integral kernel
Ki(r, p) of e %" for k = 1, and shown that, though it turns out to be a distribution of
order zero in the variables (r, p) € R, x Ry = R.?, there exists no countably additive
path space measure to give a path integral representation to the solution of the Cauchy
problem for the radial Dirac equation (1).

Notations: - Ms(C) = C? ® (C?) := {complex 2 x 2-matrix},

- C35([0,00)% M>(C)) == {M(r, p) € C§°([0, 00)%; M(C));

or"op" M (0, p) = or™d8p" M(r,0) = Ofor allm,n > 0},
-C§5([0,00)%; Mo (C))’ := the dual space of Cg5([0,00)?; Ma(C)).
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As C° (R %; My(C)) is a subspace of C$5([0,00)%; My (C)), so C55([0,00)%; Ma(C))’
is a subspace of the space D'(R.%; Ms(C)) of the M,(C)-valued distributions in R..2.
The aim of this talk is to construct a countably additive path space measure to
represent by path integral, though not the propagator, the resolvent kernel [(t, + V F
ie)"t(r, p) for € > 0 and the Green function for the radial Dirac operator 7, + V(r) in
(1). The interval 0 < s <t or 0 > s >t according as ¢ > 0 or ¢t < 0 is denoted by |0, ¢|.

Theorem. (i) For every € > 0, there ezists a 2 X 2-matriz distribution-valued, precisely
speaking, C§S(]0,00)?; M2(C)) -valued, countably additive path space measure pio on
the Banach space C(|0,t] — [0,00)) of the continuous paths R : |0,t] — [0,00) such
that the resolvent kernel [(, +V $ i)"Y (r, p) for T +V in (1) admits a path integral
representation: for every pair (f,g) € C’OO({O ); C?) x C§5([0,00); C?),

(f, (i + V Fie) g / / (e + V 7 i2) ), p)g(p) drdp

“+o00 |
_; R 3
i / dt /C ooy (FRE o (®) (RO @
« R(£)/2R(0)/2e~ JE(iV(R(s))R(s)£eR(s)) ds

In particular, the resolvent kernel [(1i, + V Fie)~](r, p) is a distribution of order zero
m R+ X R+.

(ii) The measure o is concentrated on the set of the continuous paths R : |0,t| —
[0,00) for which there exists a finite partition: 0 = tg S t1 S -+ S thy1 = t of the
interval |0,t| such that for tp._1 § s § th, 1<h<n-+1,

R(s) = R(0)e= o=t (17 (tp—tp-2)+ (=1 s—th-)] (4)

Therefore each of these paths R(-) is, for some finite n, an n-vertex piecewise smooth
curve in radial space-time, starting from R(0) at time 0 and reaching R(t) at time t,
and exponentially growing or decreasing in each partioned short time interval.

(iii) Suppose that 0 is not an eigenvalue of the radial Dirac operator T, + V. If the
Green function GL(r,p) for 7, +V in (1) exists, then it is a distribution of order zero
in (r,p) € Ry x Ry, and given as follows : for every pair (f,g) € C§5([0,00); C?) x
Cs5([0,00); C?),

+oo
/ / r,p)g(p) drdp = Zgl—ﬁlo dat /C(}O,tl—)[o,OO)) (5)
% (TR, dyseo(R) g(R(0)))R(®)/? R(0) /26~ J5 (VRGN A 2eR(s)) ds

The main idea is to combine our method of constructiong a path space measure for
the 1-dimensional Dirac equation in the paper [IT] and its a little refined review [I]
with a simple procedure of dealing with the singularity, which has been employed by
some physicists in connection with a method of space-time transformations in the path
integration techniques.
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Support Theorem D¥LFE

LY (AR SR R

A4y e~V b 22 H b OfESRMS HRERER

dX (1) = AX(£)dt + b(X (£))dt + o (X (£))dB(t),

X(0) = zo W

@ mild solution (RR—=L D3 (2)) 1Tk % Support Theorem DL EZITS. I T
A D(A) - HIZ H LOHB (Co)-H8E (S(t) im0 PEREARTHY, (B(t)) e &
A eV~ RNERU EOY 4T —BETHD. 0 D(A) ITBED L HITTERNWA]
BRI DY, ~RITITERE R OVOPFETH LS. ZOEOHERDISAAIE LT

BWEE7 7 AT U RIBITH 74TV — K- b—h - EFT VDB H 5. Support Theorem &
IZ, SDE DD NSADSGHRDOY R— b &, EROEB 2 DR TRRADMED A %
 FoTHEBALLI VI LD THSH. HRKTO SDE x5 Support Theorem DFE
BV, Stroock and Varadhan [5] 12 &> THID TR I, ZDHBIDE 2 5% - T Aida,
Kusuoka and Stroock [2], Millet and Sanz-Solé [4] IZ K> T Iz, 743k ~L 22
- k@ SDE 1Z%f3 % Support Theorem DYEHE & LT, AERRIEMATE A BEWEEIZIE Aida
1] DFERPHD. SENTERIEARRE A 2D 57258 (1) 13— RiCiTmgsr b
Wiz Aida [1] LFEEIOEANMEZ T, BEIEWB X FBLEIRD.

EHZ EREICR 570, HRER (1) 28T 2 LUTO R IR D, SElinEsRzeH]
(Q,F, P) \EBEORGEZHIT T 4 b= a3 2 (F))epr BDEFZALNTHND ET
5. ZZTT>0RHHEHRTHD. AISE~YL MEFE U (RfEZE <>y ¢EL) Lk
ICE RS EEEERE Q BEXONTWD E L, <u,v >p,=< Q 2, Q V2% >y
X TR 5 XA ONAIGE A~V RER Uy = QV2(U) B X5. (B(t))iepn &
(Ft))iepory BT DU LD Q-7+ 7 —i@%2 (Da Prato and Zabcezyk [3] DER) L 75,
Q PEIEMERAROBEICZ Oy 4 F—1BRI1T U RITEZERS 2, £ 5 TRWEEIFER
(cylindrical) 7 4 77— EFHINDI LD THS. 0: H — Loy(Up; H) 13D 7Ly Vil
BN OFERREBTHD LT D, 22T Liy(Uo; H) i Uy 25 H ~O Hilbert-Schmidt
BERRO2EEZERT. Uy OHLTEERERR {¢;; j=12,..} z&>TER
oj: H—H,j=12,... 2 0j(z) =0(z)gj, r€ HICIVERBLILLEE, 0;, ] =1,2,...
X 2B Fréche M TEETH S & L, FNENOMNER Do;, Do; WERT DL
sup{||Doj(z)h]|; h € H,||h|]| < 1,z € H} < oo 2>D sup{||D?*;(z)(hy, ha)|; h1,he €
Hh|| <L]lhll £ L,z e HY <o THDHETDH. BHL |- ||ITHD/VEEERT. K
CIEDOBE n \ZXH LT B8 pp: H — H % pu(z) = 3 5.0, Doj(z)oj(z), z € HIZE->
TERELTLEE, HDFH p: H— H B ENTEAIE ||pu(z) — p@)]| =0 LTEY, n
CEBRRVER C BFIELT [on(z) =, S Clle —y| BETD 2,y e H & n2>1
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WXL TR Lo TWAEHDETH, ZLTh: H— HIX) 7Yy VEENERRE
BTHY, 20 € HIZHDENTZ L ET 5.

LLEDRBRED T THEN (1) 13ME—D mild solution (X (¢))epr &b 2T LAH DN
TW2% (Da Prato and Zabczyk [3]). ZZ T (X (t))tep,r #* mild solution TH D &I,
(F(t))ieppr- T TR H I & 5EGHERBETH- T

X(t) = S(t)xo +/O S(t — s)b(X(s))ds +/O S(t—s)o(X(s))dB(s), t €[0,T], as. (2)

EHETIEEBRTS.
WIT KA 1 BRI FIREZR B h: [0,T] — Uy T h(0) =0 AT L H7b D
DEEE C) TERL, B8 h e C) 1T L TROMWE RN

£(t) = AL(t) + (b — p)(E(t)) + o (€()A(1),
£(0) = zo.

DME—D mild solution & £( - ;h) &FT. £ L TESE
L,={&(-;h); heCy} CO(0,T]; H)

BEZD.
LU EDOBET CROEENBEK Y SLD.
EE  suppX() =L,
fBEL, supp X (") 1 X C([0,T]; H) IR T 545% Po X! M support KL, L, 1L L, D
C(0,T]; H) e 5 FazET

235 30k

[1] Aida, S., Support Theorem for Diffusion Processes on Hilbert Spaces, RIMS, Kyoto
Univ. 26(1990), 947-965.

[2] Aida, S., Kusuoka, S. and Stroock, D., On the Support of Wiener Functionals, RIMS,
Kyoto Univ. 736.

[3] Da Prato, G. and Zabczyk, J., Stochastic Equations in Infinite Dimensions, Cambridge
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[4] Millet, A. and Sanz-Solé, M., A simple proof of the support theorem for diffusion pro-
cesses. , Séminaire de Probabilités, XXVIII, Lecture Notes in Math., 1583, Springer,
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[5] Stroock, D. W. and Varadhan, S. R. S., ON THE SUPPORT OF DIFFUSION PRO-
CESSES WITH APPLICATIONS TO THE STORONG MAXIMUM PRINCIPLE,
Proc. of Sixth Berkeley Symp. Math. Statist. Prob., III., 333-359, Univ. California
Press, Berkeley, 1972.
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ERGEREE D1 RTYIILOTBEIZDONT
ME (51T N S (B RE T )

REZBTOFORMAZKEZM L LERE 2R % RO Markov B ORFFEIT 1950 4412
W. Feller, 1t6, McKean (2 L D SER E N7, ZOBBELEEEZ L OBRBR L LT, 1 kx—
KALIEBOBTE (gap diffusion), R—RRILIEEEAEA SN, HIZBREOTIZE, v L2 7Tl
HNRRTN AT TRVEFRRENREENTVD. TIT, 20X RBERBED 7 5 X b ik
7‘ GNP EVIENET L. ABETIE, 1 R T THEERBREAEZESL WD ﬁ%%ﬂfiﬁ
WIRELTZOREEEZ 3.

;E%&ﬁ%
X =(Q,3(t),P) FEROREZ #7127 Q = [0,1] LD Markov process & +5.
5] o
(A1) (i) X iZ conservative T 0 & 1 L trap T 5. (i) z(t) (TMER 1 TEBETH D. (iil) KOE
Bk T non-singular TH 5 : - - ‘
Pr(og < 01)Py(o1 < 0g) >0, E[(] < oo, T E,Q...
7L, oq 1E a ~® first hitting time T ¢ = op Noy.
(A2) Q THREZ 0 & 1 2B8LEE Qe B¥db-T, FEDf € C(Q) & X > 0 gL T,
¢
Ry f(z) =Ex[/ e Mf((t))dl] TED HAL % resolvent Ryf 28 Q¢ L CHEEFETH 5.

(A3) s(2) i= Palor < 00), e(z) = Bal(] £B< EE, e ERBOAERT s CBL T Eicd
- ThD. HL FREGFCQPFELT, 2TR0<y1 <z <y <1, y,z, 1 ¢ FIZ

S LTHADED I
‘ , s(y2) — s(z) s(z) = s(y1) »

@1 2 )=o) " T Sty sl ) o
EE (D) (AD-(A2) 2RETD2L0<yi <z <y2 <1, u1, 42 € Qo 1T L TIE (2.1) 23Rk Y 320,
-7, Q\ Q¢ DA FRAE 22 51 (A3) (ZBBIE9IZ AL Y 320 o
(2) (R (A3) 3D LBD BB, Blb, RICEET 5 M NEREH2 513, BRA A F 1S TR T
bbb | |
Lemma 1. £8P aj,a2 € Q¢, 0< a1 <z<a2 <1, f € B(Q) s LT

Ry\f(z) = R3f (@) + Ex[e ' Ryf(z(07))), A>0
MRY LD, 727 L, R f( ) [/U] G_Atf(x(t))dt], 01 = 0y N0, I= (a1,a2) Ths.
0 .
Lemma 2. (1) s (ZEFHEM. €T, ERTHBREEBRE .
(2)sidze Qe TEHETHD.

Co(Q):=0& 1 TFELRLD Q EOEREK LM,

D(Q) :=EBRLEMRE #FH, 0L 1 TEELD Q LOARBEIT, s A (L£EL) DA
THER (£1Efk) L 725 b O2(F,
Do(Q) :={f € D(Q) : limy)o Tt f = £, strongly}
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£E15.
Lemma 3. (1) RA\(D(Q)) C D(Q), (2) Ra(Do(Q)) C Do(Q), (3) Co(Q) C Do(Q) C D(Q) M35k

0 3D,

iz, f € D(Q) TR LT

fla) = fos™1(8), §=s(z) € s(Q),
fost(€)i=q flat) = fosTHEr),  E=s(a+),
fla=)=fos7H¢-), €E=s(z-),
(€)= r(n,€) = & “5((10)))_(55((10))_ 0 e<n,
P(E) i= ~D*eo 57 (¢)
ETH DL E
s(1) ' .
Lemma 4. e(zr) = / r(s(z),n)dm(n), z€Q,
s(0)

¢
Rof(fﬂ):Em[/O Fa(t)d]) = /Q s(2),m)f o s~ (n)dr(n)

MY L. HES T, Ro(B(Q)) C D(Q) &725.

Theorem (1) X = (z(t),(, Py) % %M (A1)-(A3) &¥i7=9 Q = [0,1] E® Markov process &
B, ZDEES0)=0,s(1)=1%72T Q=[0;1] EOREREMOEE s &

(22) Lremamm <o, €€d,
Q
(23) dim({s(z-), s(z),s(z+)} \ {s(z)}) =
WL Q = s(Q) 2B & T HRE dn BTEEL T, (I,dM) % scale & speed measure & L,

s(0) & s(1) % trap & T3 generalized diffusion X = (Q,F, F, (1), ﬁf) 25 (Q,N, Ng, z(t), Py) ()

(Q,N,Nt,s*l(f( t)), s(:z:)) s o

(2) iz, Q = [0,1] LORBHFABEMOBEE s & (22)-(2.3) 22T Q = s(Q) 2B H
DREIn BEZXbNTLETSH. 2 DL E, (I,dn) % scale & speed measure & L, 5(0) & (1)
% trap & T35 Q £ genralized diffusion process # X = (O, F, Fs, £(2), P tT5L, X =
(8,3, Ney s (E(8)), Bugay) 1€ o T B S5 RERIBE X (RAE (AL)-(A3) & i7=F Q Lo
Markov @ 2 & 72 5.

Corollary X ®”Dirichlet form” (€, D(E)) XU T O L2 IZED b 3.
(D1) E#EDO A~V MR L2(Q,dm) TH 5.
(D2) D(E) i L*(Q,dm) DT u TKRD 3 &MHEZH T HOLETHS. () u ¥ Q Tds 125
L CHEHERE T Do(Q) I AD. (i) u @ ds \ZBEF 25 Dyu 33 L2(Q, dsaps) WCAD. (ill)
(2.4) D EIZX LT E(u,u) < oo
(D3) & HKTEZ BB,
2 2
08 G- [Pty 3 MEIOR, s sz

z:s(z+)>s(x) S(:L‘+) —S(x)
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IXeH¥ 1Y - Fz—2FED
once reinforced random walk D BIgHIZ DWW T

Prigs IERE (CRIRRCEEZAERL

1 TEEEFTHE

T —ROERER S 77 G=(V,E){EL,V BEROER ETHOEEETS.) LT
BEtZ R TR 22EMT 5. 2 Ru,vICe THEINTWERKIZ e = {u,v} &FEE v i
v DIEKDRERBTS. 510 DIEKDRDESEE Nv) EEZ v OFEEEER. £
7o eV BEZAENTER, o NS DHEBEEZLUTOXIICERT 3.
|u| :=inf{m >1lvg = o0,v1 € N(wp),v2 € N(v1),..o Um € N(Um—1),Um = u}

KIZ G £ Once Reinforced Random Walk X = {X,} £ F&T 5.

RES>0E X OHFER {Xo =0} BEXTHE, IBITROEH (1) BHET 5.

w(0,e) =1forallee F (1)

X BT A5 — B DG =(V,E) £ Once Reinforced Random Walk (LL'F ORRW &
BT 5) &I, BIFD 244 (2)3) & X 7,
EFEDn>0,veV,e={u,v} € E THZTHEZZT.

[ w(n,e) for {Xn, Xnp1} #e
w(n+1,e) = { g for {Xo, Xp1} = ¢ (2)
. w(n, {u,v})
P(Xp1 = u|Xo = 0, X = v) = .
(Hus =uldo =0 V=S e op) @)
teN (v)
Z D ORRW OFEFHEICDWTIE, RMEROFHZ S > TN 5,

T8
G E£® Simple Random Walk 7 recurrent 7% 51X ORRW % recurrent,
G E® Simple Random Walk 77 transient 725X ORRW % transient.

FITHER & U T, DKL) 2 n & tree DFFIZ, [V] 28 recurrent tree D556 B> 1 DEFE

m AN TOBEDSB 1—m=1 < f <14 (m—2)~l OEET T, EOFERELNC &
ZFAL TWS.(HL n(> 2),m:HRE)
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ZTIT,RERDT 5T ETDORRW OFREZEZTZ. 757 DIFLLTORDOHDE
5. (INZAFHETIL 1-dimensional chain of diamonds EERZ &12§5))

D: GO00QOOOOOOOOOO0 -+

2 R

Theorem 2.1 f € (0,00) &4 5%.X &, /85 A—%— 4 O D EOORRW &F 5. Z Ok

P(Y?ﬁi recurrent) = 1.

AL, 0< B <1 DEHRE > 1 ODFEITHT o7
O0< B <1DFEE = inf{m > 1| | X,| =k} ELZRIT, P(ray: < 10|t < 10) DHE
R ENEFHMET 5 2 EICKVAIATE 5.
EE (D ETIE) Prayr < molmar < 1) <
ZOFHEEFIAL T,

20+

o0 -1
P(TOZOO) < H 7‘21+1<7’0|T21<7'0)<H<1+ﬁ) =0

=1 =1 2l

WRE T,
Op>10EER, [V] D Lemma 11 ZHWTRIHAT 5 I ENTES.
7z, RORZERT LK, GEATAHIEBAEETH S.(EL L IZEHRE)

P(Zﬁ%’ m > TQZF'C}HI/T !Xm’ =2l — 1!7’2[ < OO) =1

DT TIZDONWTE, BEHORE THMNSFETH 5.

S 3

[DKL] R. Durrett, H. Kesten, V. Limic: Once edge-reinforced random walk on a tree,
Prob. Th. Rel. Fields. 122, (2002) 567-592.

[V] M. Vervoort: Reinforced Random Walks, pre-print
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Limit theorems for a diffusion process
with a one-sided Brownian potential
TEE (LA KRFHEFE)
gAML (BERFERER)

AFHIE TIE, A8 Brown K7 v ¥ v V& b DILBUBTE O RFFRHE O#hTz
IOV THRET D,

W % R E0#EFEKT, w(z) =0,z >0, T boeElLl, P %
W Lo Wiener I, 2% 0, W EOMRRET {w(-z),z > 0, P} 13FFH
5 A —4&— g O Brown EE}IRDbDETDH, Q = C([0,00;R) &L,
weEQIHLT X() = X(t,w) = w(t) £BL, TIT, w(t) Fw OF
%t TOETHD, weW & xg € RICHLTPE 20 EOWRHAET,
{X(t),t >0, P} BNAERMEAR

L@@ [ w4
Lu=3e"" ¢ &

B o MOHRETAMLERR L RE LD ET S, WxQ EORAIE po
%
P (dwdw) = P(dw)PZ°(dw)

WCEVEET D, {(X(t),t>0,P%} %, EZEM (WX Q,P™) ETEERS
NIEEGREB L B2 S, T Al Brown BT Vv VxS DILEGERE &
S, '

weNA>0 L,

Xa(t) = A"V2X (M), t>0
t

r®) = [ Lo (Ka(s)ds, £20
0

LBE,
ay'(t) =inf{s > 0:ax(s) >t}, ¢t=0,

L LD ax(t) DEEFERVEEREEET D, SbI,
GA(t) = Xala3 ' (), 20,

L3 &, {Ga(t),t > 0,P3} 1, 0 M B HIFET 5 [0,00) EDOK54TEE Brown &
Beind, ‘
weW,aeRIZHL,

o(a) = o(a,w) =sup{z <0: w(z) = a},
ERE, W OERES

A={weW:0(1/2) >0(-1/2)}, B={weW:0(1/2) < o(—1/2)},
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FEAT S, if:, weWASOIRL, wyeW %

wa(z) = A\ 'w(M\z), 7 €R,
WCEDERTD, D&,

{ws, P} < {w, P}
Thd, Sz, WDESES
Ay ={weW:w, €A}, By={weW:w,€ B},

YEAT B, P(Ay) =P(B))=1/2 Th5b,
FE1EEOT>0&Le>0ITxLT,

A e R
weW IZkL,
C=C(w)=sup{w<0v:w(m)-—wrgnggow(y)=1},
M= M) ={ C1/2 wEADLE,
((w), weBDLE,

V=V(w)= zrrzli]\r}fw(:zc),
L, 60z, b=bw) e (M,0) & wb) =V ICIVEHET D,
EH 2 EEDe >0 KXLT,
lim P {PS {|(log ) 2X()) — b(wiog)| <€} >1—¢ | Bioga} = 1.
FE1 (FE2) 2FTEDICE, UTOEE3 (EH4) Zartidi,
FE 3 p=p)) =Alogh LTDL, EEDT >0,e>0ICHLT,

sm P {P, { sup X() -G <} >1-¢ | Augr} =1

0<t<T

Z 2T, Gt) = X(a~(t)), a”1(t) = inf{s > 0: a(s) > t},

a(t) = Jy 1(0,00)(X (8))ds.

SE4weB LTHE, HBI>0MHoT, 1-6<r <rg <1+ &
F I EED ry, g £ e>0IIRLT,

lim  inf ]Pgw{}X(e’\r) —-bw)| <e}=1

A—roo rElry,T2

S 3Bk

[KST] Kawazu, K., Suzuki, Y. and Tanaka, H. (2001). A diffusion process
with a one-sided Brownian potential. Tokyo J. Math. 24, 211-229.
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1 T HREOEFE D —% 1t arc-sine law

(AZapgE R T)

1 %5t Brown E# B(t), (B(0) = 0), ®FRIMERE T (t) = [5 Lo (B(s))ds
IDOWT. K L<HAS5 NIz arc-sine law

1

¥F+(t) ):—-sml\/i